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With growing global concerns about soil and water pollution and the escalating impacts
of climate change, there is an urgent need for innovative technologies capable of
simultaneously achieving bioremediation and clean energy generation. Microbial fuel cells
(MFCs) and their sediment- or soil-based variants (SMFCs) have emerged as promising
bioelectrochemical systems that convert the chemical energy of organic matter into
electrical energy through the metabolic activity of electrogenic microorganisms, while
concurrently degrading resistant pollutants. Microbial communities residing in sediments
and soil layers, particularly those forming anodic biofilms, play a crucial role in system
performance by facilitating direct and mediated electron transfer. However, the open and
dynamic nature of SMFC environments leads to complex microbial succession,
influencing the electrochemical stability and long-term efficiency of the system. Despite
significant progress, challenges such as limited diversity of efficient electroactive species,
competition between non-electrogenic and electrogenic microorganisms, and biofilm
instability continue to restrict large-scale deployment. This review focuses on the
microbial and electrochemical aspects of MFCs and SMFCs, discussing electron transfer
mechanisms, microbial community dynamics in anodic and cathodic zones, and the
influence of electrochemical parameters on system performance. Future perspectives
include the development of engineered microbial consortia with complementary
functionalities, integration of biostimulation strategies to regulate microbial succession,
and optimization of operational conditions to enhance both power generation and
bioremediation efficiency. The insights presented in this review may facilitate the design
of more sustainable and efficient systems for environmental management and renewable
energy production.
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EXTENDED ABSTRACT

Aim

In response to growing global concerns over environmental degradation and soil contamination, as well as the urgent
need for sustainable energy alternatives, this study aims to provide a comprehensive understanding of the
bioelectrochemical mechanisms governing soil microbial fuel cells (SMFCs). These systems offer a dual-function strategy
for simultaneous soil bioremediation and renewable bioelectricity generation. By integrating recent advances in
electroactive microbial communities, electron transfer pathways, and system optimization strategies, this work
investigates the dynamic interactions between microbial processes and environmental factors influencing SMFC
performance. Furthermore, it critically evaluates key technological challenges, including scalability, long-term
operational stability, and adaptability to variable environmental conditions. Ultimately, the study seeks to bridge existing
knowledge gaps and enhance the practical potential of SMFCs as a sustainable solution to contemporary environmental
and energy challenges.

Method

In this study, a detailed literature review was conducted on scientific papers and technical reports published between
1996 and 2025. All sources were collected from reputable databases and publishers such as Google, Google Scholar, SID,
CAS, ScienceDirect, Elsevier, Springer, Frontiers, Nature, MDPI, and other leading scientific repositories. A total of 179
publications were reviewed, including 23 from 2023-2025, 67 from 2020-2022, 64 from 2014-2019, 9 from 2010-2013,
and 16 from 1996-2009. This distribution reflects a balanced integration of foundational and recent research, ensuring
both historical depth and contemporary relevance. The analysis followed a multi-pronged approach emphasizing the
novelty, reliability, and methodological rigor of the reviewed works to identify trends, gaps, and future research directions.

Data Collection:

Data were collected from peer-reviewed journals, conference papers, and technical reports accessed through trusted
databases and publishers such as Google Scholar, ScienceDirect, CAS, SID, Elsevier, Springer, Frontiers, Nature, and
MDPI. The selection emphasized high-impact and methodologically sound studies relevant to the research scope. To
ensure accuracy and recency, publications from 2020—2025 were prioritized, while key earlier works were included to
provide conceptual grounding. This systematic process ensured comprehensive and reliable coverage of the field.

Findings

This review demonstrates that microbial fuel cells (MFCs), particularly soil microbial fuel cells (SMFCs), offer a
promising bioelectrochemical platform for concurrent soil bioremediation and sustainable bioelectricity generation. The
key findings are summarized below:

Microbial and Electrochemical Mechanisms: Electroactive microorganisms (EAMSs) are central to the
bioelectrochemical performance of microbial fuel cells (MFCs). Species including Geobacter, Shewanella, Pseudomonas,
Clostridium, Desulfobulbus, Rhodoferax, and Bacillus can transfer electrons generated from the oxidation of primarily
organic (and occasionally inorganic) substrates to extracellular electron acceptors, such as electrodes. This process,
known as extracellular electron transfer (EET), underpins the conversion of chemical energy into electrical energy in
MFCs.

EET in microbial systems occurs through two principal mechanisms:

Direct Electron Transfer (DET): Electrons are transferred directly from the microbial cell to the anode through
outer-membrane c-type cytochromes, conductive pili (nanowires), or membrane-bound redox proteins. Notable examples
include Geobacter sulfurreducens and Shewanella oneidensis, which utilize conductive appendages and surface
cytochromes (e.g., OmcZ, MtrC, and OmcA) to enable efficient charge transfer over micrometer-scale distances.

Mediated Electron Transfer (MET): Certain microorganisms secrete soluble redox mediators—such as flavins,
quinones, phenazines, or humic substances—that shuttle electrons between the cell and electrode. For example,
Pseudomonas aeruginosa produces pyocyanin and phenazine-1-carboxamide, enhancing anodic conductivity.

In addition, syntrophic interactions within mixed consortia sustain continuous electron flow and redox balance.
Fermentative bacteria (e.g., Clostridium, Bacteroides) hydrolyze complex organics into low-molecular-weight
metabolites (e.g., acetate, formate), which serve as substrates for EAMs (e.g., Geobacter, Desulfobulbus). This
interdependence enhances substrate utilization, stabilizes anodic biofilms, and improves long-term bioelectrochemical
performance and system resilience.

Environmental and Operational Factors: The performance of microbial fuel cells (MFCs), particularly SMFCs,
is governed by several environmental and operational parameters that regulate microbial metabolism, biofilm activity,
and electrochemical efficiency. Key factors include:

pH: Optimal operation occurs at a near-neutral pH of 6.5-7.5, where microbial activity and electron transfer reach
their highest efficiency. At around pH 6.5, systems have achieved up to 99% Cr(VI1) and 78% p-chlorophenol removal,
with voltage outputs near 540 mV and power densities of approximately 25 mW/mz2. Deviations from this range reduce
biofilm stability and energy output.

Temperature: This parameter critically controls microbial metabolism and reaction kinetics. The mesophilic range
(25-35 °C) supports peak energy generation and pollutant degradation. Extreme temperatures weaken microbial activity,
destabilize anodic biofilms, and compromise long-term efficiency.
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External Resistance: The balance between external and internal resistance determines the overall electrical
performance of microbial fuel cells. The highest power output is typically achieved when the external resistance (Rext)
approximately equals the internal resistance (Rint). However, improper resistance adjustment can lead to significant power
losses and inefficient energy recovery.

Electrode Material and Structure: Electrode composition and morphology significantly affect electron transfer,
microbial attachment, and system stability. Materials such as graphite felt, carbon cloth, and CNT composites offer high
surface area, good conductivity, and excellent biocompatibility. Enhancing surface roughness and mechanical strength
increases microbial adhesion and improves both current generation and pollutant removal efficiency.

Proton Exchange Membrane (PEM) and pH Gradients: Efficient proton transport through the proton exchange
membrane is essential for maintaining charge balance and stable electrochemical performance. The PEM enables protons
produced in the anode to migrate toward the cathode, where they react with electrons and oxygen to form water. Limited
proton transfer causes pH imbalances—acidification in the anode and alkalization in the cathode—reducing system
output. Maintaining a neutral anodic pH (~7) enhances proton conductivity, biofilm growth, and overall stability.

Substrate Concentration: Substrate type and load directly influence microbial oxidation rates and current
generation. Moderate concentrations of easily degradable substrates (e.g., acetate, glucose) sustain consistent power
output and pollutant degradation. Excessive substrate levels can inhibit microbial activity, while low concentrations limit
electron flow and energy recovery.

Bioremediation Efficiency: Soil-based microbial fuel cells (SMFCs) demonstrate remarkable dual functionality,

achieving efficient soil bioremediation while generating bioelectric energy. The integrated oxidation—reduction reactions
mediated by electroactive microorganisms enable simultaneous degradation of organic pollutants and reduction of heavy
metals.

Organic Contaminants: SMFCs effectively degrade complex hydrocarbons such as PAHs (polycyclic aromatic
hydrocarbons), TPHs (total petroleum hydrocarbons), antibiotics, and resistant pesticides, achieving 60-95% removal
efficiency while simultaneously generating 20-80 mW/m?2 of power. Enhanced microbial enrichment near the anode
promotes oxidative degradation, facilitated by electroactive species like Geobacter, Desulfobulbus, Pseudomonas, and
Clostridium. The bioelectric current accelerates oxidation—reduction kinetics, improving pollutant mineralization without
the need for external energy input.

Emerging contaminants: Recent SMFC configurations show promising results in removing phthalates (DMP,
DEHP) and mixed contaminants. Microbial communities enriched with Geobacter and Pseudomonas enhance electron
transfer and biodegradation pathways. Synergistic consortia of fungi and bacteria (e.g., Aspergillus—Glutamicibacter
systems) further improve removal efficiencies through enzymatic and biosurfactant-assisted mechanisms, enhancing the
bioavailability of hydrophobic pollutants.

Heavy Metals: Reduction of metals including Cr(\VI), Pb(ll), Cu(ll), and Zn(Il) primarily occurs at the cathodic
zone through redox reactions where metal ions act as terminal electron acceptors. Migration of positively charged metal
ions toward the cathode under the induced electric field enhances recovery efficiency. Typical results show 40-70%
decreases in metal concentrations in soil and plant tissues after SMFC operation.

Conclusion

This review highlights the remarkable potential of soil-based microbial fuel cells (SMFCs) as dual function
bioelectrochemical systems capable of simultaneously generating renewable electricity and remediating contaminated
soils. By employing diverse microbial consortia—including both native and engineered electrogenic species—and
utilizing a broad spectrum of organic and inorganic substrates, such as environmental pollutants or co-substrates, SMFCs
can operate autonomously, requiring no external energy input or complex maintenance. Under optimized conditions, these
systems have demonstrated power densities of up to 334 W/m?2 and removal efficiencies exceeding 90% for persistent
organic contaminants (e.g., hydrocarbons and antibiotics) as well as for heavy metals including Cr(\V1), Pb(ll), Cu(ll),
and Zn(I1).

The self-sustaining operation of SMFCs further enables their use as self-powered biosensors for real-time
monitoring of soil quality and redox dynamics. Despite notable progress, several challenges persist—particularly
environmental optimization, high internal resistance, and limited long-term stability. Addressing these limitations requires
interdisciplinary advances focused on the isolation of novel electrogenic microorganisms, enhancement of extracellular
electron-transfer (EET) mechanisms, and engineering of syntrophic biofilm networks to improve both electrochemical
performance and pollutant degradation efficiency.

Future research should emphasize the integration of bio-stimulation and bio-augmentation strategies, the
development of cost-effective and sustainable electrode and membrane materials, and the scaling-up of SMFC
configurations under realistic field conditions. Overall, SMFCs represent a sustainable and eco-efficient technology that
bridges clean-energy generation with soil-ecosystem restoration, offering a promising pathway toward global
environmental resilience and sustainable development.



Iranian Journal of Soil and Water Research, Vol 57 (1) 212

Authors Contribution

“Conceptualization, Shayan Shariati, Hadi Mosayeb Zade, Hamid Moghimi; Methodology, Shayan
Shariati, Hadi Mosayeb Zade, Hamid Moghimi; Data curation, Shayan Shariati, Hadi Mosayeb Zade;
Writing—original draft preparation, Shayan Shariati, Hadi Mosayeb Zade; Funding acquisition and project
administration, Shayan Shariati; Visualization, Shayan Shariati, Hadi Mosayeb Zade; Results Interpretation,
Shayan Shariati, Hamid Moghimi; Review and Editing, Final report review, Shayan Shariati, Hamid
Moghimi.” All authors have read and agreed to the published version of the manuscript.

Data Availability Statement
Data will be available based on request from the authors.

Ethical considerations
The authors avoided data fabrication, falsification, plagiarism, and misconduct.

Conflict of interest
The author declares no conflict of interest.



YAPY—YFYY Ll 1 0 low <Y 0,99 ¢yl 91 S g T Wliniens alxo
Homepage: http://ijswr.ut.ac.ir

I g oaia¥T ay joxi 10 ST (Ll )lg ySro ikl 1 29 ,5m0 (5 9 i (579U 9 (YL oy ple
Ay S g 3

¥ oo o Vool ) e (31 D) iz i (b L
1 albl ) ol eyl s eyl ol ey 5 Janoro 0aSCaSNS () Jazme oo 09,5 ¢ J g 00 g5
shayan_shariati@ut.ac.ir
hadi.mosayebzade@ut.ac.ir :asbb) ). )|yl ¢ )] 505 o3l 3 olR31S ey Jaimmo 00SLiils ey § Jagors (gwdige 09,5 .Y

hmoghlml @ut.ac.ir Mbbl) U‘)"l ‘ub.@‘.: L‘_")QJ olKisls ‘5...:[.5..: w...\) ouSiisls ‘6)9J9“‘5)i~" 09; Y

R Wlie Sledb

a5l el Sl cald lanaly 5 S5 O (Sogll salin Sz slaN s b 70 Wlie :allio g g5
ijle Gize ) S|y (6380 055 g oal VT oVliewyj lojen jsbay aiilsny &5 g slas5ld
S bass MFCs) ) (09,500 (S ks ol ol 5o 0sbige wbel Gin 5l Gl VEOFIAYE iedl o gu 6
S50 035,08 a5 Wlowds = ykas Hee b g oliendig iSUlcuny § slaailols lgicaSMFCs) ) Laoi e VEEN Y 16,5550 gLl
i (S sz 59 5l (SlapunlS g S (Sdlin colled Gk 51y (ST olso aloons VERNVA G )6
)b M @9)5».‘0 (':n‘? MLI asly u,....?u r:}LO.A L_SLQOMYT B> 9 4.0).’>u )0 ULA)W—Q 9 QS \F0 u,o)”s )L&H' @)L’
b i JUl Jogend 5 s8] Gloas¥os; JSas @i,k 5l ohsa ( SB sboay 5 Sl
oo (J ol baisS oo Ll baailolos ol o157 5 8 Slhas 10 0atiS cyannd i o9 55Ul (glabanslg (goalS’ slaejly
Wi e 45 350 a29,See S58sS] g 4 yzie SMFCS lles slalagms Seoliys 5 5k ol Sk (Soll
JB slacd iy wy e ams 13 50 cou 1) Able Saeaily 035L 5 bieris 2SIl s b (e g I slaoasYl
SrpailS g Ko yle Cold; T IS (59 58Ul sladisS 935 50 Cadgaze w09 (pl ,0 Ao G 55 Sl
9 anwgd shol @lse 5l plizren ba¥oan; 6 lul b bad e slo iy 5 3928008 5 ()39 25 (5 FF g sk
Sloarz 5 35,05 b 5 9,0 Alie (nl g0 jlod 4y (Saio (ulidie ;0 lags,5ld (nl 65 B @ Yylen
oo @ ool wsey 5 S (s gl 5 (09,50 (SF s slode leards iS5 05,50
slosially 3B 5 (sl 5 onT (Bl 0 (29, 5en welz by 09I Jlisl (sla S5l
arwg Joli ool sbslaileia (ol 598l slen o able 8 See 5 plendig xS
) S5 slespaly (xS a (JoSe slas Shee b ol cwiiges (29,500 Slapgm S
G2 g 033l lejen Rl jshieds Jllee Ll pd (g5luatgs 5 009 )See (cnilr @il sl
@loalels (Hb sloaie; Wl oo j9 50 (nl (Slaadly 525 o0 )18 o 990 (Vb 211

8L 23w 0o laghl g g Camilaze Sy pae slp S5 5 5wk

SE loensil8 s Ko (i 1 929,500 (S5 o 59l 5 oYL pleol (1405) oo oo 9 (53 08l i 1L g 23 ol

oy © O ozl Sl Ll dvwge 1,50
BY NC

DOI:



mailto:shayan_shariati@ut.ac.ir
mailto:hadi.mosayebzade@ut.ac.ir
mailto:hmoghimi@ut.ac.ir
https://creativecommons.org/licenses/by-nc/4.0/

1PeB (33959,8 ) oslois BY 0390 oyl S g o wlindizs  YVF

doddo

sheroons; GBI Sl (grms b (¢ Stz jsbar et e By 5 (i Sxie ouil3 Gl oS S (08 51 5]
Sl sladely 990 0 ) (Slod S la SIS &S pla Ay sl 00,5 wuis ]y (Fao (Sogll s S ol dsa (Sogll Juls
;o «Du & Liu, 2024; Ma et al., 2024; Salman & Hasar, 2023; Yang et al., 2023) wlaxseSily cogos Cdlw o oyl &l il
CO, cdalé guo s Fr g ial3dl 4y ot a8 Yoo e dns Blgl 5 e slacdgm 4 Sl G151 polos s bs o)
(Guadarrama-Peérez et al., 2019; 5jlu co a0 1y Jlaul 5 0 S0 (65,50 5o, Sl 4y J13S (6,58 &y o a5 el 00l (6 yunod]
Siksnelyte-Butkiene et al., 2020)

a5 slaigSay oS oo Wl oaldl 0ot g () s (2 Sl a3z 0 ulul (28 T sladible 5 Slgw, daSTS
Lal et al., 2021; ) wlosls sl> s0e5 ,o 1, i b_mLf Oibes 5 87 )d 0o (S Egese PO ks b
GNM Olereds el 08,58 (55,5L5S8 5 saro slelad 5l ik baee a5 (S Syl (Leifeld, 2023; Tang et al., 2019
Hlid cod 65U s 0,5 SlS B paw S s> L(Aparicio et al., 2022) sad o 4Ll bipiuawsST s )lul slp o>
39,9 5 s9b Sogl (Mandal et al., 2022; Nascimento et al., 2021) wiloads o, 56 ,l>o (55,5laS 5 o ol slac s
aSL w13 ol o 4 dasmedans ) (g9 Ol blre st S 4y o ome 5 JT LS5 5l b 5 uKiw Sl ezl
Anderson-Teixeira et al., 2009; Guo & Gifford, 2002; ) wS Jowe 3 | bptaawsST g0,8ae g b o Jolu wlgi o0
.(Louwagie et al., 2011

lotal 5 s (GRLST i pload Lol il o3> Jald S3Sl 5 b pgmre slaghs, WS diee o
colee Iy ot slass, onl ooled (b ol b (Varma et al., 2021) ates SeinSs 25Ul ahms § S gleond (gt
Jle Gleea (Maet al., 2021) wiil o S iole,d 5 gpodols ials sl (Sogll obn! YU anje alas> 5l sousio
3 o] aenS g 0un LSS 4 ponie 45 ol FESO, 10,8 adlal Julis [CrIVIN] s b pts pg S s oogll S oloowds sl
Pei et) cuils walss ol pan 4y 1) (LS (6l jaud ds) owyiws (ials 5 oo Juals (S ddlos slawds] a5 048 0 S
.@al., 2023

S35 Gras Gy 456 b swlowile Bl pessl BIS adas Jglate sboatbls s ool 5 O (Sooll i) o
(Foladori etal., s,ls 3 oadarams Gluy cuSayie 1 slila celuclsslS YV B /¥ sga> slosk 10 Yaeno ol onis 3,135
aral gl o S,y o 1) canjlaxe 5 (6550 Hleo olin L85 650 Sl Lol ol 2015; Panepinto et al., 2016)
Sy lS a1y el a2dly (glonnli omnl Sl Sz SIS sss sz lr 8 el 4 I 33l e At
Vsum o (cuslage 5 pdlo o) FBum o515« e plojlo ol drwgs Glanl b puiiecs jsbay boau¥T o pae baaslels 53,
o) dnal  oleonds g Su3d Jolse b wld oyl cpl jo (Vermaetal,, 2021) el Lawlyop (48 o5 yg 80 9 Sb (55,)
S 2 ) @l g (G SeS pla aleopal) g 3gd oo Ll 2l BB g 4 enS G (5)sld o lye @
sigy b @lhae 155) 039 pile) Yeme Lol el Jsinn (golal s 1 5 ailimgs anmmacuns) S5 5| (ran; ada 5 s5LS
Fpe ) JlE gamie >l (S S35 I glacan VT clale o5 by 5 (g0 i WrosiaVT (sl i ol
(Maetal., 2021) ceus

wilos Sl 555 4y 1, (loanlih az g (MFCS) 09,8 (S5m0 slody (Vi) 035> 55 (nsd sl ysld s 5
60,550z (60,505 e i s g e Ll 1) (Vb5 g (s B2 g lojan wial B 90 3ol Ul Laailolis ol 125
sbadld s b ol o Slee (Dziegielowski et al., 2023) oS oo o2l Jasrecan ) glo il b ablas ol
Lo 3,500 il oS izt oSy, Ko a5l (o9 Sn (250 (St 1l (EABS) Jludy Ul sl ST (Sl
a5 Sl ROl (355G S35 28U 9551 6L @ (lais yiSL o Jsl iz ST i sk 5l 2l @ i jsbas |,
ST soas¥T 5l e xSl Jlasl jo SUlgs ol 5l 6 S0 00 b (Choi, 2022) aiiies Joboz ) & jg0as 09,550 g5luln, 4 508
Abbas & Rafatullah, ) oisS o pol,3 Hlosed & g0t 1) (SO Sl by adgi Lol jon ooV S50 au 355 156l MFCS (il o

