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L FAD poisoning in adults is largely an occupational

hazard that can be kept under reasonable control,
and the source and degree of exposure are generally
Miown, In recent decades, improvements in industrial
methods and in occupational health standards, such as
istitation of periadic examinations of exposed work-
o for carly evidence of undue lead absorption, have
recduced severe occupational tead poisoning considera-
bli. particulailv in the larger industries. In contrasy,
childhood plumbism generally occurs as accidental
pisoning amaiiz veung children who cannot be kept
under constant sunveillance, Although peeling lead-
bawd paint in old houses has been implicated as the
magor source of severe exposwee among children, the
source of poisoning, in many cascs, remais undeter-
mined, > '

F i the Office of Ciinicat Services. Health Services Administration, Pub.
ke Health Service, US, Depanment of Health, Fducution, and Welfare,
Rovtuille, Md. 20352,

MEDICAL PROGRESS

VULNERABILITY OF CHILDREN TO LEAD EXPOSURE AND TOXICITY
: (First of Two Parts) ;

' o Jane 8. Lin-Fu, M.D.

Lead poisoning caused by paint ingestion in infants
and children was reported in the Australian literature
around the ture of the century® and ‘gradually gained
recognition in the United States as a public-health
probiem in the 19207, when pica was linked to its oc-
currence.*? Tlespite the appearance of scores of pagrars
in the medical literature in the cnsuing years describ-
ing hundreds of cases with a formidable mortality and
morbidity,"*! there was litle systematic effort 10 deal
with this problem. Whea titanium oxide began 1o se-
place lead pigments in interior paints in the 1940%,
many thought that lead poisoning in children had be-
conic 2 problem of the past, not realizing that millions
of houses still had lead-based paint on them, and that
exterior lead paint and other lead sources may also
posc a hazard.“** Thus, unlike industrial phunbism,
the childhood lead-poisoning problenm remained cssen-
tially unchanged for about half a century. during
which only a few citics made limited attempts to deal
\Vith il.lh.li.'.!‘.'-'.'l-'.'"
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In the late 1960%, the public as well as health work.
ers suddenly awoke to the fact that lead poisoning was
still taking a high tolt among childeen in many arcas.™
A long-neglected fact also becaune obvious: lead poi-
soning in children, as in adults, i in fact a preventable
illness, After this awakening, many cities set up or ex-
panded screcning programs for the detection and treat-
mient of children with lead poisoning. Much bad been
known about the epidemiology of childhood lead poi-
soning by the late 1960°s,>** hut data collected since
then have revealed some new facts that few were pre-
pared for. :

A recent survey of 21 screening programs that tested
a taotal of 344,657 children between 1969 and 1971 re-
vealed that 8.8 10 32.9 per cent had blood lead levels of
40 pg per 100 mi or more — levels indicative of undue
lcad absorption.® The overall average percentage of
children found in these programs wo have such lead lev-
els was 26.1, which is not essentially different from that
reported earlicr by a fow programs.™ In this survey, 0
to 19.4 per cent of the children sereened had blood lead
levels of 60 pgr per 160 mi or niore, and 8 to 7.6 per cent
had levels of 80 pg per 100 mil or more — levels des-
ignated by the United States Surgeon General as
constituting “uncquivecal cases of lead poisoning™ to
be handied as medical emergencies.™ Tt should be
noted that these figures are based on testing of prese-
lected populations, most of whom are from old and
poorly maintained neighborhioods, but they do reflect
the gravity of the problems of undue lead absarption
and lead poisoning in children in many arcas of the
United States today.

Perhaps cven more surprising to many is the recent
findiug that these phenomena, carlier thought to be
found only in the “inncr cities”™ or “lead helis” or
“urban slums,” arc now reported to be no longer so
well confined. In Baltimore, screcning results in the
five-year period 1966 through 1970 showed 43.3 per
cent of children with blood lead levels of 60 pg per 100
il or morc came from outside the so-called “inner
city.” In 1971 and 1972, 38 per cent of the children
found 10 have blood lcad fevels of 40 pg per 100 ml or
more came from such outer arcas. Of 19 cases of child-
hood lead poisoning reported to the City Health De-
partnent during this period, 11 were from the inner
cily, and eight {rom other arcas.* Philadelphia also
found recently that approximately 30 per cent of the
reported cascs of childhicod lead poisoning arc located
outside what was formerly referred 1o as the “lead
belts™ or “inner city.” Some came from census tracts
where the property values were equal 10 or greater than
that of the average property value of most dwelling
units in the city of Philadelphia, indicating that this
health problem is nor necessarily found only in the
“shums.” As these cities began to cover areas not con-
ventionally thought of as “lead beles,” the previously

