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ABSTRACT 
 
            Contamination of cadmium in cultivated soil and rice grain found in Mae 
Sot district, Tak province, the Northwestern of Thailand was brought to public 
attention   by the joint investigation of International Water Management Institute 
and the Department of Agriculture in 2003. Cadmium is considered a highly toxic 
heavy metal to plants, animals and microbes. However, some bacteria have 
developed the ability to resist and detoxify heavy metals.  
            The aims of this research were to study the dispersion of soil bacteria and 
cadmium resistant bacteria in cadmium contaminated soils at Mae Sot district, Tak   
province. The potentially cadmium resistant bacteria were isolated and investigated 
for their ability of cadmium resistance. The results found cadmium and zinc 
concentrations in 15 soil samples ranged from 0.20-1,021 and 18.80-80,575 mg/kg, 
respectively. The highest number of viable bacteria in soils collected in November 
2007 and March 2008 were 4.3×108 and 1.3 x 107CFU/g soil, respectively. The lowest 
number of viable soil bacteria was found in soils containing higher concentrations of 
cadmium. The number of cadmium resistant bacteria in cadmium contaminated soils  
grown in TSA amended with 10 mM CdCl2 were ranged from 3.2 × 104 to 1.3 x 105 
CFU/g soil. A total of 9 strains of cadmium resistant bacteria were selected for their 
potential resistance levels against cadmium toxicity. The results revealed that only     
2 strains, TN6 and TM6, exhibited strong resistance to cadmium toxicity. The 
percentages of cells surviving against 3mM CdCl2 of strain TN6 and TM6 were 
97.62% and 84.62%, respectively. Two strains of selected cadmium resistant bacteria 
namely TN6 and TM6 were identified by 16S rDNA sequencing as Alcaligenes sp. 
and Arthrobacter sp., respectively. The results indicated that a high number of 
cadmium resistant bacteria were found in cadmium contaminated soils. This finding 
might lead to the use of the selected cadmium resistant bacteria for microbial 
remediation of cadmium in soils. 
 
KEY WORDS : CADMIUM RESISTANT BACTERIA / CONTAMINATED SOIL /  

                        TAK PROVINCE 
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การกระจายของแบคทีเรียตานทานแคดเมียมในดินปนเปอนแคดเมียมบริเวณอําเภอแมสอด จังหวัดตาก 
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บทคัดยอ 
        ป พ.ศ.2546 สถาบันจัดการทรัพยากรนํ้านานาชาติรวมกับกรมวิชาการเกษตร รายงานผลการปนเปอนของ
แคดเมียมในพื้นที่เพาะปลูกและเมล็ดขาวในอําเภอแมสอด จังหวัดตาก ซึ่งอยูทางทิศตะวันตกเฉียงเหนือของ
ประเทศไทย แคดเมียมเปนโลหะหนักที่มีความเปนพิษสูงตอพืช สัตว รวมทั้งจุลินทรีย อยางไรก็ตาม แบคทีเรีย
บางชนิดมคีวามสามารถในการตานทานความเปนพิษหรือกําจัดความเปนพิษของโลหะหนักได  
        ดังน้ันงานวิจัยน้ีจึงทําการศึกษาการกระจายของแบคทีเรียที่มีชีวิตและแบคทีเรียที่ตานทานแคดเมียมในดินที่
ปนเปอนแคดเมียม บริเวณอําเภอแมสอด จังหวัดตาก และนําแบคทีเรียตานทานแคดเมียมที่คัดแยกไดมาทดสอบ
ความสามารถในการตานทานแคดเมียม จากผลการทดลองพบวาตัวอยางดินจํานวน 15 ตัวอยางมีปริมาณ
แคดเมียมและสังกะสีอยูในชวง 0.20-1021 และ 18.80-80,575 มิลลิกรัมตอกิโลกรัม ตามลําดับ สําหรับจํานวน
แบคทีเรียที่มีชีวิตในดินที่เก็บในชวงเดือนพฤศจิกายน 2550 และเดือนมีนาคม 2551 ที่พบมากที่สุดมีจํานวน       
4.3 x108 และ1.3 x 107 CFU ตอกรัมดิน ตามลําดับ และพบจํานวนแบคทีเรียในปริมาณตํ่าในดินที่ปนเปอน
แคดเมียมที่ความเขมขนสูง สําหรับการแพรกระจายของแบคทีเรียตานทานแคดเมียมในดินที่ปนเปอนแคดเมียม 
พบวามีจํานวนแบคทีเรียที่สามารถเจริญในอาหารเล้ียงเช้ือ TSA ที่เติมแคดเมียมเขมขน 10 มิลลิโมลาร ในชวง    
3.2 × 104 ถึง 1.3 × 105 CFU ตอกรัมดิน และสามารถคัดเลือกแบคทีเรียตานทานแคดเมียมไดจํานวน 9 สายพันธุ 
และเมื่อนํามาศึกษาระดับการตานทานความเปนพิษของแคดเมียมของแบคทีเรียทั้ง 9 สายพันธุ พบวามีแบคทีเรีย 
2 สายพันธุเทาน้ัน คือ TN6 และ TM6 ที่มีความสามารถในการตานทานความเปนพิษของแคดเมียมสูง โดยรอยละ
การรอดชีวิตตอความเปนพิษของแคดเมียมที่ความเขมขน 3 มิลลิโมลารของแบคทีเรียสายพันธุ TN6 และ TM6 
เทากับรอยละ 97.62 และ 84.62 ตามลําดับ เมื่อทําการจําแนกจีนัสแบคทีเรียทั้งสองสายพันธุโดยใชวิธีการ
วิเคราะหลําดับเบส 16S rDNA  พบวาแบคทีเรียสายพันธุ TN6 และ TM6 จัดอยูในจีนัส Alcaligenes sp. และ 
Arthrobacter sp. ตามลําดับ จากผลการศึกษาแสดงใหเห็นวาแบคทีเรียจํานวนมากท่ีพบในดินที่มีการปนเปอน
แคดเมียมมีความสามารถในการตานทานแคดเมียมไดดี ซึ่งจากการศึกษาครั้งน้ีสามารถนําแบคทีเรียตานทาน
แคดเมียมมาประยุกตใชในการฟนฟูดินที่ปนเปอนแคดเมียมได 
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CHAPTER I 

INTRODUCTION 

 

 

1.1   Statement of Problems 
 

        In recent years, rapid industrialization and technological advancement grossly 

caused environment contamination by discharging the toxic pollutants in the effluents. 

Environmental contamination by heavy metals is a worldwide environmental problem 

(1). Industrial and agricultural activities have led to a substantial release of toxic heavy 

metals in the environment, which can constitute a major hazard for the ecosystem and 

human health (2). However, the bioavailability of heavy metal in soils depends on 

many factors such as organic matter content, cation exchange capacity, pH, and the 

speciation of the metal (3). Heavy metal includes copper, zinc, lead and cadmium (4). 

Other metals such as cobalt, nickel and chromium are used for several industrial 

applications such as production of steel and other alloys, manufacture of batteries and 

pigments (5). 

        Heavy metals are continuously released into the environment by natural sources 

and human activities. Metals such as iron, copper, zinc, and manganese, are essential 

metals since they play an important role in biological system. On the other hand, 

mercury, lead, and cadmium are non-essential element. They are toxic even in the 

trace amounts. The essential metals can also produce toxic effects when the metal 

intake is excessively elevated (6). Excessive heavy metals in the environment are 

known to be toxic to most organisms. Therefore, their effects on organisms are being 

increasingly studied. Effects of heavy metal contamination on plants result in growth 

inhibition, structural damage, and a decline of physiological and biochemical activities 

(4).  

        The heavy metals can accumulate in living organisms and impact through the 

food chain. Cadmium was naturally found in the earth’s crust. It always occurs in 

combination with other elements such as zinc. Inevitably, cadmium so commonly 
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found in the industries of zinc, lead and copper extraction. Human uptake of cadmium 

takes place mainly through food ingestion. Cadmium can affect human health such as 

kidney damage (7), diarrhoea, bone fracture, psychological disorders and cancer (8). 

        Heavy metals including cadmium also affect microorganisms by reducing their 

number, biochemical activity, diversity, and changing the community structure (9), 

which their natural populations are very important in the major elemental and organic 

metabolism cycles (5). However, some bacteria have developed the ability to resist 

and detoxify heavy metal, such as leads. Tolerant microbial populations represented 

by several Gram-positive such as Bacillus, Arthrobacter, and Corynebacterium, as 

well as Gram-negative such as Pseudomonas, Alcaligenes, Ralstonia, and  

Burkholderia (10) are established. Microorganisms have evolved a number of heavy 

metal tolerance mechanisms: active efflux, extracellular complexation, extracellular 

precipitation, crystallization, intracellular complexation and transformation (11). 

        In Thailand, there were increasing developments of industrial and agricultural 

sectors. This caused much pollution to the environment in recent years ago. One of 

serious environmental problems is heavy metal contamination. Contamination of 

cadmium in cultivated soil and rice grain found in Mae Sot district, Tak province, the 

Northwestern of Thailand was brought to public attention by the joint investigation of 

International Water Management Institute (IWMI) and the Department of Agriculture 

(DOA) in 2003 (12).  

 Cadmium and lead, though non-essential and non-beneficial, are considered 

highly toxic to plants, animals and microbes (13). Cadmium is one of the most toxic. 

In plants, Cd inhibits root and shoot growth, affects nutrient uptake and homeostasis, 

and frequently is accumulated by agriculturally important crops (14), inhibition of 

phosphatase, sulphatase and respiration activities changes in microbial community 

structure and reduction in biomass and dehydrogenase activity of soil microbes (15). 

        Thus, this study was emphasized on the study of the dispersion of viable soil 

bacteria and cadmium-resistant bacteria in cadmium contaminated soils at Mae Sot 

district, Tak province. In addition, the cadmium resistance ability of isolated cadmium 

resistant bacteria was investigated. The cadmium resistant bacteria were applied to use 

for microbial remediation of cadmium contamination in water, sediment and soils. 
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1.2  Objectives of the Study 
 

        The objectives of this study were as follows: 

        1.2.1 To enumerate indigenous soil bacteria in cadmium contaminated soils that 

contained different cadmium concentrations. 

        1.2.2 To isolate and screen bacterial strains with high ability to resistant to 

cadmium from cadmium contaminated soils.   

        1.2.3 To investigate the cadmium resistant levels of selected cadmium resistant 

bacteria from cadmium contaminated soils.  

        1.2.4 To study the morphology and the selected cadmium resistant bacteria.   

 

1.3  Hypothesis 
 

        1.3.1 Cadmium concentrations in cadmium contaminated soils have influence on 

the number of indigenous soil bacteria.   

        1.3.2 Cadmium resistant bacteria should be found in the soil that contained high 

concentration of cadmium. 

 

1.4   Scope of the Study  
 

        This research was experimental study. Soil samples were collected from Mae Tao 

and Mae Ku creeks in Mae Sot District, Tak province, Thailand province in the 

November 2007 by soils sample for analysis of physical and chemical soils properties 
and microbiological analysis and soils sample in March 2008 for microbiological 

analysis. Soil samples were used for enumeration of indigenous soil bacteria and 

isolation of cadmium-resistant bacteria. The cadmium resistant levels of isolated 

bacteria were studied by inhibition zone assay and plate sensitivity assay. All 

laboratory experiments were performed at environment biotechnology laboratory at 

Faculty of Environmental and Resource Studies, Mahidol University. 
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1.5  Expected Results 
 

        1.5.1 To know the cell numbers of viable indigenous soil bacteria in cadmium 

contaminated soils. 

        1.5.2 To gain the strains of cadmium resistant-bacteria from cadmium 

contaminated soils and know their cadmium resistant ability.  
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1.6 Conceptual Framework 
 

 

 

 

 

         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1.1 Diagram of conceptual framework 
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CHAPTER II 

LITERATURE REVIEW 

 

 

2.1  Heavy Metals  
 

        Metals are naturally circulated by biogeochemical processes, and metallic 

elements play a variety of roles in living organisms. Some metals are essential 

elements, and their deficiency results in impairment of biological functions. When 

present in excess, essential function, and they may give rise to toxic manifestation 

even when intakes are only moderately in excess of the “natural” intake (16). Unlike 

the majority of organic chemicals that can eliminate from tissues by metabolic 

degradation,  the metals as elements are indestructible and therefore they have the 

potential for accumulation. The only way metals can be eliminated from tissue is by 

excretion. Accumulation in tissue does not necessarily imply the occurrence of toxic 

effect because inactive complexes or storage deports are formed in the case of certain 

metals (17). Heavy metal inputs need not always be as small as possible because some 

metals are indispensable for life. According to Alloway (18), there are three criteria for 

determining whether or not an element is essential: the element has a direct influence 

on the organism and is involved in its metabolism, the organism can neither grow nor 

complete its life-cycle without an adequate supply of element, and the element cannot 

be wholly replaced by any other element. there are three criteria for determining 

whether or not an element is essential. 
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2.2  Heavy Metals in the Environment 
 

        2.2.1  Sources and Classification of Heavy Metals 

 

        Heavy metals occur naturally in rock-forming and ore minerals. So, there is a 

range of normal background concentrations of these elements in soils, sediments, 

waters and living organisms (19). Source of metals to soil and the environment are 

metalliferous mining and smelting, agricultural materials, sewage sludge, fossil fuel 

combustion, metal manufactures, waste disposal, sports shooting and fishing, and 

warfare and military training (20). The production of heavy metals has increased 

rapidly since the beginning of industrial age (21). Apart from aerosols in the 

atmosphere and direct effluent discharges into waters, the concentrations of heavy 

metals available to terrestrial, aquatic and marine organisms is determined by the 

solubilization and release of metals from rock-forming minerals and the adsorption 

and precipitation reactions which occur in soils and sediments. The major sources of 

heavy metals can classify as follows (20): 

 

                2.2.1.1  Geochemical Source  

 

                Included in the group of elements referred to as trace elements which 

together constitute less than 1% of the rocks in the Earth’s crust. 

 

2.2.1.2 In the Atmosphere and Hydrosphere  

 

                The concentration of heavy metals in the atmosphere in remote areas from 

anthropogenic effects (South Pole) is markedly lower than those from various 

locations, with its range of industrial and urban pollution, as well as relatively remote 

rural areas. 
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                2.2.1.3  Anthropogenic Sources 

 

                Although heavy metals are ubiquitous in most natural materials, the 

following are significant sources of metals to the environment. 

 

                        a)  Metalliferous Mining 

                         The metals utilized in manufacturing are obtained from either the mining 

of ore bodies in the rocks of the earth’s crust, or the recycling of scrap metal originally 

derived from geological sources. 

 

                        b)  Agricultural Materials 

                        Agriculture constitutes one of the very important non-point sources of 

metal pollutants such as impurities in fertilizers, pesticides, desiccants, wood 

preservatives, and sewage sludge. 

 

                        c)  Fossil Fuel Combustion 

                         A wide range of heavy metals is found in fossil fuels which are either 

emitted into the environment as particles during combustion, or accumulate in ash which 

may itself be transported and contaminate soils or water, or may be leached in situ. 

 

                        d)  Metallurgical Industries                    

                        Many heavy metals are used in specialist alloys and steels. Hence, both 

the manufacture and disposal, or recycling, of these alloys in scrap metal can lead to 

environmental pollution of a wide range of metals. 

 

                        e)  Electronics 

                          A large number of trace elements, including the heavy metals, are used in the 

manufacture of semi-conductors and other electrical components. 
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                        f)  Waste Disposal 

                         Many metals, especially Cd, Cu, Pb, Sn and Zn, are dispersed into the 

environment in leachates from landfills, which pollute soils and groundwater, and in 

fumes from incinerators. 

 

                        g)  Other Sources 

 Other significant sources of heavy metals pollution in manufacture and 

disposal include batteries, paints, catalysts, polymer stabilizers, printing, additives in fuels 

and lubricants, and medical uses.  

                        There are three classes of metals namely, metals, metalloids and heavy 

metal. Metals are a class of chemical elements that form lustrous solids that are good 

conductors of heat and electricity. Most metals thus exist as cations or oxyanions (As, 

Cr, and U). Metals such as arsenic (As), boron (B), germanium (Ge), and tellurium 

(Te) are generally considered as metalloids or semi-metals in that their properties are 

intermediate between those of metals and those of nonmetals. Heavy metals are metals 

with a density above 5 g / cm3, thus the transition elements from vanadium (V) (but 

not scandium, Sc and tallium, Ti) to the half-metal As, from zirconium (Zr) (but not 

yttrium, Y) to Sb, from lantharium (La) to polonium (Po), the lanthanide and the 

actinides can be referred to as heavy metals. Of the 90 naturally occurring elements, 

21 are non-metals, 16 are light metals and the remaining 53 of all 90 elements (with 

As included) are heavy metals. Most heavy metals are transition elements with 

incompletely filled d orbitals. These d orbitals provide heavy metal cations with the 

ability to form complex compounds that may or may not be redox-active. Thus, heavy 

metal cations play an important role as trace elements in sophisticated biochemical 

reactions (22).  

 Metal can be classified according to the principle of hard and soft acids 

and based or as class A, class B and borderline ion. Class A cations (hard acids) 

preferentially bind to oxygen-containing ligands rather than to nitrogen-containing and 

sulfur-containing ligands, whereas the sequence for class B cations (soft acids) is 

sulfur-containing, nitrogen-containing, and oxygen-containing ligands. Borderline ions 

have both class A and class B properties and a high affinity for both oxygen-

containing and nitrogen-containing ligands. Borderline ions can also bind to sulfur-
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containing ligands, especially to sulhydryl (SH) groups.  Hard acids usually bind to 

hard bases and soft acids bind to soft bases (23).  

