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Abstract
Widespread use of pesticides in intensive agriculture indicates the need for permanent monitoring of their residues in soil. 
For this purpose, a total of 22 evenly distributed sampling points of arable land were chosen in the sampling area in Serbia. 
Soils were divided into groups according to the previous crop (pepper, vegetables, maize, wheat and soybean). Soil properties 
and residues of 68 pesticides, of which 22 herbicides, 25 insecticides and 21 fungicides, were analysed in the collected soil 
samples. The obtained data confirm the heterogeneity of soil samples regarding their organic matter content (1.41–3.39%) and 
pH value (pH 4.27–8.08). The average number of active ingredients detected per type of previous crop was 1–2 herbicides, 
14–16 insecticides, and 3–4 fungicides, while the residues of 3 herbicides, 20 insecticides and 9 fungicides were found in 
total. Insecticides with mainly organochlorine compounds represented the majority of the detected active ingredients.
Although rapid degradability of sulfonylurea herbicides is a well-known fact, the residues of nicosulfuron, ranging from 
0.15 to 1.99 μg/kg, were found in three soil samples where maize was grown as a previous crop. Furthermore, triazoles 
prothioconazole (0.08 ± 0.11 μg/kg), tebuconazole (0.10 ± 0.24 μg/kg) and epoxyconazole (0.13 ± 0.42 μg/kg) were detected 
in 36%, 18% and 14% soil samples, respectively, while difenoconazole and flusilazole were detected in only one sample. 
Soil pH value mostly correlated with pesticides. The levels of pesticides detected in agricultural soils should be monitored 
further, especially in terms of environmental risks posed by their transfer to groundwater and surface waters.
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Introduction

Application of pesticides for the control of pests and dis-
eases, in order to achieve better quality of products and 
higher yield, is one of the widely used practices in agricul-
ture. Intensification of agricultural production resulted in 
the rise of pesticide use (Silva et al. 2019). Despite benefits 
gained from plant protection products in terms of increasing 

the economic value of crop production, their intensive and 
widespread use raises serious concerns regarding their 
harmful effect to humans and wildlife, and issues brought 
on by the release of harmful substances into the environ-
ment (Hvezdová et al. 2018; Jorfi et al. 2019). Soil, as an 
essential natural resource, has a high capacity to retain and 
store chemical substances such as pesticides. The activity 
of pesticides depends on their susceptibility to degrada-
tion, among the many other factors. Once adsorbed onto 
soil particles, pesticides may rapidly degrade or in the case 
of persistent chemicals, may be slowly released into the 
atmosphere, ground and surface waters and living organisms 
(Soares et al. 2015). Accumulation of environmentally per-
sistent chemical pollutants, including agricultural pesticides, 
is increasing societal concerns about the sustainability of 
ecosystems and even more about risks to human health (Holt 
et al. 2013). These contaminants are known as xenobiotics, 
which are chemical substances found in the environment 
but not naturally produced (e.g. pesticides, medicaments, 
industrial wastes, etc.) (Navarro et al. 2007).
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Therefore, the level of soil contamination and environ-
mental risk resulting from the application of pesticides 
should be monitored through the levels of pesticide resi-
due in agricultural soils. Furthermore, pesticide residues in 
soils can cause damage to subsequent crops, especially in 
the case of multiple applications (Grahovac 2016). Addition-
ally, only a small amount of pesticides reaches the targeted 
organisms, while the rest are potential environmental con-
taminants with a wide range of possible negative impacts 
(Hvezdová et al. 2018). For example, approximately 50% 
of treatments applied to the aerial part of crops reaches the 
soil, while this ratio is increased in pesticides used for soil 
treatment (nematicides, disinfectants, and mostly herbicides) 
(Navarro et al. 2007).

The fate of pesticides in soil depends on many processes 
responsible for their mobility and persistence (Pérez-Lucas 
et al. 2018). The interaction of pesticides with soil is com-
plex and controlled by numerous physical, chemical and 
biological factors, whereas these processes can take place 
simultaneously in many cases. Pesticide degradation is 
related to environmental factors, including the abundance 
and diversity of microorganisms, soil physical properties 
(texture) and chemical properties (pH, organic matter, and 
metal ion content), as well as climatic conditions (Yang et al. 
2005; Pu et al. 2006). Excessive accumulation of pesticides 
in soil creates a serious risk of their transfer into the food 
chain or infiltration into groundwater (Babut et al. 2013).

The total annual import of pesticides in the Republic of 
Serbia based on the data for the period 2004–2014 increased 
and reached 13.1 thousand tons per year (both pesticides and 
active ingredients), whereby the estimated pesticide con-
sumption per year was about 4 kg/ha. Herbicides accounted 
for almost 68%, fungicides and bactericides 19%, insecti-
cides 10%, and others less than 2% of the estimated pesticide 
consumption (Anonymus 2015).

Pesticide residues in Serbian soils has been the subject of 
numerous papers (Pucarević et al. 2007a, 2007b; Nešić et al. 
2008; Pucarević et al. 2008; Dugalić et al. 2010; Pucarević 
et al. 2010; Lazić et al. 2011; Bursić et al. 2012a). Various 
pesticides, such as triazines (Đurović et al. 2011), dicamba 
(Bursić et al. 2012b) and clomazone (Bursić et al. 2011), 
have been detected in Serbian soils. However, these studies 
were conducted almost ten years ago and were mainly based 
on organochlorine (OCPs), organophosphorus compounds 
and atrazine residues. OCPs have a long residual action, per-
sistence and long-term bioaccumulation in the environment 
without losing their toxicity (Fosu et al. 2016), and their use 
has been banned or limited in the past few decades. Some 
of OCPs, such as aldrin, dieldrin, heptachlor and chlordane, 
were banned in the early seventies in Serbia, while DDT and 
endrin were allowed for public health purposes almost until 
the nineties. The use of lindane for wood preservation was 
forbidden in 2007, while endosulfan was banned in 2008. 

