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a b s t r a c t
Research undertaken on surface water quality indicated an increasing occurrence of anthropogenic 
contaminants. Those compounds can be harmful to the whole aquatic environment. The aim of 
the undertaken research was the identification of contaminants of emerging concern in small nat-
ural ponds located between arable fields in the Silesian Voivodeship. The samples were collected 
at the early stage of plant vegetation – spring period, and immediately before harvest – autumn 
season. The collected samples, after pre-treatment, were subjected to solid-phase extraction pro-
cess and analysed with a gas chromatograph coupled with a mass detector. The analysis showed 
the presence of micropollutants from the group of pesticides, polycyclic aromatic hydrocarbons 
and industrial additives in the samples. Furthermore, trace amounts of zearalenone – a myco-
toxin, were also confirmed in samples collected during the autumn season. The potentially harm-
ful impact of the identified compounds was evaluated through toxicological analyses conducted 
on Lemna minor vascular plants and Aliivibrio fischeri saltwater bacteria. The obtained results 
indicated low toxicity towards plants of the water collected from points A, B and C, and a toxic 
character towards bacteria, regardless of the season.
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1. Introduction

The literature indicated the increasing occurrence of 
contaminants in water that potentially can be harmful to 
the environment in the whole aquatic ecosystem [1]. The 
presences of those compounds in water reservoirs for pota-
ble reuse remain a health concern [2,3]. Compounds that 
are detected in the aquatic environment, which were not 
naturally present in it, and may have an impact on aquatic 
organisms are referred to as emerging contaminants or con-
taminants of emerging concern (CECs) [4]. The CECs group 
includes a wide range of micropollutants used for various 
applications. These compounds include pharmaceuticals 
and personal care products (PPCPs), endocrine-disrupting 

chemicals (EDCs), pesticides, food additives, flame retar-
dants, and other industrial additives [5–7].

CECs may originate from many types of sources includ-
ing agriculture, traffic networks, industries, or households, 
and enter water bodies through diverse paths [8]. Agriculture 
contributes in particular to the pollution of small water res-
ervoirs which were located in the immediate vicinity of 
farmlands. The pollution is caused by the unsustainable and 
excessive use of pesticides, which are deposited in soil and 
are continuously carried through runoff leaching into water 
reservoirs [9]. Liess et al. [10] pointed out that regulatory 
acceptable concentration values of pesticides were exceeded 
in 81% of small streams in Germany. Hüesker and Lepenies 
[11] indicated that excessive pesticide use can lead to severe 
water quality problems in Europe and Beketov et al. [12] 
showed that intensive agricultural production reduces the 
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aquatic biodiversity. Monitoring campaign undertaken in 
different European countries indicate the presence of differ-
ent types of pesticides in ponds, lakes, rivers and ground-
water located near to agricultural land [13,14]. The presence 
of compounds in the aquatic environment that are forbid-
den for use is disturbing [13]. According to the guidelines 
given by the European Parliament, the concentration of a 
single pesticide in water intended for human consumption 
should not exceed 0.1 μg/dm3, while the concentration for 
total pesticides cannot exceed 0.5 μg/dm3 [15].

Kim and Zoh [16] indicate, that the concentration of 
pesticides and other types of CECs depends on their phys-
ico-chemical properties and bioavailability. Caliman and 
Gavrilescu [17] proposed a categorization of micropollut-
ants generation and elimination based on physico-chemical 
properties, environmental factors, transport and retention, 
transformation, and accumulation. Also, the volatility, water 
solubility, stability of the chemical structure, and partic-
ulate distribution characteristics of contaminants decide 
about their dissolution in water [16].

The true picture of the water quality in a given water 
body is provided not only by the analysis of the basic phys-
ico-chemical parameters and the occurrence of micropol-
lutant parent compounds but also by the analysis of their 
intermediaries. The intermediaries can be formed during 
the self-decomposition of parent compounds, the action of 
physico-chemical factors on water reservoirs (temperature, 
sunlight irradiation), interactions with natural organic 
matter (NOM), and metabolic processes of aquatic organ-
isms [18]. It should be noted that some compounds do not 
decompose or only slightly decompose and accumulate 
in surface waters [19]. The comprehensive identification 
of intermediates in natural water samples is analytically 
challenging. This is caused by the trace levels of those 
compounds and the lack of analytical standards as well as 
instrumental sensitivity [20,21]. Meijer et al. [22], during 
the development of a CECs counting software, determined 
the presence of 69526 compounds with CAS number and 
306279 different metabolites of these compounds which 
already occurring in the environment. Ecotoxicological 
tests, carried out on different indicator organisms, have 
confirmed the toxicity of a wide range of CECs occurring 
in water samples as a single compound or in compound 
mixtures [23]. Organic micropollutants not only harm 
individual organisms but also can affect higher levels of 
biological organization [24,25]. In addition, Halstead et al. 
[26] describe the response of aquatic mesocosm commu-
nities to mixtures of different chemicals. Bond et al. [27] 
pointed that advanced engineering solutions are required 
to remove CECs and their decomposition/transforma-
tion by-products. This is due to the fact that conventional 
water treatment processes, even if they are supported by 
chlorination, ozonation, or UV disinfection, were insuf-
ficient for the removal of persistent micropollutants [28]. 
It becomes necessary to optimize the field management, 
to stop the uncontrolled relies of chemicals into water 
bodies an minimize the risk of drinking water wells con-
tamination [29,30]. The first step in the implementation 
of this assumptions is to identify the quality of water in 
water reservoirs supplying potential sources of drinking  
water.

