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A sensitive, rapid and robust method based on the use of stabilizer-free silver nanoparticles was developed for
lead detection inhoney. Silver nanoparticleswere synthesizedwithout the presence of any stabilizers using silver
nitrate and sodium borohydride as precursors where the latter was applied as reducing agent. The optimization
of the experimental variables (AgNO3 and NaBH4) for the formation of the nanoparticles was carried out using
varying volumes of these solutions. Spectrophotometric measurements at 393 nm showed a linear working
range between 0.0500 and 0.167 mg L−1 lead (R = 0.994), with limits of detection (LOD) and quantification
(LOQ) of 0.0135 and 0.0451 mg L−1, respectively. The proposed method proved to be a significantly sensitive
mechanism for lead detection in honey samples.

© 2017 Elsevier B.V. All rights reserved.
Keywords:
Silver nanoparticles
Lead
Contamination
Honey
1. Introduction

Honey is a natural product known to be endowed with nutritional
properties and valuable therapeutic applications [1]. It is used as a
means of nourishment for feeding thousands of people, from childhood
to adulthood. As a result of its ample consumption, the control of the
chemical and microbiological quality of honey is deemed to be hugely
relevant. It is a natural food produced by the Apis mellifera bees, being
one of the most complex products produced in nature, and contains a
complex mixture of carbohydrates, mainly glucose and fructose, en-
zymes, amino acids, organic acids, aromatic substances, vitamins, pig-
ments, wax and pollen, which together contribute towards the
composition of its color, odor and taste [2,3]. Its composition largely de-
pends on the floral origin of the plant, as well as the chemical composi-
tion of the nectar and secretions, and is subject to contaminants of
diverse nature, namely environmental pollutants, agricultural pesti-
cides, products used in beekeeping besides pathogenic microorganisms
that can be incorporated into it during processing [4]. Several authors
such as Conti and Botrè [5] and Perugini et al. [6] identify bees and
their products as bio-indicators of environmental pollution.

Pollutants, in particular, heavy metals, may be deposited directly on
bees, or contaminate them indirectly through nectar, pollen or from
ingested water [6,7]. As such, the presence of heavy metals in honey
may be indicative of environmental pollution. The control of residues
and any adulterants or contaminants in honey provides a sanitary guar-
antee to this product, which alongwith the application of good hygiene
practices throughout the production chain ensure the provision of a safe
and quality product to consumers [8]. Somemetal contaminants can be
introduced through artificial feeding of the bees. Nutritional supple-
mentation solutions may present high concentrations of Cd, Co, Fe, K,
Mg, Mn, Pb and Na, giving rise to contamination during processing [9].
In this work, lead was chosen by reason of its detrimental effects on
human health which include fatigue, irritability, anemia, dizziness,
headache, sensory disorders, memory loss,muscle tremors and reduced
neurophysiological functions [10].

The detection and determination of trace elements in honey essen-
tially require the application of appropriate analytical methodologies.
This determination of inorganic constituents in honey is, clearly, not a
trivial task given the high level of carbohydrates present in this complex
matrix and the low concentration of these analytes. Several techniques
have been developed and improved for a better investigation of these
compounds in honey and in food products in general. Some of these
techniques that merit mentioning include: anodic redissolution volt-
ammetry [11,12]; high resolution inductively coupled plasma mass
spectrometry [13]; electrothermal evaporation coupled to inductively
coupled plasmamass spectrometry [14]; electrothermal atomic absorp-
tion spectrometry [15]; inductively coupled plasma optical emission
spectrometry [16]; atomic absorption spectroscopy [5]; atomic absorp-
tion spectrometry with graphite furnace [17]; and X-ray fluorescence
spectrometry by total reflection [18].

Concentrations of different heavy metals in honey produced in dif-
ferent locations and in different flowering have already been deter-
mined in some countries, such as Croatia [1], Poland [19], Turkey [20],
Italy [21], Slovenia [22] and Brazil [23]. Spectrophotometric techniques
are the most widely employed when it comes to the detection and
quantification of heavy metals, with atomic absorption spectrometry
being the most widely applied.
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For the intended purposes of our investigation, we proposed the ap-
plication of a colorimetric assay technique for the determination of
Pb2+ in aqueous solution based on the aggregation of the AgNPs in con-
tactwith thismetal. In otherwords, AgNPswere induced to aggregate in
the presence of Pb2+ through electrostatic interactions and metal-
nanoparticles. Besides that, a sensitive, fast and robust method that
makes use of silver nanoparticles, free of stabilizers, was developed
and optimized for lead detection in honey samples of different
flowering.

