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Pollution Without Boundaries: River Danube, Serbia, Europe 
��������	
�	�
������1,2, Shusuke Takemine3, Takeshi Nakano4�	�������	���������	�
������5, 
Maija-Lisa Mattinen6, �������	������-��������2�	��������	��	�����1,2 
�1Faculty of Chemistry, University of Belgrade, Serbia�2 Institute of Chemistry, Technology 
and Metallurgy, University of Belgrade, Serbia, 3Hyogo Prefectural Institute of Environmental 
Sciences, Japan, 4Center for Advanced Science and Innovation, Osaka University, Japan, 
5Institute o�	� !�
��	 �!�
�!
�	 "���#�$�	%���
����&	 ��	�
�����
, Serbia, 6VTT Bioprocessing, 
Espoo, Finland� 

Introduction 
Rivers in Southeast European country Serbia belong to the basins of the Black, Adriatic and Aegean Seas. 

The Black Sea drainage basin covers the area which occupies 92% of the territory of Serbia. The entire basin is 
drained only by the Danube River which flows into the Black Sea. The section of the Danube that flows through 
Serbia is 588 km long, out of the total of 2,872 km going through several European countries. 

The main problems in Southeast Europe today are: the fact that municipal and industrial wastewater is often 
discharged into waterways without treatment; that a small number of plants for the treatment of industrial and 
municipal wastewater is built but not all of the existing facilities are in working order; and finally that disposal of 
waste in illegal dumps that are located near waterways is an obvious source of environmental pollution. 

In the recent history some transboundary pollutions occurred such as a cyanide spill into the ���
'	(��
� in 
Baia Mare, Romania in January 2000 caused by a gold mining company when about 100,000 m3 of liquid 
containing 50-100 tonnes of cyanide, travelled into the river Danube before reaching the Black Sea [1]. Another 
is an Ajka alumina sludge spill in Western Hungary in October 2010 when about 700,000 m3 of the red mud with 
a pH of about 12, that contains several toxic trace metals was released accidentally from the reservoir [2]. 
Because of biogeochemical activity of microorganisms in the zones of sulphide copper ores in the Eastern Serbia, 
Danube receives around 31 t of copper and 0.6 t of arsenic per annum from one place alone [3]. 

In Serbia, until recently there was no data about presence of perfluorinated compounds (PFCs) in the 
environment. We have analyzed PFCs in the sediment from wastewater canal (WWC) draining the industrial 
complex of Pan#evo, (oil refinery, petrochemical plant, and fertilizer factory). WWC is artificial with no natural 
flows, about 2 km long, 70 m wide, water depth around 1)2 m and directly connected to the Danube River.  
Materials and Methods 

In total, 4 sediment samples from WWC were collected from the canal and for comparative purposes one 
from navigation canal flowing parallel to WWC but not receiving any direct discharge of industrial wastewaters.  

Sampling sites were: 1 ) navigation canal; 2 ) the confluence of the WWC with the Danube River 
downstream from the industrial area and effluents; 3 ) downstream from the fertilizer factory outlet (first); 4 ) 
downstream from the petrochemical plant (second); 5 ) downstream from the oil refinery outlet (third effluent). 

Sediment sample was extracted with methanol. MPFAC-MXA as mass-labeled surrogates was spiked into the 
sample. The sample was extracted with SPE. The elution was concentrated and labeled 13C8PFOA was added as 

Title of presentation:  Pollution Without Boundaries: River Danube, Serbia, Europe 
Speaker*s lists:  ��������	
�	�
������ 
Correspondence (address and email): Faculty of Chemistry, University of Belgrade, 11158 Belgrade, Studentski 
trg 16, P.O. Box 51, Serbia; vbeskoski@chem.bg.ac.rs 
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syringe spike. The each final solution was analyzed by liquid chromatography (LC)-tandem mass spectrometer 
(MS/MS) using Xevo TQ (Waters) coupled with ACQUITY UPLC (Waters). For MALDI-TOF-MS analysis, 
Autoflex II Bruker Daltonics, software flexControl, flexAnalysis and Maldi biotyper were used. 
Results and Discussion 
Concentrations of PFCs were determined and presented in Table 1 [4]. 
Table 1. PFCs content in the sediment samples from WWCV (%)  

