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ABSTRACT: This study aims to understand the soil impacts of illegal dumpsites in Malaysia 

through quantifying the heavy metals in the soil of two dumpsites, one receiving construction 

waste and the other receiving municipal solid waste. Five soil samples were collected from 

each dumpsite, and sampling was repeated in the second week to examine the temporal changes 

in the levels of heavy metals. All sampling was conducted in triplicates. The soil samples were 

sieved, dried, and digested with aqua regia at 70 °C, after which the digested mixtures were 

filtered. The filtrates were diluted and tested with an atomic absorption spectrophotometer for 

heavy metals. The soil heavy metal concentration ranges were as follows: Al (24.67-142.20 

mg/kg), Cd (< 0.01-0.083 mg/kg), Cu (0.10-14.99 mg/kg), Fe (11.20-241.77 mg/kg), Mn (0.09-

22.60 mg/kg), Ni (0.02- 0.77 mg/kg), and Zn (0.14-35.03 mg/kg). All the heavy metals have 

been detected at all the sampling points except that the Cd levels at some sampling points were 

below the detection limit. The levels of heavy metals varied spatially and temporally, though 

higher Cd, Cu, Fe, Mn, Ni, and Zn were detected consistently at two sampling points of the 

dumpsite receiving municipal waste. This could be linked to the electrical and electronic waste 

at the dumpsite. The levels of heavy metals in the soil did not constitute soil contamination. 

However, it is important to control illegal dumping activities to reduce the associated health 

and safety concerns, such as infestation of vermin, fire, physical hazards, and odor. 

KEYWORDS: Illegal dumpsites; heavy metals; soil; contamination; construction waste; 

municipal waste 

 

1. Introduction 

The release of heavy metals into the environment is an environmental issue affecting the health 

of living organisms on Earth [1]. Heavy metals comprise metalloids and metals which usually 

have atomic densities larger than 5.0 g/cm3 [2]. Heavy metals are poisonous and toxic, even at 

relatively low concentrations [3]. Heavy metal contamination affects abiotic systems, including 

the air, soil, and water that living organisms depend on for survival. Heavy metals have been 

reported to produce carcinogenic, teratogenic, mutagenic, and neurotoxic effects on living 
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organisms [4]. Thus, the cumulative long-term health effects of heavy metal contamination 

have become a leading concern throughout the world [3]. 

Anthropogenic activities, particularly agriculture and waste disposal, are reported to be 

two of the main causes of soil contamination with heavy metals [4]. Soil contamination with 

heavy metals is more severe in developing countries where the efficiency of municipal solid 

waste (MSW) management, the coverage of MSW collection, and the recycling rates of MSW 

are relatively low [5]. In developing countries, a lack of recycling technology for MSW results 

in higher recycling costs and a proclivity to landfill MSW [6]. With lower coverage of MSW 

collection, much of the waste is often dumped illegally in open spaces, resulting in open 

dumpsites. In Malaysia, the generation of MSW has increased with the increasing population, 

reaching approximately 38,427 tonnes per day as of 2021, and 82.5% of the waste ends up in 

landfills. However, the recycling rate for 2020 was only 30.7%, significantly lower than the 

50% of its developed neighbor, Singapore [7]. Landfills in Malaysia are facing the mounting 

pressure of increasing MSW loads, hitting 14 million tonnes per year by 2022, and there is 

increasing concern that much of the waste is not making its way to proper landfill facilities [7]. 

A study revealed that there were 64 illegal dumpsites for construction waste in a single district 

alone, accommodating an approximate total of 427.3 m3 of the waste [8]. Since this is the case, 

it seems likely that there are more illegal dumps in the district that take in both MSW and 

construction waste. 

