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WO R REAALIT RSSO A A T L TC E AR AL BT S5, LS TE R SR, TR RIS 5 I B BT T AT,
WFSE T HIUR KRR 50% (Wson) .55% (Wsse) FIT 60% (W o ) FY Ak F X 3 AR 85 78 A 0t 7 e A st 785 3K (MC) R R BB ) o 285
W] HENE 48 d S, & AL SRS 38 O AT ILIEARHE B R 2R AR 808 T 85% ; 3 R B /K= 2544 1, I 4 0 2 12 43 3] R I 23.16%
21.71% F119.50% ; HHTR & ik 43 42 55 69.40% . 60.58% 1 43.89% ; w5 HL R 25+ 43 51 T W 50.30% . 50.09% F11 40.36% ; i JFi k. Z %k
(FABR/E BLR ) 4091 h 2.85.2.94 F12.23, 34 N 141.27%~240.81% . HEH] 48 d,MC~LR Il MC-RR S 39MKTF 1 wg-kg™', FEfiE%
1 T 95%; 25 AL 34T H , MC-LR Fll MC-RR B A8 fE S L, H MC-RR 1Y FEAR 3805 5 T MC-LR o W58 3R B, Wsoo Fll Wsse, b
PG R TTE WU S T, 42 = HEA T 0L, Wsso AL 3 MC 1) R A S8R IR 0

SRR« W T RN 5 B AR ; T B R
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Influence of water content on the maturity and content of microcystin in cyanobacteria composting

WANG Jing—jing, DENG Wei, FANG Meng—ying, LI Yu—cheng’, WU Juan, ZHANG Xue—sheng, WANG Ning

(School of Resources and Environmental Engineering, Anhui University, Heifei 230601, China)

Abstract: To explore and optimize the process parameters of decomposition and harmless treatment of cyanobacteria, outdoor composting
was conducted, in which rice husk and mushroom residue were used as stuffing. The objective of this study was to analyze the composting
speed and degradation of microcystin (MC), where the initial water content (50%, 55%, and 60%) was added during composting. Results
showed that the total nutrient content met the requirements of the national industry standard of organic fertilizer after 48 d of composting of
cyanobacteria. In addition, the germination index in these treatments was more than 85%. At the end of composting for all three treatments,
the humus carbon content decreased by 23.16%, 21.71%, and 19.50%, the humic acid carbon content increased by 69.40%, 60.58%, and
43.89%, and the fulvic acid carbon content decreased by 50.30%, 50.09%, and 40.36%, respectively. In addition, the ratio of humus to ful-
vic acid was increased by 2.85, 2.94, and 2.23 (ranging from 141.27% to 240.81%), respectively. After 48 d of composting, the MC content
decreased by more than 95%, and the content was less than 1 pg-kg™. The trends in the degradation rates of MC-LR were similar to those
of MC-RR, but the rate of MC—RR was higher than that of MC-LR under each treatment. In conclusion, the treatment of Wsoz and Wssy is
conducive to the formation of humic substances and improved maturity of the stack. In addition, the treatment of Wss; showed the best deg-
radation effect on MC during the composting of cyanobacteria.

Keywords : cyanobacteria; aerobic composting; humus; microcystin
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AR Bl A SR T I S N T S TR
PR R R KA B B SR AL E R PR, R B0 Bk AR
AR R, A B AN I 2 S R 2 R OR ]
KRR i EE 2R, o e 33 K (Microcystin, MC) /&
— 2 IR R T A R KRN A S T B
RO HET, AR 0 0 S PR PR F %
A PR AR J T RN S HE AR, AR 1 PR AR R T, B SR
BTG, X AR W BER A & L 8178 PR K A
B AR AR AL B MC A B R A W R S
SR RN 2 110 Ab P2 5 SO A 7 it AR TS 28 L 3%
M ZMC, B HEAFFEDAK, E2EEA
AR LATE A 5T 35 DB K 5 U Sk JEURE AR
F NN, WA S R L L C/N DL
K 53 X6 HE A8 B ol 2 8 2R R A Y S, 32 i o
APUTT AN C/N SEFRARH i HE T 2 75 24 T
J& JRARAE AR AN 5 A HLIE S 2 i s i 7
W PSR AE (R S PR AR = R R v S K A B AR
BAR KL ey HASHR TS bRt R, an o] ) FSE Rl st
PR R DR AT 8 5 /K 8 s M AR Bl /K A
R R PR i 22 L e KB b 2R A ek b ) MLC i
AN

