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Children’s Environmental Health in Argentina: An
Epidemiological Examination of Lead Exposure in
School Aged Children is one of several activities that
took place between 2004–2007 as part of a larger
project entitled: Measuring the Environmental
Impact on Children’s Health in the Southern Cone.
The main activities of the project included: a survey
to the pediatricians who are members of the
Argentine Society of Paediatrics, coordination of
two case studies (one examining lead exposure in
children and the other examining pesticide exposure
in children); and, the development of The Profile of
Children’s Environmental Health in Argentina.

The Measuring the Environmental Impact on
Children’s Health in the Southern Cone Project is
coordinated by a Steering Committee consisting of
Canadian and Argentinean partners. In Canada the
partners consist of: Health Canada; the University
of Ottawa and the Canadian Institute of Child
Health (CICH). In Argentina, the partners consist
of: the Ministry of Health and Environment of
Argentina, the Argentine Society of Paediatrics
(SAP) and the Asociación Argentina de Médicos por
el Medio Ambiente (AAMMA).



1.0 Introduction
1.1 Lead — background
Lead has been a well-known environmental pollu-
tant for thousands of years. It is found in mineral
deposits in nature and represents 0.002% of the
earth’s crust. 

Millions of tons of lead are produced and used
annually around the world.1 Due to human activity,
an alarming increase in the concentration of lead in
the environment has been observed, especially during
the second half of the 20th Century. 

Lead is very persistent in the environment and
through air, water and soil it enters the food chain
contaminating living organisms. In adults and chil-
dren lead is absorbed by ingestion, inhalation and
through the skin. In adults between 5–15% of
ingested lead is absorbed; in children ingested lead
absorption can be as high as 30–50%. In both chil-
dren and adults, approximately 40% of inhaled lead
is absorbed by the lungs and although cutaneous
absorption of inorganic lead is insignificant, organic
compounds containing lead are absorbed completely
through the skin. 

Once inside the body, lead is transported
through blood to different organs and deposits in
bones. The half-life of lead in blood is considered to
be between 20 and 40 days. In cases of calcium defi-
ciency, the absorption of lead and its deposition in
bone increases.2 Lead is slowly excreted from the
body mainly in urine, for that reason chronic expo-
sure even at low levels results in accumulation.1 In
bones and teeth the half-life of lead is 25 years.
However, during pregnancy and nursing when bone
desorption can occur, lead deposited in the mothers
bone cells can re-enter the blood stream.

Children are especially vulnerable to lead while
in the womb as lead can cross the placenta, poten-
tially damaging the fetus’ central nervous system.

During the first 6 years of life, children are at
higher risk of lead exposure due to their physiology,
biology and behaviour patterns. At this age children

are exploring their environments orally resulting in
greater hand-to-mouth activity and frequent con-
tact with the ground. In addition, children have
increased absorption capacity (4 to 5 times greater
than adults) and a decreased ability to excrete lead.
Finally it should be noted that the brain is most vul-
nerable to lead in the first 5 years of life as the hema-
toencephalic barrier is not fully developed at this
stage. Nutrition also plays a key role with iron and
calcium deficiencies increasing the absorption of
lead within the body3. In general, males are at
greater risk of having high blood lead levels than
females based on their social behaviour. 4,5

Symptoms in children vary according to lead
exposure levels. The most common are: anaemia
(≥25 µg/dl); anorexia, abdominal pain, constipation
and vomiting (≥60 µg/dl); migraines, lethargy, coma
and convulsions (>70 µg/dl). While, children exposed
to chronic low lead levels do not have immediate
clinical symptoms, long-term control studies have
reported: lower intellectual quotients (IQ); reading
and learning difficulties; hearing and attention
problems (hyperactivity, disorganization, inability
to follow directions); memory loss; and behavioural
problems (aggressive-criminal behaviour), among
others.

The sources of frequent exposure to lead include:
leaded gasoline; industrial waste; lead smelters; lead
paints; ceramic and porcelain glazing; lead pipes;
food cultivated in contaminated soil; food cans
sealed with lead; children’s plasticine and paints;
cosmetics; jewelry; proximity to auto repair shops
using lead batteries or oils; and proximity to open
garbage burning, among others. Lead exposure and
contamination tends to be higher in those children
that live in poverty and/or manipulate lead as part
of their work/play activities. 

Recent publications5,6,7,8 indicate that blood lead
levels in children can be related to socioeconomic
status. Important risk factors for increased lead levels
are: precarious housing, over-crowding, malnutri-
tion, living near landfills, industry or contaminated
sites, low education level of parent and child labour.
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Climatic conditions can also increase the amount
of lead found in the urban atmosphere.8 There are
studies that indicate that high atmospheric levels of
lead appear during periods of high humidity. In the
summer months the amount of atmospheric lead is
greater due to increases in surface moisture, partic-
ulate matter, temperature and wind speed.8

1.2 Evolution of knowledge 
At the beginning of the 20th century, lead poisoning
was considered an acute occupational illness affect-
ing adults with blood lead levels below 80 µg/dL
considered “normal.” This threshold for lead toxici-
ty was accepted at this time, as the lowest level caus-
ing symptoms of acute intoxication.

The adverse effects of acute lead poisoning in the
development of children became evident in 1940
due to the publication of long-term effect studies.9

These studies reported effects on intellect, behav-
iour and some psychomotor functions. 

Since 1950, several researchers have conducted
studies that provided additional information on the
impacts of long-term lead exposure. Differences
between children and adults regarding lead absorp-
tion, distribution and metabolism were reported
and long-term effects of chronic toxicity, in particu-
lar those affecting the central nervous system were
described. Independent studies carried out in the
70’s 10 described a reduction in the Intellectual
Quotient (IQ) and neurobehavioral alterations in
exposed children that had never presented acute
toxicity symptoms.1

With this new information on the special vulner-
ability of children to lead, the toxicity threshold
accepted by the United States Centres for Disease
Control (CDC) as a limit for intervention in 1960
(60 µg/dL) decreased until it reached 10 µg/dL in
1990. This limit is currently accepted by the WHO.
However it should be noted that new studies are
demonstrating that even at blood lead levels below
10 µg/dL measurable damage in the cognitive func-
tion of children can be seen.7

In Argentina, few studies have been published on
lead poisonings, and those which have been pub-
lished do not report the average blood lead levels of
children and its evolution in time. However, work
in this important area is taking place in Argentina
by a host of researchers including: 

Astolfi et al (1965)11 and Giménez et al (1979)12

both on acute lead poisoning related to children;
and, Hansen et al (1995–6)13; Rovirosa et al
(2000)14; Durán et al (2000)15; Rogers et al (2002)16

and Fernández et al  (2005)17, who investigated blood
lead levels in groups of asymptomatic children.

