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Objectives 
 
During the Balkan wars and Allied Forces operation in the spring of 1999, the burning or damaging of industrial 
and military targets in the former Republic of Yugoslavia resulted in the release of large amounts of various 
persistent organic pollutants (POPs). There is evidence that significant quantities of polychlorinated biphenyls 
(PCBs); various flame retardants and explosives, were released into the environment. Preliminary measurements 
in the neighboring countries confirmed the theory that under suitable meteorological conditions these chemicals 
can be a subject of long-range transport. 
 
The objective of this project was to investigate the levels of POPs (with special attention to PCBs) in various 
environmental matrices, their atmospheric and hydrogeological fate, human intake and the ecotoxicological 
consequences of the exposure of living organisms to POPs in several regions of Croatia, Serbia and Montenegro, 
Bosnia and Herzegovina, and Kosovo affected by the war. The main goals also included the identification of hot 
spots, laboratory and field PCB biotransformation studies, and suggestions for the remediation of contaminated 
soils. 
 
Activities 
 

1) The intercalibration exercise was organized by RECETOX for all participating labs in two phases to 
assure the project results quality. Harmonization of the operational procedures, sampling and analytical 
methods were performed in the second workshop. Good laboratory practice and quality 
assurance/quality control procedures were introduced by UMB. Training of less experienced colleagues 
took place in analytical laboratories in Zagreb, Brno and Maribor (RBIZ.CMR, UMASA.RECETOX 
and IPHSI.EP.HSA). 

 
2) Data about suspected sources of POPs pollution and the soil and water contamination of various sites in 

continental Croatia, Bosnia and Herzegovina, Serbia and Kosovo were collected by RBIZ.CMR, 
UNS.FS.IC and GEOSURV. 

 
3) The levels and the fate of POPs, especially PCBs, in soil or other parts of the significantly polluted 

ecosystem in Croatia, Bosnia and Herzegovina, Serbia and Montenegro, and Kosovo were investigated. 
Collection of samples and POPs analysis were performed by RBIZ.CMR and subcontractors IPHZ.HED 
and UNIPRIS.FS.DC for soil, sea and river sediment, and for biota samples in Croatia and Kosovo. 
Collection of samples and analysis of POPs were performed by RBIZ.CMR and GEOSURV for soil and 
river sediment samples in Bosnia and Herzegovina. Collection and analysis of sediment samples in 
Bosnia and Herzegovina were performed by GEOSERV and IPHSI.EP.HSA. Collection and analysis of 
soil samples in Croatia, Bosnia and Herzegovina and Serbia and Montenegro were performed by 
UMASA.RECETOX. Collection and analysis of soil, sediment and biota samples in Serbia and 
Montenegro and Bosnia and Herzegovina (Republic Srpska) were performed by UNS.FS.IC, 
UBEG.FMG.IH, UMASA.RECETOX and IPHSI.EP.HSA. 

 
4) A detailed study of the geochemical properties, behavior of PCB and other contaminants in soil, the 

unsaturated and saturated zones of the karst aquifier, and the soils and the karstic aquifier off the Zadar 
area in Croatia was performed by RBIZ.CMR, UMB and IGEO.DHG. 

 
5) A study of the geochemical properties, behavior of PCB and other contaminants in soil, the unsaturated 

and saturated zones of the alluvial aquifier of several rivers and lakes in Serbia and Montenegro was 
performed by UNS.FS.IC, UMASA.RECETOX and UBEG.FMG.IH. 

 
6) High volume ambient air sampling took place in Croatia, Serbia, Bosnia and Herzegovina (RECETOX, 

UTHR) in cooperation with RBIZ.CMR, IPHZ.HED in Croatia; with GEOSURV in Bosnia and 
Herzegovina and UNS.FS.IC in Serbia and Montenegro. Air samples were analyzed by 
UMASA.RECETOX. Passive air sampling campaign was performed in parallel on 34 sites in Croatia, 
Serbia and Montenegro, Kosovo, Bosnia and Herzegovina. Passive air sampling network was 
established by UMASA.RECETOX in cooperation with RBIZ.CMR, IPHZ.HED in Croatia; with 
GEOSURV in Bosnia and Herzegovina and UNS.FS.IC in Serbia and Montenegro and 



UNIPRIS.FS.DC in Kosovo. Passive air-sampling network was established in the Czech Republic as a 
reference region (UMASA.RECETOX).  

 
7) Modification and application of the mathematical model of the human intake of POPs for the ecological 

and social conditions of the investigated region was developed and applied. Investigations of the 
correlation between the level of environmental contamination with investigated POPs and biological 
response of living organisms was conducted. These investigations were performed in cooperation with 
the partners UNIPRIS.FS.DC and UMASA.RECETOX. 

 
8) The collection of data on professional and recreational fishermen and their families from the Zadar 

region in order to gain insight into their consumption of fish caught in the coastal waters off Zadar was 
performed by RBIZ.CMR and IPHZ.HED. 

 
9) The selection of the most efficient microbial cultures in the transformation of target PCBs and 

preparation of seed cultures for field biotransformation experiments were performed. Laboratory and 
field PCB biotransformation studies with evaluation of the efficacy of the proposed remediation method 
at the investigated small-scale field site were performed by RBIZ.CMR and subcontractor IPHZ.HED 
and IPHSI.EP.HSA. 

 
Results achieved 
 
Ad 1) 
 
In first intercalibration test in the fall 2002, four out of six laboratories provided reasonable results for the PCB 
standard solution and the soil sample. Two laboratories were facing more serious problems, and an improvement 
of their methods was obviously needed. They were suggested to review their methods and do another 
intercalibration test to demonstrate their capacity to participate in the Project. There was several study stays of 
the Project participants organized in RECETOX laboratories to improve the QA/QC level in the laboratories 
having problems. Based on the results from the phase I, second intercalibration test was prepared in the spring 
2004, and results were discussed in the forth workshop in Novi Sad. Unfortunately, two laboratories never met 
expected standards and could not perform the analyses planned in the Project. 
 
Very important task of the analytical laboratory of Rudjer Boskovic Institute has been training of young scientist 
from Pristina University inside APOPSBAL project, because it staff possess very restricted experiences in 
analysis of traces organic pollutants. It was reason that one young assistant from Pristina during the first year of 
the Project has been spending 6 months for training and the other during the third year have been spending 10 
weeks in the laboratory for analysis PCBs and DDTs in soil and sediment samples from Kosovo. Even though 
this relatively short time, both of them became satisfactory skilful in the laboratory works for analysis of PCBs 
and DDTs in soil and river sediment samples. Training of scientist Stanka Jovetic, BSc, from UNS.FS.IC. has 
been performed in the first year of the Project in Maribor, Institute of Public Health (IPHSI.EP.HSA). 
 
Ad 2) 
 
Collecting data about possible PCB spills in the environment during the war in Bosnia and Herzegovina from 
1992 - 1995 was the basic task from the beginning of APOPSBAL project and this work was continued during 
the third year of the Project also. Special attention was on vulnerable karstic areas in Bosnian high mountains 
where are damaged and destroyed military communication relays with facilities with pyralene, and all other 
places where E.T.S. and capacitor batteries were damaged or destroyed. About 500 electro transformer stations 
and capacitors in B&H, mostly within Federation, were damaged or destroyed during the war 1992 – 1995, but 
their locations and coordinates are not known. There are no situation maps of E.T.S., types of oils, the quantity 
of the oil leakage into the environment, especially the technical elements on leakage of oils with PCBs are not 
known. EPBiH and EPHZHB, the owners of the most of the damaged transformers (cca 460) do not have the 
data about the transformer stations with PCB oils, and about it leakage into the environment. According to them 
it is necessary to carry out the detailed analyses of the damaged facilities. According to the information from 
EPRS there were no transformer stations damages. 
 
