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Abstract: The different types of livestock and poultry manure, including pig manure, chicken manure, cow manure were collected from the
typical large-scale farms in Hebei Province and heavy metals contents in the samples were analyzed. The results showed that the median
contents of heavy metal Cu, Zn, Cd, Ph, Cr, As, Hg and Ni in the livestock and poultry manure were below the limitations of Manure Composi-
tion of Germany and Organic Fertilizer of China(NY 525—2012 ). However, according to the limitations, the exceeding rates of the concen—
trations of Cu, Zn, Cr, Cd, Pb, Ni, Hg and As in the livestock and poultry manure were 41.73%, 50.39%, 31.50%, 5.51%, 0.79%, 7.87%,
4.63% and 12.60%, respectively. The order of the exceeding rates for heavy metals in chicken manure was Zn>Cr>Cu>Ni>As>Cd>Pbh>Hg.
The exceeding rates of the concentrations of Cu, Zn and Cr in chicken manure were 22.22%, 40.74% and 33.33%, respectively. The order of
the exceeding rates for heavy metals in pig manure was Cu>Zn>Cr>As>Ni/Cd and the contents of other heavy metals did not exceed the limi-
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tation. The exceeding rates of the concentrations of Cu, Zn, Cr and As in pig manure were 80.43% ,78.26% ,30.43% and 21.74%, respective—
ly. The order of the exceeding rates for heavy metals in cow manure was Cr>Hg>Zn and the contents of other heavy metals did not exceed the

limitation. Estimated on the application rate of 15 t-hm, the safety application years of pig manure, chicken manure and cow manure were

26, 79 years and 207 years, respectively. Therefore, the livestock and poultry manure from large-scale farms should been disposed before

used.

Keywords: livestock and poultry manures; heavy metals; characteristics; content; Hebei Province
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2010 4 b [ & & 2 i D ik 22.35 12 t1 R AN
Heid A 0 7 & 2500 T HECR 1) 60% LA 1P, i F
TG ER Cu . Zn SERDBHAS IR i 3530 il 1T, 3 g
YNSRI I P E 4w S B AR, AT
T, B B FEAG PR A TR A H 4 e F 4
e B B B YR 2 — 9, Xiong &5 MY e BRAL s H X
MRS Cu ik 2 016.7 mg-kg™, Cang 458 5%t
LA 10 MbIX 31 N KRR 0 & & 26 14 Fh
HERIOUUR GBI T THEA, KBLL Cu fl Zn j54¢
T A, Zhang SO R E AL =4 224 M EEE
EREA P TR, 273 Cu &l 642.1 mg -
kg™, ferik 1521.2 mg-kgo WHEEFAERIXT AL =4
ARSI & & TR ZRE o Zn S SRFAE A B
FERM 2 W92 RIS Zn &
R, 40k 691.56 ,384.15 mg-kg™ 1 136.13 mg -
kg?, H& &M@ S5k Zn SRR IEH,
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M5 C 45 RIVFZ2EH T . ST ER, 2010 4F
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A AERIR T & A R AR R RS K
JER L A M A5 9 b e R A R AL E
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ZE 544 200 REEMBE BRME N Z HIRAH
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WAt E B EERMEAYLH 8 FE LR Cu.Zn,
Cd.Pb.Cr.As Hg .Ni B)& A& s oA (£
1), BTy EE, Bk, RASAE
(50% 5B ) K FRAIE & & 258 81 43 7 1 43 A1 Al
# B J&(f Cu.Zn .Cd.Pb.Cr As Hg.Ni & & 43 5 A
63.00,399.10.0.23.4.60.53.30.4.60.0.25.10.40 mg - kg .,
Fr R AR AN A & & 2S00 vh B 4 R O i 25 R OR A
S R B 51.86%~414.48% 22 [] , K /NI Jg As>
Cr>Pb>Cd>Zn>Hg>Cu>Ni, 48 55 R B K I E 4 & T
F As Fl Cr 25 FHR DRI ) T, 3t ik B PRl
WNEARM RS ESEMEPESE S ®EEREKR,
Fie i ] 5 A A 7B (Cu << 100 mg - kg . Zn <400 mg -
kg™.Cr<100 mg-kg*.Cd<1.5mg-kg™.Pb<150 mg-
kgt .Ni<20 mg-kg* .Hg<1mg-kg?), b4 41.73%
B & & ZE AR A Cu AR ,50.39% [ FE A Zn Hids,
31.50% YA Crfhx , bR %475 T 30%. Cd .Pb,
Ni 1 Hg %48 b5 R 4 5] A 5.51% .0.79% .7.87% £l
4.63% , MR T 10%. $% A HUAEARHE(NY 525—

2012,As<15 mg-kg™), 45 12.60%FKIFEAS AT .

