
ASSESSMENT OF TRACE ELEMENT BIOAVAILABILITY IN 

SOILS OF RESIDENTIAL AREA OF KUCHING 


TANGCHUNYU 
44384 

Bachelors of Science with Honours 

(Resource Chemistry) 


2016 




ASSESSMENT OF TRACE ELEMENT BIOA V AILABILITY IN SOILS OF RESI

DENTIAL AREA OF KUCHING 

TANGCHUNYU 

44384 

A project report submitted in partial fulfillment of the requirements for the degree of 


Bachelor of Science with Honours 


(Resource Chemistry) 


Supervisor: DR WEE BOON SIONG 


Resource Chemistry (WS48) 


Department of Chemistry 


Faculty of Resource Science and Technology 


University Malaysia Sarawak 


2016 


2 



Acknowledgement 

First of all, I want to thank to my supervisor, Dr. Wee Boon Siong for patiently guiding me 

to overcome obstacles, sharing his opinions and knowledge with me, and always motivat

ing me to try out new things throughout the project. I would also wish to thank Associate 

Prof. Dr. Ling Teck Yee, my examiner for this study, for giving me valuable and useful 

advice and guidance. I would like to thank Encik Tommy for teaching me useful advice in 

my data analysis. I also want to thank my family members that support me and supervise 

me to continue my project. To my entire fenow friend who shared their support, teach me 

and guide me during my lab work, thank you. A special thanks to Lim Chwen Haur for 

supporting me and guide me in my thesis writing. Last but not least, thanks again to all 

who support and guide me in completing this project. 

I 




Declaration 

UNIVERSITI MALAYSIA SARAW AK 

Grade:__Pt---,-__ 

Please tick <v) 
Final Year Project Report [L] 
Masters D 
PhD c=J 

DECLARATION OF ORIGINAL WORK 

T~ ..... 
This declaration is made on the ...~ ............day of ..... ~~~~ .... 2016. 


Student's Declaration: 

I___1_M......--'-~->---__G~\i.:..;;.u.....:.~-=--_'{_U_-._--,-_-,--__--:-:__hereby declar~ that the 
work A<.s'¥tnt ~ ~(~ e,\U'f\(~ts \,iotll\ll\a~l.t\i~ \1\ '11~\ ~ 

r~£S<::i'-=~::..:.:..\>_"\.!..-.:lAo.:-rt-=...__'~.o...-_~..:....~=;"'.:..;j+-_ __.is my original work. I have not copied from any other 
students' work or from any other sources except where due reference or acknowledgement is 
made explicitly in the text, nor has any part been written for me by another person. 

n""" ~"l 1,,\~ 1,,~ Gl1~" ~ '<'"- (~'t}S't) 
Date submitted Name of the student (Matric No.) 

Supervisor's Declaration: 

1_____________ (SUPERVISOR'S NAME) hereby certifies that the 
work entitled _____________ ~_____________ - __ 

____________________was prepared by the above named student, 

and was submitted to the "FACULTY" as a * partial/full fulfillment for the conferment 
of , and the 
aforementioned work, to the best of my knowledge, is the said student's work. 

Received for examination by: Date:______-'-----_ 

II 



I declare that Project/Thesis is classified as (Please tick (.J)): 

o CONFIDENTIAL (Contains confidential information under the Official Secret Act 1972)* oRESTRICTED (Contains restricted information as specified by the organisation where 
research was done)* 

DOPEN ACCESS 

Validation of Project/Thesis 

I therefore duly affirm with free consent and willingly declare that this said Project/Thesis 
shall be placed officially in the Centre for Academic Information Services with the abiding in
terest and rights as follows: 

• 	 This Project/Thesis is the sole legal property of Universiti Malaysia Sarawak 
(UNlMAS). 

• 	 The Centre for Academic Information Services has the lawful right to make copies 
for the purpose of academic and research only and not for other purpose. 

