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ABSTRACT

This study was conducted to determine lead removal efficiency when using
Korat soil series added to fly ash. The physical and chemical properties of Korat
soil series and fly ash were investigated. The lead removal efficiency was
determined at different conditions, namely different ratios of Korat soil series added
to fly ash, different initial pH values of lead solution and different initial lead
concentrations. Samples were agitated continuously for 24 + 0.5 hr with 29 + 2 rpm
at room temperature prior to measurement. Measurement of the permeability of the
samples was also conducted. Data analysis was conducted using three-way
ANOVA and mean comparison was done using Least Significance Difference at a
level of 0.05.

The Korat soil series is loamy sand with moderate permeability and low
moisture content. The pH value was 5.1. The cation exchange capacity was 2.07
cmol/kg. The organic matter content was 1.2 %. The free iron oxide was 0.43 % and
lead contamination was 7.25 mg/kg. The tested fly ash had low moisture content
with high pH value, containing CaO 16.04 % and low heavy metal contamination.
The different samples had significant differences in lead removal efficiency (p-
value < 0.05). At all the different initial pH values of lead solution and all the
different initial lead concentrations, the lead removal efficiency of Korat soil series
with added fly ash at ratios of 1:0, 0.9:0.1 and 0.8:0.2 were 85.25+15.81,
98.48+2.30 and 99.07+1.51 %, respectively. The final pH value ranged from 3.94
to 5.73, 10.86 to 11.50 and 11.15 to 11.68, respectively. The permeability of soil
decreased if the amount of fly ash was increased. Results suggest that threat Korat
soil series with added fly ash can be used as a daily cover material.

Further study should be done with various heavy metals in leachate, column
method and the thickness of the ratios of Korat soil series with added fly ash.
Moreover, different soils, ash and other materials should be studied for application
as daily cover material of sanitary landfill.

KEY WORDS: KORAT SOIL SERIES/ FLY ASH / LEAD REMOVAL
EFFICIENCY / PERMEABILITY

108 pp.
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CHAPTER I

INTRODUCTION

1.1 Statement of problems

The environmental problems have presently increased due to the lack of good
management and growing development in the activities of agricultural, industrial and
urban activities. In Thailand, municipal hazardous waste is made up every day which
had about 0.4 million tons per year (1, 2). Most of municipal hazardous waste,
automotive batteries, household batteries, electrical and electronic equipments both
under-standard or second-hand products and waste oil has been unsuitably treated (1)
because it was get rid of together with the general waste such as food waste, can, plastic
and newspaper especially popular horror newspaper is a potential source of lead
contaminate about 1,455 mg/kg (3). Because, there are consists of heavy metal
especially lead, cadmium, mercury, and other hazardous chemicals that can released to
the environment. Therefore, landfill is a major source of heavy metal contamination.
The other landfill problems had open dumping, open burning and uncontrolled landfills
that could be increase leaching to surrounding area. In case of the disposal sites are
experienced about leachate contamination about 34 % of sites disposal practices in
provincial capitals (4). Leaching with heavy metals may be entering into the
environmental and the food chain. This metal causes poisoning of plants, animals,
humans, and the environmental quality such as soil, surface water, ground water and
drinking water. Therefore, it is very important to prevent the migration of heavy metal
from landfill.

Daily cover materials are component of sanitary landfill that are used to
solid wastes placed each day before next lift. The good benefit of daily cover material
are used to get rid of the harboring of disease vectors, insect problem, to limit the

amount of surface infiltration, to control the flammable, blowing litter, to control odor
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from landfill, to improve the aesthetic appearance of the landfill site (5). Many kinds
of material can be used as the cover material for landfill such as soil, ash, paper mill
sludge, de-inked, paper sludge, shredded wood, shredded tyres, etc. Daily cover soil
can be considered a major requirement for isolating waste from the surrounding
environment and can also be used as a medium for the reduction of certain constituents
in leachate such as decrease the heavy metal contaminated from landfills. In Thailand,
the operations of daily cover are still problems because it is not sufficient in
compaction of waste, choose a good vehicle and soil as cover material (6). Many
researches have been tried to decrease the lead contaminated from landfills by daily
cover material such as the research of municipal waste combustor ash which was
carried out to determine its applicability as the daily cover material in landfills to
remove or dissolve lead from landfill leachate. However, the low permeability of ash
was serious problem to use as daily cover material (7).

For this study, Korat soil series and fly ash were selected as the study
materials. The Korat soil series was characteristics which may be suitable for cover
material (8) whereas the fly ash is a waste material which has a high adsorptive
quality. Therefore, the chemical properties of fly ash may help the soil to efficiently
reduce heavy metal leaching and reduce the permeability of soil. Thus, this study aims
to investigate the lead removal efficiency of the various ratios of Korat soil series with
added fly ash. Besides, the obtained results of study will be used and applied for other

waste material as future daily cover material.

1.2 Objectives of study

1.2.1 General objective

To investigate the lead removal efficiency by Korat soil series with added
fly ash.

1.2.2 Specific objectives

(1) To study the physical and chemical characteristics of Korat soil series,
fly ash and the mixture of Korat soil series with added fly ash.

(2) To determine the lead removal efficiency at various ratios of Korat soil

series with added fly ash.
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(3) To determine the lead removal efficiency at various initial pH values of
lead solution and various the lead concentrations.

(4) To determine the permeability of the mixture of Korat soil series with
added fly ash.

1.3 Hypotheses of study

1.3.1 The various ratios of Korat soil series with added fly ash differed in
lead removal efficiency.

1.3.2 The various initial pH values of lead solution differed in lead removal
efficiency.

1.3.3 The various lead concentrations differed in lead removal efficiency.

1..3.4 The various ratios of Korat soil series with added fly ash, the various
initial pH values of lead solution and the various lead concentrations differed in lead

removal efficiency.

1.4 Variables of study
1.4.1 Independent variable
(1) Ratios of Korat soil series with added fly ash
(2) Initial pH values of lead solution
(3) Lead concentrations
1.4.2 Dependent variable
(1) Lead removal efficiency
1.4.3 Control Variable
(1) Moisture content of soil and fly ash
(2) Particle size of soil and fly ash

(3) Soil: solution ratio

1.5 Research definition

1.5.1 Korat series refers to Korat soil series was collected in Ban Puaiyali,
Tambon Puaiyai, Amphoe Nonsila, Khonkaen Province by used the composite
sampling at by soil map at 1:50000 5541 111, N 1774258 E 247467.
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1.5.2 Fly ash refers to describe any fine particulate materials collected in
electrostatic separators from Mae Moh power plant in Lampang province.

1.5.3 Ratio of Korat soil series with added fly ash refers to the ratio mass
by mass of the Korat soil series added to fly ash.

1.5.4 Soil: solution ratio refers to the ratio mass of the mixture of Korat
soil series with added fly ash to the lead solution volume.

1.5.4 Lead concentrations refers to lead nitrate concentrations which was
prepared from standard Lead (Il) nitrate (Pb(NO3),) and deionized water that was
various initial pH values of lead solution and various lead concentrations that related
to the landfill lechate.

1.5.5 Initial pH values of lead solution refers to the acid — base conditions
of lead solution after adjusted the solution with sodium hydroxide and nitric acid
according to initial pH 4 , pH 7 and pH 9.

1.5.6 Lead removal efficiency refers to the percentage of difference
between initial lead concentration and final lead concentration of supernatant after

mixing with the ratios of Korat soil series with added fly ash. It was defined as:

Lead removal efficiency (%) = (Co-C) x 100
Co
Where Co = initial lead concentration (mg/l)

C

1.5.7 Physical characteristics refer to the soil texture, moisture content,

final lead concentration (mg/l)

were studied for Korat soil series and surface areas, particles sizes, loss on ignition and
moisture content were studied for fly ash.

1.5.8 Chemical characteristics refer to pH, organic matter, cation exchange
capacity, free iron oxide and lead contamination were studied for Korat soil series and
chemical compositions, pH and heavy metals (Pb, Ni, Cd, Zn, Cr and Cu) were studied
for fly ash.

1.5.9 Permeability of soil refers to the propensity of the mixture of Korat
soil series with added fly ash to allow fluid to move through its pores that were studied
follow to ASTM D-2434 Standard Test Method for Permeability of Granular Soils
(Constant Head).



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Environmental Sanitation) / 5

1.6 Scope of study

1.6.1 Korat soil series was collected at depth < 50 centimeters by composite
sampling from Khonkaen Province and fly ash samples was collected from Mae Moh
power plant.

1.6.2 The experiment was performed in synthetic lead nitrate solution in
laboratory scale.

1.6.3 Batch method was used for this study according to standard test
method for 24-h batch-type measurement of contaminant sorption by soils and

sediments.

1.7 Limitation of study

1.7.1 The characteristics of Korat soil series depends on the point of
composition sampling and fly ash depends on types of the coals and both time and
temperature of operation unit.

1.7.2 The synthetic lead nitrate solution was used for the experiment in stead
of the actual contaminated leahate.

1.8 Expected outcome
The experimental results will be applied for the daily cover material use in
landfill. Moreover, the results will be applied for the use of other waste.

1.9 Conceptual framework

Independent Variables Dependent Variables

- Ratios of Korat soil series with
added fly ash

- Initial pH values of lead solution

"|- Lead removal efficiency

- Lead concentrations
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CHAPTER II
LITERATURE REVIEW

2.1 Soil

Soil is a natural resource that supplies water and essential nutrients for the
growth of plants for food, fiber for clothing, and forests for building materials that is
essential to human. At the same time, soil is the principle receptacle for waste
material, including human, animal, and industrial wastes. Soil is expected to filter and
reduced waste products from animal, human and industrial waste substances to prevent
toxic materials from being transferred back into the food chain and drinking water
supplies. Soil exists throughout the world in a wide kind of types that exhibit diverse
behavior and physical properties of soil types are different. The identifying soils are

important (9).

2.1.1 Physical characteristics of soil (9, 10)

The soil environment may be described as consisting of three phases are the
soil gaseous, the soil solution and the soil solid by gaseous phases and aqueous phases
are true phase but solid phases is a composite of several phases. However, the soil
solid phase is not a single phase, but rather a composite of several phases.

The physical properties of a soil include texture, structure, density, porosity,
consistency, and color. These properties are concerned with the size and content of the
particles that make up the soil, how the particles are arranged into larger units or
aggregates, and how the units and individual particles affect other soil properties. The
solid component is constituted of inorganic minerals and organic matter. The minerals
were either composed of the original rock material (primary minerals) or were
produced during the course of soil formation (secondary minerals). Soil organic matter
is the result of decay processes acting on plant, animal, and microbial remains. The

liquid component is constituted of water, dissolved ions, molecules, and gases and is
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known as the soil solution. The soil gaseous component is constituted of gases similar
to those in the atmosphere above the soil, but often in different proportions.

(1) Soil texture

Soil texture refers to the content of sand, silt and clay particles in the soil.
Soils are placed into different textural classes based upon their percentages of sand,
silt, and clay particles. Particles greater than 2 mm in diameter are removed from the
soil and are excluded from textural determination. A soil textural class is best
expressed using a textural triangle. There is constructed so that the base represent 0%
sand, silt, or clay and the opposite vertexes represent 100% sand, silt, or clay. The
textural triangle defined 12 different textural classes. Textural triangles of soil are

shown in Figure 1.
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Figure 1 Textural triangle of soil.
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(2) Soil structure

Soil structure refers to how the sand, silt, and clay particles are arranged into
stable structural units. Structural units are known as aggregates or peds. Structure
results when forces such as freezing-thawing, wetting and drying, root growth, or
tillage activities push individual particles together. Soil aggregates or peds are
described by their type, class, and grade. Types or shapes of soil structure include
granular, platy, blocky, subangular blocky, prismatic, and columnar. Structural classes
include very fine, fine, medium, coarse and very coarse. Structure grades are more
difficult to determine than type or class, especially in moist or wet soil. The three
grades of structure are: weak, moderate, and strong.

(3) Soil porosity

Air and water flowing into and through soils are functions of both the total
amount of pore space in the soil or soil porosity, and distribution of the pore space
between macropores and micropores, as well as the continuity of macropores through
the soil.

(4) Color

Soil color is an easily informative soil property. Soil color directly affects
the absorption of solar radiation and is one of the factors that determines soil
temperature but is indirectly related to many other soil properties. Color is an
important property in provide information about subsoil drainage and the organic
matter content of surface horizons. Beside, that can also be used to help differentiate
one soil horizon from another soil horizon. Soil color is usually measured by
comparison of the soil color with colors on a standard color chart. The collection of

color charts generally used a Munsell book of color.

2.1.2 Chemical Characteristics of soil (10)

(1) Mineralogy

In soils, quartz is the major mineral in the sand and silt separates. By
contrast, the clay size separate of soils is dominated by such minerals as
montmorillonite, kaolinite, and iron and aluminum oxides and hydroxides that may not

have been present in the original crustal material.
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Analysis of the crystal structures of soil minerals reveals that there are
several types of crystal building blocks as describes below.

- Tetrahedron: A tetrahedron consists of four oxygens coordinated with
one cation, normally silicon or aluminum. The tetrahedron derives its name from the
four-sided figure that it created when the center of the oxygen atoms are connected
with planes.

- Octahedron: An octahedron is composed of six oxygens and/or
hydroxyls coordinated with one cation. Aluminum, magnesium, or iron, as well as a
large number of other metallic elements, are octahedrally coordinated with oxygen
and/or hydroxyls. The octahedron derives its name from the eight-sided figure that is
generated when the center of the oxygen atoms are connected with planer surfaces.

- Cubes: The cubic arrangement consists of eight oxygens coordinated
with a single cation. Sodium, potassium, and calcium are examples of cations that
form cubic structure.

The clay minerals (phyllosilicate) differ from the other silicon-containing
minerals in that the silica tetrahedral sheets are bound through shares oxygens to
octahedral sheets to form layer. The layers may be 1:1 type, 2:1 type, or mixed-layer
types. The clay size separate is the particle-size fraction with effective diameter equal
to or less than 2 mm. The minerals that constitute the clay size separate have very high
surface areas because the most important consequences of small particle size is that
surface area per gram of material increases exponentially with decreasing particle size.

- 1:1-Type phyllosilicates: 1:1 phyllosilicates or clay minerals consist
of layers that have one tetrahedral sheet bound through shared oxygens to one
octahedral sheet. An example is kaolinite.

- 2:1-Type phyllosilicates: 2:1minerals consist of layers that have two
tetrahedral sheet bound through shared oxygens to one octahedral sheet. 2:1-layer
silicates have a surface of oxygen on both the top and bottom of each layer, while 1:1
—layer silicates have a surface of hydroxyls above and a surface of oxygens below the
interlayer. This one major difference prevents hydrogen bonding between adjacent
layers and determined many important properties of these clays, such as the potential
for swelling and shrinking. Examples are muscovite, montmorillonite, illite and

vermiculite.
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(2) Soil pH (11)

The degree of acidity or alkalinity in soil also known as soil reaction that is
determined by the hydrogen ion (H") concentration in the soil solution. An acid soil
has more H' than OH™ ions whereas a basic or alkaline soil contains more OH™ than H"
ions. The term soil pH is used and is defined as.

pH=-log(H") or pH=Ilogl/(H")

In these equations, p refers to the negative logarithm and H' to the free H
ion concentration. Activity, also known as the effective concentration, is that part of
the actual H' ion concentration which participates in chemical reactions. The mass
action law states that the product of the concentration of H™ and OH is always
constant. This law may be written as an equation:

(H)OH)=10"

By taking the negative logarithms on both sides, the equation becomes:

pH+pOH = 14

Since the sum of pH and pOH is constant, the concentration of H™ and OH
ions are interrelated and vary inversely. Thus, only one ion need to be determined the
H" ion in order to know the other.

The H' ions may be present in soils as adsorbed H' ions on the surface of
the colloidal complex or as free H" ions in the soil solution. The adsorbed H' ions
create the reserve acidity also called the potential or exchange acidity of soils. The free
H' ions are the reason for the so-called active acidity of soils. Soil pH refers to this
active acidity. Taken together, the active plus potential acidities are called the total
acidity. The reaction of acid soils can be influenced only when enough lime is added
to react with the total acidity (active + reserve acidity). The greater the cation
exchange capacity of the soil, the greater will be the reserve acidity, and the more
difficult to reduce the total acidity. This resistance to change in soil reaction in general
is called the buffer capacity. Based on soil pH values, several types of soil reactions

are characterized as illustrated in Table 1.
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Table 1 The reaction of soil at different pH values.

Reaction pH value Reaction pH value
Slightly acid 7.0-6.0 Slightly alkaline 7.0-8.0
Moderately acid 6.0-5.0 Moderately 8.0-9.0

alkaline
Strongly acid 5.0-4.0 Strongly alkaline 9.0-10.0
Very strongly acid 4.0-3.0 Very strongly 10.0-11.0
alkaline

Source: Tan KH, 2005. (11)

(3) Cation Exchange Capacity (10)

Clay and humus in soils are colloidal particles with large surface areas. Most
of the clay particles are electronegatively charged. However, humic and fulvic acids,
the chemical active fractions of humus, may be positively or negative charged. The
negative charges are usually neutralized by a swarm of positively charged ions
(cations). These cations, which are held electrostatically on the surface of the soil
colloids, are called adsorbed cations. Adsorbed cations can be replaced or exchanged
by other cations from the soil solution. The process of replacement is known as cation
exchange, and the ions involved in the exchange reaction are called exchangeable
cations. The term cation exchange is preferred over the term base exchange, since H',
an important cation in the exchange process, is not a base. The rate of the reaction is
virtually instantaneous. To maintain electroneutrality in soils, exchange reactions
occur in equivalent amounts, as illustrated below.

Micelle-Ca + 2H" 2H- Micelle + Ca**

The capacity of soils to adsorb and exchange cation is, therefore, called
cation exchange capacity (CEC). The cation exchange capacity is a quantitative
measure of all cations adsorbed on the surface of the soil colloids. The amount is

usually expressed in the milliequivalents (me) per 100 g of soils. In SI units, this
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amount equals cmol (+) /kg of soil. Hence, the CEC can be formulated as:
CEC = ¥ exchangeable cations (me)/100 g soil
= > exchangeable cations {cmol(+)}/kg soil

Adsorption and cation exchange are of great practical significance in soil
physics, soil chemistry, soil fertility, nutrient retention in soils, nutrient uptake by
plants, lime and fertilizer application. Cations that may pollute the groundwater may
be filtered by the adsorption action of soil colloids. As such, the adsorption complex
(clay and humus) serves the soil as a storage and buffering capacity for cations.
Furthermore, the cation exchange capacity helps to determine the amount of lime to be
applied to acid soils.

