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Content and fractionation of heavy metals in livestock manures in some urban areas of China
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tural Environment, Ministry of Agriculture of China, Beijing 100081, China; 2.Yueyang Institute of Agricultural Sciences, Yueyang 414000,
China)

Abstract: Samples of livestock manures were taken from intensive farms in some urban areas of China to study content and fractionation of
heavy metals. Results indicated that Cu, Zn, Cd, As, Ni, Cr, Pb and Hg content in these livestock manure samples varied greatly, with aver—
ages of 377.5, 1 610.4, 0.72,7.79, 9.77, 22.51, 6.31 mg-kg™ and 0.06 mg-kg™, respectively. The content of Cu, Zn, Cd and As was signifi—
cantly higher in pig manure than in poultry manure and in cow and sheep dung, while Cr content in poultry manure was the highest among
all samples. There were 59.84% and 95.08% of pig manure samples in which Cu and Zn content exceeded the National Control Standards of
Contaminants in Agricultural Sludge, respectively. Based on the Standards of Guidelines for the Safe Use of Animal Manure in Vegetable
Field, Cd, Ni, Cr, Pb and Hg in the pig manure samples were all safe, while for As there was only 3.28% of samples exceeding the limit.
However, for Zn, Cu and As, 78.69%, 74.59% and 9.84% of pig manure samples exceeded the limits, respectively. Copper or Zn content de—
creased in order of nursery pig manure>growing—finishing pig manure>sow manure. The content of As in growing—finishing pig manure was
higher than that in nursery pig manure and sow manure, while Cd content was higher in sow manure than in growing—finishing pig manure

and nursery manure. In addition, water soluble Cu and As content accounted for 30.47% and 12.19% of the total, respectively, while EDTA-
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extractable Zn and Cu were 35.96% and 48.93% of the total, respectively. The high mobility of Cu, Zn and As in pig manure might increase

their risk of releasing into the environment.

Keywords: livestock manure; heavy metal; content; fractionation
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Figure 1 Frequent distribution of heavy metal content in manures
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Rl ARMEAEEEEPESESE(ng-kg' DW)

Table 1 Statistics of heavy metal content in different types of livestock manures(mg-kg™ DW)

JLE iR ES T AL il SFI{E brif2E 75 5 R EU %
Cu e (n=122) 14.06~1 655.90 391.83 506.3 365.96 72.28
X2 (n=13) 18.80~128.10 52.70 61.68 31.67 51.34
053 (n=20) 26.12~835.30 41.24 80.61 177.79 220.80
42 (n=17) 21.53~72.80 38.30 44.02 17.78 40.38
Zn W (n=122) 412.20~11 603.54 884.41 2 088.78 2 788.50 133.50
M2 (n=13) 79.50~790.90 385.10 429.67 198.16 46.12
2% (n=20) 158.10~7 317.61 316.17 682.10 1 566.52 229.66
42 (n=17) 82.30~323.10 168.70 172.38 76.54 44.40
Cd W (n=122) 0.06~2.75 0.73 0.83 0.62 75.05
X2 (n=13) 0.04~1.48 0.19 0.35 0.40 116.20
2% (n=20) 0.04~1.13 0.63 0.55 0.29 52.58
3% (n=17) 0.10~1.67 0.16 0.37 0.43 115.54
As B (n=122) 0.54~88.97 1.81 9.11 19.65 215.69
3% (n=13) 0.57~66.99 1.82 11.25 21.70 192.79
2% (n=20) 0.62~18.10 1.69 2.89 4.09 141.84
42 (n=17) 0.42~5.95 1.01 1.48 1.34 90.75
Pb R (n=122) 0.71~16.02 4.83 5.57 3.09 55.44
3% (n=13) 0.92~26.94 5.88 8.78 7.45 84.89
2% (n=20) 4.00~14.27 6.43 7.23 2.80 38.72
H2(n=17) 2.11~23.61 5.91 8.60 6.59 76.61
Cr R (n=122) 0.20~116.20 15.37 18.12 14.97 82.62
M2 (n=13) 0.60~42.75 14.77 18.48 14.93 80.80
2% (n=20) 4.49~421.76 30.42 63.61 105.05 165.15
3% (n=17) 0.05~29.04 430 8.75 10.37 118.55
Ni W (n=122) 4.03~20.45 9.27 9.84 2.96 30.10
X2 (n=13) 7.44~15.08 11.18 10.81 2.16 20.02
2% (n=20) 5.82~15.08 8.75 9.45 2.70 28.56
43 (n=17) 3.73~19.15 7.87 8.84 3.98 45.00
Hg ¥ (n=46) ND~0.13 0.05 0.06 0.04 62.48
X2 (n=13) ND~0.12 0.03 0.05 0.04 83.22
2% (n=20) 0.04~0.11 0.06 0.07 0.03 44.95
42(n=13) ND~0.11 0.09 0.07 0.04 52.44

