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(ICP-MS) Pb Zn Cr ZSX100e X
X (XRF)
DD2005-01
(1 :250000) 1 8
1 1 8
(GSS-2~GSS-4) As Cd Cr Cu Hg Ni Pb Zn
0.1 0.87 ~ 1.05 1
0.03 ~ 0.09 0.267 ~ 0.744
10 (RD) 0.015~0.082
14 2
SPSS Minitab 2.1
2.1.1
Anderson-Darling(A-D) GS+9.0 Cu As Hg Zn Cd Ni Pb Cr8
2
(GB-1995)

F1 SHEEELEMMESKIREMRAALE

Tablel Regression equation between measured and estimated values of eight heavy metals

As Cd Cr Cu Hg Ni Pb Zn
y=1.05x =0.96x-0.01 y=0.94x »=0.96x—-0.03 y=0.91x-0.02 y=1.03x y=0.89x y=0.87x-0.01
0.07 0.06 0.03 0.06 0.09 0.04 0.05 0.06
0.438 0.524 0.744 0.492 0.267 0.687 0.518 0.484

®2 TEXRHIIRELRES 2515 R(mg/ke)

Table 2  Statistics of heavy metal contents of farmland soils

Cu As Hg Zn Cd Ni Pb Cr
265 265 265 265 265 265 265 265
46.08 4.9 0.13 162.9 0.5 243 67.1 74.6
4,97 0.3 0.009 8.0 0.004 1.1 52 3.4
32.9 3.62 0.093 132 0.35 19.1 52.9 57.7
1222 66.4 1.53 1346 6.12 77.4 1258 244
6.05 1.03 0.02 46.3 0.065 3.32 20.5 8.07
1.76 1.02 1.09 0.80 1.21 0.72 1.27 0.74
0 24.8 7.6 0.11 140.2 0.38 23.0 59.4 70.0
(GB-1995) 50 30 0.3 200 0.3 40 250 250
2 8 0.72 ~
1.76 Cu Ni 8
Cu Cd Pb As Hg Zn
Cr Ni 8
Cd 7 2.1.2
Cd 8
Cr 7
Cr 7 (2]
As 7 3
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As 4
As
As Pb Cu Zn
Cr Ni 4
As Cr Ni Cr Ni As Hg
2.2
2.2.1
Cd 8 0
Cd
0.60 Cd 1.56 mg/kg
0.3 mg/kg 5 8 P 0.005
Cu Zn Cu 139.5
mg/kg 50 mg/kg 2
Cu 53.7 mg/kg
Cu [13]
Cu
Cu
Cu In Box-cox
Zn 375.1 Johnson (1413 Cu As Hg Zn Cd Ni
mg/kg 200 mg/kg Pb Cr8 In Box-cox
Zn Zn Cu Johnson 3
R3 SMHMEEBERLEMESTHRER
Table 3 Normal transformation results of eight heavy metals
In Box-cox Johnson
P P P P
Cu 170 12.1 <0.005 45 12 <0.005 1.4 0.2 0.056 0.8 0.4 0.45
As 87.9 7.6 <0.005 0.6 0.5 <0.005 -0.4 -0.1 0.098 0.2 0.0 0.35
Hg 41.0 5.5 <0.005 2.6 1.0 <0.005 1.7 0.4 <0.005 -0.0 0.2 0.66
Zn 40.5 5.5 <0.005 3.9 1.3 <0.005 1.2 -0.2 <0.005 -0.1 0.2 0.88
Cd 43.7 5.9 <0.005 3.5 1.2 <0.005 2.1 -0.4 <0.005 -0.1 0.2 0.44
Ni -0.2 0.8 <0.005 ~1.1 -0.1 <0.005 -1.1 -0.1 <0.005 0.4 -0.1 0.06
Pb 148 11.0 <0.005 7.1 1.8 <0.005 0.4 -0.1 0.092 0.0 0.2 0.05
Cr -0.4 0.7 <0.005 -1.1 -0.3 <0.005 -1.2 -0.1 <0.005 1.4 0.2 0.01
3 8 In 8 Pb
P 0.005 Box-cox P 0.09 Johnson
8 Box-cox P 005 Box-cox 7
Cu As Pb3 Johnson
5 2.2.2
8 Johnson Cr
Pb 6 P 0.05 (]
3 Johnson Pb Box-cox 7
P Johnson 4
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Table 4 Optimal variation function models and parameters of eight heavy metals
Co Co+C Cy/Co+C (km) R
Cu-Johnson 0.213 1.041 0.205 3.27 0.924
As-Johnson 0.493 0.987 0.499 13.92 0.884
Hg-Johnson 0.427 1.138 0.375 2.61 0.432
Zn-Johnson 0.079 1.006 0.079 1.73 0.595
Cd-Johnson 0.261 1.016 0.257 2.04 0.538
Ni-Johnson 0.288 1.366 0.211 7.07 0.987
Pb-Box-cox 0.00 003 0.00 038 0.087 1.88 0.690
Cr-Johnson 0.207 1.108 0.187 5.30 0.979
4 Cu As Hg Zn Pb Cd 3
Zn Cd Ni Pb Pb
Cr 8 Zn Cd
R 0.432 ~ 0.987 18
Ni 0.987
Cr Cu As 0.979 0.924 As
0.884 4 Hg
8 As Ni Cr
Cu Hg Cd Pb Zn As Hg
13.92 km As As 8 Hg As
I Ni  Cr Co/Co+C 0.25
7.07 km  5.30 km
(22241 py, 7n
7181 Cy Hg Cd Pb Zn5
3.27 ~1.73 km 2 km Co/CytC 0
Zn Pb Pb Zn 2 km
Co/Cy+C 0.079  0.087 0
1 Cy 231 ¢d Pb Zn
Ni Cr Co/CytC Co/CoptC
0.25 3 Pb Zn
As Hg Cd Cu Ni Cr
Co/CotC  0.25~0.75
3 23
201 2.3.1
2.2.3
8 Cu As Hg 30
Zn Cd Ni Pb Cr ( 4
4 8 Cu
As Hg Zn Cd Ni Pb Cr8
8
5
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Fig.4 Three dimensional spatial distribution of eight heavy metals in farmland soils
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x5 HRXKBEITFRNEEZETHSEHE
Table 5  Statistics of heavy metal contents in rice grains
Cu (mg/kg) 3.06 5.09 0.58 1.03 0.34 10 0
As (mg/kg) 0.08 0.18 0.03 0.03 0.40 0.15 0.03
Hg (ng/kg) 2.19 430 1.50 0.55 0.25 20 0
Zn (mg/kg) 18.43 31.76 12.57 4.85 0.26 50 0
Cd (mg/kg) 0.26 0.80 0.02 0.25 0.87 0.2 0.50
Ni (mg/kg) 0.60 3.38 0.15 0.57 0.95 0.4 0.57
Pb (mg/kg) 0.08 0.13 0.06 0.01 0.18 0.2 0
Cr (mg/kg) 0.29 0.48 0.17 0.10 0.34 1 0
(GB2762-2012) ( )
(NY861-2004)
5 cd Cd
Ni 0.26 mg/kg  0.60 mg/kg
15 17
0.50 0.57 As 0.08 mg/kg 2.3.3
0.15 mg/kg [27-28] (HQ)
0.03 5 Hg Pb
As Cu Zn
NI cd HQ= % M
0.95 087 Ni «Cd App G ¥ IR xEDxEF @)
As 0.40 BW xAT
Hg Pb As Cu Zn 0.18 ~0.34 ADD (mg/
(kg'd)) RfD USEPA(2000) (mg/(kg-d)
2.3.2 6) Ci i (mg/kg) IR
(kg/( -d))
[26] (plant 7] 206 kg
uptake factor PUF) 0.564 kg ED
USEPA 70 a EF
USEPA 350 d/a BW
8 [28] 62 kg AT
Cd Zn Cu Ni As Hg USEPA 25550d
Cr Pb PUF 0.63 0.12 0.07 0.04 6 As Cd 1 6
0.022 0.021 0.007 0.001 Cd Cu Hg Zn Ni Pb Cr 1
F*6 WRXMAKPELERN ADD K HQ &
Table 6 ADD and HQ values of heavy metals in rice consumption
Cu As Hg Zn cd Ni Pb Cr
ADD(pg/(kg-d)) 26.7 0.7 0.02 160.8 22 53 0.7 25
RfD(ng/(kg-d)) 40.0 0.3 0.1 300.0 1.0 20.0 3.5 3.0
HQ 0.6 2.3 0.2 0.54 2.2 0.27 0.2 0.8
[28] USEPA(2000)"*”!
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As Cd Cd
2.2 Cd
0.50 As 2.3
As
USEPA As
Ni 0.57
USEPA Ni
0.27 1994
Ni
6 Cu Hg Zn Ni
Pb Cr
3
1)8 0.72~1.76
8
Cu As Hg
Zn Cd Ni Pb Cr
8 As Ni
Cr Cu Hg Cd Pb Zn Cd Hg As
5 Cy/Cyt+C
0.25
Cd Hg As Cy/Cyt+C
0.25~0.75
2)
Ni>Cd>As 5 Hg Pb As
Cu Zn
Ni Cd 0.95 0.87
Ni Cd
8
Cd Zn Cu Ni As Hg Cr Pb PUF