1. MFCs : Microbial fuel cells
v Jldy Sl : Electroactive



O B Sy 53908 9 (@Y b i pleo! 1l ) Ken g (Sias s

Sl 03,8 Jod 00 81570 g 4 iy (pleord pSUICens ()5l o 1) (29,50 (B ges sloy il (S ol (2021
ik 2y pdiasass 6550 adgi g (Ve slaanl B Glee SIS Wlgi oo oS

S lorese som (2L 5 esian sladills 5l @ yuia o hgsy 3505 wie> ol oyl Slalllas (5250
aaslsay o] Slige, 5 LS ( Mol alie podle wosmyle ol )0 Coul s0d Bshane ol sladame SIS laces b
slabls ol il Glp dpa amie (i @9 Geo Sl o el bt Ll b b gunaY
Sy 4 pawse Laid o 5 slalaima ST slaggan S dnng 4 el (Shg (ol S o0 w018 H0ebgs lerty Sl
.(Yang & Chen, 2021) el ouselil (Soil and Sediment Microbial Fuel Cells; SMFCS) Cousy g S 59,500 (S5 g

sl 00l B8 5 g ST olge 5l 18 el rilo joboas a5 gy b S (g5l (5 y0 (53l 99250 SMFCs s
13,755 (o0 )l 3emST 4 s guo i b jlome O (gt b (sl90 (xbans slaaY 50 (1S 05 2SIl S > )0 w09 ooy
Slge 19938l b polen (g la> plas ol cwaige OMSlaw 4y 5L 5wl pal 8 1, (Insitu) Joee ;o (5 10 o0 Sl el oyl
(De Schamphelaire et al., 2008) 3jlu oo @i yo Sos |, >l _oloosds

5B a5 sasiie (sbl3e Az 2 29K (15 g (5lo st At 53 rasb Sl 5 5ot o Jl o 52
S sXenl .ai)ls sged yiaS OB Ol 5 i Jelae slaaibel [0 a5 cnl Hlo Sauzen b agalge pilins o )ls of ponay
& S iomly (S Calan 5 sy SIS b i o U slausgana b olyen g 5 SB aile lalano
9y02] 51 ol Aty Laome oloondsSy b Ll 4 ey ballebs ol sloowis iUl L3, 4 5 o cms el (slodage
SFel 5 5330 Gl o) p diils (IS Hoba (09,5 (g Sladn Dglite sla i )3 3 Sles 55wk 5 (b)) Ay
5 T oyl b s ssiige (o lagmes s sis sloailolis b dslin 1o ¢ nnls (slappiassST fiy 15 45 55,5 tCans
Gl Gloy @by S0 (09,50 s Sl GRS A 5 dnng )0 ax g BB Slacd i Sers b sl se S
Sl el i e saile Bl Sgame lizen Slles slaubie ;o bl o, Shoe i by ] 13l 5 5,Se leloza]
Lyls Ol 4 baiblbs Cawlus 5 Gowaily Sl sloejl ,o 5,80ee )l 55,5 Gl wlbie 4 ikl mlis Jlal
Sl 518 g 950 (o g diepllal O g0ty oS armecen

L 5,918 cnl (elow 5 42,b50 (os 2 (29500 (gm0 Slady 059> 50 (g Dol 00 S SlalKS iz 0929 L
390 foS Slizmed (o)l (gie B 40 (pmiige Sllixa g (olerdg IS sla) g5l (s Slagls 2 Glojen 35 o5
S 3l e S5 AbS o w057 ye Sallas (50l Jolo a4 (51 L polo i sz lz onl jo Lol 5,5 15 4
2 MBS Slaiage sloosaly 5 s S (sleySpile A (Splie slaye JUbs S g Sen lelaiz]
Sl Sl (o) 5 ) laaiz (jols s ed 0,509, (nl g)e0 HHT aws W)l 09 Se (ge i slaailels
2551 pald Il 635 adsi 5 (VG 9> 50 (555l cnl slacd b 5l SalalST (5 lo po e 5 ST sloiRgh Gaos

aisly

o293 el pog)
oL 5 ScienceDirect .CAS SID (Google Scholar Google ,la s pine obio 5l axlllas oyl jo oolatuwl o)90 Yo  olod
VA ggaze ;o loads (5,900,5 cole yuins molie nle 3 MDPI (Nature ([Frontiers Springer ([Elsevier :jsoxon cole o 50
@ bgye e PO N VOB Y-YY slalo & baayo aie TV iloe gl 1ol a3, )80 (59,0 lie cnl (rgod ;o (sole gt
Lgipo aio VA g YW LYo e slolo a4y bg aca A Y12 B YV E sla o 4y bogy o ge £ YT LYY+ sla Lo
@Y 0Tl sl iyl p 4SS el ol allie a5 R oo (i Sloj g8 nl Sl O 51 S 5 Y0 sl &
ooy oolattul (slaoslgaddS .l 0392 (nl ;o (cole Slasjgliws o Saz 4y sliul 5 39 55,4 ke o5 318 Su glaassly
" " Bioelectrogenesis" «"Pesticide" <"Soil sediment microbial fuel cell" ¢"SMFC" ¢ "MFC" : ;I o5 Le allin cpl ,o

n.n

." Microbial interactions" 9 " Wastewater treatment" ¢"Electroactive bacteria



1PeB (33959,8 ) osleis BY 0390 oyl S g o wlindixs YV

950 S g S
2B eslS g Ko ] o a5 ol olanig piSlcan 5 slasbele (Microbial Fuel Cell - MFC) og,5c0 (59 Joko b o
Cnl S oo a9 Sl pandgulie ()0 9 00,5 eoliiul w385 g plyieas (JT @lie) (oS Sl imge S lags S wiile
Ll «Lietal, 2018) cil drwgs bpmadlS 1y, Sn padolio 51 (65050 140 Gk 5 5y paiies ddgy Baa L lal jo (5,4l
Bl 5 S 5 ahal g iVl oje> 4 (6y5l8 9,15 atals cia sleean¥T zals i o ol LIS Sl sl
s 31 25 & Uy 50 s JUES 4y 198 45 Sl louensil§ 3 S s 5k (3, Sen g (slo iy 0 Shos
L gyl ko )b silale, (Uly a5 998 oo oualive (159281951 L (39580 4 pgmsge Slags yiSL 5o Sl cnl ol
O 32 &5 05800 Dgmme liordiy 2SIl alble o55 &ly ;5 (MFC) (09,50 (5gm iy o plond Slate 51 il
ol «Noori et al., 2019) wisS oo g |y (2005 L 5 (ialeST sl (S Ts o e ConBIS lsieas 530 55 slaunnslS ) lg oo
Dinetal., 2023; Pasternak et al., 2019; Syed ) wigs oo (S 2SI (6550 o I olge oloonds (6551 o 4 youe Lulys o STy
Gl 60105 oo bl T rlans 3 Ll S Lasgs T (6l s yslinnST dnailoles ] (55l o 4>l 4o (et al., 2022
Calid WS o 4y >l 32,b 5l oadiodsi slacys Sl .l ol o Waygis (s Lol T g bayg Sl Il 5 Jlal L a8
(o S e i S g Wigh oo Jiie IS 4x by osiiSTaz ¥ b (g i8Il Lanee pas Sl Lagy5g n lajpen g 00
saiiSTaz 4 b Lie 5 5 w8 il Jolis Lol adlhe a5l sig,Se (55w 5oy el (IS by 50,5 oo oSS ailabs
ol Sooloa Lolas a8 o iyl ailols s Shae 5,lul 5 b Ul op,o JEST )0 gloniS sl (25 Sy 2 45 Wigd oo S
s j5bas wlsi oo Loyl 5 (S 0 Shas )5 Cudguome 435S 50 5 005 Sl ploardis 2SI LS @ (oliws sl p3Y by 3|
SO Sy s 135t cos | alle IS 6oL

5930
STolesy

&ilad o SEGT

099y Jo sl
(MFCS) 19,5 535 g g gl 3 ;5o Jpwo! 31 Soilands glos ) JSCib

Lo g3y 4z g3 w03gll Sligws, 5 LSS (N SitU) L yo 2V (sl Jlly 5 55088 sl o, ST oaiyl38 09 0o 4y 4z 3
Ly ol jocwl 00y0,8 Bglans oloadig xSy 5 ladilolss arwgy ;o  rds lapiwnwsST S15 slacod b 5l (6 ,.50,00
5 Sk 3 ool 3,5 ST USE & o Sl 5 LS o Sgrse (alS ST el (slaglol,S 5l el
aS" cowl oagell (Soil and Sediment Microbial Fuel Cells; SMFCS) sgw, S (09,50 550 e oleie b (05,500
«(Abbas & Rafatullah, 2021) sas o Lae b Lyl 5 s ciol)l ) 095 sl W5 5 sl (>led o) o] o
53 b sVl OT Y s Vaoma (50T 51 (8 (laml 53 Wl 5 0us aead 03901 Cogy b S 55,8 Loiiens T el 00!

AV J58) 05 (o0 )l g b ules
Sl Cemnl 5 50 JE g 5 5,50 eallad ol (610 45 05,5 o IS Jlab 5501 lmyY oy ol el 5o



W B Jur 63908 9 (oY b i pleo! 1] ) Ken g (i ps

Gk 5l g 0ol Wl i (59,5801 slags iSL Lawgs eaiadss slays,xSUI (Conners et al., 2022; Garbini et al., 2023) . s
S S b2 4 ) (ATYer, 2020) Wb co ol ST & arie ¢y ienST g 13 g WS o S > WS Caas 2,15l
S5l ogisn mipdst slalad b plgiee ) W5 5 T sla i ¢ oalfaglejl enis 08 ladazms ;5 05,5 o0 )18 ailels 5o

& yS oo )8 oolaiul 090 plin Lag ey slasau S ¢ gl sloo IS o bl Lo ,S Tas

S (295590 (g Sy Seileds p g ¥ S

olaidl g (3 lacasgaoe Jdo @ ohga roal g 45, 2l b plizes 6558 (nl il b sl g Jl cnl b
slis aloz 5l Lol gl ()l 5 cl VL (sloainso g s (S50 (slo el ly 380 5 et Gy 5 S5 4 5 il
ool o iy el sla L o dacusgama 5 bl ol 0525 b (Sathe etal., 2021) b 2SIl § PEM) oysig s Jobs
L cwadyl )3 6358 e bl 050l i oalipdoal (0,5 sloog mSUl 5l solaiul s ooy slo g, Sy danngs o
Py 0ADHI5E L phay 5 dnwgd S yse (n e Sl eaeaidy (Sloy glaosl jo o, Sles (5 Ik S5 5 ey Slge
Lylys 4 MECs o Slos ool 3 SG05 ol ¢ ldas slaai jo 5 51 Cuglin (ol rod « gwdign 0 Koo, ol Wigd oo
ol Vb g sloontig iS5 (65 51 adgy 10 058l (sla 357 lsicas 1) (6,0l pl oSSl 5 00,5 wal 31, (5,15 o s 23l
.(Sonawane & Greener, 2024) wilosges o gi5 03g)]

: (Electroactive) Jledg Sl b 5 S pand golio
JEl 0 84 pasie Hllgy a5 Wgd oo bypueslS g o 51 25,5 Julis (Electroactive Bacteria; EABS) Jlxdg oSl slas 2SU
tlosg 2SI glaailel 4 1) (Jshog)s (ploosdiianss sl 2Ty oyl cnl 5l g 000 Llo | ()5 oo n5 4y 09 2SI
356550 2t 05 (095 005 5 B 55 2SIl (glaais (g9 Sl i) (555 Sl (sloaisS 2 odle w098 Ll s o Wigey (9 5en
Extracellular Electron ) Jslu g, 9 oS Jai! pusilso 33 b 51 Lo yg oSN a5 108 09 (S gulie (sl s 5l (510,95 10 L aS
o b (1 «(Choi, 2022) wuS Jaie (09,5 s gw s i oleaible o > > sleog 2SI 4y (Transfer; EET
il a2Vl Glonld 5 olierds xS 6551 adgs slags;5ld anwgs )5 |, EABS (5 )92

9 995 b pelitane j5bods g Conl y9200y959 2 9 (6 700BS (ehalST (oS (Slo e 2 (e Jlady SSUl (slacs S e solie

1. PEM : Proton exchanging membrane
2. Electrogens
3. Electrotrophs



VoD (90,5958 ) o )los DY 0590 (Il S g of wlindixi  YIA

cdld g o) sl psY 650 e T sl g (EaliST L byeannslS )l Sio ol il o dass ;o MFC slaaslalis )5 9 28Ul U]
(Chandrasekhar & Mohan, 2014a, 2014b) oS o 0Jg ims; SoSI Gl lejen b 5 03,5 el | 395  Sdglio
Slooss 15 slras (> )1 o 1S sloons 115 5l esliinl (sl )T blgs 5o (339,50 pué SloaanslSls S I EABS _cwll 5les
el aigg o Jglaie (Jobuwyg

S5 S Jlabs S SUhay¥enys St b cogS ol sLiasl o sal IS iy i ,5Uls38T slas 25T o] gl o
(Ortega-Martinez et al., 2013) oS o Jiiio 99 xSl grhas 4 EET (encilSo 3,0 511y Jsbosys,0 (Sdsibio sl s 51 ol
Mediated ) Js =S alavly b of o JWasl L (Direct Electron Transfer; DET) 5 xS goiions JWl pons 51 Silgs g0 JWl )]
adawly 986 sladilol ;o .l oo ools ioles Fo¥ sla 5o o lagT o Shae Sileds a5 5 .5 & 9.0 (Electron Transfer; MET
Geobacter il obaiss ;o oL 5SU slpwsl plai ola,lislugl jloslaiwl b 05 xSUNL Jobo slie puiins wlod ¢ Jg 2SI
.(Abbas et al., 2019; Dharmalingam et al., 2019) 5;lu oo ySow |, 55,58l 350 Jlisl Shewanella o

3y oligs 49,1 JUams! abaoly U yg 58I JUiss!
il SIS alausly J5S)se
L oy hone € g5 )% g - :
**
s e
s s
* a
L.

Ui sl sty J585e

3y il g9 SN Uil

b alaulg

DET) (53,5591 poitune JUsi! DET) (39,551 aitane JUs

9 SN JU 5l b9, b of yoo (MFC) (9,80 (35 gus Jpbu T aliio 30 T 0ty ¥T g ooy ;o (fiSon s F S

1. Biofilm



M B Ju 53908 9 (oY b i pleo! 1l ) Ken g (Sias ps

ol o5 i3S o y500 53,250 JUET (sloo e sl 3 ol Giale 31 ol (sloss 2SI Jolo k5 a3 5
Lo S iam r57e 2l Sloei,e 50,555 ol (slaaiss 5 logssiniss wile o B «SlignS s s NADH ol locoins
00l 38 ol slaJoles )T a5 2 )0 (s 195800 bl Slss ey 4 3598 0T (b g oad ST SIS b s (al o]
(Aiyer, 2020; Garimella et al., 2024) 55,5 o Jld ATP adg 5 ciolaST amwdl yind 0] )8 wolys )0
CsH1206+ 2NAD + 2ADP + 2Pi — 2NADH + 2ATP + 2Pyruvate + 2H"+ H» (\ alal,

EET mouilSis 5 EABS w8 o Jiite 5l (sloons o5 4 Goas |, bayg oS a8 (55,580 né (slapumndlE s Sn CED5 53
il oo 2l 8 ) > )5 looss 15w o] JWs! 1Sl dayg xSl g 5luslsT s NADH isluSTL oS ai s o 0,0
NADH — NAD"+ H"+ 2¢ (Valkl,

Gl ATP adss 00ily GLawATP (g5l Jlad oy 5l 5 00 (sl (SLi (58 10 (S8 e bl 41 e as] 3 (]
.(Park & Zeikus, 2000) s2s o

1 skorss oarsdl Jsl LS wiilys oo o ompblise gbaglogs alaz 5l o dagme Jolse a5 wlosls las | @lalllas
Vgors 60055 sbas 55k o hlie , (ZhoU etal., 2023) sris vsege |, EABS (63, 055l s ATP ules w10 g 03,5 Cusii
a1 olaS 5w (b ogisn 5 aos sl anld al 5o wipe 0t bal g (a8l 2olaST 6l 3lsn0s Sl e S|
ol olaisl slap 5w oo ooliiul 09 2SIl gl plorsar Jladg xSl slags 2L Langs G 5 00 Sl ool (slag 8
.(Umar et al., 2020; Zhao et al., 2021)u5 s 018 ol Jopud 5o Shs s dopg S g g bajl5g 00 dajlse 0ums

58S 1> el daors sz g e Ll o b o] collad Ogllas adas EABS Sos 3,5 18 sdes o il 5l S
S35 o 3l ailols o Slae 5 Al g kS gy ) Lalpd 5 Lol g &) (g s ( grrb (sl apome

295540 (G g Jokw 3 Koy Fgo Jolge

5 I leS 3 S (5 (ln cjlame b IS5Le 5 5 )l apacilE g Sn ags Lnosi VT (f a8 w3
s sl ole o, Slee 35 Liwly ol yo «(Agrahari et al., 2022) ol ool goxe b oolw lys OVgame 4 oyl Lo
2yl Lo SIS 5 55 abo 31 oS Jole iz il o o ploary 55U s lbailebs olsicas (MFC) (5 s
Lo 5 PH ol s Lulyd 5 (JI sl imase aloosd 5 (Sosed laiThy dopesils s, Soe Sdpilio cdlsd 5 aliards 2SI
OJSE) o4ls 18

(MFCs) (09,500 < ga sl Jglow 33 (S G Ml 32 S50 wten sl kol )y O S

JEI™ Lcodl 4555 g diS e LpweslE )l sl GoxSl g 0)S égLI.c Olsieds 65,08 ¢ gy Ol 5 ogdle (5” Lngo.).g‘}/T
Coroz i syl &ilgT oo oas Y1 ol YL clale (bl b ogs oo MECs (o (o551 ades o5 5 (o oSl L > ol 4
sy dooan¥T cuale anin (e 5 bl 5,000 5l was GpalS | s Gp 9y Glie g 0 Shee g wl atils og,Se



1PeB (3395958 ) oslos BY 0390 oyl S g o wligdizs  YYe

b 5 bl )y S bt S 5 nl 2 opdle el (55558 A SIS 358 A5 g adal Glojen (3l ST
i S |y e (65lk 5 09 2SI JUI 2 5 Wl oo Yoy mhaw b (alaog 2SI

g iUl dlgo (50 ,5hos Sguty 9 i
1) otlaog 2SI T o )ls S8 o bl s 5 05 2501 Sl Sy il o Borae (MFCS) 09,80 (355 slody 53 32 o3
Ot g S oo i W5 a4y (2)5 e Ko @yb 5l 03,8 Qi ) Wigd oo 3g 395 e pilie (b LSl Se Lo oS
I (e colas oz Jlilss 5 0og alie WIS 5 Wl (6l slge QLU lajlre 5B o0 JE w2 Oy i S
elssl (Agrahari et al., 2022) wgi o 43,5 Jlai o 6, 5lhcun) § 09 43 yodsyg,ae oplyd ccuwlio olionds xSUl sl Shg
Sl 5 i d )T slooy 5 aaSd ooy (slaalos (CNTS) ip)S sloalglyil \ip)S a2y abo 5l s Sl slgo ilises
sle glocosgaze (Jl> cpl L (Olabi et al., 2021) wigd oo soliiwl MFCs ,o 0I5 5 il ol slp !, jsbar (oS
5 00)5 gazma ) AV b ¥ Cus S wlge nl 65,500 (S 9 pdoiSly LI o8 sl (ol )5 locen;
(Abd-Elrahman et al., 2022) ab s (oS sadss oley JBs amecs

5 699, sla STy obg Sgnte o 99 x5Sl mlas 1581 a5 w3sls jLis (Banerjee et al., 2022) .l S 4 Banerjee
JW (s Gl crge o5 Sl oo ¥y (Saiesr GlBI L 55 05,80 mhaw (g5 webo (29,500 Sl Zagls
=dl,S oy xSl 5l eolasul «(Nawaz et al., 2020) Koo slaslllas ;o 05h oo ypuadlS )1y, JLail (51, (active sites)
Rossi )y ,Sen g ROSSI .o by 1Sy sly 53555 xbaw oloul g oy mSUl s alold jials (ST 5 yiol3dl el IS g y5ee
A8 sl s, S Sl Ol ahas gl 45 6] AD (slaliizecSs g See S5 ge o, 5o Etal., 2019
st S o VY 5 alole ol )0 0SS ZAs L ol COD Gds leaily 5 ATV SeedsS 005L o 17+ OWIMBaiciy g5
Sl 4 g5ls g ctlo | basbasar ile o ol jeabee Sl a5 ol colaiul olse o W5 S &1 lgrea
.(Hiegemann et al., 2019; Lu et al., 2015) 545 SLa

