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H E ORISR R K, RIS S K BE Bk, R T A 40T (Photosynthetic bacteria) 53
55 KUHR 3% (Eichhornia crassipes). %3¢ (Ipomoea aquatica). INEE#: (Myriophyllum verticillatum) 3 Fi 7N [R] 4= 15 28 54 1y
IR A HE WA 1R R s BUAR T B (Takifugu obscurus) 3358 BB /K I AL R RE , 4041 T /K Bi§ 4% (TAN. NO;-N. NO;-
N. TSS. COD. TN Fl TP) A2 b S L PR3 . S5 RE W . 3 kKA MY b A K, HuChRUIRE, IR
BA KR o A AR K AR R B G E JH XIR K SR A R K AL ROR B, R OK A R W R 2 A (PAL.
PA2, PA3) Xt /K H1NO;-N, NO;-N, TSS. TN Fl TP (¥ 2= B &k 5% ¥ W25 1 T & &% Fhok A2 #4056 & 40 i 41
(P) A HE 4] (P<0.05), %} TAN, COD [ % [k %A W3 (P>0.05), {HIKFXFHRA,; HPRMAEFHAEG (PA2)
LR B, NO,-N. TN, TP #l COD{E¥7E 6 d W FE(L, TANWKE T 9d N 2/, NO,-NFITSS T
15 dBPBE B AL, HBilaTRE,; & TAN, NO;-N. NO;-N #l TSS (1 LR HiEF| T 94.34%., 99.7%. 99.11%.
97.23%, TN. TP 1 COD HY<EBRZRIKF T 87.74%. 86.26% F1 34.07%. 4 WiHEF5ER TSS SM 3k 3] T 3 [ £l 4 A
WER A CRK IR IE R KHECE R ) (SC/T 9101-2018) — R HEU bR . MRAE LA L2451, ok B i e e fb 4L 5 M e
B TR AR SRS . S BT IR K SR R K AL B R G i BT A R A S

KHEIR OLAUR; KA FEEAK; KBRE; S ERCR

Tl 38 A 3 1 R T N2, TEFRAE A R, Oy TR AIE SR G K B PR R4 i SR B
B, AH ) AR A HEROR fE AR A SR K, UG F KR BB, S IR
fa Rl A T I — e W . A RO IR IR K, TS e HETCEE , R ORIIEK P2 SR AL (| R
RIEAAGEZEE L, BHET, FEZK™ IR0 0E 315 A 3557 58 A5 50K A 15 e R HERCR) T ) & et
VF 22 B N A& R 555 R AR 6] 09 05 Bk IR OK SR pl R K i i A 0 AT T 098 . £ 2P B9 R,
J6G A0 TA R B S ks A SR A K T, L ST IR AL, A TR T 58.7%, WA TRET 29.4%,
I EHEA: 2020-09-21; RAHEHA: 2021-02-19
EEWE: FigHiRHE %A H (2019-02-08-00-07-F01130)
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COD T [% 7T 21%., HENDE 2P iff 55 & B, & 40 (Photosynthetic bacteria) W] VL 15 %0 25 bR 32 41 2
KHEEZ R (TAN), EAH 2R (NO-N) . fb52 7 S 4 (COD,,) K A i (DO), fE i & i 37 Ji
KT, ARG SR . mE I EY R, SGE g R K T Z A0 LR R E IR 95%, JFhE
A BRI K B A PR . AR AL S, SN K b AR T SR A K A . JEONG A5 BiF
SRR, Bt E A R G hE W W R AIRFRAE 2 K HNO;-N. NO;-N. TP DL TAN ) & & .
M, JFk—MREE R, RERE bR R KTk, RO IR E B K e SRR R T
SR J ) B 1 M) R

