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Changes to project team

1. Associates that left the project

L4 Dr. Nesrete Krasnici
— professional assisstant

2. New associates A '(\r

Zoran Kiral], mag. biol. exp.
— PhD student on the project

Tomislav Kralj, mag. ocecol. et prot. nat.
— PhD student

Ivana Karamatic, grad. eng. of food techn.
— professional assisstant




Field activities

Sampling sites at the Mreznica River:
« reference site (REF), Duga Resa factory (DRF)
and Karlovac industrial zone (Mala Svaréa) (KiZ)

Bioindicator organisms:
» fish — northern pike (Esox lucius) at REF and DRF
» bivalves (Unio crassus) — at REF and KiZ

Sampling dates:

« spring sampling: 22-23 April, 1
May 2021 (fish, water and
sediments), 6 June 2021
(bivalves)

« autumn sampling: 22-23
September 2021 (fish, water
and sediments), 3 QOctober
2021 (bivalves)

In situ analyses:

« physico-chemical parameters
of river-water by portable
probes

» general fish health assessment




Laboratory analyses

Water and sediment in both seasons at all three sites:
physico-chemical parameters and nutrients in water
dissolved trace and macro elements in water

trace and macro elements in sediments

grain size distribution in sediments

particulate trace and macro elements in water
screening for organic contaminants in water

+ + [ ] ] ] [ ]

Fish in both seasons at REF and DREF sites:

« bacteriological, virological and parasitological analyses on

northern pike

hisjological examination of northern pike liver
maogenisation of northern pike liver

solation of cytosolic fractions from the hepatic tissue

frace and macro element measurement in the digested

homogenates and cytosols of fish liver (total and cytosolic

concentrations)

« biomarker analyses in fish liver (TP, MT, tGSH, CAT, ACHhE,
MDA)

« frace and macro element measurement in the digested fish
muscles (total concentrations)

+ biomarker analyses in fish muscles (TP, tGSH, AChE, MDA)




Laboratory analyses

Bivalves in both seasons at REF and KIZ sites:

« homogenisation of U. crassus digestive glands

 isolation of cytosolic fractions from the digestive gland tissue

« trace and macro element measurement in the digested
homogenates and cytosols of U. crassus digestive glands
(total and cytosolic concentrations)

« biomarker analyses in U. crassus digestive glands (TP, MT,
tGSH, CAT, AChE, MDA)

Two dimensional HPLC separations of cytosolic fractions of organs of

fish and bivalves with subsequent HR ICP-MS measurement:

-HPLC separations of cytosolic metal-binding proteins with

ubsequent HR ICP-MS measurement

optimization of additional AEX-HPLC separation of SEC-HPLC

separated proteins with subsequent HR ICP-MS measurement

« preparation for CEX-HPLC separations of SEC-HPLC separated
proteins

EL/L 72; AEX-linear gradient (0-500)

AEX-

HMM1 fraction:
16-19 min

—o0— Ag
—o— Pb

Co/puglL”




onferences

1. International Conference of Trace Elements and Minerals

(ICTEMZ21; online meeting)
2-6 August 2021

Aachen, Germany

1. Kiralj, Z., Dragun, Z., Lajtner, J., Mandic, A., Trgovcic, K., Krasnici,
N.. Mijosek, T. Filipovic Marijic, V. Ivankovi¢, D., 2021. Metal
accumulation in the digestive gland of mussel Unio crassus as an
indicator of metal contamination in freshwater ecosystems: total vs.
cytosolic metals. (poster presentation)

Metal lation in
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Ruder Boskovic Institute, Division for Marine and Environmental Research, Zagreb, Croatia; ?Faculty of Science, Department of Biology, University of Zagreb, Zagreb, Croatia; Vodovod i

kanalizacija d.o.o., Karlovac, Croatia

Introduction

- High metal contamination of aquatic ecosystems can have a huge impact on
+

aquatic environment.

