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BE: AR THEXOAGEATERARNEAATERKAFEAEARIHENEAL
B B A P ROK IS R A IEN R R E R A, FAFE (L 60d F), EH U
1.65 m/d K A7 77, 3 RAGIRALFE I R K, HRORE I KT, #RFFAK . &R KW
BHTEARFHEDRATREFEH £, EEEFUEH, B2 KNO;-N 5 BODs 4
Bl A B % (P<0.01) 5 B # (P<0.05) % [k, EFhFE 5 £k %54 72.6%, 0.467 g/(m” -d)
5 29.7%, 2.651 g/(m*d), PO -P % 41.7%, 0.022 g/(m*.d), TN % 26.1%, 2.619 g / (m*.d),
CODwin # 15.9%, 3.738 g/(m*d), NOjz-N % I F{% 3.6%, {8 % [4 i % % 5[0.462 g/(m*d)].
Wi 4 d B, EAFNO,-N 5 NO3-N £FhRk 96.8%5 93.3%, #H#H % £H%
(P<0.01), 78 HRBE AU FRAFHERFALT T4 %5 KEEN, KIRET 8.81 g, 9.36 cm;
X R 3 [ & TE 4R R 378 60 d, URIKET 3.06 g, 6.54cm. RIv K, AL AL, FleAKLH
T, AN, AT B E A U 5 R 2 5 7 A ORI KR, R

R o

KGR LHEXE; &R, ATEH, #REHE,; BIFRLE, FHEEK

FESES: S954
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T ] — S 1l DX 7K ™ FR G ) SCATE A 7, F2 2R
B . MoK 2, SR KA
HEAJE FEIK I, BEIR 25K BEU, S 20U [
B R ESRE, ASEAZRIR, $E— 2 e
R, BARFRA R, T kR g g . ]
AR o A S 2 R A G PR AL B SR A K,
AT 5 7K R | A Pl K 355 e 2
TESAS . 4Ed 3 S RERE I A, XELIE K. A
A R —FfoEr L K A B 2R, A i
BAK. S, i, AR ENAMY IR T RO
MG ER AL R FRFE K AR SR 5T 23 0 i
TG AL FRFRUR K (PR RE S5 AT A7 DA S S BRE 57
RO TSE R 3 IR X T 3R g K Ak [

ks BEA: 2011-10-11 &= B A : 2011-12-04
FH B : TR 3% (073919102)
BIRESE W 4EFS, E-mail: wizang@shou. edu.cn

XEkFRERD: A

AT 5 AR RE AT T4 . A7 ST A
Rz H b IR AR I B 8 2K R B it A £
FE i B DL IE o AT FEAE B —AF IR R PR AL P AR
PEFRIR PRI REA b, AREETIE T AEAK | A
AT, BRAIE N TR S i, LMz et
MR FR Ak AR PR TR SR B X B R K R ZOCR 5 0
FHEAR, B 45 FOR S R AT 5 N T8 3
Ak BEAREAL TR BE R K SR AR 2 5 SRR

1 bRk
11 FEKE

K BIgFRINGE AL 555 6 S IEE R LN
XTURFEAE I3 5 % B (68.4 m x 26.6 m x 2.5 m),
R, 0.18 hm?, RIBIK S5/KIRRE, FRUFFH/K R
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ML EE K W R T TR AT i 2B AR I, i
FeWEE 121 x 10° PL/hm?(121 PL/m?), SE3{44: 0.49
cm, AT 3.0 mg; B E AL TR A TR
(BR 3K), MR GHRIESFIE LT RTT, PIs L
BEHF: 4 SRR EIL(E G TR
0.75 kW), AP RbLIE A2 S L 1~3 mm S
FEROK R, TERL S K S LRk i s sh, £
EIANUBAVE RSP B, #5 2 J7/100 m?
HECE R AR TS E AL T35k N (5.25 m x
0.90 m)®,
12 FEEHEEE

FREEWIA], ROk . R, (ORMZEE 5%
TP K 5 S KR AN T A 25 RGeS
WAL PE, 6 S YRR B LA B R 45 B 10 SR
TE FEKIL AR TR IR A | (R, &R
B AL
1.3 AILBHASRSHARSEKLGEBEIZRE

