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Study on oxygen increasing effect of spirulina in aquaculture

sewage and a prediction model

Zhang Baoli
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Yang Fan Li Guoxue Deng Songlin

Abstract The oxygen increasing effect of spirulina in aquaculture water was evaluated in this study. Ex-
periments were carried out at different salinity levels (0%o, 10%o0, 15%0, 20%0, 25%c, 30%¢, 35%0) , BOD,con-
centrations (20 mg/L as average, 40 mg/L as maximum, 180 mg/L as CK) and spirulina dosage levels (0 mg/
L, 50 mg/L, 100 mg/L, 150 mg/L) separately. Results showed that spirulina grew fastest in 20%o salinity,
perfect effect of increasing oxygen could be achieved under the condition of low BODy, the optimal dosage was
100 mg/L. Furthermore, a prediction model was constructed to forecast the changes of DO after adding spiruli-
na. The verification test results showed that the model indicated high fitness between simulated and tested data,
which could be used to predict the effect of increasing oxygen using spirulina under certain water quality condi-
tion, and provided a better way to improve the quality of aquaculture water in seaboard.

Key words aquaculture sewage; spirulina; oxygen increasing; prediction model

T [ X AR 37 58 3 32 B4 T U MY T 10 =
FI, 2 2005 4FFF5 IR AGA 33 7 £ hm’ (Hidikok
FEH 10 5 hm® A A7) 1, IF Bl 55 Al MBS A4 R A
PR 9 388 i BAS B R 09 48 0 R %5 AN 4R 2 8K
L RRE - EE MK R H R
F I ool AR 7 R T R & R, Bk
HIE GG H 25 R T R K AR T K 3R
BTG5 7K 25 R A 0 PR AE B i S e 35 /K G i
b T K R IC I KRIEERI, 75 G T X R 37 58 X K 38
FVRI T KK A B T, 8 5 R K 3T 1k A5 2 A0 5 i
TR FE , 38 BT MR 7K U il S AN 2, RS ) 1%
HREGAE K SRR S T A e T e R R kA

— M IR 5 K ) R E N PR R AE 5 ~ 8 mg/L,
AR B ARTE 3 mg/L o F R /K ™ 55 A 08 A S it

EEA T K A LA fb o 3 R 4F
J7 ¥ AR Tk 2805 1 AR B AR BB T B AN A B
AN BE MRS L ffp PR K T 46 ) L. AR AF S X 6F AR
FrBE K 7 A AN AR T EOK R 22, LRI 2
S I SRR 0 T AL 4R R P K A A 0 4R
RGUAL BT I% AT 1 5T X SRR B K AR AR W Ak B
ARSI ST T TN R B SR OR Y B A T

E TR < E 5 RIS R i 576 B B 5K % 301 (2008 2X807209-

03-3) 5 “—1" [E KB LRI H (2007BAD8IBPT)
W fs HEF.2011 -01 -13; f&iT H#4:2011 - 03 - 02
TEEB N HWL(1987 ~ ), L, WL AT T A, 32 2 A = [ 14 % 77 4 b
PR B AL FOK 5 Y TR AT R AR
E-mail: yangfan19870117@ 126. com
= 18 THIEE R A, E-mail ; ligx@ cau. edu. cn



3002

w5 L

o
=

il %6 5

FFREAT TR IE 25 SR AR W], B R A e ) B
FAETE D4 Ja A BRAR B TG R R B T A R A P b
T3 ANER B P AT 3 52 P 2R 7= A i AR

1 XBHESHH
1.1 BMBSRE

AR 30 JE T I Tk XL I i T A SR A
W i5 7K, Gk, 7K BT Ry (4 R 18 T AL 21 ) SS .
(11.9 £1.25)mg/L,COD; (50 £ 1. 83) mg/L,BOD; ;
(20.5 £1.50)mg/L,
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Hi AR 2 Be 15 35 09 il TR i€ 3 ( Spirulina Platensis Gei-
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f£ BOD; 20. 5 mg/L ()75 /K v, 35 B 1 B 40 5
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FI| 20%o , 5 KA [] Hsf Z1) BCAK A 00 22 7K AR I8 i 4o
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Table 1 Status of spirulina growth under different salinity conditions
Hh e 1K 12:40 %2 K 17.00 %3 K 17:30 %5 K 1700 %6 K 1700
(%o) oD SR oD Hh WL oD S oD S oD S
0 0.26 K&k, 0. 140 K AR i 0.203 IR 20 0. 178 e ¥4 0.301 FiaAE K
10 0. 260 Ik 4 8, 0. 260 KEg 0.304 ng | 0.339 Bl 0.398 R A R
15 0.261 K&k 0.238 K g8, 0.294 R 0.281 pERne | 0.394 TR
20 0.262 KEg 0.265 KR 0.310 W N 0.320 W 0. 437 AR
25 0.258 K&k 0.270 K&k 0.293 FEEN 0.280 R 0. 405 PR
30 0.257 K& 0.310 K 0.221 g ] 0.292 P 0 0. 389 R A R
35 0. 260 K&k 0.268 KEk e 0.238 R R 0.290 B N 0.321 27

