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EXECUTIVE SUMMARY

INTRODUCTION

This report updates the U.S. Environmental Protection Agency technical report, Review of
Studies Addressing Lead Abatement Effectiveness (EPA 747-R-95-006, July 1995), which
summarized the results of 16 lead hazard intervention studies. The origina edition presented
results indicating that lead hazard interventions could reduce the blood-lead concentrations of
exposed children. However, only alimited variety of intervention strategies were documented in
the available literature and a number of data“gaps’ were identified. Strategies seeking to prevent
achild from being exposed to the lead in her or his surrounding environment continue to be
studied and their resulting effectivenessis being reported in the scientific literature. This updated
report summarizes 19 additional studies available in the scientific literature. In deriving the
conclusions and recommendations cited in this updated report, al the available published data
were considered. The combined review presented herein was intended to aid in assessing the
potential benefits of rule-making under the Toxic Substances Control Act (TSCA), Title IV, and,
particularly, the 8403 rule on lead hazards in paint, dust, and soil.

In this report, alead hazard intervention is defined as any non-medical activity that seeks
to prevent a child from being exposed to the lead in his or her surrounding environment. The
literature on lead hazard intervention efficacy focuses on impeding the hand-to-mouth pathway of
childhood exposure to environmental lead sources by either abatement or interim controls.
Abatement encompasses interventions that remove or permanently cover lead-based paint or soil
that containslead. In contrast, interim controls may include paint stabilization (removal of only
deteriorated |ead-based paint) or abatement of lead-containing dust, but the lead source is not
removed (e.g., intact lead-based paint or soil with elevated lead levels). Interim controls are
attractive in some cases because of their low up-front cost relative to many abatement techniques.
This report also reviews the literature on educational interventions.

Whereas many of the studies summarized in the original technical report examined the
effectiveness of abating lead-based paint, the new studies tended to examine less extensive
intervention strategies utilizing paint stabilization or dust control efforts. Additiona soil

abatement studies and educational studies are also now available. As aresult, some of the data



gaps identified in the earlier report have been at least partiadly filled. The new studies also
improve our understanding of how the many strategies may be used together in a comprehensive

lead hazard reduction program.

MAJOR FINDINGS

» Thereisagrowing body of evidence that lead hazard interventions can reduce
exposed children’s blood-lead concentrations and dust-lead levels in homes.

* In many ways, the available data remain limited. Although there are now a number
of studies on the subject, few are large enough to provide substantial evidence of an
intervention’s effectiveness. No single intervention strategy stands out as markedly
superior. Given the limited data available, this does not imply that these strategies
are interchangeable. Rather, the comparability suggests that other relevant factors
should serve as the determinants of the strategy suitable for a given situation.

»  Some approaches used in the past were hazardous and should be avoided. Methods
that have been clearly shown to be hazardous, such as open flame burning and types
of mechanical dry sanding, have been banned for lead abatement by EPA under
TSCA 8402 and by some local governments. Moreover, certain other practices may
be ineffective, suggesting that care should be taken in choice of intervention strategy.

» The magnitude of the decline in an exposed child’ s blood-lead concentration
observed following an intervention is a function of the child’s pre-intervention
blood-lead concentration. Greater declines are reported for children with higher
initial blood-lead concentrations. An intervention strategy reported as effective in
reducing the blood-lead concentrations of children above, say, 20 pg/dL, may not be
as successful among children with lower blood-lead concentrations.

* None of the intervention strategies studied to date have consistently brought
blood-lead concentrations below the level of concern (<10 pg/dL).

» Itispossiblethat primary prevention, that is, preventing lead exposure before it
occursin thefirst place, may be somewhat more successful than secondary
prevention. In addition, community wide efforts to reduce lead exposure might be
considerably more effective than efforts in individual homes in preventing elevated
blood-lead levels.

* Four critical data gapsremain: 1) no data exist regarding primary prevention
effectiveness rather than secondary; 2) little documentation is available regarding
the long-term effectiveness (i.e., greater than one year) of lead hazard intervention;

3) some promising intervention strategies, such as soil cover, encapsulation and
enclosure of lead-based paint, have received relatively little study; and 4) the reasons
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for blood-lead levels not being brought below 10 pg/dL are not well under stood.
However, some research is being done to address these critical data gaps.

DISCUSSION

Since the publication of the earlier review, a number of additional intervention strategies
have been studied and documented in the scientific literature. Some of these studies have helped
to fill some of the research “gaps’ noted in the earlier review. Others, however, have
re-emphasized the need for investigation of certain remaining issues and prompted new questions.
The research surrounding the effectiveness of lead hazard intervention strategies remains active
and large data gaps remain.

Though this report and the earlier edition summarize studies of the effectiveness of arange
of environmental and behaviora intervention strategies on their ability to reduce childhood lead
exposure, efficacy is measured only among aready exposed children. The reported efficacy, then,
istermed “secondary prevention effectiveness.” Though most certainly noteworthy, secondary
prevention is not representative of the effectiveness being sought from the promulgation of lead
hazard control regulations such as the TSCA 8403 standards for lead in dust, soil, and paint. The
8403 standards are primarily intended to prevent childhood lead exposure before it occurs and,
therefore, their efficacy will be assessed by measures of what is termed “ primary prevention
effectiveness.” In the context of this report, primary prevention effectiveness is the prevention of
elevations in blood-lead concentrations associated with the conduct of the intervention before a
child has an elevated blood-lead level. Perhaps the most critical data gap, therefore, is the lack of
published results documenting primary prevention efficacy following an intervention. However,
primary prevention can be assumed to be at least as effective as secondary prevention and may be
consderably more effective.

When considering the effectiveness of an intervention, it isimportant to recognize that
childhood lead exposure stems from a number of media (e.g., interior paint, exterior paint,
including paint on windows, soil, interior house dust, exterior dust) across arange of
environments (e.g., child’ s residence, school, playground, friend’ s residence). Children may
derive their exposure primarily from a single residential source, which may be successfully
targeted by an intervention. Alternatively, incremental exposures to several lesser sources may be

sufficient to cause moderately elevated blood-lead levels. Unless an intervention targets al the
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sources of achild's lead exposure, therefore, even an intervention that fully abates the targeted
source will not produce a 100% decline in the child’'s blood-lead concentration (if such adecline
is even physiologically possible). If other sources of lead remain unaffected by the intervention,
lead exposure may continue and the child’ s blood-lead concentration may remain at least partialy
elevated. Caution should accompany any effort to extend results observed among children with
more elevated blood-lead concentrations to those with lower levels.

Declines in blood-lead concentration on the order of 25% were reported for extensive,
carefully managed projects which abated sources of lead, as well as for interim controls. A range
of lead hazard intervention strategies were documented to have a statistically significant positive
“effect” on the blood-lead concentrations of exposed children in comparison to a control group.

L ead-based paint abatement, dust lead intervention, soil lead intervention, and educational
intervention were documented to have at |least the potential for producing significantly greater
declines in blood-lead concentration among children benefitting from the intervention than among
acontrol population of children. The efficacy of these interventionsis characterized as
“potential” because not every case of the type of intervention strategy was effective. The specific
details of the effective intervention strategies were critical. In addition, none of the studied
intervention strategies was consistently effective in reducing children’ s blood-lead concentrations
to alevel below the level of concern (< 10 pg/dL, as recommended by CDC, 1997).

It should be noted, finally, that the comparability in effectiveness of arange of intervention
strategies does not imply these strategies are interchangeable. Instead, it suggests that other
factors should determine which strategy is suitable for a given situation. These factors include the
strategy’ s cost (both up-front and long-term), its viability, the type of lead exposure facing the
child, and the expected long-term efficacy.

Xii



1.0 INTRODUCTION TO THE PROBLEM

The Environmental Protection Agency (EPA) technica report, “Review of Studies
Addressing Lead Abatement Effectiveness’ (EPA 747-R-95-006), published in July 1995,
summarized the results of 16 lead hazard intervention studies. That report was a comprehensive
review of the scientific literature available at that time regarding the effectiveness of |ead hazard
intervention. This report updates that literature review and summarizes 19 additional studies that
add to the body of scientific literature on this topic. This updated review isintended to aid in
assessing the potentia benefits of rulemaking under Title 1V of the Toxic Substances Control Act
(TSCA), specificaly the TSCA 8403 standards for lead in dust, soil, and paint. Asinthe original
edition, alead hazard intervention is defined as any non-medical activity that seeks to prevent a
child from being exposed to the lead in his or her surrounding environment. An intervention,
therefore, may range from the abatement of |ead-based paint to the education of parents and
children regarding the dangers of a young child’'s hand-to-mouth activity. Intervention strategies
employed by specific studies may combine activities that attempt to remove or isolate a source of
lead exposure through abatement or interim controls with activities that attempt to reduce a
child’ s lead exposure by modifying parental or child behavior patterns. In this report, abatement
encompasses interventions that are intended to remove or permanently cover lead-based paint or
soil that contains lead. While the U.S. Department of Housing and Urban Development (HUD,
1995) has adopted a stricter definition, many studies do not provide enough information to
determine whether the studied abatement meets that standard. Interventions that employ interim
controls may include paint stabilization (removal of only deteriorated |ead-based paint) or
abatement of lead-containing dust, when the lead source (e.g., intact lead-based paint or soil with
elevated lead levels) is not removed.

Substantial effort has been focused on the development and demonstration of methods for
reducing childhood lead exposure and body-lead burden by applying interventions which seek to
address environmental lead hazards. It is expected that these interventions will prevent or reduce
(at least temporarily) further exposure and produce positive health outcomes. The extent to
which recently published scientific literature supports this expectation is characterized in this
report. Information on the effectiveness of lead hazard intervention in reducing childhood lead

exposure was compiled in the earlier technical report (USEPA, 19954) and in other reports



covering much of the same materia (Burgoon et a., 1995; Staes and Rhinehart, 1995). For
reference, substantia portions of the earlier U.S. EPA technical report are provided in

Appendix C, with minor revisions to improve format or to incorporate newly available
information. The studies included in these reports address the efficacy of specific intervention
strategies employed to reduce exposure to lead-based paint, elevated soil-lead levels, and elevated
dust-lead levels. Moreover, these studies all sought to characterize interventions targeting already
exposed children rather than unexposed children. As such, the studies measured “ secondary”
rather than “primary” prevention efforts. That is, secondary prevention is defined as preventing
future lead exposure in a child who has aready been exposed and has an elevated blood-lead
level. Primary prevention, on the other hand, is defined as preventing lead exposure before the
child has been adversely exposed to lead, that is, before the child has an elevated blood-lead level.
The literature currently documents no primary prevention studies, though at least one such study
isunder way.

In reviewing these studies, it isimportant to consider epidemiologic issues that may affect
the interpretation of reported results. These issues include the method of selecting subjects, the
method of assigning subjects to treatment groups, the presence of a control group, seasonal trends
in blood-lead concentrations, and age-related behavior patterns that are associated with lead
exposure. Practical constraints may dictate how a study is designed and how well the
investigators are able to control these factors. For example, most studies enroll children with at
least moderately elevated blood-lead levels. Thus, the study of primary prevention effectivenessis
difficult. In some cases, children cannot be randomly allocated to treatment groups. For ethical
reasons, children with greater elevations are automatically assigned more extensive interventions.
In addition, controlling for factors such as seasonal and age-related trends can be incompatible
goals. The optimal follow-up period for minimizing seasonal variation isoneyear. Yet, in that
time, behaviora changes are likely to occur in young children, which can affect lead exposure.

For this reason, it is best to include a comparable control population in the study. However, itis
not always possible to include a control group, particularly when the target population is children
with blood-lead concentrations above 20 pg/dL. Finaly, many factors are beyond the control of
the investigators. These include families that move, problemsin gaining the consent of both

tenants and landlords, and local regulations that limit options for studied interventions and group



assignments. These factors are inherent difficulties in the study of lead hazard intervention
effectiveness.

The earlier edition of this report noted evidence that indicated |ead hazard interventions
could effectively reduce the blood-lead concentrations of exposed children. However, only a
limited variety of intervention strategies were documented and a number of data“gaps’ were
identified in the body of research (e.g., long-term effectiveness and efficacy among children with
blood-lead concentrations less than 20 pg/dL). It was hoped that additional research might now
be available to address these issues. This updated edition was initiated to consider the latest
research regarding intervention effectiveness. This report summarizes both the newer and

previously reported studies related to intervention effectiveness.

1.1 ORGANIZATION OF THE REPORT

Following in Section 2 is adiscussion of the measures for assessing the efficacy of an
intervention strategy, primary versus secondary prevention, and source apportionment. Section 3
isareview of the scientific evidence. Section 3.1 summarizes the results of the original 16 studies
that were presented in the 1995 technical report, including recent information from these studies.
In Section 3.2, 19 additional studies are summarized that have examined the extent to which lead
hazard intervention results in reduced lead exposure and lower blood-lead levelsin children. A
summary of the previous and additional scientific evidence is presented in Section 4. This
summary focuses on how the new information adds to the body of literature reviewed in the
technical report. Section 5 presents the conclusions and recommendations derived from the
review. Included at the end of the report are references, an Appendix A which contains abstracts
of the 19 studies, and an Appendix B which contains tables that summarize the blood-lead and
environmental-lead levels over al studies. Two additional appendices contain updated portions of
the 1995 technical report. Appendix C contains the 16 individual study summaries from
Chapter 3, aswell as each study’ s abstract from Appendix A of the 1995 edition. Appendix D
reproduces Appendix B of the 1995 edition, areview of abatement methods associated with
temporary increases in blood-lead levels. Appendix E contains a draft report that reviews
published information on post-intervention wipe dust-lead loadings on floors and window silIs.

This report was prepared to support efforts to re-evaluate and refine the 8403 risk analysis



assumptions on post-intervention wipe dust-lead loadings. The materia in this appendix should
be considered a preliminary, informational draft, unlike the rest of the report, which received

extensive review.

1.2 PEER REVIEW

This report was reviewed independently by members of a peer review panel. In generd,
the peer reviewers concluded that the report was comprehensive, accurate, and relevant to current
policy concerns. However, the peer reviewers did provide useful suggestions for revisions, as
well asimportant issues to consider when interpreting the results. Comments that were either
important for interpreting the results or resulted in significant modifications to the report are
discussed below.

Many of the comments requested additional detail, clarification of the methods used,
improved figures, or additional interpretation of results reported by specific studies. To the extent
possible, we added the requested information. The largest item was probably the revision of the
summary of the HUD Abatement Grant program. The original review was based on data reported
in the Fourth Interim Report on that study, dated March 1997. The Fifth Interim Report came
out as we were completing the peer review draft of this report. The additional results were
incorporated in the report. In addition, one reviewer pointed out that we had not used the EPA
integrated analysis (USEPA, 1996e) in our summary of the “ Three Cities’ studies. Since these
studies are summarized separately in Section 3.2 and Appendix A, we added a brief summary of
the conclusions of that report in Section 4.1, where the studies are summarized together.

Several comments pointed out discrepancies in terminology between that used by HUD
and that used in thisreport: (1) we do not use HUD’ s definition of abatement as a treatment
lasting 10-20 years; (2) lead-based paint inspections reported by specific studies may not conform
to HUD Guidelines (HUD, 1995) or may not have been performed by certified inspectors; and (3)
the clearance testing criteria used in specific studies may not be consistent with HUD Guidelines
recommendations. In general, we do not apply the HUD standards, as very few of the
intervention studies applied the HUD criteria. Even the most detailed reports fail to provide

enough information to determine whether the intervention would meet these standards. Although



we could not fully address these concerns, we felt it important to point out the discrepancy here,
aswell asin the report.

One reviewer did not agree with our use of declines in blood-lead concentration as the
primary measure of intervention effectiveness and recommended we put more emphasis on
changesin dust-lead levels. Although we disagreed with the comment, we did review the
information presented and provided additional dust-lead results for some studies. A draft report
on post-intervention dust-lead loadings on floors and window sills was added in Appendix E in
response to this comment. We also revised Section 2.1 to better present our reasoning for
selecting blood-lead concentrations as our primary measure of effectiveness.

One reviewer pointed out that comparisons of dust-lead loadings between studies can be
difficult when different sampling methods are used and suggested that we recommend future
researchers use wipe sampling as at least one method. In response to this comment, we added
material to Section 5.4 making this recommendation and others that would improve comparability
of results across intervention studies.

Several comments pointed out the importance of control populations in assessing the
effect of an intervention in the presence of confounding factors, such as age and seasonal trends in
blood-lead levels. In response to these comments, we revised the discussion defining the “ effect”
of an intervention as the change in blood-lead concentration beyond that observed in comparison
to a comparable control population (Section 2.1). We also modified the text to reinforce the
definition, wherever thetermisused. In addition, we were careful to point out where control
populations were used and where they were not in the individual study summaries, Figure 5-1,
and Table 4-1.

EPA has established a public record for the peer review under Administrative Record 151.
The record isavailable in the TSCA Nonconfidentia Information Center, which is open from
noon to 4 PM Monday through Friday, except legal holidays. The TSCA Nonconfidentia
Information Center is located in Room NE-B607, Northeast Mall, 401 M Street SW, Washington,
D.C.



2.0 ASSESSING INTERVENTION EFFICACY
2.1 MEASURES OF INTERVENTION EFFICACY

When reviewing studies assessing the effectiveness of lead hazard intervention, there are a
variety of environmental, behavioral, and/or physiological parameters that have been used to
quantify efficacy. The goal when summarizing these studiesis to utilize a measure which
adequately reflects the potential benefit or detriment resulting from the intervention.
Interventions are undertaken to reduce or eliminate environmental lead exposure, with the aim of
positively impacting the health of resident (either current or future) children or adults. Y oung
children (i.e., under six years of age) are the population most at risk from lead exposure and, as a
result, are the group expected to benefit from most of the intervention procedures commonly
employed. A suitable measure of efficacy, therefore, should reflect the impact of the intervention
on the health of affected children. For reasons discussed in this section, we have chosen to use
the change in blood-lead concentration of resident children as the primary measure of intervention
effectivenessin this report.

It would be ideal to precisely measure particular health outcomes stemming from lead
exposure, such as decreased learning deficits or increased motor coordination, among children
benefitting from an intervention. In fact, one study of moderately exposed children (Ruff et a.,
1993) reported increased cognitive function six months following a set of interventions.
Unfortunately, identifying health outcomes following intervention is not always feasible; such
outcomes may not manifest themselves for along period of time. More importantly, many of the
health benefits are subtle and, as such, are complicated and costly to measure and verify.

Recognizing lead-related health outcomes is particularly difficult if the child was not
exhibiting symptoms of adverse lead exposure before the intervention was initiated. 1n such
instances, intervention efficacy may have to be assessed using tests of learning aptitude or
intelligence quotient (1Q). This approach was utilized in the aforementioned study of cognitive
function (Ruff et al., 1993). The small differences usually recorded for these measures require
larger sample sizesto statistically verify the benefit following intervention. For these reasons, it
may be difficult and expensive to perform a sufficiently large study to demonstrate an

intervention’s effectiveness in this manner. As was seen in the earlier summary report and will be



seen in the reviews in Section 3.0, none of the identified studies (save the Ruff et al. study)
measured specific health outcomes associated with their interventional practice.

Consistent with these limitations, measures of body burden such as blood-lead
concentration usually are utilized as biomarkers of lead exposure and intervention effectiveness.
Such measures indicate the extent to which the intervention impacts affected children and serve as
biomarkers of lead exposure. Thereis extensive evidence that measures of body-lead burden are
associated with lead levelsin environmental media (USEPA, 1986; CDC, 1991, 1997). Three of
the measures of body-lead burden reported in the literature are bone-lead content, blood-lead
concentration, and erythrocyte protoporphyrin (EP) blood concentration. Bone-lead levels are
considered to be reflective of cumulative exposure to lead, but their determination is currently
either expensive or invasive. More importantly, the accuracy and representativeness of bone-lead
concentrations measured externally by an x-ray fluorescence (XRF) instrument has been
guestioned by many researchers (Wedeen, 1988). Blood-lead and EP levels can be more readily
measured, but reflect a varying mixture of long-term and more recent exposure (ATSDR, 1993;
Janin et a., 1985; Hernberg et a., 1970). Despite the complex interaction of prior and current
exposure evident in measured blood-lead concentrations, they are still the measure of choice for
most studies of intervention effectiveness.

