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EXECUTIVE SUMMARY

The Residential Lead-Based Paint Hazard Reduction Act (Title X) required the
U.S. Environmental Protection Agency (EPA) to conduct a study of lead exposure associated
with renovation and remodeling activities (R&R Study). Information obtained from the
R&R Study will be used to help determine which groups of workers require training,
certification, or educational materials because of the potential lead exposure to themselves or to
others resulting from the R&R activities that they perform. Three phases of the R&R Study,
each comprising a separate and distinct data collection effort, have been completed. They
include:

e Phase I, Environmental Field Sampling Study (EFSS). The EFSS was conducted to

measure the airborne (breathing zone) lead levels and lead levels in settled dust
resulting from several renovation and remodeling work activities.

e Phase II, Worker Characterization and Blood-Lead Study (WCBS). The WCBS was

designed to assess the relationship between the conduct of R&R activities and lead
exposure to the R&R workers who engaged in those activities. The WCBS collected
questionnaire information and a blood sample for analysis from each of 581 R&R
professionals.

o Phase III, Wisconsin Childhood Blood-Lead Study. The Wisconsin Childhood
Blood-Lead Study was a retrospective case-control study designed to systematically
examine the association between R&R activities and elevated blood-lead levels
(210 pg/dL) among children.

This report presents the fourth Phase in this series of data collection activities. Phase IV closely
resembles Phase II (WCBS) in design and functions as an extension of the earlier study.
Whereas Phase II explored lead exposure among general R&R workers, Phase IV focused on
individuals who worked extensively in older (pre-1940) or historic homes where the risk of lead
exposure associated with R&R work is considered to be especially high. In addition to R&R
professionals, homeowners of older or historic homes who reside in their homes while
performing R&R activities themselves were included in Phase IV.

Study participants were recruited using several approaches. Newspaper advertising
produced the greatest number of study subjects. In-person recruitment and personal referrals
were also effective methods for identifying participants. In total, questionnaire information and
blood samples were collected from 243 participants (161 workers and 82 homeowners) in three
cities: Charleston, SC; Savannah, GA; and Baltimore, MD.

As was the case with Phase II, environmental samples were not collected as part of
Phase IV. There were several reasons for this decision. Both phases were designed to be
minimally intrusive to potential participants. Collection of environmental samples would have
reduced the participation rates for these two studies, and clearly would have substantially
increased the time and cost of conducting them.



The questionnaire results indicated that

1. Workers spent more time performing R&R than homeowners (on average 24 days and
14 days in the past 30 days respectively).

2. Both workers and homeowners spent time performing a variety of R&R activities.
For both groups, a large amount of time was spent performing large structure removal
and paint removal/surface preparation.

3. Despite the OSHA Lead in Construction Standard, only 23.7 percent of workers
reported using a respirator in the last 30 days. Similarly, only 16 percent of
homeowners used a respirator in the last 30 days. Homeowners and workers in every
work group used a dust mask more frequently than any type of respirator
(44.9 percent of workers and 29.6 percent of homeowners reported using dust masks).

4. Seventy-six percent of workers had not received any lead exposure training, and
67 percent of workers and 62 percent of homeowners had not received any
educational materials on lead hazards (homeowners were not asked about training).

5. Over 75 percent of workers and homeowners reported using dry sanding/scraping to
remove paint. Roughly 41 percent of workers reported using chemical stripping
(37 percent of homeowners) and 32 percent of workers (31 percent of homeowners)
reported using burning/torching/heat gun to remove paint.

The geometric mean blood-lead concentrations of study participants were 5.73 pg/dL for
workers and 4.45 pg/dL for homeowners. Forty-nine out of the 243 study participants
(20.2 percent) had blood-lead concentrations greater than 10 ng/dL. Several participants
(2.9 percent) had blood-lead concentrations greater than 25 pg/dL, and three participants (all
workers) had blood-lead concentrations above 40 pg/dL.

Overall, the blood-lead data indicate that Phase IV study participants were more highly
exposed to lead than the general R&R workers from Phase II (i.e., workers not necessarily
working in historic or older homes). The geometric mean blood-lead concentration for workers
in this study (Phase IV) was significantly higher than the geometric mean blood-lead
concentration of workers in the WCBS (Phase II). On the other hand, the geometric mean
blood-lead level for homeowners in Phase IV was not significantly different from that of workers
in the WCBS. Perhaps most important, a significantly larger percentage of all participants
(workers and homeowners) in Phase IV had elevated blood-lead levels than did workers in the
WCBS. In general, the percentage of Phase IV participants with blood-lead levels above
10 pg/dL, 15 pg/dL, and 25 pg/dL was about twice as high as the corresponding percentages for
workers in the WCBS.

Statistical models were developed and fitted to the worker and homeowner data. These
models were used to investigate the relationship between blood-lead concentrations and potential
lead exposure associated with specific R&R activities. These models indicate that there is a
significant relationship between the conduct of certain R&R activities and blood-lead



concentrations. For homeowners, paint removal/surface preparation was the single target activity
that explained the most variability in blood-lead concentrations. For workers, the models
indicated that worker blood-lead concentrations were most strongly associated with the
combined effects of the following: the number of days spent performing cleanup, the number of
weeks spent performing paint removal/surface preparation, the number of weeks spent
performing carpet removal, and the number of years in the R&R career where some time was
spent replacing window or door casements. The total number of hours in the last 30 days and the
number of weeks in the last 12 months that the homeowner spent performing paint
removal/surface preparation were related to increased blood-lead concentrations. The number of
hours and weeks spent performing general R&R were also related to increased blood-lead levels

in homeowners.

xi
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1.0 INTRODUCTION AND BACKGROUND

To address potential lead exposure associated with R&R, the U.S. Congress directed the
U.S. Environmental Protection Agency (EPA) Administrator to conduct a study of lead exposure
associated with R&R activities (R&R Study). The R&R Study is required by paragraph (2) of
Section 402 (c) of Title IV of the Toxic Substances Control Act, contained in the Residential
Lead-Based Paint Hazard Reduction Act (Title X of HR 5334). Paragraph (2) of Section 402 (c)
states:

“The Administrator shall conduct a study of the extent to which persons engaged
in various types of renovation and remodeling activities in target housing, public
buildings constructed before 1978, and commercial buildings are exposed to lead
in the conduct of such activities or disturb lead and create a lead-based paint
hazard on a regular or occasional basis.”

The overall objectives of the R&R study were to

« Determine the extent to which persons engaged in various types of R&R activities are
exposed to lead; and

o Determine the extent to which persons engaged in various types of R&R activities
disturb lead and create a lead-based paint hazard on a regular or occasional basis to
building occupants or other exposed individuals.

Previous results of the R&R Study were derived from three principal data collection
efforts: Phase I: Environmental Field Sampling Study' (EFSS); Phase II: Worker
Characterization and Blood-Lead Study® (WCBS); and Phase III: Wisconsin Childhood
Blood-Lead Study®. The EFSS was conducted to measure the airborne lead levels and lead levels
in settled dust resulting from various renovation and remodeling work. The WCBS was designed
to collect data and information that could be used to assess the relationship between R&R
activities (termed “Target Activities”) and lead exposure to the R&R workers conducting these
activities. Questionnaire information on work history, work habits, specific work activities, etc.,
was obtained for 585 workers in the WCBS, and blood samples were collected from 581 of the
585 workers. Because children may be the population most sensitive to lead exposures from
R&R activities, additional data were needed to assess the impact of the conduct of R&R
activities on household occupants. Phase III was added to the overall R&R study with the

U.S. Environmental Protection Agency, “Lead Exposure Associated with Renovation and Remodeling
Activities: Environmental Field Sampling Study, Volume I: Technical Report; Volume II
Appendices,” EPA Report No. EPA 747-R-96-007, May 1997.

U.S. Environmental Protection Agency, “Lead Exposure Associated with Renovation and Remodeling
Activities: Worker Characterization and Blood-Lead Study,” EPA Report No. EPA 747-R-96-006,
May 1997.

U.S. Environmental Protection Agency, “Lead Exposure Associated with Renovation and Remodeling
Activities: Wisconsin Childhood Blood-Lead Study,” EPA Report No. EPA 747-R-99-002, 1999.
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objective of determining the impact of residential R&R work on child occupant’s blood-lead
levels.

Although there were significant differences among worker groups identified in the
WCBS, the average blood-lead concentrations for the sampled workers were well below
10 pg/dL (the geometric mean blood-lead concentration among all workers was 4.5 pg/dL).
However, because such a diverse group of R&R workers was sampled, it is possible that one or
more subgroups of high-risk R&R workers were not well represented in the WCBS. This study,
Worker Characterization and Blood-Lead Study of R&R Workers Who Specialize in Renovation
of Historic Homes (WCBS-HH), is a follow-up to the WCBS. It is a focused examination of
those workers who routinely perform R&R activities in homes where there is likely to be a high
risk of exposure to lead. In particular, this study focused on workers who conduct R&R
activities in historic/older* homes likely to contain lead-based paint. In addition, homeowners of
older or historic homes that reside in their homes while performing R&R activities themselves
may also be at high risk for lead exposure. Information on the renovation activities conducted by
homeowners was also collected.

1.1 STUDY OBJECTIVES

The overall objective of this study was to conduct a focused study of workers and
homeowners who are believed to have the greatest potential for exposure to lead-based paint
because they routinely perform R&R activities in older homes. These homes are considered
high-risk because they are likely to contain large amounts of lead-based paint which is often
disturbed by R&R. Additionally, because these are older homes, fine dust and debris containing
lead may have accumulated behind woodwork, plaster, and other architectural components and
may be released as a result of the R&R activities.

The specific objectives of this study were to
1. Determine the relationship between blood-lead concentrations and work practices or
activities performed by workers or homeowners in old or historic homes, after

controlling for potential confounding factors.

2. Determine if the blood-lead concentrations of workers in specific worker groups
differ after adjusting for potential confounding factors.

3. Determine if the blood-lead concentrations of homeowners differ from those of
workers.

4. Gather additional information on the types of work activities and work practices that
workers and homeowners performing R&R conduct.

Throughout the remainder of this report, the term “old” or “older” will be used to indicate homes built
prior to 1940.



5. Compare the blood-lead results of workers and homeowners specializing in R&R in
high-risk homes with those observed among general R&R workers (WCBS).

6. Determine if the blood-lead concentrations of persons routinely performing R&R
activities in high-risk homes differ from those of the general U.S. population.

1.2 LIMITATIONS OF THE STUDY

There are several limitations to this study, all of which may have an impact on the
analyses and conclusions presented in this report. First, though attempts were made to recruit
specific workers, this study is predominantly a “volunteer” study. That is, workers and
homeowners were not selected with fixed probabilities from a pre-determined sampling frame.
Thus, the respondents participating in this study may have characteristics that differ from those
that are not apt to volunteer. For example, if respondents that volunteer are more conscientious
workers or have an increased awareness of the dangers of lead paint, they may take precautions
that non-respondents do not.

Another limitation of this study is that the information collected is based upon recall of
selected activities performed at various times throughout the last month, year, or throughout the
lifetime of the respondent. Therefore, there is some inherent degree of recall error. However,
every attempt was made to design questionnaires that would facilitate accurate recall and
minimize the associated recall errors.

Finally, this study was conducted in cities where the majority of the housing stock is
known to contain lead-based paint. However, since environmental samples were not collected in
this study, there is no guarantee that workers or homeowners were actually performing tasks on
surfaces that contained lead-based paint. This lack of knowledge is a potential confounding
component to the analysis in that the inclusion of information from respondents that are not
exposed to lead-paint could result in the distortion of the relationships between blood-lead levels
and R&R activities. For example, consider a homeowner who reported performing extensive
R&R in a historic home that, unbeknownst to the homeowner, has been previously abated. In
this case, the blood-lead levels of this homeowner may not be related in any way to the amount
or nature of the R&R activities performed. Thus, including this homeowner’s blood and
questionnaire information would cause the positive relationship between R&R and blood-lead
levels to be underestimated.

1.3 PEER REVIEW

This report was reviewed independently by members of a peer review panel. Comments
which are important for interpreting the study results or which resulted in important
modifications to the report are discussed below.

Several comments were made on the sampling methodology and statistical analysis of the
data. No changes were made to the methodology or analysis as a result of these comments but in
many instances additional text or tables were added to clarify the interpretation of the results.
For example, one reviewer expressed concern with the eligibility criteria for workers and
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homeowners. As a result of comments from the reviewers, Section 2.1.4 was added to discuss
the rationale for requiring study participants to have a history of routinely performing R&R
activities in older homes over an extended period so as to focus the study on chronically exposed
workers rather than workers engaged in intense activities of short duration. Additional text was
added to Section 2.1.4 in response to a comment to clarify differences in selection criteria for
professional workers and homeowners. Another reviewer commented on the lack of discussion
on specific methods of clean-up and the ramifications that this has on the analysis. As a result,
additional text was added to discuss these limitations in the study design and the ramifications on
the study results. In response to one reviewer’s comment, text was added to discuss the impact
of not sampling the worker’s environment to confirm that participants were actually working
with lead-based paint.

In a few cases, suggested changes or recommendations by reviewers did not ultimately
result in substantial changes to the interpretation or the discussion contained in this report.
However, these recommendations and suggestions were carefully investigated, and served to
improve the report through innumerable small changes in either the methodology or in the
phrasing of the discussion. One reviewer suggested changes to the methods used to fit the
statistical models. However, it was determined that the suggested changes would result in
comparisons that were less statistically powerful and therefore, the suggestion was not
implemented. Other concerns included the appropriateness of modeling job/task predictors of
historical exposure based on blood-lead concentrations, the lack of specific questions related to
time indices for performing the R&R activities, and the classification of workers into groups.

Several responses were received that just commented upon the findings, compared them
to previous studies, or suggested areas where language or tables could be clarified or emphasis
added. Two reviewers commented upon the negative association between carpet removal and
blood-lead concentrations. Additional text was added in Section 3.6.3.1 discussing the various
interpretations of this result. Two reviewers also felt that more detailed data should be given
concerning the type of respirator used by the participants; additional discussion was included and
the number of categories in Table 11 was expanded to provide more information relative to this
topic. Discussion of the relationship between clean-up method and R&R activities and its
implications for the results presented in this report was also included in Section 3.6.3.1.
Additional text was added to further highlight the differences in paint removal work practices
between homeowners and workers at the suggestion of a reviewer. Table 14 was expanded to
provide more information on respirator use, work practices and education. At the suggestion of a
reviewer, Table 20, and corresponding text, was changed to include odds ratios comparing the
odds of a blood-lead concentration greater than 25 pg/dL for study participants to the general
population.

EPA has established a public record for the peer review under administrative record
AR-210. The 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.



2.0 STUDY DESIGN AND METHODS

This study (WCBS-HH) was a focused follow-up to the WCBS. As expected in a follow-
up study, the study design was based upon the experiences acquired in the WCBS, and the design
for this follow-up study is similar to that used in the WCBS. However, several modifications
were made to the design of the WCBS to reflect field experiences and so that resource and
schedule limitations could be met.

This study involved a targeted survey of two groups of persons engaged in renovation and
remodeling activities (professional workers and homeowners who were renovating their own
home) in three cities (Charleston, South Carolina; Savannah, Georgia; and Baltimore, Maryland).
The data collected included:

1. Questionnaire data that were used to characterize the workers and homeowners and to
understand differences in blood-lead concentrations

2. Blood samples that were analyzed for lead.

Information for this study was collected in two stages. In the first stage, workers and
homeowners from each city were recruited into the study. Brief screening questionnaires
(separate questionnaires for workers and homeowners) were administered to potential
participants over the telephone to determine eligibility and collect preliminary information on
targeted work activities. The second stage involved collecting blood samples and questionnaire
data from the eligible participants recruited in the first stage.

This section presents the overall design of the study including the survey design, sample
collection, data management, and statistical methods.

2.1 SURVEY DESIGN

Components of the WCBS-HH study design included defining the target population,
selecting the sampling locations, sample size determinations, and recruiting the targeted number
of workers and homeowners in the survey.

2.1.1 Target Population

The target population for this study consisted of two different groups of persons engaged
in renovation and remodeling in historic homes or homes built before 1940:

* Professional R&R workers

e Homeowners that perform a large amount of R&R in their home.

Homeowners were included in this study because it was believed that they perform a
wide variety of renovation and remodeling activities in their historic or older homes and are

potentially exposed to lead as a result of these activities.
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Similarly, professional R&R workers, both union and non-union, who perform R&R in
historic or older homes were included in the study. However, initial investigations indicated that
a large portion of commercial R&R work performed in historic homes is being conducted by
employees of independent, non-union contractors. Therefore, unlike Phase II of the R&R Study
(WCBS), this study did not specifically target workers based upon union membership.

Workers and homeowners were targeted in three cities: Charleston, SC; Savannah, GA;
and Baltimore, MD. These cities were selected because they fulfilled several key criteria
including:

* Potential Respondent Base: In order to fulfill the sample size requirements, each city
area needed to have a sufficient number of workers and homeowners that perform
R&R activities in historic or older homes on a routine basis. Therefore, each city
needed to have a large number of historic or older homes. Local historic preservation
societies and other local organizations in several cities were contacted in an effort to
determine cities that have a large population of historic homes.

» Presence of Local Organizations: The presence of local organizations, such as a local
historic preservation society, was considered to be a key component in identifying
potential respondents.

» Geographic Location: In order for the study to be cost effective, it was desirable to
have on-site data collection support in or near the sampled city.

Several other cities including: Boston, Chicago, New Orleans, San Francisco, and
Cleveland were considered for this study, but were eliminated because they did not fulfill all
three of the above criteria.

2.1.2 Sample Size Determinations

The targeted sample sizes were developed to allow an assessment of whether workers (or
homeowners) that perform R&R activities in historic homes have elevated blood-lead levels as a
result of their R&R activities. Moreover, the resulting sample size represents the minimum
sample size necessary to detect a 2.5-fold difference between the geometric mean blood-lead
levels observed in the general U.S. population and blood-lead levels of workers that routinely
perform R&R activities in historic homes or homeowners that perform R&R activities in their
historic home while retaining residency.

The following assumptions were made to derive the minimum sample size required:

« Statistical hypothesis tests were assumed to be conducted at the 5 percent significance
level to examine whether the blood-lead levels of workers and homeowners were
significantly higher than the national average. Also, these tests were assumed to be
conducted with at least 90 percent power. That is, the Type I and II error rates were
assumed fixed at 0.05 and <0.10, respectively.



