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ABSTRACT

EDCs or Endocrine disrupting compounds are a class of emerging micropollutants that are known to disturb the
endocrine system of animals and man. Increase in the level of these micropollutants in water; wastewater etc. has
raised the concern for research on the causes and effects of these EDCs and suitable technologies for their
degradation. Wastewater treatment plants (WWTPs), employing only conventional processes for treatment, are
considered as one of the primary source of various micropollutants. The removal efficiency of WWTPs varies
according to the physiochemical properties of the pollutants and the treatment processes involved for them. The
present paper reviews the anaerobic methods for the EDC treatment with particular emphasis on Microbial fuel cell
technology that generates electricity by utilizing the wastewater components.
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I.  INTRODUCTION

Micropollutants or emerging contaminants are a group of organic substances which have a negative impact on the
aquatic environment, wildlife and humans due to their toxic, persistent and bioaccumulative nature (Yashas and
Murthy, 2017). The EDCs comprise pharmaceuticals, personal care products, surfactants, various industrial
additives and multiple chemicals intended to be an endocrine disrupter that has become a threat to our water supply
network (Bolong et al., 2009). Effects of EDCs on the human health include increased risk of breast, testicular, and
prostate cancers, reproductive disorders such as impaired fertility, irregularities of the menstrual cycle, and
infertility(C and Klemenc, 2011). Immune and hormonal disorders, obesity, fewer male offspring, diabetes,
metabolic disorders, and cardiovascular disease. Therefore, the detection of endocrine disrupters is an essential area
of research for environmental monitoring and control (Yashas and Murthy, 2017). The contamination of estrogenic
compounds also causes an adverse impact on the aquatic environment, which creates an imbalance in the ecosystem
(Zaharin et al., 2014). According to,(Vidal and Diez, 2005) the proportion of EDC degradation by techniques such
as primary settling, aerating volatilization, sludge absorption, and chemical precipitation is relatively small as
compared to biodegradation. The biodegradation by anaerobic treatment is strongly dependent on the properties of
the wastewater (Liu et al., 2008). This study aims to review the literature for the occurrence, environmental and
health implications and techniques for the degradation of the EDC in the ecological facility with a significant focus
on energy generating wastewater treatment methods (Yashas and Murthy, 2017).

The occurrence and fate of micropollutants in the environment have been recognized since long as issues of public
health and environmental concern. A wide variety of organic micropollutants have been detected and identified in
sewage and effluent-impacted water bodies, including surface waters and groundwater (Al-rifai et al., 2011). Among
EDCs, estrogen is the main contributor of estrogenic activity, and their pathway to the environment is mainly
through wastewater effluent from municipal treatment plants, hospital effluent and from livestock activities (Ying et
al., 2002).The synthetic estrogen 17a-ethinylestradiol (EE2), the main ingredient of commonly used oral
contraceptive pills, has been detected in wastewaters and surface waters at ng/L levels (Comninellis et al., 2008).
The current wastewater treatment system is not effective in elimination of these emerging contaminants as these
have not been monitored due to the absence of stringent regulation specific to these contaminants (Bolong et al.,
2009).

Il.  ADVANCES IN ENERGY-PRODUCING ANAEROBIC BIOTECHNOLOGIES FOR
WASTEWATER TREATMENT
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Anaerobic processes when compared with the activated sludge process avoids the consumption of energy for
aeration and instead are responsible for the production of electricity whereas activated sludge process have the
limitation of being energy intensive (Lier, 2008). Moreover in anaerobic processes, the nutrients in wastewater can
be preserved for further reuse or recovery (Loosdrecht and Brdjanovic, 2014) thereby further elevating energy and
economic benefits (Li and Yu, 2016). The anaerobic biotechnologies for treatment of wastewater can be divided into
following-

Anaerobic membrane bioreactors (AnMBR)

An AnMBR is a firmly packed bioreactor that plays a dual role in the removal of contaminant

and separation of sludge (Pretel et al., 2015). Its excellent capacity for retention of sludge and particulate organic
matter gives it a much higher effective treatment than other anaerobic bioreactors (Smith et al., 2013).

