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WE: SHEFRAACT B SR SE R AR B T F, DI TH 69 W5 MR 3 I8 0 k), SR A AN A
Ik, BIOR 8k ERVE AR BRI R & B R BB R R (MCs) & BRI, JExhx s
B FZ BRI ST T i, SR BU ML HRE , BRBBREN 23.2% ~36.2% , AEBR KL E N 40.7% ~
56.9% , BB EH AR > & BN LSRG , S A B350 58 (N+P,0,+K,0) H8EW B A YL RHAR v,
HERE 50 d J5 BALER T4 1T 80% ,MC-RR {KF#0 KR 10 pg/kg, MC-LR MR UK T 90% LS b, £
BE LI, M HEFER WBMRBIT . LB S MC-RR & B MC-LR 4 884t 8 3 M4 %0, 3%
BRIBSEAANBRMBEASRESEEMX, WS 88 BH BRI TBURKSEBERMEX,
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Changes of contents of nutrients and microcystins during composting of
blue algae

JIANG Jun'?, DU Jing', CHANG Zhi-zhou', JIN Hong-mei'
(1. Institute of Agricultural Resources and Environment, Jiangsu Academy of Agricultural Sciences, Jiangsu Agricultural Waste Treatment and Recycle Engi-

neering Research Center, Nanjing 210014, China; 2. College of Agriculture, Yangzhou University, Yangzhou 225009, China)

Abstract: To explore and optimize the composting technology of dewatering blue algae, an outdoor composting was
conducted, in which, rice husk, wheat bran and pot ale were used as stuffing. The results showed that carbon and nitrogen
contents decreased by 23.2% -36.2% and 40.7% —56.9% , respectively, at the end of composting in all treatments. The
contents of total phosphorus, total potassium and ash increased. The total nutrient content (N+P,0,+K,0) met the stand-
ard of organic fertilizer. At the end, the germination index in each treatment was over 80% , microcystin-RR content was
under the detection limit of 10 pg/kg, and microcystin-LR content decreased by more than 90% . Taken all indexes togeth-
er, wheat bran was the best as stuffing in blue algae composting. The correlation between microcystin-RR content and mi-
crocystin-LR content was extremely significant. The microcystin content was positively correlated with contents of organic
carbon and total nitrogen, and negatively correlated with contents of total phosphorus, total potassium, and total nutrient

and gray.

Key words: blue algae; composting; microcystin;
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BERAMBE K, ERKEEEFRUARHE
JoE ., SUFER, RAKEITEEEKEREMBRE
FEREAEAE KNGS, HPEERTEESE
KAEGREEREL" . IHKY. . ZHERME
BAEMFEZMYOKBINERARG 24 T ARBRERE
BKEGLEAR, BARMRERRHZSMES
. Y R ALMKKE BT ™ ER B
B, %3 E (Microcystin toxins, MCs) 24 5
WESEN—MER LI EY, R EEKES
RERRER AERERN—-RBEER. MG B
2 BT E , R R AW T Z R H K AL
BTZ(OERE. JUE S IRAEES) MEER
BRA K,

SCERUEH, T R IBBR I BOK 15 e A B R F M
BRI B ARENREFENERNEREZ —. E
BIRIRAEZ B TS D E R IRIGH, B X
RESTH LR ERFTER LN ML E, 2L
FTHEBIA K R EERIE, FEEYETEXE

F1 RBEMEERELER
Table 1 Basic properties of experimental materials

REFENEYERBICREAYLBTZA
U ERKAE - ERENEFRREELEE
B f—— AR AR R S X EM AR FA
RlERFER 2R . Fi, BTSSR RE  H
REAEREIE T ZARCHER, H+8Y]. BRI
MR ERAE —LRE, B EBEEZEASFSPDIK
VEBTEZ SN RCIR SR P BEAT B MR B 3 FE i B
WS FIMEAL FORHE & 0 1 B AL S AR R 4 284k
REBERGERRT W, LI RR 5K 5 e
MEALAb BT Z

1 #MBSTs
L1 REsk

BKSEVR SR T DI , SR 3 I BT 8
T ROK TR R 378, SR RA N 87% . M
SRR O K TR 20 AT M B
WX, R EABLIE R LR 1.

