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Abstract Blood lead levels were determined on aran-
dom sample of persons in all age groups living near a
lead-emitting smelter in El Paso, Texas. A blood lead
level of = 40 g per 100 mi, which was considered in-

- dicative ot undue lead absorpticti, was found in 53 per~i>

cent of the children one to nine years old living within
1.6 km of the smelter and in 18 per cent of those from 1.6
tc 5.6 km; beyond that distance and in older persons
levels were lower. Children in the first 1.6 km with blood
levels of = 40 g per 100 ml were exposed to 3.1 times

T is estimated that 166,000 metric tons of particulate
lead are emitted into the atmosphere each year in the
United States.! There is a growing realization that this
lead, most of which is emitted by automobiles, may be a
widespread and potentially important source of lead ab-
sorption among children.>¢ Chronic ingestion and inha-
lation of particulate lead from contaminated dust, soil,
and air may account in part for the higher mean blood
lead levels of urban as compared to rural children,? and
may account for the increased lead levels seen in children
living near busy roadways.”

Stationary sources of lead particulates, suchas smelters,
account for only a small fraction of the total lead output.
Environmental concentrations of lead, however, may
reach especially high levels in the vicinity of stationary
sources,® !} particularly where climatic conditions such as
aridity, low wind velocity, and frequent therm alinversion
minimize opportunities for pollutant dispersal. Study of
human lead absorption in such localities might illustrate
the potential health hazard posed by particulate lead and
might better define the routes of its absorption from the
-environment.

The present studies were conducted in El Paso, Texas,
near a large ore smelter that has been in operation since
1887 and has the capacity to extract lead, copper, and zinc
from over 800,000 metric tons of ore concentrates annual-
. Iy. In December, 1971, the E! Paso City— County Health
Department found that this smelter had emitted 1012
metric tons of lead, as well as 508 metric tons of zinc, 11
metric tons of cadmium, and 1 metric ton of arsenic in-
to the atmosphere through its stacks in the years 1969
through 1971.1243 In our studies we determined blood
lead levels in a sample of persons living throughout El
Paso, and we measured exposure of these persons to lead
in dust, soil, air, paint, food, water, and pottery. Our pur-
pose was to ascertain the prevalence and severity of lead
absorption in this locale, and to evaluate the role here of
particuiate lead in lead uptake.

From the Bureau of Epidemiology, U.S. Public Health Service, Center
for Disease Control, Atlanta, GA, and the E} Paso City— County Health
Department, El Paso, TX (address reprint requests to Dr. Landrigan at the
Bureauof Epidemiology, Center for Disease Control, Atlanta, GA 30333).

as much lead in dust as children there with lower blood
values (6447 vs. 2067 ppm). There was also airborne
lead exposure (8 to 10 ug per cubic meter, annual
mean). Paint, water, food, and pottery were less impor-

tant-asseuTees.

The data suggest that particulate lead in dust and air
accounted for most of the lead absorption in El Paso
children. The smelter was the principal source of this
lead, especially within 1.6 km of itself. (N Engl J Med
292:123-129,1975)

BaAckGROUND

El Paso, population 322,261 (1970 United States Cen-
sus) is located in the Rio Grande Valley in west Texas. Itis
surrounded to the north, northwest, and west by high
mountains. The climate is extremely arid (10 to 25 cm of
rainfall per year),'* and a fine, gritty dustis present in the
air on many days. Winds are light, and calm is observedin
25 per cent of hourly readings.!* Thermal inversions oc-
curon 70 per centof mornings.'®

Air SaMpLINGY

Measurements were made of lead, zinc, cadmium, and
arsenic concentrations in high-volume samples of air-
borne particulates, of the size distribution and content by
size of suspended particles, of ratios of lead to brominein
high-volume samples, and of the heavy-metal content in
dustfall.

