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EXECUTIVE SUMMARY

1. WHAT DOES THIS REPORT SAY?

This report presents equations used to carry out various conversions between wipe lead
loading and vacuum lead loading, based on two different vacuum samplers, the Blue Nozzle
vacuum (BN) used in the HUD National Survey, and the modified HVS3 vacuum used in the
Baltimore Repair and Maintenance Study. The modified HVS3 vacuum will be referred to as the
BRM vacuum for the remainder of this report.

Two sets of equations are described using the BN vacuum sampler: 1) for converting a
BN lead loading to a wipe lead loading, 2) for converting a wipe lead loading to a BN lead
loading. Each set contains a separate equation for samples collected from uncarpeted floors,
window sills, and window wells. For the BN to wipe conversions on uncarpeted floors, a
separate equation is provided for each of three house age groups in the HUD National Survey
data.

The following equations were developed for converting a BN lead loading (pg/ft*) to a
wipe lead loading (pg/ft?):

Uncarpeted floors:
Homes Built Prior to 1940: Wipe = 5.66 BN**”
Homes Built 1940-1959:  Wipe = 4.78 BN**
Homes Built 1960-1979:  Wipe = 4.03 BN*"
Window sills: Wipe = 2.95 BN
Window wells: Wipe = 5.71 BN*#*

Thus, a BN lead loading of 100 pug/fi? on an uncarpeted floor, in homes built before 1940, would
be converted to a wipe lead loading of 235 pg/ft?, by applying the first of these equations. It has
an approximate 95% confidence interval of 160 to 344 ng/fiz. The 95% prediction interval is 31
to 1799 pg/ft2. The confidence interval contains, with 95% probability, the average wipe lead
loading associated with measured BN lead loadings of 100 pg/fi2. The prediction interval

vii



contains, with 95% probability, 95 percent of individual future wipe measurements observed in
the immediate vicinity of a BN lead loading of 100 pg/ft?>. Prediction intervals are wider because
they incorporate the inherent variability in the dependent variable, whereas confidence intervals
do not.

The following equations were developed for converting a wipe lead loading (ug/ft*) to a

BN lead loading (ug/ft?):

Uncarpeted floors: BN = 0.185 Wipe®®*!
Window sills: BN = 0.955 Wipe®*®
Window wells: BN =4.91 Wipe®**

Applying the first of the above equations, for example, a wipe lead loading of 100 pg/ft’ on an
uncarpeted floor would be converted to a BN lead loading of 13.5 pg/ft2. It has an approximate
95% confidence interval of 9.47 to 19.0 pg/fi>. The 95% prediction interval is 1.912 to 94.3
pe/ft’.

For samples collected with the BRM vacuum sampler, from uncarpeted floors, carpeted
floors, window sills, and window wells, the following equations were developed for converting a

BRM lead loading (ug/ft?) to a wipe lead loading (ng/ft?):

Uncarpeted floors:  Wipe = 8.34 BRM*"!
Carpeted floors: Wipe = 3.01 BRM®*?
Windowssills: *  Wipe = 14.8 BRM®*%
Window wells: Wipe = 13.9 BRM%6*

For example, a BRM lead loading of 100 pg/ft* on an uncarpeted floor would be converted to a
wipe lead loading of 46.0 pg/ft? by applying the first equation. An approximate 95% confidence
interval for this prediction is 40.5 to 52.3 pg/ft2. The 95% prediction interval of the wipe
loadings associated with a BRM loading of 100 pg/ft? is 5.9 to 262 ng/ftz.
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2. WHY WERE THESE EQUATIONS DEVELOPED?

These conversion equations were developed for reasons related to the determination of
standards required by the Residential Lead-Based Paint Hazard Reduction Act of 1992 (Title X),
referred to as the Section 403 standards. It is likely that the Section 403 standards for dust lead
will be expressed as a measured lead loading collected by a dust wipe sample. In considering
different options for this standard, it is important to evaluate the number of homes that would be
affected by the different options. The HUD National Survey of pre-1980 housing (the only
national survey of dust lead levels) is the best source for making this assessment [1], [2], [3].
However, the BN vacuum was used in the National Survey to collect dust samples. Therefore, in
order to use this data appropriately, it was necessary to convert the raw BN lead loading data to
wipe lead loadings. Also, since the Baltimore Repair and Maintenance study dust samples were
collected using a BRM vacuum, a conversion to a wipe lead loading was necessary in order for
this data to be applicable to Section 403 analyses, such as sensitivity/specificity analyses and

prevalence statistics.

3. HOW LARGE IS THE UNCERTAINTY ASSOCIATED WITH THESE CONVERSION

EQUATIONS?