VT JUAE AR 56 v AL 35 08 B K I 9 B, G A A (Photosynthetic bacteria) 154t 3% 5 F& /K J&
—FPRACE . WAREIR . EES TR TR, VRN A BT BT 2 is B TR RS BT
JRHR 3% (Eichhornia crassipes). %&=% (Ipomoea aquatica) FAK B (Myriophyllum verticillatum) 43 51 &
T 3RS ARG B K AR Y, 7k IR0 K AR 48 B vl B B/ F 1, 2 SeRE 46 U B
FERM, AT DLk R K AR B, 9D X A R IR i TE Y T ELRER I IR 5 T R
R SR AN K BRAKAR T N P RCREAER A, PR S0 i o R BT, IR i LA B0 1938
YRR IS Gy, TR TG KB A BB E S B E RN HE S Z —. B TR RE N —
Yok &, RO n R A 5 EOK AR R YR E A IRE K, i E RTEDG A A S XUIR G . %
SN e (B GG 40 TR A 3 AS ] AR 16 28 20 9 K A6 A 0 ) A 45 5 ok v Ak 5% B e 7K AT 5 fE L it
o HTKAMEY SRR G AR WA BT R0 AERK IS, B ek a4 e
HEE A AR AT . BT SORT COD g 25 BR1S, B i A7 A 06 A 40 B R K AR AR ) T G ML A i A R
oK. W, ARFFEFHEE AR 2 55 3 A R R A A Y RUIR 3 . 28 MR 38) 414 i
A K ARG IR R, AL T GG A TR 5 AN [R) AR 6 S 7 0 7K A Al W0 F I vl 1A
R AFIR K IR A R /K TAN, NO;-N NO;-N( TSS. COD. TN fil TP By £ %, ¥ 7 A FBAEk
& R X SR R K B A RO, T i e AL A, DA A e i i oK 7= R 5 BE /K AL 3 &R e 4
2%,

1 #MRERE
11 R

S0 B FH BR RR SR T B AR 7R G & A1 TR (Photosynthetic bacteria), VL7548 X446 15 B4 W £
ARA R AL SEA M, TR LB A B (Rhodopseudomonas capsulata), WRAKIK , 1% T8 & >
2x10° CFU-L™"; 525 it H R S& (Eichhornia crassipes) FIKE ¥ (Myriophyllum verticillatum) Y5 2% W) F
Be M T 7K BT BelE AR Ek AL TR AT RS R, 2858 (Ipomoea aquatica) R H A B 58 Fr 28 5 B F 3 3 4 5
TE RS TR IK, R U AR B R 3 — By g AT AR B R . RUIR 3 0 i KA, A8 FROK #
PO AE R RUR S, R AR E SN E KR AR R R KA 2 — 5 IR ZAE
AR, /N ERL (Haloragaceae) JNE A , W WAE TG /KA 3 K A B S i R vh i a1y 1
BAY) Z— BN —AEAEHEKAEY), RS0, BRARIE SR, AR s iR A G e
HE o SEERZ AT, et 3 Bk MY R 57 TR AR =K Je i N, DA SEEe BT H .

ARSI 5y it FH 57 58 Fe K Sk b T T K R Y i A= R S b (30°51°217N, 121°44'117E) (LA R i
PRz G RHIEEE M) N A I SCAR Dy Bl SR TR IS T R R K, W ISR AR 2 1200 m?, SFHUK IR 1.5 m.
FEHE M 2018 4E 5 AT HA % 8 R4, 231 90d, F55l o b s 804 7 i (Takifugu obscurus), ¥)
I PR T i 5.56 g, HL 4 488 J . %5 T F WG B0 7 iAok (1 A B9 T 2R Bt Bk M, T 2018 4F
5 Q&4 N TEAME T IF 68 0 8 A R 2ok = NI e (1463 90% DL 1) 35 & MRy . FR5E BT
FH R Sy 68 ook IR LG ARDRE W 8 VLT3 8 AT SR 28 SRS IR A FR A |l o DRk T A sk, B



%4 FOMTRERE DG A AR S K AEARIIE 5 A FXT s SR T Sl SR R K R AR 1313

I, K 09:30 FME 1k, H B A WG SUR J5 il R BT 1Y 19%0~4% , DLt 3% o 5 S0 O il Y
KT 15:00 $EE 58 A HE, HARBEME AR 45 KA KRS 4360, PR KRR XS0, iFX
ZHNE . FRAE R P 2 K 1R, BRI 1/3, FEFE K40 60 B (FLAR 250 um) T4 W 3 %
(PN YAT 7K o b 3 EL A S R HE K R, 26T 1A 1S kW R MR L. FRAE IR, A R b
18:00 fA P44 AL, 55 2 KH I 06:00 &34 A AL (BRI KA, & 4 IFHLA A, /KRN A SROK R
22.6~30.6 C, DO AMET 7.26 mg-L™", FEmsd itk K R,