 The analysis was assumed to consist of a general linear model with the
log-transformed blood-lead as the response variable since blood-lead data are
generally assumed to follow a log-normal distribution.

* The log standard deviation of the blood-lead levels was assumed to be twice that
observed in the WCBS. These respondents were expected to have higher blood-lead
levels than workers in the WCBS. Since blood-lead is assumed to follow a
log-normal distribution, higher expected mean levels would also result in more
variability.

Based upon these assumptions, the minimum sample size was calculated to be 40 professional
R&R workers, and 40 R&R homeowners in each city area. For the purposes of determining
sample size estimates, Charleston, SC, and Savannah, GA, were considered as one city area
while Baltimore, MD, was considered to be a second city area. Therefore, the total target sample
size of 160 individuals was set for the study (80 professional R&R workers and 80 R&R
homeowners).

2.1.3 Recruitment

With professional workers, many contractors who have listings or advertisements
indicating that they specialize in R&R of historic homes spend only a small fraction of their time
actually working in historic homes. Similarly, much of the hands-on work may be completed by
subcontractors who spend a large portion of time working in newer construction. Also, as was
experienced in the WCBS, large contracting companies are reluctant to allow their workers to
participate in a study of this type. Homeowners often do not want to participate in this type of
study because they are performing R&R work without a permit.

A similar, multi-pronged approach was used to recruit both workers and homeowners.
Section 2.1.3.1 presents the recruitment approach used for workers and Section 2.1.3.2 presents
the recruitment approach for homeowners.

2.1.3.1 Recruitment of Workers. Initial investigations indicated that a large portion
of the work performed in historic homes is done by employees of independent, non-union
contractors. Therefore, membership lists in unions such as the United Brotherhood of Carpenters
that were employed in the WCBS, were not used as a sampling frame. Instead, a three-pronged
approach that consisted of (1) newspaper, magazine, and radio advertisements; (2) development
of contractor lists; and (3) referrals and other networking activities, was used to identify potential
respondents. The following activities were conducted to recruit workers:

e Advertisements. Newspaper advertisements were the most successful method for
recruitment of eligible workers; both as a primary and as a secondary recruitment
method (i.e., a worker was referred to the study by someone who saw an
advertisement). Advertisements were placed in wide circulation daily newspapers
and smaller community-based newspapers in each city. Examples of the newspaper
advertisements are presented in Appendix E.



Approximately 60 15-second radio advertisements were also run on local stations in
Charleston, SC, and Savannah, GA, to recruit potential study subjects. These
advertisements identified the project as a study on renovation and remodeling and
provided a phone number that interested persons could call.

* Media Coverage. A written press release was prepared and sent to all media in each
city (see Appendix E). A video press release was prepared and sent along with the
written press release to all television stations in each city’s broadcast area. Two
television stations in Savannah, GA, covered the study.

* Networking and Outreach. Posters were put in local hardware stores and lumberyards
(see Appendix E). Local neighborhood associations were contacted, and posters
about the study were distributed to their members. Other local associations such as
historical societies were contacted and asked to recruit workers into the study.

In each city, several in-person visits were made to neighborhoods where there was
observable renovation and remodeling being performed. During these visits,
preprinted fliers were distributed to the workers and they were encouraged to
participate in the study.

* Referrals. Referrals were also highly effective in recruiting additional participants.
To encourage eligible participants to provide referrals, a $10 cash incentive was given
to participants for each R&R worker (or homeowner) they referred to the study. This
incentive was only given if the person referred was subsequently determined to be
eligible and participated in the study. Eligible participants were asked to provide
referrals during a telephone interview (screener) and were again reminded while
participating in their data collection session.

* Contact List. Lists of non-union contractors were developed through listings in local
phone books, advertisements, and by contacting local organizations, such as historic
preservation societies, landmark commissions, and architectural firms. An attempt
was then made to contact and enroll all workers on the list. Although this method
was more time consuming and only a handful of participants were identified through
this approach, it allowed for the inclusion of participants that might otherwise have
been omitted from the study (e.g., persons who work by themselves and do not read
the paper).

Of these activities, newspaper advertisements, word-of-mouth referrals, and in-person
recruitment were the three most successful methods for obtaining eligible worker participants.

2.1.3.2 Recruitment of Homeowners. Recruitment of homeowners that perform
R&R work in their own historic/older home while retaining residency was conducted in a fashion
similar to that described in Section 2.1.3.1. Again, a multi-pronged approach was used.
Newspaper advertisements were the primary method for recruitment of eligible participants and
separate, targeted advertisements were developed to recruit this group of participants (see
Appendix E).



Although news advertisements and identification of R&R homeowners through local
organizations (e.g., neighborhood associations, historical societies, etc.) were successful in
recruiting a number of homeowners, other recruitment activities were conducted to ensure that
the target sample size was reached. For example, fliers and posters were prepared and distributed
to local hardware stores and supermarkets and radio advertisements were developed and aired on
various media. However, these recruitment activities were labor intensive and were used only
after it appeared that newspaper advertisements alone would not be successful in reaching the
target sample size.

2.1.4 Eligibility Criteria

As in any study, the eligibility criteria are a function of both the study objectives and
restraints on resources available to conduct the study. Further, the eligibility criteria needed to
account for differences in the nature of exposure from R&R activities. For example, workers can
perform activities for a brief (less than 10 days) but intense period, which may result in an
elevated blood-lead level due to the intense exposure. This situation, however, could be
investigated using data from the WCBS data (where days spent performing R&R were not used
as an eligibility criterion). What could not be investigated using the WCBS data was the
relationship between routinely (over many days) performing R&R activities in high-risk
residences and blood-lead levels (only 41 percent of the respondents performed R&R work in
pre-1950 homes and on-average WCBS respondents only spent approximately 10 days working
in homes built before 1950°). Therefore, this study was focused on examining the relationship
between performing R&R activities in “worst-case” exposure scenarios where workers routinely
day-after-day, spend the majority of their time performing R&R activities in high-risk, older
homes. Given this focus, the information that was already collected in the WCBS, and the
resource constraints for the study, the eligibility criteria were established so that we focused on
the chronically exposed workers.

The eligibility criteria were different for homeowners and workers because the type of
exposure for homeowners due to conducting R&R differs from that of professional R&R
workers. First, R&R workers tend to work for 8-hour periods during the business week while
homeowners tend to perform R&R as a “second job” on nights and weekends. Second,
homeowners have the potential for additional exposure because they are living in the home while
they are performing R&R. Thus, we utilized different eligibility criteria for homeowners
because we wanted to capture both types of exposure. A criterion based solely on the number of
days in the last 30 days that the homeowner performed the activity may account for secondary
exposure due to living in the home, but may not account for the intensity of the activities being
performed. Conversely, using criteria based solely on the intensity of the activity (hours in the
last 30 days) may not account for exposure due to living in the home. We established the
specific eligibility criteria for homeowners based upon the results of a pilot test of the
questionnaire.

5 The WCBS only collected detailed information on the number of days worked in all residences and in

pre-1950 residences.



Ideally, we hoped to measure worker’s exposure in the same fashion as homeowners
(i.e., in terms of both days and hours). However, it proved unrealistic to have R&R workers
determine, even in a general sense, how many hours they spent performing a particular R&R
activity.

2.2 SAMPLE COLLECTION
2.2.1 Questionnaires

One set of questionnaires was used to obtain information such as detailed work history,
personal characteristics, and general work practices from professional R&R workers and another
set was used to obtain similar information from homeowners that conduct R&R activities in their
own historic/older home. Each set of questionnaires consisted of a telephone administered
screener and a main self-administered questionnaire (SAQ). All four questionnaires are
presented in Appendix A.

The worker questionnaires were modifications of those used in the WCBS and had
essentially been pre-tested. However, the homeowner questionnaires were necessarily more
complex. A pre-test of the homeowner questionnaires was conducted with homeowners to
determine whether the flow of the questionnaire caused confusion or item non-response and to
estimate the amount of time needed to complete the screener and main questionnaire.

In all four questionnaires, most questions were worded with pre-coded responses to avoid
ambiguous answers to open-ended questions. This also minimizes the potential for information
bias, ensures consistency in the respondents’ answers, and facilitates data editing, cleaning,
coding, and analysis. The few questions that were not amendable to closed-ended responses
were left open and categorized retroactively.

2.2.1.1 Telephone Screener Questionnaires. Questionnaire information was
collected on all potential participants using a telephone interview (screener) as part of the
recruitment process. Specifically, the telephone interview was used to:

1. Determine Eligibility. To be eligible for the study, a R&R worker had to meet four
criteria: (a) perform R&R for a living, (b) conduct “hands-on” R&R work, (c) have
worked more than 10 days (in the last 30 days) in historic homes or homes built
before 1940, and (d) have worked more than 9 weeks (in the last 12 months) in
historic homes or homes built before 1940.

Homeowners were considered to be eligible for the study if they met all of the
following seven criteria: (a) did not perform R&R for a living, (b) had made room
additions or renovations to their home in the last 12 months, (c) lived in the house
while the R&R was being performed, (d) lived in a home built before 1940, (e) did a
large portion of the “hands-on” R&R work themselves, (f) did more that 20 hours of
R&R work in their home in the last 30 days, and (g) did some R&R work in their
home in at least 9 weeks (in the last 12 months).
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2. Assess Potential Selection Bias. Information from the screener allowed for a
comparison between basic demographic characteristics and targeted activities for
those workers and homeowners that participated in the study and those that refused to
participate.

3. Schedule Appointments and Collect Referral Information. Once the eligibility of a

participant had been determined, an appointment for further data collection was
scheduled for eligible participants. Both eligible and ineligible participants were
asked at the end of the telephone screener to provide referrals for the study.

Each telephone interview took approximately five minutes to complete.

In some cases, the respondent did not complete a telephone screener prior to arrival at the
data collection facility. In these cases, a screener, identical to the telephone screener, was
administered in-person to determine eligibility of these “walk-in” participants.

2.2.1.2 Main Study Questionnaires. Among participants that were eligible for the
study, detailed information on work history, personal characteristics, and general work practices
was obtained during a data collection session at a collection facility. A central location (either a
hospital or health department building) was used in each city as the data collection facility.
Three, one-night data collection sessions were held in Charleston, SC, at Roper Hospital on
4/21/97, 5/12/97, and 5/28/97. Two one-night data collection sessions were held in
Savannah, GA, at the Public Health Department on 5/14/97 and 5/29/97. Three data collection
sessions were held in Baltimore, MD, at Johns Hopkins University (Bayview Campus) on
6/26/97 and 7/15/97-7/16/97. During the data collection sessions, detailed work history, personal
characteristics, and information on general work practices were collected using a
self-administered questionnaire (SAQ), which took approximately 30 minutes to complete. A
trained interviewer was present during all of the data collection sessions to answer questions
concerning specific questions in the questionnaire or to administer the entire questionnaire, if
necessary.

A field review of this questionnaire was performed before the respondent left the facility
in an effort to minimize item non-response. Respondents that satisfactorily completed the SAQ
received $25.

2.2.2 Blood Samples

Two trained and licensed phlebotomists collected a venous blood sample from eligible
study participants immediately following the completion of the SAQ. A duplicate blood draw
was collected from approximately 15 percent of the respondents for quality assurance purposes.
Respondents for whom a successful blood sample was collected received an additional $25.

The protocol for collecting, storing, and shipping the blood samples is described in

“Quality Assurance Project Plan (QAPjP) for the R&R Worker Characterization and Blood-Lead
Study,” July 8, 1994.
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2.3 DATA MANAGEMENT

Carefully designed data control procedures were employed to ensure that all data
collected were accurate, consistent, and complete. During all the steps of data management,
measures were taken to ensure confidentiality of personal information obtained from study
participants. Locked file cabinets were assigned in which all hard copies were kept. Access to
these file cabinets was limited to those directly involved in data collection, editing, and cleaning
of data for this study.

There were four components to the data control procedures:

1. Data Receipt and Control System Update. Data receipt and control procedures served
as a link between data collection and data preparation. The data receipt and control
system ensured that all documents required for each case were received and logged.
Routine reports were produced on the number of cases collected at each stage of
processing. These reports allowed for timely identification of any documents not
received from the field.

2. Data Editing and Coding. All data were subject to a series of steps to ensure that they
were maximally error-free prior to electronic storage. When a data collection form
was completed it was edited for missed, inconsistent, or illegible responses. Any
problems were checked with the respondent while he/she was still present at the data
collection site. Completed data collection forms were logged in and sent to the data
preparation department to be thoroughly edited for completeness, accuracy, and
consistency. Editors conducted a question-by-question review of the data collection
form. During this step the data were checked again for inappropriate skips of
questions, double coding, inconsistencies, and illegible responses. Any
inconsistencies or unusual situations were referred to the Data Preparation Manager
who was responsible for handling all editing and coding decisions. Missed questions
or inconsistent responses were retrieved from the respondent whenever possible.

3. Data Entry and Verification. Once data passed the manual edit, they were transferred
to data entry. Data sets were keyed in-house using double entry to verify correct
keying of the data. Any discrepancies in keying were corrected before computer
editing of data.

4. Computer Edits. Computer edits of the data took place after data were entered into
the computer. A set of edit specifications were created by the Data Preparation
Manager to check out-of-range values (e.g., more than 30 days worked in last month),
inconsistencies across variables, and skip patterns. The data set was then checked
against these specifications, and a computer printout was produced to list all errors
found in the data. Errors identified by this procedure were corrected by the editing
staff, and the corrections were made to both the hard copy and the data disk. The data
set was run against these specifications a second time to ensure that all corrections
were made. This procedure was repeated until no errors were found in the data.
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2.4 STATISTICAL ANALYSIS

The statistical analysis included several preliminary steps, including constructing
variables, calculating descriptive statistics, and exploratory data analysis. Statistical models were
then fit to the data to meet the study objectives listed in Section 1.1. The statistical models were
used to assess relationships between blood-lead concentrations and potential lead exposure
associated with the target activities. These relationships were investigated for three time periods
for workers: exposure during the previous 30 days, exposure during the past 12 months, and
historical exposure. For homeowners, only two time periods were investigated: exposure during
the previous 30 days and exposure during the past 12 months. All statistical analyses were
performed using the SAS® computing system (Version 6.12).

2.4.1 Construction of Variables

Questionnaire responses and measured blood-lead concentrations were used to construct
variables for statistical analysis. The primary response variable for statistical analyses was
blood-lead concentration. Histograms, probability plots, and descriptive statistics were examined
to determine the distribution that best approximates the realized sample of blood-lead
concentrations.

The following two sections discuss the two types of variables constructed prior to
performing the statistical analyses: variables related to potential lead exposure from conducting
R&R work (Section 2.4.1.1), and variables related to demographic characteristics and other
sources of exposure (Section 2.4.1.2). The constructed variables were used to assess the effects
of target activities on blood-lead concentration.

2.4.1.1 Construction of Exposure Variables. Measures of potential lead exposure to
professional workers resulting from conducting R&R work were constructed for three exposure
periods: last 30 days, last 12 months, and the entire career. The exposure measures were
constructed for each target activity (large structure removal, paint removal and surface
preparation, window replacement, carpet removal, and cleanup) and for conducting R&R work in
general.

For each specific target activity, the potential lead exposure variables for workers were
constructed from the following questions:

Short-term: In the last 30 days, how many days did you work on the target
(last 30 days) activity?

In the last 30 days, how many days did you work on the target
activity in homes or buildings built before 1940?
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Mid-term: Altogether in the past 12 months, how many weeks did you
(last 12 months) work on the target activity?

(0) None

(1) <1 Week
(2) 1-4 Weeks
(3) 5-8 Weeks
(4) 9-12 Weeks
(5) 13-26 Weeks
(6) > 26 Weeks

Long-term: Think about all the years you have done renovation and
(entire career) remodeling. In how many of these years did you work on the
target activity at least some of the time?

In addition, one objective of this study was to determine if specific groups of workers are
more exposed than others due to the nature of their work. Therefore, each worker was assigned
to a specific worker group based on their response to the following question: What is your
current job title and what are your main activities at work? The main activities were used to
define the worker groups, independent of blood-lead concentrations and target activities. When
the subject’s main activity response was insufficient for defining an appropriate worker group,
both job title and main activity were taken into consideration. In all, four worker groups were
defined: Carpenter, Laborer, Painter, and Other. Table B-1 in Appendix B contains a listing of
the main activities and job titles for each worker group.

There were two questions related to short-term exposure of workers: (1) In the
last 30 days, how many days did you spend doing any kind of R&R work? and (2) In the
last 30 days, how many days did you spend doing any kind of R&R work in historic homes or
homes built before 1940? Therefore, an effort was made to determine which was most strongly
related to.worker blood-lead concentration. For each target activity, relationships were examined
between worker blood-lead concentration and the number of days the target activity was
conducted, and the number of days conducted in pre-1940 houses. Based on plots and univariate
regressions, the number of days an activity was performed in homes built before 1940 was
selected as the measure of short-term exposure.

Measures of potential lead exposure to homeowners resulting from conducting R&R were
constructed for two exposure periods: last 30 days and the last 12 months®. As with the workers,
exposure measures were constructed for each target activity and for conducting R&R work in
general.

Information corresponding to the third exposure period (entire career) was not collected for
homeowners because of the intermittent nature of renovation performed by homeowners and
difficulties of recall.
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For each specific target activity, four potential lead exposure variables for homeowners
were constructed from the following questions:

Short-term: In the last 30 days, how many days did you work on the target
(last 30 days) activity in your historic or pre-1940 home?

On a typical day within the last 30 days, when you performed
the activity, about how many hours did you perform the

work?
Mid-term: During the past 12 months, in how many weeks did you
(last 12 months) spend any time performing the activity?

In a typical week in the past 12 months when you performed
the activity, about how many days did you perform the work?

The two questions related to short-term exposure of homeowners as a result of
conducting R&R activities were used to determine which type of exposure was most strongly
related to blood-lead concentration (duration of R&R project or hours of exposure). For each
target activity, relationships were examined between homeowner blood-lead concentration and
the number of days the target activity was conducted by the homeowner in their home, and the
total number of hours spent by the homeowner conducting the activity in the last 30 days
(calculated by multiplying the number of days by the hours spent on a typical day). This
distinction is important because it is believed that homeowners are thought to be exposed not
only by the actual work, but also by living in the home while the work is being performed. The
number of days in the last 30 days the homeowner performed the activity may account for
secondary exposure due to living in the home but may not account for the intensity of the
activities being performed. Conversely, the total number of hours spent performing the activity
may account for exposure due to performing the activity but may not account for the duration of
the R&R project. For example, consider two homeowners: the first performing some R&R every
day in the last 30 days but for only one hour a day (total of 30 hours), the second performing
R&R eight hours a day for one consecutive week (total of 56 hours). Univariate regressions and
plots did not provide insight into which measure was more related to homeowner blood-lead
concentrations. Therefore, the statistical analyses were conducted twice, once for each measure.