Based on these facts, monitoring of the OCP levels in soil is 
essential. The quantities of other pesticides in soil, such as 
herbicides from the sulphonylurea group and triazol fungi-
cides, have not been measured in Serbia so far.

On the other hand, generally accepted residue level of 
pesticides and their metabolites defined by law does not 
exist, but the values vary greatly in different countries 
(Aaron and Zijian 2014). Pesticide residues in the soils of 
Serbia are regulated by the Regulation on limit values of pol-
lutants and hazardous substances in the soil (Official Gazette 
of RS no. 30/2018 and no.64/2019). The regulation covers 
the level of organochlorine pesticides and their metabolites, 
as well as atrazine, carbaryl, carbofuran, maneb, organotin 
pesticides and azinphos-methyl.

Research and analysis of the current level of pollution 
of agricultural soils could be used for the development of a 
common system for monitoring ecological and chemical sta-
tus of soils. This research was a part of Interreg IPA Cross-
border project IMPACT ENVI HR-RS 182. The project area 
covered agricultural land in Northern Serbia (Vojvodina) 
and Mačva. Therefore, the aim of the study conducted in 
the scope of the Interreg IMPACT-ENVI project area was 
to evaluate the current concentrations of pesticides, includ-
ing banned OCPs and active ingredients allowed for usage 
in vegetable and field crop production in Serbia. This study 
was conducted in Serbia (Sremska Kamenica) and Croatia 
(Osijek), during the year 2017 and 2018.

Materials and methods

Soil sampling

The sampling area covered agricultural land in Northern 
Serbia (Vojvodina) and Mačva, near the border with Croatia, 
and included 22 evenly distributed sampling points within 
the project region (Fig. 1. and supplementary file Table 1a). 
The Northern and North-Western part of Serbia, the regions 
of Vojvodina (Pannonian Plain) and Mačva (alluvial fertile 
flatland between the rivers Drina and Sava), are mainly 
flatlands. Both regions are known as areas with intensive 
agricultural production. The soils were sampled (0–30 cm 
depth) from the last week of October to the first decade of 
November 2017. The soil samples originated from the pro-
duction plots varying from 0.03 to 4 ha in size. The plots 
were 3 greenhouses (two 0.03 ha and one 1.15 ha); 6 plots 
under 1 ha (0.65 ha on average), and 13 plots from 1 to 4 ha 
(2.37 ha on average). Soil samples were collected according 
to ISO procedure 1038 1-4 (2003). The topsoil samples were 
taken from the depth 0–30 cm. This depth was chosen as the 
zone of the most active root systems of vegetable crops. The 
samples were taken using a soil drill agrochemical probes 
and stored in polyethylene bags. The initial quantity of 



7265International Journal of Environmental Science and Technology (2023) 20:7263–7276	

1 3

samples was approximately 1.5 kg. The collected soil sam-
ples were stored for maximum two weeks in cold chambers 
(5–6 °C) in dark conditions, at the Institute of Field and Veg-
etable Crops, Novi Sad. For the purpose of further analysis, 
the soil samples were divided into five groups according to 
the previous crop: vegetables without pepper (6 samples), 
pepper (2 samples), soybean (7 samples), wheat (3 samples), 
and maize (4 samples). Soil properties were analysed at the 
Faculty of Agrobiotechnical Sciences Osijek (Croatia), and 
pesticide analyses were performed at Educons University 
(Sremska Kamenica, Serbia) in the period from November 
2017 to March 2018.

Soil quality analysis

The following methods were used for the analyses of basic 
soil properties-suspension of soil and water, as well as 1 M 
KCl (potassium chloride) (1:2:5), was used for determina-
tion of the soil pH value, according to HRN EN ISO 10390 
(2005) standards. Calcium carbonate (CaCO3) content was 
determined volumetrically, using the Schneibler calcimeter 
(Behrotest, B00607682 SCM1, Germany) (HRN ISO 10693, 
2004), and the organic carbon C content was determined in 
accordance with HRN EN ISO 14235 (2004) standards, by 
oxidising organic matter using sulfochromic oxidation. AL 
solution consisting of 0.1 M ammonium lactate and 0.4 M 
acetic acid, with a pH of 3.75, was used for the extraction 
of plant available P and K, at a soil to soil ratio of 1:20 
(w/v) (AL-method, Egner et al. 1960). Concentrations of P 
and K were measured by UV–Vis spectrophotometer Cary 

50 (Agilent technologies/ Varian Inc. Cary 50 UV–Vis 
SPV-1 × 0) and by ICP technique (ICP- OS Perkin Elmer, 
Optima, 2100 DV), and by ICP technique (ICP- OS Perkin 
Elmer), respectively.

Detection of pesticides

Soil samples were air-dried and ground to a particle 
size < 2 mm. Pesticides were extracted from the soil by the 
modified QuEChERS method EN15662 (Wang et al. 2012) 
using Chromabond (Ref. 730,970) Quechers MIX I citrate 
extraction kit (4 g MgSO4, 1 g NaCl, 1 g Na citrate, 0.5 g 
disodium citrate sesqui hydrate). The obtained soil extracts 
were analysed on a liquid-mass-mass chromatograph TSQ 
Quantum™ Access MAX Triple Quadrupole Mass Spec-
trometer and on a GC-MSThermos scientific Trace 1300 
ISQ(Termo scientific, USA). The operating conditions on 
GC/MS were as follows: injection volume 2 ul, MS transfer 
line temperature 270 °C, ion source temp. 220 °C in elec-
tron ionization mode, dwell time 0.2 min with initial oven 
temperature at 70 °C, for 2 min, heating to 150 °C at a rate 
25 °C min−1, then to 200 °C at a rate 3 °C min−1, next to 
280 °C at a rate 8 °C min−1with a final 10 min hold time. The 
LC–MS/MS had the following conditions: injection volume 
6 ul, column temp. 40 °C, column flow 0.3 ml/min, mobile 
phase A (0.1% HCOOH in water + 4 mM HCOONH4) + B 
(0.1% HCOOH in methanol + 4  mM HCOONH4). The 
results were quantified using standard pure pesticide sub-
stances from the manufacturer Riedel de Haen. Confidence 
in the results was ensured by determining the extraction 
recovery and the detection limit for each pesticide.

