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EXECUTIVE SUMMARY

In response to requirenents mandated by the Lead-Based Pai nt
Poi soning Prevention Act, in 1989 the U S. Departnment of Housing
and Urban Devel opnent (HUD) initiated the Lead-Based Pai nt
Abat ement Denonstration Study in seven urban areas across the
U S. The objectives of this study were to assess the cost,
wor ker hazards, and short-termefficacy of various |ead-based
pai nt abat enment nethods. Anpong ot her concl usions, the FHA
portion of this study estinmated that abatenent costs for a
single-fam |y dwelling could range from $2000 to $12,000. One
gquestion which was not answered by the HUD Abat enent
Denonstration was that of the long-termefficacy of the abatenent
met hods. Therefore, in 1990 the U S. Environnental Protection
Agency (EPA), in cooperation with HUD, initiated the
Conpr ehensi ve Abatenent Performance (CAP) Study to address this
guesti on.

The CAP Study was a followup to HUD Abat ement Denonstration
activities perfornmed in Denver, Colorado. There were four
primary objectives of the CAP Study: (1) assess the long-term
efficacy of two prinmary abatenent nethods, (2) characterize |ead
| evel s in household dust and exterior soil in unabated honmes and
homes abated by different abatenent nethods, (3) investigate the
rel ati onship between | ead in household dust and | ead from ot her
sources, in particular, exterior soil and air ducts, and (4)
conpare dust lead |oading results fromcycl one vacuum sanpl i ng
and wi pe sanpling protocols. To address these objectives, the
CAP Study col |l ected approximately 30 dust and soil sanples at
each of 52 HUD Denonstration houses in Denver, approximtely two
years after the abatenents had been conpleted. The houses were
all occupied at the tinme of the CAP Study field sanpling, though
t hey had not been continuously occupi ed between the conpl etion of



the abatenents and the field sanpling. The sanples were anal yzed
for their |ead content, and these | ead neasurenents were then
used in detailed statistical analyses addressing the four study
gquesti ons.

The CAP Study included two approaches for assessing
abat enent efficacy, one direct approach and one indirect
approach. In the direct approach CAP Study | ead neasurenents,
made at HUD Denonstration houses two years after abatenent, were
conpared with pre-abatenent | ead neasurenents nade at those sane
houses. Since pre-abatenent dust |ead neasurenents were |imted,
the CAP Study al so included an indirect approach to assessing
abatenent efficacy. |In this approach, lead | evels were neasured
in dust and soil sanples collected both at abated HUD
Denonstrati on houses, and at the sane tine at unabated HUD
Denonstration houses found to be relatively free of |ead-based
paint. The performance of the abatenent nethods was then
assessed by conparing the lead | evels at abated houses with those
at unabat ed houses. Sanpling at unabated houses provided a
measure of the anount of |ead introduced to the housing
environnent fromlow levels of lead in paint and sources ot her
t han | ead-based paint. |[If the environnental |ead | evels at
abat ed houses were found to be simlar to those at unabated
houses, this was taken as an indication that abatenent either
| onwered pre-abatenent |ead levels, or at |east did not
significantly raise lead | evels at abated houses. However, if
| ead | evel s at abat ed houses were higher than at unabated houses,
this was taken as an indication that abatenment failed to
conpletely elimnate the | ead hazard because | ead was introduced
to these environnments either imrediately through i nadequate dust
control during abatement, or nore gradually over time. Cearly,
an inportant limtation of the direct assessnment of abatenent
efficacy is that the pre-abatenent |ead | evels at abated houses
were not avail able (except for foundation soil and limted
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nunbers for floors and wi ndow stool?! dust), and therefore, one
can only conjecture about whether the observed post-abat enent

| ead | evel s represent an inprovenent or worsening of the housing
envi ronnent .

The results of the CAP Study fromthe direct approach of
conpari ng post-abatenent and pre-abatenent |ead | evels were that
for the two sanple types for which a conparison was possible
(foundation soil and w ndow stools), there was no evi dence that
post - abatenent | ead |evels are significantly higher than pre-
abatenent |evels. Both pre-abatenent and CAP results for w ndow
st ool dust sanples averaged between 175 and 200 pg/ft2 In soi
at the foundation of the house, |evels were near 240 pg/g. These
results are based on dust |ead neasurenents nmade on w ndow stools
at 10 CAP Study abated houses, as well as soil |ead neasurenents
made at 24 CAP Study abated houses. A few floor dust sanples
obt ai ned fromthree houses were al so avail able for conparison,
but were deened insufficient for making substantive concl usions.
These results are tenpered by the fact that because of the smal
nunber of houses for which data were available, as well as the
| arge variability in observed lead levels, relatively |large
di fferences between post-abatenent and pre-abatenent |ead | evels
could not be judged to be statistically significant. For
exanpl e, the confidence interval for the average ratio of post-
abatenent to pre-abatenent |evels on window stools was 0.37 to
3.46. In addition, further conplicating the conparison of post-
abat enent and pre-abatenent dust and soil |ead neasurenents was
the fact that different sanpling and anal ysis protocols were used
in the CAP Study and HUD Denonstration. Perhaps nost

The wi ndow stool was defined as the horizontal board inside
t he wi ndow whi ch extends into the house interior —often
called the wi ndow sill. In contrast, the wi ndow channel was
defined as the surface bel ow the w ndow sash and i nside the
screen and/ or storm w ndow.



significantly, the CAP Study utilized vacuum dust sanpling while
the HUD Denonstration utilized w pe dust sanpling.

The indirect assessnent of abatenent efficacy found that
abat enent appears to have been effective, in this case in the
sense that there is no evidence that post-abatenent |ead |evels
at abated houses were significantly different than | ead | evels at
nei ghbori ng unabat ed houses found to be relatively free of |ead-
based paint. There were two exceptions to this statenent;
however, both of these exceptions were anticipated and are
logically explained. First, |ead concentrations in air ducts
were significantly higher in abated houses than in unabated
houses; air ducts were not abated in the HUD Denonstration. In
addition, |ead concentrations in the soil outside abated houses
were significantly higher at the foundation and at the boundary
t han correspondi ng | ead concentrations outside unabated houses.
However, soil was al so not abated during the HUD Denonstrati on;
and these higher lead levels mght in part be due to differences
in the age of these houses, since on average the abated houses in
this study were 17 years ol der than unabated houses. As with the
caveat stated above, these results nust also be tenpered by the
fact that not finding a significant difference in |ead | evels at
abat ed and unabat ed houses for all other building conponents and
sanpling | ocations does not prove that no such differences exist.
The CAP Study was designed to detect approximately two-fold
di fferences between | ead | evels at abated and unabat ed houses
under specified variance assunptions. For exanple, although the
estimate of 1.76 for the ratio of |ead |oadings on floors in
abated to unabated houses was not significantly different from
one, the 95 percent confidence interval for this ratio was from
about 0.87 to 3.5.

The CAP Study al so assessed abatenent by conparing
encapsul ati on and encl osure nethods versus renoval nethods. No
significant differences anong |lead |levels could be attributed to
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these two types of abatenent nethods, except for air ducts which,
as stated above, were not abated. Air duct dust lead | evels were
hi gher in houses abated primarily by encapsul ati on and encl osure
nmet hods than in houses abated primarily by renoval nethods. It
is inportant to note, however, that houses abated primarily by
encapsul ati on and encl osure nethods on average had greater
anounts of abatenent perforned than houses abated primarily by
renmoval nmethods. The CAP Study al so perforned a visual

i nspection of abated surfaces and recorded their condition as
being intact, partially intact, or mnimally intact. Less than
60% of the surfaces abated by encapsul ati on and chem cal
stripping nethods were found to be intact, while nore than 70% of
the surfaces abated by all other nethods were found intact.

Wth regard to the second study objective, lead | evels were
found to vary greatly for different media and sanpling | ocations.
M ni mum i ndi vi dual | ead concentrations for nost sanple types were
typically on the order of 10 pg/g except in air ducts and w ndow
channel s where levels were at |east 50 pg/g. Maximum i ndivi dual
| ead concentrations were | owest for boundary and entryway soil
sanples (1073 and 1068 ug/ g, respectively) and hi ghest for w ndow
st ool and w ndow channel dust sanples (48,272 and 45,229 ug/ g,
respectively). Mninmumindividual |ead |oadings for all sanple
types were typically only 1 to 4 pg/ft2  Maxi mumindividual |ead
| oadi ngs were |l owest for floor dust sanples (334 ug/ft? by w pe
and 11,641 pg/ft? by vacuun) and hi ghest for w ndow channel dust
sanpl es (244,581 pg/ft?. Dust |lead |oadings were al so eval uated
in conparison with the HUD interimdust standards (HUD 1990Db).
Geonetric nean |lead | oadings for both floors and w ndow stools at
bot h abated and unabated houses were found to be well below their
respective HUD standards of 200 and 500 pg/ft2  On floors,
geonetric nean | ead | oadings were also well bel ow the EPA
gui dance standard of 100 pg/ft2 (EPA, 1994). |In addition, for
both of these sanple types, nore than 75 percent of the sanples
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collected in the CAP Study had | ead | oadi ngs bel ow their
respective HUD standards, in both abated and unabat ed houses.
However, geonetric mean wi ndow channel |ead | oadings at both
abat ed and unabat ed houses were found to be well| above the HUD
interimstandard of 800 pg/ft? and well over half of individual
observations were above this standard, at both abated and
unabat ed houses.

Three primary results were found for the third CAP Study
objective. First, significant correlations in | ead
concentrations at the house |level were found for four pairs of
sanpl e types: w ndow channels and wi ndow stools (correlation
coefficient of 0.40), entryway soil and boundary soil (0.56),
boundary soil and wi ndow stools (0.38), and entryway soil and
interior entryway dust (0.29). Second, at the house |evel,
significant correlations in dust |ead | oadings were found for two
pairs of sanple types: w ndow channels and w ndow stools (0.56),
and air ducts and exterior entryways (0.41). Third, significant
correl ati on was observed between dust |ead concentrations at
interior and exterior entryways (0.37). However, at the room
I evel, no significant correlations in dust |ead | oadings were
found. House |evel correlations were based on house averages;
room |l evel correlations were based in nost cases on single
measurenents. The fact that nore house |evel correlations were
significant suggests that differences in lead |levels are nore
related to broad differences anong houses than to | ocation-
specific characteristics wthin houses.

Results for the fourth study objective found that when
conbi ned across substrates, the average difference between | ead
| oadi ngs neasured by the cycl one vacuum net hod and by the w pe
met hod was insignificant. Differences were overshadowed both by
| arge side-by-side variability in the two nethods, and a strong
substrate effect. This latter effect was apparently related to
t he snmoot hness of the substrate. On linoleum the two nethods
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wer e approxi mately equi val ent, whereas on tile, |ead |oadings
measured by the cyclone were | ower than those neasured by w pe,
and on wood, |ead | oadi ngs neasured by the cycl one were higher.
These results shoul d be consi dered when setting environnental
standards and choosing sanpling nethods for testing regul atory
conpl i ance.

