#2244 1M
20084 1A

&k TOFE F R
Transactions of the CSAE

Vol.24 No.1
Jan. 2008 235

A EIEFF FH AR PR ERTNAE SR R SRR I RIFN

. 2 3 . 4 W, 4
BB, ERY R A, BEW, BEE
CLAS M DMV AS PR B B U5 SR 5T BT, MM 450015, 2.7h AR R AR 2 5 AR AR % ke, Jb 5T 100094,
RN RIS R R, R 300191; 4P E RN KA BRI S IR 24, b5 100094)

B F: SRR AR AR LT Y MO SR R AEAN I F IR AT T IOREAR RE 0 AT T WEIL, 4R,
AW ANIEAR BEIEHE REREAD A A SEAN R 2T 4 A RHAT BB PR AE T (EAH B2 O RAR AT 4 285 B 1K)

IR Cnpkat. JEMRAR) PRARRCHEIT . Bl RIRRIEIRIZ N 0.5%F 1%, AN & SIS0 MR A 52 i W B AR T L
FIR, FIFIRELL 0.25%H1 0.5% 0 H o "B RELER I pH A A B 0845 i IR 2T 4 25 B ARt 1k, (e v v B i A 45
Wtk (ELTUE R RAR AR pH (H 7~9 JulH A, WA R TP BeAg, 10 7E£T4E 3 R A 1 pH {E2h 10 11
FAET, MPHE B AR2AT ik 49.6% . BE TR B 45 B R IR EGE I LL 0.07~0.13 mg/L 4, 5l A KA AR 4T 4k 320k )
(L% 50~60°C .

EER: e HgE; I HAEAR; BALN

FESES: X705 XERFRIRAS: A NEHS: 1002-6819 (2008) -1-0235-06

HR¥%, ER1Y, £ F, . FREFEZFGHETERAEENAESHRAIBENMFMJI]. R TEFR, 2008,
24(1): 235—240

Niu Junling, Cui Zongjun, Qin Li, et al. Effects of cultural conditions on the capability of complex microbial system to degrade
cellulose and lindane in composting[J]. Transactions of the CSAE, 2008, 24 (1) : 235—240. (in Chinese with English abstract)

0o 351 &

BiE N D ARTZAC, AT, SifEE. &
PIRSAT S KFETE . HME . Sh2e(Ess; WRmIRAREN
(K3 8 AR R 2T 4 7 i ORI 2EJsOR ] T
A IR B R R, MR EAZ BT G . T
e Y HATKAEE R m i dn i, SR R =
W, MABRA EBREAR ST, EH S KR AT
M FRBE 28 s i £ A 2 N AE . B LR ABIFSU T 7820
AU BRA T e 2R I B MRAE T, IR 2T 4 R e Ak
ARG ek HE A 78 43 g s G 2L v -666 2 Tl
i NZNNHETEAL 7y, S A S 99% LA EIN Bk AR
Pro HARAPEALE 1984 fEAIAE LA RAE AN AN, (H
M 1990 4R, Hf [ SCHEHEMOPHT BRI AR MGG IR 36
WK B /N S A O TR IS A BRI, Mo b

WA H . 2006-12-27  &11 H . 2007-07-30

BETH EERBSZ RIS (2006BAD10B05); i B4 R BT
H (072102190009); H & i 1 fi L %43 (20050019037); A F5E {7
FPORMIF R I T T SR g 2 85 VERHE e T S AR 55 9k 5 1509 B 1 H

fEE T RREY (1972—), 4, thilgKIa A, L, BIEdZ, Bornh
[ A e ST A B S A e N P A S T 2 5 T O PR BT ST
Jit, 450015, Email: niujl72@zzia.edu.cn

MOBIER: A% (1963—), B, #dZ, WA, W07 K
WS Ak bt R EARME A B S R B BE, 100094,
Email:ligx@cau.edu.cn

(AR 22 Bl K HE L 2 RS FH 338 o s A7 KR ok
W, MM TR, . REHRR. Pk
D ISR WU AR S AE AR P (K 3R B IR BEIE AN B L. I
RS TERN], LSRR AT A B AR N NN,
LR R AR DA A T B e T, S 1A
P b AE A A 7 3 BT, BT BUAA B SR S
A AT WL R 1 IR R AT
HEX.

