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ABSTRACT 

Heavy metals such as lead, copper and nickel can cause heavy metal pollution that is health hazard to human, 
aquatic lives and all other living creatures. Various types of peat have been shown to be effective in the removal of 
heavy metal from aqueous solutions. In this study, peat samples from Mukah (Block 1 and Block 7) and Kota 
Samarahan were characterized physically and chemically and used in the determination of adsorption efficiency and 
capacity of lead, copper and nickel ions from aqueous solution. In the batch equilibrium experiments, lead 
adsorption was the highest with 96 % removal, followed by copper with 78 % removal and nickel with 65 % 
removaL Peat samples from Block 7 (Mukah) showed a slightly higher adsorption capacity compared to Block 1 
(Mukah) for the three heavy metal ions studied. The kinetic order for heavy metal ions adsorption by peat sample 
was found to be pseudo second order. Heavy metal ions adsorption by the peat samples was observed to be affected 
by the various factors such as adsorbent weight, particle size of adsorbent, pH of solution, initial metal ions 
concentration and mixed metal ions solution. The applicability of the Langmuir for heavy metal ions adsorption by 
the peal samples was found to be better than the Freundlich model. For the continuous column experiment, peat 
samples were observed to show high adsorption capacity for the heavy metals with up to 99% removal for lead and 
copper and 98 % removal for nickel. Results from this study showed that peat samples from Sarawak (Mukah and 
Kota Samarahan) have high potential to be developed as a cheap, environmental friendly and effective heavy metal 
ion adsorbent that is suitable for the removal of heavy metal contaminants from both potable water and wastewater. 

Key words: peat, heavy metal ions, adsorption, kinetic study, equilibrium study 

ABSTRAK 

Loganl berat seperti plumbum, kuprum dan nikel yang boleh menyebabkan pencemaran logam berat adalah 
berbahaya terhadap kesihatan manusia, kehidupan aquatik dan kehidupan lain. Pelbagai jenis tanah gambut telah 
terbukti berkesan dalam penyingkiran logam berat dari larutan akueus. Dalam kajian ini, tanah gambut dari Mukah 
(Blok 1 dan Blok 7) dan Kota Samarahan telah dicirikan secarajizikal dan kimia dan digunakan untuk menentukan 
keberkesanan dan keupayaan untuk menyingkirkan ion plumbum, kuprum dan nikel dari larutan akueus. Dalam 
eksperimen keseimbangan terkumpul, penyerapan plumbum adalah tertinggi dengan penyingkiran sebanyak 96 %. 
diikuti dengan penyingkiran kuprum sebanyak 78 % dan penyingkiran nikel sebanyak 65% Sampel tanah gambut 
dari Blok 7 (Mukah) menunjukkan penyerapan~g lebih tinggi daripada Blok 1 (Mukah) untuk tiga ion logam 
berat yang dikaji. Pengaturan kinetik untuk sam pel tanah gambut dijumpai adalah pengaturan pseudo kedua. 
Penyerapan ion logam berat diperhatikan dipengaruhi oleh pelbagai faktor seperti berat penjerap, saiz partikel 
penjerap, pH larutan, kepekatan awal ion logam dan larutan ion logam tercampur. Pengunaan model Langmuir 
untuk penyerapan ion logam berat untuk sampel tanah gambut telah dijumpai lebih baik daripada model 
Freundlich. Untuk eksperimen turus berterusan, sampel tanah gambut diperhatikan menunjukkan kapasiti 
penyerapan tinggi untuk logam berat sehingga penyingkiran sebanyak 990/0 untuk plumbum dan kuprum dan 
penyingkiran 98% untuk nikel. Keputusan daripada kajian ini menunjukkan bahawa sampel tanah gambut dari 
Sarawak (Mukah dan Kota Samarahan) mempunyai potensi tinggi untuk diperkembangkan sebagai penjerap ion 
logam berat yang murah, mesra alam dan berkesan untuk mengurangkan logam berat dari air minuman dan air 
buangan 

