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Abstract

This study presents an of global water supply and
demand and safe drinking water issues with a focus on Canada in general and
Newfoundland and Labrador in icular. Therefore, providing adequate to
meet basic human needs must be done within the sustainable development policy, with
proper planning and i d approach ideri i socio-
economic, and political factors. It ines i ive water logies like,

filtration process, ozonation and ultra violet (UV) radiation for water bottling
development. A water quality analysis for nutrient minerals for major global bottled
water brands are discussed in the light of World Health Organization (WHO)
requirements.

The study also evaluates an integrated water bottling system and environmental impact
on the Gisborne Lake watershed area in Newfoundland and Labrador. This study also
presents three scenarios of the transportation systems for bottled water export (i) by
shuttle service to the United States (ii) by Suez vessels to the United States and (iii) by a
modified Very Large Crude oil Carrier (VLCC) vessel to the Gulf countries specially to
port facilities in Saudi Arabia, on their way back, from the proposed Newfoundland and
Labrador Refining Corporation (NLRC) at Southern Head, Amold's Cove region in the
Placentia Bay, Newfoundland and Labrador, Canada.

The study presents the feasibility for bottled water industry, environmental cost and
explores the viability of the export of bottled water from Newfoundland and Labrador, to
global markets. There seems to be considerable potential for bottled water export for
Canada parti for the i of d and Labrador. The
transportation cost for bottled water to the United States and the port facilities in the Gulf
countries are about 2.0 to 7.0 cents per liter from Newfoundland and Labrador, which are

not as high as is usually speculated and seems quite feasible, if planned properly.
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Chapter [
INTRODUCTION
1.1  Background

Global freshwater resources are under stress, water quality is deteriorating and water

resources are depleting due to climate change, population growth and poor water

practices. It is estil 1 that 3% resources are available but
only 1% of the total world’s water are available for human consumption (Gleick,

2001).

In many developing countries, i ient water practices are

to be the major contributing factor in the deterioration of water quality and disparity
in water supply and demand (Rahman and Husain, 2001). It is estimated that 166
million people in 18 countries are facing water scarcity and almost 11 additional
countries with 270 million people are in the group of water stressed countries. The
Middle East and North Africa (MENA) regions are facing most serious water
availability problem. The United Nations Environment Programme (UNEP)
concludes that “two of every three people will live in water stressed regions by 2025

(Christen, 2000). According to the United Nations Educational Scientific



Organization (UNESCO) “around 2.7 billion people are likely to face water shortages

by 2025 if effective measures are not taken to conserve water resources.” The

Council for Scientific Ci ittee ranks the water shortages as the most

pressing environmental issue of the 21* century (Christen, 2000).

Falkenmark (1989) categorizes countries on the basis of the availability of renewable

freshwater resources on per capita basis and classifies them as:

= Limited water problem countries — Countries having more than 10,000 m*
per capita per year renewable water resources.

* General water problem countries — Countries having water availability
between 1,670 to 10,000 m* per person per year renewable water resources.

* Water Stressed Countries — Countries having water availability between 1000
10 1,670 m* per person per year renewable water resources.

= Chronic Water Scarcity Countries — Countries having water availability
between 500 and 1,000 m* per person per year renewable water resources.

= Beyond "water barrier” countries — Countries having less than 500 m* per

person per year renewable water resources.

Water scarcity in some countries have increased by several folds in the last two three
decades. According to the estimate, more than 1 billion people do not have access to

safe drinking water. The current level of water consumption and the effects of



ecosystems degradation may further deplete water resources for the future generations

(Cosgrove and Rijsberman, 2000).

International Year of Freshwater in 2003 focused on the safe drinking water

and

water For the governments, safe

drinking water has become one of the priority areas.

Public water supply systems, in developing countries, are often inadequate to provide
safe drinking water, and as a result there is a big gap in water supply and demand.
Due to lack of availability of safe drinking water for a large population, commercial
alternatives for drinking water are emerging. The emergence of bottled water industry
is one of the most significant development in addressing the safe drinking water
demand and supply imbalance. There are two important factors influencing the

development of bottled water industry:

= Limited availability of safe drinking water, and
= Growing awareness among people to safeguard their health using

bottled water.

