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Ag Al As Cd Cu Fe Mn Mo Li Pb S Sh Sc Zn CaCOs OM

Ag 1.000

Al 578" 1.000
As 456" .164 1.000

Cd 627" 537" 492" 1.000

Cu -.262 -094  -440" -537"  1.000

Fe .300 .586™ 127 425" -.178 1.000

Mn .581™ 712" .361 592" -.247 .832" 1.000

Mo -.315 -.342 -.244 -.614" 525" -.100 -.199 1.000

Li -.399 -.554" -.179 -.659™ 277 -.234 -.389 .456" 1.000

Pb .524™ .135 .684" .616" -.546™ .169 341 -.239 -.199 1.000

S .076 421" -.544" .028 .302 451" .320 151 -.194 -.302 1.000

Sb 579" .288 .565" .693" -447 .083 .301 -.325 -457" .595™ -.135 1.000

Sc -.289 -.428" -.590™ -.324 .046 -449° -689" -.049 .229 -.273 114 -.252 1.000

Zn .369 515" 461" 577 -.462" .650™ 703" -.382 -.086 412" .010 .278 -.485" 1.000

CaCOz .133 -.483" .375 -.184 141 -.384 -.213 .305 .367 .095 -.526™ .097 -.149 -192 1.000

oM .160 291 117 .229 -.054 375 468" -.385 -.402 .003 .030 .110 -.264 .230 -.300 1.000
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Abstract

The purpose of this study is to estimate the spatial and geochemical distribution of heavy metal
pollution in soils around the Khatoon abad copper smelter located in east of Shahre babak, Iran.
Elements were chosen based on geology of region and also copper smelters potential for
pollution. Total metal concentration in samples along with soil physicochemical properties were
determined. To assess the quantitative severity of pollution, geochemical indices such as EF,
Igeo, Contamination factor and polluted load were calculated too. The results revealed high
contamination for arsenic, considerable for antimony and silver and moderately for cadmium and
copper. Sequential extraction and multivariate statistical analysis were done to determine the
origin of elements based on increasing distance from source of contamination (smelter). The
results showed that the highest concentration was observed in samples taken from a distance of 1
kilometer of the smelter specially in the north east (prevailing wind direction) and the
concentration will decrease when distance from the smelter and the depth of sampling increases.
According to the analysis of the dust emitted from stack of furnace, the source of elements silver,
arsenic, cadmium, copper, molybdenum, lead, sulfur, antimony and zinc is anthropogenic.
Elements Al, Fe, Mn, Li and Sc showed a constant trend with increasing distance from the
smelter and have low concentration in dust and concentrate, so they have geogenic origin. Since
the study area is located in porphyritic Cu-Mo mineralization region, and also according to high
concentration of these elements in dust and concentrate, Cu and Mo probably have two origin,
anthropogenic and geogenic. These results have been proved through sequential extraction
procedure, too. So that elements As, Cd. Zn and Pb were bounded to non-residual fractions while
Cu and Mo were associated with residual fraction and primary phases. Finally to prepare spatial
distribution map of elements, the discrete and ordinary kriging approach was used in GIS.
Calculating the interpolation stimate error showed the most appropriate approach for spatial
distribution map for Cu, Cd, Mo and Zn is ordinary kriging and for Pb and As is discrete kriging
method. Spatial distribution maps showed a decreasing trend for concentration along with
increasing distance.

Key words: copper smelter, soil pollution, sequential extraction, Khatoon abad.
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