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Abstract We conducted a study to evaluate the use of
parotid salivary lead (Pb-saliva) levels as a surrogate of
the blood lead (Pb-B) or plasma lead levels (Pb-P) to
diagnose lead exposure. The relationship between these
biomarkers was assessed in a lead exposed population.
Pb-saliva and Pb-P were determined by inductively
coupled plasma mass spectrometry, while in whole
blood lead was determined by graphite furnace atomic
absorption spectrometry. We studied 88 adults (31 men
and 57 women) from 18 to 60 years old. Pb-saliva levels
varied from 0.05 to 4.4 pg/l, with a mean of 0.85 pg/l.
Blood lead levels varied from 32.0 to 428.0 pg/l in men
(mean 112.3 pg/l) and from 25.0 to 263.0 pg/l (mean
63.5 pg/l) in women. Corresponding Pb-Ps were 0.02—
2.50 pg/l (mean 0.77 pg/l) and 0.03-1.6 ug/l (mean
0.42 pg/l) in men and women, respectively. A weak
correlation was found between Log Pb-saliva and
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Log Pb-B (r=0.277, P<0.008), and between Log Pb-
saliva and Log Pb-P (r=0.280, P=0.006). The Pb-sali-
va/Pb-P ratio ranged from 0.20 to 18.0. Age or gender
does not affect Pb-saliva levels or Pb-saliva/Pb-P ratio.
Taken together, these results suggest that salivary lead
may not be used as a biomarker to diagnose lead
exposure nor as a surrogate of plasma lead levels at least
for low to moderately lead exposed population.

Introduction

Whole blood lead (Pb-B) levels have been used as the
primary indicator to diagnose lead exposure throughout
the last five decades (ATSDR 1999). The degree to
which Pb-B reflects the labile, toxic fraction of lead in
the circulation is not yet known. It has been suggested
that plasma lead (Pb-P) represents a more relevant index
of exposure to the distribution of and health risks
associated with Pb than Pb-B does. Indeed, from a
physiological point of view, we can assume that the toxic
effects of Pb are primarily associated with Pb-P, because
this fraction is the most rapidly exchangeable one in the
blood compartment (Barbosa et al. 2005; Fleming et al.
1999; Hu et al. 1998). However, the use of plasma re-
quires an invasive sample collection, which causes dis-
comfort and trauma, especially in children. Since Pb-P
may be directly excreted into saliva, Pb-saliva may
indirectly reflect the fraction of lead in plasma, which is
the most diffusible fraction of lead in blood (Haeckel
1993). Moreover, saliva may be collected non-invasively,
which is of special interest (Aguirre et al. 1993). Despite
these facts, studies evaluating the use of salivary lead
levels to diagnose lead exposure are still scarce. Fur-
thermore, only a few of them evaluated the correlation
between Pb-saliva and Pb-B or Pb-P levels.

While the idea of measuring Pb-saliva is attractive,
some authors advocate that saliva has yet many limita-
tions as a biomarker for biomonitoring lead exposure
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(Koh et al. 2003). Moreover, Pb-saliva levels reported in
the literature are conflicting. This fact is probably due to
large variations in its ion content throughout the day, in
addition to changes in salivary flow rates before, during
and after meals. Variations also arise depending on the
manner in which saliva collection is stimulated (or not),
and on the nutritional and hormonal status of the
individual (Silbergeld 1993). In addition, the very low
levels of Pb present in saliva serve to limit the range of
suitable analytical techniques that can be used to get
reliable data.

Salivary lead measurement is usually performed with
the collection of whole saliva. However, it represents
secretions from the major and minor glands. On the
other hand, individual gland secretions such as that from
parotid saliva are superior to whole saliva for many
compositional analyses because whole saliva contains
nonsalivary elements such as desquamated epithelial
cells, food debris, bacteria, gingival crevicular fluid and
leukocytes. In addition, whole saliva is much more sus-
ceptible for flow variations and contamination during
collection when compared to parotid saliva (DiGregorio
et al. 1974).

Thus, the aim of this paper is to evaluate the rela-
tionship between parotid Pb-saliva levels and Pb-B or
Pb-P levels in an adult population low to moderately
exposed to lead. We also evaluate whether Pb-saliva may
be used as a surrogate of Pb-P levels in the same pop-
ulation, by assessing their saliva/plasma lead ratio.

