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Abstract: The changes of polyphenoloxidase and dehydrogenase activities,
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and the changes of composting temperatures, pH and humic acid E,/E, of

composting materials during aerobic fermentation in thermophilic aerobic state were studied. Pig manure and straw were used as the main experimental

materials. There were five treatments in this experiment. The results showed that: (D The temperature of CK and the treatment which added low

concentration of Zn raised quickly, and the high temperature duration lasted long and reached the requirement of the harmlessness; (2 The average of

E,/Eg of the treatments which added 600 mg-kg ™' and 900 mg- kg ™'

were low, and facilitated the Condensation and aromatization of humus; @) The

polyphenoloxidase and dehydrogenase activities of the treatment which added 600mg-kg ™" were the highest, and beneficial to the decomposition of lignin,

the conversions of products, and the growth and breeding of microorganism;

and @ The treatments which added 300 mg- kg ™'

600 mg- kg ™' .900

mg-kg ™' had powerful ability on controlling pH, the dehydrogenase activities exhibited instability in the whole composting process. Zn may have

inhibitory effect on dehydrogenase activity and resistive enzyme activity phenomenon may occur at the same time.
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FCFEHRESE, 2007) , S0 KB AR & & W) H 4
J&(95% Lh b)) R TEFH & M (Ren et al.
2005; Hsu et al. ,2001) , 3% 22 55 4 J& (1) 17 76 2 4 HE
JIES Ak 328 i e il 3 2 5 A A K 5 L AR Ak I i G 2
Z: 5 HE S SRR AR W b A BN 1) T B, R AE T A
J& Zn i5 YR HE A A R b Ak A T O M AR AL
A DAHE T AS (] e B 3 g HE R o AR A B T Ak i R
FER B CIRARBISE , 1995a) . AWFE AR E 5590 1

JEORE AT9E TAEE &R Zn 558 T 2 By /AL R
B 1R, 5L L E L/ E g fEL 55 95 A A8 E B 3 A rp i 2
6, 4B /s AL B G TR Zn 1R R T HE R o A I Ak
(4 1 AT o 4 A A

2  ## 5 Fi%k(Materials and methods)

2.1 RB M
A S IACTRIRTH TR 2% R FF R TR R Dy HEJE
MORE, F R R BT L3R 1.

R1 HERREM BT H)

Table 1 ~ Physical and chemical properties of raw materials for composting( oven-dried base)

R ALk i o o o

> X ) . Organic C Total nitrogen Total P, 0y Total K, O C/N zine
Experiment material . ) . . »

/(g kg™) /(gkg™) /(gkg™") /(g-kg™") /(mg-kg™")

¥ 4% pig manure 409.70 34.50 9.70 10.58 11.88 244.62
FEFF Straw 394.32 5.74 0.47 27.39 68.70 35.65
% #%# Bacteria reat 317.20 13.30 5.72 32.80 23.85 306.58

2.2 RBF &

AR F 2010 4£7 H12 HE8 A7 HEEPEIL
A RB g K2 B U A B 22 Be = A K A7

B, K NERAFI R 3 ~5 em K, 5K K
F& (A R DA B2 R 22 Bk 320, A & ) BHES ) L
P ORI F a5 B RS, MR G C/N ol
(30 ~35):1 (3R AR B4, 1995b) , i K 46 i B K 43 &
WAE 55% ~65% i INJE R 52 A AR AL, LU
P B B (il K 255 ,1998) , 8 LA B AL B IR &
B AL 5T 53 00 e A HMERE 2% b (T 1) . a0 A 40
G )@ Zn Y5 YR FEHEAR L BE S AN TR B T 4R 5 ek
V(3R 2), LAJCHE 4 8 it A MRV Sy ot B SRS
() PR A48 A A BORLE T O 0.1 °C) L ig sk HENE W)
LR BE S Al S DN e 1 AN ] A A HORE, FE 4
TRA), ¥ 4 °CUKAR T T SR AR S S I 1. Y
T RE PN L BE 5 R A Y I LR A

