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Extended Abstract

Introduction

Heavy metal contamination in terrestrial ecosystems has become a major environmental and public health concern worldwide,
particularly in regions exposed to intensive industrial operations, agricultural inputs, and land-use alterations. Soil acts as both
areservoir and a medium for the transport of potentially toxic elements (PTEs), and therefore the evaluation of its contamination
status is essential for sustainable land management and ecosystem protection. The Shazand region in Markazi Province, central
Iran, hosts several heavy industries—including the Imam Khomeini Oil Refinery, a petrochemical complex, a large thermal
power plant, and numerous mining activities, which have previously been reported as major pollution sources. Nevertheless,
earlier investigations have predominantly focused on downstream plains and industrial zones, with limited knowledge
regarding the contamination status of upstream sub-watersheds that are assumed to be less affected by anthropogenic pressures.
The present study aims to fill this critical gap by providing a multi-index assessment of heavy metal contamination in the
upstream Pakal sub-watershed in Shazand County, with an emphasis on how different land-use types (rangeland, cultivation,
and orchards) influence the distribution, enrichment, and ecological risks of seven key heavy metals: Pb, Cd, Cu, Zn, Ni, Mn,
and Fe.

Materials and Methods

A total of 32 composite soil samples were collected from surface layers (0-30 cm), following a systematic sampling design
based on land units that integrated slope, land use, and lithology. The fine fraction (<0.063 mm) of the soils was analyzed using
a near-total four-acid digestion method, and metal concentrations were determined by Inductively Coupled Plasma Mass
Spectrometry (ICP-MS), ensuring high analytical accuracy for trace and ultra-trace elements. To comprehensively evaluate
contamination status, multiple geochemical and ecological indices, including the Contamination Factor (CF), Degree of
Contamination (Cd), Modified Degree of Contamination (mCd), Pollution Load Index (PLI), Geo-accumulation Index (Igeo),
Enrichment Factor (EF), and Potential Ecological Risk (Eri and RI)—were employed. Moreover, multivariate statistical
analyses, including Principal Component Analysis (PCA) with Varimax rotation and Hierarchical Cluster Analysis (HCA),
were conducted to distinguish between natural (geogenic) and anthropogenic sources.

Results and Discussion

The results of one-way ANOVA indicated that none of the measured heavy metals exhibited statistically significant differences
among the three land-use categories (P > 0.05), suggesting that spatial variation is primarily governed by natural geochemical
controls rather than recent anthropogenic inputs. This finding was strongly supported by PCA and HCA. PCA extracted three
principal components that together explained 69.59% of the total variance. The second component, dominated by Fe and Mn
with extremely high loadings, clearly represented geogenic contributions associated with parent material and mineralogical
composition. In contrast, the first component (characterized by Cd, Cu, and Pb) and the third component (Zn, Ni, and Fe)
reflected mixed or anthropogenic influences, likely originating from agricultural activities such as phosphate fertilizers,
pesticides, and machinery emissions. HCA further confirmed these groupings by separating the elements into two distinct
clusters: a geogenic cluster (Fe and Mn) and an anthropogenic/mixed cluster (Pb, Cd, Cu, Zn, and Ni).

Despite the statistical homogeneity implied by ANOVA, contamination indices revealed noteworthy evidence of cumulative
anthropogenic enrichment. CF values showed that Pb, Cu, Zn, Ni, Mn, and Fe had moderate contamination levels (CF > 1)
across most land uses. Pb exhibited the highest CF value, particularly in agricultural soils (2.31), highlighting its elevated
sensitivity to anthropogenic activities. Cadmium, although present in low absolute concentrations, demonstrated substantial
ecological importance due to its high toxic response factor. The Degree of Contamination (Cd) ranged from 7.93 to 9.77,
classifying all land uses as moderately contaminated. Notably, the Pollution Load Index exceeded unity for rangeland (1.05)
and cultivated land (1.15), indicating cumulative pollution, while orchards (0.94) remained below the contamination threshold.
This discrepancy between ANOVA and PLI highlights that while spatial variation is not statistically significant, long-term
pollutant accumulation has occurred.

