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This study evaluates soil and plant contamination by heavy metals lead (Pb), cadmium 

(Cd), nickel (Ni), copper (Cu), chromium (Cr), and zinc (Zn) in the Rehova Copper Mine 

area, Albania. Soil contamination was assessed using the pollution load index (PLI), 

geoaccumulation index (Igeo), contamination factor (CF), enrichment factor (EF), and 

potential ecological risk index (RI), while plant contamination was evaluated through 

bioaccumulation coefficients (BFC). Sixteen soil samples and three pine (Pinus spp.) 

samples, collected at varying distances from the mine, were analysed. The results 

identified Cu, Ni, and Cd as the dominant pollutants, with PLI > 1 in most locations and 

an extreme Igeo value for Cu at L8 (5.38). Nickel contamination was severe at L10 (Igeo 

= 4.71), L11 (Igeo = 4.12), and L15 (Igeo = 4.24). EF analysis confirmed moderate to 

high enrichment for Cu and Ni in specific sites, while RI indicated considerable 

ecological risk (RI > 300) at six locations. Bioaccumulation analysis revealed a 

bioaccumulation coefficient (BFC) greater than 1 for Pb within a 1 km radius, indicating 

effective uptake of lead by Pinus spp. and supporting its use as a reliable bioindicator of 

lead pollution. Spearman correlation showed a significant positive relationship (r = 1; p 

< 0.001) between Zn in soil and plants, and a strong negative correlation for Cu (r = -1; 

p < 0.001). To support decision-making, the PROMETHEE multi-criteria decision 

analysis method was applied to rank all sampling sites based on combined contamination 

indices and ecological risk, identifying L8, L10, and L11 as the most critical hotspots for 

remediation. These findings indicate severe heavy metal pollution in the Rehova Mine 

area, highlighting the urgent need for targeted rehabilitation and long-term monitoring. 
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1. INTRODUCTION

The problem of terrestrial environmental pollution from 

mining activities is predominant in the world today, especially 

with the reckless use of natural resources [1-4]. One of the 

most critical issues is the contamination of soil, water, and air 

with heavy metals. These environmental contaminants endure 

in ecosystems and bioaccumulate in the food web, greatly 

endangering biodiversity and human life [5-7]. 

Although heavy metals are naturally occurring elements, 

their environmental and health impacts are amplified due to 

their significant bioaccumulation, especially in the 

industrialized world [8-11]. 

The risks to the environment posed by the extraction of 

minerals are a well-known fact, yet they remain crucial for the 

development of infrastructure, advancement of technologies, 

and sustaining any form of economic activity [12, 13]. In the 

same breath, these minerals are non-renewable, and the lack of 

proper extraction techniques results in extremely harmful and 

irreversible effects like deforestation, soil erosion, the 
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destruction of habitats, and long-term environmental pollution 

[14, 15].  

There is a diminishing number of these minerals, and this 

fact is starting to hurt the economy in a sustainable and 

ecological way [16], and perhaps one of the biggest examples 

is the Rehova Copper Mine located in the southeastern side of 

Albania. This mine has been unattended and disregarded since 

1990, yet even today, it continues to pollute the pristine 

landscapes. 

The long-term impacts of copper mining on ecosystem soil 

contamination are a well-studied subject due to the persistent 

presence of heavy metals. Rehova Mine, which operated for 

only 11 years until its closure in 1990, has continued to cause 

significant soil degradation over the past three decades due to 

pollutants such as heavy metals; these toxic metals lead to 

environmental degradation [17, 18]. This is also evident for 

metals like Lead (Pb), Cadmium (Cd), Nickel (Ni), Copper 

(Cu), Chromium (Cr), and Zinc (Zn) as they are highly toxic, 

resist degradation, and bio-accumulate [11, 19, 20].  

To evaluate the level of contamination, some researchers 

rely on the enrichment factor (EF), geoaccumulation index 

(Igeo), pollution load index (PLI), contamination factor (CF), 

and potential ecological risk index (RI) [21-23]. These 

methodologies are effective in quantifying the observed 

pollutant levels and comparing them to the baseline levels of a 

given ecosystem. 

This study explores the post-closure impacts of the Rehova 

Mine through the prism of heavy metal contamination of the 

soil and the local flora. With regard to pine (Pinus spp.) and 

its distance from the source of the pollution, we assess metal 

uptake and gauge pollution levels using EF, Igeo, PLI, CF, and 

RI. However, while these indices provide valuable information 

individually, they often yield partial or even conflicting 

insights when interpreted separately, making site-level 

prioritisation challenging. To overcome this limitation, we 

integrated these indices using the Preference Ranking 

Organization Method for Enrichment Evaluations 

(PROMETHEE) II multi-criteria decision analysis method, 

which synthesises multiple indicators into a single ranking and 

thus provides a transparent, reproducible basis for prioritising 

sites for remediation. It is important to note that this is the first 

study conducted in Rehova that integrates soil pollution 

indices and plant bioaccumulation data, which fills a critical 

void in Albania's post-mining environmental research. 

