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Introduction: Whole blood is used for diagnosis of lead exposure. A non-invasive method to
obtain samples for the biomonitoring of lead contamination has become a necessity. This
study 1) compares the lead content in whole saliva samples (Pb-saliva) of children from a
city with no reported lead contamination (Ribeirão Preto, São Paulo State, Brazil) and
children of a region notoriously contaminated with lead (Bauru, São Paulo State, Brazil), and
2) correlates Pb-saliva with the lead content in the enamelmicrobiopsy samples (Pb-enamel)
in the case of these two populations.
Methods: From a population of our previous study that had included 247 children (4- to 6-
year-old) from Ribeirão Preto, and 26 children from Bauru, Pb-saliva was analyzed in 125
children from Ribeirão Preto and 19 children from Bauru by inductively coupled plasma
mass spectrometry (ICPMS). To correlate Pb-saliva with Pb-enamel, we used Pb-enamel data
obtained in our previous study. The Mann-Whitney test was employed to compare the Pb-
saliva data of the two cities. Pb-saliva and Pb-enamel values were then Log10 transformed to
normalize data, and Pb-saliva and Pb-enamel were correlated using Pearson's correlation
coefficient.
Results: Median Pb-saliva from the Ribeirão Preto population (1.64 μg/L) and the Bauru
population (5.85 μg/L) were statistically different (pb0.0001). Pearson's correlation
coefficient for Log10 Pb-saliva versus Log10 Pb-enamel was 0.15 (p=0.08) for Ribeirão Preto
and 0.38 (p=0.11) for Bauru.
Conclusions: A clear relationship between Pb-saliva and environmental contamination by
lead is shown. Further studies on Pb-saliva should be undertaken to elucidate the usefulness
of saliva as a biomarker of lead exposure, particularly in children.

© 2008 Elsevier B.V. All rights reserved.
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1. Introduction

Lead is usually analyzed in whole blood for biomonitoring
exposure in human populations. However, blood collection is

an invasive procedure that causes discomfort, especially in
children (Barbosa et al., 2005). Saliva collection is easier than
blood collection for large population screening studies, and
therefore it has been suggested by some authors as a possible

S C I E N C E O F T H E T O T A L E N V I R O N M E N T 4 0 7 ( 2 0 0 9 ) 1 5 4 7 – 1 5 5 0

⁎ Corresponding author. Tel.: +55 16 3602 4065; fax: +55 16 3633 0999.
E-mail addresses: glauce79@yahoo.com.br (G.R. Costa de Almeida), unbelin@uol.com.br (C. Umbelino de Freitas), fbarbosa@fcfrp.usp.br

(F. Barbosa), tanus@fmrp.usp.br (J.E. Tanus-Santos), rfgerlach@forp.usp.br (R.F. Gerlach).

0048-9697/$ – see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.scitotenv.2008.10.058

ava i l ab l e a t www.sc i enced i rec t . com

www.e l sev i e r. com/ loca te / sc i to tenv

mailto:glauce79@yahoo.com.br
mailto:unbelin@uol.com.br
mailto:fbarbosa@fcfrp.usp.br
mailto:tanus@fmrp.usp.br
mailto:rfgerlach@forp.usp.br
http://dx.doi.org/10.1016/j.scitotenv.2008.10.058


biomarker of lead exposure (Silbergeld, 1993; Koh et al., 2003;
Nriagu et al., 2006).

Indeed, Pb-saliva may indirectly reflect the amount of lead in
plasma (Omokhodion and Crockford, 1991), and in recent years
plasma lead levelshasgainedconsiderable attention (Smithet al.,
2002; Barbosa et al., 2006; Bergdahl et al., 2006). The plasma
reflects the extracellular fluid in the body (Guyton andHall, 2000),
thusallowingaccess to the trueamountsof lead towhichcells are
exposed. The saliva, in turn, is formed by the active transport of
water and ions from plasma (Humphrey andWilliamson, 2001).

Studies from the past decade described plasma concentra-
tions in lead workers and controls (Schütz et al., 1996), as well
as in unexposed and exposed children (Bergdahl et al., 1999),
showing that plasma lead concentrations are reliable.

