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Abstract

The volume of wastewater generated by domestic, industrial and commercial facilities
in the Kingdom of Bahrain has increased with population, urbanization, and industrial
development. Centralized and de-centralized approaches to wastewater management
are evaluated and contrasted through SWOT analysis and analytic network process
(ANP). Data were collected from different sources including governmental reports,
relevant environmental regulations, wastewater treatment facilities and were evaluated
through structured questionnaire with responses of 25/38 and 9 personal interviews
with experts conducted to both systems practiced in Kingdom and the enforcement of
the national wastewater management regulations. The research found that wastewater
legislations need to be reviewed and updated. SWOT tool was used to evaluate
strengths, weaknesses, opportunities and threats factors for both decentralized and
centralized wastewater management systems represented by a textile facility and
Tubli STP. The SWOT sub-factors were identified and the alternative strategies (SO-
WO-SW-WT) were developed in which SO uses strengths to maximize opportunities,
WO minimizes weaknesses by taking advantage of opportunities. ST uses strengths to
minimize threats and WT minimizes weaknesses and avoid threats. Since SWOT
possesses deficiencies in the measurement and evaluation steps, the Analytical
Network Process (ANP) approach was used to measure the dependency among
strategic factors and sub-factors that will reflect both the weight and change of the
strategic priorities. The ANP analysis for the local textile facility indicated that
reusing 100% of the treated wastewater on the production process is the best strategy
(ST) to reduce the water consumption with highest priority value of 0.804. For
centralized wastewater management system Tubli STP, the ANP indicated that the
(ST) is the best strategy with priority value of 0.680. Therefore, Tubli needs to
upgrade its wastewater treatment plants in order to improve the wastewater effluents
and fulfill legislation limits for the disposal in Tubli bay . Both management systems
were found effective and appropriate and the best alternative strategy is ST that will
enhance and improve their management to ensure a better reuse of the treated

wastewater.
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Chapter 1
Introduction

1.1 Introduction

“The wastewater challenge is not only a threat, but a challenge where we
can find opportunities for green employment, social well-being and

ecological health”
(Corcoran & Savelli, 2010)

The world is facing a global water quality crisis. The continuing
population growth, urbanization and rapid industrialization are all putting
pressure on fresh water resources. Moreover, the increasing unregulated
or illegal discharge of contaminated water within and beyond national
borders puts burden on the environment. In 2015 world population
reached 7.3 billion and over the next two decades, global populations is
expected to increase and exceed nine billion by 2050 (United Nations,
2015). Growing demands are projected to push all countries into water
scarcity conditions. Although, the absolute quantities of freshwater on
earth have always remained approximately constant, the uneven
distribution of water and human settlement continues to create growing
problems in freshwater availability and accessibility. Therefore, it is
important to consider the role of wastewater treatment and its impact on
the environment; preventing the contamination of freshwater and
increasing its quantity(Engelman & Gardner-Outlaw, 1997).

The term “wastewater” has many definitions, (Metcalf and Eddy,
2003) defined it as "a mixture of wastewater from domestic residences,
commercial properties, industry, and/or agriculture discharge to sewers
and rainwater run-off from roads and other impermeable surfaces

draining to sewers". It encompassed a wide range of contaminants with



different concentrations that might affect the physical, chemical and
biological characteristics of water. Wastewater is often referred to as
‘sewage’, but in this research the term ‘wastewater’ will be used.’

Wastewater treatment is relatively a modern practice. While sewers
were commonly used in ancient Rome to remove foul-smelling water, in
the 19th century communities began to realize the importance of reducing
the amount of pollutants in the used water they were discharged to the
environment. Despite large supplies of fresh water and the natural ability
of water to cleanse itself over time, populations had become so
concentrated by 1850 that outbreaks of life-threatening diseases were
traced to bacteria in the polluted water. Since that time, the practice of
wastewater collection and treatment has been developed and perfected,
using some of the most technically sound physical, mechanical, chemical,
and biological techniques available. As a result, public health and water
quality are better protected today than ever before. (WCT, 2007)

In the past, the Arab nations played a leading role in the
development of innovative water solutions with noteworthy achievements
including global leadership in desalination, dam infrastructure and drip
irrigation. Until recently, planned wastewater management in the Arab
region focused on the conventional objectives of protecting public health
and the environment. Pervasive water scarcity, urbanization and the
increasingly obvious impacts of climate change to a shift in local
perceptions on the importance of proper use of reclaimed water
(WRITAW, 22-24 May2011). Arab representatives attending "Expert
consultation on Wastewater Management in the Arab World" conference
held in May 2011 agreed that, reusing water by most Arab nations will
have a great potential in increasing available water resources. Arab states
currently produce an estimated 10.8 km®/year of wastewater and around
10.85x10° km®/year of domestic wastewater, 55% are reported to be



treated of which only 15% are reused in agriculture, landscape irrigation,
industrial cooling and environmental protection. Demographic growth,
economic and social development across Arab countries have contributed
to significant increases in water demand (World Bank, 2007). Rapid
urbanization across most Arab countries causes further challenges and
need more efforts to meet increasing domestic water demands, especially
for those countries with scarce public funds (WRITAW, 22-24
May2011). The annual untreated wastewater discharged in the Arab
countries is 4.36 km?®, equivalent to 40% of the total reported wastewater

produced in the region.

1.2Research Problem

The Kingdom of Bahrain is one of the countries facing fresh water
scarcity. Treated sewage effluent (TSE) can give 9.7% of usable water
source in Bahrain. Therefore, an evaluation of the current applied
centralized and decentralized wastewater management approaches

practiced in Bahrain could lead to a better management.

1.3Research Objectives

The main objective of this research is to evaluate the wastewater
treatment management approaches applied in the Kingdom of Bahrain.
Centralized and decentralized wastewater treatment approaches are
evaluated and contrasted using SWOT analysis supported with analytic
network process method to provide a measurable analytical means that
determines the best alternative strategies that can be used to improve and
enhance the existing management system and propose the appropriate
management approach to reuse the treated wastewater as a source of

usable water.



Finally, the enforcement of current wastewater regulations applied in
the Kingdom of Bahrain will be evaluated in order to prevent any illegal

discharge of contaminated water in the Kingdom’s seacoast

1.4 Research Significance

This research will provide the centralized and decentralized wastewater

establishments a tool to evaluate their wastewater management system.

1.5Research Setting

This research was carried out for centralized and decentralized
wastewater establishments and relevant governmental authorities in
Kingdom of Bahrain.

A case study for a local textile facility was chosen to represent
decentralized wastewater management system and Tubli sanitary

treatment plant (STP) as centralized wastewater management system.
1.6 Research Terminologies

The following are basic research terms and definitions:

Analytic Hierarchy Process (AHP): is a process that uses hierarchical
decomposition to deal with complex information in multicriterion
decision making.

Analytic Network Process (ANP): is a multi-criteria decision analysis
tool that structures the decision problem (goal, decision criteria, and

alternatives) into a network with dependence and feedback, then use a



system of pairwise comparisons to measure the weights of the
components of the structure, and finally rank the decision alternatives.
Centralized Wastewater Management: consists of centralized
collection system that collects wastewater from many wastewater
producers: households, commercial areas, industrial plants and
institutions, and transports it to centralized wastewater treatment plant in
an off-site location and usually dispose/reuse the treated effluent far from
the point of origin.

Decentralized Wastewater Management: is a concept in which
wastewater is managed: collected, treated and disposed/reused at or near
the point of generation .

Domestic wastewater: wastewater generated from residential settlements
and services, such as houses; and which originates predominantly from
toilets, bathrooms and kitchens.

Industrial wastewater: wastewater generated from industrial operation
and activities.

Wastewater: is combination of the liquid and water carried waste
removed from residences, institutions, commercial and industrial
establishments, together with groundwater, surface water, and
stormwater" .

Wastewater Treatment: The process of removing pollutants from water
that has been used. There are three different stages of treatment. Primary
treatment involves screening the water to remove the largest solids and
then letting the water sit in tanks so that smaller particles can be removed
when they sink to the bottom. Secondary treatment uses bacteria and
other microscopic organisms to biodegrade the organic pollutants that
were not removed during primary treatment. During tertiary treatment,

the water passes though a filter. Following treatment the water is



disinfected and released back into environment. Water that leaves
wastewater treatment plants must meet strict national requirements.
Wastewater Treatment Plant: The facility where the wastewater
treatment process is carried out.

SWOT Analysis: Simple management tool to evaluate the strengths,
weaknesses, opportunities, and threats involved in a project or in a
business. It can be carried out for a product, place, industry or even a

person.
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Chapter 2
Theoretical Framework & Review of Literature

2.1 Wastewater Background

Water is crucial for all aspects of life. It is a defining feature of our
planet, 97.5% of the earth water was found in the oceans, while the
remaining 2.5% is fresh water. Only 1% of the fresh water is available for
withdrawal and human use(Corcoran & Savelli, 2010). In any
community, water demand varies on a seasonal, daily, and hourly basis.
As the demand of water is increased, the intention of wastewater
treatment is developed toward expanding water resources (Martins,G. et
al , 2013). In addition, Jhans & Mishra (2013) and Defra (2012) proved
the importance of wastewater treatment to recover energy, nutrients,
water, and other valuable resources. Wastewater can mean different
things to different people with a large number of definitions in use.
However, in this research wastewater will be define as combination of the
liqguid and water carried waste removed from residences, institutions,
commercial and industrial establishments, together with such

groundwater, surface water, and storm water" (Metcalf and Eddy, 2003).

2.1.1 Wastewater Sources

The components that make up the wastewater from a community
depend on the type of collection system used, wastewater source, the
local conditions and the time of the year (Rosenwinkel, Austermann-
Haun, & Meyer, 2005). Metcalf and Eddy (2003) summarized,
wastewater sources and grouped them into four; domestic, industrial,

infiltration/inflow and storm water that are described as follows:



a)

b)

d)

Domestic (also called sanitary) wastewater: wastewater discharged
from residences and from commercial, institutional, and similar
facilities.

Industrial wastewater: Wastewater in which industrial wastes
predominate.

Infiltration/Inflow (1/1): Water that enters the sewer system through
indirect and direct means. Infiltration is extraneous (not directly
connected) water that enters the sewer system through leaking
joints, cracks and breaks, or porous walls. However, inflow is
storm water that enters the sewer system from storm drains
connection roof connection, leaders, or through the manhole
COVers.

