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PCB 28 —2.,4,4'-trichlorobifenyl

PCB 52 —-2,2’,5,5’-tetrachlorobifenyl

PCB 77 —3,37,4,4’-tetrachlorobifenyl

PCB 81 —3,4,4’,5-tetrachlorobifenyl

PCB 101 —-2,2’,4,5,5’-pentachlorobifenyl

PCB 105 —-2,3,3’,4,4’-pentachlorobifenyl

PCB 114 —2,3,4,4’,5-pentachlorobifenyl

PCB 118 —2,3’,4,4°,5-pentachlorobifenyl

PCB 123 —-2,3,4,4,5’-pentachlorobifenyl

PCB 126 —3,3,4,4’,5-pentachlorobifenyl

PCB 138 —-2,2°,3,4,4’,5’-heksachlorobifenyl

PCB 153 -2,2’,4,4°,5,5’-heksachlorobifenyl

PCB 156 —2,3,3",4,4’,5-heksachlorobifenyl
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PCB 167 —2,3’4,4’,5,5’-heksachlorobifenyl

PCB 169 —-3,3’,4,4°,5,5’-heksachlorobifenyl

PCB 180 -2,2°,3,4,4’,5,5’-heptachlorobifenyl

PCB 189 -2,3,3,4,4’,5,5’-heptachlorobifenyl

PCB — polichlorowane bifenyle

pp'DDD — 1-chloro-4-[2,2-dichloro-1-(4-chlorofenylo)etylo]benzen

pp'DDE —4,4'-DDE; 2,2-Bis(4-chlorofenylo)-1,1-dichloroetylen

pp'DDT — 1-chloro-4-[2,2,2-trichloro-1-(4-chlorofenylo)etylo]benzen

BTWI — tymczasowe tygodniowe dopuszczalne pobranie (provisional
tolerable weekly intake)

Receptor Ah — cytozylowy aryloweglowodorowy receptor biatkowy

TEQ —rownowaznik toksycznosci (toxic equivalents)

TWI — tolerowane tygodniowe pobranie (tolerable weekly
Intake)

TZO — trwale zanieczyszczenia organiczne

WHO — Swiatowa Organizacja Zdrowia (World Health Organization)

X — $rednia arytmetyczna

Xmin-Xmax — warto$¢ minimalna - wartos¢ maksymalna

Zn —cynk
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2. STRESZCZENIE

Woda pitna jest stosowana do bezposredniego spozycia, a takze wykorzystywana
w produkcji zywnos$ci 1 napojow w przemysle spozywczym. Jej jakos$¢ jest kontrolowana
zgodnie z Dyrektywg UE 2020/2184 i Dz. U. poz. 2294, 2017. Wiele zwigzkéw jednak
nie jest catkowicie eliminowanych w procesie uzdatniania i pozostajac w wodzie pitnej
moze stanowi¢ zagrozenie dla konsumenta (P1, P2). Do tych zwigzkéw zalicza si¢ m.in.
ksenobiotyki chloroorganiczne (pestycydy chloroorganiczne i polichlorowane bifenyle) i
pierwiastki sladowe. Ze wzgledu na coraz lepsza jakos¢ wody wodociggowej w Polsce,
jej bezposrednie spozycie w Polsce wzrasta, co jest niezwykle wazne w kontek$cie
alternatywnej wody butelkowanej, ktora jest znacznie drozsza, oraz istnieje ryzyko jej
wtornego zanieczyszczenia w procesie migracji z opakowan.

Celem badan byta ocena jakosci wody pitnej w cyklu rocznym, pochodzacej z
uje¢ dla miasta Szczecina. Podjeto rowniez probg oszacowania efektywnos$ci uzdatniania
wody 1 oczyszczania $ciekow pod katem redukcji wybranych zwigzkow
chloroorganicznych (P3, P5) i pierwiastkow $ladowych w tym toksycznych (P4).
Pozwolilo to na ocen¢ stopnia narazenia mieszkancéw Szczecina zwigzanego ze
spozyciem wody pitnej zawierajacej pozostatosci badanych zwigzkoéw. Stwierdzono, ze
pozostatlosci  pestycydow chloroorganicznych (OCP) w wodzie pitnej nie stwarzaja
bezposredniego zagrozenia dla zdrowia konsumenta stanowigc od 0,01 do 2,44%
najwyzszego dopuszczalnego stezenia (NDS). Ponadto wykazano, ze proces uzdatniania
wody i $ciekow skutecznie obnizat stgzenie OCP odpowiednio o 80% i 85% (P3).
Roéwniez zawarto$¢ pierwiastkow $ladowych w wodzie 1 $ciekach nie przekraczata
obowigzujacych wartosci limitujacych okreslonych w Rozporzadzeniu (Dz. U. poz. 2294,
2017). Wykazano jednak, ze stosowane metody uzdatniania wody i $ciekow nie
zapewniajg catkowitego usuniecia pierwiastkow toksycznych, a jedynie od 28 do 97%, w
zalezno$ci od rodzaju pierwiastka (P4). Proces uzdatniania wody wptywat takze w
réznym stopniu na zmniejszenie pozostatosci polichlorowanych bifenyli (PCB).
Redukcja ta wahata si¢ od 4% (PCB wg IUPAC nr 153, 167, 209) do 100% (PCB wg
IUPAC nr 52, 126, 169, 105). Przy zatozeniu spozycia wody srednio 2 litrow dziennie,
TWI 2 pg-TEQ/kg masy ciata/tydzien (Tsindos 2012, EFSA 2018), oraz masy ciala osoby
dorostej 70 kg, obliczono, ze wraz ze spozyciem wody pitnej konsument pobiera 0,001 -
6 pg-TEQ/kg m.c./tydzien. Przy medianie wynoszacej 0,15 pg-TEQ/kg m.c./tydzien,

stanowi to 7,5% TWI. Proces oczyszczania $ciekow obnizat stgzenie PCB od 38% (PCB



wg IUPAC nr 169, 123, 167, 157) do 98% (PCB wg IUPAC nr 101, 138, 77, 126, 156,
189), $rednio o 76%. Zanotowane Sladowe zawartosci PCB w $ciekach oczyszczonych
(od 0,02:10° do 6,21-10° mg/1), pomimo bardzo niskich stezen, przekroczyly wartosé
NDS, czyli 0 mg/l (P5). Niniejsze badania potwierdzaja konieczno$¢ kontynuowania
badan nad skuteczno$cig réznych metody uzdatniania wody i wykorzystania zi6z
filtracyjnych, a takze uwzgledniania spozycia wody pitnej przy szacowaniu pobrania

OCP, PCB 1 pierwiastkow sladowych wraz z zywnoscig spozywang przez ludzi.

3. SUMMARY

Drinking water is supplied for direct human consumption and is used in the
production of foods and beverages by the food and beverage industry. The quality of
drinking water is regulated according to EU Directive 2020/2184 and, in Poland, the
Journal of Laws, item 2294, 2017. Many compounds, however, cannot be completely
eliminated from drinking water during purification and can pose risks to consumer health
(P1, P2). These compounds include, among others, organochlorine xenobiotics
(organochlorine pesticides and polychlorinated biphenyl) and trace elements. Thanks to
the improved quality of tap water in Poland, its consumption is increasing. This is
extraordinarily important as an alternative to bottled water, which is much more
expensive and carries with it the risk of secondary pollution from the migration of
contaminants from its packaging.

The aim of the study was to assess the quality of drinking water obtained from
intakes for the city of Szczecin throughout the year. The effectiveness was also assessed
of water purification and sewage treatment in reducing selected organochlorine
compounds (P3, P5) and trace elements including toxic ones (P4). These assessments
permitted determining the degree to which residents of Szczecin are exposed to the
compounds tested in the drinking water they consume. Residues of organochlorine
pesticides (OCP) in drinking water, the content of which ranged from 0.01 to 2.44% of
the maximum residue limit (MRL), did not pose a direct threat to consumer health.
Further, drinking water purification and sewage treatment successfully decreased
concentrations of OCP by 80 and 85%, respectively (P3). Additionally, the contents of
trace elements in drinking water and treated sewage did not exceed the current limits set
forth in the Regulation (Journal of Laws, item 2294, 2017). The study did reveal,
however, that the drinking water purification and sewage treatment methods applied did

not fully eliminate toxic elements, but only reduced them from 28 to 97% depending on
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the type of element (P4). Drinking water purification also reduced residues of
polychlorinated biphenyls (PCBs) to differing degrees with reductions fluctuating from
4% (IUPAC PCBs 153, 167, 209) to 100% (IUPAC PCBs 52, 126, 169, 105). Assuming
daily drinking water consumption of 2 I, a TWI 2 pg-TEQ/kg body weight/week (Tsindos
2012, EFSA 2018), and an adult body weight of 70 kg, consumers ingest with drinking
water 0.001-6 pg-TEQ/kg body weight/week. At a median of 0.15 pg-TEQ/kg body
weight/week, this is 7.5% TWI. Sewage treatment reduced concentrations of PCBs from
38 (IUPAC PCBs 169, 123, 167, 157) to 98% (IUPAC PCBs 101, 138, 77, 126, 156, 189)
at an average of 76%. Trace PCB contents were detected in treated sewage (0.02-10°—
6.21-10° mg/l), which, despite their very low concentrations, exceeded the MRL of 0
mg/l (P5). The current study confirmed the necessity of continuing to study the
effectiveness of different methods of drinking water purification and the application of
filter media and also of taking into account drinking water consumption when assessing

OCP, PCB, and trace element intake with the foods people consume.

4. PRZEGLAD PISMIENNICTWA

Woda warunkuje zycie 1 funkcjonowanie organizméw zywych. Shuzy do
przygotowywania zywnos$ci i napojow, bezposrednio do konsumpcji, stanowi cenny
surowiec dla przetworstwa, jest roOwniez jest waznym elementem umozliwiajagcym
utrzymanie higieny, stuzy do czyszczenia i sterylizacji pomieszczen, aparatury
przemystu spozywczego, maszyn 1 urzadzen. Niezbedna jest takze jako S$rodek
pomocniczy w procesach technologicznych, takich jak mycie, plukanie czy czyszczenie
surowcow (np. w przetworstwie owocowo-warzywnym), a takze jako dodatek w procesie
produkcyjnym, np. w przetworstwie migsnym (np. kutrowanie migsa z wodg i1 lodem),
jak réwniez w browarnictwie czy wytworniach alkoholi (Lubkowska 2016). Jej jakos¢
jest kontrolowana zgodnie z Dyrektywa UE 2020/2184 1 Dz. U. poz. 2294, 2017. Wiele
zwigzkow jednak nie jest catkowicie eliminowanych w procesie uzdatniania i1 pozostajac
w wodzie pitnej moze stanowi¢ zagrozenie dla konsumenta (P1, P2). Do tych nalezg m.in.
ksenobiotyki chloroorganiczne (OCP i PCB) i pierwiastki §ladowe.

Woda przed dotarciem do konsumentow poddawana jest procesowi
wielostopniowego uzdatniania, obejmujacego filtracje, napowietrzanie, koagulacje, se-
dymentacje przez zloze piaskowe i weglowe oraz dezynfekcje. Pomimo spelnienia
wymagan wskazanych w Rozporzadzeniu (Dz. U. poz. 2294, 2017), jej jako$¢ moze

czesto budzi¢ niepokoj, ze wzgledu na obecno$¢ innych obcych substancji, trudnych do
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usuni¢cia w klasycznym procesie uzdatniania, ktorych dopuszczalne st¢zenia nie sg w
prawodawstwie uwzglednione (P1).

Niektore zwigzki, np. zaliczane do trwatych zanieczyszczen organicznych, np.
OCP, PCB, dioksyny czy heksachlorobenzen (HCB) oraz pierwiastki toksyczne, takie jak
olow, kadm, rtec i arsen nie sa calkowicie eliminowane w procesie uzdatniania i pozostaja
w wodzie pitnej (Mekonen i in. 2016, Farhaou i Derraz 2016) (P1, P2).

OCP, tj. dieldryna, chlordan, dichlorodifenylotrichloroetan, B-
heksachlorocykloheksan, tetrachlorek wegla, heptachlor, y-heksachlorocykloheksan
(lindan), w niewielkim stopniu ulegaja przemianom pod wplywem warunkow
atmosferycznych i biochemicznych, a ich obecno$¢ w wodzie moze by¢ zwigzana z
powstaniem réwnie toksycznych metabolitow (Montouri i in. 2020). Oprocz trwatosci i
odpornosci na czynniki chemiczne i biologiczne, cechuja si¢ dobrg rozpuszczalno$cig w
thuszczach, co sprzyja ich bioakumulacji w organizmach zywych (Perell6 i in. 2012).
Pomimo niskiej rozpuszczalno$ci w wodzie, rowniez w niej obserwuje si¢ $ladowe iloscli
tych zwigzkéw, np. w formie zaadsorbowanej na czastkach staltych (Pawelczyk 2013).
Rezerwuarem OCP w zbiornikach wodnych sa osady denne, z ktorych zwigzki te moga
by¢ uwalniane podczas recyrkulacji do wod (Olutona i in. 2014). OCP, majac charakter
lipofilny, wykazuja tendencje do kumulacji w organizmie cztowieka, oddziatujac
toksycznie, w tym zaklocajac gospodarke hormonalng. Zaburzenia funkcjonowania
uktadu hormonalnego, moga przebiega¢ wedtug roznych mechanizmoéw (Feng i in. 2016,
Wee i Aris 2017). Negatywny wplyw objawia si¢ nieprawidlowoSciami
neurotoksycznymi, zmianami endokrynnymi i enzymatycznymi, a nawet
zapoczatkowaniem procesOw rakotworczych. Zwigzki te s3 bardzo wolno wydalane z
organizmu, czego  przykladem moze by¢  okres  pottrwania  DDT
(dichlorodifenylotrichloroetan) w tkance tluszczowej (5-7 lat) (Piccoli i in. 2016,
Polanco-Rodriguez i in. 2017) (P1, P3).

Woda pitna w Polsce podlega urzegdowemu monitoringowi, ktory potwierdza
obecno$¢ pozostatosci tych zwigzkdéw. Badania wody wodociggowej prowadzone przez
Powiatowa Jednostke Panstwowej Inspekcji Sanitarnej w Szczecinie w latach 2014-2017
wykazaly, ze poziomy OCP, ktore poczatkowo osiggaty wartosci bliskie NDS (0 mg/l),
istotnie zmalaty w badanym okresie (Raport RSSE Szczecin 2017) (P1). Natomiast np.
badania wody pobranej z uje¢ dla miasta Wroclawia (Pawelczyk 2013) wykazaty
obecno$¢ pozostatosci OCP, na poziomie 73,5 ng/l. W wodzie pitnej w Chinach wykryto
takze metabolity HCH (heksachlorcykloheksan) (5,54-13,08 ng/l) i DDT (0,17-4,47
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ng/l), cho¢ na poziomach uwazanych za bezpieczne (Wei i in. 2015, Lehmann i in. 2017).
Wedtug danych literaturowych nawet wiele lat po zaprzestaniu stosowania, pozostatosci
OCP nadal utrzymuja si¢ w srodowisku, stanowigc realne zagrozenie na calym §wiecie,
poniewaz ich koncentracja spada bardzo wolno. Shao 1 in. (2016) wykazali, ze zawartos¢
sumy DDT w wodach powierzchniowych Pekinu znacznie si¢ zmniejszyla w ciagu
ostatnich 10 lat, z 91,8 ng/l (2002) do 0,257 ng/l (2015-2016). Najwyzsze stezenia sum
DDT i HCH notowane byly w Afryce (XHCH 6-234 ng/l i ZDDT 8-239 ng/l) oraz Azji
(XHCH 76-100 ng/l i ZDDT 116-848 ng/l) (El Bouraie i in. 2011, Kaushik i in. 2012)
(P1, P3).

Woda surowa, stanowigca zrodlo wody pitnej dla miasta Szczecina, byla
pobierana z Jeziora Miedwie. Woda ta uzdatniana jest w Zaktadzie Produkcji Wody w
Zelewie, oddalonym od jeziora Miedwie o 2,5 km. Zlewni¢ jeziora Miedwie tworza
tereny rolnicze, gdzie w latach ubieglych (1950-1980) byly stosowane OCP. Sposrod 58
zwigzkdéw najczescie] wykrywanymi pestycydami w wodzie z Jeziora Miedwie byly:
yHCH, a-HCH, B-HCH, cypermetryna i permetryna (Koniuch i Matozig¢¢ 2007) (P3).

Liczng grupa zwiazkéw uzywanych w przemysle przez wiele lat byty PCB,
stosowane jako izolatory elektryczne, ciecze hydrauliczne, a w mniejszym stopniu takze
jako smary i plastyfikatory do farb, klejow i tuszéw. Wieloletnia produkcja PCB i ich
roznorodne zastosowania doprowadzily do skazenia wdéd 1 zamieszkujacych je
organizmow (Faroon i Ruiz 2016). Zwiazki te sg wysoce lipofilne, wlaczajg si¢ w cykle
troficzne, ulegajac biomagnifikacji. Ich obecnos¢, pomimo hydrofobowosci, stwierdzono
rowniez w wodzie, co moze wynika¢ ze zdolnosci PCB do adsorpcji na czastkach
zawieszonych w wodzie. Jednak ich rozpuszczalno$é¢ w wodzie jest bardzo niska i maleje
wraz z liczbg atomow chloru (Montano i in. 2022). Dlatego w Dyrektywie 2020/2184,
jak réwniez w krajowym Rozporzadzeniu (Dz. U. poz. 2294, 2017) dotyczacym wody
pitnej nie wskazano wartosci NDS dla PCB (P1, P5).

Sposrod 209 kongenerdw wyrdznia si¢ dioksynopodobne PCB (dI-PCB) zaliczane
do standardu analitycznego dioksyn, o podobnym do nich mechanizmie dziatania.
Mechanizm ten oparty jest na pobudzaniu tzw. receptora Ah, czego efektem jest przede
wszystkim uruchomienie transkrypcji gendéw enzymdéw metabolizujacych leki i1
ksenobiotyki. Receptor Ah wptywa rowniez na ekspresje genow kontrolujgcych wzrost i
réznicowanie si¢ komorek. Jego aktywacja objawia si¢ m.in. hamowaniem syntezy
receptoréw estrogenowych. W praktyce wigc zwiazki te wywotuja posrednio dziatanie

antyestrogenne. Natomiast kongenery niedioksynopodobne PCB (ndl-PCB) wykazuja
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dziatanie neurotoksyczne, m.in. poprzez hamowanie hydroksylazy tyrozynowej, enzymu
niezb¢dnego do syntezy dopaminy, neuroprzekaznika, czy tez poprzez zaburzanie
homeostazy wapnia w uktadzie nerwowym (Faroon i Ruiz 2016, Montano i in. 2022). W
ostatnich latach IARC/WHO (2016) zmienity klasyfikacj¢ 12 dI-PCB z grupy substancji
potencjalnie rakotworczych dla cztowieka (grupa 2A) na rakotworcze dla czlowieka
(grupa 1) (IARC/WHO 2016). Radykalnie zmniejszono rowniez wielkos¢ TWI z 14 do 2
pg-TEQ/kg m.c./tydzien (EFSA 2018) (P1, P5).

Na podstawie analizy literatury stwierdzono, ze w wodzie pobieranej z uje¢ we
Wroctawiu $rednie st¢zenie PCB ksztattowato si¢ na poziomie 452 ng/l (Pawelczyk
2013). Nizsze stezenia od 5,2 do 190,8 ng/l obserwowano w poludniowych Morawach w
Czechach (Lana i in. 2008). Natomiast w poludniowej Turcji stwierdzono znacznie
wyzsze stezenia (505 — 2377 ng/l) w poréwnaniu do innych krajow europejskich (Aydin
iin. 2004). W Azji, a zwlaszcza w Chinach, odnotowano szeroki zakres tgcznych stezen
PCB w wodach rzek Pearl i Min (91 — 2473 ng/l). Jednak znacznie nizsze poziomy
odnotowano w rzece Jangcy (0,21 — 44,4 ng/l) (He i in. 2011) oraz w Kunming w
potudniowych Chinach (13 — 72 ng/l) (Wan i in. 2011). W indyjskiej rzece Yamuna
odnotowano wyzsze stezenia tych zwigzkow ($rednio 99+38 ng/l) (Kumar i in. 2012).
Natomiast w Afryce wysokie poziomy skazenia PCB zaobserwowano w Egipcie, gdzie
rzeka Nil jest glownym Zrodtem wody pitnej (Megahed i in. 2015). Ezemonye (2005),
Okeniyia i in. (2009) czy Ajagbe i in. (2018) odnotowali rowniez wysokie st¢zenia PCB
(30 — 2930 ng/l) w wodach rzecznych Nigerii i Etiopii. Wysokie stgzenia PCB w Azji i
Afryce moga wynika¢ z braku restrykcyjnych regulacji prawnych, a takze dalszego
stosowania tych zwigzkow (P5).

Chociaz obecno$¢ PCB w wodach powierzchniowych moze wynika¢ z ich
zdolnosci do rozprzestrzeniania si¢ na duze odlegtosci poprzez transport atmosferyczny,
znaczgcym ich zrodiem w wodach powierzchniowych moga by¢ réwniez Scieki, ktére po
oczyszczeniu sg zawracane do tych wod, mogac stanowi¢ wtdrne zrodto zanieczyszczenia
wody pitnej (Faroon i Ruiz 2016) (P5).

Pomimo, ze woda jest cennym zrodtem wielu niezbgdnych dla cztowieka
pierwiastkow, takich jak cynk, zZelazo, mangan 1 miedZ, w kontekscie duzego
zapotrzebowania organizmu cztowieka na jej spozycie, moze tez dostarcza¢ jednoczesnie
pierwiastkdw o znacznej toksycznos$ci (Vriens iin. 2017). Na przyktad rakotwodrczy arsen
gromadzac si¢ w tarczycy przyczynia si¢ do wystgpienia endemicznego wola. Innym

niezwykle niebezpiecznym pierwiastkiem jest oldw, ktory uszkadza centralny 1
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obwodowy uktad nerwowy, jelita i nerki oraz blokuje dzialanie wielu enzymow
(Stoliarenko i in. 2020) (P2, P4).

Rosnace wykorzystanie pierwiastkow sladowych w przemysle moze roéwniez
prowadzi¢ do wzrostu ich stezenia w Sciekach (Crini i Lichtfouse 2019). Jednak w
dostgpnej literaturze mozna znalez¢ niewiele prac dotyczacych tego tematu (P2, P4).

Powodem podjecia zagadnienia oceny wplywu uzdatniania wody i oczyszczania
Scickow na zawarto$¢ w wodzie pitnej pierwiastkow $ladowych oraz PCB i OCP bylta
wysoka zdolno$¢ tych zwigzkéw do bioakumulacji i biomagnifikacji w tancuchu
troficznym i posrednio w srodowisku wodnym, jak rowniez ich trwatosé i toksycznosc.
Podjety problem jest tym bardziej istotny w kontekscie duzego zalecanego spozycia wody
pitnej, 2,0-2,5 | dziennie (EFSA 2010).

W Polsce ze wzgledu na coraz wyzsza jako$¢ wody wodociggowej, obserwuje sie,
ze jej bezposrednie spozycie wzrasta, co jest niezwykle wazne w kontekscie
alternatywnej wody butelkowanej, ktora jest znacznie drozsza, a dodatkowo moze
zawiera¢ wtorne zanieczyszczenia w postaci zwigzkow migrujacych z opakowan (Ktos

2017, Gambino i in. 2022).

S. HIPOTEZY BADAWCZE | CELE

Wysoka zdolnos¢ OCP (P1, P3), PCB (P5) i pierwiastkow sladowych (P2, P4) do
bioakumulacji 1 biomagnifikacji w tancuchu troficznym i1 posrednio w Srodowisku
wodnym oraz ich toksyczno$¢ wskazujga na konieczno$¢ przeprowadzenia badan
okreslajacych oceng jakosci wody pitnej pochodzacej z ujg¢ dla miasta Szczecina.

W pracy sformutowano nastepujace hipotezy:

- woda pitna 1 $cieki oczyszczone mogg by¢ zrodiem substancji obcych w postaci
pozostatosci ksenobiotykow chloroorganicznych (OCP 1 PCB) oraz pierwiastkow
sladowych

- zawarto$¢ pozostatosci ksenobiotykéw chloroorganicznych (OCP i PCB) oraz
pierwiastkow §ladowych w wodzie pitnej i $ciekach oczyszczonych powinno by¢ niskie,
ponizej NDS (jesli sa wyznaczone)

- procesy uzdatniania wody 1 oczyszczania $cieckOw powodujg zredukowanie zawartosci
badanych zwigzkoéw, co moze wpltywaé na zmniejszenie zagrozenia dla konsumentow i
srodowiska wodnego.

W celu weryfikacji powyzszych hipotez badawczych przeprowadzono:
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- identyfikacj¢ 1 pomiar stezen ksenobiotykow chloroorganicznych (P3, P5) oraz
pierwiastkow $ladowych (P4) w wodzie i Sciekach przed i po oczyszczeniu

- ocen¢ efektywnosci procesu uzdatniania $cickow oraz wody pitnej na zmiany
pozostatosci analizowanych ksenobiotykow 1 pierwiastkow $§ladowych w wodzie 1
Sciekach (P3, P4, P5)

- probe oszacowania stopnia narazenia mieszkancéw Szczecina na wybrane OCP (P3),

pierwiastki §ladowe (P4) oraz PCB (P5) obecne w wodzie pitnej.

6. MATERIAL I METODY BADAWCZE

Materiat do badan stanowity: woda przed (woda surowa) i po uzdatnianiu (woda
pitna) oraz Scieki surowe ($cieki nieoczyszczone) i po wyjsciu z oczyszczalni ($cieki
oczyszczone). Woda surowa, bedaca zrodtem wody pitnej, byta pobierana z Jeziora
Miedwie w latach 2017-2019. Pobor wody odbywal si¢ za pomocag dwoch czerpni
umieszczonych na giebokosci 16-18 m (6 m nad dnem jeziora), w warstwie gltebinowe;j
profundalnej, zabezpieczonych kratg o przeswicie 40 mm. Pobierana woda surowa byta
uzdatniana w Zakladzie Produkcji Wody w Zelewie, oddalonym od jeziora Miedwie o
2,5 km. Scieki surowe do badan pobierane byty ze stacji krat, za$ $cieki oczyszczone z
kanatu wylotowego Oczyszczalni Sciekéw Pomorzany w Szczecinie.

Badania obejmowaty wptyw proceséw uzdatniania wody i §ciekOw na obecno$¢
OCP (P3), pierwiastkow sladowych (P4) i PCB (P5). Probki wody pozyskiwano i
analizowano czterokrotnie w ciggu kazdego miesigca, przez okres jednego roku (PCB i
OCP) i przez okres dwoch lat (pierwiastki §ladowe). Kazdorazowo pobierano po 15 | (w
pojemnikach 5 I) wody surowej, wody pitnej, Sciekow nieoczyszczonych i $ciekow
oczyszczonych. Bezposrednio po pobraniu (w tym samym dniu) probki wody i Sciekow
analizowanych pod katem obecnosci pierwiastkow §ladowych konserwowano kwasem
azotowym (Merck, GmbH, Darmstadt, Niemcy), a probki przeznaczone do analizy OCP
i PCB zabezpieczono poprzez natychmiastowe dodanie do nich n-heksanu (150 ml n-
heksanu, Merck, czysto$¢ > 99,8%/5 1 probki).

W pracy P3 analizowano wpltyw procesu oczyszczania wody i $ciekow na
mozliwos¢ redukcji pozostatosci OCP w wodzie pitnej. Wykonano analiz¢ jakosciowq i
ilosciowg badanych OCP metoda chromatografii gazowej sprz¢zonej ze spektometrig
mas (GC-MS). Wyznaczono efektywno$¢ procesu uzdatniania wody i $ciekow w
stosunku do redukcji OCP. Oszacowano narazenie zdrowia konsumentow wody pitnej w

oparciu o parametry: LADD (oszacowana wielko§¢ dziennego pobrania) i HQ
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(wspolczynnik ryzyka).

W pracy P4 analizowano wplyw procesu oczyszczania wody i $cieckow na
zawarto$¢ pierwiastkow sladowych (Zn, Ni, Fe, Mn, Cu, Pb, As) w wodzie pitnej.
Wykonano analiz¢ iloSciowg i jakoSciowg za pomocg atomowej spektrometrii emisyjne;j
z plazmg sprze¢zong indukcyjnie (ICP-AES; Yobin Yvon JY-24). Wyznaczono
efektywnos¢ redukcji pierwiastkow sladowych pod wptywem procesu uzdatniania wody
1 Sciekow. Oszacowano narazenie zdrowia konsumentéw wody pitnej w oparciu o
parametr PTWI (tymczasowe tygodniowe dopuszczalne pobranie).

W pracy P5 analizowano wplyw procesu oczyszczania wody i $cieckow na
mozliwo$¢ redukcji pozostatosci PCB w wodzie pitnej. Wykonano analize jakoSciow3 i
ilosciowa kongeneréw ndl-PCB i dI-PCB metodg chromatografii gazowej sprzgzonej ze
spektometrig mas (GC-MS). Wyznaczono efektywnos¢ redukcji zwigzkéw PCB na
skutek procesu uzdatniania wody 1 S$ciekow. Oszacowano narazenie zdrowia
konsumentow wody pitnej w oparciu o parametry: TEQ i TWI.

Uzyskane w pracach P3, P4 oraz P5 wyniki poddano analizie statystycznej za
pomocg programu STATISTICA v.13.1. Wyniki przedstawiono w postaci $rednich
arytmetycznych, odchylen standardowych, median 1 warto$ci minimalnych i
maksymalnych. Istotnos$¢ réznic oszacowano za pomoca testu RIR Tukeya przy p <0,05.
W celu okreslenia zalezno$ci pomigdzy czynnikami biochemicznymi a zawartoscig
badanych ksenobiotykéw chloroorganicznych i pierwiastkow sladowych w wodzie pitnej
i $ciekach oczyszczonych, przeprowadzono réwniez jedno i dwuczynnikowa analize

wariancji (ANOVA).
7. OMOWIENIE WYNIKOW

Niniejsza rozprawa doktorska zostata oparta na dwoch artykulach przegladowych
(P1 i P2) spdjnych tematycznie, stanowigcych wstep do podjetych badan oraz trzech
oryginalnych pracach naukowych (P3-P5). Artykuly wchodzace w sktad dysertacji
poruszaja problematyke wplywu procesow uzdatniania wody i oczyszczania $ciekOw na
zawartos$¢ ksenobiotykow chloroorganicznych (P3 i P5) i pierwiastkow §ladowych (P4)
w wodzie i1 $ciekach. Na podstawie uzyskanych wynikow oszacowano tez narazenie
zdrowia konsumentéw wody pitnej w oparciu o wielko$¢ spozycia wody, zawarto$¢ w
niej pozostatosci analizowanych zwigzkoéw, a takze ich wlasciwosci toksyczne oraz

obowigzujace wskazniki: LADD, HQ, PTWI1iTEQ i TWIL.
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7.1. Pestycydy chloroorganiczne (P3)
7.1.1. Analiza jako$ciowa i ilo$ciowa
Woda surowa

Obecnos¢ zwigzkow HCH (>LOD) stwierdzono $rednio w 79% probek wody
surowej (aHCH - 75%, BHCH - 100%, yHCH - 67%, SHCH - 75%). Najnizsza zawarto$¢
sumy HCH w wodzie surowej stwierdzono w maju (0,08 ng/1), najwyzszg natomiast (14,8
ng/l) w marcu, przy czym S$rednia zawarto$¢ w badanym okresie wyniosta 8,6 ng/l.
Sposrod izomeréw HCH dominowatl izomer PHCH, natomiast najnizszym udziatem
charakteryzowat si¢ tHCH. Jedynie najtrwalszy izomer BHCH byt wykrywany w wodzie
surowej przez caty rok (Tab. 1).

Obecno$¢ metabolitéw DDT (>LOD) w wodzie surowej stwierdzono $rednio w
65% probek (pp'DDE - 71%, pp'DDD - 75%, pp'DDT - 50%). Najwyzsza $rednig
zawarto$¢ sumy DDT i metabolitdow odnotowano w wodzie surowej (3,41 ng/l) w lipcu,
a $rednia zawarto$¢ w badanych okresie wyniosta 0,71 ng/l. W grupie tych zwigzkoéw
dominowat metabolit pp'DDD (Tab. 1).

Obecno$¢ zwiazkow endosulfanu (>LOD) w wodzie surowej stwierdzono $rednio
w 25% probek (endosulfan I - 13%, endosulfan 1l - 58%, siarczan endosulfanu - 4%).
Najwyzsza zawarto$¢ odnotowano w wodzie surowej (1,90 ng/l) w marcu, przy sredniej
0,72 ng/l (Tab. 1).

Na podstawie jednowymiarowego testu istotnosci ANOVA (test Tukeya (p <
0,05) stwierdzono, ze istotnie wyzsze (p<0,05) zawartosci sumy OCP zaobserwowano w

wodzie surowej od lipca 2018 r. do marca 2019 r. w poréwnaniu do pozostatych okresow.

Woda pitna

Obecnos¢ zwigzkow HCH (>LOD) stwierdzono w wigkszosci probek wody pitne;j
odpowiednio: aHCH - 75%, BHCH - 100%, yHCH - 58%, oHCH - 67%. Najwyzsza
srednig zawarto$¢ sumy HCH stwierdzono w wodzie pitnej 4,72 ng/l we wrzes$niu, przy
$redniej rocznej 1,41 ng/l. W grupie tych zwigzkéw dominowat trwaty izomer fHCH,
natomiast najnizsze zawartosci zanotowano dla izomeru oHCH (Tab. 1).

