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Abstract

Lead exposure is an unresolved pediatric health risk and disproportionately affects children in lower-income neighborhoods.
Residences with children younger than age 5 years are the focus of mitigation policies; however, studies have shown that
older children between the ages of 5 and 12 years also are at risk of central nervous system effects. Whether historically
contaminated neighborhoods present ongoing risk to older children also is of concern. This study compared the blood lead
levels (BLLs) of older children from an historically contaminated urban neighborhood to those of demographically matched
children from a nearby rural locale and predicted significantly higher BLLs in the urban children. The study included 222
children aged 5—12 years, 111 from the urban neighborhood and 111 from local rural townships, matched for age, sex, race/
ethnicity, and family income. Blood lead, cadmium, and mercury were measured using inductively coupled plasma mass
spectrometry. General linear models tested whether geographic location (urban vs. rural) predicted child heavy metal lev-
els, controlling for sex and age. Only location predicted only child BLL (R*=0.36); children living in the urban setting had
significantly higher BLLs as compared with matched rural township children (F =125, dfy, ,, p <0.001). Neighborhoods
with a history of lead contamination can present current risk of lead exposure for older children between the ages of 5 and
12 years, as well as for infants and toddlers. More studies are needed to better characterize the risk of lead exposure to older
children, particularly in lower-income neighborhoods with a history of lead contamination.

Early exposure to environmental lead is a major ongoing
child public health problem in the United States, as sug-
gested for example by events in Flint, Michigan (Hanna-
Attisha et al. 2016). Currently available NHANES data has
suggested that 2.5% of U.S. children have blood lead levels
(BLLs)>5 pg/dL, justifying the designation of this value
for determining “elevated.” (The value will be updated as
new data becomes available.) Two years after changes to
the Flint water supply, 6% of children were identified as
having elevated BLLs, more than double the rate suggested
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by the NHANES data. Subsequent investigative reporting
by Reuters identified hundreds of cities nationwide with
estimated child lead exposure rates far worse than those
found in Flint (Pell and Schneyer 2016). One such city was
El Paso, Texas. Using aggregated census tract and zip code
level data, it was estimated that 10—15% of children living in
downtown El Paso had “elevated” blood lead (Pell and Sch-
neyer 2016). Complicating the problem, statistical modeling
has suggested that blood lead is either never tested or never
reported for hundreds of thousands of children nationwide
(Roberts et al. 2017).

It is widely accepted that no level of lead exposure is
“safe” for children. Once a child is exposed to lead, there
are no interventions available that reverse its damaging
physiological effects. Environmental lead source mitigation
is the only known method for prevention and intervention;
however, national child lead exposure estimates suggest that
many high-risk neighborhoods remain un-remediated. Cur-
rent mitigation policies can vary from state to state, none-
theless focus almost exclusively on homes with children
younger than age 5 years.
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The most common source of child lead exposure contin-
ues to be un-remediated or poorly remediated residential
lead paint. Old plumbing and historically contaminated soil
contribute to a somewhat lesser extent, and all of these tend
to occur more frequently in lower-income neighborhoods.
Perhaps for this reason, risk of child lead exposure has been
associated with socioeconomic and demographic charac-
teristics, such as family income and race/ethnicity (Adler
2005; Kennedy et al. 2016; Morales et al. 2005; Morrison
et al. 2013; Sobin et al. 2015), as well as child age (Bose-
O’Reilly et al. 2010; Flora et al. 2012; Goyer 1997; Kostial
et al. 1978; Lanphear et al. 2002; Morrison et al. 2013) and
sex (Chtopicka et al. 1998; Hanna-Attisha et al. 2016; Mor-
rison et al. 2013; Sobin et al. 2015).

Risk of lead exposure is greatest among children younger
than age 5 due largely to hand-to-mouth behavior. This
assumption has influenced state and local policy guidelines
for residential lead mitigation. Many studies have suggested
that older children between the ages of 5 and 12 years also
are vulnerable to lead exposure and its effects on neurocog-
nitive function. For example, results from studies conducted
by our laboratory showed that in more than 600 children
ages 5—12 years, living in downtown El Paso neighbor-
hoods, 14% had levels > 5 ug/dL; 60% of children had BLLs
between 2.5 and 7 pg/dL (Sobin et al. 2009, 2011, 2015).
These exposure levels were associated with deficits in motor
dexterity and working memory. Another issue concerns the
extent to which historically contaminated urban settings con-
tinue to pose risk of exposure for children of all ages. Studies
are needed to characterize lead exposure in older children
living in neighborhoods, particularly those previously identi-
fied as “high-risk” for child lead exposure.