                        Metals have also been classified into three additional classes on the 

basis of their biological functions and effects: i) the essential metals with known 

biological functions, ii) the toxic metals, and iii) the nonessential, nontoxic metals with 

unknown biological effects as showed in table 2.1. The periodic table that indicated the 

essential metal, the toxic metals, and the nonessential or nontoxic metals showed in 

the figure 2.1. The important heavy metals are Cd, Cu, Pb, Cr, Zn, Hg, and nickel (Ni). 

Some of these metals such as Cu are important as micronutrients at low 

concentrations, but produce toxic effects at higher concentrations (24).   

 

Table 2.1  Classes of metals on the basis of the biological functions and effects (11) 

 

Class Metals 

1.  Important trace element/  

     Low toxicity 

Iron (Fe), Molybdenum (Mo),  

Manganese (Mn) 

2.  High/Moderately important trace element/  

     Toxic 

Zn, Ni, Cu, V, Cobalt (Co), 

Tungsten (W), Cr 

3.  Limited beneficial function/  

     Toxic 

As, Silver (Ag), Sb, Cd, Hg, Pb, 

U 
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Figure 2.1 Periodic table showing the essential metal (dark squares), the toxic metals 

(circled in dark), and the nonessential, nontoxic metals (circled in light) (11). 

 

        2.2.2  Fate and Transport of Heavy Metals  

 

        There is a continual influx of heavy metal contaminants and pollutants into the 

biosphere from both natural and anthropogenic sources. A complex variety of abiotic 

and biotic processes affects their speciation and distribution, including adsorption onto 

and desorption from mineral surfaces, incorporation in precipitates or coprecipitates, 

release through the dissolution of minerals, and interactions with plants and microbes. 

Some of these processes can effectively isolate heavy metals from biosphere, whereas 

others cause their release or transformation to different species that may be more/less 

bioavailable and/or toxic to organisms (25). The Figure 2.2 showed the diagram of fate 

and transport of metals in the environment.  
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Figure 2.2  Diagram of fate and transport of metals in the environment (11). 

 

        The native content varying amounts of heavy metals are supplied to the soil by 

dry and wet atmospheric deposition and by agronomic practices as fertilizers and 

sewage sludge. Metals are present in the soil as follows (26):  

                -  Part of soil parent material or soil minerals of secondary origin 

    -  Precipitated with other compounds of the soil 

    - Sorbed on exchange sites. Metal oxides or hydroxides, clay minerals and 

organic matter can serve as exchangers 

    - Dissolved in the soil solution, either in the aqua-form or complexed with 

inorganic or organic ligands 

    - Embodies in microorganisms, plants or animals 

  

        Heavy metal pollution can affect all environments but its effects are most long 

lasting in soils due to the relatively strong adsorption of metals onto the humic and 

clay colloids in soils. The compositions of the liquid phase in soil solution are both 

organic and inorganic solutes that extremely important for biological activity, 

especially for metabolism of microorganisms. The soil solution composition reflects 

the chemistry of the soil as well as the dynamic influx and efflux of solutes in response 

to water movement. The composition is also altered by anthropogenic activities such 

as irrigation, fertilizer and pesticide addition, and chemical spills. The environmental 
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hazards posed by metals are directly linked to their mobility and thus to their 

concentrations in the soil solution. The concentration of ions in the soil solution is 

determined by the interacting processes of oxidation, reduction, adsorption, 

precipitation and desorption. When pollutants reach the soil surface they are either 

adsorbed, with varying strengths on the colloids at the surface of the topsoil, or are 

washed down through the surface layer into the topsoil profile in rainwater or snow 

melt. Soluble pollutants will filtrate into the topsoil in the system of pores where the 

adsorption of ions occurs. Insoluble compounds will accumulate on the surface and 

hydrophobic organic molecules will bind to sites on soil organic matter at the soil 

surface (27). The paths of dissolution and uptake of minerals in the soil showed in 

Figure 2.3.  

 

 
Figure 2.3  The paths of dissolution and uptake of minerals in the soil (11). 

 

        Soils act as a sink for pollutants due to adsorption processes that bind inorganic 

and organic pollutants with varying strengths to the surface of the soil colloids. The 

adsorption inhibits the leaching of heavy metals down the soil profile to the water 

table, reduces their bioavailability to plants and affects their rate of decomposition 

(19). Metals in the environment can be divided into two classes: i) bioavailable 
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(soluble, nonsorbed, and mobile) and ii) nonavailable (precipitated, complexed, 

sorbed, and nonmobile) (11).  

        The toxicity and bioavailability of a heavy metal depend in part on reactivity and 

solubility, which are determined by the speciation or chemical form of the element. 

The term ‘‘speciation,’’ as used here, refers to i) the identity of the element, ii) its 

oxidation state, iii) its physical state [i.e., phase association; presence in a liquid, 

gaseous, or solid phase (amorphous or crystalline), colloidal particle, animal or plant 

cell, or biofilm; presence as a surface coating or thin film on a solid, as a sorption 

complex (monomeric or polymeric) on a solid, colloidal particle, or an organic 

substance; etc., iv) its empirical formula, and v) its detailed molecular structure (25). 

        It is the bioavailable metal concentration that is taken up and is thus toxic to 

biological system. A bioavailability metal is generally soluble and not sorbed to 

colloids or soil surfaces. Their degree of mobility, activity, and bioavailability is 

influenced by many factors, particularly pH, temperature, redox potential, cation 

exchange capacity of the solid phase, competition with other metal ions, ligation by 

anions, composition and quantity of soil solution. Metal availability is strongly 

dependent on environmental components such as pH, redox, and organic content. Fate 

and transport of metals in soil is crucial to determining metal effects on biota, metal 

leaching to groundwater, and metal transfer up to food chain. Transport through 

mechanisms of advection, dispersion, and interphase transfer normally takes place. In 

many cases, chemical and biochemical transformations result in significant changes in 

the nature of the contaminants (11).  

 

        2.2.3  Microorganisms and Heavy Metals Interaction 

 

        Microbes encounter metals and metalloids of various kinds in the environment. 

Microorganisms required certain metallic elements (essential metals) for growth and 

functions but higher concentration of essential metal and the heavy metals may be 

toxic. So, microorganisms can accumulate heavy metals from their external 

environment. Amount accumulated can be large and a variety of physical, chemical 

and biological mechanisms may be involved including adsorption, precipitation, 

complexation and transport (28, 29). The way microbes interact with metals depends 
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in part on whether the organisms are prokaryotic or eukaryotic. Both types of microbes 

have the ability to bind metal ions present in the external environment at the cell 

surface or to transport them into the cell for various intracellular functions. The 

chemical reactions between microorganisms and metal can be divided into six 

processes (30, 31). 

 

                a)  Intracellular accumulation 

                b) Concentration of metals within microbial cells can result from interaction 

with surface ligands followed by slow transport into the cell. This may be an important 

form of detoxification or a mean of incorporating specific metals into enzymes (e.g. Cu 

and Zn). 

                c)  Cell wall associated metals 

                Many metals readily bind to cell walls as a result of the presence of specific 

functional groups, which readily exchange protons for divalent cations.  

                d)  Metal-siderophore interactions 

                Siderophore are chelating agents excreted by many microorganisms to 

facilitate uptake of ferric ions. In generally, they have extremely strong binding 

affinities for ferric ions and do not appear to react strongly with other metals. 

                 e)  Extracellular mobilization/immobilization of metals by bacterial metabolite 

                Release of toxic metals bound to iron or manganese oxides through 

microbial reduction. Immobilization occurs because of formation of insoluble salt e.g. 

sulfides as a byproduct of sulfate-reducing bacterial activity.  

                 f)  Extracellular polymer-metal interactions 

                Many microorganisms produce extracellular polysaccharides that strongly 

bind metals. The role of these polymers in mobilization or immobilization of toxic 

metals is now well understood. 

                g)  Transformation and volatilization of metals 

                Elemental mercury (Hg0) formation by demethylation and formation of 

methylated form of mercury, selenium, tin, tellurium, arsenic and lead can commonly 

be found. Toxic oxides can be used as electron acceptor under anaerobic conditions. 

The reduced form is frequently less toxic and may be either more volatile or 

precipitated. 
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                Some prokaryotes and eukaryotes may form metabolic products, such as 

acids or ligands that dissolve base metals contained in minerals, such as Fe, Cu, Zn, 

Ni, Co and others. Others may form anions, such as sulfide or carbonate, that 

precipitate dissolved metal ions. A number of microbes are able to use some metals or 

metalloids as electron donors or acceptors in energy metabolism. As energy sources, 

oxidizable metals or metalloids may satisfy the entire energy demand of an organism 

(chemolithotrophs) (31). Classified the levels of metal-microbes interaction into three 

levels as follows: 

                h)  Metabolic/enzymatic 

                Uptake of trace metals and their subsequent incorporation into 

metalloenzymes or utilization in enzyme activation occurs in all microbes. Some 

examples of metalloenzymes are nitrogenase (Mo/Fe or V/Fe, or Fe only), 

cytochromes (Fe) and cytochrome oxidase aa3 (Fe, Cu), superoxide dismutases (Fe, 

Mn, Cu or Zn).  

                 i)  Metabolic/non-enzymatic 

                Prokaryotic and eukaryotic microbes are capable accumulating metals by 

binding them as cations to the cell surface in a passive process. Even dead cells can 

bind metal ions. 

                 j)  Natural occurrences of metal/microbe interactions 

                 In nature, noticeable microbial interaction with metals frequently manifests 

itself through metal immobilization or mobilization. Metal immobilization may be 

through cellular sequestration and accumulation, or through extracellular precipitation. 

Metal mobilization results from dissolution of insoluble metal-containing phases. 

                 The prokaryotes able to oxidize Mn2+, Fe2+, Co2+, Cu+, AsO2
-, Se0 or SeO3

-, 

or reduce Mn4+, Fe3+, Co(III), AsO4 -2 , SeO4 -2,or SeO3
-2 on a large scale and conserve 

energy in these reactions. Some prokaryotes may methylate some metal and metalloid 

compounds, producing corresponding volatile metal derivatives. Bacteria can alter the 

form of occurrence of metals through methylation, chelation, complexation, catalysis, 

or absorption. Thus, bacteria affect the bioavailability of metals in the soil system. 

Some bacteria can employ metal species that can exist in more than one oxidation 

state, among them Cr, Mn, Fe, Co, Cu, As, and selenium (Se), as electron donors or 

acceptors in their energy metabolism. For this function, the metals or metalloids must 
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occur in sufficiently high concentration locally to meet the organisms demand. 

Microbial interactions with small quantities of metals or metalloids do not exert a 

major impact on metal or metalloid distribution in the environment, whereas 

interactions with larger quantities, as are required in energy metabolism for instance, 

have a noticeable impact. Some of the latter interactions are commercially exploited or 

have a potential for it (31, 32).  

 

        2.2.4  Heavy Metals Transport in Bacteria 

 

        Most heavy metal ions have to enter the cell in order to have any physiological or 

toxic effect. At first glance, divalent heavy metal cations are structurally very similar; 

the divalent cations (e.g. Mn2+, Fe2+, Co2+, Ni2+, Cu2+, and Zn2+) have ionic diameters 

between 138 pm and 160 pm, a difference of 14%, and all, of course, carry a double 

positive charge. Oxyanions like chromate, with four tetrahedrally arranged oxygen 

atoms and two negative charges, differ mostly in the size of the central ion, so the 

structure of chromate resembles that of sulfate. The same is true for arsenate and 

phosphate. Thus, uptake systems for heavy metal ions have to bind those ions tightly if 

they want to differentiate between couples of structurally very similar ions (22).  

        Cells usually do not differentiate between physiological required and toxic metals 

during the uptake.  Cells transport many metal ions by using two types of uptake 

system for heavy metal ions: the first type is fast, unspecific and, since it is used by a 

variety of substrates, constitutively expressed. These fast systems are usually driven 

only by the chemiosmotic gradient across the cytoplasmic membrane of bacteria. 

These are constitutively expressed unspecific transporters. The second type of uptake 

system, high substrate specificity, is slower and often uses ATP hydrolysis as the 

energy source. In addition, the chemiosmotic gradient and these expensive uptake 

systems are only produced by the cell in times of need, starvation or a special 

metabolic situation and they are inducible (33).  

        Many microorganisms generally use specific transport pathways to bring 

essential across the cell membrane into cytoplasm. The mechanisms of metal flux 

across the microbial cell membrane showed in Figure 2.4. Hence, when the 

extracellular concentration of a toxic metal is high, it will be accumulated to high 
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concentrations. At lower concentrations, cells contain inducible metal transport 

systems that typically are expressed under metal-limited conditions. The binding of 

metals to microorganisms can be divided into 2 types as follows: (11, 32) 

                i) A non-specific adsorption of metal to surface slime layers or extracellular 

matrices. 

                ii) Metabolically dependent intracellular uptake. The non-specific binding of 

the metal to a cell surface or products will occur for viable and non-viable organisms 

while those uptakes which are mediated by metabolic uptake processes are only 

observed in viable cells.  

 

         In microbial metal studies, total metal concentration does not necessarily reflect the 

amount of metal that is biologically toxic or bioavailable. Thought to be primarily toxic in 

their free ionic form, soluble metals can more readily penetrate cellular membranes.  

Soluble or bioavailable metal may be a more accurate predictor of ecosystem toxicity and, 

more specifically, a predictor of microbial metal resistance and bioremediation potential. 

A metal in a soil or any environmental system undergoes a number of physical and 

chemical interactions as well as interactions with microorganisms. The physical and 

chemical properties of the environment often mediate the bioavailability of the metal. 

Chelation of metals by humic acids, amino acids, polypeptides, and ethylenediamine 

tetraacetic acid alter their bioavailability and thus toxicity to microorganisms (32, 34). 
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Figure 2.4 Mechanism of metal (M) flux across the microbial cell membrane (11). 

 

        2.2.5 Toxic Effects of Heavy Metals 

 

        Toxic metal species are mobilized from industrial activities and fossil fuel 

consumption and eventually are accumulated through the food chain, leading to 

serious ecological and health problems (35). Metals, such as aluminium, antimony, 

arsenic, cadmium, lead, mercury, and silver, cause conditions including 

hypophosphatemia, heart disease and liver damage, cancer, neurological and 

cardiovascular disease, central nervous system damage, encephalopathy, and sensory 

disturbances (11). The metal toxicity mechanisms of organisms are divided into three 

general categories namely, i) Blocking of essential functional groups of biomolecules 

(e.g., protein and enzymes), ii) Displacing the essential metal ion in biomolecules, and 

iii) Modifying the active conformation of biomolecules. These mechanisms of action 

may cause death at high level of exposures, but also may manifest nonlethal effects on 

structure (histology and morphology) functions (growth and development), 

biochemistry (enzyme levels) and reproduction (36). 

        Heavy metal cations play an important role as trace elements in sophisticated 

biochemical reactions. At higher concentrations, however, heavy metal ions form 
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unspecific complex compounds in the cell, which leads to toxic effects. Some heavy 

metal cations, e.g. Hg2+, Cd2+ and Ag+, form strong toxic complexes, which make 

them too dangerous for any physiological function. Even highly reputable trace 

elements like Zn2+ or Ni2+ and especially Cu2+ are toxic at higher concentrations. The 

form of metals may increase their toxicity. For the example, dimethyl mercury and 

tetraethyl lead are particularly dangerous since they may easily enter the body and 

remain there as a result of their high lipid solubility. Volatile metals and their 

compounds may also be dangerous since they may enter the body through the lungs, 

while organomercurials may pass through the placenta. Heavy metals may cause 

disruption of enzyme structure and function by binding with thiol and other groups of 

protein molecules, and may replace metals naturally occurring in enzyme prosthetic 

groups. Metals have also been shown to bind with and disrupt deoxyribonucleic acid 

(DNA). The bioaccumulation of some metals is an important aspect of their toxicity 

that may result in the appearance of symptoms after prolonged exposure. Their 

accumulation may also lead to mobilization through food chains with possible effects 

on higher organisms (22, 37). 

        In case of microorganism, the bacteria are important agents in determining the 

form and distribution of metals in the environment. They play a major part in the 

modification, activation and detoxification of heavy metal. Heavy metals are toxic to 

microorganisms because metals can bind to many cellular ligands and displace native 

essential metals from their normal binding sites as showed in figure 2.5.  Heavy metals 

can inhibit enzymatic activities, disrupting membrane functions, and damaging nucleic 

acids. At the community level, heavy metals can decrease overall metabolic activity, 

diversity and total numbers of cells. Several studies have also demonstrated heavy 

metal-induced changes in specific parts of the soil microbial community. The toxicity 

of a metal to microorganisms is dependent upon metal bioavailability, and, in general, 

as pH decreases and the solubility of the metal increases. Factors have influenced 

metal forms and thus their potential toxicity, such as pH, chelation and competitive 

interaction. Metal toxicity increases due to enhanced bioavailability and mobility 

across cell membranes (11, 34, 37).  
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Figure 2.5  The various toxic influences of metals on microbial cell (11). 

 

        Most of the heavy metals, either alone or in certain compounds, exert a 

detrimental effect upon microorganisms. The most effective are Hg, Ag and Cu. 

Heavy metals and their compounds act antimicrobially by combining with cellular 

proteins and inactivating them. Heavy metal cations with high atomic numbers tend to 

bind to SH groups, e.g. Hg 2+, Cd2+ and Ag+. Heavy metals have an affinity for sulfur 

and can disrupt enzyme function by reactions with sulfhydryl (SH) groups such as 

mercuric dichloride that used as bactericide. For the example, in case of mercuric 

dichloride (HgCl2), the inhibition is directed at enzymes that contain SH-group that 

showed in Figure 2.6. The high concentrations of salts of heavy metals like Hg, Cu 

and Ag coagulate cytoplasmic proteins, resulting in damage or death to cell. Salt of 

heavy metals are also precipitants, and in high concentrations such salts could cause 

the death of a cell (38).  
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   SH         

Enzyme  +     HgCl2 → Enzyme-Hg +     2HCl 

   SH  

        

   (Active enzyme)     (Inactive enzyme) 

 

Figure 2.6  The reaction of mercuric dichloride and SH-group of bacterial enzyme (38). 

