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2. THE DISTRIBUTION OF LEAD IN THE EARTH,
ITS WATERS, AND ITS ATMOSPHERE

2.1. LEAD IN SURFACE SOIL IN DEEPER STRATA

The quant‘ities of Tead found in the surface layers of the earth are generally smalil, "
averaging about 16 ppm (Goldschmidt, 1954). There is considerable variafion, how-
ever, and from place to place outcroppings of miner: “i‘deposns ordxnanly found in deep
strata have come to the surface through the buckling or seveére erosion of the earth’s
crust, and have: mtrcsduced reiatlvely large quantities 'of lead into certain surface soils
CWarren et al., 1960; de Treville, 1964), The full extent of the variability of the natural
‘lead ‘in the soil of various parts of the earth is of course unknown, since
; ‘nd analysis have not been sufficiently comprehensive, and also. because
mafy. c hanges have occurred over the years without satisfactory explanatlons of then-

origins.

Through mining and manufacmnng, lead and its compounds have been scattered
upen surface of the earth in-such profusion as to render difficult a realistic
esti n of its natural pattern of distribution. However, there are reasons for
beli that the order of magnitude of the contamination of most of the uninhabited
and § ely mhabm.,d lands of the earth with airborne lead has undergone little chang,e
r The deposztxon of airborne lead op the soil in rural areas of the United States
W oved from industrial operations. and heawiy travelled highways has: been

as bemg of the order of about 1.2ug per em’? pér: year equzvaient io
cm’ in the 40 years since lead antiknock preparatxons were first introduced
in the United States (Ter Haar et al., 1967). In confrast, ev1dence Qf

c ation can readily be found by systematic sampling and analysis of 3011 (c’le
T 64; Motto etal., 1970), of ﬁat surfaces, suc‘i as the copmgs ledges and roofs
o

V.

< '
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« ‘
1 ;d ¢ uantxtxes of fead whxch clearly are related to methods of hand e
o metal ‘Few significanfly high findings are obtained by the analyms of rural soils
e e.

Based mainly upon industrial experience lead compounds are but pporly differen-
tiated ® ith regard to their absorption by living organisms. A number of physical and

phy ical facts, as well as certain significant voids in our understan ing of the

P y of plants and ammals are responsible for this situation. It seems reasonablly
cle the physical strugture of certain lead-containing minerals, as wellas the nearly
abg insolubility of certamcompounds of lead, are important obscuring factors, Asto
the Htter fattor, lead silicate is a case in point, in that ancient as well as modern: pracnces:
in. ing ceramic ware are found to be attended by only minute’ -amounts of

con “matxon of food or drink with lead if the composmon of the glaze is sat sfacton'y,
an the temperature of the firing of the ware is sufficiently high and prolonged to

conyert all ‘of the lead to the silicate.

her example illustrates this point further. In the mining of lead, experience had

sho ‘lead pmsonmg among miners occurred with great frequency and severity
dur & early periods of the operations, followed later by a seemmgly spontaneous
' pt cessation. This striking phenomenon coincided with the penetration of the
perations through the overlying stratum of oxidized ore (much of it lead

ate) into deeper strata in which the lead was prxmarﬂy crystalfing galena. The

ce ;of lead poxsomdg among the workmen reasserted itself with the removal -of
galena from the mine and its smelting to-obtain the molten meml Thus, atlan early
daté\u certain differences 'in the various physical states of lead, its ores and its
com{peunds, came to be recognized in relation to the risk of the occurrence of lead
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1. INTRODUCTION

Any historical account of the earliest recognition by man of the existence of lead as a
natural resource as well as a material possessed of potentially harmful qualities, would
‘be redundant, repetitious, and, in all probability, inaccurate. It suffices here to say that
the antiquity of various types of information about this metal have been remarked upon
by many previous writers, and that the metal and certain of its preparations were being
psed for a variety of purposes, in all likelihood, before historical time.-As the
experience and inventiveness of man progressed, ‘and as his knowledge of minerals
increased, he found this metal to be procurable with relative ease through the
application of heat to stones of a certain character and source, as well as remarkably
useful because of its relative softness and maleability. With the development of

. lead-containing alloys, other. zmportant properues of these metallic combinations have

been realized and cultivated. In due coursé it was appreciated that during the
production of lead fumes and lead-bearing airbottie partxcles men who worked with the
metal became ill. The onset and course of lead’ ing were no doubt described first
by word of mouth. Although lead ‘compo m y have been empioyed for medicinal
purposes in the early days of cwihzaho ' no place as taerapentic agents for
man today. In this industrial an$1 te ‘ <eﬁa, the utjlization of lead must be
restricted to those purposes which can' ed and subjected to sufficient control
to prévent toxxcologlcal effects ﬁpon iiman, and their environment. This
responmbthﬁy can be fulfilled only by a SWe understanding of the place of

Tead in the emnmnment of man, and i, ge gwo in ‘the internal media of his body.
& coft ‘oﬁjthe earth’s crust; it has been found

ar'examined, and it seems likely that
ldoes nat follow, however that this

it is .plresem in a11 vegctatlon
eleénient is sssential to life. Ne
environment and the compara
bespeaks the exxstence of effe

formatlon concermng the bxologlcal
H,hallengmg uestions concerning the
and th mechamsms concemed

of lea«:‘l in reccnt years has 1
eﬁect' of lead and has rals,

largc xmmber of metabohc pmcqsses
enzyines, only emphasxzes the likeliho
be made to tihus aSpect of 1he mditer, ‘

ce of hcxl mamfestatlons. Thxs is
g pmsonous property is only rarely a
‘ds upon the concentranon of the
isstiés. Since the toxucology of lead is
ﬁimtssmn it is desirable to follow it as

fus tify tradxtlonaf 1mpreqsmns as to the stgm
espekc ially | pertmont m :he‘ﬁeld of tomooiogm ﬁor
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into the atmosphere from the equipment in which they are produced, from unenclosed
piles of processed; incompletely reacted materials, and from aceumulations of dross.
The combustion of such splid:fuels as wood and coal also yield smoke and fly ash
containing low concentrations of lead. The particles may become airborne and remain
SO o'_ve - variable dlstances and perxods of time, dependem upon: thc velomty lmparted to

.auné "ihe pomt of orlgm, or in a sinp al
been found in polar Iayers of snow (ice) «
rmual 1ay¢rs, hke the rmgs of trees, thi

1968)

The distribution of lead in the atmosphere prior to its, contamination by man, is.a
mattcr of speculatwn Less than half a century ago, hvgjhly seusxtwe ‘and accurate
methods ‘were developed for sampling and analysmg thea : : I
carth, A few analytxcal data, obtamed m the early yfzzu"'E £ th ‘twm

is because of the behavxdr of the upp ‘r
e earth from whlcﬁ these deposits are bghe
y dmg usage of lead-containing products has
'vaﬂable evidence which has been cited, whe
o angd Pattérson (1963) congerning the ¢o
f tbe pcean bordenqg on the North Americ:

ertgin Q@mpamab?e
aerqspls) in the atmosphere. o

It seems desirable to consider specific factors which are responsible for serious,
d contamination of the atmosphere with lead omth@ onle hand, and for the more
commoan levels of concentranon of the ambient atmoéphere with lead;, on: th(, vther,
‘Within industrial-work areas the concentration of lead i in Ihe atmosphere may we] be of
the order of many mg/m® of air, and, dependmg upon raw materidls and products
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poisoning among workmen. However, despite the body of information and misinforma-

tion which has a»cumulated for centuries congerning the harmful effects of lead, men
have dared to develop a great variety of uses for this exnjemcly valuable and versatile

metal.