1.2 A&

D) SR TTE SR, M R)E, 757 BERMIF L M pr O Ak 5RE M P AT 5 R K ik
S BESEE K PR (K 100 cmxBE 100 cmx i 105 cm) W 25 10 vk T34 5 . 8 850 Wt I v i 5 50 45 5
fili 2R P, W IEHEK, K ERARE AR T RS), AR N 102 mm B QY65-7-2.2 Ak
HLE, R R A LS N % 70 em b 43 Sk
AR KR i RUBR 35 (A1), 2832 (A2) ALK 2
B (A3) BUA IR, Al Y% —1B57 2 R~F—
], HUET SR TSR IR B, AR
S R AR R 9 VR R I R (&1 1) [ 7K A
Y, HBEOKIEM MK TE, FIAHER 1.5 cm 1)
PrAERm H 2.0 cm 15 2% ™ R 6 5% 50 emx
50 cm MY IE IR VR IR M o B 77 IR I LA K
TP ], RUR % | 20 S RN 3 4 1R 4 R T
PIm A MR . A A B (P) i FH AT OF A7 ks
RN, DA AN TR FH B T SR A i A
I HE AN R IK I €633 6 SR S IR
A, JREHEIFARREOC IS R IE SR 3d, Wl SOE G ARk 2 5x10° CFU-mL ™.

STV 4 MALFZE (P, PALL PA2C PA3) Fil 1 XA (CG, TCOGA 40w MUK AR ), H4ik
BO3IAAT, SR, Hop S T TR OK A Y R R S 300 g, A MR Y R
5x10° CFU-mL™". SEIG7E S W1 E KM 4T, SO0 W )78 B /K U8 dth o3 0 <, 7Kk MR e B 4 il 7
(26.4£2.6) C, FUCRHERTHNIT I T2 R MR K5y, #NFTEBK EV G EE, SRR 21 d.

2) AKBERESM eI k. LI HEE3dG. 6. 9, 12, 15, 18, 21.d) RFE 1K, FIRTEK
U b 1y [) — {57 2 7K 1T 20 cm ARICRE 500 mL. KAEREE S A2 T 4 C VKA, IFAE 2 d 858 UK BT F8 7
M5 o H P 200 mL /KRR T B AR PR 4 (TSS) I5E , R /KEER T B & A (TAN), WAHEEA
(NO;-N), fili3E % (NO-N), fb2475E 4R (COD,,). B A (TN) FlLE#E (TP) Il 5E .

ARSI I A HR AR T VAT A0 o TAN I SR FH 2R 3 -Tk SRR 6 125 5 NOS-N I s ) FH 2 201 4L
Fb 7325 5 NOS-N I 1) B 0 0 - B R R0 5 TN I R D el 3 s R 1 1 22 40 00 6 6 B % (GB
11894-1989)5 TP il 5& % JH 4H R £% It {4 % (GB 11893-1989); COD,,, M 5 % FH 0% 1 & 56 MR 40 % ,
TSS K HIUE 4T H i vk (GB 11901-1989), i (7). FREHSE (pH) ¥R JHSE [ ™ YSTAL &% RERF I & o Ol
G MR T ECR P po 80k
1.3 HIELIE

N FH Excel2007 #&F1SE 5 84, I SPSS17.0 B A4 X6 R [A] 41 4 ] 7K S5 48 A £ 47 FRL P 2 One-way
ANOVA J7 22 43 7 & Duncan [K 7% £ 5 8, A48 25 8 DLOF 39 (6 45 #E 2% (mean=SD) K £/~ , H
P<0.05 R 25 W E . KA A X AR R R0 Fe IS (1) AT IHEE, ORI A R AR LB R IR

e L
B1 FRMA
Fig. 1 Floating bed mesh
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3 @) AT

In/5) 0
S R SR AR KO3 o™y B A1 B, 420 52 30 F B RS SR ML S/ E M,
R, d

Rar =

W, = (C"C;C")me% )

Kb w5 i RIERRRE; GRS i RMKE, mgL™"; C, WWIMHHKEE, mgL,
2 HFERE5WL
21 KEBEYHENEKEMEYET K
AN S5 FiE 3 3 R K B 90 8 B 8038 A8 . pH=7.1240.03 . TAN (0.335+0.069) mg-L™', NO;-N
(0.82440.078) mg-L™'. NO;-N (3.280+0.293) mg-L™', COD,,, (9.141£0.098) mg-L™", TSS (110.40+31.13)
mg- L', TN (7.317+0.243) mg-L™' 1 TP (1.348+0.048) mg-L. ', H i TAN, NO,-N. NO;-N. TSS,
TN Fl TP ¥ B2 ¥ KT CIROK S5 K HE R ZE K ) (SC/T 9101-2018) [ — e HE AR, il br. H
pH 1 COD,,, #1754 HB SR i — ik icbr i (pH 4 6.0~9.0, €OD,,, /N F % T 15 mg-L ™).
1AL, SCIES R e, 45 240 RUIR 3%

