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Prevention of Lead Toxicity in US Childrén’ o

Copyright Law |
Bruce P. Lanphear, MD, MPH; Kim N. Dietrich, PhD; Omer Berger, MD

During the past 2 decades, the proportion of US children who have blood lead concentrations of 10 pg/dL or higher
declined by over 80% after the elimination of ieaded gasoline and lead solder from canned foods, and a ban on feaded
paint used in housing and other consumer products. Fatalities and symptomatic lead poisoning are now rare. Residential
lead hazards, which are exceedingly difficult to control, are currently the major source of lead intake for children. Undue
lead expostre has retreated inte 2 major risk groups; impoverished children who live in older, poorly maintained rental
housing and more affluent children who live in older housing undergoing renovation. Despite the dramatic decline in
children's blood lead levels, lead toxicity remains epidemic among impoverished children whe live in older rental
housing, especially those who live in the northeastern and midwestern regions of the United States. There are increasing
data linking iead exposure with other systemic effects including delinquency, dental caries, and learning problems.
Moreover, there is evidence indicating that there is no discernible threshold for lead-associated cognitive deficits. Thus,
it is increasingly important to shift our efforts toward the primary prevention of childhood iead exposure from residential
hazards. This article reviews the epidemiology and control of childhood lead exposure, focusing especially on steps

necessary to shift toward primary prevention,
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stellation of signs and symptoms. Children with symp-

tomatic lead poisoning presented with abdominal
cramps (lead colic), persistent vomiting, anorexia, or ob-
scure neurologic problems such as headache and visual
disturbance.’ At blood lead concentrations of 70 pg/dL or
higher, encephalopathy, coma, and death often ensued.? In
the era before chelation therapy, 28% to 45% of lead-
poisoned children who presented with signs or symptoms
of encephalopathy died.*?* Over 25% of children with
acute encephalopathy sustained overt brain damage, such
as mental retardation and seizures.*-?

The major problem of lead toxicity in US children has
shifted from overt lead poisoning to subclinical effects.
Fatal lead poisoning has become rare in the United States.
The mortality rate from lead poisoning declined precipi-
tously with the advent of chelation, a pharmacologic ther-
apy that binds lead in the vascular systemn to make it sol-
uble so that it can be excreted in the urine.® In March
2000, after a decade without a fatality linked to lead poi-
soming, a 2-year-old Sudanese immigrant died in New
Hampshire from ingestion of lead-based paint.” This ar-
ticle will review the epidemiclogy and control of child-

In the past, lead poisoning was diagnosed by a con-
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hood lead exposure, focusing especially on the rationaie
and steps necessary to shift toward primary prevention.

EPIDEMIOLOGY OF LEAD EXPOSURE

Over the past 2 decades, blood lead levels among chil-
dren in the United States have declined dramatically.® This
has been due, in part, to the elimination of leaded gaso-
line. Before 1977, the allowable level of lead in gasoline
was 0.78 g/L. In 1977, it was lowered to 0.026 g/L in the
United States, but over 50 countries continue to use leaded
gasoline.” In 1976, the Consumer Product Safety Com-
mission (CPSC) restricted the allowable level of lead in
residential paint to 0.06%.* The proportion of canned
foods using lead solder was reduced, from over 90% in
1978 to less than 5% in 1988." Finally, there was a large
decline in the percentage of housing painted with lead-
based paint.'* It is difficolt to quantify the blood lead de-
cline attributable to specific sources, but the combined
effect led to a rapid decline in children’s blood lead levels.

Despite the reduction in children’s blood lead concen-
tration, lead ioxicity remains epidemic in some popula-
tions. Using data from the Third National Health and Nu-
trition Examination Survey (NHANES III), conducted
from 199} to 1994, the Centers for Disease Controt and
Prevention estimated that 890000 (4.4%) of the preschool
children in the United States have a blood lead concen-
rration of 10 wg/dL or higher® But in some cities, espe-
cially in the northeastern and midwestern United States,
over 20% of preschool children have blood lead levels
exceeding 10 pg/dL.'"" Racial disparity in bleod lead
levels is pronounced. Black children have significantly
higher blood lead levels than do white children.'”-"*
Among black children aged | to 5 years who lived in
housing built before 1946, 22% have blood lead levels
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210 pgfdl® Latino children have blood lead concentra-
tions lower than those of black children but higher than
those of white children.®