2 e oo Loy boad ©gd slainygil colsegil bluy (sloyerdy logis i Sl Jolds &l o 28Ul 23
ady 5 ol el religaplil asile Jlogieris SluS 5 b wil e (Jlo lp g o (S slodlslsil 5 (5318 s
YLD b g5 ol a5 sleSa il ond 2,5 los aldl g EBET) Jobog 1 o551 JEl S5 Sgnge eds¥ons s
Cunilys &1l g Sligel 515 5 eolatul o yuizmen «(Zhou et al., 2016) il i3l oozl  2udl,5 aes 09,58l 4 s
(Cheng & Logan, 2007) s (il38l w1 1,0 U lhable 2g,5 ole g Sials 70 61 6,55l obe;

2 ol (65,505, olsie 4 olzal das (el adg Sl SE JT alie 5l o5y 4) S saisS 2ol olge 5l eolaul 4 ol
el 0 ke oS e 0o asiiz S5 b | AMFCS) (o5 Se (s slaey 3,5as (glonige
25 59elS @l b s jsbo 4y (15 (S Calin 5Vl SIS 5 o5 e i alox Sl el pleantsSiind sla S
sy sl Jsbseie Ll oS o ablie og,See 4¥en) SBL  Sotes 5 e8I Jlisl WS oS .l MFCs
2le) o b hole sloog, T Jliar 1o 5 03,5 et |y (Seliplio SVgams 5 ke slyo Lt sl b anidlol
s 251 (slos 251 oot s 50 58 9,50 JUasil oo alS gl slo oo s 42 (355 5 JomS 9,000 JonS 30,5
shosliul (al plis 09 oo Y un 5 JuS0i5 Cusli 5 Ol (JBe Gl a4 yoie baaslsy (nl tanled oo @ s ) 09,58 lans
oolaiwl by o (lgreds (63,5l Wl5 sladslony 1 asl s oo Gial38l 1) g 2SIl 1) L & coaisS 7)ol lgicas olge oyl
20,5 (0 gt (82 2 latdl Jool L

L b yorly Gl o550 wil o ySlas 900 50 cogllas (llo; 5 Vb (6 Il e jlame b 6,55l Jodo & o0 Ll slojocy
oy Syl plartiy iUl fiSly 5 W) g (IS Caaglie palS o Sliuly Sl adly sbml g9, (S SRl
=S sdgdal sl vlgegil b Lle, o euds <S5 (Liao et al,, 2015; Pu et al., 2018) wuas o iul38l 1) lasg xSUI
Jsbas | il 55,2501 5 Shas ((GO) ouislim a1 31,5 5 D 3536 (CNF) S 5556 LI (MWCNT) S aizo sy s

1. Carbon brushes
2. N-doping
3. Acclimation time



VY B Jur 639U 9 (oY b i pleo! 1l ) Ken g (S s

3 YU 6,55 L Ly, sbo J59, 000 pizren «(Guzman et al., 2017; Luckarift et al., 2012) oo oo Sgue 298 S
oS Slge b L bl sla ol b oMol 3,k 51 il g ot 4t iy sbansT (>lib sl aiasl glan 35 samdm (5 kLo
(Hindatu et al., 2017) s oo 405 538 sl3=>1 g Lla,

Sl 535,501 e s 1531 b s liagil sl il 05 5 (0,5 Slaallyls 38 SlaaenST o35 o3y 4y wolgagil
Kordek-Khalil et al., 2023; Pal et al., ) wies oo isl38l 1y MFC sadgs olgs 5 051 loasYown) ab, i Jkd >l
el (6, 3k 5 Y Slonily b ianslio sl yins 595 2 S0l cnl (BB Bk Sl 5 o pslaieniz (jspelS slawsl (2023
(Guo etal., 2014; Hou et al., 2014) xgis oo adgs (5 b b

Sl Sl T 5l Slacgerme 4 az g daalele (nl )3 iyl 4 (owiiws Glg g oy 2SIl cnl (b o cnlple
b )l & Ol oo Sy cnl (rmee Aoz il (5900 alele jlasly 3 Shoe 9 Vb (5551 035k 4 (letws
610,97 52 eieimred (el 99 xS mhans bl g Se canlin (Sl alie Clad 5 50 (Faiansr (G09S (el 45 390 oL
0l 55 5 090 JEST 4 53 5 005 bl el 5 (9,50 sl sbs oo olad bl olass ial53] s YU 6525 s
2ol gl g b (gilnl 15 009 10,95 2 Slofag Corasl 5l 5 (Sl pliociul (Jalge (nl JLS )0 aidu oo Soute
lol (s Cuaglie (ol & )b 5l 5 camlin (So 58Il (Bl cnl pa0s938) 100 o0 Cmond (hanome Dl i 9 (So 58 (slajLid
prisbiie 5133 25Ul (Sansgs 5 (SIoitS freass (5 o lonn (] e Cule sgara 53 395 o oy Selgi 033k Bl e
318 albiowtiy xSy s sbaaslal S5 sl

9590 (S g gl 50 dlgepH Coon

i 1l 515 5 o oo bz ol Lnygisn JUit 55 il s oty g, Sem (55 9 by 5355kos ()5
Dol 5 6y il 55 5 00 G2STy Laoms ;3 PH Sy oo ol il J3S 31 (g 5 55, ol s s anT 3 ol 5
anlyd sl Jols sloygigy il alaaxs o .(Ivars-Barceld et al., 2018) oS oo i |y (65, 0dsi 5 ddal piwcws IS
s PH S (pl S o0 Spzles WU o 0 (5390 3L sl 325k 5l s 5 00 PH (20 g (g gemslinnST
Oy lge il SYLPH a5 el i o (Rahimnejad et al., 2015) ol (135 51 asbole (68 Sos 053L ¢ lamadsl Colild 5 pitns
Loy 0, sl alime jo 235 PH Lads 5,1 5l 5 oS o 2l Johos o Slos oz 1o 5 4l 20lS W15 Cooms s a3
P (9,5 S s sl 0 «Renetal, 2018) ogd o Wil Caas 3l sodgi Gl il a4 e 5 00,5 Cugds )
o5 b (G5 390500 45598y el (g9, elled ekt 1o 5l i 31 (S LM 55 (5 5 (S (SlappinnsS]
PH 5o 51 iy a3l 5] om ol b 5 g5t (a5 e Sleloinl (S U5 (sl sliinte Ty « H=F.0-Y,0) LIS
sloalebs 5 SLos 5 (5 Sn llad S it 8 5 s Se Slelatzl Lo 4o 5o dnsg iUl feuly ialS sl Wl oo
el « (EABS) 55,2501 (slacs 25l s o5,Sn aolyz olis s3)l3e 2 Wliicoo o5 2SI PH e lsisa 1355 SMFCs
25 el WIS 355 s e 42 5 0,055 1 pedlysion (oloands S o 5 5in g has st Al Sl i
Pedneka «(Rozendal et al., 2006) 55 5 youai gxlS cialS gla STy o5 U ogd ails a5 i 4 oo 3 pH (sod500
gy oo oguite MFCS aigy o Slae (gl 03l (g (V,0—7,0=pH) iz 4 o3 (godgasms a5 Wilos )57 5,155 50 ol en 4
S 65580 addgs g o ¥T Bd 5o LS (n it Glojes 5 00d S ool s ounsj 5l 5 03 odgume al 5o
(Pednekar & Rajan, 2024) &1 oo Cuws &

2 aslllas 35505 W8S (o) (e VB (09)See (FEgm S (o5 5 e 9Sdee 1, PH I LN sYian Wang
Gl Ll o gy PHE 10 a5 ols o)L zmls gy Jidg ISP 5 (CH(VI)) oud b i po S ks T Jshite (slaoa¥T (i
@ b b il pg,S B> lie PH ] jo (Y. Wang et al., 2024) sgi o wgume (55,3 9gi g ooV Bi> Bas 50 42
S1aS 0l Lol VYIYO MWIM? ol JE> o OFY MV L il g5 5lls arcin olosnd s, YA ay Jibg IS-F 99/,
5 Sl Soludge i GrpmnilSe 5 aSS L ol so |y PH= £I0 j0 o Slos (55, 090 5 OIA g pH=EV/F o ilel o Slos
5 SS9 0ed SaaisS (6 SIS st b Wlgs oo P10 4 VIY SIPH 2alS Glase cul 5160,5 (aed (oebas audgis oy
Sloyor 23 (al33l g Sgnte (929,500 SlundbS a]) (318 Slagyg (St ) (o 9 Sl 505095 I 0am 5l 6T ol



1Pe0 (3395958 ) oslois BY 0390 oyl S g o wligdizs  YYY

Gl dgdse AVl Sl 5 (Jske slad g5 p el lres S Ganisisn a pxie w03l (nl yo lapgisn clale )58
509,5 Jeted o5 5 Woaty VT JUiil (gl 1) Lid (5033588 o« Sislinly iUl il (2ol 5 (xbas )b I8z 5o b e idgin
e 2L 5 Gn Sl G Jolas PH esgaze (nl )3 inlple wileioe Cosi |) (rhaw 2alS alaST sla 28Ty S e
0300 Wt 3985 ot 5 S Sl JUET IS (38 51 G35 lsican |y (59,5kos (slmagats (il ol ok, ST 4y L
S 8bee (oalol Sl S plaie 4 PH aie o3k (65l 5 LS s o (idls (MFC) (9S00 (59 Joboo sailols
S (oo e |y (plierdg Sl 5 Slapcs 3 (g5 adgs s )lek 5 g ST Uik
)l Cuoglio
w2l olanis S (glags 2L colled 5 0y sl 1y latege Ll pd S g T oo Loy 201 Gy JiST b (o2 )1 Conglie
(s jsbod 9o oo (Gl Joho a2 a5 998 oo JoSi5 (latn jle 0,55 o0 S8 Jlae 3 (21 Cuglie &5 alSn S e
Jiang ) sns 155 55 2o 1y () (s ol 5 (V) 35 «om b e 53 gy 01 Gl ol L 5 00,5 055 (S 2501 (55,5
(etal., 2021

5 Sl il Jolss Sl o s (515 Canglin b > )5 Caaglie 45 3530 ol sloy 2,5 ols S las
el s (DWivedi et al., 2022) 353 o 553 Bls3 Sl 4y e il 131 Cangliin 51 iy b j1aS )l Caaglie 4> ¢ Joles
2T o )Ken g Jiang iges sl aiS obul (25,5 Gly j0 sz BB Lrels Wl o (B Cuglis il ]
0 Q s o2yl Conglin 5 (slosgase « T+ °C slos 1 sloandin 5ilsSil 5 Sism T 5l DL 5l onliul b glasllias
Jiang ) sl Cewsa) YY - /0% YO MW/M2 Jolaa Vo v+ Q 2,1 Canglin 1o o)l JE> didiy 38,5 ) n [V eye s QL
o35 T 58S sy ol S 555 » 1) >, Caglie 31T YY) )] S gYagoob oo slasdllas yo (etal., 2021
Sl epl el mals (Ver Q) Cunglin o ol 2 VPO MV 4 (Ve KQ) Canglin YL j0VFO MVl g5 5Ldg a5 wis S
Al Jol> Voo e Q> Coglae o VVVLYYIMWM2 Joles olgs JB> s (o ol b og Canglin mals 51 506 5Ll
.(Yagoob et al., 2023)

Stz 53 53IS Slole aSh (KA Sl S s () Sl Sl 5 (T S ans e bt @l o
il Lo MFC Gliardg 2SIl g (sns ) 5390 42

(MFC) (529550 (&5 g Sy slodilolis 50 ¥ Cunn j Coronl g ol
2510k S ladSs 4 JT slacan¥T (T (b a5 090 DIUBI slonds 5B (09,800 walf a4 JT slooni VT (s a2
55y ety A Nedeo Giluidane ool (Gans Slge ay (b bz b (2Rl Lo o LolS jsbar b ends oo
5 555 Oogen | Ol 5 SB 51 T looa¥T Bio daeandlS )l e 5l (65050500 b a5 ol Cjlanma L )55k 5 5l
5 WloasSTy Cands 10 08,58 jebas lapanslS g ,Soe (Joutey et al., 2013; Megharaj et al., 2011) ojlu ooy Sl Fanl IS
bailol codle Lias 4 g il sodS 25 ST slaonnVT madons ) oo 56 )3 cgsite (Silplin sla olss cals s &

SIS o S bl cedls g
w0V a2 (YL )l ale 51 coge sl Sg sl b JT sleoa¥T ass (gl soliiul o 90 (lapmuslE g ,Sn
WJyere ysbas (Yadavetal, 2021) siil 5 s Sl OV game 0dg oUlg 5 JT sloess¥T oYL slacdale jo i e Ll
S5 b 0sesl b ol come 5 wigdoe 23] Gl aliersn slaSis 5 el Ll Gelol  laeenlS s Soe

23,5 o 0l V#S IRNA
sl o @olS 2 Bl 5 ol ams e Lt |y T lmon¥T a5 5 ey ) g ySee saSe3iS 5SS s £ IS
W35 ety g 03,5 e |y Bodis VT Sl (oo i Qi) 8 o o 25 2alS L g o0, iyl JT slaoan¥T s 45
g oo a5 axtd (S lug g gal CrolS b Cengoails s (xbaw JUd sla J5Sge @Bl )3 DLaS 5 cnl e oo I (29,50
45008 a1 S8 b sl 56 511, 5 50T (sl Fooll (e oS5 il Sl 51 53l (SBIE 59) Jua S5
3950 sty PO T Sgnd 4 50 5 0ol 4y LaeudlEly Koo pus s GaliE e wnld S i o 56

1. Microbial glycoconjugates



YYY o SBamw Juy 53908 9 (oY b i pleo! 1] )en g (i ps

(Zhao et al., 2017)

MFCo Shaoe 55 sl sa¥ms 25 5 0235 n e (5t i 5 oDLolb 4 5o ol Jele (lyiet ool g S
abal, &l mhaw ;0 Vs ) Ganwg 9 ob) LMFC ;o olys adgi .o)l38 oo 5l ailels o83l 5 Loits 135 e Sk sl
s oo Gl ) insu 5l eolaiul 5590500 s 25U JYL o515 Jdo a0 5081 5 SHeates GlaaYiwn ) o)l i
SO g5 camis 40 g eoly alS 1) &l gl Db Canglie Cruizman 85T 0 ¥ s 0, i l33l (Choudhury et al., 2017)
[(Baranitharan et al., 2015) b oo io!58! asloles

) (4]
Qa8 wdas
= =L T3 i 9
5 Jobo : )
o : o L 3 “I
A L
Ho* 't od b 'y No
a,

éb a.‘n._\" JL:}'
St o3 4.

oo O )’JA‘J 6& a.)._yi é_.:\]l..- C.‘_..‘
o = P TN

59550 ST 95T SKS Lanwgi aidly Sgade (5 y1dy oy b T (o T (i § 4 325 o S

3 glon s ads wiyold calises  Jases Loyl o b (6,850 <ol 5 goiie  Sdgbio sloodlad o 4y bopendlS g o
SloaiSogame Jolge 31 20 VS 0 Les Ly oasY] b o o s padi g,k ol 5l g S a4y | ‘SIT Lgl.mo.;g}ﬂ
ods VT sy 4355 S50 (o Jolge .80 cilis M)l..\f).ul; ooVl s a8 £ 5 0 aS e e ol
Sod S 5 spbend ( Soid Jelse (Alikhani etal., 2022) cul (555,50 oYhcen; anld Y 2ol a4 olows ol
(Zmg wL..O.A )é 6)5L.3 u)‘ JLQ.C‘ )| u.......s .O)L) 6‘0)45 Mb‘ Lﬁu—‘ J)\) 9 ..\......)L» )‘..\f).ut ‘5........') 44).79 U‘)“"Q 9 Q.C).u) » ..\.u‘y‘s‘o
S oo SaS b s pia s b slaoan VT L agalee ;0 p3Y Slaladl Slulids § oV (6 iy Pican ;



1PeB (33959,8 ) osleis BY 0390 oyl S g o wlinéizs  YYF

BB JT sboaso¥T

525
gy S0

e 650 38 gl 3L
BTEX

L ol

ST soaia¥T (a3 4300

oot s T (5Umoig VT o5 4155 3 i3 Jolge VY S5
iy o5 slabavly slocapbie asi 5 (Al 4y 8y Jlosol st a2 Joliie slasnld g oanl Lalys o
S 0318 019,50 (S5 Sy Jite laailolis ) 10,1 3525 050 (il j3le S 5 4y Sl (55 550k 5 Soroms
a5 ez s Gy, JolS B 5 el (nl 4y (bt 53 Suge e (b 0l b 055 00 Calie JolS” (g5l Sane
oy xS slalaze 3y ) ol b basYows § ol cpl 5o sl Ban e bords LSl Sazr g @;)...;b Cot s
S b ¥y 5 (ol 0 oo Ll a3 ilse s ade 50 (aolets (o285 109,28 JUl e 5 53101 slo 31 51 (28
235 ST a5 2 5| pasl 5 ol g0ty Iel 0 b laoais¥T 45 Wisd o wrgo oSkt slacssbio pglio sl lisL

08550 85 Jatms Baas 105 10igd g0 Cogmino (529,500 (55 g ey sloailolis | Sl (352 panclS g S el iy 10305
C el el et il baslele ul (b 5l Lo Gl
Lod Ol pors
wix e ol oad ALl e3ay 65, ae slaaille ;o sl sla 2Ty b il 3 Slalhae 5 mlio 5 yS L
S iSTs 2 Led ST S1 igaos 8 sl plis i g, JalS 15 350 (MFC) (5o (25 90 (sl by 9,5k s Les i
(Firdous et al., 2018) |, Sen ¢ Firdous  Jlie (sly Col (59,0 avhad 3 (iYL sloaibole ;o (5,50 Ol § (515 5 gl
L] 1030, (o 8,5 Sl a2 10 YO 5 YO (slos 55 50 1, S (89, oo DL (e (09,80 (55 Jop So 3,Skae
P YVEEMWIM2 laas 51 YL Sleas a5 s, PIVAMWIMZ & 29,5 ol JBS ol 5 ile az 0 YO gles jo a5 auzdl o
O a0 VO sleo

o,lil B aisss . 0,5 Bree MFCo Slae 38 51 Jaoe Jolge 51 (SO olgreas 1) Les (Y- YY) 35 )], gYaqoob
Olos sk 5> i Glowily (2505 S8 Y (it 51 I limmsms 25 5 PH Sl b ol om (olos wlilgs a5 wis 8
(FSPOMDRC S SR SURCIIN [P SN TSP R DRSUURS Y DS NP PR JCIPS JICORURICIR U N I SIRCE X S T SN PR EC NS
28l (g8 oad S5 aalllas ;) canVT a5z LS o8 5 (6550 adgi (03l o iz o g 95 se ol AYCu; (6luLb
Yagoob et al., ) el ool atiils (559,60 MFC Sowaily o,8as (poai sl Sl gloos Laylyd Jass copl ply auS oo log

1. Mineralization



YYO o B amw Sy 539U 9 (oY b i pleo! 1l ) Ken g (Sias ps

(2023

2 Lot 1y 5 el MFCS LIS s 55 s0ulS sl el )l 51 (S5 Los a5 33,5 oS 55 (V- + F) ol Ko 5 Pednekar
samms o Ko Solled by (slales 53 ety 485 4y 038 oo 31 (90 JUiil 5 Splie sl iy g Se Sulad
gy0n) 5 g baailels ol 5 Shos 3 5,k (2alS e wiiled o 5 5L slales a5 Il o 1S o 2l ailales )15 5 00l
ol oads (Byme canlio Gl5 adgi g ean VT Bdo 4y Sltas (6l ate o3l plsieas (YO=Y0 C° o500) Silidgio (godg00me
(Liu & Logan, 2004)

Sl a2 51 bl (ol 4 o n (L3 5 Slalllas sl ,o (MFCS) 5 S (5550 sl ey 3,8kos 3 s Sl (s
Oen 5 Hamed .l soliwl 0,90 29,500 dnsl> ol sla 5o 5 )L 6 b 4 ataly Gasa ol 156 Ll el
Feobvo jlls Suldlbol olas mbs s S obj)l slakass 30 MFC S 50 50 ades 1) Les ).,.,L, (Hamed et al., 2021)
o edms o g 4l Gl Y (slales 55 LIy Sn Cllad a5 wizjo s oo Galid (S S oy ol F il 4y
Jis L5 (55,1 a5 g slaliimo 53 MFC o a5 s osalie olSom 5 ANl s bl o 135 oo 28l o2 g5 ol
odbadys ke b ol )5 sl az 0 V0 o alen mSUI iy 0gi ¢ o5 jgbody .ol salive (g lobine Sl s g 090 Les Ol s
L leo & polie 09,50 aoly> 425 5l (50 Wl o bt jo &glas ) (An et al., 2023) o4 ply ol 5 6le az 0 ¥ jo
Los a4 5T el b ol 00,5 Cens 5o Slpasd il 0 |, s 3,Skas a5 wil Sladllas o Sglite Sdglie 5l punnsilSo
5 0391 jaiie yiahl ol 4 piass ol Lol 095 o Ggmmee MFCS slaailob (Soliys 4o 00 s 5 08,50 Jole
3518 (K Sy fo Sl )y S 55l0k 5 Sy ALk @
PEM) 099 Job slis
Lylsa 51 5 ol 09,500 (5 3m0 oy 9,Shos oS pnnd Jalge (2 ntee 5| el g &l o yomdy (PEM) (55 Jols sl
a1y sk ol (s3luosly 5 (b sloansn 3l ez s BB (i 5 03,5 (6555l aliima 55 ol o osllasl LS 5 o
(Dharmalingam et al., 2019) sauw olais! g

SRSz Bos S yge 5l e 3o 5 00,5 et |y (5890 JUtil eilonds a0 Lla jogisy 5l oS (3358) gl slalas
Gabaizes 5 (CO2) (1,8 wenSTio 5 Gl salaiome 3 (O2) (yiemST aiile olo)l5 35 mile balad cpl einl 2 odle aiiS o
(Vélez-Pérez et al., 2020) wigi oo (o]

09 ol slag lsieds (6 pendican; sy el 51 (Y- YY) K g Olayiwola Sirajudeen lawgs slasilas ;o
Qo VO LB O ekl o (PHB) Q\)ﬁijSB)..\i.m—\‘—(R)—sl% (gl yo Al colanul si"\é slio OB absal o
Sy J&> L Nafion )l slae 5l 5YL a8 cdl cavs £ AMWIM2 ol JK> a4 PHB a0 V0 slaé .cd, 54 5
«(Sirajudeen et al., 2021) 54 OY - mW/m?

