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ARG KA g oK Ab i ol . 25K, AECERiEmR)s, HAE&HARX COD 1 EBRAR H 14.3% #2
& 19%, NH,-NFI TN B LBRECR H 7.8% F 13% 2 5 & 15.5% F122.8%, TP K FRBURH 6.3% 15 £ 12.9%.
Bepe NI T A BCE MR M ER, Y EM R 022 mg g HINE 03 mg-g™!, A/ E ISR B B
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MyBEH . NTIFSEEAR, W@RERESTRAEE SRR, WMEREE, COD,
TP A1 TN 2= B 1 M\ 4032, 2.49 F133.69 t-a' $&F+ 2 74.36, 3.75 F11 58.28 t-a™', B I ol 35 Vi) 3o 7K Jot
I BRI KBRS YW BE J1 o SZKLAREK %5 e PEW FRVTIE . A KA W AR A ka8, 3Tl vE
X AN XA g X, MR UTTE AR i R G, N TN I R KR, 1B 4T 2 4
KCAEJR , %R G4 TSS. TP, PO} . TN, NH-N. NO;# Cl'% B& F 4> %l N 61.4%. 37.3%.
30.4%. 46.1%. 2.8%. 44.8% 1 64%. BT, HARE N Z M 507 A S A B R 406 0 FH T3 I
B, EE Al A A IR A T B R A S A A H AR RO S A R . ik, TEA
SRITTE A N T8 A S R AR S8 30 3 A A, A5k 9k kKoK, 7R
il S 6 0T BEE K R A SE AL L, R R P A, R SR AR P I RSO A i R K e, T
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Fig. 1 Plane arrangement maps of the experimental river
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ARSI B 2017 4F 10 H—20184E 2 A, HEH AR ERMEETE 3 A F IR E . )
il SE g B K i, £ 10 0 11 AM 12 H, fREFEIE KA 2400 m*-d™", RIGHELTARM2A,
TRI) D s 7 5 R A1 28 R K U R 800 m-d ! T 400 mP-d !, WIFSE /N I FE X A S B R e RO Y
SR, AR R R T 1 SRR S A A o S A [ A W A (UL 1) A IBOK R W, R 2 9K
AKBEWEI . 2) e ORI, 2 11 A, WEIIRTIE N BE P TE E RRE AR/ R RE ARR BE, 2Z R AR A AT
(L. D) 3o a3 mek s iort, sein, B AXRAES 1w, Hoepe 10 AR A&t
FU Ry, 3) MR AR, 78 11 A, WmE pA Yk AR K R, RS 78 N 107
55 AR TR FE ML P 2 B RK R 3E, AR T ARy R e, AR AR T MR A R i s 52
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Table 1 Parameters of the treatment units

ALPERETE i /m W) FEFTC R

o ENFE, TR, ®EW. B8 KT Wha . P, _, ) e 2
ANTIRE 10~20 Rk M= 2 1. BRI A ROIGMFURM, EHRERIS m
MEIES, RAHECN30 m?, N80 -m™; BkA. K40m, F82.5~3m, HAL110m?, HHEZEE
SRRV K FE =132, AR} b B R 19%~5% 0.15~0.20 m

WivE3.8m, KT3I m, WE0.6m, WK2.1m, [
W B A, FWEEL:2, mAY6.3 m?
TR PHREE, FAEAIES0 m?, HEONSOKE-m?; BRA . KS0m, $2~3 m, MIARZAI125m?, HEEEE
RIS K IE =132, Bpcdiokh 5 35 Bt 1%~5% 0.15~0.20 m

AEBEIRT  20~60

ERIEI T 60~80 BRA . ZRRIFEIKIEET=13:2

ARTIRT  80~140
Ti%E3.3 m, KH2.5m, WEH0.6m, HK3.9m,
U3, RS2, HiAZ)9.75 m?

