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Abgract : Irrigation udng wastewater cortaining eevated levels of heavy metd's can result in deadly increasng oil concentrationswhich , in turn, can cortribute
to devated tissue levdsiin crops. A fidd experiment was conducted in the Liangeng Irrigated Area in Beijing to invedigete the dfects of watewater irrigetion on
heavy metd concentrations in wheet grain. In addition, the sudy explored the rationship between totd and extractable concentrations of heavy metdsin il and
ooncentrations in grain.  Twenty - one il sanples and correponding wheat grain sanples were oollected , and the concentration o As, O, Cd, Cu, Hg, Ni , Pb
and Zn were measured. The concertrations o Ni , Pb, and Znin wheat grain were 38. 1, 28. 6 and 4. 8 % higher , reectively , than the China Nationd Hygenic
Sandards for Food. The concertrations o Hg and Cd in 9ome sanples were near , dthough dill lower than, the China Nationd Hygenic Sandards for Food.
Goncertrations o Hg, Po and Cu in wheat grain were ggnificantly higher than concentrations measured during invedtigations in the same area in the 1970s. These
data indcate that the accumuaion o me heavy metd's has accderated and there may be human hedth risks asciated with consunption of the grain of wheat
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goan in the Liangeng Irrigeted Area. Degpite the devated levds o ome metds in wheet , there were ro dgnificant corrdations between ether the totd or the
extractable metd concentrations in ils and metd concertrations in wheet grains. It might indicate that usng the extractable heavy metd to evd uate the dfect of

heavy metd to the crop in il was not nore convictive than totd heavy metds.

Keywor ds:heavy metd ; wheat grains; extractable ; availahility ; wastewater irrigation; Beijing
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( , 2003) . ,

1)
2)

Hg 1976° 8.25pg-L "
1990” 0.35ug L "
1988 1999
0.1% 2.4% ( , 2003) ,
30 '
Hg 11. 4 %( , 2005) .
L 50
( ) :
1 (Materia s and methods)
1.1
/ ,
2004 6 ,
10 mx10 m
150 g, /
21
1.2
. . 15.0 g,
HNG;-HAO, ( 4 1) (Parida et al.
2003; , 1997) , 50 mL_.
- (Andytic Jena ,Vario 6.0
AAYS Cd Cr Ni P , -
(Anaytic Jena Vario 6.0 AAS Cu Zn ,
- ( ’
AFS2202) As Hg ( , 1997) .
b (
). (Gdv-3)
( ). 1980: 627
. 1993: 16- 47
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1.3
Cd Cu Ni Pb 7Zn DTPA ( ).
(0.005 nol-L " * DTPA-0.01 nol - L~ *Cad,-0. 1 ,
nol-L ' TEA , pH = 7. 3) , 2 1(Chen, Originpro 7.5 :
1993; , 2003) ; As 0.5mol-L* ( ) SPSS
NaHQO; , 10 1( , 11.5
1992 ; , 1996) ; Hg NH,OAC 5 ( Resits)
, 51 ( ,2000) . Cd Ni
Po - (Analytic Jena 2.1
,Vario6.0AAS) ,Cu Zn - ASQ'jO'CUHgNi Pb Zn
(Andytic Jena , Vario 6.0 AAS) , 1
As Hg - ( , 1997) Ni
( AFS2202) . 38.1%; Pb  Zn,
14 28.6% 4.8%; Cd Hg ,
1.3 0.096 mg- kg * 0.0168 mg- kg ',
( , 2003b) . ( 66.7 %,
) : ’
( , 2004) . ( )
1
Table 1 Qoncentrations of heavy metasin wheat grains in Liangeng Irrigated Area, Beijing
) Heavy meta concentrations/ (mg- kg™ 1) 1) o
. . cent
T ciratdiond
metd's Min Max Median Mean SD Hygenic Sandard
sanples -1 dandards
for Food/(mg- kg™ *)
As 21 0.02 0.08 0.031 0.036 0.016 0.7 0
od 20 0.003 0.096 0.015 0.020 0.020 0.1 0
o 20 0.10 0.30 0.13 0.13 0.04 1.0 0
cu 21 5.10 8.10 6.12 6.29 0.75 10 0
g 15 0.002 0.017 0.003 0.004 0.004 0.02 0
Ni 21 0.20 0.50 0.39 0.39 0.08 0.4% 38.1%
21 14 n.d.? 1.20 0.21 0.39 0.43 0.5 28.6%
Zn 21 24.6 50.7 38.2 37.6 6.32 50 4.8%
1) ( ,1997) :2) n.d. :
2.2 2
( ) Table 2 Qodficients of availability of heavy meta
ey / Qoeficients o availability of heavy metal
meta's No.
, snples  \in Max Mean Gom.mean S.D.
( ) ( ) As 21 0.002 0.008 0.004 0.004 0.002
5 7n od 20 0.018 0.351 0.137 0.109  0.086
' o 20 0.002 0.005 0.003 0.003 0.001
, 0.577; Cu Cd, Qu 21 0107 0378 0243 0.2% 0071
0.232 0.109:;As Cr Hg 15 0.008 0.055 0.024 0.021 0.014
7n Cu Cd Ni 21 0.007 0.020 0.014 0.014  0.003
' Pb 14 0.004 0.046 0.019 0.014 0.014
' As Or n 21 0.353 0.794 0.500 0.577 _ 0.122
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, ,Hg N Cu 2n (p<0.05) ( 3).
3
Table 3 Qorrdationship between different coefficients of avalahility of heavy meta
Gorrd aionship
Ni Cu Hg Po Zn Ccd o As
Ni 1 0.220 0.511 " 0.156 0.411 - 0.255 0.376 0.208
Cu 1 - 0.021 - 0.036 0.457 " - 0.212 0.116 0.124
Hg 1 - 0.421 0.063 - 0.019 0.197 0.058
Po 1 - 0.092 - 0.070 - 0.187 0.188
Zn 1 - 0.203 - 0.028 0.324
Cd 1 - 0.340 - 0.061
o 1 0.239
As 1
* p<0.05 ( n=14 21)
2.3 ) 7
“ " Hg ( 10%)". 1
( , 2001) 1976
, ( 1976 1).
, 2 , AsCd O 4
( t ) Hg Cu Po Zn
“ K . 4 , 30 (p<0.05) , Cu
,Cd : Qu Po, Pb Zn (p<0.01), ;
As . As Cd O 1976
4 , . 30
Table 4 Raio of exractable heavy meta to totd heavy metd in Ni Ni
ilsfrom Liangeng Irrigated Area, Beljing
Reti 250%
/ io of extractable heavy metd to tota heavy metd
Heavy W 1976
meas o d 200%
saples i Max Mean Gom. mean SD. 5
As 20 0.002 0.004 0.003 0.003 0.001 Eﬂ 150%
cd 21 0.092 0.414 0.263 0. 245 0.092 o
& 100%
Cu 13 0.050 0.363 0.167 0.144 0. 096 Yl
Hg 21 0. 005 0. 049 0.024 0.022 0.012 50%
Ni 21 0.018 0.033 0.026 0.025 0. 004
Pb 20 nd 0.157 0110 0.107 0.0 O~ As Cd ¢ Ca Hg Pb zn
n 20 0.012 0. 041 0.023 0. 022 0.008 LR
nd.: 1 1976 2004
3 (Disnug'on) g.1 Qonparion of heavy metdsin wheat grains between 2004
and 1976 in Liangeng Irrigated Area Beijing
3.1
1976 300 500" . 400

