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Keywords: constitute a risk to public health. Honey product could be considered a bio-indicator of
v’ Euphorbia resinifera environmental pollution to assess the presence of metals, present in soil, and pesticides,

honey; used in agricultural practices and in the treatment of varroa in the bee colonies. In this
v Quality; context, this research was conducted on 10 samples of Euphorbia resinifera honey
v’ Heavy metals; collected among beekeepers located in the protected geographical indication "PGI"
v’ Pesticides residues production of Tadla-Azilal region. The aim of this work is to assess the quality of the

honey in question regarding some environmental pollutants such as heavy metals (Pb, Hg
and Cd) and pesticides residues (insecticides, fungicides, varroacides and others). The
quantification of cadmium was done by atomic absorption spectrophotometry with graphite
furnace (GF-AAS), while that of cadmium was performed by hydride generation-atomic
absorption spectrophotometry cold steam mode (CV-AAS). Quantification limits (LOQ) of
these methods were 0.07mg.kg™ for Pb and 0.015mg.kg™ for Hg and Cd. After extraction
by the QUEChERS method, detection, identification and quantification of the 202 pesticide
residues were done by liquid chromatography-tandem mass spectrometry (LC-MS.MS),
gas chromatography—electron-capture detection (GC-ECD) and gas chromatography flame
photometric detector (GC-FPD). In all the cases, analytical quantification limit of was
around 0.01mg.kg™. With the exception of one case were Pb achieved a value of 0.3 mg
kg™, results of this investigation reveal that all the other samples had residue

AK. Essamadi concentrations lower than the pre-established limits for both pesticides and heavy metals.
essamadi2002@yahoo.fr | lude that th dfesl | T inif
Tel: (+212 6 66 17 08 81) Consequently, we can conclude that the studied honey samples of Euphorbia resinifera are

of acceptable or even good quality.

1. Introduction

Of all honey produced in Morocco, Euphorbia resinifera honey, produced in Tadla-Azilal area, named
“Zaggoum honey" in Moroccan Arab language or «Tikiwt honey» in Amazigh language is probably one of the
most characteristic and preferred for consumption and traditional medicine. This monofloral honey is
characterized by a low intensity floral odor of phenol and a unique and specific flavor of Euphorbia plant. It has
a bitter and peppery taste in the throat and its color is dark golden. It is produced in Euphorbia resinifera
endemic mountain zone. The union beekeepers cooperatives in the Tadla-Azilal region (U.C.A.T.AZ) scored
Euphorbia resinifera honey in the labeling process and success to asset the sesame of protected geographical
indications "PGI" in 2013 [1]. In addition, this label was published in the European Union Official Journal
through the public consultation documents on geographical indications of the Kingdom of Morocco [2].

Given the importance of this honey, this work was designed to assess its safety quality by looking for the
possible presence of some contaminants of public health concern such as heavy metals and pesticides residues.
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Due to their global application, these chemicals constitute a potential risk to human health [3-4]. In addition,
cadmium [Cd], lead [Pb], mercury [Hg] and pesticides are known to be toxic to humans if Maximum Residue
Limits (MRLs) are exceeded [5-6]. Indeed, the composition of honey is influenced by biotic and abiotic factors
around the bee colony, i.e., floral sources, climate conditions, soil, and beekeepers practices [7].

The bees are exposed to numerous pollutants during their foraging activities: (1) their hairy bodies may hold
easily environmental contaminants, and (2) they may be contaminated via food resources when gathering pollen
and nectar from flowers or through water [8-9-10-11]. In this regard, honey reflects the chemical constituents of
the plants from which the bees collect their food, and the content of trace elements can indicate the botanical
origin of a particular honey [12-13]. Furthermore, honey, between other beekeeping matrices, is commonly
used such as a bio-indicator for assessing the contamination by environment chemicals [14-15-16-17-18-19].
Recent studies indicated bees and honey were useful for monitoring the environmental pollutants but more
accurately to detect differences in spatial and temporal environmental contaminations [20-21-22-23].

The present work was conducted to determine a the safety quality of Euphorbia resinifera honey through the
verification of measurable amounts of heavy metals with major risk (Pb, Cd and Hg) and of 202 pesticides
residues (39 Organochlorines “OCPs”, 16 Synthetic Pyrethroids “PYR”, 53 Organophosphorus “OPPs”, 94
other molecules) (Table 4) in comparison with MRLs adopted for these pollutants.