Bottled water industry targets both of these factors and as a result there is a growing
belief among people that bottled water is a safe alternative supply for drinking
purposes. Since the demand for bottled water has increased significantly in the last

decade, the bottled water industries are i the world. At

present, bottled water market for ten (10) selected countries have increased from 78.7



billion liters in 2000 to 121.9 billion liters in 2005. In the United States sales of
bottled water have increased from 19.6 billion liters in 2001 to 31.25 billion liters in
2006. Asia is one of the fastest growing bottled water market, with 14% compound
annual growth observed during the year 2006. In Canada, production and market of
bottled water have reached 2,076 million liters in 2005. Canadian bottled water export
was 222 million liters and import was 52.8 million liters (Beverage Marketing

Corporation, 2006).

The province of Newfoundland and Labrador has large quantities of freshwater
resources, which can be used for developing bottled water industries for both local
consumption as well as exports. The development of bottled water industry in
Newfoundland and Labrador will not only provide a better source for safe drinking
water for the local population but also contribute to the economic development. A
technical and economic feasibility analysis for the bottled water industry in the
province is fundamental to the development of industries and offering bottled water

export potential.

1.2 Objectives

The main objectives of this research are as follows:

To describe global water supply and demand situation and discuss safe drinking

water supply and demand scenario in the world.

To assess and analyze possible alternatives to address safe drinking water supply

and demand.



e To discuss state-of-the-art water treatment and water bottling technologies for

bottled water production.

To statically analyze quality of bottled water and examine its use as drinking

alternative.

To assess the ic and

of bottled water industry in
Newfoundland and Labrador.

e To assess the economic feasibility of the bottled water export.

1.3 Organization of Thesis
This study consists of nine chapters:
e Chapter I is the introduction of the thesis describing the background,

objectives, and organization of the thesis.

o Chapter I contains the review of global water supply and demand situation,
focuses on the Canadian water supply and demand, water supply and demand

in Newfoundland and Labrador, water quality and safe drinking water.

Chapter 111 focuses on the literature review on the water treatment and water

bottling technologies.

Chapter 1V includes discussion on the bottled water industry including an
overview of the world bottled water demand and Canadian bottled water
industry, regulatory framework, bottled water market, and potential for bottled

water export.



Chapter V presents bottled water quality analysis based on the literature

research from various international bottled water brands.

Chapter VI examines the prospect of bottled water production, analysis of
potential water supply sources, water treatment systems for bottled water

production in Newfoundland and Labrador.

Chapter VII discusses the transportation system for bottled water export

including transportation cost to the United States and Saudi Arabia.

Chapter VIII presents cost and benefit analysis for the bottled water industry

in Newfoundland and Labrador.

Chapter 1X provides conclusions and recommendations on the safe drinking
water issues, and potential for bottled water industry in Newfoundland and

Labrador.



Chapter II

WATER SUPPLY AND DEMAND

2.1 Introduction

Global, national and regional perspective for the variety of reasons indicated earlier,
the global freshwater resources are depleting at an alarming rate. Nearly 166 million
people in 18 countries are confronted with severe water scarcity, in addition to 11
countries with 270 million inhabitants who are also believed to be in the water
stressed group. According to United Nations population projections, the water scarcity
will continue to increase in future due to climate change and increase in population

growth in the world (Gleick, 2001).

This chapter discusses (i) an overview of global, Canadian, Newfoundland and
Labrador and Middle East and African freshwater resources, (ii) the global, Canadian,
Newfoundland and Labrador freshwater supply and demand, (iii) the freshwater
consumption and withdrawal, (iv) issues related to the water quality, causes of water

contamination, and diseases caused by water ination, and (v) the of

bottled water industry as one of the fastest growing industries in the world.



2.2 Freshwater Resources in the World

As indicated earlier, the global freshwater resources are under stress globally due to
climatic changes, imbalance in hydrologic cycles, and population growth. The
scarcity of freshwater is also becoming a major cause of conflicts in many countries
that share the natural water resources. According to the United Nations Population
Projection estimates, the water scarcity will increase more than five times of its
present level in the next 50 years. Given the extent of current water scarcity, as well

as future demand projections, evolving a feasible solution to meet freshwater demand

— a basic human need, is i In many ping countries,
inefficient water management practices are contributing to the deterioration of water

quality and also growing water demand and supply gaps (Rahman and Husain, 2000).