Storm water: Runoff resulting from rainfall and snowmelt (in cold

countries).

Tables (2-1), (2-2) and (2-3) show the typical wastewater generated from

residential, Institutional and Recreational sources.

Table (2-1) Typical Wastewater Generated from Residential Sources

Source Unit Flow , Gallons/Unit . d
Range Typical
Apartment, High-Rise | Person 35-75 50
Low Rise Person 50-80 65
Hotel Guest 30-55 45
Individual Residence
Typical Home Person 45-90 70
Better Home Person 60-100 80
Luxury Home Person 75-150 95
Older Home Person 30-60 45
Summer Cottage Person 25-50 40
Motel
with Kitchen Unit 90-180 100
without kitchen Unit 75-150 95
Mobile Home Park Person 30-50 40

(Source: Metcalf and Eddy, 2003)

10




For many residential areas, wastewater flowrates are commonly
determined on the basis of population density and average per captia

contribution of wastewater.

Table (2-2) Typical Wastewater Generated from Institutional Sources

Source Unit Flow , Gallons/Unit . d
Range Typical

Hospital, Medical Bed 125-240 155

Employee 5-15 10

Hospital, Mental Health Bed 75-140 100

Employee 5-15 10

Correctional Institution Inmate 75-150 115
(Prison)

Employee 5-15 10

Rest Home School, day Resident 50-120 85

w/ cafeteria, gym, & Student 15-30 25
showers

w/ cafeteria only Student 10-20 15

no cafeteria; no gym Student 5-17 11

School, boarding Student 50-100 75

(Source: Metcalf and Eddy, 2003)

Wastewater flowrates from many recreational facilities are seasonal,
while the average unit-flowrate allowance for commercial development
normally range 800-1500 gal/acre. d. Metcalf and Eddy(2003) clearly
explained that nondomestic wastewater flowrate from industrial sources
vary with the type and the size of facility. The typical design value for
estimating the flows from industrial areas with light industrial
developments which have no or little wet process type industries are 1000
to 1500 gal/acre. d. while the estimated flows for medium industrial

developments are 1500 to 3000 gal/acre. d .

11




Table (2-3)Typical Amount of Wastewater Generated from Recreational Sources

Source Unit Flow , Gallons/Unit . d
Range Typical
Apartment, Resort Person 50-70 60
Cabin, Resort Person 8-50 40
Cafeteria Customer 1-3 2
Employee 8-12 10
Campground (developed) Person 20-40 30
Cocktail Lounge Seat 12-25 20
Coffee Shop Customer 4-8 6
Employee 8-12 10
Country Club Member 60-130 100
Present
Employee 10-15 13
Day Camp (no meals) Person 10-15 13
Dining Hall Meal Served 4-10 7
Dormitory Person 20-50 40
Hotel, Resort Person 40-60 50
Store, Resort Customer 1-4 3
Employee 8-12 10
Swimming Pool Customer 5-12 10
Employee 8-12 10
Theatre Seat 2-4 3
Visitor Center Visitor 4-8 5

(Source: Metcalf and Eddy, 2003)

For industries without internal recycling or reuse programs it can be
assumed that 85-98 percent of the water used in the various operations
and processes will become wastewater (Metcalf and Eddy, 2003).

Metcalf and Eddy (2003) suggested for large industries with internal
water reuse programs, a separate estimates must be made.

As for Bahrain, the amount of wastewater generated in the Kingdom
depend on several factors such population size and water consumption.
Bahrain known to have a total area of 665km” but due to land
reclamation, the area increased to 780km? . It was often described as an
archipelago of 33 islands, extensive land reclamation projects have
changed this fact. In 2008 the number of islands and island groups had
increased to 84. Bahrain's largest islands are Hawar, Muharrag, Umm an

Nasan, and Sitra islands.
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Figure (2-1)
The Land Area of Kingdom of Bahrain (2009-2014)
(Source: Bah Cl10,2014)

By the end of 2014, Bahrain population reach 1,314,562 people,
which represents an increase of 61,371 people compared to 2013 with a
population growth rate of 2.49%. As population and development
continue to rise, water consumption increases and demand for additional
water resources increased. In a recent article done by Al Ansari in
2013(Al.Ansari, 2013), the water demand in Bahrain has increased nearly
three times from what it was in 1952, when the demand was at
116.68Mm® per year. In 2011, the water demand was calculated to be
more than 354.6 Mm?®. Al Ansari explained the demand increase in
Bahrain to three main reasons: the growth rate of the population, living
standards and the development of industry and commerce throughout the
Kingdom. (Al.Ansari, 2013). In 2013, the total water consumption of the
domestic sector represented 77%, whereas the industrial and commerce
sectors used 3 and 20%, respectively. The extent of increase of the
amount water consumed during the past four years is illustrated in table
(2-4) .
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Table (2-4)Water Consumption in Kingdom of Bahrain by Sector

Water Consumption by

Sector
2010 2011 2012 2013
Million Cubic Meters
Industrial Sector 1,622.00 2,969.00 2,397.00 4,729.00
Commercial Sector 24.541.00 24,951.00 30,235.00 30,578.00
Domestic Sector 115,944.00 118,919.00 116,014.00 119,182.00
Total 142,107.00 146,839.00 148,646.00 154,489.00
(Source: Bah C10,2014)
)
/N
/s
(@ (b)
Figure (2-2)

Water Consumption (a) Daily Average (b) Water Consumption per Capita

Bahrain is characterized by scarce, erratic rainfall, the average

annual rainfall for the past five years was 56.36 mm with limited surface

water resources and poor groundwater recharge. Thus, its economic

development is dependent on fresh groundwater available mainly in

Dammam formations extending from Saudi

Arabia. The other

groundwater aquifers found in the two geologically-older formations of

Russ and Umm Er Radhuma are semi-saline, thereby being unsuitable for

use unless desalinated (Amal, 2015).
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Figure (2-3)
Rainfall in Bahrain 2010-2014 (Source: Bah C10,2014)

Environmental issues facing Bahrain include desertification resulting
from the degradation of limited arable land, coastal degradation (damage
to coastlines, coral reefs, and sea vegetation) resulting from oil spills and
other discharges from large tankers, oil refineries, distribution stations,
and illegal land reclamation at places such as Tubli Bay. Therefore, It has
become necessary, to secure water from different sources, such as
desalinated water and treated wastewater. The use of treated wastewater
started in 1980s and has been increasing ever since. Currently 30% of
sewage effluent resulted from main treatment facilities is tertiary treated
and being used in watering forage crops and landscapes. In 2010
government of Bahrain utilized 200,000 m*/day treated wastewater,
which will saved 20% of annual abstract. Officials are very much
cautious about the use of treated wastewater in agriculture. All necessary
precautionary measures have been taken to rationalize such use in order
to minimize the impact of soil and groundwater pollution on human
health. This could significantly reduce water extraction, reserving the

limited freshwater resources for potable supply and other priority uses.
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Table (2-5) Non-conventional water sources in Kingdom of Bahrain

Nonconventional water sources Year Value Unit

Produced wastewater 1991 44.9 10° m*/yr
Treated wastewater 2005 61.9 10° m®/yr
Reused treated wastewater 2005 16.3 10° m®/yr
Desalinated water produced 2003 102.4 10° m®/yr
Reused agricultural drainage water 2001 3 10° m*/yr

Sources: FAO AQUASTAT Database,2008

Table (2-5) shows, that in 2005 the treated wastewater amounted to be
about 62 million m®/year (secondary treatment) against about 45 million
m?® in 1991. Despite an increase of 100 percent compared with 1991, only
16.3 million m*/year received tertiary treatment and part was used for
irrigation purposes in government farms and some private farms, while
the rest was discharged to the sea (MoW, 2002).

Based on estimates by the Food and Agriculture Organization of the
United Nations (FAO AQUASTAT), the cost of tertiary treated effluent is
about US$0.317/m? less than the cost of desalinated water which is about
US$0.794/m* (FAO/WHO, 2001).

2.1.2 Wastewater Characteristics

Understanding the wastewaters nature is essential in the design and
operation of collection, treatment, and reuse of wastewater facilities, and
in the engineering management of environmental quality. The wastewater
is characterized in terms of physical, chemical, and biological
Characteristics (Rabah, 2015) and (Metcalf and Eddy, 2003).
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2.1.2.1 Physical Characteristics

Wastewater physical characteristics could be generally summarized
into total solids content, which is composed of floating matter, settleable
matter, colloidal matter, and matter in solution. There are other important
physical characteristics such as odor, temperature, color, and turbidity.
The fresh wastewater have a light brownish gray color, with time
it will become dark gray, while the aged, septic wastewater have black
color. Some wastewater have a pink color due to algae or the discharging
of industrial colors (Davis, 2010). Davis and Rabah have demonstrated
that the fresh, aerobic, domestic wastewater have the kerosene odor,
while the aged, septic sewage have the characteristic rotten-egg odor due
the existence of hydrogen sulfide and the mercaptans is indicative of
septic sewage (Davis, 2010;Rabah, 2015). The wastewater temperature is
important because it affects; chemical reactions during the treatment
process, aquatic life and the oxygen solubility. Wastewater temperatures
normally range between 10°C and 20°C depend on country location.
Generally, wastewater temperature is higher than that of the water supply
due the addition of warm water (Davis, 2010; Rabah, 2015).

