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As so ci ate Ed i tor: Beata Jaworska-Szulc

A high con tam i na tion level by microorganic pol lut ants (con tam i nants of emerg ing con cern – CECs and pes ti cides) was doc u -
mented at the Oborniki River bank fil tra tion site (Po land) re charged by sur face wa ter from the We³na River. The high est con -
cen tra tion of CECs and pes ti cides was found in sur face wa ter sam ples. The doc u mented con tam i na tion level of We³na River
wa ter (the river drain ing a small low land catch ment) is higher than that doc u mented in big ger rivers like the Warta, Izera and
Elbe. High con tam i na tion lev els were doc u mented also in wells that are re charged by wa ter from the We³na River via bank fil -
tra tion. The re moval rate ob served in wells (com pared with source river wa ter) was es ti mated as 57% for CECs and 74% for
pes ti cides while the re moval rate cal cu lated for carbamazepine (a con ser va tive phar ma ceu ti cal sub stance) was 26%. In one
well the nicosulfuron con cen tra tion was higher than the up per per mis si ble limit. Among the sub stances de tected were also 2
banned con stit u ents: chlorotoluron and izoproturon.

Key words: pharmaceuticals and pes ti cides in ground wa ter and sur face wa ter, river bank fil tra tion, small low land river.

INTRODUCTION

Con tam i nants of emerg ing con cern (CECs) and pes ti cides
are in creas ingly de tected in aquatic sys tems due to the rapid de -
vel op ment of an a lyt i cal meth ods en abling the de tec tion of sub -
stances that oc cur in the en vi ron ment at rel a tively low con cen tra -
tions, at the level of µg/l or ng/l  (Munro et al., 2019; Fonseca et
al., 2020). Ag ri cul tural ac tiv ity is un doubt edly the pri mary source
of pes ti cides in sur face wa ters (Guzzella et al., 2006; Loos et al.,
2010; Köck-Schulmeyer et al., 2014). The use of pes ti cides dur -
ing cul ti va tion sig nif i cantly im proves har vest qual ity and yield.
But, pes ti cides and their deg ra da tion prod ucts can con tam i nate
dif fer ent en vi ron men tal com po nents, in clud ing sur face wa ter and 
ground wa ter (Dragon et al., 2019; Lee et al., 2019; Khezami et
al., 2024). The CECs (mainly pharma ceuticals, per sonal care

prod ucts, sweet en ers, etc.) ap pear in aquatic sys tems by en ter ing
sur face wa ter pri mar ily through dis charge ef flu ent from
wastewater treat ment plants (WTP; Maeng et al., 2010; Hollender
et al., 2018; van Driezum et al., 2019; Dragon et al., 2022). It is
known that con ven tional WTPs do not elim i nate CECs dur ing the 
treat ment pro cess (Kibuye et al., 2019). Sci en tific pub li ca tions
have doc u mented the oc cur rence of or ganic micropollutants in
sur face wa ter world wide. This re lates to both pes ti cides (e.g.,
Loos et al., 2010; Reh et al., 2013; Kock-Schulmeyer et al.,
2014) and pharmaceuticals (e.g., Li, 2014; Hamann et al., 2016). 
Some stud ies doc u ment that micro pollutants’ mi gra tion in
ground wa ter sys tems is highly de pend ent on sur face wa ter qual -
ity, for ex am ple, at riv er bank fil tra tion sites (Massmann et al.,
2008; Kovaèeviæ et al., 2017; Hollender et al., 2018; van Driezum 
et al., 2019; Kruæ et al., 2019).

The as so ci ated neg a tive en vi ron men tal and pub lic health
im pacts have caused con sid er able so cial and sci en tific con cern 
world wide. Ad di tion ally, ground wa ter con tam i na tion by syn -
thetic or ganic chem i cals is at tract ing grow ing at ten tion be cause 
it can po ten tially neg a tively af fect hu man health (Postigo and
Barceló, 2015; Kruæ-Fija³kowska et al., 2022). Due to the neg a -

* Cor re spond ing au thor, e-mail: krzysztof.dragon@amu.edu.pl

Re ceived: July 23, 2024; ac cepted: March 3, 2026; first pub lished
on line: April 28, 2026

https://doi.org/10.1007/s12665-019-8598-0
https://doi.org/10.7306/gq.1646
https://doi.org/10.1016/j.envint.2020.106004
https://doi.org/10.1016/j.envpol.2005.10.037
https://doi.org/10.1016/j.scitotenv.2015.12.057
https://doi.org/10.1016/j.envint.2020.106004
https://doi.org/10.1016/j.wroa.2018.100007
https://doi.org/10.1016/j.wroa.2018.100007
https://doi.org/10.1016/j.wroa.2018.100007
https://doi.org/10.1016/j.scitotenv.2023.167319
https://doi.org/10.1016/j.scitotenv.2023.167319
https://doi.org/10.1016/j.scitotenv.2018.10.442
https://doi.org/10.1016/j.scitotenv.2013.10.079
https://doi.org/10.1016/j.scitotenv.2013.10.079
https://doi.org/10.1016/j.scitotenv.2013.10.079
https://doi.org/10.1007/s11356-016-7959-4
https://doi.org/10.3390/w11112238
https://doi.org/10.1038/s41598-022-07385-z
https://doi.org/10.1016/j.scitotenv.2018.12.258
https://doi.org/10.1016/j.envpol.2014.01.015
https://doi.org/10.1016/j.watres.2010.05.032
https://doi.org/10.1016/j.watres.2010.05.032
https://doi.org/10.1016/j.watres.2010.05.032
https://doi.org/10.1016/j.watres.2010.03.035
https://doi.org/10.1016/j.scitotenv.2018.12.108
https://doi.org/10.1016/j.scitotenv.2014.06.019
https://doi.org/10.1016/j.scitotenv.2014.06.019
https://doi.org/10.1016/j.scitotenv.2012.11.005
https://doi.org/10.1016/j.scitotenv.2018.08.300
https://doi.org/10.1016/j.scitotenv.2018.08.300
https://doi.org/10.1016/j.scitotenv.2018.08.300
https://doi.org/10.1007/s00254-007-0792-9
https://doi.org/10.1007/s00254-007-0792-9


tive im pact of pes ti cides on hu man health, the Drink ing Wa ter
Di rec tive 98/83/EC (EC, 1998) de fines a max i mum con cen tra -
tion of 0.1 mg/l for in di vid ual pes ti cides and their deg ra da tion
prod ucts and 0.5 mg/l for to tal pes ti cides pres ent in a sam ple.
These val ues are iden ti cal to the ground wa ter qual ity stan dards 
used in Po land (Reg u la tion…, 2017). More over, in the EU di -
rec tive 2020/2184 (EC, 2020) on the qual ity of wa ter in tended
for hu man con sump tion, risk-based pes ti cide mon i tor ing is re -
quested (only pes ti cides that are likely pres ent in a given en vi -
ron ment need to be mon i tored). How ever, there are still no per -
mis si ble lim its for pharmaceuticals in drink ing wa ter. Only some 
sub stances are in cluded in Watch Lists which are forc ing Mem -
ber States of the Eu ro pean Un ion to mea sure these con stit u -
ents in aquatic sys tems (EC, 2022).

The lack of the for mal re quire ments as re gards CEC in ves ti -
ga tion dis cour ages wa ter works op er a tors from in clud ing these
sub stances dur ing op er a tional well-field mon i tor ing. How ever,
in the light of fu ture changes in wa ter mon i tor ing, there is a need 
to in ves ti gate CECs to rec og nize their oc cur rence and be hav -
iour in aquatic sys tems.

The ob jec tives of the pres ent study are: (1) the in ves ti ga tion 
of CEC and pes ti cide con tam i na tion lev els in a river bank fil tra -
tion sys tem; (2) as sess ment of the re moval rates of CECs and
pes ti cides dur ing un der ground flow from sur face wa ter to wells;
(3) com par i son of the CEC and pes ti cide con tam i na tion lev els
in the We³na, a small low land river, with large rivers in Po land,
Czech Re pub lic and Ger many (based on pub lished data).

SITE DESCRIPTION

The Oborniki well-field is lo cated in the We³na River val ley,
~2 km from the town cen tre. The well-field is sit u ated at the end
of the We³na River catch ment area, ~3 km from the We³na
River con flu ence with the Warta River. The We³na River is a
small low land river 118 km long with a catch ment area of
2621 km2 (Fig. 1). Many lakes are pres ent in the catch ment
area, and the river flows through 9 of them. The catch ment area 
is char ac ter ized by in ten sive ag ri cul tural ac tiv ity. There are 13
towns and vil lages with >1000 in hab it ants lo cated in the catch -
ment area up stream of the Oborniki well-field, each con nected
to a sew age sys tem (WTP; Fig. 1A). The WTPs are usu ally lo -
cated near sur face wa ter, and the out lets of the treated waste -
water are con nected to a river or lake.

