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' | | '~ - | | EXECUTIVE SUMMARY

i Despite reductions of the amount of lead in various sources over the past few debades,
y ‘ ' elevated blood—léad concentrations in children continue to be a public health concern. Using _data' v
| , from three environmental lead studies (the Comprehensive Abatement Performance (CAP) Study
| y - [9, 10, 11}, the Baltimore Repair and Maintenance (R&M) study [12], and the Rochester Lead-
In-Dust study [13]), the relationships among environmental lead levels and children’s blood lead

| | | |
[{ _ ‘ concentrations were examined using structural equation models (SEM). SEM was used for this

analysis because the method accounts for the covariance among variables that allow direct and,

| | . . . . .
: - in particular, indirect effects of various sources of lead to be assessed. Traditional multiple

| ' - regression only assesses the direct effects.
The primary analysis of this report focused on two types of structural equation models:
environmental-lead pathway models and blood-lead pathway models. The environmental-lead

pathway models were structured to assess the direct and indirect impact of several environmental

variables such as soil lead, window sill dust-lead, and window well dust-lead on floor dust-lead

This page intentionally left blank. so that comparisons could be made across the three studies (CAP, R&M, and Rochester). The

blood-lead pathway models were structured to focus on the direct and indirect impact of soil

lead, paint-lead, window sill dust-lead, window well dust-lead, and floor dust-lead on childhood

blood-lead concentration and to allow comparisons between R&M and Rochester. (The CAP

Study did not collect blood-lead data and thérefore could not be included in the blood-lead

. pathway model analysis). Because the three studies were not designed or conducted in the exact

! J; | ‘ | ) same manner, there was some information collected in one study that was not collected in the

’ others. To take advantage of having additional information in the studies, several secondary sub-
Ul | _ o | ' : analyses were performed. The sub-analyses focused on specific pathwayé of lead exposure '
| J i ' . . | _ within either the environmental-lead pathway models or the blood-lead pathway models. Note

that for all analyses separate models were fit using dust-lead loading vacuum samples and dust-

lead concentration vacuum samples. '

| In the environmental-lead pathways analysis, three statistically significant direct

i ' : ‘ | pathways of lead contamination were found for all three studies: 1) window well dust-lead
loading to window sill dust-lead loading, 2) window well dust-lead concentration to window sill

dust-lead concentration, and 3) exterior entryway dust-lead concentration to interior entryway

il ' : xiii




dust-lead concentration. There were several indirect pathways which were the same for two out
of the three studies: 1) soil-lead concentration to window well dust-lead loading to window sill
dust-lead loading, 2) soil-lead concentration to window well dust-lead concentration to window
sill dust-lead concentration, 3) window well dust-lead loading to window sill dust-lead loading to
the interior entryway dust-lead loading or the floor dust-lead loading, and 4) window well dust-
lead concentration to window sill dust-lead concen&ation to floor dust-lead concentration. |
Despite the different study designs and dust vacuum collection methods, the results are quite
similar across the three studies.

The blood-lead pathways models fitted to the two data sets with blood lead measurements
(R&M and Rochester) had fewer consistent; statistically significant pathways across the studies.
In the lead loading models consistent pathways included direct pathways of lead exposure from
1) floor dust-lead and 2) children’s mouthing habits to the blood, and indirect pathways from
1) interior entryway dust-lead, 2) dust on window wells and 3) dust on window sills to blood.
However, nb consistent significant pathways to blood were found in the lead concentration
models. In the R&M concentration model, sighiﬁcant pathways included a direct pathway from
interior entryway dust-lead concentration to blood, and indirect pathways of exposure to the

blood from exterior entryway dust, window well dust, and the window sill dust-lead

concentration. In the Rochester concentration model, the only statistically significant pathway to

blood was a direct pathway from children’s mouthing behavior to blood. There were no
statistically significant indirect pathways to blood in the Rochester concentration model.

An analysis of the Rochester data included a statistically significant hand dust-lead
pathway in the blood-lead pathways model. Hand dust-lead was a statistically significant
pathway to blood-lead in other studies analyzed by structural equations modeling. An analysis of
the Rochester data indicated that hand dust-lead was one of the direct pathways of lead exposure
to a child’s blood, with environmental pathways directly and indirectly to the child’s hand dust-
lead.

Xiv

1.0 INTRODUCTION
| Although Federal and state regulatory agencies have succeeded in reducing legd in paint,
food, and ambient air, approximately one million children in the United States, ages one to five
years, have a blood lead concentration equal to or 'above the CDC threshold of 10 pg/dL [22].
The purpose of the work presénted in this document is to understand the sources and-
routes by which children are exposed to lead in their residences so that the optimal prevention
and remediation action can be carried out. A pathways analysis using structural equation models
(SEM) was performed to assess the different pathways by which a child may be exposed to lead.
Data from three studies, the Comprehensive Abatement Performance Study (CAP Study) [9, 10,
11], the Baltimore Lead-Based Paint Abatement and Repair and Maintenance Study R&M) [12],
and the Rochester Lead-In-Dust Study (Rochester) [13] were used to assess the pathway models.
Structural equation modeling was used for this analysis because the method takes into account
the covariance among the environmental and blood-lead variabies. Taking into account the
covariance among the variables allows for the assessment of the direct effect or indirect effect of
one lead source on another lead source. Multiple regression, the traditional analysis method,
does not take into account the covariance structure among the variables. (An explgnation of

direct and indirect effects is provided below).

1.1  DEFINITIONS ) _
Throughout the document there are several terms which will be used. For clarity, the

definition of each term is given below.

Window Sill

“The portion of the horizontal window ledge that proti'udes into the interior of the
room, adjacent to the window sash when closed [16].” Also referred to as
“window stool.” '

Window Well

“Theportion of the horizontal window sill that receives both the upper and lowe}' WiI:ldOW
sashes when they are lowered, often located between the storm Wlndow and the”mtenor
window sash [16].” Also referred to as “window channel” or _“wmdow trough.



Structural Equation Models

Consider the pathway diagramed in Figure 1-1. This diagram shows directional pathways
of lead exposure as follows:

Window Sill Dust — ) Floor Dust ———p Blood

f

Figure 1-1. Pathways Diagram Assessing the Role of
Floor Dust Lead as a Route for Lead Dust
from the Wi_ndow Sill to the Child’s Blood.-

® Window sill dust is being assessed as to whether it directly impacts floor dust
and/or blood-lead (i.e., the arrows which point to blood and floor dust from
window sill dust),

® Floor dust is being evaluated as to whether it is directly impacting blood-lead, and

® Finally, window sill dust is being assessed as to whether it indirectly impacts
blood-lead via floor dust (i.e., the arrow which goes from window sill dust to floor
dust and then the arrow which goes to blood from floor dust).

These directional relationships illustrated in the diagram are represented by the following
two equations: :

(1) Blood Lead = Floor Dust Lead + Window Sill Dust Lead
(2) Floor Dust Lead = Window Sill-Dust Lead.

and a covariance matrix of all the variables in the diagram.

The directional nature of the diagram is illustrated through the equations by starting with
the highest numbered equation and working upwards, i.e., (2) and then (1). Equation (2)
represents the arrow from window sill dust to floor dust. Equation (1) represents the
arrow from floor dust to blood and the arrow from window sill dust to blood. Finally, the
indirect relationship of window sill dust to blood via floor dust is represented by both

~ equations (1) and (2) and the covariance matrix. :

Evaluating equations (1) and (2) separately is similar to multiple regression or ANOVA,

- 1.e., both these methods can assess the direct effect of floor dust on blood in equation (1)
and window sill dust on floor dust in equation (2). What these methods carmot assess is
the indirect effect of window sill dust on blood via the floor dust. By evaluating both
equations (1) and (2) simultaneously and accounting for the covariance between these
variables, SEM allows for an assessment of the indirect effect.

Environmental-Lead Pathways Model .

The environmental-lead pathways model is a set of structural equation models that assess
the direct and indirect effects of lead in environmental media, such as soil, window sill
dust, window well dust, floor dust, and paint. This model was developed for the R&M,
Rochester, and CAP Study data.

" Blood-Lead Pathways Model

The blood-lead pathways model is a set of structural equation models that assess the
direct and indirect effects of lead in environmental media, such as soil, window well dust,
window sill dust, floor dust, water, and paint; child modifier variables, such as a ch@’s
mouthing behavior; and indicator variables, such as the presence or absence qf carpeting
in the entryway, on the blood-lead concentration of the child in the home. This model
was developed for the R&M and Rochester data.

Statistical Significance of Variables in the Structural Equation Models

A t-test was used to determine if the variable included in the model was statistically
significant. If the absolute value of the t-value was greater than or equa! Fo 1.96 then t.he

. parameter was considered to be statistically significant since the probability of observing
this extreme value (-1.96 or +1.96) for the t-test statistic is 0.05.

1.2  PEER REVIEW
Prior to publication, this report was reviewed by three individuals with knowledge and

expertise in the subject matter of the report. These reviewers were not involved in the
development of the report, and conducted their reviews independently of each other. The
following is a summary of comments and responses to those comments which had an important
impact oﬁ the report or which are important for understanding and interpreting the report.

~ One reviewer stroﬁgly recommended that prediction limits be developed for the estimates
of percent change in lead levels that resulted when the geometric mean of model input variables
was decreaséd. An appropriate methodology was developed and implemented, and prediction
limits were added to all tables which included a percent change. In response to another review
comment, an appendix was added to the report which describes the types of calculations made in

the pathways analysis and how the associated standard errors were estimated. This same

. appendix include a discussioh of goodness-of-fit statistics for the pathways models, in response

to comments by the reviewers.



- A reviewer pointed out that hand wipe data wére available for children in the Rochester
Study. A pathways analysis that included these data was added to the report. Another reviewer
asked whether bare soil or other “modifiers” should be included in the models. The Rochester
Study included a variable on vegetative soil cover, and an additional analysis was added which
incorporated this variable as a modifier to the soil lead level, in a manner similar to what was
done previously in the report for paint lead levels and paint condition.

Two reviewers commented on statements in the report about renovation and remodeling
in the Rochester Study. In fact, none of the houses in the Rochester Study had any renovation
and remodeling work done on them in the twelve months immediately prior to initiation of that
study. The language in the report was clarified on this point. However, information related to
renovation and remodeling was found for one of the other studies in the repoﬁ. This information
was used to develop pathways analyses germane to the impact of renovation and remodeling for
a second study, using the same approach presented in the report at the time of peer‘ review.
These additional pathways analyses were included in the final report. |

Other review comments mentioned references for other lead pathway analyses that were

~ not included in the report. These other references were added to the discussion section of the

report, with appropriate text. Moreover, a reviewer pointed out that a published journal article
contained results which conflicted with the results of one of the pathway analyses in this report,
and requested double checking of the results in the rep('irt. An investigation showed that |
differences in méthodology were the reason for the differences between the two analyses. The
discussion section was revised to list the methodological differences. |
One reviewer commented on the large number of pathways analyses, and stated that there
should be one environmental pathway analysis and one blood pathway analysis per study. The
same reviewer commented on the omission of lead from paint in a lead pathways analysis,
indicating that it would be far preferable to include lead from paint. The reviewer also stated that
there appeared to be a bias toward lead from soil. However, the report does contain analyses for
the Rochester study and for the Repair and Maintenance study which do include a measure of
lead in paint for windows and doors. The text in the report was changed to clarify the goals of
the report. One of the primafy objectives of the report was to examine lead pafhways for three
different studies, and compare the results across the different studies. A secondary objective was

to examine other variables of interest that were not necessarily common to all three studies, and
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to conduct pathways analyses with these additional variables. Paint and soil data were both used
in the report. _

EPA has established a public record for the peer review under Administrative
Record 207. The administrative record is available in the TSCA Nonconfidential Information
Center, which is open from noon to 4 PM Monday through Friday, except legal holidays. The
TSCA Nonconfidential Information Center is located in Room NE-B607, Northeast Mall, 401 M

Street SW, Washington, D.C.

