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2- Atomic Absorption — Perkin Elmer 3030
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1- Global Positioning System
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6- Ordinary Kriging
7- Kolomogrov - Semirnov
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1- Surface variogram
2- Nugget effect

3- sill

4- Range

5- Spherical model



\Al

e GBS 30 1r03l8 g 59y 0y Calé (55lol o) Julons g 4 o

axlllae 390 dihaio 45 (0] (o (o o 1) JS w03l 9 (59 (0 pawr CAIE &) Loy o (s3IS (g, lof AoYE —(Y Jou)

2 (5) o) )Son 5 el 3L adllae 590 aidhaio )3 polic ol Liie
1 55 Jae ool 5 el 5 oo (Sl s
2 (00) oh)ian 5 l, 5 Ko idls 3l yolie ol slod s
s sl 0y plae Gl bl clacSh 3 eladllas S, b
Joleo (slaials aS" wisls o5l 1) (6958 Jdo oy cdale (glos puuss
sladles SO (b > (V) hKed 5 ele cuily joslS V/¥

()l pmis copmo It Blyosil  dile ke SSTus Sl sy goes>s
\as VFY/EA av/vy Ve VAY sy Y/\Y fo\ =2 Jf g
vY/vY VAY/-Q VAY/YO Yo /¥y ARRIA OY/Va P‘ =2 Jf &9y
a0 IN¥ b0 /A ¥/-v AN e JS e
) S$9)
? 3603000 o O 0 0
3603000 m oo m OO o O 5375 to 111.75
O  3.17 to 20.75 o Q 11175 to 149.5
Oo o O 2075 to 25.67 36020001 @ o O 00 o] © g o ° QO 1495 to 253
wo00] ° 8 e o O O o © 8 s
o O ° Qunre, CH o gO=
8 .a) 3601000 0 o e
19 3601000 ° O 0.0 o)
3 O O e % (0] @D O 0) @o
= A~ 360000 O BEEYD 4
Do © O 2e)
:‘i\ 360000() O O :1 @
g & > 08%3% o
O @ 3599000 x 8 19) O
3599000 8 x 8 o
* b 4 b 4 O@ o
x 3598000- ©0 @) 0
3598000 0 2000 o (m) o
0 20 o (m) ‘ ‘ / ‘ ‘ 0 ‘ ‘ ‘
556‘000 557‘000 558‘000 559‘000 560‘000 561‘000 562‘000 563‘000 556000 ) pre000 559000 560000 561000 562000 563000
(o)alols (%) alolé
pod LS
3603000 m“ OD (@) o O
@ o o O o200
36020001 o) o 5 le) O o Q o042 1t0 069
O o010 108
Q% @ o ©0 O 1010 som
3601000- °© ° o O O
.9 0. 0O 0) o (0] 5 o OOQ)
3 ) O @) O O 00 (o= x
£ (@) 0
j\ 35990004 x O @ 8% @ @)
o
x o 8 °§
36508000+ O O o o e)
b 200 am  (m)
Q
556000 557000 558000 550000 560000 561000 562000 563000
(0SS 32 05 o coms 2) addllnn 3590 diliic 1> JS o3l 5 (g9 e pow (SlARL (s od —(V JSCu3)
P52 Ol ) o26 Slgiee ol nl (VF) Gl 5 ogzler i S HUALL Jalad g dsjal

83l gy a S ol lis glasgy slale s s

3 ddlllas Dyg0 (clayuxio (slalos pusd D4l 295 g b st j0 0l
sokhilen ol o 03> L ¥ Joda 53 sl ol eyl o ¥ JSCS
e Oleie 4 (69,8 Hld Lo cunl odd old (LS Y JSS o oS
Sldolb U juaic dw o abl o bodly (gly oad 0oy o3l Jae
Gb e oo L 1y 16 & dnly Hld b (g5i0glS VIV Dgus



VAN Jlo c Foslod  YF al> (5559l gl g pale) S g ol w i VY

paoulS 9 (59, 0y polis GBLE (Saladigy
38k (glales s (polil 2 (Jgone Sz ) Ko |l
bl ) adlas 3)90 (i polis 51 Sy 2 pllie (30059 (6
ool 1 Slion S sl jialyl 90,3 odlatnl o (g)l0 pydiges
oy sl Wb (il A 485k 9> (oriw)lisl I Jols b
Loolyon odd A g VY Y iy o piSThis o) Jilis puedlS 5 (59,
oeme Sm S phupe > sl loplhy spminn (god9e