In this sense, this study aimed at: (1) comparing Pb-saliva
in samples from a city with no apparent lead contamination
(Ribeirão Preto, São Paulo State, Brazil) with samples from an
area notoriously contaminated located in the city of Bauru
(Bauru, São Paulo State, Brazil), and (2) correlating Pb-saliva
with Pb-enamel in these two populations.

2. Methods

2.1. Sample population

The study proposal was approved by the Ethics Research
Committee (FORP/USP protocol no. 2003.1.353.58.7), according
to Resolution 196/96 of the National Ethics Research Commit-
tee. Parents signed an informed consent prior to inclusion of
their child in the study.

The children studied herewere the same that participated in
our previous study (Costa de Almeida et al., 2007) that had
included 247 children (4- to 6-year-old) from Ribeirão Preto, São
Paulo State, Brazil (city with no reported lead contamination),
and26children living ina regionhighly exposed to lead (Barbosa
et al., 2006; de Freitas et al., 2007) during the running of a battery
plant located less than 1000 m from their residences in Bauru,
São Paulo State, Brazil. Further details on the study population
in thisprevious study are available elsewhere (CostadeAlmeida
et al., 2007). Themedianblood lead level in children (6 to8 years-
old) fromRibeirão Preto is 2.0 µg/dL (manuscript in preparation),
while the median blood lead level in children (b13 years-old)
living in the contaminated area in Bauruwas 7.3 μg/dL, and 37%
of these children presented blood lead level above the action
limit established by the World Health Organization (10 μg/dL)
(de Freitas et al., 2007).

2.2. Saliva sample collection

Whole non-stimulated saliva was collected from 125 children
living in Ribeirão Preto and 19 children fromBauru. The reason
why a smaller population was included in the present study is
that some children failed to spit (probably due to different
motor control of muscles in children at this age).

After thoroughly rinsing the child's mouth with tap water,
5 mL of non-stimulated whole saliva was collected into 50 mL
Falcon tubes. The samples were frozen at -20 °C until analysis
was performed. All the saliva collections were carried out
between 8 and 11 a.m.

2.3. Enamel microbiopsy technique and chemical analysis

The detailed enamel microbiopsy procedure and chemical
analysis are described indetail inCostadeAlmeidaet al. (2007).

2.4. Saliva analysis

The saliva samples were analyzed by inductively coupled
plasma mass spectrometry (ICPMS) (Perkin Elmer Elan DRC II)
following the method proposed by Barbosa et al. (2006). The
method's quantification limit was 0.02 μg/L.

2.5. Blood Lead Data

To explore the possible association between Pb-saliva and Pb-
blood, we examined whether Pb-saliva correlated with Pb-
blood in the contaminated region (Bauru) using blood data
derived from the periodic evaluations performed by the
Epidemiological Surveillance System.

The blood samples were collected in three distinct periods:
1) diagnostic assessment; 2) confirmation assessment for the
children who had Pb-blood higher than 10 μg/dL (both
collected in 2002); 3) evaluation of children after environ-
mental control measures were taken (between September
2003 and October 2004). The saliva samples were collected in
August 2004, and the blood samples from the same children
had been collected between May 2002 and December 2002,
before environmental control measures aiming at decreasing
lead content in the environment had taken place. To correlate
Pb-saliva with Pb-blood, only the data concerning Pb-blood
obtained during the confirmation assessment (second collec-
tion) and Pb-blood data obtained after the environmental
control measures (third collection) were used. The data from
the confirmation assessment were employed in the analysis
because the collection time was closest to the saliva collection
time.

2.6. Statistical analysis

The distribution of Pb-saliva and Pb-enamel was analyzed for
normality and lead distributionwas not normal in the Ribeirão
Preto population. The Mann-Whitney test was used to
compare Pb-saliva between the two cities. Moreover, Pb-saliva
and Pb-enamel values were Log10 transformed to normalize
data for testing correlation between Pb-saliva with Pb-enamel.
Only this correlation was performed using Pearson's correla-
tion coefficient.

A probability level of 5% was considered statistically
significant. Statistical analyses were performed using the
Graph Pad Prism Program (Version 3.0).

3. Results and Discussion

This study shows there is a clear relationship between Pb-
saliva and environmental contamination by lead, as judged
from data obtained for populations with different histories of
lead exposure.

Fig. 1 shows Pb-saliva (range and quartiles) found in
children from Ribeirão Preto and Bauru. Pb-saliva in the
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