Successful interventions have been based on the
elimination of sources of exposure. A good example
is the dramatic reduction in blood lead levels of chil-
dren in the United States after the elimination of
leaded gasoline. In 1996 lead was eliminated from
gasoline in Argentina18. Although no national stud-
ies have been conducted to measure the impact of
this intervention it could be predicted that blood
leads were reduced as a result.

1.3 Background on Zárate, Buenos Aires
Province

Zárate is located next to the Paraná de Las Palmas
River; this area includes the towns of Zárate, Lima
and Escalada. It occupies a surface area of 1,202 km²
and has a population of 101,27119. The city of
Zárate itself has a population of 86,686, 28% of
which are under 15 years of age19 with a population
density of 76.4 people/km². 

Zárate has an Industrial Park comprised of 72 com-
panies (Figure I). Companies participate in a long
list of industrial activities, including: treatment,
incineration and final disposal of industrial waste;
chemical recovery (solvents, other); treatment and
preservation of wood; pesticide and agrochemical
production, asphalt and insulation emulsions;
chemicals to treat leather, production of lead batter-
ies and records; automotive manufacturing; cement
plants; pulp and paper plants; and a nuclear power
plant, among others. 

Children’s Environmental Health in Argentina: 
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Source: Secretary of Economic Development and Production from the Municipality of Zárate (2004) http://www.zarateproductivo.com.ar/plano.pdf

FIGURE 120: MAP OF ZÁRATE SHOWING THE LOCATION OF SCHOOLS Nº 8 AND 12, LANDFILLS,
NEIGHBORHOODS AND CLOSED LEAD SMELTER.
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In 2004, a lead smelter and recycling plant in the
Industrial Park’s property was closed under
Resolution N° 495/04 from the Department of
Environmental Policy of the Municipality of Zárate,
because several lead poisoning cases were reported
by factory workers. Later that year, the Secretary of
Health of the Municipality of Zárate reported an
increase in blood lead levels in some children and
teachers attending a local school 300 meters from
the closed factory (School Nº 19). The school was
immediately closed with children and staff sent to
other schools. Most of the children and staff were
relocated to School Nº 8 and School Nº 12, 3,000
and 5,000 meters from the closed factory respective-
ly, but both still inside the perimeter of the
Industrial Park. 

In 2005, the Municipality of Zárate, through the
NGO “Todos por la Vida”, asked the Steering
Committee of the project Measuring the
Environmental Impact on Children’s Health in the
Southern Cone to carry out a study to measure blood
lead levels of students attending schools Nº 8 and
Nº 12. Prior to approaching the Steering Committee
with this request the NGO received permission
from parents and teachers associated with these two
schools.

The study was carried out by Steering Committee
partners, with collaboration from the Faculty of
Biochemistry and Biological Sciences of the
National University of Litoral, the National
Institute of Technology Development for the
Chemical Industry, the National Institute of
Epidemiology “Emilio Coni” and the active partici-
pation of the Municipality of Zárate, the NGO
“Todos por la Vida”, Zárate’s school district and the
Schools Nº 8 and Nº 12 Administration. The Project
was also Declared of Educational Interest by the
Ministry of Education of the Province of Buenos
Aires.

2.0 Objectives
Main objective
• To investigate the blood lead levels of students in

two educational establishments located within
the Industrial Park of the city of Zárate. 

Secondary objective 
• To identify the probable sources of exposure in

children that presented blood lead levels of
10 µg/dL or higher.

3.0 Population, materials and 
methods

The study was developed in the city of Zárate,
Province of Buenos Aires (Argentina), between
March 2005 and April 2006.

The study’s population included 421 students of
both sexes, ages 4 to 16 years of age that attended
two schools located inside the perimeter of the
Industrial Park of the city of Zárate, belonging to
the Ministry of Education of the Province of
Buenos Aires: School Nº 8 had 153 students and
School Nº 12 had 268 students. The students from
both schools came from homes qualifying as having at
least one or more unsatisfied basic necessities (UBN)
including: unsafe housing; without a functioning
bathroom; over-crowding, incomplete schooling of
the parents, and families with less than subsistence
level income. In general, children attending these two
schools lived in neighbourhoods with unpaved
streets, without sewers, with restricted access to
drinking water and without waste collection services.

A descriptive, cross sectional study was carried
out. All students from both schools were invited to
participate in the study. Those that accepted the
invitation formed part of a non-random convenient
sample. Participation in the study was voluntary,
anonymous and free of charge. 

Inclusion parameters required that participants
were students of either school Nº 8 or Nº 12 of the
city of Zárate, between 4 and 16 years of age, had
signed consent forms (by parents or guardians) and
answered the epidemiology questionnaire. Exclusion



parameters included religious objections to blood
extraction, treatment with chelating agents up to
6 months prior to the study and refusal by the chil-
dren themselves at any stage of the study including
during blood sampling. 

The study was approved by the Ethical
Committees of the National University of Litoral
(Argentina) and the University of Ottawa (Canada).
Confidentiality of children’s personal data was
ensured through the Personal Data Protection Law
25.32621. The National University of Litoral took
the responsibility of protecting and handling all col-
lected information. Personal information was coded
so that children were not identifiable by name. In
order to carry out the study in these schools, all nec-
essary permits were negotiated from the School
Council of the Ministry of Education of the
Province Buenos Aires.

3.1 Study development
3.1.1 Information prior to the study stage
Two information meetings were conducted in each
of the participating schools prior to the study.
Students, parents/guardians, administrative and
educational staff participated in the meeting. 

At the meetings information was provided on
exposure to lead, the ways in which exposure can
occur, potential health effects, the special vulnera-
bility of children, prevention and treatment
options. Also, information was provided on the
characteristics of the study, the reasons for blood
sampling in order to identify the participants’ blood
lead levels and the way in which samples would be
obtained. Students were invited to participate with
parents/guardians being informed that their child
could only participate if they signed the informed
consent form and responded to the questionnaire. 

As part of the meetings, students, parents/
guardians and teachers were invited to ask questions
to clarify anything they did not understand. The
project was publicly presented in the city of Zárate
and disseminated by local communication sources. 

3.1.2 Questionnaire distribution and collection,
blood sampling and presentation of results

The distribution and collection of questionnaires,
blood sampling and presentation of results was car-
ried out at the schools. Data on the children such
as school attended, personal data, school grade was
collected through the questionnaire. Via the ques-
tionnaire parents/guardians were also asked about
situations that could increase risks of lead exposure
(housing, work, etc.).

