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Background and Objectives: Due to the importance of soil quality in life
and the environment, various evaluation methods have been proposed to
describe the effect of pollutants such as heavy metals on soil quality. In this
study, we evaluated the quality of the soil around the Zanjan lead and zinc
complex located in Zanjan city by using the mathematical model of the
improved weighted index and compared it with the results of Nemerow
index and pollution load index.

Materials and Methods: In this study, the results of 71 soil
sampling stations around Zanjan lead and zinc complex, located in the
northwest of Iran, by inductively coupled plasma emission
spectrometry device for reading the concentration of heavy metals
Lead, Zinc, Arsenic, Cadmium, Thallium, Barium, Antimony,
Vanadium, Cobalt, Molybdenum, Nickel and Copper were used. Soil
acidity was also analyzed. This approach assigned weights to different
heavy metals using statistical tools, including hierarchical cluster
analysis and principal component analysis, while calculating the
improved weighted index. The result of the index quantitatively
determines the amount of pollution.

Results: Based on the improved weight index, 19.9% of the samples
were in moderate pollution, 4.2% were in severe pollution, and the others
were without or with little pollution. According to the pollution load
index, 5.8% of the samples are in moderate pollution, and 2.8% are in
severe pollution. According to the pollution index, 19.9% of the samples
are in moderate pollution, and 42.2% are in severe pollution. Comparing
the results obtained from the model with the weighted improved index
with the pollution load index, the correlation value is 0.907, and with the
Nemerow index, the correlation value is 0.701, which indicates that it is
closer to the pollution load index. The results of the improved weight
index showed that the heavy metals Zinc, Lead, Cadmium, and Arsenic
are of anthropogenic origin and as a result of the industrial activities of
the Zanjan lead and zinc complex. While heavy metals Barium,
Vanadium, Thallium, Molybdenum, Cobalt, Copper, Nickel, and
Antimony are of earth origin.
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Conclusion: The results showed that the improved weighted index has a
good match with the previous indices and can be used in broad ranges. It
also overcomes the shortcomings of the early indicators and can be used as
a new model to evaluate soil pollution and soil ecological risk. This index
can be used to identify and determine possible sources of pollution.
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3- Sabkha sediments
4- Pollution Load Index, PLI
5- Nemerow Index, NI
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1- Principal Component Analysis, PCA
2- Hierarchical cluster analysis, HCA
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1- Improved Weighted Index, IWI
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3- Ward's method
4- Kaiser-Meyer-Olkin, KMO
5- Kaiser
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Figure 1. Geographical location map with sampling points and Geology map of the region
(geology map with changes taken from the 1:250000 map of Zanjan) (36).
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Table 1. The range of IWI index changes.
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Table 2. Introduction of the indicators used with classification and sources used.
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a=,3 PLIZo UL df:)ﬂ a>,5 Y <PLI<o ‘éf:)ﬂ
b 1
Y 5200 pLi= (G Gy (G (48) £A PLI
1>PLI is a low level of pollution, 2>PLI>1 is a Lo c Cy
medium level of pollution, 5>PLI>2 is a high level
of pollution, 5<PLI is a level of very high level of
pollution
(531 o me 53 IV <PN Y (S5 J1 156 PN v
530l Gl Y<SPNSY (5 S5 1 o \<PN <Y
W S o PNSY (o iz = /m 24) vt PN
0 S35 o PN2Y o e PN A (24)

0.7>PN unpolluted, 1>PN>0.7 exposed to
pollution, 2>PN>1 low pollution level, 3>PN>2
medium pollution level, 3<PN high pollution level

s N 5 wor o 3w 5 4505 Sbt 53 513 il € 5 Cf coom o 55m0 5 S Wpe 53 o jaie Jie Ry 5 Roonp 35 Jals, 53
2l e S0 Lasli Sllis p 5 e Prmax 5 onobe P oSl LoVl
In the above relationships, Rse and Ry, are the amount of the reference element in the soil sample and the reference

sample, % and ¢} are the metal concentrations in the soil sample and the reference sample, and N is the number of
pollutants. p average and py,ax are the maximum value of single pollution index
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Table 3. Results of descriptive statistics of soil samples, Iran standard and average concentration of metals in
the earth's crust (elements in part per million or milligram in kilogram).

chle Sl o
- . 1) Sl pads g b . . R 2158 sled s
3 g 53 "ol sl “f;*"" J;’ oSl sl Bl UJJ;l ) S Sl
; Iran Standard Coefficient o Average Max Min Symbol o Heavy Metal
Average Concentration Variations metals
in Earth's Crust
1 Sl
1.8 17 112 14.8 100 4.6 As
Arsenic
1 r-i)lﬁ
340 500 16.3 488.6 687 274 Ba -
Barium
OA
102° 4 7.9 9.7 11 083 Mo Ot
Molybdenum
25° 50 43.1 30.2 55 6 Ni I
Nickel
Y
0.2 3.9 155.1 0.92 101 016 cd £
Cadmium
1 B
55 63 65.8 27.7 146 3 Cu
Copper
o "‘T
15° 20 186.5 2.2 27.9 0.82 Sh M
Antymony
142 300 196.5 56.1 768 7 Pb -
Lead
§]
130° 130 29.6 108.3 220 54 % £
Vanadium
£
0.52 0.9 22.07 4252 6605 2511 TI
Thallium
752 200 86.3 138 791 52 Zn 0
Zinc
s
251 20 20.1 10.3 15 6 Co )
Cobalt
Slas
- - 5.4 7.4 8.2 6.9 pH <
pH

