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# OE: RAEABUEENSEOK M, LRGSR A SR
GEIEFRALBRE ERIR AT A= =M 57 SR K , BIF 5T (8] BK02 S5 00 b 1R 42 MR 9 K
FRAR SRR, BRERSKFERERNE S A TBHAS
FRUE(582.2 m’*) K F1 5 1.03 m/d, SABKIX KB X 58K o
FREFAN (117 d) ook 52,31 d J5 B BGE FAR R R AL B AT 5%
7K ,NO, " -N 5 COD,,, E=BEFR 55K 66.4% .39. 6% (P<0.01),TAN
BEEBR(45.0% ,P<0.05) ,NO, " -N E£BRZR K 33.3% , JEF5 AR E
[(0.006 +0.005) mg/L], X% FEARMIENRAETE RIBIFERKE
HE R, WA AR . X R Z R WS A, i
AT HLHE 571 (8.70 ,0.32 ke/m” ) I9K TIREHE (9. 51 ~10.72 g,
0.38 ~0.41 kg/m”) , BREGEE S T RIED RIBIMAE 5K (AEMA
KI5 IR R 3 HARK TR, WM E % IR SRR A = 30
VAR AR P DA R T P AR R A IR . ISR R TER A
SHORFMT  FRAEN RS B, B85 A TR 354 680, A

WR=R: BRib A LB HIEF
LI IR AT IR S K IR 03
B0, RRK KSR,
S FH I 4 8 B 1 , DA TR BkE B
W HL R A 7 B TR AR B K TR
rAERKEZLNE, RAZT 1T,
TREWHE. S B HEER A, KB
PR M IR IR A K 5 A2 ] Ay il
EFRHA T B RS A
BRI A SRR IR
XKW BB ; A LM, E
O R K B3 AR RAFIE
HESES. $954.2
XEFRERG: A

ROAREAFIEK B, B AR SR AR o

& IR YF ( Macrobrachium rosenbergii ) P13
[ FRAA I FZEIR K MR i i 22—, FE K = IR B
Wb S EEMA YRR IR A
PR POk R R R
HR T A B SR A AR AR = ), B AR S h A R
TRER BEERYEY , MIFREEKEAR
VEALFRAE HE AR B /K B0, AT UL I 26 57 58 O 2 Bk
TSP FRIE KA B, B 93 A, [ IR R 7 B 1 B
BE T N RHE N A E B R, B A S
Y, BR TGRSR MBI K B A, Bk
T8 L 5K BRI R TR IR B R4 55, (HE K
BAMRA BB S SRR, L
T fo NLRRHH—FhH B R K AL B AR, dd ot
Y3 A= AW SR, AT A R R IR A R K
R ALY BRI R B AR
HEAWE 217 %MK, 5%, WKER
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AU G, AR SR E AN TR T A iR
HUBFR AL B SRR K BB g O i
HEPRAL BRI AF R K M BE AT AT 1 5 ROR SF R BF
FgHO L1003 b oF 5 5 K K AL FE A S
HAARRE S T S, A, MR E SR
REGKF B EHRIRE T AR SRS T X AR
RKHE RS ™ HESHEF REIFEK
FRAERT 5T B4R B N BOR &, BAEARE R
A ORI H 8] Bz 3 b B AEAL X IR AR IR FE IR
KR IRELZ SR ABFFH AU T
FLYHEE ST U ( Litopenaeus vannamei ) FR58 J& 7K G
AEFRRRFE O BB S SR B, 2R R oK 5 2y
FUET DT TG YN R 5 5, LA 1B Bz
PRI HAE B AL AR 7 M B T R SR B K I RL
RO FINBR T F RIBEFAERKRE, IR0 T 2
AT RIBAFAE RAFFE A K TR, PR 45 8%
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I PN T3 3t 07 0 A B 57 B R K A X B IR TR
W AR f R BR IR B 32 B2 5 SRR AR

AR T

1.1 FESE.AKSKEL

K LI RTERROK =R AR ZESNS 5
6 55 7 SYEOKIERE 5IRIR) #47% [RIBERE ™
PEFRFHIRS, i 5 5.7 SR YE,6 5
Ja%t BEHE (68.4 m x26.6 m x2.5 m) , EAHE N
0. 18 hm* ; FRURFH 7K Ay 34 3t 0] 7K 22 2R A 1 B 4k
B AR B A AR R 59. 41 x 10° B/
hm?(59.41 B/m’) , F¥ &K H(0.65 £0.11)
cm, AE H(3.9+£1.3) mg,

1.2 FEBEIHESHEERE

IFEZ E 0.75 kW ARSI AN (4 &/
W) BRERAME UMM ~3 mm) B
oK, TE BFLHARAK R 4 & 38N G 1ERTE
B, =HIEHHEAL 5. 25 m x0.90 m 7K
A P RAF I AN K R (2 117100 m?*)

E I E MR A LR & 1RH(3 /d) , 81
BIRERR SREEFEH AT, FERBN
(117 d) Tk 52, R MZER 5B R L
K&, MRS 5K B 1 O i&E B FF 56 3 bl
POKBIESL, B 31 d #5331 /3 3high R4 13 1K
PTEFALIE 5 55 7 S 3K, XF BRELLLE P9 i
P
1.3 ATEMESREZANSEKLEIZR
=
13,1 ATRMAESRGEHMR

HIR T (FWS) 57K (SF) i &2
ARIANTRM ARG E T A EREREL(E 1),
FAE AT EER Y SRR s 2% A T
SRR K AL RS ) AR I B R AT
THP ., WHAESRENHE(LIKT.3 m g
24.0 m, 85 37.2 m, EL582.2 m?) A& RHEK .
HEAKEY X 5E K, B R 1.0:2.3:1. 4,