There is a considerable degree of uncertainty in the conversion equations based on BN
vacuum samples. For the BN vacuum to wipe conversion, there is relatively little data. For
example, on uncarpeted floors, one field study produced six pairs of side-by-side wipe and
vacuum measures, another produced seven pairs, and a third produced 24 pairs. A larger amount
of data was available to develop the conversion equations based on BRM vacuum samples. The
Rochester Lead-in-Dust study alone provided over 350 BRM and wipe pairs on each housing
component. Although this large amount of data allows fairly accurate characterization of the
relationship between the average wipe lead loading and an observed BRM lead loading, the
inherent variability in wipe measures makes it important to recognize the wide range of plausible

wipe lead loadings that could be associated with any observed BRM lead loading.



4, HOW WILL THESE CONVERSION EQUATIONS BE USED?

The BN to wipe conversion equations will be used to convert the BN dust-lead loadings
measured in the National Survey to equivalent lead loadings for wipe samples. The transformed
lead loadings will then be used to estimate the numbers and percentages of houses that would be
affected for various options for defining dust-lead standards.

Similarly, the BRM to wipe conversion equations will be used to transform the BRM
vacuum lead loadings in the Baltimore Repair and Maintenance study to equivalent wipe lead
loadings for use in estimating prevalence statisticé and in completing a sensitivity/specificity
analysis which relates the incidence of elevated children’s blood-lead levels to wipe lead
loadings.

The wipe to BN conversion equations will be used in two ways for the Section 403 risk
assessment. First, one window sill dust sample and one window well dust sample were collected
via the wipe method in the HUD National Survey. Because the vast majority of samples were
collected via the BN method, it was decided that these two samples should be converted to
appropriate BN loadings for consistency. Second, two models were used to predict blood-lead
levels: the IEUBK model and an empirical regression model. The empirical model uses as an
input dust-lead levels measured by the BN sampler. Therefore, no conversion of the HUD
National Survey data is necessary when using the empirical model to predict blood-lead levels
from pre-intervention environmental-lead levels, or from post-intervention environmental-lead
levels in homes where there is no expected intervention. However, in houses expected to
undergo an intervention because dust- or soil-lead levels exceed options for standards, the post-
intervention dust-lead loadings that are assigned in the analysis were estimated based on wipe
data. These post-intervention estimates will be converted to BN lead loadings to be used as input
to the empirical model.

The conversion equations presented in this report were developed for specific
applications. The conversion of Blue Nozzle vacuum lead loading to wipe lead loading was
developed for use with the HUD National Survey. The conversion of BRM vacuum lead loading
to wipe lead loading was developed for use with the Baltimore Repair and Maintenance Study.

The conversion of wipe lead loading to BN lead loading was developed primarily for converting



estimated post-intervention wipe lead loadings to “equivalent” BN estimates. If the conversion
equations developed in this report are used for other applications, the underlying assumptions for
the statistical techniques used to derive the equations need to be confirmed for the new

application.
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1.0 INTRODUCTION

The objective of this report is to present conversion equations for use in doing analyses
for the Section 403 Rule. Equations were developed for converting between wipe lead loadings
aﬁd vacuum lead loadings based on the Blue Nozzle (BN) vacuum sampler used in the HUD
National Survey [1], [2], [3], and the modified HVS3 (BRM) sampler used in the Baltimore
Repair and Maintenance study.

Specifically, three types of conversion equations were developed. The first type of
equation converts a dust-lead loading collected by the BN sampler to a dust-lead loading as
collected by a wipe. This type of equation was developed specifically for use with the HUD
National Survey. For uncarpeted floors, this type of equation was developed separately for
houses built before 1940, between 1940 and 1959, and between 1960 and 1979. A second type
of equation converts a dust-lead loading of a wipe sample to an equivalent dust-lead loading of a
vacuum sample collected via the BN sampler. These two types of conversion equations were
developed separately for samples collected from uncarpeted floors, window sills, and window
wells. A third type of equation was developed to convert from BRM vacuum lead loading to
wipe lead loading. Separate equations of this type were developed for samples collected on
uncarpeted floors, carpeted floors, window sills, and window wells. These were developed for
use with the Baltimore R&M study data.

The three sets of conversion equations were developed for three reasons. First, to
estimate the number of houses that would be affected by different options for standards requires
use of the HUD National Survey (the only national survey of dust lead levels). The HUD Survey
used the BN sampler, but the Section 403 standard for dust lead will likely be defined in terms of
a wipe lead loading. This will require converting lead loading measurements measured with the
BN sampler to an equivalent wipe lead loading for comparison with a standard. Second, two
models are used to predict blood-lead levels from environmental-lead levels in the risk analysis,
the IEUBK model and an empirical regression model. The empirical model uses lead loadings
measured with the BN samples as input because the HUD survey used the BN sampler.
However, estimating post-intervention blood-lead levels requires estimating post-intervention

environmental-lead levels. Most of the data available for estimating post-intervention dust-lead



levels is measured with wipes, and therefore the average levels were estimated based on wipes.
For use in the empirical model, these wipe levels need to be converted to BN levels. This is the
primary reason for the second conversion.

