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Abstract This study aimed to determine Blood Lead Levels
(BLL) in schoolchildren 6–14 years old exposed to indus-
trial sources of lead and evaluated the role of socioeconomic
condition. A cross-sectional study was conducted in an area
likely to be exposed to industrial pollutants in northern Cali
(i.e., distance and wind direction) and in a “non-exposed”
area. In children in two schools of corresponding study
areas, venous samples (5 ml) were collected to determine
BLL by graphite furnace absorption spectrometry. Using
regression models, we evaluated the association between
risk factors to BLL and the effect of modification with
variables of socioeconomic condition. We enrolled 350
schoolchildren. Schoolchildren in the exposed area had
higher prevalence of BLL of ≥5 μg/dl (44.2 vs. 8.2 %,
p00.000) than those in non-exposed area. A positive asso-
ciation was found between exposure and BLL of ≥5 μg/dl
(prevalence ratios (PR), 6.68; 95 % confidence interval
(95 % CI), 3.95, 11.29). Demographic characteristics and
socioeconomic condition such as age (PR, 1.45; 95 % CI,
1.03, 2.04), sex (PR, 1.84; 95 % CI, 1.30, 2.60), race (PR,
2.32; 95 % CI, 1.39, 3.89) and socioeconomic position
(SEP; PR, 2.02; 95 % CI, 1.35, 3.04) were statistically
significant and independently associated with BLL. There
was a synergistic interaction between exposure to the indus-
trial zone and SEP for higher BLL (coefficient, 0.80; 95 %
CI, 0.17, 1.43). Residence in the northern urban area of Cali
exposed to pollutants of an industrial zone is associated to

an increased risk of higher BLL, especially among children
from low SEC who are at greater risk of exposure and
susceptibility.
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Introduction

Lead exposure remains as a major health problem among
children around the world, mainly in poor communities.
According to the US Third National Examination Nutrition
Survey (NHANES III) approximately 2.2 % of children 1 to
5 years of age have blood lead levels (BLL) at or above
10 μg/dl [1] while prevalence of BLL of ≥5 μg/dl is found
in an estimated 8.8 and 3.0 % in children 1–5 and 6–11 years
old, respectively [2]. In Colombia, as in many other develop-
ing countries, exposure to lead might be even higher, and
some studies have found that approximately 9.5 % of children
at 7 years of age have BLL of ≥5 μg/dl [3].

Lead exposure has been associated with adverse health
effects in children, including cognitive, behavioral, physical
abilities, and neuropsychological development deficiencies
[4, 5]. Several studies have reported that BLL even below
10 μg/dl is associated with significant declines in children’s
IQ coefficient, and mental and psychomotor development
indexes [4–7]. In particular, an average reduction of 2 to 4
points in the IQ has been estimated for each micrograms per
deciliter of increase in BLL [8, 9].

According to the Centers for Disease Control and Pre-
vention (CDC), toxic BLL in children are above 10 μg/dl.
However, the findings of health effects at levels below
10 μg/dl suggest that the threshold of lead should be lower
than 10 μg/dl in order to be safer for human health. For a
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better understanding and estimation of the burden of disease
related with lead exposure, the CDC is considering whether
to lower the intervention threshold for lead exposure from
10 to 5 μg/dl [10].

The main sources of lead exposure are paints, water,
food, soil, dust, kitchen utensils, and leaded gasoline [11].
Industrial emissions under certain circumstances are also
responsible for population exposure to heavy metals, includ-
ing lead [12]. In many cases, mainly in developing
countries, exposure to lead sources is determined by socio-
economic conditions, where people with fewer economic
resources are more exposed to lead. Moreover, lower socio-
economic conditions also translate to a greater susceptibility
to the health effects from exposure to environmental pollu-
tants. Lower socioeconomic conditions are associated with
less access to health services, poor nutritional condition, and
psychosocial stress. Both, greater exposure and susceptibil-
ity make these lower income groups vulnerable to the health
effects of lead exposure. Thus, in some studies in environ-
mental epidemiology, variables of socioeconomic condition
have been included not only as potential confounders but
also as effect modifiers of causal relationships [13].