The objective of the presented research was the analysis 
of water quality parameters and the identification of CECs 
in samples collected from natural ponds located between 
arable fields in the Silesian Voivodship, Poland. The samples 
were collected at the early stage of plant vegetation – spring 
period, and immediately before harvest – autumn season. 
The location of the studied ponds allows for the presump-
tion of the presence of various plant protection agents and 
industrial admixtures in the collected water samples. To 
identify the CECs occurring in the ponds, the collected sam-
ples were pre-treated and subjected to solid-phase extraction 
(SPE). The quantitative and qualitative analysis was per-
formed by the use of gas chromatography coupled with 
mass detection. To evaluate the potentially harmful action of 
the pond water, the samples were toxicologically analyzed 
by the use of vascular plants Lemna minor and saltwater 
bacteria Aliivibrio fischeri as indicator organisms

2. Material and methods

2.1. Study area and collection of samples

The objects of research were two ponds located near 
arable fields in the Silesian Voivodeship, Poland (Fig. 1). 
The ponds were fed mainly by groundwater and surface 
runoff from the surrounding farmlands. Additionally, pond 
I was from the west side fed by surface runoff from a fast 
traffic street (sampling place A), from the north side by run-
off from arable fields with wheat (sampling place B), and 
the south side exposed to surface runoff from an indus-
trial area operating in the area of road transport (sampling 
place C). Pond II was surrounded from the north side by a 
cornfield (sampling place D) and from the south side by a 
disused railway line located directly next to a mixed forest 
(sampling place E). Pond I had an area of about 500 m2 and 
Pond II 200 m2. The study has been carried out between the 
early stage of plant vegetation – spring period, and imme-
diately before harvest – autumn season 2021. The tempera-
ture of the water during spring was between 12.0°C and 
13.5°C, and during autumn between 14.2°C and 17.1°C. 
The sampling procedure was adapted from Ustaoğlu and 
Tepe [31] and performed according to standard methods 
[32]. Water samples were collected at a distance of 1 m 
from the shore from 10 cm depth from the surface at the 
sample places marked on Fig. 1. The samples were taken 
between 7 am and 8 am, only on rainless days, by holding 
the bottles upward and, immediately after sampling, trans-
ferred in a cooling box to the laboratory for analysis. The 
storing bottles were washed before sampling with a 1.5% 
HCl solution and rinsed with distilled water. Polyethylene 
bottles were used for the quantification of the basic physi-
co-chemical properties of the water. While borosilicate glass 
bottles were used for the collection of samples to be anal-
ysed by chromatography. The sample bottles were labeled 
with the collection date and sampling point description.

2.2. Analytical procedure

The collected water samples after the pretreatment con-
ducted by their filtration through a glass microfiber filter 
(pore size – 0.45 μm) were subjected to the following physi-
co-chemical analyses:
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• pH and conductivity (CD) measurement;
• Turbidity measurement (TB);
• Total organic carbon (TOC) and inorganic carbon (IC) 

measurement;
• Analysis of the chemical oxygen demand (COD), biologi-

cal oxygen demand (BOD5);
• Analysis of the concentration of total nitrogen (TN), 

ammonium nitrogen (NH4–N), nitrate nitrogen (NO3–N), 
and phosphate (PO4–P);

• Identification of CECs.

The laboratory pH meter/conductometer CPC-505 
by Elmetron (Zabrze, Poland) was used to measure the 
pH and CD. While the TB of the samples was measured 
using the HI-93414-02 EPA Compliant Turbidity and 
Free & Total Chlorine Meter by HANNA Instruments 
(Woonsocket, USA). The TOC-L analyzer by Shimadzu 
Corporation (Kioto, Japan) estimated the IC and total 

carbon (TC) concentration based on the combustion cata-
lytic oxidation method and non-dispersive infrared NDIR 
detection. The difference between the TC and IC allows 
the determination of the TOC value. The performed ana-
lyzes were compared to TC and IC calibration curves with 
a range from 0 to 100 mg/dm3. The COD, BOD5 as well as 
TN, NH4–N, NO3–N, and PO4–P were measured by the 
UV-VIS Spectrophotometer Pharo 100 Spectroquant® by 
Merck KGaA (Darmstadt, Germany) based on Merck Brand 
Kits. The measuring range of the apparatus and the limit 
of detection (LOD) are given in Table 1. The identifica-
tion of CECs was based on chromatographic analysis pre-
ceded by SPE. The SPE of the analytes was carried out by 
the use of two types of extraction cartridges: Supelclean™ 
ENVI-18 SPE tube and Supel™ Tox AflaZea tube. The ana-
lyzed volume of water samples was equal to 1 dm3, which 
made it possible to determine compounds that are pres-
ent in the samples in trace concentrations. Additionally, 
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Fig. 1. Schematic representation of the location of studied water pond (a) I and (b) II (O – sampling point).

