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A B S T R A C T 

Soil is a mixture of various materials such as air, water, and organic matter. Soft soil (peat) has 

very deprived physical properties such as low shear strength, high moisture content, high 

compressibility, and permeability. In an engineering perspective it is considered as a weak soil, 

while  an the agricultural context it is considered as a rich soil because of high amount of 

carbon. Heavy metals such as arsenic, chromium, cadmium, and lead are considered highly 

toxic, and it may produce mutagenic, carcinogenic, and genotoxic effects. This study examined 

the heavy metals concentration of peat soil. There were nine peat samples collected from three 

different sites which are Kampung Bahru (KB), Kampung Lancang I (KL I), and Kampung 

Lancang II (KL II), Pekan district, Pahang State, Malaysia. This research indicated that the 

average organic content were  97.8 % for KB, 95.88 % for KL I, and 98.48 % for KL II 

approximately for peat soil. It concluded that the concentration of As, Cu, Ni, Pb, and Zn 

exceeded the standard guidelines, and Mg concentration was observed below the recommended 

guidelines. It is essential to extract these metals and further assess their toxicological impact on 

the environment and human health. 

1. Introduction

Soil is the combination of various complex, heterogeneous, 

accumulated different heavy metals due to its tendency to connect 

and attach several metals (Palansooriya et al., 2020). These 

elements persist in the soil in different shapes, surrounded by 

various forces (Umeh et al., 2020). There are multiple types of 

heavy metals found everywhere in the environment, such as soil, 

water, sediments, and plants (Appiah et al., 2019; Bhuyar, 2017).  

However, soils having various chemical properties due to 

different formation conditions (Umeh et al., 2020). The toxic heavy 

metals concentration in agricultural soil is high because using other 

pesticides as fertilizers reduces food value and crop production, 

impacting the food chain, human health, and environmental quality 

(Wuana et al., 2014; Bhuyar et al., 2021).  

As a nutrient, mostly the metals are essential in a low 

quantity, it acts as a cofactor and is involved in enzymatic and 

metabolic activities. Nevertheless, in all living organisms, 

including humans, animals, plants, and microorganisms, the large 

quantities of these metals can become strongly inhibiting.  Few 
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essential metals such as cadmium (Cd), arsenic (As), and mercury 

(Hg) are considered extremely toxic even at low concentrations 

(Mishra et al., 2019; Riser-Roberts et al., 2020). When a high 

concentration of heavy metals is accumulated in the soil, it may 

affect plants' productivity and fertility. Such toxic heavy metals 

may also transfer through air, water, and bioaccumulate for a long 

period (Aslam et al., 2019; Anning et al., 2021; Mishra et al., 2019). 

The accumulation of toxic metals in the human body creates 

several health issues, including carcinogenesis, neuromuscular 

defects, metals illness, growth, failure of metabolic activities, and 

development abnormalities (Chandra et al., 2011; Husain, 2019; 

Liu, 2011). 

 

1.1. Peat soil distribution-globally 

 

Generally, peat soil is found in all tropical parts of the globe 

(Abdel-Salam, 2018; Leng et al., 2019). Peat soil almost covers 

about 0.5 billion hectares (0.5×108 km2) 0r 4.0 % of the world's 

whole land, while about 95% of the peat has existed in the northern 

hemisphere, around 20.3% (36.9 million ha) of this area exist in 

Asia. There are two countries in the world with having a 

considerable amount of peat are present such as Canada contains 

about (170 mh) million hectares while Russia comprises 

approximately (150 mh) (Leng et al.2019; Rahgozar & Saberian 

2015); the distribution of peatland worldwide can be seen in Figure 

1 and Table 1. 

 

Figure 1 The global peat-land distribution (Holden et al., 2018). 

 

1.2. Peat soil distribution locally 

 

Peat soil is considered a significant soil group that covers 

around 8% or 3 million hectares of Malaysia's total land. At the 

same time, Sarawak state comprises the largest peatland area, 

which covers about 1.66 million, Peninsular Malaysia about (0.98 

m/ha) and Sabah state encompass (0.80 m/ha) peatland as can be 

seen in Figure 2 (Melling, 2016). 