T SRR KL TR th FoR00 . Whmky . I + . RESE . KURAORRR B B URL ,  FAT RO . IR R MR 2
fiE; oo h Pk A AR o TR T B4 T Al

AESUEITT 140~160 R4 . SEREBRIEE/KILTi=13:2

Fz2 HKKREH
Table 2 Water quality parameters of the influent

FT ME/NTU DO /(mgL™") RE /T pH COD /(mg-L™) NH;-N/mgL")  TP/mgL")  TN/mgL")
WE 437-44 3.69~645  10~187 6.5~7.73  24.08~52.67 0.178~5.59 0.526~0.95  21.96~31.54
&% 5.1-49.75 462472 627~10 68~7.65  27.09~50.09 0.34~7.69 0.304~0.946  20.2~40.56
12 FHTE £3 IRTEKHNSH
COD. TP, NH4+-N . TN B 2 2 0 SC ik Table 3 Hydraulic parameters of the experimental river

PRI, A 0.45 pm IR B EEUREE . g gekiiRtd) kW HRTH  HEAms )
SR TR B R KRR AN 8 SR K FE TP, 210 012 2 400 0.5-0.87 28  0.016~0.02
RL AR R T 0.45 pm B9 OB TP & . I A ! 800 0406 69  0.006~0.007
DO >k il HANA {8 4% 3 DO & fX I %€ , pH & 2 400 04~045 112 0.003~0.003 9

FH HANA #4558 pH 110 o 1 46 RO &
KR A K TR B, T R I 2 T K A 0 A K DX AR 5 R T S 0k T A 259 R B A
PIiEPEN i A/ B A B I 22 225 SOk v B 7 YA T AR TRTE AR IR SRR fE IR AR
PREBC P B B TR A, T UK 2 PR AE , 298 L AE T A WA BN W) 58 )R b 1 8 3 ot
TAE

K Excel2013 F1 Origin2018 #1452 i 4 4 ab PR A2 18], Ik Bh SPSS19.0 F A 5% Al {8 35 1 22 5+
ﬁ}*ﬁo

2 SKIER

2.1 BHIEBRYER

o 2 FEE 3 ml s, #kEMAZFEPEK COD N 24~50 mg- L', 10—12 A /KA 2 400 m*-d ™,
1 A JEK & A 800 m*-d™', 2 H #E/K i N 400 m*-d!, 4H-&FARXF COD 2= B 1% & an /& 2 fiF i .
COD 1E N K S Wil i — T {22 38 b, BERS S WK IR ALY IS YRR B . Bk &%, A HARBEK
COD % M4 3r, MK 2@ W&/ M, # 10—12 7, HA&H RX COD 1 &R N 23.6%. 16.4% A
14.3%, FEHFKFE R 2400 m*-d™ B, BEE AL, 4GB ARX COD 12 BRECRE Wi/ . M
Kl 2(b) ATHL, FE12—2 H, @A HARX COD KFR*%H 143%. 15.7% F119%, FILEMGR LT,
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/NBEK B, COD XERFOCR BT R . L5011 (ANOVA) 73 Hr, &2 A [A) i 5 2 8] 21 5 5 R XS
COD My £ BRFBA BEFEMZE R (P>0.05), A RIBERE TN COD £ ERBCR AU .
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Fig. 2 Removal of COD by combined technique

2.2 NH,/-N 71 TN XBRH R
M 2nl g, Bk, XZEWHESHARIEK NH,-N W EZEPLE 03~6 mgL', TN HkEEPE
20~40 mg-L ™", ZHA AN NH,-N Fl TN £ B35 01 3 s .
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Fig.3 Removal of NH,"-N and TN by combined technique

REEYERRPWLTERY R, AhEESKkEEERANEZEEH, hE 3@ TE
M, MFEK R 2400 P d I, 7E10—12 H, H A AR X NH,-N EBR RN 14.7%. 8.6% Fl
7.8%, TN ZFR#H 18.1%. 14.5% F 13%, WEEKELFT L, SRR, 448 AR NH, -
N A TN 2R B R, K 3b) mTa, 76 12—%4E2 A, HEH AR NH,-N EBFE K 7.8%.
11.9% F115.5%, TN EBEE N 13%. 19.7% 1 22.8%., #H#ALZEZ )G, WEHKGEE/N, NH,'-
N FI TN £ BB EW T8, W /NE 400 m*-d ' B, NH,-N Fl TN £ R B H R, Myl
R AAE HX NH,-N AT TN 0 R Bre 8 E22 /6, B2 iR ARy B 2%, iR R, E
VIR R AL L BRI 22 B, (AR AR B AR A T AL A R XT NH, N TN 2 bR AR bt
— &, KR53 2F (ANOVA) /1, HEZK I 78 2 400, 800 1 400 m*-d™' 2 [a] A8 fL i, #H &+ A X
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NH,-N FI TN {2 (5 R 48 B AT W 22 5 (P<0.05), Ml W, RIE ST, Tl oy ol 1% it Rk
Xof GRS I 2 R A8 R i o O 5
23 TP EBMR

