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EDITOR’S NOTE

Alexandru-Ionut Petrisor, PhD, PhD, Habil.'

Since Ernst Haeckel defined it during mid 1800s, ecology encompassed studies
of organisms in relationship with their living conditions and with other organisms, and
of the organization (including components and relationships) and functions of commu-
nities and systems, such as the biogeochemical cycles and their relationship with the
diversity and stability of the entire systems.

The energy crisis and theses phrased by the Club of Rome suggested new re-
search directions, such as the impact of human communities on natural resources, pollu-
tion and environmental degradation, up to the global change, a new term designed to
include land use, energy use, and climate change. Re-thinking socio-economic devel-
opment to address environmental issues led to a new concept, sustainability, coined by
the Brundtland Report. Research aiming to identify the concrete means for making so-
cioeconomic development sustainable added new branches, including conservation bi-
ology, ecological design and economics, industrial, urban, and social ecology, but also
theoretical and systemic ecology and many others.

The new directions evolved to a new science of sustainability, paralleled by the
inter- and trans-disciplinary interchanges that connected ecology to other sciences, lead-
ing to the creation of an entire group of environmental sciences.

To address research carried out on all these topics and all other related ones the
IAFOR Journal of Sustainability, Energy and the Environment (IJSEE) aims to become
a flagship, publishing only the best articles in all subjects covered (sustainability, energy
and environmental issues), including theoretical considerations, full and brief research
reports, but also opinion articles, conference reports, extensive literature reviews and
book reviews.

The articles will cover one or more of the following subjects: agroecology,
aquatic and marine ecology, biogeochemistry, biogeography, community ecology, con-
servation biology, ecological anthropology, ecological design, ecological economics,
ecological engineering, ecological succession, ecophysiology, ecotoxicology, energy,
environmental psychology, environmetrics and quantitative ecology, evolutionary ecol-
ogy, forest ecology, human ecology, hydrobiology, industrial ecology, microbial ecol-
ogy, population ecology, restoration ecology, social ecology, soil ecology, sustainability,
systems ecology, theoretical ecology, and urban ecology.

" “Ton Mincu” University of Architecture and Urban Planning & National Institute for Research and Development in Constructions,
Urbanism and Sustainable Spatial Development URBAN-INCERC, Bucharest, Romania, alexandru_petrisor@yahoo.com
Chief Editor of the IAFOR Journal of Sustainability, Energy and the Environment
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We encourage submissions from all over the world, as long as they fit with the
scope of the journal, the papers have not been published or submitted and are not con-
sidered for publication by any other journal, the research described by the paper is
original, and the presentation of other materials does not violate any other author’s
rights, the contents of the paper is known and approved by all authors, who contributed
to writing the paper and/or carrying out the research described, there is no inappropriate
or offensive content, the authors assume the full responsibility for the contents, correct-
ness and originality of the submissions, including plagiarism and auto-plagiarism, and
the ethical constraints are observed (experiments involving human and animal subjects,
etc.). The journal will observe a strict peer-reviewing procedure; no manuscript will be
accepted or published without peer review. IJSEE will be published online and made
freely available. Printed issues will also be produced. Neither editors nor authors are
remunerated.

The creation of IJSEE has only been possible with the help of IAFOR, the Inter-
national Academic Forum. I would like to thank the Executive Director of IAFOR, Dr.
Joseph Haldane, for the fruitful discussions that helped drafting the vision on the mis-
sion and future of IJSEE. Last but not least, I would like to thank our Associate Editors,
members of the Editorial Board, and people who declared their willingness to help as
potential reviewers for their commitment and valuable comments that helped drafting
our editorial policies and ensured a successful start on the way to achieving our goals.

Article distributed under a Creative Commons Attribution-NonCommercial- @ @@@

NoDerivatives 4.0 International License (CC BY-NC-ND)
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SOCIAL IMPACT OF SOLAR HOME SYSTEM IN RURAL
BANGLADESH: A CASE STUDY OF RURAL ZONE

Sabbir Ahmed Khan', A K M Abdul Malek Azad’

Abstract. The Initial research on the Solar Home System (SHS) was related to an
evaluation of its present circumstances in Bangladesh. Afterwards, considering its
increasing demand, a significant research study was conducted to find standardized
qualification testing procedures for SHS components. Sequentially, the following re-
search deals with the socio-economic impact and sustainable development in rural
areas of Bangladesh using SHS. A combination of qualitative and quantitative meth-
odological tactics, were used to provide descriptive evidence concerning electricity’s
impact on the assessable socio-economic data. Qualitative consultations with the
specialists involved in the SHS propagation method, delivered overall information
related to SHS packages and exposed the professional’s individual opinion regarding
socio-economic impacts of solar electricity in a rural part of Bangladesh. To finalize
this information with field-level data, a pervasive household survey and individual
short interviews with shop-keepers were performed in a rural area near Dhaka city.
SHS’s contribute to sustainable development mainly through the improvement of
social aspects in rural life. The implementation of SHS’s in rural Bangladesh, causes
optimistic impacts, particularly in the areas of education, health, information, com-
munication, social security and household works. Moreover, the plummeting of CO,
emissions through the substitution of traditional lighting fuels has to be mentioned
as a positive environmental impact. The economic impacts of the SHS’s are limited
to an increase in income of shops. Previously SHS’s were mostly used by house-
holds who possessed high incomes however by now focusing on the poorer house-
holds has extended the opportunity of developing both socio-economic groups. Dur-
ing the last few decades, the implementation rate of SHSs are much notable than any
other renewable energy system. This is especially so in rural areas. Showing the im-
pact on rural development, this research will amplify the opportunity of SHS’s in the
long run having adequate government subsidy.

Keywords: Solar Home System (SHS), Social-economic impact, Rural develop-
ment, Battery management, Level of satisfaction

1. Introduction

According to recent data, the Bangladeshi economy is quickly growing and pov-
erty rates are tumbling (Khan et al 2012, Khan et al 2012, Hossain et al 2011). Numeri-
cal data reveals that the economy has grown at around 6% per annum & that poverty
had dropped substantially from 45% in 2005 to around 30% by 2010 (Khan et al 2012).
But at present the country is suffering from acute problems regarding its power supply
(Islam & Islam 2005). The general lack of access to electricity imposes limits on the

! Research Assistant, Control & Applications Research Group (CARG), Department of Electrical and Electronic
Engineering (EEE), BRAC University, Dhaka, Bangladesh, khan.sabbirahmed@yahoo.com

2 Professor & Head, Control & Applications Research Group (CARG), Department of Electrical and Electronic
Engineering (EEE), BRAC University, Dhaka, Bangladesh, a.azad@ieee.org
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prospects of growth and increased welfare. The overall incidence of electrification for
households is only 42%. About 81.4% of the total electricity generation depends on
natural gas. The rate of increase in electricity consumption is 10% annually. At this rate,
the proven reserve of natural gas may not last more than 10 years (Hasan et al 2012). In
order to meet the target set by the REB (Rural Electrification Board), fossil fuel based
power stations, presently generating electricity, cannot be just the only weapon. We
need to find alternative electricity sources to satisfy demand (Islam & Mondal 2009).
Under these circumstances, the Solar Home System (SHS) could potentially be a posi-
tive alternative in providing affordable electricity. Sunlight combines with two types of
energy: light and heat. Both may be utilized directly or indirectly by converting them
into electricity. Being a tropical region, Bangladesh is endowed with copious supply of
solar energy. The annual amount of radiation varies from 1840-1575 KWh/m” which is
50%-100% higher than Europe. Consumption of only 0.07% of the radiation could meet
the country’s present requirement (Eusuf 1997). So, there are lots of possible benefits by
properly using this energy source. Not just that, there are also ideas that the solar elec-
tricity may actually be supplied through the normal grid. However, to analyze the future
prospects there is a need to evaluate the present scenarios of SHS. Certainly, based on
the current social development impact of SHS, an efficient figure can be drawn upon to
understand the upcoming energy crisis. That’s why this research paper and analysis of
its results is focused on the recent developments surrounding SHS and its social impact
on rural life in Bangladesh.

2. Background

Installation of SHS in Bangladesh upto 2011

1200000

1000000 -

800000

nhumber of 440001
installations
400000 -

200000

SEESSSSESFTES LSS

year

Figure 1. Exponential increment of SHS installation in Bangladesh.

The SHS industry in Bangladesh has since its inception in 2004 undergone
strong growth. The number of partner organizations involved, have expanded from only
a handful originally to current 30 organizations at present. During this time there has
also been the advent of supporting companies who manufacture and supply batteries,
charge controllers, lamp circuit etc. (Aziz & Chowdhury 2012). Figure 1 shows the
number of SHS’s installed over the last 15 years in Bangladesh. Moreover the SHS pro-
ject in Bangladesh is managed by a financial institution established by the Government
of Bangladesh the Infrastructure Development Company Limited (IDCOL). Currently
every month around 60 thousand SHS units are being installed by IDCOL. According to
recent data, (31 August 2011 data) IDCOL has installed 1,073,872 SHS’s. Their target is
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to finance 1 million SHS’s by the end of 2012 (Khan et al 2012, www.idcol.org). So
now it is high time to measure the social impact of this budding market.

3. Methodology of Research

In the past several research projects have evaluated the solar home system oper-
ating in Bangladesh (Blunck 2007). However, the main focus of this research is to as-
certain the proper social impact that has resulted from the use of SHS in rural areas. To
do this the survey questionnaires submitted to households. They were patterned contrar-
ily so they could imitate the meticulous impact of SHS. Figure 2 shows the tentative lo-
cations of studied area. The survey was conducted in the Gazipur (Kapasia, Lohadi) ru-
ral area, which is located near the city of Dhaka. It was envisioned that under examina-
tion the collected data would definitively define socio-economic conditions and provide
an emblematic example of rural Bangladesh. The Kapasia area chosen for the research
contains a huge number of villages, many of which do not have a grid connection. Fol-
lowing a provisional assessment it was clear that most of the population within the Ka-
pasia area under consideration could afford a SHS as they are economically better off
than other areas. Furthermore, their was the realization that solar home systems installed
within the Kapasia area may play an imperative role in increasing the literacy rate
amongst local people. The interviews conducted involved 25 household owners and 5
small grocery store owners. All the selected households were dominated the male mem-
ber of the family.
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Figure 2. Tentative Locations of the Study Village
3.1. Key Statistics of the Study Area

Kapasia has an area of 354.98 square kilometers. Kapasia has 11 unions and 231
villages, of which only two villages are urban with remaining 229 classified as rural.
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The total population of Kapasia is around 385,580 and the literacy rate is 56%. Fur-
thermore 70% of the people of Kapasia are residing abroad. For this reason Kapasia is
economically stronger when compared to most other rural areas in Bangladesh. Addi-
tionally 20% of the people employed within Kapasia are either service holders, small
businessmen, teachers, grocery shop owners, or work on poultry firms etc. 10% of the
resident population live on farms and were ascertained as not being able to afford the
Solar Home System. Key statistics of Kapasia Thana are given in the following Table 1.

Table 1. Kapasia Thana at a Glance for the Year 2009. (Source: BRAC, Kapasia Unit, Gazipur)

SL. No. | ITEM STATISTICS
01 NO. OF UNION 11

02 NO. OF VILLAGE 231

03 TOTAL NO. OF POPULATION 385,580
04 NO. FO PRIMARY SCHOOL 225

05 LITERACY RATE 56%

06 NO. OF HOSPITAL 02

07 NO. OF BANK 09

08 NO OF BAZAR 55

09 ROAD IN KM (PACCA) 90

10 ROAD IN KM (KACHA) 238

11 NO. OF NGO WORKING 08

12 VGD CARD HOLDER 550

13 TOTAL AGRICULTURE LAND 64,960
14 NO. OF POND 2,260
15 TOTAL WATER BODY 825

16 NO. OF CHILDREN (0-15 YEARS) | 75,821

BRAC has some criteria to select a location, which are:
Grid connection will not reach by the next 5 years.
High population density.

Economically more or less sound.

Number of markets and Bazar.

Kapasia fulfills all the criteria mentioned above thus it was selected as a project
area in 1998.

3.2. Collection of Information

Information for the research was mainly collected by way of survey question-
naires conducted within households and at rural markets. To explore a more realistic
portrayal or considered view of technical, social and economic aspects within the study
area, the survey was carried out in those households that possessed solar home systems.
The names of the property owner and the installation year of SHS were solely collected
from selected village register books. To discover tangible views of SHS usage the sur-
vey was carried out from the village Lohadi under Barishabo union in Gazipur district
servicing the SHS by BRAC. Figure 3 shows the Jamiratchor BRAC office. ]

After collecting all the current data a mammoth study on the previous research
work was then undertaken to also verify the deviation between the impact of present and
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past results. This helped to provide an effective summary of the research work. The next
section will concisely discuss the results and analysis.

Figure 3. Jamiratchor BRAC office Kapasia Gaiipur

3.3. Types of Solar Home System

Table 2. Description of Solar PV Systems Provided by BRAC at Kapasia

Sl\?[l(?;lﬁz Appliances Components Op;;‘:lt;ng ?Eg
Two lamps of One module of 20 watt. One deep discharge battery of 47 Ah. 4 hour per

20 Wp Two charge controller. Two lamps of 8 watt. One structure, 10,500
8 watt . . . day.

other accessories & installation.
Three lamps |One module of 40 watt. One deep discharge battery of 70 Ah.

40 Wp of 8 watt & |One charge controller. Three lamps of 8 watt. One socket for |4 hour per 18.200
one Black TV or mobile charger. One structure, other accessories and  |day. ’
and White TV |installation.

Four lamps of |One module of 50 watt. One deep discharge battery of 80 Ah.

50 Wp 8 watt & one |One charge controller. Four lamps of 8 watt. One socket for |4 hour per 22,500
Black and TV or mobile charger. day. ’
White TV One structure, other accessories and installation.

Five lamps of |One module of 60/65 watt. One deep discharge battery of 80

60/65 Wp 8 watt & one |Ah. One charge controller. Five lamps of 8 watt. One socket |4 hour per 28.600
Black and for TV or mobile charger. One structure, other accessories and|day. ’
White TV installation.

. One module of 75 watt. One deep discharge battery of 98 Ah
Six lamps of or 100 Al

75 Wp 8 watt & one One charge controller. Six lamps of 8 watt. One socket for TV 4 hour per 31,400
Black and . . . day.

White TV or mobile charger. One structure, other accessories and instal-

lation.
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Four types of solar home systems are provided by BRAC. They mainly vary in
size, capacity and price but their operating time remains constant. Table 2 gives a clear
view about the available range of appliances and components for solar home system.

3.4. Sample Survey
The case study of three households and two grocery shops are included below:

Household 1:

Name of the Respondent: Md. Ainuddin.