High-volume air samples were collected upwind and
downwind of the smelter at the property boundary, 60 to
120 m from the base of the main smelter stack, and at
39 other locations in El Paso. Collections were according
to the method of the Texas State Department of Health!®;
lead, zinc, and cadmium determinations were by atomic
absorption spectrophotometry and arsenic by an arsine
method.!” The annual mean lead concentration at the
property boundary downwind of the smelter in 1971 was
92 pg per cubic meter (range, 15 to 269 ug per cubic me-
ter). Levels fell rapidly with distance and reached back-

~ground values at 4 to 5 km (Fig. 1). Cadmium, zinc, and

arsenic levels were also highest immediately adjacent to
the smelter and decreased with distance. Lead emissions
were found intermittently adjacent to a battery-recovery
plant, but no appreciable heavy-metal emissions were ob-
served atany of 14 other industrial establishments tested.
From June, 1972, through July, 1973, the lead concentra-

*For more detailed information order NAPS Document 02517 from
National Auxiliary Publications Service, cfo Microfiche Publications,
440 Park Ave. S., New York, NY 10016; remitting §1.50 for each micro-
fiche-copy reproduction or $5 for each photocopy. Outside the United
States and Canada, postage is $2.00 for a photocopy or $0.50 for a micro-
fiche. Checks or money orders should be made payable to Microfiche Publi-
cations.
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Figure 1. Air Lead,” Cadmium,* Zinc" and Arsenic** Concentra-
tions (Suspended Particulates), According to Distance from
Smeiter, El Paso, Texas.

tion was again highest downwind of the smelier (12-
month mean, 43 ug per cubicmeter).
 Data on the size distribution of particles were collected
once amonth!8 from August, 1972, through July, 1973, at
a single site 250 m from the smelter with use of the An-
dersen particle-sizing head. The data indicated that 42
per cent of the particulate mass was contained in particles
below 2.0 wm in diameter (12-month mean). Atomiic ab-
sorption spectrophotometry of each size fraction was per-
formed on the seven samples collected from January
through Tuly, 1973, and showed concentrations oflead to
be highest in particlesbelow I um (Fig.2).*
Additional high-volume air samples were analyzed' for
lead and for bromine content?? as a measure of the con-
tribution of automotive sources to airborne lead; in com-
mercial gasolines?! and in automotive exhausts the ratioof
lead to bromine is 2.6/1.0. Samples taken in February,
1972, at a site 200 m from the smelter showed amean lead/
bromine ratio of 62.8 (Fig. 3). Samples from the same
location in May, 1973, had aratio of 11.2. Additional 1973
samples showed that ratio to decrease rapidly with dis-
tance from the smelter and to approach a base-line value
of approximately2.6at5to6km.
Dustfall (settleable particulate) samples were obtained
from October, 1970, through July, 1971, at the smelter
and at 10 other sites (Fig. 4).12 Dustfall was greatest at the

*Respiratory lead absorption is inversely proportional to particle size.
Reports indicate thatatleast 30 per cent of particles below 2 u min diameter
are retained and subsequently absorbed in the lungs. Between [0 and 30 per
cent of particles of 2 to 5 pm and almost none larger than 5§ uwm are

retained.t1? Larger particles, however, may be swallowed, coatributing to
gastrointestinal absorption.

*Determinations kindly performed by Dr. Jimmy Payne, of the Texas Air
Control Board, Austin, TX, with use of an x-ray fluorescence technic.

B2 TOTAL PARTICULATES
[] LEAD CONTENT
T 95% CONFIDENCE LIMITS

i PERCENTAGE

L1-2.0 2.0-3.3 3.3-70

PARTICLE DIANETER {wm)

®yuEAN: AUGUST (972-JULY 1973; ONE SET OF SAMPLES EACR MONTH
..IEAN: JANUARY-JULY, 1973; ONE SET OF SAMPLES EACH MONTH
ALL SAMPLES COLLECTED IN SMELTERTOWN, 230 METERS FROM THE SMELTER STACK

Figure 2. Size Distribution* and Lead Content** of Airborne
Suspended Particulates, EiPaso, Texas.

smelter and decreased with distance. Likewise, the con-
tent of each metal was highest at the smelter (10-month
means, 204 mg per square meter per month for lead, 86
for cadmium, 999 for zinc, 553 for arsenic, and 1511 for
copper). In areas shielded by mountains, background lev-
els were observed closer to the smelter than in open areas
of the valley.