Racial disparity in blood lead levels persists even after
controlling for other sources of environmental lead ex-
posure.'s** Racial disparity in blood lead levels is due, in
large pas, to differences in environmental exposures. But
differences in calcium intake or metabolism may also ac-
count for some of the racial disparity in blood lead lev-
efs.’-* Black children ingest, on average, lower amounts
of calcium than white children,'” and low dietary caicium
intake is associated with higher blood lead levels.?
Nonetheless, in a study that controlled for environmental
exposures and dietary calcium and iron intakes, black
children’s blood lead levels were still 50% higher than
white children’s.!s

___Age of housing is a major predictor for childhood lead -

~ poisoning. 2 In 4 national survey of housing conducted
in 1998, Jacobs and coworkers'? estimated that over 25
million (27%) of US housing units contain | or more lead
hazards. But the prevalence was higher in older housing.
For housing built from 1978 to 1998, 1% contained lead
hazards, whereas the prevalence of residential hazards in-
creased to 10% of housing built between 1960 and 1978,
51% of housing built between 1940 and 1959, and 67%
of housing units built before 1940."* Over 30% of housing
units with fead-based paint contained | or more lead haz-
ards even when the paint was in good condition. The prey-
atence of housing units with lead hazards was higher in
the northeastern and midwestern regions of the United
States, in rental housing, and in lower-income housing."?

EVOLUTION OF A DISEASE

The epidemic of childhood lead poisoning in the United
States was preventable. In the early 1900s, 2 Australian
physicians, Drs L. Gibson® and A. J. Turner,® described
childhood lead poisoning as a distinct entity. In 1904,
Gibson showed that painted walls and railings were the
source of lead after collecting wipe samples of various
surfaces in the homes of lead-poisoned children. Gibson®
believed that because most children with lead poisoning
bite their nails or suck their fingers, educational efforts
could help prevent lead poisoning. Four years later, with
no evidence that education led to a decline in cases of
lead poisoning, Turner® concluded, “Prevention is easy.
Paint containing lead should never be employed ...
where children, especially young children, are accustomed
o play.”

Unfortunately, the Lead Industry Association, a trade
group of lead manufacturers, successfully fought the pro-
mulgation of regulations in the United States for over 50
years.* Many European countries banned leaded paint in
1921, but it was not banned in the United States until
1978.% Ultimately, regulations to eliminate the use of lead

AMBULATORY PEDIATRICS

_Sequelae of Lead Poisoning

In the early 1900s, it was believed that if a patient sur-
vived lead poisoning, he or she would recover com-
pletely.?*” In 1943, Byers and Lord™ reported that the
effects of childhood lead poisoning were not limited 1o
symptoms associated with acute lead poisoning. They
found that 19 of 20 children who had “recovered” from
lead poisoning failed high school or had behavioral prob-
lems. In 1979, Needleman and his coworkers® found that
children with higher dentine lead concentrations were
more likely to be rated unfavorably by teachers on the
dimensions of distractibility, persistence in work, organi-
zational ability, dependence, impulsivity, daydreaming,
and ability to follow directions. In a follow-up study, they
reported that higher dentine lead levels were associated
with lower reading scores, lower.class rank, and increased-
absenteeism in young adulthood.® Children in the group
with higher lead levels were 5.8 times more likely to have
a reading disability and 7.4 times more likely to drop out
of school than children in the group with lower levels.

Experimental studies, in both rodents and nophuman
prirnates, have since documented lead-related deficits at
low-level lead exposure and established these to be direct
effects of lead.*** Moreover, the preponderance of epi-
demiologic studies show persistent, deleterious effects of
low-level fead exposure on brain function.®-* It has been
estimated that there is a 2.5- t0 3-point 1Q decrement as-
soctated with an increase in blood lead concentration from
10 to 20 pg/dl. e

The current definition of an elevated blood lead con-
centration of 10 pg/dL or higher, as defined by the World
Health Organization” and the US Centers for Disease
Control*® (CDC), was based on adverse outcomes from
nuinerous cross-sectional and prospective studies, The
CPC*¥ recognized that there was no discernable threshold
for the adverse effects of lead exposure, but set [0 pg/dL
as an action level. Unfortunately, this actisn level is often
misconstraed as evidence that there are no adverse effects
below 10 pg/dl. Indeed, many pediatricians consider
blood lead concentrations below 10 pg/dL to be normal,
But contemporary children have a body lead burden that
is 10 to 100 times higher than that of preindustrial hu-
mans.*

