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Abstract: [ Objectives ] Heavy metals, nutrients, and EC (electrical conductivity) in commercial organic

fertilizers and organic wastes in main vegetable production regions of China were evaluated to provide a scientific
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basis for high-efficiency and safe vegetable fertilizer recommendation, and soil quality improvement.

[ Methods ] About 126 representative samples of commercial organic fertilizers and 255 samples of organic
wastes were collected from the main vegetable production regions, including 6 provinces (municipalities) of
northern China and 12 provinces (municipalities) of southern China. The sampling periods were in early January
of 2014, and status of heavy metals, nutrients, and EC in three types of commercial organic fertilizers and five
types of organic wastes were investigated in this study. [ Results ] 1) According to the China NY525-2012
maximum limits for heavy metals in commercial organic fertilizers, the percentage of the samples exceeding the
limitation was respectively 10.3% for Cd, 17.2% for Pb and 17.2% for Cr in commercial chicken fertilizers,
20.0% for Cd and 6.7% for As in commercial pig fertilizers, 13.4% for Cr, 2.4% for Cd, 2.4% for As and 2.4%
for Hg in other commercial organic fertilizers, 2.4% for Cd, 7.1% for As and 2.4% for Hg in chicken manures,
1.5% for Cd, 3.1% for Pb, 15.4% for As and 1.5% for Hg in pig manures, 1.7% for Cd and 1.7% for Hg in
cattle manures, 12.5% for Cd in sheep manures, and 4.5% for Cr and 13.6% for As in other organic manures.
Present livestock and poultry dungs were greatly different with traditional organic fertilizers, and compared
with the results investigated in 1990s especially, the contents of total Cu and total Zn in chicken and pig
manures increased by 1.5-16.2 and 1.3-4.7 times, respectively. 2) The contents of N, K,O, and total nutrients
(N+P,0,+K,0) in commercial organic fertilizers were 51.2%, 32.0% and 15.0% higher than those in organic
wastes, respectively, whereas the contents of P,O; and OM (organic matter), and ratios of C/N and C/P in organic
wastes were 23.7%, 41.5%, 22.7% and 15.2% higher than those in commercial organic fertilizers. For commercial
organic fertilizers, relatively higher values were found for the contents of P,O; and OM, and ratios of C/N in
commercial pig fertilizers, and for the contents N, K,O and total nutrients, and ratios of C/P in other commercial
organic fertilizers. For organic wastes, relatively higher values were observed for the contents of N, P,O; and total
nutrients in chicken and pig manures, for the contents of K,O in chicken and sheep manures, and other organic
manures, for the contents of OM in pig, cattle and sheep manures, for ratios of C/N in cattle manures, and for
ratios of C/P in cattle and sheep manures. 3) EC values in commercial organic fertilizers (averaged 23.5 mS/cm,
n =126) were 3.1 times as high as that in organic wastes (averaged 7.7 mS/cm, n = 255). For commercial organic
fertilizers, EC values were relatively higher in other commercial organic fertilizers, medium in commercial pig
fertilizers, whereas relatively lower in commercial chicken fertilizers. For organic wastes, EC values were
relatively higher in chicken manures and other organic manures, medium in sheep manures, whereas relatively
lower in pig and cattle manures. [ Conclusion ] The main heavy metals in the contents beyond the limitation
were Cd, Pb and Cr in commercial chicken fertilizers, Cd and As in commercial pig fertilizers, Cr in other
commercial organic fertilizers, As in pig manures, chicken manures and other organic manures, and Cd in sheep
manures. The contents of N, K,O, and total nutrients were respectively higher for commercial organic fertilizers
compared with organic wastes, whereas the contents of P,O; and OM, and ratios of C/N and C/P were respectively
higher for organic wastes compared with commercial organic fertilizers. EC values in commercial organic
fertilizers were much higher than those in organic wastes.
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BN I, A7 S B A LIS s 3 A AR
e . AR, JEAERR . ARSI MRS A
BLmR . MEE . TS . TR . EORIIREE
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FE A AR AR DL R NY525-2012 A #L
EA 4 A PR TR AR (mg/kg, THE): & Cd<
3, B Pb<<50, AL Cr<150, Al As<15, R Hg<2,
FE i o 4 T B AR SRR T OB A A Y B A
o E NY525-2012 AU H 46 s i BR EFE br (H 1Y)
FEAI H 358
1.4 #HiELE