(4) Organic matter (11)

Soil organic matter is by definition the organic fraction derived from living
organisms. It includes the living organisms, partly decomposed and decomposed plant
and animal residue. The decomposed organic fraction is usually known as humus. It is
composed of nonhumic substances and humic substances. The nonhumic substances
include carbohydrates, amino acids, lipids, lignins, etc., all of which are the metabolic
products of organisms. On the other hand, humic substances, such as humic acids and
fulvic brown to black in color, are high molecular weight compounds that are
synthesized by soil microorganisms. Approximately 50% to 85% of the total organic
matter content is humus. About 65% to 75% of this humic matter, while the remaining

25 to 35 % consists of nonhumic matter.
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Table 2 The potential cation exchange capacity (mean CEC + SD) of surface mineral

soil (A and B Horizons) from around the world®.

Soil Order (n)° CEC, cmol/kg
Alfisols(295) 15.4+11.1
Andisols(35) 30.9+£18.4
Aridisols(35) 17.8£11.3
Entisols(53) 19.9+13.7

Inceptisols(346) 21.1+15.7

Mollisols 24.0+11.8
Oxisols(240) 7.6+5.9

Spodosols(23) 26.7£30.1
Utisols(223) 8.94+6.3
Vertisols(80) 50.1+16.6

Remark: *: Data were obtained from the International Soil Reference and Information
Centre, Wageningen, The Netherlands (Batjes, 1995).
® 1 represents the number of soil samples included in the mean.

Source: Essington ME, 2004. (9)
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2.1.3 Characterization of Korat series (12)

Figure 2 Korat soil series ( Kt ).

Profile code No:

Classification (1998):

Location:

Sheet name:
Sheet no.:
Coordinate:
Elevation:
Relief:

Slope:
Physiography:
Parent material:
Drainage:
Permeability:
Runoff:

Ground water depth:

NE-S-23/44

Fine-loamy, siliceous, isohyperthermic (Oxypaquic),

Kandiustults.

at the right side of the road from Ban Rung to
Ban Don Ao, Tambon Rung, Amphoe
Kantharalak Changwat Si Sa Ket.

5938 III

596066

gently undulating to undulating

2-6%

upper part of peneplain

washed deposit from sandstone

moderately well drained

moderate

rapid

>2.0m
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Flooding depth:

Duration:

Frequency:

Annual rainfall:

Mean temp:

Climate type:
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1,100-1,400 mm
26-28 °C

Tropical Savannah

Natural vegetation or land use:  upland crops

Other:

Described by:

Date:

Profile description

Horizon Depth

Ap

Btl

Bt2

(cm)
0-19

19-61

61-87

R.L. Pendleton
1929

Description

Dark brown (10YR3/3) sandy loam; moderate fine and medium
subangular blocky structure; friable, slightly sticky, slightly plastic;
many coarse, few medium and fine roots; many pieces of charcoal;
few termite holes; very strongly acid (field pH 5.0); clear, smooth
boundary.

Brown (10YRS5/3) sandy clay loam; moderate medium and coarse
subangular blocky structure; friable, slightly sticky, slightly plastic;
patchy thin clay coating on ped faces; few very fine and fine roots;
few termite holes; very strongly acid (field pH 5.0); gradual,
smooth boundary.

Yellowish brown (10YR5/4) sandy clay loam; moderate medium
and coarse subangular blocky structure; friable, slightly sticky,
slightly plastic; patchy thin clay coating on ped faces; few very fine
roots; some termite holes; strongly acid (field pH 5.5); gradual,

smooth boundary.
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Profile description

Horizon  Depth Description
(cm)
Bt3 87-120  Yellowish brown (10YRS5/4) sandy clay loam; common fine

distinct strong brown (7.5YR5/6) and few fine faint light
brownish gray (10YR6/2) mottles; weak fine to medium
subangular blocky structure; slightly sticky, plastic; broken
moderately thick clay coating on ped faces and in pores; few
very fine and medium roots; strongly acid (field pH 5.5); clear,
smooth boundary.

Btg 120-150 Pinkish gray (7.5YRS5/6) sandy clay loam; common fine and
medium distinct strong brown (7.5YRS5/6) and common fine
prominent red (2.5YR4/6) mottles; weak fine to medium
subangular blocky structure; friable, slightly sticky, plastic;
broken moderately thick clay coating on ped faces; few rotten

roots; and few coarse roots; strongly acid (field pH 5.5).

2.2 The adsorption of metal ions by soils (13)

The most important chemical process affecting the behaviour and
bioavailability of metals in solid are those concerned with the adsorption of metals
from the liquid phase on to the solid phase. These process control the concentrations
of metal ions and complexes in the soil solution and thus exert a major influence on
their uptake by plant roots. Several different mechanisms can be involved in the
adsorption of metal ions, including cation exchange (or non-specific adsorption),
specific adsorption, co-precipitation and organic complexation. Briefly descriptions of

adsorption of difference adsorption mechanisms are as follow.

2.2.1 Cation exchange

Most heavy metals exist mainly as cations in soil solution, and their
adsorption therefore depends on the density of negative charges on the surfaces of soil
colloids. Ion exchange refers to the exchange between the counter-ions balancing the

surface charge on the colloids and the ions in the soil solution. Ion exchange is
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following characteristics: it is reversible, diffusion controlled, stochiometric and, in
most cases, there is some selectivity or preference for one ion over another by the
adsorbent. This selectivity gives rise to a replacing order amongst the cations,
determined by their valency and degree of hydration. The higher the valency of an ion,
the greater its replacing power. Adsorption by cation exchange can also be described
as the formation of outer-sphere complexes with the surface functional groups to
which they are bound electrostatically. If a water molecule is present between the
surface functional group and the bound ion or molecule, the surface complex is termed

outer-sphere, if not it called inner-sphere.

2.2.2 Specific adsorption

Specific adsorption involves the exchange of heavy metal cations and most
anions with surface ligands to form party covalent bound with lattice ions. Specific
adsorption is strongly pH dependent and is related to the hydrolysis of the heavy metal
ions. The metals most able to form hydroxyl complexes are specifically adsorbed to
the greatest extent. Therefore, the pK (equilibrium constant) values of the reaction
M2++H20 = MOH +H" determine the adsorption behaviour of the different metals.
The metals most able to form hydroxyl complexes are specifically adsorbed to the
greatest extent. Specific adsorption increase with decreasing pK values but, in the case
of Cu and Pb which have the same pK value, Pb with the greater ionic size is more
strongly adsorbed. The order for increasing specific adsorption is Cd < Ni < Co < Zn
<< Cu < Pb < Hg. The hydrous oxides of Al, Fe and Mn are thought to be the main
soil constituents involves in the specific adsorption reaction. In addition to being
adsorbed on adsorbed on mineral surfaces, heavy metal ions can also diffuse into

minerals such as goethite, Mn oxides, illites, smectites and some other mineral.

2.2.3 Co- precipitation

Co-precipitation is defined as the simultaneous precipitation of a chemical
agent in conjunction with other elements by any mechanism and at any rate. The types
of mixed solid commonly formed include clay minerals, hydrous Fe and Mn oxides

and calcium in  which  isomorphous  substitution  has  occurred.
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2.2.4 Insoluble precipitates of heavy metals in soil
When the physico-chemical conditions and concentrations of appropriate
ions are sufficiently high, many metals can form insoluble precipitates which could

play a role in controlling their solubility in the soil solution.

2.2.5 Organic complexation

In addition to being in cation exchange reactions, solid-phase humic
substance such as humic acids also adsorb metals by forming chelate complexs. Low-
molecular-weight organic ligands can form soluble complexes with metals and prevent
them from being adsorbed or precipitated. Carboxyl groups play a predominate role in
metal binding in both humic and fulvic acids. The maximum amount of any given
metal that can be bound is found to be approximately equal to the number of carboxyl

groups.

2.2.6 Selectivity of adsorbents for different metals

Metal vary in the extent to which they are adsorbed by the mechanisms
described and adsorbents show differences in selectivity sequences for metals. The
relative selectivity for metal cations can be largely explained in the terms of the Lewis
hard-soft acid-base (HSAB) principal. Hard Lewis acids prefer to react or complex
with hard Lewis bases, and soft acids prefer soft bases. The term of hard indicates a
high electronegativity, low polarisability and smallionic radius, and soft implies the
opposite of these. Hard Lewis acids include the following cations: Li", Na", K", Rb",
Cs", Be*", Mg™" Ca®", Sr*", Ti*", Cr’", Mn*", Fe’", Co®". Soft Lewis acids include Cu",
Ag', As", Cd*", Hg", Hg*", TI", Pd*", P*". Borderline metals which do not fit so well
into the classification include Fe%, C02+, Ni2+, Zn2+, Sb** and Pb*". Complexing
ligands can complicte the application of HSAB principles, as in the case of CI" which
Cd*" and reduces the amount of Cd adsorbed. Water is a very hard base, clay minerals
behave as soft bases and Fe oxides are hard bases. Consequently, clay minerals show a
preference for Cd, relative to Zn or Ni, which are comparatively hard and are
preferentially adsorbed by Fe oxides, which are harder bases. The siloxane ditrigonal
cavity adsorption site on montmorillonite are harder than hydroxy functional groups

on the edge of kaolinite crystals which show a preference for the soft acid Cd*".
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2.2.7 Quantitative description of metal ion adsorption

The adsorption of ions by soils has been quantitatively described by the
Langmuir or the Freundlich adsorption isotherms. These equations provides
information on the adsorption mechanisms involved, and both assume a uniform
distribution of adsorption sites and the absence of any reactions between adsorbed
ions. Nevertheless, they are still generally considered to be useful and many workers
have found their data fitted these isotherm. However, although the extent of adsorption
can be measured and isotherm derived it is frequently difficult to be precise about
which particular process is responsible for the retention of metals in any particular

soil.

2.2.8 Adsorption as surface complexation

Surface functional groups, including hydroxyl groups on the edges of clays
and on hydrous oxides, ditrigonal cavities in the basal planes of clays, and carboxyl,
amino and phenoxyl groups on the surfaces of organic matter, react with metal species
to form surface complexes. These surface complexes can be of two types: inner-sphere
complexes, in which no molecule of the bathing solvent (water) is interposed between
the surface groups and the ion or molecule its binds, and outer-sphere complexes, in
which at least one molecule of the solvent comes between the functional group and the
ion. These outer-sphere complexes are usually electrosatatically bounded and are
equivalent of the cation exchange reaction. They are less stable than inner-sphere
complexes, which are equivalent to the specifically adsorbed and the organically
chelated metals ions. In addition to the solid phase, there are interactions with metal-

complexing ligands in the soil solution.

2.2.9 Biological methylation of heavy metals

Some elements, including Hg, As, Se, Te, Tl and In can undergo
methylation by microorganisms to form volation molecules, such as CH;Hg", CHsSe
and CH3As, and this can be a major route for losses of these elements from soils.
Methylation is known to be brought about by both aerobic and anaerobic species of
bacteria and fungi, but tends to occur more readily in anaerobic sediment in aquatic

environments. All biological methylation involves methyl cobalamin, a methylated
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derivative of B, which contains Co. The rate at which biological methylation occurs
depends on the ambient conditions, including temperature, redox and pH, but non-
biological methylation can also occur. Lead is also thought to be methylates in the
environment by both biological and abiotic mechanism but the evidence is not
conclusive. However, most organo-Pb compounds in the environment are probably

derived from additives in petrol.

2.3 Fly Ash

2.3.1 Ash Quantity

Mae Moh power plant is the largest lignite-fire thermal power plant in
Amphoe Mae Moh, Changwat Lumpang, Thailand. The production of ashes is
3,000,000 per year. The useful of fly ash is 300,000 per year or 10% of production
during 2540-2541. In Thailand, the other industries used coal for fuel such as Rayong,
Samutsakorn and Kranjanaburi province. The properties and criteria of fly ash is
reference from American Concrete Institute (ACI) and American Society for Testing
and Materials (ASTM). Chemical and physical characteristics of fly ash from Mae
Moh power plant could be classified to both class F and class C according to ASTM
C-618 and ASTM C- 593.

Nowadays, fly ash is produced large quantity per day. The ash disposal poses a

serious problem about storage, space, cost and environmental impact. Fly ash was
classified to waste material that wastes from thermal processes was according to
Notification of the Ministry of Industry but results from analysis of fly ash sample is

indicated that heavy metal and toxics is not exceed standard (14,15).
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Table 3 The regulation about chemical composition according to ASTM C618.

Chemical Composition Class of fly ash

F C
Si0; + AlL,O3+Fe, 03, min% 70.0 50.0
SO3, max 5.0 5.0
Moisture content, max % 3.0 3.0
Loss on ignition, max % 6.0 6.0
Na,O, max % 1.5 1.5

2.3.2 Characteristic of fly ash (14)

Fly ash or Pulverized fuel ash is dark gray or brown, fine-grained material
resulting from the combustion of coal in the power plant. The material is collected in
mechanical or electrostatic separators. Fly ash is pozzolanic that attributable to the
presence of SiO; and Al,O3 in amorphous form. Fly ash capable reacting with water at
room temperature, Ca(OH); can act as pozzolanic materials.

(1) Chemical characteristics

The chemical compositions of fly ash from different source using X-ray
fluorescence is Si0,, Al,Os, Fe,0s3, CaO, MgO etc. that showed in Table 4. Chemical
compositions of portland cement and fly ash from different source. General, the
composition of CaO is rarely low but high CaO (> 10%) in Thailand so fly ash from
different source is class F. According to the principal oxide constituents of coal ash
can be divided into those acidic as SiO,, Al,O3 and TiO, and those are basic as Fe,Os,
MgO, CaO, Na,O and K,O (16). Chemical compositions of portland cement and fly
ash from different source, Chemical compositions of fly ash from Mae Moh power

plant (1990-1998) that showed in Table 4 and Table 5, respectively.
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Table 4 Chemical compositions of portland cement and fly ash from different source.

Sample Type Chemical Composition (%)
SiO, AlLO; Fe,03 CaO MgO Na,0O K,O SO; LOI
Cement 20.62 522 3,10 6499 091 007 050 270 1.13
Mae moh 46.25 2643 10.71 7.61 221 1.11 3.07 1.85 0.23
Rayong 45.02 36.21 4.09 3.64 054 044 031 048 532

Samudsakorn 4392 36.62 397 3.05 0.55 038 044 0.64 7.52
Kanchanaburi  47.39 2273 629 836 264 0.63 295 338 3.12
Foreign 49.04 3791 275 1.03 039 038 052 0.18 4.70

country

Table 5 Chemical compositions of fly ash from Mae Moh power plant.

Year Chemical compositions (%)

SiOz A|203 Fe,O3 CaO MgO Na,O K,0O SO3 LOI

1990 37.8 20.5 14.2 17.4 3 0.9 n 3.9 0.8
1991 42.8 23.3 14.0 10.5 24 0.8 23 3.9 0.7
1992 40.3 24.0 15.0 11.2 2.8 1.0 2.6 3.1 0.5
1993 43.1 20.2 13.2 13.0 2.7 1.3 24 2.6 0.6
1994 52.8 18.0 8.5 13.3 1.4 0.9 2.0 2.8 0.3
1995 40.6 22.8 12.8 14.4 2.5 0.7 2.0 2.8 0.9
1996 40.6 23.6 13.0 13.0 2.5 1.2 3.0 24 0.7
1997 41.5 28.1 12.3 10.0 1.2 0.6 33 2.0 0.8
1998 37.3 22.1 14.4 11.4 2.7 1.1 2.7 2.5 0.1

(2) Mineralogical composition

The rapid cooling of the material after the coal burned in the power plant.
The minerals of fly ash are form crystallyine for fly ash from lignite have more
noncrystalline (glass) (>90%) that is well reaction but the composition of crystalline as

quartz, anhydrite, calcite, hematite and mullite is not well reaction. The analysis using
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X-ray diffraction of fly ash from lignite have a compositions of crystalline less than
bitominous coal and anthracite.

(3) Chemical reactions

The behavior of fly ashes is similar to that of natural pozzolans. It has been
found that, the finer fly ash and lower the carbon content, the greater will be the
pozzolanic activity and the greater the contribution to strength in concrete of the same
workability. There is also a relationship between phase composition and reactivity in
fly ash. Only the vitreous phase of fly ash enter into reaction with Ca(OH), and water.
Heat treatment of fly ash to 1,000° C followed by rapid cooling increase their
pozzolanic activity, while this activity decreases, the cooling process is slow.
Chemical reactions between glassy compounds of Si, Al and Fe are induced in order to
originate very complex silicates, aluminates and silicoaluminates of calcium. These
new compounds are water insoluble and possess very high strength. Crystalline
minerals, such as quartz, mullite, hematite, magnetite, etc., do not participate in the
calcium hydroxide reaction mechanisms (17).

According to the study in Thailand, fly ash will be harden within 1 day after

there are mixed with the suitably water. Because of fly ash is high free CaO that can

reaction with water to Ca(OH), and Ca(OH),. There are will be pozzolanic with
silicate and alumina that is form non-crystalline glass. From reaction these new
compound is calcium silicate hydrate and calcium aluminate hydrate. Pozzolanic
activity is occur from 14 days toward, especially in the 14 to 150 day period. After 120
days, fly ash particles are actually practically disintegrates as a result of attack by the
Ca(OH), produced by the hydration of portland cement. The glass phase of fly ash
grains is especially affected by this attack (18).
(4) Physical Characteristics

Almost shapes of fly ash is spherical or round. In the case of fine particles,

spherical, cubic, flake, floc, platelet and irregular shapes are the most significant. Size

or specific area can indicated that pozzolanic reactions. The finenese according to

ASTM C 430 by limited the quantity of fly ash retained on sieve 325 45 pm) by wet

sieving. The other method for specific area by Blaine specific surface-area technique

according to ASTM C 204 or Particle-size analysis or Brunauer-Emmett-Teller (BET)
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(cm/g) (14). Physical Characteristics of Mae Moh power plant fly ash are shown in

Table 6.

Table 6 Physical characteristics of fly ash from Mae Moh power plant.

Physical characteristics Average value
Specific gravity 2.02
Retained on Sieve 325 (%) 37.4
Air Permeability (cm?/g) 2370
Mean Particle (um) 28.5

2.3.3 The usefulness of fly ash

The usefulness of fly ash as an engineering material because it was a good
source pozzolanic material with spherical shape and relative uniformity. Fly ash are
used in several industries such as cement, binders with fly ash, precast concrete, bricks
and blocks, ceramics, road construction, soil stabilization, waste neutralization and
stabilization (17). Beside the fly ash can enhance soil fertility, improve the physical

properties of soil, and raise the pH of acid soils if it is alkaline in reaction.