Address: Village- Lohadi, Post Office- Gazipur, Union-Barishabo, District- Gazipur
Age: 50 Years

Education: Class 5

Occupation: Tailor

Monthly income: 5000 Taka

Family Members: 5 Number of person.

Previous kerosene consumption per month: 6 Liters

Mr. Ainuddin replaced four kerosene lamps and one car battery with solar home system.
He is using the 75 Watt solar home system he is the most recent user and he did not
have any complain with the system.

Average cost for lighting and entertainment of this family:

Initial cost:

Car battery: 2500 taka

Three kerosene lamp: 50*3 = 450 taka

Monthly expense:

Charging the car battery: 60 taka

Transportation cost for charging the battery: 20 taka

Kerosene cost: 6%46=276 taka

[Per litter kerosene cost=46 taka]

Mr. Ainuddin had to replace the kerosene lamp (Hurricane) every 4 years and he had to
replace the Chimney every 6 months. The life- time of the car battery was approxi-
mately 3 years.

From the above analysis and from his personal opinion we can say that solar home sys-
tem is a best solution and he is also being benefited financially as he can work extra one
or two hours. Now his grandchildren get more time to study.

Household 2:

Name of the Respondent: Md. Shahidul Islam.

Address: Village- Lohadi, Post Office- Gazipur,Union-Barishabo, District- Gazipur
Age: 45 Years

Family Members: 5 Number of person.

Capacity of the SHS: 75 Watt

Previous kerosene consumption per month: 5/6 Liters

Md. Shahidul Islam has also replaced three hurricane lamp and one car battery with 75
Wp solar home system through, which he can run 6 light 10 Watt each and 1 black and
white TV. He was using the system for about 2 years and left with few monthly install-
ment of the cost. During these two years he had to change one lamp only and on the
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components on the SHS was working fine. He was also satisfied with the service of the
BRAC employee.

Household 3:

Name of the Respondent: Md. Shoriuddin.

Address: C/O Md. Shamer Ali Village- Lohadi, Post Office- Gazipur, Union-Barishabo,
District- Gazipur

Age: 50 Years

Family Members: 6 Nos.

Capacity of the SHS: 50 Watt.

Previous kerosene consumption per month: 5 Liters

In this household they replaced two Kerosene lamp and one car battery by solar home
systems. This family bought the Solar Home System on 22 December 2002. The system
capacity is 50 watt. In these 7 years they only had to change the charge controller once.
This is the only household we found who were using a DC fan. They were very satistied
with the overall performance of the system and they were also planning to buy another
SHS.

Grocery shop 1:

Name: Md. Idrish Ali.

Address: Jolpai Tola Bazar, Village- Lohadi, Union- Barishabo, District- Gazipur

Age: 48

Occupation: Business

Monthly more income: 450 Taka

Monthly bill from another lamp: 150 Taka

Md. Idrish Ali installed the solar home system to run his business. He was using a 75
Wp SHS for one and half years. He said that he earns an additional 15 to 20 Taka more
per day after the installation of SHS, because working time was extended two hours
more. He was having some problem with the battery.

Grocery shop 2:

Name: Tara Mia Kholifa.

Address: Jolpai Tola Bazar, Village- Lohadi, Union- Barishabo, District- Gazipur

Age: 45

Education: Class 6.

Occupation: Business

Monthly more income: 400 Taka

Monthly bill from another lamp: 150 Taka

Tara Mia Kholifa was the oldest solar some user in the study area. He installed a 30 Wp
solar home system in the year 1998. Except the solar panel he had replaced all the com-
ponents once.

4. Results and Analysis
4.1. Average Income Condition and Ability to Afford SHS

Analyzing the surveyed data from Figure 4, it appears that the mean income of
those families were not so high. More than 50 percent families’ incomes were lower
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than 7 thousands taka per month and only a few households are having more than 10
thousands taka per month.

According to this data, 48% of the households were regarded as low-income
families. Most of them bought their SHS components with the help of an installation
program offered by Partner Organizations (PO’s). But due to the low household income
it was difficult for them to pay the total amount installation cost. Therefore the feasibil-
ity of the monthly installment scheme with low interest. Good numbers of people like to
go for the monthly installment rather than bearing total installment cost. According to
the collected data, about 80% household installed SHS by monthly installment pattern.

Usually a range of solar panel types are available and offered for sale by the
PO’s. However, the most popular is the SOWp solar panel. These 50 Wp solar home sys-
tems were also common in the studied area, which produced enough energy to run three
lamps and one black & white TV system. The larger capacity systems (75Wp), were
used by comparatively larger families (a higher income group per household) Although,
75Wp was also a popular options, greater numbers of households preferred to use the 50
Wp panel because of its lower cost and installation program. Table 3 shows the top two
PO’s 50 Wp scheme and Figure 5 shows the most used SHS.

32%,3-5

thousand

Figure 4. Range of income per month (Source: Author)

Table 3. 50 W panel system with load and price (www.gshakti.org, www.brac.net)

PO Name System in Watt | Load Provided Price
Grameen Shakti | 50 Wp 4 Nos.7 watt lamp and 1 No 17” B/W TV point | 26,800 taka
BRAC Solar 50 Wp Four lamps of 8 watt & one Black and White TV | 22,500 taka

Production of solar panels requires capital-intensive manufacturing facilities that
are highly automated. At present Bangladesh is unable to manufacture the required PV
modules and these are thus imported from outside countries (Islam & Mondal 2009).
This is also true for high tech devices like LED’s. Nevertheless, these high tech compo-
nents are imported and assembled in Bangladesh by the Partner Organizations (POs) to
produce the final device. For that reason the cost of components and installation is pre-
sents a high cost for those on minimum incomes. But a monthly payment program ini-
tiative from PO’s has made it easier for some households to afford them. Still this is not
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a common scenario, and the monthly payment and installment program together is still
not sufficient enough to reach the poorest families. The high cost of acquiring a SHS’s
means that there is still a long way to go until electrification using SHS’s will be avail-
able in every household within the Kapasia region.

SHS using

14%

H 30
Wp
m 75
Wp
u 50
Wp

Figure 5. Most used SHS system (Source: Author)
4.2. Present Load Using Scenario and Increasing Obligation of SHS

Nowadays different electronic devices and equipment are very much familiar to
people living regular lives even in rural areas. Table 4 shows the augmentation of elec-
tronic loads from last five years in the surveyed area. Figure 6 denotes the overall status
of electronic load usage within the 25 families surveyed from products such as electric
lights, mobile chargers, fans, radios, TV’s (Black and White), Refrigerators etc. In addi-
tion, Table 5 shows the Period of Daily Energy Consumption for Lighting and Enter-
tainment with respect to hourly usage.
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Results from the household survey revealed that most of the families were using
light, mobile chargers, fans and radios more than other electrical items. Radios are
found particularly in the grocery stores where people usually spend their free time to
gossip with neighbors. Nearly 50% of the families surveyed had at least one B/'W TV in
their home. Refrigerators were yet not so common. However there were still some fami-
lies who possessed a refrigerator and the wider usage of them was increasing in line
with the growing prosperity of families. While investigating household incomes, it was
found that refrigerator ownership was more likely to be affordable amongst households
that had an income greater than 7000 Taka.

As discussed earlier government reports have found that poverty levels have
been decaying over the last 15 years. The increasing usage of electronic goods in daily
life also reflects the validity of this government report. This therefore indicates that in
spite of having low supply of electricity from the national grid such a newly developed
life style is really only possible due to the growing us of SHS’s.

Table 4. Increased number of electronic materials in our rural area in last 10 years

2002- 2005 2006-2012
House Hold " .
. Mobile . . Mobile .
No. Light | Fan Radio | TV Light | Fan Radio | TV
charger Charger
1. Yes No No No No Yes Yes Yes No No
2. Yes No No No No Yes Yes No No No
3. No No No No No Yes Yes Yes No No
4. Yes No No No No Yes Yes Yes No No
5. Yes Yes Yes No No Yes Yes Yes Yes Yes
6. Yes Yes Yes No No Yes Yes Yes Yes Yes
7. Yes Yes No No No Yes Yes Yes Yes Yes
8. No No No No No Yes No No No No
9. No No No No No Yes No Yes No No
10. Yes Yes No No No Yes Yes Yes Yes Yes
11. Yes No No No No Yes Yes Yes Yes Yes
12. Yes No No No No Yes Yes Yes Yes Yes
13. Yes Yes No No No Yes Yes Yes No No
14. Yes Yes No No No Yes Yes Yes Yes Yes
15. Yes Yes No No No Yes Yes Yes Yes No
16. Yes Yes Yes No No Yes Yes Yes Yes Yes
17. Yes Yes Yes Yes No Yes Yes Yes Yes Yes
18. Yes Yes Yes No No Yes Yes Yes Yes No
19. Yes No No No No Yes Yes No No No
20. Yes | Yes No No No Yes | Yes Yes Yes Yes
21. Yes Yes Yes No No Yes Yes Yes Yes Yes
22 Yes Yes Yes No No Yes Yes Yes Yes No
23 No No No No No Yes No Yes No No
24 No No No No No Yes No Yes No No
25 Yes No No No No Yes Yes Yes No Yes

Table S. The Period of Daily Energy Consumption for Lighting and Entertainment.

Consumption Morning Afternoon Evening Night
Lighting - - 6pm-7pm 7pm-10pm
TV 3:30pm-7pm 7pm-9pm
Radio 7am-8am
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Conventional Energy Sources in the Study Area other than SHS:

Candles: Some of the people in this area were using candles for lighting.
Mainly business people were using candles for emergency lighting and students were
using candles before examination, at least 2 hours in the night. The average price of a
candle in this area was 2 Taka.

Hurricane (Kerosene Lamps with Chimney): For domestic lighting this type
of lamp was the most widely used form. This type of lamp was more preferable than
candles and wick lamp because it produces more light. One kerosene lamp with glass
chimney costs around 120 to 200 Taka.

Torches: This type of flash-light was widely used for communication to the out-
doors or for intermittent indoor use, usually powered by 2 or 3 dry cell batteries, which
was not in any way rechargeable.

Car battery: For entertainment purpose some people used to use car battery. To
watch a black and white TV for about one hour they had to recharge a car battery twice
a month and to do that they had to spend approximately, 200 taka per month.

Nowadays those conventional energy sources are not as popular as before. One
of main reasons is increasing demand of SHS’s.

Table 6 includes the rural electric load usage data of Bangladesh. Actually
within rural areas, all these loads are not used constantly. There are some particular
times of the day when loads vary. This research has also focused on timing of usage
loads.

Studying Table 6, it can be summarized that the average daily electricity re-
quirement for one household is 156 Wh.

Table 6. Daily Typical Energy Requirement for Lighting and Entertainment.

Appliance Power (W) | Duration (Hour) | Energy (Wh)
Lamp 1 (reading and bed room) 6 5 30
Lamp 2 (bed room) 6 4 24
Lamp 3 (bed room) 6 2 12
Radio 10 1 10
TV(Black and white) 20 4 80

4.3. Problems of Households and Contribution of SHS on Social Life Changing

Having undertaken an overview of total electrical system in the designated rural
area, now it’s time to have an appropriate comprehension on the regular problems that
the residents are facing and how SHS can contribute to solve these problems. Though
poverty conditions in Bangladesh are reducing day by day the overall living standard
and per capita income of the country is still low. People living in rural areas still face
difficult conditions in their daily lives having to find basic items such as food and
clothes as well as not being connected to the electricity grid. The financial difficulties
facing people in Bangladesh is the countries foremost problem. The lack of access to
electricity is also a crucial problem particularly in respect to people living in rural areas.
For this reason the identification of these problems during the survey stage took a vital
place in this research.
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Figure 7 entails the actual phenomena of our rural area’s problems. About 28%
of problems occur due to the lack of proper electricity, particularly where there is no
grid electricity. It also looks improbable to expect grid electricity throughout the whole
country knowing our limitations of resources. Hence, Solar Home System (SHS) can
play an obvious role where there is no grid electricity connection. SHS can provide ac-
cess to electricity at a low cost and without distorting the environment. Therefore SHS
can dramatically improve the lifestyles of rural people in Bangladesh. Figure 8 desig-
nates some of the regular activities that are frequently undertaken by people with the
help of a SHS unit in their household, thus demonstrating that this technology has made
the lives of these rural people far more active and easier than before.
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Figure 7. Focal problems of the households (Source: Author)

To reveal the subjective impressions of SHS users with respect to the socio-
economic impacts of their systems, they were asked about changes in their daily lives
following the installation of their system in their household. Figure 9 reveals the sur-
veyed result, and gives a clear understanding of the positive social impacts that SHS has
provided in rural Bangladesh. Now the target is to find the reasons why people are get-
ting more interested with SHS. So the next conducted data is based on the reasons be-
hind the public popularity towards SHS. In the investigation, the people were asked
about the socio-economic impact of the SHS. Our motive was to identify the changes
that SHS brought to them. The study detected many factors that bought changes in the
daily lives of households. For example people are receiving better entertainment facili-
ties with the help of SHS. That access to entertainment brings changes in lifestyle to ru-
ral people. Rather than gossiping with neighbours, ideally people now prefer to watch
many of the TV shows now available and gain further knowledge. It assists people to
keep in step with the modern world and also know about current world events. Due to
have lighting facilities in the home, children can now have more time to study. Farmers
can now work longer hours in the field. Better lighting facilities have also changed the
daily routine of females in the household. These days they don’t have to depend on just
on sunlight to complete their household chores. Daily communication is also no longer a
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big deal for the rural areas people. With the help of mobile phones and better lighting
facilities they can move easily anywhere they need to, not only physically but also vir-
tually. Actually, they feel their own lives offer more security. In summary, the standard
of our rural areas people has increased with the positive impact of SHS.

Figure 8. Electricity consuming activity through household (Source: Author)
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Figure 9. Daily life changing by SHS (Source: Author)

Better opportunities for information and entertainment were perceived as impor-
tant changes by 64% of SHS households, followed by improved lighting conditions
(80%) and thus easier movement in the house at night (48%). As another benefit of
lighting, the improved conditions for studying by school children were quoted in 52%
of SHS households. Other frequently mentioned changes include the possibility to
charge mobile phones (72%), an overall increased living standard (56%), increased se-
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curity due to household lighting (44%), and facilitated household work in the evening
hours (36%).