In our study site, at northern Cali, Colombia, there is
a large industrial zone manufacturing steel, batteries,
and metals. Previous reports made by the environmental
authority in the area have shown high levels of lead in
air (1.77 μg/m3) compared with international standards
(NAAQS, 0.15 μg/m3) [14]. But there has been no
previous evaluation about the exposure to lead among
children living near this industrial zone. Additionally,
little is known about how BLL varies in populations
exposed to industrial sources of lead and what mechanisms of
interaction with other conditions.

This is the first study in Colombia that analyses the
complex effects of socioeconomic condition on lead expo-
sure. We determined BLL in schoolchildren living near an
industrial zone and evaluated the role of socioeconomic
condition to better understand the burden of lead exposure
and its effect on the increased susceptibility.

Materials and Methods

A cross-sectional study was carried out among children
aged 6–14 years attending two schools in Cali, Colombia.
This is the third largest city in the country, with approxi-
mately 2.4 million inhabitants, and is located about 1,000 m
above sea level, in a tropical dry forest, with an average
relative humidity of 73 %. On the northern city limits, there
is a large industrial zone of steel, batteries, and metals,
where neighborhoods in close proximity are exposed to
emissions depending on the prevailing wind direction.

Study Area and Population

We selected one school with a high probability of exposure
to the industrial air pollutants; specifically, it is located in
northern Cali, less than 2 km away the industrial zone of
interest. In addition, a “non-exposed” school was selected,
located in southern Cali, more than 12 km away from the
industrial zone, and without other sources of industrial
emissions. Based on municipal census, the two schools
share similar socio-demographic characteristics, including
income level or socioeconomic position (SEP), and also
comparable traffic flow.

Considered eligible for the study were children who have
been attending the selected schools for at least 12 months
before the study began and who live in nearby neighbor-
hoods. In particular, for those in the defined exposed area,
the household must be located within 3 km from the indus-
trial zone.

Data Collection

Prior to the survey, eligible participants received written
information regarding study aims and procedures to be
reviewed with their parents/guardians. Parents who signed
the written informed consent were interviewed by trained
nurses to fill out a questionnaire that included demographic
characteristics, socioeconomic and housing conditions,
potential sources of lead at home and child’s behaviors
known to increase likelihood of exposure to lead. The
Human Subjects Research Committee at the University of
Valle approved this study.

Blood Sample Collection and Analysis

For BLL determination, nurses collected blood samples
from the antecubital vein using tubes with heparin. The
samples were transported to the laboratory in styrofoam
coolers, and the analysis for lead was performed during
the first 48 h after sampling using atomic absorption
spectophotometry coupled with graphite furnace [15].

Statistical Analysis

We characterized socioeconomic conditions based on
multiple variables including: income level or SEP, housing
conditions, attained parent’s education, health insurance and
race. BLL were reported in micrograms per deciliter.
Descriptive and univariate analysis were carried out using
distributional plots and tests statistics according to variable
type.

We developed multiple regression models (lineal and
poisson) to evaluate the association between the exposure
of interest (i.e., living in proximity to an industrial zone) and
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the main outcome variable (i.e., BLL), adjusting for demo-
graphic characteristics (i.e., age and sex), socioeconomic
conditions (i.e., race, SEP, health insurance, and mother’s
education attained), and risk behaviors (i.e., child plays with
batteries). For continuous BLL, we used multiple linear
regression models. In addition, based on evidence of
adverse effects for BLL between 5 and 10 μg/dl [8] and
given that all concentrations in our study were below
defined toxicity levels (>10 μg/dl), we created two catego-
ries for BLL (<5 and ≥5 μg/dl). Analysis for this dichoto-
mous outcome was developed using Poisson regression
models with robust variance estimators, which provide correct
estimates of prevalence ratios (PR) for the analysis of cross-
sectional studies with binary outcomes [16–18].

Additionally, we evaluated whether socioeconomic con-
dition variables modify the effect of the exposure of interest
on BLL, and performed tests for interaction. All statistical
analyses were conducted using Stata 10.0®.

Results

The study was conducted on 350 schoolchildren, 156 of
them living in the exposed area. Both exposed and non-
exposed areas shared similar distribution on age, sex and

residence time. In contrast, schoolchildren in the non-
exposed area had lower SEP, less health insurance affilia-
tion, and a higher percentage of black ethnicity (Table 1).
However, no statistically significant differences were
observed regarding indoor sources of lead between non-
exposed and exposed areas. A similar proportion of school-
children at both areas were likely to get exposed inside
households by playing with (7.1 %) or handling-recycling
(2.6 %) batteries (Table 1).

