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Foreword

N 0 attempt is made in the following
report to present a comprehensive

discuss ion of the nature of lead
poisoning as thus far elucidated by ex-
perimental and clinical investigation
and observation. Any such discussion,
no matter how impartially presented,
would have to deal indecisively with
certain questionable and controversial
matters, and thereby would not con-
tribute to the purposes of this report,
which are ( 1) to outline practical and
effective measures for the recognition
and prevention of hazardous lead ex-
posure in industry, (2) to describe
satisfactory methods for the differen-
tial diagnosis and treatment of lead
intoxication, (3) to point out the fac-
tual requirements for medicolegal pur-
poses and the means of satisfying such
requirements, and (4) to refer the
reader to selected sources of more de-
tailed and comprehensive information.

For  the purposes  of  this  report ,
hazardous lead exposure has not been
defined in terms of specific industries
or specific occupations within indus-
tries, for the reason that no list of
hazardous occupations would be com-
plete or would have more than a tenta-
tive and temporary usefulness for the
physician or hygienist. Modern manu-
facturing processes and materials are
subject to frequent change. A plant
which is free of lead exposure today
may operate by a new process with a
serious lead hazard tomorrow, and,
conversely, a manufacturing process
once notorious for its lead exposure may
be freed of its hazards by a change in
materials or procedure or by the insti-
tution of an adequate regimen of hy-

available for the appraisal of the lead
exposure of workmen than a history
o f e m p l o y m e n t  i n  a supposedly
hazardous trade. It has seemed best,
therefore, to dispense with inaccurate
generalizations as to the lead hazards
of various occupations, and to recom-
mend the application of these criteria.

The relative solubility of various
lead compounds in body fluids, and
their relative toxicity as studied ex-
perimentally, have not been employed
herein as a basis for comparing the
relative hazards of various lead trades.
Industrial experience with lead com-
pounds has demonstrated that prac-
tically all of them are toxic when dis-
persed in a finely divided form in suf-
ficient concentration in the atmosphere
breathed by workmen. The toxicity of
the inorganic lead compounds in in-
dustry is dependent predominantly
upon their absorption by or through the
pulmonary epithelium. The extent of
such absorption varies not only with
the solubility and chemical reactivity
of the compound, but also with the
number of the particles distributed in
the atmosphere, and the duration of
the exposure. Generally therefore,
there is little practical advantage, and
some danger of arriving at false con-
clus ions , in relating the hazards of
lead trades to the chemical properties
of the compounds involved. The  ex -
tent of human lead absorption under
a given set of occupational conditions
can only rarely be determined by re-
sort to such theoretical considerations,
and certainly the safety of workmen
warrants an examination of the actual
facts in this regard.

In a report of this type it is not pos-
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factual background of various phases so far as possible, and authority for
of the subject, and therefore a certain certain statements of fact and more
dogmatic tone may seem to have been complete information on methods are
taken at times. Arbitrary and indi- given in a limited but carefully chosen
vidual judgments have been avoided, list of references in the Appendix.
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Occupational Lead Exposure’
and Lead Poisoning

The Recognition of Hazardous Industrial Lead Exposure

The Occurrence of Lead Poisoning in Industry

The available statistics indicate that
there has been a progressive decline in
the incidence of fatal lead poisoning in
the United States of America over a
period of more than twenty years. The
records of state compensation agencies
have also shown a fairly general trend
toward reduction in the incidence of
non-fatal lead poisoning over the period
of years and in the areas for which in-
formation has been obtained. The de-
crease in the number of cases has not
been so great or so consistent as has
the decline in fatalities, and certain in-
dustries with a low or negligible inci-
dence of fatal cases show relatively high
rates of occurrence of non-fatal poison-
ing. These facts indicate that hygienic
measures in many industries have elimi-
nated the more obviously dangerous
forms of lead exposure, without bringing
the general level of exposure within the
limits of safety.

Hazardous lead exposure has been
eliminated in certain instances through
technological developments whereby
lead-bearing materials, once manufac-
tured or employed under dangerous con-
ditions, have fallen into disuse. In
other instances, dangers have been rec-
ognized and eliminated or controlled.
On the other hand, certain long estab-
lished industries and processes involving

lead hazards have not been subjected
to adequate hygienic control. Illustra-
tions could be given of the heedless or
unwitting use of lead compounds in new
industrial processes which may or may
not require them, or in established proc-
esses in which such compounds have not
been employed previously. Under the
latter circumstances, inexperience in the
handling of lead compounds, on the part
of management and employee alike, may
result in the creation of serious and un-
controlled lead exposure, and in the
introduction of a high incidence of poi-
soning among the workmen. In any
case, because of these and other factors,
the frequency of occurrence of occupa-
tional lead poisoning in the United
States of America is still such as to re-
veal serious shortcomings in the applica-
tion of available hygienic knowledge and
technic.

It is apparent, therefore, that the
use of lead compounds and lead-bear-
ing materials of all kinds, as em-
ployed in the production of commodities
and in serving the needs of the modern
community, should be subjected to care-
ful scrutiny, from a hygienic point of
view, to the end that the potential
hazards associated with such use may
be recognized and brought  under
adequate control.

The Recognition and Measurement of Occupational  Lead Exposure

The existence of occupational expo- of work, or by the examination of men
sure to lead compounds may be detected who have been working in that environ-
either by the study of the environmental ment. Likewise, the extent of the ex-
conditions associated with a given type        exposure can be estimated with  sati  sfac -tisfac-
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tory precision by applying quantitative
measurements either to certain environ-
mental factors, such as the lead content
of the air of workrooms, or to certain
physiological responses to exposure, as,
for example, the urinary lead excretion
of groups of workmen. The hygienic
significance of the exposure (i.e.,
whether safe or dangerous, and the de-
gree of danger), on the other hand,
must be determined by correlating the
data on the magnitude of the exposure
with the results of observations on the
general and specific effects of such ex-
posure on the workmen. Experimental
studies carried out under various con-
ditions have provided some basis for
predicting the effects of exposure to
measured concentrations of lead com-
pounds in the atmosphere of workrooms.
In general, however, expert medical
supervision of workmen, as well as care-
ful and frequent study of their environ-
ment, is required for the purpose of de-
termining the hygienic significance of
industrial lead exposure.

TYPES OF INDUSTRIAL LEAD EXPOSURE

The mere presence or use of lead-
bearing materials or lead compounds,
in an industrial plant, does not neces-
sarily result in exposure on the part of
workmen. The lead must be in such
form and so distributed as to gain en-
trance into the body or tissues of the
workmen in measurable quantity, or no
exposure can be said to exist. For
practical purposes, there are two means
for the entrance of inorganic lead com-
pounds into the human body under in-
dustrial conditions, namely, (1)  by way
of the respiratory tract, through inhala-
tion of vapors, fumes, dust, or mist, and
(2) by way of the gastroenteric tract,
through swallowing lead compounds
trapped in the upper respiratory tract,
or introduced into the mouth on food,
tobacco, fingers, or other objects. Cer-
tain organic lead compounds, such as
tetraethyl lead, penetrate the unbroken

and normal skin with comparative rap-
idity and thus enter the body, but this
route of absorption is of no practical
importance in the case of the more com-
mon industrial lead compounds. Some
of the mechanisms of lead absorption
will be referred to in later paragraphs,
but the portals of entry are mentioned
at this time in order to stress the forms
in which lead compounds must exist if
they are to gain entrance into the body.
The presence of vapors, or fumes, or
fine dust of lead compounds in the air
breathed by workmen is the most im-
portant factor in occupational lead ex-
posure. However, lead compounds
which contaminate the hands, food,
tobacco, or other objects taken into the
mouth, may not be ignored as means
of exposure, even though the conditions
be such that these compounds are not
disseminated into the air breathed by
men.

Metallic lead has a vapor pressure of
about 0.1 mm. Hg at 800” C. (1,472”
F.). The quantities of lead vapors that
are given off from pots containing
molten lead at  temperatures under
1,000” C., are probably insufficient in
themselves to create an important lead
hazard, but alloys of high lead content
prepared and handled at higher tem-
peratures-often near and sometimes.
above the boiling point of lead (1,629”
C., 2,948” F.)-give rise to dangerous
concentrations of lead vapors in the air.
Even at the lower temperatures, how-
ever, a slight contribution made by lead
vapors to the total lead exposure of
workmen may have sufficient impor-
tance to warrant its elimination. Molten
lead is easily oxidized at its surface and
when it is skimmed, stirred, poured, or
otherwise agitated in the presence of
air, variable quantities of finely divided
lead oxide may be thrown into the air.
(Lead baths or melting pots which are
covered with charcoal give rise to very
little vapor, or fume, or dust so long
as they are completely blanketed.) For
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these reasons the handling of molten
lead or molten alloys of high lead con-
tent, in foundries, molding operations,
soldering procedures, and in all other
plant processes in which the lead is not
enclosed or adequately ventilated is al-
ways associated with some degree of
lead exposure on the part of workmen.
The degree of this exposure in most
instances should be determined for
hygienic  purposes  by methods of
precis ion.

tured and used in anv considerable

Lead fumes may be distributed into
the atmosphere by the application of
sufficient local or general heat to me-
tallic lead or to materials containing
lead and its compounds. Burning, weld-
ing, or melting operations applied to
surfaces heavily coated with lead or
lead-bearing materials (e.g., white or
red lead paint) result in the production
of variable quantities of fumes which
may be dangerous, especially in enclosed
or poorly ventilated areas.

By far the most frequent industrial
lead exposures are those which arise
from handling or processing lead com-
pounds in such a way as to introduce
dust into the surrounding air. Metallic
lead and all of its compounds when
present in finely divided form in the
atmosphere breathed by workmen must
be regarded as dangerous, unless the
quantities present in the air remain
within limits known to be safe. Even
the insoluble lead chromate, when in-
haled in sufficient quantity, is capa-
ble of inducing lead intoxication by
absorption into the body.

Lead compounds are also thrown into
the atmosphere within droplets of mist
in a number of operations in which
paints, enamels, and glazes are applied
as a spray. The inhalation of such
mists constitutes a potential hazard
which is not different in principle from
that involved in the case of fumes
and dust.

Certain organic lead compounds, of
which only tetraethyl lead is manufac-

quantity at present, are’ liquids which
are sufficiently volatile at ordinary tem-
peratures to give rise to dangerous con-
centrations of vapor. These liquid
lead compounds when handled in un-
diluted form or in concentrated solu-
tions also give rise to lead exposure by
contact with the skin, through which
they are absorbed. Any open receptacle
which contains these liquids, and any
container, article of clothing, floor  or
other object which has not been cleaned
thoroughly after contact with them, may
give rise to serious lead exposure on
the part of persons who are nearby or
whose skin may come in contact with
them. The acute and frequently fatal
character of lead intoxication from ab-
sorption of organic lead compounds of
this type justifies special precautions for
the avoidance of exposure to them.

METHODS FOR MEASURING LEAD

EXPOSURE

The types of lead exposure mentioned
above can usually be recognized by
ordinary inspection of the processes and
activities of an industrial plant. Critical
examination of a plant on a background
of some experience will often serve to
classify the lead exposure as to type
and severity, and may provide some
basis for recommendations as to im-
provements and precautions. However,
unless conditions are obviously hazard-
ous, it is necessary to resort to more
precise methods for the measurement
of exposure as a means of locating all
the hazards and defining their magni-
tude. Practical methods are discussed
below under two headings. References
to sources of detailed information will
be found in a classified bibliography in
the Appendix to this report.

Chemical Analysis of Suspended and
Settled Lead-containing Materials
The determination of the lead content
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measuring the effective lead exposure
of workmen employed therein is founded
upon two general facts; (1) that the
particles of lead compounds which are
of such size as to remain suspended in
the air for an appreciable period of time
are subject to inhalation by human be-
ings, to partial deposition in the air
passages and upon the alveolar surfaces
of the lungs, and to partial absorption
into the tissues of the body; and (2)
that the presence of lead compounds in
the air is the preponderantly dangerous
type of industrial lead exposure, not
only because such exposure is difficult
to avoid through individual precautions,
but also because of the directness and
effectiveness of the pulmonary lead ab-
sorption. Obviously, therefore, the col-
lection of samples of air for analysis
must be carried out by methods which
will extract all of the lead which can
be breathed, from accurately measured
volumes of air which are fully repre-
sentative of that which is actually
breathed by workmen. If the air in a
plant varies in its lead content from
time to time or from area to area, the
sampling must be correspondingly fre-
quent and comprehensive. All such
variables as changing plant operations,
seasonal and other variations in ventila-
tion, as well as shifting occupations and
hours of employment, must be taken
into account when collecting samples, if
valid information is to be obtained in
relation to the potential exposure of
workmen.

The methods and the equipment for
collecting lead compounds suspended in
the air have been described in detail
elsewhere and cannot be dealt with
adequately here. Their successful use
requires detailed knowledge of the prin-
ciples upon which they are based, and

ii‘
considerable experience, not only in the
handling of the equipment, but more
especially in the selection of the sites
for sampling and the collection of suit-
able volumes of air in relation to the

conditions of exposure under study.
Likewise, analytical methods devised
and tested by experienced workers have
been described fully in the texts,
journal articles and bulletins referred
to in the classified bibliography which
is in the Appendix to the report. Good
results in the use of these methods can
best be accomplished by putting such
work in the hands of well trained and
competent chemists whose choice and
application of analytical methods will
be technically sound, and whose ex-
perience in the use of the methods has
been such as to justify complete confi-
dence in their results.

Information as to the contamination
of the air of a plant over considerable
periods of time can only be obtained
with accuracy by frequent and compre-
hensive sampling and analyses. A s ing le
survey made by means of air analyses,
regardless of its thoroughness, can only
give knowledge of conditions prevailing
at that particular time. On the other
hand, the data of such a single survey
may be supplemented by the collection
and analysis of samples of dust de-
posited on carefully chosen surfaces
which have been undisturbed for some
time, thereby providing useful data for
the interpretation of previous types,
sources, and degrees of lead exposure.
Microscopic examination of such dusts
may reveal their character and, hence,
their source. Quantitative chemical
determination of their composition, like-
wise, may be of value in the interpreta-
tion of previously existing conditions.
Such information is likely to find its
chief usefulness in cases involving
medicolegal questions.

Medical Procedures for the Detection
and Appraisal of Lead Exposure

The general medical supervision of
industrial employees will be dealt with
in a later section of this report. For
present purposes we are concerned only
with the detection and the interpreta-
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tion of objective evidences of lead ab-
sorption in workmen, as a means of
estimating the extent of their lead ex-
posure. It has been clearly established
by the investigations of recent years
that human lead absorption is accom-
panied by the occurrence of certain signs
which are not manifestations of lead
intoxication, and which, up to a certain
point in their development are not asso-
ciated with lead intoxication. T h e s e
signs are, ( 1) an increase in the number
of certain young forms of erythrocytes
in the peripheral circulation, and (2)
an increase in the concentration of lead
in the blood and other tissues of the
body, and in the excretions.

A third sign of lead absorption, which
is not necessarily associated with lead
poisoning , is the deposition of lead
sulfide in gum margins or in the mucous
membrane of the large intestine and
rectum. The gingival “ lead line,” while
it is not a sign of lead intoxication,
but only of absorption, is most fre-
quently found under conditions of actu-
ally hazardous lead exposure. Its occur-
rence in a workman or a group of
workmen justifies an immediate investi-
gation of the working environment.
However, since the deposition of a black
sulfide in these tissues is not specific
for lead, nor regular or predictable in
its occurrence, nor capable of quantita-
tive definition, it is not very useful as
a practical measure of varying degrees
of lead exposure. This phenomenon and
its significance will be dealt with in
some detail later.

1. Basophilic granulation (" stippling ")
of the erythrocytes in lead absorption -

Red blood corpuscles (erythrocytes)
which yield basophilic granules of vary-
ing size when stained by various
technics, are normally found in the
circulating blood of human beings, and
are subject to wide variation in number
in response t o  a variety of environ -

have been defined, but it has long been
known that lead absorption above cer-
tain levels results in an increase in these
formed elements of the blood. It has
been shown also that despite the con-
siderable variation in individual reac-
tion, groups of persons who are subjected
to different types and degrees of lead
exposure will show variations in the
average or mean frequency of “ stip-
pling ” of their erythrocytes, which are
in accord with the relative severity of
their lead exposure. The lack of speci-
ficity of this hematopoietic phenomenon,
the wide range of individual variation,
and the variability of the results ob-
tained by different methods in different
hands, give a somewhat inexact signifi-
cance to quantitative expressions of
normal and abnormal values, with re-
spect to ” stippling,” and all such values
must be expressed in relation to the
methods of observation employed. On
the other hand, the relative ease with
which such observations may be carried
out, their usefulness when properly con-
trolled and interpreted, and their falli-
bility under the conditions of their
present widespread use, justify careful
discuss ion .

Several adequate procedures for de-
termining the degree of basophilic gran-
ulation of the erythrocytes are in
current use. The commonest and sim-
plest of these consists in the preparation
of blood films by a uniform technic
which will give a single layer of ery-
throcytes and allow each one to be ex-
amined. The dried film may be stained
by any one of the several methods which
have been used successfully, but each
method calls for careful standardiza-
tion, experienced handling, and periodic
checking as to reproducibility and uni-
formity of results. Sufficient time must
be taken to examine each erythrocyte
in each field and to count the “ stip-
pled ” erythrocytes in not less than 50
fields, using an oil immersion lens and
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give sharp definition at a magnification
of not less than 900 diameters. The
type of microscope which is commonly
available for routine work in clinical
laboratories does not give sharp enough
definition to yield satisfactory results
even in the hands of a skilled micros-
copist,  and care must be given to the
selection of a satisfactory microscope.
The chief factors of accuracy, if satis-
factory microscopic equipment is avail-
able, are skill in making uniform films
(with frequent check upon the numbers
of erythrocytes occurring in representa-
tive fields), and patience in examining
the films and in counting the “ stippled
cells.” Uneven films and thick-drop
smears are entirely valueless in quanti-

u  tative est imations of  this  type,  and
casual and hurried examination of the
films will give useless and misleading
resul ts . Care and patience, on the other
hand, will yield highly uniform and re-
producible results. The method adopted
should be applied to normal and unex-
posed persons in sufficient number to
establish the normal range of variability
of results by that method, after which
it may be employed in examining the
blood of exposed workmen. It is espe-
cially recommended that observations
be made as frequently as possible on
new employees of industrial plants to
establish their normal level of ” stip-
pling ” before they enter an occupation
involving potential lead exposure. Fail-
ure to carry out such preliminary checks
on the method and on the men has often
resulted in misinterpretation of the
results obtained on exposed workmen.

The “ basophilic aggregation ” test of
McCord  represents a useful modification
of the simpler methods referred to above.
In addition to “ stippled ” erythrocytes
this method enumerates reticulocytes

‘d and other erythrocytes which contain
basophilic material in finely divided
form. Whether or not all of these cellu-
lar elements appear in the peripheral
circulation in more or less uniform pro-

portions in response to increased lead
absorption is somewhat questionable,
but the application of the method on the
basis of established standards is justified.

With due regard for the variability
of results obtained by different methods
of staining and enumeration, ” stippled ”
erythrocytes are found in the blood of
normal persons with no industrial lead
exposure in numbers ranging from a
scattered few to more than 1,500 per
million erythrocytes. Occasional unex-
plained numbers as high as 6,000 per
million have been found. In general,
however, only a small percentage of nor-
mal blood films will show more than
1,000 per million, and the large propor-
tion of the counts will be considerably
below this figure. Average or mean nor-
mal numbers are approximately 300 to
350 per million erythrocytes, if the
method of staining is sensitive and the
technic of examination is carefully car-
ried out. The range of occurrence of
“ stippled ” erythrocytes in groups of
men exposed to lead in their work, will
overlap normal findings but will extend
above them. The mean results on ex-
posed groups will exceed the normal
values from two to eight times, and in
individual cases as many as 19,000
“ stippled ” erythrocytes per million
have been found in exposed but appar-
ently healthy persons. More than
twice that number have been seen in
the blood of lead-sick persons.

Roughly comparable variations in the
“ basophilic aggregation ” count are seen
in groups of normal unexposed persons
and in groups of variably exposed work-
men. Reference should be made to the
published articles cited in the Appendix.

In practice, it is not always feasible
to appraise the comparative lead ex-
posure of different functional groups of
workmen in a plant on the basis of the
microscopic examination of their blood.
The groups may be too small or too
variable, or they may not be sufficiently
isolated to represent definite types of

work or areas in the plant.
cases, and, in fact, usually, th
scopic examination of the blooc
ful, not so much for the pu
comparing different types of e
as in determining whether the
lead exposure is within essenti.
limits. Usually some conserva
more or less arbitrary limit i
representing the upper permissi
of increase in the occurrence
philic  elements. The occurrence
ings above this limit, which in
of ” stippling ” is commonly se
to 1,000 “ stippled cells ” per
erythrocytes, is the signal for t:
fer of individuals to less expo:
and for a reExamination  of tht
of exposure to determine whethl
some new factor has developed.
and progressive changes in (‘ s t
in an individual should be reg
significant, while such chang
group must be accepted as evi
definitely increased lead absorl

2. Lead in the excreta  and (
lead absorption-

Accurate analytical data on
collected samples of the excret
blood of  representa t ive  persons  e
under conditions of lead expos
stitute the most precise measur
magnitude of the actual lead
associated with the work. St
portray not only the general lev
unavoidable lead exposure, but
variations in exposure associa
certain unpredictable factors

temporary lapses in precautiona
ures and lack of adequate
hygiene. For example, it is nc
sary for workmen to swallow l(
pounds because of uncleanlv 1
working or eating, but sometir
do so. Or: their use of respira
be believed erroneously to be
tory merely because good equi
available. Such lead exposure
develop out of these and othe



LEAD EXPOSURE 1 3

in response to increased lead
m is somewhat questionable,
LP- tion of the method on the
st&nhed  standards is justified.
due regard for the variability
; obtained by different methods
rg  and enumeration, “ stippled ”
ytes are found in the blood of
jersons  with no industrial lead

in numbers ranging from a
few to more than 1,500 per
:rythrocytes. Occasional unex-
numbers as high as 6,000 per
lave been found. In general,
only a small percentage of nor-

Id films will show more than
r million, and the large propor-
he counts will be considerably
is figure. Average or mean nor-
lbers  are approximately 300 to

million erythrocytes, if the
,f staining is sensitive and the
)f  examination is carefully car-

The range of occurrence of
1 ” erythrocytes in groups of
3sed  to lead in their work, will
normal  findings but will extend
em. The mean results on ex-
soups  will exceed the normal
‘OF ‘-vo  to eight times, and in
11
1 ,,-

2s as many as 19,000
erythrocytes per million

n found in exposed but appar-
:althy  persons. More than
at number have been seen in
1 of lead-sick persons.
ly comparable variations in the
ilic aggregation ” count are seen
s of normal unexposed persons
‘oups  of variably exposed work-
:ference  should be made to the
1 articles cited in the Appendix.
ctice, it is not always feasible
rise the comparative lead ex-
f different functional groups of
in a plant on the basis of the

?ic  examination of their blood.
ups may be too small or too
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work or areas in the plant. In such
cases, and, in fact, usually, the micro-
scopic examination of the blood is use-
ful, not so much for the purpose of
comparing different types of exposure,
as in determining whether the general
lead exposure is within essentially safe
limits. Usually some conservative and
more or less arbitrary limit is set as
representing the upper permissible limit
of increase in the occurrence of baso -
philic  elements. The occurrence of find-
ings above this limit, which in the case
of “ stippling ” is commonly set at 800
to 1,000 ” stippled cells ” per million
erythrocytes, is the signal for the trans-
fer of individuals to less exposed jobs,
and for a reexamination of the sources
of exposure to determine whether or not
some new factor has developed. Abrupt
and progressive changes in “ stippling ”
in an individual should be regarded as
significant, while such changes in a
group must be accepted as evidence of
definitely increased lead absorption.

