ARTICLE IN PRESS

Environmental Research 96 (2004) 127–138

Evaluation of landscape coverings to reduce soil lead hazards in
urban residential yards: The Safer Yards Project
Helen J. Binns,a,b,* Kimberly A. Gray,c Tianyue Chen,b Mary E. Finster,c
Nicholas Peneff,d Peter Schaefer,b Victor Ovsey,d Joyce Fernandes,e Mavis Brown,f and
Barbara Dunlape
a

b

Department of Pediatrics, Feinberg School of Medicine, Northwestern University, Chicago, IL, USA
Mary Ann and J. Milburn Smith Child Health Research Program, Children’s Memorial Hospital, 2300 Children’s Plaza, 157, Chicago, IL 60614, USA
c
Department of Civil Engineering, Northwestern University, Evanston, IL, USA
d
Public Health & Safety, Inc., Chicago, IL, USA
e
architreasures, Chicago, IL, USA
f
Erie Family Health Center, Chicago, IL, USA
Received 10 June 2003; received in revised form 24 February 2004; accepted 27 February 2004

Abstract
This study was designed primarily to evaluate the effectiveness of landscape coverings to reduce the potential for exposure to leadcontaminated soil in an urban neighborhood. Residential properties were randomized in to three groups: application of ground
coverings/barriers plus placement of a raised garden bed (RB), application of ground coverings/barriers only (no raised bed, NRB),
and control. Outcomes evaluated soil lead concentration (employing a weighting method to assess acute hazard soil lead [areas not
fully covered] and potential hazard soil lead [all soil surfaces regardless of covering status]), density of landscape coverings
(6=heavy, 490% covered; 1=bare, o10% covered), lead tracked onto carpeted entryway ﬂoor mats, and entryway ﬂoor dust lead
loadings. Over 1 year, the intervention groups had signiﬁcantly reduced acute hazard soil lead concentration (median change: RB,
478 ppm; NRB, 698 ppm; control, +52 ppm; Kruskal–Wallis, P ¼ 0:02), enhanced landscape coverings (mean change in score:
RB, +0.6; NRB, +1.5; control, 0.6; ANOVA, Po0:001), and a 50% decrease in lead tracked onto the ﬂoor mats. The potential
hazard soil lead concentration and the entryway ﬂoor dust lead loading did not change signiﬁcantly. Techniques evaluated by this
study are feasible for use by property owners but will require continued maintenance. The long-term sustainability of the method
needs further examination.
r 2004 Elsevier Inc. All rights reserved.
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1. Introduction
Lead is a ubiquitous environmental contaminant,
which negatively impacts child health by causing
cognitive and behavioral impairments (Centers for
Disease Control and Prevention (CDC), 2002). Children
living in urban areas are at increased risk for lead
poisoning. The prevalence of an elevated blood lead
level (deﬁned as blood lead X10 mg/dL) among children
living in older homes in urban areas with a population
*Corresponding author. Mary Ann and J. Milburn Smith Child
Health Research Program, Children’s Memorial Hospital, 2300
Children’s Plaza, 157, Chicago, IL 60614, USA. Fax: +773-327-9688.
E-mail address: hbinns@northwestern.edu (H.J. Binns).
0013-9351/$ - see front matter r 2004 Elsevier Inc. All rights reserved.
doi:10.1016/j.envres.2004.02.010

of one million or more is approximately twice that
found for children living in older homes in less
populated areas (CDC, 1997). One risk factor for lead
exposure that may differ between urban and nonurban
areas is lead contamination of soil. Urban soils may be
highly contaminated (Mielke, 1991, 1994; Shinn et al.,
2000). Further, models describing movement of lead in
the environment indicate transference of lead from
exterior to interior sites (Succop et al., 1998).
The contribution of various sources of lead, including
lead-contaminated soil, to childhood lead poisoning has
been clearly demonstrated (Lanphear et al., 1998a, b;
von Lindern et al., 2003). Recently, the US Environmental Protection Agency (USEPA) evaluated published research and used modeling methods to further
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evaluate the risks of lead-contaminated soil and to aid in
setting soil-lead hazard standards (Federal Register,
1998, 2001). The USEPA Final Rule on lead established
a soil lead hazard at 400 parts per million (ppm) for bare
soil in play areas and an average of 1200 ppm for bare
soil in the remainder of the yard (Federal Register,
2001). They estimated that 1–5% of children exposed to
soil lead concentrations at levels generally at or below
500 ppm would, as a result, develop a blood lead level at
or above 10 mg/dL (Federal Register, 1998). The risk was
estimated to be much greater for exposure to soil lead at
a concentration of 1200 ppm; at that level 30–60% of
exposed children would have a blood lead level at or
above 10 mg/dL (Federal Register, 2001).
Lead contamination of soil in US cities occurred over
many decades, with sources of lead from paint, gasoline,
and industry contributing to the lead burden (CDC,
1991). Lead is relatively immobile in soil (USEPA,
1986a) and does not biodegrade or decay. It is unevenly
distributed in residential yards, with higher levels
generally found near building foundations (USEPA,
1993). Because of its invisible and lasting nature,
contamination of residential yards will continue to
threaten children’s health, even after interior and
exterior building lead hazards have been repaired.
Therefore, it is important to examine ways to reduce
the potential for exposure to lead-contaminated soil.
This study was designed to evaluate lead contamination of urban residential yards and the effectiveness of
lower-cost strategies—those that may be affordable to
homeowners or tenants and do not involve costly soil
removal and replacement—to reduce the potential for
exposure to hazards posed by lead-contaminated soil.
The major strategy employed involved creating barriers
to bare soil through enhanced landscape coverings.
Outcome measures included soil lead concentration,
assessments of the density of ground coverings, measurement of lead tracked onto entryway carpeted ﬂoor
mats, and assessments of entryway ﬂoor dust lead
loadings.