All BLL were below 10 μg/dl (Table 2). Schoolchildren
in the exposed area had higher BLL than those in non-
exposed area (4.7±1.6 vs. 3.0±1.2, p00.00), and the max-
imum concentration was found in one child among those
exposed (9.9 μg/dl) (Fig. 1). In addition, a higher prevalence
of BLL of ≥5 μg/dl was found in schoolchildren living in
the exposed area as compared with the non-exposed area
(44.2 vs. 8.2 %, p00.00) (Table 2).

After adjusting for possible confounding factors, residen-
tial proximity to an industrial zone was found to be associ-
ated with higher BLL (Table 3). On average, exposed
children had 1.98 μg/dl higher BLL than those in the non-
exposed area (95 % confidence interval (95 % CI), 1.67,
2.29; p00.00); children below 10 years of age had higher
BLL than older children (0.35 μg/dl; 95 % CI, 0.04, 0.55;
p00.02), and boys had higher levels than girls (0.58 μg/dl;

Table 1 Sociodemographic
characteristics and indoor sources
of lead in schoolchildren living
in exposed and non-exposed
areas in Cali-Colombia,
2010

*p<0.05, variables with differ-
ences statistically significant

Variable Exposed (n0156) Non-exposed (n0194) Total (n0350)

Mean age (SD)* 9.9 (2.3) 11.0 (2.2) 10.5 (2.3)

Sex (%)

Female 77 (49.4) 6 (49.5) 173 (49.4)

Male 79 (50.6) 98 (50.5) 177 (50.6)

Race (%)*

Other 150 (96.1) 165 (85.0) 315 (90.0)

Black 6 (3.9) 29 (15.0) 35 (10.0)

Health insurance (%)*

No 22 (14.1) 48 (24.7) 70 (20.0)

Yes 134 (85.9) 146 (75.3) 280 (80.0)

Socioeconomic position (%)*

Low 80 (51.3) 155 (79.9) 235 (67.1)

Middle 76 (48.7) 39 (20.1) 115 (32.9)

Mother’s education attained (%)*

Secondary or less 10 (6.5) 84 (43.8) 94 (27.2)

Above secondary 144 (93.5) 107 (56.0) 251 (72.7)

Mean years of residence in the area (SD) 8.0 (3.4) 8.2 (3.9) 8.2 (3.7)

Child plays with batteries (%)

No 145 (92.9) 180 (92.7) 325 (92.9)

Yes 11 (7.0) 14 (7.2) 25 (7.1)

Handling or recycling of batteries in household (%)

No 152 (97.4) 189 (97.4) 341 (97.4)

Yes 4 (2.5) 5 (2.6) 9 (2.6)

Blood Lead Levels in Schoolchildren Living Near an Industrial 301



95 % CI, 0.29, 0.86; p00.00). Regarding variables of
socioeconomic condition, we found that black children had
0.92 μg/dl higher lead concentrations than those of other
ethnic groups (95 % CI, 0.44; 1.40; p00.00), and school-
children at low SEP had 0.78 μg/dl higher BLL than those
in middle SEP (95 % CI, 0.47, 1.10; p00.00). Additionally,
children exposed to lead by playing with batteries had
higher BLL (0.54 μg/dl, 95 % CI, −0.01, 1.09; p00.05).
In contrast, we did not find significant differences in BLL
by health insurance affiliation status and mother’s education
attained (Table 3).

We built a multiple regression poisson model to evaluate
factors associated to BLL of ≥5 μg/dl (Table 4), and found
that, independent of covariables, schoolchildren in the
exposed area were 6.68 (95 % CI, 3.95, 11.29; p00.00) times
more likely to have BLL of ≥5 μg/dl than schoolchildren in
non-exposed area. Other factors found associated with BLL
of ≥5 μg/dl were younger age (6–9 years old) and male
gender. Regarding variables of socioeconomic condition, we
found that black children were 2.32 times more likely to have
BLL of ≥5 μg/dl than schoolchildren of other ethnic groups
(95 %CI, 1.39, 3.89; p00.00), and also, that schoolchildren of
low SEPwere 2.02 times more likely to have higher BLL than
those in middle SEP (95 % CI, 1.35, 3.04; p00.01). In
addition, we did not find differences in the likelihood of

BLL of >5 μg/dl by other variables of socioeconomic condi-
tion such as health insurance and mother’s education level
(Table 4).