AR IX (B 3% ) K L JRJIESN4E 25 om &
PR (FLBRS 0. 442, T 7)) , HHAEYI A 41
ERETFHE
(Alternanthera philoxeroides ) . & 8 ( Aeschynomene
indica) 5 (P > 50 #/m’)

FEKAEY) X K LR RN AL T 14 om JE#E
A, MR ( Typha angustifolia, > 40 #f/m”)

#  ( Polygonum orientale ) |

52 \# (Canna indica, > 4 #f/m”)

BKH: KR 1.6 m Jeith, FH T & ALK,
b HE R 36 KK W, K YA & A
( Ceratophyllum demersum) , /K IE AP B EN
- Am ik 36 % ( Hypophthalmichthys molitrix )

SN
7.3 m. T
TEH #wm\ 16 m
14.4 m

2
EAHEPX 15.8 m
21. 65
S5 | | | Bk N 5.4 m

T % % [ S—
[ T i)

1 AIBMESEEIERETEE
Fig.1 The diagram of system structure and

technological flow of constructed wetlands ecosystem

HRARFA T 1 o

1.3.2  ATiBHbRKAHE T 2 AR

FIRRH K ZE (2.2 kW) K i 56 J5 7K i &8
(@ =10 em) X EAHE X 4 E R HKE (8
K ) K AFFR BB L (P =10 mm) Ji H5 B
MAZXEE SHKEY X BEREAR(EE
90 ~ 100 cm) # A FE 7K M, FF B B T MR KR
(2.2 kW) B EFAALIEK 88 (B b K O) 2%
[E1RTGIE , A T B 5 5 0 b A 25 R S E] K
IEBIEA WK 1) . 7R B KE O
BRI R E N 25 m¥/h, FRIEHKEY
HHR g KB 22% ., 18 H R K
(HLR) & 1. 03 m/d, 7K /1 45 8 B} [6] (HRT) Xy
0.63 d,
1.4 FREHEKBRRAES A TRt KSRUE
1.4.1  FEFEHE KRG E

FREEFABNE T RTAFIERK b B R
271.5 m, FBUKIE T 30 ~40 em (K% <1.2 m)
K AESKE T 10 em (BSJIK 5 em PHAE KA (7K
H=1.2 m) , K7k G . pH. DO B & A (TAN) |
TWAHFE A (NO, " -N) LA (NO, ~-N) | 16 HE5%
(PO,*”-P) fb2 T A& (CODy, ) FHEhR,
1.4.2 @A RG G KSR E

TEPEFRALFR R0 8 57 5 R 7K B, 43 531 BB b,
Rk, 0 KFER I =25 & (TAN,NO, -N,
NO, "-N) \PO,’” -P,COD,, %35 #7
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1.5 RIRURREERER

BRI IFIR, 5 14 RH|BEYLRE = 13
HFRE (1S pes/3E) , MR (A E, IFARIEK
R AEMERTEALWT:

R, =(L,-L, ,)/L, x100% (1)

Ry=(W,-W,_,)/W,x100% (2)
K n(1<n<10) HKIREG R, FIEKIEK
FL, L, 3R REE n 5 (n - 1) WRIIAR s Ry
NEREHERW, W, 5N 5(n-1)K
KA
1.6 KEIEHRMNERE

KRS B W RE T S BSCiHk [32 - 33 ],
DO:WTW ZZHOUK Bl X (78 ™) ; TAN: 2%
[REE R NO,  -N. EAMA LA ;NO, N &
WRE-ERAMALEYE; PO, P AR LA,
COD,, : TR R 4R RS 5

FER T AR (NH;-N) % BE i B & A (TAN)
e E i T R sRE S

Cyiyx = Cran X frmen (3)

Frngy =1/[1 +10 P -pHpie) ] (4)

] SPSS 13. 0 e itk A3k g Bt 217
& 75227317 (One-way ANOVA) | [E[J9 53745

2 ER50H

2.1 ATLEMERRELEFIFEKLR
FRIAAN (117 d) , ToHek 5 28, s
HEESBIWRMAFKE, F75E 31 d BERRTEK
JRSEFREL, J5 3 FWS-SF IR 3 A= R R GEx 5.7
SR IE AT 13 WAGFRALEE . K 1 HAp
11 YR HE 17 2 1 DK R P E. 3R 1
KU, BARIE H A 18] 8K 07 s 2, B 4y b B
43K E 22% , &8 (25 m*/h) 5 HLR(1.03 m/
d) & B ESREE SHE VYA RAF £ R IR

, =#&% (TAN,NO, -N.NO, -N) 5 COD,,
BB E B R (45 0% . 33. 3% ., 66. 4% 5
39.6% ) , B+ NO, -N 5 COD,, R B3 EBR (P<
0.01),TAN BZE %K (P<0.05), NO, -N £k
£ 33.3% ,HEFFIARYE FE (0. 006 mg/L) , BEER
ERBRFEN 35.4% , HEK O KB IRV E B
1, B BRBAR EBRE R TAN X7 0.171 g/ (m® -
d) . NO, -N 2} 0. 003 g/(m’ - d) ,NO, -N
0.077 g¢/(m* + d) . PO,> -P 3 0. 018 g/(m’ -
d) BRI COD PR R E ik 8.760 g/ (m” -
d). FTREAHALIER, {5 pH B3 TR 0.67(P<
0.05) , HA ML EIAEE ™) B g ik O
DO #% 52 4% 1. 27 mg/L(P<0.01),