Another motive of this exploration was to find the most benefited household
members following the introduction of SHS into the household. According to Figure 10,
the results assess that the most benefited members are women. Actually they are assisted
in many activities by the availability of SHS. They are provided with entertainment in
the evening through watching TV. Through this they are also educating themselves and
advancing their personal knowledge of the world outside their home or village. Many of
them are also listening to radio. Children are also very much benefiting as their activi-
ties increases. They are having chance to grow up like town kids. Most of all, women
and children have noticed the improved security conditions following the introduction
of SHS into the household.
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Figure 10. Most benefited member. (Source: Author)
4.4. Level of Satisfaction

Gradually, SHS is becoming a priority for the rural people. But due to the high
installation price many people are still not that much interested to purchasing a SHS for
their home. In addition, some people report that they are not enough satisfied with the
service of the SHS organization. Still the results generally reveal that overall users of
SHS are satisfied with the service they are getting. Figure 11 compares the satisfaction
levels of SHS users taken from the conducted survey report. Also comparing the Mi-
chael Blunck Report of 2006 (Blunck 2007) it seems quite clear that SHS is gradually
becoming a both a popular item and has name recognition amongst rural people in
Bangladesh. Figure 11 outlines the positive improvement stemming from SHS usage
over the last 6 years. This improvement has gone from 35 % (2006) to 52% (2012) ac-
cording to results reported in our survey.
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4.5. Damaged Battery Management

Towards the end of the survey, battery and charge regulator related question-
naires were asked of each household. This was due to their short warranty periods and
that people need to change these items after certain period of time. Each PO’s have their
own program to teach people what to do with those damaged or worn out components.
The survey was conducted from the 25 families along with the 5 grocery shops to find
out what they actually did with those damage components. Most of them returned the
items to the NGO after using them, but not all. Some of them throw the items out,
which might possibly be very harmful to the environment. According to Figure 12, the
32% of people who indicated that they threw out worn or broken components is a matter
of concern. This is because this percentage will be likely to increase further in the years
ahead with the growing numbers of families using SHS and may result in a more threat-
ening and hazardous environment in the near future.
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Figure 11. Comparison of satisfaction data 2006 and 2012 (Source: Author)
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Figure 12. Management of damaging battery (Source: Author)
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4.6. Need of Standard Qualification Testing

Standard component testing is badly needed nowadays. Due to the numerous
manufacturers (local and foreign) the resulting device contains components that differ
greatly in all parameters. As a result the overall quality varies from organization to or-
ganization. This unstable quality is increasing with the increase number of SHS installa-
tion and thus the system inefficiency. Maintenance of a standard quality will increase
the life cycle of SHS and also make SHS more feasible for future. According to the syn-
chronous research work reference paper (Khan et al 2012) is focused on standard quali-
fication testing procedure and its impact on Bangladesh. Maintaining this qualification
testing will result less discarding of components and tossing less e-wastage.

4.7. Need of Proper After-Sales-Services

In area surveyed the after-sales services are provided by BRAC solar and also by
Grameen Shakti. However, 17 of the surveyed households were not satisfied with this
service. According to SHS owners the main problem is related to the frequency of re-
sponse; meaning technical services are not regular enough. Manpower is another nota-
ble obstacle for services. There are not enough technicians to support after-sales ser-
vices. Again, there are further complaints regarding unskilled technicians. This reveals
that skilled technicians need to be provided for and confirmed by the provider company.
In fact, SHS is a totally interlocked system; if one of the devices components becomes
damaged somehow, then the whole system becomes worthless. Unless the device is re-
paired by service center, owners are unable to get electricity from SHS. If the service
issue is not improved then it may have an adverse effect on the SHS growing market.
Furthermore, customer training should be included in the after sales service. About 50%
of the SHS owners surveyed were not technically sound and they even don’t know how
to use it. For even the most minor technical problems the customer has to rely on the
technical support services. This becomes annoying for both customer and seller. Many
don’t touch the system due to the fear of electric shocks. Moreover they are afraid of
cleaning the panel on the SHS with dry cloths. As a result, basic training on SHS com-
ponents and their operation should be included as part of the after sales service so to en-
sure safe usage.

5. Conclusion

The last 14 years of data shows that both rural and urban people prefer SHS as
an effective alternative in providing energy for homes and businesses (Khan et al 2012).
The effect on the rural population is more perceptible than on the urban as more people
are aided by its capability. As mentioned before the poverty levels in Bangladesh have
just started to fall. However this situation will remain uneven for sometime until both
the rural and urban expansion in the economy are able to march on the same line. Ac-
cording to research results, SHS has started this revolution in the rural part of the Bang-
ladesh economy and the satisfaction levels for it are quite high (Figure 11). But the main
drawback is related to the income levels and the SHS price. According to the Figure 4,
48% of families have very low incomes, which means that they are unable to afford
buying an SHS directly. Even paying by a monthly installment scheme is hard for them.
Therefore, the government should give enough subsidies to keep the SHS price low. On
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the other hand, the developing effect of SHS is not only beneficial on economic point of
view but also with respect to its social impact such as improving living standards, and
the new ways of thinking and gaining entertainment and so on. Nowadays, the work
schedules of people in the surveyed area people increased by 86%. This is very positive
sign for country’s economy. Moreover, a 67% increase in the available reading times of
students is a perfect example of increased development in living standards. Finally, this
research indicates that woman are benefiting the most from having SHS’s in their
households as it improves their conventional life style, fives them the feeling of greater
safety, allows them to have more entertainment choices, and take greater part in the
economic activities near their home such as grocery shopping. Nevertheless, in spite of
having so many advantages there are still some environmental menaces surrounding
SHS usage such as the disposal of damaged batteries. The increasing numbers of SHS’s
used in Bangladesh will mean that an enormous number of damaged batteries will need
to be disposed of thus consequently leading to a gigantic environmental hazard in the
years ahead. Nonetheless, the environmental management of these batteries has become
a very important topic to conduct future research. This has already started.
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THE IMPACT OF TOURISM DEVELOPMENT ON THE STRUCTURE
OF AGRICULTURAL LANDSCAPE OF THE DONGSHAN RIVER
BASIN, TATWAN

Wen-Pin Lin', Shu-Chun Huang2

Abstract. After the establishment of the Dongshan River Scenic Area of Yilan
County in Taiwan, land use in the Dongshan River Basin has undergone dramatic
change, from agricultural areas to recreational settings, in the past decades. The pur-
pose of this study was to apply the approach of landscape ecology to analyze the
spatiotemporal transition of the agricultural landscape of the river basin after tour-
ism development. The study aimed to examine the landscape change in the river ba-
sin and its ecological implications. Maps of the Dongshan River Basin in 1987 and
2003 were generated, and the land uses were grouped into six land-use types: paddy
fields, high-density vegetation, low-density vegetation, water, built-up land, and
sandy beaches. A set of landscape metrics were computed with FRAGSTATS. The
results showed that, from 1987 to 2003, the major change in the river basin land-
scape was a rapid increase in the area of built-up patches, while the areas for all
other land use decreased. As for paddy fields, although their overall structure was
not significantly altered over the study period, 5% (301 hectares) of the paddy fields
had been replaced by urban settlements, which included the river park, the booming
country house scene, and a traditional arts center. These changes were the main con-
tributors to the increasing patch edge of paddy fields. Viewing paddy fields in Dong-
shan River Basin as unique man-made habitats, attention is then given to both the
dispersion of built-up patches and the increase in size of the patch edge of paddy
fields.

Keywords: Tourism development, Paddy fields, Landscape ecology, Land-use
changes, GIS

1. Introduction

As the economy develops rapidly, it accelerates changes in land use. The land-
scape is transformed and the original characteristics of the environment are altered (Har-
ren, 2002). Change in land use can have a significant impact on the surrounding eco-
logical environment; therefore, it is necessary to understand the spatial dynamics of an
ecosystem to ensure its ecological functions (Fang ef al., 2005). Landscape ecology has
become the fastest growing sub-discipline of ecology, ever since Carl Troll, a German
geographer, first proposed the concept in 1939 (Wu, 2003). It has been extensively ap-
plied to explore the relationship between land-use changes and ecological processes in
specific ecosystems. Over the past decades, the approach of landscape ecology has been
applied to a wide range of problems, including the change of a single landscape pattern,

! Department of Tourism and Leisure Management, Ling Tung University, No. 1, Ling Tung Rd., Taichung, Taiwan,
wenpin@teamail.ltu.edu.tw

2 Department of Tourism, Shih Hsin University, No. 11, Mu-Cha Road Sec. 1, Taipei, Taiwan,
huangsch@cc.shu.edu.tw

23



IAFOR Journal of Sustainability, Energy and the Environment, vol. 1, issue 1, 2014

landscape and biodiversity protection, nature reserve management, and urban planning.
It provides an important methodology for studying the relationship between land use
and ecological consequences. By using quantitative methods, it allows the analysis of
the spatiotemporal transition of a landscape pattern or ecological processes (Turner and
Gardner, 1991).

Since landscape pattern has been linked to biodiversity and other ecological val-
ues of landscapes, changes in a landscape can be regarded as an integrative tool for as-
sessing ecological sustainability (Renetzeder et al., 2010). Landscape fragmentation is
the main consequence of the disturbing process of land development on ecosystems. It
can be induced by either natural or human agents, and has a negative impact on many
species of plants and animals and on ecological processes (Farina, 1997). It increases
the vulnerability of isolated patches to external disturbance, and threatens the sustain-
ability of habitats and biodiversity (Nilsson and Grelsson, 1995). Hemeroby (natural-
ness), defined as the magnitude of the deviation from the potential natural vegetation as
influenced by human activities, is another important concept for describing ecological
sustainability (Renetzeder ef al., 2010). Human influences tend to result in a simplifica-
tion and geometristation of landscape structure that reduces biodiversity and adversely
affects ecological sustainability (Peterseil et al., 2004; Zechmeister and Moser, 2001).
As Weins (2002) points out, all of the central themes of landscape ecology apply equally
to terrestrial and riverine ecosystems. He asserts that whether the change is on land or in
aquatic systems is of minor importance in the context of landscape ecology, and it is the
spatial patterns and processes that are important.

Agriculture is usually viewed as one of the major threats to hemeroby and biodi-
versity in Europe, whereas agricultural land use may provide benefits to biodiversity
conservation and ecological sustainability in Asia. The rice paddy, the dominant agricul-
tural land-use in monsoon Asia, is considered a form of “man-made” wetland, providing
the benefit of multi-functionality. Wise use of rice paddy fields can partially compensate
for the loss of natural wetlands (Yoon, 2009). Paddy fields can provide significant eco-
system services just as wetlands do. In Japan, the ecosystem services of paddy rice cul-
tivation were estimated to US$72.8 billion (Science Council of Japan, 2001; cited in
Natuhara, 2013). The ecosystem services of paddy field include supplying wildlife habi-
tats, supporting migratory bird species along their flyways, recharging the groundwater,
retaining storm water and aiding flood control, air purification and cooling, the preven-
tion of soil erosion and landslides, and the reduction of carbon dioxide (Huang et al.,
2006; Kato et al., 1997; Liu et al., 2010; Wu, 2011; Yoon, 2009).

In Taiwan, as a result of the pressure from urban growth and competition from
other land use development, the area for paddy fields has been decreasing in size. The
total area of paddy fields in Taiwan decreased from 472,759 ha (1991) to 406,064 ha
(2011), showing a 14% decrease over two decades (Council of Agriculture, 2010). Yilan
County, an agricultural area located in the northeast of Taiwan, has been famous for its
vast expanse of paddy landscape. However, the landscape has changed significantly in
recent years due to tourism and housing development. One of the most significant cases
is the change of the paddy landscape along the Dongshan River which was notorious for
its frequent floods before the 1970s. After a river reconstruction project along its middle
and downstream sections, the vicinity of these river sections was established as the
Dongshan River Scenic Area in 1984. The Dongshan River Park, located within the
scenic area, was opened in 1994; and the Yilan government further held the Interna-
tional Children's Folklore & Folkgame Festival on the park in 1996. The park soon be-
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came one of the most popular tourist destinations in Taiwan, and boosted the local
economy significantly (Yilan County Government, 2002). The county was then trans-
formed from a production-based agricultural environment into a tourist-oriented recrea-
tional setting. An evolution in economies and industry reflects the common develop-
ment and evolutionary process of humans and landscapes (Naveh, 1995). In addition,
the progression of a society often accompanies shifts in land use and changes in local
landscape, resulting in changes to the original environmental characteristics (Haaren,
2002). Following the establishment of the Scenic Area, waves of land policy and land-
scape reforms had a far-reaching impact on the spatial and landscape characteristics of
the area around the river basin, dramatically changing land use. Apart from the consid-
eration of agricultural production, the preservation of the ecological, aesthetic, and cul-
tural values of agricultural land in the basin has drawn much attention from the public.

As Apan et al. (2002) have pointed out, landscape structure is the result of the
interactions between physical, biological, political, economic, and social driving forces,
and changes in a landscape regarding the anthropogenic influence (e.g., agriculture) are
a key indicator of sustainability. Rather than imposing a negative impact on ecological
environments, the paddy fields in monsoon Asia can benefit sustainability. From the as-
pect of ecological sustainability, attention must be paid to the change in land use in the
Dongshan River Basin and the environmental issues involved. The purpose of this study
was to apply the approach of landscape ecology by conducting a GIS-based analysis of
the spatiotemporal transition of land uses in the Dongshan River Basin after a period of
tourism development in order to examine the whole landscape change in the river basin
and to explore the implications for agricultural land management.

2. Methods
2.1. Study Area

Yilan County, located in the northeast part of Taiwan, rapidly transformed from
an area based on agriculture to one based on tourism. The most obvious evidence of this
was the development of the Dongshan River Basin into a scenic area. The Dongshan
River Scenic Area was developed by transforming the areas along the upper, middle,
and lower sections of the Dongshan River as the Forest Park, Water Park, and River
Park, respectively (Wujie Global Information, 2012). The region along the middle and
lower sections of the basin, where the River Park and the National Center for Tradi-
tional Arts were located, accommodates the most popular tourist destinations in Yilan
County. The study area includes the middle and downstream areas of Dongshan River
(Figure 1).

Dongshan River, with a length of 25.3 km, is the fifth longest river in Yilan
County (Yilan County Government, 2002). The river basin contains some of the richest
farming land in Yilan County. This area consisted mainly of agricultural areas for rice
cultivation before the development of the River Park in the 1990s. It flows northeast-
ward through the Lanyang plain before emptying into the Pacific Ocean. Elevation
ranges from 3 to 15 meters above mean sea level. The existing landscape of the basin is
made up of paddy fields, patches of vegetation, fish ponds, and other land uses such as
recreational areas, industrial parks, and residential settlements.
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Figure 1. Location map of the study area
2.2. Data Acquisition and Processing

Since satellite images of the study area before the opening of the Dongshan
River Park were not available, the hard copies of basic topographic maps, provided by
Taiwan’s Ministry of the Interior, were used as a data source for this study. These maps
were produced with the orthographic projection methodology of analytical photogram-
metry (Ministry of the Interior, 2011). With a scale of 1/25,000, these maps show not
only the topography but also the different land usage in the area. Four versions of basic
topographic maps were available for the study area. The first and last version, produced
in 1987 and 2003, respectively, were selected as the data maps for the analysis of land
use changes in the Dongshan River Basin.

