ORIGINAL SCIENTIFIC PAPER | 367

Analysis of trace-elements and toxic heavy
metals in honeys from Tlemcen Province,
north-western Algeria
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Summary

Eighteen honeys collected from various botanical and geographical sources in Tlemcen
Province (north-western Algeria) were studied to determine the presence of the following
fifteen trace elements and heavy metals: K, Na, Ca, Mg, Mn, Cu, Fe, Zn, V, Cr, Co, As,
Cd, Pb and W. Element determination was performed by inductively coupled plasma-
mass spectrometry (ICP-MS), after digestion, by concentrated nitric acid using microwave
mineralizer. The most abundant minerals were K, Ca, Mg and Na ranging within 153-989
mg/kg, 33.1-377 mg/kg, 69.1-162 mg/kg and 13.3-146 mg/kg, respectively. Fe was the most
abundant heavy metal followed by Mn, Zn and Cu while Cr, Co, V, W, As, Cd and Pb were
the lowest trace elements detected at level < 1 mg/kg in the honey samples surveyed. The
variation in the mineral content in the honey samples studied is probably due to geochemical
and geographical differences. Multivariate methods were used in order to classify honey
samples according to their mineral content. The present study revealed that honeys collected
from the various beekeepers apiaries of Tlemcen Province were not contaminated with toxic
trace elements and therefore poses no threat to consumers.
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Introduction

Honey is a substance widely suggested to different
investigations by many researchers during the last decades in
terms of its nutritive and therapeutic aspect (Bogdanov, 2010;
Khan et al.,, 2007, 2017; Mandal and Mandal, 2011). Several
studies from Poland (Grembecka and Szefer, 2013), Italy (Conti
et al., 2007), Turkey (Altun et al., 2017), Spain (de Alda-Garcilope
et al., 2012), France (Devillers et al., 2002), Slovenia (Golob et al.,
2005), Croatia (Bilandzi¢ et al., 2012; Lasi¢ et al., 2018), Argentina
(Cantarelli et al., 2008), Brazil (dos Santos et al., 2008) and China
(Ru et al., 2013) focused on honey composition in minerals and
metals. Heavy metals may cause many damages to human health
through various ways by accumulating in vital body organ such
as liver, heart, kidney and brain (Rehman et al., 2018). Because
of their persistence in the environment, heavy metals accumulate
in human body mainly via food chain (Ali et al., 2019) causing
harms to quality of human life (Jaishankar et al., 2014). Even if
heavy metals are present naturally on earth crust, it has been
well established that anthropogenic activities are the main
sources introducing metals into the environment (Tchounwou
et al.,, 2012). Volcanic eruption and weathering have also been
reported as natural phenomena contributing significantly to metal
pollution (Bradl, 2005). Many authors have indicated that the
presence of mineral and heavy metals in honey depends closely
on the geographical and botanical origin (Oroian et al., 2016;
Pisani et al., 2008; Rashed and Soltan, 2004). Several researches
reported that honey may be considered as a biological indicator
of the environmental contaminants including heavy metal, low-
level radioactivity and pesticide residues (Bogdanov et al., 2007;
Formicki et al.,, 2013; Fredes and Montenegro, 2006; Nozal Nalda
et al., 2005; Ponikvar et al., 2005). The objective of this study was
to determine the level of 15 trace elements and heavy metals in
18 honey samples from Tlemcen Province in Algeria in order
to evaluate the honey quality, which may be useful for assessing
the presence of environmental contaminants. To the best of our
knowledge and according to main research databases, we present
here below the first study of honey bees samples from Tlemcen
Province located in the western region of Algeria.
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Materials and methods
Honey Samples

A total of eighteen Apis mellifera intermissa honey samples,
namely S(1 - 18), were collected from twelve geographical locations
(Sidi Djillali, El Aricha, Ain Fezza, Beni Snous, Oued Chouly, Beni
Mester, Beni Ghazli, Oued es Safsaf, Sebaa Chioukh, Hennaya,
Remchi and Honaine) in Tlemcen Povince in north west Algeria
(Fig. 1 and Table 1). Samples were harvested from April 2017 to
August 2018 directly from beekeepers. It is to highlight that the
botanical origin of the honey samples studied was determined on
the basis of a survey carried out among beekeepers. This study
allowed to classify the honeys into monofloral and multifloral
according to where the hives were established (Table 1). In the
case of the monofloral honeys, their productions were possible
by establishing hives where flowers of a particular plant species
are dominant. Besides, multifloral honeys have several botanical
sources where none is predominant. However, these results must
be confirmed by pollen analyzes, which is widely used to verify the
alleged geographic and floral origin of honey samples. Collected
honeys were stored in dark conditions at + 4°C until analysis.