- Freshwater mussels from family Unionidae are benthic, filter-feeding organisms
which are very susceptible to any changes of water chemistry.
- In addition, these bivalves live relatively long and are therefore suitable for

monitoring long-term metal exposure.

Aim
- Aim of this study was to compare conce!

ntrations of twenty eight metals in the

digestive gland of Unio crassus from two different locations of MreZnica River.
« An additional aim was to determine whether total or cytosolic metal
concentrations in digestive gland of U. crassus are better indicators of metal

exposure in freshwater ecosystems.

Csng/g 14304 29405 os ool [ i
Cupgg 15002 30405 ot o 2

Results (Y] *lco =fca
oo | ol pm | W[
 Bing/g 26104  3.5:0.5 2aE Buo i
d

10 e

Ungg 3543 6048 . &
Table 1. Comparison of total metal

40 ° =t
N RS between KAR and REF ¢t 1 comparison of cytosolic metal concentrations between KAR and REF sites.

Mong/g 167+11  188:14 #Fe “INi o
Pbnglg 4747 72+19 _:f -:a: 020
Sbng/g 23103  3.6:0.4 g . * 2

> Higher total concentrations of Bi, Cs, Cu, Mo, Pb, Sb and U were found in specimens at the KAR site. The largest differences

Sampling area and organism

- Two sampling sites at Mreznica
River: upstream from the town of
Duga Resa as the reference site
(REF) and the industrial zone of
Karlovac (KAR), as contaminated

Methods

Tissue
I" homogenisation

Cs and Cu, which were approximatelytwice as high
> Metal concentrations in cytosolic fractions were increased for almost half of analyzed elements (Al, As, Bi, Co, Cr, Cs, Cu, Fe, Mo, Ni,
Pb, Sb, U) in digestive gland of U. crassus from the KAR site. In with total metal higher
i tKAR site i proven for Al, Co, Fe andNi.
> Only total concentrations of Cs correlated with concentration in water, while seven elements (Ca, Cd, Cu, Cs, Mo,Sb, U) followed the
trend of concentrations in sediments.
> Six elements (Al, Co, Cs, Fe, Ni, Sb) in the digestive gland cytosol followed the trend of increasing concentrations in both water and

site

- For this investigation we have
selected U, crassus because. this
species has very abundant
populations in MreZnica River

Uniocrassus, Philipsson 1788

Centrifugation TISSUE sediments. Additionaly, 6 elements (Ca, Cd, Cr, Cu, Mo, U) in the digestive gland cytosol correlated with increased concentrations in
50 000xg HOMOGENATE sedimel
> , cytosolic ofCaandCd higher atREF site. Their
| | the trend of jonin sedi
S50 FRACTION : - Adknowledgements
(cYTosoL) i N'g”f;l;"s Z’ S Conclusion  The Croatian Scisncs Foundation is acknowledged for
s and H0s : : , the financial support of the METABIOM project (1P-
— = || Results suggest that U. crassus is a good indicator of water quality, | 5010.04.2636)

Determination of metalimetalloid
concentrations on HR ICP-MS

which provides information of different bioavailable metal species
and forms in aquatic emvironments, especially by analysing
cytosolic (potentially toxic) metal concentrations in their digestive 14(4):241-443

glands. 2. Havlik, MarianE_; Marking LeifL.. (1987) U.S. Fishand




Conferences

2. 6™ Croatian Congress of Toxicology with international
participation (CROTOX 2020)
3-6 October 2021

Rabac, Croatia

1. Draqun, Z., Fiket, Z., Stipani¢ev, D., Repec, S., Sostarié Vulié, Z., Ivankovié,
D., Krasnici, N., Filipovi¢ Mariji¢c, V., Mijosek, T., Barac, F., Vali¢, D., 2021.
Characterization of the water and sediment quality of the lower course
of the MreZnica River: the effect of long-term historical contamination.
(poster presentation)

ragun, Z.. Krasnié¢i, N.. Valié, D., Barac, F., Ivankovié, D., Fiket, Z.,
Filipovic Marijic, V., Mijosek, T. Matanovi¢, K., Kuiir, S., GjurCevic, E.,
2021. Bioaccumulation and intracellular distribution of trace elements in
the liver of northern pike (Esox lucius L., 1758) from the MreZnica River:
THE METABIOM PROJECT. (poster presentation)

