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| PEST!C‘!DE RESIDUES IN APPLE SAMPLES ON THE MARKET OF THE
i REPUBLIC OF SERBIA 2004-2007
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Faculty of Agricuiture, Trg Dositeja Obradovica 8, Novi Sad, SERBIA

MiRA PUCAREVIC, NADA OSTOJIC
Institute of Field and Vegetable Crops, Maksima Gorkog 30, Novi Sad, SERBIA

Abstract: Our study comprised the determination of the pesticide residue content in 108 samples of
apples. The pesticide residues were determined by gas chromategraphy with NPD, ECD and GLC - MS.
The samples were iested for the content of 75 pesticides with LOD of 0.001 to 0.005 mg/kg which were
lower than MRLs according to the EU standards. The relative standard deviation was lower than 19% for
all the tested compounds. In the apple samples taken during 2004, the percentage of the samples posi-
tive fo the pesticide residue content was 51.85% and the most frequent contaminants were ¥, HCH and
endosulfan. In the analyzed samples, taken during 2005, out of 70.91% samples in which the pesticide
residues were detected, endosulfan was present in 41.03%, captan in 35.9%, chiorpyrifos in 20.51% and
parathion in 17.85%. The content of the procymidone and lambda-cyhalothrin residues were over the EU
MALs. During 2006 all apple samples were residue-free. Out of 13 samples analyzed in 2007, five con-
tained the pesticide residues below the EU MRLs with the most frequently detected dithiocarbamate.

Key words: Apple, pesticides, residues, GLC, monitoring
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1 Gorkog 30, Novi Sad, SERBIA. NECTULINAHI OCTATBUY B ABDBIAKNW OT MA3APA HA
“ PETYEBINKA CbPGISA 3A NEPUCOA 2004-2007 T,

Pestome: fpoyybanemo o6xBawia onpegeasHe chgbpiaHuemo Ha necmuyugHy ocmambuu 68 108 npo-
6u om aGbAKU C 2azoba xpomamozpagua ¢ gemexmopu NPD, ECD u GC-MS. [Tpoéume ca uscaegBants
3a chgbpadue Ha 75 necmuyuga ¢ epanuyu Ha omkpuBande om 0,001 go 0,005 mgrkg, Koumo ca no-
HUCKU Om MaxkcuMaAHo gonycmumume Konuesmpauuy (MOK) cbeaacHo ebponelckume cmaHgapimu.
OmHOCUMEeAHOMO CMAaHgapmHO CMKACHEHUE e NO-HUCKO om 19% 3a Bcudku aHau3UpaHu CbeguHeHUs.
B npo6u om a6bAkU, B3emu om 2004 2. npoUSHMbIT Ha NOACKUMEAHUME NPoGL 38 ChgbDKaHUE Ha Nec-
mULUgHL ocmambuu e 51,85% kamo Hatd-secmiu 3ambpcument ca 2. HCH u ergocyapan. B anasuzupa-
Hume npodu, 8zemu npea 2005 2., om 70,91% npobu, 8 KOUMo ca OMKpUMU OCMAMBbYHU KoAUYecmba
Om Necmuyugu, eHgocyapan e HaauveH 8 41,03%, kanman 8 35,9%, xaopnupugoc B 20,51% u napamu-
OH B 17,85%. KoauvecmBama Ha ocrmambuume Om npoyuMUgoH U AaMbga-UuxarempuH ca Hag eBponedr-
ckume MIK. lpes 2006 2. He ca yemarobeHu necmuyugHu ccmambyu 8 npobume om g6bakt. Om 13
npotu, aHaiuzupanu npe3 2007 2., 5 cbgbpam ocmambsuyu ¢ koauuecmBa no-Hucku om MK, kamo
Hal-Yecmo omxpuBanu ca gumuoKkapbamamume.

KarouoBu gymu: a6pAKU, necmuuugu, ocmameyru BetecmBa, GLC, MOHUmOpUHE

The residues of pesticides in fruit are the conse-
quence of their direct application in the agricultural
production. In order to comprehend in what condition
the pesticide residues in fruit are and how hazardous
they are to human health, it is essential to carry out a
long-lasting monitoring of their residue content and to’
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create a data base and a base of contaminant con-
tents. As food is one of the most important facters of
the environment it directly affects human health and
existence. That is why it must be of a high safety qual-
ity. Within that framework the role of fruit in nutrition is
significant. According to the latest data, the fruit con-




sumption has reached almost 170 kg per person a
year. (Gebara et al., 2007). Fruit is a significant source
of nutrition which provides the human body with the
necessary and useful compounds such as the vita-
mins (C, B complex vitamins, precursors of vitamin
A), minerals (K, Mg, Fe, Cu), fibres and other matters
which have a positive effect on the human body.