There were also two questions related to mid-term exposure of homeowners performing
R&R activities in their home: weeks in the last 12 months or days in the last 12 months
(calculated by multiplying weeks in the last 12 months by the number of days in an average week
where the R&R activity was performed). Again, an effort was made to determine which of the
two measures was the most related to homeowner blood-lead concentration. As with the
measures associated with short-term exposure, univariate regressions and plots did not provide
insight into determining which measure was more related to homeowner blood-lead
concentrations and the statistical analyses were performed once for each measure.

15



2.4.1.2 Construction of Other Variables. Demographic variables such as age,
gender, race/ethnicity, and level of education were constructed from the questionnaire responses.
The questionnaires also provided information on potential lead exposure that occurred outside of
R&R work. An indicator (zero or one) variable was constructed from the responses to questions
on other activities (Appendix A). If a worker or homeowner responded positively to one or more
of those questions then they were assigned a value of one for the variable “Other Occupations,”
indicating potential occupational exposure outside of R&R. A similar variable for potential lead
exposure was defined based on the responses to questions on non-work related activities.
Variables were also constructed for the use of specific work practices and work habits.

2.4.2 Descriptive Statistics

Descriptive statistics were calculated for each variable constructed in Section 2.4.1. For
continuous variables such as age, means and percentiles were calculated. For categorical
variables such as gender, the percentage of respondents in each category was calculated.

Geometric means and standard errors of blood-lead concentrations for each study group
and city were calculated. Additional tables were prepared to assess the variability in measured
blood-lead concentrations between duplicate blood samples and among duplicate chemical
analyses.

2.4.3 Exploratory Data Analysis for Ancillary Variables

Exploratory data analyses were performed to assess the relationships between blood-lead
concentration and various ancillary variables describing demographics, work practices, and work
site characteristics. The purpose of these analyses was to select ancillary covariates for modeling
the relationships between blood-lead concentration and target activities. For each ancillary
variable, the analyses included a plot against blood-lead concentration and a statistical test to
assess the significance of any functional relationship revealed in the plot. Analyses of variance
(ANOVA) were carried out for categorical variables and significance of slopes of linear
regressions were examined for continuous variables. These analyses were conducted separately
for workers and homeowners and for each sampling frame.

2.4.4 Statistical Models

2.4.4.1 Blood-Lead Concentrations. The July 8, 1994, WCBS QAP;P (also used for
this study) specified that at least one set of CDC blood-lead quality control reference (CDC QC)
samples be included in each shipment of blood samples. Nominal blood-lead concentrations of
the low, middle, and high CDC QC samples were 4.5, 10.6, and 20.8 pg/dL, respectively. An
ANOVA model appropriate for random effects was fit to the CDC QC samples to assess the
variability between replicate samples at same blood-lead concentration and to estimate recovery
rates at each concentration.

At least two chemical analyses were performed on each blood sample. Approximately

15 percent of the workers were selected for duplicate blood draws. An ANOVA model
appropriate for random effects was fitted to the subset of workers possessing two blood samples
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to assess the variability in blood-lead concentrations between duplicate blood draws. The
following random effects were included in this model: (1) worker, (2) blood sample nested
within worker, and (3) analysis nested within blood sample.

2.4.4.2 Relationships Between Target Activities and Blood-Lead Concentrations.
Although the questionnaire for homeowners was based in part upon the worker questionnaire,
responses to similar questions may have different meanings as they relate to the two groups of
study participants. For example, most homeowners did not perform R&R activities all day long
while most professional workers did. Thus, responses to similar questions like: “How many
days did you perform the R&R activity?”” may measure vastly different periods of exposure
between workers and homeowners. Therefore, the statistical analyses conducted for this study
were performed separately for workers and homeowners. However, a similar approach was used
to assess the relationships between the target activities and the blood-lead concentrations for
workers and homeowners. This approach is discussed below.

For each study group (workers and homeowners) a series of statistical models were fit to
the data to determine if there were any significant associations between blood-lead
concentrations and various types of work or target activities. For workers, the relationship
between blood-lead concentrations and potential lead exposure associated with R&R target
activities was investigated for exposure during the previous 30 days, exposure during the past
12 months, and historical exposure (years in career). For homeowners, the relationship between
blood-lead concentrations and potential lead exposure associated with performing the target
R&R activities was investigated for exposure during the previous 30 days and exposure during
the past 12 months. Multiple regression models were employed for both study groups to
examine these relationships. To simplify the regression models, results of multiple chemical
analyses and duplicate blood samples were averaged for each participant to provide a single
blood-lead concentration for each study participant.

Figure 1 displays the paradigm utilized for fitting the models to worker blood-lead
concentrations. Figure 2 shows the paradigm utilized for fitting the models to homeowner
blood-lead concentrations. The first step in the model fitting for both workers and homeowners
(as shown in the top box of both figures) was to conduct preliminary analyses to

1. Define the measures of exposure,

2. Verify the use of log-normal distribution for blood-lead concentrations, and

3. Select covariates for the statistical models.

The second step, presented on the left branches of Figure 1 and Figure 2, shows that
separate models were fit to the data for each target activity. Initially, linear regression models
were fit to the log transformed blood-lead concentrations using each of the exposure measures as
the independent variable. Next, the analyses were repeated incorporating the previously selected

ancillary variables (age, gender, ethnicity, smoking status, and room additions or renovation in
own home) as covariates. Finally, a linear regression model that incorporated the ancillary
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covariates and simultaneously investigated the potential for lead exposures within the past
month, the past year, and historically was fit to the data for each target activity.

The above analyses helped characterize the strength of the relationship between each
target activity and blood-lead concentrations for workers and homeowners. The final goal,
however, was to develop models (one for workers and one for homeowners) that explain how
each of the target activities interacted in their association with blood-lead concentrations while
accounting for the effect of potentially confounding ancillary covariates. Therefore, as illustrated
by the right branches of Figure 1 and Figure 2, regression models that examined all of the target
activities simultaneously, were fit to the data. The initial models included effects for all five
target activities for each exposure period (short-term, mid-term, and long-term for workers;
short-term and mid-term for homeowners). For workers, these models were repeated with
worker group added to the model. Finally, an attempt was made to construct models for workers
and homeowners that would assess the effects of the exposure periods simultaneously for all of
the explanatory variables. However, correlations among the target activities and between the
exposure periods within a target activity were high for both workers and homeowners.
Therefore, as shown in Figures 1 and 2, only a subset of the variables for the various exposure
period and target activity combinations were included in the final models.
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3.0 RESULTS

The sections in this chapter discuss the results of recruitment, data collection, and
statistical analysis. It should be noted that the results presented in this chapter are based upon
questionnaires and venous blood-samples collected from professional R&R workers and
homeowners performing R&R in their own historic or older home. The recruitment approach
and the study cities were selected to maximize the likelihood that the study participants disturb
lead-based paint through their R&R activities. However, environmental samples were not
collected to examine the assumption that the participants actually did disturb lead-based paint.

3.1 RECRUITMENT RESULTS AND FIELD EXPERIENCES
3.1.1 Recruitment of Respondents

Recruitment activities were conducted in Charleston, SC, on April 7, 1997, through
May 28, 1997, in Savannah, GA, on April 27, 1997, through May 29, 1997, and in
Baltimore, MD, on June 11, 1997, through July 16, 1997. As aresult of the recruitment
activities, 498 participants were screened for participation in the study. Through the screening
process, each participant was classified into one of the following four categories:

» Eligible Eligible participants were defined to be those participants who
were screened as eligible and scheduled for future data
collection.

Eligible Refused These participants completed the screener and were eligible for
the study but refused to complete the main questionnaire.

* Refused Screener These are potential respondents who called in to the study line
but refused to participate in the screening/recruiting interview.

* Ineligible These respondents participated in the screening/recruitment but
were not eligible for the study (see Section 2.2.1.1).

As shown in Table 1, of the 498 respondents who were screened, 55 percent (274) were
determined to be eligible for the study. Approximately 74 percent (181) of the workers who
were screened were classified as eligible for the study while 37 percent (93) of the screened
homeowners were eligible for the study. This difference is likely due to the more restrictive
eligibility criteria for homeowners.

Although a majority of the 269 participants who were screened and scheduled for further
data collection completed the study, there was a small subset (31) who did not. Furthermore,
17 of the participants who were originally screened as eligible and completed the main
questionnaire actually were ineligible for the study at the time that the main questionnaire was
administered. One possible explanation for this is that for a few of these respondents, during the
delay between the time of the telephone screener and the time that the respondent completed the
questionnaire, a change occurred in the number of days worked in pre-1940 homes in the
last 30 days. Another, more likely explanation for misclassifying workers as eligible who were
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screened on-site is that the responses to the screener may not be as accurate as responses to the
main questionnaire (see Section 3.1.2). Eligible participants who completed the questionnaire
and the blood draw were classified as Complete. Questionnaire and blood results for the

17 participants who were originally screened as eligible but were later found to be ineligible were
not included in the statistical analyses.

Table 1. Summary of Recruitment Results by Study Group and City

T Total ]
Total Eligible Refused Number Response

Study Group City Screened | Eligible Refused | Ineligible | Screener | Completed Rate'
Baltimore 132 101 0 31 o] 92 91%
Charleston 70 47 0 23 0 41 87%

Workers
Savannah 42 33 0 8 1 28 82%
All Cities 244 181 0 62 1 161® 88%
Baltimore 94 39 1 54 0 34 85%
Charleston 102 25 0 74 3 22 79%
Homeowners

Savannah 58 28 0 30 0] 26 93%
All Cities 254 92 1 158 3 82@ 85%
Baltimore 226 140 1 85 0 126 89%
All Charleston 172 72 0 97 3 63 84%
Participants  |gayannah 100 61 0 38 1 54 87%
All Cities 498 273 1 220 4 243 87%

(a) Response Rate = [Total Number Completed/ (Eligible + Eligible Refused + Refused Screener)]
(b) One worker in Charleston, SC, and another in Savannah, GA, could not give blood.
(c) One homeowner in Savannah, GA, could not give blood.

As expected in a study that is primarily based upon a “volunteer” sample, the overall
response rate (87%) was very high. The response rate was calculated as the number of completes
over the sum of eligibles, eligible refused, and refused screener. Workers had a sightly higher
response rate (88%) than did homeowners (85%).

Overall, the intensive recruitment activities were effective; the target sample sizes were
attained and complete information was collected from 243 respondents (117 respondents in
Charleston, SC; and Savannah, GA; and 126 respondents in Baltimore, MD). However, it was
necessary to maintain intensive recruitment throughout the entire study period. Initial enrollment
was slow and information from the largest portion of participants (45%) was not collected until
the last data collection session in each city.
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3.1.2 Field Experiences

Data collection sessions were held in three cities: Charleston, South Carolina; Savannah,
Georgia; and Baltimore, Maryland. Overall, the predominant mood of the study participants was
one of cooperation. Participants seemed interested in the study and in their own blood-lead
results. The following three sections discuss, in greater detail, the field experiences in each city.

3.1.2.1 Field Experiences in Charleston, South Carolina. Three data collection
sessions were held at Roper Hospital North from 4:00 p.m. to 8:00 p.m. on April 21, May 12,
and May 28, 1997. The site, located in a suburban area north of Charleston, SC, required
participants to arrive by car. Hospital officials supplied a single conference room where study
participants checked in, completed the self-administered questionnaire (SAQ), and gave a sample
of blood.

A two-person data collection team oversaw each data collection session. The study
manager checked in arriving participants, collected paperwork, and paid those who both
successfully completed the SAQ and gave a sample of blood. A study supervisor provided SAQs
to participants, screened walk-ins (not pre-screened for eligibility by phone), field-edited
questionnaires, and prepared data for mailing and transport. Two phlebotomists drew blood and
labeled the blood samples. Because of the large number of participants expected during the last
two visits, an additional person was added to the data collection team to greet respondents, give
directions, and offer refreshments.

At each session, a pre-screened participant was directed into the conference room, where
he/she was then seated around a large conference table with about 10 seats. After the study
manager confirmed the appointment, the participant was seated in order to read and sign the
study consent form. After signing the consent the participant completed the SAQ, and then
moved to the end of the table behind a screen, where a phlebotomist drew a blood sample.
Afterward, participant and a study supervisor discussed any missing or unclear answers given in
the SAQ. They then returned to the study manager, who paid them and double-checked for
mailing address and telephone number changes.

Data collection proceeded in an orderly manner for all three data collections sessions.
Most respondents were orderly and kept their appointments, arriving alone or in small groups
of two to three. Renovation and remodeling workers tended to arrive earlier, at the end of their
workday, while homeowners usually came later in the evening. Since arrivals were spread over
the session, participants were able to begin paperwork and SAQs within minutes, and the
phlebotomists had no trouble taking samples in a reasonable amount of time. The average
respondent completed the SAQ in about 30 minutes, and the blood draw and payment process
took an additional 15 minutes.

At the end of each session, phlebotomists packed, refrigerated, and prepared blood
samples for shipping, according to the study protocol described in “Quality Assurance Project
Plan (QAP;jP) for the R&R Worker Characterization and Blood-Lead Study,” (July 8, 1994).
However, CDC performance samples were unavailable for the April 21, 1997, data collection
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session. The CDC performance samples were included in blood shipments for the remaining
data collection sessions.

Some small problems arose during the second and third sessions due to the large number
of respondents. Since the supervisor responsible for field-editing SAQs also performed several
other tasks (administering SAQs to poor readers and screening and enrolling walk-in
respondents), some SAQs were not completely field edited. In those cases, missing data were
retrieved later by phone. In addition, one respondent was unable to produce a blood sample
during their session.

There was very little activity in the hospital in the evenings and, other than the security
guard and phlebotomists, no other hospital staff were available on-site to access in case of any
sort of difficulty. The hospital liaison, through whom the data collection sessions were arranged,
was located at Roper’s main facility several miles away. Since so few people were inside the
facility, all entrances but one were locked after 5:00 p.m. This caused some confusion when a
few respondents, arriving late in the evening and finding the front entrances locked, left without
participating in the study. Most, however, were later contacted and recruited for future sessions.

3.1.2.2  Field Experiences in Savannah, Georgia. Two data collection sessions were
held at Chatham County Health Department from 5:00 p.m. to 8:00 p.m. on May 14 and May
29, 1997. The health department is located a few miles south of downtown Savannah, GA, and
most respondents arrived by car. A large classroom-style room was provided for check-in and
completing SAQs. Participants were led to a separate room for collection of the blood sample.

Collection sessions in Savannah, GA, were scheduled one or two days following those in
Charleston, SC, maximizing recruitment activities between the two cities and minimizing travel
costs. As aresult, the same data collection team and collection procedures were used in both
Savannah, GA, and Charleston, SC. Two phlebotomists were hired through the health
department, and like the second and third Charleston, SC, sessions, an additional person was
added to the data collection team to escort study participants.

Because of the large, classroom style room, data collection sessions proceeded in an
orderly fashion, even though most participants arrived during the first 2 hours of each session in
groups of three to five. Although some were forced to wait in lines to check in, receive consent
forms and SAQs, give blood samples, and receive payment, almost 30 seats were available for
those filling out forms. Several family members who came along with screened respondents
were also accommodated. Also, only one respondent was screened on-site; the rest were
screened over the telephone.

Two participants refused to supply blood samples. Since both had already completed
SAQs, they were each paid $25.

Unlike the situation encountered in Charleston, SC, health department employees were
most cooperative and greatly facilitated the data collection in Savannah, GA. In particular, a
specific health department staffer was assigned as liaison each evening in case troubles arose. In
addition, maintenance staff were available to rearrange the room and supply needed furniture and
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materials. As in Charleston, SC, phlebotomists prepared and shipped blood samples, according
to the WCBS QAP;P protocol.

3.1.2.3 Field Experiences in Baltimore, Maryland. Data collection sessions were
held at Johns Hopkins University’s Bayview Campus on June 26, May 15, and May 16, 1997.
The data collection sessions began at 4:00 p.m. and lasted until 9:30 p.m. The campus, located
east of downtown near a large urban residential district, was accessed by respondents both by car
and by foot. Only a small conference room was available for check-in and completing SAQs;
blood samples were taken in another room down two long hallways. Because of limited space in
‘the conference room, and increasing numbers of expected participants, the lobby was used as a
waiting area during the last two data collection sessions.

Data collection procedures in Baltimore, MD, were essentially the same as those used in
the other cities. However, three changes were made to accommodate a larger number of
participants: (1) an additional editor and interviewer were added to the data collection team;
(2) participants were asked to wait in a reception area separate from where data collection was
being performed; and (3) a security guard was hired to ensure the safety of study staff.

There were some problems with data collection in Baltimore, MD. The most notable was
screening walk-in respondents for eligibility. During the first two data collection sessions in
Baltimore, MD, a small number of walk-in participants arrived and wanted to participate in the
study. These participants were screened on site, and, if eligible, allowed to participate in the
study on a first-come, first-serve policy. Those whose responses to the screening interview
indicated that they were ineligible for the study were not permitted to participate. Ineligible
participants left the data collection sessions without any problems. In addition, all eligible
participants were able to provide a sample of blood.

In the third Baltimore, MD, session, however, there were a large number of workers (up
to 40) who did not pre-screen for the study but who wanted to participate. A trained interviewer
administered the screener to these potential participants while they were waiting in the reception
area. However, it became apparent that some of the participants who were screened on-site were,
in fact, not eligible for the study and were providing inaccurate information on the screener in
order to receive the $50 incentive. Blood and questionnaire information from these respondents
were not used in this study. Although every effort was made to include eligible walk-in
participants, due to their large numbers, limited supplies, and the inaccuracy in screener
responses, the inclusion of on-site screening for participation in Baltimore, MD, was curtailed.