The av er age We³na River flow rate is 10.1 m3/s, and the
mean low flow is 2.31 m3/s. The river is be tween 16 and 38 m
wide, and the depth is 0.4–1.4 m. The river level is reg u lated in
the well-field area by a weir lo cated on the M³ynówka chan nel
(Fig. 1B).

The Oborniki well-field is com posed of 13 pro duc tive wells
(Fig. 1B). Four wells are lo cated on the right side of the river on
an ar ti fi cial Is land sit u ated be tween the We³na River and
M³ynówka chan nel, while nine wells are lo cated on the left side
of the river on two well bar ri ers lo cated be tween the in fil tra tion
pond and the river (Fig. 1B and Ta ble 2). The wells are re -
charged by both river bank fil tra tion from the We³na River and
ar ti fi cial in fil tra tion from the pond (~60 m2), which is re charged
by wa ter taken from the We³na River. In the well-field vi cin ity to
the west and north sides, there are for ests, while on the south
side, there is an in dus trial area and a main road as well as a rail -
way line (Fig. 1B). Close (~300 m away) to the east side of the
well-field, there is the res i den tial area of Kowanówko vil lage.
There is a rel a tively new cen tral sew age sys tem con nected to
the WTP, but there are still build ings not con nected to the cen -
tral sys tem.

The un con fined aqui fer used for wa ter sup ply has a rel a -
tively small thick ness of 10–20 m (Fig. 2). In the shal low part of
the aqui fer, fine sands are dom i nant, while in deeper parts
coarse sands and grav els oc cur. The aqui fer is un der lain by
clays or muds, and lo cally tills. The av er age yield of each well is
be tween 40 and 50 m3/h. The av er age yield of the well-field is
be tween 187 m3/h and 292 m3/h. The well-field has been op er -
at ing since 1983.

There has been no as sess ment of the main com po nents in
the wa ter bal ance of the wells in ves ti gated, but tak ing into con -
sid er ation data from other sites lo cated in sim i lar set tings, it can
be in ferred that in the Oborniki well-field, due to the rel a tively
close dis tance of the wells to the river, the share of river wa ter in
the wells is large (>70%), es pe cially in wells lo cated close to the
river chan nel.

MATERIALS AND METHODS

Two sam pling cam paigns have been con ducted to as sess
the level of ground wa ter con tam i na tion by microorganic pol lut -
ants, in Oc to ber 2022 and in June 2023. The first sam pling
cam paign in cluded hydrochemical in ves ti ga tion in all pro duc -
tive wells and sur face wa ter (source wa ter) taken from the
We³na River and in fil tra tion pond. The first sam pling se ries in -
cluded ma te rial for in ves ti gat ing ba sic sur face wa ter and groun -
d wa ter chem is try, pes ti cides, and the screen ing sam pling of
pharmaceuticals. This screen ing in ves ti ga tion aimed to se lect
sam pling points for a more de tailed in ves ti ga tion of CECs in the
sec ond sam pling se ries. The sec ond sam pling se ries in cluded
ma te rial for an in ves ti ga tion of pes ti cides and com pre hen sive
anal y ses of CECs, and was per formed in 6 se lected pro duc tive
wells and sur face wa ter at two points along the We³na River.
The in fil tra tion pond was ex cluded from the anal y ses in the sec -
ond sam pling se ries due to clog ging of its bot tom, which was
doc u mented also by hydrochemical in ves ti ga tion.

The pro duc tion wells were pumped con tin u ously for at least
one day be fore the sam pling pe riod. The sur face wa ter was
sam pled us ing a tele scopic bas ket 5 m long. The ba sic ground -
wa ter chem is try in ves ti ga tion sam ples were sam pled into three
100-ml high-den sity HPDE poly thene bot tles. The Fe and Mn
test ing sam ples were treated with HNO3, while sam ples for ni -
tro gen com pounds were treated with chlo ro form. The wa ter
sam ples for pes ti cide in ves ti ga tion were sam pled into 300 ml
brown glass bot tles with PTFE caps. The sam ples for the com -
pre hen sive in ves ti ga tion of pharmaceuticals were sam pled in
100 ml brown glass bot tles. All bot tles were rinsed three times
and emp tied to pre vent de gas sing. Di rectly in the field, elec tri cal 
con duc tiv ity, pH, tem per a ture, ox y gen, and ORP (Ox i da -
tion-Re duc tion Po ten tial) mea sure ments were per formed us ing 
an Elmetron CX-461 multidevice (Elmetron, Zabrze, Po land).
Af ter sam pling, the wa ter sam ples were trans ported to the lab o -
ra tory on the same day us ing a trans port able re frig er a tor. The
sam ples for com pre hen sive in ves ti ga tion of pharmaceuticals
were frozen di rectly in the field us ing a Meteor type trans port -
able freezer and stored at –18°C dur ing trans por ta tion to the
lab o ra tory.

The chem i cal anal y ses were per formed at the In sti tute of
Ge ol ogy, Adam Mickiewicz Uni ver sity in Poznañ, Po land. The
ground wa ter sam ples were an a lyzed for cat ions (Na+, NH4

+, K+, 
Ca2+ and Mg2+) and an ions (Cl–, NO3

–, NO2
– and SO4

2–) us ing a
Metrohm 881 Com pact IC Pro ion chromatograph (Metrohm
AG, Herisau, Swit zer land). To en sure data qual ity, the ionic er -
ror bal ance was cal cu lated and found to be within 3%. Fur ther -
more, con cen tra tions of Al, Cr, Ni, Cu, Zn, As, Cd, Pb, Fe and
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Fig. 1. Lo ca tion map

A – map of the We³na River catch ment; B – lo ca tion map of the Oborniki well-field



Mn were de ter mined us ing in duc tively cou pled plasma mass
spec trom e try (ICP-QQQ 8800 Tri ple Quad, Agilent Tech nol o -
gies Inc. Santa Clara, CA, United States). The an a lyt i cal pro ce -
dures, in stru men tal op er at ing pa ram e ters, and chem i cal re -
agents used are de scribed in de tail in the stud ies of Górski and
Siepak (2014) and Siepak and Sojka (2017).

The mea sure ment of pes ti cides and the screen ing of phar -
ma ceuticals were per formed in the In sti tute of Plant Pro tec tion
– Na tional Re search In sti tute in Poznañ, Po land. The study
cov ered over 327 ac tive sub stances in clud ing plant pro tec tion
prod ucts and 14 phar ma ceu ti cal sub stances (Ap pen dix 1).
These sub stances were ex tracted from wa ter sam ples us ing
solid-phase ex trac tion (SPE) with graph ite car bon black. The fi -
nal de ter mi na tion of the com pounds was per formed us ing re -
verse-phase ul tra-per for mance liq uid chro ma tog ra phy with a
quadrupole mass spec trom e ter (RP-UPLC-MS/MS), fol low ing
the meth ods of Di Corcia et al. (2000) and Jeannot et al. (2000).

The com pre hen sive anal y ses of pharmaceuticals (in clud ing 
120 sub stances) were per formed at the Povodí Vltavy VHL
Plzeò, Czech Re pub lic lab o ra tory. Ex trac tion of the com pounds 
in ves ti gated was per formed us ing EPA an a lyt i cal method No.
1694 (EPA, 2007). A 1200 In fin ity Ul tra-High-Per for mance Liq -
uid Chromatograph, equipped with a bi nary sol vent man ager
and sam ple man ager (UHPLC) cou pled with a 6495 Tri ple
Quadrupole Mass Spec trom e ter (MS/MS), op er ated by
MassHunter soft ware, all of Agilent Tech nol o gies (Agilent
Tech nol o gies Inc. Santa Clara, CA, United States) was used for 
fi nal de ter mi na tion of the pharmaceuticals. The sep a ra tion was
achieved on an X-Bridge C18 an a lyt i cal col umn (100 mm ´
4.6 mm i.d., 3.5 µm par ti cle size) from Wa ters Corp. (Milford,
MA, United States). The mo bile phase, con sist ing of meth a nol
and wa ter with ace tic acid and am mo nium flu o ride ad di tives,
was ap plied in gra di ent mode. The flow rate was set at
0.5 ml/min, with an in jec tion vol ume of 50 µl.

Sur face wa ter chem is try data from the pe riod 2014–2023,
in ves ti gated an nu ally by the wa ter works op er a tor, were used in
this study. These data in cluded the fol low ing wa ter com po -
nents: Cl–, NH4

+, NO2
–, NO3

–, Fe and Mn as well as Cr, Zn and
Pb.

