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Microbial response characteristics of a constructed wetland—microbial fuel cell system to sodium dodecyl
benzene sulfonate

WANG Xiaoou, XIA Weiyi, WANG Huixin, LI Jiayin, XUE Ming

(School of Energy and Environmental Engineering, Hebei University of Technology, Tianjin 300401, China)

Abstract: Linear alkyl-benzene sulfonate (LAS) is the most widely used anionic surfactant in the field of daily chemicals, and alkyl-
benzene sulfonate and its degradation intermediates have been common representative organic pollutants in the environment. Taking
sodium dodecyl benzene sulfonate (SDBS) as the target LAS, this study investigated the SDBS removal performance of the constructed
wetland—microbial fuel cell coupling system (CW—-MFC) and the microbial response characteristics of the system to SDBS by conducting

lab—scale experiments. Results showed that as the influent SDBS concentration was 25 mg-+ L', the removal rate and removal load of SDBS
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in the CW-MFC were 44.3% and 6.74 g+ m™ - d™', respectively. The addition of SDBS exerted relatively significant interference on the

composition and activity of microbial communities in the CW-MFC system; it took the microorganisms a certain amount of time to adapt
and develop the ability to degrade SDBS, while the electrochemically active bacteria (EAB) were more resistant to SDBS than other
microbial species. SDBS promoted the richness and diversity of microbial communities attached to the surface of lava and anodes
(anaerobic environment) while inhibiting the diversity of microbial communities attached to the surface of plant roots and cathodes
(aerobic environment). The dominant bacteria on the surface of lava, cathodes, and anodes in the CW-MFC were Proteobacteria,
Bacteroidota, and Desulfobacteroidota, respectively. SDBS significantly increased the relative abundance of EAB (Proteobacteria,
Bacteroidota, Firmicutes, Acidobacteriota, etc.) in the anode area of the CW-MFC by 56.7%, thereby increasing the maximum output
power density and reducing the internal resistance of the CW-MFC. Seven genera of SDBS degradation—related bacteria were available in
the CW-=MFC: Geobacter could participate in the B/w oxidation process; Aeromonas, Acinetobacter, and Desulfovibrio could participate in
the desulfonic acid process; Hydrogenophaga, Zoogloea, and Dechloromonas could participate in the benzene ring cleavage process, of
which Geobacter and Desulfovibrio belong to anaerobic bacteria; and the others belong to aerobic bacteria. In addition, the relative
abundance of SDBS degradation—related bacteria on the surface of lava was the highest, accounting for 61.61%. The research showed that
SDBS changed the spatial distribution law of microbial communities, promoted the enrichment and growth of EAB and SDBS degradation—
related bacteria in the CW-MFC, and improved the electrochemical performance of the CW-MFC. Overall, it is feasible to use CW-MFC
systems to treat anionic surfactants.

Keywords: constructed wetland; microbial fuel cell; anionic surfactant; sodium dodecyl benzene sulfonate; microorganisms;
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Figure 1 Schematic diagram of CW-MFC system experimental device
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2.2 CW-MFC R G E B L EHHF1E
2.2.1 WY Z R H

CW-MFC 2 4t B A= W Tk 2 FEPE SR Bin 3 1
fis, Hof, Shannon 38 201 Simpson $8 202 AL U4 9
TETE I ZFETE , Observed species 6 BURNF A= W ETE
B EE, Al LIE 1, CW-MFC, 48 i 4 5807 191
A YT 2 FEVE R T2 E B HE T A AR 3R 1> A ) AR
FAR A PR R T8 > KL A EDRLR IR, T CW-MFC, &
ge P S W Z2 REPEHE T A BH AR 2R H > FE AR R 2 1>
L R R TR ~ AR R 08T, SR W B HE Y A
W 200> 1 5 SRR 25 T > FE P AR 2R 2 Thi > I A 5 1
H1 AT WL, SDBS ] $4 CW-MFC 22 55 9 0 (W 2E W i
T2 REME I 2 B A ERIE . 5 CW-MFC, RGEH L,
CW-MFC, & 4t K 111 7 30R) A BH AR 2% 18] A9 Shannon 45
By m$Em T 39.62% F1 25% , Simpson $8 5053 51 2 5
T 9.84% F111.49% , Observed species $& 5053 | #& 5

1 CW-MFC RGEREMEE S HIEEY
Table 1 Microbial community diversity index of CW-MFC system

, N 2 3 %
. . Observed Coverage
System Location Shannon Simpson .