Limit of detection and ions selected for MS determination 
are presented in Table 1b (supplementary file). At the begin-
ning of the research, the recovery of pesticide extraction 
from the soil was examined using a mixture of pesticides of 
known concentration and quartz sand. The recoveries were 
from 70 to 110%.

The pesticides were classified into chemical groups 
according to HRAC (Herbicide resistance committee), IRAC 
(Insecticide resistance committee), and FRAC (Fungicide 
resistance committee), and the list is given in Table 1.

Data analysis

The obtained data were represented according to the number 
of detected pesticides per group of soil samples, percent-
age of the group of pesticides detected and the number of 
pesticides below the LOD (limit of detection calculated as 
three standard deviation of the baseline noise signal) and 
pesticides which were not detected in soil sample. Descrip-
tive statistics was used for the soil traits. Data normality 
(for pesticides) was tested by the Shapiro–Wilk test. The 
difference between the sample groups was tested by the LSD 

Fig. 1   Map of sampling locations
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test (p < 0.05). The graphs were shown only for the pesti-
cides where data were normally distributed with significant 
differences between the sample groups. Correlation coef-
ficients were calculated according to Spearman (p < 0.05 
and 0.01). The Principal Component Analysis (PCA) was 

programmed according to the iterative NIPALS algorithm 
in order to reduce the complexity of the multivariate system 
and to highlight potential trends of the whole data. PCA 
with NIPALS algorithm was carried out (38 variables, 22 
cases, fitting method: minimum eigenvalue limit 1.00) to 

Table 1   List of active ingredients/metabolites analysed in the soil samples

a registered for use in Serbia;
b forbidden for use in Serbia (Plant protection products on Serbian market (2017)), *Hexachlorocyclohexane

Herbicides (HRAC, 2020) Insecticides (IRAC, 2020) Fungicides (FRAC, 2020)

Chemical group Active ingredient Chemical group Active ingredient Chemical group Active ingredient

Dinitroanilinesa Trifluralin SP TRIFSP Organochlorinesb ɑ-HCH* Chloronitrilesa Chlorothalonil CLTHN
Isoxazolidinonesa Clomazone CLOMZ β-HCH* Phthalimidesa Captan CAPT
Thiocarbamatesb Cycloate CIKL γ-HCH* Folpet FOLP
α-Chloroacetamidesb Acetochlor ACTCL δ-HCH* Carbamatesa Propamocarb PROCAR​

Metolachlor METCL Heptachlor HEPCL Cyano 
acetamideoximesa

Cymoxanil CYMXN

Phenyl ethersa Diflufenican DIFFEN Heptachlor epoxide 
HEPCLE

Anilino-pyrimidinesa Pyrimethanil PYRMET

Benzofuransa Ethofumesate ETH-
FUM

ɑ-chlordane ɑ-HLOR Acylalaninesa Metalaxyl MTXL

N-phenyl 
heterocyclesa

Flurochloridone 
FLHLR

γ-chlordane γ-HLOR Dicarboximidesa Iprodione IPRD

Piridazinonea Terbuthylazin TERB
Aryloxyphenoxy 

propionatea
Quizalofop-ethyl QZF-

PET
Aldrin ALDR Triazoles1 Cyproconazole CYP-

CON
Fenoxaprop-p-ethyl 

FXPRET
Dieldrin DIELD Difenoconazole DIF-

CON
Diphenyl ethersb Lactofen LACFEN Endrin END Epoxiconazole EPCON
ureasb Fluometuron 

FLOMET
Endrin aldehyde 

ENDAL
Fluquinconazole 

FLUQCON
sulfonylureas a Amidosulfuron AMD-

SULF
Endrin ketone 

ENDKE
Flusilazole FLUSI

Iodosulfuron-methyl 
IODSULF

p,p'-DDD DDD Penconazole
PENCON

Metsulfuron-methyl 
METSULF

p,p'-DDE DDE Propiconazole
PROCON

Nicosulfuron NSULF p,p'-DDT DDT Prothioconazole PRT-
CON

Oxasulfuron OXSULF Endosulfan sulfate 
ESULF

Tebuconazole TEB-
CON

Prosulfuron PRO-
SULF

Endosulfan I AESULF Oximino acetates1 Kresoxim-methyl
KREXMET

Rimsulfuron RIM-
SULF

Endosulfan II 
ESULFII

Methoxyacrylates1 Trifloxystrobin
TRFSTR

Thifensulfuron-methyl 
THSULFM

Metoxychlor MTXCL Azoxystrobin AZSTR

Tritosulfuron TRI-
SULF

Organo- phosphates Chlorpyrifosa CLPYR Oxazolidine-diones1 Famoxadone FAMDOX
Fenitrothionb FENTH

Pyriproxyfen Pyriproxyfena PYR-
PXF

Pyrethroids Bifenthrina BIFTH
Etoxazolea Etoxazole ETOXAZ
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determine whether the variables could be used to differenti-
ate plant groups. Data were analysed by STATISTICA 13.2 
(Dell Inc., USA).

