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Form and release potential of P,Cu and Zn of animal

manure from different sources

ZHANG Ming-Kui',GU Guo-Ping’

(1. Department of Natural Resources Science, College of Natural Resources and Environmental Sciences,Zhejiang University,

Hangzhou 310029, China ;2. Shaoxing Academy of Agricultural Sciences, Shaoxing 312003, China)

Abstract Six animal manure samples, including cow manure, pig manure, and chicken manure from both commercial animal
farms and household animal units were collected and chemical forms and release potentials of P,Cu and Zn characterized. Results
show significantly higher concentrations of P,Cu and Zn in commercial farm manures than household animal unit manures. P con-
centration decreases from chicken manure to pig manure,and then onto cow manure, in that order. P,Cu and Zn in the various ma-
nures are mainly present in exiractable forms with high bio-availability. Proportions of extractable P,Cu and Zn forms to their total
concentration are generally higher in commercial animal farm manures than in household animal unit manures. Water soluble con-
centrations of P,Cu and Zn in proportion to their totals are significantly higher in commercial farm animal manure than in house-
hold animal unit manure. The findings suggest that application of animal manure originating from commercial farms leads to greater
P,Cu and Zn release into the environment than that originating from household animal units.
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BAFRBERE GIF o RMERNEY A B,
AT o BT BT R B MR AL I 5 3 R OR R
FRFFE I BEE 6 fhE g3 s
B AL 5B 2 B AR 7K P BRI 1, LA A A L
JE B & 2 A 32 AR 98 o
1 #RERZE

P ERET 6 & BINHE, A A BT
HMGMR P RE#MFE (8) R4 EEMY
F&, ML FRIE G B R B 77 1R R, AR R R
BT YR KPR B RR D — BB AR, AR
IMEMT YR, B0 mE 4~6 (D) FHFRE
M. E8XRFAEZRTXNT, 2FBEHL 2 mn
TG, AR A E— 2P B 405 0. 15 mm §f AT
B VA R0 B B 42 1 43 B 5 HC A o D T 00 E A A
e 0 B B I 285 2E BRI K 32 U o

pHE & RAMEBmAFEATENE , #
fh o 4 AR 4 AT R B HNO,-HCI0,-HF = R
1, R FRBOGIEE N E . LS %R A Hed-
ley % (1982) f ik, HKBERLETH SN
k¥ E TC AL B (H,0-Pi) UK ¥ 1A L8k (H,0-
Po) \NaHCO, W] £ B A9 TG HLBE (NaHCO,-Pi) ,NaH-
CO, A BB HL#E (NaHCO,-Po) .NaOH T $& Bt
B 7C L #% ( NaOH-Pi) , NaOH ®] & B 1y A #L 8%
(NaOH-Po) \HC1 AT 2B Ay P(HCI-P) FI R £ A
(Res-P) %5 8 MBEEZS . H KB MR NaHCO,
I 3R BUBE A B B AE W A RCHE , NaOHL T 42 BUBE I
HCl TR X B 7E — B 45 F D Wl B B A, R R

FKEFELBITR (8. 5F) 2 F R A Amach-
er (RRF"Y, £ 4 H & #: 75 (Exchangeable ) | ik 2
454 & (Carbonate-bound ) . RAL W 45 & & ( Ox-
ides-bound) . # i 45 & 7 ( Organic matter-bound )
MR (Residual ) 5 F e 43 , HAY A KR :
B SHKRELEES > AUV E T ARG E
E>BAEY,

FERE P B R AN TE K P B B BOR K 22 2
Bkl 2 o $REGRIRTE 50 mL 985 .08 b 4T, 3t
HEEERE S K, BRI A K/ 2001, R T 4%
TR IA] g 2 b, 45 UK 3R IR B0 L S A0 20 9 [ A A
WA, 32 OB P 9% A BT e, 4R AN A A R T IR
Wi 5 o
) ER5H®R
2.1 ERBEGBREMENSE

SMERKRA(RD) , AERBE G FHHESD
BERAGESRHES TR BIAMHEMLE &,
BE RS B AR EIGERY 2.24 ~5.22
%5 .3.89 ~11.68 /51 7.93 ~31.67 15, MIEFEHE
GHRFEFNESERRSE -BRAGE>E
> FIGHBMREG AR KRBT E I ZE M
TERERVIB . EMBESEN XSS K> T
AR FBIENX 3 RERZENFAMFESE
EZRB/N. ABRUFHEIGEEXERPIEFES
HZEMERSEHHELARARNERGRD),
RMHEESSLUT,EHEES S E,

R1 HAERPH ANEEE

Tab.1 Contents of P,Cu and Zn in the tested manure samples

2 Sample pH N(g-kg™") P(g-kg™") N/P Cu(mg-kg™')  Zn(mg-kg™')

4% — 4 P Cow manure from household 7.8 21.3 2.5 8.5 35 27
4%~ 4% Cow manure from farm 7.4 30.6 5.6 5.5 136 214
¥42% — 4% P1 Chicken manure from household 8.1 46.8 5.4 8.7 47 39
X% - 334 % Chicken manure from farm 7.6 72.3 28.2 2.6 517 1235
$%3% -4 ' Pig manure from household 6.9 34.7 3.6 9.6 32 41
W3¢ - %74 % Pig manure from farm 7.4 56.8 11.3 5.0 374 635