After the mine's cessation, vegetation and soil are expected 

to be contaminated with heavy metals, which suggests that the 

Rehova's ecosystem post mine closure is still polluted. We 

intend to test this. The results are anticipated to contribute to 

the scientific literature, as well as provide recommendations to 

policymakers by establishing baseline contamination data in 

mined regions, which is critical for guiding environmentally 

conducive remediation. 

The objective of this study is to comprehensively assess 

post-closure heavy metal contamination in the Rehova Mine 

area by combining soil and plant analyses with multimetric 

pollution indices. Specifically, the study quantifies the 

concentrations of Cu, Ni, Pb, Cr, Cd, and Zn in surface soils, 

evaluates contamination severity using indices such as CF, EF, 

Igeo, PLI, and RI, and examines bioaccumulation in Pinus spp. 

to explore its role as a bioindicator of metal pollution. To 

enable site-level prioritisation, these results are integrated 

using the PROMETHEE II multi-criteria decision analysis 

method, generating a comprehensive ranking that can guide 

targeted remediation and environmental management 

strategies. 

 

 

2. MATERIALS AND METHODS 
 

2.1 Study area 
 

In 2011, Albania, through the UNDP-supported project 

“Identification and Prioritization of Environmental Hot Spots 

in Albania,” assessed all regions polluted by industrial 

activities prior to the 1990s. Among the identified hotspots, 

the Rehova Copper Mine in the Korça district (southeastern 

Albania) stands out as an understudied site (Figure 1).  

 

 
 

Figure 1. Location map of the Rehova Copper Mine in southeastern Albania 
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This mine, which operated for only 11 years, produced 

copper concentrate with a Cu content of approximately 17.4%. 

The site spans an area of 100 hectares and is geographically 

significant, bordering North Macedonia to the northeast and 

Greece to the south.  

Following its closure in 1990, the surrounding area has 

experienced increasing ecological vulnerability, despite its 

potential as a tourist destination post-2000. 

 

2.2 Sampling and laboratory analysis 

 

A total of sixteen (16) topsoil samples were collected in July 

2023 from the Rehova Mine area at depths of 0–30 cm. 

Sampling was conducted at varying distances (0 m, 10 m, 100 

m, and up to 10 km) from a reference point near the mine. 

Additionally, three pine (Pinus spp.) plant samples were 

collected from areas indicating early vegetation recovery 

(Figure 2). 

Soil samples were processed following EPA Method 3051A. 

Samples were air-dried, sieved through a 2 mm stainless steel 

mesh, and digested using aqua regia (HCl:HNO₃ = 3:1). After 

mineralization, samples were filtered with Whatman No. 40 

filter paper, diluted with distilled water up to 100 mL, and 

analyzed using Atomic Absorption Spectroscopy (AAS) to 

determine concentrations of Cr, Cu, Pb, Ni, Zn, and Cd. 

Plant samples were collected at 100 m, 1 km, and 3 km 

distances from the mine. The samples were transported in cold 

conditions, rinsed, and oven-dried at 105℃ for 24–48 hours. 

Dried samples were ground, and 0.1 g of material was digested 

using 69% HNO₃ and 30% H₂O₂ (5:1 volume ratio) at 120℃ 

for 8 hours. After filtration, the solutions were diluted to 30 

mL, and metal concentrations were analyzed using AAS. The 

overall methodology adopted in this study is illustrated in the 

methodological flow chart (Figure 3). 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
Figure 2. Field photographs showing (a) sampling of Pinus 

spp. near the Rehova Mine, (b) preparation of soil samples 

for laboratory analysis, (c) microwave digestion system for 

sample mineralisation, and (d) AAS unit used for heavy 

metal quantification 

 
2.3 PROMETHEE method for multi-criteria decision 

analysis 

 

The PROMETHEE method, developed by Jean-Pierre 

Brans in 1982, is a widely used multi-criteria decision-making 

technique.  

PROMETHEE I provides a partial ranking, while 

PROMETHEE II offers a complete ranking of alternatives. 

Further extensions (PROMETHEE III–VI) and GAIA 

(Graphical Analysis for Interactive Aid) visualisations 

enhance its interpretability in complex decision-making 

contexts [24, 25]. 

Each alternative from a decision set A is evaluated against 

others based on weighted preference functions. Let a, b ∈ A be 

two alternatives. The preference of a over b is expressed via 

an outranking function π(a, b), and the following flow values 

are computed: 

 

∅+(𝑎) =
1

𝑛−1
∑ ∏(𝑎, 𝑥)𝑥∈𝐴   (1) 

 

∅−(𝑎) =
1

𝑛−1
∑ ∏(𝑥, 𝑎)𝑥∈𝐴   (2) 

 
∅(𝑎) = ∅+(𝑎) − ∅−(𝑎) (3) 

 
An action a is preferred over b if ∅(𝑎) >  ∅(𝑏) ; and 

indifferent if ∅(𝑎) =  ∅(𝑏). 
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Figure 3. Methodology flowchart 

 

In this study, PROMETHEE II was applied to rank the 

sampling sites based on multimeric pollution indices. The 

software used was Visual PROMETHEE Academic Edition 

(https://bertrand.mareschal.web.ulb.be/promethee.html), 

which supports intuitive visualisation and ranking 

functionality. 