Freshwater stocks are estimated about 35 million km® or 2.5% of the global water
reservoir. A large part of freshwater (24 million km?® or 68.7%) is in the ice form and
permanent snow cover in the Antarctic and Arctic regions. The main sources of
freshwater for human consumption are lakes and rivers that contain about 90,000 km®
of water, or just 0.26% of total global freshwater reserves, as detailed in Table 2.1
(Shiklomanov and Gleick, 1993). Artificial lakes and reservoirs are significant in

terms of water resources and in the river flow control systems.



Table 2.1: Global Water Resources

Distribution V;Jh-’e) Percentage Freshwater
Area 107 m of Reserves
Wster Resarves " | o ow) t Total Water | (10°m®)
(%)
World Ocean 361,300 1,338,000 96.5
Ground water 134,800
Freshwater 23,400 30.1
Soil Moisture 10,530 0.05
Glacier & 16,227 24,064 1.74 68.7
Snow Cover
Antarctic 13,980 21,600 61.7
Greenland 1,802 2,340 6.68
Arctic Island 226 83.5 0.24
Mountainous 224 406 0.12
Regions
Ground ice/ 21,000 300.0 0.022 0.86
Permafrost
‘Water Reserves 2058.7 176.4 0.013 o
in Lakes
Fresh 1236.4 91.0 0.007 026
Saline 8223 854 .006
Swamp Water 2682.6 1147 .0008 .03
River Flows 148,800 .12 .0002 .006
Biological Water 510,000 .12 .0001 .003
Atmospheric Water 510,000 129 | .001 .04
Total Water 510,000 1,385,984.¢ 100.0 =
Reserves
Total Freshwater 148,800 35,029.0 253 100.0
Reserves

Source: Shiklomanov, 1993

The freshwater lake areas of the world are about 1.5 million km”. The basic data on

the 28 largest freshwater lakes of the world, with an area of more than 5,000 km? are

presented in the Table 2.2.

The great lakes in the North America form one of the largest lake systems in the

world. The largest lake in volume, Lake Baikal in former Soviet Union has

approximately 25% of global freshwater resources (Shiklomanov, 1993). United



States, the former Soviet Union and Canada have the largest number of reservoirs and

approximately half of the world’s reservoir volume (Shiklomanov, 1998).

Table 2.2: Selected World Freshwater Lakes

Volume

Depth

Area :

Lake (km’) (km’) (m) Continent
Superior 82680 11600 406 North America
Victoria 69,000 2700 92 Africa
Huron 59800 3580 299 North America
Michigan 58100 4680 281 North America
Tanganyika 2900 18900 1435 Africa
Nyasa 0900 7725 706 Africa
Great Bear 0200 1010 137 North America

7200 1070 156 North America
5700 545 64 North America
4600 127 19 North America
9000 1710 236 North America
17700 908 230 Europe
16600 444 12 Africa
10000 40 12 Asia
8430 108 70 North America
8110 710 230 South America
7990 110 60 North America
555 180 100 Europe
551 53 8.5 Asia
Winnipegosis 547 16 12 North America
Albert 5100 64 57 Africa
Mweru 5100 32 15 Africa

Source: Shiklomanov, 1993

Many countries have long range plans for developing water reservoirs, the volume is

expected to reach 7000-7500 km® by the end of last century as shown in the Table 2.3.

The water capacity of rivers and stream network depends on the climatic factors,

geologic structures and severity of terrain.




Table 2.3: Selected World Reservoirs (km®)

Countries 1971-1980 | 1981-1990 | 1991-199%6 Total
North America 339.0 176.9 34.7 1692.1
Central & South America 251.5 349.1 236.1 971.5
Europe 103.6 49.3 2.7 645.0
Asia 484.1 321.5 221.6 1980.4
Africa 173.7 56.6 9.8 1000.7
Australia/New Zealand 424 59 0.3 94.8
Totals 13943 959.9 505.2 6384.5

Average Annual Addition 139.4 95.9 84.2

Source: Shiklomanov, 1993

River water systems, has a significant contribution to the global water resources.
Water storage in lakes is fully renewed in seventeen (17) years, however, in rivers it
takes only sixteen (16) days (Shiklomanov, 1998). In the assessment of freshwater

resources generally two criteria are used - static and

resources.