Natomiast obecnos¢ metabolitow DDT (>LOD) w wodzie pitnej stwierdzono
srednio w 72% probek (pp'DDE - 73%, pp'DDD - 75%, pp'DDT - 69%). Najwyzsza
srednig zawarto$¢ sumy DDT i metabolitéw odnotowano w wodzie pitnej w kwietniu
(0,32 ng/l), a srednia pozostatos¢ w badanym okresie wynosita 0,11 ng/l. W grupie tych
zwigzkow dominowat metabolit pp'DDD (Tab. 1).
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Tab. 1. Stgzenie OCP (ng/l) w wodzie i Sciekach (P3)

Pestycydy chloroorganiczne Woda surowa, n = 144 Woda pitna, n = 144 Scieki nieoczyszczone, n = 144 Scieki oczyszczone, n = 144
oHCH X + SD* 1,05+ 1,08 0,21 +£0,32 1,22 £ 1,46 0,32+ 0,48
Me? 0,93 0,00 0,19 0,00
(Xmin-Xmax)® (0,23-3,99) (0,05-1,13) (0,10-4,40) (0,03-2,04)
>LOD%* 75% 75% 83% 79%
HCB X+ SD 0,07 + 0,08 0,03 + 0,05 0,17 +0,35 0,04 + 0,07
Me 0,07 0,00 0,00 0,00
(Xmin-Xmax) (0,35-0,6) (0,03-0,24) (0,16-1,82) (0,06-0,21)
>LOD% 58% 58% 58% 58%
BHCH X+ SD 2,66 +1,93 0,48 + 0,98 1,74 £ 2,05 0,46 + 0,61
Me 3,41 0,07 0,29 0,10
(Xmin-Xmax) (0,03 - 4,92) (0,03-4,60) (0,29-6,31) (0,05-1,87)
>LOD% 100% 100% 92% 96%
yHCH X+ SD 1,96 2,27 0,38+ 0,75 1,96 +2,55 0,71 +1,22
Me 0,69 0,00 0,53 0,00
(Xmin-Xmax) (0,25- 6,49) (0,20-3,47) (0,45-6,67) (0,28-4,55)
>LOD% 67% 58% 79% 1%
SHCH X+ SD 2,92 +£2,94 0,35+ 0,68 2,27 +3,29 0,46 + 0,76
Me 2,58 0,00 0,17 0,00
(Xmin-Xmax) (0,05-9,36) (0,09-2,77) (0,32-9,09) (0,13-3,14)
>LOD% 75% 67% 83% 1%
heptachlor X+ SD 0,44 +0,53 0,10+0,18 0,60 + 1,09 0,24 + 0,69
Me 0,34 0,00 0,13 0,00
(Xmin-Xmax) (0,14-2,64) (0,10-0,99) (0,04-3,88) (0,04-3,81)
>LOD% 75% 75% 79% 75%
aldryna X+ SD 4,44+ 4,01 0,35+0,72 1,70 £2,54 0,35+0,82
Me 4,60 0,00 0,13 0,01
(Xmin-Xmax) (0,03-13,52) (0,02-3,39) (0,25-9,72) (0,04-4,90)
>LOD% 88% 79% 75% 75%
heptachlor X+ SD 0,01 +0,03 0,00 + 0,00 0,00 + 0,00 0,00 + 0,01
epoksyd izomer B Me 0,00 0,00 0,00 0,00
(Xmin-Xmax) (0,12-0,13) (0,00-0,00) (0,00-0,00) (0,04-0,05)
>LOD% 4% 0% 0% 8%
endosulfan | X+ SD 0,30 + 0,86 0,05 + 0,36 0,31+ 0,86 0,01 + 0,04
Me 0,00 0,00 0,00 X
(Xmin-Xmax) (1,71-3,85) (2,49-2,49) (0,02-4,06) (0,10-0,23)
>LOD% 13% 2% 50% 21%
pp'DDE X+ SD 0,10+ 0,08 0,03 + 0,04 0,20 + 0,27 0,05 + 0,08
Me 0,10 0,00 0,02 0,00
(Xmin-Xmax) (0,05-0,31) (0,04-0,15) (0,03-0,88) (0,02-0,34)
>LOD% 71% 73% 75% 73%
dieldryna X+ SD 3,81 +3,14 0,51 +1,21 2,18+233 0,27 + 0,40
Me 4,30 0,00 0,98 0,00
(Xmin-Xmax) (0,19-9,01) (0,13-4,80) (1,09-6,34) (0,03-1,44)
>LOD% 75% 75% 83% 1%
endryna X+ SD 0,02 + 0,08 0,00 + 0,00 0,21 + 0,80 0,09 + 0,50
Me 0,00 0,00 0,00 0,00
(Xmin-Xmax) (0,41-0,42) (0,00-0,00) (0,32-3,39) (0,08-3,32)
>LOD% 4% 0% 23% 8%
endosulfan 11 X+ SD 0,40 + 0,44 0,09 +0,16 1,00 + 1,41 0,14 + 0,25
Me 0,41 0,00 0,14 0,00
(Xmin-Xmax) (0,31-1,94) (0,15-0,85) (0,15-4,73) (0,19-1,03)
>LOD% 58% 63% 79% 67%
pp'DDD X+ SD 0,47 + 1,30 0,02 + 0,04 0,60 + 1,53 0,07 0,17
Me 0,06 0,00 0,06 0,00
(Xmin-Xmax) (0,03-5,70) (0,02-0,23) (0,01-7,01) (0,02-0,94)
>LOD% 75% 75% 92% 83%
aldehyd endryny X+ SD 0,01 + 0,03 0,00 + 0,01 0,03 + 0,06 0,01 + 0,03
Me 0,00 0,00 0,00 0,00
(Xmin-Xmax) (0,16-0,18) (0,04-0,06) (0,08-0,22) (0,06-0,17)
>LOD% 4% 4% 38% 21%
siarczan X+ SD 0,01 +0,03 0,00 + 0,00 0,02 + 0,08 0,00 + 0,02
endosulfanu Me 0,00 0,00 0,00 0,00
(Xmin-Xmax) (0,14-0,15) (0,00-0,00) (0,17-0,35) (0,09-0,12)
>LOD% 4% 0% 17% 4%
pp'DDT X+SD 0,15+ 0,14 0,06 + 0,16 0,11+0,13 0,05 + 0,07
Me 0,14 0,00 0,03 0,00
(Xmin-Xmax) (0,07-0,59) (0,04-1,10) (0,05-0,45) (0,04-0,28)
>LOD% 75% 69% 83% 79%
keton endryny X+SD 0,21 +0,23 0,05+ 0,10 0,30 + 0,46 0,08 +0,11
Me 0,18 0,00 0,00 0,00
(Xmin-Xmax) (0,13-1,00) (0,02-0,40) (0,27-1,53) (0,12-0,32)
>LOD% 63% 63% 67% 63%
metoksychlor X+ SD 0,12 +0,25 0,03 + 0,05 0,18 +0,26 0,03 + 0,04
Me 0,07 0,00 0,01 0,00
(Xmin-Xmax) (0,05-1,31) (0,03-0,16) (0,06-0,91) (0,04-0,14)
>LOD% 58% 63% 75% 71%
¥ OCP X+SD 19,13 + 12,41 2,73 +4,01 14,82 + 15,25 3,37+ 4,62
Me 23,38 0,12 7,82 0,47
(Xmin-Xmax) (0,15-36,55) (0,07-12,21) (0,07-41,26) (0,02-14,97)
>LOD% 100% 68% 73% 68%

Y$rednia arytmetyczna (X) + odchylenie standardowe (SD), 2mediana (Me), 3zakres (Xmin- Xmax), *ilo$¢ probek powyzej

granicy wykrywalnosci (>*LOD%)
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Obecnos¢ zwigzkoéw endosulfanu (>LOD) w wodzie pitnej stwierdzono $rednio
w 21,5% probek (endosulfan I - 2%, endosulfan Il - 63%, siarczan endosulfanu — 0 %).
Najwyzsza zawarto$¢ odnotowano w wodzie pitnej (0,71 ng/l) w kwietniu, przy $redniej
0,15 ng/l (Tab. 1). Zgodnie z obowigzujgcymi wytycznymi dotyczgcymi jakoSci
wody pitnej (Dz. U. poz. 2294, 2017) NDS dla aldryny, dieldryny, heptachloru i epoksydu
heptachloru wynosi 30 ng/l dla kazdego zwigzku. W calym okresie badawczym nie
odnotowano przekroczen, nie stwierdzono tez obecnosci epoksydu heptachloru. Biorac
pod uwagg Srednie roczne zawartosci aldryny, dieldryny 1 heptachloru w wodzie pitnej,
ksztattowaty si¢ one na poziomie, odpowiednio 1,17%, 1,69% i 0,33% NDS.

Suma OCP obejmuje stezenia poszczegdlnych pestycydow: cHCH, HCB, BHCH,
yHCH, 6HCH, heptachlor, aldryng, heptachlor epoksydu izomer B, endosulfan I,
pp'DDE, dieldryne, endryne, endosulfan II, pp'DDD, aldehyd endryny, siarczan
endosulfanu, pp'DDT, keton endryny, metoksychlor. Stwierdzona $rednia zawarto$¢
pozostalosci analizowanych pestycydow w wodzie pitnej w badanym okresie wyniosta
2,73 ng/l, stanowigc 0,55% NDS (500 ng/l) (Tab. 1). Nie stwierdzono tez przekroczen
poszczegbdlnych zwigzkéw w badanym okresie, przy czym najwyzsze zanotowane
stezenie (12,21 ng/l) stanowito maksymalnie 2,44% NDS sumy OCP (Dz. U. poz. 2294,
2017).

Istotnie wyzsze (p<0,05) zawarto$ci sumy OCP zaobserwowano w wodzie pitnej

w okresie od czerwca do grudnia 2018 r. w porownaniu do pozostatych okresow.

Scieki nieoczyszczone

Obecnos¢ zwigzkow HCH (>LOD) stwierdzono srednio w 84,4% probek sciekow
nieoczyszczonych (¢HCH - 83%, BHCH - 92%, yHCH - 79%, SHCH - 83%). Najwyzsza
srednig zawarto$¢ sumy HCH (17,06 ng/l) stwierdzono w $ciekach nieoczyszczonych w
listopadzie, a $rednia roczna wynosita 7,2 ng/l (Tab. 1).

Natomiast obecno$¢ metabolitow DDT (>LOD) stwierdzono s$rednio w 83%
probek (pp'DDE - 75%, pp'DDD - 92%, pp'DDT - 83%). Najwyzsza $rednig zawartos¢
sumy DDT i metabolitow odnotowano w $ciekach nieoczyszczonych (3,31 ng/l) w
czerwcu, a srednia roczna wynosita 0,91 ng/l. W grupie tych zwigzkoéw dominowat
metabolit pp'DDD (Tab. 1). Obecnos¢ zwigzkéw endosulfanu (>LOD) stwierdzono
srednio w 48% probek (endosulfan I - 50% , endosulfan Il - 79%, siarczan endosulfanu -
17%). Najwyzsza zawarto$¢ sumy pochodnych endosulfanu w listopadzie 3,27 ng/l, a

srednia w okresie badawczym wyniosta 1,34 ng/l. Podobnie jak w wodzie dominowat
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endosulfan II, bedacy najtrwalszym metabolitem (Tab. 1). Istotnie wyzsze (p<0,05)
zawartosci sumy OCP zaobserwowano w okresie od maja do listopada 2018 r. w

porownaniu do pozostatych okresow.

Scieki oczyszczone

Obecno$¢ zwigzkow HCH (>LOD) stwierdzono $rednio w 79% probek Sciekow
oczyszczonych (¢HCH - 79%, BHCH - 96%, yHCH - 71% , 60HCH - 71%). Najwyzsza
srednig zawartos¢ sumy HCH (6,3 ng/l) stwierdzono w $ciekach oczyszczonych w
czerwcu, przy $redniej w badanym okresie 1,94 ng/l. W grupie tych zwiazkow
dominowat izomer yHCH (Tab. 1).

Natomiast obecnos¢ metabolitow DDT (>LOD) stwierdzono $rednio w 78,5%
probek (pp'DDE - 73%, pp'DDD - 83%, pp'DDT - 79%). Réwniez w czerwcu
odnotowano najwyzsza zawarto$¢ sumy DDT 1 metabolitow (0,91 ng/l), przy sredniej
calorocznej 0,16 ng/l. W grupie tych zwigzkéw dominowat metabolit pp'DDD (Tab. 1).

Obecno$¢ zwiazkéw endosulfanu (>LOD) w $ciekach oczyszczonych
stwierdzono $rednio w 30% probek (endosulfan I - 21% , endosulfan Il - 67%, siarczan
endosulfanu - 4%), przy czym $rednia wyniosta 0,16 ng/l. Najwyzsza zawarto$¢ sumy
zwigzkow endosulfanu (0,68 ng/l) odnotowano w listopadzie (Tab. 1).

NDS dotyczace parametrow $ciekéw oczyszczonych wpuszczanych do wod w
tym OCP, okresla rozporzadzenie (Dz.U. poz. 1311, 2019). Zanotowane s$ladowe
zawartoéci pestycydow takich jak HCH, aldryna, DDT, HCB (od 0,01-10° do 4,9-10°®
mg/l) byly bliskie 0 mg/1, czyli NDS okreslonemu w rozporzadzeniu. Biorgc pod uwage
uzyskane wyniki Scieki oczyszczane wpuszczane do rzeki Odry nie stwarzajg zagrozenia
dla $rodowiska wodnego. Istotnie wyzsze (p<0,05) zawartosci sumy OCP
zaobserwowano w $ciekach oczyszczonych w czerwcu 1 lipcu 2018 r. w poréwnaniu do

pozostalych okresow.

7.1.2. Efektywnos¢ procesu uzdatniania wody i $ciekow
Efektywnos¢ oczyszczania wody

Poréwnujac zawarto$ci analizowanych zwigzkow w wodzie surowej i w wodzie
pitnej, na podstawie testu istotnosci Tukeya (p<0,05) stwierdzono istotny spadek
pozostalo$ci pestycydow w wodzie pitnej lub ich catkowita redukcje (od 46% - aHCH,
yHCH, dieldryna do 100% - endryna, siarczan endosulfanu, pp'DDD). Swiadczy to o

skuteczno$ci rozwigzan stosowanych do uzdatniania wody (Tab. 1).
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Efektywnos¢ oczyszczania sciekow

Jednoczesnie poréwnujac zawartos$ci analizowanych zwigzkow w Sciekach
nieoczyszczonych oraz w Sciekach oczyszczonych, na podstawie testu istotno$ci Tukeya
(p < 0,05) stwierdzono istotny spadek pozostalosci pestycydow w $ciekach
oczyszczonych lub ich catkowitg redukcje (od 37% - aHCH, BHCH, aldryna do 100% -
pp'DDD, siarczan endosulfanu, endryna). Swiadczy to w wiekszosci przypadkow o

skutecznos$ci rozwigzan stosowanych do oczyszczenia $ciekow (Tab. 1).

7.1.3. Szacowanie ryzyka zdrowotnego zwigzanego z konsumpcja wody pitnej
Szacowanie ryzyka zdrowotnego zwigzanego z konsumpcja wody pitnej oparto o
obliczenia wskaznikow LADD i HQ. Wartosci LADD, od 2,27-10° do 4,07-107
mg/kg/dzien, wskazaly na bardzo niskie dzienne pobranie OCP wraz z woda pitna.
Wartosci wspotczynnika HQ dla wody pitnej miescily sie¢ w granicach od 3,42-10° do

6,44-10°i byly znacznie ponizej wartosci granicznej 1, uznawanej za bezpieczna.

7.2. Pierwiastki sladowe (P4)

7.2.1. Analiza jakos$ciowa i ilosciowa

7.2.1.1. Pierwiastki niezbedne dla organizmu (mikroelementy)
Cynk

Zawarto$¢ cynku w wodzie surowej oraz uzdatnionej wahata si¢ w granicach,
odpowiednio: 0,008 — 0,069 mg/l i <LOD — 0,021 mg/l, a w $cieckach surowych oraz
oczyszczonych odpowiednio: 0,088 — 0,336 mg/l i 0,035 — 0,192 mg/I (Tab. 2).

Analizujac zalezno$ci pomigdzy parametrami pobranej wody, a ilo$cig
stwierdzonego cynku, nie zauwazono istotnych korelacji w przypadku wody do picia,
natomiast woda surowa (woda pobierana z Jeziora Miedwie i kierowana do
wieloetapowego procesu uzdatniania) latem 1 jesienig dodatnio korelowata z zawartoscia
jonow amonowych (r=0,836, r=0,576). W okresie jesiennym zaobserwowano tez
dodatnig wspoétzaleznos¢ z CHZT (1r=0,576).

W $ciekach natomiast istotne korelacje stwierdzono tylko w przypadku §ciekéw
oczyszczonych. I tak wiosng stwierdzono dodatnie zaleznosci z BZTs (r=0,720) i ujemne
z zawartos$cig azotu (r=-0,738), latem z CHZT (r=0,918), a jesienig ujemne z CHZT (r=-
0,738) i zawartoscig fosforu (r=-0,721). Porownujac stezenia cynku w r6znych porach
roku, zauwazono ze w przypadku wody do picia, istotne roznice (p<0,05) wystapity
pomiedzy poborami latem 1 zimg. Podobng zaleznos¢ stwierdzono w przypadku $ciekow

nieoczyszczonych.
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Tab. 2. stezenie pierwiastkow §ladowych (mg/l) w wodzie i $ciekach (P4)

Pierwiastek Sladowy Woda surowa Woda pitna Scieki nieoczyszczone Scieki oczyszczone
n=288 n=288 n=288 n=288

Zn X +SD! 0,026 +0,014 0,007 + 0,004 0,218 +0,096 0,080 + 0,030
Me? 0,023 0,008 0,207 0,074
(Xmin-Xmax)® (0,008-0,069) (<LOD-0,021) (0,088-0,536) (0,035-0,192)
>LOD%* 100% 98% 100% 100%

Ni X +SD 0,002 + 0,001 0,001 + 0,001 0,026 + 0,012 0,016 + 0,006
Me 0,002 0,0004 0,023 0,015
(Xmin~Xmax) (<LOD-0,004) (<LOD-0,003) (0,010-0,068) (0,006-0,041)
>L.OD% 98% 52% 100% 100%

Fe X+SD 0,021 +0,012 0,005 + 0,003 0,585 + 0,480 0,131+0,077
Me 0,019 0,004 0,344 0,116
(Xmin-Xmax) (0,002-0,068) (0,001-0,010) (0,058-1,863) (0,028-0,377)
>LOD% 100% 100% 100% 100%

Mn X +SD 0,008 + 0,004 0,003 + 0,002 0,057+ 0,022 0,035 +0,033
Me 0,007 0,003 0,053 0,029
(Xmin~Xmax) (0,003-0,020) (<LOD-0,007) (0,021-0,135) (0,012-0,240)
>LOD% 100% 91% 100% 100%

Cu X+ SD 0,004 + 0,002 0,001 + 0,001 0,042 + 0,023 0,014 + 0,007
Me 0,004 0,001 0,039 0,011
(Xmin-Xmax) (<LOD-0,008) (<LOD-0,005) (0,011-0,090) (0,008-0,040)
>L.OD% 98% 69% 100% 100%

Pb X+ SD 0,003 + 0,001 0,0001 + 0,0003 0,016 +0,013 0,006 + 0,001
Me 0,003 0 0,01 0,006
(Xmin~Xmax) (0,0005-0,006) (<LOD-0,001) (<LOD-0,056) (0,003-0,011)
>L.OD% 100% 8% 98% 100%

As X+ SD 0,002 + 0,001 0,001 +0,0005 0,014 + 0,004 0,006 + 0,004
Me 0,002 0,001 0,014 0,005
(Xmin-Xmax) (0,0001-0,004) (<LOD-0,002) (0,007-0,022) (0,003-0,018)
>L.OD% 100% 77% 100% 100%

4rednia arytmetyczna (X) + odchylenie standardowe (SD), 2mediana (Me), 3zakres (Xmin- Xmax), *ilo$¢ probek powyzej
granicy wykrywalnosci (~LOD%)
Nikiel

Zawartos¢ niklu w wodzie surowej oraz uzdatnionej wahata si¢ w granicach,
odpowiednio: <LOD — 0,004 mg/l i <LOD — 0,003 mg/l, a w $ciekach surowych oraz
oczyszczonych odpowiednio: 0,010 — 0,068 mg/l i 0,006 — 0,041 mg/I (Tab. 2). W catym
dwuletnim okresie badah nie zaobserwowano istotnych zalezno$ci pomigdzy
parametrami biochemicznymi wody pitnej i surowej a iloscig stwierdzanego niklu. Tylko
w $ciekach oczyszczonych, jesienia i zimg ilos¢ CHZT dodatnio korelowata z zawartoscia
niklu (r=0,639 i r=0,756). Zawarto$¢ azotu ogdlnego natomiast, jesienig korelowata z
niklem dodatnio (r=0,744), a zimg ujemnie (r=-0,693). [lo$¢ niklu w badanych probkach
roznila si¢ istotnie (p<0,05) pomig¢dzy porami roku: w wodzie pitnej - pomigdzy wiosng
a jesienig; w wodzie surowej - latem a zimg; a w $ciekach nieoczyszczonych - pomiedzy
latem a jesieniag. Poréwnujac zaleznosci pomigdzy dwoma  pierwiastkami w
poszczegdlnych porach roku w surowej wodzie zaobserwowano dodatnig zalezno$¢:
wiosng - Z poziomem arsenu (r=0,695); latem — z poziomem miedzi (r=0,633), a jesienig
z poziomem olowiu (r=0,641). W $ciekach nieoczyszczonych stwierdzono w okresie
jesiennym ujemna korelacj¢ z zawartoscig miedzi (r=-0,666) i dodatnig korelacje z

zawartoscig arsenu (r=0,815).
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Zelazo

Zawarto$¢ zelaza w wodzie surowej oraz uzdatnionej wahata si¢ w granicach,
odpowiednio: 0,002 — 0,068 mg/l i 0,001 — 0,010 mg/l, a w $ciekach surowych oraz
oczyszczonych odpowiednio: 0,058 — 1,863 mg/l 10,028 — 0,377 mg/l (Tab. 2). Parametry
biochemiczne wody i $ciekow takie jak CHZT, BZTs, fosfor ogolny i azot ogdlny wiosng
I jesienig nie wpltywaly na poziom zelaza. Latem ilo§¢ dwutlenku chloru dodatnio
wptywata (r=0,749) na poziom zelaza w wodzie pitnej. W wodzie surowej pobranej
latem, zaobserwowano ujemng korelacj¢ zelaza z zawartoscig azotanow (V) (r=-0,622).
W czasie zimy obserwowano ujemne zaleznosci pomigdzy zawarto$cig BZT, a zelazem
zardwno w $ciekach oczyszczonych jak i nieoczyszczonych. Ponadto zimg stwierdzono
dodatnie korelacje z CHZT w S$ciekach oczyszczonych. Latem, w $ciekach
nieoczyszczonych, zachodzity ujemne zaleznos$ci pomig¢dzy zawartoscig zelaza a fosforu
1 zawarto$cig azotu og6lnego. Pomiedzy wiosng a jesienig zaobserwowano istotne rdéznice
(p<0,05) w zawartos$ci zelaza w $ciekach oczyszczonych. W pozostalych sezonach nie
stwierdzono zmian. W surowej wodzie i w $ciekach oczyszczonych pobieranych wiosng
zaobserwowano istotng (p<0,05) zalezno$¢ dodatnig Zelaza z arsenem, a pobranych
jesienig — z cynkiem. Ponadto, w analizowanych $ciekach z okresu zimowego wykazano
dodatnig korelacje z otowiem.
Mangan

Zawarto$¢ manganu w analizowanych probkach wody nie przekraczata 0,02 mg/1,
a w probkach sciekow 0,240 mg/l (Tab. 2). Wiosng parametry biochemiczne wody 1
scieckow nie wpltywaly na poziom tego pierwiastka, za$ latem, jedynie w $ciekach
nieoczyszczonych zaobserwowano ujemne korelacje z zawartoscig fosforu ogélnego (r=-
0,650) i azotu (r=-0,637). W wodzie surowej i Sciekach oczyszczonych w okresie
jesiennym zachodzily istotne zmiany w zaleznosci od parametréw biochemicznych
pobranych probek, za§ zimga, stwierdzono dodatnie korelacje manganu z zawartos$cig
azotanow (V) (r=-0,609) i azotanow (III) (r=0,820). W wodzie pitnej dodatkowo
stwierdzono istnienie ujemnej zaleznosci z zawartoscig dwutlenku chloru (r=-0,626).
Rozpatrujac zaleznos$ci miedzy pierwiastkowe, zaobserwowano tylko jedna, dodatnig
korelacje z zawarto$cig miedzi w probkach Sciekdw oczyszczonych, pobranych wiosng.
Miedz

Zawarto$¢ miedzi w wodzie surowej oraz uzdatnionej wahala si¢ w granicach,
odpowiednio: <LOD - 0,008 mg/l i <LOD — 0,005 mg/l, a w Sciekach surowych oraz
oczyszczonych odpowiednio: 0,011 — 0,090 mg/l i 0,008 — 0,040 mg/l (Tab. 2).
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Parametry biochemiczne w nieznacznym stopniu wplywaly na ilo$¢ miedzi w
analizowanych probkach. Jedyne zmiany zachodzily w wodzie do picia i w wodzie
surowej. W $ciekach oczyszczonych w okresie jesiennym stwierdzono istotnie (p<0,05)
wyzsze zawartosci miedzi, niz w pozostalych porach roku. Scieki nieoczyszczone
natomiast charakteryzowaty si¢ najnizszym poziomem tego pierwiastka podczas zimy i
w znacznym zakresie byly to rdéznice istotne statystycznie. W Sciekach tych
zaobserwowano rowniez korelacje z zawarto$cig arsenu w okresie wiosennym i
jesiennym, przy czym wiosng byta to zaleznos¢ dodatnia (r=0,781), a jesienig ujemna (r=-
0,606).
7.2.1.2. Pierwiastki toksyczne
Otow i Arsen

Zawarto$¢ otowiu w wodzie surowej oraz uzdatnionej wahata si¢ w granicach,
odpowiednio: 0,0005 — 0,006 mg/l i <LOD — 0,001 mg/l, a w $ciekach surowych i
oczyszczonych odpowiednio: <LOD - 0,056 mg/l i 0,003 — 0,011 mg/l (Tab. 2).
Natomiast zawarto$¢ arsenu w wodzie surowej oraz uzdatnionej wahata si¢ w granicach,
odpowiednio: 0,0001 — 0,004 mg/l i <LOD - 0,002 mg/l, a w $ciekach surowych i
oczyszczonych odpowiednio: 0,007 — 0,022 mg/l i 0,003 — 0,018 mg/l (Tab. 2). Zmiany
parametréw biochemicznych w ograniczonym zakresie wplywaty na zawarto$¢ zarowno
olowiu jak i arsenu z wyjatkiem wiosny 1 lata w przypadku wody surowej, za§ zimy w
przypadku Sciekow. Zawarto$¢ otowiu w wodzie surowej istotnie rdznila si¢ pomigdzy
latem a jesienig. Rowniez w $ciekach nieoczyszczonych zaobserwowano istotng roznice
w ilosci olowiu pomigdzy wiosng a jesienig. Wiosng w $ciekach nieoczyszczonych
zaobserwowano najnizsze zawartosci arsenu, i byly one znaczace statystycznie w
odniesieniu do lata i zimy. W $ciekach oczyszczonych z kolei, w okresie letnim

stwierdzono istotnie wyzsze zawarto$ci tego pierwiastka, niz w pozostatych porach roku.

7.2.2. Efektywnos¢ procesu uzdatniania wody 1 $ciekow
Efektywnos¢ oczyszczania wody

Analizujac wptyw procesu uzdatniania wody na zmiany zawarto$ci wybranych
pierwiastkow, stwierdzono istotny (p<0,05) spadek pierwiastkéw §ladowych (w zakresie
od 48,5 do 97%) (Tab. 2). Swiadczy to o wysokiej skuteczno$ci rozwiazan stosowanych
do uzdatniania wody. Najmniejsza efektywno$¢ uzdatniania stwierdzono w stosunku do

arsenu 1 manganu, dla ktorych spadek zawartosci w wyniku uzdatniania wyniost
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odpowiednio 48,5% 1 57%. Najwyzsza efektywno$¢ uzdatniania stwierdzono w

przypadku otowiu (97%).

Efektywnos¢ oczyszczania sciekow

Analizujac wplyw procesOw oczyszczania Sciekow, stwierdzono istotny (p<0,05)
spadek pozostatosci pierwiastkow §ladowych (Tab. 2). Swiadczy, to o niepelne;
skuteczno$ci rozwigzan stosowanych w trakcie oczyszczania $ciekéw. Najmniejszg
efektywnos$¢ oczyszczania stwierdzono w stosunku do niklu i manganu dla ktoérych
spadek zawartoSci w wyniku uzdatniania wynidst odpowiednio 28,6% 1 34,8%.
Najwyzsza efektywno$¢ uzdatniania stwierdzono w przypadku zelaza (60,8%). Biorac
pod uwage, ze uzdatnione $cieki zawracane s3 do zbiornikow wodnych, moga one
stanowi¢ dodatkowe Zrédto pierwiastkéw §ladowych dla organizmow wodnych oraz dla
ich konsumentéw, a takze bezposrednio dla konsumentéw wody pitnej. W przypadku
sciekéw pobieranych w Oczyszczalni Pomorzany, stezenie pierwiastkoéw Sladowych
ksztaltowato si¢ ponizej warto§ci NDS we wszystkich badanych probkach, przyjmujac
zakres od 1,15% (Pb) do 6,23% (As) NDS (Dz. U. poz. 1311, 2019).

Tab. 3. Szacowanie ryzyka zdrowotnego zwigzanego z konsumpcja wody pitnej (P4)

. . . PTWI? srefinie , . . .
P's,el';ﬁ:iiytek ( £5Lg) (gkgt | PTWE | PTWI® | PTWIS | PTWIS St‘xm‘(’j%/ 1 P&‘;' PI%' PI%' P&\;'
ydz) pitnej)
As 0,0021 15 900 1050 180 570 1 156 | 1,67 5,06 2,46
Pb 0,0036 25 1500 1750 300 950 01l 009 | 010 0,30 0,15
Ni 0,005 35 2100 2450 420 1330 1 067 | 071 2,17 1,05
Zn 01 700 42,0 4900 | 8400 | 26,60 7 023 | 025 0,76 0,37
Mn 0,14 980 58,8 6860 | 1176 | 37,24 3 007 | 008 0,23 0,11
cu 05 3500 | 2100 | 24500 | 42,00 | 1330 1 001 | o001 0,02 0,01
Fe 08 5600 | 3360 | 39200 | 67,20 | 2128 5 002 | 002 0,07 0,03

'ADI — akceptowane dzienne pobranie (Yang i in. 2013); 2PTWI - tymczasowe tolerowane tygodniowe pobranie;
SPTWI — dla kobiet o $redniej masie ciata 60 kg i spozyciu 2 litréw wody pitnej; *PTWI - dla mezczyzn o $redniej
masie ciala 75 kg i spozyciu 2,5 litrow wody pitnej; SPTWI - dla dzieci w wieku 3 lat o $redniej masie ciata 12 kg i
spozyciu 1,3 litrow wody pitnej; SPTWI - dla dzieci w wieku 12 lat o $redniej masie ciata 38 kg i spozyciu 2 litréw
wody pitnej.
7.2.3. Szacowanie ryzyka zdrowotnego zwigzanego z konsumpcja wody pitnej
Szacowanie ryzyka zdrowotnego zwigzanego z konsumpcja wody pitnej oparto o
poréwnanie dawki pobranej z PTWI dla kazdego z pierwiastkow $ladowych. Wartos¢
PTWI dla kazdego pierwiastka przedstawiono w Tabeli 3. Przy zatozeniu spozycia wody
srednio 2 litréw dziennie (EFSA 2010), oraz masy ciata osoby dorostej 70 kg, srednie

tygodniowe pobranie poszczeg6élnych pierwiastkoéw w zadnym przypadku nie zostato
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przekroczone. Zakres warto$ci minimalnych i maksymalnych dla wartosci PTWI

pierwiastkow to zakres od 0,003% dla zelaza do 2,66% dla arsenu.

7.3. Polichlorowane bifenyle (P5)
7.3.1. Analiza jakos$ciowa i ilosciowa
Woda surowa

Najwyzszg zawarto$¢ sumy kongenerow non-orto PCB (1,54 ng/l) odnotowano w
kwietniu, przy czym w ponad 30% probek wykryto PCB 81 i PCB 169. Spo$rod mono-
orto kongeneréw w 25% probek wykryto PCB 114, ktorego najwyzsze stezenie wyniosto
0,82 ng/l. (Tab. 4).

Obecnos¢ kongeneréw ndl-PCB (>LOD) stwierdzono w zrdéznicowanej liczbie
probek, od 8% dla PCB 153, PCB 138 do 100% dla PCB 28, przy czym najnizsza
zawarto$¢ sumy ndl-PCB (0,06 ng/l) zanotowano w okresie zimowym w grudniu, a
najwyzsza (1,13 ng/l) w okresie letnim w lipcu (Tab. 4).

