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 Heavy metal pollution poses a critical environmental challenge, 
particularly in estuarine ecosystems such as the Kilim River in 
Langkawi, Malaysia. This study investigates the distribution of heavy 
metals (Co, Cr, Fe, Pb, and Zn) in sediment samples collected from 16 
locations in Sungai Kilim using the aqua regia closed digestion 
method. Sediments were processed to prevent contamination, including 
soaking in 5% nitric acid, drying, pulverizing, and sieving before 
analysis. Inductively coupled plasma optical emission spectrometry 
(ICP-OES) was employed for precise analysis, with accuracy validated 
through reference material testing. The concentrations of heavy metals 
varied, with Co ranging from 4.50 to 68.49 ppm, Cr from 12.55 to 
184.26 ppm, Fe from 0.83% to 4.48%, Pb from 3.42 to 76.55 ppm, and 
Zn from 11.90 to 75.20 ppm. Enrichment factor calculations showed 
no significant enrichment for Co (2.354), Cr (2.019), and Zn (1.532), 
but Pb displayed a moderately severe enrichment (6.198), indicating 
significant contamination. The findings highlight notable heavy metal 
concentrations in Sungai Kilim sediments, particularly for lead, 
suggesting environmental risks exacerbated by industrial and urban 
activities. These results emphasize the need for targeted environmental 
management strategies to mitigate contamination and safeguard the 
ecological health of the estuarine ecosystem. 
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INTRODUCTION  

Heavy metal pollution in aquatic environments, particularly in sediment, is a pressing environmental 

concern due to its long-lasting and harmful impacts. Sediments act as both sinks and sources of heavy 

metals, making them critical in determining contamination levels in aquatic systems. Various methods, 

such as the geo-accumulation index, enrichment factor, contamination factor, and pollution load index, 

are employed to assess sediment quality [1]. Coastal areas, especially marine sediments, are significant 
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reservoirs of heavy metals, which are introduced through natural processes like rock weathering and 

erosion, as well as anthropogenic activities, including industrial discharge, agricultural runoff, and urban 

waste [2]. These metals, once deposited in the sediments, can affect aquatic ecosystems over long periods, 

influencing both abiotic and biotic components. Heavy metals can alter sedimentary bacterial 

communities, which play a crucial role in nutrient cycling and maintaining ecological balance in 

ecosystems like mangroves [3]. The ability of bacteria to express heavy-metal resistance genes when 

exposed to contaminated environments is vital for mitigating the toxicity of these metals. These genes 

enable microorganisms to detoxify heavy metals through mechanisms such as metal transport, 

precipitation, and chelation [4]. However, heavy metal pollution can severely disrupt these processes, 

leading to degradation of ecosystems. This is evident in areas like Langkawi’s Kilim Geoforest Park, 

where the increasing influx of pollutants from nearby industries and agricultural activities poses a serious 

threat to the mangrove ecosystem [5]. Given its significance as both a tourist destination and a critical 

ecological site, preserving Kilim Geoforest Park from further degradation is crucial. Monitoring heavy 

metal levels in sediments aligns with Malaysia’s Twelfth Plan and Sustainable Development Goal 14, 

which targets the reduction of marine pollution by 2025.  

 

Estuaries, like mangrove ecosystems, are dynamic environments that are particularly vulnerable 

to heavy metal pollution due to their proximity to human activities. Estuaries are transitional zones where 

freshwater meets seawater, and their unique ecological composition makes them highly susceptible to 

contamination from industrial, agricultural, and urban sources [6]. Heavy metals, such as Cobalt (Co), 

Chromium (Cr), Iron (Fe), Lead (Pb) and Zinc (Zn) are of particular concern in estuarine environments 

because of their toxic effects and persistence in the ecosystem [7]. These metals can accumulate in the 

sediments, where they pose long-term risks to aquatic organisms and ecosystems. For instance, excessive 

Cobalt exposure has been associated with severe health impacts, including cancer, organ damage, and 

respiratory difficulties [8].  

 

The accumulation of heavy metals in estuarine sediments can disrupt key ecological processes, 

such as nutrient cycling, and harm species essential to the estuarine food web, including fish, mollusks, 

and other invertebrates. Langkawi, an island known for its rich biodiversity and ecotourism, faces 

increasing risks of heavy metal pollution in its estuarine regions, such as Sungai Kilim, where some 

studies have documented contamination in Langkawi’s waters, particularly around tourist-heavy areas [9]. 

Therefore, further research is essential to assess the concentrations of heavy metals in estuarine 

environments, identify the sources of pollution, and implement appropriate remediation measures to 

protect these vulnerable ecosystems. 

