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INTRODUCTION 

The Sava River (945 km) is the biggest tributary to the Danube River. The 95551 km
2
 large catchment 

is extended over Slovenia, Croatia, Bosnia and Herzegovina and Serbia. In the development of the 

river basin management plan all countries are already collaborating under the International 

Commission for the Protection of the Danube River (ICPDR) guidance. Although the methodological 

bases for data collection have been reasonably unified, data on the ecological character of the river 

basin, inventory of pollution sources, dangerous substances, socio-economic parameters, cost and 

benefit implications are still lacking due to insufficient financing and recent warfare. Within the 6
th
 

FW EU project: Sava River Basin: Sustainable Use, Management and Protection of Resources 

(SARIB) specific tools based on combination of chemical analysis and biological effect methods are 

developed and validated for the estimation of pollution of sediments and impact on aquatic biota. 

Geographical distribution of pollution is identified and historical trends defined. Integrated prediction 

model about the behaviour of hazardous chemical substances is being combined with the socio-

economic prediction model to serve as a base for the elaboration of scenario, remediation measures 

and best practice techniques. For that purpose an expert data and information management system is 

being developed. 

In order to assess the geographical distribution and historical trends in sediment contamination of the 

Sava River Basin, sediments were analysed in 20 selected sampling sites along the Sava River from its 

origin to its outfall into the Danube River. The extent of pollution was estimated by determination of 

the total element concentrations and by the identification of the most hazardous highly mobile element 

fractions and anthropogenic inputs of metals to sediments. For comparability of data to other river 

basins the sediment fraction < 63 m was analysed. To assess the mobile metal fraction extraction in 

0.11 mol L
-1

 acetic acid was performed, while anthropogenic inputs of elements were estimated on the 

basis of normalization data to aluminium concentration. The following elements were investigated: 

cadmium, lead, nickel, copper, zinc, chromium and arsenic.  In addition, P and organotin compound 

were determined as well. 

 

EXPERIMENTAL 

Collection of samples:  

Sediments were taken using the piston corer which is released a set distance above the riverbed, 

penetrates the sediment by free fall, and sucks the sediment into the core barrel by an upward moving 

piston as the core is retrieved. Plastic core liners were placed inside the core barrels to contain the 

sediment core sample, and to avoid the problems of extrusion and contamination. After the corer was 

retrieved, the liner was removed from the barrel, the top was capped, and the core stored in a vertical 

position. For sediment analysis corers were extruded in 1L polyethylene containers and transported to 

the laboratory.  

Sample preparation: 

For the determination of the total metal concentrations sediment samples were homogenized in the 

laboratory, wet sieved through 63 m sieve, dried at 40ºC for three days (until constant weight) in 

dark, transferred into polypropylene containers and kept until the analysis at 4ºC in dark. 

 

ANALYTICAL PROCEDURES 

Microwave assisted digestion of sediments 

Aprox. 0.25 g of sediment was weighted into Teflon vessel and 4 mL of HNO3, 2 mL of HF and 1 mL 

of HCl were added. The Teflon vessels were then covered by vessel cups and submitted to colsed 

vessel microwave digestion.  After that the Teflon vessels were opened and 12.5 mL of 4% boric acid  

were added and contents subjected to microwave assisted digestion again. The clear solution was then 

quantitatively  transferred to 30 mL graduated polypropylene tubes and filled to mark with Milli Q 



water. Zn, Cu, Cd, Pb, Ni, Cr, As and P were determined under optimal measurent conditions by ICP-

MS. All the analysis were made in duplicate.  

The accuracy check was performed by the analysis of certified reference material CRM 320. Good 

agreement of results between determined and certified values were obtained. 

 

Normalization to Al: 

Normalization to Al was also performed to identify the anthropogenic inputs of elements. For this 

purpose the total element concentrations were compared to the total concentration of Al [1,2].  

 

Easily soluble element concentrations in 0.11 mol L
-1

 acetic acid: 

2 g of air dried sediment was shaken with 20 mL of 0.11 mol L
-1

 acetic acid (300 rpm) for 16 hours. 

Samples were then centrifuged (10000 rpm, 20 min) and filtered through 0.45 m membrane filter. 

Element concentrations were determined by ICP-MS under optimal measurement conditions [3,4]. 

 

Determination of organotin compounds (OTC): 

For the analysis of OTC in sediments extraction with acetic acid was applied. Derivatization was 

performed with sodium tetraethylborate. Ethylated OTC species were extracted into isooctane and 

their concentrations determined by GC-MS. The accuracies of the analytical procedures were checked 

by the analysis of standard reference material PACS 2 (marine sediment). Good agreement between 

certified and determined values was obtained for butyltin compounds. 

 

RESULTS 

 

Analysis of total element concentrations in sediments along the Sava River: 

Analysis of total metal concentrations in the sediments along the Sava River are presented in Table 1. 