2. Experimental

2.1. Equipment and Materials

Absorbancemeasurementswere performed using a spectrophotom-
eter (Model HP 8453, Hewlett Packard) equipped with a quartz cuvette
(b=1 cm). An analytical balance (AG 204,Mettler Toledo)was used for
weighing. A muffle EDG Equipment (Edgcon 3P) and a hot plate were
used to promote the mineralization of honey samples. Eppendorfs and
micropipettes of 100 to 1000 μL were also used for the volumes mea-
sured in the experiments.

2.2. Reagents and Solutions

All reagents were of analytical grade. The glassware wasmaintained
in 10% (v/v) HNO3 solution for 24 h and rinsedwith deionizedwater be-
fore use. The solutions were prepared with ultrapure water
(18 MΩ cm−1, Milli-Q system, Millipore). The working solutions were
prepared by appropriate dilutions of certified lead stock solution
(Sigma Aldrich, 99%) and at the concentration of 1000mg L−1. An inter-
mediate working solution of 10 mg L−1 concentration was also pre-
pared by dilution and by the working standards in the range of 0.3–
1.0 mg L−1. Nitric acid (65%, v/v) was also used for the mineralization
process of honey samples. Working solutions of sodium chloride
(Merck, Darmstadt, Germany) were obtained by dilution.

The working solutions of AgNO3 (1.00 × 10−3 mol L−1, 3 mL) and
NaBH4 (2.00 × 10−3 mol L−1, 6 mL) for the synthesis of silver nanopar-
ticles were prepared by diluting their respective stock solutions at the
concentration of 1.00 × 10−1 mol L−1.

2.3. Preparation of Silver Nanoparticles

Silver nanoparticles (AgNPs) were synthesized by chemical reduc-
tion of silver nitrate using sodium borohydride as a reducing agent in
aqueous solution in the absence of organic stabilizers prepared via the
method described by Solomon et al. [24], upon some modifications.
The sodiumborohydride solutionwas added to a beaker under constant
and vigorous stirring and the silver nitrate solutionwas then slowly and
steadily dripped into the borohydride solution until it exhibited a gold-
en yellow color. Five testswere performedwith the aim of obtaining the
most stable nanoparticle which is at the same time sensitive to the an-
alyte (lead). Table 1 indicates the volumes and the molar ratio used in
the synthesis of each nanoparticle.

After the synthesis, the obtained nanoparticles were stored in a re-
frigerator at 4 ± 2.0 °C and their stability was evaluated for twenty
Table 1
Volumes of AgNO3 and NaBH4 tested for the synthesis of silver nanoparticles and their re-
spective molar ratios.

Test AgNO3 volume (mL) NaBH4 volume (mL) AgNO3/NaBH4 molar ratio

1 2.0 12.0 1:3.00
2 3.0 12.0 1:2.00
3 3.5 12.0 1:1.71
4 4.0 12.0 1:1.50
5 6.0 12.0 1:1.00
four days, a period regarded sufficiently conducive for the development
of all experiments required for the research.

2.4. AgNPs Surface Properties: Possibility of Aggregation Through the Influ-
ence of Ionic Strength and pH

Borohydride is found to play a crucial role in the stabilization of sil-
ver nanoparticles. This reducing agent when present in large excessive
amount increases the total ionic strength of the system besides promot-
ing the aggregation of the nanoparticles [24]. In viewof that, the amount
of borohydride should be sufficient to enable the stabilization of the
nanoparticles without causing the aggregation of the colloidal solution.
Nonetheless, aggregation is also likely to be triggered through the addi-
tion of electrolytes, such as NaCl [25], whichmay be present in the com-
plexmatrix to be evaluated. Bearing these factors into account, the ionic
strength was tested using five different concentrations of NaCl, in
mol L−1 of 1.00; 0.50; 0.10; 0.05; 0.01, aiming at verifying the behavior
of the colloidal solution with regard to this electrolyte.

The pH, considered a relevant factor, was likewise tested so as to ver-
ify the interference in an eventual possibility of aggregation of the silver
nanoparticles obtained. The pH was changed from 9.0 to 2.5 using
0.50 mol L−1 of HNO3. The electrode was calibrated with pH values of
4.01 ± 0.02 and 7.01 ± 0.02, prior to each measurement.