 

        The toxicity of heavy metals were studied in many species of bacteria and found 

that different species have different responses. Actinomycetes were more tolerant to 

cadmium than gram-negative bacteria, which were more tolerant than gram-positive 

bacteria. These differences may be due to the different biochemical and morphological 

characteristics of the groups. The outer layers of cells are probably very important in 

determining how much of a metal penetrates the cytoplasm (37) 

        The MIC (minimal inhibitory concentration) of metals ions is related to the 

dissociation constant of the metal for the thiol group. The toxicity of heavy metal ions in 

E. coli showed in Table 2.2. An approximate trend in toxicity of various metal cations can 

thus be inferred from the solubility product o the metal sulfide. Carboxyl and amino 

groups from proteins also bind with heavy metals. Some metals such as Cu, Mn, Fe and 

Zn can be classed as micronutrients, and are components of enzymes and proteins 

involved in metabolic pathways. Heavy metals such as Cd, Pb and Hg can disrupt cell 

transport processes by binding to cell membranes. Several factors affect the form of 

metals, and thus their potential toxicity. These include pH, concentration of chelating 

agents, concentration of inorganic anions and competition from other cations. 

Precipitation of a metal may cause a reduction in toxicity by preventing its access to 

bacteria. A number of natural and synthetic chelating agents can reduce the toxicity of 

heavy metals. Bacteria can determine the forms of heavy metals to which they are 

exposed. This may occur by transformation to less toxic forms, immobilization by uptake, 

or mobilization from sinks. The mechanisms involved may be specific for the metal or 

non-specific (21, 38, 39). 

 

 

S 

S 
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Table 2.2 Toxicity of heavy metal ions in E. coli (22). 

 

MIC (mM) Heavy metal ions 

0.01 Hg2+ 

0.02 Ag+, Au3+ 

0.2 CrO4
2-, Pd2+ 

0.5 Pt4+, Cd2+ 

1.0 Co2+, Ni2+, Cu2+, Zn2+ 

2.0 Tl+, UO2
2-, La3+, Y3+ Sc3+, Ru3+, Al3+ 

5.0 Pb2+, Ir3+, Os3+, Sb3+, Sn2+, In3+, Rh2+, Ga3+, Cr3+, V3+, Ti3+, Be2+ 

10.0 Cr2+ 

20.0 Mn2+ 

 

        Some heavy metal cations may interact with physiological ions, Cd2+ with Zn2+ or 

Ca2+, Ni2+ and Co2+ with Fe2+, Zn2+ with Mg2+, thereby inhibiting the function of the 

respective physiological cation. In addition, heavy metal oxyanions interfere with the 

metabolism of the structurally related nonmetal (chromate with sulfate, arsenate with 

phosphate) and reduction of heavy metal oxyanion leads to the production of radicals. 

In gram-negative bacteria, heavy metal cations may bind to glutathione, the resulting 

bisglutathionato complexes tend to react with molecular oxygen to oxidized 

bisglutathione (GS-SG), the metal cation, and hydrogen peroxide (H2O2). Since the 

oxidized bisglutathione has to be reduced again in a NADPH-dependent reaction and 

the metal cations immediately catches another two glutathione molecules, heavy metal 

cations cause a considerable oxidative stress (22, 40).  

 

2.3  Cadmium  
 

        2.3.1  Chemical Properties of Cadmium  

 

        The chemical symbol of cadmium is Cd with an atomic number of 48 and atomic 

mass of 112.4. The melting point is at 321 oC and boiling point is at 767 oC. The 

density is 8.7 g.cm3 at 20 oC and the number of isotope is 15. The stable oxidation 
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state of cadmium is +2 with natural occurring isotopes as 106 (1.22%), 108 (0.88%), 

110 (12.39%), 111 (12.75%), 112 (24.07%), 113 (12.26%), 114 (28.86%), and 116 

(7.50%). Cadmium is white-bluish, malleable, lustrous, and ductile. It is dissolved in 

hot HCl, H2SO4 and more readily in HNO3. Some of cadmium salt such as 

halogenated salt, sulphate and nitrate are soluble in water, while sulfide, hydroxide, 

and carbonates cadmium are insoluble. Cadmium can be oxidized in moist air at room 

temperature. At high temperature, the oxidation is more rapid and producing a 

browning cadmium oxide fume (CdO). Cadmium is a common impurity in zinc, and it 

is most often isolated during the production of zinc (41). Cd is closely associated with 

Zn in its geochemistry; both elements have similar ionic structures and 

electronegativities (a property related to the ionization potential) and both are strongly 

chalcophile although Cd has a higher affinity for S than Zn. The average Zn:Cd ratio 

for all rocks is around 500:1, but range from 27:1 to 7000:1 (20). 

 

        2.3.2  Natural occurrence and cycling of cadmium 

 

        Cd is widely distributed in the Earth’s crust at an average concentration of about 

0.1 mg/kg. However, higher levels may accumulate in sedimentary rocks, and marine 

phosphates often contain about 15 mg Cd/kg (42). Weathering also results in the 

reverie transport of large quantities of Cd to the world’s oceans and this represents a 

major flux of the global Cd cycle; an annual gross input of 15,000 tons has recently 

been estimated (43). Some black shale deposits in parts of the United Kingdom and 

USA contain elevated Cd levels, thus leading to high soil concentrations in these areas 

(44). High soil concentrations are more commonly found in areas containing deposits 

of Zn, Pb, and Cu ores. Indeed, such areas are often characterized by both soil and 

aquatic contamination at the local level. Volcanic activity is a major natural source of 

Cd release to the atmosphere. Emissions of Cd take place both during episodic 

eruptions and continuous low-level activity. Deep-sea volcanism is also a source of 

environmental Cd release, but the role of this process in the global Cd cycle remains to 

be quantified. As a result, the level of Cd output has closely followed the pattern of Zn 

production, little being produced prior to the early 1920s. The subsequent rapid 

increase corresponded to the commercial development of Cd electroplating.  
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The metal Cd belongs, together with Hg and Zn, to group IIb of the Periodic 

Table. It is a relatively rare element and is not found in the pure state in nature. Cd is 

mainly associated with the sulfide ores of Zn, Pb, and Cu, although purification first 

took place 1817 from zinc carbonate.  Commercial production only became significant 

at the beginning of 19th century. Cd is often considered at a metal of the 20th century; 

indeed, over 65% of the cumulative world production has taken place in the last two 

decades (45). Cd is commonly regarded as a pollutant of worldwide concern. The 

metal has been reviewed by the International Register of Potentially Toxic Chemicals 

of the United Nations Environmental Programme. As a result, it has been included on 

the list of chemical substances and processes considered to be potentially dangerous at 

the global level (46). 

 

        2.3.3  Uses of Cadmium  

 

        Cadmium is primary used in electroplating. A thin layer of cadmium is deposited 

by electrolysis on metal objects made of steel, iron and brass to prevent corrosion. It 

provides good electric conductivity, high ductile and good corrosion resistance to 

tropical atmosphere, saltwater, and alkali substances. Also, cadmium is used as the 

anode in nickel-cadmium batteries. The advantage of these batteries are rechargeable, 

have a long lifetime and low self-discharge rate, operate over a wide temperature of 

these batteries is their low energy density and high cost. In addition cadmium is used 

in pigment in coloring glass, elastics, textiles, paper, and rubber, printing inks, ceramic 

glaze and fireworks (47). 

 

         2.3.4  Effects of Cadmium on Human Health 

 

        Cadmium can mainly be found in the earth’s crust. It always occurs in 

combination with zinc. Cadmium also consists in the industries as an inevitable by 

product of zinc, lead and copper extraction. After being applied it enters the 

environment mainly through the ground, because it is found in manures and pesticides. 

Human uptake of cadmium takes place mainly through food. Foodstuffs that are rich 

in cadmium can greatly increase the cadmium concentration in human bodies. 
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Examples are liver, mushrooms, shellfish, mussels, cocoa powder and dried seaweed. 

An exposure to significantly higher cadmium levels occurs when people smoke. 

Tobacco smoke transports cadmium into the lungs. Blood will transport it through the 

rest of the body where it can increase effects by potentiating cadmium that is already 

present from cadmium-rich food. Other high exposures can occur with people who 

live near hazardous waste sites or factories that release cadmium into the air and 

people that work in the metal refinery industry. When people breathe in cadmium it 

can severely damage the lungs. This may even cause death. Cadmium is first 

transported to the liver through the blood. There, it is bond to proteins to form 

complexes that are transported to the kidneys. Cadmium accumulates in kidneys, 

where it damages filtering mechanisms. This causes the excretion of essential proteins 

and sugars from the body and further kidney damage. It takes a very long time before 

cadmium that has accumulated in kidneys is excreted from a human body. Other 

health effects that can be caused by cadmium are as follows (48):   

    - Bone fracture  

    - Reproductive failure and possibly even infertility 

    - Diarrhea, stomach pains and severe vomiting  

    - Damage to the immune system 

    - Damage to the central nervous system 

                 - Psychological disorders 

    - Possibly DNA damage or cancer development  

 

        2.3.5  Effects of Cadmium on Environment 

 

        Cadmium is an occupational hazard associated with industrial processes such as 

metal plating and the production of nickel-cadmium batteries, pigments, plastics and 

other synthetics. The primary route of exposure in industrial settings is inhalation. 

Inhalation of cadmium-containing fumes can result initially in metal fume fever but 

may progress to chemical pneumonitis, pulmonary edema, and death. Cadmium is also 

a potential environmental hazard. Human exposures to environmental cadmium are 

primarily the result of the burning of fossil fuels and municipal wastes. However, there 

have been notable instances of toxicity as the result of long-term exposure to cadmium 
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in contaminated food and water. In the decades following World War II, Japanese 

mining operations contaminated the Jinzu River with cadmium and traces of other 

toxic metals. Consequently, cadmium accumulated in the rice crops growing along the 

riverbanks downstream of the mines. The local agricultural communities consuming 

the contaminated rice developed Itai-itai disease and renal abnormalities, including 

proteinuria and glucosuria. Cadmium is one of six substances banned by the European 

Union's Restriction on Hazardous Substances (RoHS) directive, which bans 

carcinogens in computers. Cadmium and several cadmium-containing compounds are 

known carcinogens and can induce many types of cancer (8). 

        Cadmium can accumulate in their bodies, especially when they eat multiple 

plants. Cows may have large amounts of cadmium in their kidneys due to this. 

Earthworms and other essential soil organisms are extremely susceptive to cadmium 

poisoning. They can die at very low concentrations and this has consequences for the 

soil structure. When cadmium concentrations in soils are high they can influence soil 

processes of microorganisms and threat the whole soil ecosystem. In aquatic 

ecosystems cadmium can bioaccumulate in mussels, oysters, shrimps, lobsters and 

fish. The susceptibility to cadmium can vary greatly between aquatic organisms. Salt-

water organisms are known to be more resistance to cadmium poisoning than 

freshwater organisms. Animals eating or drinking cadmium sometimes get high blood-

pressures, liver disease and nerve or brain damage (49). 

 

2.4   Soil Bacteria 
 

        Soil is generally a favorable habitat for the proliferation of microorganisms, with 

microcolonies developing on soil particles. Many microorganisms have been isolated 

from soil and normally are much higher than those found in freshwater or marine 

habitats (50). Soil contain five groups of microorganisms namely, bacteria, 

actinomycetes, fungi, algae and protozoa. The bacteria are especially prominent 

because of the many populations in a given soil and the fact that they are the most 

abundant group, usually more numerous than the other four combined. The number of 

bacterial cells in the soil is always great, but the individuals are small, rarely more 

than several micrometers in length.  Bacteria are tiny, one-celled organisms and 
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generally 4/100,000 of an inch wide (1 µm) and somewhat longer in length. Some are 

slightly larger than this, up to several microns, and in rare cases even larger. Their size 

varies with their environment. Bacteria in environments that have high levels of 

nutrients may be larger than those in nutrient poor conditions. The majority of bacteria 

in soil usually occur as single cells. Bacteria sometimes join together in chains or 

clusters. They mostly have one of two shapes namely spheres or cocci and rods or 

bacilli. Other bacteria have more varied shapes including spirals and long thin hyphae. 

A teaspoon of productive soil generally contains between 100 million and 1 billion 

bacteria. Because of the minute size of the bacteria and the large cells or extensive 

filaments of the other four groups, the bacteria probably account for appreciably less 

than half of the total microbiological cell mass. (51, 52). Figure 2.7 showed the 

structure of bacteria that isolated from soil under microscopy. 

 

 

 

 

 

 

 

 

 

 

                               Figure 2.7 A microscopic of bacteria in soil (53) 

 

        Bacteria fall into four functional groups. Most are decomposers that consume 

simple carbon compounds, such as root exudates and fresh plant litter. By this process, 

bacteria convert energy in soil organic matter into forms useful to the rest of the 

organisms in the soil food web. A number of decomposers can break down pesticides 

and pollutants in soil. Decomposers are especially important in immobilizing, or 

retaining, nutrients in their cells, thus preventing the loss of nutrients, such as nitrogen, 

from the rooting zone. A second group of bacteria are the mutualists that form 

partnerships with plants. The most well known of these are the nitrogen-fixing 
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bacteria. The third group of bacteria is the pathogens. Bacterial pathogens include 

Xanthomonas and Erwinia species, and species of Agrobacterium that cause gall 

formation in plants. A fourth group, called lithotrophs or chemoautotrophs, obtains its 

energy from compounds of nitrogen, sulfur, iron or hydrogen instead of from carbon 

compounds. Some of these species are important to nitrogen cycling and degradation 

of pollutants (52).  

        Many bacterial genera occur in soil. A higher proportion of gram-positive 

bacteria is found in soil than in marine or freshwater habitats, but in absolute numbers 

gram negative predominate also in soil. Common bacterial genera found in soil 

include Acinetobacter, Agrobacterium, Alcaligenes, Arthrobacter, Bacillus, 

Brevibacterium, Caulobacter, Cellulomonas, Clostridium, Corynebacterium, 

Flavobacterium, Micrococcus, Streptococcus, Staphylococcus, Pseudomonas, and 

Xanthomonas. There are wide differences in the relative proportions of individual 

bacterial genera found in particular soils (50).  

      Soil bacteria have been performed in agricultural practice for decades. The main 

purposes of soil bacteria are described as following (54) : 

                - To supply nutrients to crops 

    - To stimulate plant growth, e.g., through the production of plant   hormones 

    - To control or inhibit the activity of plant pathogens 

    - To improve soil structure 

 

        On the other hands, some soil bacteria are plant pathogens. One of the important 

plant pathogens or phytopathogenic bacteria is Xanthomonas family. Xanthomonas is 

a gram negative aerobic soil bacteria. Some species are apparently worldwide in 

distribution, e.g. X. campestris. X. campestris is always found in association with 

plants and most are reported as being pathogenic to a particular plant host, especially 

in all economically important crops. Those X. campestris which are known to be 

pathogenic are differentiated into 123 pathovars (pathogenic variants), on the basis of 

limited pathogenicity tests.  Different species of Xanthomonas have a narrow host 

range. For the example, X. campestris pathovar campestris (Xcc) is a gram negative, 

obligately aerobic, non-fermentative rods which are motile by a single polar flagellum, 

and can produce a brominated yellow pigment, called xanthomonadin. X. campestris 
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pathovar campestris is the causal agent of black rot of crucifers, one of the major 

worldwide diseases of cruciferous crops. X. oryzae pv. oryzae will infect rice and 

closely related crops and close relatives (55, 56). Moreover, many pathovar of            

X. campestris can cause diseases in several crops such as X. campestris pv. juglandis 

(walnut blight), X. campestris pv. vesicatoria (pepper and tomato) (57). 

 

2.5  Effect of Soil Environmental on the Soil Microorganism    
            

        The environment are effected to microbial living and its activity on decomposing of 

organic matter. These factors are soil temperature, reduction-oxidation potential and soil pH 

(58). 

 

        2.5.1  Soil temperature  

 

        The temperature effected to all chemical reaction rates both activity and structure of 

enzyme. The microbial metabolisms will be increased when the temperature is being raise. 

The range of temperature above soil surface is ranged from 0 oC - 60 oC and is subjected to 

daily changing, weekly and seasonal variation. The soil temperature is effected depending 

on the angle of solar radiation, soil aspect, soil shading, soil color, soil depth and soil 

moisture. The soil covered such as plant or others are also being the obstacle radiation 

before reached the soil (58).  

 

   2.5.2  Soil pH  

 

        The soil pH value is measured by soil acidity and alkalinity. The pH is influenced 

directly to the survival and living of the microorganisms. The pH in most of the 

agricultural soil is usually between 4 and 8.5. Exceeding of acidity and alkalinity will 

makes the soil not appropriate for plant and microbial growth. Most of microorganisms is 

not tolerant to low pH condition. The microbial enzyme is depended on the pH and it is 

changing follow through the changing of the pH, which enzyme activity will be reduced. 

The soluble ability of Aluminium and manganese will be increased in acidic soils and 

these element became a toxic to microorganisms. In acidic soils, Phosphorous becomes 
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not available due to its precipitated as iron and Aluminium Phosphate. In alkaline soil, 

Phosphorous is also precipitated as CaPO4. These process become the limitation for plant 

and microbial growth (58). 

        Based on the optimum pH growth, microorganism can be divided into 3 groups : (1) 

Acidophile; (2) Neutrophile (3) Alkalophile. The microbial tolerance to acidity is varied. 

Fungi is more tolerant to acidic than bacteria and bacteria is more tolerant better than 

actinomycete. In the most extremely acidic condition, bacteria are found rather than fungi 

(53). 