0.63 0.12 0.07 0.04 0.022 0.021 0.007

0.001
As Cd 1
6 Cu Hg Zn Ni Pb Cr
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Spatial Variation of Eight Heavy Metals in Farmland Soils and
Their Accumulation in Rice Grains in Longyou Pyrite Mine,
Zhejiang Province

ZHANG Aobo, CHU Xianyao, YIN Hangin, XU Mingxing, HUANG Chunlei, SONG Mingyi
(Zhejiang Institute of Geological Survey, Hangzhou 311203, China)

Abstract: To investigate the current state of heavy metal pollution in farmland soils in Longyou Pyrite Mine, Zhejiang
Province, 265 farmland soils samples were collected, Cu, As, Hg, Zn, Cd, Ni, Pb and Cr contents in soils were measured and the
spatial variation of the heavy metals were studied by using GS+9.0 and Kriging interpolation. 30 rice grain samples were
collected, the accumulation characters and health risk of heavy metals were studied and assessment. The results showed that
variation coefficient of eight heavy metals ranged from 0.72 to 1.76, indicating uneven distribution of heavy metals in the study
area. The half variant function of Cu, As and Hg fit exponential model, those of Zn, Cd and Ni fit spherical model, that of Cr fit
Gaussian model. The Cy/Cy+C of Cu, Pb, Zn, Cr and Ni were less than 0.25, indicating their spatial variation were influenced by
geological factors, while those of Cd, Hg and As were from 0.25 to 0.75, indicating their spatial variation were influenced by
geological and human activity factors. The variation coefficients of Ni and Cd in rice grains were 0.95 and 0.87, respectively,
which possibly indicating abnormal accumulation of Ni and Cd. The enrichment capacity was in an order of
Cd>Zn>Cu>Ni>As>Hg>Cr>Pb. Health risk assessment showed that HQs of As and Cd were higher than 1, suggesting potential
risk, while the other six heavy metals were generally safe.

Key words: Longyou Pyrite Mine; Heavy metal pollution; Spatial distribution; Variation function; Health risk
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