MNEEFAE P E SRS /MR, WA &
B FEfE Cu.Zn F1 Cr 1) 50% 73 (B AT A 12 ] i s
HEF5 E NI 90% 73 (3 ABLAF 5 1 [ i 20k NE A o
Cd .Pb \Hg 2250455 15 I AL AR E , As B 75%73
LA A EAA HUIEARE . 75% 53 (i (B H Cu . Zn F
Cr,95% 43 (i {5 Ni 34778 5 8 [l 2 HE A A 7 , 90%
SHAE As I A HUIEFRTE.

FE 2 b A8 Tk b 4 e R A, 8 i
#H4xJ& Cu.Zn Cd.Pb.Cr As Hg.Ni i-F-I{H 551k
164.10.151.47.0.04.1.41 41.21.0.96.0.05.9.64 mg -kg ™,
Fierb [ fA R 1 2E FRiE(GB 13078—2001)(Cd<<0.5 mg -
kg™,Pb<5mg-kg™, As<2.0 mg-kg?,Cr<10mg-kg?,
Hg<0.1mg-kg™)  faptrr Cr {5 52100% 47 , As % fit i
B 22.22% , FHoAth 5 42 J@ A AR o $ HR E DR bR 1
(Cu<8.0mg-kg*,Zn<100 mg-kg™*,Cd<0.5mg-
kg?,Pb<5mg-kg*,As<2.0 mg-kg™,Cr<10 mg-kg™,
Hg<0.1 mg-kg™),Cr % & 100%#3 4% ,Cu.Zn Hitx R
4351k 77.78%71 55.56% , As 5 iR 22.22% , HiAth
HE AR AL, RS IR Y 2z 0 A 4R
FHL A S R B 4 R U S AR LA

Rl ALEETERBEFESESENHHFE(1=120)

Tablel Heavy metals contents in the main livestock and poultry manure in Hebei Province(n=120)

i H Cu Zn Cd Pb Cr As Hg Ni

BARF-H{E/mg-kg?  213.76+266.6 907.95+1 560  0.37+0.53 10.60+22.67 119.93+293.92 15.56+65.01 0.32+2.40 11.74+6.10
Kl oy Ai ey A s o34 s o34 IS5 w53 A w5341 IS5 w53 A
AR g /mg - kg™ 18.61~1 027 45.54~8 851 0.07~5.33 0.39~166.6 8.00~2 595 0.69~685.1 0.05~4.56 3.05~41.30
JUSEY4{E/mg kg™ 105.27+287.17 483.22+1 610.8  0.26+0.54 5.51+23.14  58.87+299.05 4.86+65.63 0.39+0.22 10.20+5.37
Hafii {E/mg - kg™ 63.00+304.26 399.10+1 634.9 0.23+0.54 4.60+23.31 53.30+300.17  4.60+65.68 0.25+0.22 10.40+5.33

