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Abstract Incomplete removal of organic pollutants
during wastewater treatment is one of the main routes
to introduce micro-pollutants into the environment. This
group of pollutants includes, among others, UV filters.
Commonly used UV filters are 2-ethylhexyl 4-
methoxycinnamate (EHMC) and 2-ethylhexyl
4-(dimethylamino)benzoate (ODPABA). Due to the li-
pophilic character, these compounds can accumulate in
sludge. The effects of activated sludge on the removal of
EHMC and ODPABA from wastewater have been in-
vestigated in this study. It was shown that both UV
filters tend to accumulate in the sludge. The concentra-
tion of UV filters in sludge increased with the increase
of activated sludge dose and time of process. It was
checked whether EHMC and ODPABA were trans-
formed in activated sludge. A gas chromatograph
coupled with a mass spectrometry detector (GC-MS)
was used to identify products. In the case of EHMC,

Highlights

» UV filters are removed from wastewater in 90% by the sludge.
* ODPABA has much higher tendency to adsorption in sludge than
EHMC.

* EHMC and ODPABA degradation products were identified in
wastewater and sludge.

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s11270-020-04516-y) contains
supplementary material, which is available to authorized users.

A. Gackowska (D<) - W. Studzinski

Faculty of Chemical Technology and Engineering, UTP
University of Science and Technology, Seminaryjna 3,
85-326 Bydgoszcz, Poland

e-mail: alicja.gackowska@utp.edu.pl

ethylhexyl alcohol (EHA) and the Z-EHMC isomer
were identified. Methyl-4-aminobenzoic acid
(MPABA) was identified as ODPABA degradation
product. Elimination of EHMC and ODPABA from
wastewater mainly proceeds by adsorption of these pol-
lutants in the sludge. Filters present in wastewater and
sludge undergo transformations.

Keywords EHMC - ODPABA transformation
products - Wastewater - Sludge - HPLC UV-Vis - GC-MS

1 Introduction

Organic UV filters are used to protect the skin against
the harmful effects of sunlight. Chemical UV filters get
directly into the environment as a result of washing
away from the skin, washing clothes, while practicing
water sports, as well as indirectly with municipal or
industrial wastewater. These compounds have been
identified as impurities in wastewater (Plagellat et al.
2006; Moeder et al. 2010; Zhang et al. 2011; Tsui et al.
2014a; Ekpeghere et al. 2016), lakes (Poiger et al. 2004;
Balmer et al. 2005), and rivers (Fent et al. 2010) at levels
ofng L™ and ug L' even in tap water (Diaz-Cruz et al.
2012; da Silva et al. 2015). Because they are applied as
ingredients of shampoos, creams, and other personal
protection products, they are found in both urban and
rural wastewater and have also been identified in indus-
trial wastewater. Due to the much higher consumption
of cosmetic products in summer, their concentration in
wastewater is even 10 times higher than that in winter
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(Biel-Maeso et al. 2019). Incomplete removal of organic
pollutants during wastewater treatment is one of the
main routes of introducing into the environment both
monitored compounds and compounds that are
recognised as new pollutants (Montes-Grajales et al.
2017). New pollutants are compounds that are intro-
duced into the environment in low concentrations, are
stable or undergo transformations with formation of
toxic products, and have a negative effect on living
organisms. The group of these pollutants includes phar-
maceuticals, drugs, some pesticides, as well as chemical
UV filters. Their concentrations in reclaimed water
might range from the nanogramme to microgramme
per litre levels (Acuiia et al. 2015; Munz et al. 2017,
Troger et al. 2018; Fagervold et al. 2019; Mackul'ak
et al. 2019). Commonly used UV filters are EHMC
and ODPABA. Applied as components of cosmetics,
they get into the environment along with wastewater. It
has been shown that in wastewater entering the sewage
treatment plant, EHMC occurs in the concentration
range of 120-1134 ng L' (Tsui et al. 2014a;
Ekpeghere et al. 2016). A significant part of EHMC
was also identified in treated wastewater. Tsui et al.
(2014b) showed that in 75% of the effluent samples,
EHMC occurred at the level of 163-505 ng L™'. The
obtained results suggest that a significant part of EHMC
goes along with effluents to surface waters. ODPABA
was identified less frequently and at lower concentration
levels. According to Gago-Ferrero et al. (2013),
ODPABA s effectively removed during wastewater
treatment. ODPABA was detected in influent (<
121 ng L") and was not observed in effluent. In waste-
water treatment plants, where mechanical, biological,
and chemical treatment and sand filtration were applied,
the effectiveness of eliminating UV filters ranged from
18 to 99% (Balmer et al. 2005; Weiss et al. 2006). In the
case when only the first stage of wastewater treatment is
applied, the effectiveness of removal of UV filters is 7—
13 times lower than that after the second stage of treat-
ment in the presence of activated sludge (Langford et al.
2015). Similar results were obtained by Tsui et al.
(2014b). They identified ODPABA only in water sam-
ples taken from recreational areas. In their opinion,
recreational activities would be the main sources of this
compound instead of wastewater effluent discharge.
The data obtained so far indicate that UV filters as
wastewater micro-pollutants are problematic due to their
physicochemical properties, the possibility of bioaccu-
mulation in the organic matrix, and wide ranges of their
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concentrations in wastewater depending on the latitude,
season, and sampling site. Reports on the probability of
accumulation of UV filters in sewage sludge arouse
anxiety, due to the fact that sewage sludge is used,
among others, for agricultural purposes (Weiss et al.
2000).