 

 

Table 1 The peatland distribution worldwide (Frolking et al., 2011; Xu et al., 2018).

 

Continents Countries Total land area(km2) Peatland area(km2) 

North America Canada 9,084,977 1,132,614 

USA 9,161,923 197,841 

Other 6,462,100 8866 

Total 24,709,000 1,339,321 

Asia Russia (Asian part) 9,784,930 1,180,358 

Indonesia 1,811,569 148,331 

Malaysia 328,657 22,398 

China 9,326,410 136,963 

Other 23,327,434 135,132 

Total 44,579,000 1,623,182 

Europe Russia, (European parts) 6,592,812 185,809 

Sweden 410,335 60,819 

Finland 303,815 71,911 

UK 241,930 22,052 

Ireland 68,883 22,052 

Others 2,562,225 16,575 

Total 2,562,225 171,171 

South America Total 17,840,000 485,832 

Africa Total 30,370,000 187,061 

Oceania Total 7,692,024 68,636 

Global Total 148,647,000 4,232,369 
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Figure 2 The peatland in Malaysia (Melling, 2016). 

 

1.3. Chemical properties of Malaysian peat 

 

1.3.1.  pH 

 

The pH is the chemical characteristics that reveal the acidity 

or alkalinity of the soil.  It shows the hydrogen ion concentration. 

Generally, a more excellent hydrogen ion concentration solution 

signifies a lower pH value. Hence a lower pH value retains the 

higher acidic nature. The peat acidity depends on the rocks, the 

plant's nature, oxygen supply, and humic acid concentration. The 

average pH value of several peat types varies from 3.2 to 7.2 

(Kazemian et al., 2012; Paul et al., 2018). The lowest pH of 

Malaysian peat soil was measured at about 3.0, while the highest 

pH value was recorded at about 4.8 (Wahab et al., 2018; Adnan 

Zainorabidin & Mohamad 2017). 

 

1.3.2. Heavy metals in soil 

 

The distribution of different heavy metals such as Zn, Pb, 

Mn, Mg, Ar, Au, Co, and Cu has been investigated in several kinds 

of soil (Huang et al., 2020; Rao et al., 2018; Zhou et al., 2018 The 

extent of heavy metals was detected in a reduced fraction of soil 

particles (Rao et al., 2018). The heavy metals in the soil such as 

zinc (Zn), nickel (Ni), lead (Pb), copper (Cu), chromium (Cr), 

cadmium (Cd),  arsenic (As), manganese (Mn),  tin (Sn),  silver, 

mercury (Hg), and vanadium (V) has been broadly stated by 

researchers and these heavy metals directed to growing 

apprehensions about the severe harmful impact on living organisms 

including humans (Li et al., 2015; Palansooriya et al., 2020; Wang 

et al., 2018).  

         

1.3.3. Heavy metals in peat soil 

 

Peat accumulates 100% unpolluted organic matter, 

comprising more than 65% organic material and less than 35% 

mineral content. The distribution of significant elements in peat 

soil such as (Si, Al, Na, K, Mg, Ca) and trace metals (Ni, V, Cr, Fe, 

Mn, Cu, U, Zn, Pb) are described, and factors affecting their 

extraction are analyzed. Heavy metals such as Pb, Cd, Cu, and Cr 

can affect human health (Y.M. Liu et al., 2020). Some hazardous 

metals such as  As, Cd, Cr, Cu, Ni, Pb, Zn, and Hg have been 

considered a serious threat to the environment and are creating 

consistent problematic pollutants in the ecosystem (Belkin et al.,  

2008; Liu et al., 2020; Saikia et al., 2014). Additionally, the 

contaminants mentioned above are a serious threat to the health of 

humans and animals and the food chain through bio-accumulation 

(Ali et al., 2020; Liu et al., 2020; Nabulo et al., 2010; Pruvot et al., 

2006). 