To evaluate interaction, we estimated the independent effects
of lead exposure and socioeconomic condition, this latter deter-
mined by SEP and race. In particular, we found a synergistic
effect between exposure to lead from the industrial zone and
SEP with a significant excess of lead concentration among
children living in the exposed area with low SEP (interaction
coefficient, 0.80; 95 % CI, 0.17, 1.43; p00.01), and almost a
double prevalence of BLL of >5.0 μg/dl among these children,
although not reaching statistical significance (interaction coeffi-
cient, 1.90–95 % CI, 0.55; 6.59; p00.31) (Table 5).

Additionally, we found an important independent effect
of race on BLL, among children in the non-exposed area. In
particular, among non-exposed children, black ethnicity was
associated with a 0.92 μg/dl increase in BLL with a 3.8
times higher prevalence of BLL of >5.0 μg/dl. This finding
suggests an effect no mediated by the same mechanisms of
exposure among black children (Table 5).

Discussion

Schoolchildren, both exposed and non-exposed to industrial
sources of lead were found to have BLL below 10 μg/dl.
Mean concentration was higher among children in the
exposed area (4.7±1.6 vs. 2.9±1.2 μg/dl; p00.000), and
the maximum concentration was also observed in a child
living in this zone (9.9 μg/dl). Research since 1990 has found
substantial evidence in the effect on children’s neuropsycho-
logical and physical development of blood lead concentrations
between 5 and 10 μg/dl. Based on this evidence, and given
that levels considered safe in children have not been on full
agreed [19], in this study, we established for our analysis a
cutoff point of 5 μg/dl.

Table 2 Blood lead levels (in micrograms per deciliter) in children
living in exposed and non-exposed areas

Variable Exposed (n0156) Non-exposed (n0194)

Mean (±SD) 4.7 (±1.6) 3.0 (±1.2)

Median (Q1–Q3) 4.5 (3.5–5.7) 2.8 (2.1–3.7)

Minimum 1.1 0.3

Maximum 9.9 6.6

Percentil 90 6.7 4.8

%≥5 μg/dl 69 (44.2 %) 16 (8.2 %)
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Fig. 1 Frequency distribution
of BLL in children living in
exposed and non-exposed areas
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At the moment of this publication, the Advisory Committee
on Childhood Lead Poisoning Prevention (ACCLPP) of CDC
was recommending that the reference value be lowered to
5 μg/dl (based on the 97.5th percentile of the BLL distribution
in children aged 1 to 5 years) and on growing evidence of
adverse cognitive, behavioral, and physiological effects of
BLLs greater than 10 μg/dl. This recommendation means that
the number of children requiring medical care and follow-up
environmental services could increase and focus on the
importance of primary prevention of lead exposure in children
and in consequence could prevent further irreversible effects
on health [20].

According to this cutoff point, schoolchildren living in
the exposed area had a higher prevalence of BLL of ≥5 μg/
dl as compared with non-exposed children (44.2 vs. 8.2 %;
p00.00). The prevalence we found in our exposed study
area was greater than others reported in similar populations.
In particular, Morales et al., found in Mexican-American

that 19 % of children aged 5–11 years and 12 % of children
12–17 years had BLL of ≥5 μg/dl [21]. In contrast, ours is
lower than the prevalence reported by Oliver-Verbel et al., in
a study in children aged 5 to 9 years living in different areas
of Cartagena-Colombia, in which 57.6 % of children had
BLL of ≥5 μg/dl [3]. The main sources of lead exposure for
these children were the work-related activities of their
parents such as small metal melting factories and fishermen
who make lead sinkers for their fishing nets [3]. It is also
possible that the socioeconomic conditions in children from
Cartagena, Colombia were worse than the children in our
study area in Cali.