2.5. Analytical Curve

Upon the optimization of the working nanoparticle, the analytical
curve was constructed by adding 200 μL aliquot of the AgNPs to 200
μL of standard lead solutions in different concentrations, followed by
800 μL of deionized water in quintuplet giving rise to the final concen-
trations of 0.167; 0.150; 0.133; 0.117; 0.100; 0.0830; 0.0670;
0.0500mg L−1, respectively. The assayswere performed aiming at read-
ing the respective analytical signals, the absorbances, by means of a
spectrophotometer at the wavelength of 393 nm.

2.6. Samples of Honey

Six samples of honey, from three different flowering plants (euca-
lyptus, orange and grapevine), were purchased directly from a beekeep-
er in the city of Araraquara/SP and were used to evaluate the
performance of the proposed method.

2.7. Dry Digestion Procedure of the Samples

Based on the method proposed by Conti and Botrè [5], with some
modifications, ten grams of each sample of honey were placed in a por-
celain crucible for reduction to ashes in muffle using a temperature gra-
dient of the oven at 30 °C until reaching thefinal temperature of 550±5
°C. The samples were mineralized for 6 h in order to guarantee the total
destruction of all organic matter, until obtaining ash residues in white
and/or gray. After 6 h, the residue was cooled to room temperature
and dissolved in 2 mL of HNO3 (65%, v/v). The solution was taken to a
heating plate for the slow evaporation of nitric acid to ensure the pres-
ence of only inorganic residues in the final product. The solutionwas fi-
nally transferred to a 10 mL volumetric flask and quenched with
deionized water. A solution of 0.1 mol L−1 of NaOH was used in order
to operate under the same pH range of the standard lead solutions in
contact with silver nanoparticles.

2.8. Study of Interferences

The interferenceswere evaluated by studying the behavior of the re-
action in the presence of somemetals commonly found in honey includ-
ing cadmium, copper, cobalt, chromium, iron, aluminumand nickel. The
concentrations, being 10 times greater than that of lead metal, were
assessed under the same conditions described for the samples.



Fig. 1. Stability of the nanoparticles 1 (■), 2 (□), 3 (▲), 4 (○) and 5 (●) synthesized with
different molar ratios of the precursor solutions of AgNO3 and NaBH4.
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After having defined some of the probable interfering ions, a study
aimed at confirming the interference hypothesis was performed using
the interference factor (I.F.) for each ion. The interference factor is calcu-
lated by the mathematical ratio of the absorption of the lead ion (II) to
the interfering ion (ΔAbs (Pb(II) + interfering ion)) through the varia-
tion of absorbance of the lead ion (II) (ΔAbs (Pb(II))). Interference fac-
tors below 0.95 and greater than 1.05 are associated with interference
effect [26]. As a result of the treatment process of honey samples
(high temperature and use of nitric acid), all proteins present in theme-
dium are denaturedwith the total loss of activity [27], hence, there is no
need to perform an interference test on proteins.

2.9. Matrix Effect Study: Pattern Addition and Recovery

The proposed method was validated through standard addition and
by investigating the possible effects associated with the matrix under
study - honey. The samples were fortified with lead solution at 50,
100, 150% of the maximum concentration allowed by the legislation
[28]. They were then analyzed via the proposed and comparative
methods. All analyses were performed in five-fold.

2.10. Comparative Method

Flame atomic absorption spectrometry (FAAS) presents a relatively
low cost and has excellent analytical performances. It is probably the
most widely applied technique for the analysis of a variety of metals
in foods. The conventional way to perform such determinations in-
volves a mineralization phase in order to obtain a suitable solution to
be introduced into the spectrometer.
Fig. 2. (a) AgNP spectrum in the absence of lead obtained according to the conditions of exper
images of the silver nanoparticles.
Honey samples were analyzed by FAAS as a comparative method
[29–31] aiming at confirming the robustness and reliability of the pro-
posed method. A FAAS Varian SpectrAA 50 spectrometer was used in
the experiments for lead determination in honey samples. For themea-
surements, some operational parameters were set including wave-
length at 217 nm, slot width of 1 nm and operation carried out under
air-acetylene flame.

3. Results and Discussion

Preliminary tests with silver nanoparticles synthesized with differ-
ent volumes of AgNO3 and NaBH4 were performed with the objective
of obtaining a stable nanoparticle and improving the sensitivity of the
proposed method for lead determination in honey samples.

Following the synthesis of the AgNPs, a stability test was performed.
As can be observed in Fig. 1, the nanoparticle number 5 exhibited the
highest absorbance and the best stability among all the nanoparticles
during the period under analysis.