• 	 The Centre for Academic Information Services has the lawful right to digitalise the 
content for the Local Content Database. 

• 	 The Centre for Academic Information Services has the lawful right to make copies 
of the Project/Thesis for academic exchange between Higher Learning Institute. 

• 	 No dispute or any claim shall arise from the student itself neither third party on 
this Project/Thesis once it becomes the sole property of UNlMAS. 

• 	 This ProjectlThesis or any material, data and information related to it shall not be 
distributed, published or disclosed to any party by the student except with UNI
MAS permission. 

Supervisor signature:___ ____ ___Student signature: --~....:>o....::+-------
Current Address: 

luI;". JIII\% OIA" \~J..OO 

III 




Table of contents 

Acknowledgement .................................................................................................................. I 


Declaration ........................................................................................................................... .II 


Table of contents ................................................................................................................. IV 


List of abbreviation ............................................................................................................. VI 


List of table............................................. ............................................................................ VII 


List of figure ..................................................................................................................... VIII 


Abstract ................................................................................................................................. 1 


1.0 Introduction ..................................................................................................................... 3 


1.1 Problem Statement ............................................................................................... 6 


1.2 Objectives ............................................................................................................. 6 


2.0 Literature review ............................................................................................................. 7 


2.1 Trace elements in soils ......................................................................................... 8 


2.1.1 Type of soils with different trace element contents ................. .. .................... 8 


2.1.2 Trace elements inputs .................................................................................... 9 


2.2 Toxicity and availability of various trace elements in soils (Cu, Ni, Pb, Zn) .... 10 


2.2.1 Toxicity and availability ofCu in soils ........................................................ 11 


2.2.2 Toxicity and availability ofNi in soils ........................................................ 11 


2.2.3 Toxicity and availability of Pb in soils ........................................................ 12 


2.2.4 Toxicity and availability ofZn in soils ........................................................ 13 


2.3 Information of soils in Malaysia ........................................................................ 14 


2.4 Current studies on bioavailability in various countries ...................................... 15 


2.5 Current method to studies bioavailability of trace elements in soils .................. 16 


2.5.1 Single extraction reaMlhlts ........................................................................... 17 


2.5.2 Atomic Absorption Spectroscopy ................................................................ 18 


3.0 Methodology ................................................................................................................. 19 


3.1 Study Area .......................................................................................................... 19 


3.2 Sample collection ............................................................................................... 19 


3.3 pH analysis ......................................................................................................... 19 


3.4 Organic matter analysis ...................................................................................... 20 


3.5 Sample analysis .................................................................................................. 20 


3.5.1 Soil digestion ............................................................................................... 20 


3.5.2 Chemical extraction ..................................................................................... 21 


4.0 Results ........................................................................................................................... 22 


4.1 Sampling sites ...................................................................................................... 22 


IV 




4.2 Detennination of soil pH .................................................................................... 24 


4.3 Soil organic matter (SOM) ................................................................................. 26 


4.4 Extraction oftrace metals ................................................................................... 29 


4.4.1 Acid digestion .............................................................................................. 29 


4.4.2 EDT A extraction .......................................................................................... 30 


4.4.3 NH4N03 extraction ...................................................................................... 31 


4.4.4 CaCh extraction ........................................................................................... 32 


5.0 Discussion ..................................................................................................................... 34 


5.1 Total metal concentration of each station by acid digestion .............................. 34 


5.2 Correlation of pH, soil organic matter (SOM) and trace metal concentration in 

soils............................................................................................38 


5.2.1 pH vs concentration by acid digestion (mglkg) ........................................... 38 


5.2.2 Soil pH vs concentration by EDT A extraction (mglkg) .............................. 41 


5.2.3 Soil pH vs concentration by NH4N03 extraction (mglkg) ........................... 42 


5.2.4 pH vs concentration by CaCh extraction (mglkg) ....................................... 43 