 

        2.5.3  Reduction-oxidation potential 

 

       The reduction – oxidation potential, or redox potential, is a measurement of how 

oxidized and reduced to the environment. The redox potential (Eh) is a proxy 

measurement for assessing whether a soil environment is well-oxygenated. A well 

oxygenated soil has high redox potential. The redox potential is a critical factor because of 

its controlled of an availability of the chemical form in many inorganic compounds with 

also be influenced to the products of microbial metabolism in soil (58). 

       The redox reaction is a transferring of electrons form one compound (A) to another 

compound (B). During the reaction, A is oxidized and B is reduced. The microorganisms 

received the energy by oxidizing from reduced material. The elements commonly 

involved in redox reaction are H, C, N, O, S, Fe and Mn (58). 

       The redox potential in soils is controlled by the oxygen, the strongest oxidizing agent 

which has a tremendous affinity for electrons. As long as the soil is well-aerated, O2 is at a 

high concentration and keeps the Eh also high. This process is means that the compounds 

will be trended to be oxidized. The usually ultimate electron acceptors. When the Eh   is 

decreased due to disappearance of O2, the microorganisms will switch to use other 

alternative electron acceptor, next strongest oxidizing agent based on their metabolic 

capacity (58). 
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        2.5.4  Water and Soil Moisture  

 

        The water is important for microbial life. The major component of cell is 65% of 

water which is the necessary solvent for its metabolism in biochemical process. The 

ground water is one of the factor not only be effected directly to microorganisms but 

influenced to microbial activity, such as : (1) soil temperature; (2) soil aeration; (3) the 

nature and solubility of compound; (4) salinity; and (5) soil solution pH. The water 

availability in soil is described as: gravitational water that can be drained from the soil, 

capillary water that is held in soil pores,and hygroscopic water that remains in air-dired 

soil. Optimum moisture content is around 50 – 60 %. When moisture content is more than 

80%, the soils is switched to be anaerobic condition. Imshenetsky,(1968)(59) reported that 

the optimum moisture content for cellulose degradation is 60% (58). 

 

 2.6  Relevance Researches 
    

          Hanbo et al. (60) studied six samples containing extremely high concentration of 

Pb, Zn, and Cd were obtained from the layers of 5−10 cm and 25−30 cm three tailing 

piles, with ages of about 10, 20 and more than 80 years, respectively. Then, 48 

bacterial strains were obtained from these samples, and subsequently their 

phylogenetic positions were determined by analysis on the partial sequence of 16S 

rRNA gene (fragment length ranging from 474 to 708 bp). These isolates were 

members of the Arthrobacter genus, phylogenetically close to A. keyseri and              

A. ureafaciens, with sequence ranging from 99.1% to 100%. Furthermore, genetic 

variation between subpopulations from different samples was revealed by analysis on 

their randomly amplified polymorphic DNA profile. Nei genetic distance showed that 

the greatest differentiation occurred between subpopulation A and C. Notably, either 

genetic distance between subpopulations from the layers of 5−10 cm and 25−30 cm of 

each tailing pile or between same layers of different tailing pile increased with the 

history of tailings. Moreover, correlation analysis showed that soluble Pb has a 

significantly negative relationship with Nei’ gene diversity of subpopulation. It was 

assumed that soluble Pb may be responsible for the reduced genetic diversity of the 

Arthrobacter population. Our data provided evidence that genetic differentiation of 
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microbial populations was consistent with the changes of environmental factors, 

particularly heavy metals. 

 

         Roane and Pepper (61) studied the soil microbial communities from one 

uncontaminated and two metal-impacted soils and found that while cadmium adversely 

affected the numbers of culturable bacteria in all soils, cadmium-resistant isolates were 

found from each of the soils. With exposure to 24 and 48 μg ml-1 soluble cadmium, the 

metal-contaminated soil communities were more resistant than the uncontaminated soil 

community. In addition, in one metal-stressed soil, the resistant population became more 

resistant with increased cadmium levels. Ribosomal 16S DNA sequencing identified the 

isolates as Arthrobacter, Bacillus, or Pseudomonas spp. Further characterization 

demonstrated that two of the isolates were highly resistant to soluble cadmium with 

maximum resistance at 275 μg ml-1cadmium. These isolates were also resistant to a variety 

of antibiotics, namely ampicillin, gentamicin, penicillin, and streptomycin, but no overall 

correlation was found between enhanced antibiotic resistance and cadmium resistance. One 

Pseudomonas isolate H1 did become more resistant with increasing cadmium levels, 

suggesting a different resistance mechanism at high cadmium concentrations. 

 

         Malik et al. (62) studied heavy metal contents of agricultural and industrial soils 

were determined by atomic absorption spectrophotometry. The analysis of the samples 

collected from two different locations revealed significantly high levels of Fe, Zn, Cu, Cr 

and Ni. Certain microbiological parameters (total aerobic heterotrophs, asymbiotic         

N2-fixers, total Actinomycetes and fungi) were also monitored from these soils. A total of 

70 bacterial isolates from agricultural and industrial soils were examined for plasmid 

DNA content and resistance to the antibiotics amoxycillin, cloxacillin, chloramphenicol, 

doxycycline methicillin, nalidixic acid, and tetracycline. Minimum inhibitory 

concentrations (MICs) of Cu, Cr, Pb, Cd, Hg, Zn, and Ni for each isolate were also 

determined. Resistance was most frequent to methicillin (48.5%), cloxacillin (45.7%), and 

nalidixic acid (40%) for all isolates of bacteria. The highest MICs observed were           

100 μg/m for mercury, 800 μg/ml for Ni and 1600 μg/ml for other metals. The incidences 

of metal resistance and MICs of metals for bacteria from industrial soil were significantly 

different to those of agricultural soil. On a percentage basis, 91.4% of the total bacterial 
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isolates from industrial soil were found to harbour plasmids whereas 40% of the isolates 

from agricultural soil contained plasmids. 

 

        Zhang et al. (63) studied to examine bacterial community composition in 

rhizosphere of plants colonizing on mine tailings and phylogenetic differences between 

subcommunities resistant to different metals, we constructed four clone libraries of 16S 

rDNA sequences. One was amplified directly from tailing microbial DNA (named as Ci 

library) and three from cultures on the plates containing of 0.5 mM CdCl2 (Cd library),     

2 mM Pb (NO3)2 (Pb library), and without any metals (Cw library). In total, nine bacterial 

divisions and two unclassified groups were identified from 352 clones of these libraries. 

Ci clones covered eight divisions, whereas all cultivable clones only covered four 

divisions. Thus, Ci library provided more phylogenetic diversity than cultivable libraries. 

However, the microbes represented by the cultivable clones were more similar to 

previously described bacteria than those represented by Ci clones. All Ci clones were not 

found in three cultivable libraries. Cd library were exclusively Gram-negative bacteria of 

Acinetobacter, Ralstonia, Comamonas, and Chryseobacterium. Meanwhile, dominant 

Gram-positive bacteria in Pb library, Paenibacillus and Bacillus, were also not found in Cd 

library. Our data indicate that phylogenetic structure was very different from those in acid 

mine drainage. Meanwhile, tailings harbored phylogenetically distinct subcommunities 

resistant to Pb and Cd. 

 

        Bennisse et al. (64) studied rhizosphere bacterial populations associated with four 

metallophyte plants in one of major polymetallic (Pb–Zn–Cu) semiarid Moroccan 

Hercynian province (Draa Sfar, Marrakech, Morocco) presenting long-term contamination 

mainly with Zn and Pb were analyzed and compared to selected control soils. In the highly 

Zn-, Cu-, Pb- and Cd contaminated soils, the total number of culturable heterotrophic 

bacteria were found in low proportions (<2.6 x 102 – 1.6 x 104 CFU/g soil). This bacterial 

content was slightly similar to that found in moderately polluted and controls soils         

(6.7 x 104 – 5.8 x 106). However, the bacterial diversity and the rhizosphere/soil ratio, 

which compares the bacterial content (or bacterial charge) around the metallophyte plants 

with that in non-rhizosphere soil, were the bacteriological parameters mostly affected by 

heavy metal contamination. The chronic Zinc-stress results in an increase of tolerance to 
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this metal of both the rhizosphere and non-rhizosphere bacterial communities. However, 

in general, the rhizosphere bacterial populations exhibited less tolerance to Zn toxicity 

than the bacterial population of non-rhizosphere soils. This result suggests that toxic 

effects of Zn decrease in the rhizosphere soils of the metallophyte plants. 

 

        Abou-Shanab et al. (65) studied forty-six bacterial cultures, including one culture 

collection strain, thirty from the rhizosphere of Alyssum murale and fifteen from Nirich soil, 

were tested for their ability to tolerate arsenate, cadmium, chromium, zinc, mercury, lead, 

cobalt, copper, and nickel in their growth medium. The resistance patterns, expressed as 

minimum inhibitory concentrations, for all cultures to the nine different metal ions were 

surveyed by using the agar dilution method. A large number of the cultures were resistant to 

Ni (100%), Pb (100%), Zn (100%), Cu (98%), and Co (93%). However, 82, 71, 58 and 47% 

were sensitive to As, Hg, Cd and Cr(VI), respectively. All cultures had multiple metal-

resistant, with heptametal resistance as the major pattern (28.8%). Five of the cultures (about 

of 11.2% of the total), specifically Arthrobacter rhombi AY509239, Clavibacter xyli 

AY509235, Microbacterium arabinogalactanolyticum AY509226, Rhizobium mongolense 

AY509209 and Variovorax paradoxus AY512828 were tolerant to nine different metals. 

The polymerase chain reaction in combination with DNA sequence analysis was used to 

investigate the genetic mechanism responsible for the metal resistance in some of these 

gram-positive and gram-negative bacteria that were, highly resistant to Hg, Zn, Cr and Ni. 

The czc, chr, ncc and mer genes that are responsible for resistance to Zn, Cr, Ni and Hg, 

respectively, were shown to be present in these bacteria by using PCR. In the case of,         

M. arabinogalactanolyticum AY509226 these genes were shown to have high homology to 

the czcD, chrB, nccA, and mer genes of Ralstonia metallidurans CH34. Therefore, Hg, Zn, 

Cr and Ni resistance genes are widely distributed in both gram-positive and gram-negative 

isolates obtained from A. murale rhizosphere and Ni-rich soils. 
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CHAPTER III 

MATERIALS AND METHODS 

 

 

3.1  Materials and Equipment 
 

        -  Autoclave (Hirayama model HA-300MII)  

        -  Hot air oven(Contherm model CAT 260M) 

        -  Incubator (Termaks model KB8400 and Termaks model 6000)  

        -  Incubator shaker (Thermo electron model 481) 

        -  Vortex mixer (Vortex-Genie2 model G-560E) 

        -  Spectophotometer ( Thermo electron model 481 ) 

        -  Hotplate (Labinco model L-82) 

        -  pH meter (Orion model EA940) 

        -  Flame atomic absorption spectrometry (Varian spectrAA 55B) 

        -  Retrigrated Centrifuge (HERMLE model 2323K)Refrigerated 

        -  Microbiological safety cabinet (Flufrance model Atlas 2000) 

        -  Analytical Balance (Gec Avery model WA250) 

        -  Hot-air oven (Contherm model CAT 260M) 

        -  Microwave digester (CEM model 047919 MARX HP 1500) 

        -  Hydrometer 

        -  Adjustable volume pipette 

        -  Sciencentific glassware 
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3.2  Chemicals and Cultural Media 
 

- Hydrogen peroxide (H202)  

- Sodium hexametaphosphate (NaPO3)6 

- Sodium carbonate (Na2C03)  

- Potassium dichromate (K2Cr2O7) 

- Ferrous sulfate hepta hydrate (FeSO4.7H2O) 

- Sulphuric acid (H2SO4)(conc.) 

- O-phenanthroline  

- Ferrous ammonium sulphate [Fe(NH4)2(SO4)2.6H2O] 

- Ammonium Acetate (NH4OAc) 

- Acetic acid (CH3COOH)(conc.) 99.5% 

- Ammonium hydroxide (NH4OH) (conc.) 

- Ammonium oxalate (NH4)2C2O4.H2O 

- Ammonium chloride (NH4Cl) 

- Silver Nitrate (AgNO3) 

- Ethyl alcohol (C2H5OH) 

- Sodium chloride (NaCl) 

- Sodium hydroxide (NaOH) 

- Boric acid (H3BO3) 

- Hydrochloric acid (HCl) 

- Glycerol 

- Cadmium chloride (CdCl2) 

- Tryptic soy agar (TSA) 

- Tryptic soy broth (TSB) 
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3.3  Study Area and Sampling Sites 
 

        The study area includes the flood plain areas of Mae Tao Creek and Mae Ku 

Creek in Mae sot District, Tak province, the Northwestern of Thailand and 

neighboring areas. It covers around 110 square kilometers of 3 subdistricts namely; 

Mae Ku, Mae Tao and Pra Taad Padaeng subdistrict. The cadmium contaminated soils 

were collected at different sites based on their cadmium concentration. The sampling 

sites of soil bacteria were indicated in the map as shown in Figure 3.1 and Figure A-1 

to A-2 (Appendix A). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 The map of  study area at Mae Tao and Mae Ku creeks in Mae Sot district, 

Tak province 

• represented the sampling sites of soils  
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Table 3.1 Detail of zoning in the study area 

 

Sampling site X Y Description 

Mae Tao creek 

MT2 0462124 1842270 Future mining 

MT3-1 0461974 1843316 Tak mining 

MT3-2 0461857 1842847 Forest of Tak mining  

MT4-1 0460085 1843412 Left bank of Pra Dae bridge  

MT4-2 0460153 1843443 Right bank of Pra Dae bridge 

MT6 0457086 1843184 Mae Tao Pae 

MT8 0453863 1843123 Huai Mung 

MT9-1 0458822 1842743 Pra Dae  

MT11 0453995 1844480 Mae Tao 

Mae Ku creek 

MK8 0463919 1840598 Pra Taad Padaeng 

MK9 0460354 1840906 Pra Taad Padaeng  

MK10 459635 1840801 Mae Ku 

MK12 457628 1841132 Mae Ku 

MK13 457291 1839921 Mae Ku Noy  

MK14 456827 1839037 Mae Ku 

 

3.4  Collection of Cadmium Contaminated Soils 

 
        Soil sample in November 2007 and March 2008 for microbiological analysis, soil 

samples were collected from 9 sites at Mae Tao Creek 6 sites at Mae Ku Creek in Mae 

Sot District, Tak province. The 10 g of soil sample was collected at 0 - 10 cm by 

cleaned  shovel. Soil samples were put into sterile plastic bags and seal the mouth of 

the bags and label them. The samples were kept in ice-box at 4oC during tranpertation 

and tranefer to refrigerator until analysis. 

        Soil sample in November 2007 for chemical and physical analysis, soil samples 

were collected at the same place as described above. Around 20 g of soil sample was 
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collected by using shovel. Soils were put into plastic bags and seal the mouth of the 

bags and label them. Samples were kept until analysis. 

 

3.5  Analysis of Physical and Chemical Soils Properties  

 
        Twenty kilograms of cadmium contaminated soil sample  was collected at 0–15 cm 

depth. The soil sample was dried in a hot air oven at 60 °C for 12 hr. Subsequently, it was 

ground and sieved through a 2 mm mesh sieve. The soil samples were analyzed for 

physical properties including soil texture and soil moisture content. Soil texture was 

analyzed by hydrometer method as previously described by Peech (66) (Appendix B 

No.1). Soil moisture was analyzed by saturation percentage method (67) (Appendix B 

No.2). 

        For Soil chemical characteristics, the samples were analyzed for soil pH, soil organic 

matter and Cation Exchange Capacity (CEC). Soil pH was analyzed by glass electrode pH 

meter (66) (Appendix B No.3). Soil organic matter was analyzed by Walkley-Black method 

(68) (Appendix B No.4). Cation Exchange Capacity  was analyzed by ammonium saturation 

method as previously described by Champman (69) (Appendix B No.5).  

 

3.6  Quantitative Determination of Cadmium and Zinc Concentration 

in Soils by Digest Method (70) 
 

        The 0.5 g of soil sample from No.3.3 was dried and grinded put it in the vessel of 

microwave digester. The 10 ml of concentrate nitric acid was added 10 ml into the 

vessel by set the temperature at 200˚C for 30 min. After the sample is completely 

digested, pour the liquid part into the volumetric flask. The 50 ml of 1% nitric acid  

was adjusted the vessel. The digested sample was analyzed for total cadmium and zinc 

by Flame atomic absorption spectrometry. 
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3.7  Enumeration of Total Viable Bacteria in Soils  
 

        The soil samples from No.3.4 were weighted to 1 g and suspended in 9.0 ml of 

TSB medium (Appendix C No.1). Each soil suspension was serially ten-fold diluted at 

10-1 to 10-8. Suspension samples were collected at 10-4, 10-6 and 10-8 spread with a 

sterile glass rod onto TSA (Appendix C No.2) plate. All plates were incubated at 28oC 

in the dark for 24 hr. Appeared colonies on agar plates were counts and calculated to 

CFU per gram of sample.  

 

3.8  Enumeration of Cadmium Resistant Bacteria in Soils  
 

        Each suspension sample of soils from No.3.7 was serially ten-fold diluted at 10-1 

to 10-8. Suspension samples were collected at 10-3, 10-5 and 10-7 and spread with a 

sterile glass rod onto TSA plate amended with 1, 3, 5 and 10 mM CdCl2. All plates 

were incubated at 28oC in the dark for 24 hr. Appeared colonies on agar plates were 

counts and calculated to CFU per gram of sample.  

 

3.9  Isolation and Screening of Cadmium Resistant Bacteria from Soils 
 

        The 5 g of soil sample was suspended into 15 ml of TSB medium amended with 3 

mM CdCl2. Then, the soil suspension samples were shaken on incubator shaker (150 

rpm) at 28oC in the dark for 24 hr. Soil suspension was transferred into 15 ml of fresh 

TSB medium amended with 5 and 10 mM CdCl2, respectively.  The soil suspension 

samples were spread with a sterile glass rod onto TSA plate amended with 10 mM 

CdCl2. The colony of bacteria on TSA plate amended with 10 mM CdCl2 were 

selected colonies for further study based on the difference in the colony morphology. 