Sy DS aaai gl MFC s (Earthen membranes) S slalac 51 (Y-YY) o, g Suransh 5o aslllas ;o
crl 5l om e ldai e rals cel a5 wols zels Nafion 117 lié gojlasl a1y cudgSs g 1,3 ojlasl by T .ass S soliiwl
.(Suransh & Mungray, 2022) o Jol>220/VY £F4/¥ mW/me 1y J&> ool

Sl Gleieds Wlgh co (6 penls S90S slid 4 SIO; &l )39k 0453l a5 w58 )5 slgien 55 (Y- YY) )], o Nayak
Gautametal., ) o <ol VOMWIMZ lgs JS> s3AA0 MV sadss 5Ly dcion ( jidgh (pl ;0 .05 Joe PEM (gl ol
ol Ul Slge (6533585 5 S5isn Culad e cawlial Jols Nafion ,la o b slales ;5 se>ge Lol sla 2ll> 512023
3 ool a5 Wlesls las 5l sle gy (Valimandanipour, 2017) sad co pimw LS 003l als 4 i a5
2 e sblas l Jols @bl (pls jeb 4 all plss ol el Gl Fge 6 ), Wi oo s reh Slacy jenalS sl
osllan 0> 3 Sign Calas Lais red 05,0l by sl cpl a5 ol lis 69, Shee Sliogil b oadica il digilge o pbinl b
warls a5 oad ol Fobil connd li8l 4 o el pl (Mandanipour, 2021) wias alS ol 4 1) olge gllacl Lisl

1. Thermotolerant
2. lonomers



1PeB (33959,8 ) osleis BY 0390 oyl S g o wlindizs  YYF

odbzMol glalie plas cunl oads (5158 ol podle .l 59,500 S o ;0 WIS &1 Heo slelax gl Sl

&ly sloassS lganel slala il plgie @ 1 lagl a5 ol S5y atiws ol LBlaST 5)luk 5 Sg Jols cud)b @)l
S (g0 (B e it 3985S g plgdly slalid wiols &S lierdg S5 Slaptus alox jlSes 1S slas )18

stz P FB Ceal jllaan pa o)l g baslels cpl o Shoe s 53 (999 JobS SLid conlin QLI 5 £53 i cnl

039 Cumnt j 9 oS 19 om0 3l (& (20 S
Gl 3 D9 oe Dgatte 03,08 ey SNl sl (SPE g edgium 5l (28 (S b g ez S Oy 4 S
5 Lo S oz 5l esrs, S @olsz sl o b Sl SIS 5 o L] ()35 SlipenlS )l St 1003 @S|
(il 5 aliomsesn sloanlp (b (59, nd slaog)S oS sl Sjg0 as bl ) Ken (al WS (o0 185 a8
Caz Soles ;o B ases oo 518 59,580 o xS LSl )5 g 00,5 4 ye ceslatuwl BB g geole SLuS 5 4l eouzy JT olse
Lo pancilS g Soo 53 41 soriiane (Siuly  loardim L] (0l 255 5§ 2L 92y al b digd B pms a8l i a8
(Waldrop etal., 2012) 5,15 lay| s ; bammo o oS> sloonds 5 (o8 Lyl

S8 eolaial 990 ez ;S MFC (55l8 L Lo la g 51 )kems )0 &5 (359 23Sl (slags yiSTL (n Soadarslis 5l (S5
g Fe(l) aile ©l3ls ST sloasss ol Sl oands jobay 635 (6 255U o).l Geobacter sulfurreducens o ,.5 oo
Jsl aigS ol o (Methe etal., 2003) o (s 5luloz 03Il JUIS S Slga, 5 b g 8,08 &5len o sl i jo 1, Mn(IV)
St n) (7)1 Lid laps Sy j5a 45 0,5 0 &)50 (a5 (ST la STy 5l slassazms 325k 5l T 4 52l
ol anlyd cpl Lol Jele (09,581 soims Jlas!

s a5 0L o G. metallireducens (el ool (sjlwlas> S5 5l a5 Geobacter oolgls 5l (6,500 Cglaie (s4565
L S Lz obgS oy slawwl oygumlanST L ol o 1) yo] Joloesls (sloannsT jials 4 ,ol8 sobaislis pusils g ,Se
Shewanella ;o s3lea o sl cow Co(l) 5 MN(1V) < Fe(lll) asle Sl alS” SUles . (Loviey et al., 1993) ¢l
Gk 3l e 1) g mSU el Jol8 aigS 1l og 00s0 )8 o glaslogy Dlgw, 5l a5 (glis 2SL coanl oo sumlins jiputrefaciens
599 B Jolgd )0 (2 il 1) gl (15 45" lid JS 90 sloostly Gasbo Sl o0 5 (25 sLid slaps S sims g
oSl sl s 8 gslulax jawgi, 5las’ Pseudomonas aeruginosa s4isS ,o .(Rossmann etal., 2015) &S Jatis ¢ gk ;|
(De Celis et al., 2021) 35 o plovl o pilbawsn 05545 ¢ 2alS 0T laalauly i 5 Jdo 4 ien Jolwz 1>

boasdy ols (ol Coanl ol (ga2ds5 5 o) sl leSal S1B )0 d92 g0 lapeilSlg e Sl5l,8 5 £95 (LS 9k
2 y3lse @018 059 AUl sl s STl Cellad g dmasgi sl |y (ool s cio0lis slaJsSUge 0dgi 5 I g0z LS 5 s
oo 53w iy g 00,5 Jitte 35280 s & 1) 395 (Slalie slanny T 51 ol (sl 25 5,00 lags =S ol
35033k 5 9 8hee (65l 55 (GulS i (pliong SIS S ol (nl 525 )18 (610 0 02 3590 (MFCS) (029,50 (525 50
A oo Lyl oliendig iSUlcan ; slaailol

S p (e (29,590 (G g slads €19l
SOVl anladl axwgs egiie SlapiuewsST ;5 SMFCS) S 5 s (09,500 (5w S 5l (rmy ik o035
0aip 3 S o agmaany ) 03,58 £535 Oyl slailiog, Sligm, 5 AKix «s3)liS ol 5 loailils b a8 anb
Glocglis ( cogpie Hate o)l ol en 4 55 1) goante Sllee 5 (g k0 la Sazy bl wl (55l ol (YL g ndyllas]
Sl slml 4 omie o ogr (Fama) E55 9 £ 5 I Sl (05 eyt 58 (Shele e (S Sl oS 5 e ok
laoslss (nl (Slles olBwd 5l0le oo 3 B pamin |) w12 0,Shoc a5 35800 (29,0 Delas 5 (39 2SN JUamil glite
85 5 yalots 15 I8 o 13l (6 iy oliie Jmiliy § St SYsb ()l 2oV (sl Sag, g iUl (g S (b Lo
SMFCS 25,8 1135 10 Gy ol iy bl anilai LIS (63,0leS slacS L o ol (Sas o Sligms, 40 Boge b K
b cslond corge sale &g 50 (nl 09 oo piuasST 58 (slacudgazms g o Jauily 380 S0 5l wle s SolS Sy plgre @

1. Pili



YYV o S8 amw Juy 53908 9 (oY b i pleo! 1] )Kap g (i ps

slp |y (pateine glaganatos (oo slasSialius 5380 S50 5 loyell loaige @S dmlio Joteud sl ol 52053
logaisains Gl 388 (o2 9 (Brxe 4 csastie 5 (Slloe lasglis ()l (G5Ludlid jolaie 4 calol 10 S iy 5 lapptss (]
(Song et al., 2019; Sun et al., 2025) c&ls ol

55,5 65,585 Sl 5l syl colled S glgil 51 (gl i 1o 09,5 ol T (S0il MFCs) (TG (29 150 i g S s
Slge puce fuizmad 5 WIS g 0T o crnds saiSTas w0us0aSs iy i S pladille iz 0 b K g &5l da L G
15,5 0030l el 0ty T3 1y ssmge LS 1L 0,0 i HalS Ysene MFC g5 ol 1o a8 o Uyl ) s, Seo Curmor g 1
(AAJSS) . 555 oo

OO0 )
@ ss-u C.._ slag =t ) slag Sl “ o L
el 5 L ! Slge suiiSas jou S jg Sl | T Slge uiiSay o

(A) B)

Blisigmy 9 (A S (029,50 (55 g Sy S Slois A Yo

Ol g S 6 5 Jols a5 st Jlab g, 5o Lol ¢35 o H(Sedliment MFCS) (otgu ot sSu0 o g s gko
Lo 5 9o SaLS Jlaisl S Ll coul (S 5 S s sl bt bl (il 53 S ailsy aril s
ABUSE) 2,5 coi )5 425 3,90 (ST (5,50 (5 (sl Sl silon

oaieiFl SBoVE b MFC (g5sk3 00,505, ol ,o HOW-MFCS) (Sguan Sow¥l g oidgw sloobe
Al oo Ml ahar ] Lol 5 05 4 eus slesl (Constructed Wetlands)

2o 5035 BLS gy ams 15 ¢ Kem (555 3o (5l Sk J s (ol HPIANE MFCS) (AL (ot 50 53 5B gl
g 2SIl iyt ornl 00iiS T 5 ol g ;S | 2 o ¢S 508 o5 asS5 25 Boras S 5 biy) 45 igitope > b g 03,8
AJSL) o ks onge ol

Ol ss eSS 5 ol leog 2SIl (s T A bools las Jbowins sl (VYY) (e g 5 e, alelRan ool
oly az,5 (Reimers et al., 2001) 5,5 aJdgs aiews 5SI b > g zlmeal 1) ol Slsw, o atags oleonds 2SI il
3 Gt ks gi 45 5,8 Ll il (e Lol (T mhas quye yio  Slyishes Vo 3505) 358 Sl s wilels ol g,
G Segs 45 0B (phg) laasm 0,5 Jee g 5l snaz o £98 abll plaied 4t Gl el (Gad (S lapinsnsS]
(Zaeni et al., 2020) cawl iy Sel 55 sl o LKir oSl (xilpe 155,5LaS slaipe; wiile S slapiasusS] S )
4255 dapiawsST Il Cupoe (5o o9, 5 pdiaand 6550 @l S 4 )15 5 el ebli> &g p0 @ 4255 b g cnlple



1PeB (3395958 ) osleis BY 0390 oyl S g o wlindizs  YYA

drogs 0l lganel o S5l (698 S plgie 4 SIS (09,5 (g slo e la il 6 uSe e 4 SLLS
.oo)f‘sa

slag Sl S i Slge
S92l sl
PMFC) LS (919,50 i gm0 S, S, Sl 4SS

S pawgS| 2 (0 (29550 (S g S 50 JLdg Sl slas S
Vb 5 655 (il sl b sl I LS 5 55l Sosises 5 095U s3lasliT g b 535,550 (slas 1S
30 oS oleandig mSU Lyl Sbcen Cadas oS alel jo ol 59,5 Glelaiz] Cullad 5 gz 0iS o ool 3 |, S
Codlad g 0l g olboonig xSl laxe ol (Vishwanathan, 2021) el wibels ol (S ol )5 0aisS s <o5 ls |1 3SMFC
aly S som (29,500 aelyz wnl ccaled o 5 00,5 Casi | BET) Jshotysy 05250 Jasl blys syl slapmils )l Soe
(Garbini et al., 2023) 5jLu oo o Jlady 2SIl o, Seo Slelaz!

) 855wl (S slaptuns] o ol Slse 5 (BABS) Jlubs i (slas Sl (55, 0375 Slalllas o525 |
1) JWg S 5LsS (2l S sladiss (2 ool slalae )3 oudplonl slatagsy Wlat3 S J15 cw) 2 8590 eS¢ yiien
g sk ol a5 oud oals lis g5dls G S (g5, 418,58 s0 Slalllae 13 igas gl ilos,S g, SMFCS o Slas
(O sdite Jhw a1 ba] JUisil &y eie 5 03,5 Joass |, (AS) ST 5 (F&) pal o5 o5 a5 wigh oo oy S (53l sié
(Gustave et al., 2019) ws 5 o S

. Bacillaceae ~ Xanthomonadaceae . Geobacteraceae Joli SMFCs o ouls olulis gaudS 59,500 slroslgls
Dolfing, 2014; ) w.sb .o BacillotasPseudomonadota Bacteroidota Actinomycetota sl ,L5 S5 5 Chitinophagaceae
QS oo g 1y il s g iSII sl o138 lasg ,See ol (Zhu, Tang, et al., 2018; Zhu, Wu, et al., 2018; Zhuang et al., 2015
.(Song et al., 2019; Wong et al., 2018) wgs o JoSS Bacteroides 5 Clostridium aule oaisS joss slas S Lawgs 4
g Olyieds SMFC o Shos adsl ol e )0 ¢ p2xijobsS © 2 sladeal 5 Sliwl aiile (oo adgi b 6 mess slas 2Sb
.(Dolfing, 2014; Simeon et al., 2022) oS oo Jos 59,58 o 251 (6l

5l SN game sy Jlozol Ll s (il531 1, SMFCS )5 3 w35 ol wlsio g9 (03,500 Sleloiz| 397 4 51
4 cbadlre plabasme Gloicds ba¥ i) ¢S IS8 WS Jioe | (29,50 gzl (2lisy 5 Jobd Wlgs oo 457305 3525 325 (soms
Semenec et al., ) 5,51 oo mal,8 1, SLS 5 opl (g5le s Sl aSly oS o clablone piae SLLS 5 5l Lulas slacsg Sie oS



YA B Ju 539U 9 (oY b i pleo! 1l ) Ken g (S ps

o0 155 g 2SI sla iz 35 o0lil y 5 yme s o) - IS5 (Sreelekshmy, 2020) aiS' o peassi |, SMFC (slaasloles
il pes (SB pharnsS] (e (29,50 (g Sl slasy xSl )

n
r

@
[9)
o
: o
: 8
Q e
w
=
)
2 = 8
0 ¢ ¥ af
< 2 L &
N
% §
O@d\ ) b L
%, Y € ©
(2% @ S
%,,. S @
% Q ‘,(\0
%k, N J \o©
’baqe ; 1 0° 5 onas
s com
oo 1
Geopsychrobacter Acidiphilium
onds  ° 2 Pac
ud @ o 7%,
pse oV & L S, %y
Q}\ o) 03 2,
& 8 Z %
S S o)
% 3 3,
5 g | %
O-Proteobacteria % Q. ’<,'a
y-Proteobacteria i= %
Firmicutes 3
a-Proteobacteria O

I B-Proteobacteria
Acidobacteria
Euryarchaeota

Cawl  Jle8d dloxi susdd yLis ob Lo due . Olosl 4o SMFC clasg s oo iyl 35 Jlrdg Sl s s 2SL Gl i oy ygmsly Ve S5l
& olad pb o ol g 9y 2 oI35 Jlesg SLESL e 2 iml)
(Yang & Chen, 2021) .l o0y (5% 5135 SMFC ouuis o eiladllan yo iz o] a5

Sl 5 b (8 O jg0as Gloj 35 50 (09 (529,50 (S Curoaz 45 090 s Larzme Sy 50 roniy ¥ Bsenils (65l
335 o0 2al )5 (goariSa s glaaisS gl g ot (tal Bl 4 o () ks anl B ol igds azdly Glal 5 155l oanyY
I ee (gl (oyme y0 a8 iblie )0 cg0nl3l gl go Cumdds (655l 5 () e Sl |y looan VT Sl eslazul Ul o5
bl (S599sST Coal ((Thng cnl el yiin Cilpear Vb gar525 Ol b 25,50 Sladiges Lol 5 5lulazr Jlaisl i)l
(Ghorbannezhad et al., 2018) 5;lu g0 awz 13 00V 5 5 polin sogs (SBEwlS g, (s09all mlie ylgicay 1) 004l
2° 09 «0295w0 Gloas] B 5l (65l S o sl SMFC slaailobis o Sloe (6l | 50 (puslusl (283 Sdgilin s jon
Lyl )0 ciges ylaacas (Kuoetal, 2021) il Bg i a4y diols caiziws aulis b Jolo cpl ;0 a5 Sojsilio b s5len o ol
5 S o lid 055 3 g8 B S iSUl o Ules Comamonadaceae i oL iSL sbeog )5 (B el i g oy henST 08
S sysbar wijlon e SB gesizy J OlS 5 a4 St plidlen b g9, il ladisS (plalame (i
S 703 S el 398 o0 g0 (29,5 gleizl 3 Vb () £95 (nl o) o 2 1) (SR o jl (ol o5 isS sa
LIS o ol il 53 s Juk (et 5551 & 35UsT (Splie (sl s sk 315 4385 155 G JT oS 5

1. Syntrophic interactions



1PeB (3395958 ) osleis BY 0390 oyl S g o wligdims YV

(Yang & Chen, 2021) was co il g ssbas | WSMFC (Seiss 2501 003 5 (g5l oo S
10+ (RF-EMF ) g0, (il 15 b (msbliiing S| cglalage Lol 457 ol ()Lt (YY) o Sai g conie yus! ide}
Oeizeed g Pseudomonas aeruginosa b yxiSU sleas Vi (Sdglio jL8, 5 Jlslo wd) (6 pSadar jsboay Gilgi o (5 29kS
Gt S 0, 5 e ibe sbas EMF il a5 Jlo jo S Jyaws |, ally sty 51 Jols sodume oS lelazs|
P. 6oSL aYhaan; olg a5 ol ssslice b s Glidler Ol Hlejpe 0,5 (6,59l AN dgux ) Vi)
sadld G o0 LS o pae sbaYorn ) e s o Slas S g0 (pl . anidn oo Sgupn 00l J S Ll o |jaeruginosa
wile (olertiy iSUliny s slaailels ;5 windan ©jg0h Sl oo (mrbliieg 2SI Slaglage a5 ds o lis ke (S sulie
e |y baYoas ) g lase cunl ol cwibliseg mSUI S 25 09 X8 1,8 colaiwl 8,50 (MFC) (05,50 gm0 s
3 1S LS slo s 2 i 32, 51 BET) gl 5 9,50 JUil 5 s o5 opllan oo 53 1y 35l 13 1S 25
5 ailsls (69,509, wilsi o (smolisng 2SI S o b (29,80 (550 Loy omlosl () 020 S5etr (29,500 SArelr S
MOghimi JuisS” ool 3 az LSs obonds iScens ) cloailobes ;5 oot VT o LIS s5e0s 5 olys adgs 035k Lialdl sl

. (etal., 2025

S g janhai Iz )l plgreas SMFCs (g,9L3
CHD Oisoed Slogs 5 0ud 4320 (1alS (ialuST slaiaSTy Gyl 5l oo VT ool (ol jo (s ashai a8 b o
(Kimetal., 2022) (¥ alslee) 253,50 831 (CO2) 53,8 nSTss 5 (€) Ly 2SI
(CH0)n + H,0 — CO, + H' + & (¥ absles S ol y2STo)

i o JWEG! e co 4l Ll (0,5 lge 5l el aS il Coas 4 g 00,5 G ) Lo yg xSU1 sl Jladg 2SUT slogs 1iSL
S WIS 2y o G,k 5l e e (slasg Sl s 35 o Ll 1 039,550 (5055 25 ol 59 T sy
2535 oo JoSts o (sl JySga Ly 5 wigdige Jiite «s5lsm Ly 30 (y5mnSTLILE « 09 5501 (a5 (005,05 4 &S ol il e
Sl pY yws 9 00,5 180 15 laog xSUI L Jwsly B! 5o 2SI Il L ,> ol (Chakraborty et al., 2020) (F aolws)
ileiss @ol 2 ) (s G g g 6351 2Lk
O: + 4H" + 4e” — 2H,0 (¥ alolee s ousls 2STs)

g o3be (slas S'g 00m 5l (oglis 5l g 3518 3529 j9Smy mle D ygoh &5 sl (Lo 9 SSjopd (lod S g plS S
SBES g 5 (sordy i slrods18 adyi ;o adsl (sosls plyiear S cnl sl ond St Sgline JsSUge slayje b oz
.(Moghimi et al., 2016) s,.5 o ,,3 colaiwl 5,50 55 UsS

ey a8 wlools Las Sliges, s ST 51l JTOlaS 5 Bl 5 1) g ,See (25 g 51y CepliBga ccgonia lalllas
S e 0l (Al ai Sileg, T slacn S5 o) PAHS 4 osgl slacSs 2Vl 5o 1, o] YL

