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DA 5 SC A ) AUATS o o R 33 7K 7 R B M (0 R AR TR BSR4 TR I 0T I ) R R A R K B Ak B DR I
B P R T G TR X R SR A R K AL B SR R HOR B IR A S L AR SRR T IR X R i K 3R 5
b 84 g BUIR LT 7K 57 58 e K AR AR LA B I 7K 57 B P 7K X AT 2 90 S8R 3 A 2 T 5 e SR 0B R SRR IR T 0 B T K
Fr 98 FE K BUREY)  Bh 4 A 0 b BB AR N BRI T O 3 T 2% SRR AR B O B R T T T . R B T R
]I 7K 3% BB 7 1 DX 7K Ak 3845 AR 4 7 T SR o X oA ok X R T K 37 9 B2 7K 1 HE JICASE B R 0 R AL R R AT T R B

KGR XAFFRIE ARBEOR; WEKFRA R MY WIRSES R

RESES X55 XHRERIAED A

RAE(2019 4F 4 [E L ST 4E 45 ), 2018 4E R [
KPP FRA AP R 4 991.1 7 t, g AK SR - AR
2 031.2 J7 t, MR35 2y 140.9 J7 v, H v g 96 13 4 IR
(Penaeus vannamei) 5P 2K FRIHE =B 1 79.3 %,
Xof L v DS B R 55 XoF W 25 57 GE Al L R 56 10 R
A A R P AR A A R TR SR A L T DL
N IR 7K H I K SR B A O . 3R BE OB BL OE 3B 4R
SuiE A

3 ] XoF W ¥ 7K % B T2 B AR P TR AR R T g ML 1K
JTRA TR AR X AR EM A LR E
Mo DRy EE XY BB B 3R R Y 3R 4 7 U
Vg K b I A 2 Ak 3R A L I AR R A M T R 3R
B AR R 7 AR A R A R A SR R
BRI 7R i KORGS5 4 T R 1 S U
PR OR 5 B A 0 4 1 R B K TS e R A X R A
LA e S E DO R A L R G
R SR IREE AL R E R S 4R 24
I R S AE T & B e 2D B 2% R U 7 5 AR 0 R
IKAR R R 3Z 56, 3T ARk, 78 K IRIR I K
55 L A0 A A 35 58 AKX ] 2 K ek R B85 3 A
R 5 T LA S TF 2 A I o 2 R 77 5% B I 7K I B AR
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RN B2 B 5 R TR 56 B T B A R
1 7K Xt R 55 78 R 7K 4 iE R SR8 52 0

1.1 BAKITERFRARE K HHE

2020 A A N R IR A S IR B L E R et
Jry | rfr AR N R SR AR Ml AR R [ % A R IR
4 [ V5 YR VR A N 4R ik 7R L K 7 SR B A BN K 7
TR B 7 S W HET 5 BE 4300 R < Ak 2 TR A 13.6 kg/t,
A 0.45 kg/t MR 2.02 kg/t, M 0.33 kg/t, HF [H
Pl S =30 e e (R R o R 2 N NE o NI/
2 (2018) ) b 735, ¥ 7K L g 384 SR 9 DX 1) 3 R A IR
R RMLEME R EL . AL GE oK ™ IR g it i v
Az B BR AR BRI A A A R A DXl A R P TR
TG, WFFE R e XU R Al o AR L B AIRDRE R
725 % B AR 10 20 B B T B R 2R e e, AR 8 A
FEPAMYES . Bl E X ER SR 7 AR T e
JEAR T LSR5 2 RN AR 1 ORI o ke T R R B
HILAA HE T 47 -t AR R 38

P U DAk 1A 7 3 B K Ak B A7 56 T R R A
X B SR B2 R B AK TP &5 e i & &,
Kumar & 84 T E) B 75 B WY 16 R 98 (3 6 IR 7% 4
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b 35 2 K B AL R AE . TP Al NO; -N -1 5 1 vk 7 4
WIS 0.25 F10.26 mg/L, BB K 85, B, PO -P,
NO; -N.NH; -N fft faf 5 5 o A [7] 57 5 1t 35 15 7K e B
ERBE SHREY N T 1R 355 ) 6 0F 5
B KA IK BT, o CODy, F1 NO3 -N 5 & 4 B 53 S
H5.9F1 0.47 mg/L., Tangkitjawisut 1 B 58 &
W5 0F o % NO, -N oG o B — M 4 R¢ 7E 0,02~
0.17 mg/L. 7] W, Mg /K FFE X AR B AK A A HEFE S A
B o v AR T A LA o o R R B R K
WAELEPUAE 2 R A AR Ts e i
1.2 7k X8R 55 5 R 7K 1E B B 31 5 B T

K FEFH N A SR 1 B LV U X R K S
PR EENREZ — K ITBESRETRE
B R A 2 AR A m s A
REAE X B X AR U B 3R KT R COD P
W B 55 U XU K 5 B8 7 R AT T AR SRR A b, R
AR b TEHL AT B vk B 55 X MR SR 58 7 1 A 0 O
FHOG I 2R L 7K 37 58 7 k5 % 0 K 80 2 38 1E A O
KR, Yang ZFUG KB 2015 AF X R IR (57
FATA AR 1 639 hm”, ~F- ¥t /K I 1.4 m) [a] i8] VI {0]
1R 7 K FP HE B TN A TP 43 %1 4y 30.45 ¢ il
2.40 to fBB DL IR Al 8 4 [ 9 oK 7 5 BRI HE TS
G M 2.57 X 10° hm® K E 1.4 mH),
T 77 5% L L I A R ) BT U S iR 4,77 X 10" ¢
FM 3.75X10° ¢ B, AH 2 F v [ 3 U O
BAar 18 5 %6 , 3 2635 Je Wy il T 9 v X8R E IR Ak
FERE . HRAGTE 3 ARk b U U R AR 0 1 AR Y
HIEL TR ML 100 {2707 . T A AR H 7
B 7K v i G 0 HE TR T 1 AR 2T R 1 O R R
2019 4 2 H 15 H 38 E Rl AR A 358 L A S B30 4%
AT T TP 2 7K 7 2 56l 4% 68 Kk e iy 45 T
BRI K (201901 5 ) $2 B s K 7= R K W
D, #2155 58 B2 7K K b HE I, bt i 7K 7 % 58l 2
ok R . Z PR A A0 AR X T 7 3R 5 R K ) A B Ak
BT A R L A ORI R s TR AT I I
R B R K B A AR B A IR AR A R L

2 EKITERFEEREKSIER AR

2 SR TN ==Y/ §:0E 7/ F= E IR AL (320 B7

X ¥ KOG U 7R B R K 9 A 1 ) R A S
ey, m R AU I8 | 22 058 M5 0 5 RN IR 0 25 S5 )
7T LAZEBR . REoK v (0 8 i VAT LS55 75 e W)
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A b R AR AT R BRNY . R AR R
Xof R MR ¥ K SR 58 R K TT A T SE 22 W 3 Ak 2 A B
FOAR 3 1 BGE T 8 50 ifg 7K 6] R 37 5 JR8 /K Ak BB
B B AL E R R SR AT — e N . T
A7) il 2 PRI M | B — F A L TGV Ak B 22 s e )
P RAS g S D L A A A L r b 2 SR A TR R
ATH Ak 7T S 56 2 B B 1 R KA ¥ 7K ) B 5 R K Ak
PR R ep S A D S B 4R A Ao AR v A il B —
1y 3 B Ak 2 T I b B R K, TR RIS L S A T
BEE L LLIR B B A oK ROR .