Methods
Subjects

This study was approved by our institutional review
committee and each subject provided written informed
consent. Volunteers, aged from 18 to 60 (n=288), 57
women (age range 18-60; mean 34.2+10.4) and 31 men
(age range 18-60; mean 36.6+12.4) living in the city of
Bauru, Sdo Paulo, Brazil, comprised the studied popu-
lation. Most of them were highly exposed to lead, from
air and soil, during the running of a battery plant lo-
cated near their income area. Although the battery plant
was closed in 2002, part of this population is still ex-
posed, indoor or outdoor, due to constant deposition of
lead on soil and vegetation surrounding their houses.

Materials

High purity de-ionized water (resistivity 18.2 m£2 cm)
obtained by a Milli-Q water purification system (Milli-
pore, Bedford, MA, USA) was used throughout. All
reagents used were from high purity analytical grade. All
chemical solutions used for Pb determination were
stored in high-density polypropylene bottles. Whole
blood and plasma were stored in 2 ml eppendorffs at
—80°C. Eppendorffs, falcon tubes, plastic bottles,

autosampler cups and glassware materials were cleaned
by soaking in 10% v/v HNOj for 24 h, rinsing five times
with Milli-Q water and dried in a class 100 laminar flow
hood located inside the class 10000 clean room.

Sample collection

Saliva was collected from each volunteer from the par-
otid gland using a modified Carlson—Crittenden collec-
tor. This collector consists of a cup with an inner and
outer chamber (Navazesh 1993). The inner chamber is
attached to a plastic tubing that carries saliva to a pre-
viously ultra-cleaned (2 ml) eppendorff. The outer
chamber is attached to a rubber bulb device via plastic
tubing for suction inducing. After sample collection,
20 ul of a concentrated suprapured HNO; was added to
each eppendorf and immediately frozen at —80°C until
used for analysis.

Venous blood samples were collected from each vol-
unteer in two evacuated tubes of 6 ml containing
lyophilized heparin (Vacuntainer BD, trace metals free).
Before collection, the skin of the volunteer was cleaned
with alcohol and MilliQ water. The first fraction of
blood was used to determine the Pb-B content and the
second was used for plasma collection.

Blood samples were immediately centrifuged 800xg
for 6 min at room temperature) for plasma collection to
avoid transference of lead from erythrocytes. Each
plasma fraction was then pipetted into two ultra-cleaned
eppendorffs (2 ml) and immediately frozen at —80°C
until used for analysis.

Both samples were collected from each volunteer in
the same day and always from 8 to 10 a.m. to reduce
circadian contributions (Tenovuo 1989). Subjects were
asked to come for sample collection after at least 12 h of
fasting, oral hygiene and smoking.

Sample analysis

Blood samples were analyzed by graphite furnace atomic
absorption spectrometry (Varian SpectrAA 220) fol-
lowing the method proposed by Zhou et al. (2002).
Briefly, 100 pl of blood samples were diluted 1:10 with a
solution containing 0.2 % v/v HNOj3 0.5 Triton X-100.
Then, 12 pl of the resulted sample was delivered into the
graphite tube with graphite platforms previously coated
with W-Rh permanent modifier. Calibration was per-
formed against lead aqueous solutions. The method
detection limit is 0.7 pg/dl. To evaluate the accuracy of
the results, NIST 955 whole blood Standard Reference
Material and Blood Reference Materials produced by
the New York State Department of Health as part of
their Interlaboratory Program of Proficiency Testing
were analyzed before and after 10 ordinary samples.
Plasma and saliva samples were analyzed by
inductively coupled plasma mass spectrometry
(Perkin Elmer 6100) following the method proposed



by Schutz et al. (1996) with little modifications. Briefly,
300 pul of plasma were diluted 1:10 with a solution
containing ammonia (0.04 mol/l), disodium ethylenedi-
aminetetracetic dihydrate (Na,EDTA; 200 mg/l) and
Triton X-100 (100 mg/l). The method detection limit for
lead was 0.02 and 0.03 pug/l for saliva and plasma,
respectively.

To check the saliva lead data for accuracy, we com-
pared the lead results of samples with Pb levels higher
than 1.5 pg/l (n=12) by using the inductively coupled
plasma mass spectrometry (ICP-MS) method with those
obtained by an alternative method with graphite furnace
atomic absorption spectrometry (GF AAS). There was
no statistical difference between each pair of values (¢
test, 0.05). To validate Pb-P data, Serum Reference
Materials produced by the New York State Department
of Health as part of their Interlaboratory Program for
Proficiency Testing were analyzed before and after 10
ordinary samples.