5.2.5 Organic matter vs concentration (mglkg) .................................................... 44 


5.3 Comparison of extraction methods ..................................................................... 47 


5.4 Correlation between trace elements in soils ....................................................... 51 


6.0 Conclusion..................................................................................................................... 53 


7.0 References ..................................................................................................................... 54 


8.0 Appendixes .................................................................................................................... 58 


v 




List of abbreviation 

Cu 

Zn 

Pb 

Ni 

ppm 

M 

AAS 

EDTA 

CACh 

MgCl2 

HCI 

USEPA 

WHO 

UK 

GPS 

Copper 

Zinc 

Lead 

Nickel 

part per million 

molarity 

Atomic absorption spectroscopy 

Ethylenediaminetetraacetic acid 

Calcium chloride 

Magnesium chloride 

hydrochloric acid 

United State Environmental Protection Agency 

World Health Organization 

United Kingdom 

Global Positioning System 

VI 




Table 

I 
2 

3 
4 

5 

6 

7 

8 

9 
I' 10 

II 

12 

List of table 

Title Page 
Observations on surrounding area of BDC station. 23 

Acidity of soils. 24 

Analytical of pH results for BDC area. 25 

Loss on ignition (LOJ). 27 

Descriptive statistics for pH and loss on ignition in Taman BDC 28 

soils 
Mean, median and range for Ni, Cu, Zn and Pb in various chemical 33 

extractions. n = 10 (concentration in mglkg) 
Concentration ofNi, Zn, Pb, Ni of various extraction methods 36 

(mglkg) 
Significant correlation between metal partitioning in acid digestion 39 

and the soil pH (n=10) 
Correlation between trace metals in soil for acid digestion method 51 

Correlation between trace metals in soil for EDT A extraction meth 51 

od 
Correlation between trace metals in soil for NH4N03 extraction 52 

method 
Correlation between trace metals in soil for CaCh extraction meth 52 

od 

VII 




List of figure 

Figure Title Page 


1 Map of Stations 22 


extraction) 


(NH4N03 extraction) 


extraction) 


2 Acid digestion of trace metals 29 


3 EDT A extraction of trace metals 30 


4 NH4N03 extraction of trace metals 31 


5 CaCh extraction of trace metals 32 


6 Correlation graph of pH and trace metals concentration 38 


7 Correlation graph of pH and trace metals concentration (EDT A 41 


8 Correlation graph of pH and trace metals concentration 42 


9 Correlation graph of pH and trace metals concentration (CaCh 44 


10 Correlation graph of pH and trace metals concentration 45 


11 Correlation graph of acid digestion and EDT A, NH4N03, CaCh 47 


VIII 




,... 


ASSESSMENT OF TRACE ELEMENT BIOAV AILABILITY IN SOILS OF RESI· 

DENTIAL AREA OF KUCHING 


TangChun Yu 

Resource Chemistry 

Faculty of Resource Science and Technology 


Universiti Malaysia Sarawak 


ABSTRACT 

Bioavailability of trace elements is found to be linked with the availability of trace elements that extracted 
by different extraction methods. Trace elements are now common contaminants in soils and it can be 
transferred and bioaccumulated in the food chain. The objective of this study is to study the concentration of 
trace elements (Ni, Cu, Zn, Pb) in soils around residential area of Kuching by using four different extraction 
methods with variously aggressive reactants including acid digestion, EDTA, NH4N03 and CaCho The trace 
element content of each extraction method was analysed by AAS and it concentration was compared to know 
the strength of each extraction reactants. The inputs of this trace elements ascribed to anthropogenic activities 
related to the emission of particles from vehicles. The mobility of the trace elements decreases in the 
following order: Zn > Cu > Pb > Ni and this was due to two most important factors, pH and organic matter 
content. In this study, the trace element Ni appear scarcely mobile whereas Pb is more bioavailable in the 
soil. Both Zn and Cu are extremely mobile and both of this trace elements may cause toxicity to the envi
ronment and transfer to the living receptors of plants. 