E 52 i - 8 B S R 1 1 2 TR b, oK A i
SE R W ) A R AR 2 S B PE R T R HEIE
o i P E ) K 43 B iR 50%0~60%" . AT B 1B
06 5 K A B A v L C/N G, TR O O i
AR 7K HL S i 5 R R R T HEAR S 8
R e A R — B UL & & A HLST ) T A 5T, AN BE
B IR 5 7K 43 R C/N, A REAE S 45 14 8 5, 35 RS
HEMAR R FIALBR R . H R BIRE /0 L /N, 7652
B rp ity 45 & oAt A P SR e A R, DL Tl
Ryl O E R C o

ARSI DL WE B I 2 TR A MUK RS R e e A AR
B 3FPRL LB (LA T Bt 1153 ) 67 TR A HE ), 98
T HEAA K 355 B 43 59 K 50% . 55% F1 60% , [7) it

PR C/N I 1 i L L -2, A 7 3 ST IR v
BOR U AL 15 , B ST AR AN TR RI 4R 5 7K R 2R A F
T A R A Y ORI R ACR LA R
WE B NE B 2 TG A A PR AL PR R 1 5
HL 4 i R R R A R A A 7 T2

1 #MB5EFE

1.1 #R SRR

SCEG T 20184 11 AT HEAESEEG BT FH i e AT
Pi B LA A T SEYE PG O R ECH LR
R 2wl TR A SR KRS A
G LR, B PR AR SRR R AR
FRALPERR ST 1.
1.2 HEPESEIG

P T8 B SL00 00 15 B A Y 242 0~7 d H SR B G
AITTAL (57K 2>90% ) , 43 BIHREIG S 7 .50 d (1)
P (P 3 ACRANTR] ) TR) T R ) o 1 1 3 AN ]
ARGV HEARRI 4G S KRR /NG 540 R 34~
KR AL B 50% (Wsew) « 55% (Wsse) 1 60%
(Weore ) o HEAA PR 3 358 V35 100 G108 FHZK FR AT 52 LA 1% 1Y
EM B (B 8004 PR, T LA e Ao sl e AR i 3 A2 )
TR HE I 1T B, 3 /A P4 15 35 A B 75 FE A 354 1000
ke, ] FH KRR R o ke ] 49 MEAR 9 7K 435 it (R 44
FLBR R A S A TR G 2 7K o S SR S A
ARG ) 3 AL R FEFEES I 43931 400,200
100 kg, fif HE R B9 90 46 % 7K %5 51 R 50% . 55% Fl
60% , MERELZ CIN 290 22,13, B2 AT . HEulk
F R X BEXES R 1.0 mx 1.0 mx0.5 m [ SRHEE . el
)R 20184 11 A5 HZE 12 7 22 H , 4558 10 d 1 —
Ko BRI LA A IR T SE BUR0 S ET 7 o
1.3 HRRESNUE
1.3.1 RAFERT ] 5 07 vk