Thereis an extensive body of literature relating blood-lead concentrations to specific
health outcomes stemming from lead exposure, though much of it examined children with levels
of exposure usualy indicative of lead poisoning (USEPA, 1986). More recent evidence has been
reported suggesting that even low levels of exposure, as measured via blood-lead levels, are
associated with learning deficits (CDC, 1991, 1997; Goyer, 1993; Schwartz, 1994). The Centers
for Disease Control and Prevention (CDC) state that, “Blood lead levels (BLLS) aslow as
10 pg/dL are associated with harmful effects on children’s ability to learn” (CDC, 1997). Though
this documented association is not based on interventional studies (with the exception of Ruff et
a., 1993), it is strongly suggestive. Blood-lead concentration is associated with environmental
lead exposure and linked to health outcomes. Reductions in blood-lead concentration, therefore,
can be used to measure the results of intervention.

It isimportant to note that the effect of an intervention on blood-lead concentration is the

change in concentration above and beyond that due to factors other than the strategy itself. The



blood-lead concentration of a child may change due to factors unrelated to the intervention, such
as seasond variation, the growth of the child, behavioral changes stemming from an increased
awareness of the health risk from lead, or ssimply random variation. In some studies, these
decreases unrelated to the intervention are characterized by examining a comparable control
population. For these studies, we are able to estimate the “ effect” of an intervention, adjusting for
the blood-lead concentration change observed in the control population. As anumber of the
identified studies did not examine a control population, we also report the blood-lead
concentration reductions of the study population as the “efficacy” or “effectiveness’ of the
strategy employed.

When it isimpractical or inappropriate to measure blood-lead concentrations, changesin
the lead levels of surrounding environmental media can provide valuable information. Such
measures cannot directly demonstrate the intervention’s impact on affected children.
Environmental measures can, however, be used to evaluate and confirm the effectiveness of a
particular procedure in reducing or eliminating a targeted lead hazard. Environmental measures
are particularly appropriate for comparing different abatement procedures implemented on the
same lead hazards and for assessing how successfully a particular source of the lead hazard is
reduced. For example, dust-lead |oading measurements on surfaces following their abatement can
be used to demonstrate the superiority of one practice over another.

In the reviews and discussions that follow, any result which appears useful in assessing
intervention efficacy isreported. However, the primary measure used in this report, as was the
case in the original report, is change in the blood-lead concentrations of exposed children. This
measure of body-lead burden is commonly employed when assessing lead exposure and was
collected in amagjority of the identified studies.

2.2 PRIMARY VERSUS SECONDARY PREVENTION EFFICACY

Though this report and the earlier review summarize studies of the effectiveness of arange
of behavioral and environmental intervention strategies on their ability to reduce childhood lead
exposure, efficacy is measured only among aready exposed children. The reported efficacy, then,
istermed “secondary prevention effectiveness.” Though most certainly noteworthy, secondary

prevention intervention effectiveness is not representative of the effectiveness being sought from



the promulgation of lead hazard control regulations such as TSCA Title V. The Title IV (8403)
standards for lead in dust, soil, and paint are primarily intended to prevent childhood lead
exposure before it occurs and, therefore, their efficacy will be assessed by measures of what is
termed, “primary prevention effectiveness.” In the context of this report, primary prevention
effectiveness is the prevention of elevations in blood-lead concentrations stemming from conduct
of the intervention before a child has an elevated blood-lead concentration.

The absence of studies documenting the primary prevention effectiveness of an
intervention strategy is not surprising, since such a study is inherently difficult. How does one
document the increase in blood-lead concentrations prevented by an intervention? One approach
reportedly being utilized in a CDC study is to contrast the blood-lead concentrations of children
exposed to alead hazard with that of their younger siblings (presumably not yet exposed to the
same hazard) benefitting from the intervention conducted once the hazard was identified. Such a
difference assumes no other differences (e.g., increased awareness of the hazard from
environmental lead or improved house cleaning practices) between the environments and
behaviors of the contrasted children. Given the challenges inherent to studying primary
prevention, it islikely only afew such studies will ever be available.

Secondary prevention efficacy results are not necessarily representative of those expected
from primary prevention because, as was noted earlier, lead present in blood is a combination of
current environmental exposure and internal sources of lead. A significant internal source of lead
isbonetissue. After prolonged exposure to lead, bone tissue retains much more lead than the
other body tissues (Barry and Mossman, 1970; Barry, 1975; Barry, 1981; Schroeder and Tipton,
1968; and Leggett et al., 1982). Nordberg et al. (1991) suggest that bone can become an internal
source of lead during periods of reduced external exposure to lead; (see also Hyrhorczuk et al.,
1985; Rabinowitz et a., 1976; and Rabinowitz, 1991). Any reported declinesin blood-lead
concentration among already exposed children, therefore, may underestimate the primary
prevention effectiveness of the associated intervention strategy.

Given these issues one obvious question is whether secondary prevention results might be
“trandated” into primary prevention results. Unfortunately, thereislimited empirical evidence
regarding the extent to which bone-lead stores are able to keep blood-lead levels elevated
following an intervention, especially concerning children. One study (Markowitz et al., 1993)



measured bone-lead levels in children before and after an intervention, but found no significant
decline in the levels over a period of six weeks. Despite the lack of studies concerning children,
Nordberg et a. (1991) claim that “ skeletal turnover is highest among children under 10 years of
age.” Severa studies have been conducted to study bone-lead mobilization in adults (Wrenn

et a., 1972; Cohen et al., 1973; Rabinowitz et al., 1973; Batschelet et al., 1979; Heard and
Chamberlain, 1984; Marcus, 1985; Christoffersson et al., 1986; Cristy et a., 1986; Schutz et al.,
1987; Bert et al., 1989; Nilsson et al., 1991; and Gulson et al., 1995). For example, Gulson et al.
(1995) show that 45% to 70% of lead in the blood of adult women comes from long-term tissue
stores, primarily the bone tissue. A similar result was observed in another study on five adult
subjects undergoing knee and hip replacement (Smith et al., 1996).

If, despite the limited data, the contribution of mobilized bone-lead stores can be
characterized, it would be possible to trand ate the documented secondary prevention results into
estimated primary prevention results. An effort at such atrandation was presented in the
sengitivity analysis of the TSCA 8403 Risk Assessment report (USEPA, 1998b). The approach
was based on a bone-lead mobilization model developed (Rust et a., 1999) to estimate the degree
to which bone-lead stores could mask the full effectiveness of an intervention by mobilizing into
the child’s blood. Table 2-1 was the end result of this effort. In particular, Table 2-1 presents the
estimated primary prevention effectiveness (with the standard error of the estimate noted in
parentheses) associated with an intervention strategy documented to have a specific secondary
prevention effectiveness when measured a specific period of time following the intervention. For
example, from Table 2-1, if a 25% decline in blood-lead concentration is reported for exposed
two-year-old children 12 months following a given secondary prevention intervention, the
estimated primary prevention decline would be 33%. The estimated standard error for this
estimate would be 8% as shown in the parentheses. Using Table 2-1, it is possible to estimate the
primary prevention effectiveness associated with the intervention strategies documented in the
scientific literature given their reported secondary prevention effectiveness (if such effectivenessis
reported in terms of reduced blood-lead concentrations).

Empty cellsin Table 2-1 indicate that those scenarios cannot possibly occur based on the

bone-lead mobilization model. For example, for a 7-year old, the impact of mobilized bone-lead
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Table 2-1. Maximum Efficacy (%) of Primary Prevention For Blood-Lead Levels
Observed at 25%, 50%, and 75% of Pre-Intervention Levels at 6, 12, 18,
and 24 Months (Estimated Standard Errors Shown in Parentheses)

Length of Time®
Observed Efficacy Child’s Age at Time (months)
of Secondary of Intervention
Prevention® (years) 6 12 18 24

1 39 (16) 30 (5) 28 (3) 27 (2)
2 47 (18) 33 (8) 30 (4) 28 (3)
3 56 (21) 36 (14) 31 (7) 29 (4)

25% 4 67 (25) 41 (19) 34 (10) 31 (6)
5 79 (27) 47 (19) 37 (14) 33 (8)
6 91 (32) 53 (21) 40 (19) 35 (12)
7 59 (22) 44 (19) 37 (15)
1 78 (32) 60 (9) 56 (5) 55 (4)
2 94 (36) 65 (16) 59 (8) 56 (6)
3 73 (27) 63 (13) 59 (8)

50% 4 83 (37) 68 (21) 62 (13)
5 93 (38) 73 (29) 66 (17)
6 81 (37) 70 (24)
7 89 (37) 75 (31)
1 90 (14) 84 (8) 82 (5)
2 98 (25) 89 (13) 85 (9)
3 94 (20) 88 (13)

75% 4 93 (19)
5 98 (25)
6
7

Note: An empty cell means that the scenario is not possible according to model predictions.
@ This is equivalent to the observed percent decline in an exposed child’s blood-lead levels at a specified
time following the intervention.
®  This is equivalent to the length of time following the intervention when the decline was observed.

stores would be estimated to preclude a 25% decline in blood-lead concentration at 6 months,
even for a 100% effective intervention. Estimates of primary prevention efficacy under these
“impossible’ scenarios were not meaningful and, therefore, were not presented.

Consistent with the limited data available on bone-lead mobilization, the standard errors
reported parenthetically in Table 2-1 are quite large. This considerable degree of uncertainty
should be considered when interpreting any “trandated” primary prevention efficacies derived

from published secondary prevention effectiveness results.
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2.3 SOURCE APPORTIONMENT

When considering the effectiveness of an intervention strategy in reducing a child’ s blood-
lead concentration, it isimportant to recognize the many different avenues by which a child may
be exposed to lead. An intervention will be most efficaciousiif it targets those sources and
pathways of lead exposure most responsible for the child’s elevated lead burden. A child’ s daily
lead exposure may occur across a number of micro-environments and lead hazards. Here, a
micro-environment is defined as alocation where a child spends a portion of hisher time. A lead
hazard is defined as a potentia source of lead exposure. Figure 2-1 presents an example of the
micro-environments and lead hazards to which a child may be exposed. The pathways of the
exposure are indicated by directional arrows. Note that the potential lead hazards can vary across
micro-environments. The studies discussed in this report each involve the abatement or
intervention of lead hazards at the primary residence of the child.

The actual micro-environments and lead hazards that constitute a child’' s exposure may
vary from child to child. One child may play in dust containing high lead levels a her residence
and soil containing high lead levels at a day care center. A second child may obtain his exposure
largely from lead-contaminated dust at afriend’ s house. Asaresult, an abatement can only
reduce a child’s lead exposure to a degree consistent with the extent to which the targeted source
of exposure represents a hazard to the child. For example, if lead-based paint in the primary
residence were responsible for 50% of a child’s lead exposure, even a 100% effective abatement
of the paint can only reduce the child’ s lead burden by 50%.

The efficacy of an intervention within a particular micro-environment is affected by the
pathways of lead exposure targeted by the intervention. Each of the environmental lead hazards
can be categorized as either an origina source of lead or an environmental medium which acts as
areservoir for lead deposition. Major sources of lead in the environment include |ead-based
paint, industrial emissions, gasoline, and solder, athough the lead arising from these sources has
been reduced markedly during the time span of the reviewed studies. Lead from these sources
can then accumulate in environmental media such as soil, dust, air, food and water. When an
intervention strategy includes abatement of one of these environmental media, it isimportant to
determine whether or not the media will become recontaminated from unabated sources. For

example, abating lead-containing dust within a residence will potentially result in only transient
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Figure 2-1.  Selected Micro-Environments and Lead Hazards to Which a Child May
Potentially Be Exposed.

declines in the blood-lead levels of resident children. If the unabated source of lead
(e.g., deteriorating lead-based paint) recontaminates the dust, the child’ s blood-lead concentration
may rapidly return to its earlier level. Inasimilar way, an intervention may target an existing
reservoir of lead (e.g., lead-based paint), but not the intermediate media by which children are
exposed to that reservoir (e.g., lead contaminated dust). The effectiveness of the intervention
would then be delayed depending upon the rate at which the contamination of environmental
media dissipates.

Each of the interventions that are discussed in this report can be viewed as an attempt to
reduce or eliminate one or more of a child' s lead exposure pathways. Within a
micro-environment, the intervention should be targeted at those exposure pathways that have the
greatest effect on the health of the child. The success of an intervention is ultimately determined
by the magnitude of the reduction in the body-lead burden of a child. Potentially, an intervention
could be successful in reducing a particular environmental lead exposure and yet produce no

positive impact in a child only marginally exposed to the abated |ead hazard.
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3.0 REVIEW OF SCIENTIFIC EVIDENCE

Strategies seeking to prevent a child from being exposed to the lead in her or his
surrounding environment continue to be studied and their resulting effectiveness reported in the
scientific literature. The original edition of this review contained a number of studies utilizing
relatively extensive intervention strategies such as lead-based paint abatement and |ead-
contaminated soil abatement. Since the publication of the original edition, additiona lead hazard
intervention studies have been reported. Many of these new studies examine less extensive
interventions utilizing educational strategies, dust control efforts, paint stabilizations, and other
interim control measures. As aresult, anumber of the data gaps identified in the earlier report
have been at least partialy filled. More importantly, a more robust picture of the relative
efficacies of paint, soil, dust and educational interventions is now available, as well as an enhanced
understanding of how the many strategies fit together in a comprehensive lead hazard reduction
program. However, many fundamental questions remain, some of which are being examined by
current studies.

Section 3.1 isa dightly updated summary of the original edition of this report and the
studies documented therein. This summary facilitates consideration of the recently published
studies. Section 3.2 provides a summary of each of the new studies, arranged in chronological
order. Each study summary reviews the study’ s objective, design, results, and derived
conclusions. A more detailed abstract of each study is availablein Appendix A. The
corresponding summaries and abstracts from the prior report are reproduced (with minor updates)
in Appendix C. Summary tables which had been included in the prior report have been expanded
to include the new studies. The expanded tables are presented in Section 4.0 and Appendix B.

3.1 SUMMARY OF PRIOR SCIENTIFIC EVIDENCE

The literature on lead hazard intervention efficacy available at the time of the original
review focused on impeding the hand-to-mouth pathway of childhood exposure to environmental
lead sources. The emphasis on this exposure pathway seems appropriate since it is recognized in
the literature as the predominant pathway in young children (USEPA, 1986; CDC, 1997; ATSDR,
1988; USEPA, 1998b). The pathway may be disrupted by a variety of means including the
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abatement of lead-based paint, dust-lead level reduction procedures, and lead-contaminated soil
abatement.

The literature was limited in its scope. It only covered some of the many abatement types
and methods used in practice. However, the studies suggest that both abatement and interim
control methods were at least partially effective in reducing blood-lead concentrations. There was
no definitive evidence in the literature that one of these categories of methods was more
efficacious than the other, and yet there are disadvantages to both. For example, interim controls
require sustained effort to maintain their effectiveness. Abatement methods, in turn, sometimes
have an accompanying risk of at least short-term elevation of residents' blood-lead levels that
must be factored into any summary of intervention effectiveness. The methods responsible for the
elevated blood-lead levels were identified and summarized in Appendix B of the original edition,
which has been reproduced in Appendix D of this updated edition. The hazardous methods
identified in this report are now prohibited under the TSCA 8402 abatement practices standards
and by some local laws as well.

The results of 10 paint abatement studies were examined. The literature suggested that
the efficacy of these methods depended in part on the safeguards employed to protect the
occupants and their residential environment during abatement. In the 1984-1985 Boston
Retrospective (Amitai et al., 1991) and 1984-1985 Baltimore Traditional/Modified (Farfel and
Chisolm, 1990) paint abatement studies, average blood-lead levels were observed to increase 16%
to 19%, on average, during abatement and remain elevated following the intervention. The levels
in Baltimore were elevated one month following intervention, but in Boston they had decreased
by two months post-abatement. In the case of the Baltimore study, the authors suggested that the
increase stemmed from incomplete abatement or insufficient clean-up following the abatement.
Dust-lead levels within the dwelling were exacerbated, which led the authors to the conclusion
that environmental exposure had merely been shifted from one medium to another. In both the
Boston and Baltimore studies, elevated blood-lead levels were associated particularly with the
dry-scraping and heat-gun abatement methods which were performed in 1984-1985.

In the Boston Retrospective study, |ead-based paint abatement methods such as
encapsulation, enclosure, and replacement were associated with an average reduction of 2 to
3 pg/dL in blood-lead concentrations. The results of the HUD Abatement Demonstration (HUD
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Demo) study (HUD, 1991, 1990) also suggest that clearance standards may be easier to meet via
encapsulation and enclosure methods than viaremova methods. The Denver Comprehensive
Abatement Performance (CAP) study (USEPA 1996a, 1996b) indicated that long-term interior
dust-lead levels were somewhat higher, though not statistically higher, in encapsulation/enclosure
homes than in removal homes. However, this may have been largely aresult of the more severe
initial conditions in encapsulation/enclosure houses. Still, in samples collected from floors and
window sills, both types of abatement methods resulted in 18- to 24-month follow-up dust-lead
levels below HUD Guidelines (HUD, 1990) standards. Since the HUD Demo and Denver CAP
studies followed units that were vacant before abatement, no changes in residents’ blood-lead
levels were available.

L ead-based paint removal methods were shown to lower the blood-lead levels of
inhabitants in the Boston Retrospective (Amitai et a., 1991), Central Massachusetts
Retrospective (Swindell et al., 1994), 1982 St. Louis Retrospective (Copley, 1983), 1990
St. Louis Retrospective (Staes et ., 1994), New Y ork Chelation (Rosen et al., 1991; Markowitz
et a., 1993; Ruff et a., 1993), and Milwaukee (Schultz, 1993) studies. These studies reported
18% to 29% declines in the blood-lead concentration of affected residents. Comparable or larger
post-intervention declines were identified for other body-lead burden measures in the New Y ork
Chelation (Rosen et al., 1991; Markowitz et a., 1993; Ruff et al., 1993) and 1982 St. Louis
Retrospective (Copley, 1983) studies. The declines were manifest as soon as 6 weeks after
abatement. The magnitudes of these reductions may be disappointing to some. The remaining
lead in the blood (20-29% declines leave about 75% of the lead still present) may be due to any
number of reasons including the mobilization of bone-lead stores, the incomplete abatement of the
lead-based paint and elevated dust-lead, and the potential for exposure from sources besides the
child' s primary residence. Since bone-lead stores could not by themselves keep blood-lead levels
elevated for 12 months post-abatement (Rust et al., 1999), the latter reasons seem plausible as
contributors to elevated blood-lead concentrations.

There was evidence to suggest that |ead-based paint abatement, by itself, may not
completely eliminate lead exposure, because of the potential recontamination from unabated
sources. Inthe Denver CAP Study (USEPA, 1996a, 1996b), geometric mean lead concentrations

in unabated air ducts and soils were found to be significantly higher in abated houses as compared

16



to control houses that contained little or no lead-based paint. Moreover, geometric mean dust-
lead loadings in window wells were above HUD Guideline levels (800 pg/ft?) for both abated and
control houses.

Interim control methods were employed in two studies. It seems unlikely that these
methods aggravate childhood lead exposure if performed improperly. Once such techniques are
discontinued, however, the dust-lead hazard may return. The Baltimore Dust Control Study
(Charney et al., 1983) focused on managing the dust-lead hazard after partial removal of the
lead-based paint hazard identified within the residence. The Baltimore study noted that, “in most
homes the initially high [dust-lead] levels were again present within 2 weeks after the first visit”
(Charney et al., 1983), athough eventually dust-lead levels remained low between visits.
Similarly, the one-time dust abatement and paint stabilization performed in the Boston 3-City Sail
Abatement study (Weitzman et al., 1993; Aschengrau et al., 1994, Aschengrau et a., 1997)
reduced window well dust-lead loadings for only a short period of time.

Regular, extensive dust-lead hazard management efforts by trained personnel produced an
18% decline in mean blood-lead concentration and a 29% decline in EP concentration for affected
residents; a control population exhibited only a 2% decline in mean blood-lead concentration (see
Baltimore Dust Control study (Charney et al., 1983)). The Seattle Track-1n study (Roberts et a.,
1991) reported significantly lowered dust-lead levels after residents removed their shoes and used
awalk-off mat (no blood-lead measures were collected).