AR S ZBU% 123.77 167.46 169.89 205.50 241.67 414.48 145.79 51.86

AR ERI% 41.73 50.39 551 0.79 31.50 12.60 4.63 7.87

iér:}% 5% viH. 23.13 104.97 0.09 1.36 13.16 1.10 0.079 4.45

Z;fi?/ 10% Vi & 27.44 133.86 0.12 1.90 17.84 1.40 0.10 5.30

mg-kg™  25%/ifH 42.70 249.40 0.17 3.35 31.50 2.20 0.16 7.30

50%43+3z {E 63.00 399.10 0.23 4.60 53.30 4.60 0.25 10.40

75%43L {E 343.25 785.05 0.35 8.30 107.95 7.40 0.32 14.05

90% Vi (H 719.72 1632.14 0.57 19.02 192.96 20.58 0.41 19.08

95% Vi (H. 824.48 4 619.19 1.01 33.94 292.08 42.97 0.84 21.77

®2 B ARNPESESERIE(=9, mg-kg™)
Table 2 Heavy metals contents in feed in Hebei Province(n=9, mg-kg*)
i H Cu Zn Cd Pb Cr As Hg Ni
JL R 6.54~755.64  50.49~397.50 0.02~0.07 0.97~2.12 24.99~88.60 0.18~3.00 0.05~0.06 6.80~11.64
SRy 164.10+285.34 151.47+118.69 0.04+0.02 1.41+0.37 41.21+19.48 0.96+0.97 0.05+0.002 9.64+1.52
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T 3~3 5 W LIE I X3 A8
th 8 #&E 4 J& Cu.Zn.Cd .Pb.Cr.As.Hg .Ni i &4
FF A RS 3 A AR H 55000 231 3 B, R, >R
HRAEDR RAEXG 2 A E AR & ERHE . 1Y
Z6Hp 8 fpH 4 )& Cu.Zn .Cd.Pb.Cr.As Hg.Ni it
4y W Sk 57.45.387.90.0.22 .4.55.61.25.5.75.0.26 .,
12.25 mg-kg™, X3¢ Cu Fl Ni &1 75%5 i {8 .Zn
1 Cr &Y 50% 7318 .Cd 5 A 90% 37 {f P
LI 95% 4 A (Hg 1 1 95% 43 E 15 A 1k
] A ME AR U, As B 1 T5% LA A P
PUIE R IE . W2 H 4 JR MR R UF &y Zn>Cr>Cu> Ni>
As> Cd> Pb>Hg, H rr,Cu.Zn .Cr # 5K 4 5 N

22.22% .,40.74% ,33.33%. ¥ 8 FiE 4 )8 Cu.Zn,
Cd.Pb.Cr As.Hg.Ni I & &= 43 % & 390.90.855.85 .,
0.26.3.80.47.35.5.95.0.25 9.65 mg-kg™, J%3¢ Cu Al
Zn & 10% 43157l .Cr 2 & 11 50% 4 v {8 .Ni .
Cd.Pb il Hg & it Y 95% 7337 (L 15 7 45 i [ 18§ s o
NEFRHE, As it 75% 7 ALE AT A H EAA HLIE bR
W28 EE 4 JE bR R T A Cu>Zn>Cr>As> Ni Al Cd,
Pb 1 Hg A #A5R. o, Cu.Zn Cr.As HFR%550 0
80.43% .78.26% .30.43% .21.74%, 4~ 8 i 4 )&
Cu.Zn.Cd .Pb.Cr.As Hg Ni Y & & 4> 5 &y 37.35,
148.15.0.21.7.60.36.80.2.80.0.30.7.75 mg - kg%, Cr
T 50% 53 E . Zn P 1) 90% 435 (54 A 1k ]
JE AR bR, HoAh o0 R TR O 18 ] JoF e RE bR o

%3 LA BEPESE SEFHIE(n=54)
Table 3 Heavy metals contents in chicken manure in Hebei Province(n=54)