Key words: Bioavailability, extraction method, trace elements, AAS. 
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Tang Chun Yu 

Resource Chemistry 

Faculty of Resource Science and Technology 


Universiti Malaysia Sarawak 


ABSTRAK 

Bioavailabiliti unsur surih didapati dikaitkan dengan adanya unsur surih yang diekstrak dengan kaedah 
pengekstrakan yang berbeza. Kini, unsur surih merupakan bah an cemar biasa dalam tanah dan ia boleh 
dipindahkan dan bioaccumulated dalam rantaian makanan. Objektif kajian ini adalah untuk mengkaji 
kepekatan unsur surih (Ni, Cu, Zn, Pb) di tanah sekitar kawasan kediaman Kuching dengan menggunakan 
empat kaedah pengekstrakan yang berbeza dengan menggunakan bahan tindak balas yang berbeza agresif 
termasuk penghadaman asid, EDTA, NH4NOJ dan CaCh Kandungan unsur surih bagi setiap kaedah 
pengekstrakan akan dianalisis dengan menggunakan AAS dan kepekatan ia telah dibandingkan untuk 
mengetahui kekuatan setiap bah an tindak balas pengekstrakan. Input unsur-unsur ini berkait rapat dengan 
aktiviti antropogenik berkaitan dengan pelepasan zarah dari kenderaan. Mobiliti unsur-unsur berkurang 
mengikut susunan berikut: Zn > Cu > Pb > Ni dan ini adalah disebabkan oleh dua/aktor yang paling pent
ing iaitu pH dan kandungan bahan organik dalam tanah. Dalam kajian ini. unsur surih Ni kelihatan hampir
hampir tidak bimbit manakala Pb lebih bioavailable di dalam tanah . Kedua-dua Zn dan Cu sangat mudah 
a/ih dan kedua-dua unsur surih ini boleh menyebabkan ketoksikan kepada alam sekitar dan memindahkan 
kepada reseptor hidup tumbuh-tumbuhan. 

Kata kunci : Bioavailabiliti, kaedah pengekstrakan , unsur surih, AAS. 
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1.0 Introduction 

Soil is very important to natural environment because it plays an important role in the 

distribution of plant species and it also act as a habitat for wide range of organisms. Soil is 

the layer that covering our planet. It is a dynamic system that consists of nutrient including 

organic and inorganic materials which support all terrestrial, aquatic and marine 

environments. The primary function of soil is promoting, supporting, and sustaining all life 

form. In addition, soil also aid in leach out anthropogenic waste. This can help to recycle 

water through biochemically mediated processes. Terrestrial ecosystems need soil to 

support all life form because it is an essential component for plant to continue to grow and 

develop. The study that conducted by Harter (1983) show that the interaction between soil 

composition and soil organisms can affect the performance and efficiency of enzyme 

activity. 

According to Food and Agriculture Organization of the United Nation (n.d.), composition 

of soil can be separated into five major components. The first component include the 

mineral matter that can be obtained from the decomposition and disintegration of rocks. 

The second component is those organic matter that come from those decay plat residues, 

animal remains and microbial tissues in the soil. The third and fourth major components 

that can found in the soil are water and air or gases that penetrate into soil from the 

atmosphere. Both these components play important roles in reactions of roots, microbes nd 

chemical in soil. The fifth component in soil is those organisms that live in soil. The 

different contents and concentration of inorganic or mineral matter in the soil can 

influence the soil properties such as pH value, soil solubility and physical structure of soil. 
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Bioavailability refers to how much an element is available to living biota which includes 

those plant and soil microorganisms. In other means, it refers to the relationship between 

its concentration in the soil and its absorption by the receptor and cause impact on certain 

organism (Pan et aI., 2012). Bioavailability is species-specific because the dosage that is 

