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ABSTRACT

Emerging organic contaminants (EOCs) are widely used compounds that have gained scientific
interest during the last decade. Despite the frequent detection of these compounds in treated
wastewater and surface water, there is a lack of data relevant to the hazard they exhibit to aquatic
organisms.

The main objective of this study was to estimate the risk associated with the occurrence of the
EOCs released from municipal wastewater in the aquatic environment. For this reason Greece
was chosen as a case study. Treated wastewater was analyzed for 105 pharmaceuticals and illicit
drugs; whereas a literature review was held to record the concentration levels of all emerging
micropollutants determined in Greek Wastewater Treatment Plants (WWTPs). An extensive
literature review was also conducted in order to record the experimental acute toxicity data of
these compounds (ECso or LCso values) for 3 different aquatic organisms (fish, daphnia magna
and algae). In cases that no experimental toxicity data was available, ECOSAR model (U.S. EPA)
was used. The risk quotients (RQ) were calculated for treated wastewater and 25 Greek rivers,
taking into account the Measured Environmental Concentration (MEC), the Predicted No Effect
Concentration (PNEC) and the dilution the wastewater undergoes when it is released in rivers.
The possible risk due to the mixture of the target compounds was estimated as well, using the
baseline toxicity values calculated by the ECOSAR model.

According to the literature and experimental data, 207 EOCs have been detected in treated
wastewater originated from Greek WWTPs, belonging to 8 different groups: pharmaceuticals,
illicit drugs, phenolic endocrine disruptors (EDCs), perfluorinated compounds, benzotriazoles,
benzothiazoles, artificial sweeteners and siloxanes. Their concentration levels ranged from less
than 1 ng L (pharmaceuticals) to some tens of ug L* (artificial sweeteners). EDCs seem to be
the most dangerous class of the emerging pollutants, since 4 compounds (nonylphenol,
nonylphenol diethoxylate, nonylphenol monoethoxylate and triclosan) presented high RQ values
even after significant wastewater dilution to river water. Specifically, triclosan presented RQ > 1
(in algae) for all studied rivers (dilution factor up to 2388), while decamethylcyclopentasilane (in
daphnia magna), caffeine (in algae) and nonylphenol (in fish) presented RQ values higher than
1, for 23 (dilution factor = 1910), 22 (dilution factor < 913) and 20 rivers (dilution factor < 824),
respectively. The mixture of the micropollutants presents a serious hazard for aquatic organisms,
as its RQ remains high (98 for fish, 123 for daphnia magna and 42 for algae), even in river with
the highest dilution factor. The group of micropollutants that contribute the most in the mixture’s
RQ is EDCs, as its contribution came up to 99 % in fish and daphnia magna and 98 % in algae.
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1. Introduction

Although emerging organic micropollutants have often been detected in the environment during
the last decades, they have not been sufficiently studied so far. These compounds are present in
everyday products, such as personal care products and cosmetics, disinfectants, detergents, non-
stick pans and cooking utensils, fabrics for furniture, foods for diabetics and emulsifiers and
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include a wide variety of compounds; among others, pharmaceuticals (PhCs), illicit drugs,
endocrine disrupters (EDCs), artificial sweeteners, perfluorinated compounds (PFCs),
benzotriazoles (BTRs), benzothiazoles (BTHSs), siloxanes, hanomaterials and water disinfection
by-products (Farré et al., 2008; Bletsou et al., 2013; Stasinakis et al., 2013; Robles-Molina et al.,
2014). According to the previous studies, EOCs are partially removed during wastewater
treatment, so they are present in the aquatic environment, worldwide.

The presence of the EOCs in the aquatic environment may cause adverse effects to both aquatic
organisms and humans, as there is evidence that these compounds are toxic and through the
food chain, accumulate in biota (Farré et al., 2008). For example, EDCs have the potential to
cause negative effects to the endocrine system of terrestrial and aquatic organisms and humans,
as well (Liu et al., 2009). Due to the high consumption of the EOCs, many studies have been
published, related to the environmental risk they pose when they are released to the environment.
However, most of these studies are referred to a limited number of compounds and specific
groups of micropollutants (e.g. PhCs, EDCSs), or to specific pollution areas (e.qg. rivers, lakes) and
to specific pollution sources (e.g. hospitals) (Escher et al., 2011; Stasinakis et al., 2012; Kosma
et al., 2014).

The aim of this study was to estimate the environmental risks associated with the presence of
EOCs to treated wastewater and rivers, in country level, choosing Greece as a case study. The
occurrence of 150 PhCs and illicit drugs in treated wastewater was investigated; whereas a
literature review was conducted to record the concentration levels of all EOCs determined in
Greek WWTPs during the last decade. According to the Technical Guidance Document (TGD) on
Risk Assessment (EC, 2003), the Risk Quotients (RQs) of the individual compounds were
calculated in treated wastewater and rivers, based on the maximum concentrations, acute toxicity
data (literature or ECOSAR values) for three classes of aquatic organisms (fish, daphnia magna
and algae) and Dilution Factor (DF). The possible risk due to the mixture of the target compounds
was estimated as well, using the baseline toxicity values calculated by the ECOSAR model.