Bacterial colonies were streaked on fresh TSA plate amended with  5 mM CdCl2. Single 

colony of each isolate was re-streaked 2-times to ensure pure culture isolation. Pure 

culture of each isolate was subcultured on TSA slant for bacteria and kept at 4oC.  
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3.10  Bacterial Maintenance and Growth Curve Determination 

 
        Cadmium resistant bacteria from soil was aerobically cultured in TSB medium 

with shaking at 150 rpm, 28°C. For long term storage of bacterial strain, fresh colonies 

were inoculated into TSB medium with agitation until exponential growth phase. 

Subsequently, 800 µl of the culture was mixed with 400 µl of 45% sterile glycerol 

(Appendix D No.1) (15% glycerol of final concentration) and kept in freezer at -20°C. 

It was essential to use freshly streaked cells as a starting inoculum for cadmium 

resistant bacteria in liquid culture. This would ensure rapid and more synchronous 

growth. 

        A growth curve in biology generally concerns a measured property such as 

population size, body height or biomass. For bacterial growth curve study, an 

overnight culture of cadmium resistant bacteria were used as inoculum. Cadmium 

resistant bacteria was cultivated in to TSB medium at 28°C with 150 rpm shaking for 

overnight. To ensure synchronous growth, cells were subcultured in fresh TSB 

medium to give OD600 ~ 0.1 and then incubated at 28°C with 150 rpm shaking. 

Bacterial growth was monitored spectrophotometrically by measuring OD600 at 0, 2, 4, 

8, 12, 24, 36, 48, and 72 hr, respectively. Growth curve of bacterial cells was plotted 

between cell densities versus time of growth. 

 

3.11  Qualitative Analysis of Cd Resistance Levels by Growth Inhibition 

Zone Assay (71) 

 
        The potential of cadmium resistant bacteria in protection cell against Cd toxicity 

was determined by analysis of Cd resistance level. Cd resistance level of Cadmium 

resistant bacteria was done by using growth inhibition zone assay. Briefly, exponential 

phase cells (OD600 ~ 0.5 after growth  4 hr) were mixed with 10 ml of pre-warmed 

(5°C) top agar (TSA agar containing 0.7% agar) and overlaid on top of TSA agar 

plates (14-cm diameter of Petri dishes and poured with 50 ml of TSA agar). The agar 

plates were left room temperature for 15 min to let the top agar solidify. Five µl of 

each concentration 0.5, 1.0, and 2.0 M of CdCl2 (Appendix D No.2, 3 and 4) were 
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applied onto 6-mm diameter of paper discs made from Whatman filter paper and 

subsequently placed on the lawn of bacterial cells. The diameters of growth inhibition 

zones in Cadmium resistant bacteria were measured after an overnight incubation at 

28°C. Both complete (inhibition zone including the 6-mm diameter of paper disc) and 

partial (less dense zone) growth inhibition zones were recorded. 

 

3.12  Qualitative Analysis of Cd Resistance Levels by Plate Sensitivity 

Assay  

 
        The potential of Cadmium resistant bacteria in protection cell against Cd toxicity 

was determined by analysis of Cd resistance level. Cd resistance level of Cadmium 

resistant bacteria was done by using plate sensitivity assay. Briefly, exponential phase 

cells (OD600 ~ 0.5 after growth  4 hr) was serially ten-fold diluted at 10-1 to 10-6. Ten µl of 

suspension samples at 10-1 to 10-6 was dropped onto TSA plate (control), TSA plate 

amended with  2 mM CdCl2, and 3 mM CdCl2. All plates were incubated at 28oC in the 

dark for 24 hr. Appeared colonies on agar plates were counted and calculated the 

survival cells. The percentage of survival cells is defined as the number of colony 

forming units (CFU) per ml recovered after treatment divided by the number of CFU 

prior to treatment and multiplied by 100. The survival curves were determined by 

plotting the percentages of survival cells versus the time of cultivation.  

 

3.13  Morphological Study and Identification of Cadmium Resistant 

Bacteria  

 
        Each bacterial strain was streaked on fresh TSA plate and observed colony 

characteristic including from surface, margin and color after incubation at 28oC for   

24-48 hr. Each strain was determined the Gram by Gram stain and observed cell 

morphology by light microscope at 1,000X. Genus identification of isolated bacteria 

was identified by 16S rDNA sequencing analysis (72). This experiment was conducted 

at Department of Microbiology, Faculty of Medicine Siriraj Hospital, Mahidol 
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University. The 16S rDNA sequence of selected bacteria were analyzed by using 

BLAST program (73) from GenBank database (http://www.ncbi.nlm.gov). 

 

3.14  Statistical Analysis 

 
        The characteristics physical and chemical of soil, growth curve of selected bacteria 

and Cd resistance level in each bacterial strain were statistically analyzed by using mean 

( x ) and standard deviation (SD).  

        Statistical analysis of data was carried out with the SPSS statistical program.    

T-Test was used to compare between the population of bacterials in November 2007 

and March 2008 of cadmium contaminated soils. 

        Statistical analysis of data was carried out with the SPSS statistical program.    

T-Test was used to compare between the population of cadmium resistant bacterials in 

November 2007 and March 2008 of cadmium contaminated soils.  
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CHAPTER IV 

RESULTS AND DISCUSSION 

 

 

4.1  Physical and Chemical Characteristics of Soils  
 

        The 9 and 6 soil samples were collected from Mae Tao and Mae Ku creeks, 

respectively. All soil samples were analysed for physical and chemical properties. The 

physical and chemical characteristics of 15 soil samples collected from the Mae Tao 

creek and Mae Ku creek in Mae Sot District, Tak province were shown in Table 4.1. 

 

        Table 4.1 Physical and chemical properties of soils   

 

November 2007 Moisture (%) pH 

Soil Texture 

Sampling 

site 

%Sand %Silt %Clay

CEC 

(cmol/

kg) 

Organic 

matter 

(%) 

Nov 

2007 

Mar 

2008 

Nov 

2007 

  Mar 

  2008

Mae Tao creek 

MT2 57.2 15.3 27.5   7.40 2.43   3.13  4.92 6.90 7.12 

MT3-1 48.6 20.4 31.0 27.50 6.72 14.40 11.27 7.02 6.85 

MT3-2 26.3 32.2 41.5 24.90 3.77 11.19 14.65 6.91 7.08 

MT4-1 67.0 8.0 25.0   8.10 2.90   8.38   4.06 7.83 6.10 

MT4-2 65.7 12.0 22.3   8.10 3.12   3.62   8.79 7.73 7.97 

MT6 31.2 22.5 46.3 18.40 3.47 13.67 13.40 7.58 7.46 

MT8 50.2 20.7 29.1 17.70 2.72   8.25   5.84 6.62 6.22 

MT9-1 22.6 34.6 42.8  9.70 2.49   4.37 11.50 7.96 8.12 

MT11 39.5 23 37.5 17.00 3.02 10.29 15.91 6.12 7.45 
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Table 4.1 Physical and chemical properties of soils (continued) 

 

November 2007 Moisture (%) pH 

Soil Texture 

Sampling 

site 

%Sand %Silt %Clay

CEC 

(cmol/

kg) 

Organic 

matter 

(%) 

Nov 

2007 

Mar 

2008 

Nov 

2007 

  Mar 

  2008 

Mae Ku creek 

MK8 45.8 12.1 42.1 6.36 1.60 10.41 25.07 6.36 7.14 

MK9 36.3 8.9 54.8 7.15 1.53 16.74 13.20 7.15 7.04 

MK10 32.4 12.5 55.1 7.84 2.12 19.42  3.42 7.84 6.03 

MK12 38.7 15.2 46.1 7.42 1.25 14.35  4.72 7.42 6.12 

MK13 37.9 17.5 44.6 6.79 1.25 19.26  4.65 6.79 6.01 

MK14 15.8 45.2 39.0 7.78 2.49 17.79  3.79 7.78 6.13 

 

         From Table 4.1, Most of the soil samples were heavy in texture (SCL, L, C, CL 

and SCL) with clay content 22.3% - 55.1%.  The saturation percentages of soil 

moisture from 15 sampling sites were low in November 2007 (3.13-19.42 %) and 

March 2008 (3.42-25.07 %). The soil pH of 15 soils ranged of neutral in November 

2007 (pH 6.12-7.96) and  March 2008 (pH 6.01-8.12). In addition, organic matter 

contents of 15 soil samples were in a range 1.25-6.72 %. The cation exchange capacity 

were low in most of the samples (7.4 – 9.7 cmol/kg) excepth for MT3-1, MT3-2, MT6, 

MT8 and MT11 while found in medium level (17 – 27.5 cmol/kg). 

         Microbial populations was consistent with the changes of environmental factors, 

particularly heavy metals (60). For the example, The study of Piotrowska-Seget et al. 

(10) reported the highest density of total culturable bacteria was found in the sandy-

loam soil and it was significantly higher (p < 0.05) than those in the clay soil. For 

organic matter in the soil ensures a continuous food source for soil microbes by the 

study of Kirchman et al. (74) reported that the dissolved organic matter supply has 

been assumed to be important in regulating bacterial production. This conclusion was 

based on the high correlation between bacterial production and primary production. 

Moreover, The pH is influenced directly to the survival and living of the microorganisms. 
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The pH in most of the agricultural soil is usually between 4 and 8.5. Most bacteria like 

neutral condition (pH value of 7)(58). 

       

4.2  Relation between the Quantity of Viable Bacteria and the  

Concentrations of Cadmium and Zinc in Soils 

 
        Soil samples were collected from the 15 sites at Mae Tao and Mae Ku creeks in 

Mae Sot District, Tak province, the Northwestern of Thailand. All samples were 

determined the cadmium and zinc concentrations as well as the number of viable 

bacteria in soils.   

  The concentrations of cadmium and zinc and viable bacteria from soil samples 

were shown in Table 4.2. In addition, the number of viable soil bacteria in soils 

collected during November 2007 and March 2008 were compared as shown in Figure 

4.1 (Data were shown in Appendix E No.1). 

  The results from Table 4.2 revealed that the highest cadmium concentration was 

found in Mae Tao creek (MT2) (1021 mg/kg soil). This cadmium concentration was 

exceed than the Thailand standard of cadmium concentration in soil (37 mg/kg soil) 

and reference level of Dutch guideline values (75)(76)(Data were shown in Appendix 

F No.1 and 2). 

  In case of zinc concentration, the highest zinc concentration was found in Mae 

Tao creek (MT 3-1) (80,575 mg/kg soil) and also exceed the Canadian standard of zinc 

concentration in soil (600 mg/kg soil) and reference level of Dutch guideline values 

(77) (76). Whereas it was very low (0.2 – 1.0 mg/kg) in soil samples collected from 

Mae Ku creek. The number of viable soil bacteria in soil that contained high cadmium 

concentration was lower than that of low cadmium concentration soil. The results 

found that there was no significantly different between the number of heterotrophic 

culturable soil bacteria in November 2007 (Rainy season) and March 2008 (Dry 

season) (p<0.05). 

        For the example, the number of viable soil bacteria in soil from sampling site MT2 

(high cadmium concentration) was  5.6×104 CFU/g in November 2007 and 3.5 x 105 

CFU/g in March 2008, while the number of viable soil bacteria at other sample sites 
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were higher than that in sample site MT2 (Table 4.2). However, the number of viable 

bacteria in soil containing medium to low cadmium concentration was not correlate to 

the concentration of cadmium in soil because these concentration may not provide any 

lethal effect on the soil bacterial survival.  

         

Table 4.2 Cadmium and zinc concentrations and the number of viable bacteria in soils 

 

November 2007 No. of viable bacteria (CFU/g) Sampling site 

Cd  in soil 

(mg/kg) 

Zn  in soil 

(mg/kg) 

November 

2007 

March 

2008 

Mae Tao creek 

MT2    1021.00 65,925.00   5.6 x 104 3.5 x 105 

MT3-1      550.25 80,575.00   3.7 x 105 5.4 x 106 

MT3-2   2.15      695.00 4.3 x 108 8.0 x 106 

MT4-1        17.08   1,085.00 8.7 x 105 1.0 x 107 

MT4-2        62.75   2,582.50 7.0 x 106 1.1 x 107 

MT6      130.30   7,747.50 1.0 x 107 9.0 x 106 

MT8        17.45      742.50 9.7 x 105 1.1 x 107 

MT9-1        45.78    1762.50 1.3 x 107 1.3 x 107 

MT11          5.28      296.25 1.4 x 106 1.3 x 107 

Mae Ku creek 

MK8 0.40       31.25 1.2 x 105 1.0 x 107 

MK9 0.70      94.50 8.0 x 105 1.1 x 107 

MK10 0.80    243.50 8.0 x 105 8.4 x 106 

MK12 0.40      18.80 8.0 x 105 4.8 x 106 

MK13 0.20      29.55 4.7 x 105 6.3 x 106 

MK14 1.00    300.50 6.4 x 105 7.1 x 106 
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Figure 4.1 The numbers of total viable bacteria in soil samples  

   

        Although soils from sampling site MT6 contained higher cadmium concentration 

(130.30 mg/kg) than MT8 (17.45 mg/kg), the number of viable soil bacteria in soil 

collected from sampling site MT6 (1.0 x 107CFU/g) was higher than that of soil 

collected from sample site MT8 (9.7 x 105 CFU/g). The results indicated that the 

number of viable soil bacteria did not depend on the concentration of heavy metals 

contaminated in soils. It might be involved the other factors such as environmental 

conditions and soil properties. In addition, a huge number of heterotrophic soil 

bacteria could survival in cadmium contaminated soil even though cadmium 

concentration in soils was higher than standard (37mg/kg). This finding could be 

implied that decomposition of organic compound by soil bacteria in cadmium 

contaminated soils still occur and other roles of soil bacteria in soil habitat are 

working.   

        As reported by Donkova and Kaloyanova (78), the factors influencing the 

bioavailability of the heavy metals in the soil can influence the toxicity of the metals 

on soil microbial community. Among the most important factors are soil organic 

matter, soil structure and soil pH. 
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        However, microbes apply various types of resistance mechanisms in response to 

heavy metals (11). The study of Malik et al. (62) reported heavy metal contents of 

agricultural and industrial soils. The analysis of the soil samples collected from two 

different locations revealed significantly high levels of iron, zinc, copper, chromium 

and nickel. The total aerobic heterotrophic count was found to be 5.39 x 107 CFU/g for 

agricultural soil, whereas it was 3.14 x 107 CFU/g for industrial soil.     

        Bennisse et al. (64) studied the number of bacteria in the highly zinc, copper, lead 

and cadmium contaminated soils. The total number of culturable heterotrophic bacteria 

were found in low proportions (<2.6 ×102 – 1.6 ×104 CFU/g). As reported by 

Perkiomaki and Fritze (15), the addition of cadmium to the soil can disturb the nutrient 

cycling of forest ecosystems because of its potential toxic effects on microbes. 

Cadmium amendments have been shown to result in the inhibition of phosphatase, 

sulphatase and respiration activities, changes in microbial community structure and 

reduction in biomass, and dehydrogenase activity of soil microbes. Cadmium 

concentration at 1–5 mg/kg have been found to inhibit the activity and change the 

community structure of forest soil microbes.   

         For zinc concentration effect to microbiology by zinc inhibits the growth of a lot of 

bacteria, e.g. Escherichia coli, Streptococcus faecalis and some strains of soil bacteria (79). 

As reported by Raja et al. (80), the strain Pseudomonas aeruginosa BC15 was isolated from 

waste water and it showed to be highly resistant to 20 mM Zn and 6 mM Cd in the solid and 

liquid media. Similar findings have been reported earlier by Ansari and Malik (2), the 40 

bacterial isolates obtained from these soils (agricultural soil irrigated with industrial), 17 

belonged to the family enterobacteriaceae and 10 were Pseudomonas spp. and it 

showed to be highly resistant a maximum MIC of 400 for Zn µg/ml. And as reported 

by Ivask et al. (1), recombinant luminescent bacterial sensors for the detection of zinc 

[MC1061(pzntRluc)] were constructed. The detection limit of the zinc sensor for zinc 

was 40 mM (2.6 mg /l of Zn). 
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4.3  The Quantity of Cadmium Resistant Bacteria in Soils 
 

         The 15 soil samples were plated onto the agar plate containing various cadmium 

concentrations. After incubation appeared colonies on agar plates were counts and 

calculated to CFU per gram of soil. The numbers of viable cadmium resistant bacteria 

from soil samples were shown in Table 4.3 and Table 4.4 (Data were shown in 

Appendix E No.2). 

