AT sle 5 o lods «pOZ 0 090 (s ) Lo ($3909T 9 pole

S 50 alw O3 Cdald Sundig cux Sl QLugss B9 4w lie

Fow 9 Ol Ol g X
Vo .
S (WS
Mgl 1 )
rmirzaei@kashanu.ac.ir
AFMNNE: G0 pdy &, AF/A1Y edl yo g ,b
ouusy

S Sl ey Sl 50 S (o g el mhans Lo 50 (caen 535S celin (b (9,8 by, Pl 1 BAB g Ao
“059) 2B @ e (ol Bas s,y cnl L 0ed it s mls a4 e Wi oo (2l gy Hite lo By, 97 d9d o0
Lol sl S 53 e 5 55, pesls Shle g6 65N e )0 2Losyd ilie o

Lo dige )3 o 9 (595 cpsrpolS Cale g ud (g yglann JFaun g ol i s 5l (xbaw SIS Lgei VYO ggomma ;0 1 om )y (9
2z alols ugSae (23059 S S5 glyene Sz S Bl ol )0 Alide gl g, ookl b e 10005 (e
g Blite b)) b o3y JSawp 5 ol Gl et srlaw S 0 polie clile JlSp Slfs (gelad b wly 5 ose slalox
ool Loy, i jsiie 4 PBIAS 5 NSE .RMSE MBE MSE slao L]

9y 9 e 9 papols e 55T sl S e LIS ()5 Je) @gare S8 gy Jlie (b))l 3ok Haasdly
$®3039 Ol GRIRIL yzen oy ddlaie (] S 0 (g5, e °)9Tﬁ Sl @B e Glhls (el Jow) (glgene Sz S
elS obogyd o (55, pate slp g GRIB Lbogyd oo e g ppls polie ln (LPD (s sz iz s, 50
S35 poedls polie ln b gy cono (IDW) alols GugSan (23 035 (39, 0 (83039 Ol Gt l3dl b a5 Jlo s sedly
28l Gl e paie sl 5 a8

o atls 4 azx g b Lol wogy lils (nSiloe cale i iy Como sl oud 03503l sla by, ples ax ST 16 S A 9
el b gy b ar S (e O Shes Sz S g, bl (L)

Jaw s O‘)T S Ol38 (S ‘;‘59” ‘)Lniw)‘ (S 2byg,o (eols slacily

Olpl = olals L Lals ol&isls ¢ e pole g M@L& PRUSR NG FVE IR W b8 Gyl -\
3- Inverse Distance Weighted


mailto:rmirzaei@kashanu.ac.ir
mailto:rmirzaei@kashanu.ac.ir

J.Env. Sci. Tech., Vol 19, No.1, spring, 2017

Comparison of Spatial Interpolation Methods to Mapp Heavy
Metals Concentrations in Surface Soil of Aran-O-Bidgol City
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Abstract

Background and Obijective: Selecting a suitable interpolation method is a main factor of surface
analysis and it is a difficult task in geostatistical analysis since different methods of interpolation can
result in different surfaces and ultimately different results. Hence, the aim of this study is to evaluate
the performance of different interpolation methods in determining the spatial concentration of Cd, Zn
and Cu in the Surface soil of Aran-O-Bidgol City.

Method: A total of 135 surface soil (0-20 cm) samples were collected in the study area and the soil
heavy metals concentrations were determined. The spatial distribution of heavy metals concentration
in Surface Soil of Aran-O-Bidgol was evaluated using different interpolation methods including
ordinary Kriging, CoKriging, Inverse Distance Weighting, Local Polynomials and Radial Basis
Function. Cross validation and MSE, MBE, RMSE, NSE, PBIAS were applied to estimate their
accuracy.

