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 Landfills are sources of groundwater and soil pollution due to the production of 

leachate and its migration through refuse. Leachate is the longest lasting emission from 
landfill and therefore these liquid wastes cause considerable pollution migration 

problems. To decrease harmful effect of leachate it is used for irrigation into a series of 

soil column test. Laterite soil samples were mixed with waste from sugar refinery 
process namely pressmud at different percentage of weight ratio (10%, 30% and 50%). 

The physicochemical properties of the laterite soil and pressmud characterization as 

well as leaching test were carried out. Based on the characterization study and column 
test, the laterite soil-pressmud mixtures particularly PM30 and PM50 were suitable 

combination and has great potential as daily soil cover to reduce heavy metals 

migration in landfill leachate. This is due to the higher of CEC value in pressmud gives 
a major change in minimizing the migration of heavy metals in leachate. Saturation 

point for soil-pressmud mixtures was achieved more than 5 pore volume for PM10 and 

more than 7 pore volume for PM30 and PM50. It showed that all the heavy metals did 
not reach the saturation point eventhough at 10 pore volume because of pressmud 

characteristics was very high in organic content and its sticky condition when it gets 

wet. Therefore, pressmud can enhance the capability to retain the heavy metals when 
the leachate flows into the medium.   
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INTRODUCTION 

 

 In landfill, refuse undergoes biological changes and physico-chemical. Degradation of organic wastes in 

mixture with percolating rainwater produces highly contaminated liquid known as leachate [12], which is one of 

the most important point source of organic ground water contamination. Leachate is a heterogeneous mixture 

that constitutes both simple and complex compounds, depending on the characteristics of the waste [6]. 

Leachate, being an effluent, travels [9] into nearby water bodies by direct discharge. This effluent also can seep 

gradually through the soil matrix [7].  

 Sanitary landfill is very cost-effective method of waste disposal management. In Malaysia where 

availability of land is not a real issue, this is the most ideal and very efficient method of solid waste 

management. According to National Solid Waste Management Department (NSWMD), Ministry of Urban 

Wellbeing, Housing and Local Government (MUHLG), (2012) there were 8 sanitary landfill sites in Malaysia. 

Most of these landfills have well engineered design structure which consists of proper liner, treatment facilities 

and final capping. In sanitary landfills, the waste contains a cover system. There are three types of cover that can 

be used in a landfill which is daily cover, intermediate cover and final cover. Nevertheless, meeting all 

particular aspects may be technologically and economically impractical in many developing countries [2]. To 

date, leachate is still a major crisis in every landfill as the leachate easily migrates to the surrounding receptors 

through soil, subsurface geological strata and groundwater. A numbers of studies have been carried out at 

several landfill sites in Malaysia. Most of them indicate that the quality of groundwater decreased as the 

leachate moves into the groundwater system [11].  

 One of the possible ways to reduce pollutants migration in leachate is by enhancing daily soil cover 

material with laterite soil as amended daily soil cover in landfill. In this study, natural soil cover was enhanced 
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by mixing the laterite soil with pressmud which was from sugar manufacturing waste at different ratios in order 

to improve the capability of the daily soil cover in minimizing the migration of heavy metals in landfill leachate. 

This study introduced pressmud acting as a new admixture material in daily soil cover at landfill to minimize the 

migration of heavy metals in landfill leachate. 

 

MATERIALS AND METHODS 

 

 Laterite soil where it is used as daily soil cover in landfill was sampled in Nibong Tebal area and leachate 

was collected from Pulau Burung Landfill in Penang, while pressmud was sampled from the sugar mill, 

Malaysian Sugar Manufacturing (MSM) Sdn Bhd, Seberang Perai, Penang. The solid waste disposal site is 

located in Nibong Tebal, Penang and covers an area of about 62.4 hectares. This landfill was designated as 

sanitary landfill for level III. The landfilling operation was started in 1980 and it was upgraded in 1994. Initially, 

this landfill was maintained by Idaman Bersih Sdn. Bhd. (IBSB) starting July 2001 and then PLB Terang Sdn. 