However, most of the transformers in ownership of EPBIH and EPHZHB did not contain the oil with PCBs. The 
damaged stations with oil leakage into the environment are as follows: 1) 282 damaged E.T.S. in EPBiH, 2) 181 
damaged E.T.S. in EPHZHB, 3) 7 RTV relays, 4) 8 electrical transformers in factory Vogošća near Sarajevo, 5) 
capacitors in coal mines in surrounding of Tuzla and 6) military relays in high Bosnian mountains. 



 
Ad 3) 
 
In E.T.S. Zadar, Croatia one condenser battery has been hitt during the war activities in 1991. That was the 
reason for the more detailed investigation of PCB levels in surroundings. Investigation of the PCB pollution was 
performed analyzing more than 50 soil samples collected several times and the wipe samples of the polluted 
asphalts-concrete surface under the condensers. Dispersion of the PCB levels in soil samples around the 
damaged condenser has shown the significant decreasing only a few meters from the pollution hot-spot. Two 
research holes in the area of the substation in Zadar were excavated. One was excavated inside the asphalt base 
and the second outside of the asphalt base around damaged condenser battery. Levels of the PCBs in the top 
layers of outside hole have been explicitly high while in lower layers of the outside hole and in all layers of the 
inner hole levels of the PCBs were very low. Therefore it has been concluded that the asphalt base well protected 
the soil below it from the more serious penetration of the PCB into the soil. 
 
In February 2005 the employees of HEP Croatia have cleaned and burnt all the pine trees around the substation 
Zadar. Because of determined high PCB concentrations in soil around E.T.S. Zadar and possible accumulation of 
POPs in these trees, Partner 005 collected 2 samples of ash remained from burned pine needles and sent it to 
Partner 008 for analyzing. Observed totals of PCB-TEQ values are 1.5 and 3.7 pg WHO-TEQ/g d.w, and 0.8 and 
4.9 pg WHO-TEQ/g d.w of PCDD/F. It is noticeable that TEQ PCB values are 2 times higher than the WHO-
PCDD/F-TEQ values. Levels of the PCBs have been investigated also on several localities in the town Zadar. 
Another serious potential source of the PCB contamination is discovered in the area of the former textile factory 
(TIZ). 
 
Town Zadar is situated on karstic ground and there are possibilities that PCB could be transferred through such 
porous media to the nearest sea. Because of observed significant PCB levels in sediments and some organisms 
from seashore of Zadar in previous research, investigations of these pollutants on that area has been intensified 
in a last few years inside APOPSBAL project. During this investigation over 60 sediments (on two depths) and 
fish samples were collected and analyzed on the 22 station of seashore of Zadar. Comparison of the distribution 
of the PCB congeners in sediments indicated the very contaminated Jazine area. Generally, in the Jazine area, 
higher levels of the PCB was observed in the deeper layer of sediment (2-5 cm). Distribution of PCB congeners 
shows that congeners with more chlorine atoms are dominating while the levels of “lower” congeners (PCB 28 
and PCB 52) even in the most contaminated sediment samples were almost negligible. The high levels of the 
PCBs in deeper layers indicate deposing and several-years accumulation of pollutants in the sediment. 
 
In 2004, with the analysis of the relative distribution of levels of PCBs in samples of annular sea breams 
(Diplodus annularis L.) and in samples of other fishes caught on the seaside of Zadar was observed that the 
highest levels of PCB were measured in the Jazine area (maximum of 1198 ngg-1 of the total PCB). All these 
investigations were performed by partners 005, 008 and 011 with help of subcontractor IPHZ.HED in sample 
collection. 
 
During the war devastations in the Rijeka Dubrovacka area the E.T.S. Komolac was heavily damaged and there 
was suspicion of contamination this area with PCBs. From the obtained results evident is that the level of PCBs, 
in sediment samples depending upon the sampling position near damaged E.T.S. Komolac, range from the 8 ngg-

1 to the 265 ngg-1. Since on that area was found relatively low levels of PCBs, it is believed, that increased levels 
of polychlorinated biphenyls in sediments and organisms collected in the nearby marina are possible for 
interpreting more as a result of the pollution of marina alone with the services of vessels, than as a result of 
penetrations of PCBs from the damaged E.T.S. in Komolac. Interviewing the local people it was found out that 
the waste construction material from the destroyed E.T.S. in Komolac was partly transferred on the sea coast 
around Sustjepan. It was reason for performing the sampling of sediments on 11 stations along Rijeka 
Dubrovacka and on the station near Sustjepan, the significant level of PCBs was found, the 2594 ngg-1. There is 
a suspicion that this higher level of PCBs in sediment sample is consequence of deposition of the waste material 
from damaged substation in Komolac. 
 
Soil samples in the war affected area of the western Slavonia in Croatia were collected in two occasions, 2002 
and 2004. In a few locations have been determined exceptionally high levels of total PCBs that are not negligible 
(Mašićka Šagovina – 1 688 000 ngg-1; Medari – 1 784 000 ngg-1; Gorice - 442 000 ngg-1). It will be necessary in 
the future to investigate more intensively the levels of PCBs in this area, especially in aquatic ecosystem (rivers, 
lakes and fish ponds) for realistic estimation of the input of these very dangerous pollutants into antropogeologic 
system. These investigations especially are important for so call critical group of inhabitants as fishermen and 
their families. 



From the obtained results of the PCB analysis in the soil samples collected in Bosnia and Herzegovina, it could 
be concluded that there are great differences in the total observed PCB levels, from 50 to over 100 000 000 ngg-1 
d.w. 
 
In the most of the soil samples from Bosnia and Herzegovina, the PCB concentrations found were less than 10 
000 ngg-1 d.w. Exceptionally high levels of total PCBs have been observed in soil samples from the Tuzla area 
(96 178 000 ngg-1 d.w.) and Tešanj (178 954 000 ngg-1 d.w.). 
 
In Sarajevo area, the highest level of PCBs (6000 ngg-1 d.w.) was found in a soil sample collected inside the 
military object on Mt. Jahorina. The other soil samples do not show significant PCB levels, although some of 
them have levels higher than 1000 ngg-1 d.w. (Mt. Bjelašnica, power supply hole of military object - 1820 ngg-1; 
Mt. Trebević, Debelo Brdo Tunnel - 2200 and 2400 ngg-1 d.w.). 
 
Great fluctuations in the PCB levels were obtained in the Tuzla area. For example, in soil sample from the coal 
mine Lukavac - E.T.S. Šikulje I, a PCBs concentration of over 96 000 000 ngg-1 was found while only 20 ngg-1 
was found in TEPP Tuzla-north. This enormously high PCB level was registered in sites where damaged 
capacitors were located. This fact indicates that oil leaked into the soil and remained there until now, i.e. the oil 
has not seeped far from the capacitors. In these sites, pollution derived from the leaked pyralene is of local 
importance because the area is situated in terrain consisting of neogene impermeable sediment. 
 