Hemoglobin plasma levels were obtained by each
sample to check for possible hemolysis. Hemolized
plasma samples were excluded from the final data.

Statistical analysis

Pb-B, Pb-saliva and Pb-P values were log transformed to
normalize data. The Pearson’s correlation (r, P) was
calculated for associations between Log Pb-saliva with
Log Pb-B, Log Pb-P, time of exposure and age, grouped
or not by gender. Multiple regression analysis was used
to calculate the inter-relationship of all the parameters
considered (independent variables) with Pb-saliva or Pb-
saliva/Pb-P ratio as the dependent variable.

Results

Pb-saliva levels found in the studied group varied from
0.05 to 4.4 pg/l, with a mean of 0.85 pg/l. Pb-saliva
levels varied from 0.05 to 4.4 pg/l (mean 0.86 pg/l,
n=31) in male volunteers and from 0.05 to 3.9 pg/l
(mean 0.84 pg/l, n=>57) in females. Corresponding Pb-
Bs were 32.0-428.0 pg/l (mean 112.3 pg/l) and 25.0-
263.0 pg/l (mean 63.5 pg/l) in men and women, respec-
tively. Plasma lead levels were 0.02-2.50 pg/l (mean
0.77 pg/l) for men and 0.03-1.60 pg/l (mean 0.42 pg/l)
for women.

Relationship between Pb-saliva and Pb-blood
or Pb-plasma levels

We found practically similar correlation coefficients be-
tween Pb-saliva and Pb-B levels (r=0.277, P=0.008)
and between Pb-saliva and Pb-P levels (r=0.280,
P=0.006) as shown in Fig. 1. The same correlation was
also evaluated with data separated by gender, showing
stronger correlations for male volunteers compared to
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females. In males, for example, the correlation between
Log Pb-saliva and Log Pb-B was 0.316, P<0.005 and
between Log Pb-saliva and Log Pb-P was 0.41, P=0.02.
However, there was no statistic significant correlation
between Log Pb-saliva and Log Pb-P for female volun-
teers (r=0.17, P=0.151).

The %Pb-saliva/Pb-B ratio varied from 0.07 to
5.40% for whole volunteers with a mean of 1.33% for
males and 1.51% for females, while Pb-saliva/Pb-P ratio
varied from 0.20 to 18.0 (mean 4.5) for male and from
0.20 to 12.1 (mean 4.6) for female volunteers. Table 1
shows summary statistics for the subject’s data.

Discussion

To our knowledge, this study is the first to describe
the relationship between lead levels in saliva with
those levels in blood and plasma in a wide adult
population exposed to lead. Moreover, this study is
also the first to describe the Pb-saliva/Pb-P ratio and
whether age and gender are factors that might influ-
ence this ratio.
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Fig. 1 Scatter diagrams to show the correlation between Pb-saliva
and a Pb-B, and b Pb-P. (log-normal values; n= 88)
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Table 1 Descriptive statistics of variables under study for the
subjects

Category Mean  Median SD Min  Max
Subjects (n=88)

Women age (n=157) 342 32 12.4 18 60
Men age (n=231) 36.6 35 104 18 60
Pb-saliva (ug/l)

Women 084 0.75 0.7 0.05 3.9
Men 0.86 0.63 0.9 0.05 4.4
Pb-P (ug/l)

Women 042  0.36 0.32  0.03 1.60
Men 0.77  0.46 0.83  0.02 2.50
Pb-B (ng/l)

Women 63.5 37.6 56.0 25 263
Men 112.3  74.0 98.2 32 428
Pb-saliva/Pb-B ratio (%)

Women 1.22 1.2 0.07 5.40
Men 0.74 1.9 0.07 4.57
Pb-saliva/Pb-P ratio

Women 4.6 1.8 6.8 0.20 12.1
Men 4.5 2.0 9.9 0.20 18.0

Max maximum, Min minimum, SD standard deviation

While other studies had suggested stronger associa-
tion between Pb levels in saliva and those in plasma or
blood (Silbergeld 1993; P’an 1981; Brodeur et al. 1983;
Omokhodion and Crockford 1991; Timchalk et al.
2001), our results show a weak correlation between Pb-
saliva and Pb-B (r=0.277, P=0.008) or Pb-P (+r=0.280,
P=0.006). One of the reasons for this difference must be
due to the distinction in the blood lead levels of the
volunteers evaluated in those studies with our volun-
teers. For example, the study made by P’an (1981) was
on a population with much higher levels of Pb-B, and if
only subjects with comparable (to this study) levels of
blood lead were compared, the relationship between Pb-
saliva and Pb-B in the P’an study would also be weak.