Ramos et al. (2016) reviewed data on the occurrence
of organic UV filters in sludge. They found that the most
commonly identified UV filters are benzophenones
(BP-1, BP-2, and BP-3), EHMC, 3-(4'-
methylbenzylidene) camphor (4-MBC), and
octocrylene (OC). Their content in the sludge is at very
different concentration levels, which depend on the
source of sewage and methods of its treatment.
Langford et al. (2015) identified EHMC and OC at
levels of 551-793 and 3449-12,661 ng g 'dw in sludge
samples taken from a mechanical-biological-chemical
treatment plant, whereas Tsui et al. (2014a) determined
EHMC and OC at a level below the determined limit of
quantification in sludge samples obtained from the treat-
ment plant additionally aided by UV disinfection and
chlorination processes. The effects of wastewater treat-
ment methods on the efficiency of UV filter removing
from wastewater and their content in sludge were pre-
sented by Rodil et al. (2009), Gago-Ferrero et al. (2011),
Negreira et al. (2011), and Liu et al. (2010). They
showed that lipophilic compounds were most often
identified in sludge.

According to Quality Standards Directive 2008/105/
EC (European Commission 2015), EHMC has been
classified as a potential pollutant of the aquatic environ-
ment. However, based on the collected data, it has been
shown that this compound in surface waters occurs at
lower concentration levels than the predicted no-effect
concentration (PNEC) (Loos et al. 2018). On this basis,
European Commission deleted EHMC in 2018 from the
Watch List of priority substances (European
Commission 2018). A different stand was adopted in
the case of sewage sludge. Scarce information on con-
centration levels and EHMC behaviour in sewage
sludge prompted the Commission (EU) to take action
to check whether Member States can monitor the pres-
ence of EHMC in a sediment in a credible and compa-
rable manner (Apel et al. 2018). Therefore, monitoring
of sewage sludge in this area was intensified. Generated
high-quality data concerning EHMC concentration in
sludge will be used to assess the risk what allow to
decide whether EHMC should be re-included in the
Watch List.
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Therefore, studies aimed at extending knowledge
about the influence of activated sludge on the disposal
of UV filters from wastewater and their accumulation in
sludge can be helpful in assessing the harmfulness of
this type of micro-pollutants to the environment and
living organisms. In addition, it seems that knowledge
about transformation of these pollutants in wastewater
and sewage sludge is also important. Moreover, treated
wastewater is increasingly used for irrigation of the
fields and as an indirect source of drinking water in
many places in the world (Michael-Kordatou et al.
2015).