The two hard copies of basic topographic maps were both digitized and con-
verted into vector images with ArcView 9.0. According to the land-use information
shown on the basic topographic maps, land use in the Dongshan River Basin includes:
paddy fields, woods, wind-breaking forests, bush, dry farms, rivers, fish ponds, built-up
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land, and sandy beaches. Usage was further divided into six land-use types (Table 1):
paddy fields, high-density vegetation, low-density vegetation, water, built-up land, and
sandy beaches. Woods and wind-breaking forests were included in the land-use type of
high-density vegetation (2), representing that these areas are mainly covered by trees.
Bush and dry farms were included as low-density vegetation (3), and rivers and fish
ponds were included as water usage (4). The land-use maps of 1987 and 2003 were gen-
erated as shown in Figures 2 and 3. They were further converted into ArcGrid format for
metrics computation with FRAGSTATS (McGarigal et al, 2002), which is a computer
software program designed to compute landscape metrics for categorical map patterns,
and can work with the program Spatial Analyst (an extension of the ESRI ArcGIS sys-
tem) to generate landscape indices.

Table 1. Land-use types

Type Land use

1 paddy field

2 high-density vegetation (woods and wind-breaking forests)
3 low-density vegetation (bush and dry farms)

4 water (rivers and fish ponds)

5 built-up land

6 sandy beaches

1987
land-use map

| P
| B
4
| B
Il -
l:| Study Area

Figure 2. Land-use map of the study area in 1987
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2.3. Analysis

A set of landscape metrics were computed with FRAGSTATS to conduct an
analysis of the land-use changes in the Dongshan River Basin. Landscape metrics may
be defined at three levels: patch, class, and landscape level. Patch-level metrics quantify
the spatial character and context of individual patches; class-level metrics separately
quantify the amount and spatial configuration of each patch type; and landscape-level
metrics illustrate the spatial pattern of the entire landscape mosaic (McGarigal et al.,
2002). This study placed emphasis on class-level metrics as they can be utilized to
quantify the extent and fragmentation of each patch type in the landscape. The com-
puted metrics were selected from the group of area/density/edge metrics, which provide
fundamental and valuable information for interpreting landscape fragmentation and
structural change.

2003
land-use map
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Figure 3. Land-use map of the study area in 2003

3. Results
3.1. Overall land-use changes

As shown in Table 2, all land-use types, with the exception of built-up land, have
decreased in the area. The land-use type dominating the river basin consists of paddy
fields, occupying almost three fourths of the landscape. However, it decreased from
74.93% to 71.13% of the landscape; that is, 301 hectares of paddy fields were lost be-
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tween 1987 to 2003. The other significant land-use change was the rapid increase of
built-up patches, dispersed across the paddy fields and increased by 576 hectares over
the study period. Built-up land became the second largest land-use type in 2003, ac-
counting for 8.88% of the Dongshan landscape.

3.2. Structural change of vegetative landscape

The paddy field contributes the primary land usage along the Dongshan River,
occupying more than 70% of the total area of the landscape. The other vegetative land
uses, classified as high-density and low-density vegetation, comprise only about 10% of
the area. They include vegetation located in the Dongshan River Park and in two indus-
trial areas, as well as the wind-breaking forest planted along the beach. As indicated in
the previous section, all these three types of vegetative land use decreased in the class
area and proportion of the landscape from 1987 to 2003. The data shown in Table 3 fur-
ther delineates the structural change of the vegetative landscape.

Table 2. Change in Class Area (CA)” and Percentage of Landscape (PLAND)®, 1987-2003

1987 2003

Land-use type CA (ha) | PLAND (%) | Land-use type CA (ha) | PLAND (%)
Paddy fields 5943.61 74.93 | Paddy fields 5642.31 71.13
High-density vegetation | 314.53 3.97 | High-density vegetation | 307.09 3.87
Low-density vegetation 574.92 7.25 | Low-density vegetation | 440.05 5.55
Water 423.97 5.34 | Water 408.19 5.15
Built-up land 128.19 1.62 | Built-up land 704.22 8.88
Sandy beaches 547.28 6.90 | Sandy beaches 135.41 1.71
Total landscape area 7932.5 100.00 | Total landscape area 7637.27 100.00

“the total area of all patches for a particular land-use type
®the proportion of the landscape occupied by certain land-use type (class)
The above explanations were based on those of McGarigal, Cushman, Neel, and Ene (2002).

With regard to the paddy fields, while the values of the patch number, patch den-
sity, largest patch index, and mean patch area decreased slightly, there was a substantial
increase in the patch edge. The total edge of the paddy fields increased by 15%, from
372,125 to 426,987.5 meters, and the edge density increased by 19%, from 46.91 to
55.91 (m/ha). In addition, there was also an increase in the landscape shape index,
which provides a simple measure of class (land-use) aggregation (the increase of this
value implies that the patch type has become more disaggregated). The LSI of the paddy
fields increased from 12.63 to 14.91 (when normalized, from 0.0563 to 0.0647).

It can also be seen that there were different structural changes in high-density
and low-density vegetation. All metric values, except for the largest patch index and the
mean patch area, of the high-density vegetation decreased significantly. The patch num-
ber dropped drastically from 235 to 5 (with patch density decreasing from 2.9625 to
0.0655), although the class area lost only 7 hectares. In addition, the largest patch index
and the mean patch area increased from 1.72 to 2.61 and from 1.34 to 61.42, respec-
tively. All of these results suggest that high-density vegetation had become more aggre-
gated by 2003. By contrast, the increase in patch number, edge and landscape shape in-
dex indicates that low-density vegetation underwent some degree of fragmentation dur-
ing the study period.
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Table 3. Structural change of vegetative landscape

Metrics Paddy fields High-density vegetation | Low-density vegetation
1987 2003 1987 2003 1987 2003
Class area (ha) 5943.61 5642.31 314.53 307.09 574.92 440.05
PLAND (%) 74.93 71.13 3.97 3.87 7.25 5.55
Number of patches® 20 19 235 5 13 19
Patbch density (# /100 0.2521 0.2488 2.9625 0.0655 0.1639 0.2488
ha)
Largest patch index 72.73 72.13 1.72 2.61 2.70 1.12
(%)
Mean patch area® 297.18 296.96 1.34 61.42 44.22 23.16
Total edge (m)° 372,125.0 | 426,987.5 | 205,900.0 22,512.5 54,962.5 59,137.5
Edge density (m/ha)" 46.91 55.91 25.96 2.95 6.93 7.74
Landscape shape in- 12.63 14.91 29.12 4.96 6.35 8.40
dex®
Normalized LSI" 0.0563 0.0647 0.1998 0.0285 0.0280 0.0444

* the number of patches of the corresponding patch type
the number of patches of the corresponding patch type divided by the total landscape area (converted to
100 hectares)

¢ the percentage of the total landscape area comprising the largest patch

¢ the total area of all patches of the corresponding land-use type, divided by the number of patches of the
same type

¢ the sum of the lengths (m) of all edge segments of the corresponding patch type

" the sum of the lengths (m) of all edge segments of the corresponding patch type, divided by the total
landscape area (hectare)

€ the total length of edge (or perimeter) of the class, divided by the minimum length of the class edge (or
perimeter) possible for a maximally aggregated class
Normalized landscape shape index; the total length of edge (or perimeter) of the corresponding class
minus the minimum length of class edge (or perimeter) possible for a maximally aggregated class, di-
vided by the maximum minus the minimum length of class edge

The above explanations were based on the work of McGarigal, Cushman, Neel, and Ene (2002).

4. Discussion and Conclusion
4.1. Changes of the Agricultural Landscape

The change of rural landscape under the pressure of urban sprawl and economic
development has been a key issue for agricultural land management in Taiwan. Council
of Agriculture (2004a) conducted a project for the spatial allocation plan of agricultural
land in Taiwan, in which the approach of Forman (1995) was used to analyze the
changes of agricultural landscape on selected areas, including Yilan. It indicated that
five major processes of landscape transformation were detected on the agricultural lands
in Taiwan. They were perforation (formation of gaps), dissection (subdivision of patches
by lines), shrinkage (reduction of patch size), fragmentation (breaking up of large patch
into smaller parcels), and attrition (reduction of patch number). Focusing on a smaller
scale, the results of this study shows that the agricultural land of the Dongshan River
Basin have been gradually replaced by urban and tourism land uses.

According to the annual reports of Taiwan Tourism Bureau (2014), the park at-
tracted an average of more than 1.3 million visitors each year until 2003, when the out-
break of severe acute respiratory syndrome (SARS) stroke down Taiwan’s tourism, the
visitors to the park decreased to 68.5 thousand. Despite the temporary depression of the
park, the National Center for Traditional Arts built just across the park in 2002, soon
became another hot tourist spot of Dongshan River Scenic Area. Now these two tourist
spots are attracting more than 2 million visitors in total each year. From 1987 to 2003,
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the major change in the river basin landscape was a rapid increase in the area of built-up
patches, while the areas of all other land uses decreased. The main factor for the de-
crease in areas of high-density and low-density vegetation was the construction of two
industrial parks. As for the paddy fields, although their overall structure was not signifi-
cantly altered over the study period, 5% (301 hectares) of the paddy fields had been re-
placed by urban settlements, which included the river park, the bulky farm houses, and
the center of traditional arts. The significant increase of small parcels (mainly farm
houses), which dispersed across the paddy fields, changed the landscape with the proc-
ess of perforation. These changes were the main contributors to the increasing patch
edge and edge density of the paddy fields.

4.2. Ecological and Environmental Concerns

Rice paddy fields are a unique ecosystem, rich in biodiversity and able to sustain
a diverse assemblage of plants and animals (Edrisinghe and Bambaradeniya, 2006). The
environmental and ecological multi-functionality of paddy fields has received much at-
tention. Natuhara (2013) indicates that landscape and temporal change are two major
characteristics of the ecosystem of paddy field, and the linkage between paddy fields
and the surrounding environment plays an important role in biodiversity. Paddy fields,
including irrigation ponds and canal networks, have provided substituting habitats for a
large variety of wetland species after the loss of natural floodplain by development
(Washitani, 2007). Thus, the loss and change of paddy fields may cause certain degree
of impact on the ecosystem services they provide. Viewing paddy fields in the Dong-
shan River Basin as unique man-made ecosystem, attention can be given to some envi-
ronmental and ecological concerns.

First, according to Taiwan’s Regulations for Building Farmhouses on Agricul-
tural Land (Council of Agriculture, 2004b), up to 10% of each agricultural area is al-
lowed to be used for the building of a farmhouse by the landowner. The rapid develop-
ment of rural tourism in Dongshan River Basin has induced the increase and dispersion
of farmhouses (mainly home stay facilities) within the paddy fields, and it may be re-
garded as a potential environmental hazard. As pointed out by Chang et al. (2006),
paddy fields play an important role in flood control because they can gradually mitigate
flood movement and provide flood detention. Therefore, the increase of built-up patches
within paddy fields may cause adverse and cumulative effects on the flooding patterns
in the basin. In addition, environmental pollutants associated with home stay facilities,
like household wastewater, may also impose impacts on the surrounding paddy fields
(Council of Agriculture, 2004a). The increase of the patch edge of paddy fields is an-
other significant structural change to the vegetative landscape, which is caused by the
perforation of built-up parcels. This process usually occurs with the shrinkage of agri-
cultural land, and may eventually result in the fragmentation of the landscape (Council
of Agriculture, 2004a). There has been much research focusing on the edge effects on
birds. As pointed out by Joan et al. (2000), bird species richness is positively correlated
to agricultural areas, and negatively correlated to urban areas. However, McGarigal et
al. (2002) believe that edge effects should be viewed from an organism-centered per-
spective as edge effects influence organisms differently; that is, some species benefit
from edges and some are adversely affected or unaffected.
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4.3. Implication for further research

In Taiwan, previous research on changes in agricultural land use has focused on
the spatial differences of landscape pattern changes in different areas, and the patterns
of changes under urban influences, such as perforation, cutting, fragmentation, reduc-
tion, and loss (e.g., Lin and Lin, 1999; Tsai et al., 2003; Tsai and Huang, 2007; Wu,
2011). The ecological effects of different landscape-pattern change on the flora and
fauna within paddy fields have not been well investigated and analyzed. Therefore,
long-term investigation is suggested to assess the impact that the dispersion of built-up
patches poses on bird species and biodiversity in paddy fields in Dongshan River Basin,
and the future policies of local land-use management must take the ecological impact of
these changes into account.
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MICROBIAL AND CHEMICAL POLLUTION OF WATER-WELLS
RELATIVE TO SEWAGE EFFLUENTS IN OMAN
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Intisar S. Al-Gharibi®, Nasra K. AI-Harthy5 , Halima A. Al—Zadjalié

Abstract. During the last four decades in Oman there has been a rapid increase in
the population, construction of housing, heavy industry and also an increase in agri-
culture. This rapid growth shows no signs of abatement. This has led to an ever in-
crease in water demand. Based on these facts, the existing methods of sewage water
treatment and chlorination process is not effective in eradicating microbial contami-
nation. In this study, the reuse of sewage effluent was one of the major causes of un-
derground water pollution. Cracked septic tanks, cesspits, fertilizers and recycled
treated sewage effluent (TSE) also added to underground water pollution. Excessive
use of underground water due to water shortage led to salinization of the wells. A to-
tal of 276, 305 and 290 water-wells were sampled in 1995, 2000 and 2010 respec-
tively for biological and physiochemical water contamination in Muscat, Oman.
Relative to that, 300 samples of TSE were taken from four main sewage treatment
plants (STPs). These samples were analyzed and compared with well-water samples.
The analyses involved electrical conductivity, total dissolved solid (TDS), iron con-
centration, heavy metals, trihalomethanes (THMs), nitrate NO3 and microbial con-
tamination. The dominant heavy metals in wells and TSE were Ni and Zn. In well-
water, NO;, TDS and microbial count were high. The above parameters declined
significantly in 2010 because of heavy rain. Heavy metals, THMs and nitrates in
some wells exceeded maximum permissible level even after the 2010 declined. Mul-
tiple antibiotic resistant bacteria (MARBs) were tested for 16 antibiotics and were
found in both TSE and well-water. Resistance of Escherichia coli to antibiotics var-
ied and multiple resistance was 2-8 antibiotics. Presence of THMs and MARBs in
well-water is an indication of sewage contamination. A frequent analysis and strin-
gent regulations must be implemented to avoid further environmental deterioration.
Agencies need to begin implementing strict regulations to help in the prevention of
the spread of pollution and disease.