i H Cu Zn Cd Pb Cr As Hg Ni
BAFHEIMg-kg  96.20+136.10 509.18+613.35 0.42+0.65  15.73+33.25 185.89+435.59 23.26+96.67  0.28+0.20  13.08+5.74
Bl 3 A Ay TR 53 A syl s o34 P53 A TS5 Aii RS 53 A P53 A TS5 Ai
A5 g img - kg™ 22.60~812.30 103.80~4 485.0 0.07~3.80  1.27~166.55 10.48~2 594.54 1.24~685.08  0.05~4.56  4.76~32.55
JUfAEH5fE/mg kg™ 64.87+139.72 396.91+623.73  0.25:0.67  6.51+34.52 72.16+450.46 5.70:98.28  0.23:0.21  11.90+5.86
75 B Z % 141.47 120.46 156.47 211.40 234.32 415.64 72.37 43.85
R EIY% 2222 40.74 7.41 5.56 33.33 9.26 4.26 12.96
BEEIE 5%AE 23.18 185.78 0.07 1.70 14.55 1.48 0.070 5.28
éﬁg 10% 53 {H 27.00 211.45 0.095 2.15 20.10 1.80 0.098 5.80
mg-kg?  25%4 i {f 42.18 291.50 0.13 3.38 3155 2.90 0.17 8.85
50% 431 {5 57.45 387.90 0.22 455 61.25 5.75 0.26 12.25
75% 53 fH 97.65 494.10 0.35 8.98 128.38 7.43 0.33 16.60
90% 31 {5 156.30 825.10 0.86 34.25 339.65 17.00 0.39 21.75
95%43fifH 440.55 1 369.6 1.98 129.63 1414.4 86.45 0.86 22.98
T4 T EBEDEEERSHE(n=46)
Table 4 Heavy metals contents in pig manure in Hebei Province(n=46)
i H Cu Zn Cd Pb Cr As Hg Ni
BAEHMEI/Mg-kg?  438.56+£300.39 1 744.6x2 254.0  0.37+0.50  550+£593  74.44+64.58 13.09+21.91  0.25:0.11  10.65+4.59
Bl oy A LEsyyiil (gl s WS WSS (Eopiil WS AR
A5 E/mg - kg™ 2457~1027.13 125.37~8 850.96  0.09~3.48 0.39~32.28 8.00~277.09  0.69~106.26  0.06~0.55  3.05~22.79
JUASEMEImg-kg™  296.00+333.19  959.47+2 389.7  0.28+0.11  3.81+6.17  51.39+68.65  5.26+23.29 0.23:0.11  9.72+4.68
75 5 Z B % 68.50 129.20 134.65 107.90 86.75 167.40 4217 43.09
HARHI% 80.43 78.26 2.17 — 30.43 21.74 — 2.17
LR 5%l 36.84 135.27 0.15 0.84 11.87 0.87 0.075 4.94
é“f%f/ 10%4 357 {8 41.41 252.38 0.17 1.17 13.93 1.10 0.12 5.21
mg-kg™  25%/4fvifE 202.90 469.03 0.20 2.23 25.28 1.50 0.16 6.95
50%/53fyifH 390.90 855.85 0.26 3.80 47.35 5.95 0.25 9.65
75%53 1Al 716.45 1 464.20 0.37 7.05 107.50 13.78 0.32 13.35
0% fyifH 871.68 5 998.8 0.52 8.26 192.67 4253 0.41 18.15
95% 43V {H 969.09 8 416.7 0.90 22.72 216.65 74.49 0.42 19.75
—536— http://www.aed.org.cn
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RS MLHFEPESESSHM(n=20)
Table 5 Heavy metals contents in cow manure in Hebei Province (n=20)
Cu Zn Cd Pb Cr As Hg Ni
FARS-H{E/mg - kg™ 39.64+16.45 168.71+92.17  0.24+0.12 8.46+3.99 64.27+51.77 3.20+2.01 0.36+0.28 8.58+4.26
Bl A2 1 A 534 WA 534 WA 534 LEsyyiil WA 531 Eopiil eyl WA 531
AR /mg - kg™ 18.61~74.99 45.54~408.73  0.09~0.60 4.26~20.12 12.37~219.20  0.93~9.13 0.17~1.10 3.16~19.00
JUSE (& /mg - kg™ 36.52+16.76  148.77+94.41  0.22+0.13 7.72+4.06 49.07+54.07 2.73+2.08 0.31+0.19 7.58+4.38
AR R E% 4151 54.63 51.61 47.08 80.55 62.88 77.83 49.69
HFRFR% — 5.00 — — 30.00 — 11.11 —
LR 5% 18.65 47.80 0.09 430 12.66 0.91 0.17 3.22
/;f;%?/ 10% 43 {E 19.82 91.83 0.12 4.30 18.32 1.15 0.17 3.61
mg-kg?  25%4> i {E 26.45 103.65 0.16 5.38 31.90 1.70 0.21 4.55
50% i {E 37.35 148.15 0.21 7.60 36.80 2.80 0.30 7.75
5% fE 49.85 196.00 0.28 9.93 105.78 3.93 0.35 12.30
90% i {E 68.27 357.81 0.48 14.77 130.89 6.76 — 13.60
95% 437 {H. 74.17 406.56 0.59 19.85 214.88 9.00 — 18.73