g , (Edtimated Daily Abrption)

1) . ( ) [M]. 1980: 665 —666
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(Déportes, 1995) , (Needleman and Landrigan , 1981) ,
(Acceptable Daily Intake) (FAO/WHO, 1991) , (Osmen et al. , 1998; 1999) .
Ni ,Pb AS (0.5%) . Po , Po
, Pb , Pb Hg
72.9%. Po
, Pb
5 ADI

Tabe5 Conparion o heavy metd's between egimated daily absomption (EDA) and acceptable daily intake of food (ADI)

As cd o Cu Hg Ni Po Zn
(BEDA) /mg 0.014 0. 008 0. 052 2.52 0.002 0.156 0.156 15.04
" (ADI) /mg 3.00 0.06 0.20 0.50 30.0 0.043 0.020 0.214 60.0
EDA/ADI 0.5% 13.3% 10.4% 26.0% 8.4% 780 % 37% 72.9% 25.1%
* :\WHO/FAO ( 60kg ) (ADI) ( , 1997)
3.2 2)
1 (
, 2003; , 2002; , 1999 ; Wang
. e al. , 2002) . ,
, Cd Hg, ( 6).1976 ,
, Hg
6
Table 6 Qorrdationship between different factors of heavy metd's
Qorrel ationship
As cd Cu Hg Ni Po Zn
Extractable il metal /il totd et 0.587 0. 206 0. 449 0. 486 0.593 0.709 0. 609
/
Qain metdl /Extractable il et 0. 089 - 0.045 0.038 0.010 0. 091 0. 040 0.177
/
Qan metdl / il totd metal 0.059 0. 050 - 0.105 0.041 0.070 - 0.272 0. 195
/
Ratio of Bxractable il heavy metd to totd il heawy  0.053 0.499 " 0.225 0.636 " " 0.058 -0.041 - 0.094
metd / codficients of availahility
* *:p<0.01; *:p<0.05.
3- 3 1
e I (availability) " “ (bio-avail ability) ”
7 (p<0.01). (Davies, 1978 ; Belotti , 1998) .
( , 1996 ; “
, 2004 ; , 2004) . , "
, ( o). " (Morera et al. , 2001) .
1) (http :/ A, cnsoc. org :80 2006 3 26 )

2) . ( ). 1980: 666
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(potential) (Renon et al. , 2005) .

1 (
pH )
(Erng , 1996 ; , 1988) ,
(Savé et al. , 1997;

, 1999) . ,
4 ( @nclusons)

1)
Ni Po Zn 38.1% 28.6% 4.8%,

Hg Cd

2) 30 , Hg
Po Cu ,

3 Zn Cu Cd . Hg

PoNi, As O

(29639, , , ,
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