 

2.4 Pollution assessment indices 

 

For CF, EF, and Igeo calculations, Albanian soil 

background values were adopted from Gjoka et al. [26], who 

reported national baseline concentrations (antilog of median) 

for agricultural soils developed on flysch, molasse, and 

quaternary deposits. These values were: Cd 0.24 mg/kg, Cr 

131.63 mg/kg, Cu 41.26 mg/kg, Ni 287.15 mg/kg, Pb 19.11 

mg/kg, and Zn 81.80 mg/kg. The precautionary (90th 

percentile) values were also considered for the interpretation 

of contamination severity. This approach ensures that 

contamination assessment is referenced to local geochemical 

conditions rather than global averages, improving ecological 

relevance. 

 

2.4.1 Pollution load index (PLI) 

The PLI measures the overall level of heavy metal 

contamination in soil. It is computed as: 

𝑃𝐿𝐼 = √𝐶𝐹𝑛1 ×  𝐶𝐹𝑛2 × 𝐶𝐹𝑛3 ×  𝐶𝐹𝑛𝑖
𝑛

 (4) 

 

where, CF denotes the contamination factor for each metal 

[27]. 

 

2.4.2 Contamination factor (CF) 

The CF evaluates the contamination level of a single metal 

and is calculated as: 

 

𝐶𝐹 =
𝐶𝑚𝑒𝑡𝑎𝑙

𝐶𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑
  (5) 

 

where, Cmetal is the measured concentration and Cbackground is 

the geochemical baseline [28]. 

 

2.4.3 Enrichment factor (EF) 

EF compares the metal concentration in the sample to a 

reference material and is calculated as: 

 

𝐸𝐹 =
𝐶/𝐶𝑑(𝑠𝑎𝑚𝑝𝑙𝑒)

𝐶/𝐶𝑑(𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑)
  (6) 

 

where, C is the target metal and Cd is a reference element (e.g., 

Fe or Al); in this study, iron (Fe) was selected as the reference 

element due to its conservative behaviour, low variability, and 

minimal anthropogenic influence in the study soils [29, 30]. 
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2.4.4 Geoaccumulation index (Igeo) 

The Igeo assesses pollution by comparing current 

concentrations with pre-industrial levels: 

 

𝐼𝑔𝑒𝑜 = 𝑙𝑜𝑔2
𝐶𝑛

1.5𝐵𝑛
  (7) 

 

where, 𝐶𝑛 is the measured metal concentration and 𝐵𝑛 is the 

geochemical background [31, 32]. 

 

2.4.5 Potential ecological risk factor (Er) and risk index (RI) 

• Ecological Risk Factor: 
 

𝑅𝐼 =  ∑ 𝐸𝑟 =  ∑ 𝑇𝑟 × 𝐶𝐹  (8) 
 

According to study [33], Tr indicates each metal's 

toxicological response factor, whereas Er denotes the potential 

ecological risk factor associated with that particular metal. The 

contamination factor (CF) for any metal is known. The 

evaluation criterion for the toxicity of heavy metals was 

selected according to the standardized data of study [28]: 

Cd=30, Cu=5, Pb=5, Ni=5, Cr=2, and Zn=1. 

• Risk index (RI): 
 

𝑅𝐼 = ∑ 𝐸𝑟  (9) 
 

RI evaluates the combined risk posed by all metals at a site. 

 

2.4.6 Bioaccumulation coefficient (BFC) 

To assess plant uptake of metals, the bioaccumulation 

coefficient is computed as: 
 

𝐵𝐹𝐶 =
𝐶𝑝𝑙𝑎𝑛𝑡 

𝐶𝑠𝑜𝑖𝑙
  (10) 

 

where, 𝐶𝑝𝑙𝑎𝑛𝑡 is the metal concentration in plant tissue and 

𝐶𝑠𝑜𝑖𝑙 is that in the corresponding soil sample [34]. 

The classification ranges and corresponding contamination 

levels for all pollution indices (PLI, CF, EF, Igeo, Er, and RI) 

described in the above subsections are summarized in Table 

A1 for reference. 

 

2.5 Statistical analysis 

 

Statistical analyses were conducted using SPSS 24 and 

PAST 5 software. Spearman correlation was used to determine 

relationships between heavy metal concentrations in soil and 

plants. Principal Component Analysis (PCA) and Pearson 

correlation were performed in PAST to identify pollution 

sources and inter-metal relationships. 

 

 
3. RESULTS 

 
Heavy metal concentrations in soil samples collected from 

16 locations around the Rehova Mine exhibited notable spatial 

variability (Table 1 and Figure 4). Copper levels were highest 

at L8 (1571 mg/kg), while nickel peaked at L10 (1732.54 

mg/kg), which also recorded the maximum chromium 

concentration (1634.19 mg/kg) [17, 18].  

