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ABSTRACT

In the past drinking water sources were mainly rainwater, well water, and ground water.
All of which the rainwater was the most drinking water consumed. As the industry has
been developed all over the world, people now think that the rainwater is toxic. As a
result they are paying for drinking water. Unfortunately, this has also been the case for
Thailand. As such, this research attempted to show that rainwater actually is still
drinkable. If the result was positive, then people would have more money left in their

pockets thereby having more to spend on other essential things.

To achieve those objectives five different types of rainwater and one
groundwater were systematically collected and tested according to the drinking water
standards announced by the ministry of public health. Please be noted that the rainwater
samples were collected in the areas of Songkhla and Nakhon si thammarat because they
are big compared to their counterparts in the South in terms of both area and population.
In addition, both provinces have relatively large amounts of annual rainfall thereby

possible for harvesting rainfall.

The rainwater samples included pure rainwater, boiled pure rainwater, rainwater
flowing through roof, rainwater kept in a stainless tank, and rainwater kept in a stainless
tank and boiled. The test results revealed that only the groundwater passes the pH
criteria. Note that this is very easy to correct. For substances, it was found that all of the
samples pass the criterion. In terms of bacteria, however, only boiled rainwater passed

the standard. This indicates that rainwater when boiled is indeed safe for drinking.

Keywords: rainwater, drinkable, drinking water standard
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CHAPTER 1

INTRODUCTION

1.1 Research context

As the world’s population rapidly growing, the increasing development of communities
for both rural and urban areas is manifested. For example, according to the survey
conducted by United States Agency for International Development (USAID, 2012) the
population around the world in 2012 was just 7 billion; but, in the next 40 years it
would be around 9 billion. It should be stressed that the world’s population at 40 years
ago was just 2.5 billion. In the case of Thailand, the population in 1910 was 8 million
only. In 2010, however, it was greatly increased to 64 million, 8 times a hundred years
ago (Prasartkul and Wawattanawong, 2011). These figures confirm that the world’s
population is certainly increasing all the time. As a result, the need for drinking water is
also progressively rising thereby causing the problem around the world. Nonetheless, it
has been found that the sources for drinking water are shrinking.

The increasing population has resulted in the expansion of both residential and
industry. This of course indirectly affects the invasion of forests in order to occupy an
area for living. The consequent is that the naturally adsorbed-water land is also
decreased. The increase of industrial factories is worrying people in the sense that the
rainwater falling around those areas is so polluted that is undrinkable. Thus, they have
no intention whatsoever to store the rainwater for consumption as used to do in the past.
It should be noted that this statement is not true all over the world. In facts, some parts
of the world are still harvesting the rainwater for something, e.g., feeding grass,
planting, and farming. For drinking, however, some are turning to the groundwater.
Consequently, land subsidence has been observed around the globe. In addition, a

regularly sinkhole resulted from over pumping incident is no surprised to common
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people anymore. All of these accounts have resulted in the people are more and more

paying for drinking water.

The problems concerning drinking water as aforementioned led the authors to
investigate and find a solution for seriously making use of rainfall. To achieve that
intention, the first step was to collect the rainwater in the South in order to evaluate its
quality in terms of drinking water standards. Other tasks were to study the methods and
techniques for improving its quality according to the standards. The research concept
was based on the assumption that there is huge rainfall in the South each year. In
addition, it rains for a very long period during a year. As such, if there is a way to safely
store rainfall and make use later on, it would be very beneficial for common people in

terms of reducing their expense for drinking water.

1.2 Research objectives

The following objectives were set to achieve the aims of this research project:

1) To study the types and quantity of water usage in households, including water-
usage in household, drinking water, and cost for drinking water.

2) To investigate the quality of rainfall by collecting it directly from the sky in order
to avoid any contaminations.

3) To investigate techniques for improving the rainfall quality so that the drinking
water standard is met.

4) To study techniques and methods for storing the rainfall enough for a community.

1.3 Scopes of research

The time for this project was only one year, with an additional year; thus, it needed to
limit the areas for the study. Hence, Nakhon si thammarat and Songkhla were chosen

because there are lots of rains during rainfall season.

1.4 Research methods

To achieve the aims of this research the first task was to design a system for collecting
the rainwater. The design was based on the assumptions that it should be able to collect
the rainwater directly, i.e., the rain water must drop to the system and then to a container

straightaway. The intention for this design was to avoid any contaminations that may
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occur in which they might alter the test results. The water then was cooled in a closed
bucket before transporting to a scientific laboratory within 24 hours. Next, the water
was immediately tested in accordance with a drinking water standard to assess the

quality in order to further analyse the substances found in details.

This research collected the rainwater from two areas: (1) Songkhla and (2)
Nakhon si thammarat provinces. Both are located in the South of Thailand. Apart from
collecting the rainwater directly, this project also collected the rainwater dropped on
roofs having different roof material. In addition, some samples were boiled before
sending to the laboratory. Then, the laboratory results for the non-contaminated, roof-

contaminated, and boiled rainwater were compared and analysed.

1.5 Expected outcomes

This project expected to know the quality of rainwater collected from different methods
in order to decide whether it can be drank or not. The results would be used to prepare
an academic article to be published. The intention was to show that the rainwater
actually is safe for drinking thereby encouraging people to abandon the habit of

spending money on drinking water of which we can get it for free.

1.6 Layout of report

The report begins with chapter 1 introducing the important of this research project. It
explains why this research was carried out. Also in the chapter are research objectives,
research methods in brief descriptions, and expected outcomes. The following chapter is
chapter 2 literature review. This part simply shows the collection of research, studies,
and information related to this project. It was used as a guide for conducting the
experiment. In addition, its information was later on referred to the test results obtained

from this project.

Chapter 3 was prepared in order to give the explanation of the methods
employed. Some physical as well as engineering properties of the materials tested are
also included. It was prepared in such a way that is as more precise and concise as
possible based on the assumptions that it may be used as a reference in the future for
whom interested in a similar project. This is followed by chapter 4 results and

discussion. All of the test results are shown in this chapter. However, it also explains,
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for example, why a particular behaviour happens. Also in the chapter is the discussion
of the test results. The aim of this section was to propose a new piece of knowledge
related to this discipline. Chapter 5 conclusions and recommendations is just the short
information summarised from the research project; however, recommendations for
further work and studies are also included.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction to water resources

It has been commonly known that without food humans may be able to survive for a
week or little bit longer; but, without drinking water, they may last for only few days.
Such strong statement indicates the very important aspect of drinking water for the
human species in terms of survival. According to Tarbuck and Lutgens (2002), of all of
the water on earth 97.2 % is being kept in the oceans around the globe. Around 2.15% is
in the form of ice sheets and glaciers. This leaves only 0.65% sharing among lakes,
streams, underground water, and the atmosphere. Considering these figures there would
not be a problem for in the past as the population was relatively scarce. In the present
time, however, the world population is almost ten billion thereby lacking of drinking
water is not uncommon in some areas. As a result, in some places the cost of drinking

water is beyond reach for ordinary people, resulting in the low-standard of living.

This chapter investigates and reviews the studies and research related to this
project. It includes rainfall statistics from major cities around the world, usage of
rainfalls for drinking and others, rainfall quality, the standards with respect to drinking
water, and techniques for rainfall storing. The review could provide useful information

for further analysing and comparing with the results obtained for this research.

2.2 Rainfall statistics

The easiest and cheapest drinking water is surface water because it is easy to obtain
followed by the groundwater. Nonetheless, when the surface water and groundwater are
either not enough or contaminated, sometimes storing rainwater is applied. The

rainwater is the result of the evaporation into water vapour. It can be said that, excepted
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contaminated with polluted air, the rainwater is one of the cleanest water. Figure 2.1
displays how the rainwater is obtained. Nowadays, directly collecting the rainwater by
not allowing it to have a contact with medium is increasingly becoming a normal

practice for harvesting the rainwater for household usage.

