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TREATMENT OF WATER CONTAMINED BY PETROLEUM PRODUCTS THROUGH
CONSTRUCTED WETLANDS WITH INTEGRATED PLANT SEDIMENT MICROBIAL FUEL
CELLS

Rosen Ivanov, Ani Stefanova, Anatoliy Angelov

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; rosen_iv@abv.bg

ABSTRACT. Oil exploration and exploitation activities contribute to global economic growth but often lead to pollution of the environment by oil and petroleum
products. Constructed wetlands are cheap, environmentally friendly and use biological processes based on photosynthesis process for treatment oil-contaminated
waters. Integration of Plant Sediment Microbial Fuel Cells (PSMFC) into them allows the generation of energy in parallel to water treatment. The purpose of this study
is to identify the treatment capacity of five variants of PSMFC planted with different vegetation (Typha latifolia, Phragmites, Spartina, mixed marsh vegetation and cell
without vegetation). A solution containing crude oil at a concentration of 100 mg/l is delivered to the PSMFC with a horizontal surface flow and a hydraulic retention
time of 14 days. From the chemical analyses performed, the highest treatment level was established in PSMFC 4 planted with Spartina and inoculated with mixed
culture oil-oxidising bacteria. At the end of the experiment the concentration of pollutant dropped to 0.052 mg/l. The same showed the best electrical parameters
during the experiment. The power density reached 11.56 m\W/m2 at a current density of 27.16 mA/m2and applied resistance of 300 Q. The open circuit voltage ranged
from 900 to 1100 mV. The results obtained show good prospects for application of plant sediment microbial cells in the passive treatment of waters polluted with
crude oil and petroleum products.
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MPEYUCTBAHE HA BOOU 3AMBPCEHU C HEDOTOMPOOYKTU YPE3 KOCTPYUPAHU BNAXHU 30HU C UHTEFPUPAHU
PACTUTENHW CEQUMEHTHU MUKPOBHW FTOPUBHU KNETKKU

PoceH UeaHos, AHu CmedpaHosa, AHamonuli AHzenoe

Murto-2eonoxku yHusepcumem "Cs. MeaH Puncku”, 1700 Cogpus

PE3IOME. [leitHocTiTe N0 Npoy4BaHe M ekcnnoaTauns Ha HedhTeHN HaxoauLLa AOMPUHACAT 33 MKOHOMUYECKW pacTex B CBETOBEH Mallab, HO YecTo Toa BOAM U A0
3aMbpcsiBaHe Ha OKonHata cpefa ¢ HedT u HedpTonpoaykTh. KOHCTpyMpaHuTe BnaxH! 30HW Ca €BTUHM, EKOMOTMYHO YWCTU M M3non3saTt BuonmornyHm npouecy,
GasnpaHn Ha npoleca OTOCHHTE3a 3a NpeYnCTBaHe Ha 3aMbPCeHN C HedT BOAW. VHTErpupaHeTo Ha pacTUTEeNHU ceaMeHTHN MUkpobHy kneTkn (PCMIK) B Tsx
no3BonsiBa reHepupaHeTo Ha eHepris Mpu napanenHo npeuucTBaHe Ha BoauTe. LlenTta Ha HacTOALIOTO M3criedBaHe € Aa Ce YCTaHOBM MpeuncTeatenHata
cnocobHocT Ha neT BapuaHta PCMIK, 3acapenn ¢ pasnuuHa pactutenHoct (Typha latifolia, Phragmites, Spartina, cMeceHa bnaTHa pacTUTENHOCT U kneTka 6es3
pactutenHoct) Kem PCMIK e nofasaH pa3teop cbabpaly HedT B koHUeHTpauyms 100 mg/l, npu xopu3oHTaneH noBbpXHOCTEH NOTOK W KOHTaKTHO Bpeme 14 axu. OT
HanpaBeHUTE XUMUYHW aHanU3n Ce YCTaHOBW Hali-BICOKa CTeneH Ha npeunctsaHe npu PCMIK 4 3acapeHa ¢ BnatHa TpeBa M MHOKynMpaHa CbC CMeceHa KynTtypa
HedhT-okucnsBawy Gaktepumn. B kpas Ha ekcnepuMeHTa KoHLEHTpaumsTa Ha 3ambpcuTens cnagHa Ao 0,052 mg/l. Celuata nokasa 1 Hait-gobpu enekTpudeckm
napameTpy Nno BpeMe Ha exkcrniepyMeHTa. MmbTHOCTTa Ha MOLLHOCTTa gocturHa Ao 11,56 mW/m2 npu nbTHOCT Ha Toka 27,15 mA/m2 1 MpUnoXeHo CbNpOTUBIEHWE
300 Q HanpexeHrueTo npu oTBOPeHa Bepura ce Asnxelue B rpaHnumute 900 — 1100 mV. MonyyeHuTe pesynTaTi nokassaT A0OPY NEPCNEKTMBM 3a MPUNOKEHNE Ha
pacTUTENHUTE CeAMMEHTHI MUKPOGHM KNETKV MU NacvBHO NPEYNCTBAHE Ha BOAW, 3aMBbPCEHI C HE(T U HedhTONPOAYKTY.

