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1.1 RERE

A U PR S5 B 26 B E U R A 0
RO AL, E R R E IR RAEY) . R ATE 0 TF
PRIHE N FL ] 76 SR K (b, AR S 7 i E:
PSR RS B B (B 1) o BRI A TE
70 em x50 cm x 45 cm F) YRR AR 3EFT, SEFRIK
%k 40 cm,
1.2 SCIedrst

BRI KAk B ILAR T T A SRE
RN 3% 58 L 4, BB AL 8 B 3 /> 48 ( Cyprinus
carpio) IRFF M HEATBUK , B R K R
WK TR A TRE R SE R K, KRR LR 1,

KEWH T EARE AT, 5 RER
HEREACR S Y MR, W B LR B 7 T #E
Fakif PR &), $ife 3 ~5 mm, fLEEER 46% ,

o |

Pistia stratiotes

. SCHEUAE

the support frame

—7KFE flume

~FE i matrix

M1 AAENTIRERTEAE
Fig.1 Schematic diagram of the
combined ecological floating bed

F1 ZBAKKERIER

Tab.1 Quality of test water mg/L
KB ™™ TP NH, * N NO, " -N NO, - -N coD
water quality index
JE. il range 2.93~3.07 0.35~0.38 0.57 ~0.59 0.06 ~0.07 0.43 ~0.47 69 ~70
1.3 EZHAR pH ¥ /%44, (DO) ¥k ] YSISS6MPS () £%

LI R 4t 4 A 7 IK ( combined ecological
floating bed, CEFB) . 7K A4 8 #) X #& 44 ( plant
control group, PCG) | 2 it X #8 4 ( matrix control
group, MCG) 155 [ %} R 4H ( blank control group,
BCG) #,: 416 ¥ IR B A ) BT (78 7 2% 20% ,
0.2 kg K ) 4= Yy B o 5 5T B8 T0 G B ; 7K AR AE
Wyt HELHL (U A ) S5 B ) O 98 7 PR T A 45 i A
YVaRL ; B2 B0 BRAH AU A [R] 55 2 1 A= ) B kL T
B KIEIF IR ;25 A B4 2 m A B3Rk 4
BHKE 3 NMEE, LRIFIHEET, Sk bk KN
FNEE A [R] 1) K 7 43 51 AR K 14 o 36 4T 30
d FE R HERE TR . AW R TR Se et KB Ab
BT R FRE 800 g B TS, T
2013 48 H 2 HIFtH3EE, A £ 4K IR v fa
FE , TR S A Wy W kL ik B 2 1y B — KA
XFHCBPO d) , ZJ55RE4 d B ROKAEMBUK B4
BT, 22013 428 A 18 HELIEE R, LI 45 AT
KoK BT RIS HEY E R
1.4 #WEFRITT %

TR I (B 228 4 H E4 8:00, 7E7K
T 30 cm ZbZRAES L, SREE 7K HE SRR SE T 2
Kol , 7€ 24 h Py 58 BUAE B B 43 AT U, KR

BOK AL M E. A (NH, " -N)  FHER
(NO,-N) T %5 2 (NO, N) TN, TP % i
SpectroquantPharo 100 ( #&E MERCK) 436
W5, COD R FTH R4 148 CIHM 2 h J5, M
SpectroquantPharo 100 (#ZE MERCK) 7366 E it
Ti5E
1.5 EXBRERHHE

% SR SIS T K AA A AT BB & A IR L T
VE KRR AR R, T bR B3R AR X R BR AR Y
R, ERIEI TR IR I LSOR , BB R (R) A
BT 25 5T IR RR AR R RUR ™ s s
K(D)o

R=[(C,-C,)/ C,] x100% (1)
Z_CE:EP:CO ﬂgg‘é ElXﬂ‘ﬁﬁéﬂﬂU}f,C, ﬁigﬁéﬂﬂﬂ}?o

1.6 #iE . EFRLE

SE5 BT AR B Y R R AP ¥ 48, A SPSS
16.0 GEitaR #7522 50#1, 24 P <0.05 2= 5%
B3 . F Microsoft Excel 2007 #47 B FE4b3H

2 R

2.1 EWEKER
LIS T iR LI 45 0, A 17 R KT
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FoKAEMEYIN BAFHREHRKBRIF, EEY
AR, AERKRPHRENEYIRNO0.2 kg
HmE] 0.27 ke, HE 1. 35 £ ;K AMEYXT R4
FIRTEM 0.2 kg 3 NF] 0.26 kg, T 1. 30 f%,
2.2 3 TN MERBR