2.2. LEaD IN STREAMS, LAKES aND OCEANS AND N HumaN
SuppLins oF WATER

The presence of lead in all bodies of water is inevitable, even in primitive areas, in
view of the lead in soils, Not only are water § solnble compounds of lead leached out of
the soil by rainfall and melting snow, but the run-off into the streams carries with it
suspended soil, which soon becomes silt. Some, or perhaps most of the soluble lead in
streams is also prec:pxtated by vari nions fn he water, and is deposited eventually
in the bed: of some body of watet. ‘ ‘ msnlublhty, most compounds of
lead found in water are in the

 of streams and other bodies of
an is the water itself, and after
e found therein. Nevertheless,
by the i incoming flow of process
| appropriate steps must then be
pf lead. Official specifications are
entration of lead which may be
govemmental Tequirements in
' the United States the water
lerably Iower in lead (Kehoe,

_15960;); the ublic: Heaglth Service (0:05 mg
Pb/1). H individual homes, institutions
and indl 1 receptacles or conveyed in pipe
lines; the leg o nof an actory because of faxlure to

mstall le‘

of a bu:ldmg whxch collects
povered w1th iead-contammg

t also be recogmzed that a
dxscharges of local industry
‘rd giol domestxc or wild animals,
i ‘h the Water from these same
e ‘ d eﬁects
ay be

2.3. LEAD IN THE ATMOSPHERE

Metallic Iead is discharged mto the atmosphere as vapor (probably short-lived as
such), and more 1mportantly zs emxtted into the air as fumes, mists and dusts.
Operations. wncempd with the processmg of lead—contammg products, especially when
they involve high te,mperatures, res'ult';“m the vaporization of lead or inthe formation of
fume and dust. Moltcn lead vaponze‘ apprecmbly above 800°C, while its compounds
and alloys volatxllze at-various high- temperatures in and above this range and produce
finely divided fume v hich i is spread by local heatmg ‘and often carried afar in natural
currents oi air. MISisiiare i:dxsmbuted into the air as aqueous sprays of lead compounds,
ed with water vapor (automobile exhausts), and as
t of the air in falling rain or snow (Burton and
; Lazrus ef-al., 1970). Dusts of lead compounds are

Stewxrd 1960 Teﬁ\H arietal., |
‘produced by crushmﬁ grmdmg:

; ;xcles which, tend to agglomerate

sttrrmg and. collecting opgrations. They are distributed -
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TABLF 1 The Lead Content of Vegetation

Number
of Range.of lead content
Amde Source samples . (mglkg)
Tea leavcs, ‘hand plcked (dry) Ceylon . 1 0.02
Foliage of tree (wet) Forest, Yucatan i 0.25
Root of tree (dry) Forest, Yucatan 1 0.05
Bark of tree (dry) Forest, Yucatan - o112 0.04-0.40*
Forest, Yucatan 36 0 04—-0 08*
Forest, Sarawac 2
Trxmdad 2
3
1
1 .
2 7
¥ 3 {primitive area) 3
M o-{primitive area) 1
M o:(pnmmve area) 3

*Eve‘n here, ca.refully galhcred samp!es sgem occasxonally to be contammatcd. 3
human environment. The lead content of the human diet which derives from this source
depends partially upon the extent of absorption of lead by various species but even
more upon the distribution in the tissues used as food by man and other animals.
Briefly, it may be pointed out that the distribution of lead in herbivora, both domestic
and wild, is generally similar to that in man, and that lead, a ‘bone-seeker’, is found
preponderantly in the skeleton, and in low concentrations in muscles, and in only
slightly larger concentrations in other organs. Some of these data are illustrated in
Table 2. With the exception of the contamination of meat and meat products in

TABLEL. Com paratwe stmbutxon 0 f Lead in Certain Tz‘ rsues ") _f Cat!!e (Mustration)

Daxty cow fed upon forage contanunatad w:th

Western range steer lead (mild signs of iliness some weeks
) (normal healthy animal} before slaughter)
Material - (mgl 100 g) {ing/100g) -
che of Leg 0.36 1.21
Brain 0.013 0.12
Liver 0.004 0.40
Kidney 0.038 i.10
Spleen 0.003 Not available
Muscle Not available : 0.01
Blood Not available 0.05

Urine Not available ' 0.09-

butchering and processing only small quantities.enter into the human diet; yet these are

somewhat greater than those in uncontaminated vegetable products. Little environmen--

tal lead has entered the food chain of man, beyond that existing naturally. The possible
consequences of the wide dissemination of lead in the general environment are of a

Adifferent order of severity, however, for herbivorous animals in that forage, which is

their principal food, may be contaminated by the fall-out of lead from industrial
establishments, and mines, and also, from land along heavily travelled highways. Even
in such instances, the musculature of poisoned animals, which is the principal source of
meat for man, is lowin its lead content, and is not unsuitable for human consumption. It
should be emphasized that the avoidance of a significant degree of contamination:of all
food, including that of animal origin, continues to depend upon surveillance of the

" handling and processing of articles which enter the market place, the restaurant and the

home. The opportunities for such contamination are numerous, and only the broad

dissemination of information concerning containers and additives, as well as processing

e e s St G e S DUP040009205
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involved, the lead-containing particles in the air may vary greatly in their composition

from one industrial establishment to another, and from one operation fo another
therein. The size of the particles also may vary individually and in their proportional
rep 'sematmn n the atmesphere overa very wxde range In those workmg areas’ where

fin axrborpe fﬂr a long tlme and rmgrate
siteteorological factors ina specxﬁc region

ce ‘n thL, .'ave;i'age conccntratxon of alrborne

‘ mth
by Burtén and St éward (1969) to be of the order
ds upon preﬁfalent environmental conditions), on
£ me It may. be, therefore, that the present

24. LEAD WITHIN AND ON VEGETATION

The occurrence of lead in vegetation and hence in food for animals and humans,
generally is the result of the growth of vegetation in lead-bearing soil. The quantity of
lead derived thereby isigenerally low, being of the order of a few hundredths of 1 ppm
{Kehoe, 1961). It varies among different species, with the characteristics of the soil, and
with the chemical and physical state of the lead in the soil. The concentration of lead in
various parts of the pl‘ at is also variable, but because information is insufficient, it is
dxfﬁcult to make gener ‘,'hzaﬁons concerning this, although the concentration tends to be
lowin the fruxt, with V exception of the seeds and their intimately covering tissue, and
in the roots (Kehae, 1?6’1‘ Ter Haar, 1970). The information currently available, some
of which may be s seen in Table 1, indicates that the consumption of lead by herbivorous
ammals ifromrth:s soui’rce is small ‘when it is limited to that derived from the soil. It
assumes aver ‘dlﬁe;e%t 51gmﬁcance when lead from some external source is deposited
updm fo;age crops uséd by these animals (Hammond and Aronson, 1964).
stables thh insecticides containing lead is unusual in most areas
56 'that food contaminated in this manner is encountered infre-
vever, ns not universally true, especially in view of the present
@bxatfe xth the use of chlorinated hydrocarbons as insecticides, which

may resuit in s@mc d&éﬂ:c of return to other sprays including those containing lead.

2.5. LEAD IN ANIMALS

In this section, an important consideration is the extent to whzch the organs and
mmes of animals constitute food for mankind, and are thereby a part of the effective
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portal circulation, whence it is redistributed, some being returned to the intestine in the
bile and some being tranported mto other tissues, including the erythrocytes and the
uring. Seme of the'lead which. passes into the bile: undergoes enterohepatlc circulation
while the remainder is evacua{ed in the feces: The proportions here are sub]ect to
v‘ariatx ot dependmg upon the composmon of the ahmentary contents.and upon: the txme

"TaBLE. 3. Intake of Lead Into Alimentary Tract, Output in Feces and Urine, and _
Concentrauon in Bioad -Norma! Human Sub t»NdrmaI Penod of Obsemat:on* .