 

1.3.4. Impact on human health and environment   

 

There are several health effects of metal toxicities in the 

body. The body organs such as the brain, kidney, liver, lungs, and 

blood can directly affect heavy metals and change their 

effectiveness. It can cause a critical chronic effect on the human 

body. Its long-term effect can seriously damage muscular, physical 

and neurological degenerative processes that affect Parkinson's 

disease, multiple sclerosis, muscular dystrophy and Alzheimer's 

disease.The joint research of Institute for Health Metrics and 

Evaluation and World Health Organization reported that  about 

494,550 deaths and around 9.3 million people were disabled due to 

long-term lead (Pb) exposure of humans (Palansooriya et al., 

2020). Throughout the prior decade, arsenic (As) poisoning, which 

negatively impacted health, has been reported in Bangladesh. 

Among the 125 million population countries, about 35 to 77 

million people have been affected, which marked the largest mass 

poisoning by contamination in human history worldwide (Shakoor 

et al., 2019; Smith et al., 2000).  

 

 

Figure 3 Mechanisms of heavy metal intoxication in humans 

(modified) (Engwa et al., 2019). 
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The joint research of Institute for Health Metrics and 

Evaluation and World Health Organization reported that  about 

494,550 deaths and around 9.3 million people were disabled due to 

long-term lead (Pb) exposure of humans (Palansooriya et al., 

2020). Some heavy metals such as arsenic, nickel and cadmium 

may cause cancer, cardiovascular and neurological diseases (Caffo 

et al., 2014; Engwa et al., 2019; Hemdan et al., 2007). Figure 3 

summarized the various mechanisms of heavy metal intoxication. 

 

1.3.5. Heavy metals impact the economy 

 

Minerals resources plays an vital role in mining sector 

growth and economy of every country. In the Malaysian national 

economy, the mineral resources such as gold, bauxite, clays, barite, 

tin, copper, lead, zinc, iron, manganese, and arsenic have played a 

significant role in mineral production even through the exploitation 

of some metals that had significantly decreased (Kusin et al., 

2017). 

 

2. Materials and Methods 
 
2.1. Site description 

 

West Malaysia is located in the tropical terrain between the 

latitudes of 1°N and 7°N and longitudes of 100°E–103°E. This 

region has an equatorial climate with consistently high 

temperatures, high humidity, comparatively light winds, and 

abundant rainfall throughout the year (Suhaila & Yusop 2018). 

Malaysia features a tropical rainforest climate with heavy rainfall 

throughout the year (Tan et al., 2020). The coasts usually have a 

sunny climate with temperatures ranging from 23 to 32 °C (Suhaila 

& Yusop 2018), humidity is the range between 70% to 90% 

(Tangang et al., 2012). The weather is affected by the north-eastern 

and south-western monsoons with the tropical wind that alternates 

during the whole year. The wind direction in inter-monsoon is 

changeable, and the average rainfall in the Pekan district in 2019 

measured 27.63 mm (Adilah et al., 2020).  

      The Pekan district is located about 35 km from Kuantan, the 

capital city of Pahang state, Malaysia. Several industrial enterprises 

are in Pekan, including defence & security manufacturing division 

plant (Malaysia's largest military vehicle manufacturer), 

automotive plants, oil & gas, food, and woodworking industries.  

 

Figure 4 The surface topography of Pekan peat soil. 

The Pekan area is comprised of a massive amount of swamp 

forest, including the Nenasi, Resak, Rompin, and Endau Swamp 

Forest in the southeastern Pahang State, stretches south from 

Kuantan to the Pahang-Johor border and extending some 40 km 

inland from the coast. Several rivers drain the forests in the Pekan 

area, such as Sungai Endau, Sungai Rompin, Sungai Pahang, 

Sungai Bebar, and Sungai Merchong River. The lower reaches of 

the rivers are brackish and acidic in peat areas. Pekan area is most 

familiar with several types of agricultural activities such as palm 

oil, pineapple, and banana plantation, which are the most common 

plantation in the area, as shown in Figure 4. 

