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ABSTRACT

Now the critical public health problem which one is
to supply the community with safe water. Although the safe
water project was started for a long time, some people have
the incorrect behavior that is they d:ink unsafe water.
Human behavior is based on the environment and his learning
in the past. It may be construct from the socio-economic
status or others such as the public health service, the lack

of available resources.

To solve the drinking water problem, the integrated
planning for manage the water resources must be developed
in the area and change the people to have the correct

behavior. The factors that influencing the drinking water
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supply can use for planning the health education for
changing the human behavior and the water resources in the

area are studied for planning safe water.

Samngao,Tak is one area that have the drinking water
problem. In this research, the major factor that influencing
drinking water behavior is the education leyel. To solve the
problem, the education level must be the first concern. And
the water resources study in this research show that this
area have enough raw water to manage for safe drinking

water.
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CHAPTER 1

INTRODUCTION
1.1 Preface

Management of water resources is a critically
inportant human activity. The quality and availability of
water determine levels of public health, food production,
industrial productivity, energy production and other
important aspects of the quality of life. In case of
inadequate supply of clear water, many communicable diseases
will continue to run their disabling course. Dispelling
filth, on the person and in the surroundings, requires clean

and sufficient water to maintain hygienic conditions.

Healthful conditions are not only valuable in
themselves, but also conductive to social and economic
development. Te role of sanitation in communicable diseases
control is evident in the degree to which these diseases
decrease with the improvement of personal hygiene and
cleanliness in the home. However, one cannot conceive of a
healthful and clean home environment without sufficient
potable water availability. If it has certain essential
facilities for personal and domestic hygiene, the first

among which is water.



1.2 Problem statement

A supply of safe water is esssential, although it is
not the only ingredient of a healthy and productive life.
Water that is not safe for. human consumption can spread
disease. Invariably it is eapqpially the poor who mostly
suffer from the absence of safe water, because they lack not
only the provision of domentic water system but also
information on how to minimize the effects of the unsanitary

conditions on thier life.

One familiar problem facing the rural area is high
expectation under limited resources, and when the government
is asked to achieve the standards of convenience observed in
industrialized countries, they do not have the financial
support to achieve this goal. The constraints to the
successful provision of water sanitation facilities in rural
area is also the lack of knowledge about acceptable
alternative technologies, and the lack of available water

resources.

A major effort is thus needed to identify and
develop alternative water sanitation technologies
appropriate to local conditions of rural area and designed
to improve people health rather than to raise standards of
user covenience. The implementation of .such alternatives is
complicated and needs community participation in both the
design and operating stages of the projects, since the

individual households accept or reject a new technology



based on personal criteria for evaluating its costs and

benefits.

The public health policy in Thailand is aimed to
decrease the mobidity rate 9specially of the water-borne
diseases. The Ministry of Public Health, the main agency
responsible for the health of population, has been working
on the provision of safe drinking water forAthe rural area
for along time. Nowadays, the primary health care programme
attempts to promote community participation in the
construction, improvement and maintenance of sanitary
facilities, espectally safe drinking water facilities. One
of the targetvarea under of this policy is Amphur Samngao,
Tak Province which is chosen to be the studied area for this

research.

1.3 Background of the studied area

1.3.1 Location

Amphur Samngao of Tak Province is located

4

between the latitude 17° 5° and 17° 36’ north and the

longtitude 98° 35’ and 99° 20’ east, covering the area of

2

about 3,308 km“ in the north of Thailand. (Figure 1)

1.3.2 Administrative division and population

Samngao district is administratively
divided into 6 Tambons and 40 Mubans with a total population

of 24,334, as listed in Table 1.



Figure 1 Location scope of the study. area
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Table 1 Administrative division and population of Samngao

district (1987)

Tambon Muban Population
Banna Umwab 310
Nahai 196
Hinlad 197
Samong 420
Sanpapua 378
Yokkrabat Khlongmaidang 458
Yokkrabat 467
Thaphai 813
Songkwae 1,266
Maerawan 600
Nongchaingka 1,618
Maechaingrai 428
Maisamakkee 861
Nongmailang 204
Wangman Pakthang 298
Wangchrai (east) 1,031
Wangman 726
Pongplakow 454
Wangwai 6 523
Wangwai 7 431




Table 1 (continue)

Tambon Muban Population
Wangchan Wangpo 664
Wangphrayachan 462
Wangnampung 241
Natapo 543
Donglan 2617
Yude 1565
Mesuk 230
Santi 86
Yanre Payang (west) 464
Payang (north) 536
Samngao (west) 579
Nongsanow 394
Tapui (west) 272
Samngao Payang (south) 946
Samngao 833
Judsan 3 1,582
Judsan 4 1,164
Tapui 1,121
Kean Bhumipol 2,116
Total 24,334

Source: Samngao hospital and District administrative office

(1987)



Most of population live in the flood plain and
scatteredly settle in the inter valley in the north of the

Bhumipol dam. (Figure 2)

1.3.3 Topography and drainage system

The studied area consists of inter valley
basins and mountainous ranges on the west, flood plain on
the east, and the man-made lake resulting from damming of
Ping river named Bhumipol dam on the central. The water
volume in the lake, when reaching the maximum water surface
elevation willbe 12,200 cu.m.. The Ping river and the Wang
river meet together in the south. They gave many streams
flow into and make a large flood plain at the east and the
south. The mountain range is at the north and the west. The
drainage system consisted of two major rivers, Ping and
Wang, and several streams, all of which flow in a southerly

direction. (Figure 3)



o W aauex*l
®
.' .. '. .®
[ ] [ J
c . A4
N L4 .
uEmEmz.w. s O®rbuwes °g euuegd-* 5.
L J
L J
ueyabuem  y » -
[ ®

[ 2
3eqeRIYNOX° L

uoquel °g

3071330 aAT3IRI3STUTUDPYVY

(2beTTTA) ueqnE®

N
ﬁ - 000°0S2Z:T @TeOS

JuawaT33as uorjerndod ayl z 2anbia




l

ovbuuwesg

000°06Z23T ®TE2S

BoJR Apnas eyl Jo wejsfAs el3evureap oYl £ eandty




10

1.3.4 Climate

The climate of the studied area can be
classified into the tropical monsoon climate which has a
heavy amount rainfall with a short dry season. The average
maximum temperature is 31.4 degree celcius in April. The
relative humidity ranges from 47.7 % to 85.6 %. The maximum
average humidity is 96 % in October and the minimum average
humidity is 73.3 % in April. The annual rainfall in 1987 is
825.9 mm. The maximum annual rainfall is 295.4 mm in August

(Data from the Meteorological Department).