2. Lead in the excreta and blood in
lead absorption-

Accurate analytical data on properly
collected samples of the excreta or the
blood of representative persons employed
under conditions of lead exposure, con-
stitute the most precise measure of the
magnitude of the actual lead exposure
associated with the work. Such data
portray not only the general level of the
unavoidable lead exposure, but also the
variations in exposure associated with
certain unpredictable factors such as
temporary lapses in precautionary meas-
ures and lack of adequate personal
hygiene. For example, it is not neces-
sary for workmen to swallow lead com-
pounds because of uncleanly habits of
working or eating, but sometimes they
do so. Or, their use of respirators may
be believed erroneously to be satisfac-
tory merely because good equipment is
available. Such lead exposure as may

can be measured by repeated analyses of
excreta and blood as long as circum-
stances require or permit, or the condi-
tions prevailing at any one time can be
ascertained by one adequately planned
analytical study of the workmen. These
methods of measuring lead exposure
may be too laborious, too time consum-
ing, and too costly for practical general
application in many industries, and in
some instances they may be superfluous,
but they are of the greatest possible
value in promoting the safety of work-
men in industries or occupations in
which the lead exposure is variable or
difficult to control. However, there are
many pitfalls in their use, and unless
they are carried out with precision, they
are not only useless but grossly mis-
leading. Therefore, it is necessary in
this report to deal with them at some
length .

a. Lead in the feces as a measure of
occupational lead exposure-Lead com-
pounds introduced into the mouth from
any source appear in only slightly dimin-
ished quantity in the feces within a
period of one to three days, dependent
upon the individual emptying time of
the alimentary tract. For this reason,
the analysis of properly obtained sam-
ples of the feces of groups of workmen
will reveal the order of magnitude of
any current lead exposure associated
with the ingestion or inhalation of lead
compounds. (A considerable proportion
of particulate material breathed in is
deposited in the respiratory passages and
finds its way thence into the pharynx.
The proportion so deposited is greatly
reduced if the inhaled lead occurs in the
form of fume or vapor, and the analysis
of feces is much less useful when the
exposure is predominantly of these
types.) If the workmen are selected
carefully to represent the various occu-
pations in a plant, the general and
relative magnitude of the exposure
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be demonstrated in most instances.
The lead content of single fecal evacu-

ations,* in the case of normal individuals
with no occupational lead exposure,
ranges from about 0.10 mg. to more
than 2.00 mg., with a mean value of
about 0.33 mg. Approximately 85 per
cent of all such fecal samples contain
quantities of lead not in excess of 0.40
mg. Average or mean results above
0.50 mg. per fecal evacuation on groups
of persons, are definitely indicative of
abnormal lead exposure, and the higher
the results go above this level, the
greater is the exposure. It is possible
by adequate sampling of the feces of
workmen, to locate sources from which
particles of lead-containing materials are
distributed into the air, to determine the
relative importance of such sources, and
to establish the cross-sectional picture
of the daily exposure of the plant
population.

The greatest source of error in the
use of this procedure is in the collection
of samples. Gross contamination of the
fecal samples occurs almost without ex-
ception unless adequate precautions are
observed. Satisfactory samples may be
collected by the distribution to work-
men of chemically clean pint or quart
size fruit jars with glass tops, sealed in
a paper bag, and accompanied by proper
instructions for the avoidance of errors.
The samples must not be collected at a
plant, but at the homes of the work-
men. Preferably, on the day following
a customary work day (i.e., not on the
day after a holiday or week-end), a
single average stool is evacuated directly
into the jar, which then is covered,
making use of a lead-free rubber ring

* Obviously, the attempt should be made to collect
samples of feces which will represent 24 hour evacua-
tions. However, in view of the variability and incom-
pleteness of the emptying of the alimentary tract on
the part of entirely healthy, normal individuals, this
is not possible. Experience has shown that satis-
factory results can be obtained by collecting single
fecal evacuations, which, i n  t h e  j u d g m e n t  o f  t h e
subjects, are representative of average normal
alimentary function.

as gasket, labeled with name and date,
and resealed in the paper bag, for re-
turn to the plant or the laboratory. The
workman is advised not to eat any game
animal which has been shot, until after
the sample has been obtained, and
against catharsis as a means of obtain-
ing a sample, particularly the use of
epsom salt, which may be high in its
lead content, and which, thereby, will
distort the result. He is also warned
against the inclusion of any dust or
foreign material in the sample. Little
difficulty is experienced if care is taken
to explain what is desired and why.

Procedures suitable for the analysis
of the samples are referred to in the
Appendix to this report. It must be
emphasized that only the most precise
methods of analysis, in the hands of
analysts who are competent and ex-
perienced in carrying out such analyses,
can be expected to yield useful results.

b. Lead in the urine as a measure of
occupational lead exposure-In contrast
with the analytical results on the feces,
which portray only the relative magni-
tude of the immediate lead exposure of
workmen, the analysis of representative
samples of urine will reveal the general
level of the lead absorption associated
with months or years of exposure to the
conditions in an industrial plant. There-
fore, if analytical facilities are limited
and only one material from exposed
workmen is selected for analytical study,
properly collected urine samples will
yield the most useful information.

The concentration and the daily out-
put of lead in the urine have been found
to vary with a number of factors, of
which the most significant, in decreasing
order of importance, are (1) the quan-
tity of lead available for excretion in
the body, (2) the daily stream of lead
absorption into the tissues, and (3) the
rate of water loss through the urinary
system. Obviously, the first two of these
factors depend primarily upon the mag -
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nitude of the lead exposure, but the
third is entirely unrelated to the lead
exposure and must be controlled or
otherwise taken into account if analyti-
cal results are to be used to measure
the lead exposure. Because of the varia-
tion in urinary volume from hour to
hour, from day to day, and from season
to season, the results of individual
analyses of the urine for lead must be
interpreted cautiously. Experimental
studies have provided a basis for such
interpretation in that the range of vari-
ability of normal and exposed persons
under a variety of conditions has been
well defined. More important, in a prac-
tical sense, is the fact that wide varia-
bility in the results on individual work-
men can be controlled satisfactorily for
purposes of plant study, by care in the
collection of urinary samples, and by
obtaining samples from groups of per-
sons rather than from individuals.

Samples of urine should be obtained
from carefully selected groups of work-
men who represent the various occupa-
tions and locations in a plant. A chemi-
cally clean gallon jug, sealed in a paper
bag, is given to each selected employee,
or is delivered to his home. He is in-
structed to void his urine directly into
the jug while at home, until not less
than a liter or more than three liters
have been obtained. Detailed instruc-
tions are given for the avoidance of
contamination of the sample, and to
maintain the customary daily intake and
output of water. Despite instructions,
occasional badly contaminated samples
will be obtained, but care in the instruc-
tion of workmen will result in generally
satisfactory samples, the accurate analy-
sis of which will portray faithfully the
conditions under investigation.

Smaller samples than those indicated
above can be employed successfully and,
if necessary, spot samples can be col-
lected under the supervision of the ex-
aminer. These will require more careful

   

intrinsic variability, and their usefulness
will depend upon the most meticulous
precautions in their collection, since any
factor of contamination will be greatly
magnified by the smallness of the vol-
ume. Such samples cannot be collected
at the plant unless there is available a
clean room, which is rendered dust-free
by adequate filtration of the air, and
into which workmen enter only after
removal of work clothes and bathing.
Every item of precaution against the
contamination of the container, its stop-
per, and its contents, must be exercised
in detail, not for the purpose of theo-
retical precision, but for the avoidance
of grossly misleading results.

Normal individual values for the
urinary lead concentration range from
0.01 to 0.08 mg. per liter in the case of
samples of a liter or more, and from
0.005 to 0.12 mg. per liter or even
slightly more, occasionally, in spot sam-
ples of 50 ml. or more. The mean value
of a sufficiently large number of normal
samples, regardless of volume, is ap-
proximately 0.03 mg. per liter. Under
conditions of occupational lead exposure
the upper limit of individual urinary
lead concentration rarely exceeds 0.50
mg. per liter, while statistically stable
mean values for even the most heavily
exposed groups in present-day industry
are seldom over 0.25 mg. per liter.

c. Lead in the blood as a measure of
occupational lead expo sure -The  analy-
sis of samples of blood taken from
representative groups of workmen will
also show the magnitude of their lead
exposure. The concentration of lead in
the blood is subject to less variation
during the day than is that in the urine,
and might, therefore, be regarded as a
more satisfactory criterion of lead ex-
posure. On the other hand, the change
in the lead concentration in the blood
is not so great, proportionately, as that
in the urine, in response to lead absorp -
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so readily or dramatically revealed by
blood analyses. In view of the addi-
tional disadvantages associated with the
difficulty of avoiding contamination of
blood samples collected in industrial
plants, and the necessity of venapunc -
ture, this method of study is less likely
to be practicable than analyses of ex-
cretory lead output. However, sampling
of the blood in conjunction with the
collection of spot samples of urine is an
exceedingly useful procedure in deter-
mining the order of magnitude of the
lead exposure of small groups of indi-
viduals, in that it can be done quickly
in the course of a series of physical
examinations.

The concentration of lead in the blood
of normal North Americans with no oc-
cupational lead exposure ranges from
0.01 to 0.06 mg. per 100 gm. of whole
blood. Values in excess of 0.05 mg. per
100 gm. of whole blood are rare in
normal individuals and most of the
results are between 0.01 and 0.04 mg.,
with a mean value slightly under 0.03
mg. per 100 gm. of whole blood. Occu-
pational lead exposure results in in-
creased lead concentration in the blood.
Values between 0.10 and 0.20 mg. per
100 gm. are met with frequently, be-
tween 0.20 and 0.30 occasionally, and
above 0.30 very rarely.

3. Nonspecific clinical evidence of in-
cipient lead intoxication -

Within certain limits of lead absorp-
tion, toxic effects are not to be expected,
and within such limits no clinical meth-
ods are available for the purpose of
determining the relative magnitude of
lead exposure and absorption except
those already mentioned and briefly dis-
cussed. On the other hand, the detection
of the earliest and least injurious effects
of lead absorption, if followed by prompt
and effective measures for the reduc-
tion and control of lead exposure in an
industrial plant, may serve as a practical
and adequate measure of the lead expo-

sure in terms of its hygienic significance.
Indeed, a well  planned and competently
executed regimen of medical supervision
of the workmen in an industrial plant
may be, of itself, an entirely satisfactory
source of information as to the lead
exposure, if the basic or unavoidable
lead exposure of the workmen is within
generally safe limits. In a plant of this
type, the medical supervision, in so far
as the measurement of lead exposure is
concerned, is designed for the purpose
of recognizing any type or degree of
injurious effect as an indication that the
lead exposure is greater than it should
be. Such medical supervision involves
the careful collection and recording of
information as to the general health and
well-being of the workmen.

Preexposure  examinations of all em-
ployees must be used to collect basic
data for comparison with those obtained
in subsequent examinations, and the
systematic elicitation and recording of
subjective and objective findings peri-
odically will give invaluable information
as to the hygienic status of the work-
men. Subjective complaints, as well as
certain general signs of ill health, may
give a wholly unsound basis for judg-
ment in individual cases, but when
symptoms and signs develop spontane-
ously among groups of stable and re-
liable employees as well as in those who
are apprehensive or less trustworthy, the
physician  must satisfy himself as to
their origin and meaning. Experience
has shown that mild or incipient lead
intoxication often manifests itself in
varying degrees of ill health, in loss of
appetite and in vague digestive com-
plaints, in neuro-muscular disturbances
of indefinite character, and in malaise,
fatigue, and loss of weight. These clinical
findings taken singly or in combination
are not indicative or even necessarily
suggestive of lead intoxication, but when
they occur with noteworthy frequency
in groups of workmen whose lead ex-
posure approaches hazardous levels they
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had best be regarded as incipient toxic
effects of lead absorption until evidence
to the contrary has been obtained.

The frequency of occurrence of non-
specific illness, and the extent of time
losses and employment turnover among
workmen, in relation to the apparent
seriousness of their lead exposure, may
also be of considerable significance, and
should be subjected to careful clinical
study. In this connection, it is perhaps
not irrelevant to suggest that the de-
tailed medical study of plant popula-
tions in relation to general and specific

environmental factors has not been de-
veloped to the extent justified by its
hygienic significance and its practical
value. It should be more widely recog-
nized that the careful and systematic
collection and interpretation of such in-
formation are necessary adjuncts to any
other method of studying lead exposure,
and that in the final analysis, the solu-
tion of a number of perplexing questions
as to the effects of human lead absorp-
tion can only be solved by observations
made on large numbers of persons carry-
ing on their daily normal activities.

Safe Limits  of Occupational  Lead Exposure

Safe human lead exposure whether
met with in industry or elsewhere may
be defined as a degree of exposure
which, while resulting in lead absorp-
tion, does not produce any injurious
effects upon the human organism. For
present purposes, however, it is neces-
sary to define safe industrial lead expo-
sure in much more specific and practical
terms. Any such definition at present is
empirical, somewhat tentative, and lim-
ited in its application. Nevertheless,
practical experience and systematic in-
vestigation have demonstrated that cer-
tain levels of occupational lead exposure
and absorption are compatible with
normal healthy existence and activity,
and that any ill effects resulting from
such lead exposure and absorption are
so tenuous and vague as to be purely
speculative in character. There are good
reasons for the belief that present stand-
ards will be acceptable in practice for a
long time to come.

than 1.5 mg. of lead per 10 cu.m. of air
as measured by standard methods, cases
of disabling lead intoxication do not
occur among the men who work regu-
larly in such workrooms, and cases of
questionable or mild intoxication are
rare. In practice the attempt is made
to maintain the lead content of the air
within such limits as will yield an
average of not more than 1.5 mg. of
lead per 10 cu.m. throughout the work-
ing day, while preventing the occurrence
of materially higher concentrations (5
mg. per 10 cu.m. or more).

SAFE LIMITS AS DEFINED BY AIR

ANALYSES

As pointed out previously, industrial
lead exposure is not necessarily limited
to the inhalation of lead. It has been
found, however, that when the air of
workrooms regularly  contains not more

SAFE LIMITS AS DEFINED BY ANALYTI-
CAL RESULTS ON THE Exc re t a

AND BLOOD OF WORKMEN

The upper limit of safety for con-
centrations of lead in the tissues and
excreta  of human beings is capable of
most precise definition in the case of
the urine. Lead intoxication occurs
rarely, if at all, and only in its mildest
manifestations, among regularly em-
ployed industrial workers, if the mean
urinary lead concentration of representa-
tive groups of such workmen is kept
below 0.10 mg. per liter and if the ex-
posure is controlled so uniformly that
individual results are generally below
0.15 mg. per liter and very rarely in
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excess of 0.20 mg. per liter. (These
figures are based upon the use of highly
sensitive and accurate analytical meth-
ods applied to large samples of urine
collected under carefully controlled
conditions.)

With some variation due to differ-
ences in the origin and size of the par-
ticles suspended in the atmosphere and
breathed in by workmen, the mean lead
content of single fecal evacuations of
men whose urinary lead concentrations
fall in the ranges given in the preceding
paragraphs, lies between 0.60 and 1.00
mg. Mean values consistently above
1.1 mg. in the fecal evacuations of
groups of workmen who are subject to
inhalation of particulate lead com-

U
pounds, are associated with the occur-
rence  of lead intoxication among them.

The upper limit of safe lead concen-
tration in the blood of regularly exposed
industrial workmen has not been defined
with the necessary degree of precision.
In lieu of a definite threshold value, it
may be said that mean blood lead con-
centrations as high as 0.07 mg. per 100
gm. of whole blood are compatible with
complete health and well-being, but it
has not been established up to the pres-
ent that lead intoxication in adults does
not occur occasionally when the lead
concentration is at this level. In frank
lead intoxication the blood levels are
usually considerably higher (0.09 to 0.30
mg. per 100 gm. of whole blood), al-
though poisoning which at its onset was
associated with concentrations within
this range, may continue, somewhat
abated, when the blood lead concen-
tration has fallen to 0.07 mg. per 100
gm. Mean results of 0.05 mg. per 100
gm., with individual results rarely above
0.065 mg. per 100 gm., are representa-
tive of safe conditions of exposure and
are associated with a mean urinary con-

- centration of 0.08 mg. per liter, with
the upper limit of variability in the
urinary concentration at 0.15 mg. per
liter.  It  appears, therefore, that the

upper limit of safety for the concentra-
tion of lead in the blood lies somewhere
between 0.05 and 0.07 mg. per 100 gm.,
and it is probably not far from the
latter figure.

SAFE  L I M I T S A S DEFINED BY  CLIN ICAL

EVIDENCES OF IMPENDING L EAD

Intoxication
As indicated in the previous discussion

of signs of lead absorption, no satisfac-
tory clinical methods have yet been
developed for the adequate measurement
of the magnitude of human lead expo-
sure in advance of prodromal symptoms
of intoxication, with the exception of
those based on chemical analyses of the
blood or excreta  of exposed persons.
The nearest approach to a satisfactory
method is to be found in the determina-
tion of microscopic changes in the
erythrocytes in the peripheral circula-
tion. By the use of these methods the
occurrence of serious and disabling lead
intoxication can be prevented in most
instances,* if a sufficiently low value for
the occurrence of basophilic erythrocytes
is taken as an arbitrary basis for the
transfer of workmen to jobs involving
little or no lead exposure, and if the
level of the customary lead exposure of
the workmen is kept within or very near
safe limits as defined in terms of air
analyses or excretory rate. In the case
of “ stippled ” erythrocytes, as deter-
mined by standard methods, this value
has been set most commonly at 800 to
1,000 per million erythrocytes, or, as
often expressed, at 10 to 12 ” stippled ”
erythrocytes per 50 microscopic fields.
The application of this standard will re-
sult in changing the work of men who
are not absorbing significant quantities
of lead, but it will usually serve to call
attention to persons whose lead absorp-
tion has approached toxic levels. It must
be emphasized, however, that the strict-

* Exceptions to this arise out of severe accidental
exposures which induce acute illness within short
periods of time.
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est application of such a rule cannot be
expected to prevent the occurrence of
acute episodes of lead intoxication
among workmen, if the lead exposure of
the plant is well above safe limits, either
commonly or frequently. Moreover,
under inadequately controlled conditions
of exposure compliance with this rule is
likely to result in disorganization of
plant activities through frequent shift-
ing of employees.

Other nonspecific clinical methods for
the detection of prodromal or incipient
lead intoxication have been referred to
in an earlier section of this report.
Suffice it here to say of them, that the
most skillful and conscientious efforts
cannot make of them more than means
for the recognition of unsafe lead ex-
posure. As such, they are and will con-
tinue to be the last word in judging the
adequacy or inadequacy of all standards
of safety in occupational lead exposure,
but they cannot in themselves serve as
such standards in other than the nega-
tive sense. It may be possible to prevent
the occurrence of the most serious con-
sequences of dangerous lead exposure
among industrial workmen, by their
prompt removal from further exposure
upon the appearance of the earliest evi-
dences of lead intoxication. However,
the performance of this role  in medical
supervision has iittle relation to safe
occupational conditions.

I

INDIVIDUAL SUSCEPTIBILITY IN RELA-
TION TO THE SAFE LIMITS OF Occu-

PATIONAL LEAD EXPOSURE

The traditional and commonly held
belief in the extreme susceptibility of
some persons to lead poisoning has been
the bugbear of all efforts made to set up
safe limits for any type of lead exposure.
There can be no doubt that a consid-
erable variability exists among human
beings with respect to the effects of
lead absorption. Variability is such a
regular characteristic of biological phe-
nomena that it would be strange indeed

if it were lacking in this instance. H o w -
ever, the results of clinical and experi-
mental investigation do not support the
idea that the variability in the response
of human beings to the absorption of
lead compounds is of unusual and wholly
unpredictable proportions. The careful
study of entire plant populations, kept
essentially intact over periods of years
and exposed to fairly uniform and barely
safe basic conditions, has shown that
remarkable degrees of susceptibility to
lead intoxication are not an important
source of difficulty. On the contrary,
frequent determinations of the lead con-
tent of the air and regular study of the
lead excretion of workmen have dem-
onstrated that the important factor in
the unexpected occurrence of lead in-
toxication among the workmen is the
periodic occurrence of accidental or un-
foreseen lead exposure, locally or gen-
erally. Likewise, the study of individual
cases of lead poisoning at or shortly
after their onset has completely failed to
prove that episodes of lead intoxication
can develop without definite and char-
acteristic increase in the lead concentra-
tion in body fluids or excretions.