 

Table 4.3 The number of cadmium resistant bacteria in soils collected in November 2007 

 

No.of cadmium resistant bacteria onto TSA amended with 

CdCl2 at various concentration (CFU/g) Soil sample 

1 mM 3 mM 5 mM 10 mM 

Mae Tao creek  

MT2 4.0 × 105 8.5 × 104 7.2 × 104 3.9 × 104 

MT3-1 3.2 ×105 9.1 × 104 8.6 × 104 7.0 × 104 

MT3-2 3.2 ×105 ND ND ND 

MT4-1 3.4 × 105 3.7 × 104 ND ND 

MT4-2 5.8 × 105 1.1 × 105 4.7 × 104 3.2 × 104 

MT6 1.0 ×106 1.4 × 105 4.8 × 104 3.2 × 104 

MT8 ND ND ND ND 

MT9-1 1.9 × 106 8.1 × 104 3.3 × 104 5.1 × 104 

MT11 8.6 × 105 3.7 × 104 ND ND 

Mae Ku creek 

MK8 ND ND ND ND 

MK9 ND ND ND ND 

MK10 ND ND ND ND 

MK12 4.4 × 105 ND ND ND 

MK13 ND ND ND ND 

MK14 3.2 × 104 ND ND ND 

  Remark       ND  =  Not detect          
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Table 4.4 The number of cadmium resistant bacteria in soil collected in March 2008 

 

No.of cadmium resistant bacteria onto TSA amended with 

CdCl2 at various concentration (CFU/g) Soil sample 

1 mM 3 mM 5 mM 10 mM 

Mae Tao creek 

MT2 6.6 x 105 1.9 x 105 1.7 x 105 1.3 x 105 

MT3-1 8.3 x 105 4.8 x 105 2.1 x 105 5.3 x 104 

MT3-2 3.5 x 105 ND ND ND 

MT4-1 9.6 x 105 1.7 x 105 6.4 x 104 ND 

MT4-2 7.6 x 105 4.0 x 104 ND ND 

MT6 1.5 x 106 1.2 x 105 1.0 x 105 3.4 x 104 

MT8 7.6 x 105 4.0 x 104 ND ND 

MT9-1 1.2 x 106 1.2 x 105 1.1 x 105 3.8 x 104 

MT11 8.6 x 105 4.6 x 104 ND ND 

Mae Ku creek 

MK8 5.5 x 105 ND ND ND 

MK9 1.9 x 106 3.3 x 104 ND ND 

MK10 5.3 x 105 3.6 x 104 ND ND 

MK12 ND ND ND ND 

MK13 ND ND ND ND 

MK14 ND ND ND ND 

 

Remark       ND  =  Not detect        
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        The result from Table 4.4 showed the number of cadmium resistant bacteria in 

soils collected during November 2007 grown on TSA amended with CdCl2 at 

concentrations at  1, 3, 5 and 10 mM ranged 3.2 × 104 to 1.9 × 106, 3.7 × 104 to 1.4 × 

105, 3.3 × 104 to 8.6 × 104 and 3.2 × 104 to  7.0 × 104 CFU/g, respectively. The number 

of cadmium resistant bacteria in TSA amended with CdCl2 at concentrations at  1, 3, 5 

and 10 mM were in a range 3.5 x 105 to 1.9 x 106, 3.3 x 104 to 4.8 x 105, 6.4 x 104  to 

2.1 x 105  and 3.4 x 104 to 1.3 x 105CFU/g, respectively in March 2008. The result were 

showed soil bacteria in high cadmium contaminated soil had more tolerant to cadmium 

toxicity than soil bacteria in low cadmium contaminated soil. Moreover, the high 

number of potential soil bacteria that resistant to cadmium toxicity (10 mM CdCl2) 

was found in the high cadmium contaminated soil (MT2) in both sampling periods. 

The results of comparison between the number of cadmium resistant bacteria in 

November 2007 and March 2008 by T-test showed that there were not significantly 

different between the number of cadmium resistant bacteria in soils between 

November 2007 and March 2008 (p<0.05). Some soil microorganisms have evolved a 

number of heavy metal tolerance mechanisms. For example, active efflux, 

extracellular complexation, extracellular precipitation, crystallization, intracellular 

complexation and transformation (11).  

        Shuqing et al. (81) studied the influence sensitivity of cadmium and lead on 

different microbes. The results found that bacteria were sensitive to cadmium and lead 

more than actinomycetes and fungi. Cadmium had a greater inhibiting effect on 

microbes than lead. The influence of cadmium and lead on actinomycete and fungus 

was relatively smaller, therefore, bacteria can be chosen as an important index that 

reflects the effect of cadmium and lead on microbe sensitivity. The number of soil 

microbe in cadmium concentrations at 0, 1, 5, 10, 50, 100 and 200 mg/kg were          

6.3 x 1010, 8.9 x 1010, 4.7 x 1010, 3.4 x 1010, 2.7 x 1010, 2.4 x 1010, 1.4 x 1010 CFU/g, 

respectively. The inhibiting concentration of cadmium on bacteria started from            

5 mg/kg and the inhibiting rate of cadmium on bacteria was 25%. When the 

concentration of cadmium was increased to 10, 50, 100 and 200 mg/kg, the inhibiting 

rate on bacteria was 45%, 57%, 61% and 77%, respectively. There was an inhibiting 

effect of lead starting from 50 mg/kg and the rate of cadmium inhibiting effect was 
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only 2.55%. When the concentration of Pb increased to 200, 500, 1,000 and 2,000 

mg/kg, the inhibiting rate of Pb was 25%, 51%, 61% and 74%, respectively. 
 

4.4  Screening of Cadmium Resistant Bacteria from Soils 

 
        Soil samples were suspended in broth medium amended with 3, 5 and 10 mM 

CdCl2. Soil suspension was plated onto TSA supplemented with 10 mM CdCl2. 

Appeared colonies on agar plate after inculation were picked based on the different in 

colony morphology. A total of a cadmium resistant bacterial strains were selected for 

further study. The results were shown in Table 4.5.  

 
 

Table 4.5 Colony morphology and Gram strain of selected cadmium resistant bacteria 

 
 

Strain 

No. 

 

Cell 

Shape 

 

Gram 

reaction 

 

Colony morphology on TSA plate 

 

TN42 
 

Rod 
 

Gram negative 

 

 

cream colour, 

circular,  convex, 

smooth margin, green 

pigment, large and 

mucoid  

 

TN6 Rod Gram negative 

 

cream colour, convex, 

smooth margin and 

mucoid 

 

 

 

TN91 Rod Gram negative 

 

cream colour, big, 

smooth margin and 

mucoid 
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Table 4.5 Colony morphology and Gram strain of selected cadmium resistant bacteria 

(continued) 

 
 

Strain 

No. 

 

Cell 

Shape 

 

Gram 

reaction 

 

Colony morphology on TSA plate 

TM2 Rod Gram negative 

 

yellow colour, smooth 

margin, convex and 

mucoid 

 

 

 

TM31 Rod Gram negative 

 

yellow colour, smooth 

margin, convex and 

mucoid 

 

 

 

TM32 Rod Gram positive 

 

white colour, smooth 

margin,  flat, and 

brown pigment 

 

 

 

TM4W Rod Gram negative 

 

white colour, rough 

margin, mucoid, flat 

and fluorescence 

pigment 
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Table 4.5 Colony morphology and Gram strain of selected cadmium resistant bacteria 

(continued) 

 
 

Strain 

No. 

 

Cell 

Shape 

 

Gram 

reaction 

 

Colony morphology on TSA plate 

TM6 Rod Gram positive 

 

yellow colour, smooth 

margin, convex and 

mucoid 

 

 

 

KM8W Rod Gram negative 

 

cream colour, convex, 

smooth margin and 

mucoid and 

fluorescence pigment 

 

 

 

4.5 Growth Curve Determination of Selected Cadmium Resistant 

Bacteria 

 
The 9 strain of cadmium resistant bacteria that selected from No.4.4 were 

determined the growth curve by measuring the optical density at OD600. Each strain 

was cultivated in TSB medium with shaking at 28oC. It culture was aseptically 

collected and determined cell density by spectrophotometer for 72 hr. The growth 

pattern of cadmium resistant bacteria isolated from soils in November 2007 (TN42, 

TN6 and TN91) found that the lag phase of these strains very short (2 hr) and reached 

exponential phases at 4 hr after incubation. After 8 hr of incubation period, cell growth 

were slightly constant until 24 hr for late-stationary phase and then declined when 

cells entered the death phase. Values presented were the means and standard deviation 

of three independent experiments. The results of growth curves of the strain TN42, 

TN6 and TN91 were shown in Figure 4.2 (Data were shown in Appendix E No.3). 
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Figure 4.2 Growth curves of cadmium resistant bacterial strain TN42, TN6 and TN91  

isolated from soils in November 2007 

 

In addition, the growth curves of 5 strains (TM2, TM32, TM41W, TM6 and 

KM8W) of cadmium resistant bacteria isolated from soils in March 2008 were shown 

in Figure 4.3. The results found that the lag phase of strain TM2, TM41, TM6 and 

KM8W was very short (2 hr.). In case of strain TM31, the lag phase was prolonging 

till 4 hr. All strains reached exponential phases at 2 hr to 12 hr of cultivation period. 

After 12 hr of incubation period, cell growths were slightly constant until 24 hr for 

late-stationary phase and then declined when cells entered the death phase. Values 

presented were the means and standard deviation of three independent experiments. 

The results of growth curve of TM2, TM31, TM32, TM41W, TM6 and KM8W were 

shown in Figure 4.3 (Data were shown in Appendix E No.4). 
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Figure 4.3 Growth curves of cadmium resistant bacterial strain TM2, TM31, TM32, 

TM41W, TM6 and KM8W isolated from soils in March 2008 

 

4.6 Cadmium Resistance Level of Selected Cadmium Resistant 

Bacteria 

 
       In order to determine the cadmium resistant ability of the 9 bacterial strains, the 

resistance levels against cadmium toxicity of each bacterium were determined by growth 

inhibition zone assay. The exponential phase cells of bacteria were mixed with 10 ml of soft 

TSA agar and overlaid on the top of TSA agar plates. Five µl of each concentration 0.5, 1.0 

and 2.0 M of CdCl2 were applied onto 6-mm diameter of  paper discs and subsequently 

placed on the lawn of bacterial cells. The diameter of inhibition zone was observed after an 

overnight incubation at 28°C. The results were shown in Figure 4.4 and Figure 4.5       

(Data were shown in Appendix E No.5). 
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Figure 4.4 The levels of cadmium resistance of cadmium resistant bacteria 

 

 

 

 

 

 

 

 

 

 

 

 

 

0

5

10

15

20

25

TN42 TN6 TN91 TM2 TM31 TM32 TM4W TM6 KM8W

Bacterial strain 

D
ia

m
et

er
 o

f c
le

ar
 z

on
e 

(m
m

)

0.5M 1.0M 2.0M

Copyright by Mahidol University



Soiratchaneekorn Ruanchaiman                                                                       Results and Discussion /  60

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) 

 

Figure 4.5 Growth inhibition zone of (a) TN6 (b) TM6 at various concentrations of 

CdCl2    
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        The size of inhibition zone normally indicated chemical resistant ability of 

bacterial cells. For the same chemical, a bacteria strain with larger size of clear zone 

showed higher sensitivity to the chemical more than the ones with a smaller area (82). 

At 0.5 M CdCl2, the diameter of inhibition zone of 9 bacterial strains (TN42, TN6, 

TN91, TM2, TM31, TM32, TM41W, TM6 and KM8W) ranged from 7.6 to 11.5 mm. 

Strain TN6 and TM6 showed highly potential cadmium resistance against 0.5 M 

CdCl2. The diameters of clear zone to 2 M CdCl2 of strain TN6 and TM6 were 9.6 and 

7.6 mm, respectively. At 1.0 M CdCl2, the diameter of inhibition zone of the 9 

bacterial strains ranged from 10.2 to 15.3 mm. The smallest size of clear zone (10.2 

mm) against 2.0 M CdCl2 was found in strain TM6. In addition the diameter of 

inhibition zone againt 2.0 M CdCl2 of the 9 bacterial strains ranged from 11.5 to 19.0 

mm. Strain TM6 provided the smallest size of inhibition zone (11.5 mm) to 2.0 M 

CdCl2 while the inhibition zone of TN6 was 13.5 mm. TN6 and TM6 were showed 

higher resistant level to CdCl2 toxicity  than other strains. Both strains (TN6 and TM6) 

were isolated from cadmium contaminated soils at Mae Tao creek. Cadmium resistant 

bacteria increased resistance level under the higher concentration of cadmium because 

cadmium could induce the alteration in the bacterial response or resistance 

mechanisms (83).  

        As reported by Chandy (84), the relative sensitivity of white (W), yellow (Y) and 

red (R) marine bacteria isolated from Al-Jubail coast to different metals in terms of the 

clear zone was studied. Mercury was found to be the most toxic metal to all the 3 types 

of bacteria. The lowest concentration of 0.1 µg mercury used was enough to form a 

clear zone of about 8 mm diameter. At 10 µg cadmium a clear zone of about 10 and 15 

mm. The least toxic among the tested metals was Strontium, and >75 µg was required 

to inhibit bacterial growth. 

        According to the study of Roy and Nair (85), metal resistance was observed in 

the range of µM to mM concentration of heavy metals. The result was summarized 

with respect to minimal inhibitory concentration (MIC) values of three different metal 

ions, i.e. mercury, cadmium and zinc. The 5 strains showed comparatively higher level 

of zinc resistance with maximum resistance of 11.6 mM for 3 and lowest for 9 strains, 

which were found sensitive as the MIC values obtained was 4 mM. In case of 

cadmium, all 5 strains showed equal level of resistance with MIC values ranging from 
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4 to 5 mM. The mercury resistance of 5 strains of Pseudomonas sp. were varied from 

8 to 9.5 mM of mercury. Unlikely the strain 9 showed markedly high MIC values, i.e. 

10.7 mM for hydragyrum, whereas the same isolate was comparatively sensitive to 

zinc than other strains. 

        In order to confirm the resistance levels against cadmium toxicity of selected cadmium 

resistant bacteria, the survival cells against cadmium toxicity of each bacterial strain was 

tested by plate sensitivity assay. The exponential phase cells of bacterial were serially ten-

fold diluted at 10-1 to 10-6. Ten µl of suspension samples at 10-1 to 10-6 was dropped onto 

TSA plate amended with 3 mM CdCl2 and normal TSA as control experiment. All plates 

were incubated at 28oC in the dark for 24 hr. Appeared colonies on agar plates were 

counted and calculated the survival cells. The percentage of survival cells is defined as 

the number of colony forming units (CFU) per ml recovered after treatment divided by 

the number of CFU prior to treatment and multiplied by 100. The survival curves were 

determined by plotting the percentages of survival cells versus the time of cultivation.  

The results were shown in Figure 4.6. The survival cells of the potent cadmium resistant 

bacterial strains (TN6 and TM6) on TSA plate amended 3 mM CdCl2 were shown in Figure 

4.7. 

 

Figure 4.6 Percentage of survival cells of selected cadmium resistant  bacteria against 

cadmium toxicity 
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Figure 4.7 Plate sensitivity assay of (a) TM6 and TN6 at 0 mM CdCl2 (control)        

(b) TM6 and TN6 at 3 mM CdCl2   
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        The percentages of survival cells of the 9 strains of cadmium resistant bacteria ranged 

between 0.07% to 97.62%. The percentages of survival cells of bacterial strain TN6 and 

TM6 were 97.62% and 84.62% , respectively. This result indicated that 2 strains of 

cadmium resistant bacteria (TN6 and TM6) had the high ability to resist to cadmium 

toxicity. Both bacterial strains might use either specific or non-specific resistance 

mechanism against cadmium toxicity. Microorganisms have evolved a number of heavy 

metal tolerance mechanisms: active efflux, extracellular complexation, extracellular 

precipitation, crystallization, intracellular complexation and transformation (11). Thus, 

bacterial strains, TN6 and TM6 were selected as cadmium resistant bacteria for further 

study.   

        As reported by Ryan et al. (86), the percentage of number of metal tolerant 

strains was calculated with relation to the total viable count in the case of each site. A 

high number of resistance strains were isolated from both sites with the majority of 

resistance detected in strains isolated from site A. 79% of strains isolated from site A 

were resistant to either copper, zinc or arsenic. The level of metal resistance at site B 

ranged between 30 to 35% in the case of copper, zinc and arsenic. 

 

4.7  Identification of Selected Cadmium Resistant Bacteria  

 
        The results from Figure 4.6 and Figure 4.7 exhibition that bacterial strains TN6 

and TM6 was more resist to cadmium than other bacterial strains. Genus identification 

of these 2 cadmium resistant bacterial strains were conducted by 16S rDNA 

sequencing analysis. This experiment was conducted at Department of Microbiology, 

Faculty of Medicine Siriraj Hospital, Mahidol University. The 16S rDNA sequence of 

selected bacterial isolate was analyzed by using BLAST program from GenBank 

database. The results of genus identification of cadmium resistant bacterial strains 

(TN6 and TM6) were shown in Table 4.8. 
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Table 4.8 Identification of selected cadmium resistant bacteria  

 

Strain  

No. 

Cell 

Shape 

Gram 

reaction 

Genus 

 

TN6 Rod 
 

Gram negative 

 

Alcaligenes sp. 

 
TM6 

 
Rod 

 
Gram positive 

 
 

Arthrobacter sp. 

 

        The results from Table 4.8 found that the cadmium resistant bacteria, (TN6 and TM6) 

isolated from cadmium contaminated soils were Alcaligenes sp. and Arthrobacter sp., 

respectively. Trajanovska et al. (5) studied that resistance to a range of heavy metal ions 

was determined for lead-resistant and other bacteria which had been isolated from a battery-

manufacturing site contaminated with high concentrations of lead. Several Gram-positive 

(belonging to the genera Arthrobacter and Corynebacterium) and Gram-negative 

(Alcaligenes species) isolates were resistant to lead, mercury, cadmium, cobalt, zinc and 

copper, although the levels of resistance to the different metal ions were specific for each 

isolate.  

        Watcharamusik et al. (87) studied the production of exopolymers, one of heavy 

metal resistance mechanisms, in cadmium resistant bacterium; Ralstonia sp. TAK1. 