Results and discussion

Soil properties

The values of the basic soil properties (phosphorus, calcium 
and potassium levels, the content of humus and acidity) are 
shown in the Table 2. The samples were taken from the 
southern part of the Pannonian plain located in the Cen-
tral and Southeast part of Europe. The Pannonian plain is 
a flat area dominated by the Danube River with mostly fer-
tile soils and intense agriculture production. The climate in 
this region is continental with cold winters and hot sum-
mers, and the dominant soil types are camisole, fluvosol, 
phaeozem and the “flagship” black soil: chernozem. Cher-
nozem is commonly found in semiarid steppe areas, which 
cover about 1.000.000 ha of the Vojvodina region, with the 
parental material of calcareous loess, an aeolian sediment 
with 20–30% CaCO3. In the majority of locations in Ser-
bia, the texture of chernozem is loam characterised by a 
good, crumbly structure, stable aggregates, and good water 
permeability, which enables cultivation. The results of the 
soil chemical properties are in line with the results of other 
researchers, so Zebec et al. (2017) determined the acidity 
(pH) of the soil from 4.95 to 8.75 and the content of organic 
matter from 1.83 to 7.03% in the same area.

Pesticide residues

Pesticide residues were detected in all soil samples. Accord-
ing to the group of crops, there was no difference in the 
number of active ingredients detected in the soil samples. On 
average, 1–2 herbicides, 14–16 insecticides, and 3–4 fungi-
cides were detected in one soil sample (Fig. 2). Over 80% 
of the tested soils originated from EU States contained pes-
ticide residues (25% of samples had 1 residue, while 58% of 
samples had mixtures of two or more residues) (Silva et al. 

2019). Insecticides comprised the majority of the detected 
pesticides, with 76% active ingredients—mainly OCPs, 
while fungicides had nearly 17%, and herbicides less than 
7% of the total share (Fig. 3).

The minimum and maximum levels of measured pesticide 
residues are given in Table 3. These data will be commented 
further for every group of pesticides separately.

The residues of more than a half of active ingredients and 
metabolites have not been detected in the tested soil samples. 
These substances were not be present in the soil or they were 
below the LOD (Fig. 4). Most of the active ingredients from 
this group belong to herbicides (19 out of 22), fungicides 

Table 2   Descriptive statistics for soil properties

SDa—standard deviation; CVb—coefficient of variation

Property Mean Median Minimum Maximum Lower Quartile Upper Quartile SDa CVb

pH (H2O) 7.95 8.24 5.32 8.64 8.15 8.28 0.89 11.13
pH (KCl) 7.34 7.73 4.27 8.08 7.40 7.90 1.04 14.22
Humus (%) 2.80 2.92 1.41 3.93 2.17 3.31 0.70 25.14
CaCO3(%) 11.28 9.75 1.28 31.92 5.46 15.38 8.41 74.55
Al P2O5 (mg/100 g) 51.91 33.15 4.37 100.00 26.87 100.00 36.75 70.80
Al K2O (mg/100 g) 33.30 32.96 10.78 59.29 19.32 43.70 14.76 44.34

Fig. 2   Number of pesticide detected in soil depending on previous 
crops

Fig. 3   Share of pesticide group detected in all soil samples
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(12 out of 21) and insecticides (5 out of 25). Such ratio of 
pesticide residues is in agreement with the fact that insec-
ticides are used mostly in the developing countries, while 
fungicides/herbicides are used in the developed countries 
(World Health Organization, 2022).

However, only two active ingredients belonging to OCPs 
were not found in the analysed soils. This finding confirms 
their classification as persistent organic pollutants (POPs).

The total content of OCPs in analysed soil samples 
ranged from 5.979 to12.775  mg/kg. Therefore, OCP 
concentrations in agricultural soils in Serbia are higher 
than those obtained in other European countries, such as 
the Czech Republic (4.65–1022.3 µg/kg, Holoubek et al. 
2009), Germany (28.3–184.50 µg/kg, Manz et al. 2001), 
Spain (0.08–448.0  µg/kg, Cabrerizo et  al. 2011), the 

United Kingdom (0.1–100 µg/kg Meijer et al. 2001), and 
Poland (0.61–1031.64 µg/kg, Ukalska-Jaruga et al. 2020). 
OC pesticides were forbidden in EU and in Serbia in the 
same period.

The obtained NCP (non-organochlorine pesticides) con-
centrations ranged from 2.810 to 7.546 mg/kg. They were 
higher than those measured in Poland (< 0.01 to 43.92 µg/
kg) Ukalska-Jaruga et al. 2020, but not the same active 
ingredients were measured. High values of NCPs con-
centration in our case were mainly affected by residues 
of trifluralin soil incorporated herbicide and chlorpyrifos 
soil incorporated insecticide, and two samples with feni-
trothion content over 1.500 mg/kg as well, while NCP con-
tent was below 0.800 mg/kg (Table 3.) in other samples.