1.3.5 The health status of the studied area

In Samngao district, Tak Province, in
spite of the good signs of progress, the health problems
still exist in wide area and have to be solved. Diarrhoe,
for example{ has persistently been the number one cause of
mobidities. Table 2 shows an example case of Samngao
district, Tak Province, with a mobidity rate of 14.45

persons out of 1,000 due to Diarrhoe.
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Table 2 The mobidity rate of the water-borne diseases in
Samngao 1982-1987 (1:1,000)
Diseases 1982 1983 1984 1985 1986 1987
Diarrhoe 10.56 11.40] 14.61 17.2016.50 14.45
Amoebic - 0.03 0.2 0.03 0.06 0.13
Dysentary 4.26 |2.86 4.61 4.64 2.82 1.21
Food poisoning 1.43 [1.12 3.48 1.45 1.36 1.65
Typhoid 0.14 0.17 0.07 0;06 - -

Source: Provincial public health office (1988)

1.4 Objective of the study

1.4.1 To study the factors that influence the water

drinking behavior in Samngao community

1.4.2 To design the direction of sanitary potable

water supply project in the community

1.5 Hypothesis

The factors about age, sex, income level,

education

level and attitude influence the drinking water practice.
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1.6 Scope of the study

To prove the hypothesis and achieve the objective of

the study within the scope of the study as follows:

1.6.1 Drinking water practice and the

present problem in Samgao community

- Present drinking water source

- Present drinking water demand

Present drinking water quality

Present drinking water practice

1.6.2 The factors of Samngao population
characteristics that influence the

drinking water supply

~ age

- sex

- income level

- education level

- attitude

1.6.3 Water resources

- rain water
- surface water (runoff)

- ground water

1.6.4 The direction of sanitary potable

water supply project



CHAPTER II

LITERATURE REVIEW

The management of the potable water is essential and
is an interdisciplinary task , requiring an understanding of
both natural and human forces. The natural forces are the
avaiiability of water resources and the human forces are

based on personal criteria.

Results of many studies indicate that a large number
of people do not consume safe drinking water. Santhat
Sermsri (Sermsri 1982) found that 96.3 percent of the
population in the rural northeast did not drink piped water,
97.1 percent did not drink hand-pumped well water, and 98.1
percent still drank water from uncovered dug wells. Nongluk
Tunyavanich, et al., (Tunyavanich 1985) also shows that, on
average for the whole year, 89 percent of the people in
rural poverty areas in the Northeést are drinking open dug
well water and 80 percent do not drink hand-pumped water. A
qualitative study under the same title by Orapin
Pitakmahaket and Amara Suntorntada (Pitakmahaket 1986) also
found that dug well water is the most common source of

drinking water for rural people.

Many factors influencing the drinking water behavior

are discussed below.



2.1 Characteristics of population

Water use is influenced by the characteristics of

population . These characteristics are as follow.

2.1.1 Economic status (household income)

The result of the study on drinking water
behavior in the rural Northeast done by Santhat Sermsri, et
al. (Sermsri 1982), shows that the higher income people get
more safe drinking water than the lower income. This
research’s result indicated that the economic status of the

people influenced the potable water use.

2.1.2 Education level of the user

Sermsri also states that the higher
educated people get more safe drinking than the 1lower

educated (Sermsri 1982).
2.1.3 Age

In the public health task, the age-specific
recommendations are essential (Schneiderman 1981).The age

groups are

1. Young Adults (17-35) From a strictly
medical point of view, this is one of the healthiest times
in a person’s life. The most common causes of death result
not from disease but from acts of violence such as accidents
and homicide. One health care visit by the age of 25 years

would suffice to provide the basis for prevention.

14
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2. Middle-aged Adults (36-65) As men and
women approach their "middle age", they confront a variety
of psychologic, social, and hormonal changes that affect
their state of health. Men begin to define themselves in
terms of success or failure and accept with varying degrees
of grace their declining pPhysical vigor. Women enter
menopause just about the time that their children are
leaving home. In the over-50- year age group, 5% have

hearing problems.

3. Older Adults (65 years and older) Some
elderly people will carry on a vigorous, intellectually
exciting life to their last day. Such people should be
encouraged and observed for whatever secrets they can offer,
which in turn can be transmitted to others. If physicians
have any strong views about intervening in the health of
elderly people, they should reflect that people who thrive
beyond 75 years have already proved they know how to live.
By this time the burden of proof is on physicians who

advocate aggressive medical intervention.

Age group factor may influence the drinking water
practice. The lower age group may have a wrong drinking
water behavior because this is one of the healthiest times
in a person’s life thus they do not care about personal
hygiene and environmental sanitation. One health care visit
by the age of 25 years would suffice fo provide the basis

for prevention.
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2.1.4 Attitude

The result of the study of Santhat'’s
research (Sermsri 1982) shows that the people who have the
correctvattitude about safe drinking water supply has get
more safe water to drink than the incorrect who have no safe

drinking water.