Kata kunci: tanah gam but, ion logam berat, penyerapan, kajian kinetik, kajian keseimbangan 
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CHAPTERl 


INTRODUCTION 


"Heavy metals" is the tenn being applied to a large group of trace elements that are both 

industrially and biologically important (Alloway, 1990). Heavy metal is the most widely 

recognized and used tenn for the large group of elements with an atomic density greater than 6 

glcm3 includes metal such as mercury, cadmium, arsenic, selenium, copper, zinc and others 

(Alloway, 1990; Phipps, 1981). Heavy metals are being released into the environment from a 

wide range of natural and anthropogenic sources (Matagi et aI., 1998). Since, the rate of influx of 

these heavy metals into the environment exceeds their removal by natural processes, there is a 

tendency for heavy metals to accumulate in the environment (Matagi et ai., 1998). All trace 

elements including heavy metals are toxic to living organisms when present in excess (Alloway, 

1990). 

High lead concentration have been found in the Pattani River at Bannang Sata District with the 

source of pollution from a group of abandoned tin mines and shipyards which used lead-based 

plumboplumbic oxide in ship building an<ilftpair work (Varathom, 1997). Recent studies have 

associated lead exposure with adverse health effects on diverse systems, including the 

neurological, psychological and cardiovascular systems (Varathom, 1997). In Thailand and 

Malaysia, water pollution is so heavy that rivers often contain 30 to 100 times more pathogens, 

heavy metals, and poisons from industry and agriculture than is pennitted by government health 

standards (Niemczynowicz, 1996). As a result of gold mining activity, arsenic levels in the Tasik 
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Biru in Bau, Sarawak were found to be rather high at 0.77 to 0.97 mgIL (Anon, 2004a). The 

bioaccumulation of heavy metals causes harmful health effects to humans, animals and plants. 

Thus, it is important to remove heavy metals from the various sources such as wastewater, 

polluted lakes, drinking water and other water sources. 

Current methods for such wastewater treatment include precipitation, coagulation/flotation, 

sedimentation, flotation, filtration, membrane process, electrochemical techniques, ion exchange, 

biological process, and chemical reaction (Adeyiga et al., 1998). However, these methods are 

either economically unfavourable or technically complicated for the removal of heavy metals 

from wastewater. 

Sarawak has a total of 16,600 km2 of peat and organic soil that are located in the deltas and 

costal plains, of which 15,000 km2 (or 89%) are deep peat (Anon, 2004b). In Sarawak, the peat 

soil is mostly of an oligotrophic and ombrogenous nature (Tie and Lim, 1976) that occurs mainly 

between the lower stretches of the main river courses (basin peats) and in poorly drained interior 

valleys (valley peats) (Anon, 2004c). Geographically, these peats are found in the coastal regions 

within the administrative divisions of 'k"uching, Kota Samarahan, Sri Aman, Sibu, Sarikei, 

Bintulu, Miri and Limbang on their coastal side (Singh et al., 1997). Mutalib et ai, (1991) had 

estimated the total area of peat soils in Sarawak by administrative divisions as shown in Table 1. 
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2Table I: Areas under peat in the various administrative divisions of Sarawak (km ) 
Sarawak 
Kuching Admin. Div. 
Samarahan Admin. 
Sri Arnan Admin. Div. 
Sibu Admin Div. 
Sarikei Admin. Div. 
Bintulu Admin. Div. 
Miri Admin. Div. 

I Limbang Admin. Div. 
Total 

Total Area (km2
) 

23,059 

192, 775 

283,076 

540,800 

169,900 

146,121 

276,579 

25,300 


1,657,600 


I 


Peat soils in Malaysia are known as tropical peat soil that is chemically and structurally different 

from the fibrous peat soils of Europe and Canada (Uddin, et at., 2003). Over the years, 'peat' has 

been referred to as 'organic soils' and Histosols (Mohamed et at., 2002). Tie (1979) refers to 

peat as organic soils on the basis of mass composition of soils that contain at least 65% organic 

matter or conversely, less than 35% mineral content. On the other hand, USDA defines a soil 

type as organic soils (or Histosols) if more than half of the upper 80 cm of the soil is organic or if 

organic soil material of any thickness rests on rock or on fragmental material having interstices 

filled with organic materials (Soil Survey Staff, 1998). 