In contrast, cadmium, lead, and zinc concentrations 

remained relatively low across most sites, with the minimum 

cadmium value observed at L16 (3.05 mg/kg) and 

undetectable zinc levels at L5 [17, 18]. These patterns indicate 

potential contamination hotspots, particularly near L8 and L10. 

The geoaccumulation index (Igeo) values (Table 2) further 

confirmed intense contamination by copper and nickel. 

Location L8 recorded the highest Igeo for Cu at 5.388, placing 

it in the “extremely contaminated” category (Igeo > 5), while 

L10, L11, and L15 showed strong to extreme contamination 

for nickel (Igeo between 4.12 and 4.71).  

In contrast, cadmium, lead, and zinc exhibited negative Igeo 

values in most locations, suggesting these elements were 

within natural background levels. 

Pollution load index (PLI) results in Table 3 revealed that 

14 of the 16 locations had PLI values above 1, indicating 

significant overall pollution. The highest PLI was found at L8 

(5.86), followed by L10 (3.82) and L11 (3.37). Locations L3 

and L5 had values below 1 (0.97 and 0.00, respectively), 

reflecting minimal cumulative contamination. 

Contamination factors (CF) presented in Table 4 and 

illustrated in Figure 5 demonstrate severe pollution, 

particularly from Cu and Ni. The CF for copper at L8 was 

exceptionally high (62.84), while nickel reached its peak at 

L10 (39.38). Chromium also presented high CF values at 

several locations, especially L10 (19.22). In contrast, lead and 

zinc showed relatively low contamination factors throughout, 

with Pb CF as low as 0.17 and Zn CF as low as 0.0 at L5. 

 

Table 1. Heavy metal results from the Rehova Mine [17, 18] 

 

Sampling Locations 
Cd Cr Cu Ni Pb Zn 

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

L1 7.55 120.42 947.73 84.02 7.50 99.59 

L2 6.88 91.44 1319.85 54.87 6.72 111.36 

L3 3.86 34.62 60.87 87.22 3.36 39.40 

L4 4.40 52.06 77.48 99.70 3.71 41.44 

L5 5.53 74.84 750.03 1.95 5.31 0 

L6 5.02 51.19 135.15 75.55 4.93 125.26 

L7 3.26 67.56 148.14 73.12 3.62 78.73 

L8 6.36 249.20 1571.00 492.80 10.96 336.41 

L9 4.77 329.55 75.70 388.27 9.43 69.07 

L10 6.42 1634.19 56.60 1732.54 4.39 76.98 

L11 5.16 932.10 47.05 1147.71 8.70 72.12 

L12 4.72 875.99 39.88 974.06 8.14 61.44 

L13 4.96 328.84 145.90 630.72 6.44 73.96 

L14 4.33 774.17 62.22 778.59 6.51 76.69 

L15 4.33 486.30 53.38 1252.56 2.96 71.82 

L16 3.05 82.47 76.98 111.03 5.07 77.30 
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Figure 4. Grouped bar chart illustrating the concentrations of six heavy metals (Cd, Cr, Cu, Ni, Pb, Zn) in soil samples 
 

Table 2. Geoaccumulation index values of metals in the Rehova Mine 
 

Igeo_Cd Igeo_Cr Igeo_Cu Igeo_Ni Igeo_Pb Igeo_Zn 

-4.28 -0.08 4.66 0.35 -1.76 -0.10 

-4.42 -0.48 5.14 -0.27 -1.92 0.06 

-5.25 -1.88 0.70 0.40 -2.92 -1.43 

-5.06 -1.29 1.047 0.60 -2.78 -1.36 

-4.73 -0.77 4.32 -5.08 -2.26 0 

-4.87 -1.32 1.85 0.20 -2.37 0.23 

-5.50 -0.92 1.98 0.15 -2.82 -0.44 

-4.53 0.97 5.39 2.90 -1.22 1.66 

-4.94 1.37 1.01 2.55 -1.44 -0.6 

-4.52 3.68 0.59 4.71 -2.54 -0.47 

-4.83 2.87 0.33 4.12 -1.55 -0.56 

-4.96 2.78 0.09 3.88 -1.65 -0.79 

-4.89 1.37 1.96 3.26 -1.98 -0.53 

-5.09 2.60 0.73 3.56 -1.97 -0.47 

-5.086 1.93 0.51 4.25 -3.17 -0.57 

-5.59 -0.63 1.04 0.75 -2.33 -0.46 

 

Table 3. Pollution load index (PLI) values in the monitoring area in the Rehova Mine 
 

  L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 L11 L12 L13 L14 L15 L16 

PLI  2.80 2.59 0.97 1.16 0 1.56 1.35 5.86 2.54 3.82 3.37 2.99 2.94 3.0 2.54 1.40 
 

Table 4. Contamination factor (CF) values at locations in the Rehova Mine monitoring area 
 