B & 2a RT DL, SEEGTF 4R 450K, 4B 1 R b
BTN YRBEEM 2.93 mg/L FEZE 1.67 mg/L, /T
1.26 mg/L; AP FEZH M 2. 93 mg/L [ % 2. 30
mg/L,J& /> T 0. 63 mg/L; J Ji xf B ZH M 3. 03
mg/L &% 2.20 mg/L, 5> T 0. 83 mg/L; %5 X}
HEZH M 3.07 mg/L FF+5]3.5 mg/L, 3T 0.43
mg/L, SLIGZERFH, HETFRA YT BAH

—o— & ¥F KCEFB —m— HHP) X R PCG
4000 —a— 2GR HRMCG —e— %% 15 FREBCG
3.50

3.00
2.50
2.00
1.50
1.00
0.50

TN E/ (mg/L)
concertraintion of TN

0 4 8 12 16

BUFERF ] /d sampling time
(a)

FEEFX A TN K2 T REEHE, B ERT
ZSEX R (P <0.05) , [Al 0 20 & ¥ R4 TN Jik
A E T AR YN R 2 R FE R R (P <
0.05) ,fHY X A SREFX MAEZRAEE,
LI H(16 d) , &AL FZH TN K7 2585 2
WK Z K HE R — B hn . AL 2b AT LLE
A ETRIR AT BR A K it BRZHAERT 8 d
X TN R R, 8 d Z )5, KRR T [
BTRE., PSRN, 44 Rx TN K%
FRE N 52.38% , B 3E = THYIN BAXT TN %
BRI (34.29% ) , S HE i xt BBAA T TN ) 22 B R
(37.14%) .

70.00 —®— ZH &7 KCEFB

—— H R X HRMCG
50. 00

40.00
30.00
20.00
10. 00

TN 2 B3R /%
removal rate of TN

° o 4 1
-10.000 0 8 12 16
ERFERTR] /d sampling time

(b)

2 HBREHTNRERERENTN
Fig.2 The dynamic changes of TN and removal rate in different groups

2.3 3 NH,"-N EBHE

ME 3a FTLAE i, HE TR AP0 B4 A
JE ke BB B 25 ot BR ALK 4 NH, =N AR
AL IERE 431 0. 12 ~ 0. 58 .0.29 ~0.57.0.26 ~
0.58 F10.54 ~0.59 mg/L( & 3a), 7£ 16 d B,
25 kT R 2 it R 4R SE IR 4 NH, T-N MR BT R
0.05 mg/L; 204 VR IR FEY T B 4L 3L 5 ) BE 41
BSLH G NH, *-N ¥R EE 37 FRE T 0.46.0.28
0.32 mg/L, Z5RFM, 5= RAMLE, &
AEFELH NH, *-N 7KF B ZEFEK (P <0.05) , [F]Hf
HA TR NH, " -N /&8 B 2w T R &
FFX R (P <0.05) , A8 4% B4 5 5 o xR
HERABZE, NE 3b ATUEH, HETFK M
Wkt BR2H R B %t FRAHAERT 8 d X NH, " -N KR
R ,8 d 25, R ERE TRE. FILRE
GiWBr, HAEFIKRX NH,"-N ) X R R R
77.78% , .2 & THEAY X BRZEXT NH, *-N 3 2:55%
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#(46.30% ), Je FE R REAAXF NH, " -N B £
R (51.85%) .
2.4 3 NO, -N EBHE

M 4a 7] LAE H A IR IR FEY X IR FE
JET BRZH K2 5 B K A& R NO, ™ -N ¥R BE AR
AL TEEE 4> 314 0. 01 ~0. 06.0. 03 ~0.06.0. 03 ~
0.07 #10.06 ~0.07 mg/L, ELILEHA, HE
TEIR AEAN FRLE  JE TR X R 25 ) R A # s
-4 NO,  -N ¥k BE4> %1 F [# 0. 05.0. 03.0. 04
F10.01 mg/L, G55FM, 525 AxtRAMLEL, %&
AbFEZH NO, ~-N 7K - B ZE FEAK (P <0.05) , [F] B
HAE VIR NO, " -N Jg/b & B 2 = TAEY X B4 &
FFXTRRA(P <0.05) , F X AR D7 B E
B TAEHYIA B4 (P <0.05) . K 4b FTLAE H,
HAETRIR Y HE 4 B B ot FE 7B R 8 d X
NO, -N RBRHERE W, 8 d Z )5, ZREFHT
FasE . BISLIZEHAT, A& R NO, -N &
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W% 81.97% , BEE TN BAX NO, -N  HEBRE(57.38%) .
B 2Bk 2R (55. 74% ) , J F i %t B 40 %+ NO, ™ -N