2.2 Environmental concern

In some areas rural people have no sufficient water
resources for drinking and must have the appropriate
technologies to manage the water supply. In nature the water

sources come from:

2.2.1 Precipitation

Precipitation or rain water includes all
water which falls from the atmosphere to the earth’s
surface. In the study area, it is interested in only liquid
precipitation (rainfall). Amount of precipitation is
expressed as the depth in inches or millimeters which falls
on a level surface. This may be measured as the depth of
water deposited in an open, straight-sided container. In
order to determine rates of rainfall over short periods of

time, recording rain gages are used.
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The rain water is the best drinking water for human.
Consideration with the topography of the study area, it is
in the rain shadow area that may have low precipitation. The
people in this area have no rain water all of the year. This
problem may influences in tﬁe drinking water behavior, so in

this research will have the study about rain water.
2.2.2 Runoff

Water may fall from the atmosphere as rain,
snow, dew or other meteorological preéipitation. When water
in any form falls on the ground surface, some may evaporate,
some may be used by plants, some percolate into the ground
to become ground water, some are collected on the surface of
the ground in pools and lakes, and some run off over the
surface of the ground. Water standing on or running off over
the ground surface is known as surface water. When the
capacity of the ground to retain ground water or the
capacity of surface pools and lakes is insufficient, over
flow occurs from either of them and flow off over the

surface of the ground as surface water.

In the study area, it have many runoff resources,
that is the Ping and Wang river are the major sources of
'drinking water in this area.And the reservoir of Bhumipol
dam is the other source for drinking water. Many people in

this study area may use these water sources for drinking.
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2.2.3 Ground water

A portion.of the rain that falls on the
ground surface percolates into the ground and fills the
interstices until the water reappears at the surfaces to
joiﬁ a river, a lake, or the sea. An underground stratum
saturated with water is called an aquifer. The surface level
of the ground water exposed to atmospheric pressure beneath
the ground surface is know as the ground-water table and as
the free surface. Ground water most commonly occurs in
saturated porous strata and in cracked and fissured rock.
Underground rivers flowing under open-channel conditions are
unusual and are most likely to occur only in 1imestohe
regions. The ground-water table or the free surface rises
and falls according to the amount of rainfall, the rate at
which water is withdrawn from or added to it, the barometric

pressure, and other conditions.

Ground water that is available for public water
supplies is most commonly found in strata of gravel and
sand. The porosity of natural sands and gravels may be as

high as 30 to 35 percent.

Velocity, the speed and direction of underground
flow can be measured by the use of dyes, soluble salts,
radioactive tracers, electrical methods, heat dissipation,
and other means. The dye has the advantage that it is
unaffected by clay and will travel a long distance without

change of its properties. It may not, however, act
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satisfactorily when in contact with organic matter or
interfering with chemicals such as dissolved iron compounds
or chlorides. The tracing dye is placed in a central well at
equal distance from which test wells have been sunk. The
direction of flow is the direction from the central well to

the well in which the reagent is first detected.

2.3 Water quality

Most of water from any source is low standard. The
result of the research on quality and quantity of drinking
water and consumption behavior of the rural Thai communities
that sampling from every part of Thailand. The sampling

location are follows:

-The northern part are

1. Tambon Pong Tao, Ampoe Ngao, Changwat

Lampang

-Ban Pun Nue, Mu 4

-Ban Bo Silium, Mu 6

2. Tambon Luang Tai, Ampoe Ngao, Changwat

Lampang

-Ban Nam Jam, Mu 1

-Ban Pong Tok, Mu 4
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- The east-northern part are

1. Tambon Magluegao, Ampoe Sungnoen,

Changwat Nakornratchasima

-Ban Wangraoyai, Mu 6

-Ban Butasa, Mu 7

2. Tambon Nongtagai, Ampoe Sungnoen,

Changwat Nakornratchasima

-Ban Huawat, Mu 1

-Ban Nongpayom, Mu 6
~-The central part

1. Tambon Bangpa, Ampoe Bangpa, Changwat

Ratchaburi

-Ban Tarap, Mu 6

-Ban Tarap, Mu 7

2. Tambon Popak, Ampoe Bangpa, Changwat

Ratchaburi

-Ban Pattana, Mu 2

-Ban Huaban, Mu 11
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~-The southern part are

1. Tambon Thachana, Ampoe Thachana,

Changwat Suratthani

-Ban Naisai, Mu 2

-Ban Namakam, Mu 6

2. Tambon Wang, Ampoe Thachana, Changwat

Suratthani

-Ban Saikit, Mu 4

-Ban Nongtue, Mu 8

This reseach study about the bacteriological quality
of drinking water by Pichit, et al,(Sakulphram 1987) shows
that the water from only ground water and pipe water from
ground water about 75 percent and 74.29 percent that the MPN
Coliform are lower than 2 but others (rain water, surface
water, well water, pipe water from surface water) are lower

standard. See the results of study in Table 3 .



Table 3 The water quality from Pichit’s study

22

source of water

quality of water

lower standard
(percent)

higher standard
(percent)

rain water

surface water

deep well

shallow well

pipe water (g)

pipe water (s)

TC

FC

TC

FC

TC

FC

TC

FC

FC

88.37
54.88
100.00
79.41
25.00
33.33
98.11
98.11
25.71
8.57
100.00

100.00

11.63
45.12

0.00
20.59

75.00

* TC= Total coliform

FC

pipe water (g)= pipe

Faecal coliform

water from ground water

pipe water (s)= pipe water from surface water
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This research suggests that drinking water standard
is very high. According to the Ministry of Public Health,
the standard indicate that total coliform and faecal
coliform must lower than 2 by the MPN method. That is the
standard of treated water not of the raw water, thus to get

water for drinking, the water must be treated.
2.4 Water supply

In term of technological design, an appropriate
system of water supply and sanitation for a community in
rural area must be low in cost and acceptable to the

recipients.

Appropriate standards and criteria for design must
be adopted if the level of service, the need of the

community and the realities of the duty have to be matched.

2.4.1 Rain storage

Rain water storage systems are one of the
primary sources of drinking water. A storage system usually
consists of a collecting surface, a transmission or
guttering system, and a storage tank. Individual systems
consist of a rdof top made of corrugated metal for
collecting surface, plastic or galvanized metal for the

guttering, and a variety of materials for the storage tank.
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2.4.2 VWells

Recently "managing" ground water has been
done. Some techniques are such as controlled withdrawal,
aquifer recharge, aquifer cleansing, the use of injection
wells to combat salinity intrusion, selective mining, and

conjunctive ground water surface water use.