Generally speaking, it is fair to say
that the occurrence of lead poisoning in
a plant or operation in which such cases
have not occurred for a long time, is
associated with some change in the pro-
cedure of the plant or in the technic of
individuals whereby the previously in-
significant lead exposure has come to
be hazardous. Unusual and unforeseen
cases of lead poisoning in industry,
therefore, should not be credited to the
“ unusual susceptibility ” of individuals,
as they might well have been before the
development of adequate methods for
detecting lead exposure, but should be
regarded as evidence of the existence of
dangerous lead exposure and should be
investigated thoroughly to establish the
source of such exposure.

A further fact concerning individual
susceptibility must be emphasized in
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connection with the limits of safe lead
exposure defined herein. These limits
are not set up on any theoretical basis,
but are derived from the fact that cer-
tain well defined conditions of lead ex-
posure in normally operating industrial
plants did not cause illness or disability
among the workmen. Admittedly the
population of an industrial plant is often
subject to selective factors, among which
are certain medical standards of physical
fitness. However, the standards for safe
lead exposure, as given above, are ap-
plicable to representative groups of
industrial workmen, and they make
automatic allowance for the factor of
individual susceptibility as it occurs
commonly among such groups.

DIETARY AND THERAPEUTIC PROPHY-
LAXIS IN RELATION TO SAFE LIMITS

OF OCCUPATIONAL LEAD EXPOSURE

From time to time various prophy-
lactic measures have been recommended
for the prevention of lead intoxication
among industrial workers. The system-
atic administration of citrus fruit drinks
fortified with acids or basic salts, of
sal ine and other cathart ics,  or  of
ascorbic acid as more recently suggested,
may conceivably have advantageous
therapeutic effects. It has not been
demonstrated that they are specifically
beneficial in connection with lead ab-
sorption for even short periods of use,
and there is no valid information as to

such effects over long periods of time.
Certainly, in the present state of our
knowledge, their use does not justify
the slightest relaxation of the require-
ments for the control of lead exposure.
Indeed to the extent that such use may
promote laxity in this respect, they are
likely to be more dangerous than useful.

In principle, the administration of
ascorbic acid in connection with occu-
pational lead exposure may be regarded
in the same light as the common practice
of promoting the consumption of milk
by lead workers. To the extent that
industrial workers suffer from general or
specific nutritional deficiencies, any pro-
cedure which promotes the correction of
these deficiencies is good hygienic prac-
tice, but despite the existence of certain
intriguing working hypotheses, there is
no adequate evidence that any dietary
regimen, other than one based on gen-
eral nutritional principles, is beneficial
under conditions of prolonged occupa-
tional lead exposure. Obviously, gen-
erous quantities of milk are likely to be
advantageous in the diet of industrial
workers, especially if, as often happens,
their diet is deficient. It is not sensible,
however, to count upon the drinking of
milk to offset the effects of dangerous
lead absorption. In the final analysis,
there is no known substitute for ade-
quate control of lead exposure, if lead
poisoning among industrial workers is
to be prevented.

The Control of Occupational Lead Exposure

Certain General Considerations
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More frequently, however, the
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td  exposure are such as to impose
my burden of responsibility upon
.anagement  of a plant,  necessi-
the use of trained personnel and
:illful  application of safeguards
e health of the employees. Ob-
1. RTW methnd  nf nrocdlwe which

will nrotect workmen acainst the more
serio;s  types of exposu;e  to lead will
also control lesser exposure, and there-
fore the following discussion will be
directed toward the more difficult
problem.

In general, in large plants and in-
dustries, it is necessary to develop an
organization that will be engaged con-
tinually in promoting the health of the
personnel and in maintaining safety in
all operations. Such an organization
will usually be made up of full-time or
consulting physicians, engineers, and
executives or supervisors of produc-
tion, each person or group having
special responsibilities but sharing the
knowledge of the problems that are to
be met. In addition, nurses may be
assigned to special duties as well as
to their usual tasks. Regardless of the
precise plan of organization, the test of
the adequacy of measures taken to
control lead exposure lies in the main-
tenance of freedom from the injurious
effects of lead absorption. The re-
sponsibility for determining whether or
not this is being accomplished must
fall upon the physician, who therefore
must have the facilities necessary for
adequate study of the workmen, and
the authority required to obtain action
on his recommendations concerning
them. He must be empowered to ar-
range for or carry out studies of en-
vironmental conditions, and to initiate
hygienic improvements. The physician
should inform himself on the industrial
processes of the plant by making
regular and thorough inspections. All
information relating to the environ-
ment and health of workers should pass
through his hands, and he should be
kept informed of all proposed changes
in plant equipment and processes. In

Medical Supervision

In order to obtain the necessary

short, he should be the health officer
of the plant, with broad powers and
direct access to executives. Engineers
and supervising personnel assigned to
hygienic activities may work under the
general direction of the physician or
not, as circumstances may require, but
they must have some direct means of
close collaboration with him.

Experience has shown that adequate
control of potentially dangerous types
of lead exposure depends more upon
the proper design of a plant and its
equipment than upon any other factor.
Therefore, it should be axiomatic that
when a new plant is to be built or an
old one is to be remodeled or reequipped
for the production of lead-containing
commodities or materials, details of
construction should be worked out
careful ly so as  not  to create new
hazards or neglect old ones, and to
provide adequate sanitary, engineering,
and medical facilities. Mistakes are
likely to be costly, and therefore en-
gineers or physicians who are familiar
with the problems to be met should be
consulted before  plans are adopted, not
after they have been carried out. Like-
wise, the introduction of new processes,
new personnel, and new working hours
may greatly influence the safety of
workmen, and are of immediate con-
cern to all persons who have any respon-
sibility for hygienic conditions. It is
apparent, therefore, that executives
should put responsibility into the hands
of their medical and hygienic advisers,
require from them a high degree of corn-
petence, and make full use of their
capacities.

Some of the usual medical and en-
gineering activities concerned with the
problem of industrial lead exposure are
worthy of detailed discussion.

in the Lead Trades

tion, it is necessary to carry out careful
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periodic examinations and to record
systematically the results of such ob-
servations as are required to determine
the status of individual workmen. The
primary purpose of such examinations
is  the maintenance of good health
among the employees.

The objectives of the particular ex-
amination, whether preemployment  or

It
periodic, should always be kept in mind
by the examining physician. The doc-
tor’s specific duties in this respect
depend on the type of examination.
The main objectives of the preemploy -
ment examination in the lead indus-
tries are the selection of safe workmen,
rejection of the obviously unfit, in-
cluding those with communicable dis -

b ease, and the proper placement of the
physically substandard worker. On the
other hand, the primary objective of
the periodic examination in these in-
dustries is to detect evidences of po-
tentially dangerous lead absorption so
as to recognize and localize hazardous
lead exposure, to bring about correc-
tive measures, and to prevent acute or
chronic illness. It is not enough, how-
ever, to give attention only to such
medical data as are believed to be of

iI specific importance in relation to lead
absorption. Other types of illness oc-
cur among lead workers, the differen-
tial  diagnosis of which may often
depend upon satisfactory records of
previous physical examinations.

The physician must be familiar with
the legal aspects of industrial medical
practice in his state. In certain states
medical examinations of employees in
lead industries are required by law, and
reports may be required from time to
time by state authorities. Children up
to the ages of 16 and 18 are legally
excluded from employment in most
lead-using trades, and in some of the
states the employment of women is
prohibited. Cases of lead poisoning
are required to be reported to state
health departments, and in some states

to state labor departments. The re-
sponsibility of the physician in cer-
tain of these instances is direct and
personal, and cannot be delegated to
the management of the plant.

PREEMPLOYMENT  EX A M I N A T I O N S

The initial examination should be
comprehensive a n d c o m p l e t e .  I t
should include a record of the appli-
cant’s occupational or employment his-
tory, past medical history, symptoms of
illness and physical findings. T h e s e
examinations, if conducted according
to accepted methods, will require at
least 30 minutes and often more per
man to complete. In lead-using indus-
tries, experience has shown that the
general physical examination should be
supplemented by hematologic tests and
a routine analysis of the urine that in-
cludes at least tests for albumin and
sugar, and a microscopic study of the
sediment. The blood picture should
be determined by the enumeration and
examination of ervthrocytes and leuco-
cytes, determination of hemoglobin
(preferably by an acid-hematin
method), and by counting the erythro-
cytes that show basophilic material,
whether reticulocytes, stippled erytho-
cytes, or the combination of these forms
as in the basophilic aggregation test.
Determination of the rate of erythro-
cytic sedimentation is also a useful
procedure. In relation to the general
health of the population of a plant, and
for the control of communicable dis-
ease, the practice of carrying out
routine serologic tests for syphilis is
recommended. Radiologic chest ex-
amination is also advantageous and is
necessary if occasional cases of in-
cipient  tuberculosis  are not  to go
unrecognized. When employed pri-
marily for this purpose such examina-
tions can be reduced in number by
carrying out intracutaneous screening
tests with Old Tuberculin.

With a secondary objective in mind
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that there is a safe job for almost every
workman, the examiner should use some
system of grading. The most common
industrial practice appears to be that
of rating the physical fitness -of work-
men in four grades: 1, 2, 3, and 4, or
A, B, C, and D. All men with im-
pairments or diseases that put them in
class 4 (or D) and some in class 3
(or C) must be rejected. Men in
classes 1 and 2 (or A and B ) may be
employed in any job, and those in class
3 (or C) require special placement.
This grading has been given by the
American College of Surgeons, the
National Industrial Conference Board,
and other organizations. The classi-
fication formulated bv the Conference
Board of Physicians In  Industry is as
fol lows:

Class l-Those physically fit for any work
Class 2-Those physically underdeveloped, or

with some slight anatomical defect;
otherwise fit for work

Class Z-Those fit only for certain employ-
ment when approved and super-
vised by the medical department

Class d--Those  unfit for any employment

Certain individuals such as those
afflicted with diabetes, borderline hyper-
thyroidism, and diseases that seriously
impair hepatic, renal, and circulatory
function should be excluded from po-
tentially hazardous occupations in a
plant, but these men can often be placed
where they will not bring danger upon
themselves or other workmen in the
plant, and where opportunities for lead
exposure will be limited or negligible.
One group of applicants whose accept-
ance may be questionable is made up
of those previously employed under
conditions of lead exposure, the severity
of which cannot be determined or esti-
mated by the examiner. Among these
may be capable and experienced men
who are very desirable employees and
would be acceptable if the order of
magnitude of their previous lead ex-

instances, preemployment  lead analyses
to determine the facts in this regard
will be invaluable aids to their proper
placement. These men may thus be
put tentatively in class 3, given em-
ployment, and examined periodically
until the physician is sure that it is
safe for them to continue in the
assigned occupation.

P E R I O D I C EX A M I N A T I O N S

Periodic examinations as referred to
herein, are those made at regular in-
tervals to evaluate the hygienic status
of the individual worker, as well as
others made at irregular intervals. The
latter include medical examinations
made before transfer from one depart-
ment to another, and those carried out
in connection with injuries and illnesses
and prior to reinstatement thereafter.

In making periodic examinations, the
first responsibility of the examining
physician in a lead industry is to detect
early evidence of potentially hazardous
lead absorption in order to prevent
injury to the health of workmen. These
periodic examinations also afford an ex-
cellent opportunity for health promo-
tion among employees. While on the
lookout for early lead poisoning, the
physician may detect incipient stages
of such diseases as tuberculosis, heart
disease, and cancer, and is in a favor-
able position to recommend remedial
measures. These examinations should
not be carried out hastily and without
regard for the circumstances and the
feelings of the workmen. Satisfactory
information cannot be obtained unless
correct relations exist between the phy-
sician and the workmen.. Subjective
complaints constitute exceedingly useful
data under proper conditions; they
must be interpreted in the light of the
complainant’s atti tude, and this is
possible only if there is a sound basis
of mutual understanding between the
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The frequency with which regular
periodic examinations should be made
is largely dependent upon the severity
of the lead hazard, yet each situation
must be considered on its own merits.
If the extent of the lead exposure has
not been determined, or if the atmos-
pheric lead concentration is known to
exceed 1.5 mg. per 10 cu. m., it is de-
sirable to examine employees who are
exposed to lead in industry for the
first time, at relatively frequent inter-
vals over a period of time ( 12 to 18
months) sufficient to demonstrate their
reaction to their occupational environ-
ment. Those exposed to an atmos-
pheric concentration of less than 1.5
mg. of lead per 10 cu. m. need not be
examined regularly more than once or
twice a year. Experienced workers
whose potential lead exposure is
moderate, somewhat variable and un-
predictable, should be examined once
a month, whereas a weekly examination
may be advisable in the case of em-
ployees who are potentially exposed to
serious lead hazards that are difficult
to control.

The detection of prodromal or in-
cipient lead intoxication requires not
only familiarity with the characteristic
effects of lead, but general knowledge
of disease processes. The problem of
differential diagnosis here is not dif-
ferent in principle from that in any

I

other type of medical practice, except
that the legal implications of any diag-
nosis may involve the necessity of
furnishing substantial proof that it is
correct. The basis of the diagnosis of
lead poisoning will be discussed in de-
tail later, and need not be dealt with
at this time, but attention is directed
to certain matters that have practical
importance. When illness develops in

/ u
a workman who has had hazardous or
potentially hazardous lead exposure,
the physician should do more than
merely satisfy himself that such illness
is or is not due to lead absorption.

Good medical practice and effective
medicolegal procedure may well re-
quire not only the conviction or ex-
clusion of lead as the etiologic factor,
but  also the demonstrat ion of  the
actual nature of the illness. If the
latter is difficult of accomplishment,
there is all the more reason for a
thorough-going effort in that direction.
The proper time to make use of special
diagnostic procedures and expert med-
ical consultation, whether related to the
detection or exclusion of lead as a fac-
tor in illness, or whether devoted to the
diagnosis of some obscure disease, is
not when a claim /or  damage or com-
pensation has been made, but when the
illness is in progress. The plant phy-
sician should therefore take advantage
of such recognized medical procedures
when confronted with a diagnostic
problem that requires them, not only
because this is the logical expression
of his medical judgment, but also be-
cause in the long run this is the best
way to settle potential medicolegal
controversies and to avoid the bitter-
ness and wasteful expenditures asso-
ciated therewith.

LABORATORY FACILITIES

A well organized medical department
in an industry in which there is a po-
tentially hazardous lead exposure should
have laboratory facilities for adequate
clinical-microscopic examination of the
blood and urine of exposed workmen.
The equipment of the laboratory and
the training of the personnel should be
such as to insure the accuracy of all
work done. A wide variety of other
laboratory procedures commonly re-
quired for diagnostic purposes may be
carried out in such a laboratory, or
such information may be acquired from
outside sources when needed.

In view of the importance of lead
analyses, provision may well be made
whereby such analyses can be done as
required. This poses a difficult prob-
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lem,  in that such work cannot be done
in most lead plants because of the
danger of gross contamination of sam-
ples in process of analysis, and because
of the expense involved in setting up
satisfactory facilities under adverse
condi t ions . A laboratory for this pur-

. pose must be rendered dust-proof and
fume-proof, and proper precautions
must be taken against the introduction

7
of dust on the clothing or person of
workmen. Otherwise, it is necessary
to have the laboratory at a sufficient
distance from the rest of the plant, and
indeed from the entire industrial sec-
tion of the community, to escape con-
tamination. It may be advisable to
delegate responsibility for the analytical
work to a laboratory that is independent
of the plant. The obstacles here .are
considerable but are not insurmount-
able if there is a complete understand-
ing of the nature of the information
which is to be obtained, and a thorough
comprehension of the difficulties to be
overcome. It must be recognized,
however, that if adequate provisions
are not made for obtaining results of a
very high order of accuracy, there is
no point whatever to the effort. Errone-
ous data will be not only valueless, but
actually misleading. One means of
checking the adequacy of the analytical
facilities is to analyze a series of

< samples obtained from unexposed per-
sons from time to time. Unless the
results of such analysis are found to

c be in consistent agreement with normal
standards, the qual i ty of  the ana-
lytical work must be regarded as
unsatisfactory.

RECORDS
The personal preference of the phy-

sician and the local requirements are
likely to determine the exact manner
of recording the medical information
obtained on workmen. Various forms
have been described and illustrated by

College of Surgeons and the National
Industrial Conference Board. These
forms have been designed for medical
service in industry and embody fea-
tures found by long experience to be
useful. Other record forms have been
developed by industrial physicians in
accord with their specific needs. O n e
of these is given here as an illustra-
tion. Any form adopted must  be
simple for speed, yet sufficiently com-
plete for adequate study of the worker.
The record should be amenable to sta-
t ist ical  study and adequate for al l
medicolegal purposes. As a minimum,
the forms should include the name of
the applicant or employee, his address,
Social Security Number, plant identi-
fication number, nationality, race, sex,
marital status, previous history of ill-
nesses and injuries, previous occupa-
tional history with dates and with in-
formation on the type of control of any
hazardous lead exposure that may have
existed, date of birth, date employed,
data of physical examination with phy-
sical defects, physical fitness rating,
defects on leaving employment, and
date of leaving employment.

The data of re-examinations  may be
recorded on separate forms or com-
bined with the initial record. As illus-
trated, this portion of the record form
may be on the reverse side of the sheet
or  card used for  the pre-employment
examination. A series of blank vertical
columns is often used to carry serial
notations at intervals over a consider-
able period, with reference to such items
as the date, weight, general appearance,
and the digestive, neuromuscular, and
vascular findings, together with labo-
ratory data. As the form is filled out
from left to right, the trend of symp-
toms and signs is readily apparent.
Space may well be provided for de-
scriptive clinical notes, and certain im-
portant data may be plotted graphically.
Additional space may be used to record
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plaints, physical findings, diagnoses,
treatments, and time lost from work.

The manner of handling medical
records is a matter of considerable im-
portance from both professional and
practical aspects. If a record is to be
complete and satisfactory from the
medical viewpoint, it must be regarded
as the tangible expression of the cus-
tomary confidential relationship be-
tween physician and patient. As such
it is strictly in the custody of the phy-
sician and should be available to others
only with the consent of the worker
or under such other circumstances as
are prescribed by law and ethical pro-
fessional practice. Adherence to this

I policy with respect to records and other
confidential information of a medical
character provided by workmen to the
physician, will go far toward the de-
velopment and maintenance of a proper
professional relationship between the
physician and the management on the
one hand, and the physician and the
workmen on the other.

In addition to the maintenance of
complete records on individuals, the
plant physician should assemble the
data on all the workmen at regular in-
tervals (monthly or quarterly) and
summarize the results of his study of
these data.

MEDICAL RECOMMENDATIONS AND

POLICIES
The medical examination of an in-

dividual workman may give results
which require action on his behalf. It
is not the purpose of this report to
discuss illnesses and disabilities, other
than those due to lead absorption, and
the treatment of lead poisoning will be
considered later. However, certain
courses of action are open to the in-

w dustrial physician when he recognizes
the existence of danger to the health
of an employee, or when incipient lead
intoxication develops in the absence of
acute illness or disability. It may be

that early evidences of lead absorption
in a single workman will reveal the ex-
istence of a previously unsuspected lead
hazard. If  so,  suitable preventive
measures may be taken, and if these are
adequate, no other step may be re-
quired. (The workman may have been
indulging in an innocent or wilful in-
fraction of the rules for safe procedure,
in which case there may be weaknesses
in methods of instruction and super-
vision to be corrected.) It may be
satisfactory to transfer the workman
to a point at which his lead exposure
will be reduced or eliminated. It may
be necessary, however, to make sure not
only that all chance of occupational
lead exposure is brought to an abrupt
end, but also that temporary freedom
from all work is granted, in which case
the employee must be given temporary
leave, with subsequent reinstatement.
It may even be necessary to advise com-
plete and permanent discontinuance of
employment under conditions of lead
exposure.

When the assembled observations on
a group of workmen, or upon the entire
population of a plant, indicate the ex-
istence of unhealthful conditions-
specifically, in this instance, evidences
of dangerous lead exposure-the phy-
sician has no choice but to recommend
such studies as will reveal the source
and character of the exposure, or such
remedial measures as will eliminate the
hazard if it is known. The adequacy
of such measures can be determined by
subsequCnt  examination of the environ-
mental conditions, by engineering pro-
cedures, and also by observations on the
men. Thus the data of periodic ex-
aminations, when subjected to proper
study, can be employed as a regularly
recurring and valid demonstration of
the effectiveness of the methods of
control of lead exposure. This more
than anything else is the function of
the plant physician in the lead indus-
tries. He should, in addition, under-

take to recognize incipient or
lead poisoning before it has
disability, but there is noth
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take to recognize incipient or prodromal
lead poisoning before it has produced
disability, but there is nothing in his
armamentarium that will enable him by
this means completely to ward off the
consequences of lead exposure, if the
latter is actually dangerous. His duty,
therefore, is to demonstrate the exist-
ence of such exposure in order that the
need for its elimination will be clearly
indicated.

There is one practical means of con-
trolling or, at least, of reducing the lead
exposure of workmen, that does not
depend primarily upon reducing the
dissemination of lead compounds in the
working environment. This consists in
limiting the duration of the exposure
of the individual employees. The
quantity of lead absorbed into the body
is dependent both upon the severity of
the exposure and the time over which
exposure occurs. The length of the
working day and the number of work
days per week, are of considerable im-
portance, therefore, in relation to the
magnitude of the exposure. However,
because of the fact that inhaled and
swallowed lead is available for absorp-
tion for some hours or days after the
exposure has ended, the total length of
employment under conditions of lead
exposure is of much greater conse-
quence. It is for this reason that the

rotation of workmen into and out of
exposed areas, at definite intervals. has
been found to be an effective means of
reducing or eliminating lead poisoning
under conditions in which lead exposure
is difficult to control, or when because
of urgent and valid need for produc-
tion, the control of environmental con-
ditions is temporarily below par. Pre-
cise information is not available for
prescribing rules whereby the length of
exposure and the duration of the inter-
val of freedom from exposure can be
related to a specific level of lead ex-
posure,  but  from both theoretical
knowledge and practical experience, it
can be said that the period of freedom
from exposure should be at least as
long as the period of exposure, to be of
maximum benefit. This means of con-
trolling lead exposure is not recom-
mended as the most desirable and it is
not practicable in many industries, not
only because of the unusual conditions
of employment it imposes, but also be-
cause working areas sufficiently free of
lead exposure are rarely available to
such an extent as to provide for the
rotation of the men. Nevertheless, the
procedure is sound in principle and as
a means of providing safety in times of
st ress , and until other measures of
control can be effected, it will serve a
useful purpose.