Findings: According to the results Ordinary Kriging (spherical model) had the best efficiency for
estimating Cd and Cu concentrations and Ordinary Kriging (exponential model) had the best
efficiency for estimating distribution pattern of Zn concentration in the soil of this region. The weight
parameter has a significant influence on the accuracy of interpolation. The higher the order of local
polynomial, the larger the accuracy of cross validation, whereas, the greater the weighting power of
IDW for Cd and Zn, the greater error and larger accuracy of the interpolation will be for Cu.
Discussion and Conclusion: Although all of the considered interpolation methods had a high
prediction accuracy of the mean content for soil heavy metals, but taking all cross validation indicators
into consideration, Ordinary Kriging (OK) method shows a generally better performance than other
methods.
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Figure 1- The location of study area in Isfahan Province and the distribution of the soil samples
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Table 1- Descriptive statistical summary of the total concentrations of Cd, Cu and Zn in the topsoils of Aran-O-
Bidgol (n=135)
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Table 2- Cross-validation performance and the best-fitted semivariogram models and their parameters for soil

heavy metals

St S | (glaztad | o oG el | e | glaskad B | bilp Joe | ke
RSS R? | CICy+C

S S & (%0) X"
Y ofe e VFE | -2 -4 TYEo- [+Y- [N 8955 el
$sd ey VYA /A NLE Y- SAYE [oo N b 35
S8 oY JeYs | oAy -/a4 VEq. - J£59 [oo &osS o
o/o? o = ] [ P

1 [
Q/OA

3' 0

1 Mo, A ( (Pomsls)

3 63))
0/0Y
0/00

(yalaLold

(ol




Y4

e CdBle g0 Ay e G (Db (39,0 L g Lo

(L S
b ,
b (o)
LY
o
PO T T TR 7Y
(sl

T S 50 (o 9 (53 pgaedls polie cdile o, glalod yuudd - S5

Figure 2- Experimental and fitted variogram models of the concentration of Cd, Cu and Zn in the surface soil
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Table 3. Correlation coefficient matrix of variables in the studied soils
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Figure 3- Spatial distributions of Cd, Cu and Zn concentrations (mg kg™) in surface soils of Aran-O-Bidgol

G 2lly Gy G s gole Kz, S a5 s (SS
P el S (Sogll IS aig; cghy skt
90 S S5 b e 5L congll bl luliss G
Sy g glo glo alofga) S (Sogll (e Dlogas
S sl Lt 0SSty e 6y B0 ] (e
@ lamt plubid L asa las Glls b 0950 gubs ples
b 00 S 4 (S lasl wls oad o)l adlate lgie
Sl sl Collad g npebs dige; 45 55 oo olgiiy il
iyl S Sunbad pae 09 i85l 50 (6 S e 5l (IS
283 o &5 95 lone 5 b gl 5 Baae ol
pas s & gl adhie )3 in )l piged cnlple (TO)

oalawl obiygye oy, ples lo a5 ols lid dslllas oyl
€595 5 oo cpedlS Sln (Jgeme Sz S s c0ad
e s L byl (o> b S 50 5 e (e
&l casdllas ol jo oolaiwl 550 (o9 )V F o 5l ol oo
Sz S Sl gy i 4 eme 5 S5 spsaedls polic
alols yugSas SR 099 (f a>,9) - &) o> RVES

rolie (ol Gl 09,0 S |y ess (el (V)

Sz, S55 Sy s ol 5l el css @ @l Gl
ol ooy plis s oL adlas 8,90 polic sl
Shoy e Gl 4o oad osliiul sl g, (e Sl aS s 5k
raie Sl g pam 45, 40 e 5 S9) rebie sl S S5
S99 aSbxl 5l Cowl 48,5 )15 3145 50 pgaedls
gy <83 gl el Wiy oo b ite (o YU (Ko
PSS S gy exd @D s sl Siom S8
S50 S et G Cipnd (Krod Wlg3 oo aalllas o
eess a0 B in, <5 55 & (FF (1T) a3l el
b il e o wiges Sledlbl 4igSe a5 S o
430 ol (S (2l 09,0 8 g oo frud Ay
Shet 5 Sl
Sy Jyans Stm,S (VD) ano o ol |, SB Elpogas
30 S o baw 1) o Sledbl Gl e a5 ol (6,58

