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H E MEYHM (MEC) REA SN H T /KR, LR Rk F 0 i K B ONAL . S H R NREAA,
K 1528 JC B MEC LA ] i 7K J7 24k 3R B8 50 DO BT 2 K, R 7 AN R i 4. A m e TR A9 I BRBOR .
S AT, AR BCIH R (DO<Umg L) AT . AMILFE 0.8 V I 600 BUSCRICF . R %0
99.56%, A EBHFN 70.51%, NO,-N ik BRI N 46.94 mg L, WhELBFN 96.76%. TR 40 br 45 1
BN, MEC H f# it FH A% G 32 B N Thauera . Phycisphaera F Nitrospiral &, LA E 4N 28.7% . 20.8%.
16.2%, H ' Thauera & — F o IS PE oA BE B A 0 s s AL 220 M 00 S ZE 9 5 PR A AR 35 1 B 4 Nitrosomonas
Thermomonas 5% , FAHXT 32 B 43 51 by 18.6% F1 28.4%, F. % JC I MEC Wit & T 220 58 0l kg I Jr 242 /K Ak B 428 4k G R
2%,

KERIR) AT K HE TEREUE Y AN s LA

K. REEFNE SR T (R . W) B AR A HUR R B IR . RAEFE . M AR S
PR 7K Hh U TC B 18 25 B SR A BROK Ak AR T i ) 2 XERR . AR HOR AR TE T, NS BRI AR
AR R BB 73y ot 25 3 ok PRIEHE T ok, JCHOR R h N OJT &R 9 2 ] LU ik 10 000 mg L2, PR
DURR T B A 16 15 K h 2 80% HY AL, (HH 1 B A BEIAL & 15 K SRR B 19, NIJTRLE Tl
Lol FAER A, AR BRI b A 2= A s g o B, 7R BT ROK HECET , FEAR S A
i, U HX PR e R AR LB . HAT, W MG R 20 I i R K Ak B e e TR Tz 1Y)
— RO, ABHIK 5 R A L A BEASCR AL

o A W H, 7 i B R (microbial electrolysis cell, MEC) & 7E /MM & T, HEHHMAEY S 500
WA AR G B A A i 72 . SR MEC b BRAIC O/N s & AR K, 3l #2178 B A H A FLY sl &
RAE T AL, LE G DL IR h 5O A R 6 R H - 2 AR S BB A R b A2 o I E AR I i i A i Ha
P ME K A= RE R ek, TEBAR SE LTCRT AM I . A EK BH AR SR AR i B R U T2,
A MEC it &AL #L A AR 5T, 2 B0k IR /N AR /K B B 1 A 3 BB K (E A S SR,
ief) A DL S B e & 7K (LA PR W& R 32 )MEC Ab 3T 25 i AH SC AT
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A5 VA BOABR R SR A, B A Ay BEAR RN BA R 1 sl 2 0 R 3 SRR, T e A A A R T
MEC & I 56 &, 1T T 78 4 PR R SN fsds FF 32 T MEC 25 & 5T X PRIE K i Ab B, IF
Xof JHL e AR R I A5 1 RV W R REEAT T DAL R AR AR, B E R AR YR Ry 32 %) o T 2 K I R AE Ak
MRS
1 #MRl5RE*%

1.1 SEMiKE

S5E AN, & BB — R B R S PE T d 4R T AL 6 ) A
B, HHEEARBEGWSEE, OB 20T Tl A 2= s b A 1E 2 op O e B B
W BRI R 2 T, A Bl A e e sl 1 B AR RIS R R Ak U R S AE R FH R0 1 mol L Y
HCLI2i1 24 h, DI RBRERFMAZT, KI5 H LA PRI R DM, 5 H R S YL
THUE 30 min 5, IR B TR A .

