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Effects of Zn Pollution on Microbial Community During Pig Manure Composting

ZHANG Wei—juan’, GU Jie'", LIU Qiang?, GAO Hua'
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Yangling 712100, China)

Abstract ; Biolog micro—plate was adopted to study the effects of heavy metals Zn with different concentrations upon microbial communities
diversity. The results showed that the temperature treated by low concentration of heavy metals Zn(400 mg-kg™) rised quickly, megathermal
period relatived long. The microbial community diversity indices and principal component analyses demonstrated that the significant differ—
ence among different concentrations treatments of heavy metals Zn, Microbial activities of concentration treatments 400 mg kg™ were high,
which would be beneficial to increase communities richness and function diversity carbon sources were carbohydrate and polymers during the
differentiation process treated with high concentration of heavy metals Zn(1 000 mg-kg™) and CK.
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1.1 RBe#H

IR R W25 FEFE R R R 3 NEAT R, IR
MRS RRE 1,

1.2 REH*

ARIETF 2010 4E 3 A 9 H = 30 HAEPILARM
BHE K2R IR F e E AN M AT . 15 58, B/
EREFT R (R RUMAE AL 585 , A&k
AN CRAR GRIE A LS M ERDIRA  ATIRE
PICIN 2K (30~35):18, hnsK 3 kK 4 & &8 55%~
65%H , TSN F A T8 W v 57 (Pl PE AL AR MR BB K
= HIEAERI ST BT ), P IR AT A (5 7 B
R BRSSO E R R AR
JE , BRGS0 9 B0, DT (i 2% 0 25848 114 o A
FEP K DA BB AIR A A L R A e AMERE S B
F(E 1), I E SR Zn J5YBISEIE, K 3 4
AR ELBISYIKE (R 2), ULELEHEA KM
BHER B, SR [FEB AL H6 A REORE O
0.1°C), i FHEACYRIRE i, eSS
HERRAE IR ST, 4 CHKARVR L, T 48 h NHEFTHERHH

1
{\ /
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1

R 2 BELR Zn ¥ THHEEREIR T (ng-kg™)
Table 2 Experimental design of compost effct on
Zn heavy metal(mg-kg™)
Ab¥E Treatment CK Al
Zn &8 Zinc content 0 400
¥ :E4SE Zn ) ZnS0,- TH0 FIERHEA

AR 2 R T
1.3 HEEE

e E R 3 1.0 m AFE 0.6 m SPE
0.7 m BRI K B (S a VA AR 5 TRt FH XU
RGN ST, B HA 0.5 cm ERERRAR; K
A /MUBAEWER, SRR E THE,
2 SNRERIRIEA , 8 R E SN FLFEATEN,
S YRS N EERHES (B 1),
1.4 MBANES7A#
1.4.1 SRS AR iR B A E

R BETHE AR TR EE D 25~30 om, 7E45 H
9:00,16:00 PEPRSE, LIPHUIERIE AT (EAF Ay
AR, 2l B AR th £
1.4.2 SEREAA R i BRI My e ShRE AR 1 Dl 2

P Wy IR FH 224 14 B Biolog A2 25 MAR
(ECO MicroPlate, 3£ [ Matrix Technologies Corporation
A7 )E o IR IEZ : Biolog fUHf RIS R Y
AV SRS AR AR AR R,

1 000

1.528} . HES D Entrance of material and gas exit
2.f%#JZ Layer of heat insulation

3.8 Exit of material

4.3, 0 Entrence of air

5. 7R (LI #% Sensors of temperature

1 EREAERERE

Figure 1 Diagram of composting device
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Table 1 Nutrient contents in the raw materials for composting (oven—dried base )

REH R BHLk/g kg 2R/g kg L/ kg L/g kgt C/N HEE Zn/mg kg
RFHE2 409.70 34.50 9.70 10.58 11.88 244.62

FEFF 394.32 5.74 047 27.39 68.70 35.65

Bt 317.20 13.30 5.72 32.80 23.85 306.58
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BB RUNT FRBUH Y T 5 g TEABEEHE
BHIMAZI$A 45 mL 0.85%NaCl JoiE A = A
o FEPRARY 30 min, #3H4 200 remin, K5 2T
AEYIREFRCR 10 fiERRRE R IR E N 107, 18
I TAES b, B Y8 Wl T ECO i, 451l
150 pL, B 14, TR 3 IREEE R fE 19Dk
INEETE(25+1) CHALFEFRAGHESHE SR 240 h, FFE
12 h i Biolog A S E7E 590 nm T35,