M2 2 AT, Bk, &ZETiHEK TP WkIEAEPTE 0.5~0.95mg L', A AN TP EBAF K 4 FiR.
& 4(a) ATEH, 7E10—12 H, dEHARXN TP I EBRE R 83%. 5% M 6.3%. BIEKE, XKtk
T 2400 mP-d B, A A EARXS TP KBR BRI EREACTE/N . A 11—12 A, TP ZERFEH I/
TRET R, XSRS T RN R B —E R, 11 A ZER T AR DU A KR ™ R
VRIS, A A B ARX TP B EBRFER; 12 AP CHF ALK, KA & 15X 810 5B e
FH TS JEURE 14 WA B 22 B A AL AT B TR 10 25 B, ARl A H R XS TP LB R BT, HIE 4(b)
A, fE12—2 H, HAHARX TP E£BE N 6.3%. 12.9% 1 10.6%, HEIMEE ST, W/ i# i
K TR B 8 1 9 A A B R X TP R BR AR, (HOF AR R Ny, R 2R K R A 800 m?d!
i, TPiABIRKERE ., L4115 (ANOVA) 7347, KM, HEHARX TP LR E
A E 2R (P<0.05), 38 i X #EK TP LA 4 87, & B 90 K A JBURL S 8 (BLAR K T 0.45 pm)
di HE A 60%~90%, 1T UL A 2 B DA S 0 W% B RN I A BEAE FE O 32, X BRI T AR R K R R
800 m’-d™" i, AR Y K T A B A 2 B TR A
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-u- JRJE za TP 10 -u- R zATP
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& S ol &
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=8t 14 % =0 {16 #
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4 2 2k 13
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Fig. 4 Removal of TP by combined technique
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MAEY R LR GRYR FE Y, KEMYIRZ, RS —EREYEA=EN.
11 F 1 A T8 N 3 KR ) RO K R ) 0 A R 000 DA BB A i L s A/ A A i B2 RN R i AR Ak
THEBLINE S BT7R o & S(a) M S(o) AT, 11 A M1 H SesbmiE oK ZE R AR B, EA
. THEME B ENEALRFEHZERT, MFEBAKT SRR SRR AR, TILAZ
FBERAOT IR K B RE R R EAE ;s 1 A S 11 AR A KB, KA 57m’, #H
FOAE KT A /N E 6 m?, P AR EEAE A T ARG K2 3 m?, R4 2oy SR I v RN AR e v A v ) 22
SR AL, B S(c) AIA, 11 RN 1 SC8 T E N AR Wi 0.22 mgrg ! A1 0.3 megr g, A AL IR
FE 4 0.97 mg-(kg-h)'Fl 1.26 mg-(kg-h)™", S fiff {58 B Ky 2.69 mg-(kg-h)™" Fl 3.11 mg-(kg-h)™'; [F] B H
EIS AL, 11351 HWE W3 RS 0 W8 T I ETE Gemmobacter CFATTHIE , 8%~10%).
Pseudoxanthomonas(f ¥ MU R & , 3%~7%) F WG ; WMARMEYWFEAE - EER, 11 HiiHE
HOKS I S Rhizobium . Rhodobacter . Thiobacillus (K38 7 6% . ZLAT T 3% . PR ITHE 1%) FH )8 ;
| HA#4E Rhizobium . Rhodobacter., Thiobacillus. Hyphomicrobium (MIE W 4% . ZLFF B 6% . F=HilR it
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Fig. 5 Changes in plants and microorganisms in the river

W 7%, 2R 4%) g . 11 AR, ESRGE N, KRB R SR, B TR SR
AR, PR Fe S [H] e N s il 9 A0 12 v o A 8 AN S DR A R 3k, DA B4 58 Bl A
Tk A AR A AR BE T, IR X TS Y W i AR A A AU e Al TR FEAR G IE AR KR T R
WEE A AR, WO E YA B FE S R T A, v LA TS P A i EUREAY P R AR R D
BRI FEAE Y, RENS A AU S WS e A A R R AR B, DA AR R R R, A
ARXTG Yt e BRARAT B Bl 3% .
3 Wie
31 BHYMEBRYERKEDT