RESULTS

SURFACE WATER CHEMISTRY

Rel a tively high lev els of Cl– and NO3
– were pres ent in the

sur face wa ter. The Cl- con cen tra tions in the pe riod be tween
2014 and 2020 were in the range 53–62 mg/l, and then in the
pe riod be tween 2021-2023 in creased to a level of 71–76 mg/l
(Fig. 3). The con cen tra tions of ni trate var ied across a wide
range of 2.6–8.4 mg/l, re lat ing to me te o ro log i cal con di tions.
The in crease in chlo ride con cen tra tions is as so ci ated with in -
creased treated wastewater ef flu ent dis charge to sur face wa ter
due to an ex ten sion of the sew age sys tems in many towns and
vil lages in re cent years in Po land. The chlo ride ion is iden ti fied
as the most sen si tive tracer of anthropogenic im pact (Dragon,
2012). The re main ing wa ter com po nents, i.e. NH4

+, NO2
– as

well as Cr, Zn and Pb, oc curred at low con cen tra tions (close to
thedetection  limit). The Fe and Mn oc curred also at a low range
of con cen tra tions (usu ally 0.2–0.9 mg/l and 0.1–0.9 mg/l, re -
spec tively).

GROUNDWATER CHEMISTRY

The ground wa ter chem is try char ac ter iza tion is shown in Ta -
ble 1. Anal y sis of ground wa ter chem is try was per formed in
2022 in all wells as well as in the We³na River and in fil tra tion
pond. The wa ter in the We³na River and in fil tra tion pond was
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Fig. 2. Cross-sec tion
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Fig. 3. Changes in chlo ride con cen tra tions in the We³na River

T a  b l e  1

Sta tis ti cal char ac ter iza tion of the ground wa ter chem is try



char ac ter ized by rel a tively high con cen tra tions of Cl- (68 and
72 mg/l, re spec tively) and SO4

2– (91.7 and 94.1 mg/l, re spec -
tively), as well as NO3

– (1.89 and 5.03 mg/l, re spec tively). The
con cen tra tions of Cl– and SO4

2– in the wells were very sim i lar to
that ob served in sur face wa ter. Dur ing wa ter flow through the
aqui fer, the con cen tra tion of NO3

– de creases (mostly be low 1
mg/l). The to tal hard ness in creased from 5.6-5.9 meq/l in sur -
face wa ter to 6.2–6.7 meq/l in wells. In ground wa ter the con cen -
tra tions of NH4

+ oc curred at low lev els (usu ally be low 0.1 mg/l).
In some wells, the con cen tra tions of NH4

+
 were higher due to lo -

cal hydrogeochemical con di tions (oc cur rence of or ganic mat ter
in the sed i ments). In these wells, the po ten tial ORP also oc curs
at a lower level. This is char ac ter is tic of wells 12, 13 and 20,
where the con cen tra tions of NH4

+ (mg/l) and ORP were ob -
served at lev els of: 0.44 mV and 83.6 mV; 0.451 mV and 171.4
mV; and 0.259 mV and 115.8 mV, re spec tively. The ORP was
higher than 200 mV in most of the re main ing wells. The im pact
of pol lu tion sources was ob served in some wells. The in flu ence
of in dus trial ar eas as well as of com mu ni ca tions routes (the
main road and rail way line) was also in di cated. This is con -
nected mainly to well no. 22, where in creased con cen tra tions of 
Cl– (118.3 mg/l), SO4

2– (108.8 mg/l), and NO3
– (4.28 mg/l) were

ob served. This is also ev i dent in wells 25, 20, and 20z re -
charged mainly by the in fil tra tion pond. How ever, in the pe riod
of this study, in fil tra tion was lim ited be cause the in fil tra tion pond 
was not de-clogged dur ing the last five years. The in flu ence of
res i den tial ar eas was in di cated in well no. 18z (lo cated near est
to the res i den tial area of Kowanówko vil lage; Fig. 1), where a
con cen tra tion of NO3

–  at a level of 3.78 mg/l was in di cated
(most prob a bly de rived from leaky sew age sys tems).

CONTAMINANTS OF EMERGING CONCERN
(CECS) AND PESTICIDES (SCREENING SAMPLING 

– OCTOBER 2022)

CECs

Anal y sis for 14 sub stances in di cated 5 of them in the wa ter
sam pled. The sum of CEC con cen tra tions and the num ber of
sub stances de tected is shown in Ta ble 2. The sum of phar ma -
ceu ti cal con cen tra tions in the sur face wa ter is 442 ng/l and
465 ng/l (in the We³na River and in fil tra tion pond, re spec tively).
The sum of phar ma ceu ti cal con cen tra tion was in a range of
216–343 ng/l in most wells. The ex cep tions char ac ter ized by
lower con cen tra tions are wells no. 20z and 22. More over, CECs 
were not de tected in well no. 26 (Ta ble 2). The lower con cen tra -
tion of CECs in these wells is caused by more in ten sive re -
charge by am bi ent ground wa ter flow ing from the south in con di -
tions of lim ited in fil tra tion from the clogged in fil tra tion pond. This 
is also re flected by the high est con cen tra tions of Cl– and NO3

–

in these wells. Among the CECs in ves ti gated, carbamazepine
showed the high est con cen tra tion (in both sur face wa ter and
ground wa ter in all wells, ex cept for well 26).

PESTICIDES

Sim i larly to the CECs, the high est pes ti cide con cen tra tions
and the high est num ber of de tected sub stances were found in
the sur face wa ter. 12 sub stances were de tected in the We³na
River and 17 in the in fil tra tion pond. The sum of pes ti cide con -
cen tra tions was high est in the in fil tra tion pond (1122 ng/l), while
it was 319 ng/l in the We³na River. In ground wa ter in most of the
wells, the sum of pes ti cide con cen tra tions was found to be in a
range be tween 290–566 ng/l. Sim i larly to the CECs, the sum of
pes ti cide con cen tra tions was sig nif i cantly lower in well no 26,
while in well 22 pes ti cides were not de tected. This cor rob o rates
more in ten sive re charge by am bi ent ground wa ter in these
wells. In all wa ter sam ples, her bi cides dom i nated (mainly nico -
sulfuron and metsulfuron-methyl). The fun gi cide fluopicolide
was found as well. Banned pes ti cides (chloridazon and iso -
proturon) were found in al most all sam ples ana lysed. These
pes ti cides have been banned in Pol ish and the EU since 2020
(chloridazon) and 2016 (isoproturon). The pes ti cide con cen tra -
tions are shown in Ta ble 3.

CONTAMINANTS OF EMERGING CONCERN
(CECs) AND PESTICIDES (JUNE 2023 SAMPLING)

CECs

The We³na River and the six wells char ac ter ized by wa ter
chem is try re flect ing the in fil tra tion of wa ter from the river were
se lected for a more pre cise in ves ti ga tion per formed in June
2023 (Ta ble 3). The re sults of the CEC in ves ti ga tion are shown
in Ta ble 4. Among 120 sub stances in ves ti gated, 28 CECs were
de tected in the wa ter sam ples. The high est num ber of sub -
stances (23) was de tected in sur face wa ter of the We³na River.
The high est sum of CEC con cen tra tions (Fig. 4) was also found
in the We³na River (6661.8 ng/l). The sum of CEC con cen tra -
tions in the wells was be tween 2443.7 and 4864.3 ng/l. The ex -
cep tion is the wa ter sam ple taken from well no. 25 with sig nif i -
cantly lower con cen tra tions (735.5 ng/l). The lower con cen tra -
tion of CECs in this well in di cates a higher am bi ent ground wa ter 
in flow com pared to the re main ing wells. 

The re search shows the oc cur rence of pain kill ers, an ti bi ot -
ics, anti-in flam ma tory and antidiabetic drugs, antiepileptics, an -
ti de pres sants, and their me tab o lites. More over, cor ro sion in hib -
i tors, drugs and cos metic pre ser va tives as well as bisphenol S
were de tected. The high est con cen tra tions of the sub stances
sucralose (3280 ng/l) and oxypurinol (1980 ng/l) were found in
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the We³na River, these form ing 79 % the sum of all sub stances
de tected. A sim i lar sit u a tion was ob served in all wells; sucralose 
was de tected in the range of 1050–1680 ng/l, and oxypurinol
was de tected in the range of 175–541 ng/l. In all wells in ves ti -
gated, rel a tively high con cen tra tions of acesulfame, ben -
zotriazole-1-H, carbamazepine, and valsartan acid were ob -
served. In wells no. 12 and 18z, rel a tively high con cen tra tions of 
caf feine, methylparaben, and paraxanthine were de tected.
More over, in well no. 18z bisphenol S oc curred. These sub -
stances were not de tected in sur face wa ter in ei ther the We³na
River or the in fil tra tion pond or in the re main ing wells. Tak ing

into con sid er ation the high est sum of phar ma ceu ti cal con cen -
tra tions in well 18z, in flow of con tam i nated ground wa ter from
the built-up area can be in ferred, where leak ing sep tic tanks
may be lo cated. Com par ing the CEC con cen tra tions in the
Welna River and wells 12, 14, 21, and 20, the value of the CEC
re duc tion rate dur ing un der ground con tam i nants mi gra tion is
es ti mated at ~57%.

