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FOLLOWING THE DRAMATIC REDUCTION in ex-
posures to airborne lead from leaded gasoline, the con-
tribution of dust in the home as a source of lead expo-
sure for young children has come under closer scrutiny
and study. For example, in several studies1–6 investiga-
tors identified lead-contaminated house dust as a major
source of lead exposure in children. In a meta-analysis
of exposure pathways, Lanphear et al.7 concluded that
“lead-contaminated house dust is the major source of
lead exposure for children.” The Treatment of Lead-Ex-
posed Children (TLC) Trial was a multicenter, double-
blind, randomized clinical trial of lead chelation using
the oral agent succimer (meso 2,3-dimercaptosuccinic
acid) vs. a placebo, among children in 4 U.S. cities. As
part of that protocol, the children’s homes were profes-
sionally cleaned with the goal of minimizing continued
dust lead exposure during treatment (i.e., for up to 6
mo). We measured serial dust and blood lead levels to

monitor the effectiveness of the intervention.8,9 An
analysis of the primary cleaning intervention revealed a
moderate reduction in dust lead levels following clean-
ing activities.10

After completion of the treatment phase of the TLC
trial, families of TLC subjects at the Philadelphia Center
(n = 165) were offered a second home cleaning. This al-
lowed us the opportunity to assess the effect of a second
professional home cleaning on both dust and blood lead
levels. We report here on the serial blood lead and home
lead dust levels of the Philadelphia subjects who chose
to participate (n = 73), before and after their homes re-
ceived a second professional lead dust cleaning. 

Materials and Method

General. The protocol for the TLC trial has been de-
scribed elsewhere.8 Briefly, the trial enrolled 780 tod-

Effect of a Follow-Up Professional Home Cleaning on Serial

Dust and Blood Lead Levels of Urban Children

CARLA CAMPBELL
DONALD F. SCHWARZ
Department of Pediatrics
The Children’s Hospital of Philadelphia
and
University of Pennsylvania School of Medicine
Philadelphia, Pennsylvania
DAVID RICH
DOUGLAS W. DOCKERY
Environmental Epidemiology Program
Harvard School of Public Health
Boston, Massachusetts

ABSTRACT. Children residing in Philadelphia, Pennsylvania, who were enrolled in a clinical
trial of oral chelation therapy (n = 73) were studied to determine the effects of a follow-up
professional lead dust cleaning of their homes 18 mo after an initial cleaning and com-
mencement of therapy. Home dust lead levels were determined from dust-wipe specimens
collected from the kitchen and playroom floors, and from a playroom windowsill, prior to,
immediately following, and 3 and 6 mo after the second cleaning. Children’s blood lead lev-
els were assessed at 3-mo intervals before and after the follow-up cleaning. Professional
cleaning produced immediate decreases in dust lead levels; however, dust lead re-accumu-
lated to precleaning levels within 3–6 mo. Frequent, repeated cleanings may be required if
blood lead or dust lead levels are to be reduced and sustained at low levels in urban homes.
<Key words: blood lead, cleaning, dust, environment, lead, lead poisoning> 

D
ow

nl
oa

de
d 

by
 [

G
eo

rg
e 

W
as

hi
ng

to
n 

U
ni

ve
rs

ity
] 

at
 1

9:
25

 1
1 

Ja
nu

ar
y 

20
15

 



772 Archives of Environmental Health

dlers with blood lead levels between 20 µg/dl and 44
µg/dl to examine the effectiveness of chelation therapy
with oral succimer vs. placebo. The study was con-
ducted at the following clinical sites in the United
States: Newark, New Jersey; Baltimore, Maryland;
Cincinnati, Ohio; and Philadelphia, Pennsylvania. The
U.S. Centers for Disease Control and Prevention in At-
lanta, Georgia (CDC) provided a central laboratory for
blood lead measurements, and the Harvard School of
Public Health in Boston, Massachusetts, served as the
data coordination center. Children were followed for 36
mo after randomization. The children were assessed for
blood lead levels and growth approximately every 3
mo, and for neuropsychological development at base-
line and 3 times during the study. Eighteen months after
the TLC trial began, families of children (n = 165; 41%
female, 88% African American; mean age at study
entry: 25.8 mo) who were enrolled at the Philadelphia
site were offered a second professional home cleaning.
Of these, 73 elected to participate. 