2.3.4 Impacts of fly ash

Fly ash, like soil, contains trace concentrations of many heavy metals that
are known to be harmful to health in sufficient quantities. These include nickel,
vanadium, arsenic, beryllium, cadmium, barium, chromium, copper, molybdenum,
zinc, lead, selenium, uranium, thorium, and radium. Though these elements are found
in extremely low concentrations in fly ash, their mere presence has prompted some to
sound alarm. Factors against ash disposal in soil are especially the content of
potentially toxic element (14). The heavy metal in fly ash from Mae Moh power plant

are shown in Table 7.
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Table 7 Heavy metals in fly ash from Mae Moh power plant.

Heavy metal  Concentration Total heavy metal Bioavailable
(mg/kg)* (mg/kg) 2 heavy metal (mg/kg) *
Cd 7.8 0.64 0.06
Cr 246.2 N.A N.A
Cu 355 30.21 1.13
Co 6.6 N.A <D.L.
Pb 7.9 7.69 <D.L.
Zn N.A 130.04 15.78
Ni N.A 23.42 N.A

Source: 1. EGAT, 1996. (19)
2. Juntaramitree J, 2540. (20)

2.5 Lead

2.5.1 Applied chemistry (3, 13)

Lead is the fifth element in group IVA in the periodic table, it has an atomic
number of 82, an atomic weight of 207.19. Lead is a dense 11.3 pg/cm’ blue-grey
coloured metal which melts at 327 °C and boils at 1744 °C. This low melting point has
allowed it is to be melted, melted and worked even in primitive societies. The metal is
very soft and tends to creep or flow under sustained pressure, it is therefore readily cut
and shape and has long been used on roofs or as pipes. Lead has an oxidation number
of +2 and +4 in its compounds, for example, the oxide PbO and dioxide PbO,,
Compound of Pb(Il) are more difficult to spread in nature. Only a small number of
lead compounds are readily soluble. They are lead citrate Pb(CH3COO),, chloride
PbCl,, promide PbBr;, and nitrate Pb(NOs),. The most important lead ore is galena
PbS, which is widely distributed throughout the world. Other oremineralare anglesit
PbSOy, cerussite PbCO;3, pyromorphite PbCl, © 3Pb3(PO4);, and mimetesite PbCl,e
3Pb3(AsOy)s. Other inorganic compound are widely used e.g., the yellow chromate is
used in road markings, and many paints contain Pb oxides or Pb soaps to promote

polymerization. There is an extensive organic chemistry of Pb(IV) compounds tetra-
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alkayl and tetra-aryl compounds. Metallic Pb is relatively opaque to ionizing radiation,
and make a valuable shield material in X-ray and radioisotope work. Lead readily
alloys with other metals: the Pb/Sn alloy is chiefly used to make battery plates but is
also used in shotgun pellets and Pb/Sn alloys are often used as solder. Lead metal, in
combination with PbO,, is used to fabricate the lead-acid accumulator battery. Lead
are found in hazardous waste compounds that produced by commercial, industrial, and
agricultural activities such as storage batteries, gasoline additive, paint pigments, cable
covering, ammunition, piping, tank linings, silder and fusible alloys, vibration
damping in heavy construction, foil, babbit, and other bearing alloys.

The solubility of heavy metals is highly pH. Lead shows a solubility
minimum at pH 10 with respect to the hydroxide and pH 8-10 with respect to
carbonate species. The pH chosen for the precipitation will depend upon the range of

metal that are shown in Figure 3 and Table 8.

red

Solusility |mg gm-3)
[+3
{

Figure 3 The solubility of heavy metal at different pH.
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Table 8 The range of pH for precipitation to metal hydroxide.

lon pH

Ca™" 3-14 <pH
Sr** 13-14 < pH
Ba®" 13-14 < pH
Mg** 11-12 <pH
AP 4-5 <pH 8-9
Be”" 6< pH< 10-11
Fe** 8-9<pH
Fe" 2-3<pH
cr* 4-5 <pH 14
cr’ 5-6 <pH 11-12
Ti*" 2< pH
Zr* 3-4< pH
Mn** 9-10< pH
Ni** 7-8< pH
Co™" 8< pH
Co’" 1-2< pH
Zn*" 7<pH 12-14
cd* 9< pH
Cu* 5-6< pH 14
Pb** 7-8< pH<11-13
Sb** pH < 8-10
Sn** 2<pH 11-12
Sn* 0 <pH 6-12
Ag' 9-10< pH

Source: Samuel DF, Osman MA, 1987. (21)
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2.5.2 Effect of lead to human (22)

In general, human lead exposure may be attributed to four components of the
human environment as inhaled air dusts of various types, food, and drinking water.
Lead in food is related to pant and animal exposure to contaminated air, soil and water
and lead in soil is in turn related to that in air and water. The exposure routes-lead goes
into the body by three ways as ingestion system from food, water, drinking, breath
system from lead dust such as ground lead mixing, polishing cutting, grounding and
lead fume such as burning, melting, poring, lead purifying, and skin that can be adsorb
in to skin both organic and inorganic lead.

Many different toxic effects of lead have been report, the most important
system affected is the nervous system, and it was suggested that the mitrochondria in
neuronal cells may be a target site.

The acute toxic from inorganic lead allergy to the organisms as follow:

- Ingestion system: Obvious symptom are thirsty, metal-tasted,
nauseous, stomach-ached, and vomit that is white like milk because of lead chloride.
Sometimes, stomachache is very serious. The feces are black because of lead sulfide.
Constipation and diarrhea may occur.

- Central nervous system: Obvious symptom include numb, mussels
pain and muscle weakness.

- Blood system: Red blood cell may be broken suddenly. This
circumstance cause pale. Hemoglobin is found in urine. It makes urine dark color like
Coca-Cola.

- Kidney system: Disorder kidney occurs suddenly. It leads to lessen
urine, or have not urine, or have a sign of fanconi, which lead to lose amino acid,
glucose and phosphate in urine. The patient may die within a few days. The survivor
may have chronic symptoms.

The chronic toxic from inorganic lead allergy to the organisms as follow:

- Ingestion system: this symptom is mostly found that includes food-
tiring, painful muscle and headache. In earlier period, the patients may feel the metal
taste. After that, they may be tired of food and have more constipation. The intestine is
twisted and more stomachache occurs that is called Lead colid. Abdomen’s muscle is

tense and painful, especially around the navel. It looks like the pain from surgery.
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- Ending nervous system and muscle: the symptom include muscle pain
and muscle weakness, or paralysis. This symptom always occurs with muscle often
uses and handy. If it occurs with wrists and ankles, they will fall, irregularity of
nervous system is hardly, or never, found.

- Central nervous system: caused irregularity in the brain. It is mostly
found more in children rather than adult. This is the most dangerous symptom which
includes easily-annoyed, clumsy, dizzy, tottering, easily fell, having headache, hardly
slept, changcabic. In any serious case, the patient may be drowsy, unconscious and
convulsive.

- Blood system: lead toxic causes pale blood that paint looks pale,
colorless and weak. In general, pale blood is not serious expect when red blood cells
are broken suddenly as earlier mentioned.

- Kidney system: the patient may have chronic kidney disorder. The
symptom includes weak, food-tiring, itch and pale. In addition, the patient may have
the congestion of uric acid in the body and it causes Gout (bodily joint pain). The
patient may also have high blood pressure.

- Other symptom: the patient might have black line a the gum, called
Lead line due to the adhesive of lead sulfide that is just indicated to more lead
absorption occurs. It is mostly found in anyone who has unhealthy mouth system
which might be diagnosed for other causes such as infected gum, color changes teeth,
normal skin color of black people from bismuth or from the black color of sulfide of
metal such as quicksilver, silver, steel and thallium.

Inorganic lead, especially tetraethyl lead, cases acute toxic to central nervous
system. Chronic symptoms have not found yet. Most symptoms include drowsy,
irritating, nightmare, easily frightening during the day, food — tiring, weight-losing,
nauseous, vomit, having headache, blurred, dizzy, illusion. Some have diarrhea. They
may be tired easily. Muscle shakes and twitches. I may be recovered within 6-10
weeks. In the serious case, symptom includes easily-annoyed, dizzy, tottering. The
patient may have nightmare every night. They may have behavior changes, serious
anger. Some cases may be out o mind and suicide finally.

To recover from lead toxic allergy, the patient must avoid to touch lead

substances any longer. Lead can be eliminated from the body by using some kinds of
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substance adsorbing lead such as calcium EDTA. The patient should has a very good

care under of the doctor in the hospital.

2.7 Landfill technique (5)

Landfills are the physical facilities used for disposal of solid waste in the
surface soils of the earth. Sanitary landfill refers to an engineered facility for the
disposal of municipal solid waste designed and operated to minimize public health and
environment impacts. The principal methods of landfill are described two basic
techniques which are the area method and the trench method that are described below.

(1) Area method

Area method is fill process on the existing ground without trenching
excavation. Solid wastes are compacted at the end of the working day. The daily
necessity is to provide daily soil cover which can increase more cost. Beside that there
had Embankment to prevent leachate leak from landfill. A suitable area would be a
plain with high groundwater level. Area method of waste filled is shown in Figure 4.

(2) Trench method

In this method, the waste is spread and compacted within narrow excavayed
trench. Waste is compacted to certifiable degree on-site and cover daily. Bottom of
trench must be more than 1 meter above the groundwater level in order to avoid

contamination impact. Trench Method is shown in Figure 4.
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Figure 4 Commonly used landfilling methods: (a) Excavated cell/Trench (b) Area (c)

Canyon/Depression.

2.7.1 Landfill components (23, 24, 25)

(1) Bottom liners

Bottom liners can be divided into 2 parts including impermeable liner and
clay liner. Impermeable liner is placed on top of clay liner. Normally, it is required to
prevent leakage of landfill leachate to reduce contamination of the environment. Clay
liner is usually used as a barrier to prevent hazard contaminanted to the ground below.
Impermeable liner is normally used to prevent water leakage. Liner material must have
low hydraulic conductivity (lower than 107 cm/sec) such as compacted clay liner or
geosynthetic material.

(2) Daily cover

Waste is covered at the end operation of day often 150 mm of soil so-called
daily cover according to cover material requirements 40 CFR 258.21. Various type of
machinery, such as crawler tractors or rubber-tired dozers are needed to compact the

waste and soil. Usually, daily cover needs are expressed as a waste: soil ratio by the
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volume of waste deposited per unit volume of cover provided. Typically, waste: soil
ratios range from 4:1 to 10:1.

(3) Final capped cover

A final cap cover of 600 mm of soil is used at the closure phase. Final
capped cover is used to seal the buried waste inside and prevent infiltration of surface
water through waste. Vegetation is needed on the top to minimize erosion and preserve
the scenery. Normally, the soil used as final cap cover should be low permeability.

(4) Leachate collection system

Leachate is a result of the percolation of precipitation, uncontrolled runoff,
irrigation water into the landfill, water initially contained in the waste and directly
generated from waste. Leachate collection system is installed as a series of perforated
pipes at the base of sanitary landfill in order to collect and transport the leachate to a
water treatment plant before being released into natural channels.

(5) Gas recovery system

Mixture of methane and carbon dioxide are frequency produced within
sanitary landfills. Other components of landfill gas include atmospheric nitrogen and
oxygen, ammonia and trace organic compound. Methane can cause serious problems
because it is poisonous and flammable. It can migrate through the buried waste,
upward to the surface where it can easily catch fire. However, methane can also be
beneficial. The gas should be drawn out, purified, and sent through pipeline to create
energy in stead of being vented to the atmosphere.

(6) Groundwater monitoring well

In order to be sure that landfill liners can separate leachate groundwater.
Narrow wells should be monitored around landfill. Groundwater sampled from these
monitoring wells is analyzed to monitor the possible contamination of such water.

The major components of municipal solid waste landfills are illustrated in

Figure 5.
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Figure 5 General cross section of sanitary landfill.

2.7.2 Daily cover (5, 8, 23, 26)

Daily cover may be defined as natural or synthetic materials that are used to
cover the solid wastes placed each day before next lift to eliminate the harboring of
disease vectors, insect problem, to limit the amount of surface infiltration, to control
the flammable, blowing litter, to control odor from landfill and to improve the
aesthetic appearance of the landfill site.

From regulation of cover material requirements 40 CRF 258.21 is required that
(a) municipal solid waste landfill must cover disposed solid waste with six inches of
earthen material at the end of each operating day or at more frequent intervals if
necessary (b) alternative materials of an alternative thickness may be approved by the
director of an approved state or operator for suitable operation and finally, (c) the
director of an approved state may be except from the requirement of (a) and (b) of this
section if there are extreme seasonal climatic conditions that make unworkable.

Alternative daily cover materials may include indigenous materials or
commercially-available materials. Indigenous materials are those materials that would
be disposed as waste. Examples of indigenous materials are include ash from
municipal waste combustors and utility companies, compost-based material, foundry

sand from the manufacturing process of discarding used dies, yard waste, sludge-based
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materials, construction and demolition debris , shredded automobile tires, grit from
municipal wastewater treatment plants. Some of the types of commercially available
daily cover materials are include foam, geosynthetic products (tarp or fabric panel),
slurry products (fibers from recycled newspaper and wood chip slurry, clay slurry).

An alternative material must not present a threat to human health and the
environment and must continue to control disease vectors, fires, odors, blowing litter,
and scavenging. Other criteria to consider when selecting an alternative daily cover
material include availability and suitability of the material equipment requirements,
and cost.

For this experiment, soils and ash are choosing for cover material which
properties were implementation as follow:

(1) Soils (draining and non-draining)

Soils have been traditionally used as daily cover material and may be a free
draining type as sand or non-draining as clay. Soils can be scraped off the waste
surface or ripped prior to the next lift of waste being applied. The main problems of
the clay and silt content are forming low permeability layers within the waste when the
subsequent layers of waste are being compacted. This results in difficulties in leachate
and landfill gas control. This method is produce large quantities of soil contaminated
by litter that may make it unsuitable for following use. Soils as a waste that are caused
the financial impact of landfill tax. Advantages of use are ease and availability, visual
appearance, non-combustible, temporarily seeded, to reduce water infiltration, utilize a
waste stream. While disadvantages of use are impermeability of clay type soils, poor
traction, consumes valuable void space, wheel cleaning requirements.

(2) Ash

A grayish black ash from domestic or commercial waste incinerators that
can be spread out over the waste surface by landfill equipment. The ash contains
visible metal fragments and tins resulting from incomplete combustion that will also
contain toxic metals and poor combustion may also produce significant dioxin levels.
The chemical contamination of fly ash should be lower level in standard limits
because the use of contaminated material as cover may result in increased exposure of
the workforce to dusts. Advantages of use are good traction qualities, utilises an

existing waste stream, permeable to gas and leachate and can therefore be left in-situ
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prior to the next lift of waste. While disadvantages of use are dusty during dry
weather, may contain significant levels of toxic metal and dioxins, not always
consistent material, can be odorous.

In Thailand, the guide of soil suitability for sanitary landfill is not mentioned.
So that refer to the guide of the properties of soil material for cover material from
Agriculture Canada, that mentioned in the soils of the waterhen area which have
guideline to provided the soil materials used to put a daily and final covering layer on
refuse in area—type sanitary landfills. This cover material may be derived from the area

of the landfill may be brought in from surrounding areas. That showed in Table 10.

2.7.3 Permeability (23, 27)

Permeability may be defined as the propensity of a material to allow fluid to
move through its pores or interstices. In the context of soil, permeability generally
relates to the propensity of a soil to allow water to move through its void spaces.
According to Darcy’s law, q is the flow rate of water through a soil, A is a cross-

sectional area of soil and i is the imposed gradient as follow:
q~1
A

If a constant of proportionality k is introduced, we obtain the equation

q=kiA

The constant k is known as the coefficient of permeability.

The coefficient of permeability is also known as the hydraulic conductivity, the
effective permeability, or seepage coefficient. This is an important physical property
for example, seepage through or under a dam and drainage from subgrades of
backfills. Because of the importance in the contamination of leachate to groundwater,

this subject is considered further in the following discussion. According to coefficient

of permeability which test by constant head method can be expressed as follows:

k=QL
Ath
Where K = coefficient of permeability, cm/sec
Q = volume of water discharged during test, cm’

L = length between manometer outlets, cm
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cross-sectional area of specimen, cm
time required for quantity Q to be discharged during test, sec

head (difference in manometer levels) during test, cm

The permeability computed by using equation from above, that is necessary to

correct this permeability to that for 20 © C by multiplying the computed value by the

ratio of viscosity of water at the test temperature to viscosity of water at 20 ° C.

Table 9 Typical permeability coefficients for various soils

Material Coefficient of permeability (cm/sec)

Uniform coarse sand 4.7x10™

Uniform medium sand 1.17x107
Clean, well-graded sand and gravel 1.17x107
Uniform fine sand 4.69x107
Well-graded silty sand and gravel 4.586x10™
Silty sand 1.06x10™
Uniform silt 5.64x10”
Sandy sand 5.64x10°
Silty clay 1.06x10°
Clay (30 to 50 percent clay sizes) 1.05x107
Colloidal clay 1.0x10”

Source: Tchobanoglous G, Theisen H, Vigil S, 1993. (23)
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Table 10 Guide for assessing soil suitability as cover material for area-type sanitary

landfills.

Symbol Item Degree of Soil Suitability
Affecting Good Fair Poor Very Poor
Use
U Moist Very friable. Loose, firm Very firm Cemented
Consistence” friable
ds Texture’,”  SL, L, SiL. SiCL,CL, SC. SiC,C Muek, peat, sand.
SCI LS gravel
D Depth > 150 cm 100-150 cm  50-100 cm < 50 cm
to bedrock®
C Coarse <15% 15-35% >35% >30%
fragments®
P Stoniness® Stones > 10 m Stones Stones Stones<0.1 m
apart 2-10 mapart 0.1-2m apart
(Class 0 and 1) Apart (Class 5)
T Slope <9% 9-15% 15-30% >30%
Wetness® Not class determining if Poorly Very poorly drained
Better than poorly drained drained or permanently wet
soils
Remark: ':The symbols are used to indicate the nature of the limitation

2. For an explanation of consistence, texture, coarse fragments, stoniness and soil dramage
classes, see the Manual for Describing Soils in the Field (Canada Soils Survey Committee,
1978) Land Resource Institute Ottawa Ont. (SL: Sandy loam, L: Loam, SiL : Silt loam, SCI:
Sandy clay loam, SiCl: Silty clay loam, CI: Clay loam, SC: Sandy clay, LS: Loamy sand, SiC:
Silty clay, C: Clay)

3+ Soils having a high proportion of non-expansive clays may be given a suitability rating one
class better than is shown for them in this table.