Na przestrzeni roku, istotnie wyzsze (p<0,05) zawartosci XPCB zaobserwowano
w okresie od kwietnia 2018 r. do lipca 2018 r. Najwyzsza zawarto$¢ sumy wszystkich
badanych kongeneréw PCB (dI-PCB i ndl-PCB) w wodzie surowej zanotowano w okresie
letnim w lipcu (4,81 ng/l) (Tab. 4).

Woda pitna

Obecnos¢ kongeneréw ndl-PCB (>LOD) wykryto w zréznicowane;j ilosci probek,
od 8% (PCB 153, PCB 138) do 88% (PCB 28), przy czym najnizsza zawarto$¢ sumy ndl-
PCB (0,05 ng/1) stwierdzono w maju, a najwyzsza (0,95 ng/l) w lipcu (Tab. 4).

Sposrod non-orto kongeneréw PCB 81 1 PCB 169 wykryto w 29% probek, a PCB
77 i PCB 126 odpowiednio w 8% i 17% probek. Najwyzsza zawarto$¢ non-orto PCB
(0,98 ng/l), jak i mono-orto PCB (1,51 ng/l) odnotowano w lipcu. Spo$rod mono-orto
PCB, najczesciej wykrywano PCB 114 (25%) (Tab. 4).

Scieki nieoczyszczone

Liczba probek, w ktorych stwierdzono obecnos¢ ndl-PCB (>LOD) wahata si¢ w
przedziale 8% - 100%. Najnizszg zawartos¢ sumy ndl-PCB (0,42 ng/l) stwierdzono w
pazdzierniku, a najwyzsza (14,05 ng/l) w listopadzie (Tab. 4).
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Tab. 4. Stezenie PCB (ng/l) w wodzie i $ciekach (P5)

Polichlorowane bifenyle Woda surowa, Woda pitna, Scieki Scieki
n =144 n =144 nieoczyszczone, 0CzyszCzone,
n=144 n=144
dI-PCB non- PCB 81 X +SD!? 0,11+0,17 0,07+0,12 0,35+0,33 0,11+0,12
ortho (Xemin-Xmax)® (<LOD-0,66) (<LOD-0,34) (<LOD-1,62) (<LOD-0,46)
>LOD%* 33% 29% 92% 58%
PCB 77 X +SD 0,02 £ 0,08 0,01 £0,05 0,20+ 0,37 0,03 £0,09
(Xemin-Xmax) (0,21-0,32) (0,10-0,24) (0,01-1,84) (0,02-0,33)
>LOD% 8% 8% 50% 17%
PCB 126 | x+SD 0,06 £0,11 0,02 £0,04 0,08 +0,12 0,01 £0,02
(Xemin-Xmax) (<LOD-0,35) (<LOD-0,21) (<LOD-0,43) (<LOD-0,09)
>LOD% 25% 17% 33% 21%
PCB 169 | x+SD 0,12+0,18 0,05+0,10 0,24 £ 0,25 0,09+0,11
(Xmin-Xmax) (<LOD-0,79) (<LOD-0,38) (<LOD-0,82) (<LOD-0,34)
>LOD% 38% 29% 63% 50%
dI-PCB mono- PCB 105 | x+SD 0,03 = 0,06 0,02 + 0,05 0,15+0,36 0,04 +0,10
ortho (Xemin-Xmax) (<LOD-0,20) (<LOD-0,17) (<LOD-1,75) (<LOD-0,47)
>LOD% 17% 13% 29% 17%
PCB 114 | x+SD 0,10+0,20 0,06 +0,12 0,13+0,34 0,06 +0,16
(Xemin-Xmax) (<LOD-0,82) (<LOD-0,44) (<LOD-1,70) (<LOD-1,01)
>LOD% 25% 25% 33% 25%
PCB 118 | x+SD 0,02 +0,07 0,01 +0,05 0,11+0,27 0,02 + 0,06
(Xmin-Xmax) (<LOD -0,32) (<LOD -0,17) (<LOD -1,26) (<LOD -0,33)
>LOD% 8% 8% 33% 21%
PCB 156 | x+SD 0,02 +0,07 0,02 + 0,06 0,11+0,26 0,02 £ 0,05
(Xmin-Xmax) (<LOD-0,32) (<LOD-0,28) (<LOD-1,34) (<LOD-0,20)
>LOD% 8% 8% 25% 17%
PCB 157 | x+SD 0,03+0,10 0,02 +0,07 0,07+ 0,26 0,02 +0,05
(Xmin-Xmax) (<LOD-0,39) (<LOD-0,32) (<LOD-1,37) (<LOD-0,18)
>LOD% 8% 8% 13% 13%
PCB 123 | x+SD 0,02 + 0,06 0,01 +0,04 0,13 +£0,36 0,03 £0,08
(Xemin-Xmax) (<LOD-0,29) (<LOD-0,19) (<LOD-1,71) (<LOD-0,31)
>LOD% 8% 8% 21% 17%
PCB 167 | x+SD 0,01 +0,04 0,01 +0,03 0,11+0,28 0,03 +0,07
(Xmin-Xmax) (<LOD -0,16) (<LOD -0,13) (<LOD -1,38) (<LOD -0,29)
>LOD% 8% 8% 25% 17%
PCB 189 | x+SD 0,02 £ 0,08 0,01 £0,05 0,11 +0,38 0,02 £ 0,05
(Xmin-Xmax) (<LOD-0,35) (<LOD-0,20) (<LOD-1,91) (<LOD-0,22)
>LOD% 8% 8% 25% 13%
ndl-PCB PCB 28 X +SD 0,22 +0,12 0,12+0,10 1,63 +2,28 0,47 +0,72
(Xmin-Xmax) (0,04-0,48) (<LOD -0,40) (0,20-11,10) (0,02-3,25)
>LOD% 100% 88% 100% 100%
PCB 52 X+ SD 0,12+0,13 0,04 + 0,07 0,56 +0,73 0,16 +0,22
(Xmin-Xmax) (<LOD-0,44) (<LOD-0,29) (0,07-3,62) (<LOD-0,86)
>LOD% 63% 42% 100% 71%
PCB 101 | x+SD 0,02 +0,04 0,01 +0,04 0,31+0,52 0,04 + 0,07
(Xmin-Xmax) (<LOD-0,16) (<LOD-0,15) (<LOD-2,50) (<LOD-0,31)
>LOD% 13% 13% 71% 42%
PCB 153 | x+SD 0,01 +0,03 0,01 +0,03 0,16 +0,56 0,03 +0,07
(Xmin-Xmax) (<LOD-0,13) (<LOD-0,13) (<LOD-2,87) (<LOD-0,36)
>LOD% 8% 8% 33% 21%
PCB 138 | x+SD 0,01 +0,03 0,01 +0,02 0,16 +0,56 0,02 +0,07
(Xmin-Xmax) (<LOD-0,13) (<LOD-0,09) (<LOD-2,89) (<LOD-0,38)
>LOD% 8% 8% 33% 17%
PCB 180 | x+SD 0,00 + 0,00 0,00 + 0,00 0,11+0,52 0,02 +0,09
(Xmin-Xmax) (<LOD-0,00) (<LOD-0,00) (<LOD-2,69) (<LOD-0,48)
>LOD% 0% 0% 8% 8%
X PCBs X+ SD 0,98+1,16 0,55+ 0,88 4,88 +6,47 1,30+ 1,49
Me? 0,60 0,31 2,55 0,65
(Xmin-Xmax) (0,06-4,81) (<LOD-3,81) (0,45-32,13) (0,02-6,21)
>LOD% 100% 92% 100% 100%

Y4rednia arytmetyczna (X) + odchylenie standardowe (SD), 2mediana (Me), 3zakres (Xmin- Xmax), “ilo$¢ probek powyzej

granicy wykrywalnosci (>*LOD%)
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Uzgledniajac ndl-PCB, podobnie jak w wodzie, dominowat PCB 28 (0,2-11,1
ng/l). Sposrod non-orto PCB, w najwyzszej ilosci probek (92%) wykryto kongener PCB
81. Najwickszg zawarto$¢ sumy non-orto PCB (3,62 ng/l) odnotowano w listopadzie.
Biorac pod uwagg mono-orto PCB w najwigkszej ilosci probek (33%) wykryto PCB 114
i PCB 118.

Zarowno najwigkszg zawarto$¢ sumy kongeneréw mono-orto PCB (12,33 ng/l)

jak 1 catkowitg zawartos¢ XPCB (32,13 ng/l) stwierdzono w okresie jesiennym w

listopadzie (Tab. 4).

Scieki oczyszczone

Obecno$¢ poszczegdlnych ndl-PCB zanotowano w zréznicowanej ilosci probek,
od 8% do 100%. We wszystkich probkach byt obecny PCB 28 (od 0,02 do 3,25 ng/l),
ktory charakteryzowat si¢ najwyzszg zawartoscig. Najnizsza zawartos¢ sumy ndl-PCB
(0,02 ng/l) stwierdzono w listopadzie, a najwyzsza (4,06 ng/l) w lutym. (Tab. 4).

Sposrdd non-orto kongeneréw w najwyzszej ilosci probek (58%) wykryto PCB
81. Najwigksza zawarto$§¢ sumy kongeneréw non-orto PCB (0,82 ng/l) odnotowano w
okresie letnim w lipcu. Biorgc pod uwage mono-orto PCB, w najwigkszej ilosci probek
wykryto PCB 114 (25%), a maksymalng zawarto$¢ stwierdzono w okresie jesiennym w
listopadzie (1,33 ng/l). ROwniez w poréwnaniu do pozostatych okresoéw istotnie wyzsze

zawartosci XPCB (6,21 ng/l) odnotowano w tym okresie (Tab. 4).

7.3.2. Efektywnos¢ procesu uzdatniania wody 1 $ciekow
Efektywnos¢ uzdatniania wody

Analiza wody przed i po uzdatnianiu pozwolita na oszacowanie stopnia
skutecznosci redukcji kongeneréw PCB, ktory wahat si¢ od 4 do 100%. Swiadczy to o
roznej skutecznos$ci zastosowanych rozwigzan uzdatniania wody. Proces byt najmniej
skuteczny w przypadku PCB 28 i PCB 101, a najbardziej wydajny w przypadku redukcji
PCB 52, PCB 126, PCB 169, PCB 105.

Uwzgledniajac parametry biochemiczne wody stwiedzono ponadto stabe ujemne
korelacje (p<0,05) miedzy pH wody surowej, a zawarto$cig wigkszosci kongenerow (r=-
0,43-0,29) oraz stabe dodatnie korelacje miedzy zawarto$cig jondw azotanowych (V), a
stezeniem poszczegdlnych zwigzkow PCB (r=0,20-0,32). Podobne zaleznosci
stwierdzono dla wody pitnej, tj. stabe dodatnie korelacje (p < 0,05) miedzy zasadowos$cia

wody pitnej, a zawarto$cig wiekszosci kongenerow (r=0,14-0,38) oraz stabe dodatnie
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korelacje migdzy zawartoscig jonow azotanowych (V) oraz stezenie kongeneréw PCB
(r=0,27-0,45).
Efektywnos¢ uzdatniania sciekow

Analizujac wpltyw proceséw oczyszczania sciekow, stwierdzono istotny (p <0,05)
spadek pozostatosci PCB (w zakresie od 38 do 98%) lub catkowita redukcje¢ niektorych
kongeneréw (np. PCB 52, PCB 101, PCB 81, PCB 123, PCB 118, PCB 114, PCB 169,
PCB 189, PCB 156, PCB 167) (Tab. 4). Swiadczy to o do§¢ wysokiej skutecznosci
rozwigzan stosowanych do oczyszczenia $ciekow. Najmniejszg efektywnosé
oczyszczania stwierdzono w stosunku do PCB 157. Ponadto zanotowano stabe dodatnie
korelacje (p<0,05) pomigdzy pH $ciekdw nieoczyszczonych, a sumg analizowanych
kongenerow (1r=0,32) oraz bardzo slabe dodatnie korelacje pomiedzy catkowity
zawartoscig azotu, a stezeniem niektorych zwigzkow PCB (1=0,10-0,26).

Jednoczesna analiza $ciekow 1 wody ma istotne znaczenie dla konsumenta ze
wzgledu na to, ze uzdatnione $cieki zawracane sg do wod, mogac stanowi¢ dodatkowe
zrédto tych zwigzkéw dla organizmoéw wodnych. Ze wzgledu na brak odniesien do

wartosci NDS dla PCB w wodzie pitnej, trudno jest dokona¢ porownan w tym zakresie.

7.3.3. Szacowanie ryzyka zdrowotnego zwigzanego z konsumpcjg wody pitne;j

Obecnos¢ pozostatosci dI-PCB przedstawiono w postaci TEQ. Przy zatozeniu
spozycia wody $rednio 2 litréw dziennie, TWI 2 pg-TEQ/kg masy ciala/tydzien (Tsindos
2012, EFSA 2018), oraz masy ciata osoby dorostej 70 kg, obliczono, ze wraz ze
spozyciem wody pitnej konsument pobiera 0,001 - 6 pg-TEQ/kg m.c./tydzien. Przy
medianie wynoszacej 0,15 pg-TEQ/kg m.c./tydzien, stanowi to 7,5% TWI.

8. WNIOSKI

1. W odniesieniu do obowigzujacych norm zawarto§¢ OCP w wodzie i §ciekach byta
niska. Proces uzdatniania wody istotnie obnizat st¢zenie OCP, w zakresie 0d 46%
(aHCH, yHCH, dieldryna) do 100% (endryna, siarczan endosulfanu, pp'DDD)
(Srednio 0 80%). W wyniku oczyszczania $ciekow nastgpowala redukcja
analizowanych pestycydéw od 37% (aHCH, BHCH, aldryna) do 100% (pp'DDD,
siarczan endosulfanu, endryna) (P3).

2. Zawarto$¢ pierwiastkow s$ladowych w wodzie i $ciekach byla niska i nie
przekraczata dopuszczalnych zawarto$ci. Zakres wartosci minimalnych i

maksymalnych PTWI wynosit od 0.003% dla zelaza do 2.66% dla arsenu (P4).
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9.

Obecnie stosowane metody uzdatniania wody i $ciekow nie zapewniajg
catkowitego usuniecia pierwiastkow toksycznych, a jedynie od 28 do 97%, w

zalezno$ci od rodzaju pierwiastka (P4).

. Proces uzdatniania wody wptywalt w rdéznym stopniu na zmniejszenie

pozostatosci kongenerow PCB. Redukcja ta wahata si¢ od 4% (PCB wg IUPAC
nr 153, 167, 209) do 100% (PCB wg IUPAC nr 52, 126, 169, 105) (P5).
Szacujac stopien narazenia konsumenta na obecnos$¢ pozostatosci dI-PCB
stwierdzono, ze wraz ze spozyciem wody pitnej pobiera on od 0,001 do 6 pg-
TEQ/kg m.c./tydzien. Przy medianie wynoszacej 0,15 pg-TEQ/kg m.c./tydzien,
stanowi to 7,5% TWI (P5).

. Proces oczyszczania $ciekoéw istotnie obnizat stezenie PCB, od 38% (PCB 169,

123, 167, 157) do 98% (PCB 101, 138, 77, 126, 156, 189). Zanotowane $ladowe
zawarto$ci PCB w $ciekach oczyszczonych wahaty sie od 0,02-10° do 6,21-10°
mg/l (P5).

. Konieczne jest kontynuowanie badan nad skuteczno$cia roéznych metod

uzdatniania wody, a takze uwzgledniania spozycia wody pitnej przy szacowaniu
pobrania OCP, pierwiastkow §ladowych i PCB wraz z zywnoscig spozywang
przez ludzi, ze wzgledu na jej wysoka konsumpcje¢ (P3, P4, P5). Wskazana jest
dalsza analiza wody pitnej pod katem zawartosci OCP, PCB i pierwiastkéw
Sladowych na terenie miasta Szczecina u koncowego odbiorcy z powodu
zmiennego stanu sieci wodociggowej 1 braku szeroko zakrojonych badan w tym

zakresie.
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ZAGROZENIA ZDROWIA

WSTEP

Woda warunkuje zycie i funkcjonowanie
organizméw zywych. Jest tez waznym ele-
mentem umozliwiajacym utrzymanie higieny
ludzi, shuzy do przygotowywania zywnosci i
napojow, a przede wszystkim bezposrednio
do konsumpcji. Stanowi rowniez cenny su-
rowiec dla przetworstwa, jest rowniez wyko-
rzystywana do czyszczenia i sterylizacji po-
mieszczen, aparatury przemyshu spozywcze-
go, maszyn i urzadzen. Niezbedna jest takze
jako srodek pomocniczy w procesach tech-
nologicznych, takich jak mycie, ptukanie czy
czyszczenie surowcow (np. w przetworstwie
owocowo-warzywnym), a takze jako dodatek
w procesie produkcyjnym, np. w przetwor-
stwie miesnym [np. kutrowanie (rozdrabnia-
nie) miesa z wodg i lodem], jak réwniez w
browarnictwie czy wytworniach alkoholi. Jest
tez niezbednym surowcem do produkcji lodu
czy pary, stosowanych w produkcji zywnosci
(LUBKOWSKA 2016).

Woda wykorzystywana w przemysle spo-
zywczym, podobnie jak woda pitna, niezalez-
nie od pochodzenia, musi spelnia¢ okreslone
parametry jakosciowe, zgodnie z Rozporza-
dzeniem Ministra Zdrowia z 2017 r. (Dz. U.
2017, poz. 2294) (Tabela 1).

W krajach Unii Europejskiej nadrzedna i
obowiazujaca dyrektywa, regulujaca parame-
try jakosciowe wody przeznaczonej do spozy-
cia dla ludzi, jest Dyrektywa Rady 98/83/
WE (DYREKTYWA 1998). Zgodnie z jej zapi-
sami woda pitna powinna by¢ pozbawiona
mikroorganizmow, pasozytow i szkodliwych
substancji, ktore moglyby by¢ niebezpiecz-

ne dla zdrowia ludzkiego. Co trzy lata kraje
cztonkowskie sg zobligowane do skladania
do Komisji UE sprawozdania dotyczacego ja-
kosci lokalnej wody pitnej. Na tej podstawie
raz na S5 lat dokonuje sie¢ weryfikacji para-
metréw mikrobiologicznych, chemicznych i
wskaznikowych oraz sposobéw ich monitoro-
wania. Dyrektywa nie odnosi sie do natural-
nych wod mineralnych i wod uznanych za
lecznicze (DYREKTYWA 1998).

RODZAJE ZANIECZYSZCZEN WODY
PITNEJ

W wodzie pitnej, ze wzgledu na zrédla
jej pozyskiwania, moga znalez¢ sie rozne
zanieczyszczenia, czesto trudne do usunie-
cia podczas rutynowych metod oczyszczania.
Wiele z tych zwiazkéw nie jest réwniez ob-
jetych koniecznoscia stalej kontroli (Dz. U.
POZ. 2294 2017, DYREKTYWA 1998).

Zrodla zanieczyszczen wody mozna po-
dzielic na: obszarowe, punktowe i liniowe.
Zrodta obszarowe dostarczaja zanieczysz-
czen z duzych terenéw, np. rolnych, le-
$nych, miejskich czy przemyslowych, a tak-
ze sktadowisk odpadéw. Zrédlami punktowy-
mi moga by¢ np. wycieki ze zbiornikéw lub
przewodow odprowadzajacych Scieki do rzek.
Natomiast zrédia liniowe dostarczaja zanie-
czyszczen z drog transportowych, linii kole-
jowych czy drog wodnych (CHELMICKI 2001).

Do zanieczyszczen wod zalicza sie: deter-
genty, chloro- i bromopochodne weglowodo-
row aromatycznych, fenole, cyjanki, poten-
cjalnie toksyczne pierwiastki $ladowe (kadm,
rte¢, oléw, chrom, nikiel, arsen) i wiele in-

Slowa kluczowe: bezpieczenstwo zdrowotne, ksenobiotyki organiczne, pestycydy, woda pitna
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Tabela 1. Maksymalne dopuszczalne zawartosci zwiazkéw w wodzie przeznaczonej do picia, uwzgled-

nione w Rozporzadzeniu Ministra Zdrowia (Dz. U.

POZ. 2294 2017).

Parametr

Maksymalne dopuszczalne stezenie

Benzo(a)piren

2~ Wielopierscieniowych weglowodoréw aromatycznych

Pestycydy (organiczne: insektycydy, herbicydy, fungi-
cydy, nematocydy, akarycydy, algicydy, rodentycydy,
slimicydy, a takze produkty pochodne)

%~ Pestycydow (suma poszczegblnych pestycydow)
Bromodichlorometan

Trichlorometan (chloroform)

Trihalometany — ogétem (£ THM)

0,010 pg/1

0,10 pg/l (suma stezen zwiazkow:

— benzo(b)fluoranten,

— benzo(k)fluoranten,

— benzo(ghi)perylen,

— indeno(1,2,3-cd)piren)

0,10 pg/l (Wartos¢ te stosuje sie do poszczegolnego pe-
stycydu. W przypadku aldryny, dieldryny, heptachloru
i epoksydu heptachloru warto§¢ parametryczna wynosi
0,030 pg/])

0,50 ng/l1

0,015 mg/1

0,030 mg/1

100 pg/1 Trihalometany — ogoétem (X THM) - suma stezen
zwigzkow:

— trichlorometan (chloroform),

— bromodichlorometan,

— dibromochlorometan,

— tribromometan (bromoform)

nych substancji. Obecnos$¢ detergentéow sto-
sowanych powszechnie w procesach prania
lub mycia, zaréwno w gospodarstwach do-
mowych, jak i zakladach przemystowych,
skutkuje pienieniem sie wod i ograniczeniem
dyfuzji tlenu z powietrza. Zrodtem cyjan-
kow, fenoli, wielopierscieniowych weglowo-
doréw aromatycznych i amin aromatycznych
sg czesto Scieki przemystowe, pochodzace
z odplywéw z zakladow chemicznych, kok-
sowni, gazowni, zakladow farmaceutycznych
czy energetycznych (KRECHNIAK 2005, CHAU
2005, SIMAZAKI i wspoétaut. 2015).

Ponadto, wtérnym zrodlem zanieczysz-
czen wody moze by¢ proces uzdatniania, tj.
chlorowania wod, podczas ktorego dochodzi
do powstania produktéw ubocznych w po-
staci zwigzkéw chlorowcowych, ktorych pre-
kursorem sa substancje humusowe zawarte
naturalnie w wodzie. Do najgrozniejszych
zalicza sie trihalometany (THM) (DURMISHI i
wspotaut. 2015).

UZDATNIANIE WODY

Zaréowno wody powierzchniowe, jak i
gruntowe moga zawieraC zanieczyszczenia
mineralne, organiczne, a takze drobnoustro-
je. Aby mogly wiec stanowi¢ zrodlo wody

pitnej, przed wprowadzeniem do sieci wo-
dociagowej musza zosta¢ poddane procesom
uzdatniania (CYBULSKA 2012).

Proces wuzdatniania wody obejmuje za-
zwyczaj nastepujace etapy: filtracje, napo-
wietrzanie, koagulacje, sedymentacje, se-
dymentacje przez zloze piaskowe i weglowe
oraz dezynfekcje. Filtracja polega na przej-
Sciu poddanej oczyszczaniu wody przez kra-
townice, mikrosita, filtry mechaniczne i siat-
kowe. Podczas tego etapu usuwane sa ciala
stale, zawiesiny organiczne i nieorganiczne,
ktére moga spowodowac uszkodzenie lub za-
mulenie urzadzen w dalszych etapach proce-
su. Nastepnym etapem jest napowietrzanie,
ktory polega na natlenieniu wod powierzch-
niowych i usunieciu gazéow, np. CO,, CH, i
H,S. Proces ten tworzy wilasciwe Srodowisko
do hydrolizy i utleniania zelaza i manganu,
a takze zapobiega pogorszeniu cech organo-
leptycznych wody (KOWAL i SWIDERSKA-BROZ
2007). Kolejnym etapem uzdatniania jest ko-
agulacja z siarczanem zelaza lub siarczanem
glinu. Z koagulacjg zwigzana jest czesto flo-
kulacja, umozliwiajaca opadanie wickszych
czastek na dno. W wyniku wymieszania ko-
agulantu z woda, usuwane sa czastki kolo-
idalne, decydujace o metnosci i intensywno-
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Sci barwy wody (skrobia, celuloza, biatka i
barwniki) (KRUPINSKA 2011).

Podczas nastepnej fazy uzdatniania woda
poddawana jest sedymentacji zachodzacej w
basenach, w ktérych przeplywa z niewiel-
ka predkoscia. Pozbawiona zawiesin woda
jest przenoszona do zbiornika, a pozostalty
na dnie osad jest usuwany. Nastepnie woda
jest poddawana filtracji na ztozu filtracyjnym
piaskowym (drobnoziarnisty piasek podscie-
lony zwirem). Do usuniecia zanieczyszczen
organicznych wykorzystuje sie filtracje przez
silnie porowate zloze weglowe (wegiel drzew-
ny, antracyt, potkoks, wegiel kamienny lub
brunatny) (JAHANSHAHI i TAGHIZADEH 2018).

Ostatnim etapem uzdatniania wody jest
dezynfekcja, ktorej zadaniem jest likwidacja
organizméw chorobotwoérczych. W przypad-
ku, gdy w wodzie obecne sa glony, proces
dezynfekcji wykonuje sie rowniez przed roz-
poczeciem jej uzdatniania. Czestym sposo-
bem dezynfekcji jest chlorowanie. Alterna-
tywnie lub dodatkowo stosuje sie takze ozo-
nowanie (BRANZ i wspétaut. 2017).

PROBLEM JAKOSCI WODY ZDATNEJ
DO PICIA

Mimo wieloetapowych proceséw oczysz-
czania, jako$¢ wody pitnej w réznych kra-
jach moze budzi¢ obawy, ze wzgledu na
obecnos¢ w niej toksycznych zanieczyszczen,
zwlaszcza pozostalosci pestycydow, farma-
ceutykow czy innych substancji genotok-
sycznych, czesto trudnych do usuniecia w
klasycznym procesie uzdatniania (LI i wspol-
aut. 2006, MEKONEN i wspétaut. 2016). Do-
tyczy to miedzy innymi niektorych zwiazkéw
zaliczanych do trwalych zanieczyszczen orga-
nicznych (TZO), takich jak pestycydy chlo-
roorganiczne, polichlorowane bifenyle (PCB),
dioksyny czy heksachlorobenzen (HCB).
Oproécz trwalosci i odpornosci na czynniki
chemiczne i biologiczne, zwiazki ten cechuje
dobra rozpuszczalnos¢ w thluszczach, a ni-
ska w wodzie, co sprzyja ich bioakumulacji
w organizmach zywych (RODRIGUEZ i wspol-
aut. 2008, WAN i wspoétaut. 2010, PERELLO
i wspétaut. 2012). Jednak pomimo ich ni-
skiej rozpuszczalnosci w wodzie, obserwuje
sie w niej ich sladowe ilosci, np. w formie
zaadsorbowanej na czastkach statych (LANA i
wspotaut. 2008, PAWELCZYK 2013).

W ostatnich latach zwraca sie uwage,
ze woda pitna moze by¢ zrodlem zwigzkow
oddzialujacych na uklad endokrynny. Do
substancji tych, zwanych zwiazkami endo-
krynnie czynnymi (ang. endocrine disrup-
tors, EDC), naleza miedzy innymi: bisfenol A
(BPA), estrogeny, androgeny, dioksyny, poli-
chlorowane bifenyle i pestycydy (np. DDT).
BPA, bedacy skladnikiem (monomerem) two-

rzyw poliweglanowych, moze przenika¢ do
wod i zywnosci z naczyn i opakowan. Nie-
pokéj wzbudzaja takze doniesienia na temat
obecnosci w wodzie Sladowych ilosci hormo-
néw, czego przykladem moze by¢ obecnosé
estradiolu, steroli, estriolu w Sciekach, a
takze w oczyszczonych wodach powierzch-
niowych (FENG i wspoélaut. 2016, WEE i ARIS
2017).

WYBRANE ZANIECZYSZCZENIA
OBECNE W WODZIE

Obecnos¢ BPA i etynyloestradiolu wykry-
to, m.in. w wodzie w Brazylii (MELO i BRI-
TO 2014), jednak na szczescie w niewiel-
kich ilosciach. Bisfenol A stwierdzono takze
w Libanie w wodzie butelkowanej (DHAINI i
NAssiF 2014). EDC sa czesto wykrywane w
zrodlach wody pitnej w krajach na calym
Swiecie, miedzy innymi na Tajwanie (GOU i
wspotaut. 2016), w Chinach (CAI i wspo6l-
aut. 2015, L1 i wspétaut. 2015), Japonii (SI-
MAZAKI i wspoétaut. 2015), Singapurze (XU i
wspotaut. 2011, TRAN i wspotaut. 2013) czy
w Hiszpanii (HUERTA-FONTELA i wspoélaut.
2011, DE JESUS GAFFNEY i wspotaut. 2015,
WEE i ARIS 2017).

W latach 50-70. XX w. PCB byly po-
wszechnie produkowane na skale przemysto-
wa. Dzieki swoim wlasciwosciom, tj. niskie-
mu przewodnictwu elektrycznemu, wysokie-
mu przewodnictwu cieplnemu, odpornosci
na wysokie temperatury oraz odpornosci na
dzialanie kwasow i zasad, byly szeroko sto-
sowane w ukladach zamknietych (akumu-
latory, transformatory, wymienniki ciepta) i
otwartych (dodatki do farb, lakieréw, sma-
row). Trwalos¢ i toksycznos¢ PCB oraz udo-
wodniony szkodliwy wplyw na organizmy,
spowodowaly wprowadzenie zakazu ich pro-
dukcji i stosowania (PEREIRA 2004). Z uwagi
na wieloletni okres potowicznego rozkladu,
polichlorowane bifenyle do dzisiaj sa wykry-
wane w Srodowisku (WITCZAK i ABDEL-GA-
wAD 2012, FICEK i Czupior. 2013, PAWELCZYK
2013, WIrczAK i wspoétaut. 2018). Przedosta-
waniu sie PCB do woéd i osadéw dennych
sprzyjaly takze wycieki i nieczystosci pocho-
dzace ze statkow, czy tez wycieki z konden-
satorow i transformatorow (STEC i wspoétaut.
2012). Ich obecnos¢ w glebie zwiazana byla
z opadami aerozoli z powietrza oraz wymy-
waniem zakopanych w ziemi zanieczyszczen
przemystowych (HE i wspétaut. 2011, WAN
i wspoétaut. 2011, KUMAR i wspoétaut. 2012,
FICEK i Czupior 2013).

Zwiazki te przez wiele lat dostawaly sie
do rzek, jezior i wod przybrzeznych wraz
ze Sciekami przemystowymi i komunalny-
mi oraz w wyniku transportu powietrznego.
Przyktadowo, w Egipcie, gdzie gléwnym zro-
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diem wody pitnej jest rzeka Nil, obserwuje
sie nadal wysoki stopien zanieczyszczenia
wod polichlorowanymi bifenylami (MEGAHED i
wspotaut. 2015).

Przykladem badan prowadzonych w Pol-
sce moga by¢ wyniki uzyskane przez SULEJ
i wspotaut. (2011), ktérzy stwierdzili obec-
nos¢ polichlorowanych bifenyli w iloSciach
60-440 ng/l w wodach splywowych z terenu
lotniska w Gdansku. Jak podaje PAWELCZYK
(2013), srednie stezenie sumy PCB w wodzie,
pochodzacej z uje¢ we Wroclawiu, ksztalto-
walo sie na poziomie 452 ng/l. Nizsze za-
wartosci, od 5,2 do 190,8 ng/l, stwierdzo-
no w Czechach w potudniowych Morawach
(LANA i wspoélaut. 2008). W potudniowej
Turcji zas wartosci te byly znacznie wyzsze
niz obserwowane w innych krajach Europy
i wynosity 505-2377 ng/l (AYDIN i wspoélaut.
2004). Badania prowadzone w Chinach wy-
kazaly duze rozpietosci stezen sumy PCB w
wodzie rzeki Pearl River, Minjiang (91-2473
ng/l), za§ duzo nizsze poziomy zanotowa-
no w rzece Jangcy (0,21-44,4 ng/l) (HE i
wspoélaut. 2011), a takze w Kunming na po-
tudniu Chin (13-72 ng/l) (WAN i wspoétaut.
2011). Biorac pod uwage obszar Afryki, w
Nigerii i Etiopii réwniez stwierdzono wyso-
kie stezenia sumy PCB w wodach rzecznych
(30-2930 ng/l) (EZzEMONYE 2005, OKENIYIA i
wspoétaut. 2009). Natomiast w rzece Jamun
w Indiach zanotowano znacznie nizsze steze-
nia tych zwiazkow (Srednio 99138 ng/l) (KuU-
MAR i wspotaut. 2012).

Dioksyny obejmuja grupe 75 kongenerow
PCDD (polichlorowane dibenzo-p-dioksyny) i
135 PCDF (polichlorowane dibenzofurany).
Ich obecnos¢ w przyrodzie jest glownie wy-
nikiem ubocznym dziatalnosci czlowieka, t;.
wytwarzania energii, spalania odpadéw, wy-
ciekow, produkcji chlorowanych zwiazkow
(np. impregnaty), a takze wytopu metali,
m.in. aluminium (PEREIRA 2004).