Few papers describe the products of transformation
of UV filters in sludge. Badia-Fabregat et al. (2012)
attempted to identify 4-MBC transformation products
in sludge containing ligninolytic fungi. However, Gago-
Ferrero et al. (2011) identified two BP-3 degradation
products, both exhibiting endocrine-disrupting activity
(Kunz and Fent 2006). The complex composition of
sludge significantly restricts identification of pollutants,
especially when they occur at low concentration levels.
It is even more difficult to answer the question by what
mechanisms the transformation products of the studied
compounds are formed. The UV filters can interact with
components of the matrix and form the products in some
cases more toxic than the substrates. This is confirmed
by reports on the transformation of UV filters in aqueous
samples under the influence of oxidising and chlorinat-
ing agents (Negreira et al. 2008; Nakajima et al. 2009;
Studzinski and Gackowska 2018). Therefore, the results
obtained from model studies are of significant cognitive
importance.

The aim of this study was to investigate the effect of
activated sludge on the process of EHMC and ODPABA
elimination from wastewater as well as the determina-
tion of accumulation level of the tested compounds in
sludge. Moreover, wastewater and sludge were analysed
for the presence of degradation products.

2 Materials and Methods
2.1 Chemicals

In our studies, the following standard samples of chem-
ical UV filters were used: 2,4-dihydroxybenzophenone
(BP-1), 2,2',4,4'-tetrahydroxybenzophenone (BP-2)
(98%), 2-hydroxy-4-methoxybenzophenone (BP-3)
(98%), 2,2'-dihydroxy-4-methoxybenzophenone (BP-

8) (98%), 2-ethylhexyl 4-methoxycinnamate (EHMC)
(98%), 2-ethylhexyl 4-(dimethylamino)benzoate
(ODPABA) (98%), para-aminobenzoic acid (PABA)
(98%), 4-methoxycinnamate (4MCA) (Sigma-Aldrich).
Methanol (99.9%), ethyl acetate (99.7%), and dichloro-
methane (98%) (Sigma-Aldrich) were used as solvents.
Extraction columns, Supelco C18 Supelclean LC-18
SPE Tube; bed wt., 0.5 g; volume, 6 mL.

2.2 Sample Collection and Pre-treatment

Samples for studies were taken from two mechanical-
biological wastewater treatment plants (nos. I and II) in
the Kuyavian-Pomeranian Voivodeship area.

Wastewater treatment plant no. I consists of pre-
treatment stage for disposal of solid impurities and two
main stages of purification, physicochemical and bio-
logical treatment, based mainly on the removal of or-
ganic pollutants, nitrification and denitrification of ni-
trogen compounds, and biological dephosphatation
assisted by volatile fatty acids. To remove excess phos-
phorus, treatment plant I uses an iron salt dosing station.
Sewage sludge is subjected to thermal hydrolysis
resulting in biogas. (Fig. 1 Supplementary). Wastewater
treatment plant II treats wastewater using mechanical
and biological methods. Wastewater after mechanical
treatment is directed through distribution chambers to
biological reactors used to remove carbon, nitrogen, and
phosphorus compounds in a common transformation
system (Fig. 2 Supplementary).

All wastewater samples were collected monthly from
December 2014 to January 2016. Wastewater samples
were collected in dark glass bottles (1-L capacity). In
order to stabilise the analytes, the samples were acidified
to pH = 3. During transport to the laboratory, they were
stored in a refrigerator at 4 °C.

Sludge samples was collected in clean brown glass
containers and shipped in refrigerated coolers to the
laboratory. The sludge was characterised by the follow-
ing parameters: age of sludge used, 21 days; relative
volume, 560; volume index, 56.0 mL L "; microorgan-
isms present in the sludge, protozoa and invertebrates.