This study compared the BLLs of children aged
5-12 years living in an urban neighborhood to the BLLs
of demographically matched children living in two nearby
rural communities (Fig. 1). The urban neighborhood was
one of seven in the downtown region designated by federal
and state agencies approximately 30 years earlier as “high-
risk” for child lead exposure, largely because of its proxim-
ity to a smelter site (Fig. 1). The urban and rural children
were matched for age, sex, race, ethnicity, and family income
level. We hypothesized that geographic location would pre-
dict increased lead exposure in older children and that the
BLLs of children living in the previously designated “high-
risk” urban neighborhood would have significantly higher
BLLs compared with o rural children.

Methods

The studies followed all current standards for human sub-
jects’ research and were approved by the University of Texas
Institutional Review Board (IRB Protocol #564493-1 and
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#79085-14), by the El Paso Independent School District
Research Board, and by the Canutillo Independent School
District Board and Superintendent.

These studies used extant data collected by our laboratory
for research on child heavy metal exposure in the southwest
United States. Identical methods were used with all study
participants, yielding the same demographic, health, and
biological data for all children and families. Child partici-
pants were recruited from elementary schools in two geo-
graphically distinct locations, including one urban area and
two adjacent rural townships located within approximately
20 miles of the urban setting. Inclusion criteria were current
enrollment at one of the participating elementary schools
and being between 5 and 12 years of age. The exclusion
criterion was previous diagnosis of lead poisoning (no chil-
dren had been previously tested positive for lead exposure
and none were excluded from participation). Fewer children
were available from the rural setting, and to maximize the
available samples, data from all of the participating rural
children were included (n=111). Urban child matches were
randomly selected according to age (within 6 months), sex,
race, ethnicity, and family income level. Children from the
rural settings were from two neighboring townships (Rural
1, n=39 and Rural 2, n="72); children from the urban set-
ting were from one elementary school. Figure 1 shows
the geographic boundaries of children’s urban and rural
neighborhoods.

All forms and materials were available in Spanish and
English versions. Researchers participating in this study
were bilingual and interacted with parents and children in
their preferred language throughout the course of the study.
Parents were recruited during parent-teacher meetings at the
elementary schools; informed consent was obtained at the
time of recruitment following full explanation and discus-
sion of the study. Child assent was obtained immediately
before the start of child testing. All testing was conducted
during physical education periods and included anthropo-
metric measurements and finger stick blood sample collec-
tion. Children first washed their hands. Fingers were then
wiped with metal-removing towelettes (D-Wipe™, Esca-
Tech, Inc. Milwaukee, WI). Saf-T-Pro™ 1.8-mm lancets
were used to prick the fourth finger of the left hand, and
50 ul of blood was collected into EDTA microvials and
refrigerated until analysis at 4 °C. All blood samples were
analyzed via inductively coupled plasma mass spectrometry
(ICP-MS) and were tested for lead, cadmium, and mercury.
Specific methods for the ICP-MS analyses conducted have
been reported in detail elsewhere (Sobin et al. 2009, 2011,
2015).
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Fig.1 The map shows the locations of urban and rural neighborhoods from which children in the study were sampled. The urban neighborhood
is located in the downtown city center

Statistical Analyses demographic and clinical characteristics. To determine
whether data from the two rural settings could be com-
All variables were examined for outliers and distribu-  bined, the demographic, anthropometric, and BLL val-

tion properties. Descriptive statistics were calculated for ~ ues (ug/dL) of children from the two rural schools were
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compared using ANOVA. The characteristics of rural chil-
dren did not differ by site (Table 1), and for the urban/rural
comparisons, data from the two rural sites were combined.
ANOVA and general linear model regression were used to

examine whether geographic location predicted child BLL,
controlling for gender and age. For comparison purposes,
the same regression models were calculated for cadmium
and mercury.