Peat is coal in the making where peat formation commences with the inhibited decomposition of 

trees and various plant species in the water-logged environment of marshes, bogs and swamps 

(Brown et al., 2000; Spedding, 1988). Preserved by water, the vegetation is slowly oxidized by 

microorganisms to form peat that normally occurs in the first few meters of earth (Brown et at., 

2(00). Peat is found with significant moisture content between 2 and 5 m deep (Brown et at., 

2000). 
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In peat, the humic acids are considered to be the primary metal complexing components (Kadlec 

and Keoleian, 1986). The main adsorption sites are those with neighbouring carboxyl and 

phenolic hydroxyl groups (Kadlec and Keoleian, 1986). Two potential applications of peat would 

be as adsorption media in the treatment of storm water to comply with Phase II of the Storm 

water Pollution Control Regulations, and the low cost polishing of dilute industrial metal bearing 

waste streams down to stringent NPDES standards (Brown et aI., 2000). 

Peat is a complex material with lignin and cellulose as major constituents (Brown et al., 2000). 

These constituents, especially lignin and humic acid, bear polar functional groups, such as 

alcohols, aldehydes, ketones, carboxylic acids, phenolic hydroxides and ethers that can be 

involved in chemical bonding (Chaney and Hundemann, 1979). Because of the polar character of 

peat, the specific adsorption potential for dissolved solids, such as metals and polar organic 

molecules, is quite high (Brown et aI., 2000). These properties have consequently lead to the 

examination of the potential of peat as an adsorbent material for the purification of wastewaters 

contaminated with dissolved metals (Lalancette, 1974). 

~. 

In Malaysia, the rate of heavy metal ions pollution in rivers, ponds, lakes and other aquatic 

environment is rising at an alarming rate. Therefore, an inexpensive, non-polluting or 

environmental friendly adsorbent material that is effective in removing heavy metals such as peat 

need to be developed. According to Brown et al. (2000), peat has been proven to remove heavy 

metal ions through the process of ion exchange, complexation, surface adsorption and 
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chemisorption. Peat soils in Sarawak have been reported to possess high cation exchange 

capacity (CEC) of 150 me 100g-1 (Melling et at., 2002). Thus, a high amount of negative charge 

in soil would be available for binding positively charged ions such as heavy metal ions. 

Many types of peat such as peat moss, sphagnum peat and Chinese peat has been proven to be 

effective in the removal of heavy metals such as lead, nickel, zinc, cadmium, copper and 

mercury (Brown et at., 2000). Low cost particulate media such as peat offers an attractive, 

inexpensive option for the removal of colloidal and dissolved metals (Brown et at., 2000). Thus, 

tropical peat has a high potential in the removal of heavy metals from wastewater especially with 

the abundance ofpeat soil in Sarawak. 

In this study, peat samples collected from Kota Samarahan and Mukah were used to determine 

their adsorption capacities of heavy metal ions from aqueous solutions. If peat is proven to be 

effective, it could be developed as a cheap adsorbent material for the reduction of heavy metal 

contaminants in both portable water and wastewater. 
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1.1 Objectives of Study 

In this study, the removal of heavy metal ions from aqueous solutions by peat samples from 

Sarawak wiJl be investigated. The specific objectives include: 

a. 	 To characterize the physico-chemical properties of various peat samples. 

b. 	 To evaluate the effectiveness of various peat samples for removing heavy metal ions 

from aqueous solutions. 

c. 	 To investigate factors affecting the adsorption capacity or removal efficiency of peat 

samples for heavy metal ions from aqueous solutions or wastewaters. 

6 




CHAPTER 2 


LITERATURE REVIEW 


2.1 Heavy Metal Sources and Effects 

The increase in the development of industries, agriculture, housing and other advances in 

economy have caused an increase in pollution especially heavy metals pollution. The effect of 

heavy metal pollution is a health hazard to human, aquatic lives and all other living creatures. 