Geochemical indices further corroborate the dominance of natural sources. EF values for most metals fell within the “no
enrichment” to “minor enrichment” categories (EF < 3), confirming minimal anthropogenic addition. Only Pb showed
consistent minor enrichment across land uses, particularly in orchards and agricultural soils, aligning with patterns typically
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associated with the historical deposition of lead-containing particulates and agrochemical inputs. Similarly, Igeo values for all
metals, except Pb, were negative, indicating unpolluted conditions. Pb in cultivation and orchard soils was classified as
“unpolluted to moderately polluted” (0 <Igeo < 1), marking it as the only element with a detectable anthropogenic signal.
Ecological risk assessment showed that individual ecological risk values (Eri) for all metals fell within the low-risk category.
However, Cd accounted for the highest proportion of ecological risk due to its high toxicity, despite its relatively low
concentration. The integrated ecological risk index (RI) ranged from 32.30 to 44.08 for the three land uses—well below the
threshold of 150—indicating a low overall ecological threat in the upstream Pakal sub-watershed.

Conclusions

In conclusion, although geogenic factors remain the primary determinant of heavy metal distribution in the upstream Pakal
sub-watershed, pollution indices reveal subtle yet meaningful anthropogenic contributions, particularly from agricultural
activities. The slight enrichment of Pb and Cu, the moderate contamination levels indicated by CF and Cd, and the PLI values
exceeding unity in cultivated and rangeland soils collectively demonstrate the early stages of cumulative pollution in areas
traditionally considered pristine. These findings underscore the necessity of continuous monitoring, stricter management of
agricultural inputs, and preventive measures to mitigate further contamination and potential ecological risks. Given the
proximity to major industrial sources and expanding agricultural practices, upstream sub-watersheds like Pakal serve as critical
zones for early detection of contamination trends that may escalate if left unaddressed.
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Table 1. Classification of CF and Cq4 Pollution Index (Hakanson, 1980)

Contamination factor

Contamination level

Degree of Soil Quality

(CF) Contamination (Cd)

CF<1 Low Cd<6 Low
1<CF<3 Moderate 6<Cd<12 Moderate
3<CF<6 Considerable 12<Cd<24 Considerable

CF>6 Very high Cd >24 Very high

S 5L sl —£-Y-Y-¥
55 o iy St IS5 Sl s o S35 i a3l
Gl sl n alaly pl )0 a8 098 o dpwle (¥) dlayly lawgs a5
S S p o bl 1l (Sag Jole CF
pae oxmd L Wik o 5l 5SagS ST g o3gl] osimnlis wsb
J(Proshad et al., 2017) ¢! u§>9ﬂ

PLI = %/(CF1 x CF2 X CF3 X .....x CFn) %)
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Table 2. Classification of Heavy Metal Pollution Based on the Modified Degree of Contamination Index (Hakanson, 1980)

Contamination level mCd Contamination level mCd
very low <1.5 very high 8<mCd <16
low 1.5<mCd <2 extremely high 16 <mCd <32
moderate 2<mCd<4 ultra-high >32
high 4<mCd<8
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Table 3. Classification of pollution intensity based on the geo-accumulation index (Muller, 1969)

Contamination level No. class Igeo value Contamination level No. class Igeo value
Unpolluted 0 Igeo<0 Heavily polluted 4 3<Igeo<4
Unpolluted to moderately polluted 1 0<Igeo<1 Heavily to extremely polluted 5 4 <Igeo<5
Moderately polluted 2 1 <Igeo<2 Extremely polluted 6 5>Igeo
Moderately to heavily polluted 3 2<Igeo<3

e &goj gy i Bu o)lai 390 digai )3 ((8]) g2 po peais
Brady et al., ) cwl goy0 paic diej ey clale Brer on
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Table 4. Classification of contamination degree based on the enrichment factor index (Hakanson, 1980)

Pollution Status Enrichment Factor (EF)
No enrichment <1
Minor enrichment 1-3
Moderate enrichment 3-5
Significant enrichment 5-10
High enrichment 10-25
Very high enrichment 25-50
Extremely high enrichment >50

RI = Z_HE; )
s V1 S, (s (Seio) s by oSL3 B gl 5
(CA=30) ol yais o Lams gl 555 Ti el i aseiie
Jds CF (Fe=1 Mn=1 Zn=1 Lu=5 Ni=5 Pb=5
wibe s adls RI 5 cul Sl ble sl
El o asls polie puds 5 sinail (Hakanson., 1980)
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6 Ay 4 Shguy (S3g)] s b)) Hekaieas Hakanson
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Table 5. Classification of Ecological Risk Potential and Risk Levels (Hakanson, 1980)