The TLC trial was approved by the Institutional Re-
view Board of the Children’s Hospital of Philadelphia. 

Environmental protocol. The preliminary home as-
sessment and cleaning protocols for the TLC trial have
been described previously.8 In summary, each child’s
home was assessed by a trained lead inspector, using a
specific inspection protocol, at the time of recruit-
ment—and upon notification of any change in hous-
ing—for potential sources of lead, damage and deterio-
ration, and cleanability. The study protocol required
that each child’s home receive a baseline cleaning prior
to initiation of treatment. In Philadelphia, homes were
cleaned by professional contractors trained in the TLC
cleaning protocol and in techniques for the safe han-
dling of materials that contain lead. Floors were vacu-
umed with a high-efficiency particulate air (HEPA) filter
vacuum cleaner at a floor-specific rate, uncarpeted
floors were wet-washed with a high-phosphate deter-
gent, and all floors were again HEPA-vacuumed. All
horizontal surfaces (e.g., heating, ventilation, and air-
conditioning equipment; light fixtures; cabinets) were
cleaned and vacuumed. Areas of loose or peeling paint
were removed. Dust-wipe samples were collected for a
sample of homes (37 in Philadelphia) before and after
the initial cleaning; results are reported elsewhere.10

Throughout the 3-yr study, families periodically re-
ceived instructions on how to wet mop and wet dust
their homes, were encouraged to complete both clean-
ing processes, and were provided cleaning supplies and
equipment. 

At the 18-mo follow-up visit after initiation of treat-
ment (postrandomization), we offered each of the 165
study families in Philadelphia a second professional
lead dust cleaning of their home. Seventy-three families
accepted the offer, and each of their family homes was
cleaned (n = 75). Dust-wipe lead samples were collect-

ed prior to the cleaning (precleaning), within 1 week
following the cleaning (postcleaning), and at 3 mo and
6 mo postcleaning. Samples were taken from the
kitchen floor (under a window, if possible), from a play-
room windowsill, and from the floor area below the
playroom sill. Floor specimens were categorized as
being from either hard or carpeted surfaces. Prior to
sample collection, surfaces were assessed as “intact,”
“minor problems,” or “deteriorated.” Inasmuch as
95–96% of the samples collected were taken from sur-
faces judged to be intact, the samples were not stratified
by the condition of the surface. 

Dust-wipe samples were collected in accordance
with U.S. Department of Housing and Urban Develop-
ment protocol.11 A measured area of the floor (0.09 m2

[1 ft2]) or windowsill (variable area) was sampled with a
standard baby wipe prewetted towelette (Little Ones
Baby Wipes® were used initially, followed by Wash-A-
Bye Baby Wipes® when manufacturing of the first brand
was discontinued). A comparison of side-by-side dust-
wipe specimens using both brands of baby wipes re-
vealed no appreciable difference in collected dust lead
values. Specimens were analyzed (Azimuth, Inc.
[Charleston, South Carolina]) with flame atomic absorp-
tion spectrometry (modified U.S. National Institute of
Occupational Safety and Health [NIOSH] method
708212,13) with a laboratory limit of detection of 25
µg/sample. The instrument (PerkinElmer, Inc. [Wellesley,
Massachusetts]) was calibrated with every sample set
analyzed, and a sample with a known quantity of lead
was included with every 10th sample run. An analysis of
spiked dust wipes with known concentrations of lead
dust was sent periodically, in a blinded fashion, to the
laboratory. Recovery rates were within 80–120% for 19
of 20 specimens (1 specimen was measured at 79%).
Blank specimens were sent regularly with study speci-
mens; none of the blank-specimen results (n = 249) were
greater than 25 µg (mean = –2.7 µg). 

Homes were reassessed whenever a subject moved,
or if remodeling or repair activities took place in the
home. The homes of subjects whose parent(s) had
agreed to a second professional cleaning were re-in-
spected prior to that cleaning. We used the home char-
acteristics recorded at the assessment just prior to the
second cleaning to characterize these children’s homes.
For those children whose primary residences did not re-
ceive a second cleaning, we estimated home character-
istics on the basis of the residence that was evaluated
during the time period closest to their 18-mo follow-up
visit.