Carbamazepine (known as the most con ser va tive sub -
stance; Dragon et al., 2018) oc curs in the We³na River at a con -
cen tra tion of 122 ng/l. By com par i son, in the wells the ob served
con cen tra tions oc cur in the range of 84.6–101.0 ng/l (Fig. 5).
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The cal cu lated re duc tion rate (com pared to the source wa ter of
the We³na River and wells) is lower than for other com pounds
(at a level of 26 %).

PESTICIDES

The re sults of the pes ti cide in ves ti ga tion are shown in Ta -
ble 5, and the sum of pes ti cide con cen tra tions in Fig ure 6. Of
the 327 sub stances ana lysed for, 24 were de tected. The high -
est num ber of de tected sub stances was in the We³na River
(18). In the wells in ves ti gated, the num ber of de tected sub -
stances var ied from 11 to 14. Among the sub stances de tected,
her bi cides dom i nated (13 sub stances), fun gi cides rep re sented
7, and in sec ti cides 3. Among the banned her bi cides de tected,

chloridazon and isoproturon were ana lysed for. Both sub -
stances were banned in EU coun tries, in 2020 and 2016 (re -
spec tively).

The sum of pes ti cide con cen tra tions is the high est in the
We³na River (1331 ng/l). In the wells, the sum of pes ti cide con -
cen tra tions in the range of 282–443 was re corded. The high est
con cen tra tion rep re sents chlorotoluron (402.8 ng/l), terbu -
thylazine (337.1 ng/l), and nicosulfuron (121.8 ng/l). Rel a tively
high con cen tra tions of nicosulfuron (30.3–104.9 ng/l), flupy -
radifurone (44.2–78.3 ng/l) and fluopicolid (34.0–43.2 ng/l) were 
also de tected in the wells. No ta bly, the banned sub stance
chloridazon was de tected in the wells (no. 20, 18z, 25, and 12),
though was ab sent from the river. The sec ond banned sub -
stance, isoproturon, was de tected in the We³na River (22.9 ng/l) 
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Fig. 5. Vari a tions in carbamazepine con cen tra tions



and in the wells (8.2–15.0 ng/l). Com par ing the sum of pes ti cide 
con cen tra tions in the We³na River and the av er age con cen tra -
tion in the wells (346.2 ng/l), the re duc tion rate is cal cu lated at
74%.

DISCUSSION

The anal y sis of the Oborniki site de scribed shows a rel a -
tively high level of wa ter con tam i na tion by CECs. The re sults in -
di cated in the We³na River can be com pared to rivers lo cated in

re gions char ac ter ized by sim i lar land use. Com par ing our re -
sults to those found in one of the larg est rivers in Po land, the
Warta River (Kruæ et al., 2019; Kruæ-Fija³kowska et al., 2022),
sig nif i cantly higher con cen tra tions of sucralose (3280 ng/l) and
oxypurinol (1980 ng/l) were de tected. The re main ing sub -
stances de tected were char ac ter ized by slightly higher or sim i -
lar con cen tra tions com pared to the Warta River. In the We³na
River, the con cen tra tions of sucralose and oxypurinol were also 
higher than in the Jizera River (Czech Re pub lic) and the Elbe
River (Ger many; Hrkal et al., 2023). Com par ing the CEC lev els
in the We³na River to other small rivers, even higher con cen tra -
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tions were de tected in the K³odnica and Drama rivers (Up per
Silesia, Po land), where oxypurinol at the level of 32100 ng/l was 
de tected (Œlósarczyk, 2022). In these rivers, jopromid also has
a high con cen tra tion (23700 ng/l), and diclofenac is also high
(5060 ng/l). The K³odnica and Drama rivers are lo cated in in -
dus trial and built-up ar eas with many sources of phar ma ceu ti -
cal pol lu tion (in clud ing sew age treat ment sta tions and hos pi -
tals).

A dif fer ent sit u a tion was found for pes ti cide con tam i na tion.
In the We³na River, very high con cen tra tions of chlorotoluron
(402.8 ng/l), terbuthylazine (337.1 ng/l), and nicosulfuron
(121.8 ng/l) were found. These her bi cides are used mainly on
spring crops and ap peared in sur face wa ter af ter the rainy sea -
son in the late spring of 2023. These ob served very high con -
cen tra tions of pes ti cides in the spring pe riod were sim i lar to
those re corded in the Warta River pre vi ously in 2018 (Kruæ-
 Fija³kowska et. al., 2022).

The com par i son of the pes ti cide con cen tra tions in the
We³na River and the Warta River (Dragon et al., 2019) shows a
lower level of pes ti cide con tam i na tion in the Warta River. This
re lates to chlorotoluron, terbuthylazine and nicosulfuron (de -
tected in the Warta River at the level of 47 ng/l, 12 ng/l, and
23 ng/l, re spec tively) and also the re main ing sub stances in ves -
ti gated, ex cept for metazachlor pres ent in the Warta River at a
level of 30 ng/l, while in the We³na River, the con cen tra tion is
11.2 ng/l. It is clear that the pes ti cide con cen tra tions are lower
in the larger Warta River due to the di lu tion of these con tam i -
nants in large vol umes of river wa ter. The re charge of the river
by ground wa ter un pol luted by pes ti cides from deeper parts of
the flow sys tem con trib utes to this phe nom e non. There is a lack 
of drain age from deep parts of the flow sys tem in the case of
small river val leys (like the We³na River val ley) and there is no
in flow of un pol luted ground wa ter to the sur face wa ter in this
case. The high con cen tra tion of pes ti cides is mainly caused by
sur face run off and the in flu ence of land drain age sys tems, es -
pe cially dur ing long wet pe ri ods that oc cur af ter hy dro log i cal
droughts (Dragon et al., 2019). The prob lem of pes ti cide con -
tam i na tion of small river sys tems is ob served in many parts of
the world (Halbach et al., 2021; Mac Loughlin et al., 2022).

There is a re duc tion in con cen tra tions of both pes ti cides
and CECs in ves ti gated in the Oborniki well-field. The re duc tion
rate of the sum of pharmaceuticals is 57%, while that for pes ti -
cides is 74%. These val ues are sim i lar to that in the Krajkowo
site lo cated in the Warta River val ley, where a re duc tion rate of
pes ti cides of 53–71.5% was ob served, while the re duc tion rate
of pharmaceuticals was 80% (Kruæ-Fija³kowska et al., 2022).
The main fac tor re spon si ble for the re duc tion of these sub -
stances is aer o bic biodegradation in the pres ence of dis solved

ox y gen and a rel a tively high ORP in the wa ter (Kruæ-
 Fija³ kowska et al., 2022). The in flu ence of other pro cesses, like
mix ing with am bi ent ground wa ter (Górski et al., 2018) is lim ited
due to the rel a tive prox im ity of the wells to the river.

CONCLUSIONS

The re search de scribed doc u ments the state of wa ter pol lu -
tion by con tam i nants of emerg ing con cern (CECs) and pes ti -
cides in a small low land river (the We³na River) char ac ter ized by 
ex ten sive ag ri cul tural ac tiv ity in the catch ment area and re ceiv -
ing treated wastewater from many wastewater treat ment plants. 
A rel a tively high pol lu tion level was doc u mented also in wells of
the Oborniki bank fil tra tion site, re charged by the sur face wa ter
from the We³na River.

High lev els of CECs were de tected in the We³na River wa ter 
as well as in wells. The high con cen tra tion of sucralose
(3289 ng/l) and oxypurinol (1780 ng/l) in the We³na River wa ter
were also de tected in the wells (sucralose up to 1680 ng/l,
oxypurinol up to 541 ng/l). These con cen tra tions are sig nif i -
cantly higher than in the Warta River (one of the big gest rivers in 
Po land). The con cen tra tions of re main ing sub stances were
sim i lar to the level ob served in the Warta River as well as in the
Izera and Elbe rivers. The re duc tion rate for the CECs ob served 
in the wells was as sessed at 57% (com pared to the source river
wa ter).

A high level of We³na River pes ti cide con tam i na tion was in -
di cated, sig nif i cantly higher than that ob served in the Warta
River. This is re lated mainly to 3 her bi cides: chlorotoluron,
terbuthylazine and nicosulfuron. The re main ing sub stances
also oc cur in the We³na River at higher con cen tra tions. The re -
duc tion rate for the pes ti cides ob served in wells was as sessed
at 74% (com pared to the source river wa ter). In one well the
nicosulfuron con cen tra tion was higher than the up per per mis si -
ble limit. Among the sub stances de tected were also 2 banned
con stit u ents: chlorotoluron and izoproturon.

The high level of CEC and pes ti cide con tam i na tion doc u -
mented at the bank fil tra tion site shows the need for river
(source) wa ter mon i tor ing to in ves ti gate the con tam i na tion
sources and im ple ment wa ter pro tec tion pro ce dures. There is
also a need for CECs and pes ti cides to be in ves ti gated in
treated the wa ter used for wa ter sup ply pur poses af ter treat -
ment and dis in fec tion.
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the Na tional Sci ence Cen tre of Po land (grant no.
2021/41/B/ST10/00094).

