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ABSTRACT. Background. Dust control is recommended to prevent children’s exposure to residential
lead hazards, but the long-term effect of dust control on
children’s exposure to environmental lead is unknown.
Objective. To determine the effect of dust control on
children’s exposure to lead, as measured by blood lead
concentration at 48 months of age.
Design. A randomized, controlled trial.
Setting. Rochester, New York.
Participants. A total of 275 urban children were randomized at 6 months of age; 189 (69%) were available for
the 48-month follow-up blood test.
Intervention. Children and their families were randomly assigned to an intervention group that received
cleaning equipment and up to 8 visits by a trained lead
hazard control advisor or to a control group. The intervention was terminated when the children were 24
months of age.
Outcome Measures. Geometric mean blood lead concentration and prevalence of elevated blood lead concentration (ie, >10 g/dL, >15 g/dL, and >20 g/dL), by
group assignment.
Results. For children with 48-month blood tests,
baseline geometric mean blood lead concentrations were
2.8 g/dL (95% confidence interval [CI]: 2.6,3.0); there
were no significant differences in baseline characteristics
or lead exposure by group assignment. At 48 months of
age, the geometric mean blood lead was 5.9 g/dL (95%
CI: 5.3,6.7) for the intervention group and 6.1 g/dL (95%
CI: 5.5,6.9) for the control group. The percentage of children with a 48-month blood lead >10 g/dL, >15 g/dL,
and >20 g/dL was 19% versus 19%, 2% versus 9%, and
1% versus 2% in the intervention and control groups,
respectively.
Conclusions. We conclude that dust control, as performed by families and in the absence of lead hazard
controls to reduce ongoing contamination from leadbased paint, was not effective in preventing children’s
exposure to residential lead hazards. Pediatrics
2000;106(4). URL: http://www.pediatrics.org/cgi/content/
full/106/4/e48; blood lead, lead-contaminated house dust,
randomized trial, children, environmental exposure, lead
poisoning, prevention.
ABBREVIATION. CI, confidence interval.
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D

espite the dramatic decline in the prevalence
of children having blood lead of 10 g/dL or
higher,1 undue lead exposure remains endemic among children living in some cities, especially those in the Northeastern United States.2,3 Numerous recommendations exist to reduce a child’s
risk of exposure to residential lead hazards, such as
dust control, close supervision, and hand-washing.
But it is uncertain that any of these efforts, when
performed by families, are effective at reducing children’s lead exposure, because they fail to repair or
remove lead-based paint hazards from the child’s
environment.4
The American Academy of Pediatrics and the Centers for Disease Control and Prevention recommend
educating families to conduct dust control to reduce
children’s exposure to lead-contaminated house
dust—a major source of lead intake.5–10 Unfortunately, trials of dust control involving children who
had blood lead levels ⬍25 g/dL have not consistently demonstrated a reduction in blood lead levels.11–14 Rhoads et al11 reported a 17% decline in
blood lead concentration among children who received professional cleaning compared with a control group. In contrast, in an earlier analysis of the
cohort described in this present study, we found no
significant difference in children’s blood lead concentration at 24 months of age in those assigned to a
dust control intervention performed by a family
member.12 There was, however, a trend toward
lower blood lead concentrations in the experimental
group. It was unknown, however, if the beneficial
effect of dust control would become more evident
with extended follow-up.
The purpose of this study was to assess the longterm effect of dust control in preventing children’s
exposure to lead, as measured by blood lead concentration at 48 months of age.
METHODS
Children and their families were eligible for the study if: they
lived in the city of Rochester, New York; they denied having plans
to relocate in the next 3 months; and their child was 6 months of
age (⫾ 1 month) at the time of the baseline visit.12 Subjects were
identified and recruited by using sequential lists of live births
from 5 urban hospitals. After the combined list was checked for
errors, the entries were ordered chronologically and current addresses and phone numbers were obtained by using information
from 5 hospitals, 4 inner-city clinics, and the Monroe County
Department of Social Services and Health Department. To determine eligibility, interviewers dialed each telephone number until
the family was contacted or until at least 6 calls were made. Once
a family was deemed eligible and agreed to participate, a study
team visited their home, obtained a blood sample, conducted an
interview, and collected environmental samples.
After baseline sampling, families and their children were ran-
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domly assigned to an intervention or a control group. Families in
the intervention group received up to 8 visits by 1 of 2 randomly
assigned dust control advisors, cleaning equipment and supplies
(broom, dust pan, sponge mop with replacement heads, rubber
gloves, a double bucket, and Lead-Away (Lead-Away Co, Lynn,
MA), a detergent containing trisodium phosphate). All equipment
was replaced, as needed, and supplies were replenished during
the dust control advisor’s routine visits. The dust control intervention was terminated when the children were 24 months of age,
but children have continued to be followed.
Children’s blood lead levels, measured at baseline and at
6-month intervals until 24 months of age (ie, at 6, 12, 18, and 24
months of age) and annually thereafter (ie, 36 and 48 months of
age) were the primary measures used to evaluate the effect of dust
control. Venous samples for children’s blood lead were obtained
by using techniques to ensure minimal extraneous lead contamination. Blood lead was determined by using Electrothermal Atomization Atomic Absorption Spectrometry (New York State Department of Health, Wadsworth Laboratories, Albany, NY). All
reported results are the means of 6 separate analyses (3 aliquots/
day measured on 2 consecutive days) performed on each blood
sample.