 The large number of unaccounted open dumpsites throughout the country has 

humongous implications for the quality of the soil surrounding the dumpsites. While MSW is 

properly contained and the leachate is adequately managed in proper landfill facilities, illegal 

dumpsites lack these pollution control mechanisms to minimize the contamination caused by 

the MSW therein to their surroundings [9]. Even with some level of management, it has been 

reported that heavy metals such as Mn, Fe, Ni, Cr, Pb, Zn, Co, and Cu were detected in the soil 

horizons beneath the waste disposal zone of a landfill [10]. The concentrations of the heavy 

metals were higher at the soil-waste interface than at the up-slope area of the waste disposal 

zone. They were also found to be higher at the surface soil layer and to decrease with increasing 

soil depth [10]. Another study conducted for two different MSW disposal sites in Malaysia, 

namely the Panchang Bedena Landfill and the Kelana Jaya ex-disposal site, revealed that the 

former had levels of heavy metals within the Dutch Intervention Value for Soil Remediation 

while the latter had arsenic and mercury levels exceeding the intervention values [11]. This 

implies the importance of adequate management of waste disposal sites to reduce their 

environmental impacts. A study probing the distribution of heavy metals in a non-sanitary 

landfill (Sungai Kembong) and three sanitary landfills (Air Hitam, Kubang Badak, and Ampar 

Tenang) found higher concentrations of heavy metals at deeper soil layers than the upper soil, 

in contrast to the higher levels reported at the soil-waste interface and surface soil layer [11], 

thus indicating that downward migration of heavy metals seems to have occurred over time. A 

study examining the soil contamination at the dumpsite of the bottom ash generated from 

hospital waste incineration showed that concentrations of heavy metals exceeded the 

permission limits with Zn recording the highest concentration (16417.69 mg/kg), followed by 

Pb (143.80 mg/kg), Cr (99.30 mg/kg) and Cd (7.54 mg/kg) [12]. These studies, though 

conducted in different settings of waste disposal sites, pointed to the concern of soil 

contamination with heavy metals at and around these sites. 
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  The reason that MSW is usually linked to heavy metals is that certain wastes contain 

heavy metals inherently. Batteries, for instance, are known to be a significant source of lead 

and cadmium [12]. Plastics, lead crystal glass, and solders are also important sources of lead. 

As for mercury, it could come from dental amalgam as well as measurement and control 

devices such as thermometers [13]. It is likely that heavy metals could leach from MSW, 

especially in an open dumpsite where the MSW is exposed to the elements and there is no 

lining to prevent the infiltration of leachate into soil, let alone a leachate collection and 

treatment system to render the leachate harmless [14]. At such sites, lateral and vertical 

movements of contaminants could occur, leading to a larger area of contamination than the 

zones where the MSW is placed. There are multiple regional studies tracing the levels of heavy 

metals in soil around dumpsites. For instance, in Nigeria, Ogunbanjo et al. studied the forms 

of heavy metals in the soil at two dumpsites and disclosed substantial pollution of the soil by 

Cd and Cu, leading to an unacceptable cancer risk [15]. Another study conducted for an MSW 

dumpsite located in Ghana showed the contamination levels for the dumpsite, down site, and 

top site in descending sequence with a high level of Fe recorded [16]. These studies pointed to 

regional variations in the soil impacts of dumpsites, hence their regional significance. While 

studies on soil contamination with heavy metals due to landfills and dumpsites have been 

conducted in Malaysia, there is currently a lack of such studies in the Malaysian Borneo 

[9][10]. This study therefore aims to fill in this regional gap and provide incremental insight 

into the extent of soil pollution caused by illegal dumpsites. It aims to quantify the 

concentrations of heavy metals in the soil in and surrounding two open dumpsites located in 

Miri on Borneo Island. It then evaluates if the concentrations of the heavy metals are acceptable 

in reference to the established guideline values. As previous studies have shown, heavy metals 

in soil move around over time. This study also looks at how the concentrations of heavy metals 

in soil change over a two-week period. 