%2 ESE Zn B THHEERRIET

Table 2 Experimental design of compost effect on Zn heavy metal

mg-kg !
AbFH Treatment CK Al A2 A3 A4
Zn &1 Zince content 0 300 600 900 1200

HHE4E Zn LU ZnSO,TH, O (IE =it A

2.3 HERE
WS FEE S A1 Om N0, 6m
HhAE 0. 7T m BRI TR & IEE (S0 2 ) 2. K I

I XUZE A FE G BSP 7, JZ I8 A 0.5 em JR A i A4
k5 JE T byl A /N LB AS 5 B (B A, S T BRI 2
BT H R A AR RHE I, 2 s O IR R
N T3 18 A B 2 /N FLE T DY o A R
Ja M EFERHE (B 1)

¥Rk D

B AR
R 4{:
#A
1 #EREBREER
Fig. 1 Diagram of composting devicel

2.4 WEMNESF#*

TG P A E 2 BROCRA T (1983) AR iy Jr
. 22 W 48 A Tl T P A 00 R ] & T AR B0 A
Tit F8 000 7 R FH PR R 4 Bk
2.5 HEAHE

W 7 £ 45 A Microsoft Excel 2003 it 17 4 4% ¥
A AL PR, SAS 6. 12 BAF AT S 7 22 0
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3 #£R 54 (Results and analysis)

3.1 Zn xR FE A B ® e

3011 SERARPEER A REZEWMMAEY
WA AMENE T2 A B 2 R HEIER S %
R A B, 3 ek 7 2 I ke S AT 3 ) R 08 (I ]k
55,2000 ) . MR 4l A DL AL HE J Ao R rp Ol EE Y 2 b K
HERE 33 A 4 Sk 4 A TR (IR T B 50
C) iR (50 ~70 C) BRI (/NF 50 C)
BVOR AT I CHE YO BE R T R ) (BT AR
2006) . HERIEETE 55 C A4 FORTFE3 d DL EEA
BEHE R o SO A B L AR UE HE IR T A $5 bR A R R e

—o—CK
—4&—A3(900 mg-kg™h)

g /C

—A—AI1(300 mg-kg™)
—*—A4(1200 mg-kg™)

JIES T 2 1) B 55 A (GB7959—87) .

&2 A) UL, 2% 4k R AT A R 43 0l tE B T TR
v IR BRI R AR IE I, 22 T 58 Y
NE A AT A B AR TR A R ofE J S0 2 v T A
AL PR TEHE T S 2d SR B SR, RSk 5d, & iR
JEIK 68.65°C. CK A2 A AT A3 4b P b 7F HE JF 25
2d FR B R, FE Lk 4d, B 2R BT FE A bR g, T
A4 b PRAE IR R 22 3d, R 52 A ik B T AR
FIRER T A4 Ab B Zn R B2 S R A A ) R
A7 B — 8 B B 3  AE B ( Acosta-Martinez and
Tabatabai, 2001) .

—— A2(600 mg-kg™!)
—— Py ER

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
HEARR %L /d

B2 #EHEPAHEEEL

Fig. 2 Changs of temperature during composting

3.1.2 EfRdfEw pHEMW R pH ZREX
Yy FR S AR Al A ) 2 8, 2 R R AR T A KR
WRZ— — ik, pH HTE T ~ 8 I fix 4f
( Sanchez-Monedero et al. , 2001 ) , {3 A= ¥y 34 K o &
VR 1 0T 53 fife 3 B S A2, AT AR A 0 A b 4%
VEFT, DT R A5 e R HEAE 255 (W] I, pH(ELAY R/
WA B 4 Jm 1 ] IR 1 AR WA A, — & pH B
B, 42 Jm I K0 25 8 BB/, 4 Jm BOHE ST 7%, 2R )
A RV BT, < R R VBT T A R
HEAC 2 FE rbr, pH (R Bl P () 3L B2 0 722 Ak T A2 Ak i
I 5 0 7 HERHEE BT pH B A8 Al BT LT i Ok I AR
H AR W B T R D 4 DR 1Y B AR A

