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ABSTRACT

The aim of the studies was to compare an impact of oxidizing agents on degradation
of ethylhexyl 4-methoxycinnamate acid (EHMC). The oxidation reaction was carried
out in the presence of sodium hypochlorite, hydrogen peroxide and ozone with/with-
out UV radiation. EHMC degradation and the analysis of products were performed us-
ing gas chromatograph coupled with a mass spectrometry detector. The most effective
method of EHMC degradation turned out to be ozonation with participation of UV
radiation. In this system, degradation proceeded most quickly and generated a small
amount of by-products (2-propyl-1-pentanol; 4-metoxybenzaldehyde and Z-EHMC).
Under the influence of sodium hypochlorite, numerous chloroorganic products were
formed, which can cause secondary contamination of water. Application of appropri-
ate oxidation processes can contribute to degradation of micropollutants and thus to
improvement of water quality.
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INTRODUCTION

In order to protect the skin against radiation,
the chemical UV-filters are added to personal care
products. The derivatives of cinnamic, salicylic,
p-aminobenzoic acids, camphor and also benzo-
phenones are applied as organic UV filters. The
compounds that protect against UV radiation
are detected in water matrices at the levels from
several pg/m? to even several mg/m® [Fent et al.
2008]. They penetrate into environment as a re-
sult of the skin rinsing while bathing in a river,
lake and sea [Pierogrande et al. 2007]. Their an-
other source are waste waters from households
and cosmetic industry [Giokas et al. 2007].

Due to their rapid spread, accumulation in
living organisms, lack of permanent monitoring
and so far unknown effects on environment, these
pollutants are considered as emerging contamina-
tions (ECs) [Gomez et al. 2012]. Commonly used
UV filter is 2-ethylhexyl-4-methoxycinnamate
(EHMC). In order to know the transformations
which can undergo in water medium, the studies
on the impact of various environmental factors on
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its behaviour were carried out. It has been shown
that in presence of UV radiation, EHMC under-
goes photoisomerization changing form from
trans to cis [Hanson et al. 2015; Pattanaargson
& Limphong 2001; Vione et al. 2015]. In turn,
in the presence of oxidizing agents there is a risk
of oxidation and by-products formation. Studies
carried out under the controlled conditions in the
presence of sodium hypochlorite i.e. agent used
for disinfection of swimming pool waters, have
shown that EHMC formed chloroorganic prod-
ucts [Negreira et al. 2008; Nakajima et al. 2009;
Gackowska et al. 2016]. The sunscreen agents in
environment undergo degradation but products of
their transformations can be even more danger-
ous for environment than UV filters themselves
[Gackowska et al. 2016]. Moreover, EHMC ac-
cumulates in aquatic biota of different trophic
levels with concentrations of up to 340 ng/g li-
pids in cormorants [Fent et al., 2008]. EHMC is
known as endocrine disrupting compound that
cause adverse effects on human and wildlife. On
this basis, the Commission (EU) 2015/495 placed
EHMC on the list of 17 substances subjected to
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monitoring (Directive of European Parliament
and Council 2008/105/WE).

The present state of surface water is alarm-
ing, not only in Poland but also worldwide [Bart-
kowska 2014]. Some countries suffer from lack
of water, other bother about a state of its quality
[Dabrowska et al. 2017]. That is why more and
more often, the treated wastewaters are used for
irrigation of fields [Michael-Kordatou et al. 2015].
Ramos [2015] has shown that the conventional
treatment methods are insufficient to eliminate
chemical UV filters. It was proved by identifica-
tion of EHMC, among others, in treated wastewa-
ter at the level of 120-849 ng/L [Ekpeghere et al.
2016]. Therefore, there is a need for application
of additional processes allowing for elimination
of these contaminations. The solution can be ad-
vanced oxidation processes AOPs employing oxi-
dizing agents such as hydrogen peroxide or ozone
in the systems with UV radiation. These systems
were applied for the removal of aniline deriva-
tives [Buthiyappan et al. 2015], macromolecular
dyes [Chatha et al. 2016; Sarayu et al. 2007] and
phenolic derivatives [Ugurlu et al. 2011]. Hydro-
gen peroxide or ozone, as a source of hydroxyl
radicals, can significantly accelerate the degrada-
tion process of EHMC.

The aim of the study was to compare the
methods for 2-ethylhexyl 4-methoxycinnamate
acid ester degradation in water matrix. The im-
pact of oxidizing agents on the stability of EHMC
was tested. The qualitative analysis of the prod-
ucts formed was performed. Sodium hypochlo-
rite, hydrogen peroxide and ozone with/without
UV radiation were selected as oxidizing agents.

MATERIALS AND METHODS

Materials

All chemicals were purchased from com-
mercial suppliers and used without purification.
2-ethylhexyl 4-methoxycinnamate (E-EHMC,
CAS: 5466-77-3) was obtained from Sigma-Al-
drich (USA). Sodium hypochlorite NaOCI with
a nominal free chlorine content of 100 g/L and
H,0, (30%) were obtained from POCh (Poland).
Ozone gas was produced using an ozone genera-
tor DRP-30,7 VW (Poland), the flow 4ul / min.

