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The Fractional Distribution of Copper and Zinc and Their Competition in Manures

LU Li-lan, WANG Xu-dong

(College of Resource and Environment, Northwest A & F University, Yangling 712100, China)

Abstract : Chicken manures with large variation in Cu/Zn ratios were used for composting experiment to study the changes of copper and zinc
in the concentrations and fractional distribution. During the manures composting, the concentrations of copper and zinc increased in compost.
For the fractional distributions of Cu and Zn, the main amounts of Cu were presented in the organic and oxide fractions, which accounted for
37.3% and 51.0% of total Cu in compost, respectively. The main amounts of zinc were presented in the carbonate and oxide fractions, which
represented 38.6% and 40.0% of total zinc, respectively. With the manures composting, the ratio of copper in organic fraction to total copper
increased and the ratios of copper in oxide fraction to total copper or exchangeable copper to total copper decreased. However, changes of zinc
in organic fraction and in oxide fraction were on the contrary compared to copper. The ratio of zinc in organic fraction to total zinc decreased
and the ratio of zinc in oxide fraction to total zinc increased. Compared to the ratios of total copper to total zinc in raw materials or composts,
the ratios of copper to zinc in organic fraction increased and in carbonate fraction decreased, suggesting that copper is more competitive than
zinc to be complexed with organic matter and zinc is more competitive than copper to bound with carbonate. The ratios of copper to zinc in dif-
ferent fractions were significantly correlated to the ratios of total copper to total zinc in raw materials and compost except in the residue frac—
tions at the 30 days of decomposition, indicating that the competition between copper and zinc is not only determined by nature of the ions,
but is also determined by the concentrations of the ions.

Keywords: chicken manure ; copper and zinc ; decomposing process ; fractional distribution
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Table 1 The primary characteristics of chicken manures

st MRS
M2 M3 M4 M5

Cu/mg-kg™! 485.9 418.6 726.7 385.5 119.1

Zn/mg-kg™! 502.7 830.9 1576.6 1124.8 470.4
Clg kg™ 454.3 459.5 431.7 434.5 453.7
Cu/Zn 0.97 0.50 0.46 0.34 0.25
C/N 16.7 18.5 17.3 16.5 17.9
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BEAY SN T 33.1% . 33.0% .33.2% .33.0% i1 22.2% ,
SEXIHEIN T 30.9% s Zn )R B4 BIEE T 33.0% |
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Table 2 The concentrations of Cu and Zn in chicken manures during decomposition

o § TR K
I I /d SRR -
M1 M2 M3 M4 M5
15 Cu/mg'kg" 646.6£12.9 556.8+11.1 967.7£19.4 512.6x10.2 145.5+£2.9
Zn/mg- kg™ 668.6+20.1 1 106.3+33.2 2 083+62.5 1 494.2+44.9 621.9+18.7
Cu/Zn 0.97 0.50 0.46 0.34 0.23
30 Cu/mg-kg“ 928.3+18.6 796.4+16.0 1385.2+27.7 731.6+14.6 208.5+4.1
Zn/mg-kg™! 925.4+27.8 1510.2+45.3 2 840.5+85.2 2 050.4+61.5 847.2+25.4
Cu/Zn 1.00 0.53 0.49 0.36 0.45
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Table 3 The concentrations of heavy Metals during composting process(mg-kg™)

LR JE AR ) /d B HIERIZE
M1 M3 M4 M5

Cu 15 Ex 12.0+0.2 15.0+0.3 22.7+0.5 11.9+0.2 5.7+0.1
C 47.5+0.9 35.9+0.7 41.2+0.8 39.7+0.8 10.2+0.2

Ox 254.0+5.0 233.5+4.7 393.0+7.9 216.5+4.3 56.2+1.1

Or 317.5+6.4 259.0+5.2 467.9+9.4 234.5+4.7 68.8+1.4

Re 15.6+0.3 13.4+0.3 42.9+0.9 10.0£0.2 4.60.1

30 Ex 15.7+0.3 19.6+0.4 29.7+0.6 15.5+£0.3 7.4+0.1

C 67.2+1.3 50.7+1.0 58.0+1.2 56.2+1.1 14.3+0.3

Ox 335.0+6.7 308.0+6.2 517.0«£10.3 285.0+5.7 74.0+1.5
Or 488.1+9.8 398.7+8.0 719.8+14.4 360.1+£7.2 105.8+2.1

Re 22.0+0.4 19.0+0.4 60.5+1.2 14.2+0.3 6.5+0.1

Zn 15 Ex 4.7+0.1 15.6+0.5 17.3+0.5 12.7+0.4 13.4+0.4
C 306.3+9.2 457.4+13.7 671.5+20.1 550.4+16.5 229.1+6.9
Ox 282.4+8.5 406.5+12.2 763.7£22.9 588.5+17.7 230.5+6.9
Or 66.5+£2.0 215.4+6.5 521.6x15.6 277.9+£8.3 139.6+4.2