Gyt eds3 lejad 5 09,5 4325 (6 ool SLoS 5 a1y T sl JsSge WaaunslS ls Ko SMFC |5 PAHS (53525 a5 o
S5 |y S pon S5l Koo 5 59 ,hat (Sloensils 3 Ko llad 5 ooy (S Gl - WS ot |y (st
ST slocys 2SN J e 2SI ey 9l 5 S 4k lajen 1S oo g |y I sloosia¥T i 35 5 055
&l MFC (5,5l yloson jsboay (Ma et al., 2021)aiS o g |, S 45 alS 2sleST sla STy o o g o0ls (a3l
SB 50 456 (Sogll sloml el b Jshs ol 0 )l0 5l (2,5 (55,1 @ 45 el S8 28Ul i N5 S-S5l (65,0 alss
&3S sl MFC 5l ooliiwl «loson (WU et al., 2020) sl co Sewbio b cdale b sloosu¥T B> sly 5 09 oo
ol ol o chlises yn 5 o Ll 55 S ol 5 (5551 s VL sol b (i

e 38 L5 ooy ¥T 5l LWL s SMFC (slaailoles ¢(PAHS) Sileg, T (glailaiz (claiys,S's 00 Bi s odle
69978 soole plsasar jlraly Sloslitul wisel Glyieas wilosls (Las (iduasal 69, Shos 53 (TPHS) 2k slacn Ss e U
YU (S bl 51 30 Bee ol ol sl asls ol o ) (5 5elibgn gl TPH Bl sl (019 Sn (55 sl 5o
(Lietal., 2019) wil o s8I Ul Lged 50 o] i 5 ,logsls

Sl 4 D90 s 1955 e plonl alml (Lo STy o)k 5l 5 WIS (545l 4 Baee (i SI3lS 2Vl SMFCs o



¥V B Ju 639U 9 (oY b i pleo! 1] ) Ken g (i ps

Jo ol el I35 S oy & Ay s ol 1 10235 Ul ]y 0092501 (la5 (5088”25 (35S sl (5518
2 il bl slml il pls sanled Jle |y (255 S50 &) ol 2015 Jomiliy b 5518 slagyss bl Wi o (5T
wilgi oo S5 50 39250 (S 1318 slaygy (Abbas & Rafatullah, 2021) coul (5 0 aisl,8 ol (g5lwaigs gl SIS saml
ool ) 2 s bk oSl toinly 5 oxhn Cio slaanTd gk 5l w1 dasre cnl 3 5 0 39k S sdiie o 4
(Liuetal, 2021) (1) JS5) 35l o0

Coto )l b o518 (slayg 45 ols las b Jshas cal 5l oolitnl eSins Dl3ls 4y 009l S (5, » (AR5 gaalllas S 5o
sk ST (sl 5l e et 5o S g0 52 les WIS o 4y 8T 54l 31 e s 5o Bl (S35l Glage il o
(Chenetal., 2015) oi sanlice 31 jgle S 10 (Cd) puodlS § (ZN) (59, s S clale o 95 BB rals

Hg(ll), Cu(ll), Ag(l) Sy — Hg(0), Cu(0), Ag(0)

o 41 1y G35 lagyg bl glag
"Hlicl” gleacslyd g 00,8 culus WS

cgled on g 1) "y long yiSUI”
2+ Las! v
Hg ) ng* (5 Hg
e
Cu* —» Cu*——— Cu
@ 52 Leog 35 Cu &2

(SMFCS) S 019,500 35 g 5B Sk 3 cpfiw Sl 4 3265 51 yuano V) S

w5 5 S JEl 8 JaSe Sl b s Sae (sloppmns oS aradian pusign 5 b il al 5 (bl
LgathDW)M.»S U"’o ..\.»SGA f""""‘f SMFC Lgl.@‘bLoLu b_;\)lf 9 u;ayl.aw) \.\.».J)S o.))’l.g (_ng)‘ (5‘)" 6”9" 6[.@(53‘ ‘Lmo..\.,.:ﬂ
Sy 1y ot ¥l Bl ey 5 () B2 2L plojed wilizes sladist (SIpbL 5 (359,580 sla Sy oS 5 b iy o

R )

ST goaia¥T &y
2502 StV Ol g ol Sliguy 50 00,58 jsboas pslie JT slooan,¥T 5 520 LB olja ST slooans¥T Jelis « JT slooas Y]
(_g‘); ..\.Su;o Jo.c kSH ools w)m J.A.e(uo ‘_;‘)J u_v)ivl? U?)"i” o..\.’).n.b AS.: 019“‘:4" .\JT sLbJj,Lw u.“ Sldlas )—M 5o .Jj)‘\)
L)))S ..\.a.MS‘(_gQ 9 uL‘L‘}w ‘Fe(lll) cu‘).uu w.a:lf l.' ;YW 6)‘9’“6’ w)Ju cg.)l)}.w) O 9990 AJ)JUJJIB ‘5.9‘)4.: k;—‘ ‘_ng..x..aY—‘
dase jo wil ol 18 51 o (Singh, 2001 )l ylie Lasl fuiomen g dudlgw Fe(IN) o yis adgs o] ames a5 ol dituon
Sl oS il b oo VT a5 g o 35 cpl b« (LI & YU, 2015) 54 o yiiw ATP (6 ,ies jlode 5 00ls &) G5 ,iSUl il
(Zhou et al., 2015) 53,5 o plxl ¢ Johos 5T 05,581 Gyl 15 0% 940 o> (sldawwl 5 (DOC) Jglxo JT 0,5 (TOC) JS
455 (EAMS) (9 2SIl snsms JUas! (slapaslS s ,Soo Jawgs pubiivns jgboas 0iles co YU i coblB b JT slacasY]
oo ¥T o 55 Lllss 45 Geobacter 4 Desulfobulbus Pseudomonas asle oleasss g5l e b SMFCS (ol pli .3igis
Kabutey ) aiisu oo Sgupn |, oo VT (pl i anl,8 i ylo |y Slgw, yo oS b, adei Glejen g 4y jes BB Sl ‘_“JT
(etal., 2019
SMFCs o jlasly T slonis¥T & 52

Seilog,) slogn,Soye 455 g sly Vb ostll Ol S (29,800 (g sladsbe ol JT slaoai VT ogas 5
Cao et al., 2015; Mohanakrishna et ) ai ls pglie JT slo iSedl 5 o5 sl Sy 0u dacSsgn 51 (PAHS) (gladl>ois



1Pe0 33959,8 ) osleis DY 0390 oyl S g o wlidizxs  YYY

50,5 Jot oSl slaoni S lsicas il a5 6 sbas wad oo o505 (sdoe slaws] &,k 5l bows a3 ool (@l 2019
Desulfobulbus L (EAMS) Jladg i1 (sbspmnslS g ;Ko 45 wilosls ylis Slalllae oS oo Jutens | polite (slooas¥T ioluST
Zhao etal., ) o ls san¥T i yleasly b conditus abal, Loyl Sl )8 5 aigin oo (63l i€ 99,58] jgle b, Geobacter 4
Ll 5 Ko e o 3 el by st palie JT slooay VT paiiinns 43555 4,036 EAMS i (6 )l e 5935 b (2018
0594y «alire (GlopuslS g ) Se oS 5 aS ols Llis (Y- V)) ) g Ghorbannezhad saslllae .cowl (555,50 55 0aiiS 4y
0dS gy p SS 55 )l Olee )3 a0 MIPI oS plS S Sy 4525 035k (6 pSeiir jebds Wil oo o S g ag B
@325 003 ¢ YL Glutamicibacter sp sla s =SU g Aspergillus =8 slaaisS oS 5 L (SMC) oL iSL 2,8 Jlge e
2 gn 45 0B 00l Lo LS gung g Lo 5T x5 o lags S g lag )6 (sT33len Jules & RS Gali¥l cnl el | (8972)
s e o Sles (Ghorbannezhad et al., 2018) wo, 8 s SluS 5 555 aiod 9 bip,Se,aud (duw) (ow s il
sl g ylaezme laly slooais VT Co e 55 (5l (nl pefatr Sty [l a9y 5 S Loy 10 (019, S5
fY/. Sga 5l (ggiiie sleoan¥T Bis o leailbls ! hl o3l as wies oo Hlis (V Jguz) (0,50 Olalllas jlacs 5 0 slaosls
3, g ksl s iy Base Sllug ol a8 Canl 00,58 15T ol palie boiSiile 6l VA b i by, s (sl
SlaS oy 50 (uigred (il baailels () 10 89z g0 S Bl g £o ooy iSIl gy S daosu¥T glase s bans
Caol ailys (5 y5ld ol i oogll SlaS s Lol slo 2l 5l a5 ¢ pblalsrn 5 o el ST olas (PAHS) (glail>ois
5 Sldllan ol o (S SI ls odsi o5b e Vb s slasjsliws (nl JUS 10 S <ol AYZ B FF o5L 4o (5 ge i slog 5

WS ades 5 sl 655 S cuaS Sbb b plejes ailEgo

S psS| 5 (Fue MFCs 5o JT gloosia¥T (s j g5l A Jgor

2 oly ade
&b Jeb S sbows¥T i S piwamwsST £ 65 MFC g0 55
)
DO 2y ENIFTe syl 5T S sloog S L (glalaima SSMFC
(Yu et al., 2022) MW/m2y : urJ el iy S slesg xSl 5 :
DNV : s slagn S5y000 JS R
. Walgil b oadpdlal Jodsiie &3 adle wsl
(lietal, 2022) n/a VYV, 2 2k 0 )Sgpen £y S5 Pk esie ’
S e B+ S
H.Zhangetal., ) i OOIF T o] SR e i
mW/m?Yo ' . - JalaiongsMFC
@022 / £5IAT. e S
(Wang et al., 2017) n/a NN copsl 5T S Gile Sl slals Jlad 1,5 slasg xSl
(Liang et al., 2021) n/a YYIO7 i, pLlal s Sk =8l aes glasg sUl
(Huang et al., 2011) mW/m?y4,¥0 ARAVARR ST Byl s S sloog sl
(Cao et al., 2015) mW/m2YY, VAN 7t s IS 1iRe 25 sl sy o S Slals Jb oS slasg 2SI
(Cui et al., 2022) W/m3AsA FEIOT ISl s dzils S Jd oS W15+ L3S aes W

(PCBSs)o,S L slo 8 o 4325 ,o Acetoanaerobium o Longilinea (Clostridium  ale olbsuslS )l (Jlie lsacay

(Wu et al., 2019; oS oo (o ,8] s s sl ,Sg 00 4035 o Peptostreptococcaceae oolyils 5 Acinetobacter sp.

Slgreas oolatul b ¢ oolw SluS 5 a1y ooV g ai8 5 1,5 EAMSL by yiw ODelas o las ,3Sb l Zhao et al., 2018)

lalale ;5 polin brosn¥T ayio0 #5 Soiar Ll cge b iz wS oo o EAMS (sl 59,280l oaias

09 mSIN Glbl o e il diz 4y Sgume Yw san V] Gl atals a5 sl a5 L L () ide VY SS) 3¢ #SMFC

S o SBASLS (6 T USE Crge 9 980 (S VP CM Sgu> ) 03900t (nl WS oo )l gel aiile g0l Slge (3933) .ol
(Caietal., 2020) 535 |l>5L s 5SL

959 sl (T sosso¥T (g 4y YLD 4320 (61 (29550 (i g Sl 31 o0 lisins!
oolatul s eaian S53g58l Blae (Nigd oo 0del leYLS Ysaxe a5 (PAEs L, Phthalic Acid Esters) SJlis al sl 2l
oYl goolgils aims co huSiis 1) Sl slooaisSpe 5 o JS 5l aoys VO sgas g sad 5l VAT Jlo 5l eVl



TEY o SBaw Ju 639U 9 (oY b i pleo! 1] ) Ken g (i s

(DEHP) <¥l3 |53 sl 6o 9 (DBP)YLS g « (DEP) o¥Lid Ll g (DMP) o¥L3 fosgs yudai LS 5 Jols
J.i).j‘sa )‘)3 oolazwl S0 @Cj) le.(bo\))j])ﬂ 9 e ;.\..Jg.' ‘ij"' 6@[—»&.‘ ssle Ga.l...?uc (:al....a B oi)):;-ﬂMf )5.‘044 aS ol
Dol 2l Ll gy oo )5 a4 bayoly Sy 65l 5 (s pivilland ols Sgut jolaie 4 G338l Slsa lyisas SLS 5 ol
Shariati, Pourbabaei, ) ol sais o laclay ;o olingloe jga> coge Hliazg BB olesd 5 lul g ol jo lagT YL
(etal., 2021

35,5 oo 8 sl JT sleesu¥T garws ;o leesVlis « (EPA)oostie SV Ca jlase cbilis> ylojle (5,155 b @illas
odle ¢« (Feng et al., 2020) wuS obx! 29 BB Jaxedun ) Ol ez 0le oo o cwn ) s4 355 plp 0 YU Cooglin Joa a5
¢ uua).w 39p =90 9 oé; OL’?U‘ J)Lb‘ YoO9ye dae 9 Lmu}o)}ﬁ O)gl.o& o &)OG LQL)“ Ja.w‘ﬁ» UL.JS)J 9 PAES' ‘L)] »
S 35y St e 2l 0 VLS jasaosd i Gdsedl & Cuaglie 5 Calid ol (Slpbie slos)lons 5 Slans YD
Lyl 15) H5enST Hob whw b ool jo 0ol (iolidl ol wix B asén SO 5l Wlgh oo Slgw, 5 S 0 a5 Jbo 0wl aiin
GLQ.‘Q..ZA 9 ULJW) S L L‘bo.b.:y] L}"‘ @wa) ‘uJ‘J:L.: S JL..J R L Sl g}-i‘"" ‘5~.> LQQT ).o.Cd.M ‘(6)‘5.5‘5
VLS Litess 0olgils opl luS 5 oyl 4o (Shariati, Pourbabaee, et al., 2021) cowl ls,95 5 oYU Lo coenl 51 Sl

Sy ST ol adgs alex 5l L5 o slaoi] 3 0 sole cpl .l Fatus 5 8 )5 (50,58 g B pas e L5 5| (DMP)
35,8 (Jl> (pl Lidginwe a8 )5 ey (o5luSiidly mlio fuzen ¢ lSlige oliin § g oy (Ol i slagdls cole
Gkl auS 5 ol a5 Lz el asls o 0 laasde BB cilage o daxedan ) glodely Wlgh oo Sy jlaee 4DMP
2l 5 Gl ) o DIl 5500 carge ndCliliun oV Sy plsieas 5 Wl ger Sty glacdly o 23 g0y
(Shariati et al., 2022) 558 oo (AL pAloliz! 59,0 009l slalaze JIDMP il g 550 Bi> c5) cpl 51005 oo o) ail>

b iy OgelienS] laan )b aloz 5leilasd S 18 o) 0,90 DMP (o 156 |y Bdo cgzr gate (slags j5lid (1555
b anso08 Glan 5 lyed 5lona (s 525 dabs; (rl Glee )0 Sl (S G0 5 (pleedat 4525 (AOPS)
Sl JT sless VT saias 1o iduinsl sloo g 5l (SO olaieds 5 05 po ALl S jlazme b 55l 9 YU (55,3l 003b
(Zhouetal., 2019) cusl 7 e o slocbay

a3 4 oogll oy L sanal 5l (MFC) 59,500 5 gw slaJsbo 5l oolaiwl Gl 3l Sladllas o
Pseudomonas (s sSU (6,5 ,54 L oL, Kaegh ad cwyp oS 655 Qe odsi g (DMP) VL3 Lo go 0% g4
5 P BB Gl coge g o5 Glgieds (AA) Sawl sl 509580 a5 sl lis o gwny CannJBLS lgicas aeruginosa
@ S a5 0l ol WIMP) CaSe e p Sly BOY 5,5 ol (saiion b boan VT sa3m8 75 9 (9,5 Oy oy
CV) slaz 2 s yeldy 5 (5 sy Sl sba el 092 yiin plp ¥ 9 VY 90> <5 5 AA s DMP (sl g S5 slaailels
olsieas | (pyocyanin) cyolewgn AA gol> lase 10 5 duwsl KlnS g0 SV - 45 5L8 c DMP laxs (o P.aeruginosa as sls ,Lis
il 50 g oy 9,k JUS! Cuglie a5 e il g @ Sl 50 a5 (oS 5 s ile o a0 ST JUET sl il
(Sarmin etal., 2021) o piwpw (olanig mSIl ool il33l

5 (DEHP) o S Jilss Jalts (oS5 (slooan¥T b S 09 Sn (25 5m sladsho 55y 2,500 shaalllas 5o
aisly Hlas gl .cd,8 18 Sl o0 S pg,50e Dl 5 oleendiy iSlces; 0 ,Slee 15 (SDZ) (5L ola) g J“-’?‘-’s*-’]
Sil38l cge DEHP YL cdalé @8ly 10 g 05l lacSigu 51 Bds> j0 oYU ol 56 DEHP jga> o s> laJghe cpl oS
Ol Iz o logine (il el DEHP cale Gilidl s AF7 51 o 40 cnjbolilgm 02328 39m0 5 (S Sl o5 0l
$8L O=FPMWIM2 sg0> 1o oles DEHP 5oyul slacdale jo a5 Jl j0 c0u0,8 5 158 VHYMWIM2 G poolis g ol (29,5
L 29,5 garal> Jdow .cils s S 0 59,581 slas S o515 al3dl b Loitins Ol adgr ol ol il
ol (6 etz jsbas Clostridium sPseudomonas « Geobacter sla > ;935 « DEHP jq.0> )5 a5 ols lis 58 b Jlgs
g5 bl 55 s (504l 5 ez T S8 5 GpmabannST 5 BET) Johog 5 5,01 Jinl o lacs STy (ol sl
s Jskw nlply (H. Wang et al., 2024) acél, elS” Arthrobacter ¢ Nitrosospira aile 59 281,.8 sla s 2SL > 5

1. PAEs: Phthalic acid esters



1PeB (3395958 ) osleis BY 0390 oyl S g o wlindizs  YYF

5l (oS 6550 plejed adss g e Wlid say i sl (oYL ity (MFCS) (9,5 (559

SB ol bisedl Gl ce (ne gl SMFCs
Sur & Sathiavelu, ) wlos )5 Ll SBT bl jo8 SV guame 5 cblas gl o0 ©5,5laS 40 655 Lids b iSesdl N0 ass
LS 5 ol gy 00 )5 A Jess BB zalaw ,0 SBT S b o0 o 5l 6l a5 siited gl oleond SLLS 5 o zSedl (2022
L.v (Teredl et al., 2017) JJ‘VM.Q‘ ).‘vl.’> uY}M o)il.o.c wu‘)ﬂ‘ 9 °L.‘5 J....J) L.S‘)" aS A @L..o.»...u Q|5.A )l (9 ;Q.».b J.AL...:
6))3LM5 Gab‘ e LQJSuBT asbe ‘Sul...a...w 0‘5.9 )‘ 05)3‘)5) oolaiul Sm e (Song & L|U, 2017) Sl 6)5]43 LSJ.A‘ 505....4 leu\.c
(GO (SEANW) stgs’bi" olDu‘ e g 0 P QLQ> )...u‘).m o JSUST cd....SJ..Jg.' le.mus).m U’”B)B c\.‘>3.'JJlS U’““‘)B‘ L
WNgyp 5 gl 0 b psedl 4 s (Jb opl bl 0003 ,5 suejp) ol sleo,hw 5 S Sogll ais) j0 logas
0855 )8 s g wilese (Bl bauoms 0 9lse (a5l ks BB ol 45 oy sy o Jlais j00 By o] 51 (oS oy e
(Sarker etal., 2021) aas o 2ol38 |, oyl (om0 13 00i) Glog>ge
3lg5 sod Lo 25T 5l eolaiwl (48,5 g0 (Jlcpll (Wanwimolruk et al., 2016) oS oo sl caiiiad ST ol Lo
el (6950 ooV cpl (VL (sl ool drwg (plply ol atly ol a4 5,0laS oy 1y sl el (>l
3y Hlejer g lo 25l a3z gl (MFCS) 9,50 (5w ot 5 olg oo a5 wlosls (lis o imgs sl slocd piy
YY,0MWIM2 olgs JB> L ol o o309, IST580 Ve dga Bdo 4y 108 MFC a5 ol 00,5 i)158 asdllae G .05 0 40 (55,
(el a8l 20158 MFC 5l oolatl 4 o] Siaeghy asgi sl gla Jlos 0 5 allde opl il 51 s (Cao et al., 2015) cwl oog
Sheslatul ol plo ¢ la 2SS edl aios sl oo g (oSl g adgs sl oo (im0 lo ailEgs eolitwl B aailels oyl aST >
351 0 sl el 0 Sas, S plyear aSly s (Sogll ol sl ol S plyiear s 4 eS8l 20V gl MFC
sl 5l oasallyl slaosls s,y ar ¥ Jsoz g g i8I JEnl 0l )8 ol pen a o 25 CST g4y 555 sla S5l 4 VY JSS
Sldlao U‘i‘ L}uLw‘ > O)Lb).bsa so)j.m.é B)LD)K ‘5” UL»..\S)J 4.1A> )‘ anng.,JT )l 9 g_Q.Ja w)Ju B (MFCS)‘:—@)&»A 609'“’
(i 1 0391 yuiie Lambda cyhalothrin sl %99 b Atrazine sl £ F5 o giaa ool 50 b iSedl o 56 053 & 5
oS casl o 5,155 (4AY B A 1 5YL) Vbl Ba> slag 5 Metolachlor 4 Oxyfluorfen sile olo 2Scél 5,50 4o
S S il ¢ oYhcns; 5o Ul olie ol LS 50 el (65,5LaS slaoans¥T Co pae ;o (5,5l ol yogr aiailys Sy
ol ooy cud g < Y B 2 VY sgam 5l glosl jo 5 badslels ol jo (gaudes
S0 Goy¥T 595 50 5 ki