Reaction conditions

Stock solution (0.35 mM) E-EHMC were
prepared in deionized water. In a first step, 0.1g of
E-EHMC were diluting in 1 ml of methanol in or-
der to improve EHMC solubility. So prepared so-
lution was introduced into 1000 ml of deionized
water. Then, oxidizing agents were added and the
reaction mixtures, having compositions given in
Table 1, were obtained. The effect of UV irradia-
tion was examined with the use of photoreactor
equipped with a Heraeus, TQ 150W medium
pressure mercury lamp (200—600 nm), magnetic
stirrer (200 rpm). The temperature in the reactor
was ranged from 22 to 25 °C. The reaction was
performed by maximum 5Sh.

At 30 min intervals, the reaction mixture
samples (100 mL) were extracted for 10 min by
dichloromethane (20 mL). Then, so-prepared
extracts were dried with anhydrous sodium sul-
fate. After the extract was concentrated by rotary
evaporation to a volume of 1 cm*the OMC trans-
formation products were detected with the use
of 5890 HEWLETT PACKARD gas chroma-
tographer equipped with a MS detector and the
ZB-5MS column (0.25 mm % 30 m x 0.25 pm).
The following chromatographic conditions were
applied: sample volume 1pL, helium carrier gas,
injector temperature 250 °C, oven temperature
program from 80 to 260 °C at 10 °C/min, from
260 to 300 °C at 5 °C/min.

RESULTS AND DISCUSSION

On the basis of our studies, it was found that
E-EHMC is unstable in the presence of oxidiz-
ing agents (Fig. 1). It was observed that after 3
hours of reaction, without UV radiation, degrada-
tion of E-EHMC proceeded in 20% in the pres-
ence of hydrogen dioxide and in 35% in the pres-
ence of ozone. The most effective degradation
of E-EHMC occurred in the presence of sodium
hypochlorite. E-EHMC degradation is acceler-
ated, when the oxidation process is additionally
aided by UV radiation. The most effective solu-
tion was the use of ozone with UV radiation; pho-
todegradation in this system lasted 50 minutes.
However, in the case of NaOCI/UV and H,0,/UV
decomposition proceeded with a similar rate and
after 1.5 hours, the loss of sunscreen was about
60% and after 3 hours E-EHMC was practically
completely degraded.
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Table 1. The reaction conditions and substrate proportions used in this study

Reagents OMC [mM] H,O, [mM] NaOCI [mM] O, [mM] UV [W]
E-EHMC/UV 0.35 - - - 150
E-EHMC/NaOCI 0.35 - 10 - -
E-EHMC/NaOCI/UV 0.35 - 10 - 150
E-EHMC/H,0, 0.35 10 - -
E-EHMC/H,0,/UV 0.35 10 - - 150
E-EHMC/O, 0.35 - - 10 -
E-EHMC/O,/UV 0.35 - - 10 150

C.iCs
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Fig. 1. Degradation of E-EHMC under the influence of the systems tested as a function of time:
— E-EHMC/UV; — E-EHMC/NaOCl; — E-EHMC/NaOCIl/UV; — E-EHMC/H,0O,;
— E-EHMC/H,0,/UV; — E-EHMC/O,; — E-EHMC/O,/UV

When selecting a method for E-EHMC remov-
al from water matrix, the degradation by-products
were also taken into consideration. Sspecial at-
tention was paid to the compounds (4-metoxy-
benzaldehyde; 2-propyl-1-pentanol; 2-ethylhexyl
alcohol), which in the presence of disinfectant
(NaOCl) could be the source of THM and ben-
zene chloroderivatives, which demonstrate toxic
properties. It allows to estimate whether the sec-
ondary contamination of water can occur during
the process of E-EHMC oxidation. The products
of E-EHMC transformations under the influence
of various agents are presented in Figure 2.

Identification of products formed during
E-EHMC oxidation in the presence of sodium
hypochlorite was described in our previous paper
[Gackowska et al. 2016]. In the reaction products,
besides mono and EHMC dichloroderivetives, the
following compounds were identified: 1-Chloro-
4-methoxybenzene, 1.3-Dichloro-2-methoxy-
benzene, 2-Ethylhexyl chloroacetate, 3-Chloro-
4-methoxybenzaldehyde, Z-EHMC, 1EHMCCI
and 2EHMCCI. While applying NaOCl/UV sys-
tem after 180 min of reaction, a considerably low-
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er amount of by-products was observed. The me-
tabolites such as 2-Ethylhexyl alcohol, Z-EHMC,
1EHMCCI and 2EHMCCI] were identified in
post-reaction mixture. Due to the fact that addi-
tive action of UV radiation results in formation
of lower quantities of chloroorganic products, it
was decided to prolong time of the solution expo-
sure by two hours. After 5 hours of reaction in the
system EHMC/NaOCI/UV only one metabolite
Z-EHMC was identified (Fig. 3).