Bhd. took over in 2012 until present. 

 The laterite soil and pressmud collected were air-dried and sieved through 200 mm sieve to remove large 

and coarse pebbles. Laterite soil samples and pressmud were then dried and analyzed for their characteristics. 

Raw leachate was collected from Pulau Burung Landfill. All leachate samples collected were kept in High 

Density Polyethylene (HDPE) bottles and preserved at approximately 4
o
C temperature in refrigerator. Leachate 

were then analyzed for their heavy metals concentrations by using Inductively Coupled Plasma-Optical 

Emission Spectrometry (ICP-OES, Model Perkin-Elmer Optima 7000). 

 The laterite soil and pressmud were air-dried at room temperature in 2 weeks and then were pulverized to 

pass through 1 mm sieve once again. Leachate pH was reduced to pH below 2 to avoid precipitation of heavy 

metals and samples were stored at 4
o
C in refrigerator. Several samples of laterite and pressmud were prepared 

for some physico-chemical analysis. Finally, preparation of soil column test was carried out using Perspex 

column to evaluate the retardation and breakthrough curve characteristics of the packed soil columns under flow 

conditions through reaction with heavy metals such as Cr, Cu, Mn, Ni, Pb and Zn. At the end of soil column 

test, the effluent was analyzed by using ICP-OES. Perspex columns (100 mm length, 40 mm inner diameter) 

with Teflon screw fittings were used in this research study. 

 

RESULTS AND DISCUSSION 

 

Concentration of Heavy Metals in Pulau Burung Landfill Leachate: 

 Table 1 shows the concentration of heavy metals content in leachate from Pulau Burung Landfill. From the 

results, Zn showed the highest concentration which was 2.51 mg/L. Concentration of Mn, Ni, Cr, Pb and Cu 

showed 0.32 mg/L, 0.34 mg/L, 0.62 mg/L, 0.32 mg/L and 0.58 mg/L respectively. The heavy metal 

concentration for Cu and Zn were slightly higher compared to the data sampling in 2006 [1]. This might be due 

to the age of landfill and the addition of refuse in the landfill that influences heavy metals concentrations. The 

age of this landfill almost 34 years since its operation started in 1980.  

 Variation of refuse composition will also influence the quality of leachate. It is probably higher in 

municipal waste and lower in industrial waste. This is because of the variation in refuse composition and the 

quality of municipal leachate varies widely [8,13]. In general, quality variation is higher for putrescible wastes 

than for non putrescible wastes. All the heavy metals concentrations exceeded the maximum permissible 

concentration (MPC) limits. Landfill leachate is a complex wastewater and its composition and concentration of 

contaminants are influenced by many factors such as the type of waste deposited and the age of landfill [18]. 

 
Table 1: Heavy metals concentration in Pulau Burung Landfill leachate. 

Heavy Metals Concentration of Heavy Metals in mg/L 

Chromium, Cr 0.55-0.7 

Copper, Cu 0.48-0.86 

Manganese, Mn 0.19-0.66 

Nickle, Ni 0.18-0.54 

Lead, Pb 0.18-0.61 

Zinc, Zn 0.93-3.5 

 

Characteristics of Laterite Soil and Pressmud: 

 Physicochemical properties of the laterite soil samples are shown in Table 2 according to the British 

Standard BS 1377 Method (1990). pH value shows 4.42 which is in acidic condition. This soil is poor in lime 

content and hence it is acidic. From previous study, laterite soil considered as strongly acidic at pH 4.4 [16]. 

Specific gravity of soil was 2.24 while the moisture content showed only 18.4%. 