SorL SAMPLING

‘Soil samples we'ré collected from March, 1972, through

- June, 1973,.at 99 sites in El Paso and at three remote sites.

Samples were taken at the surface and at dépths 0f2.5,5.0
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late Samples,** El Paso, Texas, in February, 1972, and April-
July, 1973.



and 7.5 cm and analyzed for lead content by atomic ab-
sorption spectrophotometry. Only trace amounts of lead
(<50 ppm) were found at the remote sites. Within the city,
highest levels in 1972 were found within 200 m of the
smelter (mean of 3457 ppmand range o[ 560 to | 1,450 for
54 samples); lead content was consistently highest at the
surface. Levels fell rapidly in the first 2 to 3 km from the
smelter, but remained above background for as far as 10
km (Fig. 5). Similar though less extensive distributions
were noted for zinc, cadmium, and arsenic. Distribution

changed from 1972.

®l0-Month Mean Voluez

Figure 4. Lead in Dust Fall (Milligrams per Square Meter per
Month), Ei Paso, Texas, October, 1970, to July, 1971.

Dust SamPLING

Household dust samples were obtained once a month
from July, 1972, through June, 1973, at 51 locations.
Highest values were obtained in Smeltertown, avillage ad-
jacent to the smelter; geometric mean lead contentin 53
samples there was 22,191 ppm (Table 1). Zinc, cadmium,
and arsenic levels were also highest in Smeltertown, and
alllevels declined rapidly with distance.

Foop AND WATER SAMPLING

Food and tap-water samples were obtained in March,
1972, from 13 homes, nine of them in Smeltertown. No
lead was detected in any of these samples; the lower limit
of detection for lead was 0.05 g per milliliter.

HumaN STubDIES

In preliminary testing programs conducted through-
out El Paso from January to April, 1972, whole-blood lead
levels of = 40 ug per 100 ml* were found in 94 (43 per
cent) of 223 persons living within 1.6 km of the smelter, in

*A whole-blood lead level of 40 ;1 g or more per 100 mlisconsidered by the
Surgeon General to be indicative of *"undue |ead absorption,” and a con-
firmed level of 80 ug per 100 ml or more is considered to represent *une-
quivocal lead poisoning.''#2

28 (8 per cent) of 363 from 1.6 to 3.2 km, and in 6 (1 per
cent) of 425 beyond 3.2 km. Four children with blood lead
levels of 80 1o 90 ng per 100 ml were found; all were Srnelt-
crtown residents, and theirages were two, three, four, and
four years respectively. No children were found to have
symptoms of acute lead poisoning.

To define the distribution of blood lead values more
precisely, a random-sample survey of all familiesin the 13
census tracts most closely adjacent 1o the smelter was un-
dertaken in August, 1972. The survey area was divided

- :-paees ns for all thesemsals in 1973 were virtually un-i...c.alomg sceasus-tract boundaries into three roughly~ecn-

centric sections, each 1.6 to 2.6 km in diameter with
the smelter at the center (Fig. 5). Area I included
Smeltertown, population 500 (estimated from 1970 Unit-
ed States Census data), a cluster of adobe buildings 200
m from the smelter, as well as Old Fort Bliss, a group of
wood and stucco tenementbuildings. Mean annual family
incomes in the three areas were $7,020, $6,143, and
$5,487 respectively (1970 United States Census data).

To obtain data on the prevalence of blood lead levels =
40 pg per 100 ml that would with 90 per cent confidence
be accurate within =5 per cent, it was calculated (given an
anticipated overall prevalence rate of 10 per cent), that
100 persons would need 1o be surveyed in each area for
each age group. Accordingly, on the basis of family com-
position data, estimated from the 1970 United States
Census, 220 households were selected in area 1, 400 in
area II, and 320 in area [11. Because of a paucity of oc-
cupied units in area I, all families were included. In areas
11 and 111, households were selected by blocks according
to the randomization procedure described by Serfling,**

and approximately 2 per cent of households were so se- - e

lected. No substitutions were allowed for vacant houses or’
for families that refused to participate. Of the 940 housing
units selected, 107 were unoccupied, and interviews were
obtained in 670 (80.4 per cent) of the remaining 833. In

MEXICO

SCALE 1M KILOWETIRS

Figure 5. Surface-Soil Lead Levels and Survey Areas, El Paso,
Texas, 1972.