* : Thickness of material excluding topsoil, which will be stockpiled (see guide for topsoil)

Source: Agriculture Canada, 1985. (8)
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2.7.3 Leachate (5, 23)

Leachate may be defined as liquid that has percolated through solid waste
and has extracted dissolved or suspended materials. Beside that water leaving from the
bottom of the first cell of the landfill is termed leachate. Moreover, in landfill where
intermediate leachate collection systems are used, leachate is refers to water leaving
from the bottom of the cell paces directly over the intermediate leachate collection
system.

The sources of generated landfill leachate include the water entering to the
landfill cell, the moisture in the solid waste, the moisture in the cover material, and the
moisture in the sludge. Especially, the most landfills leachate is composed of the
liquid that has entered the landfill from external sources such as surface drainage,
rainfall, groundwater and the liquid from the decomposition of the waste that both
biological material and chemical constituents. The greatest amounts of water
ultimately become leachate during the period when the landfill is being filled. Thus,
the materials and method of placement of the intermediate cover can limit the amount
of surface water that enters the landfill.

(1) Variations in the leachate composition

The chemical composition of leachate will be depend on the vary greatly on
the age of landfill and the time of sampling such as leachate sample is collected during
the acid phase of decomposition, the pH value will be low and the concentrations of
BODs, TOD, COD nutrients, and heavy metal will be high while during the methane
fermentation phase, the pH will be neutral in the range from 6.5 to 7.5, and the BODs,
TOD, COD nutrient concentration values will be significantly lower, and heavy metals
will be lower that related to pH value. The pH of the leachate will be depend not only
on the concentration of the acids but also on the partial pressure of the CO; in the
landfill gas that is in contact with leachate. Beside that a leachate with the
characteristics reported that was designed to treat the leachate in different design
between a mature landfill and a new landfill. Representative data on the characteristics
of leachate are presented in Table 11.

(2) The heavy metal leachate from landfill

Landfill Leachate is one major problem in landfill that contaminated from

inorganic and organic matters, especially that is a potential source of heavy metal
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contamination. Waste composition is composed with cans, newspaper, plastics, batteries
and electric equipments that decompose intent to contaminate of toxics and heavy
metals. The popular horror newspaper is a potential source of lead contaminate because
alphabet have lead compound in newspaper 1,455 mg/kg (3).

Limpiteeprakan P. (29) was studied about leachate from four different types
of batteries by consisted of twenty-four zinc-carbon batteries, eight alkaline batteries,
two Ni-Cd batteries and two Ni-MH batteries. The TCLP test showed that the
concentration of As, Cd, Fe, Mn, Ni, Pb and Zn in the leaching solution by Pb concentration
ranged from 0.0067-0.391 mg/I that were below the limits of hazardous waste (5 mg/I for
Pb). Beside, the column test that contained solely of batteries in five different
conditions as solely spent batteries, solely broken spent batteries, solely municipal
waste (0 % Batteries), municipal waste (broken spent batteries with 1% by weight),
municipal waste (broken spent batteries with 5% by weight) that the concentration of
Pb concentrations in the leachate generated ranged 0.0019-0.1390 mg/l that was
showed in Table 12.

Table 11 Typical data the composition of leachate from new and mature landfill.

Constituent Value, mg/I®
New landfill' Mature landfill' On-nuch’

(less than 2 years) (greater than 10 disposal site

Range ¢ Range ° years) Dry  Rainy
season  season
BODs 2,000- 10,000 100-200 1,375 1,450
30,000
TOC 1,500- 6,000 80-160 - -
20,000
COD 3,000-6,000 18,000 100-500 2744 28224
Total suspended  200-2,000 500 100-400 130 937.5
solids

Organic nitrogen 10-800 200 80-200 - -
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Table 11 Typical data the composition of leachate from new and mature landfill

(continued).

Constituent Value, mg/I®
New landfill’ Mature landfill' On-nuch’
(less than 2 years) (greater than 10 disposal site
Range ° Range ° years) Dry  Rainy
season  season
Ammonia 10-800 200 20-40 - -
nitrogen
Nitrate 5-40 25 5-10 - -
Total phosphorus 5-100 30 5-10 - -
Ortho phosphorus 4-80 20 4-8 - -
Alkalinity as 1,000-10,000 3,000 200-1,000 1053 937.5
CaCO3
pH 4.5-7.5 6 6.6-7.5 7.48 6.97
Total hardness as  300-10,000 3,500 200-500 - -
CaCO;
Calcium 200-3,000 1,000 100-400 - -
Magnesium 50-1,500 250 50-200 - -
Potassium 200-1,000 300 50-400 - -
Sodium 200-2,500 500 100-200 - -
Chloride 200-3,000 500 100-400 - -
Sulfate 50-1,000 300 20-50 - -
Total iron 50-1,200 60 20-200 - -
Source: 1. Tchobanoglous G, Theisen H, Vigil S, 1993. (23)

2. Watananugulkit R, Intim C, Patnukao P, Tansathit P, 2003. (28)
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Table 12 Range and total mass of leachate characteristics from Lysimeters No. 1 - No. 5.

Lysimeter Lysimeter Lysimeter Lysimeter Lysimeter
Parameter
No. 1 No. 2 No. 3 No. 4 No. 5
pH 3.45-9.18 5.01-9.05 3.91-5.94 3.86-6.09 3.84-6.62
Conductivity
12.5-75.4 5.6-18.3 8.2-30.5 10.2-29.5 11.0-29.6
(ms/cm)
Chloride 2250-
2250-8100  1500-7750  1750-7500  1750-8750
(mg/1) 40000
As (ng/L) <5-16.80 9.48-11.60 5.76-10.20 7.77-15.30  9.50-13.40
0.0009- 0.0014- 0.0012- 0.0047- 0.0292-
Cd (mg/1)
1.6700 0.1920 0.0350 0.0412 0.1690
Fe (mg/1) 20-510 11-188 4-80 25-76 104-188
<0.0002- 0.0056- 0.0077- 0.0156- 0.0006-
Hg (mg/1)
0.0333 0.0084 0.0854 0.1430 0.2370
Mn (mg/1) 0.65-98.20 0.50-43.60 3.89-12.00 3.55-10.20 6.18-17.50
0.1330- 0.0132- 0.0168- 0.0838- 0.1120-
Ni (mg/1)
2.1400 0.3950 0.2230 0.7840 0.8910
0.0078- 0.0019- 0.0045- 0.0028- 0.0070-
Pb (mg/1)
0.4820 0.1390 0.0509 0.0448 0.0525
0.41-
Zn (mg/1) 185.00 0.28-55.20 0.55-18.90 3.93-49.30 8.29-41.30

Rattanaoudom R. (30) who collected leachate from Maung Pathum dumpsite,

Leachate had high concentration of heavy metals such as Hg, Cd, Cr, Ni, Pb, Zn and
Cu that were higher than effluent standard (Thai industrial effluent standard < 0.2
mg/l) that based on TCLP analysis. Beside, leachability of all heavy metal was
affected by variation of seasons and pH loading with different manners. Especially,
Hg, which is well known as very toxic heavy metal, was higher than effluent standard
about 10 times in some sample. From literature review, the potential of Hg
concentration might have come from used in electronic waste such as florescent lamp

and other electronic equipment that was obviously during waste segregation of bulk
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sample. The other cause of high level of heavy metals may be co-disposal of
hazardous waste like industrial or hospital waste in this dumpsite which was also
observed while characterizing the bulk samples. There is a greater possibility for
industrial waste co-disposal with the MSW as few industrial estates were well-known

in this province for past decade. There were shown in Table 13.

Table 13 Total heavy metals contained in leachate from Maung Pathum dumpsite.

Sample 1 2 3 4 5 6 el 8 9

Pb (mg/]) 03 92 4181 68 83 25 ND. 477 ND.
He(ugl) 222 79 263 78 323 556 48 212 204
Cdmgl) 00 01 83 0.1 0. 01 ND. ND. ND.
Cr (mg/l) 33 44 417 6.8 79 18 ND. 257 ND.
Ni (mg/l) 0.1 38 605 44 71 03 ND. 37 ND.
Zn(mgl) 30 61 8012 17 28 74 66 304 133
Cu(mgl) 16 237 9578 158 289 96 ND. 1980 ND.

Remark: N.D.: not detected below indicated concentration.

As evidence, many areas are serious problems about contaminations of heavy
metals in the soil and the most heavy metal have contaminated to water and ground
water such as Suntorndacha P. (31) studied the leachate from the old Kuok Sanitary
landfill at Pathumthani province found that the heavy metal as chromium, copper, zinc
and nickel. From the water analysis, the concentrations of lead, and cadmium in
groundwater is 0.37 and 0.047 mg/1 that exceed the water quality that exceed the water
quality standards while the concentration of leachate is 5.32-8.58 mg/l and 0.31-0.52
mg/l, respectively. The results indicated that leachate from sanitary landfill was
contaminate in groundwater of Bangkok.

Anuluxtipun Y. (32) studied about the concentration of lead in leachate from
Sanitation Landfill of Muang District Suphanburi Province during 2001-2002, lead
concentration were ranged 4.080-57.031 mg/1 and pH 8.13-8.48 in dry season and lead
concentration were ranged 6.030 — 76.253 mg/l and pH 8.10-8.43 in rainy season.
Beside, the lead in leachate of Sanitation Landfill of Muang Hatyai municipality
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Songkhla Province, Onnuch Sanitation Landfill, Sanitation Landfill of Muang District
Angthong Province, Sanitation Landfill of Muang District Phichit Province and
Sanitation Landfill of Muang District Nakhonsawan Province were 0.08 mg/1, 0.05-0.3
mg/l, 0.140, 0.145 and 0.115 mg/1, respective.

2.8 The related researchs
The study about adsorption of heavy metal by soil series was carried out in
many researches. The adsorption of lead by soil is one major research. Udchachone
(33) used Banglen series soils (Silty Clay) at pH 6.7 (original soil), 4.5 and 7.5 for
experiment. The results indicated that the origin soil is very high potential for
adsorption lead. It was found that Freundlich was the best fit equation for all the
experiments by adsorption of lead increases follow to the concentration of lead. The
study of pH effect on lead adsorption showed a significant direct relation between soil
solution pH and K value that higher of pH level is the greater the adsorption capacity
(K). The results also indicated a low significant reverse relation between pH level and
I/n. The adsorption isotherm curve at pH 4.5 was considered to be similar to the L
type and the pH 6.7 and 7.5 was considered to be H type. While, study of the influence
of organic matter on lead adsorption were at organic matter 3% (original), 4% and 5%.
Results indicated that a significant direct relation between soil organic matter and K
value. However, it was not found a relation between organic matter and 1/n.
Adsorption isotherm curve found could be identified as H type in all organic matter.
Sriketphet S. (34) tested the adsorption of Pb(NO3),, Zn(NOs3),, Cd(NO3),, Cr(NOs),
by two clay minerals (kaolinite and bentonite) and three clay soils form Chaibadan
district Lopburi province, Babgkra district Chachagsao province and MRD-ECC mine
Lumpang province. The experimental results found that organic matter increased the
capacity to adsorb heavy metals beside that iron oxide is increased the capacity to
adsorb heavy metals.
The effects of pH on solid-phase precipitation were particularly emphasized.
Chen X. (35) studied the metal sorption mechanism by apatite and metal-apatite
reaction products , the sorption of aqueous Pb was primarily through a process of the
dissolution of apatite followed by the precipitation of variable pyromorphite-type

minerals under acidic condition or of hydrocerussite [Pb3(CO3),(OH),] and lead oxide
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fluoride (Pb,OF,) under alkaline condition. The pH is influence of pH on the sorption
of aqueous Pb onto apatite is significant different than onto clays and soils. In general,
the amount of Pb sorped by clays and soils increases with pH from 2 to 5.

Fly ash was used in several experiments about removal heavy metal in
wastewater treatment, waste and soils. Lignite fly ash is a by product of coal
combustion from lignite electric power utility Mae Mao, Lumpang province.
Siriratpiriya O. et al (36) found that the CEC of fly ash is 1.3 meq/ 100 g soil and high
pH 10.25 showed very strong alkaline material. From field and laboratory experiments
were conducted for 2 soil type (clay, loamy). The result indicated that lignite fly ash
could increased soil pH followed the application rate in both soil type for utilized as
agricultural lime to remedy acid soil, due to very low neutralizing value. Therefore
could not be counted equal to agricultural lime.

From this experimental research wastewater treatment, Sanguanroongvong J.
(37) was found that removal efficiency depended on pH, contact time and
concentration by the optimum pH for lead removal was 10 and the initial
concentration 40 mg/l. At 5 minutes, the removal efficiency was 99.55 %.

Erol M. (16) found that the removal Pb*" in aqueous solution by fly ash. A
sharp decrease in Pb®" concentration occurs if the final pH of the mixture after 60 min
shaking reaches the interval of pH = 67, a maximum generally at the pH interval of
pH = 9-10 and diminishes, generally, if the final pH increases above 10. Which
according to the alkaline property of fly ash mostly depends on its CaO content,
because CaO is the most soluble constituent. It can be concluded that the CaO content
of the fly ash sample is more effective in determining the alkalinity of the solution
than the total basic constituents content. SEM investigations showed Pb*" ions were
precipitated as metal hydroxides on the treated fly ash samples and XRD analyses
revealed the Pb(OH);, peaks in the treated fly ash samples  XRD patterns.

Some of research studied fly ash mixed withed with small amount of lime to
improve properties of soil. Jirathanathaworn T. (38) who studied about Clayey sand
(SC) had mixing by 88% sand and 12% clay that according to USCS. This
experimental results show that soil at optimum moisture content (13 % of initial
mixing water content) and soil at two percent wet of optimum moisture content (15 %

of initial mixing water content) had hydraulic conductivity of 9.75 x 10 and 1.13 x



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Environmental Sanitation) / 45

107 cm/sec. After that lime-mixed fly ash by a proportion of 1:20 showed that average
hydraulic conductivity of improved soil at optimum moisture content are about 2.56 x
10° to 6.68 x 10 cm/sec, 3.59 x 10 to 6.96 x 107 cm/sec and 5.67 x 107 to 9.27 x
10® cm/sec for amount of additives of 3, 6 and 10 percent, respectively. Moreover,
clayey sand mixed with 10 percent stabilizers and compacted at optimum moisture
content could achieve hydraulic conductivity lower than 1x 107 cm/sec.

The studies about daily cover material such as municipal waste compost was
used to reduce the odorous emissions and municipal waste combustor to reduce the
heavy metal were investigated. Juisiri C. (7) studied the municipal waste combustor
(MWC) as daily cover material for landfill, the ash thickness at 7.62, 15.23 and 22.86
cm and less than 1,000 ug/l of lead concentration were studied. Base on EPA part
258.21, the MWC combined ash can be used with six inches in thickness from the ash
for daily cover material. However, solidification of the ash matrix after contacting
with water will minimize percolation of landfill leachate through compacted ash.
Moreover, the studies on batch leaching experiments indicated that MWC bottom ash
and combined ash had the potential to remove dissolved lead (Pb) depending on
particle size of MWC ash, pH, and concentration of solution.

Beside, lime was added to improve soil as daily cover material for removing
manganese and zinc in leachate. Safari E. and Bidhendi G.N. (39) studied leachate
were pH 4.12, Mn was 6.72 mg/l and Zn was 4.28 mg/l. The column experiment
results found that selected soil sample was containing fine clayey silt with more than
17 % clay and 43% silt which were presumed to have significant capability for
removing manganese and zinc from leachate. Moreover, the addition different
amounts of lime using as daily cover found that the removal efficiency of the columns
was increased with increasing lime content. The average removal of Mn for the
column with no lime was determined to be more than 70 % while the average removal
of Mn and Zn for the column with more than 4 % lime was determined to be more
than 93 % and 99 %, respectively. Beside, hydraulic characteristics of soil and adding
lime 5 % in the columns were 8.7 X 107 and 8.7 X 107 m/s, respectively.
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CHAPTER IlI
MATERIALS AND METHODS

3.1 Research design

This study was designed as three-factor factorial design (3x3x4 factorial
design). The experimental design consisted of three independent variables. The 36
experimental groups were yielded from the design to investigate the lead removal
efficiency of various the ratios of Korat soil series with added fly ash, various initial
pH values of lead solution, various initial of lead concentrations. Batch method was
used through out this experiment according to Soil: solution procedure ASTM D4646
(Standard Test Method for 24-h Batch-Type Measurement of Contaminant Sorption by
Soils and Sediments). After batching, the supernatants were measures by using FAAS
and GFAAS. The characteristics of Korat soil series and fly ash were studied.
Moreover, the permeability of the mixture of Korat soil series and Korat soil series

with added fly ash was also investigated.

3.2 Place for study

(1) The experiment was studied in the laboratory at Department of
Environmental Health Sciences, Faculty of Public Health, Mahidol University.

(2) Heavy metal concentrations were investigated using the Flame Atomic
Absorption Spectrophotometer (FAAS) and Graphite Furnace Atomic Absorption
Spectrometer (GFAAS) at Faculty of Science, Mahidol University.

(3) The surface characterization and surface area analysis were investigated
using the Scanning Electron Microscope (SEM) and Surface Area Analyzer at
Metallurgy and Materials Science Research Institute, Chulalongkorn University.

(4) The composition of fly ash was investigated using X-Ray Fluorescence
Spectrometer (XRF) at Scientific and Technology Research Equipment Center,
Chulalongkorn University.
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(5) The physical and chemical properties of Korat soil series as soil texture,
moisture content, organic matter, cation exchange capacity, free iron oxide and lead in
soil were investigated at Land Development Department.

(6) The permeability of the Korat soil series and the mixture of Korat soil
series with added fly ash were done at the Department of Civil Engineering, Faculty of
Engineering, Mahidol University.

3.3 Materials, equipment and chemical

All materials, equipment and chemicals used in the experiments were as

follow.