It is vital to have knowledge concerning rainfall statistic in an area one is
interested in harvesting rainfall. Table 2.1 displays the total rainfall (mm) during 2002
— 2014 for some areas in Thailand covering all parts of the country, including the South,
North, North-East, and Central. The southern provinces selected for displaying are
Nakhon si thammarat, Songkhla, and Suratthani, of which are a group of big provinces
in terms of area, population, and economy. It should be emphasised herein also that the
provinces are the area that this research was concerned. The selected northern, north-
eastern, and central provinces comprises Chiangmai and Pitsanulok, Nakhonratchasima
and Khonkaen, and Bangkok and Karnchanaburi, respectively. Please be noted that the

provinces other than the South were randomly selected for rough comparison only.

The other factor concerning rainfall behaviour that should also be considered is a
number of rainy days. This is because it provides a clue concerning the possibility of
rainwater harvesting. For instance, if rainfall happens regularly, harvesting is very
likely. Table 2.2 shows the number of rainy day during 2002 — 2014 for some areas in
Thailand covering all parts of the country, same as already displayed in table 2.1.

Figures 2.2 — 2.5 show the annual rainfall graphs for some parts of Thailand,
including the South, North, North-East, and Central, respectively. All of the information
for all parts were also plotted and shown in figure 2.6. In the meantime, Figures 2.7 —
2.11 show the number of rainy day graphs for some parts of Thailand, including the
South, North, North-East, and Central, respectively. All of the information for all parts

were also plotted and shown in figure 2.12.

Considering the annual rainfall amount for the South, it can be seen that Nakhon
si thammarat has the highest rainfall, comparing to those two provinces of Songkhla and
Suratthani. In other words, this implies that the province is most suitable for rainfall
harvesting judged by the facts that it has plenty of rainfall. In addition, it seems

Songkhla also has the rainfall as high as Nakhon si thammarat, meaning it is also
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suitable for making use of rainfall. For Suratthani, however, shows the lowest amount

of annual rainfall. Nonetheless, the annually average values are still quite high.

For the other parts — North, North-East, and Central — it is obvious that their
rainfalls are very much lower than that of the South. This indicates the less possibility
of making use of rainfall when compared to the South. Despite of the facts described,
however, it does not mean the rainfall harvesting cannot be done. The method may still
be possible if a right method is employed. The data was further analysed by averaging
for all parts; it was found that the average rainfalls for the South, North, North-East, and
Central are 2209.2, 1295.6, 1203.9, and 1385.9 mm. It can be clearly seen that the South
shows the highest potential in terms of rainfall harvesting for household use, followed
by the Central, North, and North-East, respectively.

The average number of rainy days for Nakhon si thammarat, Sonkhla, and
Suratthani are 168, 161, and 152 days, respectively. It can be observed that this is
proportional to the annual rainfall already explained. From these figures it can again be
seen that Nakhon si thammarat and Songkhla are the most suitable for harvesting the
rainwater for household use as well as drinking. Nonetheless, Suratthani, even though
has fewer rainy days it does not mean it is not suitable because the number of rainy days
is as high as 152 days, corresponding to raining every 2.4 days. The average number of
rainy days for the South, North, North-East, and Central are 160, 119, 110, and 1121

days, respectively, having the same pattern as of the rainfall amount.
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Figure 2. 1 Rainfall cycle (Bhattacharya and Rane, nd)
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Table 2. 1 Total rainfall (mm) during 2002 — 2014 for some areas in Thailand (modified from
National statistical office website)

Total rainfall (mm)

Location 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 Average
South
Nakhon si thammarat  2,646.3 2,831.6 1,849.8 2,897.2 2,766.9 2598.6 32484 21755 2,699.6 4,177.9 25444 2840.6 23184 27381
Songkhla 1,551.1 2,247.7 15555.1 3,0484 19854 18616 28165 2,119.3 28057 2966.1 24834 27936 19430 23213
Surat thani 11124 19925 12481 1578.0 12293 15184 16247 14202 1,930.7 19708 14931 16376 16294 1568.1
North
Chiangmai 16123 8896 1,2089 1,3934 1500.0 11253 1,141.0 1,070.2 1,156.0 1,449.5 9256 1,288.0 1,0644 1,217.2
Pitsanulok 1,065.8 1,366.1 1,002.0 1,466.8 1,220.9 15134 16424 13385 13485 1,368.6 1853.6 12037 14708 1,373.9
Nort-East
Nakhon ratchasima 1,0135 9330 980.0 1,3804 9918 1,177.8 13756 1,2125 1,386.2 1,208.6 10285 13060 976.7 1,151.6
Khonkaen 1,352.6 14026 14674 12218 9365 12015 1,3789 1,780.6 1,039.9 1,230.1 173771 1,0000 9430 1,256.3
Central
Bangkok 1,362.5 1,3720 1,1604 16514 15987 16842 19024 22720 2,023.7 272402 16569 17729 11301 1,679.0
Karnchanaburi 9922 11845 8821 11642 10458 1,091.7 13248 1329.2 11204 10670 1,091.3 10889 8244 10928

Table 2. 2 r Number of rainfall in a year for some areas in Thailand (modified from National
statistical office website)

Number of rainy day

Location 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 Average
South
Nakhon si thammarat 152 170 163 148 191 178 174 159 171 195 145 168 164 168
Songkhla 166 153 128 135 176 165 173 153 170 176 156 196 146 161
Surat thani 140 155 144 150 161 162 147 145 150 173 142 154 148 152
North
Chiangmai 123 96 111 122 117 101 147 121 112 144 116 134 112 120
Pitsanulok 128 126 96 103 108 124 126 115 118 116 138 115 112 117
Nort-East
Nakhon ratchasima 111 102 88 116 107 106 123 103 126 126 105 121 99 110
Khonkaen 121 105 103 93 103 108 101 121 103 110 131 97 118 109
Central
Bangkok 122 108 102 124 125 139 156 139 142 161 133 148 128 133
Karnchanaburi 114 104 93 114 113 110 125 109 99 109 115 111 103 109
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Figure 2. 2 Annual rainfall amounts from 2002 to 2014 for some southern provinces of Thailand
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Figure 2. 3 Annual rainfall amounts from 2002 to 2014 for some northern provinces of Thailand
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Figure 2. 4 Annual rainfall amounts from 2002 to 2014 for some north-eastern provinces of
Thailand

5000 T T T T T T T T T T T
4500 | Central i
—O— Bangkok

4000 F =2~ Karnchanaburi _
£ 35001 .
£ 3000 s
S
=
= 2500 | .
£
‘= 2000
[~

1500

IOOOzr/A\\ ST e T A= - = a = a0 ]

a =~ n
500 L | L | L | L | L | L
2002 2004 2006 2008 2010 2012 2014
Year

Figure 2. 5 Annual rainfall amounts from 2002 to 2014 for some central provinces of Thailand
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Figure 2. 6 Annual rainfall amounts for the South, Central, North, and North-East of Thailand
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Figure 2. 7 Number of rainy days from 2002 to 2014 for some southern provinces of Thailand
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Figure 2. 8 Number of rainy days from 2002 to 2014 for some northern provinces of Thailand
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Figure 2. 9 Number of rainy days from 2002 to 2014 for some north-eastern provinces of Thailand
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Figure 2. 10 Number of rainy days from 2002 to 2014 for some central provinces of Thailand
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Figure 2. 11 Number of rainy days from 2002 to 2014 for the South, Central, North, and North-East

of Thailand
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Series of water harvesting
) basins on a slope

Figure 2. 12 Example of rainwater harvesting for landscaping work

2.3 Rainfall harvesting and its usage

According to City of Tucson (2013), the term rainfall (or rainwater) harvesting is
activities involving capturing, diverting, and storing of rainwater for some kinds of
irrigation and other uses. It should be noted that in its context the rainwater harvesting is
mainly concerned with landscape irrigation. In this research, however, it wanted to deal
with drinking water. It also should be noted that harvesting the rainwater for irrigation is
much less stringent than for drinking water does. Figure 2.12 illustrates the example of

an easy method for rainwater harvest for being used in irrigation.

As the population is rapidly growing the residing area is progressively lowering
due to climate change. This results in the fewer areas for storing water for drinking and
other uses. Actually, humans have utilised the rainwater for a long time. Nonetheless,
they somehow avoid consuming it based on believing that the rainwater is
contaminated. The statement may be true in some areas; but, may be absolutely wrong
in other areas. It should not be forgotten, however, that the industrial development has

caused pollutions around the world.

