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bstract

Argentinean propolis is exported to different countries, specially Japan. The market demands propolis quality control according to international
tandards. The analytical determination of some metals, as lead in food, is very important for their high toxicity even in low concentrations
nd because of their harmful effects on health. Flavonoids, the main bioactive compounds of propolis, tend to chelate metals as lead, which
ecomes one of the main polluting agents of propolis. The lead found in propolis may come from the atmosphere or it may be incorporated in the
arvest, extraction and processing methods. The aim of this work is to evaluate lead level on Argentinean propolis determined by electrothermal
tomic absorption spectrometry (ET AAS) and UV–vis spectrophotometry (UV–visS) methods, as well as the effect of harvest methods on those
ontents. A randomized test with three different treatments of collection was made to evaluate the effect of harvest methods. These procedures
ere: separating wedges (traditional), netting plastic meshes and stamping out plastic meshes. By means of the analysis of variance technique for
ultiple comparisons (ANOVA) it was possible to conclude that there are significant differences between scraped and mesh methods (stamped
ut and mosquito netting meshes). The results obtained in the present test would allow us to conclude that mesh methods are more advisable than
craped ones in order to obtain innocuous and safe propolis with minor lead contents. A statistical comparison of lead determination by both,
T AAS and UV–visS methods, demonstrated that there is not a significant difference in the results achieved with the two analytical techniques
mployed.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Much attention has been given to the determination of heavy
etals, especially some toxic metals as lead, for their high tox-

city even in low concentrations and because of their harmful
ffects on health [1]. Lead is a toxic and pervasive chemical
hich causes neurological, physiological and behavioural prob-

ems in children ranging from raised hearing threshold and a

ecrease in IQ at low lead levels in blood to acute encephalopa-
hy, memory loss and death at higher lead levels in blood [2]. The
cientific literature on lead is extensive and numerous reviews
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E-mail address: amsales@fbqf.unt.edu.ar (A. Sales).

d
(
l
a

d
i

304-3894/$ – see front matter © 2006 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2006.05.026
od effects

ave been published. A very complete monograph was prepared
y the fifty-third meeting of the Joint FAO/WHO Expert Com-
ittee on Food Additives (JECFA) [3], in has been given which

he critical effects on humans are explained and the relationship
etween the health effects of current levels of exposure to lead
nd the impact on health that might be anticipated from reducing
xposure, are defined.

The main sources of lead intake in humans are inhaled air,
iet and drinking water. A provisional tolerable weekly intake
PTWI) of lead from drinking water and diets has been estab-
ished by WHO to be 25 �g kg−1 body weight for people in all

ge groups [4].

The estimated weekly intake of lead in each of the regional
iets derived from the proposed Codex limits is 17 �g kg−1 bw
n the Middle Eastern diet, 15 �g kg−1 bw in the Far Eastern diet,
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3 �g kg−1 bw in the African diet, 13 �g kg−1 bw in the Latin
merican diet, and 20 �g kg−1 bw in the European diet. The

ontribution of each food category to the total intake varies from
to 90 �g day−1 [3]. Considering the low levels of lead concen-

ration in foods, sensitive analytical techniques are required to
btain adequate detection limits.

Propolis is a mixture of various amounts of beeswax and
esins collected by the honeybee from plants, particularly from
xudated and leaf buds. It can be assumed that in the process of
ollecting and modelling the resins, they are mixed with some
aliva and other secretions of bees as well as with wax. The
omposition of propolis depends on the type of plants accessi-
le to the bees. The major compounds are resins composed of
avonoids and phenolic acids or their esters, which often form
p to 50% of all the ingredients. The rest of the components are
ormed by 25–35% of waxes and fatty acids, 10% of volatiles
ssential oils, 5% of pollen and 5% of other organics and min-
rals [5].

Propolis is another medicinal marvel from the beehive. One
f the most widely known and extensively tested properties of
ropolis is its antibacterial activity. Many scientific tests have
een conducted with a variety of bacteria, fungi, viruses and
ther microorganism [6]. Many of these tests have shown a
ositive control of the organisms by various extracts and concen-
rations of propolis. General medicinal uses of propolis include
reatment of the cardiovascular and blood systems, respiratory
pparatus (for various infections), dental care, dermatology (tis-
ue regeneration, ulcers, excema, mycosis, mucous membrane
nfections and lesions), digestive tracts, liver protection and sup-
ort and many others. Some references to these applications can
e found in Apimondia [7]. Propolis is generally used to make
ietary supplements.

The main bioactive compounds of propolis are phenols
nd specially flavonoids [8]. These compounds have impor-
ant antioxidant [9] and antimicrobial [10,11] properties. They
educe the lipidic peroxidation and the effect of free radicals
12] thus contributing to reduce the risk of heart diseases [13].