HURE B[R] 43 A HE 24 1, LR eI 6.12.,20.
28.38.48 d. HUFEET, ZEHEARAY 3 ARl AT 3R H

1 HERERRERELER

Table 1 Basic characteristics of composting materials

o e SHAR | GRAR  GWAR | WA Fr
M/; al Moisture pH Total carbon/  Total nitrogen/ Total phosphorus/  Total potassium/ Total nutrient C/N
aena content/% g kg g kg g kg g kg™ (N+P,05+K,0)/%
% # Cyanobacteria — 8.49 428.1 72.1 14.5 5.2 11.15 5.93
B Mushroom residues 25.29 6.72 367.6 15.4 10.9 6.5 4.82 23.87
FHFC Rice hull 11.12 7.96 402.4 5.8 32 2.7 1.74 69.38

b 3/ BT A ) 6 K AR

Note: The water content of cyanobacteria used in the three treatments was different.
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YKL 300 g IATRVE R —DHEARBIRESL o BEASRESL A3
R 245 s — 0y B ERE A DRAFAE 4 CCRYDKA H , T
E pH PP ¥R ZFE BN BERE R O s 0 — I & TR
DA BT BIFES 2oL 07 , BF Ol UL I A7, 000 ARl
SV R SRR A T S L oy

1.3.2 M8 5077k

M N L E < FH 20 A 2R BE 0 { (SENIT/SNT
550 , 7% =] A 1)) I

St AR S pH F N 2 2 B HLAERHFRE(NY
525—2012), AfRHE KR SMNHTEINE ; 2R
R PR R — i) A A S0 A, L EG T AU

pH: FRELLE 20 H i 19 30 5.0 ¢ F 100 mL Bg AR
oL 50 mL 4Gk, fE R % 25 min, #§#HE 30 min J5 B
W FH pH R EE I AE

i 25 5600 T AP A HE A2 5 J6F A DA B XA
W EEPE . DAV HE 10 Lekg 23R EERE B 10 mL 32
HOR I A A U8 4% 1 JC T 1% 9% L 4% 30 ki3
F - 76 (25+1) CHYE IR 3540 TP 55 35 60 h, I &
TR ZEZR(GD , [ ALK AR IR . G1(%) =X
B E -

BREEBAN TR 2EE x Fh PR

O GO R T R R x TR 0

Ji5 B o R L2 4y i < R P o A A
F 8 2 I8 Kumada J7 i, FE7E G LAY FA& 2T L8R
BE R 43 21 5 k0B BE BT (Humus, HS) 5 802
(Humic acid, HA) il & H 1% (Fulvic acid, FA) & &=
A PR (vario TOC cube ) I 5E .

AERETE R &7 (MC-LR .MC-RR)"'. FRHLS5 g
(HERR 2 0.01 @) FES T 50 mL B .04 o, inA 25 mL
5% W% , ¥ 7 PR 7% 30 min J5 2.0 5 min (10 000 r-
min™) K5 A BB WRCE KGR DR TR R R AR
BT B i e B ML B, R B R A Cis—SPE /)y
FE (T 5 3 mL FEE AN 3 mL AKSEA#7 ), KU 3 mL
25% WK A L 3 mL 80% AR (P55 0.1% 1Y =
TR ) KW VENE o Ve F 65 CHF T B 25 g
BRI, FH 1.0 mL H A RA#,0.22 wm ki
UE , it HPLC 43 #7 . HPLC 43 #7 4% 14 : Waters Alli-
annce—2695 B = RO 435, DAD 4% 58 [ 51 A
W #5H Waters—2996 AU, #1335 °C, Kl < 238 nm,
A A N B 2l K (N 7 0.08% 1Y =3 LR )
ZH A, B R DR A A 3 R 1.0 mL e min™!, HERE &R
20 plo

AR LR MHE R 2 0.6.12.20.28,

38.48 d HEAEHFE F MC(MC-LR F1 MC-RR) 7% & 21
5 1) 4 B AR 28 7 T2 ) B MLC AP 2549 R Al o5

S BT R 2 A e G 4l , S FH K AR 4liK .
1.4 RS

K Origin 9.0 #1428 4738 56 £ 4 43 7 5 156
SPSS FRAE X HENE i B b i B e g R o i A AL
PRI 5 R UEA AR S ST