Table 1 Clinical and demographic characteristics of children in urban and rural settings and parent’s demographic characteristics (n=222)

Variable Rural 1 Rural 2 Urban

Females Males Females Males Females Males

n=12 (30.8%) n=27(692%) n=42(583%) n=3041.7%) n=5448.6%) n=57(51.4%)
Age (SD) 8.20 (+1.78) 7.86 (£1.79) 8.07 (£ 1.88) 7.56 (+1.88) 8.18 (+1.79) 7.85 (£1.75)
Weight Ibs. (SD) 70.17 (£21.42)  65.76 (x27.09) 65.36 (+27.13) 64.50 (+26.23) 68.21 (+22.32) 70.59 (+25.64)

Height in. (SD) 51.24 (+4.85)

50.03 (+5.07)

50.05 (+5.15)

50.12 (+4.81)

51.49 (x£6.06)

60.39 (+4.18)

BMI (SD) 18.43 (+3.77) 17.80 (=4.11) 17.62 (£3.78) 17.43 (+4.32) 17.90 (+2.87) 19.35 (+6.37)
Pb pg/dL (SD) (222/222) 1.00 (£0.94) 1.25 (+1.47) 1.00 (+0.80) 1.17 (+0.90) 2.81 (£1.20) 291 (+1.38)
Cd pg/dL (SD) (222/222) 0.038 (+0.023) 0.042 (+0.073)  0.029 (£0.052) 0.033 (+0.056) 0.041 (£0.060) 0.047 (+0.086)
Hg pg/dL (SD) (141/222) 0.025 (+0.0005) 0.037 (+0.037) 0.037 (+0.017) 0.042 (+0.022) 0.049 (+0.11) 0.075 (+0.17)
Mother ethnicity/race (200/222)
Hispanic (%) 7 (58.3%) 14 (51.9%) 21 (61.8%) 21 (70.0%) 28 (57.1%) 23 (47.9%)
Mexican (%) 3 (25.0%) 7 (25.9%) 10 (29.4%) 4 (13.3%) 18 (36.7%) 18 (37.5%)
Other (%) 2 (16.7%) 8 (29.6%) 3(8.8%) 5(16.7%) 3(6.1%) 7 (14.6%)
White (%) 12 (100%) 27 (100%) 42 (100%) 30 (100%) 54 (100%) 57 (100%)
Mother education level completed (199/222)
Graduated high school (%) 5(41.7%) 12 (44.4%) 3 (8.8%) 9 (30.0%) 11 (22.9%) 16 (33.3%)
Completed some college (%) 4 (33.3%) 7 (25.9%) 13 (38.2%) 9 (30.0%) 6 (12.5%) 4(8.3%)
Other (%) 3 (24.9%) 8 (29.6%) 18 (53.0%) 12 (40.0%) 31 (64.6%) 28 (58.4%)
Father ethnicity/race (175/222)
Hispanic (%) 4 (33.3%) 12 (46.2%) 20 (60.6%) 20 (69.0%) 19 (48.7%) 18 (50.0%)
Mexican (%) 6 (50.0%) 8 (30.8%) 8 (24.2%) 6 (20.7%) 17 (43.6%) 14 (38.9%)
Other (%) 2 (16.7%) 6 (23.1%) 5(15.2%) 3 (10.3%) 3(7.7%) 2 (11.1%)
White (%) 12 (100%) 27 (100%) 42 (100%) 30 (100%) 52 (96%) 54 (95%)
Father education level completed (175/222)
Graduated high school (%) 4 (33.3%) 13 (50.0%) 9 (27.2%) 5(17.9%) 9 (26.5%) 7 (19.5%)
Completed some college (%) 4 (33.3%) 3(11.5%) 2 (6.1%) 5(17.9%) 5 (14.7%) 5 (13.9%)
Other (%) 4 (33.3%) 10 (38.5%) 22 (66.7%) 18 (64.3%) 20 (58.8%) 29 (80.6%)
Income (189/222)
=10K (%) 1 (10.0%) 1 (4.0%) 8 (24.3%) 5 (17.9%) 20 (43.5%) 28 (59.6%)
>10 and=20 K (%) 6 (60.0%) 13 (52.0%) 15 (45.5%) 11 (39.3%) 18 (39.1%) 12 (25.5%)
>20 and=30 K (%) 1 (10.0%) 5(20.0%) 5(15.2%) 3 (10.7%) 3(6.5%) 6 (12.8%)
Other (%) 2 (20.0%) 6 (24.0%) 5(15.2%) 9 (32.1%) 5(10.9%) 12.1%)
Total Rural 1 Total Rural 2 Total Urban
n=39 (17.6%) n="72 (32.4%) n=111 (50.0%)
Age (SD) 797 (=1.77) 7.86 (+1.88) 8.01 (+x1.77)
Weight lbs. (SD) 67.12 (+25.28) 65.00 (+26.58) 69.43 (+24.00)
Height in. (SD) 50.41 (£4.97) 50.08 (+4.97) 50.93 (+5.19)
BMI (SD) 17.99 (+3.97) 17.54 (+3.98) 18.64 (+5.02)
Pb pg/dL (SD) (222/222) 1.18 (£ 1.32) 1.07 (+0.84) 2.86 (£1.29)
Cd pg/dL (SD) (222/222) 0.041 (+0.062) 0.031 (£0.053) 0.044 (£0.074)
Hg pg/dL (SD) (141/222) 0.033 (+0.032) 0.039 (0.019) 0.064 (+0.15)
Household Size 5.13 (£1.26) 5.34 (+1.56) 5.00 (+1.65)
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Results

