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Spatial variability of the heavy metal contents in cropland o the low Hai River

Fain :A case sudy in Feixiang county of Hebei Province
WANG B0 , MAO Ren-Zhao'" ", CAO Jian” , WANG Yuan-Zhong’ , GAO Yun-Feng’ , L1 Dong-Mei® (L. institute of Genetics
and Devdopmental Bidogy Chinese Academy d Scences, Shijiazhuang 050021, China; 2. Shijiazhuang City Emvironmental Monitoring Center , Shijiazhuang
050021, China; 3. Agricultural Environment Protection and Monitoring Station of Hebei Province, Shijiazhuang 050021, China) . Acta Ecologica Sinica,2006,26
(12) 4082 4090.
Abstract :With the rgpid development of industry and agricuiture , the il heavy metd pollution presents an increadng threat to
the environment and agriculture products qudity. Undersand ng the oatid distribution of the heavy metal contertsis critica for
agricutura production and decisorrmaking. Feixiang courty is one of the predominant wheat production areas in the low Hai
River Hain and its croplands are facing a potentidly serious problem o the il heavy metd pollution. Therefore 100 sanpling Stes
in the topsoil (0~ 20 cm) were invegtigated in this county inJuly 2004 and the contents of eight heavy metds (Cu, Zn, Ni , Pb,
O, Hg, Asand Cd) inthe il sapleswere measured. As afirg sep , the conventiona gatitical methods were used to explore
the normelity of the heavy metd levels measured and dininate possble outliersfromthe data set. Geogati gics combined with GIS
techni que were then enployed to andyze the patid variability of the eight heavy metd contents in soils.

The convertiond datidicd anadyss showed that the eight heavy meta contents were normally di stributed &fter excluding the
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outliers. Their arithmetical means were below the national second-grading sandard of ervironmental quality assessmert for oils.
By performing experimenta semivariograms andys's, it was observed that Pb and O exhibited pure nugget efect ; Cu and Zn were
bes described by exponentia modds; Ni and Cd were bed fitted to sphericd nodds; and Hg and As were suitable to linear
nodd swith dll. The 2.0 km digance sanpling distance was found to be insuficient in this regon and it is recommended thet
sanpling dendty shoud increase in future sudes.

The satid variahility of the contentsof Zn and Cd was mainly afected by intrindc factors (il formation factors , such as il
parent materids) . Soil management practices, such as the use of pedicide and chemicd fertilization, appear to be the primary
factorsirfluencing the atid variability of the contentsof Cu, Ni , Hgand As. Pb and O had a random variahility. The difference
inthe rangesdof Cu, Zn, Ni, Hg, As and Cd is large between 2 5 and 13. 7 km. The mgps o Cu, Zn, Ni , As and Hg were
interpolated usng the method of ordinary kriging. The contentsaf Cu, Zn, Ni and As gradualy ascended from the southwes to the
rortheast. But Hg represented an opposing trend in this regon. This research will provide theoretical bas sfor the regond layout
of predominant crop products in the loca regon.
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Table 1 General properties d sample soil for tes
H (%) (%) (%) (%) Parent
il type P Organic C Totd N Totd P Totd K meterial Texture Rolluted ources
821 1.23+£0.34 0.072+0.023 0.061+0.01 1.52+0.23
8.26 1.17£0. 36 0.073+0.016 0.054+£0.02 2.00£0.47
+ Mean + SD. ,n=12; Meadow cinnanon il ; Cheo il ;  Allwvid depodt; Qday loam; Use o pedicide and chemicd
fertilization
1.2.2 8
_fﬁJ_:ll:‘é‘ ' N
(Cuy (zZm) (Ni) (O) (H (A (Poy) Heibei provice A
i Pl N‘,fd_'\:
(Cd) Cuzn O Ni {J b < \_Z
. . L el
,Fb Cd ) :}”_/{’?5\:} ?:(5
As ;Hg Qf\}y’;?‘
eg(
[12]
[13] R
1.2.3 Matheron D T.ﬂ.ﬂg.g .
v (h) = 12E[Z(h) - Z(x+ W], - bendingTony .2
y (h) .Z(x)  Z(x+h) N )
Z x (x+h) : Z
, : 0 5 10km . RS (n=100)
NCH B — Sample sites (n=100)
y " (h) =1/2N(h) S 020a) - Z(x + h) ]’
i 1
Y ! ( h) h Fg.1 Diagamd sanpling sStes
N (h) h ,Z(x)  Z(x +h)
x (x +h) , h=0 y"(h)=0
, , : (C)y” h :
h , , y " (C+ Q) ,C
h (a) (krigng )
Zf = _Z)\ i Z(%)
,)\ i , Z( Xi) ’ Zf
1.2.4 , SPSS13.0
, Kol mogorov- Smirnov ,
, ( )
, AcrGlS8.3 ArcToolbox U™
) VARIOWIN 2.2 , 4950