Renewed volume is generally measured as volume per unit of time per year (m/s,
km/yr), which consists of regional runoff, and the inflow of ground water into the
river network. The Amazon is the world’s largest river with more than 15% of annual
global runoff. Table 2.4 presents world’s largest rivers average runoff volume with
more than 200 km’, which forms approximately 40% of global runoff (Shiklomanov,
1993).



Table 2.4: Selected World’s Largest Rivers

" Average Area of Basin Length s
River R unoﬂ‘nﬁm’) (10° km?) (hﬁ; Continent
Amazon 6930 6915 6280 South America
Congo 1460 3820 4370 Africa
Ganges & Brahmaputra 1400 730 3000 Asia
Yangzijiang 995 800 5520 Asia
Orinoco 914 000 2740 South America
Parana 725 970 4700 South America
‘enisei 610 580 3490 Asia
Mississippi 580 220 5985 North America
Lena 5. 490 4400 Asia
Mekong 5 810 450( Asia
Irrawaddy 4 410 Asia
St. Lawrence 439 1290 North America
Chutsyan 363 437 Asia
Amur 355 1855 Asia
Mackenzie 350 1800 424 North America
Niger 320 2090 4160 Africa
Columbia 267 669 1950 North America
Magdalena 50 260 30 South America
Volga 4 1360 50 Europe
Indus 22 960 80 Asia
Danube 4 817 2860 Europe
Yukon 852 3000 North America
Nile 202 2870 6670 Africa

Source: Shiklomanoy, 1993

World Resources Institute (WRI) 1996 as well as the Population Action International

(PAI) Study (1993) have provided the ities of water for
most of the countries. These projections indicate per capita water availability based on

demographic forecasts between the years 1990 and 2025.

2.2.1 Freshwater Resources in Canada

The Canadian i pment and transportation is greatly i by the

Canadian waters particularly rivers and lakes. Canada has approximately 20% of the
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world’s freshwater resources. Canadian rivers annually discharge approximately 9 %
of the world's renewable water. Canadian lakes cover approximately 7.6 % of the
Canadian landmass, and approximately 2% of perennial snow (Environment Canada,
2000).

As presented in Table 2.5, the Mackenzie River is more than 4000 km long and is the
largest river of Canada. The annual discharge of Mackenzie River is 312 billion cubic
meters of water into the Arctic Ocean (WRA,1992). Great Bear Lake on the

Northwest Territories is the world’s ninth largest lake in terms of area.

Table 2.5: Rivers in Canada

Name of the Rivers Length (kilometers)
Spprax.
Mackenzie 4200 — 4300
St. Lawrence 3000 - 3001
Nelson 600
Churchill 600
Peace 500
Fraser 400
North Saskatchewan )
Ottawa
Athabasca D
Yukon
Liard 00
Assiniboine 50
Severn 000
Albany 000
Source: Environment Canada, 2000

The St. Lawrence — Great Lakes drainage basin is the largest in Southern Canada.
St. Lawrence river annually discharges 319 billion cubic meters of water

(WRA,1992). There are 41 rivers in Canada having lengths from 673 km to 4241 km,



and 22 lakes encompassing areas ranging from 2247 sq. km to 821000 sq. km. Some

of the major lakes in Canada are listed in the Table 2.6.

Table 2.6: Lakes in Canada

Name of Lakes Lake Area in km’x1000
A i )

Huron, Ontario
Great Bear, N.W.T.
Superior, Ontario
Great Slave, N.W.T.
Winnipeg, Manitoba g
Erie, Ontario .0
Ontario, Ontario
Athabasca, Sask. 8
Reindeer, Sask. / Manitoba 74
Smallwood Reservoir, Nfid. 6.
Netilling, N.W.T. 6.
Winnipegosis, Man. S
54
4.
3
3.
0

Nipigon, Ont.
Manitoba, Man.
Lake of the Wood, Ont./Man.
Melville, Newfoundland
Source: Environment Canada, 2000

The Northwest Territories and Nunavut cover about 34% of landmass and
approximately 18 % of its area is covered with lakes. The average annual runoff
produced within these two territories is 18 % of the total runoff in Canada (Eaton,

1994).