Intake ef lead

Siiccessive infood Qutput of ‘lead Outpu.t of lead Aver;age lead
‘periods - and beverages infeces . inutine in blogd
of 28 ddys (mg) (mg) g (mglwo 2 .
First 522 2.60 0.85 &929 '“
Second 441 2.56 124 0033
Third 3.8t 3.24 0.99 Q.020
Fourth 537 4.19 0:93 0,022,
Fifth 5.87 413 1.20 0.02
Sixth 384 397

28, 2089

*Data derived from Kehoe (1961).

the conduct of balance experiments described elsewhere (Kehoe, 1961) in which the
intake of lead by adult human subjects in their food and beverages came primarily from
markets and other retail outlets in Cincinnati. (Certain other articles entered into the
diets of subjects who had access to foed from the countryside in the general vicinity of
Cincinnati.} Precise duplicates of the food and beverages __c.onsumcd were composited
into daily samples for analysis. Likewise, all fecal evacuations were collected and dated
individually, and all urine voided each day was obtained for analysis. It is of interest to
compare quantities of lead in the daily diets of these subjects, with tho;sc calculated by -
Monier-Williams {1949) on the basis of data obtained through analysis of food materials
in Great Britain, when considered against their proportional representation in the
national diet. The two sets of findings tend to supplement each other; the latter provides
the benefit of being derived from a large number of people and a wide variety of food
products in-another nation. it may be noted that the quantities of lead found in the foed
and beverages of the individual subjects were of the same order as those found in their
feces. Indeed, but for the fact that the urine of both subjects contained lead at ail
times, it might have been suspected initially that no lead had been absorbed from the
alimentary tract. The relationship between the amount of lead ingested and the amount
evacuated in the feces is so uniform in people of regular habits as to justify the use of
the fecal lead as a means of estimating the amount consumed (Kehoe et al., 1940).
‘When the rate of introduction of lead mto the alimentary Iract of a healthy man
increases, there follows promptly an mcrease in the rate of the ehmmatmn of lead in the
urine and feces; some portion of the latter i is the result of an mcrease inl the rate of tlie
true: excretion (as differentiated from the quantzty evacuated) of ‘1ead froin the
alimentary tract. The rate of increase in excretion of Iead from the dlimentary tract
réflects the elevated rate of introduction of Icad into it. This relatiop sh#p is maintained
sb long as there is a continued mcrease in the quantity of fead avaﬂable\ for absorpnon.
Figure 1 illustrates the response of urmary lead"excretion to th¢ dalily ingestion of

DUP040009297
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and: household equipment, is a practlcal means of preventing errors of judgment and
performance.

3. ABSORPTION, EXCRETION, DISTRIBUTION AND
ACCUMULATION OF LEAD BY MAN

Inorganic lead is absm'bed into the human body almost entirely through the
alimentary and- respn‘ ‘-tary tracts; theirate of absnrphqn of inorganic lead through the
skln xs negllgnble un‘ ordmary cxrcumstances The . transcutaneous, subcutaneous,
rpﬁfn of ]Iead 'lS worthy of discussion only
i d-containing bullets or pellets
didissemination of lead from
Itaneous or intracutaneous
le and occasionally toxic
nfected joints in ‘which the
te induces the solution and:

minute rate of absorption
¥ by 'a sufficient numiber .of

1934, 1936), but under co
p ‘asolme m enclosed pla

3.t Tas ALIMENTARY ABSORPTION OF THE INORGANIC COMPOUNDS

i

or 1eAD BY Man

Inorganic compounds of lead are absorbed pootly in the alimentary tract of man,
whether ingested in aqueous solution o;m food (Kehoe, 1961). The rate of absorptlon is
propomonal to) the concentration within the ahmentary tract. Howcver, since the
contents of the ‘uact are varzable i thexr composition from day to day,. and many of
the anions which may react with fonic lead in the ahmentary tract, e.g. phosphate, sul-
fate and snlﬁde‘ reqult in the prod ction of relatwely insoluble compounds it is not
surprising that much of mgested 1e: averses the alimentary tract unabsorbed. Under
ordmary cm:ﬁum‘*‘tances in eatmg food : d“beveragas containing customary amounts of

e ‘ em of the lead is absorbed, and the remainder is |

.“This means that lead is always present in the
continuous, if somewhat variable.
“fmm the ‘a_imentarv tract is conveyed to the liver in the

: d it
Mml af the. lepﬂd absorbed
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be accurately determined on a daily basis, but aver a vear it amounted to about 8 my,
equ:valcm to 20 pglday The graphic representation of this phenomenon is seen in Fiy
2. 1tis Jreadtly understood that the introduction, by any means, of lead into the uly
breathéd by man will induce the same result as that above—that of causmg an increuy,.
in the body load of lead, demonstrated by the increased e*ccrenon——lf it is sufficient y,
quantity.

3.2. THE ALIMENTARY ABSORPTION OF TETRAETHYLLEAD

The principal route of absorption of the vapor of this compound in industry is 1)y,

respiratory tract. During the preliminary perlod of limited distribution of the anttknm b

preparation, tetraethyllead was ingested by certain subjects, by accident or design, Wiy I
tragic consequences. From these cases it was learned that the toxicity of tetraethyll: ing
ingested by man is manifestinitially in the gastroenteric tract, with retching and vomitiy,
followed usually by diarrhea. Soon the central nervous system is affected and there T
confusion and dlsorxentatxon followed by great emotional and muscular excitation aml
convulsions. In two mstanccs (in adults) after an exceedmgly stormy . penod of illney,,
during which therapy consisted of barbiturates and suppartwe treatment, reccvu‘
ensued without sequelae. In the case of 2 small cluld death occurred in 36 hr, preceil: A
by progressive cerebrai mvrolvement that.terminated in coma, with 'no ‘opportumty n
determine the quanmj:y swallowed. The lethal dose for the adult ra t (up to3 ord iy,
has been found to vary under several condxtxons from, approximately 40-120 2B
lead/kg. These animals, dmd only after 2 or more days of’ ﬂlness K‘hoe, 1931). Ny,
human case of pmseh, g _.lth tetramethyllead orits analogues or d wes has Heg W
observed, since these cempounds came into use (1960) as annkmck‘ compounds h.n“

after satisfactory control measires had been estabhshed

3.3. TuE RESPIRATORY ABSORPTION OF LEAD AND ITs
INORGANIC COMPOUNDS

The respiratory absorption. of vaporized metallic lead is effected, presumihi,
through the partial pressure of the'vapor in the inhaled air. Ordinarily, the absorptioy |, l
metallic lead is probably of little mgmﬁcance, since it may reasonably be expected Hig
oxidation or hydroxylation occurs in the air and also in contact with living tissu,:

Some portion of the inhaled, particulate, inorganic compounds is deposited in va lu“ :
parts of the respiratory tract in accordance with their mass and velocity, as well as y “h
the nafure of the structures upon which they impinge in the course of their carriay,. W
thie air. The aqueous solubility of the particles may well be an important factor in Ty
absorption, but the ultimate significance of this factor cannot be stated with ceﬂ.umx
especially in the case of minute particles (under 0.2 pm in diameter), becanse such s,y a
particles probably react with substances in animal membranes. The basic mechmus,"
involved here are trceriain, but some relanveiy insoluble compounds such ax, e
sesquioxide, when highly dispersed in the air, are re : dily- absorbed in the lung (K« b,
1961). Few pure compounds or Iead-contammg nunerals have been investiy.y, ; o
quantitatively, or comparatwely, from this ‘aspect of their behavior.