OB (OD) & AE N =580 nm B 5 f) 56 55 B {H .
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BOD, Jy 182.5 mg/L ()75 7K rft {3 0 85 Rt i A I
TE BOD, & 41. 1 mg/L F120.5 mg/L ft) 7K PRCR B
LR AERGEE N 150 mg/L A — & 1Y 1 A 3L
W MTE BOD, A 41. 1 mg/L DA} 20.5 mg/L 4b#
H R ETE S0 me/L R AE I 2R &2,
100 mg/L 4 ¥ AL B0y 3 S 2OCRAE W B %, B S
150 mg/L #3851 20 FEAOR 22 A8 W] 2, 4> ) Ak 3
A R RBIA B 20 mg/L DL B o 3 5 Y MR E o 4

2 gk

£2 20%HETARERE

SAAE FITEAR TS Je oK BT 25 41 A B8 & 4 B0 i &5 .
A T5 K BODg i &y, fof FHURE 3 10 48040 P22 i AT 0
BLPEAT — 5 (R HTAL 3, Sy BB e e B2 AL A5 R ) K T
AR, 7E BOD, 41. 1 mg/L L) % 20.5 meg/L %1
T ,100 mg/L #3219 4b 2 v, B8R TR B AN AF
TEMFIRAE FT 7R U0 H T RK 7 ik 4 Ak B IR A1
B2 iR A LA ERRE A B 4 me/L LA |, 58 42 i 2 XF
HRAE R TR o 150 mg/T 3 5 (A0 2R, & 4
T FAEAR , 3% S ph W2 e 5 25 2 DR K, 7 % 4% 1R DI iR
S5 IR A T e U0 1) AR E R A AR RS SRR
11,100 mg/ Ly g A48 8 4t o
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Table 2 Effect of spirulina increasing oxygen in different concentrations of sewage and algae

BODy 182.5(mg/L) BODy 41.1(mg/L) BOD; 20.5(mg/L)
ch| B (mg/L) BB R (mg/L) Bkt (mg/L)
0 50 100 150 0 50 100 150 0 50 100 150
13:30 0.43 1.88 2.25 1.25 0.23 1.49 2.84 2.55 1. 65 2.18 2.55 3.08
1430 0.00 3.05 4.96 4.82 0. 00 4.12 7.99 7.34 1.04 4.51 8.56 6.88
1R 15:30 0.00 2.70 5.86 4.13 0. 00 4.46 8.64 10. 07 0.00 1.85 9.31 9.16
17:30 0.00 0. 00 5.56 5.56 0. 00 4.45 9.85 9.09 0.00 1.95 8.94 8.81
19:20 0.00 0. 08 3.16 3.16 8.62 4.28 8.383 8.55 0.00 0. 80 8.84 8.72
4:45 0.00 0. 00 0.00 0.00 1. 15 3.02 2.31 2.13 0.00 0.90 4.31 4.01
F2R 14:00 0.00 0. 00 0.00 0.35 1.33 0.72 25.20 23.5 0.00 8.87 22.3 21. 45
17:10 0.00 0. 00 0.00 1.46 2.45 11.00  23.40 21.5 8.27 10. 47 23.8 22.7
5:15 0.00 0. 00 0.00 0. 00 4.44 5.30 7.46 7.22 2.55 5.40 0.41 0.20
F3R 14:00 0.00 1. 46 10.40  16.44 3.19 12.30  26.70  25.89 2.89 12.10  25.13 24.35
20:50 0.00 2.27 7.99 11.00 3.29 8.08 19.87  18.44 2.35 10.0 19. 00 19. 15
¥4 R 5:30 1.79 2.02 3.59 2.84 4.19 4.03 6. 80 6. 15 3.51 4.44 5.88 5.58
Y < 3 A (/)3 U R
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2
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=0. 1482 x 10 *m/min( T =20°C)
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I, Co,

Man = Moo+ KCT) - K, +1, Ky, + CO,

. N . P
Ky +N K, +P

(4)

Kb

M})H‘?.S'pH =9.5 W, B WE #E Y e KA KR,
Bono.s = 6. 585 x 10 ’min ',

K,—— 63 1 Micheals %" K, =23. 5 klx;

Keo,——CO, #J Micheals ¥ %, K, = 0.0495
mg/L;

Ky——N ) Micheals % %(,K, =0.2 mg/L;

K,——P ) Micheals ¥ #(,K, =0. 02 mg/L;

€O, NP KA CO, NP AU B

K(T) T AR T

1, ——7K R h Qb6 RESER JiE

ACK(T) iR BEAE IR 7 3Rm I F -

(1.0478) " 17Tl 233C

K(T) =! 15C<T<43C
O(HEARIET:) - T<15CH; T>43C
(5)
B. 1, KR h A0 BESR S, W] RROh
I, =1, - exp[ - h/cos® - C(1) * ¢] (6)

K h KB (em) 5 & HTHIGRE
C(r) JRBEBR Y @ KBHYEAS A
INUN [,
3.1.3 KA M HR Ak Bk R R AR R AL R
BB i 5 W RV FH B 220 B AE R AT A W AR
i CO, Fifig i, FEAUCR AT LFR R T
F, =a-pu, - C(1)