Keywords: Well-water, Sewage effluents, Oman, Chemical pollutants, Antibiotic re-
sistance
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1. Introduction

The water shortage and low rainfall is a major problem facing all aspects of life
in Oman (Mahmoud et al., 2013, Al-Musharafi et al., 2014a). Due to rapid development
which took place in the last 40 years, it is perfect model to study massive underground
water pollution and environmental deterioration due to human activities (Al-Musharafi
et al., 2014b). Rapid growth has resulted in an increase in water consumption, creating
an imbalance between recycling and excessive use of underground water. The severity
of the arid condition has forced the authorities to desalinate brackish and sea water and
use the recycled water mainly for irrigation in areas such as public parks and greeneries.
Most of the greeneries along the main highways are irrigated by treated sewage effluent
(TSE). The government estimated that water usage and sewage produced is steadily in-
creasing (Fig. 1). Similar situations occur in many countries in the world especially in
the Arabian Peninsula (UNEP, 2013).

N

2000 2010

Period

Figure 1. Water use and recycled treated sewage affluent. Estimated daily water demand in relation to
sewage produced in Muscat during three periods

Due to excessive use of underground water for farming, water tables have fallen
to lower levels, causing salinization which led to destruction of farmlands. As a result,
many of the farms have been abandoned or converted to residential, commercial and
industrial areas (UNEP 2013).

In order to solve the water-demand problem and at the same time meet the de-
velopmental needs, many countries in the arid zone have involved highly in costly de-
salination projects. The main municipal water source is desalinated sea water and the
desalination program in Oman during the last 40 years has steadily increased to meet
public demand. At the same time, recycling sewage water for irrigation of greeneries
and agriculture has also increased. The common system for wastewater collection is
septic tanks and cesspits. Recycling of sewage water for irrigation is becoming a com-
mon practice (Al-Bahry et al., 2000).

The use of sludge as fertilizer, septic tanks, cesspits and soakaways allow seep-
age of effluents into the soil contaminating underground water (Al-Bahry et al., 2000,
Al-Bahry et al., 2014, Al-Musharafi 2014 b). Moreover, soil texture in many areas of
Oman is porous, allowing easy penetration of effluents through the soil strata and con-
sequently reaching the underground water (Al-Busaidi and Cookson, 2003). Both the
recycled water and septic tanks may play a major role in contaminating underground
water and wells. One of the reasons may be the irrigation of public greeneries which
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depends mainly on usage of recycled water that is mainly TSE (Dewalle, and Scahff,
1980). Some contaminated effluents are dumped in waste lagoons contributing to un-
derground water pollution (Al-Musharafi et al, 2014c). In addition, septic tanks and
soakaways have risen substantially in housing, public buildings and industries. This
may have resulted in a significant increase in the intrusion of sewage water from TSE,
soakaways and cesspits through the soil and finally into water-wells (Al-Bahry et al.,
2000). This facilitates an increase in microbes, chemicals and physical contaminants of
underground water.

High concentration of heavy metals in drinking water has been responsible for a
variety of chronic diseases, such as chronic anemia, liver cirrhosis, renal failure and a
variety of cancers (Duan et al., 2011; Mishra et al., 2010).

Some chemical indicators can be used for detection of underground water pollu-
tion by sewage, such as nitrate (NO3) and trihalomethanes (THMs). Nitrate in ground-
water indicates that contamination may be the results of cracked septic tanks, cesspits,
sewage-treatment plants (STP)s, or in some cases, fertilizers (Al-Bahry et al., 2000).
Chlorination of drinking-water is used globally to disinfect microbial contamination.
However, this process causes the formation of THM’s which resulted in chlorine reac-
tion with organic material in water-forming compounds such as chloroform, bromo-
form, bromodichloromethane and dibromochloromethane which may pose a health risk,
include liver, colon, rectal, kidneys and bladder cancer. There is no unified international
maximum limit of THMs in drinking-water (Government of Western Australia, 2009).
Although THMs remain a public health concern, the International Agency for Research
on Cancer and the World Health Organization reported there is insufficient evidence of
health risks. However, in vitro studies on experimental animals revealed that THMs
cause neurotoxicity, genotoxicity, acute toxicity, developmental toxicity, chronic toxic-
ity, carcinogenicity and toxicity of the reproductive system (WHO, 2004). In Oman,
stomach cancer is the most common reported, followed by non-Hodgkin lymphoma and
leukemia (Al-Shereiqi 2008).

Water contamination is the most widespread health risk. Turbidity is an impor-
tant factor for evaluation of water quality. Higher levels of total dissolved solids and
turbidity in drinking water were found to be a major factor in causing gastrointestinal
illnesses and infections (Egorov et al., 2003). Escherichia coli and other fecal microbes
are commonly used as fecal contamination indicators. However, the absence of micro-
bial indicator does not necessarily mean the absence of fecal pathogens (Van Lieverloo
et al., 2007). Cases of hepatitis-B in Oman reached maximum levels in 1995 (Ministry
of Health, Sultanate of Oman, 2008). Some nuisance microbes in water cause corrosion
and changes in color, odor and taste, making water aesthetically unacceptable (Al-Bahry
etal. 2011).

Heavy metal pollution in Oman caused by contaminated sewage effluents was
reported by Al-Musharafi et al., (2012; 2013a; b, 2014a, b, ¢). Bacteria that are resistant
to antibiotics are also resistant to heavy metals. Antimicrobial resistance mechanisms
are linked to heavy metal tolerance mechanisms (Akinbowale et al., 2007; Bass et al.,
1999). In another investigation, Holzel et al., (2012), revealed that antibiotic resistant
bacteria form pig manure have increased tolerance to heavy metals.

Bacteria in sewage sludge remain viable for several weeks. If such sludge is
used as fertilizer, microbial contamination will increase in the environment conse-
quently (Al-Bahry et al., 2014). Antibiotic-resistant bacteria were isolated from differ-
ent environmental samples were used as bioindicators of contaminated effluents. Resis-
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tant bacteria were isolated from treated sewage effluent, fish, marine turtles and fowls
(Al-Bahry et al., 1999; 2006; 2007; 2009a; b; c; 2010; 2012). Antibiotic-resistant bacte-
ria from treated sewage occasionally remained viable after chlorination (Al-Bahry et al.,
2009a).

In this investigation, the data obtained from TSE and wells, relative to chemical,
biological and physical contamination, were analyzed. The significant changes in vege-
tation were measured along with the changes of NOs, using Remote Sensing (RS) and
Geographical Information System (GIS) techniques.

This investigation is of value for conservation and environmental strategies to
minimize pollution in Oman.

2. Materials and Methods
2.1. Selection of the study area and remote sensing analyses

The study area is located at longitudes of Eastern 2612000 and 2622000 and
Northern 624000 and 608000 in Muscat, Oman. Landsat Thermatic MapperTM data
from 1995-2010 was used to provide land cover information of Seeb, a suburb of Mus-
cat. The method of Vanoverstreten and Trefois (1993) was used for Unsupervised classi-
fication maps. According to the method of Thomson (1992) Supervised classification
was conducted. Normalized Difference Vegetation Index (NDVI) image was used to
analyze vegetation changes. The area field of vegetation changes was estimated using
Arc Map software version 10.5 in the study area. The feature classes of area fields were
added in geodatabase automatically to estimate vegetation changes (Davenport and Ni-
cholson 1993). False Color composite Landsat Image was used to identify urban areas,
cities and towns (Williams 1983).

2.2. Well-water and TSE samples collection

A total of 276, 305 and 289 samples were collected from water wells in 1995,
2000 and 2010 respectfully. Three hundred sewage effluent samples from four main
sewage-treatment plants (STPs) were also collected (100 samples per period). Sample
collection and handling were analyzed following the standard methods
(APHA/AWWA/WEF 1998; OS 52/1; OS 8/2006). Samples were collected aseptically
every two weeks in sterile 500 mL glass and analyzed immediately after collection. So-
dium thiosulphate pentahydrate (Na;S,03-5H,0, 100 mg/L; SIGMA, USA) was added
to sample containers for water collection as a de-chlorinating agent to avoid bactericidal
activity (WHO 1995). Oligodynamic activity of heavy metals was avoided by adding a
chelating agent di-sodium salt of phenylenediaminetetracetic acid (EDTA, 372mg L)
and pH was adjusted to 6.5 (ISO 1994).

2.3. Bacteriological analysis of well-water and TSE

Glassware and sample bottles were washed with detergent, soaked in 0.1% free
chlorine hypochlorite solution for 1 h and then rinsed several times with distilled water.
Chlorine-free water was used for the final rinse. Sterilization of the glassware was con-
ducted in a hot-air oven at 170 °C for 1 h.
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Enumeration and isolation of heterotrophic bacteria was conducted following the
method of Collins et al., 1995; British Standard BS 6068 1995. Enumeration of total
coliforms and fecal coliforms, was conducted using membrane filters with a pore size of
0.45 £ 0.02 um and a diameter of 47 mm (Millipore, Bedford, UK) according to Aug-
oustinos et al., 1993; Aulicino and Orsini 1996; ASTM 1992.

2.4. Antibiotic susceptibility test

Luria Bertani broth was used to grow E. coli isolates to late logarithmic phase
for 4-6 h at 37 °C. The isolates were inoculated on DST agar (Oxoid, UK) to make lawn
cultures, using sterile swabs following the standards disk diffusion method of Bauer et
al., (1966). The isolates were exposed to 16 antibiotics on DST agar and incubated at 37
°C for 24 h (National Committee for Clinical Laboratory Standards, NCCLS, 1997).
Measurements of Inhibition zones were done after incubation for 18-24 h at 37 °C ac-
cording to the international standards of disk diffusion method. E. coli (ATCC 25922)
was used as a control. The antibiotics used were: Amikacin (Ak) 30 ug, Ampicillin
(Amp) 10 pg, Carbenicillin (Cn) 100 pg, Cephotaxin (Ctx) 30 png, Chloramphenicol (C)
30 pg, Ciproflaxacin (Cip) 30 pg, Gentamicin (Gm) 10 pg, Kanamycin (K) 30 pg, Mi-
nocycline (Min) 30 pg, Nalidixic acid (Na) 30 pg, Neomycin (N) 30ug,
Sulfamethoxazole (Smx) 30 pg, Streptomycin (S) 10 pg, Tetracycline (Te) 30 pg,
Trimethoprim (Tmp) 5 pg, and Tobramycin (Tob) 10 pg.

2.5. Physicochemical analysis of sewage and water

Free chlorine in water samples was measured using a chlorine test kit (CHEMet-
rics, Inc., USA). A bluish-violet color indicates positive results for free chlorine. Chlo-
rine concentration was determined by the color produced compared with the provided
standards of the kit.

A conductivity meter was used to measure water salinity on site. Pre-calibration
of the conductivity meter was done according to the manufacturer’s instructions.

Ion chromatography was used to measure the nitrate concentration. 1 mL of wa-
ter sample was added to a volumetric flask containing 25 mL of double de-ionized water
and then injected in the ion chromatography apparatus (Long & McClenny 2006).

Detection of chloro-compounds was analyzed according to the methods of Wol-
ska et al., 1998. Physicochemical analysis of samples was carried out using distilled and
deionized water (British Standard BS 6068 1995). The glassware was cleaned with de-
tergent and treated with HNO; (0.1 N) then rinsed thoroughly with deionized water.
Free and total chlorine concentrations were conducted using the HACH free and total
chlorine test kit (HACH Company, USA). The detection range was from 0.0 to 0.7 mg
L' for the free chlorine and from 0.0 to 3.5 mg L™ for the total chlorine. Lovibond
drinking-water test kit (Lovibond, USA) was used to examine the color, then measured
in Hazen units with a detection range of 5 to 70 units.

The water pH was measured during sampling using a pH meter (Orion, USA).

TDS, EC, and salinity measurements were conducted using field-equipped elec-
trodes (Orion, USA).

Water and sewage samples were analyzed for heavy-metals; Al, As, B, Cd, Co,
Cr, Cu, Fe, Hg, Mn, Mo, Ni, Pb, V and Zn using Inductively Coupled Plasma Optical
Emission Spectrometer (ICP-OES) type Perkin Elmer 3300 DV ICP (USA).

39



IAFOR Journal of Sustainability, Energy and the Environment, vol. 1, issue 1, 2014

3. Results

The data were based on the examination of 276, 305 and 290 wells in 1995,
2000 and 2010 respectively. A total of 300 TSE samples were collected from four main
STPs and were compared with the well-water samples.

The meteorological records show that the annual rainfall between 1995-2010
was very low with the exception of 2004, 2006 and 2007 with an unusual high rainfall.
In 2007 the cyclone Guno produced a substantial rainfall within 48-hours, causing seri-

ous damage and floods. In addition, an extraordinary rainfall was recorded in 2004 and
20006 (Fig 2).

Year

Figure 2. Annual rainfall 1995-2010. The annual rainfall in Oman is minimal except for the year 2004,
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Figure 3. Sewage reuse and sewage in soakaways in Muscat during three periods

The estimated average of both treated sewage effluent and untreated sewage in
soakaways significantly increased (P < 0.05) during 1995-2010 (Fig 3). The NDVI of
Landsat TM satellite image showed vegetation changes in the study area with the colors
green, yellow, and red represent vegetation distribution in 1995, 2000 and 2010 respec-
tively (Fig 4). Image analysis revealed that there was a steady decrease and deterioration
in vegetation due to depletion and drastic decrease of well-water levels. Most of the
damaged areas of vegetation were replaced by housing, public buildings and industries
(Fig 5). Based on NDVI of Landsat TM satellite image of vegetation changes in 1995
was 9025 m” but increased to 12160 m” in 2000. However, the vegetation decreased
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drastically in 2010 to 4650 m”. Water salinity as indicated by EC values was the highest
during 1995 and 2000, However, EC dropped significantly (P < 0.01) in 2010 (Fig 6).

609000 612000 615000 618000

g !

#

Figure 4. NDVI of Landsat TM satellite imaeof vegetatin changes in Seeb-Muscat. Data acquisition
for 1995, 2000 and 2010. Image IKONOS 1m resolution
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M

Figure 5. Changes in vegetation in relation to housing development, based on remote sensing image data
acquisition in 2000 and 2010. See also Fig 4.
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Figure 6. Electrical conductivity of well-water (SE+) during three periods.

The highest ion concentration of both well-water and TSE water was Na and CL
Also the concentration of SO4 was similarly high in wells in 2010. However, Mg and
Ca were at low levels in both well-water and TSE (Fig 7). The dominant heavy metals
in both well-water and TSE were Ni and Zn followed by Cr. These elements were sig-
nificantly higher in TSE than in wells (P < 0.05). The rest of heavy-metals were at lower
levels (Fig 8).
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Figure 7. Ion concentration (SE+) in wells and TSE (2010).
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Figure 8. Heavy metals concentration (SE+) in wells and TSE (2010).

Based on Omani standards for TSE (OS 52/1) and drinking water (OS 8/2006)
few of the wells exceeded the minimum permissible levels (MPL) for heavy metals
analyses in 2010, Overall they were higher in TSE than well-water (Table 1).