The CAP Study results provide potentially inportant
i nformati on about the role of relatively high-cost abatenent
procedures for elimnating, or controlling, residential |ead-
based paint. The CAP Study found no significant differences
bet ween post-abatenent and pre-abatenent |ead | evels for exterior
soil and the limted nunber of w ndow stool dust |ead
measurenents available. It also found no significant differences
bet ween post -abatenent |ead | evels at abated houses and | ead
| evel s at unabat ed houses, with the exception of air duct dust
and exterior soil which were not abated in the HUD Denonstration.
In addition, for both floors and wi ndow stools the geonetric nean
| ead | oadi ngs at abated houses were well below the "Lead-Based
Paint: Interim Guidelines for Hazard ldentification and Abat enent
in Public and Indian Housing" (HUD, 1990b) standards of 200 and
500 pg/ft2.  The |l ead | oading geonetric nean for floors at abated
houses was al so wel|l bel ow the EPA standard of 100 pg/ft? for
floors (EPA, 1994). These results all suggest that the abatenent
activities were effective, in the sense that they do not appear
to have increased |l ead | evels at abated houses above interim
standards. However, the CAP Study al so found that the geonetric
mean dust |ead | oading for wi ndow channels at abated houses was
wel | above the HUD interimstandard of 800 pg/ft? although the
sanme result was found for unabated houses relatively free of
| ead- based pai nt.

Conpari sons between the w pe nethod and t he vacuum net hod
used to collect dust in the CAP Study indicate that results from
wi pe sanples would Iikely be below the clearance standards for
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fl oors and wi ndow stools. For w ndow channels, differences
bet ween wi pe and vacuum net hods, especially on wood, preclude
concluding definitively that results fromw pe sanpl es woul d
exceed the cl earance standard for wi ndow channel s.

Study Conclusion

The conclusion of this study is that |ead-based paint
abatenents are effective. This conclusion is based on the study
finding that there is no evidence that post-abatenent |ead |evels
at abated houses were significantly different fromlead | evels at
unabat ed houses relatively free of |ead-based paint, save for two
exceptions. The two exceptions, differences in |lead |levels
bet ween the abated and unabated houses in air ducts and exterior
soil, are explained by the fact that air ducts and soil were not
abated. There are caveats to the study that should be kept in
m nd when interpreting and assessing the results and concl usi on.
The principal caveats are these: no biological nonitoring was
done in the study, and the study was designed to detect
differences approximately a factor of two or |arger between the
abat ed houses and t he unabated houses.



1.0 INTRODUCTION AND BACKGROUND

In response to requirenents mandated by the Lead-Based Pai nt
Poi soni ng Prevention Act (as anended by Section 566 of the
Housi ng and Communi ty Devel opnent Act of 1987), the Residenti al
Lead- Based Pai nt Hazard Reduction Act of 1992, and ot her
| egislation, the U S. Environnental Protection Agency (EPA), U. S.
Depart ment of Housing and Urban Devel opment (HUD), U.S.

Departnent of Health and Hunan Servi ces, and other federal
agenci es are conducting a broad-based program of research,
denonstration, and policy actions ainmed at reducing the incidence
of childhood | ead poisoning in the U S. An inportant part of the
federal programis to identify and abate | ead-based paint hazards
in privately-owned and public housing. Toward this end, HUD
initiated two inportant studies in 1989, the HUD National Survey
of the incidence of |ead-based paint in housing, and the HUD
Lead- Based Pai nt Abat enent Denonstrati on.

The HUD National Survey sanpled both public and private
housing in order to estimate the nunmber of housing units with
| ead- based paint, the total housing surface area covered with
| ead- based paint, the condition of the paint, and the incidence
of lead in household dust and surrounding soil (HUD, 1990a). The
Nat i onal Survey found that approximately 57 mllion honmes, or 74
percent of all occupied housing units built before 1980, have
sone | ead-based paint. O der hones are nore likely to contain
| ead- based paint; 90 percent of housing units built before 1940
have | ead-based paint. Wthin the 57 mllion honmes there are on
average 580 square feet of interior surfaces and 900 square feet
of exterior surfaces covered with | ead-based paint.

The HUD Abat enment Denonstration was a research programin
ten cities which assessed the costs and short-termefficacy of
alternative nethods of | ead-based paint abatenent. A variety of
abat enment nethods were tested in approximately 120 multi-famly



public housing units in three cities -- Qmha, Canbridge, and
Al bany -- and simlar nethods were tested in 172 single-famly
housing units in the FHA inventory in seven netropolitan areas --
Bal ti nore, Birm ngham Denver, Indianapolis, Seattle, Tacoma, and
Washi ngton (HUD, 1991). The FHA denonstration eval uated two
cl asses of abatenent nethods, encapsul ati on and encl osure
nmet hods, versus renoval nmethods. The study found that the cost
of encapsul ati on and encl osure abatenents ranged from about $2000
to $8000 per housing unit, while the cost of renpval abatenents
ranged from about $2000 to $12, 000 per housing unit (HUD, 1990a).
Al t hough the HUD Abat enent Denonstration did assess the
short-termefficacy of certain | ead-based paint abat enent
strategies, it was not intended to evaluate the |onger-term
performance of these approaches. Therefore, in 1990 the EPA
O fice of Pollution Prevention and Toxics (fornmerly the Ofice of
Toxi ¢ Substances) initiated the Conprehensi ve Abatenent
Performance (CAP) Study to further evaluate the abatenent
strategies used in the HUD Abatenent Denonstration
This report presents a summary of the results of the CAP
Study. There are two reports: Volunme | (this report) presents
the overall study results and conclusions, while Volune II
(EPA, 1996) presents nore detailed results fromthe statistical
anal yses performed. Wthin Volune | the study approach, results,
and di scussion of results are presented in Sections 2, 3, and 4,
respectively. Anong the results presented in Volune Il are
descriptive statistics, explanation of the statistical nodels,
eval uation of the abatenent nethods, correlations anong | ead
| evel s in sanpled nedia and | ocations, conparison of vacuum and
w pe sanpling nmethods, conparison of CAP Study and HUD Abat enent
Denonstration results, results fromstatistical outlier analyses,
and analysis of field and | aboratory quality control data.



2.0 STUDY APPROACH

Whereas the HUD Denonstration was intended to focus on the
short-term cost-effectiveness of abatenent nethods, the CAP Study
provi ded inportant information about the |longer-termeffec-
tiveness of these sane nethods. Although clearance testing of
| ead | evels in dust was done i medi ately after abatenent in the
HUD Denonstration, the |longer-term performance of the abatenent
met hods after these houses were reoccupi ed was not assessed. The
CAP Study was therefore necessary to preclude spending | arge suns
of noney abating | ead-based paint using nmethods that may prove in
the long termto be ineffective at maintaining low lead levels in
househol d dust.

Hi gh levels of lead in household dust pose serious health
risks to occupants regardl ess of the source. Therefore the CAP
Study al so collected inportant information as to how | ead from
ot her nedia and | ocati ons may be deposited into househol d dust.

It is possible that |ead can be redeposited in hones after the
house is reoccupi ed where the | ead-based pai nt hazard has been
removed or contained. Either prior to abatenent or during the
abat enent process itself, |eaded dust may have been deposited in
the ventilation systemor other parts of the house which, when
reoccupi ed by new residents, could spread throughout the house.
Al so, activity patterns of the occupants may re-introduce |ead
fromexterior soils.

2.1 STUDY OBJECTIVES
To hel p address the above concerns, the specific objectives

of the CAP Study were as foll ows:

(1) Assess the long-termefficacy of two primary abatenent
met hods;



(2) Characterize |lead levels in household dust and exterior
soil in unabated hones and honmes abated by different
abat enent net hods;

(3) Investigate the relationship between | ead in househol d
dust and lead from other sources, in particular,
exterior soil and air ducts, and

(4) Conpare dust lead |loading results from cycl one vacuum
sanpling and w pe sanpling protocols.

These obj ectives were intended to address at |east three
i nportant concerns presented in the HUD Conprehensive and
Wor kabl e Plan (HUD, 1990a): the durability of various abatenent
met hods over tinme, the inportance of adequate dust control during
t he abat enment process, and the possible redeposition of |ead from
a variety of locations, such as exterior soil and air ducts. The
fourth objective addresses a critical issue related to the
measur enent and characterization of dust lead levels within a
house.

The HUD Denonstration intended to elimnate the | ead-based
pai nt hazard from housi ng environments either by containing the
| ead- based paint with encapsul ati on or encl osure nethods, or by
elimnating the | ead-based paint wth renoval nethods.
Encapsul ati on and encl osure nethods attenpt to chem cally bond or
mechani cally affix durable materials over painted surfaces, while
removal nethods attenpt to either scrape or chemcally strip
| ead- based paint from painted surfaces, or to conpletely renove
and repl ace painted conponents (e.g., w ndows, doors,
baseboar ds) .

There are at | east two performance concerns with these
abat enent nethods. First, conducting the abatenent nethods
t hensel ves m ght generate | arge anmounts of | eaded dust that could
be deposited throughout the housing environnent. And second, the
performance of the abatenent neasures m ght degrade over severa
nmont hs or years foll ow ng abatenent, allow ng the | ead hazard to
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be reintroduced to the housing environnent. Encapsul ation and
encl osure nethods do not attenpt to renove | ead-based paint from
housi ng surfaces and therefore may have a greater potential to
degrade. Both encapsul ati on and encl osure nethods, as well as
renoval net hods have the potential to spread | eaded dust

t hroughout the housi ng environnent during abatenent.

For the CAP Study, the ideal direct approach to assessing
the long-termefficacy of the abatenents performed in the HUD
Denonstrati on woul d have been to coll ect pre-abatenent dust and
soil |ead neasures, and conpare themw th neasures coll ected
after abatenment at the sane locations. |If the post-abatenent
measurenents were not higher than pre-abatenent |lead |evels, this
could be taken as an indication that abatement had a positive
effect on the housing environnment. Wile the CAP Study did
performthis direct assessnent of abatenent efficacy, only
foundation soil sanples and a |imted nunber of dust sanples were
taken during the HUD Denonstration prior to abatenent. Thus,
only imted direct information could be obtained about the
effects of abatenent.

Real i zing these limtations, the approach for addressing the
first objective of the CAP Study al so included an indirect
assessnent of abatenent efficacy. |In this second approach post-
abat enent dust and soil sanples were collected and chemcally
anal yzed for |ead approximately two years after abatenent both at
abat ed houses, and at the sane tinme at unabated houses known to
be relatively free of |ead-based paint. The performance of the
abat enent net hods was then assessed by conparing the |lead | evels
at abated houses with those at unabated houses. Sanpling at
unabat ed houses provi ded a neasure of the anount of |ead
i ntroduced to the housing environnment fromlow levels of lead in
pai nt and sources other than | ead-based paint abatenent. |If the
environmental |ead | evels at abated houses were found to be



simlar to those at unabated houses, this was taken as an

i ndi cation that abatenent either |owered pre-abatenent |ead

|l evels, or at least did not significantly raise |ead |evels.
However, if lead | evels at abated houses were significantly

hi gher than those at unabated houses, this was taken as an

i ndi cation that abatenment failed to conpletely elimnate the | ead
hazard because | ead was introduced to these environnents either

i mredi ately through i nadequate dust control during abatenent, or
nmore gradual ly through redeposition over tine.