2.1.2.2 Chemical and Biological Characteristics

The chemical and microbiological composition of the wastewater
must be monitored in order to safeguard downstream users. Rabah (2015)
states that the the chemical characteristics of wastewater are organic
matter, inorganic matter, dissolved gases and pH. The characteristics of
wastewater from different sources were listed in table (2-6), many
parameters are interrelated (Metcalf and Eddy, 2003).
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Table (2-6) Physical, Chemical, and Biological Characteristics of Wastewater
and their Sources (Source: Metcalf and Eddy, 2003)

Characteristic

Sources

Physical characteristics:

Color Domestic and industrial wastes, natural decay of
organic materials
Odor Decomposing wastewater, industrial wastes
Solids Domestic water supply, domestic and industrial wastes,
soil erosion, inflow/infiltration
Temperature Domestic and industrial wastes
Chemical constituents:
- Organic:
Carbohydrates Domestic, commercial, and industrial wastes
Fats, oils, and grease | Domestic, commercial, and industrial wastes
Pesticides Agricultural wastes
Phenols Industrial wastes
Proteins Domestic, commercial, and industrial wastes
Priority pollutants Domestic, commercial, and industrial wastes
Surfactants Domestic, commercial, and industrial wastes
Volatile organic Domestic, commercial, and industrial wastes
compounds
Other Natural decay of organic materials
- Inorganic:
Alkalinity Domestic wastes, domestic water supply, groundwater
infiltration
Chlorides Domestic wastes, domestic water supply, groundwater

infiltration

Heavy metals

Industrial wastes

Nitrogen Domestic and agricultural wastes
pH Domestic, commercial, and industrial wastes
Phosphorus Domestic, commercial, and industrial wastes, natural

runoff

Priority pollutants

Domestic, commercial, and industrial wastes

Sulfur Domestic water supply; domestic, commercial, and
industrial wastes
- Gases:
Hydrogen sulfide Decomposition of domestic wastes
Methane Decomposition of domestic wastes
Oxygen Domestic water supply, surface-water infiltration

Biological constituents:

Animals

Open watercourses and treatment plants

Plants Open watercourses and treatment plants

Protists:

- Eubacteria Domestic wastes, surface-water infiltration, treatment
plants

- Archaebacteria Domestic wastes, surface-water infiltration, treatment
plants

- Viruses

Domestic wastes
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a) Organic Matter (C,H,O,)

Organic matter is derived from animals & plants and man activities,
75% of Suspended Solids (SS) and 40 percent of filtered Solid (FS) are
organic. The organic matter composed of 40-60 percent Proteins, 25-50
percent Carbohydrates and 10 percent Fats, Oils, and Grease. Metcalf
and Eddy (2003) and Rabah (2015) summarized the main parameters
have been used to measure the concentration of organic matter in
wastewater are Biochemical oxygen demand (BOD), Chemical oxygen
demand (COD),Total organic carbon (TOC) and Theoretical oxygen
Demand(ThOD). BOD is the oxygen equivalent of organic matter. It is
determined by measuring the dissolved oxygen used by microorganisms
during the biochemical oxidation of organic matter in 5 days at 20°C
(Rabah, 2015). COD is the oxygen equivalent of organic matter. It is
determined by measuring the dissolved oxygen used during the chemical
oxidation of organic matter in 3 hours (Rabah, 2015). TOC is a method
that measures the organic carbon existing in the wastewater by injecting a
sample of the WW in special device in which the carbon is oxidized to
carbon dioxide then carbon dioxide is measured and used to quantify the
amount of organic matter in the WW. This method is only used for small
concentration of organic matter (Rabah, 2015). ThOD is computed as the
amount of oxygen needed to oxidize the organic carbon to carbon dioxide
and a other end products (Rabah, 2015).

b) Inorganic Matter
The main inorganic materials concerned in wastewater treatment are
chloride, nitrogen, Phosphorus, Sulfur and heavy metals (Rabah, 2015).
High chlorides concentrations indicate that the water body has been used
for waste disposal which affects the biological process. Nitrogen

represents a measure of the total organic and ammonia nitrogen in the
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wastewater. Phosphorus may appear in many forms in wastewater such
as orthophosphates, polyphosphates, and organic phosphate. Together,
referred to as total phosphorus. Sulfur exist in waste water as Sulfate, and
it is necessary for synthesis proteins organic matters. Some toxic
inorganic compounds presented such as; Copper, lead, silver, chromium,
arsenic, boron. In addition to that heavy metals like Nickels, Mn, Lead,
chromium, cadmium, zinc, copper, iron, mercury are available with

appreciated amounts.

c) Gases and hydrogen-ion concentration (pH)

The main gases of concern in wastewater treatment are; N,, O,, CO,,
H,S, NH3, CH,4 As for PH, it is an important parameter in both natural
waters and wastewaters. It is a very important factor in the biological and
chemical wastewater treatment (Rabah, 2015). Water and wastewater can
be classified as neutral , alkaline or acidic if the PH ranges are 7, >7 and
<7 respectively. Metcalf and Eddy illustrated that the knowledge of the
biological characteristics of wastewater is a significant factor in
wastewater treatment. The principal of grouping classification of
microorganisms such as Bacteria, Fungi, Algae, Viruses,..etc, and the
pathogenic found in wastewater must be known to evaluate the toxicity of
treated wastewater (Metcalf and Eddy, 2003).The industrial processes
generate a wide varieties of wastewater pollutants. Most researches
confirmed that the characteristics and levels of pollutants in the
wastewater vary significantly from industry to industry (Defra,2012;
Tajrishy M, 2012).
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The main concerns of wastewater contaminants are summarized in Table

2-1.

Table (2-7) Important Contaminants of Concern in Wastewater

Contaminants

Reason for importance

Oxygen consuming organic
matter

Composed principally of proteins, carbohydrates, and
fats, biodegradable organics are measured most
commonly in terms of BOD and COD . If discharged
untreated to the environment, their biological
stabilization can lead to the depletion of natural oxygen
resources and to the development of septic conditions.

Suspended solids

Suspended solids can lead to the development of sludge
deposits and anaerobic conditions when untreated
wastewater is discharged in the aquatic environment.

Nutrients

Both nitrogen and phosphorus, along with carbon, are
essential nutrients for growth. When discharged to the
aquatic environment, these nutrients can lead to the
growth of undesirable aquatic life..

Priority pollutants

Organic and inorganic compounds selected on the basis
of their known or suspected carcinogenicity,
mutagenicity, teratogenicity, or high acute toxicity.
Many of these compounds are found in wastewater.

Refractory organics

These organics tend to resist conventional methods of
wastewater treatment. Typical examples include
surfactants, phenols, and agricultural pesticides.

Heavy metals

Heavy metals are usually added to wastewater from
commercial and industrial activities and may have to be
removed if the wastewater is to be reused.

Pathogens

Communicable diseases can be transmitted by the
pathogenic organisms in wastewater.

Dissolved inorganics

Inorganic constituents such as calcium, sodium, and
sulfate are added to the original domestic water supply
as a result of water use and may have to be removed if
the wastewater is to be reused.

(Source: Metcalf and Eddy, 2003)

On the other hand, the Environmental Protection Agency (EPA) has

grouped the pollutants into three categories Toxic (Priority) pollutants,

Conventional and Nonconventional (Davis, 2010).
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126 pollutants were listed by EPA’s as priority(toxic) pollutant listed on

appendix A. The conventional and nonconventional pollutants are listed

in Table 2-8 .

Table (2-8) EPA’s Conventional and Non-conventional Pollutant Categories

Categories

Pollutants

Conventional

Biochemical oxygen demand (BODs)

Total suspended solids (TSS)

Oil and grease

Oil (animal, vegetable)

Oil (mineral)

pH

Nonconventional

Ammonia (as N)

Chromium VI (hexavalent)

Chemical oxygen demand (COD)

COD/BODy

Fluoride

Manganese

Nitrate (as N)

Organic nitrogen (as N)

Pesticide active ingredients (PAI) Phenols, total

Phosphorus, total (as P) Total organic carbon (TOC)

(Source: Code of Federal Regulations 40 CFR 8413.02, 464.02, 467.02, and 469.12)

In Bahrain, MoW implement a standard characteristic for influent

wastewater are stated by in ministerial order no. 10 for 2009 executive

regulations of the law No. 33 for 2006 with regards to wastewater surface

wastewater. In Table (2-9) a group of contaminants was clearly illustrated

with limited value.
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Table (2-9) Bahrain criteria applied for wastewater influent characteristics

Contaminants Value Unit
PH 6-9 mg/l
TSS 400 mg/I
Turbidity 35 mg/l
F.0.G 50 mg/l
Ammonia-N 30 mg/l
Total Nitrogen-N 50 mg/l
Total Phosphorous-P 10 mg/l
Phosphate-P 5 mg/l
BOD 400 mg/I
COD 600 mg/I
Sulphate 400 mg/l
Sulphide 10 mg/I
MBAS 30 mg/|
Aluminum 5 mg/l
Arsenic 2 mg/|
Boron 2 mg/l
Cadmium 0.5 mg/I
Chromium 2 mg/l
Copper 2 mg/I
Iron 5 mg/|
Lead 5 mg/l
Mercury 0.001 mg/I
Molybdenum 1 mg/l
Nickel 1 mg/|
Zinc 5 mg/l

Source: BAH MO No. 10 for 2009

Wastewater in Bahrain has low concentration of 5-day biochemical
oxygen demand (BOD5) which is less than 220 milligrams per liter,
chemical oxygen demand (COD) is less than 500 milligrams per liter
and total suspended solids (TSS) is less than 220 milligrams per
liter. Effluent characteristics clearly demonstrate its high quality and
suitability for unrestricted irrigation from a microbiological viewpoint
provided that intestinal nematode eggs are duly removed by the sand
filter as would be expected. Nonetheless, from a chemical perspective,
the high salinity in the effluent imposes a medium to severe restriction
on the irrigation of salinity-sensitive crops and plants. High salinity

levels and helminth eggs are two major concerns encountered in the
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wastewater treatment and reuse sector in Bahrain. While the latter can
be dealt with, albeit expensively, using sand filters, the high salinity
requires desalination, which certainly implies further technical

complications and even higher costs. (WHO, 2005).

Table (2-10) Typical influent and effluent characteristics: Tubli wastewater

treatment plant

Parameter Influent Effluent, mg/I
mg/l Average Range
Chemical oxygen demand 410 42 12-88
5-day biological oxygen demand 219 2 0-23
Total suspended solids 179 3 1-13
Volatile suspended solids ND 1 04
Ammonia 24 1.4 0-16
Electrical conductivity (us/cm) ND 5200 3200-8600
Hydrogen lon (pH) ND 7.5 7.0-8.2
Alkalinity ND 158 137-178
Calcium ND 202 183-228
Magnesium ND 110 89-136
Sodium ND 633 515-733
Chlorine ND 1493 1110-1665
Iron ND 0.19 0.03-0.48
Copper ND 0.11 0.02-0.28
Zinc ND 0.2 0.13-0.31
Lead ND 0.15 0.01-0.23
Nickel ND 0.1 0.06-0.15
Cadmium ND 0.01 0.02-0.03
Thermo-tolerant coliform count ND ND 0-25
(MPN/100ml)*
ND: not determined Source: WHO,2005

2.1.3 Wastewater Treatment Processes

Since the19™ century, many technologies have been developed for
the wastewater treatment. The most widely used of these is the
conventional activated sludge process (Metcalf and Eddy, 2003). Many
other technologies have been developed that employ various treatment
processes, both aerobic and anaerobic, highly mechanized to not highly

mechanized, including trickling filters and bio-towers, upflow anaerobic
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sludge blanket (UASB) reactors, rotating biological contactors (RBC),

aerated lagoons, sequential batch reactor (SBR), and many others

(Metcalf and Eddy, 2003). The recent developments in wastewater

treatment technologies provide many options for treating (Kalbar,
Karmakar and Asolekar, 2012).