0.70¢ —o—2 A ¥ IKCEFB —m— FHY 5t PCG 90. 00 [ —8—41 & 1% K CEFB
Z U —a— R FURMCG  —e— % [ %) BCG T 80, 00 =M% HPCG
2= 0.60} : - 80. et
g% §§ 70. 00| A HEEXS FRMCG
S L
£ 0.50 & S 60.00f
N
& 0.40f # £ 5000
§§ 0.30f E % 40.00f
I —
=z --S 30.00f
78 0.20f gz
=g g 20.007
c 0.10¢ £ 10,00}
L 4 8 12 16 S 4 8 12 16
HUFERS ] /d sampling time HY#ERT Al /d sampling time
(a) (b)
3 EZREHANH,"-NREREBRENTH
Fig.3 The dynamic changes of NH, *-N and removal rate in different groups
A R : ) .
ow THLTE TN nenn
A7 007 i % 90.00} —m—HIHIXHPCG
B 2 0.06 ® S 80.00f ——H X HNCG
St &« 70.00
S~ o
B g 00 & O 60.00
¥ 2 0.04 o % 50.00
£ 2 0.03 = _ 40.00
-5 'S 30.00
o Q0 [ R
=g 0.0 “ & 20.00
8 0.01 = 10.00
0 0
0 4 8 12 16 0 4 8 12 16
HUFERS ] /d sampling time HUPEI Al /d sampling time
(a) (b)

4 BREHANO, -NREREBRENETL
Fig.4 The dynamic changes of NO, " -N and removal rate in different groups

2.5 3 NO, -N £EBRBR
B 5 BT S0 [E] At 3 3% FE K A 1.40[ —@— 414 ¥ PRCEFB —— H#I % R PCG

NO, ~-N [ [a] (S A A B X R4 NO, ™ -N T 1ggf ARG o R RACG
KoY BTSN 0.43 ~0.57 mg/L, 76 16 d I 3 o 1.00

NO, "N WS 0.53 mg/L, B0 KM & 5 o.80

0. 10 mg/L; 414 7% BE41 NO, ~-N ¥ A5 b £ 50w

FEI249 0.47 ~1.00 mg/L,7E 16 d i 0.77 mg/L, =8 040

BESCRAIMIE AN 0.30 mg/L, 5 EMIBAER  © 8,

BE(P<0.05); Y X 4 NO, ~-N YR A1k 0

T} 0.43 ~0.67 mg/L,7E 16 d Bk 0. 67 mg/ 0 48 12 16
L, BeSEIAIATRE N 0. 24 mg/L, 5525 1 % 401 25 WXRITI/A sampoling tine
SRR BN R4 NO, ~-N ¥k B A5 4k 38 B N 5 &ZAEZE NO, -NREHT
0.47 ~1.10 mg/L, 7£ 16 d B} %5 52 56 4] 84 388 i Fig.5 The dynamic changes of NO, ~-N
0.63 mg/L, 5 \AXHAEREE (P <0.05), in different groups
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2 %

2.6 ¥ TP BHE

HAETEIR MY T EA R B KRS A
X HE ALK& H TP Y BE P IR 9 0. 35 mg/L.0.37
mg/L.0.36 mg/L.0.38 mg/L 4} HI%&Z 0. 12 mg/
L.0.28 mg/L.0.21 mg/L.0.37 mg/L( & 6a) , 5
AN BAM L, K44 TP /K B E K
(P<0.05), [FH &R TP J/ &8 53w THE
Yyt B R I S0 HR 4L (P < 0.05) , B i %o B4

—e— 41 £ ¥ KCEFB —m— 14 X FEPCG
0.451  —a—H R f MCG —e— 25 4 3 BCG

P
e
'S
o

0.35
0.30
0.25
0.20
0.15
0.10
0.05

TPIIKE/ (mg/L)
concentration of

0 4 8 12 16
BUFERTIA)/d sampling time
(a)