Table 3 Association analysis for determinants of blood lead levels (in
micrograms per deciliter) among children in the study

Variable Regression coefficient
(95 % CI) unadjusted

Regression coefficient
(95 % CI) adjusted

Exposed

No 2.96 Reference

Yes 1.71 (1.41; 2.01)* 1.98 (1.67; 2.29)*

Age (years)

10–14 3.50 Reference

6–9 0.68 (0.32; 1.04)* 0.35 (0.04; 0.65)*

Sex

Female 3.44 Reference

Male 0.56 (0.22; 0.91)* 0.58 (0.29; 0.86)*

Race

Other 3.69 Reference

Black 0.34 (−0.24; 0.92)*** 0.92 (0.44; 1.40)*

Health insurance

Yes 3.50 Reference

No 0.28 (−0.16; 0.71)*** 0.05 (−0.31; 0.41)***

Socioeconomic
position

Middle 3.61 Reference

Low 0.17 (−0.20; 0.54)*** 0.78 (0.47; 1.10)*

Mother’s education
attained

Above secondary 4.05 Reference

Secondary or less −0.20 (−0.34; −0.08)* 0.04 (−0.32; 0.39)***

Child plays with
batteries

No 4.24 Reference

Yes 0.57 (−0.11; 1.24)** 0.54 (−0.01; 1.09)**

*p≤0.05; **p>0.05–0.10; ***p>0.10

Table 4 Factors associated to blood lead level of ≥5 μg/dl in children
living in exposed and non-exposed area

Variable BLL
(μg/dl)

PR (95 % CI)
unadjusted

PR (95 % CI)
adjusted

<5 ≥5

Exposed

No 178 16 1 1

Yes 87 69 5.36
(3.25; 8.86)

6.68
(3.95; 11.29)*

Age (years)

10–14 190 42 1 1

6–9 75 43 2.01 (1.39; 2.89) 1.45 (1.03; 2.04)*

Sex

Female 143 30 1 1

Male 122 55 1.79 (1.21; 2.65) 1.84 (1.30; 2.60)*

Race

Other 240 75 1 1

Black 25 10 1.20 (0.68; 2.10) 2.32 (1.39; 3.89)*

Health insurance

Yes 56 14 1 1

No 209 71 1.06 (0.94; 1.19) 0.95 (0.60; 1.50)
**

Socioeconomic
position

Middle 91 24 1 1

Low 174 61 1.24 (0.82; 1.89) 2.02 (1.35; 3.04)*

Mother’s education
attained

Above
secondary

179 72 1 1

Secondary
or less

82 12 0.90 (0.79; 1.03)
**

1.00 (0.70; 1.43)
**

Child plays with
batteries

No 247 78 1 1

Yes 18 7 1.16 (0.60; 2.25)
**

0.90 (0.57; 1.44)
**

*p≤0.05; **p>0.10
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We found a statistically significant association between
exposure to industrial sources of lead and higher BLL
independent of age, sex, race, weight, socioeconomic status,
and time of residence in the study area. The differences
found between exposed and not exposed schoolchildren
suggest that the industrial zone is a source of chronic lead
exposure in those children. These findings are similar to
those found by Lalor et al. who determined higher BLL in
children living in urban areas closed to manufacturing and
smelting industries in Jamaica [22]. In addition, research
made in China has found that BLLs in children living in
industrial areas is significantly higher as compared with
those living in urban, suburban, and rural areas [23].

We also identified several factors associated with higher
BLLs in the study population. Specifically, we found that
demographic variables such as age, race and sex were
statistically significant and independently associated with
BLL. In addition, other sources of lead exposure (i.e., play-
ing with batteries at home) were associated with higher
BLL.

This study is consistent with previous research showing a
higher BLL among boys, younger and black children [3, 21,
23–25]. Children are susceptible because of their normal
hand-to-mouth behavior, which leads to the ingestion of
objects or exposure to contaminated soil. Additionally, boys
have an active personality and different behavior patterns
than girls, because they are more likely to play outdoors or
crawl on floors. In contrast with these findings, the study
developed in Jamaica by Lalor et al., did not establish
differences in BLL concentrations between boys and girls;
the geometric mean values for those with BLL of <10 μg/dl
was 3.3 and 3.2 μg/dl, respectively, and for BLL of >10,
20.4, and 20.6 μg/dl, respectively [22].

In contrast with other studies, we did not find mother’s
attained education to be associated with BLL. In the study
conducted by Morales et al., Mexican-American children
living in United States whose head of household has less
than 6 years of education had higher BLL than those with 13
or more years of education attained [21].

In assessing the role of socioeconomic conditions on lead
exposure, we found that lower SEP and black ethnicity were
independently associated with a higher risk of exposure to
lead. Additionally, we found a synergistic interaction
between exposure to the industrial zone and SEP for higher
BLL concentrations. These findings are consistent with
previous studies that have found that children living in
low-income housing and public housing are more likely to
have elevated BLL [21]. Similar findings have been
reported among pregnant women with low socioeconomic
conditions [12].