Blood sampling was carried out by professionals
from the Faculty of Biochemistry and Biological
Sciences of the National University of Litoral who
used clean, disposable gloves for each sample, pro-
tective clothes and safety goggles. The children’s
hands were first washed with soap and warm water,
the selected finger was then cleaned with ethyl alco-
hol (70%) and dried with absorbent gauze. The fin-
ger was then punctured on the side, not on the fin-
ger pad. The first drop of blood was cleaned with
absorbent gauze, the second drop after applying
gentle pressure was used to fill the blood sampling
capillary of the LeadCare®  equipment22. Finally,
after cleaning the exterior of the capillary with
absorbent gauze to remove any excess blood, the
sample was immediately mixed with the reagent. All
steps indicated by the LeadCare® manufacturer were
then followed until results were displayed. 

Results were compiled and presented to the par-
ents in sealed envelopes, during individual meetings
and in presence of school authorities.

3.1.3 Follow-up of students with blood lead levels
of 10 µg/dL or greater

The group of children that had blood lead levels of
10 µg/dL23 or greater were subdivided into two
groups: the first group of children had blood lead
levels of 10 to 19 µg/dL (Group 1) and the second
group of children had blood lead levels of 20 µg/dL
or greater (Group 2). For both groups the standards
recommended by for USA Centres of Disease Control
(CDC) were applied (Table 1: Categorization of
Blood Lead Levels (µg/dL) by action (CDC)) and it
was suggested to parents/guardians that once the
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study was completed, children should receive con-
tinued medical supervision.

Group 1 included children with blood lead levels
≥10 µg/dL. An in-depth follow-up interview was
conducted with parents/guardians to further deter-
mine possible exposure risks. During the interviews
blood lead levels were released in sealed envelopes.
Parents/guardians were questioned in detail on the
probable sources of lead exposure and ways to avoid
exposures were suggested. Recommendations regard-
ing children’s personal hygiene, home cleaning,
water and food preparation methods were offered. If
there were other children in the family that had not
participated in the study, it was suggested they see a
health professional for blood lead testing. 

Group 2 consisted children with blood lead levels
≥20 µg/dL. An in-depth follow-up interview was
conducted with parents/guardians of these children
to further determine possible exposure risks. With
Group 2 parents/guardians, the procedure described
for Group 1 (above) was followed. But in addition
to individual interviews, home visits of all Group 2

children were took place with a social worker from
the Municipality of Zárate. The visits were carried
out under the supervision and in collaboration with
the Secretary of Health of the Municipality of
Zárate. 

Thirty days after individual interviews with
Group 2 parents/guardians, an additional blood
sample was taken for follow-up lead level determi-
nation, again following the recommendations out-
lined in Table 1. The results of the second blood test
were released to the parents/guardians in a sealed
envelope during second interview. It was strongly
recommended during the interviews that these chil-
dren receive on-going medical supervision after the
completion of the study. 

3.2.0 Analytical techniques
According to the World Health Organization
(WHO) recommendations, portable measuring
equipment was used, using an electrochemical tech-
nique called LeadCare® (CDC protocol for lead in
blood number: NCCLS document C40-TO ISBN
1-56238-437-6). The method has a detectable range
of 1.4 to 65.0 µg/dL. The volume of each sample
was 50 µL of blood. 

Counter et al. (1998) analyzed duplicate samples
to investigate blood lead levels from venous blood
comparing two methods: ESA LeadCare and Atomic
Absorption Spectrometry in graphite oven. The corre-
lation coefficient was (r)=0.829. Pineau et al.
(2002) also compared both methods obtaining a
correlation coefficient of r=0.95.

For the calibration of the LeadCare® equipment,
the atomic absorption spectroscopy reference
method with graphite oven technique was used.
Calibration of the LeadCare® equipment was done
by the Central Service of Large Instruments (SECE-
GRIN) of the Regional Center of Development and
Technology (CERIDE-UNL/CONICET) that ana-
lyzed 40 blood samples in parallel using the atomic
absorption spectroscopy reference method. This
resulted in a correlation coefficient (r) of 0.87. 

Source: Managing Elevated Blood Lead Levels Among Young Children:
Recommendations from the Advisory Committee on Childhood Lead Poisoning
Prevention, US Centres for Disease Control, 2002
http://www.cdc.gov/nceh/Lead/CaseManagement/caseManage_chap3.htm

Blood Lead Level, µg/dl Recommended Action

10-14 Repeat testing within 3 months
Evaluate sources of lead contamination
Educate: clean hands and mouth

15-19 Repeat testing within 2 months
Evaluate sources of lead contamination
Educate: clean hands and mouth
Refer to health care

20-44 Repeat testing within 1 month
Evaluate sources of lead contamination
Educate: clean hands and mouth
Refer to health care

45-69 Repeat testing within 1 month
Evaluate sources of lead contamination
Educate: clean hands and mouth
Refer to health care
Chelation treatment

70 or higher IMMEDIATE HOSPITALIZATION
Chelation with two drugs

TABLE 1. CATEGORIZATION OF BLOOD LEAD
LEVELS (µg/dL) BY ACTION (CDC)



3.3.0 Statistical analysis 
A database was created using Epi INFO software24.
Data was recorded and analyzed using the Epi
INFO software. Charts and figures were created
using Microsoft Excel or Word software. 

Comparison of means was done using a Student
t-test. Where variances of the two means differ,
non-parametric analysis was performed using
Kruskal-Wallis test for two groups (equivalent to
Chi-square). Comparison of proportions among
groups was carried out using the Chi-square test
with Yates correction. Where an expected value was
less than 5, Fisher exact test was used. For all statis-
tical tests, significance was accepted at the 95% level
(p≤ 0.05). The analysis was carried out by researchers
from the National Institute of Respiratory Diseases
“Emilio Coni” (INER) and Memorial University of
Newfoundland.

4.0 General results
4.1 Sample characteristics 
4.1.1 Age, gender and school
The sample included 291 boys and girls, 4 to 16 years
of age. 129 attended School Nº 8 (69 females and
60 males) and 162 attended School Nº 12 (86 females
and 76 males). 

Sample characteristics from both schools, by age
and gender are presented in Table 2. 

There was no significant statistical difference
between the two schools with regard to sampling
distribution by gender. On the other hand, there was
a significant difference in age distribution between
the two schools. In the sample from School Nº 8,
there were significantly more children less than
6 years of age compared to School Nº 12 (χ2 = 8.9,
p<0.001).

4.2 Blood lead levels
The concentration of lead in blood from 291 chil-
dren had a mean of 6.3 µg/dL, standard deviation
6.0 µg/dL, median 4.3 µg/dL and mode 1.8 µg/dL.
Forty-two of 291 children (14.4%) had blood lead
levels greater than or equal to 10.0 µg/dL. Eleven
children (3.8%) had blood levels greater than or
equal to 20.0 µg/dL.