Giovanni Libralato in (2011) mentioned that the treatment technologies

should be efficient and reliable, with low construction costs, management

and maintenance that support self sufficiency and acceptance by

stakeholders and the general public (Giovanni Libralato, 2011).

The most appropriate technology is choosing for wastewater treatment is

difficult

Moreover, Implementing the appropriate technology

task but it could reduce future risk, problems and failures.

Is very critical

issue in the success or failure of most treatment process (Chan Chong

Law & Hassell, 2009). Key issues should be considered in choosing the

treatment technology are shown in Figure 2-4 .

[ Most Appropriate Technology ]

U
! !
Economically Affordable |¢ | Environmentally Sustainable | Socially Acceptable
l g J
/o Investment \ /o Environmental protection \ /- Public health protection \
e  Population density e  Resources conservation e  Government policy and
e  Technology Efficiency o  Water reuse e  regulations
e  Operation and Maintenance e  Nutrient recycling e  Human settlement
k- Residuals management j K j ko Planning j

Figure (2-4)

Criteria of Selecting Appropriate Wastewater Treatment Technologies
(Source: Massoud, Tarhin, & Nasr, 2009)
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Wastewater treatment is related more to the standards and/or
expectations set for the effluent quality. Therefore all the treatment
processes are designed to improve the wastewater quality (Defra, 2012 ;
Davis, 2010). Wastewater treatment take place over three levels: primary,

secondary, and tertiary (or advanced).
2.1.3.1 Preliminary Treatment

The objective of preliminary treatment is the removal of coarse
solids and other large materials often found in raw wastewater. Removal
of these materials is necessary to enhance the operation and maintenance
of subsequent treatment units (Davis, 2010). Preliminary treatment
operations typically include coarse screening, grit removal and, in some
cases, combination of large objects. In grit chambers, the velocity of the
water through the chamber is maintained sufficiently high, or air is used,
so as to prevent the settling of most organic solids. Comminutors are
sometimes adopted to supplement coarse screening and serve to reduce
the size of large particles so that they will be removed in the form of a
sludge in subsequent treatment processes (Tajrishy, 2012). Flow
measurement devices, often standing-wave flumes, are always included at

the preliminary treatment stage (Davis, 2010).

2.1.3.2 Primary Treatment

Primary (mechanical) treatment is designed to remove gross,
suspended and floating solids from raw sewage (Davis, 2010). It includes
screening, settling basins and filtering, to trap solid objects and
sedimentation by gravity to remove suspended solids. This level is
sometimes referred to as “mechanical treatment”, although chemicals are

often used to accelerate the sedimentation process (Tajrishy, 2012; Defra,
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2012). Primary treatment can reduce the BOD of the incoming
wastewater by 20-30% and the total suspended solids by some 50-60%
(Davis, 2010).

2.1.3.3 Secondary (Biological) Treatment

The objective of the secondary treatment is the further treatment of the
effluent from primary treatment to remove the residual organics and
suspended solids. In most cases, secondary treatment follows primary
treatment and involves the removal of biodegradable dissolved and
colloidal organic matter using aerobic biological treatment processes.
(Matiasi, 2013)Aerobic biological treatment is performed in the presence
of oxygen by aerobic microorganisms (bacteria) that metabolize the
organic matter in the wastewater, thereby producing more
microorganisms and inorganic end-products (principally CO,, NHs, and
H,O). Several aerobic biological processes are used for secondary
treatment differing primarily in the manner in which oxygen is supplied
to the microorganisms and in the rate at which organisms metabolize the
organic matter (Davis,2010)(Defra, 2012) (Rosenwinkel, 2005). High-rate
biological processes are characterized by relatively small reactor volumes
and high concentrations of microorganisms compared with low rate
processes (Defra, 2012). Consequently, the growth rate of new organisms
IS much greater in high-rate systems because of the well controlled
environment. The microorganisms must be separated from the treated
wastewater by sedimentation to produce clarified secondary effluent. The
sedimentation tanks used in secondary treatment, often referred to as
secondary clarifiers (Davis,2010). The biological solids removed during
secondary sedimentation, called secondary or biological sludge, are
normally combined with primary sludge for sludge processing. Common
high-rate processes include the activated sludge processes, trickling filters
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or biofilters, oxidation ditches, and rotating biological contactors (RBC).
A combination of two of these processes in series (e.g., biofilter followed
by activated sludge) is sometimes used to treat municipal wastewater
containing a high concentration of organic material from industrial
sources (Metcalf and Eddy, 2003), (Davis,2010), (Defra, 2012)
(Rosenwinkel, 2005).

2.1.3.4 Tertiary Treatment

Tertiary treatment can remove more than 99% of all the impurities
from sewage, producing an effluent of almost drinking-water quality. The
related technology can be very expensive (Defra, 2012) (Rosenwinkel,
2005), requiring a high level of technical know-how and well trained
treatment plant operators, a steady energy supply, and chemicals and
specific equipment which may not be readily available. An example of a
typical tertiary treatment process is the modification of a conventional
secondary treatment plant to remove additional phosphorus and nitrogen
(Davis,2010; Defra 2012). Disinfection can be the final step before
discharge of the effluent. Disinfection normally involves the injection of a
chlorine solution at the head end of a chlorine contact basin. The chlorine
dosage depends upon the strength of the wastewater and other factors, but
dosages of 5 to 15mg/l are common (Metcalf & Eddy, 2003). Ozone and
ultra violet (uv) irradiation can also be used (Defra, 2012). However,
some environmental authorities are concerned that chlorine residuals in
the effluent can be a problem in their own right, and have moved away
from this process. Disinfection is frequently built into treatment plant
design, but not effectively practiced, because of the high cost of chlorine,
or the reduced effectiveness of ultraviolet radiation where the water is not
sufficiently clear or free of particlesor disinfection but these methods of
disinfection are not in common use(Tajrishy M, 2012).
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2.2 Wastewater Management Background

At the beginning of the 21% century, the world faced a water crisis
caused by continuous population growth, industrialization, increased
living standards and poor water use strategies (Daigger, 2007;Corcoran &
Savelli, 2010). Therefore, It's essential to consider wastewater
management as a part of integrated, ecosystem-based management which
operates across sectors and borders, freshwater and marine (Corcoran &
Savelli, 2010) . United States Environmental Protection Agency (EPA,
2010) defines Wastewater management as a broad range of efforts that
promote effective and responsible water use, treatment, and disposal and
encourage the protection and restoration of their nation's watersheds. In
the other hand, Metcalf and Eddy (2003) and Kazmi & Furumai (2005)
emphasized on this concept by considering the wastewater management
as ultimate goal to protect the environment, In a manner, commensurate
In 2005, a case study was done in suburban Bangkok, Thailand by
Sujaritpong where the critical factors influencing wastewater
management performance at HEs in suburban Bangkok were found using
multiple regression analysis. Three significant factors encompassing
financial, social, institutional and general aspects were identified for each
type of WWM system (centralized and decentralized). The importance of
having a WWM that employs an integrated approach rather than focusing
on specific aspects in isolation from other factors. WWM performance
could be improved if significant factors indicating high priority concerns
were to be identified and properly applied. Addressing the priority
concerns could, consequently, contribute to the development of
appropriate environmental management measures, plans, and policies
related to HE WWM. The factors that were assessed encompass general,

social, financial and institutional aspects.
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Authors found half of the performance aspects assessed in this study were
classified as poor. There are several institutional factors that act as
barriers to improvement in community WWM, including inadequate
monitoring and enforcement, fragmentation and poor communication
among authorities, inadequate capacity of responsible agencies, lack of
interest in WWM from LGAs and HE residents, lack of organization for
monitoring and maintenance of public facilities and insufficient funds for

WWM in HE management.(Sujaritpong & Nitivattananon, 2009)

More recent research was done to find an infrastructure development
strategy for sustainable wastewater system by using SEM Method to the
reason of undeveloped wastewater infrastructure and its obstacle issues,
the research conducted to society, management, and the government as
decision maker. This research concluded that the institutions,
environment, technology selection, financial/economy and socio-cultural
conjointly affect the sustainability. Authors found that the coefficients of
the variables that affects sustainability are used to prepare the strategies
for the provision of wastewater infrastructure, which are the
implementation of legislation and legal sanctions, saving and recycling
wastewater, the selection of appropriate technology for limited space and
the necessity for investment and society involvement. they observed
83,3% of the society members sampled agree that sewerage system makes
the environment and health better (Setiawatia, Notodarmojo, Soewondo,
Effendid, & Otok, 2013).