The three educational intervention studies employed in-home educational visits by trained
personnel. These in-home educational visits emphasized proper housecleaning methods to reduce
dust-lead levels, improved hygiene habits to reduce hand-to-mouth lead exposure, and educated
families on proper nutrition to reduce the lead exposure. No abatements were performed in the
study homes. The Granite City Educational Intervention Study (Kimbrough et al., 1992, 1994)
found a 32% drop in mean blood-lead level from extensive educational outreach (a drop from 15
pg/dL, on average). The implication of this decline was difficult to ascertain, however, since no
measurements were collected for a control group of children. Both the Milwaukee Retrospective
Educational Intervention Study (USEPA, 1996c; Schultz et al., 1999) and Milwaukee Prospective
Educational Intervention Study (Schultz et a, 1998) reported 21% and 23% declines,

respectively, in blood-lead concentrations following in-home educationa visits. The declines
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following educational intervention for these studies were significantly greater than declines
observed in control children.

The one study of soil abatement employed both abatement and interim controls. The
Boston 3-City Soil Abatement Study (Weitzman et al., 1993; Aschengrau et al., 1994,
Aschengrau et al., 1997) removed and replaced soil exhibiting elevated lead levels, but also
stabilized the peeling paint and wet mopped the interior dust. Soil-lead and floor dust-lead levels
in the abated residences remained low post-abatement. Blood-lead concentrations among affected
inhabitants oscillated after abatement, but did not return to pre-abatement levels. Infact, a
modest decline of 1 to 2 pg/dL in average blood-lead concentration (19% of pre-abatement levels,
on average) was reported approximately one year following the abatementsin phase 1. Similar
tempora variation in the average blood-lead levels of residents of unabated dwellings used as
controls in the study was observed, with declines after 1 year of 7.1% and 5.6% for Comparison
Groups A and B, respectively. In phase 1, the control residences underwent the same one-time
paint stabilization procedure as the study residences. A subset of the comparison populations
underwent soil abatement in phase 2, and exhibited 41% (Comparison Group A) and 13%
(Comparison Group B) declines in mean blood-lead concentration nine months post-abatement.
It was unclear exactly why the unabated residents experienced temporal variation in phase 1,
though seasonal variation of a comparable magnitude has been identified previoudly in children's
blood-lead levels (USEPA, 1995c, 1996d). Thiswas a potential complicating factor in several of
the efficacy studies. Also, the reductions reported for the control populations may have reflected
the impact of age and behaviora factors stemming from an increased environmental awareness of
the health hazard from lead.

Summaries of each study described in this section are found in Appendix C.

3.2 RECENT LEAD HAZARD INTERVENTION STUDIES

A variety of approaches were employed in an attempt to identify new studies addressing
the effectiveness of lead hazard intervention. These included the authors knowledge of the
available literature, focused literature searches, an examination of the referenced articles cited in
identified studies, and additional material provided by EPA.

18



Nineteen new intervention studies are summarized in this section, including one previously
reported study for which additional information was available. A time-line graph locating the
period during which the interventions were conducted, for both the studies included in the origina
edition and the new studies, is presented in Figure 3-1. Six of the new studies focused on lead-
based paint abatement, four studies assessed dust abatement, three studies considered the
abatement of |ead-contaminated soil, and three studies examined educational interventions.
Finally, three studies examined extensive, community-wide soil and dust abatement measures
implemented in Canadian cities following the reduction or elimination of point source industria
emissions. These three studies are summarized together, in order to emphasize the similaritiesin
approach and a so because the primary source of lead was industrial emissions. Although
addressing industrial emissions is not the primary focus of this report, these studies are relevant,
because the intervention methods employed were similar to those being used to address lead-
based paint hazards.

A detailed discussion of each of the 19 studies follows in chronological order, with the
exception that the three Canadian studies are summarized together at the end. The discussion
includes the pertinent study objectives, the sampled population, the intervention approach studied,
the environmental and body burden measures collected, the study design and results, and the
conclusions relative to the efficacy of the intervention performed. Additional details are included
in the study abstractsin Appendix A.

3.2.1 New York Paint Abatement Study

This study (Markowitz et al., 1996) sought to determine the effectiveness of a
combination of remediation of household lead hazards, educational intervention strategies, and
iron therapy on reducing blood-lead levels (PbB) in moderately lead poisoned children
(25-55 pg/dL) in the absence of chelation therapy. The study targeted children who were referred
to the Montefiore Medical Center Lead Clinic and were identified as having € evated blood-lead
concentrations (between 25-55 pug/dL) between 1986 and 1992. A total of 206 children received
alead mobilization test with negative results, indicating none were qualified to receive chelation

therapy. Of the 206 children enrolled, 93 underwent chelation therapy at least once during this
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study, and only 79 of the remaining 113 children completed the study. The final study population
consisted of 79 children ranging in age from 1 to 7 years (mean: 31.5 months at enrollment) who
had not received chelation therapy prior to or during the study. Approximately two-thirds of the
children were of Hispanic origin and one-third were African American.

Following inspection of the homes, the local Board of Health’'s Lead Bureau was notified
to start the legal process needed to bring the home into compliance with existing health and
housing codes. No specific abatement protocol was enforced. Education on sources of lead, its
toxicity, and methods to reduce exposure to children was begun at the first clinic visit. Efforts
were a'so made to reduce the child' s exposure to lead hazards by placement in alternative
lead-free housing during abatement of the child' s residence. Nutritiona counseling was begun at
the first clinic visit and parents of children with ferritin levels less than 16 pg/L at enrollment were
given supplies to provide their child with 5-6 mg/kg of elemental iron daily for 3 months for iron
therapy. The intensive medical and environmental follow-up program consisted of 10 visitsover a
period of 6 months for each child and included three household visits by an XRF specialist and a
nurse practitioner for environmenta data collection. Blood-lead levels were obtained at each visit
and ferritin levelswere taken at 1, 7, and 24 weeks. The three home visits occurred at enrollment,
6 weeks, and at 24-25 weeks.

At each home visit, each residence was given a home environmenta score (HES). This
score consisted of a combination of the paint status and XRF readings in the home. Each painted
surface was given avisua rating for its condition on ascale of 0to 3. A score of O was given to
an intact surface, 1 if the surface had bubbles, 2 to a surface with cracks, and 3 to a surface with
peeling paint. The mean of triplicate XRF readings was calculated for each surface and then
multiplied by the visua rating score. The HES given to each individua household is the sum of
these products over all surfaces. Mean HES scores decreased throughout the study, as
interventions took place. At enrollment, ten percent of households had a HES of 0, whereas
25 percent had a HES of 0 at 6 weeks, and 20 percent had a HES of 0 at 6 months.

The median HES score of 37 at the time of enrollment was used as a reference point to
categorize the population into high- and low-level lead exposure. Mean blood-lead
concentrations were greater for children with high HES scores (e.g., > 37) than for children with

low HES scores. A significant correlation was found between PoB and HES at enrollment only
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Figure 3-2.  Average Blood-Lead Concentrations (png/dL) by Initial Home Environmental
Score (New York Paint Abatement Study).

(correlation=0.243, n=77, p<0.05). Average blood-lead levels declined for both HES groups
throughout the course of the study (Figure 3-2). By 6 months post-intervention, blood-lead levels
had declined to less than 25 pg/dL for two-thirds of the children, regardless of initial HES status.
Only 7% of the children’s blood-lead levels were less than 15 pg/dL at the end of the study, with
the minimum blood-lead level at 9 pg/dL.

Two subgroups consisting of 10 children each whose HES scores were consistently above
or consistently below theinitial median HES score of 37 were chosen for further analysis.
Children who were consistently above the median HES score had higher initial blood-lead levels
than those who were consistently below the median HES score. However, mean blood-lead
concentrations for both subgroups declined at a similar rate (Figure 3-3) over the 6 months of the
study.

These results suggest that a combination of source abatement, educational intervention
strategies, and iron therapy result in a 27 percent reduction in blood-lead for children with
elevated blood-lead levels (between 22-55 pg/dL). Because comparable control population was
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Figure 3-3.  Average Blood-Lead Concentrations (pug/dL) by Child’s HES Scores
Consistently Above or Below the Initial HES Median of 37 at All Three
Household Assessments (New York Paint Abatement Study).

evaluated, the magnitude of the reduction in children’s blood-lead levels may be confounded with
the effects of seasonal variation and the age of the child. Also, the authors note that no attempt
was made to quantify the amount of time the child spent in the primary residence and other
secondary residences. Although one measure of exposure was examined (HES), no measures
were reported for the dust-lead content in the household and on the child’'s hands. It should be
noted that the HES score does not take into account the varying amounts of deteriorated paint on

the surfaces examined. A more reliable indicator would measure the area of deteriorated surfaces.

3.2.2 Baltimore Three-City Soil Abatement Study

This 1988-1991 study (USEPA, 1993b) was part of an EPA project examining whether a
reduction in residential soil-lead concentration would result in a statistically significant decrease in
blood-lead levels among children residing in the target homes. The cities of Baltimore, Cincinnati,
and Boston were selected for this project. Each community also included specific objectives of its
own in the project. For the Baltimore study, there was an additional interest in whether

decreasing soil-lead levels would result in a corresponding decrease in household dust-lead levels.
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The study took place over the course of three years, beginning in the Fall of 1988.
Progress was measured through six rounds of blood sampling, with interventions conducted
between rounds 3 and 4. The population studied consisted of Baltimore children aged 6 to
72 months residing in otherwise comparable communities designated the control or study areas.
The designated areas were chosen for comparable demographic, soil lead and housing
characteristics. Aninitia sample size of 408 children was chosen, with atotal attrition of
294 children and total gain of 71 children through the six rounds of blood sampling. Sample sizes
immediately prior to and after the interventions were 270 children (round 3) and 197 children
(round 4). For the study group, intervention consisted of removing the top six inches of soil in
areas with lead concentration greater than 550 ppm and replacing it with clean soil (i.e., less than
50 ppm). For both groups, exterior paint stabilization and repainting were conducted to prevent
recontamination of the cleaned soil. The actual interventions occurred between rounds 3 and 4,
beginning in the Summer and Fall of 1990 for paint stabilization and soil abatement, respectively.
Data gathered were of three types. environmental (soil-, dust-, paint- and water-lead levels),
biologica (blood- and hand-lead levels) and questionnaire data. Biologica and questionnaire data
were collected every round while environmental data were obtained only before and after the
abatements.

There was a statistically significant difference in study area soil-lead concentrations before
and after abatement (decrease of 470.1 ppm). However, the decrease in dust-lead levels was not
statistically significant for the study area, but was statistically significant for the control area
Decreases in blood-lead concentration for the study and control areas were observed at round 4,
January through March of 1991, three months following intervention. Inround 5, May through
July, blood-lead levels increased dlightly for both groups, remaining somewhat stable through
round 6 (Figure 3-4).

Six linear regression models, with the log of blood-lead level or the log of hand-lead level
as the response variable, were constructed. The independent variables included treatment group,

socio-economic status, gender, age, season, dust-lead level, and soil-lead level. For each model,
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Figure 3-4.  Distribution of Blood-Lead Concentration by Sampling Round and Study
Group (Baltimore Three-City Soil Abatement Study).

regression coefficients were calculated for al six rounds, separately for children who did and did
not participate in all six rounds. The geometric mean of the blood-lead levels, for children
participating in al six rounds, decreased from 9.44 pg/dL in round 3 to 8.36 pg/dL in round 4 for
the treatment group and, 9.28 pg/dL in round 3 to 7.59 pg/dL in round 4 for the control group.

Thus, on average, a child assigned to the treatment group had a decrease (from round 3
to 4) in blood-lead level of 14% compared to a decrease of 22% for a child assigned to the
control group. For the remaining two rounds, the geometric mean blood-lead levels for the
control group remained lower than for the study group, although the differences were not
statistically significant.

The results indicate soil abatement did not produce significant declines in the mean blood-
lead concentrations of children benefitting from the abatements. The authors hypothesize that
perhaps this was due in part to the low levels of soil lead in the study area. Nevertheless, soil
abatement may not be an effective method for lowering the blood-lead levels of urban children.

However, in some cases, soil abatement may serve as a helpful adjunct.

25



20 4 .

Change in Blood—Lead Cancentration (ug/dL)

—304

T T T T T T
(e} 10 20 30 40 50

Pre—Intervention Blood—Lead Concentration (g /dL)

Study Group: & & & Control * * *k Treotment

Figure 3-5. Change in Blood-Lead Concentration Between Rounds 1 and 6 Plotted
Against Pre-Intervention Blood-Lead Concentration (Baltimore Three-City Soil
Abatement Study).

Blood-lead concentration change from round 1 to round 6 appears to be negatively
associated with round 1 blood-lead concentration in an approximately linear fashion (Figure 3-5).

In other words, children with low initial blood-lead concentration had an increase by round 6,

while children with high initial blood-lead concentration had a decrease by round 6. This may be

duein part to “regression to the mean.”

3.2.3. Cincinnati Three-City Soil Abatement Study

This 1989-1991 study (USEPA, 1993c) was part of an EPA project examining whether
reduction of soil and dust-lead levels would result in a statistically significant decreasein
blood-lead levels of children. Three cities, Baltimore, Boston, and Cincinnati were selected for
this project, with each community setting additional study objectives. The Cincinnati study was
also interested in whether interim interior dust abatement, in conjunction with exterior dust and
soil abatement, would result in a greater reduction in blood lead than dust and soil abatement

aone.
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Families with children under five years of age were recruited from three study areas (A, B,
and C) selected for similar demographic and housing characteristics. Also, areas chosen primarily
consisted of rehabilitated housing in which lead-based paint had been abated as a result of HUD-
supported programs in the early 1970s. Rehabilitation involved the “gutting” of buildings and the
complete replacement of plumbing, wiring, and heating systems, and installation of new walls,
flooring, windows, and doors. Lead levelsin rehabilitated housing are probably quite low,
however, lead-based paint could be present due to maintenance/repainting prior to the 1978 ban
of lead in residential paint. For intervention, area A received soil lead, exterior dust, and interior
dust abatement treatments in 1989. Soil-lead abatement consisted of the removal of the top 6
inches of soil if the 15 cm core average or top 2 cm lead concentration was greater than or equal
to 500 ppm. Interior dust abatement consisted of vacuuming and/or wet cleaning surfaces
including ledges, window wells and window sills and non-carpeted floors. Contaminated carpets
and selected furniture were replaced since vacuuming was determined ineffective for abatement.
Exterior dust abatement consisted of vacuuming paved areas.

The study took place through nine phases of environmental and biological monitoring. An
earlier “phase’, phase 0, involved the project design and initial measurements. Two hundred and
twenty-five children were enrolled in phase 1 (June and July of 1989), of which 173 resided in
rehabilitated housing. One hundred of theinitial 225 remained at the completion of the study in
October 1991. Also, 66 phase 5 recruits (January of 1990), of which 37 remained, and 16 new
births contributed to a final tally of 153 participants at the end of the study. Interior and exterior
dust and soil abatement for Area A and interior dust abatement for Area B took place between
phases 1 and 2. Exterior dust and soil abatement for Area B took place between phases 5 and 6.
Area C served as a control, although all three forms of abatement were provided after phase 9.

For Area A, the geometric mean soil-lead concentration decreased from 200 ppm to
54 ppm between phases 0 and 5 for the top 2 cm core composite samples. This decrease was
statistically significant (p <0.05). For Area B, the geometric mean soil-lead concentration for the
top 2 cm core composite samples decreased from 161 ppm in phase 5 to 59.5 ppm in phase 9.
The overadl log of interior floor dust-lead loading decreased in Area A between phases 1 and 3
(Figure 3-6), remaining essentially constant in Area C, with the lowest original lead loading.
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Figure 3-6. Distribution of Interior Floor Dust-Lead Loading by Sampling Phase and Study
Area (Cincinnati Three-City Soil Abatement Study).

For initia recruits living in rehabilitated housing and participating in phases 1 and 9, mean
differences in blood-lead concentrations, measured between both phases, were 0.64, -2.04, and -
1.72 (ug Pb/dL) for Areas A, B, and C, respectively. From baseline, these changes represent an
increase of 7% and decreases of 16.4% and 17.3% for Areas A, B, and C, respectively. The
difference between the changesin Areas A and B was Statistically significant. However, in
comparing blood-lead concentrations for all children in the study, the median blood-lead
concentration was lower at phase 9 than at phase 1, for all study areas (Figure 3-7). Theincrease
in mean differences of blood-lead concentration for Area A children could be due to the fact that
mean blood-lead concentration was lower at baseline (9.44 pg/dL) for Area A children than for
AreaB and C children (12.38 pg/dL and 9.96 pg/dL), respectively.
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Figure 3-7. Distribution of Blood-Lead Concentration by Sampling Phase and Study Area
(Cincinnati Three-City Soil Abatement Study).

Results indicate soil abatement can be effective in the long term for reducing lead levelsin
soil. However, there is no conclusive evidence that the abatement methods chosen were effective
in long-term reduction of interior and exterior dust lead. More importantly, there is no evidence
that the three forms of abatement together reduce blood-lead levelsin the long term nor is there
evidence that such a combined abatement is more effective than interior dust abatement alone.
Two possible contributing factors in the blood-lead concentration change are baseline blood-lead
concentration and season. First, the blood-lead concentration change from baseline to phase 9
appears to be negatively associated with baseline blood-lead concentration in afairly linear
fashion. Children with low initial blood-lead concentration had an increase by phase 9, while
children with high initial blood-lead concentration had a decrease by phase 9 (Figure 3-8). Again,
the trend intercepts above zero. Second, the mean change in blood-lead concentration from phase
1 to phase 3 was-1.86, -1.86, and -2.55 for Areas A, B, and C, respectively (among initial recruits
living in rehabilitated housing and participating in both phases). However,
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Figure 3-8. Change in Blood-Lead Concentration Plotted Against Pre-Intervention
Blood-Lead Concentration (Cincinnati Three-City Soil Abatement Study).

phase 1 was conducted in June of 1989 while phase 3 was conducted in November of 1989.

Thus, decreases in blood-lead level could have been in part due to seasonal variation.

3.2.4 Boston Three-City Soil Abatement Study (Updated)

This 1989-1991 project (Weitzman et al., 1993; Aschengrau et al., 1994; Aschengrau
et a., 1997) assessed whether a significant reduction (>1000 ppm) in the concentration of lead in
residential soil will result in asignificant decrease (>3 pg/dL) in the blood-lead concentration of
children residing at the premises, and also assessed the impact of residential lead-based paint
hazard remediation aone and in combination with soil abatement on children with mildly elevated
blood-lead levels. A total of 152 children were enrolled, each satisfying the following criteria: (1)
less than or equal to 4 years of age, (2) blood-lead concentration between 10 and 20 pg/dL with
no history of lead poisoning, and (3) a minimum median residential soil-lead concentration of
1500 ppm. The project employed four intervention procedures. (a) interior paint stabilization by
removing peeling or chipping paint, (b) interior dust abatement via wet mopping and HEPA

vacuuming, (c) soil removal (to a depth of 6 inches) and replacement, and (d) interior and exterior
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lead-based paint abatement. Dispersal of soil during the abatement was retarded by wetting the
soil, preventing track-in by workers, containing the abatement site with plastic, and washing al
equipment. Extensive environmental media and body burden samples were collected, including
composite core soil samples, vacuum dust samples, first draw water samples, interior and exterior
paint assessment via portable X RF, venipuncture blood samples, and hand-wipe samples.

Each child enrolled was randomly assigned to one of three experimental groups. Study
(54 children), Comparison A (51 children), or Comparison B (47 children). During Phase |, the
Study Group received interior paint stabilization, interior dust abatement, and soil abatement.
Comparison Group A received interior paint stabilization and interior dust abatement.
Comparison Group B residences received only interior paint stabilization. During Phase 11, which
began approximately 12 months after the Phase | interventions, both comparison groups received
soil abatement and all three experimental groups were offered |ead-based paint abatement.
Environmental media and body burden samples were collected at various times surrounding these
intervention activities. Occupants and their belongings were relocated off site during the interior
remediations.

During Phase |, the average blood-lead concentrations in all three experimental groups
decreased at the first (6 months) post-abatement measurement (Figure 3-9). The statistically
significant decreases were: 2.9 pg/dL for Study, 3.5 pg/dL for Comparison A, and 2.2 pg/dL for
Comparison B. The following increases in average blood-lead concentration were recorded
between the first and second (11 months) post-abatement measurements. 0.5 pg/dL for Study,
2.6 pg/dL for Comparison A, and 1.5 pg/dL for Comparison B. The increases for the two
comparison groups were significantly different from zero. The mean dust-lead levels from hand
wipe samples for al groups followed a similar pattern, though they exhibited considerably greater
variability.
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Figure 3-9. Arithmetic Mean Blood-Lead Concentration Across Sampling Rounds and
Experimental Groups, Phase 1 (Boston Three-City Soil Abatement Study
(Updated)).