1.3 STRUCTURE OF THE REPORT

Section 2 discusses the conclusions drawn from the structural equation modeling. .

Section 3 lists the quality assurance information for the data included in the analysis.

- Background information specific to each study is provided in Section 4. Statistical methodology

used to assess the pathways models is discussed in Section 5. Results from the pathways - »
analysis are discussed in Section 6, and a discussion of the conclusions and results from this
report in comfarison to published results is provided in Section 7. References are provided in
Section 8. Aijendices A, B, and C present selected results f_rom the CAP Study, R&M, and
Rochester data, respectively.\ Appendix D illustrates several pathway models which have been
analyzed and published in the literature. Finally Appendix E presents a discussion of model
specification, estimation criteria and goodness-of-fit tests associated with structural equation

modeling.



2.0 FINDINGS AND CONCLUSIONS

This section presents conclusions drawn from the pathways models described in
Section 5 and the analysis results presented in Section 6. Though much of the same type of
information was collected in each of the three studies included in the analysis, there were a
number of variables not collected in some of the studies. For example, no blood-lead or water-
lead measurements were taken in the CAP Study. As a result, pathways including blood lead and
water lead could not be examined using the CAP Study data. When applicable, such exceptions
are noted. Because of these data limitations, there may be pathways other than those included in
the models which are significant contributors to either dust-lead levels or blood-lead
concentrations but were not investigated. Note that all the dust-lead samples included in the

analysis were all collected via vacuum.

2.1 CORRELATION ANALYSIS
Note: All correlations were calculated within a study. The findings within a study are

compared across studies.

® Correlation coefficients between window well and window sill dust-lead loadings
were larger than 0.5 for all three studies. Similarly, correlation coefficients for
window well and window sill dust-lead concentrations were larger than 0.5 for all
three studies. For one study, these correldtion coefficients were larger than 0.8. -

® Water-lead samples in the R&M study were collected after a 2-hour fixed time
stagnation while the Rochester study water samples were collected after an 8-hour
stagnation period. The water-lead concentrations within the R&M study and within
the Rochester study were not highly correlated with any respective environmental
measure, or blood-lead concentration. [Note: Water and blood samples were not
collected in the CAP Study.]

® For the Rochester study, blood-lead concentrations typically had a higher correlation
coefficient with dust-lead loadings than with dust-lead concentrations. For the R&M
study, blood-lead concentrations typically had a higher correlation coefficient with
dust-lead concentration than with dust-lead loading.

® For the Rochester study, the environmental variables that had the highest correlation -
coefficients with blood-lead were hand dust-lead (0.43), window well dust-lead
loading (0.37), soil-lead concentration (0.37), and door paint hazard score (0.36). For
the R&M study, the environmental variables that had the highest correlation
coefficients with blood-lead were interior entryway dust concentration (0.56), floor
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dust concentration (0.53), and floor dust-lead loading (0.50). A ngmber qf other
environmental variables in the R&M study had correlation coefficients w:1th blood-
lead that were larger than 0.40. (Hand dust-lead and soil-lead concentration were not

available for the R&M study.) , :

e For the CAP study, floor dust-lead loadings were most highly correlated with interior

entryway dust-lead loadings (0.36). For the R&M study, ﬂqor dust-lead loadings
were most highly correlated with window sill dust-lead loadings (0.63.). (The
correlation between floor dust-lead loading and blood-lead concentration was O.§ 0 for
the R&M study.) For the Rochester study, floor dust-lead loadings were most highly
correlated with hand dust-lead (0.36) and window sill dust-lead loadm_g (0.35). (The
correlation between floor dust-lead loading and blood-lead concentration was 0.32 for

the Rochester study.)

ENVIRONMENTAL-LEAD PATHWAYS ANALYSIS

" Note: The primary environmental-lead SEM was structured for comparison across the

three studies (CAP, R&M, and Rochester). The pathways to floor dust z‘fzat were assessed
were interior entfyway dust, exterior entryway dust, window sill dust, window well dust,

and soil. Because the CAP Study did not have paint data collected and more tha;j ha.lf of
the R&M study homes did not have paint data, paint was not included as a pathway in the

primary analysis.

® 1In all three studies, the significant direct pathways of lead exposure were: window
well dust lead to window sill dust lead for both loadings and concentrations, and
exterior entryway dust-lead concentration to interior entryway dust-lead
concentration.

® Inthe R&M study, window well dust lead was an indirect pathway to ir%tenor
entryway dust lead via the window sill for both loadings and .copcentratlons. In
addition, for the R&M study, window well dust-lead was an indirect Pathway to floor
dust for both loadings and concentrations. In the Rochester si:udy2 wmdoxiv well d.ust
lead was an indirect pathway of lead exposure to floor dust. lead via the window sill
for both loadings and concentrations. In the CAP study, Wmdqw well -dust-l.ead
concentration directly contributed to floor dust-lead concentration, while neither
window sill nor window well dust-lead loading were direct or indirect path\.vays of
lead exposure to floor dust-lead loading or interior entryway dust-lead loadings.

® Inthe R&M study, exterior entryway dust lead loading was an indirect pathwa){ to
floor dust lead via the interior entryway loadings. In the Rochester study, exterior
entryway dust-lead concentration was an indirect pathway to floor dust via the 1ptenor
entryway concentration. In the CAP study the exterior entryway dust-lead loadings
- and concentrations were neither direct nor indirect pathways to the floor dust-lead
loadings or concentrations.



® Inthe CAP and Rochester studies, where soil-lead concentrations could be assessed,
soil-lead concentration was found to be an indirect pathway of lead to window sill
~dust lead through the window well for both loadings and concentrations. (As noted
above, very few soil samples were collected in the R&M study and could not be
_included as-a pathway in the analyses.)

The following conclusions are drawn from the estimated environmental-lead pathways
models. These pathways models contained all variables, not Just those that were significant. For
each study and model, one variable was assumed to have a 50% reduction in its geometric mean

lead level while all the other variables were held constant at their geometric mean lead levels.

® In the CAP study, the largest reduction in floor dust-lead loadings or concentrations
occurred when the geometric mean soil-lead concentration was reduced 50%. In the
R&M study, the greatest decrease in the floor dust lead occurred when window well
dust lead was reduced by 50% for both loadings and concentrations. In the Rochester
study, a 50% reduction in the geometric mean soil-lead concentration had the greatest
effect on floor dust-lead loadings while a reduction in interior entryway dust-lead
concentration had the largest effect on reducing the floor dust-lead concentrations.

® Inthe CAP and Rochester studies, generally, the 50% reduction in the geometric
~ mean soil-lead concentration produced the largest reductions in the other
environmental-lead levels (floor, interior entryway, window sill, and window well
dust-lead levels). In the R&M study, the largest reductions were achieved in window
sills when window well levels were reduced. o

2.3 BLOOD-LEAD PATHWAYS ANALYSIS

Note: The primary blood-lead SEM was structured for comparison across the R&M and

. Rochester studies. The pathways to blood that were assessed were [floor dust, interior
entryway dust, exterior entryway dust, window sill dust, window well dust, water,
mouthing behavior, and soil. The CAP study data were not included because no-blood
data were collected in the study. Paint pathways were not included in the primary
analysis because more than half the homes in the R&M study did not have paint data
collected.

. ® In the R&M study, child’s mouthing behavior, floor dust-lead loading, and interior
entryway dust-lead concentration were direct pathways of lead exposure to the child’s
blood-lead concentration. In the Rochester study, the floor and window well dust-
lead loadings and child’s mouthing behavior were direct pathways of lead to the
child’s blood-lead concentration.

e For the R&M study, there were four indirect pathways of lead exposure to _the blood
1) window well dust-lead loading to window sill dust-lead yoadmg to interior
entryway dust-lead loading to floor dust-lead loading, 2? mdow well dust-lead
concentration to window sill dust-lead concentration to interior entryway dust-lead
concentration, 3) exterior entryway dust-lead loading to inter_lor entryway dust-lead
loading to floor loading, and 4) exterior enfryway concentration to mterior entryway
concentration. For the Rochester study, two indirect pathways of lea}d exposure to
blood were 1) soil-lead concentration to window well du§t-1ead loading to _wmdow

 sill dust-lead loading to floor dust-lead loading and 2) s011-lead concentration to
interior entryway dust-lead loading to floor dust-lead loading.

| The following conclusions are drawn from the estimated blood-lead pathways models.
For each study and model, one variable was assumed to have a 50% reduction in its geometric
mean while all the other variables were held constant at their geometric means. For the

mouthing variable, a 50% reduction in mouthing activity was assessed.

® For both the R&M and Rochester studies, the most significant reductions in blood-
lead concentration occurred when a child’s mouthing habit-s were changed from
* frequent mouthing behavior to infrequent mouthing behavior. .For the Rochester
study only, the next largest reduction in blood-lead concentrations occurred when the
~ geometric mean window sill concentrations were reduced by 50%.

2.4 ASSESSMENT OF PAINT-LEAD INDICATORS

~ Paint-lead pathways were added to the environmental-lead pathways models discussed
above for both the R&M and Rochester studies and to the blood-lead pathways models for the
Rochester studyl The paint-lead pathways were not added to the blood-lead pathways models for
the R&M déta due to insufficient data. No paint information was collected in the CAP study.

® The paint-lead pathways were represented by two types of paint-lead indicators:
paint-lead hazard scor¢ and average XRF measurement. For the Rochester tc,‘rudy,
generally, the same statistically significant pathways were observed when e1the; the
paint-lead hazard scores or the average XRF measurements were us.ed as the paint-
lead indicator. For the R&M study, the number of statistically significant pathways
was the same when either average XRF measurements or paint-lead hazard scores
were used in the concentration model. For the loading model, there were no A
significant pathways with average XRF measurements in the model, whereas there
were two significant pathways when paint-lead hazard scores were used.



® In the Rochester study, the door paint hazard score was a direct pathway of lead to
interior entryway dust-lead loading and concentration and the window paint hazard

score was a direct pathway to floor dust-lead concentration and both window well and

window sill dust-lead loadings and concentrations. In the R&M study, door paint and
window paint hazard scores were direct pathways of lead to floor dust-lead loading,
and window paint hazard score was a direct pathway to interior entryway dust-lead
concentration. - '

® In the Rochester study, door paint score was an indirect pathway of lead to floor dust-
lead loading and concentration via interior entryway dust and window paint score was
an indirect pathway of lead to floor dust lead via window sill dust. No significant
indirect effects of paint scores to floor dust-lead were found in the R&M study.

® In the Rochester study, both door paint score and window paint score were direct
pathways to blood-lead. Door paint score was also an indirect pathway to blood-lead
concentration through interior entryway dust-lead loading and floor dust-lead loading.
Window paint score was an indirect pathway to blood-lead concentration through
window well dust-lead loading, window sill dust-lead loading, and floor dust-lead
loading and through window well dust-lead concentration.

2.5 ASSESSMENT OF HAND DUST-LEAD
Hand dust-lead was collected only in the Rochester study. This pathway was added to the

Rochester study blood-lead pathways model which included paint hazard scores.

® The hand dust-lead pathway explained additional variation in the model.
® Hand dust-lead was found to be a direct pathway of lead exposure to blood.

® Floor dust-lead loadings and window well dust-lead concentrations were direct
pathways of lead to the hands.