Table 1
Measuring range of the used analytical equipment their LOD

Equipment Measured 
parameter

Measuring range, mg/dm3 LOD

pH meter/conductometer pH –6,000 – 20,000 –
CD 0.00 μS/cm – 1,999.9 mS/cm –

Turbidity & Free and Total Chlorine Meter TB 0.00 – 9.99 NTU –
TOC-L analyzer TOC TC and IC calibration curves 0.01 – 100.00 mg/dm3 0.01 mg/dm3

IC Calibration curve 0.01 – 100.00 mg/dm3 0.01 mg/dm3

Spectrophotometer COD 10.00 – 150.99 mg/dm3 10.00 mg/dm3

BOD5 0.50 – 3,000.00 mg/dm3 0.50 mg/dm3

TN 0.50 – 15.00 mg/dm3 0.50 mg/dm3

NH4–N 0.01 – 2.00 mg/dm3 0.01 mg/dm3

NO3–N 0.50 – 25.00 mg/dm3 0.50 mg/dm3

PO4–P 0.05 – 5.00 mg/dm3 0.05 mg/dm3
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the samples directed to the extraction performed by the 
Tox AflaZea tubes were acidified with hydrochloric acid 
(purity grade >99.8%). The details of the SPE are given in  
Table 2.

The SPE eluates were evaporated to dryness under 
a stream of nitrogen at 40°C. The dried residues were 
re-dissolved by adding 100 mm3 of methanol and filtered 
through a 0.20 μm glass microfiber filter.

The chromatographic analysis of the extract was 
performed by the use of the GC-MS(EI) 7890B Gas 
Chromatograph by Agilent Technologies (Santa Clara, 
United States). The analytical tool was equipped with a 
capillary column SLBTM – 5 ms (30 m × 0.25 mm of 0.25 μm 
film thickness) by Sigma-Aldrich (Poznań, Poland). Helium 
5.0 with a flow rate of 1.1 cm3/min acts as the carrier gas for 
chromatographic analysis. The injection volume was 1 μL 
and was injected automatically with a speed of 3,000 mm3/
min. The injector temperature was set at 250°C. The oven 
temperature program of the GC oven was as follows: 
80°C (6 min), 5°C/min up to 260°C, 20°C/min up to 300°C 
(2 min). The temperature of the ion trap and ion source was 
equal to 150°C and 230°C, respectively.

The identification of compounds occurring in the col-
lected water samples was made based on their mass spec-
tra obtained after chromatographic analysis carried out in 
the total ion current (TIC) mode. The range of monitored 
ion masses was set from 50 to 500 m/z. The mass spec-
tra of picks noted at the obtained sample chromatograms 
were read with the MassHunter software and compared 
with the United States National Institute of Standards and 
Technology NIST v17 Mass Spectral Library. The quanti-
tative analysis of the identified CECs concentrations was 
operated in the selected ion monitoring (SIM) mode, during 
which the representative ions of each compound were 
monitored. The identified compounds were presented in 
Table 3. The concentrations were calculated based on cal-
ibration curves for individual compounds. The standard 
solutions for calibration curves were prepared based on com-
pound standards by Merck KGaA (Darmstadt, Germany). 
The LOD values for individual CECs are summarized in  
Table 3.

All glassware used during the experiment was washed 
with acid solutions, rinsed with distilled water, and dried in 
a drying oven for pure glassware. All used chemicals were 
of analytic grade and purchased from Avantor Performance 
Materials Poland S.A. (Gliwice, Poland) and Merck KGaA 
(Darmstadt, Germany).

One-way ANOVA variance of analyses was applied 
for the calculation of the mean minimum and maximum 
values of the parameter as well as their standard devia-
tions. The one-way ANOVA allowed for the apportionment 
of significant difference (p < 0.05) between the measured 
parameter values in the sampling points. The Pearson 
Correlation Index (PCI) was used to determine the amount 
of relation between measured water quality parameters.