By the end of Phase I1, 91 children were still participating and living at the same premises
as when they were enrolled. Of these children, 44 received both soil and lead-based paint
abatement, 46 received only soil abatement, and 1 refused both interventions. For children whose
residence underwent soil abatement only, mean blood-lead concentrations decreased by 2.44
pg/dL for 52 children in the Study Group, 5.25 pg/dL for 18 children in Comparison Group A,
and 1.39 pg/dL for 13 children in Comparison Group B, between pre- and post-intervention
measures (Figure 3-10). Blood-lead measures were taken an average of 10 months post-
abatement for the Study Group (during Phase 1) and an average of 9 months post-abatement for

the comparison groups (during Phase I1).
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Figure 3-10. Arithmetic Mean Blood-Lead Concentration Across Sampling Rounds and
Experimental Groups, Phase | and Il (Boston Three-City Soil Abatement
Study (Updated)).

A repeated measures analysis was conducted using a restricted sample of 31 children from
Comparison Group A (N=18) and Comparison Group B (N=13) who received only soil
abatement during Phase Il and who had blood-lead measures at the beginning of Phase |, the end
of Phasel, and the end of Phase Il. Study Group data were excluded for lack of a control period.
Mean blood-lead concentrations decreased by 0.64 pg/dL during Phase | (before the soil
abatements) and another 3.63 pg/dL during Phase 11 (a 33.9% decline overall). A trend in the
magnitude of the decline in blood-lead levels was apparent, with larger declines observed in
children with larger initia blood-lead levels.

The decline in median soil-lead concentration among Study Group residences immediately
post-abatement averaged 1790 ppm (range: 160 ppm to 5360 ppm). Although many yards had
evidence of recontamination both at 6-10 months and 18-22 months post-abatement, follow-up

median soil-lead concentrations were generally less than 300 ppm (Figure 3-11). The authors
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hypothesize that this increase was due to recontamination by lead contaminated soil still present in
surrounding yards. Similar results were observed for the comparison groups following the soil
abatements in Phase 1. Dust-lead loadings were less consistent. Composite floor dust-lead
loadings declined significantly during the study. Comparable declines were seenin al three
groups during Phase |, despite Comparison Group B not receiving any interior house dust
abatement. Mean floor dust-lead loadings were relatively unchanged for Comparison Groups A
and B (P=0.95 and 0.15, respectively) during Phase 11, despite the soil abatement. By

18-22 months post-abatement, mean levelsin the Study Group had risen, but remained still
significantly below initial levels (P=0.02). Mean window well dust-lead loadings declined in
Comparison Group A following the soil abatement, but rose in the Study Group and in

Comparison Group B.
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Figure 3-11. Arithmetic Mean Environmental Lead Level (For Study Group) Across
Sampling Rounds (Boston Three-City Soil Abatement Study (Updated)).

Mean blood-lead concentrations of Study Group children whose homes received paint

hazard remediation during Phase || were an average of 2.6 pug/dL higher than those of children
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who received no Phase Il interventions. Mean blood-lead concentrations for children whose
homes received both paint hazard remediation and soil abatement during Phase Il were an average
of 1.4 pg/dL higher than that of children whose homes received soil abatement only (Comparison
Groups A and B combined).

To evauate the effectiveness of lead-based paint abatement, a multivariate model analysis
was conducted for comparison of Phase Il post-intervention blood-lead concentrations to Phase 11
pre-intervention blood-lead concentrations. After controlling for confounding factors in the
model (e.g., age, sex, race, socioeconomic status, mouthing, hand-washing, housing
characteristics, and environmental sources of lead), paint hazard remediation was associated with
a statistically significant (p=0.05) increase of 6.5 pg/dL in blood-lead levels in the Study Group.
Paint hazard remediation was associated with an increase of 0.9 pg/dL in blood-lead levels
(p=0.36) in Comparison Group A and B homes that received paint and soil abatement, compared
to those that received only soil abatement.

Although mean floor dust-lead loading levels showed an increase in al households
following the Phase 11 interventions, the increase was greater for homes that received paint hazard
remediation. Mean floor dust levels increased by 142% for Study Group households that received
paint interventions and by 75% for those not receiving paint interventions. Comparison Groups A
and B combined showed an increase of 42% for homes receiving paint and soil abatement and by
33% for homes receiving only soil abatement. Mean post-intervention window sill dust-lead
loading levels increased by 105% for the Study Group and remained unchanged (+2%) for
Comparison Groups A and B combined for those homes receiving paint hazard remediation, but
decreased in homes that did not (-42% for the Study Group and -41% for Comparison Groups A
and B combined). These increases in dust-lead leadings may be due to dust-generating abatement
practices, along with inadequate cleanup and clearance testing.

These results suggested that abatement of |ead-based paint around homes may result in a
significant increase in blood-lead levels. However, the removal of lead-contaminated soil may
offset thisincrease. For Phase |, results indicate that abatement of |ead-contaminated soil by itself
may result in amoderate decline in blood-lead levels. The reported declines, however, may be
influenced by seasonal variation in blood-lead levels. Seasonal variations in blood-lead

concentrations of comparable magnitude have been cited in other studies conducted in Boston and
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Milwaukee (USEPA, 1995c, 1996d). In addition, relatively few children were available for the
Phase I analysis, which introduces the possibility of biasin the estimated declines due to low
participation at follow-up. Moreover, since no control populations were available for the Phase Il

results, it is difficult to assess their variations.

3.2.5 Minneapolis Dust Intervention Study

This study (Mielke et al., 1994) sought to reduce children’ s blood-lead concentrations by
reducing exterior soil and dust lead and interior dust lead at targeted residencesin the
Minneapolis and St. Paul, Minnesota, inner-city areas. The study population consisted of
40 primarily minority children identified by the Twin Cities Mapping Project as living in high
soil-lead concentration communities. Twenty-three children from Minneapolis were targeted for
treatment by the dust control intervention, whereas 17 children from St. Paul received no dust
control treatment.

For the 23 treatment group children, interior dust control consisted of wet wiping wallsto
remove loose paint chips, followed by athorough vacuuming using a high efficiency particle
accumulator (HEPA) vacuum. Floors were mopped with a high phosphate detergent and some
carpets were removed from the household. Households with children exhibiting the highest
blood-lead concentrations were provided more intensive dust control treatment than those with
children exhibiting lower concentrations. Exterior interventions included covering bare soil with
sod or wood chips, the addition of a sandbox, and provisions to prevent soil from washing onto
sidewalks (thereby limiting the opportunity for dust track-in). Parents of children in the treatment
group were supplied with dust control information and cleaning supplies. Only prevention
information was provided to the parents of the control group children. Venous blood samples
were collected and analyzed by the Minneapolis Children’s Medical Center. Soil-lead loadings
were collected by a 2.5 cm deep soil scrape sample at foundation, mid-yard and street-side
locations. Interior dust lead samples were collected, however, those results were not reported.

Pre- and post-intervention blood-lead levels were taken during May-June and
September-November 1990, respectively. The distributions of pre- and post-intervention
blood-lead levels are displayed in Figure 3-12. Among treatment group children, 52% of the
children’ s blood-lead concentrations decreased, 4% increased, and 44% remained the same
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(follow-up measurement within £1pg/dL of initial blood-lead concentration). In the control
group, 29% of the children had a reduction in blood-lead concentration, while 53% exhibited an
increase, and 18% remained the same. Blood-lead concentrations were said to decrease/increase
if the post- versus pre-intervention concentration difference exceeded the quality control limit of 1
pg/dL. By the end of the study, all children in the treatment group had blood-lead concentrations
less than 25 pg/dL and the percentage of children above 14 pg/dL was reduced from 39% to
30%. In the control group, the percentage of children above 14 pg/dL increased from 41% to
53% by the end of the study. Three of these children had follow-up blood-lead levels of 40, 41,
and 61 pg/dL, prompting medical intervention. Average differences between initial and follow-up
blood-lead concentrations in the treatment and control groups were statistically significant

(p=0.006) by the Fisher-Pitman test, suggesting that dust control procedures were effective.
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Figure 3-12. Distribution of Blood-Lead Concentration (ug/dL) for Pre- and
Post-Intervention Measures, by Study Group (Minneapolis Dust
Intervention Study).

Post-intervention soil-lead concentrations for the treatment group were significantly

(p<0.001) lower than initial concentrations. Foundation and mid-yard soil-lead concentrations
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were reduced by afactor of threeto four. Soil-lead loadings were also reduced.
Post-intervention soil lead samples were not collected for the control group, but were assumed to
have remained unchanged. Interior dust-lead levels were not reported.

The dust control treatment program appears to have resulted in reductionsin children’s
blood-lead concentrations for the treatment group as compared to the control group. By the end
of the study, al of the children in the treatment group had blood-lead levels less than 25 pg/dL,
while 24% of control group children had blood-lead levels greater than 25 pg/dL. Interpretation
of the study resultsis difficult, because interior dust-lead levels were not reported. Both interior
paint stabilization and the exterior intervention may have had an impact on children’ s blood-lead
concentrations in the treatment group. While the reductions in the blood-lead concentrations
observed in some of the control group children may have been due to random variation, the
authors suggest that some of the reductions may be accounted for by information given to parents
on dust control. Also, some of the observed increases in blood-lead levels may be explained by
seasonal variation, since blood-lead levels tend to increase during Summer months. Although the
study had a control population, children were not randomly assigned to the treatment and control
groups. Thus, changes in blood lead due to treatment are confounded with any differences
between the two populations. There was no discussion on how comparable the two populations
were (i.e., age differences, gender, etc.). However, a Chi-sguare test of homogeneity did not
detect significant differencesin the initia distribution of blood-lead levels between the treatment
and control groups. Although the sample sizes in this study were small, gross differencesin the
initial distribution would be detectable using this test.

3.2.6 Paris Paint Abatement Study

This study (Nedellec et al., 1995) sought to determine the effectiveness that |ead-based
paint abatement would have in reducing severely elevated blood-lead concentrations (PbB) in
children. The study targeted children less than 6 years of age who were identified as severely
lead-poisoned by the Maternal and Child Care Centers (PHI) of Paris between January 1990 and
February 1992. A total of 190 households were visited, from which, a subset of 59 homes

containing 205 children were considered priorities for intervention activities.
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For the 190 households visited, a score (0 to 5) was given to each household to assess the
state of deterioration of the building and apartment. The score was determined as a function of
the general condition of the building, its maintenance, the cleaning of the floor, and the condition
of the paint on the walls and woodwork. Paint samples were collected in 147 of the 190 homes
visited, and the maximum lead content of paint was found to be greater than 1.5 mg/g in 93% of
the homes and greater than 10 mg/g in 77% of homes. The characteristics of the 59 homes
selected for abatement did not differ significantly from the total number evaluated in that the
maximum lead content in paint for the 59 homes exceeded 1.5 mg/g in 58 (98%) homes and
exceeded 10 mg/g in 52 (88%) of them.

The one-time intervention consisted of chemical stripping with caustic products,
encapsulation, replacement of antiquated elements and coatings of |ead-based paints, and a final
dust cleaning. Stripping was used on 52% of the items abated, a combination of stripping and
encapsulation was used on 36% of the items abated, and a combination of encapsulation and
replacement on 12% of the abated items. Families were relocated during the performance of the
abatements. Dust samples were collected in 29 homes at baseline, during the intervention, 1 to
2 months, 3 to 6 months, and 7 to 12 months post-intervention. Venous blood samples were
taken at baseline and at least 2 times post-intervention.

Dust sample data were available for 24 of the 29 households in which samples were
collected. Characteristics of these 24 homes were compared to the other 35 homes for which dust
sample data were unavailable. Initia conditions appeared to be dlightly less severe in homes
where dust samples were collected. Median dust-lead loadings measured 83.6 pg/ft? at
pre-intervention and showed an increase of 697 ug/ft? during the intervention activities.
Post-intervention dust-lead loadings showed a median decrease of 33.9 pg/ft? at 1 to 2 months
and 45.4 pg/ft? at 3 to 6 months follow-up. For 11 homesthat had an initial dust-lead loading
greater than 92.9 pg/ft?, median decreases were 144 pg/ft? one to two months and 157 pg/ft?

3 to 6 months following intervention. By 6 to 28 months post-abatement the maximum dust-lead
loadings were less than 92.9 pg/ft? for 40 out of 45 households sampled.

Pre- and post-intervention blood-lead levels were available for 78 of the 205 children
residing in 41 of the 59 homes. Compared to the other 18 households for which no post-

intervention blood data were available, households where blood-lead concentrations were
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available for both pre- and post-intervention were significantly more deteriorated than for the
other families. In addition, the maximum pre-intervention blood-lead level was significantly
higher in these homes. The maximum paint lead content was lower; however, the paint lead
concentration was aready very high for both groups. All of the children’s blood-lead
concentrations decreased significantly post-intervention, with the exception of 4 children (living in
2 of the 41 homes) whose blood-lead level increased.

A multiple linear regression model was conducted on the data from the 74 children whose
blood-lead levels decreased post-intervention. The model regressed the natural logarithm of
blood-lead levels on the following dependent variables. Time (weeks) after screening, Time
(weeks) after intervention, Age (0 for < 3years, 1 for > 3 years), After Chelation Therapy (O for
no chelation performed, 1 for chelation performed), 15 < PbB <45 (1if 15 < PbB 45,

0 otherwise), PbB > 45 (1 if PbB > 45, 0 otherwise), and After Intervention (O if pre-intervention,
1if post-intervention). The 4 children whose blood-lead concentrations increased post-
intervention were excluded from the regression anaysis, presumably because the children were
exposed to high levels of lead-contaminated dust during the intervention since their families may
not have been relocated.

The results suggest that the intervention was beneficial to severely lead poisoned children
exposed to severe pre-intervention conditions. The one time intervention seemed to have had a
lasting effect in reducing interior dust-lead levels. As noted by the substantial increase in dust-
lead loadings during the abatements, families should be relocated during the rehabilitation process.
Since specific guidelines were not set for the abatement process itself, comparisons on a house-to-
house basis may not be feasible. The magnitude of the reduction in blood-lead levels may aso be
confounded with seasonal variation, as sampling occurred at various time intervals. Furthermore,
the decline is confounded with chelation therapy, which was provided to some of the more severe
lead poisoned children.

3.2.7 Baltimore Follow-up Paint Abatement Study
This study (MDE, 1995) sought to evaluate the effectiveness of alternative lead-based
paint abatement procedures on long-term reduction in household dust-lead levelsin homesin

Baltimore, Maryland. A total of 72 homes were included in the study. These homes were abated
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between January 1, 1991, and June 30, 1992, using aternative methods. All households had at
least one clearance dust-lead measurement taken. The alternative intervention methods consisted
of floor to ceiling abatement of al interior and exterior surfaces where lead content of the paint
exceeded 0.7 mg/cm? by XRF or 0.5% by weight by wet chemical analysis. Several methods were
tested, including encapsulation, off-site and on-site stripping, and replacement. The abatements
took place either in unoccupied dwellings or the occupants were relocated during the abatement
process. Lead-contaminated dust was contained and minimized during the abatement, and
extensive clean-up activities included HEPA vacuuming and off-site waste disposal. Wipe dust-
lead loading samples were taken from floors, window sills, and window wells in rooms where the
child spent time. The study was limited to homes where at |east one clearance sample was
available. Additional samples were collected in 75 homes where follow-up sampling had not been
conducted.

Sixty-nine of the 72 homes had at |east one floor clearance sample, 67 had at least one
window silI clearance sample, and 57 had at least one window well clearance sample. Threetime
intervals (approximately 6, 12, and 19 months post-intervention) were used to group the follow-
up dust measurements. Figure 3-13 displays the changes in geometric mean floor, window sill,
and window well dust-lead loadings at each follow-up interval. Geometric mean floor dust-lead
loadings seemed to remain fairly constant over the course of this study at levels below 26 pg/ft?,
whereas window well dust-lead loadings showed recontamination fairly quickly. Clearance levels
for floors, window sills, and window wells were set at 200 pg/ft?, 500 pg/ft?, and 800 pg/ft?,
respectively. By 19 months post-intervention, only 5% of the homes were above clearance for
floors, while 42% and 47% of the homes were above clearance levels for window sills and
window wells, respectively.

These results seem to indicate that for alternative abatement methods, dust-lead loadings
on floors can be kept fairly low over long-term time periods. Floor surfaces showed little

evidence of recontamination. However, reaccumulation of lead-containing dust occurred in
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Figure 3-13. Changes in Geometric Mean Floor Dust-Lead Loading (pg/ft?) by
Time Interval and Surface Type (Baltimore Follow-up Paint
Abatement Study).

window sills and window wells at each time interval examined. Reaccumulation was greatest for
window wells with 17%, 43%, and 47% of homes at or above clearance standards by the 6, 12,

and 19 month time intervals, respectively.

3.2.8 Leadville/Lake County Educational Intervention Study
This screening study (LCDH and UC, 1993) compared community blood-lead

concentrations in 1992 with those determined in 1991, and evaluated the effect of educational
intervention on blood-lead levels of children whose pre-intervention level was elevated, or who
lived in residences with unusually high concentrations of lead or arsenic in the surrounding soil.
The sampled population consisted of 160 individuals, including 127 children. One hundred
thirteen of the 127 children were less than 72 months of age. If a child’s blood-lead concentration
was 10 pg/dL or higher, parents received instruction on methods to reduce their child’s lead
intake. Venous blood samples were taken during the two Fall screening clinics conducted one
year apart. A 20% random sample of families who had blood |ead measurements during the 1991

Fall screening clinic were targeted for the 1992 screening.
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Figure 3-14. Geometric Mean Blood-Lead Concentration for All Children (h=66) and for
Children Who Received Educational Intervention (N=8) (Leadville/Lake
County Educational Intervention Study).

A total of 66 children were tested in both 1991 and 1992. Blood-lead concentrations for
these children declined 9.8%, from a geometric mean of 5.02 pg/dL to 4.53 pg/dL, during the
year (Figure 3-14). Twenty-six of these children had not moved during the year. Their
geometric mean blood-lead level declined 25%, from 5.83 pg/dL to 4.38 pg/dL. Eight children
were identified as having elevated (>10 pg/dL) blood-lead levelsin 1991. These children showed
an average decline in blood-lead concentrations of 19%, from a geometric mean of 11.4 pyg/dL to
9.3 pg/dL. Two of these children had reductions in blood-lead concentrations of 49% and 57%.

For children in the Leadville/Lake county areas, blood-lead concentrations declined on
average by approximately 10% during the one-year period. In comparison, 8 children benefitting
from educational intervention showed a 19% decline on average. These 8 children were targeted
because they exhibited elevated blood-lead concentrations at the initial survey, so the observed
decline may be due in part to non-interventional factors such as regression to the mean, or merely
age-related variation. The absence of a comparable control population makes assessment of these

issues difficult.
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3.2.9 Trail Dust Intervention Study

A variety of intervention strategies (Hilts et al., 1995; 1998; Hilts, 1996) have been
implemented in Trail, British Columbia, with the goa of reducing children’s blood-lead levelsin
the presence of ongoing emissions from alead and zinc smelting facility. Intervention strategies
have targeted lead-containing house dust. Of particular interest is a study that sought to
determine the effectiveness of repeated vacuuming using high efficiency particle accumulator
(HEPA) vacuums in reducing both household dust-lead loading (PbD) and children’ s blood-lead
concentrations (PbB) (Hiltset al., 1995). In addition, community education, greening, and dust
control programs have been implemented along with residential bare soil reduction and individua
case management programs (Hilts, 1996). Soil abatement was not performed, because of ongoing

smelter stack emissions.

HEPA Vacuum Study

The sample population for this study consisted of 207 households in higher risk areas of
Trail, British Columbia, with children under six years of age who had participated in a 1992 blood
lead screening. Of the 207 families, 122 agreed to participate in the study. The children were
randomly assigned to treatment and control groups (61 children in each group). Fifty-five
treatment group children and 56 control group children completed the study. Familiesin both
groups, however, received educational materials and recommendations to reduce childhood lead
body burden, and were advised to continue their normal cleaning habits throughout the course of
the study. In addition, the treatment group received a dust intervention consisting of HEPA
vacuuming of accessible finished floors once every six weeks over a period of ten months, from
November 1992 through August 1993. The control group did not receive these vacuumings.
Hand wipe and floor dust-lead samples were collected three times during the study for both
treatment and control homes. Baseline and post-intervention venous blood samples were
collected at Fall screening clinics approximately one year apart. Additionally, a 19-part self report
survey was administered at the time of the post-intervention blood lead screening.