Similarly, the Baltimore Repair and Maintenance data are used to perform a
sensitivity/specificity analysis and to calculate prevalence statistics. Since the BRM vacuum was
used to collect data in this study, a means of converting BRM lead loadings to wipe lead loadings

was required.

1.1 PEER REVIEW SUMMARY

This report was peer reviewed by three subject matter experts who were independent of
the project team that developed the report. The following is a summary of the peer review
comments that had an important impact on the report or are important for understanding major
issues.

A reviewer commented that the discussion of measurement error was insufficient. In
response, the measurement error issue was reexamined, and a type of measurement error
adjustment known in the statistical literature as a transportability adjustment was found to be
appropriate for some of the situations in the report. The report methodology was changed where
necessary and the discussion of measurement error was re-written in the text.

Another review comment indicated that there was insufficient reference to the work of
others in the area of conversion equations. In response, all the known references were examined
with respect to methodology and results. Two references included consideration of within-house
correlation. The issue of within-house correlation was examined, and for some of the situations
in the report, within-house correlation was found to be statistically significant. The methodology
in the report was modified to take within-house correlation into consideration in thése cases. The
text dealing with the discussion of the work of other researchers was re-written.

Two reviewers commented on the lack of discussion of variability in one of the
adjustment factors introduced to make data from two studies comparable to data from other
studies. (The adjustment in question adjusts “bioavailable lead” measurements to “total lead”

measurements.) An examination of the appropriate data showed that there was a better way to



make the adjustment which reduced the variability in the adjustment factor. There is still random
variability in the adjustment, and this is noted in the report.

A reviewer noted that the range of the data for the Blue Nozzle conversion equation did
not match the range of the data for the Blue Nozzle dust collection in the HUD National Survey.
In general, the Blue Nozzle data collected in the HUD National Survey are lower than the Blue
Nozzle data from which the conversion equations were developed. This is a situation in which a
transportability adjustment may apply, and for the conversions from Blue Nozzle measurements
to wipe measurements for floors and window sills, a transportability adjustment was carried out.
Furthermore, it is worth noting that the values for options for dust standards under the EPA 403
rule will most likely be at the middle to high end of the data range. Hence low values from the
HUD National Survey will not be as applicable with respect to determining a dust standard.

A reviewer commented that the Blue Nozzle data in the report seemed to be inadequate to
serve as the basis for making national policy decisions. In response, a number of points should
be considered. This study utilized the only national survey of lead in residential housing, the
HUD National Survey, which used the Blue Nozzle vacuum to collect house dust. The wipe
method is the most commonly used method of dust collection, and is the method for which EPA
is likely to develop standards for the EPA 403 Rule. This report uses all available data to
develop a conversion from Blue Nozzle measurements to wipe measurements. Collection of new
data was not an option under the time constraints of the 403 analyses.

At the time of peer review, the report contained a conversion equation from a lead
loading as collected by a wipe sample to a lead concentration as collected by a Blue Nozzle
vacuum. After the peer review was completed, EPA decided to pursue alternative approaches in
the 403 analyses that have made use of the wipe loading to Blue Nozzle concentration conversion
equation unnecessary. All the material related to this conversion equation has been moved to an
appendix to document the developmental work that was done; however, it is unlikely the wipe
loading to Blue Nozzle concentration equation will be used in 403 analyses.

After completion of peer review, this report was substantially revised. The report was
included as an appendix to a report on the risk analysis for the 403 rule. This risk analysis was

peer reviewed by individuals different from those who peer reviewed this report ‘initially. In this



review, a reviewer commented on the lack of an adjustment for measurement error, and further
commented that the absence of an adjustment for measurement error limited the usefulness of the
conversion equations outside the context of the rulemaking process. An additional comment
was received recommending the collection of more data.

In response, the reviewer appears to be referring to an errors-in-variables adjustment. In
regression analysis, the independent variable is assumed to be known without error. An errors-
in-variables adjustment is generally done to adjust for the variability in the independent variable.
However, in this report, what is desired is a conversion from one observed value to another, so
that the independent variable is by definition known without error. Therefore, an errors-in-
variables approach, by itself, is not appropriate for this report. However, a type of measurement
error adjustment known as a transportability adjustment was appropriate for some cases in this
report and was carried out, as stated above. This adjustment involved an errors-in-variables
adjustment as an intermediate step. With respect to the collection of more data, this was not
possible under the time constraints of the 403 analyses.

