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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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BRI EE T EBRNZ MY, R
T AR RS EREZRESP,
CIN ZXt Ut ERRBREEEEANEEZ
—, W AL AR W EE R, BRI K S E 5
EEXIHEZE . ARG G B ERE G AMAAT &
HHEL C/N K 15~3559, {HEEWIA C/N B (4
R 4~6), GAKEE R (L8 90%) A EEHEHTIHE
HERE . AR E AR BT R A C/N &, M ZES N
RKENEFFEDRHITREHE.

rEERERNEFRITEIN, BERENEHE KRN
AT F R BB R R (Microcystin, MC) . AR E
AR L, RERAKEPEREEHGE
B KH MC-LR(L AR & ) F MC-RR(R AKE
BROY, FERMIE S & RS FIEE 300~5000 pg
kg (B3 )1 200~2000 pg-kg ' (B ), RIRITAME
FEXT 1 B MC A YIREAR 143 A 300, (B R 6 1
HIEBREN SRR MS PRER LMW MC, RG4S
XHEYI A KA AR = A LN, EREBRITE
HENE M SERRAE =i R e, FFEIRATZ R O/N A agth
HIKE R, B AR KRR HFE YR P i MC ¥R
Mo

AR LAFTHE B AW r S SR B e MR AT R, 38
T R S 28 A R, IR RS RS AR R 1 S A
BHIFIHE C/N, BFSEARTE C/N ST 15 38 o A 14 8 38
BOR BT EA AR, R TE B FRA: = 1 IR AT

1 #R5FE

1.1 #igerat

HEAS A0 B TR B AR IR B B VLA B M i
XA BEAKTEY,H 8 AV ABI R ERTTHMHE
KA FTB R A8 5 BT . RIS HERL R K FERs T G
TR C/N) A GRS KR . KEFREFFE
BILHE R B2 BRI B, MBS &,

AT R TR AT 5Pk Z A BRI R
%1,

R ZFIRXI BT A BT 3R &P 8 95 M (Brassica
chinensis L. var. chinensis ) , #7175 BH X Fv B
AR
1.2 R5igit

HEHI R 34> O/N LEFE, B C/N K 5(T)) .15
(T)F0 25(Ts), BALFEFEIR A E K 200 kg, 73 FI5
TNAEFE 0.35.85 ke, IMINIEA 80.45.5 kg, 35 HE {4
BIKER 65% 7 . WEFAVMBIHALUR S SIS,
B TFEXREXE N 1.0m x 1.0 m x 1.0 m BEFE B
RBARRHATHR , B REREE . B HE 2011
F£8HISHE10A 4 H,3L50d, BHMERE A #EAE
JE% 4.7.12.17.22.29.35.50 d, BHHERRESHE AR YR
M pigs gt , A LRIHEY 30 min, BAMRIAETL
I AN B2 B P i IR A T
1.3 HRRERUE
1.3.1 BUREHA] B ¥

BUREE Rl Ay B AR K, DARREAE S 4.7,
12,17.22,29.35,50 d, BUREAE B G 2E 1T , TSR
5 AL A B 200 g, RESFEEN M
o TR RTAY . — O FERE(4£0.5 ) CHIVKFE
i, R % pH. £% 7% & (Ammonium nitrogen, NH; -
N) FE A& (Nitrate nitrogen, NO; -N )& & B[ 5 HE
HLAR ( Dissolved organic carbon,DOC) . # F & 8 ¥
(Germination Index, GD MK ERERZSE; H—HMHKX
BTG, BRELT 60 B, iR THRYZ,
AT 22 5.7 PLBk (Total organic carbon, TOC) | &2 &
(Total nitrogen, TN ) . & 8 (Total phosphorus, TP) FI i
# (Total potassium, TK ) 254845
1.3.2 WRETRhR X7k

WARRWERE S HEM(ES 9:00, T4
17:00) AR EE TN E AR , RIBHT RIMRIRE

WIS E : pH R HAE% pH i1 (PHS-2F,

= 1 HIERRNERNEREUER

Table 1 Basal characteristics of the composting materials in study

ALk 28 27 4 KA N+PO#+K0 C/IN MC-LR  MC-RR
Yt 7K531% pH - »
g kg DW % mg-kg” DW
TEEESE R 89.8 8.59 289.4 58.2 6.04 8.0 36.1 8.2 5.0 10.2 45
FER 7.0 6.14 512.8 8.7 7.05 12.6 12.8 40 59.1 — —