These matters.are unstable so that it is recom-
mendable to consume fresh fruit (not treated thermi-
cally). On the other hand it needs to be emphasized
that fresh fruit consumption entails a certain risk of
being exposed to the residue of the pesticides which
have been used for protection during the production
and storage. Al present, the pesticides are widely
used for fruit protection. Their excessive use can
jeopardize human health so that the content of their
residues in the agricultural products used in the nutri-
tion of people and animals must be checked on. The
programmes of monitoring the pesticide residues in
food which are continuously carried out ensure that
the consumers are not exposed to the intolerable
level of pesticide residues. There are other ways of
inappropriate use of pesticides such as intolerable
high doses or disregard of the time interval between
the last pesticide treatment of plant species and har-
vesting — PHI, which can be prevented by a regular
monitoring of the pesticide residues (Pucarevi?,
2008).

MATERIAL AND METHOD

Our study comprised the determination of the pes-
ticide residue content in 108 samples of apples from
the market of the Republic of Serbia taken during
2004-2007 (27 samples were analyzed in 2004, 55
samples in 2005, 30 samples in 2006 and 13 samples
in 2007).

The pesticide analysis was carried out by the mul-
tiresidual method after Fillion et al. (2000). To put it
briefly, the samples were homogenized with acetoni-
tril and sodium chloride. The clean-up was performed
by using the SPE C-18, the eluate was collected in

80"

cuvettes with sodium sulphate. After that, the eluate
was cleaned up again by Envi Carb + Amino propyl
columns. Then, it was evaporaled to 2 ml with the
acetone twice and evaporated to dryness and diluted
in acetone. For the identification and quantification of
pesticides the gas chromatography with electron
capture detector (ECD), nitrogen/phosphorus detec-
tor (NPD) and Mass Spectrometry were used.

The residue concentration of the positive samples
was calculated by the calibration curve, generated
from the peak area obtained by the results of the
standard analysis.

RESULTS AND DISCUSSION

Since the pesticides are widely used for fruit pro-
tection at present, their excessive use can jeopardize
human health so that the content of their residues
must be checked on.

The analysis of the 27 samples of apples from
2004 showed that the pesticide residues in the 14
samples with the most frequently present »HCH
(51.85%), endosulfan (28.57%) chlarpyrifos (21.43%)
were detected whereas the diazinone, malathicn and
fenitrothion were present in one sample (not the same
one). The content of all the other pesticide residues
was below the EU MRLs. In the analyzed samples,
taken during 2005, out of 70.91% samples in which the
pesticide residues were detected, endosulfan was
present in 41.03%, captan in 35.9%, chlorpyrifos in
20.51%, parathion in 17.95%. In two samples the pro-
cymidone and dihlorvos respectively were present,
and in one sample 2, HCH, malathion, fenitrothion,
pirimiphos-methyl, bifenthrin and lambda cyhalotrin
were present respectively. Out of seven samples in
which the paration was detected, five contained the
values of this pesticide over the MRL. The content of
the procymidone residue detected in two samples as
well as the content of lambda-cyhalothrin found in
one sample were over the EU MRLs. All the detected
values were below the MRL. During 2006 thirteen
samples of apples were analyzed in which no pesti-
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Fig. 1 Pesticide residues in apple samples on the market of the Republic of Serbia 2004-2007
Que. 1. Mecmuytighu ccmambyt B nPOGY om S6bAKY Om azapa Ha Penyéauka CbpGus npea 2004-2007 2.
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Fig. 2. Disiribution of pesticide residues detected in apple sam-
plss in 2004
ue. 2. PaanpegeseHue Ha NECHILLUGHL CCMAMmBUU OMKpUmu
8 npo6u om AGbAku npe3 2004 e.

cide residues were detected, or residues were not
found for they were under the LOD. Out of 13 samples
analyzed in 2007, five contained the pesticide
residues below the EU MRLs with the most frequent-
ly detected dithiocarbamate (60.0%), cypermethrin
(40.0%) and amitraz (20.0%). Figure 1 shows the total
of pesticide residues in the apple samples during four
years from the market of the Republic of Serbia.

Figure 2 shows the distribution of pesticide
residues in 27 apple samples taken during 2004, the
percentage of the samples positive to the pesticide
residue content was 51.85%. The pesticide residues
under the European Maximum Residue Level (MRL)
were in 14 of the samples.