Table 1. Lead Content in Household-Dust Samples El Paso,
Texas, July, 1972, to June, 1973, as Compared with Phil-

adelphia.?
SecTioN No. oF Leap ConTENT (PPM)
STuDIED SaMmpLES
GCEOMETRIC MEAN RANGE
ElPaso:
Distance from smelter (km): '
0.0-1.6 53 22,191 2,800-103,750
1.7-3.2 219 2,124 . 100-84,000
3364 209 1,552 100-29,386
>6.4 48 973
- Philadetphia:

Urban industrial area 16 3,855 929-15,680
Urban residential area 4 614 293939
Suburban area 4 830 277-1,517

the group from one to 19 years of age this survey netted
758 of an anticipated 1200 individuals. This low countap-
pears to have resulted from a somewhat lower than ex-
pected numbser of children per family and from the high
frequency of unoccupied housing units.

Information was obtained from each person surveyed
on length of residence at current and previous addresses,
on occupation or school attended, on the average number
of hours spent out-of-doors each day, and on prior history
of blood lead testing or treatment for undue lead absorp-
tion or lead poisoning. For children below the age of five
years, parents were asked whether there was pica. A
venous-blood sample for lead analysis was drawn in a lead-
, 2e vacuum tube from all persons one to 19 years old and

‘trom every second person above that age. Duplicate lead
determinations were performed by a modified Delves-cup
atornic absorpticn procedure.?* If a person in the study
population had had a blood lead assay by atomic absorp-
tion spectrophotometry within the preceding six months,
nonew sample was obtained, and instead the results of the
prior test were used; thatsituation applied to 242 persons,
allofthemfromareal. )

In each home visited, paint, particularly on interior
surfaces accessible to children, was checked for flaking or
teethmarks, and two or more {ull-thickness paint samples
were chipped off for'leaa analysis.?* Any pottery vessel
used for food preparation or storage was tested for lead
release. One to two surface-soil and one to three house-
held-dust samples were collected in each home for lead
analysis.?*

The highest blood lead levels were found in area ; the
mean there was shown by analysis of variance with use
of an F-test® to be significantly higher than the means
inareas 11 and III (p < 0.001). Within area I the highest
prevalence of blood lead levels of 40 to 59 ug per 100 ml
and also of 60 ug per 100 ml and above was noted in
Smeltertown. Prevalence rates elsewhere in area I were
between those in Smeltertown and those in areas 11 and
I1I (Fig. 6). The findings in areas 11 and I11 did not differ
significandy [rom oneanother.

Highest lead levels were noted in the youngest age-

roups. Inareal, 55 per cent of children one to four years
old had levels of 40 to 59 ug per 100 ml, and another 14

per cent had levels of 60 pg per 100 mlorhigher (Table 2);
the highest level noted was 83 pg per 100 ml, in a two-
year-old girl in Smeltertown. Levels in the older groups
were lower; levels =40 pg per 100 ml, however, were ob-
served in 27 per cent of children five 1o nine years and in
14 per centofthose 1010 14 years old from the threeareas
surveyed. Significant differences were noted in all age
groups between mean levelsin areal and those in areas 11
and I11. ‘ v

Analysis according to sex showed no consistent dif-

~ 200-27T00 = B etes in the groups one to four and five tormicyears of

age. From the age of 10 onward, however, mean leveis
were found to be higher in males. The male-female dif-
ference was greatest in areas I1and 111, and in all areas, it
became more highly significant with increasing age.