% Microsoft Excel 2003 &t i1 {4 #4755
53T

2 R8T

2.1 HmENEMBHIEFYFESRERR

2,11 FaAE AR ENES BT E F
Ba 15 L J7 1 BT 48 1 AR Wy B 1 0 1 A R AL
Cd. Pb., Cr. As flHg., % 158, hFiRaILE
R IR S 2%, AN [FFP 2R B R A HUIE
SR EEERER, MRS TH2ZIL, mamiE
i Cd. Pb Al Cr AR, Hg XA, RS
AT Cd I As FEAMXTEGE, Pb Al Cr & S AHXT
A% HErRMANIES He FEMxTEE, Cd.
Pb Fll As & it AHXT AR, R i 2 AR a2 Cd
TR AP 5 36.4%; RS
Pb & B SR B R A B e s 2.4
£ RIAOASZET Cr & R s ZEFIL B R A HL
HESE34 43 0 1 12.9 F1 1.7 4%, HEE RS A HLIE
Cr MBI R 4.1 % A3
MR As E BT R S A LR 000 &
13.2% H1 24.5%; HEmmANIET He & AR i
R ZEFNRT T 2153 5 29.4% i1 15.8%.

Fi BR TR [ PLAT 19 NY525-2012 A HUAERHH 48
FREbRIE, T7EREUK 29 ARIASIEH, A 3 HE
Cd bR, 5 MRS P MbR, 5 Cr dibR, As
Fl Hg 720 & M AE S b YA bR, RS9 3s Cd.,
Pb Fl Cr AR 5K 10.3% ., 17.2% F1 17.2%; 7¢

I 15 DrpasEdeh, A 3 HEM Cd bR, 1
A As HibR, Pb. Cr F1 Hg 75 Frill i iy FE i i
ANBFR, BRI Cd R As BARF 518 20.0%
F16.7%; FEREUY 82 ML ERMANIE T, A 24
FESh Cd BbR, 11 MFESD Crdn, 2 MRS As B
Fr, 2 ANEES He #hR, Pb 72BN BIAE b A
br, HERSAYUIEH Cr. Cd. As f1 Hg #BHrR 5
WA 13.4%., 2.4%. 2.4% F12.4%,
2,12 AHUESYTHAEY SR ENESESTE N
T2 LUEN, RREFEGEIVEFRYY T ESE
TREFRK, WIEMEI D Cd FEIEMAXT
B, BB ML A IR YO E
40.0%~128.6%; & Hg & EMR S, 5
X RIS IR AYUE ST 66.7%~
172.7%; HEAPUEFY T Cr Fl As & I {EAXF
B, CritEogss | M. 438, RV EH
98.5%~149.5%, As FEBMIE, W, F3& F
ZEEE I 43.4%~419.0%.