2. Methods
2.1. Subjects
The study was conducted in two residential areas of
Chicago (one of four blocks, one of six blocks)
approximately 1 mile apart. It builds upon work
previously conducted in one of these areas (Shinn
et al., 2000). Property owners were recruited for a
longitudinal study designed to assess effectiveness of
lower-cost methods applied to reduce potential exposure
to lead-contaminated soil. Those expressing the intent of
selling their property within 2 years were not enrolled.
Primary residence of the property owner at the site was

not required for participation nor was the presence of
children in residence at the property. Additionally, there
was no requirement for prior control of exterior lead
paint hazards nor was such offered by the project.
The children or families living at the property were not
the subjects of study, although all were notiﬁed of the
project and provided with lead education materials. A
goal of enrolling 60 properties, 30 in each area, was
sought.
The year of construction for the residence at each
property was determined from tax records (available at
http://www.newschicago.org; last accessed 10/27/03).
This study was approved by the Institutional Review
Board of Children’s Memorial Hospital.
2.2. Measures
A variety of measures were used to evaluate soil lead
contamination, landscape coverings, and track-in of
lead. All aspects of the measures and assessments were
conducted in Spring 2000 (baseline) and again in Spring
2001 (12 months). Components of the assessments were
also conducted at some properties in Fall 2000 (6
months) and Fall 2001 (18 months). Property easement
areas (i.e., the area between the sidewalk and the street,
which is owned by the city) were evaluated and received
intervention but were not included in analyses.
Laboratory tests were conducted at the Illinois
Department of Public Health State Laboratory. This
laboratory is accredited with the American Industrial
Hygiene Association Environmental Lead Laboratory
Accreditation Program and successfully participated in
its proﬁciency-testing program for soil and dust wipe
samples during the study period. The laboratory
reported the full range of results, including results that
were below the value deﬁned as the instrumental
detection limit. Analyses used values both above and
below the deﬁned instrumental detection limit, as has
been established (personal communication, Warren
Galke, Ph.D., National Center for Healthy Housing,
Columbia, MD [now at National Institute of Child
Health and Human Development, Bethesda, MD],
presented at the 127th Annual Meeting & Exposition.
American Public Health Association, Chicago, Illinois;
November 10, 1999).
Property assessments. Illinois-licensed lead risk assessors conducted property assessments and collected
samples. There were three lead risk assessors who
participated in these assessments. Assessors worked in
pairs until each had established familiarity with methods
and assessment techniques. Each property was mapped
using a grid scale of 6 inches. At the baseline evaluation,
functional areas of each property were deﬁned on the
map by location, type of covering, and use. For
example, garden and lawn areas were surveyed and
mapped as separate, distinct zones. At all properties, the
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areas of foundation perimeter soil were mapped
separately from surrounding land. A median of 8 zones
(range 2–15) were deﬁned per property at the baseline
evaluation. At later evaluations, the zones were subdivided on the map, as necessary, to account for changes
in ground covering and use. The area of each mapdeﬁned zone was calculated by entering the coordinates
into computer-aided design software (AutoCAD Release 14.01; Autodesk, Inc., 1998).
Building assessments. Visual assessments of building
exteriors and the interior at the most commonly used
entryway were conducted in Spring 2000 and Spring
2001. Entryway location and paint conditions of
individual components using intact, fair, or poor
designation standards detailed in published guidelines
(US Department of Housing and Urban Development
(USHUD), 1995) were noted. Building exterior construction was classiﬁed into three groups: brick or stone,
brick or stone plus other (e.g., brick front fa@ade with
wood or siding at sides and back or brick building with
enclosed back porch of wood), and other (no brick or
stone exterior components).
Portable X-ray ﬂuorescence measurements of paintlead content were conducted on entryway components
in poor condition on one occasion, either Spring 2000 or
Spring 2001. Forty-two properties had an entryway
component with paint in poor condition and 39 of these
(93%) were evaluated by X-ray ﬂuorescence to determine whether the paint in poor condition had a lead
content greater than or equal to 1.0 mg/cm2.
Ground coverings assessments. For each deﬁned zone
of the property, the density of the ground covering was
graded using a six-point scale (6=heavy, 490%;
5=mostly covered, 75–90%; 4=medium, 50–74%;
3=some covering, 25–49%; 2=very sparse, 10–24%;
1=bare, o10%). Additionally, the assessors noted the
most probable use of the zone (e.g., lawn, garden, play
area, etc.) and the type of covering (e.g., grass, ﬂowers/
vegetables, shrubs, mulch, stone, etc.). All zones graded
at baseline were reevaluated and graded at followup.
The evaluation of ground coverings was accomplished in
Spring and Fall 2000 and Spring and Fall 2001.
Soil samples. Samples of surface soil (top 12 inch) were
obtained from every zone deﬁned in the mapping
process in Spring 2000, Spring 2001, and Fall 2001
(baseline, 12 months, and 18 months, respectively). Each
sample included 3–10 aliquots of soil that were placed
together in the sampling container according to established methods (USHUD, 1995). Soil was obtained from
both the bare areas and the areas where the soil could be
reached by easy removal of ground coverings, such as
mulch, vegetation, or stone. Soil under landscape fabric
(which was used to separate coverings from surface soil)
was not sampled. Adjacent zones that had similar
covering and use were sampled together. For example,
lawn areas on the same side of a building separated by a
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sidewalk were mapped as separate zones, but sampled
together. However, soil from lawn areas at the front and
back of the home would never be in the same sample.
Foundation perimeter soil was always sampled separately from adjoining soil. These methods comprised the
strategy that determined the number of soil samples
obtained at the property. Baseline soil sampling
included a median of 6 samples per property (range
1–13).
A second soil sampling strategy (USHUD sampling
strategy) was also applied at baseline (USHUD, 1995).
Composite soil samples of (1) foundation perimeter soil
and (2) bare areas throughout the rest of the yard were
obtained at each property according to established
protocols.
Soil samples were homogenized by disaggregating
compacted soil or debris in the soil sample matrix using
a ball grinder with disposable plastic parts for this
purpose. Samples were not sieved. Soil samples were
analyzed using ﬂame atomic absorption spectrometry
instrumentation methodology using SW 846 EPA
Method 3050 (USEPA, 1986b), with an instrumental
detection limit deﬁned at 60 ppm. A spiked soil sample
was submitted for approximately every 50 samples. All
spiked samples with low lead concentration (NIST Soil
Standard: SRM 2709, San Joaquin Soil [13 mg lead/g
soil]) were reported as between 0 and 26 ppm lead. All
spiked samples with more elevated lead concentration
(NIST Soil Standard: SRM 2711, Montana Soil [1100 mg
lead/g soil]) were 87–100% of the expected value.
Dust lead loading. At the time of placement of the
ﬂoor mat, three ﬂoor dust wipe samples were obtained
from the commonly used entryway that received the
visual evaluation. Standard wipe techniques and materials acceptable in Spring 2000 were used for sampling of
surfaces (USHUD, 1995). Dust samples obtained in
Spring 2000 (baseline) were analyzed using ﬂame atomic
absorption spectrometry with a detection limit of 30 mg
lead. Those obtained in Spring 2001 (12 months) were
analyzed using inductively coupled plasma-atomic
emission spectrometry, having a detection limit of
10 mg, as the laboratory procedures had changed to
accommodate lowered dust hazard standards (Federal
Register, 2001). On each day of dust sample collection, a
blank dust sample was also submitted for analysis and
this result subtracted was from sample results for that
day. Twenty-ﬁve dust blank samples were obtained in
each of Spring 2000 and Spring 2001. In Spring 2000 the
dust blank median was 3 mg lead, four results were 10–
19 mg lead, and one was 77 mg lead. These ﬁve higher
dust blank results were obtained at homes having very
high dust lead loading, so subtraction from the dust
sample averages for those properties did not substantially alter dust lead loading distributions. Because only
1 blank sample was obtained per day, the dust blank
results of 19 and 77 mg lead were each also applied to a
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home with very low dust lead loading, so dust lead
loading averages at those homes fell from o10 to
0 mg lead/ft2. In Spring 2001, the dust blank median was
0.6 mg lead, with a maximum value of 2.9 mg lead. A
spiked dust sample was submitted for approximately
every 50 samples. Results of dust sample spikes were
within 90–115% of the expected value.
Carpeted floor mats. Floor mats with a short pile
(0.6 cm) fused to a rubber backing (size: 43  74 cm
including 2.6-cm rubber border; ‘‘Floor Sentry;’’
AKRO, Canton, OH) were placed at the interior of a
commonly used entryway for a period of 7–21 days. The
entryway selected also received visual evaluation and
dust sampling. The length of the mat was positioned
parallel to the doorway threshold and secured to the
ﬂoor with duct tape. During the period of mat
placement, a mechanical device to count door openings
that was developed by the project was applied to the
door immediately adjacent to the mat. Mats were
collected onto 14-inch plywood and wrapped, laterally
and lengthwise in 6-mil polyethylene sheeting for
transport to the laboratory. The method of Farfel et al.
(2001) was adapted for ﬂoor mat sample collection. In
the laboratory, the entire mat was vacuumed in vertical
and horizontal S patterns for 4 min total using a handheld Dirt-Devil vacuum modiﬁed with a cyclone
attachment connected to Tygon tubing leading to a
nozzle with a serrated tip. The vacuum drew up the
surface dust which was trapped in certiﬁed contaminantfree nalgene collection bottles. The sample was weighed
and lead content analyzed using methods as described
for dust above. Floor mat data collection occurred in
Spring 2000 (baseline) and Spring 2001 (12 months).
Residents at one property declined collection of mat
data at the 1-year followup, so data for mat-related
measures at that property were not included in analyses.
2.3. Randomization
Following completion of baseline assessments, each
property was randomized to one of three groups: (1)
intervention with consideration of application of a 4 by
6-foot raised garden bed for testing garden plants (raised
bed (RB) group), (2) intervention with consideration of
application of a grade-level plant test bed (no raised bed
(NRB) group), and (3) deferred intervention (control).
Intervention activities were conducted among RB and
NRB groups in Summer 2000. Control properties were
randomized to RB or NRB groups and had interventions applied in Summer 2001.
2.4. Interventions
Landscape interventions were provided by a nonproﬁt
community agency whose mission is to provide expertise
and stafﬁng for community projects that reclaim green

