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ABSTRACT

Pesticide residues were screened in samples collected from pomegranate orchards in Antalya, Tiirkiye, and
the health risks of such residues for consumers were assessed in this study. Analytical method verification
was conducted to determine 260 pesticide residues by liquid chromatography-tandem mass spectrometry
(LC-MS/MS). A total of 54 pomegranate samples were analyzed using this method. Ten of pomegranate
samples contained pesticide residues above European Union Maximum Residue Limits (EU-MRLs). Both
buprofezin and tebuconazole were detected in two of these samples, acetamiprid in three, tebuconazole in
two, deltamethrin in two, and chlorpyrifos in one. In the risk assessment, deltamethrin has the potential for
chronic toxicity for consumers, and chlorpyrifos shows both acute and chronic toxicity risks.
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ANTALYA'DA YETISTiRILEN NARLARDA PESTiSiT KALINTILARININ
BELIRLENMESI VE SAGLIK RiSK DEGERLENDIRMESI

oz

Antalya ili nar bahcelerinden toplanan numunelerde pestisit kalintilart taranmis ve bu kalintilarin
titketiciler icin olusturdugu saglik riskleri degerlendirilmistir. Sivi kromatografi-tandem kiitle
spektrometresi (LC—-MS/MS) ile 260 pestisit kalintisinin belitlenmesi icin analitik metot dogrulamast
yapilarak, Antalya ilinden toplanan 54 nar numunesi analiz edilmistir. 10 nar numunesinde Avrupa
Birligi Maksimum Kalinti Limitlerinin (AB-MRL) ast1ig1 belirlenmistir. Bunlarda ikisinde buprofezin
ve tebuconazole, lciinde acetamiprid, ikisinde tebuconazole, ikisinde deltamethrin ve birinde ise
chlorpyrifos tespit edilmistir. Tespit edilen pestisitlere yonelik risk degerlendirmesinde deltamethrin
kalint1 degerlerinin tiketiciler icin kronik toksisite potansiyeline sahip oldugu, chlorpyrifos kalinti
degerinin ise hem akut hem kronik toksisite riski gésterdigi belirlenmistir.
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INTRODUCTION

Pomegranate (Punica granatum 1.) has high
nutritional content and medicinal properties. It
provides numerous health benefits such as
boosting immunity, regulating blood circulation,
aiding digestion, and contributing to diabetes
management (Naik et al. 2022).

In 2019, global pomegranate production was
estimated to be around 4 million metric tons
worth 8 million USD. The highest production
occurs in Iran, India, China, Turkey, and the USA
(Kahramanoglu, 2019; Venkitasamy, 2019).
Pomegranate is an important product for the
Turkish economy and besides its contribution to
human nutrition and vatious alternative uses
(Ozalp and Yilmaz, 2013). According to the 2021
report of the Turkish Statistical Institute,
approximately one-fourth of pomegranate
production in Turkey comes from Antalya (TSI,
2021).

Many pests and diseases have been reported in the
pomegranate orchards of Antalya province.
Among them, the most common pests are
Frankliniella occidentalis Perg., Negara viridula (L.),
Siphoninus  phillyreae  (Haliday), Planococcus — citri
Risco., Ectomyelois ceratoniae (Zell.), Ceratitis capitata
(Wiedemann), and the most common diseases are
Alternaria alternata (Fr.) Keissler, Botrytis cinerea
Pers., and Penicillium spp. (Sahin, 2013; Ilgin,
2016). These pests and diseases cause yield and
quality losses before and after harvest. Therefore,
growers frequently use pesticides to prevent yield
loss. According to the 2020 TUIK data, Antalya
is the city in Turkey where pesticides are used the
most, with 4.349.658 kg-It (Ozercan and Tascy,
2022). These pesticides can accumulate on/in
fruits, posing food safety problems (Ryberg et al.,
2018) and threatening environmental health and
natural balance. Between January 2020 and
October 2022, 32 notifications of pesticide
residues in pomegranates exported from Turkey
were reported by RASFF, 22 of which were
classified as having a "serious" risk level.
Kuchheuser and Birringer (2022) stated that the
European Commission may need additional
measures due to the increasing trend in
notifications regarding pomegranates imported

from Turkey. Furthermore, the limited number of
residue studies on pomegranates in Turkey
(Bakirar et al., 2014; Dincay et al., 2017; Gormez
et al., 2021; Soydan et al, 2021) increases the
necessity for residue monitoring studies.

