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Heavy Metal Contents in Pig Manure and Pig Feeds from Intensive Pig Farms in Shandong Province, China
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Abstract: The contents of heavy metals( Cr, Cu, Zn, As, Cd and Pb) in a total of 126 pig manure samples and 18 pig feeds samples, which
were collected from 21 intensive pig farms in Shandong Province during summer and winter, were analyzed. The results indicated that the six
target heavy metals were detected at concentrations of 12.3(Cr)mg-kg™, 472.8(Cu)mg-kg™, 1 908.6(Zn)mg-kg™, 36.5(As)mg kg™, 0.9
(Cd)mg-kg™, 2.9(Pb)mg kg™, respectively. The investigated heavy metals exhibited variations in contents among different pig types. The
highest amount of Cu, Zn and Cd occurred in the manure of piglets, while Cr, As were detected at considerably higher concentration levels in
manure of sows and fattening pigs, respectively. Except for Cr, the concentrations of other five target heavy metals in winter samples were
higher than those in summer samples. The maximum contents of As, Cu and Zn detected in pig feeds were 34.1 mg-kg™, 211.9 mg-kg™',
2 883.1 mg-kg™. These contents were 17~35 times the limits in the national standards and are the main source of heavy metals in pig manure.
Moreover, according to the relevant limitations of heavy metal contents in matured compost fertilizer, the heavy metal contents in the compost
will severely exceed the limitations if investigated manure samples are used as raw material of compost. Thus, the addition of heavy metals in
pig feeds must be strictly controlled in order to prevent the ecological environmental hazards and reduce farm products security risks when
manure is used as fertilizer.
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Table 1 Heavy metal contents in composite feed samples of different stages(mg-kg™)
BB xR AT g Cr Cu Zn As Cd Ph

B 1 3~8 7.5+0.5 163.5+7.9 2 656.1+204.2 19.5+2.2 1.3£0.2 3.1+0.1
(7.0~7.9) (154.6~169.4) (2 487.5~2883.1) (17.1~21.5) (1.1~14) (3.0~3.2)

BBk 2 8~20 10.8+2.5 188.5£22.4 2 724.4+106.8 18.9+0.6 1.2+0.2 3.3x0.6
(8.1~12.9) (167.2~211.9) (2 635.1~2 842.7) (18.2~19.3) (1.0~1.3) (3.0~4.0)

BBz 3 20~35 12.7x1.4 141.1+9.5 277.4x12.2 23.2+3.6 0.8+0.1 3.4+0.4
(11.2~13.9) (130.2~147.9) (264.3~288.3) (20.2~27.2) (0.7~0.9) (3.1~3.9)

Bt 4 35~60 13.0+1.2 114.4+12.4 200.8+4.1 24.7+3.3 0.7+0.1 2.9+0.1
(12.2~14.4) (102.4~127.2) (197.2~205.3) (22.0~28.4) (0.6~0.8) (2.8~3.0)

FrBt 5 60~90 13.5+1.3 87.3x11.8 179.6+2.5 31.2+2.6 0.8+0.2 3.1+0.1
(12.1~14.4) (75.8~99.3) (177.6~182.4) (29.3~34.1) (0.7~1.0) (3.1~3.2)

Bt 6 i 19.0+£2.5 45.4+3.6 211.9+7.4 20.0+1.9 0.8+0.1 3.1x0.2
(17.4~21.9) (42.6~49.5) (203.6~217.9) (18.7~22.2) (0.7~0.8) (2.9~3.3)
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Table 2 Heavy metal contents in 126 swine manure

samples(mg-kg™)

TiH A 1 PR (R
Cr 0.6~258.8 12.3+23.5
Cu 46.1~1 310.6 472.8+302.0
Zn 151.1~14 679.8 1 908.6+3 061.6
As 0.5~373.8 36.5+69.1
Cd 0.6~1.5 0.9+0.2
Pb 1.9~5.5 2.9+0.6
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Cr I As PR Y 2 BRI, P-4 H (8 20 0 o2
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F110.5~373.8 mg-kg' . 7E 6 FiE 4@ H, Cd Al Pb -

Pk A A A, 4351 2 0.9.2.9 mg kg™, e KAG
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Zn B ICHL Zn, 3EMABREIERE D Zn SRR &
TRBREN . FEEREREIFFE R, IR T4 NG
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Table 3 Heavy metal contents in manure of different swine types(mg-kg™)

5 /Wi (n=42) BER (n=42) Fif (n=42)