Table 3   Minimum and 
maximum amounts of active 
ingredients and metabolites 
detected in soils

Previous crop Pepper Vegetables Soybean Wheat Maize All samples

Active ingredient Min–Max Min–Max Min–Max Min–Max Min–Max Min–Max
TRIFSP (mg/kg) 2.26–2.91 0.75–2.5 1.06–2.36 1.29–1.71 0.32–2.36 0.32–2.91
ACTCL (mg/kg) ˂LOD ˂LOD ˂LOD–0.07 ˂LOD–0.08 ˂LOD–0.09 ˂LOD-0.09
NSULF (μg/kg) n.d n.d n.d.–˂LOD n.d.- ˂LOD n.d.-1.99 n.d.-1.99
ɑ-HCH (mg/kg) ˂LOD ˂LOD–0.01 ˂LOD–0.01 ˂LOD-0.01 ˂LOD-0.01 ˂LOD–0.01
β-HCH (mg/kg) 1.04–4.55 0.91–4.05 0.90–4.59 0.92–4.14 0.85–4.67 0.85–4.67
γ-HCH (mg/kg) 4.97–4.97 4.38–5.13 4.42–5.09 4.44–4.55 4.08–4.93 4.08–5.13
δ-HCH (mg/kg) 0.01–0.02 0.01–0.03 0.01–0.03 0.01–0.03 0.01–0.05 0.01–0.05
HEPCL (mg/kg) 0.06–0.07 0.06–0.07 0.04–0.07 0.06–0.07 0.05–0.08 0.04–0.08
HEPCLE (mg/kg) 0.01–0.02 ˂LOD–0.03 ˂LOD–0.02 0.01–0.03 0.01–0.03 ˂LOD–0.03
ALDR (mg/kg) 0.03–0.03 0.01–0.04 0.01–0.02 0.01–0.02 0.01–0.03 0.01–0.04
DIELD (mg/kg) 0.02–0.03 0.02–0.05 0.02–0.04 0.02–0.02 n.d.-0.03 n.d.-0.05
END (mg/kg) 0.46–0.51 0.47–0.54 0.41–0.72 0.42–0.49 0.42–0.53 0.41–0.72
ENDAL (mg/kg) 0.16–0.16 0.17–0.23 0.18–0.26 0.15–0.19 0.13–0.22 0.13–0.26
ENDKE (mg/kg) 0.14–0.24 0.08–0.23 0.12–0.23 0.09–0.20 0.08–0.27 0.08–0.27
DDD (mg/kg) ˂LOD-0.01 ˂LOD–0.01 ˂LOD–0.01 ˂LOD ˂LOD–0.11 ˂LOD–0.11
DDE (mg/kg) 0.01–0.04 ˂LOD–0.32 ˂LOD–0.37 ˂LOD 0.01–2.40 ˂LOD–2.40
DDT (mg/kg) 0.01–0.02 0.01–0.02 0.003–0.03 0.01–0.02 0.003–0.68 0.003–0.68
ESULF (mg/kg) 0.005–0.01 ˂LOD–0.01 ˂LOD–0.01 ˂LOD–0.01 ˂LOD–0.01 0.005–0.01
AESULF (mg/kg) ˂LOD ˂LOD–0.01 ˂LOD–0.01 ˂LOD ˂LOD–0.01 ˂LOD–0.01
ESULFII (mg/kg) 0.03–0.06 0.02–0.05 0.03–0.05 0.02–0.04 0.01–0.03 0.01–0.06
MTXCL (mg/kg) 0.004–0.01 ˂LOD–0.01 ˂LOD–0.00 ˂LOD–0.01 ˂LOD–0.02 ˂LOD–0.02
CLPYR (mg/kg) 0.19–0.21 0.32–0.85 0.17–0.79 0.26–0.47 0.23–0.71 0.17–0.85
FENTH (mg/kg) n.d n.d.–1.96 n.d.–1.53 n.d n.d n.d.–1.96
CLTHN (mg/kg) n.d.–0.80 n.d.–1.84 n.d.–1.32 n.d.-1.15 1.00–1.86 n.d.–1.86
CAPT (mg/kg) 0.82–0.87 0.61–2.16 0.58–2.06 0.34–1.63 0.65–1.30 0.34–2.16
FOLP (mg/kg) 0.27–0.51 0.22–1.33 0.47–1.17 0.28–0.58 0.37–2.58 0.22–2.58
DFCON (μg/kg) ˂LOD ˂LOD ˂LOD ˂LOD ˂LOD–0.27 ˂LOD–0.27
EPCON (μg/kg) ˂LOD ˂LOD ˂LOD–1.89 ˂LOD-0.39 ˂LOD n.d.–1.89
FLUSI (μg/kg) n.d.–˂LOD n.d.–˂LOD n.d.–˂LOD n.d.–0.20 ˂LOD n.d.–0.20
PRCON (μg/kg) ˂LOD ˂LOD–0.20 ˂LOD–0.43 ˂LOD–0.17 ˂LOD–0.14 ˂LOD–0.43
TBCON (μg/kg) ˂LOD ˂LOD–0.96 ˂LOD–0.30 ˂LOD–0.47 ˂LOD–0.48 ˂LOD–0.96
AZSTR (μg/kg) ˂LOD–0.00 ˂LOD–0.62 ˂LOD–0.38 ˂LOD ˂LOD–0.23 ˂LOD–0.62
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Herbicides

In this study, residues of 22 herbicides in soil samples were 
analysed. Among the tested herbicides, cycloateis were for-
bidden in 2005, lactofen in 2015, and fluometuron is not 
registered in Serbia, while others are allowed for applica-
tion. Residues of three out of the 22 tested herbicides were 
found in the soil samples. Residues of the active substance 
trifluralin were determined in all examined soils in the range 
from 0.316 to 2.907 mg/kg (Table 3). Due to the fact that tri-
fluralin is a selective pre-emergence herbicide registered for 
weed control (banned in the EU) in soybeans and sunflowers, 
it means that it could persist in soils for more than one year. 
These findings are in accordance with those of Chowdhury 
et al. (2021), who stated that trifluralin has the potential 
to persist in clay loam soil for several years at ≤ 20 °C in a 
laboratory model, which could potentially affect the sub-
sequent crops in rotation. Furthermore, findings of Grover 
et al. (1997) reported that the estimated half-lives of its per-
sistence from 'moderate' to 'persistent'. The statistical dif-
ference was observed between fields with pepper and maize 
as a pre-crops (Fig. 5). Whereby the highest residues were 
found in the soils with pepper as a pre crop, probably due to 
an herbicide applied in the transplanting period.