Conmpari ng post-abatenent |evels of lead in abated houses to
| evel s i n unabat ed houses does not necessarily reflect the degree
to which abatenent | owered |l evels of dust and soil |ead conpared
to pre-abatenent |evels. However, it does provide a basis for
di scerni ng whet her abatenent reduces dust and soil lead levels to
| evel s present in houses with no apparent need for abatenent
(based on portable X-ray fluorescence readings of lead levels in
paint). The levels of lead in dust and soil were primarily
assessed by the concentration of |ead present in sanples,
nmeasured as the weight of lead (in mcrograns, pg) in a sanple
divided by the total weight of the sanple (in granms, g). Hi gher
| ead concentrations at abated houses were generally taken as an
i ndi cation that paint had contributed additional |ead to the
envi ronnent over that which had been deposited from other non-
pai nt sources, such as prior fallout fromautonotive em ssions.
For dust, the lead |levels were al so assessed by the | ead | oading
present, which is neasured as the weight of |lead (pg) collected
in a sanple divided by the total surface area sanpled (in square
feet, ft?). The lead |oading, which takes into account both the
| ead concentration present as well as the dustiness of the
envi ronment, provides a neasure that can be conbined with room
di mrensions to assess the total anount of |lead to which residents
are exposed.



2.2 STUDY DESIGN

O the 172 single-famly dwellings abated during the HUD
Abat ement Denonstration, three of these houses had pil ot
abatenents perfornmed, while the other 169 were conpl etely abat ed.
Soil was not abated at any of these houses. The distribution by

city of these 169 houses is presented in Table 2-1. The specific
houses for abatenent were selected by first identifying ol der

Table 2-1. Number of Houses Abated in the HUD Demonstration

Interior Abatement Exterior Abatement
Category* only**
Encap/ Encap/
City Enclos Removal Enclos Removal Total
Bal ti nore 11 9 -- -- 20
Bi r M ngham 8 12 2 1 23
Denver 33 18 5 1 57
I ndi anapolis 17 10 3 4 34
Seatt| e/ Tacoma 12 10 1 3 26
WAashi ngt on 6 3 - - - - 9
Tot al 87 62 11 9 169

* Each house was classified according to the abatenment category accounting
for the largest square footage of interior abatenent.

** For houses having only exterior abatenent perforned, each house was
classified according to the abatenent category accounting for the |argest
square footage of exterior abatenent.

housing likely to contain | ead-based paint and then testing
pai nted surfaces for |ead using portable X-ray fluorescence
(XRF). Houses abated in the HUD Abat enment Denonstration were
those found to have a significant nunber of structural conponents
covered by paint with a high concentration of |ead. Wen
surveyi ng houses for |ead-based paint, HUD considered all painted
surfaces both on the interior and exterior of the house.

The HUD Denonstration originally included six different
abat enent net hods: encapsul ation, enclosure, and four renoval
met hods (i.e., chem cal stripping, abrasive stripping, heat-gun



stripping, and conplete renoval or replacenent of painted
conponents). Because of the diversity of housing conponents
cont ai ni ng | ead-based paint, it was generally true that no single
abat enment net hod could be used uniformy throughout a given
house. One inportant consideration in the CAP Study was the
appropriate way in which to summari ze and cl assify the abat enent
activities conducted at each house. Detailed information was
coll ected by HUD which |isted each type of interior and exterior
structural conponent abated in the Denonstration, along with the
i near or square footage abated and the abatenent nethod used.

For the CAP Study, each house was primarily classified according
to the abatenent category (i.e., encapsul ation/encl osure versus
renmoval net hods) accounting for the | argest square footage of
interior abatenent. However, at many HUD Denonstrati on houses, a
great deal of exterior abatenment was al so perfornmed. Therefore,
the data interpretation also considered which specific nmethods
were used on both the interior and exterior of the house. Two
other inportant considerations for the data interpretation are
the sonmetinmes widely different square footages abated at

di fferent houses and the different m x of nethods used.

Selection of Abated Housing Units

Initial plans for the CAP Study included sel ection of
housing units fromall seven urban areas in the FHA portion of
t he HUD Denonstration. However, after conducting a pilot sam
pling and anal ysis program (EPA, 1995a), and subsequently
devel oping a cost estinmate for the CAP Study, it was decided that
the CAP Study woul d only be conducted in Denver, where 57 of the
169 abated houses were | ocated (Table 2-1). Because the nunber
of abated houses in Denver was Iimted, all reoccupied houses
were initially included for recruitnment in the CAP Study. A
prelimnary statistical power analysis was conducted to exam ne



t he magni tude of the differences between dust lead levels in
abat ed and unabat ed houses that could be detected with 80 percent
power. The analysis utilized the available infornmation about
both the abated and unabated houses in Denver, as well as the
results fromthe CAP Pilot Study. For the purposes of the
analysis, it was assuned that two abated houses woul d be sanpl ed
for every one unabated house sanpled. Power analysis results

i ndi cated that approximately 40 abated houses (and therefore 20
unabat ed houses) would be sufficient to detect two-fold

di fferences between the dust lead | evels in abated and unabated
houses. (This analysis is described in detail in Appendix F of
Volunme 11.) Gven the initial set of 57 abated houses in Denver
70% of these houses had to be successfully recruited into the

st udy.

Selection of Unabated Housing Units

Only foundation soil sanples and a |imted nunber of dust
sanpl es were collected at the abated houses prior to abatenent.
Thi s hindered the use of each abated house as its own control to
provi de a direct assessnent of abatenent performance. Therefore,
in order to use the levels of |ead neasured in dust and soi
sanpl es at abated houses as a neasure of the performance of
abat enent at those houses, |ead | evels associated with other
envi ronnmental sources had to be characterized. Therefore, in
addition to abated houses, dust and soil sanples were collected
from unabat ed houses that were previously tested by XRF in the
HUD Denonstration and found to be relatively free of |ead-based
paint. The objective in neasuring |l ead | evels at unabated houses
was to determ ne whether |lead | evels observed at abated houses
were in fact greater than those found at houses having very few
conponents covered with | ead-based paint and therefore presumably
affected primarily by non-paint sources of | ead.



Sonme consideration was given to the idea of including a
second type of unabated house, where significant anmounts of | ead-
based paint were known to be present, and no abatenent activities
had yet been perfornmed. Presumably, environnental |ead |evels
measured in interior dust and exterior soil at these houses would
have been significantly higher than those neasured at abated
houses and at houses that were known to be relatively free of
| ead- based paint. Houses wth unabated | ead-based paint could
have supplied at |east two additional interesting conparisons to
the CAP St udy:

. If it were denonstrated that no significant difference
exi sts between environnental |ead |evels at houses with
unabat ed | ead- based pai nt and houses that contain
relatively little | ead-based paint, then this result
m ght suggest that non-paint sources of |ead dom nate
t he housi ng environnent.

. | f environmental |ead |evels at abated houses were
found to be significantly |lower than those with
unabat ed | ead- based pai nt hazards, then this would
indirectly suggest that abatenent is successful in
| owering | ead |l evel s at houses with | ead-based paint.

Al t hough these and ot her conpari sons woul d have been quite
informati ve, houses w th unabated | ead-based paint were not
included in the CAP Study. The primary reason for excluding
t hese houses was that they should be subsequently abated to
protect residents' safety; however, EPA could not identify a
sui t abl e mechani smto conduct these abatenents.

In the FHA portion of the HUD Denonstration, a total of 132
houses were tested by XRF for |ead-based paint, but were not
abated (Table 2-2). Wen performng the XRF tests, three
replicate XRF readi ngs were nade at each sanpling | ocation and
deci sions at each | ocation were based on the average of those
three readings. Wen interpreting the results, an average
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readi ng greater than or equal to 1.0 ng/cnt was considered to be
a positive indication that |ead-based paint was covering the
tested conponent. Wiile only a single round of XRF testing was
performed at unabated houses, in sonme cases a second round of XRF
and/ or AAS testing was perforned at abated houses to confirm

i nconcl usive XRF results.

Unabat ed houses for the CAP Study were recruited fromthe
set of unabated houses in Denver that were tested by XRF in the
HUD Denonstration. For the purpose of identifying unabated
houses, the detailed XRF results were used under the assunption
that they provided an accurate and current assessnment of these
houses. Using a criterion that equally weighted (1) the
percent age of housing conponents testing positive by XRF for
| ead- based paint, and (2) the average XRF testing result, the 40
unabat ed houses in Denver were prioritized. Seventeen unabated
houses were sanpled for the CAP Study, including 16 houses from

Table 2-2. Number of Unabated Houses Tested by XRF in
the HUD Demonstration

Number of LBP Building Components*

City 0 1-2 3-9 10 or More Total
Bal ti nore 1 6 3 10 20
Bi r M ngham 4 5 -- 5 14
Denver 13 10 14 3 40
I ndi anapolis 5 9 5 -- 19
Seatt| e/ Tacoma 10 3 2 5 20
WAashi ngt on 4 2 4 9 19
Tot al 37 35 28 32 132

* Nunber of structural conponents for which XRF testing identified the
presence of | ead-based paint.

anong the 31 wth the Iowest XRF results, and a 17th house which
was 36th on the prioritized |list. The 36th house on the
prioritized list was recruited because it was the duplex to the
27t h house which had al ready been recruited.
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Recruitment of Housing Units

The FHA regional property disposition office in Denver was
contacted with a request to conplete a record of property
di sposition formfor each abated and unabated hone in the region.
Fromthis formthe follow ng data were obtai ned: name, address
and tel ephone nunber of the purchaser; date of settlenent;
i nvestor versus owner/occupant status of purchaser; date property
was |isted for sale; an indication of whether the house was
cl eared after abatenent; and ages of children of owner/occupants.

Appoi ntments were scheduled with residents using a
conbi nation of mailed information packets, tel ephone calls, and
on-site visits by a recruitnment team A total of 83 houses (32
unabated, 51 abated) were approached during the recruitnent phase
of the CAP Study. Appointnents were confirmed and two field
teans col |l ected sanples during March and April of 1992 from 52 of
t hese houses (17 unabated, 35 abated). Eight houses (5 unabated,
3 abated) refused to participate in the study. Remaining houses
were either vacant or unreachable. An audit of the field
sanpling activities was performed during the second week of
sanpling. No significant problens were identified during this
audi t .

Selection of Rooms i1n Housing Units

CGenerally, two roons were randomy selected from each
housing unit for sanpling. |n unabated houses, the two roons
were selected fromthose roons where XRF neasurenents had been
taken in the room and the average XRF reading was |ess than or
equal to 0.2 ng/cnt. |In abated houses, where possible two roons
were selected with at |east 50 square feet of abatenent.
However, this was not possible in 18 of the abated houses. In
t hese houses, one unabated room was then sel ected where the
average XRF reading was | ess than 0.2 ng/cnf. Unabated roons
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were sanpled to determ ne whet her abatenent in other roons of

t hese houses may have caused increased lead |levels in the
unabated roons. Additionally, in 13 houses with higher abatenent
square footages and two abated roons al ready bei ng sanpl ed, an
unabated room was al so sanpled. This was done to avoid a
potential bias in the study results toward contrasts in houses
requiring small anmounts of abatenent.

Design Limitations

There were certain specific limtations in the design of the
CAP Study which are inportant to nmention. The primary design
limtation fornms the basis for sanpling unabated houses. As
di scussed above, to assess abatenent efficacy one would ideally
i ke to conpare pre-abatenent |levels in each house with |evels
observed after abatenent. This direct type of conparison was
performed to the extent possible, however only foundation soi
and a limted nunber of dust neasures taken prior to abatenent
were directly conparable to the nmeasures taken in the CAP Study.
Therefore, an indirect neasure of the effect of abatenent was
obt ai ned by conparing post-abatenent levels with [ evels in houses
previously identified as relatively free of |ead-based paint.