12 : — 4085

1.5km 3.0 km , h=2.0km
[14]
, ArcMap , 12 ,
93.3mx93.3m , krigng grid ,
grid shape , ArcTool box coverage ,
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Table 2 Desriptive datigtics of the soil heavy metal contents(mg: kg™ %)
(%) K-S
Variable Sanpling Min. Mean Max. SD. C.V. (%) Kew. Kurt. K-S vaue Di gribution
Cu 100 16.2 24.28 4.4 3.46 14.2 0. 346 - 0.326 0.887 " N
Zn 100 54.5 76.54 122.2 11.64 15.2 0. 625 0.977 0.789 " N
Ni 100 20.5 30.54 39.9 3.96 13.0 0. 202 - 0.557 0.917 " N
Po 100 8.6 18. 48 27.4 3.93 21.3 - 0.308 - 0.129 0.620 " N
(0] 100 42.3 64. 99 82.1 6.91 10.6 0.076 0.311 0.664 " N
Hg 100 0.012 0.0%4 0. 147 0.023 42.9 0.974 2.211 0.770 " N
As 100 7.0 10.99 14.9 1.80 16.3 0. 286 - 0.587 1.224" N
Cd 100 0. 066 0.122 0.42 0.038 315 4.922 36. 153 1.553 NN
cd? 100 0. 066 0.120 0.204 0.025 21.2 1. 069 1.736 1.148 " N
* K-S 0.05 2taled K-Stet a the 0.05 leve of dgnificance; # : After except outliers;N:
Normd digribution ;NN : non-normal di gribution
2.1
2 8 100 SPSS13.0 , Kolmogorow
Smirmov (n>50) K-S cd 7 0.05
K-S Box-plot cd 1 (0.42mg- kg ') ,
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Table 3 Semivariogram theoretical modds o the heavy metal contents and corresponding parameter s
/ Proportion of
Varighe  Theoreticad nodd Nugget Co nugget to sl Co/(C+ Cp) Range(a) (km) gl C+ G Godness of fit ( %)
Cu E 6. 62 55.08 7.38 12.01 98. 64
n E 18.42 13.70 6.31 134.51 97.10
Ni S 8.47 55.75 6.58 15.19 98. 39
Fo P 14.34 100 — 14.34 99.28
O P 47.52 100 — 47.52 97.86
Hg L 0. 00037 70.74 13.65 0. 00053 97.79
As L 1.96 61. 40 13.67 3.19 99.24
cd S 0. 00019 26.52 2.48 0. 00071 96. 57
E: Bponentiad nodd ;S: Shericd nodd ;Pn: Pure nugget effect L : Linear modd with sl
2.2.2 Co/(Co + C)
3 8 Zn , ,Zn Cd
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Table 4 Dexriptive satigics o grade areas and grade proportions o the soil heavy metal contents
Gading part Cu Zn Ni Hg As cd
Thefirg grading Area (km?) 173.8 274.6 %.6 146.6 187.2 227.0
Area proportion ( %) 34.4 54.4 19.1 29.0 37.1 45.0
The second grading Area(km?) 230.0 228.3 310.8 157.9 196.7 266.7
Area proportion ( %) 45.6 45.2 61.6 3.3 39.0 52.8
The third grading Area(km?) 101.0 19 97.4 200.3 120.9 1.1
Area proportion ( %) 20.0 0.4 19.3 39.7 24.0 2.2
, CuzZnN HgAs Cd
3 ( . ), ( 4
L ( ). 4 H
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