“Sehuvker GW: Baftinore City Evalt Department. pemonal communi-
cations,

*Sabolesky, W Philadetphia Depanment of Public Health. personal
cogrmueaications.
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well defined boundarics of these arcas began to isip.
pear, It has also been suggested that with replacemeny
of the old inner-city dwellings by urban renewal a1
other modern construction, the location of report:d
cases has moved outward to oiier parts of the citin.:

Furthermore, as scecening programs were launc)? ¢
in smaller citics, it became appareat that ahsarption of

cxcessive amounts of lead is nat {imited o children jn - -

large urban areas. A 1971 Iiinois survey involving
5151 children one 1o six years ¢la living in 14 cities of
intermediate size (10,000 10 12000 population) te-
vealed that 18.6 per cent had biood lead levels of 40 ey
per 100 mi or more — a figure similar to that reported
in large urban citics; 51 chiidren (0.8 per cent) had
blood lead levels of 80 pg per 100 ml or more. ™

Nor is the problem prevalent only in the eastern part
of the United States as some had thought, A 19711932
survey of 27 cities in 23 states located in the Midwest,
South, West, North and East of the country, involviay
2309 children, revealed that children with blood lead
levels of 40 pg per 100 ml or more were found in all b
four citics. In the cities where no such children, weie
found, obly a very Iinited number were tested. ™

Even children living in rural arcas are not spared
from this health problem, though the prevalence ap-
pears to be lower. A recent swivey of 230 rurat childiin
one to five years old from Dutchess County, New York,
and Litchficld County, Connccticut, revealed that 0,
or 9 per cent, had blood lead levels in excess of 40 pa
per 100 ml, and values as high as 70 ug per 100 ml were
found. Ninety-onc per cent of the children tested were
white, and somc came from middle-class and upper-
middie-class homes. ™

The importance of undue lead ahsorption in ¢k
dien has previously been reviewed™ I s Troguen: s
the prelude to actual lead poisoning; unless furtler
hazardous exposurc is terminated, poisoning will occn
in one to two months. ™4 Iis recognition is theyefoie
vital to the prevention of lead poisoning. Morcover.
young childven may be particularly vulnerable to leid
toxicity, and deleterious effects may occur in the ab-
scoce of overt elinical evidence of poisaning. Several re-
cent studics suggested that the freqquency of intetlectuat
impairment and other psychelogic deficits appeare:t v
be incrcased among children with evidence of undiic
lead abserption who were not thought to have lad
poisoning. ¥ Others reported that anemia is comen
even in those with blood lead concentrations of 37 10!
ug per 100 ml — levels that have often heen accepreit as
harmiess in the past.™

Studies of bload lead levels i adults comparabic w
those in children cited above are not zvailable. Howev:
er, undue lead absorption is unlikely o he as prevalon
among adults as in voung children, except in those wiw
are occupationally exposed. A 1961 survey of bliod
lead Jevels among adults in six cities (New Ogleans
Dallas, Denver, Chivago, New York and Cincinuat
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revealed that of 735 samiples tested, 2.7 per cent Wt
over 40 pg per 100 mb ™ In a survey of 106 person- i k
downtown Philadelphia, 2.8 per cent had such levd
i
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anc of 81 persons from suburban Philadelphia had
J-els exeeeding 40 pg per 100 mil** Among those occu-
Yand P siionally exposed, the figures varied from 12 per cent
,L,, qod 1 oservice-station attendants to 67 per cent in garage
Gties  n clumics in this survey.™” -"‘W
f.ead is a ubiquitous trace clement in modern man’s

‘/
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~lead-battery

nched

ton of vIromMent; exposure 1o it is incvitable, even for the
renin ¥ .lmrn fetus. 2 But what accounts for the much
olvine 1 Jer prevalence of undue Jead absorption among
ties of .omg children? Can exposure 10 pecling lead paint in
m) te- ‘.1 { houses explain this phenomenon adequately, or are
10 e oA tdren c.\'pos'.‘f{ to a nunber of other hazardous lead
mrl(-zi arsvees? Are children morge vulncrable than adulls" to
1) had (o same type of exposure? And perhaps even morc im-
K pevtant, arc they more susceptible to the toxic effects of
0 part ihi- potentially lethal element? If so, what might ac-
1-1972

et for 11? The following is an attempt to find at least
dwest, | pastial answers lo these questions.
alving ¢