Sample PFOA PFHxA PFHxS PFOS PFDS +
,�	-��	��-1 dw) 
1 12 - 39 49 - 588 
2 4 - - 96 - 2180 
3 - - 3 97 - 5470 
4 2 3 - 90 5 6290 
5 13 12 - 75 - 562 

When the entire factory is in operation, the discharge is about 6,000 m3 h-1 of wastewater. The total volume of 
water in the canal at the time of sampling was estimated to be around 32,000 m3 and retention time in the canal is 
6-9 h. A mass load of 1.38 kg PFOS per year discharged in the Danube River has been calculated, which 
undoubtedly points to the contribution to global pollution of Danube waters. The origin of PFCs might be their 
usage as components in pipes, fittings, wiring insulations and from firefighting foams.  

Hydrocarbon degrading microorganisms isolated from WWC were identified based on the 16S rRNA gene 
analysis and furthermore analyzed using whole cell MALDI TOF-MS analysis. Isolated microorganisms belong 
to the genera Brachybacterium sp., Rhodococcus sp., Planomicrobium sp., Micrococcus sp., Planococcus sp., 
Pseudomonas sp., and Bacillus sp. The results confirmed presence of different groups of microorganisms where 
each spectrum represents a fingerprint of individual microorganism (Figure 1).  
 
 
 
 
 
 
 
 
 

Figure 1. MALDI-TOF-MS spectra of intact bacterial cells isolated from Pan#evo WWC 
Since polychlorinated compounds [5] and some fluoro carbon compounds [6] are biodegradable it can be 

assumed that PFCs are also biodegradable. High microbial biodiversity in PFCs polluted samples indicates and 
support this assumption. Our future research will focus on (bio)transformation and (bio)degradation of these 
chemicals known as persistent and recalcitrant. This is very important since these pollutants are ubiquitous in the 
Danube River Basin, having strong influence on the environment and travel disregarding human borders.  
References 
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Tokyo University of Agriculture and Technology 
2-24-16, Nakamachi, Koganei, Tokyo 184-8588, Japan  TEL/FAX 042-388-7276 Email: yhashim@cc.tuat.ac.jp 

July 1, 2013 

 

Dear Dr. Beškoski 

 

I’m glad to inform that your application entitled “Pollution Without Boundaries: River Danube, 

Serbia, Europe” has been selected as the invited presentation to which financial support for 

your travel will be given. As announced earlier on the website, the financial support (up to 

100,000 JPY) will cover air tickets, registration (10,000 JPY), accommodation (~8,000 JPY 

per night) and local trip fees. The financial support will cover the cost you required during the 

day before the conference (July 30) through August 2, depending on your travel schedule.  

 

Please start to plan your travel to the conference in Fuchu-city, Tokyo, Japan. You will 

purchase the air tickets by yourself. We will refund the cost for the air ticket on the 

conference. Please keep the receipt, flight itinerary, and boarding pass and submit them to 

us when you request the reimbursement. The international session will be held between July 

31 and August 2 in Fuchu, Tokyo. Between Fuchu and Narita international Airport, it takes 

about 2 hours by local train and bus. The organizing committee will arrange your 

accommodation with a reasonable price near the conference place. We will book the 

accommodation for you. In any way, we will contact with you via e-mail regarding logistics 

and the official abstract.  

 

We are looking forward to seeing you and your talk at the conference. If you have any 

questions and requests, please do not hesitate to contact us via e-mail at 

jecint13@cc.tuat.ac.jp. 

 

Best regards, 

 

 
Yohey Hashimoto, Ph.D. 
Organizing committee of the International Session in  
the 22nd Symposium on Environmental Chemistry. 
E-mail : jecint13@cc.tuat.ac.jp 
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