EPA has established a public record for the peer review of this report under
Administrative Record 169. This Administrative Record is available in the TSCA Non-
Confidential Information Center, which is open from noon to 4 pm Monday through Friday,
except on legal holidays. The TSCA Non-Confidential Information Center is located in Room
NE-B607, Northeast Mall, 401 M Street SW, Washington, D.C.

1.2 DOCUMENT OVERVIEW

This chapter (Chapter 1) is the introduction to the report. It explains why the analyses in
the report were done. A summary of the peer review of the report and an overview of the layout
of the rest of the report are also included in Chapter 1. Chapter 2 discusses the data, which
studies were involved, descriptive statistics, range of the data and other technical issues.
Chapter 3 presents the statistical approach used in developing the conversion equations. Detailed
explanations of measurement error, within house correlation, combining results across studies,
and confidence and prediction intervals are included. Chapter 4 presents the results (with figures

and tables) of the analyses for the Blue Nozzle Vacuum and for the BRM Vacuum. Chapter 5 is



a discussion of the analyses and a summary of related efforts by other researchers. Chapter 6 is a
list of references. Appendix A explains the development of two correction factors employed in
the conversion equations analysis. Appendix B presents the distribution of the data used to
develop the BN and BRM vacuum conversion equations. Appendix C presents details of the
development of the BN to wipe conversion equations. This includes figures and tables which
justify the statistical analysis, and validation of the models used. Individual study regressions,
residual analyses, and influential observation analyses are provided. Appendices D and E present
details of developing the wipe to BN and BRM to wipe conversion equations, respectively,

| including model building, residual anaiysis, and influential observations analysis. Appendix F
provides a wipe lead loading to BN lead concentration conversion based on the same approach

used for the loading to loading conversions discussed in the main body of the report.



2.0 DATA

A wide range of samplers and sampling protocols have been used in environmental-lead
studies for the collection of dust samples. This section describes the data used for determining
relationships between lead loadings as measured by the wipe and BN methods. A description of

the data used to determine the relationship between wipe and BRM vacuum lead loadings is also

presented.

2.1 STUDIES INCLUDED

Table 1 provides information on the studies used to develop the conversion equations
discussed in this report. Details regarding the design of each study and the intervention history of
the houses included in each study are presented. Comments are also provided td identify
limitations or special considerations, such as correction factors, associated with each study.

Three studies report side-by-side paired data on wipe lead loading and Blue Nozzle

vacuum lead loading and were used to develop the conversion equations for the BN vacuum:

1. CAP Pilot study [4]
2. National Center for Lead-Safe Housing (NCLSH)/Westat study [5]

3. Baltimore Repair and Maintenance (R&M) Pilot study [6, 7]

In the CAP Pilot and NCLSH/Westat studies, wipe samples were analyzed using the hot nitric
acid/peroxide digestion method typically used in HUD-related work, while the R&M Pilot study
employed the cold hydrochloric acid digestion procedure used in the State of Maryland.
Therefore, it is necessary to use an additional correction factor to convert the wipe lead
measurements in the R&M Pilot study to equivalent HUD wipe measurements. An estimate of
the correction factor was obtained from a log-linear regression analysis of total available lead
loading (hot nitric acid/peroxide) versus bioavailable lead loading (cold hydrochloric acid) using
data reported in the NCLSH 5-Method Comparison study [9]. This study reported wipe
measurements that were analyzed by both chemical extraction procedures. The regression results

indicate that the bioavailable lead loading, denoted by B, should be multiplied by B*!* to

6
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represent total lead loading. Using a correction factor that depends on the amount of lead
measured was found to significantly reduce the observed variability about the correction,
although variability still remains in the correction factor. Thus, wipe lead loadings in the R&M
Pilot study were adjusted to be more reflective of HUD wipe measurements. Appendix A
provides details on the development of this correction factor and addresses its applicability to the
studies involved in this analysis. Appendix B contains tables of the distribution of the Blue
Nozzle data. These tables present the number of pairs of side-by-side wipe and vacuum samples
within various ranges for each component in each of the three studies included.

The CAP Pilot study collected two side-by-side wipe and BN vacuum samples in each
house. The geometric average of these replicate samples was used in the development of the
conversion equations. The reduced variability associated with averaging side-by-side samples
was taken into account in developing the conversion equations.