Statistical Analyses
The distributions of continuous variables were examined to
determine whether particular variables should be log-transformed. For all statistical analyses, children’s blood lead levels,
children’s serum ferritin levels, and all environmental lead measurements were log-transformed. The carpeted and noncarpeted
floor samples were combined to form a single floor dust lead
variable. A paint lead index variable was created by multiplying
the paint condition (good ⫽ 1, average ⫽ 2, or poor ⫽ 3) by the
paint lead measurement; the resulting index value was then logtransformed. The water lead variable was dichotomized at .0025
mg/L.
Baseline characteristics of the intervention and control groups
were compared by 2 tests, Fisher’s exact tests, and Student’s t
tests, as appropriate. Geometric mean blood lead concentrations of
children in the intervention and control groups were compared
using Student’s t tests. 2 tests or Fisher’s exact tests were used to
compare the proportions of children having blood lead concentration ⱖ5 g/dL, ⱖ10 g/dL, ⱖ15 g/dL, and ⱖ20 g/dL. All
significance tests were 2-tailed.

RESULTS

Of the 1878 potential subjects in the sampling
frame, we contacted 751 families. Of these, 429 families (57%) were eligible and 275 of the eligible families (64%) agreed to participate in the trial (Fig 1).
One hundred eighty-nine (69%) were available at
48-month follow-up visit. There was no difference in
attrition by study group; 44 of 140 children in the
intervention group (31%) were lost to follow-up
compared with 42 of 135 in the control group (31%).
There were no differences in the 189 children who
were retained in the study by household income,
rental housing, condition of housing, or any of the
environmental lead measures, compared with the 86
children lost to follow-up. There was, however, a
difference in attrition by race. The attrition rate
among black children was 27% versus 38% for children of other racial or ethnic backgrounds (P ⫽ .044).
Comparisons of baseline characteristics of the 189
children followed until 48 months of age are shown
(Table 1). The geometric mean blood lead levels for
children in the intervention and control groups were
2.7 g/dL (95% confidence interval [CI]: 2.4,3.1) and
2.9 g/dL (95% CI: 2.6,3.2), respectively (P ⫽ .51).
There were no statistically significant differences in
baseline characteristics by group assignment, but
poor housing condition was marginally more prev2 of 4

Fig 1. Flow diagram of trial.

alent in the control group compared with the intervention group (24% vs 13%, respectively; P ⫽ .06).
There was no significant difference in blood lead
concentration by intervention status at 48 months of
age. The geometric mean blood lead concentration
for children at 48 months of age in the intervention
and control groups were 5.9 g/dL (95% CI: 5.3,6.7)
and 6.1 g/dL (95% CI: 5.5,6.9), respectively (P ⫽
.73). Adjusting for black race (P ⫽ .86) and for bad
housing condition (P ⫽ .94) did not alter the effect of
the intervention (Table 2). There was no significant
interaction of black race by dust intervention status
(P ⫽ .36) or of housing condition by intervention
status (P ⫽ .63).
The prevalence of children with elevated blood
lead concentration (ie, ⱖ5 g/dL, ⱖ10 g/dL, ⱖ15
g/dL, and ⱖ20 g/dL) at 48 months of age was
generally lower in the intervention group. But these
differences were not significant. There was, however,
a marginal but nonsignificant difference in the percentage of children who had a blood lead concentration exceeding 15 g/dL at 36 and 48 months of age
(Table 3).
DISCUSSION