To employ such techniques, there must be a
designated management agency with the authority and
incentive to manage ground water. The multipurpose water
management district is an example. Not many of them exist at
the present time, but pressure for better use of existing
water resources will undoubtedly increase the practice.

(Babbitt, et al., n.d.)

2.4.3 Surface water supply

In rural areas, population density is low and
natural assimilation of human wastes can decrease damage in
rPhysical terms. However lack of sanitation may cause a
greater impact'on health than in the urban context because
people still largely depend on surface water for their

potable supply. (Linsley 1985)
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The types of surface water may be broadly grouped

into 3 categories:

1. Perennial (never failing) river sources without

impoundment,

2. River or stream sources with impounding

reservoirs,
3. Natural lakes.

Perennial river sources may be used without
impoundment if the minimum predicted flow exceeds the
maximum demand for the corresponding critical season of the
year. If such is not the case, all other river and stream
sources will require the construction of an impounding
reservoir to store the water from seasons or periods of

excess supply to be used during the deficient periods.

If a natural lake is used as a surface source, the
influent flow to the lake must be determined and compared
with the expected demand plus losses. The rights of

downstream users must also be considered.



2.5 Attitude and Behavior

Attitude <can be described as a learned
predisposition to respond in a consistently favorable or
unfavorable manner with respect to a given object. It’s a
more circumscribed concept. It can generally be conceived of
as an inner factor predisposing one to react positively or
negatively forward particular objects, acts, or
institutions. Under the general of attitude research,
attempts to explain discriminatory behaviors have typically
made reference to attitudes, stereotypes, prejudice, and
ethnocentrism. Attitudes, opinion, and voting intentions
have appeared as central concepts in studies of voting and
other political activities. Finally, concepts such as
attitude, attraction, attribution of dispositions, liking,
and behavioral intentions have been used to account for a

wide variety of interpersonal behaviors.

The totality of a person’s beliefs serves as the
informational base that ultimately determines his
attitudes, intentions, and behaviors. We have made it clear
that attitude is viewed as affective or evaluative in
nature, and that it is determined by the person’s beliefs
about the attitude object. Most people hold both positive
and negative beliefs about an object, and attitude is viewed
as corresponding to the total effect associated with their
beliefs. Some of these beliefs influence the person’s

attitude toward the behavior. Specifically, his attitude

26



toward performing a given behavior is related to his beliefs
that performing the behavior will lead to certain
consequences and his evaluation of those consequences. This
attitude is viewed as one major determinant of the person’s

intention to perform the behavior. (Fishbein 1975)

Behavior determine (a) the motives, drives, or
concerns which are.being satisfied by the action, and (b)
the attitude and information that the person uses to decide
what response he should make in a given situation. A
specific behavior is viewed as determined by the person’s
intention to perform that behavior. This raises the question
of the factors that influence the formation of behavioral

intentions. (Fishbein 1967)
2.6 Health education

Health education includes the state of health
consciousness of individuals or groups which expresses
itself in behavior; a process of learning and teaching and a
relationship between partners - the public patients and
health workers - in the business of promoting health,
preventing disease, treating and rehabilitating the sick.
(Hobson 1979) Preventive health action is a complex
affair which must deserve our attention Dbecause of its
great significance for maintaining health and for deterring
chronic diseases and ill health. Such action can be
classified into three general categories: (a) those

preventive behaviors that occur voluntarily; (b) those that

27
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occur through group pressure; and {(c) those that occur under
requirement or compulsion, such as jobs, insurance policies,

constrained income, etc.

The task of health education, in motivating people
to adopt and sustain those daily habits which will reduce
disease risks and improve their health status, has to be
viewed with two considerations in mind: both the people in
the target population and other welfare agencies which
influence the health status of the people must be involved.
Previous attempts gt health education may have been

ineffective and merely intensifying them seldom helps.

In many countries, health education began as an
information-giving service, meant to reach large numbers of
people using such mass media as radios, newspapers and
posters. Now, however, it is8 clear that the mere
dissemination of information on health plays a relatively
insignificant role in changing health behavior. Still it is
not unusual to find large quantities of posters, pamphlets
and flipcharts produced for rural populations, with little
or no efforts made to pre-test them so that they are
relevant to the target group. And so after a community
survey, the temptation must.be resisted to go and collect
large numbers of posters and written material for

distribution as a token of health education activity.
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The method of health education

Good information on the target population is
necessary, the behavioral aspects of the proSlems should be
assessed. The effects and the changes in behavior will have
on the target population anticipated. In addition, whatever
methods are used, they should first be pre-tested on a

selected sample of the population for relevance and clarity.

Failure to pre-test the media used, or consider
their feasibility is likely to result in loss of money, time
and effort. Moreover, the message could be totally rejected
if the cultural backgrounds of the people and their
resources are not considered. Communities should not be
taken as homogeneous so only one method or approach is used,
but must be regarded as heterogeneous, requiring several
approaches. It may be possible to combine one, two or more
methods depending on the nature of the target population,

the situation and the problem to be solved.

Family method. The home‘might be a starting
point for health education activities. The target group is
the whole family and the educator could be from the local
health center. The appropriate method is a home visit and

teach them about health.

Group method. In rural areas, group methods

are particularly useful where there is no felt need. In
group discussions, decisions are made by the group on what

they feel they can or cannot do. Peer groups pressure will
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greatly assist people to change their behavior, or at least
to identify with their colleagues. This technique is also
useful in that members are able to express their feelings
freely and so give instant feedback from the target
population to the educator. He is then able to proceed with
the diagnostic and other educational roles he seenms
necessary. It is important to limit the size of the group to
not more than 30 people at a time, otherwise the educator
will simply end up talking at the people rather than with

themn.

A National Pilot Project in Kenya which had the
participation of communities as its central focus shows that
the essence of the approach is stimulating community
interest in health-promotion, disease-preventive and simple
curative activities. This pilot project found that community
participation was feasible but the community cannot

participate in a wvacuum.

Dr. Anant Menaruchi (Menaruchi 1985),et al.,
demonstrated in a study in the rural Northeast that the
strategies could effectively improve water supply if the
villagers were actively involved and the work was done
through the village leaders and the established 1local
primary health care volunteers. This research shows that the
community participation concept is correct and feasible. The
implementation processes and strategies may be divers and

need further studying and understanding in order to best
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work out suitable approaches for conditions prevailing of

different areas.



