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B OE A E I MESRIE K (mustard tuber wastewater treatment, MTWW), SEFLR SR 7= b a9 B i, Mg
T UL AW b 2 S SR RE A B AR B B ER 28 B) H s (microbial desalination cell, MDC), #id T & &4k #7 Fl 7K B #
MDC 7 B R R RCR , I 0 RGEUAE W REE JEAT T o0 Hr . SRR ARG SR i Ty, BRI R
BRA K 90.30% , W TR IR AL s B A BEEh R Y, BRI B AL i PR RE DL T /K IR AL 5 Bt L IeF 1] F) S
K, BB B RERE A T B, K B AR 4 E P AR G R kAL A B AR B TR R O Methanosaeta
(23.55%). Geobacter(14.09%) Fl vadinHA17(8.64%), 7K BH A% 28 FH A% I 3 B )& N vadinHA17(18.17%) . Methanosaeta
(13.00%) Il Methanosaeta(9.79%), H:H Geobacter NT=HLH, vadinHA17 N/Kf#KBERE , Methanosaeta Fl Methanosaeta
S L7 HVGE TR o R TEUA B ZE BH R N K B A A B v TR B T S AR, AR, TR BT X R G R A A
FPER, B, A0S HE &M B = R Ik . B TR, KB BIB 3 T R, BROR
HOREAR T AR e, R T RGE MR, FIRAFSRAS AT MTWW 9 % L b B4R Ik 5 2%

KR AW BEROR I s MEEREK s BRELER s BUEWREIE BT

MR AR ESAE Pl b R Y, BAmERE . AR R . S A LR R A
FHAEHE A =K PR A FESE R KR 2 R 3.5%10° m®, 31X 245 = Ik /K J%E A 7K PR 8 A 40 it i 1 A R iy fr R
PRSI K R BE XK A Sh A A B AR ], #2000 TRIR A S IR, R, A 2ok
MEERBEK Ry ER . G EE T 2 (OB . 2810 AMUREFE &, 1T HLk 75 2B e 1y KRR,
AR R, B ERAKIRMBAR A 1 m* IRK, ZUHEFE 2~15kWh HLGE. B, AR
LR R AL T T o

LR, BRI ER R H it (MDC) 1R S — i B 1) BRBE A U B R K AL B R, =23 1)z
CTER, MDC AL TAEGE R I b B, BAT REFESEAR . #RAE A A s My B S50 R, Rl mr RA7E
Kt BHA: 2019-11-23; R HHA: 2020-03-01
HEEWHE: HKAEAMPIR SATE R R H (cstc2019jcyj-msxmX0573)
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WAAMINIER RO T, SEBLEE = iR T ARSI B, K bR B A 2 B SR R %
AMRKKR, BRSO, S RERREEY, %582 I i 52 R0 X7 A iy ™ i Pk B
WRMEEW, AT PR RCR A =k RE, AR RS E B R P22 k. & LAY B A A 2k sUik
PRI . A S . A B A o i R UL B A S D4R FE A2 AR B RT DL A BR 29 90% M B, B
KUpFF BT LIRS 2 W-m P, SR, 25 A £ B2 19 5 B R 1A 439%~67%, B AL 87 B A il
WA AR SR IR AL, XA — R bR E A LR R AW BT K S s
i e ARG Y, SER MM TR, i, AL FEIE NIRRT Z 44, L
IKIWAE R 2% . LR MDC BF5E i) 6% — 34 R BN TG & 19 NaClLs ™, fif /Do
FHAZBRIESR K o S T AR SRR R Tt (8 S B I, ZB00F 5 M 5 12 K %) 77 i 6 1 i

B ISR K Ryl R = K, DABR LR A O B R 722 4k, # MDC, A
FEHL R ER PR, SR A 16S rRNA I PRI P 2 X 3 A 0 46 95 A BB S0 W R E IR AT I, R ) 2
KA PR AL S %
1 MB5R®
1.1 SLIWAKESR

S BT FH M SR 032 K R R T D T R e XS AR TS K AR BT, B K SRR I K, PHAR
K KRG IK, LR B u Qe , ¥ FHM K COD(EI% R 1000 mg L™, SLIRPTA 1Y
F A I ORIEAE 4 °C WIVKFI N o SE80 A R 4 e Al SEge KB 4K, L BH# R 18.2 MQ-em,
PSR K A % 15 K K RGN 4 1 FfaR o

T1 EFEEKMEFTIKKR

Table 1 Water qualities of mustard tube wastewater and domestic sewage

KR pH COD/(mg-L™")  #HEWINaClit)/(g'L™")  HBH%R/(mS-cm™) NH;/(mg-L™")
HEWETG K 7.63£0.13 100+1.32 — — 32.5+1.22
Fe3EEK 7.2540.10 1500442 18.50.51 33.8+11.1 196+3.42

