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Abstract: Owing to the protection from cell wall, biological conversion efficiency of cyanobacteria is low in anaerobic fermentation. Appropri-
ate pretreatments can adjust characteristics of cyanobacteria, and enhance the efficiency of anaerobic fermentation. In this paper, the pre—
treatment of heat treatment coupled with alkali method was studied. The effect of three main pretreatment parameters on the decomposition of
cyanobacteria was studied by using the rotation combination design method (RCDM ). The SCODcr was the response value of RCDM. The re-
sults showed that cubic polynomial mathematical model could be good fitting fluctuation of SCODcr in difference combined pretreatment pro—
cess, the R? of the model was 0.983 9. The experimental verification display: 3% NaOH, 78 °C heat treatment for 5.6 h, SCODcr of cyanobac—

teria was 5 446 mg- L. While 1% NaOH, 40 °C heat treatment for 3 h, SCODcr of cyanobacteria was 2 570 mg-L™. The effect of pretreatment
on biogas production rate of anaerobic fermentation and degradation of microcystins were also detected. Compared with the control group, the
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optimized pretreatment cyanobacteria increased biogas yield of anaerobic fermentation by 4.72 times. The study also found that dry algae pow—

der from anaerobic fermentation of pretreated cyanobacteria, did not contain MC-RR, and MC-YR content was 0.58x10% p.g-kg?, and therefore

could be safely used in the preparation of organic fertilizer.

Keywords: cyanobacteria; anaerobic fermentation; alkaline thermal pretreatment; rotary combination; microcystins
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Table 1 Physical and chemical properties of
test cyanobacteria and inoculum

WiH  MAME/mMg-LT TS/%  VS/%  SCODcr/mg-L* pH i
P 1 455 14.7 10.6 1 260 7.21
Al 245 2.38 1.47 1875 7.08

1.2 TR IE R IGIE RIS A R
KSR A BT (LR 2) 0 58 A 2 A T Ak
T2 P i i AR BRI R AR PR ] 3 S F S
A P S 0 P 0 AR ISR 45 T AL L T ) o
¥k 500 mL, #5 HEREAE UL FR 1, il Ak PR &, NaOH
FH R T R e LAl > B R 40 o AR
B Ry WA R, 25 G IR A B i s e Ak
PSR ARIRG AL A TRAL BE S H000 4T T B BG 1E 3K
35, FELAFAL IS W), (35+2) CHFT T IR E &
PRSI, DRAAUR TS IR SR AL 7.2 9-L7 VS,
IREAL BTSSR ERHR Y ol LOUIARFREL ) .
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Table 2 Code factor levels

A e it
5 B

BHE%  AEIRIREEC A3 E/h
FARE(+1) 3 80 9
ZIKF-(0) 2 60 6
TAKF(-1) 1 40 3
FEZ KA1 37 94 11
FEEAF--r 1 0.3 26 1
AL X 7] 1 20 3

1.3 (UFEEE

g e PG R 35 3R 4 DHP-9012; [t SPD-
M20A 0 AR a3k bk i COD-572 RIfk 2=
I A ; Sigma 5 2UELO ML SR B 7t
PR R T e B AN HE AR IS SRS
1.4 MEIEHRRA T HIE
1.4.1 WAbFERCR A 1k

B P LALE S 7 B A 8L 45 5 000 r-min 25
L, BTS2 0.45 pum JEJE S, I8 =% GBIT
11914—1989 | & CODcr, i}y SCODcr {H ., % fHDe-
sign-expert ZXF43 M FiAb PR SCODer H, #H47 —IKk
200 % A AL BT e G228t o
1.4.2 JREKEE ™ ENITTE

I AR R A R IS 7€ 105~110 “CHET
ZIHEE,600 CLERIERMEREA, RAZEREITEE
KRR (VS) frid o SR FHEK L ISCHE I 5 IR 450 1
FRE, HRIRER I St SR PRI L, 1]
A B 7 R R AR ) 7 AR
143 HEHRNE L EFEITE

43 IEL 4.8.12 .16 pL 1 20 wL ¥ Ky 10.0 pg-
mL™ #EH R YR FIEEEE R RR JE17 5 800 AH (3
T o AR 2% W TR R, 22 AR R 28 . HPLC 46
W) 4% 227 - Shim-pack VP-0DS 250 mmx4.16 mm ZD
A, AR A 40 °C, il AH N 60% €4 1% FH #£(0.05%
RFLE, TRA) i R 1 mL-min™, $EFE i 20 pL, 7¢
P 238 nm T iEF AN

