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CENCKOCTONAHCKA AKAREMUA 

AGRICULFURAL ACADEMY 

PACTEHUEBbAHM HAYKH, 46, 306-310 

PLANT SCIENCE, 46, 306-310 

Codua, 2009, Sofia 

PESTICIDE RESIDUES IN APPLE SAMPLES ON THE MARKET OF THE 
REPUBLIC OF SERBIA 2004-2007 

SANJA LAZIC*, VOJISLAVA BURSIC, SLAVICA VUKOVIC 
Faculty of Agriculture, 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 chromatography 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 to 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%, chlorpyrifos in 20.51% and 

parathion in 17.95%. 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 

S. LAZIC, M. PUCAREVIC', V. BURSIC, N. OSTOJIC', S. VUKOVIC, Faculty of Agriculture, Trg 
Dositeja Obradovica 8, Novi Sad, SERBIA; 'Institute of Field and Vegetable Crops, Maksima 

Gorkog 30, Novi Sad, SERBIA. NECTMUNQHA OCTATbUM B ABbSIKH OT AA3APA HA 
PENMYBIIMKA CbPBIMA 3A NEPMOJA 2004-2007 I. 

Pe3iome: IpoyyBanemo o6xBawa onpegensHe CbgbpwaHuemo Ha NecmuyuUgHU OcmambuUU B 108 npo- 

6u om ABbAKU C 2a308a xpOMamozpadus Cc gemeKmopu NPD, ECD u GC-MS. [po6ume ca uscregbanu 

3a Chgbp-KaHue Ha 75 necmuyuga C epaHuyU Ha OMKpUubaHe om 0,001 go 0,005 mg/kg, Koumo ca no- 

HucKU OM MaKCUMaAKO gonycmuMUMme KOHYeHMpayuu (MAK) cbeaacHo ebponetickume cmaHgapmu. 

OmrocumeaHomo CmaHgapMHO OMKACHEHUE e NO-HUCKO om 19% 3a BCUYKU aHaAUSUpaHU CheguHeHus. 

B npo6éu om s6bAKu, 83emu om 2004 2. nDOUeHMbM Ha NOADKUMeAHUME NpObU 3a Cbgbp»KAaHUe Ha NeC- 

MUUUgHU ocmambuu e 51,85% Kamo Hall-vecmu 3ambpcumeru ca >, HCH u exgocyapan. B avaAu3upa- 

Hume npobu, B3emu npe3s 2005 2., om 70,91% npobu, B KoUMO ca OMKPUMU OGMambYHU KOAUYeCMBa 

om necmuuugu, exgocyadar e Haauyen 8 41,03%, kanman 8 35,9%, xaopnupudoc B 20,51% u napamu- 

OH 6 17,95%. KoauyecmBama Ha OCMaMbUUME OM NPOUUMUGOH U AaMbga-YUXaAOMpUH Ca Hag ebponeu- 

ckume MK. fipe3 2006 2. He ca yemaHobexu necmuyuguu ocmambuu 8 npobuMe om AGbAKU. Om 13 

npo6u, ahaAu3zupanu npe3s 2007 2., 5 cbgbp»xam ocmambyu C KOAUYeCMBa no-HUCKU om MELIK, Kamo 

Haui-yecmo omkpuBbaxu ca gumUuoKap6amamume. 

KarouoGu gymu: AG6baku, necmuuugu, Ocmambuynu BewecmBa, GLC, MoHUMOpPUHe 

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’ 

*E-mail: sanjal@polj.ns.ac.yu 
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create a data base and a base of contaminant con- 
tents. As food is one of the most important factors 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. At 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 

cuvettes with sodium sulphate. After that, the eluate 

was cleaned up again by Envi Carb + Amino propyl 
columns. Then, if was evaporated 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%) chlorpyrifos (21.43%) 

were detected whereas the diazinone, malathion 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 3} 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. Necmuuuguu ocmambuu 8 npo6u om A6baku om asapa Ha Peny6auka Cyp6ua npe3 2004-2007 a. 

 



  

  

  

    

Pe 

| OND | 

O<MRL | 

B> MRL | 

  

Fig. 2. Distribution of pesticide residues detected in apple sam- 

ples in 2004 

Que. 2. Paanpegeserue Ha necmuyugHu ocmambuu OMKPUMU 

B npo6u om ABbAKU Npe3s 2004 2. 

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 

detected, figure 3, with 71 43% residue over the EU 

Marls samples. 

During 2006 thirteen samples of apples were ana- 

lyzed in which no pesticide residues were detected. 