Based on the stability test, the nanoparticle number 5 was chosen as
the working AgNP owing to the fact that it presented the highest stabil-
ity and the greatest absorbance compared to the other nanoparticles
tested. All nanoparticles were synthesized in the absence of stabilizing
agents. Bittar et al. [32] concluded that stabilizing agents actually pre-
vent the analyte of interest from reacting with silver nanoparticles,
since these stabilizing agents form a coating around the nanoparticles,
rendering the nanoparticle-analyte interaction difficult. Fig. 2 shows
the absorbance spectrum of AgNP at 393 nm, which is symmetrical
and narrow in shape and the transmission electron microscopy images
of the silver nanoparticles. These features ensure the presence of mono-
disperse nanoparticles.

3.1. Interference of Ionic Strength and pH in the Aggregation of AgNPs

A study of the interference of the electrolyte present in the colloidal
medium of the nanoparticles was performed. Fig. 3 depicts the absor-
bance obtained for theworking nanoparticle in the presence of different
concentrations of the NaCl electrolyte.

Based on the data obtained, we observed that the stabilization of the
AgNPs is less efficient in the presence of high concentrations of the elec-
trolyte. This can be explained by the fact that in the presence of high salt
concentration, the sodium borohydride ceases to be a good stabilizing
agent, thereby providing a weak steric stabilization of the silver ions
[25]. It is possible to consider that in concentrations of NaCl equal to
0.10; 0.05 and 0.01mol L−1, the nanoparticles are stable, since the addi-
tion of concentrations equal to or greater than 0.50 mol L−1 causes the
destruction of the colloidal solution of nanoparticles and their conse-
quent aggregation as a result of the increase in the ionic strength of
the medium.

The pH was evaluated starting from the original AgNP solution,
which after synthesis presented pH equal to 9.2. As the pretreatment
iment 5, Table 1, with b = 1 cm and λ = 393 nm; (b) transmission electron microscopy



Table 2
Analytical characteristics of the proposed method for lead analysis.

Parameters Values

Linear Range 0.0500–0.167 mg L−1

Correlation coefficient(R) 0.994
Equation A = 0.702–3.646 × CPb
LOD (mg L−1) 0.0135
LOQ (mg L−1) 0.0451
Wavelength (nm) 393

Fig. 3. Absorbance behavior of theworking AgNP obtained in the presence of the different
concentrations of NaCl: 1.00, 0.50, 0.10, 0.05, and 0.01 mol L−1, respectively.
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of the honey samples investigated entailed the addition of concentrated
HNO3 in themineralization process, an assessmentwasmade relative to
the importance of testing the influence of pH on the stability of AgNPs.
Fig. 4 shows the relationship between absorbance and pH of the work-
ing nanoparticle. The pHwas reducedwith the aid of a solution of HNO3

0.1 mol L−1.
Based on what was observed, we arrived at the conclusion that fol-

lowing themineralization of the honey samples therewas a need to cor-
rect the final solution pH to pH 4.2, restoring the pH of the system. Thus,
the aggregation of the nanoparticles would be avoidedwhen they are in
contact with the samples to be analyzed. To this end, 0.1 mol L−1 of
NaOH solution was employed and this led to coherent and reliable
results.

3.2. Analytical Figures of Merit

The merit figures of the analytical method included the limits of de-
tection (LOD) and quantification (LOQ), precision, accuracy, and linear
range. Under optimized experimental conditions, a linear response
was obtained for the final lead concentrations between 0.0500 and
0.167 mg L−1. Repeatability tests using intra-day measurements of
standard solutions of 0.050 mg L−1 and 0.100 mg L−1 resulted in rela-
tive standard deviations (% RSD) of 1.2 and 4.2% while tests using
inter-day measurements of the same solutions resulted in relative
Fig. 4. Relationship between absorbance and pH of silver nanoparticles colloidal solution
(λ = 393 nm).
standard deviations (% RSD) of 2.6 and 1.0%, respectively. The analytical
curve and its parameters are presented in Table 2.

LOD and LOQ were determined according to IUPAC recommenda-
tions [33] using the expressions 3 × (s/b) and 10 × (s/b), respectively,
where s is the standard deviation of the points of the curve while b
stands for the slope of the linear range. The calculated LOD and LOQ
values were 0.0135 and 0.0451 mg L−1, respectively. Fig. 5 shows the
analytical curve and the different colorations, in other words, the
screening obtained by the system among the silver nanoparticles in
the presence of different lead concentrations.