Soil samplings were performed around possible flowing paths from E.T.S. Jelah for the purpose of determining 
the extent of the PCB pollution from the capacitors of the electrical transformer station Jelah. The PCB levels in 
the soil samples collected in 2003 are obviously much more significant than the other soil samples from around 
E.T.S. Jelah. One sample shows a significant level of PCBs (over 20 000 ngg-1 d.w.) but the other shows an 
extremely high level of PCBs - more than 100 000 000 ngg-1. High values of PCBs are limited around the 
western side of the E.T.S., where the damaged capacitors were located and there was no dissipation from the 
sampling sites in 2004. This fact indicates that the oil leaked from the capacitors into the soil and remained there 
until now i.e. the oil did not run off far from the capacitors. The capacitors were removed in 1986. The quantity 
of the oil spills is not known. The terrain is constructed of alluvial sediments and the oil could run off through 
the alluvium to the River Usora and from there to the alluvial aquifers on the opposite left bank of the River 
Usora. There are wells built for the water supply of the majority of the inhabitants of the municipality of Tešanj 
and also further downstream to the River Bosna, where there are wells for water supply in numerous places. 
 
Higher PCB content was also found in the former military tunnel of Željava near Bihać, 164 000 and 106 000 
ngg-1 d.w. This indicates that the spilt oil with pyralene was from facilities inside the tunnel and not from the 
outside. From there, pyralene can infiltrate through karstic rock masses and then appear in the strong karstic 
springs around Bihać and after that to the Una River. The level of PCBs in 2004 was less than that sampled in 
2003 outside the tunnel. It can be concluded that there is need for further sampling of the soil in the deeper 
tunnels and rooms of these underground facilities. The high levels of PCBs in the airplane runway show the 
dispersion of PCBs over a larger area of this karstic massif and the possibility of the pollution of the very 
significant water supply from the karstic springs. In soil sampled from the wellspring Klokot, it was found that 
PCB concentration is not increased and was 10 ngg-1 d.w. 
 
All rivers where the sediments were taken from belong to Black sea divide area. Sediments collected in 2004 
were conditioned by different hydrologic and hydrogeological circumstances, which were completely various 
related to those conditions in 2003. We must stress that the reasons of elevated concentrations of the PCBs in 
some sediments are not definitive and exact. It is possible that different levels of the PCBs are stipulated by 
hydrodynamic conditions of movements of waters, regime of precipitation of sediments, their size and 
characteristics of grains, age and the speed of creating, the distance from source of pollution and in which 
conditions of aquatic water systems does happen the precipitation, migration and transportation of PCBs. 
 
It would be necessary to carry out adequate investigations, to determine geological and hydrogeological 
characteristics of a cover and a bedrock, filtration properties of cover and bedrock, hydrogeological functions, 
hydraulic mechanism of movement of ground and surface waters, depth to groundwater, thickness of water 
horizon, drainage area, residence time of waters, velocities of ground and surface waters, to perform boring of 
drill-holes and taking samples of sediments through the depth of terrain and in this way to contour the 
dissemination of PCB as vertically and also horizontally in the space. 
 
The observed levels of the sum of the 7 key PCBs in sediments from Bosnia and Herzegovina ranged widely, 
from less than 0.35 (below sensitivity of the method) to 2691 ngg-1 d.w. In a few locations in Bosnia and 



Herzegovina exceptionally high levels of the sum of the 7 key PCBs are determined: River Miljacka 929 ngg-1 
and River Zujevina 2691 ngg-1 d.w. in the Sarajevo area; the fishpond Klokot 2 near Bihać 361 ngg-1; in rivers of 
the Tuzla area: Gostilja (Han Nevrenča) 377 ngg-1 and Spreča (Puračić) 483 ngg-1 d.w. Some other samples also 
showed the significant PCB content: rivers Oskova (estuary) 176 ngg-1, Jala (Simin Han) 100 ngg-1 and Gostilja 
(Živinice) 129 ngg-1 d.w. near Tuzla; 60 and 62 ngg-1 d.w. River Tešanjka and 90 ngg-1 in the sample from River 
Usora in the Tešanj area. High concentrations were found in the samples close to the industrialized areas. The 
most probable origin of these contaminations is vicinity to the spots where the oil leaking from the damaged 
capacitors was observed, vicinity of coal mines, places of waste water spilling over, and also damaged military 
relays. 
 
The consequence of high level of PCBs in Klokot 2 can be negative in practical sense, because it may impact the 
use of fish as human food, which are bringing up in fishpond in this spring. The analysis of 6 fish from Klokot 2 
fishpond did not show increased PCB content in muscle tissue, range from 12 to 73 ngg-1 d.w. of PCBs. In the 
same time the lack of PCBs in Klokot 1 has positive effect because its water serve as main water-supply source 
to almost 50 000 inhabitants of municipality of Bihać. 
 
River Miljacka in the center of Sarajevo has high values of PCBs. The origin of this content may be connected 
with damaged and destroyed military facilities in recharge areas in Mt. Trebević and Jahorina and in damaged 
capacitors in Sarajevo upstream of Marijin Dvor. 
 
Springs in the Mostar area are practically clean on PCBs content i.e. the pollution from karstic areas of Mt. 
Velež, where they are situated destroyed military relays with capacitors and electrical transformers with oil 
containing PCBs, although groundwater connection were proved by dying tests. 
 
There was a pilot study performed for another probable hot spot Banja Luka in Bosnia and Herzegovina. Level 
of PCBs on several sampling sites in Banja Luka was as high as 400000 ngg-1 of the dry soil sample, which are 
two orders of magnitude higher than on any other investigated site performed by UMASA.RECETOX. These 
sites should be in the center of attention of the following studies as all other hot spot sites in Croatia and Bosnia 
and Herzegovina. All matrices should be analyzed, risk should be evaluated and remediation activity designed. 
Since several sites are close to the aquatic environment, sediment and biota samples should be analyzed as well. 
Research of the PCB pollution in Kosovo has not been extensive as in Croatia and Bosnia and Herzegovina. 
Only 8 sediment and 4 soil samples were analyzed. In all soil samples found level of PCBs was less than 1000 
ngg-1 d.w. Obtained range of PCBs as the sum of the 7 key PCBs in sediments were from 5 to 208 ngg-1 d.w.  
 
Soil samples were collected at the three hot spot locations in Serbia: close to the “Zastava” car factory and in the 
surroundings of Kragujevac, Kormansko Polje; on the territory of Novi Sad Oil Refinery; on the territory of 
Pancevo in Oil Refinery and Petrochemical Plant. High levels of PCBs were found in painting hall in car factory 
“Zastava” Kragujevac, and extremely high levels in one sample in Petrochemical Plant in Pančevo 305 710 ngg-

1). In most of other investigated samples PCB levels were relatively low. 
 
The samples of the top layer of soil were taken at the sampling sites of the high volume and passive air sampling 
campaigns close to the damaged industrial objects in Serbia and Montenegro. Results of the analysis of the 
polychlorinated biphenyls, pesticides and PAHs in these soils correlated very well with the data about 
atmospheric pollution. Since the sampling sites on the grounds of Zastava factory in Kragujevac provided the 
most contaminated samples of air, additional soil and sediment sampling was recommended to better determine 
the sources of the air pollution. It is probable that atmospheric contamination comes partially from the secondary 
sources (contaminated land), partially from primary sources (PCB filled transformers still in operation). Besides, 
UMASA.RECETOX co-operated with University of Novi Sad in analyses of other soil and sediment samples 
from Serbia and Montenegro. 
 