In Bahrain, the Management of Industrial and domestic wastewater
was developed over decades. The wastewater treatment technology have
gone through several development stages of applied methods and

patterns, starting with ground seepage, filtration using septic tanks, the
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construction of drainage networks and ending with primary and
secondary treatment of wastewater before it returns to the environment,
while tertiary treatment is done as part of the wastewater for reuse and
comply with the environment standards .The management of domestic
wastewater hold by Sanitary Engineering Planning & Projects Directorate
(SEPPD) and Sanitary Engineering Operations & Maintenance
Directorate (SEOMD) at Ministry of work, Municipalities Affairs and

Urban Planning (MOW).
1 Works
Undersecretary

| | 1 1
: AUS, Contruction :
AUS, TthnlcaI _AUS_, Human & Projects & AUS,. Sanl?ary AUS, Roads
Services Finacial Resources . Engineering
Maintenance

Sanitary Engineering Planning &
Projects Directorate

Sanitary Engineering Operation &
Maint. Directorate

Figure (2-5)
Organizational Chart of Ministry of Work, Municipalities Affairs and Urban
Planning

SEPPD Directorate is responsible on setting plans, designs and construct
the sanitary water network across the Kingdom and in charge of
rehabilitation and upgrade of old network and sewage treatment systems
its work encompasses treatment stations, rain water drainage network and
agriculture water drains. It function as the regulatory body which governs
technical specifications related to sanitary works, amends relevant

regulations and oversees work by advisory companies and contractors to
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ensure the compliance to specification. According to the annual report of
ministry of work for 2010, SEOMD Directorate is responsible of
managing and supervising the operation and maintenance of more the 566
pumping stations,11 water treatment plant,18 treated sewage effluent
reservoirs more than 2,00 kilometer of pipe network. There are 13
governmental sanitary treatment plants covering all residential areas in
Bahrain two major sanitary plant (STP), Tubli and Mubharrag sanitary
plant STP and 11 Minor sanitary treatment plants to treat domestic

wastewater are listed in table (2-12) with their wastewater capacity .
Table (2-11) List of the Governmental Sanitary Wastewater Plant and Their

Capacity
Design Flow
No. Facility Name Type of wastewater capacity
m*/d
1 Tubli STP Domestic 200,000
2 Mahharg STP Domestic 100,000
3 Sitra STP Domestic /Partial Industrial 16500
4 Al Hidd STP Domestic /Partial Industrial 2325
5 Ma'mair STP Domestic /Partial Industrial 2250
6 Alba STP Domestic /Partial Industrial 900
7 UOB STP Domestic 504
8 Jau STP Domestic 408
9 Jasrah STP Domestic 340
10 Askar STP Domestic 288
11 Hamala STP Domestic 250
12 Al dour STP Domestic 70
13 Jeddah STP Domestic 25

(source : Sitra STP reports)

The Tubli santairy treatment plant (STP) processes over 310,000 cubic
meters per day. 90% of the treated wastewater is discharged to sea (Tubli
Bay) and only10% is used by agriculture for irrigation. Muharrag Sewage
Treatment Plant (STP), implemented by a coalition of three private sector
institutions - Samsung Engineering, Invest AD and United Utilities as
part of the ministry of work strategic plan for sanitary services. It has a

provision for future expansion to treat 160,000m°® per day. The joint
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venture between Samsung Engineering and United Utilities will operate
and maintain the facilities for its 25 year lifespan. The other smaller STPs
predominantly discharge the treated wastewater to sea. A Master Plan
have been applied by Minintry of Work (MOW reports, 2010-2014) for
the domestic wastewater network to identify the investment requirements
in the domestic wastewater network and those for the treated effluent
system for the next 30 years. It will determine the most cost-effective
solution and timing for augmentation of the domestic wastewater
treatment capacity, the domestic wastewater collection system and the
wastewater reuse system. Minintry of work aimed to cover domestic
wastewater network on their master plan which consist of the following
issues:

. Domestic wastewater System

« Surface water drainage system

« Wastewater treatment plants

. Treated sewage effluent (TSE) and sludge reuse systems
Bahrain’s Supreme Council for the Environment (SCE) is in charge of
monitoring the quality of the discharge treated wastewater into sea and
preventing any illegal discharge of harmful waste with bed impact on the
environment. Supreme Council for the Environment (SCE) Legislative
Decree No. 21 for 1996 on the environment contain very important
articles witch give clear framework to industrial sector such as :
- Article No. 13: The national legislation prevent any unauthorized

discharge of wastewater
- Article No. 28: Clear Inspection procedure
- Atrticle No. 29: Fair Sanctions
In the other hand, Ministerial Order No.10 For 1999:Environmental
Standards for Air and Water was published to control and monitor the
quality of air and water discharge to the environment.
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In 2001 two amendment follow this ministerial order to add more details

and mandatory requirements and limits to discharge air and wastewater:

Part 3 of MO No. 10 is concerning about the conformity requirement for

Air And Water Standards such as:

- Article No. 7: The national legislation prevent any unauthorized
discharge.

- Article No. 8: Promote a suitable treatment technology.

- Article No. 9: Encourage using a control equipment.

Part 6 cover the standards & measurement related to the sources of water

pollution

- Article No. 20: Demand a quality of the discharged wastewater

- Article No. 22:Treatement & Complying with Standards

- Article No. 22 Repeated: Set a fair requirement for the discharge area

Part 7:General Requirements

Article No. 25:demand providing reports and tests

Bahrain’s Supreme Council for the Environment has working mechanism
to monitor the pollutant discharge from factories as shown in figure (2-6).
However, any valuation done by the factories put them through legal

repercussions.
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2.2.1 Sustainable Wastewater Management

Definition of sustainable development is often quoted from the
World Commission on Environment and Development (WCED, 1987):
‘development that meets the needs of the present generation without
compromising the ability of future generations to meet their own needs’.
The fundamental principle behind this definition is to accept that all
human individuals have equal rights, whether living today or in future.
The multi-dimensional character (economic, environmental, and social)
of sustainability which include is fundamental (Balkema, 2002,-Furumai,
2005). The long-term viability of the natural environment should be
maintained to support long-term development. Environmental
sustainability refers to the ability of the functions of the environment to
sustain the human ways of life. It mainly depends upon the ethical basis:
to what extent should policies be anthropocentric and to what extent does
nature have endogenous qualities and efficient utilization of
environmental resources (Balkema, 2002). This is in line with the vision
of the Scientific Council for Governmental Policies (Balkema, 2002).The
basic philosophy of this council is that when implementing the concept of
sustainability, one cannot ignore the uncertainties and the mutual
dependencies between the environment and the society. The forthcoming
risks for the environment and for the economy will have to be balanced.
A number of researchers in the 3" International Conference "Sustainable
Future for Human Security" (Sustain, 2012), discussed the infrastructure
development strategy needed for a sustainable wastewater system in
Setiabudi and Tebet Districts, South Jakarta by using SEM Method
(Setiawati et al, 2013). They noticed that there was no significant
progress in wastewater infrastructure development and to find out

obstacles facing wastewater infrastructure, they conducted a research to

36



society, management, and the government as decision maker. They
concluded that the institutions, environment, technology selection,
financial/economy and socio-cultural conjointly affect the sustainability .
Setiawati et al (2013) prepared the strategies for the provision of
wastewater infrastructure, which are the implementation of legislation
and legal sanctions, saving and recycling wastewater, the selection of
appropriate technology for limited space and the necessity for investment

and society involvement.

2.2.2 Centralized and De-centralized Wastewater

Management

Wastewater treatment approaches vary from the conventional
centralized systems to the entirely onsite decentralized and cluster
systems. An integrated management approach ensures that all the
perspectives of effective management are considered including
economical, social, technical and environmental dimensions (Gaulke &
Stensel, 2008; Setiawati et al, 2013). It's important to note that the needs
and conditions of wastewater management vary from one country to
another and sometimes within the same country (Massoud et al, 2009).
Using appropriate managing system protect the public health and local
water sources and will avoid expensive repairs. These management
systems should address the major problems related to wastewater
treatment approaches particularly in developing countries such as; limited
funding, awareness and involvement of public, inappropriate system
design and selection processes and inadequate inspection, monitoring and

program evaluation component (May, 2009; Sitzenfrei, 2014).
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2.2.2.1 Centralized Wastewater System

The Centralized Wastewater System is defined as a network of
sewers designed to collect wastewater from multiple sources in a service
area for treatment at a single wastewater facility that typically discharges

to a surface water body, as shown in Figure 2-7 (Massoud et al, 2009).

To wastewater treatment plant
Figure (2-7)

Schematic diagram of centralized wastewater collection and treatment (off-site)
(Massoud et al, 2009)

Bowen Du (2014) performed analysis to influents from centralized
and on-site wastewater treatment system receiving common influents.
Bowen concluded in his research that centralized management is different
from the decentralized wastewater treatment and it should be inspected

and maintained regularly .

2.2.2.2 Decentralized Wastewater System

Decentralized Wastewater System is individual or clustered
system(s) used to collect, treat, and disperse or reclaim wastewater from a

small community or service area (Massoud et al, 2009). Onsite
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Wastewater Treatment System is relying on natural processes or
mechanical components to collect, treat, and disperse or reclaim

wastewater from a single dwelling or building (Sitzenfrei, 2014).
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Schematic diagram of decentralized wastewater management (on-site)(a)
subsystem for residential and commercial center; (b) subsystems for residential
neighborhoods;(c) subsystems for industrial development; (d) subsystem for
individual residence; (e) subsystem for new development;

(F) subsystems for establishments or clusters
of homes (Massoud et al, 2009)

The decentralized system is not only a long-term solution for small
communities but is more reliable and cost effective. The authors of this
research present a review of the various decentralized approaches to
wastewater treatment and management in figure (2-8) (Massoud et al,
2009;Hophmayer-Tokich, 2014).
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2.2.2.3 Centralized versus Decentralized

Most communities are facing decisions regarding centralized versus
decentralized wastewater treatment and the criteria used to evaluate each
system involve; data availability, ease of use, capture of relevant
environmental, economic, and social factors, and interest of decision
makers. Some researchers studied the differences between the
Centralized and decentralized/Onsite Wastewater System (Bowen Du,
2014;R. Sitzenfrei, 2014;Giovanni Libralato, 2011). Giovanni Libralato
(2011) overviewed recent wastewater management trends proposed
concerning the role of centralization and decentralization in wastewater
treatment. (Bowen Du, 2014) Giovanni conclude in his research that
decentralized systems will allow treated wastewater recovery and reuse,
making them a stable and sustainable water source, especially for those
areas that historically suffer or have recently been suffering from water
scarcity.