2.6 ASSESSMENT OF SOIL-LEAD COVERAGE _

In the Rochester study only; a variable was available that describedrthe soil coverage (i.e.,
grassy, bare soil, etc.) at the location where each soil sample was taken. Combining the soil
coverage and the soil-lead concentration variables, a soil-lead coverage variable was created.
This variable replaced the soil-lead concentration variable in the Rochester blood-lead models

that included the paint hazard score.
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® Replacing thé soil-lead concentration variable with the soil-lead coverage variable did
~ not change most of the statistically significant pathways.

e In the model with soil-lead coverage replacing the soil-lead concentration Yar%able,
the pathway from soil to interior entryway dust-lead loading is no longer significant.

o In the model with soil-lead coverage, the pathways from soil to window well dust-
lead loading and soil to window well dust-lead concentration have much lower
parameter estimates than is the case in the model with the soil-lead concentration

variable.
These changes are interesting, but should be viewed with caution. Changing the input
variables to the model is not as convincing as, for example, estimating of the effects of bare

versus grass covered soil through a controlled study.

2.7  ASSESSMENT OF CARPETED FLOORS

The results of this section must be viewed with extreme caution since potential
confounding effects such as age of the home, type of home, or other socioeconomic variables
were not taken into account in the analysis.

Using the blood-lead pathway models discussed above, the effect of carpeting on floors in
the homes and blood—lead concentration was assessed for both the R&M and Rochester studies.
For the R&M-stu_dy, an indicator variable of the proportion of rooms sampled in the home with
carpeted floors was added as a pathway in the models. The analysis using the Rochester study
data included a pathway that ac‘counted for the proportion of carpeted floors sampled in the home
and also an indicator of whether the interior entryway was carpeted. There was no information
available on the absence or presence of cérpeting at the interior enfryway for the R&M study.
Also, a separate analysis of the‘Rochester study data was conducted that included only homes
which had carpeted bedrooms and play areas. '

® For the R&M study, the proportion of carpeted floors was a direct pathway to blood
- lead for both the loading and the concentration models. For the Rochester study, the
proportion of carpeted floors was a direct pathway to blood for the loading model.
Also for the Rochester study, the indicator of whether the interior entryway was
carpeted was a direct pathway to blood-lead in both the loading and concentration
models. ' ' '

. In the Rochester study, the presence or absence of interior entryway cgrpeting was a
direct pathway to interior entryway dust-lead loading, and the proportion of carpeted
floors was a direct pathway of lead to the floor dust-lead loading.
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remodeling in the home within twelve months of attempted recruitment into the study was an

- included, the significant pathways of lead exposure generally remained the same. The
i notable absent pathway was the floor dust-lead loading pathway. When only homes
S i 1 | with carpeted floors were included in the analysis, floor dust-lead loading was no

i | longer a statistically significant pathway of lead exposure to blood.

N e ® In the Rochester study, when only homes with carpeted bedrooms and play areas were
| h | exclusion criterion for the Rochester study, a renovation and remodeling pathway was not

assessed for the Rochester study.

’ | ’ | A ) e Renovation and remodeling in the six months prior to environmental sampling was a
The following conclusions were drawn from the estimated pathways models that included direct pathway of lead exposure to floor dust loadings and concentrations m the CAP
I ’ study. For the R&M study renovation and remodeling in the six months prior to
sampling was neither a direct nor indirect pathway of lead exposure to environmental-
lead loadings or concentrations.

the carpeted floors indicator variables. For each study and model, each environmental variable
NI ‘ was assumed to have a 50% reduction in its geometric mean while all other environmental

BilFE | : variables were held constant at their geometric means. - Also, a 50% reduction in average e In the R&M blood-lead pathway model, renovation and remodeling in the six months

prior to environmental and blood sampling was neither a direc-t nor indirect pathway
of lead exposure to environmental-lead loadings or concentrations or to blood-lead

concentration.

proportion of carpeted floors and the presence or absence of interior enfryway carpeting was

assessed when each of the other environmental variables was held constant. .

| ® In the R&M study, decreasing the proportlon of carpeted floors in the home by 50% 2.9 ASSESSMENT OF RACE
‘ In the Rochester study, the race of the children was available for analysis. A pathways

produced a large predicted increase in the blood-lead concentration. For the
poChester study, decreasing the proportion of carpeted floors increased the predicted model was fitted to two subsets of the Rochester study data, African-American children and all

blood-lead concentration. Moreover, for the Rochester study, going from a carpeted
1 interior entryway to an uncarpeted entryway also increased the predicted blood-lead
* concentration.

other children in the study (e.g., Caucasian, Hispanic, and Puerto Rican children).

@ For African-American children, significant pathways of direct lead exposure to blood
were mouthing behavior in the concentration model and window well dust-lead

I | ® In the R&M study, reducing the proportion of carpeted floors increased both the floor
dust-lead loadings and concentrations. In the Rochester study, reducing the

proport1on of carpeted floors produced decreases in floor dust-lead loading and
increases in floor dust-lead concentration. Moreover, going from a carpeted to
uncarpeted interior entryway also produced decreases in floor dust-lead loadmg and

loading in the loading model. For all other race groups, window well dust-lead
loading and concentration, interior entryway dust-lead loading, floor du_s_t-lea_d
loading, window paint hazard score and door paint hazard score were direct pathways

increases in floor dust-lead concentration. of lead exposure to blood.

® Window paint hazard score and soil concentration were indirect pathways .to blood-
' lead concentration via both window well dust-lead loading and concentration for the

B Furthermore, adding or changing input variables to the model is not as convincing as estimating other race group. In addition, exterior entryway dust-lead loading and door paint
Himnm \ hazard score were indirect pathways to blood-lead concentration via the interior

Ol ‘ the effects of carpets through a controlled study. entryway dust-lead loading for the other race group. There were no indirect pathways
| 1 { of lead to blood-lead concentration for the African-American children.

Il As indicated above, these results for carpets should be viewed with extreme caution.

ol | 2.8 ASSESSMENT OF RECENT RENOVATION AND REMODELING

: Note that the diffs b d in this analysis could be >due solely to the limited
Both the R&M and CAP studies collected information that indicated whether renovation ot that the ditterences observed in o

. ) . . . sample sizes that resulted when the data was subsetted by race group.
or remodeling had taken place in the home six months prior to sampling at the home. An

indicator variable of Whethef renovation or remodeling had taken place in the home was included
in the environmental-lead pathways model for both the R&M and CAP studies and in the blood-

lead pathways models for the R&M study. Since the occurrence of major renovation and
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2.10 ASSESSMENT OF AIR DUCTS
Air duct dust-lead loadings and concentrations were collected in the CAP study. An air
duct dust-lead pathway was added to the CAP environmental pathways models. In neither the

Rochester nor the R&M studies was air duct dust lead available for inclusion as a pathway.

® The air duct dust-lead pathway was neither a direct nor indirect pathway of lead to
dust-lead measurements in the CAP study.
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3.0 OVERALL QUALITY ASSURANCE

For all aspects of data management and statistical analysis, the SAS® software package
was used. All procedures and routineé in this software have passed rigorous quality control
testing.

As discussed earlier, the data from three studies, CAP, R&M, and Rochester were
included in this report. These data sources are considered secondary data sources since the data
included in the analysis have already been subjected to quality assurance checks by the
respective study coordinators. For each study a report has been published discussing the
management of the data during the study and the results of the statistical analysis of the data
[9, 10,11, 12,13]. ‘

The data were available as SAS data sets. To prepare the data for the analysis conducted
in this repoﬁ, the data were compared to the published results. For the CAP study, summary
statistics generated using the in-house data were compared to Table 1-7 in [10], for R&M, the
data were compared to tables in [12], and for Rochester, results were compared to tables
presented in [13]. Any differences were noted and resolved.

Next, several variables in each study were combined to allow similar comparisons across
the three studies. For the CAP study, a principal components analysis indicated that the mass-
weighted average of the exterior entryWay, foundation, and boundary of the property soil samples
was a reasonable representation of the soil lead at each home in the study.

For the R&M and Rochestef data, five similar variables were created to aid in the
comparison of the analysis results. For each study, a variable indicating children’s mouthing
behavior was calculated from the available mouthing information. A categorical water-lead

variable was created for each study. The proportion of carpeted floors in each home was

- calculated. Finally, two indicators of lead in the window paiht and door paint were calculated for

each study. The first indicator was a hazard score which took into account the condition of the
paint as well as the XRF reading on the sampled surface. The second indicator was just the
average XRF reading from the windows in the home and the average XRF reading from the
doors in the home. Further descriptions of each of these variables are provided in Sections 4
and 5. | |

For each of the created variables, a hand check of the accuracy of the calculations was

conducted, and frequency, summary statistic, and graphical validations were performed.
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As the statistical analysis was performed, validations of fhe data included in the analysis
were periodically performed using ﬁ'équency counts and summary statistics. PROC CALIS of
the SAS® software system was used as the primary analysis procedure.

All tables and figures in the report were validated through visual inspection. When
possible, direct processing from SAS® output to WordPerfect tables or figures was employed to

reduce any chances of error.
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4.0 DESCRIPTION OF ENVIRONMENTAL FIELD STUDIES

Data from the Baltimore Lead-Based Paint Abatement and Repair and Maintenance
Study (R&M), the Rochester Lead-In-Dust Study, and the Comprehensive Abatement
Performance Study (CAP) were used in the analysis. Brief descriptions of each data source are
prdvided below. Included in the descriptions are the purpose of the study, the data collected in
the study, the data used in the pathways analysis, and summary statistics for the data included in

the pathways analysis.

4.1 BALTIMORE LEAD-BASED PAINT ABATEMENT AND REPAIR AND MAINTENANCE
STUDY (R&M)

The purpose of the Lead-Based Paint Abatement and Repair and Maintenance R&M)

study was to compare short-term (2 to 6 months) and long-term (12 to 24 months) efficacy of
comprehensive lead-paint abatement and repair and maintenance interventions for reducing lead

in settled house dust and children’s blood. Five categories of vacant and occupied homes were

 recruited into the study. The first three categories were Repair and Maintenance (R&M) I,

R&M II, and R&M HI homes signifying the level of repair and maintenance efforts that would
be applied to the home. The repair and maintenance intervention homes were older, low-income
rental properties in Baltimore City. By stﬁdy design, the R&M intervention homes were required
to be structurally sound, not excessively furnished, 800 to 1200 square feet in size, and
containing either lead-based paint (é 0.7 mg Pb/cm? or 2 Q.5 percent Pb by weight) on at least

one surface in a minimum of two rooms or be built prior to 1941. The other two categories

included “control” homes: modern urban and previously abated. The modern urban homes were

built after 1979 and were identified by house-to-house visits in areas where these newer homes
were clustered. The previously abated homes were chosen from homes that were abated in past
years as part of either the City of Baltimore or Kennedy Krieger Research Institute lead-based
paint abatement demonstration projects. The majority of the homes in all five groups were
rowhouses.