There is increasing evidence that lead-associated cog-
nitive deficits occur at blood lead levels below 10 pg/
dL.#™° Schwartz? and Schwartz and Otto® reported that
lead-associated cognitive deficits and hearing loss occur
at blood lead levels below 10 pg/dL. Others have found
that lead-related cognitive deficits occur among children
who have blood lead levels below 10 or 5 pg/dL.*% Col-
lectively, these data indicate that there is no threshold for
the adverse consequences of childhood lead exposure,

Lead-associated cognitive deficils associated with each
1 we/dl increase in blood Tead lausl ara mrantar nt bia~d
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els.#7 In an analysis of children in NHANES HI, the lead-
associated reading deficit increased, from -~1.0 point per
{ wg/dL increase in blood lead level for the entire sample
to —1.7 point per 1 jg/dl. increase for the subgroup with
blood lead levels below 5 pg/dL.* Although a biological
explanation for this finding is not apparent, children with
lower blood lead concentrations may have fewer other en-
vironmental insults (and therefore less confounding) than
more heavily exposed children.”

Behavioral Problems

There is no “behavioral signature” of low-level lead
toxicity, but a consistent pattern of lead-induced abnor-
malities is emerging.® Although the development of an-
tisocial, delinquent behavior during childhood and ado-
Jescence is a product of multiple interacting socioheredi-
tary variables,™* there is increasing evidence that lead
toxicity plays a role in its epigenesis.®>** Concurrent

“Blood lead-Tevels-greater-than-10-15 pg/dl. have been

associated*with suboptimal ratings on aggressive and an-
tisocial behaviors.®5 Needleman and coworkers™ found
that adolescents with higher bone lead concentrations had
higher T-scores on the Delinquency and Aggressive clus-
ters of the Achenbach Child Behavior Checklist. Dietrich
and coworkers®® reported that higher blood lead levels in
childhood were associated with 4.5 more episodes of an-
tisocial and delinquent behaviors that posed a risk of ar-
rest in the prior 12 months. Existing data suggest that
attention, executive functions, and behavioral conduct are
affected by lead exposure.* But, despite some features
that are consistent with attention deficit hyperactivity dis-
order, evidence linking lead exposure with the clinical di-
agnosis of this disorder is weak. 0%

Developmental Vulnerability

Young children and fetuses are especially vulnerable to
the adverse effects of environmental neurotoxicants.*
Critical processes occur in the central nervous system dur-
ing fetal development and early childhood, including syn-
aptogenesis, myelination, and programmed apoptosis.*
Some investigators have found that blood lead levels in
early childhood are better predictors of cognitive defi-
cits.’® whereas others have reported that blood lead levels
in oider childhood are better predictors.**** Blood lead
concentration in early childhood tracks closely with sub-
sequent blood lead levels.** Thus, the larger effects ob-
served in older children may be due to chronicity of ex-
posure.s Although the question of whether children are
more vulnerable to the toxic effects of fead exposure dur-
ing the first 2 years of life is unresolved, they do ingest
more lead and may absorb it more efficiently than older
children and aduits."*s? Thus, efforts to prevent lead tox-
icity must occur before birth or in early infancy.®

RATIONALE FOR SHIFTING TO
PRIMARY PREVENTION

Tanmite tha dramatic decline in children’s blood lead
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Pathways of lead exposure using structural equation analysis are
graphically illustrated. The strength of the associations is shown by
the coefficients and the width of each arrow. Adapted from Environ
Res. 1997:74:67-73.

sures. Finally, regulations and policies are needed to iden-
1ify lead hazards and implement the interventions.

Sources of Lead Exposure

Paint is the major source of childhood lead poisoning
in the United States.™2281-85 Pyint that was used on both
the interior and exterior of houses through the 1950s, and
continuing to some extent through the 1970s, often con-
tained high concentrations of lead.*' Over 80% of children
with blood lead levels greater than 50 pg/dl. were re-
ported to ingest paint chips or broken plaster.® Children
with blood lead levels above 55 pg/dL were 10 times
more likely to have paint chips observable on abdominal
radiographs than children who have blood lead levels be-
fow this value.® The majority of preschool children with
blood lead levels over 25 wg/dL were reported to put paint
chips in their mouths ™ For children with lower blood lead
levels, paint is the major source of lead-contaminated
house dust in the urban setting®® (Figure),