2.2 RIGHEFEEKRETLESR

2 i A I 5E 5 X BRIE K &
FebREEIME . = O HEKEAHL, 34 26. 4 ~
26.7 C;pH 4 8.50 ~8.84,6 257 S EZE
£R(P<0.05);%MEAFE(7.47 ~8.16 mg/
L, Hp 5 SHELE, BERH T 6 5P (P<
0.05) ;X463 TAN(0. 156 ~0.289 mg/L) & F %t
H83%(0.322 ~0.358 mg/L) ,5 SI5BEL TR
JE(P<0.05) , Wik E F & A (NH,-N)
ZRT X HRYE(P<0.05) ; FRFEMAH] , #F % NO, ~-
N AERERVR B, 2800 AL T 0. 10 mg/L, =1
V19 0. 01 ~0. 04 mg/L; B KA HLY)
SRR, Y4 COD,, ¥ T 16 mg/L, 5%
15 12.26 ~17.05 mg/L, %t FR3E Ny 15. 46 ~
18.48 mg/L,7 SRR EIRT 6 SIE. M
W, = A3 EEKER A T2 RIBIFAE KK
EREEE T B SRR L I O
K, JEHSE X BRIE Y 7E 60 d B, 7K T Y B K 4%
P, I H i 2 LT 78 5 R R ER 4y K i, H R
REMHIGIIAL I, RBEE T & B UL, Bk

F1 EBIALERMKFEROTEHLELER (n=11)
Tab.1 Mean treatment results for various parameters of water quality by the FWS-SF wetlands (n=11)

Kb P PRE/ (me/L) TV Elok/% R /g (nf - d)]

pH 8.88 +0.54% 8.21+0.317

DO 8.07 £0.974 6.80 +0. 88"

TAN 0.369 +0. 190* 0.203 +0. 064" 45.0 0.171
NO, ~-N 0.009 +0. 008* 0.006 +0.005* 33.3 0.003
NO; ~-N 0.113 +0.078* 0.038 +0.0328 66.4 0.077
PO~ -P 0.048 +0.053* 0.031 £0.024* 35.4 0.018
CODy, 21.49 +6.64* 12.98 +2.428 39.6 8.760

I W — TR A S HF AR F BRI R E LR, KEF AR EHE (P<0.01) ,/NEFR N B (P<0.05),
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N) \NO, -N 376 % [RIBUF 4 K % 2 H ™,
{E SR BERE PR B EHLR M T X HESE AR AR AR

= OSBRI BRI THAKF, 5% DO
TAN 5 CODy, ¥4 F %t e 3% , = 1 3% TAN (NH;-

F2 FEEAHA (117 d) FFEEKRIERTHE
Tab.2 Mean values of water quality in culture ponds during the 117 d culture period
i
5 6 7

EL2

(R RR)/C
pH(EE/ K)Z)
DO(FJZ/JKZ)/ (mg/L)
CODy,, (¥ KJZ)/ (mg/L)
TAN(KJZ/JKZ)/ (mg/L)
NH;-N(FZ/J§J2)/ (mg/L)
NO, ~-N(FZ/JK)2)/ (mg/L)
NO; " -N(FJZ/JK)2)/ (mg/L)
PO, -P(KZ/JRJE)/ (mg/L)

(26.6+3.1/26.4 +2.8)*
(8.64 +0.32/8.66 +0.14) >
(8.16 +£1.26/8.16 +1.46)*

(17.00 £4.74/13.22 £2.27)®
(0.216 +0.151/0.153 £0.060) ®
(0.049 +0.061/0.032 £0.016) ®
(0.018 +0.031/0. 005 +0.005)*
(0.207 +0.238/0.026 £0.027)®
(0.051 +0.049/0.018 +0.027)*

(26.7 £3.0/25.5 +2.8)*
(8.69 +0.28/8.84 +0.11)*
(7.51 £0.98/7.47 +1.15)®

(18.48 £4.04/15.46 £1.63)*
(0.322 £0.168/0.358 +0.154)4
(0.073 £0.051/0. 096 +0.025)*
(0.027 +£0.046/0.010 +0.010) *
(0.264 £0.273/0.004 +0.084)
(0.040 +0. 043/0. 006 +0.006) *

(26.6 +£3.0/26.4 £2.5)*
(8.50 +0.33/8.67 +0.14)"
(7.90 £0.79/8.10 +1.10)®

(16.32 +£5.18/12.26 +2.23)"®
(0.289 £0.151/0.247 0. 124) 48
(0.043 +0.025/0.054 +0.031)®
(0.042 0. 060/0.016 +0.008)*
(0.390 £0.365/0.380 +0.407)4
(0.047 £0.034/0. 024 +0.014)*

I W — TR A S HF AR F BRI R E LR, KEF AR EHE (P<0.01) ,/NEFR N B (P<0.05),

2.3 FEAHANT KBTFERKR
2.3.1 FRESERKRERRFER

R FRFE R P B = D S 2 R TR AMAE (W,
g) SR (L, em) fEHRE (B 2), R =15%
IMATE SRR KR ERREBLIE R, 251553
Pl A E SR RAXTT T

583 W=0.0152L""" R*=0.9993 (5)
623 W=0.0162L>""* R*=0.9996 (6)
723 W=0.0160L>"* R*=0.9991 (7)

(5) ~(7) FRRBRERE (R =0.9991 ~
0.9996) KM, = N IFUFAE 5K KX RBE
AHEW =al’ , ZBEWRR, H7E « =0.01 K
FREBEMK, FEMAEHTREDEES K
KIEZEAE W=al’ MHICRE ™ B 2 00,7
B RERIR L < 4 em (29 60 d) i, fAE 3 B 5
BERAR T A, Mo Ja A EE e O DA RO BE 3 I,
R — IR A R AFAE =22

121 o554 W=0. 01521525 Re=0. 9993
10} =655 F=0.0162L>2% R=0.9996
—— TS F=0. 0160L> 22t R2=0, 9991