space in the city for community use. That agency
employed an administrator/director, landscape designer,
community crew chief, and a crew of community
workers. Property maps and soil lead concentration
results guided the landscape design. Additionally, the
shade and moisture conditions of each property were
evaluated prior to planning the design. Landscape
designs and materials were reviewed and approved by
property owners.
Design strategies varied by property, but, in general,
the following methods were used. For lawn areas in
poor condition, existing vegetation was killed using
Roundup. The area was then tilled. If below grade,
additional topsoil (a sample tested at 14 ppm lead) was
applied to meet grade. The areas that received additional topsoil were not tracked. Grass seed blends for
shade or sun conditions, as appropriate, were applied.
Other grass areas not in poor condition received
overseeding. Shady areas or areas too small to mow or
not conducive to grass growth were prepared and
planted with a perennial groundcover (vinca); then
hardwood mulch was applied. Foundation perimeter
soil areas and areas under porches with lead content of
X2000 ppm were prepared and covered with a landscape
fabric and a plastic edging placed before application of
2 in of rotten granite (a red-colored compactable stone).
An alternative strategy for areas under porches was to
make these areas inaccessible using lattice barriers.
Foundation perimeter soil and area under porches with
lead content o2000 ppm received treatments similar to
the rest of the property. Garden areas received a
hardwood mulch covering.
At each intervention property, an attempt to determine a sunny location in which to develop a garden test
bed was made. Either (1) creation of a raised test bed or
(2) applications of plants grown in a grade-level test bed
and/or scattered among existing vegetation was considered according to the randomization strategy for the
property. At some properties the test bed was in the
foundation perimeter area, so, if indicated by soil lead
levels, stone application to those areas was delayed until
Fall 2001. Sometimes the sunny conditions of the
easement made that area the most suitable location for
the test bed. Because analyses do not consider easements, in such cases the property was not counted as
having a test bed applied. Raised test beds were created
using cedar timbers and purchased soil. While mulch
was applied to grade-level garden areas, this was not the
case for the raised test beds, which were left uncovered.
Intervention yards were tended throughout the
summer and fall of 2000, with ﬁnal project yard
maintenance activity occurring in late September.
Spring 2001 evaluations were conducted before yard
care activities were commenced by the project at that
site, after which intervention homes received reseeding
of lawn areas, if needed, and watering of new seed over a
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2-week period. The property owner then assumed full
responsibility for maintenance of all areas except gradelevel test beds, which were maintained by the project.
Control properties received interventions in 2001.
2.5. Analysis
For each property, the areas represented by individual
soil samples were summed to determine the accessible
soil area. The accessible soil area value from the baseline
evaluation was held consent in followup evaluations,
except if the property had newly exposed soil. For
example, if a cement sidewalk or patio that was present
at the baseline evaluation had been removed, the
accessible soil area for the followup computation
increased.
The soil lead concentration of the property was
determined by (1) weighting each sample result by the
relative contribution that the sampled area contributed
to the accessible soil area and then (2) summing the
weighted results. This method of weighting was also used
to determine a ground covering score for each property.
To evaluate soil lead concentration changes due to
landscape covering applications, particularly those that
may be permanently applied versus those that provide a
barrier to lead-contaminated soil only if repeatedly
applied, we deﬁned the acute and potential hazard soil
lead concentrations of the property at baseline and
followup measurement occasions. The acute hazard soil
lead concentration considers areas maximally covered to
fully protect individuals from soil exposure at that area.
The weighted computation for the acute hazard soil lead
concentration set soil lead concentration at 0 ppm for
areas maximally covered (ground covering grade=6).
The potential hazard soil lead concentration includes soil
lead concentration for all accessible soil, regardless of
covering. Thus, it represents risk if coverings are not
maintained. When computing acute and potential
hazard soil lead concentrations at followup evaluations,
areas that had previously been sampled and for which
the soil was no longer accessible (e.g., areas covered by
fabric barriers or cement) were assigned a soil lead
concentration of 0 ppm.
The following example is provided to clarify differences between acute and potential hazard soil lead
concentration computations. At the baseline evaluation,
the accessible soil area of a property was 100 ft2, which
was divided into two zones by the mapping process.
Zone A and Zone B were each 50 ft2. Thus, the weight to
be applied to the soil lead concentration for each zone is
0.5 (50 ft2/100 ft2=0.5). Further, Zone A had a ground
covering grade of 6 (490% covered) and a soil lead
concentration of 1000 ppm, while Zone B had a ground
covering grade o6 and a soil lead concentration of
2000 ppm. Because Zone A was heavily covered, the
computation of the acute hazard soil lead concentration