2. Materials and Methods 

A total of 5 sampling points were identified within and around two dumpsites. The locations 

of the dumpsites and the respective sampling points are shown in Figures 1 and 2. The GPS 

coordinates of the sampling points are provided in Table 1. Sampling was conducted twice, 

with the second two weeks apart from the first to examine the temporal changes in the 

concentrations of heavy metals. This study presents a preliminary attempt to track the short-

term temporal variations in the levels of soil heavy metals, and the second sampling was 

conducted two weeks after the first, assuming that significant changes in the levels might have 

occurred over the duration. Besides, sampling intervals of two weeks and one month were 

commonly reported [17]. During sampling, a hand auger was used to obtain a soil column at 

each sampling site. Soil at a depth of 15 cm was collected and transferred to a labelled plastic 

bag to be brought back to the laboratory for storage and analysis. Ten samples were collected 

during the initial sampling and another 10 during the second sampling, yielding a total of 20 

soil samples. 
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Figure 1. The location of Open Dumpsite A (a) and the sampling points (b). 

Each soil sample was gently homogenized and sieved through a 2 mm sieve. The sieved 

sample was dried in an oven at a temperature of 40 °C for approximately 30 minutes. 1 g of the 

dried sample was placed in a 250 ml beaker. 15 ml of aqua regia were prepared by mixing 35% 

of HCl (3 ml) and 70% of high purity HNO3 (9 ml). The aqua regia was added to the 250 ml 

beaker containing 1 g of sample. The mixture was digested using the Titan Microwave Sample 

Preparation System at 70 °C. The digested mixture was filtered using a filter paper, and the 

filtrate was transferred to a 100 ml volumetric flask. The solution was subsequently diluted by 

adding deionized water to the marked level of the volumetric flask. The solution was analyzed 

for the concentrations of Al, Cd, Mn, Cu, Fe, Ni, and Zn using an atomic absorption 

spectrophotometer (AAS). A triplicate of each soil sample was prepared for analysis. Prior to 

the analysis, a calibration curve for each heavy metal of interest had been constructed with 

standard solutions. 

(a) 

(b) 
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Figure 2. The location of Open Dumpsite B (a) and the sampling points (b). 

Table 1. GPS coordinates of the sampling points 

Sampling Point Coordinates 

A1 4°30'28"N, 114°01'22"E 

A2 4°30'28"N, 114°01'23"E 

A3 4°30'29"N, 114°01'23"E 

A4 4°30'30"N, 114°01'22"E 

A5 4°30'30"N, 114°01'23"E 

B1 4°30'04"N, 114°00'23"E 

B2 4°30'03"N, 114°00'22"E 

B3 4°30'04"N, 114°00'21"E 

B4 4°30'06"N, 114°00'21"E 

B5 4°30'05"N, 114°00'23"E 

3. Results and Discussion 

3.1. Compositions of waste. 

Open dumpsite A is an illegal dumpsite for construction waste (Figure 1). The waste observed 

at the dumpsite consisted of concrete materials, wood, vegetative waste such as crop residues, 

stumps, and wood chips, cupboards, sandbags, as well as plastic materials such as polystyrene, 

(a) 

(b) 
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polyvinyl chloride (PVC) pipes, high-density polyethylene (HDPE) pipes, and pipe fittings. 

Open dumpsite B is an illegal dumpsite for MSW (Figure 2). The waste was composed of 

plastic materials, batteries, paper waste, metal cans, aluminium cans, nails, screws, metal bars, 

metal tubes, broken glassware, vegetative waste such as wood chips, leaves, branches, and 

trunks, broken house furniture, as well as electrical and electronic waste. These open dumpsites 

were not equipped with proper lining as well as leachate collection and treatment systems. The 

leachate generated from these dumpsites entered the soil directly. It transported the 

contaminants, including heavy metals, from the waste into the soil. 

3.2. Aluminium concentrations. 

As shown in Figure 3, among the first set of samples collected during the initial sampling, the 

highest level of aluminium recorded was 142.20 mg/kg at A5, while the lowest aluminium 

concentration recorded was 25.24 mg/kg at location B1. Analyses of the soil samples collected 

in the second week also showed the highest concentration of aluminium at A5 (135.80 mg/kg) 

and the lowest concentration of aluminium at B1 (18.66 mg/kg). Except for A2, A3, and A4, 

the aluminium concentrations at most sampling points decreased in two weeks, with the 

greatest reduction observed at B3, from 117.20 mg/kg to 81.85 mg/kg. This implied a gradual 

removal of aluminium from the sampling points, probably due to the leaching and migration 

of aluminium. 