REFERENCES

Di Corcia, A., Nazzari, M., Rao, R., Samperi, R., Sebastiani, E.,
2000. Si mul ta neous de ter mi na tion of acidic and non-acidic pes -
ti cides in nat u ral wa ters by liq uid chro ma tog ra phy-mass spec -
trom e try. Jour nal of Chro ma tog ra phy A, 878: 87–98;
https://doi.org/10.1016/S0021-9673(00)00263-6

Dragon, K., 2012. The changes of ground wa ter chem is try of semi-
 con fined bur ied val ley aqui fer dur ing one de cade of wa ter ex -
ploi ta tion. En vi ron men tal Earth Sci ences, 65: 1283–1290;
https://doi.org/ 10.1007/s12665-011-1376-2

Dragon, K., Górski, J., Kruæ, R., Dro¿d¿yñski, D., Grischek, T.,
2018. Re moval of nat u ral or ganic mat ter and or ganic micro -
pollutants dur ing river bank fil tra tion in Krajkowo, Po land. Wa ter, 
10, 593; https://doi.org/10.3390/w10101457

Dragon, K., Dro¿dzyñski, D., Górski, J., Kruæ, R., 2019. The mi -
gra tion of pes ti cide res i dues in ground wa ter at a bank fil tra tion
site (Krajkowo well field, Po land). En vi ron men tal Earth Sci -
ences, 78; https://doi.org/10.1007/s12665-019-8598-0

Dragon, K., Kruæ-Fija³kowska, R., Matusiak, M., Siepak, M.,
Dro¿d¿yñski, D., Górski, J., 2022. The im pact of treated waste -
water ef flu ent on con tam i na tion of a wa ter sup ply aqui fer dur ing
one de cade of wa ter ex ploi ta tion (Tursko well field, Po land).
Geo log i cal Quar terly, 66, 14;
https://doi.org/10.7306/gq.1646

10 Krzysztof Dragon et al. / Geo log i cal Quar terly, 2026, 70, 9

https://doi.org/ 10.1007/s12665-011-1376-2
https://doi.org/10.3390/w10101457
https://doi.org/10.1007/s12665-019-8598-0
https://doi.org/10.1007/s12665-019-8598-0
https://doi.org/10.1007/s12665-019-8598-0
https://doi.org/10.7306/gq.1646
https://doi.org/10.2478/logos-2018-0025
https://doi.org/10.1016/j.watres.2021.117535
https://doi.org/10.1038/s41598-022-07385-z
https://doi.org/10.1038/s41598-022-07385-z
https://doi.org/10.1038/s41598-022-07385-z
https://doi.org/10.1016/j.scitotenv.2021.149893
https://doi.org/10.1016/S0021-9673(00)00263-6


EPA, 2027. Method 1694: Pharmaceuticals and Per sonal Care
Prod ucts in Wa ter, Soil, Sed i ment, and Biosolids by
HPLC/MS/MS. U.S. En vi ron men tal Pro tec tion Agency, Wash -
ing ton.

Eu ro pean Com mis sion (EC), 1998 Coun cil Di rec tive 98/83/EC of 3 
No vem ber 1998 on the qual ity of wa ter in tended for hu man con -
sump tion. Off. J. Europ. Un ion L327/1. 22/12/2000.

Eu ro pean Com mis sion (EC), 2020/2184 of the Eu ro pean Par lia -
ment and of the Coun cil of 16 De cem ber 2020 on the qual ity of
wa ter in tended for hu man con sump tion.

Eu ro pean Com mis sion (EC), 2022/1307 of 22 July 2022 es tab lish -
ing a watch list of sub stances for Un ion-wide mon i tor ing in the
field of wa ter pol icy pur su ant to Di rec tive 2008/105/EC of the
Eu ro pean Par lia ment and of the Coun cil.

Fonseca, E., Hernández, F., Ibáñez, M., Rico, A., Pitarch, E.,
Bijlsma, L., 2020. Oc cur rence and eco log i cal risks of pharma -
ceuticals in a Med i ter ra nean river in East ern Spain. En vi ron -
ment In ter na tional, 144, 106004;
https://doi.org/10.1016/j.envint.2020.106004

Górski, J., Siepak, M., 2014. As sess ment of metal con cen tra tions
in tap-wa ter – from source to the tap: a case study from Szcze -
cin, Po land. Geologos, 20: 25–33;
https://doi.org/10.2478/lo gos-2014-0004

Górski, J., Dragon, K., Kruæ, R., 2018. A com par i son of the ef fi -
ciency of river bank fil tra tion treat ments in dif fer ent types of
wells. Geologos, 24: 245–251;
https://doi.org/10.2478/lo gos-2018-0025

Guzzella, L., Pozzoni, F., Giuliano, G., 2006. Her bi cide con tam i na -
tion of surficial ground wa ter in North ern It aly. En vi ron men tal
Pol lu tion, 142: 344-353;
https://doi.org/10.1016/j.envpol.2005.10.037

Halbach, K., Möder, M., Schrader, S., Liebmann, L., Schäfer,
R.B., Schneeweiss, A., Schreiner, V.C., Vormeier, P., Weis -
ner, O., Liess, M., Reemtsma, T., 2021. Small streams-large
con cen tra tions? Pes ti cide mon i tor ing in small ag ri cul tural
streams in Ger many dur ing dry weather and rain fall. Wa ter Re -
search, 203, 117535;
https://doi.org/10.1016/j.watres.2021.117535

Hamann, E., Stuyfzand, P.J., Greskowiak, J., Timmer, H., Mass -
mann, G., 2016. The fate of or ganic micropollutants dur ing
long-term/long-dis tance river bank fil tra tion. Sci ence of The To -
tal En vi ron ment, 545–546: 629–640;
https://doi.org/10.1016/j.scitotenv.2015.12.057

Hollender, J., Rothardt, J., Radny, D., Loos, M., Epting, J.,
Huggen berger, P., Borer, P., Singer, H., 2018. Com pre hen sive
micropollutant screen ing us ing LC-HRMS/MS at three riv er bank 
fil tra tion sites to as sess nat u ral at ten u a tion and po ten tial im pli -
ca tions for hu man health. Wa ter Re search X, 1, 100007;
https://doi.org/10.1016/j.wroa.2018.100007

Hrkal, Z., Adomat, Y., Rozman, D., Grischek, T., 2023. Ef fi ciency
of micropollutant re moval through ar ti fi cial re charge and riv er -
bank fil tra tion: case stud ies of Káraný, Czech Re pub lic and
Dresden-Hosterwitz, Ger many. En vi ron men tal Earth Sci ences,
82, 155; https://doi.org/10.1007/s12665-023-10785-7

Jeannot, R., Sabik, H., Sauvard, E., Genin, E., 2000. Ap pli ca tion of 
liq uid chro ma tog ra phy with mass spec trom e try com bined with
photodiode ar ray de tec tion and tan dem mass spec trom e try for
mon i tor ing pes ti cides in sur face wa ters. Jour nal of Chro ma tog -
ra phy A, 879: 51–71;
https://doi.org/10.1016/S0021-9673(00)00098-4

Khezami, F., Gómez-Navarro, O., Barbieri, M.V., Khiari, N.,
Chkirbene, A., Chiron, S., Khadhar, S., Pérez, S., 2024. Oc -
cur rence of con tam i nants of emerg ing con cern and pes ti cides
and rel a tive risk as sess ment in Tu ni sian ground wa ter. Sci ence
of The To tal En vi ron ment, 906, 167319;
https://doi.org/10.1016/j.scitotenv.2023.167319

Kibuye, F.A., Gall, H.E., Elkin, K.R., Ayers, B., Veith, T.L., Miller,
M., Ja cob, S., Hayden, K.R., Wat son, J.E., Elliott, H.A., 2019.
Fate of pharmaceuticals in a spray-ir ri ga tion sys tem: From
wastewater to ground wa ter. Sci ence of The To tal En vi ron ment,
654: 197–208; https://doi.org/10.1016/j.scitotenv.2018.10.442

Köck-Schulmeyer, M., Ginebreda, A., Postigo, C., Garrido, T.,
Fraile, J., López de Alda, M., Barceló, D., 2014. Four-year ad -
vanced mon i tor ing pro gram of po lar pes ti cides in ground wa ter
of Catalonia (NE-Spain). Sci ence of The To tal En vi ron ment,
470–471: 1087–1098;
https://doi.org/10.1016/j.scitotenv.2013.10.079

Kovaèeviæ, S., Radišiæ, M., Lauševiæ, M., Dimkiæ, M., 2017. Oc -
cur rence and be hav ior of se lected pharmaceuticals dur ing riv er -
bank fil tra tion in The Re pub lic of Ser bia. En vi ron men tal Sci ence 
and Pol lu tion Re search, 24: 2075–2088;
https://doi.org/10.1007/s11356-016-7959-4