Sampling 

Locations 
CF-Cd CF-Cr CF-Cu CF-Ni CF-Pb CF-Zn 

L1 7.70 1.42 37.91 1.91 0.44 1.40 

L2 7.02 1.08 52.79 1.25 0.40 1.57 

L3 3.94 0.41 2.44 1.98 0.20 0.56 

L4 4.49 0.61 3.10 2.27 0.22 0.58 

L5 5.64 0.88 30.00 0.04 0.31 0 

L6 5.12 0.60 5.41 1.72 0.29 1.76 

L7 3.32 0.80 5.93 1.66 0.21 1.11 

L8 6.49 2.93 62.84 11.20 0.64 4.74 

L9 4.87 3.88 3.03 8.82 0.55 0.97 

L10 6.56 19.23 2.26 39.38 0.26 1.08 

L11 5.26 10.97 1.88 26.08 0.51 1.02 

L12 4.81 10.31 1.60 22.14 0.48 0.86 

L13 5.06 3.87 5.84 14.34 0.38 1.04 

L14 4.42 9.11 2.49 17.70 0.38 1.08 

L15 4.42 5.72 2.14 28.47 0.17 1.01 

L16 3.11 0.97 3.08 2.52 0.30 1.09 
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Figure 5. Boxplot of contamination factor (CF) for each metal 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 

Figure 6. Enrichment factor (EF) values for heavy metals in 

the study area 

 

The enrichment factor (EF), which distinguishes 

anthropogenic from natural contributions, indicated 

significant enrichment for nickel and copper at certain sites 

(Figure 6). Nickel displayed EF > 5 at L10, L11, and L15, with 

values as high as 6.67. Copper also showed moderate to 

significant enrichment (EF > 2) at L8, L9, and L13. Other 

metals like Cr, Pb, and Zn had EF values mostly below 2, 

suggesting minimal anthropogenic influence and a more 

geogenic origin. 

The ecological risk posed by heavy metals in the Rehova 

Mine area was assessed using the potential ecological risk 
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index (RI), calculated based on Hakanson’s method. The RI 

values, as summarised in Table A2, ranged from a minimum 

of 125.84 at L16 to a maximum of 578.60 at L8, indicating 

spatial variability in pollution levels. As visualised in Figure 7, 

six sites, i.e., L1, L2, L5, L8, L10, and L11, fall within the 

“considerable risk” category (RI between 300 and 600), while 

L3, L7, and L16 were categorised as “low risk” (RI < 150). 

Notably, no site crossed the high-risk threshold (RI ≥ 600), 

although L8 was close. 

Further insight into the composition of risk at each site is 

provided in Figure 8, which displays a stacked bar chart of 

ecological risk factors (Erᵢ) per metal. Among all metals, 

cadmium (Cd) was the dominant contributor to RI in most 

locations, primarily due to its high toxic response factor (Tr = 

30). For instance, Cd alone contributed Erᵢ = 230.96 at L1, 

representing more than 50% of the total RI there. 

Copper (Cu) and nickel (Ni) also contributed significantly 

to the total ecological risk at locations L2, L5, L8, and L10, 

where mining-related contamination is evident. In contrast, 

zinc (Zn) and lead (Pb) showed minimal contributions across 

all sites. 

Bioaccumulation studies revealed that pine trees near the 

mine site absorbed certain metals to varying degrees (Tables 5 

and 6). Lead showed the highest bioaccumulation across all 

distances, with values >1 at 100 m (2.25), 1 km (2.79), and 3 

km (0.91), classifying it as a hyperaccumulator.  

Cadmium and copper showed their highest uptake at 100 m 

(BFC = 0.22 and 0.19, respectively), indicating proximity to 

the source increased accumulation. Chromium was least 

bioavailable, with the lowest BFC (0.031) at 3 km. 

 

 
 

Figure 7. Bar plot illustrating the potential ecological risk index (RI) for heavy metals across 16 sampling locations in the 

Rehova Mine area 
 

 
 

Figure 8. Stacked bar chart showing the contribution of individual heavy metals to the potential ecological risk index (RI) across 

16 sampling locations in the Rehova Mine area 
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Table 5. Concentration of metals in soil and plants at 

different distances 
 

Distance Metal Soil (mg/kg) Plant (mg/kg) 

100 m 

Cd 5.02 0.55 

Cr 51.19 9.39 

Cu 135.15 21.80 

Pb 4.93 10.10 

Zn 125.26 37.64 

1 km 

Cd 3.26 0.45 

Cr 67.56 10.36 

Cu 148.14 27.14 

Pb 3.62 8.63 

Zn 78.73 30.14 

3 km 

Cd 4.78 1.11 

Cr 329.55 14.51 

Cu 75.7 25.54 

Pb 9.43 11.10 

Zn 69.07 40.7 

 

Table 6. Coefficient of bioaccumulation for the values of 

metals in plants and soil 
 

Distance Cd Cr Cu Pb Zn 

100 m 0.22 0.28 0.19 2.25 0.32 

1 km 0.17 0.14 0.15 2.79 0.48 

3 km 0.09 0.03 0.36 0.92 0.44 

 

To better understand soil–plant transfer, Spearman 

correlation analysis was conducted (Table 7). A perfect 

positive correlation (r = 1, p < 0.001) was observed for zinc, 

suggesting efficient and linear soil-to-plant translocation. 