The relatively large particies of iead compounds, as dust ranging from above 14, My -
down to somewhat more than 1 wm in/diameter wxlI be trapped, for the most part, ciyy, | P
in the nares or in the upper respiratory tract. In ’ché Iatter, the particles will be nu, - > -
upward by ciliary action into the nasopharynx and wallowed or expectorated; in e
former, the particles will be blown out of the nostrils, or will move downward ing,, ey
nasopharynx. The pattxcles which are swahowad fpresent the difference betweey e,
amounts of lead ingested with fcod and beVerages a:nd the greater quantities evav Hay,.,
in the feces. The smaller particles will be distnbuted downward along tHe résph len
tract. to an extent mversely proporﬂxcnal to their size. By no means will all ui i,
particulate material be retained w:th the tract, but a consxderable proportiog \‘ N
normal respiration, 50-65 pér cent, but in rapid, shal!ow reprratlon, as much as 76 T
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MEAN URINARY 10
LEAD QUTPUT

fmg # Day) 03
o6}

04k

o2}

ol

2 4 & 8 10 @ 14 16 18 20 22 24
TIME IN SUCCESSIVE PERIODS OF 28 DAYS
FiG. 1. The influence of a daily oral dose of lead (as soluble sait) upon the mean daily output of
lead in the urine, for each 28-day period charted. Each of the foiir human subjects took the same
dose every day, these dosages, froin below upward in the chart, being: Subject $.W. (dotted
line), no lead, (solid line} 6.3 (3 x 0.1) mg; Subject M.R., 1.00 mg (this sub]ect continued on this
regimen for fifty two periods of 28 days each, but the chart is shortened to correspond 10 that of
Subject E.B.); Subject E.B., 2 mg; Subject LF., 3mg (Note that each curve, excepting the

short-time curve for LF., undergoes a decreased slope at intervals. This decrease in the output

of lead accurs in the colder months, and resumes its upward trénd in the warm months. But for
this seasonal variation, the general slope upward remains the saime, and in the case of Subject
M.R. (see¢ Fig. 2), the obverse phenomenon of progressive accuinulation of lead in the body of

this subject (in terms of the cumulative difference between intake and output) dxmlmshed or
disappeared during the period of hot weather of éach of the A4 years of the period of

admmlstratxon.,)

169

various amounts of lead by human subjects. The trend of the rate is unmistakeably
upward with increased dose. The response of fecal excretion of lead to daily dosage
may be assumed to vary similarly, despite the fact that it cannot readily be followed
daily, and the increase is not necessarily of the same order .of magnitude as that in the

-urine. Actually, the quantity of lead in the feces and urine of two ‘control’ subjects for
the group exceeded that in the food and beverages, which suggests the possibility that

some lead was absorbed from the ambient air through the respiratory tract. The differ-
ence between total daily intake and output of lead in these two subjects was too small to

LEAD BALANCE, RETENTION, AND LOSS IN NORMAL ADULT HUMAN SUBJECTS UNDER VARYING

CONDITIONS OF LEAD INTAKE 8Y INGESTION

LEAD INDUCED DIETARY CHANGES  DELEADING LEAD
{mg} prmmm——— e {mg)
1 H 1
1 H ]
120 - ; ) g - {120
100 |- %, 100
80 l -{80
60 }- - 60
g ST 4 a0
20 i E- - 20
] _,.vn/‘—"
o = —F - i : S— - o
20+ AUG AL[{G, A!{G. ALIlG. .AllJG. -} 20
6 12 32 449 i 58

TIME IN SUCCESSIVE PERIODS OF 28 DAYS

'F16. 2. Lead balance in normal adults under varying conditions of lead intake. Here is ahown
the cumulauve difference between the oral intake of lead and its output in the feces and urine of
the four cxpcrlmgnial subjects. Each subject took the same oral dosage of lead every day {in
addition to that in his diet} in the form of a soluble lead sait over the period of time indicated.
The amount of lead taken by the four subjects was: Subject S.W., dotted line, none~—solid line,
0.3 mg; Subject M.R., I mg; Subject E.B., 2 mg;: and Subject LF., 3 mg. It may be seen that there
was no persisient fall-off in the rate of the accumulation of lead in the body of any of these
subjects (i.e. no-equilibrium was reached) during the period of the: admidistration of lead, even
when the Tatter extended over 4 yeai‘s, in the case of Subject M.R.
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ahmentary tract and the kxdney The stat:sncally average adult male ‘in the United
States consumes about 300 (range 100-360) ug of lead per day. The aduit inhales from
20 to 40 g of lead per day and retains 30 to 45 per cent. The average turnover in the
female is:less than that of the male, but the pattern seems to be essentially the same,
Thc average excretmn of lead m the urme 15 apprommately 30 p,g per day T he total
ine

3.5. Tue EXCRETION OF INORGANIC Lgap Compounps UNDER
ABNORMAL CONDITIONS OF EXPOSURE AND ABSORPTION

Following the absorption of lead in quantities that are greatcr than normal, there isa
prompt increase.in the rate of the excretion of lead in the urine. This increase depends
upon the amount of lead absorbed and, under appropriate condmons, may approach
thirty txmes mean normal values. Such an enhanced urinary lead comcentration
indicates a dangerous rate of -absorption of the metal, althcugh it is not necessanly
associated; with any known symptoms of lead poisoning.

An increase in the true excretion of lead from the ahmentary tract is- also readily
demonaud‘ ble, even in an ir dividual who is not suff‘ ing significantly from the
constipatlc n often assocxated th lead poisonmg An example of the latter is illustrated
inTable @, The true rate of lead éxcretmn via the’ ahmentary tract and in the urine varies

TABLE 4. The Unnam and Alimentary Excretion of Lead Following Accumulation
: of Lead inthe Human B’ody ‘
Lead turnover in a human subject over the pel d ‘of!: 448 days, following the
termination of the daily administration, for two, yéars, of dissolved lead at the rate
_ of 2 mglday. thh meals, in addmon‘to thatinthe diet

i

Lead mgested m »

food.and beverages e
14820 15304 3561 18865
Excess of lead: elnmnated overlead mgested 4045
o © Inurine: 19.13*-
Infeces: 2132 32
2045

*Determmed by calculatmg the amount whxch would have been excrcted normally
by this subject in his urine {mean normal, daily concentranon in the urine, mg/l.;
multxphed by the volume of the urine in liters- thhm the penod), and subtracting this
product from the amount actually excreted durmg this time. The remainder was
excretedin the feces. The values arz apprmumate, but otherwise realistic, in showing
a 1:1 (approximate) relationship in this instance, between the two sources -of
excretzon

with the extent of lead absorption. Ahmentary excretxon may increase two to three
times that of urinary excretion, even when there is no demonstrable impairmérnt<of ‘the
renal function. A few observations have indicated that at relatively high levels of lead

_absorption the rate of alimentary excretion of lead is increased when the renal

excretion is impaited. Whether this adaptation protects the individual against the

DUP040009301
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Lead 171
cent) of the inhaled lead in particles of minute diameter (leSS than 0.2 em) may be
exhaled in the expxred air {(Kehoe, 1961; Nosaki, 1966). The quantitative dzaposman of
the partwles in the. reSpuatory tract of 2 nurmal person cannot be stated more than
apprexzmateiy, smce thezr fate varles ncct on!y wﬂh sxze and mas"s, but also thh

couid be found ﬁf
atory tract Whlbh

e rétory tract was iess
y rate mS ten per minute, the
at 1 0 p.m partmle size 10 39