It has been widely acknowledged that the world population is progressively
rising. Since 1950 the global population is doubled to six billion in 1999. In addition, it
has been speculated that the global population would peak in 2050 to 8.9 billion.

Considering these figures with natural resources, it may be concluded that in the future
14
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there would be problems concerning drinking water. Actually, many parts of the world
have faced the problem for years, especially some countries in Africa, Asia, South
America, and Australia. It is therefore essential to harvest rainfall for household use

because it is totally free and abundant.
GDRC (nd.) gives some advantages of rainwater harvesting, as shown below:

o Rainwater harvesting could be employed parallel to other means of water
sources and utility systems thereby reducing pressure on other sources of
water.

. Harvesting the rainwater could provide a water supply buffer for
employing of emergency of breakdown of public water supply systems,
particularly during major natural disasters.

o Storing rainwater could benefit urban areas by reducing or softening
flooding during thunder storms and heavy rainfalls.

o Rainwater harvesting normally requires low technologies and equipment.
People may utilise whatever they have got to catch the rainwater for later

use.

The roman probably was the first who systematically harvest and utilise
rainwater for household use. There have been some clues indicating that the roman
villas were designed and built to have the storages for rainwater to be used as drinking
as well as domestic purposes. In the meantime, Egypt was the first country in Africa
who also had some kinds of utilising rainwater dated back at least 2000 years; some of
them are still in operation. In Asia, there were evidences related to rainwater harvest in
Thailand almost 2000 years ago (GDRC, nd.). In Africa and Asia, rainwater was
commonly harvested trough eaves of roof or via simple gutters into jars, pots, and small

containers.

GDRC has explained that a rainwater harvesting system basically comprises
three main parts: (1) the collection system, (2) the conveyance system, and (3) the
storage system. As already described, collection systems and vary from quite simple
types built within a household to much bigger systems, depending on several factors

such as the size of a house, area for collecting the rainwater, and available storing area.
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Since the beginning of human kind there have been many rainwater harvesting systems

developed, some of the systems are illustrated and explained below.
1)  Simple roof water collection systems

This system is mainly suitable for a single household, as can be seen in figure
2.13. It seems the amount of rainwater collected by this method is not significant; but, if
lots of household employ the system impacts could be made. From the figure there are
three main components: (1) roof water collection system, normally roof itself, (2) piping
systems leading the water to, (3) storage system. Additional systems have been included
into the system. For instance, a filter system may be inserted between the piping and

storage systems in order to make the rainwater cleaner.
2)  Larger systems for public premises

For public premises that water usage is a big issue, the overall system may be
complicated due to not only the water to be consumed but also the frequency of the
usage. The piping system from the top to the ground must be designed in order to not
only conveying the rainwater but also easy to maintain. Underground storages are
common for this system as they must be large enough for more people. Some water
treatment systems are also necessary. Figure 2.14 shows an example of the larger

system.

* Coverad storage

Fasafvoer

Figure 2. 13 Example of a roof catchment system (GDRC, nd.)
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Figure 2. 14 Rainwater collecting system at Kokugikan sumo wrestling arena in Tokyo (GDRC,
nd.)

3)  Roof water collection for high-rise buildings

Generally, this system must be designed during the design of a building. This is
because constructing the water collection system after the completion of building may

be too expensive.
4)  Land surface catchment

The catchment of rainwater at land surface is simple as the name implies. Figure
2.15 displays the components for this method, comprising land area, piping system, and
storage system. The catchment area may have to designed and landscaped to have a
proper slope for the flowing of rainwater. A filter system must also be included to

separate some garbage and leaves and prevent them to get into the storage.
5)  Collection of storm water in urbanised catchments

Collecting rainwater in urban areas is more complicated. Actually, the
collection itself is not difficult. In facts, there are several methods and techniques
available. The problem is, however, the cleanliness of the catchment system. This may
be solved by employing a group of people who are solely responsible for taking care of

the system to ensure the rainwater collected is safe for consume.
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Figure 2. 15 Example of a ground catchment system (GDRC, nd.)

2.4 Quality of rainwater

In Thailand, there have not been many studies concerning the quality of rainwater
because the Thais are increasingly becoming used to with buying drinking water.
Artificial rain was first operated in Thailand around 1989. It should be noted that
sometimes it is called cloud seeding. The principles of the cloud seeding that triggers

the artificial rainfall can be found in Bollay, et. al., (nd.).

Since the beginning of the operation there were concerns with respect to the
quality of artificial rain, mainly on the basis of water consumption. As such, there were
experiments to investigate the quality of the artificial rain at the locations of Muang
Lopburi, Takfa Nakhonsawan, and Pasak Dam, as shown in tables 2.3, 2.4, and 2.5
respectively. A total of 114 natural rainwater samples and 204 artificial rainwater
smples were collected during 8 August 2005 to 24 July 2006. Then, each sample was
experimented concerning 19 parameters according to the drinking water standard set by
WHO, as already shown in the tables 2.3 to 2.5. Please be noted that the natural
rainwater was collected on the days that the artificial rain operation was not carried out,

while the artificial rain was solely collected on the days the operation carried out.
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Table 2. 3 Quality of artificial rain obtained from Muang, Lopburi (Office of the permanent

secretary, Ministry of Agriculture and Cooperatives)

Chemical Maximum value Average value3 Criteria for | Maximum
properties _ Result’ | drinkin allowable
Argilglal Natural rain |Avrtificial rain| Natural rain water criteria
pH 6.547.76 | 6.60-7.86 724 7.38 OK | 65-85 v
Acidity” 0.30 0.35 0.17 0.20 OK - -
Alkalinity” 0.40 0.30 0.15 0.11 OK - -
Sulphate” 26.00 12.00 7.01 213 | NotOK | 400250 v
Chloride” 170 2.00 0.51 042 OK 250 v
Hardness’ 025 0.15 0.09 006 | NotOK | 500 v
Ammonia’ 1.620 1230 0221 0343 OK - -
Nitrite” 1.770 0.120 0.101 0.033 OK ] -
Nitrate” 10800 |  4.700 1.950 1321 OK 10 v
Calcium” 37100 | 1.0660 1.0333 0.5882 | NotOK ] -
Chromium” nd nd nd nd OK 0.05 v
Copper” 00392 | 00488 0.0065 0029 | NotOK | 1.0 v
Iron” 00300 | 0.0300 0.0075 0.0165 OK 0.3 v
Lead” 00740 | 0.0536 0.0130 0.0037 OK | 005001 | v
Cadmium®> | 00294 | 00316 00137 00191 | NotOK [0.0050.003]
Zinc” 01240 | 0.0982 0.0385 0.0324 OK 50 v
Manganese” | 0.1050 | 0.0780 0.0228 0.0222 OK 0.1 v
Magnesium® | 0.1700 |  0.1500 0.0382 0.0264 OK - -
Mercury” 00010 | 0.0012 0.0002 0.0002 OK 0.001 v

Notes: ' Max. —min. from rainwater samples

2 Unit of mg/l (pH has no unit)

3 Average values for rainwater samples

* T-test at thereliability of 95%

> According to the standard set by WHO, 1984; TIS, 2006 according to the
announcement by the Ministry of Industry
x Not OK - No standard set

v OK

nd: non detectable
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Table 2. 4 Quality of artificial rain obtained from Takfa, Nakhonsawan (Office of the permanent

secretary, Ministry of Agriculture and Cooperatives)