E, value Ecological risk RI value Ecological risk
E/ <40 Low RI<150 Low
40 <E, <80 Moderate 150 <RI <300 Moderate
80 <E, <160 Appreciable 300 <RI< 600 Considerable
160 < B <320 High RI> 600 Very high
E.>320 Serious - -
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Table 6. Heavy Metal Concentrations (mg.kg™) in Different Land-Use Types with ANOVA and Duncan’s Test Results

. o -Between- Significance
Elements Land use Min Max Mean Standarggewatlon W1th1n(—i%r0ups groups ¢ level
(SD) ) df (P-Value)

Range 13.00 31.00 19.86 14.28 29 2

Pb Agricultural 9.00 73.00 32.38 23.00 29 2 0.18
Garden 20.00 66.00 31.00 19.90 29 2
Range 65.00 118.00 98.29 13.92 29 2

Zn Agricultural 79.00 145.00 102.85 14.90 29 2 0.66
Garden 84.00 106.00 97.80 9.28 29 2
Range 49.00 110.00 85.93 15.66 29 2

Ni Agricultural 74.00 115.00 87.92 11.23 29 2 0.75
Garden 66.00 100.00 82.00 13.57 29 2
Range 727.00 1395.00 882.14 206.59 29 2

Mn Agricultural 631.00 943.00 822.69 88.35 29 2 0.27
Garden 653.00 905.00 771.40 105.10 29 2
Range 17.00 61.00 37.29 13.56 29 2

Cu Agricultural 26.00 85.00 38.77 14.51 29 2 0.73
Garden 28.00 38.00 33.20 4.24 29 2
Range 0.05 0.50 0.21 0.16 29 2

Cd Agricultural 0.05 0.40 0.22 0.11 29 2 0.11
Garden 0.05 0.20 0.09 0.03 29 2
Range 31828.00  42742.00 38216.50 3776.35 29 2

Fe Agricultural ~ 28334.00 44176.00 38238.15 4522.70 29 2 0.63
Garden 29764.00  42871.00  36066.60 5271.74 29 2

5(C) 5 (C) il e xS s 5 13 2 6 59 5 € (i I e il b ol ol
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Table 7- Comparison of heavy metal concentrations (mg-kg™) of soil in different land uses conducted in this study with those reported
worldwide
Location / Land use Zn Cu Ni Cd Mn Fe Reference
Agricultural 102.85 38.77 87.92 022 822.7 38,238
Garden 97.80 3320 82.00 0.09 7714 36,066 Present study
Rangeland 9829 3729 8593 0.21 882.1 38,216
Kermanshah 74.62 4121 131.46 - 559.1 25,936 Ahmadi Doabi et al. (2019)
TIEQS (Iran) 500 200 110 0.8 - - Environmental Protection Organization of Iran (2013)
Tehran (Iran) 217.9 36.1 36.9 0.77 - - Hani & Pazira (2011)
Isfahan (Iran) 111.5 35.7 66.2 043 6499 28,000 Esmaeili et al. (2014)
Isfahan (Iran) 23.8 7.0 13.4 2.8 95.7 1,240 Jalali & Hemati (2013)
Shiraz (Iran) 117 96.9 1714 052 - - Qishlaqi & Moore (2007)
Argolida basin (Greece) 74.9 74.7 146.8  0.54 1020.5 - Kelepertzis (2014)
Thiva (Greece) 67 32 1591 - 1010 - Antibachi et al. (2012)
Dehui (China) 58.9 18.9 20.8 - - - Sun et al. (2013)
Huizhou (China) 57.2 16.7 14.9 0.1 - - Cai et al. (2012)
Almeria (Spain) 65.7 25.7 26.9 0.4 - - Martin et al. (2013)
Murcia (Spain)* 18.4 11 13.5 0.22 152 - Acosta et al. (2011)
Alicante (Spain) 52.8 22.5 20.9 0.34 295 - Micé et al. (2006)
Zagreb (Croatia) 77.9 20.8 49.5 0.66 613 - Romié¢ & Romi¢ (2003)
Piemonte (Italy) 62.7 58.3 83.2 - - - Facchinelli et al. (2001)
2 g o3 b (¢/YY B /2 mg/kg) aikie slaSB O (B pi2g5s b pols arlllae g ls g lio -Y-Y
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Table 8: Rotated Factor Loadings of Heavy Metals Result from PCA analysis in the Pakal Watershed

