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ABSTRACT
Groundwater is an important alternative source of water supply for human

consumption. However, some areas are facing a poor quality of groundwater due to
the contamination of microbial pathogens. Thus, this study focused on determining
the microbiological quality of groundwater. The factors which influence microbial
contamination in the groundwater, including the chemical and physical properties of
groundwater, land use, soil texture and season were investigated. The types of land
use and dominant soils were additional criteria for selection area. Bangkla district at
Chachoengsao province (12 samples) and Kosumphisai district at Mahasarakham
province (18 samples) were collected. Major land use in Bangkla district was farm
and livestock. But Kosumphisai district was used for agricultural production.
Groundwater samples were collected during rainy and dry seasons. EPA’s standard
methods were determined by the quality of the water in the studied areas. The results
showed that 50% of the groundwater samples collected from Bangkla district during
the rainy season were contaminated with the total coliform bacteria and 33% were
contaminated with E. coli. Neither the total coliform bacteria nor E. coli were found
in groundwater samples collected from the Kosumphisai district. During dry season,
91% and 36% of groundwater samples collected from Bangkla district were
contaminated with total coliform bacteria and E. coli, respectively. Approximately,
22% of groundwater samples in Kosumphisai district were contaminated with total
coliform bacteria. E. coli was not found in groundwater samples collected from
Kosumphisai district. Apart form bacterial contaminations, nitrate was also found in
groundwater samples (83%) collected from the Kosumphisai district. The results
revealed that Bangkla area has abundant farm activity located near deep wells and the
soil texture is clay loam and silt. The filtration of bacteria by soils may not be as
effective as commonly assumed and may result in bacteria contamination in
groundwater. The water level in the dry season was shallow and might lead to an
increasing in oxygen concentration. There was a relation between dissolved oxygen
concentration with total coliform bacteria and E.coli. The results suggested that the
presence of fecal coliform bacteria in groundwater may pose a significant threat to
human health if the groundwater is used for drinking.

KEY WORDS: GROUNDWATER/INDICATOR BACTERIA/
MICROBIOLOGICAL QUALITY
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บทคัดยอ
นํ้าบาดาลเปนแหลงนํ้าทดแทนท่ีสําคัญตอการบริโภค อยางไรก็ตามในบางพื้นท่ีประสบปญหา

กับคุณภาพนํ้าบาดาลท่ีต่ํากวามาตรฐาน โดยเฉพาะการปนเปอนของจุลินทรียกอโรค การศึกษาครั้งน้ี
มุงเนนศึกษาเก่ียวกับคุณภาพทางจุลินทรียในนํ้าบาดาล ปจจัยท่ีมีผลตอการปนเปอนของจุลินทรียในนํ้า
บาดาล ประกอบดวย ลักษณะทางกายภาพและทางเคมีของนํ้าบาดาล ลักษณะการใชประโยชนท่ีดิน
ลักษณะชั้นดิน และฤดูกาล ชนิดการใชประโยชนท่ีดินและลักษณะของดินเปนปจจัยในการกําหนดพื้นท่ี
โดยมีพื้นท่ี อําเภอบางคลาจังหวัดฉะเชิงเทรา และอําเภอโกสุมพิสัย จังหวัดมหาสารคาม เปนพื้นท่ีศึกษา
โดยกิจกรรมสวนใหญในพื้นท่ีบางคลาเปนการทําปศุสัตวแตในพื้นท่ีโกสุมพิสัย เปนการทําการเกษตร นํ้า
บาดาลจํานวน 12 ตัวอยางจากพื้นท่ีอําเภอบางคลา จังหวัดฉะเชิงเทรา และอําเภอโกสุมพิสัย จังหวัด
มหาสารคาม จํานวน 18 ตัวอยางถูกเก็บในชวงฤดูฝน และฤดูรอน จากผลการศึกษาพบวา 50% และ 33%
ของนํ้าบาดาลท่ีเก็บจากอําเภอบางคลา ปนเปอน total coliform bacteria และ E. coli ตามลําดับ แตไมพบ
การปนเปอน total coliform bacteria และ E. coli ในนํ้าบาดาลท่ีเก็บจากอําเภอโกสุมพิสัยในชวงฤดูฝน
นอกจากน้ียังพบวา 91% และ 36% ของนํ้าบาดาลท่ีเก็บจากอําเภอบางคลาในชวงฤดูรอนมีการปนเปอน
ของ total coliform bacteria และ E. coli และ 22% ของจํานวนตัวอยางนํ้าบาดาลท่ีเก็บจากอําเภอโกสุม
พิสัยมีการปนเปอน total coliform bacteria แตไมมีการปนเปอน E. coli นอกเหนือจากการปนเปอน
แบคทีเรียแลวยังพบวานํ้าบาดาลในพื้นท่ีโกสุมพิสัยถึง 83% มีปริมาณไนเทรตสูง และจากการศึกษาพบวา
พื้นท่ีอําเภอบางคลามีการทําการเกษตรใกลบอบาดาลและลักษณะของดินในบริเวณน้ันเปนดินตะกอน ซึ่ง
การกรองของเชื้อแบคทีเรียโดยชั้นของดินอาจมีประสิทธิภาพไมดีเทาท่ีควรทําใหพบการปนเปอนของ
แบคทีเรียในนํ้าบาดาล ในชวงฤดูรอนระดับนํ้าลดลงจึงอาจสงผลใหนํ้าบาดาลมีปริมาณออกซิเจนเพิ่มขึ้น
ซึ่งมีผลตอปริมาณ total coliform bacteria และ E. coli จากผลการศึกษานํ้าบาดาลมีการปนเปอนของ fecal
coliform bacteria อาจสงผลตอสุขภาพของประชาชนถานําไปใชในการบริโภค

85 หนา.
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CHAPTER І

INTRODUCTION

1.1 Statement of Problems

Natural water resources can be classified into 3 categories, namely

atmospheric water, surface water, and subsurface water or groundwater, which are

vital for human living. Freshwater are naturally originated from ice mountain (7%),

surface water and atmospheric water (1%), and subsurface water (24%) (1).

In view of the fact that the groundwater was filtered into hundreds of feet of

strata beneath the surface, hence the groundwater is naturally pure and is another

source of utilizable water (2). Nowadays, groundwater has become another source of

potential water for agricultural and industrial usage as a result of incapability of

surface water to supply enough water for consumption both quantity (i.e. drought) and

quality (i.e. flooding, torrent, and inundation) (3).

In Thailand 2005, groundwater had remedied the scarce of water supply. The

consumption of groundwater has been expected to increase dramatically since the year

2002, approximately 10%. Due to the pollution of surface water, groundwater will

eventually become an important source of water supply. Since the quality of

groundwater has been concerned, qualitative exploration and analysis of groundwater

became part of the development. Consequently, both physical and chemical properties

have become the major concern in analyzing the quality of groundwater. Normally,

natural freshwater can serve as habitats for many microorganisms (4). The kinds of

microorganisms found in aquatic environment are determined by the physical and

chemical conditions that prevail in that environment. Several environmental factors

have influenced on the quality and quantities of microorganisms in the natural

freshwater i.e. temperature, light, pH, oxygen concentration, nutrients (5, 6). Thus,

groundwater has been assumed to be less contaminated for the reason that the

qualification of groundwater has been considered to be inappropriate and unsuitable
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conditions for microbial growth and reproduction. However, groundwater

contamination by microorganisms has been reported in many countries (7). Most of

existing microorganisms in the groundwater have a direct impact on the health of

consumers by causing waterborne diseases. Consequently, biological examination is

considered necessary for investigating the problems of groundwater contamination

with microbial pathogens.

This study was focused on the analysis of physical, chemical and

microbiological qualities of groundwater. The types of land use and dominant soils

were additional criteria for selection area. Bangkla district, Chachoengsao province

and Kosumphisai district, Mahasarakham province was collected. These parameters

were correlated among soil texture, season and land use of the study areas. These are

correlations might be use for prediction and prevention of the bacteria contamination

in the groundwater.

1.2 Objectives of the Study

The objectives of this study were as follows:

1.2.1 To determine the physical, chemical and microbiological quality of

groundwater in study areas.

1.2.2 To study the correlation among physical-chemical and microbiological

qualities of groundwater, soil texture, season and land use in the study areas.

1.3 Study Hypothesis

The well surrounding condition, oxygen concentration, soil texture, season,

land use and temperature of groundwater have effected on the number of

microorganisms contaminated in the groundwater.
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1.4 Scope of Works

Groundwater samples were collected from Bangkla district, Chachoengsao

province and Kosumphisai district, Mahasarakham province in August 2007 and

February 2008.

Physical, chemical and microbiological parameters of collected groundwater

samples were analyzed at Department of Groundwater Resources, Ministry of Natural

Resources and Environment, Thailand. The secondary data of surrounding area

including soil texture, land use and water level were also analyzed for their

correlations with the water qualities.

1.5 Expected Outputs

1.5.1 To know the current situation of groundwater quality including

physical, chemical and microbiological properties at Bangkla district, Chachoengsao

province and Kosumphisai District, Mahasarakham Province.

1.5.2 To understand the correlation between groundwater quality among soil

texture, season and land use of study areas.

1.5.3 To find the possible sources of microbial contamination in groundwater

in order to prevent and control the contamination in microbial groundwater quality.

1.6 Conceptual Framework

In order to study the factor effects of microbiological quality groundwater,

the conceptual framework is show in Figure 1-1.
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Figure 1-1 Conceptual Framework
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CHAPTER ІІ

LITERATURE REVIEW

2.1 Groundwater

The Earth's water is always in movement, describes the continuous

movement of water on, above, and below the surface of the Earth. The sun, which

drive the water cycle heats water in the oceans. Some of it evaporates as vapor into the

air. Precipitation falls back into the oceans or onto land. Some of it accumulated into

the ground that is called groundwater as shown in Figure 2-1 (8).

Figure 2-1 Water cycle (9)
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Groundwater is water that has drained through surface layers of soil and rock

until it reaches a layer of rock material through which it cannot pass, or can pass only

very slowly. This results in the accumulation of water in the rock layers above the

impermeable layer. The water is stored in gaps in the rock, or between the particles of

which the rock is composed. An area that holds a lot of water, which can be pumped

up with a well, is called an aquifer. Wells pump groundwater from the aquifer and

then pipes deliver the water to cities, houses in the country, or to crops (10). Related

terms include: Aquiclude is saturated but relatively impermeable material that does not

yield appreciable quantities of water to wells, clay is an example. Aquifuge is a

relatively impermeable formation neither containing nor transmitting water, solid

granite belongs in this category. Aquitard  is saturated but poorly permeable stratum

that impedes groundwater movement add does not yield water freely to well , that may

transmit appreciable water to or from adjacent aquifers and , where sufficiently thick ,

may constitute an important groundwater storage zone , sandy clay is an examples

(11).

Historically, groundwater has been naturally very clean because of this

filtering effect. However, increased use of chemicals in everyday life means that

groundwater is now vulnerable to the same pressures as water at the surface. Since

water continuously flows from one to the other, groundwater can become polluted

with nutrients or chemicals when surface water carrying these substances drains into

the groundwater environment. Diffuse sources of groundwater contamination include

pesticide and fertilizer use. Point-specific sources include industrial spills, leaking oil

and chemical storage tanks and landfill sites (12).

Groundwater quality is the physical, chemical and microbiological

characteristics of water. The primary bases for such characterization are parameters

which relate to drinking water, safety of human contact and for health of ecosystems.

Groundwater quality depends largely on the substances that are contaminated within

the hydrological cycle. Groundwater quality in our environment is usually affected by

community uses such as agriculture, urban and industrial use, and recreation. The

modification of water stream flows by dams and weirs can also affect water quality

(13).
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2.2 Groundwater Quality

Groundwater quality is comprises the physical, chemical, and biological

characteristics of groundwater. It is most frequently used by reference to a set of

standards against which compliance can be assessed. The most common standards

used to assess water quality relate to drinking water, safety of human contact, and for

health of ecosystems. Although spring water or groundwater products are often sold as

“pure,” their water quality is different from that of pure water (14).