As the studies evolved, new maximum limits were established for
contaminants in honey, as established by the normative instruction
no8 of 2010, of theMinistry of Livestock and Supply [34]. This normative
instruction approved the programs for the control of residues and con-
taminants inmeat (bovine, poultry, pork and equine), milk, honey, eggs
and fish for fiscal year 2010. In the case of honey, the maximum level of
0.50 mg kg−1 was allowed for As, Cd, Pb and Hg.

In 2011, MERCOSUL established a maximum lead limit of
0.30 mg kg−1 in honey samples. This limit was adopted by Brazil once
the country is a member of MERCOSUL. For the development of this
work and by virtue of the fact that they present relatively better sensi-
tivity, silver nanoparticles were used for further tests in order to detect
the presence or absence of lead contaminant in the analyzed samples.

3.3. Study of Interferences

The study of potential interferingmetals was performed considering
the typical composition of the honey samples, with evaluation of the
Fig. 5. (a) Colors obtained for different concentrations of lead in the presence of AgNPs and
a blank in the absence of the analyte; (b) Calibration curve obtained by the measured
absorbance (λ = 393 nm) of the AgNPs system with final lead concentrations of 0.0500;
0.0670; 0.0830; 0.100; 0.117; 0.133; 0.150; 0.167 mg L−1, respectively.



Table 3
Interference factors of some metals commonly found in honey.

Metals Interference factor (I.F.)

Cd 0.957
Cu 0.962
Co 0.972
Cr 0.998
Fe 0.978
Al 0.968
Ni 1.003
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effects of seven metals commonly found in this type of matrix. Table 3
was constructed based on the values obtained. As can be noted, no inter-
ferences were observed in the proposedmethod for the interfering con-
centrations tested.

By observing the values of the interference factors calculated and
presented in Table 3 for each ion, one will notice that all of them pre-
sented values within the range of 0.95 to 1.05, in other words, with per-
centages below the tolerable limit (5.0%). Thus, it is possible to observe a
negative interference effect, i.e., all the ions tested are not interfering
agents.

3.4. Addition and Recovery Tests: Application in Honey Samples of Different
Flowering

Preliminary tests for lead quantification in honey samples were per-
formed. It is noteworthy that none of the methods (both proposed and
comparative) indicated the presence of heavy metals. As a result, we
evaluated the need to perform standard addition tests on the analyzed
samples.

The accuracy of the proposed method was assessed by fortification
tests performed on the complex honey matrix of three different
flowering plants (a eucalyptus flora, an orange flora and a grapevine
flora). Table 4 shows the data obtained for the fortification tests
(0.30 mg kg−1). The concentration of Pb was determined by the use
of standard solutions of Pb at concentrations 50, 100 and 150% superior
to the maximum concentration in honey (0.30 mg kg−1) allowed by
law. The mean values were obtained from five replicates performed
for each type of honey.

The results obtained by t-test, for the average comparison of the rep-
etitions of the proposed and comparative methods proved that there
Table 4
Recovery values obtained using the proposed method (AgNP) and the comparative method (F

Samples Added value
(mg kg−1)

Value found (mg kg−1)
(Proposed method)

Recovery (%)

Eucalyptus honeya 0.45 0.504 ± 0.05 112.02 ± 11.84
0.60 0.565 ± 0.09 94.10 ± 15.52
0.75 0.798 ± 0.05 106.37 ± 6.80

Orange honeya 0.45 0.591 ± 0.07 119.04 ± 14.40
0.60 0.689 ± 0.07 114.89 ± 11.74
0.75 0.776 ± 0.08 103.40 ± 10.80

Grape fruit honeya 0.45 0.586 ± 0.04 120.36 ± 9.79
0.60 0.607 ± 0.08 101.13 ± 13.24
0.75 0.779 ± 0.04 103.94 ± 5.86

Eucalyptus honeyb 0.45 0.510 ± 0.06 113.33 ± 14.26
0.60 0.582 ± 0.06 97.06 ± 10.69
0.75 0.774 ± 0.11 103.13 ± 14.66

Orange honeyb 0.45 0.384 ± 0.04 85.34 ± 9.14
0.60 0.560 ± 0.05 93.40 ± 7.61
0.75 0.701 ± 0.06 93.52 ± 5.98

Grapefruit honeyb 0.45 0.505 ± 0.05 112.26 ± 11.72
0.60 0.540 ± 0.06 90.02 ± 9.91
0.75 0.681 ± 0.06 90.74 ± 7.60

a Honey collected in the second half of 2015.
b Honey collected in the first half of 2016.
⁎ Student's t-test: tabulated t-value = 4.3027 (95% confidence level).
were no significant differences between them (with a confidence level
of 95.0%). This demonstrated that the results obtained by the two
methodswere comparable. For the purpose of confirming this outcome,
the data obtainedwere statistically analyzed. Table 4 also shows that the
application of the paired Student's t-test was indispensable, as the calcu-
lated t-value was less than the tabulated t-value. These results reinforce
the fact that therewasno significant difference between the twomethods.

