Bull Environ Contam Toxicol (2012) 88:358-361
DOI 10.1007/s00128-011-0503-9

Pesticide Residues in Tomatoes from Greenhouses in Souss Massa

Valley, Morocco

R. Salghi - G. Luis * C. Rubio * A. Hormatallah -
L. Bazzi - A. J. Gutiérrez - A. Hardisson

Received: 3 August 2011/ Accepted: 16 December 2011 /Published online: 1 January 2012

© Springer Science+Business Media, LLC 2011

Abstract Eight pesticide residues in tomato samples col-
lected in the area of Souss Massa Valley (Southern Morocco)
were analyzed. The detected residue levels ranged from
0.001 to 0.400 mg kg~ for dicofol, from 0.003 to 0.170
mg kg~ for procymidone, from 0.001 to 0.250 mg kg~ for
chlorothalonil, from 0.050 to 0.500 mg kg~ for bifenthrin,
from 0.001 to 0.010 mg kg~ for A-cyhalothrin, from 0.001
to 0.300 mg kg~ for cypermethrin, from 0.010 to 1 mg
kg~ for deltamethrin and from 0.003 to 1.123 mg kg~' for
endosulfan. European MRL for endosulfan in tomatoes set in
0.500 mg kg~', was exceeded in 8 samples, and MRL for
deltamethrin set in 0.300 mg kg~ for tomatoes was excee-
ded in 2 samples.
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In recent decades, farming areas have been developed in
Morocco, and greenhouses dedicated to intensive cultiva-
tion have been established. The Moroccan agricultural
sector occupies a total area of 76,000 ha, and the Souss
Massa valley is the major region for vegetable production,
exporting 85%—90% of its total production, principally to
the European Union market (AACUE 2007). Morocco
produces over 3 million tons of fresh tomatoes annually,
and approximately 1.3 million are exported, mainly to
the European Union, USA and Canada (AACUE 2007;
Gambacorta et al. 2005).

Intensive cultivation technologies result in high infes-
tation of tomato crops by some pests and diseases, causing
major losses of quality fruits (Ravelo-Pérez et al. 2008),
pesticides are widely used to control them (Araoud et al.
2007; Cengiz et al. 2007; Zawiyah et al. 2007). The
chemical protection of tomatoes is commonly carried out
by scheduled treatments that use different kinds of pesti-
cides (Gambacorta et al. 2005). This constant use of pes-
ticides increases the possibility of finding multiple residues
of these compounds in the resulting tomatoes, beyond
prescribed legal limits, creating a significant risk to human
health (Cengiz et al. 2007; Zawiyah et al. 2007).

Pesticide residues in foods must fall below the Maxi-
mum residue limits (MRLs) established by every country
(Araoud et al. 2007; Columé et al. 2001; Osman et al.
2010; Zawiyah et al. 2007). In Europe, Regulation (EC)
No. 396/2005 modified by Regulations (EC) No. 839/2008
and No. 459/2010 of the European Parliament and Council,
respectively, set the MRL of pesticides in plant and animal
products. Table 1 shows the MRL established by the
European Union for each one of the analyzed pesticides.

Monitoring the pesticide residues in tomatoes is part of
every quality evaluation and the determination of pesticide
residues in vegetables has as its main objective the
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Table 1 Pesticides analyzed in this study and MRL for each, as set
by the EU

Pesticide MRL (mg kg™ ")
Bifenthrin 0.20
Chlorothalonil 2.00
Cypermethrin 0.50
Deltamethrin 0.30
Dicofol 1.00
Endosulfan 0.50
A-Cyhalothrin 0.10
Procymidone 0.02

MRL maximum residue limit

prevention of any possible risk to human health (Kurz et al.
2008; Mukherjee 2003; Osman et al. 2010). Therefore, our
main objectives were (1) to determine the presence of
pesticide residues: three organochlorine pesticides (chlo-
rothalonil, dicofol and endosulfan), four pyrethroids (bif-
enthrin, deltamethrin, cypermethrin and A-cyhalothrin) and
one dicarboximide (procymidone) in tomatoes grown under
greenhouse conditions from Souss-Massa (Morocco) using
a multiresidue method GC-ECD and (2) to ensure that the
pesticide residues levels in tomatoes do not exceed the
MRLs established by European Union.

Materials and Methods

A total of 120 tomato samples, cultivated under greenhouse
conditions in the region of Souss-Massa (Southern of
Morocco) and destined for exportation, were analyzed. All
samples had been treated with pesticides. Samples were
harvested between May 2009 and June 2010.

20 exporting growers from 10 packinghouses were
randomly selected for this study. Each sample corresponds
to an exporting grower. Tomato samples were collected in
a proportional and representative way in accordance with
quantities exported by each exporting grower. Each sample
was put in sterile polyethylene bag, transported to the

laboratory and stored in the cold room at 4°C until the
analysis.