CHAPTER III

METHODOLOGY

The research methodology in this case study
({Samngao, Tak) may prove the hypothesis and find the result
for the objective of this study. The data collecting are

made during 1988.
3.1 Secondary data collection

3.1.1 Population data

The supplying of water to a growing
community requires the prediction of future demand. The
population data and the detail of population chafacteristics
is used for the calculation of drinking water demand. The
sources of data are from Samngao Hospital and District
administrative office. The descriptive statistics may show

the characteristics of the sample under study.

3.1.2 Morbidity and mortality rate from water borne

disease

Data on morbidity and mortality rate due to
water borne disease are collected from Samngao Hospital to
indicate the public health status because the unsafe water
can spread the water borne diseases. The morbidity and
mortality rate from water borne disease also show the level

of sanitation about the safe drinking water.
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3.1.3 Precipitation data

Rainfall is the major precipitation in
Thailand. The rainfall data are collected by the Royal
Irrigation Department and the Meteorological Department. The
major stations are shown in Figure 4 . The mean annual
rainfall may be used as an index of the probable
availability of water supply in a region. The actual
rainfall in any one year may, howevef, deviate widely from
the mean. The annual rainfall for each of a number of
consecutive years may be continuously above or below the
average. A long-continued period below the average may prove
disastrous to a water supply. In this case study, the
average rainfall is computed from an isohyetal map. The
areas enclosed between successive isohytes are measured and
multiplied by the average rainfall between the isohytes. The
sum of these products divided by the total area is the

average rainfall.

The objective of this item is to assess the existing
rain water quantity condition in the study area. Through
this assessment, the researcher will identify the rain water
supply conditions that will be used to evaluate the

management plan alternatives.

17011 1 nabloedy
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Figure 4 The location of the rainfall stationms.
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3.1.4 Runoff data

Runoff is one of the principal sources of
water. The runoff data is collected from the Royal
Irrigation Department. A large nerwork of hydrological
monitoring stations record various types of stream flow data
in the Ping basin. The major stations in the study are are
shown in Figure 5. The data use for construct the dam or
impounding reservoirs that is a basin constructed in the
valley or low plain. For water supply purposes the reservoir
should be full when the rate of stream flow begins to become
less than the rate of demand for water. A reservoir of the
smallest required size should be empty if the rate of stream
flow begins to exceed the rate of demand for water for an
appreciable period of time. Information needed to determine
the required capacity of an impounding reservoir includes a
hydrograph of the stream for the longest and driest period
known or predicted and data on probable demand for water

during that dry period.

3.2 Population sampling and primary data collection

The source of information is mainly from direct
observation and interviewing the villagers. Because the
considerable precipitation in the studied area is rainfall
and rain water is major source of drinking water, all
villages are divided into two groups according to the mean
annual rainfall,. The rainfall records from many stations

are given in Appendix A . The mean annual rainfall in the
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Figure 5 The location of the runoff stations.
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studied area is 997.9 mm. ThelIsohyetal map ploted from this
rainfall data is shown in Figure 6 . The Isohyetal map show
that the 800-line divide the villages into two groups. The
villages with the lower than 800 mm of rainfall are the
villages of the lower rainfall area and the villages with
the higher than 800 mm of rainfall are the villages of the
higher rainfall area. 1In each village group, there are some
villages that have the safe water for consumption and some
do not have (reported by Samngao Hospital). So in this
research, a direct survey is‘made in the four groups of

villages as follow.

1. villagers who live in the higher
rainfall area and do not have safe drinking water
2, villagers who live in the higher

rainfall area and have safe drinking water.

3. villagers who live in the lower

rainfall area and have safe drinking water,

4., villagers who live in the lower

rainfall area and do not have safe drinking water.

The simple random sampling is applied to select 4
villages from each group and 15 villagers from each village

are sampled. The total samples is these 240 cases (See

Figure 7 ).
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The villages

as follow.

Group 1 are
Group 2 are
Group 3 are
Group 4 are

40

selected by simple random sampling are

12.
13.
14.
15.

16.

Sanpapua
Umwab
Nahai

Samong

Maerawan
Wangwai
Payang(south)
Samnga6
Tapui
Pongplakow
Wangchrai
Wangman
Wangpo
Nongchaingka
Nongsanow

Wangphrayachan

The questions that the villagers must answer are

1.

What are their economic status.

Family

income level analyzed in order to determine whether

difference in economic status exists between groups of

villagers?

2. What is their willingness to support the

investment for potable water supply in their community?



3. What are the characteristics of sex,
age, education level, income level,attitude about safe
drinking water and the drinking water behavior or practice

of villagers?

~ 4. What are the sources of drinking water

families and what is the present demand?

5. Are the existing sources of water

currently adequate for consumption?

6. Are the ground water sources in the
studied area available and can they be observed from the

wells in the villages? How about quantity and quality?

The questionaire using in this research are shown in

Appendix B.

41
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3.3 Analytical methods

To analyze all the data, 2 analytical methods are
1

employed.

3.3.1 The scalogram analysis

As an aid to determine whether a particular
item did or did not constitute a scale, the SPSS system
including subprogram GUTTMAN SCALE enables users to perform
basic scalogram analysis on any set of variables in the
file. Scalogram analysis is a means of analyzing the
underlied operating characteristics of three or more items
in order to determine if their interrelationships meet

several special properties which define a Guttman scale.

This research uses subprogram GUTTMAN SCALE from the
SPSS system to determine whether the items in questions did

or did not constitute a scale which defines a Guttman scale.