Re 8.7+0.3 11.420.3 108.9+3.3 64.5+1.9 93403

30 Ex 6.5+0.2 21.5+0.6 23.8+0.7 17.5+0.5 18.4+0.6
C 420.0+12.6 625.0+18.8 918.0+£27.5 753.0+22.6 313.0£9.4
Ox 403.0+12.1 580.0+17.4 1090.0+32.7 840.0+25.2 329.0+9.9
Or 82.0+2.5 266.3+8.0 644.2+19.3 342.5+10.3 172.625.2

Re 13.5+0.4 17.240.5 164.0+4.9 97.0+2.9 14.0+0.4

VE : Ex A Exchangeable(AJ 38425 ) ; C 27 carbonate (HiRFREL 2%
), ®4FES5NM,

B BT LA (L6 3.4), FE NI 15 d i), 7E 5
AFERERE S, AT A Cu 53 L RAUAE 1.9%~
4.0%2 8], 3R 2.6% ; BRFREL 25 5 A5 7E 4.3%~7.8%
ZIa, PR 6.5%; Pk A ARTE 38.6%~42.2% 2
1], "X 40.5% ; AT WLES & A 45.7%~49.1% 2 [4]
A4y 47.4% 5 BRI AL 1.5%~4.4% 22 [8), T3 K
2.5%. TE 5 DFENERES T, i sc s Zn 1 ELR
BAE 0.7%~22%2Z 18], V-390 1.2% s PR Eh 45 6 BT
32.29%~45.3%22 5], V241K 38.6% ; Skt EAVASTE 36.7%
~22% 2 [a], XK 38.4% ; A HLEEE BAE 9.9%~
25.0%22 18], X9 19.1% ; R AAE 1.0%~5.2% , F-F
9 27% T, AR EAE RIS T SN TP R R
BOMAER KSR, Cu IA NI FIER Fb S & 745
FE, PIEZ NG R ) 85.8%~88.9%; i Zn
DIRIRERZE 575 WA E AL Es B0 £, 3 2
JE RS A 74.9%~78.5% , A3 AT ka3
MBS 15 d 2] 30 d, FEAEAES A TEA CulZn
B i A I (L2 3) 3k 2 TRl 5 S ik £ 7 3%
NE B o BT T SHENRAREE 15 d BPAR L, HE
J& 30 d ZEAE A LG AE Cu R R R Tt ,
FEf M1 M2 M3 M4 Fl M5 i, HHLEEAA Cu 195
Bt RECF-YIN 51.0%, LIS 15 d B4 8m T

B );0x 2 Oxide (AR E LA ) ; Or 24 Organic (A HLE5 545 ) ;Re 24 Residual (5%

7.5% ; FAHEALLE A7 Cu AL R ECN 37.6%, 53k
J& 15 d B, SPX FRET 7.2% 5 T 38480 A5 1 43T
REH —E AR, MIRIRELES G RRESIES T Cu
SYBCAREL, 15 d B A HO A AR AR

Ji fif it B ) 25 TR 28 40 e R B AL 5 A T AN
], HEAE AL BE 30 d B FEAE Hh k4R A AL B A 1Y Zn 43D
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Table 4 The changes of partition coefficient of heavy metals during