BUR W PR (560, 7E-20 .4 “CARAETF U 2
@l 5 ¥k, T 10000 r-min™ 4 CF .0 10 min, i 4E F
W TEE.OJE MBEle DTTE Thm A 20~30 mL % 5%
CWE, #FE 20 min f5, T 10000 r-min*.4 CF &.0»
10 min, WAL BT 5 SRS AE B0 5 R DLTE Hom
A 80% (e, FH i 30 mL, i A UL TE B FE 20 min, 2.0
WCEE B35 W5 e 2% (75 °C) 25 Bk e v il R B S % 3 9K
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{1 FH SPECus [ AHZE U/ I 204 7356 5 28 1) [ AH 4%
B, Je 10 mL o %2 F R 1005 15 Ak, 27 15 mL 44
KM, ARG TFAG P PRI R, 2 Cus /INVEE,
P HIAE 8~12 mL-min™ P4, 285 F 10 mL Zfizk wsk,
209% 1) 0,35 I RE ol e 4% T, T 40 mL 60% HH i
(0.05%IAFR LY, TEA)BEMEIF IS AR | IieZe e aizz T, 11 1
mL 60% 1) F B fift R 4E . 3 0.22 pum P 2 2% 5
JE AT HPLC AGI , MR 98 O A A A v i 2R 3155
(A TE 25 R o, 00 BCAE i I R T T 105~110 “CHt+
FEE AR E RIS T ETEREN S5,

2 ER5HMH

2.1 TR IBEI IS R D R UR R
a2 2 Wit ik Ie 7 X i B T AN [ S 5
AR ARTE BRAL B, I A5 2 A B S R Y
SCODer {H, 45 5 .55 3.
A P S 06 25 B (3 3) , AN [R) (R A B
FROb B R AL L ] %) 2F A X6 s T8 8 VR i SCODcer
M BRI 22 5,8 555 A 1Y 3. 7% 1] & .60 °C

3 WIERAIE R E R E RS RN
Table 3 Effect of alkaline thermal pretreatment to
cyanobacteria degradation

RIS PEHE%  PAERREE/C Zh3EAfE/M SCODer/mg- L™

1 2 60 6 4 389
2 2 60 6 4 607
3 1 80 3 3584
4 1 80 9 3769
5 2 60 6 4 478
6 0.3 60 6 3225
7 3 40 3 3960
8 3.7 60 6 5 457
9 2 60 11 5029
10 3 80 3 5 059
11 2 60 6 4 559
12 2 26 6 3540
13 2 94 6 4020
14 2 60 6 4 688
15 3 80 9 5380
16 2 60 1 2 764
17 1 40 9 2593
18 1 40 3 2 570
19 3 40 9 4 496
20 2 60 6 4704
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Ab3 6 h, B A R T EE 4, FL SCODcr {5 457
mg-L, J& 18 552862 (2 570 mg- L) iy 2.12 %, Ut
HF S 30 o e B 3 S B T 4% T A R R S 50
(] 5 R A U i A A7 AE B I 25 57
2.2 A E TZHFEBRET

Wt 3 HB AL B IR 25 S, AT ik 200
B mEHLE, 7 15 4 SCODer i X% fisl Ak
FRACRE | PR PRI LA R IBE Ab B ST (1) rrég iy 4SS 7R
B R G 2EAR bR W3R 4, 5% 25 000 (B DTS
Gt F I LA ShREE i AR ) A =R

Y =4 572.29 +663.58 xA +142.70 xB -162.35 xC -
25.87xAxB+81.13xA xC-90.79xA2-289.14xB2-247.95%
C?+378.92xAxB+133.80xA xB2+295.48xC?
oY g sy 4 SCODer i [ {E (mg-L) ;AR
ToAL b B (%) s B SR B (°C) 5 C ik
A WAL AR ()
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Table 4 Statistical index of the model of alkaline thermal
pretreatment to cyanobacteria degradation

AL 5 ARXF 22 CV/

N ek 3% [ 2
KAIPE o S % HWidE  RA
0.669 5 0.09 2.69 33.665 0.983 9
Residuats vs. Predicted
3.00
% 200
E 1.001 &
E - - -
S 0 (]
+-100{ = - - -
g
£ -2.001 -
=
-3.00
2 500.00 3500.00 4500.00 5500.00
Predicted

1 &iXI44H SCODCr K52 5 17 E
Figure 1 The residual analysis of SCODcr in test groups
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25 Kb B R 25 /K SF- X i 38 SCODer (1) 5 M 25 5 I,
&l 2, fHIE 2a AT LA, BlGEFH 2 A3 N, i PR
TAHASCODCr (LI . (HAERR AN [F] BB vk i
SR, WETETESZAY SCODer {1 5 AR ] {4 6 h
INIRIEASG, 4RELig ik ¥Rt [E] , SCODer 34 mLz g ,
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Figure 2 The surface drawing of alkaline thermal pretreatment
response surface model

