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Acidic deposit that falls to earth from the atmosphere is named acid rain. Sulfur
dioxide (SO2) and oxide of nitrogen (NOx) are being constantly released as gases into
the atmosphere. These oxides react with the rainwater to produce stronger acids and
might lower the pH to 4.5 or even 2.0. This research aimed at determining the effect
of acid rain on residual soil and kaolinite in the tropical area. Fore types of soils
sedimentary residual soil (SRS), igneous residual soil (IRS), primary kaolinite (PK)
and secondary kaolinite (SK) with different properties were chosen. Soaking and
infiltration methods were employed to simulate the natural environment and reaction
of acid rain on the selected soils based on short-term and long-term reaction. For the
soaking method, the specimens were kept in the artificial acid rain (AAR) container
for 7, 14, 28, and consequently 90 days, while in the infiltration method, the specimens
were kept at flux of AAR for 1, 5, 10, and 20 years at different pH levels for both
methods. The AAR was prepared by adding certain volume of 0.005M nitric acid
(HNOs3) and sulfuric acid (H2SO4) to the deionized distilled water. The pH values of
the AAR were adjusted to 2, 3, 4, 5, and 5.6. All soils’ properties via physico-chemical
and mechanical were assessed before and after treatment of specimens with AAR to
identify the effect of the AAR on the soils. For the mechanical properties tests,
unconfined compressive strength (UCS), consistency limits, optimum moisture
content (OMC), maximum dry density (MDD), hydraulic conductivity, and one-
dimensional consolidation tests were carried out. Whereas, to examine the effects of
AAR on soil chemical mechanism, the microstructural tests were performed using zeta
potential ({), Atomic adsorption spectroscopy (AAS), X-ray diffraction (XRD),
Fourier transformed infrared spectroscopy (FTIR), scanning electron microscope
(SEM), and energy dispersive X-ray spectroscopy (EDX). In soaking method (i.e.
short-term), low pH value of AAR changed the characterization of SRS IRS, PK, and
SK, and led to an increase in soil strength and maximum dry density (MDD), and
reduction in the hydraulic conductivity, Atterberg limits, and optimum moisture
content (OMC). In terms of long-term effect of acid rain, the low pH value and high
fluxes of AAR changed the characterization of SRS IRS, PK, and SK and led to a
reduction in soil strength and MDD, and an increase in the hydraulic conductivity,
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Atterberg limits, and OMC, initial void ratio, and Cc of SRS, IRS, PK, and SK. Long-
term flux of AAR led to a further increase in compressibility of the studied soils.
Regarding the influence of flux of acid rain on the soil properties, the acidic pH level
of rain has significant effects on the physico-chemical properties. The effect of acid
rain on the properties of soils will become more serious if the rainwater is further
acidified due to heavier industrialization.