Although lead-based paint is the major source of lead
intake for children, lead-contaminated house dust and res-
idential soil are the major pathways by which children are
exposed to lead®*! (Figure). In 1904, Gibson® proposed
that ingestion of disintegrating paint and lead-contami-
nated house dust wag the primary mechanism for lead
exposwre. In the 19705 and 1980s, Sayre and coworkers®
and Charney and coworkers® showed that normai mouth-
ing behaviors led to ingestion of Jead-contaminated house

dust. The primary source of lead for the majority of chil-
dren with blood lead levels between 10 and 25 pg/dL is
house dust contaminated by lead-based paint that is dam-
aged or in disrepair,i885-87 Scraping, sanding, or construc-
tion during painting, renovation, and abatement also in-
creases lead contamination of house dugt.s293

Lead-contaminated soil is an important source of lead
intake for children fiving in urban areas.$647.9091.94-96 Ggi]
ingestion, reported to oceur in 26% of urban children is

AMBULATORY PEDIATRICS

every 1000-parts per million (ppm) increase in soil lead
concentration, but this estimate did not account for other 4
sources of lead intake. In a randomized controlled trial of
soil abatement, Aschengrau and coworkers® reported a
£.12 to 1.35 pg/dl. decrease in blood lead level for every
1000-ppm reduction in soil lead concentration. In a pooled
analysis of 12 studies, there was an estimated 3.8 pg/dL
increase in blood lead concentration for every 1000-ppm
increase in soil lead concentration.® The variation in the
reported relationship of lead-contarninated soil is due to a
number of factors, including the age of children studied,
adjustment for the contribution of lead intake from other
sources, and mouthing behaviors.
The US Environmental Protection Agency” (EPA)
standard for lead in water is 15 pg/l. (parts per billion
- [ppb]) in-residential water dnd 20 ppb in public dxmkmg
fountains, In a study in Glasgow, tap water was the main
correlate of elevated maternal blood lead concentrations,
accounting for 76% of maternal blood iead levels above
10 pg/dL.*® In a prospective study of 248 children fol-
lowed from 6 to 24 months of age, children who were
exposed to a water lead levels of >3 ppb had blood lead
concentrations that were 1.0 wg/dL higher than those of
children exposed to water lead levels of <5 ppb.™ Thus,
water is not a trivial source of lead intake for young chil-
dren in many communities. Indeed, as predicted, water is
becoming an increasingly important source of childhood
lead exposure as other sources of lead intake decline.”
There are other sources of lead intake for US children,
such as folk medicines,'™ ceramics, o cosmetics,'™ and
lead brought from the work site into the home by a par-
ent, """ Products such as crayons and miniblinds that are
contaminated with lead receive a lot of attention. These
products probably constitute a small source of lead intake
for children. Stll, it is easier to eliminate children’s ex-
posure to lead by preventing the introduction of new

sources of lead into children’s environments. Furthermore,
because lead exposure is cumulative and there is no ap-
parent threshold for the adverse effects of lead exposure, :
all sources of lead exposure must eventually be eliminat- g
ed. .
: :
Ingestion and Absorption :
There is large variation in the ingestion and absorption 3

of lead during the first 2 years of life. Children’s blood ¢
lead levels rise rapidly between 6 and 12 months of age,
peak between 18 and 36 months of age, and then gradu-
ally decline.'"™ The peak in children’s blood lead levels

is due to the confluence of normal mouthing behaviors 4
and increasing mobility.¥ Lead-contaminated floor dust is ;
a source of lead intake throughout early childhood, but 3
lead-contaminated dust on windowsills is not a major B
source of intake until the eecond year of li{e when chil- g
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and iron,'#67-106-169 In experimental studies, caleium-defi-
cient animals absorb more lead. '™ In an observational
study in humans, children with a lower calcium intake had
a higher blood lead concentration.” Children who had a
jower iron intake or who were iron deficient also had
higher blood lead levels.™®'%-11¢ Collectively, these data
suggest that a child’s dietary intake of calcium and iron
is inversely related to his or her blood lead levels. Still,
data from randomized controlled trials are lacking. In a
randomized controlied trial of calcium-supplemented for-
mula, Sargent and his coworkers'"’ found no difference in
blood lead levels among children.