The use of AgNPs for lead detection in complex honeymatrix has not
yet been described in the literature. Several othermethods have already
been used for the detection of lead aswell as other tracemetals in honey
samples at extremely low concentrations. For instance, for Italian
honeys, the concentration of lead found was between 3.2 and
186ng g−1 [11,13,14,35]. Uren et al. [36] reported to have obtained con-
centrations between 32.9 and 55.2 ng g−1 for Turkish samples.
Celechovska ‘and Vorlova’ [37] have also previously found values close
to 1000 ng g−1 in Czech honey samples.

In a study by Vanhanen et al. [38], the average levels of heavymetals
in New Zealand honey were 1.180, 0.149 and 0.017 mg kg−1 for Zn, Cd
and Pb, respectively. These values could be compared to the quantities
of heavy metals reported in honey samples from Poland, which were
0.048, 0.015 and 7.76 mg kg−1 of Zn, Cd and Pb, respectively [19].
Based on the data reported for New Zealand honey, it is worth noting
that lead metal was not detected in five of the ten types of honey ana-
lyzed in the countrywhile the average of thismetal found in honey sam-
ples from the country was 450 times lower compared to those from
Poland [19].

Thus, the results presented in our present work are, in essence, co-
herent and reliable. They point to the absence of lead metal in the sam-
ples analyzed. Furthermore, acceptable values were obtained for the
recovery tests conducted. Clearly, the proposed screening method
using silver nanoparticles devoid of stabilizers is, indeed, a method
that has great potential for application in honey samples.

The proposed method has demonstrated to be an essentially effi-
cient alternative and clearly more advantageous compared to most of
the previously reported methods for the analysis of lead in honey. The
fact that it is fast, easy to conduct, and allows viewing the detection sig-
nal through the naked eyes makes this method analytically worthy of
appreciation. While the method exhibited lower sensitivity compared
to the other methods described in the literature, it is sufficiently sensi-
tive for the determination of lead in honey in amounts lower than
those established by law.
AAS) as well as the values of calculated-t (Student's t-test) for the two methods.

Value found (mg kg−1)
(Comparative method)

Recovery (%) Student's t-test: calculated-t value⁎

0.365 ± 0.03 81.21 ± 7.25
0.639 ± 0.10 106.57 ± 16.31 0.967
0.651 ± 0.03 86.84 ± 4.35
0.497 ± 0.12 110.33 ± 27.12
0.663 ± 0.03 110.54 ± 5.44 1.552
0.770 ± 0.03 102.73 ± 4.35
0.425 ± 0.03 94.44 ± 7.25
0.544 ± 0.03 90.69 ± 5.44 1.968
0.759 ± 0.07 101.14 ± 8.70
0.377 ± 0.03 83.86 ± 5.92
0.532 ± 0.04 88.70 ± 5.44 3.919
0.675 ± 0.03 90.02 ± 3.55
0.354 ± 0.03 78.56 ± 7.25
0.473 ± 0.03 78.77 ± 5.44 3.626
0.616 ± 0.03 82.08 ± 3.55
0.342 ± 0.03 75.91 ± 5.92
0.461 ± 0.03 76.79 ± 4.44 3.742
0.604 ± 0.03 80.49 ± 4.35
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4. Conclusion

In this work, the proposed methodology for lead determination
using stabilizer-free silver nanoparticles has proven to be suitably effec-
tive and reliable. With the aid of calibration curve, we were able to ob-
tain an LOQ of around 0.0451 mg L−1 (or 0.0451 mg kg−1) which is
relatively lower compared to the value allowed by the current legisla-
tion. Remarkably, the mineralization of the honey samples for subse-
quent tests was found to be effective while the interferences of the
matrix through the fortification process of the samples were carried
out without the need of the presence of organic compounds in the me-
dium. The results obtained clearly demonstrate the method potential
for application in the quantification of Pb in honey samples of different
flowering.
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