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IKAE
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PNl S 7K A ) 56 N #R ((Canna indica L) ) B
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FLAPLIEE, I 700 (1) mm x 600 ( &) mm x
420( =) mm, R G 400 mm () x 125 mm
(9&) x420 mm( =) o HORHTURE 1 H 0K AE PR
P&, 100 mm , A 150 mm JEJEE, TOKAEY) N
W [ Vallisneria natans ( Lour. ) Hara, 3£ 22 #f,
(6.24 +0.38) g/bk, KBETT 0] 6 K, W S k]
TIZE 4 ATCRHIURT N 23 5 i E RS (CBEARL0. 6
kg/ ) i 2.2 keg/ A, R B 0. 17 ke/ 4, T 1L
£14.2 ke/t3,4 4 (RS 10 mm x 10 mm) . H
Hh RO R R R W T R I ARORT DX Ul IR
e G, B A T B RERER A R A
A, BURHIUARFE SEB B 60 mm

B1 sEASBEERER

Fig. 1 A three-dimensional modular

ecological floating bed

L HEARHEY s 2. 985 3. 3K 4. YUK 5. 95 6. Ak
YHERA BT 7. 8 e 8. DiAE; 9. REE ARG 10. Bk 14
BHE; T BT s 12, TG M8 ARG

1. Emerged plant; 2. Basket; 3. Floating bed; 4. submerged
plants; 5. Sludge; 6. The media of microbial propagation; 7. nylon
rope; 8. Caisson; 9. The bin of straw; 10. The bin of coal;
11. The bin of corncob; 12. The bin of natural zeolite

1.2 LIggit

SCEGF 2014 4F 1 H—12 HAE LR
BRI v 2 iR = N AT, N R R A
15~20 CZfa), Zil/KIRR B 12 5240 T
b Bl X 3735 (R JE T [ TN (16. 10 +£0.27 ) mg/L,
NH, *-N (7.97 £0.05) mg/L, pH (8.27 +
0.22) ], sCugh 880 mm () x 880 mm( ¥F) x
900 mm (¥) , 4 Z8 R M # (500 kW, 4 3 2
HO) FEHIKIRAE 20 C A 475 B SROB R KR A
AR S AR RIS R, ik 6 oL, H
AR (R 1) o BB AVESIFIR R G4k
LRI 6 ASERaH (3R 1) o kb 7 R R
B R AR B H R FE 5 FE W 2k 48
SZAR KA 2 G KA R B
1.3 FKBdaim

JKBER: B B IF K21 200 mm , 7K i F 200 mm
b RFE R bR o H TN NH, *-N
e, A (NH, *-N) - 44 [R5 L 5,32 (GB
T479—87) ; WA (TN) « Pk o Bk PR B T e 52 o0 O
JEHEEED: (GB 11894—189) , if FIX #5310 T6 #i
a0 Al UL 66 (bt A A AR A
BRTTAT N o AEH 12 H R 8:00 HUkE,24 h /)
BRI A3 AT, SE56G I 2014 45 1 H 12 HIFGR,
w12 4~ H

F1 ZWAKBEERERR

Tab.1 The main condition of experimental ponds

SZIH )2 Superstratum H1)2 Intermediate TJZ Substratum
Experimental EIN- [ ARt YN R EA WEL Vallisneria natans
group ( Canna indica L.) Polymer fiber rope Fibre net Corncobs (Lour. ) Hara
its 1 Pooll vV
it 2 Pool2 Vv Vi v/ vV
it 3 Pool3 V4 V4 Va v/
i1 4 Poold vV vV Y
it 5 Pool5 vV vV Vi N v
XFHE4H Control group
1.4 H\AESHHF A AT T

SHG R A R O R E = AR UER
(Mean + SD), fl 88 [H K Ji 22 70 7 ( One-way
ANOVA) ,#E ] LSR Z 5 bk HL A Z [R] Y
Zr B ENE, BEMIKE N P < 0.10, % Excel
2003 i &, #] F§ PASW Statistics18. 0, origin 8. 0
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R, 5 T R i L fe R, [ 22 (5. 04 £ 0. 16)
mg/ L, P A A2 T BRI S 2 A T RE . A
3 KB, A5 IR AR AL B e, I i T
ANTRI A T R H 0 BTk AN TR it 1 A 2
TN e AR Al 5% g 35 1k 25 e, m] DL PR 2 A SR K
PR TN HSRCR I . 3 b 4 B 5, TN 9k
ACTERT 3 A N ZESFEARE (P >0.10) ,4
HUJE=FM FHEREZREEESR (P <
0.10) , BT R P 2 LA T RGBS A 47 4 22
R BB 8 A ) X K AR A AR G ) v A g