Ivankovi¢, D., Mandi¢, A., Krasnici, N., Lajtner, J., Trgovcic, K., Mijosek, T.,
Fiipovic  Marijic, V. Dragun, Z., 2021. Comparison of metal
accumulation, intracellular metal distribution and metal-binding
biomolecules in the digestive gland of tiwo freshwater bivalve species
from the MreZnica River. (poster presentation)




Conferences

9.
Profession* (VSP2021; online meeting)

? October 2021
Zagreb, Croatia

1. Koutis, I., Gjur¢evic, E., Kuiir,
S.. Benko, V., Vali¢, D., Barac,
F.. Dragun, Z., Ivankovi¢, D.,
Mijosek, T., Filipovi¢ Marijic, V.,
Matanovi¢, K., 2021. Health .
assessment of northern pike
(Esox lucius) from the R
MreZnica River, Croatia.

(poster presentation)

Qh International Congress ,,Veterinary Science and

Health assessment of northern pike (Esox lucius) from the
Mreznica River, Croatia
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Conferences

4. 215 European Meeting on Environmental Chemistry

(EMEC21) 30 November - 3 December 2021
Novi Sad, Serbia

1. Mijosek, T., Ivankovié¢, D., Kiralj, Z., Cvitanovi¢, M., Valic, D., Barac, F.,
Filipovi¢ Marijic, V.. Gjurcevi¢, E., Matanovi¢, K., KuZir, S., Dragun, Z.,
2021. Multibiomarker responses in the liver of the northern pike (E.
lucius) from the MreZnica River as an indication of water contamination.
(poster presentation)

2. Kirali, Z., Dragun, Z., Krasnic¢i, N., Lajtner, J., TrgovcCic, K., Mijosek, T.,
Mandic, A., Filipovi¢ Marijic, V., Vali¢, D., Ivankovi¢, D., 2021. Deeper
insight info the metallome of the digestive glands of Unio crassus

mussels at different metal exposures: Distribution of metals among

ylosolic biomolecules. (poster presentation)

.




Conferences

5. Scientific school on the environment 2021
at Institute Ruder Boskovi¢ (online meeting)

7-10 December 2021
Zagreb, Croatia

1. Kiralj, Z., Dragun, Z., LuCi¢, M., Lajtner, J., Trgovcic, K., Mijosek, T., Filipovic
Marijié, V.. Valié, D., Fiket, Z., Ivankovié, D., 2021. Assessment of heavy
metals contamination in water and biota of the MreZnica River. (oral
presentation).

Division for Marine and Environmental Research
Laboratory for Biological Effects of Metals

Ruder Boskovi¢ Institute
Zagreb -

Assessment of heavy metals contamination
in water and biota of the MreZnica River

Zoran Kiralj




Conferences

6. 2" Online ACE Seminar on Chemistry and the
Environment Led by Early-Career Scientists: Environmental
Chemistry Towards Global Change - CHEM2CHANGE

15-16 March 2022

1. Kral, T., Stipanicev, D., Repec, S., Barac, F., Kiralj, Z., Ivankovic, D.,
Mijosek, T., Filipovic Marij¢, V. Valic, D., Dragun, Z., 2022.
Assessment of drug contamination of Mreznica River water in

ASSESSMENT OF DRUG CONTAMINATIO!
IN CROATIA DURING COVID PA




Conferences

7. 6" PhD Student Symposium at Faculty of Science

23-24 April 2022
Zagreb, Croatia

1. Kiralj, Z., Dragun, Z., Krasnic¢i, N., Mandic, A., Lajtner, J., Trgovcic,
K., Mijosek, T., Filipovic Marijic, V. Valic, D., Ivankovi¢, D., 2022.
Differences in the subcellular distribution of the toxic metals Ag and