2.2.1 Physical Quality

Physical quality is normal characteristic of groundwater. Color,

odor and turbidity are the main physical qualities to be considered for water for

beneficial use. Water for drinking purpose should be free of color and objectionable

odors. The presence of organic matter and iron may impart color. The presence of

hydrogen sulfide imparts the smell of rotten eggs. Gases and some organic compounds

and minerals may also impart unpleasant taste and odor to ground water. Turbidity in

groundwater is caused by the presence of insoluble sediments, organisms and organic

matter (15).

The temperature of groundwater is an important factor in the

growth of microorganisms. Living systems of microbes is supported by series of

enzymatically catalyzed chemical reactions. The temperature has effect to chemical

reactor of enzymes (16). It is universally observed that particular strains of

microorganism exhibit a characteristic envelope of temperature tolerance that show at

Figure2-2 (17). First, there is a temperature minimum, below which the

microorganism cannot grow. As the temperature increase above this minimum, to

growth rate increases until a temperature optimum is reached. This is temperature at

which the organism can grow at its maximum rate. As the temperature increases above

the optimum, there is typically a sharp decrease in the growth rate. The temperature

maximum is highest temperature at which a microorganism can grow effectively. The

temperature minimum, optimum, and maximum are sometime referred to as the

cardinal temperatures and are characteristic of particular strains. Most of bacteria

recovered form environments are grow most efficiently from 20 oC to 30 oC. However,
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the microorganism indicators are growing at 37 oC same as the human body

temperature (18).

Figure2-2 Characteristic envelope of temperature tolerance (17)

2.2.2 Chemical Quality

Naturally, groundwater contains mineral. These ions slowly

dissolve from soil particles, sediments, and rocks as the water travels along mineral

surfaeces in the pores or fractures of the unsaturated zone and the aquifer. They are

referred to as dissolved solids. Some dissolved solids may have originated in the

precipitation water or river water that recharges the aquifer. A list of the dissolved

solids in any water is long, but it can be divided into three groups: major constituents,

minor constituents, and trace elements that showed at Table 2-1. The total mass of

dissolved constituents is referred to as the total dissolved solids (TDS) concentration.

In water, all of the dissolved solids are either positively charged ions (cations) or

negatively charged ions (anions). The total negative charge of the anions always

equals the total positive charge of the cations. A higher TDS means that there are more

cations and anions in the water (19).
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Table 2-1 Primary, Secondary, and Trace Constituents in Natural Groundwater

Primary

constituents

(1.0 – 1,000 mg/L)

Secondary

constituents

(0.01 – 10 mg/L)

Trace constituents

(0.0001 – 0.1

mg/L)

Trace

constituents

(less than 0.001

mg/L)

Cations

sodium

calcium

magnesium

potassium

iron

strontium

Anions

bicarbonate

sulfate

chloride

silica

carbonate

nitrate

fluoride

boron

Antimony

aluminum

arsenic barium

barium

bromide

cadmium

chromium

cobalt

copper

germanium

iodide

lead

lithium

manganese

molybdenum

nickel

phosphate

rubidium

selenium

titanium

uranium

vanadium

zinc

Beryllium

bismuth

cerium

cesium

gallium

gold

indium

anthanum

niobium

platinum

radium

ruthenium

scandium

silver

thallium

thorium

tin

tungsten

ytterbium

yttrium

zirconium

Source: Farm Water Quality Planning, University of California (19)
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2.2.2.1 Iron

Iron is one of the major constituents of rocks. The

important iron-bearing minerals include pyroxenes, amphiboles and micas among

silicates, pyrite and chalcopyrite among sulfides, and magnetite and hematite among

oxides. As oxide, carbonate and hydroxide iron is present in sandstones as the

cementing matrix, in shale, and in small quantities in limestone. In igneous and

metamorphic rocks, iron is present mostly in the form of complex silicate minerals.

Iron may be acquired in solution by groundwater coming into contact with iron objects

such as well casings, delivery pipes, etc. Most tube wells yield iron-rich water on

pumping after prolonged idle periods. However, a reduction in the iron content can be

brought about by aeration of waters containing ferrous iron (20).

2.2.2.2 Manganese

Appreciable quantities of manganiferous minerals are

found only in metamorphic and sedimentary rocks. Manganese accumulates in

residual deposits such as laterite and soil. The common manganese-bearing minerals

are oxides, hydroxides, carbonates and silicates. Igneous rocks contain negligible

amounts of manganese. On the whole, distribution of manganese is less widespread

than that of iron, which feature is also reflected in their relative concentrations in

ground water. Under reducing conditions and low pH, higher manganese content may

be attained (21).

2.2.2.3 Nitrate

Nitrogen is a very minor constituent of rocks, but is a

major constituent of the atmosphere. Nitrogen and oxygen of the atmosphere are

combined by electrical discharges during lightning, and dissolve in rain water. The

average nitrate content in rain water is reported to be 0.2 ppm (22). However, part of

the nitrate may be fixed by plants before the rain water infiltrates below the root zone

(23). By far the greatest contribution of nitrate in groundwater is from decaying

organic matter, sewage wastes and nitrate fertilizers. As such, rather high

concentrations of nitrate are found only in localized areas (24).
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2.2.3 Microbiological Quality

Bacteria and microorganisms present in groundwater are too small

to be seen by the naked eye. Some of the bacteria are harmless while some are disease-

causing, known as pathogenic bacteria. Microorganisms that can cause disease are

called pathogens (25). Pathogens that can spread through drinking water and cause

waterborne disease include bacteria, viruses, and protozoa. The number of different

types of pathogens that can be present in water as a result of pollution with human or

animal faeces is very large and it is not possible to test water samples for each specific

pathogen (26). Indicator of microbial water quality is generally something (not

necessarily bacteria), which has entered the water at the same time of faeces, but is

easier to measure than the full range of microorganism which pose the health risk.

There are several qualities that are desirable for a useful water quality indicator. Fecal

indicator is indicator that widely used for determination of groundwater quality (27).

2.3 Fecal Indicator

Fecal indicator is number of pathogens that are known to be transmitted

through water. So, a routine analysis of water for the presence of these pathogens is

required to prevent the spread of waterborne diseases. This infers that the routine

analysis of water would be in search of pathogenic microorganisms, but that is not the

case. There are several reasons for this. Pathogenic microorganisms are likely to enter

water sporadically and most of them can not survive in water for longer periods. Major

group of fecal pollution indicators has three major groups (28).

2.3.1 Coliform Groups

The concept of coliforms as bacterial of microbial water quality is

based on the premise that because coliforms are present in high numbers in the faeces

of humans and other warm-blooded animals, if fecal pollution has entered drinking

water, it is likely that these bacteria will be present, even after significant dilution.

With few exceptions, coliforms themselves are not considered to be a health risk, but

their presence indicates that fecal pollution may have occurred and pathogens might be

present as a result. The coliform group of bacteria is a functionally-related group
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which all belongs to a single taxonomic family (Enterobacteriaceae) and comprises

many genera and species. Table 2-2 contains an example of the relationship between

family, genera and species for coliforms. There are other genera in the

Enterobacteriaceae family, such as Salmonella and Sbigella that are not considered

coliforms (29).

Table 2-2 Family, Genera and Species of Some Coliforms

Family Genera Species
Escherichia Escherichia coli (E. coli)
Klebsiella Klebsiella pneumonia

(K. pneumoniae)
Enterobacter Enterobacter amnigenus

(E. amnigenus)

Enterobacteriaceae

Citrobacter Citrobacter freundii (C. freundii)

Source: Adapted from Dufour (29)

Of the coliforms normally present in the gut of warm-blooded

animals, E. coli is the most numerous and is also the only coliform which rarely grows

in the environment. Table 2-3 shows the distribution of coliforms present in human

and animal faeces.

Table 2-3 Distribution of Coliform Genera in Human and Animal Faeces

Sample Type % of Total Coliforms
E. coli Klebsiella spp. Enterobacterl Citrobacter spp.

Human
faeces

96.8
94.1

1.5 1.7
5.9

Animal
faeces

94
92.6

2 4
7.4

Source: Adapted from Dufour (29)

Notes : Once faeces leaves the body and makes its way down the sewer, the

proportions of coliforms that are E.coli drops to about 30% as the other coliforms start

to grow (30).
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2.3.1.1 Total Coliform

Coliform bacteria are organisms that are present in the

environment and in the feces of all warm-blooded animals and humans. Coliform

bacteria will not likely cause illness. However, their presence in drinking water

indicates that disease-causing organisms could be in the water system. Most pathogens

that can contaminate water supplies come from the feces of humans or animals.

Testing drinking water for all possible pathogens is complex, time-consuming, and

expensive. It is relatively easy and inexpensive to test for coliform bacteria. If

coliform bacteria are found in a water sample, water system operators work to find the

source of contamination and restore safe drinking water. There are three different

groups of coliform bacteria; each has a different level of risk. Total coliform bacteria

are commonly found in the environment (e.g., soil or vegetation) and are generally

harmless. If only total coliform bacteria are detected in drinking water, the source is

probably environmental. Fecal contamination is not likely. However, if environmental

contamination can enter the system, there may also be a way for pathogens to enter the

system. Therefore, it is important to find the source and resolve the problem (31).

2.3.1.2 Fecal Coliforms

Fecal Coliforms are facultative-anaerobic, rod-shaped,

gram-negative, non-sporulating bacteria. They are capable of growth in the presence

of bile salts or similar surface agents, oxidase negative, and produce acid and gas from

lactose within 48 hr at 44 ± 0.5ºC. The fecal coliform assay should only be used to

assess the presence of fecal matter in situations where fecal coliforms of non-fecal

origin are not commonly encountered (32).

Fecal coliforms include the genera that originate in feces;

Escherichia as well as genera that are not of fecal origin; Enterobacter, Klebsiella, and

Citrobacter. The assay is intended to be an indicator of fecal contamination, or more

specifically E. coli which is an indicator microorganism for other pathogens that may

be present in feces (33).

Escherichia coli are a bacterium that is commonly found

in the lower intestine of warm-blooded animals. Most E. coli strains are harmless, but

some, such as serotype O157:H7, can cause serious food poisoning in humans, and are
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occasionally responsible for costly product recalls (33). The harmless strains are part

of the normal flora of the gut, and can benefit their hosts by producing vitamin K2, or

by preventing the establishment of pathogenic bacteria within the intestine (34,35, 36).

E. coli are not always confined to the intestine, and their

ability to survive for brief periods outside the body makes them an ideal indicator

organism to test environmental samples for fecal contamination (37,38).

2.3.2 The Fecal Streptococci Group

Certain streptococcal species of fecal origin are classified as fecal

streptococci. They belong to two main groups. The first group includes Streptococcus

fecalis, S. faecium and S. durans which are normally present in man and various

animals. The second group comprises S. bovis., S. equinus and S. avium which do not

usually occur in man. Apart from these species, other serologically distinct

streptococci occasionally present in faeces are S. mitis and S. salivarius. These two

species inhabit mouth and are swallowed in the saliva. The occurrence of fecal

streptococci, as a supplement to fecal coliforms, indicates fecal pollution by warm

blooded animals. Since the fecal streptococci have a limited survival time outside the

animal intestine and are not capable of multiplying in the environment, their presence

indicates a very recent pollution. Moreover, certain species of fecal streptococci are

often associated with particular animals. For example, S. bovis occurs mainly in sheep

and cattle, S. equinus in horses and S. avium in poultry and other birds. The

comparison between the number of E. coli and of fecal streptococci in water can be

used to determine the precise source of contamination (39).