Inductively coupled plasma mass spectrometry (ICP-MS)

The inductively coupled plasma mass spectrometer ICP-MS
Varian 820-MS (Varian, Australia) was used for the determination
of Cr, Co, V, W, As, Cd and Pb of the honey samples. The ICP-MS
parameters were: plasma gas flow 18 L/min, auxiliary gas flow 1.70
L/min, nebulizer gas flow 1 L/min, and frequency power 1.37 kW.

Atomic absorption spectroscopy (AAS)

The concentration of K, Na, Ca, Mg, Cu, Mn, Fe and Zn
ions was determined by atomic absorption spectroscopy (AAS)
method using a spectrometer SpectrAA 280 FS with autosampler
SPS 3 (Varian, Australia), which was equipped with a deuterium
lamp, hollow cathode lamp for each element and an air-acetylene
burner. The Instrumental parameters related to each element are
summarized in Table 2.

Mediterranean Sea

[Morocco

3
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Sidi Dyillali

Naima Region

Honey samples: S(1-18)

Figure 1. Geographical distribution of the sampling points in Tlemcen Province
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Table 1. Honey samples and their botanical, geographical origin and production month/year

N°  Sample code Arabicname English name Scientific name Location Month and year of harvest

1 S1 LﬁJﬁs‘ "AUﬂ\ Lavender Lavandula vera D.C. Sidi Djillali July 2018

2 52 Jaal) Juls)  Rosemary Rosmarinus officinalis L. Sidi Djillali May 2018

3 $3 2983 aaia Multifloral Multifloral Sidi Diillali June 2018

4 S4 U9 aaia Multifloral Multifloral Sidi Djillali July 2017

5 S5 Jsa ) s Multifloral Multifloral El Aricha August 2017

6 S6 JaA  Mild white mustard  gingpis alba L. Ain Fezza July 2017

7 S7 s Thyme Thymus vulgaris L. Beni Snous June 2018

8 S8 Jaall g Milk thistle Silybum marianum (L.) Gaertn.  Beni Snous July 2018

9 S9 Js2 ) aaia Multifloral Multifloral Oued Chouly ~ October 2017

10 §10 G9A  Carob tree Ceratonia siliqua L. Oued Chouly ~ September 2017

11 S11 »e) Thyme Thymus vulgaris L. Beni Mester June 2017

12 §12 Gga  Carob tree Ceratonia siliqua L. Beni Ghazli June 2017

13 S13 JsA ) daxdia Multifloral Multifloral Oued es Safsaf ~ August 2018

14 S14 2530 axmia  Multifloral Sebaa June 2017

Multifloral Chioukh

15 S15 JsA ) amia  Multifloral Multifloral Hennaya July 2017

16 S16 JWiy  Orange tree Citrus sinensis L. Remchi April 2017

17 S17 U523 aaxia Multifloral Multifloral Honaine June 2018

18 S18 Jaall g Milk thistle Silybum marianum (L.) Gaertn. ~ Honaine July 2018

Table 2. Instrumental operation conditions used for elements analysis by AAS method
Elements Flame type Fuel flow (L/min) Lamp current (mA)  Wave length (nm) Slit width (nm) Air flow (L//min)

Na Air-acetylene 2.00 - 589.0 0.2 10.00
Mg Air-acetylene 2.00 40 202.6 1.0 10.00
K Air-acetylene 2.00 - 766.5 0.2 10.00
Ca Air-acetylene 2.00 10 422.7 0.5 10.00
Mn Air-acetylene 2.00 5 279.5 0.2 10.00
Fe Air-acetylene 2.00 5 2483 0.2 10.00
Cu Air-acetylene 2.00 4 324.8 0.5 10.00
Zn Air-acetylene 2.00 5 213.9 1.0 10.00
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In order to avoid sample ionization during potassium analysis
Schinkel buffer solution (mixture contents 10 g/L cesium chloride
and 100 g/L lanthanum chloride) was used.

Reagents and solutions

Certified single-element standard solutions (1000 mg/L) used
to prepare calibration curve were of highest purity grade (99.999%)
and were purchased from Ultra Scientific (North Kingstown,
RI, USA). The calibration standards for ICP-MS analysis were
prepared by diluting certified standard solutions in 1% HNO, and
for AAS analysis by diluting in high purity de-ionized Milli-Q
water (Millipore, Bedford, MA, USA) purified by reverse osmosis
followed by ion-exchange cartridges.