Cd in the digestive glands of three mussel species from the family
Unionidag. (oral presentation)

Zagreb

DIFFERENCES IN THE SUBCELLULARDISTRIBUTION
OF THE TOXIC METALS Ag AND Cd IN THE DIGESTIVE
GLANDS OF THREE MUSSEL SPECIES FROM THE
FAMILY UNIONIDAE




Conferences 15-19 May 2022
Copenhagen, Denmark

8. SETAC Europe 32" Annual Meeting

1. Kiralj, Z., Dragun, Z., Lajtner, J., Trgovéic, K.,
Mijosek, T., Filipovic Marijic, V. Vali¢, D.,
Ivankovi¢, D., 2022. Analysis of molecular
biomarkers in the digestive glands of Unio
crassus as a useful tool for assessing pollution of
aquatic ecosystems: a study in the MrezZnica
River (Croatia). (poster presentation)



Award 3 December 2021
Novi Sad, Serbia

The award for the best poster presentation

Dr. Tatiana Mijosek

was awarded by Princ Sultan Bin
Abdulaziz for the best poster
presentation, titled:

"Multiobiomarker responses in the
liver of the northern pike (E. lucius)
from the MrezZnica River as an
indication of water contamination.,,

She was presented with the award
at 215t European Congress of
Environmental Chemistry in Novi
Sad.



Scientific papers

1. Journal of Fish Diseases - published

Bekavac, A., Beck, A., Dragic¢evic, P., Dragun, Z., Maguire, I., Ivankovic, D.,
Fiket, Z.. Graéan, R., Hudina, S.. 2021. Disturbance in invasion? Idiopatic
necrotising hepatopancreatitis in the signal crayfish Pacifastacus
leniusculus (Dana, 1852) in Croatia. Journal od Fish Diseases, 00:1-16.

Received: 15 July 2021 Revised: 19 October 2021 Accepted: 21 October 2021

DOl 10.1111/jfd. 13532

Journal of o~
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RESEARCH ARTICLE WILEY

Disturbance in invasion? Idiopathic necrotizing
hepatopancreatitis in the signal crayfish Pacifastacus leniusculus
(Dana, 1852) in Croatia

Ana Bekavac’? | AnaBeck® | Paula Dragicevi¢! | Zrinka Dragun® | Ivana Maguire! |
Dusica Ivankovi¢? | Zeljka Fiket* | Romana Gragan! | Sandra Hudina!

'Department of Biclogy, Faculty of Science,
University of Zagreb, Zagreb, Croatia Abstract

2Department of Histology and Embryology, As the most successful crayfish invader and possible vector for infectious agents, sig-
School of Medicine, University of Zagreb,
Zagreb, Croatia

eterinary Pathologist, Zagreb, Croatia
“Division for Marine and Environmental of newly detected idiopathic necrotizing hepatopancreatitis along the invasion range

nal crayfish Pacifastacus leniusculus is among the major drivers of the native crayfish

speciesdecline in Europe. We describe histopathological manifestation and frequency




Scientific papers

2. Comparative Biochemistry and Physiology Part C -
Toxicology and Pharmacology - published

Dragun, Z., Ivankovié¢, D., Krasnici, N., Kiralj, Z., Cvitanovi¢, M., Karamati¢, 1., Valic,
D., Barac, F., Filipovi¢ Marijic, V., Mijosek, T., Gjur¢evic, E., Matanovicé, K., Kuiir, S.,
2022. Metal-binding biomolecules in the liver of northern pike (Esox
lucius Linnaeus, 1758): the first data for the family Esocidae. Comparative
Biochemistry and Physiology Part C - Toxicology and Pharmacology, 257:109327.