Conversely, copper showed a strong negative correlation (r = 

–1, p < 0.001), implying possible suppression of uptake due to 

phytotoxicity.  

Moderate but non-significant correlations were observed for 

cadmium (positive) and for chromium and lead (negative), 

possibly influenced by plant species traits and soil pH. 
 

Table 7. Spearman correlation between heavy metals in soil 

and plants 
 

Metal 
Spearman 

Coefficient 

p-

value 

Statistical 

Significance 

Cd 0.5 0.6667  

Cr -0.5 0.6667  

Cu -1 0 *** 

Pb -0.5 0.6667  

Zn 1 0 *** 

*** (p < 0.001) – highly significant 

 

Principal component analysis (Figure 9) revealed that 

copper was the dominant contributor to data variance, with the 

longest vector in the biplot. Nickel and chromium appeared 

closely aligned, indicating a common source, likely mining 

operations. Zinc, lead, and cadmium were more scattered, 

pointing to distinct geochemical behaviours and potentially 

mixed origins. 

Pearson correlation (Figure 10) supported these findings, 

showing strong positive associations between Cd, Cu, Zn, and 

Ni, suggesting co-occurrence and possibly similar 

anthropogenic inputs. Chromium was less correlated with the 

others, indicating different geochemical pathways or sources. 

Hierarchical cluster analysis (Figure 11) categorised the 16 

sampling sites into three main clusters. Cluster I included 

highly polluted sites (L1, L2, L5, L8), while Cluster II 

comprised moderately polluted sites (L11–L15). The third 

cluster (L3, L4, L6, L7, L10, L16) grouped sites with 

comparatively lower heavy metal burdens. Interestingly, 

although L10 and L8 showed extreme values for individual 

metals, their overall pollution profiles varied, likely due to 

differences in pollutant combinations or interactions. 

 

 
 

Figure 9. Principal component analysis (PCA) for heavy 

metals in soil samples in the studied area 
 

  
 

Figure 10. Analysis of the correlation of the Pearson 

between heavy metals in the soil in the study area 

 

Table 8. Ranking of the analyzed locations regarding the 

pollution 

 

Rank Location 
Φ (Net 

Flow) 

Φ⁺ (Positive 

Flow) 

Φ⁻ (Negative 

Flow) 

1 L3 0.711 0.856 0.144 

2 L4 0.422 0.711 0.289 

3 L7 0.333 0.667 0.333 

4 L5 0.244 0.622 0.378 

5 L16 0.222 0.611 0.389 

6 L15 0.211 0.600 0.389 

7 L6 0.089 0.544 0.456 

8 L12 –0.022 0.489 0.511 

9 L14 –0.078 0.456 0.533 

10 L9 –0.089 0.456 0.544 

11 L13 –0.156 0.422 0.578 

12 L11 –0.267 0.367 0.633 

13 L2 –0.289 0.356 0.644 

14 L10 –0.311 0.344 0.656 

15 L1 –0.378 0.311 0.689 

16 L8 –0.644 0.178 0.822 
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To synthesise site performance, the PROMETHEE II 

ranking (Table 8 and Figure 12(a)) was applied. L3 ranked 

highest overall (Φ = 0.7111), followed by L4 and L7. 

Surprisingly, L8, despite its high pollution loads in individual 

indices, ranked lowest (Φ = –0.6444), suggesting that its 

impact may be spatially or chemically localised. The 

breakdown of positive and negative flow values for each 

location (Figure 12(b)) further highlights the contribution of 

each component to the overall ranking, with L3 showing the 

highest Φ⁺ (0.856) and lowest Φ⁻ (0.144), while L8 recorded 

the inverse pattern.  

The partial ranking and proximity relationships between 

locations derived from PROMETHEE I analysis are shown in 

Figure 13, illustrating the relative dominance and similarity 

patterns among sites. This finding underscores the importance 

of using composite decision-making tools that account for 

multidimensional data. 

 
 

Figure 11. Hierarchical cluster analysis of the surveyed 

locations based on the concentrations of heavy metals in the 

soil 
 

 
(a) 

 
(b) 

 

Figure 12. (a) PROMETHEE II Net Flow ranking of the studied locations, (b) PROMETHEE II Positive (Φ⁺) and Negative (Φ⁻) 

flow values for each location
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Figure 13. Visual presentation of the location rankings 

 

 

4. DISCUSSION 

 

4.1 Summary 

 

The results from this study at the Rehova Mine clearly 

demonstrate high levels of heavy metal pollution, particularly 

for Cu, Ni, and Cd. Based on the calculated pollution indices, 

these metals are present at concentrations considered highly 

toxic by international standards [17, 18]. For instance, 

WHO/FAO permissible limits for agricultural soils are Cu 

(100 mg/kg), Ni (50 mg/kg), Pb (60 mg/kg), Cr (100 mg/kg), 

Zn (300 mg/kg), and Cd (3 mg/kg). Maximum concentrations 

measured in this study were substantially higher. Cu reached 

452 mg/kg at L8 (4.5 times the limit), Ni exceeded 600 mg/kg 

at L10 (over 12 times the limit), and Cd crossed the 3 mg/kg 

threshold at several sites. These exceedances confirm severe 

contamination and underline the ecological and human health 

risks. Similar findings have been reported in Albania [26, 35] 

and neighbouring countries such as Kosovo [36-41] and North 

Macedonia [42, 43], where elevated heavy metal 

concentrations in soils near metallurgical and other industrial 

activities have been recorded.  