 

2.2. Field sampling and sampling preparation 

 

Three sampling sites were precisely identified by a Garmin 

GPSMAP 64csx in the Pekan area, namely Kampung Bahru, 

Kampung Lancang I, and Kampung Lancang II, as shown in Figure 

5 and the co-ordination as tabulated in Table 2. Three soil 

specimens were collected from each location involved in the 

agricultural activity. A manual sampling method was applied for 

accumulating peat specimens in a range of 20 - 60 cm depth of the 

topsoil. The steel measurement scale was used to ensure the depth 

measurement for the samples began at the top of the soil horizon 

using mattock and a stainless-steel shovel. The plant structures 

such as roots and wood are easily recognizable in the peat soil 

samples. The specimens were stored in a polyethylene bag to avoid 

any characterization loss, and the samples were brought back to the 

laboratory for analysis. Initially, the soil specimens were air-dried, 

passed through a 2 mm sieve to separate the coarse sediments, 

pebbles, roots, plant remains other unwanted materials, and 

subsamples were further ground to pass through a 0.25 mm sieve 

as shown in Figure 6 (a).  

Some soil properties such as shear strength, moisture content, 

liquid limit, organic content, and degree of humification were 

existed to observe the peat's geotechnical properties. An 

Optima8000 (ICP-OES, model; Perkin Elmer) was applied for the 

elemental analysis to detect the heavy metals concentration in peat 

soil. An 18.2 MΩ deionized pure water treatment system 

(Millipore, USA) was used to prepare a deionized liquid sample. 

 

 

Figure 5 Sampling points (Malaysia Soil Map, 1970). 
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The soil sample of about 0.5 g (with an accuracy of 0.0001 

g) was weighed and kept in a 50 mL Teflon vessel, as shown in 

Figure 6 (b). The concentrated nitric acid approximately (8 mL) 

and hydrofluoric acid (4 mL) were mixed. The closed vessel was 

placed in a microwave oven-assisted sample digestion system. 

 

Figure 6 The peat sample for ICP-OES analysis. 

 

Table 2. The GPS co-ordination of sampling locations. 

 

Peat sampling location GPS Co-ordination 

         Kampung Bahru 
3°24'30. 0'' N, 

103°41'84. 37'' E 

Kampung Lancang I 
3°24'18. 05'' N, 

103 °41'08. 25'' E 

Kampung Lancang II 
3°23'49. 05'' N, 

103°41'51. 39'' E 

 

3. Results and Discussion  
 
3.1. Chemical properties of peat soil 

 

The elemental composition of peat soil was observed, 

followed by ICP-OES analysis, which shows the heavy metals 

concentration in peat soil.  The high concentration of heavy metals 

is considered critical for influencing the potential impact on 

ecosystems, human health, and sustainable environmental 

protection (Kusin et al., 2018). Figure 7 shows the mean heavy 

metals concentration in the Pekan peat soil was detected to be in 

the order of As > Cu > Ni > Pb > Zn > Fe > Mn > Co. The 

concentration of As, Co, Ni, Pb, and Zn was present in higher peat 

soil concentrations. At the same time, Mn, Fe, and Co were present 

in low concentration to the Canadian Council of Ministers of 

Environment (2009), Interim Sediment Quality Guidelines 

(ISQG), Soil Quality Guidelines (SQG), Pre-Industrial Level, 

predicted effect level (PEL), Threshold effect level (TEL), and 

Crust Courage recommended standard value. Table 3 summarizes 

the concentration of the above-mentioned heavy metals in the peat 

soil of the Pekan district. 