Blood lead level measurements. Venous blood sam-
ples were collected during clinical visits, which were
scheduled every 1–3 wk during treatment and every
3–4 mo posttreatment (i.e., for the 36-mo study period).
For this analysis, we used the blood lead levels for 159
children at the 15-mo, 18-mo (just prior to the second
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cleaning), 21-mo, and 24-mo clinical follow-up visits
(i.e., n = 73 children with homes cleaned and n = 86
children with homes not cleaned). Blood lead levels
were measured by atomic absorption spectrometry14 at
the CDC central laboratory. 

Statistical analysis. All analyses were run using SAS
statistical software, version 8.02 (SAS Institute [Cary,
North Carolina]). We determined the frequency of
home characteristics in homes that were cleaned vs.
those that were not cleaned. Fisher’s Exact Test was
used to determine if those differences were statistically
significant (p < 0.05), excluding those for which values
were missing.

Actual measurements of lead concentrations were
obtained from the laboratory for all dust samples. Trun-
cation of lead measurements at the laboratory limit of
detection has the unintended result of producing biased
sample means and population statistics. Although vari-
ous statistical corrections have been proposed for this
bias, the use of actual laboratory measurements for all
samples has been shown to provide a direct, unbiased
result estimate.15–17 For this reason, we analyzed the ac-
tual laboratory measurements for all dust-wipe samples. 

We calculated a visit-specific mean and standard de-
viation of the log-transformed dust lead levels for each
surface (i.e., kitchen floor, playroom floor, and play-
room windowsill). A lead value of 1 µg was substituted
for all detected lead levels less than 1 µg (21% of sam-
ple). Geometric mean (GM) dust lead levels were cal-
culated as the exponential of the mean of the log-trans-
formed values, and geometric standard deviations
(GSDs) were calculated as the exponential of the stan-
dard deviations of the log-transformed dust lead levels. 

Kitchen and playroom floor samples were combined
and categorized by type of surface (i.e., hard or carpet-
ed). To adjust for multiple samples per home at each
visit, we estimated visit-specific least-square means,
and standard deviations by using a mixed model (PROC
MIXED (SAS Institute [Cary, North Carolina]) that in-
cluded a random intercept for each home. Similarly, we
used the mixed model with a random intercept for each
home to estimate the percentages of precleaning lead
levels at postcleaning, and at 3- and 6-mo follow-ups. 

To determine if the cleaning was more or less effec-
tive in homes that would not have been identified for
intervention on the basis of U.S. Environmental Protec-
tion Agency (EPA) clearance criteria,18 we stratified the
sample into “low-exposure” and “high-exposure”
homes. Low-exposure homes were those in which all 3
surface samples were below EPA clearance standards
(i.e., > 40 µg/ft2 for hard-floor or carpet samples; > 250
µg/ft2 for windowsill samples). High-exposure homes
had at least 1 surface sample that exceeded an EPA
clearance standard. We then compared the GM lead
loadings for each sample and surface type on the basis
of low- or high-exposure status. 

The relationship between cleaning status and blood
lead level was evaluated using mixed models, with ran-
dom intercepts for each child—regressing the log of the
blood lead level against clinic visit, child, and month.
Given the limited age range among the children (12–34
mo at enrollment), age was not a significant factor in
the analyses. 

Results

Seventy-five homes of 73 children in the Philadelphia
TLC trial were cleaned at 18 mo following commence-
ment of the trial. Two children lived in more than 1
home—both of which were cleaned—and no cleaned
home was occupied by more than 1 study child. The
homes that were cleaned were more likely (75% row-
houses) to be “connected houses” than were homes that
were not cleaned (55% rowhouses). That is, homes not
cleaned tended to be single-family homes (10% vs. 1%
of cleaned homes). The cleaned homes were less likely
than those that were not cleaned to have structural
problems (14% vs. 22%, respectively; p = 0. 11), rat in-
festations (4% vs. 22%, respectively; p = 0.0006), or
paint problems (31% vs. 70%, respectively; p < 0.0001)
(Table 1). The cleaned homes also had better overall
maintenance than the uncleaned homes (76% vs. 33%,
respectively, rated “good”; p < 0.0001). They also had
lower overall lead exposure (76% vs. 37%, respective-
ly, rated “low-exposure”; p < 0.0001). 