LW DU R AN ) et S R HE RS A b, 22 PR
WIrid. 2R LHAFRZ WAL S, wn b
PPt — AL REA BB LT U R AT R S A B v
A (y-666 i DM AN/ANANIEPEA )y, AL ik
99% LA Lt O R o, A RALIEAR WEARAR
AR AR A S5 AN ] 2T 4l 26 R H5 A B0 ¥ A e
FE pH {E4 7+ 8 A1 9 IAAF P MO R B, I
) 45% AL, 1 HAE pH {604 6~9 ZRIIEIREAT T,
PRPY A 55 DR AR B 2 R ARG 10— Bk . ASCEE T
MBRIERIR . BRI . RIRMSE . RBIRIE . WA
pH B U JLIT IR 7 1% S TR AR B AR R B 77
M2t

1 M5

1.1 BEkiR
HEFIHIEYMLMAE RN RBESH R, HE



236 Al TR 2A R

2008 4F

MNEEAGEART a7 W, 208 T
Sphingobacterium, Stenotrophomonas, Pseudoxanthomon-
as, Proteobacterium FI Geobacillus H.1~)& -
1.2 EBERFH

WA YRR 73 (PCS): 0.5%& I/, 0.5%%F
At Z ML, 0.5%NaCl, 0.3%CaCO;3, 0.1% FEER), HIR
PH o JCHF 0 B0 WY I, 35 % 0 AR P 1 0 46 K B A
100 mg/L, HE AW RMERE N 5%, 17X 50°CHHEEEFR,
i i T DO B ) 4 0.02~0.40 mg/L KBl 48 44,
1.3 RMBRMFEIRENESE RMERE N
i
1.3.1 BRRAPE

73l LL 0.5% A . R HIRLT4EZR (CMC). IR
Mi BE4C. FEFS. B ARAE PCS HhgME—BRIR, R
5%, &M JE 50°CHfIEREFR, (EHFRI 1. 3. 5. 7d 7303
e 24 5B 7258 5 d W A RIBRIE R PR, 1
57 d WEMSFBEAR AR . RIS 3 K.
1.3.2 BRKRE

43 ILL 0.125%, 0.25%, 0.5%, 1.0%7F1 2.09%[1E4%
VE R ME—RRUEHIE PCS, R 5%, 50°CHf kIR,
TEREFRI 1. 3y 5. 7d 23 e 2P 4L 3 Mg ih s 128 5d Wl
TEPEAUVKE R, 1R 7 d MIEARPH B . REOIRURES)

HE =R

1.4 IBFEPRFHMEFRENESERIEMREE
A

L4 1 FORAE

DL O.1% MR Ee . PREE BRI A E . R,
FERERY 22 S E PCS H %0, LAUEAR B, b,
BAFRAAFIR 1.3, E55 5 d M dBdUR R, 2 7d Yl
WP B . RRRIUFE R 3 K.

1.4.2 RORKRAE

Bl 0.125%, 0.25%, 0.5%, 1.0%F1 2.0%[K)E% Rk
Y ME— R BHIE PCS, R, 8R4 1. 3,
e 5 dMEIRAVK IR, 7058 7 d WE ST B2
RN E S 3 K
1.5 EFREMNESHERMEMBEE TN

BL 0.5% JEACYETRIE K PCS, REFRUEE 7 B E
30°C, 40°C, 50°C, 60°CHI 70°C, EF&. RiEsft.
IR IS 1) 500 5 Fe b 4 1m) 1. 4
1.6 IEFIER pH EX E ST RIEMEE BRI

L 0.5% JEACHERRYE ) PCS, BEIR9H pH 1823 71
#| 4.0, 5.0, 6.0, 7.0, 8.0, 9.0 f1 10.0, #LFE. B
AT BRI R) 5 0 FR AR A 1. 46
1.7 BEFRPNBBENESE RMERE NN

5 IHA 6 cm WEFE) O, A PCS
HIRIL, WARRSE R 2, 4, 6, 8 F1 10 cm, R

BEFRAAT . BRI [R] e Fabr 3 F] 1. 4. i
I 52 F H A HORIBA OM-14 4 DO METER.
1.8 MEAHZE
1.8.1 “FefpZpEieym "

K H CMC KAL)k, B 5 37 L #2 BA 3000 r/min &9
L 15 min J5, $ESCER[L2) A o e I, B R
N5 60°C, NI IE A 5 min, DNS (3,5- fiff 3%
KGR Tl 5 min, MR K K 490 nm. X
%4 Varian 24 @[] CARY100Bio B /3 Y65 i .
1.8.2 LAt Eegm

W REFER E P, 3000 r/min B0y, 5] I, HER
T2 RS T 1 TR A Y b 0 ok AT, e, T K,
>, 105 CHET JE PR, Th 5k T AN P
1.8.3  #RFHFfEE ez

Y IR Ak 38 2 T P 55 R FH A - S R
WHRIR AL, 23 HP-4890D HU A HI (il Al e, Wle 4%
424 Equity-5 R BN 4, K 30 m, B % 0.32, i 120°C
5 min, FR/FTHEZSE 260°C, JHEIE 20°C/min, HEFE
AL 280°C, HLFHIREIIGS, WRAER 280°C, PR A H]
22 min.