 

3.2. pH 

 

The pH was observed for all three investigated sites. It was 

observed that the peat soils were very acidic with soil pH in the 

range of 3.1 and 3.93, whereas for Kampung Bahru peat soil, the 

pH was measured 3.2 and 3.6 for Kampung Lancang I while it was 

observed 3.8 for Kampung Lancang II peat soil. The pH for 

Sarawak peat soil is in the range of 3.23 and 3.40; the author 

declared that Sarawak peat contains high acidity level (Abat et al., 

2012), while (Wahab et al., 2018; Adnan Zainorabidin & Mohamad 

2017) indicated the lowest pH of Malaysian peat is 3.0, and 4.8 was 

the highest pH of Malaysian peat soil.  

 

3.3. Arsenic (As) 

 

A high concentration of arsenic was observed where the 

concentration of Kampung Bahru peat soil was 149.342 mg/kg 

Kampung Lancang I peat soil was 153.375 mg/kg. It was observed 

152.829 mg/kg for Kampung Lancang II peat soil, and the arsenic 

value was exceeded the recommended guidelines value, which is 

11 mg/kg recommended by the Canadian Council of Ministers of 

Environment (2009), 20 mg/kg recommended by the Australian 

Department of Environmental and Conservation (2010) and 12 

mg/kg suggested by the SQG Soil Quality Guidelines. It may affect 

human health because its value is exceeded. 

 

3.4. Copper (Cu) 

 

The concentration for copper in peat soil was observed 

exceeded the recommended guidelines where Kampung Bahru peat 

soil indicates 159.573 mg/kg, Kampung Lancang I peat soil was 

150.472 mg/kg, and it was observed 117.918 mg/kg for Kampung 

Lancang peat soil while CCME (2009) suggested standards are 63 

mg/kg, ADEC 2009 recommended value is 100 mg/kg, and SQG 

for copper in the soil is 63 mg/kg. The copper value was also 

exceeded the recommended guidelines. The concentration of Cu in 

peat soil was investigated in between 44 mg/kg to 200 mg/kg in the 

depth of 15 to 30 cm (Sullivan et al., 2013), while (Abat et al., 

2012) concluded that the concentration of Cu in Loagan Bunut 

National Park, Sarawak is in range of 016 mg/kg which consider 

the lowest concentration range the in peat soil.  

 

3.5. Nickel (Ni) 

 

The nickel concentration was also measured significantly 

higher than the recommended value. The concentration of Ni was 

observed 91.597 mg/kg for Kampung Bahru peat soil, where for 

Kampung Lancang I peat soil, the value was recorded 86.395 

mg/kg and similarly it was observed 112.839 mg/kg for Kampung 

Lancang II peat soil while according to CCME (2009) the standard 

value for Ni in the soil is 37 mg/kg and ADEC 2009 suggested 50 

mg/kg and Soil Quality Guidelines was also recommended 50 

mg/kg. According to the mentioned standard, it has been concluded 

that the Ni concentration was also high, and it exceeded the 

guidelines, which may affect the ecosystem and human health. 

 

3.6. Lead (Pb) 

 

The concentration of lead was measured likewise exceeded, 

then proposed value where the Kampung Bahru peat soil contains 

89 mg/kg, 101 mg/kg for Kampung Lancang I and it was observed 

94 mg/kg for Kampung Lancang II peat soil while the 

recommended value is in between 45 to 70 mg/kg suggested by 
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CCME (2009) and SQG. It was analyzed that the lead 

concentration was higher than the suggested value, which may 

cause some environmental issues or human health issues. (Graham 

et al., 2006) demonstrated the concentration of lead in Scotland 

peat soil is in  11.4 g/ha-1 and ( Rothwell et al., 2008) investigated 

the concentration of lead in peat soil from Peak District National 

Park, southern Pennines, UK is in between 4.43 mg/kg to 145 

mg/kg. 