ANTIRHA S G AN TR A 35

ARG ETHEMIEAGEH, FIE7.3m FJE24.0 m,

B 37.2 m, Wi 5817 m’, FFAMEA TR E
SR 2R R (FWS) 5 7K T 7L (SF) 2 4 751
N 0 i — 4 8 ARG 2R Ak B AAS AL 5 R I
Kikig r, BAEFESGHE S4E . BHIAERRE S
SHOCI: REEIX . HEKHEY XS EK I, AR
J91.0:23: 14,

RHBEIX: EEE 3%, Hh TRt 25 cm &
A (LB 0.442, TR)VERERT . fHWE P 5L
(Alternanthera philoxeroides) . £I. 2 (Polygonum
orientale) . & Hj(Aeschynomene indica)%5: 454, ¥
Yy K F 50 #R/m?,

FEKM YK FEFR 14 om A . HBEEA
#5(Canna indica) (>4 tk/m?) 57 (Typha angusti-
folia) (>40 #k/m?).

ki RIEMWOKIE 1.6 m), HTMEAE
K PR 36 TREKIN, KIEMEA &S
% NHE, Ak 36 FE (Hypophthalmichthys molitrix)
.,

AN TS M IR AL B IT 3 K L8 RAR 5
SYKHEKIE(2.2 kW, JiiiE 40 th)ZEHE(d = 10
cm)ik AR E AR XS HALH KA (b K 1),
& B ] AL I AZIX B8 5~25 em ., A
HEARAEYI X, W3t 90 cm B A SR A B KM,

L B K MUK FE (2.2 KW, 40 thhy B & FEab 3k 2
FIE R K )% R 5 SE(E 1), WILE 5
SR S R G A (KGR AL FE  FERRIEE
HKAE CE S T TR =

1 1
! 1 :
: Fkit !
! reservoir !
! g 1
~ | i 83 !
x 8 | we o
e H FEKHEYX “w s
& 3 ! macrophytes cell H oo
R f -
i FHX -
1 slope cell '

E1 ALEWESREIZRETEE

i RACEAK G 18]

Fig. 1 The diagram of structure and technological

flow of constructed wetlands ecosystem
Arrows indicate flow directions.

PERIEAK BRRAL, TR #(61. 70 d)FilE
(102 d)sralJa s RGAEIR AL IR 5 S YK
15%5 30%. Wt £ 48K Jy f fir (HLR) 1.65 m/d, 7K
J115 R ] (HRT)0.42 d.

1.4 ATIiRihAbIBARE R KRN E

TR Mo AE B AL B ST 3B R K SR M E TE N b
ARG UAGIREIE 5 5 YEEE, 43 5O ik 1 Pk
FERG I S 2 ZU(TAN) . TFAYIEZE(NO, -N) . Al JEA
(NO3 -N)(=E TR —AABTHLA) . BA(TN).
TEYERE(POY -P) . L2 4 i (CODW,) . BT
1 (BODs) &6 15 -

IR Mo 0k A ) R K A AR M i 5%
1RSI, BGH KA X 0~4 d KRR
pH. DO. =% . TN. 5 CODwy, SR bRkt A
B 1) B B BR IO
1.5 FEEFEKELKRME

10 RFURGER I AL B IEREZ) 1.5 m 4b,
SKBUKIE R 10 em(ZKIE h < 1.2 m)si/K 1~ 10 cm
B 5 em KFE(h > 1.2 m), ME/KIE . pH. DO,
=%A . PO -P. CODy, 5 BODs %4545 .

