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The dots represent sampling points for aquaculture ponds, among
which the red dots indicate aquaculture ponds equipped with the
"three ponds and two dams" wastewater treatment process.

1 KEAREXRFERKRERSHE
Fig.1 Yangtze River Delta Demonstration Zone
aquaculture effluent sampling point distribution map
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Tab.1 Freshwater aquaculture pond area and aquatic product production of the study area in 2022

WF5EIX
Z&Jil Category 3 Study  ZVI.IX Wujiang District T X Qingpu District %% B Jiashan County
area
- . o , e s o ety , e s N (1753 , S @ .
Al Species Bil o kiR Bk M ¥ 2 W2 ML Nt ¥ s MRk B /Nt
[ 4 Area /km? 83.33  14.00 18.67 20.00 52.67 0.53 9.20 2.00 1.60 13.33 2.00 9.80 4.60 0.93 17.33
FEh Capacity/(xw“t) 9.47 478 044 038 560 0.02 1.14 0.09 0.02 1.27 021 2.15 0.22 0.02 2.60

FRIUE Culture density/(t/km?) 1136 3414 236

190 1063 377 1239 450 125 953

1050 2194 478 215 1500

1.2 EXHS5WEHE

FE S R AE S IR HT 495—2009 K i ke 5 %
P AR I E ) A HT 493—2009 K JF KE 5 i 44
FERVE AR FLE )BT . 4 3 4E 2021 4F 11 A
212 HM20224F 6 H&2 8 Hiltfr 2/t ikt — %
FE, Horb K™= 250 7K R R A5 15 7 3 HE K
FIAR =3 Y 10 R 7K Ak 8 it SR o i R AR
AE ALK o BEASSRAE SR 34T, K
FEFA DL 3 ROK 25 R 55, A H,SO, 1R fk T

B N O SR 3 B AR VRS R DR AT
FTEAE R G B S IR T . DU FE AT
£345 TN TP H1 COD,,, , 733l >R FH P it i B2 4 3
G B (GB/T 11894—89) AHEL P GG B 1
(GB/T 11893—89) Ml iz ¥ 1= 4& M2 % % (GB/T
11892—89) il 5 .
1.3 EkHEmiRAE

I8 TU X 45 3t B HE AR v TS e i B HE
T BRAE N 2 s .

&2 HEMARERE

Tab.2 Emission standard limit mg/L
X Area {45 Basis TN TP COD,,,
SITIX Wujiang District Cith SR8 K HERCRR ) (DB32/ 4043—2021) <6.0 <0.8 <25
FHIX Qingpu District Ky 3258 K HERORE) (DB31/ 1405—2023) <5.0 <0.8 <25
3:3% H Jiashan County QRACHIE TR K HEBCER ) (SC/T 9101—2007) <5.0 <1.0 <25
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1.4 HiEALE

SRR B 0 MERA M B A5 R DL 3 R
(1) SF- S5 {8 Ry 1 CRHAT R 22 /T 5%) o i F Excel
X Bl #4740 B 5 7 IBM SPSS Statistics 21 {4
rh L R B ORI DG R 500 HEA T AR DG A 43 s R
JH Arcgis 10.8 il R 5 73 A1 8], 5% 1] GraphPad
Prism 9.5 2 il 540 141 .

2 ZER5ihHe

21 FERAFERKSREBTIRREES
78U X 35 FE 7K o TN TP il COD,,, 13k JiF
T34 0.31~9.84,0.04~1.88 F113.57~85.9 mg/
L, X108 53 514 2.80.,0.49 F1118.97 mg/L (& 2) .
FHE T P H A b X, TN & AR T2k = b

[X%1(4.92~15.41 mg/L, ¥4J1H 8.50 mg/L) , 5111 %
H11(0.31~14.85 mg/L, ¥J{H 3.49 mg/L) #1124 , %
T A 2 (H (B 2.2 mg/L) LI g
(0.85~4.37 mg/L, )1 2.03 mg/L) ; TP S 5 Tk
WU 4 (246 0.05 mg/L) &L 3 5527 (0.08~
0.31 mg/L, ¥J{ 0.20 mg/L) , 5 111 Z= 4" (0.036~
1.541 mg/L, ¥ {H 0.48 mg/L) Fl ¥k = ff1 b X ¥
(0.33~1.28 mg/L, ¥J{E 0.59 mg/L ) th I 355t & /K
TP 7 5 #H 24 ; COD,,, & I T SL 1A 1> (24.4~
87.8 mg/L, ¥I{H 50.2 mg/L) , 5Fk = fHhX"*(8.49~
28.02 mg/L, ¥ 17.09 mg/L) /K 7= 555 B K & i
P (E2) o HEAT DL, AR K = MR i X 57
B KA AL T rh S YKo