T HZE 8 H A IRAUKAR TN R ETH(P <
0.10),9 HJaZete T Mt fauE , HARE R
TR TN W o X -5 5 2= A g I i e A
FF U A ) A i I %

-3l Pooll =2 Pool2

251+ 13 Pool3 4 Pool4d
~ti5 Poold —-XIH#A Control group
~5 20 ,
=
N
~'E
B 10
¥s
=B
Ee 4
0

12 34 5 617 8
R/ A

Reaction time

B2 E&E(IN)REREENL
Fig.2 The changes of TN during experiment period
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I 3 AT, i LS X AR AR B R L Bk h 1 2
533 DB BT B (<31 d) |, & 5L A K
T TN LBRACRBAR; W BB (31 ~ 120 d) , A~
(] S IR 2 R 7K AR TN 2 B3 28 I s o B[] 428 7 ik
EHIN(P <0.10) ;FE BB (120 ~334 d) Bl
JOE IS [ E K, A% S 56 2 % K AR TN 1 25 ok e 4
IMARZE(P > 0.10), 5 —HE KA P 4L %
TEIRI AR T e 250 i 3 i 4 553 5 AH ELmT 20,
HJZ A B — KU B8 g 43 £ 2 2 I A8 R
AR —HYEEN . bR TAERIKRL B P
R G IFIRAS TN LFBRAE T 38, 1 53 2 A b
PR HEXT TN LBR otk %N 37.63% +2.2% ,
HAP L e A oimkR N 8.07% = 1.31% , ToKoih
TR 20. 12% +0.91% ;3 2 At 5 A5 L AT
HITN LB F R ik % 23. 82% +
1.8% ,1fii_FJZXF /KA TN B A9 BT R B AR TR 5
Y 20 Tk ELAT ARG AR A5 S 00 2 1) 5 4 ) -

R TR A N 15.61% +1.2% , it afHd
JETEKAR TN (9 2 BRad 7 b sT kAR ok, R ep )2
A= W9 Jo A ot R R R A T B R o

1201 = #11 Pooll
o2 Pool2
100} s ¥13 Pool3
= jfi4 Pool4
801 = 15 Poolb

60

40

TNZ:BRFE/%
TN removal rate
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SsaaannaRT N
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W e
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SN fEl/ A

Reaction time

B3 ZWASR(TIN)ERZE

Fig.3 Comparison of TN removal rate

62 ] 1A% S 0 4 A RO L Y 4L
FRERE R, UL B TN ¥R 52 it I [R] 9 32 < 4500 301
BeFEAR I (P < 0.10) , Bl (A3 N FEAR 2 —E
WL FEORFFRRE RS o X R4 TN ¥R 5 T
g, PR TR R R R RIS E

*2 BE(TN)H|R#ER
Tab.2 Models of TN reduction

24 5] Group FEHAE A Index model R?

jth 1 Pooll Iny =4.18 -x/130.9 0.945
jth 2 Pool2 Iny = 3.78 —x/72.99 0.974
jih 3 Pool3 Iny =3.80 -x/85.18 0.993
jth 4 Poold Iny = 3.24 -x/80.82 0.981
jth 5 Pool5 Iny = 2.17 —x/86.791 0.983

