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Abstract ; In recent years, Cu and Zn have been widely used in pig fodders in large-scale animal feeding, causing Cu and Zn contamination
in soils and effecting plants in land application of pig manure. It is of great concern to the world that pig manure is used in the dose greater
than the organic fertilizer criterion. It is very important to clarify bioconcentration and translocation of Cu and Zn in vegetables in order to
assess human health risk of these heavy metals accumulated in soil and to safely produce vegetables. Bioconcentration and translocation of Cu
and Zn by Brassica sinensis L. planted in pig manure-applied soils were studied using pot experiments. Pig manure with great concentrations
of Cuand Zn(Cu=1114.7 mg-kg ™", Zn =1496.8 mg-kg ') were applied to soils at six rates, i.e. 0, 25, 50, 100, 200 and 500 t-hm ~°.
The results indicate that the concentration of Zn was greater than that of Cu in both aboveground and underground parts of B. sinensis. Both
Cu and Zn concentrations in the underground part were greater than those in upper-ground for every treatment. There were significant
differences for both Cu and Zn concentrations in shoots between CK and the treatment with application rate above 50 t-hm™>.
Bioconcentration factor of Cu in B. sinensis increased with pig manure application rate from 0. 11 to 0. 17, while that of Zn decreased from 0. 47
to 0. 11. The proportion of Cu and Zn transported from roots to shoots decreased 25% and 38% with the increase of pig manure application,
respectively. It indicates that pig manure application can reduce bioconcentration of Zn in B. sinensis, and build up Cu accumulation which
leads to human health risk. The ratio of Zn: Cu in every part of B. sinensis decreased with manure application rate increment. This result
prompted that uptake and translocation capacity discrepancy of Cu and Zn decreased with manure application rate increment in B. sinensis.
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Table 1 ~ Basic physicochemical properties of soil and pig manure
E 954 2R/ % TR/ % £W/g-kg™' Cu/mg-kg ™! Zn/mg-kg ' pH AR/ g kg™
LB 1.40 18. 66 3.60 1114.7 1496. 8 6.71 94. 36

+ 1 0.09 1.39 0. 60 56.3 74. 4 8.33 15.53

[ K A+ M0 58 5 Ao 100 300 >7.5

BN =980 ZIRER S

IR E 11,22 44 89 Fl1222 g-kg ' (MY F
25.50.,100 200 1 500 t-hm ~*)5 45 2% it i 7K °F
3B P1 P2 P3 P4 1 P5 5. XF BE A A AT,
CK FR. $EREEM R LIRS (£ 2) AN
1220 em 3K 20 cm WYIBBL E BB AR A AL
W8 kg FTAABIYE 4 ANEE  EARALHES].
NSRS Y 18 (VLA AR BT R D) A
99 ) PR 5 - S0 B Oy H ] 5 7K 2 9 60% ,30 d S
WOk, A 2 3 e 6 st bRl R 2 il = rh gk AT,
JIT A A 3R A A TR) 0 R O AR R . T IR
TWHIH 15 ~25C. /NHEENREARIRE N 12 ~
20°C.
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Table 2 Treatments of pot experiments with Brassica sinensis L.

receiving pig manure

hib B CK PMI PM2 PM3 PM4 PMS5
W#/t-hm 2 0 25 50 100 200 500
W/ g kg ™! 0 11 22 44 89 222
MA L &/g-kg™' 1000 989 978 956 911 778