Acetochlor is widely used for the selective pre-emergence 
weed control of annual grasses and many broadleaf weeds 
in maize, soybean, and grain. Although acetochlor has been 
forbidden since 2014, it was found in 6 tested soils. In all 
of these soils, field crops (soybean, maize, and wheat) were 
sown as previous crops. The lowest content of carbon-
ates was found in two soil samples containing residues of 
acetochlor, while it was around 10% in three soil samples. 
The results of Kucharski et al. (2014) showed that clay and 

organic carbon content in soil could influence the fate of 
acetochlor residues. Acetochlor residues were below LOD 
in all soil samples where pepper and vegetables were grown 
as previous crops. This pesticide has not been used in these 
fields due to its phytotoxic effect on vegetable crops.

Residues of nine different active substances from the 
chemical group of sulfonylurea were tested. Sulfonylurea 
(SU) herbicides established the beginning of a new era in 
the technology of chemical weed control. Compared to other 
herbicides, SUs are environmentally safe due to the low dos-
age (c. 2–75 g/ha). Furthermore, SUs are broad spectrum 
herbicides with high efficacy, but selective for cultivated 
plants. Persistence of nicosulfuron in soil can influence 
subsequent crops even at low concentrations (Ahmadi et al. 
2017).

Nicosulfuron was detected in three out of four soils where 
the previous crop was maize, with the maximum residue 
level of 1.988 µg/kg (Table 3). The reason for this could be 
the pH value of these soils which is 7.5–8. On the other hand, 
the pH value of the soil samples (maize pre-crop) in which 
this herbicide was not detected was pH 4.4. According to 
Brown (1990), sulfonylurea hydrolysis is significantly faster 
under acidic (pH 5) than alkaline (pH 8) conditions, allow-
ing the use of soil pH as a predictor of soil residual activity. 
Soil samples were taken at the end of October, while her-
bicides based on nicosulfuron are usually applied on maize 
crops in May or June, and the residues were detected in the 
amount of 0.1–2 μ/kg four to five months later. Ahmadi et al. 
(2017) reported that the presence of nicosulfuron residues 
was detected in maize soils 60 days after application, at the 
depth of 0–15 cm in the amount of 4 μ/kg. However, after 
that period, herbicide residues were below 1 μ/kg which was 
a detectable level.

Fig. 4   Number of soil samples 
without pesticide detected and 
MRL below the LOD



7270	 International Journal of Environmental Science and Technology (2023) 20:7263–7276

1 3

Insecticides

The research covered the detection of 25 insecticide resi-
dues, including 20 organochlorine insecticides and their 
metabolites, two insecticides from the group of organo-
phosphate compounds, and one belonging to pyriproxyfen, 
etoxazole and pyrethroid groups. Residues of 20 insecticides 
were found in the tested soil samples (Table 3).

Metabolites of DDT and DDD (0.005–0.111 mg/kg) were 
present in 18% of the soil samples, while others were below 
LOD. DDE (0.004–2.402 mg/kg) was present in 63% sam-
ples, while DDT (0.003–0.681 mg/kg) was detected in all the 
tested samples (Table 3). These data are in the accordance 
with the data obtained by Malusa et al. (2020), who reported 
that samples from more than 80% of examined organic farm 
soils in Poland contained detectable amounts of DDT or 
its metabolites. Also, Ukalska-Jaruga et al. (2020) reported 
the presence of DDT in all soil samples in Poland. In Ser-
bia, the maximum residue levels of DDT and lindane, plus 
their metabolites, are 100 mg/kg and 60 mg/kg, respectively 
(Šovljanski and Ostojić 1989). The residue levels of DDT 
and γ-HCH in all the soil samples were below these quan-
tities, which is in agreement with the results obtained by 
Pucarević and Sekulić (2004). These authors analysed over 
900 soil samples from the Novi Sad municipality and all 
the concentrations were below the MRL (maximum residue 
level) for these compounds. The ratio of total DDT and its 
isomers indicate the transformation of the parent compound. 
The ratio of DDE/DDT can be used as an index to identify 
the fresh and/or aged application of DDT in a research area 

(Dirbaba et al. 2018). In the current study, the ratio ranged 
from 0 to 10.68 mg/kg. According to Maliszewska-Kordy-
bach et al. (2014), the obtained data generally indicated the 
deposition (a ratio value of < 20) of these contaminants in 
soil is old and that it originates from the pesticide applica-
tion conducted 15–20 years ago.

Data obtained for insecticide residues revealed that 
three (β-HCH, γ-HCH and δ-HCH) out of four lindane 
metabolites, heptachlor, the chemical group of aldrin, 
dieldrin, endrin, endrin aldehyde and endrin ketone were 
present in all the tested soil samples in the total content 
from 5.940 to 10.857 mg/kg. Furthermore, the highest per-
centage proportion of HCHs consisted of γ-HCH, followed 
by β-HCH, δ-HCH and α-HCH. An even higher ratio of 
β-HCH and γ-HCH was over 99.6% (34 and 65% respec-
tively), denoting them as the dominant HCH congeners 
(Table 3). According to these data, it can be concluded that 
some residues of insecticides were degraded, but that, in 
most cases, they are still in γ-HCH as the main component 
of the commercial pesticide lindane. This is supported by 
the fact that the proportions of β-HCH/ΣHCHs is below 
0.5. A significant difference was found between the con-
tent of residues of γ-HCH between pepper and maize as 
previous crops (Fig. 6a). The obtained data indicated high 
persistence and very slow degradation in the soil (Mal-
iszewska-Kordybach et al. 2014; Dirbaba et al. 2018). 
Endosulfan II was found in all tested samples with a sig-
nificant difference between soils preceded by pepper and 
maize as a previous crops (Fig. 6b). The total content of 
endosulfanes per sample ranged from 0.012–0.071 mg/kg. 