This strain was isolated from a high cadmium contaminated soil at the zinc mine, Tak 

province, Thailand. In addition, Hanbo et al. (60) reported  six samples containing 

extremely high concentration of lead, zinc, and cadmium were obtained from the layers of 

5−10 cm and 25−30 cm three tailing piles, with ages of about 10, 20 and more than 80 

years, respectively. Then, 48 bacterial strains were obtained from these samples, and 

subsequently their phylogenetic positions were determined by analysis on the partial 

sequence of 16S rRNA gene (fragment length ranging from 474 to 708 bp). These isolates 

were members of  the Arthrobacter genus, phylogenetically close to A. keyseri and        

A. ureafaciens, with sequence ranging from 99.1% to 100%. 
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        According to the study of Diels et al. (88), the plasmid-borne czc operon ensures for 

resistance to Cd 2+,  Zn 2+and Co2+ ions through a tricomponent export pathway and is 

associated to various conjugative plasmids of Alcaligenes eutrophus strains isolated from 

metal-contaminated industrial areas. Moreover, Barrientos-Diaz et al. (89) found that 

bacteria colonizing the rhizospheric soil were  Deschampsia antarctica. D. antarctica 

possesses a wide spectrum of psychrotolerant bacteria with extensive and varied antibiotic 

resistance, as well as heavy metal tolerance. The bacterial strains isolated from the 

rhizosphere of D. antarctica also produced a diverse pattern of enzymes. Based on the strain 

identification with partial characterization of the 16S rRNA gene, the majority of the isolates 

correspond to different Pseudomonas species, and species of the genus Flavobacterium and 

Arthrobacter  
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CHAPTER V 

CONCLUSION AND RECOMMENDATION 

 

 

5.1  Conclusion 
 

        This research was focused on the study of soil bacteria and cadmium resistant 

bacteria distribution in the cadmium contaminated soils at Tak province. The potential of 

cadmium resistant levels in selected soil bacteria was also investigated. The results of this 

study could be concluded as follows: 

 

        5.1.1  Physical and chemical properties of soils  

 

        The 15 soil samples were collected and analyzed the physical and chemical 

properties. Most soil samples were heavy in texture and the percentage of moisture in soils 

collected in November 2007 and March 2008 were 3.13–19.42% and 3.42-25.07 %, 

respectively. The soil pH of 15 samples in both periods were neutral and the soil organic 

matter were slightly low (1.25-6.72 %). Cation exchange capacity of all soil samples were 

moderately low to high (6.36-27.5 cmol/kg).  

 

        5.1.2 Cadmium and zine concentrations and the number of viable bacteria in 

soils 

 

        Cadmium and zinc concentrations in 15 soil samples were range from 0.20 to 1,021 

mg/kg and 18.80 to 80,575 mg/kg, respectively. The highest cadmium concentration was 

found in the soil collected from MT 2. Total viable bacteria in 15 soil samples collected 

during  November 2007 and March 2008 were found in a range of 5.6×104 to 4.3×108 

CFU/g soil and 3.5 x 105 to 1.3 x 107 CFU/g soil. The low number of viable soil bacteria 

was found in the soil contained of high cadmium concentration at MT 2 that collected in 

both November 2007 (5.6×104 CFU/g) and March 2008 (3.5 x 105 CFU/g).  
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        5.1.3  The number of cadmium resistant bacteria in soils 

 

        Distribution of cadmium resistant bacteria on TSA amended with CdCl2 at 

concentration 1mM, 3mM, 5mM and 10 mM in 15 soil samples collected in 

November 2007 were found in a range from 3.2 × 104 to 1.9 × 106 CFU/g soil,           

3.7 × 104 to 1.4 × 105 CFU/g soil, 3.3 × 104 to 8.6 × 104 CFU/g soil and 3.2 × 104 to    

7.0 × 104 CFU/g soil, respectively. Cadmium resistant bacteria in soils collected in March 

2008 that grew on TSA plates supplemented with 1mM, 3mM, 5mM and 10 mM CdCl2 

were ranged from 3.5 x 105 to 1.9 x 106 CFU/g soil, 3.3 x 104 to 4.8 x 105 CFU/g soil,           

6.4 x 104 to 2.1 x 105  CFU/g soil and 3.4 x 104 to 1.3 x 105 CFU/g soil , respectively. 

 

        5.1.4  Isolation of cadmium resistant bacteria from soils and their growth  

         

        Soil samples were screened for cadmium resistant bacteria by plating on TSA 

amended with 10 mM CdCl2. A total of 9 bacterial strains were selected. All bacterial 

strains showed the similar pattern of growth curve except TM31 that had the longer 

period of lag phase (4hr.) than the others.  

 

        5.1.5 The levels of cadmium resistance in selected cadmium resistant bacteria 

 

        The 9 strains of selected cadmium resistant bacteria were assessed for their 

potential of resistance levels against cadmium toxicity by growth inhibition assay and 

plate sensitivity assay. Only 2 strains, TN6 and TM6, exhibited the strong resistance to 

2M CdCl2. The inhibition zones of TN 6 and TM 6 around 6 mm disc containing 10 µl 

of 2M CdCl2  were 13.5 and 11.5 mm, respectively. In addition, the percentages of 

survival cells of TN6 and TM6 after cultivation on TSA plate amended with 3 mM 

CdCl2  were 97.62 and 84.62%, respectively. 
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        5.1.6  Identification of selected cadmium resistant bacteria   

 

        Two strains of the potent cadmium resistant bacteria were identified their genus 

by 16S rDNA sequencing analysis. Bacterial strain TN6 and TM6 were identified as 

Alcaligenes sp. and Arthobacter sp., respectively.  

 

5.2   Recommendation 
 

                      The recommendation for further study can be drawn as follows: 

        5.2.1  The isolation and screening of cadmium resistant bacteria should be performed 

in other contaminated sites. 

        5.2.2 Effect of zinc on the survival of cadmium resistant bacteria should be 

determined  because cadmium contaminated soils contain zinc. 

        5.2.3  The diversity of other microorganisms such as mold, actinomycetes should be 

investigated because these microorganisms involved in organic compound degradation 

and soil fertility. 

        5.2.4  Mechanism of heavy metal resistance in selected cadmium resistant bacteria 

should be studied.  

        5.2.5  The selected cadmium resistant bacteria should be tested for cadmium removal 

from cadmium contaminated wastewater and soil and applied these bacteria for microbial 

remediation of cadmium contamination in water, sediment and soils. 
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APPENDIX A 

SAMPLING SITES 

 

 

 

                                                                 (MT 2)                                                        (MT 3-1)           

              

                                                                   (MT 3-2)                                                    (MT 4-1) 

Figure A-1 Soil sampling sites at  Mae Tao creek 
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                            (MT4-2)                                                         (MT 6) 

 

               

                                                     (MT 8)                                                           (MT 9-1) 

                                                        (MT 11) 

Figure A-1 Soil sampling site at  Mae Tao creek (Continued) 
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                                                       (MK8)                                                          (MK9) 

 
                                                  (MK10)                                                        (MK12) 

 
                                                     (MK13)                                                         (MK14) 

Figure A-2 Soil sampling site at  Mae Ku creek  
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APPENDIX B 

                                       METHODS FOR ANALYSIS OF SOIL PROPERTIES 
       

 
1.  Soil Texture Analysis  

 

        Baked the soil sample that has passed through a 2-mm sieve for 24 hours at    

105˚C, and put them in the desiccator. Weight the soil and put 50 g of them in each of 

the two 600 ml beakers (already weighted). If it was sandy soil, then used 100 g 

instead of 50 g  Added 100 ml of distilled water and the rest of H202, then leave the 

soil for 1 hour. After that, put the first beaker in the oven and bake at 105 ˚C degree 

until the soil was dried. Weight it on the balance in order to find the weight of the soil 

without organic matter (for calculation). Added 100 ml of Calgon into the second 

beaker. Leave it for 10 minutes before transfer the soil from the beaker to the 

dispersing cup. Washed the soil thoroughly with water then stir it for 5 minutes. 

Removed the soil from the cup and put it in cylinder. Added water until it reaches the 

specified level.  (If the soil is 50 g, then add water until the volume reaches 1,130 ml. 

If the soil is 100 g, then add water until the volume reaches 1,205 ml) Put in 100 ml of 

Calgon into the prepared cylinder of soil suspension solution (blank). Shake the 

cylinder. After 20 seconds, put in the hydrometer. Read and record the result on the 

hydrometer after 40 seconds have passed. Take the temperature of the soil suspension 

and record the result. Take a reading of the Calgon solution after 40 seconds. Read and 

record the temperature. After 2 hours, read and record the hydrometer and the 

temperature again. Calculate percentages of sand, silt, and clay using the equations 

given below. Determine soil textural class by using the “Textural Triangle”.  

        1.1 Read the markings on the stem of the hydrometer. Since this reading is the 

result of suspended soil particles combined with Calgon particles, we must minus the 
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gravity of Calgon particles from this reading so that we can have only the gravity of 

soil particles. If the temperature of the Calgon solution and the temperature of soil 

suspension are not the same, then they must be made equal by using the below 

formula. 

 Rc  =  A - 0.50(T-B)   for Calgon solution 

 

 When    Rc =  Hydrometer reading of the Calgon solution equal ˚C (g/1) 

  A  =  Hydrometer reading of the Calgon solution 

  T   =  Temperature of soil suspension (˚C) 

   B  =  Temperature of the Calgon solution (˚C) 

        1.2 After minus Rc from the reading of soil suspension shown on the hydrometer, 

we will get R’s, which is the amount of soil particles in g/1 

        1.3 The amount of soil particles will be correct if the temperature of the soil 

suspension equals the temperature shown on the hydrometer, which is 68˚F or   20˚C. 

If these temperatures were different, they must be adjusted to Rs by using the below 

formula. 

            Rs =   R’s + 0.36 (T-L)  
 

  When                      Rs =  the correct amount of soil particles in the suspension (g/1) 

R’s = the amount of soil particles in the suspension (g/1) read  

         from the hydrometer. 

T  =   the temperature of soil suspension in ˚C 

L  =   the temperature on the stem of hydrometer in ˚C 

        1.4 Calculate the percentage by the weight of sand silt of clay particles in the 

non-organic part of the soil sample used in the analysis. It was assumed there were no 

sand particles around the bulb of the hydrometer when it was being read. Also, it can 

be assumed that there were no particles of sand and silt around the bulb at all when the 

hydrometer was read again after 2 hours  

% Silt + clay  = Rs at 40 sec x 100/weight of the soil 

% Clay        = Rs at 2 hr x 100/ weight of the soil 

% Sand        = 100-%(silt+clay) 

% Silt        = %(slit+clay) - % clay 
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2.  Soil Moisture Analysis  

 

        Clean the cans, check their numbers, and weight them. Put the soil into each can 

and find the combined weight of wet soil and can. Place them in the oven that has the 

temperature controlled at 105±5˚C for 18-24 hours. Took the cans out of the oven and 

put the lids on. Put them in the desiccator and leave until cool. After that, put each can 

on the analytical balance to find the combined weight of dried soil and can. Record the 

weight precisely by the number on the can.  

 

Moisture percentage  =  [(A - B) x 100] / (A - C) 

 

When   A = The weight of wet soil and can (g) 

B = The weight of dried soil and can (g) 

C = The weight of empty can (g) 

 

3.  pH Analysis  

   

        Weight the soil sample that passed through a 2-mm seive. Put them in a 100-ml 

beaker and 200-ml beaker, making sure that the soil-water ratio equal 1:1. Added 100 

ml of distilled water into the 200-ml beaker, so the soil-water ratio equal 1:5. Stirred 

the soil with the stirring rod for 5-10 minutes. Leave them to precipitate for 30 

minutes. Used the pH meter to measure the pH and record it. 

 

4. Organic Matter Analysis  

 

Put 1 g of the soil sample in the Erlenmeyer flask. Added 10 ml of K2Cr2O7 

and 15 ml of H2SO4 (conc.), then gently shake the flask for 1-2 min. Leave it for 30 

min so that the solution and the soil react with each other. After that, added 50 ml of 

distilled water and leave it to cool down. Put in 5 drops of O-phenanthroline indicator. 

Titrate the solution by Fe(NH4)2(SO4) 0.5 N until it changes from green to reddish 

brown. Record the volume of K2Cr2O7 and Fe(NH4)2(SO4) 6H2O that used with blank 

as in soil analysis. Calculate for the percent of organic carbon and organic matter. 
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 Calculation for the quantity of organic matter (OM) 

% OC = (B-T)N/B x (100/77) x (3/103) x (100/X) x10 

 

 When :   B = Ml of Fe(NH4)2(SO4) 6H2O that titrates blank 

   T = Ml of Fe(NH4)2(SO4) 6H2O that titrates the sample 

   N = Concentration level of K2Cr2O7 

  X = Weight of the soil (g) 

                 % OM = Percentage of organic carbon x 1.724 

Or % OM = (B-T)N/B x (100/77) x (100/58) x (3/103) x (100/X) x10 

 

5. CEC analysis  

 

        Put 5-10 g of the soil sample into a flat-bottom glass bottle (125 ml) and add 60 

ml of ammonium acetate solution 1 N Put the cap on the bottle, shake well, and leave 

it overnight. After that, shake the soil solution for 30 min and filter it by the vacuum 

system. Wash the soil sample with ammonium acetate solution 1 N until there is no 

calcium left. (This can be tested by put 10 ml of the solution in which the soil has 

already been washed into the test tube and add a few drops of ammonium chloride 1 N, 

ammonium oxalate 10%, and ammonium hydroxide 50%. Boil the solution. If there is 

any calcium left, the solution will precipitate or become murky.)  Put the solution 

which has been extracted by ammonium acetate 1 N into a 100-ml volumetric flask by 

using distilled water. Measure the level of calcium and magnesium by using Atomic 

Absorption Spectrophotometer. Measure the level at 422 and 285 nm wavelength 

respectively. Measure the level of potassium and sodium by using flame photometer at 

383 and 295 nm. wavelength respectively. 

        Wash the soil sample 4 times with ammonium chloride 1 N and 1 time with 

ammonium chloride 0.25 N Finally, rinse it with 150-200 ml of Ethanol (C2H5OH) 

95% to get rid of all the chloride. (This can be tested by using silver nitrate solution 

(AgNO3)0.10 N) Discard the liquid and rinse the soil sample again with sodium 

chloride solution (acideified NaCl) 10 % to get rid of NH4
+. What is left is 225 ml of 

soil solution. Pour the solution which has been filtered into the kjeldahl flask. Wash 

the flask with distilled water and add a few pumice stones. Distill the solution to get 
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rid of ammonia. Added 25 ml of sodium hydroxide 40% to make it alkalized.  The 

ammonia that comes out of the distillation process will be caught by 50 ml of boric 

acid solution 3% mixed with 5 drops of indicator. Therefore, the solution will change 

from violet to green.  

 Titrate the distilled solution with standard hydrochloric acid 0.1 N until the 

color changes from green to violet. Distill and titrate blank by the same process. 

 

                           CEC = (A-B) N x 100/X 

 

A = the volume of standard hydrochloric acid that titrate the soil sample (ml) 

B = the volume of standard hydrochloric acid that titrate blank (ml) 

N = Concentration level of the standard hydrochloric acid (normal) 

X = Weight of the soil (g) 
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APPENDIX C 

CULTURAL MEDIA 

 

 

1. TSB (Typtic Soy) broth  
This medium prepared by mixing the following ingredient. 

Pancreatic Digest of casein     17.0 g. 

Enzymatic Digest of Soybean Meal      3.0 g. 

Dextrose         2.5 g. 

Sodium Chloride        5.0 g. 

Dipotassium Phosphate       2.5 g. 

 

All ingredient were mixed distilled with 1 L of water and then, heat with 

frequent agitation and boil for 2 min. The medium was sterilized by autoclaving 

autoclave at 121°C for 15 min. 

 

2. TSA (Typtic Soy) agar 
This medium prepared by mixing the following ingredient. 

          Pancreatic Digest of  casein      15.0 g. 

Enzymatic Digest of Soybean Meal        5.0 g. 

Sodium Chloride          5.0 g. 

Agar        15.0 g. 

 

All ingredient were mixed distilled with 1 L of water and then, heat with 

frequent agitation and boil for 2 min. The medium was sterilized by autoclaving 

autoclave at 121°C for 15 min. 
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APPENDIX D 

CHEMICAL AGENTS 

 

 

1.  45% Sterile glycerol 
        Glycerol solution 45 ml mix with distilled water 55 ml than it was sterilized by 

autoclaving at 121°C for 15 min. 

 

2.  0.5M of Cadmium chloride (CdCl2) 
        CdCl2 was used in process analysis of Cd resistance levels of bacterials  

        Dissolve CdCl2 0.114175g in 1 ml distilled water and keep in appendoff tube 

sterilized.   

 

3.  1M of Cadmium chloride (CdCl2) 
        CdCl2 was used in process analysis of Cd resistance levels of bacterials  

        Dissolve CdCl2 0.22835g in 1 ml distilled water and keep in appendoff tube 

sterilized.   

 

4.  2M of Cadmium chloride (CdCl2) 
        CdCl2 was used in process analysis of Cd resistance levels of bacterials  

        Dissolve CdCl2 0.4567g in 1 ml distilled water and keep in appendoff tube 

sterilized.   

 

5.  Calgon Solution 
        Dissolve Na(PO3)6 35.7g in 500 ml distilled water, add Na2C03 7.94g, mix well 

and bring to 1,000 ml with distilled water. 

 

 

 

Copyright by Mahidol University



Soiratchaneekorn Ruanchaiman                                                                                            Appendix / 90

6.  1 N Potassium Dichromate (K2Cr2O7) 
        Dissolve K2Cr2O7 49.09g (Dry Potassium dichromate in an oven at 105oC for 2 hr) 

in distilled water and  bring to 2,000 ml with distilled water. 

 

7.  0.5 N Ferrous Ammonium Sulphate [Fe(NH4)2(SO4)2.6H2O] 
       Dissolve [Fe(NH4)2(SO4)2.6H2O] 400g  in 800 ml distilled water, add H2SO4 

(conc.) 50 ml, let the mixture cool and bring to 2,000 ml with distilled water. 

 

8.  O-phenanthroline indicator (FeSO4.7H2O) 
        Dissolve FeSO4.7H2O 0.7g  and O-phenanthroline 1.48g in 50 ml distilled water, 

mix well and bring to 100 ml with distilled water. 

 

9.  1 N Ammonium Acetate Solution (NH4OAc) 
        Add CH3COOH(conc.) 114 ml in 1,000 ml distilled water, then add NH4OH 

(conc.) 136 ml, bring to 1,980 ml with distilled water, adjust to pH 7.0 by adding more 

acetic acid or ammonium hydroxide and bring to 2,000 ml with distilled water. 