12 XBRE

MEC 5 56 25¢ & 25 ¥4 n = B an 1 1 s . fiubi
TEXMBWAPBEERAE, KN 18em, T [.1
HSom, #5414 om, I T B — > # ¢ ¢

HES AL, Pz TOME MEC 26 B A A RN 960 mL,
A5 9 BH B 4 2 I A 08 P B A O i o N
JE, IFiC SR SE iy R o B R Ak A BRI I ik
il A A 2 S S31) P T A A B 5 R it 1 A= 4 B It
e AR AR L FEL AR VR it 43 1 37 % L FRL VR A4 1 O
bk, HARSH k22 B EH:, S ﬂ%ﬁ
PRI A 10 Q /LB LA A 3 S
T B R ORLIE 4 BURL . DU L = 4 o Bl RERENRRLELEE
. . Fig. 1 Schematic diagram of the structure of

i, BRI TR AT OR AR LR 401, single-chamber MEC
1.3 SR 7k

COD R FH H 4% R 1 32 0 5, NH-N SR 98 FGI R0 0 B ik, NOG-N R 1-28 38 -2 e e
PSE , NOG-N SR &AM 6 LM 2, TN R A oM 1o A7 R 0 48 A0 40 e e B el %2, pH SR A
pH THIUAE , b B2 SR FH ok BE (SO 2, A W B AR H 16S DNA I 16 2 o
2 FBR5E
2.1 MEC 2BMBEINIEIT

TERIR AL BE, R THECHIR . LA 8 cmx15 cm BRES 44, 43 9 HEAT Al 4k 28 B B8 A
WAL IR T35 . BSR4 7 0.3 g L7 KH,PO,. 1.0 g'L™' NaHPO, 12H,0, 0.5g'L™' NaCl, 2.0 g'L™
NaCO,, 0.1 g'L™' MgSO,-7H,0. 0.01 g-'L™ CaCl,. fiff fb A= ¥ I b %50 40 7% 0 e B o 0.5~1.5 g L7 Y
NH,C1, JZ fil§ £k A 9y s %5 21 78 v B2 4 0.8 gL' Y KNO, 1 0.9 gL' (9 Z R h , 33 Ah R 400 IR o vk
JE AL bR IR VA B 10 A5, FERI R A S B, iF 1k B S il Ak A B b B[R] B 24 h BRURE, B4R
MEENH;-N FINO-N ¥k FE AR fL G 30, 4NH;-N AL R85 50% £ 47, B 90% Wi, JFiR T —
Wizty, EELZWR, HINFRFEE . KK TN, NH-N DL & H7KNO;-N FINO;-N, 4NH;-N
FNO,-N F bR F2 e 7E 50% LA _E, WITA SRy g Ak A= 0 B Ak Jsi 8 o S i Ak A 0y B8 00 e 15 35 0 v g
A5 minY, RBREFFRIE T MRA, TWBUREIREE . Yk 40 d J5,  BHIR R B AR A 55 2% 1 35 B
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A LA B T — A AR RS AR, TR . Ak B A B AR A A R S B AR S RS AR, 43
BEREIE . MG, JFIRMEBRIE K 5256 . 78 MEC %6 & 53 s, BUR %5 5 X B % /K 960 mL, il
A F] [ ] B2 TE I MEC 85 8, THZSRF S 100 mL. S2 56 H R0 BT % K K Bk B 40 F . NHE-N K
100~140 mg-L™", NO;-N & 5~10 mg-L™', NO;-N & 1~5mg-L™', TN & 120~180 mg-L™", pH & 6~8, it
FEH 30~40 NTU, RHAFHE, 734 FWiEsiztr, BIa7E 04, 0.6, 0.8, 1.0 VIHEH &
T, HELEAT 3 EW, W THEARISMINE B FNH;-N, NO,-N. NO;-N 1 TN #y28fL 1% i
2.2 DO X} MEC &3 RS2 M

J FE A AL RO AL A R T2 O AR G A S fE Z AR 7E T, NHI-N £ BNO,-N J5, &t
— FRAN R B A NS ARG A RS AL BOR AR LY, AR A Ak B Ak R s/ A NOS-N X —
oA, BEIRT DO TR, I T R MBERACE . min A AA R T IR A A, BARR DO A F
TSP BA S i 4k, POCHANA 250130, DO #id 0.8 mg- L™, #t&xf K Agfbr=4 T . Fridiin
i 45 1l B AR R B AR 22 6] DO A9 B ARSI, 4R R A Uk B A O . b Ah, IR R R
PEoK A, Y KA TR IS T, AR AR N TR A Ak S Al 1h 5 R ) 2l R Ak, T A RO
Wi R e P X B VR A T SR PO, Sk R A Ak B B4R I NH-N RE A% B8 A R 48U fk S NOS-N, AHIF5E R
T ARSI, T i R i 40 mLeomin ', 45571 DO 7 0.4~0.7 mg L' (OLAIRUR
2.3 SMANER [ X B A A EE AR B9 R i

