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B SERE IS Y, SBFEKEERE YRR, HHERNGRFENTE, FE
AEBRGHEBIBI, WIERFI RS EPEIFBOK, @GR T KEFERE KRR, B SR
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4 iR E K B K R b, SR Mk 75m’, RGBS 4 5 IR R UR ( Bellamya
aeruginosa Reeve) F11 25 = F WLk ( Hyriopsis cumingii (Lea) ) MV T H B, 4R#EI( Carassius
auralus) 840 ( Lateolabrax Japonica ) B VL7 BA KRB 23 ml4R 44t
1.2 K%
1.2.1 KBt

Wt ERFER IEM R 2 AL B, AL BRI 3 AT, X R M JEIF AR 4. Okg
B VB E LS. 6% 85 0. 58% )450g/d, KR A 8m’ - h' , BRTAE2 K, B
30min,9d — MBI (JEFF M RIK 3m®) , 353817 54d, 48 DI SR Ske BT IHRIR 2. Ske
=W, RS B U RS A 3 BT 300g, HRIEFA 100% , B IR A DL E
RS, 148 RIBSE 70g 4850 20g I, fHa: A B i H B 2 A A OCE HH + 27
B + MSALAR T + AL, #ifk 2.0 x 10°cfu/L) .
1.2.2 HEBRG LB

AR LE 1,

wram] Bk [@® M| di | waw |

Rl S AR i A

A1 BB SRR A R e

g 1 The flow chart of algae resources utilization and aquaculture wastewater recycling

1.2.3  SHriixETr

R, B R GB7489 AL (LR AR, MR 5 Fk CB7488  JLIR A, GB11891; kB 1
&, IR 1 GB7479, iR B HIFR K I T SR B AR M (GHZB 1 - 1999) fif kR Al E YK
BRHIEETEN T 4 L R R A2 B8 (NH] + NH,) 3, Ko 3E 8 7 &R 1845 A
0.020mg/ LT8R . MRREL, 550 D006 vk W R ER, o0 66 & ik, GB 7493 - 87; &
B, SHRRER AL G H: GB 11893 -89 kAR AR, EM MR, CB 11914 -89 ;R K a, 7
IR, WHAAE PR YR E R BHMERITER",

2 HiR

2.1 KEFEIBIRPIESTE
B2 Bon T XA JEA A SR DT &5 A DL R A A 3R IS K O K AR o 48 TR

BIRR SR, XA KRS TR R L S, B 36 KK REEMRE, Kik
BEREEH, OIPPLTFE, B ANSE, FH L i7 EfRm ok, 5+ B h R TR E S,
HESWIERKIEE TRABIAE 1800 5507t fE30 0 i A & TUE SR8 b L a2
L, ERE T RS, Y ab B th K O o & TS AR B9 fL B 2R B 3N , A EH R Geab R
BB MRS E W s SRR K 20t R G AL BE 5 I I 0E 30 35 fa it , T 3R 5% M i Hp & TR AR AR AR 3R
KIREHFENS , Bi7 R AUBEIRK, TR Bl K, ARE KRBT, RE L1 54d 217
&, R B A T B K i, R BR /K S Bl ok 3
2.2 REPEEERDR

- Xt ERfa R TR A B FA VLR B0 0. 84% (0. 33% 1 2. 89% , MBI F ba fa S K
Pesr 310 0.36% 0. 11% F1 1. 45% , 535 %t B B 19 42. 86% \33.33% F150. 17% , GLit4sR
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Fig.2 Dynamics of TN, NO; —~N, NO; -N, NH; —N, TP and COD_of different treatment
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Table 1 The main nutrition in the substrate sludge

P BR/ % BB/ % BHLFE/ % hb 5
St HB 0.84 £0. 097 0.33 £0. 031 2.89 +0.28
Exan 0.36 +0. 045 ** 0.11 +0.001** 1.45 +0.18 **
H: xx BRERBEEE(P<0.01), FER,
2.3 AR