SR EIA T NY525-2012 A HUIER D E 45
PR EEARIE, XA HUE 9 h 4 & i AT T L
B, TEREUT 85 MAGFE, A 2 MEA Cd AR, 6
AFEG As AR, 2 MEES He #FR, Pb Al Cr 7651
FERIRE ST BN AR, A93EHh Cd. As Bl Hg BAR%
SRR 2.4% . 7.1% Fl 2.4%; 7ERIE 65 PrgF
o, A 1 MEES Cd AR, 2 AR P AR, 104
FEAh As #BAR, 1AVEESD He MR, Cr 16 FrilsE ke
s SRR, BT Cd. Pb. As FIl Hg #ib5% 45
K 1.5%. 3.1%. 15.4% F1 1.5%; TERHUY 59 P4
Fd, A1 AEESY Cd AR, | NFESL He AR,
Pb. Cr Ml As 7E Tl E MRE S P 8 AN B AR, 2R3
Cd I Hg #FRRI M4 1.7% F 1.7%; 7EREUK 24
A, A5 3 MFES Cd HibR, Pb. Cr. As Fll Hg
FE BT E B RE S R RR , 25 Cd AR
12.5%; TEREE) 22 M HEHEWESYH, A 14
RS Cro#bR, 3 MFEM As #Ar, Cd. Pb #il Hg 7¢
PN E R S BN AR, e AR SRS Cr Fl
As AR NN 4.5% 1 13.6%.
2.1.3 B APIUIERAYUE S Yh A SN RS
Cu Ml Zn & AFEFZEART A HUES Cu Ml Zn
FHEZESBER (E 1), Cu Ml Zn &8 LIRS IER
L REgIER ., HEmSMaIUIEENL, RE
FErh Cu & R WS 2SR T B A LI T34 4001
15 75.8% 1 175.9%, RfnAEZET Zn &R Y
FERFLE R A ML 430 14.9% il 78.4%
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Table 1 Heavy metal contents in commercial organic fertilizers
T i A MLIEFPZE Type of commercial organic fertilizers
A S T 53 EEEES SCERRA UL i
Heavy metal Ttem Commercial chicken Commercial pig Other commercial Sum (n = 126)
fertilizer (n = 29) fertilizer (n = 15) organic fertilizer (n = 82)
Cd i Range 0.29~5.3 0.42~4.0 0.07~5.0 0.07~5.3
SEHI{E Mean 15+1.1 1512 1.1£0.86 1.2+0.97
%L Median 1.2 1.1 1.0 1.0
HPRZE PSBML (%) 10.3 20.0 2.4 6.3
Pb Ji [ Range 8.9~1265.3 8.2~36.1 3.5~48.1 3.5~1265.3
F-¥{E Mean 75.5+231.0 224+8.1 22.0+10.7 343+112.0
FF 3% Median 235 23.6 21.6 223
HBARE PSBML (%) 17.2 0.0 0.0 4.0
Cr i Range 5.2~4260.9 4.6~119.8 3.4~2412.0 3.4~4260.9
SEHJ{H Mean 346.7+1013.0 25.0+£28.9 126.7 +391.2 165.2 + 583.2
F74L Median 23.0 16.3 162 16.4
EFRA PSBML (%) 17.2 0.0 13.4 12.7
As L Range 0.65~14.5 1.6~16.6 0.00~23.3 0.00~23.3
FH{H Mean 6.0+3.6 6.6+4.0 53+42 5.6+4.0
FRfi%L Median 6.0 5.9 4.9 52
#BFRE PSBML (%) 0.0 6.7 2.4 2.4
Hg Ji [ Range 0.04~1.1 0.07~1.2 0.01~2.8 0.01~2.8
F-¥{E Mean 0.34+0.31 0.38 £0.32 0.44 +0.48 0.41+0.43
fF3i %L Median 0.19 0.25 0.29 0.25
R PSBML (%) 0.0 0.0 2.4 1.6
Cu 3 [F Range 33.7~961.9 13.6~1187.9 2.1~664.6 2.1~1187.9
SEHJ{H Mean 143.1+163.9 251.6 +334.8 91.2+100.1 122.2 + 166.8
F74L Median 106.7 121.2 66.9 81.0
Zn Ji [ Range 103.4~1261.4 57.6~1769.2 10.9~1026.5 10.9~1769.2
F-¥{E Mean 331.5+243.5 381.0 +455.2 213.6 +£226.3 260.6 +272.1
H 4L Median 283.4 2213 127.1 165.2
7 (Note ) : PSBML—Percentage of samples with heavy metal contents beyond the maximum limits of China NY525-2012 for heavy metals

in commercial organic fertilizers.

AFFEPAAEIESTYH Co Ml Zn FEEFR
K (F2), Cufl Zn FRLEFEK R, WK, F
&, FRAHLEAIESYEN, HIh Cu FEEK
X e EEAIL T A YR YT 50
3.9, 8.0, 9.4 7159 %, e Zn FRENGIE . 4
. FEMEEAIERY R0 m T 1.1, 4.2,
4.7 F13.0 1%