Effect of cleaning on dust lead levels. Precleaning
dust lead levels in the cleaned homes were, on average,

Table 1.—Percentage of Baseline Home Characteristics 
Determined at the Time of Precleaning (Homes Cleaned) or
from Information Elicited from the 18-mo Clinical Follow-
Up (Homes Not Cleaned)

Homes Homes not
Baseline home cleaned (%) cleaned (%)
characteristic (n = 74)* (n = 91)* p†

Inherent problems*
Heating system 4 7 0.51
Plumbing leaks 23 15 0.32
Roof 18 14 0.67
Structure 14 22 0.11
Rats 4 22 0.0006
Paint 31 70 < 0.0001

Overall maintenance 
Good 76 33 < 0.0001
Fair or Poor 24 64
Missing 0 3

Lead exposure 
Low 76 37 < 0.0001
Moderate or High 24 60
Missing 0 3

*Missing values were included in calculating percentages.
†Fisher's Exact Test. A p value < 0.05 indicated a statistically
significant difference.
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low (Figs. 1–3), with GM dust levels of 12.5 µg/ft2 and
10.0 µg/ft2 for the kitchen and playroom floor samples,
respectively, and 82.8 µg/ft2 for the playroom win-
dowsills. Twenty percent of the kitchen and 15% of the
playroom floor samples contained dust lead levels that
exceeded the EPA standard of 40 µg/ft2. Thirty-four per-
cent of the windowsill samples exceeded the EPA stan-
dard of 250 µg/ft2. Across all 3 sampling areas, 34
(45%) of the 75 homes had at least 1 sample that ex-
ceeded an EPA dust lead clearance standard. 

Professional cleaning produced immediate and sub-
stantial reductions in dust lead levels on the kitchen and
playroom floors and playroom windowsill areas sam-
pled (Table 2). The kitchen floor GMs dropped from
12.5 µg/ft2 (precleaning) to 4.5 µg/ft2 (postcleaning)
(36% of precleaning values). However, at the 3-mo and
6-mo follow-up visits, dust levels had returned to pre-
cleaning values. Follow-up GM dust levels returned to
13.6 µg/ft2 at 3 mo postcleaning and to 9.0 µg/ft2 at 6
mo postcleaning. The playroom floor and playroom
windowsill samples displayed similar patterns. 

Precleaning dust lead levels, adjusted for multiple
measures within a home (Table 2), were higher (p =
0.003) on hard-surface floors (101 samples from 72
homes; GM = 12.9 µg/ft2) than on carpeted floors (49
samples from 46 homes; GM = 6.5 µg/ft2). Postcleaning
dust lead GMs, also adjusted for multiple measures

Fig. 1. Boxplot of kitchen floor dust lead levels (µg/ft2) for
precleaning, postcleaning, and 3- and 6-mo follow-up sam-
ples. Whiskers indicate 10th and 90th percentiles, � = 5th
and 95th percentiles, and � = geometric means. 

Fig. 2. Boxplot of playroom floor dust lead levels (µg/ft2) for
precleaning, postcleaning, and 3- and 6-mo follow-up samples.
Whiskers indicate 10th and 90th percentiles, � = 5th and 95th
percentiles, and � = geometric means. 

Fig. 3. Boxplot of playroom windowsill dust lead levels
(µg/ft2) for precleaning, postcleaning, and 3- and 6-mo fol-
low-up samples. Whiskers indicate 10th and 90th percentiles,
� = 5th and 95th percentiles, and � = geometric means. 
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within a home, were reduced to 39% of precleaning
values on hard-surface floors and to 52% on carpeted
floors (p < 0.01 and < 0.05, respectively) (Table 2). For
hard-surface floors, follow-up dust lead levels at 3-mo
postcleaning did not differ from precleaning values, al-
though the adjusted 6-mo follow-up values were 66%
of precleaning values (p < 0.016). For carpeted sur-
faces, follow-up dust lead levels at 3 mo and 6 mo were
not different from precleaning values. Likewise, win-
dowsill dust lead GMs were reduced to 11% of pre-
cleaning values following cleaning, but values at 3 mo
and 6 mo postcleaning were not statistically significant-
ly different from precleaning values. 