Anot her inportant design limtation was that the CAP Study
houses abated primarily by encapsul ati on/ encl osure net hods had,
on average, nore abatenment performed than those abated primarily
by renoval nethods. Therefore, it is possible that any higher
|l ead |l evels found in encapsul ati on/ encl osure honmes may be
attributable to greater initial |lead | evels and greater anounts
of | ead-based paint present.

In addition, other mnor distinctions exist anong the groups
of houses which should be understood in interpreting the results.
The di scussion of significant factors provided in Volume Il of
this report details dependencies of the factors related to
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abat enent group. For exanple, on average, abated houses were 17
years ol der than unabated houses. This fact was controlled for
in estimating the effect of house age.

2.3 SAMPLING DESIGN
During the CAP Study a variety of environmental sanples were

collected along with questionnaire and field inspection
information to hel p assess the performance of abatenent nethods
used in the HUD Denonstration. The environnmental sanples that
were collected are sunmari zed in Table 2-3. All sanples were
chem cally anal yzed to neasure the anmount of |ead present. The
results for vacuum dust sanples were presented on both a
concentration basis (i.e., mcrograns of |ead per gram of dust,
Mg/ g) and a |l oading basis (i.e., mcrograns of |ead per unit area
sanpled, pg/ft?. Only lead |oading results were presented for
W pe dust sanples and only | ead concentration results for soi
core sanples. All houses were sanpled during a five-week period
inlate winter/early spring of 1992. Although seasonal
vari ati ons have been docunented in previous studies (EPA 1995b),
this short sanpling interval reduced the need to control for such
variations in conparisons associated with the study objectives.
The environnmental sanpling planned for the study included
both regul ar sanples (vacuum dust and soil cores) and field
quality control sanples (w pe versus vacuum dust, bl anks,
and si de-by-side sanples) intended to assess sanpling variability
and potential sanple contamnation. Field quality control
sanpl es were collected using the sane procedures as regul ar
sanples. The role of each type of sanple listed in Table 2-3 for
nmeeting these objectives was as foll ows:

. Vacuum dust from fl oor perinmeter and w ndow stools --
Provi ded primary neasure of performance for interior
abat enent (the w ndow stool was defined as the
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hori zontal board inside the window-often called the
w ndow sill);

Vacuum dust from wi ndow channel s -- Provi ded neasure of
performance for interior abatenent, possible neasure of
performance for exterior abatenent, and possible
transport of exterior soil fromoutside to inside the
house (the w ndow channel was defined as the surface
bel ow t he wi ndow sash and i nside the screen and/or
storm wi ndow) ;

Vacuum dust fromair ducts -- Primarily to provide
measure of lead |level in dust that has not been

di sturbed by cl eaning and may be nore indicative of
previous |levels of lead in the household dust at a
particul ar home; provided nmeasure of source contri bu-
tion to interior dust l|lead |evels;

Vacuum dust frominterior and exterior entryway floor -
- Provided neasure of possible transport of exterior
soil fromoutside to inside the house;

Soil cores -- Conbined with pre-abatenent neasures,
provi ded primary neasure of performance of exterior
abatenent. Al so provided neasure of possible transport
of exterior soil lead into the house.
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Table 2-3. Summary of Environmental Sampling Planned
for the CAP Study

Number of Samples Planned

consi stency check agai nst earlier

For 17 For 22 For 13
Unabated Abated Abated
Sample Type houses Houses® Houses®
Requl ar Sanpl es
1. Vacuum dust
a. Perineter floor 2 2 3
b. W ndow channel 2 2 3
c. W ndow st ool 2 2 3
d. Air ducts 2 2 3
e. Int. entryway fl oor 2 2 2
f. Ext. entryway concrete 2 2 2
2. Soil cores
a. Near foundation 2 2 2
b. Property boundary 2 2 2
c. Entryway 2 2 2
Quality Control Sanples
3. W pe vs. vacuum
a. Floor w pe dust 0 2 2
b. Fl oor vacuum dust 0 2 2
4. Bl anks
a. Vacuum dust field bl ank 1 1 1
b. Vacuum dust trip bl ank 1 1 1
c. Soil core field blank 1 1 1
d. Wpe dust field blank 0 1 1
5. Si de- by-si de sanpl es
a. Vacuum dust fl oor 1 1 1
b. Soil cores 1 1 1
Total Sanpl es 23 28 32
(a) 22 houses where sanpling was conducted in two roomns.
(b) 13 houses where sanpling was conducted in three roomns.
. W pe versus vacuum dust fromfloors -- Provided

results from HUD

Denonstration and ot her studies by exam ning dust

| evel s sanpl ed usi ng vacuum and wi pe procedures from
adj acent surfaces (recal
Study coll ected w pe dust sanples);
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. Vacuum w pe, and core bl ank sanples -- Provided
assessnment of potential sanple contam nation and
uncertainty in sanple weighing; and

. Vacuum dust and soil core side-by-side sanples --
Provi ded assessnent of short-scale sanpling
variability.

Interior and Exterior Dust

Roonms were selected for sanpling primarily to collect floor,
w ndow st ool, and wi ndow channel dust sanples. Sone of the nobst
inportant points related to dust sanpling are as foll ows:

. Sanpling was in general perfornmed in two different
roons of each unabated house -- this provided a neasure
of the variability in background lead levels within a
house.

. Wth one exception, sanpling was perforned in either 1
or 2 abated roons for each abated house -- sanpling 2
abated roons provided a neasure of the variability in
abat enent performance within a housel.

. Sanpling was perforned in 1 unabated roomin nost
abat ed houses? -- the CAP Study pil ot sanpling and
anal ysi s program denonstrated that unabated roons in
abat ed houses may contain significant anmounts of | eaded
dust (EPA, 1995a). This |eaded dust nay be due to
undet ect ed and unabat ed | ead- based pai nt in unabated
roons, or to deposition from abatenents performed in
ot her rooms of the house.

. | f the roons selected for sanpling did not contain an
entry, or if there were no air ducts present, or if
si de-by-si de vacuum wi pe conpari son sanples coul d not
be collected there (e.g., roons were carpeted),
addi tional roons were selected from which these sanples
coul d be coll ected.

No abated roons were sanpled in one abated house —this house had only
exterior abatement perforned. One abated room was sanpled in 18 abated
houses. Two abated roons were sanpled in 16 abated houses.

No unabated roons were sanpled in three abated houses. One unabated
roomwas sanpled in 29 houses. Two unabated roonms were sanpled in three
houses.
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. Abat ed roons in abated houses were randomy sel ected
fromroons with at least 50 ft? of abatenent perforned.
I n houses where the required nunber of roons satisfying
this condition was not available, roons with the
| ar gest square footage abated were sel ect ed.

. In each of the roons targeted for sanpling, sanpling
was performed on floors, w ndow channels, and w ndow
stools. For abated houses this provided a neans to
assess differences in the way an abat enent nethod
performed with respect to different structural
conponents, and for unabated houses this provided a
further neasure of the wthin-house variability of
background | ead | evels.

. I n each abat ed house, an uncarpeted room was sel ected
in which to conpare the vacuum and w pe dust sanpling
protocols. To performthis conparison, two vacuum
sanpl es and two wi pe sanples (each sanple froma 1 ft?
area) were collected side by side in a random
configuration fromthe floor perineter. \Were
possi bl e, these sanples were collected fromone of the
originally selected roons, but in sone cases, it was
necessary to select an additional room (See previous
footnotes * and **.)

. Sanpling was perfornmed in one supply air duct in each
sel ected room in cases where nore than one supply air
duct was available in a room the air duct for sanpling
was randomy selected fromthose available. If no
ai rducts were available in a room then (where
possi ble) an air duct was selected froma nearby room

. Sanpling was perforned i medi ately inside and outside
the front and rear entryways of each house -- for both
abat ed and unabat ed houses, these sanples provided a
means of assessing possible transport of |ead from
exterior to interior |ocations.

Exterior Soil

As noted earlier, the HUD Denonstration eval uated the
abat enent of both interior and exterior painted surfaces, and in
fact, for many houses exterior abatenment was the nost significant
activity perfornmed. Furthernore, the sanme abatenent nethod m ght
be expected to performquite differently on interior and exterior
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surfaces. Therefore, the CAP Study evaluated both interior and
exterior abatenent.

Exterior foundation soil sanpling provided the primary neans
for assessing the effects of exterior |ead-based paint and
abatenent. In this assessnent, |ead concentrations neasured in
soil sanples taken close to the foundation were conpared with
t hose neasured in sanples taken at the property boundary which
were as far as possible fromthe foundation, and therefore,
primarily affected by only background sources of |ead, rather
t han | ead- based paint. During the HUD Denonstration, no soi
abatenent was perforned. Therefore, if elevated |ead | evels were
found in the foundation soil, they could be due either to the
earlier presence of |ead-based paint, or to the exterior
abatenent activities. It is also possible that airborne |ead
deposition may be greater in the vicinity of walls than in open
ar eas.

Sonme of the nost inportant points to note for the soi
sanpling are as foll ows:

. Soil sanples were collected both at the foundation of
each house and at the property boundary -- for abated
houses this provided a neasure of both soil potentially
af fected by | ead-based paint and/or abatenent (i.e., at
the foundation) versus soil affected nostly by
background sources (i.e., at the property boundary);
for unabated houses this provided a neasure of the spa-

tial variations in background soil |ead |evels.
. Sanpl es were collected fromtwo randomy sel ected sides
of the house -- for abated houses this provided a

measure of the variability in |ead-based paint and/or
abat enent perfornmance effects, while for unabated
houses this provided anot her neasure of the spati al

variations in background soil |ead |evels.
. Sanpl es were collected i medi ately outside the front
and rear entryways -- for both abated and unabated

houses this provided a neans for assessing possible
transport of exterior lead into the house.
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2.4 SAMPLE SELECTION, COLLECTION AND ANALYSIS PROCEDURES
For dust collection, a cyclone vacuumwas the primary

sanpl i ng device used. The area vacuuned was nomnally 1-ft? for
fl oor sanples, and nomnally the entire accessible surface for

w ndow stools, channels, and air ducts. Two one-square foot w pe
sanpl es of surface dust were also collected from uncar peted
floors in abated houses.

Soil sanples were collected with a soil recovery probe
consisting of a 1-inch internal dianmeter plastic butyrate |iner
and a 12-inch stainless steel core sanpler with cross-bar handl e
and hamrer attachnents. Each sanple was a conposite consisting
of three soil cores, each 0.5 inches in depth as neasured from
the top of the soil surface. A new plastic liner was used for
each sanple, and the probe was cleaned wth wet disposable w pes
bet ween each sanple. To reduce cross-contam nation, only the
plastic liner was used where soil conditions allowed.

Sanpl e preparation procedures for dust and soil sanples were
carried out using versions of EPA SWB46 Met hod 3050, which
i ncluded use of nitric acid and hydrogen peroxide for sanple
digestion. Sanple digestates for all sanple types were anal yzed
for lead |levels using Inductively Coupled Plasma Atom ¢ Em ssion
Spectronetry (I CP-AES) at the 220 nanoneter em ssion |ine.
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3.0 STUDY RESULTS

This section provides a sunmary and anal ysis of the CAP
Study results. The statistical nethods, nodels, and results are
nore conpletely described in Volunme Il of this report
(EPA, 1996). The discussion of results is organized according to
the study objective to which they pertain.