PRIGSAIR] , % B8 it DEEA 0 b 8 D b | 85 £ b L R K O (e W Ab B ) /K B 484 84
FHERR 2, A EMAKET 4 FESA BB M ERE LU R SRS BYH B TR
i, FRESERE TN RAN, SFTH0HT, TR AR A& TUK BT8R A Bt 2 [F] A 2 57
FKER BEKF(P <0.01), FEBKEIER. AT IEE, FARREMEESAIRBOS
I8, K AEAPIE R, BA SR BB AR R T EUE TR, ZRBREEKF, WIER,
DU i 7K it et , KRR BESE R A BT BT, (ER BB FIIA AR S FLx 8 £ p AT ik &
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BEEE g K G A S R LR R, KRR R SR TR IRE
FE KRR BT, 7 RSETHA N KM TN NO; - N.NO; - N &&(NH; +
NH, ) BB R4 3% 94. 01% ,94.51% ,81.81% ,97.17% . AbFERGxTHE(NH, +NH,) %
BBk, SR SERE R 3. 34mg/L, BHAA LI Z/KFRIER) 11. 13 £5, REEA B R KIRE
Wb, K T TN SEH{E H 0. 20me/L 35 F) 11 357k hnnE, BIA/KERAERT NO; -~ N NO,; — N &
S (NH,; +NH,) S EREER, KBl K RRERT HE, FFaE K S RGEAE)E,
HkHs NO; - N EZ(NH, +NH,) S EBZ2MAAEER N0, - N HifFiA3ItrEZR, H
kit TP By 2= R 3k 94. 17% , B8 M1 10 KK bruE, 435 H KK COD,, i) £ BRF N
71. 87% , AUFE 1L 2k br, 117 Bk B T IRK bR (15mg/L LAF ) 6

x2 FHEEAKLEHR

Table 2  Effect of aquaculture wastewater treatment

WEE, THSE/ BBy ke, @R BERE
pSY L B&E/ L
R BRmeL) o) gLy BROYD 1) (mgl) (mgl) (mg/L)
Bt 3.34 = 2.37 0.66 0.53 = 0.36 = 33.59 ¢ 0.32+ 3.84 =
A 0.27 0.16 0. 056 0. 049 0. 041 3.78 0. 045 0.44
0.33 0.19 0.12 ¢ 0.016 = 0.023 + 16.45 + 0.12 =
HEEZS 5.21 . 77 **
LR 0.032** 0.02* 0.005** 0.043 ** 0. 006 ** 1.44** 1.13** 0
R 0.69 + 0.38 0.25+ 0.13 0.023 + 22.89 + 0.11 = 5.66
R 0.21** 0.16** 0.73 0.33 0.042 ** 1. 11 0.032** 0.76*"
5 1.11 = 0.65 = 0.36 0.17 = 0.025 28.56 0.12 4,98 +
Q.21 0.17 0.077 0.035 0.065*" 2.78 0. 045 0.45**
Hk O 0.20 0.13 = 0.12 = 0.015 0.021 9.45 = 0. 0085 + 5.76 £0.76**
0.025"* 0.021"* 0.006** 0.049 ** 0. 006 ** 0.78** 1.16* =0
01 25K bR v 0.3 n. a n. a. n. a. 0.025 20 0.01 n. a.
N - 0.13
3 X 20. A . a. . a. .
ol K ARt n. a 0.0 0.12 NH3(0.02) n. a n. a n a 5.0

S R K IR R ARHE (GHZB 1 - 1999 ) w0 3 30 7K FE 5% 52 350 B AR 1 100 26 7K A HE (8 R o b K IR g o
(GB11607 -89) ;n. a. FARKIEER,

Xt BRI 4R R 0. 32mg/ L, WK AW B 139. 46mg/ L, 43 F 3T d i A0 10 27K AR
W, EREYBRTE - AEEREY RN R, 2318 2R3 085 DR A Y b 78
J& MR RS BIABIWNG I 2oKARiE Xt At th TS B 5, B ERRARELRS
Al K RARUE, 4b P M B R E AT SR
2.4 KEEEHAZEE . KBELNEKBFA
2.4.1 B IMeAaE KNS