Kruæ, R., Dragon, K., Górski, J., 2019. Mi gra tion of pharma -
ceuticals from the Warta River to the aqui fer at a river bank fil tra -
tion site in Krajkowo (Po land). Wa ter, 11, 2238;
https://doi.org/10.3390/w11112238

Kruæ-Fija³kowska, R., Dragon, K., Dro¿d¿yñski, D., Górski, J.,
2022. Sea sonal vari a tion of pes ti cides in sur face wa ter and
drink ing wa ter wells in the an nual cy cle in west ern Po land, and
po ten tial health risk as sess ment. Sci en tific Re ports, 12, 3317;
https://doi.org/10.1038/s41598-022-07385-z

Lee, H.J., Kim, K.Y., Hamm, S.Y., Kim, M., Kim, H.K., Oh, J.E.,
2019. Oc cur rence and dis tri bu tion of phar ma ceu ti cal and per -
sonal care prod ucts, ar ti fi cial sweet en ers, and pes ti cides in
ground wa ter from an ag ri cul tural area in Ko rea. Sci ence of The
To tal En vi ron ment, 659: 168–176;
https://doi.org/10.1016/j.scitotenv.2018.12.258

Li, W.C., 2014. Oc cur rence, sources, and fate of pharmaceuticals in 
aquatic en vi ron ment and soil. En vi ron men tal Pol lu tion, 187:
193–201; https://doi.org/10.1016/j.envpol.2014.01.015

Loos, R., Locoro, G., Comero, S., Contini, S., Schwesig, D.,
Werres, F., Balsaa, P., Gans, O., Weiss, S., Blaha, L., Bolchi
M., Gawlik B.M., 2010. Pan-Eu ro pean sur vey on the oc cur -
rence of se lected po lar or ganic per sis tent pol lut ants in ground
wa ter. Wa ter Re search 44: 4115–4126;
https://doi.org/10.1016/j.watres.2010.05.032

Mac Loughlin, T.M., Peluso, M.L., Ma rino, D.J.G., 2022. Mul ti ple
pes ti cides oc cur rence, fate, and en vi ron men tal risk as sess ment 
in a small hor ti cul tural stream of Ar gen tina. Sci ence of The To tal
En vi ron ment, 802, 149893;
https://doi.org/10.1016/j.scitotenv.2021.149893

Maeng, S.K., Ameda, E., Sharma, S.K., Grützmacher, G., Amy,
G.L., 2010. Or ganic micropollutant re moval from wastewater ef -
flu ent-im pacted drink ing wa ter sources dur ing bank fil tra tion
and ar ti fi cial re charge. Wa ter Re search, 44: 4003–4014;
https://doi.org/10.1016/j.watres.2010.03.035

Massmann, G., Nogeitzig, A., Taute, T., Pekdeger, A., 2008. Sea -
sonal and spa tial dis tri bu tion of re dox zones dur ing lake bank fil -
tra tion in Berlin, Ger many. En vi ron men tal Ge ol ogy, 54: 53–65;
https://doi.org/10.1007/s00254-007-0792-9

Munro, K., Mar tins, C.P.B., Loewenthal, M., Comber, S., Cow an,
D.A., Pereira, L., Barron, L.P., 2019. Eval u a tion of com bined
sewer over flow im pacts on short-term phar ma ceu ti cal and il licit
drug oc cur rence in a heavily ur ban ised tidal river catch ment
(Lon don, UK). Sci ence of The To tal En vi ron ment, 657:
1099–1111; https://doi.org/10.1016/j.scitotenv.2018.12.108

Postigo, C., Barceló, D., 2015. Syn thetic or ganic com pounds and
their trans for ma tion prod ucts in ground wa ter: oc cur rence, fate
and mit i ga tion. Sci ence of The To tal En vi ron ment, 503–504:
32–47; https://doi.org/10.1016/j.scitotenv.2014.06.019

Reg u la tion of Min is ter of Health con cern ing qual ity of wa ter for
con sump tion from 07 De cem ber of 2017 (Dz.U. 2017 nr 2294)
(in Pol ish) Rozporz¹dzenie Ministra Zdrowia z dnia 07 grudnia
2017 r. w sprawie jakoœci wody przeznaczonej do spo¿ycia
przez ludzi.

Reh, R., Licha, T., Geyer, T., Nödler, K., Sauter, M., 2013. Oc cur -
rence and spa tial dis tri bu tion of or ganic mi cro-pol lut ants in a
com plex hydrogeological karst sys tem dur ing low flow and high
flow pe ri ods, re sults of a two-year study. Sci ence of The To tal
En vi ron ment, 443: 438–445;
https://doi.org/10.1016/j.scitotenv.2012.11.005

Siepak, M., Sojka, M. 2017. Ap pli ca tion of multivariate sta tis ti cal
ap proach to iden tify trace el e ments sources in sur face wa ters: a 
case study of Kowalskie and Stare Miasto res er voirs, Po land.
En vi ron men tal Mon i tor ing and As sess ment, 189, 364;
https://doi.org/10.1007/s10661-017-6089-x

Œlósarczyk, K., 2022. Wystêpowanie farmaceutyków i œrodków
higieny osobistej w œrodowisku wodnym w wybranych
obszarach po³udniowej Polski. Ph.D. The sis, Silesian Uni ver -
sity.

Van Driezum, I.H., Derx, J., Oudega, T.J., Zessner, M., Naus, F.L., 
Saracevic, E., Kirschner, A.K.T., Sommer, R., Farnleitner,
A.H., Blaschke, A.P., 2019. Spatiotemporal re solved sam pling
for the in ter pre ta tion of micropollutant re moval dur ing riv er bank
fil tra tion. Sci ence of The To tal En vi ron ment, 649: 212–223;
https://doi.org/10.1016/j.scitotenv.2018.08.300

Krzysztof Dragon et al. / Geo log i cal Quar terly, 2026, 70, 9 11

https://doi.org/10.1016/j.envint.2020.106004
https://doi.org/10.2478/logos-2014-0004
https://doi.org/10.2478/logos-2018-0025
https://doi.org/10.1016/j.envpol.2005.10.037
https://doi.org/10.1016/j.watres.2021.117535
https://doi.org/10.1016/j.scitotenv.2015.12.057
https://doi.org/10.1016/j.wroa.2018.100007
https://doi.org/10.1016/j.scitotenv.2023.167319
https://doi.org/10.1016/j.scitotenv.2018.10.442
https://doi.org/10.1016/j.scitotenv.2013.10.079
https://doi.org/10.1007/s11356-016-7959-4
https://doi.org/10.3390/w11112238
https://doi.org/10.1038/s41598-022-07385-z
https://doi.org/10.1016/j.scitotenv.2018.12.258
https://doi.org/10.1016/j.envpol.2014.01.015
https://doi.org/10.1016/j.watres.2010.05.032
https://doi.org/10.1016/j.scitotenv.2021.149893
https://doi.org/10.1016/j.watres.2010.03.035
https://doi.org/10.1016/j.scitotenv.2018.12.108
https://doi.org/10.1016/j.scitotenv.2014.06.019
https://doi.org/10.1016/j.scitotenv.2012.11.005
https://doi.org/10.1007/s10661-017-6089-x
https://doi.org/10.1016/j.scitotenv.2018.08.300
https://doi.org/10.1007/s00254-007-0792-9
https://doi.org/10.1007/s12665-023-10785-7
https://doi.org/10.1016/S0021-9673(00)00098-4