1.2 IRKRESERIFE

SEAEME R, REEREERE . BEhE . PIWE 3 A, B R EA K
TR 240 mL(K <58 x5 4 5 emx6 cmx8 cm), i Eh A AR FZ) 8 120 mL(K <58 x5 2~ 5 cm*3 cmx
8cm), B, PHESFACHBE A A R LR 40 em® ARG E LY UNIA 1(a) . FHMRE 5% M

EROPEIN

P IE BHR T
(a) LA (b) #htlyl&|

El1 WEMREMRSEBINKE

Fig. 1 Picture and schematic diagram of microbial desalination cell
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FF B 728 e BB I, B AR =5 45 v ) 6 %5 P PH B8 7 S0 J6e B T o 1 A 5 250 SR FH A B A A R A A )
PR % R FH S5 50 28 15 55 1 DR U5 e A 7 42 b

7E B M B R S B, 2 4L E b B BHAR A0 A 220 mL AR % 75 K A B 20 mL JRET5 18 . B =
HIA 220 mL 47K, ZEALEN 4L AP = A 0.05 mol- L' (U FUALER, /KW 2H B AR, B
B i 4E SO mLomin™'. P RIER S BN AR K . RN A8 SR AE & 2 500 Q, FEiB 47 Fe b I
o B 2 00 4 0 IR E0IRAS s 24 vt g AR T 100 mV i, WG K 52— A 77 H A 0, sk 2 4
MDC ¥4 250 5 5 B AR T, 40 S50 Pk 490 4 20 o 46 B M T, 7K BAL A 4 AS B 48 BA B T . MIDIC 2% ' SR ] [ ik
BATRE . INTCRRIR I, SEHIR Y REFTE (25+1) °C.
1.3 ®WMIEIRR A

R FH A R 52 K (DAS, PISO13.Honggeo.Ltd. Taiwan, China), 4Ef% 1 min R4 1 IREHE . H
U MR . i UPRER L AR A9 B2 SCER TR A9 D7 COD RINHR FHE #5253
Jt 9% B it (DRB200&DR5000, HACH Co.USA) Ml 5 . Hi -5 %8 Fll TDS(total dissolved solids, TDS) >k H
H1L 5 (Y (FE-30K, Metter-Toledo) Ml . SEUA5AUfG , K BREUIL B AL FHAR . 7K BB 41 FEAR Rk B A%
I A BB, R 4E T—80 °C 9 ¥A55 T . DNA i o OMEGA Soil DNA i 7 & #1748 0, KW
KA WEEUR N (PCR) XFHEHUY DNA #7973, 514 338F (19)751°4 (ACTCCTACGGGAGGCAGCA),
514 806R 1 ¥ 41}y (GGACTACHVGGGTWTCTAAT), mid il F kst BigESEEWFEE (1
g, hE) et
2 #FR5iTE
2.1 SRELERFNKEBAR MDC F2E 14 BE K Bt b S SR B EL 32

mE 2 frs, & ZRAWEEtTE, SRR A MK PIH4A TDS 20 Ak 1938, 194 gL' [ &
1.88, 2.60 gL', EBRFE 5K 90.30%. 86.55%. HLFF 45 32,53, 33.32 mS-em ' f& E 3.40,
454 mS-em™, FFEFRSNHK 89.55% . 86.37%. LM EBRFMUANIFRD & 8. NEEEE
BRACR K F , BRELAT AR TR ML, TR PR R U I0 B 2 1 F O 285 1 v Tk B AR 4™,
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—— HiJE —— TDS —=— H1 5% 2 q —o—FE‘JT{—A—TDS_o_FEEF 1%
600F W\ A 130 ! s B AL 130
g\ \ 118 400 | 18
500 116 -25—78* 16 {25 ~
o {145 E
147 S i
Z 400t g0, 7300 127120 5
T 12 20 E 3 20 £
sl L 4 103 |3
2 300t N 1108115 5 F 00| L 415 5
4\ {8 DPP 8 = ﬂ]‘;:'
200} “us, Foo] ) 10 % 6 410%
AA A
100 4
100+ E i 14 5 5
“M_ 2 2
' ' ' f ' ' ' | 0 L L 9 L hd i L L 0 Jo
0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400
S E ] /h SR /h
(a) BREALHR (b) KA

2 SREL TR AN K BA TR 4H B E 46 Hh 2% K BR F 3= F0 TDS

Fig. 2 Voltage output,conductivity and TDS of potassium ferricyanide and water-cathode groups