The distribution of blood lead levels of 291 chil-
dren by gender from both schools is presented in
Table 3. 

School Nº 8 had a significantly higher percent-
age of children with blood levels ≥10 µg/dL (19.4%
vs 10.5%, χ2= 3.90, p = 0.048). The two students
with blood lead levels >35 µg/dL both attended

13

Children’s Environmental Health in Argentina: 
An Epidemiological Examination of Lead Exposure in School Aged Children

Age and
gender

School No 8 School No 12

Number % Number %

< 5

Female 3 27.3 0

Male 8 72.7 0

Total 11 8.5 0 0.0

5–9

Female 26 55.3 43 55.8

Male 21 44.7 34 44.2

Total 47 36.4 77 47.5

10–14

Female 34 63.0 43 51.8

Male 20 37.0 40 48.2

Total 54 41.9 83 51.2

≥15

Female 6 35.3 0 0.0

Male 11 64.7 2 100.0

Total 17 13.2 2 1.2

TOTAL 129 162

TABLE 2. SAMPLE CHARACTERISTICS BY AGE AND
GENDER FROM TWO SCHOOLS IN ZÁRATE. 
BUENOS AIRES PROVINCE (N=291)
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School Nº 8. However, there was no significant sta-
tistical difference in the mean blood lead levels
between the two schools: School Nº 8, 6.8 µg/dL
and School Nº 12, 5.8 µg/dL.

There was no statistically significant difference in
gender distribution for children with blood levels
≥10 µg/dL compared to those <10 µg/dL. However,
significantly more males had blood levels
≥20 µg/dL compared to females (10, males;
1 female; χ2  9.12, p=0.01). 

Looking at age, a significantly higher propor-
tion of children less than 6 years of age had blood
lead levels ≥10 µg/dL compared to those age 6 to
16 (44% compared to 13%; χ2 = 9.4, p<0.004;
Fisher exact p=0.003). However, there was no sig-
nificant difference in the mean age for children
with blood levels ≥10 µg/dL compared to those
<10 µg/dL.

The proportion of children with blood lead lev-
els under 10 µg/dL was 85.6% when both schools
were considered (249/291 children). The mean
blood level for these children was 4.3 µg/dL, stan-

dard deviation 2.3 µg/dL, median 3.7 µg/dL and a
mode 1.8 µg/dL. Mean blood level for those chil-
dren with blood levels ≥10 µg/dL was 17.6 µg/dL,
standard deviation 1.2 µg/dL, median 14.4 µg/dL
and mode 11.0 µg/dL. The overall relative distribu-
tion of blood lead levels in all children is shown in
Figure 2.

TABLE 3. BLOOD LEAD LEVEL DISTRIBUTION IN CHILDREN BY GENDER FROM BOTH SCHOOLS IN ZÁRATE,
BUENOS AIRES PROVINCE (N=291). 

Pb
in blood
(µg/dL)

Total # Total
percent

School No 8 School No 12

Both genders Females Males Both genders Females Males

No. % No. % No. % No. % No. % No. %

0–4.99 165 56.7% 73 56.6% 47 68.1% 26 43.3% 92 56.8% 49 57.0% 43 56.6%

5–9.99 84 28.9% 31 24.0% 12 17.4% 19 31.7% 53 32.7% 30 34.9% 23 30.3%

10–14.99 22 7.6% 12 9.3% 6 8.7% 6 10.0% 10 6.2% 6 7.0% 4 5.3%

15–19.99 9 3.1% 7 5.4% 3 4.3% 4 6.7% 2 1.2% 1 1.2% 1 1.3%

20–24.99 3 1.0% 2 1.6% 1 1.4% 1 1.7% 1 0.6% 0 0.0% 1 1.3%

25–29.99 4 1.4% 1 0.8% 0 0.0% 1 1.7% 3 1.9% 0 0.0% 3 3.9%

30–34.99 2 0.7% 1 0.8% 0 0.0% 1 1.7% 1 0.6% 0 0.0% 1 1.3%

35–40.99 2 0.7% 2 1.6% 0 0.0% 2 3.3% 0 0.0% 0 0.0% 0 0.0%

total 291 100% 129 100% 69 100% 60 100% 162 100% 86 100% 76 100%

≥ 10 42 14.4% 25 19.4% 10 14.5% 15 25.0% 17 10.5% 7 8.1% 10 13.2%

FIGURE 2. BLOOD LEAD RANGES, µg/dL, 
PERCENT OF CHILDREN IN EACH RANGE



4.3 Indicators and risk factors for
increased blood lead levels

The following questions on the parent question-
naire provided information on possible indicators
and/or risk factors for increased blood lead levels
(Table 4). 

1. Were or are the parents/relatives exposed to lead?

2. Do the parents/relatives work in contact with lead? 

3. Is the child involved in any work related activities?

4. Did the parent or guardian complete primary
school?

5. Has the child repeated one or more school
levels/grades?

Having parents or relatives exposed to lead was a
significant indicator for higher blood lead levels in
children. Significantly more children with blood
levels ≥10 µg/dL had repeated grade levels in school.
Education of parents or guardians was also a signif-
icant indicator for higher child blood lead levels. It
is of interest that results from this initial question-
naire indicate that neither having a parent working
with lead or the child working is related to higher
child blood levels (see Section 4.4 below). 

Parents were also asked to indicate possible home
conditions which could lead to increased lead expo-
sure to their children and family. Of the 291 chil-
dren, only 79 parents provided information about
possible sources of lead exposure (Table 5) in this
initial questionnaire. Of these 79 responses, 42 (52%)
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Indicator Blood lead concentration 
≥10 µg/dL
n=42

Blood lead concentration 
<10 µg/dL
n=249

χ2

(with Yates correction)
p=

Yes/total n % Yes Yes/total n % Yes

1. Parents/relatives exposed to lead 14/31 45% 49/191 26% 4.08 0.043*

2. Parents/relatives work in 
contact with lead 

3/30 10% 12/182 6% Fisher exact 0.70

3. Child involved in any 
work related activities

12/35 34% 60/202 30% 0.12 0.73

4. At least one parent or guardian 
with incomplete primary school

16/33 48% 59/201 29% 3.93 0.047*

5. Child repeated one or more 
school levels/grades

17/37 46% 61/217 28% 3.92 0.048*

All children
(n=291)

≥10 µg/dL
(n=42)

≥20 µg/dL
(n=11)

Home/work located in industrial area Yes
No
No response

42
37

212

4
5

33

1
3
7

Home/work located near landfill, garbage dump or inciner-
ator

Yes
No
No response

34
124
212

4
14
33

3
5
7

Lead in water pipes Yes
No
No response

7
72

212

1
8

33

0
4
7

Lead in paint Yes
No
No response

3
76

212

0
9

33

0
4
7

TABLE 4.  POSSIBLE INDICATORS AND RISK FACTORS FOR ELEVATED BLOOD LEAD LEVELS

TABLE 5.  RESPONSES TO QUESTION ON POSSIBLE HOME LEAD EXPOSURE

* statistically significant
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indicated exposure could be due to home and work
located in an industrial area and 34 (43%) indicated
exposure could be due to home and work located
near a landfill, garbage dump or incinerator. 