The results of this study indicate that despite
efforts to inform families about lead poisoning prevention, recommend cleaning techniques to reduce
lead-contaminated house dust and to provide highquality cleaning equipment and supplies, there was
no significant effect of the intervention on children’s
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TABLE 1.
Baseline Comparisons of 189 Children Enrolled in Dust Control Intervention Study by
Group Assignment Who Were Followed Until 48 Months of Age
Characteristic

Intervention Group
(n ⫽ 96)
Geometric Mean
(95% CI)

Control Group
(n ⫽ 93)
Geometric Mean
(95% CI)

P Value

Blood lead levels (g/dL)
Serum ferritin (ng/dL)
Age (mo; mean)
Floor lead loading (g/ft2)
Interior window sill lead (g/ft2)
Window-trough lead (g/ft2)

2.7 (2.4,3.1)
37.3 (32.2,43.1)
6.7 (6.6,6.7)
7.4 (5.9,9.5)
418 (295,593)
17 912
(11 467,27 977)
1.9 (1.4,2.6)
15.3 (11.4,20.4)
926 (731,1173)

2.9 (2.6,3.2)
36.8 (32.2,42.1)
6.6 (6.6,6.7)
7.5 (5.9,9.5)
433 (299,627)
17 224
(10 918,27 173)
1.8 (1.3,2.4)
14.6 (10.7,20.0)
1151 (924,1433)

.56
.91
.43
.97
.90
.90

Interior paint lead hazard index
Exterior paint lead hazard index
Soil lead (g/g)

Water lead levels (⬎.0025 mg/L)
Soil present
Poor housing condition
Black race
Household income ⱕ$15 500
Rental housing

TABLE 2.

No. (%)

No. (%)

20 (21)
95 (99)
12 (13)
60 (63)
66 (69)
81 (84)

12 (13)
90 (97)
22 (24)
61 (66)
69 (75)
77 (84)

.71
.85
.19

.15
.36
.06
.66
.40
.90

Children’s Geometric Mean Blood Lead Concentrations by Group Assignment
Blood Lead (g/dL)

Characteristic

Intervention Group

Age (mo)
6
12
18
24
36
48

P Value

Control Group

No.

g/dL (95% CI)

No.

g/dL (95% CI)

140
127
124
126
106
96

2.8 (2.5,3.1)
5.5 (4.9,6.2)
5.9 (5.3,6.7)
7.3 (6.6,8.2)
6.0 (5.3,6.8)
5.9 (5.3,6.7)

135
126
122
119
97
93

2.9 (2.7,3.2)
5.9 (5.3,6.6)
6.2 (5.5,7.0)
7.8 (6.9,8.7)
6.9 (6.1,7.8)
6.1 (5.5,6.9)

blood lead concentration at 48 months of age. There
also were no differences in the percentage of children
who had elevated blood lead concentration, with the
exception of a marginal reduction in the proportion
of children who had a blood lead concentration exceeding 15 g/dL.
Other controlled trials have not demonstrated a
reduction in blood lead levels in children assigned to
a dust control intervention. Hilts et al13 conducted a
randomized trial of dust control—as performed by a
professional cleaner with a HEPA vacuum every 6
weeks over a 10-month period—among 111 children,
6 to 70 months of age. The setting was a community
with an active smelter. There was no significant reduction in the blood lead concentrations of children
assigned to the intervention group compared with
those assigned to the control group. In a randomized
trial of dust control involving 94 children who were
12 to 31 months of age, investigators reported no
significant difference in blood lead concentrations 7
months after enrollment.14 That intervention, however, consisted of minimal education and provision
of paper towels, detergent, and instructions about
mopping. No cleaning equipment was provided.14 In
our earlier analysis of the cohort presented in this
study, we found no significant effect of dust control
on children’s blood lead concentrations at 24 months
of age.12