1SR AR KRR BT
(A1), ZE3E (A2) BT R (A3) O A: W i 4 I = =

Table 1 - Variation of relative growth rates and biomass of

s, AVA A2 AW R C AL . Ho, plants in different groups during the experiment period
M%i%;i%ﬁ?mmmwtmﬁﬁﬁ o S e
T A3(P<0.05), Al il A2 (4 AH XJ A4 K R M i 3% (%-d™)
KT A3(P<0.05), {HFE I 225 (P>0.05). P - . -
XA RE S mEMRIEEEAG X AWREA L, PAIl 300.56£0.43"  680.97+42.81°  3.90+0.30°
KIXE RE A F T WY KA g s Fe i, PA2 300.87+0.49°  791.73£62.21°  4.61+0.38"
M\ o e s A K Ho A K PR i g PA3 300.95£0.69°  495.07+50.58°  2.37+0.50"
X, M AERER 4.61%, Hk R RIRE, IR oL — — —
BEA K e, BROSCAENS FI) F K A A P 2 K Ve P A A R NG SRR AR R A 2 5

H XIS K A B TR AK VA R B B W AT (P<0.05), A HIR)/ING FREFRAN R 4L 2Z 818 .35 25 5 (P>0.05).
W, Z5RF, AFREY XA O R A KA
TEH] R, 230 SEAT A R 35 B R R AR My 880 g i AR KA PR . X 5 A 526 445 SR ZE S A K TR,
HE5 R AP R AL T 880 g M — 2. Pk, #HEIE V£ 28 32 ALK B, 2 R o gk A7 R 4
DUBA PR A b AR ROIRES a8 B A AR R
22 XAMEBMKEEYESIERN =SSR (TAN.NO;-N, NO;-N) LB R

K IR b i, DA AR AN 555 ROKHE bR E R S8 e bR, Yok Th &R KT 0.50
mg LI, XA & EEHD, E 2(a) W8 T TAN HRE (AR . SCR TR R, &S84l
TAN W& B s B AIG, IR 397E 9 d SR Wit TH 0 s T B4 TAN MR EE (R 218, 7 15d T
FE s BIEEHET, 442 E TAN M EBRRY T B 2257 (P>0.05) (£ 2), XERIDEAMESKE
TG 2Bk TAN BB PCT X RAL, HRBRRH R AR E T HERRRE: — ik
Pl 7K AR R o] B WOSOR IR R &R, B TR AR SO A M E AR B — e SoE i, R A
PEACRCR R AE R 25 O — T, KR Z A AR 2 AN R AR T DL S 2 A A K
BRI RS (A RLBREE R AR E . 220 E U B ST TR R 7K 28 S0 I3 FH K AR v 8 5= W0 19 25 B
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0.5 > _ 12 5 —ep
= —a—PA1 ! 0 —e—PA1l +PA31
— 0.4 —a—PA2 :‘D 1'0.‘. cl) 4 —a—PA2  —*— XfHAZ
203 g 081 EE»(/ 3
= 0.6
02 2 ¥ 2
:[g_‘ z 04 z
<ol S 02 g1
(Al z Z

0 R ; 0 0 PO

0 3 6 9 12 15 18 21 0 3 6 9 12 15 18 21 0 3 6 9 12 15 18 21
S A/ SR a)/d SRR A)/d
(a) TAN (b) NO;-N (¢) NO3-N

E2 FBEPRBRER (TAN), THESE NO,-N) MESE NO;-N) KERE L
Fig. 2 Variation of concentrations of total ammonia nitrogen, nitrite nitrogen and nitrate nitrogen in each group
£2 R2IVEREZSEPRER (TAN), THAR (NO,-N) MEEER (NO;-N) HIRE R E XBRE

Table 2 At the end of the experiment, the concentration and removal rate of total ammonia nitrogen,
nitrite nitrogen and nitrate nitrogen in each group