1. Experimental

1.1.Area study

Tadla-Azilal area is characterized by its important floral diversity with a grat number of trees, shrubs and
herbaceous plants. Euphorbia resinifera is one of the specific wild plants that grows spontaneously in this area.
It is encoutred exclusively in El Ksiba and Demnate localities and occupies an area of over 8000 hectars.

1.2. Honey samples

Ten (10) samples of honey unifloral Euphorbia resinifera were supplied directly from the cooperative
U.C.A.T.AZ or collected from some U.C.A.T.AZ beekeepers (Table 1 and Figure 1). After collection, honey
samples (500g) were labeled, placed in a cooler kept at 4°C, and immediately transferred to the laboratory where
stored at -20°C pending analysis.

Table 1: Description of the studied honey samples

Samples Location Harvested season and Year
El Ait Mhamed Summer 2013
E2 Tabaroucht Summer 2013
E3 Ait Hamza Summer 2013
E4 Elksibah Summer 2013
E5 Tilougguite Summer 2013
E6 Bzou Summer 2013
E7 Afourer Summer 2013
E8 Azilal Summer 2014
E9 Ait Abbass -Ait Massad Summer 2014
E10 Ait Bououlli Summer 2014

1.3.Metals analysis

Reagents used in this study were HNO3 HCI, Ammonium dihydrogen phosphate, tin chloride and hydrochloric
acid and double deionized water (Milli-Q Millipore, 18.2 MQ/cm resistivity). All these reagents were of
analytical grade. Plastic and glassware were cleaned by soaking in HNO; (1/9, v/v) and by subsequent rinsing
with double deionized water and drying prior to use. Each element was supplied by Perkin Elmer and
calibrations were prepared with standard solutions of 1g.L™ Each element of supplied by Perkin Elmer. Stock
solution was diluted in HNO; (0.2%). Honey samples (0,5g) were digested with 5mL HNO; (65% v/v) and 2mL H,0,
(30% v/v) with Ethos (Milestone application lab., July, 1997). A blank digest was carried out in the same way. The
digestion temperature, in Ethos 1 (Milestone) was 180°C. The program takes place in two steps, first-marks a 10min for
ramp time and a 15min for hold time and the second step for cooling in 10min. Digested samples were diluted to a final
volume of 50ml with double deionized water. For Hg, after digestion the sample wet, the mercury is reduced to the vapor
state by tin chloride (SnCl,) and assayed by atomic absorption spectrometry (Builder cold vapor). Mercury in honey
samples were quantified using the spectrophotometer atomic absorption spectra A 220 with a VGA hydride generator 77.
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Figure 1: Sampling sites of Euphorbia resinifera honeys in Tadla-Azilal

The analysis of Cd and Pb were conducted according to the AOAC method [24]. The analysis was done by the
graphite furnace atomic absorption spectroscopy (GF-AAS) using a Shimadzu AA 7000 GFA7000 atomic
absorption spectrometer (Analyst 800 Perkin Elmer, USA) equipped with an auto-sampler for graphite furnace
measurements. The atomic absorption signal was measured in signal absorption peak area mode against a
calibration curve.

Temperatures for drying, mineralization, atomization and cleaning were 60, 120, 250, 700, 2000 and 2500°C,
respectively. The spectral band width was 0.7nm. To improve sensitivity, the purge gas, argon, was interrupted
during atomization. The identification of the different pollutants in honey samples was made by comparison
with their respective authentic standards pattern. The instrumental settings optimizing programs and temperature
of the spectrometer and heavy metals analysis are summarized in Table 2.
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Table 2: Instrument analytical parameters

Instrument parameters Cd Pb Hg
GF-AAS CV-AAS
Lamp position 4 2 3
Lamp current(mA) 4 10 4
Slit width (nm) 0.7L 0.7L 0.5L
Slit height Normal Normal Normal
Wavelength (nm) 228.8 283.3 253.7
Flame - - Air only
Sample introduction Sampler auto-mixing Sampler auto-mixing Manual
Measurement time (sec) 1.0 1.0 -
Replicate 2 2 -
Background correction On On On
Precision - - 1.0
Default time (sec) - - 75

The recovery values obtained (98.6-102%), by a conventional standard calibration curve, were within the range
of recommended AOAC values, with coefficient of variation (CV) ranged from 2.9 to 3.5% [24]. The
quantification limits were set at 0.07mg.kg™ for Pb and 0.015mg.kg™ for Cd and Hg. All heavy metal
concentrations were determined on a natural weight basis and expressed in milligram per kilogram (mg.kg™).