1.6 KERIERNET E

K BT 48 AR E ik 2 BOSCHR[10-11] . DO:
WTW Z 0K Bl & A (FER); TAN: Z5C @k,
NOj -N:N-1-%8 -2 i 6 JiE 1, NOg -N: B2 4 i
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JE— A A Lk POT -PrAH W B A1k
CODwn: Bt i ER R EHY5; BODS ML, /KAE TN:
B AR 7L (GB 11894-89); fRlkHSHF{A TN: 1Rkt
HLEE P10 A2 ¥ (GBIT 6432-94); KU TN: THEAA
7€ 75 (GB 7173-87).

bR L7/ S E e (T PR = Ve Kaw

B (%) = (Co - Cy) / Co x 100

X, Coo CAMHIM A TIBMIE . H FKE IR |
ANTR] B8 B 75 ek

FeBRE R

BRI [g(m?-d)] = (Co - CYx V! St

K, Co JBHLTT YRR B, C o4 t i E](d)
1YL B,V AL BIKARTR, S SRy A I 1 b 1T
2 4

21 AIEMAESRFELEEKGR

M RS T FRAE T 2 I JE T 1RGSR
AbFE 5 SRR, 3 Yast Tk FUK e AR T4 E 1
55 2 PGB A THIRNAE N 1 Fios o J i 3 WRisHE i M
K NO3-N. NO;-N 5 TN ¥ H4m Lprdi%, £F
Bl NO; -N 153 LA i 3% 25 BR (P<0.01), KPRRY
FBRHRAY K 72.6%5 0.467 g/(m?-d), HAE bR

257 NOg -N VR EEARfEAN K, JoHH N FL 2. BODs
% Br R 29.7%[2.651 g/(m?d)], & B F £ B
(P<0.05), CODwpy ZFRFAL 15.9%, {H % BR &
[3.738 g/(m?-d)]is T HAt AR bR . 55 2 Wit KRS
KRBT ERMIK, #Fx CODwm, 4F, HART5Y
Y RBRE ST 3 WCHNEBIE, FRAE TAN 5
NO3 -N EBRF4HIAFHE 95 £S5 15.1 £,
ERREAN 11.8 155 4.7 1%,
22 BBEKEYRXEKELLRE

T BT TR, K #R B E KA X 1~4 d
PGB I 2 iR, #RIE, {0 TAN MR
DA/ i R AR A, A 4 s ok 32 147 I i B B[]
TRE. EBRETE . LEREERIN(TN 5 CODw,
Frak), Hirh NO; -N . NO3 -N £ B AL T H:
AARHR, NOZ-N % H 43 B0 i vk i S Al g 2 2
[: 42.5%. 80.3%. 95.0%. 96.8% (P<0.01),3. 4d
EBRREBERT 1 d (P<0.05); [AEE, NO;-N i
H & W B % 25 B 49.0% . 93.1% . 88.9% .
93.3%(P<0.01), ¥ 2. 3. 4d WEBRHEERT
1d(P<0.05), NO;-N. NOj-N R4, H
7 HFEE, 209k 0.391 5 1.519 g/(m?-d)F% £ 0.223
5 0.723 g/(m?-d).,

F1 BEALEMKREMERLELE R
Tab.1 Treatment results for various parameters of water quality by the FWS-SF wetlands