Historically, it has been identified that communities in
low socioeconomic condition and ethnic minorities have a
disproportionate exposure to some environmental pollutants.
This is attributed to land use patterns, political, economic, and
cultural structure of the regions [13]. A confluence of these
factors affect housing market dynamics, a systemic racism and
class bias in land use decisions that push noxious facilities
toward poor neighborhoods, leaving these communities at a
disadvantage [13, 26, 27].

In addition to differential exposure by SEP and race, there
is an interaction with social factors (i.e., less access to food
and to health care services), cultural factors (i.e., nutritional
practices and handling batteries in home), and behavioral,
educational, and biological factors that make population in
low socioeconomic condition more susceptible to lead expo-
sures and its accumulation in blood [12, 21, 22].

Table 5 Socioeconomic factors
associated with blood lead levels
(in micrograms per liter) and
interaction with lead exposure

*p<0.05
aAdjusted by sex and age

Lead exposure Socioeconomic
condition

n0350 Adjusted coefficientsa

Difference in means
(95 % CI)

Prevalence ratios
(95 % CI)

Income

Non-exposed Middle income 39 0 1

Non-exposed Low income 155 0.33 (−0.13; 0.80) 1.10 (0.33; 3.45)

Exposed Middle income 76 1.26 (0.75; 1.78)* 3.22 (1.03; 10.11)*

Exposed Low income 80 2.39 (1.76; 3.02)* 7.80 (1.95; 23.34)*

Interaction coefficient 0.80 (0.17; 1.43)* 1.90 (0.55; 6.59)

Race

Non-exposed Non-black 165 0 1

Non-exposed Black 29 0.92 (0.39; 1.46)* 3.79 (1.50; 9.58)*

Exposed Non-black 150 1.66 (1.36; 1.97)* 6.20 (3.28; 11.72)*

Exposed Black 6 2.71 (1.49; 3.94)* 9.40 (3.05; 27.96)*

Interaction coefficient 0.13 (−1.09; 1.36) 0.40 (0.13; 1.19)
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Previous researches have shown that children who live in
poverty could have poor nutritional conditions and less access
to food that results in calcium and iron blood deficiencies. A
low calcium diet produces an increase in lead toxicity and
deposition in bone while iron deficiency results in increased
susceptibility to lead toxicity [12, 22]. A study developed by
Lanphear et al., found an inverse and statistically significant
relationship between BLL and intake of iron in diet [28].

In our study, we found that black children in the non-
exposed area have higher BLL than non-black children in this
area, suggesting that race plays an independent role in lead
exposure beyond the industrial sources. This could be
explained, at least in part, to differential risk practices for lead
exposure among black population that can produce higher
BLL independent of industrial sources. In a predominantly
black community in our city, we found that almost 5.5 % of
this population handle or recycle batteries in household
(5.3 %; CI, 4.8–5.7). We also found high levels of heavy
metals (lead and mercury) in fish that are used for consump-
tion by this community (unpublished results). However, addi-
tional studies are necessary to evaluate this hypothesis.

The fact that black and poorest children have statistically
significantly higher BLLs than children of other ethnicities
and higher SEP independent of exposure to the industrial
sources of lead suggests that, race and socioeconomic con-
dition may be important to consider when formulating lead
screening and abatement interventions for children in
Colombia. Educational campaigns to reduce lead exposure
should focus special attention to black and low SEP fami-
lies, taking into account culturally specific causes of lead
exposure such as mentioned above, which are common in
Colombia.

In summary, the results of this study show that children
living near industrial sources of lead are at higher risk for
elevated BLL than children living in other urban areas.
Also, levels of exposure are elevated in children from fam-
ilies of low SEP and black ethnicity. The results of this study
were presented to the Environmental Authorities who are in
the process of declaring this industrial area as a “Source
Area,” which means more strict surveillance of the emis-
sions and non-exposed activities. However, due to the his-
tory of exposure of these children, additional studies may be
needed in evaluating the long-term impact on the health of
these children, in particular those related with cognitive and
behavioral effects of lead exposure. Nevertheless, this action
from the environmental authority shows how the results of
research can be translated into the decision-making.
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