131

uses a value of 0 ppm as the soil lead concentration for
Zone A. However, since Zone B was not heavily
covered, the soil lead concentration of 2000 ppm is used
for that zone. Thus, the computation for the acute soil
lead hazard concentration is 0 ppm  0.5+2000 ppm 
0.5=1000 ppm. For the potential hazard soil lead
concentration computation the measured soil lead
concentration for each zone is used (1000 ppm  0.5+
2000 ppm  0.5=1500 ppm).
On the second assessment of the same property the
accessible soil area now had three zones. Zone A was still
50 ft2, so the sample weight is unchanged at 0.5. Zone B
had been divided into two areas (Zone B.1 and Zone
B.2) of 25 ft2 each (weight: 25 ft2/100 ft2=0.25). Further,
Zone A had a ground covering grade o6 and soil lead
concentration of 1000 ppm, Zone B.1 was covered by
cement and could not be sampled, and Zone B.2 had a
ground covering grade of 6 and a soil lead concentration
of 2000 ppm. In this example, both the acute and
the potential hazard soil lead concentrations have
fallen from their baseline values (acute: 1000 ppm 
0.5+0 ppm  0.25+0 ppm  0.25=500 ppm; potential:
1000 ppm  0.5+0 ppm  0.25+2000 ppm  0.25=
1000 ppm).
The average soil lead concentration for each property
was also determined (Federal Register, 2001). This
method computes the simple average of soil samples
obtained by the USHUD sampling strategy previously
described.
The amount of lead obtained from ﬂoor mats was
adjusted and reported in two ways. First, micrograms
lead per count was determined by dividing the lead
weight by the number of counts registered by the
mechanical counter over the placement period. Second,
micrograms lead per day was determined by dividing the
lead weight by the time period over which the ﬂoor mat
had been applied.
Data were analyzed using SAS, version 8.2 (SAS
Institute, Inc., Cary, NC). Signiﬁcance was set at
Po0:05: Distributions for each measure by study group
were assessed for normality. As necessary, data were log
transformed and then normality was reassessed. Analyses were conducted using w2 and Fisher’s exact test for
categorical data, Kruskal–Wallis (K–W) or Mann–
Whitney U (MWU) tests for continuous data for which
a normal distribution could not be achieved, and
analysis of variance (ANOVA) for normally distributed
continuous data.

3. Results
3.1. Recruitment and sampling
The owners of 63 properties consented to the
project and their properties were assessed by mapping,
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evaluation of ground coverings, and soil sample collection. At 1 property, only the easement area had any
accessible soil, so this property was excluded. The
remaining 62 properties were randomized (Fig. 1). Fiftyseven properties (92%) completed 1 year of participation and were included in analyses. Excluded properties
either were not sampled at the 1-year followup due to
changes in ownership or withdrawal (n ¼ 4) or received
incomplete intervention due to exterior construction

Enrolled
(N=63)
Randomized
(N=62)

Randomization
Strategy

Raised Bed
(N=19)

Analysis
Strategy

Raised Bed
(N=14)

No Raised
Bed
(N=5)

No Raised Bed
(N=21)

Control
(N=22)

No Raised
Bed
(N=18)

Control
(N=20)
Drop-out
(N=3)

Drop-out
(N=2)

Fig. 1. Randomization and analytic strategies.