 
Figure 3. Concentrations of aluminium at different sampling points. 

Figure 3 shows that aluminium was detected at all sampling points, though it was more 

prevalent at the sampling points of the dumpsite for construction waste. The reason could be 

due to the metallic aluminium and aluminium hydroxide present in concrete [18]. Leaching of 

aluminium from cookware such as aluminium pots, clay pots, and steel utensils has been 

reported, and this could account for the presence of aluminium at the MSW dumpsite [19]. The 

leaching could be facilitated by rainwater which is naturally slightly acidic (pH 4–5.5), as well 

as acidic soil pH, which could manifest through decomposition of organic materials and 

imbalanced N, S, and C cycles [20-22]. The aluminium level in A2 increased significantly from 

43.56 mg/kg to 61.44 mg/kg, implying a source of aluminium, most likely as a result of 

continuous release from aluminium-containing waste such as concrete. Nonetheless, these 

A1 A2 A3 A4 A5 B1 B2 B3 B4 B5

Initial 104.73 43.56 36.91 38.59 142.20 25.24 65.27 117.13 73.37 37.92

Week 2 96.19 61.44 42.87 39.91 135.80 18.66 44.82 81.85 58.54 24.67
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values are still significantly lower than the typical range of soil aluminium levels (10,000 – 

300,000 mg/kg) [20]. 

3.3. Cadmium concentrations. 

As shown in Table 2, the cadmium concentrations at most of the sampling sites were lower 

than 0.01 mg/kg, except at B2, B3 and B4. B2 recorded the highest initial and Week 2 

concentrations of cadmium (0.083 mg/kg and 0.075 mg/kg respectively). Cadmium 

concentrations were observed to reduce at B2 and B3 over two weeks while marginal increase 

of cadmium was noted at B4. Elevated cadmium levels were reported at B2 and B3 located at 

the open dumpsite for MSW.  

Table 2. Cadmium (Cd) concentrations in the soil samples collected from different sampling points. 

Location Mean Concentration (mg/kg) 

Initial Week 2 

A1 <0.01 <0.01 

A2 <0.01 <0.01 

A3 <0.01 <0.01 

A4 <0.01 <0.01 

A5 <0.01 <0.01 

B1 <0.01 0.019 

B2 0.083 ± 0.014 0.075 ± 0.028 

B3 0.053 ± 0.012 0.049 ± 0.031 

B4 0.019 ± 0.013 0.020 ± 0.018 

B5 <0.01 <0.01 

MSW is generally more complex in composition than construction waste, consisting of 

food waste, household waste, garden waste, textiles, diapers, and even hazardous waste such 

as electrical and electronic waste [23]. Batteries were sighted at the dumpsite, and nickel-

cadmium batteries with cadmium as the anode might contribute to the cadmium content in soil 

once leached. However, cadmium is also naturally occurring in soil, with concentrations up to 

5 g/L in soil water as a result of weathering [24]. In fact, Cd is usually present in soil at 0.01 to 

1 mg/kg and the global mean of its concentration in soil is 0.36 mg/kg [25]. Therefore, while a 

few sampling points showed elevated Cd levels, they are considered to fall within the common 

concentration range of Cd in soil. 