. TAN NO;-N NO3-N
i WE/(mg L") EBRR% WE/(mg LY, EBER% WE/(mg L") EBER%
p 0.036£0.005°  89.16+1.483*  0.010£0.002°  98.76£0.203°  2.152+0.019°  34.40+0.564°
PAI 0.029+0.020°  91.43+5.870°  0.002+0.0002°  99.74+0.025*  0.807+0.518°  75.39+15.79"
PA2 0.019£0.014°  94.34£4.070° < 0.002£0.001°__ 99.78+0.126*  0.029£0.017°  99.11+0.508"
PA3 0.045+0.034*  89.57+7.092*  0.003+£0.001°.  99.60£0.311*  0.052+0.032¢  98.40+0.974°
payiistd:l 0.040£0.002°  87.92+£0.612* .~ 0.123+£0.001*  85.02+0.076°  2.817+0.276°  14.11+8.428"
RSP AR NG F-BERR AR Z A 3 25 5:(P<0.05), b M ] /NE F-BE R R A [\ 21 22 i) oS
BEEH(P>0.05),

ROCR BN, K ZE S 38 5 B b i 2 R I 25 5 BROOUEE U R K A A g 8 AR I A g i )
5 K AL R TR K A R B S SR T 5 K B, A TR 2R AR 6 AR AR AR (30 d) TG i 2
o X EARMFTE G FAEL

Kl 2(b) H 7 NOL-N W B A9 AR AR L o D't A 20 181 FK A 4B 40 41 & X NOL-N 9 2 o o B e
TEER 6 K f AL, JETRUE o W AL DK IR i AR B 77 7 1 ke 2 9 0 Ak - il A A Al
BT, (U] 8 Faoih . St 4 dmt, PAL. PA2 fil PA3 41X NO;-N Ay LR R B & KT
P 4 Fxt B4 (P>0.05), KT 99.60%, i 3 & B ICH B 25 5 (P<0.05) (% 3). X RN AMAE

K3 TRERELSATLFEESE (COD) MEAEEETY (TSS) KIREREERE

Table 3 At the end of the experiment, the concentration and removal rate of chemical oxygen demand and
total solid suspension in each group

COD TSS

21571

W /(mg-L ™) FRR/% W /(mg L™ LBRER/%

P 5.920+0.231° 35.2442.524° 99.333+8.003° 91.05+0.721°
PA1 6.368+0.692 30.34+7.573%® 39.467+0.833° 96.45+0.075°
PA2 6.027+0.605% 34.07+6.617% 30.800+13.005° 97.23+1.171°
PA3 7.008+0.713* 23.33+£7.796" 53.333+9.519° 95.20+£0.857°
X REZH 7.093+0.302° 22.40+3.309" 199.867+37.745° 82.00+3.399¢

T R FES PR A ARG TR AR R Z A 135 25 5:(P<0.05), B AIRNG FRERIR AR 212 R 6
T35 2 5(P>0.05),
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AR K I, F R K AEAE Y KR EAK PR IR A H A B E A . s R R N,
B A 5 KA AP e 3R 8 R K RDE s[RIV T, 66 20 0 AT U0 i 55 R0 A AL RS A K AR ALY
RE WIS A A S RN AL, ARG K AR A ) S B M Il R i A TE LR, e R A i R RN &, X FE TR AR
— AR AR B B, AT AN BT B AR R 7K T BONOS-N YR B AR T A 25 1 ) AT 0 A v k2 Al
WK A3 1 AL 32 BRI 37 58 R K B E 5 Rt e BRI 25 2R

AR KA T 2 . iR A AE R3S RBOKMERT R A &l &k
A —EWAR AR, W 2(c) i, PA2 41 BYNOG-N e B BRI e b, T 15 d i B & e ik ; ok ol
PA3 4, T 18 dMEEHAR, HAHY LB TAN FINOS-N ] 4 o 33 3 B2 K K BB/ i b 4
b . AL FI R RS A AE T, OB ASFAE B9 TAN FINOS-N 4k NOS-N T, RS2 45 R, PA2 411
NO;-N L BR#F /K, H 99.11%; PAZHIRZ, KBRFEN 98.40%, PA2 Ml PA3A LR FREKT
PA1(P>0.05), PAl B3 KT P FIZ HAl (6 2). kg5 B - J6a MR M ARAAE Y 1A 5 By 2k
AR T MEA, Hp b A+ 0 A LR R et o 77 A g SR A I A 2 A
—JE/K AR ] BRSSO G AN B B Ak, 2 3R X A 2 L W SRR I K AR
e ORURE; —JRKAEMYR RSV, BKPRUASMEEGEEINE TRA L, [
B K A HE 0 B AR 2R 8 AR SR PR P AR R A T IR B A A R AR SR A B A HL AR R
FHE 54, TCHLR TS R AR oK A e, AT 1S 2R A 0 PR3 . HR Ao sl
SR R RAABEP W a5 R — 2, H5F EREP MRS RAE . v REE T 25 R R
FRAXF N JT R W UCRE 1 AR TR S 3500 . AR RAH RG-S A, e BRI BR 7oA 48
T8 i 0 45 8 AL 41 T8 (Vi-trobacteria) FLBR 1 (Lactobacill) T2 # (Actinomy-cetes) BELETH (Yeast) N 2F fFT
W (Bacillus cohn).
23 KXEMEMKEEYEAIERNHKEFTEE (COD) MREFEZY (TSS) HWEBRBR

