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Distribution Characteristics of Heavy Metals in Feeds, Pig Manures, Soils and Vegetables

JIANG Ping'?, JIN Sheng-yang®, HAO Xiu-zhen?, ZHOU Dong-mei®, LI Lian—zhen?, LV Jia-long!

(1.College of Resources and Environment, Northwest Agriculture and Forestry University, Shanxi Yangling 712100, China; 2.State Key Lab—
oratory of Soil and Sustainable Agriculture , Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China )

Abstract; Serious environmental problems caused by livestock and poultry manures are attracting increasing interests because large amounts
of additives are added in feeds during intensive farming. This study investigated the concentrations of Cu, Zn, Pb and Cd in feeds, pig ma—
nures, soils and vegetables sampled from 39 intensive farming plants in Yujiang County, Jiangxi Province. The results showed that the rate of
exceeding allowable limit of Cu in big pig feed and piglet feed were 81.6% and 30.8%, respectively. Meanwhile, the rate of exceeding allow—
able limit of Zn in big pig feed and piglet feed were 89.5% and 94.9%, respectively. In addition, Cu and Zn concentrations in some pig ma—
nures were also above the Pollutant Emission Standard for Livestock and Breeding Industry (In China ). Furthermore, there were significant
positive correlations between the heavy metal concentrations in feeds and pig manures. Total Zn concentration in 7.8% of soil samples and
total Cd concentration in 5.2% of soil samples exceeded the Chinese Soil Environmental Quality Standard IIl, which means they have been
heavily polluted. The survey also showed that the concentrations of Cu, Zn, and Pb in all vegetable samples were lower than the National Food
Hygiene Standard, while Cd concentrations in Ipomoea A quatica and Colocasia Esculenta exceeded the standard. The significant positive
correlations were found between the total Cu, Zn, Cd concentrations and the extractable heavy metal concentrations in soils.

Keywords: red soil; feed; pig manures; vegetables; heavy metals
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FMEEE R R RLEFRITRE  Chary 51
WL RM, i g 1 BRI, BB AR
PR B X L6V R B9 N AU A7 A T A Uy o AT
RENKEEERTHNESRTEMESHEETS
FER M AR Y, AR B R S
¥ 3 YIS S IR GIGE A B IRK
SRR - 2 - R AT R G A, LTI
TR IR PORL NS o

| HRETE

1.1 HFREERLE

2008 4£ 9 A AE AT TILHA KILE 39 K
RSB RV RBE S 77 A CRME 38, /i 39), 2848
fERE 76 A~ (KHE 38, /N5 38), KB A X S5 28 A 11
SRR 39 4, KEERAEREE HE R
PRIRAEN 39 . Ko S SRS B R k 2 000
3k, di M 26.6 h?, BUFSE 75 LUAEE 70 kg S 740
53 o BERRE AT RS T Rk I E
B SR as 3R L E AV NE R . AU E KT
BE4, 3 10 Bl 100 Hif, 73 I B 4 B S
Mg, SEFEFERREERE BT, K3 ik
FGEERE T, & o
1.2 #milE

THEEYUR pH SR E IS, ESREARER
Fi HNO,-HCIO,-HF {57, JF W4 6t B

. HIEE SR HIZR A RHIZO™ B BCR™
P B

Tk GBS R E S E 2R R A HNO,-
HCIO, JHZ,, JRF IR B i 2,
1.3 BREM R EIT D

BRI 55347 Excel Jz SPSS15.0 %k {4, Hill&
i Excel 84, £ F Z 8 (AH 50 HTR A Pearson
WHEGH,* R B EWZR(P<0.05),** Frik
BEER(P<0.01), HHEFPMNS P E AR FE
BRI AR ESRNES RS R LIRS REE
TR BAMEE S IS R HER AR, FIRt S
EZEBWRARPESE B EELRESIIES E
Wy S B AR R,

2 GRESWH

2.1 fARFNFEEDESERR

RG2S CuZn Pb.Cd FEWZE 1 iR,
BB S, RIS T Cu Zn (& BHE, X ] e
Sk E TR R MR KRERAA R HEF
B YO EFREARE P METTER BV R TS,
TEEBIRN BT AROR 2%, REMEITTEREAR
e BT HE R A, S ECEHER R 2SS A
M. HOMBEENS , A g im i/ N k) S S
Cu.Zn Pb.,Cd & & 55 F Rl —R b s RIE AR 2
i, X—45ieil it REALKWAR B,