Monitoring is an integral part of Good agticultural
practices (GAPs). Therefore, testing samples for
multiple pesticides at low levels, such as 0.01
mg/kg, is essential to ensure food safety.
Electrospray ionization (EST) liquid
chromatography/tandem mass spectrometry
(LC-MS/MS) has become the method of choice
for pesticide residue analysis worldwide due to its
high sensitivity, selectivity, wide scope, and ease
of use (Ortelli et al, 2004; Banerjee et al., 2008).

In this study, the aims were (1) to report the
verification results of multiple residue detection
of 260 different pesticides in pomegranate using
the QuEChERS method and LC/MS/MS (2) to
investigate the pesticide residues of the samples
collected from pomegranate orchards in Antalya
(3) to evaluate the risk on human health.

MATERIALS AND METHOD

Sample collection and storage

The samples were collected randomly from the
pomegranate orchards in Antalya, the region with
the highest production in Turkey. Pomegranate
samples were collected approximately 2 kg (at
least five units) (EC, 2002). The samples were
transported immediately to the laboratory and
stored at -20 °C.

Reagents and chemicals

Pesticide reference standards were supplied by
Dr. Ehrenstorfer GmbH (Augsburg, Germany).
Acetonitrile (ACN) was bought by Honeywell
(North Carolina, USA). Methanol (MeOH),
magnesium  sulfate  anhydrous  (MgSO.),
ammonium formate (NH4CO,H), sodium acetate
anhydrous (NaOAc), and acetic acid (AcOH)
were procured from Merck (Darmstadt,
Germany). Water was purified by MP Minipure
Dest Up system (Ankara, Turkey). The
QuEChERS products were purchased from
Restek (Bellefonte, USA).
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Chromatographic analysis
The analyses were conducted on Shimadzu
UHPLC Nexera™ X2, and LCMS™-8050 triple

quadrupole mass spectrometer with an
electrospray ionization (ESI). The LC-MS/MS
conditions were listed in Table 1.

Table 1. Operating conditions and gradient program

LC Conditions (Nexera X2)

Column

Oven temp.
Solvent A

Solvent B

Gradient

Flow rate

Injection vol.
Rinse solution

Inertsil (ODS-4), C18 column
(2.1 mm x 150 mm, 3 pm)
40 °C

5 mM/L ammonium
formate/deionized water

5 mM/L ammonium
formate/methanol

5%B. (0 min) - 60%B. (3 min) -
70%B. (4 min) - 80%B. (6 min) -
95%B. (7 - 8.50 min) - 5%B.
(8.51-15 min)

0.4 mL/min

10 uLL

RO: 50% methanol

MS Conditions (.LCMS-8050)

Tonization mode EST  (Positive /
Negative)

Desolvation line temp 250 °C

Intetface temp. 300 °C

Block heatet temp. 400 °C

Nebulizer gas flow 2.9 L./min.

Drying gas flow 10.0 L/min.

Heating gas flow 15.0 L/min.

Dwell time 1-33 msec

Sample extraction and clean-up

The official QUEChERS AOAC Method 2007.01
was used for the extraction and clean-up
procedures (Lehotay, 2007). The following
QuEChERS steps are illustrated in Figure 1. Each
of the samples was analyzed in triplicates with LC-
MS/MS.

For recovery studies, approximately 1 kg of
pomegranate sample was homogenized with a
blender and 15 g of the homogenized sample was
weighed into a 50 ml Falcon tube. Then, 150 ul of
pesticide mixture was added to 15 g of sample and
vortexed for 60 seconds (Polat and Tiryaki, 2019;
Ddlger and Tiryaki, 2021). The mixture was left to
stand for 15 minutes to allow the pesticides to
interact with the matrix. Subsequently, the steps
illustrated in Figure 1 were followed.