Wyniki badan RODRIGUEZ i wspoétaut.
(2008) wykonanych w Perth (Australia) udo-
wodnily wystepowanie niskich, nie zagraza-
jacych zdrowiu ludzi, stezen dioksyn w Scie-
kach i wodach powierzchniowych. Potwier-
dza to fakt, ze woda ma znikomy udziat (ok.
0,01%) w ogélnym narazeniu ludzi na diok-
syny, w poroéwnaniu z zywnoscia, szczegol-
nie pochodzenia zwierzecego.

Inna wazna grupe zanieczyszczen sta-
nowig wielopierscieniowe weglowodory aro-
matyczne (WWA), ktorych zZréodlem moga
by¢ pozary lasow czy procesy naturalnie
zachodzace w Srodowisku, np. biosynteza i
przemiany zwiazkéw pod wplywem mikro-
organizméw w glebie. Jednak gléwna przy-
czyna ich wystepowania w wodach réznego
pochodzenia jest dzialalnos¢ czlowieka. Do
glownych zrédet naleza: przetwarzanie we-

gla kamiennego i ropy naftowej w hutach i
koksowniach, spalanie paliw i drewna, uty-
lizacja odpadow, asfalt, z ktorych zwiazki te
dostaja sie do gleby, a nastepnie do waod.
Znaczacy wplyw maja takze Scieki przemy-
slowe i gospodarcze oraz wysypiska odpa-
dow. WWA w wodzie pitnej wykryto w wie-
lu krajach swiata, miedzy innymi w Iranie,
Egipcie (2,01-733,01 ng/l) czy w Chinach,
gdzie zawartosci te byly nieznacznie mniej-
sze (KARYAB i wspoétaut. 2013).

Trihalometany (THM) sa zwiazkami, zali-
czanymi do halogenowych pochodnych we-
glowodorow, do ktorych naleza: chloroform,
bromoform, dibromometan i dichlorometan
(DURMISHI i wspoétaut. 2015). Moga one po-
wstawaé samoczynnie podczas uzdatniania
wod w procesie dezynfekcji jako produkt
uboczny, w wyniku reakcji Srodka dezyn-
fekujacego (chlor, ozon, chloraminy, brom,
jod) z naturalnie wystepujaca materia or-
ganiczna (np. substancje humusowe). Ich
tworzeniu sprzyja takze kontakt ze Scie-
kami przemyslowymi, zawierajacymi chlor.
Wystepuja réwniez naturalnie w wodach
powierzchniowych, wraz z substancami hu-
musowymi (prekursorami). Organizm czlo-
wieka moze mieé¢ kontakt ze zwigzkami THM
podczas spozycia skazonej wody oraz przez
skoére (RICHARDSON i wspétaut. 2007, PAN-
TELAKI i VOuTsA 2017). Badania wody pitnej
przeprowadzone w Stanach Zjednoczonych
w Kalifornii w latach 2014-2015 wykazaly
sumaryczne stezenie THM §rednio na pozio-
mie 27 pg/l, przy czym maksymalne steze-
nie tych zwigzkow wyniosto 229 ug/l (OEHHA
2018).

Pestycydy, do ktorych zaliczane sa zwiaz-
ki o bardzo réznorodnej strukturze chemicz-
nej i wlasciwosciach, od lat wykorzystywane
sa do zwalczania chwastéow, stymulowania
wzrostu upraw czy unieszkodliwiania szkod-
nikow (insektycydy). Ze wzgledu na wlasci-
wosci biobéjcze, obecnos¢ ich pozostatosci w
wodzie pitnej moze wplywaé na obnizenie jej
jakosci i stwarza¢ zagrozenie dla konsumen-
tow (YOUNES i GALAL- GORCHEV 2000, BRZE-
ZINSKI i SzZUTOWSKI 2005, ORMAD i wspoélaut.
2008). Przyczyna dostawania sie insektycy-
dow do wod moze by¢ nierozwazne i nie-
Swiadome obchodzenie sie¢ z pestycydami,
niewlasciwe ich przechowywanie, niedbata
utylizacja pojemnikoéw czy uzywanie przesta-
rzatych srodkéw, co stalo sie m.in. gléwnym
powodem zanieczyszczenia wod w Etiopii i
Pakistanie (ESSUMANG i wspoétaut. 2009, Ha-
SHIM 2015, MEKONEN i wspoétaut. 2016).

Sposrod wielu klas insektycydéw za naj-
grozniejsze uznane zostaly insektycydy chlo-
roorganiczne (OCP), do ktorych zalicza sie:
aldryne, dieldryne, chlordan, DDT, DDA,
DDD, endryne, heptachlor, mirex, toksafen i
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Tabela. 2. Zawarto$¢ pestycydow w wodzie pitnej w Szczecinie w latach 2014-2017 (RAPORT RSSE

Szczecin 2017).

Stezenie pestycydow w wybranych miesiacach w latach 2014-2017 [ug/]]

Nazwa 2014 2015 2016 i 2017

Pestycydu 112 1II \Y% X 11 I \Y% X II I \% X
Chlordan 0,1 0,004 0,004 0,004 0,008 0,008 0,008 < LOQl < LOQ < LOQ < LOQ < LOQ
8-HCH 0,1 0,004 0,004 0,004 0,004 0,004 0,004 <LOQ <LOQ <LOQ <LOQ < LOQ
Lindan 0,1 0,004 0,004 0,004 0,004 0,004 0,004 <LOQ <LOQ <LOQ <LOQ < LOQ
pp’ DDT 0,1 0,004 0,004 0,004 0,004 0,004 0,004 <LOQ <LOQ <LOQ <LOQ < LOQ
op’ DDT 0,1 0,004 0,004 0,004 0,004 0,004 0,004 <LOQ <LOQ <LOQ <LOQ < LOQ
a-HCH 0,1 0,004 0,004 0,004 0,004 0,004 0,004 <LOQ <LOQ <LOQ <LOQ < LOQ
B-HCH 0,1 0,004 0,004 0,004 0,004 0,004 0,004 <LOQ <LOQ <LOQ <LOQ < LOQ
Epoksyd 0,03 0,004 0,004 0,004 0,008 0,008 0,008 <LOQ <LOQ <LOQ <LOQ < LOQ
heptachloru

Aldryna 0,03 0,004 0,004 0,004 0,004 0,004 0,004 <LOQ <LOQ <LOQ <LOQ < LOQ
Endryna 0,1 0,004 0,004 0,004 0,004 0,004 0,004 <LOQ <LOQ <LOQ <LOQ < LOQ
Dieldryna 0,03 0,004 0,004 0,004 0,004 0,004 0,004 <LOQ <LOQ <LOQ <LOQ < LOQ
HCB 0,1 0,004 0,004 0,004 0,004 0,004 0,004 <LOQ <LOQ <LOQ <LOQ < LOQ
Heptachlor 0,03 0,004 0,004 0,004 0,004 0,004 0,004 <LOQ <LOQ <LOQ <LOQ < LOQ

1<LOQ (ponizej granicy oznaczalnosci); LOQ wynosi 0,004 dla 8-HCH, y-HCH, pp’DDT, a-HCH, B-HCH, aldryny,
dieldryny, endryny, HCB, heptachloru i op’DDT. LOQ wynosi 0,008 dla chlordanu i epoksydu heptachloru; II? mie-

siac wykonania badania

heksachlorocykloheksan (HCH). Ich czas roz-
kltadu (w 95%) siega 1-30 lat (GROTOWSKA i
wspoélaut. 2018). W Chinach w wodzie pit-
nej zanotowano obecnos¢ sumy HCH (5,54-
13,08 ng/l) i sumy DDT (0,17-4,47 ng/l),
jednak zawartosci te uznano za bezpieczne
(WEI i wspétaut. 2015, LEHMANN i wspoétaut.

2017).
Pomimo wprowadzenia ograniczen do-
tyczacych  stosowania chloroorganicznych

pestycydéw (OCP), w Chinach nadal wyko-
rzystuje sie DDT do produkcji dikofolu, co
skutkuje stalym transferem tych zwiazkow
do Srodowiska. SHAO i wspétaut. (2016) udo-
wodnili wyrazny spadek sumy DDT w wo-
dach powierzchniowych w Pekinie, od 91,81
ng/l (2002) do 0,257 ng/l (2015-2016).
Dane literaturowe wskazuja, 2ze izomery
HCH i DDT nadal znajdowane sa w wodach
stanowiacych zrédla wody pitnej na calym
Swiecie. Najwyzsze stezenia sumy DDT i
HCH zaobserwowano w Afryce (ZHCH 6-234
ng/l i ZDDT 8-239 ng/l) i Azji ( ZHCH 76-
100 ng/l i ZDDT 116-848 ng/l) (EL BOURAIE
i wspotaut. 2011, KAUSHIK i wspotaut. 2012).

Wedlug badan PAWELCZYKA (2013), w
wodzie pochodzacej z uje¢ we Wroclawiu
stwierdzono zawartoSC¢ pozostalosci pestycy-

déw chloroorganicznych na poziomie 73,53
ng/l.

Badania wody wodociagowej prowadzone
przez Powiatowa Stacj¢ Sanitarno-Epidemiologiczng
w Szczecinie na przestrzeni lat 2014-2017 wykazaty
zmniejszajacy si¢ poziom pestycydow chloroorganicz-
nych, od zawarto$ci_si¢gajacej NDS (warto$¢ najwyz-
szego dopuszczalnego stgzenia) do pozostatosci na
granicy LOQ (granica oznaczalno$ci) (RaporT RSSE
SzczeciN 2017) (Tabela 2).

Swiadczy to o zdecydowanej poprawie
jakosci wody pochodzacej ze szczecinskich
wodociagéw, co wynika prawdopodobnie z
wdrozenia nowych technologii oczyszczania i
uzdatniania wody oraz dbalosci o stan tech-
niczny sieci wodociagowe].

WPLYW OBECNOSCI NIEKTORYCH
KSENOBIOTYKOW W WODZIE PITNEJ
NA ZDROWIE CZLOWIEKA

Sita dziatania toksycznego dioksyn i
zwiazkow  dioksynopodobnych jest $cisle
zwigzana z ich budowa chemiczna i wla-
Sciwosciami fizykochemicznymi. Wtasciwosci
PCDD i PCDF, takie jak trwalos¢ i lipofilo-
wos¢ powoduja ich silna sorpcje na glebie i
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pytach zwieszonych oraz stabg biodegrada-
cie. W konsekwencji kumuluja sie w osa-
dach dennych i Sciekowych oraz biokumu-
luja sie w organizmach wodnych i ziemnych
(przede wszystkim w tkance tluszczowej) -
glownie izomery tetra-, penta-, heksa- hepta
i okta.

Dioksyny wykazuja zroznicowana silte
dzialania toksycznego. Jest to uzaleznione
od liczby atoméw chloru w czasteczce po-
szczegblnych kongenerow oraz wrazliwosci
gatunkowej organizmu, ktoéry podlega ich
dzialaniu. Dzialanie toksyczne dioksyn moze
objawia¢ sie po latach kumulacji w organi-
zmie w postaci zlozonego uszkodzenia na-
rzadow wewnetrznych, uposledzenia uktadu
hormonalnego, immunologicznego, rozrodcze-
go, a takze dzialania genotoksycznego, wply-
wajac na strukture DNA (FIEDLER 2003).

Jak podaja GROCHOWALSKI i CHRZASZCZ
(2000), sredni czas polowicznego trwania w
organizmie ludzkim PCDD i PCDF szacuje
sie na 7-10 lat, co powoduje, ze wielokrotne
narazenie nawet na male stezenia dioksyn
moze negatywnie wplywaé na zdrowie czlo-
wieka, a przenikanie do plodu oraz mleka
matki powoduje przekazanie tych zwiazkow
potomstwu i wydluzenie okresu narazenia.

PCB, w stosunku do PCDD/F, wykazu-
ja wyzsze stopnie biokumulacji w lancuchu
troficznym, a glownie w srodowisku wodnym
(RODRIGUEZ i wspétaut. 2008).

Polichlorowane bifenyle sa zwigzkami
toksycznymi i immunosupresyjnymi. Sa one
transportowane przez lipidy krwi do watroby
i tkanki tluszczowej, gdzie ulegaja kumula-
cji. Oprocz dzialania szkodliwego na watro-
be, moga wplywaé negatywnie na uklad ner-
wowy i hormonalny, zwiekszajac metabolizm
hormonow tarczycy, czy powodowac zaburze-
nia rozrodczosci, a takze wystepowanie wad
rozwojowych u dzieci matek narazonych na
PCB (STEC i wspétaut. 2012).

WWA dostaja sie do organizmu gtéwnie
podczas spozywania pokarmoéw smazonych,
wedzonych i grillowanych, a efekty ich tok-
sycznego dzialania zwiazane sa z uszkodze-
niem DNA, martwica hepatocytow, uszko-
dzeniem klebuszkow nerkowych i wystepo-

waniem nowotworéw (LORENZI i wspolaut.
2011).
Z uwagi na kancerogennosé¢, genotok-

sycznos$é i mutagennos¢ THM, ich zawartosé
jest scisle kontrolowana. Zgodnie z obowiag-
zujacym Rozporzadzeniu Ministra Zdrowia z
dnia 7 grudnia 2017 r. w sprawie jakosci
wody przeznaczonej do spozycia przez ludzi,
laczna suma THM w wodzie nie moze prze-
kracza¢ 100 ug/l. Przekroczenie tej wartosci
moze przyczynia¢ sie do wzrostu zachoro-
walnosci na nowotwory, m. in. pecherza mo-
czowego, watroby, a takze zwiekszania ryzy-

ka poronien (RICHARDSON i wspoélaut. 2007,
WANG i wspotaut. 2007, KENNETH 2010,
OEHHA 2018).

Toksycznos¢ pestycydow rozni sie w za-
leznosci od budowy tych substancji. Moze
powodowac zatrucie ostre lub przewlekte.
Zatrucia ostre zwigzane sa z praca zawodo-
wa czy pracg w gospodarstwie, opieraja sie
na biochemicznym oddzialywaniu na obwo-
dowy i centralny uklad nerwowy, powodujac
béle i zawroty glowy, zmeczenie, wysypki,
zaburzenie koncentracji, oslabienie, drzenie,
ataki paniki. Zatrucia przewlekle stanowig
wynik gromadzenia sie substancji szkodli-
wych w organizmie, czesto nie wykazujac
poczatkowo widocznych objawow. Zwiazki te,
w zaleznosSci od klasy toksycznosci i wlasci-
wosci, moga przenika¢ przez blony bialtko-
wo-lipidowe, kumulowac¢ si¢ w organizmie i
oddzialywa¢ na uklad nerwowy, serce, mozg
oraz narzady odpowiadajace za detoksykacje:
watrobe i nerki (GALUSZKA i wspoétaut. 2011,
WEI i wspoétaut. 2015).

Ze wzgledu na toksyczne dzialanie pe-
stycydow, podlegaja one kontroli w wodzie
pitnej, a ich suma nie powinna przekraczac
0,50 pg/l (Tabela 1) (YOUNES i GALAL-GOR-
CHEV 2000, KRECHNIAK 2005).

PODSUMOWANIE

W wodzie pitnej, w zaleznosci od zréodia
jej pozyskiwania, moga znalez¢ sie rozno-
rodne zanieczyszczenia, w tym czesto trud-
ne do usuniecia podczas rutynowych metod
oczyszczania.

Z przeprowadzonej analizy wynika, ze
obecnos$¢ trwalych zanieczyszczen organicz-
nych w wodach powierzchniowych, jak row-
niez w wodzie pitnej, jest nadal aktualna i
wystepuje w wielu regionach sSwiata. Istnie-
jace dyrektywy unijne i rozporzadzenia kra-
jowe, limitujace najwyzsze dopuszczalne za-
wartosci réznych =zanieczyszczen w wodzie
przeznaczonej do picia, wydaja sie czesto
niewystarczajace. Brak jest w nich parame-
trow jakosciowych dla niektorych substancji,
istotnych z punktu widzenia toksykologicz-
nego, miedzy innymi polichlorowanych bife-
nyli, nadal obecnych w S$Srodowisku czy tez
pojawiajacych sie coraz czesciej pozostalo-
Sci Srodkow farmaceutycznych lub zwigzkéow
ograniczajacych palnos¢ np. tworzyw sztucz-
nych. Dlatego rozszerzenie listy niezbednych
badan dotyczacych wody pitnej wplynetoby
na wzrost bezpieczenstwa zdrowotnego kon-
sumentow.

Streszczenie

Woda wykorzystywana w przemysle spozywczym
oraz do przygotowywania zywnosci czy napojow, musi
spelnia¢ wymogi wody do picia. Celem pracy bylo prze-
prowadzenie analizy piSmiennictwa dotyczacego najcze-
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Sciej wystepujacych ksenobiotykow organicznych w wo-
dzie pitnej, a takze w innych rodzajach wod, mogacych
by¢ zrodtem wody pitnej. Problem obecnosci trwatych
zanieczyszczen organicznych w wodach powierzchnio-
wych, jak réwniez w wodzie pitnej jest nadal aktualny
i wystepuje w wielu regionach Swiata. W wodzie pitnej,
w zaleznosci od zrodla jej pozyskiwania, moga znalezé
sie roznorodne zanieczyszczenia, w tym czesto trudne do
usuniecia podczas rutynowych metod oczyszczania. Nale-
za do nich na przyklad dioksyny (PCDD), polichlorowane
bifenyle (PCB), heksachlorobenzen (HCB), chloroorganicz-
ne pestycydy, wielopierscieniowe weglowodory aromatycz-
ne (WWA), trihalometany (THM), pozostatosci farmaceu-
tykow. Istniejace dyrektywy unijne oraz rozporzadzenia
krajowe, okreslajace dopuszczalne stezenia zanieczysz-
czen w wodzie przeznaczonej do picia, nie obejmuja wie-
lu z tych zwiazkéw. Dlatego tez rozszerzenie listy nie-
zbednych badan dotyczacych wody pitnej wplynetoby na
wzrost bezpieczenstwa zdrowotnego konsumenta.
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SELECTED ORGANIC XENOBIOTICS IN DRINKING WATER AND HEALTH RISK

Summary

Water used in the food industry, as well as in the preparation of food or beverages, must meet the requirements
of drinking water regarding its purity. The aim of this work was the literature analyzis covering the most common
types of organic xenobiotics found in drinking water, as well as in other types of water that could be a source of
drinking water. The problem of the presence of persistent organic pollutants in surface waters as well as in drinking
water is still valid and occurs in many regions of the world. In drinking water, due to the sources of its acquisi-
tion, there may be a variety of contaminants, including those often difficult to remove during routine purification
methods. These include, for example, dioxins, PCBs, hexachlorobenzene (HCB), organochlorine pesticides, polycyclic
aromatic hydrocarbons (PAHs), THMs, pharmaceutical residues. The existing EU directives and national regulations
defining permissible concentrations of pollutants in drinking water do not cover many of these compounds. There-
fore, extending the list of necessary tests of drinking water would increase the health safety of the consumers.
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Summary. Sources of drinking water include surface water (lakes, rivers, retention reser-
voirs) and groundwater. The quality requirements for drinking water result directly from
the Polish Regulation of the Minister of Health of 2017, which specifies the maximum
allowable concentrations of selected elements in drinking water. Drinking water is used
for consumption purposes and is also the basis of the food industry. Quality of drinking
water for economic and hygienic purposes is one of the elements ensuring health safety of
food and nutrition. A decrease in the quality of surface and underground waters collected
for consumption purposes is mainly related to human economic activity. This results from
intensive development of industry, especially metallurgy, electrotechnical, chemical and
mining industries, and such activities often result in contamination of surface waters and,
consequently, drinking water. Due to the degree of hazard, we can distinguish elements
with a very high degree of potential threat (cadmium, mercury, lead, copper, zinc, arsenic),
a high degree of potential threat (manganese, iron, molybdenum) and a medium degree of
potential threat (nickel, cobalt). Accumulation of these elements in the environment varies
and depends primarily on the type of element, the dose taken and its chemical form. Con-
centration of trace elements in water mainly results from their physicochemical properties,
water solubility, pH and oxidation-reducing potential, as well as the ability to form solu-
ble complexes. The movement of elements to the human body through subsequent links
in the food chain is limited by the protective effect of biological barriers. Heavy metals
move in the soil-plant-animal-human trophic chain, with the potential for accumulation
at any stage. Heavy metals most often reach the human body through the digestive tract.
The health consequences of regular consumption of food products containing even small
amounts of these elements can become apparent after many years. The literature analysis
performed shows that the problem of the presence of these elements in surface waters as
well as in drinking water is still valid and occurs in many regions of Europe. Water contami-
nation with trace elements is one of the most important threats to human health.
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INTRODUCTION

Sources of drinking water include surface water (lakes, rivers, retention reservoirs)
and groundwater. Quality requirements for drinking water are directly derived from the
Polish Regulation of the Minister of Health of 2017, which specifies the maximum allow-
able concentrations of selected trace elements in drinking water, as follows [mg-dm~]:
arsenic 0.01, chrome 0.05, cadmium 0.005, copper 2, nickel 0.02, lead 0.01, mercury
0.001, aluminium 0.2, manganese 0.05, iron 0.2, antimony 0.005.

Drinking water is used for consumption purposes and it constitutes the basis of the
food industry. Quality of drinking water for economic and hygienic purposes is one of the
elements ensuring health safety of food and nutrition [Mulik 2017].

A decrease in the quality of surface and underground waters for consumption pur-
poses is mainly related to human economic activity. This results from intensive de-
velopment of industry, especially metallurgy, electrotechnical, chemical and mining
industries, and the effect of such activities often involves contamination of surface
waters and, consequently, drinking water [Herasimowicz-Bak and Brzeski 2009]. Due
to the degree of hazard, we can distinguish elements with a very high degree of poten-
tial threat (cadmium, mercury, lead, copper, zinc, arsenic), a high degree of potential
threat (manganese, iron, molybdenum) and a medium degree of potential threat (nickel,
cobalt). That is why preventive measures involving creation of an integrated system of
environmental protection at every stage of production, from raw material extraction
to post-production waste management, are important. Water, air and soil pollution as
a result of combustion processes (dusts, gases), poor management of sewage water and
waste is correlated with pollution by heavy metals. Accumulation of these elements in
the environment varies and depends primarily on the type of element, the dose taken
and its chemical form. Concentration of trace elements in water mainly results from
their physicochemical properties, water solubility, pH and oxidation-reducing poten-
tial as well as the ability to form soluble complexes [Khlifi and Hamza-Chaftai 2010,
Romanowska-Duda 2015, Michalski et al. 2018].

Negative effects of many trace elements on the human body can become apparent
after many years. The movement of elements to the human body through subsequent links
in the food chain is limited by the protective effect of biological barriers. However, it
should be remembered that with a high concentration of trace elements as a result of their
accumulation in the body, the effect of barriers may be limited [Matache et al. 2018].

IMPACT OF THE TREATMENT PROCESS ON THE CONTENT OF HEAVY METALS
IN WATER

Excessive concentration of heavy metals in water bodies is a threat to humans, ani-
mals and plants. Improvement of the state of water purity can be achieved as a result of
limiting pollutant emissions and remediation of polluted environments. Chemical, physi-
cochemical and biological mechanisms are used in water purification processes. Choos-
ing the right method is key to the effectiveness of water purification. For better results,
two or more techniques are used simultaneously [Kozminska et al. 2014].
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The presence of heavy metals in treated water is primarily influenced by the filtration
process on the filter bed. As indicated by Leszczynska et al. [2009], heavy metals can get
into the water from contaminated aggregates and filter beds. Heavy metals are retained
on the bed but are not permanently bound in it [Pruss et al. 2012, Nowak and Imperowicz
2016]. Post-coagulation sediment contains most of the impurities removed from raw wa-
ter, including heavy metals. Concentration of individual elements varies depending on the
characteristics of the reservoir and season, as well as the degree of raw water contamina-
tion in the area. The type and dose of coagulant used also have an impact on the content of
heavy metals in the sediments. The presence of such metals as chromium 50-130 mg-kg
of dry matter, copper 16-168 mg-kg ™' of dry matter, arsenic 9.2-32 mg-kg ' of dry mat-
ter, zinc 91.7-781 mg-kg ™' of dry matter, and also lead, nickel and mercury is observed
[Plonka et al. 2012]. Waste in the form of sediment constitutes a real threat to the environ-
ment, especially when it is characterized by the presence of trace elements [Nowak and
Imperowicz 2016].

IMPACT OF POTENTIALLY TOXIC TRACE ELEMENTS ON THE HUMAN BODY

Heavy metals move in the soil-plant—animal-human trophic chain, with the potential
for accumulation at any stage. Heavy metals most often reach the human body through
the digestive tract. The health consequences of regular consumption of food products
containing even small amounts of these elements can become apparent after many years.
Inhalation of heavy metals through the respiratory system enables their easiest collection
and distribution through the circulatory system. This process is most effective when the
element is present in the form of particles with dimensions smaller than 100 um, e.g. as
a vapour or an organometallic compound. Elements can also be absorbed directly through
the skin by transfollicular transport. The main role in this process is played by skin ap-
pendages, hair follicles and sebaceous glands, and to a lesser extent — sweat glands. The
most important effects of potentially toxic trace elements in the body include changes in
protein synthesis and abnormal ATP production, which can cause many negative health
effects, including cancer. It mainly depends on the amount of a toxic substance taken up,
the chemical form of the element, solubility in lipids and body fluids, exposure time, as
well as individual resistance of the body [Manahan 2006, Li et al. 2018].

Forms of inorganic cation metals have been shown to be more strongly associated
with proteins and other tissues. This relationship causes increased bioaccumulation and
inhibits the process of excretion from the body. Metal ions are most often coupled to
amino acids. Amino and carboxy groups are the most readily available electron donor
groups of amino acids. Biological degradation is not possible for heavy metals. In the
process of body detoxification, the active metal ion “hides” within the protein or deposits
in intercellular granules in an insoluble form or is excreted with faeces. The chemical
form often decides which organ will be attacked. Mercury in a free form as well as in the
form of an organic compound is fat-soluble and has a destructive effect on the brain and
nervous system, and the Hg?" ion can attack the kidneys. The form of free cadmium ions
mainly determines their toxic effects. Metal ions are bound in tissues in a selective man-
ner. Mercury and cadmium accumulate mainly in the liver and kidneys, while radioactive
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radon and toxic lead primarily in bone tissue [Ociepa-Kubicka and Ociepa 2012, Arantes
et al. 2016].

Heavy metals with the most severe toxic effects are most often lead, mercury, cad-
mium and arsenic. The liver and kidneys are organs responsible for detoxification of the
body. Accumulation of these elements in the brain, muscles or bones is also often ob-
served, and the nature of poisoning can be chronic or acute [Draghici et al. 2010, Vieira
etal. 2011].

CHARACTERISTICS OF THE MOST DANGEROUS POTENTIALLY TOXIC TRACE
ELEMENTS

Cadmium

Cadmium is not widely used in industry, but it is used indirectly in numerous manu-
facturing processes, so it can end up in sewage, ground and surface waters together with
waste. It appears in phosphorus fertilizers. It is released during the combustion of crude
oil and solid fuels, as well as in the process of obtaining metallic zinc (in the form of
vapours). No method has been found to prevent this emission yet. The recognized effects
of chronic cadmium poisoning include kidney, intestine and liver damage, hypertension,
anaemia, bone decalcification, pregnancy complications, and changes in the circulatory
system. Acute poisoning, caused by taking a single high dose of cadmium, is rare. Long-
-term exposure may lead to itai-itai disease. This disease occurs as a result of long-term
effects of cadmium on the body and manifests itself in damage to the spine, femur and
muscle atrophy. Poisoning most often concerns workers employed in metallurgy and
electroplating plants (steel products are covered with cadmium) [Czeczot and Majewska
2010, Romanowska-Duda 2015, Rafati Rahimzadeh et al. 2017].

Cadmium is undoubtedly carcinogenic. The lethal dose depends on the form of
the compound in which it appears, sensitivity of the body, and it ranges from 350 to
3,500 mg. This metal is absorbed in the form of vapours, dust or directly through the
digestive system and easily bioaccumulates in the body. The presence of this element in
the environment results in the contamination of many raw materials and food products.
Due to the high degree of cadmium toxicity, constant control of food products is neces-
sary [Czeczot and Majewska 2010, Apostoli and Catalani 2011].

Daily intake of cadmium with food by adults in different countries is at the level of
25-200 pg. In Poland values between 11 and 30 pg have been recorded [Wojciechowska-
-Mazurek et al. 2003]. The PTWI index (FAO/WHO) means the allowable weekly intake
set for adults and children, for cadmium it is 7 ug-kg™' of body weight [Siebielec and
Siebielec 2016].

The natural content of cadmium in drinking water is low, however, as literature indi-
cates, this element is often found in surface waters. Usually, the cadmium form in solution
is not stable, which causes rapid precipitation of this element or its sorption by clay min-
erals, metal oxides and hydroxides. Bacteria is mainly responsible for binding cadmium
in sediments, usually precipitating it in the form of sulphides. In the case of severe river
pollution, approx. 70% of cadmium is cationic. The ease of its maintenance in the form
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of complex compounds formed with polyphosphates results from their introduction into
waters together with wastewater, which increases the risk of water contamination with
cadmium [Gérski and Siepak 2014, Romanowska-Duda 2015, Michalski et al. 2018].

Lead

Lead is an element commonly used in industry. Its presence is observed in air, soil
and water. Industrial emissions from cement plants, steel mills, smelters have caused it to
be present in the atmosphere. However, increased communication and exhaust emissions
contribute most to the increase in lead concentration in the atmosphere (tetracthyl lead is
added to the fuels as an antiknock agent). Precipitation from the atmosphere is very easy,
further entering the soil, from where it easily migrates to water. However, the threat exists
in metallurgy, in the production of batteries, in the rubber, plastic and petroleum masses
industries, in crystal glassworks and in the production of explosives and plant protec-
tion products. Acute poisoning is not common due to improved safety of technological
processes. Lead is well absorbed through the skin and respiratory tract, has a lipophilic
character, accumulates in the liver, bone and nerve tissue and the brain. Tetraethyl lead
(Pb(C,H;),) may cause enzyme deactivation [Wani et al. 2015].

Symptoms of poisoning can be both physiological and mental. A metallic taste in
the mouth, nausea, vomiting, abdominal and headache as well as attention deficit disor-
der, memory impairment and anxiety are observed. Lead can cause kidney damage and
disrupt haemoglobin synthesis. A daily dose of up to 1 mg absorbed through inhalation
is relatively safe, while a higher one can cause chronic poisoning. Symptoms of acute
poisoning include drooling, burning in the mouth, metallic taste, intestinal colic (lead
poisoning — strong and very painful intestinal spasm), vomiting, diarrhea. Other symp-
toms that may occur include a drop in blood pressure and body temperature, haematuria,
proteinuria, brain problems with poor vision, as well as seizures and coma, which can be
fatal. The most characteristic external manifestations of chronic poisoning are the lead
line on the gums (blue-black sulphide lead rim) and pale grey skin [Romanowska-Duda
2015, Knollmann-Ritschel and Markowitz 2017].

Lead may appear in soft and hard waters. Soft waters with strong buffering capacity
and low alkalinity may contain lead in the form of soluble salts. In hard waters (with high
alkalinity) there may be insoluble lead salts — sulphate, phosphorus, carbonate [Gorski
and Siepak 2014, Wani et al. 2015].

Mercury

Mercury, one of the most toxic trace elements, has no physiological function in the
human body. It is difficult to determine the safe concentration of this element because
it occurs in many forms with different toxicity. Characteristics, such as chemical form,
amount of the element, exposure time, route of entry and individual susceptibility, deter-
mine the toxicity of this element. Mercury enters the human body along with consumed
seafood and fish. The main sources through which mercury enters the environment are
coal-fired power plants, the paper, chemical and pharmaceutical industries as well as
gold mining and waste incineration (all are anthropogenic sources). Studies have shown
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that between 4,400 and 7,500 t of Hg can be released into the environment annually.
Sources of this element in the environment are also natural processes. These include rock
weathering, volcanic emissions, evaporation from land and oceans, underwater fumes
and biomass combustion and geothermal processes [Bonsignore et al. 2016, Kim et al.
2016, Ha et al. 2017].

Methylmercury is the most toxic form of this element. Its main characteristics include
the ability for bioaccumulation and biomagnification in the trophic chain and the ability
to penetrate biological barriers, including the placental barrier, which affects the proper
development of the foetus. Mercury has a negative effect on the nervous system, repro-
ductive system, liver and kidneys. The aquatic environment is not free from mercury.
Mercury in water is transformed by microorganisms into an organic form. It is collected
by fish and marine invertebrates in which mercury is collected (biomagnification process)
[Mania et al. 2012, Bonsignore et al. 2016, Ha et al. 2017].