Several problems related to refrigerating and shipping the collected blood samples needed
to be overcome. In contrast with practices at Charleston, SC, and Savannah, GA, the hospital
recommended that the samples not be stored at their facility overnight. Throughout the sample
collection period, temperatures in Baltimore, MD, exceeded 100 degrees at the time and the
study protocol needed to be slightly amended to ensure that the blood-samples did not overheat.
As at previous sites, phlebotomists packed samples each evening. Packages were then taken to a
separate facility and stored in a secured refrigerator until picked up by the delivery service
(usually the next business day). Care was taken to ensure that the boxes remained refrigerated at
all times.
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3.2 QUALITY CONTROL FOR BLOOD-LEAD

The laboratory analysis was conducted by the same laboratory that conducted the
analyses for the WCBS: ESA Laboratories. With a few exceptions, the laboratory and field
quality control (QC) measures used in the WCBS study were employed in this study. These
measures are discussed in detail in the July 8, 1994, QAPjP for the WCBS. However, the
laboratory analysis protocol for this study differed from that used in the WCBS in the number
and frequency of analytic quality control samples.

The following provides a summary of the laboratory analysis protocol used for this study.

Following each field collection session, blood samples were sent to the laboratory for
analysis where the concentration of lead in each sample (duplicate analysis for each sample) was
determined using Graphite Furnace Atomic Absorption Spectroscopy (GFAAS) with Zeeman
background correction. The instrumental detection limit for this method was 1 ug/dL with a
linear operating range from 1- to 60-pg/dL. The linearity of the method was based on a
four-point calibration curve using standards at nominal concentrations of 5, 13, 30, and
50 pg/dL. A correlation coefficient of greater than 0.995 was maintained throughout the
analyses.

As in the WCBS, to ensure the quality and consistency of the laboratory analysis results,
both internal laboratory and field QC measurements were taken. The internal (laboratory)
quality control consisted of blanks (matrix modifiers), continuing calibration reference materials,
and calibration check standards. Field measurements consisted of analytic blind samples (CDC
performance samples) and field duplicates (a second blood sample from a respondent). A
duplicate blood sample was collected from approximately 15 percent of the respondents’. In
addition, at least two chemical analyses were performed on each blood sample. Table 2
summarizes the analytical results for the Quality Control and CDC performance samples that
were collected.

The results from the internal quality control and performance samples indicate that the
data quality objectives were met and that the blood-lead data were accurate and reliable. All QC
samples met the preciyion criteria for this study and only two QC samples fell outside the
accuracy criteria for the study and both occurred with the lower Blood-Lead Level Laboratory
Reference System 1.9 pg/dL samples (BLLRS 1.9).

The duplicate blood samples were collected immediately following the collection of the primary
sample.
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Table 2. Summary of Laboratory Quality Control and CDC Performance Samples

Reference Mean
Sample Accuracy Precision Type of Quality Control Lead Conc. Recovery
Identification Criteria Criteria Sample pgldl (%)
Blank < 1.0 pg/dL N/A Matrix Modifier 0.0 --
Continuing Calibration
BLLR 1.9 +25% 1.14-2.66 Reference Material 1.9 111.52
Samples
Continuing Calibration
BLLR 3.3 +25% 2.64-3.96 Reference Material 3.3 103.77
Samples
Continuing Calibration
BioRad2 +25% 26.8-35.3 Reference Material 30.4 97.63
Samples
Continuing Calibration
BioRad3 +25% 47.0-61.4 Reference Material 55.3 97.74
Samples
NIST SRM (Level 1) +10% 3.31-6.06 Calibration Check 5.01 96.47
Standard
CDC RS 1494 +20% N/A Blind Performance 4.5 99.76
CDC RS 696 +20% N/A Blind Performance 10.6 95.92
CDC RS 894 +20% N/A Blind Performance 20.8 101.63

Duplicate blood samples were collected from 41 respondents. Each of the duplicate
samples were analyzed in the same manner as the regular blood samples and reference samples
(at least two measurements of blood-lead level per sample collection tube). Blood samples were
collected from 243 respondents. Table 3 presents the estimated log standard deviation
attributable to the variability between workers, between duplicate blood draws, and between
duplicate chemical analysis on the same blood draw, as estimated by a variance components
model.

As in the WCBS, the estimated variability between participants appeared to be an order
of magnitude (10 times) greater than the estimated variability attributed to either chemical
analysis or sampling variability. In addition, the magnitudes of the estimated variance
components relative to those for laboratory analysis or sampling variability were similar for
workers and homeowners. However, the estimate of the variability in the blood-lead levels
between homeowners was higher than the corresponding estimate for workers. This might be
due to the fact that some homeowners tend to perform R&R activities on a more sporadic basis
than others and at differing levels of intensity. For example, some homeowners perform a large
amount of R&R but only for a short period of time, while others perform only a few hours of
R&R, but over a longer duration.
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Table 3. Variance Component Estimates for Blood-Lead Concentrations

e ————— o e
Oworker Oworker Oouality Controt
(Field Samples) {Duplicates) (Reference Samples)

Sourq_e____ of Variation =____Igg_(gg/dL) log_ﬂ_gldL) loglpg/dl) |
All Participants
Between Participants 0.7374 0.7560 0.7748
Between Duplicate Blood Draws N/A 0.0400
Between Duplicate Chemical Analyses 0.0448 0.0594 0.0463
Workers
Between Participants 0.6680 0.6108 N/A
Between Duplicate Blood Draws N/A 0.0368
Between Duplicate Chemical Analyses _ 0.0378 0.0688 N/A
Homeowners
Between Participants 0.8544 1.0050 N/A
Between Duplicate Blood Draws N/A 0.0487
Between Duplicate Chemical Analyses 0.0567 0.0320 N/A

3.3 TELEPHONE SCREENING RESULTS

As discussed in Section 2.2.1, the first objective of the screener questionnaires was to
determine the eligibility of a potential respondent. Eligibility was determined using a hierarchial
series of questions (see Appendix A). That is, potential respondents answered questions until
they reached a question indicating ineligibility. For professional R&R workers, six questions
were used to determine eligibility. For homeowners, eight questions were used to determine
eligibility.

Table 4 presents a breakdown of the ineligible workers for each question used to
determine eligibility. As shown in the table, the predominant reason for ineligibility among
workers was related to the amount of R&R that was conducted in the last 30 days. Nearly
84 percent of all ineligible workers were ineligible because they either did not perform at least
10 days of R&R work in the past 30 days (45.2%) or they did not perform at least 10 days
performing R&R in homes built before 1940 (38.7%). Moreover, this pattern was consistent
across the three cities.

Table 5 presents a breakdown of ineligible homeowners based on answers to questions
used to determine eligibility. As with the ineligible workers, most of the ineligible homeowners
were not eligible to participate in the study because they had not performed a significant amount
of R&R in their home. Approximately 32 percent of the ineligible homeowners were ineligible
because no R&R work was performed in their home during the last 12 months. Additionally,
42.4 percent of the ineligible homeowners did not meet the study criterion corresponding to the
number of hours spent performing R&R in the last 30 days (to be eligible, homeowners needed
to spend more than 20 hours in the last 30 days performing R&R).
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Table 4. Reasons for Worker Ineligibility

Screener
Question Baltimore, Charleston, Savannah,
Reason for Ineligibility Number MD sC GA Total

Did not perform R&R for a living® 1 1(3.2%) 1(4.4%) 2 (25.0%) 4 (6.5%)
Did not do hands-on R&R work 1a 1(3.2%) 0 (0.0%) 0 (0.0%) 1(1.6%)
Spent less than 10 days (in the o o
last 30) performing general R&R 2 13 (41.9%) 13 (56.5%) 2 (25.0%) |28 (45.2%)
Spent less than 10 days (in the
last 30) performing general R&R in 2a 14 (45.2%) 7 (30.4%) 3(37.5%) |24 (38.7%)
homes built before 1940
Spent less than 9 weeks in the last
12 months performing R&R in homes 3 2 (6.5%) 2 (8.7%) 1(12.5%) 5 (8.1%)
built before 1940
All ' N/A 31 (100%) 23 (100%) 8 (100%) 62 (100%)

(a) The homeowner screening questionnaire was also administered to these potential participants.

Table 5. Reasons for Homeowner Ineligibility
Screener
Question Baltimore, Charleston, Savannah,

Reason for Ineligibility Number MD SC GA Total
Performed R&R for a living 1 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%])
No R&R performed in home in the o o o o
last 12 months 2 9(16.7%) 32 (43.2%) | 9 (30.0%) |50 (31.7%)
Did not live in home while R&R was 2a 9 (16.7%) 7(9.5%) | 5(16.7%) |21 (13.3%)
being performed
Home was built post-1940 2b 0 (0.0%) 0 (0.0%) 2 (6.7%) 2 (1.3%)
Did not perform a large portion of the o o o
R&R work themselves 2c 2 (3.7.%) 5 (6.8%) 4 (13.3%) 11 (7.0%)
Spent less than 20 hours in the past o o
30 days performing general R&R 2d,2e 29 (53.7%) | 29 (39.2%) | 9 (30.0%) |67 (42.4%)
Performed some R&R in less than o o o o
9 weeks over the past 12 months 8 5 (9.3%) 11(1.4%) 11(3.3%) 7 (4.4%)
All N/A 54 (100%) 74 (100%) | 30(100%) |158 (100%)
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The second objective of the screening interview was to collect information that could be
used to examine if there was a non-response bias. A non-response bias can occur if respondents
completing the study (study participants) have characteristics that differ from those that did not
participate (non-participants). Non-participants consist of those respondents that were screened
as eligible but: (1) refused the main questionnaire, (2) completed the questionnaire but did not
provide a blood sample, or (3) did not show up for their data collection session. There were
243 participants (161 workers and 82 homeowners) and 31 non-participants (20 workers and
11 homeowners). Information on demographics, R&R work history, and the R&R target
activities was collected during the screener interview.

Table 6 summarizes the demographic information for participants and non-participants.
Although there appear to be some differences between homeowners and professional workers,
participating workers have, on average, a similar age, race, and gender distribution as do
non-participating workers. Similarly, participating homeowners have approximately the same
age, race, and gender distribution as non-participating homeowners.

Table 6. Summary of Demographic Information for Participants and Non-Participants

Workers Homeowners All "
Non- Non- Non-
Variable Description Participants | Participants | Participants | Participants | Participants | Participants
-Sample Size 161 20 82 11 243 31
Age 25th Percentile 32.5 29.5 31.0 33.0 32.0 30.0
Mean 37.2 37.2 40.0 | 43.0 38.2 39.2
75th Percentile 42.0 44.5 46.0 52.0 44.0 45.0
Race White 65.2% 75.0% 79.3% 81.8% 70.0% 77.4%
Black 33.5% 25.0% 19.5% 18.2% 28.8% 22.6%
Other 1.2% 0.0% 1.2% 0.0% 1.2% 0.0%
Sex Male 86.3% 85.0% 56.1% 63.6% 76.1% 77.4%
Female 13.7% 15.0% 43.9% 36.4% 23.9% 22.6%
City Baltimore, MD 57.1% 45.0% 41.5% 54.6% 51.9% 48.4%
Charleston,SC 25.5% 30.0% 26.8% 27.3% 25.9% 29.0%
Savannah, GA 17.4% 25.0% 31.7% 18.2% 22.2% 22.6%

Table 7 summarizes the responses for participants and non-participants in terms of their
general R&R work history. As shown in the table, with the exception of the number of weeks
performing R&R in the past 12 months, participating and non-participating workers have very
similar distributions of R&R work history. Thus, based on the results presented in Table 7, it
does not appear that non-participants were more likely to be exposed (because they perform more
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R&R work) than participants. Similarly, it does not appear that non-participating homeowners
were more likely to be exposed than participating homeowners.

Table 7.  Summary of General R&R Work History of Participants and Non-Participants
Workers Homeowners
Non- Non-
Variable Description Participants | Participants | Participants | Participants

Days spent performing R&R in | 25th Percentile 20.0 20.0 ]

the last 30 days
Mean 23.9 21.45 N/A N/A
75th Percentile 28.0 24.5

Days, in the last 36days, 25th Percentile 18.0 15.0 8.0 6.0

spent performing R&R in

homes built before 1940 Mean 21.4 204 14.2 1.5
75th Percentile 25.0 24.5 20.0 12.0

Hours spent performing R&R 25th Percentile 4.0 5.0

on a typical day where

performed R&R. Mean N/A N/A 5.6 6.5
75th Percentile 7.0 8.0

Weeks performed R&R in last 1-8 Weeks 5.0% 0.0% 8.5% 0.0%

12 months 9-26 Weeks 26.1% 10.0% 43.9% 18.2%
> 26 Weeks 68.9% 90.0% 47.6% 81.8%

Years spent performing R&R 25th Percentile 6.0 6.0
Mean 12.8 13.7 N/A N/A
75th Percentile 18.0 19.0

Days spent performing R&R in | 25th Percentile 20.0 15.0

residential buildings in

last 30 days Mean 20.9 18.9 N/A N/A
75th Percentile 25.0 24.5

Days spent performing R&R in | 25th Percentile 0 0

non-residential buildings in

last 30 days Mean 4.1 24 N/A N/A
75th Percentile 5 0

(a) For homeowners, this questions pertains to R&R in their own home.

In addition to collecting information on demographics and general R&R work history, the
screener interview obtained information on the target activities® that were performed in the past
30 days. Approximately the same percentage of participating and non-participating workers
performed hands-on cleanup, large structure removal, and paint removal/surface preparation.

More participants than non-participants removed carpets while a higher percentage of

8

The target activities include: large structure removal [LSR], carpet removal [CR], paint

removal/surface preparation [PR/PS], window/door casement removal [W/DCR], and cleanup

[CLNUP].
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non-participating workers remove windows or door casements. Figure 3 presents the percent of
participating and non-participating workers that performed each target activity in the last
30 days.

100
z=]
0090000
KRR %o
20 ) 1508
120%% 1%
KR Pa%0
1022 ]
105
80+ [0S
0% 620%!
Pe%0%? %020% R
Yo%e%) KX KSR
70- 1508 15K} [0
1945
So%ele? Ro%0%e? Pe%%!
) O0%% b
. s | B
60 1 $X %% BRI
i 108 15585
555 o202, 38
i 150505 o2
0%, KR
3584 KX
] 284 0%%0?
50 Pele%? KR
KR So%ele?
fo%0% S0%0%0?
] 5
40 34 RIS
R s
10%% 02020%
30 [ LK
1 10K
10X
%)
[
20 0%0%}
10K
ogegels
KRS
10 0990030
obodes
obotes
25e%
odede?

Particpant [ INo [XXX] Yes

* CLNUP = Cleanup; CR=Carpet Removal; LSR =Large Structure Removal; PR/PS = Paint
Removal/Prepare Surfaces; W/DCR =Window/Door Casement Replacement

Figure 3. Percent of Participating and Non-Participating Workers
Performing Target Activities*

Figure 4 presents the percent of participating and non-participating homeowners that
performed each target activity in the last 30 days. Nearly the same percentage of participating
and non-participating homeowners performed cleanup and paint removal/surface preparation
(two of the most common types of R&R performed by homeowners). A higher percentage of
non-participating homeowners removed carpets and window/door casements but not large
structures.

In summary, all three types of information collected during the screening interview were
similar between study participants and those that did not participate. That is, workers and
homeowners recruited and participating in this study did not appear to have different
characteristics than did non-participants.
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Percent Performing Activity
8

XXX Yes

* CLNUP = Cleanup; CR=Carpet Removal; LSR = Large Structure Removal; PR/PS =Paint
Removal/Prepare Surfaces; W/DCR =Window/Door Casement Replacement

Figure 4.  Percent of Participating and Non-Participating Homeowners
Performing Target Activities*

3.4 PARTICIPANT CHARACTERIZATION

The main questionnaires for this study collected information that can be used to
characterize study participants. Section 3.4.1 summarizes participant demographics while
Sections 3.4.2 and Section 3.4.3 summarize the R&R work history and R&R work practices of
study participants.

3.4.1 Demographics

Demographic information on the participants in this study is presented in Table 8.
Noteworthy points include:

*  There were more workers from Baltimore, MD (92), than from Charleston, SC (41),
and Savannah, GA (28), combined. However, there were more homeowners from the
southern cities (48) than from Baltimore, MD (34). Further, there were twice as man
worker participants as there are homeowner participants.

* The sample of workers included approximately the same number of Carpenters (47) ,
Laborers (44), and Painters (44), and fewer “Other” workers (26).
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Table 8. Summary of Demographic Data

Worker Group
Al Al All
Variable Description Carpenter | Laborer Painter Other Workers | Homeowners | Participants
Total 47 44 44 26 161 82 243
Sample | Baltimore, MD 28 30 20 14 92 34 126
Size Charleston, SC 11 10 12 8 41 22 63
Savannah, GA 8 4 12 4 28 26 54
25th Percentile 33.0 33.0 27.0 33.0 32.5 31.0 32.0
Age Mean 38.4 36.1 36.4 38.0 37.2 40.0 38.2
75th Percentile 43.0 41.0 42.0 45.0 42.0 46.0 44.0
Male 89.4% | 90.9% | 70.4% | 100.0% | 86.3% 56.1% 76.1%
Gender
Female 10.6% | 9.1% | 29.6% | 0.00% | 13.7% 43.9% 23.9%
White 78.7% | 56.8% | 59.1% | 65.4% | 65.2% 79.3% 70.0%
Race Black 17.0% | 43.2% | 40.9% | 34.6% | 33.5% 19.5% 28.8%
Other 4.3% 0.0% 0.0% 0.0% 1.2% 1.2% 1.2%
Not A High
School 12.8% | 25.0% | 34.1% | 23.1% | 23.6% 4.9% 17.3%
Graduate
Education g'ri:ict';“' 38.3% | 50.0% | 25.0% | 11.5% | 33.5% 4.9% 23.9%
2"0°,,’§°T"a“ High | 4899% | 25.0% | 40.9% | 65.4% | 42.9% 90.3% 58.8%
Number of | None 82.6% | 65.1% | 81.4% | 80.8% | 77.2% 87.8% 80.8%
Uci)}:ilﬁrg?x One 10.9% | 18.6% | 11.6% | 11.5% | 13.3% 4.9% 10.4%
inHome | 1.y5 or More 6.5% 16.3% | 7.0% 7.7% 9.5% 7.3% 8.8%
Union Yes 2.1% 4.7% 0.0% 7.7% 3.1%
Member | o 97.9% | 95.3% | 100.0% | 92.3% | 96.9% NA NA
Pre -1940 53.2% | 56.8% | 45.4% | 69.2% | 54.7% 97.6% 69.1%
’:ﬁ;‘f 1940-1978 31.9% | 29.6% | 27.3% | 19.2% | 27.9% 1.2% 18.9%
Post-1978 14.9% | 13.6% | 27.3% | 11.5% | 17.4% 1.2% 11.9%
Renovation
inown | Yes 68.1% | 61.4% | 52.3% | 80.8% | 64.0% 100.0% 74.9%
Home
During
,k:st 112 No 31.9% 38.6% | 47.7% 19.2% 36.0% 0.0% 25.1%
onths
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* The overall age of workers (37.2 years) was very similar to the overall age of
participating homeowners (40 years). The average age within each worker group was
also similar.

