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HIGHLIGHTS GRAPHICAL ABSTRACT

Pharmaceuticals are a major component SEDIMENT POLLUTION
of river sediment pollution. TOXICITY ASSESSMENT
ZET and histopathological analysis are
good indicators of sediment toxic po-
tential.

In silico sediment toxicity predictions
should include OCs with low or high
log Kow.
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ARTICLE INFO ABSTRACT
Article history: Quantitative chemical analyses of 428 organic contaminants (OCs) indicated the presence of 313 OCs in the sed-
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thus confirming their increasing threat to freshwater ecosystems. Toxicity evaluation of the sediment extracts
from four locations (Jesenice, Rugvica, Galdovo and Lukavec) using zebrafish embryotoxicity test (ZET) accompa-
nied with semi-quantitative histopathological analyses exhibited correlation with cumulative number and con-

Editor: Henner Hollert centrations of OCs at the investigated sites (10.05, 15.22, 1.25, and 9.13 pg/g respectively). Toxicity of sediment

extracts and sediment was predicted using toxic unit (TU) approach and persistence, bioaccumulation and tox-
Keywords: icity (PBT) ranking. Additionally, influential OCs and genes were identified by graph mining of the prior knowl-
Toxicity prediction edge informed, site-specific chemical-gene interaction models. Predicted toxicity of sediment extracts (TUext)
Danio rerio was similar to the results obtained by ZET and associated histopathology with Rugvica sediment being the
Pharmaceuticals most toxic, followed by Jesenice, Lukavec and Galdovo. Sediment TU (TUseq) favoured OCs with low octanol-
Pesticides water partition coefficients like herbicide glyphosate and antibiotics ciprofloxacin and sulfamethazine thus indi-
gisggpathology cating locations containing higher concentrations of these OCs (Galdovo and Rugvica) as the most toxic. Results
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suggest that comprehensive in silico sediment toxicity predictions advocate providing equal attention to organic
contaminants with either very low or very high log Ko

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

A wide variety of organic contaminants (OCs) enters the aquatic en-
vironment through a myriad of the point sources (e.g., wastewater
treatment plants, domestic, industrial or hospital effluents, municipal
landfills) and the non-point sources, such as agricultural or urban run-
off, contributing to ever more complex chemical eco-exposome (Li,
2014; Pal et al.,, 2010). In the recent years particular attention has
been given to OCs of emerging concern; these typically include pharma-
ceuticals, personal care products, illicit drugs, pesticides and industrial
chemicals with poorly characterized hazards and increasing input
(Arp, 2012; Vodyanitskii and Yakovlev, 2016).

Sediments are the main sinks for the anthropogenic contaminants in
the aquatic environments (Srut et al., 2011). Chemicals are reintroduced
to the water column via re-suspension and trophic transfer, and often
represent a long-term source of pollution (Hollert et al., 2003;
Schulze-Sylvester et al., 2016). Therefore, it is of great importance to as-
sess and characterize the ecotoxicological risks posed by the contami-
nated aquatic sediments (Srut et al., 2011). Complex nature of the
sediments presents a challenge for development of environmental qual-
ity standards and the risk assessment, which are typically driven by the
evaluation of the exposure and hazards associated with single chemicals
(Brack et al., 2015; Schroeder et al., 2016). A shift from target-based

analytical approaches to the broad spectrum chemical screening with
highly sensitive analytical techniques (which allow for low-level detec-
tion in surface freshwater and sediments) has been recommended
(Comtois-Marotte et al., 2017; Krauss et al., 2010). Broad spectrum
screening of OCs confirmed the presence of emerging contaminants
such as pharmaceuticals, disinfectants, illicit drugs and associated me-
tabolites (ng/g concentration range) in the sediments of a variety of
freshwaters worldwide (Ebele et al., 2017; da Silva et al., 2011).

Sava River has the largest river basin in the Southeast Europe, and is
the largest tributary of the Danube River covering the total catchment
area of approximately 97,700 km? hosting around 8,000,000 people. In
the Croatian part of the Sava River basin (510 km), municipal and indus-
trial wastewaters have been identified as the major point sources of pol-
lution; a high percentage of municipal effluents remain untreated
(Milacic et al., 2015). Monitoring activities of the Sava River (Croatia)
have been restricted to the analyses of a comparatively small number
of contaminants in the surface water and in the associated industrial
and domestic wastewater effluents (Bielen et al., 2017; Senta et al.,
2015; Terzi¢ and Ahel, 2006; Terzic et al., 2008). Some of these monitor-
ing studies performed a more extensive characterization of surface wa-
ters where the role of polar OCs in overall toxicity was emphasized
(Smital et al., 2011; Terzi¢ and Ahel, 2006). Evaluation of the sediment
contamination with heavy metals and some organic chemicals was
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Fig. 1. A map of the sediment sampling locations - grey areas represent urban zones, arrow indicates flow direction of the Sava River. Map inset - location of Croatia and Sava River basin
sampling locations (red rectangle). Generated with ArcGIS 10.1 software. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this

article.)
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