Sediment samples were collected in the surroundings of Kragujevac, including the rivers Zdraljica, Lepenica and 
Morava; on the territory of Novi Sad Danube sediments were collected in Subic area, 2 km downstream the Oil 
Refinery Novi Sad; samples were also taken from the lake Provala in north-east part of province Vojvodina since 
it can be used as reference location, non-contaminated site, with no municipal and waste water effluent. The 
results reviled very high PCB levels in sediment samples from river Zdraljica, while in sediment samples from 
rivers Velika Morava and Lepenica PCB levels were considerably lower. Also, in Subic area PCB levels were 
comparable to those obtained for Lake Provala. The results revealed very high PCB concentrations in sediment 
samples from river Zdraljica, while in sediment samples from rivers Velika Morava and Lepenica PCB levels 
were considerably as lower. Also in Subic area, PCB levels were comparable to those obtained for Lake Provala. 
The results revealed very high PCB concentrations in sediment samples from river Zdraljica, while in sediment 



samples from rivers Velika Morava and Lepenica PCB levels were considerably lower. Also in Subic area, PCB 
levels were comparable to those obtained for Lake Provala. 
 
Ad 4) 
 
The bulk mineralogical analysis of the soil samples collected from ETS Zadar showed a predominance of quartz 
and calcite. Dolomite, aragonite, K-feldspar, plagioclase, sheet silicates, mica, kaolinite and chlorite only occur 
in traces or minor amounts. The fraction >630 µm and >2000 µm of the sample of experimental plot (ΣExP) 
contain calcite as nearly single phase, because they primarily consist of limestone fragments and shells. The 
organic carbon content of the soil samples shows values between about 1 and 10 %. However, some samples 
show exceptionally high values (up to 26%). Maximum levels of the PCB have been found in factions with 
maximums of the total organic carbons what is expected as well. In the sediment sample from the Jazine area, 
which was split to the factions of different grading, mineral structure, contents of total carbon (TC), inorganic 
carbon (TIC) and total organic carbon (TOC) were determined. Contents of the total inorganic carbons in lower 
factions of sediment were higher compared to the factions of larger granularity. Content of the total organic 
carbon was totally reverse. Maximum level of the sum of 7 key PCB was found in the faction between 0.2 to 
0.63 mm. It is interesting that levels of the PCB in factions which are lower than 0.063 mm were significantly 
lower in respect to factions of larger granularity. 
 
Karst groundwater system on practical base is known as highly heterogeneous and anisotropic environment. The 
area of Zadar town is mainly situated on very permeable karstic limestones. Impermeable flysch deposits are at 
large extending, situated in a less inhabited part of town due to its importance for agriculture. Expected results of 
performed hydrogeological study was to provide necessary information about the geometry, structural and 
hydrogeological relations of the investigated area, mainly about preferential flow paths and outflow locations 
into the sea, land use and hazards points, all what can recognize the possible pathways of PCB into the 
groundwater and finally to the sea. All these results serve as a base for further vulnerability assessment. 
 
At the beginning of the project combination of classical geological, structural, hydrogeological approach with 
analyses of satellite images provide useful harmonization and correction of data collecting by field mapping. 
Due to the needs of hydrogeologic intrinsic vulnerability and specific vulnerability assessment of the Zadar town 
area, relevant data were incorporated into the GIS form suitable for further modeling and evaluation. For this 
purpose during the project important maps as layers in GIS form and two databases were structured and 
completed: hydrogeological database and hydrogeologic map scale 1:25000, land use map scale 1:25000 and 
hazard database and unclassified and classified maps scale 1:25000. Also, during the field trip, mapping of data 
relevant for intrinsic and specific vulnerability mapping were performed (soil cover thickness, degree of 
kartification, depth to groundwater (in dug wells) and evaluation of human impact on soil and epikarst zone. Due 
to main ionic composition all this coastal waters belongs to mixed geochemical type due to the presence of 
marine salts. The water which outflow into the sea through coastal spring Vruljica and Adria has a smaller 
seawater contribution in comparison with St. Jelena spring. Hazard mapping and structuring the data base 
performed in the area of Zadar town followed the hazard inventory proposed by COST Action 620 
“Vulnerability and risk mapping for the protection of carbonate (karst) aquifier” (Ed. Zwalen F., 2004). In the 
area of town, 28 types of hazards were identified, 13 polygonal, 12 point and 3 line sources of hazard. Specific 
vulnerability map was prepared for PCBs group of contaminants that are already present on several marine and 
inland locations of study area. For this purpose, approach suggested by COST Action 620 was used with some 
modifications caused by restrictions of input data. Also, separately we consider specific attenuation of cover 
deposits regards PCBs and separately its combination with vulnerability map performed by COP method. 
 
Combination of the maps of particular layer within the each model has been also performed using the GIS tools, 
ESRI ArcMap ArcView 8.3 with extensions 3D Analyst and Spatial Analyst. Presented features in hazard maps 
are directly, according to hazard index transformed in ESRI grid, and arithmetically summarized with vertically 
established grids. For vulnerability and risk modeling by mentioned models, used procedures included 
overlaying of obtained polygonal layers or by raster calculator of obtained grids with cell values. For the purpose 
of this project 10 GIS maps were completed. 
 
Ad 5) 
 
In the Kragujevac area research works were carried out at three locations: TS-305 – additional research works at 
specific spots, paint hall – research drilling, ground water level monitoring; and lower flow sections of the rivers 
Zdraljica, Lepenica and Velika Morava – sampling of river sediment and recently flooded nearby terrain 
(Kormansko Polje). On the basis of drilling data, the presence of alluvial sediments was registered. Alluvial 



sediments consist of underlying gravel with sand, up to 1m of thickness. Pure clay and clay with sand which is 
thick 1–6 m, alternately lies above. The cover deposits consist of building material (3.8 m thick). Clay with marl 
is the bedrock of those alluvial sediments. Uniform aquifer of low yield is formed within alluvial sediments. 
Ground water flow was oriented towards the river during investigations. Monitoring of ground water level is 
being performed on the regular basis on each monitoring well and structural borehole. Since PCB levels in soil 
samples from factory area are relatively low and it has been concluded that main quantities of contaminated 
material, soil and water in the pits were removed through the UNEP cleaning campaign, residual quantities of 
contaminants do not pose a threat to the environment. Therefore, proposed mathematical model i.e., creation of 
hydrodynamic model of groundwater flow pattern and transport of contaminants appeared not to be of primary 
importance. Further investigation was therefore expanded to Kormansko Polje, flooded nearby terrain to River 
Lepenica (samples were taken from the uncultivated areas, where PCBs brought by the flood could retain). 
Presence of PCBs in riverbeds of Zdraljica, Lepenica and Velika Morava proves the fact that significant 
quantities of this contaminant, after flood wave in 1999 were transported though the rain drainage system in 
above mentioned rivers and were contained in flooded parts of the terrain. The process of migration of 
contaminated alluvial deposits continues and considering the measured PCB levels, it is necessary to carry out 
further investigations at all flooded riparian terrains according to already applied model, as well as in the 
riverbeds of these rivers. 
 
Ad 6) 
 
The first systematic ambient air sampling campaigns for POPs analyses were performed in Croatia, Serbia and 
Bosnia and Herzegovina. Data will be useful contribution not only to this project, but also for ongoing national 
POPs inventories as a part of implementation of Stockholm convention. 
 
Air sampling and analysis were performed by RECETOX and sampling sites were selected in co-operation with 
the partners. The concentrations of PCB congeners, OCPs and PAHs in the gaseous and particulate phases of the 
air samples were determined. During the ambient air sampling campaign, samples of surface soil were collected 
close to the site of the atmospheric sample collectors. It was obvious that the PCB levels in the atmosphere of the 
Zadar Electrical Transformer Station and in the trafostation and fire station Elektrodistribucija Tuzla were 
significantly higher in comparison to the other Croatian and Bosnian localities. However, the PCB levels in the 
atmosphere of Zastava factory in Kragujevac, Serbia were at least another order of magnitude higher (the highest 
from all sites investigated during the course of the project in Serbia, Croatia, and Bosnia and Herzegovina). 
From the comparison of the PCB concentrations in the air vapor and particulate phases it is obvious that most of 
the investigated PCB congeners existed in the vapor phase. PCB levels measured in the air samples corresponded 
well with the levels determined in soils. 
 
