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E (R AR

& B MR AN TE K A ML XK AR TS G, DL AR RS K A O B — G K R K, ARG
TAGGAE YR IR « B ol FRL A7 R B A P EURL I R T2 X AR V5 K AL BRSO o RS T2 FH P Ak SO
YRV . RN A S R, S AN TAES ARG, HLHIEOK R 5 g fifmg . 25 R R . UER A
e sk L e R AL 07 R AE 4 22X COD, TP, NH;-N Al TN (1) 5 BR %43 HI W] iA 5 78.6% . 78.2% . 72.2% 1 73.3%, 1EX
Z 1) £ bR F 40 AT LLIA B 88.8% . 75.6%. 78.1% M 80%; T4 Z=H1H =AU A 3R AL 17 K H COD 1 [ fiff 32 343 1]
iK%)2.933 mg-(L-d)"' F13.529 mg-(L-d) ', TP [y @ 45350 2 0.055 mg-(L-d) ' 1 0.061 mg-(L-d)"!, NH;-N [ [#fi
R4 h 0.583 mg-(L-d)™! A1 0.8 mg-(L-d)™", TN R K43 51°8 0.73 mg-(L-d)”" 1 1.114 mg-(L-d)™", HLF1E
SR YD IT RS S W s A TR PR A PSR 5 T R A e ok v A o e 77 IR T A 0 19 2 A K 1 B S 5 5 ¢
TER T SR AL IR IR, A BRI AY M E R 233 e, HEMYH EILT 67.4 g5 FIATE R PR L
TE DA TR R T 181 A% AN 1.45 £% 5 d5cJ FUH 7 I AH G A0 A 5 2 o 40 b . S SRtk — 2B, i Tk
V)5 e B A P 1 T I 4 AR 8 1 2 0 B S TR PR AR T, RIS e ) SRR ACR AE ER  . DL SR A
ST N A AR T 15 K R B A B A R T

KHEIR AEWTEIR; A BRERGR AR R R A i i e i

Bifl 5 3% T Ak E R R T R R, K AR TS e (nl i H g5 7 EE, K TS YL 04 [n) Rt DR T £ E B R AT
M T AT AR 6 V5 Y R A L, AN BESR IAR e i RIS KA 38 1220, A b A i T5 /K 2 R 5% 7K 4
WHRENEZ G REZ — B35, X FPAMNIGAK, TERHG®E A R FZ2 QRS
HMTZRS, MATERM, AYEi. thBiEs, NTAMTZEZRG A EMA b 4
Yrugih . Ak EA . A EWAERE A TSN B A O AR I TG K AL BEAAR N, K
Y B EA: 2020-04-30; RAHEHA: 2020-08-31
EEWE: EHZOKRG Y f 0 536 #RHE 5K % 30 (20172X07301005-003)
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O AR R RAE . BUA B T2 A7 A — SRR, X DL S8 4 2 AR AN A 16 V5 K Ak B
BOR, T AR A 18 B AR A 15 7K A B I o 38 A R TS K A BEERIR B R