2.2 ERGBRAMENALEES BEB>BRES>SHRIBESGD > KBS ME

FEPHRFENTRIE(ER2), KPP X R FESHR B - AILRS &8 ALY

PAK ¥ & 8% (H,0-P) Ml NallCO, W] 2 WX & #% BB MBRBEED >BAS > KBS, AIRE

(NaHCO,-P) B, HEE N EYA B, tHFEZE

BIFEALAY H,0-P & & K H 5 S8k (TP) 59 LL ] 3y
MBI G H TR EGR , 5 AR 5 5% (Res-P)
AR, BERPEMFEEZUATRRESE
XFECER)  ETRBANREGE > ALY

AR EMYDEAEMRREBES D WY
TE20% ~40% Z [8), 32 e 25 58 1Y bb i B0 A5 4k 57 7R
GEBXHES TRIPHEFEELE, MBRASH
BB AR PR T BRI 8 T RS
G B B,
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Tab.2 Compositions of chemical forms of P in the tested manure samples %
< H 3¢ kP H3 - KA X3 — g X3¢ - R I - kP ¥ - R
P i Cow manure Cow manure Chicken manure Chicken manure Pig manure from Pig manure
o from household from farm from household from farm household from farm
H,0-Pi 16.3 45.3 17.8 36.1 18.4 41.3
H, 0-Po 12.4 9.3 8.3 5.0 8.7 4.6
NaHCO, -Pi 13.3 8.7 17.7 15.3 14.3 11.4
NaHCO;-Po 10.7 6.1 13.4 9.6 13.6 10.3
NaOH-Pi 0.3 0.6 1.1 1.3 1.3 0.5
NaOH-Po 9.3 6.7 5.6 4.9 8.7 7.7
HCI1-P 6.8 6.1 17.1 22.3 7.6 9.6
Res-P 31.2 17.2 19.0 5.5 39.4 14.6
®3 HAERPRANEHELERSER
Tab.3 Compositions of chemical forms of Cu and Zn in the tested manure samples %
BEeR B FFE-RP AR -FEY O BE-KkP BR-FEY 0 EBX-RP  BR-FES
Heavy F - Cow manure Cow manure Chicken manure Chicken manure Pig manure Pig manure
metal orm from household from farm from household from farm from household from farm
R A
i 0.6 2.4 11 5.3 1.3 3.1
Exchangeable
oA
e 4.7 3.3 5.3 3.6 7.1 4.4
Carbonate-bound
Cu LA
iﬂ'ﬁ%’nn‘u 21.7 32.4 27.4 29.8 30.3 31.1
Oxides-bound
g o
ﬁmbﬁ’nn‘u 32.4 38.6 36.8 41.9 36.4 44.3
Organic matter-bound
FRAA Residual 40.6 23.3 29.4 19.5 24.9 17.4
R
K& 0.5 1.6 0.9 2.5 0.6 2.1
Exchangeable
oA
B A 22.3 31.4 2.6 38.3 25.7 36.6
Carbonate-bound
Zn gEA s
iﬂ'ﬁ%’nn‘u 25.9 34.8 26.8 31.6 22.4 32.4
Oxides-bound
5
ﬁmﬁﬁ%nu 32.7 25.6 29.3 22.4 25.8 21.3
Organic matter-bound
FRAA Residual 18.6 6.6 18.4 5.2 25.5 7.6

2.3 FEPEhEE . SRANSEAY K TR AN

KESRBURIG R, A B & A A8
R K 7 R R, 5 IRE SR U IR B o5 TP 1Y
37.4% ~67.7% ; MBALFRIE 3 & & 2 9 32 JL L 41
HESTRPESFE(E 1), AEAFEGFE E
38 XA 5 R BRI BUR A BE 4 B R AR PR
BEEEMI3.3MFET.5 548 £, 5 RIEEHE BT
B A EE > 53 > F 35,

5wt , &8P KT RS G A
B Y BB A, R SR 5 WK R BCAY A AT A Y
B BB R KT, 4 1.32% ~6.30% , 4F
40.92% ~3.30% , H $EEC L1 48 2 B AR 1k 3R 5 55

BB TR BSR. MABLITREY SR #5F
B B2 PR B A B R e X SRR B £ 7
EANHE(E 1) . MEATREYG 2 3 XYIER
5 YARBCRTHREHCR) 5 73 B o R P BOR AR BL & & 3
f910.6 %.43. 3 1580 29. 6 &, MAALFHE S 4
e EOUESIVINE/ @ S E 5 Gk i 8
JURUIRRY 18.7 45 .72. 4 1570 55. 6 {5 . XXM A
AN A 1 RE T R R B 2 P R R B Y AR
IR R BCE ., W, e AT
Mo, AP B B AR 5 B R AR U Kk A T
%o, HiiHAMBRMLFHEG N E 82, IMIHEXE
EHRHE,
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Fig. 1 Cumulative amounts of P,Cu,and Zn released from

the manure samples by water leaching
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