Comparative Biochemistry and Physiology, Part C 257 (2022) 109327

Contents lists available at ScienceDirect

Comparative Biochemistry and Physiology, Part C

ELSEVIER journal homepage: www.elsevier.com/locate/cbpc

Metal-binding biomolecules in the liver of northern pike (Esox lucius
Linnaeus, 1758): The first data for the family Esocidae

Zrinka Dragun™ , DusSica Ivankovi¢ ® , Nesrete Krasni¢i“, Zoran Kiralj®, Marita Cvitanovi¢ ",
Ivana Karamati¢ *, Damir Vali¢ *, Fran Barac “, Vlatka Filipovi¢ Mariji¢ *, Tatjana Mijosek *,
Emil Gjurcevié¢“, Kresimir Matanovic “, Snjezana Kuzir “

* Ruder Boskovié Institute, Division for Marine and Environmental Research, Laboratory for Biological Effects of Metals, Bijenicka c. 54, Zagreb, Croatia

® Faculty of Science, Department of Biology, University of Zagreb, Rooseveltov trg 6, Zagreb, Croatia
© Faculty of Veterinary Medicine, University of Zagreb, Heinzelova 55, Zagreb, Croatia

ARTICLE INFO ABSTRACT

Edited by Martin Grosell M tal-handling strate; gl of various fish species are known to vary significantly in association with their
lular metal by i Thus, to better und d the possible of i d metal

Keywords: in fish it is important to perform c ive studies on metal-binding bi lecules in organs of different

Cytosol species. This study was the first of this kind on a liver of an esocid fisl h (northern pike, Esox lucius), and the
2‘5""’?'“ ﬁs:d gathered i ion were to fish belonging to three other families, Leuciscidae, Cyprinidae and
Pratdiierl Salmonidae. Distributions of ten elements among cytosolic biomolecules of different molecular masses were

HPLC
1CP-MS studied by size exclusion HPLC combined offline with high resolution ICP-MS. The results indicated predominant




Scientific papers

3. Water Research —in preparation

Dragun, Z., Stipani¢ev, D., Fiket, Z., Lu&ié, M., Udikovié Kolié, N., Puliko, A.
Repec, S.. Sostari¢ Vulié, 7., Cerkez, T.. Ivankovié, D., Krasni¢i, N., Filipovi¢
Marijic, V., Mijosek, T., Barac, F., Kiralj, Z., Kralj, T., Vali¢, D., (2022) Yesterday's
contamination - a problem of today¢ The case study of discontinued
historical contamination of the MreZnica River. Water Research, in
preparation.

Submission — by the end of June 2022

OPEN ACCESS
[ oitvion

ASviER
Q%ﬁm ) ) Brought to you by:

ﬁ{l ScienceDirect Journals & Books Qe ﬁ Minisiry of Science, Education and
e i Speris

) WATER
= RESEARCH

Water Research

Supports open access CiteScore

Articles & Issues ~  About v~ Publish + Q  Search in this journa | Submit your article 77 Guide for authors 7

Latest issue

About the journal
Volume 219
In progress W Rt e e s et el U Rzt ettt e e el swms,
P panion j g P
1July 2022 editorial team, submission system and rigorous peer review.

h publishes refereed, original research papers on all aspects of the science and technology of the



Graduation theses

1. Toni Cerkez

graduate programme of Environmental Sciences

Faculty of Science, University of Zagreb

« supervisors: prof. dr. Gordana Medunié and assist. prof. dr. Zeljka
Fiket

« title: Geochemical characteristics of water and sediment of the
MreZnica River

date of defense: 21t April 2021

2. Antonela Mandié

graduate programme of Environmental Sciences

Faculty of Science, University of Zagreb

supervisors: dr. DuSica Ivankovi¢ and assoc. prof. dr. Jasna Lajtner
title: Accumulation and intracellular distribution of metals in the
digestive glands of two freshwater bivalve species from the
MreZnica River

date of defense: 215t September 2021




Graduation theses

3. Lucija Runje

integrated undergraduate/graduate program in veterinary

medicine

Faculty of Veterinary Medicine, University of Zagreb

« supervisors: assist. prof. dr. KreSimir Matanovi¢ and assoc. prof. dr.
Jasna Lajtner