* More males (76.1%) than females (23.9%) participated in the study. The ratio of
male to female participants (6.3 to 1) was greater for workers than for homeowners
(1.3 to 1). Among the worker groups, the ratio of males to females was smaller for
painters (2.4 to 1) than for any other worker group.

* An overwhelming majority (90.3%) of homeowners had more than a high school
education. However, only about 43 percent of workers had more than a high school
education. A higher percentage of workers in the “Other” worker group than in any
other worker group had more than a high school education.

*  The majority (80.8%) of participants did not have children under the age of six years
residing in their home. However, Laborers had a greater percentage of children under
the age of six living in their home (34.9%) than did any other worker group or
homeowners.

* Only a small fraction (3.1%) of workers belonged to a union.
*  Over half (54.7%) of the participating workers lived in homes built before 1940.
3.4.2 R&R Work History

3.4.2.1 R&R Work History for Professional R&R Workers. Information on the R&R
work history of professional R&R workers was collected using a series of six questions for each
target activity (see Appendix A). Table 9 summarizes the responses among all workers to
questions related to R&R work history specific to each target activity. Table B-2 in Appendix B
presents a similar summary for each worker group.

- The sampled workers spent an average of 24 days performing R&R in the last 30 days.
On average, 21 days were spent performing R&R in historic homes or homes built before 1940.
Carpenters, Laborers, Painters, and Other workers spent about the same number of days
performing work in homes built before 1940.

Of the target activities, “hands-on” cleanup was the activity performed the most (average
of 19 days in all homes and average of 15 days in pre-1940 homes). Following cleanup, workers
as a whole spent days performing (from most to least) paint removal/prepare surfaces, large
structure removal, window/door casement removal, and carpet removal. This pattern was
consistent for Carpenters, Laborers, and Other workers. As expected, Painters spent more days
performing paint removal than any other target activity except for cleanup.
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Table 9. Summary of Worker Responses for Questions Pertaining to R&R Target Activities

Target Activities
Variable General Large Paint Window Carpet
Description Statistic R&R Structure | Removal | Replacement | Removal | Cleanup
. 25th Percentile 20 5 10 — (0] 0 10

Days performing
the activity in the [Mean 23.93 12.81 15.91 7.40 3.62 18.70
|
ast 30 days 75th Percentile 28 20 24 11 4 25
Days performing |25th Percentile 18 2 5 0 0o 10
the activity in
Pre-1940 Mean 21.37 10.80 13.65 6.24 2.87 15.28
housing in the -
last 30 days 75th Percentile 25 20 20 10 3 23
Days using a 25th Percentile (@ 0 0 0 0 0o
respirator while ;041 @ 5.05 6.66 3.17 1.54 6.17
performing
activity 75th Percentile @ 10 10 2 0 10
Number of <1 Week 0.0% 13.7% 6.8% 25.5% 58.4% 3.2%
weeks spent
performing 1-8 Weeks 5.0% 30.4% 26.7% 42.2% 27.3% 30.4%
activity in last
year >8 Weeks 95.0% 55.9% 66.5% 32.3% 14.3% 66.5%
Number of years |[25th Percentile 6 3 3 2 1 4
spent performing  f,o 12.81 8.79 9.11 7.77 525 | 10.13
activity over
career 75th Percentile 18 14 14 12 8 15
Number of <1 Week (@) 16.9% 14.4% 32.9% 53.7% 14.7%
weeks spent
performing 1-8 Weeks (a) 36.4% 26.8% 33.6% 27.6% 23.7%
activity in -
average year >8 Weeks (a) 46.8% 58.8% 33.6% 18.7% 61.5%

(a) This question was not asked for general R&R activity.

The number of weeks and the number of years spent conducting each target activity
appears to be strongly associated with the number of days spent performing the activity in the
last 30 days. For example, paint removal/preparing surfaces was the second highest activity in
terms of days performed, weeks performed, and years performed.

The number of weeks spent performing a particular activity in the past 12 months was
roughly the same as the number of weeks spent performing the activity in a “typical” year.
However, care should be taken when interpreting such results because of the difficulties inherent
with memory recall; workers may be biased toward responding as if the current year was a
“typical” year (i.e., work activities in the current year are more easily recalled than are work
activities in previous years).
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3.4.2.2 R&R Work History for Homeowners. Information on the R&R work history
of homeowners was collected using a series of eight questions for each target activity (see
Appendix A). Table 10 summarizes the responses to each of these questions by R&R target
activity.

Over their entire lives, homeowners have performed a wide mix of activities; more than
one-half of the homeowners indicated that they had performed each target activity at least once.
In addition, most of this work was conducted within the past five years. However, in the past
30 days, nearly all of the homeowners performed cleanup and paint removal but less than
one-half performed large structure removal, window/door casement removal, or carpet removal.

Homeowners worked an average of 14 days in the last 30 days. Further, they spent an
average of about 80 hours performing R&R in their home during the last 30 days. In terms of the
number of days spent performing an activity, homeowners spent the most number of days
performing cleanup followed by paint removal, large structure removal, window/door casement
replacement, and carpet removal. However, in terms of overall hours spent in the last 30 days,
homeowners spent more time performing paint removal/preparing surfaces than any other target
activity. Following paint removal/surface preparation, homeowners spent the majority of their
hours on: (from most to least) cleanup, large structure removal, window/door casement
replacement, and carpet removal.

Over the last 12 months, homeowners performed some R&R for an average of
6 hours per day, 3.5 days per week, and in 28 of the 52 weeks. In terms of weeks in which some
R&R was performed, homeowners performed cleanup the most followed by paint removal, large
structure removal, window/door casement replacement, and carpet removal. A similar pattern
was observed when examining the number of days worked over the last 12 months.

In addition to performing the target activities themselves, homeowners also indicated that
professional R&R workers have performed the target activities in their home. Forty-five percent
of homeowners had professional R&R workers perform large structure removal, paint removal,
and cleanup in their home. A smaller percent of homeowners had professional contractors
replace windows (40%) or remove carpets (15%). Most of the work performed by professional
R&R workers in homes owned by participant homeowners was performed within the last
12 months.

3.4.3 R&R Work Practices

Summary statistics on work practices are presented for each worker group, all workers,
and all homeowners in Table 11. Information on work practices included: tobacco use, respirator
use, hobbies with potential lead exposure, training and educational materials, hours of cleanup,
and type of paint removal. The following main points of interest summarize the statistics
presented in Table 11 for each of the items related to work practices:
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Table 10. Summary of Homeowner Responses for Questions Pertaining to R&R Target

Activities
= =
Target Activities
General Large Paint Window Carpet
Variable Description Statistic R&R Structure | Removal | Replacement | Removal Cleanup |
. Yes () 85.4% 97.6% 68.3% 56.1% 100.0%
Ever performed activity
No () 14.6% 2.4% 31.7% 43.9% 0.0%
Performed activity in Yes (c} 46.3% 92.7% 39.0% 14.6% 97.6%
last 30 days No © 53.7% 7.3% 61.0% 85.4% 2.4%
Days spent perfor:ning 25th Percentile 8 0 3 0 0 4
activity in own home Mean 14.17 2.61 6.84 1.02 0.39 9.41
during the last 30 days 75th Percentile 20 3 10 1 0 15
Average number of 25th Percentile 4 0 3 0 0 1
hours per day spent Mean 5.60 2.35 4.89 1.78 0.54 2.50
performing activity
during the last 30 days 75th Percentile 7 4 6 3 0 3
Average number of 25th Percentile 42 0 12 0 0 8
hours spent performing Mean 78.38 | 13.65 36.50 5.70 2.09 25.51
activity during the last
30 days® 75th Percentile 100 12 50 4 0 26
Number of weeks 25th Percentile 15 1 3 0 0 3
spent performing Mean 27.64 4.70 11.38 2.37 0.88 13.78
activity in own home
during the last year 75th Percentile 40 20 2 1 22
Number of days spent 25th Percentile 2 1 2 0 0 2
performing activity in Mean 3.47 2.06 2.93 1.39 0.68 2.83
typical week during the
last year 75th Percentile 5 3 4 2 1 4
Number of days spent 25th Percentile 40 1 8 0 0 6
performing activity Mean 101.52 15.68 36.33 5.76 2.81 48.56
during the last year® 75th Percentile 150 12 60 4 1 60
Number of hours spent 25th Percentile 4 1 4 0 0 1
pet’f°.’$'|“gaa°;3’r';‘g’ on Mean 5.91 4.13 5.04 2.61 1.46 2.91
a typi \
the last vear g 75th Percentile 8 6 6 4 2 4
Never 1) 14.6% 2.4% 31.7% 43.9% 0.0%
Within 30 Days © 46.3% 92.7% 39.0% 15.9% 97.6%
Last time performed Between 30 Days o 32.9% 4.9% 22.0% 25.6% | 2.4%
activi and 1 Year
ctivity
Between 1 and 5 © 4.9% 0.0% 6.1% 12.2% 0.0%
Years
More Than 5 Years o} 1.2% 0.0% 1.2% 2.4% 0.0%
Contractor ever Yes el 44.4% 45.1% 39.5% 14.8% | 45.7%
performed activity No (e} 55.6% 53.7% 60.5% 85.2% 54.3%
Never o} 55.6% 53.7% 60.5% 85.2% 54.3%
Within 30 Days fo} 7.4% 11.0% 6.2% 2.5% 14.8%
Last time contractor Betwe:q ?{0 Days © 22.2% 20.7% 19.8% 2.5% 21.0%
performed activity an ear
Between 1 and 6 o 12.3% 8.5% 9.9% 3.7% 7.4%
Years
More Than 5 Years e 2.5% 4.9% 3.7% 6.2% 2.5%

(a) Calculated as the product of the number of days and the number of hours per day.
(b) Calculated as the product of the number of weeks and the number of days per week.
(c) This question was not asked for general R&R activity.
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Table 11. Summary of Responses for Questions Pertaining to Work Practices

When Sanding

[ —————ee—————

Variable Al
Description Variable Category Carpenter Laborer Painter Other All Workers | Homeowners
Sample Size 47 44 44 26 161 82
Use Tobacco Yes 57.4% 65.9% | 72.7% | 57.7% 64.0% 30.5%

Products No 42.6% 34.1% | 27.3% | 42.3% 36.0% 69.5%

None 39.1% 32.6% | 37.2% | 41.7% 37.2% 56.8%
Dust Mask 39.1% 58.1% | 39.5% | 41.7% 44.9% 29.6%
Half Mask 15.2% 11.6% 7.0% 12.5% 11.5% 13.6%
Res‘:‘:am’ Full Face Mask 10.9% 2.3% | 20.9% | 4.2% 10.3% 2.5%
Dust Mask H H
Type C Supplied Air | - 59, 00% | 23% | 0.0% 0.6% 0.0%
Mask
PAPR 2.2% 2.3% 0.0% 0.0% 1.3% 1.2%
SCBA 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
R No 29.8% 25.0% | 20.5% | 42.3% 28.0% 67.1%

Exposure Yes 70.2% 75.0% 79.5% 57.7% 72.0% 32.9%

I Yes 29.8% 9.3% 31.8% | 26.9% 24.4%
o (a)

Training™ No 70.2% 90.7% | 68.2% | 73.1% 75.6% N/A

Received Yes 38.3% 25.0% | 34.1% | 34.6% 32.9% 37.8%
Educational

Material No 61.7% 75.0% | 65.9% | 65.4% 67.1% 62.2%

None 0.0% 0.0% 4.5% 3.8% 1.9% 2.5%
<% Hrs/Day 8.5% 2.3% 9.1% 11.5% 7.5% 0.0%
Hours of Cleanup ¥%-1 Hrs/Day 31.9% 13.6% 20.5% 7.7% 19.9% 28.8%
1-4 Hrs/Day 46.8% 50.0% | 52.3% | 53.8% 50.3% 55.0%
>4 Hrs/Day 12.8% | 34.1% | 13.6% | 23.1% 20.5% 13.8%
Dry Power-Sanding 53.2% 65.9% 63.6% 57.7% 60.2% 57.3%
Dry Hand-Sanding 76.6% 68.2% 88.6% 73.1% 77.0% 76.8%
Dry Scraping 78.7% 68.2% | 79.5% | 73.1% 75.2% 82.9%
Burning, Torching, | 34 99y | 20.5% | 29.5% | 38.5% | 31.7% 30.5%
Paint Heat Gun
(b)
Removal Wet Scraping 21.3% 38.6% | 29.5% | 30.8% 29.8% 9.8%
Wet-Sanding 19.1% 34.1% | 22.7% | 19.2% 24.2% 6.1%
Chemical Stripping 38.3% 47.7% 43.2% 30.8% 41.0% 36.6%
Used Dust Collector | 5 5o, | 4320 | 47.7% | 30.8% | 37.3% 17.1%

(a) This question was not asked to homeowners.
(b) Percentages given represent the percentage of workers or homeowners that indicated they performed the activity.
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Overall, two-thirds of workers used tobacco products. Among the worker groups,
more painters (72.7%) used tobacco products than any other worker group. However,
only 30.5 percent of the homeowners used tobacco products.

The OSHA Lead in Construction Standard requires workers to wear an approved
respirator if exposed to an airborne concentration of lead of greater than

30 micrograms per cubic meter of air (30 pg/m®) calculated as an 8-hour
time-weighted average (TWA) as a result of performing R&R activities. However,
only 23.7 percent of workers reported using a respirator in the last 30 days. Similarly,
only 16 percent of homeowners used a respirator in the last 30 days. Homeowners
and workers in every work group used a dust mask more frequently than any type of
respirator (44.9 percent of workers and 29.6 percent of homeowners reported using
dust masks).

Several questions were asked of both workers and homeowners that pertain to their
participation in hobbies which have historically been associated with increased lead
exposure. These hobbies include: casting lead bullets or fishing sinkers, crimping
fishing sinkers onto the line with teeth, dismantling batteries, and working with
stained glass. Most workers (72%) did have at least one hobby where they could be
exposed to lead. Conversely, only (33%) homeowners had at least one hobby where
they could be exposed to lead.

The OSHA Lead in Construction Standard requires training of employees prior to
initial assignment to areas where there is a possibility of exposure over the
permissible exposure limit (PEL) of 50 pg/m’® averaged over an 8-hour workday.
However, more than two-thirds of the workers in each work group reported that they
had not received training for reducing lead exposure in the workplace. Over all four
worker groups, Laborers had the smallest percentage (9.3%) receiving training.
Similar patterns were observed with respect to workers receiving educational
materials (67 percent did not receive materials). Only 38 percent of homeowners
reported receiving any educational materials on reducing lead exposures.

All but a very small percentage of workers (2%) and homeowners (2.5%) performed
hands-on cleanup. About one-half of workers and homeowners spent 1-4 hours a day
performing cleanup. As expected, among the four worker groups, Laborers
performed the highest proportion of cleanup; approximately 84 percent performed this
activity for more than 1 hour a day.

Most of the participants (either workers or homeowners) performed dry sanding or
scraping for paint removal and the percentage of homeowners performing these
activities was approximately the same as the corresponding percentages of workers.
Also, the percentage of workers using dry scraping or dry sanding for paint removal
was similar for all four worker groups. Further, a similar percentage of workers and
homeowners used burning, torching, or a heat gun to remove paint (~30%). However,
workers and homeowners differed in the use of other methods for paint removal. In
particular, three times more workers than homeowners used wet scraping, four times
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more workers that homeowners used wet sanding, and two times as many workers as
homeowners used dust collectors when sanding.

3.5 OVERVIEW OF BLOOD-LEAD CONCENTRATIONS

This section presents the results of an initial examination of the blood-lead measurements
collected in this study. This analysis served two purposes. First, it provided detailed descriptive
statistics using the blood-lead concentrations of the study participants. These descriptive
statistics, presented in Section 3.5.1, were used as a guide when developing the statistical models
discussed in the next section.

The second purpose of this analysis was to place the blood-lead concentrations of the
study participants into perspective. The blood-lead concentrations of the study participants were
compared to workers participating in Phase II of the R&R study (WCBS). Also of interest was a
comparison of the blood-lead concentrations of study participants to those of the general, adult
U.S. population. Detailed comparisons to participants in the WCBS are presented in
Section 3.5.2; comparisons to the general U.S. population (as described by NHANES 111,

Phase 2) are presented in Section 3.5.3. In both sections, the results indicate that workers and
homeowners performing R&R activities in historic or older homes are more exposed to lead than
either the general U.S. population or general R&R workers (i.e., workers not necessarily working
in historic or older homes).

3.5.1 Descriptive Statistics for the Blood-Lead Concentrations of Study Participants

Blood samples were obtained from 161 workers and 82 homeowners. The lead
concentration of each sample was measured in at least two separate laboratory analyses. The
results of multiple chemical analyses and duplicate blood samples were averaged for each
participant to provide a single blood-lead concentration for each participant.

As in the WCBS and in other recent studies, the distributions of blood-lead
concentrations for participants in this study were skewed. Figures 5 and 6 present histograms of
the blood-lead concentrations for workers and homeowners, respectively. Because of the
skewness of these distributions, a natural log transformation was employed. Normal and
log-normal probability plots are displayed in Figures D-1 through D-4 in Appendix D.