T = Y847 FOK BT bRV 38

mean treatment results for wastewater quality parameters on

M G TR PR B bR
water quality parameters on the second time recir-

KR AR three times recirculation by the constructed wetlands culation by the constrggttleeci wetlands at inlet and
water
quality W/ (mg/L) SR /% PN L) g/ (mg/L) S0 LR
parameter concentration - [g/(m-d)] concentration - I[g/(m>d)]
removal 9 removal 9
HEAH HokH percentage removal AT HKH percentage removal
inlet outlet rate inlet outlet rate
b=}
Kith/C 27.8+3.1 203443 311 325
temperature
pH 8.01+ 0.25 8.23+0.20 8.21 8.35
DO 5.32+0.80 5.43+0.94 4.47 4.83
TAN 0.544+ 0.052 0.525+0.189 35 0.026 0.557 0.371 33.4 0.307
NO; -N 0.485 +0.219 0.133+0.088 72.6 0.467 0.237 0.063 73.4 0.287
NO3 -N 3.190 + 2.759 3.075+3.636 3.6 0.462 2.410 1.100 54.4 2.162
TN 6.74+ 4.03 4.98+4.28 26.1 2.619 6.24 2.38 61.7 6.370
POT P 0.036 +0.018 0.021+0.026 41.7 0.022 0.018 0.003 86.1 0.025
CODwn 16.79 + 3.78 14.1244.74 15.9 3.738 18.49 16.80 9.1 2.79
BODs 5.66 £ 0.57 3.98+0.85 29.7 2.651 6.31 4.12 34.7 3.61
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F2 QIBEKEFREEKEYRX 4dHEKREREHNE
Tab.2 Mean treatment results for various parameters of wastewater quality staying in the
macrophytes unit during 4 d
KB E%E’afﬁﬂ‘l‘fl]/d
water quality staying time
parameter 0 1 2 3 4
‘{ZEJX/(mg/.L) 0.387+ 0.065 0.284+ 0.059 0.392+0.105 0.407+0.074 0.388+0.054
concentration
225 [0,
TAN ZERAI% 26.6 -1.3 -5.2 -0.3
removal percentage
(o 3 S22 2,
LA/ g/ (- d)] 0.116 ~0.003 ~0.008 0.000
removal rate
‘(Z%Jxl(mg/.L) 0.816+ 0.880 0.469 + 0.637 0.161+ 0.260 0.041+0.066 0.026 + 0.030
concentration
- 2% [0,
NO5 -N RERAI% 42.5 80.3 95.0 96.8
removal percentage
(o 3 S22 2,
LA g/ (" d)] 0.391 0.369 0.201 0.223
removal rate
W&/(mg{L) 2.748 + 1.525 1.401+£1.180 0.190 + 0.215 0.305+0.355 0.184 + 0.166
concentration
- 2% [0,
NO3 -N RERAI% 49.0 93.1 88.9 93.3
removal percentage
T >R 2.
LR /g/(m*d)] 1.519 1.442 0.918 0.723
removal rate
‘(Z%E/(mg/.L) 4.91+2.19 4.61+1.61 3.80+£1.32 2.67+1.37 2.19+1.00
concentration
02 3% [0,
TN LR % 6.1 22.6 45.6 55.4
removal percentage
4 T 3% 2,
LBk g/ (m”d)] 0.333 0.626 0.841 0.768
removal rate
‘{ZEFil(mg/.L) 17.21+2.63 16.51+3.23 17.14 £ 1.96 14.58+1.87 12.88 £1.26
concentration
2 3% [0,
CODwn, LEEAI% 4.1 0.4 15.3 25.2
removal percentage
4 3o 3% 2,
LBk g/ (m”d)] 0.789 0.039 0.988 1.220
removal rate
pH 7.99+ 0.22 8.03 £0.69 7.95+0.70 7.70 £ 0.62 7.73+£0.73
DO/(mg/L) 6.09+1.35 6.68 £ 3.93 8.47 £5.70 4.27+1.35 4.81 £1.43

TN 5 CODwn ZFBR% 5 LRl A HAZ H FH 5,
% 4 d 45 55.4%5 25.2%, 0.768 5 1.220 g/
(m?d), TN # 3d. 4dEZBREREEET 1d (P<
0.05), pH 5 DO % H DA% /IMIEE 5 TR s
2.3 XIGHA B FRFESEK KR
% 3 NFRFHEWIN 5.6 S AR KL A BRI
EEIIAE, 6 FIRKAART 1.2 m, {1 50 cm AbsK
FE L5 5 S FEFE ] (109 d)A 6 S-35(60 d)1.8 £,