Fig. 5   Soil residues of 
TRIFSP—trifluralin
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Residues of dieldrin, endrine, endrin aldehyde and endrin 
ketone were detected in all soil samples, but without a sig-
nificant difference within the tested groups. Methoxychlor 
was detected in 82% of the tested samples and the content 
of methoxychlor in the tested samples ranged from 0.001 
to 0.018 mg/kg.

Although OCPs have been forbidden for a long period of 
time, almost all were found in the tested soils, with differ-
ences among the groups of soils and among different previ-
ous crops. The fact that these pesticides resist degradation by 
chemical, physical, microbiological, and biological means 
raises concerns about the potential of these compounds to 
damage these ecosystems. They are designated in the list of 
POPs due to their toxicity and environmental persistence 
(Shukla et al. 2014). Furthermore, their persistence leads to 
bioaccumulation in the food chain, posing threats to human 
health. Many organochlorine pesticides and their metabolites 
are highly toxic and can cause a wide range of serious health 
problems such as cancer and birth defects (Taiwo 2019).

Organophosphate insecticide fenitrothion was detected 
in only 2 samples (vegetables and soybeans as pre-crops), 
while the organophosphorus insecticide chlorpyrifos was 
established in all of the tested samples. The highest content 
of chlorpyrifos was found in soils with vegetables as the 
previous crop (Fig. 6c). Such results could be explained by 
the frequent application of this insecticide in the control of 
various soil pest species, such as wireworms, cutworms and 
mole crickets, in many crops. Chlorpyrifos has been banned 
for use in Serbia since 2020.

Fungicides

Fungicides are applied directly to the soil or enter the 
soil as run-off from treated aerial plant parts. Besides 
their role in the control of phytopathogenic organisms, 
they also have a significant effect on the non-pathogenic 
soil microflora. Nine out of 21 tested fungicides were 
identified in the examined soils with no difference in 

Fig. 6   Soil residues of a γ-HCH b EUSLFII c CLPYR



7272	 International Journal of Environmental Science and Technology (2023) 20:7263–7276

1 3

fungicide residues among the different previous crops. 
Phthalimide fungicides, captan and folpet were all iden-
tified in the tested samples. Captan and folpet are often 
used in integrated pest management (IPM) programs in 
conjunction with other fungicides. Captan was first reg-
istered in the first half of twentieth century. It proved 
to be extremely efficient against many pathogens and is 
still in use. Captan was detected in an amount of over 
2 μg/kg in the soil samples where vegetables and soy-
beans were grown as previous crops. However, the data 
provided by Kuthubutheen and Pugh (1979) showed that 
captan-treated soils were recolonised by soil fungi within 
no more than 7 days of fungicide application. Residues 
of folpet were found in all soil samples. Given the fact 
that folpet is not used in the treatment of soybeans and 
maize, this indicates that the residues persisted from the 
previous crops and treatments. Chlorothalonil is a widely 
used active ingredient both individually and combined in 
co-formulations. Chlorothalonil residues were present in 
10 out of 22 sites, which indicates its persistence.

Triazole fungicides represent one of the most impor-
tant group of fungicides with an excellent protective, 
curative and eradicant power towards a wide spectrum 
of crop diseases. They are applied directly on plants 
(Li et al. 2013), widely commercially used and known 
for their persistence in soil. Prothioconazole, tebucona-
zole and epoxyconazole were detected in 36%, 18% and 
14% soil samples, respectively, while in other samples 
they were below the detection level (Table 3). In labo-
ratory conditions, flutriafol, epoxiconazole and triadi-
menol were very persistent, with half‐lives greater than 
two years at 10 °C and 80% water field capacity, while 
propiconazole was moderately persistent under the same 
conditions, with a half‐life of about 200 days (Bromilow 
et al. 1999). Strobilurins, which are relatively new class 
of fungicides, have become one of the most widely used 
fungicides. Azoxystrobin was found in 14% soil samples 
and remained below the detection level in the other 86%.

Correlation pesticide residues and soil traits

Pesticide properties are an important factor in determining 
their fate in the soil. Furthermore, significant soil properties 
that are responsible for the fate of pesticides are organic mat-
ter content, texture, permeability, pH value and soil depth. 
Due to their chemical structure, organic matter and clay have 
a more pronounced adsorption power and they are suitable 
sorbents of pesticides. The solubility of pesticides is higher 
at lower pH values of the soil solution, and their sorption is 
often weaker under such conditions.

The correlation and the effects of soil properties on the 
level of pesticide residues were analysed by means of Spear-
man correlation coefficients (Table 4). The obtained cor-
relation indicated the relationship between some pesticides 
and the pH value, the content of calcium, phosphorus and 
potassium in the soil. Tebuconazole had a negative correla-
tion coefficient with pH (H2O) and pH (KCl) as well as with 
CaCO3. In a recent publication, Siek et al. (2021) reported 
that the adsorption of tebuconazole was inversely correlated 
with soil pH. The content of humus positively correlated 
with epoxiconazole. pH measured in KCl was negatively 
correlated with the content of ACTCL and α-HCH. The 
content of CaCO3 was positively correlated with γ-HCH, 
endrin, endosulfan II, while it correlated negatively with 
tebuconazole. Positive correlation coefficients (significant 
at 5% level) were obtained between the content of P2O5 and 
K2O and fungicide azoxystrobin. Additionally, the content 
of P2O5 positively correlated with the content of heptachlor. 