d Jead t Lrav Exrosuse ix CitiLnren

il but Lezd-Based Paint
1 WO
5 2 he literature generally Illdl(‘d".a that the source of
! sared ¢ esposure in ehildhood fead poisoning is almost iuvaria-
ce ap- ' afy peeling | ad paint and broken lead- Simpregnated
ildren | olter found in  poorly maint am“d o[d houses #¥7* A
York, | ™ -ful Yeviéw of a number of reports, however, left
wat 20, wll* CASCS mmc.countcd for:. Ch.ns(un reported that :»!'
10 g a2 children with lead poisaning seen bertween 1959
fwere ndd 1964, only 575, or 62 per cent, were known to have
{were awested paint.® Of 1155 children treated for lead poi-
pper- wing in Chicago between 1967-19G8, 78 per cent gave
a prsitive history of pica for paint and plaster.™! Some
y chit- hikdren with a negative history are found to have posi-
wently ‘v abdominal x-ray studics and dcliberate denial by
arther weents or failure to observe such ingestion must ac-
accur it for such cases, But for a number of children,
refore 3 -tler sources of expaosure cannot be ruled out com-
eover, aletely.
o tead L urthermore, analysis of paint in homes of children
s ab- witit lead poisoning has not consistently revealed a
val re- hasardous lead content. Tyler reported that of 5466
cetual 1 amples of paint obtained from the home environment
red o o fead-poisoning victims in Philadelphia between
mdue %t and 1942, anly 57 per cent yielded positive find-
< lead - defined 235 maint with more than | per cent lead.
nnon ln ~'?/l a powertial source of lcad was uncovered in
T 6D Lper cent o he paim samples obtained from New
ted as- \'" « City dweitings in which children with lead poi-
il lived * Paint with 1 per cent lead cannot be

bie 10 «u-wdered safe. and the negative resufts may to some
OWeL- et reflect a sampling problem, since repeat investi-
Lalent i aften yielded more positive results. Also, dwell-
¢ whe s other than the children’s homes where they may
Hlaod i v deonsiderable time ave often not known to the in-
lans, ¢ ators. Bu, again, the possibility of other sources
wmatir - | b sardous exposure must be considered.

were | 'u above data should not be canstrued as incontro-
ms 1 e hle evidence that children with a negative lnst(n)
evels Hireestion or negative findings on housing inspection

1231

did not get poisoned from lead paing, but should serve
to broaden perspeetive on the problem and stimalate
investigation imtd other possible sources of hazardaous
exposure. Some sources occasionally implicated in-
thedrlead paint on fumiture, toys and other jtems
easily accessible to childven, improperly glazed carth-
enware, lead fumes and ashies produced by burning
casings, and other miscellancous
tems. 4 #1 In recent years it has also become in-
creasingly apparent that a number of sources other
thaivIhase inentioncd above may contribu ecia-
bly to ithcTead intake ol young childeen andsnay cven
be a means of poisoning. An outstanding-exaple is
theexuemely high Jead content of street dirt and sur-
facc soil in many citics.
—
Dust and Dirt

A 1971 Midwestern city survey found the average
lead concentration in dirt collected from residential
sites to be 1636 pg per gram, and that from commercial
sites to be 2413 gy per gram.® In 1972, a study of fead
content of street dirt in Washingion, D.C,, revealed an
alarming concentration of 12,820 ppm (12,820 pg per
gram)in samnples collected from a very busy downtown
interscetion; lesser but still remarkably high concentra-
tions of 4000 to 8000 ppm were found in <ample: from
many other sites.* Surface soi) in some city parks also
has very high lead content. Samples collected from
MacArthur Park in Los Angeles, for example, were
found to have a lead content of 3337 pg per gram.** In
Charleston, South Carolina, a survey showed that soil
lead values varied widely from 1 1o 12,000 ppm; values
of over 1000 ppm were found in samples taken [rom
the yards of 11 of 13 houses where childhood lead poi-
soning had occurred, suggesting a possible relation be-
tween lead in dirt and poisoning in children.® House-
fold dust samples in the Boston area have been found
to contain 0.1 to 0.2 per cent (1000 to 2000 ppm) lead.*?

Sayre ¢t al. recently investigated house and hand
dust as a potential source of lead cxposure in children.
They found not only that inner-city children have
higher incan blood lead values than suburban children
but that the lcad contents of dust collected from homes
and hands of the former are significantly higher than
that of the latter, and that there 1s a definite relation
between individual hand and houschold dust lead con-
tents. These investigators suggested that among innc-
city chiklren, hand-to-mouth activity could easily re-
sultin_ingestion of a considerable amount of lead.®*

The importance of the high lead content of dust and

i dirt can be viewed in its proper perspective by consid:
eration of the/dailly permissibIc intake of Icad for chit-
Fen one to three years old, which wasset at 300 g by a
TAlth Service ad hoc commitiee in 197157
This level was specified without benefit of Jaterdana in-

dicating a greater gastrointestinal absorption and re-

1ention of kead i children than in adults. The average

daily intake of Jead from diet and air among young

Fritseft AT Penonal coaturunicidion.
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children probably amounts to onc-haif to two-thirds of  contents of 180 pg per gram or more.™ Some canned !
‘the daily permissible intake, thereby feaving a very  infant food and evaporated milk have also been found
1o contain appreciable amounts of lead.***

::’ narrow margin of safety.® Receatly, Batltrop and
3 X r suggested that the daily lead intake in A
Rt z\!paandc‘ uggested the y rie REFERENCES 3
3¢ young children be limited to less than 300 pg.™
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