2.2 k& NH, " -N jRET{

B & 4 AT, 230K A NH, TN R GG VR B2
(7.97 0. 05) mg/L, 11 4~ H J§ NH, *-N ¥ Ji i
BNRE, A 5 RBRAE R 93.0% +0.34% ,
HORFAE, X 517 R R 20804 A o & 4
MR R . S & 920041 NH, " -N
WP T BRI 25 S AR B (P >0.10) [ 25
PRUESE K A PR 2 G O RER 7K A v NH, =N 4%
el A FEKFTREYIE . IR NH, ©-N 171
TR, HAS5X IR 22 A (P <0.10) , 1368
FEIRGSHXT NH, *-N A HAF I L BRECR . WY
B S9em 4l ) NH, "-N B 22 R A K (P >
0.10) , H s B 52 56 41 A% Ak 6 B B 5 0K % AR 4L
(P <0.10) , ATHIFE IR R 2 B i s 1L R 1k
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PR KA NH, *-N B L BRRA —E . it
A H— S AR AT R K IR R R A —
SERBRACR X S R % 38 HE - R 3
Ji A A AR A PR IR TR R PR NH, ™ -N 1
ORI o

10

©

2 Pool2
3 Pool3
4 Pool4
5 Poolb
T4 Control group

2 3 4 5 6 7 8
RSt iE/ B

Reaction time

4 SHE(NH,"-N)GEREEWL
Fig.4 The changes of NH, * -N

during experiment period
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25 LIRS KA NH, *-N (134 B3R 5|
80% +3.4% , KBRACRET . Hhih 5 b3
L, I8 93.0% £1.6% (K5), SER V7 IR XS
K NH, " -N [ B8l 1 #8450 3 BB
BB ( <31 d), £ SEm 26 KR NH, “-N &
FRABEAHIE (P >0.10) ;25 B (31 ~90 d),
2 SRR NH, *-N 22 5 24 i s by ][] SEE 4
R R EMEZESR (P <0.10) 555 =Fr B (90 ~
334 d) , &SI AR K AR NH, ©-N 2 BR R B
07 FSP [F) S K T 2 12 1 . oy % ST 90 2 il Ze R W)
P —BETK AL T R K AR NH, ™ =N [ HI s g
JifeZE. W2 3 g4 AR, 2R —E
KOS B B 4T EF AERSE A 2Bk NH, *-N AR IR T
THEMASZH(P<0.10) . &L HR] A,
LR A FIR B PR A TEIRX NH, -
N FIHIARE J1 %o Hidt 1, 2 A3 5 %F bl Al
HAEIFIRTPZTEH KA NH, *-N [ d F2 v 5k
IR, N40.75% £3.2% , Hop il 3.4.5 7]
I YA TR R 10.56% +1.31% , F oK
TN 25.24% 2. 17% , K A T2, 5iikR
2 31.42% £2.4% b 1 F3s 2 XF b Al 2 T
Bh%HN 13.73% +1.4% ,

2SI 2 IR OB R (W LA R v, Ul
NH, " -N ¥ B B B) 719 28 4 22 e gl hg o 26 o B
SEESH K AR NH, " -N R ¥k B R B (P <
0.10) , BlGRFE—¥R FE I, T B B2 A2 B B 218
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(P>0.10) , 72 —RRH B IRFFRRE (R 3) .
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Fig.5 Comparison of NH, * -N removal rate

®3 Z&(NH,"-N)HB&RE
Tab.3 Models of NH, " -N reduction

2 5] Group FEEE I Model R?
jth 1Pooll Iny = 2.51 -x/155.4 0.982
Jth 2Pool2 Iny = 2.16 -x/198.79 0.988
it 3Pool3 Iny = 2.16 -x/202.11 0.988
it 4 Pooll Iny = 2.17 -x/195.3 0.988
jth SPool5 Iny = 2.20 -x/187.82 0.992

2.3 TR B pH BHH

skt pH B SIBII 8.27 +0.22 R4
7.21 %0, 14 5K T, T pH 25k 2 S804
B85 R G075 A, P T 5 0 6 240 1 1 0 1 L 53
EARCRMEAE (1 6) . 4 pH > 8 I, NH, 1%
B o 5 DT 20 0 26 0 R B 2=
e AERRIE AN TP PE 25 10 AR AR B O 1) S
U2 PR 20 8 T S o A AR P o
S, £ g A R R pH 4 1
SR A P T 0 S T B R
RIFl, ASLE 4 F1 RIS R pH R

40
20

-=-Ji1 Pooll
9| —+1Mi2 Pool2

13 Pool3
001 34 Poold
80 -5 Poolb
60} —XIHE4H Control group

pH
POEINNNNNPR®

S

o

1 2 3 4 5 6 7 8
JRBIRE A/ A
Reaction time
6 pHHEW
Fig.6 Variations of pH in different enclosures
during the experiment

