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Dynamic Change Characteristic of Heavy Metals Pb, Cd, Cu and Zn During Aerobic Composting of Different

Manure and the Analysis of Effect Factors
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Abstract: High total and bioavailable content of heavy metals in animal manures have become a major limiting factor for their land applica—
tion in agriculture. Composting is the important disposal means to manure, so the change of heavy metals during composting should be further
investigated. In the study, the dynamic change of total Pb, Cd, Cu, Zn contents and their relative bioavailable contents were investigated dur—
ing aerobic composting of six manures including two chicken manures, three pig manures and a dairy manure. And the factors to affect the
bioavailability of heavy metals were also analyzed. The results showed that Cd, Cu, Zn contents exceeded existing international standards and
China's agricultural sewage sludge in some animal manures. Total heavy metals contents increased during manure composting because of the
volatilization of volatile substances of manure substance, especially during 0~14 d composting process due to higher substance volatilization
than other composting phases. The relative bioavailable contents of four heavy metals firstly increased and then decreased during composting.
In the end of composting, heavy metals bioavailability decreased expect for young pig manure, which will reduce the risk of its agricultural
use. Through the correlation analysis, temperature and water—soluble carbon can affect the change of heavy metals bioavailability during ma—
nure composting.
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Table 1 Some basic properties of different manure

K% pHIE &k/g-kg' &%/g-kg' CN I £8/g ke

RME 673 6.02 3254 34.01 9.56 7.55
HEigE 665 7.05 313.1 34.53 9.07 9.36
KiEsE 728 6.51 410.1 26.72 15.34 15.42
353k 706 6.50 388.2 28.63 13.56 17.46
17453 793 7.04 338.7 35.02 9.67 22.06
P 766 6.53 418.3 16.03 26.10 5.00
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HEAE AT, B TR BT, DR AR A A VR R
TIREFAENEE, FIHARHME TR RIEE 1-2 C, &
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Figure 1 The change of concentration of Pb,Cd, Cu, Zn during different manure composting

0.870~1.290 mg-kg1,0.57~76.13 mg-kg'.18.36~221.9 W F ,7E 14~70 d AL B 4R A3 B B 3%
mg-kg".30.96~820.7 mg-kg ;WX TAMESEMIE KT 0~14d, XEHT 0~14 d KR IRERILH BT
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Table 2 The increase quantity of total Pb, Cd, Cu,Zn in different composting time for different manure(mg-kg™)
. Pb Cd Cu Zn
B
0~144d 14~70 d 0~144d 14~70 d 0~14 d 14~70 d 0~144d 14~70 d
RN 1.050 0.520 0.950 0.350 133.1 56.26 117.1 53.93
e LS 1.290 0.390 0.810 0420 2322 12.20 127.6 60.95
aprEsS 1.070 0.360 0.570 0.250 165.2 101.3 62.89 15.56
RSy T 0.930 0.670 76.13 29.70 84.61 25.19 171.5 96.55
g 0.870 0.700 1.390 0.670 221.9 65.63 820.7 312.0
PUL 1.060 0.320 0.810 0.460 18.36 6.460 30.96 16.22
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Figure 2 The change of relative contents of DTPA extracted Pb,Cd, Cu,Zn during different manure composting
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AR T R B, BN 4 FEE 4B A DTPA 1242
DAY BN LA ER 5 E MW (P<0.01), 1
pH BN DTPA 12424 Cd F Zn X & EALALE
B MR (P<0.01)

PR R — MR AR, B WL W 1R
R H#To iR, RSB ERE A,
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M35 3 B 2 TEAE K (P<0.05 ), JLAH G 2 8053 71
R 0.452%% 0.403% ,0.333* 0.636%*, Ji, HJE K i MRk
Xt Pb Fl Cu RIS MIA B T A% 82K (P<0.01), A
Y EXT Cd Al Zn (1) DTPA BRSHXT & B
MR E) T AR B2 IEA K (P<0.01) (AR m
HAh 2 FpESE DTPA BIESMHX & & 5 E a7
IR BB 2 Pb (9 DTPA 12 4R SAE X & & A8{k
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DTPA REESAAX & BB A B T B
A FIKF-(P<0.01),{HXF Cd 1) DTPA BHLA M X &
BRI AER B EKF
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TEARE, MAE Pb.Cd,CuZn B& BRI R
{EL43 524 1000,20,500.1 000 mg-kg ™, ARIEFA7E
6 MEFIMETIX 4 FESBEAIN A, 5%

Ff) Cd(107.4 mg-kg™)  ASEFE(589.1 mg-kg™ ) FIF4E
#£(599.9 mg-kg! ) H Y Cu AFHEFEHHY Zn(1 966 mg-
ke ) G RAESEHERALR, WP HEEEES
JRIS YA RE R B N, AR SRk
A8 T R} ) 3 Xof PR B RR B i R Cd B
ki, 2 RN Cd S &R 1% L, ER2 ik
3.67%, W FBORIFRITERL  Cd & &M ER,
HETS R ISR 5 R 5 Cu. & Zn 4
BIOLREIN, X2 H T Cu i Zn HREX S, 00
HREH A B AR A KA I EVS SR,
AT, FR5HE N TR ERNET L,
AEMAE SRR Cu fl Zn, AT HEHE KRR
EEBEMEFY, ZEH CuZn BIEYEKIMWEEMY
HIoE, BAE kgl fahs , Rk H2E4 38 5 it i
ANESHITHRKIWEW, T Cd AR, HHE
x, BB ER L 107.4 mg-kg! B Cd S48 E BT
HOREB R E I, XN E S EETEL AP
JE A RESA THE T o

EEEMHEEEST I T T RNER R R E
R 4R AR B R A, T B AR A o] 45 R R TR
B ESE S SN RIC R &7 138
R A B 4 R AR R AE A B UG, TR 2
43 BT, R L AR R AR & B I IR
SREaE, (PR an SR i B R S I B B T o A 4
&2, B AT hES BN NE.