Four studies report side-by-side paired data on wipe lead loading and BRM vacuum lead

loading and were used to develop the BRM loading to wipe loading conversion equations:

R&M Mini study [8]

NCLSH 5-Method Comparison study [9]
Rochester Lead-in-Dust study [10]
Milwaukee Low Cost Interventions study [11]

calb b

Notice from Table 1 that the housing components sampled varied by study. The Rochester Lead-
in-Dust study was the only study for which side-by-side wipe and BRM samples were collected
on all four components: uncarpeted floors, carpeted floors, window sills and window wells. In
the Rochester Lead-in-Dust, NCLSH 5-Method Comparison, and Milwaukee Low Cost
Interventions studies, wipe samples were analyzed using the hot nitric acid/peroxide digestion
method which yields total lead loading. The R&M Mini study, however, reported bioavailable
lead loadings using the cold hydrochloric acid digestion procedure mentioned above. The
correction factor discussed above for the R&M Pilot study was also used to adjust these loadings.
In the NCLSH 5-Method Comparison study, only 80 percent of each sample collected by
wipe was extracted using the hot nitric acid/peroxide digestion method (total lead digestion).

The lead loadings for total lead digestion reported in the NCLSH 5-Method Comparison study

9



were therefore multiplied by 100/80 = 1.25 to adjust for the chemical analysis of a reduced
sample. Appendix A describes the derivation of the two correction factors used. The appendix
also motivates the use of these adjustments.

In the Milwaukee Low Cost Interventions study, there were duplicate BRM samples
collected from a location adjacent to the side-by-side samples provided for this analysis. These

duplicates were not included in the development of these conversion equations.

2.2 DESCRIPTIVE STATISTICS

Table 2 presents descriptive statistics for the variables used in developing the various
conversion equations in this report. Data were available for the relationship between wipe and
BN on uncarpeted floors, window sills, and window wells. No data regarding this relationship
on carpeted floors were found. For exploring the relationship between wipe loadings and BRM
loadings, data were available from uncarpeted floors, carpeted floors, window sills, and window

wells.

2.3 RANGE ISSUES

This section deals with issues involving the ranges of the data used to develop the
conversion equations and the impact of these ranges on the applicability of the equations. The
BN to wipe conversion equations will be used to convert the BN dust-lead loadings measured in
the National Survey to equivalent lead loadings for wipe samples. The transformed lead loadings
will then be used to determine the numbers and percentages of houses that would be affected for
various options for a lead dust standard.

The BN loadings used to develop the BN lead loading to wipe lead loading conversion
equation range from 1 to 2164 pg/ft* for uncarpeted floors. The BN lead loadings for private
housing in the HUD National Survey range from 0.014 to 380 pg/ft? for uncarpeted floors. Of
the 364 non-missing BN vacuum lead loadings from uncarpeted floors for private housing in the
HUD National Survey, 190 (52%) fall below the minimum BN vacuum lead loading used to
develop the BN loading to wipe loading conversion equation. Of the 284 homes surveyed, 150

had at least one uncarpeted floor dust-lead loading falling below the range of the conversion data.
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For window sills, the BN lead loadings from the HUD National Survey range from 0.004
to 11,899 ug/ft* with 136 (35%) of the 392 non-missing observations falling outside the range of
the conversion data. One BN lead loading is above the maximum of the data used to develop the
window sill conversion equation (8964 pg/ft?) and 135 BN loadings are below the minimum (1.4
pg/ft?). Of the 284 homes surveyed, 107 have at least one window sill dust-lead loading falling
below the range of the conversion data.

The range of the BN lead loadings used to develop the BN loading to wipe loading
conversion equation for window wells is 35.5 to 761,842 pg/ft>. Forty-seven (30%) of the 158
non-missing BN vacuum lead loadings from window wells in the HUD National Survey fall
below the minimum of 35.5 pg/ft>. Forty of the 284 homes included in the survey have at least
one window well dust-lead loading falling below this minimum. Table 3 lists the ranges of the
data used to develop the BN loading to wipe loading conversion equations for each housing
component. Also presented are the ranges of the HUD National Survey BN loadings that will be
converted using these equations. The distribution of the BN lead loadings used to develop the
conversion equations (“training data”) is substantially different from the distribution of BN lead
loadings observed in the HUD survey (“application data”). Because of this, a “transportability
adjustment” was applied, which is explained in Chapter 3.

Table 3 also includes the range of the data used in developing the BRM loading to wipe
loading conversion equation for each housing component. These equations will be used to
transform the BRM vacuum lead loadings in the Baltimore Repair and Maintenance study to
equivalent wipe lead loadings for use in determining prevalence statistics and in completing a
sensitivity/specificity analysis which relates the incidence of elevated (2 10 pg/dL) children’s
blood-lead levels to wipe lead loadings. The ranges of the Baltimore Repair and Maintenance
BRM loadings are provided in Table 3 as well. With one exception for the minimum of carpeted
floors, these loadings fall within the range of the data used to develop the equations for each

component.

12



Table 3. Observed Ranges, by Housing Component and Vacuum Type, for the Dust-Lead
Loading Data (ug/ft?) Used to Develop the Vacuum Loading to Wipe Loading
Conversion Equations and for the Dust-Lead Loading Data (zg/ft?) upon Which
the Conversion Equations Will Be Used.