For all five groups of homes, Questionnaire data, blood-lead samples, and environmental-
leadrsamples were collected between January 1993 and November 1994. The data analyzed in
this report are “pre-intervention” data, colllected prior to the implementation of the repair and

maintenance interventions in the study. Venous blood-lead samples were collected at Kennedy
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Krieger Research Institute Lead Clinic by a pediatn'c phlebotomist using 3 mL vacutainers. In
many homes, multiple children had blood samples taken. For the pathways analysié, only the
blood-lead sample of the youngest child in each home was considered. The average age of these
children wasv2.2 years ranging from 6 months to 4.8 years of age. The settled house dust
samples were collected using the Baltimore Repair and Maintenance (BRM) vacuum. Three
composite floor dust samples — one across rooms with windows on the first story, one across
rooms with windows on the second story, and one from first and second story rooms without"
windows — were collected in each home. Composite window sill and window well samples were
collected separately from all first and second story windows. Individual samples of settled dust
were collected from the interior entryway and exterior entryway. Two-hour fixed-time
stagnation drinking water samples were collected from the kitchen faucet — the cold water was
run for at least two minutes to flush the pipes, then a sample from the first flush after a stagnation
period of two hours was collected. XRF measurements were taken on surfaces such as windows,
doors, walls and ceilings. Generally, in each home an XRF measurement from at least one
window and one door surface was taken. The other components were not consistently sampled
in each home. Therefore, for the pathways analysis only XRF samples from the windows and
doors were included in the analysis. Note that paint samples for this study were collected only
for the R&M I, II, and IIT homes. Of the 75 R&M I, II, and IIT homes, 72 homes had paint |
samples collected. Thirty-six of the 72 homes were not occupied, theréfore only the 36 occupied
homes were included in the paint analyses. Additional details regarding the sampling protocol are
available in [12]. Table 4-1 provides descriptions of the variables used in the R&M pathWays
 analysis. Tables 4-2 and 4-3 present summary statistics for the variables included in the
pathways analysis.

The R&M homes, by definition, had lead-based paint on at least one surface in a
minimum of two rooms or were constructed prior to 1941. The control homes on the other hand
were previously abated or were built after 1979 [12]. Table 4-4 provides summary statistics for.
the R&M and control homes separately. The R&M homes have higher concentrations and
loadings than the control homes for all media. The blood lead concentrations for the children in
R&M homes are higher, on éverage, than those for the children in the control homes. The |
differences seen in the average levels were considered and assessed prior to the pathways

analysis. The statistical analysis results are presented in Section 6.
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Table 4-1. Description of Variables Used in thé Baltimore Lead-Based Paint Abatement and

Repair and Maintenance (R&M) Pathways Analysis.

escription

-Blood

Venous blood sample collected from children between the ages of 6 months and
4.8 years.

Water

individual sample collected from the kitchen faucet as a 2-hour fixed-time stagnation
sample.

The sample value was coded as 0 if the sample was less than or equal to the limit of
detection (LOD = 0.6 ug/L), 1 if the sample was greater than the LOD and less than
or equal to 2.6 ug/L, and 2 if the sample was greater than 2.6 ug/L.

Mouthing '

Indicator of how often a child puts their fingers, dirt, or paint chlps into their mouth
or puts their mouth on the window sill.

The variable was coded as 0 if the child infrequently puts flngers, dirt, or paint into
mouth or mouth on the window sill (s 1 day/week) or 1-if the child frequently puts
fingers, dirt, or paint into mouth or mouth on window sill (> 1 day/week).

Renovation &
Remodeling
Exposure

Indicator of the renovation & remodeling activity in the home as indicated during
initial interview.

The variable was coded as O if no renovation or remodeling occurred in the 6
months previous to the interview and 1 if renovation or remodeling occurred within
the 6 months previous to the interview.

Window Paint
:Hazard Score

Arithmetic average of the product of the paint condition score and the XRF readings
taken from window wells, sashes, and sills in rooms throughout the house.
The paint condition score was O for intact paint and 1 for non-intact paint.

.Door Paint Hazard
Score

Arithmetic average of the product of the paint condition score and the XRF reading
taken from doors and door jambs throughout rooms in the home.
The paint condition score was O for intact paint and 1 for non-intact paint.

that are Carpeted

Proportion of Floors .

For all interior floors from which floor dust samples were collected, excluding the
interior entryway, this is the proportlon of those floors which were carpeted.

Dusf"’

Floor

Arithmetic average of composite dust samples collected: 1 in rooms with windows
on the first floor, 1 from rooms with windows on the second floor, and 1 from first
and second floor rooms without windows.

Interior Entryway -

Arithmetic average of individual samples collected from the interior entryway of the
home.

Exterior Entryway

Arithmetic average of individual samples collected from the exterior entryway of the
home.

Window Well

Window Sill Arithmetic average of composite dust samples collected from the window sills in
rooms on the first and second floors.
Arithmetic average of composite dust samples collected from the window wells in

rooms on the first and second floors.

Note: Al dust lead loadings are area-weighted averages in ug/ft? and dust lead concentrations are mass-
weighted averages in ug/g.
®  Samples collected using the BRM vacuum.
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Table 4-2. Summary Statistics for the Baltimore Lead-Based Paint Abatement and Repair
and Maintenance (R&M) Variables Included in the Pathways Analysis.

imum - Maximum
Dust Levels »
Floor 87 210 {5.63) 2.09- 24,726 1,118 (4.48) 40.4 - 64,109
Interior Entryway | 87 329 (8.28) 3.47 - 26,417 1,459 (4.50) 39.8-42,625
Exterior Entryway | 85 405 (9.44) 7.25 - 196,752 1,570 (5.20) 17.6 - 89,505
Window Sill 87 1,229 (17.6) 2.10- 122,368 5,411 (8.65) 7.25 - 141,057
Window Well - 86 37,035 (21.0) | 36.2 - 2,496,630 8,452 (7.32) 108 - 191,480

Other Levels
Blood 87 8.35 (2.08) - 0.90-41.9

Water 87 2.25 (3.98) 0.15 - 28.7

* GSD = Geometric standard deviation
** Blood-lead concentration is in ug/dL and the water-lead concentration is in pg/L.

Table 4-3. Summary of the Other Variables Included in the Baltimore Lead-Based Paint
Abatement and Repair and Maintenance (R&M) Pathways Analysis.

0 | <LOD{0.6 ug/L) C21

Water-Lead Level 1 > LOD and < 2.6 pa/L . 35
2 > 2.6 ug/L 44
0 infrequently puts fingers, dirt, or paint chips 64
in mouth or mouth on the window sill
Mouthing Behavior Frequently (> 1 day/week) puts fingers,
1 dirt, or paint chips in mouth or mouth on 36

the window sill

No renovation or remodeling occurred in 6 91
months previous to interview

R&R Exposure Indicator - -
Remodeling or renovation occurred 6 9

months previous to interview
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Hazard Score 1.29 0.0 15.0 2.97 36"
Door XRF- . {a)
Pt Moasurement® 6.70 0.50 23.8 5.45 36
Paint Condition 0.18 0.00 1.00 0.28 36"
Hazard Score 5.19 0.00 21.8 5.05 36®
Window | XRF : agla)
Paint Mossurement®™ 7.16 0.90 38.7 6.71 36
Paint Condition 0.71 0.00 1.00 0.31 36®
i : Proportion of Floors that are
! . Carpeted® 0.29 0.0 0.88 0.29 87

Table 4-3. Summary of the Other Variables Included in the Baltimore Lead-Based Paint
Abatement and Repair and Maintenance (R&M) Pathways Analysis (Continued).

]

‘Variable

(a) 72 of the 75 R&M homes had XRF measurements collected. Only 36 of the homes were occupied resulting
in only 36 R&M homes being included in paint summaries.

{b) The XRF measurements were not substrate corrected.

(¢} On average 73% of the floors in a modern urban home were carpeted, while 20% of floors in a previously
abated home and 19% of floors in an R&M home were carpeted.

Table 4-4. Geometric Mean Lead Loadings (zg/ft?) and Concentrations (zg/g) for the R&M
and Control Homes Included in the R&M Pathways Analyses.

Dust - Geometric Mean (GSD}*

Floor 398 (3.66) 66.4 (6.24) 2,219 (2.69) 324 {4.39)
Interior Entryway 520 (6.44) 144 (10.1) 2,575 (3.52) 522 (3.96)
Exterior Entryway 668 (8.95) 155 (7.82) 2,810 (3.59) 510 (5.58)
Window Sill 7,144 (3.35) 51.1 (8.66) 19,663 (2.42) 526 (5.97)
Window Well 285,722 (2.71) 987 (6.10) 29,428 (2.16) . 924 {4.46)

Other Levels

jLBlood (ug/dL) 9.98 (1.87) 5.97 {2.27)

* GSD = Geometric standard deviation.
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4.2 ROCHESTER LEAD-IN-DUST STUDY

The Rochester Lead-In-Dust Study was designed to address several objectives: “to
determine whether dust-lead loading (ug/ft®) or dust-lead cor;centratioh (ng/g) is a better
predictor of children’s blood lead levels; to investigate whether dust sampling using vacuum
methods or a wipe method is more predictive of children’s blood lead levels; to identify which
interior household surface(s) should routinely be sampled for dust lead measurements; and to
estimate the probability of a child having an elevated blood lead level on the basis of a known
level of lead in house dust, controlling for other potential exposures. [13]”

Children 12 to 30 months of age who lived in the city of Rochester and had no known '
history of elevated blood-lead concentrations were eligible for the study. Children were
excluded from the study if they had taken a preséribed iron supplement 2 months prior to
recruitment or if there had been major renovation in their residence 12 months prior to
recruitment. The location of a child’s residence, the blood-lead history of the child, and other
eligibility criteria were applied to control for the possibility of non-residential, non-typical
sources of lead affecting blood-lead concentrations [13]. Two hundred and five children were
enrolled into the study. To summarize the children and homes in the study, Table 4-5 shows the
distribution of the year in which a home was built, the average percentage of carpeted floors, and
the age of the child at blood collection. This table shows .that 84% of the homes in the study
were built prior to 1940 and that 44% of the children in the study were between 12 months and
18 months of age. |

Collection of questionnaire data, blood-lead samples, and environmental-lead samples |
was performed between August and November, 1993. Venous blood samples were obtained by a
certified pediatriC phlebotomist during a home visit using lead-free containers provided by the
New York State Départment of Health Clinical Laboratory Evaluation Program. Three dust
collection methods (one wipe method and two vacuum inethods) were uéed to sample settled \
house dust: wipe sampling, Dust Vacuum Method (DVM) sampling, and Baltimore Repair and
Maintenance (BRM) vacﬁum sampling [13]. To aid in comparisons with the CAP and R&M
results, only samples collected using the BRM vacuum sampling method were used in the

pathways analyses.
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Table 4-5. Distribution of the Year Homes were Built, Average Percentage of Carpeted
Floors, and Age of the Children for the Rochester Lead-In-Dust Study Data.

Year in which home was built

Pre - 1900 , 19 - _ 9% 36%
1900 - 1909 32 16% 34%
1910 - 1919 " 40 20% 38%
1920 - 1929 61 30% - 38%
1930- 1939 20 10% . 48%
1940 - 1959 19 : 10% 32%
1960 - 1979 ) 4 2% . 48%
Post - 1979 ' 10 5% 36%
Age of children at time of blood collection

12 - 18 months 90 44%

18 - 24 months b7 28%

24 - 30 months ' 58 ' 28%

Dust samples were collected from the window well, interior window sill, and floor in the

child's bedroom; the window well and floor in the kitchen; the window well, interior window sill,

- and floor in the child's principal play area; the interior window sill and floor in the living room;

the intérior entryway floor; and the exterior entryway floor. Floor samples were collected overa
1-f1* area. Window well and inter’iof window sill samples were collected over one-third of the
available surface area. Soil core samples, taken at a depth of % inch, were collected in two -
distinct areas: the perimeter of the foundation and the child's principal outside play area.
Because a significant number of homes did not have play area soil samples taken, only the
foundation soil samples were uséd in the pathways analyses. Three core soil samples were taken

on each side of the house around the perimeter of the foundation and combined for a composite

foundation sample. The composite samples were sieved into fine and coarse samples. In

addition, the amount of bare soil in the immediate area of the soil sample was characterized as
1=no bare soil, 2=small amount bare, 3=half bare, 4=mostly bare, and 5=all b’are. A pair of
composite hand dust-lead samples were taken from each child in the study. One was taken at the

beginning of the home visit, before any hand washing was done and the other was taken at the
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end of the. home visit or two hours after the child’s hands were washed, whichever came first.
Each composite hand dust-lead sample consisted of two wipe sample’s, one from each hand. Two
water samples were taken at each home. One sample was a first draw after a minimum &-hour
stagnation period. The other was collected after a one minute flush. XRF paint measurements
were taken from components m a number of areas, such as the child’s bedroom, the child’s
principal play area, the kitchen, and the living room. Three XRF measurements were taken on
each surface and were averaged together. XRF measurements were not substrate corrected for
the pathways analysis. A visual inspection of each surface was also performed, and the paint
condition rated as poor, average, or good. \ |

Floor dust-lead samples were collected from both carpeted and uncarpeted floors in some
homes. In order to account for potential differences in dust-lead exposure from carpeted floors
and uncarpeted floors, two average floor dust-lead values were calculated — one for carpeted
floors and one for uncarpeted floors. These fwo average values were then combined, weighting
the average floor dust-lead on carpeted floors by the proportion of rooms that were carpeted and .
weighting fhe average floor dust-lead on uncarpeted floors by the proportion of rooms that were
'uncai'peted. In addition, two variables related to the presence of carpeting in the home were
calculated and included in the pathway models: 1) the proportion of rooms that were carpeted
and 2) an indicator of the presence of carpeting at the interior entryway. Table 4-6 provides a |
description of the variables that were selected to be included in the pathways analysis.