KA R 7 R 1) 32 2 T 0RO L R L b B2 1 FE R A B K v 1) o 3R Ak
Wi, DR AR K T i . EURTBE 0 & . A T EE | bR AR SRR B YooK IR s, R
WP ESTEREREE KB ZHER, LA RIFOSWYIGE . AR08kt sbme . 3
PRI 42 5 25 W7 R S B 2R ) 2 R S AT R A 20 IR R AE S B i b B g 1 —
S a5, AN Gy 32 S SR SO R . R RN ISR RS BORIEE SE | AR AR ROIR I 25 S )
Ak 5 e AR FRAOR . ANREWE R PR SR, A R, (LG A AR R 2 R R T 4
K, FEKIEN 2~29 C BFXF TN A TP Y 2 Bk 30 Bl I 28 09 FH s 2 7, B 29 € KRB & T,
25~29 C Fim R E, RKERFIL D) 38%~44%. RAEFCIEMIFE P IRE THWIFIKRS, 25RE
By, HWITE R RS0 i YA R R 209% . 7E 525 80 d I, XF TN, NH;-N. NO,-N HI NO,-N fitj 2= & %
53K 39.4% . 51.2%. 49.7% 1 65%. W] UL H R —HWIENIFIRR G, 1530 ik 232 5 bR
BAH R, HFEMSCRIF AR, ik, WANG 25876353 7K Az A8 0 35 R 09 7% R 2R 45 LU
A7 IR 2 40 0 JEORE A 9 AR TR R R G0 T T SO K Ak, NHG-N % 25 bR SR AT DLk 5] 89.98%,
PO} -P 1 BRI LK 5 92.49%, & TGP TR RN 5 e W i 5B R, IF BAEA A Tl
DI B 10 BRI . CUIL S5 B AL GE ) 77 IR 5 Wk A0 R A K A 45 6 LGSR AL TR IR, XF TN TP Al
NH;-N i £ 5 5R 3 55 2 63.5%, 59.3% F 68.0%, X 15 YWy il 22 B3O R4 TSR i IR .

ol FEL A A B I 7K AR 3 BRI A 0 A R LR A e R S A R o A R v AR R K
7E 20 20 80 AR AR A TR E A ST 40000, BRC R e N I AEER Y . A BE . Aalifb T W, AR
Y BRI E AR A R A T R K B A S R K B AL EE TRECL, Ah, WANG ZEUO R i 2k gk
B B FiL i T 25 (MEEP) I S5 KA 9 R i - PR 4805 TR R (UASB) T2, XYL ik b AT A B, Bita 2%
B0 LA 8] 75%, COD R AT LA o 65%; LIAEM FH 2k fie Sl i i 152 R B ik 2 A g 25 2R 1Y) I
K, PRSI PR AT LUK B 90%, PR, A Bl ri A vk T A AR VS Y 0 I R AR L R N
FEA LY B B AR 0I5 K R B A BRAE 5 A HAE AN S A A A B s AL B T
FHEE A, RIS Y KRR AR .

AR SO FH A0 P 104 A 0 AR A T R T P A B R ) SRR R TR R I T AR A I R A 1 K Ak
B, AR L S IF R TARN A TS K IR B, KK B ) OB TS K AL BE ) YS YL HEL
Fr#E ) (GB 18918-2002) i — 2% A HE ji A5 #E (COD<50 mg-L™', NH;-N<5 mg-L™" 8 NH;-N<8 mg-L',
TN<15mg- L™, TP<0.5mg- L"), PAIAA: 25340 BEAR AT A 106 Vo /K $2 40 3 A S8 I A B Ak 3 o
1 XEHMRERE*®
1.1 SCI§AK

S 00 FH K BB 08 A A A 35 75 K — GRS At K, 20 TR R AR BRUS B9 AE TG V5 K AR B Ok
PG K AL 5 Je W) HE PR HE ) (GB 18918-2002) — 2 HERL A bRt 7 RIEK . HIZKIKBTINE 1 iR .

&1 OKIEFE. HAKKR
Table 1 Test inlet and outlet water quality

KK COD/(mg-L™) NH;-N/(mg'L ™) TP/(mg-L™) TN/(mg-L™") pH
HEIK 10010 20+2.5 240.2 30+0.2 7~8
K <50 <5(8)" <05 <15 6~7

TE: DFRAKIE<12 CIRBRE NS, 7EKiE>12 CRER(E NS SERKIREA T NT~11 C, BEFNH25~29 C,
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1.2 BEAMR

1) SE 56 o AR SRRk PRy CIEORE SR o I T4 B IR PR R A B R B e X
HoRE, HAREULZ 2, R R LRI BUR . fLBR R, P, MEENES, HEMK,
NGy B3E FE G FIRNZIERL RE A SR, U B R AR 23 e 2,