Small decreases in blood-lead concentrations were observed during the study in both study
groups (Figure 3-15), however, the difference in pre- and post-intervention changes in blood-lead

concentrations between the treatment and control group was not significant (p=0.85). During the
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first vacuuming cycle carpet dust loading, carpet dust-lead loading, and carpet dust-lead
concentration were reduced by 34, 39, and 8 percent, respectively, as compared to their measures
prior to vacuuming. Similarly, carpet dust loading, carpet dust-lead loading, and carpet dust-lead
concentration were reduced by 34, 35, and 3 percent during the fourth vacuuming cycle, and by
46, 47, and 0 percent, respectively, during the seventh cycle. During the study, geometric mean
hand-wipe |ead loading decreased significantly for the control group, while a marginally
significant increase was observed in the treatment group during the study. The authors
hypothesized that this may stem from families relaxing their hygiene efforts because of a perceived
reduction in exposure risk due to the intervention. Carpet dust loading increased for the control
group and decreased significantly for the treatment group (p<0.01). Carpet dust-lead loading also
decreased significantly for the treatment group (p<0.01).

Eighteen households were sampled weekly for evidence of recontamination for a period of
six weeks after the final vacuuming cycle in August 1993. In these 18 homes, carpet surface dust-
lead loadings had declined by approximately 50 percent immediately following the final
vacuuming. However, recontamination occurred within 2-%2 to 3 weeks, on average. In addition
to the dust recontamination sampling, a self-report survey questionnaire was completed by 103 of
the study participants at the post-intervention blood lead screening. Children living in homes
where people removed their shoes at the door tended to have lower blood-lead levels and floor
dust-lead loading tended to be lower also. Children who had pets tended to have higher
blood-lead levels and higher floor dust-lead loadings.

Although HEPA vacuuming every 6 weeks did not have a significant impact on blood-lead
levels, there was some evidence to suggest that more frequent vacuuming might be beneficial. A
follow-up study was conducted in 17 homes located in high risk neighborhoods (Hilts, 1996).
Families in the follow-up study received HEPA vacuuming, wet-mopping, and wet-wiping
biweekly during the summer months. The intervention strategy tested in the follow-up study was
effective in preventing a seasonal rise in dust-lead loadings on carpets, but less effectivein
preventing arise in blood-lead concentrations. The average carpet dust-lead |oading stayed the
same in treated homes, but nearly doubled in 14 comparison homes during the study period. The

average blood-lead concentration rose by 2.9 n.g/dL in the treatment group and
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Figure 3-15. Geometric Mean Blood-Lead Concentration for Pre- and Post-Intervention
Measures, by Study Group (Trail Dust Intervention Study).

by 4.2 ug/dL in 10 comparison children between April and September 1993. Comparison
children and homes were in the same neighborhoods as the treatment homes, but the follow-up

study apparently did not assign homes randomly to treatment and control groups.

Other Interventions

Community education, greening, and dust control programs were designed to benefit all
childrenin Trail. Soil abatement was not performed, because recontamination was almost
inevitable from the 300 kg of lead per day in smelter stack emissions. However, seeding and
planting of public areas with high lead levels was implemented by a civic group. Community dust
levels were reduced by spraying magnesium chloride dust suppressant on unpaved aleys and
parking areas. In addition, aresidential ground cover program implemented in 1993 provided a
50% rebate on cost of materials to householders who covered bare soil with turf, landscape fabric

and mulch, shrubs, concrete, or gravel.
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Education and case management activities began in 1991 and have evolved over time.
Community education efforts focused on contacts with elementary school or daycare
administrators, instructors, and students. Individual education and case management services are
available to children with elevated blood-lead levels (PbB>15, or PbB>10 for children under
1 year old) who are identified in annua Fall screening clinics. Eligible children receive blood-lead
monitoring and in-home educationa visits. Since 1994, ground cover materials or cleaning
supplies, equipment, and services have been provided, aswell. Cleaning services include biweekly
cleaning during summer and monthly cleaning the rest of the year, using the methods of the
follow-up study.

Geometric mean soil-lead levels did not change significantly between 1989 and 1992
(GM=725, n=19 and GM =713, n=213, respectively). Therefore, the 14% decline in blood-lead
concentrations from 1991 to 1992 and the additional 6% decline from 1992 to 1993 may be
attributed primarily to the education efforts. The ground cover subsidy program was open to all
families who had participated in the 1992 Fall blood clinic who also had bare soil in their yards.
The participation rate was 23%, with 44 families completing projects. A follow-up assessment in
1994 found that the ground cover projects were being maintained adequately, however, 12 of the
44 properties had additional bare soil.

The lead loading of house dust may be reduced temporarily by thorough HEPA
vacuuming once every six weeks. In fact, carpet dust-lead loading was reduced by approximately
40 percent immediately following the vacuuming. However, with the on-going contamination
stemming from the operational smelter, these levels return to “normal” within a few weeks.
Vacuuming every six weeks, even accompanied by education, had no effect on children’s blood-
lead concentrations. The follow-up study with biweekly cleaning appeared to be successful in
preventing some of the expected summer rise in blood-lead concentrations, although the results
were not conclusive. The ground cover subsidy program had a 23% participation rate, with 44
families completing projects and maintaining them for at least one year.

In 1991, a 14% decline in the average blood-lead concentration of Trail children aged 6 to
72 months was attributed primarily to the first year of community education and individua case
management efforts. However, declines in subsequent years for children whose families received

case management intervention for the first time were not as notable as that found in 1991.
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3.2.10 New Jersey’s Children’s Lead Exposure and Reduction Dust Intervention Study

This study (Rhoads et al., 1997, 1999; Lioy et al., 1998) sought to demonstrate the
effectiveness of a combined dust control and educational intervention strategy for children with
low to moderate blood-lead levels. The study targeted children under 3 years of age residing in
Jersey City, NJ, who were at risk for elevated blood-lead concentrations based on three criteria
1) having a sibling with a previously reported elevated blood-lead concentration greater than
10 pg/dL, 2) high lead contamination in the home, or 3) ameasured blood-lead concentration
between 8 and 20 pg/dL. A total of 113 children were enrolled in the study and assigned at
random to the Lead Group (LG), which was offered biweekly assistance with home dust control
and a series of educational sessions about lead, or the (control) Accident Group (AG), which was
offered only education and home safety items related to accident prevention. The two groups
were very similar with respect to age, initial blood-lead concentration, number of children,
education, and the proportion speaking English. Both groups were followed for 1 year. Both
blood- and dust-lead measurements were collected during the course of the study.

The LG families received a median of 3 (range, 1-6) one-hour educational sessionsand 17
(range, 0-42) cleaning visits. The basdline dust and dust-lead loadings were comparable among
the two groups, but by the one year follow-up dust and dust-lead levels were lower in LG homes
for floor, sill, and vacuum samples (decreases of 50% or greater for sills and vacuum samples)
while the changes in the AG were smaller and inconsistent. There was, however, an unexplained
large drop in the lead loading of vacuum samplesin the AG group. Therefore, there was a
significant difference in the lead loadings between the LG and AG only for window sills.

As shown in Figure 3-16, blood-lead concentrations in the LG group decreased on
average from 12.4 pg/dL to 10.3 pg/dL during the first year of the study (17% decline). In
contrast, blood-lead concentrations in the AG group increased from 11.6 to 11.7 pg/dL on
average during that time (0.9% increase). The difference in the change in blood-lead
concentrations between LG and AG children was statistically significant (p<0.05). Also, the
reduction in blood-lead levels among the LG children was greater the more times their home was
cleaned. There was essentially no change in the blood lead levels for the 11 children living in
homes cleaned fewer than 10 times, as opposed to a 34% drop (-3.9 pg/dL) seen in the 16

children whose homes were cleaned 20 times or more.
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Figure 3-16. Mean Blood-Lead Concentration for Pre-Intervention and Post-Intervention
Measures, by Study Group (New Jersey’s Children’s Lead Exposure and
Reduction Dust Intervention Study).

It appears that the combination of biweekly dust control and a series of |ead-education
sessions was effective in reducing blood-lead levelsin this population of children with moderately
elevated blood lead levels. The effect of seasona variation was minimized by taking blood-lead

measurements one year apart.

3.2.11 Boston Interim Dust Intervention Study

This study (Aschengrau et al., 1998; Mackey et a., 1996) sought to determine the
effectiveness of low-technology lead hazard reductions activities targeting paint and household
dust in reducing modestly elevated blood-lead concentrations in children awaiting permanent
deleading of household paint in Boston, Massachusetts. Children under the age of four years
residing in the city of Boston were selected for possible enrollment. Each child had a venous
blood-lead concentration between 11 and 24 pg/dL at enrollment and no history of lead

poisoning. In addition, children must have lived in their homes for at least 3 months with no
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definite plans to move within the next 3 months. The homes must not have been previously
deleaded or received lead hazard reduction activities and had lead-based paint on at least 2
window sills and/or window wells. The parents spoke English, Spanish, or Cape Verdean creole
as these were the language capabilities of the staff.

Sixty-three of the 402 children eligible for the study were enrolled. The study consisted of
three groups. Because of severe household lead hazards, 22 of the children were assigned to an
“automatic intervention” group. Severe hazards were characterized as paint chips on any floors,
severe amounts of loose dust or paint chips in any window well, or holes larger than one inch
widein walls containing lead-based paint. The remaining 41 children were randomly assigned to
the remaining groups, 22 to the “randomized intervention” group and 19 to the “randomized
comparison” group. Only 32 of theinitia 63 children originaly enrolled were included in the
blood lead analysis because of absence of follow-up blood samples or their homes received non-
study environmental interventions. For the final analysis, the automatic intervention, randomized
intervention, and randomized comparison groups consisted of 8, 11, and 13 children, respectively.

For both the randomized and automatic intervention groups, intervention consisted of
HEPA vacuuming al window well, window sill, and floor surfaces; washing window well and
window sill surfaces with atri-sodium phosphate (TSP) and water solution; repairing holesin
walls; and re-painting window well and window sill surfacesto seal chipping or peeling paint.
Both intervention groups also received outreach and educational information including a
demonstration of effective housekeeping techniques and monthly reminders with instructions to
wash hard surface floors, window sills and wells with a TSP and water solution at |east twice a
week. The randomized comparison group received only the outreach visit to visually assess the
home for lead hazards and to educate the family about the causes and prevention of lead
poisoning. They were aso provided with cleaning instructions and a free sample of TSP cleaning
solution. Dust sample measurements were taken at baseline and 6 months post-intervention for al
study groups. Measurements were also taken at one month post-intervention for the two
intervention groups, but the results were not reported. Dust samples were taken from floors,
window sills, and window wells. Soil, water, and paint samples were taken at baseline. Dust,
soil, and water samples were analyzed using atomic absorption spectrophotometry (AAS).

Venous samples were obtained to determine blood-lead levels at baseline and an average of six
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months after intervention. Additionally, trained staff members conducted standardized interviews
at enrollment to obtain demographic characteristics, and a 6-month post-intervention visit to
assess compliance with housekeeping instructions.

Mean blood-lead levels declined in al three groups 6 months after intervention. For
children in the automatic intervention group, mean blood-lead concentrations declined by 48% at
6 months post-intervention. Among children in the randomized intervention and randomized
comparison groups, mean blood-lead levels declined by 35% and 36%, respectively, at 6 months
post-intervention. Mean blood-lead levels decreased 0.3 pg/dL more in the randomized
intervention group and 2.5 pg/dL more in the automatic intervention group as compared to the
randomized comparison group (Figure 3-17). At the 6 months post-intervention measure,
geometric mean floor dust-lead loadings had decreased dlightly for both intervention groups and
increased in the comparison group. Geometric mean window sill dust-lead loadings decreased in
all three groups, and geometric mean window well dust-lead |oadings decreased for both
intervention groups, but remained the same for the comparison group (Figure 3-18). None of the
changes in dust-lead loadings were statistically significant.

The intervention program appears to have been beneficia to children exposed to severe
pre-intervention conditions, but did not have as significant an impact on children with less severe
exposure conditions (randomized intervention and comparison groups exhibited roughly the same
declines). The one time interventions seemed to have had a small impact on floor dust lead, an
intermediate impact on window sill dust lead, and a large effect on window well dust lead. The
blood and dust changes should be interpreted cautiously because the sample size was small and
none of the results were statistically significant. The magnitude of the reduction in blood-lead
levels may be confounded with seasonal variation as sampling occurred at approximately 6 month

time intervals.
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Figure 3-17. Geometric Mean Blood-Lead Concentration (ug/dL) for Pre- and Post-
Intervention Measures, by Study Group (Boston Interim Dust Intervention
Study).
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Figure 3-18. Geometric Mean Floor, Window Sill, and Window Well Dust-Lead Loading
(ng/ft?) for Pre- and Post-Intervention Measures, by Study Group (Boston
Interim Dust Intervention Study).
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3.2.12 Rochester Educational Intervention Study

This study (Lanphear et al., 1995, 1996) sought to determine the effectiveness of simple
dust control as a means of lowering blood-lead concentrations in children. The study population
consisted of 104 urban children, ages 12 to 31 months at enrollment, with low to moderate blood-
lead levels. This population was identified and recruited from the 205 children who participated
in the Rochester, NY Lead-In-Dust Study. The families of the 104 children were randomly
assigned to either the Intervention or the Control Group. A trained interviewer visited families
assigned to the Intervention Group at the time of baseline sampling. The importance of dust
control as ameans of reducing lead exposure was emphasized and cleaning supplies were
provided. Theseincluded paper towels, spray bottles and Ledisolv, a detergent developed
specificaly for lead contaminated house dust. Families were instructed to clean the entire house
once every three months, interior window sills, window wells and floors near windows once every
month, and carpets once a week with a vacuum cleaner, if available. A brochure containing
information about lead poisoning and its prevention was provided to families assigned to the
Control Group. Baseline measurements of lead in blood, house dust, soil, water, and paint were
gathered and follow-up measurements of lead in blood and house dust gathered 7 months | ater.
Blood-1ead measurements were collected via venous blood samples. Household dust-lead
measurements were collected from entryway floors and the kitchen, as well as from the floors,
interior window sills and window wells of the child's principa play area.

Of the 104 children, 95 had follow-up blood-lead measurements available. Only 80 of
these 95 lived in the same residence throughout the study period. Differences between baseline
and follow-up blood-lead concentrations and between dust-lead levels in the Intervention and
Control Groups were tested using (non-parametric) Wilcoxon tests with two-tailed p-values. At
baseline, median blood-lead levels were 6.85 pg/dL and 6.10 pg/dL for the Intervention and
Control Group, respectively. The post-intervention median blood-lead concentration was
6.20 pg/dL in both study groups (Figure 3-19). The median change in blood-lead levels for the
Intervention Group was -0.05 pg/dL, which was not statistically different from the median change
of -0.6 pg/dL for the Control group. The median change in blood-lead concentration for

28 children whose families used Ledisolv as instructed (at least once each month) and for the
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Figure 3-19. Median Blood-Lead Concentration for Pre-Intervention and Post-Intervention
Measures, by Study Group (Rochester Educational Intervention Study).

65 children whose families did not use Ledisolv as instructed or were assigned to the control
group were also -0.05 pg/dL and -0.6 pg/dL, respectively. Again the difference was not
statistically significant. No statistical comparisons of blood-lead levels were made among the
subset of 80 children whose families did not move during the course of the study.

Comparisons of pre- and post-intervention dust-lead levels were restricted to homes of
children who did not move. The median change in dust-lead levels, averaged across all surfaces,
was +45 pg/ft? for the Intervention Group and -67 pg/ft? for the Control Group. For children
whose families did or did not use Ledisolv, the median change in dust-lead loading, averaged
across all surfaces, was -7 pg/ft? and +2.7 pg/ft?, respectively. Neither comparison of dust-lead
levels averaged across all surfaces was statistically significant. However, some comparisons of
specific areas of homes showed significant or near significant differences by group. The median
percentage decrease for dust-lead levels of non-carpeted floors was greater among houses in the
intervention group (p=0.08). For families using Ledisolv versus other families, the differencein
median change in dust-lead levels on window sills was marginally significant (p=0.07). It was
noted that the difference in window well dust-lead loadings at baseline was statistically significant
(p=0.05) for these groups.
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The results indicate that educational intervention conducted by providing families with
simple dust control supplies and information on lead poisoning did not lower blood-lead
concentrations for children with low blood lead concentrations more significantly than ssmply
providing families with written information on the hazards and prevention of lead poisoning.

Severd sources of difficulty include:

1. Since dust control is asimple procedure, families in the Control Group may have taken
it upon themselves to implement dust control.

2. It has been shown that vacuuming of lead contaminated carpets may lead to a
short-term increase in children’ s exposure to lead-contaminated house dust (Ewers
et a., 1994).

3. It has been shown that blood-lead levels were more significantly reduced following
lead hazard intervention for children with higher blood-lead levels than those with
lower blood-lead levels. The mean blood-lead concentration for children in this study
was lower than that for most other studies.

4. Since declinesin blood-lead levels have generally been constant in percentage terms,
the power of studies to detect differences will be lower at lower blood-lead levels,
unless avery large sample size is studied.

5. The 7-month time span of the experiment may be susceptible to seasonal trendsin
blood-lead levels. A 12-month time span would minimize the effects of such trends.

It should be noted that a non-parametric approach was taken only after observing that
one child in the Control Group, whose mean blood-lead level increased from 14.6 pg/dL to
55.8 pg/dL, increased the change in the mean blood-lead concentration for the control group from
-0.55 pg/dL (95%CI = -1.61 to 0.51) without the outlier, to 0.42 with the outlier. The changein
mean blood-lead level for the Intervention Group was -0.47 pg/dL (95% CI = -1.21 t0 0.27).

However, this outlier did not affect the study results enough to have changed the findings.

3.2.13 Baltimore Repair & Maintenance Paint Abatement Study
This study (USEPA, 1995b, 1997, 1998a) seeks to compare and characterize both the
short term (2-6 months) and longer term (greater than 12 months) effectiveness of three levels of

repair and maintenance (R& M) interventions as a means of reducing childhood lead exposure.
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Children with blood-lead concentrations between 10 and 20 pg/dL were of primary interest, as
research on intervention strategies for such children is limited.

In January 1993, 75 homes with low-to-moderate monthly rent or mortgage were selected
from Batimore City row houses. Each home was assigned to one of the three R& M intervention
groups. The R&M Levd | intervention, the least expensive and extensive intervention strategy,
included wet scraping of deteriorating lead-based paint on interior surfaces, limited repainting of
scraped surfaces, installing entryway mats, wet cleaning and vacuuming with a HEPA vacuum,
exterior paint stabilization to the extent possible given budget considerations, and occupant and
owner education. In addition, cleaning kits for the occupant’ s own cleaning efforts and the EPA
brochure “Lead Poisoning and Y our Children” were provided. R& M Level Il intervention
included, additionally, treatments to make floors smooth and easier to clean, along with window
and door treatments that reduce abrasion of lead painted surfaces. R&M Levd 111 intervention
further included window replacement, encapsulation of exterior window and door trim with
aluminum coil stock and more durable floor and stairway treatments (e.g., coverings).

In addition to the R& M intervention groups, two control groups were utilized. One
control group consisted of 16 households residing in older neighborhood housing which had
received comprehensive lead-paint abatement (PA) as part of a pilot abatement project in
Baltimore between May 1988 and February 1991. The other control group consisted of
16 households residing in modern urban (MU) homes built after 1979 and hence, presumably, free
of lead-based paint. The R&M Leve 11l group consisted solely of families that moved into homes
unoccupied prior to intervention; the R&M Level 11 group consisted of both families that lived in
the abated homes prior to intervention and those that moved into homes unoccupied prior to
intervention; and the R&M Level | group consisted solely of families that lived in the abated
homes prior to intervention. Comparisons were based on data for all resident children, regardiess
of whether they lived in the abated homes prior to intervention.