%A 3.7 7.52 — — —

¥ :DW £/;RTH, Note:DW indicated dry weight.
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EMERERL- B ERDOW E , B (wh) A 1225, 78
150 remin™ 244 T 5% 15 min, FHE 30 min FIE L
21 W pH;DOC 3k B TOC/TN {3 5 (MultiN/C
3100, Jena, Germany ) ; TN TP H1 TK #4 HLAERH T Mk
FRAE(NY 525—2011)"8li%E ; TOC R HEBBRA AR
B-IMIMBGEN; RIS R TR A

NH;-N F1 NO;-N & BRI E : A5 F 2 mol - L
IR B RIR 1, B EE (wiv ) R 1:10, 9% 30 min
JEiduk, MR 100 4%, ARSI (FIAsta™
5000 Systems , FOSS, USA)ME & &,

GI B9 2 - B ¥ EAE A5 10 ¢ F 250 mL =4
W, In AZREK 100 mL B &) , 76 60 CRIBHRHF
B4 3 h, AL I8, uEVR BRI k3 AEARE o 4R B 5 BL
10 mL 2B, EAHA BE IR KA O R 77 M
(H#& 9 em), 535 20 R0 E XM+, [H6t %
TEAKAE X B AL 3 NER R ILE T 30
CHEEIEFRF T ,60 h J5WERMF R FREMBEK, 4
JattE & .

GI(%)=(HEAEAL 3R Fh 1 & TR xFpF AR )/ (3f
FRALFR AP T & ZF R XA AR )x100%

MBEREBRETEOME . R 1 g FHsRERS, A
10 mL 80% F BB I J R A5 A 1 h, 12 000 r-min™, 4
CTFE.L 12 min, B EER ¥ EIBBRRTIRER A
X ZE T BB, P57 pH 2~4 B0 2R FEE N,
it 0.2 pm JEEE, 875 pH & 7.0;121 CKE 15 min,
FAZMB/KESRE S mL, KB s: R IR Sep-
Pak C18 4, FH LC/MS $:3l5%2 MC-LR #1 MC—-RR A9
TR WEBR{CABAE HP1200, g 6410, Triple
Quad., LC/MS W 4M4:5% Cong T,

1.4 BBSH

REBFEMTEARX:

51

Bo% % W 2033
(NO_}IIJ—OXNIL)
Nyw= - x100%
No

A Now HRRBKE, %5 No AHEAL XK TN i
M (ATHET) , %5 Ho ASERE S KIS IR B 4L, %5
N, HERESE n RS TN R4, % H, AR n
KIS BRI EL, oo

G BFS R

N+P,05+K,0=TN+TP142

W-F

B TSI R BB 2 , R R W &
BT BT 20X A R VR TE 3 il HE Ak 28 ] ) 25
AT Duncan 8 LB, HdRSHTEF R SPSS 13.0,
YEB 4K A OriginPro 8.5,

2 EREHH

2.1 HERGERABETH

WE 1B, KERE 3d 5 3 Mb kIR
¥ EAZE 60 CLLE, Hr T, A B RS (550 C)
R T 6 d, it 55— K BHME LI T 14, b5 1R
—HE7E 30 CUF, FEFEFEEHEEYIG CON BIK,
HBRIEARNT AR, B A KIS Z B ME. T,
T B RRSRFEE T 18d, MEREZREH T
R o T5 A3 5 3o TR S 0 0 IR AR 2 I (R B K F 53 4
AR, FEAFREEFH : —RREHE TR ;
TRASIE SRR FTRI T AR LR AR TR
SHBLE e i A KIS ShiE %, B IR Sent
LT3N8
2.2 HERRIT 2 ch pH BYEEL