Additional passive air sampling campaign was performed in 2004 on 34 sampling sites. Results of the passive air 
sampling campaign were in very good agreement with the previous high volume measurements. Amounts of 
PCBs sequestered by PAS filters reached as high as 7 μg of the sum of 7 indicators congeners (2 μg for the 
individual congeners) in Zastava factory sampling site, while staying in the range of hundreds of nanograms for 
most of the other industrial sites, and in the range of tens of nanograms for residential areas. PCB congener 
pattern was investigated as well. 
 
While in Zadar transformer station, PCB 28 was the most abundant in both, active and passive sampling results, 
PCB 52 and PCB 101 were most abundant in highly contaminated sites in Tuzla fire station and Zastava factory 
in Kragujevac and that indicates different sources of contamination. Again, passive and active samplings gained 
very similar information about the congener distribution. Decreasing trend in the levels of PCB and OCP air 
contamination from July to December corresponds with decreasing temperature and indicates enhanced 
evaporation from secondary sources during the warm season.The samples of the top soil layer were taken close 
to all passive air sampling sites. Significant correlation between both, the PCBs levels in the atmosphere and in 
the soil surface, and between the congener distribution in the air and soil, was found. The PCB concentration in 
the soil from Zastava factory in Kragujevac was 1300 ngg-1 for 7 congeners, in the Tuzla fire station it was 900 
ngg-1, and in the Zadar transformer station it was 200 ngg-1, while it never exceeded 80 ngg-1 for remaining 
sampling sites. 
 
Additional twenty sampling sites in the Czech Republic were selected to serve as a reference region, including 
the background sampling observatory Kosetice used as an EMEP monitoring station. Results of the study 
showed highly uneven distribution of PCBs and other POPs in the atmosphere of former Yugoslavian countries, 
which indicates the presence of strong point sources of pollution. All sites originally suggested for investigation 
due to the war damages were confirmed to be a source of considerable air pollution. On the contrary, PCBs 



levels in residential and background areas are comparable with levels in the Czech Republic as a reference 
region. In the Czech Republic, the average amount of PCBs sequestered in the PUF filter of the passive sampler 
was 50-130 ng for the sum of 7 indicator congeners for the industrial sites, 10-40 ng for residential and rural 
sites, and 7 ng for background observatory. 
 
Ad 7) 
 
PCBs are bioaccumulating in the living organisms - plants, animals and humans due to their lipophilic character. 
Man is at the top of trophic pyramid, so the human organism bioaccumulates significant amounts of 
organochlorine contaminants. Assessment of the human exposure to toxic chemicals is one of the most important 
steps in the risk analysis. RECETOX co-operated with the University of Novi Sad in analysis of tissue and breast 
milk, and analyzed the samples of vegetation (grass, coniferous needles) from contaminated sites. 
 
There are two different approaches how to assess environmental pollution. There are chemical analyses and 
biological analyses. Chemical analyses are usually used for a sensitive qualitative and quantitative evaluation of 
a limited number of pollutants. Analysis of all compounds in the environmental mixture is not possible due to 
time and technical requirements. On the other hand, biological analyses are able to provide detail information 
about biological effects of the complex mixture. It informs us about the presence of chemicals with harmful 
effects via biological detection systems. For this purpose mainly simple screening tests are recommended. They 
are often very rapid, cheap and sensitive to a biological effect. In the case of air samples the amounts of which 
are very limited miniaturized detection systems are recommended. In this study we also attempted to detect 
genotoxic effects of cumulative air samples collected on sampling sites in Zadar, Sarajevo and Tuzla. The 
samples were tested separately for organic pollutants in gas (trapped on PUF filters) and solid phase (bound in 
particulate matter; on QF) in the air. As detection system of genotoxic potency SOS chromo test was used. It is a 
miniaturized genotoxicity test on genetically modified bacteria E. coli PQ 37. Detection of genotoxic effects is 
based on quantification of the induction of SOS repair system (system that is switched on as a result of DNA 
damage in the cells) via a reporter gene for enzyme b-galactosidase. A microplate method was used. Samples 
were tested also with an addition of metabolic activation (S9 fraction of the extract of rat liver cells), that enable 
detection of effects of progenotoxic compounds. The genotoxic potency was then quantified as a value of 
induction factor. 
 
While none of the Croatian samples induced any significant response both in the test without, and in the test with 
metabolic activation, increased response was detected in case of air samples from Bosnia and Herzegovina. The 
pollutants with the genotoxic activity were mainly bound in particulate matter. 
 
Mathematical model for human dietary exposure to POPs was based on the calculation of human exposure 
factors (HEF) to POPs via different members of the terrestrial food chain, where the total human exposure 
depends on exposure factors and concentration of POPs in atmosphere and soil. Model consists of 5 parts, each 
represented by mathematical relationship between human exposure factor and chemical and physical properties 
of pollutants, meteorological parameters of the environment and physiological parameters of living organisms 
(plants, animals and humans). POPs concentrations in atmosphere and soil, as well as in foodstuffs, were 
determined experimentally; physical and chemical properties of POPs (density, solubility, partition coefficients, 
Henry’s constant, runoff constant, factors of the uptake of PCBs by plants and animals, biotransfer factors of 
PCBs into meat BTF(z), specifically into beef - BTF(g), pork - BTF(s), and chicken - BTF(p), milk - BTF(m), and 
eggs - BTF(j)) were calculated. On the basis of these data, the mathematical model was created, resulting in the 
software DexPOP v.1.0 - computer software for calculation of average daily exposure of humans to persistent 
organic pollutants through food chains. (Acronym DexPOP = Dietary EXposure to Persistent Organic 
Pollutants). It was created using program language Microsoft Visual Basic 5.0 (No. 807-1530525) and designed 
to work under operative system Windows 98/2000/ME/XP. Comparison of calculated values obtained by 
application of the proposed mathematical model and experimentally determined concentrations of contaminant 
concentrations in vegetation shows that correlation between them is excellent. Experimentally determined 
concentrations of DDT, DDD and PCB correspond to the calculated values. Aldrin, dieldrin, endrin and 
endosulfan were not detected, which is in accordance with the fact that they have not been used in the region for 
more than 30 years. Higher theoretical values for concentrations in plants can be explained by the probably 
lower actual atmospheric concentrations of given pollutants than their maximal allowed concentrations in air. On 
the base of concentration of POPs in foodstuffs, in atmosphere and in the soil in Novi Sad an dot surroundings it 
was calculated that an adult in Novi Sad with average weight (70 kg) daily consumes: 24.58 µg DDT (1.50% 
АDI); 2.46 µg НСН (0.83% АDI); 0.07 µg endosulfan (0.02% АDI); 0.79 µg РСВ (1.1 % АDI). 
 



Investigation of oxidative metabolism of PCBs and other organochlorine compounds, which involves induction 
of cytochrome P450 enzymes yielding either activated or inactivated metabolites. Also, it provokes oxidative 
stress leading to the disbalance in the antioxidative defense system. The extent of adverse effects can be assessed 
via model system of lipid peroxidation. . It was shown that in mixture with laurel poppies Ascarel and Pyralene 
showed no prooxidative properties and that they not stimulate the production of OH radicals. The obtained 
results confirm that the increase of the concentration of pyralene oil leads to the decrease of lipid peroxidation 
intensity to control values (or even less), which could be explained by their negative synergism with radicals 
produced during lipid peroxidation of liposomes. 
 