3.3.1 Materials

1. Deionized water

2. Filter paper GF/C @ 47 mm.

3. Filter paper No. 42, @ 110 mm.
4. Fly ash

5. Korat soil series

6. Parafilm

3.3.2 Equipment

1. Analytical balance: Mettler Toledo, AB204-S, Switzerland
2. Balance

3. Centrifuge

4. Compaction equipment

5. Constant head

6. Cylinder 1,000 ml

7. Desiccator: Auto-C series, Samplatec, Japan

8. Dropper

9. FAAS: GBC 932 Plus

10. Funnel

11. GFAAS: GBC Avanta Ultra Z

12. Hot air oven: Mammert, SE 200-400, Germany
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13. Micropipette: 100, 500 and 1000 pul: LP-1000A., U.S.A
14. Permeability cell

15. Pipette tip

16. Plastic bag

17. Plastic bottom

18. Porcelain crucible

19. pH meter: Hach Sension 1, U.S.A

20. Rotary agitator

21. Sieve No. 10, No.100: U.S Standard Sieve Series
22. Specimen containers

23. Steel mortar

24. Thermometer

25. Watch

26. Water-faucet aspirator

3.3.3 Glassware

1. Volumetric flask size: 25, 100, 1000 ml
2. Pipette size: 5, 10, 50, 100 ml

3. Beaker size: 150 and 1000 ml

4. Centrifuge tube

5. Stirring rod

3.3.4 Chemical used

1. Citric acid, Ajax Finechem, New Zealand

2. Lead (I1) nitrate (Pb(NO3),) , Merck, Germany

3. Sodium hydroxide (NaOH), Ajax Finechem, New Zealand
4. Nitric acid (HNOs3), Merck, Germany



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Environmental Sanitation) / 49

3.4 Experimental methodology

3.4.1 Sample collection

The Kkorat soil series was collected in Ban Puai-yai, Tambon Puai-yali,
Amphoe Nonsila, Khonkaen Province by used the composite sampling by soil map at
1:50000 5541 I1l, N 1774258 E 247467. The soil sample at the depth of < 50
centimeter was collected with auger and kept it in a clean plastic bag and transported
to the laboratory. This was avoided contamination, and prevented from chemical
reactions.

The fly ash sample was obtained from Mae Moh power plant in Lampang

province operated by the Electricity Generation Authority of Thailand (EGAT).

3.4.2 Samples preparation

(1) Soil samples

Soil sample was spreaded on the trays, air dried in a room free for 7 days or
until constant weight. After that, large aggregates was crushed by a clean mortar
without grinded and passed through a size of N0.10 (2 mm) sieve. Mixed the sieved
material until the sample was homogeneous and kept in plastic bag. The subsample
was determined for physical characteristics as the soil texture, moisture content, and
permeability and chemical characteristics as pH value, organic matter content (OM),
cation exchange capacity (CEC), free iron oxide (Fe) and Pb in soil. The methods are
shown in Table 14.

(2) Fly ash samples

The fly ash sample was spread on the trays, air dried in a room free from
dust and excessive air currents. After that, reduced the gross and passed through a top
size of No0.100 (0.15-mm) sieve and kept in plastic bag. The subsample was
determined for physical characteristics as surface areas, particles sizes and surface
images, loss on ignition and moisture content and chemical characteristics as chemical
compositions of fly ash, pH and heavy metal (Pb, Ni, Cd, Zn, Cr, Cu). The methods

are showed in Table 15.
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(3) The mixture of soil series and fly ash

The mixture of Korat soil series with added fly ash was prepared. The
weighted soil and fly ash samples were mixed as the ratios of 1:0, 0.9:0.1 and 0.8:0.2
(w/w). All samples were homogeneously mixed for batch experiment and permeability

test. The methods are showed in Table 16.

3.4.3 Glassware preparation
All glasswares used in this experiment were immersed in 20 % HNO; for

overnight. Prior to use, they were washed in tap water and rinsed with distilled water.

3.4.4 Lead solution preparation

In this experiment, lead solution was prepared at the concentration of 5, 10,
50 and 100 mg/l by diluting 1000 mg/l of standard Lead (Il) Nitrate (Pb(NOs3),)
solution with deionized water. The lead nitrate solutions were adjusted with sodium
hydroxide and nitric acid according to pH conditions at pH 4, 7 and 9, respectively.

Subsamples of soil sample were used to determine physical and chemical

characteristics by the methods and instrument as following Table 14.

Table 14 Parameter and test method for Korat soil series samples

Parameter Test Method/Equipment

Physical characteristics

Soil Texture Hydrometer Method

- sand (%), silt (%), clay (%)

Moisture content ASTM D 2216-92 Standard Test Method for
Laboratory Determination of Water (Moisture)
Content of Soil and Rock

Permeability test ASTM D-2434 Standard Test Method for
Permeability of Granular Soils (Constant Head)
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Table 14 Parameter and test method for Korat soil series samples (continued)

Parameter Test Method/Equipment
Chemical characteristics
pH ASTM D 4972 (Standard Test Method for pH of Soils )
% organic matter Walkey & Black Method
Cation Exchange Capacity Ammonium saturation
Free Iron Oxide Active Fe- EDTA
Pb in soil EPA Method 3050.

In addition, the physical and chemical characteristics of fly ash samples

were analyzed by the methods and instrument as followed Table 15.

Table 15 Parameter and test method for fly ash samples

Parameter Test Method/Equipment

Physical characteristics
surface areas Surface Area Analyzer
particles sizes and surface Scanning Electron Microscope (SEM)

images
Loss on Ignition and ASTM C311 Standard Test Methods for Sampling and
Moisture content Testing Fly Ash or Natural Pozzolans for Use as a

Mineral Admixture in Portland-Cement Concentrate

Chemical characteristics

chemical compositions X-Ray Fluorescence Spectrometer
pH ASTM D 4972 (Standard test method for pH of soils)
Pb, Ni, Cd, Zn, Cr, Cu Waste Extraction Test (WET)

The physical and chemical characteristics of Korat soil series with added fly

ash were analyzed by the methods and instrument as followed Table 16.
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Table 16 Parameter and test method for the Korat soil series with added fly ash

Parameter Test Method/Equipment

Physical characteristics

Permeability test ASTM D-2434 Standard Test Method for Permeability
of Granular Soils (Constant Head)

Chemical characteristics

pH ASTM D1293 (Glass Electrode Method)

Pb FAAS/GFAAS

3.4.5 Lead removal efficiency determination

This study was conducted with the various the ratios of Korat soil series
with added fly ash at 1:0, 0.9:0.1, 0.8:0.2 (w/w). Samples were tested to remove lead
with treated with 200 ml of various lead concentrations at 5, 10, 50 and 100 mg/l at
initial pH 4, 7 and 9 of lead concentrations according to Soil: solution procedure
ASTM D4646 (Standard Test Method for 24-h Batch-Type Measurement of
Contaminant Sorption by Soils and Sediments). The following steps were conducted.

1. Placed sample 10 g of each ratio of soil series with added fly ash into
plastic bottom.

2. Added an amount of Pb(NOs3), to the plastic bottom necessary to
yield a 1:20 soil-to-solution ratio.

3. Closed the plastic bottom and placed it on a rotary agitator.

4. Preserved the initial solute solution for analysis.

5. Agitated continuously for 24 £ 0.5 hr at 29 + 2 rpm at room
temperature.

6. Opened the plastic bottom. Noted the temperature of the solution and
any changes in the sample or solution (that is, color, odor, etc.) and the pH of mixture
be determined prior to separated the solid from the liquid.

7. Separated the solution phases from the solid phase. Centrifuged a
subsample at 4,000 rpm for 15 minute and filtrated through filter paper.

8. After a clear solution has been obtained, placed an aliquot in an
appropriate container and analyzed or stored in a refrigerator at 4 £ 2 °C until

analyzed.
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Test was triplicately done with the blank as the control. The supernatant
was measured for the lead concentration using FAAS and GFAAS.

Korat soil sample Fly ash sample
v v
Air-dried, Crushed No.10 Air-dried, Crushed No.100
(2-mm sieve) (0.15-mm sieve)
v v
Analyzed physical and chemical characteristics of soils and fly ash
samples and the mixture of Korat soil sample and fly ash sample

v

Mixed the ratios of soil and fly ash (1:0, 0.9:0.1 and 0.8:0.2) and added the
200 ml of Pb(NOs), of 5, 10, 50 and 100 mg/l of lead concentration and initial
pH 4, 7 and 9 by ratios 1:20

v

Agitated 24+0.5hr, at 29+2 rpm, at
room temperature

v

Measured the final pH value and
temperature

v

Centrifuged and filter through
filter paper

v

Lead determined by FAAS/GFAAS

Figure 6 Experimental diagram
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3.5 Statistical Analysis

The obtained data were analyzed using the descriptive statistics and
inferential statistics for testing the research hypothesis as follow.

- Descriptive statistics: Mean, standard deviation and percentage.

- Inferential statistics: Three-Way ANOVA at the significant level of 0.05
was used to analyze the percentage of lead removal efficiency at interaction between
various the ratios of Korat soil series with added fly ash, initial pH values of lead
solution and initial lead concentrations. Besides, multiple comparisons were carried
out using the Least-Significant Difference (LSD).
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CHAPTER IV
RESULTS

4.1 The physical and chemical characteristics of Korat soil series
Korat soil series (Kt) was collected from Ban Puaiyai, Tambon Puaiyai,

Amphoe Nonsila, Khonkaen Province in northeastern of Thailand that soil
classification was according to soil taxonomy. The soil sample was collected by using
the composite sampling at the 0-50 cm depth. From the analysis results, Korat soil
series was predominantly loamy sand texture containing 85.1% sand, 11.9% silts and 3
% clay. Permeability was 1.812 x 10 * cm/sec. The moisture content of the soil was

1.39 %. The physical characteristics of the soil are presented in Table 17.

Table 17 Physical characteristics of Korat soil series

Properties Korat soil series
Soil texture Loamy sand (LS)
sand (%) 85.1
silt (%) 11.9
clay (%) 3.0
Moisture content (%) 1.39
Permeability (cm/sec) 1.812x10 73

The chemical characteristics of Korat soil were analyzed. The pH value was
5.1 whereas the cation exchange capacity (CEC) was 2.07 cmol/kg and the organic
matter content (OM) was 1.2 %, respectively. In addition, the free iron oxide (Fe) was
0.43 % and lead contamination in studied soil was 7.250 mg/ kg. The results were

shown in Table 18.
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Table 18 Chemical properties of soil series

Properties Korat soil series
pH 5.1
Organic matter (%) 1.2
Cation exchange capacity (cmol/kg) 2.07
Free iron oxide (%) 0.43
Heavy metal (Pb) (mg/Kg) 7.250

4.2 The physical and chemical characteristics of fly ash

The fly ash sample was obtained from Mae Moh power plant located at
Lamphang Province operated by the Electricity Generation Authority of Thailand. The
physical characteristics of fly ash analysis are presented in Table 20, the specific
surface area was 0.67 m?/g using Surface Area Analyzer (Micromerities; Flow Sorb 1
2300) whereas the loss on ignition was 0.027 % and the moisture content was 0.04 %,
respectively. Besides, the characteristic of surface image of fly ash was investigated
using Scanning Electron Microscope (SEM: PHILIPS; XL30CP). The fly ash
appeared dark grey color and consisted of spherical particles with average diameter of
12 pm as shown in Table 19 and in Figure 7.

Table 19 Physical characteristics of fly ash

Physical properties Average value
Specific surface (m?/g) 0.67+0.00

particles sizes (um) 12

Moisture content (%) 0.04

Loss on ignition (%) 0.027
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AccV SpotMagn Det WD Exp H—— &5pm
200kV 40 4000x SE 71 7 fly ash

Figure 7 Characteristics of surface area of fly ash by Scanning Electron Microscope
(SEM, 4,000X).

Fly ash sample was chemical analyzed using X-Ray Fluorescence
Spectrometer (XRF: PHILIPS; PW 2400). There were various chemical compositions,
combined oxides. The oxides of silica, aluminium, calcium, magnesium and iron were
the major component of fly ash as shown in Table 20. According to ASTM C618, the
original fly ash in this experiment could be categorized as Class F because the sum of
the main composition (SiO;, Al,O3, Fe,03) was 72.402 %.

The pH of fly ash was 11.83. The concentrations of lead, nickel, cadmium,
zinc, chromium and copper were 0.047, 0.721, 0.015, 0.064, 0.104 and 0.313 mg/I,

respectively. Results of heavy metal concentration in fly ash are presented in Table 21.
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Table 20 Chemical properties of fly ash

Parameter Chemical composition (%)
SiO; 41.634
Al,O3 19.437
Fe,03 11.331
CaO 16.043
MgO 1.912
Na,O 1.827
K,0 2.62
Misc. 0.688

Table 21 The concentrations of heavy metals in fly ash.

Parameter Concentrations of heavy metal in fly ash(mg/l)
Pb 0.047
Ni 0.721
Cd 0.015
Zn 0.064
Cr 0.104
Cu 0.313

4.3 The permeability test

In this study, the permeability of Korat soil series and Korat soil series with
added fly ash were investigated using the method ASTM D 2434 Standard Test for
Permeability of granular Soils (Constant Head). The average permeability in different
ratios of 1:0, 0.9:0.1, 0.8:0.2 of Korat soil series added with fly ash were 1.792 x 107,
3.336 x 10 and 3.778x 10™ cm/sec, respectively. The average permeability range of
103-10"° cm/sec indicated that permeability class according to ASTM D 2434. The

results of the permeability soil are presented in Table 22.
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Table 22 Permeability of Korat soil series with added fly ash

Ratios of Karat soil series Average(xSD) of permeability
added with fly ash (cm/sec)
1:0 1.812 x 107°+6.236x107
0.9:0.1 3.336 x 10+1.412 x 10™
0.8:0.2 3.778x 10+1.040 x 10™

4.4 The removal efficiency of lead solution using Korat soil series with
added fly ash.

This experiment was carried out in order to determine the removal efficiency
of lead synthetic solution using Korat soil series and Korat soil series with added fly
ash. All experiments used various initial pH values of lead solution were pH 4, pH 7
and pH 9, respectively and various initial lead concentrations were 5, 10, 50 and 100
mg/l, respectively. The removal efficiency of lead could be shown in terms of average
lead removal efficiency in triplicate analysis. Before experiment, the initial solutions
of lead were adjusted pH with NaOH and HNO3; After experiment the supernatant
were measured for final concentrations and pH values. The differences between initial
and final lead concentrations were calculated as a percentage of removal efficiency. At
the end of experiment, each unit had been changes in lead concentrations and pH
values that the results were described as follow.

The test of Korat soil series without fly ash to remove lead at various
concentrations of 5, 10, 50 and 100 mg/l were conducted. At initial pH value 4, the
averages of lead removal efficiency were 96.19, 95.29, 70.33 and 52.50 %,
respectively while the final pH values were 4.45, 4.49, 3.98 and 3.94, respectively. At
initial pH value 7, the averages of lead removal efficiency were 95.04, 94.15, 86.20
and 59.88 %, respectively while the final pH values were 5.16, 5.05, 4.64 and 4.35,
respectively. Whereas those of initial pH values 9 for the averages of lead removal
efficiency were 100, 100, 94.71 and 78.77%, respectively while the final pH values
were 5.73, 5.35, 5.44 and 5.28, respectively.

The tested ratio 0.9:0.1 of Korat soil series added with fly ash were showed

in the terms of lead removal efficiency at various concentrations of 5, 10, 50 and 100
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mg/l. The averages of lead removal efficiency at the initial pH value of 4 were 96.75,
96.58, 99.73 and 99.99 %, respectively while the final pH values were 11.06, 11.06,
10.86 and 11.20, respectively. At initial pH value 7, the averages of lead removal
efficiency were 94.21, 94.53, 99.99 and 99.98 %, respectively while the final pH
values were 11.28, 11.20, 11.06 and 11.10, respectively. Whereas those of initial pH
values 9 for the averages of lead removal efficiency were 100, 100, 99.99 and 99.99
%, respectively while the final pH values were 11.29, 11.25, 11.50 and 11.18 ,
respectively.

The tested ratio 0.8:0.2 of Korat soil series with added fly ash were showed
in the terms of lead removal efficiency using various concentrations of 5, 10, 50 and
100 mg/l. The averages of lead removal efficiency at initial pH value of 4 were 96.69,
99.99, 99.98 and 99.99 %, respectively while the final pH values were 11.66, 11.38,
11.15 and 11.49, respectively. At initial pH value 7, the averages of lead removal
efficiency were 97.35, 95.88, 99.99 and 99.99 %, respectively while the final pH
values were 11.64, 11.56, 11.43 and 11.55, respectively. Whereas those of initial pH
values 9 for the averages of lead removal efficiency were 100, 100, 99.99 and 99.99
%, respectively while the final pH values werell.68, 11.63, 11.77 and 11.55
respectively.

The results, lead removal efficiency and final pH value are presented in

Table 23 and Table 24, respectively.
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Table 23 Average percentages (xSD) of lead removal efficiency by Korat soil series
with added fly ash at various initial pH values of lead solution and various initial lead

concentrations.

Korat soil Initial lead Average (xSD) of lead removal efficiency (%)
series: concentrations pH 4 pH 7 pH9
fly ash (mg/l)

1.0 5 96.19+1.25 95.04+1.17 100+0.00
10 95.29+0.04 94.15+0.13 100+0.00

50 70.33+1.03 86.20+1.17 94.71+0.88

100 52.50+1.01 59.88+2.43 78.77+2.62

0.9:0.1 5 96.75+0.12 94.21+1.96 100+0.00
10 96.58+1.12 94.53+0.33 100+0.00

50 99.73+0.09 99.99+0.01 99.99+0.01

100 99.99+0.01 99.98+0.00 99.99+0.00

0.8:0.2 5 96.69+0.08 97.35+1.06 100+0.00
10 99.99+0.44 95.88+0.14 100+0.00

50 99.98+0.01 99.99+0.01 99.99+0.00

100 99.99+0.00 99.99+0.00 99.99+0.00
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Table 24 Average percentages (xSD) of pH values using Korat soil series with added
fly ash at various initial pH values of lead solution and various initial lead

concentrations.

Korat soil Initial lead Average (xSD) of final pH value
series: fly ash  concentrations (mg/l) 4 7 9
1.0 5 4.45+0.02 5.16+0.07 5.73+0.18
10 4.49+0.01 5.05+0.02 5.35+0.01
50 3.98+0.06 4.64+0.02 5.44+0.03
100 3.94+0.01 4.35+0.02 5.28+0.00
0.9:0.1 5 11.06+0.04 11.28+0.04 11.29+0.03
10 11.06+£0.05 11.20+0.01 11.25+0.03
50 10.86+£0.01 11.06+0.01 11.50+0.02
100 11.20+0.01 11.10+0.01 11.18+0.03
0.8:0.2 5 11.66+0.13 11.64+0.02 11.68+0.02
10 11.38+0.04 11.56+0.01 11.63+0.01
50 11.15+0.02 11.43+0.01 11.77+0.03
100 11.49+0.02 11.55+0.00 11.55+0.01

4.5 The effect of interaction between the ratios of Korat soil series
with added fly ash, initial pH values of lead solution and initial lead

concentrations.

