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a b s t r a c t

A two-season investigation of the wastewater treatment plant (WWTP) effluent, of related waters, sludge
and fish across a wide area and 11 stations, with emphasis on Aeromonas spp. was conducted. Aeromonas
veronii was the prevailing aeromonad isolated by MALDI TOF MS in the summer period. A rise of
Aeromonas hydrophila was observed in summer in raw sewage, treated wastewater and effluent-carrying
canal. The ratio of aeromonad species retrieved from fish tissues did not correspond with the water and
sludge findings, as in spring in the effluent-carrying canal fish carried Aeromonas salmonicida ssp. sal-
monicida and Aeromonas bestiarum, while in summer mainly A. veronii and Acinetobacter johnsonii were
isolated from fish tissues in the same location. No correlation was established between fecal coliforms/
enterococci and aeromonad occurrence. All retrieved Aeromonas species demonstrated a distinct spectral
pattern, with peaks showing unique mass distribution ranging from 4000 to 10,000 Da. Hierarchical
clustering separated aeromonads of all isolated species and clustered closely related strains together.
Resistance was determined towards amoxicillin, and frequently towards sulfamethoxazole and ery-
thromycin. In summer, a high proportion of water and sludge Aeromonas species demonstrated multiple
resistance patterns towards five or more antimicrobials. The quinolone resistance of water aeromonads
was mostly related to A. veronii. There are potential health concerns regarding aeromonad exposure
amongst recreational fishermen who come into contact with fish inhabiting waters downstream from
the WWTP, and WWTP workers who are occupationally exposed to wastewaters and their aerosols.

& 2015 Elsevier Inc. All rights reserved.

1. Introduction

Mesophilic aeromonads have been found in almost every
aquatic environment, including chlorinated drinking water, raw
sewage, groundwater and both polluted and unpolluted streams
and rivers (Huddleston et al., 2006). Members of the genus Aero-
monas are symbionts of zebrafish, leeches, and dreissenid mussels
(Skwor et al., 2014). Aeromonads have been associated with bac-
terial zoonoses and fish diseases (Austin and Austin, 1999), and
recovered from urban sewage and rivers with sewage pollution

(Vandewalle et al., 2012). Aeromonas caviae was determined as a
dominant species in waters contaminated by sewage and waste-
water and pointed out as a potential indicator of sewage pollution
(Ramteke et al., 1993). In the sewage treatment ponds aeromonad
and coliform distribution is reported to have seasonal cycles, the
amplitude of which increases further from the wastewater source
(Monfort and Baleux, 1990).

Urban wastewater treatment plants (WWTP) were originally
designed to reduce the biological oxygen demand, total suspended
solids and nitrogen and phosphorus pollution, while the removal
of pathogenic microorganisms has received less attention (Lucas
et al., 2014). Although the primary and secondary treatments are
able to remove up to 99% of fecal indicator bacteria (Servais et al.,
2007; Lucas et al., 2014), the quality required to use treated was-
tewaters might be insufficient to achieve the level required for
irrigation and recreational activities in the receiving water bodies.

The microbial quality of effluent water is a very important
consideration, among other issues because it is reflected in the
microbial flora of fish living downstream, which might be fished
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out recreationally and serve as a protein source for humans;
however, aeromonads are mostly not considered in such estima-
tions. The main concern in the nowadays customary use of treated
wastewaters for fish farming and crop irrigation (El-Shafai et al.,
2004; Piveli et al., 2008) is a public health risk. With that in mind,
it is worthwhile to consider a broader aspect of the water quality
along with fecal contaminants, and include other potentially pa-
thogenic bacteria in this determination, particularly aeromonads.
Also, antibiotic sensitivity of environmental Aeromonas spp. needs
to be further addressed, since they have not been studied to the
same extent as the clinical isolates (Goni-Urriza et al., 2000;
Huddleston et al., 2006).