22 BANMFERKKEMAET &

D KAk o oK AR 25 32 20 R AR 53 oK A=
)T e S5O DL 0B TR 3k R B R L R
o4 A YRR R SR G R K TS G W A R 2B
IK A AE W VE A 25 He A ME A O  IUA fTR R 45 A T B
B TR) I A7 A 52 2ok R G212 X i 75 G B far K A8 5
RORAE SF B Y, i RS 8 BUK 2 3% L P 4K
R AR 2R 3 FhK B i S I Al T UL IR Rt % , 45
SRR BKGESRAE 3 B i 3¢ v x5 e Wy 25 BR BOCR B
. % TN, TP, COD,, 9 2 Bk 435 o 72.2% .
67.9%034.6 %0 , IF-AH J 2R 7K 2 3 A= 1 10 52 i A
N5 AEE 28 2R K 28 3 45 ) B[ e T e Je g | L
20 kg/667 m” Y & F AE T 5% U L S CBF o R T AR
10% IR R 5 JT /667 m*) . K5 3% 50 d J5 4R 9%
Hg TN R TP /Y25 BR 32050 O 5.86 %0 F1 3.73 %,
L MR S 35 3R R 2R 0 3 0 T R IR

A2 S TR R B A B 951 A 77 5% B R K Y Ab
B, A E T S A Y R 2 AR W RE TS PR K BT 5 T
PR 2 A 6, W S8 450 LI T (Sesuvi-
um portulacastrum ) ¥ 8@ A4 &L ARE E TR IR, 58T
TSR FE M IE K SO 0 LA B I i Bl W) R v A
s R A2 25 3% IR B9 % CODL TN DL iR e A1
BLBR & i 03 T B, K MR a2 B B2 B T 5 S 6 DX B 7 i
¥ EEY% Shannon-Wiener £ £ 48 50 A1 Margalef
T2 2 T AR B8 s TR B D, TR i sh ) o
Bom, RERE I T AW E T (Salicornia
bigelovii) " A5 IF PR X B 38 F1 6k WF 5% 5 2K A4 1Y 1 Ak
R R 3024 P DR TG ARV o 2 3k B K R 50 06 I K
PR TNINH; -N.NO; -N.COD FJ %K B %R i 4
250 F1 50 V0 B 5 A % AR SRR AT L 35 4R
o X MR 7

KA AR A w5 AR T BRI 8 DA AR 2R
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Table 1 Physical and chemical techniques used in mariculture wastewater treatment
/e b B A
o Jrik L/t JEREALER b BRI 2% ik
Advantages/ Scale of
Type Method . Results References
Disadvantages treatment
) B LR 9ok 863 1k Pk A 3R T2, Al b Ht AbBE4F 667 m2 NHi -N,COD, NO3 -N it T %} 8 44
Physical ’%ﬂﬂﬁ%g A HR K ] 215.37%.210.53% .60 % fE—E duE [17-18]
catalysts B A5 N S 4 A 1 R 2 HEIK R N BB K Y T sk
RA N A 17.13 mg/L, fiE 1k
=By S SN R AT L N S-Mn- CeO, /y-ALO; # Jm # N
AL R SN 3et i 5 32 A il gwspr 057 g A% (3.13 mg/L) £ [19]
Atk s L R HE DL AL B AR e Fh 100 %0 o Ak B SRR 1A 3R 0 B TR ’
Ed HCH R 2 1A L) 2 B sk R
[ B R 47
ISR 47N P A5 A PR L L AU
Advanced o fpassg  DOPTI TR IMAZF W] 40 mmol/L., TOC 2 Bk
oxidation m; Y BRI EAEMNTE SRENE R OT3Y%) Bk pH b 2.2 Ml 2.4 [20]
processes W) 843 BT HR B R DL B i, TOC 23 B3 fe i (77.1 %6 H1 97.8%0)
o WL AR AE 25 5 4R AR K
D6 e 25 BR AR A AL R AT R CuO/ZnO B A AR B &= A 0.15
e fl A GG R wornmepn g 8/ Lo ERBRPIIRE L BRI 93.0150, i
HRERRIE g o e o 0SB e kst kb o4 /L ik 20 22
PRI 3 , 5 AE R FH 3R A% Fe; O3-SnO: , NH{ -N LR34 85.1%
FoR SR
ferE i T 5. 15 5 5601 9 2 5 R 1 IS PVC W T 3
e TS e RCRL TR O/N ek sy PIUEEBBEL NHINANOTN
compmec Wi YRR B R BRI AL D RREEA AN 91 g N/(m? - d) :

biological o
FeH
methods

Fr43 g N/(m? « d)

FRIEK . 28 SCUR AR W o8 e L R A 2 e 20 R
(Asparagus schoberioides Kunth) g & ¥ sh W) 45
W (S. constricta) i F7 X} 5 2940 5 7K 37 58 X UF IR /K
A RIFA AR 24 h IR IR A KA NH] -N,
TN Fl TP By 25 Br 300 73 5 35 3 76.9% . 71.7 % Al
72.0% ¥ TR Y s WAl e AR AE R A
Yy g A X KA B BB SRR — o WA
F TR A] DAV R K pH R . W G 08 A K ) 3 B 5
B B BT S50, DT 3 216 B2 /K B 18 & A R0R
2) KB YE . uE A AR R DL 2 LK R i
Shi SRV DL T R B, R R E K AR B L R
A LR e B 2 SR e 5340 18 5 32 58 B K B A
MFBE. EHRSED RT3 B v uE v 0L 2t
1 95 R IR 75 5 R K v A ROR s R LT KB
o 5 e i RN 45 1% BB AT AR R AR K AR S, U i e A Ak
AR NH, -N Fil NO, =N, SCHA 145 9% B A 2R AR R
o s WK U L 3 B DL 28 B B A Ak R G K 1A
SS, 4 AP MXF NH, -N Z2BR 1V B3 53 Fh 2%
RFE AR TR — R4, Lukwambe
ST R AR R 10 AR B B T R O A R R

SEAE R GE R E VR N Y A0 R ARV (8] AH LA
FH . B g 18 /Y 37 58 e K AR AR JEE I 0k AR
P AT RUREAR T 6 B K AR B A LB i 056 %) Tl
CB P e T T O 2L 6 PO T8 ) 95 P A L X R A . 25 T
o LR R B A AL 2R R B o Bt S A E X
U 5 A =X PN B0 57 U 2R 6 R TR o i 10 IR S — Fb
AR AR AR T S 5 1S W) 3R G AR
30,2001 AF DLk B O 78 Wi VA T S s ) 5
ke L TR IR AR G0 v 0T R A T B AP 2R E 12 090
kg/hm”  Uf8 T RAF & B8 .

Ti1) 75 5 J& 7K v 8 oK 78 £ 25 A5 K A= Bl W T LU
A0A T 7K v R 61 G AR R AR A0 R TR 5 5 4R
D %) R IR R L B — 0 i R B A0 Tt R b R W
G, FRGEAG L v 1) 45 BB foT R 9 AR W) ek A A A X AR
B K. Z2ICIR F% Oy 208 AT AR TR 3 A s 25 Fl 4]
BERE AR IR R T IR 3R W 1) A BROK SR
Bl GE h AR K < R LA SE R K SR I A ALk
B, W0 Steveic %5 & B K B IR MK FAE 48 h
NG BR T 2L 80 %6 A RN A= 21 Bk B ( Haematococcus
pluvialis) . 70 % W BT B (Monoraphidium grif-
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Sfithii ) LA K 2095 B9 A ZF #: (Selenastrum sp.) s &
BEMR SRR Y I K AR B R G A RO B
F L IRFE 3 d R POT PR EE TR [ 55.4 %,

) HF AKX IR FRI K A B EH AR . O
AR AR R R AR ) 2R A, AR A5 R R (probiotices) J&
XF e A 1 1Y G Y B0 AT 5 A ) A A W BT
SRR BRI T B 6 ) 50 o G AT L SR A Sl
SV SR BERE Ty, B2 e MR X DR 4 T Al 3 2T Y 5 R
PRI BE T o A8 P A 2 o R AR 0 A 3R T A AR
TR GH R K 1 25 W) R BE S /D ok AT G 2 Rk K
FEPEL Y T BB — . X AE Sl A I 28 5L
IR XTEE T 3 sl AR A R AL A % R 38 0 IR 3R R
KB Ak BRARCR S BAE T I LA B O 98 2 AT T
Mo A AT T 5 430 2 107 107 A1 10° CFU/mL
i b BEAICR e A % A FRFE 84 d JF . NH-N, TN, TP
FOF- 2 25 BR R A3 A 3 24.4 % .30 1% F1 9.8% ., F
HROPR ST TR 1 3% 0 (B S8 8 B ML B 2515 AT R IR0
U % B A AR08 0 Jg S A T S L S R R
WR R . ZRAEROAEDT & I 4 2F #1FF T (Bacil-
lus coagulans NJ17) 0] A &8 0 5 SRR 4, 08 1R #L
FFEE (Lactobacillus acidophilus W2) 7] F R 15 & %
R BT 58I 50 0 0 38 A ) o R S R