 

EXPERIMENTAL 

 

Figure 1 shows the study area, Sungai Kilim, which is a dynamic estuarine system influenced by both 

natural processes and anthropogenic activities, making it a critical site for assessing heavy metal 

pollution. By focusing on Sungai Kilim, researchers aim to evaluate the impact of industrial and urban 

activities on metal concentrations within the ecosystem. This estuary serves as a representative site to 

understand the environmental pressures arising from rapid development in Langkawi, Malaysia. 
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Figure 1. Map of the sampling area, Sg Kilim, Langkawi, Kedah 

 The research in Sungai Kilim (Figure 1) provides valuable insights into the levels and sources of 

contamination, helping to distinguish between naturally occurring metal concentrations and those 

elevated due to human activities. Such investigations are essential for identifying specific pollution 

sources and assessing their ecological impact. This comprehensive approach informs targeted 

environmental management and remediation efforts to protect and sustain the estuarine ecosystem 

[10,11]. 

 Table 1 below provides the geographical locations and coordinates of the 16 sampling stations in 

Sungai Kilim, which serve as the basis for this study. These stations were strategically chosen to cover 

various points within the estuary, ensuring comprehensive spatial coverage to capture variations in 

environmental and pollution gradients. Each station is represented by precise latitude and longitude 

coordinates, enabling accurate mapping and consistency in sample collection during fieldwork. 

 

For heavy metal assessment, three set of samples were collected using the core sampler. To 

prevent contamination, sediment samples were packed in plastic bags that had been submerged in 5% 

nitric acid for 2 to 3 days [12]. The sample bags and plastic containers were arranged in a line and their 

labelling and numbers were examined. The sediment sample was then placed on plastic trays to air-dry 

for 2-3 days for sediment characteristic analysis or oven dry for 24 hours at 105oC for heavy metal 

analysis. For the heavy metal analysis, the samples were thoroughly dried before being pulverised with a 

mortar and pestle and a 63µm sieve. Priority was paid to precautions against contamination. The samples 

were then placed in labelled plastic vials and preserved in desiccators until they were analysed in the lab. 
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Table 1. Position of sampling stations at Sungai Kilim. 

 

Station No Latitude (N) Longitude (E) 

K1 6°23'50.52"N 99°51'36.20"E 

K2 6°24'6.34"N 99°51'31.87"E 

K3 6°24'21.70"N 99°51'33.24"E 

K4 6°24'24.90"N 99°51'51.14"E 

K5 6°24'37.04"N 99°51'55.68"E 

K6 6°24'55.12"N 99°51'54.93"E 

K7 6°25'14.24"N 99°51'58.03"E 

K8 6°25'29.71"N 99°52'2.93"E 

K9 6°24'59.65"N 99°52'10.68"E 

K10 6°25'5.86"N 99°52'20.35"E 

K11 6°25'3.42"N 99°52'33.68"E 

K12 6°24'53.94"N 99°52'29.60"E 

K13 6°24'42.66"N 99°52'27.38"E 

K14 6°24'40.61"N 99°52'42.62"E 

K15 6°24'27.19"N 99°52'44.94"E 

K16 6°25'41.89"N 99°52'55.43"E 

 

  

 

For heavy metal analysis, a Teflon bomb was filled with 8.0 ml of Aqua Regia (2 mL of 

concentrated HNO3 and 6 mL of concentrated HCl were added) for digestion after measuring and adding 

0.25 g of sediment that had attained a consistent weight for the heavy metal analysis [13]. To stop silicate 

gel from forming, the Teflon Bomb jackets were sealed tightly. Samples were added to acid and then 

heated at 150°C for five hours. The samples were left to cool overnight at room temperature, and then 

each sample received 3.0 ml of an acid solution made of boric acid and EDTA. Samples were then placed 

in an oven at 150°C for an additional five hours. Lastly, test tubes containing the supernatants were filled 

to a capacity of 25.0 ml with Mili-Q water. For every sampling site, the sediment samples were analyzed 

three times, including a blank sample, to confirm the accuracy of the analytical techniques. Parts of 

certified reference materials (SRM1646a, estuary sediments) from the National Institute of Standards and 

Technology (NIST) were analyzed together with each batch of samples in order to verify analytical 

accuracy [14,15]. The Inductively Coupled Plasma Optical Emission Spectrometer (Perkin Elmer, Optima 

8000) was then used to measure the amounts of metals (Co, Cr, Fe, Pb and Zn) in the final digested 

solutions [16]. 