 

10.  Ammonium Oxalate Solution (NH4)2C2O4.H2O 10% 
        Dissolve (NH4)2C2O4.H2O 10g  in distilled water, mix well and bring to 100 ml 

with distilled water. 

 

11.  Ammonium Hydroxide Solution (NH4OH) 50% 
        Add NH4OH 50ml in distilled water, mix well and bring to 100 ml with distilled 

water. 

 

12.  0.25 N Ammonium chloride Solution (NH4Cl) 
        Dissolve NH4Cl 13.3755g in distilled water, mix well, bring to 1,000 ml with 

distilled water and adjust to pH 7.0 by adding more ammonium hydroxide. 
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13.  1 N Ammonium chloride Solution (NH4Cl) 
        Dissolve NH4Cl 53.5020g in distilled water, mix well, bring to 1,000 ml with 

distilled water and adjust to pH 7.0 by adding more ammonium hydroxide. 

 

14.  0.1 N Silver Nitrate (AgNO3) 
        Dissolve AgNO3 16.9910g in 1,000 ml distilled water. 

 

15.  Sodium Chloride Solution (acideified NaCl) 10 % 
        Dissolve NaCl 2,000g in distilled water, add HCl (conc.) 8.7 ml and bring to 20 L 

with distilled water. 

 

16.  Sodium hydroxide (NaOH) 40 % 
        Dissolve NaOH 400g in 1,000 ml distilled water. 

 

17.  Boric acid (H3BO3) 3 % 
        Dissolve H3BO3 30g in 1,000 ml distilled water. 

 

18.  0.1 N Hydrochloric acid (HCl) 
        Add HCl 9 ml in distilled water, bring to 1,000 ml with distilled water, prepare a 

series of standard solutions from the stock solution. 
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APPENDIX E 

EXPERIMENTAL DATA AND STATISTICAL ANALYSIS 

 

 

1.  Compare between the population of bacterials in November 2007 

and March 2008 of cadmium contaminated soils  
 

Paired Samples Statistics 
 

  Mean N Std. Deviation Std. Error Mean 

Pair 

1 

M1 
31153066.67 15 110410487.110 28507865.188 

  M2 8556666.6667 15 3388365.94976 874872.32629 
 

Paired Samples Correlations 
 

  N Correlation Sig. 

Pair 1 M1 & M2 15 -.030 .917
 

Paired Samples Test 
 

Paired Differences 

95% Confidence 

Interval of the 

Difference 

  

  

  

Mean 

  

Std. 

Deviation 

  

Std. 

Error 

Mean 

  Lower Upper 

t 

  

  

df 

  

  

Sig. 

(2-

tailed) 

  

  

Pair 

1 M1 

- M2 

225964

00.0000 

110562548

.76171

285471

27.3378

-

386310

98.692

838238

98.6926

.79 14 .442
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2.  Comparing between the number of cadmium resistant bacteria in 

November 2007 and March 2008 of cadmium contaminated soils 

 
       2.1  At 1mM CdCl2 amended onto TSA plate  

 

Paired Samples Statistics 

 

  Mean N Std. Deviation Std. Error Mean 

Pair 

1 

N1 
412800.3333 15 521328.13029 134606.34443 

  Ma1 724000.2000 15 540116.10233 139457.37796 

 

Paired Samples Correlations 

 

  N Correlation Sig. 

Pair 1 N1 & Ma1 15 .367 .179

 

Paired Samples Test 

 

Paired Differences 

95% Confidence 

Interval of the 

Difference 

  

  

  

Mean 

  

Std. 

Deviation 

  

Std. 

Error 

Mean 

  Lower Upper 

t 

  

  

df 

  

  

Sig. 

(2-

tailed) 

  

  

Pair 

1 N1 

- 

Ma1 

-

311199.

86667

597514.

80680

154277.

65972

-

642092.

53748

19692.

80415

-2.017 14 .063
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        2.2  At 3mM CdCl2 amended onto TSA plate  
 

Paired Samples Statistics 

 

 Mean N Std. Deviation Std. Error 

Mean 

38733.8667 15 49280.76530 12724.23889 Pair 

1 

  

N2 

Ma2 
85000.3333 15 126356.96318 32625.22760 

 

Paired Samples Correlations 

 

  N Correlation Sig. 

Pair 1 N2&Ma2 15 .566 .028

 

Paired Samples Test 

 

Paired Differences 

95% Confidence 

Interval of the 

Difference 

  

  

  

Mean 

  

Std. 

Deviation 

  

Std. 

Error 

Mean 

  Lower Upper 

t 

  

  

df 

  

  

Sig. 

(2-

tailed)

  

  

Pair 1  

N2 - 

Ma2 

-46266. 

46667 

106507. 

20731 

27500. 

04268 

-

105248.

19212 

12715. 

25879 

-1.682 14 .115 
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        2.3  At 5mM CdCl2 amended onto TSA plate  
 

Paired Samples Statistics 

 

  

Mean N Std. 

Deviation 

Std. Error 

Mean 

Pair 

1 

N3 
19067.3333 15 30152.64973 7785.38068 

  Ma3 43600.6667 15 71053.66584 18345.97763 

 

Paired Samples Correlations 

 

  N Correlation Sig. 

Pair 1 N3 & 

Ma3 
15 .875 .000

 

Paired Samples Test 

 

Paired Differences 

95% Confidence 

Interval of the 

Difference 

  

  

  

Mean Std. 

Deviation 

Std. Error 

Mean 

  

Lower Upper 

t 

 

 

df 

 

 

Sig. 

(2-

tailed) 

 

 

Pair 1 

N3 - 

Ma3 

-

24533.

33333

46972. 

26487 

12128.

18664

-50545.

70658

1479.

03992

-2.023 14 .063
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       2.4  At 10mM CdCl2 amended onto TSA plate  

 

Paired Samples Statistics 

 

 Mean N Std. 

Deviation 

Std. 

Error 

Mean 

N4 14934. 

0000 
15

23489.

56405

6064.

97936

Pair 

1 

Ma4 17000. 

7333 
15

35830.

57952

9251.

41585

 

Paired Samples Correlations 

 

  N Correlation Sig. 

Pair 1 N4&Ma4 15 .679 .005

 

Paired Samples Test 

 

Paired Differences 

95% Confidence 

Interval of the 

Difference 

  

  

  

Mean Std. 

Deviatio

n 

Std. 

Error 

Mean 

Lower Upper 

t 

  

  

df 

  

  

Sig. 

(2-

tailed) 

  

  

Pair 

1 

N4 - 

Ma4 

 

-2066. 

73333 

26326. 

06693 

6797. 

36125 

-16645. 

62326 

12512. 

15660 

-.304 14 .766 
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3.  Growth curve of TN42, TN6 and TN91 bacterial strains that isolated 

from soils in November 2007 
 

        3.1 TN42 strain 
 

Growth 

period 

(hour) 

Cell density 

1 

(OD 600) 

Cell density 2

(OD 600) 

Cell density 3

(OD 600) 

Average S.D. 

0 0.13 0.18 0.17 0.16 0.026

2 0.23 0.27 0.208 0.236 0.031

4 0.52 0.51 0.59 0.54 0.043

8 4.11 4.32 4.038 4.156 0.146

12 3.34 3.56 3.645 3.515 0.157

24 3.24 3.45 3.771 3.487 0.267

36 3.21 2.9 3.1 3.070 0.157

48 1.24 1.18 1.06 1.16 0.091

72 1.06 1.02 1.04 1.04 0.02
 

        3.2 TN6 strain 
 

Growth 

period 

(hour) 

Cell density 

1 

(OD 600) 

Cell density 2

(OD 600) 

Cell density 3 

(OD 600) 

Average S.D. 

0 0.11 0.11 0.11 0.11 0

2 0.187 0.198 0.254 0.213 0.035

4 0.39 0.41 0.49 0.43 0.052

8 4.231 2.95 2.947 3.376 0.740

12 3.18 3.35 3.331 3.287 0.093

24 3.042 3.24 3.249 3.177 0.117

36 1.73 1.65 2.11 1.83 0.245

48 1.521 1.495 1.586 1.534 0.046

72 1.232 1.11 1.213 1.185 0.065

Copyright by Mahidol University



Soiratchaneekorn Ruanchaiman                                                                                            Appendix / 98

               3.3 TN91 strain 

 
Growth 

period 

(hour) 

Cell density 

1 

(OD 600) 

Cell density 2

(OD 600) 

Cell density 3

(OD 600) 

Average S.D. 

0 0.1 0.1 0.1 0.1 0

2 0.21 0.198 0.228 0.212 0.015

4 0.44 0.58 0.66 0.56 0.111

8 4.213 3.85 3.988 4.017 0.183

12 3.567 4.091 4.093 3.917 0.303

24 3.22 3.08 3.21 3.17 0.078

36 1.89 1.11 1.11 1.37 0.450

48 0.69 1.20 1.08 0.99 0.266

72 1.13 0.64 0.567 0.779 0.306
 

4.  Growth curve of  TM2, TM31, TM32, TM41W, TM6 and KM8W 

bacterial strains that isolated from soils in March 2008 
 

        4.1 TM2 strain 
 

Growth 

period 

(hour) 

Cell density 

1 

(OD 600) 

Cell density 2

(OD 600) 

Cell density 3

(OD 600) 

Average S.D. 

0 0.125 0.14 0.14 0.135 0.008

2 0.192 0.225 0.213 0.21 0.016

4 0.485 0.52 0.525 0.51 0.021

8 1.75 1.9 1.9 1.86 0.086

12 1.66 1.756 1.882 1.766 0.111

24 1.72 1.91 1.92 1.85 0.112

36 1.70 1.851 1.852 1.801 0.087

48 0.91 0.91 0.91 0.91 0

72 0.497 0.491 0.497 0.495 0.003
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        4.2 TM31 strain 

 

Growth 

period 

(hour) 

Cell density 

1 

(OD 600) 

Cell density 2

(OD 600) 

Cell density 3

(OD 600) 

Average S.D. 

0 0.14 0.14 0.14 0.14 0

2 0.186 0.299 0.298 0.261 0.064

4 0.45 0.51 0.51 0.49 0.034

8 0.9 0.92 0.922 0.914 0.012

12 2.24 2.73 2.74 2.57 0.285

24 2.12 2.36 2.75 2.41 0.317

36 2.1 2.51 2.518 2.376 0.239

48 1.524 1.468 1.583 1.525 0.057

72 1.121 1.22 1.046 1.129 0.087

 

        4.3 TM32 strain 

 

Growth 

period 

(hour) 

Cell density 

1 

(OD 600) 

Cell density 2

(OD 600) 

Cell density 3

(OD 600) 

Average S.D. 

0 0.16 0.175 0.175 0.17 0.008

2 0.288 0.295 0.299 0.294 0.005

4 0.512 0.43 0.423 0.455 0.049

8 0.871 0.64 0.64 0.717 0.133

12 1.35 1.61 1.42 1.46 0.134

24 2.43 2.61 2.52 2.52 0.09

36 2.213 2.151 2.923 2.429 0.428

48 2.2 2.5 2.506 2.402 0.174

72 1.09 1.51 1.6 1.4 0.272
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        4.4 TM41W strain 

 

Growth 

period 

(hour) 

Cell density 

1 

(OD 600) 

Cell density 2

(OD 600) 

Cell density 3

(OD 600) 

Average S.D. 

0 0.20 0.20 0.20 0.20 0

2 0.26 0.256 0.255 0.257 0.002

4 0.605 0.619 0.618 0.614 0.007

8 2.123 2.456 2.456 2.345 0.192

12 2.1 2.5 2.3 2.30 0.2

24 2.23 2.23 2.23 2.23 0

36 1.321 1.35 1.364 1.345 0.021

48 0.56 0.72 0.7 0.66 0.087

72 0.37 0.43 0.43 0.41 0.034

    

        4.5 TM6 strain 

 

Growth 

period 

(hour) 

Cell density 

1 

(OD 600) 

Cell density 2

(OD 600) 

Cell density 3

(OD 600) 

Average S.D. 

0 0.189 0.138 0.138 0.155 0.029

2 0.21 0.22 0.197 0.209 0.011

4 0.441 0.451 0.488 0.46 0.024

8 1.62 1.87 1.88 1.79 0.147

12 1.66 1.74 1.952 1.784 0.150

24 1.78 1.68 1.61 1.69 0.085

36 1.522 1.54 1.54 1.534 0.010

48 1.15 1.22 1.2 1.19 0.036

72 0.945 0.945 0.945 0.945 0

 

 

Copyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ.                M.Sc. (Technology of Environmental Management) / 101

        4.6 KM8W strain 

 

Growth 

period 

(hour) 

Cell density 

1 

(OD 600) 

Cell density 2

(OD 600) 

Cell density 3

(OD 600) 

Average S.D. 

0 0.101 0.101 0.101 0.101 0

2 0.21 0.23 0.31 0.25 0.052

4 0.45 0.495 0.495 0.48 0.025

8 1.7 1.9 2.1 1.90 0.2

12 1.79 1.95 1.93 1.89 0.087

24 1.851 1.92 1.866 1.879 0.036

36 1.533 1.461 1.461 1.485 0.041

48 1.02 1.04 1.03 1.03 0.01

72 0.65 0.67 0.72 0.68 0.036

 

5.  The levels of cadmium resistance of cadmium resistant bacteria 
 

        5.1 TN42 strain 

 

Cd 

concentration 

(M) 

Diameter 

Zone 1 

(mm) 

Diameter 

Zone 2 

(mm) 

Diameter 

Zone 3 

(mm) 

Average S.D. 

0.5 10 10.5 11 10.5 0.5

1 13.5 13 14 13.5 0.5

2 16.5 17 16 16.5 0.5
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        5.2 TN6 strain 

 
Cd 

concentration 

(M) 

Diameter 

Zone 1 

(mm) 

Diameter 

Zone 2 

(mm) 

Diameter 

Zone 3 

(mm) 

Average S.D. 

0.5 9.5 9.3 10 9.6 0.360

1 10.8 12.5 11.5 11.6 0.854

2 14.5 13 13 13.5 0.866

 

       5.3 TN91 strain 

 
Cd 

concentration 

(M) 

Diameter 

Zone 1 

(mm) 

Diameter 

Zone 2 

(mm) 

Diameter 

Zone 3 

(mm) 

Average S.D. 

0.5 11 12 10 11 1

1 12.5 14.6 14 13.7 1.081

2 15 15.5 16 15.5 0.5

 

        5.4 TM2 strain 

 
Cd 

concentration 

(M) 

Diameter 

Zone 1 

(mm) 

Diameter 

Zone 2 

(mm) 

Diameter 

Zone 3 

(mm) 

Average S.D. 

0.5 10.5 11 10 10.5 0.5

1 13.5 12.9 12 12.8 0.754

2 14 14.5 15 14.5 0.5
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        5.5 TM31 strain 

 
Cd 

concentration 

(M) 

Diameter 

Zone 1 

(mm) 

Diameter 

Zone 2 

(mm) 

Diameter 

Zone 3 

(mm) 

Average S.D. 

0.5 10 9 11 10 1

1 13 14.4 14 13.8 0.721

2 19 18 20 19 1

 

        5.6 TM32 strain 

 

Cd 

concentration 

(M) 

Diameter 

Zone 1 

(mm) 

Diameter 

Zone 2 

(mm) 

Diameter 

Zone 3 

(mm) 

Average S.D. 

0.5 10.5 10.4 11.5 10.8 0.608

1 15.2 15.3 15.4 15.3 0.1

2 17.8 18 16.7 17.5 0.7

 

        5.7 TM4W strain 

 

Cd 

concentration 

(M) 

Diameter 

Zone 1 

(mm) 

Diameter 

Zone 2 

(mm) 

Diameter 

Zone 3 

(mm) 

Average S.D. 

0.5 11 11 11 11 0

1 13.5 14 14 12.5 0.288

2 15.5 15 16 15.5 0.5
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        5.8 TM6 strain 

 

Cd 

concentration 

(M) 

Diameter 

Zone 1 

(mm) 

Diameter 

Zone 2 

(mm) 

Diameter 

Zone 3 

(mm) 

Average S.D. 

0.5 8.8 7 7 7.6 1.039

1 10.2 10.4 10 10.2 0.2

2 11.5 12 11 11.5 0.5

 

        5.9 KM8W strain 

 

Cd 

concentration 

(M) 

Diameter 

Zone 1 

(mm) 

Diameter 

Zone 2 

(mm) 

Diameter 

Zone 3 

(mm) 

Average S.D. 

0.5 12 11 11.5 11.5 0.5

1 12.4 13 13 12.8 0.346

2 15.5 17.5 16.5 16.5 1
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APPENDIX F 

STANDARDS OF HEAVY METALS IN SOIL 

 

 

1.  Thailand standard of heavy metal in soil (75) 
       1.1  Arsenic ≤ 3.9 mg/kg 

       1.2  Cadmium and compounds ≤ 37 mg/kg 

       1.3  Hexavalent Chromium ≤ 300 mg/kg 

       1.4  Lead ≤ 400 mg/kg 

       1.5  Manganese and compounds ≤ 1,800 mg/kg 

       1.6  Mercury and compounds ≤ 23 mg/kg 

       1.7  Nickel, soluble salts ≤ 1,600 mg/kg 

       1.8  Selenium ≤ 390 mg/kg 

 

2.  Dutch guideline values for metal concentrations in soil for    

     judgment of contaminated level in soil (76)  

 
Metal Soil (mg/kg dry weight) 

 A B C 

Cadmium 0.4 + 0.007 (L+3H)a 5 20 

Zinc 50 + 1.5 (2L + H) 500 3000 

 

           aL =  percentage of clay; H = percentage of soil organic matter 

A =  reference level 

B =  more detailed examination should be made 

C =  Detailed examination should be undertaken with regard to development  

        measure 
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