p:.p.)lf 9 (£9) ¢y w.o?u Lgl]a) 9 Uﬁm Lgl.mw S oalaswl
ol o 0dly oL (¥) U

iy do allle 3j90 @redlS g oy slalod s 2 2
Sy aaly 9 453l (Bl 1) (ad g 695 o) sl e
W01y i35 yieglS AY 5 YV (i s paie 0 b el 1y Sl
Sloips = o2 e S (b 3 (A) lSen 5 o
i slaled s il Biln 1y 95 Jie (55 pais (225
wan sl 1y b S Stanly oS alllas oyl 55 005 o3l
LS Sty oIS (5) oy Lad 5 sisol 0l L it
Ol Slgie pol ol 33)5] Gy 0200l g oy (sl 1y lawgie
OB il g by )lB e 5 (il)ly pidie ade onins
95 4 ail yusls §udsd ) b pite ded )90 50 ] Solas
HSesS Jelsd g liptiges (58 252 caslio 2 (> Sl 0

2ol Bl cladrios cunlio bws €83 5 ()15 pdiges

¥ (Ihl)
¥ (IhD
18000
16000
. 14000
ii 12000
: 10000
3& 8000
;g 6000
4000
2000 0 | | | | | | | | >
0 \ \ \ \ \ \ \ \ L 0 600 1200 1800 2400 3000 3600 4200 4800
0 500 1000 1500 2000 iﬁfo 3000 3500 4000 4500 Ih
(o) alols () alolé

¥ (IhD)

0.54

0.48

.1i 0.42

. 0.36

9. 0.3

i; 0.24

3 oas

0.12

0.06

0 \ \ \ \ \ \ \ \ L
0 500 1000 1500 2000 ﬁﬁoo 3000 3500 4000 4500

axllao 3,90 ddlaio )3 odl8 g (S9; e pw SBCLE Al Ao (slod yunti — (V¥ JSUS)

$955 Jao b 0a03l5 9 (9, oy Jarllan 390 (i prolic (gl pauts (il (¥ Jgaa)

G Smdly W 0 Ntly aeoyd diliwl s glaskd 51 (po) dkeld ko sty ke

9 )
T v
5 vIY

YA oe
¥oYA-
-[bov

YA YYAA

Plew o
QY. YYo- el $9)
+[\A YYYA PI & mAJK

(Co ! Sill) bl a> il g 2 (clazkad 51 il jlg Cos —



VY S 53 eosls g 595 e Cdalé (g5lol oy Jukoni g 1 35

(PPM) & e plabw @

Y

o e i (gl

. 500 o5
_3 85
— 400
x?‘ 75
~—
300 65
55
200
45
35
100)
25
1000 200 )m( 1000 20 )m(
0
555‘000 557‘000 553‘000 559‘000 560‘000 561‘000 5(:’)‘nnn 555‘000 557‘000 558‘000 55dw0 560‘000 561‘000 562b00 "
() dold Odae X . R
s () ahols
PPM) &5, S Lhle e gl
900
800 120
700 110
600 100
500 90
400 80
70
300
60
200
50
100
40
0
1000 0 Ym( 1000 2000 Ym( o
T T T T T T T O"\M x T T T T T T T 2
556000 557000 558000 559000 560000 561000 562000 556000 557000 556000 559000 560000 561000 562000
() alos () alolo
35
s 0.54
3 05
25 -3'
046
—~
2 ;’L\ 0.42
~
15 0.38
; 0.34
03
05
0.26
0
1000 2000 )m( 1000 2000 )m( 0.22
X 0.18

T T T T
559000 560000 561000 562000

() abols

T T T
556000 557000 558000

T
556000

T T T T T
557000 558000 559000 560000 561000

() akeols

T
562000

axdlbe 590 dikio ;3 paedlSy (9, o g (LI Sty )5 (slhd ¢ Ko 5 LA —(£ JSS)




WAN Jlo c Foylois « YY wle (55l aalo g pole) JB,QT apis V¥

olly slaad® ¥ USCs 50 ol il Clizal S5 o
Ol e0lS 5 99y ey RS 350 )0 Sy S (a5
Opyin LadSses oy Jolsd g dalaie anils > cuwl oad 0ol
Sl iged LIS (39 yiaS s 4 a8 313 3925 (e85 byl