The [requency of pica was low in all areas. No children
in area I with blood lead levels = 60 ug per 100 ml gavea
positive history for pica, whereas one three-year-old child
inarea 11, with a blood level of 63 pg per 100 ml, had pica
for dirt. No significant relation was found in any age
group between hours per day spent out-of-doors and

_ blood iead level. There were also no significant relations

between blood level and school attended or occupation.
Three households in the sample population were known
to have included smelter employees; in none of those were
any children withlead levels =40 ug per 100 mlfound. In
area ] arelation was observed between length of residence
and blood lead levels; only five (18 per cent) of 28 subjects
one to 19 years old who had moved into area I in the two
years before the survey had blood lead levels = 40 pg per

100 ml, whereas 56 (43 per cent) of 130 children who had

lived there-for two or more yéars had such levels..In areas
II and I1I emigration from Smeltertown did not con-
tribute importantly tothe distribution of blood lead levels;
only four (8 per cent) of the 49 children in those areas with
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Figure 6. Distribution of Blood Lead Levels in Persons Oneto

19 Years of Age, According to Area, El Paso, Texas, August,
1972.



Table 2. Survey Results and Population Projections According to Area and Age-Group, Ei Paso, August, 1972,

AREA Ace Grour Survey RESULTS PorutaTioN PROJECTIONS
(Yr)
NO. % wWiITH R WITH NO. OF ESTIMATED NO. ESTIMATED NO.
TESTED BLOOD LEAD BLOOD LEAD PERNONS WITH BLOUD WITH BLOOD
40-59 po =60 pc 1-19 vk tEAD 40-39 p¢  tEAD »60 pc-
/100 ML /100 Mt OF AGE® J100 ML J1O0 mL
i 1-4 49 55 i4 88 48 13
59 101 34 11 131 44 14
10-19 109 25 6 203 50 13
20+ 98 16 0 i
&I
h 1-4 83 23 4 4.770 1.092 172
59 124 12 0 6.179 747 0
10-19 292 3 1 13,123 360 180
20+ s13 3 A —
Totals 1,369- 9 2 24,494 2,341 350

*From 1970 US Census.

levels = 40 pg per 100 ml had moved in within two years,
and only one of the four immigrants had come from
Smeltertown. No data were obtained on the frequency
with which children living outside Smeltertown may have
visited there.

Paint ExPOSURE

Avtotal of 1600 paintsamples, 256,667,and 677 by area,
respectively, were collected for lead determination during
the random sample survey. A lead content of 1.0 per cent
or above by dry weight was found inatleast one paintsam-
ple from 30 per cent of the homes studied in area I, from
5 per cent-in area 11, and from 25 per cent in area 111

t Population-weighted average excludingages =20 yr.

PotTERY EXPOSURE

Pottery vessels were found to have been used for food
storage or preparation in 37 (6 per cent) of the 670 homes
visited. The number with a lead release of = 100 pg per
100 ml was two of six in area 1, seven of 19 in area I, and
three of 12 inarea 111. Another iwo vessels in area [T and
five in area 111 had lead release of 7 to 99 ppm.* A positive
relation existed between blood lead levels in subjects one
to 19 years old and lead release from pottery: six of 13
children exposed to poutery with lead release of = 100
ppm had blood lead levels of = 40 ug per 100 ml, and the

- group mean level was 37 ug per 100 ml; in contrast, only

Within area I, paint with = 1.0 per cent lead was noted.ini: ...

23 per cent of Smeltertown homes (primarily adobe con-
struction) and in 43 per cent of those outside Smeltertown
(primarily wood-frame buildings). Flaking paint was ob-
served in 87 of 95 (92 per cent) households examined in
area I, and in 240 of 446 (54 per cent) of those in areas 1
and 111. Paint with teethmarks was noted in three of 20
houses examined in area I, and in three of 349 in areas 11
and I11. The lead content of toothmarked painttended to
be high (means of 2.6 per cent in area I, and 5.2 per cent
in areas 11 and 11I). Blood lead levels of children one to
six years old living in hoines with toothmarked paint,
however, did not tend to be higher than those of other
young children living in the same areas: four of eight
children exposed to toothmarked, leaded paint in area 1
had blood levels of 40 to 49 pg per 100 ml, whereas the
levels in four were < 40-ug per 100 ml. One four-year-old
child in area 11, who lived in 2 home with 11.1 per cent
paint lead content, had a blood level of 61 ug per 100 ml,
whereas seven other children in areas I and 111 who were
exposed to as much as 3.4 per cent lead in toothmarked
paint all had levels < 40 pg per 100 ml. The exposure
rates in the three survey areas of children one to four years
old to paint with 1.0 per cent or more lead content were
42, 33, and 30 per cent respectively. The prevalence of 2
blood lead level of = 40 pg per 100 ml was nearly the same
for children exposed in their homes to paint with 1.0 per
rent or more lead as for those without such an exposure
(prevalence ratesof 32 per centand 39 per cent).