L5 HiEsE

R FAFLF- 349 230 6875 A 30 k0 o Tl A W ) P B —
IRAIRE ST o FLEIIEI AR b 2 (Average Well-Color
Development,AWCD )

AWCD=%.(Ci-R)/31
KA : Ci & SO ALTE 590 nm BSE%5 FEME ;R ly E-
CO thxf BRAL A1 BB EAE, Ci-R /M TEIL, TR
FIcHE, B Ci-R=0",

Y% Shannon $88((H )

H=-3% Pixln Pi
K :Pi=(Ci-R)/ Z (Ci-R) , Rrn A B A FL 5 % BR
fL AL R B 22 SRR B2 HUE.,

R FEERE(E):

E=H/In S
K :S FBE R AEZHFLE(AWCD>0.2 R 3FRX
FLERIEHEF )

) 58 B8 % A Microsoft Excel 2003 #4788 4]
SEFRFNGN A, R A SAS 6.12 R {4-E1F1 SPSS 16.0 2 f4:
BT ES 3T

2 ER5H5H

2.1 EREEERRENTN
BE R MBAEYESI AR T ES RN ESR

HRHRBE/C
&

PR, 2 HE AR S 19 DA B, 3 7L ) v AR i S
HE R PR, BRI E &S A RENY,
TELF AR M VE AT P o, ZE DL R P A R
EMER A ARE LA, MR E 45 CLLE
B iR A R IR B B, HERE H i B2 245 DL T B e B
STHAENS IR BE/INTF 50 CH BI#E AREIR BB,

A & 2 B0, & A AR (AR 2R 2 3 S B T TR |
FEHARIRRIR S, 207 T B LR . Zn S8
400 mg-kg™ [ A1 ZbFEME R FELESE 5 d SRR T
53.17 C, FRBFRFEE T 5 d, B iR E S 56.72 C, LHE
&8 Zn i AR CK 0BT Zn & 2K 1 000 mg-kg™
) A2 AhFEISTESE 7 d iK% 45 CUL L, RiEIRLE
T 3d, BB A Bk 52.75 °CFI 50.50 °C, 45
B ,Zn F & 400 mg-kg™ (1) A1 Zb PR 1SR TR
Bk, EREES AT
22 BEERE In TEHESER R EMEEIES
HMERRm
2.2.1 ELISA SE¥ AL (AWCD)

SR A (2R (AW CD ) F AL UAE W REVE B 5
FIFAZ, AR AR R —RIERE ) B4
b, R Wb A Wi i S B A BRI RE R,
AWCD {E#RK , RIHHER P RE Y TR SR 5
LN
MHERE SRR 3 AR HIRE ,AWCD 7E 12 h
Z TR/, UEBAAE 12 h 22 PBRIE A R 9k 1) 7 s 78
12~96 h [3EFEETHA ,AWCD (BN, AP
EMER, NG SR .96 h Z 5 ,AWCD (HAR K #H =
08 A YTEE D R EA B TRE, SRE
N, WEEYAEE AWCD (8 RERT R 221k fh 2R F T IR
A — PR A R P A il 2R B AL, A7 AR I
B FEEUH A SR R A SR A K

- CK
-@- 400 mg-kg™
% 1000 mg-kg™

11 12 13 14 15 16 17 18 19 22

HEAEKH/d

2 HRHEPRRETH

Figure 2 Changs of temperature during composting



3085 T

DI S 1425

ME 3 ATLUE S, FHEBS A YR
AWCD FEBEA B R AR B S A AR, A2 4b
IR T CK F1 AL ZbBE, WU, CK 1 A1 ZbH7E
FHE A YR TE TR, T A2 Ab PR R IR A
WRTEER

ME 4 AT IE AL LB AWCD {EEREANIE SR
AR IARE T A2 463,108 h Z RS CK MR K,
108 h ZJ5 =T CK, AJ L Al A3 SR B A Y

W AR LER AWCD
(=]

E R R, R OR, T A2 AbBRTE R A P 9
EPEB.