2.3 Analytical Methodology
The sample of wastewater was prepared by solid phase
extraction (SPE) technique. For this purpose, extraction

columns (Supelco C18), which were previously condi-
tioned with 10 mL of dichloromethane/ethyl acetate
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mixture (1:1), were used, followed by washing with
10 mL of methanol and 5 mL of deionised water. Two
hundred fifty millilitres of wastewater was passed
through the prepared column. The tested analytes were
extracted with 10 mL of dichloromethane/ethyl acetate
mixture (1:1). The resulting solution was concentrated
to a I-mL prepared sample and was analysed by liquid
chromatography method (HPLC). For this purpose,
Shimadzu HPLC system coupled with a UV-Vis detec-
tor was applied. Separation of compounds was per-
formed using a HPLC column (Luna 5u C18 (2) 100A
+ GraceSmart RP18 5u (250 x4.60 mm+ 150 x
4.60 mm); temperature of column was 40 °C). The
injected sample volume was 25 puL. Mobile phase,
methanol:acetonitrile:water (45:35:20). Analysis was
performed at A=312 nm.

The identification of EHMC, ODPABA, and their
transformation products in wastewater and sludge sam-
ples was made using of GC-MS (gas chromatography
coupled with a mass spectrometry detector, Hewlett-
Packard 5890). Separation of the compounds was car-
ried out on a ZB-5MS column (30 m % 0.25 mm X
0.25 um), and helium was used as the carrier gas. The
GC column temperature was programmed from 80 °C,
ramped at 10 °C/min to 260 °C, ramped at 5 °C/min to
300 °C, and helsd for 2 min.

The GC-MS method was also used by Liu et al.
(2010), Kameda et al. (2011), Roman et al. (2011), and
Wu et al. (2013) to identify UV filters in river water.
However, Ge and Lee (2012) used the HPLC UV meth-
od to determine mainly benzophenones.

2.4 The Model System of the Experiment

The impact of activated sludge on the elimination of
EHMC and ODPABA from wastewater was studied on
a model system.

Wastewater and activated sludge samples collected in
winter from treatment plant I were used for the tests.
Wastewater, to which EHMC and ODPABA were added
at concentration of 1.4-10™* mol L', was introduced
into a 5-L reactor. The reactor was replenished with
activated sludge, so that the content of activated sludge
was 5%, 10%, and 20%, respectively. The system was
stirred and aerated throughout the reaction. After the
specified time (0.5; 4; 8; 20; 32 h), 250 mL of the sample
was taken. A laboratory centrifuge was used in order to
separate the sludge from wastewater (Fig. 3 Supplemen-
tary). Wastewater samples for chromatographic analysis
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were prepared using the SPE technique. In turn, sewage
samples were dried at room temperature and then ex-
tracted with 20 mL of dichloromethane. The extract was
concentrated on a vacuum evaporator. The UV filters
and their degradation products were identified by the
GC-MS method.

3 Results and Discussion
3.1 Identification of UV Filters in Wastewater

HPLC UV-Vis method allows the determination of fil-
ters at a low concentration level of ng L™'. RSD of
analytes determined was in the range from 4.8 to
7.2%. The recoveries of the tested UV filters were in
the range of 63—-114%. The results are presented in
Table 1.

In the next stage, studies on wastewater sampled
from two biological-chemical sewage treatment plants
(I and II) were conducted. Wastewater samples were
prepared for analysis by SPE technique. Then, they were
analysed by HPLC UV-Vis. On the basis of chromato-
gram obtained, it was observed that characteristic sig-
nals in the tested wastewater are present at retention
times fg =25.49 and 26.78 corresponding to compounds
ODPABA and EHMC (Fig. 4 Supplementary). To con-
firm the results, ODPABA, EHMC, and BP-3 solutions
in 0.05 mg L™ of methanol were added to the sewage.
Wastewater prepared in this way was analysed again.
The obtained data confirmed the presence of ODPABA
and EHMC in wastewater from wastewater treatment
plant I (Fig. 4a Supplementary). Analysis of wastewater
from sewage treatment plant II was performed in an