2) Bt L F IEORE SR BTN R AIUAR T 5% K 4 1 1) I R 55 e B AR R T T B RDIR AR AR TR A
JT ) B P A me 3B , HLRRAE DL 3 20 R SERLE  TAL B | TR be S A T BOB B I & TR AL R S et
BAE— BRI BR A k e , ANOCEAT RAF W B BB A Ky L R AR, R B A AR, R
RE I8 2 T i S L, 2R TS K R Y TS e

*2 ENEERIE

Table 2 Main characteristics of fillers

BRI R # FEAE
il el e Mtk 22 AT [ B R 20~40 mm, ATHER100 mm, FLERRH99%, FELEMFIH3 200~6 500 m*m™

BRERIEDEL k. BMIZoT R EMEIER O RARN20~40 mm, WEEA1.2~13 gom”, WWREAAL2~1.5m* g, LB H60%~65%"

1.3 LWRE
ARSI TG M TEIR (RS 0 Y,) R N2 N 36.5 cm, 57 40 cm K 75 58 HEAT 4145 S50 |
T kK B B A5 2SR 28 3 em, B AOKIE N 30 cm, AALAERA R 0L, PARRA R 02 L s %
W R A KT A . K5 | MR 25 Ik 1 A 1T & (Hvdrocotyle verticillate) Vi H TEFRAEY) , %MK
BT, IR LR IR R AT B . BUE W EURER IR R (R B N Y,) 76 b S 4H
VEPR Y, BLRl b, R WA B, R R B E R AR T, mRAUE R 3, K
2909 30 om; (/L W RE A Rk B B A SR AL TR IR (W5 Y,), FEBUE W BURE SRR TR IR Y, 25T 1, X
A TEBRIERE, BmEN 8 gL
TE A FRYS A B, K A TS KR A
Ak L 75K E TR BRG0P K 4 B 2 ik
4-5d; Yo IFR ARG ME 1R . 7 AT %
HEK R WO % 55 (CK), BIR AR INL (A4 .
AR L R B B e A LR L L 5 B i ISTRANRN
%, 1R AT SR I AT 4 SR E1 IRLEREE

1.4 Sy EERERZRERNITE Fig. 1 Schematic diagram of floating bed installation
COD. TP, NH;-N. TN fyFffif s R4 2L (1) # A7 5
kGG (1)

t

K RN, d; C ok ¢ B2 & V5 e M, mg L' C, AWIIRWRE ., mg L' K MR
fiR R, mg(L-d)'.

3 2 W A A B 2 BTG Y R B, AR SN R (] 2 RSN IS VR BE 25 (Cy—C)),  LABS ] A A Ak
bo, DL CC AP AR, 2l (Co=C)-t KRR, RN 15 Ye iy 1)1 S5 B ik %
1.5 ERTFRENE

AT A LT, EREEUH 2 AR AR RN B AR — B (2% ) 1Y R T A,
— AT, SCE A S ST TR A, O — VR SRR A Y T S . DA T
EERAT, SO ERBARKER, £85C FTHTREE, ZEHBTRV4FraE LR, FiE
YRl T TR, MM SR B AR B 8 T i Am, a0k (2) PR .
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Am=m, —m, 2)

A my WL ATARR TR, g5 m, HELERJSRIMR TR, g
1.6 WEHHENE

W — 5 B A A R g XA okl BT RE =MD, ARG G5 P EE K H
B 1:2:0.8 BIBAIR AW, FIREZ IR 15 min 585 12 ho RS M 2 B0 Hom A & 05 ok, &
LA 7 B K B 1:1:0.9, WRHRGW TN 22, TR AIRHENADAH, #E 12~24h,
5 A e A DT IR S W AR, 78 65~70 C KB ZE T . RIS i ie ok 5, I A2 0
i, AU mgg ! R W BCE 1 AT
1.7 WEYEMENE

i 30 A LG A AR R (SOUR) Sk RAF A W B b i AE W i 1 M . B BOD IO, im AR =03
BEEBCN A YRR W, BT 25 CoKi YN IROR BE IR B 25 C i, IR AR E 5
SMUAT, T b A AR A E AR S, B BOD R, 0 SO (W) I ] 4 A i 48 54k . SOUR AR
= 3) W EN AT