2.3. Toxicity tests

The toxicity of the collected water samples was esti-
mated by two different biotests, that is, Lemna sp. Growth 
Inhibition Test and Microtox® test. The Lemna sp. Growth 
Inhibition Test uses as test organisms the freshwater vascu-
lar plants Lemna minor. The test procedure involves intro-
ducing two frond plants into the tested water samples and 
observing their morphological changes within 7 d. Only 
morphological changes in the number of plant fronds 
were observed in the studies. The water samples with the 
plants were stored at 25°C ± 1°C under constant exposure 
to 6,000 lux light. Plants from own culture were used for 
the research. Both the culture and the toxicity test itself 
were performed according to OECD Guideline 221.

The Microtox® bioassay is based on the measurement 
of changes in the intensity of light emitted by biolumines-
cent saltwater bacteria Aliivibrio fischeri introduced to the 
tested samples. The bacteria were purchased in a freeze-
dried form from Tigret Sp. z o.o. (Warszawa, Poland) 
immediately before the test, the freeze-dried bacteria were 
revitalized with the use of a reconstruction solution by 
Modern Water (London, United Kingdom). The test was 
carried out according to the Screening Test procedure of 
the MicrotoxOmni system, which supports the Microtox 
analyzer Model 500 by Modern Water (London, United  
Kingdom).

The obtained results measured as changes in the intensity 
of light emitted by Aliivibrio fischeri bacteria and changes 
in the number of fronts of individual plants in relation to 
the control sample were presented in a percentage value. 
A detailed description of the calculation was presented in 
[33]. This value showed the triggered toxicity effect and 
was interpreted based on a simplified four-class water 
sample toxicity classification presented in Table 4 [34,35].

Assignment errors marked on figures, which present 
the toxicity measurement results, were estimated based on 
the standard deviation for three repetitions of each test. 

Table 2
SPE details for different extraction column types

Column type Supelclean™ ENVI-18 Supel™ Tox AflaZea

Bed conditioning 5.0 cm3 of acetonitrile;
5.0 cm3 of methanol

5.0 cm3 of methanol

Bed washing 5.0 cm3 of deionized water 5.0 cm3 methanol/water 10/90 (v/v)
Sample flow 1.0 cm3/min
Vacuum drying time after sample filtration 5.0 min
Extract elution 1.5 cm3 of methanol;

1.5 cm3 of acetonitrile
3.0 cm3 of methanol
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The error values for all tested samples did not exceed 5.0% 
for the Lemna sp. Growth Inhibition Test and 5.5% for the 
Microtox® bioassay.

3. Results and discussion

The mean of measured water quality parameters 
during the spring and autumn season are summarized 
in Table 5, respectively. It seems difficult to compare the 
quality of water taken from reservoirs located in the vicin-
ity of various types of industry to samples from reservoirs 
surrounded mainly by arable fields. Each of the studied 
reservoirs will be exposed to a different type of pollution 
and requires an individual approach in proposing future 
methods of its protection or improving water quality. The 
one-way ANOVA results confirm this assumption and indi-
cate a difference among parameters between the examined 
collection points of both ponds, which was not significant 
during one season (p > 0.05). Only in the case of the COD 
and BOD5 concentration, measured in the autumn period, 
there was a significant difference between the values noted 
for sampling points A, B, and C to the samples taken from 
points D and E (p < 0.05). Therefore, it can be concluded 
that the location of the water reservoir influences the most, 
in this particular case, the COD value. On the other hand, 

the comparison of values of TB, TOC, IC, COD, BOD5, TN, 
NH4–N, NO3–N, and PO4–P between the spring and autumn 
seasons shows also a significant difference (p < 0.05). This 
is in line with the well-known changes in water quality 
in temperate zones during different seasons of the year.

The mean concentration of P–PO4 in the water sam-
ples collected in the autumn season was higher than in the 
spring. The same correlation was also noted for the concen-
tration of Nog, N–NH4, N–NO3 and TOC, IC, COD as well 
as BOD5. Pietrzak [36] pointed that this may be due to sea-
sonal changes in surface water supply caused groundwa-
ter amount. The water supply in Central Europe is usually 
large in the spring time, and smaller in summer due to the 
significant intensity of field evaporation [37]. The largest 
difference between the parameter values measured during 
the two seasons was noted for TB. The TB, which gives 
information on the clarity of the water was higher during 
the spring season and exceeded 6.54 NTU. It is related to 
the entry of clay, silt particles, organic matter and colloids 
into water ponds from surface runoff coming from the sur-
rounding fields. Also, the presence of microscopic organ-
isms can cause the increase of the TB value [38]. The pH and 
the CD did not change significantly between the spring and 
autumn season. It can be therefore concluded that the con-
centration of ionized species in the tested ponds was at a 
similar level during the sampling period.