2.1.4 FaANEMAENESY P ESE S EES

A PR P it KiEm TAVUES Y, Cr &
W TANUEFY, Pb Al Cr &5 510 34.3
1 165.2 mg/kg (n = 126), BAYUEFPF345350
tH 97.1% 1 10.4 £ ; AHUEFWH Cu Ml Zn &5
K& TRSANIE, Cu Ml Zn &8 B 5351 H
239.3 F1 387.6 mg/kg (n =255), R mAPEE445
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Table 2 Heavy metal contents in organic wastes
HHLUIEE 49512 Type of organic wastes o
(=2
Hifial - L R CEC e He Sum
icken manure Pig manure Cattle manure Sheep manure Other (n=255)
(n=85) (n=65) (n=159) (n=24) (n=22)
Cd i Range 0.15~45.8 0.07~3.8 0.10~3.3 0.07~4.0 0.22~1.4 0.07~45.8
SFH{E Mean 1.6+4.9 1.0£0.6 0.8+0.6 14+1.0 0.7+0.3 12+29
rF {37 8 Median 1.0 1.0 0.7 1.1 0.8 0.9
#FRZ PSBML (%) 2.4 1.5 1.7 12.5 0.0 2.7
Pb Ji [ Range 7.8~41.1 3.2~135.6 43~372 4.6~325 7.4~472 3.2~135.6
F-¥{E Mean 18.4+6.7 17.1+18.1 149+79 198+78 18.7+9.4 174+11.3
{3 %7 Median 16.7 12.9 12.8 20.7 16.7 15.5
HFRF PSBML (%) 0.0 3.1 0.0 0.0 0.0 0.8
Cr i Range 48~72.3 1.5~149.6 3.7~105.8 4.8~46.6 3.8~269.2 1.5~269.2
SEHJ{E Mean 13.7+12.1 13.4+19.9 13.6+17.0 10.9+ 8.4 27.2+55.4 145+22.1
FR74L Median 9.2 7.7 7.4 10.2 12.1 8.5
#BFRE PSBML (%) 0.0 0.0 0.0 0.0 45 0.4
As LM Range 0.15~28.0 0.17~56.4 0.22~8.1 0.14~9.5 0.22~110.6  0.14~110.6
SFH{E Mean 48+6.0 7.6+13.9 2.1£2.0 26+22 10.9+22.9 52+10.6
% Median 2.6 1.8 1.1 2.1 5.1 1.9
HFRE PSBML (%) 7.1 15.4 0.0 0.0 13.6 75
Hg Ji [ Range 0.01~2.23 0.02~3.97 0.02~21.0 0.05~1.71 0.01~0.99 0.01~21.0
F-¥{E Mean 0.33+0.39 0.31+0.51 0.60 =2.71 0.36 +0.37 0.22+0.27 03814
{347 Median 0.21 0.14 0.10 0.20 0.11 0.16
HBFRE PSBML (%) 2.4 1.5 1.7 0.0 0.0 1.6
Cu i Range 8.5~1098.2  26.3~2300.9 4.2~203.6 6.9~149.7  22.7~498.8 4.2~2300.9
SEHJ{E Mean 132.8+131.7  6452+554.4 72.0+384 62.2+33.9 93.8+98.0  239.3+376.4
3% Median 108.6 571.0 66.1 64.0 80.3 99.8
Zn Ji [ Range 70.9~1940.4  43.1~2635.0  36.4~573.6 253~518.3  322~771.0  25.3~2635
SEHIME Mean 366.7+252.0  7852+522.0  152.4+102.1 136.7+114.1 198.7+1823 387.6+398.1
P34 Median 339.0 648.7 115.9 92.5 143.9 270.0
7 (Note ) : PSBML—Percentage of samples with heavy metal contents beyond the maximum limits of China NY525-2012 for heavy metals

in commercial organic fertilizers.

Sl i 95.8% il 48.7%; T hh A HLIE AT HLE 5549
1 Cd. As Fl Hg & 34{H 2 548N

Fi IR FR A 1) NYS525-2012 A HLAEKL & 4
JE PR bR E, fEREUAY 126 MRS ANLIES, A 8
AFER Cd#BFR, 5 KRS Pb HAR, 16 MFEM Cr i
bR, 3 FES As #BAR, 2 MFEGh Hg MR, Cd. Pb,
Cr. As Fll Hg B35 010 6.3%. 4.0%. 12.7%.

2.4% 1 1.6%; FEREUAY 255 M HUEFTYITH, A7
AFESL Cd AR, 2 MEEM P BEbR, 1 AMEES: Cr i
Br, 19 HEE As #AR, 4 DR He #idR, Cd.
Pb. Cr., As fll Hg #ARFIHN 2.7%. 0.8%.
0.4%. 7.5% 1 1.6%.
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B, ASEFP SRR A A HLAE R R A BT
WEFBKR, FMEIT L (P,0,) . ALK
PR C/N HEHX R, 20 (PO & i (73
32.6 glkg) BT XSS R Al A AL 25 43 500 v
th 39.9% 1 35.3%, AU S & (1 41.0%) BR i
XEFEFNH B R dt A HUIEF- 24531 & i 20.9% F1119.9%,
C/N HfH (P34 16.0) R aos 25 FHL &/ A HLIE
SER 4R T 15.9% 1 15.1%; HE R A HLIE

2R N) . 28 (K0) F&E. #75 (N+P,0, +
K,0) B & 5 C/P MM, A& E (7Y
36.7 g/kg) B RS2 TR S G S50 i 1.0
A1 52.9%, & (P 26.0 g/kg) 5w iy
FET TG 253850 Bl 22.6% il 46.1%, F:43
i (¥ 86.7 g/kg) B fi U5 3% FI R b 3 26 24945
Sl i 38.3% F116.5%, C/P LLfE (P14 36.2) FRT il
R ZEMIT it 25 P2 03 ) 42.5% A1 23.5%.