3.3.2 The discriminant analysis

To prove the hypothesis, the researcher
used the SPSS program that includes the subprogram for
discriminant analysis. Discriminant analysis begins with the
desire to statistically distinguish between two or more
groups of cases. These "groups" are defined by the
particular research situation. In this research these
"groups" are persons who have sanitary drinking water supply

versus those who have unsanitary drinking water supply. To

distinguish between the two groups, the researcher selects a
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collection of discriminatiﬁg variables that indicate
characteristics on which the groups are expected to differ.
In this case study of Ampoe Samngao, the individuals have
been asked several questions about their attitude about
potable water supply, the individual status, the economics
and education status, and others. The mathematical objective
of discriminant analysis is to weight and linearly combine
the &iscriminating variables in some fashion so that the
groups are forced to be as statistically distinct as
possible and the coefficient of the variables can inform us
that what variable has more influence on the group than the

others.

3.4 Water collection and analxsis

The collection of water samples was done in villages
selected in 3.2 (see also Figure 7) by using the grab sample
method. The location of sampling points for water character

data collection are shown in Figure 8.

Water analysis followed the standard method of water
quality analysis. The parameters analyzed are pH,
temperature, suspended solid, total solid, nitrate nitrogen,

total coliform and fecal coliform.
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3.5 Potable water management

Based on the previous information, a recommended
drinking water management plan will be developed. Once the
basic planning criteria has been established, it is proposed
that alternatives must be teéhnically feasible, with the

community acceptability.

The process of finding adequate safe water for the
rural area is a lengthy and complicated one. This guide is
intended to be an explanation of that process. The guide is

presented by the model as shown in Figure 9.
The alternatives within the model consist of:

Alternative I : The rain water is the
first priority to be managed for provision of drinking water

because of its pure quality and low cost of management.

Alternative II : The well water is the
second target. The techniques to bring the water from the
ground is complicated and require the technicians to manage

the system.

Alternative III : The last choice is the
surface water. It is rather low in quality for drinking
water without any prior treatment. However if there is no
way to use any other sources of water, the surface water

must be taken and treated for consumption.



Figure 9 The potable water management process.
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CHAPTER 1V

RESULTS AND DISCUSSION

4.1 Water Resources

There are many sources of water in Ampoe Samngao.
Although the sufficient drinking water is found in most

area, in some area lack of clean drinking water still

exists.

4.1.1 Water Quantity

4.1.1.1 Precipitation

Considering the rainfall records from many
stations within the study area (Appendix A) and the
isohyetal map shown in Figure 6, the mean annual rainfall in

the study area is 997.9 mm.

The lowest amout of rainfall recorded at Samngao
station is about 730.6 mm/yr. The average monthly rainfall
which depicts the dry periods or the critical periods is
shown in Table 4 (See Figure 10). December-March is
obviously the dry period for Amphoe Samngao. The potable

water supply during this period must be taken from other

sources .



Table 4 The average monthly rainfall at Samngao station.

Month Average (1966-1986)
January 5.5
February 5.2
March 13.3
April 30.2
May 161.8
June 80.2
July 80.9
August 76.9
September 207.8
October 153.7
November 44,3
December 5.8

Source : The Meteorological Department
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Figure 10

MONTHLY RAINFALL AT SAMNGAO STATION
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4.1.1.2 Runoff

In the studied area, there are many streams
because of the topography that is the high mountains in the
west and the plain in the-east. The streams run from the
mountains to the plain and run into the two rivers, Ping and
Wang, from the North to the South. Hydrographs of the two
rivers are recorded from 4 stations locate as shown in

Figure 5. They are :

1. W3 station: Wang river at Siriyong bridge,
2. W4 station: Wang river at Ban Wang Khrai,
3. P2 station: Ping river at Tha Khae,

4. P12 station: Ping river at Wang Kra Chao.

Figure 11-14 show the monthly runoff records, (see

also Appendix C).

It is clearly seen that the dry period of runoff in
the studied area is from December to April, the same period

as of rainfall.

4.1.1.3 Ground water

Fifteen wells have been observed at each
villages. The aquifer in the study area is found that most
of water from the ground ( twelve wells ) are the shallow
wells at the depth of 5-30 meters, and the borehole ( three
wells ) are at the depths 20-30 meters. Every well have the

available water for all year.



Figure 11
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Figure 12
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Figure 13
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Figure 14
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4.1.2 Water quality

Water samples are collected from several
sources in village as shown in Table 5. The results 6f

water analysis are given in Table 6.

Table 5 The water sample stations and types of water
collected.

station type location

wl well ong chiang cha

w2 well Wang phrayachan

w3 well Pong plachoa

wé - well Mae rawan

wb well Wang wai

wb well Wang phrai

wl surface Um wab

w8 well Pa yang

w9 surface Wang chrai

wlO well ' Wang Po

wll well Samong

wl2 pipe Samngao

wl3 well .Nong sanow

wl4 well Wang man

wlb surface Samong
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In comparison with the water quality standards
(Drinking water quality standards, Notification of the
Ministry of Public Health, No. 61, B.E.2524(1981) in Table
7), the water samples collected were found unsafe to drink
because the total coliform and fecal coliform bacteria are
much more than the standards although the other parameters

are acceptable (See Figure 15).



Table 7 Drinking water quality standards

58

Properties Parameters Units Standard value

Physical Colour Hazen 20
Odour - none
Turbidity Silica scale 5.0
pH - 6.5-8.5

Chemical Total solids " mg/l 500
Total hardnéss

as CaCOg ) ! 100

Arsenic (As) " 0.05
Barium (Ba) ' 1.0
Cadmium (Cd) e 0.01
Chloride as cholrine v 250
Chromium (Cr) ' 0.06
Copper (Cu) * 1.0
Iron (Fe) / 0.6
Lead (Pb) ' 0.1
Manganese (Mn) i 0.05
Mercury ng) P 0.002
Nitrate as Nitrogen (N03-N) 4.0
Phenol | " 0.001
Selenium (Se) e 0.01
Silver (Ag) ' 0.05
Sulphate ' 250
Zinc (Zn) ' 5.0
Fluoride as Fluorine (F) v 1.6
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Table 7 (continue)

Properties Parameter Units Standard value

Bacterial Coliform . . MPN/100 ml - 2.2
E.Coli o " ' none
Disease causing bacterial | *°? . none

Penélfy: A license who dose not comply with this notification
shall be subjected to imprisonment for a term not exceeding two
y;ars, or punished. by fine_not exceeding twenty thousand baht or
both. | _

Source: Notification oflthe Ministri of Public Heglth. No.61,
B,E. 2524 (1981) e el dervehs NE Act, B.E. 2522 (1979),
publisﬁed in the Royal Government Gézette.‘Vol. 98,'Part 1517

(Special issue), dated September 24, B.E. 2524 (1981)
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Figure 15 The water quality compare with their standard
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4.2

From direct observation and

Population characteristics

61

interviewing

the villagers (See the interview questionaire in Appendix

B), the results can be summarized as follows.