composting process

o ) WHFIA

E L -
M1 M2 M3 M4 M5
Cu 15 Ex 1.9 2.7 23 2.3 4.0
C 73 6.4 4.3 7.8 7.0

Ox 39.2 419 40.6 422 38.6
Or 49.1 46.5 48.3 45.7 472

Re 2.4 2.4 4.4 2.0 15

30 Ex 1.7 2.5 2.1 2.1 3.6
C 1.9 6.4 42 7.7 6.9
Ox 373 38.7 373 39.0 35.6
Or 52.6 50.1 52.0 49.3 50.9

Re 2.4 2.4 44 2.0 3.1

Zn 15 Ex 0.7 1.4 0.8 0.9 22
C 45.3 41.3 322 36.8 36.8

Ox 422 36.7 36.7 39.4 37.1
Or 9.9 19.5 25.0 18.6 22.4

Re 1.3 1.0 52 4.3 1.5

30 Ex 0.7 1.4 0.8 0.9 22
C 454 41.4 32.3 36.7 37.0

Ox 43.6 384 38.4 41.0 38.8
Or 8.9 17.6 22.7 16.7 20.4

Re 1.5 1.1 5.8 4.7 1.7

ML BB IE SIE S 5 MY /38, PC A partition coeffi—
cient(43ECFREL) -

AL FITE 0.43~2.55 Z[0], V3428 1.24 kIRERZ5 G2
Cu/Zn [LHETE 0.04~0.16 Z[8], FE-34 K 0.08; 2k E 4L
2 Cu/Zn HWAEAE 0.24~0.9 [6] , -3k 0.52; HHLES &
25 Cu/Zn FUABAE 0.49~4.77 1], SE-35 0y 1.64; 5% A1
0.16~1.79 [a], F-¥5% 0.80, FIFES S Cu/Zn {EAH
Eb, e LS A A Co/Zn HUEM B 1T Bk
MR ERZE 5 A Cu/Zn LWAEPA B RS, BRE AL
Cu/Zn (HFEANAS | FRIEZS ) Cu/Zn {HICHH AR AL KR
o ZENE R 15 d 3 30 d, AT ACHe s BRIRER 45 A
A B EL SRS Cu/Zn ZBILE/N, 430 R
BT 5.3% 5% .7.7% .6.6%; 1A HLEEEZSH Cu/Zn
(AR, BB T 24.5%., 60, WG I8 kA T,
BT AT A N A AR AT HILES & AR R g
24 EWE CW/in EEEREZR Cu/Zn ERX R
HIEA Cu/Zn HLE 5 2EREAY Cu/Zn HAB SRS TAH
KW 6), 45 RFW, JEf# 15 d B, BRI AS
[ Cu/Zn HLAEAN, 2L Cu/Zn HUE S A G il 2500
JEURE B AR A B Cu/Zn F I 2 Bl i 35 TE A G
JE A% 30 d BF, &TEAR Cu/Zn I 558 ff 200 )5
FEMY Cu/Zn HOAR S 0 35 sR0b 38 A0 G, T 5 S A
[) Cu/Zn FLAH, B2 5RIEZS A Cu/Zn HUAEIA AN E 2%

%5 FEAEEH Cu/Zn
Table 5 The ratio of Cu to Zn in different fractions

Ji§ gt vl /d & HFERE
M1 M2 M3 M4 M5
15 Ex 255 096 131 094 043
C 0.16 008 006 007 004
Ox 090 057 051 037 024
Or 477 12 09 084 049
Re 179 118 039 0.6 049
RREE (Tem)  0.96 0.5 046 034 023
30 Fx 242 091 125 089 0.4
C 0.16 008 006 007 005
Ox 083 053 047 034 022
Or 5.95 15 112 105 061
Re 1.63 1.1 037 015 046

SVREE (Teu) 1.00 0.53 0.49 0.36 0.25

F 6 ENEE Cwin 5EERR Cu/Zn WHEXRE
Table 6 The correlation coefficients of the Cu/Zn ratios in every
fraction and the total Cu/Zn ratios of the raw materials

or the composts

Al s
Ex Ca Ox Or Re
15 D-Cu/Zn 0.973 3™ 0.968 6" 0.987 2™ 0.966 7" 0.879 0
F-Cu/Zn 0.970 5 0.969 9" 0.983 7" 0.971 8" 0.887 3"
30 D-Cu/Zn 0.972 6™ 0.966 2" 0.988 3" 0.964 9° 0.871 3
F-Cw/Zn 0.970 2" 0.969 4™ 0.983 8" 0.971 8" 0.878 §"

T :D-Cu/Zn Ny J % FENERE S Y Cu/Zn B s F—- Cu/Zn Sy oA 55 i 2t
AAY Cu/Zn Lt 5n—-2=3,r00:=0.959 ;r00=0.878 ,

FAAN, HABATEAS B CalZn FUABE T 5 I8 M RE B 1
Cu/Zn HOfH 5 5 35 ol d 35 TEAH 26

3 e

REFEL S e IR RS AL PR, FEAT 4 R Sk
JRE i T, B ) S Y PR A AR R AL
TR Y B2 B 2 AL, 2 R 2 H G R T
oA SN i R — T 2 HE A HLER B/ N1
Wy, 384 i T 9 Ak B RAR SE AL I B e, o5 — O Tl
WYL T SR A o —— B | B A
SRR AE, JEFE B TT L) S A R
HEIINE GO , W B 5 ALY i 4h
A, ORI LU S e e — LM B A B TG R
SERICHAE TP b o TR, ZRACIE i A DL
JON 4 R IR S BAT EE AR DI RE . AT,
TESBF ARG DU A LA & 2840 1 3 i R A i
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P R K — 2 R BE Al N o AHBC, X T8RS, A BLAS
AR B 1 5 423 IE A B TR, AN A A AL
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B BRHEA SO B S R R B 2 AR,
I, RABITL A Cu/Zn L 5FAEA B 1 Cu/Zn L5
P35 R B IEAR G

WEAE I AT, SCHRASHR 073 IE R B0 I A,
AHLES S AW B R B TR e X TR, 52
S5 T LRl MR, A sl w5 A PG
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