3.4. Copper concentrations. 

Figure 4 shows that B3 contained the highest amounts of copper both during initial sampling 

(14.99 mg/kg) and sampling on Week 2 (13.78 mg/kg), but there was a slight decrease in copper 

over two weeks. Both soil samples taken from B2 showed that the samples contained the second 

highest amounts of copper (5.01 mg/kg and 3.47 mg/kg). A larger decline in copper 

concentration was observed at B2 (1.54 mg/kg) in the second week. Other sampling points had 

relatively low copper concentrations. Two sampling points with high copper concentrations 

were located at the dumpsite for MSW (Figure 4). While the high copper concentrations could 

be linked to the composition of MSW, the distribution of copper in soil is multifactorial, with 

climate and geology all playing a role [26]. Agricultural activities could also introduce copper 

into the soil. A study examining the soil copper concentrations in the European Union found 

the mean copper concentration to be 16.85 mg/kg and vineyards were generally associated with 

higher mean soil copper concentrations [27]. In most of the sampling points, copper 
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concentrations decreased with time. As a plant micronutrient, copper could be taken up by 

plants [28]. A decrease in soil copper concentration could also be caused by high soil organic 

carbon and high clay content [28]. Nonetheless, copper is not as mobile as aluminium and 

would only be subjected to leaching in extremely sandy soils [29]. 

 
Figure 4. Concentrations of copper at different sampling points. 

3.5. Iron concentrations. 

At B2 and B3, there were markedly higher initial iron concentrations than other sampling 

points, with B3 recording the highest initial iron concentration of 241.77 mg/kg, followed by 

B2 at 233.90 mg/kg (Figure 5). The iron concentration from the first sampling practice at A1 

came in third with 108.33 mg/kg and that at A5 came in fourth with 99.03 mg/kg (Figure 5). 

The prevalence of iron concentrations as revealed from the second sampling in Week 2 was 

similar where B3 had the highest iron concentration (241.67 mg/kg), followed by B2 (238.43 

mg/kg). However, a significant decrease in the iron level at A1 to 82.93 mg/kg pushed it to the 

fourth place after A5 (93.50 mg/kg).  

 
Figure 5. Concentrations of iron at different sampling points. 

A1 A2 A3 A4 A5 B1 B2 B3 B4 B5

Initial 0.23 0.10 0.20 0.27 0.17 0.19 5.01 14.99 0.15 0.30

Week 2 0.21 0.09 0.12 0.23 0.15 0.43 3.47 13.78 0.10 0.39
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Six sampling points showed reduced iron concentrations while only four sampling 

points showed increased iron concentrations over two weeks. Like aluminium, iron was 

detected at all sampling points at relatively high concentrations, and the highest soil iron 

concentrations were reported at B2 and B3, similar to copper. A plausible reason for the 

prevalence of iron at the sampling points is that iron is commonly found in construction and 

municipal waste [30]. Besides, MSW contains a significant proportion of metals, and iron is 

one of the most common metals reported [23]. The changes in soil iron levels at the sampling 

points over two weeks were highly variable, with A1 showing an obvious reduction. The 

changes could be attributed to factors such as soil organic matter and pH. Iron is also a plant 

micronutrient, and the bioaccumulation of iron by plants is likely to vary with the species of 

plants [31]. 

3.6. Manganese concentrations. 

Referring to Figure 6, most of the sampling points had low manganese concentrations, except 

B2 and B3. Analyses of the first set of soil samples revealed that B2 and B3 had manganese 

concentrations of 9.62 mg/kg and 6.24 mg/kg, respectively. The manganese concentrations at 

other sampling points were below 1.1 mg/kg (Figure 6). Over two weeks, B2 saw a more-than-

twofold increase in manganese concentration to 22.60 mg/kg, while the manganese 

concentration at B3 decreased slightly (Figure 6). 

 
Figure 6. Concentrations of manganese at different sampling points. 