2.3.3 The Sulphite Reducing Clostridia Group

Clostridium perfringens is the most important member of the group,

anaerobic sulphite reducing clostridia. It is normally present in human and animal

faeces, but in much fewer number than E. coli and fecal streptococci. Thus, it is less

sensitive as a direct indicator of fecal pollution. The resistant spores of C. perfringens

survive in water and in the environment for much longer time than E. coli and other

fecal indicator organisms. Their presence in areas remote from human habitation may

be due to contamination from birds and wild animals. Since the spores of C.
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perfringens are not always inactivated by the usual chlorination procedure in water

treatment units, they may occur in small numbers in treated waters. In the absence of

other fecal pollution indicators, the presence of C. perfringens indicates remote or

intermittent fecal pollution. Therefore, it is of much less importance in terms of

immediate or direct health risk (39).

2.4 Condition of bacterial growth

The ability of microorganism to grow in nature is largely a function of the

environmental conditions in which they find themselves. An understanding their

observed distribution and abundance in nature. It is characteristic of microbial

populations that not all species respond positively to the same set of condition. In fact,

the conditions that are necessary for the growth of one particular strain may be toxic to

other strains. Bacteria in environments are particularly notable for their tolerance of

difficult growth conditions. The major conditions of bacterial growth are temperature,

salt concentration, oxygen, water, nutrients, osmotic pressure, pH and water (40).

Most bacteria thrive at temperatures at or around that of the human body

37°C, and some, such as Escherichia coli, are normal parts of the human intestinal

flora. These organisms are mesophiles with an optimum growth temperature between

25°C and 40°C. Mesophiles have adapted to thrive in temperatures close to that of

their host. The pH also plays a role in determining the ability of bacteria to grow or

thrive in particular environments. Most commonly, bacteria grow optimally within a

narrow range of pH between 6.7 and 7.5 (41).

Final factor effect to grow is nutrient. The nutritional requirements of a

bacterium such as E. coli are revealed by the cell's elemental composition, which

consists of C, H, O, N, S, P, K, Mg, Fe, Ca, Mn, and traces of Zn, Co, Cu, and Mo.

These elements are found in the form of water, inorganic ions, small molecules, and

macromolecules which serve either a structural or functional role in the cells (42).
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2.5 Standard Groundwater

Groundwater has been naturally very pure thus many standards are drinking

water. In Thailand standard groundwater was decided by Ministry of Industry

Thailand that showed in Table 2-4.

Table 2-4 Standard Drinking of Groundwater in Thailand.

Parameters Minimum allowable

standard

Maximum allowable

standard

Physical

Color

Turbidity

5 platinum/cobalt

5 NTU

15 platinum/cobalt

20 NTU

Chemical

pH

Iron

Manganese

Cupper

Zinc

Sulfate

Chloride

Fluoride

Nitrate

Total hardness

Non carbonate hardness

Total dissolved solids

7.0-8.5

< 0.5 ppm

< 0.3 ppm

< 1.0 ppm

< 5.0 ppm

< 200 ppm

< 250 ppm

< 0.7 ppm

< 45 ppm

< 300 ppm

< 200 ppm

< 600 ppm

6.5-9.2

1.0 ppm

0.5 ppm

1.5 ppm

15 ppm

250 ppm

600 ppm

1.0 ppm

45 ppm

500 ppm

250 ppm

1,200 ppm

Microbiological

Total bacteria

Total coliform

E.coli

< 500 CFU/mL

< 1 CFU/ 100 mL

Not detect

Source: Notification of the Ministry of Industry (43)
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2.6 The Bacteriological Examination of Water

Drinking water, polluted water from natural sources and treated effluent

water have to be examined regularly for determining their quality. Examinations of

this sort do provide information’s on the status of pollution, type of pollution and its

source and type of treatment required. Bacteriological examination of water actually

employs three different techniques: Total count, Membrane filter method and Multiple

tube method (44).

2.6.1 Total count

The total count, also called colony count and standard plate count,

gives the total number of microorganisms, comprising bacteria, yeasts and moulds, in

a water sample. It is usually done by spread plate or pour plate method. In this method,

a known volume of water sample is mixed with the molten Yeast-Extract Agar in

petridishes and allowed to set. One set of plates are incubated at 37°C for 24 hr and

another set of plates are incubated at 20-22°C for 3 days. Most bacteria capable of

growth in water will do so better at 22°C than at a higher temperature. Organisms

which grow best at 37°C will grow less readily in water. Since, these two groups of

organisms differ in their significance; they have to be counted separately. Though the

colony counts are not essential for assessing the safety of potable water supplies, they

are useful for indicating the efficiency of certain processes in the water treatment, such

as coagulation, flocculation and disinfection. In addition, they also indicate the

cleanliness of the distribution system. They can also be used to determine the

suitability of a water supply for the large-scale preparation of food and drink. The

most useful application of the colony count is to detect change in the heterotrophic

bacterial content of certain water (45).

2.6.2 Membrane filter method

When the number of indicator organisms in water is very low,

direct inoculation on solid media is not practicable and other methods must be used by

which large volumes can be examined. Other, methods of examination includes

membrane filtration and multiple tube tests. Membrane filter techniques are widely
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used for the enumeration of bacteria from water sample. In this method the bacterial

cells are filtered through a membrane as the sample passes through it. The cells along

with the membrane are placed on a suitable solid medium. On incubation these cells

produce visible colonies which can be counted (46).

2.6.3 Multiple tube method

Multiple tube method is also known as most probable number

method as it is based on the statistical values of the results obtained. This method

detects and estimates various groups of microorganisms in water samples. This

method actually involves three stages: presumptive test, confirmative test, and

completed test. In this method, measured volumes of water or of one or more dilutions

are added to a series of tubes containing suitable liquid differential medium (46).

2.7 Information of Study Areas

2.7.1 Bangkla, Chachoengsao province

Bangkla district is one of the eleven districts in Chachoengsao

province consisting of seven sub districts; Bangsuan sub districts, Bangkrajed sub

districts, Huasai sub districts, Pagnam sub districts, Tah-Tonglang sub districts,

Samed-Tia sub districts and Samed-Naer sub districts. Neighboring districts are

Ratchasan, Plaeng Yao, Ban Pho, Mueang Chachoengsao, Khlong Khuean of

Chachoengsao Province and Ban Sang of Prachinburi Province as showed at Figure 2-

3. The important surface water resource in this area is the Bang Pakong River (47).

It covers area of 227.90 km2 whose types of transportation are

railway, road and transportation through canal and river (47). Bangkla district has the

population of about 30,680 with 14,850 male populations and 15,830 female

populations. Soil texture of area is Chachoengsao Series type (49). The average

temperature is 28oC. Maximum temperature is 35 oC in April and minimum

temperature is 19 oC in January (47).

The land uses in Bangkla district are agriculture and farm. In the

eastern, majority of land use are sugarcane and cassava, because soil type isn’t suitable
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for paddy field. In the western, most land uses are swine  farm  house and paddy field.

The land use area was showed in Table 2-5 (48).

Bangkla district have 24 wells in cover area. The maximum of

water level is September and the minimum of water level is January as shown at

appendix C.

Figure 2-3 The area of Bangkla district, Chachoengsao province (48)
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Table 2-5 Land use area of Bangkla, Chachoengsao province.

Type of Land use Area (km2) Percentage

City, town and commercial land 0.9 0.40

Industrial land 0.7 0.31

Institutional land 0.3 0.13

Fish  pit 4.0 1.76

Rain fied paddy field 75.2 33.02

Irrigated paddy field 9.3 4.08

Mixed  orchards 0.1 0.04

Natural water resources 23.1 10.14

Poultry 5.8 2.55

Swine  farm  house 0.6 0.26

Shrimp pit 23.7 10.40

Other 84 36.89

Source:  Department of Environmental Promotion, Ministry of Natural Resources and

Environment, Thailand (48).

2.7.2 Kosumphisai, Mahasarakham Province

Kosumphisai district is one of the thirteen districts in

Mahasarakham province consisting of seventeen sub districts; Hua Khwang sub

districts, Yang Noi sub districts, Wang Yao sub districts, Khwao Rai sub districts,

Phaeng sub districts, Kaeng Kae sub districts, Nong Lek sub districts, Nong Bon sub

districts, Lao sub districts, Nong Bua sub districts, Phon Ngam sub districts, Yang Tha

Chaeng sub districts, Hae Tai sub districts, Nong Kung Sawan sub districts, Loeng Tai

sub districts, Don Klang sub districts. Neighboring districts are Chiang Yuen,

Kantharawichai, Mueang Maha Sarakham, Borabue and Kut Rang of Maha Sarakham

Province, Ban Phai, Ban Haet and Mueang Khon Kaen of Khon Kaen Province, as

shown at Figure 2-4 (49).
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Figure 2-4 The area of Kosumphisai district, Mahasarakham Province (48)

It covers area of 827.876 km2whose types of transportation are

railway and road. Kosumphisai district has the population about 119,198 persons. Soil

texture of area is Maha Sarakham series type (49). Land use of Kosumphisai district is

city, town and commercial land, industrial land, institutional land, rain fied paddy

field, irrigated paddy field, mixed field crops, mixed  orchards, para rubber, sugar

cane, cassava, oil palm, corn, earth pit, forest  and natural water resources as shown in

Table 2-6. Kosumphisai district have 60 well in cover area. The maximum of water

level is in August and the minimum of water level is in January that showed at

appendix C.

Copyright by Mahidol University



Suppawate Thongprayoon                                                                                          Literature Review /22

Table 2-6 Land use area of Kosumphisai, Mahasarakham province.

Type of Land use Area (km2) Percentage

City, town and commercial land 0.8 0.10

Industrial land 85.9 10.4

Institutional land 0.1 0.01

Irrigated paddy field 12.4 1.50

Rainfied paddy field 88.5 10.69

Mixed field crops 125.2 15.12

Mixed  orchards 85.2 10.29

Natural water resources 155.3 18.75

Para rubber 2.5 0.30

Sugar cane 48.7 5.88

Cassava 4.4 0.53

Oil palm 11.5 1.39

Corn 1.1 0.13

Earth pit 0.3 0.04

Forrest 128.2 15.48

Other 78 9.42

Source: Department of Environmental Promotion, Ministry of Natural Resources and

Environment, Thailand (48).

2.8 Relevance Researches

Some of the most common concerns for groundwater quality in relation to

human health in the rural environment include contamination with pathogenic

microorganisms, nitrate and toxic organic compounds. As many as one billion people

in the world drink unsafe water (50). Over two million deaths from diarrhea occurred

in 1998, mainly among children (51). People drink unsafe water because they are not

informed about the risks to their health and because they lack access to safe water.

Providing information is a less expensive and simpler policy than providing safe
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sources of water. Therefore, it is important to know if and when information alone can

induce people to seek safe water with their own resources. (52)

In Italian groundwater (2003), twelve percent of the monitored have nitrate

concentrations above the value set for the drinking water (53) whereas the presence of

some substances, like As or F, is often a consequence of rock-water interaction and

does not mean contamination (54). Furthermore one-third or more of the wells in

Bangladesh have arsenic concentrations above the Bangladeshi safety standard of 50

micrograms per liter (μg/L). At least 37 million people are consuming unsafe water.

(55) In urban areas groundwater contamination also has major implications for health

and the environment. This contamination may be due to urban storm water infiltration,

the uncontrolled leakage of wastewater and septic tanks, and industrial activities (56,

57, 58, 59).

Goss M.J. et al. (1988) (52) has been reported groundwater provides about

30% of water requirements in Ontario, but farm families depend. almost entirely on

private wells. Major potential contaminants on farms are nitrate NO3, pathogenic

microorganisms, pesticides and petroleum derivatives. A survey of farm drinking-

water wells was conducted throughout the Province of Ontario, Canada, in 1991 and

1992 and tested for these contaminants. About 40% of farm wells tested contained one

or more of the target contaminants above the maximum acceptable concentration; 34%

of wells had more than the maximum acceptable number of coliform bacteria. These

results for NO3 contamination were not significantly different from those reported for

a 3 survey of Ontario wells for the period 1950–1954, but the frequency of

contamination by Escherichia coli was greater in the present study. The percentage of

wells contaminated by coliform bacteria decreased significantly with increasing

separation of the well from the feedlot or exercise yard on livestock farms. A full

statistical model including the type of well construction, depth, age and soil hydrologic

group was developed to describe the frequency of contamination.