Globally, similar patterns have been documented near 

metallurgical industries [22, 44-51]. The pollution load index 

(PLI) indicated significant contamination (PLI > 1) in most 

localities, with the highest value of 5.86 recorded at L8, 

confirming severe pollution and aligning with reports from 

other industrialised regions where PLI values often exceed 3 

near pollution sources [52-56]. 

Contamination factor (CF) analysis further highlighted 

extremely high values for Cu, Ni, and Cr, with Cu reaching 

62.84, far exceeding the critical limit of CF > 6 [28]. These 

values surpass those reported by the studies [57, 58] and, while 

higher CFs for Ni, Cd, and Pb have been documented near 

railways in Iran [59], the magnitude of Cu contamination at 

Rehova remains particularly notable. 

Enrichment factor (EF) results reinforce these observations, 

with Ni showing EF > 5 in three locations and Cu in one 

location, consistent with findings from studies [60-62]. The 

potential ecological risk index (RI) revealed considerable risk 

(RI > 300) in six locations, a pattern consistent with the 

findings of the study [63].  

Bioaccumulation analysis confirmed Pinus spp. as a 

hyperaccumulator for Pb (BFC > 1), consistent with findings 

of studies [45, 56, 64-66]. Spearman correlation analysis 

showed a strong positive relationship for Zn, in line with its 

known physiological role in plants [19, 67-69], and a negative 

relationship for Cu, consistent with its phytotoxic impacts [70-

73]. 

 

4.2 Interpretation 

 

Overall, the multi-index assessment confirms that Cu, Ni, 

and Cd are the dominant pollutants in the Rehova mining area, 

posing significant ecological risks as revealed through CF, EF, 

PLI, RI, and bioaccumulation indices. The integration of 

PROMETHEE II ranking provides a comprehensive, 

multidimensional view of site performance, highlighting L8 as 

the most severely impacted despite variability in individual 

indices. Extreme Igeo and CF values, which indicate 

extremely high Cu and Ni contamination and significant 

ecological risk (RI > 300), are the main causes of L8's poor 

performance. Because of its downslope location close to 

drainage convergence, metal accumulation from surface 

runoff is probably made easier, which increases the severity of 

pollution. L3, on the other hand, ranks highest because most 

contamination indices stay close to background (CF ≈ 1, low 

EF and RI), and because of its greater distance from the mine, 

upslope location, and vegetation cover, which all help to 

reduce pollutant deposition. Thus, both contamination 

intensity and spatial controls are captured in the 

PROMETHEE results, with ranking patterns that are 

influenced by local terrain effects but generally consistent with 

distance from the source. 

The identification of Pinus spp. as an effective bioindicator 

for Pb contamination up to 1 km from the pollution source is 

a novel contribution for this region, with practical implications 

for long-term biomonitoring. The high BFC of Pb reflects its 

greater mobility and root adsorption, enabling efficient uptake 

by Pinus spp., whereas the low and negatively correlated BFC 

of Cu likely results from strong soil binding and plant 

homeostatic control that restricts uptake under excess 

concentrations. 

Comparisons with national, regional, and global studies 

confirm that the contamination levels at Rehova are among the 

highest reported for similar post-mining landscapes, 

reinforcing the need for targeted remediation and ongoing 

monitoring. 

 

4.3 Limitations 

 

This study, while comprehensive, is limited by its temporal 

scope, as sampling was conducted only in July 2023, providing 
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a single-season perspective without capturing potential 

seasonal variability in metal concentrations and bioavailability. 

The analysis was restricted to six heavy metals (Cd, Cr, Cu, 

Ni, Pb, Zn), excluding other potentially harmful elements such 

as arsenic and mercury. 

Bioaccumulation was assessed solely in Pinus spp. at three 

distances, which, while valuable, do not provide a full picture 

of interspecies differences in uptake potential.  

The baseline values used for CF, EF, and Igeo calculations 

may vary across microhabitats, introducing some uncertainty 

into the results. Additionally, the PROMETHEE analysis was 

applied only to pollution indices; incorporating socio-

economic and land-use data could yield a more holistic site 

prioritisation for remediation planning. 
 

4.4 Future scope 

 
Future research should incorporate multi-season monitoring 

to assess temporal changes in heavy metal concentrations and 

plant uptake patterns. Expanding the scope of metal analysis 

to include a broader range of contaminants, such as arsenic and 

mercury, would allow for a more complete pollution profile. 

Bioaccumulation studies should be extended to multiple plant 

species with varying uptake capacities to identify candidates 

for phytoremediation.  

Field trials using soil amendments, phytoremediation, or 

other remediation techniques could be implemented to test 

their effectiveness in reducing metal mobility. Integrating 

remote sensing and geospatial modelling with PROMETHEE 

outputs could provide spatially explicit contamination maps to 

guide management actions. 