Some studies are suggesting that Pb-P levels may
better reflect the toxicologically labile fraction of circu-
lating Pb that is more freely available for exchange with
target tissues than do Pb-B levels (Barbosa et al. 2005).
This suggestion is consistent with the toxicokinetic
characteristics of readily exchangeable Pb, and it has
also been substantiated by recent data indicating that %
Pb-P/Pb-B ratio are more strongly associated with bone
lead levels than are Pb-B levels (Cake et al. 1996).
Plasma lead levels may also reflect endogenous lead
stored in bone for years, which in course may be released
back to the bloodstream during the bone remodeling
process (Barbosa et al. 2005). However, the use of
plasma requires an invasive sample collection, which
causes discomfort and trauma, especially in children.

It has been argued that Pb in saliva is the direct
excretion of the Pb fraction in diffusible plasma, i.e., the
fraction not bound to proteins (Omokhodion and
Crockford 1991). Despite the associations reported in
the literature, the older saliva Pb concentrations are
quite high, and the values vary from study to study

(Fung et al. 1975; Gonzalez et al. 1997). Fung et al.
(1975), for example, reported that mean salivary Pb is
31% of mean blood-Pb among nine children, in whom
the mean blood-Pb was 420.0 pg/l. In another study, 24
adults with a mean blood Pb of 86.0 pg/l had a mean
salivary Pb level that was 56% of the blood-Pb level
(Omokhodion and Crockford 1991). In contrast, our
results show much lower levels of lead in parotid saliva
(mean of 0.85 ug/l). It can be pointed out that our
findings are in agreement with recent data reported by
Koh et al. (2003) and Wilhelm et al. (2002) in exposed
and unexposed subjects, respectively. Koh et al. (2003)
determined Pb in saliva and blood from 82 exposed
adults using electrothermal atomic absorption spec-
trometry (ET AAS). The mean blood-Pb reported was
266.0 pg/l and the mean salivary Pb was 7.7 pg/l (i.e.,
3% of the mean blood-Pb). Wilhelm et al. (2002) found
that the Pb content in the saliva of unexposed children
was lower than 1.5 pg/l. One reason for this discrepancy
on the Pb-saliva levels between earlier studies and more
recent ones may be due to contamination during sample
collection and/or analysis in the former.

We found a percentage Pb-saliva/Pb-B ratio varying
from 0.07 to 5.40% and Pb-saliva/Pb-P ratio from 0.20
to 18.0. Koh et al. (2003) also observed comparable
percentage Pb-saliva/Pb-B ratios in their study with ex-
posed lead workers. However, they did not measure
plasma lead levels. On the other hand, in a recent pub-
lication, Timchalk et al. (2006) found Pb-saliva/Pb-B
ratio ranging from 0.01 to 0.06 in rats treated with a
single dose of 100 mg/kg/day lead acetate.

A high intersubject saliva/plasma lead ratio in this
study was observed. This variation was higher among
male volunteers compared to females. However, multi-
ple regression analysis shows no influence of age, gender
and time of exposure on Pb-saliva levels or Pb-saliva/Pb-
P ratio. Other studies have stated high intersubject sal-
iva/plasma ratio variability for other elements such as
lithium with a low intrasubject variability (Siegel 1993).
Unfortunately, we did not evaluate the intrasubject
variability in our study. However, if Pb behavior is as-
sumed to be similar to lithium, one may advocate that
salivary monitoring might only be a useful predictor of
plasma concentration irrespective of whether a saliva/
plasma ratio is established for each subject (Siegel 1993).

In conclusion, while the idea of measuring Pb-saliva
for monitoring lead exposure is attractive, our findings
suggest that parotid saliva is neither a suitable biomar-
ker to diagnose lead exposure nor a surrogate of Pb-
plasma levels, at least for low to moderately exposed
populations such as that evaluated in this study.
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