In the analyzed samples, taken during 2005, out of
70.91% samples in which the pesticide residues were
delected, figure 3, with 71.43% residue over the EU
Marls samples.

During 2008 thirteen samples of apples were ana-
lyzed in which no pesticide residues were detected.
Out of 13 samples analyzed in 2007, five contained
the pesticide residues below the EU MRLs. The
results are shown in figure 4.

Fig. 3. Distribution of pesticide residues detected in apple sam-
ples in 2005
ue. 3. PasnpegeseHue Ha NecmuyugHy ocmamsuu omKpumu
B npo6u om sAGbAkL Npe3 2005 2.

Fig. 4. Distribution of pesticide residues detecled in apple sam-
ples in 2007
Pua. 4. PaznpegeseHue Ha NECMULUGHY OCMaMmBbUU OMKPUMU
B npo6u om A6eAKL npe3 2007 &.
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Table 1 §ists the peslicides detecied, their frequen-
cy by the cencentration level and the number of sam-
ples with pesticide residues above the EU MRLs.
Most of the residues were present in low concentra-
tions and the detection was below 0.01 mg/kg
(31.33%) and 0.05 mg/kg (50.6%).

Multiple residues were detected in nine samples.
The details about the pesticides detected and their
levels in samples containing two or more residues are’
presented in table 2.

Vaxevani et al. (2008) presented the results of
the four-year monitoring carried out in northern
Greece, through the analysis of 1548 samples of
fruit and vegetables. Under 2.0% of the analysed
samples were over the MRLs values, whereas the
pesticide residues were registered in 33.25% on
average. The control of the pesticide residues in
fruit and vegetables, carried out in Slolvenia during
2006/2007 showed that out of the total of 391 sam-
ples, 13 samples exceeded MRLs for acetamiprid,
captan, chiorothalonil, cyprodinil, fludioxonil and
folpet, 149 samples contained residues equal or
lower than MRLs, and no residues were found in 229
samples (Basa Ceasnik et al., 2008). By the analysis
of 2305 samples of fruit, vegetables, cereals and
others in Slovakia during 2006 and 2007, the most
frequently found residues in both years were: chlor-
pyrifos, thiabendazol, imazalil, maneb group, iprodi-
on and precymidon. Aprox. 20% of all the samples
had multiresidual findings and 43% were positive
findings (Durcanska et al., 2008). According to the
results of the Bulgarian monitoring programme of
pesticide residues in a plant production in 2007, 278
samples were analysed. The residues of the pesti-
cides were found in 39% of samples, with 20% of
them below the MRLs. Only in 11 samples of toma-
toes the level of vinclozolin exceeded the MRLs of
0.05 mg/kg. Chlorpyrifos was the most frequently
found pesticide in 11% of samples. In 42 samples
there were multiresidual findings. The highest num-
ber in a single sample, four pesticides, was found in
tomatoes and appies (Miadenova and Shiereva,
2008). The monitoring of the pesticide residues in
food, carried out in Lombardia, showed that in 2006
out of the analysed 1024 samples, of which 74 sam-
ples represented organic food, the pesticide
residues were found in 247 samples and 60 samples
had multiresidual fundings. In 28 samples the pesti-
cide residues exceeded the MRLs values. in 10
samples of mint produced in non-European coun-
tries, there were intolerably high ammounts of
dimethoate, chlorpyrifos and malathion and for that
reason they were not allowed onto the national mar-
ket (Mussida et al.,, 2007). In Turkey 87 samples
were analysed for the pesticide residue content in
fruit and vegetables (Tatli et al., 2007). Fifty pesti-
cides which were detected belonged to various
chemical compounds: organochlorine,



T T

=

T T T T e

Tabauua 1/Table 1

OcTarbliv OT NECTULMAW, TPYNIMPaHIA NO OTKPMTH KOHUEHTPALUMOHHM HWBA B NPOGN OT AGL/IM OT Na3apa B Cup6us 2004-2007 .
Pesticide residues sorted out by concentration level detected in apple samples from the market 2004-2007