3.1 ASSESSMENT OF LONG-TERM ABATEMENT EFFICACY
The CAP Study included two approaches for assessing

abatenent efficacy, one direct approach and one i ndirect

approach. In the direct approach CAP Study | ead neasurenents,
made at HUD Denpnstration houses two years after abatenent, were
conpared with pre-abatenent | ead neasurenents nade by HUD at

t hose sane houses. The indirect approach involved conparing | ead
| evel s neasured in dust and soil sanples collected both at abated
HUD Denonstration houses, and at the sane tinme at unabated HUD
Denonstration houses found to be relatively free of |ead-based
pai nt .

Comparison of Pre-Abatement and Post-Abatement Lead Levels

The results of the CAP Study fromthe direct approach of
conpari ng post-abatenent and pre-abatenent |ead | evels follow

Post- vs. Pre-Abatement. For the two sanple types for which
a conpari son was possible, that is wi ndow stools and
exterior soil, there was no evidence that post-abatenent

|l ead | evel s were significantly higher than pre-abatenent

| evel s. Pre-abatenent |ead | oadings and | ead | oadi ngs
measured during the CAP Study averaged between 175 and 200
ug/ ft2.  Pre-abatenment foundation soil |ead concentrations
and | ead concentrations neasured during the CAP Study
averaged near 240 pg/g.
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This result is based on 21 dust |ead neasurenents nade on
w ndow stools at 10 CAP Study abated houses, as well as 45 soi
| ead neasurenents nade at 24 CAP Study abat ed houses.

These results are tenpered by the fact that because of the
nunber of houses for which data were available, as well as the
| arge variability in observed lead levels, relatively |large
di fferences between post-abatenent and pre-abatenent |ead | evels
could not be judged to be statistically significant. For
exanpl e, the confidence interval about an average ratio of post-
abatenent to pre-abatenent |evels for wi ndow stools was 0.37 to
3.46. This neans that even if post-abatenent |levels were 3 tines
hi gher than pre-abatenent |evels, they would not be judged to be
significantly higher. In addition, further conplicating the
conpari son of post-abatenent and pre-abatenent dust and soil |ead
measurenents was the fact that different sanpling and anal ysis
protocols were used in the CAP Study and HUD Denonstrati on.
Per haps nost significantly, the CAP Study primarily utilized
vacuum dust sanpling while the HUD Denonstration exclusively
utilized w pe dust sanpling.

Modeling Results

Table 3-1 provides a sunmary of the sanple types and
abbrevi ati ons used to represent each sanple type in subsequent
tables and figures. The results of the CAP Study fromthe
i ndi rect approach of conparing post-abatenent |ead | evels at
abat ed houses with | ead |l evels at unabated houses rel atively free
of | ead-based paint were determned by fitting a series of
statistical nodels to data collected for all sanple types, that
is, dust and soil sanpled at several different |ocations. Table
3-2 displays estimates of the effects of the primary abatenent
factors on | ead | oadi ngs and | ead concentrations. The third
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colum of Table 3-2 provides the nunber of sanples included in
the nodel for each sanple type. The fourth colum contains the
estimated geonetric nean in houses which were not abated. The

| og standard error of these estimtes appears in parentheses
bel ow each estimate. The estimated geonetric nean is to be
interpreted as the average |ead level in typical unabated houses.

Table 3-1. Symbols Used to Denote Sample Types iIn
Tables and Figures

Sample
Type Symbol Description
Dust ARD Vacuum dust sanples collected froman air duct within

the unit

WCH Vacuum dust sanples collected froma w ndow channe
within the unit

WST Vacuum dust sanples collected froma w ndow stoo
within the unit

FLW W pe dust sanples collected froma floor within the
uni t

FLR Vacuum dust sanples collected froma floor within the
uni t

EW Vacuum dust sanples collected frominside an entryway
to the unit

EVO Vacuum dust sanples coll ected from outside an
entryway to the unit

Soi | EWY Soil core sanples collected adjacent to an entryway

to the unit

FDN Soil core sanples collected at the foundation of the
uni t

BDY Soil core sanples collected at the boundary of the
property

That is, it represents the estinmated average when the significant
covariates included in the nodel are fixed at the nom nal |evels
(e.g., typical unabated house was owner occupied, built in 1943,
etc.). Nomnal levels and effects of these factors are di scussed
in Volume Il of this report.
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The fifth colum in Table 3-2 displays the estinated ratio
of levels in abated roons of typical abated houses to levels in
typi cal unabat ed houses. The abated houses were divided into two
categories, according to their predom nant nethod of abatenent:
encapsul ati on/enclosure (E/E) or renoval. The sixth colum
contains the estimted inpact of abatenent nethod, which should
be interpreted as the ratio of levels in abated roons of typical
E/E houses to levels in abated roons of typical renoval houses (a
preci se definition of "typical" is provided in Volune I1). The
seventh colum in this table gives an estimate of the ratio of
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Table 3-2.

Estimates? of Effects of Primary Abatement Factors on

Lead Loading and Lead Concentration; Controlling for
Significant Covariates

(1 (2) (3) (4 (5) (6) (7
No. Sanpl es/ Rati o of
Denoni nat or Rati o of Rati o of Unabat ed
Sanpl e Degr ees of Geonetric Abated to E/E to Roons to
Response Type Freedom Mean® Unabat ed® Renoval ¢ Abat ed Roons®
Ai r Duct 86 76 4.70 3.99 0.73
(Vacuum (35) (0.52) (0.61) (0.68) (0.39)
[ ARD] . 016 . 049 . 432
W ndow 86 1604 0. 86 0. 54 0. 39
Channel (33) (0.60) (0.68) (0.80) (0.53)
(Vacuun) [ WCH] . 831 . 448 . 091
W ndow St ool 113 38.1 1.84 2.51 0. 67
(Vacuum (60) (0.39) (0.50) (0.57) (0.43)
Lead [ WsT] . 231 111 . 366
Loadi ng
(ng/ ft?) Fl oor 65 0.93
(Wpe)" [FLW (32) (0.34)
0. 833
Fl oor 233 16.2 1.76 2.02 0. 56
(Vacuum (105) (0.29) (0. 35) (0. 36) (0.33)
[ FLR] . 105 . 053 . 087
Ent r yway 90 191 1.05 1.15 1.63
(I'nterior (34) (0.31) (0.38) (0. 44) (0. 41)
Vacuum) [EW] . 902 . 754 . 244
Ent r yway 97 220 2.24 1.09
(Exterior (46) (0.37) (0. 44) (0.50)
Vacuum) [ EWO . 071 . 869
Ai r Duct 86 332 1.59 2.01 0.79
(Vacuum (35) (0.19) (0.23) (0. 24) (0.23)
[ ARD] . 049 . 006 . 301
W ndow 83 851 0.98 1.46 0.61
Channel (29) (0. 44) (0.51) (0.59) (0. 40)
(Vacuun) [ WCH] . 970 . 529 . 217
W ndow St ool 113 416 1.70 1.77 0. 69
(Vacuum (60) (0.30) (0.39) (0. 44) (0.31)
[ WBT] . 176 . 199 . 251
Fl oor 233 137 1.03 1.30 0. 87
(Vacuum (105) (0.18) (0.22) (0.23) (0.22)
[ FLR] . 888 . 258 . 534
Lead
Concen- Ent r yway 90 183 0.85 0.95 1.28
tration | (Interior (34) (0.22) (0.27) (0.31) (0. 26)
(Hg/ 9) Vacuum) [EW] . 561 . 876 . 341
Ent r yway 97 184 1.19 1.01
(Exterior (46) (0.22) (0. 26) (0.29)
Vacuum) [ EWO . 509 . 976
Ent r yway 109 126 1.48 1.26
(Soil) (12) (0.18) (0.21) (0. 24)
[ EWY] . 087 . 365
Foundat i on 88 86 1.82 0.81
(Soil) (14) (.14) (0.20) (0.28)
[ FDN] . 009 . 452
Boundary 120 86 1.63 1.27
(Soil) (20) (0.13) (0.15) (0.18)
[ BDY] . 004 . 205

® o o T

Top value in colums 5-7 is nultiplicative estinate, mddle value is logarithmc
standard error of estimate, and bottom value is observed significance |evel.

Geonetric nean in unabated houses after controlling for effects of significant factors.
Ratio of levels in abated roons of abated houses to those in unabated houses.

Ratio of levels in E/E houses to those in renpoval houses.

Ratio of levels in unabated roons of abated houses to those in abated roons of the sane
houses.
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' Floor wipe sanples were only collected in abated houses; the geonetric nean in
abat ed houses was 11.3 pg/ft2 after controlling for significant factors.
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| evel s in unabated roons of abated houses to |levels in abated
roons of abated houses. The |og standard error and significance
| evel appear beneath each of these estimates. The latter
represents the observed significance of a test that the ratio
equal s 1.

The nodel s used to estinmate these primary effects incl uded
vari ous secondary abatenent factors and additional non-abatenent
factors. Secondary abatement factors included total square feet
abated by each nethod, the abatenent contractor, phase of
abat enent, and XRF neasures taken during the HUD Denonstration.
The non-abatenent factors included those related to sanpling
substrate and protocol deviations, as well as resident-related
factors such as cl eanliness, ownership, occupation, and
activities. The specific factors included in each nodel and
their effects are described in detail in Volune II.

In the subsequent discussion of the results, an effect is
described as being "statistically significant” if the associ ated
p-value is less than 5 percent. The reader is referred to
Appendi x C of Volunme Il of this report for specific p-val ues.
These p-values can be interpreted as the probability that the
observed result may have occurred sinply by chance. Therefore,
smal | p-val ues represent situations where the results are
unlikely to be sinply chance events.

The estinmated ratios in Table 3-2 (i.e., colums 5-7) are
di spl ayed graphically in Figures 3-1 and 3-2 for |ead | oading and
| ead concentration, respectively. Reference lines are provided
on these plots at a level of one (1) which indicates that the
lead levels in both types of houses or roons were equal. An
asterisk indicates that the effect was significant at the 5
percent level. A bar which rises above the reference line for
the 'Abatenent' factor indicates that for this sanple type |evels
wer e higher in abated houses than in unabated houses. A bar
whi ch rises above the reference line for the 'Method (E/R)
factor indicates that the levels in E/E houses were higher than
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t hose in renpval houses. |[|f the 'Unabated room effect is
greater than one, then |evels in unabated roons of abated houses
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Figure 3-1. Estimated multiplicative effects of abatement from

mixed model ANOVA: Lead Loading.
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Figure 3-2. Estimated multiplicative effects of abatement from

mixed model ANOVA: Lead Concentration

* Bars with a '*' indicate that the factor was statistically significant at
the 5 percent |evel.
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were higher than in abated roons. The results presented in this
tabl e and these figures are discussed in the subsequent sections.

Comparison of Levels in Abated and Unabated Houses

The first objective of the CAP Study was to assess the | ong-
termefficacy of abatenents perfornmed in the HUD Denonstration
Study. The follow ng conclusions can be made fromthe CAP Study
results.