For those that gave possible exposure informa-
tion, there was no significant difference in responses
by parents of children with blood lead levels 
≥10 µg/dL or for those with blood lead levels 
≥20 µg/dL.

4.4 Follow-up of students with blood
lead levels of 10 µg/dL or greater

Of 291 children in the study, 42 (14.4%) presented
blood lead levels equal or greater to 10 µg/dl. Of
these, 31 had blood lead levels from 10 µg/dl to
19.9 µg/dl and for the purposes of follow-up, these
children were assigned to Group 1. The other eleven
children who had levels ≥20µg/dl were assigned to
Group 2.  

Group 1: Of the 31 children of this group,
17 females and 14 males. An in-depth follow-up
interview was conducted with their parents/relatives
to further determine possible exposure risks. At this

second interview, 55.0% (17/31) admitted that
their children were involved in the collection of
metal and other types of waste materials; 23.0%
(7/31) said they lived near landfills where waste is
burned regularly; 13% (4/31) responded that they
worked in automobile machine shops located in
their own homes and that children joined in the
tasks of the shop. Of the 3 remaining parents
(7.5%), one was a plumber, another manipulated
different metals and the third lived with relatives in
a house next to a closed car battery factory. 

Group 2: Of the 11 children of this group, 10 males
and 1 female. Six attended School Nº 8 and
5 attended School Nº 12. For Group 2, an in-depth
follow-up interview and visits to their houses and
surroundings were conducted with their parents/
relatives to further determine possible exposure
risks. In addition, a second blood lead test was car-
ried out in 10 of the 11 members of this group. The
remaining boy was not present on the test day. He
was visited at home, but their parents refused the
second test. Follow-up information on Group 2 is
shown in Table 6.

Age in years Gender 1º blood lead test
(µg/dL)

2º blood lead test
(µg/dL)

Probable source of exposure to lead

4 male 41.6 32.4 Played in or around the car machine shop

9 male 39.9 28.2 Lived in a contaminated site (closed factory)

10 male 33.2 No data Child Labour. Metal collection and recycling garbage for re-sale

6 male 32.2 21.4 Child Labour. Metal collection and recycling garbage for re-sale

15 male 28.5 31.6 Child Labour. Metal collection and recycling garbage for re-sale.

14 male 27.6 27.5 Child Labour. Metal collection and recycling garbage for re-sale.

14 male 27.5 33.7 Child Labour. Metal collection and recycling garbage for re-sale.

12 male 27.1 28.3 Child Labour. Metal collection and recycling garbage for re-sale.

12 male 23.4 16.3 Child Labour. Metal collection and recycling garbage for re-sale.

5 female 21.5 18.7 Lived near a waste disposal site where waste was regularly burned

15 male 21.3 24.5 Child Labour. Metal collection and recycling garbage for re-sale

TABLE 6.  FOLLOW-UP INFORMATION ON AGE, GENDER, BLOOD LEAD TESTS AND PROBABLE SOURCES OF
LEAD EXPOSURE FROM CHILDREN IN GROUP 2 (N=11)



For the 10 children in Group 2 completing the
second round of blood testing, 5 had decreased
blood lead levels, 4 increased and one showed no
change. No child in Group 2 had follow-up levels
less than 10 µg/dL and only 2 out of 10 had
decreased to levels below 20 µg/dL.

Parents indicated in the follow-up interview that
8 of 11 (73%) of the children in Group 2 were
involved in collection of waste material for re-sale.
The remaining three were either living or playing
near a waste or contaminated site.

5.0 Discussion 
5.1 Sample characteristics 
In this study, participation was voluntary, anony-
mous and free of charge A non-random conven-
ience sample was considered the most appropriate
method to follow the open relationship that had
been forged with the parents/guardians and stu-
dents of both schools. 69.1% of the total number of
students that attended the two schools accepted,
freely, to participate in the study. 

There were no statistically significant differences
in gender distribution between the two schools that
were studied, but there was a difference in age dis-
tribution. School No 12 had fewer children age 15
or greater and no children less than 5 years of age,
significantly different from School No 8. 

5.2 Blood lead levels
5.2.1 Previous studies
There are no published studies in Argentina with
sufficiently representative samples that can provide
an estimate of change in average blood lead levels of
Argentinean children over the last two decades. For
this reason, it is impossible to evaluate the impact of
environmental measures aimed at decreasing lead
exposure. Of all these measures, the most important
was the elimination of lead tetraethyl from gas
which occurred in Argentina in 1996.

Although there are no studies which can be
directly compared to each other and the findings
from this report, there have been several studies
(published and un-published) that have measured
blood lead levels in asymptomatic Argentinean chil-
dren. They differed in their objectives, socio-eco-
nomic levels, age of participants and in some cases
the techniques used to measure blood lead levels. A
summary of these studies and related findings can
be found in Table 7.

The American Academy of Pediatrics (AAP)3

states that in spite of the successful decrease with
respect to the blood lead levels of American children
due to the elimination of leaded gasoline, there are
still risks of lead exposure for children from low
income families and those residing on the periphery
of cities (close to highways, garbage dumps, etc.).
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Reference Study area Age group Sample Description N Mean µg/dL Percent ≥10 µg/dL

Hansen 199613 Cordoba 6 month–9 years N/A 172 7.7 26.7%

Rivirosa 200014 Greater Buenos Aires
and Interior

3 months–13 years N/A 203 5.2 9.6%

Duran 200015 Capital and Greater
Buenos Aires

1 to 24 months Industrial area of Matanza-
Riachuelo river basin

48  9.8 39.6%

Rogers 200216 Capital and Buenos
Aires Province

9 to 36 months Middle class 100 3.2 3.0%

Fernandez 200617 Cordoba 4 to 14 years 70% with UBN 30 4.5 0.0%

TABLE 7.  ARGENTINEAN STUDIES OF BLOOD LEAD LEVELS IN ASYMPTOMATIC CHILDREN
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AAP recommends that the levels of lead in blood in
those groups of children be tested and monitored
regularly and that families be educated on preven-
tion and possible sources of exposure.