Sl Gpnd e bL3,1 a5 Y (6 53y s b clagl

SR e B85z b 09,0 )

Sono (V7)) ol 5 teg i (bt oole Seomm S (s5lup 5
b 0 Blalble )l el s ogeie (Sbiygye
SB Sogll 3l 4t gly Lol Bus 55 S o s

009l Gblis luliss § S Sogll SlSe 655l ulow
G Ot @l Fosll e (55T ko Baa o o

w5l @B b Selas b S Sogll IS SlSe s,

3780000

3770000

3760000



oL g (o5 me Al g,

A8 e VY 0 louds ot j wmo (558)9550 9 pole \FE

AYAP orb mlie 5 55,5LaS 0538 5 psle alns
AY B VA Sl Fe o jles

ojs—lﬁ Bl g e Sloy deme ol L bl Y
oolizl b 5 T oole oS 4y S IS &5 e
— Sz S g Sz 85 «Soam,S sl s,
WS o 2155 2l 5l 50 50 3em S
b b 5 (55)5LaS pole alome LS (Leul
AY B YA Slxan A F ol VAP

(Sieibilgi) Jlalirea ol (o o SL (G Y
i OYVY g olEtils ol ezl ool ol
ARy

4. Mueller T.G., Pierce F.J.,
Schabenberger O., and Warncke D.D.
2001. Map quality for site-specific
fertility management. Soil Sci. Soc.
Am. J, vol. 65, pp. 1547-1558.

5. lIsaaks E.H., and Srivastava R.M.
1989. Applied Geostatistics. Oxford
University Press, New York.

6. Hengl T. 2007. A Practical Guide to
Geostatistical Mapping of
Environmental Variables. JRC
Scientific and Technichal Reports.
Office for Official Publication of the
European Communities, Luxembourg.

) oSy (ormlogb 7 )lue Suty (WBIT LY
b9 il o e dole 5 b el v LS
rolis a5 et Suz bl sy sl
SibiS (2l (B o adsl Graey ol
AR S TP 1 Py [ KPR RN GOV S CoW
YA =Y Slio o) o lad VY >

(S g 5 p esdlez B ol ) e isogeme A
Sl bl ey 9y iz @I alie
wys o S (Sl (Shy (S e
ojled oJgl Jlo ¥ S 5 O mobe bl

YY -2V Slran F

5 Blyoul g Uas ol o i sllo o g,y ol il las
b omioren . Wog 550 polie (ed Sln Coo (S
Sl imdge ez wizx g 5 (80 G OlF P
rare lp g Gl ob (9)d Some e 5 paredlS pobie
Ol Gl b aS Jlyo il el b (ys,0 oo s
b 050 Somo ol ugSae (20 (155 (B9, 5O (BI0)s
IRl e pate sln g Sl S5 9 peeeslS polie sl
BOMT&:MQ Gl a8 )T O g0 anlllae 4y axgi b .28l
SIS ol o s sle gl il el @i b of alie
(o gore Siuzm S ) oga S 2l sy b, &5
AL g Wleys3  polasl LIS (025 50 gk 25 )
e 635 praal 6l clio 5)l5l Wl oo Jol> slo
b 090 ceslie gy Sk all s5UsS sla i 4o
@l dibie Jolse 5 piie g5 4 ite So 050 50 SIS
S 3 e g, Ol 5 0 (K o 85k
G ogd oo drogi bl jo . ol puosd Bblie plu 1) dilais
(o5 5 sy, wile i gb sy sl by, ple 2L
Ty 53 e~ 38 gl phepgp (SEghas (orasaSd
bl slaws il iz 05 oolaiwl ae (sl it (guy
eSS 50 dipe Cile 0 )91 caliie (sla ) g (6,1 paiged
solitul ST slo  idgh 0 onSow Olls & engll bl