G AN R — 28 B IR IR DG RE B LR & Y A%
THCEE W o B B% 1 7K 1A v 48U Tm) Ak — A Ak A D
IR NG T AU R KA — 2 e
B % BV & B 3X10° CFU/mL #9564 40 1 #5%i
A AU R 56 1 XS SR R B K AR R A ALY
P NO, -N (8 7 A=, [ i 14 58 X R %5 06 | 50 I
AR S DORI NN =i B S e [ RIERE AN N0}
W (Rhodopseudomonas palusteris) ] LA B FEAL TR
FEEK T CODNO, -N &t Bl RR i iy gt
T TR A T RO B A R R AR Y R R 3R 3R A
FFEE 100 d,50 m® /K fA B 2 77 58 H 1w 56 F X R 220
kg, WM ZK & NH, -N Al NO, -N Jfi 5 4 B 53 51 4
e 1.2 #1 0.5 mg/L IR,

H ¥ A B R (bio-floc technology) & % T I
75 7K % P TS Ve Ak B D7 2% 1% 5t 3L, 3 5 4% i Al 5 B
£ A T AT KR C/N LR B 7K M b 0 /5 AR
BRI 7 W Bl A F T A A 7 B B o A T 2R R
A TR B AR )R ) s LA IR 1R ORE 2R BT O 4R K
JEHY, Xu SFHRRSE T A 2R P B R X AR 2 A 56
P10 B 77 B 2 K 0 A BRSO TR N M Ah 2 Fh Ok

PE T R4 T R 36 P X R A SR B R 18 AR L =
PN A1 2 S0 X BF A7 35 R 5353 0 82,700 1 81.3 %4 . K I
HONH, -N K NO, -N ¥ BB A R B %50 57 i 1Y
Wk A Wi P R w TR NG, WA
VXL T 2 FRR IR CH R MR e ) E 1 B E
1) Ak V7 A ) 22 AT ) B 9 VTR T T AR 3R R G bk
JT s K B 2 bk U5 R B A W 2R A RE AR
IR A= 9 1) i A R 3%, AT Bl T 42 T 0 0 B 80
SR, 7 G T S R R RS 0 R A i
IKC/NECARL , K BAS AR AR 10 %5 it 2 2 /K rp 260 L B8
WA RS T e RS AR TR
BRI T B R 1 C/N AT 1 o] i A o R
B AR A P A A i b 2 v R R RO

T A 2 1 500 0 A ) 2R R T R OK 3R R B¢
(recirculating aquaculture system, RAS) LI B 37
FARGEK BT, RAS WY RF S 2 48 3 7 I X 3% 46
IKHATIERR , 5 1% Gt F5 B AR L L 78 58 I i 2% B %
B 14 [F) I g 280385 7K 19 199 BB L 2 A SR K 7 R B 1
KIEEHIY . HAT RAS R EE1E 556 = K7 a2
TR A P & A REA BN ] L fH RAS 45 % AR
B AT AR v A R A BR AT AR X R T A R B Y
KA

QYN . AW T 3R 58 R K 5L
Qb PR, BATIS AT 2% 0 A REAEAIC L SR & 25 AL/ O RIT
VE BORARAFAL 0 . FE AN XL T e A e MR
LN 2 Tl B RHEAS [ e L LU 45 10 0 o AR 1o S
X ¥ 7K S B0 R R K R Ak BRSCR: | e BT i R A
SEAERUERL C/N HAEE 20 = 1 B AT DLERAS 45 4 1)
KA FRACR M U326 . F bR 0 [ TR
UL A= 8 ORE FIVGE MR B8 5 1 355 b b T Xk SR B IR K 11
Ak PR e A A b i R T K SR B R K 9 NHL -
N.NO, -N £ BrE J) 75 1 B A AL # 8 HA6 3
A IFKFRIH .

B S AW e (biological aerated filters, BAF)
TR RIS, SRR MRS BAF T
2SR B — 1 LR B R R BR PR AR AR LT S R
G Ve KL A W) UERHE BB R IR R 2 1 B
VAU EZR) S G BT Y E e N il S W VA I
X BAF (19 2 75 880% 7= A 5% 0, {61 0 R 5 45 R R
B S [ VTR S 7/ s e o VAR )11 Sl 90
YWy (14 Ab FRASCR AR T2 A T U RS T B 1 A 0%
ZLia47 30 d J B B AL T R B A B SAE Wk
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% T X 3R R /K b CODUNH, -N 1 DIN () %
bRk 5] 45.2% .88.9 % F1 75.3 %,

% 80 PR A2 W) I I v % (moving-bed biofilm re-
actor, MBBR) &5 45 1 i 14 15 V8 2 F0 A= 4 2 fioh SR AL %
P B0 A5 2R AR i 22 BG5S b vk AT e [0
TSR T BT R B E A £F X MBBR &40
Hh B TR SEURH AR W B A8 R A ] A, W R
AR b 6 TR F B3 UL i, Liang 0%
KW A W s AL B9 MBBR i #% X% 35 56 2 K
NO; -N.NH; -N Flfiif fic B % e 5 Bk m T4
Y54k BN 8%, B i Al 3k 94.70 % F1 96.09% , Shitu
VTIPS T MBBR b A 45 AR ) AR AT RAS
RGP RK I E A BOR R E HRT (6 h) FZEY)
FRE AR ST 5 28 (20 000 S50 1 5 3R 48 1 i 1 80 R T
FAAMIAE] 91.6 %M 1.52 mg/ (L « h) , HE WRETS
O3 AT 2 BIZ B N i HL A R 0 A A 2 S i AR
fig. Tangkitjawisut % F T 8% 3l K A= 9 I it
W # (MBBSBR) 1% 22 3 % sl IR 25 9 I s
P R A A Ak B R PR A R SR R Rk
(NO, -N 0.1~0.5 mg/L) &4 F al [d i} & 4 65 1k
WELTE TR RD A AR AT BR L RN R B K s 88/ (0,71 ~
0.98 mg NO, -N /L), %38 ‘. kb B X% 4R 6 7K 557 51 )8
K B, MBBSBR A W 1 i R K5 il b 33T 7 57
B K A R0

OB ] W #y . A Y & #% (membrane
bioreactor, MBR) &5 & 1 A= ¥ Ab B 7 R 5 5 43 55 47
AR BT B R R R L K K R R
ANEEAR D, Rk YRR AENOME A o ik SR Tk S
MBR £ 4 3 # 35  BCO-MBR £ 4t . H B 40 2
ARG A 32 58 b i 00 A% 40 2 fioh 4
Rk Tk kb MIBR X fif M BIL 9 25 B3 5080 2R R A 17 ik
A SEEL T K 7 BE R R K Y R AF AR BEAOR - R G
X TOC M NH{-N 1y L BRZAE 80 % Fl 90 % LA |,
O3 Rk AR B R S8 5 V0 8 %, H R G IR SR
() R AN B A V5 Mo B2k 0 7 R I S ) e A
ICE

T AF R W A B A MBR £ AR #E -G 1Y 7 1 7 W
Z RN TE . Ding S50 A X 3 38 B A= 9 I 1 2% 45 44
B — | FN g N SR B P 25 A R B T A AT
& FALIK (internal circulating fluidized bed) %
A W) K2 #% (ICFB-MMBR) ., iz 17 40 d J&
ICFB-MMBR X} i 7K % #F 3% 5 % 7K 1 NO;3 -N,

NH, -N 1 PO -P 1 & Bk 850K 5 & o] 43 50 ik %)
55%.85% fi1 80% , XF TN [y 2= B & e i ik 5] 16.2
mg/(L+d),

EF 1 2O A= W) )L 4 (photobioreactor, PBRs)
S — P RO OB R IR R G AR T AR AR
14 B 25 0 T o 2R 6 KT B 058 0 % 0 A 1 1 B SR A
AL e K T A VR B A S R
Yy I, 8 30 VK 3R B R K B SR W R B A
o A K 1 B A R TR FH SO 2 4 BN % (mem-
brane-photobioreactor, MPBR) & A &4 fif Ht iX — [A]
i, MPBR JZ N #% % 22 H 7K 55 95 2 B b il e & R
PE R, AR = A o R 3 B 1 AU VR
JEK SRR O R R RRE B AT B B, /N ER R
MPBR JZ i #& & & # MPBR & I #§ t1 7k NH; -N
Al HEK H Y 5.58 mg/L 43 I FE AR & 0.29 A1 0.31
mg/L.MPBR %} J& /K 1 DIN Fl DIP fi9 2 [ 1y 1k
] 90 % LA 2,

