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1 Introduction
Pesticides are chemicals usually used to protect plants 
from diseases and pests in the period before and after 
harvesting the fruits and vegetables, in order to reduce 
their impact on the quantity and quality of plants (Singh 
et al., 2014; Lozowicka et al., 2015; Suárez-Jacoboa et al., 
2017). They could be used in the cultivation of apples 
as well, but their concentration should be restricted 
by national/regional laws in order not to overcome 
the maximum level; otherwise it will cause adverse 
eff ects on human health and environment (Simon et al., 
2011). According to Badr et al. (2019), pesticides have 
consequent long-term eff ects on the national income, 
the ecosystem, and public health. High concentrations of 
pesticide residues (active substances (a.s), metabolites or 
decomposition products), which exceed the maximum 
allowed limits (Offi  cial Journal of the European Union, 
2005; Koch et al., 2017; Offi  cial Newspaper of the Republic 
of Macedonia, 2018), can accumulate in human body and 
have a negative impact on human health; therefore, it is 

necessary to monitor their concentration in the fruits 
(Sabarwal et al., 2018). In many countries, monitoring 
of pesticide residues in fruits and vegetables is one of 
the most important procedures to reduce potential 
health hazards. In this context, according to Mebdou et 
al. (2017), in good agricultural practice (GAP), pesticide 
residues in food items should not exceed the maximum 
residue limits (MRLs) and detected concentrations of 
pesticide residues should be within the prescribed 
values. The continuous usage of organophosphorus 
pesticides increases the possibility of these pesticides to 
be found in horticultures and thus aff ecting their safety 
and quality; this is the reason for the commitment of 
public health and food safety institutions (Quintero et al., 
2008). Organophosphate pesticides are toxic to insects 
and mammals, including humans; they have the ability 
to aff ect the central nervous system by inhibiting some 
important enzymes such as acetylcholine. Consuming 
unsafe food that is a source of toxic substances (pesticides 
and their metabolites), increases exposure to pesticides 
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as a potential health risk (Sharma et al., 2010; Drouillet-
Pinard et al., 2011). In general, the risk of pesticides is 
related to their accumulation in the food chain which can 
lead to human exposure to increased levels of pesticides 
in food (Badr et al., 2019; Jankuloska et al., 2020), and 
the main health effects are associated conditions such 
as cancer, birth defects, neurological and endocrine 
disorders, and reproductive changes (Khan et al., 2020). 
Chlorpyrifos is a representative of toxic organophosphate 
insecticides, the second most detected pesticide in water 
and food (Mackay et al., 2014); it has been detected as 
the most common pesticide found in apples (Badr et al., 
2019). In general, chlorpyrifos is applied for protection 
of pome fruits (apples and pears) against San Jose scale, 
Rosy apple aphid, Pandemispyrusana, Obliquebanded 
leafroller, Climbing cutworms, and American plum borer. 
The widespread use of chlorpyrifos in agriculture and its 
persistence in the environment have raised public safety 
awareness and concerns; therefore, novel technologies 
are proposed that will overcome pollution and toxicity 
problems with this chemical (John & Shaike, 2015). 
According to the Official Journal of the European Union 
(2020)b, this pesticide has shown negative effects on 
eventual genotoxic and neurological effects in child 
development. Due to health issues caused by this 
pesticide, the EU countries have forbidden the import of 
fruits that contain this pesticide as well as the use of it 
(deadline of adjustment is set in the Official Journal of the 
European Union (2020)a, Official Journal of the European 
Union (2020)b; and Official Journal of the European 
Union (2021)). Among different food categories, fruits 
and vegetables are recognized as a group that could 
contain higher levels of pesticide residues compared to 
other food groups, because they are mainly consumed 
as raw (Stachniuk et al., 2017). Apples can be eaten fresh, 
but also can be processed into an apple juice, apple 
compote, apple cider vinegar, jam or other products 
(Hancock et al., 2008), but also can be prepared as apple 
pulp used as a raw material to produce other products 
(Paz et al., 2017).