One of the most well-known heavy metal pollution was the mercury pollution at Minamata Bay 

where the factory discharged effluents rich in mercury (Takeuchi, 1972). The pollution had 

caused Minamata disease that included neural illness and death (Mance, 1990). 

Lead 

Lead is a member of the Group !VB of the periodic table of the elements and has two oxidation 

states, Pb (II) and Pb (IV) that are stable. However, the environmental chemistry of the element 

is dominated by the plumbous ion, Pb2 
+ (Davies, 1995). Lead is a primary contaminant with the 

maximum contaminant level (MeL) of 0.05 mg L-1 (Evangelou, 1998) and is used in storage 

batteries, gasoline addictives, pigments~d ammunition (Manahan, 1991). Lead is also being 

used for making plastics, electronic devices and insecticides (Sittig, 1979). The major sources of 

lead into the aquatic environment include effluents from industry and mining, coal use, plumbing 

and deposition of gasoline exhausts (U.S. EPA, 1985b; Manahan, 1991). Lead has been 

classified in the EPA's Group B2 under probable human carcinogen (Evangelou, 1998). Lead is 
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well known for being poisonous to mammals and lead toxicity may cause mental impairment in 

young children (Davies, 1995). 

Nickel 

Nickel is a transition metal of the Group VIn of the periodic table and is also a primary 

contaminant (Evangelou, 1998). It is being used to make stainless steel, cast iron and storage 

batteries (Duke, 1980). Nickel is also used as a catalyst and for electroplating (Duffus, 1980). 

According to U.S. EPA (1986), because of its widespread use, nickel can be found as a 

contaminant in industrial water discharges. As with other trace metals, nickel is also toxic to 

plants and animals if exposed to high concentration of the heavy metal (McGrath, 1995). In cases 

of intense human exposure, Ni can be both toxic and carcinogenic (Furst and Radding, 1980). 

Nickel causes reductions in the growth and or photosynthesis of aquatic plants (U.S. EPA 1980). 

The heavy metal is also teratogenic to rainbow trout, channel catfish and goldfish (Birge and 

Black, 1980). 

Copper 

Copper is a secondary contaminant wit'the maximum contaminant level (MCL) of 1.0 mg L-1 

(Evangelou, 1998) and is used throughout the electrical industry, chemical and pharmaceutical 

equipment (Scheinberg, 1991). Copper salts are being used as algicides and fungicides 

(Evangelou, 1998). Antropogenic sources of copper in the aquatic environment include mining, 

metal plating and domestic and industrial wastes (Manahan, 1991). Copper is extremely toxic to 

aquatic biota (Evangelou, 1998) including algae which are especially sensitive to copper, with 
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both marine and freshwater species being adversely impacted at concentrations as low as 1-5 mg 

L-1(U.S. EPA 1985a). 

2.2 Heavy Metal Removal from Wastewater 

In industrial applications, precipitation has been the most common technology for metals 

removal (Brown et al., 2000). However, precipitation can only reduce the dissolved metal 

concentration to the solubility product level, which is often out of compliance with stringent 

discharge permit standards and necessitates further polishing stages (Brown et aI., 2000). 

Problems arise in the treatment of wastewaters containing low concentrations of heavy metals 

(Brown et al., 2000) where the common methods for removing metals are either economically 

unfavorable (e.g. conventional ion-exchange, electrolyte or liquid extraction, electro-dyalysis) or 

technically complicated (precipitation, cementation, reverse osmosis) (Horacek et al., 1994). 

The standard treatment method for the removal of heavy metal from wastewater is chemical 

precipitation using hydroxide, carbonate or sulfide, or some combination of these chemicals 

(Banerjee, 2002). The most common technique is the hydroxide precipitation because it is 

simple, easy to operate and economical ~ime is used. However, problems such as slow reaction 

rates, pH fluctuations and poor solid/liquid separation arise in practice (Banerjee, 2002). 