H Chaohu Lake basin
AMW5E | CODy This study
BR= b . The Pearl River Delta region
b7 v 111 -— The Pearl River Delta region
WARA Shandong Province
BN TN | This study
IR - Taihu Lake basin
&R0 itk Chaohu Lake basin
H=mx e, ] The Pearl River Delta region
N[5 This study
1= E— TP | Shandong Province
& 80 e g Chaohu Lake basin
p bk v v voyp v v+ | Taihu Lake basin
o 1 2 3 4 20 40 60 80
V5 YL

Pollutant concentration/(mg/L)

B2 ERHEMXFEEEKS TN TP COD,, HiRE

Fig.2 Concentrations of TN, TP, and COD,,, in aquaculture tailwater from other regions in China

AR, 78 J5 XN 3 A X Ak 3R 7 R 7K 1 35 e 4
TR R —E 2= 5. E 3a s, Rk
FHEE ™ 4% B9 TN HEAAR ME (5.0 mg/L) , =ITIX  F5
T DX A5 35 L 3N I 1 73 9 R /K S Y HE Ok
W X RB I i BEoR (5 38 BL R4 B K P i TN U
JE S T R UL X, AR RN 16.67%,
EBERE RN 1.06~1.97, %FF TP(1E 3b) , il X
A B K A BB 2 HETBOPR A 5 A T 2T, SR ]
—HEBARE Y ST X FRE R K AR R R 10% ,
FRAEECR 1.13~1.22; [AIAE, 5% 3% B 3R A R K v TP
R B S 3 R T SR VT IXORN 3 X, Rl 7 o R
P B HEBCAR #E (1.0 mg/L) R, 4154 20.8% MY FE
AT, FEFRAEBCH 1.05~1.88, T % TR FH AR A7
#E ) COD,, (Kl 3c) , 3 A~ X IR 77 7F — i T 1Y
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MRS, SRVLIX T XORN5% 35 B A % )
B4 16.67% . 18.42% H1 58.3%, [Al £ , 5% 3% B Y
COD,,, ¥ i i & v, Y i AR A Bk 3 1
1.36. PRI, 7R IX 3750 8 /K 4% 205 e ) 1)
Tyl P 449 5 B 3 L > SRV X > I X A4 AE -
W95 2200, Sh W 3 Fnial ) ok i 2 77 4 B /K h i
Yey i) FEORIE . A 5 B RIT X
T XK i B SR 58 8 B2 4 5 29 R 1500, 1 063 FH
953 t/km’ (& 1), PR I % 8 ELAH X 3¢ 15 119 7 L %
JE 1T B T80T 2 1R RE R FE A S e LR
P —2 G B0Z X IR 5 R K T G R i v o
SR 7578 X P 5 58 2 7K i TN 1) A A
AR A5, VRS TP, 1] COD,, HO A B 175 150 1] d5e
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(a)
ARVING FEE R R AL R A7 3 P25 5 (P<0.05) .

(b) ©

Different lowercase letters indicate significant differences between groups (P<0. 05).
3 AREREFFEREKF TN TP COD,, iR E

Fig.3 Concentrations of TN, TP and COD,,, in wastewater from different aquaculture regions

2.2 FHESMITRIER AR T 4T R #20E

TR FE R 0 25 5 R R 5 ) 5 5 R /K T ey
AERYAST] Z AL R 2R TR R AN [) 5 5 o 7 2 5
B R AR DL R A e v B O T Y 25 5
A fiE 5 BU0OR A R K TS YL R AR S B B O
]2 pl 1l 4 Wl @A T 2 3200 R K hiis e )
S 449 i #5e 75 (P<0.01) , TN . TP i1 COD,,, *F- 241
g3 R (5.26+2.12) | (1.05+0.002) Fi (47.36+
2.83) mg/L. JUH R S5 5H % B i i s L e
T2 IR R /K TN BB AR % 5138 50%, AR5 4K
4 1.35,COD,,, bR R T IEILH] T 100%, F- 1 #
FRAG LR 1.89, NCAT IS Ay 25 155 50 2 hy 1 5% 2%
B 25~30 H/m? 18 % B SR , SLHE ) 5
KA, i G ShRe ok, AR R B AR
HEME R 3, i iR AR SRR A, R i
TS5 i R v B HETS R B 0 R R A R K
V5 et i E B

1 2 FVER S R 58 2 7K 9 75 G ) o1 34 ok B
24 (P>0.05) HAR FICTTIE (K 4) , T fg 5 fadif
FEAAXT T ICAT IS 5 AT T o 9 ) ek e A e R 5 5
AR FHERE A7 e RS AN, MR SR
B K R AEAE R A AR B G, L £ 28 3R
K s YWk B 8 sl K, TN TP 1 COD,, 1) °F-
¥k BE 4y Wk (3.19+1.41) | (0.57+£0.32) FiI
(20.78+18.83) mg/L, # b1 F 4 5 ik 4.17%.
10.41% F129.16%. 4>l it P 2 fis £1 1) B2 7K Hhois