Mercury enters the human body by ingestion, inhalation and through the skin. The
chemical form and the quantity taken determine its toxicity. Organic compounds are more
easily absorbed than inorganic ones. Inhalation of vapours with high concentration of
mercury can lead to acute poisoning. The main symptom is respiratory failure. Chronic
poisoning (with chronic exposure) leads to depressive states, excessive arousal, whole
body tremor, memory impairment and anxiety. Other symptoms include gastrointestinal
disorders, the possibility of a blue-violet mercuric sulphide deposit on the gums. Poison-
ing with an inorganic form usually leads to acute poisoning. In this group, it is usually
mercury chloride poisoning, the lethal dose when administered orally is 0.2—1 g. The
main symptoms of mercury chloride poisoning are acute gastroenteritis and renal fail-
ure. Methylmercury is the main form of the organic form of mercury, causing poison-
ing. When mercury reaches 0.2 ug-cm™ in the blood, the first signs of poisoning are
observed. These include tingling in the extremities, numbness of the lips and tongue. The
highest permissible mercury content in the human body in the urine is: not higher than
100 pg-dm > and not higher than 0.04 mg-kg ™' of body weight. The lethal dose for humans
is 0.2-0.4 g of total mercury [Sapota and Skrzypinska-Gawrysiak 2010, Cyran 2013, Kot
etal. 2016].

Arsenic

Arsenic is one of the elements from the group of nitrites. Its basic features are lack
of taste and smell. It has been used for thousands of years. It is used for the preservation
of wood and leather, as well as for the production of glass and paints. Thanks to its anti-
septic, antipyretic, as well as antispasmodic and tonic properties, it is used in medicine
[Litwin et al. 2009, Hoffman and Mielicki 2013]. It has a strong toxic effect, is absorbed
into the body through the respiratory and digestive systems. This element, found in soil or
minerals, can be released into the water. Human anthropogenic activities (mining, metal-
lurgy, use of pesticides) mainly contribute to the presence of arsenic in nature [Bizon et
al. 2013].

In 1988, Joint FAO/WHO Expert Committee on Food Additives (JECFA) determined
the value of provisional tolerable weekly intake (PTWI) of arsenic from all sources at
15 ug-kg ™! of body weight. However, in recent years it has been shown that even lower
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doses of inorganic arsenic can cause skin and lung cancer. Therefore, based on epidemio-
logical studies, the lowest doses were determined by determining BMDL (benchmark
dose lower confidence limit, i.e. the lowest doses associated with inducing a specific
effect on the human body) at 0.3—8 pg-kg' of body weight daily, and JECFA decided to
withdraw PTWI values [Wojciechowska-Mazurek et al. 2012]. Arsenic mainly occurs
in the third or fifth degree of oxidation. Pentavalent arsenic compounds are less toxic
than trivalent, and methylated trivalent arsenic compounds are more harmful than inor-
ganic compounds. Poisoning can lead to death by inhibiting the proper functioning of
the enzymes (pyruvate and a-ketoglutarate dehydrogenase) responsible for metabolism.
Arsenic can penetrate the placental barrier and has the ability to accumulate in foetal epi-
thelial tissue at the beginning of pregnancy [Bizon et al. 2013, Jang et al. 2016].
Occurring in high doses in the air (several hundred pg-m), arsenic leads to disorders
in the nervous system, peripheral vascular disease, pharyngitis, laryngitis and bronchitis,
as well as perforation of the nasal septum. Long-time exposure can damage peripheral
nerves, leads to changes in the heart muscle, damages the liver and contributes to dam-
age to mucous membranes and skin. The International Agency for Research on Cancer
(IARC) has recognized arsenic and its compounds as carcinogenic substances with epi-
demiologically proven carcinogenic effects. The form in which arsenic appears, as well
as the degree of tolerance of individual organisms, determines its toxicity. The safe daily
dose is 1015 pg and the toxic daily dose is 5-50 mg. A single lethal dose of arsenic trio-
xide is between 100 and 200 mg [Hoffman and Mielicki 2013, Kulik-Kupka et al. 2016].

WATER QUALITY IN POLAND

In the EU Member States, the primary and binding directive regulating the quality
parameters of water intended for human consumption is Council Directive 98/83/EC. Ac-
cording to its provisions, drinking water should be free of microorganisms, parasites and
harmful substances that could be dangerous to human health. Every three years, member
states are obliged to report to the EU Commission on the quality of local drinking water.
On this basis, once every five years, microbiological, chemical and indicator parameters
as well as methods of their monitoring are verified. The directive does not apply to natu-
ral mineral waters and waters considered curative (Council Directive 98/83/EC). On the
basis of the Directive, Polish legal regulation was created. The quality requirements for
drinking water are directly derived from the Regulation of the Minister of Health of 2017.
In contrast, Directive 2000/60/EC sets out rules that are intended to stop the deteriorating
condition of waters in the European Union. It covers the protection of all waters: surface,
underground, inland and transitional. It aims to restore ecosystems in these water bodies.
It also indicates ways to reduce the level of water pollution and ensures sustainable water
use by individuals and enterprises. The Polish regulation based on Directive 2000/60/EC
is the Act of 20 July 2017 Water Law which. The Act regulates water management in ac-
cordance with the principle of sustainable development, in particular the shaping and pro-
tection of water resources, water use and management of water resources [Klos 2015].

In 2016, the Supreme Chamber of Control (Najwyzsza Izba Kontroli — NIK) pre-
sented a report on the protection of the quality of water taken to supply the population
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with drinking water. The report has been prepared on the basis of research carried out
between 2013 and 2016 by the laboratories of the Sanitary Inspection and the Water
Supply and Sewerage Enterprise. Control studies covered 30 units, including 12 water
supply companies, 12 municipal offices and six poviat sanitary and epidemiological
stations. As a result, it was found that the activities carried out by water supply compa-
nies and municipalities do not guarantee proper protection of the quality of water taken
and fed into the water supply network intended for human consumption. It is related to,
among others, the lack of protection zones around water intakes and poor supervision
of municipalities over sewage management in their area. In the controlled period, in
five enterprises the permissible water quality parameters were exceeded in locations
where water was introduced into the water supply system. Tests of the quality of water
covered by the supervision of sanitary inspectors, conducted between 2013 and 2015,
showed from 113 to 175 cases exceeding the permissible water quality parameters.
The number of places where these parameters were exceeded ranged from 38 to 56,
which constituted from over 17% to nearly 26% of the number of such points covered
by supervision. In the first quarter of 2016, 32 such cases were found in 20 locations
where water is introduced into the water supply network. The concentration of iron and
manganese was most often exceeded [NIK 2016].

CONTAMINATION OF DRINKING WATER WITH METALS IN EUROPE

Drinking water tests carried out between 2005 and 2006 in Poland in the city of
Szczecin for the content of metals (iron, manganese, copper, lead, cadmium, nickel, chro-
mium, arsenic, aluminium) showed sporadic excess of iron content, and other elements
were at the level of approx. 10% of the maximum allowable concentration [Herasimo-
wicz-Bak and Brzeski 2009].

Kelepertsis et al. [2006] showed elevated levels of arsenic (125 pg-dm™) and an-
timony (21 pg-dm~) in drinking water in Eastern Thessaly, Greece, where more than
5,000 people consumed water containing arsenic and antimony above USEPA guide-
lines. Also, Jovanovic et al. [2011] found that 63% of all water samples exceeded Serbian
and European standards regarding the presence of arsenic in drinking water. Cavar et al.
[2005] reported that in three cities in eastern Croatia, the average concentrations of ar-
senic in drinking water samples were 38, 172 and 619 pg-dm™, which is a serious threat
to the health of approx. 3% of the Croatian population.

Tests conducted by Tamasi and Cini [2004] of drinking water in southern Tuscany in
Italy showed that the concentration of arsenic at the final recipient is higher than in water
samples at the treatment plant. These studies have shown that poor condition of the wa-
ter supply can cause leaching of this metal from pipes. Similar results were obtained by
Haider et al. [2002] in Austria and Etxabe et al. [2010] in Spain. The authors concluded
that the concentration of lead in drinking water at the recipient is higher because it is
leached from the pipelines.

Nielsen [2009] presented the results of research from Denmark in which he stated
that nickel was detected in 3,362 wells. In addition, when testing European bottled water
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and tap water for heavy metal content, it was found that 4.63% of all water samples ex-
ceeded the limits for one or more of the following metals: arsenic (9 samples), manganese
(8 samples), nickel (1 sample) and bar (1 sample) [Birke et al. 2010].

SUMMARY

As a result of civilization development, more and more toxic compounds, including
trace elements, are accumulated in the aquatic environment. They are often difficult to
remove during routine treatment methods. The literature analysis shows that the prob-
lem of the presence of these elements in surface waters as well as in drinking water is
still valid and occurs in many regions of Europe. Water law is based on EU directives
and national regulations limiting the maximum permissible content of these pollutants
in drinking water. Water contamination with trace elements is one of the most impor-
tant threats to human health. Trace elements can cause immediate acute poisoning or
chronic conditions.
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JAKOSC WODY PITNEJ W ASPEKCIE OBECNOSCI POTENCJALNIE
TOKSYCZNYCH PIERWIASTKOW SLADOWYCH

Streszczenie. Zrodtem wody pitnej moga by¢ wody powierzchniowe (jeziora, rzeki, zbior-
niki retencyjne) oraz podziemne. Wymagania jakosciowe w stosunku do wody pitnej wy-
nikaja bezposrednio z rozporzadzenia Ministra Zdrowia z 2017 roku, ktére okresla mak-
symalne dopuszczalne st¢zenia wybranych pierwiastkow zawartych w niej. Woda pitna
znajduje zastosowanie w celach konsumpcyjnych, a takze jest baza przemystu spozywcze-
go. Jej jako$¢ na potrzeby gospodarcze i higieniczne stanowi jeden z elementéw zapew-
nienia bezpieczenstwa zdrowotnego zywnosci i zywienia. Spadek jakosci wod powierzch-
niowych i podziemnych ujmowanych do spozycia zwiazany jest glownie z dzialalnoscia
gospodarcza cztowieka. Wynika to z intensywnego rozwoju przemystu, szczegdlnie meta-
lurgicznego, elektrotechnicznego, chemicznego i wydobywczego, a efektem takiej dziatal-
nosci jest czesto zanieczyszczenie wod powierzchniowych, a w konsekwencji wody pitnej.
Ze wzgledu na stopien zagrozenia mozna wyrézni¢ pierwiastki o bardzo wysokim stopniu
potencjalnego zagrozenia (kadm, rt¢¢, otow, miedz, cynk, arsen), wysokim stopniu poten-
cjalnego zagrozenia (mangan, zelazo, molibden) i §rednim stopniu potencjalnego zagroze-
nia (nikiel, kobalt). Akumulacja tych pierwiastkow w §rodowisku jest roznoraka i zalezy
przede wszystkim od rodzaju pierwiastka, pobranej dawki oraz jego formy chemiczne;j.
Stezenie pierwiastkow sladowych w wodzie zalezy w gtownej mierze od ich wlasciwosci
fizykochemicznych, rozpuszczalnosci w wodzie, a takze od pH i potencjatu utleniajaco-
-redukujacego oraz zdolnosci do tworzenia rozpuszczalnych kompleksoéw. Przemieszcza-
nie pierwiastkéw do organizmu cztowieka poprzez kolejne ogniwa tancucha pokarmowe-
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go ograniczone jest dziataniem barier biologicznych. Metale cigzkie przemieszczaja si¢
w tancuchu troficznym gleba—roslina—zwierzg—cztowiek i maja mozliwos¢ kumulacji na
kazdym etapie. Do organizmu cztowieka metale cigzkie najczesciej trafiaja droga pokarmo-
wa. Konsekwencje zdrowotne regularnej konsumpcji produktow zywnosciowych zawiera-
jacych nawet niewielkie ilo$ci tych pierwiastkow potrafig uwidoczni¢ si¢ po wielu latach.
Z przeprowadzonej analizy piSmiennictwa wynika, Ze problem obecnos$ci tych pierwiast-
kéw w wodach powierzchniowych, a takze wodzie pitnej jest nadal aktualny i wystepuje
w wielu regionach Europy. Zanieczyszczenie wody pierwiastkami sladowymi jest jednym
z wazniejszych zagrozen dla zdrowia ludzi.

Stowa kluczowe: woda pitna, bezpieczenstwo konsumentow, pierwiastki sladowe
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Abstract Water is principally intended for direct
consumption and for the production of food and
beverages. It is also a valuable raw material in the
industry. Despite the use of multi-stage treatment
processes, the quality of drinking water may still be
a concern in some countries due to the presence of
toxic pollutants, often challenging to remove through
the conventional treatment process. The presence of
even trace amounts of organochlorine pesticides in
drinking water is dangerous due to their ability to
accumulate in the human body and their effects, espe-
cially their capacity for endocrine disruption. The
present study aimed to assess the effect of water and
sewage treatment on the efficiency of reducing resi-
dues of selected organochlorine pesticides in drinking
water and treated sewage. It was found that the water
treatment process reduced concentrations of these
compounds by an average of 80% (46—-100%) and that
the levels of organochlorine pesticides in the drinking
water were no higher than 0.55% the maximum resi-
due limit (MRL). The sewage treatment process led to
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a reduction in organochlorine pesticide concentration
of 37-100%, averaging 85%, and the sums of organo-
chlorine pesticide residues in treated sewage ranged
between 0.02 and 14.97 ng/L in annual terms.

Keywords Organochlorine pesticides - Drinking
water - Treatment effectiveness

1 Introduction

Water is an essential element used in the production
of food and beverages and for direct consumption.
It is also a vital raw resource in the industry (Aryal
et al., 2012, Cosgrove & Loucks, 2015). Water can
also be used to maintain hygiene in industrial and
residential properties. In EU countries, Council
Directive 98/83/EC (1998) is the prevailing Direc-
tive governing water-quality parameters for drinking
water consumed by humans. Pursuant to the Direc-
tive, drinking water must be free of microbes, para-
sites, and harmful chemicals that may be hazardous to
human health. Every 3 years, Member States provide
a report on drinking water quality to the EU Com-
mission. In turn, every 5 years, these reports are used
to verify microbiological, chemical, and indicatory
parameters, as well as mechanisms for monitoring
(Council Directive 98/83/EC).

A water treatment process usually consists of the
following stages: filtration, aeration, coagulation, sed-
imentation, sedimentation through a sand and carbon
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filters, and disinfection. Despite the use of multi-stage
treatment processes, the quality of drinking water
may still be a concern in some countries due to the
presence of toxic pollutants, often difficult to remove
through the conventional treatment process. Some
compounds, including those classified as persistent
organic pollutants (POPs), e.g., organochlorine pesti-
cides, polychlorinated biphenyls (PCBs), dioxins, and
hexachlorobenzene (HCB), as well as some agricul-
tural chemicals, are not fully removed through treat-
ment and persist in the water (Li et al., 2006, Farhaoui
& Derraz, 2016, Mekonen et al., 2016). Organochlo-
rine pesticides, such as dieldrin, chlordane, DDT
(dichlorodiphenyltrichloroethane), DDE (dichlorodi-
phenyldichloroethylene),  f-hexachlorocyclohexane
(BHCH), carbon tetrachloride, heptachlor, and
y-hexachlorocyclohexane (lindane, gamma-hexachlo-
rocyclohexane, yHCH), are resistant to conversion
through weather and biochemical conditions, do not
readily break down in living organisms, and, when
present in water, may lead to the formation of persis-
tent metabolites. These compounds show great varia-
tion in their structure and physical-chemical proper-
ties. In addition to their persistence and resistance to
chemical and biological agents, they are also highly
fat-soluble, and thus bioaccumulate in living organ-
isms (Perell6 et al., 2012). While they exhibit water
solubility, these compounds are nonetheless found in
water in trace amounts, for example, in adsorbed form
on particulate matter (Lana et al., 2008, Pawetczyk,
2013). They may also accumulate in bottom sedi-
ments and recirculate into surface waters (Olutona
et al., 2014).

The presence of even trace amounts of organochlo-
rine pesticides in drinking water is dangerous due to
their ability to accumulate in the human body and
their effects, especially their capacity for endocrine
disruption, especially given the quantities of water
consumed — 2 L a day on average (Tsindos, 2012).
The human body is very slow to excrete such pol-
lutants. For example, the metabolic half-life of DDT
in adipose tissue is between 5 and 7 years. Adverse
effects include neurotoxic disorders, endocrine dis-
ruption, changes in enzyme activity, and even car-
cinogenesis (Piccoli et al., 2016, Polanco-Rodriguez
et al., 2017). Endocrine disruption may involve vari-
ous mechanisms, such as the disruption of hormone
synthesis and secretion (Feng et al., 2016, Wee &
Aris, 2017).
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The Miedwie Lake catchment area is made up of
agricultural areas where OCP was used. In the years
1983-1988, the Institute of Plant Protection in Poznan
conducted extensive research on pesticide pollution in
the waters of Lake Miedwie. Of the 58 compounds,
the most frequently detected pesticides were yHCH,
o-HCH, pB-HCH, cypermethrin, and permethrin. OCP
has not been used for several decades in the countries
of the European Union and North America; however,
atmospheric transport (from Asia and Africa) has still
remained the main factor of water and atmosphere
pollution. Another threat to the aquatic environment
is the use in agriculture of the permitted insecticide
Dicofol, which is produced from DDT in India and
China (Koniuch & Matozi¢é, 2007). The present
study was aimed to assess the effect of water and sew-
age treatment on reducing residues of selected organ-
ochlorine pesticides in drinking water and treated
sewage, reintroduced into the river Odra, within the
city limits of Szczecin.

2 Materials and Methods

The material used for the study consisted of raw
water, drinking water, raw sewage, and treated sew-
age. The study started in March 2018 and ran until
March 2019. The sampling was performed four
times a month. Each time, 3 samples of 5 L raw
water, drinking water, raw sewage, and treated sew-
age were taken to be tested for pesticide levels (144
of samples yearly, any type of water, and sewage).
The samples were secured by adding a solvent imme-
diately after the sampling (50 mL of hexane, Merck,
purity >99.8%).

2.1 Raw and Drinking Water

The raw water was sampled from Lake Miedwie, a
source of drinking water and the largest freshwa-
ter reservoir in the Zachodniopomorskie (Western
Pomerania) Voivodeship in Poland. The lake, 35 km?
in area, is the 5th largest lake in Poland and the 2nd
largest in the voivodeship. The water is abstracted
at two intake points. The intakes are 16—18 m deep
(6 m above the lake bottom), located within the deep-
profundal zone, and secured with grating with a
40 mm mesh. The raw water is treated in the Zelewo
Water Production Plant (Zaktad Produkcji Wody w
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Zelewie), situated within approximately 2.5 km from
Lake Miedwie.

The treatment starts with the water being pumped
from the lake intake point to the Zelewo Production
Plant via a pipeline, equipped with a rotary 2 mm
mesh capable of retaining particles larger than 3 mm.

The water treatment process includes ozone oxi-
dation, coagulation with PAX 1905 coagulant, floc-
culation with the use of polyelectrolytes, and then
sedimentation and filtration on a sand bed and then an
activated carbon bed.

The final water disinfection is conducted with chlo-
rine gas and chlorine dioxide. The treated drinking
water is transported to the city of Szczecin (400,000
population) through two 30-km-long mains, which
supply water to 85% of the city’s inhabitants (Fig. 1).

2.2 Raw and Treated Sewage

The “Pomorzany” modern water treatment plant
in Szczecin has been in operation for 10 years. The
plant treats water drawn from the left-bank part of
Szczecin (North, West, and Downtown districts),
representing approximately 50% of the city area. The
plant catchment encompasses the old part of the city
(downtown), which mostly has a combined sewage
system, and the western and northern suburbs, which
are mainly served by a sanitary system. Sewage is
transported into the treatment plant using four deliv-
ery systems, from five pumping stations — Grabdw,
Dolny Brzeg, Gérny Brzeg, Biatowieska, and Szc-
zawiowa — as well as from a waste storage point for
transferred sewage, located at the edge of the plant
premises. The sewage flows on through the treatment
plant to the outlet leading to the Odra River, trans-
ported via gravity. The catchment area is mainly filled

with domestic sewage, with a smaller share of indus-
trial sewage. The combined nature of the sewage sys-
tem within the catchment means that the daily volume
of sewage flowing to the plant increases threefold
during rainfall and snowmelt compared with the dry
season. The raw sewage was sampled at the grating
station, whereas the treated sewage at the outlet. The
treatment process in the “Pomorzany” Sewage Treat-
ment Plant involves both mechanical and biological
treatment (Fig. 2).

The sewage is pumped into the grating station
(mesh sizes 40 mm and 6 mm). After the largest
debris is screened out by the grating, the sewage is
transported to four air sand separators. From there,
the wastewater travels in 4 pre-settling tanks equipped
with scraper chains; the dimensions of these tanks
are 48.5 m long X 8 m wide X 3 m high. Mechanically
treated sewage is transferred to the separation cham-
ber, where it is then transported onto three separate
biological treatment lines. After the biological treat-
ment, the effluent is discharged into the Odra via the
outlet. Some of the treated sewage is collected from
the outlet and used in the operation of the plant.
Extraction was carried out using hexane (Merck,
purity >98.0%) and acetone (Merck, purity >99.8%),
mixed in ratio by volume (V/V 3:1), in separatory
funnels at the sampling date.

The extract was desiccated with anhydrous
sodium sulfate (Na,SO,, Merck, density 2.70 g/
cm?, 20 °C) and concentrated to 2 mL in a vacuum
rotary evaporator (BUCHI Rotavapor R-300) in
a 50 °C water bath. It was then washed with fum-
ing sulfuric acid (6 mL 7% SO; in concentrated
H,SO,, Merck, density 1.99 g/cm3, 20 °C). The
sewage samples were further purified on a sorbent
bed (silica gel/Na,SO,). After separation, the upper

Fig. 1 Diagram of the

Water intake -
water treatment process at

the Miedwie Water Produc- Lake Miedwie

tion Plant

A 4

Water pumped through a pipeline
to the Miedwie Water Production

Oxidation - ozone
Coagulation - PAX1905

A 4

filters

Filtration No. 1 on sand-atracite

A

Filtration No. 2 on

activated carbon
filters

Plant Flocculation - polyelectrolyte
A
< Sedimentation
o Treated drinking water -
»| Chlorination . . .
transportation via water mains

@ Springer



310 Page4of13

Water Air Soil Pollut (2021) 232: 310
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layer was transferred quantitatively (using hex-
ane) into a 10-mL test tube, after which the sam-
ple further washed with deionized water and desic-
cated with anhydrous sodium sulfate (1.5 g) in an
8-mL LiChrolut® glass column. The samples were
finally concentrated to 0.5 mL in a stream of nitro-
gen (Messer, purity 99.999%). After the treatment,
they were qualitatively and quantitatively analyzed
using gas chromatography-mass spectrometry
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(GC-MS). Method’s accuracy was verified with an
internal standard, consisting of Surrogat Spike Mix,
Supelco pesticides (Mix-Supelco USA 4-9151):
oHCH  (alpha-hexachlorocyclohexane), PHCH,
yHCH, SHCH (delta-hexachlorocyclohexane), hep-
tachlor, aldrin, heptachlor epoxide isomer B, diel-
drin, pp'DDE, pp'DDT, pp'DDD (dichlorodiphe-
nyldichloroethane), and endrin. The recovery of the
analytes of interest ranged between 73 and 99%.
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The limit of detection (LOD) for each compound
was determined according to Commission Directive
2002/63/EC and ranged from 0.03 to 0.04 ng/L. A
blank method was included for every ten samples.

The limits of quantitation (LOQ) were estimated as

(Eq. 1)
LOQ =10+S (1

where S is the standard deviation of ten independ-
ent measurements of the blank sample.

The chromatographic operating conditions for the analy-
sis were column oven program: 90 °C (0.5 min)—increase
7 °C/min—220 °C (12 min)—increase 6 °C/
min—285 °C (7 min)—Post Run 295 °C (6 min); single
sample run time: 54.9 min; carrier gas: helium; column
flow rate: 0.8 cm®-min™; pressure: 7.4 psi (0.05 MPa);
detector MSD (HP 5973); column: HP-5MS (60.0 m; ID
250 pm; film thickness 0.25 pm). The chromatographic
analysis was carried out in triplicate.

2.3 Statistical analysis

Statistical analysis was performed using Statistica
13.3 software. A correlation analysis (p <0.05) was
conducted, examining for association between sam-
pling time and the levels of analytes of interest in
raw water, drinking water, raw sewage, and treated
sewage. The results are shown as medians, arith-
metic means with uncertainty expressed at standard
deviation, and minimum/maximum concentration
levels. In turn, the one-way ANOVA test was used
to examine the significant differences (Tukey’s test)
(»<0.05).

The following parameters were used to assess the
health risk associated with organochlorine pesticide
exposure in humans:

(a) LADD (lifetime average daily dose), mg/kg/day
(Eq. 2):

c-ADC
BW

LADD =

2

where ¢ is the average pesticide concentration
in water, ADC is the average daily consumption of
water, and BW is the mean body weight in adults (in
kg).

(b) HQ (hazard quotient) (Eq. 3):

LADD
RID 3

HQ =

where RfD is the reference dose (mg-kg=!-d™!).

HQ greater than or equal to 1.0 indicates the pos-
sibility of toxic effects occurring within the affected
population.

3 Results
3.1 Raw Water

HCH compounds (>LOD) were found to be pre-
sent in an average of 79% of the raw water sam-
ples (aHCH, 75%; BHCH, 100%; yHCH, 67%;
OHCH, 75%). The lowest average content of the
sum of HCHs in raw water was determined in May
(0.08 ng/L), with the highest level in March 2019
(14.8 ng/L), with the average level for the study
period being 8.6 ng/L. PHCH was the predominant
HCH isomer, with aHCH being the lowest frac-
tion. The pesticide BHCH was the only compound
detected in raw water year-round.

DDT metabolites (>LOD) were found to be pre-
sent in an average of 65% of the raw water samples
(pp'DDE, 71%; pp'DDD, 75%; pp'DDT, 50%). The
lowest average content of the sum of DDT and their
metabolites was found in raw water (3.41 ng/L) in
July, with the average level for the study period being
0.71 ng/L. Of these, the metabolite pp'DDD was the
major compound. The average fraction of pp’'DDT
in the sum of DDT was 0.47, indicating that no new
quantities of the compound were introduced. Endo-
sulfan species (> LOD) were found to be present in an
average of 25% of the raw water samples (endosulfan
I, 13%; endosulfan II, 58%; endosulfan sulfate, 4%).
The highest total content of endosulfan pesticides
(endosulfan I, endosulfan II, endosulfan sulfate) was
found in raw water (1.90 ng/L) in March 2018, with
the average level being 0.72 ng/L, and endosulfan II
showing the highest levels. The results of the one-way
ANOVA significance test (Tukey’s test) (p<0.05)
showed that the content of the sums of organochlo-
rine pesticides in raw water was significantly higher
(»<0.05) from July 2018 to March 2019 relative to
the other periods.
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3.2 Drinking Water

HCH compounds (>LOD) were found to be present
in most of the drinking water samples at, respec-
tively, «HCH, 75%; PHCH, 100%; yHCH, 58%;
OHCH, 67%. The highest average content of the sum
of HCHs in drinking water was detected in Septem-
ber at 4.72 ng/L, with the mean annual level being
1.41 ng/L. Of these, the pHCH isomer was the pre-
dominant compound, while the lowest levels were
observed for the «HCH isomer.

DDT metabolites (>LOD) were found to be pre-
sent in an average of 72% of the drinking water sam-
ples (pp'DDE, 73%; pp'DDD, 75%; pp'DDT, 69%).
The lowest average content of the sum of DDT
and their metabolites was found in drinking water
(0.32 ng/L) in April, with the average residue level
for the study period being 0.11 ng/L. Of these, the
metabolite pp'DDD was the major compound. The
average fraction of pp’'DDT in the sum of DDT was
0.36, indicating that no new quantities of the com-
pound were introduced.

Endosulfan species (>LOD) were found to be
present in an average of 21.5% of the drinking water
samples (endosulfan I, 2%; endosulfan II, 63%; endo-
sulfan sulfate, 0%). The highest content of the sum
of endosulfan pesticides (endosulfan I, endosulfan
II, endosulfan sulfate) was found in drinking water
(0.71 ng/L) in April, with the average residue concen-
tration for the study period being 0.15 ng/L. Of these,
endosulfan II was the predominant compound.

Pursuant to the Dz. U. (Polish Journal of Laws),
item 2294, 2017, the MRL of aldrin, dieldrin, hep-
tachlor, and heptachlor epoxide in drinking water
are all 30 ng/L. No exceedances nor the presence of
heptachlor epoxide was detected during the study
period. The annual average levels for aldrin, diel-
drin, and heptachlor in drinking water corresponded
to 1.17%, 1.69%, and 0.33% MRL, respectively. The
sum of organochlorine pesticides is the combined
content of the following pesticides: aHCH, HCB,
BHCH, yHCH, 6HCH, heptachlor, aldrin, heptachlor
epoxide isomer B, endosulfan I, pp'DDE, dieldrin,
endrin, endosulfan II, pp'DDD, endrin aldehyde,
endosulfan sulfate, pp’'DDT, endrin ketone, and meth-
oxychlor (Fig. 3) (Table 1). The average content of
the pesticide residues detected in drinking water dur-
ing the study period was 2.73 ng/L or 0.55% MRL
(MRL =500 ng/L). The levels of individual com-
pounds were not found to exceed limits within the
study period, with the highest determined concentra-
tion (12.21 ng/L) corresponding to a maximum of
2.44% MRL for the sum of pesticides (Dz. U., item
2294, 2017).

The sums of organochlorine pesticides found in
drinking water were found at significantly higher
(»<0.05) levels from June to December 2018, rela-
tive to the other periods. Additionally, when the
levels of analytes of interest were compared in raw
water, drinking water, raw sewage, and treated sew-
age via a Tukey’s test (p <0.05), the results showed
that pesticide residues in drinking water significantly
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Table 1 Summary statistics of OCP concentrations (ng/L)

Pesticide Raw water, n=144 Drinking water, n=144 Raw sewage, n=144 Treated sewage, n=144

oaHCH x+SD 1.05+1.08 0.21+0.32 1.22+1.46 0.32+0.48
Me 0.93 0.00 0.19 0.00
(Kpnin—Xmax) (0.23-3.99) (0.05-1.13) (0.10-4.40) (0.03-2.04)
>LOD% 75% 75% 83% 79%

HCB x+SD 0.07+0.08 0.03+0.05 0.17+0.35 0.04+0.07
Me 0.07 0.00 0.00 0.00
(Kppin—Xmax) (0.35-0.6) (0.03-0.24) (0.16-1.82) (0.06-0.21)
>LOD% 58% 58% 58% 58%

BHCH x+SD 2.66+1.93 0.48+0.98 1.74+2.05 0.46+0.61
Me 341 0.07 0.29 0.10
Kpin—Xmax) (0.03 —4.92) (0.03-4.60) (0.29-6.31) (0.05-1.87)
>LOD% 100% 100% 92% 96%

yHCH x+SD 1.96 +2.27 0.38+0.75 1.96 +2.55 0.71+£1.22
Me 0.69 0.00 0.53 0.00
Kmin—Xmax) (0.25—6.49) (0.20-3.47) (0.45-6.67) (0.28-4.55)
>LOD% 67% 58% 79% 71%

SHCH x+SD 2.92+2.94 0.35+0.68 227+3.29 0.46+0.76
Me 2.58 0.00 0.17 0.00
(Xmin—Xmax) (0.05-9.36) (0.09-2.77) (0.32-9.09) (0.13-3.14)
>LOD% 75% 67% 83% 71%

Heptachlor x+SD 0.44+0.53 0.10+0.18 0.60+1.09 0.24+0.69
Me 0.34 0.00 0.13 0.00
Kin—Xmay) (0.14-2.64) (0.10-0.99) (0.04-3.88) (0.04-3.81)
>LOD% 75% 75% 79% 75%

Aldrin x+SD 4.44+4.01 0.35+0.72 1.70+2.54 0.35+0.82
Me 4.60 0.00 0.13 0.01
(KXmin—Xmax) (0.03-13.52) (0.02-3.39) (0.25-9.72) (0.04-4.90)
>LOD% 88% 79% 75% 75%

Heptachlor epoxide x+SD 0.01+0.03 0.00+0.00 0.00+0.00 0.00+0.01

isomer B Me 0.00 0.00 0.00 0.00

Kmin—Xmax) (0.12-0.13) (0.00-0.00) (0.00-0.00) (0.04-0.05)
>LOD% 4% 0% 0% 8%

Endosulfan I x+SD 0.30+0.86 0.05+0.36 0.31+0.86 0.01+0.04
Me 0.00 0.00 0.00 0.00
Kpin—Xmax) (1.71-3.85) (2.49-2.49) (0.02-4.06) (0.10-0.23)
>LOD% 13% 2% 50% 21%

pp'DDE x+SD 0.10+0.08 0.03+0.04 0.20+0.27 0.05+0.08
Me 0.10 0.00 0.02 0.00
(Knin—Xmax) (0.05-0.31) (0.04-0.15) (0.03-0.88) (0.02-0.34)
>LOD% 71% 73% 75% 73%

Dieldrin x+SD 3.81+3.14 0.51+1.21 2.18+2.33 0.27+0.40
Me 4.30 0.00 0.98 0.00
(Kpin—Xmax) (0.19-9.01) (0.13-4.80) (1.09-6.34) (0.03-1.44)
>LOD% 75% 75% 83% 71%
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Table 1 (continued)

Pesticide Raw water, n=144 Drinking water, n=144 Raw sewage, n=144 Treated sewage, n=144
Endrin x+SD 0.02+0.08 0.00+0.00 0.21+0.80 0.09+0.50
Me 0.00 0.00 0.00 0.00
Kpin—Xmay) (0.41-0.42) (0.00-0.00) (0.32-3.39) (0.08-3.32)
>LOD% 4% 0% 23% 8%
Endosulfan II x+SD 0.40+0.44 0.09+0.16 1.00+1.41 0.14+0.25
Me 0.41 0.00 0.14 0.00
Kmin—Xmax) (0.31-1.94) (0.15-0.85) (0.15-4.73) (0.19-1.03)
>LOD% 58% 63% 79% 67%
pp'DDD x+SD 0.47+1.30 0.02+0.04 0.60+1.53 0.07+0.17
Me 0.06 0.00 0.06 0.00
Kmin—Xmax) (0.03-5.70) (0.02-0.23) (0.01-7.01) (0.02-0.94)
>LOD% 75% 75% 92% 83%
Endrin aldehyde x+SD 0.01+0.03 0.00+0.01 0.03+0.06 0.01+0.03
Me 0.00 0.00 0.00 0.00
Kmin—Xmax) (0.16-0.18) (0.04-0.06) (0.08-0.22) (0.06-0.17)
>LOD% 4% 4% 38% 21%
Endosulfan sulfate x+SD 0.01+0.03 0.00+0.00 0.02+0.08 0.00+0.02
Me 0.00 0.00 0.00 0.00
Kin—Xmax) (0.14-0.15) (0.00-0.00) (0.17-0.35) (0.09-0.12)
>LOD% 4% 0% 17% 4%
pp'DDT x+SD 0.15+0.14 0.06+0.16 0.11+0.13 0.05+0.07
Me 0.14 0.00 0.03 0.00
Kmin—Xmax) (0.07-0.59) (0.04-1.10) (0.05-0.45) (0.04-0.28)
>LOD% 75% 69% 83% 79%
Endrin ketone x+SD 0.21+0.23 0.05+0.10 0.30+0.46 0.08+0.11
Me 0.18 0.00 0.00 0.00
(Kin—Xmax) (0.13-1.00) (0.02-0.40) (0.27-1.53) (0.12-0.32)
>LOD% 63% 63% 67% 63%
Methoxychlor x+SD 0.12+0.25 0.03+0.05 0.18+0.26 0.03+0.04
Me 0.07 0.00 0.01 0.00
(Kpin—Xmax) (0.05-1.31) (0.03-0.16) (0.06-0.91) (0.04-0.14)
>LOD% 58% 63% 75% 71%
¥ Organochlorine pes-  x+SD 19.13+ 2.73+4.01 14.82 + 3.37+4.62
ticides Me 12.41 0.12 15.25 0.47
(Kpin—Xmax) 23.38 (0.07-12.21) 7.82 (0.02-14.97)
>LOD% (0.15-36.55) 68% (0.07-41.26)
100% 73% 68%

Notes: the table reports summary statistics expressed as ng/l. For each organochlorine pesticides, we report the mean (x) + standard

deviation (SD), median (Me), range (in bracket), and detection frequency (%)

decreased or were eliminated completely (with
decreases of 46 to 100%), which demonstrates
the effectiveness of the water treatment methods
applied (Table 1). The health risk associated with the
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ingestion of drinking water was assessed based on the
calculated LADD and HQ values (Figs. 4 and 5). The
results for LADD (from 2.27-10™ to 4.07-1077 mg/
kg/day) point to very low levels of organochlorine
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pesticide intake from drinking water. The HQ levels
for drinking water ranged from 3.42:107° to 6.44-107°
and thus were well below the limit of 1. This indi-
cates that the water is safe for consumers to drink and
does not pose a health hazard.