The 24-month study consists of seven sampling campaigns. Pre-R& M/Initia, Immediate
Post-R&M and 2, 6, 12, 18, and 24 months post R& M. Data collected for each campaign may
include (venous) blood, interior dust, soil, and water samples, and structured interview
guestionnaire data. The study population consisted of 127 children at baseline, with aloss of

27 due to moving and again of nine via replacement recruiting, for atotal of 109 at the 12-month
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campaign. Newborns were enrolled when they reached the age of 6 months, and atotal of 16 had
been added as of the 24-month follow-up. The median age of children residing in the study homes
ranged from 36 months to 43 months for the five groups at the 12-month follow-up. Blood-lead
data for 28 children whose baseline blood-lead concentrations were greater than 20 pg/dL were
analyzed separately from data for the 99 children whose blood-lead concentration was in the
primary study range of 10 to 20 pg/dL. For children with initial blood-lead levels below 20
po/dL, geometric mean blood-lead concentrations changed only slightly between the pre-
intervention and 24-month campaigns, for all R&M groups. Children with blood-lead
concentrations > 20 pg/dL tended to show a decrease in blood-lead concentration over time
throughout the 24-month period. These decreases were greatest between pre-intervention and the
12-month campaign but were statistically significant also at the 24-month campaign (p<0.05) for
R&M I, 11, and 111 and PA groups (MU not included because none of the children in this group
had initial blood-lead levels greater than 20 pg/dL). In an attempt to characterize the relationship
between blood-lead levels and possible influencing factors, several mixed models were fit to the
data. These models alowed for comparison of groups at each campaign over time. Principal
findings (for children with blood-lead concentrations < 20 pg/dL and controlling for age and
season) based on the statistical modeling are: 1) No statistically significant differencesin
blood-lead levels were found among the R& M groups during the two years of follow-up, except
between R&M | and R&M 111 a 2 months, 2) No statistically significant changes in blood-lead
concentrations were found for the PA control group during the two years of follow-up, and
3) Childrenin MU houses had statistically significantly lower blood-lead levels than those in the
other four groups. Figure 3-20 presents the model predicted geometric means for each campaign.

Dust-lead loading levels decreased from pre-intervention levels for all R&M groups. The
geometric mean, based on weighted averages of floor, entryway, window sill, and window well
samples, decreased from 17,542; 25,214, and 478,500 pg/ft? at the Pre-Intervention/Initial
campaign to 2,364; 1,252; and 176 pg/ft? at the 24-month campaign, for Level 1, |1, and Il R&M
groups, respectively.

The lack of change in the geometric mean of blood-lead concentrations for al five groups
could be aresult of the fact that initial blood-lead levels were aready at low to moderate levels or
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Figure 3-20. Geometric Mean Blood-Lead Concentration at Each Sampling
Campaign, by Study Group and Initial Blood-Lead Concentration
(Baltimore Repair & Maintenance Paint Abatement Study).

the children’s cumulative body lead burdens may have mediated the response. Comparisons were
made based on group assignment, regardless of whether or not the child lived in the abated home
prior to intervention. All R&M Level | children lived in the same home prior to

intervention, while al R&M Level 111 children did not move in until after invention. Thus, itis
not clear whether changes in blood-lead levels were due to pre-intervention residence or due to
group assignment. Apparently, this possible confounding factor was in part controlled by
comparing children with similar baseline blood-lead levels. It isworth noting that children with
baseline blood-lead concentrations greater than 20 pg/dL showed declines in blood-lead levels
over time, while children with baseline levels below 20 pg/dL tended to remain below 20 pg/dL.
Although decreases in blood-lead concentration were statistically significant at the 24-month
campaign, for children with baseline blood-lead concentrations greater than 20 pg/dL in the R& M
[, I1, 111, and PA groups, any conclusion should be made with caution as the sample size of such
children for each group was small (n=0,8,7,11 and 9 for MU, PA R&M I, Il and 111 groups,
respectively).
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3.2.14 New Zealand Retrospective Paint Abatement Study

This study (Bates et al., 1997) sought to identify risk factors for elevated blood lead levels
in children, particularly which lead paint removal and clean up practices pose the greatest risk.
The sampled population was children aged 12-24 months from Wellington, New Zealand, living in
homes more than 50 years old where interior or exterior paint removal had taken place in the last
two years. The paint remova was performed by either the resident, friends of the resident family,
or a contractor; and methods used were chemical stripping, scraping by hand, various types of
sanders, electric heat guns, waterblasting, and blowtorching. To be digible, the child must have
been living in the residence for at least six months. A total of 187 children were identified as
eligible, 141 of these children participated in the study.

Blood samples were taken from the children, dust samples were collected from the
kitchen, and a questionnaire was administered to the caretaker regarding the general health of the
child and parental hobbies.

The overal geometric mean blood-lead level for the children in the study was 5 pg/dL.
High blood-lead levels were defined as those > 7.2 pg/dL and low levelsas< 7.2 pg/dL. It was
found that significant differences in blood-lead levels existed with regard to income, with higher
income being associated with lower blood-lead levels. Parental hobbies like making stained glass
or lead lighting, or making lead shot or ammunition were associated with elevated blood-lead
levels. Interior and exterior paint abatement data were analyzed separately, and it was found for
both that the differences in blood-lead levels were not significant for any particular paint removal
method except blow torching. This method was also associated with significantly higher blood-
lead levels when performed by the resident or friends, as opposed to contractors. Figure 3-21
shows the geometric means and percentage of children with high blood-lead levels for each paint
removal method examined. None of the clean up or disposal methods examined were associated
with high blood-lead levels.

The major purpose of this study was to identify specific paint removal and clean up
practices that were associated with children’s elevated blood-lead levels. None of the methods
were identified as hazardous in terms of blood-lead levels, except for high-temperature methods,
which have been known to be risky for some time. Chemical stripping is, of course, potentially

hazardous due to the chemicals involved, but was not associated with € evated blood-lead levels
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Figure 3-21. Geometric Mean Blood-Lead Concentration and Percentage of Children with
Blood-Lead Concentration > 7.2 pg/dL, by Paint Removal Technique (New
Zealand Retrospective Paint Abatement Study).

in this study. The authors also noted that there were a number of weak, non-statistically
significant results that suggested abatement work performed by family and friends is more likely
to be associated with elevated blood-lead levels than work done by contractors. This result could
be due to selection bias, as 30% of the contractors were not available to be interviewed about the
work they performed. Another notable result was the association of elevated blood-lead levels
with several parental hobbies. However, this apparent association is confounded with the fact that
two of the four children whose parents were engaged in “risky” hobbies also lived in the homes
where high-temperature abatement methods had been used. Since the number of families with
hobbies involving lead was quite small, it was impossible to assess the relative importance of these

factors.

60



3.2.15 East St. Louis Educational Intervention Study

This study (Copley, 1995, 1996) sought to determine whether an educational intervention,
which provided in-home instruction and identification of problem areas, could be successful in
reducing household dust-lead levels in alow socio-economic status, multi-ethnic community.
Most residents of this predominantly African-American community receive some form of public
assistance. Children, with blood-lead concentrations between 10 and 19 pg/dL, were identified
through a screening program for children receiving public assistance. Fifty-four homes were
included in the study. These households consisted of approximately 124 young children and 117
adults.

During theinitia visit, an XRF paint survey was conducted and areas with high lead
loadings were pointed out to the residents. Lead educators, hired from within the community,
provided instruction on cleaning and hygiene. Written materials and a videotape on reducing lead
exposure were also provided. Participating families were contacted regularly throughout the
course of the study to reinforce the importance of regular, thorough cleaning. Environmental
samples were collected at the initial visit. Three-month follow-up samples were collected in
homes where the residents reported that they had cleaned at least once using the recommended
procedures. No control population was evaluated, nor were follow-up samples collected in
homes where residents did not clean.

After repeated follow-up calls only 24 of the 54 families reported that they had cleaned at
least once during the three months using the recommended procedures. A total of 1,166 surfaces
were tested for lead-based paint in the 55 homes, of which 197 exterior and 145 interior surfaces
tested positive. In addition to lead paint surveys, dust samples were collected from 164 smooth
surfaces and from 69 carpets. Of the 164 smooth surfaces tested, 75 samples were below the
detection level of 5 pg/ft?, and 46 of the remaining 89 samples had dust-lead levels greater than
200 pg/ft? (1linois clearance standard). Comparison of lead dust concentrations prior to cleaning
and after at least one conventional cleaning effort revealed a 56 percent decrease in the arithmetic
mean dust-lead loading (Figure 3-22). Mean floor dust-lead loadings decreased from 1095 pg/ft?
to 486 pg/ft* while the geometric mean decreased from 454 pg/ft? to 58 pg/ft? for the 30 smooth

surfaces which had been cleaned at |east one time by the residents. The mean carpet dust-lead
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Figure 3-22. Changes in Arithmetic and Geometric Mean Dust-Lead Loadings (ug/ft?) by
Surface Type and Sampling Round (East St. Louis Educational Intervention
Study).

loading decreased to 725 pg/ft? from 2,268 pg/ft? and the geometric mean declined to 16 pg/ft?
from 1,143 pg/ft? at the three-month follow-up measure.

This study suggests education and residential cleaning by the homeowner can be effective
in reducing dust-lead levels in the home, thereby potentially reducing children’s lead exposure.
However, educationa interventions rely on the initiative of the family to implement the
recommended procedures. In this community, many families did not follow through with the
procedures; consequently, their children may not have benefitted from the educational
intervention. Because follow-up blood-lead measures were not collected and no control
population was evaluated, the effect of the intervention on children’ s blood-lead levels cannot be
assessed.
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3.2.16 HUD Abatement Grant Program

This ongoing study (NCLSH and UC, 1997; 1998) seeks to determine the effectiveness of
the various abatement methods used by State and local government HUD grantees to reduce
lead-based paint hazards in housing. Eighty-three state and local government agencies are
participating in the HUD Lead-Based Hazard Control Grant Program (HUD Grantee) and 14 out
of the 83 grantees are participating in the formal evauation of the program. Each granteeis
responsible for designing a program applicable to its specific needs and objectives; including how
dwellings are enrolled. Thus, enrollment criteria varied among the different grantees and included
targeting high-risk neighborhoods, enrolling only homes with alead-poisoned child, and
considering unsolicited applications. The grantees also have the flexibility to select the type and
intensity of the lead treatments for any particular unit. The interventions selected ranged from
taking no action in an area or smple cleaning, to window replacement or full lead-based paint
abatement. The grantees all follow the same sampling protocols when collecting the data, and use
standard forms developed specifically for the evaluation. Information is gathered four times
during the study: prior to intervention, immediately after intervention, and 6 and 12 months after
intervention. In addition, nine grantees will collect data at 24 and 36 months after intervention for
approximately 750 dwelling units.

Across al grantees there are currently 3,556 enrolled dwellings (of which 2,900 will be
part of the formal evaluation), 2,432 enrolled households, and 1,933 enrolled children under
age six. Through September 1, 1997, interventions had been completed in 2,297 of the 2,900
enrolled dwelling units. Information on the interior strategies was available for 1,506 units, and
current results indicate that 69% of the units have received extensive treatments that include
partial or complete replacement of windows rather than lower level interventions like specialized
cleaning and the stabilization of deteriorated paint. Either no interior work or full abatement of
the lead hazards was conducted in fewer than 4% of the units.

Information on exterior strategies was available for 810 buildings. In about 16% of these
no action was taken, and approximately 9% had full abatements performed. The majority of
grantees chose to perform mostly (60%) partial or complete stabilization of lead-based paint. Of
the 787 buildings with site/soil strategies reported, 686 (87%) received no soil treatment. When a

site intervention was performed, it was most commonly alow level strategy like providing soil
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with atemporary cover such as mulch, although a small percentage of higher level treatments,
including total soil removal, have been performed.

Dust sampling results are reported for occupied dwellings, where the effectiveness of lead
interventions can be examined without the confounding effects of vacancy (vacant residences have
been estimated to have higher dust-lead loadings). The changesin dust-lead loading from pre-
intervention (phase 1) to immediate post-intervention (phase 2), six months post-intervention
(phase 3) and twelve months post-intervention (phase 4) are presented for floors, window sills,
and window troughs in Figure 3-23. Dust-lead loadings from Phases 1 -3 for floors were
available from 892 occupied dwellings, and while interventions were found not to have much
impact on the median dust-lead loading (20 pg/ft? pre-intervention and 18 pg/ft? immediately
after), they did appear to greatly reduce levels at the upper end of the distribution. For example,
the 90th percentile floor dust-lead |oading was reduced by 67% from 150 down to 50 pg/ft?. The
reported changes in the median level may have been limited by the analytical limits of detection.
At 6-month post-intervention (phase 3) median levels had declined further, with a decrease from
18 pg/ft? in phase 2 to 14 pg/ft? in phase 3, and an overall decrease of 30% from phase 1.
Twelve-month post-intervention data were available for 557 units and showed little evidence of
reaccumulation between phase 3 and 4. Also, phase 4 levels remained well below pre-intervention
levels with an overall decrease of 26%.

Phase 1 through 3 dust-lead loadings for interior window sills were available for
877 occupied dwellings and there was an 82% decline in the median loading from phase 1 to 2. In
contrast to the results from the floor lead loadings, window sill lead loadings had a tendency to
rise from phase 2 to phase 3 in the available data. However, because of the large reduction in
levels from phase 1 to phase 2, the phase 3 loadings are still substantialy lower than
pre-intervention levels (68% decline). Twelve-month post-intervention (phase 4) data were
available for 547 units and showed a dight decrease in the dust-lead loadings from phase 3 to
phase 4. However, the declines were fairly small and well within the margin of error of the dust
wiping protocol.

Dust-lead loadings for window troughs from Phases 1-3 were available for 731 dwellings
and there was a substantial (99%) decline in the median levels, aswell asin the low and high ends

of the distribution. Window troughs showed a greater tendency toward reaccumulation than
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window sills between phase 2 and 3, with the median trough loading increasing more than tenfold

(from 54 pg/ft? to 603 pg/ft?). Despite thisincrease, the phase 3 levels were till significantly

lower than pre-intervention levels with an overall decrease of 95%. In the 448 units with phase 4

data, an unexpected decline was seen in the dust-lead loadings between Phases 3 and 4. This

result warrants further investigation due to possible effects of the study design that cannot yet be
ruled out.

Results were presented as well for the clearance testing that was required after the
interventions were completed. Overall, 28% of the units failed to pass clearance for at least one

component on the first attempt. Initial clearance failure rates varied among the grantees, with
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Rhode Island reporting an 8% failure rate, 5 additional grantees reporting approximately 20%
failure rates, and 7 grantees reporting failure rates from 36 to 50 percent. Overdl, theinitial
clearance failure rate for floors (18%) was higher than those reported for window sills (8%) or
troughs (10%).

Pre-intervention (phase 1) and 6-month post-intervention (phase 3) blood-lead results
were available for 541 out of the 1,933 children under age 6 enrolled and are presented in terms
of the number of children whose phase 1 and phase 3 blood-lead levels were the same (<3 pg/dL
difference), had a“small” difference (>3 pg/dL to 6 pg/dL), or had a*“large’ difference
(>6 pg/dL). The blood-lead changes were adjusted to reflect the expected changes due to the
time of year (season) and the child’'s age. The percentage of children who had no change (defined
as <3 pg/dL due to measurement error) in adjusted blood-lead levels was approximately 59%.
About five times as many children had “small” decreases (18%) than had “small” increases
(3.5%), and approximately four times as many had “large’ decreases (16%) than had “large’
increases (4%). Twelve-month post-intervention data was available for 338 children and
approximately 50% had no change, six times as many had “small” decreases than increases, and
ten times as many had “large” decreases than increases.

This study is one of the largest and most comprehensive ever initiated with data collection
beginning in 1994 and continuing until 1999. Since the analysis of these data will continue
beyond 1999, results presented at this time should be considered preliminary. Also, an ideal
research project designed to test the effects over time of environmental intervention techniques on
dust-lead and blood-lead levels would have a randomly selected group of unitsto be treated, and
acontrol group that is similar. However, such research strategies were not compatible with the
program. Therefore, some additional data was collected so changesin lead levels could be
determined to be the result of the lead hazard control work and not other factors. Even so, the
findings from the evaluation will have to be interpreted carefully and causal relationships that may
be implied by the results will require confirmation in a more controlled investigation.

In terms of dust-lead loading, the interventions performed seem to be very effective at
immediately reducing window sill and trough dust-lead levels and very high floor dust-lead levels.
The effect on the median floor dust-lead level was not apparent, and could be due to the fact that

the pre-intervention levels were relatively low. Reductions at low levels may commonly be
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underestimated, as laboratories have limits on how much leaded dust can be detected. Floors
showed little reaccumulation of lead dust through six months post-intervention, and while some
lead dust did reaccumulate in the window sills and troughs, there was still a net reduction in dust
lead from pre-intervention levels. These results suggest that the interventions are reducing one of
the largest sources of exposure for children, and that the benefits of the interventions are greatest
in homes and on surfaces with the highest levels of contamination. It was aso found that 28% of
units did not pass clearance on the first try. This reinforces the importance of performing
clearance tests and suggests that a further analysis of the causes of failure are needed. Failures
can have a substantial financia impact due to the cost of re-cleaning and re-testing the dwelling
and continued relocation of the families. Understanding the cause of the failures can help to
prevent and avoid these costs.

Changes in blood-lead levels are not considered the primary outcome measure in this study
because they are susceptible to so many factors. At six months post-intervention, 59% of the
children had blood-lead levels that were essentially the same as their pre-intervention level. This
result is not surprising as many of the enrolled children were previousy exposed to lead and may
have had high internal body stores of lead. For such children, blood-lead levels may change very
dowly, even if the source of lead exposure is eliminated. However, for the children whose blood-
lead levels did change, there were almost five times as many decreases than increases at 6-months
post-intervention, and eight times as many decreases than increases at 12-months

post-intervention.

3.2.17 Canadian Community-wide Approach (3 Studies)

Three studies are summarized together in this section. These studies (Langloiset al.,
1996; Goulet et a., 1996; Gangne, 1994) document community wide abatement programs
instituted in three Canadian cities following the reduction or elimination of industrial emissions.
These studies are summarized together because of similaritiesin the programs and because the
targeted lead source was industrial rather than residential lead-based paint. These studies are
relevant, however, because the intervention methods employed are similar to those used to
address |ead-based paint hazards.
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The three Canadian study sites were the South Riverdale suburb of Toronto (Langlois and
Gould, 1996), St-Jean-sur-Richelieu (SIR) in Quebec (Goulet et a., 1996), and the Notre-Dame
district of Rouyn-Noranda (RN), Quebec (Gaugne, 1994). The Toronto and SJR studies reported
community-wide abatement programs that removed |ead-contaminated soil and house dust from
most homes in the community. A community-wide soil abatement program was implemented
in RN. In addition, public education was a component of the SIR and RN studies. In SJR, the
source of the lead hazard was completely removed by closing and permanently covering the site of
a battery reclamation plant. The Toronto and RN sites had continued, but reduced, lead
emissions from active secondary lead and copper smelters, respectively. All three studies selected
homes based on their proximity to the industrial source. All three studies assessed program
effectiveness through community screening programs with high participation rates. Greater detail
is provided in separate abstracts of these studiesin Appendix A (A.17a, b, and c).

In Toronto, soil abatements were performed between May and October 1988 for nearly all
of the approximately 970 properties in South Riverdale that qualified for the soil abatement
program. Professional housecleaning services were offered to all 1,029 households in the study
area, regardless of soil-lead level. Cleaning was performed between April and November 1989
for the 717 (69.7%) households that accepted this service. Blood-lead concentrations decreased
over timein al study groups. Two control groups were utilized in this study: a sociodemo-
graphically smilar group of South Riverdale children who did not live near the smelter and a
sociodemographically dissimilar group of Toronto schoolchildren. Although the study area had
higher blood-lead concentrations than the control areas prior to abatement, by 1992 the geometric
mean blood-lead concentration was no longer significantly greater than control means. Geometric
mean blood-lead concentrations in the study area were 10.9 ng/dL in 1987 (pre-abatement), 9.3 in
1988 (during abatement), 6.4 in 1990 (post-abatement), and 3.9 in 1992 (post-abatement) (Figure
3-24). Geometric mean blood-lead concentrations in the South Riverdale control areawere 7.1
wg/dL in 1988 and 4.2 ng/dL in 1990. Geometric mean blood-lead concentrations in the Toronto
schools control group were 5.1 ng/dL in 1988, 3.6in
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Figure 3-24. Geometric Mean Blood-Lead Concentrations in Three Communities over
Time (Canadian Community-wide Approach (3 Studies)).