1.4 Pesticides analysis

The QUEChERS (Quick, Easy, Cheap, Effective, Rugged and Safe) extraction method, chemicals and reagents,
determination methods of pesticides and their metabolites and validation parameters was conducted according to
NF EN 15662, (2009) [25]. The procedure of Anastassiades M. et al. [26] was used for extraction and
purification of pesticide residues from honey samples as described below. Each honey sample (5g) was weighed
into a 50mL PTFE tube and dissolved in 10mL deionized water and homogenized and then 10mL of Acetonitrile
was added by shaking for one minute. The internal standard is added GC (Bromophos) and LC-MSMS
(Triphenyl Phosphate “TPP”) at 0.1ug.g™. 6.5g, of saline buffer [MgSO4, NaCl, Trisodium citrate dehydrate,
sodium hydrogenocitrate dehydrate (4g /19/1g/0.5g)], were weighted and added into extraction tube (50mL) and
shaken vigorously for one minute. The samples were centrifuged at 3000 rpm for 5 min. For purification, 8mL
of aliquot was transferred into 15mL polyethylene tube and stored frozen at minimum 2 hours. Six (6) mL of the
upper clear solution (extracts) was transferred into tube containing 150mg primary secondary amine (PSA)
sorbent and 900mg anhydrous magnesium sulphate (SPEy). The tubes were capped, then the extract with the
sorbent/dessicant mixed vigorously for one minute and centrifuged at 3000 rpm for 5min. Dilution was carried
out following 1/2 with water and homogenized on vortex. The final extract filtered through 0.20-0.45um Nylon/
PTFE syringe filter (Whatman UK) and transferred to an injection vial and analyzed by LC/MS.MS. Otherwise,
the multi-residues analysis by GC-ECD/FPD is performed on the acetonitrile extract under a nitrogen stream.
The obtained residue was then dissolved with hexane/acetone (70/30) and 1mL of this mixture was purified on
cartridge silica eluted with 5mL of hexane/acetone (70/30). Finally, 1ul of the sample was injected into GC-
ECD and GC-FPD. The analytical conditions and confirmation of GC-ECD-FPD are shown in the Table 3.

The purified extract was injected on GC-ECD/GC-FPD and on 2MRM (Multiple Reaction Monitoring) using a
screening program with two transitions. For LC-MS/MS, a separation of target analytes was performed using a
gradient solvent system consisting of: (A) water/MeOH [95/5] at 5mM Ammonium formate and (B) MeOH at
5mM Ammonium formate. The flow was set at 0.250 mL min™ and the column gradient program consisted of:
20% B ramped linearly to 90% B over 8min, then an hold time of 14min, before returning to 20% B for 15min
kept for another 20 min.

The quantifications are performed with respect to the bead breaker range. If it exceeded the highest calibration
point, the extract is diluted to integrate the upper bound of the curve. Without exception, quantification is carried
out only to the extent that the regression coefficient of the calibration curve is greater 0.995. Otherwise, we
repeated the process of quantification. The confirmation of GC results is done by retention time over the interval
£ 0.2min.

The recovery values obtained by a conventional standard calibration curve were within the range of
recommended values (70-120%), with RSDs always less than 20% [27].
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Table 3: Analytical conditions GC-ECD/FPD

Analytical conditions Confirmation conditions

GC-FPD GC-ECD GC-ECD

(OPPs) (OCPs and PYR) (OCPs and PYR)
Apparatus Hewlett-Packard Model 6890
Column HP-5ms tested Ultra 2 Silicon, 25m lengthx0.32mm id and 0.25-pm film HP-35ms, 30m lengthx

thickness. 0.32mm id and 0.25um film
thickness.
Carrier gas Nitrogen U, flow rate 2mL/min in Nitrogen U, flow rate Nitrogen U, flow rate 2mL/min
constant flow Mode 4mL/min in constant flow in constant flow Mode, 9.25 psi
Mode, 15.83-psi pressure. pressure
Injector Oncolone, programmable temperature 240°C, Split/Splitless, Split vent : 98.6 mL/min -time: 0.75min
with Oven
60°C (2min) 60°C (2min)
Oven 25°C/min to 150°C (Omin) 20°C/min to 150°C (Omin)
10°C/min t0200°C (5min) 10°C/min t0200°C (5min)
25°C/min to 280°C (10min) 10°C/min to 260°C (10 min) 35°C/min to 280°C (15min)