The relationship of the measured water quality param-
eters during the spring and autumn season were calcu-
lated by Pearson Correlation Index and are presented in 
Table 6. The obtained results were interpreted based on 
the classification proposed by Liu et al. [39]. The correla-
tion with values higher than 0.75 was described as strong 
and was noted, for example, between TB and CD, COD 
and BOD5 as well as COD or BOD5 and TB or CD for both 
spring and autumn season. A moderate correlation with 
values between 0.75–0.50 was observed for pH and NO3–N 
or PO4–P during both seasons. The pH and TOC as well as 

Table 3
Identified organic micropollutants and their LOD

Identified compound Molecular weight, 
g/mol

Monitored ions, m/z Similarity to the data base 
mass spectra, %

LOD, 
ng/dm3

Benzo[a]pyrene 252.31 113, 126, 224, 252 85
Naphthalene 128.17 77, 102, 127, 128 95
Nonylphenol 220.35 107, 121, 135, 149 73
4-tert-octylphenol 206.32 96, 107, 133, 206 76
2-Mercaptobenzothiazole 167.25 109, 123, 135, 167 71
Diisodecyl phthalate 446.70 71, 141, 149, 307 78
Triticonazole 317.80 83, 115, 235 74
Prothioconazole 344.30 99, 180, 306, 342 82
Beflubutamid 355.30 91, 176, 221, 355 73
Benzothiazolone 151.19 96, 123, 151 91
Zearalenone 318.36 149, 231, 283, 319 84
1-Methyloxindole 147.17 91, 118, 147 70
3,4-Difluorophenol 130.09 75, 81, 101, 130 86
Phenol 94.11 65, 66, 94 95

Table 4
Simplified water samples toxicity classification system [34,35]

Triggered effect (%) Description Water sample 
toxicity class

<25.00 Non toxic I
25.00–50.00 Low toxic II
50.01–75.00 Toxic III
75.01–100 Highly toxic IV
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pH and TN also show a moderate correlation during the 
spring season. Moreover, the correlation between TN and 
TOC, and PO4–P and TOC was only moderate during the 
spring season. During the autumn season, the correlation 
between this parameter was classified as weak (values 
between 0.50 and 0.30). A very weak correlation (0.11) was 
observed between PO4–P and NH4–N during the autumn 
season. This fact indicated that the concentration of PO4–P 
did not reflect the NH4–N concentration. Those two param-
eters are independent of each other. It may be related to 
the fact, that during autumn the plants have already 
absorbed nitrogen and phosphorus introduced by fertil-
izers [40,41]. Another reason for the negligible correlation 
between these parameters may be the use of fertilizers 
containing different composition of biogeneic compounds 
with different forms of bioavailability for plants in arable  
fields.

Negative values of the Pearson Correlation Index indi-
cate an inverse relation between the parameters and show a 
decrease of a parameter by the increase in another parame-
ter value. For example, a very high negative correlation has 
been noticed between IC or TOC and COD or BOD5. A highly 
negative correlation of TOC and COD, BOD5 was also noted 
by Mondal et al. [42]. The authors also pointed out that there 
is a hydrological relation between COD and BOD5 which 
can affect the TOC and IC in a water ecosystem.

The GC-MS(EI) analysis allowed for the identification 
of 13 organic micropollutants in the tested water samples 
(Table 3) which can be classified as CECs. These compounds 
belong to the group of: polycyclic aromatic hydrocarbon 
– benzo[a]pyrene and naphthalene; industrial additives 
– nonylphenol, 4-tert-octylphenol, 2-mercaptobenzothi-
azole, diisodecyl phthalate and 1-methyloxindole; pesti-
cides – triticonazole, prothioconazole, and beflubutamid; 
mycitoxins – zearalenone and compounds which can be 
possible decomposition by-products of other micropol-
lutants – 3,4-difluorophenol and phenol. The presence of 
benzo[a]pyrene, naphthalene nonylphenol and 4-tert-oc-
tylphenol, which are on the list of priority substances [43], 
is particularly worrying. These substances can cause acute 
and chronic toxicity to aquatic organisms, accumulate in 
the ecosystem, lead to loss of habitats and biodiversity, and 
pose a threat to human health. European legislation [44], as 
well as, Polish Legislation [45] classifies benzo[a]pyrene and 
nonylphenol as priority hazardous substance in the field of  
water policy.

The concentrations estimated in samples collected 
during spring and autumn in the test ponds are summa-
rized in Table 7. The presence of benzo[a]pyrene and naph-
thalene was only confirmed in samples collected from sam-
pling point A. It was most exposed to surface runoff from 
the fast traffic street. The naphthalene concentration was 

Table 6
Pearson correlation between physico-chemical parameters measured during the spring and autumn season

pH CD TB TOC IC COD BOD5 TN NH4–N NO3–N PO4–P

Spring season

pH 1
CD –0.87 1
TB –0.89 0.99 1
TOC 0.70 –0.90 0.99 1
IC 0.89 –0.99 –0.90 0.90 1
COD –0.89 0.99 0.99 –0.88 –0.99 1
BOD5 –0.87 0.99 0.99 –0.91 –0.99 0.99 1
TN 0.56 –0.84 –0.82 0.73 0.83 –0.83 –0.85 1
NH4–N –0.94 0.98 0.98 –0.85 –0.99 0.98 0.98 –0.80 1
NO3–N 0.73 –0.96 –0.96 0.95 0.94 –0.94 –0.95 0.80 –0.33 1
PO4–P 0.53 –0.77 –0.75 0.56 0.70 –0.77 –0.74 0.79 –0.02 0.74 1