5.2.2 Data obtained in the present study
In this study carried out in Zárate (n=291), children
came from low income families with unsatisfied
basic necessities and at high risk for certain types of
lead exposure. In this study, 14.4% (42/291) of the
children had blood lead levels ≥10 µg/dL, and of
these children the mean blood level was 17.6 µg/dL,
with a median of 14.4 µg/dL. Of these children, 4%
had blood lead levels ≥20 µg/dL and 2 children
exceeded 35 µg/dL. 

When analysing the group of children with
blood lead levels ≥20 µg/dl, it was found that the
number of males was significantly more than the
number of females. This is in agreement with infor-
mation reported by the international literature that
attributes higher risk of exposure to males due to
their social behaviour.4,5

In this study, significantly more children from
School Nº 8 had high blood lead levels compared to
School Nº 12. This may be due to a difference in
age distribution in the samples from the two schools
because the sample from School Nº 8 had more
children less than 6 years of age. This study found
that a significantly higher proportion of children
less than 6 years of age had blood lead levels
≥10 µg/dL compared to those age 6 to 16.

5.3 Indicators and risk factors for
increased blood lead levels

5.3.1 Initial questionnaire results
Results from the initial parent questionnaire showed
a significant relationship between child blood lead
levels ≥10 µg/dL and: parents or relatives exposed to
lead; parent or guardian with incomplete primary
school and child repeating one or more grades. No
significant relationship was found between child
blood lead levels and parents working with lead or if
the child of the study was involved in any work relat-
ed activities. Very few parents indicated the presence

of home/work conditions that could be related to
increased risks of lead exposure. Very few parents
indicated as probable sources of lead exposure lead
paint, lead water pipes, or home/work location near
industry, waste dumps and/or incinerators. Follow-
up interviews with parents provided a more com-
plete and accurate picture of exposure risks for those
children with higher lead levels. (see Section 5.32)

5.3.2 Follow-up of students with blood lead levels
of 10 µg/dL or greater

All children that participated in the study lived
under environmental conditions that involved lead
contamination risks. However, it was decided that
follow-up should only occur with children having
blood lead levels from 10 to 19.9 µg/dL (Group 1)
and those with levels equal or greater than 20 µg/dL
(Group 2), following CDC recommendations. The
mean blood lead levels of children in these two
groups was four times higher than those that had
blood lead levels of less than 10 µg/dL. 

The follow-up procedures carried out with these
two groups of children allowed for an important
contact with the parents/guardians that facilitated
the detailed analysis of the probable sources of
exposure and ways to remove children from these
sources. 

During follow-up, individual meetings with the
31 parents/guardians of Group 1 students (blood
lead levels ranging between 10 µg/dL and
19.9 µg/dL), 21 of them (67.7%) said that their
children were involved in activities that could
expose them to lead including: collection of metal
and other types of waste materials and work in auto-
mobile machine shops. Seven of them (22.6%) said
they lived near landfills where waste was burned reg-
ularly. Of the remaining parents, one was a
plumber, another manipulated different metals and
the third lived with relatives in a house next to the
car battery factory that was closed. 

Something similar occurred with parents/
guardians of Group 2 students (blood lead levels
≥20 µg/dL). Eight of them mentioned that their
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children were involved in the collection of metal
and other types of waste materials. The child with
the highest blood lead level in the study frequently
played in a machine shop. Another child lived near
a closed lead smelter, and the only female in the
group lived near a landfill site where waste was
burned regularly.

During the original parent/guardian question-
naire, only 12 out of the 42 parents of children from
Groups 1 and 2 provided affirmative answers to the
question, “Is the child involved in any work related
activities?”. In the follow-up interviews for Groups 1
and 2, parents/guardians indicated that 29 out of
the 42 children (69.0%) were involved in work
activities. Twenty five of them worked collecting
metal and other types of waste materials. Informal
collection of waste materials is a common practice
in most Argentinean cities. Paper, cardboard, glass
containers, metals and other materials are gathered,
classified and sold. The value of metals is generally
superior to other materials. It is common for chil-
dren to take part in collection activities as well as
classification. Collection and classification of waste
materials is carried out in the open at landfills where
garbage is burned and children are exposed to the
sun, pollutants and diseases, among other environ-
mental threats. 

There are several possibilities as to why some
parents did not, in the initial questionnaire, state
that their children worked. First, many parents/
guardians do not recognize the tasks that children
carry out as work, especially when that are related to
assisting the parents/guardians. Secondly, parents/
guardians may be consciously omitting this infor-
mation for fear of legal sanctions. Lastly, parents/
guardians may rely on income generated by their
children and be concerned about the possible finan-
cial hardship that not having them work could
bring to the family. Unfortunately the reasons for
reluctance to omit child labour goes beyond the
scope of the present study but certainly reflects a
need to look into this further. 

For the 10 children out of 11 in Group 2 com-
pleting the second round of blood testing, 5 had
decreased blood lead levels, 4 increased and one
showed no change. No child in Group 2 had follow-
up levels less than 10 µg/dL and only 2 out of 10
had decreased to levels below 20 µg/dL. 

The mean half-life of lead in blood is considered
to be between 20 and 40 days. The follow-up blood
sample at 30 days may not have been sufficient time
to see significant decreases in blood lead levels in
these children even if their exposure was decreased.
Based on this it is essential that children with high
blood lead levels receive ongoing medical supervi-
sion to monitor their blood lead levels over time.

6.0 Study strengths and limitations 
6.1 Strengths
a. Sampling took place in the schools, an environ-

ment that children knew and could trust. 

b. The study was requested by parents and teachers,
with strong support from the community, school
administrators, Municipality of Zárate, and dif-
ferent health professionals.
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c. The use of portable LeadCare®  equipment
allowed investigators to go to the schools and
carry out the study where the selected school
population sample congregated, avoiding the
transfer of students to hospitals or health centers.
The blood sample was obtained quickly and with
little pain by puncturing the finger. It was also
possible to repeat the sample at the same moment
if required, reducing cost of analysis. 

d. During the preparation stage of the present study,
the Central Service of Large Instruments (SECE-
GRIN) of the Regional Center of Development
and Technology (CERIDE-UNL/CONICET)
analyzed 40 blood samples in parallel using the
atomic absorption spectroscopy reference
method. This resulted in a correlation coefficient
(r) of 0.87.

e. A non-random convenience, sample that was
anonymous and free of charge was chosen because
it was considered appropriate for the objectives of
the study and in agreement with the open rela-
tionship that had been forged with parents/
guardians and students during previous meetings.
69.1% of the total number of students that
attended the two schools accepted, voluntarily, to
participate in the study. 

f. At all stages of the study parents/guardians,
teachers, administrators, local and provincial offi-
cials were involved through repeated community
or individual meetings.