3 4. Tae EdeE'rmN OF ABSOJRBED INORGANIC LEAD
UN ‘ER ‘N#ORMAL CIRCUMSTANCES
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TABLES. The Concentrationof Lead in the Tissues of Normal
Persans
o mngllﬂOg(Wet)

Tissue Newborn = Childofs - Adulmf 20
Kidney 0011 0059 0.07
Liver 0.05 0.051 008
Bone (Flat) 0015 1.022 L1
Bone (Long) 0.175 1. 142 -
Muscle — 4 -
Lung - 004 —

o

Brain o
4~‘.. —— o~n - - i‘-

has a higher lead content than the kidneys (Kehoe, 1961). The pattern of lead
distribution within the tissues resembles that of the adult by the time the child is about
6 years of age. The total quantity of lead in the entire body increases with increase in
weight, thereafter, but the concentrations in the respective organs and tissues may
remain essentially unchanged (Table 5). As in the normal adult, the concentration of
lead in the dense (and less vascular) part of the skeleton of the normal child is higher
than that in the trabecular and more vascular part. One can visualize a slow, steady
movement of lead from the sites of its absorptmn into the tissues and still more slowly
into the dense shafts of long bones and other- %m:a,s of comparable composition and
structure in the skeleton. A very slight counterstream of released lead, obviously less
than that absorbed, flows outward from déense bony-ti.ssixe, ‘while a greater amount flows
out from the trabecular (vascular) bone, so that in time the concentration of lead
remains higher in the dense bone thanin any other tissue, Only when thereis anincreased
rate of lead absorptmn, resulting from unusual exposure to lead, does the concentratmn
of lead in the spongy (trabecular, vascular) bopy tissue ‘become equivalent to or hxgher
than that in the dense bone Thus, the child or: ‘uult fataﬂy poxsoned by lead is found to-
have this inverted iype of distribution of skeletal lead and a susplcmusly large quantity
of lead in the body(Kehoe, 1961). ‘This ahnost inert lead fraction, accumulating over
long periods in the slowly metabolizing dense bone, may represent a protective

mechanism for the organism in that a portion of the accumulating lead in a pool from

which it is released soislowly as not to affect appreciably metabolic processes. Table 6

TABLE 6. The Concentration of Lead in the
Tissues of a Child Fatally Poisoned by Lead or
Suspected of HavmgBeen 50 Pmsaned *

T'ssue g Pb/JOO B(Wet wexght)
4Brvam 0.58
Liver 4.00
. Kidney 0.88
- Flat Bone 26.80 -
Long Bone 13, 15

*IIlustratxve data from cas;e matenal so
selected as 1o exclude resultsithat may have
been influenced by chelation therapy

gives an example of the distribution of lead in a fatally poisoned child and illustrates the
relatively high concentration of lead in the flat bone as .compared with that in the dense
bone, while demonstrating the high lead concentration in various tissues of this child.
Several matters are worthy of comment with respect to the distribution of lead
portrayed above. Unless the necropsy is performed almost immediately after death (or,
in the-case of laboratory animals, bloed is taken before death), the condition of the
available blood is likely to be such as to yield misleading results on analysis. The
importance of this matter lies in the fact that almost all of the i inorganic lead in the blood
of the living person is found in the erythmcytes. Thus these cells compete favorably
with other tissues in the body for the available lead and for this reason, the blood lead

DUP040009303
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possible effects of an mcreased rate of absorption.of lead is dubious, although it may be
inferred that it contributes to the elimination of lead from the body of the individual so
affected. However, one of the early mamfestatrons of lead toxicity is an obstinate form

‘of constzpatxon and when thlS ensues, ehmmanon of lead from the alimentary tract is

clear I ‘resparatory tract into the
vacuated l:apxdly from the
ad into the tissues would seem

3.6. Tue ExcRETION OF LEAD FOLLOWING THE ABSORPTION OF
ALKYL LEAD COMPOUNDS

The excretory products of the absorption of tetraethyllead are mainly the result of

. the decomposmon of this compound within- the organism. In all likelihood,
tetramethyllead, and the compounds derived from the mixture of tetraethyllead and -
tetramethyllead (as in certain antiknock preparations), undergo the same type of -

decomposition but at different rates, so that the composition of the urine varies with
both the compound absorbed and the lapse of time following absorption. The extent
and nature of the materials excreted in the feces are not known, but they are probably
comparable to those which. appear in the urine. Tetraethyllead decomposes.(accelerated
by ultraviolet. Tight) to triethyllead, which then combines with available anions to form
water-solubk» salts. As Calingaert and his assocaates (1939) have shown, this reaction
proceeds by stepwise loss of ethyl groups to mnraamc lead. Both tetraethyllead and
‘ ounds have been 1d"ént1ﬁed thhm the body of ammals {Stevens et al.,
1956; Creme ‘9': Stevens et al., 960). Within the animal organism the course of the
decomp asmm of tetramethyﬂead presumably is similar. Some organic lead occurs in
the urm £ any weeks.

absorptlon of tetracthylliead there is a gross increase in the lead in the
' exj et al 1954) ‘which dlmumshes very slowiy during recovery

(Kitzmiller R !
blood anid he dlspmportmnately hlgh concentratxon m the unne isan 1mportant factor

demb ¥ less man that of tetraethyuead (Cremer and Callow'(zy, 1961), whﬂc

‘ ch grcatér than that of teiraethyllead Slower decomposition and the
g‘ ‘ hfllation may ‘be factors in the lesser toxicity of this compound for
. me other hand tctramethyl]ead is more to:uc than tetraethyliead when the
t\vo ﬂomwounds are. mhaled in' equivalent concentration by dogs (Davis ef al., 1963).

3.7. THE DiSTRIBUTION OF INORGANIC LEAD ¢ MAN

Under normal conditions of pregnancy that exclude maternal employment. in
lead-using ‘industries or ingestion of illicitly distilled whiskey, the newborn has only a
small quantity of lead in the body (Table 5). These low levels are derived no doubt from
the maternal blood during intrauterine development and continue until weaning. While
the distribution of lead in the tissues of the infant is generally similar to that of the
adult, lead found in the underdeveloped skeleton is a much-smaller proportion of the
total body lead than is that in the adult skeleton {(Barry and Mossman, 1970). The liver
and kidneys contain more lead than other organs and tissues, while the liver as a rule
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TaBLE 8. Immediate -~ Distribution of
Leadin Tlssues of Rabbxt*

" Lead
Tissue : mgl 100g

Liver{entire) 5. 37
K:dney (entl.re) 297

& Cord 0:38
033
17 94
2:00
300
092

‘e‘ rabblt was sacnﬁced 3hr after
tion of 4ml of tetraethyﬂea“d 0
abi ommal skin.

the body had been excreted. The lead then found in the tissues would not necessarﬂy
derive mainly from decomposatlon products, since the process of absorption of
inorganic lead ‘with food had continued. The extent of the process of degradation of
either tetraethyllead, or tetramethyllead beyond the stage of triethyllead compounds
has not been determined.