Deeper insight into the relationship between soil physi-
cal and chemical properties, pesticide residue concentrations 
and crops could be obtained by PCA analysis (Fig. 7). With 
the first two PC explained 31.24% of variation (Table 5). 
The top 5 most important variables for traits and plant spe-
cies separation in a PCA biplot were: difenoconazole, DDT, 
DDD, DDE and nicosulfuron (variable power higher than 
0.8). The nicosulfuron, DDD, DDE DDT, folpet and difeno-
conazole mainly contributed to the PC 1 (loadings > − 0.79). 
Among all plant species and plant groups, maize had a high 

Table 4   Spearman correlation 
coefficient between soil 
properties and pesticide residues

*significant at 0.05 probability, **significant at 0.01 probability

Pesticide pH (H2O) pH (KCl) Humus CaCO3 Al P2O5 Al K2O

ACTCL  − 0.22  − 0.49*  − 0.24  − 0.06  − 0.09  − 0.22
α − HCH  − 0.25  − 0.46*  − 0.21  − 0.10  − 0.24  − 0.33
γ − HCH 0.28 0.36 0.14 0.44* 0.14  − 0.05
HEPCL 0.14  − 0.06 0.03  − 0.20 0.44* 0.31
END 0.05 0.27  − 0.20 0.49* 0.10 0.07
ESULFII 0.00 0.24  − 0.14 0.44*  − 0.09  − 0.16
EPCON 0.15  − 0.05 0.53*  − 0.03 0.19 0.25
TBCON  − 0.44*  − 0.48*  − 0.12  − 0.51*  − 0.36  − 0.28
AZSTR 0.24 0.19 0.30  − 0.05 0.50* 0.58**
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negative influence at the PC1 (-0.639). The main soil traits: 
pH (H2O), pH (KCl), Al (P2O5), Al (K2O) positively influ-
enced at the PC2 (loadings between 0.61 and 0.76).

According to the positioning of the tested active ingre-
dients, soil traits and crops in the PCA biplot, it could be 
assumed that the fate of the pesticides also depend on a great 
number of external factors, climate type, number of pesticide 
applications and the type of associated compounds (solvents, 
surfactants, other agents) which cannot be controlled. The 
same conclusion was given by Ukalska-Jaruga et al. 2020. 
The banned pesticides such as DDT and its metabolites 
as well as lindane metabolites grouped separately in PCA 
biplot on a high distance of soil traits. Furthermore, DDT 
and its metabolite residues did not depend on the type of 
crop. Endosulfan and its metabolites had close connectivity 
with calcium content. Aikpokpodion et al. (2010) reported 

that application of endosulfan significantly reduced the con-
centration of calcium in the soil. Residues of azoxystrobin 
are connected with phosphorus and potassium content as 
it was in the correlation coefficient. A close connection of 
endrin and the pH values and potassium content could be 
observed. Tebuconazole residues are closely connected with 
wheat crops, as it is well known that the fungicides based on 
tebuconazole have widespread usage in the control of wheat 
phytopathogenic fungi. On the other hand, a close correla-
tion could be observed between the residues of the organ-
ophosphate insecticide fenitrothion and vegetables as the 
previous crop. This insecticide was widely used in vegetable 
production until it was banned. The soil residue of lindane, 
captan and trifloxystrobin was closely connected with humus 
content in soil (Fig. 7). According to literature data, soil 
organic matter has been reported to be an important factor 

Fig. 7   PCA biplot of tested crop 
groups and evaluated pesticides

Table 5   Summary of the 
Principal Component Analysis 
based on NIPALS algorithm 
calculation

Component Eigenvalues Cumulative eigenvalue Total variance (%) Cumulative variance (%)

1 8.280 8.280 19.256 19.256

2 5.156 13.436 11.991 31.247

3 4.339 17.776 10.091 41.339

4 3.223 20.998 7.495 48.833

5 3.136 24.135 7.294 56.127

6 2.583 26.717 6.006 62.133

7 2.443 29.160 5.680 67.814

8 2.175 31.335 5.058 72.871

9 2.084 33.419 4.846 77.718

10 1.635 35.054 3.803 81.521



7274	 International Journal of Environmental Science and Technology (2023) 20:7263–7276

1 3

in the retention of herbicides and has shown the potential 
for environmental decontamination (Bonfleur et al. 2010; 
Tejada and Benítez 2017). On the other hand, some authors 
reported that organochlorine pesticides tend to bind with 
soil, which means that the increase in soil organic matter 
content may lead to the increase in the pesticide residue 
levels in soil (Tan 2014).

Conclusion

As chemical compounds, pesticides accumulate in soils. 
Therefore, it is very important to measure pesticide residues 
in soils, including those pesticides which are not currently 
in official use, such as OCPs. The current study has shown 
that the majority of residues belonged to organochlorine pes-
ticides (75%), which are currently banned. This study con-
firmed the persistence of these compounds. New-generation 
pesticides were much less frequently detected, which could 
be explained by lower application doses of new generation 
pesticides and the limit of their detection. The detected res-
idues of sulphonylurea herbicides and triazole fungicides 
indicated the necessity of monitoring these groups of pes-
ticides in order to minimize environmental pollution and 
health risks.

Moreover, the number of active ingredients per sample 
did not depend on the previous crop, which could indicate 
similar cultivation practices. Additionally, physical soil 
properties that may affect pesticide accumulation levels 
should be taken into consideration. The obtained levels of 
certain pesticide residues in the soil pointed to a real dan-
ger from their transfer to groundwater and surface waters. 
Pesticide residues thus reach a different environment, their 
lifespan changes, and they accumulate in non-target organ-
isms, where they are transformed and leave negative conse-
quences. Monitoring pesticide residues in groundwater and 
surface waters is a mandatory step in the control of pesticide 
soil residues.
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