K /cn

2 55657 SYEF KB
FESHERKEHXAMLE
Fig.2 Relationship between weight and length of
Macrobrachium rosenbergii in pond 5, 6 and 7

2.3.2 HESFHERPHIXR
WIERE (W, g) 5FRERE () FERUSE (B
3) AE S5FREREEIUE 5T GRG0 E AT
HIFE B R B 2 , (AR Pl Bsf [ F 2% £k 2 B 5 - 5%
G LR AR RN T
583 W=0.0127¢"""" R*=0.9251 (8)
6 53 W=0.0163¢""" R*=0.9058 (9)
7 B4 W=0.0155"°* R*=0.9119 (10)
B HRE(8) ~ (10) 53 HIE BEMR T, ¥
a=0.01 KPR BEMRK, BHRERT S KB IFME
& 535 B} A Z (64 VON BERTALANFFY 8%k
R SEIEER %, B2 XH,457dpH,
PR A AR R D 2218 , o J5 (R E A K B B
P, HTRE(8) ~ (10) /A, 2 72 d J5, ik
PRE BT Y,

25 —_o—5 53 W=0.0127¢%%%d =0, 9251
—a— 653 F=0.0163¢% %% R=0, 9058
207 — 7S F=0. 01556 %24 Re=0, 9119

1 15 29 43 57 71 85 99 113 127

FRERY/d
3 55,657 SEFKBEFE
S5HFRERMXREL

Fig.3 Relationship between body weight and culture

day of Macrobrachium rosenbergii in pond 5, 6 and 7

DY i 1 3 3 R B R B R R A AL AL
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M TTE(4) ~ (6), AR LT RE I EE
(V,, /) 5FRERE(d, d) HEBRRFTRE, R
ERHF(4) ~(6) T

523 V=0.0008e" %" (11)
6 54  V=0.0010e" " (12)
723 V=0.0010> "% (13)

KFFHRBURA T R (11) ~ (13) AT 4548 B
RESEEE(V,) K5 IR R BRI SC Hh 2
B, i 21 RRBUEE (B 4) , RATE AR A E
U BT PAY 4 B R o L I 2 9 2 R B
A, BRIV T BT A [A] S 3
—o— 5534 V=0.0008¢" %5

—— 653 V=0.0010¢" 0544
—— TS V=0.0010¢" %612

—
[=2]

EREBSE/ (g/d)
cooorR~R
O DOO N

1 15 29 43 57 71 85 99 113 127

FERE/d
4 55657 SEFRKBNEEES
EESHFERBNXEHL

Fig.4 Relationship between growth rate of body
weight and culture day of Macrobrachium

rosenbergii in pond 5, 6 and 7

KEE 3 B4 557 ~(9) /TR, %
1~57 d Ny, Z O ARER EHRBAE, B3R
08 WEHMKEEZRWIE R, A8 72 d B5HE
GEHL5 SYEAEMERFERAKRT 6 53, H
BEE 6] 22 R B WG K . FRAITE 60 RKRET,6 S
KERESEARHZ FHB"EREEANTL
T8 AN REA S H . BAERBEFRHN, =
Y8 F 2K ISR EIFE KL 2B N, EE
W6 S EZESENEEIEN, REERW
TR, AT B AR TR I, DA SR AR e gk
I 5 - B E B SR T RAREE, {8
W31 d &, EEKE e R b B K, TR AR
LA, REEHA SRAF IE B A o
2.3.3 AEKE5FHERPIXER

WIMAK (L, em) 5FRERE(d, d) FEBUR
E (B S), RIEK 5FRBE R B RLMHR,
AR

584 L=0.0608d +0.3273

R*=0.9959 (14)

http: //www. shhydxxb. com

6 53 L=0.0567d +0.4867

R*=0.994 5 (15)
7 B3 L=0.0563d +0.4600
R*=0.995 4 (16)

KarrE(14) ~ (16) o RifE BEVER S, & 07
FEHTE « =0.01 KPR BE, MHMEK 5 I 5 o
B IR R S YORE 7 )58 — B, AR FH
iy 2 FQYR R 52 8 0 A L FLG 0 AR 2 K B
BT EARRE R RIE ., FEFRHRW, AR
g TR (B 2) o BRA(11) ~(13) V,-d 5
f25(14) ~ (16) L-d 7, I 5152 88 ~89 d
G AENEREESARKEREE. S 2
N, = AYEEMAK BEFR R B AR BT, 5 5
JEWE R, AN R] A A R Bl A 8] ) 2B fL AL

12[ _o 5844 L=0.0608d+0.3273 R=0.9959
Lo| —— 65 L=0. 0567d+0. 4867 F°=0.9945

—& 7535 [=0.0563d+0. 4600 R*=0.9954
8 b

K /cm

6
4
2

01
1 15 29 43 57 71 85 99 113 127

FRERY/d
5 55,657 SEFKBHGEK
BEFRERBHIE N

Fig.5 Relationship of body length and culture days
of Macrobrachium rosenbergii in pond 5, 6 and 7

2.4 FEIYR

556557 S¥EP KBNS 117 d M3RE
BRI TR 418 60 d 2,6 54 /K k43
H i3 2, A 35K T FRK T AR 40 3 17 1 4% 65 0
B, B AT, R T8 LB, BT
Pl &, LABOR W R 0 A K 5 0E 2R B R
W56 5 A A7 HEAR, K T R H B> B A
B (H TR b A DB R AL FE , 75 3 U A U AT AR
DAFE . 3% 3 3R, WO S [RIB AR & T4 R 38 8
N5 EBT BHMET 6 B3, BRI R AR
Bk K S5EES KT RIE,S S HIFF4E
BERT 6557 5H(P<0.05), 55.7 54
R JE BT (0. 65 g/w.0.57 g/w) J76 B3#(0.52
gw) L3155 1.1 45,86 SH =& 5 R 5
5.7 SHEK) 78% 84% ., [RIE, B IR I8 3 U G
R E5ERRBB T R, oW, 7E 3R 7E R
PN Bk PRI PN 1RT 2 15t 8] B 30 9 07 2P 40 38
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HE P IR B R VK AT A A0 K 5, B OR 3R B AR