k2% A i (COD) 1R I E M IR B K AR 28 ML 5 e R B i T B8R A, 2 /K B W O 19 S A &
., K 3(a) Bon T 4540 COD R[] AAZ fb A5 Bl PAL. PA2 fil PA3 41+ COD Fifi i [a] 22 i R AIK, JIF
e 6 d B EFRE; M PAFEE AN (UL COD it) SEFEALE A T, % COD LERF B EKT
PA3 4 Xt BR4H (P<0.05), 05 PATZFIPA2 41 T0 18 3% 25 5 (P>0.05), EBRFEKT 35.24%(F% 3). A&
R A, HIECE AL COD KRR e, HUChHEEAmE -+ . LA dim+XURE MG &
PR AL, (H33 K T B, Ud A S 36 b 19 )6 & 40 B R 3 Rk AR AF 0 4 %) COD 1 2 Bk
RUCRAN T2 . 18 LA S 00 32 2 I R AT B 2 MK A R AR 2R S8R 20 Wb = AR A B . T AL TR D K
AL P T 0 O, e AR S 30 >, 55— R R, ARSLE PG COD HERK (B k848
AR E K F), BOR =4 B 22 5 0 M RUAG A 98 45 SRl s BUAE 5 25 DR X 2 Fhok AE 9 45 1 s 1k
G A I A R 5 s

1200_' ——P
I 1000 |\
A 9% o \
Sogl . 800\
E 7Y % 600
a gi=a
one 1 ¥ 400}
O n
ST z
4t 200 ¢
3 N N N N N N , 0 N N N N — = — i _ -
0 3 6 9 2 15 18 21 0 3 6 9 12 15 18 21
SLEGIT )/ SEEHE R/
(a) CODYAEAL, (b) TSSIKAEL

B3 SEFHFEFRE (COD)MREHREY (TSS) MK
Fig. 3 Variation of concentrations of chemical oxygen demand and total solid suspension in each group
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K] 3(b) 7R T 45 41 TSS ¥ JBE Bt B[] (9 28 AL 15 00 o 45 S BR 2H TSS Mk B e IR ol 58 459 He X B2 e,
Horp PA2 R PA3 FEMIREAR, JFT 6 dBI iR TR ; HIR b PAL, FOdBIFHmEB TRE. k3
fii7R, PAL. PA2, PA3 21 TSS iYL FBRFRI M W KT P AL AN 2 (P<0.05), P41 TSS KB &
KT X B2 (P<0.05), Hiif PA2 PR FR K, K 97.23%. XUl A& eA bk AR
TSS, JHEEGAICHAME M EAKS, FFKEMYXT TSS LBrAfEHEER- . 7= Az s a2 2
JEKAE MY B BRI AR, AR R K b BT URL AN A ALY Ok 34 T Bk AR, IR Ao A AN
W VR R 247 40, DU S 350 TSS e B sk e IR0 H28 AL TE 21 d J5 19 TSS L Br et ik 3] 7
82%. FEULGRMWIERIE: —Jrm, hTIREEKA SN A MR ES HEEEH 5—Jrm,
FEIK A B vh 5 A R R A A DL OB B T ), BRI T TSS MR B . Rt , A IUAE SR K Ak 5
RV Y R R R SRR R K UL R — B R], PRI AR B, RT DAGR B S DA AR .