R BER THEY X RA(P <0.05) . 7ELK
JEHI(16 d) , A0 FRA TN /K- ¥ BB BIIR K 37
BRI HE R — FAn . N 6b B LUE Y, [F]H
fib 3 ISR EBRBOER —F, F A LERT 8 d
Xt TP EBRE R, 8 d Z )5, ZREFHE TR
SEo BISLIRZE T, A& TRIRNT TP ) EBRE R
67.57% , 0.3 = THEY X AT TP B EBRER N
24.32% , Ko FEJEN BRAAXT TP i EBR2R 43.24%

80. 00  —@— 41 & ¥FKCEFB
& 70. 00 | —— HIHIXIHAPCC
60. 00 —A— HE T FEMCG

.00
40. 00
30. 00
2
1

TPHI LR /%

removal rate of

0. 00
0. 00

0 4 8 12 16
EXAERTA]/d sampling time
(b)

6 HAEHTPREREBRENEN

Fig.6 The dynamic changes of TP and removal rate in different groups

2.7 %f COD XBHFE

Bl 7a ATAT t, A7 IR A R (B
f B2 ez o B ALK ¢k h COD B 25 4k 3 B
5 40.33 ~ 69 .57 ~69.49 ~69 Fl 71 ~73 mg/
Lo ZESLIEEHM, 25 1 X B4 i 3 B SL 0 IF o
COD EFt2 mg/L; MGV IR AEY S AL B i
Xf HRALBLSL I TG COD 4353 TR T 28.67 .11 70
20 mg/L, S5REKM, 525 Fxt AL, 25403

90. 00
80. 00

Qs 70. 00

53 60.00

S% 50. 00

~N

gg 40. 00

S £30.00 —o— 41 & ¥ KCEFB
20. 00 —m— Y%t I PCG
10. 00 —A— L IO TEMCG

’ 0 —— 2 H X BCG
0 4 8 12 16
BUFER ] /d sampling time
(a)

4 COD /K- EFER(P <0.05) , [FBT 4 & IR
COD Jgi/b & B & & T HE Py 0t BB 20 K 35 i % HR 4
(P <0.05) , F it B2 ek /2 B 35 o T Xt
FRZH (P <0.05) . MIE 7b 7] AT H , £ 4038 4 %
COD H[RRAM5IH 43.98% , 5B 2 5 FAE Y 4t IR
%+ COD [ ELBR3FE(19.44% ) , Fe B i %of 20 %
COD HyEBR=*(31.94% ) .,

60. 00 [ —@— 4] & ¥ JKCEFB
—— Hi Y%} PCG
S 50. 007 a3 5 6 IMCG
| &)
Egts 40.
& 3 30.
M
2_ 20.
(=1}
3 3 10.
=]
[0}
~
G 4 8 12 16
-10.00L

HYAERt Al /d sampling time
(b)

7 HAIEA COD HEEBRENTL
Fig.7 The dynamic changes of COD and removal rate in different groups
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3 g

BFFE4E R 8%, A IF KXt TN, TP NH, * -
N.NO, -N WERMEBRIAE, LRy BE
AT BB R R % R4, EL BB VR R
1bJE B FRFE KA TN TP 7K SF-43 5135 BR 7K H
PEFERHEOK — AR, NH, * -N /KR = 0. 15
mg/L DI ,NO, "-N /K[ %0.02 mg/L AT,
BER T Y0 R 4 3 R X R A R 2 %
2L, U0 P S ) 2L O R R 0 R e R R VR
TV ) ) 32 R4 T BB 28085 o 3R A HE ok
) TN, TP.NH, *-N.NO, " -N /K,

AR P HEETTFRMS TN EBRER
52.38% AR T2ME " RAENES &Yk
IR ZA A IR R TN % (64.03% ) ,
W 5 BB K AR 3, SRS FE B
FEIKHEAEYI K R AL B T LA TR ST 32 B, 22 A
KPR ERRETRHE; 5K EES XA
ER-BRECIBAREBAEX TN £FRE 49.46%
FIE,HE T EEFE MBI A AT STR
X TN FIEBRER (45.7% ) , el R A B4 & 7 IR
B Al 3 e A< SCH KREXT TN LFRE R
34.29% fRFZME % R K E T FAS SR K
Wyt SR IR (47. 80% ) Je & AR 261 F 5 Ao
XK TN L3R (74.9% ), m i T2 e 2
BRI K A A LTS KR I K X TN 2 e
(96% ) o HEMIZSLIIHEBE 2 5 KR B
FLIGKME T E W ASHEFE H A Y P L 4 %
TN E£[RZF HN37.14% ,%F TP £ F 43.24% , 5
Fa gl & B gT R R Wy BRI A TN £ R &R
(28.86% ) ,{EWEAL FHAT TP L% (45.91% ),
M5 5258 VR B A R S B A= TP R 2%