Preparation of Honey Sample
Digestion

Approximately 0.5 g of honey samples were placed in a
Teflon vessel; 10 mL of 65% HNO, (suprapur grade®, Merck,
Germany) was added into the vessel and the sealed vessel was
put into microwave mineralizer MARS Express (CEM, USA).
The microwave mineralization was performed stepwise at 400
W and 363 K, at 800 W and 393 K, at 1600 W and 483 K. The
cooled digestion solution was then diluted to 50 mL using high
purity de-ionized water. All sample solutions were clear before
determination of the mineral content in honey sample.

Statistical method

Principal component analysis (PCA) and hierarchical cluster
analysis (HCA) were performed using the XLStat 2014.5.03
software for Microsoft Excel (Addinsoft, Bordeaux, France) to
rationalize and interpret the analytical data. The analyses of the
eighteen honey samples involving the determination of the fifteen
mineral elements resulted in a (18 x 15) data matrix using the
18 honey samples (objects) as rows and the elements (variables)
as columns. The data were auto-scaled because the element
concentrations are of different orders of magnitude. So, the data
were evaluated employing the PCA technique. Fifteen dimensions
are necessary for the total explanation of the data variability. In the
case of the evaluation using HCA, these data were also auto-scaled
using the single linkage method, and the Euclidean distances were
used to calculate sample interpoint distances and similarities.

Results

Trace elements and heavy metals found in eighteen analyzed
honeys, expressed in mg/kg fresh weight, collected from Tlemcen
Province (northwest region of Algeria) are shown in Tables 3 as
mean * standard deviation (SD). The range of variation of each
element was very wide in the samples from the different locations
(Fig. 1 and Table 1). K The most abundant mineral element was
K with a mean concentration of 540.5000 + 240.8559 mg/kg.
The highest concentration of trace-elements and heavy metals
detected in honey samples was the potassium (989.0000 mg/kg)
representing 61.30% of the total mineral content of the multifloral
honey from Sebaa Chioukh region (S14). This essential element
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was followed by calcium, magnesium, sodium and iron with
23.37% (S14), 14.68% (S8), 10.49% (S6) and 5.38% (S1) of the
total mineral content, respectively. The lowest levels were found
for the following elements: Cd, W, Co, V, Pb and Cr at mean
concentrations of 0.0012 + 0.0018 mg/kg, 0.0017 + 0.0021 mg/
kg, 0.0072 + 0.0056 mg/kg, 0.0102 + 0.0176 mg/kg, 0.0201 +
0.0288 mg/kg and 0.0486 * 0.0162 mg/kg, respectively (Table
3). Mineral contents significantly differed in honey samples that
belonged to the different studied locations. The mean levels of
the essential elements (K, Ca, Mg, Na and Fe) in honeys samples
from east Tlemcen Province (S6, S10 and S14) were higher than
concentrations of these mineral elements in the honey samples
from other locations (Table 1). Based on our results the lowest
mean values for mineral elements belonged to honey samples
S12, S7, S5 and S16 from Beni Ghazli, Beni Snous, El Aricha and
Remchi locations, respectively. Due to the existence of different
factors, such as botanical origins, soil characteristics, climates and
pollution, which could affect the content of the trace elements and
heavy metals in honey, the multivariate analysis and, in particular,
PCA and HCA were applied to the elemental composition data in
order to study the chemistry variables capable of characterizing
the honey produced in each location (Fig. 2 and 3).

Table 3. Mean concentration, standard deviation and range (mg/kg)
for 15 trace-elements and toxic heavy metals analyzed by ICP-MS
and AAS method. Samples collected in Tlemcen Province S(1 - 18)
during 2017 to 2018

N°  Elements Min. Max. Mean+SD

1 Crbe 0.0276 0.0874 0.0486+0.0162

2 Cobe 0.0004 0.0208 0.0072+0.0056

3 Vbe 0.0014 0.0797 0.0102+0.0176
4 Woe 0.0000 0.0065 0.0017+0.0021

5 As® 0.0000 0.0216 0.0060+0.0055

6 Cdbe 0.0000 0.0081 0.0012+0.0018

7 PbPc 0.0000 0.1327 0.0201+0.0288

8 K 153.0000 989.0000 540.5000+240.8559
9 Na* 13.3000 146.0000 61.4667+40.3394
10 Ca? 33.1000 377.0000 95.2278+80.9629
11 Mg* 69.1000 162.0000 119.0778+29.2762
12 Cubc 0.0000 9.6200 4.0175+2.6801
13 Mn®< 1.3600 13.9000 10.2539+3.2554
14 FeP* 11.7000 59.6000 26.9333+12.8490
15 Znb< 0.2230 13.9000 4.4796+3.0702