Sitzenfrei (2014) discussed in his article the transitions from
centralized to decentralized solutions estimating the impact of transitions
of centralized water infrastructure to decentralized solutions but also to
assess the impact of population decrease or water demand reductions.
With the geographic information systems (GIS) based sensitivity analysis,
where results communicated to stakeholders and decision makers.
Sitzenfrei summarized the objections to decentralized management
systems, by many water authorities and engineers, are based on two
arguments: first, low performance — this argument is obvious when taking
into account the low treatment level achieved by most of the
decentralized technologies commonly used, such as septic tanks, and the
poor and mostly unprofessional attention on-site facilities usually
received. Usually, household owners and persons in charge of small
enterprises are expected to maintain these facilities. They rarely have the
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knowledge nor are they motivated to efficiently maintain the system.
Second, cost building and operating a great number of small on-site
systems is assumed to be far more expensive than one large central
system. Also, the operation and maintenance requirements of many small
systems will be more than those of one central system (Sitzenfrei, 2014).
Unpublished research done by Ali M. AlAswad at Arabian gulf
university where comparison was done between centralized and
decentralized in the management of wastewater in Bahrain. This
researcher discussed and summarized the main advantages, criticisms and
limitations considering social, economic and environmental issues.
AlAswad indicated that the Ministry of Public Work is debating the
option of expanding the capacity of Tubli plan to reach 350,000 cm/day
by the year 2015 and is also evaluating the option of implementing a
decentralized schemes for different size plants to be located in different
region of Bahrain as well as the design option of a new plant at Al
Maharraq with a daily capability of 100,000 cm/day by the year 2013. He
summarized the major advantages of centralized system are the economy
of scale in terms of low treatment cost estimated at US$0.13/m?
transportation cost of US$0.04/m*® in comparison to the water supply
production cost of US$0.79-0.87/m® , the availability of reuse irrigation
network and the availability of large volume of treated wastewater at a
one location.
Decentralized management system options in different parts of the world
are receiving increased recognition as an effective wastewater
management alternative including Bahrain. The advantage of
decentralized system may consist of low investment in construction and
maintenance costs, where less number of pumping stations and network
collection pipes, better maintenance and control of leakage due to the age

of network, future expansion follow the normal population trends,
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optimal reuse program, enhanced recharging well spacing for disposal of
excess treated wastewater, less odor from low generated volumes and
smaller size land requirement. The implementation of decentralized
system could pose a challenge in terms of design criteria, administrative
measures and cost . AlAswad recommended the evaluation of the current
wastewater treatment policy and program to assess the current practices
and undertake detailed analysis to evaluate the option of decentralized
small size wastewater treatment projects taking into consideration
population growth, future urban plan and the availability of adequate

financial and human resources (AlAswad,2013).

2.2.3 Wastewater Reuse versus Disposal

The growing environmental problems, including the diminishing
natural water resources, greater water demand triggered by population
growth and urbanization, deteriorated water quality, and highly changing
climate. Therefore,its importance to exploit all other possible water
sources before using-up limited surface water and groundwater supplies
(Oron, 1998; Mortins et al, 2013). Recycled water, which is the
wastewater being treated to a specified quality in order to be reused again,
has been increasingly considered as a supplementary water supply (Karl-
Heinz Rosenwinkel, 2005) (Oron, 1998;Venkatesh, Quaff & Pandey,
2013; Chen, 2014; Furumai, 2005; Tajrishy, 2012).

Treated wastewater reuse must meet certain controls, first,
wastewater treatment to reduce pathogen concentrations must meet the
WHO (1989) guidelines, second, crop restrictions must be specified to
prevent direct exposure to those consuming uncooked crops as well as
defining application methods (irrigation) that reduce the contact of

wastewater with edible crops, finally, control of human exposure is
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needed for workers, crop-handlers, and final consumers (Chen, 2014;
Furumai, 2005). Matiasi (2013) summarized the main advantages and
disadvantages of wastewater reuse in the following points:

e It reduces the demand on potable sources of freshwater.

e |t may reduce the need for large wastewater treatment system,
if significant portions of the waste stream are reused or
recycled.

e the technology may diminish the volume of wastewater
discharged, resulting in beneficial impact on the aquatic
environment.

Capital costs are low to medium for most systems and are
recoverable in a very short time; this excludes systems designed for direct
reuse of wastewater. Operation and maintenance are relatively simple
except in direct reuse systems where more extensive technology and
quality control are required. Provision of nutrient rich wastewaters can
increase agricultural production in water poor areas. Pollution of rivers
and groundwater may be reduced. Lawn maintenance and golf course
irrigation is facilitated in resort areas. In most cases, the quality of the
wastewater, as an irrigation water supply, is superior to that of well water.
If implemented on a large scale, revenues to water supply and wastewater
utilities may fall as the demand for potable water for non-potable uses
and the discharge of wastewater is reduced. Reuse of wastewater may be
seasonal in nature, resulting in the overloading of treatment and disposal
facilities during the rainy season; if the wet season is of long duration and
or high intensity, the seasonal discharges of raw wastewaters may occur.
Health problems, such as waterborne diseases and skin irritations, may
occur in people coming into direct contact with reused wastewater. Gases,
such as sulfuric acid, produced during the treatment process can result in

chronic health problems (Qadir, 2010). In some cases, reuse of
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wastewater is not economically feasible because of the requirements for
an additional distribution (Matiasi, 2013). In 2010, Qadir and other
researchers stated in their article that , there are several opportunities for
improving wastewater management via improved policies, institutional
dialogues and financial mechanisms, which would reduce the risks in
agriculture. they also suggested the effluents standards should be
combined with incentives or enforcement can motivate improvements in
water management by household and industrial sectors discharging
wastewater from point sources. Segregation of chemical pollutants from
urban wastewater facilitates treatment and reduces risk. Strengthening
institutional capacity and establishing links between water delivery and
sanitation sectors through inter-institutional coordination leads to more

efficient management of wastewater and risk reduction (Qadir, 2010).

2.2.4 Wastewater Environmental Impact

The environmental impact of uncontrolled disposal of municipal,
industrial and agricultural liquid, solid, and gaseous wastes constitutes
one of the most serious threats to the sustainability of human civilization
by contaminating the water, land, and air and by contributing to global
warming. A safe disposal of wastewater is essential to preserve public

health and reduce intolerable levels of environmental degradation.

2.3 Management and Analytical Tools
2.3.1 SWOT Analysis

Wheelen & Hunger defined SWOT analysis as simple tool to
evaluate the strengths, weaknesses, opportunities, and threats involved in

a project or in a business. It can be carried out for a product, place,
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industry or even a person (Wheelen & Hunger, 2012). SWOT analysis
technique is credited to Albert Humphrey(Wheelen & Hunger, 2012), he
devised the this technique while working for the Stanford Research
Institute (SRI International) in the 1960s and 1970s using data from
Fortune 500 companies. It is used as a strategic planning method to
identify strategic factors - those external and internal elements that will
determine the future of any corporation, (Wheelen & Hunger,
2012).Wheelen & Hunger (2012) explained SWOT analysis in their book
titled "Strategic Management and Business Policy- Achieving
Sustainability”, as the simplest way to conduct environmental scanning.
The external environment consists of variables (Opportunities and
Threats) that are outside the organization and not typically within the
short-run control of top management. These variables form the context
within which the corporation exists. They may be general forces and
trends within the natural or societal environments or specific factors that
operate within an organization’s specific task environment often called its
industry (Wheelen & Hunger, 2012). The internal environment of a
corporation consists of variables (Strengths and Weaknesses) that are
within the organization itself and are not usually within the short-run
control of top management. These variables form the context in which
work is done. They include the corporation’s structure, culture, and
resources. Key strengths form a set of core competencies that the

corporation can use to gain competitive advantage.

2.3.2 lllustrative Application of SWOT Analysis

SWOT analysis is widely used as a research tool applied in many
business management. There have Dbeen several examples of the

successful application of SWOT analysis in many fields. Many
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researches, applied the SWOT as tool to evaluate the strengths,
weaknesses, opportunities, and threats (Souza & Silva, 2014), (Jang, Lee,
& Choi, 2014), (Martins, et al., 2013 ), (Wheelen & Hunger, 2012)
(Mainali, Ngo, Guo, Pham, & Johnston, 2011), (Yuan, 2011) , (Yuksel &
Dagdeviren, 2007), (Paliwal, 2006) and (Sin, Hulle, Pauw, Griensven, &
Vanrolleghem, 2005) . It was used for Water Market: (Jang, Lee, & Choi,
2014), Water resources management (Martins, et al., 2013 ),
Environmental Impact Assessment: (Paliwal, 2006), comparison of
systematic calibration protocols for activated sludge models (Sin, Hulle,
Pauw, Griensven, & Vanrolleghem, 2005). In the 12" International
Conference on Computing and Control for the Water Industry , SWOT
analysis and Balanced Scorecard was been used to put a management
proposal to improve the efficient use of water resources in water supply
systems (Souza & Silva, 2014). In 2011,Yuan used SWOT analysis to
help him understand the status quo of construction waste management of
Shenzhen city in south China and to develop and promote its future waste
management at the strategic level (Yuan, 2011). In the case of
wastewater treatment and reuse, in Australia, a number of researchers
successfully applied SWOT analysis as a tool to identify the feasibility of
using recycled water in washing machines (Mainali, Ngo, Guo, Pham &
Johnston, 2011). They identified the strengths and weaknesses of the new
end use recycled water for washing clothes followed by the associated
external opportunities and threats. Focus should be on the field trials
investigating customer acceptance, their specific concerns towards this
new end use and implementation issues as well as washing machine
durability and longevity. The required recycled water quality for washing
machine use without compromising the health of the people and the
aesthetics of clothes as well as assuring the machine durability can be

experimentally verified. The formulation of an appropriate criteria and
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parameters for recycled water use in washing machines together with the
identification of the community perceptions and all specific concerns can
be studied. An assessment model for the new recycled water application
can be developed. An overall risk assessment can be undertaken to
determine the value of this new end use.

In 2007 Yuksel & Dagdeviren presented a very interesting article they
described the limitation of (SWOT) analysis for textile facilty, as it does
not provide an analytical means to determine the importance of the
identified factors or the ability to assess alternative decisions according
to these factors (Yuksel & Dagdeviren, 2007). When used properly,
SWOT can provide a good basis for strategy formulation (Wheelen &
Hunger, 2012), (Yuksel & Dagdeviren, 2007). However, SWOT analysis
does not provide an analytical means to determine the relative importance
of the factors, or the ability to assess the appropriateness of decision
alternatives based on these factors. But it does pinpoint the factors in the
analysis and allows analysts to categorize factors as being internal
(Strengths, Weaknesses) or external (Opportunities, Threats) in relation to
a given decision, and thus enables us to compare strengths and
weaknesses with opportunities and threats. Therefore, in this research a
suitable analytical tool was found to determine the relative importance of

the factors by using Analytic Network Process (ANP) .