Mo 49% =
o e o 1 - B 0 2
X BT A
2 HREHH

2.1 RYBRENMEIRENESHERBBREINEY
i
2.1.1 RREREA LG H

Iy HILAH AR, JRFILLT4E R (CMC). JE4L. il
W FERSRY AR AR A D ME— BRI AT IR, 45k (K
1, 2), ZEGHREIAE PR Y AR R TR )
REART,  AEDOS AN )RR 1) 6 it S L BT 7= 2 ) 2 4 25 i
PEAAMRAZEN . 6 FReFdE bRl S50 RATIRACH I
e IR B BE e s T (R T 4 SR G 7 55 5d #RIA 2]
e, JAF 40U BLE, BbJE NFE. R CMC IR 26
VE BRI, WA 004 4 2 RE IR, U 10U 7244,
FEFE A Ay G5 BT R M A TR P 2R A i) e ) o R
() 5 3050 B A 3 A T 52 6 5 P 95 %6 LA [ JE g A A
IEANC MY O, TR IA ] 50%LL b, midER
WM T 23.5% (B 2). nf 0L, %R AW RN SR L4
FMRHE AR BCR 5 M R £ 4 22 35 B 1) R s E L
X KRR 4 25 & it v IR IR R R DR AR R 2 1, W21 4
FORIBAR, AT A A = (R A B R e ) A

D5 AN ) e s 4% A 5245 181 3 5 R T e i i
ZERW] (L 2),  LADEARRIRE 20 g B Ak B 1) 2 I
HOR P B AR i, AR T 50% LA b, HLUOZ B

X 100%




1M

AERECAE AN AT HENE P B 2T 4 2O B 15 18 AR 0 R BE D) (115 237

FRFIFRERS, 205k 38.3%F1 21.6%, CMC FIHs K M wniE
IR PHE B A R IR AR, U 10% 247 iRikie &5 &
W), 2GRN AR A — e R B R AT YR
VIR Al — 50, A 0 R0 41 4 2 A T R
FRZ, WP RRFH IR B A BR B o (ELE 5 55 R FH (VB R Can
AW ALLERT, AP BEAEAZ 0, (a5 S
B R A2 T

—e—CMC  —a—Tijliili —a— fFS
50 ¢ —x—[BifiEHE  —x—iEHE  —a— K
40 t
2 30 ¢
E 20 }
10 f ‘/’él—";’—::a
0 2 4 6 8

I (] fd

pH=7.0, DO=0.1mg/L, T=50C
B 1 REBIBR T Y E S 0% h
Fig.1 Effects of different carbon sources on the
cellulase activity

120 ¢
O s
00T @ kg = M

80

60 -

23 E

40

20

CMC %R BA BRE s B
AR
pH=7.0, DO=0.1 mg/L, T=50"C
T (ERFRES 5 d WA FIBRIEFEAR A, 55 7 d BUARTH I Mg
B2 BAH F3 REBORA AR 0 I 5
Fig.2 Effects of comples microbial system on degradation
ratios of different carbon, sources and lindane

2.1.2 RREBRIRE A

CAIEACHE Ay BRI 78 54 TR AE AN R BRE VR 1 1 1)
AU RGN, SR IE 3. BT LA, S8
()T 4 22 IS Bl A 1 77 6 ARG 0, 2 5 d JASIE
{8, VUG R JLA bl 1% R RRIEAAE R LT 4%
B e, AEBERPER 5d IR %) 48.2 U LI 4r %Ik 0.5%.
0.25%. 2%l 0.125%. X5 FHiA%% (2004) Mk
ST Uk R O T R R 45 AR, AR AR
DL 0.25% [RIRR 5 E 4 11 T I 4T 4 2R T o o » B DB AR
RN, LT RERE K. mARK T, LT KRS
eI AR RB ISR I 0 1%, LKA 0.5%, Tedstik F il g
THRARASFI 45 4 22T R 07 A