According to study of M.J. Conboy (1999) (60), survey of rural groundwater

quality in Canada showed that some drinking water wells were consistently

contaminated with bacteria. The prediction of the most relevant factors affecting well

water quality in Ontario was evaluated for the different soil and geological profiles in

the Goromonzi district of Zimbabwe. High risk wells in Ontario were located most
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often at sites with older limestone or dolostone bedrock, and in clay or clay loam soil.

The presence of a sandy soil may offer some protection to groundwater resources in

very vulnerable dug or bored wells. The presence of shale and hardpan layers may

offer protection due to the impermeable nature of these deposits. Well construction

was a dominant factor affecting water quality. Shallow dug or bored wells, located in

sites where there is a thin soil profile or shallow water table, can be very vulnerable to

contamination. Dug or bored wells were most affected by the soil and geological

setting of the well location. Manure spreading, particularly daily manure application,

increased the risk of well water contamination, whereas other farming practices such

as tillage were less predictive of well vulnerability. Knowledge of the history of

contamination for a well was useful in predicting well susceptibility. A brief

assessment of topography and local surface water provided sufficient information to

indicate the direction of groundwater flow, the most important feature that can be used

to predict the susceptibility of a well in a given location.

The occurrence of groundwater contamination was directly related to the

type, depth and age of the water well (52, 61, 62). However the results of the survey in

Ontario indicated that the contamination with E. coli had almost double over the past

40 years and there was correlation between point sources of contamination on the farm

and contamination in the water wells was for bacteria contamination and separation

distance of the well from a feedlot or animal exercise yard (52).

Antibiotic resistance of environmental isolates has been reported even for

those bacteria obtained groundwater (63). EI-Zanfaly et al. (1988) reported that 63%

of 101 bacterial strains isolated from groundwater were multiple-antibiotic resistant

(MAR) (64), most of which were gram-negative fermentative and non-fermentative

rods which correspond to McKeon et al. (1995) that assayed using a modified Kirby-

Bauer disk-diffusion method showed that approximately 60% of the coliforms were

MAR, including 14, 64, and 94% of Escherichia coli, Citrobacter freundii, and

Enterobacter cloacae isolates (65), respectively. They also assayed for ability to

transfer resistance to ampicillin-sensitive strains of environmental E. coli isolates were

capable of in vitro transfer to recipients in a nutrient-rich environment (trypticase soy

broth).
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CHAPTER ІІІ

METHODOLOGY

Objectives of study were determined that quality of water sample after that

correlation of the microbiological quality and influencing factors was investigated.

The methodology was divided into two steps. The first step was determination

groundwater quality in the study area. The second step was study the correlation

among microbiological quality of groundwater, physical-chemical quality, soil texture,

land use and seasons.

3.1 Material and Equipments

The materials that used collected water sample were bottle sampling, GPS

(GARMIN IQue3600, USA), map 1:50,000 of Bangkla district, Chachoengsao province

and map 1:50,000 of Kosumphisai district, Mahasarakham province.

The equipments that used to determine the quality of water sample were Aqua

tester  (Hellige, USA), Atomic Absorption (Spectrometer Perkin Elmer model 3110,

USA), Auto Analyzer (Skalar model SA 5000, Germany), Auto clave (Hirayama

model HVE-50, Japan), Balance (Mettle model AE 163, USA), DO Meter (WTW

model Multi 350 I, Germany), Hot Plate, Incubator (WTW model TS606/4-i,

Germany), Membranes filter 0.4 micron, Filter, Oven (Precision model 17, USA), pH

Meter (Orion Research model 410A,720A, USA), Thermometer, Turbid meter (Hach

model 2100N, USA) and Scientific glass ware.

3.2 Chemical Agents

The chemical agents were used analysis chemical quality of water samples

that follow as:
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3.2.1 Color reagent for Nitrate

Typical composition

O-Phosphoric acid (H3PO4) 150 mL

Sulfanilamide (C6H8N2O2S) 10 g

N-(1-Naphthyl) ethylenediamine dihydrochloride

(C12H16CI2N2) 0.5 g

Preparation

Dilute the o-phosphoric acid in 700 mL distilled water. Add the

sulfanilamide and the N-(1-naphthtyl) ethylenediamine dihydrochloride and dissolve.

Fill up to 1 L with distilled water and mix. Note: Store in dark colored bottle. Solution

is stable for 2 weeks. Store at 4°C.

3.2.2 Sodium hydroxide 0.18 M

Typical composition

Sodium hydroxide (NaOH) 7.2 g

Brij 35(30%) 3 mL

Preparation

Dissolve the sodium hydroxide in800 mL distilled water. Fill up

to 1 L with distilled water, add the Brij 35 and mix. Note: Solution is stable for 1

week.

3.2.3 Ammonium chloride

Typical composition

Ammonium chloride 13 g

Disodium ethylenediamine tetraacetate 1.7 g

Preparation

Dissolve 13 g NH4Cl and 1.7 g disodium ethylenediamine

tetraacetate in 900 mL Distilled water. Adjust to pH 8.5 with Conc. NH4OH and dilute

to 1 L.
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3.2.4 Potassium chromate

Typical composition

Potassium chromate (K2CrO4) 50 g

Silver nitrate (AgNO3) 5 mL

Preparation

Dissolve Potassium chromate 50 g in800 mL distilled water.

Drop Silver nitrate until precipitated. Filtrate the dregs and Fill up to 1 L with

distilled water.

3.3 Culture Media

The culture media that used enumeration of microbiological indicators were

plate count agar medium and CHROMagarECC (commercial media).

3.3.1 Plate Count Agar Medium

Typical composition

Pancreatic Digest of casein 5.0 g

Yeast extracts 2.5 g

Dextrose 1.0 g

Agar 15.0 g

Preparation

Dissolve all ingredient 23.5 g in 1 L of distilled water by heating

in a boiling water bath or boiling on the hot plate, sterile by autoclave (15 min at

121C). When temperature cool down to room temperature and then keep at 4C.

3.4 Sampling Sites

Groundwater wells were collected at Bangkla district, Chachoengsao

province and Kosumphisai district, Mahasarakham. Twelve wells were selected for

water sampling (Figure 3-1) and surface water surrounded some wells were also

collected (Table 3-1).
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Figure 3-1 Sampling points of deep well at Bangkla District, Chachoengsao province

C 10

C 9

C 3

C 7

C 4

C 8

C 6

C 5

C 11

C 12

C 2

C 1

Copyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ.                  M.Sc.(Technology of Environmental Management) / 29

Table 3-1 Location of sampling wells at Bangkla district, Chachoengsao province.

PositionWell

NO.
Location

N E

Type of

land use

Depth

of  well

(m)

Starting

year

C 1

Moo 5, Tah-

Tonglang sub

districts

13o41.091 101o14.769 School 75 2002

C 2

Moo 5, Tah-

Tonglang sub

districts

13o41.586 101o14.237 Agriculture 60 2002

C 3
Moo2, Samed-

Naer sub districts
13o40.463 101o12.781 Market 105 2002

C 4
Moo4, Samed-

Naer sub districts
13o40.764 101o11.097 School 75 2004

C 5
Moo 3, Huasai sub

districts
13o47.852 101o12.540 Near pond 120 1994

C 6
Moo5, Bangkrajed

sub districts
13o496.57 101o10.120

Shrimp

farm
135 2002

C 7
Moo4, Bangkrajed

sub districts
13o496.57 101o10.120 Near river 120 1994

C 8
Moo4, Bangkrajed

sub districts
13o49.983 101o10.662 Near pond 120 1994

C 9
Moo 3, Pagnam

sub districts
13o44.472 101o13.707 Near river 74 2002

C 10
Moo 12, Pagnam

sub districts
13o45.572 101o14.066

Near pond

abandons
120 1994

C 11
Moo 7 ,Pagnam

sub districts
13o44.557 101o12.514

Near open

waste
64 2002

C 12
Moo 1, Samed-Tia

sub districts
13o39.091 101o12.896 Agriculture 107 2002
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Figure 3-2 Sampling points of deep well at Kosumphisai District, Mahasarakham

province

The 18 wells (M1-M18) at Kosumphisai district, Mahasarakham were also

collected. The detail of sampling location and detail of each well as shown in Figure 3-

2 and Table 3-2

Water samples were collected two time, Dry season was February that had

minimum of groundwater level and rainy season was August that had maximum of

groundwater level.
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Table 3-2 Location of sampling wells at Kosumphisai district, Mahasarakham

province

PositionWell

NO. Location
N E

Type of

land use

Depth

of well

(m)

Starting

year

M 1

Moo 15, Hua

Khwang sub

districts

27o76.75 180 o 37.81 Agriculture 43 2003

M 2
Moo 8, Nong Lek

sub districts
27 o 34.16 179 o 86.15 Agriculture 60 2003

M 3

Moo 6, Hua

Khwang sub

districts

27 o 80.38 180 o 22.96 Village 54 2003

M 4
Moo 1, Lao sub

districts
27 o 79.22 180 o 36.91 Village 30 2003

M 5

Moo 8, Nong

Kung Sawan sub

districts

27 o 53.71 180 o 19.12 Agriculture 42 2003

M 6
Moo 6, Wang Yao

sub districts
27 o 49.48 178 o 94.17 Village 78 2004

M 7
Moo 3, Don Klang

sub districts.
28 o 42.83 179 o 99.00 Agriculture 62 2003

M 8
Moo 7, Lao sub

districts
27 o 74.61 179 o 67.66 Village 48 2003

M 9
Moo 7, Wang Yao

sub districts
27 o 86.34 179 o 59.11 Village 42 2004

M 10

Moo 3, Nong

Kung Sawan sub

districts

27 o 79.87 179 o 55.96 Village 45 2003

M 11
Moo 12, Khwao

Rai sub districts
27 o 73.43 179 o 50.11 Village 42 2003

M 12
Moo 9, Khwao

Rai sub districts
28 o 29.48 179 o 12.19 Village 33 2003

M 13
Moo 1, Phaeng

sub districts
28 o 39.66 179 o 12.67 Agriculture 30 2003
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Table 3-2 Location of sampling wells at Kosumphisai district, Mahasarakham

province (continue)

Position
Well

NO. Location
N E

Type of

land use

Depth

of well

(m)

Starti

ng

year

M 14
Moo 20, Khwao

Rai sub districts 28 o 91.62
178 o

55.51
Village 30 2004

M 15
Moo 8, Wang

Yao sub districts
29 o 24.69 179 o 53.17 Agriculture 65 2003

M 16
Moo 11, Khwao

Rai sub districts 29 o 19.07 179 o 56.94 Village 60
2004

M 17
Moo 13, Khwao

Rai sub districts
29 o 23.12 178 o 96.30 Agriculture 44 2003

M 18
Moo 8, Wang

Yao sub districts
29 o 22.90 178 o 92.22 Village 36 2003

3.5 Water Sampling Method

Water samples were collected depending on the groundwater levels including

high water level in August and low level in February. At each sampling well, water

sample were collected by using specific technique.

3.5.1 Water Sampling for Analysis of Physical and Chemical Parameters

The bottle was cleansed with 50 % sulphuric acid and then rinsed

with distilled water. Firstly, mouth-tap of water was wiped with clean cloth and then

turns on the water at the highest flow rate about 2 min in order to rinse the water pipe.