KniouoBu AYMU: KOHCTPYUPAHWN BNaXHW 30HWU, PaCTUTENHN CEAUMEHTHN MI/IKp06HI/I FOPUBHU KNETKW, NaCUBHO NPeYnCTBaHe Ha BOAK, 3aMbpCABaHe C He(i)T

Introduction productive at the time of their installation and lose their
efficiency after some time (Muhammad et al., 2019).
Crude oil is the world’s largest non-renewable energy Conventional methods of oil-contaminated water treatment
resource, accounting for about 33% of the total consumed based on physical and chemical processes are not feasible to
energy. Dr||||ng and extraction processes for oil and gas install due to their h|gh Capital, Operational and maintenance
generate huge volumes of oil-contaminated water. The costs (Shubiao et al., 2018).
worldwide demand for oil is expected to keep rising in the Using constructed wetlands (CW) with integrated plant
coming years, which will potentially increase the generation of sediment microbial fuel cells (PSMFC) is an innovative
oil-contaminated water. approach for the remediation of polluted water which requires
Worldwide, water contaminated with crude oil is usually only aquatic vegetation. They can be applied to any oil-
stored in evaporation p|tS before eventual discharge into the contaminated water stabilisation p|t with minimal financial
environment without any treatment. The remediation of such capital (Vymazal, 2014). Recent studies have revealed that the
oil-contaminated water has become a critical problem in oil- combined use of plants and bacteria in CW with PSMFC can
producing countries and requires immediate attention. enhance plant growth and pollutant degradation. Plants
Moreover, the majority of oil and/or gas wells are not highly provide nutrients to rhizospheric microbes through their roots
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exudates (Felix et al., 2019). These microorganisms have
major roles in the degradation of organic compounds, and their
efficiency in degrading hydrocarbons increase in the presence
of plants. (Rachnarin et al., 2017) Once the pollutant is taken
up by plant, endophytes are actively involved in the in planta
degradation. However, this combination of plants and
associated microorganisms has not yet been evaluated at
large scales for remediation of oil-contaminated water (Qing et
al., 2017).

Generation of energy from plant sediment microbial fuel
cells is additional advantage in using this technology for oil-
contaminated water treatment (Rasool et al., 2019). Most
PSMFC are open systems with anodes embedded in anoxic
sediment and cathodes placed in aerobic water layer. The
microorganisms in the sediment consume organic substrates
and transfer the electrons to the anode. Dissolved oxygen is
utilised as an electron acceptor and combines with protons to
form water and generate electricity (Panpan et al., 2014;
Boyue et al., 2019).