In the experimental seiting, fasting has been shown to
modify lead absorption in adults. There is a 10-fold in-
crease in the absorption of ingested jead among fasting
volunteers compared with those who have recently eat-
ent'2 The effect of fasting or frequent snacking on

blood lead concentration in childhood has not been quan-

¥
Screening Children to Prevent Undue Lead Exposure

Universal screening, recommended by the CDC in
1991, is controversial.!""'* The vast majozity of pediatri-
cians recognize lead as a toxicant, but less than half per-
form blood screening for excessive exposure to lead.''
There are numerous reasons for pediatricians’ paradoXic
behavior. First, due to the focal distribution of lead ex-
posure, few children are identified as having an elevated
blood lead level in some clinics or communities,'* %13
Second, many pediatric clinics do not have a phlebotomist
available. Third, there are uncertainties about the safety
and efficacy of lead hazards controls or educational inter-
ventions.® Thus, some pediatricians and public health of-
ficials have vigorously opposed universal screening. In
1997 and 1998, the CDCY¢ and the American Academy
of Pediatrics Committee on Environmental Health’” shift-
ed away from universal screening and recommended tar-
geted blood lead screening.

The onty rationale for screening children for undue lead
exposure is to prevent lead poisoning or lead toxicity.
Several criteria must be met to justify screening. First,
screening must prevent or reduce children’s exposure and
the adverse consequences of lead exposure. That is, there
must be an intervention that is proven to be effective at
reducing children’s blood lead concentrations. Second,
screening must be acceptabie for families. Finally, the rec-
ommended intervention must be available to families with
children that are identified through screening.

Theoretically, detecting a child with a modestiy elevat-
ed bloed lead level atlows a physician to provide guidance
or treatment to prevent further elevations. Indeed, in stud-
izs published in the early 1970s, Sachs and colleagues*
and Sachs'® concluded that widespread screening led to
& reduction in the proportion of children having blood lead
levels of 50 wg/dL or higher, from 8.5% in 1967 to 3.8%
in 196% Riut theea etndiee were never renlicated to gscer-
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poisoning. Studies such as this led to the current fixation
on screening children to prevent lead exposure.

To reduce children’s exposure to lead, physicians often
recommend targeted dust control, increasing dietary cal-
cium and iron intakes, washing children’s hands, and
keeping soil out of children’s mouths.* Unfortunately,
with the exception of dust control, there is little evidence
that these interventions reduce children’s blood lead lev-
els. 811912 The efficacy of lead hazard control is equally
uncertain for children who have blood lead levels below
30 wg/dl.

Most state or local health departments are mandated to
conduct environmental testing to identify lead hazards and
to conduct interventions for children who have blood lead
levels consistently higher than 15 or 20 pg/dL. Unfortu-
nately, environmental inspections are often delayed or
never completed.'?'?* In New Jersey, a study found that
abatement was not conducted as required for 118 (24%)

-.of-488 -children-who -had blood lead Jevels between 30

and 44 pg/dL.'% If a screening test identifies children who
require an intervention that is not available, then the test
is of limited value.'?

Numerous studies have shown that family or commu-
nity characteristics can be used in the clinic setting to
identify children who are at increased risk for having el-
evated blood iead levels.!*10124-120 [ general, these stud-
ies have shown that older age of housing, poorer housing
condition, rental status, black race, and poverty are all
significant predictors of undue lead exposure,'>!®!-1%6
These criteria, however, are highly predictive only in
high-prevalence areas.

Interventions to reduce children’s blood lead leveis that
are triggered by an elevated blood lead value are unlikely
to benefit children who are older than 2 to 3 years.
Bornschein and coworkers {(R. Bornschein, unpublished
data, 2001) have found a significant correlation of the lev-
el of lead-contaminated floor dust with children’s blood
lead levels untii they reach 24 months of age. Thereafter,
prior blood lead level is the best predictor of a child’s
blood lead conceniration, and floor dust lead levels are no
longer a significant predictor. Thus, although it is impor-
tant to refine screening strategies to identify children with
undue lead exposure, it is more critical to expand our
efforts to identify and eliminate residential lead hazards
and other sources of lead before children are unduly ex-
posed. Screening chiidren shouid therefore be a safety net
to determine when prev'émion efforts have failed to pro-
tect children. '

Residential Standards

Under section 403 of Title X, the US Congress man-
dated the EPA to promulgate health-based lead standards.
There are at least 4 reasons to develop residential lead
standards.® First, residential standards are necessary fo
screen housing and identify lead hazards before a child is
unduly exposed. The alternative, to wait until a child is
unduly exposed. is no loneger defensible. Second, stan-
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The Effect of Lead Hazard Controls on Children’s Blood Lead Levels From Controlled Trials