Although cleaning had little effect on the GM at the
6-mo follow-up, there was a suggestion of an effect in
the higher-exposure homes. Among all the precleaning
dust samples, 20% of the hard-surface, 10% of the car-
peted, and 34% of the windowsill samples exceeded
EPA dust lead clearance standards. At the 6-mo follow-
up postcleaning, those frequencies had decreased to
12%, 4%, and 25%, respectively. We questioned
whether these results might vary depending on the level
of exposure, and stratified the homes by level of lead
exposure. Table 3 shows the results for the homes in
which none of the dust samples yielded levels that ex-
ceeded EPA dust lead clearance standards (low-expo-
sure homes). Following cleaning, 10% and 4% of hard-
surface and carpeted floors, respectively, and 5% of
windowsill samples contained lead levels that exceed-

ed the EPA standards. Postcleaning dust-wipe lead lev-
els were 51%, 66%, and 19% of precleaning values for
the hard-surface floors, carpeted floors, and win-
dowsills, respectively. However, at the 3-mo and 6-mo
follow-up assessments, GMs were higher than the pre-
cleaning means in these homes. Therefore, in the
homes that initially had low levels of lead, lead dust
might have been resuspended during cleaning and
might have settled on common household surfaces, or
there might have been new contamination from envi-
ronmental lead sources. 

In the high-exposure homes (Table 4), 44%, 25%,
and 74%, of the hard-surface floors, carpeted floors,
and windowsill samples, respectively, exceeded the
EPA’s clearance standards. Cleaning produced a sub-
stantial improvement: only 9% and 0% of the hard-sur-
face floor and carpeted-floor samples, respectively, and
40% of the windowsill samples, exceeded EPA stan-
dards 6 mo postcleaning. Postcleaning dust-wipe lead
levels were 21% and 38% of precleaning values for
hard-surface and carpeted floor samples, respectively,
and 6% for windowsill samples. Mean dust lead levels
at the 6-mo follow-up visits were approximately
30–40% of the precleaning values. Thus, among the
high-exposure homes, GM dust loadings were lower
and there were substantially fewer homes in this cate-
gory that contained dust lead levels that remained
above EPA standards at 6 mo postcleaning. 

There was considerable attrition of participants be-

Table 2.—Dust Lead Loadings for Cleaned Homes, by Surface Type 

3-mo 6-mo
postcleaning postcleaning

Surface type Precleaning Postcleaning visit visit

Hard floor*
n1 = number of samples 101 97 74 57
GM (µg/ft2) 12.9 5.1† 15.2 8.5†
GSD 1.2 1.2 1.1 1.2
Precleaning loading (%) 100 39† 118 66†
Percentage > 40 µg/ft2 20 16 26 12

Carpet
n1 = number of samples 49 48 36 23
GM (µg/ft2) 6.5 3.4‡ 8.0 6.7 
Within-home GSD 1.2 1.2 1.3 1.4
Precleaning loading (%) 100 52‡ 124 100
Percentage > 40 µg/ft2 10 6 8 4

Windowsill
n = number of samples 73 73 55 40
GM (µg/ft2) 82.8 9.0† 66.7 91.8
GSD 1.3 1.3 1.4 1.4
Precleaning loading (%) 100 11† 81 111
Percentage > 250 µg/ft2 34 12 25 25

Note: GM = geometric mean, and GSD = geometric standard deviation.
*Hard-floor analysis was adjusted for multiple measures per home. 
†p < 0.01, compared with precleaning values, by Fisher's Exact Test; p < 0.05 indicated statisti-
cal significance.
‡p < 0.05, compared with precleaning values, by Fisher's Exact Test; p < 0.05 indicated statisti-
cal significance.
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Table 3.—Dust Lead Loadings, by Surface Type, for Cleaned Homes in Which Dust Lead 
Levels for All 3 Surfaces Sampled Were Below the U.S. Environmental Protection Agency
(EPA) Clearance Standard

3-mo 6-mo
postcleaning postcleaning

Surface type Precleaning Postcleaning visit visit

Hard floor
n1 = number of samples 53 49 42 35
GM (µg/ft2) 7.6 3.9* 12.3 8.0 
GSD 1.2 1.2 1.2 1.2 
Precleaning loading (%) 100 51* 161 105
Percentage > 40 µg/ft2 0 10 12 14