The flow rate of water was reduced in the medium flow rate about 3 min then rinses

the bottle for 2 times. Water sample was collected in the bottle about 1 L and closed

the bottle cap.
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3.5.2 Water Sampling for Analysis of Microbiological Parameter

For groundwater sampling from deep well, the mouth-tap was

cleaned with 70 % ethanol before collecting. The pump was fully opened and run for 5

min and the flow of water was reduced to permit filling the water into the sterile bottle

without splashing. The water sample was filled into the 500 mL bottle and leaved the

air space in the bottle at least 2-5 cm to facilitate mixing by shaking pries to

examination. The water sample was kept at 4oC until analysis within 24 h.

For surface water sampling, bucket was cleaned with 70 % ethanol

before collecting. Bucket was dropped into pond and poured water sample into the

sterile bottle and leaved the air space in the 500 mL bottle at least 2-5 cm to facilitate

mixing by shaking pries to examination. The water sample was kept at 4oC until

analysis within 24 h.

3.6 Determination of Physical and Chemical Parameters of

Groundwater

Water sample were collected in No. 3.5.1, were analyzed the physical and

chemical parameters as shown Table 3-3.
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Table 3-3 Determination of physical and chemical parameter

Parameters Method

Physical

Temperature EPA’s standard method 170.1- Field probe with direct

reading meter

Total Dissolve Solid

(TDS)

EPA’s standard method E150.1- Field probe with

direct reading meter

Chemical

Acidity or alkalinity (pH) EPA’s standard method E360 – Dissolved oxygen

membrane electrode

Dissolved Oxygen (DO) EPA’s standard method E360 – Dissolved oxygen

membrane electrode

Conductance (EC) EPA’s standard method Field probe with direct reading

meter

Conductance (EC) EPA’s standard method Field probe with direct reading

meter

Heavy metals Atomic absorption that uses EPA’s standard method

3111

Chloride (Cl) Titration that following EPA’s standard method

Nitrate Automated cadmium reduction method that uses

EPA’s standard method 4500

Source: EPA’s standard method (66)
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3.7 Enumeration of Microbiological Indicators in Groundwater

3.7.1 Viable Bacteria

Total viable bacteria were determined by spread plate technique.

Briefly, 0.1 mL of water sample from NO. 3.5.2 was pipetted onto plate count agar

(PCA) (appendix A). Water sample on the agar plate was spread with the sterile bent

glass rod until the suspension on the surface of agar was uniform distribution. Agar

plates were incubated at 37 oC for 18-24 hr until appeared colonies (67). Colonies on

agar plate were counted and calculate the number of viable cell in 1 mL of water

sample. Each water sample was done in triplicate experiment.

3.7.2 Total Coliform Bacteria and E.coli

Microbial indicator included total coliform bacteria and E.coli as a

number of fecal coliform bacteria were measured by membrane filtration technique.

The 100 mL of water sample was filtrated through cellulose acetate membrane filter at

pore size 0.45 µm. This membrane filter was aseptically transferred and placed on the

surface of CHROMagarECC (CHROMagarECC, France). Agar plates were incubated

at 37 oC for 18-24 hr until appeared colonies on membrane filter. Typical colony of

coliform bacteria on CHROMagarECC is mauve Typical colony of E.coli on

CHROMagarECC is blue (68). Each sample was repeated in three times.  Typical

colony of coliform bacteria and E.coli were counted and calculated.

3.8 Study of Correlation Among Microbiological Quality of

Groundwater, Physical and Chemical Quality

The correlation of microbiological quality and physical-chemical quality was

separated 2 steps by statistic Chi-square and linear regression. The statistic Chi-square

was primary screening to find correlation. The linear regression was secondary method

to find out the equation of correlation.
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The data of groundwater quality were comparison with mean variation of

microbiological quality by statistic Chi-square. The computer program (SPSS version

16) was used in data processing. Chi-square is a statistical test commonly used to

compare observed data with data we would expect to obtain according to a specific

hypothesis. If the p value for the Chi-square is p > 0.05, accept your hypothesis.  If the

p value for the Chi-square is p < 0.05, reject your hypothesis, and conclude that some

factor other than chance is operating for the deviation to be so great.

The data for correlation were evaluated by linear regression. The technique is

used to find the equation that represents the relationship between the variables. A

simple regression analysis was showed that the relation between an independent

variable X and a dependent variable Y was linear, using the simple linear regression

equation Y= a + bX (where a and b are constants).

3.9 Study of Correlation Among Microbiological Quality of

Groundwater, Seasons and Location

Factors of microbiological contamination that be compose of season and

location were studied by comparison with microbiological quality. The

microbiological quality were compared the means of two groups by computer program

(SPSS Version 16). The paired t-test is actually a test that the differences between the

two observations are 0. So, if D represents the difference between observations, the

hypotheses are:

Ho: D = 0 (the difference between the two observations is 0)

Ha: D ≠ 0 (the difference is not 0)

The test statistic is t with n-1 degrees of freedom. If the p-value associated

with t is low (< 0.05), there is evidence to reject the null hypothesis. Thus, there is a

difference in means across the paired observations (69). These criteria of each factor

were explained below.
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3.9.1 Season

Two seasons were used to compare were dry season and rainy

season. February 2008 was an agent of dry season and August 2007 was an agent of

rainy season. The microbiological quality was correlated between two seasons by

paired t-test.

3.9.2 Location

The soil texture was separated two types. The area of Bangkla

district, Chachoengsao province was Chachoengsao Series type. This type contains

clay and silt (49). This soil texture was an agent type A.

The area of Kosumphisai district, Mahasarakham Province was

Maha Sarakham series type. This type contains sandy mixed gravel on top and bellow

is   clay and sandy (49). This soil texture was an agent type B as shown Figure 3-3.

The major land use in Bangkla district was farm and livestock. The

important surface water resource in this area was the Bang Pakong River.

Kosumphisai district was used for agricultural production. The

major area was dry. The most agriculture in the area was rain fied paddy.

A B

Figure 3-3 Type of soil texture in study area (49).

A: Chachoengsao series type (Clay and Silt)

B: Maha Sarakham series type (Sandy gravel, Clay and Sandy)
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CHAPTER IV

RESULTS AND DISCUSSION

4.1 Bangkla District, Chachaengsao Province

The 12 groundwater samples collected from Bangkla district, Chachaengsao

province (Table 3-1) in each season (rainy and dry seasons) were analyzed for

physical, chemical and microbiological quality of groundwater. The results that have

as follows

4.1.1 Physical and Chemical Properties of Groundwater Quality

The physical and chemical quality of groundwater in Bangkla district,

Chachaengsao province in both seasons was showed in Table 4-1

Table 4-1 Physical and Chemical Properties of Groundwater in Bangkla district

ND: Not detected

August (Rain season) February (Dry season)

Well
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C1 0.0 30 7.4 0.1 0.0 18 106 423 0.7 28 7.4 0.1 0.0 24 107 429

C2 0.0 29 7.4 0.0 0.0 0 650 2,600 0.4 29 7.4 0.0 0.0 0 650 2,600

C3 2.1 30 7.3 0.1 0.2 0 260 1,040 2.9 29 7.3 0.1 0.2 0 293 1,170

C4 0.0 31 7.5 0.1 0.1 0 325 1,300 0.6 28 7.5 0.1 0.1 0 439 1,755

C5 0.0 31 7.5 0.1 0.0 0 195 780 ND ND ND ND ND ND ND ND

C6 0.0 30 7.4 0.1 0.0 0 325 1,300 0.4 29 7.4 0.1 0.0 0 325 1,300

C7 0.0 30 7.4 0.1 0.0 0 228 910 0.6 30 7.4 0.1 0.0 0 239 956

C8 0.0 31 7.5 0.1 0.0 21 276 1,105 0.6 30 7.5 0.1 0.0 31 276 1,105

C9 1.0 31 7.3 0.1 0.0 24 309 1,235 0.9 29 7.3 0.1 0.0 28 325 1,300

C10 0.0 31 7.4 0.0 0.0 0 276 1,105 0.6 29 7.4 0.0 0.0 0 271 1,086

C11 0.2 30 7.4 0.0 0.0 0 1,154 4,615 0.8 30 7.4 0.0 0.0 0 1,138 4,550

C12 3.1 31 7.3 0.0 0.0 4.0 91 364 0.4 30 7.3 0.0 0.0 8 96 384
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The quality of physical and chemical of water sample from Bangkla

district, approximate 41% of wells had only chemical quality higher than the

maximum of standard drinking water (40). The average temperature and pH of the 12

wells tested in rainy season (August) at Bangkla district were 30oC and 7.4,

respectively while the average temperature and pH in dry season (February) were

average 29 oC and 7.4, respectively. The pH in rainy and dry seasons at Bangkla

district were acceptable value of Thailand standard drinking water (40) and most

commonly of condition of bacteria growth (42).

Dissolved oxygen in rainy (0.1 ppm) and dry (0.6 ppm) seasons were

statistically significant difference (P > 0.05) (Figure 4-1). Consequently, the increasing

of dissolved oxygen by season would be involved the water level because lower water

level causes the increasing of dissolved oxygen. Temperature of water also affects the

amount of oxygen concentration in water.  The cold water contains more dissolved

oxygen more than warm water (70). The average temperature in rainy (August) season

at Bangkla district was 30oC while the average temperature in dry (February) season

was 29oC.

There was no statistically significant difference in the distribution of

iron (Fe) and manganese (Mn) in both seasons represented throughout Bangkla while

the average concentration of Fe and Mn were 0.1and 0.0 ppm respectively. The

concentration of Fe and Mn were acceptable in Thailand standard drinking water (40).

Nitrate was also found in 33% of wells but all samples contained lower nitrate

concentration than the maximum acceptable concentration (< 45ppm). Figure 4-2

showed difference of nitrate concentration in both seasons. The increasing of nitrate

concentration in dry season would be involved the water level. Bangkla district wasn’t

source of nitrate contamination. Therefore, the quantity of groundwater has effect on

the concentration of matters.
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Figure 4-1 Dissolved oxygen in groundwater collected from Bangkla district

Nitrate (ppm)

18

0 0 0 0 0 0

21

24

0 0

4

24

0 0 0 0 0 0

31

28

0 0

8

0

5

10

15

20

25

30

35

40

45

50

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12

Well Number

Figure 4-2 Nitrate concentration in groundwater collected from Bangkla district
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Approximate 41% of wells had total dissolved solid (TDS)

concentrations higher than the maximum of standard drinking water (1,200 ppm) (40).

Only two wells (C10 and C11), TDS increased in rainy season. The cause of

contamination might was activity land use in both areas. The both wells were near a

pond abandons brew's yeast (C10) and open dump waste (C11). In areas where the

TDS content of water supply is over limit standard, individual constituents should be

identified and local public health authorities consulted. No recent data on health

effects associated with the ingestion of TDS in drinking water was reported.
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Figure 4-3 Total dissolved solids in groundwater collected from Bangkla district
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4.1.2 Microbiological Characterization of Water Quality

Groundwater samples were determined the microbiological parameters

and the results of microbiological parameter were represented in Table 4-2.

Table 4-2 Microbiological characteristics of groundwater from Bangkla district

Rainy season Dry seasonNumber

of

bacteria TCB E.coli Total bacteria TCB E.coli Total bacteria

      Unit

Well
CFU/100mL CFU/mL CFU/100mL CFU/mL

C1 4.0 1.0 150 9.0 0.3 40

C2 ND ND 15 ND ND 5.0

C3 3.6 0.3 10 15 ND 55

C4 ND ND 30 0.3 ND 15

C5 ND ND 2.0 NT NT NT

C6 ND ND 2.0 1.3 ND 350

C7 ND ND 1.6x105 68.7 ND 1.2x105

C8 3.0 0.3 1.7x105 4.0 0.3 1.2x105

C9 8.0 0.3 200 17 0.3 110

C10 ND ND 90 31.7 ND 35

C11 4.0 ND 80 8.0 0.3 5.0

C12 0.5 ND 320 9.0 ND 55

Remark: TCB = Total coliform bacteria

  NT = Not tested

  ND = Not detected by indicated method due to lower number in

samples

The results of groundwater quality at Bangkla district showed that 50%

(6 wells) of 12 wells in rainy season and 90% of 11 wells in dry season contained

higher total coliform bacteria than standard drinking of groundwater. Approximately
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33% (4 wells) of 12 wells in rainy season and 36% (4 wells) of 11 wells in dry season

contained higher E.coli bacteria than standard drinking of groundwater (Table 4-2).