Flavonoids tend to chelate metals as iron and copper, which
re catalytic compounds of chemical reactions that form free
adicals [14]. But the same property allows flavonoids to form
helates with heavy metals [15] such as lead, which becomes
ne of the main polluting agents of propolis. The lead found in
ropolis may come from the atmosphere or it may be incorpo-
ated in the harvest, extraction and processing [16].

In Brazilian Propolis, Alcici et al. [16, op.cit] determined con-
entrations from 2.7 to 3.1 mg kg−1 of lead in propolis collected
y netting, whereas in propolis of scraped, with painting rests,
he values found ranged from 19 to 48 mg kg−1. In the United
ingdom in 1995, Food Standards Agency [17] reported prob-

ems of elevated values of lead, from 2.3 to 461 mg kg−1, for 20
amples of propolis provided by members of the British Bee-
eepers Association and analysed by using inductively coupled
lasma mass spectrometry (ICP-MS). Food and Drug Adminis-

rations, from the USA, reported some cases of contamination
ith lead of dietary supplements made from propolis in 1994

18]. Lead concentration ranged from just above the statutory
eneral limit of 1 mg kg−1 for lead in food up to 1570 mg kg−1

a
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n the worst case. Estimated exposures to lead by consumers of
he worst-affected products exceeded the PTWI for lead and on
dvice of the Department of Health (DH) and the Ministry of
griculture, Fisheries and Food (MAFF), the supplier, imme-
iately withdrew the affected products. The source of lead in
hese products was traced to the use of lead-based paint in the
eehives of one supplier of raw propolis.

The Committee in Food Additivies (JECFA) considered the
esults of a quantitative risk assessment and concluded that the
oncentrations of lead found currently in food would have neg-
igible effects on the neurobehavioral development of infants
nd children and stated the importance of reducing exposure to
ead.

The maximum limit fixed by the Japan Propolis Conference
s 20 mg kg−1 [19] and the limit fixed by the Codex Alimentarius
or foods in general is 2 mg kg−1 [3].

For all these reasons the present study is very important since
ne of the possible sources of lead in propolis could come from
ts harvest method.

In the present work, an evaluation of the lead level in
ropolis was made by two analytical methods, electrothermal
tomic absorption spectrometry (ET AAS) [20] and UV–vis
pectrophotometry by means of chelating methods [21], for
everal treatments of collection. We intend to demonstrate
ow the harvest method affects lead contents in propolis.
esides, a statistical comparison for both analytical methods was
ade.

. Experimental

.1. Instrumentation

Lead determination was realized by a Graphite Furnace
tomic Absorption Spectrometer Perkin-Elmer (Norwalk, CT,
SA), Aanalyst 100, equipped with an auto-sampler AS 72, an
GA 800 furnace and deuterium background correction. A hol-

ow cathode lamp was used as radiation source, lamp current
f 10 mA and with 0.70 nm slit. Pyrolytically coated tubes with
ntegrated platforms were used (Part. No. B3000407, Perkin-
lmer). The graphite furnace program followed was the default
rogram provided by the software manufacturer. The pyroly-
is temperature was optimized at 850 ◦C and the atomization
emperature used was 1800 ◦C. Argon (high purity 99.9%) was
sed as purge gas. Magnesium nitrate was used as a matrix
odifier.
To carry out lead determination by UV–vis molecular absorp-

ion spectrophotometry, the general dithizone method according
o AOAC with a Hewlett-Packard Diode Array Spectrophotome-
er 8452A was employed.

.2. Reagents

All reagents used were of the highest available purity with

nalytical grade at least.

(a) Water: deionised, distilled, 18 M� cm, obtained from a
NANOpure (Barnstedt, IA, USA).
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b) nitric acid: Merck (Darmsatdt, Germany), p.a., 65%, sub-
boiling distilled.

(c) Modifier stock solution: solution of Mg(NO3)2 (Part. No.
BO190634, Perkin-Elmer) of 10,000 mg L−1 (20 ◦C). A
volume of 5 �L will provide 0.06 mg of magnesium nitrate.

d) Standard solutions of Pb(NO3)2: suitable standard is
available from Merck, 1000 �g mL−1. An intermediate
10 �g mL−1 standard diluting with 5% (v/v) nitric acid was
prepared.

(e) Calibration Blanck: Nitric acid, approximately 5% sub-
boiling, prepared by dilution of the 65% acid with deionized
distilled water.

(f) Dithizone: Merck (Darmsatdt, Germany), p.a.
g) CHCl3: Merck (Darmsatdt, Germany), p.a.
h) Ammoniacal citrate-cyanide: Merck (Darmsatdt, Ger-

many), p.a.