Carpet
n1 = number of samples 29 28 22 15
GM (µg/ft2) 3.4 2.2 8.5† 7.6†
Within-home GSD 1.3 1.3 1.3 1.4
Precleaning loading (%) 100 66 251† 255†
Percentage > 40 µg/ft2 0 4 9 7

Windowsill
n 39 39 32 25
GM (µg/ft2) 21.4 4.1* 36.8 44.3
GSD 1.3 1.3 1.4 1.4
Precleaning loading (%) 100 19* 171 207
Percentage > 250 µg/ft2 0 5 13 16

Note: GM = geometric mean, and GSD = geometric standard deviation.
*p < 0.01, compared with precleaning values, by Fisher's Exact Test; p < 0.05 indicated statisti-
cal significance.
†p < 0.05, compared with precleaning values, by Fisher's Exact Test; p < 0.05 indicated statisti-
cal significance.

Table 4.—Dust Lead Loadings, by Surface Type, for Cleaned Homes in Which the Dust Lead
Level on at Least 1 Surface Sampled Exceeded the U.S. Environmental Protection Agency
(EPA) Clearance Standard

3-mo 6-mo
postcleaning postcleaning

Surface type Precleaning Postcleaning visit visit

Hard floor
n1 = number of samples 48 48 32 22
GM (µg/ft2) 29.8 6.2* 23.2 12.3 
GSD 1.3 1.3 1.3 1.4
Precleaning loading (%) 100 21* 78 41†
Percentage > 40 µg/ft2 44 21 44 9

Carpet
n1 = number of samples 20 20 14 8
GM (µg/ft2) 16.6 6.3 7.3 5.3
Within-home GSD 1.4 1.4 1.5 1.7
Precleaning loading (%) 100 38† 44 32
Percentage > 40 µg/ft2 25 10 7 0

Windowsill
n 34 34 23 15
GM (µg/ft2) 390.3 22.3* 153.6 309.1
GSD 1.4 1.4 1.6 1.7
Precleaning loading (%) 100 6* 39 79
Percentage > 250 µg/ft2 74 21 43 40

Note: GM = geometric mean, and GSD = geometric standard deviation.
*p < 0.01, compared with precleaning values, by Fisher's Exact Test; p < 0.05 indicated statisti-
cal significance.
†p < 0.05, compared with precleaning values, by Fisher's Exact Test; p < 0.05 indicated statisti-
cal significance.
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tween the professional cleaning and the 6-mo visit. Of
the 75 homes enrolled in the study, dust-wipe samples
were collected from 73 (97%) homes postcleaning,
from 55 (73%) homes at the 3-mo follow up, and from
40 (53%) homes at the 6-mo follow up. To directly as-
sess whether the rebound of dust lead levels resulted
from attrition, we calculated GMs for 31 homes at
which dust-wipe measurements were obtained at all 4
sampling times. The GMs for these homes were similar
to those noted for the complete sample. Specifically,
kitchen floor GM lead levels were 13.0 µg/ft2, 5.8 µg/ft2,
11.3 µg/ft2, and 9.6 µg/ft2, respectively, at precleaning,
postcleaning, 3-mo, and 6-mo follow ups. Therefore, a
rebound in dust lead levels was seen in homes for
which we had complete observations.

Effect of cleaning on blood lead levels. GM blood
lead levels, adjusted for month and child, declined mo-
notonically among the 73 children whose homes were
cleaned a second time (Fig. 4). In comparison, blood
lead levels of the 86 children in the uncleaned homes
also declined over time, although there was an unex-
plained increase at the 3-mo postcleaning follow-up
visit. There was no significant difference in GM blood
lead levels at any clinical visit between children whose
homes were cleaned and those whose homes were not
cleaned (Fig. 4). 

GM blood lead levels prior to the cleaning were high-
er among children who lived in high-exposure homes
(GM = 18.1 µg/dl), compared with those who lived in
low-exposure homes (GM = 14.5 µg/dl). This difference
persisted throughout the cleaning and during the 6 mo
of follow-up (Fig. 5). There were only small differences
in GM blood lead levels when these children were fur-

ther stratified by treatment: 18.3 µg/dl and 17.1 µg/dl
for children given active vs. placebo drugs, respective-
ly, in high-exposure homes; and 14.5 µg/dl and 13.5
µg/dl, respectively, in low-exposure homes. 