Tables 4-7 and 4-8 provide summary statistics for the variables included in the pathways
analysis.

Note that some homes did not have all samples collected, resulting in less than 205
samples for many of the environmental variables. In the pathways analysis, if the value for a

variable in the model was missing for a home, the home was not included in the pathways

analysis.
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Table 4-6. Description of Variables Used in the Rochester Pathways Analysis.

———

Description

Venous blood sample collected from children between the ages of 12 and 30 months.

Two individual water samples were collected from the kitchen faucet. One sample was a first
draw collected after an 8-hour stagnation period. The other sample was collected after a one
minute flush. .

The sample value was coded as 0 if the sample was less than 0.5 ug/L and 1 if the sample was
greater than or equal to 0.5 pg/ﬁ’.

Mouthing

Indicator of how often a child puts their thumb, paint chips, or dirt into their mouth or puts their
mouth on the window sill.

The variable was coded as O if the child never, rarely, or sometimes puts their thumb, paint
chips, or dirt into their mouth or puts their mouth on the window sill and 1 if the child often or
always puts their thumb, paint chips, or dirt into their mouth or puts their mouth on the window
sill.

Indicator of whether
the Interior Entryway
is Carpeted

Indicates whether the interior entryway was carpeted.
The variable was coded as O if the interior entryway was not carpeted and 1 if the interior
entryway was carpeted.

Proportion of Floors
that are Carpeted

For all interior floors from Which floor dust samples were collected, excluding the interior
entryway, this is the proportion of those floors which were carpeted. :

Window Paint Hazard
Score

Arithmetic average of the product of XRF paint measurements and paint condition score from
window sills, wells, and sashes.

The paint condition score was coded as O if O % to less than 5% of paint on surface
characterized as deteriorated, 1 if greater than 5% of paint on the surface is characterized as
deteriorated. ) )

Door Paint Hazard
Score

| deteriorated.

Arithmetic average of the product of XRF paint measurements and paint condition score from
interior doors and jambs.

The paint condition score was coded as O if 0 % to less than 5% of paint on surface
characterized as deteriorated, 1 if greater than 5% of paint on the surface is characterized as

Soil®

Composite samples collected from the foundation of the home.

Soil-Lead Coverage

Arithmetic average of the product of soil lead measurements and soil cover score. .
The soil cover score was 1=no bare soil, 2=small amount bare, 3=half bare, 4=mostly bare,
and 5=all bare. :

Dust"®

Floor

Individual samples collected from carpeted and uncarpeted floors in the bedroom, play area,
kitchen, or living room. - )

Interior Entryway

‘Individual samples collected from the interior entryway of the home.

Exterior Entryway

Individual samples collected from the driveway and porch.

Hand“

Composite samples collected from the children’s hands.

Window Sill individual samples collected from the interior window sills in the bedroom, play area, or living
room.
Window Well Individual samples collected from the interior window wells in the bedroom, play area, or

kitchen.

Note:

in pg/g.

All dust-lead loadings are area-weighted averages in pg/ft? and dust-lead concentrations are mass-weighted averages

@ 729% of the one minute flush water lead samples were < 0.5 yg/L. The other 28% of the samples ranged from
1 pg/L to 24 ug/L with the exception of one sample at 157 g/L. Note that the definition of the presence of lead in
water for the Rochester data differs from that for the R&M data.

® Composite of up to 12 samples taken at a depth of 0.5 inch sieved into coarse and fine fractions for analysis. An
average of the fine and coarse samples was used in the analysis.

' samples were collected using the BRM vacuum method. Floor samples were collected from 1-ft2 sample areas.
Window well and window sill samples were collected from ¥ of the available surface area.

d)

Pre and post interview samples were each a composite of two samples, one from each hand. An average of the pre

and post interview samples was used in the analysis.
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Table 4-7. Summary Statistics for the Rochester Variables Ineluded in the Pathways
’ Analyses.

BT Loadmgs (yg/ft’) . oncentrations (yg/'
e S B Geometrlc S| ,eometnc Mean e
‘Location of Sample. |:N*%. | Méan. (GSD)* }:Minimum = Maximum | N** |- 5 (GSD)*
Dust )
Exterior Dust 164 515 (7.34) 0.08 - 51,012 172 656 (5.35) 0.16 - 44,854
Floor Dust 166 100 (4.34) 3.49 - 37,093 162 563 (4.05) 21.9-57,346
Interior Entryway | 477 | 88.6(135) | 030-32040 | 174 | 468(4.90) | 1.62-20.785
Hand Dust (ug) 197 2.26 (2.12) 0.38 - 25.85 197
Window Sill Dust 197 | 345 (10.5) 0.68 - 117,821 199 2,787 (8.44) 3.15 - 368,111
Window Well Dust 189 | 22,684 (21.6) 6.86 - 3,030,214 188 8 676 (10 7) 5 15 - 207,181

Other

Blood (ug/dL} ' 205 6.38 (1.85) 1.4-31.7
Soil (wg/g) ] : 187 852 (3.83) 19.8 - 27,143

* GSD = Geometric standard deviation.
** N = number of homes at which the sample was collected.

Table 4-8. Summary of Other Vanables Included in the Rochester Pathways Analysis.

———-—'il
:'%:of Population:’

U Indicator: Variable” % i s Levelst SR i Description:
Water-Lead Level ? : o?fy‘;%" - 3;
0 Infrequently puts thumb, elirt, or p_aint chips in 81
Mouthing Behavior mouth or mouth on the window sill
. 1 Frequently puts thumb, dirt, or paint chips in . 19
mouth-or mouth on the window sill
indicator of Whether the Interior 0 Uncarpeted interior entryway . 64
Entryway is Carpeted 1 Carpeted interior entryway ) 36
1 No bare 1
2 Small amount bare 86
Soil Coverage 3 Half bare - 13
4 Mostly bare 0
[ 5 All bare 0
p.-‘ - ; “Variable =@t A0 LN ZMean o7 | MIRG S s T Max T iStd Dev
Door Palnt Hazard Score 196 0.97 0.00 24.8 3.61
Door Paint XRF Measurements 196 3.47 0.50 48.4 6.54
Door Paint Condition Score 196 0.16 0.00 1.00 0.31
Window Paint Hazard Score ) 199 3.48 . 0.00 33.0 4.83
Window Paint XRF Measurements 199 5.81 0.50 33.0 5.64
Window Paint Condition Score 199 0.44 0.00 1.00 0.39
Proportio:;n) of Sampled Floors that are 205 0.38 0 1 0.21
Carpeted

** N = number of homes at which the sample was collected.

@ On average, 39% of sampled floors in a home built before 1940, 32% of the sampled floors in a home built
between 1940 and 1959, 48% of the sampled floors in a home built between 1960 and 1979, and 36% of the
sampled fioors in a home built after 1979 were carpeted (Table 4-5).

26

4.3 COMPREHENSIVE ABATEMENT PERFORMANCE (CAP) STUDY
‘There were four objectives for the Comprehensive Abatement Performance (CAP) study.
They were: | ’

(1) Assess the long-term efficacy of two primary abatement methods;

- (2) - Characterize lead levels in household dust and exterior soil in unabated homes and
homes abated by different abatement methods;

3) Invest1gate the relationship between lead in household dust and lead from other
sources, in particular, exterior soil and air ducts, and

(4) Compare dust lead loading results from cyclone vacuum sampling and wipe
sampling protocols [9, 10, 11].

This study was a follow-up to the HUD Lead-Based Paint Abatement Demonstration [5]

project which assessed the costs and short-term efficacy of alternative methods of lead-based

~ paint abatement in 169 homes in five urban areas: Washington/Baltimore, Birmingham, Denver,

Indianapolis, and Seattle/Tacoma. The CAP study, conducted two years after the completion of
the HUD Abatement Demonstration, evaluated the longer-term performance 6f the abatement
strategies employed in the Demonstration project.

Thirty-five homes which were abated in the HUD Abatement Demonstration project and
were located in Denver were included in the CAP study. To assess the performance of the
abatement methods, pre- and post-abatement soil and dust-lead levels were needed. Only
foundation soil samples and a limited number of dust samples were collected prior to abatement
in these 35 homes. Therefore, to provide a comparison of the abatement performance lead levels
with other environmental levels, 17 unabated homes in Denver that were previously tested by
XRF in the HUD Demonstration and were found to be relaﬁvely free of lead-based paint were
included in the CAP study. For these 52 homes, 35 abated homes plus 17 unabated homes,
enviromnenfal samples were collected during March and April of 1992.

In general, two to three rooms in each home were selected for testing. Dust samples were
collected on the perimeter of the floors, from the window sills, the window troughs, and the air
ducts in each of these selected rooms. Additionally, dust samples were collected from inside and

outside the entryways. Most dust samples were collected by a vacuum method, and only vacuum
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dust samples were included 'in the analysis for this report. Soil core samples were collected from
the entryways adjacent to the home, the foundation of the home, and the boundary of the
property. The lead in the dust samplés were feported both as loadings (ng/ft?) and concentrations
(ng/g) while the lead from the soil samples were reported as conceﬁtrations (ng/g). In addition,
the information on whether renovation and remodeling had taken place in the home six months
prior to the environmental sampling was collected. Additional sampling protocol details are
available in [9, 10, 11]. o

The samples included in the pathways analysis are described in Table 4-9. Since the CAP
study houses were vacant prior to the performance of the abatements, no blood-lead

measurements were collected.

Table 4-9. Description of Variables Used in the Comprehensive Abatement Performance
(CAP) Study Pathways Analysis.

'-' AL N

‘Analysis Variable’ | Description

Dus.t(l)

Floor Arithmetic averége of dust samples collected from the perimeter of carpeted or
uncarpeted floors in the kitchen, bedroom, living room, etc. '
Note: Two to three rooms, in general, were chosen for each home.

Interior Entryway Arithmetic average of dust samples collected immediately inside the front and rear
entryways of the home.

Air Duct Arithmetic average of dust samples collected from the air ducts in the rooms
selected for sampling.

Window Sill -| Arithmetic average of dust samples collected from the window sills in the rooms

) selected for sampling.

Window Well - Arithmetic average of dust samples collected from the window wells in the rooms
selected for sampling.

Exterior Entryway Arithmetic average of dust samples collected immediately outside the front and

) rear entryways of the home.

Soil®

Exterior Entryway Arithmetic average of soil samples collected immediately outside of the front and
rear entryways. .