Chemical Maximum value Average value3 Criteria for | Maximum
properties _ Result’ | drinkin allowable
Argilglal Natural rain |Avrtificial rain| Natural rain water critena
pH 5.80-7.69 | 6.09-7.75 7.03 727 OK 6.5-8.5 v
Acidity” 0.30 0.35 0.15 0.20 OK - -
Alkalinity” 0.30 0.20 0.11 0.09 OK - -
Sulphate” 32.00 12.00 9.05 333 NotOK | 400/250 v
Chloride” 1.20 1.50 0.01 0.02 OK 250 v
Hardness2 0.10 0.10 0.05 0.06 OK 500 4
Ammonia’ 0.670 0.727 0.197 0.251 OK - -
Nitrite” 0.117 0.055 0.010 0.022 OK - -
Nitrate” 3.500 3.700 1.115 1.026 OK 10 4
Calcium” 0.8912 1.4976 0.3679 0.5462 OK - -
Chromium® nd nd nd nd OK 0.05 v
Copper” 0.0182 0.0388 0.0049 00145 | NotOK 1.0 v
Iron” 0.0300 0.0200 0.0256 0.0022 | NotOK 03 v
Lead” 0.0650 0.0646 0.0172 0.0066 OK | 0.05/0.01 v
Cadmium’ 0.0274 0.0274 0.0124 0.0127 OK 10.005/0.003 x
Zinc” 0.0714 0.1272 0.0318 0.0488 OK 50 v
Manganese” | 0.1300 0.1710 0.0304 0.0060 OK 0.1 v
Magnesium’ | 0.1000 0.0500 0.0224 0.0067 | NotOK - -
Mercury” 00007 | 00037 | 0.0001 0.0005 OK 0.001 v

Notes: ' Max. —min. from rainwater samples

2 Unit of mg/I (pH has no unit)

3 Average values for rainwater samples

* T-test at thereliability of 95%

> According to the standard set by WHO, 1984; TIS, 2006 according to the
announcement by the Ministry of Industry
x Not OK - No standard set

v OK

nd: non detectable
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Table 2. 5 Quality of artificial rain obtained from Pasak Dam (Office of the permanent secretary,
Ministry of Agriculture and Cooperatives)

Chemical |  Maximum value Average value” Criteria for | Maximum
properties _ Result’ | drinkin allowable
Argilglal Natural rain |Avrtificial rain| Natural rain water criteria
oH 529760 | 6.187.73 6.93 7.20 OK | 65-85 v
Acidity” 0.30 0.30 0.15 0.16 OK - B
Alkalinity2 1.50 0.30 0.23 0.15 OK - _
Su|phat62 23.00 8.00 732 2.76 Not OK | 400/250 v
Chloride” 2.70 1.90 0.76 0.32 Not OK 250 v
Hardness’ 0.15 0.10 0.07 0.05 OK 500 v
Ammonia? 1390 0.744 0.261 0333 OK - -
Nitrite? 0.067 0.199 0.007 0.030 OK - -
Nitrate> 6.300 5700 0.736 0.960 OK 10 Ve
Calcium’ 31420 | 1.73%0 0.803 0574 OK - -
Chromium” nd nd nd nd OK 0.05 v
Copper’ 00500 | 0.0530 0.0106 0.0217 OK 10 e
ron? 00990 | 0.0498 0.0197 00054 | NotOK | 03 Ve
Lead? 00552 | 0.0510 0.0174 0.0067 OK | 005001 | v
Cadmium? | 0.0298 | 0.0292 0.0064 00193 | NotOK |0.0050.003  x
Zinc? 0.1846 | 02280 0.0532 0.0582 OK 50 v
Manganese” | 00590 | 0.0880 0.0252 00446 | NotOK | 0.1 v
Magnesium? | 01200 |  0.1900 0.0433 0.0400 OK - -
Mercury’ 00011 | 0.0007 0.0004 0.0003 OK 0.001 v

Notes: ' Max. —min. from rainwater samples

2 Unit of mg/I (pH has no unit)

3 Average values for rainwater samples

* T-test at thereliability of 95%

> According to the standard set by WHO, 1984; TIS, 2006 according to the
announcement by the Ministry of Industry
x Not OK - No standard set

v OK

nd: non detectable
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From the results obtained from the water analyses, it was found that both the
majority of the artificial rain and natural rain have contaminations lower than those set
by WHO. In other words, there was no significant difference between the two typs of
water. Nonetheless, it was observed that both water types have cadmium that is higher
than the standard, meaning they are not suitable for drinking. It should be noted that,
however, this contamination had nothing to do with the artificial rainfall operation. On

the contrary, the contamination was created by human activities.

2.5 Standards for drinking water

Generally, all of the drinking water, including rainwater, groundwater, filtered-water,
and commercial water are not totally free of any substances. It should be noted that the
substances found in water may be or may not be harmful for humans. Some may cause
very serious illness; others may be consumed as much as one could without any
consequences. As such, there have been studies attempting to set out a criterion with

respect to the quality of drinking water.

Edstorm (2003) has recommended that to ensure the quality of drinking water

the following steps should be carried out:

1) Meet Environmental Protection Agency (EPA) standards. This means that
drinking water should be interpreted as water meeting the EPA’s Primary
Drinking Water Standards for human consumption.

2) One should set limits and tests for any contaminants of concern to his/her
facilities.

3) Study and learn from limits and tests from other agencies.

4)  Monitor the producing and purifying processes.

Another useful standard should be looked at is United State Pharmacopie (USP)
specifications. This is about the standards for animals’ drinking water. It should be
bearing in mind that the animal is also a creature as humans. Thus, water that an animal
can drink is probably good for humans as well. Table 2.6 displays the standards for
drinking water set by the EPA and USP. It basically displays containments that might be

found in water and their corresponding limits as drinking water.
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Table 2. 6 Water quality standards (mg/l unless other units given) (Edstrom, 2003)

EPA Standards USF 23
{as of 10/96) (as of 11/96) Animal
Primary MELE Secondary Drinking
Contaminant MCL (1) i2) MCL(3) | Purfied Water WFI Water

Organks Contaminanic

Adpate [ desmrhegy) 0.4 04 . . .
Aachor oo z=m . . .
Audlcat ooy 0007 . : .
it safons ooar 0007 . . .
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Ararne ol v} 0.003 . : )
Berzene CUE =m . v .
Serzoda pyrens (FAH) 0000z z=m . : .
Carbofran 004 o . : '
Carbon Teractionde s = . : .
Chinmiane ouooc piial . . .
4D oo o1 . ! )
Dibromochioropmpane (DECF) 0oz T . . .
prDichiorobenzere s ao7s . ! )
o, riChiomanzene as 13 . . i
1, 2-Dichiometfan= e =m . v .
1,1-Dechiomet-yens ooy 0007 . : .
cig-1, 2D ometiryiene nor el . . .
frans-1, 2-Dichiometyiene i oA . - g
1, 2-Dechioropropans s z=m . . .
O 2ty heary iphialake (SAS) oo = . : .
Dinoseh oy 0007 . ' )
Dot o o . ! )
Endotal 0.1 04 . ! )
Endrin oo 000 - : -
Stiiberzens T o7 . : .
Efiene dbmmide 0000 z=m - : -
Ghyphosahe T o7 . ! )
Hspiachior 0.0004 zm . ! )
Heniachlor mpowide 0000z z=m . ! )
Hexachiorobenzens =T ) = . C .
Heyachiomcyciopentadans 0os oos . ' )
Jrdare 0000z 0000z . ! )
Merowpchion Ll o . : .
Morochiomibenzens 0.1 R . : .
Crmr (Wychie] 0z 2 . : .
Feninchiompenc [l ) z=m . . .
Ficomar os os . ! )
Fofychiornaed biphemys (FCES) 0000 z=m . : .
Smarine ouood 0004 . v .
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Tetrachiomethylenes ouocs = . : i
Tiousne 10 10 . ! )
Towaphens ful ] z=m . . .
A 5T Sivex [ oo I I :
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Table 2.6 (continued)

EPA Standards UEP 23
(a8 of 10495] {a3s of 11/58) Animal
Primary MCLG Eoradary Elrlnh.lng
Contaminant RACL [} =1 MICL (3} Purifed Water e Wiatar
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P dure T3E wedd T38 fickal) SpliL
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Sweanale 0| e ] T
Haterotrophic Pieie Coond L1 A, 100 chefml™ OO mlL™ 10 clumL =
Leguyesls T =T
FrRschmonoEs 5 1 L™
FyTo g 035 Bml
Tarbidiy 0510 HTU FR,
"I T ] T
[ L

(1] Matonal Primary Drinking \Water Standands Maximus Contaminant Levels aps fedsmilly enforoeabie
2] Maximum Contaminant Level Goals ans ol enforceabie.