Discussion

Families of children enrolled in the TLC trial in
Philadelphia were given the opportunity to again have
their homes professionally cleaned for lead dust 18 mo
after enrollment in the study. Thirty-seven homes in
Philadelphia had initial dust-wipe sampling, including
10 of the 75 homes cleaned in this study. Prerandom-
ization GM dust lead levels for the Philadelphia cohort
were 55 and 38 µg/ft2 for the kitchen and playroom
floor samples, respectively, and 627 µg/ft2 for the win-
dowsill samples,10 whereas GM dust lead levels prior to
the 18-mo cleaning were 12.5 µg/ft2, 10.0 µg/ft2, and
82.8 µg/ft2, respectively. 

In several prior studies, investigators characterized
lead dust levels in the homes of inner-city children. In a
study of 205 toddlers in Rochester, New York,19 the fol-
lowing GM dust lead loading levels were found: 16
µg/ft2 for noncarpeted floors, 11 µg/ft2 for carpeted
floors, 166 µg/ft2 for interior windowsills, and 2,759
µg/ft2 for window wells (with a wide variability in mea-
surements). Dust lead loading levels were highest for
window well areas, intermediate in windowsill areas,
and lowest for floor areas—results which are consistent
with other environmental sampling results.20–22 A meta-
analysis7 examined 12 cross-sectional studies of lead-
exposure pathways—using data on dust and soil lead
and measures of paint lead content and paint condition

Fig. 4. Geometric mean blood lead levels and 95% confidence intervals for cleaned and uncleaned homes, adjust-
ed for calendar month and child. (Use conversion factor of 0.04826 to cbtain µmol/l.)
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from children’s homes—found GM interior floor dust
lead loading levels that ranged from 1.9 µg/ft2 to 20.4
µg/ft2 (with the exception of one study of inner-city chil-
dren in Cincinnati, in which the GM was 293.4 µg/ft2).
The GM blood lead level was 5.1 µg/dl, and 19% of the
children studied had blood lead levels of 10 µg/dl or
higher. In multivariate regression analyses, floor dust
lead loading was the most significant environmental
predictor of children’s blood lead levels. 

All of the TLC study children had blood lead levels
in the 20–44 µg/dl range at study initiation, with a GM
blood lead level of 26 µg/dl23 and mean dust lead load-
ings of 43 µg/ft2 and 39 µg/ft2 for kitchen and playroom
floors, respectively, and 308 µg/ft2 for windowsills.10 At
the second precleaning visit, the GM blood lead level
was 15.7 µg/dl and GM dust lead loadings were 12.5
µg/ft2 for kitchen floors and 10.0 µg/ft2 for playroom
floors—relatively higher than those reported in other
studies. Despite the fact that the homes had lower pre-
cleaning levels than those demonstrated at the time of
the first precleaning sampling, a second professional
cleaning reduced dust lead levels significantly (ap-
proximately 1/3 to 1/2 of precleaning values for floors;
1/10 for windowsills). Immediate reductions in dust
lead levels were achieved in homes that were both
above and below the EPA lead clearance guidelines;
however, reductions were sustained at 6 mo postclean-
ing only in the high-exposure homes. This suggests that
a single professional cleaning intervention has some ef-
fect on long-term control of dust lead levels for high-
exposure homes, but that the effect is more transient
for low-exposure homes. It may be that participation in
a lead-poisoning treatment program, as well as in-

creased awareness through education and improved
hygiene practices are all important determinants of
home dust lead levels. We found a much greater re-
duction in dust lead levels immediately after cleaning
in the high-exposure homes relative to baseline values,
and this might have influenced the longevity of the
cleaning effect. 