Foundation Arithmetic average of soil samples collected at the foundation of the home.

Boundary Arithmetic average of soil samples collected at the property boundary

Note: Dust-lead loadings are area-weighted averages in ug/ft> and dust-lead concentrations are mass-weighted
averages in ug/g.
@  Samples were collected using a cyclone style vacuum. Floor and entrance samples were collected from
1- ft2 sample areas. Other samples were collected from the entire accessible surface.
® At each location, a composite of three core samples was collected. The three composite soil samples were
averaged together for this analysis using a mass-weighted average as indicated by a principal components
analysis.
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For each analysis variable and each home in the study, an average lead level in the home

was calculated. This was done to provide comparable information from each home. Summary

' statistics over all 52 homes are provided in Table 4-10, while Table 4-11 presents summary

statistics for the unabated and abated homes separately. The geometric mean dust-lead loadings
and concentrations are lower in the unabated homes than in the abated homes. The same holds
true for the soil-lead concentrations. Note that the abated homes generally had paint lead levels
greater than or equal to 1 mg/cm? prior to being abated while the unabated homes were found to
be relatively free of lead-based paint. In addition, the abated homes on average were built in
1926 while the average year in which the unabated homes were built was 1943 [10]. The
differences seen in the average levels were considered prior to the pathways analysis. This is

covered in Section 6.1.

Table 4-10. Summary Statistics for the Lead Loadings (yg/ft?) and Concentrations (zg/g)
for All Homes Included in the CAP Study Pathways Analysis.

Dust
Floor - 52 48.8 (5.01) 2.02 - 2,640 174 (2.81) 37.9 - 5420
Interior Entryway 52 342 (4.57) 1.66 - 4,870 201(2.44) 8.65 - 4,940
Air Duct 52 156 (8.16) 4,13 - 25,400 485 (2.23) 122 - 2,920
Window Sill 52 107 (6.81) 2.76 - 16,700 778 (4.08) 45.8 - 17,000
Window Well 49 3,230 (6.32) 45.0 - 93,500 1,577 (4.65) 133 - 22,900
Exterior Entryway 51 574 (4.00) 17.2- 10,700 261 (2.68) 20.7 - 2,820
Soil
Exterior Entryway 52 157 (2.24) - 19.7 - 644
Foundation 52 196 (2.52) . 11.0- 1810
Boundary ) 52 132 (1.94) 24.1 - 606
o l\l;:lr?:l::: o tevels _itoo o Description. 1 Po;/:u::ion %
0 _No rer_rovation or remodeling occurred in 6 months prior to 75
R&R Exposure interview
Indicator 1 Remodeling or renovation occurred 6 months prior to 25
interview
*GSD = Geometric standard deviation.

**N

Number of homes at which the sample was collected.
Note: Average levels were calculated for each home separately. The summary statistics were then

calculated using the average levels. This differs from the results presented in Table 1-7 in the CAP
study report [10] where the summary statistics were calculated using all samples individually.
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Table 4-11.

Geometric Mean Lead Loadings {ug/ft?) and Concentrations (uzg/g) for Abated

and Unabated Homes Included in the CAP Study Pathways Analyses.

Floor 42.3 (6.24) 52.4 (4.55) 143 (2.66) 192 (3.03)
Interior Entryway 200 (7.40} 444 (3.22) 164 (2.25) 222 (2.52)
Air Duct ‘ 58.3 (7.24) 252 (7.48) 449 (2.38) 503 {2.18)
Window Sill 52.7 (5.14) 152 {7.17) 487 (3.95) 977 (3.99)
Window Well 2,600 (6.46)* 3,588 (6.38)" 1,050 (4.15)* 1,923 (4.82)'
Exterior Entryway - 351 (4.43)* ‘718 (3.67) 204 (2.67)* 292 (2.66)
Soil |

Exterior Entryway 122 (2.47) 177 (2.09)
Foundation 107 (2.43) 263 (2.22)
Boundary 99.1 (2.06) 151 (1.82)

* Geometric standard deviation is given in parentheses.
t Only 16 samples were included in the calculations.
t Only 33 samples were included in the calculations.
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5.0 STATISTICAL METHODOLOGY

Structural equation modeling (SEM) is similar to multiple regression, factor analysis, and
analysis of variance (ANOVA) approaches in that these approaches are based on linear statistical
models. A difference between SEM and these other approaches is that SEM requires the formal
specification of a model that includes both direct and indirect effects. The other approaches
require specification of only direct effects.

A direct effect is a directional relation between two variables, typically the type of
relationship evaluated using ANOVA or multiple regression. Within a model, the direct effect
characterizes the relationship between an independent variable and the dependent variable in the
equation. The indirect effect, which can be specified in a SEM, characterizes the effect of an
independent variable on a dependent variable through intervening or mediating variables [3]. For

example, consider the following pathway diagram:

Window Silt Dust ———p . Floor Dust ———Jp Blood

?

This diagram shows directional pathways of lead exposure as follows:

® Window sill dust is being assessed as to whether it directly impacts floor dust
and/or blood-lead (i.e. the arrows which point to blood and floor dust from
window sill dust.),

® Floor dust is being evaluated as to whether it is directly‘impacting blood-
lead, and '

® Finally, windo{’v sill dust is being assessed as to whether it indirectly impacts
blood-lead via floor dust (i.e., the arrow which goes from window sill dust to
floor dust and then the arrow which goes to blood from floor dust).

The directional relationships illustrated in the diagram are represented by the following

two equations:

(1) Blood Lead = Floor Dust Lead + Window Sill Dust Lead
(2) Floor Dust Lead = Window Sill Dust Lead

and a covariance matrix of all the variables in the diagram.
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The directional nature of the diagram is illustrated through the equations by starting with
the highest numbered equation and working upwards, i.e., (2) and then (1). Equation (2)

represents the arrow from window sill dust to floor dust. Equation (1) represents the arrow from

floor dust to blood and the arrow from window sill dust to blood. Finally, the indirect
relationship of window sill dust to blood via floor dust is represented by both equations (1) and
(2) and the covariance matrix. |

Evaluating equations (1) and (2) separately is similar to multiple regression or ANOVA,
i.e., both these methods can assess the direct effect of floor dust on blood in equation (1) and
window sill dust on floor dust in equation (2). What these methods cannot assess is the indirect
effect of Windéw sill dust on blood via the floor dust. By evaluating both equations (1) and 2)
simultaneously and accounting for the covariance between these variables, SEM allows for an
assessment of the indirect effect. |

SEM has been used to examine pathways of 1ead in a number of studies. Section 5.1
discusses several examples published in the literature that illustrate pathway models analyzed
using SEM. Section 5.2 presents the various environmental-lead and blood-lead pathway models
assessed in this report using SEM.

Note that the mechanism by which lead is transported from one location to another is
beyond the scope of this report. The analyses are designed only to evaluate the association

between lead at one location with lead at another location, not how the lead is transported via the

statistically significant pathway.

5.1 OVERVIEW OF THE PATHWAYS THAT HAVE BEEN INVESTIGATED IN THE
LITERATURE

Several structural equation models describing the pathways by which environmental lead

exposure occurs during childhood have been published in the literature. Table 5-1 below lists
several papers that were identified as having assessed pathway models associated with an
environmental-lead study. The first column in the table lists the title of the paper and the author,
the second column lists the study from which the analyzed data were obtained, and the third
column identifies the pathway diagram in Appendix D. The diagrams in Appendix D illustrate

all pathways considered in each analysis. The significant pathways are indicated by solid lines
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Table 5-1. ldentified Papers Which Assessed Pathways.

; FieldStUdY(S)Use 1o sgess;thé I e

' Title of Paper /Author(s . Hypothesized Pathways .~

Exterior Surface Dust Lead, Interior House Dust Cincinnati Lead Study . D-1.-
Lead and Childhood Lead Exposure in an Urban
Environment [2] :
Bornschein RL, Succop PA, Kraft KM, Clark CS,
Peace B, and Hammond PB

Soil Lead - Blood Lead Relationship in a Former Telluride, Colorado D-2
Lead Mining Town [17] '
Bornschein RL, Clark CS, Grote J, Peace B, Roda S,
and Succop P.

The Influence of Social and Environmental Factors Cincinnati Lead Study D-3
on Dust Lead, and Blood Lead Levels in Young :
Children [1]

Bornschein RL, Succop PA, Dietrich KN, Clark CS,
Que Hee S, and Hammond PB.

Pathways of Lead Contamination for the Brigham Boston Hospital for Women Lead ‘D-4
and Womens Hospital Longitudinal Lead Study (7] Study

Menton R, Burgoon DA, and Marcus AH. ' |

Dust Lead Contribution to Lead in Children [18] Rochester Lead Study (1973) ’ D-5
Sayre J

Racial Differences in Urban Children’s Rochester Lead Study (1993} NA

Environmental Exposures to Lead [6] Lanphear, BP,
Weitzman, M, and Eberly, S

Pathways of Lead Exposure in Urban Children [19] Rochester Lead Study (1991-92) D-6
Lanphear, BP, and Roghmann, KJ -

Evaluation of the HUD Lead-Based Paint Hazard ' Field studies conducted in NA -
Control Grant Program [20] : Alameda County, CA, Baltimore,

U.S. Department of Housing and Urban - MD, Boston, MA, California,

Development, Fifth Interim Report Chicago, IL, Cleveland, OH,

Massachusetts, Minnesota, New
Jersey, New York City, NY, Rhode
Island, Vermont, Wisconsin, and
Milwaukee, WI, during
1996-1997.

Note: The Sayre paper and the Lanphear paper on racial differences utilized muitiple regression and not
structural equation modeling to analyze the data. :

while the pathways not found to be significant in the analysis are indicated by a dotted line.
Tables D-1 through D-6 in Appendix D explain each of the variables used in the pathways

-analysis. Because the report Evaluation of the HUD Lead-Based Paint Hazard ‘Control Grant

Program [2'0] is an interim report, its analyses will not be covered in this report.
Among these studies, pathways of exposure from lead in paint, dust, and soil were often

found to be s-tatistiéally significant. Moreover, lead dust on children’s hands was a statistically
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significant direct pathway to blood lead in each study where hand lead data were collected. A
direct pathway of lead exposure from renovation and remodeling activities (also called
“Refinishing™) to a child’s blood-lead concentration was found to be significant in one of the
papers (Figure D-4). Similarly, several child modifiers such as age of child (Figure D-2), pica
habits (Figure D-5 and D-6), and socioeconomic status (F igure D-3) were found to be direct
pathways of lead exposure to blood. A pathway of lead exposure from air was addressed in two
papers (Figure D-4 and Figure D-5). Because each study was designed differently, the pathways
investigated varied somewhat from study to study.

Based on the various pathway models described in the literature and common

perceptions, a general pathway diagram was designed. This diagram is presented in Figure 5-1.

Interior Paint Mouthing

o Interior Hand —————3p Blood

House Modifier

Refinishing

|

A\ 4

Exterior
Paint

interior

/ . Air

Exterior
Entryway Dust

Soil

Figure 5-1. General Pathway Diagram Based on Literature Review.

The diagram in Figure 5.1 forms the basis for the pathway models analyzed in this report.
Many of the illustrated pathvs}ays could not be included in the analyses because data necessary for

those pathways were not available.
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5.2 PATHWAYS TO BE INVESTIGATED

As mentioned earlier, the data used for the pathway analysis in this report were collected
in three separate studies with three different obj ecﬁves. Pieces of information collected in one
study were not necessarily collected in another study. For instance, no blood-lead or water-lead
concentrations were collected in the CAP study; very few soil samples and air duct dust-lead
samples were collected in the R&M study; and no air duct dust-lead samples were collected in
the Rochester study. ‘

Because of the differences in the data collected among the studies, several pathways that
can be tested using data from one study cannot be tested using data from another study. Below
are descriptions of the pathways that were tested. The primary analysis centered around two sets
of pathways models: environmental-lead and blood-lead pathways models. The environmental-
lead pathways were designed to be similar across studies so that comparisons could be made

among the CAP, R&M, and Rochester data. Similarly, the blood-lead pathways for the R&M

~ and Rochester data were similar to facilitate comparisons.