Out of 13 samples analyzed in 2007, five contained 

ihe 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 

Qua. 3. PasnpegeaeHue Ha necmuUUgHu ocmambuu oMKpUmMU 

6 npobu om A6baKu npes 2005 2. 

‘ND 

f1< MRL 

> MRL 

  

Fig. 4. Distribution of pesticide residues detected in apple sam- 

ples in 2007 

ue. 4, Pasnpegenenue Ha NecmuuugHu ocmambuu oMKPUMU 

6 npoéu om s6pAKu Npes 2007 2. 
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Table 1 fists ihe pesticides detected, their frequen- 

cy by the concentration 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, chlorothalonil, 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, 276 

samples were analysed. The residues of the pesti- 

cides were found in 39% of samples, with 90% 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 ina single sample, four pesticides, was found in 

tomatoes and apples (Mladenova and Shtereva, 

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,
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Tabauya 1/Table 1 
Octarpu OT NeCTMUMAL, FpynupaH NO OTKPHTH KOHUeHTPALMOHH HVBa B NPOGH OT ABNKM OT Nasapa B Chp6ua 2004-2007 r. 
Pesticide residues sorted out by concentration level detected in apple samples from the market 2004-2007 
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Octatbunv KonuyectBa/Residue, mg/kg O6w Spor Npo6u c 
Total number neTexTupanna/ necTuuMAHu 
of samples — 108 Total of OCcTaTBUM 

detections Hag EU MRLs/ 
Nonoxutenku npo6bu/ Samples with 
Detected samples - 58 pesticide 

residues above 
Pesticide <0.01 | <0.05 =O <05 <1 the EU MRLs 
= HCH 8 0 0 0 0 8 0 
Engocyndar/Endosutfan 18 5 ) 0 0 23 0 

KanraH/Captan 0 14 0 0 0 14 0 
Xnopnupudoc/Chlorpyrifos 0 a} 0 0 0 11 0 
NMapatnor/Parathion 0 2 0 4 1 ¢ 5 
Npouvmugon/Procymidone 0 0 0 2 0 2 2 
Llunepmetpuy Cypermethrin 0 0 1 1 0 2 0 
ManatuoH/Malathion 0 2 1 0 0 3 0 
Uyxnopdoc/Dichlorvos 0 1 1 0 0 2 0 
QutTwoKap6amat/Dithiocarbamate 0 1 2 0 0 3 0 
Nam6ya-unxanotpun/Lambda-cyhalothrin 0 0 0 1 0 1 j 
Qma3zvHor/Diazinon 0 1 0 0 0 1 0 
@exutpotuod/Fenitrothion 0 1 0 0 0 1 0 
Dupumudoc-metun/Pirimiphos-methyl 0 1 0 0 0 1 0 
Budentpuy/Bifenthrin 0 0 1 0 0 1 0 

Amutpa3s/Amitraz 0 1 0 0 0 1 0 
Ob6uwo/Total 26 40 6 8 1 81 8 

Ta6auya 2/Table 2 
Npo6u of a6pnkn cbabpxawM 2 wn NoBeYe NeECTMUMAHM OCTaTDKa 
Apple samples containing 2 or more residues 

Nlectmunann octatbun/Pesticide mg/kg EU MRL mg/kg 
Napatuon/Parathion 0,466 0,05 
5Budeutpu/Bifenthrin 0,050 0.3 
Mapatwon/Parathion 0,0417 0,05 
Jlam6ga-unxanotpuk/Lambda-cyhalothrin 0,1052 0,1 
Napatuon/Parathion 0,5602 0,05 
Qexvtpomon/Fenitrothion 0,0757 0,05 
Auxnopdoc/Dichlorvos 0,0829 0,1 
Napamon/Parathion 0,1452 0,05 
Auxnopdoc/Dichlorvos 0,0315 Oo 
Mapatwon/Parathion 0,1177 0,05 
Npouvmupox/Procymidone 0,2333 0,02 

Xnopnupudoe/Chlorpyrifos 0,012 0,5 
KantaH/Captan 0,027 3,0 

Xnopnupudoc/Chlorpyritos 0,020 0,5 
Kantax/Captan 0,016 3,0 
Xnopnupudoc Chlorpyrifos 0,017 05 
KantaH/Captan 0,018 3,0 

Xnopnupydoc/Chlorpyrifos 0,010 0,5 
Kantan/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 MRLs 
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- 

  

 



  

    

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 endosilfan, 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 multi- 

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 21.8%, 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 content is a 
warning that in the production conditions a continu- 
ous and multi-level monitoring of food safety needs to 
be aregular practice aiming at the successful preven- 
tion of harmful effects of pesticides on the health of 

people and animals. 
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