_ 4. THE COMPOSITE PATTERNS. OF THE METABOLISM
~OF LEAD IN MAN

4.1. CoNTINUOUS EXPOSURE AND ABSORPTION

"In preceding sections, the absorption and excretion of lead, and its distribution and
accumulation in the tissues of man and laboratory animals, have been dealt with
separately, for the most part, in order to present certain features of each of these
physiologic processes. It has been difficult to portray the part played by each aspect of
the behavior of lead, under certain specific conditions of exposure to and absorption of
3 ‘ the metal. It must be emphasized that there are two different patterns of exposure to
' lead and of the responses. thereto, which differ greatly in relation to the hazard of

toxicity as well as to the means of avoiding toxic effects. In the general population,

_ exposure to and absorption of lead occur continupusly at a low level although at
somewhat variable rates. This continuous type of exposure in the ordinary environment
has been described and interpreted in an earlier part of this discussion, and need not be
dealt with further. However, one study will be mentioned in light of the significance of
the findings. Four subjects, whose daily lead intake was increased by only 0.3 to 3.0 mg,
over environmenta) exposure, showed over-.a period of years increases in the rate of
urinary excretion of lead and progressive accumulation within the body proportional to
the respective dosages of lead. (No suggestion of illness deveioped during these
experiments, but no daily dose, excepting 0.03 mg could be administered indefinitely.)

The family of curves representing the respective cumulative differences between the

intake and output of lead are shown in Fig. 2. (More complefe data for the longest

experiment in this group are assembled in Table 9.)

These observations quite clearly indicate the strictly quantitative difference between

. the behavior of experimental subjects whose exposure to lead was limited to ordinary

] environmental conditions and of others whose environmental lead was augmented by

- . additions of lead to their diets. Accumulation of lead under ordinary environmental
conditions was too small to be measured, while that which resulted from an
augmentation of ingested lead as small as 0.3 mg daily was readily apparent. It is this
feature of the continuous type of exposure which poses the risk of a progressive
increase in the total body lead, presumably for as long as the level of exposure
continues. At issu¢ here is the question of the quantity of environmental lead which.can
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must be considered in the pattern of distribution of lead in the body: This means that
the ‘effective” quam ity of fead in- the tissues of the intact living human being can, for
practical. purposes, b e estimated fromi analysis of the blood, provided that chelatmg
'substances h' e mot been prevmusiy adrmmstered

‘ m of this dxseése the bram "écommonly
as is' found in the riormal bram——-values of
fle 6), as ‘compared with the normat maximum of

3:8.. The ﬂ)zsmmzmom OF LEAD 1IN MaN, FOLLOWING THE PURY:
' ABSORPTION OF ALKYL LEAD COMPOUNDS , M .

The initial dzstnbution of .1lkyi lead compounds is that of fat-soluble’ compounds.
This is illustrated ih Table 7-by. the distribution of lead in the tissugs of an adult male

TABLE 7 Lead in Tissues af Man Eatally
Po:saned jay Tetraeth)i Lead (1943)

. Lead content
Tissue (mg] 100 £ (Wm))
Liver ’ 4. 10
Kidney 1.20
‘Brain (cortex) 1.00
Muscle 0.80
Heart 0.80
. Spleen 0.65 -

Suprarenal _ 046
Prostate 0.13
“Testicle 0.23
Lung 022
Stomach (washed) 0.10

Heum(washed) 832

who died after the absorption of an unknown quantity. of tetraethyllead. In order to
visualize, precisely, the initial period, Table 8 illustrates the distribution of lead in the
tissues of a rabbit killed only 3 hr after the application of 4.2 m! of this compound upon
the shaved belly. The concentration of lead achieved in the bodies of animals treated
similarly was sufficiently high to cause death within 72 hr.

As indicated in rabbits killed sequentially following cutaneous application of
tetraethyllead, the form of the lead in the tissues appeared to change in about two
weeks to that of water-soluble _c_ompounds',_an indication of the metabolic degradation
of the compound to tsie?;hjzllicad‘. Other decomposition products of tetraethyllead may
have influeniced the pattern of the distribution later, but by then, most organic lead in
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concerning the apparent variability in the toxic properties of lead. Since lead i
ubiquitous in nature, this intermittency does not involve the periodic lack of exposu'*
to lead, but hes in the wide yariability of intensity of exposure observed from person &

person-: and from one situation to another: It s this variability, often unnoted, andc

swallow of "ead In @ertam unc

ntlal ab‘smrption of lead from the

all pérﬁcie,s (under%

) int of‘ lead" éyaﬂéﬁ!e
arge c»mi;?énerrt of ahme;htary a
ed from f@od and bcvg:p‘age if

f lead is tobe. n*‘lamtamed It’is often-assy
1str . only xmpmtan; source of lead ab sm
environmi control in: an'industrial eétabhshmié i

rarely measured in relat\mn to: its duranon, whxch has been responsxble for the

e)'F a5y tl:tm there a; pears té be <$orher‘a
‘ﬁzedlannual data When 1ead ise a"bis

rge partxcie‘s‘\(slxghtly below and well :

ead mmiicatmn Unlgss the bu <0

over a Jong perh_a.'_
'¢ rate of rele

' y Gperatxons, z=
anql wxzh su~._.
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TABLE 9. Lead. Intake and Outpit of Normal Subject During Period of Dmfy
Oral Admmzstmt:on of Lead (I mg/day)

Sucgessive Lead Lead ehmmated .L_ea.d (mng)
periods. ' ingested o { mg) Lost(~)or
-Of 12 weeks mg) Total  In fec_cs ln urine  Fetained (+)
’3116‘ a1 36‘,,

52 +9 29

5.36. + 1.71

6.00¢ +7.22

656 —1.64

744 ~5.37

6.84 + 1603

6.39 +5,59

5.84 +2.30

T84 + 86l 62

6,94 -1.62

8.03 +1L18

. 6 66 + 12./46

82 67 _ 73 73

be dealt with by persons in'ihe gene:al populatmn w1thout any harm. In the case of the
lead in food and beverag ; hde res iratory intake remains stationary), it appears that-
if progressive atﬁ:umuiatxo '1 to be avmded this quantlty should not exceed an

i3 behavxor but were not foliowed for SO Iong a
ain- this ‘phenomenon, but the fact of its
gation in relation to climatic or .other

experimental s]
time. It is not po
occurrence i inctly worthy of investi
envzronmemal OrS.

absorption of lead at a constant level while subjecting
uated increases over sufficient periods of time to a point

risk, or alternatively, to. graduated decreases to the
onﬁnement of human subjects, for months or years, under
able them to inhale continuously air containing known
nown. istate of dispersion, however, presents considerable
een entirely surmounted. Meanwhile, there is no evidence
ciation with the situation ‘now present in the general
he purpose of this discussion to deal extensively with this

should be referred to (Public Health Service Publication

‘Kehoe, 1969).

‘maintenance of
‘respiratory ex’

difficuities, w
of impendin,
environment. e
problem, publizhe
999-AP-12, 19653

4.2. INTERMITTENT EXPOSURE AND ABSORPTION

Intermittent exposure to lead, the resuits of which are quite different from continu-
ous exposure, has been a source of misunderstanding by physicians and others

T
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MEAN DAILY
LEAD CONTENT 3
OF FOOD
AND FECES
{mg) 3 MEAN DAILY
{2 WEIGHT OF
‘ e ‘ 11" FOOD
QO "5 0 5 | 4 8 1216 20| 4 8. 12 18 (xg)
R GONTROL FLMIODrtiote, v, ltiseciamme PERTOS  OF mvnz-—————--——u:m AR n-wum_-
o W L - - .00 EXPISURE .
40
MEAN DAILY #
LEAD CONTENT .
OF FOOD
AND FECES
{mg} 43 MEAN DAILY
42 WEIGHT OF
NS RIS I . 1! Food
OO e 6 | 2 8 13 4 8 12 18 20 (kg)
-~ AFTER " IO HERIOD. OF B +o—PTRIOD AFTER TERRINATION OF it
TxPOSURE

" OF EXPOSURE

TIHE I PERIODS OF 28 DAYS )
KSwsjets 0C.}

FiG. 3. Tnfluence of particle size of inhaled lead on its fecal excretion. The points of ‘the two
upper curves of each chart (above and below) represent the :mean lead content of duplicate
samples of the food and beverages consumed, and of the feces evacuated, daily, during each
consecutive period of 28 days over which the experiment extended. The two sets of values are
plotted during a prelimjnary period-of observation, during a further period of exposure to a Iead
aerosol in a carefully controlled dynamic respiratory chamber, and during a period after the
termination of the experimental exposure. In the top experiment, the chamber contained alead
aerosol composed of particles of the mean diameter of 0.05 pm (maximum, 0.18 um) during the
period of sxposure; during the corresponding period of the lower experiment, the chamber
contained an aerosol composed of particles 90 per cent of which were under 2.0 um, 50 per cent
-of which were under 0.4 um, while the maximum diameter was 4 um. The bottom line in each
chart represents the mean daily weight of the food and beverages, during each consecuuve
period of 28 days.