[3) Mational Secondary Drinking Water Standards ane rof fadenlly enforceable. Thess [imEs are for contaminants
Freat may a®act e @=othadic qualtes of waber

4] Thase wet chemistry fests wers replacsd by & conductiity shndaed per UPE 23 Fith Supplement sMective
1111596,

Y Assume same 35 EPA Primary Drinking Water Stamdard MCLs
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In the USA there are several standards concerning the drinking water. For
example, EPA (2009) has provided the regulations with respect to the primary drinking
water, as shown in table 2.7. The table comprises contaminant and its unit, potential
health effects from long-term exposure above the maximum contaminant level (MCL),
common sources of contaminant in drinking water, and public health goal. It should be
noted that it is regulations, not a law. In other words, different areas may apply these

regulations differently.
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Table 2. 7 Primary drinking water regulations set by the United States Environmental Protection
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Table 2.7 (Continued)
Contaminant Potential health effects from Common acurces of contaminant Public Health
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Table 2.7 (Continued)
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Table 2.7 (Continued)
Contaminant Potential health effects from Common aources of contaminant Public Health
long-term’ expoaurs above the MGL in drinking watar Goal (mglL)
Therbidity Therbichey s 2 merre of tho clondnees of vl Soil munff 'z
b It i usnd to indicat mqn.llﬂ.}' filtration

= Ig' d‘:ﬁ%amnﬂ

m‘:h%upﬂ %

orgRisms shoct: syugees such
| R Inereassd ik of cxmear idoay ety Frosios of nzseral deposits zame
0G chlonde Increased 1k of ing from PVC pipes;
(.5, dizerhes, vomibng, cramps)
oc Xviamas T e Fom | Eachorias; 10
- e e

Table 2. 8 Secondary drinking water regulations set by the United States Environmental Protection
Agency (EPA, 2009)

Contaminant Sacondary Maximum Contaminant Level
ALTIFUm Q.05 1o 0.2

EPA also provides a regulation for secondary drinking water. This regulation is
meant to be non-enforceable guidelines regarding contaminants that may cause cosmetic
effects (such as skin and tooth discolouration) or aesthetic effects (such as taste, odour,
or colour) in drinking water. Note that the EPA recommends that the secondary
drinking water regulation is only applied to water systems. Some areas, however, have

chosen these as primary drinking water.

In the case of Thailand, the standards concerning drinking water are mainly from
the announcements by the ministry of public health. In the case of commercial drinking
water such as bottled water, it must also comply with the standards set by the Thai
Industrial Standard, ministry of industry. According to TIS 257 — 2549 (TIS, 2006),
drinking water is classified into two categories: (1) drinking water in a closed container,
and (2) drinking water without any containers. It describes four characteristics that

drinking water must comply: (1) general appearance, (2) physical characteristic, (3)
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chemical characteristic, and (4) toxic substance. In addition, drinking water must also

comply with other hygienic conditions, including coliform, E. coli, salmonella etc.

2.6 Techniques for rainfall storing

Rainwater harvesting has been operated very long time ago since the early human
history. As they have evolved over time the harvest now is being done for two purposes:
for consumption and irrigation. In this section emphasise is made on the rainwater
harvesting for consumption because it seems people have paid too much for drinking

water that actually should be free.

The problem involved in rainwater harvesting is that rainfall occurs irregularly.
We cannot precisely predict when rainfall occurs and how long it might take. When it
does come, sometimes the rainfall amount is enormous, but sometimes is very little. It is
therefore necessary to have a storage system for collecting the rainfall for future when it

dries up.

To store rainwater, Daily and Wilkins (2012) summarised that four components

are required:

(1) Collection area — for example, roof area.

(2) Conveyance system — it is used to carry rainwater and may be consisted of
gutters and flat roof drainage.

(3) Water storage — may be installed either above or below ground, and may
comprise one or more containers.

(4) Filtration — this is employed to keep out debris from the system.

For the conveyance system, there are two types: dry and wet, as shown in figure
2.16. The difference between the two is that for the dry the conveyance has no water in
it until there is rainfall; while for the wet there is always water in the system until is
replaced by new water. For the storage tank, it features should at least include an inlet
for rainwater to enter, overflow pipe that should as large as the inlet, air vent for air to

escape while the tank is being filled, as illustrated by figure 2.17.
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Figure 2. 16 Examples of wet (left) and dry (right) conveyance systems (Daily and Wilkins, 2012)

Air vent

<

Figure 2. 17 Multiple water tanks connected in a series at the top (Daily and Wilkins, 2012)

o~

Figure 2. 18 Examples of common gutter and downspout screens (Daily and Wilkins, 2012)

The filtration is essential for the rainwater storage system in that it prevents
some dirt to enter the system. This is not only to keep the water clean, but also prevent
clogging and sediment build-up. The first component needed for the filtration is
common gutter and downspout screen, as shown in figure 2.18. A first flush diverter is
also essential. Its duty is to prevent the first flush that is of poor quality to enter storage.
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It should be noted that diverters must have a drainage outlet for the poor-quality water

to flow out, as shown in figure 2.19 (Daily and Wilkins, 2012).

A further protection for the quality of water is a strainer basket or screen
installed at the tank water inlet, as shown in figure 2.20. Sometimes an overflow outlet
is also needed. However, make sure that its outlet is diverted far from a building.
Otherwise, the flowing out water may erode surface thereby causing slope stability
problem or foundation failure. An example of the strainer basket is illustrated by figure
2.21.

Floating ball
to seal pipe

S

Discard

S
\ To tank

Figure 2. 19 Example of a first flush diverter (Daily and Wilkins, 2012)

i
| |

Figure 2. 20 Examples of a strainer basket (left) and screen (right) (Daily and Wilkins, 2012)

Has a
one-way flap fo
Hasa keep
“pop-up” out animals
cover

v

Y
<

Figure 2. 21 Examples of tank overflow outlets (Daily and Wilkins, 2012)
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Another useful component is a tank calming inlet, as shown in figure 2.22. This
component simply prevents water flowing in a take too fast thereby stirring the bottom
sediment layer. Figure 2.23 shows a complete whole system for collecting rainwater for
a house. It should be noted herein that all of the example shown were obtained from
abroad — USA, a developed country. They have indeed the living standard much higher
than our do. One might argue that the examples should not be applied for Thailand.
However, please remember that drinking water is the most important for human kind.
As such we must ensure that we have done everything to get drinking water clean

enough for humans.

=t

‘—ha\l.r '“‘J,;:_'—-

Figure 2. 22 Examples of calming inlets (Daily and Wilkins, 2012)

Example of a Rainwater Storage System

Leaf Screen

' Cistern lid with vent to be secured and tight
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municipal water/ f To pump and Hole in pipe to prevent
makeup water pressure tank siphon effect
i — —’ .
Overflow inlet
Do t | {minimum 12 inches
WNSpou ] below municipal water
fram gutters ’ - - services)
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First-flush — | | s___.—f-"f 11 ) :
diversion device | | Minirurn walar Drain valve or hose bib
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Figure 2. 23 Example of a complete rainwater storage system (Daily and Wilkins, 2012)
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CHAPTER 3

MATERIALS, TEST PROGRAMMES, AND METHODS

3.1 Introduction

It has been known that the majority of Thai people have now paid for drinking water. It
should be noted that in the market there are several types of drinking water, e.g., bottled
drinking water, closed-container water, and delivery drinking water. During this time —
2015-2016 — some bottled drinking water is more expensive than fuelling a car. This
may not be acceptable considering there is plenty of rainfall in Thailand, especially in
the South. However, to convince people to come back to the rainwater requires
convincingly proven clues. This chapter was aimed at describing the methodologies
employed for this research to obtain evidences indicating that the rainwater is actually
drinkable. In addition, it also gives details with respect to what qualities were tested to
prove that a sample of rainwater collected was comply with the standards set by Thai
government agencies who are responsible for public health concerning drinking water.

3.2 Methodologies
3.2.1 Introductory remarks

Three steps were employed for this research in order to answer the thesis question: (1)
surveying for expense for drinking water, (2) methods for collecting rainwater samples,
and, (3) performing quality tests of the rainwater samples according to the drinking
water standard. The first step was achieved by creating a questionnaire asking short
questions related to drinking water. The second step was designed to collect rainwater
as pure as possible. The third step was done by just submitting the rainwater samples to

a reliable organisation that is capable of testing and qualifying drinking water.
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3.2.2 Expense for drinking water surveying

As this research was concerned that people are spending too much money on drinking
water, it was necessary to acknowledge a whole picture with respect to their behaviour
regarding the drinking water. A questionnaire was chosen to obtain such information. It
should be noted that acquiring that data may be done by many ways, e.g., interview.
However, the questionnaire was employed because it was low cost and most convenient

considering the research had to be completed in a short time of only one year.

