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Figure 1- The study area, sampling location and land uses
260000 2700‘00 2800‘00 2900.00 aaaapo 3100‘00
27 e
F_J SLaiST slad g
§ 1 ity
N B S — 1 egtsis
I o0
] S ante
§ | 3T Slgw s
g ===
~
R s
8 m'ﬂ 595 9 S,
3 ) anillale s
ol e
Vb S35 b ot sosl>
g_
S [ by 5 56 9Sumo Gblio
o s
§' A siysles
N -
N - B
1S

X" d,brgﬁ\ﬁ,& bl 8l yod & d'ibdl]ao askio ‘_,wl.uwwo) AGE Y JSS
Figure 2- Geological map of the study area with the sampled
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Tablel- Concentrations of heavy metals and physicochemical properties in surface soil in the study area

o KES P Blas Sl wSbe Slre Iyl Ne SoalS (L) Ol pdS Gy g
Variable Units Min Max mean  Standard deviation Skewness Kurtosis CV (%)
‘é;’ (mg kg™t 86.3 13538  187.0 156.8 43 23.0 84
TD’; (mgkg?) 400 13575  89.6 99.6 9.3 1111 111
Lé“‘ (mgkg) 113 3525 403 31.1 5.4 44.9 77

u
Mg:f (mgkgh) 024 411 0.97 0.81 1.83 2.87 84
JI\T“ (mgkgl) 1275 8675  48.29 14.28 0.31 -0.38 30
1
r é’s (mgkgl) 70 677 236 9.2 14 3.2 39
r
A mgkgl 170 357 246 35 03 0.2 14
Co
C;"" (mgkgl) 84375 275469 16745.0 3738 0.22 -0.08 22
e
)‘,\7‘ (mgkg') 3387 1761.2  637.7 169.7 0.5 0.0 24
n
pH 6.92 7.80 7.37 0.19 -0.29 -0.27 2
EC (dS m?) 0.12 4.24 0.47 0.69 3.9 16.37 146
CEC  (cmolwkg?) 884 2727  19.01 435 -0.09 -0.71 22
o ol %) 039 680 164 1.39 22 4.4 84
oM
el (%) 190 4490 1897 9.31 0.42 0.27 49
CaCO,
;‘*I*t" (%) 19.95 7401  41.83 12.60 0.38 -0.39 30
1
b (%) 830 7340 3870 16.26 0.08 -0.95 42
Sand
o (%) 2.04 3695  19.47 8.27 0.04 -0.66 42

Clay
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Table2- The correlation coefficient (Spearman) between heavy metals in the study area

Cu Cd Zn Pb Ni Cr Co Fe Mn
Cu 1
cd  0509” 1
Zn  0.339” 0470 1
Pb 02617 04237 0.424™ 1
Ni  -0.128" -0.259™ -0.078 -0.237" 1
Cr -0159" -0.269” -0.091 -0221" 0.737" 1
Co -0.351" -0.337" -0.164" -0.174" 0.487" 0587 1
Fe -0.329™ -0.208" -0.041 -0.256" 0.451" 0599 0641 1
Mn -0.204" -0.018 0095 -0.142° 0.238" 0.2817 03627 05937 1

B O o (3 (o)1 ime” whioyd ) o j3 ()l ime”
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Table3- Correlation coefficients (Pearson) between the studied heavy metals and some soil properties

Cu Cd Zn Pb Ni Cr Co Mn Fe
CaCO; 0.2317 0212 0.189 0.045 0.12 -0.024  0.065 -0.252° -0.246
EC 0589 0649 06147 03717 -0.243° -0.214 -0.345  -0.294" -0.108
pH  -04717 -0.383" -0.331" -0.273° 0.242° 0107 0.288° -0.063 -0.153
CEC  -0.116 -0.242° -0.166 0.238° 0.389” 0.392” 0411 0171  0.115
OM 05217 05417 04677 0291° -0.074 -0.014 -0.179  0.028 0.22
Silt -0.048  -0.208  -0.114  -0.217 04177 05577 0375 0.114  0.155
Sand 0.045 0267 0.185 0246  -0597" -0.651" -0.4107 -0.228" -0.323"
Clay  -0.094 -0.260° -0.369° -0.302" 0.370°  0.223 0.058  0.111 0.334"
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1-Rotated factor loading
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Table4- The results of the principal component analysis (PCA) heavy metals examined in the study area

o dlﬁ:s\.&}o
Principle component analysis
1 2 3
S5 e 2.717 1.734 1.6000
Eigenvalue
oty >0 30.184 19.261 17.783
% of variance
i
Content
o -0.023 0.140 0.795
Cu
o3l -0.132 0.477 0.565
Cd
59 -0.071 0.854 0.064
Zn
s -0.104 0.828 0.057
Pb
Jl\T“’ 0.840 -0.162 0.033
|
P 0.890 -0.136 -0.033
Cr
s 0.720 -0.074 -0.343
Co
e 0.510 0.145 -0.445
Mn
0! 0.707 0.024 -0.475
Fe
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Introduction: Soil forms a thin layer over the surface of the earth that performs many essential life processes
. Soil has always been important to humans and their health, providing a resource that can be used for shelter and
food production. Higher heavy metals concentration within soils has beenshown to be toxic for human bodies,
since they might be broken out easily via dust or direct contact through trophic levels. In addition long term
heavy metals recalcitrance in soil results in low potential of soil productivity . Heavy metals interact
complicatedly in soil. The present study was conducted in large scale by analyzing elements Mn, Co, Ni, Zn, Pb,
Cd and Cu in soils in central lands of Zanjan province. The main objectives of present research were to
investigate heavy metals diffusion and total contamination status in soil and determination of their possible
origin using multivariate analysis.

