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Aim of the project 

 to increase our understanding and gain 

new knowledge on how fish, crustaceans, 

bivalves and fish intestinal parasites 

(Acantocephalans) cope with elevated 

metal concentrations in the freshwater 

ecosystems by relating data on metal 

concentrations in water, accumulated 

metals and biomarker responses in biota 

to data on intracellular metal mapping 



Additional aim  

 to evaluate anthropogenic impact on 

selected freshwater ecosystems referring 

to metal/metalloid pollution and using 

integrated chemical, biochemical and 

biological approach, as well as to evaluate 

the risk for human health  
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Study area - Krka river 
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National park Krka 



Study area - Krka river 
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August 7, 2014 April 22, 2015 

Krka river – reference site 



April 21, 2015 August 7, 2014 

April 21, 2015 August 7, 2014 

Krka river – site with anthropogenic influence 



Study area - Ilova River 

Protected area 
Nature park Lonjsko polje 



Ilova River - site with anthropogenic 
influence 

Kutina – Petrokemija Plc. 
Production of: 
1. Fertilizers 
2. Carbon black 
3. Clay based production 

and liquid fertilizers 

Photos: Google Earth 



Ilova River – reference site 

Photos: Google Earth 



Organisms selected for study 

• fish – brown trout (Salmo trutta) 

   – European chub (Squalius cephalus) 

• amphipod crustaceans – Gammaridae 

• bivalves – Unionidae 

• fish intestinal parasites (Acantocephala) 



Organisms selected for study 

• target tissues – fish: gills, liver, intestine 

• target tissues – bivalve: gills, digestive gland 

• whole organism – crustaceans, acantocephalans 

April 21, 2015 



 to examine the fate of metals/metalloids at 

the cellular level, after their 

bioaccumulation in the target tissues of 

selected aquatic bioindicator organisms as a 

result of increased metal exposure in the 

river water under anthropogenic impact, 

and to compare it with aquatic organisms 

from the reference locations 

Main objective 



Specific objectives 

Evaluation of 

metal/metalloid 

accumulation in fish, 

acanthocephalans, 

crustaceans and bivalves 

Evaluation of subcellular 

partitioning of 

metals/metalloids in fish, 

acanthocephalans, 

crustaceans and bivalves 

Intracellular mapping of 

trace metals in fish 

tissues, acantocephalans 

and bivalve tissues, and 

correlation between two 

imaging techniques – 

NanoSIMS and TEM 

Evaluation of biological 

effects of contamination 

on biota 

Integration of chemical, biochemical 

and cellular imaging approach 



Evaluation of 
River water chemical 

quality status 

• physico-chemical properties 
• nutrient concentrations 
• contamination with 

metals/metalloids 

River water biological 

quality status 

• biodiversity of 
macrozoobenthos and 
periphyton 

• characteristics and 
abundance of drift fauna 

• presence of specific invasive 
amphipod species 

Possible risk to 

human health 

• comparison of metal / 
metalloid concentrations in the 
trout and chub muscle with the 
permissible metal 
concentrations for human 
consumption 

Acanthocephalans 

as bioindicators 

• application as bioindicators of 
metal exposure 

• their possible role in 
protecting the fish against 
metal accumulation 



Timing of activities in the AQUAMAPMET project  



Detailed work plan – 1st year 

Objective 1: The overall running of the project 

Activities 
Duration of 

activities 

Team 

members 

Office work 
M. Erk 

Z. Dragun 

V. Filipović 

Marijić 

D. Ivanković 

N. Krasnići 

R. Matoničkin 

Kepčija 

S. Gottstein 

M. Sertić Perić 

M. Miliša 

J. Lajtner 

D. Schaumlöffel 

J. Malherbe 

E. Gontier 

A1.1. Project managing 
Sep 2015 -
Aug 2016 

A1.2. Kick-off meeting Sep 2015 

A1.3. Preparation of project reviews and 

progress reports 
Aug 2016 



Detailed work plan – 1st year 

Objective 2: Sampling in the area of the Krka River 

Activities 
Duration of 

activities 

Team 

members 

Field work 
Oct-Nov 

2015, 

Mar-Apr 
2016 

Z. Dragun 

V. Filipović 

Marijić 

D. Ivanković 

N. Krasnići 

PhD student 

R. Matoničkin 

Kepčija 

S. Gottstein 

M. Sertić Perić 

M. Miliša 

J. Lajtner 

A2.1. Sampling of water and biota 

(electrofishing - service of LAPAO, RBI) 

A2.2. In situ measurements of physico-

chemical parameters in water 

Laboratory work 
Oct-Nov 

2015, 

Mar-Apr 
2016 

A2.3. Dissection and storage of tissues 

A2.4. Species determination, detection of 

invasive species (performed at Biology 

Department of the Faculty of Science) 



Detailed work plan – 1st year 

Objective 3: Evaluation of river water quality status 

(biological and chemical) 

Activities 
Duration of 

activities 

Team 

members 

Laboratory work 

Dec 2015 -
Jan 2015 

 

May-Jun 
2016 

 

 

R. Matoničkin 

Kepčija 

M. Sertić Perić 

M. Miliša 

A3.1. Analysis of biodiversity in 

macrozoobenthos, periphyton and dift 

(performed at Biology Department, Faculty 

of Science) 

A3.2. Determination of physico-chemical 

parameters in river water (performed at 

Biology Department, Faculty of Science) 