T BT AR IR PR , R F/

1 ARFELEDR SR CuZn.Pb.Cd EE(mg-kg™)
Table 1 Cu,Zn,Pb and Cd concentrations in the feeds and manures(mg-kg™*)

KHE(n=38) /N (n=39) KM (n=38) /N (n=38) K (n=38) /N (n=38)
Cu YEhprE 96.5+56.8 171£73.9 679382 892345
JE 17.2~268 31.6~425 98~1 410 179~1 430 2.38~10.25 3.36~11.14
PR/ % 81.6 30.8 81.6 97.4
Zn BB bR 197+38.7 573£74.8 1570+154 32004350
Eiki | 116~281 124~298 714~9 750 790~14 100 3.62~11.94 4.21~13.57
HBIRERI% 89.5 94.9 100 100
Pb YEhprE 0.25+0.20 0.74+0.73 1.15+0.81 3.192.31
JERE 0.03~0.91 0.09~3.70 0.17~3.14 0.43~9.83 1.38~7.83 1.71~9.12
HBFRERI% 0 0 0 0
Cd KE bR 0.07+0.13 0.09+0.16 0.37+0.29 1.54+0.06
Eiki | 0.02~0.84 0.02~0.98 0.06~1.20 0.06~1.60 2.24~10.33 2.40~11.83
HBIRERI% 2.63 2.56 0 0

TE:39 REES P 1 AR TR RREZERE R OB AR OB EERE BN 38; L IVINEZEER A 25, BUMB 2SR M ECH 38, BM

FRRIEPESR I BXIDIFENTESR AR
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¥R Cu Boime EFR 23504 35 mg-kg™ 1 200 mg-
kg™, Zn B NE L FRA 150 mg-kg?s AR JHA LB
KA F/NE AR Cu & B AR 28 43 518 81.6% Fn
30.8% , Zn & BHBERZRAT B0 89.5%F1 94.9% . T F4R
B BAAREMAE Pb.Cd ¥ BE RS54 5.0 mg-kg™
F10.5 mg kg, WATPTREMFRIAER Pb & 2K
FUHRR , ERFEFNE RS A — R Cd S BE
F 0.5 mg-kg?, HIHA SRR 2.6%, FIFE, B (5 7R
YR T AR A S AR S TR A T A R A R B
Wk Cu.Zn . Cd #BFRRA 5% 100% .100%F1 11.1%.

MR A ALIEA F YRR &4, Cu.Zn Pb,
Cd && LR34 250,500,603 mg- kg™, AR A
SRS ZERE S Pb.Cd & EIARMIR, 1 CuZn
ERERE, HPREA/NEIE T Cu 8RS
Sk 81.6%FN 97.4% ,Zn & B4R . ASHI X F25E
Bt A AR Cu Zn V544, S RIEERATE
e HTE et ARSI AE SE A MR

FRHFIFEZE D Cu.Zn Pb.Cd MK RN 2
Fimo WK/, TAEATEZE Cu.Zn Pb.Cd
ERHEEE A, VBRI EEEES RN
B FESRE, R ERIN Cu.Zn Pb.Cd 5, HAEES
S, FoARERBEZS R HE B Sh . Z BB YA
BG4 22 L4000 R A5t LR B e A K
T B —E B, R e AR

R 2 (ABFIREER Cu Zn Pb.Cd EEBAXSH(n=38)
Table 2 Pearson correlation coefficients between heavy metal

concentrations in pig feeds and those in pig manures(n=38)

il Cu Zn Pb cd
K 0.561" 0.775" 0.631" 0.692"
N 0.339" 0.917" 0.511" 0.854™

2.2 1145 pH HHHEK Cu.Zn Pb.Cd 2R

XPTLPGA ARV E: 39 4 RAE U R AR LA T E
7 pH . ANLE & CuZn Pb .Cd &5, 45 RNz 3
o 39 N 1-158 pH fE M 4.96~6.89 AR L3 FEl 4
K, X GARRE S IBHEI GG, HIERIURE
HIEEM 13.2~59.6 g-kg™, A —MRKIE B, X AT BE
RS RRGAERAE X, HECuFREE
15.4~174 mg-kg™ ZJa] , A S A EH 0.61, 1458 Zn &
BAE 54.4~743 mg-kg' Z ], BN 216 mg kg,
Pb £ &TE 15.2~36.9 mg-kg™ ZJa], EH&EN 23.8
mg-kg?,Cd S B7E 0.01~9.36 mg-kg! Z[H], 25 F A E
R 179, B R R R,

3 TEpH. HEHRREE CuZn.Pb.Cd EE
Table 3 Soil pH, organic matter content and Gu,Zn,Pb

and Cd concentrations

i H oM/ Cuw/ Zn/ Pb/ Cd/
(n=39) P g-kg?