ONTIRHE, N TR EA A Kz 2
O A B LB R . 5 T 49 S5 8, BRIT
SRV RIS A L OROKRE 3 R R A A 4 X 7R
B 8 UK AT b L, 3 Rh R P A R N TR Ml X
COD.NH/ -N J it FE 4 — 7 1 LB AR LB
AR 70 Y0 2247 s KOK MR ZR bh 26 T RRUK L Tif 6 2 4
ERCEE AN F IR KN TR A Y. R
I KB FR AR KN TR R 2R S5 Y
FRFB A6 2B 5 NH,-N 5 25 B A 5 il 7R 1iE IR
fitt 5 NO; -N B £ BRZAHC kBl 5 TN F1 NO; -N
5 BRAH 56 . o A A 000) LR A 41 A A 4 K G
N T Hh A BRAE IR OK SR A R K L FEER E R 2.85 %
B 5 R 7K L O N T8 M R R 38 47 By BEXE COD
FNH-N B LR e fm Al ik 73.8 %0 M 72.4% . fiff
FH 5 7K 7670767 2 5 T30 b AT ek 20 38 b 45 35 B v
TR LG #5506 TR K 3290 R G AL B SR, Lin 4507
P T —Fp K ) ffar AN TR (1.57~1.95 m/d)
b B AR 3258 UK, SS.NH, -N #il NO, -N 5[5 %
e 4y BT Ik 66 %6 .66 %0 1 94 %0, iy A T b 7E £
LA F1 K X R 5 5 R 48 v i o P AR AR T T RE .
23 FEREKZRBERLMNAFEAR

P FK IR " RNG e By iR E— 25 AR & R 1 75
s JF 3R B R K B R Ak 25 A R O S K 7R 5
P LR R SR SRR . A E & A RS e
BLA 1) 35 8 K B 3% e IR afE — 2D AR MU B A= )
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J5T Rk B2 T 57 9 e K B DR AR A K CSE A 80T B
Katayama 25" 7£ Th o PG V. ¥ 7K 77 5 it 35 v % 80 5L
A i R BT AR 7 A e T B2 P Y TR AR -3 A TR
i FO R 5 e % v ) AR o TR 0 i 5 (T, woeiss flogii )
5 i TR PR AT AR T NHL-N G AR ) T ) B
EFRFEEIK . You FE HEI T —Fh - A& R4
(bacterial-algal coupling system) , A] [q] B 52 #il P2 g
R TR E B 5% 5 i FH AR B8 10 %0 1 K I 1 7K 5%
SR K B IR /NEREE AT AR AT 5.6 o/ L YR R AEY)
[l X NH, -NL TP il COD 9 25 B % 43 51 35 5
54.0%.78.6 % F1 82.8% .

SR B ) 1 37 58 2 7K S8 30 R S Ak 1% s
EAFTEVE ZH AT, [E Py % T 8- T S AR 7R K 7= 5
Y WA I RN R0 R R s o T I S - &
A= S AR G — T 7E [ 40 3% T BEE 2 5% 3 e 1 B

AR R ATV A T SR A T DLl ke A2 G 4 4
R U A Wy 5 AR A ) T [T A AR S [ AL A L
TGRS R RS, PHIFA B B 1EsE
B 38 T J T BRI AR 25 5 T A8 BIF 5, R E AR )
R AR AE 7K 7 37 BRI 7K Ak B 2 45T B 1 T 2L 215
BT RRE R RO L B K L Sk AR R R S
T PN 8 AR 285 AR 52 B X IR 7™ 3% B e UK 1) BE A A
MBS S AR ERas. B AR
U
24 BKMIRFHERKER KRR NERAEE ST
S i xb L3R SCHR A VA 98 55 23 B L 45 Ak AR
LU0 A B IR AR AR BE L BR R HE 5y B A A
R AR LUR 3 A T T DX I A 9 K X A R
B 2 7K Ak B D A7 Ak B R | S AR Ak R A B R
WM A R 2 Fios.

F2 MAMNRFEEKEDLERR

Table 2

Preferred biological treatment technologies for shrimp culture wastewater

K Types Kb 35 X, Methods

it &5 Advantages

Bl 5 Disadvantages

IKAEAE Y R B S IR 3R
Mixed-breeding aquatic
plants and filter feeders

A7 Ak B R
In-situ
processing E B E AL A
techniques Directied breeding
of bio-floc

AR AL A B K

A Wy RS N

MBBR

AV Ak N : W

SRR g st 2 5

Ex-situ processing ICFB-MMBR

techniques
7K 7 g N TR
Constructed wetland
under high hydraulic
load rates
BEURAL A AR e .
} CEURI) SN
Resourcable

utilization

Microalgae biofilm culture

A B ARAIL , AT 0 3k 28 B 3h M R 0, B IR
JEIK AL B AR Low management costs, eco-
nomic animals and plants can be harvested,

wastewater treatment costs reducti()n

B RRACE R, AR T b ok R
B IR HE A & T TR B K 578 R S
High nutrient removal efficiency,low water
exchange rate and low wastewater discharge

in intensive aquaculture,suitable for RAS

X UF 5 B P4 ONOs -NUNHY{ -N & Bk
%% % High efficiency for antibiotics.,
NOj; -N.NH; -N removal

BRBERCHE i th K oK B, AT s AR B A )
L 5 g B 1 K High P removal efficiency .
high effluent water quality, harvestable mi-

croalgae biomass,long membrane fouling cycle

A B — B TN 1 BN L 35 T 2R
IKFEHE &R G, AR B AL Smaller land area
than general constructed wetlands, suitable
for RAS,low cost

APWCHR A AR W L XSS TP COD 2 B 3
e 38 TN K 57 58 R /K AL # Har-
vestable microalgae biomass., high efficiency for
SS, TP, COD removal, suitable for small-scale

maricul ture wastewater treatment

it b BETYE SIS U BB SRR Need to

treat the nutrients in the sediment

o B PN B IR, B AR B A K AR
X AN ] 5 R LA | 57 Bl R B8 T 1Y 22 1A
R\ M A Need to cast carbon
source,not applied on a large scale, floc
cultivation conditions being not clear
for different shrimp farming scale and

culture environment

TR BUR & A 3T PR R LR A
FRe S, A R Need to extract
specific microorganisms, specific for an-

tibiotic removal, high management cost

A B RA A X 4 Relatively high

construction and management costs

ARiE HF £ IR Not suitable for soil

pond culture

SEBR A R K S5 R K
Al g s - A A R AR K Litle
practical application, high salinity of mari-
culture tailwater may affect the growth of
the coupled bacteria-algae system

o EAR A  TE R IR AR, P — T ik
X 75 2 7K B v AL SR A FR L 38 W A B — B2
B BYAL B, 6 X R K 3R A 5 R PSS JEHL

FPOT -P A5 E 235 3 Wy, R ATU0TE | 0L ik
Wit 770 A5 4y 30 i SR B AR BT A TR A R
TR tEAT 2Bk . B IR G MR B 97K 15 G2 57
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7 2l B4 7K % VR RE OB N BR85S ) L
B 3 K = FR A v L R R R RN R, 5%
SR A AH L AE T kR A T F RAS R4en]
SR SR L R R A K T T R S —
TR 2R IR A A O 3R R 4 T K
PRI K RS, T 1k RAS R H . /T LA
R Ay 25 Z A B R I O B 8 v 0 25 A Ak
BRAER . ) G mT DL S U TR O R 4R e B ARk
BRI I URL A 4 43 B 5 R AR 08 b DL R e K
fisAb BB AL A 2 6 T2 Re 8 S B A it U8 SS Y [
B A5 R 25 BR NO; -NL NH/-N, i 3% 1§ 25 /K

it 5T

3 BANIRFEEKGSIREHEA
BEHERE

R 5 A 25 BRBE A0 A A 2019 4F vl [0 965 7 A 5
IRBERBL ) I 0 2 2 o SR AR A Y 1
BRE UL 42 710 km? 3T R VSRR B V5 Y 4T g
T, KRG SR A XA H il XK A R R
X I 7K 37 5H 8 /K AT A Ak R AL R A AR AR SR
FEIK 15 e AT o 0TS e HE i S0 55 4 R /K
HER A A R 5 . R SR AR M K 3R AL 0 R R
] AR 20l &k ik B R I BUOR I & i 1m 2%,
W H A e MK SR8 7 i bR R P W i A L A
20 T2 70 AEARTF 4R ™S Fie IR 7 5E 25 (8] FLK S80F 5%
P G K SR A P LA B O 5 AT B & 3L R
B 26 F BUNTE 20 40 80 4EARSr T iRk
B VUM B 5 B H Al 1 T el Dl A B 1 il
Phss, 6] 2 45 ol 4 #1 s B0 B 7 K 7 FR B L O T
il 77 T ST T 90 T AR R T SR GE VAT
JE I X B IR R R A e B g T e A M A
JEE DL e e R T AR A A 8
HE 5 S LA IE I T 7K 55 BE 7l 5 4% 22 AR R I O A
SO s 5 U B A AE DG FR L 51 S VE PR B AR B
A ZLINGOs) A7 B BME , He R & .