Table 1 Main parameters of the proposed HPLC UV-Vis method
for the determination of selected UV filters

Analyte LOD LOQ RSD  Recovery
(gL (%)
BP-1 105 315 09967 48 64.68
BP-2 23 6.9 09777 5.3 63.35
BP-3 023 069 09985 58 82.49
BP-8 152 456 0994 72 78.46
PABA 236 7.08 09381 59 63.23
ODPABA 095 285 09976 5.6 69.69
4MCA 057 171 0983 63 103.21
EHMC 006 018 09963 69 114.37
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analogous manner. However, in this case, the compound
BP-3 was also identified beside ODPABA and EHMC
(Fig. 5 and 5a Supplementary). BP-1, BP-2, and BP-8
were not identified in the samples studies, both from the
1st and the 2nd wastewater treatment plants.

Studies on wastewater sampled in different seasons
prove seasonality of their occurrence because the
highest concentrations are observed in the summer
when the consumption of products containing the chem-
ical UV filters is the most intense. In winter, the tested
UV filters were not identified in wastewater. The con-
centrations determined in wastewater samples were
within the following range: BP-3 from 2.8 (spring) to
555 (summer) pg L™'; ODPABA from 196 (spring) to
1241 (summer) pg L', EHMC from 234 (spring) to
1075 (summer) pug L' It should be noted that in the
summer time, also the share of UV radiation increases,
affecting the stability of these compounds (Gaspar and
Maia Campos 2006; Rodil et al. 2009). In an aqueous
medium and in the presence of UV, EHMC undergoes
isomerisation from E-EHMC to Z-EHMC forms. Addi-
tionally, the presence of oxidising and chlorinating
agents contributes to the formation of products which
can be significantly more toxic than the raw material
itself. Studies conducted on the model systems under
controlled conditions demonstrated susceptibility of
EHMC and ODPABA on the action of hydrogen perox-
ide, sodium chlorate(I), ozone, and UV radiation
(Negreira et al. 2008; Gackowska et al. 2014, 2016).
In the case of ODPABA, demethylation occurs,
resulting in the formation of 2-ethylhexyl
4-(methylamino)benzoate (OMPABA) among others.
On the basis of data obtained from the GC-MS analysis,
it was found that this product was present in wastewater.
Moreover, isomer Z-EHMC was identified. However,
chloroorganic product derivatives of EHMC or
ODPABA were not identified (Fig. 1).

3.2 Effect of Activated Sludge on Removal of UV
Filters from Wastewater

Compounds that are relatively stable to biological or
chemical degradation can be removed from the aqueous
phase by sorption on the sludge. Therefore, the next step
was to investigate the effect of activated sludge on the
change in EHMC and ODPABA concentrations. During
the tests, the pH level of wastewater was monitored,
which was in the pH range 7.3-8.4.

Studies have shown that both UV filters tend to
accumulate in the sludge. Figure 2 shows the loss of
ODPABA and EHMC as a function of time depending
on the percentage of activated sludge in sewage.

The fastest loss of filters from sewage is observed in a
reactor containing 20% of activated sludge. ODPABA
and EHMC degradation, after 8 h of treatment, was at
the level of 80% and 50%, respectively, in relation to the
initial value. A significantly smaller loss of filters was
recorded in reactors with 5% and 10% share of activated
sludge. After 32 h of the process, concentration of
ODPABA decreased by 20% and EHMC by 50%,
respectively.