absorbed or reached organism's target organs which resulting in biological response varies 

among receptors (Dupuy et aI., 2005). Bioavailability often refers to the limit to which an 

element can be absorbed, dissolve or dissociate from the solid phase which it occurs to 

become accessible for absorption (Alexander et aI., 2009). Bioavailability now is 

considered as one of the important environmental infonnation due to the availability may 

be mitigated once the element comes in contact with soil and sediments that may cause 

pollution to the environment. The amount of an element in soil that is bioavailable depends 

on variety of factors including properties of both the elements and environmental 

conditions (Halvorson et aI., 2002). 

Weathering and dissolved rocks or by anthropogenic activities can cause heavy metal 

distribution in soils. Those anthropogenic activities including agriculture, industry, and 

urban emissions. According to Harter (1983), soil pH is the major condition that will 

influences the metal availability in ta!1. The density, type and charge in soil colloids also 

the factors that will affect the metal availability in soil. In turn, heavy metal could change 

the soil properties through soil biological activities (Friedl ova, 2010). Heavy metals have 

the risk to affect the amount, diversity, and activities of soil organisms. The toxicity of 

these metals on organisms are depends on several elements including soil temperature, pH, 

clay minerals, organic matter, inorganic anions and cations, chemical fonns of the metal 

Chinuike & Obiora, 2014). 
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Kuching is the state capital of Sarawak. Due to the increase in population, Kuching is now 

having fast development and industrialisation to become a modem city. Those activities 

directly affect the environment condition here. For example, those wastes and gases that 

release by vehicles, factories, industries can pollute the environment including soils. Those 

wastes may stay in the soil and affect the quality and bioavailability of soil. Hence, this 

study was carried out to determine the concentration of trace elements in soils around 

residential areas of Kuching. 
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1.1 Problem Statement 

As mention above, Kuching is now having rapid development and industrialisation which 

may cause the environment there being affected through those anthropogenic activities. In 

addition, the increase of number of source of trace elements in Kuching city may affect the 

bioavailability of trace elements in soils. 

Excessive level of trace elements in soil can cause toxicity to environment and a wide 

range of organisms. Trace elements can be transferred or absorbed by plants and tend to 

accumulated into all level of food chain. This may affect the quality of environment and 

human health. Hence, the soil chemical properties (PH and organic matter content) of 

Kuching residential area need to determine from time-to-time to ensure soils quality of that 

area. 

1.2 Objectives 

1. To detennine the concentration of trace elements in soils around residential area of 

Kuching. 

2. To assess the bioavailability oft~e elements by using chemical extraction method. 

6 
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2.0 Literature review 

Trace elements is a particular elements that is required in a suitable level to grow properly. 

In geochemistry, trace element is an element which its concentration is less than 1000ppm 

or 0.1 % of rock's composition. However, it is very important to utilise the trace elements 

in soil because it can cause an increase in amount of waste and pollution (Bowen, 1985). 

Trace elements are very important in different media including soil. Trace elements now 

play an important role in soil enrichment and have the tendency to affect the soil quality. 

Some of the trace elements are essential nutrient for plant growth, human and animal 

health need. Trace elements have the tendency to be absorbed by plants in too low or too 

high situation. This will lead to deficiency or toxicity diseases in plants and pass to higher 

level organisms in food chain via consumption (Aubert & Pinta, 1977). However, soil is 

not the only ecosystem in the world; it plays a fundamental role in human survival needs. 

Soil can act as filter, buffer, storage, transformation system which aid to protect global 

ecosystem and maintain equilibrium. Soil also can help in prevent or slow down pollution 

(Kabata-Pendias, 2010). 