el B oo ol 53 Baiges (ym dlols ()39 yidio

& 5 2o
shb ol ol as ol s dalaie 3 S polie ddlllas
raie du y gy (Stly ol aiely 5 Ad (58 S Sty
09 oSy Sl (86 Kl on ol pl & AL plaghS VIV L5
Jlos 5 an o sl adllas 350 acdlate ) yolie oyl Lie
il iy 45 ol ot adlllan 350 yolic lSe (sl
Ol Aliee (ol a5 01 ale (ol adlge uil)ly  syl3 Lo
il o dilaie )3 (4 s Sses (5o Sl g Cwlio saad
Jie 51 o0litl U s gy Sl (sl pito ooy cglakes puuis
PSS resS il )ly Sl Was gile Jae (55,5
O Jeolgd g ddlaie ausls jd aS ol ylis addlles 3yg0 polic 350
o byye SLeMbl o)l 3929 (30055 (pilly oyt ndiges
S G g o 290 0 pegad 4 (S Gl (YL clale
gy 18 el g lnlos Bl byl )3 polic ol T35
e cblix (lojlo Jud Sl dbgiye laglejl llail 39 oo
soylilisl cole, b olee gl sl 5 BLEST slacaled wu
5 99-b SxSsdr yuin (Sool Slidl b 8,5 bl dbogy o
dilaio ()8 Cgr g g Cuow A prd gy (Sol> (inen
S (Gl g Sl Sl (piomen 398 4B (les o 4 (dn
2 i (355w Sl geos el (s &5V a9 9al6

PP NPES las dilaio

2 oy pdlae Sl wad o s badds a5 jglilen

sials ol cdale poleo 5l akols iol53l b g asb e ool BlLI
(et 35 Jlocss 5 38) 2 S5 oo 3 b e
°"\‘QL“&"°P|L5'5~L5'5~Y“L5\“ 5?‘6‘9.‘@\“ b'dh’bw%
» o) Gl g buwgie pilie (YL Ll 1 Gy clale oS 340
A5 5 om ez g pg sleewdS 48 295 425 L Las Ll o
Ly b (Salon asd opl a)ls i b slus alols S
5 89y 2990 2 (Y JSE) 3l SB > 5 g gl 151
sials ol cclaleralol il 8l L g ssalice oplae Glbl )
I8 cunsg cwlicenl Sl 4SS 350 ol )0 b o
S ygilen il o BB 55 5, Sl oS 5,5
= Yo BV godS o ddlais L5 e aed e lis ¥ S
ol aBl drwgi s (S35 B oS pl g wlad S 51,8 6l
)b)’_gra“_d@\ﬂa' [ ;A_la.lsl_,py»u»%c\iuluw
Sy 5 bwgie polie 4y dx g b1 0gd o osalive yaud Blyb
=a gy s b o Jome dthie clbSB Sagl Sy (g9,
I gy gl STy L) o9 (Sialon (F JS3) (59 s
aibaio 1) wedlS  Sngl ug, ¥ S (Y JS3) )b Sy
lre Gl bl laSh pedls clale add pl jo amd o lis
e S (25l fre cpinn ) alols il g s
slaSs cUle oS s o lis (F JSK) puosls” STy aids
P‘LE’LE’ o0 . (§0394we )y (]olm )JLMBML_QI)]D‘ ).))dﬁa_l.a
gl wgio g0 s dsdng LIV .ld S |36l o VB -/
yols Jlo p adhio claSs Sogll s SB 5 eSSl
F 22 9 2)F Caow ) D (Sgpday 4 429 L s (2>
2 edlS G plod g g Jdxe slaculd o8l g dalais

&be

p9d oled ep)loz A (b @lio 9 (65)gliS pole Al ool dilate

S cmyte i o8y )bl o 5 5L ola Cungouns § 0w madgplio NYSY e ) paislo -

oo YOV (S ol Ll (S Jlol) ¥ (g ytoghs IYAD .z (ghoze —F

Ao (IR s ¢ Jgl Gl 5 Lz Sl NYYY g 0dly Llag 2
6- Amini M., Afyuni M., Khademi H., Abbaspour K.C., and Schulin R. 2005. Mapping risk of cadmium and lead
contamination to human health in soils of central Iran. Science of the Total Environment. 347: 64-77,
7- Bolan N.S., Adriano B.C., and Mani P.A. 2003. Immobilization and phytoavailibility of cadmium in variable charge
soils. Il. Effect of lime addition. Plant and Soil. 251: 187-198,
8- Chen T., Xingmei L., and Muzhi Z. 2008. ldentification of trace element sources and associated risk assessment in



VO L S 53 moslS g 595 e Cdalé (g5lol oy Jukoni g 1 35

vegetable soil of the urban-rural transitional area of Hangzhou, China. Environmental Pollution. 151: 67-76

9- Gilmor, J. T. and Kittrick J. A., Solubility and equilibria of zinc in a flooded soil. Soil Science Society of America
journal. Am. J. 43: 890-892, 1979.