FETFR R, L E R (16 d) A &4
BN TP RBRRN 67.57% K T %E"
FRHAENE SRR A G IR TP KFRE
(95.82% ) , 7] BB 5 e B A /K AR A AR IR 3 R,
SRS FERFF LR A Y AL BE 1 HL BT R
P NERBCR LT R ; 53K 15% ™ %
TESE-RREBLLA X TP LB (71.70% ) HIE, &
FHRAER-BELRARBAAT TP LR
(54.72% ) 4D 2 5 2 BB K LM ) ]2 N T A
RAFRE R H52m e KT 152%™ Brot
SRR, AL P HAEETFIRXT TP &

B3R B2 = TR A MY %T B4 | 3 i % FR 4 s
F X R, 000 5 81 ok T A 40 W 3 o A A 7 T
WHIRh R RSN, 5 W & 2 18 BB R AR F A K.
A=W BEPRL AT LASE 13 B T3 4 1 5 X 5 B k9 AT
Ve MRl 2 A IR S, 7 A 42 Ak 4 () A B
PR AR ) o I LA R R A A o A P A
V4T VR o 285 Tl B A R F 1940 ] 5 P Tl T AR PR AR
Ca,-P,Ca,-P 2 UTIEIRE , B—F i 5 Bk A
YIRS Y

AR A LI KR NO, ~-N WA
ANRIFREE M TR, R B D SR FE K R i A
Yyid i i A S B K AR ) NH, *-N 46k T
NO, ~-N, FFExt R 7EiZ1T 16 d J&,NH, " -N ¥
BEART2s X B4, T NO, ~-N VR & T8 | xd
HRZH, $E0 T R 2 PR A 35 5 A R A A AR R B
M AP FVEFE R . A TFR4H NO, -
N 2% EF UG TR, B NO, -N ¥R
B T T B B R A
Xt HRZH , U EA 414 77 R AL P BB Ak B 047 15 0%
R, X 52 WP R, HENERA
HRERIBHIRRY KT H B K& 'R, i
AR A KRR T R IREE
F5E R M A Y P RVE & B . EREE K
A NO, ~-N ¥R B 1 7t , KIEXT NO, ~-N [
e et S B 2 R, Bl 4 DB SE 50 FR 8 NO, -
N e JE T W AT BB 2 TR Sl K T F IR i P R . AR
WoR 4 Rk 87w, FE R %) BE 44 % NO, " -N, TP,
COD E£PR3R B E &/ TH Y A, Ui 7E LR
NO, -N.TP J% COD R FREZEIEH, X5F
E I IR SR EA AR R R E
EMAY R TN TP KR EZHLH . HESR
WEFE A A 2 IR H 7K A FE W % 3 T3 0o 7K Ak 5
Y1 BRI TR R B 2D R T BERABIS o

B %3k
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Purification effect of combined ecological floating bed on aquaculture
wastewater

XU Guojing, DUAN Dengxuan, DU Xinghua, TIAN Gongtai, ZHANG Minglei, LIU Fei
( Freshwater Fisheries Research Institute of Shandong Province,Jinan 250013 ,Shandong ,China)

Abstract: In order to study the purifying effect of combined ecological floating bed constructed by plants and
artificial medium on the aquaculture wastewater, a combined ecological floating bed in pond was established
by hanging the bio-ceramic matrix under the roots of Pistia stratiotes. Results showed that the removal rates of
combined ecological floating bed for total nitrogen (TN ), NH, "-N, NO, -N, total phosphorus ( TP),
chemical oxygen demand ( COD) were 52.38% , 77.78% , 81.97% , 67.57% and 43.98% respectively,
which were significantly higher than the removal rates by single plant control or single matrix control ( P <
0.05). The concentration of TN and TP matched the Class | standard of the waste water of freshwater fish
pond after being purified by combined ecological floating bed, and the concentration of ammonia and nitrite
decreased to below 0. 15 mg/L and 0. 02 mg/L respectively. The results also showed that the synergism of
plant absorbing, matrix adsorption and microorganism enhanced the pollutant removal efficiency of floating bed
and reasonable biological combination played a positive role in promoting purification effect on culturing
wastewater by floating bed. This study provided technical support for building combined ecological floating bed
proper for culturing wastewater purification.

Key words: Pistia stratiotes; combined ecological floating bed ; water purification; aquaculture wastewater
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