X RIS A T B R A BRI S R &) 2b R R
(80 °C) 2514 F , w4 3 e 5 388 o B, 5 9 8RR 1Y
SCODcr {E M 4 000 mg- L™ 1% 5500 mg- L, fiK &
(40 C)IALFEAE T, B0 B P 199 e o P 2
SCODer {E{V A 4500 mg-L™* 4247, BHEALT 80 °C4%
PFF ()W 8 8 i SCODer i, IR AR B 25 14 T A9 5
HEAL S (A UE R SCODer {E Ik T 4 000 mg-L™, AR¥E
SR 2355 ] 0L A AR AR SR A A Bk PR B T2
A S B0 K M P s e e 3% SCODcer FHIAE y - 4 3t
AR R 1 3%, ¥ il 78.2 °C, Ab ¥R [H] 5.64
h,#3% SCODcr &4 5 479 mg- L™,
2.4 FAMERRAL S5 HOTRIE KT

% JESLPR IR A], SEH 3% HK S &, 78 C
AL PRI E 5.6 h (Y FILAL BB B0 H5 e A0 ] 3 Y,
1308 SCODcr fIAME A 5 446 mg- L™,
25 BRREABH &ES[ER

FFAAR 5 BB PR 35T 2 AL TS e L 45 5]
RIS T DA R BT, ANl 3 Irvn . TIALBR S 1)
BRI RIR AR N A IR 1T 2.d B9 H =<y
KT 35 mL-g™ VS, 1M A £ T b BH ) 5 788 78 IR 480 K I
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Figure 3 Anaerobic fermentation biogas yield of cyanobacteria

treated and untreated

M5 4 d ATRF R H PR, Oy 125 mL-g™ VS,
ICPEAL AL B AT e K H < Y 35.3%. it
SR, BRAATIAL R R R R 425.4
mL-g™ VS, BRI HEHE ) 4.72 1% . AL PRS2 fY
PRARK BT 20 d 77 A T 5 mL-g™ VS, TR T
Qb PRSI 20 R A RN R A AERT 11 d
26 RELXBEREHLZEKE MCs @ERTHRE

e da firzs, SR RO 3545 MC-RR
1 MC - YR Fr #0918 1 5 F2 53 58« Yve-re=
5 335.5Xycrr( R?=0.977 5) F1 Y yeve=5 650.6X ycvr( R?=
0.9317),

R 22 TR 3N 28 2ok T4 3 ) 0 R A R A K B B
Bt ,MC-RR 1 75 it FRARIA AL R, i ROBOAH (35 4G\
7N PRAAULTE 1d F13d 5, 2SR BERRE S A A H
MC-RR( VLI 4b) , S5 & BRI B Kk it i MC-YR
Ft MC-RR BEXERFfE . PR BRI, R 2840 B AY S
BEMC-YR B4, PRAUSONE 7 d, KT MC-YR
TR, 4 10.6x107 pg kg™, A, B R S E R
W RE, BIREREEE 21d, BEHREEY 2x107

140 000 1
g | @ y=5 650.6x
s | = .
- 120000 |-
= R?=0.9317
£ 100000 | W, o L
I= 80000
g H e
= 60000} i # MC-RR
& *, % MC-YR
E 40 000 > - .-*x eass é’;‘?ﬁ(MC—RR)
= 20000 M Rin09775 T AIRNEYR)

| ¥ =0.
00 ................. P T— TR P E—

R R A A /102 pg- 20 pL?

pg-kgte ZJE, HERE AR, MC-YR F i 54
AT B o T 28 T A B 3 DR 4 Ao e v 8 B
R YR RZW MG DRSS A, S
H1f) MC-YR F#{%3 0.58x102 pg-kg™,

3 itig

TERT I R H A B0, AS[A]) NaOH ¥ B2 AA
[] 4 A A 2 30 B8 DL R Ak FELRE 1) ok 14 3 1) 240 R 2R it
RORAEAEZE R o ASCRAITER A AT (R )
H 2R 13— 2P 5k P 3 T2 4% R R 2]
VIR S SR AR e . 38 3 AL 4 AR 3R M, & I
AN]R8 20 50k W 8 U8 1) SCODer {52 i AR
K, KM S R/MEZ A 22 2.12 %, 318 B AR SCE
B 2H A5 VT SIS B0 08 B S 5 5 AT LA B R IX A3 AN [R] T
BEO T BERE AR AR, EIMAE AR A A 25 AT
oAb 3 ) R A, R AN () A A o X 2R i L
FERCRA B 2 0, S BB R PRIA Y T B T 22
BT D S 2 1 W A L) A R AR TR IR
AR RENT BRI A T i A

W= 3 T (1 [l I Hh 2 A A 2 401 19>0.05 (3R
4), B =k Z WA 18 T AT RERY 52 R 14
BIE (RS ) H IS FE (Reke ) Z 25<0.2, A% i
7% (CV% )<10% , ## %% J&F (adequate precision)>4,R 5=
0.983 9, 5% 2= 4 Mr Rl B/ % 25 A8 Ak TE LA | 3X 2 45
T2 REAEFE AR P B I — Rk 22 101 X 5 S A5 8 4 -
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Figure 4 Changes of microcystins in anaerobic fermentation
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