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1- Contamination Factor; CF
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Figure 1. Topographic map of study area along with 85 soil (¢) sampling points.
(The numbers represent the UTM geographic system)
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Table 1. The classes of soil pollution severity based on heavy metal contamination factor (17).

(Pollution severity class)

Sa51 Jele s wals
(Range of contamination factor)

(Low) VS
Medium) law 52
(High) s

(Very high) 55 L~

CF<1

1<CF<3

3<CF<6

6 <CF

gt 53 SOl 4y ar 5 L dd ey by &35
Sld e oo osls a5 005 Jls
s Pl L ) il e 53 bl e
Ao S Jle e ool slsesls &5 &
Lot 25 < s o1l 5 eslinad b
S Sl e gad bl o LSl siasplis «S)
o Sl (Amil a Laosls il o lkia
Sheslaal L w5307 dos S e 5 ke
ot Sl ) sane Koy 55 e
W il (guls paised LG 5y atla ol slis
oslital L K l3le Sl L Laxls gdoag

. LT A
Ad g s Il S

Sla S bl w35 gloasls o 5
sl ol 4.1\)\“ d_}.l;_-)bé\x.ma.d 390 L5SL;-

2- Variowin
3- Surfer

Yy

ol s (5 So3ll sk VT ol sles & St
A K Sl ST L asls el 4
S ol L;Lx.&: Sldes J§QL.:..: C;\J B cu.,aJ-L.I: U'"
ey Chle 4 Cns Sty LK ol chle
5 gleods (e ls cpl slie ool anl il
5035 0l |y K Sl 4 Sl SaVT cus

(V) das o LS |y el opl dlee s,

PLI =1/CF,x CF, x...x CF, (Y)

o Sl S50 L jetle PLIOT 3 S
S ole 51 a Sa gl ol CF caalllas 5, 50
ML’L" o.l.lvé)ge)\.l;\ .T‘g"‘”u/. Q‘J.Lﬁ i n 9

Lol 3 0T slie w5 Ll Il VT ole

1- Pollution Load Index; PLI



140 () 0l (1) s Il s 5 S S ppao g i

anllas 3550 S sl S5 5T 4o Y g

Table 2. Summary statistics of studied soil properties.

(Ao3) Sl pis oo Sline Gl sl ol sl S LS "~
Coefficient of (Standard . . .. .
variation (%) deviation) (Median)  (Maximum)  (Minimum) (Mean) (Variable)

Ao il
24.61 0.16 0.62 1.27 0.42 0.65 (hs2) I olye
Organic matter (%)
Sk sl
1.55 0.12 7.72 7.93 7.35 7.71 =
(Soil pH)
Ao
25.50 7.19 28.5 48.0 10.0 28.2 (202)
Clay (%)
(o y3) Jslrs V.,»JS ol S
52.20 9.71 19.1 36.5 4.5 18.6

Equivalent calcium
carbonate (%)
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Table 3. Summary statistics of total concentration of heavy metals (mg kg™") in the studied soils.
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0.000* 148.3 301.4 8.97 2.87 1680.7 8.5 112.2 203.2 Zm
n
<
0.000* 185.6 278.1 11.57 3.28 1519.1 5.1 44 .4 149.8 ®b)
(r).f:ls

0.008* 140.5 6.0 22.12 4.30 423 1.0 2.4 43
(Cd)
o
0.061 80.3 3.45 14.18 2.60 24.5 1.2 34 43

Cu)
I
0.067 78.1 2.65 4.90 2.00 15.5 1.2 2.3 34 ~ND
1
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! P-value: The significance level of Kolmogrov-Smirnov normality test and * means significant at P<0.05.
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Table 4. Contamination and remediation threshold of total concentration of heavy metals (mg kg™) in

Iranian soils (9).
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Table 5. Statistical description of contamination factor (CF) for studied heavy metals.
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in each pollution class) (Standard
Deviati (Maximum)  (Minimum) (Mean) (Variable)
s b sL; Lo gt eviation)
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Figure 2. Variogram model (up) and spatial distribution map (down) for pollution load index of heavy metals.
(The numbers represent the UTM geographic system)
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Abstract

Background and Objectives: Considering progressive growth of industry and technology, the
accumulation of environmental contaminants, especially heavy metals (HMs) in the soil is of
increasing concern worldwide about the probable soil pollution risks. The perception of pollutants
spatial distribution pattern and recognition of factors which control this pattern and identification of
probable sources of pollution, are the most important purposes in the environmental pollution
studies. The present study was conducted to achieve to useful information to distinguish the role of
natural sources from the human ones, using modeling the spatial variability pattern of heavy metals
pollution load index in the Zanjan Zinc Industrial Town area.

Materials and Methods: In the present study, 85 topsoil samples (0-20 cm) were collected using a
regular grid sampling pattern. The total (Nitric-acid extractable) contents of Zn, Pb, Cd, Ni and Cu
were measured for each soil sample using atomic absorption spectroscopy. By assessing the soil
pollution risk with selected HMs, contamination factor was calculated. Accordingly, sampling
locations were classified into the different soil contamination classes. In order to simultaneous
assessment of the status of overall soil pollution by the pollutant elements, pollution load index (PLI)
of studied heavy metals was calculated. Afterwards, PLI was considered as an environmental
variable which its values at un-sampled locations were interpolated using ordinary kriging method.
Results: Comparing the measured HMs contents with their maximum permissible limits in the soil
showed that the studied soils are polluted with Zn, Pb and Cd, but non-polluted with Ni and Cu. The
total concentration of Zn, Pb and Cd in the soil showed a great degree of variability, indicated by
large coefficients of variation (CV) from 140.5% of Cd to 185.6% of Pb. These elevated CVs may
indicate that these elements’ distribution in the studied area is influenced by an anthropogenic
source. In contrast, the relatively low calculated CVs for Ni (78.1%) and Cu (80.3%) may imply that
natural sources are responsible for these elements’ distribution in the studied soils. Classification of
observations according to the contamination factor of studied heavy metals showed that most of
sampling points occurred in the very high contamination class regarding Zn and Pb (65.9% and
68.2%, respectively) and in the medium contamination class regarding Cd, Cu and Ni (57.7, 51.8
and 68.2%, respectively). Mapping the spatial variability of heavy metals pollution load index
showed that areas with highest pollution contents occurred in the contiguity of Zinc Town.
Conclusion: Totally, industrial activities related to Zn production caused to simultaneous entrance
of several heavy metals to the adjacent soils and lead to degradation of the lands in studied area.
Considering the low efficiency of single-element maps for HMs to reflect the overall soil quality in
relation to environmental contaminants, modeling of the spatial variability of PLI may provide the
good perception of the contaminants' spatial distribution and their effects on soil quality.
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