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Bioremediation of river sediment contaminated with polychlorinated
biphenyls: a laboratory study

Aleksandra Puri¢!, Takeshi Nakano®, Ivana Ugljesi¢!, Gordana Gojgié-Cvijovié®, Srdan
Miletié?, Jelena Avdalovicd, Mila [li¢?, Viadimir P. Bedkoski!

'Faculty of Chemistry, University of Belgrade, Studentski trg 12-16, Belgrade, Serbia
“F.ezearch Center for Environmental Prezervation, Osaka University, Yamadaoka 2-4, Suita,
Osaka, 565-0871 Japan
"Department of Chemistry- Institute of Chemistry, Technology and Metalhmgy, University of
Belgrade, Njegoseva 12, Beograd, Srbija

Persistent organic pollutants (POPs) are chemueal substances that persist i the
environment, bicaccunmlate through the food chain and cause adverse effects on human health
and the enviromment [1, 2]. They nchude the group of polychlornated biphenyls (Polychlonnated
Biphenyls, PCBs), industrial chemieals which may be substituted with 1 - 10 chlorine atems (Fig
1) [3-6].

Figure 1. Chemical structure of PCBs

De to their chemical imermess, heat resistance and high dielectric constants PCBs were
used as nsulatiors in fransformers and capacitors, as heat exchangers, color additives and in the
production of plastics [3-6].

The aim of owr study was to analyze the potential of allochthonous and autechthonous
microorganisms for the process of hiodegradation of PCBs n sediment samples collected from
nvers in the temitory of Belgrade, Serbia, to protect the environment and estimate fihare
treatment of these sites. The nver sediment samples were collected from four locations m the
territory of Belgrade: confluence of the Topéider nver with Cukancki Fukavac (CE), Marna
Dorcel (MD), Zenmmski Kej (ZK) and the confluence of the nver Sava and the Damube, Usce
(U7}, Sediments were sampled from four depths in imdisturbed condition as follows: 0-1, 1-3, 3-6
and 6-10 cm. The highest level of PCB in a sample 15 determined in CF. sediment (162-305 ng'g)
and MD {19.3-54.5 ng/g), while the sample concentration in ZK (6.2-7.1 ng'g) and U (2.1-53
ng'g) were relatively low.

For the PCBs bioremediation study composite samples has been made from the samples
sampled from four depths in the ratio 1: 2: 3: 4 (w/w). In Bushnell - Haas medinm (modified,
chlonde-free) were added the sand and composite samples, 1: 1 (wiw). The expeniment lasted 70
days with altemating anaerobic - aerobic cycles with moculation of model system at 21st and
56th day. Imoculation was camied using comsortimm of genera Preudomonas (Genbank:
JEE26528.1 and JQ292806.1), Rhodococcus (Genbank: JOO63876.1 and JNO65395.1), and
Achromobacter (Genbank: JF326529.1). These allochthonous microorgamsms were isolated from
sites contaminated with petrelenm products. In parallel activity of indigemous muerobial
consortium in the process of wransforming the PCB were monitored As an abiotic confrol
sterilized sample were used. Biodegradation processes are interrupted by sterilization. Exfraction
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Figure 2. Reduction of PCBs in the CE.
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Aim
The aim of our study was to analyze the p ial of allochth and htt i rganisms for the process of biodegradation of PCBs in
di 1 d from rivers in the terrltory of Belgrade, Serbia, to p the envi and esti future of these sites.

Fig 2. Sampling locations in
Belgrade, Serbia

, Introduction
Ihnlncm ornnlc polluunu (POPs) are chemical substances that persist in
% gh the food chain and cause adverse effects
on human health and lhc -nvlronmont [1, 2]. They include the group of
polychlorinated biph d Biphenyls, PCBs), industrial chemicals
which may be substituted wlth 1-10 chlorine atoms (Fig 1.) [3-6).

CR - Cukaricki rukavac

ZK - Zemunski kej

o~
3

MD - Marina Doréol

U - Usée

Results and Discussion
Due to their chemical The highest level of PCB in a sample is determined in CR sediment (169-305 ng/g) and
PCBs were used as insulatio MD (19.3-54.5 ng/g), while the sample concentration in ZK (s.z 7.1 ndw\u (2.1
color addltlvn andin ﬂln n;/g) were mlatmly low (Fig 3.).

i Fig 3. Concentration of
PCBs in sediment samples
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cycles with inoculation of model system at 21st and 56th day. Inoculation was I 8 ] 3

‘ carried using of genera d k: JF826528.1 and 4 3 = R

JQ292806.1), Rhodococcus (Genbank: JQ065876.1 and msssass.x), and FEFERF LIS ——

Achromobacter (Genbank: 1F825529.1) Thm allochthonous mi

isolated from sites
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Material and methods
fa The river sedi: les were collected from four | in the territory
| of Belgrade (Fig 2.): fl of the gider river with Cukari¢ki Rukavac (CR),
- Marina Doréol (MD), Zemunski Kej (ZK) and the confluence of the river Sava and the
Danube, Us¢e (U). Sediments were sampled from four depths in undisturbed
condition as follows: 0-1, 1-3, 3-6 and 6-10 cm.

For the PCBs bi di study les has been made from the
samples sampled from four depths in the ratio 1: 2: 3: 4 (w/w). In Bushnell - Haas
| medium (modified, chloride-free) were added the sand and composite samples,

b | 1: 1 (w/w). The experiment lasted 70 days with alternating anaerobic - aerobic

in ﬁlo proces of In Fig 4. changes in concentrations of PCBs in the sample CR during blonmedmlon

monitored. As an abiotic control sterilized studies, after 42 and 70 days in the and uni les are p
th The results ind| the exi of b of
1 (v/v). PCB content in from contaminated sites for the treatment of environment ca
: ; using all - aerobic ~
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Conclusion

In model systems inoculated with consortium of allochthonous microorganisms as well as in model systems with indigenous microorganisms it was
observed reduction in the concentration of PCBs. This fact suggests that the mentioned microorganisms can be used in bioremediation of river sediment
contaminated with polychlorinated biphenyl
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