MEACH R S, AR pH SRR AT EE
R (I 2), HERERT 12 d 403 pH (A S EFRI#
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Figure 1 Changes of temperature during the composting of cyanobacteria
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2034 LA, % ONXMEFFERIEERRATE ARG
10 R2 BEFEARHELREANES NIRRT ESH
ol Table 2 F-and P-values of repeated measures analysis of
variances for different C/N ratio ireatments during the composting
st of cyancbacteria
£ 1 F P
i - pH 291.126 <0.001
oX o, TOC 69 370.0 <0.001
T, DOC 71.382 <0.001
5L L L 1 1 . TN 66 910.0 <0.001
0 10 20 30 40 50
He AR [E)/d N ®ZikE 95.582 0.002
2 He AR pH EHTEL NH:-N 20.037 0.018
Figure 2 Changes of pH during the composting of cyanobacteria NO-N 120.398 0.001
C/N 32 950.0 <0.001
A, 74T KE NHOH, (H153#4K pH FH & . EHiEE P 523.11 <0.001
BEHERLEY & BRI, WALEREE, ALY B K 30131 <0.001
SRR A NLER , AT 3 pH R, B EAEERE ol 115.769 0.001
N+P,0s+K,0 1 783.00 <0.001

B, 3 AN ab ] pH 22 Rkt B E K P (P<0.001, 3%
2),Bl T>TTs Ty AL B pH T%?ﬁ%ﬁ’l\ﬁiiﬁﬁﬁi
EERERABA  — BB REFTE AR, %146 pH E
AR R T A C/N B, IR R IR B K&
FELBRIEA B S RMAEYTE S Z R MH], B AR
MRS AL VERRSS , AR AR, HILE
%q pH {E%EE:‘F T, I T, ﬁﬂo
2.3 #EAEE2 5 TOC f1 DOC R BEYEEL

Kl & B A #E1T , TOC EZ # MM (A
3a), WARLHR)E T, T, M T, 2bH e TOC A84510
41.1,174.2.362.9 mg-kg? DW, $1%kZ43 5K 50.6%.
31.29%F0 23%. AbBRIA)ZE IR BEKF-(P<0001,3R2),
WIATERE I B WA R R X R SR e FERE

HAE I ET DOC &' B R AT REREENE
$([8 3b), HEARRTHA(4 d 20 )R A 75 Bh Rl
LRV KRS DOC S EAE 7,3 4
Ab3E DOC MR MR B3 B35 5 1.69.3.46.4.21 g-kg™

600

20 30 40 50

HEAERHE)/

10
O T

- T,

DW, Bl T>T>T,(P<0.001, 3 2), FEZE DOC ZE Wbk i
A=Y KR, ek DOC & B2 %, P T, &
AL 10d /5 DOC & & Z s e, T, #1 T; 4b
PEFEHEAE 35 d JE R TRAE .

24 HIEHIBRPEREEBRESEN

BB AR, MR TN SRR ARG LF e
P (E 4a), WAELEHG T..T, f T, A FRA N Bk
TR 12.19%.21.2%.23.9%( & 4b) , & 4b HH 6] £ 7
R B EKFE(P<0.001,3 2) . % T T, Fii T, 403, T,
LEFRETBRAIFARXT R B , B8 T E YT BB
AEFIFI ;T T RS BAIXT R, & 1E M ON B AT
AR MEREETES), AR RRE R K.

T, #1 T, AbFEY NHi-N R B E S/ ME BT+, 2R
JEFEAR, T Ts AL FREL R Bovk B B PR (] 4c) o, FHE
FIRIE R, T, Al T, AL IR R AEX A 2, BT HEARR
ERREN, & NENYSSETTEKRBRNESE. §
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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

nitrogen during the composting of cyanobacteria
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Figure 5 Changes of total phosphorus, potassium and nutrient

during the composting of cyanobacteria
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5c) £ B ¥ [ ok A0 s R] T O, To>TL>T, (P<
0.001,%% 2), AELRAT T, T, M T, b B S B
51K 3.9%.5.0%F1 5.8%, B T, 43 55776 MBS
HE(NY 525—2011)10 G583 AR AR 2 A4,
AN A B TR BIARHEE R
2.6 HEREEFER C/N B9EELL