3.3 Untreated Sewage

HCH compounds (>LOD) were found to be present
in an average of 84.4% of the untreated sewage sam-
ples («aHCH, 83%; PHCH, 92%; yHCH, 79%; SHCH,
83%). The highest average content of the sum of
HCHs in untreated sewage (17.06 ng/L) was detected

Date of sampling

in November, with the annual average being 7.2 ng/L.
DDT metabolites (>LOD) were found to be present
in an average of 83% of the untreated sewage samples
(pp'DDE, 75%; pp'DDD, 92%; pp'DDT, 83%). The
lowest average content of the sum of DDT and their
metabolites was found in untreated sewage in June
(3.31 ng/L), with the annual average being 0.91 ng/L.
Of these, the metabolite pp'DDD was the predomi-
nant compound. The average fraction of pp’'DDT in
the sum of DDT was 0.25, indicating that no new
quantities of the compound were introduced.
Endosulfan species (> LOD) were found to be pre-
sent in an average of 48% of the untreated sewage
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samples (endosulfan I, 50%; endosulfan II, 79%;
endosulfan sulfate, 17%). The highest content of the
sum of endosulfan compounds was found in Novem-
ber (3.27 ng/L), with the average for the study period
being 1.34 ng/L. As was the case in the water sam-
ples, endosulfan II showed the highest levels, proving
to be the major metabolite.

The content of the sums of organochlorine pesti-
cides in untreated sewage was significantly higher
(»<0.05) from May to November 2018 relative to the
other periods.

3.4 Treated Sewage

HCH compounds (>LOD) were found to be present
in an average of 79% of the treated sewage samples
(eHCH, 79%; PHCH, 96%; yHCH, 71%; SHCH,
71%). The highest average content of the sum of
HCHs in treated sewage (6.3 ng/L) was detected
in June, with the average for the study period at
1.94 ng/L. Of these, the yHCH isomer was the pre-
dominant compound.

DDT metabolites (>LOD) were found to be pre-
sent in an average of 78.5% of the treated sewage
samples (pp'DDE, 73%; pp'DDD, 83%; pp'DDT,
79%). The lowest average content of the sum of DDT
and their metabolites in untreated sewage was also
found in June (0.91 ng/L), the average level being
0.16 ng/L. Of these, the metabolite pp’'DDD was the
major compound. The average fraction of pp'DDT
in the sum of DDT was 0.21, indicating that no new
quantities of the compound were introduced.

Endosulfan species (>LOD) were found to be
present in an average of 30% of the treated sewage
samples (endosulfan I, 21%; endosulfan II, 67%;
endosulfan sulfate, 4%), with the average being
0.16 ng/L. The highest content of the sum of endo-
sulfan species was found in November (0.68 ng/L),
with endosulfan II being the most common species
of its type.

Maximum admissible concentrations of organo-
chlorine pesticides are set out in the Regulation
(Dz. U, item 1311, 2019) on parameters of treated
sewage discharge into water. The detected trace
amounts of organochlorine pesticides such as HCH,
aldrin, DDT, and HCB (ranging from 0.01-107°
to 4.9-107° mg/L) were close to the 0 mg/L level
defined as the maximum admissible concentration
in the Regulation. The results show that the treated
sewage discharged into the Odra river was not haz-
ardous to the aquatic environment (Fig. 6).

The content of the sums of organochlorine pes-
ticides in treated sewage was significantly higher
(p <0.05) in June and July 2018 relative to the other
periods.

Additionally, when the levels of analytes of inter-
est were compared between untreated and treated
sewage via a Tukey’s test (p<0.05), the results
showed that pesticide residues in treated sewage
significantly decreased or were eliminated com-
pletely (with decreases of 37% to 100%), which
demonstrates the effectiveness of the water treat-
ment methods applied (Table 1).
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4 Discussion

Research across the world shows that causes of insec-
ticides infiltrating water bodies may include reckless
and irresponsible use of organochlorine pesticides,
incorrect storage, careless disposal of containers, and
application of obsolete products, which have been
the main contributors to water pollution in Ethiopia
and Pakistan (Essumang et al., 2009, Hashim, 2015,
Mekonen et al., 2016). Among the many classes of
insecticides, organochlorine pesticides are considered
to be the most dangerous. This group includes aldrin,
dieldrin, chlordane, DDT, DDA, DDD, endrin, hepta-
chlor, mirex, toxaphene, and HCH. Their 95% decom-
position rate can range from 1 to 30 years (Grotowska
et al.,, 2018). Sums of HCH (5.54-13.08 ng/L) and
DDT (0.17-4.47 ng/L) were found in drinking water
in China, though at levels deemed safe (Wei et al.,
2015, Lehmann et al., 2017).

Even many years after these compounds ceased to
be produced, they clearly continue to persist in the
environment and pose a real hazard across the world.
Despite the limitations on the use of organochlorine
pesticides (OCPs) now in place, DDT is still used in
China to manufacture dicofol, resulting in these com-
pounds being continuously released into the envi-
ronment. However, Shao et al., (2016) showed that
the sums of DDT in surface waters of Beijing had
dropped significantly from 91.8 (2002) to 0.257 ng/L
(2015-2016). The literature data indicates that HCH
and DDT isomers continue to be found in drinking
water sources worldwide. The highest concentrations
of sums of DDT and HCH are found in Africa (XHCH
6-234 ng/L. and ZDDT 8-239 ng/L) and Asia (ZHCH
76-100 ng/L. and ZDDT 116-848 ng/L) (El Bouraie
et al., 2011, Kaushik et al., 2012). An assay of water
sampled from Wroctaw intakes by Pawetczyk (2013)
found the presence of OCP residues at a level of
73.53 ng/L. Tests of tap water, conducted by the Pov-
iat Unit of the State Sanitary Inspection in Szczecin
from 2014 to 2017, showed that the levels of OCPs,
which were initially at MRL values, dropped to resi-
dues at and around the LOQ (Raport RSSE Szczecin
2017). The water testing results obtained in this study
— an examination that included tap water in Szczecin
— showed low values of OCP residues that did not
exceed the MRL.

The catchment areas of Lake Miedwie are used for
agriculture. The results show that the water has been

contaminated with trace amounts of the compounds,
possibly owing to the agricultural activity during
the last several decades. However, there may also be
other sources of pollution, such as atmospheric pol-
lution from the energy/transport industries and the
often unreported discharges of untreated domestic
sewage from nearby villages. In summary, it should
be emphasized that when compared with other coun-
tries, the treat water from Lake Miedwie does not
contain levels of OCPs pesticide residues dangerous
to Szczecin inhabitants. The levels of these com-
pounds are well within maximum admissible con-
centrations, with the average level corresponding
to 0.55% MRL. The drinking water supplied to the
citizens of Szczecin conformed with all standards. Its
chemical and microbiological purity is being continu-
ously monitored, with such exemplary parameters as
turbidity of 0.1-0.2 NTU (nephelometric turbidity
unit); pH (potential of hydrogen) of 7.4-7.8; alka-
linity of 3 mmol/L; chlorine dioxide at 0.3-0.4 mg;
COD (chemical oxygen demand) at 2.4-3 mg/L;
nitrates at 1.55-3.65 mg/L; and nitrites maximally
at 0.001 mg/L. This indicates that the quality of the
water is comparable to commercial bottled water
products.

The analysis also showed that despite the modern
methods used both in the water treatment plant and
in the sewage treatment plant, 100% removal was not
achieved. An analysis of the results revealed that,
during the study period, the water treatment process
lowered the organochlorine pesticide concentration
by approximately 80% (45-100%). The sewage treat-
ment process showed higher efficiency at around 85%
(37-100%). The organochlorine compounds analyzed
in the present study are currently not used in the
European Union. Their considerable persistence in
the environment (up to 30 years) and their ability to
accumulate in tissues mean that they are still detected
in the environment.

The aim of the study was to comprehensively
evaluate the effectiveness of the raw water treatment
process used in ZPW in Zelewo in terms of reduc-
ing OCP residues in drinking water. The facility uses
conventional, proven treatment methods. As indi-
cated by Syafrudin et al. (2021), an alternative to such
solutions may be purification processes based on the
in situ generation of a highly reactive hydroxyl radi-
cal that oxidizes resistant organic pollutants. In this
process, organic pollutants are fully mineralized to

@ Springer



310 Page 120f13

Water Air Soil Pollut (2021) 232: 310

carbon dioxide, water, minerals, and salt. Hydroxyl
radicals can be produced in various ways, €.g., using
a combination of oxidants, catalysts, and ultraviolet
radiation (Syafrudin et al., 2021).

Preventing area-wide surface water pollution is
a complex issue that has yet to be solved. It is not
always possible to locate the site of discharge or to
determine the type of pollutant. When substances are
transported from the catchment area to water bodies
due to snowmelt or rainfall, the physiography and use
of the catchment and water regimes are of primary
importance. When aiming to reduce area-wide pollu-
tion, consideration must be given to the nature of the
catchment area, the hydrological cycle, and the reac-
tions to changing weather conditions. Water pollution
can cause economic losses and lead directly to poten-
tial food contamination (Ciecko & Panek, 2019).

5 Conclusions

1. OCP residues in the drinking water average
0.55% MRL (ranging from 0.01 to 2.44% MRL)
and present no direct risk to the health of con-
sumers and are safe to consume.

2. The levels of OCPs in treated sewage were low
(from 0.02 to 14.97 ng/L) relative to applicable
standards.

3. The water treatment process successfully lowered
the OCP concentration by approximately 80%
(from 46 to 100%).

4. The sewage treatment process successfully low-
ered the OCP concentration by approximately
85% (from 37 to 100%).

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The
images or other third party material in this article are included
in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not
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intended use is not permitted by statutory regulation or exceeds
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Abstract: Drinking water is the essential medium for food production, and is also needed for direct
consumption; while it must be free of harmful substances, it also must have a composition that is
beneficial to health. The aim of this study was to evaluate the influence of water and wastewater
treatment on reducing the concentrations of zinc (Zn), nickel (Ni), iron (Fe), manganese (Mn), copper
(Cu), lead (Pb), and arsenic (As) in the Western Pomerania Voivodeship in Poland. The research
was carried out in 2017-2019. The analysis was performed with inductively coupled plasma atomic
emission spectrophotometry (ICP-AES). The concentrations of trace elements in drinking water were
below maximum acceptable concentrations (MACs). Reductions in the most dangerous elements
during water treatment fluctuated from 48.5% (As) to 97% (Pb). Wastewater treatment reduced the
concentrations of analyzed elements by a range of 28.6 to 60.8%, and the most toxic elements (Pb
and As) by over 50%. Trace element concentrations in treated wastewater were below MAC values,
and ranged from 1.15% (Pb) to 6.23% (As) of MACs for toxic elements. The concentrations of both
essential elements (Zn, Ni, Fe, Mn, Cu) and toxic elements (Pb, As) in drinking water were below the
MACs. Water treatment had a significant (p < 0.05) effect on decreasing trace element concentrations.

Keywords: drinking water; toxic elements; trace elements; treatment of water and wastewater

1. Introduction

Water distributed to households and food industry plants through water supply
networks must meet the highest quality standards, which is why it is subjected to water
treatment. The effectiveness of treatment affects the lives of consumers, which is why
as technology develops at water treatment and wastewater treatment facilities, various
techniques are combined with the aim of increasing treatment efficiency [1]. Drinking
water can be a valuable source of many essential elements for humans, such as zing, iron,
manganese, and copper.

Trace elements are components of the Earth’s crust, released into the waters natu-
rally, but the cause of observed exceedance values is mainly the result of anthropogenic
activity [2].

Drinking water, in the context of the human body’s high demand for its consumption,
can be an important source of harmful elements to organisms [3]. For example, arsenic
causes various forms of cancer, and its accumulation in the thyroid gland causes endemic
goiter. Another extremely dangerous element is lead, which damages the central and
peripheral nervous systems, intestines, and kidneys; it also blocks the action of many
enzymes, and prevents the formation of vitamins [4].

The increasing use of trace elements in industry can also lead to increased concentra-
tions of them in wastewater treatment plants [1]. Unfortunately, thus far, little research has
focused on trace element concentrations in wastewater and their behavior in wastewater
treatment, although they may have potential value if recovered from wastewater treatment
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plant sludge [2]. Therefore, it is extremely important to have quantitative information
on the concentrations of trace elements in wastewater that returns to surface water after
treatment and, potentially, to drinking water. In the European Union (EU) countries, the
quality of water intended for human consumption is regulated by Directive 2020/2184 of
16 December 2020, and in Poland, additionally, by the Regulation of the Minister of Health
of 2017 [5,6]. This directive includes, inter alia, information on the permissible content
of selected elements, such as copper (2 mg L~1), nickel (20 ug L~1), iron (200 ug LD,
manganese (50 pg L1, lead (5 ug L~1), and arsenic (10 ug L.

The impulse to assess the impact of water and wastewater treatment processes on the
reduction in zinc, nickel, iron, manganese, copper, lead, and arsenic concentrations was
prompted by the high ability of the human body to bioaccumulate these trace elements,
including potentially toxic ones. The second reason was the recommended consumption of
drinking water of at least 2.0-2.5 L per day [7].

The article is part of a project that analyzes the impact of water treatment and wastew-
ater treatment on the quality of drinking water in terms of many parameters, including
the reduction in the concentrations of organic compounds, such as organochlorine pesti-
cides [8], and inorganic compounds, including trace elements. The study was carried out in
the Voivodeship of Western Pomerania in Poland. The authors draw attention to the often
overlooked aspects of water and wastewater treatment efficiency in different seasons of the
year. It is extremely important to fit the water and wastewater treatment accordingly to the
season of the year, as different biochemical processes occur in the waters at different times
of the year, and this can affect the efficiency of treatment.

2. Results
2.1. Analyzed Elements in Drinking Water and Wastewater

Table 1 presents the mean contents of the elements analyzed in raw and treated
drinking water and in raw and treated wastewater.

The contents of zinc in raw and treated water fluctuated within a range of 0.008—
0.069 mg L1 (detected in 100% of samples) and < LOD-0.021 mg L~! (in 98% of sam-
ples), respectively. In raw and treated wastewater, the Zn content determined was 0.088-
0.336 mg L~! (100% of samples) and 0.035-0.192 mg L~! (100% of samples), respectively
(Table 1). The analysis of the dependence between the water parameters and the zinc
quantities determined did not indicate significant correlations in drinking water, but in
raw drinking water in summer and autumn was positively correlated with ammonium ion
content (r = 0.836, r = 0.576, respectively) (Table 2). In autumn, a positive correlation with
chemical oxygen demand (COD) (r = 0.576) was also observed. In wastewater, however,
a significant correlation was only confirmed in treated wastewater. Therefore, in spring,
positive dependencies of zinc were confirmed with biochemical oxygen demand (BODs)
(r = 0.720) and negative ones with nitrogen (r = —0.738), in summer with COD (r = 0.918),
and in autumn with COD (r = —0.738) and phosphorus content (r = —0.721). When com-
paring the zinc concentrations in different seasons of the year (Table 2), it was noted that in
drinking water significant differences (p < 0.05) occurred between the water abstracted in
summer and winter; a similar dependency was noted in raw wastewater.

Table 1. Summary statistics of trace element concentrations (mg L™1).

Trace Elements

Raw Drinking Water Drinking Water Raw Wastewater Treated Wastewater

n =288 n =288 n =288 n =288
X & SD 0.026 & 0.014 0.007 + 0.004 0.218 + 0.096 0.080 + 0.030

Zn Me 0.023 0.008 0.207 0.074
(Xenin—Xmax) (0.008-0.069) (< LOD-0.021) (0.088-0.536) (0.035-0.192)

>LOD% 100% 98% 100% 100%
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Table 1. Cont.

Trace Elements Raw Drinking Water Drinking Water Raw Wastewater Treated Wastewater
n =288 n =288 n =288 n =288
X+ SD 0.002 £ 0.001 0.001 £ 0.001 0.026 & 0.012 0.016 & 0.006
Ni Me 0.002 0.0004 0.023 0.015
(Xmin—Xmax) (< LOD-0.004) (< LOD-0.003) (0.010-0.068) (0.006-0.041)
>LOD% 98% 52% 100% 100%
X + SD 0.021 £ 0.012 0.005 £ 0.003 0.585 £ 0.480 0.131 4+ 0.077
Fe Me 0.019 0.004 0.344 0.116
(Xmin—Xmax) (0.002-0.068) (0.001-0.010) (0.058-1.863) (0.028-0.377)
>LOD% 100% 100% 100% 100%
X + SD 0.008 £ 0.004 0.003 £ 0.002 0.057 £ 0.022 0.035 £ 0.033
Mn Me 0.007 0.003 0.053 0.029
(Xmin—Xmax) (0.003-0.020) (< LOD-0.007) (0.021-0.135) (0.012-0.240)
>LOD% 100% 91% 100% 100%
X+ SD 0.004 £ 0.002 0.001 £ 0.001 0.042 £+ 0.023 0.014 £ 0.007
Cu Me 0.004 0.001 0.039 0.011
(Xmin—Xmax) (< LOD-0.008) (< LOD-0.005) (0.011-0.090) (0.008-0.040)
>LOD% 98% 69% 100% 100%
X + SD 0.003 £ 0.001 0.0001 £ 0.0003 0.016 £ 0.013 0.006 £ 0.001
Pb Me 0.003 0 0.01 0.006
(Xmin—Xmax) (0.0005-0.006) (< LOD-0.001) (< LOD-0.056) (0.003-0.011)
>LOD% 100% 8% 98% 100%
X + SD 0.002 & 0.001 0.001 £ 0.0005 0.014 & 0.004 0.006 + 0.004
As Me 0.002 0.001 0.014 0.005
(Xmin—Xmax) (0.0001-0.004) (< LOD-0.002) (0.007-0.022) (0.003-0.018)
>LOD% 100% 77% 100% 100%
Notes: all summary statistics expressed as mg L!. Presented for each trace element are the mean X =+ standard
deviation (SD), median (Me), range (Xmin—Xmax in brackets), and detection frequency (> LOD%).
Table 2. Correlations between the composition of the water tested and selected element contents
(p < 0.05).
Zn Ni Fe Mn Cu Pb As Zn Ni Fe Mn Cu Pb As
Parameter
Spring Summer
Drinking Water
NHs* (mg L) —0377 0.165 0100 0.087 0381 nd. —0193 0.000 —0210 —0.110 —0.078 —0.187 0.194 0.272
NO;~ (mg L) 0242 0246 —0.135 0121 —0371 nd. 0137 0360 0126 —0284 —0.329 0.169 —0.316 0.093
NO,~ (mgL™1) —0377 0.165 0.100 0.087  0.381 n.d. -0.193 0.089 —0.037 —-0.331 —-0.425 -—-0.307 0.226  0.425
COD (mg O, L™1) 0119 -0.015 0.130 0235 —0210 n.d. 0136 0294 0401 0.179 0.057 0323 —0.387 0.189
ClO, (mg L71) —0.382 0.156 0.082 0.098 0.374 n.d. -0.191 0072 0.108 0.749 0542 0.180 —0.158 —0.083
Raw Drinking Water
NHs* (mg L) —0436 —0.134 —0.129 0377 —0.833 —0.418 —0.375 0.836 0254 0.029 —0465 0.193 —0.630 —0.307
NO;~ (mgL™1) 0.029 0488 0485 —0.319 0533 0.666 0.739 —0.734 —0.274 —0.622 —0.252 —0.186 0452  0.308
NO,~ (mgL™1) —0.162 —0.558 —-0459 0300 —0.531 —0.781 —0.640 0.854 0.223 —0.063 —0.489 0.088 —0.634 —0.057
COD (mg O, L™1) —-0.394 -0252 —-0.286 0407 —0401 —0.622 —0.498 0.056 0.084 0547 0528 0.040 —0.279 —0.578
Treated Wastewater
COD (mg O, L71) 0.073 —0476 -—0.086 —0.012 —0.378 0.283 0363 0918 —0.452 —-0.392 0.168 —0.427 —0.208 —0.507
BODs (mg L™1) 0.720 0261 —0.155 0.059 0291 —-0.237 —-0.033 0.510 0.011 0331 0541 —0.309 -0.292 -0.528
Ptotal (mg L~1) —0.046 0492 0081 0014 0394 029 -—-0368 0463 —0241 -0.109 -0.101 -0.237 —-0.199 -—0.547
N,total (mg L~1) —0.738 —0417 0.138 —0.066 —0.419 0334 0143 0.133 —0.078 0.120 —0.155 -0.081 —0.186 —0.425
Raw Wastewater
COD (mg O, L71) -0363 —0.027 —0.192 0.072 —0435 —-0.236 -0.139 0.113 —0.080 —0.385 —0.452 —0.001 0.173  —0.406
BODs (mg L™1) -0319 -0.300 0.015 0239 —0.246 —-0.244 -—-0.070 0.050 0.068 —0.310 -0.392 0.016 0254 —0.302
Ptotal (mg L~1) —-0331 0174 —-0.307 —-0.0600 —0.494 —-0.188 —0.165 —0.009 0.077 —0.661 —0.650 —0.249 0.304 —0.240
N,total (mg L~1) —0.178 0.440 —0.395 —0.252 —0.436 —0.054 —0.155 —0.100 0.239 —0.670 —0.637 —0.313 0.394 —0.078
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Table 2. Cont.

Zn Ni Fe Mn Cu Pb As Zn Ni Fe Mn Cu Pb As
Parameter
Spring Summer
Autumn Winter
Drinking Water
NH; * (mg L") —0.108 —0.015 —0.546 0.073 0.714 —0.213 —0.158 —0.544 0.158 —0.211 0.234 0.076 —0.135 0.058
NO3;~ (mg L) —0.161 0.238 —0.528 0.197 0.611 —0.254 —0.332 —0.494 0.060 0.012 0.017 0.033 —0.484 —0.245
NO; ™ (mg L1 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.038 0.125 0.593 0.626 —0.070 —0.426 —0.368
COD (mg O, L1 —0.096 —0.457 —-0.069 —0.274 —0.127 —-0.161 —-0.030 —0.089 —0.263 0.005 0.024 —-0.195 0.056 —0.024
ClO; (mg L1 0352 0.157 0328 0.205 0.115 0302 0310 —0.038 —0.125 —0.593 —0.626 0.070 0.426  0.368
Raw Drinking Water
NH; * (mg L 0576 —0.234 0.109 —0.686 0.000 0.117 0.405 0.008 0.064 0.143 —0.057 0.599 —0.176 0.000
NO;~ (mg L1 —-0.375 0.189 —0.375 —0.095 —-0.110 —0.226 0.015 0.103 0454 0218 —0.609 —0.419 —0.287 —0.346
NO; ™ (mg L1 0.314 0.097 0234 —0.025 0366 0500 0.108 0393 0483 0.190 0.820 —0.068 0.325 0.170
COD (mg O, L1 0.576 —0.234 0.109 —0.686 0.000 0.117 0405 0.075 —0403 0.145 —0.067 0.387 0.300 0.204
Treated Wastewater
COD (mg O, L1 —0.738 0.639 —0.515 —0.226 0.067 0.345 0.288 —0.241 0.756 0.610 0.025 —0.486 0.566  0.445
BODs (mg L1 0.047 —0.245 0.107 —0.621 0.293 0290 0.053 0.072 —0401 —0.706 0.463 —0.055 —0.686 —0.147
Ptotal (mg L1 —0.721 0.278 —0485 —0.675 0.131 0301 0.137 0504 0.068 0538 —0.103 0.547 0.118 0.110
N, total (mg L1 —0.046 0.744 0.080 0.078 0469 0.708 0479 —0.149 —0.693 —0.409 —-0.421 0277 —-0.119 —0.603
Raw Wastewater

COD (mg O, L1 —0.328 —0.316 0.063 0398 0303 0.131 —0.348 0272 —0.406 —0.056 —0.163 0.378 0.088 —0.637
BODs (mg L1 —0.367 —0.136 —0.094 0417 0.203 —0.043 —0.197 0.006 —0.405 —0.579 —0.579 0.363 —0.421 —0.766
Ptotal (mg L1 0.084 —0.201 0.367 0508 0359 0349 —-0.183 0.355 —0.159 —-0.027 —-0.057 0.276 0.010 —0.182
N, total (mg L1 —0.103 —0452 0.344 0380 0469 0380 —0.449 0.265 0.031 —0.035 —0.004 0.165 —0.102 0.140

Notes: COD— chemical oxygen demand; BODs— Biochemical oxygen demand; N—total nitrogen; P—total
phosphorus; NO3 ™ nitrates (V); NO, ™ nitrites (III); Bold—statistically significant (p < 0.05) correlation.

The nickel content in raw and treated water fluctuated within the ranges of < LOD-
0.004 mg L~! (detected in 98% of the samples) and < LOD-0.003 mg L~ (in 52% of
the samples), respectively. The Ni contents confirmed in raw and treated wastewater
were 0.010-0.068 mg L~! (100% of samples) and 0.006-0.041 mg L~! (100% of samples),
respectively (Table 1). Throughout the two-year study period, no significant dependencies
between the biochemical parameters of drinking water and raw drinking water and the
quantities of nickel determined were confirmed. Only in treated wastewater in autumn and
winter was the quantity of COD positively correlated with nickel content (r = 0.639 and
r = 0.756, respectively). The content of total nitrogen in autumn, however, was positively
correlated with nickel (r = 0.744), while in winter it was negatively correlated (r = —0.693)
(Table 2). The quantity of nickel in the samples tested differed significantly (p < 0.05)
between the seasons of the year—in drinking water, between spring and autumn; in raw
drinking water, between summer and winter; and in raw wastewater, between summer
and autumn (Table 3). Positive dependencies were noted in comparisons between nickel
and other elements in raw drinking water between the seasons of the year—in spring with
the level of arsenic (r= 0.695), in summer with the level of copper (r = 0.633), and in autumn
with the level of lead (r = 0.641). In raw wastewater, in autumn, a negative correlation was
observed between nickel and the content of copper (r = —0.666), while a positive correlation
was noted with the content of arsenic (r = 0.815) (Table 4). The content of iron in raw
and treated water fluctuated within ranges of 0.002-0.068 mg L~! (detected in 100% of
samples) and 0.001-0.010 mg L= (in 100% of the samples), respectively. In raw and treated
wastewater, the contents of Fe confirmed were 0.058-1.863 mg L.~ (100% of the samples)
and 0.028-0.377 mg L~! (100% of the samples), respectively (Table 1). In spring and autumn,
biochemical parameters of water and wastewater—such as COD, BODs, total phosphorus,
and total nitrogen—did not affect iron levels (Table 2). In summer the quantity of chlorine
dioxide affected (r = 0.749) the level of iron in drinking water. A negative correlation of
iron with the content of nitrates (V) (r = —0.622) was observed in the raw drinking water
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sampled in summer. In winter, a negative correlation was noted between BODj5 content and
iron in both treated and raw wastewater; furthermore, a positive correlation with COD was
confirmed in treated wastewater in winter (Table 2). In summer, negative dependencies
were observed between the contents of Fe and phosphorus and the content of total nitrogen
in raw wastewater. Significant differences (p < 0.05) were noted in the iron content of
treated wastewater between spring and autumn. In the other seasons, no changes were
observed (Table 3). In raw drinking water and treated wastewater collected in spring, a
significant (p < 0.05) positive correlation was noted between iron and arsenic, while when
collected in autumn a positive correlation was observed for zinc (Table 4). Furthermore,
the analysis of the wastewater samples collected in winter indicated a positive correlation
with lead.

The content of manganese in the water analyzed did not exceed 0.02 mg L™}, and in
wastewater it did not exceed 0.240 mg L~! (Table 1). In spring, the biochemical parameters
of the water and wastewater did not affect the levels of this element, while in summer, only
in raw wastewater was a negative correlation observed in the contents of total phosphorus
(r = —0.650) and nitrogen (r = —0.637) (Table 2). In autumn, significant differences were
noted depending on the biochemical parameters of the raw drinking water and treated
wastewater, while in winter positive correlations were noted between Mn and the contents
of nitrates (V) (r = —0.609) and nitrates (III) (r = 0.820). Furthermore, in drinking water,
a negative dependency was observed with the content of chlorine dioxide (r = —0.626)
(Table 2). When considering the dependencies between elements, only one positive cor-
relation was noted, with the content of copper in treated wastewater collected in spring
(Table 4).

The copper content in raw and treated water fluctuated within the ranges of < LOD-
0.008 mg L~! (detected in 98% of the samples) and < LOD-0.005 mg L~! (in 69% of the
samples), respectively. The content of Cu noted in raw and treated wastewater was 0.011-
0.090 mg L~! (100% of samples) and 0.008-0.040 mg L~ (100% of samples), respectively
(Table 1). Biochemical parameters slightly affected the quantity of copper in the samples
analyzed. The only changes were noted in drinking water and raw drinking water (Table 2).
Conversely, significantly (p < 0.05) higher copper content was noted in treated wastewater
in autumn than in the other seasons of the year. Raw wastewater was characterized by
the lowest level of this element in winter, and these differences were largely statistically
significant (Table 3). Correlations between Cu and As content were noted of raw wastewater
in spring and autumn—in spring it was a positive correlation (r = 0.781), while in autumn
it was negative (r = —0.606) (Table 4).

The content of lead in raw and treated water fluctuated within ranges of 0.0005—
0.006 mg L~! (detected in 100% of samples) and < LOD-0.001 mg L~! (in 8% of samples),
respectively. The contents in raw and treated wastewater were < LOD-0.056 mg L~ (98%
of the samples) and 0.003-0.011 mg L~! (100% of the samples), respectively (Table 1).