BE A pH Ko (%) AHIBE(%) 2E(%) £8(%) 28(%) K (%) C/N
FH i - 87.7 62.1 7.4 1.1 0.5 - 4.9
Lop P 6.81 8.9 59.5 1.5 0.4 0.3 16.9 22.9
£ 6.57 10.9 59.2 2.1 1.2 0.8 10.8 16.4
T 5.12 73.3 61.3 2.6 0.9 0.5 8.9 13.7
it 7.53 10.1 49.3 W 1.5 2.4 29.3 17.1
~FARARWE
1.2 AWH*E 1.3 HRXESUERSX

BRERRE-HERAT —EFNEMRT A
BT, WEIL4r N 3 AT 800 kg T5BE+80 kg
KB (T1) ;800 kg 5 3 +80 kg 3 %k (T2) ;800 kg
HHAT0 kg THHE(T3) . BIMLH2NER, BT
BRHEKE R 88% , N F| T H iR FA18 DL Kbk
GEBKIRFRREAET =EBRAL, FIH
TR SRR AR K A & B, 3 N AR BN
B30 :75 kg 78 kg #1143 kg, (R MW 15 &
IKEBRT5% o B#3 LB C/N 435154 9. 43
9.36 f18.56, A xTEXxE F1.5 mx1.0 mx
0.5m HAKE,

1.3.1 B& Ry Rl IR & 4 5 Fi il
BI%57 d.28 d.38 d.48 d #158 d Bk, EREURERT
TESERR BB P AT AR B 100 g, 1B 5T, 1B —
AERRIRE S . BAREM A R — 10 R B
it s F— I TCE T AL R T, B8, i 60 Hf/E I
FE.

1.3.2 ##ralx  pH {EFNE® pH i+ (PHS2F, b
R I ER) WE, B 1.0 : 2. 5(FRE AR
) ,150 t/min #E¥% 15 min, 5 30 min 5,0 E
EIERE pHE; A VLR RS R A B -5
PIE I E ; £ AR YLK E R LW E, A H,S0,-
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2012 4E 45 28 % B2

H,0,8%; @R A B RO EHRIE,; &4
R B K AEE B B 5 SRR AT AL E

T R ZFRREUOIIE AT 5K B L ¢« 10
(REEHERL) &% 1 h 5, M EEBS ml F
B rhpueak b, B A 30 BUESRMF Z£30 CF
BSR4 h 5, EMFRERMRK, HEMTA
IR GI) : Gl = (HEFBAL BB Fh T & 25 R xFh TR
K)/ (BB T & ZF R xFh AR K ) x100% 7,

BERNNE: (1) B, FRELL g HEtre s,
F 10 ml 80% HI B A B8 5 A B HE 1 h, 12 000
r/min 4 CTFEL 12 min, BEER B L EBRE A
e RN PRT LTI, AT pH 2 ~4 HELE
FRZRBEEE, T 0.2 wm JEAR, 9895 pH % 7.0;121
CKE 15 min, HEBKERFE S m; Q) WE, %
BERHIBR T Sep-Pak C #E, i LC/MS Bl E
MC-LR 1 MC-RR HJ & &, W 5T B 1Y b % A
HP1200, i i 6410, Triple Quad, LC/MS ¥ /& &t
23 Cong £y iE",
1.4 ¥IESHT

HEALE B FR & B (N+P,0;+K,0) = £ 8 +4
BEx142/62+2x94/78 , 1 THE 5 B AE AR i it
BB E Y, IR B R BT 05 24047
XTEFEPRTE 3 ik AE AL 28 B] %) 22 F 47 Duncan [
ZEHE., BEIEBTHBERSERTE S HMIE L
TEPR B % R OR A R M. BIE A dT 4 b
SPSS 13. Ov. ,fEE% 14K SigmaPlot 10. 0v. ,

2 4 R

2.1 HEERETL
ME 1 FEN, EFRRRE20 ~30 CHRAFT,

B EELREHEE S dFAR/ESO CLUE, 7

HEAE R AT 46 d o EIERE & T 50 CHIMRIE &
AT 154, fERE-ELA T CEL, b3
ZIELLER, B+ F R (T2) b EBKIRERE, R
AT RE R T2 AbFEHE AR FLBR 3R T1 (5 3+ K 8R) Fu
T3 (IR HEME) L3R, BB FE4, TS
EIZ
2.2 MIEEERENR.ERARKRIPOEL
B2 ATLAE Y, A B ] B R G, SR R
YUk & B 2B E. HILERE,TL.T2 A1
T3 fb8 A BA LB & B 51510 30% 29% 1 29% , 357
KR H23.2% ~36.2% , FFI48 % i 15 AR