The results of survey showed surface water in Bangkla district was

contained high microbiological contamination (Appendix B). In rainy season,

groundwater contained total bacteria and E.coli more than dry season. The cause of

contamination might were the uncontrolled leakage of wastewater and septic tanks,

and faming activities. Conversely, the number of total coliform bacteria detected in

dry seasons was higher than in rainy season. Total coliform bacteria were facultative

anaerobic bacteria that can live under aerobic or anaerobic conditions. When

concentration of oxygen was increase, the amount of total coliform bacteria was

increased.

The contamination of bacteria in groundwater at Bangkla district

indicates that the quality of groundwater was inappropriate to use as water supply for

drinking purpose. The microbiological contamination has checked widely including

Thailand. The mostly source of microbiological contamination was agricultural runoff

and infiltration of domestic or wild animal fecal matter. The majority of Bangkla areas

were land farming and livestock. Thus, the wastewater from these activities might

easily leach into the groundwater and causes the bacterial contamination.

4.2 Kosumphisai districts, Mahasarakham province

The 18 groundwater samples collected from Kosumphisai districts,

Mahasarakham province (Table 3-2) in each season (rainy and dry seasons) were

analyzed for physical, chemical and microbiological quality of groundwater. The

results that have as follows

4.2.1 Physical and Chemical Properties of Groundwater Quality

The physical and chemical quality of groundwater in Kosumphisai

districts, Mahasarakham province in both seasons (dry and rainy season) was showed

in Table 4-3
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Table 4-3 Physical and Chemical Properties of Groundwater in Kosumphisai districts

The results showed that the average temperature and pH in both seasons

were 29oC and 7.5, respectively. The pH value of groundwater samples were

acceptable standard drinking water (40). A few increasing of dissolved oxygen was

found in dry season. The cause occurs of some well’s lid was opened.

There was not significant difference between the concentration of Fe

and Mn in rainy and dry seasons. The averages of Fe and Mn concentrations were 2.0

and 0.2 ppm, respectively. The concentrations of Fe in M1 and M6 wells were higher

than maximum acceptable standard drinking water. Fe is an essential element in

human nutrition. Estimates of the minimum daily requirement for Fe depend on age,
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M1 0.0 7.4 28 14 1.2 0 1,341 2,980 0.0 7.4 28 14 1.2 1.4 765 1,700

M2 0.0 7.6 29 0.1 0.1 10 387 860 0.0 7.6 29 0.1 0.1 78 387 860

M3 0.0 7.8 29 0.1 0.0 71 2,493 5,540 0.0 7.8 29 0.1 0.0 240 2,493 5,540

M4 0.0 7.8 30 0.2 0.6 210 450 1,000 0.0 7.8 29 0.2 0.6 92 389 864

M5 0.0 7.7 30 0.3 0.0 60 273 607 0.0 7.7 31 0.3 0.0 15 247 549

M6 0.0 7.9 28 0.3 0.0 1.7 202 448 0.2 7.9 29 0.3 0.0 1.7 202 449

M7 0.0 7.4 29 0.1 0.0 0 216 480 0.0 7.4 30 0.1 0.0 0 183 406

M8 0.0 7.8 30 0.0 0.0 0 171 380 0.0 7.8 30 0.0 0.0 1.7 171 380

M9 0.0 7.6 28 0.1 0.2 62 264 587 0.4 7.6 29 0.2 0.1 7.7 264 587

M10 0.0 7.5 29 0.1 0.1 70 171 381 0.0 7.5 29 0.3 0.4 130 436 969

M11 0.0 7.6 30 0.1 0.0 23 1,494 3,320 0.0 7.6 28 0.1 0.0 23 1,492 3,315

M12 0.0 7.0 29 0.1 0.6 68 842 1,870 0.0 7.0 29 0.2 0.9 90 842 1,872

M13 0.0 7.5 30 0.2 0.1 230 1,847 4,105 0.0 7.5 31 0.1 0.1 230 1,895 4,212

M14 0.0 7.8 29 0.1 0.0 0 187 416 0.0 7.8 29 0.1 0.0 0 190 423

M15 0.0 7.8 29 0.8 0.0 68 307 682 0.0 7.8 29 0.2 0.0 46 262 583

M16 0.0 7.2 29 3.0 0.0 1.0 186 414 0.0 7.2 29 0.1 0.0 2.6 192 428

M17 0.0 7.5 30 0.1 0.0 68 1,158 2,574 0.2 7.5 29 0.1 0.2 100 1,103 2,451

M18 0.0 7.6 29 0.1 0.0 0 139 309 0.0 7.6 29 0.2 0.0 1.5 182 405
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sex, physiological status, and iron bioavailability and range from about 10 to 50

mg/day (71). No health-based guideline value for Fe is proposed. Maximum value of

Fe had effect to color and taste of groundwater.

The concentration of Mn in M1, M4 and M12 wells were more than

maximum acceptable standard drinking water (40). Mn is an essential element for

many living organisms, including humans, some enzymes require Mn. The syndrome

known as manganism is caused by exposure to very high levels of manganese dusts or

fumes and is characterized by a Parkinson-like syndrome, including weakness,

anorexia, and muscle pain, apathy, and slow speech, monotonous tone of voice,

emotionless masklike facial expression and slow, clumsy movement of the limbs. In

general, these effects are irreversible. Some motor functions may already be affected

following chronic exposure to levels of Mn of ≤1 mg/m3, but individuals in these

situations have not shown the overt, clinical symptoms of those exposed too much

higher levels (72) (73)

Nitrate concentrations in groundwater samples collected from 9 wells

were higher than nitrate concentration (45 ppm) in standard drinking groundwater in

rainy season. Groundwater samples from 8 wells in dry season have the high nitrate

concentration above standard drinking groundwater (Figure 4-4). High nitrate level in

water can cause methemoglobinemia or blue baby syndrome, found especially in

infants less than six months. Nitrite is absorbed in the blood, and hemoglobin (the

oxygen-carrying component of blood) is converted to methemoglobin. Methemoglobin

does not carry oxygen efficiently. The results in a reduced oxygen supply to vital

tissues such as the brain. Methemoglobin in infant blood cannot change back to

hemoglobin, which normally occurs in adults. Severe methemoglobinemia can result

in brain damage and death (74). The high nitrate concentration would due to the farm

activity in this study area.  According to the study of Goss et al. (1997) found that the

groundwater in the land farm at Ontario contained highly nitrate concentration (44).

In Thailand 2005, the survey of quality in groundwater at Mahasarakham province

found that area was contained high nitrate concentration in environment (75). So

during rainy season, nitrate in environment might were lacked in groundwater.
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Figure 4-4 Nitrate concentrations in groundwater collected from Kosumphisai district

Total dissolved solid concentration in 6 wells at both seasons was

higher concentration than standard drinking groundwater (1,200 ppm) shown in figure

4-5. The sources of total dissolved solid in groundwater were agricultural runoff and

leaching of soil contamination. The soils in Kosumphisai area was Maha Sarakham

series type that contained high sodium chloride and this property may cause the higher

of total dissolved solid in groundwater (75).

Maximum
Standard
(45 ppm)

Rainy season
Dry season
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Figure 4-5 Total dissolved solids in groundwater collected from Kosumphisai District

4.2.2 Microbiological Characterization of Water Quality

Groundwater samples were determined the microbiological parameters

and the results of microbiological parameter were represented in Table 4-4.

Rainy season
Dry season

Maximum
Standard
(1,200 ppm)
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Table 4-4 Microbiological characteristics of groundwater from Kosumphisai district

Rainy season Dry seasonNumber

of

Bacteria TCB E.coli Total bacteria TCB E.coli Total bacteria

        Unit

Well
CFU/100mL CFU/mL CFU/100mL CFU/mL

M1 ND ND 40 ND ND 25

M2 ND ND 26 ND ND 20

M3 ND ND 6.0 ND ND 1.0

M4 ND ND 18 ND ND 8.0

M5 ND ND 10 ND ND 9.0

M6 ND ND 10 1.0 ND 5.0

M7 ND ND 20 ND ND 12

M8 ND ND 60 ND ND 30

M9 0.3 ND 10 1.0 ND 8.0

M10 ND ND 1.0 ND ND ND

M11 ND ND 2.0 ND ND ND

M12 ND ND 100 ND ND 50

M13 ND ND 32 0.3 ND 22

M14 ND ND 20 ND ND 11

M15 ND ND 20 ND ND 11

M16 ND ND 20 ND ND 15

M17 0.3 ND 2.0 1.0 ND 1.0

M18 ND ND 2.0 ND ND 1.0

Remark: TCB = Total coliform bacteria

ND = Not detected by indicated method due to lower number in

samples

In case of groundwater quality at Kosumphisai district, the present of

bacteria was difference from the groundwater at Bangkla district. The results showed
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that the numbers of total bacteria in groundwater samples were lower than acceptable

limit (Table 4-2). There weren’t significant differences in the numbers of total

bacteria, total coliform bacteria and E. coli between the rainy and dry season. The

entire of groundwater wells in both seasons was not found E. coli. Total coliform

bacteria in rainy and dry season were found in 2 wells (M9 and M17) and 4 wells (M6,

M9, M13 and M17), respectively.

The condition of groundwater in Kosumphisai district wasn’t suitable to

microbiological growth. Dissolved oxygen was major condition of bacteria growth,

because of total coliform and E.coli were facultative aerobic bacteria. When

concentration of oxygen was increase, the amount of total coliform bacteria was

increased. The groundwater in Kosumphisai had lowest dissolved oxygen that effect to

microbiological growth. The microbiological contamination source wasn’t near

groundwater well.

4.3 Correlation among Microbiological Qualities, Physical and

Chemical Qualities in Groundwater

The results in Bangkla district were analyzed by statistic Chi-square. Results

of the p value were showed in Table 4-5.

Table 4-5 The p value of correlation with microbiological quality to physical and

chemical quality in Bangkla district.

p value (p < 0.05)

Parameter DO Temp pH Fe Mn NO3 Cl TDS

Total Bacteria 0.092 0.717 0.365 0.352 0.502 0.131 0.344 0.344

Total Coliform 0.041 0.024 0.231 0.720 0.480 0.101 0.224 0.624

E.coli 0.121 0.952 0.167 0.326 0.934 0.000 0.148 0.098

In Bangkla district, factors that influenced microbiological quality of

groundwater were dissolved oxygen, temperature and nitrate.
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Microorganism

Total bacteria had correlation with dissolved oxygen. Figure 4-6 showed the

correlation between total bacteria and dissolved oxygen.
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Figure 4-6 Relation of dissolved oxygen with total bacteria and total coliform

Total bacteria
Y    = -3.54X – 157.53
R2  = 0.01

Total coliform
Y    = 1.86X + 6.83
R2  = 0.01
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The dissolved oxygen was less effect to the total bacteria contaminate in the

groundwater, because the R2 value close to zero. The equation of relationship was Y=

-3.54X – 157.53. The total bacteria in experiment were aerobic and facultative

anaerobic bacteria. The result showed bacteria that habitat in groundwater were most

facultative anaerobic bacteria more than aerobic bacteria, because the relation of total

bacteria with dissolved oxygen (as show in Figure 4-6) was reverse variation. When

dissolved oxygen concentration was increase, total bacteria had been decrease. In

condition of groundwater had less nutrient for microbial growth so dissolved oxygen

was less effect to the total bacteria growth too.