A two-season (spring and summer) microbiological investiga-
tion was conducted on representative water, sludge, and fish
samples related to a WWTP processing municipal, hospital and
sugar plant wastewaters, from 11 stations. The WWTP is a me-
chanical and chemical–biological facility with activated sludge,
encompassing primary and secondary treatments of influents,
treating primarily municipal wastewater deriving from a small city
of 20,000 residents. Although in some cities wastewater from
hospitals is pretreated or biologically treated on-site, on this lo-
cation it is connected directly to a municipal sewer and treated at
the municipal WWTP. The sugar plant is a significant contributor
to the wastewater to be treated at the WWTP. The objective of this
work was thus to conduct a two-season microbiological in-
vestigation of the WWTP effluent and related waters and sludge
across a wide area of stations, with special emphasis on diversity
Aeromonas species, their impact on health status of fish living
downstream, and rapid discrimination with matrix-assisted laser
desorption ionization time-of-flight mass spectrometry (MALDI
TOF MS) compared with the conventional identification methods.

2. Materials and methods

2.1. Study area

The study was carried out in spring and summer 2014. The
samplings were conducted throughout the treatment process of a

Croatian municipal WWTP, also receiving hospital and sugar plant
wastewaters. Sugar plant was active in spring and inactive in
summer. The WWTP treatment includes primary and secondary
processes, including settling tanks, grit chambers, activated sludge
biological process, aeration tanks, secondary tanks for removing
the biomass and other suspended particles. The resultant final
treated effluent is discharged into a natural water canal. This canal
further downstream receives additional communal treated water
from a biological treatment plant serving a small suburb, widens
to enter a County canal which eventually ends up in Drava river.
Therefore, sampling sites for water and sludge are defined as fol-
lows: 1: unaffected stream, not related to any industrial nor
agricultural waters, considered as a reference site; 2: inflow of raw
municipal wastewaters to the WWTP; 3: inflow of sugar plant
wastewaters to the WWTP; 4: treated wastewater leaving the
WWTP; 5: canal receiving the effluent; 6: canal after the biological
treatment plant; 7: canal entering the County canal; 8: County
canal; 9: County canal downstream before the Drava river; 10:
WWTP active sludge; 11: sludge from the sugar plant depot
(Fig. 1). Water and sludge were collected in glass sterile bottles and
polypropylene flasks, refrigerated transported to the lab and im-
mediately analyzed. Samplings were conducted at identical time-
points.

2.2. Sampling and animals

This work has been carried out in accordance with the EC Di-
rective 86/609/EEC for animal experiments, and fish were ma-
nipulated by the competent authorized persons (licenced veter-
inarians) in accordance with the provisions of national legislation.
Fish were caught by nets and angling at three locations depicted in
Fig. 1: unaffected stream (site 1), canal receiving the effluent (site
5), County canal (site 9). In spring, 24 Prussian carp (Carassius gi-
belio) of both sexes were subjected to examination (mean weight
498.807232.04 g, mean length 213.46766.94 mm). In summer,
19 Prussian carp of both sexes (mean weight 112.94765.64 g,
mean length 173.78730.35 mm) were examined. Specimens were
randomly sampled, transported live to the laboratory and within
few hours from the capture sacrificed by overdose of tricaine

Fig. 1. Sampling sites for raw water, treated water and sludge drawn in the ArcGIS 10.1 program (location: NE Croatia) 1: unaffected stream, not related to any industrial nor
agricultural waters, considered as a reference site; 2: inflow of raw municipal wastewaters to the WWTP; 3: inflow of sugar plant wastewaters to the WWTP; 4: treated
wastewater leaving the WWTP; 5: canal receiving the effluent; 6: canal after the biological treatment plant; 7: canal entering the County canal; 8: County canal; 9: County
canal downstream before the river; 10: WWTP active sludge; 11: sludge from the depot. Symbols: BU (biological treatment plant unit), circumpunct (inhabited area).
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