FEHLEE IO MEC 2% B RUE s 17 B Be, 430 50l it A [W) A0 e &, % A A 0 0 A7 | AR 35 5 AT
b, SRARBERSEK T, B Sdh— DR, RIAR, BN &N 2 L) 1 90% ik, Rl

A 18 LJEUK, #AT N - EMEtT, & ET - — -
ZiindT 3R 120F

FEfE 2 SN A 04 V5T, MEC oo
o Il 7 B K A b B SR A IR 2 s . el 2 T = s
B, 1E 283 J0JE MEC 35 B AN S . NHI-N o
F1 TN 43 51 N 116 mg-L™" 1 125.05 mg-L™" [ £ §4w
33.11mg- L' Ff162.01mg-L™", MM 70.33% 201 Qx: i :
F150.41%., NH;-N [ 25 B R TR R R, o
105 2K W) A . K2 1 T 0 S o e "
Be, ZEE NS, 72U Y — B 2 0.4V T ER BB 7K Qb 7 3 B
(i) 3 7 I BEhH , b bk BH AR A= P BE b RS b 2 Fig. 2 Treatment effect of toilet wastewater at
WA 28, PR, EERNAL the voltage of 0.4 V

B AL B N 5 BE BN B ) A S, 77 F 4 BE AN [ % i A 40 TR AS OB A, T S 9 Ak 0 T 2 R
W, NHI-N B 25 BR 3R B W K . BEE S A AT, NHI-N S EBRRAWIG I, X W ey
WRERY B MR B F 5 . NO-NIRE R T m E R ES, MNO-N AW i, X
Wl WA 1H 8 Sl R JT 45 DO Wk BE 4511, e B rb A T AR A Ak S Ak B i

FEAE S SN R 0.6 V 454, MEC XJ W BT 22 7K (g Ab BSR40 3 B s . i 181 3 AL, &
Jo i MEC 2% 8 Ab PR J5 , NHJ-N A1 TN 43 % Ak 111.6 mg-L™" Fl 120.03 mg-L™" [% £ 15.77 mg-L™" il
56.03mg L™, ZBRFI3HIN 85.87% Fl 54.83%., 2 0.4V 1HE HLE FNH]-N Al TN £ FR 34 /MR 2
Tt EITE—E L E N RS BRI R, B O MEC %% 8 A0 I EURURZ W 38 . A L5 2K A NH-N
M ABRER, JIEFRENH]-N LR AL, XU 7ERTF, DINH]-N [MINO;-N Wi {b-h 5,
H TG T DO WA, [ ERZ R EEERE, A TEETNO-NAT —EMMRE, KN
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W LANH-NMBEENOS-N 4B iR S N £, FF 160 251ty 2 wm
DLTN B R A T 0 B4R Tt Mo <+ NOLN
= N 120F A -
TETEE B R 0.8 VAT, MEC X i SN