B2 IR HAGEFRAE B, Br CODw, #b, MiEKAL 48
PRI TFRACEYER, #tt pH, DO, POY -P %
P2l ¥ 5 S HELIR)E | RZE R R FE bR E
W% pH 43514 8.41~8.51 ., 8.52, DO ¥4+ 7E#
/K F(5.81~6.05 5 6.51 mg/L), J LA B LE =T
B HAERR 6 S UL T oL T 5 5. W% TAN,
NO; -N 78 FLANERHIR A K e 4y ), {H 6
SHEFRAE 50 d BF, gk k, SEIK AR
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Tab. 3 Mean values of water quality in no.5 and no.6 pond during the 109 d and 60 d culture periods
YE BE [
It BE/°C pH DO/(mg/L) COD/(mg/L) BODs/(mg/L)
b= temperature
no. *KZ i *KZ K2 *KZ K2 =K2 i *KZ i
surface bottom surface bottom surface bottom surface bottom surface bottom
5 28.1 27.9 8.51 8.41 6.05 5.81 14.98 17.53 5.45 5.95
+2.6 +3.7 +0.49 +0.58 +1.04 +1.15 +4.79 +4.59 +1.54 +1.01
6 28.4 8.52 6.51 10.31 4.56
+1.0 +0.31 +0.80 +2.62 +2.79
e TAN/(mg/L) NH,-N/(mg/L) NO3 -N /(mg/L) NO3 -N /(mg/L) PO?{ -P/ (mg/L)
GRS
no. zZ JEJZ zZ K2 A K2 e 2 A 2
surface bottom surface bottom surface bottom surface bottom surface bottom
5 0.590 0.565 0.127 0.108 0.169 0.300 1.661 2.947 0.039 0.035
+0.184 +0.169 +0.093 +0.093 +0.162 +0.104 +£1.845 +1.175 +0.025 +0.021
6 0.484 0.136 0.012 0.048 0.034
+0.164 +0.090 +0.024 +0.071 +0.033

K, DR T 60 d 2k FRIEIRE
3 FRFERUR

5. 6 SYREABGRIR RE F 0500k 61.9% .
73.1%, Ik K: (9.36 + 0.65) cm 5(6.54 +0.82)
cm, &g (8.81+1.86) g 5(3.06+£0.73) g. J&4
KZ53h 06915049, HERE:1.27 5 0.70,

4 g

IR, FUHARIE K BB, [ Sy ikt kK
AR AL B R LR O N, (29 60 d J5) s
FH M A B A BRI K B33

RIS R ARk, RFHZY, AR, B
TR A% HLR(L.65 m/d) | ISR (3 1K)is Gk
Qb B A 7R VR K SRR IE K, B S T4 E
RIEY, FCFH W B, MRS 5iE 25
(-3, 581 [ri) 4 5% < A1 38t T A 25508 4 S 7 K
HEFEIK TG AR AE T R A e A T, A PR 7R K
THU2E st HA TR RUSOR, NOS -N 2Bk
3% (P<0.01), Hi NO3-N EBR#FAL 3.6%, {HEpk
R F[0.462 g/(m?-d)], [Hi, NO, -N (4 L7
PI(NOg -N)JE R, i py 2V b A £k 5 B il £k
SR . DR, AR Yab B R
G A E AR R AL S A B & . N T
iR R 32 Sl A T 2 Ak R A AN R A
SE A,

KR R AL A Ak 5 PR Ak VR Y B
&z —. GORHE B2 Rk B B AR KR

28~36 C, MfLAEREEIREE 30~35 C, fikT 15°C
s T 30°C, RAHARVE TR sz, 75 10-30 C,
A TR AL, FefE 30°C. 1 KB, K455
TIKEBRR(BR CODwy 78 K EBR#EHE(NO, - N 5
CODwin BRIF) FHMEIIMRTHE — k. 2N E KM
UGET R, RUOKIRALT 25°C, S LR
TG YRR, SR b — A 1 A SO AR R K
AW Y, SR AR — IR CY A B R)iZ 1T,
HEI7K TAN MR T1Er 25%., A UL M fS A1 76
PRI . B KIS TENT R, /K (28~31C)
FEALE TR0 A5 1 P B S 8 L, SR 4R A L B
R LBREBE B, 111K TAN. NO; -N.
NO;-N. TN 5 BODs S48 hr Lg% 5 LR R
I3 WA T 33%~73%15 0.287 ~ 6.370 g/(m?-d), FKH]
EATE R GKRAHT, KRR R ER
5[k BODs S5 PERE