In addition to the environmental and blood-lead pathway models, several sub-analyses
were conducted. For the R&M data and the Rochester data, sub-analyses were conducted to
compare the effect of using a paint hazard score versus an average XRF measurement and to
assess whether an indicator of carpeting in the home is informative. The significance of an air
duct dust-lead pathway was addressed using the CAP data and the significance of recent
renovation and remodeling in the home was analyzed using the CAP and R&M study data. -
Finally, differences in exposure pathways for African American children and children from all
other races, the effect of hand dust-lead, and the significance of soil vegetative cover were
examined using the Rochester data. - |

All of the pathway models described below were analyzed using SEM, and the results of

the analyses are presented in Section 6.

5.2.1 Environmental-Lead Pathways Equations

As discussed previously, because of the differences in data collection, the pathways that
could be statistically evaluated were restricted. Equation Sets 5-1, 5-2, and 5-3 present the
environmental-lead pathway models evaluated using the CAP, R&M, and Rochester data,
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respectively. To allow comparisons between the studies, the pathways for each study were the
same with one major exception. Because very few samples were collected, the soil pathway was

not included in the R&M model.

Equation Set 5-1. CAP Environmental-Lead Pathways Model

Floor Dust = Interior Entryway Dust + Exterior Entryway Dust + Window Sill
' Dust + Window Well Dust + Soil
Interior Entryway . = Exterior Entryway Dust + Window Sill Dust + Window Well Dust
Dust + Soil
Window Sill Dust =Window Well Dust + Soil
Window Well Dust = Soil ‘ '

Equation Set 5-2. R&M _EnvironmentaI-Lead Pathways Model

Floor Dust = Interior Entryway Dust + Exterior Entryway Dust + Windqw
Sill Dust + Window Well Dust

Interior Entryway Dust = Exterior Entryway Dust + Window Sill + Window Well Dust

Window Sill Dust = Window Well Dust

Equation Set 5-3.. Rochester Environmental-Lead Pathways Model

Fioor Dust = Interior Eﬁtwway Dust + Exterior Entryway Dust + Window Sill
Dust + Window Well Dust + Soil

Interior Entryway Exterior Entryway Dust+ Window Sill Dust + Window Well
Dust Dust + Soil

Window Sill Dust Window Well Dust + Soil
Window Well Dust Soil

It

5.2.2 Blood-Lead Pathways Equations
Child blood-lead concer_ltraﬁons were not collected in CAP study. Therefore, pathway

models to assess the pathway of environmental lead sources to a child’s blood were developed
only for the R&M and Rochester studies and are presented in Equation Sets 5-4 and 5-5,

respectively.
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Equati'on Set 5-4. R&M Blood-Lead Pathways Nodel

Blood = Floor Dust + Interior Entryway Dust + Exterior Entryway
Dust + Window Sill Dust + Window Well Dust + Water +
Mouthing Behavior

Floor Dust = Interior Entryway Dust + Exterior EntryWay Dust + Window
Sill Dust + Window Well Dust ‘

Interior Entryway Exterior Entryway Dust + Window Sill Dust + Window Well -
Dust _ Dust

Window Sill Dust Window Well Dust

il

Equation Set 5-5. Rbc'hester Blood-Lead Pathways Model

Blood = Floor Dust + Interior Entryway Dust + Exterior Entryway
Dust + Window Sill Dust + Window Well Dust +Water +
Mouthing Behavior

Floor Dust _ = Interior Entryway Dust + Exterior Entryway Dust + Window
Sill Dust + Window Well Dust + Soil

Interior Entryway Exterior Entryway Dust + Window-Sill Dust + Window Well
Dust , Dust + Soil .

Window Sill Dust Window Well Dust + Soil
Window Well Dust Soil

As discussed above, no soil pathway is included in the R&M model because of limited
soil data. The main difference between the blood-lead pathways and the environmental-lead
pathways is the inclusion of an equation in the blood pathways model which assesses the direct
effect of the environmental dust-lead levels on the childhood blood-lead concentration. Included

in this equation are the mouthing behavior of the child and water-lead concentration.

5.2.3 Paint-Lead Indicators

- Two types of paint indicators were considered for this analysis. The first included paint
hazard scores for interior windows and doors, while the second was the average XRF
measurement for interior windows and doors. This analysis was carried out for the

environmental-lead models for both the R&M data and the Rochester data and for the blood-lead

- pathway model for the Rochester data. There were not enough occupied homes with XRF

measurements to be able to cérry out the blood-lead pathway model for the R&M data.
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The CAP data were not included in this painténalysis. In the CAP sfudy, the 17 unabated
homes had relatively few cases of lead-based paint and the 35 abated homes had the lead-based
paint abated two years prior to the environmental sampling. Equation Sets 5-6 and 5-7 show the
environmental-lead pathway models that included window and door paint for the R&M and
Rochester data, respectively. Equation Set 5-8 shows the Rochester blood-lead pathway model

that included window and door paint.

Equation Set 5-6. R&M Environmental-Lead Pathways Model — Assessing the Impact
of Paint-Lead Pathways.

Floor Dust ) = Interior Entryway Dust + Exterior Entryway Dust + Window Sill
" Dust + Window Well Dust + Window Paint + Door Paint

Interior Entryway Exterior Entryway Dust + Window Sill Dust + Window Well Dust
Dust + Window Paint + Door Paint

Window Sill Dust Window Well Dust + Window Paint
Window Well Dust '

i

Window Paint

Equation Set 5-7. Rochester Environmental-Lead Pathways Model — Assessing the
Impact of Paint-Lead Pathways.

Floor Dust = _Interior Entryway Dust + Exterior Entryway Dust + Window Sill
’ Dust + Window Well Dust + Soil + Window Paint + Door Paint

Interior Entryway Exterior Entryway Dust + Window Sill Dust + Window Weli Dust
Dust + Soil + Window Paint + Door Paint

Window Sill Dust = Window Well Dust. + Soil + Window Paint
Window Well Dust Soil + Window Paint

Equétion Set 5-8. Rochester Blood-Lead Pathways Model — Assessing the Impact of
Paint-Lead Pathways.

Blood = Floor Dust + Interior Entryway Dust + Exterior Entryway Dust +
Window Sill Dust + Window Well Dust + Water + Mouthing
Behavior + Window Paint + Door Paint

Floor Dust = Interior Entryway Dust + Exterior Entryway Dust + Window Sill
Dust + Window Well Dust + Soil + Window Paint + Door Paint

Interior Entryway Exterior Entryway Dust + Window Sill Dust + Window Well Dust
Dust + Soil + Window Paint + Door Paint

Window Sill Dust Window Well Dust + Soil + Window Paint
Window Well Dust Soil + Window Paint
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The results from the SEM analysis of Equation Sets 5-6 and 5-7 were compared to
Equation Sets 5-2 and 5-3 fo assess the effect the paint pathways have on the environmental-lead
pathway models. Similarly, results for Equation Set 5-8 were compared to results for Equation
Set 5-5. In addition, results for models with paint hazard scores were compared to results for

models with average XRF measurements.

5.2.4 Hand Dust-Lead
The avefage of pre- and post-interview hand dust-lead levels was included as a pathway
in the Rochester study blood-lead pathway models that included the paint-lead pathways. This

pathways model is similar to Equation Set 5-8, except a separate equation for the average hand -

- dust-lead level and a pathway from hand dust-lead to blood-lead are included. Equation Set 5-9

illustrates the hand dust-lead model evaluated for the Rochester study data. No hand dust-lead
was collected in the R&M and CAP studies.

Equation Set 5-9. Rochester Blood-Lead Pathways Model — Assessing the Impact of Hand
Dust-Lead. ’ :

Blood = Hand Lead + Floor Dust + Interior Entryway Dust + Exterior
Entryway Dust + Window Sill Dust + Window Well Dust +Water
+ Mouthing Behavior + Window Paint + Door Paint

Hand Lead - = Floor Dust + Interior Entryway Dust + Exterior Entryway Dust +
Window Sill Dust + Window Well Dust + Soil + Mouthmg
Behavior + Window Paint + Door Paint

Floor Dust = |nterior Entryway Dust + Exterior Entryway Dust + Window Sill
Dust + Window Well Dust + Soil + Window Paint + Door Paint

Interior Entryway Exterior Entryway Dust + Window Sill Dust + Window Well Dust
Dust + Soil + Window Paint + Door Paint

Window Sill Dust Window Well Dust + Soil + Window Paint
Window Well Dust Soil + Window Paint

The results from the SEM analysis of Equation Set 5-9 were compared to the results for

Equation Set 5-8.

5.2.5 Soil-Lead Coverage

A variable indicating the extent of grass covering at the site of each soil sample was
available in the Rochester study data. To assess how the grass covering may affect the pathways
of soil-lead exposure, a variable that was a combination of the soil coverage variable and the

associated soil-lead concentration replaced the soil-lead variable in the blood-lead pathways
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model of Equation Set 5-8. A comparison of the parameter estimates of the two sets of models

was made.

5.2.6 Carpeted Floors ‘
Equation sets for an assessment of the effect of carpeting on vﬂoOr dust-lead loading and

concentration and blood-lead concentration are presentéd in this section. Equation Sets 5-10 and

5-11 illustrate the models evaluated for the R&M and Rochester data, respectively. These
models are very similar to the blood-lead pathways described in Equation Sets 5-4 and 5-5, but
they include an indicator of the proportion of floors from which samples were taken that were
carpeted. For the Rochester data, the window and door paint hazard scores and a variable
indicating whether the interior entryway was carpeted Were included as pathwayé. Information
on the presence of carpeting in the interior entryway was not available for the R&M data, and
only a subset of R&M homes were both occupied and had paint information available. Hence

because of these data limitations, the indicator of whether the interior entryway was carpeted and

 the door and window paint pathways were not included in the R&M model.

An additional analysis using only homes in the Rochester study in which the ﬂqors in the
bedroom and play area were carpeted was conducted. The equations for this pathway analysis
are illustrated in Equation Set 5-12. The results from this analysis were compared to the results

for Equation Set 5-11 to assess the effect of sampling only from carpeted surfaces.

Equation Set 5-10. R&M Blood-Lead Pathways Model - Assessing the Impact of a Carpeted
Floors Pathway.

Blood = Floor Dust+ Interior Entryway Dust + Exterior Entryway Dus.t
+ Window Sill Dust + Window Well Dust + Water+ Mouthing
Behavior + Proportion Carpeted

Floor Dust o= Interior Entryway Dust + Exterior Entryway Dust + Window
Sill Dust + Window Well Dust + Proportion Carpeted

Interior Entryway = Exterior Entryway Dust + Window Sill Dust + Window Well
Dust Dust
Window Sill Dust = Window Well Dust
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Equation Set 5-11. Rochester Blood-Lead Pathwéys Model — Assessing the Impact
of a Carpeted Floors Pathway.

Blood - = Floor Dust + Interior Entryway Dust + Exterior Entryway Dust
+ Window Sill Dust + Window Well Dust +Water + Mouthing
Behavior + Window Paint Hazard Score + Door Paint Hazard
Score” + Proportion Carpeted + Indicator Interior Entrance
Carpeted

Floor Dust . = Interior Entryway Dust + Exterior Entryway Dust + Window Sill-
Dust + Window Well Dust + Soil + Window Paint Hazard
Score + Door Paint Hazard Score + Proportion Carpeted +
Indicator Interior Entrance Carpeted .