6.2 Limitations
a. Although previous studies documented in the

Discussion provide some reference values for
blood lead levels in Argentine children, for this
study, there is no control group of children that
can be compared to the children that participat-
ed in this study.

b. The sample was not randomized. Voluntary par-
ticipation could have created bias. The fact that
parents wanted their children to be investigated
could mean that they suspected probable expo-
sure to lead. 

c. Comparing both schools, there were statistically
significant differences in the sampling distribu-
tion regarding certain age groups. 

d. There were a low percentage of answers received
in the original parent’s questionnaire.

7.0 Conclusions and 
recommendations

Conclusion 1: 
More than 14% of the children studied in Zárate
had blood lead levels warranting some type of fol-
low-up according to CDC recommendations. 

Recommendations: 
Disseminate the conclusions of the study to par-
ents/guardians, teachers and school administrators,
authorities of the Municipality of Zárate and
Ministry of Education of the Province of Buenos
Aires, including ways to reduce the risk of lead
exposure. 

Conclusion 2: 
Eleven children out of 291 had blood lead levels
equal to or greater than 20 µg/dL. Ten of them
completed the second round of blood testing. All of
these children continued to show blood lead levels
greater than 10 µg/dL after a 1 month follow-up
blood test. 

Recommendations: 
• Encourage parents/guardians to continue med-

ical follow-up for all children with elevated blood
lead levels with the goal to reach non-interven-
tion levels (<10 µg/dL) for every child.

• Encourage parents/guardians with other children/
adults in these homes to have their blood lead
levels tested.

• Increase awareness among health professionals of
the need for continued follow-up of children pre-
senting with elevated blood lead levels.

Conclusion 3: 
Children with elevated blood lead levels were likely
to participate in the collection and processing of
scrap and waste material for re-sale. Living in
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homes near waste sites, incinerators or industrially
contaminated sites are also probable sources of lead
contamination. Ten of the 11 children with blood
lead levels of 20 µg/dl or greater were boys.

Recommendations:
Encourage continued meetings on environmental
health issues between parents/guardians, schools
and the community. Focus discussions on environ-
mental risks, particularly those associated with child
labour.

Encourage the local government, the community
and schools to provide adult education classes on
environmental hazards in the community.

Incorporate classes on children’s environmental
health in the educational curriculum of schools with
special emphasis on issues related to lead contami-
nation.

Conclusion 4: 
In this study, a significantly higher proportion of
children less than 6 years of age had blood lead lev-
els ≥10 µg/dL compared to those age 6 to 16.

Recommendations:
Educate parents/guardians of younger children
about reducing lead exposure with a focus on hand-
to-mouth risks.
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1.0 Background
In addition to the original study conducted in Zárate1, the Steering Committee of the Measuring the
Environmental Impact on Children’s Health in the Southern Cone Project decided that the Profile of Children’s
Environmental Health in Argentina should include a preliminary pilot study to determine the blood lead
levels in school aged children from a non-industrial area of the Province of Misiones. In keeping with the
original objectives of the Zárate study, it was the intention of this pilot study to recruit from an area with
homes with Unsatisfied Basic Necessities (UBN).

For this purpose, School Nº 783 located in an outlying neighborhood of the city of Posadas was selected.
This school is located in a non-industrial neighborhood, near informal waste disposal sites and characterized
as a precarious urban area without basic sanitation services.

2.0 Information on the City of Posadas, Misiones Province
The city of Posadas is the capital of the Province of Misiones. The city is located on the left riverbank of
the Paraná River, southwest of the Province, with a population of 252,9812. Thirty-five percent of the pop-
ulation of Posadas is under 15 years of age2. It is the most populated city of the Province of Misiones and
at the moment it is one of the most active and growing cities in the whole North East Region of Argentina.
Since Posadas is the capital of the Province, almost all government offices are located here. The main eco-
nomic activity of the Province revolves around agriculture and forestry. The main industries related to this
activity are located inside the Province. 

3.0 Objectives 
The objective of the study was to investigate the blood lead levels in school aged children in a school located
in the periphery of the city of Posadas, Misiones Province.

4.0 Population, materials and methods 
The study was developed in the city of Posadas, Misiones Province (Argentina), during the months of
March and April 2006. The population included 213 students of both sexes, ages 5 to 16 years attending
School Nº 783 located in an outlying neighbourhood of the city of Posadas, under the responsibility of the
Ministry of Education of the Province of Misiones. 

The majority of students came from homes qualifying as having at least one or more unsatisfied basic
necessities (UBN) including: unsafe housing; without a functioning bathroom; over-crowding, incomplete
schooling of the parents, and families with less than subsistence level income. In general they lived in
neighborhoods with unpaved streets, without sewers, with restricted access to drinking water and without
waste collection services.

Appendix A
Examination of blood lead levels in school aged children from the
City of Posadas, Misiones Province
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A descriptive, cross sectional study was carried out. All students from School No 783 were invited to par-
ticipate in the study. Those that accepted the invitation formed part of a non-random convenience sample.
Participation in the study was voluntary, anonymous and free of charge. 

Inclusion parameters required that participants were students of School No 783 of the city of Posadas
between 5 and 16 years of age and had signed consent forms (by parents or guardians). Exclusion parameters
included religious objections to blood extraction, treatment with chelating agents up to 6 months prior to the
study and refusal by the children themselves at any stage of the study including during blood sampling.

The study was approved by the Ethical Committees of the National University of Misiones (Argentina)
and the University of Ottawa (Canada). Confidentiality of children’s personal data was ensured through the
Personal Data Protection Law 25.3263. The National University of Misiones took the responsibility of pro-
tecting and handling all collected information. Personal information was coded so that children were not
identifiable by name. In order to carry out the study in this school and conduct all research activities on
site, all necessary permits and approval were negotiated from the School Council of the Ministry of
Education of the Province of Misiones, with help from local authorities.

5.0 Study development
5.1 Information prior to the study 
Information meetings were conducted in the participating school prior to the study. Students,
parents/guardians, administrative and educational staff participated in the meeting. 

At the meetings information was provided on exposure to lead, the ways in which exposure can occur,
potential health effects, the special vulnerability of children, prevention and treatment options. Also, infor-
mation was provided on the characteristics of the study, the reasons for blood sampling in order to identi-
fy the participants’ blood lead levels and the way in which the sample was to be obtained. Students were
invited to participate with parents/guardians being informed that their child could only participate if they
signed the informed consent form. 

As part of the meetings, students, parents/guardians and teachers were invited to ask questions to clari-
fy anything they did not understand.