FEZAF 1K SR /KR B R v FRIED) P
VL0 IR A M 2 B 46 10 2 4508 4 3R (R NG 1 v 7K
FRBH R /K IA BT 8 L PR B3 B S A4 S 0F 8 4 s Tt
R bt DX S T ) P R R X R VA K TR B
FEEHL X DA IS T B8], Y AR 3 ok Y 3%
B T 2R T K b v B AR . B TP R iR T
o B R SR X R K 2R G IR B GE O AR SR

16 KA B TR R 0O A A W it
PSR o5 Be 52 R /K /K Bt e 00 s 458 R e 1l 8
AKAMEIR AR L VLR R W AR K YR AR
Aib B 5 A AR R 4 1 e K A B, 78 43 A T K
AAE ) R D 2 T R Y v A I H 3R B R K
PEAT R B 5 R T4 A SR T DU 2 3% 5 O 1 e /K Ak
MR R EINE S A MBE R b A R IR
Aioll o b PR L 5 MR AT IR R AR
b7 38 DX 0 U il T A P T H S T SR B R
JK A [ P O B0 i A T % AT A A T Ak B D
W S HUAE RIS R LR BRI F R AT A
RS2 7R 5 | 450, 4 T 9 /K 5% B e /K IR B Sl HE 4
AR A 25 57 50 PR A o LR B IR 2 % K G L I
Ml ) 2R P DA Ak B A L S 3 A B R B R AL
H B A A5 FE K b BRAR BEOA , M RIS 37 9 AR
O IR 7 ) B I AL I AR BER HR I 59 I 9 7K I G 2
BARE.

2 % X #k References

C10 Al A 3 ot b o R 38 ). 2019 4F 4 ] 3 b 5 3148 % LML
Jb 5 p E A MUk L 2019, Fishery and Fishery Administra-
tion of the Ministry of Agriculture and Rural Affairs. 2019
China fishery statistical yearbook [ M. Beijing:China Agricul-
ture Press,2019(in Chinese).

(2] &L, FUnA, B K IE L. MK Rk K 3270 1 36 (% IR IL Y 7
FEWr o e [0, 75 & v K 2 M CA AR 0
2001,31(6):828-834. PAN Y, WANG R C,LUO Y J.et al. A-
nalysis of the nutritive composition in muscle of marine cul-
tured and fresh-water cultured Penaeus vannamei [J]. Periodi-
cal of Ocean University of China (natural science edition) ,
2001,31(6) :828-834(in Chinese with English abstract).

(3] REAREE. T 3% 1 X 4 35 G ok B v ot 3 2 25 PR B o s 0 ().
WSl ,2016(12) :58-60. TANG S Y. Key points of pond
ecological control during the culture of South American white
shrimp [J]. Marine and fisheries, 2016 (12): 58-60 (in Chi-
nese).

(4] RICHE, A% iKSFIE 55, B BT BT 38 3T IR JR 50 77 &
PR KXt 5 (17, K7™ 3851, 2021,42(1) . 79-80. ZHU W B, J1
B A,ZHANG S F,et al. Current situation and countermeas-
ures for the development of South American white shrimp aq-
uaculture industry in Rizhao City [J]. Journal of aquaculture.,
2021,42(1) :79-80(in Chinese).

(5] dkHn, SR 2 PhaEHr, 55, B 38 1 X MR 7= b R e B 391 45 58
[J]. bl , 2018(9) :48-51. ZHANG J Z,MA ] J.SUN Z
X, et al. A review of the development and bottlenecks of South

American white shrimp industry [J]. Hebei fisheries, 2018



248

o Al R R R

540

(9):48-51(in Chinese).

[6] ERUS. MBI, LR, 5. E K ™ 55 58 R K HE ik i 52w 5 17
AT ARERIL,2020,41(1):89-98. WANG C C,JIAO
C,SHEN Z Y.,et al. Effect of wastewater discharge of aquacul-
ture and its prevention &. treatment suggestion in Chinal[ ] ].
Pearl River,2020,41(1):89-98 (in Chinese with English ab-
stract).

[7] ZEMFEL PR =32 58 1 K 8075 g R LB a4 (10, K P=F
2,2005(3):34-35. LI S G. Pollution of aquaculture in inland
waters and its control [ J]. Fisheries science,2005(3) :34-35(in
Chinese with English abstract).

[8] KUMAR S.SANTHANAM P,KRISHNAVENI N, et al.Base-
line assessment of water quality and ecological indicators in
Penaeus vannamei farm wastewater along the Southeast Coast
of India[ J/OL]. Marine pollution bulletin, 2020, 160; 111579
[2021-04-19 7. https://dx. doi. org/10. 1016 /j. marpolbul. 2020.
111579.

(9] &35 /R VLB IME 55, FLATIE X IR 3% 50 3R 85 K 1 1 A )
FEVERRAE A BT[], K= %4, 2020, 44 (12) : 2037-2054. JIN R
C,JIANG M,SUN S Y,et al. Microbial community in Litope-
naeus vannamei intestine and its aquaculture environment [J].
Journal of fisheries of China,2020,44(12):2037-2054 (in Chi-
nese with English abstract).

[10] TANGKITJAWISUT W, LIMPIYAKORN T, POWTONG-
SOOK S,et al. Differences in nitrite-oxidizing communities and
kinetics in a brackish environment after enrichment at low and
high nitrite concentrations []J]. Journal of environmental sci-
ences,2016,42:41-49.

[11] PHAM T A.KROEZE C,BUSH S R,et al. Water pollution by
intensive brackish shrimp farming in south-east Vietnam: cau-
ses and options for control [ J]. Agricultural water manage-
ment,2010,97(6) :872-882.

[12] FERL BREHY  RR . SO K 3R 50 A &5 Y i 74l [J]. M
FAAZS 242, 2005,16 (1) :180-185. CUI Y, CHEN B J, CHEN ]
F. Evaluation on self-pollution of marine culture in the Yellow Sea
and Bohai Sea [ J]. Chinese journal of applied ecology,2005,16(1) :
180-185(in Chinese with English abstract).

[13] YANG P,LAIDY F,JIN B,et al. Dynamics of dissolved nutri-
ents in the aquaculture shrimp ponds of the Min River estuary,
China: concentrations, fluxes and environmental loads [J]. Sci-
ence of the total environment,2017,603/604:256-267.

[14] CHEN Y, DONG S L, WANG F, et al. Carbon dioxide and
methane fluxes from feeding and no-feeding mariculture ponds
[J]. Environmental pollution,2016,212.:489-497.

[15] B0, TP, B F, 5. Mg /K 3% 58 & J 5 i ol B4 455 45 SR 58
BEJE (], WA R (A AR 5 BE 227D, 2012, 33(5)
531-541.YANG Y F, WANG Q. NIE X P, et al. Mariculture
development and environmental management of fisheries [J].

Journal of Jinan University (natural science & medicine edi-

tion) ,2012,33(5) :531-541(in Chinese with English abstract).

[16] R, Wi, sk FH. KrF=FRM RGN KA Ik [T].
LR 3 e, 2019, 25(22) ¢ 85-87. SONG H Q,GU C C,
ZHANG Y L. Tail water treatment of aquaculture system []J].
Anhui agricultural science bulletin, 2019, 25 (22): 85-87 (in
Chinese with English abstract).

[17] TR R A EA3+ 27X iR 22 2 57 N KR R R R 5 T2
PR CE) LI BAR M 5 K. 2010,25(10) :5-9,16.DING Y L.
Equipment of nano-integrated technology and technological
process for Chinese mode “3-+ 2" safe shrimp farming[ J]. Mod-
ern fisheries information,2010,25(10) :5-9,16(in Chinese).

(187 i 20k , 284830, Tk B . %%, 3R AY 44K (Nanometer) 863 2k ¥ i)
[ 7E W K R 75 58 b g s 0 Mg [T SR B,
2003,18(10):12-15. WEN J Q,CAI D W,DING Y L,et al.
Summary report on experiment of strong nanometer 863 bio-
logical assistant growth unit in sea shrimp farming [J]. Mod-
ern fisheries information,2003,18(10) :12-15(in Chinese).