Ad 8) 
 
The aim of the study provided under the WP5 in Croatia was to estimate the daily intake of PCBs by fishermen 
and their family members from the Zadar area. In 2003 investigation was provided among fishermen and their 
families from Zadar area in order to define more precisely the daily intake of PCBs into this “critical” group of 
people. 50 families with 200 family members were interviewed about the amount of consummated fish per 
month from total Zadar coastal area and only from the closest town area. On the basis of PCB levels in the fish 
species that are most frequently consummated by the investigated families the estimation of daily intake of PCBs 
was established. The daily intake of PCBs into “critical” group of people from Zadar area was estimated on the 
basis of PCB levels in fish samples collected from the Zadar coastal area and only from Zadar harbor area during 
1997 and 1999. The results show that only in case of increased consumption of fish caught from Zadar harbor 
area (especially for child in the group 0-10 years range) intake of PCBs is higher than the acceptable daily intake 
(ADI, 1 ng/g/day). The estimated daily intake of PCBs into the “critical” group of people from Zadar was 
significantly higher in the comparison with daily intake into the fisherman families from total Dalmatia area in 
1997. 
 
Similar study was preformed in the region of Petrinja and Sisak in 1987. Comparison between the estimated 
distribution of the daily intake of PCBs into fishermen families from Zadar area in case of consuming sea 
breams, which have mean level of PCBs like those collected in 2004 from Zadar coastal area, shows higher 
values when calculations were made on the basis of the Zadar people fish consuming than when they were made 
on the basis of Sisak people fish consuming. In more than 10 cases the daily intake of PCBs is higher than the 
ADI when calculated on the basis of Zadar “critical” people fish consuming. The estimated daily intake of PCBs 
is significantly lower in case of consuming fish from Zadar area in 2004 than in 1997. The daily intake of PCBs 
in case of consuming sea breams which have mean level of PCBs like those collected in 1997 from Zadar coastal 
area is higher than the acceptable level for almost entire investigated population when calculated on the basis of 
Zadar intake. When the same calculations were made on the basis of Sisak intake, around 50% of investigated 
population is in the range of acceptable level for daily intake of PCBs. 
 
On the basis of PCB levels in fish sampled from markets in Zadar (2003), Rijeka (2004), Pula (2003) and Poreč 
(2003) the daily intake of PCBs into the “critical” group of people from these areas was estimated. Only in 
several cases the “critical” group consuming fish from Rijeka market will consume more PCBs in comparison 
with the acceptable value. 
 
Ad 9) 
 
Microcosmos and laboratory model field research 
Laboratory PCBs biotransformation studies started by the enrichment of biphenyl-degrading microbial 
communities as potential active cultures for biotransformation of PCBs in contaminated soil. In these 
experiments a microcosm enrichment approach was employed with the aim to isolate bacteria, which are 
representative of long-term biphenyl-adapted microbial communities. 
 
Further laboratory biodegradation experiments necessary for designing Laboratory model field experiment were 
focused on the growth kinetics and PCB transformation studies with the aim to determine the factors that affect 
PCB biodegradation rates. Comparative PCB transformation studies performed with the pure culture Z6 
confirmed its substantial activity in the presence of biphenyl and demonstrated an enhancing effect on the 
kinetics of PCB transformation in the presence of natural compounds (xylose, carvone and soya lecithin) when 
compared to the control experiment (with PCBs only). In these experiments the reduction of 28 peaks in PCB50 
mixture was evaluated and the obtained results suggested that carvone was better inducer of PCB transformation 
then limonene. Furthermore, the obtained results suggested that stimulating effect on PCB transformation 
comparable to that of biphenyl was observed only when carvone was added in the combination with xylose and 
soya lecithin. To further verify the effectiveness of the selected cultures in PCB transformation, microcosm 



biodegradation experiments with artificially contaminated soil were performed by using the soil originating from 
the TS Zadar. These experiments confirmed a significant PCB transformation activity of the pure culture Z6 in 
the presence of the selected natural compounds (carvone, xylose and soya lecithin). More detailed analyses of 
GC-MS chromatograms showed that all congeners found dominant in the contaminated soil of the TS Zadar (that 
should be subjected to the remediation treatment) were reduced during the bioaugmentation treatment. Those and 
previously described results of the laboratory biotransformation experiments suggested that the mixed culture 
TSZ7 enriched from the contaminated soil of TS Zadar and the strain Z6 isolated from this culture (identified as 
Rhodococcus erythropolis) are promising candidates for employing in remediation of the contaminated soil. 
 
Based on the results of laboratory biodegradation experiments Laboratory model field experiments were 
established and GCMS analyses during 3-month bioaugmentation treatment showed gradual decrease of PCB 
mass fractions in the soil. Furthermore, the obtained results of the experiments suggested that PCB degradation 
in soil is a slow process when compared to the degradation in liquid media. However, the observed gradual 
reduction of dominant PCB congeners in the soil of TS Zadar is considered a good indication of progressive 
PCB transformation and soil decontamination. 
 
Small scale field experiment 
Natural contaminated soil with PCBs was used in this study. That soil was excavated from an area around a 
damaged capacitor of the E.T.S. in Zadar. This study examined the abilities of different plant species and natural 
attenuation on the dissipation of PCBs in a soil. A lysimeter experiment was conducted for 1 year under natural 
climatic conditions and designed to measure the concentration of PCBs in soil and leachates. Research field is 
composed of four plots located near E.T.S. Three lysimeters have been set on each plot. Each lysimeter was 
filled with a 5 cm gravel layer and a 15 cm homogenized polluted soil layer. Planting of plots was performed in 
September 2004. Plot No.1 was sowed with legume alfalfa (Medicago sativa L.) seeds, plot No.2 with a 
commercial grass seed mixture suitable for an arid Adriatic region, and plot No.3 was sowed with Arabidopsis 
thaliana (Heynh L.) seeds . Plot No.4 was a control plot, left to grow wild. 
 
After 12 months of experiments (including twelve period of rainfall events), a negligible quantity of Aroclor 
1248 (an average of 0.024 %) and Σ7 key (an average of 0.032 %) leached from the soils. 
During that experiment the amount of Σ7 key in the soil was decreased by leachates for 0.29 ‰ from plot No.1, 
0.27 ‰ from No.2, 0.40 ‰ from plot No.3 and 0.33 ‰ from plot No.4. These results demonstrated that 
dissipation of Σ7 key was very slow without significantly reducing their amount in the soil. The first soil 
sampling was performed in June 2004 (before planting) and the second soil sampling was in June 2005 (after 
planting). Soil samples were taken in three depths from each lysimeter (surface layer, middle layer, deeper layer, 
and soil around the plant root). We estimated the distribution of total PCBs within these soil layers, as Aroclor 
1248 equivalents and seven PCB congeners (IUPAC No: PCB 28, PCB 52, PCB 101, PCB 118, PCB 138, PCB 
153 and PCB 180) before and after planting. 
 
Only soil from plot No.1 after 12-month of experiment, had significantly lower levels of Aroclor 1248 compared 
to the initial concentration. Total amount of Aroclor 1248 of plot No.1 was decreased in surface soil layer for 
23.3 %, in middle soil layer for 7 % and in soil around plant root for 27.9 % while in the deeper soil layer was 
not noticed the decrease of the total PCBs. Initial amount of Σ7 key was significantly decreased in surface soil 
layer (for about 47.6%). The highest % of removal of individual PCBs was also occurred in the surface soil 
layer. The greatest decreased was also noticed in the surface soil layer of plot No.3. 25 % of sum of 7 key PCB 
and 27.8% of PCB 28 were removed from the surface. Total amount of Aroclor 1248 of plot No.3 was not 
reduced compared with the initial concentration, but for individual congeners there are some diminishing in 
surface layer. Correlation between loss of PCB 28 and different layers during 1 year indicates that in deeper soil 
layer we have lower decrease of PCB 28 (except in soil of plot No 2). These results may be connected with the 
opinion that PCB 28 (as a more volatile) evaporates to the atmosphere. Results of correlations (n=12) between 
loss of Σ7 key PCBs and depth of various layers shows, that values are significant in soil of plot No.1 (p<0.01), 
plot No.3 (p<0.05) and plot No.4 (p<0.05). 
 