 

The concentration of heavy metals detected in the ICP-OES analysis was then utilized to 

evaluate the level of heavy metal contamination using the EF, CF, and geo-accumulation index. The 

enrichment factors (EFs) for each element were calculated based on Equation 1: 
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Enrichment Factor EF = ( ) Sediment sample / ( ) Crust     (1) 

 

 where values for the Earth’s crustal elements [9], and M and Fe are the metal concentrations in the 

sample.  

 

Iron (Fe) is commonly chosen as a normalizer for the enrichment factor (EF) in heavy metal 

studies due to its abundance, stability, and minimal influence from anthropogenic activities. Fe is one of 

the most abundant elements in the Earth's crust and its concentration in sediments and waters is generally 

stable, making it an ideal reference element for comparison with other metals [10]. Its widespread natural 

occurrence and relatively consistent behavior in the environment mean that it is less likely to be 

influenced by human-induced factors like industrial pollution, which may skew the concentrations of 

other metals [11]. This stability allows Fe to serve as a reliable baseline, enabling researchers to 

differentiate between naturally occurring metal concentrations and those that are elevated due to human 

activity. Additionally, iron's tendency to co-occur with other metals in sediment samples further supports 

its use as a normalizer, providing a means to assess relative enrichment and identify potential 

anthropogenic contamination [17]. By using Fe as a normalizer, researchers can more accurately interpret 

the ecological impacts of heavy metals in the environment. Table 2 illustrates how the EF values were 

interpreted. 

 

Table 2. Five pollution categories on the basis of the EF [18] 

 
 

Enrichment Factor (EF) Value Contamination Degree 

< 2 

2-5 

5-20 

20-40 

> 40 

Deficiency to minimal enrichment 

Moderate enrichment 

Significant enrichment 

Very high enrichment 

Extremely high enrichment 

 

 The index of geoaccumulation (Igeo) enables the assessment of contamination by comparing current and 

pre-industrial concentrations. This index can also be applied to the assessment of soil contamination. It is 

computed using Equation 2:  

 

                                                                                                       (2) 

 

Where, 

Cn : concentration of the examined element in the examined bottom sediment 

Bn : geochemical background value in fossil argillaceous sediment knows as average shale 

The constant 1.5 allows one to compensate for natural fluctuations in the content of a given substance in 

the environment and very small anthropogenic influences. Muller [19] has distinguished six classes of the 

geoaccumulation index (Table 3).  

 

 

 

 

 

 

 

 

 Cn                      

1.5 Bn 

 

 

Igeo = Log2  
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Table 3. Pollution extent as determined by geoaccumulation index. 

 

Class Value Soil quality 

0 Igeo < 0 practically uncontaminated 

1 0<Igeo < 1 uncontaminated to moderately contaminated 

2 1<Igeo < 2 moderately contaminated 

3 2<Igeo < 3 moderately to heavily contaminated 

4 3< Igeo < 4 heavily contaminated 

5 4< Igeo < 5 heavily to extremely contaminated 

6 5< Igeo extremely contaminated 

 

Contamination factor (CF) is commonly used to characterize the degree of metal contamination 

in sediment. Equation 3 may be used to calculate the quantity of pollution produced by contaminants in 

an ecological system.  

 

𝐶𝐹 = ( 𝐶𝑁 𝐵𝑁 )        (3) 

 

where BN represents the background metal concentration in normal shale and CN represents the metal 

content in the sample. Table 4 below show the pollution classification. 

 

Table 4. Pollution classification of the contamination factor (CF). 

 

 Range Status 

 CF < 1 Low contamination 

Contamination Factor (CF) 1 ≤ CF ≤ 3  Moderate contamination 

 3 ≤ CF ≤ 6 Considerable contamination 

 CF > 6 Very high contamination 

 

 

RESULTS AND DISCUSSION  

 

As a precision check, certified reference material (SRM1646a) was used for the method validation. With 

recoveries ranging from 90% to 142.54%, the percentage of recoveries for the certified and measured 

concentration of those metal was satisfied. The recovery test findings for the SRM 1646a study are 

displayed in Table 5. 

 

Table 5. Measured value, certified value and the percentage recovery of heavy metal. 