(197 B . Mk R E A AL B8R T 1L ™ FR AR K hHi £ R T 5%
[D]. K% . KR#EMT.K%,2019. LING W. Study on removal of
antibiotics by catalytic ozonation from factory marine aquacul-
ture wastewater[ D]. Dalian: Dalian University of Technology.,
2019(in Chinese with English abstract).

[20] VIRKUTYTE J,JEGATHEESAN V. Electro-Fenton, hydrog-
enotrophic and Fe?" ions mediated TOC and nitrate removal
from aquaculture system:different experimental strategies [ J].
Bioresource technology,2009,100(7):2189-2197.

[21] ZHU W, YU X, TIAN S, et al. Photocatalytic degradation of
tetracycline hydrochloride in mariculture wastewater by CuO/
ZnO composite photocatalyst [J]. Environmental pollution &.
control,2020,42(3) :305-309,316.

[22] W X4k =, 3R, 55 . 91K Fes O5-SnO: 't fil Ak Kk i 13 7K 57
SR K T SR ], B P A 4, 2018, 37(1) - 77-83. JIN
X J.,LIU J C,ZHANG T, et al. Photocatalytic degradation of
ammonia nitrogen in mariculture wastewater by nanometer
Fe;03-SnO; [J]. Journal of applied oceanography, 2018, 37
(1) :77-83(in Chinese with English abstract).

[23] POUS N,KORTH B,OSSET-ALVAREZ M, et al. Electrifying
biotrickling filters for the treatment of aquaponics wastewater
[J/OL]. Bioresource technology, 2021, 319:124221[2021-04-
19]. https://doi.org/10.1016/j.biortech.2020.124221.

[24] I8, AWTAR ZERE AP KTF B RELT]. LT, 2019,
48(11).:2768-2772,2777. ZHOU Y T. Research progress in
biotechnology to remove ammonia nitrogen wastewater [ ] ].
Applied chemical industry, 2019,48(11):2768-2772, 2777 (in
Chinese with English abstract).

(257 IR, 8> Ak W 5 1. K 3% 8 3 e A L 298 15 o R 5 0 3% K 5 3¢
FWrgE [, AR AR REE,2014,41(21) : 121-127. YE C,DAI
X L,HU W G. Study on purification effect of Ipomoea aquatica

on water in Litopenaeus vannamei ponds [J]. Guangdong agri-



5% 5

S A KON IR % 5H R K AL BB R 15 R J i 249

cultural sciences,2014,41(21):121-127(in Chinese with Eng-
lish abstract).

B3 BN B B MR RIS e SRS B E XK.
PEIF R 58P, 2019,36(11):43-48. LU D A, CHENG ], MO
W, et al. Pollution and ecological restoration of mariculture
[J]. Ocean development and management,2019,36(11) :43-48
(in Chinese with English abstract).

WA TG IRR  BRANLAR L . AR AR R IR L A8 B 0T Vi K 5% 50 b
WU sh R VE S5 RS LT ). WA S5 WINE L 2016, 47(2) .
354-359. ZENG B J,YUE X C,LI Z F,et al. Effect of ecologi-
cal floating bed on zooplankton community structure in a mari-
culture pond [J]. Oceanologia et limnologia sinica, 2016, 47

(2):354-359(in Chinese with English abstract).

[28] RN, THI BT, BRER 45 b 01 2 7 A4 3507 R X IR B 1 K 1Y

AL FI R A 3 7R (1], BREE TR % . 2018, 12(12)
3351-3361.WU Y J,MA L Y,CHEN C,et al. Purification of
aquaculture seawater and stimulation of shrimp yield by Sali-
cornia bigelovii ecological floating beds[ J]. Chinese journal of
environmental engineering, 2018, 12 (12):3351-3361 (in Chi-

nese with English abstract).

[29] Z3CIA  BIT 2 R0 T, 4. e 2003 15 4 15 B8 7 0IR 9% X X HF

BRI R K AL B BRI, 7 B R = 2 R (I L O
2017,30(4):35-41. QIN W J,LU K H,ZHENG Z M., et al.
Purification effect on the treatment efficiency of Asparagus
schoberioides Kunth and Sinonovacula constricta Lamarck in
monoculture or polyculture on the intensive marine shrimp cul-
ture tail-water [J]. Journal of Ningbo University (natural sci-
ence & engineering edition)2017,30(4) :35-41(in Chinese with

English abstract).

[30] Bestk AR Mg, £ 25 %, 5. 3 Tl e ok DL 2 0F L 490 35 Xof 0F 5% 4 2

IR EALRCR B A SE [T, T RS2 iR (B TR . 2020, 33
(6):7-12. HUANG L,XU S W,WANG X L,et al. The purifi-
cation effect of three types of tidal flats shellfish on the tail wa-
ter of Litopenaeus vannamei culture [J]. Journal of Ningbo U-
niversity(natural science & engineering edition) ,2020,33(6) ;

7-12(in Chinese with English abstract).

[31] LUKWAMBE B, YANG W,ZHENG Y,et al. Bioturbation by

the razor clam (Sinonovacula constricta) on the microbial
community and enzymatic activities in the sediment of an eco-
logical aquaculture wastewater treatment system [J]. Science

of the total environment,2018,643:1098-1107.

[32] BB HHLIE, R M. FRIFKE K 2 DI U8 £ e Ak s it

FERORHEE R T 0L A B )], 7 HoR 2 2 G TR0,
2004,17(1):52-57. ZHAO Z D,CHANG K M,WU X F,et al.
Analysis of main pond water factors after shrimp-culture sew-
age filtration by shellfish[J]. Journal of Ningbo University
(natural science &. engineering edition) .2004,17(1):52-57(in

Chinese with English abstract).

(33 WRMEIE It T 2% 80 S8 W, 25 3 2 1R % S5 R0 2 680 X L 498 35 X R

R IR M I T W R R VR A5 i e L) 1 A B R AE L 2014,
33(3):459-466,CHEN H H, LU K H.,ZHENG Z M, et al.
Effects of polycultured Aristichthys nobilis and Carassius au-
ratus on phytoplankton community structure in low salinity
culture ponds of Litopenaeus vannamei in the summer[ J].Eco-
logical science,2014,33(3):459-466 (in Chinese with English
abstract).

STEVCIC C, PULKKINEN K, PIRHONEN ]. Efficiency of
Daphnia magna in removal of green microalgae cultivated in
Nordic recirculating aquaculture system wastewater [ J/OL].
Algal research-biomass biofuels and bioproducts, 2020, 52
102108 2021-04-19]. https://doi. org/10.1016/j. algal. 2020.
102108.

51 XUAZE WV 25, TP SOMR AL Bl 3 0500 08 PL AR T X R A K | g

T B FRBE ARSI 52 e [T . 2 Bl B 2020, 48 (15) 2 96-
101. LIU Y H,LIN L Y,YIN W L.et al. Effects of probiotics
preparation on the growth, enzyme activities, aquatic water of
Litopenaeus vannamei [ ]]. Journal of Anhui agricultural sci-

ences,2020,48(15):96-101(in Chinese with English abstract).

[36] EMAM, EFHE KT, & A ABSSHNME 2515 B9 PTIlE

SR B AE X SR A P IS (. v B K R 2, 2021, 28 ()
903-913. WANG F L,WANG X N,ZHANG Y Z,et al. Anti-
vibrio effect of Pseudoalteromonas piscida 2515 and its appli-
cation in shrimp culture [J]. Journal of fishery sciences of Chi-

na,2021,28(7):903-913(in Chinese with English abstract).

(377 28, T WIBH , FAR R, A%, = AN () 2L 1R B8 0F FL 49 5 X 2

K PO B B TERESS M a2 L) ). D PR R 2 AE iR A
SRR . 2021,51(4) :44-54. L1 ] H,WANG M Y, TIAN X
L,et al. Effects of different lactic acid bacteria added to feed on
the growth performance, disease resistance and intestinal mi-
croflora of Litopenaeus vannamei [ ]J]. Periodical of Ocean U-
niversity of China(natural sciences edition) ,2021,51(4) :44-54

(in Chinese with English abstract).

(387 skoGWT . da il . o al ML, 2 D& 40 75 K BEIRAL AT s ik e [0 ). T

WK AR B, 2020,40(3) : 1-6.ZHANG G M, MENG F.CAO K
F.et al. Research progress in resource recovery of wastewater
by photosynthetic bacteria (PSB) []].Industrial water treat-
ment,2020,40(3): 1-6(in Chinese with English abstract).