910 11 12
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TE7.21 0. 14,55 [ HARE W pH 5.
A DA A 21 5 T A 25 1 R AR 4 RE B e it
IRAB S 2 58 N i A 200 T % S il e 40 T 458 T
(RO A S A 1 R 3 5 B A 5
g AL
2.4 EYMERKRKR

LR B BHE KA 6 N AR AR R (3R

4)o Hoih 1 36 N A KRR DR (P <
0.10) , RIIE FLHE F A, BRI ZS , 56 N B AY  H
LB, Wd WA AR 1 Ay R X SR 1Y [ E
RE s . 1 1 SC AR IR RIS, b 2 K, 1t
WIPEIRE b 2 AE—E TR B B 17 58 N AEAR
AR

x4 FREKEMERRER

Tab.4 Growth of emergent macrophytes

- T Begin ZE T Finish
ZH N 2 . v
Group PR/ em AR K/ em Fw/em MK/ em o/ (&/BF)
Height Length Height Length Fresh weight
jih 1 Pooll 13.2 3.2 107.2 50.5 342.1
jih 2 Pool2 13.1 3.7 102.4 34.9 329.7
it 3 Pool3 13.4 3.5 90.3 25.3 313.6
jth 4 Poold 13.2 4.1 91.3 27.4 319.7
jih 5 Pool5 14.1 3.8 92.3 28.3 318.4
X} HEZH Control group 14.4 4.3 93.1 29.8 320.7
s e 155 N TR ARSI 414 5T SRR 57 3 1
Al
G

3.1 AABARNERRAGHENGEN
B R AT 2R AR &
I8 FLIE B AR W S K XA Y S N FITAR 25
JELAL TR R K 1) 22 AF AR K A AR A R B
AT RAR ) BA B R BOR . AL i
P T i SRR S NN N i R, P 2 ~ 5
RIS TR R SR AOR . RS TEIRBOR &
TG RCRAR 5y 3 757 AT R A A 1 Y PR, 368 3%
FRAE , LR T RS2 KR, 3 T TR BE R 19
IR A RORAR M — 4R 1 ARy
MAERESTERRA L b T 3 BB, it
2 TR AGK ORI REIE NS [ K TR 1T HLX
FERIZ A5 45 F BEHE 9 0 R I P KGR . 25
TERME AT S V 2K b2t 12 A~ H i
S A, A 45 AT £ o R A IR A, ik
WA R B AR ) B BoA B O B Dl )
IR 3 AL S KA NH, *-N TN K BRARAE
o, n] B UL S kA% 2 22 8] Bk R 25 A 1 FH A v K
BOR U B F IR Z B st R o, BJE N
15.61% +1.2% ,% )2 37.63% +2.2% , F)JZ1E
23.82% +1.8% /ity W23t S Wity FIEIT
REZ I EB] PR 94 8 -5 P L A ORGP ) 4
MBS, REIA B MR 7 BRI H Y. 5 By
RACR U] - d b2 SEARK AP 2 B K

HAESMER, BERIREI TN, X RIZ IR )25
TZHE S G, AR T R 25 A B il Ak 3
55,45 DL RIS AT B sk (g L fE
3.2 #EYSHEYIrERINE

HH & 2 Fill& 4 TN NH, " -N {2 A8 46 n] 4,
SEIR P SL B A SRR T BRI, 525 TR R
RN E (P <0.10) o W40 46 B B R 3=
BREETR IR L ZHE KA P AR 2R Wi, Al Be A PR
TR — E YA SR R R AR, TR
IK IR 18 B W, A B R K AR R i i R, O
BHTTERR 2R R A A R, 1 B b B s 2 4
PERE ST 36 3 7 W A0 AR K A v o WL e
B B EFRYI . IR YR R 5 W %
Fer K EA A S, T S OB %, 5
1 i 2 3 3 R 4 BRI R TR
N TR AR B (P <0.10), FZUUH
AR AT IAIE 50 B S I 2 UUAR N L OB
A RIVE T, o m] A ROB A, B e T R SR RS
T RS AR T A W AR, i i KRS
ey, BRI G LR e — Y R P B
UM BE S TGN, VR AU R S Bk SR B i i A
S h, AR B R IN LB R &k
94.2% +0.9% ,NH, " -N £ %5k 93. 0% =+
3.4% , 5256919 32 K AOK B 224 B K
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3.3 KEETRZEWIRE