Due to the high lipophilicity and poor biodegradabil-
ity of most UV filters, they are expected to end up in
sewage sludge during wastewater treatment (Gago-
Ferrero et al. 2011). The degree of accumulation of
EHMC and ODPABA in sludge was also studied. Our
research indicates that the effectiveness of EHMC and
ODPABA removal depends on the dose of activated
sludge. The highest degree of accumulation in the
sludge was recorded in the reactor containing 20% of
sludge. Taking into account the same duration of pro-
cesses, ODPABA adsorbs at a considerably higher con-
centration than EHMC (Fig. 3).

The results confirm that elimination of priority organic
and inorganic pollutants from wastewater occurs by their
adsorption in sludge (Badia-Fabregat et al. 2012; Zhao
et al. 2018). The ability to absorb EHMC and ODPABA
in soil and sludge is also confirmed by parameters such as
log K, and log K., determined using the EPI Suite
software (EPI Suite™-Estimation Program Interface, ver-
sion 4.11) (Table 1 Supplementary). Based on the calcu-
lated parameters, it was shown that the tested filters have
the ability to accumulate in living tissues (log Ky, > 5)
(Fig. 6 Supplementary). In addition, the value of log K.
parameter classifies EHMC as a strong sorption com-
pound for soil/sludge and ODPABA as a substance with
moderate capacity (Table 2 Supplementary). The lipo-
philic nature of EHMC indicates that it will deposit on
solid organic particles. The presence of iron chloride also
contributes to the increase in the removal efficiency of
hydrophobic organic compounds, which accelerates the
process of aggregation of particles during coagulation
and wastewater sedimentation (Carballa et al. 2005).
However, much better results are achieved in processes
involving activated sludge (> 90%) (Kupper et al. 2006).
Similar effects are obtained in the case of the reverse
osmosis process. Reverse osmosis was found to
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Fig. 1 GC-MS chromatogram for wastewater from sewage treatment plant I. a Mass spectrum of octyl para-aminobenzoic acid
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Fig. 2 a, b Loss of ODPABA
and EHMC from wastewater,
over time, depending on the share
of sludge in reactor. Green line
indicates 5% of sludge, red line
indicates 10% of sludge, and blue
line indicates 20% of sludge
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Fig. 3 a, b Accumulation of a) ODPABA
ODPABA and EHMC in sludge, 1
over time, depending on the share
of sludge in reactor. Green line
indicates 5% of sludge, red line 10
indicates 10% of sludge, and blue
line indicates 20% of sludge 8
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effectively eliminate UV filters from effluent (>99%
removal) (Tsui et al. 2014a). However, the costs of this
process are very high. In the process of wastewater treat-
ment using activated sludge, besides the adsorption pro-
cess, biodegradation of pollutants also takes place (De la
Cruz et al. 2012). The effect of activated sludge on the
degree of removal of UV filters from wastewater was also
confirmed by indicators determining the removal of
EHMC and ODPABA from wastewater as a result of
the adsorption on sludge and biodegradation in wastewa-
ter treatment plant. On the basis of the calculated indices,
it can be assumed that elimination of EHMC and
ODPABA from wastewater, in traditional wastewater
treatment plants, mainly takes place by adsorption of
these pollutants in the sludge (90%) and to a small extent
by biodegradation (Fig. 4).
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According to many researchers, the sorption process
is crucial in removing these pollutants from wastewater.
However, the effectiveness of this process is in a wide
range from 30 to 90%. Such a large spread can be
explained by the presence of other pollutants in waste-
water, physicochemical properties of the pollutants
themselves, activated sludge age, oxidation-reduction
conditions, temperature, season, or organisation of the
individual biological stages (Fent et al. 2010; Hai et al.
2011; De la Cruz et al. 2012; Gago-Ferrero et al. 2013;
Mackul’ak et al. 2015; Zhao et al. 2018). In addition, the
existing data confirm presence of EHMC in both waste-
water and sewage sludge. ODPABA was identified
mainly in wastewater, while it occurred at trace concen-
tration levels or was absent in sludge (Nieto et al. 2009;
Gago-Ferrero et al. 2011; Tsui et al. 2015). According to
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Fig. 4 Degree of removal of UV 100 !
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sludge, and green indicates a
result of biodegradation
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Gago-Ferrero et al. (2011), biodegradation processes of
ODPABA in the sewer and during wastewater and/or
sludge treatment cannot be ruled out. Moreover, our
previous studies have shown that EHMC and ODPABA
transform under influence of oxidising agents with for-
mation of products significantly more toxic than the
substrates themselves (Studzinski et al. 2017;
Gackowska et al. 2018). In order to verify whether
biochemical transformations of UV filters occur under
the influence of activated sludge, studies were carried
out on model systems. Then, chromatographic analysis