MBS FTLAF H, S4B R BOA H B B
TS RS, H A W CD fERIA NI ST HEAARL

X LSRRI AR IE SRR, A2 AL PR A
WpiE AR, T CK A1 A1 AL BREAE WiE M AN A 2
RETERSRAEH AL ACBERAEYEEA S T CK. X
5] VAV RAZE i ER A N REY CEAg PN i

& 400 mg-kg™!
-+ 1 000 mg-kg™

0 12 24 36 48 60 72 84 96
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B5f 18] Time/h

3 FHEMTEHEETUR
Figure 3 AWCD during raising temperature period
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Figure 4 AWCD during high temperature period
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5 FRHTEHEEaTUR
Figure 5 AWCD during dropping temperature period
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- A RS X R UR A AR BE ST o

2.2.2 TEYIREE R BT

Shannon ZHEMETE BRREBI AR -
TEOLT AR A: W REA A IR R R 2 570,
BITIRE SRR, — R I & B S SR8 5
SRFAE ., Shannon ZAEHEFEEUEK , X RHRA:
YR G RESREMERE o A58 R Biolog S °FAR
FE5% 96 h BRI TIRAE WA R T
ANRIAL AT WY& Shannon(H )8 BGHAT L
BE(FR 3T, FERE N HEAE S AR b, AL Ab R A MR
¥ Shannon T8 5(E & , FHER A2 AbFHEAE, v = B4
FMFEIRA CK Bl MARIERA VTS F & E1s
B(E)E, FABR A KKER,

SEIRFH AL LI A TR IR A My B
M E M BES RN, XA Yao FRINAF ST L5182
—HH . EAEFREN, BYRET LEME R
T ZREPE VS R, WO R B F IR s Y
B HE N SR

2.2.3 Zn FEYERE AR Ao X A P ) PR IR A 5 i
2N T E M AW CD (E AN Y iE

R 3 AEGEHERGEMBTETIRE BRI 5 B e M
Table 3 Metabolic functional diversity and evenness of microbial

community under different treatments

R R FEE CK 400 mg-kg? 1 000 mg-kg?
FHEHA H 3.36+0.02 3.38+0.03 3.27+0.05
E 0.99+0.00 0.98+0.01 0.99+0.01
iR H 3.34+0.04 3.36+0.03 3.35+0.02
E 0.98+0.00 0.98+0.00 0.98+0.00
IR H 3.32+0.03 3.35+0.02 3.33+0.01
E 0.97+0.01 0.98+0.01 0.97+0.00

1 BUE A E A HE 22 (meanSD ), n=3,

ZFE4% ) Shannon $8 50X B8 S B A 9 1) ik A8 4k
TEIL , R RE S LA MR TE A R 4015 B SR 96
h B SEAE 43 BT A (R AL BB Bl A= D BEVE S5 4 0 6 K
R FI R R (R 4)RH B MHEIES R
TR P T R B AR R N S SR AR L 6
REGRIEHIFFHREAR, FTHEBIAEEHZHALK,
[7) B} 4% b B X 22 e Ak A i R R 2R B 40 F AR AN
K SRER A Z R RF AR FRER K. N
S HEAS [R] B 340 45 Ak B el A 5t S Rl U ) R R
FERE , A1 AbBRAE TR A = T 0 228 A
RIS, T CK il A2 AbHENT Z RAYEF R R, %
TR AR R AR, X 22 B FH 3G
1M Gremion “FPERFR A, A RIS Y T 19+ 3%
YT R EERIS . MR DL R R EAL A iR
15, AL Y5t 5 £ TR 38 17 FT BB 2 DA BRI R PRy
PRI AERE T AR ™, 5 AR I B I 45 5
BES, A HBERFER—EH T,

B, Zn £ 8k 400 mg kg™ RIMERLH B R YK
FURE R A YRR R ) R BB TR, T & Ab BN 22
AL AR 3R LI
2.2.4 WHAEYESE F W55 (PCA)

HER B A R ENE A i,
T H 2 BB A W S I e A 7 A
AR S, AT X R A P e R AR 6 88

H3R 5 0], e FHE S =R BRI X PC1
TUBR AR A BRIR (RRAE 1] B KT 0.50) P FRIRZS BT 5 Lh
FHRK(3H1K 40% .33% 47% ) , Foyk Fpks (435
H 33%.27%.27%) , %+ PC2 TIER K ARG Fp R EE iRk
FERERISFT 5 LB K, AT WX PC1 #1 PC2 #2557
VBRI BRI R IR RS FIEZ

R4 FEGEHERGEY X 6 KIREIFI A

Table 4 Utilization of the six groups of carbon sources under different treatments

RHIER Zn 4t 38/mg kg FHEMA RBRYK L ZRE ZRYAE FEAYA
FHiE CK 1.67¢d 1.59d 1.94b 1.88bc 2.19 1.50d
400 1.82ab 1.47ab 2.18a 1.00b 2.04a 1.30ab
1 000 1.84a 121b 1.89a 0.36¢ 1.96a 1.32b
R CK 1.82ab 1.46be 2.09 1.22¢ 2.18a 1.78ab
400 1.62¢ 1.47¢ 2.20a 1.65¢ 1.90b 1.59%
1 000 1.62b 1.39bc 2.07a 1.04c 2.15a 1.46be
[G2TR CK 1.42b 1.21be 1.97a 091c 2.02a 1.18be
400 1.49b 1.15¢ 1.99a 1.04c 2.09a 1.27be
1 000 1.29b 0.99bc 1.76a 091c¢ 1.99a 1.08bc