.3. Harvest methods and sample treatment

The samples of propolis were taken from one assay
f the Project “Physico-chemical characterization of Argen-
inean Propolis”, implemented in the experimental field of
NTA LEALES (National Institute of Agricultural Technology),
ocated in the department of Leales (at longitude 65◦ west and
t latitude 27◦ south), in the province of Tucuman, Argentina.

randomized test was made with three different methods of
arvest repeating 10 times each of them:

- Separating wedges (traditional): wood pieces, of approxi-
mately 3 cm long × 1 cm wide × 0.3 cm thick, were placed
on top of a hive, below the covers, and deposited propolis
was scraped with a spatula.

- Plastic netting meshes: A plastic thread weave of 55 cm long
and 45 cm wide, was placed in the beehive in the same way as
the separating wedges. It was observed that the bees tried to
seal the holes in the mesh filling them with propolis. Then the
propolized mesh was refrigerated at −18 ◦C so that propolis
became rigid and brittle, and the mesh was twisted to separate
the propolis from the mesh.

- Stamped out plastic meshes: two plates with stamped out
grooves, of 41 cm long and 25 cm wide and 0.4 cm thick, were
located in the same way as the other methods described. The
bees also stimulated themselves to cover the slots in the mesh
with propolis. After that, the propolized mesh was cooled at
−18 ◦C and then it was twisted to separate the rigid propolis
from it.

Eight samples were taken in each treatment in different peri-
ds of time during 1 year. The sample treatment consisted in
eighing 5 g of propolis and placing it in a furnace set at 400 ◦C
uring 4 h. Higher temperatures produced an important mass
oss of lead (20% or more). The ashes was dissolved in 10 mL
f HNO3 20%, v/v on a hot plate, filtered with Watman 42 paper

o eliminate the carbonaceous residue and diluted to 50 mL with
istilled and deionised water. Recovery studies were also made
y adding an adequate mass of lead to the propolis samples
eighted (Section 2.5).
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c
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.4. Analytical techniques

.4.1. ET AAS
The present technique is based in the standard method for

he determination of lead in sugars and syrups by ET AAS
20]. The quantification by direct calibration against aqueous
tandards is accomplished using peak area measurements deter-
ined at 283.3 nm. The working calibration standards of 20, 15,

0 and 5 �g L−1 were prepared from the 1 �g mL−1 lead stock
utomatically with the autosampler. The volume injected was
0 �L of 5% (v/v) nitric acid blank, calibration standards and
ample solutions and 5 �L of modifier working solution. The
amples were diluted 1 + 99 to carry out the lead determinations
y ETAAS.

The detection limit (DL) of the methodology was determined
n base on 10 replicates of the sample preparation blank (1 + 99
ilution), then the standard deviation was calculated and multi-
lied for 3, divide for the analytical curves slopes found along
he method development.

.4.2. UV–vis spectrophotometry
Ten millilitre of a digested sample was introduced into a

25-mL separatory funnel, 50 mL ammoniacal citrate-cyanide
olution and 10 mL of dithizone solution in chloroform (CHCl3)
ere added. The funnel was shaked vigorously for 1 min, and

he layers were separated. Two millilitre of chloroform were dis-
arded and then the absorption cell was filled. The absorbance
f the cherry-lead dithizonate extract was meassured at 510 nm
sing a blank to adjust the zero of the spectrophotometer. The
alibration curve with five standards of 20, 15, 10, 5 and 2 �g
b solution was constructed. Lead standards were prepared from

he 1 �g mL−1 lead stock solution and the same procedure, as
n the samples, was followed.

.5. Recovery and validation studies

Since the method of standard addition is considered as a
alidation method [22], we used it in order to demonstrate the
alidity of ETAAS method for lead determinations in propolis
nd to control the loss of analyte in the process. Ten portions of
ne propolis sample were taken. Four of them were spiked with
n appropriate volume of lead stock standard solution. All the
amples were prepared following the treatment proposed (Sec-
ion 2.3). The average quantity of Pb found was 2.21 (�g L−1)
n the six portions without addition and with a 1 + 99 dilution.
his value was taken as the base value. The quantity of lead
dded was: 5, 10, 15 and 20 �g L−1. The average recovery was
5.75%.

. Results and discussion

The data of average lead contents obtained on the whole
amples of propolis for each method of harvest and each analyt-

cal technique were shown in Table 1. The analysis carried out
ith propolis collected in separating wedges presented average

ead level ranged from 7.0 to 8.9 mg kg−1, while the propolis
ollected by mesh methods presented results that varied from
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Table 1
Average lead contents obtained for each method of harvest and by two analytical
techniques with standard errors (n = eight samples in each treatment)

Methods of harvest UV–visS Pb
(mg kg−1) ±S.E.