M= e PERER R, BRI B 20 i PR TR Y R T 600 mV, R R L RO 625 mV . FEA B ST
L K BB 20 e K R A 244 mV, G IR TR AL B, 3 A R 22 S 1 S IR R R
7K BRI B B A o R S AR, o AR R A B R P St O, (A R AR /NS T 2 R LA
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IK A ALAE LT 8 A IS , R B T O S 3, B ik ] 450 mV, ATRERY R, FEdEE
HRRE T, A Kutm fisfr, A AN E AR L, W T EYE. Y
W E A —E M A S TR, AT AR B A o e 3, B o L T

R R B AT 2 1 RNR 12 RIS, SR A IE ff 30 0 i i b e W fR il 2k S T R i 2. R AL 3
AL, RGBSR L SR R TR AN B4 i & 733 mV. 10.23 W-m™ il 94.87 Q(EK AL A 27
1 ), 705 mV., 8.47 W-m™ il 105.96 QU FALER 4 12 ), 512mV., 0.36 W-m™ F1 217.56 Q(K
FAREZE 1 A1), 598 mV., 3.31 W-m™ f140.02 QUK BAM A 12 ). HE 3 v, ERFKIBITINE
VAT, BRI B 2 A T I PR 0 I SR R T K AR 4, R B A ) fL A2 4 B vk B S TR
A5 42 Ak 2 B Al A v T K B ALY, K B AR 2 P BH = Ak AR AL, R PR AT AR R AR
PRI AR E S @ KEAWMETE, REbadlr=mEaems A TR, SR, KB A 15
WIGFAH o AT RE R IR R, B G 32 A7 B IR) A 4, R AU A b 4 20 B B ™ FY o BT 170 334 B 5% i) 1) Pl b )
FE L PR RN, K A B 2 A BH AR A 4 B R B Y 7 R R AR AR T B AR o e A, AR P R PR e R
T hE 3R KB, KB AR AR A B F A 25 R K, kR AR SR iy e B b, B
e £ S — B, BREIL AR AL P r Rt R, K AR A BA AR B 3 AR fb K, [WIA, P K B
e 20 B A Ak 2 T 0, BFIAR A S 45 2 ARG A 2 S i ok v b B T R 118 2 LR 1,
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Fig.3 Power density, polarization curves and electrode potentials of potassium ferricyanide and water-cathode groups
2.2 SRELERFNKEALR MDC §5 4 K 3 R AV EL 4%

M HAR K COD (EfEE R, FERA BRI, BlE Db i [ A 184, COD Y 2 BR R AN W
gt . R EEN R R E BT, BRI S R, COD ML BR R
ik, BEEmRRRE ™A IS5, COD M LBREME LR, WE 4R, SR
COD () 25 b R f i T 3k 92.2%, LB 45 Fems Ik T ZHANG %5V 3B (1) 94.2%. KA A 7E R Gk e
JG, COD M LB md LA 86.5%, IRTHGAHA., Wik, REMISHRY LERES ™ H kR
A, FEHERRERLS, TSP AR

HI S T LUA Y, NHGPEE RS 3220 % A 2 B IR i it O w00 o 3% AT Sy v i) e & i 0 5 1 19
HLFOR A AR Y, TESC AU, AR AINHG Y B R 94.41%, 7K B 2 NH Y 2% bk
HH 97.79%, FKW] MDC & —Fmisd . 7T AR B0 AU SRR A B
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Fig. 4 Influent, effluent COD of anode chamber and COD removal rate for the potassium ferricyanide and
water-cathode groups
23 SRELERAIKFAR MDC 4 8555 o ih 200 -
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AR b7 bl Sz BRFEAC Y FLSEAE O . RSN . K 40t
R % 2 FH A% A1 B A% 59 OUT 48 %043l 4 1 201, 207
988 Fl1 769, Chao 78 #( 43 %] & 1 246, 1 203 Fl 0 0 200 400 600 800 10001200 14001600
976, Ut BHERF AL SR A PHI A W I RUAE ) F 5 KRR E/
B2 85 TR B 2 AR, K A 2 B A A S e Lk

o R K A 4 B B Lk EUAk Fig. 5 Degradation trend of NHj in the middle salt chamber

2H . 7K B AR 4H FH A% A1 A A% Y Shannon 45 %453 Jill £2 MY

N 452, 4.66 11 4.31, Simpson 15 #1J 0.042, Table 2 Microbial diversity of biofilm

H Q - /ﬂ_,
O"024 fﬂ_\?.072 ’ %% ﬁ 7J( Igﬂ Wi il [§E[ Bﬁ ﬂjE'I: 1,;’( HZ % z FeA Shannon Simpson OTU Ace Chao HEF
FEVER o