Calculation of risk assessment

In assessing the acute and chronic risk of pesticide
residues, the estimated dietary exposure was
compared to toxicological values known as acute
reference dose (ARfD, mg kg' bw day') and
acceptable daily intake (ADI, mg kg' bw day™).
The short-term consumer health risk (acute
hazard index, aHI) was calculated by dividing the

estimated short-term intake (ESTI, mg kg' day")
by the acute reference. On the other hand, the
long-term consumer health risk (chronic hazard
index, cHI) was calculated by dividing the
estimated daily intake (EDI, mg kg! day™) by the
acceptable daily intake. The relevant formulas
used for these calculations were as follows (Liu et
al., 20106);

ESTI = (high residue level x food consumption)/

body weight 1
aHI = ESTI/ARfD x 100 2
EDI = (mean residue level x food consumption)/
body weight 3)
cHI = EDI/ADI x 100 @

The food is considered a risk to the consumers
when the health risk index >1. The food is
considered acceptable when the index is <1
(Darko and Akoto, 2008, Soydan et al., 2021;
Balkan and Kara, 2022). The average body weight
of an adult was considered 73.5 kg (TSI 2019),
and daily consumption of pomegranate for the
general population in Turkey were used as 0.01
kg-*day-* (TSI, 2021).
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Figure 1. Analytical steps of the QuUEChERS-AOAC Official Method 2007.01

RESULTS AND DISCUSSION

Method verification

In our previous study, we reported the results of
the method validation analysis of 260 pesticides
determined by LC-MS/MS in some leafy
vegetables (Balkan and Yimaz, 2022). This
method has been verified to determine pesticide
residues in pomegranates. The matrix calibration
curves and calibration equations of 260 pesticides
were linear (R2 = 0.990) in the 5-200 pg ml!
calibration range. The correlation coefficient (R?)
over 0.990 is an important criterion of linearity
(Tiryaki et al., 2008). Calibration curves of

boscalid and pyraclostrobin, which had
concentrations lower than the MRL, and
acetamiprid, buprofezin, chlorpyrifos,
deltamethrin, and tebuconazole, which had

residue concentrations higher than the MRL, are
shown in Figure 2.

Detection and quantification limits

The LOD and LOQ values of pesticides detected
were found to be lower than MRL values
determined by the European Union for
pomegranate (EC, 2022). The LODs ranged from
0.75 to 2.67 pg kg', while LOQ values were
between 2.50 and 8.90 ug kg'. The LOD and
LOQ values of acetamiprid, boscalid, buprofezin,
chlorpyrifos, deltamethrin, pyraclostrobin, and
tebuconazole were 2.19-7.30, 0.84-2.80, 0.75-2.50,
0.87-2.90, 2.67-8.90, 1.68-5.60 and 2.49-8.30 pg
kg, respectively (Table 2).

Precision and accuracy

Precision and accuracy of the method is evaluated
by repeatability (%RSD) and recovery (%Q)
(SANTE, 2021). The recovery tests were carried
out using five replicates at three fortification
levels of 10, 50, and 100 pg kg™, respectively. The
recovery rates of acetamiprid, boscalid,
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buprofezin, chlorpyrifos, deltamethrin,
pyraclostrobin, and tebuconazole are given in
Table 2. The results obtained for the other 253

pesticides were within the wvalues stated by

frea
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Figure 2. Calibration curves for seven pesticides in matrix-matched calibration

The findings regarding the recovery rates were in
line with the method validation parameters for
pesticide residue analysis (SANTE, 2021). The
accuracy values, which express the closeness of
the measured values to the actual values are given
in Table 2. The findings indicate that QuEChERS
provides effective recovery rates for 260
pesticides. As a result, the validated method can
be considered a rapid and accurate approach for
analyzing pomegranate residues (Tiryaki, 2010).

Pesticide residues
The study investigated 260 pesticides from
various groups, including insecticides, acaricides,

nematicides, fungicides, herbicides, plant growth
regulators, and some metabolites. LC-MS/MS
was used for the analysis of these pesticides in
pomegranate samples. Out of the 16 samples
analyzed, seven different pesticides were detected.
On the other hand, in 38 of the samples, no
pesticide active ingredient was found. The residue
levels of the detected pesticides ranged between
11.06 and 144.44 pg kg'. The results and
frequency of the pesticides were presented in

Table 3.
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Table 2. QuUEChERS-AOAC method verification data