Baseline Blood Change in Blood

Sample Size, Lead Level, Lead Level,

Triat Type of Lead Hazard Contro} RCT* N jagfdl. Child Age, mo pg/dl
Charney et al dust control no 9 =30 1572 ~6.9%
Staes et al paint stabilization no i85 =25 <72 ~4 0
Schultz (1998) multifactorial 1o 413 2024 40 ~3.1%
Aschengrau et al paint abatement no 91 3-22 <48 +6.5%
Aschengrau (1998) tow-cost repairs yes 4] 16.9 24.5 +1.i7
Hilts (1995) dust control yes iil 4-26 670 +0h31
Lanphear (1996) dust control yes 94 [-3] 12~31 +0.6+1
Lanphear (1998) dust ¢ontrol yes 276 [-12.5 24 ~-(.5%
Rhoads (1998) dust control yes 113 12 20.3 - 1.9%

"RCT indicates randomized controlled trial,
P < 05,

TDifference not statistically significant by 2-sided significance test, P < 05,

‘testing 15 not done, the major source(s) of environmental

lead exposure may be overlooked. More importantly, it is
clear that attempts to reduce lead exposure can actually
result in increased contamination of a child’s environmment
and blood lead concentration. Clearance dust tests should
therefore be conducted after remodeling or renovation,
abatement, or a lead hazard control to protect children.
Finally, standards serve as a benchmark to compare the
effectiveness and duration of various fead hazard controls.
Unfortunately, if standards remain voluntary, they are un-
likely to be implemented and will not protect children
from undue lead exposure.

Most lead standards have been driven by what is be-
lieved to be feasible to attain, not because they have been
shown to protect children, In 1976, the Consumer Product
Safety Commission (CPSC) set the residential paint lead
concentration at 0.06% because there was evidence that
paint could be manufactured with this smaller amount of
contamination.” Similarly, data used to estimate the safe
fevel of lead in water may not adequately protect pregnant
wonien and children.'s” [n J988, HUD"Y established g
postabatement floor standard of 200 wg/ft? because there
wag evidence that this level was feasible to attain, not
because it was demonstrated to be safe or protective. In
1992, Congress mandated the EPA to set a health-based
standard for residential fead hazards. The residential stan-
dards promulgated by the EPA™* were, once again, based
on what was believed to be feasible to attain rather than
on empiric data shown to protect children.® Unfortunate-
ly, these standards dictate the levels of iead contamination
considered “normal”™ or “low,” and they provide an il-
lusion of safety.

In 2001, the EPA'* promuigated residential lead stan-
dards of 40 wg/ft* for floors and 250 we/ft> for window-
sills. Data from epidemiologic studies show that 5% of
children have a blood lead level =10 pg/dL at 2 median
floor dust lead level of 5 wg/ft> %57 At a floor standard of
50 pg/ft?, 20% of children are estimated to have a blood

EPA lead standarcis for ﬁo.(.}rs. do not adequately protect
children.

Hazards of Lead Hazard Controls

Lead poisoning is often regarded as a preventable dis-
ease. But the safety and efficacy of measures intended to
control or reduce residential fead hazards are uncertain.
Interventions to prevent or control childhood lead expo-
sure (called lead hazard controls) have far too often been
shown to result in an increase in children’s blood lead
levels. 13 There is some evidence that lead hazard con-
trols, including paint abatement and stabilization of paint-
ed surfaces, can reduce lead exposure for children who
have blood lead levels =30 pgldL30% (Table). But, with
the exception of dust control, it is uncertain if lead hazard
controls are safe or beneficial for children with lower
blood lead levels® (Table).

Studies conducted since the issuance of the HUD 1988
postabatement dust lead standards show that paint abate-
ment can cause children’s blood lead fevels to rise. Swin-
dell et al'*' found that, for children who had blood lead
levels below 20 ug/dL, there was 2 2.5 pg/dl increase in
blood lead concentration after abatement. In a controlled
study of children with a baseline blood lead below 22 pg/
dL, Aschengrau and colleagues' reported a 6.5 wg/dL
increase in blood lead level for children whose residences
underwent paint abatement. Presumably, this rise in blood
lead levels after abatement or renovation is due to lead
contamination from removal or scraping of leaded
paint,!2:320.3303¢ Coliectively, these studies indicate that
the levels of lead-contaminated dust generated by lead
hazard controls are sufficient to result in undue lead ex-
posure and absorption for children who have blood lead
levels below 25 to 30 pg/dL.