1400
1200 BP-31
W ODPABA |
1000
-
% mE-EHMCI
Y
= 800 BP-3 I
[
S §
& m ODPABA II
s 600
@
Q E-EHMC Il i
=
S 400
u
200 -
0

E-EHMC ODPABA

of wastewater and sludge was performed in order to
identify the degradation products of the tested UV fil-
ters. Municipal wastewater collected in winter from
wastewater treatment plant I was used for the study.
First, the initial material, raw wastewater, and activated
sludge were subjected to GC-MS analysis. No UV
filters were detected in both wastewater and sludge.
The absence of UV filters can be explained by the fact
that wastewater and sludge samples were collected in
the winter period, when UV filter consumption is low
(Fig. 5).
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Fig. 5 Concentrations of UV filters in wastewater collected from sewage treatment plant I and sewage treatment plant 11
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Therefore, EHMC and ODPABA were added to
wastewater. Wastewater prepared in this way was intro-
duced into the reactor, activated sludge was added, and
then the system was aerated. Already after 30 min of the
process, regardless of the percentage of activated sludge,
EHMC and ODPABA distribution between liquid phase
(wastewater) and solid phase (sludge) was observed in
the reactor. Two degradation products of EHMC, i.e.,
EHA and Z-EHMC isomer, as well as MPABA as the
degradation product of ODPABA were identified in
wastewater by GC-MS method (Fig. 6). Most EHMC
and ODPABA degradation products were identified in
wastewater containing 20% of activated sludge. In the
case of activated sludge, in addition to EHMC,
ODPABA and MPABA were found (Fig. 7). The mass
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spectra of the identified products are presented in Sup-
plementary in Figs. 7-9. However, EHA was not iden-
tified (Fig. 7). It may be due to the fact that it is a
hydrophilic compound (log K., 2.73), which migrates
to water and is not absorbed in the soil, log K, 1.415.
The mentioned products are also formed under the in-
fluence of oxidising and chlorinating agents
(Gackowska et al. 2016, 2018).

4 Summary
The different concentration levels of UV filters removed

from wastewater suggest that the mechanism of waste-
water treatment used can be important when assessing
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the effectiveness of elimination of non-biodegradable
micro-pollutants. It has been confirmed that traditional
methods of wastewater treatment allow partial removal
of UV filters. Due to the lipophilic properties of EHMC
and ODPABA, these compounds tend to accumulate in
sludge. The elimination of EHMC and ODPABA from
wastewater mainly proceeds through adsorption of these
pollutants in the sludge. Concentration of UV filters in
sludge increased with increase of the activated sludge
dose and duration of the process. UV filters present in
wastewater and sludge undergo transformations. In both
matrices, degradation products of the tested compounds
were identified. In the case of EHMC, these are the Z-
EHMC isomer and EHA while ODPABA is
demethylated to form MPABA. This fact stresses the
need for identifying not only the parent compounds but
also their transformation products. Moreover, the ob-
tained results suggest the necessity of introducing new
solutions of wastewater treatment, which will intensify
the process of elimination of micro-pollutants from
wastewater and increase the efficiency of degradation
of these pollutants in sludge. Application of the ad-
vanced oxidation processes of organic pollutants may
be a necessary activity in achieving satisfactory effects
of EHMC and ODPABA degradation.
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