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Fig. 1 Location of soil sampling points
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®1 HETEEEREQEMNERFITHFAE (2008 4)
Table 1 Basic statistical characteristics of the heavy metal contents in the soils of Fengqiu County in 2008
R H/IME Min R RAH Max HJ{E Mean i Median B S R i 0 7
Heavy metal (mg kg™") (mg kg™") (mgkg™") (mg kg™") CV(% ) Skewness Kurtosis
Cr 32.0 128.0 68.97 68.0 21. 60 1.37 6. 06
Hg 0.02 0.12 0.04 0.03 53.90 1.69 5.63
As 6.79 17.33 10. 37 10. 27 21.57 0.74 3.30
Cu 8.0 70.0 26.90 22.0 46.21 1.28 4.45
Zn 40.0 127.0 74.0 75.0 24.61 0.31 2.78
*k2 HrIELRERAENRE
Table 2 Standards for heavy metal contents in fluvo-aquic soil (mg kg™")
HRJE GBS — bR i EESUR NS
Heavy metal Background Grade 1 Green standard
Cr 66. 60 90.0 120.0
Hg 0. 047 0.15 0.35
As 9.70 15.0 15.0
Cu 24.10 35.0 60.0
Zn 71.70 100.0

TE R L B AR SRR IR T SCHR [ 15 ] 5 — ZObr AR 4 rh A2 N R G 1) b 3 91 5% 5 40 b il (GB 15618 — 1995 ) 5 & €0 s vfi JU) 4 4l ¢ 2 2
i PR B AR E (NY /T 391-2000) , H v AR 4fg - 88 pH i i AR 20 o =R i BOALE T L3875 e Wy 0 & B R, B B 132 AR i 4 pH

WRT 7.5 ARYR G AT Al 7™ 3t PR 8 57 12 A v 75 5 A b 1) A o (B 3BU™ A

G IR SR, 75 B3Z 3 h AR, EL 2R (£ i ™ 3 R B8 5 AR A R OR

iy e +BEp Zn & B AR#E Note: Natural background values of the Fluvo-aquic soil were quoted from literature [ 15 ] ; Criteria Grade 1 was based on the

National Standard for Soil Environmental Quality of P. R. China ( GB15618-1995); Green standard was based on the Standard of Soil Environmental

Quality for Green Food Production (NY/T391-2000) , which prescribe limits for contents of soil pollutants in light of soil pH. The soils collected from all

the 132 sampling points in Fengqiu were higher than 7.5 in pH. According to the principle of the Standard of Soil Environmental Quality for Green Food

Production of tending to be strict rather than being loose for soils under paddy-upland crop rotation, the data in the table were cited. But the standard for

green food production does not specify any limit for soil Zn

®3 HEEHEIESEEASETHR
Table 3 Evolution trend of soil heavy metal contents in Fengqiu County over the years (mg kg™')

B K Cr Hg As Cu Zn
0y
oy SEmPle i i &/ i &/ s &R s = B

number  Content Range Content Range Content Range Content Range Content Range
1984 58 56.8 28.1~115.6 0.031 0.004~0.115 10.7 5.1~19.3 14.5 5.4~24.4 45.1 31.2~52.6
2003 134 66.14 41.08 ~91.41 — — — — 23.66 13.77 ~69.22  72.84 46.0 ~117.8
2008 132 68.97 32 ~128 0. 04 0.02 ~0.12 10.37 6.79 ~17.3 26.90 8 ~70 74.0 40 ~ 127

T e rp 1984 4EF1 2003 AFE %4 K U5 F SCHk[ 1] Note: The data of 1984 and 2003 were quoted from literature [ 1]
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Fig.2 Spatial distribution of soil heavy metal contents of various levels in Fengqiu County




4 B S ST GIS Y B v Jet i A ) - X e 5 AR RS 53
*4 HETRNESESCERANBSEHLIERSEEARES L
Table 4 Percentages in area of the soils up to various standards for heavy metal contents in Fengqiu County
G SGE A TR ~ —ZUbRifE — BRI ~ SR R > G bR ifE
Heavy metal < Background Background ~ Grade I Grade I ~ Green standard > Green standard