one of 14 children exposed to pottery with lead release .
below 100 ppm had a blood lead level of =40 ug per 100
ml,and the group meanlevel was 29 ug per 100 ml.

Sor. ExPoOSURE

A total of 466 surface soil samples were collected — 82,
184, and 200 by area respectively. The geometric mean
lead leve!l in the samples from area I (1791 ppm) was
found to be significantly higher than those in the samples
from areas 11 (684 ppm)and I11(370 ppm); mean levels in
the latter two areas did not differ significantly from one
another. In area | a significant relation (p < 0.05) was
found between soil lead content and blood lead levels in
subjects one to 19 years old (Fig. 7). The geometric mean
soil content at the homes of children with bleod lead levels
of = 40 ug per 100 ml was 2587 ppm; for children with .
blood levels below 40 pg per 100 ml the mean was 1419
ppm. This relation was not found in areas 11 and 11, pre-
sumably because of the muchlower mean soil lead level.

Dust ExPOSURE

Five hundred and ninety-four household-dust samples
were obtained—106, 234, and 254 by area. Again, the
geometric mean lead content was significantly higher in
area I (mean of 4022 ppm for area I versus 922 ppm for
arealland 816 ppm forareaI1I). Inarealahighly signifi-

*f_ead release of = 100 ppm was considered capable of causing acute
severe poisoning, and release of 7to 99 ppm might cause chronic poisoning
with continuous use.26
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cantrelation (p < 0.0001) was noted between the lead con-

tent of household dust and lead levels in the blood of.

children one to 19 years old (Fig. 7). Children with blood
* Jevels of = 40 pg per 100 mi:ived in homes where the
geometric mean lead content in dust was 6447 ppm,
whereas in the homes of those with levels less than 40 pg
per 100 ml, lead in blood contained 2067 ppm in dust. No
positive relation was found between household dust and
blood lead levels in areas I1 and 111, presumably because
of the much lower meanlead levelin dust.

DiscussionN

A whole-blood lead level of 40 pug per 100 ml waschosen
ih this study as the criterion of abnormal lead absorp-
tion.2! This value has been shown to be 2 standard devia-
tions above the mean in populations of children without
abnormal lead exposure?”#* and is the level at which the
first biochemical manifestation of lead toxicity becomes
evident.! v :

Abnormal lead absorption, so defined, was found in
43.2 per cent of children one to 19 years old and 52.7 per
cent of those one to nine years old living within 1.6 km of
the smelter, as well asin 9.8 per cent of children one to 19
and in 17.9 per cent of those one to nine years old liv-
ing from 1.6 to 6.6 km (Table 2). From these data,
which were obtained in a randomized survey intended to
be representative of the entire population in the areas sur-
veyed, it is possible to estimate the total number of
children in the surveyareas who may have had blood lead
levels of = 40 pg per 100 ml at the time of the survey (Ta-
ble 2). A potential pitfall in this projectionis thatitis based

on only asingleseriesof blood samples; thus, both biologic
and laboratory variations are unchecked by a second se-
ries of bloods.2? The large number of samples (758 from
children one to 19 years old) and the fact that duplicate
analyses were performed on all might be expected, how-
ever, to minimize such potential sources of error. It was
projected, on the basis of 1970 United States Census data,
that over 2700 children one to 19 years old in the areas of
El Paso surveyed may have had blood lead levels of 40 pg
per 100 mlor higherat the time of the survey (Table 2).
Various potential sources and vectors of absorbed lead