The questionnaire was designed to have three sections, including section 1,
general information; section 2, cost for drinking water; and section 3, perception
regarding the quality of rainwater. The section 1 basically comprised sex, age,
education, marital status, occupation, and income. This section was quite important in
that it would later on be used to analyse with other sections. For instance, why the rich
decides to buy drinking water, and why the poor prefers to drink the water that could be
obtained with no cost. In addition, their education would be very helpful in terms of
analysing the results obtained. For example, what is the difference between higher-
educated people and lower-educated people in thinking of the quality of rainwater?

The section 2 asked the following questions: (1) type of water currently being
drunk, of which comprises the choices of rainwater, tap water, well head, groundwater,
and pay for; (2) most purchasing place, of which comprises the choices of convenient
store, grocery store, supermarket, drinking water manufacture, and delivery; and (3)
cost for drinking water (Baht per week), of which comprises the choices of less than 20,
between 20 and 50, between 50 and 100, between 100 and 200, and more than 200. The
section 3 simply asked the question have you ever drunk rainwater? It comprises the
choices of drinkable, undrinkable, and not sure.

The section 2 was the most important for this questionnaire because it was the
main information required for this study. The priority was that we would like to know
how much a week people spend for drinking water. In addition, what kind of drinking
water was also asked because it would be used together with the section 1 to analyse the
results in details. The section 3 was simply asking for the perception with regard to the
quality of drinking water. This information would provide something that we could

employ to educate people in the further concerning the quality of drinking water.
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NB: This questionnaire is part of the research project titled “the potential of rainwater harvesting for house-hold

use”, of which is funded by Rajamangala University of Technology Srivijaya.

THE FOTENTIAL OF RAINWATER HARVESTING FOR HOWUSEHOLD USE
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Figure 3. 1 The questionnaire employed for this research to obtain the information with respect to

drinking water
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3.2.3 Collecting of rainwater samples

The first task for collecting of rainwater was to design and build a system that could
collect the rainwater as pure as possible. The best way, however, is to collect the
rainwater directly falling from the sky. However, that method needs space and big area
of supporter. It is also should be noted that it would take time to obtain enough amount
of rainwater to be able to test its quality. Thus, the system shown in figure 3.2 was
design and built for the task. Basically, it comprised a steel frame supporting a zinc
sheet built to have a curved surface. At the other end of the zinc sheet connected with a
PVC pipe acting as conveyance in order to bring the rainwater into a closed container,
as can be seen in figure 3.2. This system was designed based on the assumption that the

rainwater collected would have a contamination as least as possible.

After the rainwater had been collected enough, it was transferred to a new plastic
bottle having the capacity of about 2 litres, as shown in figure 3.3. In order to be able to
evaluate all of the quality tests required for drinking water standards at least 6 litres of
rainwater sample was required. Thus, each rainwater sample was required to be filled in
at least three bottles. When the bottled rainwater ready, it was immediately wrapped by
a black plastic bag. Then, it was immediately put into a closed container filled with ice,
as illustrated by figure 3.4. The ice was place in order to keep the temperature of the
rainwater sample low so that any bacterium to have a chance to grow. This is because it
might alter the quality of the rainwater collected thereby obtaining false results.

The other step that was also important is that the rainwater samples must be
transport to a laboratory within 24 hr. As such, if there was rainfall on Saturday
rainwater was not collected. This is because it may take 48 hr before the rainwater
sample is delivered to the laboratory.

As previously mentioned in Chapter 1, two provinces were selected for
collecting rainwater, namely Songkhla and Nakhon si thammarat. This is because the
two provinces are big compared to their in terms of both area and population,
counterparts in the South. In Songkhal, two districts were chosen, Singkhanakhon and
Namom. This was because there were volunteers for collecting rainwater in those areas.

In Nakhon si thammarat, Khanom and Pakpanang were chosen because of the same
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reason given for the case of Songkhal province. Figure 3.5 depicts the rainwater sample

being collected in Khanom, Nakhon si thammarat, Egco to be precise.

The other places in Khanom chosen include College of Industrial Technology
and Management, Rajamangala University of Technology Srivijaya, located in

Thongnian sub-district and Sho intersection that also located in the same area.

Figure 3. 2 The structure used to collect rainwater

Figure 3. 3 Rainwater kept in new plastic bottles
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Figure 3. 4 Rainwater samples packed in a container filled with ice

Figure 3.5 Collecting pure rainwater at Egco, Khanom, Nakhon si thammarat

Table 3.1 displays the rainwater samples that were being collected during 14
November 2014 and 18 December 2015. Notice that a total of 17 rainwater samples
were collected. This figure was based on the fact that the cost for quality tests is very
expensive. In addition, the budget for this project was limited thereby limiting a number
of rainwater samples. Actually, we would like to collect more samples so that the results

obtained would be more reliable.

The table comprises number of sample, sample symbol, location of the sample,
collecting date, type of rainwater, and designate group. The sample symbol would tell
some information such as location, collector, and date collected. In the column of type
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of rainwater, it can be seen that there are six types of rainwater collected. These
included pure rainwater, boiled pure rainwater, roof and gutter rainwater, rainwater
passing through roof and kept in a stainless tank, rainwater passing through roof and
kept in a stainless tank and boiled, and well water (shown in figure 3.6). For
convenience the types of rainwater samples were designate as G1, G2, G3, G4, G5, G6,

respectively, as also described in table 3.1.

For the pure rainwater (G1), it was collected by means of the support structure
already described. It can be said that its quality was the best compared to the rest. In the
case of boiled pure rainwater, just after the collection, it was boiled for at least 10
minutes. Then, it either was transported to the laboratory or kept in a refrigerator for
transferring to the laboratory later on. Please be noted that in the case the boiled

rainwater was kept in a fridge, it would be transferred as soon as possible.

For the G3 — rainwater passing through roof and gutter — the procedure for
transporting the samples was the same as for the G1. In the case of rainwater kept in a
stainless tank, G4, there was no record with regard to how long it had been kept. The
sample simply was poured into plastic bottles and carried to the laboratory for the
quality tests. In the case of G5 — rainwater kept in a stainless tank and boiled — the
procedure was the same as for the G1 except the water was boiled before being tested.
For G6, water directly collected from a well, the sample was transported to the

laboratory straight away.

Figure 3. 6 The water well the sample 2SK221214GW located in Namom, Songkhla
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Table 3. 1 Rainwater samples collected for the quality tests according to the drinking water

standards
No. Sample Location Date Type of rainwater Group
collected
1 2SK141114 |[Namom, SK 14 Nov |Pure rainwater Gl
2014
2 3KN141114 |Sho intersection, | 14 Nov [Pure rainwater Gl
Khanom, NST 2014
3 1KN161114 |Thongnian, 16 Nov |Pure rainwater Gl
Khanom, NST 2014
4 | 2SK221214GW [Namom, SK 22 Dec |Well water G6
2014
5 1SK181114 |Singhanakhon, 25 Nov |Pure rainwater Gl
SK 2014
6 2KN251114  |Egco, Khanom, 8 Dec |Pure rainwater Gl
NST 2014
7 2SK081214 |Namom, SK 8 Dec |Pure rainwater Gl
2014
8 | 2SK151214B |Namom, SK 15 Dec |Boiled pure rainwater G2
2014
9 1SK211214B |Singhanakhon, 21 Dec |Boiled pure rainwater G2
SK 2014
10 | 2SK221214R |Namom, SK 22 Dec |Roof rainwater G3
2014
11 | 1SKO070115G |(Singhanakhon, 7 Jan |Gutter rainwater G3
SK 2015
12 3KN130115 |[Sho intersection, | 13 Jan |Pure rainwater Gl
Khanom, NST 2015
13 | 1KN130115 |Thongnian, 13 Jan |Pure rainwater G1
Khanom, NST 2015
14 2KN130115 |Egco, Khanom, 13 Jan |Pure rainwater Gl
NST 2015
15 | 3CM210515T |Singhanakhon, 21 May |Rainwater kept in G4
SK 2015 |stainless tank
16 | 3CM210515TB |Singhanakhon, 10 May |Boiled rainwater kept G5
SK 2015 |in stainless tank
17 | 1BK181215 |Pakpanang, NST | 18 Dec |Pure rainwater Gl
2015
Note:
SK = Songkhla

NST = Nakhon si thammarat
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3.2.4 Quality tests for rainwater samples

The main drinking water standards chosen to be conducted for this research were from
the announcements and notifications by the ministry of public health no. 61 (BE 2524),
no. 135 (BE 2534), no. 6 (2553), published in Royal Gazette, Vol. 126 (41) dated 19
March 2009. In addition, all of the tests were carried out by a renowned scientific

laboratory, namely Scientific Equipment Centre, Prince of Songkhla University.