 

Table 1:  Determination of total element concentrations in sediments of the Sava River by ICP-MS. 

Results represent average of two parallel samples ± standard deviation. 

 

Sampling site 

Pb 

(mg kg-1) 
Zn 

(mg kg-1) 
Cu 

(mg kg-1) 
Ni 

(mg kg-1) 
Cr 

(mg kg-1) 
Cd 

(mg kg-1) 
As 

(mg kg-1) 

1 –Mojstrana 11.5 ± 0.1 55.4 ± 0.7 14.4 ± 0.4 12.6 ± 3.9 23.1 ± 1.3 0.28 ± 0.01 6.9 ± 0.6 

2- HE Moste 40.9 ± 0.6 118 ± 1 33.1 ± 0.4 70.1 ± 1.1 184 ± 4 0.58 ± 0.02 14.7 ± 0.1 

3 – Jevnica 41.7 ± 3.7 142 ± 1 34.4 ± 3.0 27.3 ± 0.7 73 ± 1 0.42 ± 0.08 10.5 ± 0.8 

4 – Vrhovo 47.8 ± 3.4 223 ± 2 45.9 ± 1.0 36.9 ± 0.6 94 ± 2 0.73 ± 0.03 9.0 ± 1.3 

5- Breţice 27.3 ± 2.7 113 ± 1 18.6 ± 3.0 17.6 ± 1.9 48.2 ± 0.6 0.24 ± 0.01 9.6 ± 2.1 

6 - Jesenice na 

D. 

29.2 ± 6.6 106 ± 13 13.6 ± 1.9 12.3 ± 0.1 50.3 ± 0.8 0.22 ± 0.01 8.4 ± 0.8 

7 – Oborovo 41.1 ± 1.2 172 ± 5 39.1 ± 1.2 36.7 ± 1.1 88 ± 3 0.62 ± 0.02 11.3 ± 0.3 

8 – Galdovo 13.8 ± 0.4 77 ± 2 10.9 ± 0.3 16.3 ± 0.5 43 ± 1 0.40 ± 0.01 2.9 ± 0.1 

9 – Črnac 32.5 ± 1.0 155 ± 5 27.1 ± 0.8 30.8 ± 0.9 85 ± 3 0.55 ± 0.02 7.7 ± 0.2 

10 – Lukovec 32.7 ± 1.0 163 ±5 35.5 ± 1.1 44.4 ± 1.3 99 ± 3 0.64 ± 0.02 11.4 ± 0.3 

11 – Košutarica 41.5 ±1.2 224 ± 7 30.3 ± 0.9 39.5 ± 1.2 127 ± 4 0.83 ± 0.02 20.1 ± 0.6 

12 – Gradiška 36.0 ± 1.1 220 ± 7 29.8 ± 0.9 41.9 ± 1.3 167 ± 5 1.02 ± 0.03 12.1 ± 0.4 

13 – Srbac 25.5 ± 0.5 84 ± 2 27.1 ± 0.5 79 ± 2 236 ± 5 0.43 ± 0.01 11.2 ± 0.2 

14 - Slavonski 

br. 25.5 ± 0.8 118 ±4  31.9 ± 1.0 102 ± 3 186 ± 6 0.58 ± 0.02 16.5 ± 0.5 

15 – Ţupanja 33.9 ±1.0 134 ± 4 31.1 ± 0.9 212 ± 7 381 ± 11 0.47 ± 0.01 19.8 ± 0.6 

16 – Brčko 52 ± 1 165 ± 3 43.4 ± 0.8 185 ± 4 312 ± 6 0.62 ± 0.01 16.7 ± 0.3 

17 – Bos. Rača 122 ± 1 184 ± 4 47.1 ± 0.9 186 ± 4 273 ± 6 0.66 ± 0.01 17.9 ± 0.4 

18 – Srem. Mitr. 79 ± 1 275 ± 6 44.9 ± 0.9 177 ± 4 276 ± 6 0.84 ± 0.02 23.6 ± 0.5 

19 – Šabac 117 ± 1 361 ± 7 49.6 ± 1.0 163 ± 3 232 ± 5 1.40 ± 0.03 25.1 ± 0.6 

20 – Beograd 97 ± 1 173 ± 4 46.2 ± 0.9 82 ± 2 151 ± 3 0.84 ± 0.02 15.7 ± 0.3 

ISQG 30.2 124 18.7 /  52.3 0.7 7.24 

PEL 112 271 108 /  160 4.2 41.6 

Canadian Sediment Quality Guidelines for the Protection of Aquatic Life, 1999: 

Interim Sediment Quality Guidelines (ISQG)[5] correspond to the threshold level effects below which adverse biological 

effects are not expected. 