2.3.3 Analytic Network Process Background

Many decision-making issues cannot be structured hierarchically,
because of the existence of interactions and dependencies between the
elements. Thomas L. Saaty (Saaty, 1996, 2005, 2006) proposed the
Analytic Network Process (ANP) model, a generalization of the Analytic

Hierarchy Process (AHP) method. In order to take into account the real-
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world problems complexities. AHP structures a decision problem into a
hierarchy with a goal, decision criteria, and alternatives, while the ANP
structured as a network. Both of them use a system of pairwise
comparisons to measure the weights of the components of the structure,
and finally to rank the alternatives in the decision (Saaty, 1996, 2005,
2006). The ANP represents the decision problem as a network of criteria
and alternatives (called elements), grouped into clusters. All the elements
in the network can be related in any possible way, considering feedbacks

and interrelationships within and between clusters.

a)

Goal

Cluster

a4
Criteria o
Sub-Criteria o

Alternatives

Alternatives

a) b)

Figure (2-9)
Structural Difference between Hierarchy(a) and
Network (b)

The ANP helps to measure inter-dependencies among criteria and the

alternatives. It extends the applications of the AHP to cases of
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interdependent relationships between the assessment elements. The ANP

requires a network structure to represent the problem, as well as a

pairwise comparison to establish the relationships within the structure

(Bottero, Comino, & Riggio, 2011). The ANP is composed of four major
steps (Ali GORENER, 2012) (Yuksel & Dagdeviren, 2007):

Step 1:

Step 2:

Model construction and problem structuring: The problem
should be stated clearly and be decomposed into a rational
system, like a network. This network structure can be obtained
by decision-makers through brainstorming or other appropriate
methods.

Pairwise comparison matrices and priority vectors: Similar to
the comparisons performed in AHP, pairs of decision elements
at each cluster are compared with respect to their importance
towards their control criteria. The clusters themselves are also
compared pairwise with respect to their contribution to the
objective. Decision-makers are asked to respond to a series of
pairwise comparisons of two elements or two clusters to be
evaluated in terms of their contribution to their particular upper
level criteria. In addition, interdependencies among elements
of a cluster must also be examined pairwise; the influence of
each element on other elements can be represented by an

eigenvector.

The relative importance of values are determined with Saaty’s 1-9 scale
(Table 2-12)
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Table (2-12) Saaty's 1-9 Scale for AHP preference

Intensity of Definition Explanation
importance
1 Equal importance Two activities contribute equally to the
objective
3 Moderate importance  Experience and judgment slightly favor
one over another
5 Strong importance Experience and judgment strongly favor
one over another
7 Very strong importance Activity is strongly favored and its
dominance is demonstrated in practice
9 Absolute importance  Importance of one over another affirmed
on the highest possible order
2,4,6,8 Intermediate values Used to represent compromise between

Reciprocal of
above non-zero
numbers

the priorities listed above

If activity i has one of the above non-zero numbers assigned to it
when compared with activity j, then j has the reciprocal value

when compared with i

(Source :Yuksel & Dagdeviren, 2007)

where a score of 1 represents equal importance between the two elements

and a score of 9 indicates the extreme importance of one element (row

cluster in the matrix) compared to the other one (column cluster in the

matrix).

Let C={Cj |j=1,2,...,n} bethe set of criteria. The result of the

pairwise comparison on n criteria can be summarized in an (n X n)

evaluation matrix A in which every element aij (i,j=1,2,...,n)isthe

quotient of weights of the criteria. A reciprocal value is assigned to the

inverse comparison:

aij =1/aji,

E(2-1)

Where aij (aji ) denotes the importance of the ith (jth) element. The

pairwise comparison in ANP is performed in the framework of a matrix,

and a local priority vector can be derived as an estimate of the relative
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importance associated with the elements (or clusters) being compared by

solving the following equation:
A W=XApx- W E(2-2)

where A is the matrix of pairwise comparison, w is the eigenvector, and

Amasx 1S the largest eigenvalue of A.

aj;; Q2 Ain
a1 Az -+ Ay

A=(ay)=|"7" 7 E(2-3)
Am1 . . Qmn

Saaty proposed several algorithms to approximate w. In this research , a

spread sheet in Microsoft Office Excel 2007 will be used to compute the

eigenvectors from the pairwise comparison matrices and to determine the
consistency ratios.

Step 3:  Supermatrix formation: To obtain global priorities in a system
with interdependent influences, the local priority vectors are
entered in the appropriate columns of a matrix.

Step 4.  Selection of the best alternatives: If the supermatrix formed in
Step 3 covers the whole network, the priority weights of the
alternatives can be found in the column of alternatives in the
normalized supermatrix. On the other hand, if a supermatrix
only comprises clusters that are interrelated, additional
calculations must be made to obtain the overall priorities of the
alternatives. The alternative with the largest overall priority
should be selected, as it is the best alternative as determined by
the calculations made using matrix operations.

The calculation of consistency ratio (CR) can conclude whether the

evaluations are sufficiently consistent or not. The CR is calculated as the

ratio of the Cl and the random index (RI), as indicated in Equation (2-4).
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CI
CR=— E(2-4)

Where random index (RI) is constant value to number of n matrix
Table (2-13) Random Index Values

n 1 2 3 4 5 6 7 8 9 10

RI 0 0 058 | 09 | 112 | 124 | 132 | 141 | 145 | 1.49

(Source: Saaty and Vargas, 1991)

The Consistency Index (CI) can be calculated, using the following
formula (Saaty, 1980):

_ (Amax—n)

CI D

E(2-5)

where the accepted upper limit for consistency ratio CR <0.1, the

evaluation procedure has to be repeated to improve consistency.

2.3.4 lllustrative Application of Analytic Network Process

Analytic Network Process (ANP) appear in articles dealing with the
decision sciences. There are numerous practical applications of ANP
compared to AHP, many of them involving complex decisions about
benefits, opportunities, costs and risks. Thomas L Saaty suggested that
studying these applications can be very useful in understanding the
complexities of the ANP(Saaty, 1996). He also suggested the use of
analytic hierarchy process (AHP) to solve the problem of independence
among alternatives or criteria and use ANP to solve the problem of
dependence among alternatives or criteria (Saaty, 1996). Some
Researchers used the Analytic Network Process to propose a decision-

making process for assessing best available techniques regarding the
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potential pollution in Europe (Giner-Santonja, b, & Niclos-Ferragut,
2012).

In 2011, Bottero, Comino & Riggio used in their article multicriteria
analyses (MCAs) techniques articularly, the Analytic Hierarchy Process
and its recent implementation the ANP, to a real decision problem
concerning the choice of the most sustainable wastewater treatment
(WWT) technology, namely Anaerobic digestion, Phytoremediation and
Composting, for small cheese factories. These tools have been considered
for prioritizing the different technologies. The models which have been
suggested by Bottero and his Colleagues enable all the elements of the
decision process such environmental aspects, technological factors and
economic costs, and to compare them to find the best alternative (Bottero,
Comino, & Riggio, 2011). Aragone Pablo stated in his article that, ANP
is a useful tool to help technicians to make their decision process
traceable and reliable (Aragone, 2009). Wei-Wen Wu and Yu-Ting Lee
raised a critical issue of how companies can better evaluate and select a
favorable knowledge management strategy before that implementation.
They developed an effective method based on the ANP to help companies
that need to evaluate and select knowledge management strategies (Wu &
Lee, 2007). In the other hand, Rozann Whitaker is one of the researcher
who test the validation of the Analytic Hierarchy Process and Analytic
Network Process (Whitaker, 2007). In the Analytic Hierarchy Process
(AHP) this usually means, finding examples with measures in an already
known scale. To validate AHP priority vectors against measures from
known scales the measures must be first normalized by dividing by their
sum. When the two vectors are the same, or close, then one can say the
results of the AHP model have been validated (Whitaker, 2007). The
AHP and its generalization, the Analytic Network Process (ANP), can be
validated at several levels ranging from priority vectors derived from
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pairwise comparison matrices to the synthesized priorities for a
hierarchical model, to the priorities derived for the elements in an ANP
network from the limiting supermatrix (perhaps most impressively
validated by estimating market share of companies using intangible
factors), to the overall results from complex ANP models involving
several levels of networks. Many validation examples are presented along
with a discussion of the compatibility index that can be used to measure

closeness of priority vectors. (Whitaker, 2007). This analysis successfully
pinpoints the factors, individual factors are usually described briefly and
very generally. For this reason, SWOT analysis possesses deficiencies in
the measurement and evaluation steps. Although the analytic hierarchy
process (AHP) technique removes these deficiencies, it does not allow
for measurement of the possible dependencies among the factors. The
AHP method assumes that the factors presented in the hierarchical
structure are independent; however, this assumption may be inappropriate
in light of certain internal and external environmental efects (Yuksel &
Dagdeviren, 2007) (GORENER, 2012) . Therefore, Yuksel & Dagdeviren
suggested that, it is necessary to employ a form of SWOT analysis that
measures and takes into account the possible dependency among the
factors. Their article demonstrates a process for quantitative SWOT
analysis that can be performed even when there is dependence among
strategic factors (Yuksel & Dagdeviren, 2007). They proposed a very
interesting algorithm that uses the analytic network process (ANP),
which allows measurement of the dependency among the strategic
factors, as well as AHP, which is based on the independence between the
factors (Yuksel & Dagdeviren, 2007). They observed dependency among
the SWOT factors to effect the strategic and sub-factor weights, as well as

to change the strategy priorities.
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2.4 Wastewater Management in Textile Industry

2.4.1 Textile Wastewater Background

The wastewater effluents from “wet processes”, implemented by the
textile finishing industry are highly toxic a serious threat to ground and
surface water resources. The textile dyeing industry consumes large
quantities of water and produces large volumes of wastewater from
different steps in the dyeing and finishing processes. Water is used in as
the principal medium to apply dyes and various finishes .

On the average, 90% of the water input in textile finishing operations
needs to be treated at the end of the wet operations processes because it
is rich in color, residues of reactive dyes and chemicals. Dye bath
wastewater generated by textile mills is often rated as the most polluting
among all industrial sectors (Sundar, Karthikeyan, & Prabhulndustry,
2010). The pollution load is characterized by high color content,
suspended solids, salts, nutrients and toxic substances such as heavy
metals and chlorinated organic compounds. Therefore, it requires proper
treatment before being released into the environment (Babu, Parande,
Raghu, & Kumar, 2007). A combination of physicochemical processes
followed by biological treatment for textile effluent should be considered.
Many researchers discussed the environmental impact of textile
wastewater (Ghaly, 2014,Venkatesh, Quaff, & Pandey, 2013, Nordin,
Amir, & Riyanto, Sundar, Karthikeyan, & Prabhulndustry, 2010, Dogan,
Kerestecioglu, & Yetis, 2010, Aragonés-Beltran, Mendoza-Roca, Bes-
Pia, Garcia-Meldn, & Parra-Ruiz, 2009, Vandevivere, Bianchi, &
Verstraete, 1998) and all the authors agreed that textile industry is

considered to be one of the biggest threats to the environment.
(For Dyeing) (For Printing)
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Figure (2-10)
Flowchart of Textile Wet Processing

The various processes carried out in the textile industries produce large

amounts of gas, liquid and solid wastes. The wastewater produced during



this process contains large amount of dyes and chemicals containing trace
metals such as Cr, As, Cu and Zn which are capable of harming the
environment and human health. The textile wastewater can cause
hemorrhage, ulceration of skin, nausea, skin irritation and dermatitis. The
chemicals present in the water block the sunlight and increase the
biological oxygen demand thereby inhibiting photosynthesis and
reoxygenation process (Ghaly, 2014). The possible pollutant and the
nature of effluents released from each step of the wet process are listed in
Table (2-14).