x3 BmBENRSFS. BIR. pH MESREIHHHEE (T

Table 3 Statistics of nutrients, organic matter, pH and EC in commercial organic fertilizers (Dry matter)

i A HLUIEFZE Source of commercial organic fertilizers

s
5 T P P R AL ;'u:
Nutrient Ttem Commercial chicken Commercial pig Other commercial (n=126)
fertilizer (n = 29) fertilizer (n = 15) organic fertilize (n = 82)
N (gkg) JiF Range 5.0~60.0 6.2~85.1 2.0~199.7 2.0~199.7
FHI{EH Mean 183+ 13.0 24.0+20.7 36.7+42.5 31.0 +36.4
FRfi%L Median 13.6 17.8 18.7 17.3
P.Os(g/kg) Jii Pl Range 49~522 6.8~77.8 22~89.2 22~89.2
SEA4{EH Mean 233+13.0 32.6+24.9 24.1+19.7 249+19.2
F 4L Median 21.7 21.5 21.1 21.6
K.O (g/kg) JG [ Range 6.5~49.2 3.4~39.4 1.9~109.1 1.9~109.1
FHI{H Mean 212+10.0 17.8+10.0 26.0+22.2 23.9+19.0
%L Median 21.0 16.1 18.1 18.6
ENT NS i Range 18.9~131.3 29.7~182.9 13.4~310.1 13.4~310.1
Il‘gacli’t:f;g jlilg) {8 Mean 62.7425.1 7444379 867+ 61.4 79.8+533
F 4L Median 612 75.8 67.8 64.9
EERINY JiFEl Range 12.4~70.2 21.3~59.8 1.9~78.9 1.9~78.9
Organic matter (%) FHI{H Mean 33.9+£13.5 41.0+123 342+ 14.1 34.9+13.9
FRfi%L Median 33.3 40.5 32.9 34.0
CN U Range 2.1~339 1.5~418 0.6~70.9 0.6~70.9
SEA4{H Mean 13.8+7.2 16.0 +10.7 13.9+14.4 14.1+12.7
F 4L Median 12.6 12.7 9.9 113
C/p #i P Range 5.9~69.0 4.6~70.0 2.0~269.6 2.0~269.6
FHI{H Mean 254+153 29.3+21.0 36.2+37.7 3294323
%L Median 20.6 21.9 23.2 22.2
pH U Range 55~9.1 5.1~7.9 3.1~9.1 3.1~9.1
SEH{E Mean 74+0.8 6.7+0.9 6.6+12 6.8+12
F 4L Median 7.5 6.8 6.9 7.1
HL 5% EC U Range 2.6~77.0 3.1~86.9 0.8~168.7 0.8~168.7
(mS/erm) FHI{H Mean 12.2+14.0 17.8+23.9 28.6+37.0 23.5+323
rP (%X Median 8.4 8.9 13.2 10.0
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222 AHUEFWH A MAHE G & HER 4 0L
A, ARFREEILE T2 BB FIA LT &
WA RZER ., MEABR T AT E. 2lS
SRS A ARG, ARG E (P 216~
25.0 g/kg) BEAFE | ISR EH VUL Y735 500
E 47.9%~71.2% . 25.6%~45.3% Fl 13.7%~
31.6%, Wi (FY 35.7~47.4 g/ke) 426, F
FERHEAIEFY 05 12~1.9 1%, 1.7~

2.6 5 77.7%~1.3 £, FRor B EE (P 82.7~
84.5 g/kg) B8 . FIEMHEHIE Y1455
w il 85.0%~89.0% . 62.8%~66.3% Fll 38.5%~
41.5%; MFe. FIEMILeAIEFY h 28 &
X, SEY SR 20.6~21.7 g/kg Z[A], S
A28 5 33.8%~40.9% F1 48.2%~
56.1%; MA3E. A ZEREIEP AP & R AN,
FE 54.4%~57.4% Z ], BAGFEHILE ALY

x4 BIEFDHFS. BUR. pH MBS WS ITHHEE (T

Table 4 Statistics of nutrients, organic matter, pH and electrical conductivity in organic wastes (Dry matter)