Manganese is naturally present in soil at concentrations of 20 to 3000 ppm, or 20–3000 

mg per kg of soil. It is usually present as Mn2+ in soil with the tendency to form complexes 

with organic compounds [32]. Its availability in soil is affected by pH, and lower pH results in 

higher solubility, hence availability to plants [32]. This study again points to significantly 

higher manganese levels at the MSW dumpsite, probably due to the more diverse composition 

of MSW. Electrical and electronic waste, which was also disposed of at the dumpsite, might 

have been a source of manganese. The proximity of the waste to B2 and B3 has possibly led to 

the elevated soil manganese. Nonetheless, at the highest recorded level of 22.60 mg/kg, the soil 

manganese concentration is within the natural range [33]. The significant increase in soil 

A1 A2 A3 A4 A5 B1 B2 B3 B4 B5

Initial 0.76 0.09 0.30 1.09 1.02 0.25 9.62 6.24 0.34 0.43

Week 2 0.80 0.17 0.26 1.09 1.02 0.35 22.60 5.24 0.29 0.50
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manganese at B2 over two weeks might imply a source of manganese, most likely from the 

electrical and electronic waste there. 

3.7. Nickel concentrations. 

Among the first set of soil samples, the nickel concentration at B3 (1.77 mg/kg) was the highest, 

followed by B2 (1.14 mg/kg), whereas that at B1 was the lowest (0.02 mg/kg) (Figure 7). In 

Week 2, the nickel concentration at B3 remained the highest (1.73 mg/kg). However, the nickel 

concentration at B2 had decreased substantially to 0.41 mg/kg (Figure 7). B2 and B3 were 

located at the open dumpsite receiving MSW. Nickel has been detected in soil at concentrations 

between 4 and 80 ppm [34]. Nickel emissions into the environment have been linked to nickel 

refining, steel production, coal combustion, and municipal incineration [4]. In regards to the 

dumpsites, the likely source of nickel was the electrical and electronic waste that entered the 

dumpsite receiving MSW. For instance, rechargeable nickel-cadmium batteries are a potential 

source of both nickel and cadmium [35]. It is interesting to note the considerable decrease in 

the nickel level at B2 over two weeks. In fact, nickel has relatively low mobility, equivalent to 

chromium and zinc in calcareous loam due to its tendency to sorb into the solid phase of soil 

[34]. The reduction could be a result of the sorption of nickel causing its uneven distribution at 

B2. 

 
Figure 7. Concentrations of nickel at different sampling points. 

3.8. Zinc concentrations. 

As with copper, manganese and nickel, B2 and B3 recorded significantly higher amounts of 

zinc in the first set (35.03 mg/kg and 21.17 mg/kg, respectively) and the second set (29.83 

mg/kg and 20.47 mg/kg, respectively) of soil samples (Figure 8). The zinc concentrations at 

other sampling points were less than 0.80 mg/kg (Figure 8). B2 showed a notable reduction of 

zinc levels over two weeks, similar to that observed for nickel, except that the extent of 

reduction for zinc was far less. Zinc has soil mobility that is similar or closely resembles that 

of nickel, hence a tendency to adsorb to soil particles [34]. The reduction of zinc at B2 could 

also be a consequence of the uneven distribution of zinc, in addition to other factors mentioned 
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earlier, such as soil types, organic content, and soil pH, that influence the distribution and 

availability of heavy metals. The typical mean soil zinc level is 50 ppm, so the levels of zinc 

reported are not alarming [36]. Zinc is also a micronutrient needed by plants. Zinc is a common 

component of electrical and electronic waste, which is likely the reason that it was detected at 

higher concentrations at B2 and B3 with such waste in their vicinity [36]. It is noteworthy that 

the incineration of MSW has been reported to produce bottom ash containing significant 

amounts of copper, lead, and zinc. This implies the common presence of copper and zinc in 

MSW [37]. 

 
Figure 8. Concentrations of zinc at different sampling points. 

3.9. Comparison with the soil screening levels. 

There is currently a lack of regulation on the acceptable levels of heavy metals in soil, 

developed for Malaysia. However, the Department of Environment Malaysia published the 

‘Contaminated Land Management and Control Guidelines No. 1: Malaysian Recommended 

Site Screening Levels for Contaminated Land', which contains the Soil Screening Levels 

(SSLs) adopted from the US EPA Regional Screening Levels [38]. These SSLs are used to 

determine if the levels of heavy metals at the sampling points are of concern. According to 

Table 3, the highest soil levels of the respective heavy metals were well below the SSLs, 

showing that the levels do not constitute a concern for soil contamination. Therefore, the 

sampling points are currently not considered contaminated sites.  