AR A A B A BRI A BRI K BT, H32 4 FA0RF A, BRI IFA
AR ST ek, TR AL AR REE . B 2/, 10—12 H A Sk K R
2400 m’-d ' i, HEFARXT COD kKB E AR, AL, HBEIKFE A 800m*d!
1400 m*-d™', fRIEEM T COD LBRFH 14.3% F+ &%) 19%, v Wgi /Nl K i & GE i 38 K4 & H R
Xf COD Z:BRRUA . AT FEL BB LM T AN TR A& T 20 R K A2, 15
R T AR K ) G faf AN BE R 22 42 55 COD 2575 Yoy LR BCR S5 18 . B Sk — ek, HA
Gl AR, AR TR LR, SRR, SR FURHE MRS b & R, BEAE Y R
A 0 P A KR T AR AR, DT 5 V5 Y W 1 L R R IS, g 2R R A e N LR 25 A IR
IR A YU T8 LBRGE Yok R B LY, JHIF R PR SE 10 i oY, 25 R, BN
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it AL BB 15.6% A WLY, IF 3 38 T 5 2 db BUR it 25 BRACR U, 1E & ZR T8 2 70% 1Y 1 AR
TNk s 3R, mIE So) AT, 1 A i PE s S T 10 A B ETE v, 2 I kR SR N H
i A P B 58 1 I 8 N AR TSR, BRAL T R W COD 22 s [ IR E YR R FEAE T, Y
Xf COD HAg LBrfEH, i H AR A A1 A KA R ES AR FHUE Wb /e i & #5050, 4
GRS N R, BEIREEKTG Jefr, JFSE G Bk DRI SEAE Y, R AL W) R ) K BR
ey, MTfiF5 12—2 H COD £BRRURFrafa g,
32 NH,-NF TN EZBRYRKEH

ARG YY) — R KB B o AR 4. mIE3FH, 10—12 A iE K& h
2400 m*-d™"' B, AAFEARX NH,-N FI TN 9L BRRHEHIEL; 72 1—2 7, JAREEK R E N 800 m’-d ™
1400 m*-d ' J5, NH,'-N Fl TN i £ BR Rk 2] 15.5% M1 22.8%, 5 TKEBR A K. 28350
Mr, EAZEIFMIKRET, HAAaHARX NH, N il TN &SR0 B 3% . KR E 2400, 800
1400 m*-d' Xt HRT 2~ 2.8, 6.9 f1 11.2 h, 7E{5/KACEEFE v, ZEK HRT A F TR EBRET, 454
3 S 25 SR AT, HEOK S 400 m*d 7 B, AT Y R BRACR B, HiEK HRT &K, [
I, AR JEK U 0 SO BB HRT K, BSR4 A H R X R 25 Yo ) B8 J1 . I 5(c) A
B 5(d) AT D, 11 H ] 3E N GRLAR WS Ak /s A s BEERAR T L, [RIES 1 H e IE R AR P
Rhizobium . Rhodobacter. Thiobacillus. Hyphomicrobium %) 7EFp )@ MEE F WA E ST 11 H, £
HEAAZES, TWEE N A YRR AT BB R . SR A bR R Ak RN R R S Y AR b S T A
PR T BRIk s R IR KOG R, FRIE S S 2l ol P o8 B 0, 4 Z5 N H i 1 b B M R 2 4
PEOL T8 @ R b, RIE A ) B B A WAL, Sy 8.7 £, LA b/ S fiFf fh it
o, AR FER Y A S TR g A AL B S K )T BOK B T R B, X R R
B R G AR X R LR VE T, RBRSIE N F SR 40T (AN Thiobacillus) W =B, JF 34 5 S A AL 72
&5 20.8%>, SHEN 424 Fi| F 8k ¢ N HL st AL VB I N TR S BRAICR , S5 SRR, &b il
WA TR M TN ZBRAAT A (81.45£1.27)%, b 3578 T80 A T dh ; thsh, PO H ST LUK Sl At it
SRR, s R N BT, JFRRS MM RS E W R kel A A HE AR RN
FEL 7 01 75 ol 2 90 3% P RS /S g Ak 5 8 0, OB B U W P R R, T SR N RURE T
2 2R YA T P HE KR ) R TL K AR ) AR IR B AR, EXE NH,-N R TN (9 LB A R B R0, Bk
Yy A AAE FH AT B 54%~94% ) TN, FEYALLBR 7.5%~14.3%%, 7K A8 ) 09 A7 75 B 18 8 15 K 4
pH 1 DO ¥ 5%, (E#EAEPIasAe . ROE AR AE R B aEA 700, 3 a4 il E /K 300 2 1 s e o, [
S5 A Tt SEAE Y S B AR ORI LA, SR SCE IR RE 01, DA ek 40 G BOR X NH,-N ORI TN Bk
R
33 TP EBRHREUESH