M 4 ATLLE Y, EARIBRIEIREE T, SRR
L 0.5%1) 55, 5 d Y 98.3%, H: 735l A 1%F11 0.25%,
R d8ik 2] 90%LL b, TTBRISEHE A 2%H1 0.125%%%
PEF BB R B, YT 60%. W] WLZEREER T, £F
Y 22 T R B AR 1) 2R At AT AL 1) — 350k, 8T DA S ke
AT RN AE R Y TR MR BE o AEAS [ RIS R B 4%
PETTMRPT ) A 36 5 DR AR B A R AR B A — 30 (1 ),
7F 0.25%. 0.5%F1 1%KL T, MPFRf R385 A,
43504 50.7%. 57.4%7F1 56.9%. 7 0.125%#1 2%5%14 T,
MRPY B A# 265333 0 30.8%F1 40.2%.

—— (. 125% —=— 0.20% —&—0.5%
—¥— 1% —i— 2%

Al /U

0 2 4 6 8
il fd
pH=7.0, DO=0.1 mg/L, T=50C
B3 RREVBRIRIREAT 4 e K B iE 09 % o6
Fig. 3 Effects of different carbon source concentrations
on the cellulase activity

100 P
80 et

60

e /s

40

20

0.125 0.25 0.5 1.0
BEIAIE /5
pH=7.0, DO=0.1 mg/L, T=50TC
T FERTIRAN 5 d WIUBARREMRER, 35 7 d PMST R 2
B 4 FRBRR A IR A AR R E 09 B
Fig.4 Effects of different carbon sources on degradation ratios
of filter paper and lindane under different cellulose concentrations

2.2 I1EFEDP IR IR EXT
kAl
2.2.1 R RRAT K 6%
SRR IR, . RERE . JIRE. FWE. BAM.
FEBER A ) PCS RE 77 i M AR 52 4 B RIEAT RS R,
SR (B 5, AHLEIE (R, Bk FRE)
WA TR (RRE: . TR &, WRE); HARA
WU A BRI 22 5 AN K, 1T JEHUEIE AN 7] A 3 ) 22
SRR ANLEUE T DU RERY B 97 410 N IR AR B Al 2
e, IEH) 97, 3%, B AWRESSRAAE T O B fif 2 B
IEF] 42. 9%, THUEE - AR R4 4 1F 1 I S8 AR ANMR S

AEARMEMED



238 Al TR 2A R

2008 4F

WA, SCRRARACRAL T HLBBE S S PR R
W CMRERRED 2. WIS & FRE B R
BR34BT ST 2 0 1 10
BUBRBA 2 29,

120
100 Lhas
m@ i M

e 80 |
i
M
iﬁﬂ-
#

40 +

20 -‘ ’

0 .[I]:I‘_..I,

WiRRE: WM RE O RAR  FRE s
EE R
pH=7.0, DO=0.1 mg/L, T =50C
e (EHFREE 5 d MURARREAR A, 55 7 d MURKPHIK Be g
B SRR AR AR R 0 H
Fig. 5 Degradation ratios of filter paper and lindane
under different N sources

2.2.2 AR RIBRIREM
AR RER A A W — SR 5T 545 TR R AEAS ) R
FE TR R ARFIMR PR B 22, 25 LKL 6. NI a] LA
H, FERUEAE 0.5%I1) 45 N IEARSE M 2 Bt iy, 5 d IR
93.8%, HIRIMNIA 1% 0.25%, BEfEE53 70 89.5%
1 79.7%, MRIFIRE N 2%51EF, IEARH B AR,
XA 42.5% . RPH) BRAR 26 15 DR AR B AR R AN R — 3L,
76 0.5%F1 1%IREEAAME T, MWPHRRMRZIEE, 73 0A
57.4%71 56.9%, M 7 EARFFAA 2K 0.125%F1 2% %
PEREES, WP ERAE 40% ida . nl WLAEREBERG
VB Jhy e — U S ARG IR FERA P64 R, KA 0 R B
i PR T 1R B 3 52 MR LG PR A ) B R B 4 AR (5
7N,
120

100 | L a4t
a0 | B3 #ft
60 |
40 |

20

e /5

0.125 0.25 0.5 1.0 2.0
R/
pH=7.0, DO=0.1mg/L, T =50C
e FERFRIN 5 d WIRARFRMEES, O 7 d PUARSHI BEfi 2
B 6 R RRAREAIERFARS MR F 09 %R
Fig. 6 Degradation ratios of filter paper and lindane
under different N concentrations