Engineering Control in the Lead Trades

Our purposes in the paragraphs un-
der this heading are to call attention to
certain principles which have an impor-
tant bearing upon the success or fail-
ure of efforts made to control industrial
lead exposure by mechanical means, to
point out certain facts based upon
experience, and to encourage the use
of available sources of detailed informa-
tion on various aspects of the problem.
Among the references of this type given

be found containing more or less
standard specifications for safe and
healthful conditions in industrial plants
in respect to illumination, temperature
control, ventilation, and general sani-
tary facilities.

GENERAL CONSIDERATIONS WITH

RESPECT TO LEAD EXPOSURE

Mention has been made in a pre-
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measuring the severity of lead exposure,
and of  the  present ly  accepted en-
gineering standard for safety in the
lead trades in terms of lead available
for inhalation by men working for a
normal length of time per day and per
week. This standard sets the upper
limit of permissible lead concentration
in the air, when determined by stand-
ard methods of sampling and analysis,
at 1.5 mg. Pb per 10 cu. m. This  is
regarded by many engineers as a vir-
tually all-inclusive standard, in that its
achievement is likely to call for the ap-
plication of all types of hygienic con-
trol with a high degree of effectiveness.
On the other hand, considerable diffi-
culty has been encountered in certain
of the well known lead industries, in
reaching and maintaining such condi-
tions. There has been some tendency,
therefore, among those who have at-
tempted unsuccessfully to attain this
standard,  to regard i t  as  ideal  and
visionary, while in many industrial
establishments, no attempt has been
made to apply such a standard.  I t
seems necessary here to emphasize the
practical value of this standard as one
that can and should be met. At the
same time, it should not be forgotten
that lead poisoning can occur from the
ingestion (swallowing) of lead com-
pounds. Therefore, the care taken to
prevent the inhalation of harmful quan-
tities of lead should not result in dis-
regard of necessary a n d effective
measures for the control of lead inges-
tion. Due attention must be given to
lunchroom, washroom, and change-
room facilities and to the instruction
and supervision of workmen in matters
of personal hygiene and cleanliness.
These measures will not prevent lead
poisoning if the respiratory lead ex-
posure continues at a dangerous level
but, on the other hand, control of the
respiratory exposure alone will fail to
eliminate lead poisoning if the incre-
ment of lead absorption from the

alimentary tract is of sufficient
magnitude.

It should also be recognized in times
of pressure for production that the fac-
tors of lengthened hours of work, in-
creased numbers of inexperienced em-
ployees, increased wear and tear on
machinery and equipment, decreased
frequency of repairs and replacements,
and increased bulk of materials handled,
may combine to convert relatively safe
conditions into hazardous ones. Under
such circumstances it becomes necessary
to increase the effectiveness of control
measures by every available means, or
to change the processes of production,
or to decrease the duration of the ex-
posure of the men.

There are also t imes when the
necessity and the opportunity present
themselves to eliminate lead exposure
completely from an industrial process
by substituting other materials for lead.
More frequently the methods of the
process can be changed in such a way
as to eliminate or reduce the lead ex-
posure. It is important, therefore, that
the engineer who is attempting to con-
trol the lead exposure of a plant, shouId
have such knowledge of processes and
materials as will enable him to suggest
changes in them or at least to raise per-
tinent questions concerning them for
the consideration of those in charge of
production. His role will be the easier
in this regard if he has a share in de-
termining the methods of production,
and for this reason in some industrial
organizations, the engineering depart-
ment is made equaIly responsible for
production and safety.

PLANT DESIGN AND CONSTRUCTION

As indicated previously, the time to
deal with the potential lead exposure
of a manufacturing plant, from the en-
gineering point of view, is at the time
the plant is designed and built. This,
obviously, is not always feasible, but
many plants are remodeled or rebuilt
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periodically, to improve or increase pro-
duction or to decrease production costs,
and at such times detailed attention
should be given to factors that will
minimize lead exposure. A number of
items require special consideration and
forethought in order to avoid costly and
makeshift modifications later.

Isolation of the More Hazardous
Occupations

Certain types of work involve un-
usual opportunities for exposure to
dust, fume, or spray. If these occupa-
tions are isolated from others, intensive
efforts can be concentrated on con-
trol measures in these areas and on
these men, at minimum cost, and with
maximum effectiveness.

Location and Arrangement of
Equipment

If the specific hazards of an indus-
trial process are fully understood by the
designer or builder of a plant,  the
equipment can often be laid out so as to
reduce or eliminate these hazards. The
arrangement of ventilation svs terns
that will work properly, that will  not
encroach unduly upon space needed for
other purposes, nor interfere with the
effectiveness of otherwise satisfactory
heating equipment, nor pollute the out-
side atmosphere and perhaps provide a
more generally disseminated lead ex-
posure, poses a series of problems that
can be dealt with most effectively when
a plant is being built. The same is
true of the disposition of manufacturing
equipment, which often can be so
localized as to be easily ventilated but
may be so scattered as to give rise
to almost insurmountable difficulties.
Likewise the types of floors, windows,
and fixed equipment determine the ease
or difficulty of cleaning and house-
keeping, and these factors often make
the difference between safety and con-
tinued hazard. It is not to be expected

stand these hygienic problems. It is
important, however, that he recognize
their existence and make use of the
knowledge and experience of an en-
gineer who does understand them.
Thus plans can be made to have dusty _
types of work carried out on benches of
slotted metal equipped with exhaust
ventilation, or on metal grill-work
floors overlying water and supplied with
downdraft suction.

Provision for Adequate Sanitary and
Medical Facilities

Locker-rooms, washrooms, lunch-
rooms, and medical facilities must be
planned carefully in the light of in-
formation which only trained and ex-
perienced persons can be expected to
possess . Their type and location will
have much to do with their effective-
ness . It is not to be supposed that
habits conducive to cleanliness and the
avoidance of unnecessary lead ex-
posure can be cultivated effectively in
a group of workmen unless convenient
and comfortable means to that end are
provided.

With respect to locker-rooms and
bathing facilities, it should be men-
tioned that in most of the lead-using
industries, workmen should change all
of their clothing on beginning their
work, changing back again and bathing
thoroughly at the end of their day’s
work. This  requires  two sets  of
lockers, one for the work clothing, the
other for regular clo th ing . S o m e
separation of the space in which the
two sets of lockers are set up will aid
in maintaining cleanliness in the area
in which the regular clothing is kept,
and the showers should be so arranged
that it is unnecessary for the workmen
to return after bathing into the area in
which soiled work-clothing is kept.
Proper arrangement of these facilities
will help greatly in the maintenance of
cleanlv  conditions. The lockers should
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best be set on a pedestal above the
floor level, so that the floor can be
scrubbed or hosed. Facilities for
laundering the work-clothing will also
be required as a general rule.

Lunchrooms should be arranged with
an eve to convenience and comfort and,
above all, to freedom from contamina-
tion with lead compounds. Adequate
space must be provided there or else-
where for the lunch-boxes of those who
carry their lunch, and for keeping milk
or other beverages (aside from water)
that are consumed on the premises. It
is a great advantage if hot beverages
can be served, and a still greater one if
a hot meal can be made available in
the middle of the day or shift. Inas-

\ much as all eating in workrooms must
be avoided, the availability of an at-
tractive, comfortable, and clean lunch-
room is an important factor in the culti-
vation of good habits of personal clean-
liness among the workmen.

Toilets should be available in ade-
quate number and in convenient loca-
t ions . They should be maintained in
a state of strict cleanliness. Likewise
drinking fountains of proper design
should be conveniently distributed.

The incorporation of satisfactory
facilities of the foregoing types into a
plant that has been operating without
them for some time, requires careful
study and the exercise of knowledge
and ingenuity. Likewise, the main-
tenance of such facilities in a proper
state of cleanliness and efficiency, calls
for continued effort on the part of care-
takers, and vigilance on the part of
supervisors .

V ENTILATION

It is neither feasible nor desirable to
enter into a comprehensive discussion

‘L
of ventilating and exhaust systems and
devices for the control of lead ex-
posure. A number of publications are
readily available for reference both as
to principles of design and specific ap-

plications. (See classified bibliog-
iaphy  in the Appendix.) In view if
the number of plants in which attempts
at control of lead exposure by ventila-
tion are made by incompletely in-
formed and relatively inexperienced
persons, it is necessary to point out
certain general facts, in an effort to
forestall the repetition of common
errors.

In general, the mere dilution of lead
dusts or fumes in workrooms by the
introduction of fresh air is unsatisfac-
tory. It is preferable to pick up such
dusts and fumes at their point of origin
by means of exhaust lines, thereby re-
moving them from the workrooms, and
to dispose of them by filtration or pre-
cipitation or by conducting them to
points at which they can do no real or
alleged harm either within the plant or
beyond its confines.

Air introduced or drawn in to re-
place exhausted air, or for purposes of
dilution, must be free of significant
contamination with lead or other toxic
materials. Inlets must be so located
as to eliminate any possibility of such
contamination, or must be protected by
suitable filters. Otherwise the con-
taminated air exhausted at one point
may be returned into workrooms and
recirculated. If filters are used the air
supply must be tested periodically as
a check on the efficiency  of filtration.

Provision should be made for heating
facilities that will permit the full use
o f ventilating equipment in cold
weather without undue exposure of
workmen to cold air currents.

Local and general ventilating sys-
tems should be so designed in relation
to the construction of workrooms
(windows, doors, and other openings),
and with respect to dampers and other
control devices, as to eliminate oppor-
tunity for interference or tampering on
the part of workmen.

All ventilating systems should be sub-
jected to smoke tests or to similar tests

which will demonstrate the e
of the ventilation and reveal p
any, of undue turbulence or c
spaces. They should also be
carefully for the adequacy (
c o n t r o l  o f  l e a d  e x p o s u r e
analysis of representative air :

HOUSEKEEPING

The elimination of sources
bearing dust is obviously of the
importance in industrial plant
this reason the choice and apl
of methods of cleaning requires
consideration. All accumulation
on floors, work-benches, rafte
dow ledges,  and the l ike sha
cleaned up frequently. (Such :
lation should be prevented as
possible by the use of receptac
by the removal of dusts and d
their source.) In general the
brooms and brushes is undesirz
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.  ( S e e  c l a s s i f i e d  bibliog-
the Appendix.) In view of
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made by incompletely in-

md relatively inexperienced
it is necessary to point out
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rral,  the mere dilution of lead
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on of fresh air is unsatisfac-
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rem from the workrooms, and
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or by conducting them to
which they can do no real or
urn  either within the plant or
s  confines.
reduced  or drawn in to re-
austed  air, or for purposes of
must be free of significant
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Inlets must be so located
linate any possibility of such
Ition,  or must be protected by
filter? Otherwise the con-

exhausted  at one point
.etin-ned  into workrooms and
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m the efficiency of filtration.
tn should be made for heating
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lating equipment in cold
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which will demonstrate the efficiency
of the ventilation and reveal points, if
any, of undue turbulence or dead air
spaces. They should also be checked
carefully for the adequacy of their
control of lead exposure by the
analysis of representative air samples.

HOUSEKEEPING

The elimination of sources of lead-

I bearing dust is obviously of the utmost
importance in industrial plants. For
this reason the choice and application
of methods of cleaning requires careful
consideration. All accumu!ation  of dust
on floors, work-benches, rafters, win-
dow ledges, and the like should be
cleaned up frequently. (Such accumu-
lation should be prevented as far as
possible by the use of receptacles and
by the removal of dusts and debris at
their source.) In general the use of
brooms and brushes is undesirable and
avoidable, and the availabili ty of
brooms in dusty areas is usually evi-
dence of lack of thoughtful attention to
problems of housekeeping. W h e n
sweeping is permitted, water or oil or
other material that will effectively allay
dust must be employed.

Two general types of cleaning equip-
ment are to be recommended, namely-
vacuum systems, and washing down
with water or in some instances other
liquids. It is to be remembered that
wet floors are likely to be slippery? and
that precautions will be required to pre-
vent injuries on this account. Vacuum
systems may be of the portable or
built-in types. The use of hose lines
for wetting-down otherwise dusty ma-
terials and for keeping floors and
working areas clean, involves care in
the construction of floors, drainage
systems, and catch basins for the set-
tling of lead-containing materials.
Likewise, the effective use of vacuum-
cleaning equipment is dependent upon
the smoothness and accessibility of

faces  on which dusts  may collect.
The importance of intelligent and

cont inuous good housekeeping lies
chiefly in the fact that it eliminates
certain types of lead exposure that are
wholly unnecessary, by methods that b
are simple and relatively inexpensive.
The routine of house cleaning should
be planned carefully and should be
strictly enforced by regular supervision.

PERSONAL RESPIRATORY PROTECTIVE

EQUIPMENT

Necessi ty for  the use of individual
respiratory protective equipment should
be avoided by effective methods of en-
vironmental control so far as possible,
not only because it is desirable to limit
the precautions required of individual
workmen for their protection against
lead absorption, but also because all
such devices reduce the efficiency and
comfort of the wearer. Nevertheless,
there are occupational exposures that
can scarcely be avoided without the
use of masks or respirators, and there
are periods of intermittent or irregular
exposure, and times of stress or
emergency, when no other means of
protection are feasible. Rapid progress
has been made in the development of
respiratory devices, so that many types
of equipment are available, most of
which are adapted for specific uses.
The United States Bureau of Mines
approval-schedule for dust, fume, and
mist respirators was first promulgated
in August, 1934, and their require-
ments were adopted later  by the
American Standards Association. Thus
the standards of efficiency of the equip-
ment manufactured for such purposes
have been well  established,  and
respirators approved for specific pur-
poses can be accepted as satisfactory,
when properly employed.

All respiratory protective equipment
should be selected for use by persons
familiar with the available tvoes and
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ment must be kept in perfect condition.
Some regular system for inspection,
maintenance, and replacement must be
set up under the control of trained
and responsible personnel, and careful
supervision in the use of such equip-
ment is required. In many plants this
inspection and servicing of respiratory
protective equipment is best centered in
the medical department.

SUPERVISION OF WORKMEN

Reference has been made in the pre-
vious paragraph to the necessity of
supervision in the use of masks and
respirators. In general, workmen must
be trained, not only in the use of such
equipment, but in the technical details

L of many other procedures that involve
opportunities for hazard. They must
be instructed not to eat or to drink
milk and other beverages in workrooms
between meals or at meal times, and
not to keep food and milk near them
while at work. After they have been
instructed, supervision is required to
maintain compliance with satisfactory
practices. It is not always recognized
that the technic of avoiding various
types of hazard requires understanding,
attention, and precision on the part of
workmen to a degree that is  often
equivalent and sometimes in excess of
that necessary for the performance of
their work. When it is further appre-
ciated that the dangers of lead absorp-
tion are insidious and that many of the
precautions against such dangers are a
source of delay, inconvenience, and dis-
comfort, it is unrealistic to hope or ex-
pect that the full responsibility for his
own safety be accepted by the worker.
Accordingly, the operations of a plant,
including the use of various measures
of safety, may well require careful

U
study, to the end that the technic re-
quired to accomplish the best over-all
results may be prescribed in detail and
in sequence. Safety measures may
thereby be incorporated within and be-

come a part of operating procedure,
with responsibility on the part of work-
men, foremen, and all other operating
personnel, for following the procedure
agreed upon. In this connection the
activities of janitors or cleaners and
maintenance men should not go un-
heeded. The opportunities for lead
exposure on the part of these men may
be as great or even greater than that of
others . They must be carefully trained
and properly supervised.

SAFETY  INSTRUCTIONS  AND
REGULATIONS

In certain of the states, various types
of instructions and notices to workmen
are required by law to be posted in
conspicuous places in industrial plants.
Engineers responsible for plant hygiene
must be familiar with these require-
ments. Additional instructions can
usual ly be provided to advantage,
whether in book form or in placards,
calling the attention of workmen to the
specific hazards of their occupation,
giving specific instructions as to the
means of avoiding these hazards, and
prescribing general regulations in mat-
ters of personal hygiene. Such regula-
tions and advice as may be given in this
form should be based on the fullest con-
sultation between the production per-
sonnel, the engineer, and the physician,
to the end that they shall be simple,
reasonable, practicable, and in accord
with legal requirements. In occupa-
tions that call for complicated or precise
technical procedure, and in the chemical
manufacturing industries in general, it
has been found to be excellent practice
to prepare an operating manual, in
which the various steps of all procedures
are set down. These need to be re-
viewed from time to time and modified,
to maintain the most satisfactory prac-
tices. Such a manual includes all pre-
cautionary measures. The main points
of procedure, and the primary safety
regulations, may be outlined in ab-

breviated form and posted for
reference in the form of placard
advantages of such readily a
instructions in training new em]
in carrying out the day’s work,
supervising the activities of a g
men, are obvious.
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breviated form and posted for ease of
reference in the form of placards. The
advantages of such readily available
instructions in training new employees,
in carrying out the day’s work, and in
supervising the activities of a group of
men, are obvious.

Among the instructions in personal
hygiene for workers in lead industries,
specific regulations in the matter of
washing before meals, bathing before
leaving, changes and disposition of
clothing, use and care of protective
equipment, and the handling of tobacco
and food in workrooms should be pre-
scribed in detail. In addition to the
careful consideration required to draw
up such regulations, a useful purpose
is served by them in that both employee
and employer are kept aware of their
specified responsibilities, the one for
carrying out instructions, the other for
providing and maintaining the necessary
facilities.

PLANT SURVEYS, ANALYTICAL STUDIES,
AND REPORTS

In addition to having a large respon-
sibility for the activities mentioned in
the foregoing paragraphs, the engineer
who has a share in the responsibility for

plant hygiene should carry out complete
periodic inspections of the plant. All
changes in operating technic or equip-
ment should be known to him and
should be studied to determine their
effect upon the lead exposure. Main-
tenance and repair work should be
supervised or at least observed critically,
not only because of the hazards to the
repairmen, but also because of the faults
in the equipment that require repair
and the opportunities for increased lead
exposure inherent in such faults. Air
analyses will be required periodically to
maintain accurate information on the
trend of the lead exposure, and addi-
tional analyses will be indicated from
time to time when equipment or opera-
tions are changed. Reports on all of
these matters should be made in
writing to designated persons in the
plant. Copies of such reports should
go to the medical department, if the
plant organization is not such that the
reports are made directly to the phy-
sician in charge. Such reports are
likely to be most effective if they carry
specific conclusions and recommenda-
tions backed by adequate data and
based on complete familiarity with
plant processes and conditions.

.

Hygienic Control in Small Plants and Shops

The problem of controlling lead ex-
posure in small plants and shops is ad-
mittedly difficult ,  not because the
means of control need be different in
principle from those employed in large
plants, but rather because of the rela-
tively great burden of cost involved in
the application of adequate protection
against varied types of lead exposure.
An even greater and more fundamental
obstacle lies in the fact that the ac-
complishment of satisfactory results
depends upon the dissemination of
adequate information among the own-

plants, and among the physicians in the
communities in which such plants are
located. That is to say that the prob-
lem is not generally understood, and
that the technical knowledge and the
professional skill required to solve it
are not generally available.

It is important to recognize that the
large proportion of industrial workers
are employed in small plants and shops,
and that the character of the work in
many of these plants is highly diversi-
fied and variable. The opportunities
for lead exposure are varied and
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lead exposure may not be as constant
over a period of years as it is in cer-
tain parts of a large plant with its
specialized and perhaps segregated oc-
cupations, the over-all lead exposure of
individuals may be quite severe without
being so recognized. Moreover, the
number of persons variably exposed to
lead in the aggregate of small plants and
shops is probably much greater than the
total number of lead workers in large
industries. There can be no question,
therefore, that the environmental con-
ditions in small plants have a very im-
portant relationship to the health of
the industrial population of the nation
and that the need for adequate medical
supervision of the workmen in these
plants is great.

There are several possible methods
of approach to the problem, all  of
which are being employed to a greater
or lesser degree. Various governmental
agencies (divisions of industrial hy-
giene in state departments of health
or labor departments, and in the U. S.
Public Health Service) have provided
trained personnel whose services are
available for plant surveys and con-
sultation. A number of educational
institutions have set up facilities for
investigation, as well as undergraduate
and postgraduate courses of specialized
training, and in some instances have
developed consulting services for deal-
ing with industrial problems. The
American Medical Association and cer-
tain of the state medical associations
and other organized medical groups
have sponsored postgraduate courses of
training in industrial medicine. Insur-
ance companies have developed various
hygienic facilities and services. Organi-
zations representing industrial manage-
m e n t  o r industrial workmen have
sponsored experimental work and tech-
nical and professional services for their
membership. Several privately or-
ganized medical and hygienic services
have been created to care for  the

regular or occasional requirements of
industrial establishments. Mos t  o f
these organizations exercise an educa-
tional 0; consulting function, and all
are contributing in some measure to
the solution of the problem. Most of
them (excepting a few of the last-
mentioned type) have one serious fault
in relation to the’handling of the daily
or frequently recurring hygienic prob-
lems of these plants, that they do not
provide for regular medical and en-
gineering services and for the main-
tenance of familiarity with the opera-
tions and workers in a plant.

