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Fig.1 Phosphorus metabolism of phosphorus-accumulating bacteria
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Note:a. anaerobic conditions; b. aerobic conditions
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T 76% F130% , HAA RS 1 /KA 5 e R i
YR, fE—a 50N A A I w A
FIVER Y o o T HRTEA RR S A 40 v ok
RE 125 TP, KB B B R S A 5 1k PSB
K RORAE T Ee3E, 45 SEW] [ 5E £k PSB X X
URIRFE FE /K B T U i e A s R . e 4 A

B R ZIREE R A, Fie DL AT Gt
FIRE J o 23 Bl 26 58 2% 1F 19 28 1k i 2% f, ZHIT
SRS TN SRR T, PSB 2R K AR A
KA B, 72 24 h SEREIE PR 454, PSB A=
Pty , SR SRR 48% , 2 T AR
3 h G ERI, 2 BT T Qg VR B B i 5 AN R 96
HTRIEKH COD fil TP EBRBCRE S A B,
[Pi] R0 £ 1 20 P 3 o7 1 iR, AN [ Btk D5 2 W) T Y ] A
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oMK A LG Y. A T
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ZFAUATTE PSB FAS AL 20 T 45 Rz,
(BRI R o ZF AU T A A, A0 B 25
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w2, ELAS 5y WO W S WA s i A A e A K 22
18 SEHEARET R ZE 10 h DL E, 552 Sh RERES 5%
Wi, B FRMEIE K I, o T SR A E T
Fofr, At BT A2 A 25 A Pt T 2 B F AL (R 1) o
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Tab.1 Removal of nitrogen and phosphorus in aquaculture water by other probiotics

R & &3 BA ST AR RIATER A EYERE  feedit S0

Probiotic Wastewater type TN TP NH, *-N NO, " -N PO, -P COD References
FLERE Lactobacillus WL FRFE I K 36.5% 65.2% 62.2% [43]
B2HE 1 Saccharomyces A IR FH K 7K 46.7% 57.9% 60.1% [43]
EM & EM bacteria SR KR 38.42% 58.33% 37.84% 18.51% [42]

HALE N AT

an@fzyﬁﬁ . TEFSERKE  83.56% 43.31%  91.70% [45]
Acinetobacter calcoaceticus
LR O 0f ] JLAREERT R
Sphingomonas sp. FERE KA 96% 81% [46]
EM % EM bacteria B FRFE KM 73.7% 45.7% 34.8% [47]
SR L): Pichia sp. DA I 27% 26.7% [48]

3.2 SEAREEAMRHAR

BRI LR Z (B TER Z A 2 .
B — MR SR K AR 1 15 5825 ) 52 HAB R W)
SCE K IREE R 29, ELAS ) B AR AS [R) U Ak
Y L BRAE ) 22 5 W1 8, B AR FH R R gk A7 7K
TR B AR R m R 52 & B AT DL o A
] B A A e R A R E M AE SRS, RGN
PRI IEI G G, 4 o PR 52 1 14 ) B 2% AR
IR &3S T5 Y, KSR R RAR T L i
RN 71 SR O SRR E A N - O
( Rhodopseudomonas palustris) ki B 25 AT 55 A1 ZH
WiRE S T ( Streptomyces microflavus ) 3 ik A= ¥y i
IR RBSCR AT TIRTE, 4 R R 3 PRIE R
R AR 5 10 25 BR 3, T R 20 AR BN T e
94.3% ,HLYCRM R ZFAFT R 72. 9% DL L 20 25 ik
B 71.9% o TR 3 BRTEZ Ho IR & HFh o &
AR SR L BRF 15 99. 6% F194% R K
AT B0 T BB A L SR B T A2 T AR A
#o JANEO 2551 5045 22 Fh 2 26 T IR D i 0
A Y A W 58 55 59 T BE 1 4 B ( Penaeus
monodon ) FFRFEH, e I HRE 8 A 850k 35 37 5 K
JoC R A 4, LR SR 79 8 R 1) AR 4 I [ fig
PR FRALEE DRI T 3 MR IR L1745
SR AR AR TR X 8] B A2 Bk ( Verasper variegates ) 758
IK IR AR, 3 AR B 53 01) S A8 LM 2 FL AT 1R
( Bacillus  hwajinpoensis ) . W& B *h B2 i
( Halomonas alkaliphila ) F1 2 [ 22 35 B i &
(Alteromonas macleodii) , 25 WB78,3 BIRIE &
AR FRZH e K ROR e i, WU AL 5 IR 2, AR
BRI 22, LS50 T i R (B i 2 8 T 7 5 R AR
Filo RUNESE S DU I N S, LA #2590
FEE B RE T FLER T SE 30 4, T ST 1 BT M
IRA E I FORBOR 22 5, 45 R B 3 Wk