Ion exchange is primarily a volume reduction process. The ions are removed from the 

wastewater and concentrated on the exchange resin (Banerjee, 2002). During regeneration, the 

IOns are released from the resins and are solubilized in the regenerant solution (Banerjee, 2002). 
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Ion exchange is capable of reducing the concentrations of heavy metals to non-detectable levels 

(Banerjee, 2(02). However, the high capital and operating cost sometimes makes this process 

economically unfeasible unless the effluent is recycled and reused (Banetjee, 2002). 

Iron co-precipitation or adsorption is a well-accepted process for the removal of heavy metais 

from wastewater with the usage of freshly prepared oxides of iron that are amorphous and have 

high binding capacity (Banetjee, 2002). The concentrations of metals can be reduced to ppb 

levels (Banetjee and Blumenschein, 2000) with the process most technically and economically 

sound for removal of copper, lead and zinc (Banetjee, 2002). 

Metal ion uptake properties of polystyrene-supported chelating polymer resins functionalized 

with glycine, hydroxy benzoic acid, Schiff base and diethanol amine have been investigated 

(Reddy and Reddy, 2003). The metal ion uptake properties of resins follow Freundlich's 

equation (Reddy and Reddy, 2003). The resins are recyclable and are therefore suitable for the 

removal of heavy metal pollutants from industrial wastewater (Reddy and Reddy, 2003). 

Chelating polymer resins are found to be more selective by nature (Rivas et at., 2001) as 

compared to other conventional tecrn!clues (Shukla, 1994) in the removal of metal ions. 

Chelating resins are stable, and can be used for the removal of metal ions at room temperature 

(Reddy and Reddy, 2003). The favourable characteristic of the present chelating polymers is the 

time required for maximum and constant uptake of metal ion from aqueous media (Reddy and 

Reddy, 2(03). 
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One of the promising techniques for the removal of metals is the use of living or nonliving 

organisms and their derivatives such as microorganisms that have been found to be capable of 

sequestering trace levels of metal ions from dilute aqueous solutions (Sheng, et al., 2004). One 

of the most potential types of biosorbents is marine algal biomass (seaweeds), due to their high 

uptake capacity as well as the ready abundance of the biomass in many parts of the world's 

oceans (Sheng, et al., 2004). The biosorption capability of algae has been attributed mainly to the 

cell wall, which is composed of a fiber-like structure and an amorphous embedding matrix of 

various polysaccharides (Sheng, et al., 2004). 

Bioremediation has emerged as a technology for accumulation of heavy metal contaminants by 

the use of living organisms (Gardea-Torresdey et al., 1996a). Many researchers have done 

studies with live microbial and fungal systems to remove heavy metals from contaminated 

waters (Bender, et ai. , 1994). Bioremediation works well in low concentrations, but live systems 

are limited by the toxicological effects of high levels of contamination (Gardea-Torresdey et al., 

1996a). The advantages of using dead systems are the nondestructive effects from high levels of 

contamination and low maintenance as well as low cost (Gardea-Torresdey et ai., 1996a). Dead 

or inactivated systems using peat moss~~ve proven to be very effective for decontamination of 

water (Viraraghavan, et a/., 1993). Recent research done with dead algal biomass has shown a 

great potential for removal and recovery of heavy metal ions (Lujan, et al., 1994) 

Another potential source of biomaterial for the removal of heavy metal ions from water is alfalfa 

Gmdea-Torresdey et al., 1996a). Studies have shown that alfalfa has tolerance levels to heavy 
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metals above other plants (Baligar et ai, 1993). This tolerance may be due to its high protein 

content or the evolution of chemical flmctional groups in the plant cells that inhibit the toxic 

effects of the heavy metals (Anon, 1997). Studies provide preliminary data that shows the 

potential for the silica immobilized alfalfa biomass to be used as a biofilter for the removal and 

recovery of metal ions from contaminated waters (Gardea-Torresdey et ai., 1 996a). Thus, alfalfa, 

which can be obtained inexpensively and easily, is an attractive application for the removal of 

metal ions from contaminated waters (Gardea-Torresdey et ai., 1996a). 