Table 12 presents the geometric mean, standard error, and a 95 percent confidence
interval of the mean blood-lead concentrations for each city and study group. Table 13 presents
selected percentiles and the number of participants with blood-lead concentrations above 10, 15,
and 20 pg/dL. Overall, the geometric mean blood-lead concentrations for workers and
homeowners were well below 10 pg/dL (5.73 pg/dL for workers and 4.45 pg/dL for
homeowners). However, 20.2 percent (49 of 243) of the study participants had a blood-lead
concentration greater than 10 pg/dL and 2.9 percent (7 participants) had blood-lead
concentrations greater than 25 pg/dL. In addition, three participants (all workers) had blood-lead
concentrations above 40 pg/dL.
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Figure 5. Histogram of Worker Blood-Lead Concentration (Semi-Logarithmic Scale)
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Table 12. 95 Percent Confidence Intervals for Geometric Mean of Blood-Lead
Concentrations by City and Study Group

Geometric Mean log Std. Error 95% Confidence
Study Group City N (pg/dL} log (ug/dL) Interval (pg/dL)
Baltimore,MD 92 5.54 0.061 (4.91, 6.25)
Charleston,SC 41 6.30 0.118 (5.00, 7.94)
Workers
Savannah,GA 28 5.57 0.156 (4.10, 7.56)
All Cities 161 5.73 0.053 (6.16, 6.36)
Baltimore,MD 34 3.84 0.148 (2.87, 5.14)
Charleston,SC 22 5.28 0.170 (3.79, 7.38)
Homeowners
Savannah,GA 26 4.66 0.174 (3.31, 6.56)
All Cities 82 4.45 0.094 {3.70, 5.36)
Baltimore,MD 126 5.02 0.062 (4.45, 5.66)
All Charleston,SC 63 5.93 0.097 (4.90, 7.16)
Participants | . annah,GA | 54 5.11 0.116 (4.07, 6.42)
All Cities 243 5.26 0.048 (4.79, 5.78)

Table 13. Selected Percentiles and Occurrence of Elevated Blood-Lead Levels by City and
Study Group

Number > | Number > | Number >
o 25th 75th 10 pg/dL 15 pg/dL 25 pgldL
Study Group City N Percentile | Median | Percentile | (Percent) (Percent) (Percent)
Baltimore 92 B 3.77 5.32 7.94 13 (14.1%) | 5 (5.4%) 1(1.1%)
Work Charleston 41 3.75 5.20 12.20 12 (29.3%) | 7 (17.1%) 11(2.4%)
orkers
Savannah 28 3.07 5.75 9.70 7 (25.0%) | 3 (10.7%) 1(3.6%)
Ali Cities 161 3.65 5.25 8.80 32 {19.9%) | 15 (9.3%) 3 (1.9%)
Baltimore 34 2.30 3.40 4.90 6 (17.7%) 3 (8.8%) 1(2.9%)
Charleston 22 2.95 4.25 9.30 5(22.7%) 3 (13.6%) 1(4.6%)
Homeowners
Savannah 26 2.17 3.77 9.20 6 (23.1%) 2(7.7%) 2 (7.7%)
All Cities 82 2.75 3.68 6.85 17 (20.7%) | 8 (9.8%) 4 (4.9%) [
Baltimore 126 3.30 4.60 7.52 19 (15.1%) | 8 (6.4%) 2 (1.6%)
All Charleston 63 3.25 5.05 11.2 17 (27.0%) 1 10 (15.9%) | 2 (3.2%)
Participants |Savannah 54 2.45 4,32 9.30 |13(24.1%)| 5 (9.3%) 3 (5.6%)
All Cities 243 3.20 4.60 8.80 49 (20.2%) | 23 (9.5%) 7 (2.9%)

* Baltimore, Maryland; Charleston, South Carolina; Savannah, Georgia
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Of the seven participants with blood-lead levels greater than 25 pg/dL, three were
workers and four were homeowners. Among the three workers: all were approximately the
same age (34, 38, and 42 years); two of the three were white; two completed high school, and the
third graduated from college or technical school. One of the workers smoked and crimped
fishing sinkers onto the line with their teeth. Among the four homeowners: all were white;
highly educated (graduated college or technical school); but ranged in age from 35 years to
63 years old. None of the four homeowners smoked, only one had a hobby with potential
exposure (working with stained glass). Table 14 presents some of the R&R work characteristics
of the three workers and four homeowners with blood-lead concentrations above 25 pg/dL. As
shown in the table, all of these study participants performed a substantial amount of paint
removal.

The geometric mean blood-lead concentrations for workers were not significantly
different across the three cities (p-value = 0.584). Similarly, the geometric mean blood-lead
concentrations for homeowners were not significantly different across the cities
(p-value = 0.378). However, the geometric mean blood-lead concentrations for workers were
significantly (p-value = 0.012) greater than those for homeowners (on average 1.3 png/dL greater;
95 percent confidence interval [1.06, 1.48]), Figures D-5 and D-6 in Appendix D display
side-by-side box plots of blood-lead concentrations for each city and study group. Despite
differences in the geometric mean, a similar percentage of workers and homeowners had
blood-lead concentrations above 10 pg/dL, 15 pg/dL, and 25 pg/dL.

Each worker was assigned to one of four worker groups based upon their job title and job
activities (see Section 2.4.1). Table 15 presents descriptive statistics for each worker group and
Figures D-7 through D-11 in Appendix D display side-by-side box plots of blood-lead
concentrations for each worker group. The blood-lead concentrations among the worker groups
were on the borderline of being significantly different (p-value = 0.067).

3.5.2 Comparison to the WCBS

The design and results of the WCBS are described in detail in the published EPA Report,
“Lead Exposure Associated with Renovation and Remodeling Activities: Worker
Characterization and Blood-Lead Study,” May 1997, EPA 747-R-96-006. Briefly, the WCBS
was a targeted survey of union carpenters and employees of independent contractors in two
cities: Philadelphia, Pennsylvania, and St. Louis, Missouri. Blood and questionnaire
information were collected from 585 participants (581 had complete blood and questionnaire
information).

3.5.2.1 Demographic Characteristics. The current study and the WCBS collected
information that was used to characterize study participants. Demographic characteristics were
similar for participants in this study and those participating in the WCBS. For example, workers
in the WCBS were on average 38 years old, predominantly white (83.8%), and high school
graduates (93.5%). In comparison, the average age of workers in this study was 37, 70 percent
were white, and 82.7 percent were high school graduates. However, there was a higher
percentage of female workers (13.7%) in this study than in the WCBS (2.1%). Responses to
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Table 15. Descriptive Statistics of Blood-Lead Concentrations by Worker Group

: 95%

Geometric Log Std. Confidence

25th 75th Mean Ervor Interval

Worker Group N Percentile | Median | Percentile {wg/dL) log (pg/dL) (wg/di)
Carpenter 47 3.75 6.85 10.60 6.47 0.098 (5.34, 7.84)
Laborer 44 3.30 4.15 7.12 4.64 0.094 (3.86, 5.59)
Painter 44 3.81 6.12 9.32 6.40 0.117 (5.09, 8.05)
Other 26 3.75 5.17 7.60 5.42 0.102 (4.44, 6.62)

questions on other characteristics, such as the age of home and whether there was renovation in
their own home, were similar between the two studies.

3.5.2.2 Work History. In the WCBS, as in this study, a series of three questions were
used to collect information on short-, mid-, and long-term work history for each target activity.
Figure 7 summarizes the work history for workers in the current study compared to those in the
WCBS. Overall, workers in the WCBS performed less R&R in older housing than did workers
in the current study.

Figure 7 presents comparisons between the short-term work activities of workers in the
WCBS and those in the current study. Workers in the current study performed, on average
during the last 30 days, 10 more days of general R&R in older housing than workers in the
WCBS. The greatest differences between workers in the WCBS and workers in the current study
were for the average number of days spent performing paint removal/surface preparation and
cleanup. The lower half of Figure 7 presents the average number of days that workers in the two
studies spent performing the target activities in older homes (pre-1950 for the WCBS, and
pre-1940 for the current study). The pattern of the average number of days worked in older
homes was similar to the average number of days spent performing R&R in any home.

Figure 8 displays the percentage of workers in the two studies that spent more than
8 weeks in the last 12 months performing a target activity. Again, a larger percentage of workers
in the current study spent more than 8 weeks performing the target activities than did workers in
the WCBS.

Workers in both studies performed the target activities for approximately the same
number of years.
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3.5.2.3 Blood-Lead Concentrations

Table 16 presents the geometric means and 95 percent confidence intervals for all
581 workers that participated in the WCBS and the 243 participants in the current study. The
geometric mean for homeowners in the current study was not significantly different from the
geometric mean for workers in the WCBS. While significantly different, the geometric mean
blood-lead concentration for workers in the current study was only 1.3 pug/dL (95 percent
confidence interval of 1.1 pg/dL to 1.4 pg/dL) higher than the geometric mean blood-lead
concentration for workers in the WCBS.

Carpenters were the only worker group where there was a significant difference between
the geometric mean blood-lead concentrations for workers in the current study and those in the
WCBS. The geometric mean blood-lead for carpenters in the current study was 1.3 pg/dL
(95 percent confidence interval from 1.0 pg/dL to 1.6 pg/dL) higher than the geometric mean
blood-lead concentration of non-union carpenters in the WCBS.

Table 16. Geometric Means and 95 Percent Confidence Intervals for Blood-Lead
Concentrations of Participants from the WCBS and the Current Study

Current Study WCBS
95% 95%
Geometric Confidence Geometric Confidence
Description N Mear_v__ (pg/dL) Interval o N Mean (upg/dL) Interval
Carpenter® 47 6.5 (5.3,7.8) | 104 5.0 (4.5, 5.7)
Laborer 44 4.6 (3.9, 5.6) 54 4.9 (4.1, 5.7)
Painter 44 6.4 (5.1, 8.1) 34 7.2 (5.8, 8.8)
Other 26 5.4 (4.4, 6.6) 14 5.3 (3.9, 7.3)
Union Carpenter® N/A N/A N/A 159 4.4 (4.0, 4.8)
Drywall Worker® N/A N/A N/A 64 5.8 (5.0, 6.8)
Floor Layer®™ N/A N/A N/A 81 2.6 (2.3, 3.0)
Supervisor® N/A N/A N/A 57 3.8 (3.2, 4.4)
Window installer® N/A N/A N/A 14 5.4 (3.9, 7.4)
All Workers 161 5.7 (5.2, 6.4) 581® | 4.5 . (4.2, 4.7)
All Homeowners 82 4.5 37,64 | na [ nA | N

(a) This represents the geometric mean for non-union carpenters participating in the WCBS.

(b) Additional worker groups (union carpenter, drywall worker, floor layer, supervisor, and window installer) were used in
the WCBS.

Although differences in the geometric mean blood-lead concentrations were not
significantly different or slightly higher, a larger percentage of participants in the current study
had elevated blood-lead levels than did workers in the WCBS. Table 17 presents the percent of
participants with blood-lead levels above 10 pg/dL, 15 pg/dL, and 25 pg/dL in this study and
those in the WCBS. The distributions corresponding to the percent of workers and homeowners
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with elevated blood-lead levels were significantly different from those observed in the WCBS
(likelihood ratio p-values < 0.02). Moreover, as shown in Table 17, with the exception of
workers having blood-lead levels above 25 pg/dL, the percentage of homeowners and workers in
the current study with blood-lead levels greater than or equal to 10 pg/dL, 15 pg/dL, and

25 pg/dL was twice as large as the corresponding percentages for workers in the WCBS.

Table 17. Occurrence of Elevated Blood-Lead Levels for Participants in the Current Study
{(Phase 1IV) and Workers in the WCBS (Phase II)

Study
Blood-Lead Levels
Current Study (Phase 1V)
WCBS (Phase I}
Homeowners Workers If

Number and Percentage with 17 32 52
Blood-Lead Levels >10 ug/dL (20.7%) (19.9%) (9.0%)
Number and Percentage with 8 15 22
Blood-Lead Levels > 15 ug/dL (9.8%) (9.3%) (3.8%)
Number and Percentage with 4 3 7
Blood-Lead Levels >25 ug/dL (4.9%) (1.9%) (1.2%)
Total Sample Size 82 161 581

3.5.3 Comparison to NHANES Ill, PHASE 2

The design and results of the National Health and Nutrition Examination Surveys
(NHANES) are described in detail in two reports from the Centers for Disease Control and
Prevention (CDC):

Centers for Disease Control (1992), “Sample Design: Third National Health and
Nutrition Examination Survey. Series 2: Data Evaluation and Methods Research,”
National Center for Health Statistics, Centers for Disease Control and Prevention,

U.S. Department of Health and Human Services, DHHS Publication No. (PHS) 92-1887.

Centers for Disease Control (1994), “Plan and Operation of the Third National Health and
Nutrition Examination Survey, 1988-94," National Center for Health Statistics, Centers
for Disease Control and Prevention, U.S. Department of Health and Human Services,
DHHS Publication No. (PHS) 94-1308, 1994.

Briefly, NHANES is conducted by the CDC’s National Center for Health Statistics (NCHS), and
traces the health and nutritional status of the non-institutionalized, civilian, U.S. population.
Information is collected from both adults and youths using questionnaires and a standardized
physical examination (including a venipuncture blood sample). A complex survey design is
employed so that the resulting sample is nationally representative. The information presented in
this report was based upon the public use data set collected from adults (18 years of age or older)
as part of NHANES III, Phase 2.
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3.5.3.1 Blood-Lead Concentrations. Table 18 presents geometric means and
95 percent confidence intervals for blood-lead concentrations of study participants and those of
the adult U.S. population (as described by NHANES III, Phase 2). As shown in the table, the
geometric mean blood-lead level for homeowners was significantly higher than the geometric
mean blood-lead level for the adult U.S. population (1.86 times higher with a 95 percent
confidence interval of 1.54 to 2.26). Similarly, the geometric mean blood-lead level for workers
was 2.4 times higher (95 percent confidence interval of 2.14 to 2.70) than the geometric mean
blood-lead level for the adult U.S. population. Similar differences exist irrespective of race and
gender.

Table 18. Geometric Means and 95 Percent Confidence Intervals for Blood-Lead
Concentrations of Participants in the Current Study and Adults in NHANES III,

Phase 2
Study "
Demographic
Characteristic Level Current Study (R&R Phase IV)
NHANES I,
Homeow_r_r_e;_rs _Workers Phase 2
Race White 4.89 5.76 2.34
(3.91, 6.12) (5.04, 6.59) (2.22, 2.47)
Non-White 3.1 5.66 2.62
(2.53, 3.82) (4.79, 6.70) (2.44, 2.81)
Sex Males 5.86 6.09 3.07
(4.52, 7.58) (5.47, 6.77) (2.90, 3.26)
Females 3.14 3.90 1.89
(2.53, 3.89) (2.83, 5.39) (1.79, 2.00)
All 4.45 5.73 2.39
(3.70, 5.36) (5.16, 6.36) (2.27, 2.51)

Table 19 presents a comparison of the percentage of participants in this study at or above
10 pg/dL, 15 pg/dL, and 25 pg/dL, to the percentage of adults in the general U.S. population
with blood-lead concentrations at or above these thresholds. As shown in the table, a much
higher percentage of people participating in the study had elevated blood-lead levels compared to
the U.S. population (likelihood ratio p-value < 0.001).
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Table 19. Occurrence of Elevated Blood-Lead Levels for Participants in the Current Study
(Phase IV) and in the Adult U.S. Population

_—
l Study
Blood-Lead Levels
Current Study (Phase V) NHANES 1,
Phase 2
Homeowners Workers
Number and Percentage with 17 32 293
Blood-Lead Levels 210 ug/dL (20.7%) (19.9%) (3.5%)
Number and Percentage with 8 15 74
Blood-Lead Levels >15 ug/dL (9.8%) (9.3%) (0.88%)
Number and Percentage with 4 3 15
Blood-Lead Levels >25 ug/dL (4.9%) (1.9%) (0.18%)
Total Sample Size 82 161 8,457

Odds ratios examining the odds of blood-lead levels greater than 25 ng/dL among study
participants to that of adults in the general U.S. population are presented in Table 20. For both
workers and homeowners, the odds ratios were significantly greater than one. This implies that
participants in this study were more likely to have blood-lead levels above 25 pg/dL than the
general U.S. population. Specifically, workers were 10.68 times and homeowners were
28.86 times more likely to have blood-lead concentrations above 25 pg/dL than the general U.S.
population (95 percent confidence intervals were [3.06, 37.28] and [9.37, 88.92], respectively).
Workers were 6.90 times more likely (95 percent confidence interval of 4.88 to 9.80) and
homeowners were 7.30 times more likely (95 percent confidence interval; 4.57 to 11.63) to have
blood-lead levels >10 pg/dL than adults in the general U.S. population.

Table 20. Odds Ratios Comparing Odds of Blood-Lead Concentrations Greater Than
25 ug/dL Among Study Participants to the General U.S. Population

No. with Blood- No. with Blood- Total Sample Size Odds Ratio” and
Study Group Lead Levels Lead Levels {(95% Cl)
< 25 pgl/dL 225 pgldL

Workers 158 3 161 10.68
(3.06, 37.28)

Homeowners 78 4 82 28.86
(9.37, 88.92)

NHANES lil, Phase 2 8,442 15 8,457 -

* These odds ratios compare the odds of blood-lead concentrations above 25 ug/dL for the study group referenced in

the row to the general U.S. population.
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3.6 STATISTICAL MODELING RESULTS
3.6.1 Statistical Model Building

Statistical models were used to investigate the relationships between log-transformed
blood-lead concentrations and potential lead exposure associated with specific R&R activities.
Questionnaire responses were used to construct variables that represent potential lead exposure
resulting from the R&R activities. In addition to general R&R, lead exposure variables were
constructed for several R&R “target activities” including: large structure removal, paint
removal/preparing surfaces, window/door casement replacement, carpet removal, and cleanup.
For workers, three periods of exposure, short-, mid- and long-term, were captured by the
questionnaire for each target activity. For homeowners, information on only two periods of
exposure, short- and mid-term, were captured.

For workers, the number of days (in the last 30 days) an activity was performed in
historic homes or homes built before 1940 was selected as the measure of short-term exposure.
Mid-term exposure for each target activity was characterized by the ordinal response number for
the number of weeks a worker performed the activity over the past 12 months. Long-term
exposure in each activity was measured by the number of years a worker performed the activity
over their career. Thus, a total of 18 variables, one for each combination of target activity and
exposure period, were used to characterize a worker’s potential lead exposure resulting from
R&R.

For homeowners, both the number of days an activity (in the last 30 days) was performed
in their own home and the total number of hours (in the last 30 days) that the activity was
performed were used to characterize short-term exposure. Mid-term exposure was characterized
by the number of weeks in the past 12 months in which the target activity was performed and by
the total number of days that the target activity was performed during the past 12 months. Thus,
a total of 24 variables, two for each combination of target activity and exposure period, were
used to characterize a homeowner’s potential lead exposure resulting from R&R.

3.6.1.1  Selection of Ancillary Covariates. Although the objectives of this study were
to investigate the relationship between blood-lead concentrations and the R&R target activities,
both the worker and homeowner questionnaires collected information on work practices and
demographics that might also be related to blood-lead levels. These variables were defined as
“ancillary variables” (i.e., variables that were not of immediate interest, but that needed to be
accounted for in the statistical models, such as gender and race). That is, the relationships
between the target activities and blood-lead concentrations need to be “adjusted” to account for
the effects of these variables.