_ (Coo, = Coo,)
N(t,—t)

Kb UNBIFAEHERE, mg(gh)™;s Cporn Coon 70 AP IR FLE iR, mg L™ N AMAE
YIBiE R, meggs ¢ AWIRETE], h; ¢ A IERFE], h
2 #HR512
2.1 XS EYIEIERR

ARSI AT AT A, A BRI T 3 R TR R R G A A AR A T CERE N 7~
11 C) FIE 2 CF34IR Bl 25~29 C) BT ORI A 3R, & 209 5 d BC—ROKFE, SEE B[R]
25d; HB4A4dHE—WOKFE, SCERRTEI A 20d, JEXFHE. HHKEERY COD, TP, NH-N fil TN f4 i
AT AR

1) 757K H COD By LBRBCR . IE 2 AT, SEIES WS, 3 MR IK RSEAEE X COD By LB
BTAF, £FLREATY, . Yoo Yy FRIRIIHIK COD SN0 56, 44, 21 mgL !, BRI
N 429%. 55.1%. 78.6%, BELIEERIG Y, Y,. Y, KM HK COD 4351k 37, 26, 11 mgL™,
EBRFII 0N 62.2% . 73.5% . 88.8%; TE4ZH1E Z= Gl A= W) HE A 2k B 1k v ik o A6 77 K R GE Y5 AH AR
EGRYIEIR Y, B9E B R PR E T 35.7% M1 26.6%, M THAEYEMBILTEKRAEY,, £6B
RS T 23.5% fil1 15.3%.

3 5 3 IF IR R GE X COD R ff iR (2 IS 0 . fEAFEME FELR S BT, Y, 7K COD
() R Ff AR AR R, HAEA BB SC0h 5 , BEAR R S B, P IR s 835 3] 2.933 mg-(L-d) '
B2V R R iR IR ) 3.529 mg-(L-d) s T Y, V7 IR FE 44 22 RN B 25 S 00 1 7 B 6 il i % 4 531l o 1.775
mg-(L-d)" F13.345 mg-(L-d) ", Y, V% IRTE A 22 F1 5 22 1) 7 5 6 At o 2 43 51 R 1.745 mg-(L-d) ™" il 2.93
mg (L-d)™", ¥MRT Y, 7R IR Y B

2) 15K TP MR BRACR . FRIEL 4 WA, 3FTRIR RGRT TP ¥4 — & M BEMIER, X FSLIN4s
WG, Y, Yo, Y, TP KW EE > 98 1247, 117, 0417 mg-L™', EBRZRS 5N 34%., 41.5%.
782%, HZELEAEWIE 3 NTEIRM TP KW BE 430008 1.067. 0.777. 0.447 mg'L™', KBRF55 51K
MN.1%, 572%. 75.6%. %ZE5LH Y, IR IR T Y IFIK, BBRRES T 442%, HET Y, 7R,
EBRFERE T 36.7%; HELR Y, IFRMET Y, TRIK, EBRFRET 345%, HET Y, HIK, £
BRdem 1 18.4%, Y, FEIKEA LA ROR

3
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HE 4 WAl FEH, £FY FRAEEFEMRBMER, BILR0 5 TP REMRES TR
B, MAEMEZEY,. Y, FIRLERBELE AN EARE —H B ES, JUHE R85
BN, T, E S iR, 3FIRRAR G TP WM MRE %R, £FBMEFLEH P Y, PRI
ORI, 28918 0.027 mg-(L-d)™" F1 0.036 mg-(L-d)", Y, 1T PR 75 & 25 Fl L 25 (1) W fiff 180 %43 1)y
0.029 mg-(L-d)™" F10.048 mg-(L-d) ", 1Y, FEIRTEAZEHFIE 2201 TP FA#ER AT LAIiAE] 0.055 mg-(L-d) !
F10.061 mg-(L-d)", BT Y,. Y, FRAYRRFAHE R