* Major elements; ® Trace-elements; < Trace-elements/Heavy metals; SD: standard
deviation
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Figure 2. Dendrogram for honey samples S(1 - 18) showing single
linkage with Euclidean distances
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Figure 3. Principal component analysis. Distribution of honey sam-
ples S(1 - 18) and dominant elements (K, Ca, Mg, Na and Fe) on
scores plot

Discussion

Mineral composition

Our study shown that mineral content in honeys is low and
accounts for 0.16% to 0.04% of the total composition, which is in
agreement with the composition of nectar honeys (Hernandez et
al., 2005; Solayman et al., 2016).

The most abundant macro minerals found in these analyzed
honey types were K, Ca, Mg and Na, which ranged from 153 to
989 mg/kg, 33.1 - 377 mg/kg, 69.1 - 162 mg/kg and 13.3 - 146 mg/
kg, respectively. The results for K and Ca in the analyzed types
were coherent with Moroccan, Tunisian, Portuguese, Spanish
and Italian honey, in which the total mineral content consisted
mainly of potassium ranging from 42.56% to 75.41% (Chakir
et al,, 2011; Boussaid et al., 2018; Imtara et al., 2018; Silva et al.,
2017; Machado De-Melo et al., 2017; Di Rosa et al., 2019). Indeed,
potassium was the most important mineral among the fifteen

evaluated elements with prevalence in the sample S14 (989 mg/
kg), while S12 had the lowest value (153 mg/kg). The calcium was
the second most abundant mineral in the studied honeys with the
highest concentration in S14 being present at levels of 377 mg/kg
and the lowest in S7 (33.1 mg/kg) (Table 3). These results were in
agreement with Spanish, Italian, Latvian and Palestinian honeys
as described in literature (Fernandez-Torres et al., 2005; Pisani et
al., 2008; Vincevica-Gaile et al., 2011; Abdulkhaliq and Swaileh,
2017). Our results for magnesium (69.1 - 162 mg/kg) and sodium
(13.3 - 146 mg/kg) were high as compared to the results reported
by Moujanni et al. (2017) in Moroccan Euphorbia resinifera honeys
(Mg = 19.85-45.84 mg/kg; Na = 18.81 - 118.74 mg/kg) and those
reported by Lasi¢ et al. (2018) in chestnut honey from Croatia (Mg
=7.326 - 68.320 mg/kg; Na = 18.363 - 48.550 mg/kg). Among the
trace elements quantified in the eighteen honey types, Fe content
was the highest in Lavandula vera D.C. honeys (S1; 59.6 mg/kg)
and the lowest in Silybum marianum (L.) Gaertn. (S8; 11.7 mg/kg)
(Table 3). The concentration of iron was higher compared to other
Moroccan honey types (1.46 - 13.95 mg/kg) (Chakir et al.,, 2011;
Moujanni et al., 2017) but similar Fe content was found in United
Arab Emirates honey (1.15 - 110.79 mg/kg) (Habib et al., 2014).
Besides, these values were lower than those found in honeys from
Turkey (< 0.001 - 7.255 mg/kg) (Altun et al., 2017) and Canari
Island (0.400 - 5.251 mg/kg) (Hernandez et al., 2005), which may
be due to the different composition of soils and consequently
vegetation diversity (Oroian et al., 2016).

The quantification of the mineral elements such as potassium,
calcium, magnesium, sodium and iron in honey is useful to
evaluate the nutritional quality of honey samples and to determine
a botanical origin differentiation. However, the mineral content
is not yet a quality parameter of the European Union Directives
(Codex Alimentarius, 2001).