Trace element speciation is means tlP'lt the active process of detection and quantification of 

the defined species, forms or phase in which an element occurs in materials. Those species, 

forms or phase can be defined based on its own functionally, operationally and specific 

chemical compound (Ure, 2001). Trace element are separated from soil by analysing 

fraction and extraction the soil with chemical reagents or solvents. Hence, the elements 

inside the solid samples are identified by some analytical techniques such as X-ray 

'ffiaction, nuclear magnetic resonance and infrared absorption spectrometry 
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2.1 Trace elements in soils 

2.1.1 Type of soils with different trace element contents. 

In the urban area, it has been found that the contents of the soil contains arsenic (As), 

copper (Cu), cobalt (Cd), chromium (Cr), mercury (Hg), manganese (Mn), nickel (Ni), 

lead (Pb) and zinc (Zn). Trace elements like As, Cd, Cu, Hg, Pb and Zn are considered as 

contaminated elements while Co, Cr, Ni and Mn are considered as uncontaminated 

elements. On the other hand, the concentration of those contaminated elements indicated 

that were mostly affected by human activities (Chen et aI., 2008). Most cities are 

contaminated with one or more than one elements and lead is the one of major anxiety in 

many locations. Marson and Biasioli (2010) reported that sources like traffic, heating, 

industry, and waste disposal have the tendency to cause contamination of the soils. The 

increased level of trace elements can be sources of metallic pollutants and it may cause 

affect health of human especially children. In 1999, Knox and co-workers mentioned those 

trace elements contaminations are not considered as pollution except in the case that the 

concentration exists and may cause effect to biochemical and biological process. 

In soils of natural forests, the trace ~?Ients are variable among soils and are more often 

negative than those agricultural soils. The concentration of trace elements are different 

with depth of the forests. A total of six major trace elements As, Cr, Cu, Ni, Pb, Zn have 

been found in soil of forest. The concentration of trace elements vary from place to place. 

Cr, Cu and Ni are soluble in humus layer and this cause the concentration of these three 

elements are lower in underlying mineral horizon. From the research, Pb and Zn are the 

st contributed to pollution while As and Cu contributed pollution lesser, whereas Cr and 

Ni are less important in contributed to pollution (Blaser et aI., 2000). 
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2.1.2 Trace elements inputs. 

In soil sciences, major of the trace elements are from those anthropogenic activities. Trace 

elements can enter to the soil through some pathways. Some of the important inputs of 

trace elements in the soil include commercial fertilizers, liming materials and 

agrochemicals, sewage sludges and other wastes used as soil amendments, irrigation 

waters, and atmospheric deposition from industrial, urban and road emissions (Adriano, 

1986). 

According to Senesi and group members (1999), the availability of trace element contents 

in soils can be determined by using the analytical data collected from different areas in 

chemical forms, speciation and bioavailability of trace elements. The estimation and 

research on the background of that particular area are important to know as well. This can 

detennined the source of the trace elements inputs as well. They also stated that trace 

element contents in soils can affect the plant uptake and thus have the potential to give 

impact to human health. 

In residential area, the applications of fertiliser to soil are one of the big issue that will 

increase the addition of trace el~nts in soil. Besides that, the uses of pesticides, 

herbicides, fungicides, insecticide used in agrochemicals also will affects the contents of 

trace element in soils. Some of the pesticides contained inorganic salts and organic

metallic compound that consists of high contents of trace elements. This will contribute to 

the input of trace elements in soils (Senesi et aI., 1999). In 2000, Olowoyo and his group 

found that the metals can be diffused into the soil through road vehicles. Trace metals such 

Zn, Pb, eu are related to the traffic density on road which may include internal engines 

combustion, tear of tyres, leakage of oil from vehicles and corrosion of car batteries and 
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metallic parts of car. Besides that, the report also stated that burning of coal by households 

can contribute to the trace elements input to soils. 

