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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.
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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 <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>