SR K B b BRGNP 4 s .t 4 [T, &
HUZE T MEC % B AL RS, NH-N A1 TN 435
M 103.06 mg-L ™' #1112.02mg-L" &% 0.45mg-L"
A1 33.04 mg-L™',  H 2 BE R 4> R 99.56% Fil
70.51%. NO,-N Iz K ZFE K 46.94 mg- L™, 1k
T 91 4 NH-N 5 &= /9 50%. X Ui W 76 90 46 B
Bt, BANH]-N FINO,-N EBCA AN, i, &l 4
AL, FESE 3 RIS R, NH;-N HINO,-N (1)
RBR BRI A, UHAE 0.8 VIHEHIE T,
B TG R MEC 2% 835 2 7 0 A4 40 AR il A s
AL S, NH:-N FINO;-N ik 2 [ 4 2= Bk A 3%
B, X5 HERY RS e, &
A BN SR TE AR DO &R, —#
/3 NH;-N 1 5¢ % 4k W NO;-N, 4R J5 NO;-N F1 7
AYNH;-N 38 AN i He VR FH AR A= B N, ¥ o
EAEE R E R 1.0V &M, MEC X fir
JE KW A PR A S v s . B IEL S AT, &4
Bas IO MEC 26 B AR P S, NH;-N F1 TN 431
M 111.6 mg-L™" F1123.02 mg-L ™' f& % 0.32 mg-L™
1 50.04 mg-L™", H 2B & 5 5 H 99.71%
59.32%. NO,-N EF&E N 4136 mg' L', 08V
TAHF R, MNO-N 2B I, Jf
HIN B EGSRK 08V FUATF FHE., XN
ZEAMIE A G, o E B A R S Boh b
2R A H, FO,, FEAEI O, &l — 4y
NO;-N A L ANOS-N, fiid £ /Y H, 2 5 BUZ il
bt A B A B G, T B K
TN = 4 . X 5 ZHAN %P g 35 (1) 45
AW, 5k ik G FE AR K 52 I O IE
Bl Ak B2 B Ak B IR 2547, 1 MEC %% & 1 4b
T FEA RS 0.8V,
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Fig. 3 Treatment effect of toilet wastewater at the voltage

of 0.6 V
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Fig. 4 Treatment effect of toilet wastewater at
the voltage of 0.8 V
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Fig. 5 Treatment effect of toilet wastewater at

the voltage of 1.0 V
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25 HBEMIESH

MEC [FH % 1 B A% A= 9y J5E 1) v 30 £ 000 ) 245
R 7 frs o MABHBAAR A= P RS U L 7T LLE
e, BHAR A ) RS REBE L B AR S . fh I 7 AT,
MEC BH# AL 45 B¢ & Thauera . Phycisphaera VA
K Nitrospiral %, HFFE 5354 28.7% . 20.8% .
162%, WHEZFEPELE . X EERN
Y5 Thauera J&— Fh B 5 i fE AL 22 06 PR 19
WAE YR B Y Nitrospiral J& T 16 5 il
J& , FAR A YRR b T DU R R
fb = B2, MEC B AL 3 T #F A Nitrosomonas
M Thermomonas, H.FEE 5358 18.6% F128.4%.,
APV R, Thermomonas 7& A 37 IR AH A L
N B O, FERH TCALBR R T H 57
I i Ak 7 T B SR B 324 JT . Nitrosomonas
WEE KBS 50N ERE RN ER, 76
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3 i
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Fig. 6 Turbidity removal from toilet wastewater by MEC
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Fig. 7 Analysis of the microflora structure at the anode and
cathode of MEC through high-throughput sequencing
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Denitrification treatment of single-chamber membrane-free microbial
electrolysis cell for toilet wastewater
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Abstract  Microbial electrolysis cell (MEC) can be effectively used in sewage treatment. Toilet wastewater
dominated by urine has the characteristics of low C/N and high nitrogen content. A single chamber membrane-
free MEC was used to treat toilet wastewater in Yixing scenic spot by intermittent feeding protocol. The
denitrification effect under different dissolved oxygen and applied voltage was studied. The experimental results
showed that under the condition of low dissolved oxygen (DO<1 mg-L™") and applied voltage of 0.8 V, MEC
achieved the best denitrification effect, the ammonia nitrogen removal rate was 99.56%, the total nitrogen
removal rate was 70.51%, the maximum accumulation of NO;-N was 46.94 mg-L™", and the turbidity removal
rate was 96.76%. The results of high throughput microflora analysis showed that the dominant bacterial at anode
of MEC were Thauera, Phycisphaera and Nitrospiral, and their relative abundance ratios were 28.7%, 20.8%
and 16.2%, respectively. Of which Thauera was a kind of microorganism with high electrochemical activity.
Nitrosomonas and Thermomonas were the dominant bacterialat cathode of MEC, their relative abundance ratios
were 18.6% and 28.4%, respectively. Therefore, single-chamber membrane-free MEC denitrification process
can be considered as a technical reference for toilet wastewater treatment.

Keywords toilet wastewater; single-chamber membrane-free microbial electrolysis cell; applied voltage;

denitrification