b TRZH S AR A 2 R 25 R A 1 3k 90% L L,
COD LBRFIEIE T7% , .35 5 T HRL IR AR AL 32
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BT R A RAE N . TANFEE R o g Re% A
FHAE Y B B ) S SOk BEAT A B 59 20 i AL
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WSO T, SRR T A A (D 2) L ik
A2 D) B F % /NER B ( Chlorella pyrenoidesa ) Fl
PSB S50 42, 50 1 [ Ak B e i K R5OR
SER IR, [ b TR T AR Y L B R A
95% F1 84% , .2 = T HA R SR EAEH] . I,
5 B [ 5 A P TR e A A A T IR R R N R
B K B asRe . A e AR K R v, 1%
W23 3 Wb — SE i b 7 MR AR X 7 B ARG A
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EAEH IR & B, EM B B 5 00 0k T L 4
ANERBE A, rpoxT 48 A 8 10 £ A= KA T
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Fig.2 Picture of symbiotic relationship between bacteria and algae
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oG HA 8 PS5 T 52 4 R 4 T KR A 75 e
fHE

2) 3 HH 73 B 0 08 R AR I K S8 T A R £
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Review on the treatment of aquaculture wastewater
by probiotics in removing nitrogen and phosphorus

LIU Qinghui, YU Xiangyong, ZHANG Heqian, LI Zhen, YE Xiaofei, TANG Huijuan
(College of Marine Sciences, South China Agricultural University, Guangzhou 510642, China)

Abstract: China is the largest country in production and consumption of aquatic products in the world. In
2016, the total output of aquatic products reached 69.012 5 million tons, of which the aquaculture output was
51.423 9 million tons, accounting for 74.51% of the total output. In order to meet the growing demands for
aquatic products, high-density and intensive aquaculture mode is coming into the mainstream. However, there
are many problems behind the considerable data. The content of nitrogen and phosphorus exceeds the standard
limit, and the disease is frequent. Moreover, the wastewater discharged arbitrarily leads to the eutrophication
of fishery water and the imbalance of water ecosystem. In essence, this is contrary to the original intention of
the sustainable and healthy development of aquaculture. Probiotic is a kind of living bacteria preparation and
microbial fermentation products isolated from the host body, which have beneficial effects by regulating the
balance of microorganisms in the intestinal tract of cultured animals. In addition, probiotics have been widely
used in aquaculture because of their many functions, such as improving water environment, inhibiting the
proliferation of harmful algae, improving the immunity of aquatic animals and so on. Common aquatic
probiotics include photosynthetic bacteria, bacillus, nitrifying bacteria . In this paper, the related contents of
nitrogen and phosphorus removal by probiotics are reviewed, including the toxic mechanism of nitrogen and
phosphorus exceeding the standard to aquatic animals, the development of probiotics and the principle of
nitrogen and phosphorus removal , the research progress of probiotics in purifying water quality and the existing
problems and suggestions for the future, to provide the basis for the future research direction and scientific
application of probiotics.

Keywords: probiotic; nitrogen and phosphorus removal; denitrification; the symbiosis of bacteria and

microalgae.