Cr 34.22 64.26 1.46 0. 06

Hg 78. 45 21.55

As 32.43 67.03 0.54

Cu 31.98 59.10 8. 81 0.11

Zn 34.91 63. 80

MEF B S Bl w19 e M R, 25 R R
iR, o5 A B S 91% LA T - e 2 K
IR TR R A — SR E I 99% LA 1 Y 4 1
T AL 2R R iy 7 M PR TR s 0, 3 B B e AR
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W, S 1 P i D R AR R B 5 B
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T HERREE SR B AR BRI A5 R SR S BRI SE
(1 5 Bl e @ FAm T, He 1952 45 KO i, 3 WA HE T
AU 5 As IR SR BOR IR fe /), R H 2 41 ok
SN/ ;1M Cr (Cu Zn 1 RS EOMIRL, 5 ELAR X 44
o, 2 IR AT LA R o o < Jo A LA A 35 e PT REHE
BOR x5 iR R BT 4 R —E

x5 HEPITESREERRERH
Table 5 Quality index for individual heavy metal in

fluvo-aquic soil in Fengqiu County

H 4> )@ Heavy metal — FEHJ{H Mean  # KfH Max  #%/MH Min
Cr 0.77 1.42 0.36
Hg 0.27 0.77 0.11
As 0.71 1. 15 0.45
Cu 0.78 1.99 0.24
Zn 0.75 1.27 0. 40

FRE NG 25 G P 4R 5, B e B R EE T i S A
Do H s 18] 430 A0 DL 3o 337 L 0 I 3 R0 A% B S e
B - 1 18 AR 43 5k 231.5 .835.3 1 32.24 km’, 5 4
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Fig.3  Grades of the Nemerow comprehensive evaluation of heavy metal environmental quality of the soils in Fengqiu County
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GIS-BASED RESEARCHON SOIL HEAVY METAL ACCUMULATION IN A
FLUVO-AQUIC SOIL AREA TYPICAL OF THE HUANG-HUAI-HAI PLAIN

Xia Min®  Zhao Bingzi'" Zhang Jiabao'
(1 State Experimental Station of Agro-Ecosystem in Fengqiu, State Key Laboratory of Soil and Sustainable Agriculture,
Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)
(2 College of Public Adminisiration, Nanjing Agricultural University, Nanjing 210095, China)

Abstract Heavy metal pollution of soils is an issue that has aroused high concerns among scientists the world over,
and it is the premise of establishing related regulatory measures to specify trend of the spatio-temporal variation of heavy
metal content in the soil. A case study was performed of Fengqiu County of Henan Province, a fluvo-aquic soil area typi-
cal of the Huang-Huai-Hai Plain, based on statistical analysis and geostatistical spatial interpolation of GIS data. The
study was aimed at specifying current contents of soil heavy metals (Cr, Hg, As, Cu, and Zn) and their variation trends
in the past years; determining areas and spatial distributions of the soils up separately to various standards for soil heavy
metals, such as the natural background values, Criteria of Grade I of the National Standard for Soil Environmental Quality
and the Standard of Soil Environmental Quality for Green Food Production; and eventually based on the two preceding re-
searches quantitatively evaluating comprehensive soil heavy metal environment quality of the soils up to the criteria of
Grade I of the National Standard with the Nemerow integrated pollution index method and their distributions within the
county. Results show that the average contents of the five heavy metals, except Hg of which the average content was near-
ly on the same level as the background value, were slightly higher than the background values, but far below the Criteria
of Grade I. And all the five heavy metals, except As, showed an increasing trend in content with the years passing by.
The county had over 98% of its area of soils exceeding the criteria of Grade I of the National Standard in content of Cr,
As and Zn, 100% in content of Hg, and over 91% in content of Cu, and over 99% beyond the Standard of Soil Envi-
ronmental Quality for Green Food Production. Based on the criteria of Grade I, analysis with the Nemerow integrated pol-
lution index method revealed that the soils of Fengqiu were good in comprehensive soil environmental quality, except for

less than 3% slightly polluted, which means that the soils in Fengqiu are suitable to cultivation of all kinds crops in view
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of the current condition of soil heavy metal pollution. However, in some individual localities where the soils are beyond
the standard for green food production, special attention should be paid to timely preventive measures for the issue of
heavy metals pollution.

Key words Heavy metal content; Temporal change; Spatial distribution; Environmental quality evaluation
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