(n ¼ 1). Five of the 19 properties that had been
randomized to receive a raised garden bed did not
receive that application due to property considerations
or owner lack of consent. Those 5 properties were
analyzed with the NRB group. Thus, ﬁnal analytic
groups included 14 properties in the RB group, 23 in the
NRB group, and 20 in the control group.
Property characteristics are reported in Table 1. Most
homes were over 100 years old, owner-occupied, and of
the standard size for Chicago lots (25  125 feet) with
about 75% of the land covered by buildings or cement.
Baseline measures are shown in Table 2. Groups did
not differ signiﬁcantly on baseline acute hazard soil lead
levels (K–W test, P ¼ 0:54), potential hazard soil lead
levels (K–W test, P ¼ 0:28), ground coverings score
(ANOVA, P ¼ 0:21), ﬂoor mat lead/day (ANOVA,
P ¼ 0:25), or dust lead loading (ANOVA, P ¼ 0:11).
Groups differed signiﬁcantly on ﬂoor mat lead/count
(ANOVA, P ¼ 0:04); the group receiving a RB intervention had higher levels.
Relationships between baseline measures were examined. Among the 54 properties that had entryway paint
condition assessments and paint lead content evaluations using X-ray ﬂuorescence, properties with paint in

Table 1
Baseline property characteristics
Analytic test, P

Analytic strategy

Year home built
Median (range)
Owner occupied, No. (%) yes
Exterior structure, No. (%)
Brick/stone
Other
Brick/stone+other
No. of blocks to busy street, No. (%)
1 block
2 or 3 blocks
Lot size, sq. ft.
Median (range)
Accessible soil, sq. ft.
Median (range)
Building exterior paint condition, No. (%)
Good condition or no paint
Fair condition
Poor condition
Mat placement location, No. (%)
Front
Back
Side
Entryway paint condition and presence of
lead, No. (%)
Good/fair condition, or poor condition and
no lead
Poor condition, lead present
Poor condition, lead content unknown

Raised test bed
(n ¼ 14)

No raised test bed
(n ¼ 23)

Control
(n ¼ 20)

1891
(1885–1904)
10 (71%)

1895
(1880–1929)
18 (78%)

1891
(1879–1937)
15 (75%)

8 (57%)
3 (21%)
3 (21%)

16 (70%)
2 (9%)
5 (22%)

4 (20%)
5 (25%)
11 (55%)

Fisher’s exact test, 0.015

9 (64%)
5 (36%)
3522
(2775–6486)
855
(601–2389)

12 (52%)
11 (48%)
3413
(2784–7225)
756
(312–3933)

10 (50%)
10 (50%)
3567
(2760–7225)
1009
(322–4174)

w2 ; 0.68

1 (7%)
0
13 (93%)
(n ¼ 14)
12 (86%)
2 (14%)
0

2 (9%)
0
21 (91%)
(n ¼ 22)
20 (91%)
2 (9%)
0

2 (10%)
3 (15%)
15 (75%)
(n ¼ 20)
16 (80%)
3 (15%)
1 (5%)

9 (65%)

12 (52%)

11 (55%)

4 (29%)
1 (7%)

10 (44%)
1 ( 4%)

8 (40%)
1 ( 5%)

K–W, 0.328
Fisher’s exact test, 0.92

K–W, 0.42
K–W, 0.17

Fisher’s exact test, 0.27

Fisher’s exact test, 0.79

Fisher’s exact test, 0.92
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Table 2
Measuresa
Measures

Between-groups test of
differencesb, P

Baseline

1 Year

Acute hazard soil lead concentration,
ppm, median (minimum, 25th
percentile, 75th percentile, maximum)
Raised test bed
No raised test bed
Control

1051 (41, 805, 2268, 4987)
1060 (244, 909, 1525, 4381)
1652 (33, 757, 2955, 7298)

684 (23, 237, 1162, 2031)
291 (0, 71, 1011, 1766)
1356 (0, 680, 2740, 5169)

K–W, 0.02

Potential hazard soil lead
concentration, ppm, median (minimum,
25th percentile, 75th percentile,
maximum)
Raised test bed
No raised test bed
Control

1498 (731, 997, 2268, 5862)
1344 (416, 944, 1619, 4381)
1914 (432, 1064, 3486, 7437)

1072 (79, 525, 1296, 2859)
774 (201, 519, 1363, 2766)
1356 (0, 822, 2740, 5169)

K–W, 0.13

Covering score, median (range)
Raised test bed
No raised test bed
Control

4.0 (1.3, 5.8)
3.5 (1.0, 5.2)
4.2 (1.1, 6.0)

4.6 (2.3, 5.6)
5.2 (1.8, 6.0)
3.3 (1.0, 6.0)

ANOVA, 0.0005

Dust lead loading, mg lead/ft2, median
(minimum, 25th percentile, 75th
percentile, maximum)
Raised test bed
No raised test bed
Control

112 (0, 33, 438, 1150)
39 (0, 21, 59, 554)
25 (0, 17, 146, 982)

93 (3, 21, 346, 876)
45 (5, 35, 74, 517)
65 (4, 12, 275, 1097)

K–W, 0.20

Floor mat, mg lead/day, geometric
mean (SD)
Raised test bed (n ¼ 14)
No raised test bed (n ¼ 22)
Control (n ¼ 20)

331 (0.56)
214 (0.41)
162 (0.55)

126 (0.75)
102 (0.28)
158 (0.67)

ANOVA, 0.06

Floor mat, mg lead/count, geometric
mean (SD)
Raised test bed (n ¼ 14)
No raised test bed (n ¼ 22)
Control (n ¼ 20)

19.5 (0.68)
6.2 (0.45)
6.9 (0.68)

5.6 (0.88)
4.0 (0.41)
8.5 (0.64)