Detector FPD, temperature 250°C, Gas Nitrogen MECD, , temperature 310°C, Gas Nitrogen U, Makeup:

U, Makeup: 60mL/min, air: 100mL/min, 60mL/min,

Hydrogen: 75mL/min

injected luL
volume

Table 4: Pesticides molecules and their metabolites assayed in this study as well as their quantification limits (LOQ)

Pesticides LOQ (mg.kg'l)

Organochlorines by GC-ECD: 0.01
Alachlore, Aldrine, Binapacryl, Captane, Chinomethionate, Chlordane-Alpha,Chlordane-Gamma,
Chlorobenzilate, Chlorothalonil, DOT, (PP-DDD, PP-DDE, OP-DOT, PP-DDT), OP-DDD, OP-DDE,
Dichlofluanide, Dichlofopmethyl, Dicofol, Dieldrine, Endosulfan-alpha, Endosulfan-beta, Endosulfan-sulfate,
Endrine, HCB, HCH-alpha, HCH-delta, HCH-gamma (Lindane), Heptachlore, Iprodione, Methoxychlore,
Procymidone, Pyridabene, Quintozene, Tetradition, Tolyfluanide, Triademefon, Trillate, Trifluraline,
Vinchlozoline.

Organophosphorus by GC-FPD: 0.01
Azinphos-éthyl, Azinphos-méthyl, Bromophos éthyl, Bromophos méthyl, Cadusaphos, Chlorfenvinphos,
Chlorméphos, Chlorpyriphos-méthyl, Coumaphos, Demeton-S-méthyl, Diazinon, Dichlorvos, Diméthoate,
Disulfoton, Edifenphos, Ethion, Ethoprophos, Ethrimphos, Fenamiphos, Fénitrothion, Fenthion, Fonophos,
Formothion, Fosthiazate, Heptenophos, Isazophos, Isofenphos, Malathion, Méthamidophos, Méthidathion,
Mevinphos, Monochrotophos, Omethoate, Paraoxonéthyl, Parathion-éthyl, Parathion-méthyl, Phenthoate,
phorate, Phosalone, Phosalone, Phosmet, Phoxime, pyrimiphos étyl, Pyrimiphos métyl, Profenophos,
Prothiophos, Pyrazophos, Pyridafenthion, Quinalphos, Tetrachlorvinphos, Tolclofos méthyl, Thiometon,
Vamidothion.

Synthetic Pyrethrinoides by GC-ECD: 0.01
Alphamethrine, Bifenthrine, Cyfluthrine, Cyhalothrine-Lamda, Cypermethrine, Cypermethrine béta,
Cypermethrine zéta, Deltamethrine, Esfenvalerate, Fenpropathrine, Fenvalerate, Fluvalinate, Permethrine,
Tetramethrine, Tralomethrine

Screening multi-residues by LC-MSMS : 0.01
Abamectin, Acétamiprid, Aldicarbe, Azoxystrobine, Benalaxyl, Bendiocarbe, Bifenazate, Boscalid,
Bromuconazole, Bupirimate, Buprofezine, Butoxide de piperonyl, Carbaryl, Carbendazine, Carbofuran,
Carbosulfan, Chlorpyriphos-éthyl, Clofenterzine, Cycloxidim, Cyproconazole, Cyprodinil, Cypromazine,
Desmedipham, Difenoconazole, Diffubenzuron, Dimethomorph, Diniconazole, Epoxiconazole, Ethiofencarbe,
Famoxadone, Fenamidone, Fenarimole, Fenazaquine, Fenbuconazole, Fenhexamid, Fenpropymorph,
Fluazifop butyl, Flucarbazone, Flufenoxuron, Fluopicolide, Flusilazole, Flutriafol, Hexaconazole, Imazalil,
Imidacloprid, Indoxacarbe, Iprovalicarbe, Kresoxim méthyl, Linuron, Lufenuron, Metalaxyl-M, Méthiocarbe,
Méthomyl, Methoxyfenozide, Metribuzine, Myclbutanil, Novaluron, Oxadixyl, Oxamyl, Oxycarboxine,
Penconazole, Phenmedipham, Pirimicarbe, Prochloraz, Promecarb, Propamocarbe, Propaquizafop,
Propargite, Propiconazole, Propoxur, Pymetrozine, Pyraclostrobine, Pyrimethanil, Pyriproxifen, Retenone,
Spinosad, Spiroxamine, Spiromesifen, Tebuconazole, Tebufenozide, Tebufenpyrad, Tetraconazole,
Thiabendazole, Thiacloprid, Thiametoxam, Thiophanate methyl, Triadimenol, Triazophos, Triflumizole,
Triflumuron, Trifloxystrobine, Zoxamide.
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2. Results and discussion