ZAG YR T TP LB N E 4%, HAAEZMBEIEE, LRSS REMAYEE . KAEM
YW . Ak B RN B UE S B AR, mIE 4 B W, E10—11 7, TP M RBRFEH 8.3% [%
RE 5%; 78 12— % 4E2 F, W gk &R 2 400, 800 F1 400 m>d™', TP EKRE N 6.3%. 12.9%
1 10.6%, ]IS HEK R RS/ E 800 m*-d™ B, &+ AN TP () LBREBUR B4, EH g HKp
ORE S W 7 EL 60% LD b, AR TP 25 R DA W BRI B SR BRAE O 32, EK SR R 800 mP-d !
F, e N AR B K A AT B T BURLAS BE RS UL, HoK S P sh AR 2 1 im0 ks e, Bk
o HURLBE BLAT 50 1 S Ak B B g T A, i AT B AT I W B R 22 EE Dy BE L 9 R O R AR FetTak
Fe*', RRUg (2 dFmh iy LLBETIIER ™[R B AT 18 PN 45 BCFI AR AN [R) 28 RUK A= M4, YR /K G 7 1) A7 ' 1 9
LK HL W) -1F K B W -DLK Y, A BY T JUR S B 00 DU I BRE, RTORE UK TP B0RE S B 25 R
55%~86.9% . TEXF RPN TIRHBEFT 8 b AR R R B RAY) . FRAKAE Y RTKARY) . BEAS
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SCER 78% 1Y TP 25 bR AN 80% 1) SS R BRREV, KUk, 7EAbHIE UG Y KR, Al E 5 Al 2E KR
I ECPORFUR R W2 RUK AR A Y, AR T ik 8l fE TP ZHBRECE .
4 g

1) X BARIR ST, 18 5 4 5 30] 38 g K i & (2 400, 800 F1 400 m*-d ™). SNk o EURE A AR Fib
it FERE W 3 AN J7 T e RS, ] 4 A H R X COD. NH,-N. TN Hl TP 2 B %353 19%., 15.5%.
22.8% F112.9%, HipbBE 38R

2) A ZETATIE N IR A R, PN ARV R T 2R T RS A/ B R Ak 5 B R & 0.3 mgrg!
F11.26 mg-(kg-h)"/3.11 mg-(kg-hy™", FF38 A0 i UG PR g 2 B, DT 384 58 4 A B AR 415 YLK R Y
e T

3) 1A H AR K LI 1) A B HE KA ) -V K R DK, FR45 4 ek ORI I 22 6 VE T, g
SR b 2 bR b ok R TP, AT bR AR Y 559%~86.9% 1)Uk 25 o

2 % X ®
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Analysis of improving secondary effluent purification by in situ ecological
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Abstract In order to improve the purification of micro-polluted river water by in-situ ecological combined
technique under low temperature conditions in winter, hard sewage river was transformed into an experimental
river. The purification of secondary effluent by the combined techniques of artificial floating island, ecological
river bed and ecological filter dam was investigated by three optimization measures: influent flow control, iron-
carbon filler internal electrolysis and cold-tolerant plants. The results showed that, after the improvement
measures were completed, the removal efficiencies of COD, NH,™-N, TN and TP increased from 14.3% to 19%,
from 7.8% to 15.5%, from 13% to 22.8%, and from 6.3% to 12.9%, respectively. Iron-carbon internal
electrolysis elevated the species and abundance of denitrifying microorganisms, the microbial activity was
enhanced from 0.22 mg-g' to 0.3 mg-g "', and the nitrification/denitrification intensity was enhanced from 0.97
mg-(kg-h)/2.69 mg:(kg-h)™" to 1.26 mg-(kg-h)'/3.11 mg-(kg-h)™', the denitrification effect of the combined
technique was significantly improved accordingly. Besides, along the water flow in the river, cold-tolerant
emerged plants-floating plants-submerged plants were configured longitudinally, 55%~86.9% of particulate
phosphorus in influent TP was removed. This result has reference value for improving the treatment effects of
polluted rivers in cold regions.

Keywords winter; ecological combination technology; secondary effluent; flow change; iron-carbon internal
electrolysis
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