Mobedl @lie rizran o SlaaisT Glaclled o oy Ghaleyd (ssz loonyay aile (b laan s b 5l (S 3l
YU slacdale jo olic ] Wad g0 s jlame )1y (55,0laS slaclly, 5 srio soluy (S glodals jLasl Jols
Loy oS ‘5],‘ o ¥T 5l (6 by GBS oS ol P BB sos OlJ1 Ll 5 LS (Sl Slogge sy als o
o5 20 gn G5 355 | a5 (6l 5 ATy e S o ainn 3 (et SIS caley 2 6 Lol 5 S
2l (0,255 @b 5l asl el co BptunwsST oliardisiiun ) Jobss jo NS Corgo lSas Slgusy § S j0 byl (2 08
(Shariati et al., 2025)0uS” wyags 1) oniy Slogge coods Wilgh oo 5
sl s 5 b MTJB ) s Gl SMFCs (slas 1 )IS" (s szl 5l S S8 Coas ialS 1059, 00 )15 4y 55 coms e b
B oo -y WS SO0 ‘)!w aS 0gd oo ploul OIS rals iollS]

S obordsSoid sl Shg 4 slabade LB jsbay Slaiy iSlcas ) cbabls jo (X ollld Bi> ool
sloiiSly 5 S S o5 e Jlnl glaanTp o Solie s, S cilise glgl a5 wleols ylis Slalllas o)l Ko



TYO o B amw Sy 53908 9 (oY b i pleo! 1l ) Ken g (Sims ps

s3a 5o g iyl 6 3VL oLl (CU) o slagygs Sim 50 (65150l S wigas gl ais so lid 295 I olendsg xSl
9 FeSlme Ji3lo Jdods 50,8 oS hlie ;0 w000 5 gyt 2L L o] 5o logg (Kol & pzles ¢ S 28Ul Gl
Cady b oz S elge Cuanl loiglas () ot aslin g ed il (e gloany T8 (ol cgaome Lasl gla S5
S Sl 5 09I Jlinl sla STy loiitns 257 Jelse s0jl a2 |y JT 025 slyine 5 (CEC) Sgn Jols
Cr(VIICr(IN) : VXYV b ol gals malasT s lastl sle fewslsy (Zhang, Liu, etal., 2020) &35 o 156 29,500

. - \Y-V Ag(1)/Ag(0)

4o /YA As(HI)/AS(0): ++/YFAV . Cu(I)/Cu(0): +-/¥$VAV . Hg(I1)/Hg(0): +-/3) -V

S o @lils ol rels g aail oo Ni(H)/NI(0) : -+ /VY -V 4Cd(11)/Cd(0) : -+ /F- ¥V Zn(l1)/Zn(0) : -+ /- ¥ V.Pb(I1)/Pb(0)
Slpls 5 5 leds ol el b olpls zals ol ply . (O(0)/O(-H) : +V/YYAV o st Juuilsy) wuiS o culd, (O2) y5umSTL
O 904 Lol (gl B> (60 9,002 (655 Cgmy (B2,b 3 ailgl co Jumiliy oS 318 (Kabutey etal., 2019) el YL il b

Qinetal,, 2012) sl o (oS (5 paic

Lol ot sl 5 (65950 lito €19l s 50 (6151 (219,50 (55 gm0 By 30 00liiasl 530 (609 135N g0 g chlizin b 15k 5 (glaedS Y Jgur

Oy adgi Cad )b g o 35 003k

3g S
ooy e _ 31 . .”S,J g s
fa MFC& ol oJ...;J.JB.a )L.J5 . U.Susl [ ) cQ}L.v s eslaiwl 6‘515""’ )Lv fore) Q.SUB‘ coale 9 fLr
o) e
. » Malathion, ;I YY,¥+7. o e
inyua et al., ) . AVSAN =] - .
SBMFC 59,8 VedFOGoorY i AV ST il an  CYhalothin,
(2022 31 987 Chlorpyrifos, °-#pas 5L Chlorpyrifos,
Lambda cyhalothrin Malathion
Casulaetal.,)
(2021 SBMFC 39y 50 Ve, Goo¥ KY] - RS JUIRVY S Hexachlorobenzene
Nandy et al., )
(2022 SBMFC 35, Vel Wl £, REJCRvY Sk Atrazine
Dominguez-) 2315 ol
Garay et al., . ) .
2016 SBMFC 395 e - Y| AY. i g (A1) ool S Atrazine
(W15) (215
-Bis (p-Y,Y
Borello et al., ) - Lo g usdl = s
SBMFC 395 e Ve,fee T £5/57. ¢ ”"‘? s ),\chlorophenyl)
(2021 81,5 dichloroethylene
Zhangetal., )
2018 - - VerV¥ Y| aF/a47 Jlb oS ams Jlb o mg/LAY->-0
oxyfluorfen
Zhangetal., ) - $ oy
€ el 1Y ooy o vay. Jlab 3,5 ke Ji o meg/L fipronilts
(2019 Siler st
9 Fudl,S alne
Lietal,2020) SBMFC g, - T vy, (S ST el S mg/kg Y&
metolachlor
S lgp WS
Khan etal., ) SEMEC o o sl ‘ - ppm Q++—0+
= . o - ) 3 O entachlorophenol
(2019 il SHleR p p!
Dengetal., ) gd ot 2 =y
& 590 Ve S5 SUSEI-VYe  gaels SIPEOT me/lon)
(2022 Cholera g4is5 imidacloprid
Rafieenia et )
@l., 2022 - - Ve, ¥AY Y] YA S i Giled g o Glyphosate




1PeB (33959,8 ) osleis BY 0390 oyl S g o wlindixs  YYF

9 S JUE o920 g o ST (54 5255 (5o )5 g3l 3 Seilad N ¥ IS

el 232 (SB pcnsST 2 (S (29,500 (g Job )3 S Sl AVl Sl 5l (B a4 T g0
e S Qi g S5 25 50 SMFC) (S (09,800 (G 9w Sy 9 58hee (V- TY) (llS0en g gbinss (i 5o
Gl arg LB malS el olanis i) i o2l (g 3lailel, 45 ol i mulis o ey 08)] (65l (glacSE o
clale 5 cdl Jials FA—FEL s A= EY SV=YYLL S0 o iy JS5 5 g, e Sl a6 sy 1 S5 Jolomo o I3l
Gustave etal.,) sg J,0S sladiges | oS YVAY 5 08/27% FYIN XONT 55 4 g6 sbaasls ;o Ni oCr (Cu  Cd i3l

(2020

5 Cu «Crgl,s Thioalkalivibrio sp. ¢ Sideroxydans lithotrophicus a.lsl ;o 4Pb 4 Cd As &l3s 41, Pseudomonas spp.

(¥ e VY S N

S S| 2 (o (295500 (5 g Jobw Aol ) (S O3 (Vb o) F Jgor

&ilio I @’;ﬁ"ﬁ “\J’J S clbosyYT Bis S pigsST 50 MFC cuss Sy
(Cao et al., 2022) mW/m?2Y\, Y YY.¥7Zn: \F.V/ . Phb: =y S 3l s slaog sl
d.Zhang et al., 2022) n/a V4,57Pb: « OY,¥/Cr: ¥£:¥7. . Cu: S SlalaizoawMFC
(Guan et al., 2019) n/a aa7cré* Egman Y Y6 oLSMFC
(Cao et al., 2022) n/a Y\/.Pb?*: ol&iils S Jled (3938 0o WIS + Sl )5 oy T
(H. Wang et al., 2016) mW/m?$8,Y vs.a7cu: sy S S1815 Jlad 13,5 slaog sl
(Zhang, Cao, et al., 2020) n/a a¥,V7/.Cu?: S S S gleog sl
(Ma et al., 2021) n/a $a7/YCu: Sk S e g Sl
(Wang et al., 2020) MW/m?¥ee—=Ys yslcr: Sk S Azl W+ S yS g 0T




YYV L SBamw Ju 63908 9 (oY b i pleo! 1] ) Ken g (S ps

Sl (Foxn 9o g Losia¥T 11 (29, K0 (35 g oy S
LSMFC ;5 sudlgu (gl
Olgreas 01,8 ol 40 g digd oSl Sl & > 9 (8%) (s paie 3,555 4 ailgl o Slga, ;0 39390 0l slasdlgw
aile (SRB) wladgus (souiSLa! slas =S .(Holmes et al., 2004)0cS” Jas (S (09,500 &5 9w Jobo sl 09,8l gonins
OgamlannST 018l Lol 5 e g oo (55w i€ 35T zlaw o a5 Desulfocapsa 5 Desulfobulbus Desulfuromonas
(Y Gisu VYU S oo Jos (9 xSl ol (sodippdy (lgieay &l S I o s jealgw

2 5 Sligesy 5o (5eeS] Byae 0I5 g aly w9 oo (seilses DS 3l 09U el sl S penilSe
(Touch etal., 2018) 55 5 oo (5SS sdazs ;o Loyl 5 Sgupy 4 s
SMFC ikl )5 59 i B>
oy wlgie g ools alS (o pSadiz jsbay |y Of CudeS (O35 5 Cuyid ceaisel) Gaxe (39555 > Sl Gl e
2 950 I S5955 BlaS 5 (g5le game 9] Jaws LSMFC o w3l (Galloway et al., 2004) oS sp0ui |y gumlSids il
ol S 9 Gddke Ol 5o Gl g pawigel cdalé ass jo (F idu VY S0) A co Gli8l ) gase (59,08 &stwlsT «bga
whyalis Sl wlg o siny w5 (blas o (Kabutey et al., 2019; Xu et al., 2017) ol oo (ol3dl cawsVl
25,5 0 7B i 5 g Bigd o oS (65 (5908 A Cuyis g Olis o] (b S sanl,8 S a5 |, (Denitrification)
Bacteroidetes . Proteobacteria glaasLs slacl Jolis Iojol s slag 5Sb b cpl jo (Qiuetal., 2020) (& yisw VY JSE)
L olondy iSlgn sbaailols gujon ool » ogdle (Y. Wang et al., 2016) wgds oo (53lw 58 (5,10 sie ysbas Chloroflexi g
Bl 4z il g 00,8 Qi ) pardsel ohisas (ame (35 QLS Lnj ols Gl )35 5 Bde s (LS SMFC) (lals
.Qiuetal., 2020) wiS oz,

(29150 2olgz oo 311y SMFCs  Jaxotams j sdo,5 ;15 A Y JSCo

SMFCs 655,54 090 a3l ol lapinnmssS| 50ulSds sl 5 25 2385 595 )0 @oulS Jelse 51 (o (lgieay jaud

pylie youd 5 pendS A Jale jaud (D8 4 fate jaud g Gl L leasble pl 15 S 6,58l sasay ol 5l Wlgs oo
.(Martins et al., 2014) wigd oo Lasre 1o o] Sl Cmgo 9 00,5 Jugeud 1) Sligas, o Ol gt 5 land Jlamsl ol 3



1PeB (33959,8 ) osleis BY 0390 oyl S g o Wlindizs  YYA

S ydia Jad o Fe(lll) laomSg ) b (S wsm) 5 0 G5k Bues Joloee joud iad Bis Jglate slabs,y 5o

35 oo T 53 s gilusliT el Fe(ll) a; Fe(l1l) (2als b ool saiiStol slas Sk ol nl b os oo i ogesy ]
Tolumonas [Pseudomonas .Geobacter Bacillus asls b (EAB) s mSIl sbacs 55 o3> LI oS Lo g S o) SMFCs
Jae wil 1) 053 slayg Sl cyg iUl ool 00ipdy ylgicas Fe(IH) 51 ooliiwl sl> 4 ouiws Clostridium gBacteroides
(ol osdle (XU etal., 2018) (5 ise VY SE) 358 oo ConsiS Sl USE a4y g oaile 3L Sliges, 45 pand oS o 0 o
g Fe3" (o Fe?t g S ygumlannST 6l |y ol s cwsYU ST PH i3l g Slga, talS ioluST il ial381 L SMFCs
052 oy 33 hlS g phand Cond Cu g e i8len jsbay T8 90 pl aiiS o eal b i S S e Sl ) LSS
5| oo Slga 5l sl S s 50 Ba Sl MFC (6,5l 51 eolasl ol ol (Yang et al., 2018) wigd oo ol Cygims 4o o

WS oo w2l A1) S (e laptanasS]

stz BB )b o jslioniz 5 (g ks plsieas SMFCS) Loyl (S picssST 3 (s gl 5 (009,500 (55 sloy
S 50 09790 (sxmb SlapeacilS ly Ses 5l 5505050 b Bopians (00 0091 (oS (55bile 5 pdyonas 65 g sy
94 p )l L 65l 4 ks e g Jlubog Djygoa Br a4 3B s gl 5 (BLS Slse i 5l (SBU pglae 035
i S MFCy su )55 (slopivns b dslie BB o33l b aiilys o b sl 5l a8 wlosls ()lis lalllas oxioes ooy
15 65e ysbas bbb ol ol ags 1 osdle S gt angy Lulid o |, FPFW/M2 b gy JE> iSTas cale LS
5 o iy, bSasm ol cslailoais Sileg,] glocy,Ssyn aile il a3 Co s Sl lroan¥T (o5
O Sl3ls Bis Sl (5,5l il opizmen sl ol 5158 /A 5 i 5/50.;.4 lmQT Ba> 005 g S o Jos l.mu,‘f;‘s]
olatdl g (ool b (G jlarze Sloop)l5 iSudg &S WS oo ol B 1) Dlojen B adsi 9 VA Sl e (2L L ST
G0l (PH 5 Cusb, (S il 5 oS 5 s byl 8 (g 5ludingy Jolis (oS slo 2l Kair slasjskiws 3525 b
o o il ol canlis smasialy . gd, b el saile Bl Lsxan SMFCS s Shoe e SYsb (55ke,luly 5 (515 Conglia
S s o ety @ roaing i dlge lesliiul 5 (Slles 5 (Jasme Lulyd 58 i (b L sk ool ol
A5 5 oS g0 5 538 slooan ¥l 5 GlllS (glajls jlasil pals ( S (glaptansST Il Sy pde 6l Sl e,
e o 1) Jlasl 9 S 63,

oas jluiliir
aslolus oyl IS sz 95 Ol weads ool ole ool jo a5 glai ;805 dlge drwgi g il Glo Jlo Kot slacd iy 0924 b
4 sl Ol el 1) baany o b o)l sanyT Slalllae ;5 (g ey az g il olse cnl (g5lwatas ol iy soud (U 550
b 9% 019 9 ol o 2L wlgior ngh 609581 Blge S (g o Al ) e Yo ll 5 (295 Ol
sl 55978 69570 (Rle g (2Ule) Sgm ez waz 09l Slge axwgs sl i Slagtegn I raass
i Zewl 83Y MFC (sloo )IS 10 0lge cpl (golaidl coblB Sbjs,l g basje 380 sl 6l (6 iion Sldllas (pizen
w0l Jol> g0l sbed i aSul L cwsl a8 )3 )18 ax g5 0,90 MFCS  >9,5 olgs (iul38l ity Jdo o IJ...>| S gl
Gl i gST g oMo alises £lail 1o LagunlS )lg ;o lgil j00 ;1S iy 2ol 9 Sy (gl yiion Slidss 4 Lo lisces
QL o o Kidghy el e ailebe pl o Slas 10 (655 )5 sdgs 4 Wlgh oo oo S Dlados (pl 0yl 0529 S
Slgo yiion 4z 2 b $ln |y (2950 o sladn @D (Slles il 5 (09,80 galy ooy 2SI (o (il U
IRCEXI W T B SV |

REFERENCES
Abbas, S. Z., & Rafatullah, M. (2021). Recent advances in soil microbial fuel cells for soil contaminants

remediation. Chemosphere, 272, 129691 .
Abbas, S. Z., Rafatullah, M., Khan, M. A., & Siddiqui, M. R. (2019). Bioremediation and electricity generation



YA L SBaw Ju 53908 9 (oY b i pleo! 1] ) Ken g (S s

by using open and closed sediment microbial fuel cells. Frontiers in microbiology, 9, 3348 .

Abd-Elrahman, N. K., Al-Harbi, N., Basfer, N. M., Al-Hadeethi, Y., Umar, A., & Akbar, S. (2022).
Applications of nanomaterials in microbial fuel cells: a review .Molecules, 27(21), 7483 .

Agrahari, R., Bayar, B., Abubackar, H. N., Giri, B. S., Rene, E. R., & Rani, R. (2022). Advances in the
development of electrode materials for improving the reactor kinetics in microbial fuel cells.
Chemosphere, 290, 133184 .

Aiyer, K. S. (2020). How does electron transfer occur in microbial fuel cells? World Journal of Microbiology
and Biotechnology, 36(2), 19 .

Alikhani, H. A., Shariati, S., Etesami, H., & Fallah Nosrat Abad, A. (2022). Azotobacter as a Rice Plant (Oryza
sativa L.) Growth Promoting Biofertilizer. Iranian Journal of Soil and Water Research, 53(3), 633-661 .

An, G., Yan, R, Fu, Z., Chen, Z., Guo, Y., Yang, J., & Zhou, Y. (2023). Adaptation of anammox consortia in
microbial fuel cell to low temperature: microbial community and predictive functional profiling.
Bioresource Technology, 370, 128565 .

Anderson-Teixeira, K. J., Davis, S. C., Masters, M. D., & Delucia, E. H. (2009). Changes in soil organic carbon
under biofuel crops. Geb Bioenergy, 1(1), 75-96 .

Aparicio, J. D., Raimondo, E. E., Saez, J. M., Costa-Gutierrez, S. B., Alvarez, A., Benimeli, C. S., & Polti, M.
A. (2022). The current approach to soil remediation: A review of physicochemical and biological
technologies, and the potential of their strategic combination. Journal of Environmental Chemical
Engineering, 10(2), 107141 .

Banerjee, A., Calay, R. K., & Mustafa, M. (2022). Review on material and design of anode for microbial fuel
cell. Energies, 15(6), 2283 .

Baranitharan, E., Khan, M. R., Prasad, D ,.Teo, W. F. A,, Tan, G. Y. A., & Jose, R. (2015). Effect of biofilm
formation on the performance of microbial fuel cell for the treatment of palm oil mill effluent. Bioprocess
and biosystems engineering, 38(1), 15-24 .

Borello, D., Gagliardi, G., Aimola ,G., Ancona, V., Grenni, P., Bagnuolo, G., Garbini, G. L., Rolando, L., &
Caracciolo, A. B. (2021). Use of microbial fuel cells for soil remediation: A preliminary study on DDE.
International journal of hydrogen energy, 46(16), 10131-10142 .

Cai, X., Yuan ,Y., Yu, L., Zhang, B., Li, J., Liu, T., Yu, Z, & Zhou, S. (2020). Biochar enhances
bioelectrochemical remediation of pentachlorophenol-contaminated soils via long-distance electron
transfer. Journal of hazardous materials, 391, 122213 .

Cao, M., Yin, J ,.Song, T., & Xie, J. (2022). Effects of the presence of phosphate buffer solution on removal
efficiency of Pb and Zn in soil by solid phase microbial fuel cells. Biotechnology Letters, 44(12), 1495—
1505 .

Cao, X., Song, H.-l., Yu, C.-y., & Li, X.-n. (20 .(YaSimultaneous degradation of toxic refractory organic
pesticide and bioelectricity generation using a soil microbial fuel cell. Bioresource Technology, 189, 87—
93.

Casula, E., Kim, B., Chesson, H., Di Lorenzo, M., & Mascia, M. (2021). Modelling the influence of soil
properties on performance and bioremediation ability of a pile of soil microbial fuel cells. Electrochimica
acta, 368, 137568 .

Chakraborty, 1., Sathe, S., Khuman, C., & Ghangrekar, M. (2020). Bioelectrochemically powered remediation
of xenobiotic compounds and heavy metal toxicity using microbial fuel cell and microbial electrolysis
cell. Materials Science for Energy Technologies, 3, 104-115.

Chandrasekhar, K., & Mohan, S. V. (2014a). Bio-electrohydrolysis as a pretreatment strategy to catabolize
complex food waste in closed circuitry: function of electron flux to enhance acidogenic biohydrogen
production. International journal of hydrogen energy, 39(22), 11411-11422 .