.51
.40
.58
.47
.13
.73

In contrast, some controlled trials found that dust
control was associated with a significant decline in
children’s blood lead concentration. In the earliest
controlled trial of dust control, involving 39 children
who had blood lead concentration ⱖ30 g/dL, Charney et al15 reported a 6.9-g/dL decline (18%) in
blood lead concentration in children assigned to the
dust control group.15 This study, however, included
abatement in both treatment groups and professional
cleaners performed dust control for the 14 children
assigned to the experimental group. In a randomized
trial of 99 children, investigators reported a 2.1g/dL reduction (17%) in blood lead concentrations
among children in the intervention group after a
median of 17 cleaning visits by a professional cleaning team performed over the 12-month trial.11 For
children whose homes were cleaned ⱖ20 times, there
was a 3.9-g/dL decrease (34%) in blood lead concentration.11
Lead-contaminated house dust is clearly a major
source of lead intake for children.9 –11 But is dust
control effective in reducing childhood lead exposure? Taken together, existing data indicate that
there is some benefit if professional cleaners perform
dust control. Moreover, because these studies examined the effect of dust control only after children
were exposed,11,13–15 they probably underestimated
the contribution of lead-contaminated house dust to

http://www.pediatrics.org/cgi/content/full/106/4/e48
Downloaded from www.aappublications.org/news
by guest on October 17, 2019

3 of 4

TABLE 3.
Percentage of Children With Elevated Blood Lead
Level by Group Assignment, 6 to 48 Months of Age*
Months of Age

Intervention
Group
n (%)

Control
Group
n (%)

P Value

21 (15)
3 (2)

20 (15)
1 (1)

.97
.62

78 (61)
21 (17)
5 (4)
2 (2)

79 (63)
22 (17)
9 (7)
4 (3)

.83
.85
.27
.45

81 (65)
25 (20)
11 (9)
2 (2)

78 (64)
31 (25)
14 (11)
6 (5)

.82
.33
.50
.17

92 (73)
39 (31)
15 (12)
6 (5)

88 (74)
43 (36)
17 (14)
8 (7)

.87
.39
.58
.51

65 (61)
26 (25)
5 (5)
2 (2)

68 (70)
30 (31)
11 (11)
6 (6)

.19
.31
.08
.16

59 (61)
18 (19)
2 (2)
1 (1)

58 (62)
18 (19)
8 (9)
2 (2)

.90
.92
.06
.62

6

ⱖ5 g/dL
ⱖ10 g/dL
12
ⱖ5 g/dL
ⱖ10 g/dL
ⱖ15 g/dL
ⱖ20 g/dL
18
ⱖ5 g/dL
ⱖ10 g/dL
ⱖ15 g/dL
ⱖ20 g/dL
24
ⱖ5 g/dL
ⱖ10 g/dL
ⱖ15 g/dL
ⱖ20 g/dL
36
ⱖ5 g/dL
ⱖ10 g/dL
ⱖ15 g/dL
ⱖ20 g/dL
48
ⱖ5 g/dL
ⱖ10 g/dL
ⱖ15 g/dL
ⱖ20 g/dL

* Sample size for each age group is shown in Table 2.

children’s lead intake. Still, further research is necessary to examine the effect of lead hazard controls
combined with more aggressive professional cleaning and to compare the cost-effectiveness of professional cleaning with other lead hazard controls. But
the key to reduce children’s blood lead levels is to
make leaded paint inaccessible and to clean to
achieve dust lead levels (ie, clearance tests) that are
safe.4,9,10
Other educational efforts to reduce lead exposure
in children have not been rigorously tested or shown
to be ineffective. Sargent et al16 reported that calcium-supplemented formula did not result in sustained reduction in children’s blood lead concentrations. There are no published randomized, controlled
trials of multifactorial interventions, such as calcium
supplementation combined with dust control. Thus,
there are no data showing that educational efforts—
the cornerstone of lead poisoning prevention for the
majority of children with undue lead exposure—are
effective in preventing lead exposure from residential lead hazards.
CONCLUSION

The results of this study suggest that dust control,
as performed by families and in the absence of lead
hazard controls to reduce ongoing contamination
from leaded paint, was not effective in the primary
prevention of childhood lead exposure. These results
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underscore the fact that dust control, one of the
primary strategies to control lead exposure for children with low to moderate elevations in blood lead
concentration, does not seem to be effective unless it
is performed by professional dust control teams.
Taken together, these and other data indicate that we
can no longer rely on dust control, as performed by
families, as a panacea to prevent subclinical lead
toxicity in children.4
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