Control of Lead Exposure

Several trials have evaluated the effect of dust control
on children’s blood lead levels (Table). In a meta-analveis
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lead concentrations =15 and =20 pg/dL in the experi-
mental groups compared with the control groups, indicat-
ing some benefit of dust control for children with higher
wiood fead levels.!® Still, because the adverse effects of
jead are persistent and appear to occur at blood Jead levels
below 10 pg/dL, it is insufficient to rely on dust control
to prevent childhood lead exposure.

There are few controlled trials evaluating the effect of
lead hazard controls on children’s blood Jead levels, but
there is evidence that they can result in dramatic and sus-
tained reductions in the amount of lead in dust. Dust lead
levels immediately after abajement were 8.5, 8.0, and 21
pg/f? for floors, interior windowsills, and window
troughs, respectively-—representing reductions of over
80% compared with preabatement levels.'”” In a study of
over 2600 housing units, postabatement dust lead levels
were 12, 31, and 32 pg/fi* for floors, windowsills, and
window troughs, respectively.'® Because these levels

..were-achieved with dust clearance festing set at 100 pg/

ft? or higher, it is likely that floor dust lead levels below
10 pg/fi2 can routinely be achieved. It is also clear that
we will fail to protect children if we do not lower the
standards.

Steps to Eliminate Lead Toxicity

A comprehensive strategy for the primary prevention
of childhood lead poisoning should include several com-

ponents.

1) Bstablish empirically based residential lead standards,
Promuigation of empirically derived, health-based res-
idential lead standards is essential. These standards
must be required and enforced; “voluntary” standards
will not protect the majority of children from undue
lead exposure.

2) Improve screening programs. Housing should be
screened before a child is unduly exposed, after lead
hazard controls or renovation.® Screening housing
units by using dust samples and a visnal inspection
should be incorporated into howsing codes. Rental
housing could be targeted to enhance the cost-effec-
tiveness of a screening program.'*’* Dust sampling
should be required before approval of federal subsidies
for housing. Exceptions for screening could be made
for housing units that do not contain leaded paint or
were built after 1978,

3) Conduct trials to prove that lead hazard controls protect
children. Once residential lead hazards are identified, it
is essential to have safe and effective methods to elim-
inate them. Too often, we have relied on expert opinion
about what is safe or effective. Evidence that lead haz-
ard controls are safe and efficacious must initially rely
on their effect on children’s blood lead levels. There-
after, dust lead levels and other environmental measures
could be used to evaluate lead hazard controls. Lead
hazard controls need to be assessed in trials that are
experimental in design or inciude a control group to
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plementation, various types of lead hazard controls (in-
cluding full abatement and less permanent solutions),
and interventions that combine education and environ-
mental controls. Specific components of lead hazard
controls, such as wet versus dry scraping 1o remove
leaded paint, should also be tested in randomized trials.

4) Devise a strategy to identify and target residential lead
hazards. National, state, and communpity surveys of
housing need to be conducted to identify and prioritize
the elimination of residential lead hazards. There
should be plans for the remediation of lead-contami-
nated housing, including the gradual elimination of
lead hazards during renovation or demolition of older
housing. Lead-safe work practices should be adopted
and taught to home owners, contractors, painters, and
persons who maintain housing.

Despite dramatic reductions in children’s blood lead
leveis, childhood lead exposure remains a major public
health problem. For too Tong, we have simply passed out”
brochures or instructed mothers to “clean their houses
better” to reduce their child’s risk of lead poisoning. As
foretold by Turner® in 1908, educational efforts alone are
inadequate to prevent undue lead exposure in chiidren un-
less lead-based paint is eliminated. The current strategy to
prevent lead poisoning largely ignores existing scientific
evidence indicating that our efforts should emphasize pri-
mary prevention with environmental controls to make
lead-contaminated paint inaccessible before a child is un-
duly exposed. Most federal agencies involved in preven-
tion of lead poisoning acknowledge that primary preven-
tion is preferable, yet our efforts continue to focus on
screening children for elevated biood lead Jevels and con-
trolling lead hazards only after a child has been unduly
exposed. Until we shift our efforts toward the primary
prevention of childhood lead exposure, we will inadver-
tently but knowingly continue to use children as biologic
indicators of substandard housing.'”
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