3) 15 7K INH-N (9 L BRACH o 5250 i 2 v 3 Al I IR 3R 46 A9 NH-N Ve B 2 L BRI & 6 BiR
Y, PR AE A 2 U 2 (NHE-N K W43 51008 9.87 mg L' A1 9.127 mg L', EBRFS 5 R 51% Fi
59.3%, Y, IFIRTEAZEME M KIKER Y, TR BT 0.177 mg- L™ A1 1.527 mg- L™, EEp=
G390 51.8% F166.1%, Y, TEAZFIE I HKKERLY, TR/ BRI T 4277 mg L™ 14227 mg L™,
EERFIT 0N 72.2% M 78.1%; 4290 Y, I RE Y, IR, BB 21.2%, HKT Y, FIK,

Y, oY, Ay, Y, ey, Ay,
- -Y,, »,=0.026 6x+0.057 1, R*=0.897 6 - -Y,, y,=0.036 2x+0.022 7, R*=0.984 6

1.6 1 —Y,, »,=0.029 3x+0.158 6, R=0.850 3 1.6 —Y,, »,=0.047 6x+0.124 3, R™=0.942 7

gl Yoo 270055 LeH0.118 1, R=0.971 84 Lal o Ya 170.060 60297 7, R=0.827.6

. . A4 : LA

12} N 12} N a

1.0} 4 1.0}

(C-C)/(mg - L)
(=}
(C;-C)/(mg - L)

04} 04+
02} 02
o o
02 . . . . . . , —02 . . . . . . ,
-5 0 5 10 15 20 25 30 4 0 4 8 12 16 20 24
BURE e E)/d HURER ) /d
(a) X TPREM M LA & (b) HFEL TP R ML A
5 RIRRGX TP HIREEIR RN
Fig. 5 Effect of floating bed system on degradation rate of TP
22 CKiF R H/KNH, N = CKiFENH,-NZLER PACKIEIRHIKNH, N = CKIFJRNH, -NEH %
BRY JFPRHKNH, N - Y JFJRNH, NERRH BRY JFPRHUKNH, N - Y JFJRNH, NERRH
MDY, PREKNH, N & Y, RNH N e MY, 7R KN, N - Y 3% JRNH, N R
EIYRRHKNH,-N v Y RIRNH, NE R EIY KRN, -N v Y FIRNH, NE R
24 80 24 100
2t 140 2| 100
20 | 20}
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7
B ¢, 7 = 160 18} O 7 - '
w6l B 0 7 7 ~wl B 0 D 17
< s é< é“‘ é Z 10 s 7 é é é ’5'2 100 =
o 4T Rl Rm 7 o o T e B O D) 2 )
Z ol AU AL B 7 s Z L Ztr -8 0 3
410 7 7% ’ %5‘4 X o 4 10 7% I/o % % 140
- 7 /:«:qll 2l Al 430 e ] 7;:«:||| 7% XN
= st b A&l Al B T 3 Ar gl B 8
z =z A&l AL z Al |l L A 130
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(a) XZ (b) HZFE5H

Bl 6 FKRRFZIINH,-N EMRHR
Fig. 6 Removal effect of NH;-N by floating bed system
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EERFIRTF 204%; HFRE Y, IR Y, IR, ZHERFIEE 18.8%, ME T Y, FIK, LERRET
12%, P, Y, WFNHI-N R e R0 R S8 4

K6 H /R Y, PRIRATNHG-N (9 L BR BRI R TZE, MY, Y TRIRAY L BR 3 AE A 5250 J8] 1)
WIS BRI, JUAE SR A ET A E N, KGR E . K7 X 3 B R IR R 4 FYNH]-N %
R R AT IR, 58 Y, 754 Z I 2R 00 B ) 51O 0.436 mg-(L-d)”' A1 0.611 mg-(L-d)",
Y, UF R AE A 25 2 Y W e T 2543 51 K 0.432 mg-(L-d) ' 1 0.691 mg-(L-d)', T Y, IFRTEA ZME
Z BYNH;-N B o R 2 315 21 0.583 mg-(L-d) ' M 0.8 mg-(L-d) ', BT Y,. Y, IR M HE %,

