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Influence of C/N Ratio on the Composting Effect and Secure Utilization of Cyanobacteria
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Abstract: The efficient collection of cyanobacteria is an effective way to reduce the amount of cyanobacteria and its risk of bloom again. Aer—
obic composting of dewatering cyanobacteria by collection could change waste into resource. However, the residue of microcystins (MC) after
aerobic composting should be considered in view of its application safety. To explore and optimize the aerobic composting technology of de—
watering cyanobacteria, an composting using aerobic composting reactors was conducted, in which 5(T,), 15(T,) and 25(T;) C/N ratio were
installed during the composting. The objective of this study was to analyze the composting speed and the degradation of MC in dewatering
cyanobacteria. Results showed that pH, contents of carbon, nitrogen, phosphorus and potassium, germination index were significantly (P<
0.05 or 0.001) different between the three treatments. The composting speed significantly enhanced in treatments of T, and T; compared with
treatment of T;. After 35—d composting of cyanobacteria, the total nutrient content in T, and T treatments met the requirement of the national
industry standard of organic fertilizer. Meanwhile, the germination index in those treatments were more than 80%. However, the degradation
potentials of MC-LR and MC—RR were still high after 35—d composting. For the secure utilization purpose, the high temperature composting
time of cyanobacteria should be more than 50 days. Nitrogen loss would be larger with C/N ratio of the materials of composting. The research
hotspots were to reduce nitrogen loss and to enhance the degradation of MC during the aerobic composting of dewatering cyanobacteria.
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M T2 HARR XL RAEZRES,
C/N EXAEMAERRBREEEE/EANEERZ
— R R B SRR BB AR, B AT R S ER
EEXpEEE . NSRS E E R EMHEAE B
HRELS C/N Ky 15~3559, {HIEBWILE C/N BK(4
H4~6), K BHE (L 90%) , R E EEHTIFE
HERE, SR H AL TR A C/N THE, MIFRZLESm
REMFETFEYRHITIR G,

PREA KREMNEFR TR, WERAENEH KREX
AW BB R (Microcystin, MC) . ASBFRE
AR R B, B ENRKK AR IR 77 HEE
B KK MC-LR(L H= & B ) F1 MC-RR(R HHE A
BT, TERBIEHED R & B2 HEL 300~5000 pg-
kg (3 ) Fl 200~2000 pg-kg ' (B H ), BIRUFEIHE
HEXT S B MC B A= PR A% -+ 208 208, (R 24 1Y
HEREEAE S FBURS PERB R Z M MC, A HE &
MHEYIAE KA R = A L 2 RS, FEIE B4R
HERE A SEBRAE = R, T BT B2 R C/N A REER
HORB R, H i K R AR P ) MC A
B

AW ATTHES B A A 15 B e o HE L ROk,
T HEHE S 1 2 4 IR, TR K RS FE R 1 A
BHPIEE C/N,BFFEANTE C/N S48 1 Tk AT ) 3
R BT E SRR, RIS B S brA: 7= i i B A
BARZHL

1 #BREFZ

L1 gkt

S A I P P R YR B VL4 M T gk
X HBEK o B v, 8 A RIS sh sl W4T U A7
KB FTHMAE )5 BB . IR K RERS AT R
TR C/N)FIMEA RS KR ) . KREFREFTE
HILAE R B Beik B H , B FEIUR 5 4,

WA W TR B T B RT3 25 Wk ) A JR A o AL
x1,

R IR BT 897 38 &R 95 M B (Brassica
chinensis L. var. chinensis ) , F—Ftg FVL 75 B K F LR
BEAHRAH,

1.2 K&t

BEAEsr R 3 4 C/N 4b3E, B C/N 2% 5(Ty). 15
(T)F1 25(Ts) . £ ALFRBEYEFEIIHA 200 kg, 53 17
INAERS 0.35.85 ke, BNEE AT 80.45.5 kg, A5 {4
BIKER 65% L . YRRV AR G55,
B TFRXTEXE N 1.0 m x 1.0 m x 1.0 m fEF AR
RN HHATHEE , B AREXHEE . HEERTE Y 2011
F8HISHZ 10 A 4 H,3E50d, BHHERE AL
a5 4.7.12,17.22.29.35.50 d, BHMERDREHENE YR
MR NgR PR, N TEIMEZ) 30 min, BMARAETL
AR BB N B I T
1.3 #mRERMNE
1.3.1 BURER () & ik

ORI R0 A SEAE 2 R, LABCHEREIG 26 4.7,
12,17.22,29.35.50 do BURFLERIMES HEAT , ZEHEIRA
5 MAFEERALA BURE 200 g, RGBSR —HE
wio BRI AP : — A TBEE (4£0.5) CHIVKAE
m, RPN % pH. £% 25 & (Ammonium nitrogen, NH; —
N) #1fiH 2 & (Nitrate nitrogen, NO;-N ) & & A G HEA
HLA% (Dissolved organic carbon,DOC) . FfF & Z£ 35 #X
(Germination Index, GI) M B BT RS E;; B — 10K
BT AT, BT 60 B, kR TR,
FH T %8 5L MLk (Total organic carbon, TOC) | & &
(Total nitrogen, TN ), . (Total phosphorus, TP) F1 &
#0 (Total potassium, TK 3847,