FHUEEFHIFPZE Type of organic wastes

Teor A PUES e B 2% Hop i:
Nutrient Ttem Chicken manure Pig manure Cattle manure Sheep manure Other (n=255)
(n=85) (n=65) (n=59) (n=24) (n=22)
N (g/kg) L FEl Range 7.4~73.1 7.1~38.5 4.7~22.5 6.7~25.5 0.8~141.1 0.8~141.1
SEA4{H Mean 25.0+13.9 21.6+6.6 14.6+42 172452 19.0£282  205+12.8
R4 Median 21.0 22.7 14.2 18.0 14.0 18.5
P.0s(g/kg) JL [ Range 8.4~104.9 11.0~97.8 3.5~62.2 3.8~340  2.7~887 2.7~104.9
S Mean 359+ 17.7 474+21.1 16.1+122 13.1+73 2024206  30.8+21.4
"Fi %1 Median 32.8 44.2 12.3 10.8 12.2 27.2
K0 (g/ke) H P Range 43~492 3.1~343 0.8~40.2 41~590  27~714 0.8~71.4
SEA4{H Mean 21.7+8.1 154+59 13.9+9.6 20.6+13.6  20.6+15.6 18.1+10.0
7% Median 22.7 15.0 11.4 17.3 16.6 16.6
AWHE SR JEM Range 28.9~187.0 31.4~140.1 12.4~123.8 248~1085 17.7~3012  12.4~301.2
leztgl inlzegt 41 Mean 82.7+28.6 84.5+25.7 44.7+20.6 50.8+21.0  59.7+58.8 69.4 +34.1
(g/kg) T4 Median 79.8 84.6 413 44.9 51.0 64.0
EERIN Ll Range 9.0~69.8 18.4~71.6 25.3~73.5 19.5~72.6 5.8~74.6 5.8~74.6
Orgar}i;;naner 1 Mean 4214135 544+124 574+12.6 545+133  365:209  494+156
7% Median 445 58.1 59.5 58.3 26.1 52.8
CN Ji Rl Range 43~325 9.0~55.7 9.8~81.3 12.9~41.7 1.1~142.8 1.1~142.8
41 Mean 112+5.0 159+7.5 249+115 19.6+7.2 22.1+28.6 17.3+12.3
"R %1 Median 10.5 14.4 21.7 16.4 16.3 14.9
c/p LM Range 3.5~66.2 5.6~82.2 11.0~253.9 17.8~128.7  3.9~210.5 3.5~253.9
XM Mean 19.1+11.5 192+12.3 70.2 +49.0 67.6+292  474+499  37.9+38.1
7% Median 16.3 15.2 58.1 64.0 27.6 24.1
pH JiH Range 6.1~9.4 57~8.6 6.3~9.1 6.7~9.1 52~12.5 52~12.5
SEH{E Mean 7.4+0.7 73£0.6 75+0.5 7.9+0.6 73+1.5 7.4+0.7
HF{ 5L Median 73 7.3 7.5 7.9 7.1 7.4
HLGR UMl Range 1.5~24.6 2.4~17.4 15~19.3 3.0~25.4 1.6~80.7 1.5~80.7
ECmS/em) & 1yt Mean 9.4+42 6.5+32 59+3.7 79+5.1 974162 77462
H %L Median 8.9 5.6 4.6 6.5 6.2 6.8
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B3t 29.2%~36.3% F1 49.0%~57.3%; 3%
o C/N IWEA X EGE,, HREH T AR Y R
&, XIEFEIETD O/N WAEMAHXTEAR, F2&h ON
WWEBILEAVEFY . 3 IG5
MEH 12.7%. 27.0%. 1.2 f5H1 56.6%; 4-ZEHIF2
o C/P WfEAX B, HIR R HE AR, X9
FEREIE T C/P HAEARXT AL, AR C/P
B EAVUE Y . XF G FEF 3595 5
42.6%~48.1%. 2.5~2.7f5M 2.5~2.7 1%,

2.2.3 WAL S A VUE S Y SRa Aa LTS &
MZES BamAIEh2A &R, SRR R
SRR TAVNERY, A&, & EmRE
A3 R EPSEYA 31,0, 23.9 il 79.8 g/kg (n = 126),
BAWIEFRYF Y00 &E il 51.2% . 32.0% #l
15.0%; AHUESYh2sEa . YRS E. CO/N
LN C/P tEX TR RANIE, &, f
PUF S C/N EL(EA C/P HAEF243 510 30.8 g/kg
49.4%. 17.3 F137.9 (n=255), ®KEISHADIEE4
BT 23.7% ., 41.5%. 22.7% F1 15.2%.,

224 BMAVIEMANE Y pHEZESR K3
M 4 WoR, BmAVUIER pH{E (FYJ 6.8, n=126)
ETHIEFRY CF 7.4, n=255), BiANIES
RIS pH (E (P34 7.4) & TR g e
A HLIE CEX53 5310 6.7 F1 6.6). AHUEFY h¥
JEM pH EARXN B R, PR 7.9 X938, MK 4
M EAEYUEFTFYN pH (HIEAE 7.3~7.5 Z A,
23 FEBNEMENEFIPER SRR

% 3 MR 4TI, BAAVUER ECE (P
23.5mS/cm, n=126) L& FAHVIEFY F¥ 7.7
mS/cm, n=255), FmAVIET, HEihaIe
1 BC EARM, HUCRRMMETE, RMXSIEH EC |
X EAL, HErmaAIUIER EC H (F1 28.6
mS/cm) # R b A 2SR S XS 21 40 5l i 60.6%
1345, ALY, SR EAIUE SN
EC {HHIX# 5 (F1 9.4~9.7 mS/cm), HIKEF
2%, ISR EC EAXTRAR, MEEAILEAIL
YR BCEB S | MM A3 43 il th
19.0%~22.8%. 44.6%~49.2% Fl 59.3%~64.4%,