species rate
CW- MR ZEE  7.00 0.97 1986 99.48
MEC s topt w313 0.61 1240 99.44
AR 2 T 5.72 0.87 1971 99.40
B e 1w 7.71 0.98 2 404 99.34
CW-  fHPRAEm 533 0.85 1615 99.53
MFCo | bl ki 437 0.67 1745 99.24
FHR 2 1HT 7.15 0.97 2216 99.34
L& 425 0.75 1355 99.44
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40.73% 1 12.43% , T A ) 1 3 A1 MFC BH A% 3% 1801 7Y
Shannon $§ 5153 5 FEAIK T 23.86% #i1 44.88% , Simp-
son 8 E0 43 B FEAK T 12.37% F123.47% , Observed spe-
cies FE BT BIEAR T 18.68% F143.64%, X 13 ] SD-
BS AT M L AHEDRE R MEC BH AR 26 1 B2 D vk
ZREPERIE S B H2 A0S AR P AR 2 R MFC B
e 2T I IR 2 . IS ] R 5 4 SR
AIMEEA L, CW-MFC & Gt % i (K 5 0k F
MFC B ) AR AU/ A8 A5 R 3 AR AR 2 bl 0
S F 3 1T Ry i SRR 8E , MIFC AR, X 38 P T 182 3tb
HORLR JZ KA EAE IR A8 . X U B SDBS
X RS MV Z e v A SR EVE A (R X 41
MUEIRESE ZRE LA T HIVE R .

W1t 2 OTU 4341 Venn &, %F CW-MFC &4 h
A AR T A R AL A R DL R AR S E A T 0BT
ZE AN 4 fr R . CW-MFC, 221 B 5] OTUs 7 477
A, Hf 345 OTUs 5024, 5 £L 6.71% , CW-MFC, 3
HRBEF] OTUs 6 598 4>, H oAt OTUs 387 4, 5 Ik
5.87%. SrEBAIKFE WA AR R 2 1E OTUs %% H i
7, CW-MFC,# CW-MFC, fif 18.19%; 5l X 111 7 32}
F 00 OTUs 3L H 1 & . CW = MFC, ! CW - MFC, 7
26.57%; 5t BH % 26 1 OTUs B H 1M 5, CW - MFC, %8¢
CW-MFC = 11.06%; 5t B #% % 111 OTUs £ H 11 &
CW - MFC, % CW-MFC, Ik 44.86% . 3% ik — #IF 52
SDBS X% CW-MFC % ¢ 4% #0057 10 1 2E W0 1 s 4H il 2
AN R BE s i, L Xt BF AR % T B 2 A v 4L
SN B R, I XA PR v i A SR B e B R
FLYR K LA R R T, FE XU e i A K e B
AR

FHF Unweighted unifra #7258 6004 7 3 AR AR S0 AT
(PCoA) , AFRFT CW-MFC 2 Gt A [a] 350457 1ol Ak W B v
2 25 S RO AL, 25 A 1B 5 (a) BT o FE B
A3 112 5 B RR T 28.02% F17.76% i B BEVE 254
PR R R (P.1,P.2) KA BURERTAN(T.1.T.2) |
FAAR R TE (A1 AL2) FIFAAR R T (C.1 . C.2) B A s
AR Z AL , W] CW-MFC 2 45 A [R5 07 R4k
AR 2 S W WL, P15 P.2.T.1 5 T.2,
A15A2.C1Y5 C2ZBAFFEN R /38 X it — 2k
W] SDBS ¥ i i 520 T CW-MFC R4 IUE MR
YR, JEFLIE MFC BRI 1A i I 2R

FEF Unweighted unifrac 1125 X} OTUs B3 i1 75
Fo b, R E 5(b) iR  HEAT.1.T.2 . P.1 P2 5
F—3Z A1 A2 C.1 C2 R M—3, X B k1l 75 E
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(b)

A2

898

P.1,CW-MFC, RGAEPIAR KA T.1, CW-MFCy R G K NEETDRR IR 5 A1, CW-MFC, R SE IR R 5 C.1, CW-MFC R ML K AT P.2, CW-MFC,
RGP R LM T.2, CW-MFC: RE K UEHDRRIE A2, CW-MFC, RGP 5 C.2, CW-MFC. RGP LR . T,
P.1, plant root surface of the CW-MFC, system; T.1, volcanic rock filler surface of the CW-MFC, system; A.1, anode surface of the CW-MFC, system; C.1,
cathode surface of the CW-MFC, system; P.2, plant root surface of the CW-MFC, system; T.2, volcanic rock filler surface of the CW-MFC, system; A.2,
anode surface of the CW-MFC, system; C.2, cathode surface of the CW-MFC, system. The same below.