2 HRESW

2.1 HERRERE IR SR

HENE JE 1o 48 d, DA H PR 5 IR R AR S X IR
(CK) o FHIE La T AL, HERE 2 A 3 4~ Ak B0 9 3 A
b BRSO S T N RS BT RE , 248 dBY
HEAE CL IR 2, HEARA I 3 4N b B A IR R R T
TE 4~5 d B HEAARJE BE IR 31 45 CHF4F4E T 10~12 d, 35
BT IO A A H B Wso . Wisse FIT Weor, A0 B AE HE il
11~12 d Ji ¥4 35 3] e A oo A2 wp 00 fee i 15, 20 0l
59.7.61.8.56.9 Co Wisso Ab B HP I B 75 KR DL TS
I Z M RESERE N T HEAAR B FLER =, A R FHEE i A
HAER R BEE R T RUE Y R S v, S B0
AP IR B v LAl A

P 1h a1 Bl HERE R T, 3 AN A H A AL
T R U R RS I LR NE TR A R R
T BRI R Fe K, — TR DR A e il SR A R T A
FIRE R S50, P T A ML R RE T, D — i,
e 9GRS R B B fide 23 A 17 B0 A L
Wy s HERE b S 0 SR W T A AR L M R o 1 L
Jo A AR R R ) R AR UR , B HLAR ) T R
PARLE . HEARZE FT , Wson « Wse FI1 Weo AL HE () A5 AL
B 2 43 91 262.12.263.98.271.69 g- kg, H X T
WIHA SR AR5l 22.25% . 21.97% F120.64% .

AU RE ZFRAE(NY 525—2012) P HLE TH
HUIE R H AR F8 A, oA AL & i (RAE T 2641 ) >
45% , 3553 (N+P,0s+K,0) 5 &8 (LAME T 5631 ) >5%.
L b A Lo m] 1, MERR 25 S5, Wson « Wsse FIT Weos
Ab A LR A A 45.19% . 45.519% F
46.84% , 751 T 1 53 R 6.47% . 6.04% 1 5.82%),
YIE A R MR RS E

Tl =7 2% 25 23 (GI) RE iy BTT-A HE AR 7= 5 B A 4 75
P R 65 LR | A B 3 RSO AP IR 8 AR 2 — . i
1 AT HERE R, 3 A A BRI A - R 2 R T
30% , ¢ B A 22 b B AG HENE 7= i HoA AR a1, 4
PPk BEEHEAER AT, 61 BT, HENE ™ S Aa 4
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BEPE R WTREAR , Wso A P 2 55 15 51 80% , HL3G K &
T Wion 55 Weor A0 B, 3E AR 45 35 3 AN Ab BRAL Y 6T
YK T 85% , Frn HENE 7= fh A I #1k:
22 BERBRASTESENTK

P &1 2a AT %01, i 25 HE JIE BsF [) 79 4iE K 3 A4 Ak FRL Y
HS & it ¥ B8 MR . HEIEYI, HS & i
225~227 g kg YE I N 5 HEE 48 d B, Wion . Wse, Al
Woos b B HS 7% 543971 4 174.09.176.50 ,183.28 ¢
ke, SR A 3 B R R T 23.16%.21.71% Fil
19.50%,

P P 2b AT Fifi 25 3 AR RS [) 8 S 4, 3 A4 Ak B )
HA & 5t ) 5 e T 5 2 B R 3 . Wisew
Wissee FIT Wooo A0 P HA 25 22 78 3 1 565 12 d B 235 %)
T R, A EE WG 7 54 04 5 T 100.22% . 80.36%
Ml 57.06%; 1€ 13~48 d ) HA & & 43 5 F BT
15.40% . 10.97% 1 8.38%, 3£ N 25 S J5 , Wsow . Wissee s
Weor A& JH 1) HA 75 5 43 %1 4y 67.86.70.51,65.57 g -
kg™

F & 2¢ BT T, 34N Ab PR FA 75 B 3E AR HEF 7 5L
TRER S HENEZE FT, Wson . Wsse FI W os A0 HHL (1)
FA i 5000 & f A H 2 5 R % T 50.30% .50.09%