A, INRAPATLIE B AL A [R5 T Y
LA I T I P EGE SRR
— U, FE ) Cu Zn As (Cd 5 BEH & TS G
FERNAZE AR Rl T o] Rl R 2 i S B
WAFEZE S . HHTEEET Zn Cd FESFRES T
R AZF R RS i Zn SIS R A 2 34101
mg-kg™ JEILRTHIY 1.22 7%, 786 19 2.1 F7%;Cd %
R 4.8 £ JEARTTTHEFE T Cu As i
P BIE G THE FH AN A6 T, Cu 255 5 0 601.47
mg kg™, IMAEE B AEETTY 1.291.86 4% As ~F-1
TN 1526 mg-kg™, HPEIER . AFETTRY 3.18,

1.55 %, ixXFh 22 5 AT g 5 ma ALy SR 29435 S i FH )
TRk R TG RS IR AN e B R TR G
2.1.4 HFEAME T E S E RGO AEEE
TR T A A o AR O
3 Pin. Fl CRATS R TS Y AR AE) , Zn |
Cu,As .Cd .Pb .Cr Hg Ni 4 = fLV/FE 2051 R 500,
250.75.5.300.600.5.100 mg kg™, J&FEH Zn . Cu #4
B 5, AR AT R 95.08% .59.84% , As AR A
3.28%,Cd .Pb .Cr Hg Fl Ni Z5 5K HiAs 26t Zn
PR 30.77%, WFE Zn Cu @@ARZ5 514 10%
5% , 24y 6 NTURBIARER, 2 8 N In R
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R2 AR T HESHEFESESE(ng kg’ DW)

Table 2 Content of heavy metals in manures from different cities of China(mg-kg™ DW )

BB SRS Cu Zn As cd Cr Ni Pb
IE EIH(n=67) 465.63+326.55 2 341.10+3 042.74  4.80+13.67 1.20£0.53  20.93%1536 10012278  5.30£2.92
HH(n=9) 322.64£186.56 1 108.45£951.65 9.81+12.44 1.03:0.46  29.38+12.58  12.02+4.85  7.43+2.54
1t50(n=46) 601.47423.17  1913.05+2 617.20 152622589  0.25:0.19  11.81x12.26  9.15%2.56  5.62+3.35
PLE b5t (n=13) 61.68+31.67 429.67+198.16 112542170 0352040  18.48+14.93  10.34+2.51  8.78+7.45
e 2 #H(n=20) 80.61177.99 682.10£1 566.52 2.89+4.09 055029  63.61+105.05  9.76+2.63  7.23+2.80
3 HH(n=4) 31.00+7.83 160.93+50.33 2.73+2.22 0.72£020  20.48+7.13  11.512636  18.49%5.52
db 50 (n=13) 48.03+18.22 175.90+84.39 1.09+0.69 0.26+0.43 5.14+8.41 8.0222.81 5.562.77

®3 RESSMHTESEFEELRBRER
Table 3 Overlimit percentages of heavy metals in livestock manures from some urban areas of China

i kel RER _

Cu Zn As Cd Pb Cr Hg Ni

TR G AR 1 (n=122) 59.84 95.08 3.28 0 0 0 0 0

M4 (n=13) 0 30.77 0 0 0 0 0 0

2% (n=20) 5 10 0 0 0 0 0 0

428 (n=17) 0 0 0 0 0 0 0 0

FEIEE LA AN (R HEY) #3(n=122) 41.8 17.21 7.38 — — — — —

53 (n=13) 0 0 15.38 — — — — —

52 (n=20) 5 5 0 — — — — -

#4:%(n=17) 0 0 0 — — — — —

HERE L LEAENGESR)  EEG;=122) 74.59 78.69 9.84 — — — — —

3 (n=13) 0 15.38 15.38 — — — — —

2 (n=20) 5 5 — — — — —

42 (n=17) 0 0 — — — — —

TR AT Ao 2 (n=122) 96.72 100 — 18.85 0 0.82 0 0

X3 (n=13) 15.38 46.15 — 0 0 0 0 0

52 (n=20) 5 25 — 0 0 15 0 0

43 (n=17) 0 0 — 5.88 0 0 0 0

T - "R SEAR AR S G R AR HLE

Fio BABEARZEONT 155 M5 BEEFE T LB, Cu Fl Zn
HEFREA S, AR BN 53.55%7F0 43.87%, As ¥k
%4 0.65%,Cd .Cr . Hg Ni .Pb &8 KR, S5AWF
FEAEHAHIT o MR [ B 2 2 -2 4 off PR o U] ( 52
YEY) B BR S bR 1fE, Zn . Cu, As 43 31 2700600, 50
mg kg™, NSEFEH Zn Cu As BAR RS0 17.21% .
41.8%F 7.38% ., M & & FE M LA FHAEN th 7E 5%
3 His i FH B 2 A% 7 , Zn .Cu As 43 51124 700.170.30
mg- kg™, NPEZEF Zn Cu . As HHRE 1] H78.69% .
74.59%%1 9.84% , X FEFNRG e Zn Cu As ¥ S LA
FERBARIN G S5 H TR 3 8 20 2R AR B S
R, WA ] B 2 it PR A AE
BRI A A 25 XU o a1 7 ] 5 s M A s 43