C/IN REESRA—EESHE, BB ENTEE
2 15~35 Z a9 MRt , C/N AL LR F C
MN SBRAE, SRR T; LB C/N L&
K(E 6), 1% B &5 FHALPA4b 3 (P<0.001, 3% 2),
XA RR N EEFEEE,T; B FHiH C/N 8
RIEE, EE R, SRR C FIN B REE S
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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
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Figure 8 Changes of microcystine content during the

composting of cyanobacteria
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Bk Bk SIE B KAER K, B BN K
YR E A ABE N EEIRES RS T TE R
TKAEAT R B A FNVEL S S5 H FF FR S S 3 45 LA 1B
B R A VORI T KGR R EMERBEL
BB X TTREMED, IS B A FE W E O R MA S
BHY(SHERE 8%~10%, SHEH N 0.7%) , %1
Vi AT i TR HE B T LA s BT A ALAE , AR
VS BRFT 8 TAERT LATCE B AR s i 64T, hi HL ] i
T A FH A A R AT B R BB AR =

A TFITHHET SRR ON BR(—Eh 4~6), NiE
AHBME, FTEMNHSHERERNAEVIE R
VT HERRARIEE C/N, FEFHENE ELOLETY, A
e FL A FRAE AR T HERE O/N USRI, W) Bt AT L)
VRS SRR, SHERERIRIES AR SEBi K
RS IR IR SRR AT A 7, KRR SRRV R SR
IRALFI A .

ATFFTEE R, 1R AR C/N B 15 Fn 25 J5 0]
DA S A B o A SR, SR R R R K BH R
TbEE S AR A R, A TR A, B
FEFFHO TS BORAAEHE T 35 4 J5, 1 GI 7] F 80% 1),
b, BRAERES0%ULE; MEEARMEE 354
J&, 5 GIUH 50% U |, BFEFESBAR 4.0%, 55
() C/N 2 i 15 3 AR L 72 P R A8 e B!, ki
C/N 2 15 B, SERE A R B R B PR BB, B BLAL )
BIEARPRRT BI85 B (4.98% AR T-HA HLIER
PrRuElIsh AR bR AR . C/N ARESFEFF A I &
b AR T REFE R B RSB RE B AL BB A , 7252
BRa: 7= Hr T B EE R o

WEBEAE N — PR et o A9 MC FEHERE
FE o A 5k B R LT A A B B A A 3 pE B — R
FHE AR ERE , BARYERE 35 d )5, GI FLE 3
SRR E RN EHREER (HE MC &
Fop AR AT B R BN T A s ] . TR R 1 SR M Tt
AT LIfE MC [&f# , (5B RILT C/N 2 15 #1125
BRI, Erh XA C/N R 15 BIAREE MC [IAEXT
BB, Bl MC-LR #1 MC-RR W& &4 51N
36.3.13.8 ng kg DW, ZEMC FEERNBRRE, Hit,
MTCEA S % 18, 150 TR 5 T b L ) 8 B (R AR g
F 50 do

BARVSINEL D RS TR B Sk R, (B &

HATRHI TR (FFEE), BEREASKEY
65% LIRS 55% R AbBAR L, AT E BIE IR &
MC MRS LB E . Fi, BT iE sl
JERGR R T ERE B FEL AR, He Ak
B C/N Rl R T 15,

TSR BFIE TAEF , (A Rog /b W B e o
BHERRWER, BB, R T — PR R FH R
MR, WAL, B RS IR A B RERRAR,
It B & TR A A 1 B AR AR #E (GB 5749—2006)1,
YE A HUAEHE FH IS0 7T e E R 2 XU o (B H i A
AR EIR R E , X HAE R Pt A EER R 2R
WrEEE RGP R, AT e I AR AR R MC
HIRERR , PRARKT A BE B L 2 X, 22 55 — IR TR Ak
B )

4 #ig

SIE R HARMEBAR LY, BRI s 44 C/N BT
REEREEREKERERE ., #E35dF.CN Y
15 01 25 By 2033 IR 52 AL 29 B i R A LB IT kAR
HE, MR F SR T 80%;1H MC-LR # MC-RR
BB R HERE S ML ERRNAELE, SRS
TR RS E) AN 2> F 50 do

AHRERR T B EELA NI RE RS
B, AU BT TAE 0T ARG B2 A e AT,
T HL R W1 FH B T B R =k . 72
A e BRI TA R, i S5/ 1 o 3 AR A P
REIRK , IS IS B RE b MC RORESR , FRIERXTER
R R R, B — R R T RS A,
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