Tl 621 31.1 725 216 23.8 127
FadEZE 045 11.3 442 156 5.32 227
TREKR 007 0.36 0.61 0.72 0.22 1.79
B/AME  4.96 132 15.4 54.4 152 0.01
BRE 689 59.6 174 743 36.9 9.36

mg-kg? mg-kg' mg-kg' mg-kg?

ZIR P E LRI R R, EeReflis
BN 4 Fi7R. 1HEE Cu.Zn Pb.Cd & RAZTS
LR O B0 U A R S B E ) 2 20.5%
20.5%.97.4%#1 53.9%, Pb {5 A2 EHK, KT —
Fhie, Cu JSRBEIRZ,51.3% KA 5 L4 Cu
R T R 100 mg ke HIET = Fhn it
Zn F1 Cd 5351 46.2%F 43.7% 8 L/ T EE R
H bR, HAh, 7354 7.8%0 5.2%010 L3R i
Zn F Cd F 85 T E LR =Rk, 75

F4 TS CuZn.Pb.Cd SRR TIEHEREFRAI L
Table 4 Comparison bewteen Cu,Zn,Pb and Cd concentrations

in soil samples and those in the Soil Environmental Quality
Criteria of China
i ETHRE BT % BT-#4 AT &
n=39 B ESMH ME TS MM ESTH M HAME
Cu 8 20.5 31 79.5 20 51.3 0 0
Zn 8 20.5 31 79.5 18 46.2 3 7.8
Pb 38 97.4 1 2.6 0 0 0 0
Cd 21 539 18 46.2 17 43.7 2 52

PSR BIPN, & & 2N R M R IR G
HATCHLAE e AR 2 UH w4 LA LR & & . Rl —
X 1988 “F R HILT A DL & 2 5.8~6.4 g-kg™,
pH 4.6~4.7%, R JRFE + 304 ML & 2R pH A4 Ft
BT, W0 RAE M X+ R SR HE RS FT A L
FEsi A , IES M 2T BB — 1 R
o FLEBSECE R AT LT 14 a B AR
AULRR R, GR R RRIE 4T3 B b A 4L
AR R, B3N = T B RS F .

2.3 BFEFMP Cu.Zn.Pb.Cd SR I

XSPTLPEA RILEAY 39 IR SRR (13
RAERE 6 1,203 101, /NESE 2 4~ RSB
WS AN BT 124, %R 24, T2 145, 3L 14Y)
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Cu.Zn.Pb.Cd & EHAT/0HT, R E, WK 5,
HEBESEMNES T ARFMREE RN EEH
LBEESIMAF, 39 CuZn F1Pb ZEHEHTF
BRI, Ko 0ERWESE CuZn,Pb.Cd RES
Bk , B Cu B8 S1 8055 , # 7L Zn 1 Pb BB
1B, (TEBERW Cd BE RS . TR Cu,
Zn Pb & BWET IR EESE A TAERER, B +
EH AR Cu.Zn Pb RXTERERE BIE G, AT AT A
HARBREAY BB . Li OB IR E 138 Cd 5 4™
#H, HA CdHEmE SR TFHEMESETE, X
FEFRATM VAR P A3 TIHIE, 25038 Cd 2348
F5(Cd:0.05 mg-kg?), 33k Cd S &EBIR, RIZ KA
S 3 Cd Wl S AR, AR S R
Xt F [l — F PR 3k UL, Cu Zn Pb I Cd & &AR
AR K, 33X W] BB SRAE 5 - 38 pH (B D) K S R R
BX, MEBFWE LM, W —EY A RIS HE A
ELRWIEE AR, TTREXIEAE &8 =ik, {2
o R 4 TR A PR (IR R A AR R TR
RERRE R BRSNS R S B 3 4 P S B

BRZESR .
24 REGSECRESRXESRESEMTEERZ
Bl B9 1R R 43 4T

APPSR P E &R =Y
AR RS ES RS RXESR T EN LR
ZIABIHREZESN TR 6, HiT Cd &8 B Zn
B 5 HHREGEES Cd Zn & B0 5 R B 3E 1R 3 IE
K. L3Rk Cu G851 Cu REBESIAHR B # i
K. HAAEMAE S Cu Zn Pb Cd & 85 135
DB RS . FF:, FEX 7R AR H + R
MHSEHTESBRAN, MR R ESR SR
SHEFEERERESTEAMRCRT, EERAN
P52 T B ( L IREANB B ) AL (Eh ,pH AN
W) RAEYR R B CEYE S B RS R
T AV SHEIREES )M, AUREIRE
GRS AA RS M SR MUR 26, B sext B i ol
32 KA P E & B UIRER S Cu I HSF
REFM . THERER BB pl(4.96~6.89)FIAHL
JRIEFE (13.2~59.6 g-kg™) , X AT BER M E| L EE &R