2.2.2 Freshwater Resources in Newfoundland and Labrador

The province of Newfoundland - Labrador Province with about half a million people,

is the most easterly part of Canada. It covers an area of 405,720 square kilometers.
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The area of the Newfoundland Island is 111,390 square kilometers (27% of the
province) and Labrador is 294,330 square kilometers (73% of the province). The
distance from the southern limit to the northern tip of the province is nearly 1,500
kilometers. The province’s island part, Newfoundland, is situated in the Gulf of St.
Lawrence while Labrador is situated on the northeastern part of Canada. The province

has vast natural resources including lakes and ponds (WRA, 1992).

The surface water is the main source of drinking water in the province.

71% of the ion use surface water for domestic and municipal

uses, and ining 29% uses Reservoir, 3640 square
kilometers on the Churchill River in Labrador, is the largest water body in the
province. In Newfoundland the largest water body is Grand Lake with a surface area
of 354 square kilometers. The sizes of water bodies in the province are shown in the
Figure 2.1 (Environment Canada, 2000; WRA, 1992).



Surface area (sq. km)

o w ) o 2 ) 0

Number of Waterbodies
Figure 2.1. Distribution of water bodies in Newfoundland and Labrador

Source: WRI, 1992
Exploits River is estimated to have an annual run-off of about 8.5 billion cubic

meters.

2.3 Freshwater Supply and Demand in the World
The consumption of water in the world is determined by three main factors:

= Population

* Economic Development

= Climatic and Geophysical Factors
A glance at the world's population indicates that it is growing at an alarming rate and
has already exceeded 6,300 million. According to the forecasts it is expected to
exceed 9,000 million by the turn of the century (PAI, 2003). It is predicted that the
per capita water supply in the world will decline significantly due to population

growth (Shiklomanov, 1993).



As noted in the Table 2.7, with 20% run-off volumes Brazil occupies the first place in
the world in terms of water resources, followed closely by the former Soviet Union
has second place with runoff volume approximately 10.6%, China (5.7%), Canada

(5.6 %), the United States (4.4%), and India (3.8 %)(Shiklomanov,1993).

Table 2.7: Water Availability in Selected Countries (1980s)

P Population | Total Runoff | Percentage of

Country | Area (10° k') 1 (10°m?) | Global Runoff
Brazil 8512 129.9 92! 20.7
USSR 22274 275 47 10.6
China 9561 1024 25. .
Canada 9976 249 24
Indi 3288 718 1680

| United States 9363 2342 1940

[Norway 324 41 405

[ France 544 546 183

[ Finland 33 49 110
World Total 134,800 4,665 44,500

Source: Shiklomanov, 1993

The water withdrawals and water consumption in a region is directly influenced by its
population, industrial development, irrigation system and reservoir water losses due to
evaporation (Shiklomanov, 1993). Water consumption in Asia, Africa and South
America, where irrigation determines 70-90 % of total water withdrawals, depends on
the accuracy of irrigated areas (Shiklomanov, 1993). Table 2.8 shows renewable

water resources and water availability by continent.



Table 2.8: Renewable Water Resources and Water Availability

Maximum | Water Availability
Area Population Water (10° m*/year)
Continent (million (million) Resources
km? 1995 ao'm’ | Per, ger
km capita
Europe 10.46 685 3410 277 4.23
North & Central 24.3 453 8917 324 174
America
Africa 30.1 708 5082 34 5.712
Asia 43.5 3445 15008 1 3.92
South America 179 315 14350 72 382
Australia & 8.95 29 2843 64 822
Oceania
The World 135.21 5635 44712 A 7.6

Source: Shiklomanov, 1998

As observed in the Table 2.8, Africa and the Middle East are facing severe water
shortage. The poor water supply in the region is causing major restraint for socio-
economic development. United Nations Environmental Program (UNEP) predicts,
that two of every three people will live in water stressed region by the year 2025

(Christen, 2000).

The current water status in selected countries of the world is shown in Table 2.9 and
2.10. Annual available freshwater resources in South Africa, 50 billion cubic meters
renewable resources once distributed to 44 million inhabitants will be less than 1000
m® per person per year, which is much lower than the minimum required for
sustainability (Falkenmark, 1989). Although, Asia has the largest water resources, it

has the lowest per capita availability because of its large population.