Chandrasekhar, K., & Mohan, S. V. (2014b). Induced catabolic bio-electrohydrolysis of complex food waste
by regulating external resistance for enhancing acidogenic biohydrogen production. Bioresource
Technology, 165, 372-382 .

Chen, Z., Zhu, B.-K., Jia, W.-F., Liang, J.-H., & Sun, G.-X. (2015). Can electrokinetic removal of metals from
contaminated paddy soils be powered by microbial fuel cells? Environmental Technology & Innovation,
3,63-67.

Cheng, S., & Logan, B. E. (2007). Ammonia treatment of carbon cloth anodes to enhance power generation of
microbial fuel cells. Electrochemistry Communications, 9(3), 492-496 .

Choi, S. (2022). Electrogenic bacteria promise new opportunities for powering, sensing, and synthesizing.
Small, 18(18), 2107902 .

Choudhury, P., Prasad Uday, U. S., Bandyopadhyay, T. K., Ray, R. N., & Bhunia, B. (2017). Performance



1PeB (3395958 ) osleis BY 0390 oyl S g o wlindizs  YEo

improvement of microbial fuel cell (MFC) using suitable electrode and Bioengineered organisms: A
review. Bioengineered, 8(5), 471-487 .

Conners, E. M., Rengasamy, K., & Bose, A. (2022). Electroactive biofilms: how microbial electron transfer
enables bioelectrochemical applications. Journal of Industrial Microbiology and Biotechnology, 49(4),
kuac012 .

Cui, H., Wang, J., Feng, K., & Xing, D. (2022). Digestate of fecal sludge enhances the tetracycline removal in
soil microbial fuel cells. Water, 14(17), 2752 .

De Celis, M., Serrano-Aguirre, L., Belda, 1., Liébana-Garcia, R., Arroyo, M., Marquina, D., de la Mata, I., &
Santos, A. (2021). Acylase enzymes disrupting quorum sensing alter the transcriptome and phenotype of
Pseudomonas aeruginosa, and the composition of bacterial biofilms from wastewater treatment plants.
Science of The Total Environment, 799, 149401 .

De Schamphelaire, L., Rabaey, K., Boeckx, P., Boon, N., & Verstraete, W. (2008). Outlook for benefits of
sediment microbial fuel cells with two bio-electrodes. Microbial biotechnology, 1(6), 446462 .

Deng, Z., Zhu, J,, Yang, L., Zhang, Z., Li, B., Xia, L., & Wu, L. (2022). Microalgae fuel cells enhanced
biodegradation of imidacloprid by Chlorella sp. Biochemical Engineering Journal, 179, 108327 .

Dharmalingam, S., Kugarajah, V., & Sugumar, M. (2019). Membranes for microbial fuel cells. In Microbial
electrochemical technology (pp. 143-194). Elsevier .

Din, M. I., Ahmed, M., Ahmad, M., Igbal, M., Ahmad, Z., Hussain, Z., Khalid, R., & Samad, A. (2023).
Investigating the Activity of Carbon Fiber Electrode for Electricity Generation from Waste Potatoes in a
Single-Chambered Microbial Fuel Cell. Journal of Chemistry, 2023(1), 8520657 .

Dolfing, J. (2014). Syntrophy in microbial fuel cells. The ISME journal, 8(1), 4-5 .

Dominguez-Garay, A., Boltes, K., & Esteve-Nufiez, A. (2016). Cleaning-up atrazine-polluted soil by using
microbial electroremediating cells. Chemosphere, 161, 365-371 .

Du, C., & Liu, W. (2024). Defending against environmental threats: unveiling household adaptation strategies
and population heterogeneity. Environment International, 190, 108858 .

Dwivedi, K. A., Huang, S.-J., Wang, C.-T., & Kumar, S. (2022). Fundamental understanding of microbial fuel
cell technology: Recent development and challenges. Chemosphere, 288, 132446 .

Dziegielowski, J., Mascia, M., Metcalfe, B., & Di Lorenzo, M. (2023). Voltage evolution and electrochemical
behaviour of Soil microbial fuel cells operated in different quality soils. Sustainable Energy Technologies
and Assessments, 56, 103071 .

Feng, W., Wu, X., Mao, G., Zhao, T., Wang, W., Chen, Y., Zhang, M., Yang, L., & Wu, X. (2020).
Neurological effects of subchronic exposure to dioctyl phthalate (DOP), lead, and arsenic, individual and
mixtures, in immature mice. Environmental Science and Pollution Research, 27(9), 9247-9260 .

Firdous, S., Jin, W., Shahid, N., Bhatti, Z., Igbal, A., Abbasi, U., Mahmood, Q., & Ali, A. (2018). The
performance of microbial fuel cells treating vegetable oil industrial wastewater. Environmental
Technology & Innovation, 10, 143-151 .

Foladori, P., Vaccari, M., & Vitali, F. (2015). Energy audit in small wastewater treatment plants: methodology,
energy consumption indicators, and lessons learned. Water Science and Technology, 72(6), 1007-1015 .

Galloway, J. N., Dentener, F. J., Capone, D. G., Boyer, E. W., Howarth, R. W., Seitzinger, S. P., Asner, G. P.,
Cleveland, C., Green, P., & Holland, E. (2004). Nitrogen cycles: past, present, and future.
Biogeochemistry, 70(2), 153-226 .

Garbini, G. L., Barra Caracciolo, A., & Grenni, P. (2023). Electroactive bacteria in natural ecosystems and
their applications in microbial fuel cells for bioremediation: A review. Microorganisms, 11(5), 1255 .

Garimella, S. S. S., Rachakonda, S. V., Pratapa, S. S., Mannem, G. D., & Mahidhara, G. (2024). From cells to
power cells: harnessing bacterial electron transport for microbial fuel cells (MFCs). Annals of
microbiology, 74(1), 19 .

Gautam, R., Nayak, J. K., Talapatra, K. N & ,.Ghosh, U. K. (2023). Assessment of different organic substrates
for bio-electricity and bio-hydrogen generation in an integrated bio-electrochemical system. Materials
Today: Proceedings, 80, 2255-2259 .

Ghorbannezhad, H., Moghimi, H., & Dastgheib, S. M. M .(Y + YA) .Evaluation of heavy petroleum degradation
using bacterial-fungal mixed cultures. Ecotoxicology and Environmental Safety, 164, 434-439 .

Guadarrama-Peérez, O., Gutiérrez-Macias, T., Garcia-Sanchez, L., Guadarrama-Pérez, V. H., & Estrada-
Arriaga, E .B. (2019). Recent advances in constructed wetland-microbial fuel cells for simultaneous
bioelectricity production and wastewater treatment: a review. International journal of energy research,
43(10), 5106-5127 .

Guan, C.-Y., Tseng, Y.-H., Tsang, D. C ,.Hu, A., & Yu, C.-P. (2019). Wetland plant microbial fuel cells for



YHY L SBaw Ju 539U 9 (oY b e pleo! 1yl Ken g (i ps

remediation of hexavalent chromium contaminated soils and electricity production. Journal of hazardous
materials, 365, 137-145 .

Guo, L. B., & Gifford, R. M. (2002). Soil carbon stocks and land use change: a meta analysis. Global change
biology, 8(4), 345-360 .

Guo, W., Cui, Y., Song, H., & Sun, J. (2014). Layer-by-layer construction of graphene-based microbial fuel
cell for improved power generation and methyl orange removal. Bioprocess and biosystems engineering,
37(9), 1749-1758 .

Gustave, W., Yuan, Z.-F., Li, X., Ren, Y.-X., Feng, W.-J., Shen, H., & Chen, Z. (2020). Mitigation effects of
the microbial fuel cells on heavy metal accumulation in rice (Oryza sativa L.). Environmental Pollution,
260, 113989 .

Gustave, W., Yuan, Z.-F., Sekar, R., Ren, Y.-X., Liu, J.-Y., Zhang, J., & Chen, Z. (2019). Soil organic matter
amount determines the behavior of iron and arsenic in paddy soil with microbial fuel cells. Chemosphere,
237, 124459

Guzman, J. J., Kara, M. O. P., Frey, M. W., & Angenent, L. T. (2017). Performance of electro-spun carbon
nanofiber electrodes with conductive poly (3, 4-ethylenedioxythiophene) coatings in bioelectrochemical
systems. Journal of Power Sources, 356, 331-337 .

Hamed, M. S., Majdi, H. S., & Hasan, B. O. (2021). The effect of temperature on electrical energy production
in double chamber microbial fuel cell using different electrode materials. Materials Today: Proceedings,
42,3018-3021 .

Hiegemann, H., Littfinski ,T., Krimmler, S., Libken, M., Klein, D., Schmelz, K.-G., Ooms, K., Pant, D., &
Wichern, M. (2019). Performance and inorganic fouling of a submergible 255 L prototype microbial fuel
cell module during continuous long-term operation with real municipal wastewater under practical
conditions. Bioresource Technology, 294, 122227 .

Hindatu, Y., Annuar, M., Subramaniam, R., & Gumel, A. (2017). Medium-chain-length poly-3-
hydroxyalkanoates-carbon nanotubes composite anode enhances the performance of microbial fuel cell.
Bioprocess and biosystems engineering, 40(6), 919-928 .

Holmes, D., Bond, D., O’neil, R., Reimers, C., Tender, L., & Lovley, D. (2004). Microbial communities
associated with electrodes harvesting electricity from a variety of aquatic sediments. Microbial ecology,
48(2), 178-190 .

Hou, J., Liu, Z., Yang, S., & Zhou, Y. (2014). Three-dimensional macroporous anodes based on stainless steel
fiber felt for high-performance microbial fuel cells. Journal of Power Sources, 258, 204-209 .

Huang, D.-Y., Zhou ,S.-G., Chen, Q., Zhao, B., Yuan, Y., & Zhuang, L. (2011). Enhanced anaerobic
degradation of organic pollutants in a soil microbial fuel cell. Chemical Engineering Journal, 172(2-3),
647653 .

Ivars-Barceld, F., Zuliani, A., Fallah, M., Mashkour, M., Rahimnejad, M., & Luque, R. (2018). Novel
applications of microbial fuel cells in sensors and biosensors. Applied Sciences, 8(7), 1184 .

Jiang, J., Wang, H., Zhang, S., Li, S., Zeng, W., & Li, F. (2021). The influence of external resistance on the
performance of microbial fuel cell and the removal of sulfamethoxazole wastewater. Bioresource
Technology, 336, 125308 .

Joutey, N. T., Bahafid, W., Sayel, H., & El Ghachtouli, N. (2013). Biodegradation: involved microorganisms
and genetically engineered microorganisms. Biodegradation-life of science, 1, 289-320 .

Kabutey, F. T., Ding, J., Zhao, Q., Antwi, P., Quashie, F. K., Tankapa, V., & Zhang, W. (2019). Pollutant
removal and bioelectricity generation from urban river sediment using a macrophyte cathode sediment
microbial fuel cell (InNSMFC). Bioelectrochemistry, 128, 241-251 .

Khan, N., Khan, M. D., Ansari, M. Y., Ahmad, A., & Khan, M. Z. (2019). Bio-electrodegradation of 2, 4, 6-
Trichlorophenol by mixed microbial culture in dual chambered microbial fuel cells .Journal of bioscience
and bioengineering, 127(3), 353-359 .

Kim, B., Dziegielowski, J., & Lorenzo, M. D. (2022). Soil Microbial Fuel Cells for Energy Harvesting and
Bioremediation of Soil Contaminated with Organic Pollutants. Good Microbes in Medicine, Food
Production, Biotechnology, Bioremediation, and Agriculture, 385-395 .

Kinyua, A., Mbugua, J., Mbui, D., Kithure, J., Wandiga, S., & Waswa, A. (2022). Microbial fuel cell bio-
remediation of lambda cyhalothrin, malathion and chlorpyrifos on loam soil inoculated with bio-slurry. J
Bioremediat Biodegrad, 13(508), 2 .

Kordek-Khalil, K., Altiok, E., Salvian, A., Siekierka, A., Torres-Mendieta, R., Avighone-Rossa, C., Pietrelli,
A., Gadkari, S., leropoulos, I. A., & Yalcinkaya, F. (2023). Nanocomposite use in MFCs: a state of the
art review. Sustainable Energy & Fuels, 7(24), 5608-5624 .



1Pe0 33959,8 ) osleis BY 0390 oyl S g o wlidizs  YEY

Kuo, J., Liu, D., Wang, S.-H., & Lin, C.-H. (2021). Dynamic changes in soil microbial communities with
glucose enrichment in sediment microbial fuel cells. Indian Journal of Microbiology, 61(4), 497-505 .

Lal, R., Monger, C., Nave, L., & Smith, P. (2021). The role of soil in regulation of climate. Philosophical
Transactions of the Royal Society B, 376(1834), 20210084 .

Leifeld, J. (2023). Carbon farming: Climate change mitigation via non-permanent carbon sinks. Journal of
Environmental management, 339, 117893 .

Li, C., Mei, T., Song, T.-s., & Xie, J. (2022). Removal of petroleum hydrocarbon-contaminated soil using a
solid-phase microbial fuel cell with a 3D corn stem carbon electrode modified with carbon nanotubes.
Bioprocess and biosystems engineering, 45(7), 1137-1147 .

Li, M., Zhou, M., Tian, X., Tan, C., McDaniel, C. T., Hassett, D. J., & Gu, T. (2018). Microbial fuel cell
(MFC) power performance improvement through enhanced microbial electrogenicity. Biotechnology
advances, 36(4), 1316-1327 .

Li, W.-W., & Yu, H.-Q. (2015). Stimulating sediment bioremediation with benthic microbial fuel cells.
Biotechnology advances, 33(1), 1-12 .

Li, X., Li, Y., Zhang, X., Zhao, X., Chen ,X., & Li, Y. (2020). The metolachlor degradation kinetics and
bacterial community evolution in the soil bioelectrochemical remediation. Chemosphere, 248, 125915 .

Li, X., Li, Y., Zhang, X., Zhao, X., Sun, Y., Weng, L., & Li, Y. (2019). Long-term effect of biochar amendment
on the biodegradation of petroleum hydrocarbons in soil microbial fuel cells. Science of The Total
Environment, 651, 796-806 .

Liang, Y., Ji, M., Zhai, H., & Zhao, J. (2021). Organic matter composition, BaP biodegradation and microbial
communities at sites near and far from the bioanode in a soil microbial fuel cell. Science of The Total
Environment, 772, 144919 .

Liao, Z.-H., Sun, J.-Z., Sun, D.-Z,, Si, R.-W., & Yong, Y.-C. (2015). Enhancement of power production with
tartaric acid doped polyaniline nanowire network modified anode in microbial fuel cells. Bioresource
Technology, 192, 831-834 .

Liu, C. H,, Lee, S. K., Ou, I. C,, Tsai, K. J., Lee, Y., Chu, Y. H., Liao, Y. T., & Liu, C. T. (2021). Essential
factors that affect bioelectricity generation by Rhodopseudomonas palustris strain PS3 in paddy soil
microbial fuel cells. International journal of energy research, 45(2), 2231-2244 .

Liu, H., & Logan, B. E. (2004). Electricity generation using an air-cathode single chamber microbial fuel cell
in the presence and absence of a proton exchange membrane. Environmental science & technology,
38(14), 40404046 .

Louwagie, G., Gay, S. H., Sammeth, F., & Ratinger, T. (2011). The potential of European Union policies to
address soil degradation in agriculture. Land degradation & development, 22(1), 5-17 .

Lovley, D. R., Giovannoni, S. J., White, D. C., Champine, J. E., Phillips, E., Gorby, Y. A., & Goodwin, S.
(1993). Geobacter metallireducens gen. nov. sp. nov., a microorganism capable of coupling the complete
oxidation of organic compounds to the reduction of iron and other metals. Archives of microbiology,
159(4), 336-344 .

Lu, L., Huang, Z., Rau, G. H., & Ren, Z. J. (2015). Microbial electrolytic carbon capture for carbon negative
and energy positive wastewater treatment. Environmental science & technology, 49(13), 8193-8201 .

Luckarift, H. R., Sizemore, S. R., Farrington, K. E., Roy, J., Lau, C., Atanassov, P. B., & Johnson, G. R.
(2012). Facile fabrication of scalable, hierarchically structured polymer/carbon architectures for
bioelectrodes. ACS applied materials & interfaces, 4(4), 2082—-2087 .

Ma, J., Wang, A., & Weng, Z. (2024). Do policies make a difference? Assessing the impact of China's air
pollution prevention and control action plan on carbon emissions. Journal of Environmental management,
370, 122685 .

Ma, J., Zhang, Q., Chen, F., Lu, S., Wang, Y., & Liang, H. (2021). Simultaneous removal of copper and
biodegradation of BDE-209 with soil microbial fuel cells. Journal of Environmental Chemical
Engineering, 9(4), 105593 .

Mandal, A., Majumder, A., Dhaliwal, S., Toor, A., Mani, P. K., Naresh, R., Gupta, R. K., & Mitran, T. (2022).
Impact of agricultural management practices on soil carbon sequestration and its monitoring through
simulation models and remote sensing techniques: A review. Critical Reviews in Environmental Science
and Technology, 52(1), 1-49 .

Mandanipour, V. (2021). Chemical Modification of Proton Exchanger Sulfonated Polystyrene with Sulfonated
Graphene Oxide for Application as a New Polymer Electrolyte Membrane in Direct Methanol Fuel Cell.
Iran. J. Chem. Chem. Eng. (Iranian Journal of Chemistry and Chemical Engineering), 40(6), 1973-1984.

Martins, G., Peixoto, L., Teodorescu, S., Parpot, P., Nogueira, R., & Brito ,A. (2014). Impact of an external



TPV L SBamw Ju 639U 9 (oY b i pleo! 1] ) Ken g (S ps

electron acceptor on phosphorus mobility between water and sediments. Bioresource Technology, 151,
419-423 .

Megharaj, M., Ramakrishnan, B., Venkateswarlu, K., Sethunathan, N., & Naidu, R. (2011). Bioremediation
approaches for organic pollutants: a critical perspective. Environment International, 37(8), 1362-1375 .

Methe, B., Nelson, K. E., Eisen, J., Paulsen, I., Nelson, W., Heidelberg, J., Wu, D., Wu, M., Ward, N., &
Beanan, M. (2003). Genome of Geobacter sulfurreducens: metal reduction in subsurface environments.
Science, 302(5652), 19671969 .

Moghimi, H., HEIDARY, T. R., & Hamedi, J. (2016). Evaluation of crude oil biodegradation by Phaeosphaeria
spp. UTMC 5003 .

Moghimi, H., Shafiee, Z., Reshadi, M. A. M., & Bazargan, A. (2025). Remediation of pseudomonas aeruginosa
and landfill leachate biofilms with electromagnetic fields. Clean Technologies and Environmental Policy,
1-16.

Mohanakrishna, G., Al-Raoush, R. I., Abu-Reesh, I. M., & Pant, D. (2019). A microbial fuel cell configured
for the remediation of recalcitrant pollutants in soil environment. RSC advances, 9(71), 41409-41418 .

Nandy, A., Kim, B., & Di Lorenzo, M. (2022). Minimalistic soil microbial fuel cells for bioremediation of
recalcitrant pollutants. E3S Web of Conferences ,

Nascimento, C. M., de Sousa Mendes, W., Silvero, N. E. Q., Poppiel, R. R., Sayédo, V. M., Dotto, A. C., Dos
Santos, N. V., Amorim, M. T. A., & Dematté, J. A. (2021). Soil degradation index developed by
multitemporal remote sensing images, climate variables, terrain and soil atributes. Journal of
Environmental management, 277, 111316 .

Nawaz, A., Raza, W., Gul, H., Durrani, A. K., Algethami, F. K., Sonne, C., & Kim, K.-H. (2020). Upscaling
feasibility of a graphite-based truncated conical microbial fuel cell for bioelectrogenesis through organic
wastewater treatment. Journal of colloid and interface science, 570, 99-108 .

Noori, M. T., Ghangrekar, M., Mukherjee, C., & Min, B. (2019). Biofouling effects on the performance of
microbial fuel cells and recent advances in biotechnological and chemical strategies for mitigation.
Biotechnology advances, 37(8), 107420 .

Olabi, A. G., Wilberforce, T., & Abdelkareem, M. A. (2021). Fuel cell application in the automotive industry
and future perspective. Energy, 214, 118955 .

Ortega-Martinez, A., Juarez-Lépez, K., Solorza-Feria, O., Ponce-Noyola, M., Galindez-Mayer, J.,
Rinderknecht-Seijas, N., & Poggi-Varaldo, H. (2013). Analysis of microbial diversity of inocula used in
a five-face parallelepiped and standard microbial fuel cells. International journal of hydrogen energy,
38(28), 12589-12599 .

Pal, M., Shrivastava, A., & Sharma, R. K. (2023). Performance of microbial fuel cell using nanomaterials for
electrode modification. EMERGING TECHNOLOGIES ;MICRO TO NANO: Proceedings of ETMN-
2021, 2752(1), 060005 .

Panepinto, D., Fiore, S., Zappone, M., Genon, G., & Meucci, L. (2016). Evaluation of the energy efficiency of
a large wastewater treatment plant in Italy. Applied Energy, 161, 404-411 .