The general principles and procedures
for the control of lead exposure are the
same regardless of the size of a plant.
What has been said in earlier para-
graphs concerning the design of plant
facilities, ventilating, and housekeeping,
applies equally to large and small plants
and should be studied by the managers
of small plants. If only good house-
keeping could be employed in small
plants ,  a  great advance would be
achieved. However, as previously
suggested, it is the primary purpose of
this discussion to consider how a small
industrial organization can obtain the
help of competent medical and en-
gineering personnel at a reasonable cost,
and so achieve the degree of hygienic
control that is reached in some of the
larger establishments. It would seem
that there are at least two courses of
action open to the management of small
plants, viz.-( 1) that of sharing the
services of a local or nearby medical
and engineering organization with a
number of other plants, and (2) that
of engaging the part-time services of
a private practitioner of medicine, while
delegating the engineering control of
exposure to those who are responsible
for production. Which of these meth-
ods will work out more satisfactorily in
a given situation will depend upon local
conditions and facilities. The availa-
bility of adequately trained physicians

and engineers for the accomplis:
of the task in either.of  these two
depends upon effective and r
accessible means for specialized F
sional and technical training.
means are not available to the
of the present need but there are
that the need is being recognize’
that this field of medical and
health education and practice ma!
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and engineers for the accomplishment take a place that is in keeping with the
of the task in either.of  these two ways, magnitude and importance of the work
depends upon effective and readily that is to be done. It is doubtful
accessible means for specialized profes- whether there is any other field of in-
sional and technical training. Such vestigation and instruction in which
means are not available to the extent representatives of industry, of organized
of the present need but there are signs medicine, and of medical education and
that the need is being recognized and research could pool their interests and
that this field of medical and public resources with greater benefit to the
health education and practice may soon public health.

Occupational Lead Poisoning

The Diagnosis of Lead Poisoning

There is need at present for the ap-
plication of sound principles of clinical
medicine in the diagnosis, not only of
lead poisoning, but of occupational dis-
eases in general. The tendency to
resort to short-cut and makeshift meth-
ods based on a few allegedly specific
criteria, especially those of the labora-
tory (microscopic blood findings and
the results of analyses on the blood or
urine in the case of lead), is not un-
common, and is responsible for many
of the diagnostic errors made by indus-
trial physicians. Equally troublesome
as a cause of unnecessary friction be-
tween employer and employee, and the
source of fruitless litigation, is the
readiness of many physicians engaged
in general practice to attribute any type
of illness to the effect of exposure to
some noxious substance, if such a sub-
stance enters into or is allegedly used
in some manner in the occupation or
place of employment of the patient.
Many of the claims for compensation
for lead poisoning that arise in this
manner have wholly inadequate medical
and factual support, and therefore are
disputed . Some of the claimants are
entitled to compensation for disability,
and should have expeditious and ade-
quate medical backing for their claims,
as well as satisfactory medical care.
These claims must often await further

granted, and too often the information
required to determine the nature of the
illness cannot be obtained, because it
was not sought  at  the proper t ime.  .
Other claims have no foundation, a
diagnosis having been arrived at on the
assumption that there was occupational
exposure, without benefit of an inquiry
which would have disproved the assump-
tion, and without employment of the
physical diagnostic methods that would
have revealed the real cause of illness.

The point of the foregoing remarks
is that the diagnosis of industrial dis-
eases, specifically of lead poisoning, can
and should be arrived at by the exercise
of the same care and skill that is com-
monly employed in dealing with other
disease processes. There is nothing
mysterious or clairvoyant in the diag-
nostic procedure. The only important
difference between ordinary medical
practice and that concerned with lead
poisoning and many another industrial
disease is that the physician is often
called upon to substantiate his diag-
nosis in a court or compensation hear-
ing. He must, therefore, in fairness to
his patient and to society, avail himself
of accepted methods of procedure, and
base his diagnosis on facts rather than
assumptions and arbitrary judgments.
This makes no greater demand than
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the usual means by which the existence
of one disease process is revealed and
others are excluded. A somewhat
greater penalty may be exacted, how-
ever, for haste or carelessness or lack
of skill in dealing with cases that come
to litigation, in that some degree of
humiliation is likely to be visited upon
the physician who is poorly prepared
to support his diagnosis.

It  is evident from the foregoing
comments that there is ample reason
for discussing the principles and pro-
cedures involved in the diagnosis of
lead poisoning, from the viewpoint of
both the industrial physician and the
private practitioner of medicine, and
with an eye to the requirements of

2 good medical and medicolegal practice.

THE MEDICAL HISTORY AND ITS

SIGNIFICANCE

The Occupational History
The specific importance of the medi-

cal history, in the diagnosis of occupa-
tional lead poisoning, relates to the
type, severity, and duration of the lead
exposure. The facts in this regard will
be accessible to the industrial phy-
sician, hence no elaboration is required
in his case, except to stress the neces-
sity of his being completely familiar
with all the operations and activities of
the plant, and with the work of the
employees. The physician in private
practice, on the other hand, is unlikely
to have the information which will en-
able him to appraise the severity of the
lead exposure of his patient, and it is
not safe for him to assume that the
workman who comes to him with com-
plaints can give him an accurate and
adequate account of the hazards of his
employment. In general, the state-
ments of the patient in this respect pro-
vide clues which must be followed up,
not facts upon which a judgment can
be based.

The physician who has had experi-
ence with industrial plants and processes

may be able to elicit highly useful in-
formation by carefuhy  questioning his
patient concerning the details of his
work, the exact manner in which he
performs it, and the precautions which
he takes. He may also learn some-
thing of the occurrence of cases of ill-
ness in other workmen. He should take
note of the entire occupational history
recounted by the patient from the time
he first began to work, noting other
opportunities for exposure to lead or
other noxious materials, and without
fail he should record the details of the
different types of work done by the
patient in the present plant or industry,
with the dates and the reasons for the
changes in employment, if pertinent.
The last day of employment, and the
actual nature of the work done during
the period of several weeks immediately
preceding illness, should be inquired
into with particular care, so that these
matters may be related to the time of
onset and the course of the present
ihness.

The interpretation of the occupational
history must be made with care and
judgment, It may be, and often is, of
little value. It may be necessary to
obtain information about the plant at
first hand. In fact, it is usually ad-
visable to do so, not only for the pur-
pose of arriving at a sound conclusion
in the case in question, but in con-
sideration of the safety of other work-
men. If  this  is  not  possible or de-
sirable, it may be necessary to check
the significance of the lead exposure of
the patient by determinations of the
lead content of blood and/or urine,
interpreting these carefully and remem-
bering that the longer he has been away
from his work, the lower will be the
lead levels. If the time interval since
the last exposure has been long, it may
be useful to check the severity of the
exposure associated with the patient’s
occupation by analyzing samples of the
blood and urine of other men who have

been working uninterruptedly urn
same conditions. The significa
such analytical data will be di!
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,nt  types of work done by the
t in the present plant or industry,
.he  dates and the reasons for the
:s  in employment, if pertinent.
%st  day of employment, and the
nature of the work done during

riod of several weeks immediately
ling illness, should be inquired
rith  particular care, so that these
is  may be related to the time of
and the course of the present

: interpretation of the occupational
jr  must be made with care and
.ent.  It may be, and often is, of
value. It may be necessary to

mation about the plant at
Iani In fact,  i t  is usually ad-
e to do so, not only for the pur-
)f arriving at a sound  conclusion
: case in question, but in con-
tion of the safety of other work-

If this is not possible or de-
:, it may be necessary to check
;nificance  of the lead exposure of
atient by determinations of the
content of blood and/or urine,
reting these carefully and remem-
that the longer he has been away
his work, the lower will be the
evels. If the time interval since
;t exposure has been long, it may
:ful to check the severity of the
Ire associated with the patient’s
ition by analyzing samples of the
--?I . . . ..-- -c  -rL,... -^- -Lo  L^,.A
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been working uninterruptedly under the
same conditions. The significance of
such analytical data will be discussed
in detail later, but they are referred
to here to point out their specific r61e
in the diagnosis, to stress the fact that
it is unnecessary to rely upon hearsay
evidence as to the severity of a recent
lead exposure, and to emphasize the
statement previously made that the time
to obtain sound information is early in
the course of illness when such informa-
tion is available.

The General Clinical History
The clinical history should contain

full information concerning the current
illness of the patient, and should be
detailed with respect to any prodromal
symptoms or immediately precedent
illness, the nature of the onset, and the
course of development. Care should be
exercised not to employ leading ques-
tions until the patient has given all the
spontaneous information he can provide.

The medical history of the patient
must be inquired into fully. Previous
illnesses, general abnormalities of the
systems, the status of the general health
in the past, weight changes, habits with
respect to rest, diet, and beverages, are
all important, and should be looked into.
Only by attention to these details can
an unprejudiced and comprehensive
picture of the patient’s condition and
illness, and his opinion about them, be
obtained. From these the discerning
physician will be able to visualize the
symptom complex that presents itself,
and to establish its relationship to any
previous pattern of disease, if such has
existed.

T HE  PHYSICAL  EXAMINATION

The physical examination should be
made carefully and comprehensively, in
the full recognition of three important
facts, namely-( 1) that the physical
signs  of abnormal lead absorption are

tory as given by the patient may be
incomplete or otherwise open to mis-
interpretation, and (3) that the worker
in a lead trade is quite as subject to
other occupational intoxications and to
non-occupational diseases as other per-
sons. The symptoms of uncomplicated
lead poisoning are most likely to at-
tract the attention of the examiner to
the gastroenteric tract as the focal point
for differential diagnosis; somewhat less
frequently involvement of the neuro-
muscular structures may be subjectively
noted as weakness, pain (arthralgia or
myalgia), or some type of dysfunction,
and shown objectively by abnormal re-
flexes, myotatic irritability, weakness or
paralysis; rarely, there may be symp-
tomatic evidence of cerebral effects, the
differential  diagnosis of which always pre-
sents difficulties. It is obvious from the
mere mention of these three most distinct
types of lead intoxication, that care
must be taken to exclude other disease
processes that induce direct or indirect
effects upon the gastroenteric tract, the
peripheral nerves, and the central
nervous system. A cursory examina-
tion in which attention is given only to
certain signs which are commonly be-
lieved to be more or less specific of lead
intoxication, is therefore inadequate,
and is unworthy of the training and
skill of a competent and conscientious
physician.

With special reference to signs of
lead absorption, due care should be
given to the examination of the mouth.
The condition of the teeth and gums
should be noted and described, and the
presence or absence of a blue deposit in
the gingival margin should be deter-
mined. There should be no doubt on
this score, but if there is doubt, proper
steps should be taken to resolve it. The
inexperienced examiner may confuse the
bluish line of congestion in chronic
gingivitis with a ” lead line,” and so
report a ” lead line ” when none is
pad,  (kw  ,zo;:  . -
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pertinent to call attention to this not
infrequent error on the part of dentists,

,some of whom appear to believe
erroneously that a severe and intractable
gingivitis in a workman in an alleged
lead trade is in itself the result of lead
absorption.) It may happen that the
discolored surface of a tooth shows
through the edge of the gum and re-
sembles a ” lead line.” Occasionally in
the case of Negroes and certain other
dark-skinned peoples, the normal pig-
ment deposits are so located as to
simulate lead deposits in the gum.
Moreover, other metals that form a
black sulfide may be deposited in the
gums; bismuth is especially to be taken
into account, since its therapeutic use is
increasingly frequent. The elimination
of all these possibilities for error must
be accomplished. The use of a hand
lens and excellent illumination is often
necessary. The effects of gingival con-
gestion can be offset by gentle pressure
with a transparent applicator (e.g.,
glass slide). A lead line, if present,
will show up as finely punctate bluish-
black deposits in the gum tissue. The
localized discoloration of a tooth may
be counteracted by mechanical removal
of the brown or black deposit, or by
interposing a thin white instrument be-
tween the surface of the tooth and the
gum. The normal pigmentation of the
oral mucous membrane may be identi-
fied by its appearance and its location,
since it is usually yellowish-brown in
color, and is rarely found on the lingual
side of the gum tissue. The latter is a
fortunate circumstance, since the most
frequent site for the early appearance
of a “ lead line ” is in the extreme edge
of the gum on the lingual side opposite

l
the lower bicuspids and molars. De-
posits of bismuth sulfide must also be
differentiated from those of lead sulfide.

‘j Here also the medical history of the
patient may assist greatly, but it may
be necessary to resort to analysis of the
excreta  or of the gum tissue itself to

determine the source of the depmit.
Other points in the physical ex-

amination that merit special attention
are concerned with the signs of ab-
normality of the gastroenteric tract. and
the nervous system. The differential
diagnosis of abdominal disease is often
difficult, but there can be no valid ex-
cuse for the frequent assumption that
any abdominal pain in a worker in a
lead-using industry is lead colic. Care-
ful examination is as necessary as in
the case of any other patient.

A neurological examination is an
essential part of the diagnostic pro-
cedure in all cases in which the
peripheral nerves or the central nervous
system are involved. A general exami-
nation of the cranial and segmental
nerves, with respect to sensory and
motor responses, can be carried out
simply and briefly. Tests for weakness
made by opposing the strength of the
examiner to that of the corresponding
muscle groups of the patient will usu-
ally suffice, while observation and pal-
pation will serve to reveal muscle
atrophy or its absence. Mental aber-
rations will have made themselves
apparent in the early steps of history
taking, as will also abnormalities of
speech and emotional response. The
neurological picture may require expert
interpretation, and, if so, assistance
should be sought to the end that a
correct conclusion be arrived at and
proper treatment instituted.

Physical Signs of Special Importance
in Lead Poisoning

Lead intoxication may exist without
any of the physical signs to which
reference is made in the following dis-
cuss ion . Moreover, none of the de-
scribed signs is specific or pathogno-
manic  of lead poisoning. Nevertheless,
so much emphasis has been laid
upon them that they deserve special
considerat ion.
1. Pallor-The ashen pallor frequently

seen in lead poisoning may or I
be associated with anemia. N1
anemia when present contribute
thing to the lack of color, but th
is not the result of injury to tE
or the blood-forming tissues. 7
is blanche‘d,  especially in the
part of the body, i.e., tk
(especially the lips) and the 1
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worthy in the early morning 1
the ambulatory patient, and in
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The skin is likely to be cold an
what clammy, and the nail bed
too pale, may be slightly cyanc
the patient with a substantially
circulatory system (i.e., without
evidence of vascular disease (
organic bases for hypertensic
blood pressure ,  both systo!
diastolic, is low, and the pulse i:
slow. The body temperature
uncomplicated case, is also SUI

The pallor, therefore, is an el
of inadequate peripheral circu
2. Weakness-The extent of g(
localized muscular weakness
difficult to determine with z
since so much depends upon tl:
tary effort of the patient. Nevl
localized muscular weakness
poisoning is often demonstra
when it is associated either wit1
or with obvious hypertonus 1
tonus  in the muscle, or with 2
consistency of the muscle on F
or with myo-edema, it may be
as having objective support.
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nutrition, so that the striking f
the condition is the discrepancy
the muscular development of
Gent  and his apparent strenl
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seen in lead poisoning may or may not
be associated with anemia. No doubt
anemia when present contributes some-
thing to the lack of color, but the pallor
is not the result of injury to the blood
or the blood-forming tissues. The skin
is blanched, especially in the upper
part of the body, i.e., the face
(especially the lips) and the upraised
h a n d s . The pallor is especially note-
worthy in the early morning hours in
the ambulatory patient, and in associa-
tion with colic in the patient in bed.
The skin is likely to be cold and some-
what clammy, and the nail beds, if not
too pale, may be slightly cyanotic. In
the patient with a substantially normal
circulatory system (i.e., without obvious
evidence of vascular disease or other
organic bases for hypertension), the
blood pressure ,  both systol ic  and
diastolic, is low, and the pulse is usually
slow. The body temperature, in the
uncomplicated case, is also subnormal.
The pallor, therefore, is an expression
of inadequate peripheral circulation.
2. Weakness-The extent of general or
localized muscular weakness is often
difficult to determine with accuracy,
since so much depends upon the volun-
tary effort of the patient. Nevertheless,
localized muscular weakness in lead
poisoning is often demonstrable, and
when it is associated either with atrophy
or with obvious hypertonus or hypo-
tonus  in the muscle, or with a doughy
consistency of the muscle on palpation,
or with myo-edema, it may be accepted
as having objective support. There
may be no objective evidence of gen-
eral muscular weakness or even of poor
nutrition, so that the striking feature of
the condition is the discrepancy between
the muscular development of the pa-
tient and his apparent strength when
tested.
3. Physical signs of abdominal pain and
colic-When abdominal pain in mild

or oerhaos  as a feeling of weight around
or below the umbilic&,  thercare  likely
to be few if any visible or palpable evi-
dences of abnormality. There may be
fecal masses and some tenderness to
palpation along the course of the colon.

When a typical episode of lead colic
is in progress, the patient is obviously
in agonizing pain, is bathed in cold
sweat, has a gray-green pallor, and is
likely to be doubled up in bed with
clenched hands pressing upon his ab-
domen, or threshing about attempting
to find some position which will relieve
his pain. At the peak of a spasm he
is unable to speak, but can only groan
and writhe, straining and bearing down,
increasing the abdominal pressure like
a woman in labor. Between spasms,
examination of the abdomen reveals no
evidence of distension, but some sug-
gestion of visible masses in the mid-
abdomen (not of the ladder-like type
seen in intestinal obstruction). These
are doughy and more or less discrete on
palpation and are obviously intestinal
coils separated by constriction. There
is little or no spasm or rigidity of the
abdomen between attacks of colic, and
the tenderness is not of a type that sug-
gests peritoneal pain. During a spasm
the abdomen has a board-like rigidity.
4. Paralyses-Paralysis in lead poison-
ing in the adult involves the upper ex-
tremities primarily, and is usually
localized in the extensor groups of the
forearm and hand. It  may be uni-
lateral or bilateral, and if unilateral, it
usually affects the side most used.
There may be corresponding extensor
lesions of the feet and legs, but this is
rare almost to the point of nonexistence
in the experience of most present-day
industrial physicians. There are few if
any sensory changes, and the paralysis is
not preceded or accompanied by neu-
ritic  pain,  but  there are associated
circulatory changes and changes in the
temoerature of the skin of the affected
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paired, and the acuity of tactile and
thermal sensibility may be appreciably
diminished, probably by reason of cir-
culatory changes. The extensor reflexes
are absent, voluntary movements of ex-
tension cannot be carried out, and
atrophy of the affected muscles develops
promptly to such an extent as to be
noted by inspect ion,  palpat ion,  or
mensuration.

Extensor weakness, with variable
degrees of impairment of voluntary
action, may exist for considerable
periods of time without ensuing paraly-
sis, or it may develop prior to the onset
of paralysis, or it may continue for
some time or indefinitely after the dis-
appearance of paralysis. The paralysis
may be apparently complete for a short
time only, to be followed by some re-
turn of voluntary motion and perhaps
by prompt and complete resumption of
normal function and reflex action. On
the other hand, some impairment of
function and reflex action may continue
for weeks or months following a brief
period of paralysis. Still  another
variant is the unabated and permanent
persistence of the paralysis. The im-
portant characteristics of this type of
peripheral neuritis are that it is pain-
less, essentially motor, and limited to
the extensor distribution.
5. Physical signs in lead encephalopathy
-Lead encephalopathy may be charac-
terized at the onset by a heavy stupor
followed by coma, with or without con-
vuls ions . It may show itself as excita-
tion, confusion, mania, and convulsions,
followed by coma. Various combina-
tions of the above features may alter-
nate with each other for variable
periods of time, to be followed by re-
covery or death. The entire picture
may be less severe, and of short dura-
tion, with headache, dizziness, con-
fusion, and either a troublesome in-
somnia or some degree of somnolence.
At all events it is a diffuse cerebral
intoxication in which there are usually

signs of increased intracranial pressure.
The cerebrospinal fluid may be under
moderately or considerably increased
pressure, and may show a slight in-
crease in cellular elements and globulin,
although the latter changes are features
of lead encephalopathy in the child
rather than in the adult. ,The  ocular
fundi rarely show important changes,
but there may be general or localized
pallor. The s igns of intracranial
hemorrhage or of other localized lesions
are absent.

LABORATORY DATA

The services of the laboratory should
be called upon not to yield the diag-
nosis, but to supplement the medical
history and the results of the physical
examination, to the extent that is re-
quired by good medical practice and
by medicolegal considerations. In view
of the prominence that has long been
assigned to microscopic blood changes
in relation to lead absorption and lead
poisoning, the hematological examina-
tion should include, at least, enumera-
tion of the erythrocytes and leucocytes,
determination of the hemoglobin con-
tent, examination of stained films for
establishing the relative numbers of
various types of leucocytes and for de-
tecting other microscopic abnormalities,
such as changes in the shape and size
of the erythrocytes, and quantitative
estimation of the number of erythro-
cytes that show some form of basophilic
granulation. By this means various
blood dyscrasias may be detected, and
a diagnosis of lead poisoning will be
given support, or rendered doubtful or
perhaps untenable. With respect to the
examination for basophilic granulation
of the erythrocytes or “ stippling,” it
should be pointed out that a report of
t h e  tinding  o f “ occasional stippled
erythrocytes,” “ a few stippled erpthro-
cytes ,”  or “ stippled erythrocytes
present” is without significance in
either a diagnostic or legal sense. Un-

less there is some quantitative
sion which can be related
established normal standard, :
ports are of little or no value.
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less there is some quantitative expres-
sion which can be related to  an
established normal standard, such re-
ports are of little or no value.

The value of clinical urinalysis as
part of a general diagnostic study of a
patient need not be emphasized here.
The presence or absence of albumin,
sugar, blood, and other cellular elements
should be determined, together with
any other facts indicated as necessary
by the history or the physical exami-
nation. Other laboratory procedures
may be employed in accordance with
the requirements of the case. Analyses
for lead carried out upon samples of
blood or urine may be indicated, and if
the history of lead exposure is uncer-
tain in its meaning, such analyses are
likely to be required to substantiate the
diagnosis, not only in the mind of the
examiner, but also for legal purposes.

Mention must be made of one labo-
ratory procedure that has suffered mis-
use in relation to the problem of lead
absorption in the adult. T h e  roent-
genographic  evidence of lead deposits
in the skeleton of the growing child,
while not entirely specific, has given
rise to one of the most convenient and
expeditious means of detecting lead
exposure among children. Unfortu-
nately the metabolic conditions in the
adult skeleton are quite different, with
the result that no localized deposits of
lead yield shadows that can be in-
terpreted. Therefore, unless some new
and unforeseen technic is developed,
the detection of skeletal lead absorption
in the human adult  by this  means
cannot be achieved.