Table (2-14) Sources of Water Pollution at VVarious Stages of Processing in
Textile Industry

Process Possible Pollutants Nature of Effluent
Desizing Starch, glucose, PVA, resins, fats Very small volume, high BOD
and waxes do not exert a high BOD.| (30-50% of total), PVA.
Caustic soda, waxes, soda ash, Very small, strongly alkaline, dark
Kiering sodium silicate and fragments of colour, high BOD values (30% of
cloth. total)
Bleaching Hypochlorite, chlorine, caustic Small volume, strongly alkaline,
soda, hydrogen peroxide, acids. low BOD (5% of total)
Mercerizing Caustic soda Small volume, strongly alkaline,
low BOD (Less than 1% of total)
Dye stuff, mordant and reducing Large volume, strongly coloured,
Dyeing agents like sulphides, acetic acids fairly high BOD (6% of total)
and soap
Printing Dye, starch, gum oil, china clay, Very  small volume, oily|
mordants, acids and metallic salts appearances, fairly high BOD.
Finishing Traces of starch, tallow, salts, Very small volume, less alkaline,
special finishes, etc. low BOD.

Source: Ghaly, 2014
Ghaly (2014) explained in his research the characteristics of textile
effluents vary and depend on the type of textile manufactured and the
chemicals used. The textile wastewater effluent contains high amounts of
agents causing damage to the environment and human health including
suspended and dissolved solids, biological oxygen demand (BOD),
chemical oxygen demand (COD), chemicals, odour and colour. where
most of the BOD/COD ratios are found to be around 1:4, this indicates
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the presence of non-biodegradable substances. Typical characteristics of

textile effluent are shown in Table (2-15)

Table (2-15) Characteristics of the Effluent from Various Wet Textile

Processing
Source of effluent generation Parameters
pH COD (mg/L) | BOD (mg/L)
Process Effluent
Desizing 5.83-6.50 | 10000-15000 | 1700-5200
Scouring 10-13 1200-3300 260-400
Bleaching 8.5-9.6 150-500 50-100
Mercerizing 8-10 100-200 20-50
Dyeing 7-10 1000-3000 400-1200
Wash Effluent
After beaching 8-9 50-100 10-20
After acid rinsing 6.5-7.6 120-250 25-50
After dyeing (hot wash) 7.5-8.5 300-500 100-200
After dyeing (acid & soap wash) 7.5-8.64 50-100 25-50
After dyeing (final wash) 7-7.8 25-50
Printing washing 8-9 250-450 115-150
Blanket washing of rotary printer 7-8 100-150 25-50

(Source: Ghaly, 2014)
Desizing have highest the BOD and COD value. The fabric are not able

to absorb water or finishing agents to a sufficient degree. A desizing
treatment is necessary in order to obtain the polymer the desired quality

of the final fabric.

2.4.2 Case Study: Decentralized Management System

in a Local Textile Facility

A local textile company was chosen as case study in this research as
being a model of decentralized wastewater treatment system. The
wastewater management of this company will be evaluated and analyzed
using SWOT analysis supported with analytical network process (ANP)
and the same mechanism will be repeated again to a centralized
wastewater plant. The company was established in 1813, it started with

the manufacture of woolen broadcloth to become a home fashion pioneer.
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In 2006, its management decided to grow and expand into different
markets. It acquired another textile company located in the Kingdom
Bahrain and turned it into the largest textile manufacturer in the Gulf
region. This facility used state-of-the-art equipment for spinning,
weaving, finishing and fabricating a full range of bedding products in an
enormous scale. An advanced art dyeing and printing plant for the
production of high-quality vat, pigment, and reactive dying. This
company is equipped with an automated machines to produce millions of
sheets and pillowcases with varied finishes and embellishments, while
cutting-edge inspection processes help manufacture, package and ship up
to 50 million yards annually-while taking advantage of duty free status
and free trade agreement with the United States.

A field visit and interview was conducted with the Managing Director of
this local textile company, He pointed out that his company's is keen to
fulfill all its environmental commitments and responsibilities and claimed
that his company mange the chemical use responsibly, ensure wise water
use, and continually upgrading its wastewater treatment facilities. Water
consumed was reduced by 14% over the last 3 years for the company ,
while in Bahrain production plant witnessed a drop by 82% in water
consumption over the past 6 years. He justified that the production plant
reclaim over 50% of consumed water for reuse through their enhanced

wastewater treatment.

2.4.3 Wastewater Treatment in Local Textile Facility

Wastewater generated by the production plant of the textile company is a
complex mixture of mainly polluting substances associated with dyes and
the dyeing process (such as COD, BOD, nitrogen, heavy metals and

dyestuffs), wastewater treatment is taken into consideration to ensure a
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safe discharge and avoiding serious environmental impact. The company
use state-of-the-art equipment to treat the water used for dyeing and

finishing operations.

2.4.3.1 Primary Treatment

The first step in wastewater treatment is the removal of suspended
solids, excessive quantities of oil and grease and gritty materials such as
yarns, lint, pieces of fabrics, fibres and rags using bar and fine screening
to help in the reduction of suspended solids in the effluent. Screening is
followed by sedimentation which makes use of gravity to settle the
suspended particles such as clay or silts present in the effluent. The
addition of chemicals to the effluent is necessary to remove colloidal
particles. Ferrous sulphate, lime, alum, ferric sulphate and ferric chloride
are some of the most commonly used chemicals in the coagulation step .
In the other hand, Ferrous Sulphate Heptahydrate (FeSO,4.7H,0) is used
because it has the best decolonization effect than any Fe** and AI®**
coagulated the dye of wastewater and other additives. Mechanical
flocculation involves slow mixing of the effluent with paddles bringing
the small particles together to form heavier particles that can be settled
and removed as sludge. The sludge is held onsite then disposed of at

Askar Municipal landfill .

2.4.3.2 Secondary Treatment

The Secondary treatment process is mainly carried out to reduce the
BOD, phenol and oil contents in the wastewater and to control its colour.

This is biologically done with the help of microorganisms under aerobic
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or anaerobic conditions. Aerated lagoons, trickling filter and activated
sludge systems are among the aerobic system used in the secondary
treatment. In biological treatment processes the effluent of primary
treatment is aerated for about 2-6 days where BOD are removed by
oxidizing the dissolved organic matter to CO, and water and degrade
nitrogenous organic matter into ammonia. phosphorous is efficiently

removed in this stage and sludge will be formed.

2.4.3.3 Tertiary Treatment

Reverse osmosis (RO) membranes has been used to remove
total dissolved solid contents along with ions and larger species from the
effluents. In cotton dyeing processes use of electrolytes along with the
dyes a neutral electrolyte like NaCl is required to have high exhaustion of
the dye. This technology has been used to treat high concentrations of
salts . RO membrane process have many cost effective applications in
textile industry results from the ability to recover materials with value,
recycle water reducing fresh water consumption and wastewater
treatment costs, the use of a point source approach for minimum capital
costs, small disposal volumes which minimizes waste disposal costs,
reduction of regulatory pressures and fines improved heat recovery
systems. Membrane systems used will play an important role to recover

chemicals which used to go to the sewer network.
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2.5 Commentary on Literature Review

Water has precious value and each drop must be accounted for in water
scarce regions such as the Middle East and North Africa. Therefore,
wastewater has to be reclassified as a renewable water resource rather
than waste as it helps increase water availability and, at the same time,
prevents environmental pollution. (Jhansi & Mishra, 2013). From the
previous literature reviewed, it was found that, most of the researchers
were in favor of taking the wastewater as a water source (Tajrishy, 2012),
(Jhansi & Mishra, 2013), (Defra, 2012), (Burian, 2000). Since both
centralized and decentralized wastewater treatment are implemented in
the Kingdom, therefore both systems will be evaluated to improve and
enhance these systems for a better wastewater management. Many
researchers considered the textile industry to be one of the biggest threats
to the environment, therefore local textile company was chosen to
evaluate decentralized wastewater management system of this company
and analyze it using SWOT analysis with ANP and compare it to

centralized facility.

This research will try to implement the work done by Yuksel &
Dagdeviren in 2007 and (GORENER, 2012) by using SWOT analysis to
evaluate the wastewater management practiced in the Kingdom of
Bahrain and using the analytic network process (ANP), which allows
measurement of the dependencies among the strategic factors (Yuksel &
Dagdeviren, 2007).

Table (2-16) is summarizes the most important journals and researches

which have been useful to this research:
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Table (2-16) Summary of Relevant Research to this Study

Field of
Subject

Author

Findings

Comments

Reference

Wastewater M

anagement

Water
demand

Mohammed Saleh
Al.Ansari

The Author discuss many factors affect the
availability and sustainability of the water
supply in Bahrain: climate change, water
quality, pollution, and the production capacity
of new technologies and non-conventional
methods. With growing demand due to
climate change, booming industrial complexes
and  population  growth,  groundwater
abstraction is no longer a sustainable water
resource on its own and other methods must
be put to increasing use.

The Author demonstrates the non-
conventional methods in Bahrain such
as desalination and treated sewage
effluents (TSE) which are
increasingly used to meet the water
demand for agricultural, municipal
and industrial purposes. Pollution,
seawater intrusion and other issues
continue to thwart non-conventional
water resource methodologies and
services, creating a bottleneck for the
water demand. As well as the water
conservation methods for managing
the water demand seem promising in
all sectors.

(AL Ansari,
2013)

Furumai, A. K.

Introduce the concept of sustainable urban
wastewater management in the Asian context.
Sewerage systems are key facilities to support
public health and sound development in urban
areas. They exist in most of the rapidl