Housing Component
Uncarpeted ' Carpeted Window Window
Floors Floors Sills Wells
Data Vacuum
Classification Type Data Min. Max. Min. Max. Min. Max. Min. Max.
CAP Pilot, R&M
BN Pilot, and 1.00 | 2,164 NA NA 1.40 8,964 35.56 | 761,842
Data Used to NCLSH/Westat
Develop the R&M Mini,
Conversion Rochester,
Equations BRM NCLSH 5- 0.080 | 74,100 | 1.42 |141,000 |0.250 | 4,169,649 | 1.88 |6,610,797
Method,
Milwaukee
Data Upon HUD National (@) @
Which the BN Survey 0.014 380 0.003 272 0.004 11,899 |0.042 | 40,457
Conversion
Equations Baltimore
M .625 | 59,074 1.08 26,417 .7 285,414 26.6 , ,
Will Be Used BR R&M® 0.525 0.788 5 6 3,360,469

(a) There were no data to develop a conversion equation from BN to wipe for carpeted floors.

(b) Floor dust samples in the Baltimore R&M study were composited. The statistics for uncarpeted floors reflect the
distribution of composite samples that included any subsamples from uncarpeted floors. Statistics for carpeted floors
reflect the distribution of samples that included any subsamples from carpeted floors. These two sets of samples
overlapped because some floor composite samples included both carpeted and uncarpeted subsamples. Of the 317
floor composite samples, 191 (60%) were exclusively from uncarpeted floors, 49 (16%) were exclusively from
carpeted floors, and 77 (24%) were from both carpeted and uncarpeted floors.

2.4 OTHER ISSUES

Seasonal rhythms in blood lead levels have been observed in several studies. For
example in the EPA report, Seasonal Trends in Blood Lead Levels in Milwaukee [12], found
that lead levels in blood were approximately 40% higher in the summer (August) than in winter
during 1990-1995. In addition, seasonal rhythms in environmental lead levels were observed in
Boston during 1979 to 1983 as reported in the EPA report Seasonal Rhythms of Blood-Lead
Levels: Boston, 1979-1983 [13]. In that study, floor dust-lead loadings were on average 50
percent higher in July compared to December. Environmental samples in the HUD National
Survey were collected during the winter months and may have been higher if they were collected
during the summer. Because seasonal variations in dust lead are most likely a function of

geographic location, the seasonal variations estimated in Boston and Milwaukee may not be
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applicable to the HUD National Survey. Therefore, an adjustment to the floor dust-lead loadings
in the HUD National Survey to account for seasonal variations was not investigated.

The types of wipes used in the various studies are identified in Table 4, with an indication
of whether there is known to be background lead in these wipes. The wipes used in the CAP and
the Milwaukee studies had trace amounts of lead. These trace amounts would be expected to

only slightly increase the variability, and slightly bias the relationships.

Table 4. Wipes Used in Various Studies.

Vacuum
Type Study Wipes Used Background Lead

CAP Pilot Chubbs 6-18 ug lead per wipe

Blue Nozzle NCLSH/Westat Little Ones Baby None known

R&M Pilot WetOnes None known

R&M Mini WetOnes None known

NCLSH 5-Method Comparison Little Ones Baby None known

BRM Rochester Lead-in-Dust Little Ones Baby None known
M"“Il::ekriz:t?;scos't Wash-a-bye Baby 1-2 ug lead per wipe

In Table 5, information is presented related to the non-detection of lead loadings in the
sets of data used to develop the conversion equations. This includes the instrument detection
limit (IDL) in each study, the number of samples below the IDL, and a description of how these
samples were handled in the analysis. For the BRM conversion equations, a very small
percentage of the data was below the IDL, so their influence is likely to be small. For the BN
conversions, the vast majority of the samples collected in the NCLSH/Westat study were below
the IDL, and these were excluded. For the CAP and R&M Pilot studies, either IDL or
IDL/,/2 was used when non-detected results were the case. None of these points were found to
be influential observations. (Appendices C and D present analyses to identify influential data

points.)
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Table 5. Information Related to Non-detection for Lead Measures in Various Studies.

How were Below IDL

Interventions

48.6 ug/ft? for BRM.