HRFACEHMAL 452 0.042 1201 1245 1246 0.998

HE 6 nfLIFEH, EITKFEL, Zsfbs
2H FEAR A W BB DL B A Proteobacteria . Eur-

IK B 2 BH AR 15 4.66 0.024 988 1180 1203 0.996
IR I L B AR 431 0.072 769 971 976 0.992

yarchaeota , Bacteroidetes . Firmicutes . Chloroflexi
Parcubacteria., Synergistetes., WSA2. Verrucomicrobia, H X} & B 43 5 N 26.5%. 262%. 16.1%.
6.51%. 6.51%. 3.06%. 2.61%. 2.09%. 1.58%. 7K B #% 4 BH B B5 40 % & B Bacteroidetes
Euryarchaeota . Proteobacteria. Chloroflexi. Firmicutes. Synergistetes. Microgenomates. Actinobacteria,
FAXFERE S50 30.72% . 22.90% . 17.98% . 8.98%. 6.47%. 6.03% . 1.40% . 1.17%. 7KBIIHRZH (A5
P N Proteobacteria. Chloroflexi. Actinobacteria. Planctomycetes. Firmicutes, Verrucomicrobia .
Acidobacteria . Bacteroidetes, FHXTFEEHIH 44.73% . 9.70% . 9.36% . 7.36% . 7.32% . 4.45%. 4.41%.
3.32%. BREALET 1K B AR 2H 1) BH A% B8 B8 B W Proteobacteria . Bacteroidetes . Chloroflexi. Firmicutes,
VER i LR AR TR PR E Y X AT AR R BTk, T AFAE TR . BB . Euryarchaeota
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YER BT, R PO n . REAATE . W R TR 55 30 I AR o PR S A TR RED, A BH R B v A o B AR
o HE 6 AT LIE Y, 2 2 FHARAE PR A B RE R 2SS, ABXT BN, T REAYJRIRLE , BIAR H
TR, (755 1 H R AN R, S 3 BH B AR ) s B W B R R A P 22 0 R K B A 28 B AR
W & BT Planctomycetes, Planctomycetes JL-F- 03 T i &AW IR E Z ALY, Al gexT A
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Fig. 6 Community structure at phylum level in biofilm
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Fig. 7 Community structure at genus level in biofilm
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AKX, EERE, EEMIGEEBEARE K AR . P=H 58w . norank c Bacteroidetes vadinHA17 |
norank f Anaerolineaceae Fil norank f Synergistaceae ¥]J& T /K it K &, BN EZA/EH 2K 2 42
AV TG, A TRE W, PR LK EEM o Anaerolineaceae j&—Fh & PEIR
ST, T LR AR S AR IS K B AR A AL PO vadinHALT 1Y 32 EEAE R B AR S 2 A WL B
Synergistacea JZ P[5 B RF I ME— B @, 0T LABI R 7= F e 106 A WL RS A A &R . CO,™ Geobacter
WEE—MEZENBE, BAKMEAIY LR E T4 8 72", Methanosaeta Fl
Methanosarcina ¥ J& T 7= H 4E 1 . Methanosaetah 1 Methanosarcina VE 7 & W) 7= B e 1 &, o 2
A DB R SR R B i e R P K B AR 4 A A% B Pseudomonas 1 Comamonadaceae AN
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Abstract  To realize the purpose of simultaneous electricity generation and salt removal, the microbial
desalination cell (MDC) based on bioelectrochemistry was constructed for mustard tuber wastewater
treatment(MTWW). In this study, the electricity generation and salt removal of potassium ferricyanide and
water-cathode MDC were examined, and the microbial community in the sytem was analyzed. The results
showed that within the same desalination time, the salt removal rate of the potassium ferricyanide group was
90.30%, being slightly higher than that of the water-cathode group. Over the entire desalination cycle, the
electricity generation of the potassium ferricyanide group was better than that of water-cathode group. With the
extension of desalinization time, the electricity generation of the potassium ferricyanide group decreased
slightly, while the electricity generation of water-cathode group increased significantly. Methanosaeta(23.55%),
Geobacter(14.09%)and vadinHA17(8.64%)were the dominant bacteria in anodic biofilm of the potassium
ferricyanide group, while vadinHA17(18.17%), Methanosaeta(13.00%)and Methanosaeta(9.79%)were the
dominant bacteria in cathodic biofilm of the water-cathode group. Of which Geobacter belongs to electrgenic
bacteria, vadinHA17 belongs to hydrolyzed fermentation bacteria, Methanosaeta and Methanosaeta belong to
methanogens. The abundance of methanogens in the anodic biofilm of the potassium ferricyanide group and
water-cathode group was pretty high. However, the methanogens have an adverse effect on electricity generation
and salt removal, therefore, it is necessary to find a suitable method for inhibiting the generation of
methanogens. At the later stage of operation, the electrogenic bacteria appeared in the cathode of the water-
cathode group, which greatly reduced the cathode overpotential and improved the electricity generation of the
system. This study provides a reference for resuorce utilization of MTWW.

Keywords  microbial desalination cell; mustard tuber wastewater; potassium ferricyanide; microbial

community analysis
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