4.2.1 Drinking water sources

Sources of drinking water of villagers in

each group classified in 3.2 are presented in Table 8.

"Table 8 The drinking water sources

Water sources

Group of samples

1 2 3 4 total
rain water 34 18 12 7 71
ground water 0 42 19 17 78
Pipe water 0 0 10 5 15
pond water 0 0 18 15 33
stream water 26 0 0 8 34

In the studied area,

most of people select

the drinking water source from ground water (about 36.5%),

rainfall water (29.5%),

such as streams (13.7%) and pipe water (6.2%).

shallow well (14.4%),

surface water

The second

water source if the first source is not adequate or

available is surface water (about 14%).
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4.2.2 Employment and Income level

Most of population in Ampoe Samngao

(63.1%) are farmers (Table 9).

Table 9 Occupation of population in the studied area

Work Group of samples

1 2 3 4 Total
Farmer 37 32 35 48 1562
Cattle 9 5 0 3 17
Fishman 2 0 0 0 2
Employee 3 10 8 5 26
Merchant 3 10 9 4 26
Officer 1 1 2 0 4

The result of»income level analysis
presented in the Table 10 shows that people who have high
income level use the safe water source for drinking but low
income level people still have inappropriate or non-hygienic

drinking water.



Table 10 Income level in the studied area

Income level Group of samples
baht/year

1 2 3 4 Total
<10000 46 21 19 31 117
10000-50000 12 28 30 29 99
50001-100000 1 9 8 1 19
>100060 3 5 2 4 14




4.2,.,3 Education level

The education level in the studied area

are presented in Table 11

Table 11 The education level

64

Educate level Group of samples
1 2 3 4 Total

No educate 25 6 13 14 52
P.1-P.3 6 0 5 8 19
P.4-P.17 28 41 34 38 141
First school 0 4 4 -1 9
High school 1 1 1 0 3
Technicial 0 3 0 1 4
Graduated 0 2 1 0 3

Most people have the education level lower

than P.7 (about 92.1%) and in this group many people do not

go to school (about 24.2%). The latter of the people go to

higer than first school (about 8%).
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4.2.4 Age

The age interval of population in this area

are presented in Table 12

Table 12 Age interval
Age interval Group of samples

1 2 3 4 Total
<20 4 5 2 1 12
21-40 22 29 28 28 107
41-860 24 19 16 21 80
>60 11 7 13 12 43

Large number of chiefs of houses are

21-40 years old.
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4.2.5 Attitude

The attitude Qquestion items in this
research are presented in the questionair. (See the
Appendix B). In the Pre-test in the items showed that it is
pass the requirement of a Guttman scale (get valid at

r=0.83).

A large number of people in the studied
area especially in group 4 believe that water from man-made
rainfall can not be used for drinking. However without other

sources, people will drink water from rain .
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4.2.6 Drinking water behavior and

population characteristics

People in the studied area have the

behavior of water drinking as presented in Table 13.

Table 13 Behavior of drinking water

Behavior Group of samples

1 2 3 4 Total
correct (1) 15 37 39 26 117
incorrect(2) 45 23 20 36 124

The results show that people in group 1 and
4 have more incorrect behavior than correct, and people in

'group 2 and 3 have more correct behavior.

The results of analysis of all factors
about the characteristics of people in this case study are

presented in Table 14-17 sy where l=correct and 2=incorrect.



68

Table 14 Income level and behavior

behavior income level

<10000 |{10001-50000{50001-100000|>100000|Total

1 40 55 16 6 117

2 76 37 3 8 124

The results show that people with high

income have much more correct behavior than the low incone.

Table 15 Education level and behavior
behavior education level
1 2 3 4 5 6 T Total
1 16 9 717 7 2 2 3 116
2 42 13 64 2 1 -2 0 124

The results show that people having high
ecucation have more correct behavior than people having low

education.

The age interval and water drinking

behavior are related as shown in Table 16
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Table 16 " The age interval and behavior
behavior age interval
<20 21-40 41-60 >60 Total
1 8 57 32 20 117
2 3 50 48 23 124
People of o0ld age have more incorrect

behavior than people of young age.

not related as shown in Table 17.

Sex and water drinking behavior are found

similar behavior of water drinking.

Table 17 The sex and behavior
behavior sex
male female Total
1 47 70 117
2 43 80 124

Males and females have
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4.2.7 Drinking water demand

The average of drinking water demand in
this area is 1.9 litre/person/day. The population in
the studied area is 24,334, thus the drinking water demand

is about 46,234.6 litre/day.

Considering the growth rate of population
of 1.36% per year , it can be estimated that future demand
for drinking water in this area will be about 557,459.7

litre/day in the next ten years.