There are several varieties of apples cultivated in R.N. 
Macedonia; but in the region of Resen, the most often 
cultivated variety is Red Delicious. This variety is very 
lush, diploid, and usually flowers late. The fruits are 
round, large, usually ripen in months of September/
October (Icka& Damo, 2014). The apple juice is the second 
most consumed fruit juice worldwide (Rupasinghe & 
Thilakarathna, 2016) and its consumption has many 
positive effects on human health due to its nutritional 
value and bioactive components, such as antioxidant and 
antimicrobial activity (Paz et al., 2015). Various scientific 
data have showed that mechanical processing of the fruit 
removes some of the present pesticide residues, while 

heat treatment of the fruits further reduces their amount 
depending on the nature of the pesticide and the nature 
of fruits/vegetables (Chavarri et al., 2005; Štěpán et al., 
2005; Balinova et al., 2006; Kaushik et al., 2009; Ling et 
al., 2011; Satpathy et al., 2012). Therefore, it is expected 
that in apples, by washing, peeling and processing them 
into apple juice, the amount of pesticide residues will 
be reduced (Keikotlhaile et al., 2009). Dasika et al. (2012) 
have presented the level of chlorpyrifos in apples before 
or after washing step with warm water or salt water, 
but chlorpyrifos was still present in certain amounts. 
Washing the fruits and vegetables allowed decreasing 
the concentration of endosulfan (54.24%), imidacloprid 
(59.24%), diafentiuron (20.96%) and emamectin benzoate 
(9.09%), while washing with detergent followed by sun 
drying reduced the concentration of pesticide residues 
by up to 95% of the peel (Satpathy et al., 2012; Sheikh et 
al., 2015; Yang et al., 2017).

In this study, samples of fresh apples of Red Delicious 
variety as well as in its processed forms – washed, peeled 
and converted into apple juice – were examined in terms 
of the presence of pesticide residues. The pesticide was 
extracted by using the QuEChERS (Quick, Easy, Cheap, 
Effective, Rugged, Safe) method (Anastassiades et al., 
2003; Bruzzoniti et al., 2014). The main advantages of the 
QuEChERS method over the traditional sampling methods 
include recoveries for a high number of pesticides, good 
accuracy and precision, reducing the volume of used 
organic solvent, preparation of a high number of samples 
for short time and ease of implementation. Modern 
instrumental methods, including chromatographic 
techniques, are commonly used to analyze pesticides. 
More particularly, liquid chromatography is the most 
widely used separation technique including analysis of 
pesticides in fruits (Radišićet al., 2009).

2	 Materials and methods
Detection of the pesticide chlorpyrifos in apples of the 
Red Delicious variety and its processed forms is monitored 
in this study. The samples of apples were taken from two 
locations in the region of Resen, i.e. location 1 (Evla) and 
location 2 (Kriveni), after their harvest (October 2020). 
Table 1 presents the samples used in this study. Samples 
1 and 2 are unwashed apples, while samples 3 and 4 are 
washed (washed with cold tap water at 12 °C for 30 s). 
Samples 5 and 6 are samples that were initially washed 
and then peeled off with a sharp knife (the peel thickness 
was 1 ±0.3 mm). Peeled apples were homogenized and 
then analyzed for the purpose of this study. Samples 
7 and 8 represent juice prepared of collected apples 
for both locations (preparation occurred at in-house 
conditions according to the traditional recipe). Fig. 1 
shows a diagram for apple juice preparation.
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Extraction of chlorpyrifos pesticide 
residues was performed using the 
QuEChERS method according to the 
standard MKS EN 15662:2018 LC-MS/
MS. The QuEChERS method involves 
liquid extraction of pesticide 
residues from fruits using a solvent 
acetonitrile (Anastassiades et al., 
2003; Bruzzoniti et al., 2014). This 
method consists of using gas or liquid 
chromatography (Standardization 
Institute of the Republic of 
Macedonia, 2011). The procedure for 
extracting residues was as follows: 
10 ±0.1 g homogenized fruit sample 
was weighed in a tube of 50 mL, 
then was added 10 mL acetonitrile 
and the sample was extracted with 
ultra turax for 2 min at 4,000 rpm. 
Then a mixture of 4 g of magnesium 
sulfate anhydride (MgSO4), 1 g 
sodium chloride, 1 g trisodium 
citrate dihydrate and 0.5 g disodium 
hydrogen citrate hexahydrate were 
added to the extract. The sample 