Key words: Acid rain; Residual soil; Kaolinite; Atterberg limits; Compressive
strength; Consolidation; Compaction characteristics; Hydraulic conductivity.
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Deposit berasid yang jatuh ke bumi dari atmosfera dinamakan hujan asid. Sulfur
dioksida (SOz) dan oksida nitrogen (NOx) sedang sentiasa dikeluarkan sebagai gas ke
atmosfera. Ini oksida bertindak balas dengan air hujan untuk menghasilkan asid kuat
dan mungkin menurunkan pH 4.5 atau 2.0. Kajian ini bertujuan untuk menentukan
kesan hujan asid pada tanah baki dan kaolinites di kawasan tropika. jenis Fore tanah
sedimen sisa tanah (SRS), igneus sisa tanah (IRS), kaolinit utama (PK) dan kaolinit
menengah (SK) dengan ciri-ciri yang berbeza telah dipilih. Rendaman dan
penyusupan kaedah telah digunakan untuk mensimulasikan persekitaran semula jadi
dan tindak balas hujan asid di tanah yang dipilih berdasarkan jangka pendek dan tindak
balas jangka panjang. Bagi kaedah rendaman, spesimen disimpan di dalam bekas
hujan asid tiruan (AAR) selama 7, 14, 28, dan seterusnya 90 hari, manakala dalam
kaedah penyusupan, spesimen telah disimpan di fluks AAR untuk 1, 5, 10 , dan 20
tahun pada tahap pH yang berbeza untuk kedua-dua kaedah. The AAR telah
disediakan dengan menambah jumlah tertentu 0.005M asid nitrik (HNO3) dan asid
sulfurik (H2SO4) untuk air suling yang ternyahion. Nilai pH AAR telah diselaraskan
untuk 2, 3, 4, 5, dan 5.6. sifat-sifat semua tanah 'melalui fiziko-kimia dan mekanikal
telah dinilai sebelum dan selepas rawatan spesimen dengan AAR untuk mengenal
pasti kesan AAR di tanah. Bagi hartanah ujian mekanikal, kekuatan mampatan tak
terkurung (UCS), had konsisten, kandungan lembapan optimum (OMC), ketumpatan
kering maksimum (MDD), kekonduksian hidraulik, dan ujian pengukuhan dimensi
satu- telah dijalankan. Manakala, untuk mengkaji kesan AAR mekanisme kimia tanah,
ujian mikrostruktur telah dilakukan dengan menggunakan potensi zeta ({), Atomic
penjerapan spektroskopi (AAS), X-ray pembelauan (XRD), Fourier berubah
spektroskopi inframerah (FTIR), elektron imbasan mikroskop (SEM), dan tenaga
serakan X-ray spektroskopi (EDX). Dalam kaedah rendaman (iaitu jangka pendek),
nilai pH yang rendah AAR berubah pencirian SRS IRS, PK, dan SK, dan membawa
kepada peningkatan dalam kekuatan tanah dan ketumpatan kering maksimum (MDD),
dan pengurangan dalam kekonduksian hidraulik, had Atterberg dan kandungan
lembapan optimum (OMC). Dari segi kesan jangka panjang hujan asid, nilai pH yang
rendah dan fluks tinggi AAR berubah pencirian SRS IRS, PK, dan SK, dan membawa
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kepada pengurangan dalam kekuatan tanah dan MDD, dan peningkatan dalam
kekonduksian hidraulik, had Atterberg dan OMC, nisbah lompang asal, dan Cc
daripada SRS, IRS, PK, dan SK. fluks jangka panjang AAR membawa kepada
peningkatan lagi dalam kebolehmampatan tanah dikaji. Mengenai pengaruh fluks
hujan asid pada sifat tanah, tahap pH berasid hujan mempunyai kesan yang besar ke
atas sifat-sifat fiziko-kimia. Kesan hujan asid kepada sifat-sifat tanah akan menjadi
lebih serius jika air hujan itu lebih berasid disebabkan oleh perindustrian yang lebih
berat.
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CHAPTER 1

INTRODUCTION

1.1 General

Research conducted over the past few decades indicates that changes in pore water
chemistry may significantly alter the geotechnical properties of soils (Bolt, 1956,
Mitchell, 1960, Rosenqvist, 1959, Santamarina et al., 2002).Geotechnical practices
indicate that engineering structures built on such soils can experience significant
deformation due to changes in the soil’s structure (Sridharan et al., 1981). Therefore,
the engineering properties of soil have received special consideration by researchers.
One of the most important and obvious sources of soil pollution is acid rain. The major
sources of acid rain are sulphur dioxide (SO,) and nitrogen oxides (NOy)(Streets and
Waldhoff, 2000). These oxides react with rain water to produce stronger acids with a
low pH of 4.5, or even 3.0. The engineering properties of soils are significantly
influenced by the chemical properties of the soil and is termed “chemical-mechanical
coupling”(Santamarina et al., 2002). The acid rain and its annual rate in the various
areas cause to increase weathering rate in the soils (Denman et al., 2007). It is true that
the weathering factor is the main fact which owing to the formation of residual soils
in the tropical areas (Kato and Akimoto, 1992). The major types of soil in Malaysia as
a tropical area are residual soils (Galloway, 1989).

In this study two common types of residual soil, including sedimentary residual soil
and igneous residual soil were chosen. It is noticeable that in almost all of the tropical
residual soils in Malaysia, kaolinite is one of the dominating clay minerals (Tan,
2009). Kaolinite is classified into two broad categories which is called primary and
secondary (Bignell et al., 2002). The primary kaolinite or residual kaolin originates
from in situ alteration of rocks by hot fluids, which permeate mainly in pegmatite.
Generally primary kaolinite has not been altered chemically since its deposition and
crystallization as a result of large-scale geological processes (Bolland et al., 1976). In
addition, the secondary minerals from the decomposition and restructuring of primary
minerals or from precipitation reactions concerning chemical constituents of primary
kaolinite released during dissolution (Bloodworth et al., 1993, Bolland et al., 1976).
Secondary kaolinite is generally characterized by smaller particle size, because the
particle size of primary kaolinite is decreased during weathering and release of soluble
materials (Bloodworth et al., 1993, Scorzelli et al., 2008b). Based on the existing
literature, it can be concluded that the following chemical and physical processes
might describe the effect of acid rain on soil (Benna et al., 2002, Jozefaciuk and
Bowanko, 2002): (I) Dissolution and leaching of cations or anions from soil, based on
their solubility at different pH values; (II) Changes in surface electrical properties in
the colloidal fraction of soil; (III) Absorption of anions in acid rain such as SO%~,
NO%~, and CO%" in the soil environment; and (IV) Changes in diffuse double layer of
the clay fraction due to the ion exchange and consequent changes in the van der Waals
forces acting between the clay particles, which may result in a change in engineering
properties of soil affected by acid rain.