ET AAS Pb
(mg kg−1) ±S.E.

Separating wedges 7.0 ± 1.5 8.9 ± 2.5
N
S

1
t
(
i
i

w
(
q
<
b
a
o
t

A
s
e
c
a

o
i
0
o
q
f

h
l
d
o
o
b

T
A

F

T
T
I
E
T

Fig. 1. Dispersion of data for each method of harvest
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etting mesh 1.6 ± 0.1 1.8 ± 0.4
tamped out mesh 1.2 ± 0.1 1.5 ± 0.1

.2 to 1.8 mg kg−1. These lead levels obtained were inferior
o the maximum limit fixed by the Japan Propolis Conference
20 mg kg−1) and in the case of the mesh method they were
nferior to the limit fixed by the Codex Alimentarius for foods
n general (2 mg kg−1).

The effect of the harvest procedure on the lead contents
as evaluated by means of the statistical analysis of variance

ANOVA) shown in Table 2. The P level was obtained by ade-
uate statistical software. Considering that the P value was
0.01, it can be concluded that there are significant differences
etween the scraped method and the mesh methods (stamped out
nd netting meshes). The best harvest method would be stamped
ut plastic netting meshes, because it provides a lower lead con-
ent in propolis.

On the other hand, comparing both analytical techniques, ET
AS provides greater lead values than UV–visS for the same

amples with more dispersion. However, no statistical differ-
nces between both analytical techniques were demonstrated
onsidering the analysis of variance (ANOVA) shown in Table 2,
s it can be seen, the P level obtained was 0.261 (p > 0.05).

An important difference between both analytical meth-
ds is the detection limit. For UV–visS the detection limit
s 0.1 mg kg−1, whereas for ET AAS the detection limit is
.05 mg kg−1. ET AAS is more reliable than colorimetric meth-
ds at lower concentrations. Anyway, both techniques are ade-
uate for the lead level required by the Codex Alimentarius for
oods.

Fig. 1 shows the dispersion of data for each treatment of
arvest. The lead values obtained in the propolis samples col-
ected with the method of separating wedges presents greater
ispersion than mesh methods. No significant difference was

bserved in the lead contents by samples of different peri-
ds of year, for each harvest method (p < 0.05). The contri-
ution of instrumental methods to this dispersion is not sig-

able 2
nalysis of variance by two-way layout

actor SSa DFb MSc F-ratio P leveld

reatment 439.9 2 220.0 18.00 0.000
echniques 15.9 1 15.9 1.30 0.261
nteraction 19.9 2 9.9 0.81 0.451
rror 440.0 36 12.2
otal 915.7 41

a SS, sum of squares.
b DF, degrees of freedom.
c MS, mean of squares.
d P level, probability level.
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Separating wedges 8.42
Netting mesh 1.75
Stamped out mesh 1.37

ificative, because the data for each analytical method by
NOVA were analyzed, and the dispersion was similar. This
ould indicate that scraped methods are less reproducible than
esh methods, due to the characteristics of the procedure

tself.
Beekeepers paint their hives and frames with several products

ike paints and varnish that usually contain lead to protect them
rom climate. Thus, in the scraped method (separating wedges),
he mayor part of lead could come from paint rests. When propo-
is from beehive is scraped with a spatula, it probably carries
way rests of it. Lead could also come from metallic objects
resent in the beehives (nails and clams, wires like the ones
sed in frames, metallic spacers and metallic queen excluder).
ost of the lead present in propolis collected in mesh could

ome from the environment. Its origin could be the ant deto-
ator used in gasoline, such as lead tetraethyl and the level in
ropolis depends on the distance of the apiary from cities and
outes [16]. Significant differences are not detected between both
esh methods.

. Conclusions

The results obtained in this work would allow us to conclude
hat the harvest methods of meshes are more advisable than
craped methods to obtain innocuous and safe propolis, with
inor lead content. Hence, to obtain a better quality product
e suggest that beekeepers use the mesh method of harvest.
he propolis obtained by these cited methods presented lead

evel under 2 mg kg−1 while the other methods provided average
alues of 8 mg kg−1.

Furthermore, no statistical difference between results
btained with ET AAS and UV–visS methods was observed.
hus, in laboratories of quality control without Atomic Absorp-
ion Spectrometer, the UV–vis molecular absorption spectrom-
try could be employed. This last technique allows getting low
oncentrations of lead present in propolis in the levels fixed by
he Codex Alimentarius.
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