 

Heavy 

Metal 

Sungai Kilim 

Measured 

SRM 

Certified 

Value 

Recovery 

(%) 

Co 4.50 5.00 90.00 

Cr 58.30 40.90 142.54 

Fe 2.48 2.01 123.51 

Pb 228.75 234.50 97.55 

Zn 46.00 48.90 94.07 
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  In the context of assessing environmental quality, the heavy metal concentrations in Sungai 

Kilim were measured to provide an analysis of potential contamination in the region. The concentrations 

of key metals—cobalt (Co), chromium (Cr), iron (Fe), lead (Pb), and zinc (Zn)—were recorded at various 

stations within Sungai Kilim. Notably, the concentrations of aluminum (Al) and iron (Fe) are expressed as 

percentages, while the other metals are represented in parts per million (ppm). These measurements are 

crucial for understanding the levels of pollution and their potential impacts on the local ecosystem. 

  The data presented in Table 6 highlight the variability of heavy metal concentrations across 

different sampling stations in Sungai Kilim. By analyzing these values, it is possible to assess the relative 

pollution levels at each location and identify hotspots of contamination, particularly for metals like lead, 

which may indicate anthropogenic pollution sources. These findings contribute to broader environmental 

monitoring efforts aimed at safeguarding ecosystem health and informing future pollution control 

strategies. 

Table 6. Heavy metals concentration in each station (the concentration of aluminum (Al) and iron (Fe) is 

expressed as a percentage (%), whereas the concentrations of other metals are represented in part per 

million (ppm) for Sungai Kilim. 

      

STATION Co Cr Fe Pb Zn 

K1 18.04 6.66 1.75 10.77 32.2 

K2 2.34 37.22 1.85 10.9 16 

K3 6.51 125.45 1.76 14.37 14.67 

K4 12.18 67.05 1.72 5.6 12 

K5 4.51 66.35 1.66 12.37 35.97 

K6 15.51 12.68 1.65 2.7 19.37 

K7 17.84 21.38 1.74 7.03 19.93 

K8 2.44 23.52 1.82 4.53 14.37 

K9 20.64 29.64 1.71 26.37 18.7 

K10 8.61 33.37 1.72 12.37 19.1 

K11 7.84 46.18 0.44 19.53 36.7 

K12 25.58 98.32 0.47 56.17 23.6 

K13 22.32 90.75 1.8 20.83 29.07 

K14 33.01 39.98 1.38 17.07 22.69 

K15 31.44 29.45 1.39 33.03 29.57 

K16 59.51 92.93 1.12 33.37 14.73 

 

 

 Table 6 presents the concentrations of five heavy metals—cobalt (Co), chromium (Cr), iron (Fe), 

lead (Pb), and zinc (Zn)—across 16 monitoring stations in Sungai Kilim. The metals cobalt, chromium, 

lead, and zinc are expressed in milligrams per liter (mg/L), while iron is reported as a percentage (%). The 

data indicate a varied distribution of metal concentrations across the stations. Station K16 recorded the 

highest cobalt concentration at 59.51 mg/L, suggesting localized enrichment of this metal, while 

chromium concentrations peaked at 125.45 mg/L at station K3, highlighting potential pollution sources or 

geological contributions in the area. Iron concentrations remained consistently low, with the highest level 

of 1.85% observed at station K2, indicating minimal localized influences on iron levels. Lead 

concentrations varied significantly, with the highest level of 19.53 mg/L recorded at station K11, 

potentially linked to anthropogenic activities, such as boating or other waterway uses. Zinc concentrations 

were highest at station K5, reaching 35.97 mg/L, reflecting possible natural or human-induced inputs. 

Overall, the data suggest that Sungai Kilim experiences varying degrees of heavy metal contamination, 
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with certain stations, such as K3 and K16, showing particularly high levels of chromium and cobalt, 

respectively. The spatial distribution of cobalt (Co) concentrations in Sungai Kilim is illustrated in Figure 

2. 

 

 

Figure 2. Contour map of Cobalt (Co) concentration (ppm) for Sg. Kilim. 

 

 Based on Figure 2, the spatial distribution of cobalt (Co) concentrations in sediment samples 

from Sungai Kilim provides insight into potential sources and environmental dynamics influencing heavy 

metal accumulation in this area. Cobalt concentrations are highest in the northern region of Sungai Kilim, 

with values progressively decreasing downstream. This pattern suggests a point source of cobalt, 

potentially from natural mineral deposits or anthropogenic activities such as industrial discharge or 

agricultural runoff upstream [20]. The reduction in cobalt concentration downstream could also result 

from dilution effects as the metal mixes with incoming sediments, influenced by hydrological factors like 

water flow velocity and sediment transport [21]. 