3 i1

3.1 FmBNEEESEETESRSEER
AR, SIS MG IS Cd iR
A3 HAE] 10.3% A1 20.0%, B TR AE2E (M

FREFBIH 2.4% 1 1.5%); FIsHAHLES Pb, Cr &
WL T AR, B VUL 973555 5 i
97.1% F1 10.4 1. & & 255 oA VUL R E 2
MEGRETHARSSENESEIN, HAFTE
TR I ARIRG 255 . JEHLIE R SRR & — 2
WINESE, X RE R A VR E AR A
RS TAVUE YR EZR N 5 53 28 ok
AR E R RS UG S, AL, K
EREEMRE ., TARIAVEFTY (NFEFF . B
WA, AR (J8) S5 iy — Rl LA ok
B A AUIE B RS I, R IR N E 2%,
XGR IR AT A, A UIE T E SR A
AR P ES RS ER D E MG, EHREA
aen A iE L, HAJE Cd S IE B2 N FURE
FER R A VLR R . FRIBHE SRR WY WoR, LASE %
Ry FE A 7R JEORL R R A HLIE A R P
R A DR R 2 2 20t AT e . WK . et
AT, WA X ESE TR R
RIS HLAE, FRAR R A ZEHEXE Cd. P, Cr &
BUEE T RAER ML FERE, SR ML
Ji, BEEJRE—ERE LR, #n T IR
P, RS HLIE . A HLE 709 76 & - R iz
NGRS

FEEBMEEAYEFTY R ULE BB E TR
REAE = 0 R A HUIE P 4 i B AR T
M2 A B . A E POl ik e,
25 IR R 0 R SN R A e R 8z . A T B
BE RN, RS SRR SRR, 17
Bt G R AR AR . BE L BAE R A R U R AR A A
Bl 5 Sy ek, ARk VA I e R R ) B e R DL
BN R 4 T AR AR AR FH R R A
(GRS Sl R Rt e s ) | N R P S
B, 20N 8 B O B BRI R A 56 T TR ) 4
B, VR SK /D 4 R E AR PL S, sk R
WAHFR BTG YL, SAh, A VU E 4R
T EGA T REZ FTINARIRE 2557 . JCHLAC KNSR Y
AU TE N Bt /b = N Rl R il B o e g
SRR AL
32 BEEBEEP CuflZn EETL

Cu. Zn MEREYLFNMEITE, WEESRE
JCE. PR Cu. Zn TFEEAR, EMEHRAK
REBREE, WRSRSXEDERNE, L2
fEFEY) = 5 S AR, X AR A SR . TR
EIA 1 NY525-2012 A HLUIE R 48 BR AR EXT
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Cu Fl Zn BeA il AR BRI, (H3R EX - 8 rp &
&)@ Cu Fl Zn il T AN A BR S AnfE . FRESE
G H R it SR I 35 Cu A Zn S22 AR
Rryadien KW HE S 2 AP STE R
R HA A R B AR fE T Cu Fl Zn FREEY
AR o 2% F e H R 8t 3 T - 48 Cu ALEL Zn LR
EYEiE SR Cu Ml Zn SEKIFEINA XL, N
K5ALED, AENFRESEEAIICCS
KA, JEHZXGIEFESED Cu, Zn FEz s T
20 22 90 4FA0HI . 5 20 4D 90 AT FI 2005 4
SESLALEL, METEET Cu TR 1.5 5 A
45.0%, Zn SRS 1.3 550 18.5%; Y
o Cu F BN 16.2 581 42.7%, Zn &5
BN 4.7 580 19.7%; SRTA-ZEH Cu S a2 RGN
1.7 f%H1 54.8%, Zn S84 I 51.9% F1 0.3%;
MHTEFED Cu SIS 40.4% F1 1.2 6%, Zn &
AT 23.7% A1 10.8%. FIt, FFIER AL
HEFNA HLE F Y Cu 1 Zn BR8FR v 09 BF 58 F0 1
SE, ST SR A VUL 2=, kR
TAFERMGOEMATZCEE, BRENK
FH 148 6 1 Gt R W s T B AR P e

x5 BREEPESGRE CuMZn SEFHETHER
(mg/kg, FT)
Table 5 Changes of the contents of heavy metals
(Cu and Zn) in main animal manures

HEJR il pLE B 2 T2
Heavy ) Chicken Pig Cattle Sheep
Time
metal manure ~ manure ~ manure  manure
Cu 1990 s 524 37.6 26.9 443
20054 91.6 452.2 46.5 28.7
2014 132.8 645.2 72.0 62.2
Zn 1990 s 159.6 137.2 100.3 110.5
2005 309.5 656.2 151.9 123.4
2014 366.7 785.2 152.4 136.7

{E (Note) : 2005 4FA53E ., FEFE. AFEMLIEEAL NN
47,29, 42 Fl 15 4>, 2014 F5510 85, 65, 59 FI 24 A~
Numbers of the samples of chicken manure, pig manure, cattle manure

and sheep manure were 47, 29, 42 and 15 respectively in 2005, and 85,

65,59 and 24 in 2014.