4) 5K TN 2 BRAUR . /8 A scsbad Fvb 3 R iR IR 2R 48 Je a8 1 2 1Y TN I J3E R 2 B 2R (10 A8
RGN . M 8 RIS, L85 HIW) IF R AE 5256 W) W6 TN (9 R A A FH T AN, Bt 5 7K 7 52 B3 ik el £
TERK, FEMEAEBORH B . KBLIEERG, YRR TN LR N 73.3%, EELRERE,
Y5 PEIR I TN BR300 80%, EAZEME LI T Y, IR IR Y, TRIR A TN 9 L BRR a8 m T
lYI .YZ AY3

- -Y,, »=0.6114x+1.399 1, R*=0.960 4
—Y,, 7,70.690 7x+2.609 5, R*=0.891 6

Y, oY, 4Y,
- - Y, »=04363x+1.284 8, R*=0.9527
_— Y, »,=0.432x+2.266 7, R*=0.87

20 200, . - _
- Y, y,=0.582 86x+2.247 6, R*=0.924 6 Y0 3;=0.8x42.8, R*=0.906 8
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(a) ZZSLHNH,-NEAR B AR LML S (b) HZEJ2BNH, N AL AU &
7 FERARGIINH,-N B R 2R 00
Fig. 7 Effect of floating bed system on the degradation rate of NH;-N
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Fig. 8 Removal effect of floating bed system on TN
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Advanced treatment of rural domestic sewage by microbial coupling Fe-C
micro electrolysis-enhanced floating bed of aquatic plants
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Abstract In order to reduce the pollution of organic matter in rural domestic sewage to river water body, the
coupling processes of traditional plant floating bed, iron-carbon micro-electrolysis and conventional biological
fillers were used to study its treating effect towards the first-grade effluent of existing rural sewage treatment.
The coupling process took physical and chemical reactions, biological reactions and chemical reactions as
symbiotic relationships, which can establish an artificial ecosystem to reduce the pollution load in water. The
results showed that the removal rates of COD, TP, NH;-N and TN by the microbial coupling iron-carbon micro-
electrolysis-enhanced floating bed enhanced could reach 78.6%, 78.2%, 72.2% and 73.3%, respectively in
winter. In summer, the removal rates could reach 88.8%, 75.6%, 78.1% and 80%, respectively. The COD
degradation rates by the coupled enhanced floating bed in winter and summer reached 2.933 mg-(L-d)™"' and
3.529 mg-(L-d)”', respectively. The TP degradation rates were 0.055 mg:(L-d)" and 0.061 mg-(L-d)”,
respectively. The NH;-N degradation rates were 0.583 mg-(L-d)”" and 0.8 mg-(L-d)"', respectively. The TN
degradation rates were 0.73 mg-(L-d) ' and 1.114 mg-(L-d)"', respectively. They were better than the treating
effects of the traditional plant floating bed or microorganism enhancing floating bed. In addition, microbial-
coupled iron-carbon micro-electrolysis-enhanced floating bed had a significantly stronger growth-promoting
performance on plants than traditional floating bed and micro-enhanced floating bed. In winter, the plant weight
gain before and after the experiment was 23.3 g, and in summer was 67.4 g. The microbial activity in the
coupled floating bed was 1.81 and 1.45 times that in the microbal-enhanced floating bed. Finally, the correlation
analysis and principal component analysis of the factors were used to further indicate that the synergistic effect
of micro-electrolysis of iron and carbon promoted the increase of the number and activity of microorganisms,
and thus had an important influence on the removal effect of pollutants. This study provides strong technical
support for the advanced treatment of rural domestic sewage, and has great significance for improving the status
quo of rural sewage treatment.

Keywords plant floating bed; microorganism; iron carbon micro electrolysis; microorganism coupling iron

carbon micro electrolysis