TEHENE fe ) B B, W] A A RE W) UL 22, Bl
A BRI, L Bl A 59 A BILIR £ HEAE f9 pH (B
TRE Ny R PR B B HE S IR EE 9 i 4
S [R) IS B W0 4 e 5 R BIL ) T 7 A ) A HE AT
4 pH (E TG BT, aniEl 3 7R, 76 8 A HE R o 72
A TRl A R A pH RS A S AR L. 7E T 40 R
IR (1 ~5 d) XF BREA Y pH (BLAH X T35 I 8 455 Js 21
(9 pH (EEE R, L pH L R/MIR 2 - CK > A2 > AL >

A4 > A3CHEIE IS W, 7 AL A R AR A HLIR S
ey 5 & RS BRI, B pH B T v . AR A L B 2
T pH (ETE R, S 3B IR T A, — BOR T, BER
AW pH B b TR, w2 s D RO 8K (Smars
et al. , 2002). HIEA LA H ,Al A2 A3 AbHEfY pH
EHAEMER )5 (% 8 RELJE) —HAK T CK, A4 &b
B WIS IE A E 4 Jm X pH T iR A B0 Y 45
il BE 77 , AT D SRR BIRR

860 —OCK

——A1(300 mg-kg™!)
820 —=—A2(600mg-kg™!)
—&—A3(900 mg-kg™")
7801 % A4(1200 mg-kg ™)

E 740
7.00
6.60
6.20 | | | | | |
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HEER % /d
B3 #EdiEds pHEL
Fig. 3 Changs of pH during composting
3.1.3 EEH B E/E NN SRS
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E4/Esﬁ%t%*+(§%{&ﬁ 465 nm ﬂ] 665 nm iﬁK_F
R W O AE %) FE B, B R S Bl Al I 5 ) HE I i
TG LR B BE 5 4y i KN 5 Ay A R R
FERE M AR AR, E,/E o {8 SUIKE 5 51 46 & 5 1
R EE A, o TR R (22 [E 2%, 2000) .

Hi P 4RI UL HEJE R, E,/E o {8 Bl 5 7 3
ERRK AR AT 7E5 2 Kk B A BOR EL/E,
OB Y S5 R (5. 87) , 1 CK A2 (A3 A4 b 34 7E
55 3d 35 B HEJE W m (R, K/NIUT 2 A4 > A3 > A2
> CK. W 5, HEAL J5 B E,/E (B35 5 0l T B
PO AHEF M, CK &b E/E - BE R
4.01 £0.97,A1 A2 A3 A4 HEEHE S BN
4.27+0.61,3.99 +0.77, 3.98 £0.79, 4.18 =
119, e HE b AR v A2 RN A3 Ab B K 2 50 0L R AR
FHAK L. Amir 28 ( Amir et al. , 2006) B9 T
15 U HE A 7 i ) B R TR TA Ok JE B S Y AR AT
WA ISR — 2EMAEMERT, R E RN EE A
A AR BT R BT AW, A BT T B B Y A% O T
28 (Veeken et al. , 2000 ) ; —J& i A= W AR IS 19
MR AT R, 4R Zn 4N 600 mg-kg™',900
mg - kg ™" R4 TSR} G A W O PR L AR R
IS MY BE ZREE (J) SCHRIE ) . #F— 2R 5
T Zn &4 600 mg-kg ' ,900 mg-kg " {4k 3 5
JBT 4 & B AN O5 A AR R B R, 4> iR, T CKL AL,
A4 L PR RSB R 46 A RS R 5 A A R AR, A
/.

6.5
6.0
55
5.0
45
@54,0
335
3.0
25
2.0

1.5
1.0 | | | | | |

15
HEREFR % /d

——A1(300 mg-kg™!)
—a— A2(600 mg-kg™")
——A3(900 mg-kg™h)
—x-A4(1200 mg-kg™")

(=3
w
—_
(=]

4 HESERHE/EMEEN

Fig. 4 Changes of E,/E during composting

3.2 Zn 3 E R R KB E W EH

S J8 3o Y A W A BOE , SR T T 1) i
PERIR SEAT 09 T 00 38 K/ Bk 1A AL 490 e 3 il
Hh 2% o A ) A S o A A ) M R AR AR O T
B AR S Al A Jo A3 S AT 5, 23 AT R G i 1Y
T b G A 4 nT LS e HE B 4 ) o A Ak i A