 

3.7. Zinc (Zn) 

 

The zinc concentration was also studied, and it was observed 

that zinc intensity was found in all three investigated sites where 

the concentration of zinc was 135 mg/kg in Kampung Bahru peat 

soil, 179 mg/kg for Kampung Lancang I, and it was examined 322 

mg/kg in Kampung Lancang II peat soil. It concluded that the 

investigated amount is lower than standard except Kampung 

Lancang II peat soil while the suggested value is (200-290 mg/kg) 

recommended by the Canadian Council of Ministers of 

Environment (2009) and Australian Dept of Environmental and 

Conservation (2010). (Rothwell et al., 2008) studied the 

concentration of Zn in peat soil, which was ranged from 20 to 60 

mg/kg. The authors (Sullivan et al., 2013) concluded that Zn's 

concentration in peat soil is 250 mg kg, in the standard value range. 

Zn's concentration in Loagan Bunut National Park, Sarawak peat 

soil, ranges from 1.70 mg/kg to 10.97 mg/kg (Abat et al., 2012). 

 

3.8. Iron (Fe) 

 

The Pekan peat soil comprises of iron concentration as well, 

but in the deceased form (lower than recommended value), where 

the concentration of iron was observed 4198 mg/kg in Kampung 

Bahru peat soil, 3107 mg/kg in Kampung Lancang I peat soil, and 

7901 mg/kg in Kampung Lancang II peat soil. The recommended 

value for Fe by Crust Courage  Martínez et al., 2020) is 50,000 

mg/kg. 

 

3.9. Manganese (Mn) 

 

The manganese concentration was observed lower than the 

standard value; the concentration of Mn in Kampung Bahru peat 

was 111.439 mg/kg, 131.238 mg/kg for Kampung Lancang I peat, 

and it was examined 151.232 mg/kg for Kampung Lancang II peat 

soil where the recommended value by Australian Dept. of 

Environmental and Conservation (2010) for Mn was 500 mg/kg. 

(Sypalov et al., 2020) studied the chemistry of peat soil in Russia; 

his result indicated that Mn concentration in Russian peat was 

between 5 to 60 mg/kg. 

 

 

Figure 7 The heavy metals concentration in peat soil. 

 

 

Table 3 The heavy metals concentration and its recommended value.

  

Location Heavy Metals Concentration (mg/kg) 

As Cu Ni Pb Zn Mn Fe Co 

Kampung Baharu 149.342 159.573 91.579 89.738 135.873 111.737 4198 74.348 

Kampung Lancang I 153.375 150.472 86.395 101.302 179.637 131.073 3107 73.892 

Kampung Lancang II 152.829 117.918 112.839 94.81 322.908 151.928 7901 76.385 

Recommended value (mg/kg) 

Canadian Council of Ministers 

of Environment (2009) 

59 35.7 37 35 123 - - - 

Soil Quality Guidelines (SQG) 50 70 50 200 63 - - - 

International Standard Quality 

Guidelines (ISQG) low 

8 65 - 75 200 - - - 

International Standard Quality 

Guidelines (ISQG) high 

70 270 - 218 270 - - - 

Pre-Industrial Level 15 70 80 175 50 - - - 

Predicted effect level (PEL) 17 197 - 91.3 315 400 - - 

Threshold effect level (TEL) 5.9 36.7 18 35 123 - - - 

Crust Courage  Martínez et al. 

2020) 

18 70 80 13 132 950 50,000 38 
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4. Conclusion 
 

The authors would like to acknowledge his appreciation to 

Institute of Postgraduate Studies (IPS), Universiti Malaysia Pahang 

for providing financial assistance (Doctoral Research Scheme, 

DRS) and all the facilities to ensure this research's success, 

gratitude also goes to those who assisted directly and indirectly. 

The authors would like to acknowledge his appreciation to Institute 

of Postgraduate Studies (IPS), Universiti Malaysia Pahang for 

providing financial assistance (Doctoral Research Scheme, DRS) 

and all the facilities to ensure this research's success, gratitude also 

goes to those who assisted directly and indirectly. 

 

Future recommendation 
 

Moreover, the heavy metals concentration exceeded the 

standard except for Mn, Fe, and Co. It is essential to be extracted 

the exceeded metals for long-term effect, and further assessment is 

needed to determine the impact of these elements on human health 

and the environment. 
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