RS EHEERSE CuZn Pb.Cd BB (#EIT, mg kg™)
Table 5 Cu,Zn,Pb and Cd concentrations(fresh weight based )of plant samples(mg-kg™)

5E Cu Zn Pb Cd
MeansSD Range Mean+SD Range Mean+SD Range Mean+SD Range

B (n=5) 0.94+0.21 0.66~1.19 2.75+0.72 1.78~3.66 0.053+0.022 0.025~0.083 0.030+0.035 0.003~0.096
HF(n=12) 1.00+0.28 0.47~1.38 1.95+0.34 1.52~2.39 0.029+0.011 0.017~0.059 0.064+0.059 0.019~0.237
THE(n=6) 1.61+0.07 1.52~1.70 3.27+0.60 2.26~3.87 0.084+0.048 0.042~0.168 0.017+0.012 0.004~0.036
2303 (n=10) 2.10+0.86 1.20~4.16 7.83+5.37 2.62~17.6 0.103+0.046 0.050~0.187 0.185+0.180 0.058~0.683
INFHE(n=2) 0.79+0.29 0.58~1.00 4.14+0.58 3.02~5.26 0.089+0.005 0.085~0.092  0.024+0.000 1  0.023~0.024

EIK(n=2) 0.81+0.18 0.68~0.94 3.19+0.64 2.74~3.65 0.025+0.01 0.018~0.032  0.004+0.000 6  0.003~0.004

N5 (n=1) 0.083 4.84 0.032 0.029

L (n=1) 1.74 16.12 0.039 0.906

®6 IRESCERRENSSEVESRSE TRESREENUR 118 pH MANRZ ENHEXXR

Table 6 Pearson correlation coefficients of extractable soil heavy metal concentrations and heavy metal concentraitons in vegetables or total

soil heavy metal concentraitons, soil pH and OM, respectively

S RHIZO 2 A E &R BCR RS EER

Cu Zn Pb Cd Cu Zn Pb Cd
B (n=5) 0.146 0.856" -0.225 0.132 0.017 0.834 0.031 0.138
T (n=12) -0.236 0.134 0.112 0.797* -0.238 -0.211 0.383 0.87"
TR (n=6) -0.974" 0.723 0.745 0.633 -0.966™ -0.325 -0.046 0.480
2503 (n=10) -0.332 0.145 0.266 -0.237 -0.288 -0.309 0.399 0.051
+3ESE (n=39) 0.350° 0.794~ -0.130 0.648" 0.372° 0.797" 0.037 0.459™
13 pH(n=39) -0.251 -0.283 0.223 -0.071 -0.231 -0.007 0.058 0.227
HIEEVR(n=39) 0.005 -0.026 -0.185 -0.138 0.045 0.519 -0.115 0.113
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AN, 13PN Cu Zn . Cd HE Y
TRESEEFIEMR, MHERIGE P SR S52
Pb & BIAFEM:

3 #ig

s RRH, W3 CuZn Pb.Cd HEIKT
X pE A R B, IF H/NE R R 2 R Cu.
Zn Pb.Cd & B3R T RBFRRIZEEE . KIEF/INE
Tkl Cu HBFREE> BN 81.6% A1 30.8% ,Zn & B bR
RAFPHIE 89.5%F 94.9% . FEZERE T Pb . Cd BRI
¥, Cu.Zn & BFEHIR. MRSHTRH, LK
WIS/, FRAIEZE CuZn P .Cd S EHER
EIEMK, T REFEPESE FERET B,

BT 39 A3 48 pH AEFIAG AL L Y5 i 2
R BFAE ER, 25 03RRI Cu.Zn Pb.Cd [EE
Jikik, BRI Cu MBE IS, A3 Cu,
Zn Pb & BEHRFREG R D ERE, =00k
Cd F &I

AF Cd. M Zn & B 5 RIS CdZn &

B BE B E K IEMR, a5 Cu & &
544 Co S AR B A SC . AT ARAER &
Cu.Zn.Pb.Cd & &5 BRI & EHMXSHESIAR
B,
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