 

 The concentration gradient observed along the river may also reflect deposition processes that 

trap cobalt in the northern region, where sediment characteristics and hydrological conditions favor 

accumulation. Conversely, areas with lower cobalt concentrations downstream may be receiving cleaner 

sediment inputs or experiencing different sedimentation dynamics, such as faster flow rates preventing 

heavy metal deposition [22]. 

 

 Comparing the observed cobalt concentrations to sediment quality guidelines reveals that most 

areas fall within a low to moderate contamination range, with concentrations unlikely to pose significant 

risks to sediment-dwelling organisms. However, the localized hotspot in the northern part of Sungai 

Kilim warrants further investigation to determine if the concentrations exceed natural background levels 

or indicate anthropogenic impacts requiring mitigation [21]. Elevated cobalt levels in this region could 

have ecological implications, as cobalt is known to bioaccumulate in aquatic organisms, potentially 

disrupting food webs and posing risks to human health through biomagnification [20]. The spatial 

distribution of cobalt highlights the need for ongoing monitoring and targeted management to address 

potential pollution sources in Sungai Kilim. 
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Figure 3. Contour map of Chromium (Cr) concentration (ppm) for Sg. Kilim. 

 

 The spatial distribution of chromium (Cr) concentrations in sediment samples from Sungai 

Kilim, as illustrated in Figure 3, ranges from 20.0 ppm to 150.0 ppm, with a color gradient representing 

this spread, where lighter blue indicates lower concentrations and darker blue signifies higher 

concentrations. The pattern reveals that higher chromium concentrations are concentrated in specific 

northern areas along the waterway, suggesting localized sources of contamination such as industrial 

activities, urban runoff, or agricultural inputs [20]. The distribution may also be influenced by 

hydrodynamic factors, as areas with lower water flow can facilitate sedimentation, allowing chromium to 

settle and accumulate [21]. 

 

 The observed accumulation pattern could reflect chromium-rich sediment deposition in slower-

moving zones of the river, creating environmental "hotspots." These hotspots may pose risks to sediment-

dwelling organisms and aquatic ecosystems if concentrations exceed ecological thresholds. The spatial 

clustering of high chromium levels in the northern region emphasizes the potential role of point sources, 

such as industrial discharge or mining activities upstream, in contributing to elevated chromium 

concentrations [22]. 

 

 Comparing these observations to sediment quality guidelines suggests that while most areas of 

Sungai Kilim may remain within acceptable ranges for chromium concentrations, localized hotspots could 

exceed natural background levels and warrant further investigation [21]. These areas may represent 

potential risks to local ecosystems, particularly as chromium can be toxic to aquatic organisms and may 

bioaccumulate in food chains, ultimately posing risks to human health [20]. 

 

 The spatial distribution of chromium concentrations in Sungai Kilim highlights the need for 

targeted monitoring and management efforts, particularly in the northern regions where concentrations are 

highest. Further studies should aim to identify specific sources of chromium contamination, assess their 

impacts, and implement appropriate mitigation measures to protect the aquatic environment and 

associated ecosystems. 
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Figure 4. Contour map of Iron (Fe) concentration (%) for Sg. Kilim. 

 

  Figure 4 above shows the spatial distribution of iron (Fe) concentrations in sediment samples 

from Sungai Kilim, reveals concentrations reaching up to 5.0%, with higher levels concentrated in the 

northern and central sections. This pattern suggests the influence of specific environmental or 

anthropogenic factors, including runoff from surrounding areas, point sources of contamination, or 

sediment accumulation driven by water flow dynamics. Elevated iron concentrations in these regions may 

have ecological implications, as excess iron can alter water chemistry, disrupt species composition, and 

affect nutrient cycling within the aquatic ecosystem [23]. 

 

 The localized accumulation of iron in northern and central Sungai Kilim could result from 

hydrodynamic processes that facilitate sediment deposition in these areas, as well as potential 

contributions from upstream inputs. Additionally, variations in sediment characteristics, such as organic 

content or particle size, may influence iron binding and retention in these zones [23]. The high levels 

observed emphasize the importance of understanding sediment-water interactions and their role in 

mobilizing or immobilizing iron under varying environmental conditions, particularly in areas prone to 

low oxygen or anoxic conditions that can enhance iron release from sediments into the water column. 

 

 Comparing these concentrations to sediment quality guidelines suggests that most areas remain 

within acceptable thresholds; however, the elevated levels in the northern and central sections of Sungai 

Kilim warrant closer investigation to determine whether they stem from natural sources or anthropogenic 

activities. Iron, while essential for aquatic life, can be detrimental in excess, potentially altering the 

aquatic ecosystem’s structure and function [23]. 
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Figure 5. Contour map of Lead (Pb) concentration (ppm) for Sg. Kilim. 