%O

*3 3OFEES RBIFFERR
Tab.3 Culture results of Macrobrachium rosenbergii in pond 5, 6 and 7

e FREARE PRk FHAE AMRKE FMER KA BER EE PEAE
7 /d /cm /g /cm /g /(kg/m?) /(kg/m®) /% R /(g/cm)
5 117 7.45+1.19  10.72 +4.90* 0.41 0.65 0.41 0.34 63.6 1.57 1.44
6 117 7.06 +1.17 8.70 +4.42° 0.39 0.52 0.32 0.27 61.8 1.63 1.23
7 117 7.25+1.36 9.51 +4.92P 0.40 0.57 0.38 0.32 66.4 1.61 1.31
T ] —FU B AR A & A T BN fE B3 25 5 (P<0.05) 6

3 g

3.1 HEEEAIRMESRFZFET KER
KR E

FREE A, BE FE VB N 61 5 e, LA FWS-SF
A% i A= 25 R G5 18] 816 26 Ak 28 57 0F % K,
NO, "-N(66.4% ) 5 COD,, (39.6% ) 18 LItk B 2%
£ (P<0.01),TAN(45.0% ) BZ =K (P<
0.05), ff 5% 78 JA 1 Wi 36 Y5 A F W [k TAN,
NO, -N ¥k 4 7E X RIBIFE KL 2
B8 ~*) . TAN(NH,-N) 7 0. 153 ~0. 289 (0. 032 ~
0.054) mg/L,NO, -N 34 0. 005 ~0. 042 mg/L,
CODy AR FFEM T B ETEHE: 12. 26 ~
17.00 mg/L, FiRZEFR R, I Hb 6] 8z 7% R
A P SEAE B AL B R K Y T R g A 1T
A R BN AR A R &AL e S R
AAE R« B2 Kl o Y o, Z AL/ F i COD,, i 3
TP, {H COD,, W B ¥ 5 8] #: 7% fL 7= ¥ TAN,
NO, -N HiIF R H R R, WA H MR/

PR K NO, ™ -N #2462l NO; ™ -N, Tl J& & AL
TOAHRL AR R, T PR B 3 5B, B /R 18 3 A
I A B A RO AL AR A, i NO, ™ -N R AE LA
JRLT B 25BN X — S AR
Z HT O P 2 0 3t Ak B L 4 Y2 %o MR 3R B R UK Y
RIS —B o A, SRR K £
FRHEPRIAT RAF A BEACR R R B, B 3t 3 95
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Tab.4 Comparison of removal percentage and removal rates of pollutants in the overall constructed wetlands
for treating the aquaculture wastewater in this study and in literature

A3A%; (HLR1. 03 m/d)

SRR 45 (HLR1. 65 m/d) 19

KB FR W/ (mg/L) EBRESF ERREER W/ (mg/L) EBRESE ERRER
ko Hko /% /lg/(m* +d)] Ao Wk /% /lg/(m* +d)]
TAN 0.369 0.203 45.0 0.171 0.591 0.385 37.9 0.307
NO, " -N 0.009 0.006 33.3 0.003 0.794 0.614 22.7 0.227
NO, = -N 0.113 0.038 66.4 0.077 2.359 2.171 8.0 0.450
CODy, 21.49 12.98 39.6 8.760 19.06 16.27 14.7 3.430

R P = 25 R B (0 ) o e 4 7 410 i,
B 62.4% 1. 1% 5 4. 8% , {{ COD,, /&
12.7% oH R b 3 =B A A EBRFK (33.3% ~
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WX TR &, 52 W BERALR NO, -N £BR

BRNEER 1.3% . FEHKIRE K =B REK
B Ab 3 K i B Y b T AR A R BRI R
41 S 5 FIZIB HL = S R 2 0. 506
g/(m’ - d).6.178 g/(m’ - d) , H I KPR 2
FA5140.251 g/(m® - d)50.984 g/ (m* - d),

http: //www. shhydxxb. com



686 B\ W ¥ K ¥ % #H 23 %

AR % =B R AT RN RGN 12 152,
EBRERGARI G 3.9 15, (AR5, BARM
R K COD,, 11 F7 R [31. 449 g/ (m’ -
d) IAAIRIN[22.135 g/(m” - d) T 1.4 45,10
HEB R AR 39. 2% . WA RER
COD,, 1 i % 3 75 . 8 1o 38 7K 3% B8 7 T 3L
LIN 2353698 % PO, -P ) 25 Bt e B2
S, HA k2 PO, -P R Z .
IR, FIWHE LTS e ) 25 BRI 45 A
BRI E ERERE RREREKTE, KK
HEK =S AW EBAR, R ERERBIK, H
BB R, AR S5 5 P4 98 b 7T A 3
Y5 5 57 SUREKALIERRTEMRME IR A K 224
RN PN(F2) . BUIRETO BE R
I PR A o 3 B 5 N T K I T A A
YEKY A B O BRI KA HE AR AR AR A
KZeWE N, H 6 S5 K 15 35 10 3 M 1E
SR A K RS R S AR ORI B, A B
ARG 3 7 B 7= 5 84% , iR IAE Hb 3 B AN B
BT, A RBFFE ) 8 45 Y A Bl A X U
G E BRI BRI ERR, WA M ER
BB AN AR RS AEYS ., AR5 5 LR
RIS S g BT A R — B BR T X —
PR T LLE SR R Y, B U N B, 38 3
LA TE] B 5 332 75 1T LA A A5k ke R R0 7K R, 2k
YEKBRAEAIE T, 4 BER
3.2 FERWYED KIBURE KIS