Finally, comparative studies between post-mining 

landscapes in Albania and similar sites worldwide could help 

identify and adapt best practices for ecological rehabilitation. 

 

 
5. CONCLUSION 

 
The multimetric index assessments conducted in this study 

identify Cu, Ni, and Cd as the dominant heavy metals posing 

the greatest ecological risk in the Rehova Mine area, with risk 

levels ranging from moderate to high.  

Bioaccumulation analysis of Pinus spp. revealed elevated 

accumulation of Pb within a 1 km radius of the site, confirming 

the species’ potential as an effective bioindicator of lead 

pollution in post-mining environments. Given the scarcity of 

integrated assessments combining soil pollution indices and 

plant bioaccumulation in Albania’s post-mining landscapes, 

this study fills a critical gap in environmental monitoring for 

the region. The integration of the PROMETHEE II multi-

criteria decision analysis method further enhances the utility 

of this work by ranking sites based on multiple contamination 

indicators, thereby providing a practical prioritisation tool for 

environmental management and targeted remediation 

planning. 

The results underscore the urgent need for targeted 

rehabilitation interventions and the development of a strategic 

management plan to address the severe pollution originating 

from the Rehova Mine, historically recognised for its copper 

production. Without prompt action, the ecological and 

biological impacts of these contamination levels may persist 

or intensify, further degrading the surrounding ecosystem. 
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APPENDIX 

 

 

Table A1. Classification range of pollution indices according to their respective values 

 

 Index Value Contamination Level References 

Pollution load index (PLI) 

PLI = 0 

PLI = 1 

PLI > 1 

Denotes an ideal condition of no pollution 

Denotes the presence of merely baseline levels of 

pollutants 

Denotes the site's ongoing deterioration 

[26] 

Contamination factor (CF) 

CF ˂ 1 (class 1), 

1 ≤ CF < 3 (class 2), 

3 ≤ CF < 6 (class 3) 

and 

Low contamination factor 

Moderate contamination factor 

Considerable contamination factor 

Very high contamination factor 

[27, 74] 
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CF ≥ 6 (class 4). 

Enrichment Factor (EF) 

<2-minimal; 

2–5- moderate; 

5–20- substantial; 

20–40- very high; 

and 

>40 - extremely 

high. 

Deficiency to minimal enrichment 

Moderate enrichment 

Significant enrichment 

Very high enrichment 

Extremely high enrichment 

[28, 29] 

Geoaccumulation index (Igeo) 

 

Igeo ≤ 0 

0 < Igeo < 1 

1< Igeo < 2 

2 < Igeo < 3 

3 < Igeo< 4 

4 < Igeo< 5 

5 < Igeo 

Uncontaminated 

Uncontaminated/moderately contaminated 

Moderately contaminated 

Moderately/strongly contaminated 

Strongly contaminated 

Strongly/extremely contaminated 

Extremely contaminated 

[75] 

Potential ecological risk factor 

(Eif) 

RI < 150 

150 ≤ RI < 300 

80 ≤ Er < 160 

160 ≤ Er < 320 

Er ≥ 320 

Low risk, 

Moderate risk, 

Considerable risk, 

High risk, 

Very high risk 

[76] 

Potential ecological risk index 

(RI) 

RI < 150 

150 ≤ RI < 300 

300 ≤ RI < 600 

RI ≥ 600 

Low risk 

Moderate risk 

Considerable risk 

High risk 

[77] 

 

Table A2. Potential ecological risk factors and possible environmental risk indices of heavy metals in the studied area of the 

Rehova Mine 

 

Potential Ecological Risk Factor 

Sampling 

Locations 
Cd Cr Cu Ni Pb Zn 

Potential Ecological Risk 

Index (RI) 

L1 230.97 2.83 189.55 9.55 2.21 1.40 436.51 

L2 210.49 2.15 263.97 6.24 1.98 1.57 486.39 

L3 118.29 0.81 12.17 9.91 0.99 0.56 142.73 

L4 134.70 1.22 15.50 11.33 1.09 0.58 164.42 

L5 169.19 1.76 150.00 0.22 1.56 0 322.74 

L6 153.70 1.20 27.03 8.58 1.45 1.76 193.74 

L7 99.74 1.59 29.63 8.31 1.06 1.11 141.43 

L8 194.57 5.86 314.20 56.00 3.22 4.74 578.60 

L9 146.14 7.75 15.14 44.12 2.77 0.97 216.90 

L10 196.68 38.45 11.32 196.88 1.29 1.08 445.71 

L11 157.96 21.93 9.41 130.42 2.56 1.02 323.30 

L12 144.34 20.61 7.98 110.69 2.39 0.86 286.87 

L13 151.71 7.74 29.18 71.67 1.90 1.04 263.24 

L14 132.46 18.22 12.44 88.48 1.91 1.08 254.59 

L15 132.46 11.44 10.68 142.34 0.87 1.012 298.80 

L16 93.31 1.94 15.40 12.62 1.49 1.09 125.84 
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