Residual levels of heavy metals detected in Euphorbia resinifera honey samples are given in Table 5. Since
MRLs for heavy metals are not established for honey in both Moroccan and European regulations, discussion of
our results will be based on Byrne [28] and Bogdanov [29] recommendations [28,29] which limits of 0.1mg.kg™
and 1mg.kg™ for cadmium and lead respectively. In addition, no limit was suggested in the literature for mercury
and, thus, the MRL for this compound in this study is the lowest European value set for foodstuff, which is
0.02mg.kg™. This limit was also the basis for setting of our analytical LOQ, which is equivalent to 0.015mg.kg™.

Table 5: Residual levels (mg.kg™) of metal contaminant from monofloral Euphorbia resinifera honey samples

Samples Metal contaminants
Pb(mg.kg")  Cd(mg.kg™) Hg(mg.kg™)

El <LOQ? <LOQ <LOQ
E2 <LOQ <LOQ <LOQ
E3 <LOQ <LOQ <LOQ
E4 <LOQ <LOQ <LOQ
E5 <LOQ < LOQ <LOQ
E6 <LOQ <LOQ <LOQ
E7 0.3+0.01 <LOQ <LOQ
E8 <LOQ <LOQ <LOQ
E9 <LOQ <LOQ <LOQ
E10 <LOQ <LOQ <LOQ

2LOQ for Pb : 0.07mg.kg™ LOQ for Cd and Hg : 0.015mg.kg™

Out of the ten analyzed honey samples, a single positive case of 0.3mg.kg™ of Pb was recorded, but this value is
less than the maximum limit of 1mg.kg™ suggested by Bogdanov [29]. This contamination could be caused by
the use of galvanized or welded metal hardware [32-33]. Similar studies conducted on Euphorbia resinifera
[34] and on other Moroccan honeys [33-36] revealed the presence of very low residual concentrations of lead.

In other countries, lead detected in honey were from 0.037 to 0.95mg.kg™ in Spain, 0.18 to 0.12mg.kg™ in
Turkey, 0.18-0.12mg.kg™ in the Kingdom of Saudi Arabia and from 0.22 to 0.28mg.kg™ in Algeria. The
highest concentrations of lead (14, 15.5 and 19mg.kg™) were found in orange, sesame and clover Egyptian
honeys (Table 6).

Concerning cadmium residues, the detected levels from Euphorbia resinifera honey are below the limit of
quantification (LOQ) of 0.015mg.kg™, and are also similar to those found by Chakir et al., (2011) [36] in
Moroccan honeys. Relatively higher levels of cadmium were reported in honeys from different countries (Table
7).

Finally, every study clearly shows that differences in concentrations of metals in honeys are related to the
geographical location of apiaries taken it either to regional [72], national [35-15] or international scales [49].

In terms of pesticides, the simultaneous determination of the different classes (organochlorines,

organophosphates, pyrethrins, pyrethroids and other molecules) using QUEChERS extraction method followed
by chromatography analysis, showed that the residual concentrations in all honey samples are below the
guantification limit (Table 8). Similarly, to our results, Bogdanov reported no measurable residues of
insecticides in honey [13]. Additionally, results obtained by Naccari et al., [73] in honey collected from
different regions of Sicily showed that residue levels of most pesticides were all under the limit of detection. In
our cases, the very low concentrations of pesticides detected in Euphorbia resinifera honey are consistent with
the fact that the studied area (Tadla-Azilal PGI) is far from areas with intensive agricultural and industrial
activities using pesticides and other polluting chemicals. Similar investigations conducted on different types of
honey of India and Spain showed the presence of pyrethrins and other pesticides [62-65-66]. Another study on
honey from Spain and Portugal revealed the presence of organochlorine residues, such as gamma-HCH, HCB
and its isomers a-HCH and B-HCH, with concentrations ranging from 0.03 to 4.31mg kg™. In the United States
(USA), variable residual levels of several pesticide molecules were also detected in honey [71].