24 XEWMEMKEEYMHESERTER (TN) M2 (TP) BHERYR

DG A AT 5K A YA AL BRI SR FE R K L TN TP B 170 722 {6 A A 5t L — 8 1Y 25
SePE B 4(a) R T A2 TN Mk BE Bl B[R] A9 28 AR A% O o 45 S8 56 21 1 TNk B o8 {1 3 38 1 K %o i
41, Forf PAL. PA2 Bl PA3 2 FEAREE B el , I F 556 KA il ThuvE , KERECREL . A
A 5 SR Al Y BRAE /R [ A A5 2 ZE EM B R+ L TN RO L B R A F5e v o 7= AR b 5 SR A0 = 85
B e — 5 T A K AR AT RO A A0 B nT B R AL K RN TR s 5 — T K AR A A RT DL G ad
HRZR [ KA rp 4 i SR SR ALK, T LA RS Ak =S i AR 007G 28 A B AL AR R Bk R 8, AT A 1 A= )
BRSP4 s, LRSS, PA2, PA3 AXF TN 25 B3R KT P 4H Aixd BB 4H (P<0.05),

8.1 —o—P 1.7 ¢ —e—P
£ _ —a— PAI —a—PAl
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S 13 —%—PA3
i o mo x-SR
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Fig. 4 Variation of concentrations of total nitrogen and total phosphorus in each group
x4 LTRERESEAFRITNRBREREERE
Table4 = Atthe end of the experiment, the concentration and removal rate of total nitrogen and
total phosphorus in each group

N TP

21571
W /(mg-L ™) FRR/% W /(mg L™ LBRER/%

P 1.778+0.113° 75.69+1.546° 0.649+0.027° 51.84+1.998"

PA1 1.308+0.360" 82.12+4.92% 0.250+0.012¢ 81.46+0.888"

PA2 0.897+0.117¢ 87.74+1.599* 0.185+0.040° 86.26+2.949"

PA3 0.944+0.095¢ 87.09+1.300° 0.233+0.047¢ 82.7143.486"

X HEZH(CG) 5.132+0.421° 29.8245.762¢ 0.816+0.093* 39.45+6.890°

T R FES PR A ARG TR AR R Z A 135 25 5:(P<0.05), B AIRNG FRERIR AR 212 R 6
T35 2 5(P>0.05),
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{H5 PAL F1 PA3 4 W % 22 57 (P>0.05), Hirb PA2 R F &\ B, N 87.74%. W& KPP W LM,
ELT 19dA s, YA M5 EIFAHY ¥ AL KB (Jussiaea stipulacea Ohwi) 45 6 25 I 5 5 1% 7K
H TN SOR S5 UTK A I SR 3 (Elodea nuttallii) 454 R B0OR B35, TN 2B R 70511k %) 98.01%,
X5 A 7T 45 A — 3K

HH 14l 4(b) AT UL, PAL. PA2 1 PA3 ZH 1Y TP ¥k B2 [ AR (19 R 8 KT P AR 2, fr6d
WIRGEREAG, M 1.348 mg L' ¥ £ 0.185 mg'L™', B Wit FHE; 2L R 3 4 TPk
KT P AN R ZH (P<0.05). 3 & W45 48 11 RN 7K A 4 W 3K 5 1 FH 5 BR 35 5H B 7K v TP R
hf . PR R E B RS . — i, KA AR T S K= R R, e AR
W ARCDX, AT REINAT 5 PR O B B TR, AT B T R 2SBRTT A — L, KR AR ] A B
W) ST, DT I W 6 R R A AR v ) [ AR VR, K 0 o A T OB S W R B 1 R R
M3 3 4L00] TP ¥ BT 3% 22 5, X ] BB AR Fh A K AE A R R B — e AR i T 5. sk 4 iR,
PA1. PA2 1 PA3 411 TP Z:FR# I 32 KF P 4RI XS B4 (P<0.05), P 4 i 35 K F X B4l (P<0.05),
Horp LBR R KB R PA2, KBRFE N 86.26%, WA T T8 P BEGY Hh TP (1 25 B R (25%) AN [
Al AR 5T R TP A 25 BR R (60.32%)