Autumn season

pH 1
CD –0.94 1
TB –0.96 0.98 1
TOC 0.93 –0.76 –0.83 1
IC 0.97 –0.97 –0.99 0.85 1
COD –0.97 0.98 0.99 –0.83 –0.99 1
BOD5 –0.96 0.98 0.99 –0.83 –0.99 0.99 1
TN 0.29 –0.48 –0.53 0.18 0.49 –0.50 –0.51 1
NH4–N 0.84 –0.94 –0.95 0.63 0.94 –0.95 –0.95 0.64 1
NO3–N 0.56 –0.62 –0.72 0.51 0.70 –0.69 –0.70 0.91 0.22 1
PO4–P 0.65 –0.80 –0.82 0.39 0.80 –0.81 –0.81 0.71 0.11 0.76 1
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lower than the benzo[a]pyrene, and did not exceed 0.24 ng/
dm3. The concentration of both substances was lower than 
the environmental quality standards given by the Directive 
2008/105/EC of the European Parliament and of the Council 
of 16 December 2008 on environmental quality standards 
in the field of water policy [44] (concentration of benzo[a]
pyrene < 0,05 μg/dm3 and naphthalene < 1.2 μg/dm3). 
Kluska [46] reported that the benzo[a]pyrene concentra-
tion in river water in Poland ranged from 4.6 to 15.6 ng/
dm3 and is higher during the spring season than during 
summer and autumn. He also pointed out that the aver-
age concentration of polycyclic aromatic hydrocarbons 
during the winter season reached the value of 184 ng/dm3, 
while during autumn it decreased to 81 ng/dm3.

The concentration of nonylphenol and 4-tert-octylphenol 
was higher during the spring season than during autumn. 
However, the determined concentrations did not exceed 
the environmental quality standards for inland surface 
waters given by the Directive 2008/105/EC [44]. This could 
be related to the decomposition of this phenolic compound 
by sunlight and metabolic processes of microorganisms 

[47,48]. The decomposition of a compound with a phenolic 
group can be also confirmed by the increasing concentra-
tion of phenol in water. For example, the mean concentra-
tion of phenol in samples collected during spring was about 
33 ng/dm3 and during autumn did not exceed 50 ng/dm3. 
The concentration of phenol was the highest among other 
identified CECs concentrations. It may be related to the 
presence of other compounds in the tested aqueous sam-
ples, the identification of which was not possible with the 
selected analytical technique. The second-highest concen-
tration, especially in samples collected from points A and 
C were noted for the plasticizer diisodecyl phthalate. The 
concentration of this compound, in all tested samples, was 
higher during the autumn season than during spring.

Special attention should be paid to 2-mercaptobenzo-
thiazole, which belongs to the group of benzothiazoles. 
This compound is used in sulfur vulcanization of rubber 
and as an additive to oil-based hydraulic fluids used [49] 
and is listed as a high production volume chemical [50]. 
The presence of this compound was reported not only 
in surface water but also in drinking water [51]. In the 

Table 7
Concentration of compounds in samples collected during the spring and autumn season given in ng/dm3

Compound Collection point Min. Mean Max.

A B C D E

Spring season

Benzo[a]pyrene 0.81 ± 0.12 <LOD <LOD <LOD <LOD 0.81 ± 0.12 0.81 ± 0.12 0.81 ± 0.12
Naphthalene 0.24 ± 0.10 <LOD <LOD <LOD <LOD 0.24 ± 0.10 0.24 ± 0.10 0.24 ± 0.10
Nonylphenol 3.42 ± 0.21 <LOD 8.64 ± 0.42 <LOD 0.32 ± 0.11 0.32 ± 0.11 4.13 ± 4.51 8.64 ± 0.42
4-tert-octylphenol 18.64 ± 0.92 12.50 ± 0.41 23.61 ± 0.32 1.52 ± 0.22 2.11 ± 0.12 1.52 ± 0.22 11.68 ± 11.93 23.61 ± 0.32
2-Mercaptobenzothiazole 7.54 ± 0.21 <LOD 8.50 ± 0.31 <LOD <LOD 7.54 ± 0.21 8.02 ± 0.48 8.50 ± 0.31
Diisodecyl phthalate 31.01 ± 1.30 28.14 ± 1.05 35.44 ± 2.54 11.62 ± 0.53 11.32 ± 0.39 11.32 ± 0.39 23.51 ± 12.19 35.44 ± 2.54
Triticonazole – – – 8.23 ± 0.09 7.12 ± 0.08 7.12 ± 0.08 7.68 ± 0.56 8.23 ± 0.09
Prothioconazole 0.23 ± 0.11 0.12 ± 0.10 0.20 ± 0.10 0.10 ± 0.12 0.12 ± 0.11 0.10 ± 0.12 0.15 ± 0.08 0.23 ± 0.11
Beflubutamid 28.70 ± 1.81 33.31 ± 1.62 18.72 ± 0.90 16.70 ± 0.49 12.62 ± 0.78 12.62 ± 0.78 22.01 ± 11.30 33.31 ± 1.62
Zearalenone <LOD <LOD <LOD <LOD <LOD – – –
1-Methyloxindole 0.10 ± 0.08 <LOD 0.21 ± 0.08 <LOD <LOD 0.10 ± 0.08 0.16 ± 0.06 0.21 ± 0.08
3,4-Difluorophenol 0.94 ± 0.22 1.62 ± 0.30 0.20 ± 0.11 <LOD <LOD 0.20 ± 0.11 0.92 ± 0.72 1.62 ± 0.30
Phenol 41.62 ± 5.72 37.11 ± 4.53 45.70 ± 2.61 18.40 ± 0.71 20.73 ± 1.41 18.40 ± 0.71 32.71 ± 14.31 45.70 ± 2.61