4 CW-MFCi(a)F1 CW-MFC.(b) REE B EBLIREH OTUs 55 Venn
Figure 4 Venn diagram of microbial OTUs distribution in various parts of the CW—MFC,(a) and CW—-MFC(b) systems
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Figure 5 PCoA based microbial community difference analysis(a) and unweighted unifrac distance based OTU cluster analysis(b)

LTI P ML ZR 2 T Gl A R T R AL O R R B R,
MEC AR IS4 2 18 PR (ol A 0 e 7 1Ak DG FR IR B 45
o WEAM, 5 CW-MFC A L, CW-MFC, 2 4t 4% B £
Bacteroidota (FUFFERT 1] ) A AR 3= B BH g 3, e 2
FE MFC B 2 187 , 7T 0. SDBS 14 o sk U5 il 0 12 F Bac-
teroidota & £ 4= £ . Bacteroidota S& 1 Hb H 55 H K6
SNV ET T AL RAEER LA DL R e i 31

SLVE ™, [Al B, Bacteroidota HY A 22 i AE 9 02 HEL 4K
SN PEA T, P DL L R el e 2 5 T R R X
1B 53 i B T SDBS X CW-MFC % 4t Hi fb 24 M g 1)
fREER(E3).
2.2.2 1AW S50 25 S o b

CW-MFC RS K- RUE P REE S5 I 6 (a)
fii7s BT LLE H CW-MFC R H I []4 Proteobac-
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Figure 6 Relative abundance of microbial communities at gate level (a) and genus level(b) in CW-MFC system

teria(ZEJE T8 1] ) . Bacteroidota , Desulfobacteroidota ( i
B B 1)), AR X 35 B SR 7 4 Y 78.42%~
94.23%., H:H Proteobacteria =F & it 5 , TEASFEA T 5
I 39.54%~91.24% . Proteobacteria TE i # F 4t H X}
A L e fige 0 8 85 W8 2 B H 244, Bacteroidota
BN N 2 CW-MFC F g8 h i DR 3", 72 IR 4]
IREE 5T AT A R AR 15 44", Desulfobacteroido-
ta BE AL AR R (SOT) A AR £ (SO%) A AU Rk
(S:05) B AL B IHE A 52 14, % LAS £ v 8] B gk
Y O IR ER S AT AN S A R o Lk — 24y
eI — AR AR BEAh 38 A BE T Chloroflexi (4%
E ) . Acidobacteriota (R FF % 1] ) . Actinobacteria
(eEkia 1)) 55 B S A HLYIRE AR R . Wa S50l
FIPRAA & A AL T2 A BB B U8 W, & 1 Chloroflexi
A LA 07 30208 0B VR v # ME R A AT LIS A Ry B W AR
ABLIE, e R PR H 2 AL T 2R E R A . Lu
ZERUAN Militon 25223 1Y Actinobacteria £F 45 i & 25 il
BT K285 e i AR W A b BAT B/ T o Han
SEBI I, Acidobacteriota E RG], Al LA S
5 WETE RS BT AR 3R AR BRI RR N VD B I A
%% SDBS )5 i , Proteobacteria , Bacteroidota | De-
sulfobacteroidota £5 [ [ ] 7E 28 4t N 4% w4l v 0 X 3 1 &
He T AR, HAK A < Proteobacteria YA X 32 FE 76 A 4

1% WHART]

MR R ILFAAE £ MEC BHAR RIS I T 24.39%,
T E KL 25 SRR} 3R T8 R MEFC B A% 26 18T 43 51 98 2 1
11.50% #l1 26.36% ; Bacteroidota 14 4H X 3= & 76 i 4 H2
F KA ORI MFC B R 22 18 20 509820 T 2.44%
2.11% F144.31%, 1 7€ MFC BH % 2 18 JL-F- A 75 5 De-
sulfobacteroidota FAH XF = F 7 MFC BA#% 2= 10 I /> T
30.01%, MAEA PR F LS EDRVRT MFC R & 1
JLPAE,

Oy W RETEAE CW-MFC 2 45w 1 25 1] 23 A
AR, R IAE SOl OB R TH AR JE 16 1] Proteobacteria
AR AR 2 B f K, 2491835 80% LA I 5 #E MFC B 1
LUFF T 1] Bacteroidota 1Y A XF 4= 85 K, i LA Ky
7.66~51.97% ; 7& MFC PH #% % 1t it &% AT %5 ] Desulfo-
bacteroidota ) #8 Xf = & fx K, 7 Hb 29 K 10.77%~
40.78% I HE I Proteobacteria | Bacteroidota A1 De-
sulfobacteroidota 23 B AE K 11 =38 A MFC FH#E A1 MFC
PR ALY SDBS e fife Hh & 4545 24