 

R. Matoničkin 

Kepčija 

M. Sertić Perić 

A3.3. Measurements of metals/metalloids 

concentrations in river water 

Z. Dragun 

N. Krasnići 



Detailed work plan – 1st year 

Objective 4: Evaluation of metal/metalloid accumulation in 

fish organs, acanthocephalans, crustaceans and bivalves 

Activities 
Duration of 

activities 

Team 

members 

Laboratory work 
 

 

 

 

Z. Dragun 

V. Filipović 

Marijić 

D. Ivanković 

N. Krasnići 

PhD student 

 

A4.1. Measurements of metals/metalloids in 

tissue cytosols of fish, bivalves and 

crustaceans 

Jan-Mar 
2016 

A4.2. Measurements of metals/metalloids in 

digested tissue homogenates of fish and 

bivalves 

Apr-Jun 
2016 

A4.3. Measurements of total 

metals/metalloids in digested 

acanthocephalans 

Jul-Aug 
2016 



Detailed work plan – 1st year 

Objective 5: Evaluation of subcellular partitioning of 

metals/metalloids in fish, acantocephalans, crustaceans 

and bivalves 

Activities 
Duration of 

activities 

Team 

members 

Laboratory work 
Z. Dragun 

V. Filipović 

Marijić 

D. Ivanković 

N. Krasnići 

A5.1. Preparation of cytosolic samples for 

the separation of cytosolic proteins by HPLC 

Jul-Aug 
2016 



Detailed work plan – 1st year 

Objective 6: Intracellular mapping of trace metals in fish 

tissues, acantocephalans and bivalve tissues 

Activities 
Duration of 

activities 

Team 

members 

Laboratory work service RBI 

 

training of new 

PhD student 

and 

N. Krasnići 

A6.1. Preparation of tissue/organ/organism 

samples for TEM and NanoSIMS analyses 
(service of Laboratory for ichthyopathology – 

biological materials, RBI) 

Oct-Nov 
2015 



Detailed work plan – 1st year 

Objective 7: Evaluation of biological effects of metals 

Activities 
Duration of 

activities 

Team 

members 

Laboratory work  

May-Jun 
2016 

 

M. Erk 

V. Filipović 

Marijić 

D. Ivanković 

N. Krasnići 

PhD student 

 

A7.1. Analyses of biomarkers of general 

stress 

A7.2. Analyses of biomarkers of exposure 

and effect of metals 

Jul-Aug 
2016 



Detailed work plan – 1st year 

Objective 8: Dissemination of the project’s results 

Activities 
Duration of 

activities 

Team 

members 

Office work  

Oct-Nov 
2015 

 

M. Erk 

V. Filipović 

Marijić 

 

A8.1. Creating the project web site 

A8.2. Updating the project web site 
Nov 2015 -
Aug 2016 



Project budget  
Cost per months in HRK 

1-12 13-24 25-36 37-48 Total 

1. Material costs  154,800.00 201,700.00 155,000.00 196,700.00 708,200.00 

2. Personnel costs 5,000.00 20,000.00 15,000.00 10,000.00 50,000.00 

3. Equipment 65,250.00 15,000.00 36,000.00 12,000.00 128,250.00 

4. Dissemination and 
cooperation  

9,000.00 10,000.00 29,000.00 28,000.00 76,000.00 

TOTAL (1+2+3+4) 234,050.00 246,700.00 235,000.00 246,700.00 962,450.00 

Cost per months in EUR 

1-12 13-24 25-36 37-48 Total 

1. Material costs  20,104.00 26,195.00 20,130.00 25,545.00 91,974.00 

2. Personnel costs 649.00 2,597.00 1,948.00 1,299.00 63494.00 

3. Equipment 8,474.00 1,948.00 4,675.00 1,558.00 16,656.00 

4. Dissemination and 
cooperation  

1,169.00 1,299.00 3,766.00 3,636.00 9,870.00 

TOTAL (1+2+3+4) 30,396.00 32,039.00 30,519.00 32,039.00 124,994.00 

1 EUR = 7.7 HRK 



Laboratory for biological effects of metals 

 Expertise – technical skills and competences 

• field-work: sampling and dissection of 
aquatic organisms 

• determination of general physico-
chemical parameters in river water 

• preparation of biochemical samples for 
cytosolic metal and protein analysis 

• preparation of tissues for multielemental 
analysis – total digestion (microwave) 

• electrochemical and spectrophotometric 
methods for quantification of 
metallothioneins 



• determination of lysosomal membrane 
stability in mussel hemocytes by NRR 
(Neutral red retention time) method 

•  spectrophotometric determination of protein, 
lipid and carbohydrate contents; kinetic 
measurement of electron transport system 
(ETS) activity; analysis of malon dialdehyde 
formation 

• size-exclusion HPLC for separation of 
cytosolic proteins 

• metal determination by HR ICP-MS and AAS 
(flame and electrothermal techniques) 

Laboratory for biological effects of metals 

 Expertise – technical skills and competences 



LBEM - equipment 

 ICP-MS (LIEG) 
 HPLC 
 AAS 
 UV-VIS spectrophotometer 
 computerized potentiostatic 
instrument with multimode Hg-
electrode 
 microwave oven  
 microscope 
 portable sensors for in situ 
measurements 
 tissue homogenizer 
 lyophilizer 
 centrifuges 
 deep-freezers -80°C 
 precision and analytical balances 