It will be noted that the values of the upper curves interdigitate during the entire experimental
period of the topmqst experiment, while the two diverge promptly during the period of exposure
to the lead aerosol in the lower experiment, and resume their interdigitation on the termination *
of the period of exposure, in indjcatidn of the diversion of a considerable and essentially
uniform proportion of the particulate lead compound into the alimentary tract of Subject F.C.

industry, over long periods of time. It is important to note that sensitivity to lead may
vary both between individuals and in one subject at different times. The present goal of
the occupational physician who lacks an understanding of the mechanisms of
intoxication is to detect the least concentration of lead in the blood or urine which is
associated with toxicity so as to provide an adequate standard for prevennve action.
Seemingly, the mechanisms which induce clinical signs are often held in abeyance by
other mechanisms which render lead innocuous. There appears to be rates of absorption
which can be dealt with effectively by the organism. Thus, the slow absorption.of lead
may resuijt eventually in a relatively large. quantxty of apparently harmless lead in the
body, while rapid absorption is 2 much more certain means of inducing severe poisoning,

* despite the fact that the total quanixty of lead in the body may be relatwely small, This

may be explained bv the differences in the distribution of lead in the body under different
conditions that were discussed prevmnsly, or morg likely, by considerable variability in
the binding of lead within the organism with different rates of absorpnon Some such
phenomenon would explain the abruptness of the onset of lead pmsonmg which
occasionally occurs'in a workman who hashad no compiamts or clinical signs of illness
and who suddenly appears to be sufferingfrom an acute bout of colic. Thisis not thc usual
manrier of onset of lead colic in unsatisfactorily controlled industries, but this is how it
somelimes seems in an otherwxse well-regulated mdilstry It must be recogmzed how-
ever, that exposure of the average workman to lead during the -day’s work is often lacking
in quantitative relationship to the actual seventy of the exposure, samphng devices

DUP040009309
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concentration in the air at or below the permissible limit (150-200 1g/m’) no cases of
lead poisoning will.occur. Howcver it is not safe to assume that achievement of this
standard for 1rborne iead 1s aIl that is necessary to prevent any" mdusmai iead

. air enterfng the
tracts of these

of 'one of these
r_;:.tam_ed in the

0 per cent were
‘the . entary tract was
fet;cs during the period of
led by the conc:ehtranon
& upper expenment (Flg 3)
uld almost certainly have
: Thus t ‘quantities of lead
‘erso“’ 5 'wha inhale particulate lead appear to
vely lange partfcles dispersed’ in the forioh W}hen the
of 1 estabhshments in which
Whlch mosﬁ of thb larger

d\rlstnes overa: perlod of many years
1e onset of lead intoxication is not

‘ ite applxes to the blood of otherwise
bemg exposed to lead at the time of the analysis
been| tgr linated: days or weeks previously. The
h comespo 5 ﬁo the threshold value in the blood is
150 an!d "00 Iigli ina properiy selected specunen of

,' d poxson’mg won]d be athing
'1on is not intended to deal with the
‘protection of persons ,employe:d in the potentially
is a matterof mdl comfcm to any investigator of this
ty to know ﬂ}lﬂt there is a limited range in the

£ man below w{fxchmnp lead-iniduced illness can be

ybe substantiated by any other means than that of
or of workmen, under the conditions ‘which exzst in
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been diagnosed incorrectly as lead ponsomng simply because the time and place of
their occurrence, as well as other circumstantial evidence, tended to point toward lead
as the res;gons:ble agent. MuIUple neuritis, for example, has often been attributed to
lead with 10 supporting. evidence.As a tesult lead has been credited with the capablhty
v,of indu ng almost any type of ﬂlness mcludmg a subvclmxcal’ type of ponsomng whlch

pment of sensitive, accurate methods of analys1s of lead in tissues and
reased the incidence of diagnostic errors. This fact, in combination with

pamt ince in Amencan industry of hygienic procedures, has led toan 1mposmg
red callead pmsonmg The occurrence.of serious forms of lead poisoning in
thel 1n; reduccd nearly tothe vamshmg pomt More importantly, a number of

{o 1llnesses often unidentified as to their etmlcgy, have been shown not
joning’ as: evxdencgd by negligible exposure to and absorption of Jead.

5.2. CLINICAL LeEap Poxsoxmc

Chmcal lead poisoning occurs in gastroenteric, neuromuscular, and encephalopathic
forms. These types are characterized by the outstariding manifestation of illness which
brings a patient to a clinician. In addmon, some evidence of hematologncal abnormality-
is found: anemia (which is frequent but not mevnable), an increase in the basophilic
granulatmn {stippling) of the erythrocytes in the penphe:al circulation, and also of
erythtocytic forms in the bone marrow; or an increase of the reticulocytes in the
perxpheral blood. Other lesrpns such as hemorrhagic retinitis occur occasionally in
clinical plumblsm There are dlso blochcnucai changes, anaugmented abundance of the
precursors of porphyrin aad hemoglobm in the urine, for example, which, combined
with the anatomical dev:atxdns in ceflular elements of . the blood mentioned above
amphcate the bone ‘marrow among the principal target tissues of the body in lead
poisoning.

5.3. THE GASTROENTERIC TYPE OF LEAD POISONING

Gastroenteric symptoms in the adult are by far the most frequent characteristics of
lead poisoning in American industry. Occupational lead poisoning is usually manifested
first, by a loss of appetite, especially for the first meal after sleep or attempted rest.
Because of abdominal discomfort, muscular cramps or jactitation, or true insomnia
due to irritation of the central nervous system, the disturbance of sleep or rest may be
the first complaint of the wvictim. Minor digestive disturbances are frequent, and
constipation of i mcreasmg severity is almost always present, although diarrhea occurs
in some instances. Colic is likely to become the dominant feature in recurrent episodes
which are so frequent .and severe as'to amount to extremely great distress with but
short intervals of relief. This distress may subside spontaneously, although it is much
more hkely to require therapy After relief has been obtained spontaneously or
therapeutically; and the obstlpatlcm has been borrected the pafient usuany recovers.
Fatigue sometimes persists for 2 remarkably fong time after such an episode.

5.4, THE NEUROMUSCULAB TYPE OF LEAD POISONING

Occasionally poisoning appears in a form in which the alimentary symptoms are
sufficiently mild to be overshadowed by severe neuromuscular disturbances. Frank
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' attached to individual workmen havingrevealed: astonishing vanatxons inthe exposure to
lead.of iridividuals workingatthe same ]ObS in the same area (Williams et al., 1969).