2.2 Toxicity and availability of various trace elements in soils (Cu, Ni, Pb, Zn) 

According to Mitchell (1972), soil is consider as the primary natural source of trace 

elements to plants, animals, humans, and microorganisms. However, there are several 

factors affect the availability of trace elements in soil. Organic matter and pH of soil is the 

two main factors affect the availability of trace elements in soil. Many trace elements are 

mainly in the form of mineral and organic chelates. Different types of soil contain different 

type of mineral in soil and hence affect the contents inside the soil which are absorbed or 

used up by organisms such as plants and microorganisms. Bioavailability oftrace elements 

are varies with soil properties. Soil pH can affect both the speciation and mobility of trace 

elements in soil solution while organic matter can decrease or increase the mobility of 

trace elements in soil by forming chelates (Giuseppe et aI., 2014). 

Trace elements which is known as micronutrients can cause toxicity to organisms in both 

too high or too low situation. Trace elements in too low situation is called trace elements .'deficiency. Trace elements deficiency in soil will cause the crops there being affected. 

Most of the nutrients work together with other nutrients. Hence, lacking of this nutrients in 

organism bodies will affect the organisms in many ways. 
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2.2.1 Toxicity and availability of Cu in soils 

Copper is one of the most important and used widely in industrial and agriculture 

processes. This led to increase in concentration of eu in environment and eu has it 

tendency to pollute the environment due to it toxicity. eu is an abundant trace element 

found in soil especially rocks and minerals (Bowen, 1985). Although eu is one of the most 

required elements, but it becomes toxic when exceed the level and it can cause toxic to 

organisms especially lower level organisms such as bacilli, fungi, and algae. eu is listed as 

one of the 129 priority pollutants by the Environment Protection Agency (Environment 

Protection Agency, n.d.). If eu at elevated level, it can result in low biological oxygen 

demand. This will affect the quality of soils and sediments. Normally, eu contents in soils 

ranges from 2 to 100 ppm. According to Schulte and Kelling (1999), the use of copper

containing fungicides has resulted in eu toxicity. Organic matter and pH of soil have the 

opportunity to affect the eu availability in soil. As organic matter in soil increase, the eu 

availability decrease due to the bindings of organic matter with eu and resulted in reducing 

the fixation of eu in soil and reduces the eu availability to crops. The increase of pH in 

soil will decrease the eu availability in soil. This is because the eu that held by those 

organic matter will increased due to liming process which will increase the soil pH . 

....' 

2.2.2 Toxicity and availability of Ni in soils 

Nickel is a naturally present element in soil. The exist ofNi and its concentration in soils is 

mainly based on anthropogenic activity such as deposition from burning fossil fuels. Ni is 

not an important micronutrients for plant growth and Ni is just essential for plant to grow 

·gher. However, Ni is now an environmental concern especially in urban area. The 

availability of Ni increases as the pH of the soil decrease due to that the Ni solubility and 

11 
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mobility in soil increases (lyaka, 2011). Merian (1984) reported that the release of nickel 

by anthropogenic activity is higher than that of natural processes. Nickel can exist in soils 

in several fOnDS such as inorganic crystalline minerals or precipitates, complexed or 

adsorbed on organic cation surfaces or on inorganic cation exchange surfaces, water-

soluble, free-ion or chelated metal complexes in soil solution. In the presence of organic 

matter, Ni complexes can be more mobile and the Ni availability in soil can be increased as 

well. Ni is one of the most important element and can cause toxic to humans with varying 

levels. Ni can cause toxic effects to humans and animals. Ni can replaced other metal ions 

in those enzymes, proteins and cellular compounds of organisms. If an organisms exposed 

to nickel acutely, it causes damage to liver, kidney, spleen, and brain (Scott-Fordsmand, 

1997). In soil, Ni inhibits the growth and some enzymatic functions of certain 

microorganisms. Ni also affects plant growth such as inhibit the root growth of plants and 

damage the plant tissue. 