ANOVA, 0.03

a

Except where speciﬁed: raised test bed, n ¼ 14; no raised test Bed, n ¼ 23; control, n ¼ 20:
The change in measure between baseline and 1 year was computed. Then, statistical analyses were conducted to examine for signiﬁcance between
groups.
b

poor condition with lead present (n ¼ 32) did not differ
from properties with paint in good, fair, or poor
condition without lead present (n ¼ 22): baseline ﬂoor
mat lead/day (K–W, P ¼ 0:39), baseline ﬂoor mat lead/
count (K–W, P ¼ 0:82), and baseline dust lead loading
(K–W, P ¼ 0:35). Baseline dust lead loading was
signiﬁcantly correlated with baseline ﬂoor mat lead/
day (Spearman’s correlation coefﬁcient, n ¼ 56; r ¼
0:31; P ¼ 0:02) and baseline ﬂoor mat lead/count
(Spearman’s correlation coefﬁcient, n ¼ 56; r ¼ 0:46;
P ¼ 0:0004). Further, there was a strong correlation
between baseline ﬂoor mat lead/day and baseline ﬂoor
mat lead/count (Spearman’s correlation coefﬁcient, n ¼
56; r ¼ 0:71; Po0:0001).

To provide a frame of reference for the acute hazard soil lead concentration results, comparisons were
made with yardwide results computed by the average
soil lead concentration. Among the 53 properties evaluated by both of these methods, differences
between the baseline acute hazard and the average soil lead concentrations varied by a median
of 244 ppm (minimum 4472 ppm, 25th percentile
55 ppm, 75th percentile +1182 ppm, maximum
+6595 ppm). The acute hazard lead concentration
value was lower than the average soil lead concentration for 68% of properties and higher for 30% of
properties, with 1 property having the same result by
both methods.
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3.2. Intervention application processes and cost
A total of 37 properties, including 14 that received a
RB and 23 that did not (thus were analyzed in the NRB
group), received an intervention in 2000. Nearly all
properties had grass seed applied (93% (13/14) in RB
group and 91% (21/23) in NRB group) and all properties had application of mulch to garden areas. Stone was
applied to 43% (6/14) of properties in the RB group and
22% (5/23) in the NRB group (Fisher’s exact test,
P ¼ 0:26). Lattice was applied to 4 (29%) of the NRB
properties and 1 (4%) of the RB properties (Fisher’s
exact test, P ¼ 0:06). All properties in the RB group had
test plants grown in the RB and 1 additionally had a
grade-level test bed location. Among the NRB group,
91% (21/23) had test plants applied to a test bed and/or
scattered among existing garden areas. Intervention
expenses for 2000, including labor (ﬁeld staff), materials,
transportation, equipment, design, and management,
were estimated at $2714 for properties with RB
applications and $2562 for properties without RB
application. Of these expenses, approximately 50% went
to ﬁeld labor and materials.
3.3. Effects after 1 year (Spring 2000 to Spring 2001)
Soil. The soil lead concentrations at baseline and 1
year followup for both acute hazard and potential
hazard analyses are shown in Table 2. Note that
analyses were conducted on computations of change
for a property, so simple subtraction of medians
presented in Table 2 will vary from the information
presented below. A signiﬁcant difference between
groups was found for the change (deﬁned as 1 year
followup value minus baseline value) in acute hazard
soil lead concentration (median change: 478 ppm for
RB group, 698 ppm for NRB group, +52 ppm for
control group; K–W, P ¼ 0:02). This was not the case
for the change in potential hazard soil lead concentration (median change: 481 ppm for RB group, 432 for
NRB group, 47 for control group; K–W, P ¼ 0:13).
Considering intervention properties only, there was no
signiﬁcant difference in the change in acute or potential
hazard soil lead concentration by the application of
stone (acute hazard, MWU, P ¼ 0:20; potential hazard,
MWU, P ¼ 0:47) or the application of a RB (acute
hazard, MWU, P ¼ 0:84; potential hazard, MWU,
P ¼ 0:33).
Ground coverings. Ground covering scores were
signiﬁcantly higher at followup for intervention groups
than for control groups (K–W, P ¼ 0:0005). At the 1year followup, the median ground covering score for
both intervention groups was approximately a ‘‘5’’
(mostly covered, 75–90% covered), while the median
ground covering score for the control properties was
closer to a ‘‘3’’ (some covering, 25–49%).

Entryway floor mats and dust. The change in rate of
lead accumulation on the ﬂoor mat placed at the main
entryway achieved signiﬁcance when analyzed by door
opening count (ANOVA, P ¼ 0:03), but only approached signiﬁcance when evaluated by daily rate of
lead accumulation (ANOVA, P ¼ 0:06). Lead tracked
onto ﬂoor mats at intervention homes fell to approximately one-half of the baseline levels.
There was no signiﬁcant change in the average dust
lead loading at the exterior entryway (K–W, P ¼ 0:20).
At followup, 64% of RB, 61% of NRB, and 55% of
control properties had dust lead loading at or above
40 mg lead/ft2, the current dust hazard standard (Federal
Register, 2001).
3.4. Replication and durability
Interventions were applied to 19 properties in the
control group in Summer 2001. Of these, 18 (6 RB and
12 NRB) completed evaluation of soil lead in Fall 2001
and 17 had ground coverings evaluated in Fall 2000 and
2001. Additionally, 33 of 37 (89%) properties (12 RB
and 21 NRB) that had received interventions in 2000
had ground coverings evaluated in Fall 2000 and 2001
and soil lead evaluated in Fall 2001.
Soil. Figs. 2 and 3 show soil lead hazard measures for
properties grouped by year of intervention. Most
properties that received intervention in 2001 achieved
lowering in acute and potential hazard soil lead
concentrations over 6 months similar to what was
demonstrated over 12 months for the 2000 intervention
properties. While most properties in the 2000 intervention sustained the lower soil lead levels from Spring to
6000

5000
Soil Lead Concentration, ppm

134

4000

3000

2000

1000

0
Raised Bed

No Raised Bed

(n=13)

(n=22)

Control
(n=19)

Fig. 2. Acute hazard soil lead concentration. Bars indicate 10th and
90th percentiles. Median is indicated by a circle. Evaluation period:
Spring 2000 ——; Spring 2001     ; and Fall 2001 –  –  –  –  .
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vention in the prior year declined slightly. However, the
absence of properties that were nearly totally bare and
the continued presence of some homes with near total
covering were still noted.