Bioelectrochemical systems (BES)

Bioelectrochemical systems (BES) are developing technologies that convert organic materials into usable forms of
energy, such as electricity or hydrogen gas. The formation of electroactive biofilms is the result of the mutualistic
interaction between microorganisms which acts as a critical element to longevity and success in bioelectrochemical
systems (Islam et al., 2017). BES technologies applied in the given configurations of microbial fuel cells (MFCs)
and microbial electrolysis cells (MECs) as shown in Fig.1. In both systems, a consortium has grown in an anaerobic
anode chamber where the incoming organic material is oxidized during respiration resulting in the production of
electrons and protons. That gets transported to the cathode where they combine to form either water, in aerobic
systems, or hydrogen gas, in anaerobic systems (Beegle, 2017).

Overall Reaction: CH,CO0" + 20, -» ZHCO," + H* Overall Reaction: CH,CO00 + 4H,0 -> 2ZHCO, + H'+ 4H,
AG= 84416 klfmol  E_, =110V 4G = 93.14 kifmol Eypp= <014V
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Figure. 1: Schematic diagram of Microbial Fuel Cell (MFC) (Left) and Microbial Electrolysis Cell (MEC) (Right)

I11. ENERGY GENERATING ANAEROBIC TECHNOLOGIES FOR TREATMENT OF
WASTEWATERS FROM DIFFERENT INDUSTRIES

Wastewater consists of energy-rich sources that are salutary for the growth of various anaerobic and facultative
bacterial species. These bacteria have the potential to transfer electrons to an anode which acts as a terminal electron
acceptor and hence are classified as electrogenic bacteria (Blackall et al., 2007;Rabaey et al., 2004).

Bacterial composition and performance of anodic biofilms in MFC by using dairy wastewater was investigated.
Anaerobic mixed-sludge was used as an initial source of electrogenic bacteria. Commamonas, Bacillus, and
Sphingobacteriumwere the genus used for the culturing of anodic biofilm. The highest power density, volumetric
power, and COD removal efficiency of MFC operation were of 131mWm=2, 2.4Wm=3, and 76%, respectively
(Retnaningrum and Wilopo, 2017). Double-chambered MFCs were employed for analyzing the electrogenic activity
of microbial consortium. The MFCs was operated with microalgalbiocathode, the anode chamber being inoculated
with anaerobic microbial consortiums and the cathode chamber with cultures of the microalga, C. vulgaris. By
operating the MFCs for 32 days an increase in power density (from 23.17mW/m? to 327.67 mW/m?) and in the
potential (from 200 to 954 mV) was observed(Huarachi-olivera et al., 2018). Microbial fuel cells were operated with
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different anode and cathode compositions and salt bridges in a study carried out by (Naureen et al., 2016) using
wastewater samples from University of NizwaWWTP. After 7 and 21 days of incubation, an increase in the Open
Cathode Voltage (OCV) was observed for all bacterial isolates indicating a high flow of electrons through salt
bridge with increase in time. Isolate Amantichitinumursilacus (Z2) generated an OCV of 645 mV. This entails that
the bacterial isolate Amantichitinumursilacus (Z2) might have electrogenic properties due to C-type cytochromes or
conductive nano-wires (Gorby et al., 2006) on its cell membrane (Environ et al., 2011). In a study aimed at
examining the electrogenic property of B. cereus and its ability to inhibit the methanogenesis in MFC (Islam et al.,
2017),a strong redox peak in the Cyclic Voltammetry (CV) of MFC with B. cereus was obtained portraying that it
contains electrogenic properties. Further, the incorporation of B. cereus in AS showed the rise in power generation
(4.83 W/m?®) and Coulombic Efficiency (22%) of MFC compared to the MFC solely inoculated with AS (1.82
W/m3, 12%).