BRI, FHSEHFREN A EN KA ZEHEEREERREXR, HEEF Y
y=1268.22+5249.6,R* =0.941 8 > P, (df =4) (& 3) ., HFEMNAEFBIERIEREG A
99% LAt , 3F B— BSR4 8 ~ 10 488, A KRG RS2 T 4044, DR i 8 1) 4% 5
BEARAR, RO K B AR IR, 54d WRAE ) BB N IFR A 2. 42 45,

M, ZAMER AR KMARZRNEEREENEN R, HEHFER y =
450.39x +101.2,R* =0.940 3 > P, (df =4) , D MEFATRTE—E 404 F , nBEAIERIK, &
I =R MBI B , USRS 3 85% ,54d WA M B i R JEK A 1. 88 4%,

FRKAEYBRBALEFAEOEREENEREXR, HEFFENR ¥ =41.409% +
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865.46 ,R*=0.929 8

MO0 g y = 1268.2x + 5249.6

12000 | - =AW K=o sa1g
—he -

¥ = 450.39x + 2101. 46
R? = 0.9403

y = 41.409x + 865. 46
R® = 0.9298

40 50 o4
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B3 MRGEIPRIE, = AN et a syt

Fig 3 Biomass dynamics of Bellamya aeruginosa, Hyriopsis cumingii and weever

2.4.2 XKIAEASREE

X B e it AT A R BRSO  AE R RAR K, B RGEAL G K (R 3 26 B R B
2o BRI A A R B A K A B B - BB 62 675. 43 x 10%ind/L, FE 35 £ 1t
3 26. 61 x 10°ind/L, 33 K (R B BUR RABFF AL B 2 355. 3 1%, BG4, HERX AR
BEKF(P<0.01), 1E3,

£33 BAREREDR

Table 3 The algae numbers and biomass

Ab¥ KT SN RENT M7 FE B ¥ A
BB/ (10%ind/L) 62 668.77 4.35 2.17 0.06 0.035 0.0l 0.033 62675.43
e HEYR/ (mg/ L) 128.34 5.77 4.26 0.57 0.04 0.43  0.046  139.46
. e/ (108ind/L) 10.23  9.54 4. 66 0.96 0.43 0.4 0.39  26.61
L HEWBR/ (mg/L) 3.24 7.87 3.16 2.42 0.77 0.96 0.99  19.41

RIHAE] , X IR AR A e KR B 2R A Y& 4 2 139. 46mg/L Fl 19. 41
mg/L, A B G R EYRIUI M BN 13.92% , 2% AT HEREIRBEKFE(P<
0.01), SHER/KABEIRELEYE 128. 34mg/L, K B AW R 1. 0% , F o 47 04 B B (Mi-
crocystis aeruginisa Kiiz) f 4534 L &, K F A YE R 120.30mg/L, S EFEAYEW
93.7% ,6 ~9 A RBEH ,ER T KE; EHMKAEERITEYRR 3. 24mg/L, 5 BEYE
9 16.7% , P BEREYERE 0. 032mg/L, (UL SAEYRK 0. 162% , 53TV L HF
BOHAYERT. 8Tmg/L, 5 BAEYEKN 40.5% , X EBEAMKEEDERZHBIKRIKE.:
S Y, KB B (Anabaena flos-aquae ( Lyngb. ) Bre’ b) (£} 4 Mt % ( Scenndesmus
obliquus (Turb. ) Kiitz. )%, fEH KLY BB ZHBRKIKE %8 E % ( Chaetoph-
pra elegans Roth) | & & 21 4 3 ( Ankistrodesmus acicularis ( A. Br. ) Korsch. ) | 2< 40 Hi 3
(Scenndesmus acuminats(Lag. ) Chod. ) F4RSRIHBERE . I IH], FEF fdth AR BT
T EY R 0. 032mg/L, XFEHAEYR AN Bk, WKEEWRE, A%HE7.8.9
=4 B 5 K KK 4, AR AL BE R AR A A K 2R,