Abated vs. Unabated Houses. Only in air ducts and soil were
geonetric nean lead levels significantly higher in abated
houses than in unabated houses. 1In soil, |ead concentra-
tions were significantly higher than corresponding | evels
out si de unabated hones at the foundation and at the property
boundary. Neither soil nor air ducts was abated in the HUD
Denonstrati on.

As illustrated in the fifth colum of Table 3-2, |ead
concentrations were about 1.6 tines higher in the air ducts of
abat ed houses than in unabated houses. Lead |oadings were on
average 4.7 tines greater in the abated hones, reflecting that
ducts in the abated houses were al so dustier than in unabated
houses. On average, |ead concentrations in soil were 82 percent
greater at the foundation and 63 percent greater at the boundary
of abated houses. The difference between the percentage
estimates was statistically significant, reflecting a greater
contrast between |levels at abated and unabated houses in
foundation soil than in boundary soil. This suggests that the
contrasts between abated and unabated houses is, at least in
part, due to | ead-based paint. However, it is inportant to note
that air ducts and soil were not abated in the HUD Denonstrati on.
Al so, abated houses in this study were 17 years ol der than
unabat ed houses.

Comparison of Levels in Unabated and Abated Rooms of Abated Homes
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To determ ne whether |evels in abated houses varied
systematically between abated and unabated roons, dust sanples
were collected fromfloors, w ndow stools, and wi ndow channels in
both types of roonms, and the followng results were found.

Abated vs. Unabated Rooms. Lead |evels were not
significantly different between unabated roons of abated
houses and abated roons of those sanme houses.

The seventh colum in Table 3-2 lists the estimted

mul tiplicative factor by which geonetric nmean lead |levels in
unabated roons were | ower (or higher) than geonetric nean | ead

Il evels in abated roonms. No differences were statistically
significant, although on floors and w ndow channel s | ead | oadi ngs
were somewhat | ower in unabated roons (wth p val ues between 0. 05
and 0.10).

Comparison of Abatement Methods

In addition to general assessnents of abatenent efficacy,
measures were taken to assess different nethods of abatenent.

E/E vs. Removal. Only in air ducts were nmean | ead |evels
significantly higher in houses abated by encapsul ati on/
encl osure nethods than in houses abated by renoval nethods.

Lead | oadi ngs and | ead concentrations were significantly higher
in the air ducts of E/E houses than in renoval houses. Two facts
are inportant to note here. First, houses at which E/ E nethods
were used generally had nore | ead-based paint present than houses
at which renoval nethods were used. Second, air ducts, which
were the only sanple type for which significant differences were
found with respect to E/E versus renoval were not abated in the
HUD Denonstrati on.

Fl oor | ead | oadi ngs were on average twice as large in E/E
houses as they were in renoval houses. This was very nearly
statistically significant (p=0.053), suggesting a difference
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worth recognizing. Noting that the difference in | ead
concentrations between abated and unabated houses was not
signifcant, it is evident that the difference in lead loading is
due primarily to increased dust |oading in the abated houses.

In addition to sanpling and analysis, at the tinme of
sanpling each abated substrate in a roomor exterior area
selected for sanpling was visually inspected. |Its condition was
recorded as either conpletely (70 percent or nore) intact,
partially (50 to 70 percent) intact, or mnimally (less than 50
percent) intact. Table 3-3 displays a summary of this data by
met hod of abatenent. Specific abatenent nethods are

di stingui shed within the general E/E and renoval categories.

Table 3-3. Condition of Abated Substrates, by Method
of Abatement

Completely Partially Minimally
Category Method Intact Intact Intact
E/ E Encl osure 40 (80% 10 (20% 0
Encapsul ati on 109 (58% 68 (36% 10 (6%
Renoval Cheni cal Stripping 30 (56% 18 (33% 6 (11%
Heat Gun 40 (70% 17 (30% 0
Renpval & Repl acenent 38 (95% 2 (5% 0

Visual Inspection Results. At |east 70 percent of the
substrates abated by encl osure, heat gun, and renoval and
repl acenent were conpletely intact at the tinme of sanpling.
Less than 60% of those substrates abated by chem cal
stripping and encapsul ati on net hods were conpletely intact.

The conponents which were renoved and conpl etely repl aced
were in the best condition; 95 percent of these were conpletely
When interpreting these results, it should be noted that
t he abat ed houses were unoccupied at the tinme of abatenent, and

i ntact.

wer e not continuously occupi ed between the conpl etion of
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abatenent and the time of CAP Study sanpling. Lack of
tenperature control and |ack of regular cleaning may have nore
strongly affected the encapsul ation or chem cal stripping nethods
than the other abatenent nmethods. Unoccupied houses nay not have
been heated in the wnter, causing tenperature sw ngs which could
| ead to cracking or peeling.

Wth regard to interpreting all of the nodeling results in
this section, the reader should be aware of the |arge nunber of
statistical tests involved in an analysis of this sort. Two or
three primary abatenent effects were estimated for each sanple
type listed in Table 3-2. This represents a total of 41 tests at
the 5 percent significance level. |If all these tests were
i ndependent, even if there were no true effects, one would expect
about two effects to be identified as significant
(41(0.05)=2.05). 1In fact, the tests are not independent.
Concentration neasurenents are very nuch related to | oading
measurenents. The exact inpact of this dependence is inpossible
to quantify, however this relationship effectively reduces the
actual nunber of tests being perforned. |In total, six of the 41
tests produced significant results.

3.2 CHARACTERIZATION OF LEAD LEVELS
The second objective of the CAP Study was to characteri ze

| ead | evel s in household dust and exterior soil for abated and
unabat ed houses. The follow ng three subsections present these
| evel s, and conpare themw th interimclearance standards, as
well as with results observed in other studies.

Descriptive Statistics

Tabl e 3-4 presents a sunmary of descriptive statistics
associated wwth the CAP Study. |In addition to the geonetric nean
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and the arithnmetic nean, the m ni mum and maxi num val ues are
listed with the | og standard deviation. The sanple sizes in this
tabl e are sonetinmes greater than those presented in Table 3-2.
This is because the results presented in the earlier tables
controlled for various significant covariates. |In cases where
the significant covariates were unknown, sanples were

excluded fromfitting the nodels. The results in Table 3-4
shoul d be given less weight in interpreting the data, because
they do not control for factors found to be significant.

However, they are useful for conparing the CAP Study with other
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studi es where covariates were not controlled in the reporting of
results.

Lead levels were found to vary greatly for different nedia
and sanpling |ocations. Mninmmindividual |ead concentrations
for nost sanple types were usually on the order of 10 pg/ g except
in air ducts and w ndow channels where |l evels were at |east 50
ng/ g.  Maxi mum i ndi vidual |ead concentrations were | owest for
boundary and entryway soil sanples (1073 and 1068 ug/g,
respectively) and hi ghest for w ndow stool and w ndow channel
dust sanples (48,272 and 45, 229 ug/ g, respectively). M ninum
i ndi vi dual |ead | oadings for sanple types were in general only 1
to 4 pg/ft2 with wi ndow channel s being the only excepti on.

Maxi mum i ndi vi dual | ead | oadings were | owest for floor dust
sanples (334 pug/ft? by wipe and 11, 641 ug/ft? by vacuun) and
hi ghest for wi ndow channel dust sanples (244,581 ug/ft?).

Modeling Results

The | ead | oadings and | ead concentrations fromthe CAP Study
nodel s were summari zed in Table 3-2, as well as in the foll ow ng
poi nts:

Lead Loadings. Ceonetric nean dust |lead |oadings in
unabat ed houses varied froma low of 16 ug/ft? for floor
vacuum dust sanples to a high of 1604 pg/ft? for w ndow
channel sanpl es.

Lead Concentrations. GCeonetric nmean | ead concentrations
varied in unabated houses fromlows of 86 ug/g for boundary
and foundation soil sanples and 137 pg/g for floor vacuum
dust sanples to a high of 851 ug/g for w ndow channel dust
sanpl es.

Results from nodeling geonetric nean | ead | oadi ngs by housi ng

category are provided in Table 3-5 for floor, w ndow stool, and
wi ndow channel sanples based on an estimation procedure outlined
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in Volunme |1 (EPA, 1996). This procedure uses the ratio
estimates presented in colums 4, 5, and 6 of Table 3-2, along
Wi th exponents reflecting typical proportions abated by each
met hod.

Table 3-5. Modeled Geometric Mean Lead Loadings by House Type
for Floor, Window Stool, and Window Channels

(ug/ft?)

Sample Type Unabated Abated Removal E/E
Fl oor 16. 2 28.5 17.3 35.0
W ndow St ool 38.1 70.1 36.5 91.7
W ndow Channel 1604 1379 2134 1152

Comparisons with HUD and EPA Standards

In addition to conparing relative | ead | evel s anong
unabated, E/E, and renoval houses, these levels in each housing
category can be conpared agai nst "Lead-Based Paint: Interim
Gui delines for Hazard ldentification and Abatenent in Public and
| ndi an Housi ng" abat enent cl earance standards (HUD, 1990b).

These standards for floor, w ndow stool, and w ndow channel dust
sanpl es are 200, 500, and 800 ug/ft2 The EPA has proposed a
reduced standard of 100 pg/ft? for floors, maintaining the 500
ug/ft2 and 800 pg/ft? standards for w ndow stools and w ndow
channel s, respectively (EPA, 1994). Ceonetric nean floor vacuum
| ead | oadi ngs for unabated houses, abated houses, E/ E houses, and
removal houses were all well below the EPA standard of 100

ug/ft2.  Simlarly, geonmetric nean wi ndow stool |ead |oadings for
t hese four classes of houses were well bel ow the HUD/ EPA st andard
of 500 pg/ft2 In addition, for both of these sanple types, nore
than 75 percent of the sanples collected in the CAP Study had

| ead | oadi ngs bel ow their respective standards, in both abated
and unabated houses. However, geonetric nean wi ndow channel | ead
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| oadi ngs at both abated and unabat ed houses were found to be well
above the HUD/ EPA interimstandard of 800 pg/ft? and well over
hal f of individual observations were above this standard, at both
abat ed and unabated houses. It is interesting to note that
nodel ed wi ndow channel |ead |oadings in typical abated houses
were actually |l ower than those for the unabated houses; and that
| ead | oadi ngs were | ower in houses abated by encapsul ati on/

encl osure nethods than in houses abated by renoval nethods.
However, the variability in both of these neasures prevented
either of these differences frombeing declared statistically
significant.

Comparisons with Other Studies

Lead | evel s observed in the CAP Study were usually
equi valent to, or below, |evels observed in several other
studies, with one notable exception being the HUD Nati onal
Survey. Table 3-6 presents |ead |oadings in floor, w ndow stool,
and wi ndow channel sanples for the CAP Study and four other
studies. Along with the geonetric nean | ead | oadi ngs, these
tabl es al so present the 25th and 75th percentile | ead | oadings
when they were available. The follow ng main conclusion can be
made fromthis table:

Comparison with Other Studies. CAP Study | ead | oadings were
at or below those in the other studies, with three
exceptions. First, the CAP Study geonetric nmean w ndow
channel |ead | oadings (approxi mately 2500 pg/ft?) were
significantly higher than those recorded for the HUD
Denonstration Study (approxi mately 500 pg/ft?). Second, for
fl oor, w ndow stool, and w ndow channel sanples, the CAP
Study geonetric nean |lead levels were typically at |east an
order of magnitude higher than for National Survey sanples.
Third, CAP Study geonetric nean | ead | oadings for w ndow
channel s were approximately tw ce as hi gh as post-abat enent
I evel s in the second Kennedy-Krieger Study.
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The greater observed wi ndow channel |ead | oadings m ght be due to
the fact that the CAP Study sanpled only in Denver, while the HUD
Denonstration Study sanpled in Denver and six other netropolitan
areas. The difference mght also be due to increased sanple
recovery achieved in the CAP Study using cyclone vacuum sanpl i ng
as opposed to the HUD Denonstration Study w pe sanpling. Al so,
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Table 3-6.