FREA IR, TAN VREEHBUNE T, DA
PPk, TAN BRI A6 s Rk T ik
A, 550 Tk DR 5 g A TR 18 M
DL AR5 R A 6 (H TAN e &9 i 0.388 mg/L
L¥1h 0.387 mg/L HilH], nIREIRHLAFA Wb
A AR A PR B AR B SEARAH 2 . K e B ]
BTG (BR TAN FN)I915 DIAS [ R B LB, o
NO,-N. NO;-N EBR#M 2%, HiZHw, [H
7% 5 v 22 B 3 % [0.223~0.391 g/(m?-d) . 0.723 ~
0.519 g/(m*-d)], (A% H F&f%. Jing 452 % B,
POY -P JelRHUR7E ik B B MERT, BEHAEIR
o P3G TG w5, (A7RSZRE A BRI . 1 L Ab FE 5%
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SRR K H, TAN A BRI 2B i 7 AT UL, 3
15 YL F5 B R R 2l R 4 5575 ey 1 A 6,
K #RERIAMNE], TN 55 CODw, EBRFE H FEWkE T
B b TF, (H2 R Bt 4380 o S it 25 B
AL PRFEFH R K, CODe, 5 BODs Y2 5ty H B2 1
MG, HIFHE TR KR EE 4d, §ib
B i) K T K 4 B I 1) (0.42 d), T3 eyl 843
ik, BB TAN SR TG AL 3% K
AR AR (% 1.3 2). S8R NO; -N H 2 3 £ Bk, H
HERS AL AR AR 8000 NO; - N JETERUR, FEk BniE
Mo [l A AT AL 5 O AR VE L, ELSOR AR R
B 2R [0.723 gli(m?-d)], f# NO; -N 75 LUk
e S

HE T HLR 24 0.014~0.047 m/d, HRT
2y 4~15 dP, FRIGBETT, WA IR FRF K )
RE A A b S B AE R ] {2 TAN 5 NO3 -N 4
XL RN, 7 L PR eBR, HIRIEIE KIS
Y B eI T A e S AR TR RS, WORT O 2 4 K
Tyt R A, AR K L DR AR R 6 1
HLR %5 (1.65 m/d), HRT 45%6(0.42 d), 3 4 &,
PAEERFSE 522290 b (g3 4t HRL (1.54, 0.42, 1.03 m/d)
PR AL . BEARKE NO; -N £BR%(72.6%)
fIXTF Lin 2:(949%) 5 F1#54:12°/(83%), {Higbit I
7K NOj -N #¢ i (0.485 mg/L)it s TJami#(0.13 5
0.06 mg/L)® %, ki F:prt(0.352 mg/L)sr 5 h 5
Wi# 3.1 5 7.0, KFRd#[0.467 g/(m*d)]h B
2.9 5 212 . RyoatGEENE iR 16 2Lk
CODc,, BODs, PO§ -P S48 b 22k 2 Btk 71 7177

(5 Qv ) B THINREAR, ZBRsRpEZ R, *
WK 3 s P, V5 e sl ok, 38 1 2o
REAR, SBRERI A, [FIFE, A< 350 10 Hh 3E 117K
NO3 -N Y& h T4 %04 5 {5, J:552%(3.6%) 1)
HIEH 6.7%, (HEEREREJH 14.4 £5, K500 H
TN Z:BRR 5 2Rl 435 Schulz 229 64.6%
5 2.7 f5. AL, RIS HLAR SR R BR R ST e
RET] .

25 LR, YAk B E — T FE YR HLR
S5 ey g g e 20, A ESRE R K
HLR 0] 38 4 5 F A B Tk 5 A5 16 K i FE, T3
2 12 mid M, % 4 £H, ARK 5L A2
Hh RS Qe vk B B R E SRR R], DASROS G
LB G LERBURAAA 2257, (HUF RS R BR,
KA HLR 0] A 805 AL FRAE R K, eleatkfa iR
KT, ORI R

RIS AR R HLR ARSI RIS e i, 2 St
T IR I KT R A X R AL R K TR, IR
B O B R 1 b FL R AP RS SR DL
10 FF 98 D IR K B () 3R it s TR I S 4RI T
FRIR SRR RV UK, FREEEIAN, RZ . IRETF
YIEIX 6.05, 5.81 mg/L, FrHE N T WA DI
KLBFF 5L, %F TAN, NO; -N 5 CODwy, % H R if- %
B T 30313 Hb 5 38 A BRI, B A s
5 535 TAN 5 NOj; -N 7EXTURA K224 [, [t
BRI AR BRI SR T T,
PRAE MR IR SR G IR ARAFE IO R34
PRt 8.81 g, FAFHHEE A 0.6 g, BIEH 61.9%,