Principal Components

Heavy Metal

PC1 (Anthropogenic)  (Geogenic) PC2  (Mixed) PC3

Cd 0.676 —0.113 0.171

Cu 0.687 0.271 0.314

Fe 0.333 0.501 0.726
Mn —0.031 0.961 —0.054

Ni 0.291 —0.059 0.708

Pb 0.587 0.002 0.500

Zn —0.002 —0.042 0.851
(Eigenvalue) 2.133 1.267 1.472
Explained Variance (%) 30.47 18.10 21.02
Cumulative Explained Variance (%) 30.47 48.57 69.59
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Figure 2. Dendrogram of Hierarchical Cluster Analysis (HCA) for heavy metal concentrations in the soils of Pakel Watershed
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Table 9. Contamination Factor (CF) of Heavy Metals in Surface Soils Based on Land-Use Types and Their Qualitative Pollution

Classification
Range Agriculture Garden
Heavy Metal CF Contamination level CF Contamination level CF Contamination level
Cd 0.53 Low 0.55 Low 0.23 Low
Cu 1.38 Moderate 143 Moderate 1.25 Moderate
Fe 1.20 Moderate 1.20 Moderate 1.13 Moderate
Mn 1.21 Moderate 1.13 Moderate 1.06 Moderate
Ni 1.05 Moderate 1.07 Moderate 1.00 Low
Pb 1.42 Moderate 2.31 Moderate 2.21 Moderate
Zn 1.16 Moderate 1.21 Moderate 1.15 Moderate
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Table 10. Results of Soil Pollution Composite Indices (Cd, mCd, and PLI) Based on Land-Use Types and Their Qualitative Classification

Range Agriculture Garden
Inde inati inati inati
X Value Contamination Value Contamination Value Contamination
level level level

Cd (Degree of Contamination) 8.24 Moderate 9.77 Moderate 7.93 Moderate
mCd (Modified Degree of

Contamination) 1.18 Very low 1.40 Very low 1.13 Very low

PLI (Pollution Load Index) 1.05 Polluted 1.15 Polluted 0.94 Polluted
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Table 11. Geochemical Indices Including Enrichment Factor (EF) and Geo-accumulation Index (Igeo) of Heavy Metals across Different

Land-Use Types

Heavy Metal Land use EF Pollution Status Igeo Contamination level

Range 0.44 No enrichment -1.52 Unpolluted

Cd Agricultural 0.45 No enrichment -1.45 Unpolluted
Garden 0.21 No enrichment -2.74 Unpolluted
Range 1.14 Minor enrichment -0.12 Unpolluted

Cu Agricultural 1.18 Minor enrichment -0.06 Unpolluted
Garden 1.09 Minor enrichment -0.29 Unpolluted
Range 1 Minor enrichment -0.32 Unpolluted

Fe Agricultural 1 Minor enrichment -0.32 Unpolluted
Garden 1 Minor enrichment -0.40 Unpolluted
Range 1.02 Minor enrichment -0.31 Unpolluted

Mn Agricultural 0.95 No enrichment -0.41 Unpolluted
Garden 0.94 No enrichment -0.50 Unpolluted
Range 0.87 No enrichment -0.52 Unpolluted

Ni Agricultural 0.90 No enrichment -0.48 Unpolluted
Garden 0.88 No enrichment -0.58 Unpolluted
Range 1.18 Minor enrichment -0.09 Unpolluted

Pb Agricultural 1.89 Minor enrichment 0.62 Unpolluted to moderate
Garden 2.09 Minor enrichment 0.56 Unpolluted to moderate
Range 0.95 Minor enrichment -0.38 Unpolluted

Zn Agricultural 1.00 Minor enrichment -0.31 Unpolluted
Garden 1.01 Minor enrichment -0.38 Unpolluted
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Table 12. Individual Potential Ecological Risk (Eri) and Ecological Risk Index (RI) of Heavy Metals Across Different Land Uses

Range Agriculture Garden . .
Heavy Metal - - - - - - - - - Toxic Response Factor (T;)
E; Ecological risk E; Ecological risk E; Ecological risk
Cd 15.54 Low 16.44 Low 6.75 Low 30
Cu 6.90 Low 7.18 Low 6.15 Low 5
Fe 1.20 Low 1.20 Low 1.13 Low 1
Mn 1.21 Low 1.13 Low 1.06 Low 1
Ni 5.24 Low 5.36 Low 5.00 Low 5
Pb 7.09 Low 11.57 Low 11.07 Low 5
Zn 1.14 Low 1.20 Low 1.14 Low 1
RI 38.33 Low 44.08 Moderate 32.30 Low -
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