The dissolved oxygen was also less effect to the total coliform contaminate in

the groundwater too, because the R2 value close to zero. The equation of relationship

was Y    = 1.86X – 6.83. Total coliform bacteria were facultative anaerobic bacteria

that can survive under aerobic or anaerobic conditions. When concentration of oxygen

was increase, the amount of total coliform bacteria was increased. Facultative bacteria

were more growth in aerobic condition than anaerobic condition so the relation of total

coliform with dissolved oxygen was direct variation.

Temperature had correlation only total coliform bacteria but less. The relation

between total coliform bacteria and temperature (as shown in Figure 4-7) was reverse

variation. The average temperature in groundwater was 29 o C. The equation of

relationship was Y= -2.03X + 68.49. Normally, optimum temperature of total

coliform bacteria growth is 35-37 o C. Environmental condition (temperature and

dissolved oxygen) and nutrients concentration weren’t suitable for microbial growth.
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Figure 4-7 Relation of temperature with total coliform

Y    = -2.03X + 68.49
R2  = 0.02
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Figure 4-8 Relation of nitrate with total coliform and E.coli
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Figure 4-8 showed relation between nitrate concentration and E.coli. The

relation of E.coli with nitrate concentration was direct variation. E.coli was fecal

contamination indicator. It could be to forecast the source of contamination. The

sources of contamination on the farm and contamination in the water wells was for

bacteria contamination and separation distance of the well from a feedlot or animal

exercise yard. In addition, the survey in Ontario indicated that the contamination of

nitrate was together microbiological contaminate (52).

For Kosumphisai district, the microbiological contamination was less so

wasn’t enough data for analysis. No relation between groundwater microbiological

quality and groundwater physical-chemical quality was observed.

4.4 Comparison between Microbiological Quality and Environmental

Condition in Groundwater Well

The results of microbiological quality from No. 4.1 and 4.2 were used to

compare with the location of groundwater well. The results found that there were

significantly differences (p < 0.05) in the distribution of total bacteria and total

coliform bacteria in the different location of groundwater wells. Groundwater samples

collected from Bangkla district were high contaminated with total bacteria, total

coliform bacteria and E. coli. Factors of environmental condition have influence on the

microbial contamination in groundwater including location and season.

4.4.1 Influence of Location on the Microbiological Quality

The results showed total bacteria and total coliform were difference

with a confidence interval of 95%. Both locations were difference in soil type and land

use resulting to the difference sources of microbial contamination and microbial

transport. Groundwater in Kosumphisai district wasn’t found E.coli thus, correlation

between E.coli in groundwater and location of well was not analyzed.

Farming practices which may impact groundwater quality were

tillage practice and manure management. Many farmers have adopted no-till planting
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to reduce soil erosion and increase soil organic matter in the surface soil. This

condition may allow microorganisms to transport into the depth of soil and much more

rapidly than predicted if the water and microorganisms were infiltrating through the

soil matrix. Several studies reported that water moves rapidly through macro pores as

may occur in no-till soils (44, 61, 62). The presence of livestock also influenced on

groundwater quality.

The Bangkla district found many activities that influencing to

microbiological contamination. The livestock was important source of contamination.

Many water samples that collected around area, microbial were found. Animal manure

provides a very large source of bacteria and other drinking water contaminants. The

land use of Kosumphisai district was not contamination source. Most of land use is

agriculture. The activity was not effect to microbiological contaminate.

Soil type can be important for bacterial transport because of

structural factors such as pore size and continuity, as well as the potential of microbes

for adsorption onto the surface of constituent particles. Vulnerable sites were most

likely to be located on clay soils. This may be due to the presence of macropores in

clay soil, which would increase transport of bacteria into the well. Sandy sites may

restrict movement of bacteria through filtration may offer some measure of protection

to the well. These results were consistent with the Ontario Farm Groundwater Quality

(OFGWQ) survey where bacteriological contamination was observed to be less in

Sandpoint wells (44).

4.4.2 Influence of Season on the Microbiological Quality

Season has influence on quality and quantity of groundwater. There

was no significantly difference in the temperature of groundwater in both seasons.

Water level was increase in dry season and decrease in rainy season. The quantity of

groundwater has effect on the concentration of matters that were dissolved in water.

The increasing of dissolved oxygen by season would be involved the water level

because lower water level causes the increasing of dissolved oxygen. When oxygen

concentration was increase, the number of microbiological indicator that needs oxygen

to grow might also increase.
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CHAPTER V

CONCLUSION AND RECOMMENDATION

5.1  Conclusion

This research was studied the factors effecting on microbiological quality in

groundwater collected from Bangkla district, Chachoengsao province and

Kosumphisai district, Mahasarakham province. The physical, chemical and

microbiological properties of groundwater at study areas were determined and

analyzed the correlation. The conclusion can be drawn from this study are as follows:

5.1.1 Bangkla district, Chachoengsao province

The physical and chemical qualities of groundwater at Bangkla

districts, Chachoengsao province in both seasons were acceptable when compare with

Thailand standard drinking water. However, 5 wells at Bangkla district had total

dissolved solid exceed than acceptable value of standard drinking water.

The results of microbiological quality in groundwater at Bangkla

district showed that 50% of 12 wells in rainy season and 90% of 11 wells in dry

season contained higher total coliform bacteria than the acceptable value of standard

drinking of groundwater. 33% of 12 wells in rainy season and 36% of 11 well in dry

season contained higher E.coli bacteria than the acceptable value of standard drinking

of groundwater.

5.1.2 Kosumphisai district, Mahasarakham province

Groundwater collected from Kosumphisai district, Mahasarakham

province contained high level of due to using chemical fertilizer which has component

of high urea in agriculture. The result suggested that the groundwater wasn’t suitable

to drink because it has higher levels of nitrate, iron, manganese, Chloride and total

dissolved solid than acceptable value of Thailand standard drinking water.
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Groundwater quality in microbiological aspect at Kosumphisai

district found that there was no E.coli in groundwater of wells in both seasons. Total

coliform bacteria in groundwater collected in rainy and dry seasons were found in 2

and 4 wells, respectively.

5.1.3 Correlation among Microbiological, Physical and Chemical

Qualities

There was no correlation between microbiological quality and

chemical quality (Iron, Manganese, Chloride and pH) in groundwater at p ≤ 0.05.

The correlation between dissolved oxygen and microbiological

quality was significantly difference at p ≤ 0.05. Growth rate of total bacteria was

varied by oxygen concentration in groundwater, while the growth rates of total

coliform were slightly involved in oxygen concentration due to facultative anaerobe

bacteria.

The correlation between temperatures and microbiological quality

was significantly difference at p ≤ 0.05. The number of total coliform bacteria was

varied by temperature.

The correlation between nitrate and microbiological quality was

significantly difference at p ≤ 0.05. The number of E.coli was varied by nitrate.

5.1.4 Comparison of Microbiological Quality and Environmental

Condition

Factors of environmental condition that have influence on the

contamination of microorganisms were soil type, human activities or land use and

season.

Farming and livestock were major factors of microbial

contamination in groundwater. In addition, season had effect on the quality of

groundwater because water level was decrease in dry season and increase in rainy

season.
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Soil type can be important for bacterial transport. structural factors

such as pore size and continuity, as well as the potential of microbes for adsorption

onto the surface of constituent particles.

5.2  Recommendation

The recommendation can be drawn from this study are as follows:

5.2.1 Evaluation of microbiological contamination should be monitored

twice per year for further studies.

5.2.2 The other parameters of chemical quality such as total organic

compound should be performed.

5.2.3 The microbiological in groundwater in other areas that use groundwater

as water supply should be investigated.

5.2.4 Other microbial indicators of groundwater quality such as protozoa,

fecal streptococci should be determined.

5.2.5 Groundwater well should be installed far form the source of

microbiological contamination e.g. livestock, lavation, shrimp farm. If this can not be

avoided, the well head of groundwater well should be more carefully constructed to

prevent direct contamination from mentioned contamination source.
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APPENDIX A

WATER LEVEL

1. Bangkla district, Chachoengsao province

2. Kosumphisai district, Mahasarakham province
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APPENDIX D

EXPERIMENTAL DATA
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APPENDIX E

STATISTICAL ANALYSIS

1. Correlations between total bacteria and dissolved oxygen in Bangkla
district

Chi-Square Tests

Value df Asymp.
Sig. (2-sided)

Pearson Chi-Square 1.950E2a 170 .092

Likelihood Ratio 84.962 170 1.000

Linear-by-Linear Association 1.021 1 .312

N of Valid Cases 23

a. 198 cells (100.0%) have expected count less than 5. The minimum expected
count is .04.

2. Correlations between total bacteria and pH in Bangkla district

Chi-Square Tests

Value df
Asymp.

Sig. (2-sided)

Pearson Chi-Square 36.225a 34 .365

Likelihood Ratio 38.682 34 .266

Linear-by-Linear Association 2.868 1 .090

N of Valid Cases 23

a. 54 cells (100.0%) have expected count less than 5. The minimum expected
count is .22.
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3. Correlations between total bacteria and Temperature in Bangkla district

Chi-Square Tests

Value df Asymp.
Sig. (2-sided)

Pearson Chi-Square 1.261E2a 136 .717

Likelihood Ratio 77.865 136 1.000

Linear-by-Linear Association 2.000 1 .157

N of Valid Cases 23

a. 162 cells (100.0%) have expected count less than 5. The minimum expected
count is .04.

4. Correlations between total bacteria and Fe in Bangkla district

Chi-Square Tests

Value df Asymp.
Sig. (2-sided)

Pearson Chi-Square 18.592a 17 .352

Likelihood Ratio 24.175 17 .115

Linear-by-Linear Association 2.397 1 .122

N of Valid Cases 23

a. 36 cells (100.0%) have expected count less than 5. The minimum expected
count is .35.

5. Correlations between total bacteria and Mn in Bangkla district

Chi-Square Tests

Value df Asymp.
Sig. (2-sided)

Pearson Chi-Square 33.289a 34 .502

Likelihood Ratio 21.254 34 .957

Linear-by-Linear Association .837 1 .360

N of Valid Cases 23

a. 54 cells (100.0%) have expected count less than 5. The minimum expected
count is .09.
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6. Correlations between total bacteria and NO3 in Bangkla district

Chi-Square Tests

Value df Asymp.
Sig. (2-sided)

Pearson Chi-Square 1.365E2a 119 .131

Likelihood Ratio 54.673 119 1.000

Linear-by-Linear Association 1.367 1 .242

N of Valid Cases 23

a. 144 cells (100.0%) have expected count less than 5. The minimum expected
count is .04.

7. Correlations between total bacteria and Cl in Bangkla district

Chi-Square Tests

Value df Asymp.
Sig. (2-sided)

Pearson Chi-Square 2.808E2a 272 .344

Likelihood Ratio 109.915 272 1.000

Linear-by-Linear Association .683 1 .409

N of Valid Cases 23

a. 306 cells (100.0%) have expected count less than 5. The minimum expected
count is .04.

8. Correlations between total bacteria and total dissolved solid in Bangkla
district

Chi-Square Tests

Value df Asymp.
Sig. (2-sided)

Pearson Chi-Square 2.808E2a 272 .344

Likelihood Ratio 109.915 272 1.000

Linear-by-Linear Association .683 1 .409

N of Valid Cases 23

a. 306 cells (100.0%) have expected count less than 5. The minimum expected
count is .04.
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9. Correlations between total coliform bacteria and dissolved oxygen in
Bangkla district

Chi-Square Tests

Value df Asymp. Sig. (2-
sided)

Pearson Chi-Square 1.483E2a 120 .041

Likelihood Ratio 69.686 120 1.000

Linear-by-Linear Association .073 1 .787

N of Valid Cases 23

a. 143 cells (100.0%) have expected count less than 5. The minimum expected
count is .04.

10. Correlations between total coliform bacteria and pH in Bangkla district

Chi-Square Tests

Value df Asymp.
Sig. (2-sided)

Pearson Chi-Square 28.729a 24 .231

Likelihood Ratio 28.951 24 .222

Linear-by-Linear Association .162 1 .687

N of Valid Cases 23

a. 39 cells (100.0%) have expected count less than 5. The minimum expected
count is .22.