33 FRBSENBAERRETR SRR
SRES
ABURRER R B, 8 AU
RT3 85 34T DLIE 1 A 6 3600 £ B2
P A BN (T B SO LR R, ST

B0 A BT, SR e AL 1 A%CR AR T ] AR 2k )
o ABRHEZE . AGZE | RIS ZEFIRT S 2 b
W, AL (N P,0) FE45 A 1 : 2,19,
1:1.44, 1:136H11:127 3, £4), FikiEH
WA XGEA VUL ZEE EH A SR, T EAE
BRSSP, SR FH DA 227 2 55 SERE I A HL
HE ST T i, DABH 1A DL i 6 i FH 3 B 35
BER B R RHRI5Y

AWFEA R, ASFEFZEAAH PLE TP A HL
i mATERKES, 438, FIEMBETA LR
BRI, TE 54.4%~57.4% Z ], B ZE
EANUE TP 50505 Y 29.2%~36.3% 1 49.0%~
57.3%; 43 C/N IWEMXT AR, BEEE . W,
FARMEECAIEFTY 500wl 56.6% . 1.2
. 27.0% 1 12.7%.  HATFR E5 H— i H A L
JELIXGFE . e E, HRIER &R £,
FHEREAD, AL, X A R BT B DTk
AR B R AR A R b R A AR I RS A 2
AR, M P EE [ 32 R X A AL &
WAL, 14 C/N LB, TSR, H
W, X TR A PR A A IR = R, B AR A
HUIE A BERE [, 800 & 27 4k RS L EMFRE AT . 4
. FEE, RS RS ShEE N (5%
C/N Lb) fPA, oot HHEm e, i 1k A $h 35t
b, DAPRREIR 2 R M = 85k = PR e A o

4 ZEeS5EN

1) $2 BRI A B9 NY525-2012 A HLIE R 4>
JRBR AR, BIAEZELL Cd. Pb Ml Cr BAr A T,
HEFRZAM IR 10.3% . 17.2% F1 17.2%; T ha 8350
Cd 1 As #hr 3, BIRZFES 5 20.0% Fl 6.7%;
HEemmAIICLL Cr @ik £, @inFEHR 13.4%.
WIE. gde . HeaIUESYL. As Bir k3, @ir
RN 15.4% . 7.1% Fl 13.6%; FFELL Cd #BER N
F, BRER 12.5%

2) WA HUE P 2R i 2 A
BEEETANERY, AIUESY 2.
AHLR S E . C/N A C/P HfEE TR s AL
N, BSANUE T, FSEENeE R, AL
R C/N HU(EA B R, B R A LI A 4 A
i, AR ARSI C/P AR
s APLUEFYTh, SEAEEN AT E. 2
R MABE R A R, 93, FERMEE
AHULEFT Y & AR R, . 42
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23 4%

FeRIA PTG AN E, A FER C/N HL(EA 8
R, AFEERISEZER C/P LA o

3) R A HLIEAY EC fE m TA LR, sh
AHUEHHER A HUICH EC fHAR S, HUGZ R
WS, RASZER BC (EAXTEUR; APUEF Y
FMEEAIEFYN BEC (M, HREE
¥, FEFEFNAFEM) EC [EANHAE.

B EREAYUC R LLE & FE 0y 2 2 e A
AR i A ML B2 0 o ™ DI o ) iy, SR BRI
GH T, AG BRI 25 QA0 B3R ST . 1
a A HUIE A VLRSI S8 . IR Mk & &
R A LSRR G P I T R 5 3 A 2 S R
oL, AT MM, #Rd R A R — MRl
WZWAR—FEERIUR, &SR KM LI
A= i g o L, A7 ZTT R R A FLIE AT
DL 5490 i 8% 22 it P AN BI M I 5 R A9 72, &
IR B g Jm B R ol . S A
AR, DAL RO BECRTEE 1], BT S 5 i
A HUAEFIA HLE 770 0 Bk~ IR0 TG 2 35 6 il A
Ttk .

il

i

Biff: B A e AR F SRR B K
KRHEFZLHARIKRE &2 0RI0 655K 150, e
RIZERXAEHETTH/E, El—HEH,
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