APPENDIX 1 

List of analysed substances 

First and second sampling campaign – pesticides 

No. Pesticide residue Pesticide type 

1 2,6-Dichlorobenzamide Fun 

2 6-Chlor-3-phenylpyridazin-4-ol Herb 

3 Acetamiprid Ins 

4 Acetochlor Herb 

5 Alachlor Herb 

6 Aldicarb-sulfone Ins 

7 Ametocradin Fun 

8 Ametryn Herb 

9 Amidosulfuron Herb 

10 Amisulbrom Fun 

11 Atrazine Herb 

12 Atrazine desethyl Herb 

13 Azaconazole Fun 

14 Azinophos-ethyl Ins 

15 Azinophos-methyl Ins 

16 Azoxystrobin Fun 

17 Beflubutamid Herb 

18 Benalaxyl / Benalaxyl-M Fun 

19 Bendiocarb Ins 

20 Bensulfuron-methyl Herb 

21 Bentazone Herb 

22 Benthiavalicarb-isopropyl Fun 

23 Benzovindiflupyr Fun 

24 Benzoximate Fun 

25 Bifenthrin Ins 

26 Bitertanol Fun 

27 Bixafen Fun 

28 Boscalid Fun 

29 Bromacil Herb 

30 Bromoxynil Herb 

31 Bupirimate Fun 

32 Buprofezin Ins 

33 Butafenacil Herb 

34 Butoxycarboxim Ins 

35 Buturon Herb 

36 Cadusafos Ins 

37 Carbaryl Ins 

38 Carbendazim Fun 

39 Carbetamide Herb 

40 Carbofuran Ins 

41 Carbofuran-3-hydroxy Ins 

42 Carboxin Fun 

43 Carfentrazone-ethyl Herb 

44 Chlorbromuron Herb 

45 Chlorfenvinphos Ins 

46 Chloridazon Herb 

47 Chlorantraniliprole Ins 



No. Pesticide residue Pesticide type 

48 Chloroxuron Herb 

49 Chlorsulfuron Herb 

50 Chlortoluron Herb 

51 Chromafenozide Ins 

52 Cinosulfuron Herb 

53 Clodinafop-propargyl Herb 

54 Clofentezine Ins 

55 Clomazone Herb 

56 Clothianidin Ins 

57 Coumaphos Ins 

58 Cyanazine Herb 

59 Cyantraniliprole Ins 

60 Cycloxydim Herb 

61 Cycluron Herb 

62 Cyflufenamid Fun 

63 Cyhalothrin-lambda-gamma Ins 

64 Cymoxanil Fun 

65 Cypermethrin Alfa-Zeta Ins 

66 Cyprazine Herb 

67 Cyproconazole Fun 

68 Cyprodinil Fun 

69 Demeton-S Ins 

70 Demeton-S-methyl-sulfone Ins 

71 Desmedipham Herb 

72 Diazinon Ins 

73 Dichlorprop Herb 

74 Diclofop Herb 

75 Dicrotophos Ins 

76 Diethofencarb Fun 

77 Difenoconazole Fun 

78 Difenoxuron Herb 

79 Diflubenzuron Ins 

80 Diflufenican Herb 

81 Dimefuron Herb 

82 Dimethachlor Herb 

83 Dimethenamide Herb 

84 Dimethoate Ins 

85 Dimethomorph Fun 

86 Dimoxystrobin Fun 

87 Disulfoton-sulfon Ins 

88 Disulfton-sufoxide Ins 

89 Diuron Herb 

90 DMSA Meta 

91 DMST Meta 

92 EPN Ins 

93 Epoxiconazole Fun 

94 Etaconazole Fun 

95 Ethiofencarb Ins 

96 Ethiofencarb-sulfone Meta 

97 Ethiofencarb-sulfoxide Meta 

98 Ethion Ins 



No. Pesticide residue Pesticide type 

99 Ethiprole Ins 

100 Ethirimol Fun 

101 Ethofumesate Herb 

102 Ethoprophos Ins 

103 Etofenprox Ins 

104 Etoxazole Ins 

105 Famoxadon Fun 

106 Fenamidone Fun 

107 Fenamiphos Ins 

108 Fenamiphos-sulfone Meta 

109 Fenamiphos-sulfoxide Meta 

110 Fenazaquin Ins 

111 Fenbuconazole Fun 

112 Fenchlorazol-ethyl Herb 

113 Fenfuram Fun 

114 Fenhexamid Fun 

115 Fenobucarb Ins 

116 Fenoxaprop-ethyl Herb 

117 Fenoxycarb Ins 

118 Fenpropidin Fun 

119 Fenpropimorph Fun 

120 Fenpyrazamine Fun 

121 Fenpyroximate Ins 

122 Fensulfothion-sulfone Ins 

123 Fenuron Herb 

124 Fipronil Ins 

125 Fipronil-sulfon Meta 

126 Flazasulfuron Herb 

127 Flonicamid Ins 

128 Florasulam Herb 

129 Fluazifop-P Herb 

130 Fluazifop-P-butyl Herb 

131 Fluazinam Fun 

132 Fluazuron Ins 

133 Fluconazole Fun 

134 Fludioxonil Fun 

135 Flufenacet Herb 

136 Flufenoxuron Ins 

137 Fluometuron Herb 

138 Fluopicolid Fun 

139 Fluopyram Fun 

140 Fluoroglycofene-ethyl Herb 

141 Fluoxastrobin Fun 

142 Fluridone Herb 

143 Fluroxypyr-meptyl Herb 

144 Flurtamone Herb 

145 Flusilazole Fun 

146 Fluthiacet-methyl Herb 

147 Flutolanil Fun 

148 Fluxapyroxad Fun 

149 Foramsulfuron Herb 



No. Pesticide residue Pesticide type 

150 Forchlorfenuron PGR 

151 Formothion Ins 

152 Fosthiazate Ins 

153 Fuberidazole Fun 

154 Furalaxyl Fun 

155 Furathiocarb Ins 

156 Halofenozide Ins 

157 Haloxyfop-ethoxyetyl Herb 

158 Haloxyfop-metyl Herb 

159 Heptenophos Ins 

160 Hexaflumuron Ins 

161 Hexazinone Herb 

162 Hexythiazox Ins 

163 Imazalil Fun 

164 Imazamox Herb 

165 Imidacloprid Ins 

166 Indoxacarb Ins 

167 Iodosulfuron-methyl Herb 

168 Ipconazole Fun 

169 Iprovalicarb Fun 

170 Isofetamid Fun 

171 Isoprocarb Ins 

172 Isoprothiolane Fun/Ins 

173 Isoproturon Herb 

174 Isoxaben Herb 

175 Isoxadifen-ethyl Herb 

176 Isoxaflutole Herb 

177 Isopyrazam Fun 

178 Lenacil Herb 

179 Linuron Herb 

180 Malaoxon Meta 

181 Malathion Ins 

182 Mandipropamid Fun 

183 MCPA Herb 

184 MCPB Herb 

185 Mecarbam Ins 

186 Mefenacet Herb 

187 Mefenpyr-diethyl Herb 

188 Mepanipyrim Fun 

189 Mepronil Fun 

190 Mesosulfuron-methyl Herb 

191 Metalaxyl / Metalaksyl-M Fun 

192 Metazachlor Herb 

193 Metconazole Fun 

194 Methabenzthiazuron Herb 

195 Methfuroxam Fun 

196 Methidathion Ins 

197 Methiocarb Ins 

198 Methiocarb-sulfon Meta 

199 Methiocarb-sulfoxid Meta 

200 Methomyl Ins 



No. Pesticide residue Pesticide type 

201 Methoprotryne Herb 

202 Methoxyfenozide Ins 

203 Metobromuron Herb 

204 Metolachlor-S / Metolachlor Herb 

205 Metosulam Herb 

206 Metoxuron Herb 

207 Metrafenone Fun 

208 Metsulfuron-methyl Herb 

209 Mexacarbate Ins 

210 Monocrotophos Ins 

211 Monolinuron Herb 

212 Monuron Herb 

213 Myclobutanil Fun 

214 Napropamide Herb 

215 Neburon Herb 

216 Nicosulfuron Herb 

217 Nitenpyram Ins 

218 Norflurazon Herb 

219 Novaluron Ins 

220 Omethoate Ins 

221 Oxadixyl Fun 

222 Oxamyl Ins 

223 Oxycarboxin Fun 

224 Oxydemeton-methyl Ins 

225 Paclobutrazol PGR/Fun 

226 Paraoxon-methyl Meta 

227 Penconazole Fun 

228 Pencycuron Fun 

229 Penflufen Fun 

230 Penoxsulam Herb 

231 Penthiopyrad Fun 

232 Pethoxamid Herb 

233 Phenmedipham Herb 

234 Phenthoate Ins 

235 Phorate-sulfon Meta 

236 Phorate-sulfoxid Meta 

237 Phosalone Ins 

238 Phosmet Ins 

239 Picolinafen Herb 

240 Picoxystrobin Fun 

241 Pinoxaden Herb 

242 Pirimicarb Ins 

243 Pirimicarb-desmethyl Meta 

244 Pirimiphos-ethyl Ins 

245 Pirimiphos-methyl Ins 

246 Prochloraz Fun 

247 Procyazine Herb 

248 Profenofos Ins 

249 Promecarb Ins 

250 Prometon Herb 

251 Prometryn Herb 



No. Pesticide residue Pesticide type 

252 Propaquizafop Herb 

253 Propargite Ins 

254 Propazine Herb 

255 Propiconazole Fun 

256 Propoxur Ins 

257 Propoxycarbazone-sodium Herb 

258 Propyzamide Herb 

259 Proquinazid Fun 

260 Prosulfuron Herb 

261 Prothioconazole desthio Fun 

262 Pyraclostrobin Fun 

263 Pyraflufen-ethyl Herb 

264 Pyrazophos Fun 

265 Pyridaben Ins 

266 Pyrimethanil Fun 

267 Pyriproxyfen Ins 

268 Pyroxsulam Herb 

269 Quinoxyfen Fun 

270 Quinmerac Herb 

271 Quizalofop-P-ethyl Herb 

272 Rimsulfuron Herb 