Autumn season

Benzo[a]pyrene 0.60 ± 0.11 <LOD <LOD <LOD <LOD 0.60 ± 0.11 0.60 ± 0.11 0.60 ± 0.11
Naphthalene 0.20 ± 0.12 <LOD <LOD <LOD <LOD 0.20 ± 0.12 0.20 ± 0.12 0.20 ± 0.12
Nonylphenol 1.22 ± 0.10 <LOD 2.11 ± 0.30 <LOD <LOD 1.22 ± 0.10 1.67 ± 0.47 2.11 ± 0.30
4-tert-octylphenol 9.11 ± 0.72 5.60 ± 0.31 11.82 ± 0.72 <LOD <LOD 5.60 ± 0.31 8.84 ± 3.24 11.82 ± 0.72
2-Mercaptobenzothiazole 7.80 ± 0.33 <LOD 8.32 ± 0.23 <LOD <LOD 7.80 ± 0.33 8.06 ± 0.26 8.32 ± 0.23
Diisodecyl phthalate 51.71 ± 7.64 45.93 ± 8.33 69.91 ± 6.71 16.72 ± 0.94 16.54 ± 0.81 16.54 ± 0.81 40.16 ± 29.74 69.91 ± 6.71
Triticonazole <LOD <LOD <LOD <LOD <LOD – – –
Prothioconazole 0.23 ± 0.10 0.10 ± 0.11 0.21 ± 0.10 0.11 ± 0.10 0.12 ± 0.13 0.11 ± 0.10 0.15 ± 0.05 0.21 ± 0.10
Beflubutamid 19.72 ± 1.01 28.31 ± 0.90 12.90 ± 1.22 10.62 ± 0.43 9.51 ± 0.52 9.51 ± 0.52 16.21 ± 12.09 28.31 ± 0.90
Zearalenone <LOD <LOD <LOD 0.20 ± 0.11 0.11 ± 0.11 0.11 ± 0.11 0.16 ± 0.06 0.20 ± 0.11
1-Methyloxindole <LOD <LOD <LOD <LOD <LOD – – –
3,4-Difluorophenol 0.52 ± 0.12 0.92 ± 0.30 <LOD <LOD <LOD 0.52 ± 0.12 0.72 ± 0.22 0.92 ± 0.30
Phenol 63.63 ± 4.45 55.52 ± 3.83 59.44 ± 3.61 32.52 ± 2.50 38.20 ± 3.20 32.52 ± 2.50 49.86 ± 17.36 63.63 ± 4.45
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presented study 2-mercaptobenzothiazole was detected 
only in the sample collection points A and C. Its concen-
tration was stable during the spring and autumn season 
and ranged from about 7.5 to 8.5 ng/dm3. Ni et al. [52] 
during the examination of riverine runoff of the Pearl 
River Delta noted average concentrations of these com-
pound ranging from 24 to 87 ng/dm3. The presence of 
compounds belonging to benzothiazoles can cause geno-
toxicity, cytotoxicity, carcinogenicity and modulation 
of the thyroid hormone [28,53–55]. However, Whittaker 
et al. [56] set the allowable concentration of 2-mercapto-
benzothiazole in drinking water at 60 ng/dm3.

The presence of low concentrations of 3,4-difluoro-
phenol in samples collected from pond I can be the result 
of the decomposition of beflubutamid, which also has F 
atoms in their chemical structure. The presence of 1-meth-
yloxindole may also be related to its formation during the 
decomposition of 2-mercaptobenzothiazole.