4 @ PR B FRVE, Cd . Cr.Cu.Pb.Zn Ni #1 Hg (1) 5% &
FR 3= 43751 A 1.5.100,100,150,400.50 .1 mg kg™, A
TFSELE 3 DHLXCRAE R 122 INMEEEAE S T Zn B4
L T 400 mg-kg™! MIBRME , BARAE 100% , Cu MR
RWIKF T 96.72% , B4 18.85%FE ki Cd A & ABFF .
A3 Zn  Cu BATRAN R 46.15% . 15.38% , 3
Zn .Cu Fl Cr BRI 0N 25% 5%F 15%., 4-F&+
A 5.88%IMHESL Cd S ibr. 172 FES R BR TR
8RR 5 A0 A9 HE 4 J8 G R As,Pb Hg Fll Ni ¥4
P o X SR SR SRR 1 184 A ML SEYIRE S h S 28
H1 Zn.Cu.Cr A1 Cd /8 b5 2 53 518 59.6% 69% .
10.3%F1 51.7%,Cu 1 Zn @455, H Cu lBbr% K
o X HEXIZR SRS 2P EoE (R 4) T LB H L I+
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Bk, FEFMERIRE Cd WA BRIRE R TR,
XA RE S AR & B R NI Cd A5G (H1E
TRRTEM I, B B2 rp LRSI CuZn &k
— EHYEFFE R IR K, As BOUR BE AT BT sdn, X —
BURAARATA B AP A 2o ™ 2 A PR B A
AN
22 AEEEEEPEEREAIERRSH

H T AR AN ) A K B B A MR G DR AN ], 264
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Table 4 Heavy metal content in pig manure during 2005—2014(mg-kg™ DW)

mWH Zn Cu As cd S 3k
0 [ 40.5~2 286.8 10.2~1 742.1 0.07~18.9 0.44~42.7 XIS AR AF(2005)
FEE 656.2 452.2 5.02 4.6
BENE NI 112.17~10 056.68 96.58~1 788.04 2.45~76.43 0.02~4.87 BAREARLEI(2012)
SEHE 1771.39 1.044.13 0.53 16.83
M 151.1~14 679.8 46.1~1 310.6 0.5~373.8 0.6~1.5 WSH4521(2013)
EHIE 1908 472.8 36.5 0.9
0 [ 412.20~11 603.54 14.06~1 655.90 0.54~88.97 0.06~2.75 ENTIE
SESE 2 088.78 506.30 9.11 0.83
x5 AEABEHEFPESEEAI=E(mg kg’ DW)
Table 5 Heavy metal content in manures of different swine types(mg-kg™ DW)
JLE FEAERNE AR AL e FEE brifEZE 5 55 R K %
Cu H R (n=39) 125.36~1 493.40 629.30 591.78 362.44 61.25
FLAEFE(n=35) 73.60~1 655.90 799.20 756.60 32291 42.68
P (n=38) 75.40~787.74 15275 216.42 171.29 79.15
Zn H 2 (n=39) 412.20~2 174.70 773.10 872.64 329.78 37.79
FHEEE (n=35) 420.90~11 603.54 5 270.10 5 065.24 3 805.10 75.12
P (n=38) 439.20~1 519.50 876.38 855.29 225.37 26.35
cd HEEHE(n=39) 0.06~1.08 0.69 0.53 0.31 59.14
S (n=35) 0.08~2.75 0.73 0.82 0.63 77.13
P2 (n=38) 0.09~2.48 1.33 1.12 0.74 66.34
As B e (n=39) 0.57~88.97 1.77 17.13 29.65 173.07
FE 2 (n=35) 0.54~25.32 1.72 436 5.55 127.33
P25 (n=38) 0.54~69.37 1.74 3.85 10.98 285.38
Pb B (n=39) 0.71~15.41 4.54 5.91 3.57 60.51
S (n=35) 1.46~14.46 478 5.34 2.74 51.26
F25 (n=38) 1.59~16.02 4.08 4.98 291 5831
Cr BIEREEE(n=39) 0.20~116.20 14.04 15.99 18.58 116.16
FLE 2 (n=35) 1.98~63.37 18.08 22.85 15.39 67.37
P (n=38) 0.89~29.82 12.96 13.35 6.76 50.65
Ni H R (n=39) 4.03~17.82 9.16 9.21 3.05 33.06
FHEEE (n=35) 5.42~19.37 9.26 10.23 2.81 27.43
P25 (n=38) 6.82~16.70 9.32 9.64 223 23.10
Hg HIEEHE(n=19) 0.01~0.12 0.07 0.06 0.04 67.60
FAEFE(n=12) 0.02~0.13 0.07 0.07 0.03 50.19
P28 (n=14) 0.02~0.10 0.04 0.06 0.03 57.99
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Figure 2 Percentages of water soluble and EDTA-extractable

heavy metals in pig manure
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