Descriptive Statistics for Lead Levels Observed
in Various Field Studies

Sample Sample Geom.
Type Study House Type Size 25% Mean 75%
Fl oor | ead CAPS Unabat ed 51 5.71 21.38 64. 99
| oadi ng Abat ed 187 6.73 28. 97 104. 34
(Hg/ft?)
HUD 1026 23.55 66. 01 185. 06
Denonstrati on'?
Nat i onal Survey H gh XRF(? 686 0. 42 1. 47 5.13
Low XRF(® 90 0.16 0. 47 1.41
Kennedy- Pr e- Abat enment Tradi tional 280 na 250. 84 na
Krei ger Abat enent 82 na 288. 00 na
Post - Abat enment Modi fi ed Abat enent 271 na 1440. 00 na
Tradi tional 50 na 650. 32 na
Post Abat enent 234 na 315. 87 na
(6 nont hs) Modi fi ed Abat enent 57 na 315. 87 na
Tradi tional
Abat enent
Mbdi fi ed Abat enent
Kennedy- Pr e- Abat enment 70 na 520. 26 na
Krei ger (¥ Post - Abat enent 70 na 130. 06 na
Post (6 nonths) 63 na 55.74 na
W ndow CAPS Unabat ed 35 9.85 46. 90 224. 68
stool |ead Abat ed 78 15. 43 91. 57 467. 23
| oadi ng
(Hg/ft?) HUD 783 26.70 89. 06 297. 09
Denonstrati on'?
Nat i onal Survey H gh XRF(? 329 0. 82 4.32 22.77
Low XRF® 38 0.24 1.26 6. 68
Kennedy- Pr e- Abat erment Tradi tional 280 na 1337. 80 na
Krei ger Abat enent 82 na 1802. 32 na
Post - Abat enment Modi fi ed Abat enent 271 na 3595. 35 na
Tradi tional 50 na 603. 87 na
Post Abat enent 234 na 1542. 19 na
(6 nont hs) Modi fi ed Abat enent 57 na 1635. 09 na
Tradi tional
Abat enent
Mbdi fi ed Abat enent
Kennedy- Pr e- Abat enment 70 na 4607. 99 na
Krei ger (¥ Post - Abat enent 70 na 325. 16 na
Post (6 nonths) 63 na 408. 77 na
W ndow CAPS Unabat ed 27 738. 00 2330. 21 12427. 41
channel Abat ed 71 510. 51 2589. 90 18883. 56
| ead
| oadi ng HUD 756 138. 10 506. 21 1855. 57
(pa/ ft?) Denonst r at i on(»
Nat i onal Survey H gh XRF(? 142 12. 08 72.64 436. 72
Low XRF(® 7 2.97 28.94 282. 33
Kennedy- Pr e- Abat erment Tradi tional 280 na 15496. 2 na
Krei ger Abat enent 82 na 2 na
Post - Abat enmrent Modi fi ed Abat enent 271 na 18274.0 na
Tradi tional 50 na 314353. na
Post Abat enent 234 na 52 na
(6 nont hs) Modi fi ed Abat enent 57 na 8082. 56 na
Tradi tional 12467.5
Abat enent 9
Modi fi ed Abat enent 24879. 4
3
Kennedy- Pr e- Abat enment 70 na 29422.3 na
Krei ger (¥ Post - Abat enent 70 na 9 na
Post (6 nonths) 63 na 938. 32 na
1003. 35
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Al netropolitan areas in the FHA portion.
Predicted maxi numinterior or exterior XRF reading at these
resi dences was at least 1.0 ng/cnf.

Predi cted maxi mum XRF readi ng at these residences was bel ow 1.0 ng/cnf.
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it my be that |ead re-accunul ated from sources, such as soil and
air ducts, in the period between abatenent and sanpling, or that
CAP Study houses were dustier due to differences in cleaning

practices.
The second case in which CAP Study | ead | oadi ngs were

relatively high was in conparison with HUD National Survey
results. For floor, w ndow stool, and w ndow channel sanpl es,
the CAP Study |lead levels were typically at | east an order of
magni tude higher than for National Survey sanples. Sonme of these
differences are accounted for by | ow sanple recoveries obtained
in the HUD National Survey. Vacuumversus w pe field testing by
EPA (EPA, 1995a) indicated that the vacuum sanpling protocol used
in the HUD National Survey recovered only about 20% of the |ead
dust that would be recovered by a w pe sanple. Wpe sanple
results tended to be less than or equivalent to those fromthe
CAPS vacuum sanpler. Hence there is likely to be at least a five
fold difference between CAPS vacuum dust results and Nati onal
Survey vacuum dust results, which would account for sone of the
differences in | ead | oadi ngs between the CAP Study and the
Nat i onal Survey.

3.3 CORRELATION OF LEAD LEVELS IN DIFFERENT MEDIA AND LOCATIONS
The third objective of the CAP Study was to investigate the

rel ati onship between lead levels in different media (i.e., dust
and soil) and different sanpling |ocations (e.g., floors, w ndow
channel s, foundation soil). These relationships were quantified
by between-house and w t hi n-house correlation coefficients.

Bet ween- house correl ations reflect house-to-house rel ationshi ps
anong different sanple types, such as between air ducts and

wi ndow channel s. W thin-house correlations are simlar neasures,
except they are based on roomto-roomdifferences within a house,
after controlling for house average lead |levels. For sone pairs
of sanple types (e.g., entryway interior and floor vacuum, there
were insufficient data available to estimte the w thin-house

42



correlations after fitting the statistical nodel. Correlation
coefficients were calculated for both | ead | oadi ngs and | ead
concentrations. However, only a relatively small nunber of
correlation coefficients were found to be significant. The
significant relationships found are presented in Table 3-7 and
summarized in the follow ng points:

Table 3-7. Significant Between-House and Within-House

Correlations
Response Correlated Sample Types Correlation DF! Significance
Bet ween- House Air duct and exterior 0.41 36 .01

Lead Loadi ng ent ryway dust

W ndow channel and w ndow 0. 56 41 <.01
st oo
Fl oor (wi pe) and exterior 0.44 27 .02
ent ryway dust
Bet ween- House W ndow channel and w ndow 0.40 41 .01
Lead st ool
Concentration .
W ndow st ool and boundary 0. 38 44 .01
Soi |
Interior entryway and 0.29 44 .05
entryway soi
Entryway soil and 0. 56 44 <.01
boundary soi
W t hi n- House No significant - - -
Lead Loadi ng correl ations
W t hi n- House Interior entryway and 0. 37 31 0.03
Lead exterior entryway dust

Concentration

Between-House Correlations for Lead Loadings. At the house
| evel, significant correlations in dust |ead |oadings were
found for three pairs of sanple types. These were between
w ndow channel s and wi ndow stools (correlation coefficient
of 0.56), between air ducts and exterior entryways (0.41),

This columm lists the degrees of freedom available to estinmate
correlation after controlling for significant nodel factors.
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and between floor (w pe) sanples and exterior entryways
(0. 44).

Between-House Correlations for Lead Concentrations.
Significant correlations in |lead concentrations at the house
| evel were found for four pairs of sanple types. These were
bet ween | ead concentrations in w ndow channel and w ndow
stool dust (0.40), between entryway soil and boundary soi
(0.56), between boundary soil and w ndow stool dust (0.38)
and between entryway soil and interior entryway dust (0.29).

Within-House Correlations. At the roomlevel, no
significant correlations in dust |ead | oadings were found.
However, significant correlation was observed between
interior and exterior entryway dust | ead concentrations
(0.37).

The reader should note that there were a total of 50
correlation tests performed. Wth a 5 percent significance
| evel , one could expect about two to three significant
relationships sinply by chance. A total of eight significant
correlations were identified.

3.4 COMPARISON OF CYCLONE AND WIPE DUST SAMPLING
A final objective of the CAP Study, which was not originally

stated at the study design stage but which evol ved during the
course of the study, was to conpare the perfornmance of two dust
sanpling protocols: cyclone vacuum sanpling and w pe sanpling.
The results of this conparison are presented in Table 3-8, and
can be summarized as foll ows:

Vacuum vs. Wipe Ignoring Substrate. Lead |oadings from

si de-by-side wi pe and (cyclone) vacuum dust sanpl es were not
significantly different when pool ed across the various
substrates sanpled in the CAP Study.

Vacuum vs. Wipe by Substrate. The performance of these two
sanpling protocols was found to be different for different
substrates. On tile and |inol eum surfaces cycl one vacuum
| ead | oadi ngs were not found to be significantly different
fromw pe | ead | oadings. Cyclone | ead |oadings were higher
than wi pe | ead | oadi ngs on wood surfaces (3.9 tines higher).

44



The 95% confi dence interval for the ratio of vacuumto w pe
recovery on wood was 1.13 to 13.59.

Table 3-8. Vacuum/Wipe Multiplicative Bias Estimates

Estimated
Vacuum/Wipe Lower Upper
Sets of Multiplicative Confidence Confidence
Substrate Observations Bias Bound Bound
Tile 5 0. 69 0.12 3.90
Li nol eum 18 1.02 0.42 2.44
Wood 9 3.92 1.13 13.59
Conbi ned 33 1.38 0. 75 2.54

3.5 RESULTS OF THE QUALITY CONTROL AND
DATA VERIFICATION PROCEDURES

Results of the quality control (QC) procedures confirmned

that the sanpling and anal ytical protocols enployed in the CAP
Study produced data of sufficient quality. Analysis of the blank
sanpl es suggested little if any procedural contam nation. The
majority of blanks were neasured with a | ead content bel ow the
instrunmental |evel of detection. Despite sonme procedural
problens in their creation and analysis, the results for the
recovery sanples indicated very good nethod performance. Spiked
duplicate sanples created in the | aboratory exhibited very good
agreenent. Finally, there was no significant evidence of a timne-
based trend in any of the QC sanples.

Addi tional data verification procedures included a
| aboratory review of potential outliers statistically identified
in the data, an audit of the data nmanagenent system and a
| aboratory quality assurance audit. The results of these
procedures further verified the accuracy of the data upon which
t he anal yses were based. Mreover, a statistical analysis audit
confirmed that the reported statistical anal yses were correctly
per f or med.
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The inherent variability between field sanples, however, was
evident in the results of the side-by-side field sanples.
Despite being collected side-by-side, a nunber of the pairs were
measured to have very different |lead contents. G eater inherent
vari ation was seen in dust sanples than in soil sanples. The
median ratio of the larger to the smaller of two side-by-side
vacuum dust | ead | oadings in the CAP Study was about 2.33. The
medi an ratio for |ead concentrations was 2.07. These results
suggest that studies to assess abatenent perfornmance and
potential |ead hazards nust be carefully designed to control for
t hese conplicating sanpling variations. For exanple, random
sel ection of sanpling | ocations was incorporated into the CAP
Study design to elimnate biases in sanple selection.