6000

Soil Lead Concentration, ppm

5000

4000

4. Discussion
3000

2000

1000

0
Raised Bed

No Raised Bed

Control

(n=13)

(n=22)

(n=19)

Fig. 3. Potential hazard soil lead concentration. Bars indicate 10th and
90th percentiles. Median is indicated by a circle. Evaluation period:
Spring 2000 ——; Spring 2001     ; and Fall 2001 –  –  –  –.

6

5

Coverings Score

135

4

3

2

1

0
Raised Bed
(n=11)

No Raised Bed
(n=21)

Control

This project demonstrates the application of lowercost interventions intended to reduce the potential for
exposure to lead-contaminated soil in an urban residential neighborhood. Methods applied resulted in lowering
of acute hazard soil lead concentration through
enhanced landscape coverings. However, the intervention was not sufﬁcient to signiﬁcantly reduce the
potential hazard soil lead concentration or dust lead
loading at the main entryway. The track-in of lead onto
ﬂoor mats, a relatively new method to evaluate soil lead
interventions, was reduced to approximately one-half its
baseline value. Thus, our interventions inﬂuenced both
the accessibility of exterior soil and the track-in of soil
into the house. Lowering track-in of lead may be the
most important inﬂuence for the youngest children,
whose main pathway for childhood blood lead elevation
is lead-contaminated ﬂoor dust adhering to a hand,
which is then placed in the mouth (USEPA, 2000).
Further, it has been shown that approximately 31% of
interior dust originates as outdoor soil (Calabrese and
Stanek, 1992).
The varied ﬁndings in dust lead loading and ﬂoor mat
measures are of interest. We suspect that the dust, which
was obtained from three sites at the entryway when the
mat was placed, has more variability related to the
cleaning and maintenance of the building than does the
mat-related measurements. Use of ﬂoor mat sampling
may be preferable over dust sampling for soil intervention evaluations.
4.1. Baseline measures

(n=16)

Fig. 4. Ground coverings score. Bars indicate 10th and 90th
percentiles. Median is indicated by a circle. Evaluation period:
Spring 2000 ——; Fall 2000 – – – –; Spring 2001     ; and Fall
2001 –  –  –  –.

Fall 2001, some were higher. At properties that had
received intervention in 2000, the acute hazard soil lead
rose by 500 ppm or more at 20% (7/35) of the properties
over the period Spring 2001 to Fall 2001 and the
potential hazard soil lead rose by 500 ppm or more at
11% (4/35) of the properties over the same period.
Ground coverings. The ground covering score showed
substantial improvement between Spring and Fall 2001
at properties receiving intervention in that year (Fig. 4).
The covering score at properties receiving their inter-

Results of this project conﬁrm the presence of high
levels of soil lead contamination in a Chicago neighborhood, as was previously reported (Shinn et al., 2000),
and extend the ﬁndings to a nearby area. These
neighborhoods are characterized by very old homes,
with current facades being a mixture of brick, stone, or
other materials. At baseline, 9% (5/57) of properties had
an acute hazard soil lead concentration o400 ppm,
which is the soil lead hazard standard for child play
areas, and 51% (29/57) had a yardwide acute hazard soil
lead concentration o1200 ppm, which is the soil lead
hazard standard for bare soil outside of play areas
(Federal Register, 2001). While our assessment and
analytic methods differ from current recommendations
on soil sampling and yardwide analytic evaluation
methods (recommendations call for sampling of bare
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areas only and averaging of results) (Federal Register,
2001), the data strongly support the presence of soil lead
concentrations above the federal hazard standards.
4.2. Intervention
Soil lead hazards were substantially lowered by the
intervention at many properties. At the end of 18
months, 35% (19/55) of the properties had an acute
hazard soil lead concentration o400 ppm and 75% (41/
55) had o1200 ppm. However, the long-term sustainability of our intervention applications is unclear.
Properties not substantially improved had larger areas
of high lead concentration, which were not adequately
addressed since we limited application of stone to
building foundations and under porches. Our placement
of raised beds also permanently covered contaminated
soil, but these were subject to recontamination and may
have lowered the ground covering score at those
properties, since they were left as bare soil. Since we
did not measure lead content of exterior paint (other
that at the entryway) nor require lead hazard reduction
of building exteriors, we could not assess whether
recontamination was due to existing exterior lead
hazards on the property or to lead transferred to the
property from neighboring homes. We were aware of
one instance where the effect of the intervention was
negated due to recontamination from construction
debris. Even if we had limited our applications to
buildings with lead-free exteriors, travel of lead between
homes is a likely explanation of recontamination
(Gulson et al., 1995). Strategies that require neighborhoodwide lead hazard reduction (von Lindern et al.,
2003) may be necessary to sustain soil interventions in
the urban environment. Nevertheless, the techniques
applied had some beneﬁt in lowering acute hazards and
may be accomplished by individual property owners. A
short brochure containing instructions on application
methods is published for easy access at http://www.chicagolead.org. More extensive information concerning
landscape techniques to reduce soil lead hazards is
available from USEPA (2001).
Several aspects of our intervention method should be
mentioned. First, grass grown from seed required
frequent tending and watering. Some areas required
reseeding up to four times. We selected grass seeds with
the intent of mimicking the most likely actions of
individual property owners. Further, we used seed
because many areas for grass encompassed both shade
and sun, which could be adjusted for by seed variety.
Sod grass varieties are intended for sunny areas. Second,
we found many small areas at these properties that were
not suitable for grass cover. Our strategy to apply
ground cover plantings and mulch will require long-term
maintenance, as the plants are planted 6 inches apart
and will not provide a thick vegetative cover for several