T)Em Gpoi NpoGu QOcrarsuhm konuiecTsa/Residue, ma/kg 06w, Gpoir Mpobw ¢
Total number neTekTMpaHus/ NecTULMAHA
of samples — 108 Total of ocTaTbLK

detections Hag EU MRLs/

MNonoxuTtenHy NpoGu/ Samples with
Detected samples - 58 pesticide

residues above

Pesticide <001 | <005 | <01 < 0.5 <1 the EU MRLs

T HCH 8 0 0 0 a 8 0
Ennecyndar/Endosulfan 18 5 0 0 0 23 0
Kamman/Captan 0 14 0 0 0 14 0
Xrnoprnvpudoc/Chlorpyrifos 0 11 0 0 0 11 0
MapatvwoH/Parathion [ 2 0 4 1 # 5
Mpouvmmpon/Procymidone o 0 0 2 0 2 2
Linnepmetpux Cypermethrin 0 0 1 1 0 2 0
Manartnon/Malathion 0 2 1 0 0 3 0
Auxnopdoc/Dichlorvos 0 1 1 0 0 2 0
Oumvokap6amart/Dithiocarbamate 0 1 2 0 0 3 0
Namépa-uuxanotpur/Lambda-cyhalothrin 0 0 0] 1 0 1 1
HnaauHoH/Diazinon 0 1 0 U] 0 1 0
(DenutpoTuoH/Fenitrothion 0 1 0 0 0 1 0
Nupumudgoc-menn/Pirimiphos-methyl 0 1 0 0 0 1 0
BudeHTpMH/Bifenthrin 0 0 i 0 0 1 0
Amutpas/Amitraz 0 1 0 0 0 1 0
Oswo/Total 26 40 6 8 1 81 8

Taéauua 2/Table 2

MpOGK OT ABLAKK CHABPKALM 2 UK NOBEYE NECTHUMAHM OCTATEKA

Apple samples containing 2 or more residues

Mecmymanm ocratbUm/Pesticide mg/kg EU MRL mg/kg

Mapatvon/Parathion 0,466 0,05
budentpun/Bifenthrin 0,050 0.3
Maparvon/Parathion 0,0417 0,05
NlamBpa-umxanorpus/Lambda-cyhalothrin 0,1052 0,1
MapamonH/Parathion 0,5602 0,05
Oenurpotmon/Fenitrothion 0,0757 0,05
Ouxnopdoc/Dichlorvos 0,0829 0,1
Mapamon/Parathion 0,1452 0,05
Huxnopdoc/Dichlorvos 0,0315 04
Maparnson/Parathion 0,1177 0,05
MpouumuncH/Procymidone 0,2333 0,02
Xnopnupudgoc/Chlorpyrifos 0,012 0,5
Kanrtan/Captan 0,027 3,0
Xnopnvpudoc/Chlorpyrifos 0,020 0,5
Kanran/Captan 0,016 3,0

Xnoprmpudoc Chiorpyifos 0,017 0,5

Kanran/Captan 0,018 3,0

Xnoprmpudoc/Chlorpyrifas 0,010 0.5

Karran/Captan 0,048 3,0

organophosphorus, syntetic pyrethroid, strobilurine
i benzimidazole. The pesticide residues in tomato,
artichoke and potato samples were below the LOD.
In other samples there was at least one compound
minimum. The pesticide residues were not detected
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in 73.36% of samples, 22.99% were below the MALs
and 3.45% samples contained the residues over the
MRLs.

Our analysis dealt with the the determination of
the residue content of 75 pesticides in the apple sam-
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ples, from the markets of the Republic of Serbia dur-
ing 2004-2007. Out of 108 samples, the pesticide
residues were detected in 58 with endosilian, captan
and chlorpyrifos as the most frequent contaminants.
The multiresidues were detected in nine samples
while eight samples contained the pesticide residues
over the MRLs.

The comparison of the cited data and-our results
confirms that the high percentage of samples positive
to the pesticide residue content is a warning that in
the production conditions a continuous and mutti-
level monitoring of food safety needs to be a regular
practice, aiming at the successful prevention of harm-
ful effects of pesticides on the health of people and
animals.

CONCLUSION

The analysis of the market samples from the
Republic of Serbia shows that out of 108 studied sam-
ples 46.3% were residue-free, or they were under the
LOD. Only 7.41% of the samples had the concentra-
tion of active ingredients above the EU MRLs. The
most frequently detected pesticides in the samples
were endosulfan 21.3%, captan 12.96% and chlorpyri-
fos 10.19%. The pesticide residues detected in 53.7%
of the analyzed market apple samples, taken during
2004-2007 emphasize that the high percentage of
samples positive to the pesticide residue contentis a
warning that in the production conditions a continu-
ous and multi-level monitoring of food safety needs to
be a regular practice aiming at ihe successful preven-
tion of harmful effects of pesticides on the health of
people and animals.
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