Concentration R RSD
Pesticide Linear regression equation R? LO? LO(% (ug kg™ ecovery
hgke) (Mgkg) —— % %
Spiked Measured
10 10.12 101.12 8.91
Acetamiprid Y=133556.6x + 690071.0  0.998 219 7.30 50 53.89 107.78  10.21
100 111.88 111.88 9.13
10 11.05 110.50 7.57
Boscalid Y=14332.22x + 109937.2  0.996 0.84 2.80 50 56.85 113.70  11.53
100 111.74 111.74  12.07
10 9.11 91.10 8.68
Buprofezin Y=61556.09x + 27121.12  0.999 0.75 2.50 50 57.22 114.44 1335
100 107.50 107.50 8.37
10 9.55 95.50 11.31
Chlorpyrifos Y=14913.12x + 52824.51 0.999 0.87 290 50 57.97 11594  12.39
100 115.49 115.49 7.17
10 11.68 116.80  12.93
Deltamethrin ~ Y=1658.196x + 4552.626  0.999  2.67 8.90 50 53.70 107.40  10.15
100 100.74 100.74  10.52
10 11.47 11470 11.93
Pyraclostrobin  Y=42833.28x + 188784.6  0.998 1.68  5.60 50 55.36 110.72  13.34
100 115.22 115.22 6.32
10 11.39 113.90  11.42
Tebuconazole  Y=25978x+ 65993.97 0.999 249 8.30 50 55.31 110.62  11.28
100 108.03 108.03 6.86
Table 3. Pesticide residue levels and frequencies
Food Number of Number of
commodity .
y s>a£n Opg Sjﬁglﬁ N Frequency Pes.tlclde Nu;nfber MRLP
Pesticide of residue # B
and and detection (g kg sample (mgkg™)
percentage, percentage, gkg™) >MRL
(%) (%)
Pomegranate Acetamiprid 3 0.013- 0.014- 3 0.01
0.018
Boscalid 7 0.018-0.088 - 2
Buprofezin 2 0.016- 0.024 2 0.01
16 (29.6) 10.(18.5) Chlorpyrifos 1 0.102 1 0.01
Deltamethrin 2 0.028- 0.144 2 0.01
Pyraclostrobin 1 0.014 - 0.02
Tebuconazole 5 0.011- 0.075 4 0.02

“Mean of three analytical portions, P EU pesticide database (European Commission, 2022)

The results were evaluated according to EU-
MRL. Residue values from 10 out of 16
pomegranate samples (18.5%) exceeded the MRL.
Concentrations of acetamiprid, buprofezin,
chlorpyrifos, deltamethrin, and tebuconazole
were higher than the MRL. Additionally, six
samples contained two different pesticides.

In Turkey, acetamiprid is licensed for use against
Siphoninus phillyreae, Planococcus citri, Aphis punicae.
The acetamiprid residue level was found to be
higher than the MRL values in 3 samples.
Buprofezin is licensed in Turkey for control
against _Alternaria  alternata. 'The residue of
buprofezin exceeded the MRL in 2 samples. The
use of chlorpyrifos was terminated in May 2020
and was banned in Turkey. According to the
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previous license information, it has been used
against many pests, especially sucking insects in
orchards. Interestingly, the chlorpyrifos residue
concentration exceeded the EU-MRL by 102
times in one sample.

Deltamethrin is licensed in Turkey for control
against Ceratitis capitata. The deltamethrin residue
level in 2 samples were higher than the MRL.
Tebuconazole is licensed in Turkey for against
control  Phytophthora spp. The tebuconazole
residue level in 4 samples were higher than the
MRL. Boscalid and pyraclostrobin is licensed in
Turkey for control against .Alternaria alternata.
These licensed active ingredients are sold as
mixed preparations containing 25.2% boscalid
and 12.8% pyraclostrobin. The boscalid residue in
7 samples and pyraclostrobin residue in 1 sample
were lower than the MRL.

Dingay et al. (2017) found malathion in 17.1%
and spinosad in 9.1% of 187 pomegranate
samples collected in 2013, while malathion was
found in 14.3% and spinosad in 15.4% of 91
pomegranate samples collected in 2014, Turkey.
They stated that the active ingredients in these
samples did not exceed the MRL. Savant et al.
(2010) detected chlorpyrifos residues lower than
the MRL in a pomegranate sample from India.