Trihalomethanes concentration, which included bromoform, chloroform, bro-
modichloromethane and chlorodibromomethane in wells (1995 to 2010) and in TSE
(2010), showed variation throughout the study period (Fig 9). There was a significant
decrease in the four trihalomenthanes in 2010. However, chlorodibromomethane was
highly significant (P < 0.01) in 1995 and 2000 over the others during the same periods.
In TSE, chloroform concentration was the highest and there was no significant differ-
ence between the four compounds (P < 0.01). The percentage of wells with THMs
above the MPL varied, (Fig. 9 and 10). Most of the wells that exceeded the MPL were
in 2000 and the lowest in 2010.

Also, the maximum nitrate concentrations in wells during the three periods were
in 1995 and 2000 (Fig 11a). Based on the data presented in Fig 11a the percentages of
wells with high nitrate concentrations exceeded the MPL according to the Omani Stan-
dard Drinking-Water (Fig 11b). The lowest percentage of wells with nitrate was in 2010.
Relative to Fig 11a, nitrate concentration in wells, using satellite image distribution in
the study area in 1995, 2000 and 2010, varied significantly (Fig 12). Red dots represent
the highest concentrations in wells.

Similarly, the highest values for microbial count (cfu/ml) of coliforms, entero-
cocci and E. coli, were recorded in 1995 and 2000. The lowest counts were in 2010. E.
coli remained low throughout the three periods (Fig 14). In TSE the coliform and en-
terococci data in 2010 were not significantly different. However, colony forming units
for E. coli was significantly lower than the other two (Fig 15). The E. coli isolates var-
ied in their antibiotic resistance. Out of the sixteen antibiotics, most of the strains were
resistant to more than one antibiotic (Fig 16). Isolates from TSE were more resistant to
antibiotics than the isolates from the wells. In general, the dominant resistance to antibi-
otics from wells and TSE isolates was to ampicillin, followed by tetracycline, mino-
cycline, and streptomycin and sulphamethoxazole. None of the well-isolates were resis-
tant to amikacin, chloramphenicol, neomycin and nalidixic acid.

There was insignificant difference in TDS values in 1995 and 2000. However,
TDS decreased significantly in all examined wells in 2010 (Fig 13).
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Table 1. Percentages of TSE and wells with heavy metal concentrations in 2010 relative to minimum
permissible levels (MPL) according to Omani Standards for TSE (OS 52/1) and for drinking water

(8/2006).
Minimum Permissible Levels (MPL) % Exceeded MPL
Element TSE (mgL™) Drinking water (mg L) TSE Drinking water
OS 52/1 OS 8/2006 (wells)
Al 5 0.1 1.8 0.4
As 0.1 0.01 0.2 0.5
B 1 0.5 0.3 0.04
Ba 2 0.7 0.1 0
Br 0.01 0.01 0 0
Cd 0.01 0.003 0.7 0.9
Cr 0.05 0.05 0.6 0.5
Co 0.05 0.05 0.2 0.1
Fe 5 1 0 0.07
Hg 0.001 0.001 0.4 0.3
Mn 0.5 0.1 0 0.07
Mo 0.05 0.07 0 0
Ni 0.1 0.02 8.3 4.
Pb 0.2 0.01 1.5 1.1
Se 0.02 0.01 0 0
\Y 0.01 0.01 4.1 3.9
Zn 5 3 7.2 4.9
N - 25
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Figure 9. Trihalomethanes (B=bromoform, C=chloroform, BD= bromodichloromethane, CD= chlorodi-
bromomethane) concentrations (SE+) a: in wells during three periods (1995, 2000 and 2010); b: in TSE
(2010).
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Figure 10. Percentage of wells with THMs above the allowed minimum permissible levels (MPL).
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Figure 12. Satellite image of nitrate distribution in Seeb-Muscat wells. Data acquisition for 1995, 2000
and 2010. Image IKONOS 1m resolution.
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Figure 15. Microbial count (cfu/ml) (SE<) in TSE in 2010.
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Figure 16. Antibiotic-resistant Escherichia coli in TSE and well-water.
4. Discussion

A survey of chemical, biological and physical factors which had an environ-
mental impact in the Seeb area was investigated during three periods. During these peri-
ods there was a gradual deterioration in environmental and ecological conditions which
threatened Seeb.

Approximately 200 sewage treatment plants are located in Muscat and the area
in which this study was conducted. However, a small percentage of the populated area is
connected to the sewage system, with most using septic systems, holding tanks, and
cesspits. Due to poor construction, untrained work force, along with infrequent inspec-
tions, the older systems are breaking down and inadequate, thus allowing wastewater to
discharge into the surrounding soil which is also porous (MEMWR 1998). A large
amount of wastewater is discharged directly into the soil. Therefore, holding-tanks
should be installed in areas where sandy soil, high water table, and dense housing are
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characteristic. Various public health and environmental pollution will take place if this
is not done, ranging from food poisoning to disease causing pollutants such as cancer.
To avoid contaminated sewage intrusion into the environment, the authorities have tak-
en a major step in planning to construct one of the largest membrane bioreactor (MBR)
in the world, serving 90% of the Muscat residents. The project is expected to be final-
ized in 2017, connecting more than 18 thousand houses and public institutions with 330
km of pipeline of which 70km of pipeline will be used to distribute treated effluents for
agriculture and public use (Water technology 2014).

Due to severe shortage of rainfall in Oman, TSE is used for irrigation or dis-
charged to soakaways, wadis, boreholes and some to the sea. In addition, the under-
ground water is polluted by infiltration of untreated sewage from cracked holding tanks,
septic tanks, and cesspits.

Two types of STPs are operated either by government or private agencies, most
of which are in Muscat. According to Government regulations, STP inspection in Mus-
cat is supposed to be conducted monthly. However, STPs inspection is irregular. These
regulations need to be vigorously enforced (MEMWR 1998). Sewage treatment plants
in Muscat have been privatized. HAYA-Water is a new establishment for wastewater
services which is planning to use MBR technology. It is expected to produce cleaner
sewage treated effluent with effective inspection systems.

In this study, based on microbiological and physicochemical data, it is evident
that well-water is contaminated by sewage effluents. Several factors influenced the en-
vironmental and ecological conditions which resulted in major deterioration of well-
water quality in affected farmlands, loss of natural vegetation, and may have an impact
on public health in the region. All these factors directly or indirectly, could be responsi-
ble for economic loss (Raina and Sangar 2002, Olmstead 2010, WHO 2001). For exam-
ple, thousands are spent for treatment of diseases which could possibly be prevented
(WHO 2001). Overuse of underground water was probably one of the major factors that
led to high salinity of most wells and caused significant vegetation changes in the area,
which then led to abandonment of most farms. This was followed by extensive urbani-
zation of farmlands which was another environmental and ecological factor that led to
substantial underground water pollution. A similar trend of water pollution was also re-
ported by Kodarkar (2004) in Hyderabad, India.

Due to having little rainfall, and with extensive use of groundwater, the salinity
and chemical pollution rendered the farmland unfit for farming and led to its abandon-
ment and being used for urbanization. The urbanization then led to a significant increase
in construction of septic tanks, holding tanks and cesspits. Deterioration in ecological
conditions was also related to dramatic population increase. This major increase in in-
dustry and population growth has consequently led to an ever increasing demand for
water.

High concentrations of THMs were detected in samples near the wells close to
the irrigated greeneries and public parks. This suggests that THMs are good indicators
for TSE infiltration into the ground water. According to the Omani standards, OS 52/1
and OS 8/2006, several wells were found to exceed MPL which is in agreement with
standards of some major health organizations (WHO 1982; NSF International 2003; The
soil profile 2006; Mahadev et al., 2010). These standards must be followed to avoid fur-
ther THMs pollution, even though there is no unified international maximum limit of
THMs in drinking-water (Government of Western Australia 2009). The WHO (1982),
NSF International (2003) and The Soil Profile (2006) standards could be used as basis
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for THM maximum limit in water to avoid health risks of different types of toxicities
leading to physiological toxicity of organ systems and cancers (WHO 2004).

TDS, NOs, and fecal coliforms are the main parameters chosen to determine the
quality of the treated wastewater. High levels of nitrate were found in many samples.
Sewage from nearby septic and holding-tank leakage may be the main factor contribut-
ing to nitrate contamination. Nitrate concentration was recorded at maximum levels in
1995-2000. More than 25% of the wells exceeded the permissible levels according to
the Omani-Standards Drinking-Water 8/2006 (OS 8/2006). Nitrate contamination of un-
derground water may also occur from fertilizers. Nitrate has also been used as an indica-
tor of microbial activity and growth. Al-Bahry et al., (2009a) reported that nitrate con-
centrations are related positively to microbial growth in TSE distribution and irrigation
lines. They reported that viable bacteria and nitrate concentrations in the distribution
lines increased significantly farther from the STP storage reservoir.

TDS is considered an important factor for assessing water quality. TDS in well-
water during the three periods reached maximum values during 1995-2000 but de-
creased significantly in 2010. High TDS levels probably originated from contaminated
effluents with organic and inorganic contents in water such as industrial wastewater and
agricultural run-off, and possibly form natural environments. Its levels in a natural envi-
ronment may vary, depending on geological regions. Higher TDS levels in drinking wa-
ter may be related to cancer and cardiovascular problems, such as coronary and arterio-
sclerotic heart disease, as well as gallstones and inflammation of the gallbladder. Higher
concentrations lead to corrosion and scaling of water distribution lines and house hold
appliances (WHO 2003). Higher turbidity level is an indication of high microbial con-
tents in water. Turbidity protects microorganisms and stimulates microbial regrowth
even after disinfection (Al-Bahry et al., 2009a, 2011, WHO 1997,). Egorov et al.,
(2003) reported that high turbidity concentration in drinking-water was a major factor
for gastrointestinal illnesses.

Microbial counts of coliforms, enterococci and E. coli were much higher in TSE
than in well-water during the three periods. Many of the wells were contaminated with
E. coli. Detection of E. coli in water also indicates the presence of pathogenic protozo-
ans, bacteria and viruses. Due to these conditions, microbial diseases such as cholera,
typhoid and hepatitis are serious illnesses associated with water contamination (Son-
nenwirth and Jarett 1988). According to Calderon & Mood (1998, 1991) potential path-
ogens occasionally exist in large numbers in water; however, when they are in small
numbers they are unable to cause infection. There was a significant increase of chemical
and microbial food poisoning in recent years in Oman (Community Health Disease Sur-
veillance Newsletter 1998, Ministry of Health, Oman 2005) while the endemic viral
hepatitis cases in Oman reported in the same period was fluctuating (Ministry of Health,
Oman 2005). Probably, the infection is due to fecal contamination of well-water (Son-
nenwirth and Jarett 1988).

In this study, the highest heavy metal concentration is probably related to sew-
age infiltration. Also, porous soil conditions may contribute to the infiltration of pollut-
ants in well-water. The frequent heavy metals found in both well-water and TSE were
Ni, Zn, and Cr. Many of the detected heavy metals in this study are commonly used in
industries (Igbal and Gupta 2009). In addition, the composition of ground water is af-
fected by the lithology of rocks and quantity of infiltrating rainfall. Biological and hu-
man factors can alter water composition (Salem et al., 2000). Skeat (1969) reported that
heavy metal impurities penetrate the soil to reach underground water through sewage
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and industrial effluents. A number of international organizations recommended safe lev-
els of heavy-metals in drinking water (Adefemi and Awokunmi 2010; Krasniqi et al.,
2010; Lungu et al., 2010; NSF International 2003; OS 8/2006; The soil profile 2006).
However, with the exception of Ba, Br, Mo and Se, other heavy-metals in wells sur-
passed the safety levels which made drinking-water unsafe. Heavy metals and its distri-
bution in wells in the study area also depend on the nature of soil and underground
rocks. However, their level from natural sources is usually low (EPA 2012). The source
of heavy metal in the well which acceded MPL is probably from the surrounding indus-
tries or the overuse of underground water in arid regions, such as Oman (Al-Musharafi
et al., 2012, 2014a). With this in mind, there is a gradual accumulation of heavy metals
in well-water which may lead, in time, to higher percentages of contaminated wells.
Due to the availability of fresh water provided from the governmental sources in recent
years, most of the wells are not being used for drinking purposes.

Many of E. coli isolates from both well-water and TSE were multiple-resistant
to antibiotics and their resistance varied to the 16 antibiotics. The isolates were highly
resistant to ampicillin, minocycline, streptomycin and tetracycline. Al-Bahry et al.,
(2009a) reported that the majority of the isolates from TSE distribution lines were mul-
tiple-resistant to several antibiotics. The isolates resisted the chlorination process and
remained viable in TSE and distribution lines. They reported that the isolates exhibited
maximum resistance to ampicillin followed by sulphamethoxazole, carbenicillin, strep-
tomycine, and minocycline. They also observed that viability of MARB TSE used for
irrigation may have serious complications for public health and wildlife where inhabi-
tants can be infected by MARBs. Al-Bahry et al., (2009b; ¢; 2010; 2012) used multiple
antibiotic resistant bacteria for biomonitoring of environment and bioindicators of pollu-
tions caused by contaminated effluents. The overuse of antibiotics for treatment of dis-
eases, prophylaxis and growth promotion in Oman caused the emergence of multiple
antibiotic resistant microbes and led to contamination of soil and aquatic environments
via sewage and agricultural runoff (Al-Bahry 2009b, c, 2010, 2012, Mahmoud et al.,
2013).

Globally, microbial infections were the most common diseases before the World
War II and infections became insignificant due to antibiotic treatment. However, emer-
gence of antibiotic resistant strains became very common and new generations of anti-
biotics are continuously being introduced. WHO (2014) published comprehensive data
collected from 114 countries which reveals the major threat of MARBs and that antibi-
otics are no longer effective in treatment of infections. Some common infections which
were curable are now becoming untreatable (WHO 2014).

Based on the present data, the highest concentrations of salinity and all contami-
nants associated with leakage of effluent from cesspits, septic and holding-tanks were
recorded between 1995 and 2000. Salinity and contaminants concentrations dropped
significantly in 2010. This is probably attributed to a significant amount of rainfall in
2004, 2006, and during the cyclone Guno in 2007. The heavy rainfall during these years
has significantly diluted contaminants of underground and well-water.

The Omani population in 1995, 2000, and 2010 was 2.155, 2.193, and 2.8 mil-
lion respectively, excluding expatriates. It is estimated that Omani population will in-
crease to approximately 5 million in 2030 (The Demographic Profile of Oman, 2014).
Based on population growth and the data presented above, there is a serious health prob-
lem due to leakage of wastewater from the cesspits, septic, and holding-tanks to well-
water. This problem will escalate with dramatic increase in population which leads to an
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increase in water usage and expanding urbanization using septic and holding-tanks.
These conditions will result in a steady increase of sewage, containing health-
threatening contaminants such as pathogenic microbes, chemicals and changes in the
physical characteristic of ground water. The most frequent limiting factors for potable
use of water is total salinity estimated as (TDS), or more as electrical conductivity (EC).
Incidence of cancer on the rise may be related to the high concentration of nitrates and
heavy metals. Also, water hardness is one of the common causes of kidney stones (Bel-
lizzi et al., 1999).