In the end, it has to be concluded that pesticides residues detected in Euphorbia resinifera honey of the Tadla-
Azilal are far below the Moroccan and European MRLs given in Table 8 [74].
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Table 6: Levels of lead (Pb) reported in honey samples from different countries

Concentration of “Pb” in honey (mg.Kg™) Country Author - Year
0.149° Germany [37]
0.14-1.2 Nederland [38]
0.133% New Zeeland [39]
0.048°2 Poland [40]
0.34°% Morocco (East) [35]
4.2-6.3 Egypt [41]
0.86-1.88 Egypt [42]
0.13-0.95 Spain [43]
0.01-0.11 Chili [32]
0.00717- 0.08578 China [44]
0.06-0.34 Iran [45]
0.15-8.22 Israel [46]
1.017°2 Malysia [47]
0.008-0.1 Turkey [10]
0.02-1.81 # Country’s [48]
0.0764° Italy [49]
0.842°2 Romania [50]
0.2-1.5 Central Anatolia [51]
0.037°2 Spain [52]
0.02-15 Turkey [51]
0.081° Morocco [34]
0.21-0.89 Romania [53]
0.04-0.23 Nigeria [54]
4.13-21.59 Croatia [55]
0.118% Morocco [36]
0.98° Poland [56]
0.07-0.23 KSA [57]
<0.9833-1.5348 USA [58]
0.06-0.11 Germany [57]
0.047°2 France [59]
0.22-0.28 Algeria [60]
<0.07° Morocco (Middle Atlas) Present study
#Mean value

P Over 10 samples, only one sample list a LOQ= 0.3mg.Kg, the remaining nine have a LOQ <0.07mg.Kg™.

Table 7: Contamination of honey with Cd and Hg from different countries
Concentration in honey (mg.Kg™)

Ccd Hg Country Author - Year
- 0.01-0.5° Egypt [41]

- 0.01-0.05° Chili [32]

- 6.10-3-0.018" Turkey [10]

- 0.09-0.24° Turkey [51]

1- 4° 0.13-0.9° Croatia [55]
0.08-0.25" - France [70]

0.015% - Morocco [34]
0.04-0.16" - KSA [57]

0.15% - Malysia [57]

0.08° - Australia [57]

0.01° - Morocco [36]
0.7042-1.5854 - USA [58]
0.018-0.019°" - Algeria [60]
0.33-0.53 2.37-3.51° Iran [45]

<0.015° <0.015° Morocco (Middle Atlas)  Present study

@ Mean value - ® Concentrations with value between x- y - ¢ Average concentrations - ¢ Limit of quantification (LOQ)
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Table 8: Quantification (LOQ) and Maximum Residues Limits (MRLSs) of different classes of pesticides from
analyzed honey.

Families of pesticide residues tested Nbr® LOQ Results @ MRLs
(mg.kg")  (mgkg?)  (mgkg?)
Organochlorines (OCPs) 39 0.01 <LOQ 0.01°
Synthetic Pyrethroids (PYR) 16 0.01 <LOQ 0.01°
Organophosphorus (OPPs) 53 0.01 <LOQ 0.05"
Others molecules (OTH) 93 0.01 <LOQ 0.05"

a Note that no result above the LOQ (0.01mg.kg™) was detected

® The lowest EU MRL for foodstuffs according to Directive 2000/42 /EC

® MRL (mg.kg®) of honey in Moroccan law [74] : Acétamiprid : 0.05mg.kg™ - Boscalid : 0.05mg.kg*-Cycloxidim : 0.02mg.kg™-
Cyproconazole : 0.05mg.kg*-Fluazifop-P- butyl : 0.02mg.kg*-Flufenoxuron : 0.05mg.kg™*- Imazalil : 0.05mg.kg™-Metalaxyl-M :
0.05 mg.kg*-Propaquizafop : 0.05 mg.kg™-Tebufenpyrad : 0,05mg.kg*-Tetraconazole : 0.02mg.kg*-Thiametoxan : 0.01mg.kg*-
Thiophanate methyl : 1.0mg.kg™*

¢ Number of molecules and their metabolites tested

Conclusion

According to the Moroccan and European food safety and food quality standards, results of this study indicate
that monofloral Euphorbia resinifera honey of Tadla-Azilal region is of good quality with regards to pesticides
and heavy metal residues. This also denote that the “PGI” production area of Euphorbia resinifera honey is not
polluted by these chemicals and confirm the " mountain honey" label of this product which is well preferred by
Moroccans for both consumption and medicinal uses.

To maintain this quality, it is essential that public authorities, in cooperation with beekeepers organization,
establish and ensure the implementation of the guide to "good beekeeping practices" which describes
standardization and rationalization of beekeeping techniques, manufacturing and storage process for the “PGI”
Euphorbia resinifera honey.
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