9 BRM samples

Vacuum Instrument Detection Number of Samples samples handled in
Type Study Limit (IDL) Below IDL this report
IDL was used to
CAP Pilot 13.77 ug/sample for wipe 1@ compute wipe lead
loading
For 292 of the 351 side- | Only paired samples
NCLSH/ 5 ug for blue nozzle by-side pairs, one or both | with both members of
Blue Nozzle Westat 25 ug for wipe measurements were the pair above the IDL
below IDL were used in analysis
. An approxlm§ te value of 7 ug for 3 wipe measurements (2 | Measurements were
R&M Pilot IDL of wipe samples was sills and 1 well) replaced by IDLA'2
determined from the data set p Y
R&M Mini - None
Samples below the
limit of detection for
NCLSH 5- :Ieaamnglj\zl:d“;)eyri;raphite
Co,\rnnet:g:on () (b) furnace AA, and for
P these, the GFAA
response was used in
this report.
Samples below the
limit of detection for
. flame AA were
wipe: 1 uncarpeted floor .
. . reanalyzed by graphite
1 window sill furnace AA, and for
FAA: wipe<10 ug/sample BRM: 3 uncarpeted :
these, the GFAA
BRM BRM < 10 ug/sample floors .
Rochester L . . response was used in
. GFAA: wipe < 0.25 ug/sample 3 window sills .
Lead-in-Dust BRM <0.15 ug/sample 1 window well this report. The
’ 9 P reported values for the
These were below the 9 samples below the
IDL for GFAA analysis. GFAA IDL were
included in the
analysis with no
changes.
Wipe and BRM
loadings below and
Milwaukee IDLs varied from 1.69 to 1.89 1 wios samole ::z;fe;h:’hfs"a;"e’e
Low Cost ug/ft? for wipe and from 1.08 to p p e

way. The detection
limit was ignored in
reporting of
instrument responses.

(a) Both wipe samples in a vacuum-wipe pairing were below the appropriate IDL for the analysis of the wipe samples. The
vacuum samples in the pairing were both above the appropriate IDL for the analysis of the vacuum samples. The wipe
sample IDL was used to compute the lead loading for the wipe samples in the pairing. The final calculated loading
depended on the sample dilution.

(b) Could not be determined from the report.
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3.0 STATISTICAL APPROACH

A log-linear model was used to characterize the relationship between lead loadings for
two different samplers on all housing components. For instance, the model relating wipe lead
loading to Blue Nozzle lead loading may be written as

log(BN) = log(8,) +6, log(W) + log(E),
or equivalently as,
BN=0,W " E,

where BN=Blue Nozzle lead loading and W=wipe lead loading. E represents a random error
term.

A similar model is recommended for converting a lead loading from either vacuum

sampler to a wipe lead loading:

log(W) =log(6,) + 6,log(V) + log(E),
or equivalently as,
w=6,V°E,
where V=Blue Nozzle or BRM vacuum lead loading and W=wipe lead loading, with E
representing a random error term.

Depending on the conversion, different methods were used to obtain point estimators of
the model parameters, namely, 6, and 0,. Figures 1, 2, and 3 illustrate the procedures used to
derive the three types of conversion equations. Figure 1 describes the procedure used to derive
the conversion from BN to wipe lead loading, with one exception. Figure 2 describes the
procedure used to estimate conversions from wipe to BN lead loading. Figure 3 describes the
procedure used to derive the conversion from BRM to wipe lead loading. The exception to
Figure 1 is the conversion for window wells from BN to wipe lead loading, which follows the
procedure in Figure 2.

In these diagrams, the circles represent the data sets, the triangles represent the statistical
methods performed on the data set, the boxes represent the outcomes of the analytical step or
steps. The statistical methods named within each triangle are described in the subsections of 3.1.
The relevant section number is indicated within each triangle. In Figure 1, BN and the 0

parameters represent the observed values and the observed regression parameters, respectively.
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R&M Pilot

Correction Factor
Apx A

. (Corrected)

CAP Pilot R&M Pilot

Centering Centering Centering
3.1.1 3.1.1 3.1.1

Log Linear Regression

Log Linear Regression,

Log Linear Regression

W =67, BN

W =67, BN

W =675 BN®

EIV Correction
Step 2
3.1.4

EIV Correction
Step 2
3.1.4

EIV Correction
Step 2
3.1.4

W =4, BNN P

W = g,, BN#=

W =5, §N P

v

Combining Parameters
Across Data Sets

Uncentering
3.1.6

~

W = g, BN/

Transporitability
Adj., Step 4
3.1.4

v

W =4, BN®

Figure 1. Methods for Converting BN to Wipe Lead Loadings on Uncarpeted
Floors and Window Sills.
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R&M Pilot

Correction Factor
Apx A

. (Corrected)
CAP Pilot R&M Pilot
Centering Centering Centering
3.1.1 3.1.1 3.1.1

Log Linear Regression Log Linear Regression

T
9 of,

Log Linear Regression

BN = 4, , Wil
- 0,3

Combining Parameters
Across Data Sets

v

Uncentering
3.1.5

BN =4, W&

Figure 2. Methods for Converting Wipe to BN Lead Loadings on Uncarpeted Floors,
Window Sills, and Window Wells, and Methodology for Converting BN to Wipe

Lead Loadings on Window Wells.
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R&M Pilot NCLSH/5-Method

Correction Factor
Apx A

Correction Factor
Apx A

R&M Pilot NCLSH/5-Method Rochester

Centering Centering Centering Centering
3.1.1 3.1.1 3.1.1 3.1.1

Log Linear Regression
with correlation

Log Linear Regression
with correlation

Log Linear Regression
with correlation

Log Linear Regression
with correlation

ol 91T2 ar. ol
W= 90’1 BRM™! W= 00,2 BRM™ W= 90’3 BRM'13 W= 00 4 BRM 14

Combining Parameters
Across Data Sets

W =6, BRM?