7071
60 [
501
401
301

i JE Temperature/°C

201

HEACESHA] Time/d

(N+P,05+K,0)/%

JEFE4 Total nutrient
oy

0 10 20 30 40 50
HEAR A ] Time/d

- Wso —@ Wssy

M40.36%. TEHEREWII, 3 A0 38 FA & i T R
BILAKL, Bl HENE AT, Weo A BRI FA 55 F
R A TS 28 H 15 T Wson 1l Waso, IS AL B

HI{E (HA/FA ) 2 3E AT J6F 78 Ak 1) R A FR A , i34
T 2 A 1) B SRR B HA R FA BG40 i A X 1 3.
Pl 2d A AT, 3 A4S A B Y HIAE Bl % AR i k17 &2 T
Fag . HENELE ST, Wson . Wse Al Weon A0 B () HI(E 43
1k 2.85.2.94 F12.23 , A X T HE N ) 1A 153 1 43 51
M 240.81% .221.78% F1 141.27% , HeH Wsos, Fll Wsso, A1
PR HIE B 2 55 T W A0 FE
23 HREERESEA=ENTN

M 3 AR E 0] LAE Y BEE R E1 T, 3
MR R T RN R TGS i 12d
J& , MC-LR F1 MC-RR P it %3535 5] 60% ; HEAE 38 d,
Wsoe« Wser £ Weoo, 20 BE ) MC - LR 5 2 23 51 4 9.60
6.13.7.23 pg- kg, B fif 253 51 R 95.48% . 96.78%
96.36%, MC-RR % & 73 %l & 11.56.9.38.9.53 g -
kg™, B 2R3 51 M 96.65% .97.26% . 97.01% ; HE E 48
d, 3B FE MC 5 BT 1.0 pg-kg ' (EIEZE ST
AN MC, SRR TR 1 pg-kg™) o

Kl 3 R4 B o 1T HEAE 3 FE H MC-LR 1 MC-

(98]
[=)
(=]

[ (b

©w

=

(=]
T

L
S

Total organic carbon/g-kg™

(9%

(=

S
T
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oo}
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otk

1007 ()
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= 40T

T
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201
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HENE RS E] Time/d
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=~ Wee —¥- CK
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Figure 1 Changes of physical and chemical indexes during composting
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R F - 25 , 3 /A B0 ) e 4 5 - R
2 AT L MC—RR A 1 55 W 5 1

MC-LR. HEHl

556 d,3 A0 MC - [ A % 1

BN, Won - Wse T Weor, AL B 1) MC—LR -2 [
fiff R 3 O 18.11,16.75,17.82 pg- kg - d™, MC—
RR -2 B A 1 % 31 4 22.06.28.07 ,23.53 pg-kg '
d™ BEJS MC 1 AR R 0T T B . FERE N HENE 1L 72

R YO 0T (1)
220f ok
" 210f e
P o0
% 200 é
i e L
= 190F § 50
=
& 180 = 40+
170+
L L L L L , 30 L L L L L ,
0 10 20 30 40 50 0 10 20 30 40 50
HENEEFTE] Time/d HENEEFTE] Time/d
501 (c) 301 (d)
45 = 2571
- =
2 a0t Z20¢
> =
<< T
= 35T 1.5
ﬁ 30t S 10¢
B
25 =
20 L L L L L J 0 1 1 1 1 1 )
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HENE BT[] Time/d HENE T ] Time/d
_D_ WSU‘/{ _._ WSS‘/{ * W(\O’/{
JiAT O EFR I bR R 25 (n=3)
Allvalues represent means+SD(n=3)
B2 #REd 2 3 IEA HS HA FAFIHI S8
Figure 2 Changes in HS,HA,FA,HI for three treatments during composting
2501 120 400 230
T 200k _ T_J T 350 1 ys I
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I sy 4 Y]
Qﬂﬂj 150+ s £ 35 3250 0
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Eé 10 &3 o 1. 200 415 ®'2
&2 100t & 35 FZ 150 | &=
2= 2 NS & s
= £ ; = 410 = g
g 15 £ 100 =
g 50 Eb é 50 15 S
o = (3 r g@
0 0 0 0
0 0 6 12 20 28 38
HEALH 1] Time/d HEAL T H] Time/d

/g\% D WSO‘/{ D WSS‘/.' @ WGU%

Hh, MC 7ESENE TR B B e i B B e A o 4 e ey, 78
N T A BRZLTR] , Wisse, b 3 MG 1 A fige 28 236 0

iz FH Pearson A S 43 M1 5 124898 MC-LR \MC—
RR &5 i 15 HA PRAL 48 AR Z 0] (0 56 &, 45 R L3k 2.

