Vol.28,No.5

9528 B 5 M 8 iy : %
T T May, 2007

ENVIRONMENTAL SCIENCE

AERBEEMREFY S RERSENYELF R
4 1% BT R

JE SR, A AL, ket

(R FF R RL 5 TR e, R 300071)

FEE RH I = /AN MENL R GO0 3 Bl gL BBk 5o 25 3 L iR K e HE NE I A2 1R 0 34 2% R A WD RE VR EAT T SR LG
BRI R JSORHE L pH #BEETHF 8 LA E, ¢/N TEME LR h A BRI o ARRZK 2 A BHE RS (RS VIE AT (V)L K
ARCWP) B85 J8 (SDOKTHE AT AL 2 1) 5 i 5 AN [RIHE AR JEORHAR EE 22N 22 78 3 FOAS [ JRURL o, B 4 53 8 HE I V5 1R A v 14 d B L
WIBEAEZRA 47 .2% ~ 56.8% » ARIEIR A=W 5 1) Bt A0 S JIE ) T ml 8 N2 359.7 ~ 472.3 pumolokg ™" s {HAHZE W BE 4 (1) 22 A P 48
%, BR 2 FEPESRE DO TEIENE S WG N R 6.1 ~ 6.7. 2 FEHERE RAEWI LA B BUE PR iy, G AR PR BRI, JLRR & 8% AE e v
A B 45 KAEH 36.3 ~ 117.0 pmol* kg™, BRZ FEEFREL DO WG A 10.3 ~ 12.8, HENE S 72 i W A v &2 )5 0 18.1 ~ 22.7.
75 VR HE B IR 5 TR VE A T S 5t R 2R 3% 2 () HERE I AR BN IR 32 280 T Ukl o &Rl LS o A TR T 5 3 AR B F 5L &5
SERH T HEAL S R AT G SR T 8L

SLHRIAL: HEAE: IOkt 7K o R ERDRL s RS 3 2307 s A=)

PESES X705 XEIRIRTE: A XEHS:0250-3301(2007)05-1158-07

Physico-Chemical and Microbial Properties in Thermophilic Composting Processes

of Different Biological Solid Wastes
TANG Jing-chun, ZHOU Qi-xing, ZHANG Guan-hui
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Abstract: Characterization on the physico-chemical and microbial properties were carried out in thermophilic composting processes of 3 different
biological solid wastes: manure, garbage and sludge. pH increased to above 8 and C/N ratio decreased during the process. The effect of
different bulking agents on the composting process is smaller compared to different raw materials. Among the 3 different materials, garbage
composting shows highest composting activity, and the mass reduction rate is 47.2% ~ 56.8% after 14 days. Quinone content, representative
of microbial biomass, increases to 359.7 ~ 472.3 mol*kg™" at the late composting period. However quinone diversity index only increases to
6.1 ~6.7, suggesting lower microbial diversity. The composting activity of cattle manure is only high at initial period and then decreases. The
quinone content is high at middle period of cattle manure composting with the value of 36.3 ~ 117.0 mol*kg™" . DQ is 10.3 ~ 12.8 at initial,
and increases to 18.1 ~ 22.7 during cattle manure composting. The properties of sludge composting fall in the range between cattle manure and
garbage. It is suggested that the differences of the composting processes are mainly caused by organic component level in different raw
materials. Suggestions on the control of composting process are also proposed based on this study.
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Fig.1 Diagram of the experimental composting system
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Table 1 ~ Chemical composition of different composting materials: cattle

manure, food waste and sludge after addition of bulking agents

7J< Ln%}% N
R g:ﬁ C/%  N% CIN U2 1% T@PE1%
RS 412  1.06 38.9 14.8 68.7
e \% 20.8 0.73 28.5 56.2 68.4
]
SD 4.6 099 452 6.2 70.0
WP 39.1 1.26  31.2  10.8 68.6
. 45.4 2.2 205 8.6 67.4
sk

27.6 2.08 13.3 34.0 66.9

U + e
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DRS: FaRs; V: 154 SD: 55 ; Wp: JR4C
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composting process of different raw materials
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Table 2 Change of mass reduction and pH> EC during composting processes of different materials

L P JAS > JAS V] >
| I 3 A4 RS v 248D T3+ WP ﬁiﬂf{i@ ﬁiﬁf%@ /zé}?;l;;f
WU 100.0 100.0 100.0 100.0 100.0 100.0
Bt 91.4 95.6 2.3 63.8 68.2 89.2
Ja 76.3 89.1 76.4 43.3 52.8 79.8
HIUR I 7.92 8.20 8.15 8.23 7.03 8.25 10.50
pH L] 8.83 8.38 8.68 8.58 8.65 8.47 8.37
J&i 39 8.57 8.21 8.36 8.53 8.39 8.39 8.10
146 4.19 2.28 3.27 2.95 5.33 3.81 4.83
EC/mS*cem™! L] 3.68 1.58 2.70 2.34 7.02 4.66 5.07
Ja 3.71 1.50 2.98 2.54 8.79 4.72 5.73
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3 KA A JFURHE L R BRE  = KIRE 2
FEPERR R DQO I AALBEAT T AL T LA 35 7F 3
S 0 S R 2 R o ST v T BRI S e
FHENE AL BRAT I B v, H R ) R v R 1 R =
LEHENE J5 IR R N3 359.7 ~ 472.3 pmol kg™, W12