A [ G HUIEARE . 24 35 8 4 8 i bR % Cr>Hg>Zn, H
fhE 4 B AR WALE R Cufl Zn SRR
IR, I Cu A BIRAG FE A A 261
6.80 ¥l 10.47 f%, Zn F i 43 L2 XS ZE A= 21 2.21
{51 5.78 5, %93 Cr Sl = THE S M43, 4y
BRHEFE A2 1.29 £5F11.67 15,
23 EAEEEEGIESEFTANIENESEE
HE

B A HUIE— e —Fh s 2 M & B 25k &=
BRI TR, SR ER R E AR S R,
P R A VUL E 48 SR . Rk, 4R
KK KB SR IEEA 3, B4 m S+
e S B 20K S0t HER K PRI 1 ™ FH A A
JEI, T E e RS TR B AR IR SR b
FRBE b E B A ) BEHE O . ISR X e B el
SR DR AEAR KRR T b A vl 85 26 (R VR UL A
FREL, SRR EEE SR EES RS
(PR, 45 i 15 t-hm2 3HE B kg 5
BEERMEETARHNESER(ER6). BERZ
4% 0.20 m, 32T 1.15 kg-dm®, BH4EHE GG
+ 1% Cu.Zn .Cd.Pb.Cr As.Hg .Ni i) 7% & 7 51 3

2.55.5.58.0.001 7.0.025.0.31.0.039 .0.001 6.0.063 mg -
kg™ A4 Jiti A9 26 J5 1- 3% Cu.Zn .Cd Pb Cr As Hg.
Ni (% 543 3134 037.253.,0001 4,0030,040.,0.038,
0.001 7.,0.080 mg-kg™; %54 jifi FH 4 2 /5 133 Cu.Zn,
Cd.Pb.Cr.As Hg.Ni & & 4 7 3 Jim 0.24.0.97,
0.001 4.0.050.0.24 .0.018 ,0.002 0.,0.051 mg- kg™, 7
pH>7. 53¢ IH 3% |-, L GB 15618—1995¢ + 1 FA 5%
FriEbnifE) —H HARE SN AT IR R SR O,
L GB 15618—2008( -+ HEF 45 T i bl ) — ZhnifE
MHARRAE, 5 &% Rt A B B M 8 R ES )R
JUER i, Fiehta A 15 t-hm? SRR R A g A
FE I S5 ™ e 4 4 it FH AR R 43501 Oy 26,79 AN
207 4F, [RIMG, it FHAE 2910 % & 2500 A HLAEAHT R 1 2R
B KU T 225 | e R I EE A

3 itig

TRDAk v g e B B B SR TS N, S T o e
TR S I E Rk |, TR A R AR i
BRI o I 2 R IR A T kL Cu S i g i
150~250 mg-kg™, JEfktH Cu 1E# ANtk ) 20~40
519, Mantovip SEMBI ST FE RN 9 Zn 4 92%

R6 ALEESEFSFEFANKRANESREE

Table 6 Heavy metals loading quantities in soil per year after application of manures in Hebei Province

B4 B IorE/g-hm?

TiH
Cu Zn Cd Cr As Hg Ni
R 5 863.35 12 837.60 3.90 57.45 710.10 89.40 375 144.90
PEES 862.20 5818.35 3.30 68.25 919.35 86.40 3.90 183.60
3 560.70 222255 3.15 114.60 552.00 42.15 450 116.55
http://www.aed.org.cn — 537 —
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~96% A BERE Bl WIS T A ek o AR5 4%
AR, AL 41.73% M F B 2 AEA
Cu HiFx,50.39%FEAS Zn AR, 31.50% kLA Cr #
b, HEPRRI T 30%, X AR KRR E AT H T
TR IR AN T ik BE % Cu . Zn 1 Cr 1570 T 58, A<
SR, TWIHLE R EE Cu il Zn FriE i E TS S AL A
28 G2 Cr S WD & TAE 2SR 28 X AT RR 2 T
ANTRVES & BT R R Ak BT s o ) i e 2= 46 31050
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