 title: Investigation of frequency of trematodes of the genus

Aspidogaster in freshwater fish and molluscs

dafe of defense: 29" October 2021

4. Ema Omrcéen

graduate programme of Environmental Sciences

Faculty of Science, University of Zagreb

« supervisors: dr. Dusica Ivankovi¢ and assoc. prof. dr. Jasna Lajtner

« fitle: Biomarker responses and accumulation of metals in the
muscles of northern pike (Esox lucius) from the MreZnica River as
indicators of water pollution

.

* 1IN Pprogress



Graduation theses

5. Marita Cvitanovié

graduate programme of Environmental Sciences

Faculty of Science, University of Zagreb

» supervisors: dr. Zrinka Dragun and assoc. prof. dr. Jasna Lajtner

» fifle: Impact of environmental exposure and physiological factors
on metal bioaccumulation in the liver of northern pike (Esox
lucius)

in progress




Other activities - dissemination

» Lecture at the Facully of Veterinary
Medicine, University of Ljubljana
held by prof. dr. SnjeZana KuZir

2ivor
U VODI - BioL gk, PARAMETR}
KAKVOCE vope

» Lecture at Science
Festival 2022 in
Cabar held by dr.
Damir Valié¢

Dr.sc. Damir Vali¢

OSVRTI, Kem. Ind. 71 (3-4) (2022) 248-255 2

. .. | Biomolekule koje vezu metale
Z. Dragun,” D. Ivankovi¢™ i D. Vali¢ . . P
sttt ruder sekone | | ZAravstveni poremecaji kod
% | slatkovodnih organizama izlozenih
industrijskom otpadu (METABIOM)

Sifra: 1P-2019-04-2636
Prijavitelj: Institut Ruder Bozkovié

rtneri: Veterinarski fakultet Sveucilista u Zagrebu;
Prirodoslovno-matematicki fakultet Sveuilista u Zagrebu
Kemijski fakultet Sveucilista u Oviedu, Spanjolska
zvor financiranja: Hrvatska zaklada 2a znanost

Osnovna je zamisao projekta METABIOM primijeniti metalomiku
u podrutiu okoliénih istrazivanja u Hrvatskoj. Znanstvena discipli-
na metalomike razvijena je pocetkom 21. stoljeca s ciljem uvode-
nja sustavnog i opseznog pristupa izucavanju metala ili metaloida
u biolotkom kontekstu (Lobinski i sur,, 2010,). Primjena nacela
metalomike u rasvietliavanju sudbine metala u tkivima i stani-
cama akvaticnih organizama, poput riba i Skoljkaga, jos uvijek je
slabo zastupliena diliem svijeta. U skladu s tim, cil] je projekta
primjenom triju HPLC tehnika (razdvajanja po velicini (sika 1) vrijeme evaluiranja (¢)/min

te anionske i Kationske izmjene) u kombinadiji s HR ICP-MS-om Sika 1 - Profil raspodiele nekoliko odabrarith metala medu
odredit raspodiele metala medu citosolskim biomoleKulama @3- julama skt molekuidih masa dobiven: raschajanier
icitih veliina i naboja za dva bioindikatorska organizma: 8tuku citosolskih proteina jetara Stuke (Esox lucius) i rjeke Mreznice na koloni
(Esox lucius) kao predstavnika slatkovodnih ribljih vrsta te Unio Tricom ™ Superdex 200 10/300 GL (GE Healthcare Biosciences, SAD;
crassus kao predstavnika slatkovodnih Skoljkaga. Odabrane bio-  raspon razdvajanja: od 10 do 600 kDa) pomodu HPLC sustava (Perkin
Jo

molekule kole vezu metle izolirane iz glavnih metabolickih i de. Flmer, SAD)

a0 IS
i
Nraseti i

b

Short review on
METABIOM project
in the journal
Chemiistry in
Industry
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