F T AR 2 B 8 HE A A B 3K U A A B v 3 I
LR A P i B i i KT 2 B ERE. DO
WOV TE B AH B, A8 J5 3 DA S HE N 05z v B v HE I
BAlk. 3 DO VIR 10.3 ~ 12.8, HENE L2
TR 2 A A 181 ~ 22.7. DQ AR AL A 4
F& S Yt i I Ay AN e 3T 380 S 30 32 5 s i
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Table 3 Change of total quinone content (TQ) and quinone diversity index ( DQ) during composting processes of different materials

L > A > JAS N} >
i H it 40 3% + RS FIELV 3%+ 8D T3+ WP ﬁiﬂf{i@ ﬁyf%@ i}%ﬁfaﬁf
WA 27.6 17.3 43.5 30.0 0.0 0.0 52.6
TQ/pmol *kg ™! i 93.3 36.3 108.7 117.0 52.1 122.3 91.0
JE 66.9 34.3 63.2 78.2 472.3 359.7 127.6
HIUH I 10.9 10.3 11.1 12.8 0.0 0.0 16.8
DQ L] 13.4 16.2 14.4 14.6 2.7 4.0 10.3
Je 20.3 20.6 18.1 22.7 6.1 6.7 11.8
F4 TERERHERISEDBZEELY D T
Table 4 Change of dissimilarity index ( D) during composting processes of different materials
- A FEHENEAS RS AL L 2 ) Q%ﬁ%%@ 3 o3 R ﬁ@%@
’ RS-V RS-SD RS-WP V-SD V-WP SD-WP  ISIMELZ I Ak ) 578
146 1 32.9 17.8 24.5 31.6 18.6 20.0 0 50.0 69.4 50.0
i 32.6 15.4 15.9 35.0 43.6 14.5 19.9 54.0 49.3 30.3
JE 26.4 27.7 55.8 41.2 29.7 34.8 0.5 55.8 51.1 12.8
P 30.7 20.3 32.1 35.9 30.7 23.1 6.8 53.3 56.6 31.0
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Fig.4 Change of mole fraction during composting processes of different materials
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Fig.5 Relation between quinone content and organic decomposition

rate during composting processes of different materials

2.4 AS[FIHERE R 42 46l

B 0T AN [] SO HE B PR AR et A T i 6o S i 1
Pt AR o5 1 77 400 1 Ak B 2, 7 ST BE S B
WA WIS pH K 23 F 8 K 7K s in 3 ) i
S S0F IR S HE A PR 4 1 T B AR R G DR} ) AN [ g
AT VREE . £ 5k s 4 BT el 1 LAk A A 448 A e
THFE K IR 15, DRI 7 LA T A2 08 PR 45 00 X, S5
TP RIS & 26 A (1 HE L ] DA s A1 1R 45 4 A i
A A ol v i v DA R A B A5 2 TG P B R AR
A RANFN AT T B 1A 2B, DR L PR 4 A S AN (R
JiORsh S UL 3 A7 2850 1D 5 it 3 A ) £ 0 v R U
TR S AR B, ] DL R — 2 B R
A HUAAE R 7K 53 YRS RL RS Iy, s s, AEL )
FAF 48 0 5K 8 S 1B N I — Lo ML % = A
FE TR 340 5 DA HE B ) s 2 P 3% 1 T LK 5%



1164 7N 53

P

% 28 &

BT TR Ny e A HEAT IR HE, A LA K 5
PoIFI I 5 2 AL BE 24 SR 08 S L 1) e 2 3 2 3 A7 VF 22
FLE o I8 52, A7 RE AN [ JSURH A HE LS R (¥ [ 1
I AR W DR 2 A R HE L R AT A A
HNEGEHN

3 it

COOAN R JURE S I I 2 76 4 B AL 22 K B ) o
Frtk EAIRAAR .

(BRI IR I+ W HE ML I AT BRI =
SRR A HL R A 2 1 e L A S AL I
(RIAT WL o it 5 B Bl A ) AR

(3B 3% o0 A vl DUBR G e I S S 3o A o
YRR AR AL

S 2% 3Lk

L1 JEdeb, s, s R, &6 . S A AR M0 71 om0 e IR R
WEFELT]. BREE5 Y 58576, 2003, 25(1): 262 ~ 264.

L2 JEdeb, s, dff, 4 SR A RS v A by e e
g HLT] RN, 2001,22(5): 122 ~ 126.

[3] EFH AR E FRLA. FE PRI AL SRA A & & 1
FEFELT]. R AR EREE, 2004, 2002):46 ~49.