The manganese concentration of the analyzed honey
types ranged from 1.36 mg/kg to 13.9 mg/kg with maximum
concentration of 13.9 mg/kg in mild white mustard (Sinapis alba
L.; S6) and minimum in multifloral honey from the Hennaya
region (S15; 1.36 mg/kg). As compared with all trace minerals
and heavy metals, the mean content of Zn and Cu were 4.4796
*+ 3.0702 mg/kg and 4.0175 + 2.6801 mg/kg, respectively. In
addition, the following elements: Cr, Mn, Co, Cu, V, As, Pb and Cd
were present in the eighteen analyzed honeys, except for W that
is totally absent in almost half of them. These trace elements and
heavy metals were detected at level < 1 mg/kg. The resulting data,
summarized in Table 3, were consistent with the ranges indicated
for honeys from other studies (Di Rosa et al., 2019; Lasi¢ et al.,
2018; Moujanni et al., 2017; Oroian et al., 2015; Aghamirlou et al.,
2015; Boussaid et al., 2018; Akbari et al., 2012). It was reported by
Silva et al. (2009) that the mineral content of honey samples is a
potential indicator of its geographical origin. Furthermore, it can
be considered as a biomarker of possible pollution by toxic metals
(Machado De-Melo et al., 2017; Pohl, 2009; Alves et al., 2013;
Devillers et al., 2002). It should be noted that the present study
revealed no evidence of contamination with toxic metals of the
honey samples collected from the various locations in Tlemcen
Province, which could be considered as an indication of honey

quality.
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Classification of Honey Samples Based on the mineral
content

The data mentioned in Table 3 were analyzed using statistical
techniques including Principal Components Analysis (PCA) and
hierarchical cluster analysis (HCA) to discriminate the honey
samples based on their mineral contents.

A matrix (18 x 15) with rows representing the different
analyzed honey samples and columns corresponding to the
content of the fifteen investigated trace elements and heavy metals
was constructed for the PCA (Fig. 3). Since the concentrations
of the elements were of different orders of magnitude, the data
were first automatically scaled. Fifteen dimensions were needed
for the total explanation of the data variability. Table 4 shows that
the first four PCs jointly explain 60.33% of the total variance of the
data. The first component eigenvalue was 2.417 and accounted for
36.90 % of the total variance, the second component eigenvalue
was 1.572 (cumulatively explaining 44.51%), the third component
eigenvalue was 1.521 (cumulatively explaining 48.17%) and the
fourth component eigenvalue was 1.156.

The HCA resulted in a dendrogram in which three clusters
(A - C) were noticed. The first cluster A included S5, S16, S7, S12,
S18, S11, S13, S17, S9, S3, S2 and S4; the second one (cluster B)
contained S14 and then cluster C was comprised of S6, S10, S15,
S1 and S8. The optimal linkage distance level was 300, represented
by the dashed line in Fig. 2. It represents a relative measure of
similarity between analyzed honeys. Considering the dominant
variables (potassium, calcium, magnesium, sodium and iron
concentrations), Fig. 3 shows clearly that the honey samples: S1, S6,
S8, 510, S15 and S14 (clusters B and C) have higher concentrations
of these elements than the other sampling sites.

It can be observed that the cluster A contains orange tree,
thyme, rosemary and many multifloral honey types with low
mineral contents, which showed similarities to each other. The
cluster B contains one multifloral honey type. Furthermore, the
cluster C comprises lavender, mild white mustard, milk thistle
and carob tree honey types with high levels of minerals, which
correlated to each other. Based on PCA and HCA, different honey
samples were found to vary not only in their geographic locations,
but also in their mono or multifloral characteristics (Table 1). In
addition, the mineral element composition contained enough
information to develop a classification method of the honey
samples studied.

Table 4. Variance estimates (eigenvalues) and cumulative percentage
of total variance (%), obtained by PCA considering 18 honey samples
and elements characters

Honey samples
Principal components
Eigenvalues Cumulative %
PC1 2.417 36.90
PC2 1.572 44.51
PC3 1.521 48.17
PC4 1.156 60.33
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Conclusion

The trace-elements and toxic heavy metals content were found
in the eighteen honeys analyzed from the Tlemcen Province of
north west region of Algeria; their levels were comparable with
other honeys coming from the neighboring countries during the
last decade. From the minerals analyzed the most abundant was
K, followed by Ca, Mg, Na, Fe, Zn and Cu, while Cr, Mn, W, Co, V,
As, Pb and Cd were in low concentrations.

The results obtained in this study showed that the honey
samples studied were rich in mineral elements. It was concluded
that among all honey samples, multifloral (Sebaa Chioukh,
S14) and mild white mustard (Ain Fezza, S6) honeys contained
the highest levels of mineral content. By applying multivariate
techniques (PCA and HCA), the study confirmed that dominant
minerals (K, Ca, Mg, Na and Fe) possessed a high discriminating
power and were a useful tool to characterize different types of
honey.

Furthermore, the present study showed that the honey
samples investigated were not contaminated by heavy metals,
which indicates that apiaries are located far from the various
anthropogenic activities that cause environmental pollution.
Also, the data suggested that honey samples were of good quality,
because they contain higher levels of the essential and trace
mineral elements, which are beneficial to human health.
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