(390 XU PR AHE S ok G T 45 B 280 B W i A= 081 0F 9 B 8 7K Ak 3

FF 5T 3 Jie (1.8 B a0l , 2020, 42(4) :502-512.LTU Q H, YU
X Y,ZHANG H Q,et al.Review on the treatment of aquacul-
ture wastewater by probiotics in removing nitrogen and phos-
phorus [ J].Marine fisheries,2020,42(4): 502-512(in Chinese

with English abstract).

(400 BT A7 ol WOHE 7 45 O 40 TR A5 7K 35 3 v B b 14 BT 5 3

JELT P E A TR K. 2014,34(11) : 119-124. HUANG X
JL.YANG C,LUO Y X,et al.Research progress of photosyn-
thetic bacteria in water pollution governance[ ] ].China biotech-

nology, 2014, 34 (11): 119-124 (in Chinese with English ab-



250

o Al R R R

540

stract).

(417 BEZEE B8 2505 L 45O & 4l 18 X 9% 41 7K BT B JL 49 J5€ 4] JF
B H 05 L)) AR M P R 244 . 2009, 29(6) : 87-91.LU ]
C,HUANG X H,LI H,et al.Effect of photosynthetic bacteria
on water quality and anti-disease ability of Litopenaeus van-
namei []].Journal of Guangdong Ocean University, 2009, 29
(6):87-91(in Chinese with English abstract).

[42] X035 . E80 W E 55 e fb 37 B8 K f 28 6 Ak B 6 45 4l 1 #Y 0 3ot
H¥ELT] v E R TR Rk, 2008, 28(8): 91-95. LIU F,
WANG M, YANG H,et al.Screening and identification of pur-
ple non-sulfur photosynthetic bacteria purifying aquaculture
water[ ] ]. China biotechnology.2008,28(8):91-95(in Chinese
with English abstract).

(437 Bl p 5 X030, 00 0% 1] L 45l b B 0O & Al 1 S 2E 9 0 R 5% 40
FEK b 25 48 . CN110818067A[P1.2020-02-21.LU S M, LIU
C,LIU X G,et al.Nitrifying bacteria and photosynthetic bacte-
ria symbiotic prawn culture tail water treatment system:
CN110818067A[P].2020-02-21(in Chinese).

[44] B 5z sk A8 2% w4 A 9 22 T 0 R R s B LA X MR 37 5 P /Y
BEFI LT, K 2 45 % 4% &, 2011, 32 (5); 129-133. LUO L,
ZHANG J S,LI Z J.Characteristics of bio-flocs technology and
its further application in shrimp culture[ ]J].Journal of hydro-
ecology,2011,32(5) :129-133(in Chinese).

[45] XU W J,XU Y,SU H C,et al. Production performance, inor-
ganic nitrogen control and bacterial community characteristics
in a controlled biofloc-based system for indoor and outdoor su-
per-intensive culture of Litopenaeus vannamei [ J/OL]. Aqua-
culture, 2021, 531: 735749 [ 2021-04-19 ]. https://doi. org/10.
1016/j.aquaculture.2020,735749.

(467 BATAT, SRyt A , Ao 2 30, A5 T v AR 52 By Xk FL 94 i xR 1
JAFRI R G RE R R B H RCR W wm ). b R
2R CHARBH# R . 2020,50(SD :30-40.LET K K,SHAN H
W,ZUO X W,et al.Studies on effects of bagasse and rice hull
powder on suspended biological flocs development in Litope-
naeus vannamei industrial culture system [J].Periodical of O-
cean University of China (natural sciences edition), 2020, 50
(S1):30-40(in Chinese with English abstract).

[47] #0757 60, BT L Bifls , 55 R0 40 A X FL 2 I X R % 00 R 8 K
TSR A5 R [T K BB ) 2241, 2021, 45 (1) £ 172-181.
BAO F J, HUANG L,CHEN W,et al. The effects of sucrose
on microeukaryotic community in the shrimp aquaculture sys-
tem[ ] ]. Acta hydrobiologica sinica, 2021,45(1):172-181 (in
Chinese with English abstract).

[48] JAF MY, 224k 0 0, 55 1T AL A8 1 /K 552 58 & 40 vh A 4 0k
MR FE ORI K b B AR . 2015,41(12) :33-37.ZHOU Z M,
LI H,LIU Q S,et al.Current situation of the research on bio-
logical media in recirculating aquaculture system[ ] ].Technolo-
gy of water treatment, 2015, 41(12):33-37 (in Chinese with

English abstract).

[497 AR ZEEF X6 45 16 5 2 T AR AR PR 7K 0T 0 37 58 R 4E 4
HRAK ] 4l TR 2 42 2020, 36 (15) : 210-216.ZHU L,
CHE X,LIU X G,et al.Construction and experiment of simple
industrial recirculating water shrimp culture system[J]. Trans-
actions of CSAE,2020,36(15):210-216 (in Chinese with Eng-
lish abstract).

[50] &K BEHE A 3.4 P 6 S i 2% % i+ 538 47 T M. db ot
o # STk R FE . 2013, Amercian Water Environment
Federation.Biofilm reactors| M. Beijing: China Architecture &-
Building Press,2013(in Chinese).

(510 6, Mo , IR R k. 55 0 4 7 BT X 0F 5% 4 Je K A 348 i
WA FE 1] ol ARAL . 2017,44(3) :52-58. ZHANG X, LIU
M H,XU Z J,et al.Preliminary study on application of balanite
shells to treatment of shrimp aquaculture water[ ] ]. Fishery
modernization,2017,44(3) :52-58(in Chinese with English ab-
stract).

[52] EBrse, Frut 4, 245 5 1, 5508 fh i 15 O A 9 R e 46 2R X
WK T A SR b s L) ] il AR, 2014, 41(3) 1 14,
10.WANG J Y. QIAO H J.LI B S, et al. The application of
modified cinder as biological substrate in marine recirculating
aquaculture systems[ ] ].Fishery modernization,2014,41(3):1-
4,10(in Chinese with English abstract).

(53] WIvh Rt , B 7, 46 0 S0 AE W ik vtk b RO 19 R W0F 5 0k i
[J] AL T34, 2008.28(6) :509-513.HU T,ZHU B.MA X ],
et al.Progresses in the application of biological aerated filtering
materials[ ] ]. Environmental protection of chemical industry,
2008,28(6) :509-513(in Chinese with English abstract).

(547 B B rhsg, gk Ha 4G, 45 AN [R) 0 A< {07 8 08 <4 0 B it ( BAF)
Ak B MR SR A 5 K B 8 F 5T L) ). ARl SR S B A 2 4L 2012,
31(5):1028-1033.CHEN Q, LI Z B,ZHANG Y Y, et al.Bio-
logical aerated filters of different aeration locations for
wastewater treatment during Litopenaeus vannamei culture
[J].Journal of agro-environment science, 2012, 31 (5); 1028-
1033 (in Chinese with English abstract).

(550 PR EJUWT, i S0, 55 A W 3R AL B 2l R 2E W IR S 6% b 31
K7 35 BTG B K W) 26 B 5 L) ] oK il . 2016, 46 (4) £ 65-70.
QIU T L,WANG X M,GAO M, et al. Application of bioaug-
mentation with nitrifying bacteria in the rapid start-up of mov-
ing bed biofilm reactor in recirculating aquaculture system[ ] ].
Freshwater fisheries,2016,46(4) :65-70(in Chinese with Eng-
lish abstract).

[56] LIANG D H,HU Y Y.LIANG D M,et al.Bioaugmentation of
moving bed biofilm reactor (MBBR) with Achromobacter J1.9
for enhanced sulfamethoxazole (SMX) degradation in aquacul-
ture wastewater[ J/OL].Ecotoxicology and environmental safe-
ty,2021,207:111258[2021-04-19 ]. https://doi.org/10.1016/j.
ecoenv.2020.111258.

[57] SHITU A,ZHU S M, QI W H, et al. Performance of novel

sponge biocarrier in MBBR treating recirculating aquaculture



S A KON IR % 5H R K AL BB R 15 R J i

251

systems wastewater: microbial community and kinetic study
[J/OL]. Journal of environmental management, 2020, 275
111264 [ 2021-04-19 J. https://doi. org/10. 1016/j. jenvman.
2020.111264.

(587 i Ja w2 o Jot ] 4 JA B /K 9 e ) T RR LML b i W S5 20

fiAt, 2015.GAO T Y.GU G W,ZHOU Q. Water pollution
control engineering [ M].Beijing: Higher Education Press.2015
(in Chinese).