1990, and 3.5in 1992. In 1987, 57% of children in the study area had blood-lead levels greater
than 10 ng/dL. In 1992, only 7% of children had blood-lead levels above 10 ng/dL.

Several additional analyses were conducted using blood-lead data from the study area.
For these analyses, children were categorized into one of four abatement groups. () soil
abatement, (b) dust abatement, (c) both soil and dust abatement, and (d) no abatement.
Multiple blood-lead measurements from 160 children (415 samples) and single measurements
from 500 children were analyzed together, under the implicit assumption that al measurements
were independent. On average, throughout the study period, children with no abatement had the
lowest blood-lead concentrations. In addition, blood-lead concentrations of children with no
abatement declined more rapidly than those in the abatement groups. This result was seen
consistently across severa statistical models considered by the authors. Because the blood-lead
screening took place while abatements were ongoing, comparisons were made between children
who had received the abatement and those who had not yet received the scheduled abatement.

No significant differences were reported for these comparisons.
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The validity of these resultsis unclear, since multiple, positively correlated measurements
over time from some children were treated as independent measurements. Within the study area,
45% of the data were not independent. The authors suggest, based on a sensitivity analysis, that
selection bias could explain some of the differences in trends among the abatement groups.
Although muiltiple blood-lead measurements were available, no attempt was made to assess the
effect of the intervention using pre- and post-intervention measures from the same children.

In SR, intervention activities included asphalting the plant yard, removing dust from the
roads and sidewalks, removing and replacing the contaminated soils, professional house cleaning,
and implementing a public health-education campaign. The geometric mean blood-lead
concentration was reported for children who had participated in both the 1988 and 1991
screenings. The geometric mean blood-lead concentration for children 6 monthsto 10 years of
age (n=75) dropped from 9.7 pg/dL in 1989 to 5.0 pyg/dL in 1991. The geometric mean
blood-lead concentration for children aged 6 monthsto 5 years decreased from 9.8 pg/dL to
5.5 ug/dL. These differences were statistically significant (p<0.0001). In 1991, none of the
children had blood-lead levels of 15.0 pg/dL or greater; whereas in 1989, 21.3% of the children
werein this category. Two oral behaviors also changed significantly between 1989 and 1991. In
1989, picawas present in 35.5% of the children, but by 1991, this percentage had declined to
18.8% (p=0.004). 1n 1989, 46.2% of the children put things in their mouths, compared to 31.7%
in 1991 (p=0.03).

In RN, the Notre-Dame district is located within one kilometer of a 2,500 ton/day copper
smelter. Between 1979 and 1989, stack emissions were lowered by 50%. In 1990-91, it was
decided that all residential lots with greater than 500 mg/kg (ppm) soil lead levels would be
decontaminated and that from 1992 to 1995 air lead levels would be further reduced. Soil
abatement was completed in August 1991, with 80% of the 710 residential lots in the district
abated. From 1979 to 1989 the district geometric mean blood-lead concentration dropped from
21 pg/dL to 10 pg/dL in two to five year old children. However, in 1989 50% of all children till
had blood-lead concentrations above 10 pg/dL. By 1991, the geometric mean blood-lead
concentration had declined to 7.2 pg/dL for oneto five year old children. Alsoin 1991, only 25%
of the children had blood-lead concentrations above 10 pg/dL and none had concentrations
greater than 20 pg/dL.
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All three Canadian communities attained the primary objective of lowering the mean
blood-lead level of children who lived within the contaminated area. Although the Toronto study
area had higher blood-lead concentrations than the control areas prior to abatement, by 1992 the
mean blood-lead concentration in the study area was no longer significantly different from the
Toronto schools control mean. While no control population was available in St-Jean-sur-
Richelieu, smilar geometric mean blood-lead levels were observed in 1991 between children who
had lived in the areain 1989 and new residents (presumed to have no unusual lead exposure)

6 monthsto 10 years of age. Thiswas a comparable result to the Toronto study. Blood-lead
concentrations showed alesser decline in Rouyn-Noranda, where dust abatements were not part
of the intervention strategy and lead emissions from the local smelter continued during the time of

the study.
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4.0 SUMMARY OF SCIENTIFIC EVIDENCE

The available literature on lead hazard intervention efficacy focused on impeding the hand-
to-mouth pathway of childhood exposure to environmental lead sources. The emphasis on this
exposure pathway seems appropriate, since it is recognized in the literature as the predominant
pathway in young children (USEPA, 1986, 1998b; CDC, 1991, 1997; ATSDR, 1988).

The hand-to-mouth exposure pathway may be disrupted by abatement or interim control
methods. Abatement methods include a variety of methods that remove the lead source, or
permanently cover it. In contrast, interim controls include paint stabilization (removal only of
deteriorated lead-based paint), abatement of |ead-containing dust, and covering bare soil with
mulch or grass. These methods typically do not remove the lead source. Interim control
interventions have been studied alone and in combination with abatements. For example, paint
stabilization or dust control measures were implemented along with soil abatement in the “Three
City” soil abatement studies. Other studies have assessed the effectiveness of one-time or regular
cleaning by professionals using HEPA vacuums and wet wash. Interim control methods are
attractive because of the low up-front costs of interim controls relative to many abatement
techniques. However, because the source is not removed, the long-term cost of maintaining
interim controls may exceed the cost of abatement. In addition, thereis evidence that
recontamination occurs quickly when regular cleaning is discontinued. A discussion of studies
that assess abatement and interim control strategies follows in Section 4.1.

Educational interventions target the hand-to-mouth pathway indirectly. These
interventions typically seek to educate family members on the sources of lead in the home and
emphasize the importance of regular cleaning and good hygiene in reducing lead exposure. The
interventions studied have been as simple as providing a brochure on lead-poisoning prevention,
or may have consisted of an in-home visit during which cleaning techniques are demonstrated and
problem areas identified. Educational interventions are often implemented as a component of a
studied abatement or interim control strategy, but have been evaluated independently. It should
be noted that when education is the primary intervention strategy, the intervention relies on the
initiative of the individual to follow through with recommended procedures and each new
occupant must receive the educational intervention. Studies that assess educationa intervention

as the primary intervention strategy are summarized in Section 4.2.
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The targeted sources of lead and types of interventions employed in each study are
summarized in Table 4-1. Summary tables of blood-lead concentration results and other
body-lead burden results are presented in Appendix B, Tables B-1 and B-2, respectively.
Summaries of efficacy with respect to environmental lead measures are presented in Table B-3
and in Appendix E. Tables4-1, B-1, B-2, and B-3 and the sections that follow include both the

studies summarized in the previous report and the additional studies summarized in this report.

4.1 ABATEMENT AND INTERIM CONTROL INTERVENTIONS

Six of the studies summarized in this report targeted lead-based paint hazards. These
additional studies reinforce conclusions drawn previoudly about paint abatement. Namely, paint
abatement is effective in reducing blood-lead levels of children above 20 n.g/dL, but may not be as
effective for children below 20 n.g/dL, at least in the short term as a secondary prevention
measure. Also, improperly performed abatements may lead to increases in blood-lead
concentrations.

In New York (Markowitz et al., 1996), a combined strategy of paint abatement,
education, and iron therapy resulted in a 27% decline in blood-lead concentrations in children with
elevated (25-55 1.g/dL) blood-lead levels. This study used a home environment score (HES),
based on condition of paint and lead content, to evaluate the extent of the lead hazard in each
home. As expected, children whose HES scores indicated greater lead hazards had higher pre-
intervention blood-lead concentrations. By 6 months post-intervention, however, two-thirds of
the children had blood-lead levels below 25, regardless of the initial HES. HES scores declined
during the study, indicating that interventions took place. By week 24, 20% of homes had an
HES score of O, indicating no lead hazard remained. In Paris (Nedellec et ., 1995), a
combination of chemical stripping, encapsulation, and component replacement strategies was used
to abate 59 homes, resulting in a 40% decline in floor dust-lead loadings 1-2 months
post-abatement. In follow-up sampling conducted 6-28 months post-abatement, maximum floor
dust-lead loadings remained below 100 ..g/ft?>. Blood-lead levels of 74 of 78 resident children
declined significantly, but the actual levels were not reported. Similar results were reported by
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Table 4-1.

Summary Information for Identified Lead Hazard Intervention Studies

Intervention Strategy

Primary Abatement Interim Controls Abatement Sources Abated Blood-
Targeted Encap Included Lead
Lead / Cmplt | Partial | Home- | Profes- || Extensive Measures|| Control
Source Study Title Enclo | Rmvl | Rmvl owner sional Clean-Up || Soil | Dust | Paint [[Collected|| Group

1982 St. Louis Retrospective M M M M
Baltimore Traditional/Modified M M M
Boston Retrospective M M M M M
Baltimore Experimental M M M M
New York Paint Abatement M M M

Paint Central Ma_ssachusetts M M M M M
Retrospective
1990 St. Louis Retrospective M M M M M
HUD Demo Study M M M M
CAP Study M M M M M
Milwaukee Retrospective LBP M M M
New York Chelation M M M
Paris Paint Abatement M M M M M
Baltimore Follow-up M M M M
Baltimore R&M M M M M M M M M
New Zealand Retrospective M M M
HUD Abatement Grant Program M M M M M M M M M
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Table 4-1. Summary Information for Identified Lead Hazard Intervention Studies (continued)

Intervention Strategy

Primary Abatement Interim Controls Abatement Sources Abated Blood-
Targeted Encap Included Lead
Lead / Cmplt | Partial | Home- | Profes- || Extensive Measures|| Control
Source Study Title Enclo | Rmvl | Rmvl owner sional Clean-Up || Soil | Dust | Paint [[Collected|| Group
Baltimore Dust Control* M M M M M M M
Seattle Track-In M M
Dust Minneapolis Dust Intervention® M M M M M M M
(Cleaning) ITrail Dust Intervention M M M M M M
NJ CLEAR M M M M M M
Boston Interim M M M M M M
Milwaukee Retrospective Educ. M M M M
Granite City Educational M M M
Dust Milwaukee Prospective Educ. M M M
(Education) I} eadville/Lake County Educ. M M M
Rochester Educational M M M M
East St. Louis Educational M M
Baltimore 3-City? M M M M M M
Cincinnati 3-City M M M M M
Boston 3-City M M M M M M M M M M
Soil Toronto Soil and Dust M M M M M M
Rouyn-Noranda Soil M M M M
gtj.siean-Sur-Richelieu Soil and M M M M M

1 These residences received partial lead-based paint abatements and complete abatements of lead-containing dust.
2 These residences received partial lead-based paint abatements and complete abatements of lead-containing soil.




the HUD Abatement Grant Program (NCLSH and UC, 1997; 1998). Declines of 26, 65,
and 95% were observed in dust-lead loadings on floors, window sills, and window troughs
12 months post-intervention. Only limited results on blood-lead levels of resident children were
reported at thistime. A lessthan 3 wg/dL change in blood-lead concentration was observed in
50% of 338 children, while blood-lead levels decreased by at least 3 n.g/dL in 45% of children and
increased by that amount in 5%. These are preliminary post-intervention results reported from
thislarge-scale, ongoing study. At the time of the report, interventions had been completed in
79% of the 2,900 enrolled dwelling units, however, data had been compiled for fewer units and
resident children.

Additional results reported for the Boston Three-City soil abatement study (Aschengrau et
a., 1997) provided an assessment of |ead-based paint abatements performed during the second
phase of interventions. In this study, blood-lead levels of children who received both |ead-based
paint and soil abatements in the second phase declined by 20%, while those of children who
received soil abatement alone declined 30%. Similarly, blood-lead levels of children who received
soil abatement in the first phase declined by an additional 20% in the second year with no
additional intervention, while a 4% increase was observed in those who had first phase soil
abatement and second phase paint abatement. These results are consistent with those reported in
the Central Massachusetts Retrospective Paint Abatement Study (Swindell et al., 1994), where
lead-based paint abatement was not effective for a small number of children with initial blood-lead
concentrations below 20 pg/dL. The ineffectiveness of paint abatements in the Boston Three-City
study may be explained, in part, by the increased dust-lead levels in the homes following paint
abatements. While floor dust-lead loadings increased in all study homes during Phase |1, greater
increases were observed in homes that received paint abatements. Similarly, window sill dust-lead
loadings increases or stayed the same in homes that received paint abatements, but declined in
homes that did not.

The Batimore Repair and Maintenance (R& M) Study (USEPA, 1995b, 1997, 19984)
differed from previous studies by targeting children with blood-lead concentrations between
10 and 20 pg/dL and by examining interim control intervention strategies. While the R&M
Levd | intervention was limited primarily to cleaning and paint stabilization, the R&M Leve 111

intervention was rather extensive, including window replacement and encapsulation of some
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surfaces in addition to the treatments applied in other study homes, and rivaled paint abatement in
cost. Using a statistical model, small declines of 10 to 20% were estimated at 24 months
post-intervention in children with initial blood-lead concentrations below 20 n.g/dL, for the

three levels of R&M interventions and for previously abated homes. It should be noted that the
results reported for previously abated homes provide 4 to 6 year follow-up on the abatements
performed in these homes. A smaller number of children with initial blood-lead concentrations
above 25 pg/dL were included in the study and analyzed separately. For these children,
significant decreases in blood-lead concentration were reported at 12 and 24 months
post-intervention. After 24 months, dust-lead loadings in the study homes remained
approximately 90% below pre-intervention levels. The Baltimore Follow-up Study (MDE, 1995)
provides up to 24-month follow-up information on a group of previoudy abated homes, smilar to
those included in the R&M study. In these homes, floor dust-lead loadings remained below
clearance levels through 14-24 months post-abatement. Dust-lead |oadings on window sills and
wells remained below pre-abatement levels, but 42% and 47%, respectively, had increased to
levels above clearance standards during the same period. Although these homes had been
reoccupied post-intervention, blood-lead levels of resident children were not measured.

A New Zedand study (Bates et a., 1995) reported geometric mean blood-lead levels of
about 5 ng/dL in resident children of homes that had been abated using chemical stripping, hand
or machine sanding, heat gun, water blasting, or blow torch (by professionals) methods. Elevated
blood-lead levels (geometric mean of 15.5 ug/dL) were observed in 3 children whose homes were
abated by family or friends using blow torch methods. These results are consistent with the
discussion of hazardous methods in Appendix B of the previous report (reproduced in Appendix
D).

Although the results from all three cities participating in the EPA-sponsored Three-City
Urban Soil Lead Abatement Demonstration (3-City) Project are now available, the effectiveness
of soil abatement remains unclear. As previously reported, the studied intervention resulted in a
23% decline in blood-lead concentrations in Boston (Weitzman et al., 1993; Aschengrau et al.,
1994), with approximately 11.5% due to the soil intervention alone. In Baltimore (USEPA,
1993b), soil abatement did not produce significant declines in blood-lead concentrations, beyond
the effect of exterior paint stabilization. In Cincinnati (USEPA, 1993c), the soil abatement group
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received both soil abatement and interior dust abatement. An initial declinein blood-lead
concentrations of the soil abatement group was followed by concentrations that were dightly
higher on average than initial levels. Declines of approximately 16.5% were observed in the
control groups, which received either no intervention or interior dust abatement. The EPA
integrated analysis of these studies (USEPA, 1996€) proposes several factors that may explain the
differing results among the three cities. First, the pre-abatement soil-lead concentrations were
much higher in Boston (approximately 2,400 ppm) compared to Baltimore (500-700 ppm) and
Cincinnati (300-800 ppm), while post-abatement soil-lead concentrations were similar. Thus, the
average decrease in Boston (approximately 2,300 ppm) was much greater than that in Baltimore
or Cincinnati. In addition, soil was clearly part of the exposure pathway in Boston, contributing
significantly to house dust. Thiswas not the case in Cincinnati, where most soil parcels were not
adjacent to the housing units. Also, the interior paint stabilization and cleaning interventions
conducted along with soil abatement in Boston served to enhance and reinforce the impact of the
soil abatement. These treatments were not tested in Baltimore, so that alarge reservoir of
contaminated house dust remained. These conditions led the authors to conclude that when soil is
asgnificant source of lead in a child’s environment, the abatement of that soil will result in a
reduction in lead exposure and, hence, a reduction in blood-lead concentration, under certain
circumstances. These conditions are not fully understood, but appear to be related to: 1) the
child’s exposure history, 2) theinitia soil-lead concentration and magnitude of reduction, 3) the
interior dust-lead loading and magnitude of reduction, 4) the relative magnitude of other
exposure sources, and 5) the strength of the exposure pathway between soil and the child,
relative to other exposure pathways.

When soil lead is a significant source of lead, soil abatement appears effective in reducing
children’ s blood-lead levels, as seen in three Canadian cities. Extensive, community-wide soil or
soil and dust abatements were implemented in each of these cities following the reduction or
elimination of an industrial source of lead contamination near aresidential area. A 28% decline
was observed in Rouyn-Noranda (Gangne, 1994), where emissions were reduced and soil
abatements were performed. A 48% decline (17 months post-intervention) was reported in St.
Jean-sur-Richelieu (Goulet et a. 1996), where the industrial source was eliminated and both soil

and dust abatements were performed. At the post-intervention screening, blood-lead
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concentrations of children who had lived in the community prior to the intervention were similar
to those of a small number of children who had moved to the community after the intervention
was completed. The pre- to post-intervention period was longer in the Toronto study (Langlois
and Gould, 1996), where emissions were reduced and both soil and dust abatements were
performed. A 64% decline in blood-lead concentrations was observed over a5 year period
(1987-1992) in the study area. There is evidence that blood-lead concentrations were declining
prior to intervention in the Rouyn-Noranda and Toronto study areas, so that the reported declines
may overestimate the effect of the intervention. Two control populations were reported in the
Toronto study. Blood-lead concentrations were higher in the study area compared to control
areas prior to the intervention. Similar declines were observed in all three areas over a2 year
period, during which interventions took place in the study area. Only one of the control areas was
available during the pre- and post-intervention period. Blood-lead levelsin the study area
declined more slowly than those in the control area prior to the intervention and more rapidly
following the intervention.

The remaining studies examined a variety of interim control interventions targeting
lead-containing house dust. Four studies utilized professional cleaning. The Minneapolis Dust
Intervention Study (Mielke et al., 1994) reported declines in blood-lead concentrations following
one-time dust abatement, along with interior paint stabilization and low-cost exterior dust control
measures, including covering bare soil. Though average blood-lead concentrations were not
reported, the percentage of treatment group children with blood-lead levels greater than 14 pg/dL
declined from 39% to 30% during the study period. The percentage of control group children
with blood-lead levels greater than 14 pg/dL rose from 41% to 53%, with 24% above 25 pg/dL
at the end of the study. None of the treatment group children had a blood-lead concentration
above 25 pg/dL at the study end. The New Jersey Children’s Lead Exposure and Reduction
Study (Rhoads et al., 1999; Lioy et al., 1998) reported a 17% decline in blood-lead
concentrations in the treatment group, compared with a 0.9% increase in the control group. In
addition, a 34% decline was reported for 16 children whose homes were cleaned more than
20 times during the study, compared to no change for 11 children whose homes were cleaned
fewer than 10 times. Dust control through biweekly professional cleaning, combined with

multiple education sessions, was effective in this group of children with moderately elevated
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blood-lead concentrations. A twice-monthly cleaning intervention previously had been reported
to be successful in children with higher elevations, in the Baltimore Dust Control Study (Charney
et a., 1983). In contrast, the Trail Dust Intervention Study (Hilts et al., 1995) reported no
change in blood-lead concentration for either the treatment group, which received professional
cleaning every six weeks, or the control group, which received educational materials. A follow-
up study (Hilts, 1996) found that biweekly cleaning during the summer months was successful in
preventing a seasonal rise in carpet dust-lead loadings and had a moderating effect on the seasona
rise in blood-lead concentrations. An active lead smelter in this community provided a source of
continuing recontamination, which makes these studies difficult to compare with the other studies.
However, in both the Baltimore (Charney et al., 1983) and Trail (Hilts et al., 1995) studies, dust-
lead levels declined during the study, but rose again within afew weeks after cleaning was
discontinued. Finaly, the Boston Interim Study (Aschengrau et al., 1998; Mackey et al., 1996)
provides evidence that one-time cleaning prior to abatement may be effective in reducing lead
exposure of children until abatement can be performed. A 48% decline in blood-lead
concentration was observed among 8 children who were exposed to “severe” household lead
hazards and were assigned the intervention, compared to 35-36% declines in the randomized
intervention and control groups, who faced less severe hazards. Window silI dust-lead loadings
decreased in the control group, suggesting that residents may have done some cleaning. The
statistical power of this study was low due to the small number of children who completed the
study.