~were considered. Paintingestion could not adequatelyau-

count for the geographic pattern or.age distribution of
lead absorption in El Paso. Although some children un-
doubtedly ingested lead-based paint, the content of lead

in paint was no higher in area 1 than in areas 11 and 111,

and no higher in the homes of children with blood lead
levels = 40 pg per 100 m] than in the homes of those with
lower levels. Also, the prevalence in El Paso of paint witha
lead content of = 1.0 per cent (30 per cent prevalence
rate) was much lower than that in the homes of Phila-
delphia (57 per cent) and New York City (76 per cent) chil-
dren with lead poisoning.? Food and water were found o
have made no more than a negligible contribution to lead
uptake. Pottery probably caused lead absorption in some
persons, as indicated by the elevated mean blood levelsin
children exposed to leaded pottery, but pottery was not
widely used [or culinary purposes, and pottery with a
potentially dangerous lead content was found in only 2.8
per cent of the homes visited.

Environmental particulate lead, on the other hand, had

a geographicdistribution very similar to that of the blood ..
‘lead levels of = 40 pg per 160 ml. The highest environ-

mental levels of particulate lead were found in dust, and a
close relation (p < 0.0001) was observed in area I between
blood lead levels and concentrations of lead in dust (Fig.
7). These data were taken to indicate that chronic oral in-
gestion and gastrointestinal absorption of particulate lead
from dust were a major source of lead uptake, at least
within 1.6 km of the smelter. Airborne particulate lead
also appears to have been readily available for human up-
take, and air lead levels in Smeltertown were sufficient to
have produced substantial pulmonary absorption (Fig.
1).6293% Transpulmonary uptake may have been further
enhanced by the preferential concentration of lead that
was noted in the smaller-size particles (Fig. 2); such pref-
erential concentration has been noted in several previous

" studies.?!32 Particulate lead from soil appears to have con-

tributed relativelyless tolead uptake in El Paso (Fig. 7).

It appears that the more mobile fractions of environ-
mental particulate lead — that is, the lead in dust and air
— were those most closely associated with human uptake.
Future studies of lead absorption from the environment
should perhaps focus on these fractions. Soil lead, al-
though valuable as an index of environmental contamina-
tion, appears to be relatively immobile and thus less acces-
sible for absorption. This construct might explain the
finding in previous studies of elevated dentine,® hair,*and
bloods lead levels in children exposed to high levels of lead
in dust or air (or both) and at the same time would explain

.....



the failure to demonstrate blood lead levels of = 40 ng per
100 ml in British children exposed to high concentrations
oflead in soil, but in an area of relatively heavy rainfalland
negligible air lead content.® Although our data on the
possible importance of environmental particulate lead
need to be corroborated by future studies, they tend to
confirm the concept that such lead is biologically accessi-
ble and that it may be an important cause of chronic, low-
levellead absorption in childhood .-

_.Our findings indicate that within a_l.6-km radius of
itself, the El Paso smelter was the principal source of
particulate lead in the environment. It may therefore be
concluded that in that area, the smelter was the major
source of the lead absorbed by children. In addition, there
is evidence from our soil, air, and dust data, that lead

emitted by the smelter had been deposited in the environ-

mentat a distance well beyond 1.6 km. Whether suchlead
may also have contributed to human absorption is less
clear; there appears, however, to be nosource ofleadinEl
Paso other than the smelter that can account, in areas 11
and 111, for the 27 per cent prevalence among children
one to four years old and for the 12 per cent prevalence
among those five to nine years old of blood levels of =40
pg per 100 ml. Further studies of possible neurologicand
psychologic dysfunction resulting in El Paso children
from chronic low-level lead absorption have been con-
ducted.

Note added in proof: An article describing lead absorption in chil-
dren living near a smelter in Toronto, Onziario, Canada, has re-
" centlybeen published in Science.®4 Co )

We are indebted to Mr. John C. Ress, city attorney for El Paso,
for support and encouragement and to J. Julian Chisolm, Jr.,
M.D., of the Department of Pediatrics, Johns Hopkins University
School of Medicine, for acritical review of the manuscript.
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