KORNERPY BF5E R W], A 25 1 AL W e A S s B . 5% AL RIIOIOK AR T i G HLE R BT, %
FEFHRBK TR TN, TP A B B Mk /E ] . CHRISTIANSE 4P i 5y B, FA/K b i ms o2 &
BURAMREE K A AW B W s AR T W BN AN BB B DT UE AR T S IR AR I B, A S IR T I 45
o FEE, ARBFFE A, SCG i vl SAKA YRR P EE R, BT A S0 2 BR TN F TP, &
G 2 B ML B2 R R G A A0 R S S A AT WL AU P e LA, K AR AR W R s IR K Y TE L
A, MR #E KA AR, BT SRS &, MRAEAY ™ AN R IR R 0T Rt 6 40 8 4 it
HRMME A, A TOeEMEn AR Ea, dEmmbs LAy TR, Bl — 1A
(R0 JH, I ASCIIGE RRACRE K P B A . BB R EE S 2 M5 Ry A
PO IR A MLBE RO G 4l T A5 A DR WA R B SR AR AR AR, T2 SR A A R I DL E
HLBEPO, -P I AU BRI o, e K AR A ) WO AT BBV T B2 7K Bl 35 o
3 %ig

1) 6 A 41 TR 5 7K A R 3R e A 2 X s S0 7R O il 3R B R UK I v AR ORI T A A e AL
TAN. NO;-N, NO;-N. #EEAHLY (UL COD it). TN I TP ik & ¥1ih 3| Rk 5758 e /K HE K )
(SC/T 9101—2018) B —GL HEMUhR1fE, TSS ¥ B 343K 1] — S HE b o

2) A A 2SR AL (PA2) XK b B e B, SBRACR A 4f, TAN. NO;-N. TN. TP Fl#E
AANLY (2 COD i) MK EE T 9 d NI E /AKX, NO;-N Fl TSS F 15 d Bf [ E & Ak, X} TAN. NO;-
N. NO;-N{ TSS, TN Al TP () 25 Br R K F 86.26%, COD ZBRFikF 34.07%. wii5 Y 2 4R M
T, GH AR AZESE S A A B+ RUIR 35> A A B IR B> A R

3) EMEEMDOE A MK YIRS F gl b, 23 (A2) B R, XA KRR 4.61%; H
WHRURE (A1), X AEREHR 3.90%; IR (A3) A K&, MARKERN2.37%,

4 JCE MW HKEMY FESR . RURE . IR W EAFEEN, E856 —ERELEHE
(TR IK S5 5 BB 7K AR Rl — o B K A M, RE R R Ak R A /K I BE T o
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Purification efficiency of Takifugu obscurus aquaculture tail water by
combination of photosynthetic bacteria and aquatic plants
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Shanghai Fisheries Research Institute, Shanghai Fisheries Technical Extension Station, Shanghai 200433, China
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Abstract  In order to achieve the high efficient purification of freshwater aquaculture tail water, the
purification efficiency of Takifugu obscurus aquaculture tail water by photosynthetic bacteria combined with
one of three different life forms of aquatic plants Eichhornia crassipes, Ipomoea aquatica and Myriophyllum
verticillatum was studied through laboratory water quality determination methods, the changes and removal
effects of various parameters of water quality (TAN, NO;-N, NO;-N, TSS, COD, TN and TP) were analyzed.
The results showed that [pomoea aquatica grew fastest of three aquatic plants, Eichhornia crassipes followed,
and Myriophyllum verticillatum grew slowest. The combined systems of photosynthetic bacteria and aquatic
plants had a significant purification effect on the freshwater aquaculture tail water, the removal effects of NO,-
N, NO;-N, TSS, TN and TP in tail water by the combined systems with aquatic plants(PA1, PA2, PA3) were
better than those of photosynthetic bacteria group (P) and control group (P<0.05), but the removal effects of
TAN and COD were not-significant (P>0.05), but they were higher than those of control group. Among them,
the removal effect of the combined system with Ipomoea aquatica (PA2) was the best, and the concentrations of
NO;-N, TN, TP and COD decreased rapidly within 6 days, the concentration of TAN decreased to the lowest
value within 9 days, and gradually approached to the stable values. The final removal rates of TAN, NO;-N,
NO;3-N and TSS reached 94.34%, 99.7%, 99.11% and 97.23%, respectively, and the removal rates of TN, TP
and COD reached 87.74%, 86.26% and 34.07%, respectively. All the indicators, except for TSS, could meet the
first-level discharge standards in the Discharge Requirements for Tail Water of Freshwater Aquaculture (SC/T
9101-2018) required by the Ministry of Agriculture and Rural Areas of China. Therefore, the best combination
was photosynthetic bacteria and Ipomoea aquatica. The research results can provide a reference for the design
and construction of freshwater aquaculture tail water treatment system.

Keywords  Photosynthetic bacteria; aquatic plants; aquaculture tail water; removal rate; purification
efficiency
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