 Bicarbonate content of the laterite soil was 7 mg/L while amorphous content showed low percentage which 

was 26.55%. Organic matter content showed 0.41%. The specific surface area of the laterite soil particle was 
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22.90 m2/g, which was influenced by the presence of some mineralogy content such as kaolinite. The specific 

surface area for kaolinite ranges from 5-15 m2/g but this local soil showed higher specific surface area. Cation 

exchange capacity (CEC) of the laterite soil sample ranges from 5.3 - 6.5 meq/100 g, while porosity of the 

laterite soil was 28.51%. The result of grain-size analysis showed that the soil consisted of 14.86% gravel, 

47.71% sand, 31.30% silt and 6.13% clay. From the analysis, it clearly illustrates that the grain size of the 

laterite soil is silty sand as shown in Figure 1. 

 

 
 

Fig. 1: Particle size distribution analysis for Laterite Soil. 

 

 The results of Atterberg limits showed that the liquid limit (LL) 67.50%, the plasticity limit (PL) 16.93% 

and plasticity index (PI) 50.57%. Generally, the soil is classified as high plasticity as the liquid limit is more 

than 50% according to the US unified soil classification system. From XRD analysis, the laterite soil contains 

kaolinite, muscovite, gibbsite and quartz but dominantly was kaolinite. This is similar with earlier studies by 

Kamarudin [10,11] that most of the soils in Malaysia are high in kaolinite content. The heavy metals 

concentrations in the laterite soil samples were very low and some of them were not detectable (ND) which 

indicated that the selected samples were not contaminated. Benson and Daniel (1994) mentioned that the basic 

soil properties normally monitored as a part of quality control during construction of soil in landfill. 

 
Table 2: Properties of Laterite Soil 

Properties Value 

Laterite Soil Pressmud 

pH value 4.42 8.06 

Specific gravity 2.24 1.76 

Moisture content (%) 18.4 31.4 

Bicarbonate content (mg/L) 7 1069 

Amorphous content (%) 26.55 7.19 

Organic matter content (%) 0.41 17.62 

Specific surface area (m2/g) 22.90 17.80 

Cation exchange capacity (CEC) (meq/100 g) 5.3-6.5 43-45 

Porosity (%) 28.51 48.75 

Grain size (%)   

i) Gravel 14.86 0 

ii) Sand 47.71 3.06 

iii) Silt 31.3 94.65 

iv) Clay 6.13 2.29 

Atterberg Limit (%)   

i) Liquid Limit 67.5 36.5 

ii) Plastic Limit 16.93 31.97 

iii) Plasticity Index 50.57 4.53 

Mineralogy Content Kaolinite, Muscovite, Gibbsite and Quartz None 

Heavy Metals Content (mg/L)   

i) Chromium, Cr 0.01 0.04 

ii) Copper, Cu ND ND 

iii) Manganese, Mn 0.2 0.03 

ix) Nickle, Ni ND ND 

v) Lead, Pb ND ND 

vi) Zinc, Zn 0.18 0.49 
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 Table 2 also shows the basic properties of pressmud. The pH shows 8.06 which is slightly alkaline 

condition. Specific gravity of pressmud was 1.76 lower than laterite soil while the moisture content showed 

31.4% which was higher than laterite soil. 

 Bicarbonate content of the pressmud was 1069 mg/L while amorphous content showed 7.19%. Organic 

matter content showed 17.62% which was higher than organic matter in the laterite soil as the pressmud consist 

of a very high macro and micronutrients. Therefore, the presence of organic matter content in pressmud can 

assist in adsorption of heavy metals process due to high organic carbon and organic nutrients in pressmud. The 

specific surface area of the pressmud particle is 17.80 m
2
/g. 

 Cation exchange capacity (CEC) of the pressmud ranges from 43 - 45 meq/100g, while porosity of the soil 

was 48.75%. The result of grain-size analysis shows that the pressmud consists of 3.06% sand, 94.65% silt and 

2.29% clay. From the analysis, Figure 2 clearly illustrates that the grain size of the pressmud is silty. The silty 

properties of the pressmud helps to increase the absorption of heavy metals when mixed with the laterite soil. 