[4] =t SR, 401 o0, & . & & 80 wn i e A= ) 4k 5 A%
RFAERTFEL )], AR, 2005, 36(2): 234 ~ 236.

[5] GEZE, B2, Fhh, 5 FIH 2 AT UL R g b 51 &
s ETEr]. HEAR ], 200452001 159 ~ 161.

L6 ko, FSCAE, phdloe, &6 Yy Je sl il XU IE i 72
P4 R 22 AR ARFAEL 7] R AR 7S 244, 2002, 13(4):
467 ~ 470.

[7] Pedo M S,

characterization of predominant microorganisms during decomposition

Haruta S, Nakamura K, et al. Isolation and
of waste materials in a field-scale composter [ J1. Journal of
Bioscience and Bioengineering, 2003,95: 368 ~ 373.

[ 81 Narhiro T, Takebayashi S, Hiraishi A. Activity and phylogenetic
composition of proteolytic bacteria in mesophilic fed-batch garbage
composting J1. Microbes and Environments, 2004,19(4): 292 ~
300.

L 9] Manios T. The composting potential of different organic solid wastes:
experience from the island of Crete[ J1. Environment International,
2004,29(8): 1079 ~ 1089.

(101 fHLUEN, EUg, 55 F2, 55 . DGGE v5 Ve HE L T Z 5 A= My Fl it
Sitlg i Aly]. IR EERE, 2005, 25(Z1): 98 ~ 101.

L1112, U5, R3S, A DROE RS IR A B T 5 e B 2
FEPERTEL ], FIHE R AR CEARFHERRD, 2005, 33(5): 149
~153.

[12] 54, Katayama A. R 2 B 40 87 76 20 58 40 2E 0 42 2500
L], SR A A4 20045 10(4): 530 ~ 536.

[13]

[14]

[15]

L16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Tang J C» Inoue Y, Yasuta T et al. Characterization of the
maturing process of cattle manure compost [ J 1. Process
Biochemistry, 2006, 41(2): 380 ~ 389.

Tang J C»> Katayama A. Relating quinone profile detection to aerobic
biodegradation in thermophilic composting processes of cattle manure
with different bulking agents[ J1. World Journal of Microbiology and
Biotechnology, 2005,21(6-7): 1249 ~ 1254.

Tang J C» Kanamori T> Inoue Y, et al. Changes in microbial
community structure in thermophilic composting process of manure
detected by quinone profile method [ J1. Process Biochemistry,
2004,39C12): 1999 ~ 2006.

Hiraishi A, Yamanaka Y Narihiro T. Seasonal microbial community
dynamics in a flowerpot-using personal composting system for disposal
of household biowaste [ J1. Journal of General and Applied
Microbiology, 2000,46(3): 133 ~ 146.

Fujie K, Hu H'Y, Tanaka Hs et al. Analysis of respiratory quinones
in soil for characterization of microbiotal J1. Soil Science and Plant
Nautrition, 1998,44(3): 393 ~ 404

Hu H'Y, Fujie K; Nakagome H> et al. Quantitative analyses of the
change in microbial diversity in a bioreactor for wastewater treatment
based on respiratory quinonesl J1. Water Research, 1999,33(15):
3263 ~ 3270.
Hiraishi A, Morishima Y, Takeuchi J. Numerical-analysis of
lipoquinone patterns in monitoring bacterial community dynamics in
waste-water treatment systems[ J 1. Journal of General and Applied
Microbiology, 1991,37(1): 57 ~70.

Hiraishi A, Yamanaka Y Narihiro T. Seasonal microbial community
dynamics in a flowerpot-using personal composting system for disposal

of household biowaste [ J J.
Microbiology 2000, 46: 133 ~46.

Journal of General and Applied

Strom P F. Identification of thermophilic bacteria in solid-waste
compostingl J1. Applied and Environmental Microbiology, 1985, 50
(4): 906 ~913.

Cahyani V R, Matsuya K, Asakawa S, et al. Succession and
phylogenetic composition of bacteria community responsible for the
composting process rice straw estimated by PCR-DGGE analysis[ JJ.
Soil Science and Plant Nutrition, 2003,49(4): 619 ~ 630.

Kurisu F> Satoh H, Mino T> et al . Microbial community analysis of
thermophilic contact oxidation process by using ribosomal RNA
approaches and the quinone profile method[ J1. Water Research,
2002,36(2): 429 ~ 438.

Hiraishi A, Narihiro T, Yamanaka Y. Microbial community
dynamics during start-up operation of flowerpot-using fed-batch
reactors for composting of household biowaste[ J 1. Environmental
Microbiology» 2003,5(9): 765 ~ 776.

Katayama A, Funasaka K, Fujie K. Changes in the respiratory
quinone profile of a soil treated with pesticides[ J1. Biology and
Fertility of Soils, 2001,33(6): 454 ~459.

IRBET . S HE L ) A 2 A0 R A s MR o ) e A
SR LTRSS CEARFHFIRO, 2005,33C1D: 6~9.