The lead removal efficiency at various ratios of Korat soil series added with
fly ash, various initial pH values of lead solution, and various initial lead
concentrations were statistical analyzed using three-way ANOVA at significant level
of 0.05. It was found that the ratios of Korat soil series with added fly ash, initial pH
values of lead concentration, and initial lead concentrations had significantly
differences in lead removal efficiency (p-value < 0.05) (See appendix A). The result of

statistical analysis is present in Table 25.
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Table 25 Statistical analysis for the ratio of Korat soil series with added fly ash, initial
pH values of lead solution and initial lead concentrations.

Type I

Sum of
Source Squares df  Mean Square F p-value
concentration 1598.469 3 532.823 724.294 .000
ratio 4393.580 2 2196.790 2986.212  .000
pH 693.753 2 346.876 471527  .000
concentration * ratio 5096.777 6 849.463 1154.719  .000
concentration * pH 206.471 6 34.412 46.778 .000
ratio * pH 722.948 4 180.737 245.685  .000
concentration * ratio* pH  638.384 12 53.199 72.316 .000

(@) R Squared =.996

After that multiple comparisons was carried out the effect of each factor that
were the ratios of Korat soil series with added fly ash, initial pH values of lead
solution and initial lead concentrations. The statistical analysis using LSD at
significant level of 0.05, the various ratios of Korat soil series with added fly ash, there
were the significant difference in mean percentage of lead removal efficiency between
1:0 and 0.9:0.1, 1:0 and 0.8:0.2, and 0.9:0.1 and 0.8:0.2 of the ratios Korat soil series
with added fly ash (p-value <0.05). There mean percentages of lead removal efficiency
were 85.25+15.81, 98.48+2.30 and 99.07£1.51 %, respectively. The results are
presented in Table 26.



Warangkana Srimoke Results / 64

Table 26 Multiple comparisons of percentage of lead removal efficiency at ratios of

the Korat soil series with added fly ash.

Ratio of Korat soil series with o
Mean percentage of lead removal efficiency

added fly ash
1:0 85.25°+15.81
0.9:0.1 98.48"+2.30
0.8:0.2 99.07°+1.51

Remark: The same letter of mean is not significantly different at p-value of 0.05 by LSD.

The statistical analysis using LSD at significant level of 0.05, the various
initial pH values of lead solution, there were the significant difference in mean
percentage of lead removal efficiency between pH 4 and pH 7, pH 4 and pH 9, and pH
7 and pH 9 (p-value <0.05). The mean percentages of lead removal efficiency were
91.92+14.43, 93.10+£10.89 and 97.79+ 6.03 %, respectively. The results are presented
in Table 27.

Table 27 Multiple comparisons of percentage of lead removal efficiency at various

initial pH values of lead solution.

Initial pH values of lead solution Mean percentage of lead removal efficiency

pH 4 91.92°+14.43
pH 7 93.10°+10.89
pH 9 97.79°+6.03

Remark: The same letter of mean is not significantly different at p-value of 0.05 by LSD.

The statistical analysis using LSD at significant level of 0.05, the various of
the initial lead concentrations, there were the significant difference in mean percentage
of lead removal efficiency between 5 and 50 mg/l, 5 and 100 mg/l, 10 and 50 mg/l, 10
and 100 mg/l, and 50 and 100 mg/l of initial lead concentrations (p-value <0.05). The
mean percentages of lead removal efficiency were 97.36+2.24, 97.27+2.40,
94.54+9.81 and 87.90+18.63 %, respectively. The results are presented in Table 28.
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Table 28 Multiple comparisons of percentage of lead removal efficiency at various

initial lead concentrations.

Initial lead concentrations Percentage of lead removal efficiency
5 ppm 97.36°+2.24
10 ppm 97.27°+2.40
50 ppm 94.54+9.81
100 ppm 87.90°+18.63

Remark: The same letter of mean is not significantly different at p-value of 0.05 by LSD.
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CHAPTER V
DISCUSSION

5.1 Characteristics of Korat soils series and fly ash

5.1.1 Characteristics of Korat soil series

The comparison of chemical properties of Korat soil series in this study with
Land Development Department, it was found that pH value, CEC and OM were close
to the study of Land development department (40). According to the assessment of
fertitity status of soils could be classified as very low in CEC and OM. The pH value
was 5.1-5.5 indicating that it was the strong acidic soil (41). Furthermore, the lead
contaminated in soil was at the lower level, not exceeding the soil quality standard for
other purposes in Thailand (not exceed 750 mg/kg) (42).

For the physical properties of the soil, the permeability averaged (10*-107
cm/sec) which were in a moderate hydraulic conductivity range. This is probably due
to the mainly composition of soil texture consisted of sand that classified as loamy
sand. Therefore, Korat soil series may be suitable for use as a daily cover material as
fair in term of degree of soil suitability (8). However, it is important to consider the
other physical characteristics of Korat soil series for daily cover material.

5.1.2 Characteristics of Fly ash

In this study, fly ash was obtained from lignite electric power utility Mae
Mao, Lumpang province. The results of physical and chemical characteristics could be
described as follows. The high pH value of the fly ash showed the very strongly
alkaline material. Because of the basic components of them were Fe,O3, MgO, CaO,
Na;O and K;O (16). Result indicated that CaO was the major component of the
alkaline earth which was risen to 16.043 %. All these oxides caused the rise of pH
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value. Therefore, this property of fly ash could be increased soil pH and due to
neutralizing value after mixing with fly ash.

Considering the concentration of lead, nickel, cadmium, zinc, chromium and
copper were investigated by FAAS and GFAAS. There were 0.047 mg/l, 0.721 mg/I,
0.015 mg/l, 0.064 mg/l, 0.104 mg/l, 0.313 mg/l, respectively. The comparison of
heavy metals contaminated in fly ash with the Standard of the Ministry of Industry,
Thailand, based on the Waste extraction Test (WET) method, indicating that they did
not exceed the standard limit (43).

If considering the surface area of fly ash, it was 0.67+0.00 m%/g. This surface
area indicated the ability of ash to reach in pozzolanic reaction. The smaller particles,
the larger surface areas and higher reaction capacity were this characteristic indicated
the adsorbing properties of the ashes, making the ash suitable for removing heavy
metal in waste (20). In this study, the surface area of the fly ash was large when
compared with the previous results of many researches (20, 44).

Loss on ignition of fly ash, 0.027 %, observed and varied with the fineness,
when the fineness increases, LOI increases as well. The former results in researches
were similar. It was found that the increase of LOI was due to the smaller particle size
of fly ash which was easier to burn. It did not relate to the increase of carbon which
was harmful to cementitious property (20). Therefore the loss on ignition of fly ash in
this study was less loss on ignition when compared with the previous results of many
researches (20, 44).

Moisture content of fly ash residues in this study was 0.04 %. If compared to
moisture content of MSW ash, it was different. Because of the range was from 15 to
57 %. The moisture content in this study was at low level. Moisture content is an
important factor to consider about disposal of fly ash. Because of excessive moisture
content will increase the disposal costs while minimum moisture will cause the
fugitive dust problems. Dry fly ash can be conditioned with water to get rid of dusting.
Therefore, the dry fly ash may cause the dust problem during operation. Thus, the

water need to be used for decrease dusting (45).
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5.2 Permeability test

The results showed that soil treated with fly ash had lower permeability than
untreated soil with fly ash that was 1.812 x 10 cm/sec. The permeability in the soil
treated with fly ash at the ratios of 0.8:0.2 was lower than the ratios of 0.9:0.1 which
were 3.778x 10 cm/sec and 3.336 x 10™ cm/sec, respectively. For this study, fly ash
mixed with soil was used to increase removal efficiency of lead. However, the mixture
will improve the poor hydraulic properties of soil. This improvement may be
depended on the properties of fly ash and the properties of soil. However, this
experiment may be involved calcium oxide which is the main mineralogical content in
fly ash that can cause concrete-like behavior in combined ash after adding with water.
Because, fly ash could also be concrete-like behavior, depending upon water of
solubilization and setting up time. The pozzolanic reaction in fly ash (14, 18) as
indicated in equation (1), (2) and (3).

CaO + H,0 Ca(OH), (1)
Ca(OH),+Si0; Calcium Silicate Hydrate (CSH) (2)
Ca(OH),+Al,03 Calcium Aluminate Hydrate (CAH) (3)

Beside, other researches studied about improve the poor hydraulic properties
of soil found that soil mixed with fly ash and lime markedly decreases with an
increase of stabilizer content, adding lime (CaO) to combine ash 0% and 3-6% had the
permeability of 5.5 x 10°® cm/sec and 4.2x 10 to 8.1x10® cm/sec, respectively while
only combined ash typical permeability had approximately 10™to 10™ cm/sec (46).

Jirathanathaworn T. (38) who studied the lime-mixed fly ash (1:20) with
added clayey sand (88% sand and 12% clay) by 3, 6 and 10 percent. The finding
showed average hydraulic conductivity of improved soil at optimum moisture content
(13 % of initial mixing water content) was about 2.56 x 10 to 6.68 x 10° cm/sec,
3.59 x 10 t0 6.96 x 10" cm/sec and 5.67 x 107" to 9.27 x 10°® cm/sec, respectively.
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Considering the permeability, using the treated soil added with fly ash
maybe benefit because the less permeable soil combined ash as a daily cover material

for reducing the leachate or leakage flow rate from underlying cells (7).

5.3 The removal efficiency of lead solution by Korat soil series with
added fly ash.

This experiment was investigated the interaction between three factors in
this study that were the ratios of Korat soil series with added fly ash at 1:0, 0.9:0.1 and
0.8:0.2, initial pH values of lead solution at pH 4, pH 7 and pH 9 and initial lead
concentrations at 5, 10, 50 and 100 mg/l. The results analyzed using three-way
ANOVA at significant level of 0.05, it was found that had different in lead removal
efficiency (p-value < 0.05). There was a significantly three factors had significantly
the influenced to lead removal efficiency.

From results, the lowest lead removal efficiency in all the conditions was
untreated Korat soil series at 100 mg/I of initial lead concentration and initial pH 4 of
lead solution that was 52.50 %. While all the conditions were mentioned as follows,
both the conditions of ratio 1:0 of Korat soil series with added fly ash at 5 and 10 mg/I
of initial lead concentrations and initial pH 9 of lead solution, both the conditions of
ratio 0.9:0.1 of Korat soil series with added fly ash at 5 and 10 mg/I of initial lead
concentration and initial pH 9 of lead solution, both the conditions of ratio 0.8:0.2 of
Korat soil series with added fly ash at 5 and 10 mg/l of initial lead concentration and
initial pH 9 of lead solution had the highest lead removal efficiency up to 100 %.

Considering the final pH value of the lowest removal efficiency was 3.94
whereas those final pH values of the highest removal efficiency were 5.73, 5.35,
11.29, 11.25, 11.68 and 11.63, respectively. From results, the highest lead removal
efficiency at 5 and 10 mg/l of initial lead concentrations caused by low initial lead
concentrations at 5 and 10 mg/l and increased initial pH 9 in almost conditions
untreated soil and treated soil with added fly ash. This results as evidenced in the
statistical analysis that three factors had influence to lead removal efficiency.

After that, the influence of each factor was further investigated using

statistical analysis. The results were described as follows.
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5.3.1 The effect of Korat soil series with added fly ash

This study was carried out the ability of fly ash to increase the lead removal
efficiency of Korat soil series. The results could be divided two groups as untreated
soil and treated soil with added fly ash. It could be different experimental results. After
batching, increased lead removal efficiency and increased final pH value of
supernatant were appeared. There were described for various the ratios of Korat soil
series with added fly ash as follows. From the statistical analysis, all conditions of
initial pH 4, pH 7 and pH 9 at 5, 10, 50, 100 mg/l of lead concentration showed
significantly differences in lead removal efficiency between the ratio of 1:0 and
0.8:0.2,1:0 and 0.9:0.1, 0.9:0.1 and 0.8:0.2 of Korat soil series with added fly ash.

Experimental results, lead removal efficiency had hardly increased when the
ratios of 1:0, 0.9:0.1 and 0.8:0.2 of treated soil tested in high concentration at 50 and
100 mg/l. While there was a slight different in lead removal efficiency in low
concentrations at 5 and 10 mg/I.

At initial pH 4 of lead solution, the lead removal efficiency of the initial lead
concentration of 5 mg/l had 96.19, 96.75 and 96.69 %, respectively while the lead
removal efficiency of the initial lead concentration of 10 mg/l had 95.29, 96.58 and
99.99 %, respectively. The lead removal efficiency of initial lead concentration of 50
mg/l had 70.33, 99.73 and 99.98 %, respectively while the lead removal efficiency of
initial concentration of 100 mg/l had 52.50, 99.99 and 99.99 %, respectively.

At initial pH 7 of lead solution, the lead removal efficiency of the initial
concentration of 5 mg/l had 95.04, 94.21 and 97.35 %, respectively while the lead
removal efficiency of the initial lead concentration of 10 mg/l had 94.15, 94.53 and
95.88 %, respectively. The lead removal efficiency of initial lead concentration of 50
mg/l had 86.20, 99.99 and 99.99 %, respectively while the lead removal efficiency of
initial concentration of 100 mg/l had 59.88, 99.98 and 99.99 %, respectively.

At initial pH 9 of lead solution, the lead removal efficiency of the initial
concentration of 5 mg/l had 100, 100 and 100 %, respectively while the lead removal
efficiency of initial lead concentration of 10 mg/l had 100, 100 and 100 %,
respectively. The lead removal efficiency of initial lead concentration of 50 mg/l had
94.71, 99.99 and 99.99 %, respectively while the lead removal efficiency of initial
concentration of 100 mg/l had 78.77, 99.99 and 99.99 %, respectively.
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Furthermore, the final pH values were observed in all of the initial
concentrations. The untreated soil at initial pH 4, pH 7 and pH 9 were changed
between 3.94-4.45, 4.35-5.16 and 5.28-5.73, respectively. The tested of the ratio of
0.9:0.1 Korat soil series with added fly ash at initial pH 4, pH 7 and pH 9 were
changed between 10.86-11.20, 11.06-11.28 and 11.18-11.50, respectively. The tested
the ratio of 0.8:0.2 of Korat soil series added with fly ash at initial pH 4, pH 7 and pH
9 were changed between 11.15-11.66, 11.43-11.64 and 11.55-11.77, respectively.

Considering the untreated soil, adsorption process was possibly the
mechanism. This study could not identify other mechanisms involved in the adsorption
of metal ions. However, adsorption of heavy metal ions on soils and soil constituents
is influenced by a variety of parameters, such as cation exchange (non-specific
adsorption), specific adsorption (Al, Fe and Mn), hydrolysis of heavy metal ions, co
precipitation, organic complexation etc (13).

Because, soil pH is the main factor controlling the chemical behavior of
metal cations and many other process in soil so that the final pH value was considered
for this discussion (13). Considering the pH value of Korat soil series ranged
5.0<5.1<6.0 that had moderately acidity (11). After mixing, the results shown that
Korat soil series were a slightly changed pH value in all the various initial pH value of
this experiment. The optimum pH value was 5.73 and minimum pH value was 3.94.
The pH value ranged 5.0 < 5.73 < 6.0 that was moderately acidic in the optimum pH
value while the pH value was 3.0 < 3.94 < 4.0 that was very strongly acidic in the
minimum pH value.

Therefore, the results may be expected that the main process was adsorption
process. Alexandern P. and Eugene M. (47) who concluded that 10-70 % of lead can
exist in exchangeable form in slight acidic and acid soils. At pH < 6, ion exchange can
be the main process of lead retention by soil. Besides, lead can be sorbed in the
amounts that exceed the cation exchange capacity. Moreover, precipitation may be
occurred with adsorption process according to the mixed sufficiently with soil, metal
ions quickly react with the soil after that adsorbed or precipitated had occurred and
tend to revert to their native states that the native availability in soils (3). However, the
mechanism of removal process should be investigated by the influence of soil

constituents and the adsorption isotherms that may be described by three equations are
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commonly used to describe adsorption as Langmuir, Freundlich, and Brunauer-
Emmett-Teller (BET) equations (3).

Considering the final pH value of the mixing of the treated Korat soil series
with added fly ash, the results shown that both the ratio of 0.9:0.1 and 0.8:0.2 of Korat
soil series with added fly ash were a strongly changed pH value in all the concentrations
of experiment. The optimum pH value was 11.50 and minimum pH value was 10.86.
While the ratio of 0.8:0.2 of Korat soil series with added fly ash. The optimum pH value
was 11.15 and minimum pH value was 11.77. There were very strongly alkaline in all
of final pH value (11). The changed pH values of treated with fly ash according to
Siriratpiriya O. (36) who studied the potential of lignite fly ash to remedy acid soil
found that lignite fly ash could be increased soil pH by adding fly ash to clay soil and
loamy soil were 5.16 and 4.82 rise to 6.13 and 5.43, respectively.

For the treated Korat soil series with added fly ash, the possible mechanisms
remove lead synthetic concentration not only adsorption process but also precipitation
process that may be explained. Adsorption process may be occurred in korat soil series
with added fly ash in batch experiments because korat soil series and fly ash could be
adsorbent in aqueous solution of lead. There had the ability to remove dissolved lead by
adsorption in the aqueous phase that may be found in 24 hours of experiment. However,
the adsorption isotherms are commonly used to explain the adsorption process.
Moreover, Boonpanaid C. (44) who studies the removal of lead synthetic solution by
coal fly ash, mentioned that hydroxide ions might take part in the adsorption process
and rising the pH by lignite fly ash that will increase the adsorption capacity of Pb(ll)
coal fly ash. Beside, the number of negatively charged surface sites increases with pH
value (48). So the rising pH values were appeared in the mixing of batch experiment
that was supported this reason.

Generally, precipitation process may be occurred. In case of Korat soil with
added fly ash, fly ash caused decreasing heavy metal concentrations more than without
fly ash as increasing pH value that described from above. The pH value of fly ash
solution is the most important parameter to describe the predominant mechanism (16),
precipitation process in lead solution may be occurred by fly ash the depended
strongly on their CaO content. There had a water-soluble phase and the possible main

reaction taking place is given by the equation:
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CaO(s) + HO ——» Ca®*+20H <«——> Ca(OH),(s)

So that, the hydroxide precipitation may be occurred by fly ash which was
observed by a pH range of the solution. The reaction may be illustrated by the
following equation.