 

 
 

Fig. 2: Particle size distribution analysis for Pressmud. 

 

 The result of Atterberg limits shows the liquid limit (LL) 36.50%, plasticity limit (PL) 31.97% and 

plasticity index (PI) 4.53%. Generally, the pressmud is classified as low plasticity as the liquid limit is less than 

50% according to the US unified soil classification system. The heavy metals concentration background in the 

pressmud were slightly higher compared to the laterite soil, but still considered low and used as background 

levels. 

 

Soil Column Test: 

 The purpose of breakthrough curve study was to determine the ability of the material to adsorb pollutants 

and to observe capacity of that material to act as an adsorbent. The breakthrough curves of Cr, Cu, Mn, Ni, Pb 

and Zn for soil, pressmud, PM10, PM30 and PM50 shown in figures 3-7 respectively. The patterns of 

breakthrough curve varied for each heavy metal species. According to Bowders et al., [4], breakthrough of 

particular ion occurs when the relative concentration, Ce/Co = 0.5. The 50% point on the ordinate marks is the 

point of breakthrough of the target pollutant in the soil being tested [17]. 

 

Laterite Soil: 

 Figure 3 shows the variation in ratio of effluent (Ce) to the initial concentration (Co) over pore volume of 

the solution for laterite soil as a media. Pore volume (PV) is defined as the ratio of a porous material of air 

volume to a porous materials total volume. The pore volume of the samples was calculated based on the porosity 

and the volume of the analyzed sample. From the figure, most of the heavy metals exceeded the unity line (more 

than 1) as they cannot retain the heavy metals at second pore volume. The curve for Pb showed the most 

irregular pattern and it approached 2.5, indicating laterite soil alone has poor sorption capability as the 

desorption process occurred which most of the heavy metals were flushed out from the column. This indicates 

that the laterite soil alone could not significantly improve the sorption capacity where desorption of most of the 

heavy metals seems to be occur. Laterite soil alone is less appropriate to be used as a medium for the reduction 

or elimination of certain constituents in landfill leachate. 
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Fig. 3: Breakthrough curve of heavy metals for laterite soil 

 

Pressmud: 

 Figure 4 shows variation of ratio of effluent (Ce) to the initial concentration (Co) over pore volume of the 

solution for pressmud as a media. Pressmud alone was able to retain efficiently all the heavy metals as they did 

not reach the unity line until ten pore volumes indicating that pressmud was a good admixture material as it can 

assist in adsorption of heavy metals. The migrations of all the heavy metals excluding Mn and Ni still below 0.5 

which indicates that pressmud has a capability to adsorb the heavy metals. Breakthrough curves for Mn and Ni 

approached near to one at six pore volume which indicates that pressmud has good attenuation and retention 

capability with respect to the heavy metals mobility. From this result, pressmud alone can stand by itself as all 

the heavy metals did not achieve the saturation point. Due to its natural characteristics, pressmud is very high in 

sugar content, so pressmud will be in sticky condition when it gets wet. From this condition, it can enhance the 

capability to retain the heavy metals when the leachate flows into the medium. 

 

 
 

Fig. 4: Breakthrough curve of heavy metals for pressmud. 

 

Pressmud 10 (PM10): 

 Figure 5 shows variation of ratio of effluent (Ce) to the initial concentration (Co) over pore volume of the 

solution for PM10 as a media. From the figure, it shows the migration of heavy metals for Cu and Mn that 

exceeded the unity line. Pb, Zn, Ni and Cr did not achieve the saturation point even though reached ten pore 

volumes. From figure 4.6, Ni, Cr, Pb and Zn were well adsorbing into the medium. The presence of pressmud 

may increase the heavy metals retention capability of PM10. By adding 10% of pressmud in the laterite soil, it 

shows that Cu and Mn still exceeded the saturation point as both of these heavy metals more mobile in the 

medium. It can be concluded that, 10% of pressmud in the laterite soil is not enough to retain the heavy metals 
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in the medium. 

