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Abstract

Microcosm studies were set up to predict and evaluate the most effective conditions for the
bioremediation of a chlorobenzene contaminated groundwater zone. In the literature there are
only few studies for chlorobenzene degradation under nitrate reducing circumstances. In most
of our microcosms the indigenous groundwater bacteria were able to degrade this widespread
recalcitrant compound under the new conditions. We have isolated a chlorobenzene degrading
bacterium, Pseudomonas sp. EM1 which is capable of the mineralisation under aerobic and
anaerobic conditions.

Introduction

Chlorobenzene is primarily used as a solvent for paints and pharmaceutical products, as a heat
transfer medium, and in the production of phenol, aniline and silicone. The production and
usage of this organic compound has been declining due to the availability of more
environmentally friendly replacements [1,2].

Chlorobenzene has a greater density than water and only slightly soluble in water (500 mg/l),
it belongs to the DNAPLs (Dense Non-Aqueous Phase Liquids). It can be slightly
accumulated at the bottom of an aquifer as a DNAPL pool which can serve as a continuous
source of groundwater pollution [3,4]. Different methods have been developed to transform
chlorobenzene into less toxic by-products, including adsorption [5], ozone oxidation [3],
Fenton's reaction [6] and catalytic hydrodechlorination [7,8]. Biodegradation also can be an
effective method. Even though chlorobenzene is a recalcitrant chemical, it can be mineralised
with microorganisms under aerobic and anaerobic conditions.

Aerobic degradation

There are a couple of aerobic microbes that can use chlorobenzene as the sole energy and
carbon source. The activation of the C-CI bond requires high activation energy and a strong
attacking nucleophile [9]. Figure 1. shows that the initial aerobic attack of chlorobenzene is
catalysed by dioxygenases resulting in the formation of 3-chlorocatechol as an intermediate
[10].
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Figure 1: The aerobic initial attack of chlorobenzene

After the first step of the aerobic chlorobenzene degradation, there are two pathways: ortho
and meta cleavage. The intermediates are metabolized further compounds of the citric acid
cycle (CAC)[9].
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Figure 2: The ortho and meta cleavage of aerobic chlorobenzene degradation (9)

Anaerobic reductive dechlorination
The reduction of chlorobenzene under anaerobic conditions generates benzene and HCI. In
this pathway the microorganisms use hydrogen as an electron donor and use the
chlorobenzene as an electron acceptor [11]. This pathway requires the presence of an electron
donor and it can result in the accumulation of benzene [10].
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Figure 3: Pathway of anaerobic reductive dechlorination of chlorobenzene (12)

Anaerobic nitrate reducing degradation of chlorobenzene
There are quite a few experimental studies about chlorobenzene degradation under nitrate
reducing circumstances [12-14]. In the contaminated area the pollution is combined, it
contains BTEX compounds, cis-1,2-dichloroethylene, vinyl chloride and tert-butyl alcohol.
Some studies showed that at low dissolved oxygen concentrations there is an enhanced
biodegradation of BTEX in the presence of nitrate [15,16].

Experimental

In the contaminated area the primary contamination is chlorobeneze (> 25,000 pg/l), the
secondary is BTEX (> 3,000 pg/l), and the tertiary is cis-1,2-dichloroethylene, vinyl chloride
and tert-butyl alcohol. The polluted groundwater also contains acetic acid and ethanol which
can serve as carbon and energy sources for the microbes. The pollution was originated from a
drug company. The unique character of the area and the nature of DNAPLS, the most effective
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chlorobenzene degradation way, the aerobic degradation was unaccomplishable, hence we
tested the nitrate reducing circumstances.

First of all we made some microcosm studies to know more about the groundwater.
Microcosm is like a tiny, simplified ecosystem which can simulate the behaviour of natural
ecosystems under different conditions. It is an excellent method to predict whether the
indigenous microflora is capable of the degradation of the pollution and if it is which the best
circumstances for the bioremediation are.

The microcosms were set up using 8 groundwater samples from 8 monitoring wells from the
contaminated area. Three different types of microcosms were set up from every groundwater
sample. There was an abiotic microcosm supplemented with mercury (1) sulphate, to evaluate
abiotic degradation and volatilization. There was a biotic microcosm which contained only the
untreated groundwater, it was used for modelling the natural conditions in the

ldarea. The third type of the microcosms, the biostimulated microcosm, was supplemented
with nitrate, phosphate and microelements. Microcosms were incubated at 13-15 °C which is
characteristic of the natural area. Every fourth week samples were taken to analyse the
concentration of VOCs, nitrate, nitrite, phosphate, chloride, organic acids and ethanol. Nitrate
or phosphate was spiked when it was necessary to maintain the appropriated circumstances in
the microcosms.

Results and discussion

Microcosms studies

Figure 4. shows the overall results of the various chlorobenzene degradation experiments. In
the groundwater samples from CB-1, CB-2, CB-3, CB-4, CB-7 and CB-8 monitoring wells
the nitrate reducing circumstances promoted the chlorobenzene degradation. Additional
microbiological activity (increased acetic acid degradation) was noticed in the biostimulated
microcosm from CB-5 well, but the biostimulation did not have any positive effects on VOC
degradation. The nitrate reducing conditions had no additional impact on the groundwater
from CB-6 monitoring well. Increased BTEX degradation was observed in the microcosms
from CB-1, CB-2, CB-3, CB-4 and CB-7 monitoring wells. The injection of nitrate, sulphate,
phosphate and microelements to the contaminated area is recommended due to their positive
effect on the degradation of chlorobenzene and BTEX compounds.