5.2 Blood sampling and presentation of results
Blood sampling was carried out by researchers from the Toxicology and Legal Chemistry Class from the
Faculty of Exact, Chemical and Natural Sciences of the National University of Misiones who used clean,
disposable gloves for each sample, protective clothes and safety goggles. The children’s hands were first
washed with soap and warm water, the selected finger was then cleaned with ethyl alcohol (70%) and dried
with absorbent gauze. The finger was then punctured on the side, not on the finger pad. The first drop of
blood was cleaned with absorbent gauze, the second drop after applying gentle pressure was used to fill the
of blood sampling capillary of the LeadCare®equipment. Finally, after cleaning the exterior of the capillary
with absorbent gauze to remove any excess blood, the sample was immediately mixed with the reagent. All
steps indicated by the LeadCare®equipment manufacturer were then followed until results were displayed
on the screen. 

Although blood lead levels were obtained quickly, results were presented to the parents 30 days after
sampling, in sealed envelopes, during individual meetings and in presence of school authorities. 
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5.3 Analytical techniques
According to the World Health Organization (WHO) recommendations, portable measuring equipment
was used, using an electrochemical technique called LeadCare®(CDC protocol for lead in blood number:
NCCLS document C40-TO ISBN 1-56238-437-6). The method has a detectable range of 1.4 to 65.0
µg/dL. The volume of each sample was 50 µL of blood. 

Counter et al. (1998) analyzed duplicate samples to investigate blood lead levels from venous blood com-
paring two methods: ESA LeadCare and Atomic Absorption Spectrometry in graphite oven. The correlation
coefficient was (r)=0.829. Pineau et al. (2002) also compared both methods obtaining a correlation coeffi-
cient of r=0.95.

For the calibration of the LeadCare®equipment, the atomic absorption spectroscopy reference method
with graphite oven technique was used. Calibration of the LeadCare®equipment was done by the Central
Service of Large Instruments (SECEGRIN) of the Regional Center of Development and Technology
(CERIDE-UNL/CONICET) that analyzed 40 blood samples in parallel using the atomic absorption spec-
troscopy reference method. This resulted in a correlation coefficient (r) of 0.87. 

5.4 Statistical analysis 
A database was created using Epi INFO software5. Data was recorded and analyzed using the Epi INFO
software. Charts and figures were created using Microsoft Excel or Word software. 

Comparison of means was done using a Student t-test. Where variances of the two means differ, non-
parametric analysis was performed using Kruskal-Wallis test for two groups (equivalent to Chi-square).
Comparison of proportions among groups was carried out using the Chi-square test with Yates correction.
Where an expected value was less than 5, Fisher
exact test was used. For all statistical tests, signifi-
cance was accepted at the 95% level (p≤ 0.05). The
analysis was carried out by researchers from the
National Institute of Epidemiology “Emilio Coni”
and Memorial University of Newfoundland.

6.0 Results
6.1 Sample characteristics 
The sample included 81 students, 5 to 16 years of
age attending School Nº 783 (41 females and
40 males). Sample characteristics by age and gen-
der are presented in Table 1. 

Gender distribution was normal in this sample
and there were no significant difference in the pop-
ulation with regard to gender by age group.
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Age and gender Posadas

Number %

5–9

Female 14 60.9

Male 9 39.1

Total 23 28.4

10–14

Female 25 45.5

Male 30 54.5

Total 55 67.9

15–16

Female 2 66.7

Male 1 33.3

Total 3 3.7

TOTAL 81

TABLE 1. SAMPLE CHARACTERISTICS BY AGE AND
GENDER FROM STUDENTS OF SCHOOL
Nº 783.



The proportion of children with blood lead levels of 10 µg/dL6 or greater was 16%. The mean for these
children was 13.5 µg/dL, standard deviation 4.8 µg/dL, median 11.0 µg/dL and mode 11.0 µg/dL. There
were no significant differences in the proportion of children with blood levels ≥10 µg/dL due to gender or
age group. Only one child had a blood lead level greater than 20 µg/dL. 

For the 84% of children with blood lead levels
under 10 µg/dL, the mean was 4.3 µg/dL, standard
deviation 1.9 µg/dL, median 4.0 µg/dL and mode
4.0 µg/dL. The majority of children (53.1%) had
blood lead levels less than 5 µg/dL. 

The distribution of blood lead levels for children
in School No 783 in Posadas is presented in Figure 1.

7.0 Discussion and conclusions
There was no significant difference in mean blood
lead levels in children from Posadas (5.8 µg/dL) in
this study compared to those studied in Zárate 
(6.3 µg/dL)1. There was no significant difference in
the proportion of children with blood lead levels
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6.2 Blood lead levels
The concentration of lead in blood from 81 children had a mean of 5.8 µg/dL, standard deviation
4.3 µg/dL, median 4 µg/dl and mode 4 µg/dL. The distribution of blood lead levels by gender is presented
in Table 2. 
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BP in blood (µg/dl) Posadas, School Nº 783

Both genders Females Males

No. % No. % No. %

Total 81 100.0 41 100.0 40 100.0

0–4.9 43 53.1 24 58.5 19 47.5

5–9.9 25 30.9 12 29.3 13 32.5

10–14.9 10 12.3 5 12.2 5 12.5

15–19.9 2 2.5 0 0.0 2 5.0

20–24.9 0 0.0 0 0.0 0 0.0

25–34.9 1 1.2 0 0.0 1 2.5

35 + 0 0.0 0 0.0 0 0.0

≥10 13 16.0 5 12.2 8 20.0

TABLE 2. BLOOD LEAD LEVEL DISTRIBUTION IN CHILDREN BY GENDER FROM SCHOOL Nº 783 IN POSADAS, 
MISIONES PROVINCE. 

FIGURE 1.  BLOOD LEAD RANGES, µg/dL, 
PERCENT OF CHILDREN IN EACH RANGE
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≥10 µg/dL from Posadas (16%) compared to those
studied in Zárate (14%). 

This study of blood lead levels in children in
Posadas was intended as a preliminary pilot test site
representing a non-industrial area in Misiones.
Therefore, unlike the main study in Zárate, no
detailed information on risk factors was gathered in
Posadas. However, it should be noted that in both
studies, participants were recruited from areas with
homes with unsatisfied basic necessities. Regardless
of location, children living in conditions of unsatis-
fied basic necessities can be at risk for adverse envi-
ronmental contamination.

8.0 Endnotes
1 National Institute of Statistics and Census. INDEC. National

Census 2001.
2 http://www.iijusticia.edu.ar/legislacion/HabeasData.htm
4 LeadCare®is a portable device that measures blood lead levels

using a finger prick method. Results are calculated within
5–10 minutes.

5 Epi INFO software is a word processing, database and statistics
software for epidemiology. The programme was produced by
the Epidemiology Program Office, Centers for Disease Control
and Prevention, and the Global Programme on AIDS, World
Health Organization, and is provided free of charge for use by
the public health community. 

6 Maximum blood lead level allowed by the World Health
Organization. WHO.
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