The Diagnostic Significance of Certain
Laboratory Results ’

There has been much confusion and
some controversy concerning the sig-
nificance of the results obtained by the
microscopic examination of the blood,

I

and by the analysis of tissues, blood,_ . _-.-

their lead content. It is advisable,
therefore, to point out the limitations
in the usefulness of such data, and to
clarify their meaning for diagnostic
purposes .
1. Basophilic granulation of erythro-
cytes,  OY “ stippling “-The finding of
stippled erythrocytes in stained films
of the peripheral blood of a patient is
not evidence that he has lead poisoning
or that he has absorbed abnormal quan-
ti t ies of lead. Stippling of the
erythrocytes up to a limit of 800 or
even 1,000 per million erythrocytes,
may be a normal phenomenon, since
the blood of apparently normal,
healthy individuals shows stippled
erythrocytes in s u c h numbers at
times. (This is equivalent to 10 to 12
per fifty oil immersion fields that
average 250 erythrocytes per field.)
There is considerable variation among
individuals and in the same individuals
from time to time, and therefore, con-
siderable care must be exercised in the
interpretation of results in the indi-
vidual case. An increase in stippled
erythrocytes over the numbers com-
monly found in normal persons, or over
the numbers known to be normal for
a given individual, is found in a variety
of conditions. Blood destruction from
any cause that does not seriously injure
the bone marrow, results in an increase
in young forms of erythrocytes in the
peripheral blood, including reticulocytes
and stippled erythrocytes. Thus in-
creased stippling is seen regularly in
secondary anemias following hemolytic
infections and hemorrhage. Exposure
to a number of volatile solvents, among
others benzol and gasoline, also gives
rise to increases in stippling, as does
exposure to radium. In certain of the
blood dyscrasias, especially myelogenous
leukemia, the number of st ippled
erythrocytes may be very large. To
add to the difficulties of interpretation
that follow from the foregoing facts,
.,k.. jl\u
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to lead absorption shows wide varia-
tion. A group of persons with a cer-
tain severity of lead exposure can usu-
ally be differentiated from another
group with greater or lesser severity of
exposure on the basis of the numbers
of stippled erythrocytes found in blood
films made from the respective groups.
Even here, however, a large proportion
of the results lie within the limits seen
in groups of normal persons, and there
is no well defined relationship between
the extent of the stippling and the
severity of the lead exposure in the
individual.

Two points of practical importance
for diagnostic purposes must be empha-

L
sized: ( 1) some degree of stippling of
the erythrocytes is almost certain td be
present in the blood during the active

period of lead intoxication; (2) the
number of stippled erythrocytes found
in the blood during an episode of lead
intoxication (as differentiated from the
period before symptoms of illness are
present, or from the period after their
subsidence) is likely to be very much
greater than can be found generally in
the blood of normal persons, or in that
of the individual in question during
asymptomatic periods. Both of these
points require some elaboration.

A very acute type of lead intoxica-
tion following promptly upon a mas-
sive exposure to lead compoundsY  such
as the acute encephalopathy of tetra-
ethyl lead poisoning, or the acute and
perhaps fatal poisoning that follows the
ingestion of a single large dose of a
lead salt, may induce no microscopic
changes in the blood during the critical
period of illness. (Usually the blood
changes come later if the patient sur-
vives.)  Aside from these  rare cases,
the occurrence of stippling in active

U lead poisoning is so regular that the
failure to ,find it, when one makes use
of adequate methods of staining and
examination of the blood, should create
grave  doubt that lead is the agent

responsible for an intoxication that is
under study.

In a large proportion of cases of lead
poisoning, a large increase in the num-
ber of stippled erythrocytes in the
peripheral circulation occurs in coinci-
dence with the onset of symptoms, or
perhaps immediately preceding the on-
set. This abrupt rise above the pre-
vious normal level ranges from 700 to
800 stippled erythrocytes per million
erythrocytes to 35,000 or even 40,000
stippled erythrocytes per million, this
variation depending more upon differ-
ences in individual response, apparently,
than upon differences in the rate and
magnitude of the lead absorpt ion.
There is also a prompt and fairly rapid
decrease in the numbers of stippled
erythrocytes as the symptoms of intoxi-
cation subside.

It follows from these facts that the
examination of blood films for diag-
nostic purposes should be made during
the episode of intoxication in order to
have diagnostic value, and, furthermore,
that neither the presence nor the ab-
sence of stippled erythrocytes is of
diagnostic importance (in relation to
lead poisoning) at any other time, un-
less the numbers present exceed the
upper limit of the normal range (800 to
1,000 stippled erythrocytes per million
erythrocytes).
2. Lead in tissues, blood, cerebrospinal
fluid urine, and feces-In view of the
information that is available as to the
concentration of lead in the tissues, the
blood and the excreta  of human beings
under a variety of environmental and
occupational conditions, it is clear that
an increase in the lead concentration of
these materials, above the range of
normal values, indicates the occurrence
of abnormal exposure to lead com-
pounds.  (Whether or  not  such ex-
posure has an occupational origin must
be determined by other means.) More-
over, the degree of the potential hazard
of the exposure is indicated by the ex-

tent of the discrepancv  between
v a l u e s  a n d  thosi fo;nd  i n  tl
under examination, i.e., high le
centrations indicate severe ex
However, the existence of lead pi
in the given case is not demo1
by lead analyses, either on tk
of the quantities of lead found
blood, the urine,  or the hod:
whole, or by the manner in WI
lead is distributed in the tissue:
body. (On the other hand, tl
existence of lead poisoning r
clearly demonstrated by finding
lead concentrations in the blood
or tissues, in close time relatior
a period of alleged exposure.
normal lead findings, therefore
only that there has been an al
lead absorption, and by this mea
tend to reveal  the existence G
degree of severity of lead exposu
attempt to interpret such result!
wise, in  the  present  s ta te
information, is unwarranted.

a. Lead in the tissues-Attemy
been made to determine the ex
the lead absorption of patients
analysis of small samples of tl:
The results of such analyses an
to be misleading, however, bet;
the variable behavior of the skir
sorbing lead in competition wit.
tissues of the body, and also beta
factor of external contamination
skin and its appendages is difi
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Minimum 0.04 0.01 0.c
Maximum 0.28 0.07 0.:

- - -
Arith. Mean 0.12 0.03 0.c
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the life of the patient.
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ith the onset of symptoms, or
immediately preceding the on-

Iis  abrupt rise above the pre-
,rmal level ranges from 700 to
jpled  erythrocytes per million
ytes to 35,000 or even 40,000
erythrocytes per million, this

I depending more upon differ-
individual response, apparently,
on differences in the rate and
le  of  the lead absorpt ion.
also a prompt and fairly rapid
in the numbers of stippled

ytes as the symptoms of intoxi-
Ibside.
ows from these facts that the
tion of blood films for diag-
nposes  should be made during
,de of intoxication in order to
gnostic value, and, furthermore,
ther the presence nor the ab-
E stippled erythrocytes is of
ic importance (in relation to
jon’mv)  at any other time, un-

1 Jers  present exceed the
nit%  the normal range (800 to
ippled erythrocytes per million
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in tissues, blood, cerebrospinal

ine,  and feces-In view of the
ion that is available as to the
ation of lead in the tissues, the
Id  the excreta of human beings
variety of environmental and

onal  conditions, it is clear that
ase  in the lead concentration of
materials,  above the  range of
Jalues,  indicates the occurrence
Irma1  exposure to lead com-

(Whether  or  not  such ex-
ias  an occupational origin must
mined by other means.) More-
: degree of the potential hazard..-. _. _
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tent of the discrepancy between normal
values and those found in the case
under examination, i.e., high lead con-
centrations indicate severe exposures.
However, the existence of lead poisoning
in the given case is not demonstrated
by lead analyses, either on the basis
of the quantities of lead found in the
blood, the urine, or the body as a
whole, or by the manner in which the
lead is distributed in the tissues of the
body. (On the other hand, the non-
existence of lead poisoning may be
clearly demonstrated by finding normal
lead concentrations in the blood, urine,
or tissues, in close time relationship to
a period of all eged exposure.) Ab-
normal lead findings, therefore, mean
only that there has been an abnormal
lead absorption, and by this means they
tend to reveal the existence and the
degree of severity of lead exposure. Any
attempt to interpret such results other-
wise, in the present state of our
information, is unwarranted.

a. Lead in the tissues-Attempts have
been made to determine the extent of
the lead absorption of patients by the
analysis of small samples of the skin.
The results of such analyses are likely
to be misleading, however, because of
the variable behavior of the skin in ab-
sorbing lead in competition with other
tissues of the body, and also because the
factor of external contamination of the
skin and its appendages is difficult to

It has also been suggested that the
analysis of vital teeth may give satis-
factory evidence of the severity of the
lead exposure of individuals during the
period of weeks or months preceding
the removal of such teeth. However,
the evidence on which the interpreta-
tion of such analytical results must be
made is not adequate at present, and
moreover, information from this source
could scarcely be obtained justifiably,
unless the removal of teeth was ad-
visable for other reasons.

The practical diagnostic usefulness of
lead determinations on the solid tissues
of the body is limited to post-mortem
examination. By comparison of the
analytical results with those obtained
on the tissues of unexposed persons, it
is possible to establish the general mag-
nitude of the lead absorption of the de-
ceased during the period of weeks or
months preceding death. The range of
normal lead concentrations in the vari-
ous tissues of the adult human being
has not been established in an entirely
comprehensive manner, and therefore
slight deviations should be interpreted
with caution. Nevertheless, the follow-
ing figures on the tissues of North
Americans with no occupational or un-
usual lead exposure, may be used as the
basis of comparison. The concentra-
tions are given in milligrams of lead per
100 grams of fresh or formalin-fixed
tissue.

LiVW Spleen Kidney Heart LWK Brain Muds  Flat Bone Lonr Bone

Minimum 0.04 0.01 0.015 O.Ol-  0.01 0.01 O.Ol-  0.21 0.67
Maximum 0.28 0.07 0.16 0.07 0.06 0.09 0.17 1.11 3.59

- - - - - - - - -

Arith. Mean 0.12 0.03 0.05 0.03 0.03 0.04 0.03 0.65 1.78

eliminate satisfactorily. Suffice it here Persons who have been moderately
to say that the background of informa- or severely exposed to lead compounds
tion concerning the significance of lead for a considerable period immediately
in the blood and urine has been laid preceding death will have much higher

. securely, and these, therefore, are the lead concentrat ions in al l  of  these
preferable materials to analyze during t issues . If the exposure to inorganic
the life of the patient                                        lead compounds has been brief and
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severe, the elevation of the lead con-
centrations in the soft tissues above
normal levels will be proportionately
greater  than that  in the bones,  al-
though greater absolute concentrations
of lead will likely be found in the bones,
except in acute and promptly fatal
poisoning (such as follows the inges-
tion of a fatal dose of a soluble lead
compound). However, if the exposure
has been prolonged, the skeletal tissues

I
will show the greatest increase; while

!
the lead concentrat ion in the soft
tissues, especially the liver and kidneys,
will be only moderately increased (two

I to eight times the normal levels).
It should be borne in mind that if

.T- the lead exposure of an individual had
ceased to exist long before his death
(i.e., one year or more), the analytical
findings in his case would likely be
within the normal range or so near it as
to be of little or no value in appraising
the lead exposure. There might well
be some elevation of the lead concen-
tration in the skeleton, and especially in
the long bones, but even this elevation
would not be great as compared with
that found when death occurs shortly
after the cessation of hazardous lead ex-
posure, and it would not be associated
with high lead concentrations in the
tissues of the body in general.

The unusual  distr ibution of lead
compounds in acute fatal poisoning
from tetraethyl lead and similar com-
pounds justifies brief consideration. If
death has occurred within a week or

j
10 days following a single brief expo-
sure, high concentrations of lead will
be found in the liver, kidney, brain,
suprarenal gland, and adipose tissue,
and to a lesser degree in the other soft
tissues, with but slight, perhaps neg-

-1 ligible, elevation of the lead concentra-
tion in the osseous tissues. If expo-
sure to these compounds has occurred
over a period of months just prior to
death,  the pat tern of  the lead dis-
tribution will resemble that resulting

from the absorption of inorganic lead
compounds modified by the effects of
such absorption of tetraethyl lead as
may have occurred during the 2 or 3
weeks preceding death.

From the foregoing remarks, which
cannot be expanded to cover all of the
variations in the types, the severity,
and the time relationships of lead ex-
posure, it will be apparent that the
interpretation of the analytical data
must be made with considerable caution.
The diagnosis of death from lead
poisoning, or the conclusion that lead
was a contributory factor in a fatal
illness, cannot be arrived at merely
from analytical results on the tissues,
since the concentration of lead in the
tissues can be, and not infrequently is,
considerably increased above normal
levels without demonstrable harmful
effects. The actual occurrence of lead
intoxication can be established only on
the basis of observations made before
death occurred, that provide satisfac-
tory clinical evidence of the existence
of such disease. The analytical data
can only reveal the general magnitude
of the lead exposure that existed; they
may demonstrate that the lead absorp-
tion was sufficient to be compatible
with the diagnosis of lead intoxication,
or they may prove that the lead ab-
sorption was wholly insignificant and
that the diagnosis of lead intoxication
is untenable.

b. Lead in the cerebrospinal fluid-
The relationship between the general
level of lead absorption and the con-
centration of lead in the cerebrospinal
fluid has not been determined with suf-
ficient accuracy and in a sufficient num-
ber of normal and exposed cases to pro-
vide a proper basis for the interpreta-
tion of analytical results. Other objec-
tions to the choice of this body fluid
for lead analysis are that it cannot
always be obtained, the quantities avail- ’
able for analysis are small, while the lead
concentrations are quite low, and the

opportunities for contamination
sample in process of collectj
great. Special chemically cle:
ta iners  and special spinal-p
needles that have been subje
special methods of cleaning and
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opportunities for contamination of the
sample in process of collection are
great. Special chemically clean con-
tainers and special spinal-puncture
needles that have been subjected to
special methods of cleaning and sterili-
zation must be employed. (When such
precautions have been taken, the lead
.concentration  in the cerebrospinal fluid
has rarely been found to exceed 0.01
mg. Ph per 100 ml. in the case of per-
sons severely exposed to lead.) Add to
these considerations the fact that no
relationship has been or seems likely to
be established between the lead concen-
tration in the brain or blood and that
in the spinal fluid, and the case against
the choice of this fluid for analytic
examination seems to be complete.

c. Lead in the feces-Lead analyses
on the feces are of value only during
the period of lead exposure or within
the period of hours or days required
for emptying the gastroenteric tract
after the discontinuance of the expo-
sure. Analysis of feces obtained on the
day after a typical working day gives
exceedingly useful information as to the
severity of the conditions of exposure,
for reasons that have been discussed in
an earlier section of this report.  It
conveys no information at all concern-
ing the lead content of the tissues of
the body, and because of the appreciable
and variable lead content of the food
which may have been consumed, it fails
to portray the magnitude of the true
alimentary lead excretion. Accordingly
this  material  should be chosen for
analysis only when there is some reason
for desiring to determine the alimentary
intake of lead, whether through depo-
sition of inhaled dusts in the naso-
pharynx or by ingestion.

d. Lead in the blood-The analysis
of the blood for lead gives invaluable
information as to the peneral level of
the lead exposure that h& recently been
experienced. A previous section of this

that must be taken in the collection of
samples . I t  m u s t  b e  reEmphasized,
however, that only grossly misleading
information can be obtained by the
analysis of samples taken with less than
adequate care. Moreover, analyses
should be made only by well trained
and experienced chemists, who have
carefully designed and well equipped
laboratories, and who carry out such
analyses frequently, regularly checking
their reagents, equipment, and sur-
roundings .

Blood lead concentrations in the in-
dividual are subject to but little varia-
tion from hour to hour, except in re-
sponse to brief, intense lead exposure,
and therefore samples may be obtained
for analysis at any time of day. The
normal lead concentrations in the blood,
as previously indicated, range from 0.01
to 0.06 mg. per 100 gm. of whoIe  blood,
with only occasional values in excess
of 0.04 mg. Results in excess of 0.07
mg. per 100 gm. of whole blood are
indicative of lead exposure within some
recent period, while results in excess of
0.10 mg. per 100 gm. show that the
exposure has been considerable. Results
approximating 0.50 mg. per 100 gm. are
unusual but may occur when the in-
dustrial (or other) exposure is quite
severe. Results much above this level
are open to question as to their accu-
racy, and except in very rare instances
of overwhelming accidental exposure,
results in excess of 1.00 mg. per 100
gm. must be regarded as evidence of
contamination of the sample in the
process of collection or analys is .
Doubtful results should be checked by
the analysis of additional samples, or
by analysis of the urine, or by both
means.

The lead concentration in the blood
diminishes after the cessation of expo-
sure, at first at a comparatively rapid
rate and then more slowly. The length
of time required for the reduction to
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and the duration of the lead absorption.
Interpretation of the findings must be
made, therefore, on the basis of de-
pendable information as to the length
of the exposure and the time interval
since the termination of the exposure.

e. Lead in the urine-The results of
analyses for lead carried out on properly
collected samples of urine are by far
the most valuable data by which to
judge the severity of the lead exposure
of a patient. This is true not only be-
cause of the comprehensive character
of the available information on the lead
content of the urine under different con-
ditions, but also because the change in
the rate of the urinary lead excretion
in response to lead absorption is greater
proportionately than the change in the
lead, concentration of the blood.

Urine samples should be collected
under conditions that are as nearly
physiological as may be possible under
the circumstances. If feasible, thera-
peutic procedures should be avoided
during periods in which samples are
being collected, and specifically attempts
to modify the excretion of lead or water
by therapeutic or artificial means
should be avoided. The best evidence
of the severity of the precedent lead
exposure of a patient is the rate, of his
urinary lead excretion under physio-
logical conditions. The urine must be
collected with great care against con-
tamination. The methods employed
generally in hospitals for the collection
of samples of urine cannot be used in
collecting samples for lead analyses.
The urine must be voided into con-
tainers that are chemically clean, and
it must be protected at every point
against contamination with dusts or any
foreign material until it reaches the
analytical laboratory. Rubber or metal
catheters that are to be used for the
collection of samples must first be
shown to be free of lead in their com-
posi t ion and must  be cleaned and
sterilized by methods that  will prevent

their contamination by even minute
traces of lead. In general in diagnostic
work, it is desirable to obtain multiple
samples, and if the results are high, this
is imperative. The opportunities for
contamination of samples in their col-
lection are so numerous that unless de-
tailed precautions are taken samples
will regularly be contaminated with
many times the quantities of lead that
are actually voided in the urine. For
this reason these matters must not be
left to chance, nor should complete con-
fidence be placed in the issuance of
verbal or written instructions. Super-
vision is required. Even so, it is ad-
visable to check one sample against an-
other, and this can be done con-
veniently by taking samples of blood
and spot samples of urine simul-
taneously . If analyses of the blood and
urine give concordant results (in the
physiological sense) the chance that
error has occurred in the collection of
the samples is slight. The importance
of these points may be appreciated by
noting certain published results which
by inspection alone may be seen to have
no physiological significance. The
range of urinary lead excretion is some-
what limited; lead concentrations ex-
ceeding 0.50 mg. per liter of urine are
quite infrequent and are associated only
with unusually severe types of lead ex-
posure; concentrations in excess of
1.00 mg. per 1 . have been found only
with the greatest rarity, in association
with brief massive exposures. In gen-
eral, therefore, unusually and exces-
sively high results indicate that the
samples were contaminated during their
collection or analysis; such results must
have corroborative support before they
can be accepted for practical or medico-
legal purposes.

When it is feasible to do so, urine
samples of large volume should be col-
lected so as to avoid the diurnal varia-
tions in lead concentration. It may be
desirable to express the lead excretion

in terms of time, in which case,
should be collected for 24 ho&
or multiples thereof. General
entirely satisfactory to give re
the basis of the lead conce:
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contamination by even minute
; of lead. In general in diagnostic
i t desirable to obtain multiple
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n are so numerous that unless de-
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regularly be contaminated with
times the quantities of lead that

ctually voided in the urine. For
‘eason  these matters must not be
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ltly  by taking samples of blood
spot samples of  urine simul-
zsly.  If analyses of the blood and
give concordant results (in the

)logical  sense)  the  chance  that
has occurred in the collection of
tmples  is slight. The importance
:se points may be appreciated by
; certain published results which
:pection  alone may be seen to have
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infrequent and are associated only
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:; concentrat ions in excess of
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:he  greatest rarity, in association
lrief massive exposures. In gen-
therefore, unusually and exces-

high results indicate that the
:s  were contaminated during their
ion or analysis; such results must
:orroborative  support before they
: accepted for practical or medico-
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kn it is feasible to do so, urine
:s  of large volume should be col-
so as to avoid the diurnal varia-
n lead concentration. It may be
. . . 1

in terms of time, in which case, samples
should be collected for 24 hour periods
or multiples thereof. Generally, it is
entirely satisfactory to give results on
the basis of the lead concentration.
Small samples (spot samples of ap-
proximately 100 ml.) may be employed
with satisfactory results if care is taken
to avoid either highly concentrated or
dilute urine (samples of average normal
specific gravity will be sufficiently repre-
sentative). They have the advantage,
which is sometimes important, that they
can be voided directly into the proper
container in the presence of the ex-
aminer, and if adequate care is taken
against the inclusion of dust and against
contact of the stopper of the container
with any foreign object during the col-
lection, they are above any suspicion
of having been contaminated before
reaching the laboratory.

The upper limit of the normal lead
concentration in the urine approximates
0.08 mg. per 1. for samples of 1 1. or
more, and 0.12 mg. per 1. for spot sam-
ples of about 100 ml. in volume (allow-
ing for some degree of concentration of
the sample). Lead in concentrations
below 0.15 mg. per 1. has doubtful
significance, especially if the lead ex-
posure had continued up to or nearly to
the date on which the sample of urine
was obtained. Hazardous lead exposure
usually induces lead excretion at levels
above 0.15 mg. per l., and the large
proportion of cases of lead poisoning
examined during an episode of intoxica-
tion show concentrations between 0.15
and 0.30 mg. per 1. As pointed out
previously, the total range of urinary
lead excretion is limited. Concentra-
tions in excess of 0.50 mg. of lead per
1. of urine are encountered infrequently,
and always require verification by
additional analyses.