RERFEN, ELENAERS TR G LA
Y i) B IE LM, T DTPA BN ES BT ESH
WA MR RITAIAAEE . DTPA IR4RA T4 & iir
L BIeHk B SR R B R ORI R MR, W SR
RS O N AT E SR N AE YA SN,
ISR & & 28R 4L PR 72 7P DTPA B4R MA
HREELSFRNGEERAEENE L BIRE. Y
TIPS Cu F Zn 535353 100~200 mg-kg™ F1
100 mg-kg™ Bt &3 A 58 Cu.Zn V54 4B 5% Uk
R ZENA RS Cu T & 51k 142.8

%3 HIEIRPANEARHESRE SREE DTPA RIBSHEN S BRI

Table 3 Effect of various conditions on total and DTPA extracted Pb,Cd, Cu,Zn during different manure composting

LB BE pHIE 2Bk KIFHER WUEYER REMAI AR Vs EEsm
DTPA-Pb/Total-Pb/%  0.409%* 0020  0.040  0.452%* 0.225 0.497+% —0.675%  —0.788%*  —0.459%*
DTPA-Cd/Total-Cd/%  0.458*+ 0425+  0.128 0.403* 0.549%+* 0.221 0.113 0.168 0.200
DTPA-CwTotal-Cw/%  0524%* 0230  -0.130  0.333* 0.161 0.173 -0.451%%  —0.570%+ -0.265
DTPA-Zn/Total-Zn/%  0.516%%  0513%* —0.066  0.636%* 0.520%* 0.314 -0.559%  —0.631%* -0.401%

“[‘E H Xﬂ‘ﬂ:ﬂgﬂl PH ﬁ B‘J rops=0.304 ) ro0=0.393 s n=42 H Wﬁﬁ?%ﬁﬁm% B(J rons=0.325 s roo=0.418 ) n=36,
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mg-kg™ 1 300.5 mg-kg™, ARG R
In E 8498 289.9 mg-kg! Fll 944.3 mg-kg?, KL
RS B ARSI S 7 AN R
=, NS5[+ Cu Zn 155,

DTPA B2 E S B MWHXT & &7 0~7 d R
TR, 2 B T B B4R A A8 SR A DOC & HpE
EIREMTHERGERE, W DOC 54 KEMIhEE
A, r NS E AR G MEGER BB HL-4
BELAY, IR ES R NTIEN  HIBB ke
FRER/NGF DOC L, HT/MrFi DOC 5K4+
T DOC ML HAE 2856 i, WX &8 8+
B RES IR, [EBT B B A SRR i = AR B K
AHRBAAREESBAMENER, HS8T
DTPA-Pb.Cd.Cu il Zn BAEXT&RAVEE

TE 7~70 d FREREL AR, BEE LR A g
S SR IS B, AR R R LR AL e
AXREEREARE TEARSESBNSE GRS, H
FERIL R AL ARRESL (EREL R SLE . R g IR
BRE, BRI ESE A8 SR "9, i i W RHE
MEKESBHE S B R RSB SHFIUE
HRERBRRIY AN R LA T g AR e , AN 32
T EARX SR I TCAL, XSRS T,
AHESEE THWET LB S &S LE
K0 R S 7~70 d HERE S #2 P DTPA-Pb.Cd.
Cu F Zn PHEX & B K. BRITIEZESL, Hotlh 5 FIE
BRMELEHERERY 42 d B} DTPA-Pb.Cd.Cu il Zn (948
Y BAMETHIAE, MR AN, EXY
& RS BB AR Y4254 DTPA-Pb,Cd ., Cufll
Zn PEXTUR EEIH W TR, TAFAE3ERY 4 Al DTPA 242
DELSBRESEIN, X 20 FAHBREHT TR
7 B SREA R S BOEACRMAEE L, HAF
IR S | RESE R IS4 2549 DTPA-PD
FH X ¥ BE 4y BIEAR T 9.811% .4.820% .5.632%.
8.178% .6.175% ; DTPA —Cd #H *F ¥k & 4> M PR T
9.185% .4.440%.6.748% .8.072%.18.18% ; DTPA—Cu
AH X R 4y B REAR T 7.854% .7.117% .2.830%
10.40% .13.49% ; DTPA —Zn #H % ¥ BE 43 B KR A T
8.126% .4.994% .5.784% .9.785%.9.638% ., 4% F3:H
HENEAFA R FREL DTPA RIESESBHEN S &

IR 3 BYAE R AT AT A, MEAR By A M i
IREEXT DTPA BHEAM 4 FE & BN & 22k
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Xt DTPA B85 E 4 B AN & 2T EmE K.
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