A6 H 0 FAA R R A R L R HE A6 H 0 FE R R E
Cr 1.3~258.8 10.1°+9.5 0.6~18.3 7.4"+4.6 1.6~37.2 19.4%439.2
Cu 158.8~1 310.6 602.1°£279.8 46.1~1 261.0 497.2°+266.7 52.0~1 151.5 319.1%+294.4
Zn 343.1~14 679.8 3972.8'+4 645.2 151.1~2 550.5 931.5%+519.2 261.3~1 989.5 821.5%+420.4
As 0.5~216.4 32.4*+50.7 3.6~373.8 67.0°+99.7 1.1~79.0 10.0°¢19.1
Cd 0.6~1.5 1.1°£0.2 0.6~1.3 0.8°+0.2 0.6~1.0 0.7°+0.1
Pb 1.9~3.9 2.9+0.4 2.5~5.5 2.9'+0.8 1.9~4.1 2.8°+0.6

T« A TP AR 3R 22 5 R 35 (P>0.05) 5 [Al4 R AR T 1A TR 35 367R 25 57 0 3 (P<0.05 ) gl (i # (P<0.01), Horp /NE FREFR R 25 5+

F(P<0.05) , KRG FHFIR 2270 8 % (P<0.01), N,

R4 FRARBFEPHEETHEEESE (g kg')

Table 4 Heavy metal contents in swine manure among different sampling seasons(mg-kg™)

FH K7 (n=63) 475 (n=63)
K H L PR A Kt F KL

Cr 1.9~258.8 16.9°+32.4 0.6~21.1 7.7%+5.3

Cu 52.0~1261.0 456.2'+298.8 46.1~1 310.6 489.4'+306.6
Zn 195.6~11 290.0 1 305.4¢1 962.6 151.1~14 679.8 2 511.8%3 782.5
As 0.5~366.5 34.4'+65.6 1.3~373.8 38.6'£72.9
cd 0.6~1.0 0.8'+0.1 0.6~1.5 1.0°+0.2

Ph 2.0~4.5 2.8'+0.5 1.9~5.5 2.9'+0.7
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Table 5 Heavy metal limits in matured compost in several countries(mg-kg™)
iH s iy 2% A PUEF ERA e [ i i T
Cu 100 300 90 450 300 200 500 800 -
Zn 400 500 300 1100 500 400 900 2700 -
As - 25 - - 10 - 50 50 50
Cd L5 2 1.5 10 1.5 L5 5 - 10
Pb 150 140 120 350 140 150 150 - 150
Cr 100 200 70 . 100 - 300 B 500

1 a2 FUEN) (NY-T 1334—2007 ) ; b{A HL-TCHLE TR K hRifE) (GB 18877—2002, DL 435 pH 6.5~7.5 M)

PRI AR, LG TR FE P 91 2 [ R EHLE T 4
HERE rp B 4 0 PR AR ER, gk S B R At
25 A EL, 38 AR SRR AT SEAs . A ik Hs TR = (B
BT L A fH FIAEN Y (NY/T 1334—2007), AW
FIREA 1 126 DG FERER H As . Cu Zn AR EUY
25 18 F 15 A, 7 5l AR A BB 19.8% . 14.3%
H11.9% 5 T4 40 4 1 ) 3 e M S v 2 4 8 Py B
PR, 126 NMIEFERE S Cu Zn ARSI N 118 4,
T REAR BB LA B 93.7% . T UL b & AR iEYY
HIFHAHEE R ESER R, W5 EEES R
6 M N 2ok R PP A VR AR B G RS i B T —
AHE

3 &g

ARPA ARG T INARE MG SR E SR
TR IR . AR TR A 6 M AR
Hi,Zn Al Cu 7ERESE IS B, 3R (B4 51
7 1908.6.472.8 mg kg™, Hoyk fy As, HOF- 4946 HE
1 36.5 mg-keg o TXHEECA TR R 42 R 5 i i I
AR BN, Zn Cu As (I KK HAE 5351 2 883.1,
211.9.34.1 mg-kg™", AL GRARMERAE fe R S I 1)
17~35 . FE DRk SR B A EE A SR R, 3 ik T
PR T EMESERE , AR R R
TR IR At R RBSS o

SR S R S A B R AR
F, — & B NG S ], s Bl B DR A R
KR TR AR AR K B B RIS R 4 8 & )
HORE s O™ A AT SO AR 3 4 S b o,
PRl 58 5 1AL B B SR FE S 2 4 4%
bR — AU TR R A B AR A R
I JE s o 4 ) A A R ST 5 DU R E— 25
iR & & A0 T 4 R AR A AR T &, A P
()2 Al AR AR s
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