O g

Sl Pl
A NVAVY o)l & ctimgyy mob j id asllle oy
ot el (INFS) 008 o) Stegsy 5l colom Ggaio
Sy Il 598 Gl Raegh Sl Calex Gguie jl alews

DY s

&L

IR d‘L_sJL")"’s |LJ’" ‘k.':"?"‘ oo c‘srLo).\.oar.a A
30 paiS 0 Slas s S Cleogar S Dl s

Oled8 sl MG s (25 2L ) s



)

e CdBle g0 Ay e G (Db (39,0 L g Lo

15.

electronic in agriculter, vol. 50, pp. 97-
108.

Li X.Y., Liu LJ., Wang Y.G., Luo
G.P., Chen X,, Yang X.L., GAO B.,
and He X.Y. 2012.

assessment of

Integrated
heavy metal
contamination in sediments from a
coastal industrial basin. NE China,

PLoS One.

AYAD ‘;YJJ s @l&o )Lc] (S FRgdy T (SO RY4

(Secaslinlgss) ety . ol e oS

aao N YAP

sl by byl - Jeely 9 esesS wp e

XOY aan «©9S J.1>

AY

Ol oBasls @l jlasil (pge Sl
AR

AA

e ptalen (gl oblig b s o (e
olodsaw! ¥ s lamo 55, 4ol g cbila>

19.

20.

21.

P obely el

[CadP

Ava)

Ruppert D.1996. Local polynomial
regression and its applications in
environmental statistics.

School of Operations Research and
Industrial Engineering, Cornell
University, New York.

Carlson R.E., and Foley T.A. 1991.
The parameter R? in multiquadric
interpolation. Computers and
Mathematic Apply, vol. 21, pp. 29-42.

5 €8Oy o oab“sﬁj‘ Yy

B by g 1 (g0 o B (0500

Slyaesd el Sz G5 2b 09,0 sy,
s deaipi sle ol A5 gla Sy S
Ol olopsel (pwsige g pole ala . ylxind,

Ve b ST Slomio o oyleds ¥ Jlo A YAV

23.

Zhang X.Y., Sui Y.Y., Zhang X.D.,
Meng., and Herbert, K. S.J. 2007.

.C‘5l..>.~>)5|..\55).C‘)'L';.om“‘a.ua‘o)éd}wy
ok 0 Glelinme; la S pmess (S IS
S SBaS sl (Sl )led o g

10.

11.

12.

VY SOV Sl (¥ o)l

Panagopoulos T., Jesus J., Antunes
M.D.C., and Beltr J. 2006. Analysis of
spatial interpolation for optimising
management of a salinized field
cultivated with lettuce. Europ J Agron,
vol. 24, pp.1-10.
Chen T.B., Xie Y., Lei M., Yang J.,
Guo Q., Song B., and Zhou X. 2011.
Spatial distribution of soil heavy metal
pollution estimated by different
interpolation method: Accuracy and
uncertainty analysis.
vol. 82, pp. 468-476.

Jiachun S., Haizhen W., Jianming X.,

Chemosphere,

Jianjun W., Xingmei L., and Haiping
Z. 2007. Spatial distribution of heavy
metal in soil: A case study of
changing, China. Environ Geol, vol.

52, pp.1-10.

z - ‘a“sxjij.asc . ‘a‘ul.uxera “ fgd‘& m)‘)')BJ AY

sebate & 6)“():‘} sisy & p 2 amlic

2l 3o gdaen; yolie S (1S, o)y

Qi olaed el 1 (60,90 axlllas) (55,5l

A oled FY s VY S g o Ll
A =V Slio
Robinson T.P., and metternicht G.

14.