In both the worker and homeowner questionnaires, information on two categories of
ancillary variables were collected:

» Variables related to the conduct of R&R

— Respirator use
— General work practices
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— R&R activity in own home (workers only)
— Previous lead training (workers only) and education
— R&R work conducted by contractors in home (homeowners only)

° Variables not related to the conduct of R&R
— Other occupations with potential lead exposure
— Age of home (workers only)
— Hobbies with potential lead exposure
— Race and ethnicity
— Age
— Tobacco use
— Education level
— City

The large number of candidate ancillary variables required an initial screening to select
covariates for use in the statistical models.

Each potential ancillary covariate was classified as being either discrete or continuous.
Scatter plots and regression lines were used to characterize the relationships between continuous
potential covariates and blood-lead concentrations (see Figure D-7 in Appendix D). Box plots
were used to characterize the relationship between categorical covariates and blood-lead
concentrations (see Figures D-8 through D-12 in Appendix D).

Whenever appropriate, the levels of some discrete variables were collapsed to improve
power for statistical tests. In addition, an effort was made to reduce the number of potential
covariates, when possible, by creating a single quantal variable from the responses of several
questions. For example, a single variable was constructed to reflect the number of hobbies a
participant had with high potential for lead exposure.

The statistical significance of each candidate ancillary covariate’s effect on blood-lead
concentration is displayed in Table C-1 of Appendix C for workers and Table C-2 of Appendix C
for homeowners. Worker ancillary covariates that had significant relationships with blood-lead
were then simultaneously placed into a single model for worker blood-lead. Homeowner
covariates with significant relationships with blood-lead were then simultaneously placed into a
single model for homeowner blood-lead. The following variables were selected, based on these
analyses, for inclusion in covariate-adjusted models for workers and homeowners:

Workers Homeowners
1. Sex 1. Age

2. Room Additions or Renovation in Own Home 2. Sex

3. Smoke, Use Snuff, or Chewing Tobacco 3. Race

Table 21 provides the geometric mean blood-lead concentration and log (standard error) for each
level of the selected ancillary covariates.
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Table 21. Geometric Mean Blood-Lead Concentration and Log (Standard Error) for Each

Level of the Ancillary Covariates

Blood-Lead (ug/dL)

Sample Geometric
Study Group Variable Level Size Mean Log Std. Error
Male 139 6.1 0.055
Sex
Female 22 3.9 0.165
Room additions or renovation Yes 103 5.2 0.058
Workers . h
in own-home No 58 6.7 0.130
Yes 58 4.9 0.096
Smoke, use snuff, or chewing tobacco
No 103 6.2 0.062
<31 16 4.0 0.206
Age of participant 31-40 32 3.8 0.152
>40 34 5.4 0.146
Homeowners Male 46 5.9 0.132
Sex
Female 36 3.1 0.110
White 65 3.1 0.105
Race
Non-White 17 4.9 0.113

3.6.2 Blood-Lead Concentration Comparisons Using Covariate-Adjusted Model Results

The geometric mean blood-lead concentration of homeowners, workers, and each worker
group were estimated after adjusting for ancillary covariates. The covariate-adjusted geometric
means for each study group and worker group are presented in Table 22. These means were
calculated from a linear combination of the levels of each covariate with weights equal to the
percent of participants at each level. Separate models were used to estimate the adjusted
geometric means for each worker group and for workers and homeowners. The
covariate-adjusted geometric means were similar to the unadjusted means. Figure 9 displays the
95 percent confidence intervals for the covariate-adjusted geometric means.
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Table 22. Geometric Mean and 95 Percent Confidence Intervals for Each Study Group and
by Worker Group Based Upon Covariate-Adjusted Models

" Description Geometric Mean 95% Confidence Interval
Carpenters 6.1 (5.1, 7.4)
Laborers 4.2 (3.5, 5.1)
Worker Group
Painters 6.3 (5.1, 7.7)
Other 5.0 (3.9, 6.4)
All Workers : 5.7 (5.2, 6.3)
Homeowners 4.4 (3.7, 5.2)
6.3
Painter 1 n=44f 4 |
61
Carpenter n=47[ 4 ]
50
Other 1 n=26  y ]
42
Laborer 1 n=44 Y ]
5.7
Al Workers 1 n=161 —4—
44
All Homeowners n=82 [ 4 :
2 4 8

Blood —lead Concentration ( ug/dL)

Figure 9. 95 Percent Confidence Intervals for Geometric Mean of Blood-Lead
Concentrations for Each Worker Group and Study Group Based Upon
Covariate-Adjusted Models
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3.6.3 Relationship Between R&R Target Activities and Participant Blood-Lead
Concentrations

As discussed in Section 2.4.4, statistical models were used to examine the relationship
between the R&R target activities and the blood-lead concentrations of study participants.
Section 3.6.3.1 presents the results for workers, Section 3.6.3.2 presents the results for
homeowners.

3.6.3.1 Relationship Between R&R Target Activities and Worker Blood-Lead
Concentrations. The effect of each of the 18 target activity variables, unadjusted for covariates
or the conduct of other target activities, was estimated by fitting separate linear regression
models (one model for each target activity, exposure period, and study group). Estimated slopes,
standard errors, and p-values for each exposure measure are displayed in Table C-3 in
Appendix C.

With the exception of carpet and large structure removal, there was a statistically
significant positive relationship between worker blood-lead concentration and short-term conduct
in pre-1940 houses for each target activity. The relationships between worker blood-lead
concentration and mid-term and long-term exposure associated with target activities were also
positive, with the exception of carpet removal. The apparent negative association between
blood-lead concentration and carpet removal should be interpreted with caution. It is important
to note that workers spending time performing carpet removal must spend less time performing
activities that may generate a greater exposure. Thus, a negative association may not imply that
carpet removal does not generate a lead exposure, rather that carpet removal does not generate as
much of an exposure as other target activities.

The relationship between cleanup and R&R activities presented in Table C-3 could
depend upon the specific type of cleanup performed (certain types of cleanup activities, such as
dry sweeping, may distribute lead-dust more than others). The questionnaire for this study did
not collect information on the specific type of cleanup performed. However, in the WCBS only
14.3 percent of all workers performed cleaning activities using a HEPA vacuum or wet mop with
TSP (even among these workers a large percentage also reported cleaning with a broom or
vacuum). Based upon anecdotal comments from respondents in this study, it is very likely that
this same result was true among participants in this study. In which case, the underestimation of
the relationship between cleanup and blood-lead concentrations would be minimized.

Many of the slope estimates presented in Table C-3 were positive and statistically
significant (p-value < 0.05). For each target activity, Table 23 presents the predicted changes in
blood-lead concentration for 10 days of work activity per month in pre-1940 buildings
unadjusted for other covariates’. The second column displays predicted blood-lead concentration
for each target activity, for workers who performed the activity for zero and 10 days in pre-1940

As shown in Table 9, the interquartile range for the number of days workers spent performing R&R
work in pre-1940 buildings was 7 days, and on average, workers spent 21 days performing R&R in
pre-1940 homes. However, 10 days were used for this table to allow for comparisons to the results of
the WCBS.
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houses during the previous month. The predicted increases in blood-lead concentration ranged
from 0.1 pg/dL for large structure removal to 0.9 pg/dL for window/door casement replacement.
The maximum predicted blood-lead concentration associated with 10 days of work in pre-1940
buildings, 6.1 pg/dL, was estimated for work related to window/door casement replacement. The
last row of Table 23 contains the results for conducting general R&R. Because all of the workers
spent more than 10 days performing general R&R in pre-1940 homes (this was one of the
eligibility criterion) the “Base Level” for general R&R represents 10 days of work in pre-1940
homes. As shown in Table 23, there was a significant predicted increase in blood-lead
concentration associated with performing 10 days versus 20 days of general R&R in pre-1940

homes (1.7 pg/dL).

The covariate-adjusted effects for each combination of target activity and exposure period
were also estimated using separate linear regression models. Estimated slopes, standard errors,
and p-values are shown in Table C-4 in Appendix C. With a few exceptions, the estimated
slopes for target activities were positive after adjusting for the effects of selected ancillary
covariates. The magnitudes of the covariate-adjusted slope estimates were typically less than the
unadjusted slope estimates.

The predicted changes in worker blood-lead concentrations, based on the
covariate-adjusted models, associated with 10 days of work in pre-1940 buildings are presented
in the third column of Table 23. The smaller slope estimates for the covariate-adjusted models
compared to the unadjusted models resulted in smaller predicted increases in worker blood-lead
concentrations. With the exception of general R&R, the estimated increase in blood-lead
concentration from the base level was very small (less than 1 pg/dL) for both the unadjusted and
covariate-adjusted models. The estimated increase for conducting 20 days of R&R instead of
10 days was 1.5 pg/dL with the covariate-adjusted model.

Table 23. Predicted Changes in Worker Blood-Lead Concentrations Associated with
10 Days of Work in Pre-1940 Homes

— —

Based on Model Unadjusted for Covariates Based on Covariate-Adjusted Model
Level When Worker Conducts Level When Worker Conducts
Base an Additional 10 Days per Base an Additional 10 Days per
Target Activity || Level® =» Month of Activity Level® =» Month of Activity

Large Structure 5.6 = 5.7 5.7 5.7

Removal

Paint Removal/ 4.8 - 5.5 4.7 -5 5.4%

Prepare Surface

Window/ Door

Casement 5.2=»6.1* 5.3-%» 6.0

Removal

Carpet Removal 5.9-»5.3 5.8=» 54

Cleanup 4.5 = 53* 4.4 =» 5,2*%

General R&R™ 3.8=5,5* 4,0=$55*

(a) The Base Level for general R&R is 10 days, for all other activities the Base Level is zero days.
* Slope parameter estimate for days per month of activity was significant at the alpha = 0.05 level.
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Covariate-adjusted models that included all three exposure periods (short-, mid-, and
long-term) were also fit for each target activity. This series of models was used to assess which
exposure period, if any, was the best predictor of blood-lead concentrations. Estimated slopes,
standard errors, and p-values are displayed in Table C-5. Overall, the p-values associated with
the parameter estimates in Table C-5 are not consistent across the six target activities.
Short-term exposure (days pre-1940) appeared to be the best predictor for cleanup and general
R&R while mid-term exposure (weeks in last 12 months) appeared to be the best predictor for
carpet removal. None of the parameter estimates for long-term exposure (years in career) were
significantly associated with blood-lead levels after short and mid-term exposure measures were
included in the model. There were no significant relationships found at all for large structure
removal, paint removal/preparing surfaces, and window/door casement replacement. However,
the inconsistent results of these models are likely due to the high degree of correlation among the
three exposure period measures for each target activity.

3.6.3.2 Relationship Between R&R Target Activities and Homeowner Blood-Lead
Concentrations. As with workers, the effect of each of the 24 target activity variables,
unadjusted for covariates or the conduct of other target activities, was estimated by fitting
separate linear regression models. Estimated slopes, standard errors, and p-values for each
exposure measure are displayed in Table C-6 in Appendix C.

Very few target activities, for any exposure measure, were significantly related to
blood-lead concentrations. Both short-term exposures (days in last 30 days and total hours in last
30 days) for paint removal/surface preparation were significantly related to blood-lead levels.
General R&R as measured by hours in the last 30 days (short-term) and days in the last
12 months (mid-term) was significantly related to blood-lead levels. General R&R was the only
target activity where mid-term exposure was significantly related to blood-lead concentrations.

Estimated slopes, standard errors, and p-values are shown in Table C-7 in Appendix C for
covariate-adjusted models (a separate model for each combination of target activity and exposure
period measure). The estimated slopes for target activities were mostly positive after adjusting
for the effects of selected ancillary covariates. As with the unadjusted models, paint removal/
surface preparation and general R&R were the only two target activities with significant
relationship to blood-lead concentrations. Once adjustments for the ancillary covariates were
made, all exposure measures, both short- and mid-term, for paint removal/surface preparation
were significantly related to blood-lead levels (marginally significant for days in the last 30 days,
p-value = 0.054). A similar pattern was observed for general R&R (marginally significant for
days in the last 30 days, p-value = 0.077).

Table 24 presents the predicted changes in homeowner blood-lead concentrations for
selected days of work activity in pre-1940 buildings. The third column displays predicted
changes in blood-lead concentration for each target activity, for homeowners who performed the
activity for zero days and the average number of days for each target activity in their home
during the previous month. For example, the second row presents the predicted changes (from
3.3 to 4.5 pg/dL) in homeowner blood-lead concentrations associated with performing an
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additional three days of large structure removal. The fourth column displays the corresponding
predicted changes based upon the covariate-adjusted models.

Table 24. Predicted Changes in Homeowner Blood-Lead Concentrations Associated With
Changes in the Number of Days Spent Performing a Target Activity in Their
Pre-1940 Home

Based on Model Unadjusted Based on Covariate-Adjusted
for Covariates Model
Level When Level When
Additional Homeowner Conducts Homeowner Conducts
Number of Base Additional Days per Base Additional Days per
Target Activity Days* ¥ Level” =p Month of Activity Level® =  Month of Activity
General R&R 15 3.3=%45 3.3=24.4
Large Structure 3 4.5 4.5 4.2 4.4
Removal
Paint Removal/ 7 3.3 4.5* 3.5 4.4
Prepare Surface
Window/ Door 1 4445 4.3-4.4
Casement Removal
Carpet Removal 0.5 4.6 - 4.4 4.4 4.4
Cleanup 10 4.0 =% 4.1 3.7-» 4.4

(a) The Base Level is zero days for all comparisons.
*  Slope parameter estimate for days per month of activity was significant at the alpha = 0.05 level.

** The number of days is based upon the average number of days homeowners spent performing the target activity in their
home during the last 30 days.

As expected by the many insignificant estimated slope parameters, the predicted changes
to homeowner blood-lead levels were small. The largest predicted changes based upon the
additional number of days spent performing the target activity were for paint removal/surface
preparation (1.2 pg/dL for the unadjusted model and 0.9 pg/dL for the adjusted model) and
general R&R (1.2 pg/dL for the unadjusted model and 1.1 pg/dL for the adjusted model).
Similarly, the largest predicted changes when measuring short-term exposure by the total number
of hours (see Table 25) were also for general R&R and paint removal/surface preparation.

As for workers, covariate-adjusted models that included both exposure periods were also
fit for each target activity. In all, 12 models were fit: the first six models, one for each target
activity, included short- and mid-term exposure variables related to duration (i.e., days in the last
30 days and weeks in the last 12 months), the second six models, again one for each target
activity, included short and mid-term exposure variables related to intensity (i.e., total hours in
the last 30 days and days in the last 12 months). The estimated slopes, standard errors, and
p-values for these models are displayed in Table C-8 in Appendix C. As in the earlier models
that included only one exposure period per target activity, general R&R and paint
removal/surface preparation were the only target activities with exposure terms significantly
related to blood-lead. Considering the models based upon duration, it appears that mid-term
exposure (number of weeks in the past 12 months) was a better predictor of blood-lead than
short-term exposure (number of days in the last 30 days) for these two target activities.
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However, when considering the models based upon intensity, the parameter estimates were not
as consistent. Short-term exposure (total hours in the past 30 days) appeared to be a better
predictor for paint removal/surface preparation while mid-term exposure (days in the last

12 months) appeared to be a better predictor for general R&R.

Table 25. Predicted Changes in Homeowner Blood-Lead Concentrations Associated With
Changes in the Number of Hours Spent Performing a Target Activity in Their

Pre-1940 Home

Based on Model Unadjusted for
Covariates Based on Covariate-Adjusted Model
Level When Level When
Additional Homeowner Conducts Homeowner Conducts
Number of Base Additional Hours per Base Additional Hours per
Target Activity Hours** Level® =  Month of Activity Level® -» Month of Activity
General R&R 80 3.0 - 4.5* 3.1-»45*
Large Structure 14 4.6-4.5 4.3 4.4
Removal
Paint Removal/ 36 3.4 45 3.5 4.4
Prepare Surface
Window/ Door 6 45-45 43 4.4
Casement Removal
Carpet Removal 2 4.5 = 4.5 4.4 =44
Cleanup 25 4.7 =% 4.5 4.2 = 4.4

(e} The Base Level is zero hours for all comparisons.

*  Slope parameter estimate for days per month of activity was significant at the alpha = 0.05 level.

** The number of hours is based upon the average number of hours homeowners spent performing the target activity in

their home during the last 30 days.

3.6.4 Overall Statistical Models for Participant Blood-Lead Concentrations

The statistical models described in Section 3.6.3 helped to characterize the strength of the
relationship between each target activity and worker or homeowner blood-lead concentrations.
The following two sections present the results from developing statistical models that were used
to characterize how each of the target activities interacted in their association with blood-lead
concentrations while accounting for the effect of potential confounding ancillary covariates.
Section 3.6.4.1 presents the results for workers and Section 3.6.4.2 presents the results for

homeowners.

3.6.4.1

Overall Statistical Model for Worker Blood-Lead Concentrations. An initial

series of models were fit to the data to assess which of the specific target activities, if any, had
the largest impact on worker blood-lead concentrations during each exposure period. That is, for
each of the three exposure periods, the effects of all of the target activities (with the exception of
general R&R work) were estimated simultaneously using covariate-adjusted models. General
R&R work was not included in these models because it was not independent from the other
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target activities (e.g., the amount of general R&R must be at least as great as the amount of any
other target activity). Estimated slopes, standard errors, and p-values as presented in Table C-9.

When all of the target activities were considered simultaneously, only one or two of them,
within each exposure period, had a significant impact on worker blood-lead concentrations. This
was likely a result of the strong inter-correlations among the target activity variables within an
exposure period.

In the WCBS, it was observed that target activities varied across the worker groups and
that there were differences in the geometric mean blood-lead concentrations among the nine
worker groups'®. In this follow-up study, however, the opposite was observed. That is, with a
few exceptions, workers in the four worker groups spent a similar amount of time performing the
target activities and differences in the geometric mean blood-lead concentrations among the
four worker groups were not significant (see Section 3.5). A series of models were fit to assess
the impact of worker group on the relationships between the target activities and worker
blood-lead concentrations. The estimated slopes, standard errors, and p-values for these models
are displayed in Table C-10.