The aim of this study is to evaluate the treatment efficiency
of oil-contaminated water and electricity generation by applying
CW with PSMFC.

Materials and methods

For the purpose of the study five constructed wetlands with
integrated plant sediment microbial fuel cells were made
(Figure 1). The cells have a volume of 30 dm? and are planted
with different aquatic vegetation. (Table 1) The cells were filled
with 20 dm3 mixture of sediment and peat in a ratio 20:1.
Stainless steel electrodes with an area of 400 cm? are placed
on the bottom and in the surface layer. The cells are designed
to provide a different flow of water in the installation under
different operating modes.

—

3 R}"'/
LI

(A—

1
W)
J

-

Fig. 1. Scheme of the laboratory installation

1 - Incoming solution; 2 — Peristaltic pump 3 — Digital multimeter,
4 - Constructed wetland with integrated plant sediment microbial
fuel cell, 5 - Outgoing solution, A — anode, C - cathode

Before starting the experiment, screening of highly active
oil-degrading strains of the laboratory collection, suitable for
inoculum in the CW anoxic and aerobic zone, was made.

By peristaltic pump, a solution with a crude oil content of 100
mg/l (total oil content 14 mg/l and COD 39000 mg/l) was
delivered to the cells with hydraulic retention time of 14 days.
In order to establish the best treatment effect and energy

generation, four modes of operation of the cells were studied.
In Mode 1, clean water is flowed into the cells with a horizontal
surface flow. In Mode 2, synthetic solution with crude oil is
flowed into the cells with a horizontal surface flow. In mode 3,
synthetic solution with crude oil is flowed into the cells with a
horizontal surface flow. The cells are inoculated with a mixed
culture of oil-oxidising bacteria (Pseudomonas veronii,
Azoarcus communis, Pseudomonas chlororaphis,
Pseudomonas putida, Pseudomonas libanensis). In mode 4,
synthetic solution with crude oil is flowed into the cells with a
horizontal subsurface flow. The cells are inoculated with a
mixed culture of sulphate-reducing bacteria. After the
completion of each of the modes, basic chemical parameters,
total oil content and the electrical parameters of the cells were
measured.

Table 1. Scheme of the experiment

Cell Vegetation

Cell1 Without vegetation
Cell 2 Typha latifolia

Cell 3 Phragmites

Cell 4 Spartina

Cell 5 mixed marsh vegetation

Results and discussion

Table 2 shows the basic chemical parameters of the
constructed wetlands for the four modes of operation

Table 2. Basic chemical parameters of the constructed
wetlands

C
E Mode 1 Mode 2 Mode 3 Mode 4
L
EC EC EC EC

Ne| pH [uSlem| pH |[uSlem| pH |pSiem| pH | pS/icm
11712 | 612 | 6,78 | 1224 | 6.83 | 1105 | 7.21 | 1142
2682 | 825 | 722 | 1035 | 7.08 | 936 | 7.15 | 972
3725 | 80 | 714 | 997 | 717 | 952 | 6.95 | 1011
4| 704 | 734 | 692 | 894 | 687 | 789 | 6.79 | 846
51| 697 | 951 731 | 1012 | 6.79 | 960 | 7.03 | 999

NHst | POs% | NHs* | POsS | NHst | POs® | NHs* | POs>
Ne| mg/l | mgl | mg/l | mg/l | mg/l | mgl | mg/l | mgl
11335 | 328 | 189 | 319 | 114 | 216 | 1.05 | 1.70
21236 | 524 | 157 | 047 | 0.86 | 005 | 0.68 | 0.05
31 14 170 | 137 | 151 | 119 | 0.66 | 0.89 | 0.38
4| 154 | 375 | 146 | 189 | 1.08 | 0.01 068 | 0.01
51| 126 | 169 | 092 | 132 | 0.67 | 0.58 0.6 0.28
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For all cells, the pH of the water ranges from 6.78 to 7.35,
with no significant changes in the individual modes of
operation. The same can be said for electrical conductivity.
The concentration of nutrients NHs* and PO43* is low, with a
tendency to decrease over time due to their assimilation from
plants.