EAB J& MFC H 9% 3 75 G W) K i e AL A T2 284 1)
AL EAB e EA T 40 ML AN PR e, R 45 T
B2 L B RE ™, AT LIRSS AR IR 7 AR L
W LA H 12 i 22 BT , DT SIS 30A AL ) o fi
AL RERYFE 1L . EAB £ ZALHE PU K2, Proteobacte-

ria. Bacteroidota . Firmicutes (JEBE[F [ ]) . Acidobacteri-
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otac FHMIE CW-MFC R 4G¢ il A9 7 Ho i) 2 435
It ,CW-MFC, Fll CW-MFC, & 48 H [ EAB #42 Pro-
teobacteria FH X} 3= B 55 K, (7 & EAB = & 43 ) 5y i
83.3% 11 85.9% , W] Il Proteobacteria Xf CW—-MFC ;= H,
M TTIRAC R . 5 CW-MFC RGEAH L, CW-MFC. R 5E
PHA X R EAB F R 2 12 25 #1285 56.7% , i T SDBS 1E
—EFEE FME T CW-MFC R 41 A2k B,
HEHED , SDBS T LUE i e i EAB i A4 KT i 5 CW -
MFC R G AL A HERE .

R Tk — LR ER SDBS MU W IR AR AR 5
ey, Xof JaR K P FO IR WD R IR A5 R AT T A0 A IS .
F6(b) IR, MK , CW-MFC 48 4 435 0 i 4
Y RE T 4l 22 S R, o G T s 72 Aeromonas
Cloacibacterium . Geobacter (AT J& ) , AH X =F £ 3 51l
N 3.18%~77.66% . 0.19%~49.31% . 0.06%~38.70%
CW=MFC, Fll CW =MFC. H 2 FB AL ol A= Py v 4 # 41
JA BER 22 5%, SDBS A7 1R X T 20 o A ) oA e 4%
PEGEHEVE T, 00X 3040 ik A oy oA Sl /R A B4R
Jim A SDBS J& , MFC [H % 3 [ H Geobacter . Acineto-
bacter (A B FF B J& ) A XT = BEFRAIX , Zoogloea (TR JIE
) \ Dechloromonas ( i & ¥. i 14 ) . Hydrogenophaga
(UM N TR ) AFDX 2 B3 R s MFC AR 3R 1T o Meethy-
lophilaceae (W& H JE T8 ) #H X} = BERRAIC , Cloacibacterium
CHFE FEFF TR ) - Rhodobacter (ZLFF J& ) . Gemmobacter
(ZFBEAT T 8 ) AH X 3 B 1 0K s i AR 3 R THT Xylophi-
lus (R ARFT 16 J& ) A X =F B2 BEAIK L Azospira ([ (038R 14

Ja& ) AT = BE T s BORHR THT Aeromonas (U NE T E )
AEXF 3= BEREAIG , Novispirillum (347 2 W T5E 1 J& ) AH X 3=
JE T . Okada ZE237 1E FR Zoogloea . Dechloromonas .
Hydrogenophaga +& LAS B K% i #1 < T8 . Hassan 5527
K IAE MFC 1, Cloacibacterium W 4T 3k 75 Wy [ fi .
Freire 252 6] £ & PR, 21 35 Bl (Rhodobacter . Gemmo-
bacter 55 ) FHXT = FE fifi LAS ¥R FE B9 FH S 3 K . Zheng
SEPHIERA Azospira J& TE A= WIS 0 a% v AT R4 5
FIASAAVER o Novispirillum £ J& T o8 1 , H 7E
JRIK PRSI 3, FLAT i A R R RE 1
124 H 1k, A BEFRAE DR AR AL IR 2 K B0k 15
Y PR35 BN HP IR 1 22 LAS BEA# 187 , 045 Bacte-
roides (U FT 17 J& ) | Cytophaga (WE£F 4E 4 J& ) . Syntro-
phus(H. IR & ) | Clostridium (BOR ZEHAT B 8 ) 45, H
AEE AR 2. TEAMIH , CW-MFC R4 A5l 2
1) SDBS WA ARG & AT 74>, Horb 14 (Geobacter)
AR AT LUl T Blo AL LI FE , 3 1N JE[Aeromonas (Aci-
netobacter . Desulfovibrio ( A 5K B J& ) | 7T LA E 17 i fisk
12 1k 72, 3 4~ J& (Hydrogenophaga . Zoogloea . Dechlo-
romonas) W] LLHEAT R IA L . BR T Geobacter Fl Desul-
Jovibrio J& T DA TEE , AR ISR B & o Hh i #fE
I, SDBS 7 CW~MFC 2 48 H 4 i A Wy it A 0 4o
fit Ry B WAFTE PR AR R . X CW-MFC. R &E
H SDBS P4 fife AH 3¢ 1 g A X =F B 1 25 (8] 43 A 647 43
B, SRR 3PN o R K L DR T SDBS [
iR T Je B0 R X 2 B R R, 23 i) AR AR B ST MFC