4.3 The discriminant analysis result

The results of the hypothsis test are below in

Tables 18-20

Table 18 The discriminant analysis results

variables standardized coefficients
Func 1

SEX -0.20113

AGE 0.18407

EDUC 0.82522

BATH 0.01716

ATT 0.29545




Table 18 (continue)

unstandardized coefficients

variables

Func 1
SEX -0.4055322
AGE 0.1132011 E-01
EDUC 0.7304552
BATH 0.4577302 E-06
ATT 0.1900234
CONSTANT -8.996537
Table 19 Discriminant function
Function 1
Eigenvalue 0.11333
Canonical correlation 0.319530
Wilks’'lambda 0.8982052
Chi-squared 25.229
D.F. 8
Significant 0.0014

71
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Table 20 Classification results
Actual group No. of cases Prediced group membership
1 2
Group 1 117 78 30
66.7% 33.3%
Group 2 124 50 74
40.3% 59.7%

Percent of "Grouped" cases correctly classified: 63.07%

From the standardized discriminant function
coefficient, the first variable that influences people in
selecting the safe water source is education level. People
with high education will have the correct behavior. The
second variable concerned is attitude. Age ,sex and income
level are factors having least influence on the water
drinking behavior, with the eigenvalue of 0.11333 (less than
0.15). The results also show significant at 0.0014(less than
0.05). Clearly, the parameter functions are statistically
significant in this case, and the "discriminant function"

can predict the classification of groups at 63.07%.
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4.4 Drinking water management for the community

The results of the study following the guide of safe
drinking water management model described in 3.5, suggest
the ways to manage the provision of drinking water in this

area as follows:
1. Use of rainfall water

Because the rain water is the best source
of water for drinking,as it is safe , low expense to use and
readily available when there is rain . People can drink
rainwater all year if they have enough utensils or
reservoir. But in the study area, people have an attitﬁde
not collecting rain water for drinking supply because they
believe that the rainfall, especially man-made, is not good
to drink. So the health educator must get the role to teach
and change this attitude and drinking behavior of people in
this area. The target group is the people in group 4 (who
have high amount of rainfall but get the unsafe water to
drink), whose attitude is in correct and education level is
low. Considering the rain as water resource, there is a dry
period of the year and the demand of potable water during
this period must be planned, as well as the capacity of the
utensils or reservoir to keep enough water to drink. If the
dry period is long , the utensils or reservoir must be

adequately large, and the expense will defenitely increase.
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2. Use of well water

Not all wells are equally satisfactory as
water facilities. Dug wells, in particular, which are still
widely used in the studied area, are not acceptable as a
safe, reliable water supply, because of their depth and
design. Such wells are vulnerable to local contamination
such as privies, private garbage dumping, and thus the
result of water quality analysis from wells show that it is
not safe to drink. Then the water treatment for well's water
must be carried out in this case. However water well’s
treatment systems are too expensive for low- income families
to install. This factor must therefore be considered
although in this area the income level of people is found

not strongly affect the drinking behavior.
3. Use of surface water

The surface water in this area is availble
in two rivers, Ping and Wang, and many streams but the water
quality is bad. The water treatment rPlant must be needed.
Also in dry period , the lack of water from this source can
occur. The runoff data may have to be studied for the light
of dam or reservoir construction in order to store the water
for use in this dry peroid. The surface water management is
also very high in expense and people in the village

themselves can not afford to manage this water source.
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To solve the problems of high investment and

incorrect attitude, the following points can be made.

1. The low-income people who want to drink rain
water, which is the correct drinking behavior, but do not
have enough utenéils or reservoir for all of the year, they
must have the initial fund that can bring from the village

public health fund and pay it back by instalment.

2. The people who want the well water to drink and
need the water treatment because of the bad quality can set
the group of the villagers. A treatment plant can be
constructed and used together by many families. If the cost
of this method is too expensive that people can not make it

by themselves, the government must help support then.

3. Nowadays, several private companies or
governmental agencies are providing community facilities
about safe drinking water but many programs have often been
failed to reach low-incomé families. This facts should also
be reviewed. Basic methods for water treatment can be taught
to every family by the health educator. They are such as the
water filtration, boiling of water,using alum, etc.
Because the home might be a starting point for health
educational activities. The target group is people who use
the well or surface water and do not treat the raw water
before they drink it. The other contents for the health
education is to change the attitude and behavior of the

incorrect by behaved people, especially those who get the
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wrong belief about rain water. The parameter such as age and
sex , in this case study do not have strong effect on the
potable water supply. The health educator can also work on

the target group, both men and women, with all age interval.



CHAPTER V
CONCLUSION AND RECOMMENDATION FOR FURTHER STUDIES

The potable water supply in this area may be managed
with the applicable method that integrate both factors
water resources and the characteristics of population. In
this case study, the water resources are not serious problem
because many water sources are available in the area
although the quality may not be good enough and should be
treated to the standards of drinking water before use. The
other problem is the construction cost of water treatment
plant. To solve this problem, initial fund must be donated
or supported to start this program. The public health
village fund can also provide loan to villagers. Anyway, the
characteristics of population that mostly influence the
drinking water behavior in this case study is education
level and attitude, therefore thé role of health educator

must take part in solving this problem.

Additional study of the long-term impact of the
suggested water storage system on village life is needed.
The appropriate patterns of water uses, the rate of increase
in demand for water, the socio-economic status, ect. which
change over time should also be studied. Since this research
can be considered as a preliminary study, therefore better
rlans for further studies can be also developed in other
areas. And for the benefit-cost analysis, a longer term of

study, about the drinking water management or the potable
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water supply should be undertaken in order to see the
changes in public health, water use habits, attitude and
behavior. The observation in various seasons of the year
can also be useful for more informatioﬂ so that the planner

will work more effectively in the potable water management.
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The average yearly rainfall

station | 1981 1982 : 1983 1984 1985 1986 1987 | average

Maesot [1605.9 | 1792.8 | 1066.4 1496.4 | 1601.1 968.9 1434.4 | 1423.7

Omkoi 847.7 1107.7 739.6 966.0 1043.0 841.6 1053.5 | 942.7
Toen 990.5 810.6 | 1198.0 953.6 1018.9 877.1 1097.5| 902.3
Maeprik [721,0 808.8 | 1157.5 859.6 - 834.7 - 876.3 °

.Sukothai 1396.0 | 1268.9 | 1195.0 1349.9 1271.0 867.4 1039,3| 1198.2
Bantak - 695.9 | 1346.0 353.6 1180.3 922.1 871.1 §61.5
Maeramat|1556.9 | 1633.4 | 1125.3 181l1.0 2006.1 1346.4 1585.1] 1580,6
Samngao - 538.8 = 780.3 875.6 727.8 | - 730.6

Tasongya|2088.3 | 2524.4 - 2042.4 2181.0 | 1561.8 1867.0] 2044.2

Source : The Meteorological Department
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