The regional governments have undertaken research to reduce the cost of desali-
nation and enacted environmental legislation to minimize the environmental impact of
TSE (MEMWR 1998). These regulations affect wastewater reuse and discharge of ef-
fluents, and the construction of septic tanks and holding tanks. It is imperative that the
reused quantity of TSE in irrigation should be in conformity with the physicochemical
and microbiological standards set by the Government authorities (WHO 2005). With the
establishment of new institutes dedicated for the management of STPs and the treatment
of sewage effluents, it is imperative that the physicochemical and microbiological stan-
dards will be followed.

If this trend continues without stringent environmental regulations and scientific
investigations, it will lead to gradual deterioration in ecological and environmental con-
ditions. During the last few years, there was a steady decrease in water resources mainly
due to the lack of rainfall. In the study area alone, there has been a substantial increase
in population and greeneries up to six-fold between 1980 and 1990. Only 45% of sew-
age effluent was treated, with the remaining going to sea and soakaways (MEMWR
1997). With the steady increase in population, the demand for fresh-water usage has in-
creased significantly from 12000 m’ to 34000 m’ daily. During the last forty years, rapid
development in all aspects, including population increase, social, industrial and agricul-
tural sectors resulted in higher demand for water consumption.

5. Conclusions

In conclusion, the data presented in this study are alarming. In this study,
MARBs were used as biological indicators of sewage effluent pollution. In all surveyed
pollutants, MARBs and heavy metals are the main public health concerns. Heavy rain-
fall in 2010 diluted the pollutants. The necessity of reusing recycle water in this region
caused accumulation of several chemical pollutants. Stringent governmental regulations
and institutional monitoring are urgently needed.

References

Adefemi, S.O., and Awokunmi, E.E. (2010), Determination of physico-chemical parameters and
heavy-metals in water samples from Itaogbolu area of Ondo-State, Nigeria. Afiican
Journal of Environmental Science and Technology, 4, 145-148.

Akinbowale, O.L., Peng, H., Grant, P., and Barton, M.D. (2007), Antibiotic and heavy metal
resistance in motile aeromonads and pseudomonads from rainbow trout (Oncorhynchus
mykiss) farmsinAustralia. International Journal of Antimicrobial Agents, 30, 177-182.

Al-Bahry, S.N. (1999), Antibiotic resistance of Salmonella isolated from Muscat, Oman. Paki-
stan Journal of Biological Sciences, 2, 523-528.

Al-Bahry, S.N., Elshafie, A., Al-Sabahi, A., Al-Saadi, S., Al-Harthy, N., and Al-Khambashi, S.
(2000), 'Effects of sewage treated water used for irrigation of public greeneries on un-

51



IAFOR Journal of Sustainability, Energy and the Environment, vol. 1, issue 1, 2014

derground water' Proceedings of 1" Oman-Japan Joint Symposium on Water Resources
and Greening in Desert, Sultan Qaboos University, Muscat, Oman, pp 18-1 -18-12.

Al-Bahry, S.N., Al-Mashani, B.M., Elshafie, A.E., Pathare, N., and Al-Harthy, A.H. (2006),
Plasmid profile of antibiotic resistant E. coli isolated from chicken intestines. Alabama
Journal of Academy Sciences, 77, 152-159.

Al-Bahry, S.N., Elshafie, A.E., Al-Busaidi, S., Al-Hinai, J.A. and Al-Shidi, 1. (2007), Antibiotic
resistant Salmonella spp from human and none-human resources in the Sultanate of
Oman. Eastern Mediterranean Health Journal. 13, 49-55.

Al-Bahry, S.N., Mahmoud, 1.Y., Al-Khaifi, A., Elshafie, A.E., and Al-Harthy, A. (2009a), Viabil-
ity of multiple antibiotic resistant bacteria in distribution lines of treated sewage effluent
used for irrigation. Water Science & Technology, 60, 2939-2948.

Al-Bahry, S.N., Mahmoud, LY., Elshafie, A.E., Al-Harthy, A., Al-Ghafri, S., Al-Amri, 1., and
Alkindi, A.Y. (2009b), Bacterial flora and antibiotic resistance from eggs of green tur-
tles Chelonia mydas: an indication of polluted effluents. Marine Pollution Bulletin, 41,
214-221.

Al-Bahry, S.N., Mahmoud, LY., Al-Belushi, K.I., Elshafie, A.E., Al-Harthy, A., and Bakheit,
C.K., (2009c¢), Coastal sewage discharge and its impact on fish with reference to antibi-
otic resistant enteric bacteria and enteric pathogens as bio-indicators of pollution.
Chemosphere, 77, 1534-1539.

Al-Bahry, S.N., Mahmoud, 1.Y., Al-Zadjali, M., Elshafie, A., Al-Harthy, A., and Al-Alawi, W.,
(2010), Antibiotic resistant bacteria as bio-indicator of polluted effluent in the green tur-
tles, Chelonia mydas in Oman. Marine Environmental Research, 71, 139-144.

Al-Bahry., S.N., Elshafie, A.E., Victor, R., Mahmoud, 1.Y., and Al Hinai, J.A. (2011), Opportun-
istic pathogens relative to physicochemical factors in water storage tank. Journal of Wa-
ter and Health, 9, 382-393.

Al-Bahry, S.N., Al-Zadjali, M.A., Mahmoud, 1.Y., and Elshafie, A.E. (2012), Ampicillin resis-
tant determinants in bacteria in relation to environmental pollution in the nesting green
turtles, Chelonia mydas. Chemosphere, 87, 1308-1315.

Al-Bahry, S.N., Mahmoud, 1.Y., and Al-Musharafi, S.K. (2014), The effect of physical factors
on fecal coliform viability rate in sewage sludge. Journal of Geoscience and Environ-
ment Protection, 2, 9-13.

Al-Busaidi, A.S., and Cookson, P. (2003), Salinity—pH relationships in calcareous Soils. Agri-
cultural and Marine Sciences. 8, 41-46.

Al-Musharafi, S.K., Mahmoud, 1.Y., and Al-Bahry, S.N. (2012), Heavy metal contamination
from treated sewage effluents. Proceeding of the 11" International Conference on Mod-
elling, Monitoring and Management of Water Pollution. WIT Transactions on Ecology
and The Environment, Vol. 164, WIT Press. Hampshire, UK. Pp. 381-389.

Al-Musharafi, S.K., Mahmoud, 1.Y., and Al-Bahry, S.N. (2013a), Heavy metal pollution from
treated sewage effluent. Procedia APCBEES, 5, 344-348.

Al-Musharafi, S.K., Mahmoud, 1.Y., and Al-Bahry, S.N. (2013b), Heavy metals infiltration from
sewage treated effluent into soil and tomato plants. /PCBEE. 50, 16-25.

Al-Musharafi, S.K., Mahmoud, 1.Y., and Al-Bahry, S.N. (2014a), Environmental effects and
health risks due to overuse of underground water in arid regions. Procedia APCBEES.
(In press).

Al-Musharafi, S.K., Mahmoud, 1.Y., and Al-Bahry, S.N. (2014b), Environmental contamination
by industrial effluents and sludge relative to heavy metals. Journal of Geoscience and
Environment Protection. 2, 14-18.

Al-Musharafi S.K., Mahmoud LY., and Al-Bahry S.N. (2014c), Environmental hazards and pol-
lution from liquid waste lagoons. /PCBEE. 2014, 6-10.

Al-Shereiqi, S. (2008), Non-communicable diseases screening: starts in Oman. Community
Health and Disease Surveillance, 17, 1-7.

52



S.N. Al-Bahry et al. * Microbial and Chemical Pollution of Water-Wells Relative to Sewage Effluents in Oman

APHA/AWWA/WEF (American Public Health Association/American Water Works Associa-
tion/Water Environment Federation) (1998), Standard Methods for the Examination of
Water and Wastewater, 20" edition. American Public Health Association/American Wa-
ter Works Association/Water Environment Federation, Washington, DC. United Book
Press Inc., Baltimore. Maryland.

ASTM (American Society for Testing and Materials) Standard. (1992), Paints, Related Coating
and Aromatics. Section 6. ASTM, Philadelphia.

Augoustinos, M.T., Grabow, N.A., Genthe, B., and Kfir, R. (1993), An improved membrane fil-
tration method for enumeration of faecal coliforms and E. coli by a fluorogenic [3-
glucuronidase assay. Water Scientific Technology, 27, 267-270.

Aulicino, F. A., and Orsini, P. (1996), Presence of biofilm in a drinking water system in Pie-
mont. L’igiene Moderna, 150, 29-40.

Bass L., Liebert C.A., Lee M.D., Summers, A.O., White, D.G,, Thayer, S.G., and Maurer, J.J.
(1999), Incidence and characterization of integrons, genetic elements mediating multi-
ple-drug resistance, in avian Escherichia coli. Antimicrobial Agents and Chemotherapy,
43, 2925-2929.

Bauer, A., Kirby, W., Sherris, W., and Turk, M. (1966), Antibiotic susceptibility testing by stan-
dard single disk method. American Journal Clinical Pathology. 45, 493-496.

Bellizzi, V., De Nicola, L., Minutolo, R., Russo, D., Cianciaruso, B., Andreucci, M., Conte, G,
and Andreucci, V.E. (1999), Effects of water hardness on urinary risk factors for kidney
stones in patients with idiopathic nephrolithiasis. Nephron, 81 Suppl., 1, 66-70.

British Standard BS 6068. (1995), 'Water quality: specification and method of tests'. British
Standards Institution (BAI). London, UK.

Calderon, R.L., and Mood, E.W. (1991), 'Bacterial Colonizing point-of-entry, granular activated
carbon filters and their relationship to human heal, CR-813978-01-0'", US Environmental
Protection Agency, Washington, DC.

Calderon, R.L., and Mood, E.W., (1998), 'Bacterial colonizing point-of-use, granular activated
carbon filters and their relationship to human health. CR-811904-01-0", US Environ-
mental Protection Agency, Washington, DC.

Collins, C.H., Lyne, PM., and Grange, J.M. (1995), Microbiological Methods. Butterworth-
Heinemann Ltd, Oxford.

Community Health Disease Surveillance Newsletter, (1998). VII, 10-13.

Davenport, M., and Nicholson, S. (1993), On the relation between rainfall and the normalized
difference vegetation index for diverse vegetation types in East Africa. International
Journal of Remote Sensing, 14, 2369-2389.

Duan, X.L., Wang, Z.S., Li, Q., Zhang, W.J., Huang, N., Wang, B.B., and Zhang, J.L. (2011),
Health risk assessment of heavy-metals in drinking water based on field measurement
of exposure factors of Chinese people. Huan Jing KeXue, 32, 1329-39.

Dewalle, F.B., and Scahff, R.M. (1980), Ground water pollution by septic tank drain fields.
Journal of the Environmental Engineering Division. Proceedings of American Society
of Civil Engineering. 106.

Egorov, A.l., Naumova, E.N., Tereschenko, A.A., Kislitsin, V.A., and Ford, T.E. (2003), Daily
variation in effluent water turbidity and diarrheal illness in a Russian City. International
Journal of Environmental Health and Research. 13, 81-94.

Environmental Protection Agency (EPA), USA. (2012). Water: Provate wells. Human Helath.
What are Some Naturally Occurring Sources of Pollution? Environmental Protection
Agency. USA.

Government of Western Australia. (2009), 'Trihalomethanes (THMs) in Drinking Water'. Envi-
ronmental Health Directorate. Department of Health, Western Australia.

Holzel, C.S., Miiller, C., Harms, K.S., Mikolajewski, S., Schifer, S., Schwaiger, K., and Bauer
J. (2012), Heavy metals in liquid pig manure in light of bacterial antimicrobial resis-
tance. Environmental Research, 113, 21-27.

53



IAFOR Journal of Sustainability, Energy and the Environment, vol. 1, issue 1, 2014

Igbal, M.A., and Gupta, S.G. (2009), Studies on heavy metal ion pollution of ground water
sources as an effect of municipal solid waste dumping. African Journal of Basic and
Applied Sciences, 5, 117-122.

ISO (International Organization for Standardization). (1994), Technical Committee ISO/TC 147:
Water Quality, Vol II, Chemical Methods, 1* edition. ISO Central Secretariat, Geneve,
Switzerland.

Kodarkar, M.S. (2004), 'South Asia network of lakes and reservoirs (sasnet- | an r). Thematic
network on Lake Water Quality Management Driver Agency: Indian Association of
Aquatic Biologists (IAAB)', Hyderabad, India. Global Water Partnership (GWP)-South
Asia; India Water Partnership (IWP), Gurgaon, Haryana.

Krasniqi, K., Krasniqi, 1., Vasjari, M., Sefaja, L., and Zuka, A. (2010), 'The level of heavy-
metals in several alternative water sources in the area Kastriot-Vushtrri-Drenas, in Kos-
ovo'. BALWOIS 2010- Ohrid, Republic of Macedonia.

Long, R.W., McClenny, W.A. (2006), Laboratory and field evaluation of instrumentation for the
semicontinuous determination of particulate nitrate (and other water-soluble particulate
components). Journal of the Air & Waste Management Association, 56, 294-305.

Lungu, M., Lazar R., and Aldea, M.M. (2010), 'The quality of the sludge proceeded from
groundwater treatment. Present Environment and Sustainable Development, NR. 4'. Na-
tional Research and Development Institute for Soil Science, Agrochemistry and Envi-
ronment Protection, Bucharest.

Mahadeyv, J., and Gholami S. (2010), Heavy metal analysis of Cauvery river water around KRS
Dam, Karnataka, India. Journal of Advance Laboratory Research Biology, 1, 13-19.

Mahmoud, 1.Y., Al-Bahry S.N., and Al-Musharafi, S.K. (2013), Fresh water habitat pollution by
treated sewage effluent in relation to multiple-antibiotic-resistant bacteria. APCBEE
Procedia, 5, 363-367.

Ministry of Health. Food poisoning. (2005). Community Health Disease Surveillance and Con-
trol. Community Health Disease Surveillance. Ministry of Helath, Muscat. Pp 60-64

Ministry of Health, Sultanate of Oman. (2008), 'Oman viral hepatitis survey: 2005'. Community
Health and Disease Surveillance. 14, 1-16. Muscat, Oman.