was vigorously mixed by hand for 
1 min and centrifuged at 4,000 
rpm for 10 min. A 6 mL extract was 
transferred to a 15 mL plastic tube 
which already contained 150 mg PSA 
(primary secondary amine) and 900 
mg MgSO4. The mixture was mixed 
vigorously by hand or vortex for 30 
s and centrifuge at 3,000 rpm for 5 
min. When necessary, the extract 
was filtered into an autosampler 
vial through a 0.45 μm filter; then 
0.1% formic acid was added and 
applied to the UPLC-MS/MS system. 
The dilution factor was 1. The 
samples were analyzed by liquid 
chromatography (Waters, UPLC-MS/
MS), mass spectrometer with triple 
quadrupole (XEVO TQ-S micro, 
Waters), analytical column (Acquity 
UPLC BEH C18 1.7 μm, 2.1 × 100 mm, 
Waters), mobile phase А – LC/MS 
water with 0.1% formic acid and 
5  mM ammonium formate, mobile 
phase B – methanol with 0.1% 

 Figure 1	 Steps for apple juice preparation

Table 1	 Designation of apple samples used for this study

Sample number Type of processing Location

1 unwashed apples Evla

2 unwashed apples Kriveni

3 washed apples Evla

4 washed apples Kriveni

5 peeled apples Evla

6 peeled apples Kriveni

7 apple juice Evla

8 apple juice Kriveni

formic acid and 5 mM ammonium 
formate. Processing factors (PF) were 
calculated for all transformation 
steps by a ratio between the pesticide 
residue concentration (mg.kg-1) in 
the processed commodity and the 
pesticide residue concentration 
(mg.kg-1) in the raw, non-processed 
commodity (Scholz et al., 2018; 
El-Sayedet al., 2021). 

3	 Results and discussion
The analysis of the pesticide 
chlorpyrifos was performed in 8 
samples; fresh (unwashed), washed 
and peeled apples as well as apple 
juice were analyzed. The results are 
presented in Table 2.

From the results it can be seen 
that the highest concentration 
of the pesticide chlorpyrifos was 
observed in the fresh (unwashed) 
apples (samples 1 and 2). Namely, in 
sample 2, chlorpyrifos is detected at 
a concentration of 0.00348 mg.kg-1, 
while in sample 1 it is 0.002895 
mg.kg-1. The concentration of 
chlorpyrifos in samples 3 and 4 was 
decreased compared to samples 1 
and 2; sample 3 showed 0.001048 
mg.kg-1, that is 63.8% less than in 
sample 1, while the concentration 
of chlorpyrifos in sample 4 was 
0.001419 mg.kg-1 or 59.2% less than 
in sample 2. Peeled samples of apples 
showed further decrease in pesticide 
concentration; namely, in samples 5 
and 6 there were detected <0.0005 
mg.kg-1 of chlorpyrifos. [Since the 
range of detection of the instrument 
for the analysis is 0.0005  mg.kg-1, 
it could be concluded that the 
pesticide residues are less than this 
limit or even no presence of it in 
the tested samples]. The amount 
of present chlorpyrifos in sample 5 
was decreased by 82.7% compared 
to sample 1, while in sample 6, 
the amount of chlorpyrifos was 
decreased up to <0.0005 mg.kg-1, i.e. 
was decreased by 85.6% compared 
to sample 1. The concentration 
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agreement with the results of the 
research conducted by Ling et al. 
(2011) and Sheikh et al. (2015). Fig. 
2 shows the decrease in chlorpyrifos 
concentration in the analyzed 
samples.