Interior Entryway Exterior Entryway Dust + Window Sill Dust + Window Well
Dust Dust +Soil + Window Paint Hazard Score + Door Paint Hazard
Score + Indicator Interior Entrance Carpeted

Window Well Dust + Soil + Window Paint Hazard Score

Soil

Window Sill Dust
Window Well Dust

Equation Set 5-12. Rochester Blood-Lead Pathways Model — Asseséing the Impact of
Carpeted Bedroom and Play Area Floors. :

Blood = Floor Dust(Bed/Play Carpeted) + Interior Entryway Dust +
Exterior Entryway Dust + Window Sill Dust + Window Well
Dust +Water + Mouthing Behavior + Window Paint Hazard
Score + Door Paint Hazard Score + Indicator Interior
Entrance Carpeted

Floor Dust (Bed/Play Interior Entryway Dust + Exterior Entryway Dust + Window

Carpeted) . Sill Dust + Window Well Dust + Soil + Window Paint
Hazard Score + Door Paint Hazard Score + Indicator.
Interior Entrance Carpeted

Exterior Entryway Dust + Window Sill Dust + Window Well

Interior Entryway

Dust Dust + Soil  + Window Paint Hazard Score + Door Paint
Hazard Score + Indicator Interior Entrance Carpeted
Window Sill Dust = ‘Window Well Dust + Soil + Window Paint Hazard Score

Window Well Dust Soil

5.2.7 Renovation and Remodeling Activities
A variable indicating whether renovation and remodeling had been performed in the
home six months prior to environmental sampling was collected in the R&M and CAP studies.

In the Rochester study, the occurrence of renovation and remodeling any time twelve months

prior to recruitment into the study was an exclusion criterion.

To corripare_ the effect of recent renovation and remodeling in the R&M and CAP studies,

~ the renovation and remodeling variable was included in the environmental-lead pathways model.

In addition, to assess the effect of recent renovation and remodeling on a child’s blood-lead
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concentration, the renovation and remodeling variable was included in the R&M blood-lead

pathways model that included proportion of carpeting.
Equation Set 5-13 and 5-14 show the environmental pathways models; these models are
similar to those presented in Equation Sets 5-1 and 5-2, respectively. Equation Set 5-15 presents

the blood-lead pathway models evaluated for the R&M data. The results from this model were
compared to those from Equation Set 5-10.

Equatidn Set 5-13.CAP Environmental-Lead Pathways Model — Assessing the Impact of
Recent Renovation and Remodeling Activities.

Floor Dust = Interior Entryway Dust + Exterior Entryway Dust + Window Sill
Dust + Window Well Dust + Soil + Recent R&R

Exterior Entryway Dust + Window Sill Dust + Window Well Dust

Interior Entryway

Dust + Soil + Recent R&R
Window Sill Dust = Window Well Dust + Soil
Window Well =" Soil

Dust

Equation Set 5-14. R&M Environmental-Lead Pathways Model - Assessing the Impact of
Recent Renovation and Remodeling Activities.

Floor Dust ) = Interior Entryway Dust + Exterior Entryway Dust + Window Sill
Dust + Window Well Dust + Recent R&R

Interior Entryway Exterior Entryway Dust + Window Sill + Window Well Dust
Dust + Recent R&R

Window Sill Dust Window Well Dust

Equation Set 5-15. R&M Blood-Lead Pathways Model - Assessing the Impact of Recent
: Renovation and Remodeling Activities.

Biood = Floor Dust+ Interior Entryway Dust + Exterior Entryway Dust
+ Window Sill Dust + Window Well Dust + Water+ Mouthing
Behavior + Proportion Carpeted + Recent R&R

Floor Dust = Interior Entryway Dust + Exterior Entryway Dust + Window Sill
Dust + Window Well Dust + Proportion Carpeted + Recent
R&R ;

Interior Entryway = Exterior Entryway Dust + Window Sill Dust + Window Well

Dust Dust + Recent R&R
Window Sill Dust Window Well Dust
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5.2.6 Race

Using the Rochester data and multivariate regression, Lanphear et al. [6] reported a racial
difference in the sources of environmental-lead exposures in urban children. A pathways
analysis, subsetting the Rochester data into two racial groups, African-American children and
children of all other races; was performed to estimate whether there is a difference in the
pathways of lead exposure between different race groups. The model used in this analysis is

described in Equation Set 5-16.

Equation Set 5-16. Rochester Blood-Lead Pathways Model — Assessing Pathways for
Different Races.

Blood = Floor Dust + Interior Entryway Dust + Exterior Entryway Dust
+ Window Sill Dust + Window Well Dust +Water + Mouthing
Behavior + Window Paint Hazard Score + Door Paint Hazard
Score

Floor Dust = Interior Entryway Dust + Exterior Entryway Dust + Window Sill
Dust + Window Well Dust + Soil + Window Paint Hazard
Score + Door Paint Hazard Score

Interior Entryway Exterior Entryway Dust + Window Sill Dust + Window Well
Dust Dust + Soil + Window Paint Hazard Score + Door Paint Hazard
Score ) :

Window Well Dust + Soil + Window Paint Hazard Score
Soil + Window Paint Hazard Score

Window Sill Dust
Window Well Dust

I

5.2.7 Air Ducts

No air duct dust samples were collected in the Rochester study and very few samples
were collected in the R&M study. Only the CAP study had enough air duct dust samples to
perform a pathWays analysis. Equation Set 5-17 presents the pathways to evaluate the effect of

air duct dust-lead. The pathways are very similar to the pathways presented in Equation Set 5-1.

' The results from this analysis were compared to the results of the Equation Set 5-1 analysis.

Equation Set 5-17. CAP Study Environmental-Lead Pathways Model-Assessing the Effect
of an Air Duct Dust-Lead Pathway. '

Floor Dust . = Interior Entryway Dust + Exterior Entryway Dust + Window
' Sill Dust + Window Well Dust + Soil + Air Duct Dust
Interior Entryway = Exterior Entryway Dust + Window Sill Dust + Window Well
Dust Dust + Soil + Air Duct Dust
Window Sill Dust = Window Well Dust + Soil
Window Well Dust = Soil
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6.0 FINDINGS AND RESULTS

Presented in this section are the results and findings from the analysis of the pathway
models illustrated in Section 5. Detailed tables of the results for the CAP, R&M, and Rochester
data are presented in Appendices A, B, and C, respectively. Note that log-transformed dust-lead

loadings and concentrations, soil-lead concentrations, and blood-lead concentrations are used in

the analyses.

6.1 CORRELATION ANALYSIS RESULTS

Prior to performing the structural equation modeling, an assessment of the correlation

structure of the data included in the analysis was cpnducted for each study individually. The
Pearson correlation coefficients for the CAP data are presented in Tables A-4a and A-4b. Tables
B-7a and B-7b list the correlation results for the R&M data and Tables C-11a and C-11b present
correlation results for the Rochester data. Note that the first table for each study contains
correlations for the dust-lead loadings while the second table includes correlations for the dust-
lead concentrations. All other variables are the same. ‘ ,

After a visual assessment of the CAP study data, it was decided that data from both
abated and unabated homes in the CAP study would be included in the pathway analysis. The
visual assessment indicated similar relationships among the media for both types of homes.

The largest correlations for the CAP data occurred among the three soil-lead
concentrations: exterior entryway and foundation soil had a Pearson correlation coefficient (r) of
0.53; exterior entryway and boundary soil had a coefficient of 0.64; and foundation and boundary
soil had a correlation of 0.56. Other correlated variables included the window well and window
sill dust-lead loadings (r = 0.55) and concentrations (r = 0.59) and the interior and exterior
entryway dust-lead concentratiohs (r=0.56). Because of the high correlation seen among the
soil samples, a principal components analysis of the three log-transformed soil-lead
concentrations was performed to represent the information from the soil samples with a single
linear combination. Over seventy percent of the variability in the soil samples was explained by
the first principal component which weighted each soil sample nearly equally. Therefore a mass-
weighted average soil-lead concentration of exterior entryway, foundation, and boundary
soil-lead concentration was used in the analysis. Table A-5in Appendix A lists the results of the

principal components analysis.
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Similarly, a decision on whether to include the control homes in the analysis with the

R&M homes was made. Figures 6-1 and 6-2 illustrate the relationship between blood-lead

concentration and floor dust-lead loading and concentration, respectively. Though Table 4-4

shows that the control homes have consistently lower floor dust-lead levels and blood-lead

concentrations than the R&M homes, the figures illustrate that the relationships between the -

floor dust-lead levels and the blood-lead concentrations are similar for both types of homes.

Hence both sets of homes were included in the analysis.

Blood Lead— Concentration (“g/dL)
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Figure 6-1. Relationship of Blood-Lead Concentration (zg/dL) and Average Floor Dust-

Lead Loading (ug/ft?) for the R&M Data.
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Figure 6-2. Relationship of Blood-Lead Concentration (ug/dL) and Average Floor Dust-
Lead Concentration (zg/g) for the R&M Data.

The R&M analysis included the dust-lead concentrations and loadings and water-lead
concentration. The largest correlations occurred between window well and window sill dust
loadihgs (r = 0.84) and concentrations (r = 0.83). Blood-lead was moderately correlated with the
dust measures (r was between 0.34 and 0.50 for loadings and between 0.40 and 0.56 for
concentrations).

The highest correlations in the Rochester data occurred between window well and
window sill dust loadings (r = 0.56) and window well and window sill dust concentrations
(=0.55). Blooci-lead was somewhat correlated with sills and wells (r between 0.34 and 0.37 for
loadings and between 0.21 and 0.24 for concentrations), soil (r = (.37), and door paint hazard
score (r =0.36). ‘
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6.2 ENVIRONMENTAL-LEAD PATHWAYS RESULTS

The environmental-lead pathway models, presented in Equation Sets 5-1, 5-2, and 5-3 of
Section 5 were analyzed for the CAP Study, R&M, and Rochester data, respectively. Parameter
estimates for each of the data sets.are listed in Tables 6-1, 6-2, and 6-3 for the CAP study, R&M,
and Rochester data, respectively. Note that two sets of models were run for each study. One set
of models utilized dust-lead loadings and the other employed dust-lead concentrations. All other
variables remained the same in the two analyses. For comparison purposes, the significant
pathways in the dust loading and the dust concentration models are illﬁstrated below in Figures
6-3 and 6-4.

Across all three studies, the dust loading models indicated one consistent, statistically
significant direct pathway of lead contamination: window well dust directly impacted the
window sill dust. An additional statistically significant direct pathway from the interior
entryway dust to the floor dust was observed in the FR&M analysis and the Rochester analysis.
In the R&M Study, a statistically significant indirect pathway of lead contamination from
exterior entryway dust to floor dust through interior entryway dust was observed. In both the
CAP and Rochester data, the indirect pathWay of lead contamination from soil to window well
dust to window sill dust was found to be statistically significant. A statistically significant

indirect pathway from window well dust to window sill dust to interior entryway dust to floor

~ dust was observed in R&M, while window well dust indirectly impacted floor dust through

window sill dust and soil indirectly impacted floor dust via interior entryway dust, as well as
through window wells and sills, in Rochester. ’

Similar statistically significant pathways were observed when the dust-lead
concentrations were included in the analysis. For all three daté sets, two significant direct
pathways, 1) window well dust to window sill dust and 2) exterior entryway dust to interior
entryway dust, were observed. For the CAP and Rochester studies, a statistically significant
indirect pathway of lead contamination from soil to window well dust to window sill dust was
observed. Note that when the dust-lead concentrations were incl_uded"in the analysis the direct

pathway from interior entryway dust to floor dust was no longer Statistically signif