 

 
 

Fig. 5: Breakthrough curve of heavy metals for PM10. 

 

Pressmud 30 (PM30): 

 Figure 6 shows variation of ratio of effluent (Ce) to the initial concentration (Co) over pore volume of the 

solution for PM30 as a media. The migration of heavy metals for Cu, Ni, Cr, Pb and Zn were lower than 0.5, 

indicating that by introducing 30% pressmud in the soil, capability to adsorb heavy metals can be enhanced. 

Whereas, the Mn curve reached 0.5 at 8.5 pore volumes, and it did not reached unity line even though at 10 pore 

volumes. In this ratio, Mn and Cu were more mobile compared to others heavy metals. PM30 has very high 

attenuation capacity with respect to the heavy metals as compared to the laterite soil alone. The retention 

capability of PM30 was better than PM10. PM30 significantly improves the sorption capacity of all the heavy 

metals as they did not reach the saturation point. This is due to the combination of laterite soil-pressmud 

mixtures had some of surface functional groups such as carbonyl, carboxyl, hydroxyl and silica that are capable 

of adsorbing metals ions. 

 

 
 

Fig. 6: Breakthrough curve of heavy metals for PM30. 

 

Pressmud 50 (PM50): 

 Figure 7 shows variation of ratio of effluent (Ce) to the initial concentration (Co) over pore volume of the 

solution for PM50 as a media. From the figure, all the heavy metals did not reach saturation point (unity line) 

even at 10 pore volume. Similar to PM30, the migration of heavy metals for Cu, Ni, Cr, Pb and Zn were lower at 

0.5 relative concentrations whereas Mn curve showed more mobile as compared to other heavy metals. This 

indicated that PM50 also has very high attenuation capacity with respect to the heavy metals compared to the 
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laterite soil alone. The retention capability of PM50 was greatly improved because higher weight percentage of 

pressmud in the mixture. From FESEM-EDX (Maheera, 2014) the particle size distribution of pressmud was 

shown to be granular, thus it is less sticky. When leachate was allowed to flow through mixture of pressmud and 

laterite soil, the mixture becomes sticky. This enables the heavy metals to be trapped in the medium. 

 

 
 

Fig. 7: Breakthrough curve of heavy metals for PM50. 

 

Conclusion: 

 From physicochemical characterization, enhancement of laterite soil with pressmud was able to minimize 

the migration of heavy metals in daily soil cover. The characteristics of pressmud material are assumed to be a 

contributing factor for the heavy metals adsorption. The breakthrough curve of the heavy metals for all materials 

was obtained from the soil column test. Based on the breakthrough curve, the saturation point was achieved for 

laterite soil-pressmud mixtures. This saturation point was also achieved when the effluent solution concentration 

approaches the influent concentration when the column inlet-to-outlet concentration ratio (Ce/Co) was close to 

unity. In this condition, all surface adsorption sites of the packing material were occupied by the considered ion. 

This indicates poor attenuation or retention capability of the laterite soil alone with respect to heavy metals. 

With the addition of pressmud in the laterite soil material, it can enhance the attenuation or retention 

mechanism. From the breakthrough curve data, PM30 and PM50 was the best combination of soil-pressmud 

mixture to be used as a filled daily cover material for waste disposal site or landfill due to the higher retention 

capability of heavy metals compared to others. 

 It can be concluded that the soil-pressmud mixtures of PM30 and PM50 has a good potential to be used as a 

filled daily cover materials in order to reduce the migration of pollutant from the landfill site. As conclusions, 

the addition of pressmud improved chemical characteristics of the mixture to minimize heavy metals but it 

reduced the strength of the mixture in term of physical characterizations. 
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