1.2 Statement of the Problem

One of the most important and sources of soil pollution is acid rain. Geotechnical
properties can be changed under effect of acid rain. Moreover, increasing urbanisation
and industrialisation in developing countries, such as Malaysia, have extended the
geographical occurrence of acid rain. Malaysia is one of the areas that have undergone
to experience the effects of acid rain. The major types of soil in Malaysia as a tropical
area are residual soils. It is noticeable that among all of the tropical residual soils in
Malaysia, kaolinite is one of the dominating clay minerals. The reaction of variety of
soils and minerals affected by acid rain is different. The literature review show that
the effects of acid rain on physico-chemical and engineering properties of soil could
vary due to the complexity of mineral composition of the parent soil and chemical
properties of the pore fluid. However, there is still a lack of comprehensive knowledge
on the physical and chemical mechanisms of influence of acid rain on the minerals in
tropical area. It should be noted that although the effect of each minerals on the
properties of clay in an acidic medium seems to be well understood, whereas the
behaviour of different kinds of kaolinite in tropical area still remains unclear. The
primary aim of this study is to determine the effects of acid rain in tropical area on two
common types of residual soils and different kaolinites.

1.3 Objectives
The objectives of this study are:

I.  To investigate short term effects of acid rain on geotechnical properties of
sedimentary residual soil, igneous residual soil, primary kaolinite, and
secondary kaolinite.

II. To investigate long term effects of acid rain on geotechnical properties of
sedimentary residual soil, igneous residual soil, primary kaolinite, and
secondary kaolinite.

III. To determine the underlying mechanisms controlling the effect of acid rain
on the sedimentary residual soil, igneous residual soil, primary kaolinite, and
secondary kaolinite.

14 Scope of Study

The purpose of this research is to observe the changing in tropical residual natural
soils and clay minerals. The scopes and limitations of the research is including of the
sedimentary residual soil (SRS) and igneous residual soil (IRS) were selected from
Batu Cave and Taman Ukay Perdana respectively in Kuala Lumpur, Malaysia and
primary kaolinite (PK) and secondary kaolinite (SK). Moreover, in this research the
short and long term effect of acid rain with choosing two methods of soaking and
infiltration method used to investigate the reality event.The strength and
compressibility evaluation tests for the samples are UCS test and consolidation test
respectively. In addition, the maximum flux of artificial acid rain used for the strength
evaluations of samples are 90 days and 20 years in soaking and infiltration method
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respectively. Furthermore, the chemical properties of acid rain on soils and kaolinites
are evaluated by X-ray diffraction (XRD), scanning electron microscopy (SEM),
Scanning Electron Microscopy (EDX), zeta potential, and atomic adsorption
spectroscopy (AAS).

1.5 Thesis Layout
The chapters of the thesis are organized as follows:

Chapter 2 presents the literature review on acid rain and deposition, history of acid
rain and the potential of acid rain in different country. This chapter also includes the
principle of residual soil and clay minerals that include of primary and secondary
kaolinite and the most important clay minerals of residual soils. Furthermore, this
chapter presents the effect of acid rain on physical and engineering properties of
different soils.

Chapter 3 discusses the sampling location of soils and minerals, moreover explained
the geotechnical test, the preparation of acid rain exposure, short and long term method
which include of soaking and infiltration methods. This chapter also describes the
microstructure analysis of soils as affected by acid rain at different time and pH.

Chapter 4 describes the effect of acid rain on residual soils and kaolinites at short and
long term effect at different pH value on some engineering properties of soil. The
study evaluated the microstructure analysis of soils and minerals by effect of acid rain
at long at short term effect. Consequently the proposed mechanism under effect of
acid rain is explained.

Chapter 5 presents the conclusions arrived from this study and recommendations for
future research.
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