The content of arsenic in raw and treated water fluctuated within ranges of 0.0001-
0.004 mg L~ (detected in 100% of samples) and < LOD-0.002 mg L~ (in 77% of samples),
respectively. The As content in raw and treated wastewater was 0.007-0.022 mg L=! (100%
of the samples) and 0.003-0.018 mg L~! (100% of the samples), respectively (Table 1).
Changes in the biochemical parameters had a limited effect on lead and arsenic contents,
except in raw drinking water in spring and summer and in wastewater in winter (Table 2).
The content of lead in raw drinking water differed significantly between summer and
autumn. A significant difference in lead concentration was also observed in raw wastewater
between spring and autumn (Table 3). The lowest arsenic content was noted in raw
wastewater in spring, which was statistically significant in comparison to that in summer
and winter. In turn, the highest content of this element was observed in treated wastewater
in summer in comparison to the other seasons of the year.
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Table 3. Significant differences (p < 0.05) in the contents of elements in the water tested in different seasons of the year.

p-Value p-Value
Trace Spring Spring Spring Summer Summer Autumn  Trace Spring Spring Spring Summer Summer Autumn
Element vs. vs. vs. vs. vs. vs. Element vs. vs. vs. vs. vs. vs.
Summer Autumn Winter Autumn Winter Winter Summer Autumn Winter Autumn Winter Winter
Drinking Water Treated Wastewater
Zn 0.236 0.87 0.833 0.659 0.040 0.384 Zn 0.998 0.413 0.397 0.52 0.503 1
Ni 0.357 0.024 0.085 0.56 0.865 0.95 Ni 0.719 0.828 0.687 0.239 1 0.218
Fe 0.779 0.915 0.948 0.921 0.935 0.927 Fe 0.658 0.223 0.972 0.017 0.888 0.096
Mn 1 0.969 0.918 0.978 0.935 0.998 Mn 0.995 0.985 0.695 0.937 0.549 0.878
Cu 0.736 0.371 0.109 0.929 0.571 0.902 Cu 0.832 0 0.902 0.001 0.999 0.001
Pb 0477 0.887 0.887 0.887 0.887 0.854 Pb 0.76 0.928 0.577 0.982 0.99 0.906
As 1 1 0.676 1 0.744 0.725 As 0 0.837 0.898 0.001 0.001 0.999
Raw Drinking Water Raw Wastewater
/n 0.871 0.851 0.972 0.407 0.632 0.982 7/n 0.021 0.857 0.207 0.002 0 0.631
Ni 0.05 0.353 0.944 0.75 0.012 0.133 Ni 0.93 0.153 0.884 0.041 0.546 0.493
Fe 0.775 0.812 0.988 1 0.922 0.943 Fe 1 0.666 0.927 0.711 0.949 0.952
Mn 0.027 0.895 0.078 0.133 0.968 0.301 Mn 0.959 0.276 0.534 0.553 0.828 0.965
Cu 0.854 1 0.969 0.887 0.598 0.952 Cu 0.078 0.288 0.726 0.905 0.006 0.033
Pb 0.938 0.131 1 0.036 0.942 0.127 Pb 0.848 0.034 0.545 0.194 0.953 0.446
As 0.867 1 0.807 0.885 0.352 0.784 As 0.032 0.225 0.002 0.797 0.733 0.225

Notes: Bold—significant differences (p < 0.05).
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Table 4. Correlations among different elements in different seasons of the year.

Spring Summer Autumn Winter
Zn Ni Fe Mn Cu Pb Zn Ni Fe Mn Cu Pb Zn Ni Fe Mn Cu Pb Zn Ni Fe Mn Cu Pb
Raw Wastewater
Ni —0.248 —0.104 0.132 —0.111
Fe —0.147 —0.471 0.004 —0.028 0571 —0.363 0.111 0.157
Mn 0.163 —0.567 0.484 0.156 0.157 0.811 0.093 0.218 0.510 0456 0.528 0.769
Cu 0.072 —0.409 0.328 0.265 0.555 0.045 0.485 0.438 0.050 —0.6660.390 0.064 0.340 —0.406 0.231 0.050
Pb —0435 0313 0.355 0.252 0.116 —0.229 0.017 —0.307 —0.256 0.007 0.535 —0.399 0.568 —0.045 0.054 —0.196 0.047 0.666 0.389 —0.031
As 0.056 —0.3150.048 0.197 0.781 —0.113 —0.526 0.292 0.036 0.145 —0.186 0.487 0.385 0.815 —0.199 0.258 —0.606 —0.106 0.043 0.330 0.494 0.489 0.083 0.414
Treated Wastewater
Ni 0.343 —0.647 —0.284 —0.064
Fe —0.449 0.183 —0.512 0.453 0566 —0.032 0.003 0.347
Mn —0.118 —0.324 —0.283 0.156 0.263 0.449 0264 0.108 0.509 —0.279 0.227 —0.233
Cu 0218 0.034 —0.424 0.645 —0.335 0.205 0.116 —0.051 0.132 0411 0.744 0.231 0.316 —0.521 0.228 —0.332
Pb —0.254 —0.034 —0.094 0.311 —0.210 —0.246 0.521 —0.278 —0.305 0.383 —0.048 0.464 0.031 —0.370 0.258 0.018 0.344 0.665 —0.154 —0.130
As —0.156 —0.108 0.598 —0.211 —0.387 0.243 —0.292 —0.421 0.169 —0.162 0.049 —0.415 —0.170 0.073 —0.209 0.004 —0.114 0.558 —0.104 0.400 0.385 0.545 —0.184 0.404
Raw Water
Ni —0.052 0.160 —0.137 0.305
Fe —0.167 0.648 0.315 0.101 0274 0.032 0.593 0.112
Mn  —0.782 —0.121 0.248 —0.206 —0.016 0.508 —0.097 —0.069 0.374 0.313 0.210 0.070
Cu 0331 0382 0203 —0.256 0.247 0.633 0.343 0.184 0.111 —0.192 0.581 0.273 0.063 0.131 —0.004 0.231
Pb 0.005 0533 0.336 —0.111 —0.562 0.205 —0.169 0.124 0.141 —0.094 0.641 0.093 —0.349 —0.064 —0.025 —0.310 —0.192 0.230 —0.313
As —0.145 0.695 0.673 —0.002 0.566 0.774 0.015 —0.244 —0.162 0.002 —0.177 0.088 0.356 0.244 —0.154 —0.268 —0.301 0.070 0.042 —0.263 0.091 0.207 0.490 0.143
Drinking Water
Ni —0.018 —0.458 0.067 —0.106
Fe —0.117 0.433 0.159 0.124 —0.016 0.377 0424 —0.097
Mn  —0.492 0.060 0.207 —0.095 0.074 0.160 0.064 0.022 —0.418 —0.198 0.371 0.458
Cu —0.106 0.235 0.437 0.467 0.208 0.034 0.086 0.246 —0.148 0.025 —0.278 0.175 0234 —0.191 0.013 —0.453
Pb 0.016 0.141 0.288 0.241 0.153 —0.866 0.548 —0.301 0.090 —0.033 0.036 0.516 0.272 0.031 0.170 0.090 —0.213 —0.386 —0.326 0.465
As 0.125 0.038 0.015 0.185 0.213 0.108 0.554 —0.561 0.066 —0.266 —0.457 —0.550 0.111 —0.091 0.387 —0.259 —0.331 0.214 0.145 —0.460 —0.256 —0.307 0.221 0.039

Notes: Bold— the strong correlations (p < 0.05).
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2.2. Analyzed Elements in Drinking Water and Wastewater

The analysis of the effects of water treatment on changes in the content of selected
elements (Figure 1) confirmed a significant (p < 0.05) decrease in trace elements (in a range
of 48.5 to 97%) (Figures 2 and 3, Table 1). This is evidence of the high efficiency of the water
treatment methods applied. The lowest treatment efficiency was noted with regard to As
and Mn, the contents of which decreased after treatment by 48.5 and 57%, respectively. The
highest treatment efficiency was confirmed for Pb (97%) (Figures 2 and 3).

Water il.ntakc. - Water pumped through Oxidation - ozone
Lake Miedwie a pipeline to the Miedwie ~ [~®| Coagulation - PAX1905
Water Production Plant Flocculation - polyelectrolyte
Filtration No. | on sand-anthracite . .
Sedimentation
filters
A
Filtration No. 2 on o] Chlorinati Treated drinking water -
activated carbon v orination "| transportation via water mains
filters

Figure 1. Diagram of the water treatment process at the Zelewo water production plant.
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Figure 2. Mean treatment efficiency (%) of water.
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Figure 3. Treatment efficiency (%) of water in different seasons.
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2.3. Estimating Health Risks Associated with Drinking Water Consumption

Estimations of the health risks associated with drinking water consumption were
based on comparing ingested amounts with the provisional tolerable weekly intake (PTWI)
for each of the trace elements. PTWI values for each of the elements are presented in Table 5.
At a presumed mean daily water consumption of 2 L [7] and an adult body weight of 70 kg,
none of the mean weekly intakes of the selected elements was exceeded. The minimum
and maximum the minimum and maximum ranges of PTWI values for the elements was
from 0.003% for iron to 2.66% for arsenic (Table 5).

Table 5. Estimated health risks associated with drinking water consumption.

ADI PTWI Mean Concentration
Trace (mg (ug per kg PTWI; PTWI, PTWI; PTWI; (ug L1 of Drinking PTO‘N L PTO‘N L PTOWIZ' PTO‘N L
Element Ke-1 (%) (%) (%) (%)
g 1) per Week) Water)
As 0.0021 15 900 1050 180 570 1 1.56 1.67 5.06 2.46
Pb 0.0036 25 1500 1750 300 950 0.1 0.09 0.10 0.30 0.15
Ni 0.005 35 2100 2450 420 1330 1 0.67 0.71 217 1.05
Zn 0.1 700 42,000 49,000 8400 26,600 7 0.23 0.25 0.76 0.37
Mn 0.14 980 58,800 68,600 11,760 37,240 3 0.07 0.08 0.23 0.11
Cu 0.5 3500 210,000 245,000 42,000 133,000 1 0.01 0.01 0.02 0.01
Fe 0.8 5600 336,000 392,000 67,200 212,800 5 0.02 0.02 0.07 0.03

Notes: ADI—adequate daily intake [9]; PTWI—provisional tolerable weekly intake; PTWI;—women of 60 kg
average body weight and 2 L of water consumption; PTWI,—men of 70 kg average body weight and 2.5 L of
water consumption; PTWIz—children aged 3 years of 12 kg average body weight and 1.3 L of water consumption;
PTWI —children aged 12 years of 38 kg average body weight and 2 L water consumption.

2.4. Effectiveness of Treating Wastewaters in Different Seasons of the Year

The quality of drinking water in urban agglomerations is affected significantly by how
municipal wastewaters are drained and treated since, after treatment, they are discharged
directly into surface water bodies (treated wastewater from the Szczecin agglomeration
is discharged into the Oder River). The analysis of the effects of wastewater treatment
(Figure 4) confirmed significant (p < 0.05) decreases in trace element residues (in a range
of 28.6-60.8%) (Figures 4 and 5, Table 1); this is evidence that the methods applied to
treat wastewater are adequately effective. Treatment was least effective for Ni and Mn,
the decreases in which after treatment were 28.6 and 34.8%, respectively (Figure 6). The
highest treatment effectiveness was noted for Fe (60.8%). Considering that treated waters
are discharged into water bodies, they could be an additional source of trace elements for
aquatic organisms and their consumers, which indirectly include consumers of drinking
water. The concentrations of trace elements in all of the treated wastewater samples from
the Pomorzany plant were below the maximum acceptable concentration (MAC) values,
and the ranges were from 1.15% (Pb) to 6.23% (As) of the MAC values [10].
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3. Discussion

Concentrations of trace elements in water result from both natural and anthropogenic
conditions. Natural conditions include physicochemical properties such as water solubility,
pH, redox potential, and the capability of forming soluble complexes [11]. Anthropogenic
conditions include advances in civilization and industrial development, inter alia, in the
mining and tanning industries, metallurgy, the fertilizer industry, pesticide production,
ore refineries, and the pulp and paper industry, all of which, by producing wastewater
rich in trace elements, significantly contribute to the accumulation of these compounds
in aquatic environments, and they are often difficult to remove with routine treatment
methods [12]. Some trace elements are essential microelements for the human body, such
as copper, manganese, iron, and zinc [13]. The nutrient reference values (NRVs) for these
elements indicate the quantities in which they should be found in the diet via foods and
fluids consumed (Table 6). A substantial group, however, comprises toxic elements that
have the tendency to bioaccumulate [14]. Organizations such as the WHO, the United States
Environmental Protection Agency (US EPA), and the EU all strive to effectively reduce the
emission of trace elements into the environment by formulating strict regulations on the
quality of wastewater discharged by industry. Unfortunately, values differ between the
organizations, rendering it difficult to effectively mitigate the devastation of the natural
environment. For example, the WHO set the maximum permissible concentrations of Cu
and Pb in mining and galvanizing wastewaters at 2.0 and 0.01 mg L™}, respectively [14],
while the US EPA levels are 1.3 and 0.015 mg L1, respectively [15].

Table 6. Effects of water treatment on the quantities of elements ingested in reference to nutrient
reference values (NRVs).

Trace X X NRV NRVRW NRVDW  Difference in NRV Difference in NRV
Element RW (mg) DW (mg) DW (mg) (%) (%) (%) (%)
8 (W) 0.09 0.23 71.88
Zn 0.026 0.007 11 (M) 0.320.23 0.06 017 73.91
Ni 0.002 0.001 - - - -
10 M) 0.05 0.16 76.19
Fe 0.021 0.005 18 (W) 0.210.11 0.03 0.08 75 75
1.8 (W) 0.16 0.28 63.63
Mn 0.008 0.003 2.3 (M) 0.440.34 013 021 61.76
Cu 0.004 0.001 0.9 (WM) 0.44 0.11 0.33 75.0
Pb 0.003 0.0001 - - - -
As 0.002 0.001 - - - -

Notes: W—women; M—men; NRV—nutrient reference value [16]; RW—raw drinking water; DW—treated
drinking water.

In Poland, regulations in force that govern the MAC values for trace elements in
surface waters, drinking water, and treated wastewater discharged into waters are found
in the following issues of the Polish Journal of Laws: item 1747 (2019), item 2294 (2017),
and item 1311 (2019), respectively [6,10,17]. No values exceeding the allowable limits were
noted in any of the materials tested (Table 1). These results indicated that the average adult
ingested barely 0.03 to 0.16 NRV in drinking water, while water treatment decreased the
NRVs ingested by 27-36.4%. In the study presented in this paper, the water abstracted from
Lake Miedwie and subjected to multistage treatment was characterized by safe quantities
of all of the elements analyzed that were below the MACs [17] (Table 7). The tests on
drinking water performed for the present study, similarly to those carried out in 2005-2006
in Poland on metal concentrations, indicated that these elements’ concentrations were
below approximately 10% of the maximum acceptable concentrations [18]. Only the iron
content in the water from 16 years ago slightly exceeded the MAC, which could have
stemmed from the older water and wastewater infrastructure in operation in Szczecin at
the time. Many correlations between elements were noted in the present study; however,
no information regarding this was found in the available literature. Only Rahman (2021)
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reported similar findings in the strong positive correlation of As with Fe in water in
southwestern Bangladesh [19].

Table 7. Maximum acceptable concentrations (MACs) of the trace elements tested in drinking water
and wastewater.

MAC—Raw Drinking MAC—Drinking MAC—Treated
Trace Water 2 Water P Wastewater ¢
Element

Content, mg L1

As 0.05 0.01 0.1
Cu 0.05 2 0.5
Ni 0.05 0.02 0.5
Pb 0.05 0.005 0.5
Mn 0.05 0.05 -
Fe 0.3 0.2 10
Zn 3 - 2

a_J. L. 2019 item 1747 [17], >—J. L. 2017 item 2294 [6], °—J. L. 2019 item 1311 [10].

The concentrations of elements (As, Pb, Ni, Mn, Fe, Cu, Zn) confirmed in raw drinking
water were below the MACs (Tables 1 and 7). Compared to the studies of many other
authors, the quality of water in Lake Miedwie was characterized by high quality parameters.
However, despite the modern solutions applied at the water and wastewater treatment
plants, unnecessary trace elements were not completely removed. Water treatment reduced
the concentrations of specific trace elements within a wide range from 48.5 (As, Mn) to 97%
(Pb); however, wastewater treatment was less effective, as it reduced the concentrations
of trace elements by 28.6 (Ni, Mn) to 60.8% (Fe). Drinking water from Lake Miedwie did
not exceed the standards in any of the study periods. A comparative analysis of drinking
water from various European countries indicated that MACs (4.63%) were exceeded [12,20].
Elevated trace element contents in water and wastewater were confirmed in the period
from spring to early autumn. The higher trace element contents in raw drinking water
and drinking water during this period could have been linked with the higher flow of
elements from sediments to the water that occurs as temperatures increase [21]. Presumably,
the use of coagulants in the treatment plants significantly affected the reduction in the
concentrations of trace elements. PAX-1905, a high-basicity coagulant, was used at the
Zelewo water production plant. Zinc occurring in water in dissolved form is a component
of enzymes, and is a catalyst in many reactions. The content of this element in water is
highly variable, and depends on geological formations and pollutants from many sectors,
including pigment production, battery construction, and ammunition manufacture [14].
The zinc content in potable groundwater from different parts of the world fluctuates
within a range of 15-80 ug L~!. It was determined that in the 2017-2019 period it was
0.007 4 0.004 mg L~!. The US EPA determined that the permissible zinc content in treated
wastewater was 2 mg L1 [15], which is fourfold higher than in treated wastewater tested
in the present study (0.54 mg L~1).

The effectiveness of filtration through filtration beds greatly affects the content of
trace elements in treated water. While trace elements are, in fact, retained in beds, they
are not permanently bound to them. Filtration bed contamination is one of the reasons
that there are trace elements in drinking water [21]. Nickel occurs in water primarily
as [Ni(H,0)4]** ions, and is part of the active sites of many enzymes [22]. Because of
the potentially high toxicity of this element, its recommended dietary allowance (RDA)
has not been determined. Nevertheless, many studies confirm that the estimated daily
consumption of nickel in food and water globally is 80-130 ug per day [23]. Water collected
from the surface waters of Woji Creek, Rivers State, Nigeria in 2019 was confirmed to have
a mean Ni concentration of 0.3545 + 0.1652 mg L~ ! [24]; this value was significantly higher
than those obtained in the present study.
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Manganese and iron are among the most common trace elements in aquatic envi-
ronments. A large percentage of the population of the Baltic states is at risk of potential
exposure to elevated levels of manganese and iron in drinking water, since approximately
30% of groundwater samples collected exceeded the standards for these elements set forth
in the European Union Council Directive 2020/2184 on the quality of water intended for
human consumption [5]. Although these are essential nutrients, when they occur in high
concentrations in drinking water they are linked with various health problems. Iron that
occurs in water as Fe™? and Fe*? ions is responsible for tissue respiration [14].

As is the case with other elements, the acceptable iron concentration in drinking water
varies in many guidelines. For example, Turkish drinking water standards [25] permit
200 pg L~ of iron, while the US EPA (2006) limit is 300 pg L~! [15]. The limit for manganese
is 50 pg L~!, which is the same as that in the TDWS (2005) and the US EPA guidelines
(2006) [15,25]. Manganese plays defensive roles in cells, provides protection against reactive
oxygen species, and also regulates the urea cycle and proper dopamine production [14].
Tap water sampled from Eskisehir Province in the Central Anatolian Region of Turkey in
2013 had an iron level of 110 pg L landa manganese level of 104 pg L~1[26]. These levels
were extremely high in comparison to the drinking water analyzed in the present study, in
which iron and manganese did not exceed 10 ug L' and 7 ug L™}, respectively. Copper
occurs in water as Cu* ions, and it participates, inter alia, in the formation of crosslinks
in collagen, elastin, and melanin, as well as in maintaining keratin structure. The toxicity
of copper in the aquatic environment depends primarily on the alkalinity of the water,
and also on its hardness. Copper is less toxic in more alkaline, harder water, as it is less
available due to the formation of copper carbonate complexes; this is why the toxicity of
copper increases with decreasing water alkalinity and hardness, pH, dissolved oxygen
concentration, chelating agents, humic acid content, and suspended matter content [27].

The occurrence of lead in drinking water is undesirable, as it provides no known
health benefits, while the negative effects from it are many—the most important of which
is lead poisoning. Lead can affect nearly all of the organs and systems in the human body,
and it can cause serious damage to the brain, kidneys, nervous system, and reproductive
system [24]. Due to its low alkalinity and buffering capacity, soft water is more dangerous
because of the greater mobility of lead in the form of soluble salts [12], while water that is
hard and highly alkaline (and also with higher pH values) contains sparing or practically
insoluble lead salts, such as lead phosphate, lead sulfate, lead hydroxide, lead carbonate,
and basic lead carbonate (white lead). The permissible lead content in drinking water in
Poland is 0.001 mg L=, and is in line with WHO recommendations. In the present study,
Pb was detected in only 8% of drinking water samples, and it did not exceed 0.001 mg L.
In raw wastewater, however, the levels detected did not exceed 0.056 mg L~!. Surface
waters in Woji Creek, Rivers State, Nigeria in 2019 had confirmed mean Pb concentrations
of Pb of 1.316 &+ 0.620 mg L~1[24], and these values substantially exceeded those of the
present study. Etxabe et al. (2010) and Haider et al. (2002) [28,29] observed in Spain and
Austria, respectively, that lead concentrations in drinking water were higher than those in
water sampled at treatment plants; these authors concluded that the poor condition of the
water supply network could have resulted in lead leaching from the pipes into the water.

High arsenic concentrations in natural water all over the world are a significant prob-
lem, and pose risks because of the toxic properties of this element. Removing arsenic can
be done through oxidation, precipitation, coagulation, membrane filtration, and adsorp-
tion [30]. The arsenic limit in drinking water set by the WHO is 10 ug L~!. Kelepertsis et al.
(2006) reported higher arsenic concentrations (125 ug L~ 1) in drinking water in eastern
Thessaly in Greece [31], while Jovanovic et al. (2011) confirmed that 63% of all water sam-
ples exceeded Serbian and European standards for arsenic content in drinking water [32].
Cavar et al. (2005) reported that the mean arsenic concentrations in drinking water from
three towns in eastern Croatia were 38, 172, and 619 pg L~!, which posed serious health
risks to approximately 3% of the Croatian population [33]. Research by Tamasi and Cini
(2004) indicated that arsenic concentrations in drinking water from southern Tuscany in
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Switzerland

Germany

Italy were higher than those in treatment plants [34]; these authors concluded that the poor
condition of the water supply network could have caused arsenic to leach from the pipes
into the water.

Although it has been many years since legal regulations throughout the world were
tightened, including in the European Union, trace elements occur in the environment, and
can still pose real risks. The present study confirmed the necessity of continuing research
on the effectiveness of various water treatment methods and filtration beds, and also of
considering drinking water along with the food humans consume when estimating intake
sources of trace elements.

4. Materials and Methods
4.1. Study Material

The materials tested in the study were raw drinking water, drinking water, raw
wastewater, and treated wastewater. The raw drinking water was sampled from Lake
Miedwie, which is a drinking water source and the largest freshwater reservoir in the
Zachodniopomorskie (Western Pomerania) Voivodeship in Poland. The lake has an area of
35 km?, and is the fifth largest in Poland and the second largest in the voivodeship. The
water is abstracted at two intake points in the lake at depths of 16-18 m (6 m above the lake
bottom) that are located in the deep profundal zone. The intakes are fitted with 40 mm
mesh gratings. Raw drinking water is treated in the Zelewo water production plant located
approximately 2.5 km from Lake Miedwie (Figure 7). The wastewater tested was from the
Pomorzany wastewater treatment plant, from which raw wastewater was sampled at the
grating station, while treated wastewater was collected at the outflow canal. The study
began in March 2017, and ran until March 2019. The parameters analyzed are presented in
Table 8.

Lithuania

Republic

Romania

Figure 7. Location of the study area, 1: area supplied with water from Lake Miedwie—left-bank part
of Szczecin (north, west, and downtown districts); 2: pumping stations; 3: water production plant;
4: water sampling sites at the Zelewo water production plant [36].

Sampling was performed four times a month. Each time, 5 L each of raw drinking
water, drinking water, raw wastewater, and treated wastewater were collected to be tested
for levels of trace elements (Zn, Ni, Fe, Mn, Cu, Pb, and As), and a total of 288 samples of
all types of water and wastewater were processed. Immediately after collection, water and
wastewater samples were preserved with nitric acid (Merck, GmbH, Darmstadt, Germany).
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Table 8. Parameters of the water tested [35].

Parameter B Spring B Summer B Autumn B Winter
X SD X SD X SD X SD
Drinking Water
pH 6.80 0.20 7.50 0.06 7.55 0.10 7.77 0.05
Alkalinity (mmol L1 3.052 0.442 3.383 0.072 3.100 0.135 3.017 0.039
NH4* (mg LD 0.388 0.814 0.027 0.010 0.027 0.010 0.023 0.008
NO3™ (mg LY 2.963 0.405 3.487 0.172 2.360 0.744 1.898 0.051
NO;™ (mg L1 0.359 0.837 n.d. n.d. n.d. n.d. 0.001 0.000
COD (mg O, LY 2.73 0.29 2.63 0.10 2.67 0.13 248 0.09
Raw Drinking Water
pH 8.22 0.04 7.75 0.13 7.78 0.19 8.13 0.08
NH4* (mg LD 0.097 0.014 0.093 0.023 0.093 0.010 0.090 0.010
NO3™ (mg LY 2.570 0.216 3.027 0.277 2.145 0.930 1.692 0.070
NO;™ (mg L1 0.010 0.004 0.018 0.021 0.009 0.002 0.005 0.002
COD (mg O, LD 6.98 0.13 6.82 0.14 6.67 0.05 6.57 0.10
Treated Wastewater
pH 7.70 0.06 7.76 0.10 7.69 0.14 7.66 0.10
Alkalinity (mmol L1 4.967 2.403 2.467 1.822 4.683 2.805 4.905 1.716
NO3™ (mg LY 0.762 0.137 0.587 0.200 0.659 0.066 0.599 0.087
NO,™ (mg L1 7.53 0.36 6.74 1.32 8.20 1.08 8.67 0.99
COD (mg O, LD 34.50 1.17 27.56 3.15 27.14 1.58 26.28 1.88
BODs5 (mg O, LY 3.58 0.60 2.95 0.75 4.95 1.56 8.01 2.51
Raw Wastewater

pH 7.92 0.04 7.82 0.21 7.81 0.12 8.00 0.11
Alkalinity (mmol LY 310.89 17.34 294.78 107.07 397.22 34.40 409.67 64.98
NO;™ (mg L1 10.11 0.97 8.46 2.55 9.49 1.02 8.89 0.85
NO;™ (mg L1 82.09 0.61 73.53 21.04 85.13 9.79 76.23 9.46
COD (mg O, LD 885.6 60.48 778.1 185.02 909.4 106.71 924.1 94.77
BODs5 (mg O, L1 437.50 64.40 385.14 132.04 425.14 96.22 378.61 95.06

Notes: x—mean; SD—standard deviation; pH—pH value; COD—chemical oxygen demand; BOD—biochemical
oxygen demand; NOz ~—nitrates (V); NO, ~—mnitrites (III); n.d.—not detected.

4.1.1. Drinking Water Treatment

Water treatment starts with the water being pumped from the lake intake point to
the Zelewo water production plant through a pipeline fitted with a rotary 2 mm mesh
capable of retaining particles larger than 3 mm. The water treatment process includes
ozone oxidation, coagulation with PAX XL 1905 coagulant (Kemipol, Poland; with the
following properties: pH—3.6 + 0.4; alkalinity—85 =+ 5%, density—1150 kg m 3, aluminum
content—6.0 £ 0.5%; chlorides—5.0 &= 1.0%), flocculation using polyelectrolytes, and then
sedimentation and filtration on a sand bed followed by an activated carbon bed (Figure 1).
Finally, the water is disinfected with chlorine gas and chlorine dioxide. The treated drinking
water is transported to the city of Szczecin (population of 400,000) through two 30 km
mains, which supply water to 85% of the city’s inhabitants (Figure 7).

4.1.2. Treating Wastewater

The modern Pomorzany wastewater treatment plant in Szczecin has been operational
for 10 years. This plant treats wastewater from approximately 50% of the urban area. The
treatment stages are presented in Figure 4. The wastewater treatment process utilizes two
types of coagulators: PIX 113 (Kemipol, Poland; with the following properties: total iron
11.8 + 0.4%; density in kg m 2 (20 °C) 1500-1570; pH of less than 1) and PAX 16 (Kemipol,
Poland; with the following properties: Al,O3 content—15.5 £ 0.4%; chlorides (C17)—
19.0 £ 2.0%; alkalinity—37.0 £ 5.0%; density in kg m 3 (20 °C) 1330 =+ 20; pH 1.0 £0.2).
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4.2. Methods

Immediately after collection, water samples were acidified with concentrated HNO3
to a solution with pH < 2, with the aim of avoiding contamination and trace element
precipitation. Additionally, immediately before starting the analysis, all of the samples
were filtered through 0.45 pm glass fiber filter paper (Whatman, Darmstadt, Germany).

4.2.1. Digestion and ICP-AES Analysis

Water for determination of the general forms of the elements selected was digested
according to the PN-EN ISO 15587-2 procedure: 2005 [37]. For this, 200 mL of water was
concentrated in quartz beakers on a heating plate, 3 mL of concentrated HNO3 (Merck, Ger-
many) was added, and the solution was evaporated to dryness. For wastewater digestion,
larger amounts of HNOj (from 5 to 20 mL) were added until a light color was achieved.
The resulting pellet was dissolved in 2 mL of 15% HNOj3 and transferred quantitatively
with deionized water (Barnstead Easypure UV), to a final volume of 8 mL. The nominal
values of the concentrations of the trace elements analyzed were determined via induc-
tively coupled plasma atomic emission spectrophotometry (ICP-AES; Jobin Yvon JY-24)
fitted with a Meinhard TR 50-C1 nebulizer. The operational parameters of the device were
as follows: generator output power 1000 W; frequency 40.68 MHz; argon as the plasma,
auxiliary, and nebulizer gas at flow rates of 12.0, 1.0, and 1.1 mL min~! respectively. The
carrier gas flow rate was optimized to obtain maximum signal-to-background ratios. The
following wavelengths were used: Zn—213.856 nm; Ni—231.604 nm; Fe—238.204 nm;
Mn—257.610 nm; Cu—327.396 nm; Pb—220.353 nm; As—228.812 nm. All samples were
analyzed in three analytical replications. The accuracy and precision of the method applied
was determined with the certified reference material Soft Drinking Water - Metals LGC6027
(LGC Limited, Teddington, UK). The recovery of the elements tested was Zn (97.4%), Ni
(98.8%), Fe (97.2%), Mn (99.0%), Cu (96.4%), Pb (98.6%), and As (97.7%). The limit of
detection (LOD) and limit of quantification (LOQ) values were calculated based on the
standard deviations (SDs) from 10 blank sample measurements. The LOD and LOQ values
were as follows (ug L~1): Zn (1.15, 3.5); Ni (0.8, 2.5); Fe (0.9, 2.8); Mn (0.15, 0.45); Cu (1.1,
3.5); Pb (0.15, 0.50); As (0.6, 2.0).

4.2.2. Estimating Consumer Exposure Risk

The risk to consumers from ingesting drinking water was estimated taking into con-
sideration age, sex, and recommended daily water consumption [7], by determining these
relationships with Equation (1), as follows:

PTWI = ADI-7 [ug per kg b.w. per week] 1)

The parameters considered were age group, mean body weight, and daily water
consumption (in liters, L) recommendations of the EFSA (2010) [7]: women (60 kg, 2 L),
men (70 kg, 2.5 L), children aged 3 years (12 kg, 1.3 L), and older children (38 kg, 2 L).

4.2.3. Statistical Analysis

Statistica 13.3 was used for statistical analysis. The results are presented as medians
and arithmetic means, with uncertainty demoted in standard deviations and minimum and
maximum concentrations. The mean values of each parameter measured were analyzed
statistically using one-way analysis of variance (ANOVA) followed by Tukey’s test (HSD
post Hoc, p < 0.05 for determining significant differences). Correlations (p < 0.05) were
determined among the analyzed elements and the seasons of the year in which water
and wastewater were sampled. Moreover, the relationships were analyzed between the
content of elements and the biochemical parameters of water and wastewater (according to
the information of the Szczecin Water and Sewerage Department of 2018 and 2019), and
between the different seasons of the year [35,38].
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5. Conclusions

Trace elements in water occur as a result of natural leaching from rocks, groundwater,
arable land, and industrial activities. Taking into account the amount of water consumed,
particular attention is paid to the presence of toxic elements that may pose a real threat
to consumers.

The research carried out in this study is important because Lake Miedwie is a reservoir
of more than 90% of drinking water for the city of Szczecin, and the Pomorzany wastewater
treatment plant serves most of the city’s area.

Studies have shown that the currently used methods of water treatment and wastewa-
ter treatment do not ensure complete removal of toxic elements, but only from 28 to 97%,
depending on the type of element.

This study confirms the necessity of continuing research on the effectiveness of various
water treatment methods and filtration beds, and also of considering drinking water along
with the food humans consume when estimating intake sources of trace elements.
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ABSTRACT

Drinking water is subjected to several stages of treatment, but it can still retain residues of endocrine-
disrupting compounds. These include polychlorinated biphenyls (PCBs). The aim of this study was to
assess the efficiency of water and wastewater treatment processes on reducing residues of endocrine-
disrupting PCB congeners in drinking water and treated wastewater. The analyses were performed with
liquid-liquid extraction and gas chromatography coupled with mass spectrometry. PCB congener resi-
dues were found in 18% of the drinking water samples. The water treatment process reduced the content
of these compounds within a wide range of 4% to 100%. Estimates of consumer exposure to these
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compounds from drinking water consumption accounted for as much as 30% of the tolerable weekly
intake (TWI). The wastewater treatment process reduced the concentration of PCB congeners by 38-98%,
with trace contents in the treated wastewater (from 0.02 - 10-6 to 6.21 - 10-6 mg/l).