The data indicate that Σ7 key contents in surface soil layer of all plots were decreased and percent of removal 
were ranging between 47.6 % (plot No 1) and 19.0% (plot No.2). In middle soil layer of all plots Σ7 key were 
also decreased and that losses were ranging between 37.4 % (plot No.1) and 8.1 % (plot No.4) whereas in the 
deeper soil layer, they were ranging between 32.3 % (plot No.1) and 3.6 % (plot No.3). Some individual PCBs in 
the soil were also decreased. Generally, results present an accumulation of PCBs in the deepest level probably 
due to vertical transfer and lack of volatilization. 
 



Taking these facts into consideration, pilot studies will determine the levels of PCB retention in soil layers mixed 
with specific ratios of substances for PCB retention as well as the retention of PCB in the runoff water. Based on 
these investigations, a “pool” will be constructed in for the deposit of the contaminated soil and the more 
significantly contaminated parts of the asphalt cover of the Zadar Electrical Transformer Station. In this manner, 
a combination of the phytoremediation of the surface soil layer and the retention of PCB in the lower layers with 
its degradation by aerobic and anaerobic processes would prevent the penetration of PCBs into the water 
ecosystem of this karstic terrain. 
 
Problems encountered 
 
Due to the Contract termination proposal of Demokritus University, who was supposed to participate in WP4, all 
WP4 work has been done in RECETOX, Masaryk University. Other partners participated on the passive air 
sampling campaigns in Croatia, Bosnia and Herzegovina and Serbia and Montenegro and Kosovo. This problem, 
however, caused no difficulties or delays. 
 
Technology implementation plan 
 
In the period from September 2002 to August 2005, owing to funding from the European Commission via the 
project APOPSBAL and Project 0098131 of the Ministry of Science, Education and Sports of the Republic of 
Croatia, laboratory and field studies were conducted on the possibility of reclaiming the site of the Zadar 
Electrical Transformer Station 10/35 kV, which is contaminated with polychlorinated biphenyls. The results of 
these studies show the following: 
 

1. No statistically significant difference of impact from the tested types of plant cover on the success of the 
bioremediation of the relatively thin layer of contaminated soil was observed. The most stable plant 
cover growth was a so-called Adriatic commercial grass mixture, which is to be expected due to the 
local climatic conditions. 

 
2. Although a relatively small percentage of PCBs is lost from the soil during natural irrigation by rainfall, 

the levels of these toxicants in the runoff water are quite significant. 
 
3. Taking these facts into consideration, pilot studies will determine the levels of PCB retention in soil layers 

mixed with specific ratios of substances for PCB retention as well as the retention of PCB in the runoff 
water. 

 
Based on these investigations, a “pool” will be constructed in for the deposit of the contaminated soil and the 
more significantly contaminated parts of the asphalt cover of the Zadar E.T.S. In this manner, a combination of 
the phytoremediation of the surface soil layer and the retention of PCB in the lower layers with its degradation 
by aerobic and anaerobic processes would prevent the penetration of PCBs into the water ecosystem of this 
karstic terrain. 
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Conclusions 
 

The main goal of the APOPSBAL project was to investigate the extent of POPs contamination of former 
Yugoslavian countries as a consequence of the war damages, as well as to enhance the development and 
collaboration of the local laboratories focused on the trace analysis of POPs. 
In first intercalibration test in the fall 2002, four out of six laboratories provided reasonable results for the PCB 
standard solution, and the soil sample. Very important task of the more experienced laboratories taking part in 
APOPSBAL project has been training of young scientists. It was reason that one young assistant from Pristina 
University (UNIPRIS.FS.DC) during the first year of the Project has been spending 6 months for training and the 
other during the third year have been spending 10 weeks in the laboratory for analysis PCBs and DDTs in soil 
and sediment samples from Kosovo. Even thorough this relatively short time, both of them became satisfactory 
skilful in the laboratory works for analysis of PCBs and DDTs in soil and river sediment samples. Training of 
scientist Stanka Jovetic, BSc from UNS.FS.IC. has been performed in the first year of the Project in Maribor, 
Institute of Public Health (IPHSI.EP.HSA). 

Dispersion of the level of PCBs in soil samples around the damaged condenser has shown the 
significant decreasing of the level of PCBs only a few meters from the pollution hot-spot. Two research holes in 
the area of trafostation in Zadar were excavated. One was excavated inside asphalt bases and the second outside 



of asphalt base around destroyed condenser battery. Levels of the PCBs in the top layers of outside hole have 
been explicitly high while in lower layers of the outside hole and in all layers of the inner hole levels of the 
PCBs were very low. Therefore has been concluded that the asphalt base well protected the soil below it from 
the more serious penetration of the PCB into the soil. 
Generally, in the Jazine area in Zadar, higher levels of the PCB have been observed in the deeper layer of 
sediment (2-5 cm) than in the surface layer (0-2 cm). Finding of high levels of the PCB in deeper layers indicates 
the deposing and several-years accumulation of pollutants in the sediment. Contents of the total inorganic 
carbons in lower factions of sediment were higher compared to the factions of larger granularity. Content of the 
total organic carbon was totally reverse. Maximum level of the sum of 7 key PCB was found in the faction 
between 0.2 to 0.63 mm. It is interesting that levels of the PCB in factions which are lower than 0.063 mm were 
significantly lower in respect to factions of larger granularity. These interesting findings have to be proved with 
more sediment samples from Zadar coastal area. 
It was reason for performing the sampling of sediments on 11 stations along Rijeka Dubrovacka and on the 
station near Sustjepan, the significant level of PCBs was found, the 2594 ngg-1. There is a suspicion that this 
higher levels of PCBs in sediment sample is consequence of deposition of the waste material from damaged 
substation in Komolac. 
In several soil samples in the war affected area of the western Slavonia in Croatia was determined exceptionally 
high level of total PCBs. It will be necessary in the future to investigate more intensively the levels of PCBs in 
this area, especially in aquatic ecosystem (rivers, lakes and fish ponds) for realistic estimation of the input of 
these very dangerous pollutants into antropogeologic system. These investigations especially are important for so 
call critical group of inhabitants as fishermen and their families. 
In the most of the soil samples from Bosnia & Herzegovina, the PCB concentrations found were less than 10 000 
ngg-1 d.w. Exceptionally high levels of total PCBs have been observed in soil samples from the Tuzla area (96 
178 000 ngg-1 d.w.) and Tešanj (178 954 000 ngg-1 d.w.). Level of PCBs on several sampling sites in Banja Luka 
was as high as 400 000 ng per gram of the dry soil sample, which is two orders of magnitude higher than on any 
other investigated site performed by UMASA.RECETOX. High levels of PCBs were also found in painting hall 
in car factory “Zastava” Kragujevac, and extremely high levels in one sample in Petrochemical Plant in Pančevo, 
Serbia and Montenegro. These sites should be in the center of attention of the following studies as all other hot 
spot sites in Croatia and Bosnia and Herzegovina and Serbia and Montenegro. All matrices should be analyzed, 
risk should be evaluated and remediation activity designed. Since several sites are close to the aquatic 
environment, sediment and biota samples should be analyzed as well. 
The area of Zadar town is mainly situated on very permeable karstic limestones. Expected results of performed 
hydrogeological study was to provide necessary information about the geometry, structural and hydrogeological 
relations of the investigated area, mainly about preferential flow paths and outflow locations into the sea, land 
use and hazards points, all what can recognize the possible pathways of PCB into the groundwater and finally to 
the sea. All these results serve as a base for further vulnerability assessment. For this purpose during the project 
important maps as layers in GIS form and two databases were structured and completed: hydrogeological 
database and hydrogeologic map scale 1:25000, land use map scale 1:25000 and hazard database and 
unclassified and classified maps scale 1:25000. In the area of town, 28 types of hazards were identified, 13 
polygonal, 12 point and 3 line sources of hazard. Specific vulnerability map was prepared for PCBs group of 
contaminants that are already present on several marine and inland locations of study area. For vulnerability and 
risk modeling by mentioned models, used procedures included overlaying of obtained polygonal layers or by 
raster calculator of obtained grids with cell values. For the purpose of this project 10 GIS maps were completed. 
Not only high volume, but also additional passive air sampling was successfully performed above the frames of 
the project. Samples were analyzed and results evaluated, and based on it, several sites were selected as a target 
for the more detailed study, continuous monitoring, or for remediation. New hot spots not initially included to 
the project were determined, and further monitoring activities suggested estimating the damage extent. 
Additional funding to support those activities is recommended. 
Applicability of passive air sampling for the air quality monitoring as a cheap, versatile, and effective alternative 
to the conventional high volume sampling was confirmed. Since there is no existing monitoring network in those 
countries and very few laboratories able to perform the air sampling and analysis, this tool may be considered as 
the best source of information about the air quality. Since the need of air monitoring is stressed out in many 
international conventions focused on the quality of environment and sustainable development (including the 
Stockholm Convention which is currently implemented in many European countries), continuing PAS 
monitoring would be beneficial. 