Table 1 shows the demographic and clinical characteristics
of the analyzed sample of 222 children by site. Mean ages
for rural Site 1 and Site 2 and Urban were 7.97 +1.77,
7.86 +1.88, and 8.01 +1.77, respectively. Children liv-
ing in the urban setting had a slightly higher mean body
weight compared with children living in the rural sites;
mean height was very similar across all sites. Higher mean
BMIs were found in children living in the urban setting
(18.64 +5.02) as compared to rural sites (17.99 +3.97 in
Rural 1 and 17.54 +3.98 in Rural 2). These differences
were not statistically significant.

As shown in Table 1, the majority of the children’s
mothers and fathers in all three sites identified themselves
as Hispanic or of Mexican descent, and white. Across all
sites, the highest education level for a majority of parents
was high school. For all sites, the majority of households
had an income of <20 K per year. The mean number of
persons living in households also was similar across all
sites (5.13 +1.26 Rural 1, 5.34 +1.56 Rural 2, and Urban,
5.00+ 1.65) (the U.S. Federal Poverty Level for 2017 for a

family of 4 was $24,600). As shown in Table 1, the mean
BLL for urban children was higher (2.86 +1.29 pg/dL)
compared with rural children (1.18 +1.32 pg/dL, Rural
1 and 1.07 +0.84 pg/dL Rural 2). The same trends were
observed for cadmium and mercury.

To determine whether findings from the two rural settings
could be combined for models comparing urban versus rural
geographic location, one-way ANOVAs were conducted
comparing the two rural sites with regard to child blood
lead, cadmium, and mercury levels, controlling for age and
gender. As shown in Table 2, the differences in heavy metal
levels for the two rural sites were not statistically signifi-
cant (lead, F} 199=0.26, p=0.61; cadmium, F; ;49 =0.84,
p=0.36; mercury, F| o9=1.17, p=0.28). Data from the two
rural sites were combined for the remaining analyses.

Table 3 summarizes the Type III fixed effects and param-
eter estimates for associations between child BLL and geo-
graphic location, controlling for gender and age. Location
predicted BLL (F| 55, =126.02, p <0.001). The effects of age
(F121=1.80, p=0.18) and gender (F 5,; =0.740, p=0.39)
were not significant predictors of BLL; the interaction of
location and gender also was not significant (F} ,,; =0.120,
p=0.73). The nonsignificant effects were dropped from

Table 2 One-way analysis of

: % Metal Source df SS MS F P
variance comparing blood lead,
cadmium and mercury levels in Pb Between groups 1 0.28 0.282 0.26 0.61
children from two rural settings Within groups 109 1170 107
Total 110 117.3
Cd Between groups 1 0.003 0.003 0.84 0.36
Within groups 109 0.4 0.003
Total 110 0.35
Hg Between groups 1 0.001 0.001 1.17 0.28
Within groups 109 0.07 0.001
Total 110 0.07
Table 3 Type III ﬁxed effects Type 111 fixed effect Solutions for fixed effects
and parameter estimates for
associations between child F P Est SE DF tvalue p
blood lead levels, controlling for
gender and age, living in rural Full model Intercept 329 039 1 8.38 0.00
and urban settings (n=222) Age 1.80 0.18 Age —-0.059 0.044 1 —-134 0.18
Location 126.01 0.00 Location urban 1.75 025 1 —-6.93 0.00
Gender 0.74 0.39 Location rural 0.00 - - - -
Locationxgender  0.12 0.73 Gender male 0.081 022 1 037 0.72
Gender female 0.00 - - - -
Location urban X gender male 0.11 0341 1 035 0.73
Location urban X gender female ~ 0.00 - - - -
Location rural X gender male 0.00 - - - -
Location rural X gender female 0.00 - - - -
Reduced model Intercept 286 0.12 1 23.83  0.00
Location 125.12 0.00 Location .72 0.17 1 —10.12 0.00
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the model and the reduced model was recalculated predict-
ing child BLL from geographic location. In the reduced
model, location was a significant predictor of child BLL
(Fy1=125.12, p<0.001).