Pb* +2 OH «—> Pb(OH),

This result was agreed with the range of pH for precipitation to metal
hydroxide 7-8< pH <11-13 and the solubility of heavy metal that shows a solubility
minimum at pH 10 with respect to the hydroxide (21). The pH value were appeared
which was according to Paninthorn N. (49), who studied the removal lead in finishing
wastewater with lime mud of pulp and paper industrial waste. It was found that the
optimum precipitation with lime as hydroxide at pH 11.5. Besides, there may be
described that Pb undergoes hydrolysis at low pH values and displays multiple
hydrolysis reactions by above pH 9, the formation of Pb(OH), is important, while
Pb(OH)" is predominant between pH 6 and 10 (50). From SEM observations of the
treated fly ash showed the precipitation of Pb®* ion as metal hydroxides from the
aqueous solutions and XRD investigations shows signals for Pb(OH), (16).

Boonpanaid C. (44) who studied surface image taken by SEM supported that
after the adsorption of Pb(ll) on fly ash surface shows precipitation of metal
hydroxides. Chipasert P. (50) who studied the removal of lead synthetic solution by
municipal waste combustor ash found that may occured precipitation with soluble
compounds presented in fly ash and adsorption onto a solid or adsorbent. The
predominate precipitation of Pb which had a pH between 11.8-12.3 was in form of
Pb(OH); and Pb(OH)'3.

However, the mechanism of lead removal using soil and fly ash could not be
explained by this experiment performed. Some researches had could be two governing
mechanisms for removal of heavy metals in the study of manganese and zinc in
landfill leaching by using soil and lime as daily cover. One with possibly lower
efficiency is considered to be the capability of the soil to absorb Mn and Zn dissolved
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in the leachate. The second and possibly more dominant mechanism is metal
precipitation as a result of increased pH, providing the favorable conditions for

formation of metal hydroxides (39).

5.3.2 The effect of initial pH values of lead solution

This study was conducted to determine the various initial pH of lead solution
at pH 4, pH 7, and pH 9. The results showed that all conditions of 1:0, 0.9:0.1 and
0.8:0.2 of Korat soil series with added fly ash at 5, 10, 50 and 100 mg/I of initial lead
concentrations showed significantly differences in lead removal efficiency between
initial pH 4 and pH 7, initial pH 4 and pH 9, initial pH 7 and pH 9.

The observation data found that untreated soil was hardly increased lead
removal efficiency when increased initial pH value from pH 4, pH 7 and pH 9 in
almost condition of high initial concentrations. Especially, the high initial
concentrations at 50 and 100 mg/l had hardly increased more than the low initial
concentrations at 5 and 10 mg/l. The lead removal efficiency of initial lead
concentration of 5 mg/l had 96.19, 95.04, and 100 % respectively while the lead
removal efficiency of initial lead concentration of 10 mg/l had 95.29, 94.15, and 100
%, respectively. The lead removal efficiency of initial lead concentration of 50 mg/I
had 70.33, 86.20, and 94.71 %, respectively while lead removal efficiency of initial
concentration of 100 mg/l had 52.50, 59.88, and 78.77%, respectively.

While in treated soil with added fly ash found that was slightly increased
lead removal efficiency when increased initial pH of lead solution from pH 4, pH 7,
and pH 9. At the ratios of 0.9:0.1 of Korat soil series with added fly ash, the lead
removal efficiency of initial lead concentration of 5 mg/l had 96.75, 94.21 and 100 %,
respectively while the lead removal efficiency of initial lead concentration of 10 mg/I
had 96.58, 94.53 and 100 %, respectively. The lead removal efficiency of initial lead
concentration of 50 mg/l had 99.73, 99.99 and 99.99 %, respectively while the lead
removal efficiency of initial lead concentration of 100 mg/l had 99.99, 99.98 and
99.99 %, respectively. Considering the ratios of 0.8:0.2 of Korat soil series with added
fly ash, the lead removal efficiency of initial lead concentration of 5 mg/l had 96.69,
97.35 and 100 %, respectively while the lead removal efficiency of initial lead

concentration of 10 mg/l had 99.99, 95.88 and 100 %, respectively. The lead removal
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efficiency of initial lead concentration of 50 mg/l had 99.98, 99.99 and 99.99 %,
respectively while the lead removal efficiency of initial lead concentration of 100 mg/I
had 99.99, 99.99 and 99.99 %, respectively.

According to the study of Chipasert P. (50) who found that pH of solution
had influence to remove dissolved lead by batch leaching experiment. The study about
adsorption of heavy metal by soil series was carried out in many researches.
Udchachone W. (33) studied pH effect on lead adsorption at pH 4.5, 6.7 and 7.5 by
Banglen series soils (Silty Clay) showed a significant direct relation between soil
solution pH and adsorption capacity that higher of pH level is the greater the
adsorption capacity. Sriketphet S. (34) who studied about adsorption by batch
experiment adsorption isotherm of Pb(NO)s in clay mineral and clays soil, it found
that increased initial pH could be also increased adsorption capacity. The effects of pH
on solid-phase precipitation were particularly emphasized. Chen X. (35) studied the
metal sorption mechanism, the pH is influence of pH on the sorption of aqueous Pb
onto clays and soils that the of Pb sorped by clays and soils increases with pH from 2
to 5.

Moreover, Boonpanaid C. (44) found that increasing the initial pH could
increase a capacity of metal adsorption of coal fly ash such as adsorption at the initial
pH of 4.35 resulted in higher value of capacity than the adsorption at the initial pH of
1.89. Because, hydroxide ions might take part in the adsorption process and rising the
pH of solutions either before or after equilibration with lignite fly ash will increase the
adsorption capacity of Pb(Il) coal fly ash. In general, heavy metal adsorption is small
at low pH values and at high pH values, the metal ions are completely removed that

was supported this experiment.
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5.3.3 The effect of lead concentrations

This study was conducted to determine the various initial lead
concentrations at 5, 10, 50 and 100 mg/l. The results showed all conditions of 1:0,
0.9:0.1 and 0.8:0.2 of Korat soil series with added fly ash at initial pH 4, pH 7 and pH
9 showed significantly differences in lead removal efficiency between initial lead
concentrations at 5 and 50 mg/l, 5 and 100 mg/l, 10 and 50 mg/l, 10 and 100 mg/l, 50
and 100 mg/l. Whereas the statistical analysis found that had not different lead
removal efficiency between initial lead concentrations at 5 and 10 mg/I.

Observation data found that untreated soil, lead removal efficiency was
hardly decreased when increased initial lead concentrations from 5, 10, 50 and 100
mg/l. The lead removal efficiency of initial pH 4 had 96.19, 95.29, 70.33 and 52.50 %,
respectively whereas the lead removal efficiency of initial pH 7 had 95.04, 94.15,
86.20 and 59.88 %, respectively and the lead removal efficiency of initial pH 9 had
100, 100, 94.71 and 78.77 %, respectively.

While treated soil with fly ash had slightly difference lead removal
efficiency when increased lead removal efficiency concentrations from 5, 10, 50 and
100 mg/l. At the ratios of 0.9:0.1 of Korat soil series with added fly ash, the lead
removal efficiency of initial pH value 4 had 96.75, 96.58, 99.73 and 99.99%,
respectively whereas the lead removal efficiency of initial pH 7 had 94.21, 94.53,
99.99 and 99.98 %, respectively and the lead removal efficiency of initial pH 9 had
100, 100, 99.99 and 99.99 %, respectively. Considering the ratios of 0.8:0.2 of Korat
soil series with added fly ash, the lead removal efficiency of initial pH value 4 had
96.69, 99.99, 99.98 and 99.99 %, respectively whereas the lead removal efficiency of
initial pH 7 had 97.35, 95.88, 99.99 and 99.99 %, respectively and the lead removal
efficiency of initial pH 9 had 100, 100, 99.99 and 99.99 %, respectively.

Because, Korat soil series could be good adsorped in low concentration and
decrease in high concentration according to the studied of Sriketphet S. (34) who
studied adsorption of Pb(NO); by clay mineral and clays soil, it found that lead
removal efficiency decreased when increased initial concentration in untreated clay
soil. This experiment, clay was containing 8.60 % sand, 14.40 % silts and 77.00 %
clay, pH value was 5.0. The initial lead concentrations at 20, 30, 40, 50, 80 and 100
mg/l had 85.25, 86.10, 83.33, 82.02 and 63.47 % of lead removal efficiency.
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On the contrary, Korat soil series with added fly ash found that increased
lead removal efficiency when increased initial concentrations. This result were
supported to Boonpanaid C. (44) who was using fly ash to removal lead
concentrations, found that the amount of Pb(Il) adsorbed increased when increases
from 50 to 75 mg/l. Besides, the study of Chipasert P. (50) who studied removal of
dissolved lead by batch leaching experiment, found that the removal efficiency
depended on the concentration of solution.
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CHAPTER VI
CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion
From the demonstation of experimental results, the following conclusions
can be drawn as follows.

6.1.1 Korat soil series was the strong acidic soil and chemical compositions of
soil that could be classified as very low with CEC and OM. Besides, lead
contamination did not exceed in the soil quality standard for other purposes in
Thailand.

6.1.2 Korat soil series was loamy sand with moderately permeability that
mainly containing the composition of sand. Besides, Korat soil series was low in
moisture content.

6.1.3 Considering the texture of Korat soil series found that it may be suitable
for use as a daily cover material in sanitary landfill.

6.1.4 Fly ash could be categorized as class F that according to ASTM C618.
Fly ash was very strong alkaline material with high pH value. Heavy metals
contamination did not exceed with the Standard of the Ministry of Industry, Thailand,
based on the Waste extraction Test (WET) method. Fly ash had low in loss on
ignition, moisture content and high surface area.

6.1.5 The study of lead removal efficiency, the various ratios of Korat soil
series with added fly ash at 1:0, 0.9:0.1 and 0.8:0.2, the various initial pH values of
lead solution at pH 4, pH 7 and pH 9, the various initial lead concentrations at 5, 10,
50, 100 mg/l were conducted. From statistical analysis, it was found that three factors
had significantly difference in the lead removal efficiency.

6.1.6 The multiple comparisons in each factor were investigated. The various
ratios of Korat soil series with added fly ash were significantly difference in lead
removal efficiency between 1:0 and 0.9:0.1, 1:0 and 0.8:0.2, and 0.9:0.1 and 0.8:0.2.
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From results, lead removal efficiency increased when the ratios of Korat soil series
with added fly ash increased.

6.1.7 The various initial pH values of lead solution were significantly
difference in lead removal efficiency between initial pH 4 and pH 7, initial pH 4 and
pH 9, and initial pH 7 and pH 9. From results, untreated Korat soil series, lead removal
efficiency hardly increased when initial pH value increased in high initial lead
concentrations. While the treated Korat soil series with added fly ash, lead removal
efficiency had increase close to almost of various initial pH values. Moreover, there
was a slight increase in lead removal efficiency for untreated soil but it did not find in
treated soil.

6.1.8 Considering the various initial lead concentrations had different lead
removal efficiency between 5 and 50 mg/l, 5 and 100 mg/l, 10 and 50 mg/Il, 10 and
100 mg/l, and 50 and 100 mg/l of initial lead concentrations. While the initial lead
concentrations between 5 and 10 mg/l had not different lead removal efficiency. From
experimental results, untreated Korat soil series, lead removal efficiency decreased
when initial lead concentrations increased. While the treated Korat soil series with fly
ash, lead removal efficiency increased when initial lead concentrations increased.
However, there had slightly increased lead removal efficiency in treated soil but it did
not find in the in untreated soil.

6.1.9 The lowest lead removal efficiency had 52.50 % in untreated Korat soil
series at initial pH 4 and 100 mg/l of initial lead concentration. While all the
conditions of both the conditions of ratio 1:0 of Korat soil series with added fly ash at
5 and 10 mg/l of initial lead concentration and initial pH 9, both the conditions of
ratio 0.9:0.1 of Korat soil series with added fly ash at 5 and 10 mg/l of initial lead
concentration and initial pH 9, both the conditions of ratio 0.8:0.2 of Korat soil series
with added fly ash at 5 and 10 mg/I of initial lead concentration and initial pH 9, had
the highest lead removal efficiency, 100 %. Because, there were the effect of the low
initial lead concentration and initial pH 9 in almost conditions treated soil with fly ash.

6.1.10 From the observation data, the final pH value of all various initial pH
value and various initial lead concentrations, in untreated soil found that the ranged

from 3.94-5.73 that were acidic. While the final pH value of treated soil with fly ash at



Warangkana Srimoke Conclusion and Recommendations / 80

ratios 0.9:0.1 and 0.8:0.2 ranged 10.86-11.50 and 11.15-11.68, respectively that were
alkalinity.

6.1.11 Because of the mechanism of lead removal using soil and fly ash could
not be explained in this experiment. However, the possible mechanism of lead removal
may be involved with two mechanisms as adsorption and precipitation. Moreover,
adsorption isotherms may be investigated using three equation for describe adsorption
as Langmuir, Freundlich, and Brunauer-Emmett-Teller (BET) equations and the
influence of soil constituents are to be continued study in future.

6.1.12 The addition of fly ash in soil may be decrease the permeability. The
permeability in the soil treated with fly ash at the ratios of 0.8:0.2 was lower than the
ratios of 0.9:0.1. Both the ratios were lower than the untreated soil.

6.1.13 All three ratios of Korat soil series with added fly ash may be used as a
daily cover material. Based on lead removal efficiency and permeability of treated soil

with fly ash, they could be suitable for daily cover material.

6.2 Recommendations
6.2.1 Recommendation for further study

6.2.1.1 Leachate generated from landfills should be used in this
experiment.

6.2.1.2 Based on, ASTM for leaching solid waste in a column, the
column experiment should be studied in the in situ permeability and removal of heavy
metal in of the mixer of Korat soil series added with fly ash using landfill leachate.

6.2.1.3 The thickness of the mixer of Korat soil series added with fly
ash as a daily cover material should be studied.

6.2.1.4 Different types of soil and different types of ash from different
sources should be studied. Besides, the suitable ratios of the mixer should be
investigated by considering for the properties and quantity of material.

6.2.1.5 The other aims as odor control and other parameter of leachate

in landfill study should be studied.
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6.2.2 Recommendation for application

6.2.2.1 In Thailand, the permeability value was the most important to
limit the amount of surface water that enters the landfill. From this result, the suitable
ratio may be 0.8:0.2 of the Korat soil series with added fly ash.

6.2.2.2 Because of Korat soil series and fly ash was low moisture
content, water need to be added for decrease of dusting for both Korat soil series and
fly ash in operation. Besides, fly ash had contained of high SiO,, the worker should
wear the personal protective equipment at work such as the mask for protection of dust

problems.
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Table A-1 S.D., mean and the lead removal efficiency at various the ratios of Korat

soil series added with fly ash.

Parameter Ratios of Korat soil series added with fly ash
1.0 0.9:0.1 0.8:0.2
Concentration: 5 mg/l, Initial pH : 4
Initial conc. (ug/L) 2100.000 2122.000 2119.000
Final conc. (ug/L)
-Rep. 1 51.185 67.000 72.000
- Rep. 2 86.484 68.000 69.000
- Rep. 3 102.383 72.000 69.000
S.D. 26.20 2.65 1.73
Mean 80.018 69.000 70.000
% Removal 96.19 96.75 96.69
Concentration: 5 mg/l, Initial pH : 7
Initial conc. (ug/L) 1291.000 1358.000 1697.000
Final conc. (ug/L)
-Rep. 1 80.068 94.000 65.000
- Rep. 2 62.000 94.000 40.000
- Rep. 3 49.945 48.000 30.000
S\Ej 15.16 26.56 18.03
Mean 64.004 78.667 45.000
% Removal 95.04 94.21 97.35
Concentration: 5 mg/l, Initial pH : 9
Initial conc. (ug/L) 912.000 755.000 546.500
Final conc. (ug/L)
-Rep. 1 ND ND ND
- Rep. 2 ND ND ND
- Rep. 3 ND ND ND
S.D. - - -
Mean - - -
% Removal 100.00 100.00 100.00
Concentration: 10 mg/I, Initial pH : 4
Initial conc. (ug/L) 4730.000 4723.000 4662.500
Final conc. (ug/L)
-Rep. 1 221.000 102.000 25.000
- Rep. 2 224.000 178.000 66.000
- Rep. 3 223.000 204.000 49.000
S.D. 1.53 53 20.66
Mean 222.667 161.333 46.667
% Removal 95.29 96.58 99.99
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Parameter Ratios of Korat soil series added with fly ash
1.0 0.9:0.1 0.8:0.2
Concentration: 10 mg/l, Initial pH : 7
Initial conc. (ug/L) 2853.500 3015.000 2834.500
Final conc. (ug/L)
-Rep. 1 163.000 176.000 119.000
- Rep. 2 168.000 157.000 112.000
-Rep. 3 170.000 162.000 119.000
S.D. 3.61 9.85 4.04
Mean 167.000 165.000 116.667
% Removal 94.15 94.53 95.88
Concentration: 10 mg/I, Initial pH : 9
Initial conc. (ug/L) 641.500 529.000 1486.500
Final conc. (ug/L)
-Rep. 1 ND ND ND
-Rep. 2 ND ND ND
-Rep. 3 ND ND ND
S.D. - - -
Mean - - -
% Removal 100.00 100.00 100.00
Concentration: 50 mg/l, Initial pH : 4 33068.500 32292.500 32865.500
Initial conc. (ug/L)
Final conc. (ug/L)
-Rep. 1 10198.000 62.520 6.573
- Rep. 2 9555.000 119.144 9.860
-Rep. 3 9683.000 80.141 6.573
S.D. 340.36 28.98 1.90
Mean 9812.000 87.268 7.669
% Removal 70.33 99.73 99.98
Concentration: 50 mg/I, Initial pH : 7
Initial conc. (ug/L) 19499.500 16900.000 19342.500
Final conc. (ug/L)
-Rep. 1 2454.000 0.841 0.951
-Rep. 2 2715.000 2.523 1.169
-Rep. 3 2907.000 1.357 1.451
S.D. 227.37 0.86 0.25
Mean 2692.000 1.574 1.190
% Removal 86.20 99.98 99.99
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Parameter Ratios of Korat soil series added with fly ash
1.0 0.9:0.1 0.8:0.2
Concentration: 50 mg/l, Initial pH : 9
Initial conc. (ug/L) 11800.500 8031.500 10898.500
Final conc. (ug/L)
-Rep. 1 631.000 0.755 0.565
- Rep. 2 724.000 0.432 0.773
-Rep. 3 518.000 0.523 0.562
S.D. 103.16 0.17 0.12
Mean 624.333 0.570 0.633
% Removal 94.71 99.99 99.99
Concentration: 100 mg/l, Initial pH : 4
Initial conc. (ug/L) 85350.000 87827.500 78982.500
Final conc. (ug/L)
-Rep. 1 41480.000 0.000 0.494
- Rep. 2 39784.000 8.425 5.020
- Rep. 3 40374.000 5.297 6.540
S.D. 860.983 4.26 3.15
Mean 40546.000 4.574 4.018
% Removal 52.50 99.99 99.99
Concentration: 100 mg/l, Initial pH : 7
Initial conc. (ug/L) 59408.800 51130.000 49882.500
Final conc. (ug/L)
-Rep. 1 22222.000 6.156 3.128
- Rep. 2 24267.000 9.901 3.280
- Rep. 3 25009.000 9.567 3.568
S.D. 1443.37 2.07 0.22
Mean 23832.667 8.541 3.325
% Removal 59.88 99.98 99.99
Concentration: 100 mg/l, Initial pH : 9
Initial conc. (ug/L) 16245.000 32752.500 23046.300
Final conc. (ug/L)
-Rep. 1 3408.000 2.732 1.963
- Rep. 2 3044.000 3.184 1.787
- Rep. 3 3892.000 3.275 2.305
S.D. 347.348 0.291 0.263
Mean 3448.000 3.064 2.018

% Removal 78.77 99.99 99.99
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Table A-2 S.D. and mean of the initial and final pH value of lead solution.