1. Introduction

Drinking water is primarily used for consumption, and it is also
used in the production of foodstuffs and beverages in the food
processing industry. In European Union countries, the quality
parameters of drinking water for human consumption are set
forth in Council Directive 98/83/EC of 3 November 1998 and in
Poland also by the Regulation of the Minister of Health of 2017
(Council Directive 1998; Commission Directive 2015; Journal of
Laws, item 2294 2017).

Before reaching consumers, water is subjected to several
stages of treatment, but despite meeting the requirements of
regulations, its quality can often arouse cause for concern.
Contaminants that are difficult to remove through traditional
treatment processes are often detected (Farhaoui and Derraz
2016). Such contaminants include polychlorinated biphenyls
(PCBs), for some of which there is no maximum residue limit
(MRL). In Europe, the use of PCBs was banned in 1987. These
compounds are highly lipophilic, penetrate trophic cycles
quickly, and biomagnify, particularly in aquatic ecosystems.
They are also present in water despite being hydrophobic,
which could stem from their ability of being absorbed into
suspended solid particles in water. Their solubility in water is
low and decreases with the number of chlorine atoms - in the
range from 1 to 5 mg/l for monochlorobiphenyls to 0.015 mg/I
for decachlorobiphenyl — Giesy and Kannan (1998).

The long-term production of PCBs, and their diverse appli-
cations led to the contamination of waters and the organisms
inhabiting them. The long-term production of PCBs, and their
diverse applications led to the contamination of waters and the
organisms inhabiting them. The endocrine-disrupting effects of
dioxin-like PCBs (dI-PCBs) in humans are manifested in

disruptions in the homeostasis of the hormone system and in
disrupted thyroid function leading to hyperplasia or hypertro-
phy (Diamanti-Kandarakis et al. 2009). These compounds also
affect the functioning of sex hormones leading to infertility.
Congeners of non-dioxin-like PCB (ndI-PCB) exhibit neurotoxic
effects, inter alia, by inhibiting tyrosine hydroxylase, an enzyme
necessary for the synthesis of dopamine, a neurotransmitter, or
by disturbing calcium homeostasis in the nervous system
(Faroon and Ruiz 2016; Witczak et al. 2018). In recent years,
IARC/WHO (2016) changed the classification of 12 dI-PCB from
the group of substances that are possibly carcinogenic to
humans (2A) to the group of substances that are carcinogenic
to humans (1) (IARC/WHO 2016). The tolerable weekly intake
(TWI) was also significantly reduced from 14 to 2 pg-TEQ/kg b.
w./week (toxic equivalent - TEQ) (European Food Safety
Authority (EFSA) 2018).

The number of reports on the negative impact of endocrine-
disrupting compounds on the human body is constantly grow-
ing. Simultaneously, these compounds are detected in drinking
water (Faroon and Ruiz 2016).

One examples of a study conducted in Poland is that by
Pawetczyk (2013). The average total PCB concentration in water
collected from intakes in Wroctaw was 452 ng/| (Pawetczyk
2013). Lower concentrations ranging from 5.2 to 190.8 ng/I
were confirmed in the southern Moravia region of the Czech
Republic (Lana et al. 2008). Values reported from southern
Turkey of 505-2377 ng/I (Aydin et al. 2004) were much higher
than those detected in other European countries. On the other
hand, in Asia, and particularly in China, a wide range was
reported of total PCB concentrations in the waters of the
Pearl and Min rivers (91-2473 ng/l). Much lower levels were
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noted in the Yangtze River (0.21-44.4 ng/l) (He et al. 2011) and
in Kunming in southern China (13-72 ng/l) (Wan et al. 2011).
However, in the Yamuna River of India higher concentrations of
these compounds were noted (average 99 + 38 ng/l) (Kumar
et al. 2012). In Africa, high levels of PCB contamination were
observed in Egypt, where the Nile River is the primary source of
drinking water (Megahed et al. 2015). Ezemonye (2005) and
Okeniyia et al. (2009) also reported high concentrations of total
PCBs (30-2930 ng/l) in river waters in Nigeria and Ethiopia.
Situations such as these frequently stem from a lack of restric-
tive legal regulations.

Considering the importance and amount of the recom-
mended daily water consumption, an assessment was con-
ducted of the impact water and wastewater treatment
processes have on the reduction of PCB residues (non-ortho
PCB - 77, 81, 126, 169; mono-ortho PCB - 105, 114, 118, 156,
157, 123, 167, 189; ndI-PCB - 28, 52, 101, 138, 153, 180). In
addition to studying drinking water, it was also important to
conduct a comprehensive examination of wastewater.

PCBs present in water easily adsorb on suspensions and bot-
tom sediments. Seasonal changes in water temperature may also
affect the mobility of bottom sediment particles and thus con-
tribute to increasing PCB release. Although the presence of PCBs
in surface waters may result from their ability to spread over long
distances by atmospheric transport, which causes their uncon-
trolled circulation in ecosystems, due to the physico-chemical
properties of these compounds. But the significant source of
PCBs in surface waters can also be wastewater, which is recycled
to these waters after treatment (Faroon and Ruiz 2016).

Studying the impact of reducing endocrine PCBs in waste-
water is important because treated wastewater can be reused
and released to the environment and consequently into drink-
ing water.

2. Materials and methods
2.1. Study material

The solutions used for the study consisted of: raw water, drink-
ing water, raw wastewater and treated wastewater. The study
started in March 2018 and ran until March 2019. The sampling
was performed four times a month. The composite sampling

mode were used. The samples were secured by adding
a solvent immediately after the sampling (50 ml of hexane -
Merck, purity >99.8%).

2.1.1. Raw water and drinking water

Raw water, which is the source of drinking water, was collected
from Lake Miedwie, which has a surface area of 35 km?2. Water
sampling was performed with two intakes fitted with grates
with 40 mm openings deployed in the lake profundal zone at
depths of 16-18 m (6 m above the lake bottom). The raw water
was treated at the Miedwie Water Production Plant in Zelewo,
which is 2.5 km from Lake Miedwie. Drinking water (treated)
samples were taken directly from the Water Production Plant in
Zelewo, after the treatment process, before it was transported
to the urban agglomeration (Figure 1).

2.1.2. Water treatment process

The water treatment process is presented in Figure 2. The water
treatment process includes: ozone oxidation, coagulation with
PAX 1905 coagulant, flocculation with the use of polyelectro-
lytes, and then sedimentation and filtration on a sand bed and
then an activated carbon bed.

The final water disinfection is conducted with chlorine gas
and chlorine dioxide. The capacity of the water treatment plant
is over 50,000 m* per day. Drinking water is transported
through two water mains (30 km in length) to the city of
Szczecin with a population of 400,000 and supplies 85% of
the city’s inhabitants.

2.1.3. Raw and treated wastewater

The ‘Pomorzany’ modern water treatment plant in Szczecin
has been in operation for 10 years. The plant treats water
drawn from the left-bank part of Szczecin (North, West,
and Downtown districts), representing approximately 50%
of the city area. The plant catchment encompasses the old
part of the city (downtown), which mostly has a combined
sewage system, and the western and northern suburbs,
which are mainly served by a sanitary system. Sewage is
transported into the treatment plant using four delivery
systems, from five pumping stations - Grabéw, Dolny
Brzeg, Gérny Brzeg, Biatowieska, and Szczawiowa - as

Germany

Switzerland

Romanial

Miedwie
Lake

Figure 1. Location of the study area, 1 - area fed with water from Lake Miedwie — Ie_ft—bank part of Szczecin (north, west and downtown districts); 2 — pumping stations;
3 — water production plant; 4 - place water sampling Water Production Plant in Zelewo (Gérski and Siepak 2014).
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Figure 2. Diagram of the water treatment process at the Miedwie Water Production Plant in Zelewo.

well as from a waste storage point for transferred sewage,
located at the edge of the plant premises. The sewage
flows on through the treatment plant to the outlet leading
to the Odra River, transported via gravity. The catchment
area is mainly filled with domestic sewage, with a smaller
share of industrial sewage. The combined nature of the

sewage system within the catchment means that the daily
volume of sewage flowing to the plant increases threefold
during rainfall and snowmelt compared with the dry sea-
son. The raw sewage was sampled at the grating station,
whereas the treated sewage - at the outlet. The treatment
process in the ‘Pomorzany’ Sewage Treatment Plant

p
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involves both mechanical and biological treatments
(Figure 3). Basic parameters of the treatment plant opera-
tion: average daily flow 66,000 m> average hourly flow
2750 m*, maximum daily flow 158,400 m>.

2.2. Methods

2.2.1. Chemical reagents

We used in the analysis: n-hexane, acetone, dichloromethane,
and sulfuric acid by Merck (KGaA, Germany), and anhydrous
sodium sulfate by Chempur (Poland). n-Hexane and acetone
were of HPLC grade. Sulfuric acid (95-97%) and anhydrous
sodium sulfate were of pro analysi grade. Florisil (60-100
mesh) was obtained from Sigma-Aldrich.

2.2.2. Extraction and GC-MS analyses
Before starting the analysis, all samples were filtered through
0.45 um glass fiber filter paper (Whatman).

Each time, three samples of 5 liters raw water, drinking
water, raw wastewater treated wastewater were taken to be
tested for PCBs congeners levels (144 of samples yearly, any
type of water and wastewater). Due to the expected low PCB
content, the volume of a single sample was 5 liters.

Extraction was conducted in separating funnels using
a hexane/acetone mixture (v/v 3:1) immediately on the day
the samples were collected.

The sample with the addition of 50 ml of the extractant was
shaken in a shaker (vibration frequency 130 vibrations
per minute) for 30 minutes. This operation was repeated 3
times, using a total of 150 ml of the solvent mixture. Extraction
time was 90 min for each sample in total. The obtained sample
extracts were collected in a 250 ml conical flask.

The extract was dried with anhydrous Na,SO, (Merck) and
concentrated to 2 ml in a rotary vacuum evaporator (BUCHI
Rotavapor R-300) in a 50°C water bath. Next, the extract was
purified in fuming sulfuric acid (6 ml 7% SO3 in concentrated
H,SO,4). The wastewater samples were also cleaned through
a sorbent bed (silica gel/Na,SO,). Samples were rinsed with
deionized water (Barnstead Easy pure UV) and dried in an 8-ml
glass LiChrolutR column and concentrated to 0.5 ml under
a nitrogen stream. Samples were analyzed qualitatively and
quantitatively with the GC-MS method (HP 6890/5973) under
the following conditions: column furnace program - 80°C
(0.5 min) — increase 9°C/min — 220°C (5 min) — increase
5°C/min — 290°C (9 min); analysis tome per sample -
49.06 min; carrier gas — helium; column flow rate - 0.8 ml/
min; MSD detector (HP 5973); column — HP-5 MS (60.0 m; ID
250 pm; film thickness 0.25 pm). Each sample was analyzed in
triplicate.

2.2.3. Qualitative analysis

PCBs were identified with standard solutions 6 PCB-Seven Key
Isomers LGC Ltd. NE 5575, 12 PCB — CERTAN® NE 5570 LGC Ltd.),
12 PCB — CERTAN® NE 5570 LGC Ltd. Identification of the com-
pounds based on the retention times of analysed compounds.
This process was confirmed by the separation of fortified samples
in scan mode, allowing them to be identified based on their
individual full mass spectra after preparation of the sample.

2.2.4. Quantitative analysis
To quantitative analysis the internal standard and isotope com-
pounds before samples filtration were added.

An internal standard (IS) was used that included decachlor-
obiphenyl (100 ml, 80 ng/ml; Pesticides Surrogate Spike Mix
solution (4-8460, Supelco, USA) to control the recovery of com-
pounds in samples. IS was added to all samples. Recovery ranged
from 84.10% to 98.32% with CV (coefficient of variation) <10%).

The recovery values of PCB congeners were estimated based
on isotope solution analysis ('3C12-labeled PCB Mixture-A, CIL -
Cambridge Isotope Laboratories, Inc. EC-4938) containing
3,344 -TetraCB;  3,44'5-TetraCB; 2'3,44'5- PentaCB;
3,344 5-PentaCB; 3,3'4,4',5,5'-HexaCB, 2,2',3,4,4',5,5-HeptaCB
(50 ml, 120 ng/ml). The mean recovery values of radiolabeled
compounds ranged from 78.5 (PCB 81) to 102.1% (PCB 180) with
CV <8%). The recovery of compounds for which isotope-labeled
equivalents were not available was estimated by analyzing sam-
ples fortified with the compounds analyzed. The recovery values
of non-ortho and mono-ortho PCBs were as follows: PCB 77—
77.79%, PCB 126-79.59%, PCB 169-87.40%, PCB 114-78.0%; PCB
156-79.0%, PCB 157-82.90%, PCB 81-94.15%, while for ndl PCBs
they fluctuated from 77.19% to 88.15% with CV <10%).

The limit of detection (LOD) for each compound was deter-
mined as the concentration in the extract, which produced an
instrumental response at two different ions to be monitored
with a signal to noise ratio of 3:1 for the less sensitive signal
(Commission Directive 2002/63/EC). A blank method was
included for every 10 samples. The LOD for each PCB congeners
was 0.01 ng/ml on average.

Quantitative analysis was performed with the following
standard solutions: (1) 6 PCB-Seven Key Isomers LGC Ltd. NE
5575 (PCB IUPAC: 28, 52, 101, 118, 138, 153); (2) 12 PCB -
CERTAN® NE 5570 LGC Ltd. (IUPAC No PCB 77, 81, 123, 105,
114, 126, 156, 157, 180, 169, 167, 189).

2.2.5. TEQ
The content of non-ortho and mono-ortho PCBs is presented as
toxic equivalents — TEQ (equation 1) (Van den Berg et al. 2006):

TEQ = > ([GrCB] - TEF), (1)

where Cpcg; - PCB congener, TEF; — toxic equivalency factors

2.2.6. Consumer exposure risk assessment

The consumer exposure risk assessment of drinking water con-
sumption was determined taking into account body weight
and estimated daily water consumption (Tsindos 2012).

2.2.6. Statistical analysis

Statistica 13.3 was used for the statistical analysis. The analysis
was performed using the Kolmogorov-Smirnov test (non-
parametric, homogeneity of variance analysis). Correlations
(p < 0.05) of the compounds analyzed were determined
depending on sampling period. The results are presented as
arithmetic means with uncertainty as standard deviations and
minimum and maximum concentrations for different months
(sampling periods). One-way ANOVA (Tukey’s test; p < 0.05)
was used to analyze the significance of differences.



Table 1. Content of PCBs with summary statistics (ng/I).
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Polychlorinated biphenyls Raw water, n = 144

Drinking water, n = 144

Raw wastewater, n = 144 Treated wastewater, n = 144

dI-PCBnon-ortho PCB 81 x+ SD 0.11£0.17
(Xmin'xmax) (<LOD —0.66)
>LOD% 33%
PCB 77 X+ SD 0.02 = 0.08
(XminXmax) (0.21-0.32)
>LOD% 8%
PCB 126 X +SD 0.06 + 0.11
(Xmin'xmax) (<LOD -0.35)
>LOD% 25%
PCB 169 X = SD 0.12 £ 0.18
(XminXmax) (<LOD -0.79)
>LOD% 38%
di-PCBmono-ortho  PCB 105 X +SD 0.03 + 0.06
(Xmin'xmax) (<LOD -0.20)
>LOD% 17%
PCB 114 X = SD 0.10 = 0.20
(XminXmax) (<LOD -0.82)
>LOD% 25%
PCB 118 X = SD 0.02 = 0.07
(Xmin'xmax) (<LOD -0.32)
>LOD% 8%
PCB 156 X = SD 0.02 = 0.07
(XminXmax) (<LOD -0.32)
>LOD% 8%
PCB 157 X + SD 0.03 = 0.10
(Xmin'xmax) (<LOD -0.39)
>LOD% 8%
PCB 123 X = SD 0.02 = 0.06
(XminXmax) (<LOD -0.29)
>LOD% 8%
PCB 167 X = SD 0.01 = 0.04
(Xmin'xmax) (<LOD -0.16)
>LOD% 8%
PCB 189 X = SD 0.02 = 0.08
(Xmin'xmax) (<LOD -0.35)
>LOD% 8%
ndI-PCB PCB 28 X + SD 0.22 £ 0.12
(Xmin'xmax) (004—048)
>LOD% 100%
PCB 52 X = SD 0.12+0.13
(Xmin-Xmax) (<LOD -0.44)
>LOD% 63%
PCB 101 X = SD 0.02 + 0.04
(Xmin'xmax) (<LOD -0.16)
>LOD% 13%
PCB 153 X = SD 0.01 = 0.03
(Xmin'xmax) (<LOD -0.13)
>LOD% 8%
PCB 138 X + SD 0.01 = 0.03
(Xmin'xmax) (<LOD -0.13)
>LOD% 8%
PCB 180 X = SD 0.00 = 0.00
(XminXmax) (<LOD —0.00)
>LOD% 0%
X PCBs X = SD 098 + 1.16
Me 0.60
(XminXmax) (0.06-4.81)
>LOD% 100%

0.07 £0.12 0.35+0.33 0.11£0.12
(<LOD —0.34) (<LOD -1.62) (<LOD —0.46)
29% 92% 58%

0.01 £ 0.05 0.20 + 0.37 0.03 £ 0.09
(0.10-0.24) (0.01-1.84) (0.02-0.33)
8% 50% 17%
0.02 + 0.04 0.08 £0.12 0.01 +£0.02
(<LOD —0.21) (<LOD —0.43) (<LOD —0.09)
17% 33% 21%
0.05 £ 0.10 0.24 + 0.25 0.09 £ 0.11
(<LOD -0.38) (<LOD -0.82) (<LOD -0.34)
29% 63% 50%
0.02 + 0.05 0.15+0.36 0.04 £0.10
(<LOD —0.17) (<LOD -1.75) (<LOD —0.47)
13% 29% 17%
0.06 £ 0.12 0.13 +0.34 0.06 £ 0.16
(<LOD —0.44) (<LOD -1.70) (<LOD -1.01)
25% 33% 25%
0.01 £ 0.05 0.11 £ 0.27 0.02 + 0.06
(<LOD -0.17) (<LOD —1.26) (<LOD —0.33)
8% 33% 21%
0.02 + 0.06 0.11 +0.26 0.02 £ 0.05
(<LOD —-0.28) (<LOD -1.34) (<LOD -0.20)
8% 25% 17%
0.02 + 0.07 0.07 + 0.26 0.02 + 0.05
(<LOD —0.32) (<LOD -1.37) (<LOD —0.18)
8% 13% 13%
0.01 £ 0.04 0.13 +0.36 0.03 £0.08
(<LOD -0.19) (<LOD -1.71) (<LOD -0.31)
8% 21% 17%
0.01 +£0.03 0.11 £ 0.28 0.03 +£0.07
(<LOD —0.13) (<LOD -1.38) (<LOD —0.29)
8% 25% 17%
0.01 £ 0.05 0.11 +0.38 0.02 £ 0.05
(<LOD -0.20) (<LOD -1.91) (<LOD -0.22)
8% 25% 13%
0.12 £0.10 1.63 £2.28 047 £0.72
(<LOD —0.40) (0.20-11.10) (0.02-3.25)
88% 100% 100%
0.04 £ 0.07 0.56 + 0.73 0.16 £ 0.22
(<LOD -0.29) (0.07-3.62) (<LOD —0.86)
42% 100% 71%
0.01 = 0.04 0.31 £0.52 0.04 +0.07
(<LOD —0.15) (<LOD -2.50) (<LOD —0.31)
13% 71% 42%
0.01 £ 0.03 0.16 + 0.56 0.03 £ 0.07
(<LOD -0.13) (<LOD -2.87) (<LOD -0.36)
8% 33% 21%
0.01 £ 0.02 0.16 + 0.56 0.02 + 0.07
(<LOD —0.09) (<LOD -2.89) (<LOD —0.38)
8% 33% 17%
0.00 + 0.00 0.11 £ 0.52 0.02 £ 0.09
(<LOD —0.00) (<LOD -2.69) (<LOD —0.48)
0% 8% 8%

0.55 +0.88 4.88 + 6.47 1.30 = 1.49
0.31 2.55 0.65
(<LOD -3.81) (0.45-32.13) (0.02-6.21)
92% 100% 100%

Notes: For each polychlorinated biphenyls, we report the mean (x) + standard deviation (SD), range (Xmin- Xmax in brackets) and detection frequency (>LOD%)

3. Results
3.1. PCBs in water

3.1.1. Raw water

>PCB was the total of the concentrations of all PCB congeners
(dI-PCBs and ndI-PCBs). The value of this was the highest (4.81
ng/l) in July 2018 (Table 1). The range of ndl-PCB congeners
fluctuated from 0% of the samples (<LOD - below limit of
detection) for PCB 180 to 100% for PCB 28. The lowest total

concentration of ndI-PCBs (0.06 ng/l) was noted in December,
while the highest (1.13 ng/l) was in July (Table 1). Among non-
ortho congeners, PCB 81 and PCB 169 were detected in more
than 30% of the samples. The highest total concentration of
non-ortho PCB congeners (1.54 ng/l) was noted in April. Among
the mono-ortho congeners, PCB 114 was noted in 25% of the
samples. The highest total concentration of mono-ortho PCB
congeners (1.89 ng/l) was noted in July (Table 1). Based on
Tukey’s one-dimensional significance test, it was confirmed
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that significantly higher (p < 0.05) XPCB concentrations were
observed from April to July 2018 in comparison to others
months.

3.1.2. Drinking water

The presence of ndl-PCB congeners fluctuated from <LOD (PCB
180) to 88% (PCB 28) of the samples, while the lowest total
concentrations of ndl-PCB (0.05 ng/l) were confirmed in May
and the highest (0.95 ng/l) in July (Table 1). Among non-ortho
congeners, PCB 81 and PCB 169 were detected in 29% of the
samples, and PCB 77 and PCB 126 were detected in 8% and
17% of the samples, respectively. The highest total concentra-
tion of non-ortho PCB congeners (0.98 ng/l) was noted in July.
Among the mono-ortho PCBs, PCB 114 was detected in the
highest number of samples (25%). The highest total concentra-
tion of mono-ortho PCB congeners (1.51 ng/l) was also noted in
July (Table 1).

3.1.3. Efficiency of water treatment

The analysis of the efficiency of water treatment (Figure 2)
confirmed a significant (p < 0.05) decrease in PCB residues
(within a range of 4% to 100%) or the total reduction of
some congeners (Figure 4). This is evidence of the varied
efficiency of the water treatment solutions applied.
Treatment was the least efficient with regard to PCB 28,
PCB 52 and PCB 101.

We found weak negative correlations (p < 0.05) between the
pH of raw water and the content of most congeners
(r=-0.43 — 0.29), as well as weak positive correlations between
the content of nitrate ion (V) and the concentration of indivi-
dual PCB compounds (r = 0.20-0.32). Similar relationships were
found for drinking water, i.e. weak positive correlations
(p < 0.05) between the alkalinity of drinking water and the
content of most congeners (r = 0.14-0.38), and weak positive
correlations between the content of nitrate ion (V) and the
concentration of PCB congeners (r = 0.27-0.45).

Because of the lack of references to MRL values in drinking
water, it is difficult to make comparisons in this regard.
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Figure 4. Water treatment efficiency (%).

The health risk of drinking water consumption was assessed
based on calculations of the TEQ index. The mean annual
toxicity equivalent was 3 pg - TEQ/I, which fluctuated from
0.6 -107> to 30 pg-TEQ/. This indicated that the daily intake of
PCBs with drinking water was low (Figure 5). Currently, the TWI
is 2 pg-TEQ/kg b.w./week (European Food Safety Authority
(EFSA) 2018). Assuming that water consumption was an aver-
age of 2 | daily (Tsindos 2012) and adult body weight was 70 kg,
the mean weekly intake was 0.6 pg-TEQ/kg b.w./week (from
0.001 to 6 pg-TEQ/kg b.w./week), which was, on average, 30%
of the TWI. When taking into consideration the maximum value
of 6 pg-TEQ/kg b.w./week, the TWI reached as much as 300%. In
children aged three to 15 with body weights from 12 to 55 kg
and assuming water consumption of 1.3 to 2.4 | the estimated
weekly intake for a body weight of 12 kg was 2.27 pg-TEQ/kg b.
w. (113.7% TWI, range - 0.04-227.5% TWI), and for 55 kg - 0.91
pg-TEQ/kg b.w. (45.8% TWI, range - 0.0003-91.6% TWI).

3.2. PCBs in wastewater

The quality of drinking water in the Szczecin urban agglomera-
tion is also affected by how communal wastewater is disposed
of and treated since it is discharged directly into surface water
basins following treatment then being a source of drinking
water.

3.2.1. Raw wastewater

The percentage of samples in which ndI-PCB (>LOD) was
detected ranged from 8% to 100%. The lowest total concentra-
tion of ndIl-PCB (0.42 ng/l) was confirmed in October and the
highest (14.05 ng/l) in November (Table 1).The dominant ndl-
PCB was PCB 28 (from 0.2 to 11.1 ng/l). Among the non-ortho
PCBs, PCB 81 was detected in the highest percentage of sam-
ples (92%), while the highest total concentration of non-ortho
PCBs (3.62 ng/l) was noted in November. With regard to mono-
ortho PCBs, PCB 114 and PCB 118 were detected in the highest
percentage of samples (33%). Both the highest total

50 TEQfor raw water
TEQfor drinking water

TEQ for raw water and drinking water
pg-TEQ/
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Figure 5. Average TEQ for raw water and drinking water.



concentration of mono-ortho PCB congeners (12.33 ng/l) and
the highest total concentration of XPCB (32.13 ng/l) were con-
firmed in November (Table 1).

3.2.2. Treated wastewater

Various ndI-PCBs (>LOD) were detected in 8% to 100% of
the treated wastewater samples. PCB 28 (from 0.02 to 3.25
ng/l) was detected in the highest concentrations in all of
the samples. The lowest total concentration of ndI-PCB (0.02
ng/l) was confirmed in November and the highest (4.06 ng/
[) in February (Table 1).Among the non-ortho congeners, the
highest percentage of samples (58%) contained PCB 81. The
highest total concentration of non-ortho PCB congeners
(0.82 ng/l) was noted in July, while among the mono-ortho
congeners, PCB 114 was detected in the highest percentage
of samples (25%). The highest total concentration of mono-
ortho PCB congeners (1.33 ng/l) was confirmed in
November, and a significantly higher concentration of
>PCB (6.21 ng/l) was noted in this period in comparison to
the other periods analyzed (Table 1).

3.2.3. Wastewater treatment efficiency

The analysis of wastewater treatment (Figure 3) revealed
a significant (p < 0.05) decrease in PCB residues (from 38% to
98%) and the complete reduction of some congeners (e.g. PCB
52,101, 81, 123, 118, 114, 169, 189, 156, 167) (Figure 6). This is
evidence of the fairly high efficiency of the solutions applied for
treating wastewater. The treatment process was least efficient
with regard to PCB 157, which was reduced by 51%. The weak
positive correlations (p < 0.05) between the pH of the untreated
wastewater and the content of the sum of the congeners
analyzed (r = 0.32), as well as very weak positive correlations
between the total nitrogen content and the concentration of
some PCB compounds (r = 0.10-0.26) were found.

Since treated wastewater was discharged into surface water
bodies, it could be an additional source of these compounds for
aquatic organisms, their predators, and for those who consume
drinking water.
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Figure 6. Wastewater treatment efficiency (%).
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4. Discussion

The presence in the environment of persistent organic pollu-
tants (POPs) remains a concern. Significant regulations of POPs
were initiated in the Stockholm Convention of 2001 (Journal of
Laws, item 76 (nr 14) 2009), which addresses, inter alia, organo-
chlorine compounds that are highly persistent, bioaccumula-
tive, and toxic.

Lake Miedwie is characterized by a fairly high content of
organic matter, which affects the amount of nitrates that are
formed during the mineralization of organic matter. The catch-
ment area of Lake Miedwie consists mainly of agricultural areas
where nitrogen fertilizers are also applied. Therefore, nitrates
can also get to Lake Miedwie as a result of soil leachate and
surface runoff of rainwater To this day, at the bottom of Lake
Miedwie there are also remnants of military items from the
Second World War. In addition, the military airport operating
for many years in close proximity to the lake and agricultural
crops in the catchment area could also contribute to the pollu-
tion of the waters of Lake Miedwie (Kuczyrska et al. 2021).

PCBs present in water easily adsorb on suspensions and
bottom sediments. In the spring-summer period (April-July),
as the air temperature rises, the water temperature increases,
increasing the energy and mobility of particles, thus accelerat-
ing the release of PCBs from bottom sediments (Larsson and
Sodergren 1987). The monitoring data of ZWiK in Szczecin also
indicate an increased runoff to the lake starting from the spring
period. This is also confirmed by the research by Burszta-
Adamiak and Licznar (2018), who observed the highest amount
of rainfall in Poland in the period from April to September.

PCB removal from water occurs together with organic
matter, which may explain the weak positive correlation
between the nitrate content and the concentration of PCB
congeners in the water (r = 0.35) and alkalinity (r = 0.31).
This process is accelerated by the application of a coagulant
(Matilainen, Vepsaldinen, and Sillanpaa 2010; Sillanpaa et al.
2018). The effectiveness of the process depends on the
physico-chemical composition of the water, the type and
dose of the coagulant, and the pH value. The collection of
material for research and the physicochemical tests of water
and sewage were carried out in industrial (real) conditions.
Measurements of pH and the content of nitrates in water in
this study were carried out as standard by the Water
Production Plant in Zelewo. On the basis of the performed
tests, low concentrations of PCBs were found in water and
sewage, in some cases <LOD. The reduction efficiency of
these compounds therefore relates to these low concentra-
tions. However, the effect of the reduction for high concen-
trations on a laboratory scale has not been investigated.

Compared to other studies (Pawetczyk 2013; Lana et al.
2008; Aydin et al. 2004; He et al. 2011; Wan et al. 2011; Kumar
etal. 2012; Megahed et al. 2015), the water of Lake Miedwie was
characterized by high-quality parameters. It was demonstrated,
however, that despite the modern solutions applied in the raw
water and wastewater treatment plants, not all PCB congener
residues were completely removed from the waters. Raw water
treatment reduced the concentrations of various PCB conge-
ners within a wide range from 4% (PCBs 153, 167, 209) to 100%
(PCBs 52, 126, 169, 105) at a median of 43%. The wastewater
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treatment process was more efficient than raw water treatment
in reducing PCB residues at a range of 38 (PCB 169, 123, 167,
157) to 98% (PCB 101, 138, 77, 126, 156, 189) with a median of
76%. Significantly (p < 0.05) higher concentrations of XPCB
were observed in July (3.81 ng/l) in comparison to other sam-
pling periods (Table 1). Higher XPCB concentrations in raw and
drinking water noted in the period from April to July could have
been linked with higher PCB release from sediments to the
water, which occurs as temperatures rise (Larsson and
Sodergren 1987). We suspect that the application of coagulants
at the treatment plant could have significantly reduced PCBs
concentrations. The high-basicity coagulant PAX-1905 is used
at the Miedwie Water Production Plant in Zelewo. As
Dabrowska and Rosinska (2013) observed the highest degree
of the reduction of toxic PCB congeners, i.e. PCB 77 (54%) and
PCB 126 (72%), is noted after the application of aluminium
sulphate. On the other hand, the use of PAX 18 coagulant
allowed to reduce the concentration of indicator PCB conge-
ners, from 43% (PCB 28) to 73% (PCB 138) (Rosinska and
Dabrowska 2016).

In Poland, the regulation of the Minister of Marine Economy
and Inland Navigation is in force (Journal of Laws, item 1311
2019; European Parliament and Council Directive 2010), and it
does not permit treated wastewater with PCB residues to be
released into surface waters (MRL = 0 mg/). The concentrations
of total PCBs detected in the current study (from 0.02 -10-6 to
6.21 -10-6 mg/l) were very low, but according to Directive
(2010/75) did exceed the MRL value (0 mg/l). PCB residues in
wastewater exist in dissolved form or are suspended in solid
particles. Classic methods of wastewater treatment (biological
and chemical processes) are not able to completely remove
hydrophobic compounds such as PCBs, which results in the
presence of these compounds in treated wastewater which
leave the treatment plants (Abu-Shmeis et al. 2020; Urbaniak
and Wyrwicka 2017). PCBs are still found in the environment,
and they pose real threats (Vukasinovi¢ et al. 2017).

5. Conclusions

Residues of PCB congeners (>LOD) were noted in 18% of the
drinking water samples analyzed. The efficiency of the water
treatment process at reducing PCB congener residues varied
from 4% (PCB 153, 167, 209) to 100% (PCB 52, 126, 169, 105).
Estimations of consumer exposure from consuming drinking
water indicated that weekly intake was, on average, 30% of TWI
(range from 0.001 to 6 pg-TEQ/kg b.w./week, average 0.6 pg-TEQ
/kg b.w./week). However, when considering the maximum value
of 6 pg-TEQ/kg b.w./week, the TWI could be as high as 300%.
Wastewater treatment efficiently lowered the concentration of
PCBs on average by 76% within a range of 38% (PCB 169, 123,
167, 157) to 98% (PCB 101, 138, 77, 126, 156, 189). Despite their
very low concentrations, the trace amounts of PCBs noted in
treated wastewater (from 0.02 X106 t0 6.21 x107° mg/l) exceeded
the MRL.
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