PRI 4SBT RAL B IR UFAE KR AE
i3 AR W-L W-d 5 L-d AR, B
WL R EREBER(W=al"), 5ELETF
B TRUR D G xR ) e KPR SEAR T A
—H RN R R E RSN EE N
R HS ERMATIFERSBPRES
AR A K I (L A5 5 R, T B T 5
BRI SRS AR A T 5 A K B A KOR UL, B8 8L
AR Hu R 2 SR TR R G , U0 A T B PR
T SRR T E UL BOK I IS S, B
AXFBH b ELMTLE—EWFEN,HD A
BEEENAEYFEL T B ET TR W
5 LR H ORI T IR 2 75 40 T 45 AR KR
.0 W5 L REHRIE HFin, ARANEDA
S S b FR A KSR, A UTE b =
3 W, A KR, HE N S A K R

http: //www. shhydxxb. com

b{H(3.2398 ~3.2824) KF 3, ZARFEAEK,
FEME AR FE AREFENZERFYSEMW
b B B KNP 8 R R AR b R R KT
3eae-Bmeal R b KT, BRR%
JEUT AT 3 o B IR TR K . ISR %
BN A EE™ 5HERET K2 453
£, LI E PR AR AT 4. 8 £5 5 3.1 £%, 5%
FEEE SR WA RKER, UBME W5 L 7R
BhHfES b EFRAR:S 5. W=0.0152
L3.2567 ; J%%' % %[26] . W - 0 0194L3.1426; ﬁﬁ%
27 W =0.03470 " HERREERMET P K
BIFAERK S ES W 5 LA .

K2 ~KE5 57F(1) ~ (12) ¥R, IFE
AFEAERKB B K 5EEAKREAF, 52
AT 5 B B b R A, S R R
B, 7EEFAEKATH 60 d iy, = ORI iR 4
KR AR TR, IE AR E 5% o R K
W, B AE SR LB A H 5 DL G 3 i &,
PR I B AR A R 4T Y 3R FE P 5 DA 2 AR
REBAERKTE K. B3 5E 4 K, EFZ ST d
HAla], = OO fAcEE Y E R AR, (HE B 31 d
S S PG PR AL B R 50 38 K BT, B 08 il i 4%
P T 6 S IETE 60 RRE/KE I IH A&
TELREE, HILAEL 71 d 50 30 o {4 2 34 ok
BT R YE , I B A () S K 25 S R S K, AR
B LR B0 ISR MR A T A8 P= 48 hR S UL T3 HR 3

HTEZMER (R K % E KA.
JRJR ERHE IR YA 46 ) R SR BE A R AR R E
KA KRR R/ AR E
A2 X 07 12 8 B 1R 7R E BE A ) A K AR 4L
EHARE R ML, B S 5558
& R RIBAF A BIRFA BN W=aT" 5
W=a[l-e " Fing 4% 588K
SEL0L 3 S DIRER B 5 R O M SR PLAA B X F , 4%
H % A BOLTZMANN % # 5 VON
BERTALANFFY %2, ARANEDA 20 {q DI ¥4k
P 28 PR AR Bl B 1) A K AR AL, A6 4R ) 1)
FEFR B L B S R B M, REE G
M AEKHSREATEFENEFSBEZHIERX
TR BRI E BT R A K AR AL, (B BRI
Ty R B 7 SR 5H JA 1 P A 4 R R B ] T
A RRENE R RS, 24 43 ~57 d FIHK
hnd. U0 B4R SR B IR AR R 30



58 WSTHR, 45 - 2 ER TR AT 18] 8oz e N TRt PR 45K BROMUR B A AR AE 687

ind. /m* ,W-T }5#2:W =0.5766T>*"(T =1 ~5 4~
H,0.61<W<21.50 g) , K W-T B E75%,% 60 d
JERE DU B K, 57 5H 90 ~ 120 d SEBRF
B sEA# R 60 d 192.5 ~3. 1 £, ABFHELY
FCTBER 117 d, 2538 59 ind. /m®,5 23 W-d )7
W =0.0127e""(1<d<117) , 555 57 d 5
PREBG AR PR (LA 4) ,85 ~ 117 d F¥{kE
WEREVRHSTAMN2.7~5.415, BRIARS
I B R A B R LS, IR AR
ErETREHE EFE W-d FRENKE
BB ) A R AR T AR AR A — 3

[FRE SR A, A B B[] A AR fhth 2 LA 2 F
R RHR, P R IF A KT R
BB, L xR A — o 4 7 R B
SRR B RERPOTED R T L
J7#8. DALL 4848 H DA eR B DAl iR X R %)
A Bl B[R] AR K AR A, I A B AE R AR 55 19
EZREXTERNERSHEAREZHETH
BT DR MR YR R S PR A 4R H R L B R
RMEE ARKAERBORE SRR, FIH L4l
TR T iR U B A2 R B A 3 0F 1) 37 58 7 B
PLER, MR SR AT IE = H BRI FRE
R, TR RS R ARE SEKERKEN
FEm R PRI D AR SR T R 5. AT
U3 PR E(W-LW-d L-d) B R EE )L
B 5N ANE,

SE K
(1] RSk PREBIFFHGICRMRI]. BlEfa,
2000(8) : 10,12.