The lead content  of  the urine
diminishes fairly rapidly at first and
then gradually for some weeks or
months or even years after discontinu-

ance of exposure, the slope and dura-
tion of the decrease depending upon the
severity and duration of the lead ab-
sorption. Some experience and careful
consideration of the details of the occu-
pational exposure are needed, therefore,
for adequate interpretation of analytical
data. The time interval between the
collection of the sample and the last
day of exposure is especially important
in relation to results of intermediate or
borderline significance. It  must be
reiterated for emphasis, that such data
may be employed only to interpret the
severity of the lead exposure, and not
to determine the existence or the
severity of lead intoxication. There is
no level of urinary lead excretion which,
in itself, is certainly indicative of illness
in a patient.

CLINICAL TYPES OF LEAD POISONING

The onset of symptoms of actual ill-
ness in lead poisoning is usually abrupt,
although careful inquiry may establish
the occurrence of certain prodromal
symptoms. For this reason the term
” chronic lead poisoning ” is in large
part a misnomer, which has arisen from
the fact that episodes of acute intoxica-
tion may recur in the same individual
under suitable circumstances, and from
the assumption that some degree of ill-
ness or intoxication must exist in the
intervals between episodes. The onset
may be somewhat insidious, but in gen-
eral it is related by the victim to a par-
ticular date, and only rarely has there
been slowly developing illness or disa-
bili ty for more than a few days or
perhaps a few weeks, if the conditions
of employment are such that the em-
ployee is free to make complaints, and
if the medical care and supervision is
effective. iL Chronic lead poisoning,”
so-called, in which the employee con-
tinues in his employment despite re-
peated mild episodes of lead poisoning,
is neglected lead poisoning. It is in-
creasingly infrequent in its occurence
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in well managed and supervised indus- duced  erythrocyte count and i
try, and the term should disappear from tion in the hemoglobin conten
the nomenclature of the industrial blood, but the findings in thi:
physician. may be entirely within norma

In order to clarify further some of The urine will be acid in rea
the terminology that has been a source the uncomplicated case, and th
af confusion, it should be pointed out be a trace of albumin, althol
that “ lead absorption ” is not a vague does not follow necessarily. 1
subclinical type of lead intoxication. If content of the blood and the u
toxic effects of lead absorption can be be elevated, the concentration
recognized as existent, the condition blood being in excess of 0.07
should be referred to as lead poisoning 100 gm. of whole blood, that
or lead intoxication. If, on the other urine being at least 0.12 mg
hand, an examination gives evidence (in a 24 hour sample) in mil
that lead has been absorbed into the and usually well above 0.15 q
body, either in normal or abnormal
quantities, yet without any demon- The Neuromuscular Tyl
strable or actual illness, there should This type of lead poisoning

- be no implication that i l lness exists. from that described above in
‘The facts in the matter may not be gastroenteric symptoms, althol
easily determined, but this difficulty wholly absent, are less disturbin
cannot be resolved under cover of the chief complaint arises fr
specious terms such as “ lead absorp- weakness, or perhaps the para
tion,” “ latent  lead poisoning,” or the extensor muscle groups of t
‘(  subclinical lead poisoning.” Either arm and hands. Arthralgia, I

there is evidence of poisoning or else aching and stiffness of other
there is not. In this sense it is not mis- groups is likely to be more s(
leading to refer to lead poisoning as this type of intoxication than
prodromal or incipient or well estab- alimentary type, and headache,
lished, or to define its severity as mild, insomnia and disturbed sleep
sub-acute, or acute. quite prominent, in keeping v

The clinical types of lead poisoning, greater severity of the lead f
.as  referred to herein, are not classified and absorption that are usually
on the basis of their duration or their sible for this type of lead p(
severity, except in so far as these are Weakness of the extensor mt
incidental, but on the basis of the apt to appear some weeks befl
systems that are most obviously in- palsy develops. This is impor
volved. In these terms, three more or asmuch  as recovery under
less distinct types of lead poisoning are treatment from such weakness ir
seen currently in American industry, ter of weeks rather than montl
plus mixed types that combine various the case of palsy. True lead
features of two or perhaps all three. uncommon in present-day Amer
.The  three types are, ( 1) that involving dustry. It is usually the result
the alinientarv tract nrimarilv.  (2)  that\ ,
involving the’ neuro-‘motor Akchanisms

I I longed and comparatively sevr
signs associated with frank colic as exposure, and the clinical his

chiefly, and (3) that affecting most
LJ’ seriously the brain.

previously described. most cases gives evidence of 1
There will be basophilic stippling of episodes of intoxication of a

the erythrocytes, and usually to an ex- type.
The Alimentary Type tent that is clearly above the range of The physical findings in cases

This is by far the most frequent type normal values. There may be a re- type have been discussed.

of industrial lead poisoning. It is
characterized by intermittent abdominal
discomfort, with a feeling of heaviness
in the region around or below the
umbilicus. It culminates in frank colic
in the more severe cases. There is
usually obstinate constipation at the
onset and perhaps for some days or
weeks before the onset. Rarely there
is a brief period of diarrhea at the onset,
followed by constipation. Almost al-
ways there is constipation after the
illness is fully developed. There is loss
of appetite, especially in the morning
hours , and frequently nausea a n d
vomiting. There is likely to be a bad
taste in the mouth, occasionally de-
scribed as ” metallic.” When there is
hunger, there may be a feeling of full-
ness after taking a little food, and it is
at this time or after taking beverages,
that vomiting is most likely to occur.
The appetite is likely also to be
capricious. There is lassitude, especi-
ally upon rising from sleep, often
diminishing during the day or after
moving about. This is especially
prominent if there has been insomnia
or disturbed sleep. General weakness
(usually seen as inability to carry on
the accustomed work) will exist and to
a large degree will be proportional to
the interference with appetite, digestion,
and rest. There is likely to be some
arthralgia, and there may be some gen-
eral stiffness and aching or perhaps
localized myalgia. Dizziness and head-
ache may also be cause for complaint.

Associated with these symptoms there
will often be a gingival lead line as evi-
dence of abnormal lead absorption, if
there is pyorrhea. There may be signs
of malnutrition, pallor, ill-defined ab-
dominal tenderness on DalDation,  or the
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. There is likely to be a bad
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1s “ metallic.” When there is
.here  may be a feeling of full-
r taking a little food, and it is
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In rising from sleep, often
ing during the day or after

about . This is especially
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3t.C ’ work) will exist and to
Sgd  will be proportional to
ference with appetite, digestion,
. There is likely to be some
a,  and there may be some gen-
mess  and aching or perhaps
myalgia. Dizziness and head-

y also be cause for complaint.
ated  with these symptoms there
1 be a gingival lead line as evi-

abnormal lead absorption, if
3yorrhea.  There may be signs
Itrition,  pallor, ill-defined ab-
tenderness on palpation, or the
sociated with frank colic as
y described.
will be basophilic stippling of

uocytes,  and usually to an ex-
: is clearly above the range of
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duced  erythrocyte count and a reduc-
tion in the hemoglobin content of the
blood, but the findings in this regard
may be entirely within normal limits.
The urine will be acid in reaction in
the uncomplicated case, and there may
be a trace of albumin, although this
does not follow necessarily. The lead
content of the blood and the urine will
be elevated, the concentration in the
blood being in excess of 0.07 mg. per
100 gm. of whole blood, that of the
urine being at least 0.12 mg. per 1.
(in a 24 hour sample) in mild cases,
and usually well above 0.15 mg. per 1.

The Neuromuscular Type
This type of lead poisoning differs

from that described above in that the
gastroenteric symptoms, although not
wholly absent, are less disturbing, while
the chief complaint arises from the
weakness, or perhaps the paralysis, of
the extensor muscle groups of the fore-
arm and hands. Arthralgia, myalgia,
aching and stiffness of other muscle
groups is likely to be more severe in
this type of intoxication than in the
alimentary type, and headache, vertigo,
insomnia and disturbed sleep may be
quite prominent, in keeping with the
greater severity of the lead exposure
and absorption that are usually respon-
sible for this type of lead poisoning.
Weakness of the extensor muscles is
apt to appear some weeks before true
palsy develops. This is important in-
asmuch as recovery under proper
treatment from such weakness is a mat-
ter of weeks rather than months as in
the case of palsy. True lead palsy is
uncommon in present-day American in-
dustry. It is usually the result of pro-
longed and comparatively severe lead
exposure, and the clinical history in
most cases gives evidence of repeated
episodes of intoxication of a milder
type.

The physical findings in cases of this
type have been discussed

If the case is seen at the onset of the
disability that causes interruption of
work, the laboratory findings will cor-
respond to those described under the
alimentary type. The blood changes,
with respect  to reduction of the
erythrocyte count and the hemoglobin
content, are likely to be much greater,
and the lead concentration in both
blood and urine is certain to be well
above borderline values.

The Encephalopathic Type
Cerebral lead intoxication is the most

serious manifestation of lead poisoning,
and also the rarest, except in the case
of children, among whom it is the
prevalent type. It occurs in the adult
only as the consequence of rapid and
heavy lead absorption, and therefore,
as the hazards of the lead trades are
brought under more effective control, it
tends more and more to disappear. By
reason of the physical and chemical
properties of certain organic lead com-
pounds, of which tetraethyl lead is the
only commercially important representa-
tive at present, absorption of these
compounds into the  body  and  spe-
cifically  into the central nervous system
occurs with rapidity, and therefore
cerebral lead poisoning is the only type
that is seen. In the case of the inor-
ganic lead compounds, comparable con-
centrations of lead are absorbed into
the brain only under the severest con-
ditions of exposure to lead by inhala-
tion of vapor, fume, or dusts.

The onset of lead encephalopathy is
usual ly abrupt ,  a l though the severi ty
of the cerebral involvement may pro-
gress  over  a  period of  days.  The
il lness of the patient is usually
grave from the onset. The physical
findings have been discussed previously
and need not be repeated. The labora-
tory tindings  do not differ from those
described in other types of lead poison-
ing, except that the lead concentrations

in the blood and 
l..:-L....
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than they are generally found to be in
other types of lead poisoning, in cor-
respondence with the greater severity
of exposure required to induce this
serious and often fatal form of the dis-
ease. (In tetraethyl lead encephalop-
athy, as pointed out previously, stip-
pling and other microscopic blood
changes are commonly absent.)

Mixed Types of Lead Poisoning and
Unusual Lesions

Industrial lead poisoning as it is
commonly seen, is to some degree a
composite of all types referred to above.
Some degree of involvement of the
gastroenteric tract is almost always
seen (except in tetraethyl lead poison-

‘LA ing, in which constipation, abdominal
discomfort, and colic do not occur to
any noteworthy degree). Indeed, 90
per cent or more of all cases (other
than those caused by tetraethyl lead)
have abdominal pain as their chief com-
plaint, while constipation and loss of
appetite are almost always present.
Careful questioning of patients also
shows that mild cerebral symptoms oc-
cur in all types of cases with con-
siderable frequency. Insomnia is one
of the striking features of early
encephalopathy. It is not uncommon
in other types of lead poisoning, quite
without relation to the disturbing effects
of pain. Headache, vertigo, and visual
disturbances also occur in all types of
saturnism. Thus, there is evidence that
the toxic effects of lead are fairly dif-
fuse and that there are usually func-
tional disturbances of the alimentary
tract, the muscular  apparatus,  the
nervous system, and the blood-forming
tissues, in any toxic episode.

Certain lesions which are of im-
portance because of the unusual degree
of disability which they induce, should

L be mentioned in passing.  Optic neu-
ritis, for example, in both intra-ocular
and retro-bulbar forms, has occurred in
lead intoxication. It is rare and many

physicians with wide experience in the
lead trades have never seen a case. The
causative factor in optic neuritis is often
uncertain, and there can certainly be
no justification for attributing this
lesion to the effects of lead absorption,
unless there are other evidences of
significant lead absorption and of lead
poisoning .

Paralyses involving the extrinsic
muscles of the eyes are seen occa-
sionally, and weakness of these muscles
with visual disturbance is not rare in
association with lead encephalopathy.

Retinal hemorrhage may also occur in
lead poisoning, in association with
other  symptoms and signs af  lead
intoxication.

A series of other neurological lesions
such as those of multiple sclerosis, cer-
tain types of progressive muscular
atrophy with and without cord lesions,
and various other lesions of the spinal
cord, have been attributed to the toxic
effects of lead absorption, from time to
time, if for no other reason than that
there was actual or alleged exposure to
lead compounds at the time of their
appearance, and that their etiologic
background was obscure. These will
be referred to later in dealing with the
differential diagnosis.

D IFFERENTIAL  D IAGNOSIS

The diagnosis of lead poisoning is ar-
rived at on the basis of (1) the facts
with respect to the lead exposure, (2)
the clinical picture of the illness as re-
vealed by the patient’s history and
symptoms and by the physician’s care-
ful physical examination, and (3) the
results of laboratory procedures that
confirm the potentially hazardous char-
acter of the patient’s exposure to lead
compounds. Obviously the exclusion of
other disease processes from complicity
in the clinical picture can be accom-
plished only by considering the entire
clinical status of the patient, so that
the foregoing statement represents an
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For this reason it seems nece
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over-simplification of the procedure.
For this reason it seems necessary to
deal briefly with a number of lesions
that give rise to symptoms and physical
signs which resemble those of lead
poisoning to some degree, and which if
not recognized may result disastrously.

The alimentary type of plumbism
must first be differentiated from acute
lesions of the gastroenteric t;act  that
may require prompt surgical interven-
tion, chiefly acute appendicitis, acute
cholecystitis and cholelithiasis, acute
renal colic, gastric or duodenal ulcer
with perforation, intestinal obstruction,
and acute pancreatitis. Here differen-
tiation is usually made with little diffi-
culty but it is to be remembered that
the neglect of a surgical condition is
fraught with more serious consequences
to the pat ient than the failure to
identify lead colic, and on this account
it is better to err on the side of surgical
exploration, than to give undue weight
to the apparent significance of the lead
exposure. The diagnosis of acute sur-
gical lesions of the abdomen is dealt
with adequately in standard works and
requires no extensive consideration
here. It is referred to merely to indi-
cate the necessity for careful study of
the condition that presents itself in the
lead worker. As indicated previously,
the pain of lead colic is intermittent,
and in the intervals between acute
spasm it is usually relieved by firm
pressure, in contradistinction to acute
inflammatory or obstructive lesions.
The absence of localized or general in-
voluntary rectus  muscle spasm and of
‘(  rebound ” tenderness at this time is
highly significant. Moreover, the pain
radiates but little, and therefore, is
differentiated from characteristic gall
bladder disease or renal colic. The pain
of lead colic is also relieved promptly,
in most instances, by the intravenous
administration of calcium chloride or
calcium gluconate in appropriate dosage,
a procedure that is harmless in surgical

conditions, and which, therefore, may
be employed for differential diagnosis
as well as for therapy. Investigation of
the sclera, skin, and blood, for jaundice,
and of the urine for bile or blood, and
the microscopic examination of the
blood, will usually complete the differ-
entiation. Jaundice is seen infrequently
in present-day industrial lead poisoning.
Only neglected or far advanced cases,
with extensive blood destruction, have
jaundice, and an erythrocyte count and
a stained blood film will provide the
required information here. A normal
or only slightly elevated leucocyte
count with a normal or practically
normal differential count gives further
evidence of the absence of inflamma-
tory lesions, as does also the normal
or subnormal temperature. Hematuria
is almost never seen in lead colic. Its
occurrence militates strongly in favor
of renal colic as the source of pain.

The elimination of peptic ulcer may
usually be made by the medical history
and by the localization of the pain,
while perforation can be differentiated
by the suddenness of its onset and the
subsequent continuous pain. (An ex-
ception to this statement must be made
in the case of posterior perforation
which often brings relief of previous
pain.)

Intestinal obstruction in the lead
worker provides a difficult diagnostic
problem. Here the blood picture may
assist, and if there is no stippling, lead
colic may be eliminated. The vomiting
is more persistent and voluminous in
obstruction, and the changes in blood
chemistry will usually clinch the diag-
nosis. In this as we11  as in other ab-
dominal conditions, roentgenograms may
give prompt and specific information
concerning the locus and nature of the
les ion .

Mention of coronary occlusion as
requiring differentiation need only be
made in passing. Tabetic crises may
also resemble lead colic but are dif-



ferentiated by the characteristic neuro- longed character of the severe lead ex-
logical signs. It is sometimes difficult .posure  some degree of anemia is usually
to differentiate between the milder found and the stippling of the erythro-
types of colic and the discomfort asso- cytes,  while perhaps not so extensive as
ciated with spasticity of the colon. In that associated with a sudden attack
such instances the history and the blood of lead colic, is significantly increased
picture will usually answer the ques- above normal values at the time of
tion. Lead analyses may be required, onset . In uncomplicated lead neuritis
however, and in some cases a decision t h e r e  i s  a  n o r m a l  o r  s u b n o r m a l
may rest upon the results of therapy. temperature.

I
If the severity of the lead exposure

is in question, lead analyses on the
blood and/or urine will provide useful
information. Results within the normal
range rule out lead poisoning. On the
other hand, the mere existence of ab-
normal findings, with respect to lead,
must, not be given undue weight, for

b they do not, in themselves, carry the
implication of lead intoxication, especi-
ally among persons known to be ex-
posed to lead compounds in their work.
Therefore, the appropriate procedures
for differential diagnosis must be
carried out.

The differential diagnosis of poly-
neuritis is manifestly difficult. In
contradistinction to neuritis induced by
a host of agents, including other metals,
arsenic, viruses, infections, malnutrition,
and alcoholism, certain features tend to
characterize lead neuritis. First, is the
site of involvement, which in the case
of lead is remarkably constant; second,
is the lack of sensory involvement, in-
cluding the absence of neuritic  pain;
and third, is the existence of  a history
of significant exposure to lead. Lead

I
neuritis occurs as the consequence of
severe and usually prolonged lead ex-
posure. Other symptoms of lead in-
toxication are likely to be present and
usually have existed from time to time
over a period of weeks or months.
Signs of lead absorption in the form of

i Ll
a lead line on the gums or high lead
levels in the blood and urine are cer-
tain to be present at the onset, and the
hematologic changes are usually promi-
nent . Because of the generally pro-

Lead encephalopathy must be dif-
ferentiated from neurosyphilis, cerebral
arteriosclerosis, diffuse encephalitis due
to viruses and infections, from un-
localized brain tumors, from other
types of cerebral intoxication including
those caused by alcoholism, over-dosage
with bromides and hypnotic drugs such
as barbital and chloral,  from exposure
to carbon monoxide and mercury,
from uremia, and from the cerebral
manifestations of pellagra. The diag-
nosis may usually be made without
great difficulty by careful consideration
of the occupational and medical history,
by observation of the course of the dis-
ease, and by well chosen laboratory
studies . Unquestionably severe lead
exposure is  required to cause lead
encephalopathy in the adult, and if it
can be established that the exposure
was slight or of borderline significance,
lead can be eliminated as the etiologic
factor in a case under consideration.
The severity of the lead exposure can
be determined by lead analyses if not
otherwise. The lead concentrations in
the blood and urine, to be of any sig-
nificance in relation to cerebral involve-
ment at the time of onset in the adult,
must be well above normal or threshold
levels . The cerebrospinal fluid shows
little abnormality other than an incon-
stant increase in its pressure. Micro-
scopic blood findings may be negligible
ii the exposure was brief and over-
whelming. Otherwise stippling of the
erythrocytes will be found, with or
without anemia. The importance of
precise knowledge of the exposure of the
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individual to lead or to other toxic ma-
terials cannot be overemphasized, in
connection with this  type of lead
poisoning. Assumptions concerning the
exposure are unjustified and a diagnosis
made without benefit of dependable in-
formation conceming  such exposure, OY
its eflects  as revealed by analysis of
tissues, blood, OY  excreta,  is a mark of
irresponsibility on the part of the
physician, except as it represents merely
a working impression.

Reference has been made previously
to certain lesions of the central nervous
system which have an obscure etio-
logical background, and which, there-
fore, are likely to be explained for prac-
tical purposes in a given case on the
basis of any toxic or infectious agent
on which suspicion may happen to fall.
The occurrence of such lesions (among
which may be mentioned multiple
sclerosis , combined scleroses of the
spinal cord, certain other unclassified
lesions of the spinal cord, and various
forms of progressive muscular atrophy)
in a lead worker presents a complex
problem. Indeed, any disease of un-
known origin is likely to create a prob-
lem. (A case of typical acute
myelogenous leukemia has been known
to be responsible for a heated medico-
legal controversy when it chanced to
develop in a worker allegedly exposed
to lead.)

Clearly it is not always pas-

sible  to determine the effects of lead
absorption in exciting or contributing
to the development of disease of un-
certain origin, and it is proper and
necessary to give the unfortunate and
disabled workman the benefit of any
reasonable doubt in such cases. Never-
theless, there should be valid evidence
of abnormal lead absorption and some
of the characteristic effects of lead in-
toxication, on which to base the opinion
that the unusual effect in question
could reasonablv be exDlained  as

there should be even clearer evidence
of significant exposure to lead in the
atypical or bizarre case, than that re-
quired to support the diagnosis in the
usual or typical case.

This discussion would be incomplete
without some reference to the problem
of the malingerer, and especially the
malingerer who has had the benefit of
more or less expert advice in the prepa-
ration and presentation of his story.
True malingering is rare, but its tech-
nic ranges all the way from the indefi-
nitely continued complaints of inability
to work on the part of a man who does
not wish to earn his livelihood, to the
deliberate fraudulent design of an in-
dividual who induces or prolongs his
lead intoxication by taking repeated
doses of lead compounds. The recog-
nition of the latter situation is not
difficult, if the patient is suspected and
put under close observation, for despite
the best of advice, his efforts are likely
to be too clumsy for success.

The former problem is not so easily
solved, since the interpretat ion of
purely subjective symptoms may well
be difficult, and since neuroses are not
unknown among the sequelae of lead
intoxication.