years. Third, the property owners and we were pleased
with the look and success of the rotten granite stone
applications. This stone is small and compactable (it is a
small reddish-colored stone that is frequently used on
foot trails) and is not large enough or heavy enough to
damage property if thrown. Fourth, the interventions
required intensive effort to maintain. Foot trafﬁc,
debris, and wear and tear on surfaces from pets were
constant threats to the sustainability of the vegetative
interventions. Possibly this is particularly notable in
these small yards, where we found most areas to have a
high likelihood of heavy use. Fifth, the interventions
were applied by a relatively novice crew of community
workers. The crew leader was employed through both
intervention seasons, but nearly all other crew members
transitioned through the project. Interventions applied
by more experienced landscape companies with continued maintenance by property owners may improve
outcomes. Further, application of interventions to 37
properties in 1 year with a single work crew required a
considerable effort. Some properties did not begin
intervention until late July. We were fortunate to have
a cool, rainy summer in 2000 for the intervention, but
the late start at some properties may have inﬂuenced the
sustainability of vegetative interventions over the winter
months.
4.3. Studies of soil lead abatement
Relatively few studies have proposed methods to
reduce children’s exposure to lead-contaminated soil.
One method, that of replacing contaminated surface soil
to a depth of 6 inches, was found to lower children’s
blood lead levels in Boston when accompanied by paint
stabilization (Weitzman et al., 1993; Aschengrau et al.,
1994). Baseline soil lead concentration fell from
2000 ppm to a postabatement level of 105 ppm; 9
months later 8 of 34 properties (23.5%) had evidence
of recontamination (levels at 150–1800 ppm). However,
the cost of this soil abatement strategy may be outside
the scope of an average homeowner’s budget, as the
estimated cost was $9600 per property (Weitzman et al.,
1993). A similar soil abatement strategy, also accompanied by paint stabilization, applied in Baltimore
found no effect on child blood lead levels (Farrell
et al., 1998). In that study, the soil lead concentration
fell from 501 ppm at baseline to 34 ppm following
abatement. Two years later ‘‘signiﬁcant accumulation’’
was reported. A strategy of soil replacement applied
over more than a decade in the Bunker Hill Superfund
Site in the Silver Valley of Idaho effectively lowered soil
lead concentration and contributed to the lowering of
child blood lead levels (von Lindern et al., 2003). Less
expensive methods, using in-place management to
reduce the potential for exposure to lead-contaminated
soil, have been proposed (USEPA, 2001). A study by
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Mielke et al. (1992) (including 12 intervention properties
and applications of ground coverings and interior
cleaning) found a higher rate of improvement in the
blood lead levels for children living at intervention
homes than for children living at control homes. Our
study, which used in-place management, also reduced
soil lead concentration but to a much lesser degree than
that when excavation was employed (Weitzman et al.,
1993; Aschengrau et al., 1994; von Lindern et al., 2003).
4.4. Definitions of lead hazard
We propose and have evaluated our data using two
deﬁnitions of soil lead hazards. Two deﬁnitions are
needed to anticipate the importance that the property
owner will play in maintaining reduced soil lead
hazards. First, we considered the acute hazard soil lead
concentration. This is a measure of areas assessed to be
p90% covered. Among our measures, it is the one most
similar to the current regulatory strategy for computation of a yardwide soil lead hazard, which considers soil
obtained from bare areas (Federal Register, 2001).
However, for most vegetation the density of ground
coverings changes over time. Therefore, risks may
change when areas previously covered become bare
(for example, if grass covering thins or mulch is not
replenished). Our second measure, termed potential
hazard soil lead concentration, represents risk if maintenance of ground coverings is abandoned and soil
previously covered becomes more accessible. Recognition of the potential hazard may encourage owners or
tenants to maintain ground coverings, because they
recognize their importance in lowering risks.
Dual deﬁnitions for lead paint hazards should also be
considered. The presence of lead-contaminated dust or
deteriorating lead-painted surfaces presents an acute
hazard, while intact lead-based paint presents a potential hazard, as there are no guarantees to its long-term
stability. Recognition of the presence of a potential
hazard may lead to enhanced monitoring of surfaces,
while the assignment of the term ‘‘lead safe’’ conveys the
false perception that the potential for lead contamination has been removed.
4.5. Limitations
There are limitations that must be remembered when
considering study ﬁndings. First, the ground covering
score at control properties was much lower in Spring
2001 than in the baseline assessment done in Spring
2000. Property owners may have delayed or abandoned
upkeep, realizing that that upkeep would be undertaken
by the project. Also, risk assessors, who were not
blinded to study group assignment (they were frequently
in the ﬁeld and in contact with property owners), may
have been biased. However, at one control property the
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covering improved substantially, as that owner immediately paved over the entire accessible soil in response
to our notiﬁcation of soil lead results. That action
reduced both the acute and the potential hazard soil lead
concentrations to 0 ppm for that property. Second,
although risk assessors trained together to establish
uniform application of ground covering grade coding,
interobserver variability was not assessed. However, not
all evaluation measures depended on covering assessments. Third, soil lead preparation techniques did not
include sieving, which has been found to reduce test–
retest variability (Sandy M. Roda, B.S., personal
communication, University of Cincinnati, Cincinnati,
OH; December 11, 2000). However, as the same
techniques were applied to both intervention and
control sites, ﬁndings would likely be substantiated even
if the soil analytic technique was changed. Fourth, since
lead deposited on the soil does not disperse uniformly, it
is likely that considerable variability in soil lead
concentration exists within each property. This characteristic makes evaluations of change more difﬁcult to
measure. Our strategy to subdivide the yard into zones
proved to be useful in planning interventions and may
have aided our ability to evaluate our ﬁndings.

5. Conclusion
Landscape techniques applied in an urban area with
high baseline soil lead contamination were found to
lower the acute hazard soil lead level. Further, the
application signiﬁcantly reduced track-in of lead onto
ﬂoor mats. Techniques evaluated by this study are
feasible for use by property owners. The results of the
study indicate, however, that the success of the various
techniques to reduce lead hazards required continued
maintenance. Further research on the long-term sustainability of the method used in this study and on
intervention methods that require less maintenance is
needed.
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