The occurrence of fungicides, herbicides, and insecti-
cides is related to the use of pesticides to plants grown in 
fields located in the immediate vicinity of the studied water 
reservoirs. Triticonazole was only detected in samples D 
and E during the spring season, and its concentration did 
not exceed 8.23 ng/dm3. This compound is used for the 
protection of maize seeds from decomposition by fungi 
[57]. The concentration of prothioconazole, which is also 
a fungicide used in cereals growing [58], was at a constant 
level during all sample collection periods and ranged from 
0.10 to 0.23 ng/dm3. Higher concentrations were noted in 
the case of beflubutamid an amide herbicide. The concen-
tration of this compound ranged from 12.62 to 33.31 ng/
dm3 during spring and from 9.51 to 28.31 ng/dm3 during 
autumn. Tasumi et al. [59] pointed out that this herbicide 
is degraded relatively quickly (DT50 = 5.4 d), therefore its 
concentrations that reach the water ponds could be much 
higher after its application on the field. The summary con-
centration of the identified pesticides did not exceed the 
threshold concentration of pesticides in water that can be a 
source of drinking water for humans [15].

In samples D and E, collected from the pond surrounded 
by maize cornfields, during the autumn season trace 

concentration of zearalenone were found. This compound is 
a non-steroidal estrogen mycotoxin [60] produced by fungi 
of the genus Fusarium [61]. Mally et al. [62] reported that it 
is especially produced in temperate and warmer climates. 
The source of zearalenone can therefore be fungal-infected 
maize crops. Examples of corncobs that were infected by 
fungi (type of fungus was not specified in the study) and 
found in the field located near the tested pond II during the 
harvest are shown in Fig. 2. The concentration of this CECs 
did not exceed 0.20 ng/dm3. The content of compounds 
belonging to the group of mycotoxins in the water envi-
ronment varies from 0 to 60 ng/dm3 [63,64]. Gromadzka et 
al. [65] pointed out that the concentration of zearalenone 
in surface water in Poland did not exceed 44 ng/dm3.

The conducted toxicity test showed a low toxicity 
(>25% and <50%) of samples collected from point A, B, and 
C against vascular plants Lemna minor, and a toxic nature 
of the water against Aliivibrio fischeri bacteria, regardless 
of the season of the year (Fig. 3). Whereas samples col-
lected from points D and E were non-toxic to (<25%) Lemna 
minor plants, and low toxic to the indicator bacteria. Thus, 
the test results confirm the quality differences between the 
samples taken from reservoirs I and II. The reduction of 
the toxic effect was also noted in the samples taken in the 
autumn compared to the samples taken in the spring. This 
may indicate a stronger decomposition of toxic compounds 
under the influence of solar radiation and the metabolic pro-
cesses of microorganisms occurring in water reservoirs in the 
autumn. Observations of the tested water ponds at the sam-
pling places also showed the absence of higher organisms 
such as fish. This indicates a poor quality of water, which 
was demonstrated by the results of the chromatographic 
analysis and the performed toxicological analyzes.

4. Conclusions

The results obtained during the conducted studies indi-
cated that values of water quality parameters were higher 
during the autumn season than during spring. This indi-
cates the dependence of pond water quality on the volume 
of surface runoff, which depends on the frequency of 

  

Fig. 2. Examples of corncobs found in the field located near the tested pond II.
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precipitation. Therefore it can be assumed, that the pollu-
tion of water bodies with undesirable compounds from the 
surrounding usable areas is greatest during rainy seasons. 
The GC-MS(EI) analysis showed the presence of organic 
micropollutants from the group of pesticides, PAH, and 
industrial additives in all collected samples. This indicates 
that not only the surrounding farmland can be a source of 
water pollution, but also surface runoff from areas covered 
by the transport industry. Even when these areas seem 
to be adequately protected against leakage of pollutants 
into the environment. The identified compounds can be 
classified as CECs due to their toxic or potentially toxic 
nature towards living organisms, including humans. The 
concentrations of those compounds varied with the sea-
son of the year. The variation was especially pronounced 
in the case of pesticides. This was related to their seasonal 
introduction to farmlands and the frequency of rainfall. 
The presence of trace amounts of zearalenone – a nonste-
roidal estrogenic mycotoxin was also confirmed in sam-
ples collected during the autumn season from the pond 
located near corn crop fields. The conducted toxicologi-
cal analysis of pond I indicated low toxicity of the water 
towards vascular plants and a toxic character towards bac-
teria, regardless of the season. While the water from pond 
II was non-toxic for the test organism during the whole 
time of the experiment. The conclusions of the research 
show that the use of plant protection products in arable 
fields contributes to the release of these substances into 
the aquatic environment, and at the same time does not 
provide the crops with adequate protection against patho-
gens. The proof of which is the presence of zearalenone 
in the tested water samples. Recognition of the sources 
of the deteriorating water quality in water reservoirs 
will allow for the search for effective solutions for their  
protection.
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