Probable effects levels (PEL) characterize concentrations of pollutants that may affect the aquatic life.  



Phosphorous concentrations: 

Phosphorous concentrations in the sediments of the Sava River ranged from 200 up to 1000 mg kg
-1

. 

 

Normalization to Al: 

Normalization data for total metal concentrations to Al in sediments of the Sava River are presented in 

Fig. 1. 

 

Analysis of the easily soluble element fractions of sediment of the Sava River: 

Data of the analysis of the percentage of the easily soluble element fraction (extraction in 0.11 mol L
-1

 

acetic acid) of the total element content in sediments of the Sava River are presented in Fig. 2. 

 

Analysis of OTC in sediments of the Sava River 
Analysis of sediments from 20 locations in the Sava River by GC-MS indicated that concentrations of 

butyltins, octyltins and phenyltins were below LOD (<2 ng Sn g
-1

, <3 ng Sn g
-1

 and <10 ng Sn g
-1

, 

respectively). 

 

DISCUSSION  

Results indicated that the Sava River is moderately polluted with Cr and Ni in sampling site HE Moste 

in Slovenia (basin of the hydroelectric power plant) and in sampling sites in Croatia, BIH and Serbia 

from Srbac up till Šabac. (Concentrations of Cr higher than those of probable effect levels (PEL)). 

Normalization data to Al indicated the anthropogenic inputs of Cr and Ni in sediments. The origin of 

pollution with metals is most probably related to industrial activities. 

However, the data of the extraction in 0.11 mol L
-1

 acetic acid showed that the percentage of the easily 

soluble metal fraction of Cr and Ni were low (below 0.3% of total Cr and below 16% of total Ni, 

respectively). Analysis of the easily soluble concentrations of other elements were in general below 

10%. Exceptions were Cd (30 – 50%) and Zn (5 – 40%). Despite high percentage of the easily soluble 

Cd content, these concentrations do not represent environmental hazard, since the total Cd 

concentrations were low. 

Phosphorous concentrations in the sediments along the Sava River tend to increase from origin toward 

the inflow to the Danube River. The highest concentrations was observed in the accumulation basin of 

the Hydropower plant Vrhovo, Slovenia(1200 mg kg
-1

) and in agricultural areas of Croatia, Bosnia and 

Herzegovina and Serbia (about 900 mg kg
-1

), most probably due to the use of P-containing manures in 

agriculture. High P concentrations (about 1000 mg kg
-1

) were found also found in sampling sites 

Oborovo (influence of the municipal sewage system of the Zagreb city) and at sampling point in the 

center of Belgrade before Sava merge with Danube River. 

Data of the analysis of OTC indicated that sediments of the Sava River are not polluted  with butyltin, 

phenyltin or octyltin compounds. 

 

CONCLUSIONS 

Data of the analysis of the sediments sampled at 20 locations along the Sava River from its origin to 

its inflow to the Danube River indicate moderate pollution of sediments with Cr and Ni on industrially 

exposed sites. However, the latter two elements exist primarily in sparingly soluble forms and 

therefore do not represent critical environmental burden. Phosphorous concentrations were found in 

elevated concentrations at agricultural areas and in big cities (Zagreb, Belgrade). Analysis of OTC 

indicated that Sava River is not polluted with butyltin, phenyltin or octyltin compounds. 

 

References: 
1. P. Svete, R. Milačič, B. Pihlar. Partitioning of Zn, Pb and Cd in river sediments from a lead and zinc mining area 

using the BCR three-step sequential extraction procedure. J.Eenviron. Monit. , 2001, 3: 586-590. 

2. J. Kotnik, M. Horvat, R. Milačič, J. Ščančar, V. Fajon, A. Križanovski. Heavy metals in the sediment of Sava 

River, Slovenia. Geologija, 2003, 46:263-272.  

3. Ph. Quevauviller, G. Rauret, J. F. López-Sanchez, R. Rubio, A. Ure, H. Muntau. Certification of trace metal 

extractable contents in a sediment reference material (CRM 601) following a three-step sequential extraction 

procedure.  Sci. Total. Environ., 1997, 205: 223-234. 

4. N. Pustišek, R. Mialčič, M. Veber. Use of the BCR three-step sequential extraction procedure for the study of the 

partitioning of Cd, Pb and Zn in various soil samples. J. Soils & Sediments, 2001, 1:25-29.  

5. Canadian ISQG: http://www.tiem.utk.edu/~sada/help/TH_427.htm 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Relationship of Pb, Zn, Cu, Ni, Cr, As and Cd with Al in sediments from the Sava River. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Relationship of Pb, Zn, Cu, Ni, Cr, As and Cd with Al in sediments from the Sava River. 
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Fig. 2: Percentage of element extracted from sediments of the Sava River with 0.11 mol L
-1 

acetic acid. 