W R A R R RE R B2 (P<0.05),

Note: Different letters in the same row mean singificantly different(P<0.05).
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& 5 xt PC1 7 PC2 SEKAIHFE B =>0.50 HIBRIRH H
Table 5 Numbers of C sources with loadings =0.50 grouped

i FHEH IR PR
PC1 PC2 PCl PC2 PCl  PC2
BEA 6 4 5 2 7 2
Wik 5 2 4 2 4 2
HHEmMA 2 1 3 2 1 4
P2z 0 0 0 2 0 1
ZRYI%K 2 2 2 2 1 2
FEUEWE 0 2 1 0 2 1
S 15 11 15 10 15 12

EE AN HE 8 1 2 FP O [R] B A 45 b B LR A
YIxt 6 RASHRIEAFFPRDL , A 3B 7B (LI 6~
&l 8) W] I, , ARV B B 4 i AL AE = G Ak i iR R
24 . FHERT A1 LA FE—5 R, CK fif
FHE=LMR, M A2 ZbBRE — = R IRYE S0,
ZoWRW PC2 AR REE R B (F=539,P<
0.05), I N Al 435 A2 4bFHE KB E K,
IR A1 4B AT PC2 IE %, CK A7 F PC2 113,
PC2 IS Bl 2 5 B 3 (F=10.15,P<0.05), & ¥ N

CK Zb ¥ 5 A1 A2 ph¥ 2RI E, PRI AL b7
£ FPC2 1E ¥, A2 Ab¥EA; F PC2 i, PC2 ML A AR &
HERANDE, o0, AR B & b2 [ A —
ERIZER AL b BIRL A F PC2 1E%;, i CK ZEF
AR IR PC2 fid, A2 AbFRAE RN F
PC2 ffi %o

28 L Pk, AWCD F1 Shannon 35 ¥ 9 A8 {L AT )2
WA A O A T T A T BE 2 AR R AR 46, Kelly and
Tate™ & I, Zn 250 + AR W) O BEVR S5 H AT g
ZHE, RETEELSRENEE, TRE T EMEY
PRSI AR AL, X 5 A SCHE R TAE MR IR 1) AW CD
AAEFF o Kinght SFPI4 18 , 55 4 J@ Wk FpH /Y T
HBAE 25 e AR TR B AR A SRR
U525 ot 32 B T L A AR ke B MR R RS =K A e
FHELBWEA R, NFERA0H(PCARTIL, R
[k B 48 Zn 2T & AR A e
e R P RIE R A EE R RBLT A
[k EFEESE Zn 2 T A YR AR R R A4
TAAL R T R E N ESBEIR TR A 1
HERRG, R R REE IEEDIEER,

20
15+ A
10+ A
N
E 0.5
e} ll_-| 1 O 1 Tal 1 1 1 1
\:/—2 0 -1.5 ST -0.5 0.5 1.0 1.5 2.0
a _
-9
-10+ OCK
_15| A400 mg-kg™
01000 mg-kg™
ol g Kg [m}
PC1(25.36%)

B 6 FimH# 96 h TR S5 HTE FHETE

Figure 6 Loadings of principal component analysis after 96 h culturing during raising temperature period
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Pc2g22.55%)
[\]
(o]

A%

=05
© -1b}
-15
20"+

0.5 1.0 1.5 2.0
O CK
A 400 mg-kg™

01000 mg-kg™

PC1(31.96%)

B 7 SR 96 h £S5 EFHEE
Figure 7 Loadings of principal component analysis after 96 h culturing during high temperature period
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Figure 8 Loadings of principal component analysis after 96 h culturing during dropping temperature period
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(D)ARFEEMESRE Zn 7SR xR
PR o Zn 582N 400 mg-kg™ HYALTE
AR T HR L, BB RS2 Al K
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T, AR AWCD (HU R AR R T
KU, A1 SEBRGIAE YiE AR B, AR T ek
AR R T B AT RES AR

)T B Z5 A 5T 6 RS IR 1 I F R 3%
B, BARIREESERE Zo SLBRAER P REN 2R
VI FIRER A A RE RO B3, T 2RI S IRy
AR AR SRR A0 70 (PCA 4%
R TERRMREESR Zn 2T, AR #1%
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