AR PR AR T K 43 S BR Ak b b R R S Y
e 7L AR A B T AR R E 105°C TR 15 min, 5
F 80 ~90°C FHL T 2 1 &, [R] iR 4 4B £ HE AR
dn, WU 0, 5 4 R 2 a8 R0k 2 M T 40 A
T 5 i - HERE G BB i 100 H e i i, A4
B S AR LA W S5 L 60 H 2 e . FREL
0.25 ~0.30 g (K H 50.000 1 g) FE 5l A i HE
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SE s Eh (T 1388 S A I8 I i 7 3 I 5. FK 20 (T
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FVEWGE 0,45 pm BB ] TOC {300 & = 42 WA Bl
B B, A5 B0 U A AL
1.3 /NESEME &I w4 RS Hoas BT
%:[21:
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23 B, 13 Cu F Zn 459k B 30 43 1
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AR UTEILE 4> %4 12.7 ~ 114.8 mg-kg ' Al
5.6 ~262.0 mg-kg . MAHEFENEHE > 100 t-hm
W, b Co & B E R TG & > 50
t-hm B, HHER Zn B R B T AL B B
WA R 3G, 0 Zn/Cu 133 T
2.40. MM 2806 FH & 43 % > 100 t-hm ~* F1 > 200
t-hm B}, FIEE SR Co M Zn FTREEBLER
FebrdfE KRR G & 5 Cu Al Zn B9RF 226 3 30
T ARG g, WY R Cu SR T 100
mg-kg ™ 23 MU W B 52 0 B A A A BRSO
e AEY = A . R A A R Cu A
1R Zn TR 26 0 A ) R P B 2 T 1 RS e TR
B Cu I Zn WA 2 ORI Gl F T8 3 3.
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Table 3 Soil Cu and Zn concentrations under different application amounts of pig manure/mg-kg~

e Ed AR
Cu Zn EDTA-Cu EDTA-Zn

CK 58.6 +4.9 ¢ 78.1+£3.5d 12.7+0.1 d 15.6 +0.5 d
P1 66.1+1.4c 87.4+3.6d 18.2+1.1d 19.3+1.1d
P2 70.5+3.6 ¢ 105.8 £1.9d 21.5+1.2 cd 31.7+2.4 cd
P3 74.6 1.1 ¢ 130.7 1.7 ¢ 28.4+1.9 ¢ 51.1+5.3 ¢
P4 110.8 £6.5 b 208.7+7.1b 55.6+5.6 b 113.5+11.8 b
P5 177.0£9.1 a 425.8£12.2 a 114.8 £5.5 a 262.0+9.8 a

1) Bl =S A [/ /NG FohE 7R 22 5 38 .25 7K F- (p < 0. 05)
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Table 4

Correlation coefficients between contents of Cu

and Zn in Brassica sinensis L. and in soil

EEE S8 o] )5 5 R? F
M35 Y =0.184X +0. 029  0.643* 39.570
Cu WRH  Y=0.615X +0.091 0.677* 46.019
Bk Y =0.296X +0. 04 0.717 ** 55. 684
3 Y=0.145X +0.021  0.675 45.703
Zn HF#  Y=0.308X +0.07 0.465* 19.157
kR Y =0.193X +0. 031 0.633 37.943
1) % 5% p<0.05; % % Fm p<0.01, FIH
1.0
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0s | Zn
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02|
0 1 | | 1 1 |
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Cu and Zn content in above-ground parts and under-ground parts of Brassica sinensis L. under different application amounts of pig manure
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Fig.2 Bioconcentration factors and translocation factors of Cu and Zn in Brassica sinensis L.
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Fig.3 Relationships between the Zn/Cu in soil, Brassica

sinensis L. and application amounts of pig manure
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A Zn 5 pH 8 B E MK, X5 Huang &'
(A 5 45 S — B
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Table 5  Correlation coefficients between Cu and Zn contents

in above-ground parts of Brassica sinensis L. and soil properties

in pig manure treatments

Cu Zn pH Eh DOC SOM
Zn  0.764 " 1
pH -0.694 " -0.879™ 1
Eh -0.576" -0.278 0.133 1
bDoC 0.709 ** 0.564 " -0.662 " -0.222 1
SOM  0.787 ** 0.783 " -0.782"" -0.359 0.746 ™ 1
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TPAFRUE(GB 13078-2001) A HLE Cu 1 Zn 1Y
T E X E 4 R RAL, 2 Cu A
Zn (SRR R 404 50 6.6 50 ABF
SEAF M Cu,Zn S EE M N1 114.7 mg-kg ™' AN
1496.8 mg-kg ™' (Y44 25 iE H 4t 43 51 > 100 t-hm ~* il
>200 t-hm [, +HEE 48 Cu Ml Zn & & &
5% ZGbndf, H i T8 2% b i 3 5 00 LS e
AR R Cu WA A R, WX Zn 19 1E F A