MEMWR (Ministry of Environment, Regional Municipalities and Water Recourses). (1998),
'Regulation for wastewater reuse and discharge and Ministry of Regional Municipalities
and Water Recourses'. Ministry of Environment, Regional Municipalities and Water Re-
courses. Muscat, Oman.

MEMWR (Ministry of Environment, Regional Municipalities and Water Recourses) (1997),
"Water Pollution Section Record'. Ministry of Environment, Regional Municipalities and
Water Recourses. Muscat, Oman.

Mishra, S., Rakash, Dwivedi, S.P., and Singh, R.B. (2010), A review on epigenetic effect of
heavy metal carcinogens on human health. The Open Nutraceuticals Journal. 3, 188-
193.

NSF International. (2003), 'Dietary supplement-Standard 173". Metal contaminant acceptance
level. Pages 1-22. Washington DC, USA.

NCCLS. (1997) 'Performance Standards for Antimicrobial Disk Susceptibility Tests', 6™ edition,
Approved standard M2-A6. National Committee for Clinical Laboratory Standards,
Wayne, PA.

Olmstead, S. M. (2010). The economics of water quality. Review of Environmental Economics
and Policy, 4, 44-62.

Omani Standards (OS) 52/1 for Wastewater reuse and discharge. (1996), Ministry of Environ-
ment Decree No 52/1-standards for the minimization of pollution to air, water and soil.
Ministry of Environment. Muscat, Oman.

Omani Standards (OS) 8/2006 for Un-bottled drinking water standard. (2006), Ministry of
Commerce, Directorate General for Specifications and Measurements. Muscat, Oman.

54



S.N. Al-Bahry et al. * Microbial and Chemical Pollution of Water-Wells Relative to Sewage Effluents in Oman

Raina, R.S., and Sangar, S. (2002). Water quality, agricultural policy and science Knowledge,
Technology, and Policy.14, 109-125.

Salem, H.M., Eweida, E.A., and Farag, A. (2000), 'Heavy-metals in drinking water and their
environmental impact on human health'. ICEHM. page 542- 556 (Geology Department,
Faculty of Sciences, Cairo University, Egypt ; Center for Environmental Hazards Miti-
gation, Cairo University, Egypt; Ain Shams University Hospital).

Skeat, W.0. (1969), 'Manual of British water engineering practice'. Vol. b: water quality and
treatment. The institution of water engineers. London. England.

Sonnenwirth, A.C., and Jarett, L. (1998), Grandwohl s clinical laboratory methods and diagen-
osis. The C.V. Mosby Company. Toronto.

The Demographic Profile of Oman. http://www.escwa.un.org/popin/members/oman.pdf (ac-
cessed February, 2014).

The Soil Profile. New Jersey Agriculture Experiment Station. (2006), The soil profile: A news-
letter providing information on issues relating to soils and plant nutrition in New Jer-
sey. 16, 2-4.

Thomson, A.G. (1992), A multi-temporal comparison of two similar Landsat Thermatic Mapper
images of upland North Wales, U.K. International Journal of Remote Sensing, 13, 947-
955.

UNEP (United Nation Environment Programmed). (2013). Arab Region. Atlas of our changing
environment. UNEP. Nairobi, Kenya.

Van Lieverloo, J.H.M., Blokker, E.J.M., and Medema, G. (2007), Quantitative microbial risk
assessment of distributed drinking water using faecal indicator incidence and concentra-
tions. Journal of Water and Health, 5, Suppl 1, 131-149.

Vanoverstreten, M., and Trefois, P. (1993), Detectability of land syTSEms by classification from
Landsat Thermatic Mapper data: Virunga National Park (Zaire). International Journal
of Remote Sensing. 4, 2857-2873.

Water-technology.net. Muscat Wastewater Project, Governate of Muscat. (2014).
http://www.water-technology.net/projects/muscat/ (accessed, July 2014).

Williams, R.S. (1983), 'Geological application', in Manual of remote sensing, Second edition,
pp. 1667-1953, eds Colwell, R.N., Colwell, J. ETSEs and Thorley J., American Society
of Photogrammetry. Virginia,

Wolska, L., Olszewska, C., Turska, M., Zygmunt, B., and Namiesnik. J. (1998), Volatile and
semivolatileorgano-halogen trace analysis in surface water by direct aqueous injection
GC-ECD. Chemosphere. 13, 2645-2651.

World Health Organization (WHO). (1982), 'Guideline for drinking water quality’, 2™ edition.
Recommendation. World Health Organization General. 1, 30-113.

World Health Organization (WHO). (1995), 'Guidelines for Drinking-water Quality, 2™ edition.
Vol I: Recommendation, Eastern Mediterranean Regional Office, Regional Center for
Environmental Health Activities (CEHA), Amman, Jordan.

World health organization (WHO). (1997), 'Guidelines for drinking water quality. Surveillance
and control of community supplies'. Eastern Mediterranean Regional Office. Regional
Center for Environment Health Activities (CEHA), Amman. Jordan.

World Health Organization (WHO). (2001). Water quality. Guidelines, Standards and Health:
Assessment of risk and risk management for water-related infectious disease. IWA Pub-
lishing, Alliance House, London, UK.

World Health Organization (WHO). (2003). Total dissolved solids in Drinking-water. Guide-
lines for Drinking-water Quality. World Health Organization. Geneva, Switzerland.

World health organization (WHO). (2004), IARC Monographs on the Evaluation of Carcino-
genic Risks to Humans. Some drinking-water disinfectants and contaminants, including
arsenic. Lyon, France.

55



IAFOR Journal of Sustainability, Energy and the Environment, vol. 1, issue 1, 2014

World Health Organization (WHO). (2005), 'A compendium of standards for wastewater reuse
in the Eastern Mediterranean Region'. Regional Office for the Eastern Mediterranean.
Regional Centre for Environmental Health Activities.

World Health Organization (WHO). (2014). Antimicrobial resistance: global report on surveil-
lance. World Health Organization. Geneva, Switzerland

Received: 7 July 2013 « Revised: 4 March 2014 « Accepted: 27 July 2014

Article distributed under a Creative Commons Attribution-NonCommercial- @ @@@

NoDerivatives 4.0 International License (CC BY-NC-ND)

56



© International Academic Forum Cheval S. (2014), Post-Kyoto Climate Governance (book
Sakae 1-16-26 — 201, Naka Ward review), IAFOR Journal of Sustainability, Energy and the
Nagoya, Aichi, Japan 460-0008 Environment 1(1):57-58.

POST-KYOTO CLIMATE GOVERNANCE — CONFRONTING THE
POLITICS OF SCALE, IDEOLOGY AND KNOWLEDGE (ASIM ZIA:
ROUTLEDGE, LONDON AND NEW YORK, 2013, ISBN 978-0-415-
60125-2)

Sorin Cheval, PhD'

Past-Kyoto Climate
Governance

A w7y
A8 L10

Nowadays, climate change is probably one of the topics that can attract the
genuine interest of human society. Individuals either agree or disagree with the man-
made influence on the present and future climate, but they can hardly ignore facts like
glacier melting or changes in atmospheric chemistry.

Unprecedented investments in climate related science, policy, and actions have
been taken by local communities, countries, and international associations. By its end in
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2012, the Kyoto Protocol concentrated the nations’ efforts for controlling the emissions
of the main anthropogenic greenhouse gases according to criteria balanced between
their wealth and capacity to make reductions. The debate over the success of Kyoto is
far from ending, but the discussions are is probably less important than the follow-up.

Dr. Asim Zia’s Post-Kyoto Climate Governance scrutinizes the accumulation of
knowledge, ideas and facts regarding the near future; thus, it is both a theoretical inter-
disciplinary and multidisciplinary reflective book, and a valuable inspiration source for
applies development. The alternatives of the post-Kyoto climate governance are thor-
oughly presented, including the basic ideology, spatial and temporal scales, transition
issues, possible conflicts and agreements.

No matter the reader’s professional skills and background, the book would cap-
tivate the attention of those interested in a global and comprehensive perspective on risk
perceptions, marketing, and adaption to the climate change possible impacts in the post-
Kyoto era.

Dr. Asim Zia pledges for governing the environmental complexity through a
coupled human and natural systemic approach which takes into account in a flexible
way various scales and issues, aiming for “a more legitimate and accountable post-
Kyoto climate governance regime in the medium and long run”.

Students, climate experts, stakeholders and decision makers have the chance to
go through a captivating work which would equally challenge the global warming sup-
porters and climate skeptics to argue their points of view.
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tant conclusions. For full research papers only, abstracts must be structured
using the following headings (included in the abstract, each of them starting
a new paragraph):

- Background: the section clearly describes the rationale for the study be-
ing done and previous work relevant to the study

- Materials and Methods: mentions the techniques used (observational,
analytical methods and statistical tests etc.), without going into extensive
methodological details

—  Results: outline the most important findings, observations, and/or trends
and their relevance in the context of research goals and relationship to
similar studies

- Conclusions: present the new and important aspects of the study, poten-
tial implications and specific recommendations for future research.

Regardless of how abstracts are structured, authors should avoid abbreviations
(excepting for chemical and physical units) and references. Taxa should be men-
tioned by their scientific name without authority.

(iv)Three to five keywords, different from the title words and consistent with the
mainstream literature

(v) The text, including tables and images, organized in the following sections:
Introduction, Materials and Methods, Results and Discussion, Conclusions,
Acknowledgements (only in the full paper), References. Papers may have a
different structure, but the Introduction and Conclusions must be always pre-
sent. Each section, excepting for Introduction and Acknowledgements, is in-
troduced by Arab numbers. Please do not use automatic numbered lists.

(4) Please use consistently throughout the paper:
(a) 12-point Times New Roman font
(b) Single-spacing of paragraphs

(c) Double spacing (instead of indent) to designate a new paragraph or section

(d) Page numbers at the bottom center of each page
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(e) Top, bottom, and side margins no less than 7/8 of an inch or 2.2 cm
(f) A4 portrait page size (height: 29.7 cm, width: 21 cm)

(g) Graphs and visuals that can be reproduced electronically and are embedded in
the text, as close as possible to the first place where they are referred; graphs
must and combined halftones must have a transparent background. Even though
images must be inserted into the text, the acceptable file formats are TIFF, EPS
and JPEG (only LZW compression allowed). Acceptable resolutions are: mono-
chrome (1 bit) images — at least 1000 dpi; halftones (grayscale pictures only) — at
least 300 dpi; combined halftones — at least 600 dpi. Graph lines must have lines
at least 0.25 point wide.

(h) Charts and diagrams inserted as a single unit (no multipart objects), in line with
text

(1) Space between number and unit (e.g., 4 ml), but not between number and °C or
% (e.g., 5°C, 34.5%)

(j) Captions placed below figures and above tables, introduced by “Fig. X.” or “Ta-
ble X.”, where X is an Arab number

(k) Taxa names mentioned without authority in the title, and with authority in the
text

() International System units only (e.g., meters instead of feet etc.)

(m)Equations, tables and other objects than figures inserted as text, not image (e.g.,
equations written using the Equation Editor)

(n) Equations (if needed) numbered continuously
(o) Tables and figures numbered consecutively and referred all in the text

(p) Tables must be edited with all lines equal in width and visible (MS Word tem-
plate “Table Grid”)

(5) Please do not use:

(a) Footnotes or endnotes: comments must be inserted in the text, as a paragraph or
between brackets

(b) Excessive editing of the text (font and paragraph), e.g. different colors, align-
ments etc.

(c) Abbreviation of a first name to more than one initial; e.g., Friedriech becomes F.
and not Fr.
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(d) Graphic elements (e.g., lines pointing from text to a figure or table etc.)

(6) The Harvard Reference Style should be used consistently for the references and in-
text citations. An extended version is available on the journal website at
http://iafor.org/Journal/Harvard%20Referencing%20Style%20Sheet%20Guid
e.pdf. A description of its basics follows below. The reference list should be order
alphabetically and contain no unpublished works.

(a) Citation of literature in text
(i) A single work of a single author: Smith 2000
(i1) Multiple works of the same author, different years: Smith 2000, 2010
(iii)  Multiple works of the same author, same year: Smith 2000a, b
(iv)Single work of two authors: Smith and Jones 2000
(v) Single work of more than two authors: Smith et al 2000
(vi)Multiple citations: Smith 2000; Jones 2010
(b) Reference list
(1) Books: Surname, Initial. (Year), Title, Publisher, Publishing Company’s
Nearest Headquarters (e.g. London): Douglas, M. & Watson, C. (1984),

Networking, Macmillan, London.

(i1) Chapter in edited books: North, D. (1980), 'Energy use at home', in Energy
Conservation, eds S. Scott & N. Peel, Academic Press, London.

(ii1))  Journal articles: Surname, Initial. (Year), Title of Paper, Journal, volume
and number, page numbers. The details about the volume etc. can be given
fully (e.g. vol. 1, no. 3, pp. 10-18.) or abbreviated to give just numbers (e.g.
1 (3), 10-18.): Gibberd, R., Snow, P.T., Rice, P.G. & Patel, N.B. (1991), 'Nu-
clear power at what price?' The Bulletin, 113 (4), 51-5. If the number (issue)
is unknown, the reference list should specify at least the volume of the jour-
nal.

(iv)Government publications: Department of Energy, (1980), Projections of En-
ergy Needs, HMSO, London.

(v) Conference papers: Trump, A. (1986), 'Power play', Proceedings of the Third
Annual Conference, International Society of Power Engineers, Houston,
Texas, pp. 40-51.
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(vi)Newspaper articles: Popham, B. (1987), 'Saving the future', Weekend Guard-
ian Magazine, 7-8 Feb., p.10.

(vii)  Databases: AGRIS (database), United Nations Food and Agricultural Or-
ganisation, Vendor: Silverplatter, annual updating.

(viii)) Motion pictures and videos: Learning to Live (motion picture) (1964),
London, FineFilms Inc., Producer Martin Freeth.

(ix)Internet journal articles: Griffith, A.I. (1995), 'Coordinating Family and
School: Mothering for Schooling', Education Policy Analysis Archives,
[Online], vol. 3, no. 1, 49310 bytes, Available from URL:
http://olam.ed.asu.edu/epaa/, [Accessed 12 February 1997].

(x) Other Internet resources needs to specify the type of medium, in square
brackets (it should almost always be [Online]), the full URL, which indicates
the type of online medium, e.g., WWW (rarely ftp or gopher), the date that
the item was accessed, since electronic documents are often updated, and the
size of the document, e.g., pagination if that is known; labelled part, section,
table etc; or size of the file.

3. Acceptance of Papers and Copyright

Compliance with the Author Guidelines is compulsory for publication. The edi-
torial checking process occurs after the acceptance of papers by reviewers. Despite of
their acceptance, papers can be rejected if, after three successive editing rounds, editing
mistakes are still present.

If the papers are accepted for publication in IJSEE, the authors are advised to
cede the copyright to the journal, maintaining the author’s rights.
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