5. THE EFFECTS OF THE ABSORPTION OF EXCESSIVE
QTUANTITIES OF INORGANIC LEAD UPON MAN

Asxde from t acute-toxie mamfestatxons of the administration of large doses of a
A contpol nd to. experzmental animals (or accidentally to men) the
lation o ndsis 1 nbt predictable. Whereas the
the possible mductmn of

5.1. Tae Toxicrry oF INORGANIC LEAD SALTS FOR MAN

The ingestion of a highly toxic or Icthal dose of lead is an unlikely occurrence in an
adult, and'so need not be dlscussed beyond the remark - that it has .accurred. The more
likely occurrence i }‘thm oﬁ the accidental ingestion of a relatively large quantity of lead
bya child, A 1et]1a]l dose of the lead salt for an adult has. beén reported by Sollman-(1948)
tohave beenas ma 12510 4g, whxle t‘our orfive tlmes that guantlty is said to berequired to
‘ esultum man. The symptoms pr@dncéd suggest an acute enteritis,
supervenes in about 36hr, The accidéTxrtal death of a child has been
Hin 24 ﬂr 1 ollowmg the ingestion of a very largebut unknown quantity

with dlarrhem ,
known'to occ{zr \

51gmﬁcance especially for industrial lead poisoning, is an

qus ntltanve relatmnshxps which exist between the rate of the
to: th body and the duration of sucﬁ absorption. The patterns of
tly, an d as may be expected the paﬂtems of the resultant disease
nty locatmn and of spec1ﬁc manife :tanons w1thm thebody. Lead
Hye considered not one but several dlseases For example, lead
”‘mon form of the disease seen in mdustry and ameng adults,
to be the most frequent problémin lead poisoning in
;hese are phenomené clasely hnked to dosage, in

< frequ‘ufncy in mdustry is now somet ‘n‘ig af a ranty, whlle the
rcat wrather than the frequ =ncy of anemxa m 1ead poxsonmg, has

gon Jthe otie. han,d anqi the bmchemad'ali
itil suchat;measthese two aspects canﬁb T latédon aratwnal basls
'dadc of thzs ‘century have hlghly senmﬁve and precxsc

5 ‘tltat].e Qhemlcal fmdmgs w1th char nérasnc abnormalmes has
"bn of chmdai mterpretatnons c:)ff thi ase. Certainly, many
c*xscls of leqd ¢ sﬁ‘nmg in the past have goue unrecogmzdd and many ilingsses have

ey
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184 ‘ R. A. KEHOE
5.6. Mixep TYPES OF LEAD POISONING

The three principal types of lead poisoning in the foregoing discussion fend to blend
into a single clinical entity in which all of the target tissues may be involved, but with
one predominating, as a rule. Thus, gastroenteric toxicity is by far the outstanding
feature: of most cases of occupanonal Iead pmsonmg, whxle ence;:halopathy, whxch is

d in “s’meWha grega,tcir
by the fact that raxcesswp

._ .h‘g SPeqﬁ%aHYl
wirel of 20 iingll a

xtosspathologxc type ‘ivhl :
owever, d Pl@e the fact that such a ty
ed, seydi‘e dbisorption of lead (Goyer et al.,

ijn}inaﬂy as small
hntxs may result 7

i
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paralyses, iavolvingthe extensor muscles of the forearm and sometimes the fingers and
hands, are most: hl{ely 1o sccur in the muscles used to the greatest extent. Bilateral N :
para!yses ‘were seen in the past; but are mfrequent at this time. In fact, paralyses are
”uncomman, although ‘extensor weakness with some: degree of atrophy of 'the affected
muscle is ot so rare. I 'thcr case, the exposure to lead reqmrcd to induge either the
; be severe and
‘usually suffered
O the muscular _
is in the lower ]
mities was a rare
_ntiefh century in

o e

i ofineb b g A ey

Ay

to Igad, there is
ENsOr musr:les,

‘t}; of the ﬁiness
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5.5. Tue ENCEPHALOPATHIC TYPE OF LEAD POISONING

Under extremely severe conditxons of respiratory exposure to lead an en-
cephalopathic type of lead poxsonmg occurs in the adult. Rarely, this manifestation is
seen with other types of exposure. In young children, by contrast, encephalopathy
gcours most fa‘equently as the result of the ingestion of large quantities of lead for
relatively shor;t per’ iods Gf time (2 or 3 years at most, but: usually months-, The metal is
ingested as leaid—commnmg flecks of paint from woodwork, furniture, putty, or plaster
within housing which dates from the time when the pamts employed for interior . 3
surfaces contamed iarge amounts: of lead pigments. ‘The  disease occurs with such E
frequency and, moriahty \(about 25%) as to represent a serious public heaith problem in
many of the. oider cities in the Umted States. Despite the widespread impression that
the occurrence of this type of lead pmsomng is peculiar to chiidren, encephalopathy ] B

oceurs in the adult as we]l It results from a rapid rate of the@~absorptxnn of large quanti- ) ’ £

‘ ues of fead. Inv nonsequence, the mtroductxon of lead into the brain is so facilitated that
j relm reaches le ls rangmg up to more than 0.5 mg/100 g of fresh
tlssué Fmdmgs. of su c;h IJeveIs atnecropsy, in the absence of other information as to the
cause of death; are ,*kef as hlghly ‘ ggestxve evxdence of the occun'ence of fatai lcad
cnc‘eﬁhalopa’ phalopathy

TR “HM‘WWWH& PR e
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states has ‘been an lm ortant t'e‘ature of pedxatrxc
casc ﬁndmg and dxagnoms ‘have been available for

many cases elsqwhere haA‘T‘/e been niisinterpreted and
L Iass ad;equate d ﬂagnostxd iac lities become avaxlable,

amd the p edia fic h , p
been alerted alnd ms‘iru ‘ted in the nature and ongm of this problem. _
3
3
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186 R. A. KEHOE

Certainly, the absorption of the products of the degradation of tetraethyllead into or

upon the surface of the erythrocytes, does not 'occur, at least to the expected extent, in
the presence of comparatively large quantxtles of orgamc lead in the body. It may be
presumed therefore, that significant conversion to inorganic lead does not occur.

6. THE THERAPY OF LEAD POISONING

y of lead poisoning, from the aspect of relief of major
,15 not Sat!Sfact y. The use. of a ohelatmg agent

The presenﬂy employed the

Excésswa

'to decxease

c.ar,e, and
d reduced

;factopy, or
ncontrolled
of high lead

u
mgredlents of as
'and appropnate m

ﬂhc ph ysxmaﬂ to
& aind 'ctcd upon, is
d i
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pttt found in Amencan méustry of any undue incidence of chronic nephritis -among
Moreovcr, in thxs country,’ chromc nephrms has not

1 found to omcur thh any undue fraquency in: later 1' c followmg lead poxsonmg in

u Xt

1e;f than tetraethyllead has not
| ‘Wmﬂd be similar in most

the! thxcuy in expenme.‘ animals are not very great.
cient i ‘ alhdn is avaﬂable 10 Justlfy the

d Were not seen by 1’hxs

_Ere cases of tetraethyllead
of the toxic potenfial of
able, hex"efore, that clinical

;1‘
gosure..When , h‘d {d:lay yas long, Jt was most apparent
asupnmanly mentél aixrnttom,

i d degree of” exposure to
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traditional responsibilities of the physician which has not been altered by the structural
changes of modern society. The resumption of work with the same or even lesser
degree of exposure to lead in an industrial plant with persistent hygienic deficiencies, is
to set the stage for the recurrerxce of mtoxzcahcm m a shorter time rhan that requxred
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