Anaerobic technologies for degradation of EDCs

To investigate the removal and fate of estrogens such as 17B-estradiol (E2) and 17a-ethinylestradiol (EE2), a
laboratory-scale anaerobic anoxic-oxic (AAQO) activated sludge system was established by (Miran et al.,
2015).Microbial community structure in a dual chamber MFC was fed with brewery waste for the degradation of
azo dye and generation of electricity. A stable voltage generated (0.41V and 0.38V) with a maximum power density
of 305 and 269mWm-2 for brewery waste alone (2000 mg L-) and after the azo dye (200 mg L-!) addition,
respectively. Microbial community, Desulfovibrio was supposed to play a significant role in electron transfer to the
anode since its outer membrane contains c-type cytochromes (Kang et al., 2006). Several studies employing the
AAO process for removal of EDCs are reported (Li et al., 2011); (Publishing and Science, 2011).

For analyzing the role of disruptive endocrine estrogens in electron transfer, compounds like Estriol (E3) and 170-
ethynylestradiol (EE2) used as model estrogen compounds in the study carried out by (Kumar et al., 2012).
Anaerobic consortia from operating full-scale UASB reactor treating wastewater was used as a biocatalyst.Both the
EDC showed removal under electrogenesis. However, E3 showed higher removal efficiency than that of EE2. A
decrease in the removal of E3 observed with increase in the concentrations from C1 to C3 supporting the toxic
effects of estrogens on the biocatalyst at higher concentrations. E3C1 (Conc. 500ug/L) showed higher removal
(50.28%) followed by E3C2 (Conc. 1000ug/L) (41.04%) and E3C3 (Conc. 2000ug/L) (16.25%). Maximum power
density was found with EE2C2 (40.02 mW/m?) at followed by E3C2 (34.56 mW/m?), E3C2-PP (31.84 mW/m?),
control (24.32 mW/m?), E3C1 (22.26 mW/m?) and E3C3 (20.19 mW/m?). (Yoshimoto et al., 2004)studied the
degradation of estrogens by isolates taken from activated sludge of wastewater treatment plants. Four strains of
Rhodococcus,R. zopfiiY 50158 and R. equiY 50155, Y 50156, and Y 50157were capable of degrading estrogens E2,
E1, E3, and EE2. E2 and E1 were degraded completely in 24 h, and E3 and EE2 degraded by about 80% of their
concentrations in 24 h. The effect of the Fe(I1l) an oxidant and facultative anaerobic strain of iron-reducing bacteria
on the anaerobic degradation of estrogens in reject water was investigated by (lvanov et al., 2010). The percentage
removal in the natural estrogens such as 17p-estradiol, estriol, and estrone was found to be 92%, 60%, and 27%,
respectively. White rot fungi (WRF) and their lignin-modifying enzymes (LMES), i.e., laccase and lignin and
manganese-dependent peroxidase possess the ability to treat EDCs. Numerous authors reported a high efficiency of
LF and LMEs in biodegradation or transformation of EE2 (Cajthaml, 2015; Cabana et.al, 2007). Several bacterias,
are also found to be effective in the biodegradation of estrogenic compounds at STPs and ETPs (Roh and Chu,
2010); (Yoshimoto et al., 2004); (Yu et al., 2011).

IV. RESULT AND DISCUSSION

In an endeavour to reduce global dependence on fossil fuels and to minimise damage caused to the environment
with the release of carbon dioxide, the world faces the challenge to develop alternative sustainable sources of energy
to meet its escalating energy demands.This paper highlilghted the possibility of using MFC as sustainable source of
energy. MFC is a wonderful technology in converting the chemical energy inside the wide varieties of the waste
organic matter with the help of the microorganism into bio-electricity. Despite the fact that the current MFC
technology is capable of producing very low power output but it is suitable for small telemetry and wireless sensor
system with a small power requirement in the remote areas. Moreover, removal of EDC’s is extremely important to
reduce the potential risk caused by them in treated wastewaters. Thus bioelectrical system could be suitable
alternatives to current expensive physico-chemical technologies for removal of these micropollutants.

V. CONCLUSION
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The goal of achieving energy self-sufficiency in wastewater treatment has spurred tremendous research efforts to
develop more efficient energy-producing anaerobic biotechnologies. Microbial fuel cells are evolving to become a
simple, robust technology. The potential electrogenic bacteria could be readily isolated from wastewater sediments
and employed in MFCs for an eco-friendly and economically feasible method of electricity generation.Also, they
could be utilized for the degradation of several Endocrine disrupting compounds.
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