After including worker group in the three exposure models, cleanup was the only target
activity significantly related to worker blood-lead concentrations in the short-term exposure
model. In the mid-term exposure model, paint removal/surface preparation and carpet removal
were significantly related to worker blood-lead concentrations. In the long-term exposure model,
carpet removal and cleanup were significantly related to worker blood-lead concentrations. With
the exception of the long-term exposure model where cleanup became significant, worker group
generally had only a small impact on the estimated slopes, standard errors, and p-values. This
result is illustrated in Table 26, which provides general F-tests for model effects after adjusting
for the effects of selected covariates and other effects included in the model.

The first row of Table 26 shows the R? value (12.7%), F-test (7.58) and corresponding
p-value (<0.001) for a model that included only the selected ancillary covariates. The next three
rows correspond to models that for each exposure period, included the ancillary covariates and
exposure measures for the five target activities. The combined effect of all five target activities
was statistically significant for each exposure period, and accounted for between 8.6 and
13.9 percent of the variability in worker blood-lead concentrations after adjusting for the
covariates. The fifth row displays the results for a model that included the effects of the selected
ancillary covariates and worker group. The effect of worker group was statistically significant
and explained 7.1 percent of the variability in blood-lead after adjusting for the covariates. The
sixth through eighth rows describe, for each exposure period, the combined effect of all five
target activities after adjusting for the effects of ancillary covariates and worker group. The
F-test for the combined exposure measures shows that the combined effects of target activities
are significantly related to worker blood-lead concentrations after adjusting for covariates and
worker group. The final three rows describe, for each exposure period, the effect of worker

1% The nine worker groups used in the WCBS were: (1) Union Carpenter, (2) Non-Union Carpenter,
(3) Laborer, (4) Painter, (5) Drywall Worker, (6) Window Installer, (7) Supervisor, (8) Floor Layer,
and (9) Other.
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group after adjusting for the effects of ancillary covariates and the combined effect of all five
target activities. For the short- and mid-term exposure models, the relatively small impact of
worker group is indicated by the marginally significant relationship between worker group and
worker blood-lead concentrations. In the long-term exposure model worker group appeared to be
more related to worker blood-lead concentrations and, this is reflected in the significance
(p-value <0.05) of the worker group term.

Table 26. General F-Tests for Model Terms on Worker Blood-Lead Concentrations, After
Adjusting for the Effects of Covariates and Other Terms Included in the Model

|| Base Model Variables Under Investigation R? R?, F P-Value
Covariates 0.127 7.58 | <0.001
Target Activities ( Days Pre-1940) 0.250 0.139 4.80 <0.001
Covariates Target Activities (Weeks) 0.243 0.134 ‘ 4.69 <0.001
Target Activities (Years) 0.183 0.086 2.75 0.021
Covariates Worker Group 0.189 0.071 3.92 0.010
Target Activities (Days Pre-1940) 0.284 0.120 3.97 0.002
Covariates + L
Target Activities (Weeks) 0.277 0.110 3.66 0.004
Worker Group
Target Activities (Years) 0.241 0.091 2.88 0.017
Covariates + TA | Worker Group 0.284 0.045 2.30 0.080
(Days Pre-1940)
Covariates + TA | Worker Group 0.277 0.045 2.34 0.075
(Weeks)
Covariates + TA | Worker Group 0.241 0.071 3.63 0.015
{Weeks)
R2 = The coefficient of determination for the base model and variables under investigation.

R?,

The partial coefficient of determination for the variables under investigation, after adjusting for the effects of
variables indicated in the base model.

F-test pertains only to the variables under investigation, after adjusting for variables included in the base model.

Since it appeared that both the target activities and, to some extent worker group, were
related to worker blood-lead concentrations, the final predictive model was developed using both
of these components. The first step in developing the final predictive model for workers was to
refine the models presented in Table C-10 for each exposure period. In particular, since there
was strong inter-correlation among the target activities, a series of stepwise models were fit to:
(1) determine which of the target activities were the most related to blood-lead concentrations,
and (2) reduce the number of terms in the models presented in Table C-10 by removing target
activities that were not significantly related to blood-lead.

The three models (one for each exposure period) presented in Table C-10 were used as
the initial models for developing the final predictive models. In the first iteration, the single
variable that was the least related to blood-lead was removed from the model (for short-term this
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was paint removal/surface preparation, and large structure removal for the mid-term and
long-term exposure models). In subsequent iterations, a single insignificant variable was
removed from the model. This process was repeated until all terms were significant. Each
removed variable was then re-entered into the final model for each exposure period to verify that
they were not significant. Table C-11 presents the slopes, standard error, and p-values for each
target activity in the final model for each exposure period.

The results for the iterative process were similar to those indicated by Table C-10 where
all target activities were fit simultaneously for each exposure period. That is, cleanup was the
only significant term retained in the short-term exposure model, paint removal/surface
preparation and carpet removal were the significant terms retained in the mid-term model, and
carpet removal was significant and included in the model for long-term exposure. Where the
results differ is in the significance of window/door casement replacement instead of cleanup in
the long term-exposure model. :

The final predictive model for workers was developed using similar iterative steps. The
initial model included all terms from the three final models for each exposure period, the
ancillary covariates, and worker group. Only one term, years in career spent removing carpets,
was not significant and removed from the model. Thus, the final model included the following
activities from each exposure period:

e Short-term: = Number of days, in the last 30 days, spent performing cleanup.

* Mid-term: Number of weeks spent performing paint removal/surface preparation
and the number of weeks spent performing carpet removal.

¢ Long-term: Number of years spent replacing window/door casements.

The model was further refined by examining the assumption of a common slope for all worker
groups for each of the target activities. That is, a model was fit with unequal slopes for each
worker group and activity and an F-test was performed to determine the activities, if any, for
which the assumption of common slopes did not appear to be valid. The assumption of equal
slopes appeared to be valid only for the number of weeks spent performing carpet removal in the
last 12 months. Different slopes for each worker group were used for the remaining three target
activities. Table C-12 presents the estimated parameters, standard errors, and p-values for the
final model.

To illustrate how worker blood-lead concentration is a function of the amount of time
spent performing cleanup, paint removal/surface preparations, carpet removal, or window/door
casement replacement, Table 27 displays the estimated blood-lead concentration (and 95 percent
confidence interval) associated with low, medium, and high exposure indices based on the final
model. The low, medium, and high exposure indices were based upon the 25th, 50th, and
75th percentiles of questionnaire responses from workers on these target activities and exposure
periods. For Carpenters, Laborers, and Painters, the model predicts an increase in blood-lead
concentrations of 1.7 pg/dL for Laborers, 3.3 pg/dL for Carpenters, and 5.7 pg/dL for Painters.
However, the model predicts a decrease for the Other worker group of'1.5 pg/dL. This may be
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due to the fact that the Other worker group includes supervisors, managers, foremen, etc. and
time spent performing some of the activities may not be realistic of actual hands-on time.

Tukey’s multiple comparison procedure for unbalanced data was employed to conduct
pairwise comparisons between the geometric mean worker blood-lead concentrations predicted
for each worker group at the Medium Exposure Index (see Table 27). The overall Type I error
rate for these simultaneous tests was <0.10. Carpenters had a significantly higher geometric
mean blood-level than Laborers. All other comparisons were not significant.

Table 27. Predicted Worker Blood-Lead Concentrations Associated with Low, Medium, and

High Exposure Indices for Each Worker Group

[ e——
Low Exposure Index™® Medium Exposure Index™ High Exposure Index'
0 Weeks CR, <1 Week CR, 1-4 Weeks CR,
10 Days of Cleanup, 15 Days of Cleanup, 23 Days of Cleanup,
5-8 Weeks PR/SP, 9-12 Weeks PR/EP, >26 Weeks PR/SP,
2 Years Over Career W/DCR 6 Years Over Career W/DCR 12 Years Over Career W/DCR
Worker Geometric Geometric Geometric
Group Mean 95% C.I. Mean 95% C.1. Mean 95% C.I.
Carpenter 5.5 (4.1, 7.3) 6.3 (5.2, 7.6) 8.8 (6.8, 11.3)
Laborer 4.2 (3.3, 5.4) 4.8 {4.0, 5.7) 5.9 (4.5, 7.9)
Painter 4.7 (3.4, 6.6) 8.0 4.9, 7.4) 10.4 (7.6, 14.1)
Other 6.8 (5.0, 9.1) 5.8 {4.6, 7.4) 5.3 (3.5, 8.0)

The low, medium, and high exposure indices were based upon the 25th, 50th, and 75th percentiles of
questionnaire responses from workers on these target activities and exposure periods.

(a) Low Exposure Index

(b) Medium Exposure

Index

(c) High Exposure =

Index

10 days of Cleanup in the last 30 days,
5-8 Weeks of Paint Removal/Surface Preparation (PR/SP), and
2 Years Spent Performing Window/Door Casement Replacement (W/DCR) Over

Entire Career

0 Weeks of Carpet Removal {CR) in the last 12 months,

15 days of Cleanup in the last 30 davs,
9-12 Weeks of Paint Removal/Surface Preparation (PR/SP), and
6 Years Spent Performing Window/Door Casement Repiacement (W/DCR) Over

Entire Career

<1 Week of Carpet Removal (CR)} in the last 12 months,

23 days of Cleanup in the last 30 days,
> 26 Weeks of Paint Removal/Surface Preparation (PR/SP), and
12 Years Spent Performing Window/Door Casement Replacement (W/DCR) Over

Entire Career

1-4 Weeks of Carpet Removai (CR) in the last 12 months,

An alternative predictive model based on the days, weeks, and years that a worker spent
performing general R&R activities was also investigated. The estimated parameters, standard
errors, and p-values for this alternative final model are presented in Table C-13. Unlike the final
predictive model, this model does not include interaction terms with worker group (they were not
significant at the 0.05 level). Further, the estimated parameters indicate that worker blood-lead
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concentrations are positively related to general R&R activity. However, this relationship was
significant only for short-term exposure and the alternative model did not predict worker
blood-lead concentrations as well as the final predictive model.

3.6.4.2 Overall Statistical Model for Homeowner Blood-Lead Concentrations. A
similar methodology to that employed in Section 3.6.4.1 for workers was used to develop an
overall predictive model for homeowner blood-lead concentrations. Therefore, an initial series
of models were fitted to the data to assess which of the specific target activities, if any, had the
greatest impact on homeowner blood-lead concentrations during each exposure period. That is,
for each of the two exposure periods (short- and mid-term), the effects of all of the target
activities (with the exception of general R&R work) were estimated simultaneously using
covariate-adjusted models. As with the models for workers, general R&R work was not included
in these models. However, two separate models were fit for each exposure period, one
corresponding to duration and one examining intensity. Estimated slopes, standard errors, and
p-values for the four models are presented in Table C-14.

When all of the target activities were considered simultaneously, only paint removal/
surface preparation had a significant impact on homeowner blood-lead concentrations. Mid-term
(weeks in last 12 months) paint removal/surface preparation and short-term (total hours in last
30 days) paint removal/surface preparation were significantly related to homeowner blood-lead
concentration. Again, this could have been due to the strong inter-correlations among the target
activity variables within an exposure period so additional steps were taken to develop the final
predictive models for each exposure period.

The four models presented in Table C-14 were used as the initial models for developing
the final predictive models for each exposure period (two models for each exposure period). In
the first iteration, the single variable that was the least related to blood-lead was removed from
the model and in subsequent iterations, a single insignificant variable was removed, in each
iteration, from the model. This process was repeated until all terms were significant. Each
removed variable was then re-entered into the final model for each exposure period to verify
insignificance. In all four models, paint removal/surface preparation was the only target activity
that was significantly related to homeowner blood-lead concentrations. Table C-15 presents the
slopes, standard error, and p-values for paint removal/surface preparation for the final models in
each exposure period.

After the final models for each exposure period were developed, additional models were
developed to determine which measure, intensity or duration, better predicted homeowner
blood-lead concentrations. Models corresponding to duration and intensity of paint removal/
surface preparation were developed by combining the short- and mid-term measures for duration
and intensity of paint removal/surface preparation into a model. That is, the number of days and
the number of weeks spent performing paint removal/surface preparation were included in one
model, and the number of hours in the last 30 days and the number of days in the last 12 months
were included in another model.

The final predictive model for homeowners included the significant measures in the
models from the preceding step. Thus, the final model contains both a measure of intensity (total
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hours in the last 30 days) and a measure of duration (weeks in the last 12 months). Table C-16
presents the slopes, standard error, and p-values for the final predictive model for homeowners.
Figure 10 illustrates the predicted increase in homeowner blood-lead concentrations as a function
of the number of hours spent in the last 30 days performing paint removal/surface preparation
and the number of weeks in the last 12 months in which some paint removal/surface preparation
was performed.

An alternative predictive model for homeowner blood-lead concentrations was developed
using general R&R. Since there were two measures of general R&R for each exposure period,
the same steps used to develop the final predictive model were employed. The final alternative
model, like the predictive model using paint removal/surface preparation, included a short-term
measure of intensity and a mid-term measure of duration. The slopes, standard error, and
p-values for general R&R duration and intensity are presented in Table C-17. This model
predicted homeowner blood-lead concentrations nearly as well as the final predictive model.

Predicted Blood- —7
Lead Concentration 7 -;“-"-"-'-"'
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Figure 10. Predicted Increase in Homeowner Blood-Lead Concentrations as a
Function of Hours and Weeks Spent Performing Paint
Removal/Surface Preparation
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To illustrate the relationship between homeowner blood-lead concentrations and the
amount of general R&R work performed, Table 28 displays the estimated blood-lead
concentration (and 95 percent confidence interval) associated with low, medium, and high
indices based upon the alternative predictive model. The low, medium, and high exposure
indices were based upon the 25th, 50th, and 75th percentiles of the total hours and weeks spent
performing general R&R. The predicted homeowner blood-lead concentrations using paint
removal/surface preparation are also presented for comparison.

Table 28. Predicted Homeowner Blood-Lead Concentrations Associated with Low, Medium,
and High Exposure Indices Using General R&R

1

" Low Exposure Index " Medium Exposure Index High Exposure Index
42 Hours in the Last 30 Days [|78 Hours in the Last 30 Days ||100 Hours in the Last 30 Days|
15 Weeks in the Last 28 Weeks in the Last 40 Weeks in the Last
12 Months 12 Months 12 Months
Geometric Geometric Geometric
Model Mean 95% C.1. Mean 95% C.I Mean 95% C.1.
Using General
R&R 3.4 (2.7, 4.2) 4.6 (3.8, 5.4) 5.8 (4.6, 7.2)
Using Paint
Removal/Sgrf?a?e 35 (2.8, 4.4) 4.6 (3.9, 5.3) 5.5 (4.4, 6.7)
Preparation

(a) The low, medium, and high exposure indices for paint removal were based upon the 25th, 50th, and 75th percentiles of
the total hours and weeks spent performing paint removal/surface preparation (12, 37, and 50 hours; 3, 12, and 20

weeks).
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4.0 SUMMARY AND CONCLUSIONS

This study surveyed two groups of persons (professional workers and homeowners) who
performed renovation and remodeling in historic homes or homes built before 1940. Information
from both groups of persons was collected in three cities (Charleston, South Carolina;

Savannah, Georgia; and Baltimore, Maryland). A total of 243 respondents completed
questionnaires and gave blood samples (161 workers, and 82 homeowners). The questionnaire
and blood-lead information was used to:

1.  Characterize the types of work activities and work practices in which workers and
homeowners performing R&R in historic (or pre-1940) homes engaged

2.  Determine if the blood-lead concentrations of homeowners differ from those of
workers

3.  Determine if the blood-lead concentrations of workers in specific worker groups
differ after adjusting for potential confounding factors

4. Determine the relationship between blood-lead concentrations and work practices or
activities performed by workers or homeowners in old or historic homes, after
controlling for potential confounding factors

5.  Determine if the blood-lead concentrations of participants in this study were
different from those of participants in the WCBS or adults in the general U.S.
population.

The overall results for the study are summarized below.

Questionnaires were collected from 246 participants (163 workers and 83 homeowners).
The sample was composed of individuals that were predominantly white (70%), male (77%), and
on average 39 years old. The percentage of study participants that were female was larger for
homeowners (44%) than for workers (14%). Although separate questionnaires were used for
workers and homeowners, both questionnaires captured information on how often each
participant performed general renovation and remodeling as well as specific target activities.
The workers spent, on average, 21 days performing general R&R in historic homes during the
last 30 days. Homeowners spent, on average, 14 days performing general R&R in their own
historic or pre-1940 home. The responses to the questionnaires also indicate that

o Workers spent more time performing R&R than did homeowners.
. Both workers and homeowners spent time performing a variety of R&R activities.
In particular, a large amount of time was spent performing large structure removal

and paint removal/surface preparation.

o Despite the OSHA Lead in Construction Standard, only 23.7 percent of workers
reported using a respirator in the last 30 days. Similarly, only 16 percent of
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homeowners used a respirator in the last 30 days. Homeowners and workers in
every work group used a dust mask more frequently than any type of respirator
(44.9 percent of workers and 29.6 percent of homeowners reported using dust
masks).

The majority of workers (64%) used tobacco products, but only 30 percent of
homeowners used tobacco products.

Over two-thirds of the workers had hobbies that had some potential for lead
exposure (e.g., working with stained glass windows, casting lead bullets or
sinkers, etc.). Conversely, only one-third of homeowners had similar hobbies.

Despite the OSHA Lead in Construction Standard, the majority of workers had not
been trained (76%) nor received educational information (67%) on lead exposure
due to R&R work. Similarly, 62 percent of homeowners had not received
information on lead (homeowners were not asked about training).

Over 75 percent of workers and homeowners reported using dry sanding/scraping to
remove paint. About one-third of homeowners and workers reported using
chemical stripping or burning/torching/heat gun to remove paint. Three times more
workers than homeowners used wet scraping, four times more workers than
homeowners used wet sanding, and two times as many workers as homeowners
used dust collectors when sanding.

Blood samples were collected from 161 workers and 82 homeowners. Overall, the
geometric mean blood-lead concentrations were well below 10 pg/dL: 5.7 pg/dL for workers and
4.5 png/dL for homeowners. Approximately 20 percent of the study participants had blood-lead
concentrations above 10 pg/dL. Also, 2.9 percent had blood-lead concentrations above
25 pg/dL, and three study participants had blood-lead levels above 40 ng/dL. Additional
blood-lead results indicate that

The distributions of blood-lead concentrations for workers and homeowners were
approximately log-normal. The geometric mean blood-lead concentrations were
5.7 ng/dL for workers and 4.5 pg/dL for homeowners with geometric s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>