1.3.2 Mg +8 45 S 5 ¥

YR AR E - B H ER (B4 9:00, T4
17:00) FIVRLEE THIN & HEARIRBE , [R] B i SRR IR B

HALAEAR B E : pH R NS % pH 71 (PHS-2F,

® 1 HEFEMMENERELER

Table 1 Basal characteristics of the composting materials in study

B 28 20 28 KA N+POs+K:0 C/N MC-LR  MC-RR
Ykt 7K531% pH . -
g-kg? DW % mg-kg”! DW
TEBEEEYR 89.8 8.59 289.4 58.2 6.04 8.0 36.1 8.2 5.0 10.2 45
o 7.0 6.14 512.8 8.7 7.05 12.6 12.8 4.0 59.1 — —

[y 3.7 7.52 — — —

#:DW E/RTE, Note:DW indicated dry weight.
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R - R ERL)WE , B (wh) Ry 1:2.5,7E
150 remin' 4 TFHR% 15 min, 38 30 min FE L
JZ 15 W) pH;DOC % A TOC/TN 4l 2 (MultiN/C
3100, Jena, Germany ) ; TN TP 1 TK %48 HLAE BT L
FRUE(NY 525—2011)"9j %€ ; TOC RABEERH A &
Be-AM IR SR SR T KA

NH:-N 1 NO;-N & 2 & : H,5 2 mol - L™
HE IR TR, B L (wiv )R 1:10, 4% % 30 min
JEi g, JEMEARE 100 £, ARSI (FIAstar™
5000 Systems, FOSS, USA )il 5 & & »

GI I E « OB B HENEAE 1 10 ¢ T 250 mL =
R, IAZEI# K 100 mLIRAS] )5 , 7 60 CK VSR
242 3 h, YT U8 , U8 B R HE AEAE 4R BOAK 5 B
10 mL 230K, 1 AGHA PIZIRAUH TR 5 58 ML
(EA& 9 cm), SH% 20 KoM w 9 20+, [R 28
YEAKAE Rt BB . A B 3 NEE R OBHE SR ILE T 30
CAEIRIEFRAE T, 60 h J5 I EFp ¥ A FRARK, R
JE TR R RE,

GI(% )=(HENEAL B AT F i ZF FoxFhFARHC )/ Cf
FR AL S & P TR )x100%

WMREBEFERTEMWE : FRECL g FEEres, i
10 mL 80% H Pt B J5 M A A HE 1 h, 12 000 remin™, 4
CTHE.L 12 min, BUETER B EERRCT e &K
IXrPZETEHEE, 75 pH 2~4 FFELOERATREH,
i 0.2 pm JERE, JEH5 pH £ 7.0;121 CKEE 15 min,
FAZRIBKERZE 5 mL, K iMFERE ML Sep-
Pak C18 4%, FI LC/MS 3£l MC-LR FI MC-RR £
TR, WK AACHAE HP1200, BTi 6410, Triple
Quad, LC/MS W27 Cong SFHYTTES,

1.4 ¥ESH

Kb K W B % % M 2033
(No- 205w,
Nip=—7—x100%
N,

KA Now HREIRRK, %3 No FHENEZH K TN RE
S B(LLT2ET) , %3 Ho HERE R IK 7T B EL, % 5
N, AHERESE n R TN BB 7380, % H, NHERLER n
RIS TRE L, %

HERE G BSR R

142 94
N+P205+K20=TN+TP6—2+TKX7—8

TR S EAS R A B BRI A8 , SR FH B AR =
W7 22 0 B i & 481 3 FENEAL B A] /Y 22 57
47 Duncan 2 L, BRSP4k SPSS 13.0,
YEE #4844 OriginPro 8.5,

2 GRESW

2.1 HIESERRETN

ME 1 B, EEEE 3 d 5 3 AN bR AR B
¥ EFAZE 60 CULE, = T 2B AY & IR (550 °C)
{UEFRET 6 d, 33 55— IR B R E T R, B RE
—HE7E 30 CUUT, FEJFEFE E#Epis C/N B%, &
AR R A A KIE S Z B . T,
T A EIRIYFE T 18d, FERIREZRE T
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[ETE 558
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Figure 1 Changes of temperature during the composting of cyanobacteria
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Figure 2 Changes of pH during the composting of cyanobacteria

F, 724 T K& NHOH, (H133:(K pH F+ = . JE kA
EOARIE Y& B, B LVE RN R, A VLR i
SR AR LR, T30 pH BRI
H,3 AN ab 3 E] pH 22 kR B E K F (P<0.001,3%
2), BI T>Ty>Tso Ty ALEEFY pH =T HAM AR 3
EFERREWA: — BN E AR, 9146 pH E
AR 2 Ty A3 C/N BAIG, BRIRTE = iR B B K &1
FE , BRUEA T BUMAE Wi 3 32 B0 ], AR R
N HEFREAR  BHAVERIRSS , A AR = b IS
%ﬁ pH ﬁ%i%ﬂ: T, 1 T; AbH,
2.3 HPREFE S TOC 1 DOC S BT