Tables 4 and 5 summarize the Type III fixed effects and
parameter estimates for associations between child blood
cadmium levels and blood mercury levels respectively, con-
trolling for gender, age, and location. The effect of location
was not a significant predictor of child blood mercury lev-
els (F 140=2.61, p=0.11). Interestingly, mercury level was
predicted by age alone (F 40=4.67, p=0.03); however, the
amount of variance explained was negligible.

Multiple linear regression analyses also were conducted
to predict blood lead, cadmium, or mercury levels based
on location, age, and gender (Table 6). Consistent with the
ANOVA results, the regression equation predicting BLL
from location was significant (F35;3=125.13, p <0.001,
R*=0.363). Only location was a significant predictor of
BLL in children, p <0.001. Children living in the urban set-
ting had significantly higher BLLs than children living in
the rural area. Also consistent with the ANOVA models,
the regression analyses predicting cadmium and mercury
from location, controlling for age and gender, were not

statistically significant (cadmium, F;,,=1.23, p=0.27,
R*=0.015; mercury, F; 3;=3.36, p=0.069, R*=0.024).

Discussion

There is heightened national awareness that early chronic
lead exposure continues to be a major unresolved pediat-
ric health threat. Remediation and risk abatement policies
focus on children below the age of 5 years. It also is criti-
cal to understand the risk to children older than 5 years of
age. This study compared 5—12-year-old children living in
an urban neighborhood designated 30 years earlier as “high-
risk” for lead exposure, to demographically matched rural
children living 20 miles to the north. The older urban chil-
dren had significantly higher BLLs. Cadmium and mercury
levels were within current limits in all children, and geo-
graphic location did not predict cadmium or mercury levels.
It is important to note that the 111 urban children were ran-
domly selected for matching from a database of more than
600 tested children and thus did not represent urban children
with the highest lead exposures. The BLLs of a majority of
children in this study did not exceed 5 pg/dL.

Table 4 Type III fixed effects

. Type 111 fixed effect Solutions for fixed effects
and parameter estimates
for associations between F P Est SE DF tvalue p
child blood cadmium levels,
controlling for gender and Full model Intercept 0.065 0.022 1 293 0.00
age, living in rural and urban Age 1.42 024 Age -0.003 0002 1 -1.19 024
settings (n=222) Location 132 025 Location urban -0.1 0013 1 -08 043
Gender 0.38 0.54 Location rural 0.00 - - - -
Locationx gender 0.00 0.99 Gender male 0.01 0.013 1 0439 0.66
Gender female 0.00 - - - -
Location urban X gender male ~ —0.00007 0.018 1 —0.004 0.99
Location urban X gender female ~ 0.00 - - - -
Location rural X gender male 0.00 - - - -
Location rural X gender female 0.00 - - - -
Table 5 Type III ﬁxed effects Type 111 fixed effect Solutions for fixed effects
and parameter estimates
for associations between F p Est SE DF tvalue p
child blood mercury levels,
controlling for gender and Full model Intercept —-0.008 0.033 1 -023 0.82
age, living in rural and urban Age 4.67 0.03 Age 0.007 0.003 1 2.16  0.03
settings (n=222) Location 2.61 0.11 Location urban -0.015 0.022 1 -0.69 0.49
Gender 1.40 0.24 Location rural 0.00 - - - -
Locationx gender 0.35 0.55 Gender male 0.03 0.026 1 0.99 0.32
Gender female 0.00 - - - -
Location urban X gender male -0.017 0.029 1 —-0.59 0.55
Location urban X gender female 0.00 - - - -
Location rural X gender male 0.00 - - - -
Location rural X gender female 0.00 - - - -
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Table6 Blood lead, cadmium, Metal Variable Model 1 Model 2 Model 3
and mercury levels regressed
hierarchically on gender, age, B SEB p B SEB p B SEB p
and living in rural and urban
settings Pb Location 0.88 0.079 0.6 0.88 0.078  0.61 0.88 0.078  0.60
Age —0.063 0.044 -0.077 -0.059 0.044 -0.073
Gender -0.014 0.16 —-0.047
R? 0.36 0.40 0.37
F for change in R? 125.13 2.08 0.74
p value 0.00 0.15 0.39
Cd Location 0.005 0.004 0.075  0.005 0.004 0.078 0.005 0.004 0.08
Age —0.003 0.002 -0.085 -0.003 0.002 -0.081
Gender —0.006 0.009 -0.042
R 0.006 0.01 0.015
F for change in R? 1.23 1.60 0.38
p value 0.27 0.21 0.54
Hg Age 0.007 0.003 0.183  0.007 0.003 0.176  0.007 0.003  0.183
Location 0.025 0.14 0.145  0.024 0.014 0.141
Gender -0.012 0.12 -0.086
R 0.033 0.054 0.062
F for change in R? 4.81 3.05 1.06
p value 0.03 0.083 0.305