(7)) F A FETR L, AR R
by = {C X T + deveeeeeene15C < T < 43C
' OB HEFEIET) - T < 15C 8 T > 43C

(8)

(7)

€ =5.03 x10"°C/min;

d=7.545x10 ’min ' (C .d ¥I ¥ H) .
3.1.4 KK EH YL

KA R RE E A ALY TE A W AR R 43 i R
AR AT R A
F, = Kc - BOD(t) = Kc - BOD, * exp( - Kc - 1)

(9)

A

F,—— B 2;

BOD,——#] 4 BOD ¥ i ;

Ke—#E A WL W 70 i 8 R N Ke =
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% Ke(20°C) =1.004 x 10 *min "',
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KAk CO, Mk A {5 DO —FEAR & 24, AT
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dco " "
2 = CO,EX + _ZRN - ZRU. (12)
1= J=

dt =

K :CO,EX: Kk CO, H RS H CO, ¥ Hl
B K ZRPi KA CO, AR ZR,j KR
CO, 1y #ET |

A. CO,EX Kkt CO, H5RA CO, iy %
H & 5K DO MR R RLEE, 7T Rk .
_ DCO, |
= (13)
A H:DCO, : CO, 43 FY MR Z A5 TR PEIESE
H(ﬁﬂfg{%,
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CO, (atm) :/K{Kh CO, 5 RS CO, §7H#F-1
Iy CO, PG FIHR B .

DCO, 4 )
=0.1482 x 10 "m/min ,CO, ¥ HH FK
5 0, MAHA

CO,(atm) : iR T, & i CUOEEA KL, H
MR PR

CO, (atm) =Km + PCO, (14)
- logKH = - 2385.73/T + 14.0184 - 0.0152642
- T +1-(0.28596 - 6.167 x 107*T) (15)

I1=0.00147 +0. 0359 x Cl +0. 00068 x Cl, (16)

[Cl7 ] =20%o0,

B.JK{k CO, j= A

IK AR AE R I, 23 W 3 O, T CO, , N
KA CO, 1 — 77 R,

Rpl = Yco, "M, C C(t) (17)
AP iy, : €Oy BERLR KL, veo, = 12837 sk
FEA W BUAE BUE W RYAE T R s Wl O, ik i
CO,, N CO, T — A,
R, =B+ Kc+BOD, cexp( - Ke 1)
Krp:B:CO, Bk REL

fB & BOD (143 fif I LA T 18 BRL %) 0 25 OF i 7 72

TR

(18)

(CH,0), +60, %6C02 +6H,0
i o KOk 7S .8 = 1. 375
C. K fArh CO, TEFEUE
TEGA VE T, 7K A A 4 5 5E 3 W U €O, , BT
0,,CO, HIHFE

R, = yeo, - 1, - C(1) (19)
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AN PR 15 7380 BE Sl KR — 0, BORT fn
fBE «
(1) il b 7 pA il 2 45 Ak 24 27 — 25
(2) il v SR 98 25 b 39 23 70 A
(3) &+ BOD DO NP il CO, 45 Jii 75 /K {4
A Ak A 35

A/NRTEBHE HOGIR = WHEAT S8 5 i XL TR B
TR A T 5 BT
3.2 BRREEEREHFRE

TR DA AR K T 2 3 5, R K AR 9 i DO
CO, NP A FIK 5 25 A Sy — A B D I K
i 55 RS BOE i AR BN K A B IR % DO
CO, N.P .BOD K Byt iy fb . MRIEHIR 3 7)

S, M Basic i 5 i i B ALY o
3.3 EBIIIE

T PEAY T RS TR RN S BN T ) 1 R IR AL
TR 2270 B, 75 XA R R AT B0 E
3.3.1 BiEF ik

P b ST R R X 0 BOHE S 50 8] R S
B 5 KoK B (3 3 A TR 3) dn AR XK
b i 2 00K BT 46 A (8 22 A AT B0, O K
A it AT I [ 728 A ) A58 AR S 400 45 2R, O 1 B A A
45 X S IAE 05 B o

x®3 TBkKR
Table 3 Quality of sewage (mg/L)
21 5 DO BOD; iy TN P
1 2.55 20.5 100 25 10
2 2.04 41.1 100 25 10
3 1. 49 41.1 50 25 10

3.3.2 BMATEMRAE

BT A S L MEN B A HELmE 1 ~3
FE7R o

LR 2 A 3 a] A A S A AR
PR PE . Gt BOR G B, e R I 45 A
2% B 1SR 0T S A 1 005 AR AT

3 ARG I6 4 Sk Bl LBk 1 1 2K A, T4 R e
R G B FA A5 S L ORI ), kA 7R W] MR

24
2 — L
16} o SLBRAE AL

TERAIRE (mg/L)
o o
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12:00

0800 11:00
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51 4 E X S A A LA O

Fitting situation of calculated and

17:00 24:00

K 1
Fig. 1

measured values in the first group
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Fig. 2 Fitting situation of calculated and

measured values in the second group
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