No rule or set of technical procedures
can be prescribed that will lead to the
recognition of all types of malingering.
Cases open to such suspicion should be
studied carefully and with open mind,
in the attempt to discover and remove
obscure causes of illness, and to get to
the bottom of the problem. Expert ad-
vice may be required to arrive at a
decision concerning such cases. When
a decision has been reached, it should
be acted upon, openly and decisively, in
order that the issue may be brought to
a conclusion. By such means the diag-
nosis may be tested and confirmed or
found wanting. By such means also
neuroses may be prevented and cured in
certain instances and recognized as

&AL  OK-,
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THE PROBLEM OF ASSOCIATED DISEASE

The existence of complicating disease
in association with lead poisoning may
not be ignored, either from the view-
point of organic disease as a con-
tributing factor in susceptibility to lead
poisoning, or in relation to the equally
vexed problem of the influence of lead
intoxication on the progress and out-
come of chronic or acute illness of
other types. In so far as the problem
of susceptibility is concerned, one of
the functions of preemployment  and
periodic examinations is to recognize
the existence and development of or-
ganic disease processes and to place
the victims of such disease in occupa-

L
tions which do not involve potentially
hazardous exposures to noxious ma-
terials. If this function is fulfilled,
much of the difficulty will be avoided.
A second feature of the question is the
r61e  of intercurrent infections and other
acute disease processes with sudden on-
set, as well as bouts of alcoholic excess,
in precipitating an episode of lead in-
toxication. There is little doubt in the
minds of many industrial physicians
that lead poisoning is often initiated by
such factors. Without attempting
either to confirm or reject this concept,

! it may be said that such cases develop
only when the conditions of exposure
are such that lead intoxication may
reasonably be expected to occur among
the workmen without contributory fac-
tors-that is, when the lead exposure
is known to have little or no margin of
safety. Regardless of this fact, how-
ever, current medical opinion on this
important point only emphasizes the
need for good medical care of exposed
workmen.

The influence of lead poisoning in the
production or acceleration of chronic

b diseases is at best a controversial ques-
tion. That some degree of increase in
the rate of lead absorption, above
average normal levels, has any effect
upon the course of such diseases has not

been demonstrated, and is a matter of
pure conjecture. As to the role  of lead
poisoning or lead absorption in relation
to the so-called degenerative diseases of
middle and later life, opinion differs.
The evidence upon which lead has been
accused especially by earlier writers,
of responsibility for the production of
vascular disease, is open to serious
ques t ion . That localized damage to
blood vessels, chiefly  capillaries, may
result from rapid lead absorption, is
without question. Witness, for example,
the occasional occurrence of retinal and
other localized capillary hemorrhage in
lead poisoning. But that general injury
to the blood vessels, incurred through
lead absorption, results  in general
hypertensive vascular  d isease ,  i s  a
wholly different matter for which there
is no adequate evidence at present.
Likewise extensive chronic renal dam-
age, as the result of excessive lead ab-
sorption, has not been demonstrated,
and even in the case of children the
production of chronic nephritis, perhaps
better described as diffusely scarred
kidneys, cannot certainly be attributed
to the effects of an episode or multiple
episodes of lead poisoning. The facts
in these matters must await further
careful clinical investigation. It may
be expected that the careful and de-
tailed study of workmen who are ex-
posed to lead to some extent over long
periods of time will  answer these
ques t ions .

THE COURSE AND SEQUELAE OF

LEAD POISONING

Recovery from lead poisoning is usu-
ally complete, leaving no partial or com-
plete disability. In the uncomplicated
gastroenteric type, regardless of the
severity of the colic, spontaneous re-
covery occurs in a few weeks, the colic
usually subsiding in 1 week to 10 days.
Some degree of malaise and weakness
may persist for longer periods of time,
but even after severe exposure, all the

symptoms may be expected t
pear in from 2 to 4 months. Tl
bf  illness may be shortened b
medical treatment. There
permanent sequelae in cases
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there are difficult or insoluble t
problems to be met, or when
tions between the pat ient  :
employer are strained.

The period of recovery from
lesions is much longer as a I
the clinical picture is characte
weakness of the muscle groups i
without paralysis, there may be
and complete recovery. Or
may ensue, and may persist f
or long periods, or indefinitely.
eral, the prognosis for complete
is good, unless there have been
episodes of lead poisoning over
of years. Recovery may requ
2 months to 2 years. The lo
paralysis persists, the greatej
likelihood that the disability
permanent; the greater also is
lihood of neurotic complication
disability, if permanent, is
limited to the paralytic lesion.
case, after from 4 to 18 months,
signs of lead absorption will ha
peared, including the presence
normal quantities of lead in t
and  excreta, and the  intoxic;
well  as the agent responsibh
will have vanished, leaving 4
effects, if any, of irreparable d;
the nervous system. At this
diagnosis can be made only on
of the history of the case, togel
other information obtained at
of the acute illness.

Lead encephalopathy may
death in from a few days to
or in partial or complete
within 6 weeks to 6 months.
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symptoms may be expected to disap-
pear in from 2 to 4 months. The period
of illness may be shortened by sound
medical treatment. There are no
permanent sequelae in cases of this
type, and spontaneous recurrence of
symptoms after complete recovery has
occurred is exceedingly rare if there is
no resumption of lead exposure. Neu-
roses may develop, especially when
there are difficult or insoluble economic
problems to be met, or when the rela-
t ions between the pat ient  and the
employer are strained.

The period of recovery from neuritic
lesions is much longer as a rule. If
the clinical picture is characterized by
weakness of the muscle groups involved,
without paralysis, there may be prompt
and complete recovery. Or paralysis
may ensue, and may persist for short
or long periods, or indefinitely. In gen-
eral, the prognosis for complete recovery
is good, unless there have been repeated
episodes of lead poisoning over a period
of years. Recovery may require from
2 months to 2 years. The longer the
paralysis persists, the greater is the
likelihood that the disability will be
permanent; the greater also is the like-
lihood of neurotic complications. The
disability, if permanent, is usually
limited to the paralytic lesion. In any
case, after from 4 to 18 months, all other
signs of lead absorption will have disap-
peared, including the presence of ab-
normal quantities of lead in the blood
and excreta, and the intoxication, as
well as the agent responsible for it,
will have vanished, leaving only the
effects, if any, of irreparable damage to
the nervous system. At this time a
diagnosis can be made only on the basis
of the history of the case, together with
other information obtained at
of the acute illness.

Lead encephalopathy may
death in from a few days to
or in partial or complete
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3 weeks,
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adult, recovery is usually complete if
death does not occur within the first 2
or 3 weeks. (In the case of children
the prognosis for complete recovery is
not good.) Nevertheless, there may be
mental impairment, or residual effects
of cerebral injury, especially an intensi-
fication of certain borderline or psy-
chotic mental or behavior patterns.
Residuals in the form of recurrent
epileptiform seizures have been de-
scribed. The diagnosis of this condi-
tion can be made only from the history
and from previous medical records. In
connection with the question of ir-
reversible injury to the brain from the
absorption of lead compounds, it is of
some significance that no permanent
cerebral sequelae have been recorded in
the more than 80 cases of tetraethyl
lead poisoning that have been studied.
This type of lead poisoning is always
characterized by cerebral symptoms
and the absorption of considerable
quantities of lead by the brain tissue.
It would seem, therefore, that the or-
ganic cerebral damage induced by
presence of lead in the brain substance
is usually slight in the case of adults
that survive acute lead intoxication.

No permanent sequelae of lead
poisoning have been shown to exist,
other than those described above, ex-
cept in the rare case of hemorrhagic or
neuritic lesions of the eye. The ulti-
mate degree of ocular damage in such
instances is not materially different
from that resulting from corresponding
lesions induced by other toxic agents.

Neuroses, whether characterized by
undue anxiety or by hysterical mani-
festations, must presumably be regarded
as sequelae, a l though they are  not
likely to cause permanent disability.
The anxiety of certain patients is ex-
treme, and the stress arising from their
illness and their economic situation,
and from the antagonisms that may
develop between themselves and their

Preferred Customer
within 6 weeks to 6 months. In the

Preferred Customer
employees, may be very great. More-



over, many of these patients are easily
susceptible to suggestion. Therefore,
stocking-leg and sleeve-like paresthesias
and anesthesias are seen not infre-
quently, as well as other typically
hysterical forms of behavior. These
should not be misinterpreted as malin-
gering.

Adequate treatment, and the proper
and prompt settlement of compensa-

t ion claims, b o t h  o f  w h i c h  m a y
be necessary to relieve the condition
and to establish the diagnosis beyond
cavil, are often rendered quite difficult
by the circumstances associated with
compensation claims and hearings, and
therefore these cases may be badly
handled from the medical point of view,
with unsatisfactory results to all persons
concerned.

The Management and Treatment of  Lead Poisoning

The first step in the treatment of lead
poisoning is to make sure that the lead
exposure has been brought to an end.
This would be self-evident but for the
fact that industrial workmen may be
seen with prodromal symptoms that do
not lend themselves to immediate inter-
pretation. There are also mild cases
with but slight symptoms and no disa-
bility, .in which a transfer to work in-
volving no exposure, plus medical ob-
servation, may be all that is required by
way of treatment. In these instances
the continuance of occupational lead
exposure at any level may be dangerous
and should be avoided.

The treatment,  proper,  must be
divided into two categories; (1) that
given during the acute episode of poison-
ing, and (2) that required or indicated
after subsidence of the acute attack.
During the acute attack it is important
to give vigorous treatment for the relief
of the immediate symptoms. (The
promotion of lead excretion at this time
by means of potassium iodide, am-
monium chloride, and similar medica-
ments is contraindicated.) The ab-
dominal pain which is usually the most
prominent and disturbing symptom is
best relieved by the intravenous injec-
tion of large doses of calcium, employ-
ing calcium gluconate (I@  ml. of a 20
per cent solution), or calcium chloride
(5 ml. of a 10 per cent solution). The
injection should be given slowly, 4 or

5 minutes being required for the whole
amount. A feeling of great heat by the
patient, and occasionally vomiting, in-
dicate that enough has been given.
Calcium chloride must be given entirely
in the vein, for it produces great sore-
ness and sloughing if it is injected into
the, soft tissues. Calcium gluconate,
however, does not have this disadvan-
tage, and after the intravenous injec-
tion, a similar amount may be given
intramuscularly to prolong its effective
action. This treatment usually relieves
an acute colic, and frequently patients
who have been writhing in pain relax
and go to sleep. The pain may recur,
and may require further injections for
its control, but within 24 hours the
pain of an uncomplicated colic will
usually have subsided. This type of
treatment is much to be preferred to
the use of sedatives in controlling the
pain. A hot water bottle may be added
if it gives comfort. Atropine in large
doses, or nitroglycerine, may be em-
ployed for their effect in reducing the
tonicity of smooth muscle. Morphine is
rarely needed, but may be used if the
diagnosis is definite and if the pain is
not effectively controlled otherwise.

By this time, and partially by
therapeutic means, the diagnosis will
have been arrived at, and if there is no
evidence of an inflammatory or obstruc-
tive lesion, catharsis should be induced,
not only to aid in the elimination of
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is almost certain to be prest
alimentary tract, and thereb
vent further alimentary lea
tion. From this time on tl
evacuation of the aliment
should be promoted for thi
and important purpose. Mild
by means of small doses of r
sulfate, will usually be suffi
if this is not successful, la:
should be employed. Enem:
given advantageously in resis
In any case the bowel should
of its contents and kept oper

The patient should be p
ample diet and a generous
liquids at the earliest poss
Milk is advantageously used
be the only food tolerated
or two. It may well be co
generous quantities even af tc
has been restored to normal
because of its ample supply o
chiefly calcium and phospl
also because it will aid greaf
plying water for the pro]
urinary excretion, thereby a
the removal of lead from the

The existence of seriou
symptoms may call for a typ
ment that is different in pri
in detail. The control of f
mania, or convulsions calls fo
for which large and adequat
the barbiturates have been
be preferable to morphine
apparently results in such (
a combination of cerebral edc
starvation, general dehydrz
exhaustion. Supportive tre
required, therefore, and flu
form of hypertonic salt solu
case  or sucrose solutions sho
ministered as required WI
rectum, subcutaneously 1
venously . I f  t h e  exciteme
patient can be controlled so
vent exhaustion, and if requi



I L.

ims,  both of which may
sarv to relieve the condition

tst h the diagnosis beyond
: o&n  rendered quite difficult
circumstances associated with
ition claims and hearings, and

these cases may be badly
from the medical point of view,
stisfactory  results to all persons
d .

Lead Poisoning

3s  being required for the whole
A feeling of great heat by the

and occasionally vomiting, in-
.hat enough has been given.
chloride must be given entirely

ein, for it produces great sore-
I sloughing if it is injected into
t i s sues . Calcium gluconate,
, does not have this disadvan-
td  after the intravenous injec-
similar amount mav be given

scularly  to prolong its effective
This treatment usually relieves

e colic, and frequently patients
ve been writhing in pain relax
to - sp. The pain may recur,
y LZre further injections for
:rol, but within 24 hours the
an uncomplicated colic will
have subsided. This type of

nt is much to be preferred to
of sedatives in controlling the

1 hot water bottle may be added
{es  comfort. Atropine in large
or nitroglycerine, may be em-
for their effect in reducing the
of smooth muscle. Morphine is

seeded,  but may be used if the
is is definite and if the pain is
:ctively  controlled otherwise.
this time, and partially by
utic means, the diagnosis will
:en  arrived at, and if there is no
:e of an inflammatory or obstruc-
ion, catharsis should be induced,

LEAD EXPOSURE 5 9

further pain, but also to remove the
relatively large quantity of lead that
is almost certain to be present in the
alimentary tract, and thereby to pre-
vent further alimentary lead absorp-
tion. From this time on the regular
evacuation of the alimentary tract
should be promoted for this primary
and important purpose. Mild catharsis,
by means of small doses of magnesium
sulfate, will usually be sufficient, but
if this is not successful, larger doses
should be employed. Enemas may be
given advantageously in resistant cases.
In any case the bowel should be cleared
of its contents and kept open.

The patient should be put on an
ample diet and a generous supply of
liquids at the earliest possible time.
Milk is advantageously used and may
be the only food tolerated for a day
or two. It may well be continued in
generous quantities even after the diet
has been restored to normal, not only
because of its ample supply of minerals,
chiefly calcium and phosphorus, but
also because it will aid greatly in sup-
plying water for the promotion of
urinary excretion, thereby accelerating
the removal of lead from the body.

The existence of serious cerebral
symptoms may call for a type of treat-
ment that is different in principle and
in detail. The control of excitement,
mania, or convulsions calls for sedation,
for which large and adequate doses of
the barbiturates have been found to
be preferable to morphine. Death
apparently results in such cases from
a combination of cerebral edema, tissue
starvation, general dehydration, and
exhaustion. Supportive treatment is
required, therefore, and fluids in the
form of hypertonic salt solutions, glu-
cose or sucrose solutions should be ad-
ministered as required whether by
rectum, subcutaneously or intra-
venously . If the excitement of the
patient can be controlled so as to pre-
vent exhaustion, and if requirements in

nourishment and fluids can be main-
tained, recovery is likely. The course
of the disease during this period may be
very stormy, however,  and careful
supervision and prompt repetition of
treatment may be required for 10 days
to 2 weeks to prevent the return of the
more serious symptoms.

After the disappearance of the acute
symptoms of whatever type they may
be, attention should be given to the re-
quirements of convalescence. Opin-
ions differ  with respect  to the de-
sirability and the feasibility of de-lead-
ing, as a therapeutic measure. Experi-
enced clinicians hold that there is
danger of the recurrence of lead in-
toxication during the period in which
the lead content of the body remains
high, in that such recurrences may fol-
low in the wake of acute infections,
alcoholic excesses, and surgical pro-
cedures that require the employment of
a general anesthetic. In this belief,
they advise the use of methods for de-
leading the patient, and for eliminating
such a portion of the lead as may be
readily available for rapid excretion.
Their experience leads them to believe
that the period of convalescence and
disability is shortened thereby and that
return to a gainful occupation is ex-
pedited. Other students of the problem
believe that the recurrence of lead
poisoning without further lead exposure
is rare after the complete subsidence
of the episode of intoxication, that the
excessive quantities of lead are elimi-
nated spontaneously from the body,
and that the current methods of de-
leading do not remove lead from the
body at a materially increased rate or
to a practically important degree. The
latter concept results in the dismissal
of the patient after his recovery, after
instructing him to avoid further occu-
pational lead exposure, and after ad-
vising him as to general care of his
health, especially in matters of diet
and personal habits. The proponents



of de-leading have urged that  the
dangers of this procedure are negligible
when carried out properly, and that the
period of disability from lead poisoning,
in their experience, can be shortened.
It seems advisable, therefore, to de-
scribe the method in such detail as
will enable it to be employed and put
to the test of further use.

The treatment for de-leading should
not be started until all acute symptoms
have disappeared, or in the case of
neuritic lesions, until they are no longer
progressing. It should be used in the
case of patients who have had a recent
exposure rather than in those whose
exposure has been prolonged and of low
intensity. The advisability of attempt-

b  ing to de-lead patients who have had
an attack of lead encephalopathy, is
seriously open to question. The first
procedure is to put the patient on a
low calcium intake. The latter con-
sists of eliminating all milk, eggs, and
green vegetables from the diet, and as
the elimination of milk must be com-
plete, it cannot be used in cooking or
in the making of breadstuffs. As a re-
sult, it is frequently necessary to substi-
tute milk-free crackers for bread. This
diet must be maintained throughout

the course of treatment.  I t  is  not  a
difficult diet for adults, for it includes
clear soups, meats, white and colored
(not green) vegetables, macaroni, rice,
fruits, and butter and fats as desired.
After the patient has been on this diet
for about 3 days the addition of a drug
to increase further the calcium excre-
tion should be started. The easiest
technic is to use ammonium chloride,
inasmuch as the ammonium is changed
largely to the neutral urea, thus mak-
ing hydrochloric acid available for the
purpose of further removing calcium
from the body. It is best to start with

U a 1 gm. dose 3 times a day during
meals. This may be done in either of
the following ways: 1 teaspoonful of
20 per cent solution of ammonium

chloride dissolved in a full glass of
water may be sipped with the meal, or
three 5 gr. enteric-coated tablets of
ammonium chloride may be taken with
the meal. Either technic prevents the
irritating effect on the stomach mucosa
produced by crystall ine ammonium
chloride. During the first week or so
the dose of ammonium chloride is
gradually increased until a maximum
of 6 or 8 gm. is taken a day. When
the ammonium chloride produces a
moderate acidosis, the patient may lose
his appetite or develop a headache and
then the dose is cut down to a slightly
lower level. The treatment is  then
maintained for about 4 weeks; during
this time the patient does not.  feel very
well, has no great appetite, and loses
weight, but these symptoms disappear
when the treatment is discontinued,
and then the patient promptly feels
much better.

If, during this treatment, the patient
should have a recurrence of symptoms,
such as lead colic, it is best to discon-
tinue the ammonium chloride for a few
days, but the low calcium diet should
be continued, if possible. Recurrence
of symptoms is very rare if the treat-
ment is entered upon in the slow way
described. They may recur, however,
if a low calcium diet and large doses
of ammonium chloride are given all at
once.

Other methods of de-leading such as
the use of acid drinks or parathyroid
extract are much more difficult, and
probably not much more effective.
After this course of treatment, the pa-
tient should be returned to and main-
tained on a well rounded diet high in
calcium and phosphorus and vitamins.
At least two glasses of milk daily are
highly desirable.

In association with this treatment,
the usual accessory therapy should be
maintained. Constipation should be
prevented. Ample water intake is
necessary to prevent dehydration from

the diuresis produced bv  a
chloride. The’  mild headache
relieved by aspirin. Anemia,
should also be dealt with app
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the diuresis produced by ammonium
chloride. The mild headache is usually
relieved by aspirin. Anemia, if present,
should also be dealt with appropriately.

T h e  t r e a t m e n t  o f  t h e  o r g a n i c
sequelae of lead poisoning is limited
to the adequate care of the paralyses
that may exist. Some success has been
reported in hastening recovery from
these lesions by the administration of
large doses of vitamin B complex.
This treatment would appear to be indi-
cated throughout the course of the
treatment of neuritic  lesions. The pre-
vention of malposition and contractures
should be accomplished by proper
splinting, and periods of massage and
active and passive motion are desirable
to shorten the period of disability. The
massage and exercise should not be car-
ried out during de-leading procedures.

When the patient has recovered, the
problem of the medical practitioner and
consultant has reached its conclusion;
that of the industrial physician has only

reached i ts  most  difficult phase.  The
latter must now determine where the
workman can be reemployed without
further danger to his health. Much
will depend upon the nature of the lead
exposure that caused the poisoning of
this workman. If it was accidental, in
the sense that a brief and unanticipated
exposure resulted from unusual  or
faulty plant operations, the cause of
the trouble may have been eliminated.
If it was the result of the introduction
of a new process, the hazards of which
had been unrecognized, this difficulty
may have been solved. To generalize,
therefore, if the lead exposure which

was responsible for the illness has been
recognized and eliminated, there is no
reason why the workman should not
return to his former occupation. Other-
wise he should be given another job
that does not involve the hazard of lead
exposure, or if such a job is not avail-
able, he should be given opportunity
and assistance in finding a safe occupa-
tion elsewhere. These procedures are
especially applicable if the lead expos-
ure previously suffered was the result
of carelessness or ineptitude in the
matter of following the regulations re-
quired for safety in the occupation in
ques t ion . This point should not be
over-emphasized, since it provides much
too easy a basis for putting the re-
sponsibility for lead exposure upon the
workman. Nevertheless, it must be
recognized as a principle, that in certain
potentially hazardous occupations, rea-
sonable care and precision of technic
is the price of the safety of a workman
and perhaps of his fellows as well; in
fairness to himself and to his associ-
ates , an unreliable or inept work-
man may not be returned to  such
occupat ions.

The proper handling of problems of
the foregoing types requires judgment,
as well as professional and social sensi-
tivity and responsibility. There can
be no doubt that the best and fairest
solution of most of such problems lies
in the application of effective methods
for the detection of dangerous condi-
tions of lead exposure in industry, and
for the elimination of such conditions
whenever they arise by such means as
may be necessary to the circumstances.
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