  

 The spatial distribution of iron concentrations in Sungai Kilim underscores the need for targeted 

monitoring efforts and further research to identify specific sources and evaluate their ecological impact. 

Identifying whether these high concentrations are due to natural processes or external inputs is critical for 

developing effective management and mitigation strategies. The spatial pattern of lead (Pb) 

concentrations in sediment samples from Sungai Kilim, as depicted in Figure 5, reveals notable variation, 

with levels peaking at 50 ppm in certain locations. Elevated lead concentrations are primarily 

concentrated in specific zones, particularly those influenced by urban development, boating activities, or 

industrial runoff. These localized contamination sources are typical contributors to pollution in coastal 

and aquatic systems [24,25]. The uneven distribution of lead inputs across the area results in 

environmental “hotspots” of contamination. The accumulation of lead in these hotspots may also be 

driven by hydrodynamic factors, such as reduced water flow in certain sections, which promotes the 

settling of heavy metals in sediments. Such hotspots pose ecological risks, as lead is toxic to aquatic life 

and can bioaccumulate in the food chain, potentially affecting marine organisms and human health [26]. 

 

 The high concentrations of lead identified in Sungai Kilim emphasize the need for focused 

monitoring and remediation efforts. Determining the specific sources of lead contamination, such as 

industrial effluents or urban stormwater runoff, is crucial for devising effective measures to mitigate 

environmental risks and safeguard aquatic ecosystems [27,28]. The distribution of lead in Sungai Kilim 

highlights the substantial impact of human activities on heavy metal contamination in the area. To 

mitigate these effects, it is imperative to implement pollution control strategies and promote sustainable 

land use and industrial practices. 
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Figure 6. Contour map of Zinc (Zn) concentration (ppm) for Sg. Kilim. 

 

The spatial distribution of zinc (Zn) concentrations in sediment samples from Sungai Kilim, as 

illustrated in Figure 6, ranges from 50.0 ppm to 200.0 ppm, with a distinct gradient represented by 

varying shades of blue. Higher zinc concentrations are concentrated in the central and southern sections 

of the river. These areas of elevated levels suggest localized sources of contamination, which could 

include industrial runoff, agricultural activities, or urban pollution [25]. Reduced water flow in these 

sections may facilitate the settling of zinc particles, leading to their accumulation in the sediments [29]. 

 

 The observed gradient in zinc concentrations highlights the influence of hydrological factors, 

such as water movement and sedimentation dynamics, on the spatial distribution of heavy metals. Slower 

water flow in the central and southern parts of the river creates conditions favorable for zinc to settle and 

accumulate, forming zones of higher contamination. Elevated zinc levels in these areas could pose risks to 

local aquatic ecosystems, as excessive zinc concentrations may be toxic to aquatic organisms and can 

disrupt ecological balance [23] 

 

 These findings emphasize the need for targeted environmental monitoring and pollution 

management in Sungai Kilim. Efforts to mitigate zinc contamination should focus on identifying specific 

pollution sources and implementing appropriate control measures. Sustainable practices in industrial and 

agricultural sectors, as well as enhanced waste management strategies, are essential to minimize zinc 

inputs into the river and protect its ecological health [26,30]. The contamination factor in Sungai Kilim is 

illustrated in Table 7 below. 
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Table 7. Contamination Factor of Sungai Kilim. 

 

STATION Co Cr Fe Pb Zn 

K1 0.57 1.81 0.80 3.67 1.07 

K2 2.30 0.72 0.75 2.65 0.86 

K3 2.64 0.85 0.72 4.01 0.55 

K4 0.41 0.93 0.30 0.58 0.79 

K5 0.70 0.88 0.30 5.47 0.66 

K6 2.74 0.98 0.50 1.94 0.17 

K7 2.45 0.86 0.66 2.15 0.39 

K8 1.11 1.06 0.57 3.17 0.99 

K9 0.48 1.27 0.60 1.54 0.49 

K10 0.74 1.21 0.61 1.35 0.39 

K11 0.61 1.40 0.33 0.87 0.51 

K12 0.54 0.27 0.28 1.08 0.85 

K13 0.90 0.51 0.15 5.05 0.38 

K14 0.26 0.43 0.24 0.24 0.37 

K15 0.25 0.12 0.26 1.20 0.55 

K16 0.42 0.49 0.29 0.53 0.44 

 

 Based on the contamination factor (CF) ranges presented in Table 7, the analysis of stations in 

Kilim reveals significant contamination concerns, particularly for Lead (Pb). Several stations in Kilim 

exhibit CF values indicating considerable contamination (CF between 3 and 6), highlighting notable 

environmental threats. For instance, stations K1 (3.673 mg/L), K3 (4.008 mg/L), K5 (5.468 mg/L), and 

K13 (5.051 mg/L) are particularly concerning due to their elevated Pb concentrations, which pose serious 

risks to both ecological and human health. 