Figure 3. Methods for Converting BRM to Wipe Lead Loadings.

BN represents theoretically “true” BN values (without measurement error). The B parameters
are associated with the relationship without measurement error in the BN measurements. These
are discussed in more detail in Section 3.1.3.

The procedure illustrated in Figure 1 incorporates a “transportability” adjustment
documented below. This procedure was used for converting BN lead loadings to wipe lead
loadings on uncarpeted floors and window sills. Making the transportability adjustment in Step 4

required a measurement error adjustment in Step 2. However, the conversion equation for

19



window wells from BN to wipe lead loading was not done according to the Figure 1 approach
because there was only one data point available to estimate measurement error for window wells.
Hence a decision was made to use the methodology in Figure 2 for this type of conversion. The
Figure 2 approach does not include a transportability adjustment. It was felt that the use of the
Figure 2 methodology would be more reliable than the approach in Figure 1 for BN lead loadings

on window wells.

3.1 STATISTICAL METHODS USED IN DEVELOPMENT OF CONVERSION EQUATIONS

This section describes the several statistical methods used to develop the conversion

equations.

3.1.1 Centering

As the model is stated above, the intercept is the predicted log lead loading for an
associated sample with a lead loading of 1 pg/ft2. A lead loading of 1 pg/ft* (which has a
logarithm of 0) is near the lower bound of the range of lead loadings in each of the studies used
to develop these equations. Thus, an estimate of the intercept at a lead loading of 1 pg/ft*> would
have greater uncertainty than if the intercept was estimated near the “center” of the observed lead
loadings. In fact, the uncertainty of the intercept is minimized if it is estimated at the average, or
the “center,” of the values taken on by the independent variable. Therefore, the log lead loading
of the independent variable in each study was centered by subtracting p,, the average log lead
loading obtained for the independent variable across the studies for which data was available for

that housing component and vacuum type. The model then becomes, for example,

log (W) = log (8;) + 6, (log(BN) - ) +log (E).

This is done to make the estimates of slope and intercept (nearly) independent. For each study,
the regression model was then fitted to the centered data.

This approach was taken when developing conversion equations for both the BN and
BRM vacuum samplers for uncarpeted floors, carpeted floors (BRM only), window sills, and
window wells. Separate centering constants were determined for each sample type (i.e., carpeted

and uncarpeted floors, window sills or window wells), and predictor (i.e., BRM, BN, or wipe).
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3.1.2 Log Linear Regression

Simple log linear regression models were used to express the relationship between each
predictor variable and its converted value, e.g.,

log(BN) = log(8,) +9, log(W) + log(E),

Exponentiating both sides of the model yields
BN = 6,W"E.

Within the log linear regression model, the parameters 6, and 8,, intercept and slope,
réspectively, are the statistics of interest. This form of model has been used in many studies for
relating one lead measurement method to another (e.g., [4], [5], [9], [11]). Including a variable,
0,, to represent the exponent on the independent variable permits the ratio to depend on the level

of the predictor.

3.1.3 Measurement Error and Transportability Assessment

What is Measurement Error?

Measurement error is the difference between the observed value (the actual vacuum lead-
loading measurement) and the “true” lead loading at a location. “True” lead loading can only be
defined conceptually in this application. It represents what would be the average of an infinite
number of replicated samples taken in the immediate vicinity of the location sampled. True lead
loading in this context does not represent the actual amount of lead present at the location. It
represents the central tendency of the sampler under the present circumstances. Thus, true lead
loading for the BN sampling method may not be the same as the true lead loading for the wipe
sampling method.

This report uses the following notation to distinguish between observed and true values.
(Note that all values are log transformed, but notation indicating the log transformation is
omitted for ease of presentation.)

X; = true value
W, = observed value

U, = W, - X; = measurement error.
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The relationship between X and Y is assumed linear and defined as:

Y, = Bot+B X +E;
The E;’s represent the residuals from the true relationship and have variance 0'; . However, one

does not observe X;, but rather W; = X; + U; . Under the assumption that the X;’s are normally
distributed, Y; has a similar, linear relationship with W:

Y, = 0,+6, W;+n,
with different parameters defining the intercept, 6,, the slope, 0,, and the variance of the error
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