Materials and Methods: This research was conducted in central lands located in Zanjan province (northwest
of Iran). In terms of the main land uses, study area may involve farmlands, rangelands, urbanized and industrial
lands. Study sites are totally covered 2000 km? in coordinates of 36.20 to 36.41 N latitude and 48.19 to 48.53 E
longitude. Sampling was conducted based on gridding method in randomized manner in August 2011. Urban
lands affected by much anthropogenic activities and farm and rangelands together were placed in grids of 1.5xx

1.5 and 3x3 km? respectively. Totally number of 241 soil samples (0-10 cm depth) was taken. Soil specimen's
digestions were conducted using nitric acid 5 normal. Total elements concentration of Pb, Zn, Ni, Mn, Cu, Cr, Fe
and Co were measured using Atomic adsorption device Perkin-Elmer: AA 200 and Cd concentration was
determined by Atomic adsorption device equipped with graphic furnace model Rayleigh: WF-1E. Mean
separation analysis of parameters (Pearson and spearman) was conducted using Duncan test in probability level
of 5%. Principle component analysis (PCA) and hierarchical cluster analysis (HCA) were used to classify metals
group. Achieving a simple structure and better results interpretation, data rotation in varimax type was conducted
in PCA algorithm. Before cluster analysis, data were standardized and subsequently exposed to cluster analysis
and plotting dendrogram, Euclidean approach was applied.

Results and Discussion Multivariate analysis (PCA, CA and CM) have been shown as an efficient tool to
identify heavy metals origins, helping us in better data comprehension and interpretation. Results obtained on
multivariate analysis approaches might are promising to distinguish polluted area and heavy metals potential
origin, in turns indicating soil environmental quality.

PCA is known as an efficient method to determine anthropogenic impacts on a spatial scale and it may be
essential to specify heavy metals contamination degree in respect to anthropogenic and litogenic contribution. As
it illustrated, heavy metals are categorized in three-component model framework, accounting for 67% of total
data variations. In rotated component matrix the first PC (PC1, 30% of variance) involves Ni, Cr, Co, Mn and
Fe, while the second PC (PC2, 19% of variance) involves Zn and Pb and eventually the third one (PC3, 18% of
variance) covers Cu and Cd among others. PC1 can be introduced as geological component because of its less
coefficient of variations than others, skewedness less than 1 and normalized data status. It denotes lithogenic
distribution of these metals in area. Furthermore,as above mentioned, the average heavy metalconcentrations
werefound to be less than calculated background threshold. Because of their increased concentration in soil, high
coefficient of variations and very high concentration than background threshold level as well as positive
skewedness in heavy metals, PC2 and PC3 can be defined to antropogenical components. Atmospheric
precipitation (deposition) serves as one of the main anthropogenic source of heavy metals pollution in the soil
samples near theintense transportation traffic roads, accumulation site of factories solidwaters, energy generation
process, metal melting, construction and traffic breaking out in whole area. Our results are in line with enormous
findings on farming operations as the main factor that cause changes in Cd concentration in soils. although Pb,
Cu, Zn and Cd have been shown to have anthropogenic origin inputs, however in respect to PCA analysis, the
main origins for Lead and Zn may be municipal and industrial operations specially Pb processing factory as well
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as industrial complexes. At the same time, Cu and Cd stems from farming operations as well as municipal
activities. The main municipal input origins for elements Pb, Cu and Cd include all components used in
automobile industry, batteries, engines oils, fossil fuels and construction materials (like cement).

Cluster analysis is used to classifying those samples having common and similar characteristics as well as
evaluating information obtained from PCA analysis. Cluster analysis gave the same groups. So two majororigins
can be identified. First (Cl) involves prior interpreted lithogenic elements (Cr, Co, Mn and Fe), while two later
clusters (C2, C3) contain anthropogenic elements (Pb, Cu, Zn and Cd). Many researchers believed that Mn, Cr,
Ni and Fe are controlled by parent material. In contrast, they attributed any increases of Pb, Cu, Cd and Zn
accumulation to anthropogenical operations. Cluster analysis gives the same results as derived from PCA,

enabling us to identify two major origins on which heavy metals break out hence, multivariate analysis results
confirms the presence of two different heavy metals origins within soils.

Conclusion: The aim of this research was to provide some preliminary information on heavy metals
(Pb,Zn,Cd,Cu,Ni,Co,Cr,FeandMn) contamination status in soils in Zanjan province. Metal contamination cannot
be assessed by common metal concentration test, hence useful and promising tools were applied to evaluate
heavy metals pollution. The highest level of heavy metals pollution and accumulation was related to Cd, Pb and
followed by then Cu. Multivariate analysis showed that Fe, Mn, Cr, Co and Ni are controlled by parent materials,
while Pb, Cu and Zn originate from anthropogenic sources. In the second class, anthropogenic activity did not
seem to significantly affect their accumulation which is strongly supported the lithogenicaly origin of these
heavy metals in this study.
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