The children who lived in the low-exposure homes
had lower blood lead levels at the second precleaning
clinical visit (18 mo after randomization), compared
with children living in high-exposure homes. The blood
lead levels declined in both groups over time, but the
blood lead levels of the high-exposure children re-
mained about 4 µg/dl higher throughout the second half
of the study. Children who lived in homes with higher
dust lead levels (homes in which at least 1 surface ex-
ceeded an EPA clearance standard) had higher blood
lead levels 18 mo into the TLC study, and they contin-
ued to have higher blood lead levels than children who
resided in low-exposure homes. This difference persist-
ed even with a second professional lead dust cleaning.
Overall hygiene of the home may be more important for
a child’s blood lead level than the infrequent profes-
sional cleanings performed in the TLC study. Regular
and frequent cleaning by household members—or liv-
ing in a home with lower dust lead levels (perhaps re-
sulting from better maintenance and/or less deteriora-
tion)—may be effective in keeping down children’s
blood lead levels. 

Some studies in which repeated professional clean-
ings were offered have demonstrated the effectiveness
of this intervention. A randomized control trial of
multiple cleanings of lead-exposed urban children’s

Fig. 5. Geometric mean blood lead levels and 95% confidence intervals for cleaned homes, stratified by pre-
cleaning status (high- vs. low-exposure), compared with the U.S. Environmental Protection Agency’s dust lead
clearance standards. (Use conversion factor of 0.04826 to obtain µmol/l.)

Clinic visit
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homes24 revealed significant decreases in house dust
levels and blood lead levels in the intervention group
approximately 1 yr after baseline testing, compared
with a control group; cleanings occurred every 2 wk
and included HEPA vacuuming and wet cleaning. A
nonrandomized, controlled study of wet mopping
twice monthly by a dust-control team for 1 yr in
homes of children with significantly elevated blood
lead levels at study enrollment demonstrated a signif-
icant reduction in blood lead levels of intervention
vs. control children.25 In contrast, a randomized con-
trol trial of only HEPA vacuuming of floors every 6 wk
for 10 mo with no wet cleaning resulted in no signif-
icant effects on either blood lead levels or GM dust
lead loadings on carpeted surfaces.26 In several stud-
ies in which both education and cleaning supplies
were provided to families of children, no significant
reductions in (or prevention of increases in) blood
lead levels, or significant reductions in dust levels,
were found.27–29

The data from these studies suggest that frequent
cleaning, including wet wiping and mopping, is impor-
tant in decreasing both blood lead and home lead dust
levels. The 2 studies in which significant decreases in
children’s blood lead levels occurred after cleaning in-
terventions used professional cleaners who performed
many cleanings, presumably with great investment of
time and money. Our study families received only 2
professional cleanings, coupled with frequent encour-
agement of parents to perform repeated home cleanings
and provision of equipment and supplies. However, be-
cause we did not ask parents to keep cleaning diaries,
we could not demonstrate objectively the frequency of
cleaning performed by study families. 

The homes in which we did a second cleaning
were judged to have better overall maintenance and
a lower lead exposure potential, although they did
have an equal or higher percentage of reported prob-
lems with plumbing and/or roof leaks—problems that
can result in chipping and peeling of paint. Selection
bias might have played a role as well, inasmuch as
those caregivers who consented to the cleaning inter-
vention might have been different than parents who
did not agree to participate (i.e., more likely to main-
tain and clean their home regularly, to restrict
mouthing behaviors, or to perform other activities to
improve the health of their child). The homes of fam-
ilies who consented to the cleaning are not likely to
represent the entire range of household dust lead lev-
els in the TLC Philadelphia housing stock. It is, there-
fore, not appropriate for us to generalize our results to
the entire TLC population or to all urban housing.
Other limitations of this study included the relatively
small number of homes that received the second
cleaning, the lack of follow-up samples as a result of
attrition, the large percentage of negative dust-wipe

values, and the absence of a cleaning diary to docu-
ment cleaning activity. 

Conclusions

A professional cleaning of the homes of children who
had elevated blood lead levels produced immediate re-
ductions in dust lead levels; however, lead dust levels
rebounded to precleaning values within 3–6 mo. We
documented lower blood lead levels among children in
homes with low precleaning dust lead levels, compared
with the blood lead levels of children who lived in
high-exposure homes. The blood lead levels of children
in the low-exposure homes were not responsive to the
single professional cleaning intervention, irrespective of
the treatment arm of the study. More frequent, repeated
cleanings may be required in order to produce sus-
tained reductions in blood lead levels or dust lead lev-
els in urban homes. Additional studies that track the ef-
fects of lead dust suppression over time are needed to
better characterize the overall effect of cleaning inter-
ventions. 
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