Studies on the effect of sodium hypochlorite
on EHMC oxidation were also carried out by
Nakajima et al. [2009] and Santos et al. [2013],
who identified only mono and dichloroderiva-
tives of EHMC among the reaction products.
According to Nakajima et al. [2009], in the first
stage of chlorination the mutagenic products
are formed which, because of their poor stabil-
ity, at a later time can undergo transformations
to less mutagenic compounds. Our studies sug-
gest that UV radiation accelerates transforma-
tion of mono and dichliroderivatives of EHMC.
In turn, the products of these transformations
which are undesirable in purification and/or treat-
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Fig. 2. Transformations of E-EHMC under the influence of oxidizing agents in presence of UV radiation: (1) E-

EHMC; (2) 1-Chloro-4-methoxybenzene; (3) 1.3-Dichloro-2-methoxybenzene; (4) 2-Ethylhexyl chloroacetate;

(5) 3-Chloro-4-methoxybenzaldehyde; (6) EHMCCI ; (7) 4-metoxybenzaldehyde; (8) 2-propyl-1-pentanol; (9)
2-Ethylhexyl alcohol; (10) Z-EHMC
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Fig. 3. Chromatogram of E-EHMC/NaOCl/UV system after Sh

ment of water, can also undergo decomposition at
suitably long exposition.

In the case of E-EHMC with hydrogen perox-
ide, the reaction proceeds very slowly. In reaction
products only isomer Z-EHMC was identified.
Exposure to UV radiation in this system resulted
in degradation of E-EHMC. The following com-
pounds were identified among reaction products:
2-ethylhexyl alcohol, 4-metoxybenzaldehyde and
Z-EHMC [Gackowska et al. 2016].

The most effective and generating the small-
est amount of products method for removing E-
EHMC from water matrix is ozonation. In the
system EHMC/O, the following reaction products

were identified: 2-ethylhexyl alcohol, 4-metoxy-
benzaldehyde and Z-EHMC (Fig. 4a). It is known
that ozone is a powerful oxidant capable of oxida-
tive degradation of many trace organic pollutants,
readily available and soluble in water. Under real
conditions, its effectiveness can be considerably
lower because it acts non-selectively and compet-
ing processes with other contaminants can occur.
It was confirmed by Li et al. [2007], who applied
ozonation process for elimination of sunscreens
from wastewater. They showed that the effec-
tiveness of EHMC elimination in real conditions
was lower than the expected value. Researchers
do not specify what products are formed in the
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Fig. 4. Chromatogram of systems: a) E-EHMC/O,; b) E-EHMC/O,/UV

process of EHMC ozonation. The effectiveness of
the ozonation increased when the system EHMC/
O, was subjected to UV radiation. The following
compounds were identified in reaction products:
2-propyl-1-pentanol; 4-metoxybenzaldehyde
and Z-EHMC (Fig. 4b).

While selecting the effective oxidizing agents
we should also take into consideration the im-
pact of metabolites on the environment. Jitdreanu
et al. [2011] showed that lipophilic derivatives
of cinnamic acid demonstrated high phytotoxic
potential. In turn, chlorobenzene derivatives,
which according United States Environmen-
tal Protection Agency are characterized by high
toxicity to priority environment pollutants [He et
al. 2000]. It should be emphasized that in each
system under the study, the degradation prod-
ucts are formed in trace amounts and therefore,
the evaluation of their effect on environment is
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more difficult. However, according to Kondo et
al. [2005], the mixture of chlororganic products
can totally have considerably higher indicator of
biodegradation than the substrate.

CONCLUSIONS

The methods of E-EHMC elimination from
the water environment were compared. It was
found that E-EHMC underwent the processes of
oxidation, chlorination and photodegradation re-
sulting in the formation of by-products that did not
have the same toxicological profiles as the parent
compound. The development of effective meth-
ods for removing organic micropollutants can
contribute to the improvement of water quality.

The advanced oxidixing processes are effec-
tive for elimination of E-EHMC from the water
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matrix. However, it should be noted that in each
variant the metabolites are formed and it can lead
to secondary contamination of water. The most
effective solution was while applying ozone and
UV irradiation. The less by-products were formed
in this process. E-EHMC oxidation with sodium
hypochlorite generates chloroorganic products
which can be even more toxic than the substrate.
Application of processes involving UV irradia-
tion significantly reduces time of E-EHMC deg-
radation and contributes to degradation of chloro-
organic products.

In summary, taking into account the need to
develop the methods for removing micropollut-
ants from water as well as a relative lack of data
concerning the impact of products of E-EHMC
transformations on water environment, the atten-
tion should be focused on research taking both
these aspects into consideration.
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