46



4.0 DISCUSSION

The CAP Study denonstrated that an accurate assessnent of
potential | ead hazards can be seriously conplicated by the high
degree of variability commonly found in environnental |ead
measures. Lead determ nations can depend heavily on the sanpling
and anal ysis procedures used, and they can vary greatly anong
simlar housing environnents and anong different sanpling
| ocations within a single housing environnment.

Pre- Vs. Post-Abatement Lead Levels

The CAP Study included two approaches for assessing
abatenent efficacy, one direct approach and one i ndirect
approach. The results of the CAP Study fromthe direct approach
of conparing post-abatenent and pre-abatenent |ead | evels were
that for the two sanple types for which a conparison was
possi bl e, abatenent appears to have been effective, in the sense
that there is no evidence that post-abatenent |ead |evels were
significantly higher than pre-abatenent levels. This result is
based on dust | ead neasurenents made on wi ndow stools at 10 CAP
St udy abated houses, as well as soil |ead nmeasurenents nade at 24
CAP Study abated houses. Several floor dust sanples were al so
avai l abl e for conparison, but were deened insufficient for making
substantive concl usi ons.

These results indicate that while the abatenents may not
have reduced lead |levels in dust and soil fromtheir pre-
abat enent condition, the abatenents were successfully perforned
W thout raising lead levels in these two nedia. This finding is
significant since the pre-abatenent | ead |levels in dust and soil
were already relatively lowin conparison with | evels found by
other field studies. However, these results are tenpered by the
fact that because of the small nunber of houses for which data
were avail able, as well as the large variability in observed |ead
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| evels, relatively large differences between post-abatenent and
pre-abatenent |ead | evels could not be judged to be statistically
significant. For exanple, the confidence interval about an
average ratio of post-abatenent to pre-abatenent |evels on w ndow
stools was 0.37 to 3.46, indicating that three-fold differences
woul d be judged insignificant. |In addition, further conplicating
t he conparison of post-abatenent and pre-abatenent dust and soil

| ead neasurenents was the fact that different sanpling and

anal ysis protocols were used in the CAP Study and HUD
Denonstration. Perhaps nost significantly, the CAP Study
utilized vacuum dust sanpling while the HUD Denonstration
utilized w pe dust sanpling.

Lead Levels in Abated vs. Unabated Houses

The indirect assessnent of abatenent efficacy al so found
t hat abat enment appears to have been effective, in this case in
the sense that there is no evidence that post-abatenent |ead
| evel s at abated houses were significantly different fromlead
| evel s at nei ghboring unabated houses found to be relatively free
of | ead-based paint. There were two exceptions to this
statenent; however, both of these exceptions were anticipated and
are logically explained. First, |lead concentrations in air ducts
were significantly higher in abated houses than in unabated
houses; air ducts were not abated in the HUD Denonstration. In
addition, |ead concentrations in the soil outside abated houses
were significantly higher at the foundation and at the boundary
t han correspondi ng | ead concentrations outside unabated houses.
This difference between soil |ead concentrations at abated and
unabat ed houses was significantly nore pronounced near the
foundation than it was at the boundary. This suggests that these
contrasts are due at least in part to | ead-based paint at the
abat ed houses. However, soil also was not abated during the HUD
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Denonstration; and these higher lead levels mght in part be due
to differences in the age of these houses, since on average the
abated houses in this study were 17 years ol der than unabated
houses. As with the caveat stated above, these results nust also
be tenpered by the fact that not finding a significant difference
in lead |levels at abated and unabated houses for all other
bui | di ng conponents and sanpling | ocati ons does not prove that no
such differences exist. The CAP Study was designed to detect
approximately two-fold differences between | ead | evels at abated
and unabat ed houses under specified variance assunptions. For
exanpl e, although the estimate of 1.76 for the ratio of |ead

| oadings on floors in abated to unabated houses was not
significantly different fromone, the 95 percent confidence
interval was fromabout 0.87 to 3.5.

Comparison of Abatement Methods

The CAP Study al so assessed abatenent by conparing
encapsul ati on and encl osure nethods versus renoval nethods. No
significant differences anong |lead |levels could be attributed to
these two types of abatenent nethods, except for air ducts which,
as stated above, were not abated. Air duct dust lead | evels were
hi gher in houses abated primarily by encapsul ati on and encl osure
met hods than in houses abated primarily by renoval nethods. The
CAP Study al so perfornmed a visual inspection of abated surfaces
and recorded their condition as being conpletely intact,
partially intact, or mnimally intact. Less than 60% of the
surfaces abated by encapsul ati on and chem cal stripping nethods
were found to be conpletely intact, while nore than 70% of the
surfaces abated by all other methods were found conpletely
i ntact.

These results suggest that both encapsul ati on/ encl osure and
renmoval abat ement net hods can be performed in residential housing
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environments w t hout depositing significant anounts of residual
lead in dust and soil. O course, proper dust control procedures
must be enpl oyed whil e conducting any | ead-based paint hazard
abatenent. However, while dust and soil lead | evels were not
found to be significantly different two years after abatenent,
there is sonme indication fromthe visual inspection information
that residual problenms may be seen in the future at |ocations
abated with encapsul ati on and chem cal stripping nethods.

Characterization of Lead Levels

Wth regard to the second study objective, lead | evels were
found to vary greatly for different nmedia and sanpling | ocations.
Dust | ead | oadings were al so evaluated in conparison with the HUD
and EPA interimdust clearance standards. Geonetric nmean fl oor
| ead | oadi ngs at both abated and unabated houses were bel ow t he
EPA standard of 100 pg/ft2  Geonetric mean w ndow stool |ead
| oadi ngs were found to be bel ow the HUD/ EPA interim standard of
500 pg/ft2 In addition, for w ndow stools in both abated and
unabat ed houses, and for floors in unabated houses, nore than 75
percent of the sanples collected in the CAP Study had | ead
| oadi ngs bel ow their respective standards, in both abated and
unabat ed houses. The 75th percentile of floor |lead |oadings in
abat ed houses was about 104 pg/ft2  However, geonetric nean
w ndow channel | ead | oadi ngs at both abated and unabat ed houses
were found to be well above the HUD interim standard of 800
ug/ ft2, and well over half of individual observations were above
this standard, at both abated and unabated houses.

Most of the sanples in the CAP Study were collected by a
vacuum et hod of dust collection. C earance sanples are usually
collected by a wipe nmethod. In the CAP Study conparison of
vacuum and w pe net hods, w pes tended to produce either
equi valent or lower |lead | evels than the vacuumused in the CAP
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Study, with the nost pronounced difference on wood substrates.
The CAP Study vacuum sanples resulted in geonetric nean | ead

| oadi ngs that were less than the cl earance standards for floors
and wi ndow stools. Fromthe relationship between w pe and vacuum
sanpl es denonstrated in the CAP Study, it is plausible to infer
that w pe sanples would al so produce geonetric nean | ead | oadi ngs
| ess than the cl earance standards for floors and w ndow st ool s.
However, for w ndow channels, the CAP vacuum sanpl es were
general ly above the cl earance standard. Because of the

di fference between vacuum and w pe sanples, especially on wood,

it is not clear that w pe sanples on wi ndow channel s woul d exceed
t he cl earance standard.

Overall Assessment of Abatement

The CAP Study found no significant differences between post-
abat enent and pre-abatenent |ead |l evels for exterior soil and the
[imted nunmber of wi ndow stool dust |ead neasurenents avail abl e.
It also found no significant differences between post-abatenent
| ead | evel s at abated houses and | ead | evel s at unabated houses,
with the exception of air duct dust and soil which were not
abated in the HUD Denonstration. In addition, for both floors
and wi ndow stools the geonetric nean |ead | oadings at abated
houses were wel |l bel ow the HUD standards of 200 and 500 pg/ft?2.
These results all suggest that the HUD abatenent activities were
effective, in the sense that they do not appear to have increased
| ead | evel s at abated houses above interim standards. However,
the CAP Study also found that the geonetric nean | ead | oading for
wi ndow channel s at abated houses was well above the HUD interim
standard of 800 pg/ft? although the sane result was found for
unabat ed houses relatively free of |ead-based paint.

Correlations Among Media and Sampling Locations
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Three primary concl usions were found for the third CAP Study
objective. First, significant correlations in | ead
concentrations at the house |level were found for four pairs of
sanpl e types: w ndow channels and wi ndow stools (correlation
coefficient of 0.40), entryway soil and boundary soil (0.56),
boundary soil and w ndow stools (0.38), and entryway soil and
interior entryway dust (0.29). Second, at the house |evel,
significant correlations in dust |ead | oadings were found for
three pairs of sanple types: w ndow channels and w ndow st ool s
(0.56), air ducts and exterior entryway dust (0.41), and floor
(w pe) dust and exterior entryway dust (0.44). And third, at the
room | evel, no significant correlations in dust |ead | oadings
were found. However, significant correl ation was observed
bet ween dust | ead concentrations at interior and exterior
entryways (0.37). House |evel correlations were based on house
averages; roomlevel correlations were based in nost cases on
si ngl e neasurenents.

The fact that significant correlations were found in the CAP
Study suggests that | ead may be redistributed over tine
t hroughout a residential housing environnment. However, the fact
that nore house-level correlations were significant suggests that
overall lead levels are nore related to broad differences anong
houses than to | ocation-specific characteristics wthin houses.

Cyclone Vacuum vs. Wipe Dust Sampling

Combi ned across substrates, the difference between dust |ead
| oadi ngs neasured by the cycl one vacuum net hod and by the w pe
met hod was not significant. Differences were overshadowed both
by | arge side-by-side variability in the two nethods, and a
strong substrate effect. This latter effect was apparently
related to the snoothness of the substrate. On tile and
linoleum the two nethods were approxi mately equival ent, whereas
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on wood | ead | oadi ngs neasured by the cycl one were higher than

t hose nmeasured by wi pe. Thus, the |evel of |ead neasured depends
on the way in which it is collected. This study has led to
several subsequent investigations of dust collection methods,

i ncludi ng the Rochester Study of the relationship between

di fferent dust collection nmethods and children's bl ood | ead

| evel s, and an EPA | aboratory study of different dust collection
met hods.

Future Research

Several research issues have been raised but not addressed
by the CAP Study. The two main issues are discussed in this
section.

There has been no direct assessnent of the relationship
bet ween health risks and the environnental sanpling being
performed in the CAP Study. In the CAP Study, an inplicit
assunption was nmade that health risks are correlated w th dust
and soil lead |evels at residences. No blood or other health-
based observati ons were made at the houses sanpled in the CAP
St udy, precluding the assessnent of abatenent efficacy with
respect to the prevention of health risks.

The net hods used for abatenent in the CAP Study were
general ly expensive. Renoval and encl osure nethods can be
particularly costly. Oher less costly approaches to abatenent
such as regul ar wet noppi ng, dust cleaning, paint stabilization,
and i n-home education deserve consideration and study.

O her ongoing studies are investigating the efficacy of |ess
costly means of abatenent. These include a dust cleaning
products study, the Repair and Mii ntenance Study in Baltinore,
the M| waukee Low Cost Efficacy Study, and additional | ow cost
abatenent studies in other cities co-funded by EPA and the
Centers for Disease Control and Prevention
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