From the measured concentrations of total oil content, the
best results are found under mode 3 (Table 3). Cell 4 is
characterised by the highest ftreatment effect the
concentration of petroleum products is dropping to 0.052 mgl/l.
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Slightly higher concentrations of petroleum products are
measured in Mode 4, but again the lowest values are in Cell 4.
In Mode 2 the highest values of petroleum products in the
outgoing waters from the cells are measured. In the four
modes cell 1 is characterised by the lowest treatment effect.
Similar results have also been obtained for COD. The lowest
COD in all cells is measured in Mode 3, followed by Mode 4
and Mode 2. The COD values can be linked to the residuals of
petroleum products in the effluent from the cells in the
individual modes.

Table 3. Concentration of total oil content and COD in outgoing
water

c
E Mode 1 Mode 2 Mode 3 Mode 4
L

cop | (0RO} | oD | oiet | COD | Torent | OO | corint
Ne mg/ mg/l mg/ mg/l mg/ mg/l mg/ mg/l
11213 - | 363 | 021 | 188 | 0067 | 133 | 0.12
2126 | - | 186 | 043 | 143 | 0.067 | 158 | 0.098
30103| - | 188 | 041 | 163 | 0055 | 176 | 0077
4178 | - | 148 | 0071 | 108 | 0.052 | 126 | 0.06
5| 113| - | 153 | 015 | 138 | 0.089 | 156 | 0.1

Data for the measured electrical parameters are presented
in Figures 2-5. There are no significant differences in electrical
parameters between modes.
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Fig. 2. Polarisation curves in Mode 1

Maximum values of voltage and power density are
established in Mode 3. Cell 4 is characterised by the best
electrical performance by a power density of 11.56 mW/m2 at a
current density of 27.15 mA/m2 and applied resistance 300 Q.
The open circuit voltage ranged from 900 to 1100 mV.
Approximate values of the electrical parameters are measured

141

in cell 3 - power density 9.87 mW/m?2 at a current density of
25.46 mA/m2 and applied resistance of 200 Q. The lowest
values of the electrical parameters are measured in cells 1 and
5.
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Similar electrical values were measured during Mode 1. Cell
4 again shows the best parameters - a power density of 9.71
mW/mz2, with a current density of 24.13 mA/m2 and an applied
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resistance of 400 Q. In cell 1, the lowest values of the electrical
parameters were found.
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Of the four modes, the lowest electrical characteristics of
all cells were measured during mode 2. A maximum power
density of 7.16 mW/m?2 at a current density of 17.45 mA/m2 and
a resistance of 200 Q was measured in cell 4.

Conclusions

In order to study the effect of applied high-activity oil-
degrading microflora on the purification of water from
petroleum products and energy production from constructed
wetlands with integrated plant sediment microbial fuel cells,
four technological modes of operation were studied. The best
treatment effect is achieved in Mode 3, where the cells are
inoculated with a mixed culture of aerobic oil-oxidising bacteria.
The lowest value of total petroleum product content — 0.055
mg/l is measured in the outgoing water from cell 4 which is
planted with Spartina.

From the research and the results obtained, it can be
concluded that the added highly active oil-degrading bacteria
play a significant role in the water treatment in the constructed
wetlands. The vegetation as well as the water flow in the
constructed wetlands are also essential.

From the measured electrical parameters of the cells in the
individual regimes, it can be seen that the concentration of the
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petroleum does not significantly affect the energy generated by
plant sediment microbial fuel cells. A more important factor is
the species of aquatic vegetation. In all modes, the highest
energy is generated in the cell planted with Spartina.

The results obtained show good prospects for application
of constructed wetlands with integrated plant sediment
microbial cells in the passive treatment of waters polluted by
crude oil and petroleum products.
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