HE (T

e (d)
—8— T1; Q- T2; —-%--T3; ~—A——- E
T1 3 800 kg T53E+80 kg AR ; T2 7 800 kg 153 +80 kg F kT3
9 800 kg TEBE+70 ke M E NFREIRE,
EH1 #EIRPHEERRNERE

Fig.1 Temperatures of the composts and environment during

composting

BRI FLER R /D, AR FEHSES, SEW
FEMAEYNG 3 Z R B LR RE+, FEM
53 RTER B H S S HAUE YR F B R, VR A
TR RIS . (BABIE PR E BB E
HANEXN BV AR REER(E2),7]
REREAHERMER S (BESHEEELA N
10:1),

MEE R gksE,3 M EFEESEH RN
EREEARNES, BEEREEARKEN
40.7% ~56.9% ,Hr T3 LhFE<T2 AhH<T1 kb3,
BABRIERKEEE(R2). BESFERKEZ R
MERENY, MERENERESEHARERE
YA A REREN, LIRS S®E, 4K
BWESA, BESENERXELBIRSd, T2 4
HERMRIER/DN, XEEIERPTERENRE
WMEGEROANY, ERTREENEE . HBEK
EARATFRENGR:, R EREESTHETH , X
5 EFIBERBITE R AR

RBERNSB B TR B VR BE X B M AR R T 2
BN, e A 455 BRBR G 4 i ) R B R K, A E ] HE
FFoh T3 AbHE>T2 4bFE>TI 4b3E, H A3 H] 2 Rk
BE(E2)., BLAEPRIER, FERAEHE
S KEBRK, FRKENMHEE (143 kg) KiF
THENEKE, MEBKSES, R T3 4H
WK Ay FHA 2 b, MBS G B S5
53& B (N+P,0,+K,0) 3k F , £ B % B H PLAL
BHEF #E (NY525—2002) 171 Hoeh T3 4h H>T2 4b
FESTI 4b3, HAb R Z R B E (FR2),
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Fig.2 Changes of contents of nutrients and ash in different composts during composting

F2 KESEFRRELBEANESNRS ESH

Table 2 F- and P-values between different treatments during com-

posting

Ei-2an F{E PH
BAEB% 0.479 0.621
245 4.968 0.009
25 0.952 0.391
Lo 23.515 <0.001
C/N 5.916 0.004
BIR(N+P,0,+K,0) & 2.534 0.086
KAy 32.278 <0.001
BHFER 0.125 0.884
MC-RR & & 0.317 0.726
MC-LR & & 0.093 0.912

2.3 REFEHTUNRR

Zucconi N, IR F RFMMKITE R FIR
B(GI), % GI KT 50% B}, AT LUA M AR B 558
BOEYEESOANC R EEY BB E KT, Y
GI KT 80% i, Wl LA AR E R 2@ . &
A 2 b5 FRVE TR 8 AL ) 0 258 (58 2 B J
HIPRAE , AR th S ML BUR . WE 3 ITLLE
H, S HAEALEE 50 d 5 B G ##E3d 80% , H b T2
REFRRLFE 40 d. T3 AFEK L7545 d GI #8id 80% ,
S35 T1 A ZEEERT 5 ~ 10 d KER
2.4 WERHEREMR

MF 3 FTLAE H, BEE AR AR A, & Ab B
HHMBEESRSEAETREEHE,HIL7 d,MC-LR
i) R B 2R 3£29.5% ~ 57.9% , MC-RR 5 9.98% ~
60. 89% , LIBEIR+FE £k (T2) A B R R TE ; B,
BACHTERAE 30 d B ERET RS EWMEKE 100
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2012 4E 5528 % %2 B

120r TR R VAR, SRR T 15 MR AE 7E R LR
S| FARTIZ AR o B B AR R S 2 2R (0 A
5ol R R AR B M YA A L4

B owl B R I R R T B,
20 MR 4 ATLIE AL R P i s R MC-
0 23— RR & 8M MC-LR & 8 [AH & B & # M K (P<
AR () 0.001), MC-RR &R S FAYBAREDEE
. TH 0 T2 —y T3 MK, 5 80 58 BRSPS RURKGERE
S — M3, MC-LR &R SHEEHHRMLAYER

H3 SLEERETEPRFERBIENL
Fig.3 Seed germination indexes of different composts during

composting

FIEMX, SHB . BH ARSTBURKGER
ENMR(F4) . ERERE THAEYESIRANR
RIS, SRR ARG ™4 T RN, R

B, —EERSER A E N EE R TR BT BRI
pe/kg o bJm , MC-RRE £ TR MR ,MC-LR  HEZ2HERIER.