R4 ARG 5K AA LM EIRA IR 5758 K BUR L

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

- This paper Lin 0B Schulz %29
KA R Pap
water  pppae  BPRER g FIRER  ppes spuw zmwme EREk
quality /[g/(m”-d)] [g/(m”-d)] 2 2
removal removal removal /[g/(m*~-d)] removal /[g/(m*-d)]
parameter removal removal
percentage rate percentage rate percentage removal rate percentage  removal rate
TAN 35 0.026 53 0.16 66 0.31 72.5 0.45
NO; -N 72.6 0.467 83 0.022 94 0.16 - -
NO3 -N 3.6 0.462 54 0.032 -5.4 -0.35 -46.3 -0.33
TN 26.1 2.619 404 1.00
PO?( -P 41.7 0.022 13 0.014 -7.6 134 0.02
CODwn 15.9 3.738 50 5.99 71.4 30.1
BODs 29.7 2.651 44 1.45 37 1.9
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PR ZRE 1.27; 47754 81 d A, {AFihE 6.37 g, J&
WaE AR b, Lin 2RI M i S AR B A B 3 K
(12 m®), A% 200 ind/m?, F:54 80 d, WARHF
IR 3.8 9. ACEIER 0.4 g, IR
90%, THALFEL 1.65. REIFAK | R RE B
RFEE, RN TEE, MSHE%EE. &
T ARG S K

itk — PR R T TAN 5 NO; -N 4§
() 2 BRACR, TTE S84 G 2R kB S BR R HLR,
[vi] B 398 SR T3 e, 7 KA T i A5 A AT A L
T4k TS 300

WFFEas R, e . AL, B
FH I PN A SR LS N T e 0 25 T 5 1, A
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The effect and application of treatment for wastewater of
productive shrimp aquaculture by constructed wetlands
combined with pond facilities

ZANG Wei-ling ¥, ZHANG Yu !, DAl Xi-lin %, LIU Yong-shi *, YANG Ming ?,
HOU Wen-jie !, DING Fu-jiang 2
(1. College of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai 201306, China;
2. Shanghai Shencao Special Fisheries Development Company, Shanghai 201516, China)

Abstract: Wastewater treatment technologies with constructed wetlands and pond facilities for freshwater
Litopenaeus vannamei culture were conducted and the effects were measured. The wetlands consist of free
water surface (FWS) and subsurface horizontal flow (SF) wetlands. Ponds facilities contain aerators and
artificial water purifying nets. During the middle and late culture period (about 60 d later), shrimp ponds’
wastewater was recirculated three times through the wetlands under hydraulic loading rate (HLR) of 1.65
m/d which effectively improved water quality in shrimp ponds and ensured a good harvest. At the same
time, the outbreak of blue-green algae was controlled. NO; -N and BODs at outlet were significantly re-
moved at different levels (P<0.01 and P<0.05). The removal percentage and removal rates were 72.6%,
0.467 g/m*.d and 29.7%, 2.651 g/(m*d). The removal percentage and removal rates of PO -P, TN and
CODwn Were 41.7%, 0.022 g/(m?.d), 26.1% , 2.619 g/(m>d) and 15.9%, 3.738 g/(m*d) respectively. The
removal percentage of NOj -N was only 3.6% but the removal rate was as high as 0.462 g/(m?.d). NO3 -N
and NOj -N were both significantly (P<0.01) reduced by 96.8% and 93.3% when effluents remained in
the macrophytes unit for 4 d. The water chemical parameters were all maintained within a safe range dur-
ing the culture period. The harvested shrimp in experimental pond had the mean body weight of 8.81 g and
length of 9.36 cm. While the culture in control group had to terminate on the 60th day due to an outbreak
of shrimp disease caused by microcystin and the harvested shrimp was only 3.06 g and 6.54 cm each. The
results indicated that low frequency operation of the constructed wetlands under a higher HLR combined
with pond facilities could effectively control water quality in shrimp pond under the conditions of no water
exchange and no medicine use and then ensured a good harvest.

Key words: Litopenaeus vannamei; productive culture; wetland; facilities in pond; recirculating water

treatment; aquaculture wastewater
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