Table 3. The highest levels of heavy metals reported and their corresponding SSLs. 

Heavy Metal Highest Level Reported (mg/kg) SSL for Residential Soil* (mg/kg) 

Aluminium 142.20 ± 0.13 77000 

Cadmium 0.083 ± 0.014 7 

Copper 14.99 ± 0.01 3100 

Iron 241.77 ± 0.02 55000 

Manganese 22.60 ± 0.01 1800 

Nickel 1.77 ± 0.001 1600 

Zinc 35.03 ± 0.002 23000 

*SSLs for residential soil are used because the dumpsites are located at the vicinity of residential areas or a closer 

proximity to residential areas as shown in Figures 1 and 2.  

A1 A2 A3 A4 A5 B1 B2 B3 B4 B5

Initial 0.49 0.14 0.19 0.73 0.47 0.17 35.03 21.17 0.22 0.54

Week 2 0.52 0.14 0.16 0.68 0.47 0.32 29.83 20.47 0.20 0.72
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Having said that, it is crucial to regulate illegal dumping activities due to the health and 

safety concerns they pose, particularly in breeding vermin and pests, as well as the physical 

risks related to slipping, tripping, puncturing, etc. [39, 40]. Besides, illegal dumpsites pose 

significant aesthetic impacts and release odors, which could cause discomfort to the receptors 

nearby [41]. The presence of these dumpsites also encourages irresponsible waste disposal, and 

it is difficult to control the types of waste received by these dumpsites. 

3.10. Comparison with other dumpsites and correlation analyses. 

Table 4 shows that the levels of soil heavy metals reported in this study are generally lower 

compared to other studies, with the Cu, Fe, and Mn levels at the lower ends of those reported 

by Syed Ismail et al. for four non-sanitary landfills located in the Langat Water Catchment 

Malaysia [42]. The concentrations of Al and Cd were significantly lower than those in the soils 

of the four landfills, while the concentrations of Ni and Zn were comparable to those of the 

landfills, with the highest Zn concentration exceeding that of the landfills. The levels of soil Al 

and Zn in the dumpsites studied were close to the lower ends of those reported for a municipal 

landfill at Simpang Renggam, Johor. The Ni concentrations, however, were significantly lower 

than those of the municipal landfill. 

Table 4. Comparison of the levels of soil heavy metals with those reported in other studies 

Heavy Metal Range Reported in This Study  

(mg/kg) 

Range for Non-Sanitary 

Landfills [42]  

(mg/kg) 

Range for a Municipal 

Landfill [43] 

 (mg/kg) 

Aluminium 24.67 – 142.20 389 – 1,450 Not tested 

Cadmium <0.01 – 0.083 2.57 – 4.61 Not tested 

Copper 0.10 – 14.99 13.7 – 43.2 14 – 74  

Iron 11.20 – 241.77 299 – 1,260 Not tested 

Manganese 0.09 – 22.60 19.7 – 90.8 Not tested 

Nickel 0.02 – 1.77 0.28 – 1.55 16 – 35  

Zinc 0.14 – 35.03 6.47 – 17.8 32 – 78  

Pearson’s correlations in Table 5 confirm the findings that the initial levels of Cd, Cu, Fe, Mn, 

Ni and Zn were significantly interrelated, and this is shown in Figures 4-8 and Table 2 that 

consistently high initial levels of soil Cd, Cu, Fe, Mn, Ni and Zn were detected at B2 and B3. 

No significant correlations were observed between Al and other heavy metals likely because 

of the obvious differences between the pattern of Al distribution and those of other heavy 

metals across the sampling points.  

Table 5. Pearson’s correlations for the initial concentrations of soil heavy metals. 