The residues of imidacloprid were found below
the specified MRL in two fresh fruit samples
collected from retail markets in India (Utture et
al., 2012). In a study conducted in India, acephate
thiamethoxam,  imidacloprid,  carbendazim,
tebuconazole,  difenoconazole,  profenofos,
quinalphos, novaluron, thiophanate methyl, and
acetamiprid were found lower than MRL in whole
pomegranate samples from the markets (Naik et
al. 2022). Soydan et al. (2021) detected pesticide
residues higher than MRL in 7 of 157
pomegranate samples. In this study, pesticide
residues were higher than MRL in 10 out of 54
pomegranate samples.

Ugan et al. (2009), Ersoy et al. (2011), Bakirct et
al. (2014), and Ersoy (2019) conducted separate
investigations ~on  pesticide  residues in
pomegranate samples. In their respective studies,
they found no detectable levels pesticides in the
samples. In this study, no detectable pesticide
residue was found in 38 pomegranate samples,
while quantifiable pesticide residues were found
in 16 samples.

Health risk assessment

The risk analysis was conducted for seven
detected pesticides, and the results were presented
in Table 4.

Table 4. The results of long-term and short-term risk assessments

Long-term risk Short-term risk

ADF ARfDF
Food Lot ko'
commodity  Pesticide (mgkg  (mgkg EDI ESTI
bw bw (mg ke-iday) cHI (mg ke'day) aHI
day ) day) g kg day g kg day
Pomegranate Acetamiprid 0.025 0.025 1.71E-05 0.07 2.08E-05 0.08
Boscalid 0.04 / 4.85E-05 0.12 9.76E-05 /
Buprofezin 0.01 0.05 2.30E-05 0.23 2.75E-05 0.05
Chlorpyrifos 0.001 0.005 1.13E-04 11.32 1.13E-04 2.26
Deltamethrin 0.01 0.025 9.50E-05 0.95 1.59E-04 0.63
Pyraclostrobin 0.03 0.03 1.56E-05 0.05 1.56E-05 0.05
Tebuconazole 0.03 0.03 5.14E-05 0.17 8.28E-05 0.28

*ARID and ADI were adopted from IUPAC pesticides properties database (IUPAC, 2022).
The symbol of “/” represented that there was no authorized value for ARfD. and the corresponding risk index

could not be computed.
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The short-term risk assessment revealed that
chlorpyrifos level poses a high risk with a value of
2.2631, while all other aHI values were less than
1, indicating a negligible acute risk. Similarly, the
long-term  risk  assessment revealed that
chlorpyrifos level possesses high risk with a value
of 11.3155, while all other cHI values were less
than 1, indicating a negligible acute risk. However,
the cHI value of deltamethrin (0.9501) is quite
close to the limit value. These findings suggest
that the acute and chronic risks associated with
pesticide exposure through the consumption of
pomegranate should be taken into consideration.

In the literature review, a study conducted in
Turkey examined the health risks arising from
pesticide residues in pomegranate. The hazard
quotient values reported in the study conducted
by Soydan et al. (2021) indicated that
pomegranate consumption does not pose a public
health  problem. Similarly, other studies
conducted by Saleh et al. (2020), Matadha et al.
(2021), and Tripathy et al. (2022) also reported
that there is no significant potential human risk to
consumers  from  pesticide  residues in
pomegranate.

CONCLUSIONS

This study aimed to investigate pesticide residues
in pomegranates produced in Antalya province
and assess the related health risks. Among the 54
samples analyzed, seven different pesticides were
detected in 16 samples. The residue levels of 5
pesticides exceeded the MRLs. Our study results
indicate that some negative situations posing
potential risks to human health may be
encountered. To prevent such scenarios, raising
awareness among producers and plant protection
product sellers about the impacts of pesticides on
the environment and human health is crucial. In
addition, it would be appropriate to encourage
producers to implement good agticultural
practices (GAPs) and integrated pesticide
management (IPM).

In conclusion, conducting more comprehensive
research on pesticides and performing routine
residue analyses are essential to ensure food safety
and protect public health. In addition, increasing

the number of pesticides investigated in this type
of analysis is important to obtain more
comprehensive results.
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