A representative sample (200 g) was blended using a
food processor and mixed thoroughly (El-Mouden et al.
2009; Zawiyah et al. 2007). A homogenized subsample
(50 g) was weighed and then mixed with 150 mL of ace-
tone prior to extraction (El-Mouden et al. 2009). The
mixture was blended for 2 h and the extract was filtered.
After filtration, the acetone extract was partitioned with
saturated sodium chloride solution (30 mL) and dichloro-
methane (70 mL) using a separating funnel. The filtrate,
corresponding to dichloromethane fraction, was evaporated
under vacuum using a rotary evaporator at 40°C. The
extract was transferred to the FLORISIL clean-up column
and pesticides were eluted with a mixture of diethyl ether/
n-hexane (6:4, v/v). Pesticide residues were analyzed by
gas chromatography (El-Mouden et al. 2009). Eight pesti-
cides (insecticides and fungicides): three organochlorines,
four pyrethroids and one dicarboximide, were analyzed.

A Hewlett—Packard 6890 Gas Chromatograph (Palo
Alto, CA, USA), equipped with an ECD detector (electron
capture detector) at 300°C was employed. The gas chro-
matograph was also equipped with a Hewlett-Packard 6890
autosampler (Palo Alto, CA, USA) and a capillary column
of 25 m x 0.32 mm i.d. x 0.52 pm film thickness, of 5%
phenyl-methyl polisiloxane HP-5. The injection tempera-
ture was 250°C and the temperature program was estab-
lished as follows: 80°C for 0.10 min and 80-180°C min™".
The carrier gas flow was He at 2.6 mL min~'; anode gas:
detector gas flow was N, at 10 mL min~' and the make up
was N, at 60 mL min~".

To evaluate the efficiency of the analytical procedures a
recovery assay was employed. The method was validated
by determining the limits of quantification (LOQ), recovery
percentages and coefficient of variation. Analytical stan-
dards of chlorothalonil, dicofol, procymidone, endosulfan,
A-cyhalothrin, cypermethrin, deltamethrin and bifenthrin
(over 99% pure) were purchased from Dr. Ehrenstorfer
GmbH (Augsburg, Germany). Each standard was dis-
solved in acetone (50 mL) to obtain stock solutions of

Table 2 Average recoveries

and coefficient of variation Compound N SpikingﬁllevelfLOQ Regression equation R? Average CV (%)

percentages for pesticides (mg kg ) recovery (%)

subjected for analysis Bifenthrine 53 0.0009 A=11329C-05 0999 97 1.90
Chlorothalonil 48 0.0015 A=10,189C -5 0.9998 90 5.50
Cypermethrine 44  0.001 A =5,6329C+0.15 09997 97 3.50
Deltamethrine 56  0.002 A =49469 C — 0.249 0.9979 96 12.5
Dicofol 16 0.007 A=1,6729C — 45 0.9902 87 6.30
Endosulfan 56 0.002 A =7,6674C + 0.001 0.9999 93 7.10
A-Cyhalothrin 47  0.004 A =5337.1C + 0.140 0.9995 95 1.26
Procymidone 60 0.002 A =3,0629 C — 10 0.9999 96 4.50

R? regression coefficient

@ Springer



360

Bull Environ Contam Toxicol (2012) 88:358-361

Table 3 Pesticide residues in

tomato samples (mg kgfl) from Sample Dico Proc Chlo Bife Endo A-Cyh Delt Cype
Souss-Massa (Morocco) 1 0.01 0006 0.1 0.500 0.009 001 0.02 0.009
2 0.10 0.01 0.2 <LOQ 1.123 <LOQ 0.22 0.02
3 0.02 0.10 0.15 0.002 0.08 0.005 0.02 0.02
4 <LOQ 0.15 0.12 0.004 1.00 0.006 0.01 0.04
5 0.002 0.17 0.17 0.301 1.02 0.01 0.25 0.30
6 0.12 0.01 0.25 0.102 1.01 0.01 0.02 0.06
7 0.010 0.008 0.14 0.103 0.009 <LOQ 0.02 0.07
8 0.130 0.007 0.12 0.012 1.120 <LOQ 0.02 0.04
9 0.01 0.02 1.00 0.001 0.003 <LOQ 0.02 0.04
10 0.009 0.04 <LOQ 0.130 1.150 0.016 0.02 0.05
11 0.008 0.003 0.002 0.012 1.200 0.015 0.02 0.03
12 0.4 0.01 <LOQ 0.009 1.120 0.006 0.01 0.02
13 0.15 0.004 0.30 0.008 0.03 0.01 0.01 0.02
14 0.12 0.003 0.12 0412 0.03 0.01 0.01 0.09
Dico dicofol, Proc 15 0.003 0.01 0.003 0.150 04 <LOQ 0.018 0.01
plr]cfcyntﬂ}idlonéi g{lo ifenth 16 <LOQ 0.01 0.20 0.012 0.05 <LOQ 0.01 0.009
znséoenzgsr‘:l%anffgel‘tem . 17 0.05 0.004 0.102 0.004 0.04 <LOQ 0.02 0.07
deltamethrin, A-cyh 18 0.03 0.012 0.123 0.003 0.05 0.009 0.30 0.08
A-cyhalothrin, Cype 19 0.05 0.11 0.002 0.011 0.04 0.008 1.00 0.002
cypermethrin, LOQ limit 20 0.06 0.12 <LOQ  0.042 0.03 0.01 0.003 <LOQ
of quantification
::::;f;saﬁ;{g;m(l;cr:z:d;eja;nge Country Compound found Mean or Irange Reference
expressed in mg kg™ (mg kg )
Spain Procymidone 0.53-0.55 Columé et al. (2001)
Egypt Chlorothalonil 0.26 Dogheim et al. (2002)
Cypermethrin 0.22
Dicofol 0.26
India Endosulfan 0.21 Mukherjee (2003)
Cyhalothrin ND
Spain Cypermethrin 0.012 Chavarri et al. (2004)
Deltamethrin ND
Malaysia Cypermethrin 0.29 Zawiyah et al. (2007)
France Chlorothalonil 0.04-0.85 Guillet et al. (2009)
Procymidone 0.003-0.09
Morocco Cypermethrin 0.04-0.79 El-Mouden et al. (2009)
Deltamethrin 0.01-0.05
Dicofol 0.01-1.06
Endosulfan 0.01-0.40
Saudi Arabia Dicofol 0.05 Osman et al. (2010)