Analysis of all compounds in the environmental mixture is not possible due to time and technical 
requirements. On the other hand, biological analyses are able to provide detail information about biological 
effects of the complex mixture. It informs us about the presence of chemicals with harmful effects via biological 
detection systems. For this purpose mainly simple screening tests are recommended. They are often very rapid, 
cheap and sensitive to a biological effect. In this study we also attempted to detect genotoxic effects of 



cumulative air samples collected on sampling sites in Zadar, Sarajevo and Tuzla. While none of the Zadar 
samples induced any significant response both in the test without, and in the test with metabolic activation, 
increased response was detected in case of air samples from Bosnia and Herzegovina. The pollutants with the 
genotoxic activity were mainly bound in particulate matter. 

It was shown that in mixture with laurel poppies ascarel and pyralene showed no prooxidative 
properties and that they not stimulate the production of OH radicals. The obtained results confirm that the 
increase of the concentration of pyralene oil leads to the decrease of lipid peroxidation intensity to control values 
(or even less), which could be explained by their negative synergism with radicals produced during lipid 
peroxidation of liposomes. 

Mathematical model for human dietary exposure to POPs was based on the calculation of human 
exposure factors (HEF) to POPs via different members of the terrestrial food chain, where the total human 
exposure depends on exposure factors and concentration of POPs in atmosphere and soil. On the base of 
concentration of POPs in foodstuffs, in atmosphere and in soil in Novi Sad and its surroundings it was calculated 
that an adult in Novi Sad with average weight (70 kg) daily consumes: 24.58 µg DDT (1.50% АDI); 2.46 µg 
НСН (0.83% АDI); 0.07 µg endosulfan (0.02% АDI); 0.79 2.46 µg РСВ (1.1 % АDI). 

In comparison of the estimated distribution of the daily intake of PCBs into fishermen families from 
Zadar area in case of consuming sea breams, higher values are observed when calculations were made on the 
basis of data collected in Zadar than when the estimation is made on the basis of Sisak people fish consuming. In 
more than 10 cases the daily intake of PCBs is higher than the ADI when calculated on the basis of Zadar 
“critical” people fish consuming. The estimated daily intake of PCBs is significantly lower in case of consuming 
fish from Zadar area in 2004 than in 1997. On the basis of PCB levels in fish sampled from markets in Zadar 
(2003), Rijeka (2004), Pula (2003) and Poreč (2003) the daily intake of PCBs into the “critical” group of people 
from those areas was estimated. Only in several cases the “critical” group of people from Rijeka will consume 
more PCBs in comparison with the acceptable value. 

Comparative PCB transformation studies performed with the pure culture Z6 confirmed its substantial 
activity in the presence of biphenyl and demonstrated an enhancing effect on the kinetics of PCB transformation 
in the presence of natural compounds (xylose, carvone and soya lecithin) when compared to the control 
experiment (with PCBs only). Based on the results of laboratory biodegradation experiments Laboratory model 
field experiments were established and GCMS analyses during 3-month bioaugmentation treatment showed 
gradual decrease of PCB mass fractions in the soil. PCB degradation in soil is a slow process when compared to 
the degradation in liquid media. However, the observed gradual reduction of dominant PCB congeners in the soil 
of TS Zadar is considered a good indication of progressive PCB transformation and soil decontamination. 

Natural contaminated soil with PCBs excavated from an area around the damaged capacitor of 
Electrical Transformer Station in Zadar was used in study phytoremediation process on a small scale field 
experiment. This study examined the abilities of different plant species and natural attenuation on the dissipation 
of PCBs in the soil. A lysimeter experiment was conducted for 1 year under natural climatic conditions and 
designed to measure the concentration of PCBs in soil and leachates. After 12 months of experiments (including 
twelve period of rainfall events), a negligible quantity of Aroclor 1248 (an average of 0.024 %) and Σ7 key (an 
average of 0.032 %) were leached through the soil. In the same time soil from plot planted with legume alfalfa 
(Medicago sativa L.) seeds had significantly lower levels of Aroclor 1248 compared to the initial concentration 
(about 20 % less) in the surface layer of soil. The highest % of removal of individual PCBs occurred in the 
surface soil layer of all plots. Results of correlations between loss of PCBs and depth of various layers shows 
that values are significant in soil of most plots. Generally, results present an accumulation of PCBs in the deepest 
layer probably due to vertical transfer and lack of volatilization of present PCBs. Taking these facts into 
consideration, pilot studies will determine the levels of PCB retention in soil layers mixed with specific ratios of 
substances for PCB retention as well as the retention of PCBs in the runoff water. Based on these investigations, 
a “pool” will be constructed in for the deposit of the contaminated soil and contaminated parts of the asphalt 
cover of the Zadar E.T.S. In this manner, a combination of the phytoremediation of the surface soil layer and the 
retention of PCB in the lower layers with its degradation by aerobic and anaerobic processes would prevent the 
penetration of PCBs into the water ecosystem of the karstic terrain around E.T.S. Zadar. 

Additional attention and financial support should be given to the development of the regional 
laboratories. While some of the partners demonstrated the ability to produce the high quality results, some were 
not able to perform the trace analysis even with the help of the Project and other partners. To ensure the 
continuation of the independent research projects and establishment of some kind of monitoring networks, 
improvement of local laboratories is needed. 

APOPSBAL project was very successful in both goals - gaining the new information as well as 
supporting the scientific cooperation and enhancing the level of environmental analysis. Data will be useful 
contribution not only to this project, but also for ongoing national POPs inventories as a part of implementation 
of Stockholm convention. 
 