[2] BRIGGSM R P, FVNGE-SMITH S J. A nutrient budget of
some intensive marine shrimp ponds in Thailand [ J ].
Aquaculture Research, 1994, 25(8) . 789 - 811.

[3] PHILLIPS M J, LIN C K, BERERIDGE M C M. Shrimp
culture and the environmental-lessons from the World’ s most
rapidly expanding warm water aquaculture sector [ J].
Environment and Aquaculture in Developing Countries,
ICLARM Conference Proceeding, 1993, 31: 171 - 197.

[4] SHANG Y C, LEUNG P, LING B H. Comparative economics of
shrimp farming in Asia[ J]. Aquaculture, 1998, 164(1/4),
183 -200.

[5] THAKUR D P, LIN C K. Water quality and nutrient budget
in closed shrimp ( Penaeus mondon) culture systems [ J].
Aquacultural Engineering, 2003, 27(3) : 159 - 176.

[6] JACKSON C, PRESTON N, THOMPSON P J et al. Nitrogen

budget and effluent nitrogen components at an intensive

(7]

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[(17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

shrimp farm[ J]. Aquaculture, 2003, 218 (1/4): 397 -
411.
JRAERS . FRAKRAHTM]. JbEC: hER R,
1991 :44 -96.
BRI, T, EARR, S5 o B R SR R B
FBRBCZIBIFELT]. ¥ K7™, 2009,5(6) : 54 -58.
NAYLOR R L, GOLDBURG R J, PRIMAVERA ] H, et al.
Effect of aquaculture on world fish supplies [ J]. Nature,
2000, 405(6790) : 1017 —1024.
LIN Y F, JING SR, LEE D Y, et al. Performance of a
constructed wetland treating intensive shrimp aquaculture
wastewater under high hydraulic loading rate [ J ].
Environmental Pollution, 2005, 134(3) ; 411 -421.
JRAERY , B, WK, 4F. AN TIRHLIR SR B TR
AP PEIR BRI BOR S EOR[T]. K24, 2012,
36(4): 568 -575.
TEICHERT-CODDINGTON D R, MARTINEZ D, RAMIREZ
E. Partial nutrient budgets for semi-intensive shrimp farms in
Honduras[ J]. Aquaculture, 2000, 190(1/2) ; 139-145.
LIN Y F, JING S R, LEE D Y. The potential use of
constructed wetlands in a recirculating aquaculture system for
shrimp culture[ J]. Environmental Pollution, 2003, 123(1) ;
107 -113.
. NTARHbARBE 5 7K B A B HAE 3 B i) L B A0
XHRLI]. BRRATISE, 2004, 19(12) : 33 -39.
Rya, 28, RN, % RFATRHMGIEF K5
MARZ LB RAERRELT]. Rl TR, 2006,
22(1): 129 -133.
JRAERS , XK, WA, . RSB T A LR
FIRKIE RE R L H S % T]. R TRE¥%IR,
2013, 29(18) : 210 -217.
LINY F, JING SR, LEE D Y, et al. Nutrient removal from
aquaculture wastewater using a constructed wetlands system
[J]. Aquaculture, 2002, 209(1/4) . 169 —184.
ZACHRITZ I W H, HANSON A T, SAUCEDA J A, et al.
Evaluation of submerged surface flow ( SSF) constructed
wetlands for recirculating tilapia production systems [ J ].
Aquacultural Engineering, 2008, 39(1) : 16 -23.
KB, MREK, BUEYE, F. AR R RS X
B EaHr[I]. £, 2006, 15(6) : 1385 —1390.
REDDING T, TODD S, MIDLEN A. The treatment of aquaculture
wastewaters—a  botanical approach [ J ]. Journal of
Environmental Management, 1997, 50(3) ; 283 -299.
RV, BT A 4 R T R A T Ab B8 5% 58 3 R K
[J]. 40lp TAR2E 4R, 2006, 22(14) ; 264 —267.
Zrlfl, R, SCER, 4. AR EXT IR
KEERBERRRIT]. P, 2005, 24(6): 67
-71.
KR, B, WIERE, F. D AHENITRREES
KR RIT]. P, 2006, 25(1) : 23 -26.
ARANEDA M, PEREZ E P, GASCA-LEYVA E. White

shrimp Penaeus vannamet culture in freshwater at three

http: //www. shhydxxb. com



688

E® B ¥ K ¥

|

23 %

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

densities: Condition state based on length and weight[ J].
Aquaculture, 2008, 283(1): 13 -18.

I, FEW, HESE, . IR BEIRA K PLAY IR IR
PRAMATE R AL T]. K24, 2006, 30(4):
489 -495.

JEE, RREAR, BRICH, % B RBIFERRT]
TLVEK=RHEL, 2001, 4(2): 16 -18.

HAEME, B BREFAREELI]. @k,
1988(2): 32 -35.

. B IRIR AP TR B B A KBFFE[T]. ok
Ak, 1995, 25(4) : 40 -41.

Xkt JEYERS, BN, % EHD IRBIFLIRSRIE %
XK SRR mT]. EEEHEREEN, 2010,
19(2) . 184 -189.

JRAERY , WK, BREEE, . BRI LPEIIF T SR
FHARFR K IR AR SRR T]. K224, 2008, 32(5) :
749 -757.

RPEE, SB. SR B DA E AR [ M]. b
5 A% Tl R, 2009 50 - 53, 98 - 103, 148 -
150, 227 -228.

ERIRESR . AKFBARRI A Ir 8 [ M]. 4 J. JEat:
o [ SRR A, 2002 200 -284.

R B AR W R i WAV, 5 U 43« K 4
Hr(GB17378. 4—1998 ) [ S]. Jbxt. w [ by ok th h A,
1998 142 - 143, 150 - 162.