(B/NBEAE | 2006) .
3.2.1 BT SBANEBELEN T BT
AR Sr T3 K, R T oK, AR AGCAE Y4
JfLBE , BT LA 5T 38 14 £E ) B3 ik w00 25040 5 A 2R ) 3 b
) L A 5 fie il AR BT 2R A I B S PR K26, BV 4
1L Wy AN 22 B AL . H T OE 9T A 2 10 £ 1 4E AL
NG W NN N A N R =R N
Vi 5 2 SRR 48 & AR U R ( £ E A, 2003).
WIS o] LUE L EAMNRE SR Zn 9520 T,
AT A2 FI A3 4b 3 22 1y 4 A it 35 P 7 SR ) 4] B Bl
A HERUR B 0% T v T O, HE T AB 3K [ ) Ik B AR
— A EWE AL Sl 11,74 mg-g 'hT' A2 k13071
mg-g”'h*1 ,A3 h 13.37 mg-gfl-hfl. CK 7EME G 6
4 KKFNH— A Fiile 12.87 mg-g™-h ™', A4 403 %
My E AL BTG PEAEHERT 55 2 KA Rt B, 56 4 Kk
B — A E I 10.72 mg-g ~h 'L AL LbFRAT A2 Ab
P 22 Wy S8 Ak il T35 R 78 HE IE ob S 30 A0 3 M L HE IS
HIHA i, AT BB HEE o A% b oK BT R AR S 8 g3 i L
KRR AE a8 G U O (K 3028 AE, 2001) . 7E
HE G 5 301, HE TR v i 32 AR ) Ak SO0 S R A 2
PG 1, A2 AL 3R 22 B S AR I PEAE SR 2 S
K Z2H0 Ol s T At b FH 35 M, A R TR
JoT 2R 1 I il B 3L 7=y 1) e Ak

17.00 —o— CK —a— A2(600 mg-kg™)
——A1(300 mg-kg™!) —4—A3(900 mg-kg™!)
7 15.00F —x=A4(1200 mg-kg™")
Tbl)
£013.00
£
#1100
hacsd
ol
S 9,00
®
Q% 7.00
5.00 I ! L 1 ! J
0 5 10 15 20 25 30
HEBR %L /d

5 HEIREPSEHMAMBEETH

Fig. 5 Changes of polyphenol oxidase activity during composting

AHENE it e v 22 W S A B Y P 208 MR (3R
3) A2 REH Y- 24 22 W AL Bl TG M s, A 1169
mg-g '+ h™' W CK &5 14. 94% , [ Al kb ¥ &5
12.84% , [t A3 4b P& 14. 05% , [t A4 4b 3 5
8.70% ,A2 4b 355 HoAty 45 b BE 2 18] 22 5 44 3K ) W 3
K- (p<0.05). 5 RFEW], A2 4b BV 15 2 1y A 1L
it % 1 e, A Bl T MR PR B AR Y R A DL SO R
Y B .-
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Table 3~ Changs of polyphenol oxidase activity under different treatments

= == 52 yH 53 NZ A
3 . PARITE: ' 5 I 3 'me,ﬁﬂ S i’ﬁ)ﬁ‘%ﬁ%ﬂ_{ﬁ

raising temperature high temperature dropping temperature . .. Average of
Treatment . . . Being finished .

period period period composting
CK 9.44*" 11.61° .11 11.10°¢ 11.14°
A1(300 mg-kg™") 9.15% 9.66 10.25°¢ 12.59" 10.36°
A2(600 mg-kg™") 7.11° 12.04° 11.35° 13.97° 11.69°
A3(900 mg-kg™") 9.24" 10.05° 11.18* 9.31¢ 10.25°
A4(1200 mg-kg™") 7.57% 9.401 10. 44" 9.324 9.431

TE < [ 81 o AN [ 5 B 3R 7R 28 57 3% (p < 0..05).