Adsorption by activated carbon is an established treatment method for organic contaminants but 

rarely used in actual treatment of inorganic adsorbates (SenGupta, 2002) despite the fact that 

activated carbon has been recognized as a highly effective adsorbent for the treatment of heavy 

metals in wastewater (Reed and Arunachalam, 1994). However, the use of commercial activated 

carbon is not suitable for developing countries because it is relatively expensive to produce 

(Quek et aI., 1998). Therefore, there is a need to produce activated carbon from cheaper and 

readily available materials, which can be used economically on a large scale (Krishnan et ai., 

2003). Activated carbons prepared from rice husk, groundnut husk, fertiliser waste slurry, peanut 

hull, jute stick, Moringa oieifera seed r~sk, coconut husk and sawdust (Manju and Anirudhan, 

1997; Raji e/ al., 1997; Warhurst et ai., 1997) have been used for wastewater treatment and the 

potential of their ultimate usage may be determined by their adsorption capacity, regeneration 

characteristics and physical properties of the subsequent product (Krishnan et al., 2003). 
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Matis and Zouloulis (1994) used dead industrial biomass to remove cadmium and other heavy 

metals from wastewater. The works of Shukla and Sakhadande (1992) concentrated on treating 

cotton fibers, bamboo pulp, jute fibers, and sawdust with reactive dyes to remove cupric ion. 

Four more ions, Fe2+, Fe3
+, Pb2

+ and Hg2
+, were added for testing in 1991. Finally in 1992, 

copper and zinc metal ions were studied along with the previous metals using adsorption 

columns for a continuous process making it more economically efficient. 

Randall et al. (1974) worked on the removal of heavy metals using various barks and eventually 

panded their work to peanut skins (Randall et al. 1975). Randall et al. (1978) chemically 

modified peanut skins using formaldehyde for heavy metal removal in aqueous waste solutions. 

Masri et al. (1974) also investigated binding of mecuric chloride and other metal salts by natural 

substances using x-ray analysis on a wider range of substrates. The work of Kumar and Dara 

1979) included bagasse, acacia bark, husk, paddy straw, wheat flour and waste peanut skin. 

is increasing research interest in using alternative low-cost adsorbents (Quek et al., 1998). 

such materials have been investigated, including microbial biomass, peat, compost, leaf 

~1UV1IIU, palm press fibre, coal, straw, ~~l fibre and rice milling by-products (Wase and Forster, 

, Singh and Rawat, 1997). However, not all of these are effective (Quek et ai., 1998). Thus, 

is still important to identify suitable low cost adsorbents for heavy metal removal (Quek et al., 
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Agro-based fibers such as kenaf, roselle, and tobacco have been shown to be effective in sorption 

of heavy metal ions from stonnwater filtration systems (Han, 1999.). In contrast, most wood

based fibers have a relatively low capacity for filtering heavy metals (Han et at., 1995a; Han and 

Ouch, 1995b). Although researchers have tried to increase the sorption capacity of 

lignocellulosic fibers through chemical modification, more success has been achieved with bark 

and marine fibers (Aderhold et at., 1996; Seki et at., 1997). Chemical modification has either 

been too expensive or it has caused other problems, such as bleeding of excessive quantities of 

colored organic compounds, odor, or further pollution through the use of toxic chemicals (Han, 

1999). 

Orban and Buyukgungor (1993) used adsorbents such as waste tea, Turkish coffee, exhausted 

coffee, nut and walnut shells to remove heavy metals from wastewater. Batch studies showed 

that these adsorbents exhibit a good adsorption potential for Al (III) metal ions. The adsorption 

of AI (III) were as 98, 99, 96, 99.5 and 96% for waste tea, Turkish coffee, exhausted 

nut and walnut shells, respectively. 

azquez et at. (1994) reported the amM~t temperature adsorption of the metal cations Zn, Cu 

Pb on Pinus pinaster bark pretreated with acidified fonnaldehyde solution. They found that 

bark was an excellent adsorbent for removal of toxic ions from wastewater with efficiency 

00II11P8nb,le to commercially available adsorbents, but at a reduced cost. 
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