Table 2.9: Annual and -1
Countries Renewable Withdrawal Per Capita
(km*/yr) (km*/yr) Withdrawal
(myr)
Former Soviet
Ui
Russia 4498.0 77.10 527
K 109.6 33.67 1989
Ukraine 139.5 2599 512
Uzbekistan 50.4 58.05 2320
Asia
China 29.6 525.46 412
India 7.8 500.00 497
Indonesia 8.0 7435 350
Japan 430.0 91.40 723
Malaysia 580.0 12.73 57
Thailand 409.9 33.13 548
Oceania
Australia 398.0 17.80 945
New Zealand 397.0 2.00 532
Papua New 801.0 0.10 21
Guinea
Source: Gleick, 2001
The adequate water supplies are d in six countries of

the world, which includes Brazil, Canada, China, India, Russia and the United States.

More than 40% of total annual river runoff originates from these countries. Five large

river systems: Amazon, Ganges & Brahmaputra, Congo, Yangtze, and Orinoko

constitute 27% of the world’s water resources, while River Amazon, the world’s

greatest river alone contributes 16% of annual global river runoff (Shiklomanov,

2000).



Table 2.10: Annual and Wi -1

Countries Renewable Withdrawal Per Capita
(10° m¥year) (10° m*/year) Withdrawal
(w’lyr)
North America
Canada 2901.0 43.89 1431
United States 2478.0 469.00 1688
South America
Argentina 994.¢ 27.60 745
Brazil 6950. 36.47 216
Chile 468. 16.80 1104
Columbia 1070. 534 137
Venezuela 1317 4.10 170
Mexico 3574 77.62 785
Source: Gleick, 2001

Water resources planning during 20th century has been based on projections of

population, per-capita water demand, agricultural production, and the levels of

and Markova have published current and
projected water consumption by region for agricultural, industrial, and municipal

sectors as well as water lost from reservoir evaporation (Shiklomanov 1993). .

Gleick (1996) argues that water demand projections are based on the current trend in

water i The hy intains that the planning process should be

based on the water demand projections and an anticipated water supply. The

for the water withds | and water ion for the year 2000 based

on regions are summarized in the Table 2.11 and Table 2.12.
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Table 2.11: Water Withdrawal and Consumption (2000)

5 Withdrawals and Consumptive Use
Region (10° myear)
Europe 404 158
Asia 2160 1433
USSR 533 286
Africa 289 201
North America 946 434
South America 293 165
Oceania 35 2.5
Total 4660 2700
Source: Gleick, 1996
The water wil for human ion in 1990 was 3,500 km® and water

consumption was about 2,100 km”. The remaining 1,400 km® are returned to rivers
and lakes. In the WRI projection, global withdrawals were expected to rise 2% to 3%

percent annually.

(1998) used ion and ic factors as main considerations for

the detailed water demand assessments. He refines his water demand assessment and
provides a comprehensive analysis for water resources for the different regions of the

world. Asia due to its population has the largest water demand. Gleick (1996) points

out that decrease in the overall water ion is possible by improving water re-

use. Global water supply and demand are presented in Table 2.12.
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Table 2.12: Global Water Supply and Demand (million m’lyur)

Estimates Projected Forecast

Continent 1995 2025
Europe

Withdrawal 455 559

Consumption 187 256
North America

Withdrawal 686 786

C i 238 269
Africa

Withdrawal 219 337

Consumption 160 220
Asia

Withdrawal

= 2231 3254

Consumption 1565 1876
South America

Withdrawal 167 260

Consumption 97.7 120
Australia & Oceania 304

Withdrawal 97'7 395

Consumption B 23
Total

Withdrawal 3788 5235

Consumption 2265 2764

Source: Shiklomanov 2000

2.3.1 Freshwater Supply and Demand in Canada

Canada's per capita demand for water is about 326 liters per person per day (CBWA,
1998). As detailed in Table 2.13, in many industries, such as steel, pulp and paper

technical have d to an i approach,

which has significantly decreased the water use. For example, the water recirculation
in a steel plant located on the St. Lawrence River in Quebec was able to realize a 36

percent reduction in the total volume of water used.
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Table 2.13: Water Intake in Canadian Regions (million m¥ year)

Region Thermal | Manufacturing | Municipal | Agriculture |  Regional

Atlantic 3126 601 356 is HIS

1005 16 1705 100 3498
Ontario 23095 57 1660 186 28485
Prairies 2025 7 685 3014 21
British 106 G] 698 676 2716
Columbia
National Total | 28357 | 7282 5102 3991 50%
Percent of total | 63.0 16.0 11.0 90 1000