10-Golden Software Inc., Surface Mapping System, Surfer 7.02, Colorado, 2000. Gonzalez, A., Taboada, M. T., Vieira,
S. R., Geostatistical analysis of heavy metals in a one—hectare plot under natural vegetation in a serpentine area. Soil
Science. J. 81: 469-479, 2001.

11-Hooker P.J., and Nathanail C.P. 2006. Risk-based characterisation of lead in urban soils. Chem Geol. 226:340-351.

12-1ssak E.H. and Srivastava R.M. 1989. An introduction to applied geostatistics. Oxford University Press, New York,
pp. 540-565.

13-Jiachun S., Hazian W., Jianming X., Jinjun W., Xingmei L., Haiping Z., and Shunlan J. 2006. Spatial distribution of
heavy metals in soil: A case study of Changing, China. Environ ment al Geology Geol, 10:245-264.

14-McGrath, D., Chaosheng, B, and Carton, O. 2004.Geostatistical analysis and hazard assessment on soil lead in
Silvermines area, Ireland. Environmental Pollution, 127:239-248.

15-Mohammadi J. 1997. Geostatistical mapping of environmental soil hazards. Ph.D. Thesis, Gent University,
Belgium. pp. 196

16-Oliver D.P., Hannam R., Tiller K.G., Wilhelm N.S., and Merry R.H. 1994: The effects of zinc fertilization on
cadmium concentration of wheat grain. Journal of Environmental Quality, 23: 705-711.

17-Rodriguez J.A., Nanos N., Grav J.M., and Gil L. 2008. Multiscale analysis of heavy metal contents in Spanish
agricultural topsolis. Chemosphere, 70:1085-1096.

18-Pannatier Y. 1996. VARIOWIN: Software for spatial data analysis in 2D. Statistics and computing series, Springer-
Verlag, Berlin.

19-Shin N.J., Cailes J., and Peneffen M. 2000. Determination of spatial continuity of soil lead levels in an urban
residential neighborhood. Environmental Research, 82:46- 52.

20-Sposito G., Lund L.J., and Chang A.C. 1982. Trace metal chemistry in aird-zone field soils amended sewage sludge:
I. Fractionation of Ni, Cu, Zn, Cd, Pb in solid phases. Soil Science Society of America journal. Soc. Am. J., 46:260-
264.

21-StatSoft, Inc. STATISTICA, (data analysis software system), Version 6.0, 2001.

22-Xiangdong L., Siu L., Ewnzhong S. 2004. The study of heavy metal contamination in urban soil of Hong Kong
using a GIS—base approach. Environmental Pollution, 129:113-124.

23-XingMei L., Jianjun W.V., and Jiangming X.U. 2006. Characterizing the risk assessment of heavy metal and
sampling uncertainty analysis in paddy fields by geostatistics and GIS. Environmental Pollution. 41: 279-289.

24- Zimdahi R.L., and Skogerbo R.K. 1997. Behavior of lead in soil. Journal of Environmentol Science and

Technology. Sci Technol, 11:1202-1207.



Journal of Water and Soil e (5353US ol g pole) S5 3 of 4 i
Vol. 23, No. 4, Winter 2009, p. 67-76 .g:)é’,i/}@, FY-VF .o APAA lisms) oF o lo YY ol

Geostatistical Analysis of Pb, Zn and Cd concentration in soil of Sepahanshahr
suburb (south of Esfahan)

M. Dayani’ - J. Mohammadi®* - M. Naderi®

Abstract

Generally heavy metals exist in all soils, but soil pollution is rising by time due to human activities. Soils in
the proximity of mines are more pruning to pollution of heavy metals due to mine exploring and excavation. This
research was carried out to evaluate the soil pollution of Sepahanshahr Suburb with Pb, Zn and Cd. During a
field work campaign 100 soil samples were selected randomly from 9000.ha area. The soil samples were treated
with 4 M HNOs. Total amounts of Pb, Zn and Cd were measured using Atomic Absorption Spectrometer. The
results indicated that concentration of Pb and Zn were beyond the defined soil pollution thresholds (<50 ppm and
125-150 ppm for Pb and Zn, respectively) but of Cd was below the threshold (1.5-2.5 ppm). Therefore, physical
development of the town towards the three studied mining sites, agricultural and mining activities should be
seriously taken into account based up on environmental regulation and standards. Analysis of variograms
showed that structural component of spatial dependency dominates randomized component and the range spatial
dependency was 3.3 km for all three elements. Spatial distributions-of Pb, Zn and Cd were mapped using
ordinary kriging. The kriging estimation variances for all‘three elements were calculated and delineated; the
delineations indicated that variances were arised in the margins of the study area and in between the samples
where, the density of sampling decreased.
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