3.2.2 EELEFRABREENT A HAMRE
TAA AR T, HC R A A W Y 9 Bl
AT LS W S A o 5 A W 19 AR D RE D, AR
Pol 2k R LG A L) 0 i 05 P (355 45, 2005)
Hi 1] 6 BT LUA H |, HE T 90 0 2% A 2 G <06 0 1
Wit 5 AR 3E 1) T e AR, 3 AT BB SR T R R
B A Al B T G R A AN 3 e
JE 1% Sl RE T K AR, 23 M8 A 0 e 0 . e i 8
Ja , WA HERL R 1) (] v, g AR KR B, R
i WA T ST R T R 7R R AP B
T A 5 v, O P M e R ) S R N T BT v
PEAT NEEAENE S R A, AL A2 (A3 KR B I 0

26.00 —— CK  ——Al1(300 mgkg™)
—=— A2(600 mg-kg™!)
£222.00 ——A3(900 mg-kg™!)
= -x-A4(1200 mg-kg™!)
'sp 18.00
éD I
S 14.00 - W
= \
i L
& 10.00
&
= 600
2.00 1 1 ]
70 5 10 15 20 25 30

HERBR L /d

Ele6 HEIEFHSEEETL

Fig. 6 Changs of dehydrogenase activity during composting

T VAR AR K, 7 M B AR P R B T LA R U A
R4, RBLH — 5 B9 B k. nl B L 1 4 ) X M
U AR VE P G RN A T T B
GOMREE ®&5, 2005) , I 24 T 4 )8 78 8 ik 5
— R R RO, R B BT T, T — /N TR 4y
WUEAEA R IS g T AR T ok, B 4T 55,
T 77 A 0 O P, 2 B o T (R IR S L3
KA I 23 B 2 AN B Pk . ] i 45 (2008 ) BF 5E
ZE LW UMM IR 4B Cr X S8 IR -l 26 BH oy
PUVEBEIG VEBL G, Be b, 16 HEJE 22d 45 4b B pH 1E
8.24 ~8.48 [H], i i 1k ¥4 3k B % 5 M. A 09T %
B (IR, 2003) 24 pH Sy 8.2 W, JE5# i %) Zn®*
F1 5 2 5 5, T 3 5 98. 6% . i Ji A 5 % 4 U
0 5 A, 451 75 7 4 Ja X Gk 2 0 ) B R D
Ik

MCHE AR 3ot A i RS B TS R B (K 4)
A2 BB PRV R S T R, M 14.69 ugeg T h T,
e CK % 9.92% , e Al Ab¥ w5 14.50% , He A3 Ab 3
E19.17% , kb A4 Ab T 32.41% , A2 4b PR 5 H A
K Ab P 2 A 22 S 44 0k B 2 K F (p <0.05). A2 4b
PR 4 08 Wk LA CHE R pH A A TR W AR K %
B, G 3 S 4 Wb K A I I o 45 A I T
T B

R4 TEHEAB AL T2 B SEEE M T AFE

Table 4 Changs of dehydrogenase activity during composting

SH == A2 3 : 53 1 S 4
fb 3 . Tt itk 399 ' =5 T 40 .F’%{mﬁﬁ e HE T 19 1 1

raising temperature high temperature dropping temperature S Average of
Treatment . . . Being finished .

period period period composting
CK 18.82° 13. 44" 7.44¢ 22.36" 13.37"
A1(300 mg-kg™ ') 15.22¢ 14.29° 10. 63" 13.14° 12. 83"
A2(600 mg-kg™") 22.76* 13.74" 9.86" 22.24* 14.69*
A3(900 mg-kg™") 20.80" 12.55° 6.88° 18.54" 12.33°
A4 (1200 mg-kg™") 13.27° 11.56" 9.28" 11.86" 11.10*

RS AR TR RZERE % (p<0.05).
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4  3}i2 ( Discussion)