273 Rotenone Ins 

274 Secbumeton Herb 

275 Siduron Herb 

276 Siltiofam Fun 

277 Simazine Herb 

278 Simetryn Herb 

279 Spinosyn A Ins 

280 Spinosyn D Ins 

281 Spirodiclofen Ins 

282 Spiromesifen Ins 

283 Spirotetramat Ins 

284 Spirotetramat-enol Meta 

285 Spirotetramat-ketohydroxy Meta 

286 Spirotetramat-monohydroxy Meta 

287 Spiroxamine Fun 

288 Sulfentrazone Herb 

289 Sulfometuron-methyl Herb 

290 Sulfosulfuron Herb 

291 Sulfoxaflor Ins 

292 Tebuconazol Fun 

293 Tebufenozide Ins 

294 Tebufenpyrad Ins 

295 Tebuthiuron Herb 

296 Teflubenzuron Ins 

297 Tepraloxydim Herb 

298 Terbumeton Herb 

299 Terbuthylazine Herb 

300 Terbutryne Herb 

301 Tetrachlorvinphos Ins 

302 Tetraconazole Fun 



No. Pesticide residue Pesticide type 

303 Thiabendazol Fun 

304 Thiacloprid Ins 

305 Thiamethoxam Ins 

306 Thifensulfuron-methyl Herb 

307 Thiobencarb Herb 

308 Thiodicarb Ins 

309 Thiofanox-sulfone Meta 

310 Thiophanate-ethyl Fun 

311 Thiophanate-methyl Fun 

312 Tralkoxydim Herb 

313 Triadimefon Fun 

314 Triasulfuron Herb 

315 Triazophos Ins 

316 Triazoxide Fun 

317 Tribenuron-methyl Herb 

318 Tricyclazole Fun 

319 Trifloxystrobin Fun 

320 Triflumizole Fun 

321 Triflumuron Ins 

322 Triflusulfuron-methyl Herb 

323 Triticonazole Fun 

324 Tritosulfuron Herb 

325 Valifenalate Fun 

326 Vamidothion Ins 

327 Zoxamide Fun 

Ins – insecticide, Herb – herbicide, Fun – fungicide, Meta – metabolite, PGR – plant growth regulator 

First sampling campaign – pharmaceuticals 

No. Pharmacetical Description 

1 Acesulfame Sugar substitute 

2 Carbamazepine Psychotropic, anticonvulsant and mood stabilising 

3 Diclofenac NSAID, analgesic and antipyretic 

4 Fluconazole Antifungal 

5 Gabapentin Anticonvulsant 

6 Ibuprofen NSAID 

7 Lamotrigine Antiepileptic and mood stabilising 

8 Metformin Anti-diabetic drug 

9 Oxipurinol Inhibitor of xanthine oxidase 

10 Paracetamol Analgesic and antipyretic 

11 Sulfamethoxazole Antibiotic 

12 Sulfanilamide Antibiotic 

13 Sulfapyridine Antibiotic 

14 Telmisartan Antihypertensive 

15 Tramadol Opioid 

 

  



 

Second sampling campaign – pharmaceuticals 

No. Pharmaceuticals and personal care products Description 

1 4-acetamidoantipyrine Metabolite of dipyrone (analgetic) 

2 4-formylaminoantipyrine Metabolite of dipyrone (analgetic) 

3 Acebutulol Beta blocker 

4 Acesulfam Sugar substitute 

5 Alfuzosin Alpha-1 blocker 

6 Amitriptiline Antidepressant 

7 Atenolol Beta blocker 

8 Atorvastatin Lipid-modifying agent 

9 Avobenzon Uv filter 

10 Azithromycin Antibiotic 

11 Benzotriazole Benzotriazole 

12 Benzotriazole 1-methyl Benzotriazole 

13 Benzotriazole 4-methyl Benzotriazole 

14 Bezafibrate Fibrate 

15 Bisoprolol Beta blocker 

16 Bisphenol A Alkylphenol 

17 Bisphenol B Alkylphenol 

18 Bisphenol S Alkylphenol 

19 Butylparaben Cosmetic and pharmaceutical preservatives 

20 Caffeine Stimulant 

21 Carbamazepine Psychotropic, anticonvulsant and mood stabilising 

22 Carbamazepine 10,11-dihydro-10-hydroxy Metabolite 

23 Carbamazepine 10,11-dihydroxy Metabolite 

24 Carbamazepine 10,11-epoxide Metabolite 

25 Carbamazepine 2-hydroxy Metabolite 

26 Celiprolol Beta blocker 

27 Cetirizine Antihistamine 

28 Citalopram Antidepressant 

29 Clarithromycin Antibiotic 

30 Climbazole Antifungal 

31 Clindamycin Antibiotic 

32 Clofibric acid Fibrate 

33 Cotinine Metabolite of nicotine 

34 Cyclamate Sugar substitute 

35 Cyclophosphamide Chemotherapeutic agent 

36 Deet Repelent 

37 Diatrizoate Contrast agent 

38 Diclofenac NSAID, analgesic and antipyretic 

39 Diclofenac-4'-hydroxy Metabolite 

40 Diltiazem Antiarrhythmic 

41 Disopyramide Antiarrhythmic 



No. Pharmaceuticals and personal care products Description 

42 Eprosartan Antihypertensive 

43 Erythromycin Antibiotic 

44 Ethylparaben Cosmetic and pharmaceutical preservatives 

45 Fexofenadine Antihistamine 

46 Fluconazole Antifungal 

47 Fluoxetine Antidepressant 

48 Furosemide Diuretic 

49 Gabapentin Anticonvulsant 

50 Gemfibrozil Fibrate 

51 Hydrochlorothiazide Diuretic 

52 Chloramphenicol Antibiotic 

53 Ibuprofen NSAID 

54 Ibuprofen-2-hydroxy Metabolite 

55 Ibuprofen-carboxy Metabolite 

56 Iohexol Contrast agent 

57 Iomeprol Contrast agent 

58 Iopamidol Contrast agent 

59 Iopromid Contrast agent 

60 Irbesartan Antihypertensive 

61 Ivermectin Antiparasitic, antihelmintics 

62 Ketoprofen NSAID 

63 Lamotrigine Antiepileptic and mood stabilising 

64 Lansoprazole sulphone A medication which reduces stomach acid 

65 Lincomycin Antibiotic 

66 Losartan Antihypertensive 

67 Lovastatin Lipid-modifying agent 

68 Mebendazole Antiparasitics 

69 Memantine Psychoanaleptic (anti-dementia agent) 

70 Metformin Anti-diabetic drug 

71 Methylparaben Cosmetic and pharmaceutical preservatives 

72 Metoprolol Beta blocker 

73 Mirtazapine Antidepressant 

74 Naproxene NSAID 

75 Naproxene-o-desmethyl Metabolite 

76 Norverapamil Metabolite of verapamil (antiarytmic) 

77 Octocrylene Ingredient in sunscreens and cosmetics 

78 Octyl methoxycinnamate (OMC) UV filter 

79 Oxcarbazepine Metabolite 

80 Oxybenzone Uv filter 

81 Oxypurinol Inhibitor of xanthine oxidase 

82 Paracetamol Analgesic and antipyretic 

83 Paraxanthine Metabolite of caffeine 

84 Peniciline G Antibiotic 

85 Phenazone NSAID 



No. Pharmaceuticals and personal care products Description 

86 Primidone Antiepileptic 

87 Propranolol Beta blocker 

88 Propylparaben Cosmetic and pharmaceutical preservatives 

89 Propyphenazone NSAID 

90 Ranitidin Histamine receptor modulator 

91 Rosuvastatin Lipid-modifying agent 

92 Roxithromycin Antibiotic 

93 Saccharin Sugar substitute 

94 Salbutamol Antiasthmatics 

95 Sertraline Antidepressant 

96 Simvastatin Lipid-modifying agent 

97 Sitagliptin Anti-diabetic drug 

98 Sotalol Beta blocker 

99 Sucralose Sugar substitute 

100 Sulfadiazine Antibiotic 

101 Sulfamerazine Antibiotic 

102 Sulfamethazine Antibiotic 

103 Sulfamethoxazole Antibiotic 

104 Sulfanilamide Antibiotic 

105 Sulfapyridine Antibiotic 

106 Telmisartan Antihypertensive 

107 Theophylline Antiasthmatics 

108 Tiamulin Veterinary antibiotic 

109 Torasemide Diuretic 

110 Tramadol Opioid 

111 Trazodone Antidepressant 

112 Triclocarban Antibacterial agent 

113 Triclosan Antibacterial agent 

114 Trimetoprim Antibiotic 

115 Valsartan Antihypertensive 

116 Valsartan acid Metabolite of valsartan (antihypertens) 

117 Venlafaxine Antidepressant 

118 Venlafaxine O-desmethyl Antidepressant 

119 Verapamil Antiarythmic 

120 Warfarin Anticoagulant 

 