 

 Additionally, Cobalt (Co) levels at stations K3 and K6 also fall within the considerable 

contamination range, further contributing to the area's pollution profile. Chromium (Cr), Iron (Fe), and 

Zinc (Zn), on the other hand, generally demonstrate moderate to low contamination levels. However, the 

high Pb concentrations underscore an urgent need for targeted remediation efforts. The contamination 

patterns in Kilim suggest a significant anthropogenic influence, likely tied to urban runoff, industrial 

activities, and other human interventions. Previous studies have identified lead as a persistent and toxic 

heavy metal linked to these sources [23,29]. Such contamination underscores the need for immediate 

environmental management and regulatory measures. 

 

 In conclusion, Kilim faces severe contamination challenges, particularly from Lead and Cobalt, 

which necessitate urgent remediation actions to protect environmental and public health. Ongoing 

monitoring, combined with strategies to identify and mitigate pollution sources, is crucial for reducing 

contamination levels and preventing future environmental degradation. These measures align with best 

practices in environmental management to combat localized pollution and ensure sustainable ecosystem 

health [10]. 
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Table 8. Enrichment Factor of Sungai Kilim. 

 

STATION Co Cr Pb Zn 

K1 0.72 2.27 4.61 1.35 

K2 3.07 0.97 3.54 1.15 

K3 3.68 1.18 5.60 0.76 

K4 1.35 3.10 1.92 2.61 

K5 2.29 2.90 17.96 2.16 

K6 5.52 1.97 3.90 0.34 

K7 3.69 1.30 3.24 0.58 

K8 1.96 1.87 5.59 1.75 

K9 0.80 2.13 2.58 0.82 

K10 1.22 2.00 2.23 0.65 

K11 1.87 4.25 2.65 1.54 

K12 1.95 0.99 3.89 3.07 

K13 6.10 3.45 34.07 2.57 

K14 1.08 1.80 1.02 1.56 

K15 0.93 0.47 4.55 2.08 

K16 1.43 1.67 1.82 1.52 

  

  Table 8 presents the Enrichment Factor (EF) for four heavy metals—Cobalt (Co), Chromium 

(Cr), Lead (Pb), and Zinc (Zn)—measured across various stations in Kilim. The EF values provide 

insights into the level of metal contamination, with a color-coded system categorizing the severity of 

enrichment. The classification is as follows: White indicates no enrichment, Light Blue represents minor 

enrichment, Green denotes moderately severe enrichment, Yellow signifies severe enrichment, Orange 

indicates very severe enrichment, and Red represents extremely severe enrichment. This visual system 

helps easily identify the extent of metal contamination at each station. 

 

 In Kilim, Lead (Pb) displays significant contamination at stations K5 and K13, with EF levels 

reaching Severe and Very Severe Enrichment. Other metals, such as Cobalt and Chromium, generally 

exhibit Minor to Moderate Enrichment across most stations, suggesting localized but less severe 

contamination. These findings align with studies that emphasize localized pollution patterns influenced by 

anthropogenic activities, such as urban runoff and industrial discharges [10,11]. This information is 

crucial for identifying priority areas in Kilim that require environmental monitoring and remediation 

efforts to address metal contamination effectively. Such targeted measures are consistent with 

environmental best practices for mitigating pollution hotspots [14]. 
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Table 9. Geo-Accumulation Index of Sungai Kilim. 

 

STATION Co Cr Fe Pb Zn 

K1 -1.39 0.27 -0.91 1.29 -0.48 

K2 0.61 -1.05 -1.00 0.82 -0.80 

K3 0.81 -0.83 -1.07 1.42 .1.45 

K4 -1.89 -0.69 -2.32 -1.38 -0.93 

K5 -1.11 -0.77 -2.30 1.87 -1.19 

K6 0.87 -0.62 -1.60 0.37 -3.14 

K7 0.70 -0.80 -1.18 0.52 -1.96 

K8 -0.43 -0.50 -1.40 1.08 -0.59 

K9 -1.65 -0.24 -1.33 0.03 -1.62 

K10 -1.02 -0.31 -1.31 -0.15 -1.93 

K11 -1.29 -0.11 -2.19 -0.79 -1.57 

K12 -1.48 -2.46 -2.44 -0.48 -0.82 

K13 -0.73 -1.55 -3.34 1.75 -1.89 

K14 -2.54 -1.81 -2.65 -2.62 -2.01 

K15 -2.61 -3.61 -2.51 -0.33 -1.46 

K16 -1.85 -1.63 -2.36 -1.50 -1.76 

 