2.4.3 FEFHEACABKEF A
FEIRIR = AN ET IR, W ARk A o 32K A VLR S HEAT R AL T X 7K A
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TR AT T4 V68 5 £ et 43 A MR DU LR BB AL B BB LR, AR T T IR SR
it (ORI R IBE B 3 780g, = A MEE DL 1 080g, B 8 N E & 3 335. 78g, Bk
88 DL SCRRIE T 4> Bk 7 115. 78g.2 203. 46g, 85 38 H 210. 56g, RT3 FE KA BE
SEURGHEHTIRE(F4),3 H3WEiTEBKEEE 133. 39z 8 16. 92¢g, BIAHSF
B8 DT LU 3R d KRR B, BRI KRB B 3Rk

AL ot R gt B Tk FUEAL, RE AR TE A K, 58 36 KHEH 40. 76m’ SR8 E K 9 [R)
At A B K ; TG Fe (b i TR A T 20 s A A v AL AR 3R /K 373 , X3 R 7K
J R, WA BRI

F4 B0 HEONERIERKER. R

Table 4 Weigting gaining of spiral shell, clamshell and perch as well as nitrogen and phosphorus removal from water

HE AR = fififa
MEd/y  ERE/e  ERBYs s/ EREe KRBy WE/s EBRE/s BB
0.84 3335.78 97.04 12. 14 1123.46 30. 46 3.94 210. 56 5.89

3 g

3.1 83 kR SRR R AR A

W 3K RS B B SRR )G , KRB 26 A B R R, (B4R 2k iR 1Y) B g —
AL 100mg/L B AEY B ALK B IR, MAE 48R =38R A i S0me/ L, 3% v e FR £ 155
139. 46mg/ L, NUA T B = YEtr v Em B AE/K L IR, Bk A KM= R 2R,

FIEARIBRETES T ELRENAN BB AYEEEENE W, R EX0RE
B T KA BE BT B TR B RE M L BB B B HER , 5 Vermaat ' BF S R — B, M
Stevenson' " #f% i FI SR SCFI B LR FE R — B, AR B R W, HE SR, 70 3 245 0 40 i 40 2 4
EHET FIBERLIER AN, ERFAGHIRIEBEM = A KA RERER Bk EAE
( Stigeoclonium elongatum (Has. ) Kiitz) 5 22RBEAE Y BN, X SHFE N LRBELRBEMHLT
BB R, 5 Van' > RIBEFINH S ERILBMIEPHELEREEESKBERIRS
WAL, BRI B A B K EKE, BEA AR RED B TR, RREERR
KA, KRR AE Y B FUKAR R A BT RIA, KRR FR A y =139.86 - 0.011x,r =
-0.964 6 > P, (df =4) , _EE2BERNRAHXHE, BT R NRKYEEMEHBERERE
K, B GKEE IR X, (HK TR 3 2H A4 K MK E 5% M 0 B4 46, Mulhol-
land " B 5E R U 1S R A B AR BEAINAR T B S W R R, TN 4 £ R A A KR AR
YERo SATH, Cuker™ A URE AU 3F 10 B INE 324 JR 0 VTR F A, AR SO St 48 S AN AL
—2. BT RYMES T BB e, FEFYEEUEIERELRENERANAH, &
SRR AR T, B R MR IRA SERFT LSRR BB L.

TG 50m® , 4 SRy £ b H B8 K /K T 3% 5 £ 08 0 £ 8 3R BB 3K 450 ~ 500kg/ hm? | ]
LA BUR AL 66Tkeg/hm” , JRAKSBASTT LAME R K 72 5 B B, 0 7T LAME At f 2 (Y, A s
2y Q2kg/hm’ , WIEFT I, 7T LR R FRMIEL 630 To/hm’ , SRA“ #1-48  1-#5 -3
YL ZWAEIK G A AR, RMESF R BERM, WAL SN B LR ERE,
RWH-=m-HERE-HAET G 2R A RERNNE REER,
3.2 SFHEAKESELMBEHRFA

HIBES ARG FTRERIZEFREMAEIYN B S LT R A RN, —BEBH TR
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7, REMARNORBEY S EY MRS Y EFEAE RS 18 KR A
SRG ERERERMMOKE A BENER, TEH T8 IR AIESY
R, I BB vl A B SRR E T Y, R0 R B3R B K 283 18 5 5 5% B B o gl o
i, X SR ERERA X,