B WA A 3K 2090 % LA b o LB A SR AE R AR A FI

R3 HEIEHNRRBRSENEL

Table 3 Changes of microcystin content in composts during composting

r— MC-RR(pg/k) MCLR (pe/kg)

(d) 1 ™ i 1 ™ ™

0 275.6 275.6 275.6 390.7 390.7 390.7

7 246.31.9 124.1£16.3 195.1£2.9 241.6133.8 168.54.0 165.1+0.4
28 51.4:0.6 14.5+8.7 56.6+3.8 85.9+0 77.218.2 84.1+1.4
38 13.920 ND 41.920.8 69.1+13.7 53.56.9 60.2:0.2
48 ND ND ND 31.2+0 38.614. 1 28.2+0
58 ND ND ND 27.414.9 21.020 27.0:0.6

MC-LR FI MC-RR #: 0 FFR % 10 pg/ke, TL. T2, T3 WA 1 i, ND RRARA . HALO d (A RAT 1 K,

F4 HIESEPREABR SRS HARBLEIROAXE
Table 4 Correlations between microcystin content and physical and chemical indexes during composting

BESER AW BANR 2K % 2 ONK nparcoyam A
MC-RR T1 0.695* 0.540 -0.768 ** -0.912™* -0.158 -0.857 " -0.852 ™"
T2 0.896 *** 0.638* -0.961 ™ -0.852 ™" -0.022 -0. 889 ™~ -0.687"
T3 0.784 ™ 0.567 ~0.871 ™" -0.879 *** -0.076 -0.964 ™" -0.709 **
MC-LR Tl 0.748 ** 0.708 ** -0.883 ™ -0.911 ™" ~0.365 -0.921 ™ -0.925**
T2 0.883 ** 0.674* -0.962 ™ -0.861 ** -0.080 -0.916 ™ -0.669*
T3 0.713 ™ 0.765** -0.923 -0.924 ™ -0.334 -0.991 " -0.573

T1.T2.T3 R 1, ™ ™ 4 BIFRAMEMEE 0. 05.0. 01 F10.001 BEKF,

MIEEKER 65% &AM TR RE . RE
MEHEERERAK TR EC EFE, (BH
ERYHPHELERARTERAE REHHR . &
MRGREY, EEFRERGT  ERREFREMN

=]

I P A7 SO RE A 7 R A e TR MR FT 85 Je XE L
AL — PR TR o Bk AR N IE AR Y

3 4



I B WEEEPRSRMEEER RN 319

R EREB B, AR BB /D, Bl THILE
FEFI R, T b 3R R IR B AT 4K AT BE i A
Y18 E BRI Y R, B — BB

SE Mk :

(1]

[2]

[3]

(5]

HAVENS K E. Cyancbacteria blooms; Effects on aquatic ecosys-
tems[ J1. Advances in Experimental Medicine and Biology, 2008,
619. 733-747.

DE FIGUEIREDO D R, AZEITEIRO U M, ESTEVES S M, et al.
Microcystin-producing blooms—a serious global public health issue
[J]. Ecotoxicol Environ Saf, 2004, 59(2): 151-163.

AR, BREE, TER. ARERRESREYRENY
EF5E[T]. FEIERS,1999,19(2) ; 138-140.

ZUCCONI F, PERA A, FORTE M, et al. Evaluating toxicity of
immature compost[ J]. Biocycle, 1981, 22 54-57.

CONG L M, HUANG B F, CHEN Q, et al. Determination of

(6]

(7]
(8]

(9]

trace amount of microcystins in water samples using liquid chroma-
tography coupfed with triple quadrupole mass spectrometry[J].
Analytica Chimica Acta, 2006, 569. 157-168.

ERE, AR R, % AREREFRE S wE X
W BCR M [T]. FHETRSR,2009,3(12) ; 2261-
2265.

NY525—2002 AV ARAERg @A HUIEAARHEL S .

LAM A K Y, FEDORAK P M, PREPAS E E. Biotransformation
of the cyanobacterial hepatotoxin, mirocystin-LR, as determined
by HPLC and protein -phosphatase bioassay [ J]. Environmental
Science and Technology, 1995, 29(1) ;242-246.

SAQRANE S, OUAHID Y, EL GHAZALI I, et al. Physiological
changes in Triticum durum, Zea mays, Pisum sativum and Lens es-
culenta cultivars, caused by irrigation with water contaminated with
microcystins: A laboratory experimental approach[J]. Toxicon,
2009, 53(7/8) : 786-796.

(T 28 E)