Ol gl Sl g sdames sl oy Cowslass 5l Chli= g (VSPH) St SaVT sl ds gl eddall 5lkkul ©
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* The standard provided for the soil pollution threshold limit (pH>7) for environmental protection by Iran's Human
Environment Deputy, Water and Soil Office, 38, 392, 40° and 413
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Figure 2. Distribution of heavy metals around Iran's lead and zinc company (red points indicate the range
above the threshold based on Iran's standard provided for environmental protection).
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Table 4. The background concentration calculated by the geometric mean in this research and its comparison
with the results of other researchers (results in ppm).
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Figure 3. HCA method for 71 sampling stations.
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Table 5. Varimax rotation for each cluster calculated from the HCA test on the samples of the studied area.

(Third cluster) s 425> (Second cluster) 5> 43 = (First cluster) Jl & 5=

S st st st st st st st s st s e

eoler p 3 £ Jos plex po £33 Jsl fe £33 Jsl Variable
4factor  3factor 2factor 1factor 4factor  3factor  2factor  1factor  3factor  2factor  1factor
oy i
2.1 2.6 2.7 3 1.1 2 2.8 3.8 1.7 35 43 R e
Eigen value
) s
17.7 21.8 23.2 25 9.7 17.1 23.4 31.9 14.6 29.7 36

Variance (%)

ool

87.9 70.2 483 25 82.2 725 55.4 319 80.4 67.7 36 () (oraes

Cumulative
variance (%)

0.166 0267 0426 0833 0026 -0.102 0039 0870 -0.140 0788  0.248 As
-0.353 -0.833 .0060 -0.185 -0.006 0085 0772 0241 -0.056 0247  0.870 Ba
-0855 0065 0191 0020 0488 0033 0449 0494 0200 -0.214 0.803 Mo
0123 0909 0238 0181 0096 0809 -0.355 0.188 0448 -0.155 -0.798 Ni
0.149 0246 0221 0925 0005 -0.083 0023 0982 0141 0918 -0.239 Cd
-0037 0008 0867 0201 0034 0740 0295 -0.102 0702  0.143  0.082 Cu
0.054 0297 0888 0258 0954 0051 -0.061 -0.057 -0.348 0467 0.154 Sb
0.031 0315 0866 0281 0032 0157 0038 0941 -0128 0930 0.300 Pb
0.634 -0.001 0222 0498 0035 0004 0871 0108 -0.041 0015 0.934 \Y
0310 -0.811 0246 0288 -0.054 023 0909 0036 078 0055 0.940 Tl
0.000 0197 0211 0928 0053 0075 -0.008 0935 0165 0935 -0.078 Zn
0.837 0285 0139 0107 -0.046 0.860 0416 0141 0896 -0.109 -0.114 Co
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Table 6. Weighting of heavy metals in each cluster based on the calculated factors.

55 J“‘”")\" Slids oL Jiéu-‘ W<M.e J.Le ‘5..‘.] 059 Slde Lm)j.:su i
. Relative Loading Heavy Relative
Weight loading value value metal eigenvalue™ Factors Cluster
0.098 0.213 0.870 Ba
0.091 0.197 0.803 Mo il St
0.105 0.228 0.934 v 0.462 1’F’ :
actor
0.105 0.229 0.940 Tl
0.061 0.133 0.541 Sb
0.083 0.222 0.788 As Jsl ad st
0.096 0.257 0.918 cd 0376 053 55 First Cluster
0.098 0.262 0.930 Pb 2 Factor
0.097 0.259 0.925 Zn
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SB
0.07 0.437 0.986 Co 0.162 fo~ 2
0.035 0.219 0.448 Ni 3 Factor
0.091 0.234 0.870 As
0.103 0.264 0.982 Cd 0.392 Jdsl S0
0.099 0.253 0.941 Pb 1 Factor
0.097 0.249 0.935 Zn
0.073 0.254 0.772 Ba
0.082 0.287 0.871 \Y 0.289 033 S
0.047 0.163 0.449 Mo ' 2 Factor 055
0.085 0.296 0.909 Tl Second Cluster
0.096 0.366 0.809 Ni
SB
0.063 0.308 0.740 Cu 0.206 fr- o5
3 Factor
0.073 0.365 0.860 Co
SB
0.113 1 0.954 Sh 0.113 Shsiiad
4 Factor
0.089 0.311 0.833 As
ISt
0.099 0.344 0.925 Cd 0.289 o
1 Factor
0.099 0.345 0.928 Zn
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<6
0.087 0.388 0.888 Sb 0.259 02 0 e 4y
2 Factor .
0.085 0.331 0.866 Pb Third Cluster
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0.25 1 0.909 Ni 0.25 el
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Table 8. The range of heavy metal pollution in the region based on indicators (in percentage).
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