51 (S RVINSE SR LN R WARNI R R 1487
/J\ SN , GIRVA ég‘ EE{ E ,ﬂ% E& i % % ffﬂ jlq, THA 1:,—]; " LA Xiangjiang River[ J]. Hunan Province Journal of Geographical

B AE i E & &
SR A Zn &

3

é@f&ﬁﬁlﬁ%m&qﬂ JinsE Xt Cu %
B U Rl I XY TE — L.

it

(1)y/NEZEH [ H T 38 XFERR Cu Ml Zn & &

I i 4 2 Tt P A 2 0 T 3, L A i AE K P L

UNEES: e WA
(2) BB A /NE M L3 Cu A1 Zn

HFEAE T Cu.
SEE

i P > 50 t-hm PR IR B E R

(3)/NEZFEX Zn BY
F Cu.

CE S 3 CiLiSoE S SCPN
Wt 5 A 26 0t P 2 9 B e /D SR Cu 19 4R

RBOEA T A Zn 1 B 48 R B, 0 Cu A Zn

¥ iz
Zn/ Cu HPFEAR /1N

B4 € e 7B o I A A DL & 2 SE1)
YESEXS Cu AT Zn W H% 32 BE 1 1Y

25 S FifL 6 % 20t P e A B g R R
SE 3k

(1]

(2]

(7]

[8]

(9]

Barker A V, Bryson G M. Bioremediation of heavy metals and
organic toxicants by composting [ J]. Scientific World Journal,
2002, 2(4) : 407-420.

Nicholson F A, Chambers B J, Williams J R, et al. Heavy metal
contents of livestock feeds and animal manures in England and
Wales [ J]. Bioresource Technology, 1999, 70(1) : 23-31.
Nicholson F A, Smith S R, Alloway B J, et al. An inventory of
heavy metals inputs to agricultural soils in England and Wales [J].
Science of the Total Environment, 2003, 311(1-3) . 205-219.
McBride M. Cadmium uptake by crops estimated from soil total
Cd and pH [J]. Soil Science, 2002, 167 (1) ; 62-67.

Bolan N S, Khan M A, Donaldson J,

et al. Distribution and

bioavailability of copper in farm effluent [ J]. Science of the
Total Environment, 2003, 309(1-3) ; 225-236.

Hsu S C, Liu S C, Jeng W L, et al. Variations of Cd/Pb and
Zn/Pb ratios in Taipei aerosols reflecting long-range transport or
local pollution emissions [ J]. Science of the Total Environment,

2005, 347(1-3) . 111-121.

RFHE, BR—ag, MRMK, S5, BEH0LRR W X 3% [+ B8 it 5
RIEESBBRMEW[]]. # TR % ,2008,34(2)
214-220.

Zaccone C, Caterina R D, Rotunno T, et al. Soil-farming
system-food-health ; Effect of conventional and organic fertilizers
on heavy metal (Cd, Cr, Cu, Ni,

Soil and Tillage Research, 2010, 107 (2): 97-

Pb, Zn) content in semolina
samples [17.
105.

Cai L M, Huang L C, Zhou Y Z, et al. Heavy metal
concentrations of agricultural soils and vegetables from Dongguan,
Guangdong [ J]. 2010, 20
(1) 121-134.

Wang L X, Guo Z H, Xiao X Y, et al. Heavy metal pollution of

Journal of Geographical Sciences,

soils and vegetables in the midstream and downstream of the

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

2008, 18(3) ;: 353-362.
TR, W SCHER. 15 K HE R A TE g &
P B R 24 3] 2003 ,22(2) ¢ 163-166.
S, BH FKE . SHADEER K HRESEY
R RAE BRSO —— AR SETT MBI [ T]. 43R5 A}
2244],2007, 26(5) ; 2048-2056.

Eduardo C O F,

Sciences,

HEeal)]. K

Renato M L, Francisco ] R P. Comparative
study on the susceptibility of freshwater species to copper- based
pesticides[ J]. 2004, 56(4) : 369-374.

Zhou D M, Hao X Z, Wang Y J , et al.