2.3 AREBFEBEEXNESHRMERENNEIT

ANFIEE SRR BT B R I MR R ) W 7. fERE R
HEER 30°CH40°CHY, HAEWRERA —EMEKSE,
RO EARFIMR P I B il 2R A, B B R I

RN B R ) Se iy, {1 50°CHI 60°CHFRAAT
NI IA B, ISR, 5 d I YEACRR R Y
K3 95% Jity, 7d IS ARFHBEAR 2 A 21 50% LA F. 4
ML 60°C I, PR SR e, 2 70°CHREJL A Ik
Al PRI, AE A FRIEE RS 50~60C .

120 r

o | DI
B3 HJt
= 80
;E
w60
-
= 40
20
o Lifia . [lh
30 40 50 60 70

g/ C
pH=7.0, DO=0.1 mg/L
T PEEEIRAE 5 d MIPRARPEMAREE, S 7 d WUBKSTIN R AR
B 7 RRE3ERREATIRKAARTT R R R

Fig. 7 Degradation ratios of filter paper and lindane
under different temperatures

2.4 T [EpHEXMESERMEMBEE NI

S A RAEAFEIIUE pH 4R X IE AR B AR 15 10
WL 8, MEFRTLUEH, 78 pHT~9 %&AF T, 5 d Mg
ACI PR ARIA ] T 90% LA |, pH 6 AbERKZ, pH 4.
pH 5 HI pH 10 AbFRIIEATER A 2 W WALAIC, 471 50%LL
N R ANEIHIAR pH A5 N AR B A 2 0 s 2 SR (]
8), W4 pH {EN 8 F1 9 WAKFHEIBE MR &, BT
50% LA b, H ki pH 10, pH 7 F1 pH 6, 1 pH 4 F1 pH 5
ZAF TP RRfRAR > . WA RIS AR T, fReFYE R B
filt s eI pH 7~9 JEHEIA, B FREG R TP A
AR LT 2 B /D pH 10 AbFRAAE N, MRS B AR
HEA 49.6%, X FEE TR R BEIHR SRR D AR TE
BRPESRAE T, MRS U 2 3

120
O k4t
100+ @ skt
s 80
S
P
= 60 |
£ p
0 (e o B $.
4 5 6

pH {i
DO=0.1 mg/L, T =50C
e {ERTIRAS 5 d MIIEARPEMREE, 55 7 d MIMPH FEfR 2

B 8 FElAn%4 pH AT IR KA EME R 49 %
Fig. 8 Degradation ratios of filte paper and lindane



1M

AERECAE AN AT HENE P B 2T 4 2O B 15 18 AR 0 R BE D) (115 239

under different initial pH values
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Effects of cultural conditions on the capability of complex microbial
system to degrade cellulose and lindane in composting

Niu Junling®, Cui Zongjun?, Qin Li%, Li Yanming®, Li Guoxue**
(1. Institute of Resources and Environmental Science, Zhengzhou Institute of Aeronautical Industry Management, Zhengzhou 450015, China;
2. College of Agronomy and Biotechnology , China Agricultural University , Beijing 100094, China;
3. Agro-Environmental Protection Institute of MOA, Tianjin 300191, China; 4. College of Resources and Environmental Science,
China Agricultural University, Beijing 100094, China)

Abstract: The degrading capability of a high-efficient complex microbial system to degrade cellulose and lindane was
tested under different cultivating conditions. The results show that the complex microbial system can decompose filter
paper, absorbent cotton, rice straw powder and sawdust effectively, especially has high degrading activity for
the materials with higher native cellulose such as filter paper and absorbent cotton. The more cellulose was decomposed,
the more lindane was degraded. The optimum concentrations of carbon were 0.5% and 1%. The organic nitrogen source
was much better than inorganic nitrogen source on the degrading effect. The demand of nitrogen concentration for
the microbial system was stricter for that of carbon, and the optimum concentrations were 0.25% and 0.5%. The
complex microbial system can also keep a higher degrading capability in a wider range of pH value. Filter paper and
lindane can be degraded effectively by the complex microbial system during pH 7~9 which also was the optimum
condition of cellulose degrading, and in the condition of pH 10, the degradation ratio of lindane reached
49.62%, much more than that of cellulose. The optimum oxygen concentration was 0.07~0.13 mg/L, and the most
adaptable temperature was 50~60°C.

Key words: compost; cellulose; lindane; complex microbial system; cultural condition