Processing factors (PF) were 
calculated after each heat or 
mechanical treatment of the 
examined samples and the values 
are as follows: for sample 3 it is 0.41 
while for sample 4 it is 0.36 while PF 
for peeled and heat treated apples 
(samples 5to 8) is 0.14. According to 
Bonnechère et al. (2012) and Scholz 
(2018), if a PF is lower than 1, it 
indicates the reduction of a pesticide, 
while if higher than 1, it indicates 
a concentration in regulatory practice, 
regardless of changes in volume or 
weight for the processed food (due 
to dilution, removal or degradation). 
According to the Official Journal of 
the European Union (2020)a and the 
Official Newspaper of the Republic 
of Macedonia (2018), the  maximum 
residue levels (MRL) for chlorpyrifos 
in apples is 0.01 mg.kg-1. Fig. 
3 shows  the concentration of 
the  pesticide chlorpyrifos in all 
analyzed samples compared to 
maximum residue level. 

Fresh (unwashed) apples from 
location 1 have the chlorpyrifos 
concentration that is 3.45 times 
lower than MRL, while unwashed 
apples from location 2 have the 
chlorpyrifos concentration of 
2.87  times lower than MRL. Washed 
apples from locations 1 and 2 have 
the chlorpyrifos concentration lower 
by 9.54 and 7.04 times than MRL, 
respectively. Peeled apples from 
both locations as well as apple juice 
were found to contain less than 
0.0005 mg.kg-1 of chlorpyrifos that 
is 20 or more times less than MRL. 

Table 2	 Presence of chlorpyrifos in various apple samples

Sample 1 2 3 4 5 6 7 8

Chlorpyrifos 
(mg.kg-1) 0.002895 0.00348 0.001048 0.001419 <0.0005 <0.0005 <0.0005 <0.0005
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Figure 2	 Effect of apple processing on the concentration of chlorpyrifos (mg 
chlorpyrifos.kg-1 sample) in all tested samples from locations 1 and 2

Figure 3	 Concentration of chlorpyrifos (mg chlorpyrifos.kg-1 sample) in all tested 
samples compared to MRL

Samples

of present chlorpyrifos in sample 
5 was decreased compared to 
sample 3 to <0.0005 mg.kg-1, or was 
decreased by 52.3%, and in sample 
6, the amount of the pesticide 
decreased to <0.0005 mg.kg-1, or 
the concentration was decreased 
by 64.7% in relation to sample 4. 
The concentration of the pesticide 
chlorpyrifos in apple juice from 
both locations 1 and 2 was less 
than <0.0005 mg.kg-1. In sample 

7, the pesticide concentration was 
decreased by 82.7% compared to 
sample 1, and in sample 8, the amount 
of present pesticide, compared 
to sample 2, was decreased by 
85.6%. The concentration of the 
pesticide chlorpyrifos in sample 7 
was decreased by 52.3% compared 
to sample 3. The concentration of 
pesticide in sample 8 was decreased 
by 64.7% compared to sample 
4. These results are in a good 
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In all tested samples, the concentration of the pesticide 
chlorpyrifos are within the MRL which means that 
apples/apple products are safe for consumption. These 
observations are in good agreement with other studies 
conducted (Dömötörová et al., 2006; Kovalczuk et al., 
2008; Dasika et al., 2012; Yang et al., 2017; Rahman et al., 
2021).

4	 Conclusions
In this study, the presence of pesticide chlorpyrifos was 
analyzed in fresh and processed apples. Namely, the 
influence of the mechanical and thermal treatment of the 
apples of the Red Delicious variety on the concentration 
of the pesticide was monitored. Chlorpyrifos was 
detected in all samples before any treatment, but in 
an allowed limit concentration. After processing of the 
apples, the concentration of chlorpyrifos decreases to 
a value that is in the detection range of the instrumental 
technique, from which one can conclude that any 
processing method of apples has an impact on the 
content of chlorpyrifos. The greatest decrease in the 
concentration of chlorpyrifos was observed during the 
heat treatment of the apples, i.e. in the prepared apple 
juice. Also, the mechanical preparation of apple samples 
affects the reduction of the pesticide content while the 
washing of the apples has the least impact. Additional 
research is needed on this topic or by expanding the 
analysis to other types of pesticides used for protection 
on apple trees.
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