11. Correlations between total coliform bacteria and Temperature in Bangkla
district

Chi-Square Tests

Value df Asymp.
Sig. (2-sided)

Pearson Chi-Square 1.253E2a 96 .024

Likelihood Ratio 61.542 96 .998

Linear-by-Linear Association .119 1 .730

N of Valid Cases 23

a. 117 cells (100.0%) have expected count less than 5. The minimum expected
count is .04.
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12. Correlations between total coliform bacteria and Fe in Bangkla district

Chi-Square Tests

Value df Asymp.
Sig. (2-sided)

Pearson Chi-Square 8.795a 12 .720

Likelihood Ratio 11.810 12 .461

Linear-by-Linear Association .000 1 .993

N of Valid Cases 23

a. 25 cells (96.2%) have expected count less than 5. The minimum expected count
is .35.

13. Correlations between total coliform bacteria and Mn in Bangkla district

Chi-Square Tests

Value df Asymp.
Sig. (2-sided)

Pearson Chi-Square 23.673a 24 .480

Likelihood Ratio 14.492 24 .935

Linear-by-Linear Association .571 1 .450

N of Valid Cases 23

a. 38 cells (97.4%) have expected count less than 5. The minimum expected count
is .09.

14. Correlations between total coliform bacteria and NO3 in Bangkla district

Chi-Square Tests

Value df Asymp.
Sig. (2-sided)

Pearson Chi-Square 1.315E2a 84 .101

Likelihood Ratio 54.673 84 .995

Linear-by-Linear Association .157 1 .692

N of Valid Cases 23

a. 103 cells (99.0%) have expected count less than 5. The minimum expected
count is .04.
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15. Correlations between total coliform bacteria and Cl in Bangkla district

Chi-Square Tests

Value df Asymp. Sig. (2-
sided)

Pearson Chi-Square 2.066E2a 192 .224

Likelihood Ratio 84.228 192 1.000

Linear-by-Linear Association .796 1 .372

N of Valid Cases 23

a. 221 cells (100.0%) have expected count less than 5. The minimum expected
count is .04.

16. Correlations between total coliform bacteria and total dissolved solid in
Bangkla district

Chi-Square Tests

Value df Asymp.
Sig. (2-sided)

Pearson Chi-Square 2.066E2a 192 .624

Likelihood Ratio 84.228 192 1.000

Linear-by-Linear Association .796 1 .372

N of Valid Cases 23

a. 221 cells (100.0%) have expected count less than 5. The minimum expected
count is .04.

17. Correlations between E. coli and dissolved oxygen in Bangkla district

Chi-Square Tests

Value df Asymp.
Sig. (2-sided)

Pearson Chi-Square 39.196a 30 .121

Likelihood Ratio 25.221 30 .714

Linear-by-Linear Association 7.908 1 .005

N of Valid Cases 23

a. 43 cells (97.7%) have expected count less than 5. The minimum expected count
is .04.
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18. Correlations between E. coli and pH in Bangkla district

Chi-Square Tests

Value df Asymp. Sig. (2-
sided)

Pearson Chi-Square 5.060a 6 .536

Likelihood Ratio 5.308 6 .505

Linear-by-Linear Association 1.910 1 .167

N of Valid Cases 23

a. 11 cells (91.7%) have expected count less than 5. The minimum expected count
is .22.

19. Correlations between E. coli and Temperature in Bangkla district

Chi-Square Tests

Value df Asymp.
Sig. (2-sided)

Pearson Chi-Square 13.749a 24 .952

Likelihood Ratio 14.305 24 .939

Linear-by-Linear Association 1.717 1 .190

N of Valid Cases 23

a. 36 cells (100.0%) have expected count less than 5. The minimum expected
count is .04.

20. Correlations between E. coli and Fe in Bangkla district

Chi-Square Tests

Value df Asymp.
Sig. (2-sided)

Pearson Chi-Square 3.456a 3 .326

Likelihood Ratio 4.123 3 .248

Linear-by-Linear Association 1.644 1 .200

N of Valid Cases 23

a. 6 cells (75.0%) have expected count less than 5. The minimum expected count is
.35.
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21. Correlations between E. coli and Mn in Bangkla district

Chi-Square Tests

Value df Asymp.
Sig. (2-sided)

Pearson Chi-Square 1.836a 6 .934

Likelihood Ratio 2.561 6 .862

Linear-by-Linear Association .200 1 .654

N of Valid Cases 23

a. 11 cells (91.7%) have expected count less than 5. The minimum expected count
is .09.

22. Correlations between E. coli and NO3 in Bangkla district

Chi-Square Tests

Value df Asymp.
Sig. (2-sided)

Pearson Chi-Square 59.698a 21 .000

Likelihood Ratio 29.710 21 .098

Linear-by-Linear Association .008 1 .929

N of Valid Cases 23

a. 31 cells (96.9%) have expected count less than 5. The minimum expected count
is .04.

23. Correlations between E. coli and Cl in Bangkla district

Chi-Square Tests

Value df Asymp.
Sig. (2-sided)

Pearson Chi-Square 65.422a 48 .148

Likelihood Ratio 37.671 48 .858

Linear-by-Linear Association 1.060 1 .303

N of Valid Cases 23

a. 68 cells (100.0%) have expected count less than 5. The minimum expected
count is .04.
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24. Correlations between E. coli and total dissolved solid in Bangkla district

Chi-Square Tests

Value df Asymp.
Sig. (2-sided)

Pearson Chi-Square 65.422a 48 .098

Likelihood Ratio 37.671 48 .858

Linear-by-Linear Association 1.060 1 .303

N of Valid Cases 23

a. 68 cells (100.0%) have expected count less than 5. The minimum expected
count is .04.

25. Correlations between total bacteria and dissolved oxygen in Kosumphisai
district

Chi-Square Tests

Value df Asymp.
Sig. (2-sided)

Pearson Chi-Square 39.136a 40 .509

Likelihood Ratio 17.200 40 .999

Linear-by-Linear Association 1.041 1 .308

N of Valid Cases 36

a. 63 cells (100.0%) have expected count less than 5. The minimum expected
count is .03.

26. Correlations between total bacteria and pH in Kosumphisai district

Chi-Square Tests

Value df Asymp.
Sig. (2-sided)

Pearson Chi-Square 1.527E2a 140 .219

Likelihood Ratio 93.594 140 .999

Linear-by-Linear Association 7.652 1 .006

N of Valid Cases 36

a. 168 cells (100.0%) have expected count less than 5. The minimum expected
count is .06.
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27. Correlations between total bacteria and Temperature in Kosumphisai
district

Chi-Square Tests

Value df Asymp.
Sig. (2-sided)

Pearson Chi-Square 78.457a 60 .055

Likelihood Ratio 63.776 60 .345

Linear-by-Linear Association .077 1 .782

N of Valid Cases 36

a. 84 cells (100.0%) have expected count less than 5. The minimum expected
count is .06.

28. Correlations between total bacteria and Fe in Kosumphisai district

Chi-Square Tests

Value df Asymp.
Sig. (2-sided)

Pearson Chi-Square 1.303E2a 120 .244

Likelihood Ratio 77.893 120 .999

Linear-by-Linear Association 1.158 1 .282

N of Valid Cases 36

a. 147 cells (100.0%) have expected count less than 5. The minimum expected
count is .03.

29. Correlations between total bacteria and Mn in Kosumphisai district

Chi-Square Tests

Value df Asymp.
Sig. (2-sided)

Pearson Chi-Square 1.491E2a 120 .037

Likelihood Ratio 73.819 120 1.000

Linear-by-Linear Association 6.180 1 .013

N of Valid Cases 36

a. 147 cells (100.0%) have expected count less than 5. The minimum expected
count is .03.
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30. Correlations between total bacteria and NO3 in Kosumphisai district

Chi-Square Tests

Value df Asymp.
Sig. (2-sided)

Pearson Chi-Square 5.004E2a 500 .487

Likelihood Ratio 173.458 500 1.000

Linear-by-Linear Association .092 1 .762

N of Valid Cases 36

a. 546 cells (100.0%) have expected count less than 5. The minimum expected
count is .03.

31. Correlations between total bacteria and Cl in Kosumphisai district

Chi-Square Tests

Value df Asymp.
Sig. (2-sided)

Pearson Chi-Square 6.759E2a 660 .325

Likelihood Ratio 199.963 660 1.000

Linear-by-Linear Association .008 1 .931

N of Valid Cases 36

a. 714 cells (100.0%) have expected count less than 5. The minimum expected
count is .03.

32. Correlations between total bacteria and total dissolved solid in
Kosumphisai district

Chi-Square Tests

Value df Asymp.
Sig. (2-sided)

Pearson Chi-Square 6.759E2a 660 .325

Likelihood Ratio 199.963 660 1.000

Linear-by-Linear Association .008 1 .931

N of Valid Cases 36

a. 714 cells (100.0%) have expected count less than 5. The minimum expected
count is .03.
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33. Independent samples test between both location

Levene's Test for Equality of
Variances

F Sig.

Equal variances assumed 43.774 .000Total bacteria
Equal variances not assumed
Equal variances assumed 15.286 .000Total coliform

bacteria Equal variances not assumed
Equal variances assumed 7.160 .010E.coli
Equal variances not assumed

t-test for Equality of Means

95% Confidence Interval

of the Differencet df
Sig.

(2-tailed)

Mean

Difference

Std. Error

Difference

Lower Upper

Equal variances

assumed
-2.672 57 .010 -24833.33 9293.97 -43444.17 -6222.48

Total

bacteria

Equal variances

not assumed
-2.125 22.000 .045 -24833.33 11685.64 -49067.85 -598.80

Equal variances

assumed
-2.662 57 .010 -6.69 2.51 -11.72 -1.66

Total

coliform

bacteria Equal variances

not assumed
-2.118 22.010 .046 -6.69 3.16 -13.24 -.14

Equal variances

assumed
-1.501 57 .139 -.77 .51573 -1.81 .26

E.coli

Equal variances

not assumed
-1.193 22.000 .245 -.77 .65 -2.12 .57
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34. Independent samples test between both season in Bangkla district

Levene's Test for Equality of
Variances

F Sig.

Equal variances assumed .416 .526Total bacteria
Equal variances not assumed
Equal variances assumed 6.752 .017Total coliform

bacteria Equal variances not assumed
Equal variances assumed 3.939 .060E.coli
Equal variances not assumed

t-test for Equality of Means

95% Confidence Interval

of the Differencet df
Sig.

(2-tailed)

Mean

Difference

Std. Error

Difference

Lower Upper

Equal variances

assumed

.238 21 .814 5695.83 23911.62 -44031.11 55422.76Total

bacteria

Equal variances

not assumed

.241 20.303 .812 5695.83 23615.78 -43518.80 54910.46

Equal variances

assumed

-1.376 21 .183 -8.53 6.20
-21.42

4.36Total

coliform

bacteria Equal variances

not assumed

-1.318 10.480 .216 -8.53 6.47
-22.86

5.80

Equal variances

assumed

1.023 21 .318 1.33 1.30
-1.37

4.02E.coli

Equal variances

not assumed

1.070 11.026 .307 1.33 1.24 -1.40 4.05
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35. Independent samples test between both location Kosumphisai district

Levene's Test for Equality of
Variances

F Sig.

Equal variances assumed 2.165 .150Total bacteria
Equal variances not assumed

t-test for Equality of Means

95% Confidence Interval

of the Differencet df
Sig.

(2-tailed)

Mean

Difference

Std. Error

Difference

Lower Upper

Equal variances

assumed

1.423 34 .164 9.33 6.56 -3.99 22.66Total

bacteria

Equal variances

not assumed

1.423 25.672 .167 9.33 6.56 -4.16 22.82
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