TEAFRKEFRE SR X RBA T 376. 82, (BRGNS0 b 18 | = £ WAk A1 65 48 A=
YEMK P EMARRE 133.39, XA BB B ARERER T MAEY LB S E 24k
BMAEYHBREER. BESESIRSHEER, FEMLMRMLER. @%, K&
PIAL N B RE S A B MR KM R 2. 00 x 10%cfu/L, IR AL 40 & 3. 80 x 10°cfu/LI , iX
ABR X TR % WL FR R A R R 8, R B RAFER NH, - N.NO; - N & & ,NH,' |
NO; ¥ERHEMBRLFAL, BEEM/IRPICAME ERITE B LR
HELTFTHETA, HMREHEK, BHBERSHAEYOEEEZ BB
/b ,31d f7 ,4 R Prih BB T IG 157, 51 x 10°cfu/L 38703 13. 43 x 10%cfw/L, (B & F
X BRAKAE, S T 4R AR AR A Ok B, 56 32 R n— K B @i e 9/ ek . BB e 4k /N BRI
J R AR AT LA R B PR RIS, R IR R R I 4. 3 x 10 mgN/L - h, B i[RI 3E
K, BRERZHEN, P 31 KJa, BEAERRE 2.8 x10 “mgN/L - h, ¥/NRM 4 FREY
EEMERAERATEEHN, HFBER y= -623 x107° +1.8 x 107«
(r=0.77>r44,=0.74,n =11) , 2 IEMX ., ZPFFTHRAEEMEAR, Atk agmaE
YR, R RCE AR H A UG, B L4 B WK e A BT AL, ZFIRFF B OBl
A HITR R EER . R, BRI AEER, EEBRENERIERSF
X, ERETHEREA BT,

AWK RIS ok IR FER AR ERIEE, B EK PR EL R 35g/ke, 8 T
KAPHER 0. 57g/kg - do 1kg £ 4F 1d I 5Kk 1.5 ~ 2. Im’ (SR FKHEBMARHETTE) , 30
BALFER R RIL 0 KR BB SR, A5 L, S5 IR R A R B BK BB AL B e R A HE
IKIFBIAFAKE T KR, REBAXBEHRKFHEBERE, - FERBATUEKY
8 000m’/hm” , 3f H BT LIAA ROV /D SRR K O HEOR SR MT5 B . MR, AR ER L ER
NIBCTF BATHY, R IR SR AR N T A=A it — 2
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Recycling of Aquaculture Wastewater and Reusing the
Resources of Redundant Algae Biomass

HAN Shi-qun, YAN Shao-hua, FAN Cheng-xin
(1. Institute of Agricultural Resource and Environmental Sciences, Jiangsu Academy of Agricultural Sciences,
Nanjing 210014, China; 2. Nanjing Institute of Geography & Limnology, CAS, Nanjing 210008, China )-

Abstract: This paper studies aquaculture wastewater purification, recycling and reusing the re-
source of redundant algae biomass of aquaculture wastewater, from which recirculating aquaculture
ecosystem was adopted for several ponds, in brief, through Algae-Snails-Weever-Microbial chain
to remove the surplus nutrient and organic material of aquaculture wastewater. Result showed that
the average removal rate of TN, NO; — N and NO, — N was more than 80% , and the removal
rate of total ammonia( NH,” + NH, ) was the highest, up to 97. 17% ; the removal rate of TP and
COD,, was 94.17% and 71.87% , respectively. The mean content of outlet’s TN and TP and
chlorophyll reached Category Il lake water standard, COD value reached Type I water level, ni-
trogen and dissolved oxygen contents were in accordance with the requirement of the fishing indus-
try water quality standards. The ability of the high stability of the system can control algae popula-
tion structure, and make full use of water algae biomass and nutrients, so energy will be transla-
ted into higher prices or shellfish and weever to increase aquaculture efficiency, hence this system
can not only save water resources but also decrease the discharge of wastewater.

Key words: water resources; aquaculture wastewater; recycling; algae resources utilization
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