TEIRG—AEL I B 1T, KAK pH HH 5] i B
PE8.27 +£0.22 [&F hpk, JEFRAETE 7. 21 £0. 14
Fedio FImABSE AR E W PR LIRS TR
F XTI DASEBET T o ERTRIRMHREEE
AR T 1) S5 B0 TE VR IR XA 31 T 45461, 15
A 25 R R 7K AR 1) ' 8 3R A E A iR
A LH B AT R AE A T 0 e A 4t A e U
1) RIS R A P 1 2B K TR S 3R T S 7, B
KBS RGE MR, FEdE (% 4) Bk
YRGB B KA R AT, R A T IR X
IR HE A TTRE A, e A 2 1 ik A2 B A
1M

4 &g

(D)t bop R AT ERIR, F
FH 12 HEFKORE AR 25 I R AT | R it 0 S 75 e )
RS, o R 2R E KRR E S Tk
YIBE AE B T IE AE PR, DA A 5 =
TIKEAEBBERRE, KA BESTEIRAL
i /)N iy M e AR L B A Y B BT B K, (R A
LT EHRA , I F AR AR s, oA DA
ST K &R AR AR XN TR s o AR K AR
B RGP de it Tk

() AHGBERFIRASCRYI B, &it
12 4> F R, A4 A 70 AR 2507 R I AR B %
Hrg R B2 5Tk % 15.61% 1. 2%, h )2
37.63% £2.2% , N2 23.82% +1.8% , i 7F
IRZRGE 2 RO S/ 5 Z A B ffae 1 5 3
SeHb A, SE R ZH NH,T-N By ¥ L BR R
93.0% +3.4% ,1fiith 5 4 LBRICR I, TN LBk
B s 94. 2% = 0. 9% , 1 45 55 55 41 H)
NH, "-N F1 TN 19 2 R 30 77 27 #h e 45 10 45 1l DA
RPN R R B 0 S e AR 4k

(3) SEHR S5 A, 7 K N A1 1) e A 285 4y 3 b
TR, BEAKAE ) 19 AR I 2 A 0 J0 e 1) 38
SR RS R . RARA SR AERF
PRBEAE N K I A i2 17

(4) AL AT A ZS TR IRAE W I 900 55 B 4K
IR IE AT B TR R AR 5 HE S %25 B DL B A AR
Bl B A KR A=A 48 16 55 PR 3R 6 T R Ak
ORI G A TFR AW ST .
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Research on the annual changes of nitrogen removal efficiency in a combined
ecological floating bed system

JI Fen', ZHANG Yinjiang'”*, WANG Fang', PENG Qunzhou' , HUA Wenfeng', CHEN Xiaojun'
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Engineering Research
Center for Water Environment Ecology in Shanghai, Shanghai Ocean University, Shanghai 201306, China)

Abstract; A new type of ecological floating bed system that combined emergent aquatic plant, submerged
plant and biofilm was developed in this study. The purification effect of the system was determined all the year
round. And the kinetics of TN and NH, "-N treatment, curtailing model and contribution rate of different
media were also studied. The results indicated that the new ecological floating bed system has high nitrogen
removal rate, of which the contribution rate of the upper layer accounted for 15.6% +1.2% , the middle layer
accounted for 37.6% +2.2% , and the lower layer accounted for 23.8% +1.8% . It shows that the middle
layer played a major role in nitrogen removal. During the period ,the highest removal rate of NH, *-N and TN
was over 93% and 94% , respectively. Compared with control, NO. 5 pool wich contains both the middle layer
and lower layer got the highest nitrogen removal rate(P < 0.10). Curtailing models of NH, " -N and TN were
calculated by kinetics curves. The present study provided technical support to the application of the ecological
floating bed system in the future.

Key words: ecological floating bed ; removal of nitrogen; removal kinetics ; contribution rate ; reduction model
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