R2 ANEIRMEH LASEREE

Table 2 LAS degrading bacteria in different reactors

JFE i PEK LAS ¥ & /mg - 17! Il & EZPUN
Reactor Inlet LAS concentration Phylum Genus Reference
I8 78 A B IR AU AL IR 18.8 +4.2 Bacteroidetes [31]
Firmicutes
Actinobacteria
Proteobacteria
Fih 22 IR 4 T 2 e A= 400 I o i 140+ 1.0 Firmicutes [32]
171 S TRERIAZS 7.35+3.76 Bacteroidetes Bacteroides , Cytophaga [33]
Synergistetes Synergistes
Proteobacteria Syntrophus
Firmicutes Clostridium
DRAIRAG IR S 14.0+3.0 Proteobacteria Dechloromonas [34]
Desulfobacterota Geobacter
IRAATH AL It 154+53 Proteobacteria [35]
322+ 124 Synergistetes
Bacteroidetes

Actinobacteria
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®3 AP CW-MFC RSt 4 SDBS B HE X H B AX FEM=E 5 (%)
Table 3 Spatial distribution of relative abundance of SDBS degradation related bacteria in the CW—-MFC system of this study (%)

TitH Il & Kl SRR T THIAR F 2R [SESES) ELEST]

[tem Phylum Genus Surface of volcanic rock filler  Plant root surface ~ Anode surface Cathode surface

Blo %1k Desulfobacterota Geobacter'™ 1.91 1.61 1.18

I Proteobacteria Aeromonas™" 59.86 42.65 12.36 9.00

Proteobacteria Acinetobacter' ™™ 0.51 2.81 5.28

Desulfobacterota Desulfovibrio™" 0.78 7.80 0.47

FS7AY Proteobacteria Hydrogenophaga'**” 0.92 0.53 0.17

Proteobacteria Zoogloea™™ 0.46 0.75 0.49

Proteobacteria Dechloromonas'™ 2.15 0.61 1.23

5578 61.61 49.38 26.47 17.82

.?j—:‘ . ( \ll)ﬁbﬁﬁ%’% ; ( \vl)j\jﬁ?/ﬁ%‘)ﬁ ; “‘\\l\]ﬂ\j%:l\él{Jj‘:‘/ﬁ%E o
Note: *" is a genus of anaerobic bacteria;

PHAR 25 161 F0 MEFC B4R 2R 17T 1Y) 1.25.2.33 f%5 F1 3.46 i .
LA SRR 3 5 LRSS F FN Kk 3k 1 L SR TR,
X5 ey ELA A v W RE T, 1 4 R T SDBS
R AR S e Kl s R R T AR AR K

3 #ie

(1) ZBe HORRE PR AN (SDBS) 2l A8 17 N T3 b —
A R L T (CW=MFC) 2 58 N 5B A W) V% )
23 [A) A3 AT R AR HE T K L SEURL RN I 3 1R 55 PR 4R
PN BOAE YIRS T BE A AR, XA AR
FBAMR 2R 181 45 47 S A BT T B TUE D e I Z AR PE 7 A
T

(2) CW-MFC R Z¢H oL AL A1 1 17 (EAB) X SD-
BS TP HE A A Pyl B 5, SDBS AT DL i i
HEEAB 1A KM $ 25 CW-MFC R4 1 Hi A E P BE

(3)CW-MFC REGHH 74> SDBS AR AH G -
Geobacter M| 2 5 Blw A Ak 1 #2 , Aeromonas . Acineto-
bacter , Desulfovibrio ] 5 it fR 14 72 , Hydrogenopha-
ga . Zoogloea . Dechloromonas W] 2 5 28 3R 34 i oL 72 .
HHr Geobacter \Desulfovibrio Ry R g HLA AR
T

(4) CW-MFC % %t 78 4b # SDBS #:f 2 v H 1l
TR TAT | BF AR 2 A1 R0 A AR 2 1 A DL 3T 11 43 il
A Proteobacteria | Bacteroidota Al Desulfobacteroidota,
Hovr, il A EORE R 17 SDBS [ fift AH 5% B i A X 3=

JE R
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