YWk BE R, AT RES IR — " R AR pE A K
Ao, BRI R T R R TR S R AR
T, W37 35 56 5% BE AN S WA nT e i oy
05 K s Y s . AT TS R SR
B 2 7K TS G v FE A R AR 70 % R B
M IR FRAE K oh COD,, #ibx , FE B AR 505y
A 1.79 F11.55, AT RES 2 FG I B 17 4R B 41 1)
TAEARAR IR 220, FHLHE P AR #E 14 )
Bhos AR TR B 8 G &R | S AR A A5 1 25 BRI
ALY 53 i 3G KR ok R E ) B AR 2
HETT 255 COD,, M,

& S5 %58 R /K o TN TP Fl COD,, 1) °F- 4 v
B B Al (P<0.01) , °F ¥ {H 43 5] A (1.49+1.11) |
(0.21+0.21) 1(8.82+8.91) mg/L, HAY COD,, {71
HPRING , HFR RN 5.56% , F-HBAME SN 1.73.
TSR AH e KT Y v BEAIG B T S5 I B AR
FEFH T T (125~215 t/km?) A AR 1), h THRL
A 80 A= 0 1 4 28 T R A ) B 2% A 1Y) 52
M, o] 88 7 A b 3 P A s R AT R K R
FE EATTE A AR R SR AR A B
Y, (B i F CODy, NS /K FAE K I B E 0k
A, DRI LM 7K B L A IR A i T AR R A 55 2

PRI, 5 AN [) 2 3 Pl 2 7K v s e HE ik
FEAE, N WA DG BE S G W b2, el 25 Ak iy
B HLR S B RIS, R S5 22 0 R 7K 3R B R
.
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Fig.4 Concentrations of TN, TP and COD,,, in wastewater from different aquaculture species
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Different lowercase letters indicate significant differences between groups (P<0.05).
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Fig. 5 Pollutant removal rate of “three pools and two dams” in two districts and one county
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Analysis of pollution characteristics of aquaculture wastewater in the
Yangtze river delta green integrated development demonstration zone

XU Jianan', GONG Qi*, ZHU Zewei’, LI Juanying®, YIN Jie’
(1.Shanghai Aquatic Wildlife Conservation and Research Center, Shanghai 200092, China; 2.College of Oceanography and
Ecological Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Based on the water environmental pollution issues caused by aquaculture wastewater discharge in
the Yangtze River Delta region, this study conducted a comprehensive survey on the pollution
characteristics of aquaculture pond wastewater in the Yangtze River Delta Ecological Green Integrated
Development Demonstration Zone (Wujiang District, Qingpu District, Jiashan County) , and evaluated the
removal effects of the "three ponds and two dams" wastewater treatment system on the main pollutants,
including total nitrogen (TN) , total phosphorus (TP) , and permanganate index (COD,,,). The results
showed that the overall pollution level of aquaculture wastewater in the demonstration zone was moderate,
but there were significant differences in pollutant concentrations in the aquaculture wastewater of different
areas, generally showing a phenomenon of Jiashan County > Wujiang District > Qingpu District. In
addition, the pollution characteristics of different species aquaculture wastewater also showed significant
differences. The pollutant concentrations in the aquaculture wastewater of reptiles were the highest, with
TN and COD,,, as representative pollutants, while those of crabs were the lowest, with only partial COD,,,
exceeding the standard. The "three ponds and two dams" process had the highest removal rate for TN, with
sedimentation ponds being particularly effective. Followed by COD,,, with sedimentation ponds and
ecological ponds showing better removal effects, while the lowest removal rate for TP. Based on the above
pollution characteristics of aquaculture wastewater and the pollutant removal efficiency of the "three ponds
and two dams" process, the following improvements to the wastewater treatment measures are proposed:
For reptiles, it is recommended to increase the volume of sedimentation ponds and ecological ponds in the
"three ponds and two dams" process to specifically improve the removal efficiency of TN and COD,,,; for
fish and shrimp aquaculture wastewater with lower pollutant concentrations but greater fluctuations,
maintain the existing process to ensure the standard discharge of pollutants; for crab aquaculture wastewater
that occasionally exceeds the standard for COD,,, it is recommended to adopt a more economical
sedimentation pond + filtering dam "one pond and one dam" treatment process, focusing on reducing the
concentration of COD,,. The implementation of the above strategies is expected to promote the
transformation of the aquaculture industry in the Yangtze River Delta demonstration zone towards green
development and promote the continuous optimization of water environmental quality.

Key words: Yangtze river delta green integrated development demonstration zone; aquaculture

wastewater; pollution characteristics; three ponds and two dams; optimization strategy

http://www.shhydxxb.com