Park, D .H., & Zeikus, J. G. (2000). Electricity generation in microbial fuel cells using neutral red as an
electronophore. Applied and environmental microbiology, 66(4), 1292-1297 .

Pasternak, G., Greenman, J., & leropoulos, 1. (2019). Removal of Hepatitis B virus surface HBsAg and core
HBcAg antigens using microbial fuel cells producing electricity from human urine. Scientific reports,
9(1), 11787 .

Pednekar, R. R., & Rajan, A. P. (2024). Unraveling the contemporary use of microbial fuel cell in pesticide
degradation and simultaneous electricity generation: a review. Environmental Science and Pollution
Research, 31(1), 144-166 .

Pei, Y., Yang, Y., Chen, L., Yang, Y., & Song, L. (2023). Remediation of chromium-contaminated soil in
semi-arid areas by combined chemical reduction and stabilization. Environmental Pollutants and
Bioavailability, 35(1), 2157332 .

Pu, K.-B., Ma, Q., Cai, W.-F., Chen, Q.-Y., Wang, Y.-H., & Li, F.-J. (2018). Polypyrrole modified stainless
steel as high performance anode of microbial fuel cell. Biochemical Engineering Journal, 132, 255-261 .

Qin, B., Luo, H., Liu, G., Zhang, R., Chen, S., Hou, Y., & Luo, Y. (2012). Nickel ion removal from wastewater
using the microbial electrolysis cell. Bioresource Technology, 121, 458-461 .

Qiu, Y., Yu,Y., Li,H, Yan, Z, Li, Z, Liu, G, Zhang, Z., & Feng, Y. (2020). Enhancing carbon and nitrogen
removals by a novel tubular bio-electrochemical system with functional biocathode coupling with
oxygen-producing submerged plants. Chemical Engineering Journal, 402, 125400 .

Rafieenia, R., Mahmoud, M., El-Gohary, F., & Rossa, C. A. (2022). Microbial electrochemical systems for



1PeB (3395958 ) oslois BY 0390 oyl S g o wlinéizs  YFF

enhanced degradation of glyphosate: Electrochemical performance, degradation efficiency, and analysis
of the anodic microbial community. bioRxiv, 2022.2002. 2021.481054 .

Rahimnejad, M., Adhami, A., Darvari, S., Zirepour, A., & Oh, S.-E. (2015). Microbial fuel cell as new
technology for bioelectricity generation: A review. Alexandria Engineering Journal, 54(3), 745-756 .

Reimers, C. E ,.Tender, L. M., Fertig, S., & Wang, W. (2001). Harvesting energy from the marine sediment—
water interface. Environmental science & technology, 35(1), 192-195 .

Ren, Y., Chen, J,, Li, X,, Yang, N., & Wang, X. (2018). Enhanced bioelectricity generation of air-cathode
buffer-free microbial fuel cells through short-term anolyte pH adjustment. Bioelectrochemistry, 120, 145
149 .

Rossi, R., Jones, D., Myung, J., Zikmund, E., Yang, W., Gallego, Y. A., Pant, D., Evans, P. J., Page, M. A., &
Cropek, D. M .(Y+%) .Evaluating a multi-panel air cathode through electrochemical and biotic tests.
Water research, 148, 51-59 .

Rossmann, F., Brenzinger, S., Knauer, C., Dérrich, A. K., Bubendorfer, S., Ruppert, U., Bange, G., &
Thormann, K. M. (2015). The role of FIhF and HubP as polar landmark proteins in S hewanella
putrefaciens CN-32. Molecular microbiology, 98(4), 727-742 .

Rozendal, R. A., Hamelers, H. V., & Buisman, C. J. (2006). Effects of membrane cation transport on pH and
microbial fuel cell performance. Environmental science & technology, 40(17), 5206-5211 .

Salman, M. Y., & Hasar, H. (2023). Review on environmental aspects in smart city concept: Water, waste, air
pollution and transportation smart applications using loT techniques. Sustainable Cities and Society, 94,
104567 .

Sarker, S., Akbor, M. A., Nahar, A., Hasan, M., Islam, A. R. M. T., & Siddique, M. A. B. (2021). Level of
pesticides contamination in the major river systems: A review on South Asian countries perspective.
Heliyon, 7 .(7)

Sarmin, S., Tarek, M., Cheng, C. K., Roopan, S. M., & Khan, M. M. R. (2021). Augmentation of microbial
fuel cell and photocatalytic polishing technique for the treatment of hazardous dimethyl phthalate
containing wastewater. Journal of hazardous materials, 415, 125587 .

Sathe, S., Chakraborty, 1., Cheela, V. S., Chowdhury, S., Dubey, B., & Ghangrekar, M. (2021). A novel bio-
electro-Fenton process for eliminating sodium dodecyl sulphate from wastewater using dual chamber
microbial fuel cell. Bioresource Technology, 341, 1 .YeAa.

Semenec, L., Laloo, A. E., Schulz, B. L., Vergara, I. A., Bond, P. L., & Franks, A. E. (2018). Deciphering the
electric code of Geobacter sulfurreducens in cocultures with Pseudomonas aeruginosa via SWATH-MS
proteomics. Bioelectrochemistry, 119, 1 N7 +—&+

Shariati, S., Mehrdadi, N., Alikhani, H. A., & Zeynali, K. (2025). The role of cadmium-resistant bacteria and
modifiers in improving rice crop quality. Iranian Journal of Soil and Water Research .

Shariati, S., Pourbabaee, A. A., Alikhani, H. A & ,.Rezaei, K. (2022). Degradation of phthalic acid esters by
the microbial consortium isolated from a contaminated soil. Applied Soil Research, 10(2), 1-13 .

Shariati, S., Pourbabaee, A. A., Alikhani, H. A., & Rezaei, K. A. (2021). Biodegradation of DEHP by a new
native consortium An6é (Gordonia sp. and Pseudomonas sp.) adapted with phthalates, isolated from a
natural strongly polluted wetland. Environmental Technology & Innovation, 24, 101936 .

Shariati, S., Pourbabaei, A. A., Alikhani, H. A., Rezaei, K .A., & Shariati, F. (2021). Phthalic acid esters as
pervasive emerging pollutants in the environment and their role in threatening food security and human
health: A review. Iranian Journal of Soil and Water Research, 52(8), 2253-2277 .

Siksnelyte-Butkiene ,I., Zavadskas, E. K., & Streimikiene, D. (2020). Multi-criteria decision-making (MCDM)
for the assessment of renewable energy technologies in a household: A review. Energies, 13(5), 1164 .

Simeon, I. M., Weig, A., & Freitag, R. (2022). Optimization of soil microbial fuel cell for sustainable bio-
electricity production: combined effects of electrode material, electrode spacing, and substrate feeding
frequency on power generation and microbial community diversity. Biotechnology for biofuels and
bioproducts N YY¥ ,(V)Ve,

Singh, S. (2001). Exploring correlation between redox potential and other edaphic factors in field and
laboratory conditions in relation to methane efflux. Environment International, 27(4), 265-274 .

Sirajudeen, A. A. O., Annuar, M. S. M ,.Ishak, K. A., Yusuf, H., & Subramaniam, R. (2021). Innovative
application of biopolymer composite as proton exchange membrane in microbial fuel cell utilizing real
wastewater for electricity generation. Journal of Cleaner Production, 278, 123449 .

Sonawane, J. M., & Greener, J. (2024). Multiparameter optimization of microbial fuel cell outputs using linear
sweep voltammetry and microfluidics. Journal of Power Sources, 607, 234589 .

Song, N., Jiang, H., & Yan, Z. (2019). Contrasting effects of sediment microbial fuel cells (SMFCs) on the



YEO o B amw Juy 539U 9 (oY b i pleo! 1l )Ken g (i s

degradation of macrophyte litter in sediments from different areas of a shallow eutrophic lake. Applied
Sciences, 9(18), 3703 .

Song, W., & Liu, M. (2017). Farmland conversion decreases regional and national land quality in China. Land
degradation & development, 28(2), 459-471 .

Sreelekshmy, B. (2020). Exploration of Electrochemcially Active Bacterial Strains for Microbial Fuel Cells:
An Innovation in Bioelectricity Generation. Journal of Pure & Applied Microbiology, 14 .()

Sun, F., Yang, Y., Zhang, Z., He, W., Chen, J., & Tang, M. (2025). Synergistic uranium (V1) remediation and
bioenergy recovery via polyaniline-derived covalent organic framework-carbon nanotube (PANI@ COF-
CNT) integrated sludge microbial fuel cell (SMFC): Mechanisms and microbial adaptation. Journal of
Environmental Chemical Engineering, 118598 .

Sur, S., & Sathiavelu, M. (2022). A concise overview on pesticide detection and degradation strategies.
Environmental Pollutants and Bioavailability, 34(1), 1 Y Y?-Y

Suransh, J., & Mungray, A. K. (2022). Reduction in particle size of vermiculite and production of the low-cost
earthen membrane to achieve enhancement in the microbial fuel cell performance. Journal of
Environmental Chemical Engineering, 10(6), 1 .+ AYAY

Syed, Z., Sonu, K., & Sogani, M. (2022). Cattle manure management using microbial fuel cells for green
energy generation. Biofuels, Bioproducts and Biorefining, 16(2), 460-470 .

Tang, K., He, C., Ma, C., & Wang, D. (2019). Does carbon farming provide a cost-effective option to mitigate
GHG emissions? Evidence from China. Australian Journal of Agricultural and Resource Economics,
63(3), 575-592 .

Touch, N., Hibino, T., Kinjo, N., & Morimoto, Y. (2018). Exploratory study on improving the benthic
environment in sediment by sediment microbial fuel cells. International Journal of Environmental
Science and Technology, 15(3), 507-512 .

Trivedi, P., Schenk, P. M., Wallenstein, M. D., & Singh, B. K. (2017). Tiny microbes, big yields: enhancing
food crop production with biological solutions. Microbial biotechnology, 10(5), 999-1003 .

Umar, M. F., Abbas, S. Z., Mohamad Ibrahim, M. N., Ismail, N., & Rafatullah, M. (2020). Insights into
advancements and electrons transfer mechanisms of electrogens in benthic microbial fuel cells.
Membranes, 10(9), 205 .

Valimandanipour, V., Noroozifar, M. (2017). Preparation and characterization of sulfonated polystyrene—
polyethylene composite membrane for direct methanol fuel cell. Iran. J. Chem. Chem. Eng. (lranian
Journal of Chemistry and Chemical Engineering), 5, 151-162 .

Varma, M., Gupta, A. K., Ghosal, P. S., & Majumder, A. (2021). A review on performance of constructed
wetlands in tropical and cold climate: Insights of mechanism, role of influencing factors, and system
modification in low temperature. Science of The Total Environment, 755, 142540 .

Vélez-Pérez, L., Ramirez-Nava, J., Hernandez-Flores, G., Talavera-Mendoza, O., Escamilla-Alvarado, C.,
Poggi-Varaldo, H., Solorza-Feria, O., & Lépez-Diaz, J. (2020). Industrial acid mine drainage and
municipal wastewater co-treatment by dual-chamber microbial fuel cells. International journal of
hydrogen energy, 45(26), 1375713766 .

Verma, P., Daverey, A., Kumar, A., & Arunachalam, K. (2021). Microbial fuel cell-a sustainable approach
for simultaneous wastewater treatment and energy recovery. Journal of Water Process Engineering, 40,
101768 .

Vishwanathan, A. (2021). Microbial fuel cells: a comprehensive review for beginners. 3 Biotech, 11(5), 248 .

Waldrop, M., Harden, J .\W., Turetsky, M., Petersen, D. G., McGuire, A., Briones, M., Churchill, A., Doctor,
D., & Pruett, L. (2012). Bacterial and enchytraeid abundance accelerate soil carbon turnover along a
lowland vegetation gradient in interior Alaska. Soil Biology and Biochemistry, 50, 188-198 .

Wang, H., Li, L., Cao, X., Long, X., & Li, X. (2017). Enhanced degradation of atrazine by soil microbial fuel
cells and analysis of bacterial community structure. Water, Air, & Soil Pollution, 228(8), 308 .

Wang, H., Shen, X., Zhang ,C., Shao, Y., Li, H., Wu, J., Yang, Y., & Song, H. (2024). Effects of plasticizer
on removal of antibiotics and antibiotic resistance genes from agricultural soils via soil microbial fuel
cells. Pedosphere, 34(6), 981-992 .

Wang, H., Song, H., Yu, R., Cao, X., Fang, Z., & Li, X. (2016). New process for copper migration by
bioelectricity generation in soil microbial fuel cells. Environmental Science and Pollution Research,
23(13), 13147-13154 .

Wang, H., Zhang, H., Zhang, X., Li, Q., Cheng, C., Shen, H & ,.Zhang, Z. (2020). Bioelectrochemical
remediation of Cr (VI)/Cd (ll)-contaminated soil in bipolar membrane microbial fuel cells.
Environmental research, 186, 109582 .



1PeB (33959,8 ) osles BY 0390 oyl S g o wlinéizs  YFF

Wang, Y., Hu, J., Wang, L., Shan, D., Wang, X., Zhang, Y., Mao, X., Xing, L., & Wang ,D. (2016). Acclimated
sediment microbial fuel cells from a eutrophic lake for the in situ denitrification process. RSC advances,
6(83), 80079-80085 .

Wang, Y., Zhang, X., & Lin, H. (2024). Effects of pH on simultaneous Cr (VI) and p-chlorophenol removal
and electrochemical performance in Leersia hexandra constructed wetland-microbial fuel cell.
Environmental technology, 45(3), 483-494 .

Wanwimolruk, S., Phopin, K., Boonpangrak, S., & Prachayasittikul, V. (2016). Food safety in Thailand 4:
Comparison of pesticide residues found in three commonly consumed vegetables purchased from local
markets and supermarkets in Thailand. PeerJ, 4, 2432 .

Wong, P. Y., Cheng, K. Y., Krishna, K. B., Kaksonen, A. H., Sutton, D. C., & Ginige, M. P. (2018).
Improvement of carbon usage for phosphorus recovery in EBPR-r and the shift in microbial community.
Journal of Environmental management, 218, 569-578 .

Wu, M., Xu, X,, Lu, K., & Li, X. (2019). Effects of the presence of nanoscale zero-valent iron on the
degradation of polychlorinated biphenyls and total organic carbon by sediment microbial fuel cell.
Science of The Total Environment, 656, 39-44 .

Wu, Q., Jiao, S., Ma, M., & Peng, S. (2020). Microbial fuel cell system: a promising technology for pollutant
removal and environmental remediation. Environmental Science and Pollution Research, 27(7), 6749—
6764 .

Xu, P., Xiao, E.-R., Xu, D., Zhou, Y., He, F., Liu, B.-Y., Zeng, L., & Wu, Z.-B. (2017). Internal nitrogen
removal from sediments by the hybrid system of microbial fuel cells and submerged aquatic plants. PloS
one, 12(2), e0172757 .

Xu, P., Xiao, E., Xu, D., Li, J., Zhang, Y., Dai, Z., Zhou, Q., & Wu, Z. (2018). Enhanced phosphorus reduction
in simulated eutrophic water: a comparative study of submerged macrophytes, sediment microbial fuel
cells, and their combination. Environmental technology, 39(9), 1144-1157 .

Yadav, D., Singh, S., & Sinha, R. (2021). Microbial degradation of organic contaminants in water bodies:
technological advancements. Pollutants and Water Management: Resources, Strategies and Scarcity,
172-209 .

Yang, X., & Chen, S. (2021). Microorganisms in sediment microbial fuel cells: Ecological niche, microbial
response, and environmental function. Science of The Total Environment, 756, 144145 .

Yang, X., Zhang, Z., & Zhang, J. (2023). Study of soil microplastic pollution and influencing factors based on
environmental fragility theory. Science of The Total Environment, 899, 165435 .

Yang, Y., Chen, H., Majidzadeh, H., & Chow, A. T. (2018). Electricity generation from different wetlands:
Mechanisms based on dissolved organic matters in membrane-less microbial fuel cells. Chemical
Engineering Journal, 351, 1006-1012 .

Yaqgoob, A. A., Al-Zagri, N., Alamzeb, M., Hussain, F., Oh, S.-E., & Umar, K. (2023). Bioenergy generation
and phenol degradation through microbial fuel cells energized by domestic organic waste. Molecules,
28(11), 4349 .

Yu, H., Li, K., Cao, Y., Zhu, Y., Liu, X., & Sun, J. (2022). Synergistic remediation of lead contaminated soil
by microbial fuel cell and composite remediation agent. Energy Reports, 8, 388-397 .

Zaeni, A., Susilowati, P. E., Alwahab, & Ahmad, L. O. (2020). Renewable energy from sediment microbial
fuel cell technology from Kendari Bay swamp sediments. AIP Conference Proceedings ,

Zhang, H., Chao, B., Gao, X., Cao, X., & Li, X. (2022). Effect of starch-derived organic acids on the removal
of polycyclic aromatic hydrocarbons in an aquaculture-sediment microbial fuel cell. Journal of
Environmental management, 311, 114783 .

Zhang, J ,.Cao, X., Wang, H., Long, X., & Li, X. (2020). Simultaneous enhancement of heavy metal removal
and electricity generation in soil microbial fuel cell. Ecotoxicology and Environmental Safety, 192,
110314 .

Zhang, J., Jiao, W., Huang, S., Wang, H., Cao, X ,.Li, X., & Sakamaki, T. (2022). Application of microbial
fuel cell technology to the remediation of compound heavy metal contamination in soil. Journal of
Environmental management, 320, 115670 .

Zhang, J., Liu, Y., Sun, Y., Wang, H., Cao, X., & Li, X .(Y+Y+) .Effect of soil type on heavy metals removal
in bioelectrochemical system. Bioelectrochemistry, 136, 107596 .

Zhang, Q., Zhang, L., Li, Z., Zhang, L., & Li, D. (2019). Enhancement of fipronil degradation with eliminating
its toxicity in a microbial fuel cell and the catabolic versatility of anodic biofilm. Bioresource Technology,
290, 121723 .

Zhang, Q., Zhang, L., Wang, H., Jiang, Q., & Zhu, X. (2018). Simultaneous efficient removal of oxyfluorfen



YEV o B Ju 53908 9 (oY b i pleo! 1] ) Ken g (Sias s

with electricity generation in a microbial fuel cell and its microbial community analysis. Bioresource
Technology, 250, 658-665 .

Zhao, J., Li, F., Cao, Y., Zhang, X., Chen, T., Song, H., & Wang, Z. (2021). Microbial extracellular electron
transfer and strategies for engineering electroactive microorganisms. Biotechnology advances, 53,
107682 .

Zhao, Q., Bilal, M., Yue, S., Hu, H., Wang, W., & Zhang, X. (2017). Identification of biphenyl 2, 3-
dioxygenase and its catabolic role for phenazine degradation in Sphingobium yanoikuyae B1. Journal of
Environmental management, 204, 494-501 .

Zhao, Y., Li, Z., Ma, J., Yun, H., Qi, M., Ma, X., Wang, H., Wang, A., & Liang, B. (2018). Enhanced
bioelectroremediation of a complexly contaminated river sediment through stimulating electroactive
degraders with methanol supply. Journal of hazardous materials, 349, 168-176 .

Zhou, H., Xuanyuan, X., Lv, X., Wang, J., Feng, K., Chen, C., Ma, J., & Xing, D. (2023). Mechanisms of
magnetic sensing and regulating extracellular electron transfer of electroactive bacteria under magnetic
fields. Science of The Total Environment, 895, 165104 .

Zhou, X., Chen, X., Li, H., Xiong, J., Li, X., & Li, W. (2016). Surface oxygen-rich titanium as anode for high
performance microbial fuel cell. Electrochimica acta, 209, 582-590 .

Zhou, Y.-L., Jiang, H.-L., & Cai, H.-Y. (2015). To prevent the occurrence of black water agglomerate through
delaying decomposition of cyanobacterial bloom biomass by sediment microbial fuel cell. Journal of
hazardous materials, 287, 7-15 .

Zhou, Y., Shi, C,, Fan, M ,.Feng, Y., Xu, Y., & Chen, Y. (2019). The efficient biodegradation of dimethyl
phthalate using an anaerobic bioelectrochemical system. Journal of Chemical Technology &
Biotechnology, 94(9), 2935-2943 .

Zhu, N., Tang, J., Tang, C., Duan, P., Yao, L., Wu, Y & ,.Dionysiou, D. D. (2018). Combined CdS
nanoparticles-assisted photocatalysis and periphytic biological processes for nitrate removal. Chemical
Engineering Journal, 353, 237-245 .

Zhu, N., Wu, Y., Tang, J., Duan, P., Yao, L., Rene, E. R., Wong, P. K., An, T., & Dionysiou, D. D. (2018). A
new concept of promoting nitrate reduction in surface waters: simultaneous supplement of denitrifiers,
electron donor pool, and electron mediators. Environmental science & technology, 52(15), 8617-8626 .

Zhuang, L., Tang, J., Wang, Y., Hu, M., & Zhou, S. (2015). Conductive iron oxide minerals accelerate
syntrophic cooperation in methanogenic benzoate degradation. Journal of hazardous materials, 293, 37—
45