According to those standards set by the ministry of public health, 13 parameters
were tested and evaluated. These included pH, TS, total hardness, nitrate, chloride,
fluoride, iron, lead, arsenic, coliforms, E. coli, S.aureus, Salmonella sp. The details
concerning their meaning, unit used, and limited values, can be found the Chapter 4 and
also in Appendix A.
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CHAPTER 4

TEST RESULTS AND DISCUSSION

4.1 Introduction

There are two folds of the results obtained from this research project, including the
behaviour of people with respect to drinking water and the quality of the rainwater
samples collected. The former basically was obtained by employing a questionnaire in
order to gather the essential information related to this research. The latter, however,
was the solely the results obtained from the laboratory concerning the drinking water

standards as previously described in Chapter 3.

4.2 Behaviour of people concerning drinking water
4.2.1 Data surveying

The main purpose of this research was to evaluate the quality of rainwater in terms of
drinking water, particularly in Songkhla and Nakhon si thammarat. However, to
understand the behaviour of people regarding the expense for drinking water, a
questionnaire was also employed to obtain such information. One of the most important
information needed was the people opinion with respect to the quality of rainwater, i.e.,
is the rainwater (in Songkhla and Nakhon si thammarat) drikable?

The next information was the amount of money people spend for drinking water
(in case they had to pay for). As the rainwater samples for this project were collected in
Songkhla and Nakhon si thammarat, the target people who provided the answers were
also from those two provinces. The details of the questionnaire used were already given

in Chapter 3. The total number of people who answered the questions was 193.
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4.2.2 Behaviour of paying for drinking water

Firstly, figure 4.1 display the proportion between male and female that answered the
questionnaire. It can be seen that their percentages are very similar, indicating the
balance of sex in this study. The ranges of age of answerers were plotted and shown in
figure 4.2. It was observed that the age range of 20 — 40 years old takes about 72 % of
which is the highest. This is a very good point because it may be said that the people in
this age range are mainly working for their family thereby providing accurate answers.

Sex

Male

Female 49%,

51%

Figure 4. 1 Questionnaire answers according to sex

Age (years)

> 60
3% <20
7%
40-60
18%

20-40
72%

Figure 4. 2 Ranges of age of answers
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Figure 4.3 shows the educational levels of the answers in which were
categorised as below undergraduate, undergraduate, and postgraduate. According to the
figure 65%, 28%, and 7% of answerers had the education levels of undergraduate,
below undergraduate, and postgraduate, respectively. In the meantime, figure 4.4
displays one of the most important parameters, the perception with respect to drinking
water by means of drinkable or not. It showed that 36% think rainwater can be drunk;
while 35% and 29% had the opinions that they are not sure and undrinkable,
respectively. These findings indicate a very good sign in that the majority still think
rainwater is drinkable. In addition, 35% of the answerers thought that it may be or may
be not drinkable. If we could persuade those 35% that rainwater is actually clean
enough for humans, there would be the total percentage of about 71% that might turn

into drinking rainwater in the future.

Postgraduate

7%

Below undergraduate
%

Undergraduate
65%

Figure 4. 3 Education levels

Does the rainwater drinkable?

Not sure Drinkable
35% 36%

Undrinkable
29%

Figure 4. 4 Perception of drinking water in terms of drinkable
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Figure 4.5 shows the monthly income of the answerers in which was categorised
as less than 15,000, between 15,000 and 30,000, and between 30,000 and 50,000. It can
be seen that the majority of the reply has the income less than 15,000 Baht a month.
Considering the current economic conditions, that income is quite low. Thus, if they
would seek a way to consume rainwater instead of paying for, they could save some
money for other usage. This statement may be confirmed when considering the figures
4.6 and 4.7 showing type of drinking water consumed and weekly expense on drinking

water, respectively.

‘ Montly income (Baht) ‘

30000 - 50000
4%

15000 - 30000
36%

< 15000
61%

Figure 4. 5 Average income of answers

Type of drinking water consumed

Rainwater.
8% Tap water

5% / Water well
4%

Ground water
%

Pay for
7%

Figure 4. 6 Types of drinking water consumed
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Weekly expense for drinking water (Baht)‘

>200 <20
2% 15%

100 - 200
11%

20-50
34%

50-100
38%

Figure 4. 7 Expense (Baht per week) for drinking water

Table 4. 1 Summary of the rainwater samples classified as groups 1 to 6

No. | Group Description Note
1 Gl rRa?:]r\]/\\:\:;?(te?r; directly collected (pure EFrom NST and SK
2 G2 | Rainwater directly collected and boiled From SK
3 G3 | Rainwater flowing through roof and gutter | From SK
4 G4 | Rainwater kept in a stainless tank From SK
5 G5 | Rainwater kept in a stainless tank and boiled | From SK
6 G6 | Groundwater From S K

Note: NST = Nakhon si thammarat, SK = Songkhla

4.3 Quality of rainwater samples

The quality tests for all of the six rainwater sample groups (G1 to G6) were carried out
in a renowned laboratory belonging to a government university. A total of thirteen
criteria were tested in order to be able to certify whether a rainwater sample is drinkable
or not. Table 4.1 redisplays all groups of rainwater samples tests, including group,
description, and note, in order to make the discussion to be written is easier to grasp.
Table 4.2 displays the parameters tested for all of the rainwater samples. It also includes
the criteria employed. The quality test results for all of the parameters were summarised
and displayed in table 4.3; while table 4.4 shows the overall quality test results with
respect to the drinking water standards.
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Table 4. 2 Parameters and criteria for the drinking water standards set by the ministry of public

health
No. | Parameter Unit Instrument/method Criteria
pH - pH meter 6.5-8.5
TS mg/L Gravimetric method <=500
Total
3 hardness mg/L Totrimetric method <=100
expressed as
CaCO3
4 | Nitrate mg/L Photometric method <=4
5 | Chloride mg/L Photometric method <= 250
6 | Fluoride mg/L Photometric method <=0.7
7 | Iron (Fe) mg/L ICP-OES <=0.3
8 | Lead (Pb) mg/L ICP-OES <=0.05
9 | Arsenic (As) mg/L ICP-OES <=0.05
10 | Coliforms MPnI:I/LlOO AWWA method <22
11 | E. coli per 100 mL | AWWA method Not found
12 | S.aureus per 100 mL | AWWA method Not found
13 | Salmonllasp. | per 100 mL | AWWA method Not found
Table 4. 3 Water quality test results for all groups
No. Parameter Gl G2 G3 G4 G5 G6
1 pH 6.3 6.2 5.6 5.6 6.0 6.8
2 | TS 9.76 6.25 11.25 6.00 9.00 103.50
3 | Total hardness 6.98 2.97 3.00 4.04 4.04 22.28
expressed as CaCO3
4 Nitrate 0.282 0.200 0.200 0.210 0.200 3.180
5 Chloride 2.73 2.50 1.50 2.50 2.50 9.00
6 | Fluoride 0.315 0.250 0.195 0.160 0.150 0.510
7 | Iron (Fe) 0.0078 | 0.0065 | 0.0020 | 0.0010 | 0.0010 | 0.0020
8 Lead (Pb) 0.0339 0.0270 0.0070 0.0120 0.0080 0.0070
9 Arsenic (As) 0.0335 0.0480 0.0490 0.0340 0.0340 0.0490
10 | Coliforms 15.7 1.1 23.0 1.1 1.1 23.0
11 | E.coli Found Not Found Not Not Found
found found found
12 | S.aureus Not Not Not Not Not Not
found found found found found found
13 | Salmonella sp. Not Not Not Not Not Not
found found found found found found
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Table 4. 4 Final quality test results with respect to the drinking water standards