ALABASTER J S, LLOYD R. Water quality criteria for
freshwater fish[ M]. Landon ; University Press of Cambridge,
1982 .85 -87.

TILLEG D R, BADRINARAYANAN H, ROSAT R, et al.
Constructed wetlands as recirculation filters in large-scale
shrimp aquaculture [ J]. Aquacultural Engineering, 2002,
26(2): 81 -109.

B, RETF. VRBIFALFREEARTNT]. Bk
YLIKF=, 2010 (4): 12 -13.

CHEN S M, CHEN ] C. Effects of pH on survival, growth,
molting and feeding of giant freshwater prawn Macrobrachium
rosenbergii[ J]. Aquaculture, 2003, 218(1) ; 613 —623.
Bl , 2ok, 2R, 5. P RBIFFREAKBEA.
WAL R AL R R X SR i m [ T]. ARl

http: //www. shhydxxb. com

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

KEF2EAR, 2002, 23(3) : 67 -70.

JRAEFS , TEARAE. UM R ER A0 B IR TR R G4 B B 1
[J]. Bk R, 1996, 5(1): 15 -22.

BRI, M58, BIUE, 4. RERA TR AEDIES
SR PR B A RE T I [T, RV BR5E R
3%, 2007, 26(5) : 1898 —1904.

i, KER, £, 4. WEEXT ST AR M LK
pH AR A T]. PIEEREERL, 2008, 28(11) : 1004
-1008.

R ALK BALBE[T]. BB, 1995,
16(3) : 83 -86.

SCHULZ C, GELBRECHT J, RENNERT B. Treatment of
rainbow trout farm effluents in constructed wetland with
emergent plants and subsurface horizontal water flow [ J].
Aquaculture, 2003, 217 (1/4) ; 207 -221.

JINGSR, LINY F, WANG T W, et al. Microcosm wetlands
for wastewater treatment with different hydraulic loading rates
and macrophytes [ J]. Journal of Environmental Quality,
2002, 31(2) : 690 -696.

ZANG W, YANG M, DAI X, et al. Regulation of water quality
and growth characteristics of indoor raceway culture of
Litopenaeus vannamei [ J]. Chinese Journal of Oceanology
and Limnology, 2009, 27(4) ; 740 -747.

MME, Ripk, EH. ALRMASREWBREN R
[J]. AKAEEY2HE, 2000, 24(6) : 655 —658.

Wifisk , Z5900E, XUME, 4. WIFAE (M), B
B R R, 1992, 229 -271.

R, RIOR. ARERKBEARRLT]. WK%
Be2f4i, 1983,2(1) :29 -39.

4Ty, WM. AR ER SKREMEAR(W=a L)1
AW ORI CL// 285 SO, JE ot B
R4t ,1981:125 -131.

BB, XIEE, WAE, % A IR LGRS IR A
KIGHIF[T]. AR WA R 2244, 2007, 27(6) : 50 -
54.

WHITING D G, TOLLEY H D, FELLINGHAM G W. An
empirical Bayes procedure for adaptive forecasting of shrimp

yield[ J]. Aquaculture, 2000, 182(3/4) ; 215 -228.



58 WS, 45 - 2 ER TR AT A% 18 8oz e N TRt PR 457K BRAMOR B R A KR E 689

The effect of regulating-controlling water quality by constructed wetlands at
intermittent operation for Macrobrachium rosenbergii culture and the prawn
growth characteristic

DAI Xi-lin', JU Bo', ZANG Wei-ling', YANG Ming’, ZHANG Li-tian' , DING Fu-jiang’
(1. College of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Shanghai Shencao Special
Fisheries Development Company, Shanghai 201516, China)

Abstract: A constructed wetlands ecosystem was developed with intermittent operation combined with
microvesicle aerators and water purification nets to circularly treat culture wastewater for the purpose of
studying the effect of regulating-controlling water quality for Macrobrachium rosenbergii culture and the prawn
growth characteristic. The FWS-SF wetlands ecosystem used in this study consisted of a free water surface flow
(FWS) wetland and a subsurface flow (SF) wetland. The whole area of FWS-SF wetlands was 582.2 m’,
including three units: the slope unit, the macrophyte unit, and the reservoir unit. The experiment was
conducted during a 117 day period with no water exchange and medicine use. Since the 31th day, the
constructed wetlands ecosystem was intermittently operated at a hydraulic loading rate (HLR) of 1.03 m/d
during the culture period, and significantly removed NO,  -N, COD,, , TAN by 66.4% , 39.6% (P <
0.01), and 45.0% (P <0.05) respectively, the removal percentage of NO, " -N was 33.3% and keep in
very low concentration (0.006 +0.005 mg/L). The main aquatic chemical parameters of experimental ponds
were all maintained within a suitable and safe range for prawn growth, and blue-green algae bloom was
effectively inhibited. At the end of the experiment, because of blue-green algae toxic effect, average adult
prawn size and yield of the control pond (8.70 g, 0.32 kg/m’) were smaller or lower than that in the
experimental pond (9. 51 —10.72 g, 0.38 — 0. 41 kg/m’). The study presented three groups of growth
equations of the relationship between body weight and body length, body weight and culture days, body length
and culture days, respectively, it can provide a scientific basis for designing the culture production plan,
adjusting the production measures and estimating yield of Macrobrachium rosenbergii. This experiment shows
that constructed wetlands ecosystem at intermittent operation and combined with pond simple facilities could
effectively control water quality in prawn pond under the conditions of no water exchange and no medicine use
and then ensured a good harvest.

Key words: Macrobrachium rosenbergii; constructed wetlands; intermittent operation ; water quality; removal

rate; growth characteristic
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