2. Materials and methods

2.1. Occurrence of EOCs in Greek WWTPs

Literature review was held to collect the effluent concentrations of EOCs in Greek WWTPs and
the maximum values were reported in order to assess the risk for worst-case scenario. The
occurrence of further 150 PhCs and illicit drugs was investigated in secondary treated wastewater
samples collected from a WWTP in Athens, Greece. Detailed information about the sampling, the
sample preparation and all the analytical procedures has been reported in previous studies
(Borova et al., 2014; Dasenaki et al., 2014).

2.2. Environmental risk assessment

As EOCs are widely used in every day products worldwide, the risk assessment was based on
the hypothesis that the effluents of the Greek WWTPs contain all the detected target compounds.
Acute toxicity data (ECso or LCso) for three groups of aquatic organisms (fish, daphnia magna and
fish) was collected, either after literature review or using the ECOSAR model and the lowest value
was chosen in order to predict the ecological risk based on the worst-case scenario.

The RQs were calculated by dividing the MEC to PNEC values, for three aquatic organisms (fish,
daphnia magna and algae). If RQ is greater than 1, a possible environmental risk is assumed,
while if RQ value is lower than 1, no risk is indicated. PNEC values were calculated by dividing
the LCso or ECsg value by an assessment factor equal to 1000 (EC, 2003).

As pollutants in wastewater are usually present in mixtures, an additional risk assessment for the
mixture of the emerging contaminants should be carried out. According to the literature (Escher
et al., 2011), the mixture’s RQ can be calculated using Eq. (1), while baseline toxicity, predicted
by the ECOSAR model, was used to calculate PNEC values:

RQmix= Xt RQ = Xi x\JEECcii (1)
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To calculate risk quotients in Greek rivers (RQy), the RQs in treated wastewater were divided by
the respective DF value (Eq. 2):

RQ =22 ®)

The DF of the Greek rivers was calculated taking into account the average effluents flows (Qe) of
25 Greek WWTPs and the average water flows of the corresponding rivers (Qy), according to Eq.
3:

Q&
DF = o (3)

3. Results and discussion

3.1. EOCs in Greek WWTPs

According to the literature and experimental data collected in this study, 207 EOCs have been
detected in Greek WWTPs, belonging to 8 different classes of organic micropollutants: PhCs,
illicit drugs, EDCs, PFCs, BTRs, BTHSs, artificial sweeteners and siloxanes. Their concentration
levels range from less than 1 ng L (PhCs) to some tens of ug L* (artificial sweeteners), as it is
shown in Figure 1.
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Figure 1: Concentration levels of 8 classes of organic emerging contaminants in Greek WWTPs
(secondary treated wastewater).

3.2. Environmental risk assessment

According to the results of risk assessment, 30 compounds in secondary treated wastewater had
RQ values higher than 1, while the most sensitive aquatic organisms were algae (Figure 2). The
class of EOCs that seems to pose the greatest threat to aquatic environment was EDCs, as all
substances in this class had RQ > 1 for fish. Regarding PhCs, 19 compounds presented a
possible threat to aquatic organisms; whereas tolytriazole (BTHs), sucralose (artificial
sweeteners) and 3 siloxanes seem to pose environmental risk to aquatic organisms, as well. All
illicit drugs, PFCs and BTRs had RQ < 1.

Calculation of RQ values in rivers (RQy), showed RQ; higher than 1 for 17 substances in algae
and for 7 substances in fish and daphnia magna. The class of EOCs with the highest risk in rivers
was EDCs, since 4 compounds presented high RQ:, even after wastewater dilution (DF up to
2388).

To estimate the toxicity of the mixture of the compounds, the risk quotient RQmix was calculated.
According to the results, the most sensitive aquatic organisms in the presence of the mixture
seem to be daphnia magna (RQmix = 294585), as the RQmix values for fish and algae are 233846
and 101112, respectively. The group of EOCs that has the highest contribution to the mixture
toxicity is EDCs. Treated wastewaters seem to cause a significant hazard to aquatic organisms,
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even after they are released into rivers. As it is shown in Figure 3, even in rivers with high DF,
RQmix,river Femains higher than 1.
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Figure 2: Emerging organic contaminants that present RQ values higher than 1 and lower than
1, in Fish, Daphnia magna and Algae.
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Figure 3: Effect of dilution factor (DF) on risk due to the existence of mixture of emerging organic
contaminants in Greek rivers (RQmix, river)-

4. Conclusions

The concentrations of 207 EOCs in Greek WWTP’s effluents have been monitored. Their levels
range from less than 1 ng L** (PhCs) to some tens of ug L* (artificial sweeteners). According to
the results of risk assessment, EDCs presented the highest risk among all the studied EOCs in
both wastewater and rivers. Moreover, they had the greatest contribution to the mixture toxicity.

A possible ecological threat due to the presence of the mixture of EOCs seems to exist, even in
rivers with high dilution factors.
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