4.2 EDUCATIONAL INTERVENTIONS

As reported in the original edition, intensive, in-home educationa interventions appeared
to be successful in reducing blood-lead concentrations in the Milwaukee (USEPA, 1996c; Schultz
et a., 1998) and Granite City (Kimbrough et al., 1994) studies. A variety of educational
interventions have now been assessed in Leadville, (LCBH and UC, 1993), Rochester (Lanphear
et a., 1996), Tral (Hiltset a., 1995), and East St. Louis (Copley, 1995), with mixed results. A
19% decline was reported for a small number of children in Leadville, which is similar to
previousy reported results in Milwaukee (19%) and Granite City (34%). Low-cost educational

interventions primarily consisting of distribution of educational materials were conducted in
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Rochester and Trail (control group). Small or no declines in blood-lead concentrations resulted
from these interventions. 1n Rochester, the reported decline in the control group, which received
only a brochure, was larger than that reported for the treatment group, which received cleaning
supplies and instruction, athough the reported results were not significantly different (from each
other nor from 0). Thiswas awell-conducted study using randomized treatment and control
groups. It may be, however, that the sample size was insufficient to detect a small difference
between the studied treatment and control interventions.

Finally, the effectiveness of educational intervention relies on the willingness of the family
to follow through with the recommendations given. There is evidence that cleaning by residents
can reduce household dust-lead levels and children’s blood-lead levels. The East St Louis study
reported 50% declines in dust-lead loadings in the 44% of homes where the family reported that
they had cleaned according to instruction. No follow-up blood-lead measurements were
collected. In addition, a 36% decline in blood-lead concentrations and a 38% decline in window
sl dust-lead loadings were observed in control homes for the Boston Interim study (Mackey et
al., 1996), where the control population received an outreach visit, cleaning instructions, and a
free sample of cleaning solution. Minor increasesin floor and window well dust-lead |oadings
were observed. Floor dust-lead levels were initially low, so that the increase was inconsequential .
Window well loadings, however, were initially high and remained so. Although blood-lead
concentrations did not decrease in the Rochester Study, 30 - 60% declines in dust-lead |oadings

were reported for most surfaces (except window wells) following cleaning.
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5.0 CONCLUSIONS & RECOMMENDATIONS

Any effort to derive conclusions and recommendations from the lead hazard intervention
effectiveness data summarized in Section 4.0 must recognize its scope as well asits limitations.
Since publication of the earlier review, a surprising number and variety of intervention strategies
have been documented in the scientific literature. These studies have helped to fill some of the
research “gaps’ noted in the earlier review. However, these same studies have a so reemphasized
certain areas of remaining investigation and prompted new questions. The need for research
surrounding the effectiveness of the lead hazard intervention strategies remains.

Despite the remaining issues, there are some important conclusions that may be drawn
from the existing body of research. Section 5.1 documents the general conclusions regarding the
effectiveness of lead hazard intervention. Section 5.2, in turn, reviews those conclusions relevant
to specific intervention strategies targeting paint, dust, and soil. There are also on-going studies
that, when complete, may further supplement the conclusions. Section 5.3 discusses those
studies, known to the authors of this report, that were not complete (or publishable) at this time.
Finally, besides conclusions, the existing evidence suggests areas where research is still required
(i.e., data“gaps’). Theremaining data“gaps’ and recommendations for future research are made
in Section 5.4.

5.1 CONCLUSIONS REGARDING EFFICACY OF LEAD HAZARD INTERVENTION

Though there is substantial and varied evidence within the literature that lead hazard
intervention can reduce exposed children’s blood-lead concentrations, no single intervention
strategy stands out as markedly superior. A range of intervention strategies were shown to
reduce children’s blood-lead concentrations. However, not all intervention strategies studied
were effective. Short-term elevations in exposed children’ s blood-lead concentrations did result
when abatements were performed improperly by current standards (e.g., Baltimore Traditional vs.
Modified). Other intervention strategies reported no efficacy in the targeted population
(e.g., Rochester Educational) or no greater effectiveness than their associated control populations
(e.g., Batimore 3-City).

It was the case, however, that declines on the order of 25% were reported among children

benefitting from extensive, carefully managed projects which abated or isolated sources of lead, as
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well as among children receiving regular cleaning procedures or extensive educational instructions
employed to aleviate their lead exposure (Figure 5-1a and 5-1b). Moreover, arange of lead
hazard intervention strategies was documented to have a statistically significant positive “effect”
on the blood-lead concentrations of exposed children, compared to control populations that did
not receive the intervention. In particular, lead-based paint abatement (e.g., 1990 St. Louis
Retrospective), dust-lead intervention (Baltimore Dust Control), soil-lead intervention (Boston 3-
City), and educationa intervention (Milwaukee Retrospective) were documented to have at least
the potential for producing significantly greater declines in blood-lead concentration among
children benefitting from the intervention than among a control population of children. The
comparable efficacy is potential in that not all examples of each of these strategies were effective.
Paint abatement was not effective in the Boston 3-City study, soil abatement was not effective in
Baltimore and Cincinnati 3-City studies, dust control was not effective in the Trail study, and
education was not effective in the Rochester study. The specific details of the effective
intervention strategies were critical. For example, paint intervention strategies that were effective
in children with blood-lead concentrations above 20 pg/dL were not necessarily effectivein
children with lesser elevations (Baltimore R& M, Central Massachusetts Retrospective).

It should also be noted that the comparability in effectiveness of arange of intervention
strategies does not imply they are interchangeable. Instead, it suggests that other relevant factors
serve as the determinants of what strategy is suitable for a given situation. These factors include
the strategy’ s cost (both up-front and long-term), its viability, the type of lead exposure facing the
child, and the expected long-term efficacy. Educationa and interim control interventions are
generally regarded as requiring lower up-front expenses, but require continued performance at
regular intervals which may well result in higher long-term cost. Regular dust control was
effective in Baltimore, but ineffective in Trail where rapid recontamination may have almost
immediately overwhelmed the successful (in terms of dust-lead levels) cleaning efforts.
Educational strategies can fail to retain their initial effectiveness as participants fail to continue
their cleanup efforts (East St. Louis). The appropriateness of a particular intervention strategy

must be considered beforehand in the specific context under which it is to be implemented if the
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Figure 5-1a. Summary of Blood-Lead Concentration Results for Identified Lead Hazard
Abatement Studies and Interim Control Studies Targeting Lead-Based Paint.
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strategy is to have areasonable chance of reproducing the effectiveness documented in the
literature.

The seemingly inconsistent effectiveness reported for a particular type of intervention
(e.g., education) may be explained, at least in part, by the wide variation in the specific details of
the intervention (e.g., ahome visit by a physician versus a pamphlet left with the family).
However, the potential confounding impact of the child’ sinitia blood-lead concentration should
also be recognized. Asevidenced in Figures 3-5 and 3-8 above (and Figure 3-19 in the earlier
review, reproduced in Appendix C), greater declinesin blood-lead concentrations are observed
among children with higher pre-intervention blood-lead concentrations. Also, the Baltimore
R&M, Central Massachusetts Retrospective, and 1990 St. Louis Retrospective studies all noted
that statistically significant declines in blood-lead concentration were observed for children with
initial blood-lead concentrations in excess of 20 pg/dL, while no mean decline was reported for
children with initial blood-lead levels less than 20 pg/dL. In fact, the Massachusetts
Retrospective study noted that the mean post-intervention blood-lead concentration among
children with initial blood-lead levelsless than 20 pg/dL increased by 15%. The basisfor this
trend is uncertain, though perhaps it stems from differences in the lead exposure mechanisms for
the two populations. Children with blood-lead concentrations in excess of 20 pg/dL may derive
their exposure primarily from a single residential source, which may be successfully targeted by an
intervention. Children with lower blood-lead concentrations, by contrast, may be exposed to a
wide range of sources. A blood-lead concentration below 20 pg/dL does not require asingle
significant exposure source; incremental exposures to several lesser sources may well be
sufficient. Regardless, caution should accompany any effort to extend results observed among

children with e evated blood-lead concentrations to those with lower levels.
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5.2 CONCLUSIONS REGARDING SPECIFIC INTERVENTION STRATEGIES

Given the number of intervention efficacy studies reported, it is worthwhile to review the
conclusions that may be derived regarding the range of intervention strategies commonly cited as
relevant to regulatory efforts such as 8403. The efficacy of particular methods is not always clear,
as many studies assessed a combined intervention strategy. To the extent possible, the scientific
evidence on efficacy of specific intervention techniques targeting lead-based paint, lead in dust,

and lead in soil is summarized below.

5.2.1 Lead-Based Paint Intervention
Strategies targeting lead-based paint sought to either permanently abate the lead hazard,

or prevent continued exposure for extended periods of time.

Hand-Scraping Removal with a Heat Gun. This procedure entails using a heat gun to
soften the paint, then using a hand-scraping tool to removeit. A respirator isrequired during this
procedure due to the reported potential release of volatile fumes (NIOSH, 1992). The procedure
had mixed success in abating paint from floors and window sills (HUD, 1991), and was associated
with dlight (though not statistically significant) elevations in the blood-lead levels of resident
children within one month of abatement (Farfel and Chisolm, 1990). This method was not
associated with elevated blood-lead concentrations two years post-intervention (Bates et al.,
1997).

Mechanical Removal. Methods that mechanically remove the leaded paint include needle
guns, vacuum blasting, and abrasive (wet and dry) sanding. Devices for performing these
procedures are sometimes fitted with a high-efficiency particulate accumulator (HEPA) dust
collection system, since these methods can generate a great deal of dust (HUD, 1991). In some
instances, the surface is misted to contain dust and avoid aggravating the lead hazard
(Amitai et ., 1991). Thereislittle data available on the effectiveness of these procedures. This
method was not associated with elevated blood-lead concentrations two years post-intervention
(Bates et al., 1997).
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Chemical Removal. This procedure entails the application of a caustic chemical to the
painted surface, alowing the chemical to work its way into the paint, and then removing the paint
from the component. Worker protection is necessary against the caustic and flammable
chemicals. The procedure can produce a large amount of hazardous waste. The procedure may
be useful when historical preservation is necessary. Mixed success was exhibited in abating
floors, window sills, and window wells using chemica remova (HUD, 1991). This method was
not associated with elevated blood-lead concentrations two years post-intervention (Bates et al.,
1997). This method was successful when used in combination with encapsulation and component
replacement strategies (Nedellec et al., 1995).

Component Replacement. This strategy of abatement entails removing the component in
guestion (e.g., doors, windows, trim) and replacing it with a new component, or thoroughly
stripping the leaded paint at an off-site location and reinstalling the origina component. Removal
and replacement has been a successful abatement strategy (HUD, 1991; Farfel, 1991), and
produced declines in resident children’s blood-lead levels within one month of abatement (Amitai
et a., 1991). Window replacement may be the most common application of this strategy
(USEPA, 1995b, 1997, 1998a; NCLSH and UC, 1997). Preliminary results of the HUD
Abatement Grant Program suggest that this strategy can be effective in reducing dust-lead levels
in the home and blood-lead levels of resident children (NCLSH and UC, 1998).

Enclosure. Enclosure as an abatement practice involves resurfacing or covering the
painted surface with arigid, solid material (e.g., drywall, gypsum board, or plywood) and caulking
with durable materials at the corners and edges to prevent escape of leaded dust or paint chips.
The enclosing material is fastened mechanically to the base substrate or underlying structural
component. Warning signs are placed underneath the enclosure materials in case of future
disturbances. Given the potentia for penetrating the enclosure barrier, only durable enclosure
materials should be used on surfaces regularly subjected to abrasion (e.g., window wells).
Enclosure has been successfully implemented as an abatement strategy (HUD, 1991; NCLSH and
UC, 1997, 1998) and was effective in lowering the blood-lead concentrations of resident children

one month following the intervention (Amitai et al., 1991). Dust-lead levelsin residences
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predominantly abated using encapsulation or enclosure methods were typically, though not
significantly, higher than those measured in residences primarily abated using remova methods
(USEPA, 19963, 1996b). Preliminary results of the HUD Abatement Grant Program suggest that
this strategy can be effective in reducing dust-lead levels in the home and blood-lead levels of
resident children (NCLSH and UC, 1998).

Encapsulation. This method involves coating surfaces with durable coatings to prevent
the underlying lead from becoming part of house dust or accessible to children. The coatings are
specifically formulated to be elastic, long-lasting, and resilient to cracking, peeling, algae and
fungus. Rigid materiasthat are adhesively bonded (as opposed to mechanically fastened) to the
leaded paint surface are also considered encapsulants. It is not expected that encapsulants will
last as long as mechanically fastened enclosures. As with enclosure, encapsulation is not suitable
for friction surfaces. The limited data on the efficacy of encapsulation methods indicates
dust-lead levels in residences abated predominantly using encapsulation or enclosure methods
were typicaly, though not significantly, higher than those measured in residences abated primarily
using remova methods (USEPA, 19963, 1996b). Encapsulation was successful when used in
combination with chemical stripping and component removal strategies (Nedellec et al., 1995).
Preliminary results of the HUD Abatement Grant Program suggest that encapsulation can be
effective in reducing dust-lead levelsin the home and blood-lead levels of resident children
(NCLSH and UC, 1998).

Interim Controls. This strategy seeks to manage the lead-based paint hazard rather than
abateit. Peeling or chaking leaded paint is removed (e.g., wet scraping and sanding) and the
surface repainted. Intact leaded paint is not disturbed. Specialized cleaning is also required.
Whenever further leaded paint deterioration occurs, the same maintenance procedures are utilized.
Interim control strategies have resulted in significant declinesin residential dust-lead loadings and
concentrations, as well as modest declines in the blood-lead levels of resident children 9-15
months after the interventions (Weitzman et al., 1993; USEPA, 1993b, 1995b, 1997, 19984).

Preliminary results of the HUD Abatement Grant Program suggest that interim controls can be

89



effective in reducing dust-lead levelsin the home and blood-lead levels of resident children
(NCLSH and UC, 1998).

5.2.2 Lead-Containing Dust Intervention
Dust may exhibit elevated lead levels due to migration from lead sources such as soil lead
or deteriorating leaded paint. Therefore, any intervention targeting elevated levels of dust lead

must be performed regularly, since the source of the lead is not abated by the intervention.

Removal. This strategy removes the lead-containing dust by thoroughly wet mopping the
residence, usualy with a detergent solution. Alternatively, HEPA vacuuming, or a combination of
the two methods, may be employed. Surfaces of the residence (e.g., floors, table tops, counters,
window sills) exhibiting elevated levels of dust lead are wet wiped or mopped. This process must
be repeated regularly since residential dust can rapidly become recontaminated. Charney, et .
(1983), noted that dust-lead concentrations had returned to original levels two weeks following a
thorough residential cleaning. If performed regularly, however, dust removal intervention can
significantly reduce residential dust-lead loadings (Charney et al., 1983). More importantly, it can
moderately reduce (18%) the blood-lead concentrations of exposed children by one year
following itsinitiation (Charney et al., 1983; Rhoads et a., 1999). The study reported by Rhoads,
et al., also found that conscientious, regular cleaning could result in a 50% decline in dust-lead
levels. Hiltset al. (1995) reported no change in blood-lead concentrations resulted from aless
frequent cleaning schedule (every six weeks). However, an active lead smelter provided a source
of continuing recontamination in this community that was not present in other study communities.
One-time cleaning was successful in reducing blood-lead levels of children whose homes were
scheduled to be abated (Mackey et a., 1996).

Education. The effect of adust lead hazard may be reduced by educating both the
children and their parents about the potential for exposure. This education may be quite varied in
both its character and the manner in which it is provided. Parents may be provided materials
about the danger from hand-to-mouth behavior and the benefits of washing the child's hands
regularly. Alternatively, a cleaning kit may be provided to the family, accompanied by training on
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how best to reduce residential dust-lead levels. In all instances, the goal is to halt the pathway of
lead from the residential dust to the child’s blood. Educational interventions rely on the initiative
of the family to implement the recommended procedures. Educational interventions have been
effective in reducing residential dust-lead hazards (Roberts et a., 1991; Copley, 1996; Lanphear
et a., 1996), as well as children’s blood-lead concentrations (Kimbrough et al., 1994; USEPA,
1996¢; LCDH and UC, 1993; Mackey et d., 1996). Small or no declinesin blood-lead
concentrations have aso been reported following educational interventions (Lanphear et a., 1995,
1996; Hilts et al., 1995). However, note that the Lanphear et a., 1996 study investigated a very
limited educational intervention for children at quite low blood-lead levels and probably had
limited power for detecting any blood-lead effect, even if it existed. The Hiltset al., 1995
intervention in Trail, British Columbia, Canada, had an active lead smelter, which provided a

source of continuing recontamination that was not present in other study communities.

5.2.3 Lead-Containing Soil Intervention

Like leaded paint intervention, strategies targeting elevated soil-lead concentrations seek
to abate or manage a source of lead exposure. The lead reservoir in soil may be the result of
years of leaded gasoline emissions, peeling exterior leaded paint, and in some areas, mining or

smelting operations.

Removal and Replacement. Under this intervention strategy, the soil exhibiting elevated
levels of lead is removed and replaced with soil of minimal (or background) lead concentration.
The contaminated soil is removed to a depth sufficient to either abate all the contamination or to
preclude contaminated soil from being readily uncovered. In addition, grass may be sown to
prevent erosion. Weitzman et al. (1993) document the implementation of a soil removal and
replacement strategy in Boston, MA, and the resulting moderate reduction (23%) in the
blood-lead concentrations of resident children 11 months following the abatement. Similar soil
remova and replacement strategies were less effective in other locations, where initial conditions
were less severe (USEPA, 1993b, 1993c). In these communities, control group children exhibited
declinesin blood-lead concentration as large, or larger, than children receiving soil abatement

Community-wide soil abatement projects following the reduction or elimination of industrial lead
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sources have resulted in reduced blood-lead concentrations in resident children (Langlois and
Gould, 1996; Gangne, 1994; Goulet et a., 1996).

Enclosure. This strategy encloses the contaminated soil to prevent access to or
mobilization of the lead. The enclosure consists of long-term soil coverings such as asphalt or
concrete. Though such a procedure was employed for a small number of homesin the Baltimore
portion of the Three-City Soil Abatement Demonstration Study (USEPA, 1993b), the efficacy of
these interventions was not reported separately from remova and replacement interventions
performed for the remaining study homes. In addition, no results are currently available on the

degree to which such enclosures degrade over the long-term (e.g., 20 years).

Interim Controls. This strategy maintains a cover over the contaminated soil to prevent
access to or mobilization of the lead. Potential soil coveringsinclude grass sod and gravel. If
grassis used it may be appropriate to provide a sprinkler system to help ensure the continued
survival of the grass. Such coverings depend upon continued effort to maintain the effectiveness
of the covering. An intervention that included both soil cover and interior dust abatement was
effective in reducing blood-lead concentrations in the study group five months after the
intervention as compared to a control group that received preventive information (Mielke et .,
1994). Additional studies have implemented soil cover interventions (Hilts, 1996; Calder et al.,
1994), but the effectiveness of the soil cover intervention separately from other components of the
overal intervention strategy. No other studies that document the effectiveness of thisintervention

strategy were identified in the scientific literature.

Education. A soil lead hazard may aso be restricted by educating both the children and
their parents about the danger. Parents may be provided materials about the danger from
hand-to-mouth behavior or encouraged to take the child to safe playgrounds in the area. The goal
isto halt the pathway of lead from the residential soil to the child’ s blood. Such educational
efforts may be conducted in combination with education on the danger of residential

lead-containing dust. Since the lead-containing soil has not been abated, the potential for
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contamination of the interior house dust remains. No literature was identified on the effectiveness

of this strategy.

5.3 ONGOING RESEARCH

The studies summarized in this report help to provide a more complete picture of the
effectiveness of lead hazard intervention than that presented in the prior summary. However, the
data are still limited. Additional studies are under way that focus on primary prevention, the
longer term effectiveness of lead h