 Table 9 represents the Geo-Accumulation Index (Igeo) for heavy metals such as Cobalt (Co), 

Chromium (Cr), Iron (Fe), Lead (Pb), and Zinc (Zn) across various stations in Sungai Kilim. The Igeo 

values provide insight into the pollution levels of these metals at different locations. A color-coding 

system visually distinguishes between contamination levels, with classifications ranging from virtually 

unpolluted (blue) to strongly polluted (red). This visual aid facilitates identifying areas that may require 

environmental attention. 

 

 The status key categorizes Igeo values into six distinct pollution levels. Blue (< 0) represents 

stations that are virtually unpolluted, with no harmful metal concentrations. Light blue (0 to 1) indicates 

areas that are unpolluted to moderately polluted, reflecting mild contamination. Green (1 to 2) signifies 

moderately polluted areas, where contamination is noticeable but not severe. Yellow (2 to 3) highlights 

moderately to highly polluted areas, signaling rising pollution levels needing intervention. Orange (3 to 4) 

marks strongly polluted zones with significant contamination, while Red (> 5) identifies extremely 

polluted areas posing serious environmental risks, though no stations in Table 9 fall into this category. 

 

 The data from Sungai Kilim indicate that most stations fall into the "virtually unpolluted" or 

"unpolluted to moderately polluted" categories, suggesting good environmental health in the region. Most 

metal concentrations measured at these stations show no contamination or minimal pollution, with 

negative Igeo values for metals such as Chromium (Cr) and Iron (Fe), further emphasizing a relatively 

clean environment. These findings are promising and reflect the effectiveness of existing pollution control 
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measures. They align with trends observed in regions with minimal industrial activity, where pollution 

levels are generally low, and environmental conditions remain stable [10]. 

 

 However, localized concerns regarding Lead (Pb) indicate the existence of certain hotspots of 

contamination within Sungai Kilim. Elevated Lead concentrations at stations K1, K3, K5, K8, and K13 

point to more significant contamination in these areas, as evidenced by higher Igeo values. Lead pollution 

is particularly concerning due to its toxicity, which poses serious health risks to humans and wildlife even 

at relatively low concentrations. Previous research in coastal and estuarine environments has identified 

industrial activities, urban runoff, and vehicle emissions as common sources of Lead contamination, 

which contribute to its increased deposition in sediment and water [11,29]. 

  

The identified hotspots of Lead pollution highlight the need for focused and sustained 

monitoring efforts. Considering the persistence and toxicity of Lead, it is critical to track its 

concentrations over time and investigate potential contamination sources. Factors such as localized 

industrial activities, runoff from urban areas, or historical use of Lead-containing materials (e.g., paint or 

gasoline) could contribute to the problem. Addressing these sources will be essential to mitigating further 

contamination [31]. This approach aligns with best practices in environmental management, which 

advocate monitoring, source identification, and targeted interventions to address pollution locally [10]. In 

summary, while the overall environmental quality in Sungai Kilim is encouraging, the localized 

contamination of Lead requires a focused approach to environmental management. Regular monitoring, 

coupled with strategies for identifying and addressing pollution sources, will be key to maintaining 

ecosystem health and safeguarding public health in this region. 

 

CONCLUSION  

 

The study of metal concentrations in Sungai Kilim reveals significant variability in cobalt (Co), 

chromium (Cr), iron (Fe), lead (Pb), and zinc (Zn), with pollution patterns influenced by local 

environmental factors. In Kilim, Co and Cr exhibit notable variability, while Pb concentrations vary 

widely, indicating diverse pollution sources. Zinc levels also fluctuate, whereas consistently high iron 

levels suggest a common origin or widespread environmental impact. These findings underline the 

importance of addressing localized pollution through targeted regulatory measures, such as controlling 

industrial discharges and managing emissions from boating activities. Limitations of the study include 

potential variability in sampling methods and the influence of unmeasured local factors. The findings 

highlight the necessity of identifying pollution hotspots, tailoring interventions to specific contaminants, 

and implementing stringent environmental regulations to mitigate current impacts and prevent future 

contamination. 
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