2006. Testing the performance of
spatial interpolation techniques for

mapping soil properties. computer and



Ohes 9 (2ljme dl z9,

5 las VY 0 Lo anns ) Lrazmo (5590955 9 pole \FS$

ffU

31. Lado L.R., Hengl T., and Reuter H.I.
2008. Heavy metal in European soils:
A geostatistical analysis of the foregs
Geochemical database. Geoderma, vol.

148, pp.189-199.
Jelo g 4525 - o syl g g s oSS
=SB0 pgedlS g (59 oy ile (g lel e
Oldal g o @ly b labw ass> la
AYM (555188 @lio 5 pole) S 5 Ol g2
V5B SY Slmio oF o)l (YT ul>

(o983 e O (6l e & Ol o J e saSTas
e Ol3lE Clale gunargy - TealelS g e
0397 pjdw sla SL3 S5 5 SIS ey S

5 GIS (elas5lis 5l ool b oed oyl 5]
alo 5 65yslaS b 5 pole alme Ll
lads N0 Jlo AT SL g Ol psle o oaibs
YOF L5 YFY i DA

ool @355 0 0500 5 @ cshomme w5 w350
slojlail glo WS )3 S polie (S (Sl g
dre o el et opr (e S ol
Teoalr VAT (SB ol cblis glaiagy
YY B Slris oY ojlads

bl el g p Bl bl el
Selaien Salaw sl o Ll ae lais,
Cuid ol ol cuty 5 ol ol Gblie 0 S
S AYAYolnl 65)0leS pole aloms Gl
AY L) Sl o) 6ylads TD

5P ol (2 ep (aobine cp g s K (5 e
)

Cslel ey sle 35, 9,5 b S Sliogas

P r G5 @5 o)

(ULl g celyy o ( Saisle 5 Siagh ale
A B YYY Olxaw A o)Lm;": AYAY

Yy

Yy

AR

Yo

Ard

24,

25.

26.

27.

28.

Spatial ~ variability  of  nutrient
properties in black soil of northeast
China. Pedosphere, vol. 17(1), pp.19—
29.

Cambardella C.A., Moorman T.B.,
Novak J.M., Parkin T.B., Karlen D.L.,
Turco R.F., and Konopka A.E. 1994.
Field-scale  variability of  soail
properties in Central lowa soils. Soil
Sci Soc Am J, vol. 58, pp.1501-1511.

Paul D.W., Peter F., Florian W.,
Shamita K., and Karl S. 2012.
Comparison and evaluation of spatial
interpolation schemes for daily rainfall
in data scarce regions. Journal of
Hydrology,vol. 464-465, pp.388—400.
Silvio J.G., Jonathan AL., Dennis
W.H., Yann P., Jean C., and Jacques
G. 2014. Mapping soil hydraulic
conductivity and matric potential for
water management of cranberry:
Characterisation and spatial
interpolation  methods.  biosystems
engineering, vol. 128, pp.29-40.

Juang K.W., Lee D.Y., and Ellsworth

T. R. 2001. Using

geostatistics for special

rank-order

interpolation of highly skewed data in
heavy metal contaminated site. J.
Environ. Qual, vol. 30, pp.894-903.

2 e Ol (S G @8 s d

S sl u...ms);c\lz.o .

Older liwl s

F oyleds ¥O ol Al AR (O] § S pgle)

IYF U YYY Clxao

T O T AP PP W DU IV [ SUPR,

SO - Tl 9 e isled w o udde
3 e 9095 S| ipgeesls Sl a5

e gy alxe . lildS liwl  daw S



\FY

e CdBle g0 Ay e G (Db (39,0 L g Lo

38.

Goovaerts P. 2000. Estimation or
simulation of soil properties? An
optimization problem with conflicting
criteria. Geoderma, vol. 97, pp.165-
186.

37. Xie Y., Chen T., Lei M., Yang J., Guo
Q., Song B., and Zhou X. 2011.
Spatial distribution of soil heavy metal
pollution estimated by different
interpolation methods: Accuracy and
uncertainty analysis. Chemosphere,
vol. 82, pp.468-476.