[59] DING Y,GUO Z,MEI J,et al.Investigation into the novel mi-

croalgae membrane bioreactor with internal circulating {luid-
ized bed for marine aquaculture wastewater treatment[ J/OL].
Membranes,2020,10(11):353[2021-04-19 ]. https: //doi.org/
10.3390/membranes10110353.

[60] 3B 44, A5 Ik . % . BCO-MBR Z ¢ 4b B %) 0F 75 8 5 7K M

[61]

JRS Y A 5L ] e R B ol R 2% 2 i CH AR BE 24 100, 2017, 33
(2):153-158,162.ZHANG M X, XU Z.SONG W L,et al.Re-
search on BCO-MBR system used for remove TOC and ammo-
nia nitrogen in shrimp mariculture wastewater treatment[ ] ].
Journal of Harbin University of Commerce (natural sciences e-
dition) ,2017,33(2) :153-158,162(in Chinese with English ab-
stract).

NIE X, MUBASHAR M, ZHANG S, et al. Current progress,
challenges and perspectives in microalgae-based nutrient re-
moval for aquaculture waste:a comprehensive review[J/OL].
Journal of cleaner production,2020,277:124209[2021-04-19].
https://doi.org/10.1016/j.jclepro.2020.124209.

[62] . m e AR R, 55 R -t 25 W SR 4% (MPBRO J% 25 55 37

PO 25 BR M AR SR BB K b B R AR B AT S [T W VL v R 2 o
e CH 2B ,2019,38(1) : 68-75.CUI W, GAO F,ZHU F, et
al.Continuous microalgae cultivation in aquaculture wastewater by
membrane photobioreactor (MPBR) for nutrient removal[ J].Jour-
nal of Zhejiang Ocean University(natural science edition) , 2019, 38

(1) :68-75(in Chinese with English abstract).

[63] JH/INWL K 7 97 45 328 47 I 8] % A T 00 Ml b 3965 7K 55 58 2 K 5K

R [D]. 1. % ¥ K%, 2020. TANG X S. The
effect of hydraulic loading and operation time on the removal
effect in the constructed wetlands for mariculture tail water
treatment[ D]. Shanghai: Shanghai Ocean University, 2020 (in

Chinese with English abstract).

[64] Brir, 2 22, 511, 45 N TR 3 R 78 1 98 19 X0 0 i K 7 4

K AR B g R T LC//rh B PR SR AL 2 22 22,2013 R E R IR AL
FENFARESWE R EBRE R %4, 2013:571-
576.CHEN X,LUO A C,GE C,et al. Application of artificial
wetland technology in the treatment of mariculture wastewater
of South American white shrimp [C] // Chinese Society for
Environmental Sciences.Proceedings of the 2013 annual meet-
ing of the Chinese Society of Environmental Sciences. Kun-
ming: Chinese Society for Environmental Sciences, 2013571~

576 (in Chinese).

[65]

[66]

SR, THHG 2B, L K N TR R G 0 RUROR S %
ol A 0 AR DG HE L) T A%, 2019,43(5) 1 36-44. WU ] Z,
WANG Y Y,LTY Y,et al.Enzyme activity in constructed ma-
rine wetlands[ J ]. Marine sciences, 2019,43(5):36-44 (in Chi-
nese with English abstract).

T A I 2R SR L SRR N T b v TR A B O K 5% B K
FORLID A0 TR 24],2012,28(17) :192-198.GAO F, YANG
Z H,LI C,et al.Effect of saline aquaculture wastewater treat-
ment by constructed mangrove wetland [ ] ]. Transactions of
the Chinese Society of Agricultural Engineering,2012,28(17):
192-198(in Chinese with English abstract).

[67] LIN Y F,JING SR,LEE D Y,et al.Performance of a construc-

[68]

[69]

[70]

[71]

[72]

[73]

[74]

ted wetland treating intensive shrimp aquaculture wastewater
under high hydraulic loading rate[ ] ].Environmental pollution.
2005,134(3) :411-421.

KATAYAMA T,NAGAO N,KASAN N A,et al.Bioprospect-
ing of indigenous marine microalgae with ammonium tolerance
from aquaculture ponds for microalgae cultivation with ammo-
nium-rich wastewaters[ ] ].Journal of biotechnology,2020,323:
113-120.

YOU X T,ZHANG Z S,GUO L,et al.Integrating acidogenic
fermentation and microalgae cultivation of bacterial-algal cou-
pling system for mariculture wastewater treatment[ ]J/OL].
Bioresource technology, 2021, 320; 124335 [ 2021-04-19 J. ht-
tps://doi.org/10.1016/j.biortech.2020.124335.

i BH B R 7, B A BT — R A R xR IR R
KA Ve LD, K 72 A2, 2019, 26 (6) - 1126-1135. MA
R Y, GE C J, WANG ], et al. Purification of mariculture
wastewater by utilizing single and symbiotic systems of mi-
croalgae-bacteria treatment technology[]].Journal of fishery
sciences of China, 2019, 26 (6): 1126-1135 (in Chinese with
English abstract).

MANTZOROU A, VERVERIDIS F.Microalgal biofilms:a fur-
ther step over current microalgal cultivation techniques[ J].Sci-
ence of the total environment,2019,651:3187-3201.

J5 3 el K PN Tl R 3 ] G A8 AR SO o T K R A
W R [) ] B4k, 2012 (5) 1 63-66. FANG P, XU R Y,
SUN Z N.Insights from the management models of developed
fishery countries on China’s mariculture industry []J]. World
agriculture,2012(5) :63-66(in Chinese with English abstract).
o 30 K 3R 56 75 Y n) B 5 R SRS (DL E & h E
PERK22,2014.PENG P.The study of pollutiona and control in
saltwater aquaculture in China[ D].Qingdao: Ocean University
of China,2014(in Chinese with English abstract).

LA BT RE 2 — e A PR T B O T 96 K SR A R Ok A B
PR R AE AR 7 3% 58 M 2 5 % Jg v 9 4 L . b 10 ¥l 5% o
5RiE,2020,10(3):69-74.J1 D P,ZHAO N Q, WU Y G, et
al.Preliminary analysis on the processing mode of the tail water

of mariculture and its role in the green development of aquacul-



252 L 3 AP N S 3 %40 &

ture in Fangchenggang City [ J]. Chinese fishery quality and 17-19,62(in Chinese).

standards, 2020, 10 (3): 69-74 (in Chinese with English ab-  [76] FJ7 7, 8%, Ik, S AR B HUIX = Fhfg 8 (AR T (b 3%

stract). Bt K AL B AR A AT w bl , 2021 (1) £ 22-24. WANG W
(757 Bl , 8. 7R £ DU A R 58 X 0F 3% 4 R 7K Ak R X L G.ZHAO H T, XU X, et al. Introduction of three tailwater

A1 . 2019(11) :17-19,62.JIN M J, WANG C.Four treatment technologies for factory farming of South America

patterns of drainage treatment in farming of the prawn Penae- white shrimp in Dongying area [J].Hebei fisheries, 2021 (1)

us vannamei in Rudong County[J].Hebei fisheries,2019(11) 22-24(in Chinese).

Development trend and prospect of tail water treatment

technology of shrimp mariculture

YE Mai, TONG Jiaxin

College of Environment , Hohai University/Key Laboratory of Integrated Regulation
and Resource Development on Shallow Lakes ,Ministry of Education ,Nanjing 210098 ,China

Abstract With the continuous expansion of mariculture in China, the pollution of shrimp culture
has become one of the important pollution sources in the coastal waters of China.In recent years, the
promulgation of relevant documents such as Several Opinions on Accelerating the Green Development
of Aquaculture Industry have put forward new requirements for accelerating the green development of
aquaculture industry.It is of great environmental and ecological significance to summarize the current
status and put forward integrated technology suitable for shrimp tail water treatment in China.This pa-
per outlines the development status of the Chinese shrimp mariculture industry, the characteristics of
mariculture wastewater and the impact of mariculture wastewater on Chinese offshore waters,details the
plant,animal and microbial treatment technologies and resource utilization technologies for shrimp mari-
culture wastewater with cases and literature,and analyzes the advantages, disadvantages and application
potential of each integrated technology.Based on the application status of tail water treatment technolo-
gies in mariculture demonstration areas in China,the future discharge management and resource utiliza-
tion of shrimp mariculture wastewater are prospected.

Keywords shrimp culture; ecological technology; mariculture; wastewater treatment; microorgan-

isms; comprehensive utilization of resources
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