BES R T R o B R R R R
(1) B AL LR . [ A R 22 P I 0 453 AN TS
. VF Z B AEH BEAFAE T A A W6 PRI A 35 2 i Kl
T, [R) s A P 4 45 6 i 19 A AL 43 1 T 7 5 1) 285 44
PR I 7 il S N7 BRF A2 380 %l il 1 (5K, 1993) L9
T AR 2 B A A AR TS B AR B 45 R T
W, , 2 Mo 4k Tl A0 058 2 G 9% A X AS [ B 1) 4 )
15 Y B R B B 600 mg-kg ™' T 900 mg-kg !
M Ab P T H A A AL BE A B S, B 42 )8 Zn 19
R B — N IR A R O HE R Y HE R
() EE B UE - A, e A7 EE A R K TS Y i 1
OUR Al RE 7= A — i B . PSS b — R A ) R
FfE T 2 1) [) B, A T o R B 2 A, AT PR IR
T A 5 A4 4k i #2 W 9E 47 ( Diaz-Ravifa and Baath,
1996) . 45 S AR 5 vh 5 42 8 15 Y % g 95 2 7 A 5
M) f) LA i B A R 1 il — 2B O R O — 2%
FRok ) A T, JLE M2 A A B &, & 48
TEAS  HERE AT ALY 0T 0 T o 43 8K HERHIR B pH 4
1852 WA 45K (I SCHE, 2000) , 22 o 43 I8 55 H & )
Jo A HE AT AL v BE 10 ] 26 B bk B RRE R 1Y B A
(PRHAE 1997 ), A5 5F 52 5 AR M A i 28 F 417 A
AR RV ey A OR U VA (Y IS S N e NI
FEA RS 45 1 F T REAS R WL B M IE LS 1 1
Gl EERWHEEAR T BRESE4E UK
HERL B B AN IR BT R A A AR L S T
2R B DR R P RN S 5,
— I E AR Zn TG Yt HE RV P i S B

ARSI T A 3SR R ORI BT A S HE O 3 A A R
HEAH — R, BSEI0 CK 2B 4 5 i A
JEAE A 0,11y 586. 85 mg-kg ' FEAWF I, Zn
i 600 mg-kg ™'Y A2 A B HE B B U R E
HEVE R, 25 FE AR b RE B B B AR IS A, D) AR I
56 L T S B A i 118685 mg-kg 'L M5
SREE(2005) FERF 5T 1 H IR 1Y B 28 5 R R A A AL
NEJG 6t USRS 28 S JEUR A 7= 1 A HLIE f Cu Zn &
e, o Zn f Rk 2286.8 mg-kg T AR
IR ST BR R . R ST R R A LR R
MEREREE, EEEFEPESRE T RER, BO¥
M J 3ok A 8 L I A 3 R 5

5 4512 (Conclusions)

1) S ) VR 32 1) B 4 J Zin 7 3 S 5 R ke 3 et
AL PE BT 52 R AN 7] MR B AE AR, CK LA AR
R Zn 75 Y% R HERHE HE IR G AR LG
J& Zn 15 % (1200 mg- kg™ ") {9 AL TR e, HLE &5
TR S 4, R 30 T F AL AL . A pH {E A2 {E
K, AL A2 A3 GEFXS pH T i A B0 1 45 i fE
A RRBR. N E/EALZORE  TEHE T 1
FEr A2 A3 AbFEOR Z 80 00 TR T H R & 403,
A I F T FE I 46 G A0 Y R Ak

2) WHERE 3 72 v 22 1y 484K B V5 PRk B, AL
A2 A3 GEIRAEHERT A 3 R (R B 3k B 55— A i 0
CK il A4 fh AR5 4 KA B35 2158 — A =i, H A2
Ab PR Z M A AL B OF 20 PR Ao, 11,69
mg-g ~h ' A5 BYFHER T OK R R AR EALTR S
FAERR A U BURR , X 22 By 48010 T 0 P A 5T 800

3) DAHE R 5o 7% v B A YO 3 TR Mk E A2
Aub 39 R B 0 M B, 14.69 ugeg ' h !
AT A W A K RN HE R AR IR D R B
AT A2 (A3 Kb B ST TG AR A AR G, R —
JE AN TR T

REMEFEEN:Hm AL (1956—), F BRARENT. TENFLR
W 5 SR AR A
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