Similar to hundreds of cities nationwide, the urban locale
studied had a well-documented history of lead contamina-
tion followed by environmental remediation. A smelter
built in 1887 within 1 mile of what eventually became the
downtown center, and active until 1999, was one major con-
tamination source. Data collected for a lawsuit in this region
initiated in 1970 and claiming violations of the Texas Clean
Air Act determined that in one 3-year period, between 1969
and 1971, the smelter had emitted more than 1000 metric
tons of lead, 560 tons of zinc, 12 tons of cadmium, and 1
ton of arsenic (Landrigan and Baker 1981). The company
declared bankruptcy in August 2005, and when the EPA
denied permission to restart the facility in March 2009, the
property was placed in an environmental custodial trust. In
a December 2009 settlement, the company agreed to pay
$1.79 billion to settle pollution claims at 80 sites in 20 states.
Cleanup of the El Paso site began in 2010, the stack was
demolished in 2011, and site remediation was completed in
late 2016. The BLLs of children in this study suggested that
risk of lead exposure continues among children 5-12 years
of age.

Implications of Lead Exposure in Older Children

While historical contamination from industrial emissions
are relevant in the urban area studied, nationwide lead-based
paint remains the most common source of exposure for chil-
dren (Centers for Disease and Control Prevention 2013).
Using data from the Texas Childhood Blood Lead Surveil-
lance Program for El Paso County, the Texas Department of

State Health Services showed that the median age of houses
(by census tract) predicted child BLLs (Agency for Toxic
Substances and Disease Registry 2018). In the urban neigh-
borhood studied, > 80% of residences were built before bans
on lead paint were enacted (1978) (Census: El Paso, TX
2014).

Risk of lead exposure to younger children often is attrib-
uted to ingestion of paint chips, contaminated household
dirt and/or dust, lead-contaminated water, and/or contami-
nated soil through frequent hand-to-mouth behavior. Reme-
diation efforts attempt to identify these ingestible sources.
Lead exposure in children ages 5—12 may instead suggest
that exposure sources are from inhaled contaminated dust,
ingested contaminated food or water, or exposure from
jewelry. Pernicious sources can include leached lead when
acid-based foods, such as tomatoes, are prepared with and/or
stored in leaded cookware, lead-glazed pottery, and leaded
utensils (Landrigan et al. 1975; Morse 1979; Romero 1997).
Children’s jewelry can have high lead content absorbed
through abraded skin or piercings. Particularly for expo-
sure among older children, region-specific factors, such
as seasonal wind patterns, bioavailability, and lead source
isotype, could help to identify lead sources responsible for
child blood levels.

It is important to note that there is growing awareness
of the discrepancies between the demonstrated ill effects
in children of lower-range BLLs and contamination man-
dates. For example, on December 29, 2017, the U.S. Court
of Appeals for the Ninth Circuit delivered a rarely issued
writ of mandamus to the EPA. In this action, the EPA was
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ordered immediately to address the grievances cited in a
consumer-generated 2009 petition and, within 90 days of the
writ, finally establish lower “acceptable” limits of interior
lead-paint residue.

Limitations

This study focused only on child BLLs and did not attempt
to identify possible sources of exposure in either the urban
or rural locales. While previous studies showed that the
estimated child BLLs of children in the urban locale were
associated with neurocognitive deficits, the child BLLs rep-
resented exposure during only one 6-month period. Longi-
tudinal studies are needed to further characterize the effects
of lead exposure over time in older children.

Conclusions

Older urban children living in historically contaminated
neighborhoods have significant ongoing risk of lead expo-
sure. In hundreds of cities nationwide, exposure to envi-
ronmental lead is a violation of environmental justice and
requires the development of practical systematic approaches
for its characterization and remediation (CDC 2013) .
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