ZEIREH B AP MC-LR &5

JRHIFA 5

SRS A LR R FE
I IR AR, TS HA é‘%%ﬂl‘*ﬁ‘%ﬂc

ZRR MM MC-RR & 50 FH 0 FIFA &

F%%:}EF%Z‘ _D_ WSU‘/{ _._ WSS‘/{ _k WGO%
B3 HEEIEPREESZSERBEMERNTN

Figure 3 Changes of microcystin content and degradation rate of microcystin—LR and RR during the composting of cyanobacteria
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Table 2 Correlation between microcystin content and other physical and chemical indexes in composting process
(D€ 3353 b3 ISEERIRTS IS i e ion IR i HLAR JB AL 72
Microcystin Treatments Total organic carbon Total nutrient Humus Humic acid Fulvic acid Humification index
MC-LR Wsos 0.861* 0.905* 0.847* -0.813* 0.995%%* -0.978**
Wsse 0.971%#%* 0.896* 0.9827%#%* -0.837* 0.961%** -0.895%
Weos 0.811* 0.779 0.822% -0.876* 0.948%#* —-0.955%*
MC-RR Wsos 0.874%* 0.920%* 0.863* -0.805 0.987%*%* -0.989%*
Wsse 0.975%%* 0.910% 0.948%* —0.887* 0.987+#%* =0.940%*
Weos 0.792 0.831* 0.802 -0.936%* 0.924%#%* —-0.982%*

T #1E 0.05 7K OBUN) _F 8 35 AH DG, #+4E 0.01 K7 OB | I8 2 AHG .

Note: * and ** indicate significant differences at the 5% and 1% levels respectively.

L W S AEAE DG, T 5 AL R AR B TG, 54k
I MC-LR F1 MC-RR % 485 FA % & I 2 B A OC,
506 Ak 2 8 A oG, B R R A HE
T BT R 0 LIS T MEAE A R T A P A T
STEAE UEHERE 58 AL e e AL [R] B, IR X B i R 1)
R e EVE R UL B ARt nT /o I s R
FET IR B AT R PR

3 iFig

Vi B AR N S S o A M S B ) 5 7 1
b FHE A5, J85 5 40 J53 4 kg HE JE rb o L5 1Y) 32 22 A
43, HIE BUANAS Ak BB AR 1y i Sz Bl Mk A )85 280 8 A e
A, AHESTAE SRR W R A R fE L R
[ Ab PRZ HS & it 5t R 3 X 5 4% R AE YR A=
FE] 24 AR A 5T 25 AR . FEHER S AR T R TR Ak
ZH HA FIFA B9 & i il & 28 T 28 4k HA 2 -7t
B FA BT, R0 34K oAb B A ) 4
HE TR FA BOEE AL A HA B934 05 R, AT & 30
HA FFA 7E = AR AR B o, vl B i A A
FAFGAL S HA 3% 5 8 S5 W R4 R — 3, BT
HENE Ak B HERE T2 A AN TR] M AT 2o 7 v g i I e
20 53 AR ARG i A TR)US (H HE B 2o A v HI(E T
5, AL B A AL o AL RR R R, X — R AR
TR . — A HI> 1.9 HEAE £ 3k 51038 24 1 a2
JE RS A2 PEDY, Wisone . Wsso FI1 Woo, A B HE IS 25 52 B 1)
HIAE 3 5914 2.85.2.94 F12.23, FE B 3 4> 7K 44k FRAT
I HE BB S5 A a2 A R B 8 S L Wson A1 Wsse A0
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