No. Parameter G1 G2 G3 G4 G5 G6
1 | pH Not Not Not Not Not Passed
Passed Passed Passed Passed Passed
2 TS Passed Passed Passed Passed Passed Passed
3 Total hardness Passed Passed Passed Passed Passed Passed
expressed as CaCO3
4 Nitrate Passed Passed Passed Passed Passed Passed
5 Chloride Passed Passed Passed Passed Passed Passed
6 Fluoride Passed Passed Passed Passed Passed Passed
7 Iron (Fe) Passed Passed Passed Passed Passed Passed
8 | Lead (Pb) Passed Passed Passed Passed Passed Passed
9 | Arsenic (As) Passed Passed Passed Passed Passed Passed
10 | Coliforms Not Passed Not Passed Passed Not
passed passed passed
11 | E.coli Not Passed Not Passed Passed Not
passed passed passed
12 | S.aureus Passed Passed Passed Passed Passed Passed
13 | Salmonella sp. Passed Passed Passed Passed Passed Passed

From table 4.3, it should be noted herein that the parameters 1 to 10 are in terms
of quantity criteria; while the parameters 11 to 13 are solely bacteria criteria. In

addition, for the bacteria the result is only either found or not found.

Considering table 4.3 in detail, it was found that the pH values for all of the
rainwater samples are about 5.6 to 6.8, while the criteria is between 6.5 and 8.5. Note
that the pH stands for potential of hydrogen and the unit measured ranges from 0 to 14,
and the middle value is 7. If a pH value is found to be lower the middle value, it means
that sample is acidic. On the contrary, a value is higher, it is said to be alkaline. In the
case of water having high acid, it may corrode metallic materials. It should be noted that
even though water has the pH higher than 8.5, it does not affect the health of a person
whatsoever. However, it may cause the water to have a bitter taste and clog a water pipe
system. There are several methods to improve water to have the pH according to the
drinking water standards. For example, one easy method is to add some chemicals such
as calcium carbonate or a mixture of magnesium oxide and calcite (Water System
Council, 2007).
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In terms of TS, it was observed that the groups G1 to G5 have quite low
quantity. This, however, was predictable because all of the samples were rainwater
thereby should not have any substance. However, in the case of G6, it was found that its
value is as much as ten folds higher than those found in the groups G1 to G5. It should
be noted that, however, its value was still quite lower the standards. In the case of G6
having TS quite high may be because it was the water obtained from water well. Thus,
during the water flowing to meet a water table, it may also erode and bring some
substance along the way. In the case of total hardness, it was observed that all groups

have the values that are quite lower than those set by the standards.

Figure 4.8 displays nitrate that were found for the entire rainwater sample groups
G1 to G6. It was found that for the groups G1 to G5 the values are about 0.2 mg/litre;
while it was about 3.2 mg/litre for G6. This suggests that for G6, the water may have
eroded and brought some nitrate underground. Figures 4.9 to 4.13 show the quantity of
chloride, fluoride, iron, lead, and arsenic, respectively. It was found that, from the
figures, all of the quantities obtained from the quality tests are in accordance with the

drinking water standards.

Figure 4.14 displays the quality test result with respect to the coliforms quantity
found, it can be seen that the groups G1, G3, G6 are not within the standard acceptance;
but, the groups G2, G4, and G5 passed the criteria. These results clearly indicate that

boiling water could destroy the coliforms a level is safe for humans to drink.

It should be noted that coliforms are a kind of bacteria. If found, it indicates that
the water is somewhat contaminated. There are several types of coliforms. Ones that
found in water normally are harmless. However, some coliforms such as Bacteriologic
and Protozoic pathogens may trigger typhoid, dysentery, cholera, and sudden diarrhoea
(Treyens, 2009). It should also be noted that destroying the coliforms can be easily done

by the addition of chlorine.

For E. coli, it was found that the groups G1, G3, and G6 are not pass the criteria.
However, the groups G2, G4, and G5, passed the test. Similarly to those observed for
the coliform amount, this result showed that boiling water can destroy the E. coli. Note
that E. coli stands for Escherichia coli of which are a kind of bacteria. It can be found

everywhere, such as general place, food, and in intestine of both humans and animals.
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There are several types of E. coli; most of them are harmless to us. However, some type

may cause diarrhoea, urocystitis, respiratory infections, and pneumonia.

For the cases of the quantities S.aureus and Salmonella sp., the test results
showed that all groups pass the criteria. Note that S.aureus stands for Staphylococcus
aureus. It is a local bacteria mostly found on skins an in sinus. In case it is found in
food, food poisoning may occur. For Salmonella, a bacteria, the contamination may
cause the same symptoms as caused by S.aureus. Overall, if the pH criteria ignored, it
was found that the groups G2, G4, and G5 pass the drinking water standards; while for
the groups G1, G3, and G6 do not pass the criteria.

From the test results observed and discussed, it may be concluded that rainwater
if properly harvest and boiled is totally safe for drinking. Thus, it is therefore a good
practice to tell and encourage people to drink for free, no need to pay for drinking water
anymore. However, it must inform them that the rainwater should be kept properly.
And, before drinking, it must be boiled. This would result in the money would be left
more in people pocket thereby easing them little more in terms of household economy.
From the test results, the authors strongly believe that boiled rainwater is much safer to

drink than commercial drinking water locally produced.
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Figure 4. 8 Nitrate for all groups
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

In the past, drinking water sources were mainly from rainwater, well water, and ground
water. Note that the rainwater was probably the drinking water most consumed. As
there have been industries being developed all around the world, there is believe in that
the rainwater is contaminated as a result of industrial development. This statement may
be somewhat correct in the case rainwater drops in areas that have several heavy
industries. In the case of Thailand, this situation occurs at very few areas, e.g., some
provinces in the East, inner Bangkok, and around industrial estates accommodating

heavy industries.

This research project proposed a proper method for collecting rainwater for
quality tests with respect to the drinking water standards set by the ministry of public
health. The main purpose was to show that rainwater actually is drinkable. Nakhon si
thammarat and Songkhla provinces were chosen as the areas to collect rainwater
because they are big provinces in terms of both area and population. In addition, both
provinces have quite a lot of annual rainfall. Furthermore, each year rainfall occurs in

both very frequently meaning that people have a long period of harvesting rainfall.

To cover all aspects of rainwater there were six types collected, including
rainwater directly collected from the sky with some help from a support structure (G1),
G1 and boiled (G2), rainwater that flowing through roof and gutter (G3), rainwater
being kept in a stainless tank (G4), G4 and boiled (G5), and groundwater (G6).

The quality test results show that the rainwater if harvested, stored properly and

boiled is safe to drink. From the intensive testing programmes carried out by this
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research the authors strongly believe that rainwater is much safer than commercial
drinking water locally produced. If people turn to drink more rainwater they would have
more money left in their pocket thereby easing them economically. It should be noted
that, however, rainfall does not occur every single day. Thus, we have to find methods
and containers for properly storing them during rainy season in order to have enough

rainwater throughout a year.

5.2 Recommendation for Future Work

Even though the results obtained from this study show a very good promising outcome;
but, we recommend more work to be investigated to cover all aspects of rainwater

harvesting, as shown below:

(1) As there are several types of roof top being employed, the quality of
rainwater flowing through different medium should be further studied.

(2) The rainwater was sent to the laboratory within 25 hr, according to the test
standards, however, it would be very interesting to keep the rainwater
longer that that before being tested. This is because rainwater when
collected is not drunk straight away.

(3) Instead of boiling to get rid of bacterium, one should study by adding some
chemical to observe the result. This is because in some situations boiling

may not application.

5.3 Output of This Research

Some parts of this research were orally presented and published at the 21% National

Convention on Civil Engineering, to be held in Songkhla during 28 — 30 June 2016.
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