Isolation of chlorobenzene degrading bacteria

We have managed to isolate a novel microorganism (Pseudomonas sp. EM1) which is capable
of chlorobenzene mineralisation under aerobic and anaerobic (nitrate reducing)
circumstances. Now this microbe is under licensing procedures. In the future we intend to
inject Pseudomonas sp. EM1 to the contaminated area.

Conclusion

Our goal was to determine the most effective conditions for chlorobenzene biodegradation in
the contaminated aquifer. Microcosm studies were set up to evaluate and predict the effect of
nitrate reducing circumstances in the polluted samples. In 6 out of 8 cases the biostimulation
had really positive results and the recalcitrant chlorobenzene was biodegraded by the
indigenous microflora. BTEX degradation was also contributed thanks to the nitrate reducing
medium. Pseudomonas sp. EM1 was isolated from the groundwater. This microorganism is
capable of the degradation of chlorobenzene both in aerobic and anaerobic conditions.
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5. Figure: The change of chlorobenzene concentrations (ng/l) in the microcosm studies

446




25th International Symposium on Analytical and Environmental Problems

References

[1]
[2]
[3]

[4]

[5]

[6]

[7]

[8]
[9]
[10]

[11]

[12]

[13]
[14]

[15]

[16]

Pravasi SD. Chlorobenzene. Encycl. Toxicol., Elsevier; 2014, p. 870-3.
doi:10.1016/B978-0-12-386454-3.00279-7.

WHO, IPCS INCHEM. Chlorobenzenes other than hexachlorobenzene (EHC 128,
1991) 1991.

Power C, Gerhard JI, Karaoulis M, Tsourlos P, Giannopoulos A. Evaluating four-
dimensional time-lapse electrical resistivity tomography for monitoring DNAPL
source  zone  remediation. J  Contam  Hydrol  2014;162-163:27-46.
doi:10.1016/j.jconhyd.2014.04.004.

Lin K-S, Mdlovu NV, Chen C-Y, Chiang C-L, Dehvari K. Degradation of TCE, PCE,
and 1,2-DCE DNAPLs in contaminated groundwater using polyethylenimine-
modified zero-valent iron nanoparticles. J Clean Prod 2018;175:456-66.
doi:10.1016/j.jclepro.2017.12.074.

Liu Q, Chen Y, Wang J, Yu J, Chen J, Zhou G. Electrochemical Oxidation of 1,4-
Dichlorobenzene on Platinum Electrodes in Acetonitrile-Water Solution: Evidence for
Direct and Indirect Electrochemical Oxidation Pathways. Int J Electrochem Sci
2011;6:19.

Wang J, Mei Y, Liu C, Chen J. Chlorobenzene degradation by electro-heterogeneous
catalysis in aqueous solution: intermediates and reaction mechanism. J Environ Sci
2008;20:1306-11. d0i:10.1016/S1001-0742(08)62226-3.

Pagano M, Volpe A, Lopez A, Mascolo G, Ciannarella R. Degradation of
chlorobenzene by Fenton-like processes using zero-valent iron in the presence of Fe3+
and Cu2+. Environ Technol 2011;32:155-65. doi:10.1080/09593330.2010.490855.
Immobilized palladium-catalyzed electro-Fenton’s degradation of chlorobenzene in
groundwater | Elsevier Enhanced Reader n.d. doi:10.1016/j.chemosphere.2018.10.143.
Field JA, Sierra-Alvarez R. Biodegradability of chlorinated aromatic compounds
2007:124.

Liang X, Devine CE, Nelson J, Sherwood Lollar B, Zinder S, Edwards EA. Anaerobic
conversion of chlorobenzene and benzene to CH4 and CO2 in bioaugmented
microcosms. Environ Sci Technol 2013;47:2378-85. doi:10.1021/es3043092.

Adrian L, Gorisch H. Microbial transformation of chlorinated benzenes under
anaerobic  conditions. Res Microbiol 2002;153:131-7. doi:10.1016/S0923-
2508(02)01298-6.

Vogt C, Alfreider A, Lorbeer H, Hoffmann D, Wuensche L, Babel W. Bioremediation
of chlorobenzene-contaminated ground water in an in situ reactor mediated by
hydrogen peroxide. J Contam Hydrol 2004;68:121-41. doi:10.1016/S0169-
7722(03)00092-5.

Wise DL. Bioremediation of Contaminated Soils. 1st edition. CRC Press; 2000.
Nestler H, Kiesel B, Kaschabek SR, Mau M, Schlomann M, Balcke GU.
Biodegradation of chlorobenzene under hypoxic and mixed hypoxic-denitrifying
conditions. Biodegradation 2007;18:755-67. doi:10.1007/s10532-007-9104-z.

Durant LPW, P.C. D’Adamo, E.J. Bouwer. Aromatic Hydrocarbon Biodegradation
with Mixtures of O, and NOs;— as Electron Acceptors. Environ Eng Sci 2009;6.
doi:http://doi.org/10.1089/ees.1999.16.487.

Ma Guihua, Love Nancy G. BTX Biodegradation in Activated Sludge under Multiple
Redox Conditions. J Environ Eng 2001;127:509-16. doi:10.1061/(ASCE)0733-
9372(2001)127:6(509).

447