B 5 HE B O 7547, TOC BB 7R (E
3a), HENELEHE T..T, Fl Ts b3 TOC S &4 H1H
41.1.174.2.362.9 mg-kg? DW, #5154 5H 50.6%
31.29%F0 23%., ALPEA)ZE A% B E7KTF-(P<0.001,3R2),
WIARERE A I E A AR 1 B P A SR 2R A

HERE SRS DOC & B SRR TR Ja KA
#(E 3b), HEALRTHA(4 d Z )N AEYITE SR
B, BN KRR S 2 DOC FEWME 7,3 4
AbFE DOC B Wk BE A 55 31 1.69.3.46.4.21 g-kg™

000 (a)

10
[IJ_EH:'_D\{!—D O0—0 0
00 10 20 30 40 50
HEAER T/ o

R 2 BREGEARHEELEAHESVNERTESHT
Table 2 F-and P-values of repeated measures analysis of

variances for different C/N ratio treatments during the composting

of cyanobacteria

ELl F P
pH 291.126 <0.001
TOC 69 370.0 <0.001
DOC 71.382 <0.001
TN 66 910.0 <0.001
N RH#LR 95.582 0.002
NH:-N 20.037 0.018
NOs;-N 120.398 0.001
C/N 32 950.0 <0.001
TP 523.11 <0.001
TK 301.31 <0.001
Gl 115.769 0.001
N+P,0s+K,0 1 783.00 <0.001

DW, B T:>T>Ti(P<0.001,% 2), % DOC B8
Ay KA, R DOC & BB BTG, K T, 4k
FEAEHENE 10 d J§ DOC & B&Z Wi T e, T, 1 Ts &b
HAEMEAE 35 d 5B iiia TR
24 HIETERHPEREZZERESE

HERE SRR, HER TN & B 2 5ERIRE LA
%( E 43)0 %HE%EEE Tlez %ﬂ T3 ﬂ‘ﬂﬂ/ﬂ N %bﬁ%
RN 12.1%.21.2%.23.9% (& 4b), &b HH A 24 5
BB E K (P<0.001, 3% 2) o A% T, #1 T5 £b 3, T,
AFRARRIFEAR A L , IR T U R R M5
AL RIF R T T B & BARXT RO , 8 3E 1) CON B HTF
AR SRR TS B, IR B R R

T, 1 T, AbFEAY NH;-N 5 &8 3 3 58 /hiE B, 4R
Ja FEAEG, T T Ab 3BT Bk B W AR (] 4e) o 2L
AR R, Ty T AL SRR BR R AT A |, B A HE IR
FE R, & NGB ERENESE, F

5r-
(b)
=
a
K
&0
S
=3
a
O 1 1 1 1 1
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~ LA TR/ d
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Figure 3 Changes of total organic carbon (TOC) and dissolved organic carbon (DOC) during the composting of cyanobacteria
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Figure 4 Changes of content,loss rate and chemical forms of
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Figure 5 Changes of total phosphorus, potassium and nutrient

during the composting of cyanobacteria
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5c¢) & = YIBEYERAE B[R] T & B i, Ts>T,>T, (P<
0.001,% 2), HEABZE AT T, T, 1 T5 b FRAY TR &
53K 3.9%.5.0%F1 5.8%, B T b3 5HAHUAESR
HE(NY 525—2011)M0 S35 Y ESR A 22 8RS, H
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XIS EE R R, T, A HIs C/N 8
RIEE, WA YTE R SRR C AN (4R RE
Bk, HXF C M MEERE T N, FBELHA CN
PR 2 o

30r

o T
25 o T
-+ Ts
20
g 15
10+
st o o 0
0 1 1 1 1 1 1
0 10 20 30 40 50
SR /d

6 HEREEEH CO/N By
Figure 6 Changes of carbon to nitrogen ratio during the

composting of cyanobacteria
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Figure 7 Changes of germination index (GI) during the

composting of cyanobacteria

2400
(a)
2100}

1800
1500F
1200+

9001

MC-LR/pg kg™ DW

600+

300

% Z| A0, AW @R L P
10 15 20 25 30 35 40 45 50
AR R/

1200 -

1000

800

600 [

400

MC-RR/pg-kg™ DW

200

HEAERT TR/
arT OT, T

B8 HEdEIREEERSENTL

Figure 8 Changes of microcystine content during the

composting of cyanobacteria
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AHEBME, FTFERNMEASRER SRR
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PR A IS AE AR 7, S KRR B SRR S Y
ZRURALFI A

AFFTEE R R R ek C/N 2 15 125 J5 7]
DA HE R BB A R IR, R RS AT R B
IR SRR A R, HA R TR &, B
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b, BFESEERS.0%L L, MEHEARES 35d
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