Heavy Metal Initial Al Initial Cd Initial Cu Initial Fe Initial Mn Initial Ni Initial Zn 

Initial Al 1 0.209 0.408 0.532 0.264 0.413 0.209 

Initial Cd - 1 0.689* 0.861** 0.986** 0.849** 0.993** 

Initial Cu - - 1 0.809** 0.716* 0.962** 0.704* 

Initial Fe - - - 1 0.910** 0.916** 0.880** 

Initial Mn - - - - 1 0.876** 0.996** 

Initial Ni - - - - - 1 0.865** 

Initial Zn - - - - - - 1 

**Significant at p = 0.01; *significant at p = 0.05 

A similar interrelation between the concentrations of Cd, Fe, Mn and Zn was observed 

except that the correlations between Cd and Cu, as well as between Cd and Ni became 

insignificant, particularly the latter, likely due to the changes in the concentrations of Cu, and 

Ni especially, by Week 2 (Table 6). Similarly, the substantial increase in soil Mn concentration 
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(Figure 6) and the substantial decrease in soil Ni concentration in Week 2 (Figure 7) rendered 

the Mn-Ni correlation insignificant. The change in soil Mn level also caused the Mn-Cu 

correlation to become insignificant.  

Table 6. Pearson’s correlations for Week 2 concentrations of soil heavy metals. 

Heavy Metal Wk2 Al Wk2 Cd Wk2 Cu Wk2 Fe Wk2 Mn Wk2 Ni Wk2 Zn 

Wk2 Al 1 -0.028 0.160 0.244 -0.088 0.237 -0.009 

Wk2 Cd - 1 0.630 0.893** 0.928** 0.596 0.987** 

Wk2 Cu - - 1 0.786** 0.335 0.996** 0.690* 

Wk2 Fe - - - 1 0.774* 0.786** 0.930** 

Wk2 Mn - - - - 1 0.300 0.913** 

Wk2 Ni - - - - - 1 0.660* 

Wk2 Zn - - - - - - 1 

**Significant at p = 0.01; *significant at p = 0.05 

3.11. Limitations. 

This study has its limitations. While endeavoring to include as many heavy metals as possible 

in the study, some commonly reported heavy metals such as lead, mercury, and chromium have 

been excluded due to technical constraints. However, the number of heavy metals analyzed is 

comparable to that of other studies [4, 44–46]. The sampling points were selected to ensure 

that they were sufficiently representative of the dumpsites. Even so, it is likely that certain 

crucial points have not been captured [47]. This study primarily aims to examine the levels of 

heavy metals in the soil of illegal dumpsites and is therefore limited in describing the temporal 

changes of these levels. Only two sets of samples were collected on a two-week interval from 

the sampling points. This study did not extend the variation tracking of the heavy metals beyond 

that, nor did it perform the tracking on a shorter interval. On the same note, this study did not 

perform a detailed inventory of the types of waste spotted at each sampling point and the 

quantities. 

4. Conclusions 

This study elucidates the levels of heavy metals in the soil in and around two illegal open 

dumpsites, one receiving construction waste and the other receiving MSW. It shows that 

aluminium, copper, iron, manganese, nickel, and zinc have been detected at all the sampling 

points, whereas cadmium at some sampling points had levels below the detection limit. The 

levels of each heavy metal vary at each sampling point, with two sampling points at the 

dumpsite receiving MSW demonstrating elevated levels of cadmium, copper, iron, manganese, 

nickel, and zinc. This was seemingly associated with the compositional complexity of MSW, 

especially the presence of electrical and electronic waste, including batteries, which contained 

an array of heavy metals. The prevalence of aluminium is similar in both the dumpsites, 

indicating that construction waste like concrete might contain leachable aluminium 

components. This study shows that the current levels of heavy metals tested were not of 

significant concern and are not likely to constitute soil contamination. Nonetheless, the 

dumpsites could become breeding grounds for vermin and pose aesthetic impacts. It is 

advisable that illegal dumping in the region should be controlled with existing illegal dumpsites 

cleared. Since the types of waste sent to illegal dumpsites are not regulated, there is always a 

risk of site contamination. 
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