2.2.3 Toxicity and availability of Pb in soils 

Lead is a heavy, soft and malleable metal. Once Pb is deposited in soil from anthropogenic 

sources such as lead-based paint dust, .'it can't be biodegrade or decay and it will remain at 

elevated levels in soils (Environmental Protection Agency, n.d.). Those soils which 

contaminated by Pb can cause direct ingestion by plants. Pb has a strong effect on human 

especially children and it can cause fatal. Pb can be found in lead-based paints which 

include paint on the walls of the old houses and toys. Pb can lead to mental problem such 

as low IQ, hearing problems, growth delay and learning difficulties (Cafasso, n.d.). Pb is 

vailable to plants and microorganisms from soil. The chemical forms of lead is the main 

that the Pb movement into the plant and its toxicity within the plant (Koeppe, 1981, 

pp.55-76). The soil pH can affects the Pb availability indirectly. When the soil pH IS 
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between 6.0-7.0, the phosphorus is most available and phosphorus forms insoluble lead 

phosphate in the soil and help to reduce the absorption of Pb by plants. Pb availability also 

can be reduced by adding organic matter to the soils. This is because some of the organic 

compound in soils form insoluble Pb compounds when come in contact with Pb, and 

reduces the Pb level in soils (Pettinelli, 2007). 

2.2.4 Toxicity and availability of Zn in soils 

Zinc is also one of the most common trace elements in soil and it is required by plants to 

continue grow. Besides that, Zn is also important to human and it can act as cofactor for 

enzymes in the metabolism of lipids, carbohydrates, proteins, and nutrients. It can help to 

stabilise cell components and structure. Normally, those available Zn in soil are found in 

ionic or complex form. Zn can also be found in divalent cation, zinc hydroxide and zinc 

chloride. pH is one of factor that affects the Zn solubility in soil. For example, in the 

presence of calcium carbonate in soil lead to higher soil pH and reduce the availability of 

Zn in soils due to the formation of zinc carbonate. The presence of copper in soil also lead 

to Zn availability in soils decrease. This is because copper have the same absorption 

mechanism with Zn and interferes the uptake of Zn by crops (Spraygo Liquid Fertiliser, .... 
2013). However, different concentration of Zn can cause difference level of Zn toxicity. Zn 

toxicity can cause critical growth reduction and prevent the transplanted cuttings. 

Concentration of zinc which exceed 70 mg Znlkg resulted in retard growth due to Zn 

toxicity. According to Landon (1991), total Zn concentration is considered as high as Zn 

concentration exceed 150 mglkg. 
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2.3 Information of soils in Malaysia 

Land area of Malaysia covered 336,745 km2 spreading over three main areas which are 

Peninsular Malaysia (131,587 km2), and Sabah (73,711 km2) and Sarawak (123,466 km2). 

Most of the land in Malaysia is covered by forest and swamps which is about four-fifth of 

the land. The inland of Malaysia mostly is forested mountainous which is for the 

agriculture used. The soils in Malaysia mostly can be divided into two types which are 

sedentary soils and coastal soils. The sedentary soil include igneous, sedimentary and 

metamorphic rocks while coastal soil including those fine-textured soil, clay loam soils, 

peat and organic soil, sandy soils. 

In Malaysia, there are few types of soils are very acidic and difficult to manage which are 

peat, acid sulphate and sandy soils. There are about 2.7 M hectares of peat and organic 

soils which accounting about 8% of the total land area. Peat soils are low in pH with 3.0 

4.5 which is an acidic soil. Malaysia also has the acid sulphate soils which is very acidic 

with pH of2.7 - 3.3 while sandy soils contain pH around 4.3 - 4.4 (Wong & Chen, 1998). 

Soil acidity is measured by using pH scale. As we know, soil pH which greater than 7 is an 

alkaline soil while less than 7 is an~idic soil. Alkaline soil often found on limestone or 

calcareous parents rock which containing calcium carbonate or magnesium carbonate. 

Acidic soil is often found at those overlying sandstone, granitic or metamorphic parents 

rock. 
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