Chemosphere,
Copper and Zn uptake
by radish and pakchoi as affected by application of livestock and
poultry manures[ J]. Chemosphere, 2005, 59(2) : 167-175.
Jacek D, Dick S. Heavy metals balance in Polish and Dutch
agronomy: Actual state and previsions for the future [ J].
Agriculture, Ecosystems and Environment, 2005, 107 (4) . 309-
316.

Heavy metal transfer

China[ J].

Hao X Z, Zhou D M, Huang D Q, et al.
from soil to vegetable in southern Jiangsu province,
Pedosphere, 2009, 19(3) : 305-311.

BEHE, RIRE, RIS, S LIEE &Mk 2 5 5l
B[], HEEARKL,2005,37(1) : 32-36.

US EPA. Microwave assisted acid digestion of siliceous and
organically based matrices (Method 3052) [ S]. 1996.

Sun B, Zhao F J, Lombi E, et al. Leaching of heavy metals from
contaminated soils using EDTA []].
2001, 113(2) . 111-120.

BHT, RKE, RIET, 4. M B A - e Yy i & -
HE A HLRR R R SZ A [ 0], SR EERE A, 2008, 29 (5)
1380-1387.

Song N H, Zhang S, Hong M,

Environmental Pollution,

et al. Impact of dissolved organic

on bioavailability of chlorotoluron to wheat [ J ].
Environmental Pollution, 2010, 158(3) : 906-912.

Ve BREIH, MR, SRR M DX S 4 JE A I i
Jo o D A B A S ME R AG B () ] K AR 2 4T, 2008 , 22
(4):179-184.

Sun Q, He Z L, Yang X E,

matter

et al. Toxic effects of copper on

Chinese cabbage and its ecological health parameter[ J]. Plant
Nutrition and Fertilizer Science, 2007, 13(2) : 324-330.

Patra M, Bhowmik N, Bandopadhay B, et al. Comparison of
mercury, lead and arsenic with respect to genotoxic effects on
plant systems and the development of genetic tolerance [ J].
Environmental and Experimental Botany, 2004, 52 (3). 199-
223.

Huang Z, Xu B, Zhang K, et al. Accumulation of heavy metals
in the four years continual swine manure-applied greenhouse soils
[J]. Transactions of the
Engineering, 2007, 22(11) : 239-244.

Zhu Y M, Berry D F, Martens D C. Copper availability in two

Chinese Society of Agricultural

soils amended with eleven annual applications of copper-enriched
hog manure [ J ]. Soil Science and Plant Analysis, 1991, 22

(7-8) : 769-783.



1488 I 58 # 2 32 4%

[27] VE&N, XIAME, ZARE. FBFE xR L Eny [31] hiefi, R1BE, Wik, BV XAGHA Y B SR 4R
BB VA BRI [T, B AR A AR 2= 4, 2006, 14 RIS 5 AR RRAE [ 1], ARk IR BE R 2% 2 ik, 2009,28 (6) :
(3): 49-51. 1136-1141.

[28] Antoniadis V, Alloway B J. The role of dissolved organic carbon [32] Berenguera P, Celaa S, Santiveria F, et al. Copper and zinc soil
in the mobility of Cd, Ni and Zn in sewage sludge-amended soils accumulation and plant concentration in irrigated maize fertilized
[J]. Environmental Pollution, 2002, 117(3) ; 515-521. with liquid swine manure [ J]. Agronomy Journal, 2008, 100

[29] Marschner B, Kalbitz K. Controls of bioavailability and (4): 1056-1061.
biodegradability of dissolved organic matter in soils [ J]. [33] EW, BXH, E4E, ¥ PEHEFRE A EMMER
Geoderma, 2003, 113(3-4) ; 211-235. WEEROV (1], P EFREERE 2006,26(5) : 614-617.

[30] Qian P, Schoenau J J, Wu T, et al. Copper and zinc amounts [34] Cang L, Wang Y J, Zhou D M, et al. Study of heavy metals

and distribution in soil as influenced by application of animal
manure in east-central Saskatchewan [ J]. Canadian Journal of

Soil Science, 2003, 83(2): 197-202.

pollution in poultry and livestock feeds and manures under

[J1.
Environmental Science, 2004, 16(3) ; 371-374.

intensive farming in Jiangsu province Journal  of