ND not detected

approximately 200 mg L™', which were stored light pro-
tected at 4°C until further use. The freshly working stan-
dard solutions were obtained by dilutions with n-hexane.
Using the HP5 column the detector response for the pes-
ticides tested was linear in the range of the concentrations
studied (0.001-1 mg kg™").

Table 2 shows the recovery percentages of pesticides in
tomatoes and includes the regression equation showing the
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relationship between the signal of the detector (A,
peak area) and the concentration of the pesticide in
tomatoes (C, expressed as mg kg™ "). In all cases, regres-
sion coefficients (Rz) resulted to be higher than 0.99.
Recoveries were found from 87% to 97%. The quantifi-
cation limits for all pesticides were between 0.0009 and
0.007 mg kg~' and coefficient of variation were between
1.26% and 12.5%.



Bull Environ Contam Toxicol (2012) 88:358-361

361

Results and Discussion

Eight pesticide residues were detected in all samples ana-
lyzed: three organochlorine pesticides (dicofol, chlorot-
halonil and endosulfan), four pyrethroids (bifenthrin,
deltamethrin, A-cyhalothrin, and cypermethrin) and one
dicarboximide (procymidone). Pesticide residues found in
tomato samples produced in Souss-Massa (Morocco) are
shown in Table 3.

The detected residue levels ranged from 0.001 to
0.4 mg kg~" for dicofol, from 0.003 to 0.17 mg kg~ for
procymidone, from 0.001 to 0.25 mg kg~' for chlorot-
halonil, from 0.050 to 0.50 mg kg_1 for bifenthrin, from
0.001 to 0.010 mg kg~ "' for A-cyhalothrin, from 0.001 to
0.30 mg kg~! for cypermethrin, from 0.010 to 1 mg kg™"
for deltamethrin and from 0.003 to 1.123 mg kg™ for
endosulfan. Endosulfan is the pesticide that shows the
highest residue levels in tomatoes while A-cyhalothrin was
the pesticide with the lowest residues.

The MRLs established by EU legislation (Table 1) for
endosulfan and deltamethrin were exceeded in 8 and 2
samples, respectively. This study reveals that out of 20
samples, eight samples were found to have a residue value of
1-1.20 mg kg~ " of endosulfan and two of 0.30-1 mg kg™
of deltamethrin.

Comparing our results with those found for tomatoes
grown in other locations (Columé et al. 2001; Dogheim
et al. 2002; El-Mouden et al. 2009; Guillet et al. 2009;
Mukherjee 2003; Osman et al. 2010; Zawiyah et al. 2007)
it is observed that pesticide residues in tomatoes from
Souss-Massa (Morocco) present similar values as those
found in tomatoes from Egypt, India and Malaysia. Table 4
shows a summary of the pesticide residues in tomato
samples for different countries. In existing literature, there
are few studies analyzing more than one pesticide in
tomatoes. Only the studies about the tomatoes commer-
cialized in Egypt, France and Morocco detected more than
one pesticide residue (Dogheim et al. 2002; El-Mouden
et al. 2009; Guillet et al. 2009).

Tomatoes cultivated under greenhouse conditions are
highly sensitive to pests and need frequent pesticide treat-
ments, leading to higher residues in the final products. The
massive use of endosulfan and deltamethrin pesticides in the
production of greenhouse tomatoes needs to be controlled
and reduced and these pesticides should be subject to stricter
customs control and management in Europe.
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