Parameter Ratios of Korat soil series added with fly ash

1:0 0.9:.0.1 0.8:0.2

Concentration: 5 mg/I, Initial pH : 4
Initial pH value

-Rep. 1 3.99 3.98 4.00
- Rep. 2 3.99 3.98 4.00
- Rep. 3 3.99 3.98 4.00
S.D. 0.00 0.00 0.00
Mean 3.99 3.98 4.00
Final pH value
-Rep. 1 4.43 11.01 11.56
- Rep. 2 4.46 11.07 11.60
- Rep. 3 4.46 11.09 11.81
S.D. 0.02 0.04 0.13
Mean 4.45 11.06 11.66

Concentration: 5 mg/l, Initial pH : 7
Initial pH value

-Rep. 1 7.09 7.02 7.14
- Rep. 2 7.09 7.02 7.14
- Rep. 3 7.09 7.02 7.14
S.D. 0.00 0.00 0.00
Mean 7.09 7.02 7.14
Final pH value
-Rep. 1 5.24 11.25 11.64
- Rep. 2 5.12 11.28 11.63
- Rep. 3 5.13 11.32 11.66
S.D. 0.00 0.02 0.02
Mean 5.16 11.28 11.64

Concentration: 5 mg/I, Initial pH : 9
Initial pH value

-Rep. 1 9.02 8.96 9.03
- Rep. 2 9.02 8.96 9.03
- Rep. 3 9.02 8.96 9.03

S.D. 0.00 0.00 0.00

Mean 9.02 8.96 9.03

Final pH value

-Rep. 1 5.59 11.26 11.66
- Rep. 2 5.93 11.29 11.70
- Rep. 3 5.66 11.31 11.69

S.D. 0.18 0.03 0.02

Mean 5.73 11.29 11.68
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Parameter Ratios of Korat soil series added with fly ash

1:0 0.9:.0.1 0.8:0.2

Concentration: 10 mg/l, Initial pH : 4
Initial pH value

-Rep. 1 3.99 3.99 4.00
- Rep. 2 3.99 3.99 4.00
- Rep. 3 3.99 3.99 4.00
S.D. 0.00 0.00 0.00
Mean 3.99 3.99 4.00
Final pH value
-Rep. 1 4.49 11.07 11.42
- Rep. 2 4.49 11.01 11.38
- Rep. 3 4.50 11.10 11.35
S.D. 0.01 0.0 0.04
Mean 4.49 11.06 11.38

Concentration: 10 mg/I, Initial pH : 7
Initial pH value

-Rep. 1 7.02 7.02 7.00
- Rep. 2 7.02 7.02 7.00
- Rep. 3 7.02 7.02 7.00
S.D. 0.00 0.00 0.00
Mean 7.02 7.02 7.00
Final pH value
-Rep. 1 5.07 11.20 11.57
- Rep. 2 5.04 11.21 11.56
- Rep. 3 5.04 11.20 11.56
S.D. 0.02 0.01 0.01
Mean 5.05 11.20 11.56

Concentration: 10 mg/l, Initial pH : 9
Initial pH value

-Rep. 1 9.01 8.97 8.98
- Rep. 2 9.01 8.97 8.98
- Rep. 3 9.01 8.97 8.98

S.D. 0.00 0.00 0.00

Mean 9.01 8.97 8.98

Final pH value

-Rep. 1 5.36 11.21 11.62
- Rep. 2 5.34 11.27 11.63
- Rep. 3 5.35 11.26 11.64

S.D. 0.01 0.03 0.01

Mean 5.35 11.25 11.63
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Parameter Ratios of Korat soil series added with fly ash

1:0 0.9:.0.1 0.8:0.2

Concentration: 50 mg/l, Initial pH : 4
Initial pH value

-Rep. 1 4.05 3.92 4.03
- Rep. 2 4.05 3.92 4.03
- Rep. 3 4.05 3.92 4.03
S.D. 0.00 0.00 0.00
Mean 4.05 3.92 4.03
Final pH value
-Rep. 1 3.91 10.87 11.14
- Rep. 2 4.02 10.86 11.13
- Rep. 3 4.02 10.85 11.17
S.D. 0.06 0.01 0.02
Mean 3.98 10.86 11.15

Concentration: 50 mg/I, Initial pH : 7
Initial pH value

-Rep. 1 7.01 6.98 6.97
- Rep. 2 7.01 6.98 6.97
- Rep. 3 7.01 6.98 6.97
S.D. 0.00 0.00 0.00
Mean 7.01 6.98 6.97
Final pH value
-Rep. 1 4.62 11.05 11.44
- Rep. 2 4.65 11.07 11.42
- Rep. 3 4.65 11.07 11.44
S.D. 0.02 0.01 0.01
Mean 4.64 11.06 11.43

Concentration: 50 mg/l, Initial pH : 9
Initial pH value

-Rep. 1 8.96 9.00 8.97
- Rep. 2 8.96 9.00 8.97
- Rep. 3 8.96 9.00 8.97

S.D. 0.00 0.00 0.00

Mean 8.96 9.00 8.97

Final pH value

-Rep. 1 5.44 11.50 11.74
- Rep. 2 5.41 11.52 11.77
-Rep. 3 5.46 11.49 11.79

S.D. 0.33 0.02 0.03

Mean 5.44 11.50 11.77




Fac. of Grad. Studies, Mahidol Univ.

M.Sc. (Environmental Sanitation) / 95

Parameter Ratios of Korat soil series added with fly ash
1.0 0.9:0.1 0.8:0.2
Concentration: 100 mg/l, Initial pH : 4
Initial pH value
-Rep. 1 4.020 4.020 3.970
-Rep. 2 4.020 4.020 3.970
- Rep. 3 4.020 4.020 3.970
S.D. 0.00 0.00 0.00
Mean 4.02 4.02 3.97
Final pH value
-Rep. 1 3.950 11.200 11.480
- Rep. 2 3.940 11.190 11.480
-Rep. 3 3.940 11.210 11.510
S.D. 0.01 0.01 0.02
Mean 3.94 11.20 11.49
Concentration: 100 mg/l, Initial pH : 7
Initial pH value
-Rep. 1 7.060 6.940 6.910
- Rep. 2 7.060 6.940 6.910
-Rep. 3 7.060 6.940 6.910
S.D. 0.00 0.000 0.000
Mean 7.06 6.940 6.910
Final pH value
-Rep. 1 4.330 11.100 11.550
- Rep. 2 4.370 11.100 11.550
-Rep. 3 4.350 11.110 11.550
S.D. 0.02 0.00 0.00
Mean 4.35 11.10 11.55
Concentration: 100 mg/l, Initial pH : 9
Initial pH value
-Rep. 1 9.010 9.140 9.14
-Rep. 2 9.010 9.150 9.14
-Rep. 3 9.010 9.150 9.14
S.D. 0.00 9.15 0.00
Mean 9.010 0.01 9.14
Final pH value
-Rep.1 5.280 11.150 11.54
-Rep. 2 5.280 11.180 11.55
- Rep. 3 5.280 11.200 11.55
S.D. 0.00 0.03 0.01
Mean 5.280 11.18 11.55
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1. Analysis of variance between initial pH of lead solution and initial lead
concentration and the ratio of Korat soil series added with fly ash.
Descriptive Statistics
Dependent Variable: percentage of lead removal efficiency

concentration | ratio pH Mean Std. Deviation
5 ppm 1.0 pH 4 96.1867 1.24857 3
pH 7 95.0433 1.17287 3
pH 9 100.0000 .00000 3
Total 97.0767 2.40537 9
0.9:0.1 |pH4 96.7500 12288 3
pH 7 94.2100 1.95722 3
pH 9 100.0000 .00000 3
Total 96.9867 2.69791 9
0.8:0.2 |pH4 96.6933 .08083 3
pH 7 97.3467 1.06086 3
pH 9 100.0000 .00000 3
Total 98.0133 1.60721 9
Total pH 4 96.5433 .68359 9
pH 7 95.5333 1.88752 9
pH 9 100.0000 .00000 9
Total 97.3589 2.24465 27
10 ppm 1.0 pH 4 95.2933 .03512 3
pH 7 94.1467 .12897 3
pH 9 100.0000 .00000 3
Total 96.4800 2.68712 9
0.9:0.1 |pH4 96.5833 1.12251 3
pH 7 94.5267 32747 3
pH 9 100.0000 .00000 3
Total 97.0367 2.46463 9
0.8:0.2 |pH4 98.9967 44185 3
pH 7 95.8833 14434 3
pH 9 100.0000 .00000 3
Total 98.2933 1.87345 9
Total pH 4 96.9578 1.73623 9
pH 7 94.8522 .81320 9
pH 9 100.0000 .00000 9
Total 97.2700 2.40169 27
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Descriptive Statistics
Dependent Variable: percentage of lead removal efficiency

concentration | ratio pH Mean Std. Deviation N
50 ppm 1.0 pH 4 70.3283 1.02924 3
pH 7 86.1945 1.16608 3
pH 9 94.7093 87422 3
Total 83.7440 10.75315 9
0.9:0.1 |pH4 99.7297 .08976 3
pH 7 99.9886 .00406 3
pH 9 99.9900 .00000 3
Total 99.9028 13734 9
0.8:0.2 |pH4 99.9767 .00577 3
pH 7 99.9939 .00131 3
pH 9 99.9916 00277 3
Total 99.9874 .00873 9
Total pH 4 90.0116 14.77189 9
pH 7 95.3923 6.92295 9
pH 9 98.2303 2.67668 9
Total 94.5447 9.80594 27
100 ppm 1.0 pH 4 52.4944 1.00877 3
pH 7 59.8836 2.42956 3
pH 9 78.7750 2.61873 3
Total 63.7177 11.88334 9
0.9:0.1 |pH4 99.9947 .00503 3
pH 7 99.9833 .00409 3
pH 9 99.9894 .00291 3
Total 99.9891 .00607 9
0.8:0.2 |pH4 99.9933 .00577 3
pH 7 99.9900 .00000 3
pH 9 99.9900 .00225 3
Total 99.9911 .00352 9
Total pH 4 84.1608 23.75514 9
pH 7 86.6190 20.08828 9
pH 9 92.9181 10.68784 9
Total 87.8993 18.62984 27
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concentration | ratio pH Mean Std. Deviation N
Total 1.0 pH 4 78.5757 19.11902 12
pH 7 83.8170 14.92675 12
pH 9 93.3711 9.16221 12
Total 85.2546 15.80762 36
0.9:0.1 |pH4 98.2644 1.74115 12
pH 7 97.1771 3.05554 12
pH 9 99.9948 .00553 12
Total 98.4788 2.29603 36
0.8:0.2 |pH4 98.9150 1.41745 12
pH 7 98.3035 1.90013 12
pH 9 99.9954 .00508 12
Total 99.0713 1.50648 36
Total pH 4 91.9184 14.42556 36
pH 7 93.0992 10.89138 36
pH 9 97.7871 6.03426 36
Total 94.2682 11.19218 108
Tests of Between-Subjects Effects
Dependent Variable: percentage of lead removal efficiency
Type 111 Sum Mean
Source of Squares df Square F Sig.
Corrected Model 13350.382(a) | 35 381.439 | 518.511 .000
Intercept 959741.896 | 1| 959741.896 1304642072' 000
concentration 1598.469 3 532.823 724.294 .000
ratio 4393.580 2 2196.790 | 2986.212 .000
pH 693.753 2 346.876 | 471.527 .000
concentration * ratio 5096.777 6 849.463 | 1154.719 .000
concentration * pH 206.471 6 34.412 46.778 .000
ratio * pH 722.948 4 180.737 | 245.685 .000
1 * 1n *
SOH”CE””&“O” ratio 638.384 | 12 53100  72.316| .000
Error 52.966 | 72 736
Total 973145.244 | 108
Corrected Total 13403.348 | 107

a R Squared = .996
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LSD
95% Confidence
Mean Interval
() ratio (J) ratio Difference Std. Lower Upper
(1-J) Error Sig. Bound Bound
1:0 0.9:0.1 -13.2242(*) .20216 000 -13.6272 -12.8212
0.8:0.2 -13.8167(*) 20216 .000 -14.2197 -13.4137
0.9:0.1 1:0 13.2242(*) .20216 .000 12.8212  13.6272
0.8:0.2 -.5925(*) 20216 .005 -.9955 -.1895
0.8:0.2 1:0 13.8167(*) .20216 .000 13.4137  14.2197
0.9:0.1 .5925(*) 20216 .005 .1895 .9955
Based on observed means.
* The mean difference is significant at the .05 level.
pH
Multiple Comparisons
Dependent Variable: percentage of lead removal efficiency
LSD
95% Confidence
Mean Interval
(HpH (J) pH Difference Std. Lower Upper
(1-J) Error Sig. Bound Bound
pH 4 pH 7 -1.1808(*) 20216 .000 -1.5838 -7778
pH 9 -5.8687(*) .20216 .000 -6.2717 -5.4657
pH 7 pH 4 1.1808(*) 20216 .000 1778 1.5838
pH 9 -4.6879(*) .20216 .000 -5.0909 -4.2849
pH 9 pH 4 5.8687(*) 20216 .000 5.4657 6.2717
pH 7 4.6879(*) .20216 .000 4.2849 5.0909

Based on observed means.

* The mean difference is significant at the .05 level.
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Concentration
Multiple Comparisons
Dependent Variable: percentage of lead removal efficiency

95% Confidence
U] @) Mean Interval

concentration concentration Difference Std. Lower Upper

(1-J) Error Sig. Bound Bound
5 ppm 10 ppm .0889 23344 704 -.3765 5542
50 ppm 2.8142(*) 23344 .000 2.3488 3.2795
100 ppm 9.4596(*) 23344 .000 8.9942 9.9249
10 ppm S ppm -.0889 23344 704 -.5542 3765
50 ppm 2.7253(*) 23344 .000 2.2599 3.1906
100 ppm 9.3707(*) 23344 .000 8.9054 9.8360
50 ppm 5 ppm -2.8142(*) 23344 .000 -3.2795  -2.3488
10 ppm -2.7253(*) 23344 .000 -3.1906  -2.2599
100 ppm 6.6454(*) 23344 .000 6.1801 7.1108
100 ppm 5 ppm -9.4596(*) 23344 .000 -9.9249  -8.9942
10 ppm -9.3707(*) 23344 .000 -9.8360  -8.9054
50 ppm -6.6454(*) 23344 .000 -7.1108  -6.1801

Based on observed means.
* The mean difference is significant at the .05 level.
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Appendix C
Soil quality Standard soil quality standard for other purposes (Heavy metal)

Parameter Unit Standard value
Lead mg/kg Not exceed 750
Arsenic mg/kg Not exceed 27
Cadmium and compounds mg/kg Not exceed 810
Hexavalent Chromium mg/kg Not exceed 640
Manganese and compounds mag/kg Not exceed 32,000
Mercury and compounds mg/kg Not exceed 610
Nickel, soluble salts mg/kg Not exceed 41,000
Selenium mag/kg Not exceed 10,000

Waste Extraction Test (WET)

Parameter Standard value (mg/l)
Cadmium and/or cadmium compounds 1.0
(Chromium (V1) compounds) 5.0
(Chromium and/or chromium (I11) compounds) 5.0
Copper and/or copper compounds 25
Lead and/or lead compounds 5.0
Nickel and/or nickel compounds 20

Zinc and/or zinc compounds 250
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The criteria of classify chemical and physical characteristics of soil.
1. Soil reaction, pH (1: 1)

rating range

ultra acid <35

extremely acid 3.5-4.5
very strong acid 45-5.0
strong acid 5.1-5.5
moderately acid 5.6-6.0
slightly acid 6.1-6.5
neutral 6.6-7.3
slightly alkaline 7.4-7.8
moderately alkaline 7.9-8.4
strongly alkaline 8.5-9.0
very strong alkaline >9.0

Soil Survey Division Staff, 1993.

2. Organic matter, (% organic carbon x 1.724)

rating range
very low <35
low 3.5-4.5
moderately low 4.5-5.0
medium 5.1-55
moderately high 5.6-6.0
high 6.1-6.5
very high 6.6-7.3

Land Classification Division, FAO Project Staff, 1973.
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3.CEC

rating range
very Low <3
low 3-5
moderately Low 5-10
medium 10-15
moderately High 15-20
high 20-30
very High >30

Land Classification Division, FAO Project Staff, 1973.

4. Permeability

rating Range (cm/sec)
very slow 3.4x10°

slow 3.4x10°-1.38x 10"
moderately slow 1.38 x 10*-5.55 x 10
moderate 5.55 x 10-1.736 x 107
moderately rapid 1.736 x 10°-3.472 x 10
rapid 3.472 x 10°-6.944 x 107
very rapid > 6.944 x 107

O’ Neal, 1952.
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APPENDIX D

Figure D-1 Korat soil series used in the experiment
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Figure D-2 Fly ash used in the experiment

Figure D-3 Rotary agitator
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Figure D-4 Sample of the ratios Korat soil series: fly ash added with lead solution at
1:20 of soil: solution

Figure D-5 Flame Atomic Absorption Spectrophotometer
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Figure D-6 Graphite Furnace Atomic Absorption Spectrometer

Figure D-7 Permeability Test
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