Source: Environment Canada, 2000

2.3.2 Water Supply and Demand in Middle East and North Africa

Middle East and North Africa (MENA) is facing severe water shortage. It is estimated

that about 5 % of the world's population has less than 1 % of all the renewable

freshwater in the region. As shown in the Table 2.14 more than half of the population

in MENA has less than 1,000 cubic meter renewable water resources annually on per

capita basis, which is the lowest in the world. The per-capita availability of water in

the region dropped to 1,250 m® a year in 1996 from 3,300 m® in 1960. Also, when

comparing the world per capita average renewal water resources of 7,700 m’,

MENA'’s per capita renewable water resources of 1,000 m® falls far behind the

world’s average. In addition, more than 70% people in MENA share less than 2,000

m® water annually on per capita basis (Al-Qurashi and Husain, 2001).



Figure 2.1: Water Scarcity in Middle East and Africa (MENA)
Adapted from Watersheds of the World, 2006

Gelick (1996) points out that the basic water requirement for human needs excluding
water required to grow food is approximately 50 liters per person per day. In the year
1955 only Bahrain and Qatar were among “beyond water barrier” countries. It is,
however, predicted that by the year 2025, other middle east countries including
Jordan, Qatar, Saudi Arabia, United Arab Emirates, and Yemen will have per capita
yearly renewable water resources below 300 cubic meter.

to Population Action i (PAI) forecast total population of the

world is likely to increase from 5.7 billion in 1995 to 9.4 billion in 2025. Due to the

growth and i the world with relative sufficiency of

water will reduce from 92% in 1995 to 58% by 2050.
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Table 2.14: Comparative Evaluation of World Water Resources

Per capita Percentage of Percentage
renewable water | population with | Population
Regions resources per less than 1000 m* | between 1000
year (m’) of water per person | to 2000m’ of
per year ‘water per
person per year |
Sub-Saharan Africa 7,100 8.0 16.0
East Asia and Pacific 5,300 <10 6.0
South Africa 4,200 0.0 0.0
Eastern Europe and former 11,400 3.0 19.0
USSR 4,600 6.0 15.0
Other Europe 1,000 53.0 18.0
Middle East and North Africa 23,900 <10 4.0
Latin America and the 19.400 0.0 0.0
Caribbean 7,700 40 8.0
Canada and USA
World
(Al-Qurashi and Husain, 2001)

In 1995, world population with water stress was estimated to be 5%, which is
predicted to increase up to 24% by the year 2050. The water scarcity in the world will

increase to 18% in 2050 compared to 3% in 1995 (Al-Qurashi and Husain, 2001).

In the water scarcity statistics presented in the Table 2.15, water consumption has
been ranked from highest to lowest. Table 2.16 presents water consumption in the
countries for domestic, agricultural, and industrial sectors. The countries are ranked

to their ion and of water per person based on the data

collected from Food and Agriculture Organization (FAO) and P Action
International (PAI). A comparison of these ranks reveal considerable disparity in the

supply and demand of water among the listed countries.
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In the Middle East, Saudi Arabia is ranked number 3 from the consumption point of
view and ranks number 9 from the supply point of view. United Arab Emirates
(UAE) ranks number 4 for per capita water consumption. However, based on the
renewable water availability, UAE has the lowest per capita water availability in the
region (PAI Analysis). In Qatar, the per capita consumption of water is much higher
and ranks 7 (Table 2.16) compared to per capita availability of water resources (Al-

Qurashi and Husain, 2001).

Table 2.15: Water Scarcity Countries in the World Based on UN Analysis

1995 2025
Water 10°m’/ | Population x m’ per Population x m’ per
Countries year 1000 person per 1000 person per
ear ear
Malta 30 367 82 395-448 76
Qatar 50 548 91 739-819 68
Kuwait 161 1691 95 2647-3160 60
Libya 600 5407 [l 12422-13359 -48
Bahrain 90 557 162 795-928 97-113
Singapore 599 3227 80 3939-4397 -152
Barbados 50 261 92 276-3 -181
UAE 489 2210 21 3098-3496 -157
Saudi 4550 18255 49 40916-43531 -111
Arabia
Jordan 1710 5373 318 11375-12414 | 138-150
Yemen 5199 15027 346 36535-42307 | 123-142
Israel 2148 5525 389 7183-874: 246-299
Tunisia 3900 987 434 12323-14618 | 267-316
Algeria 14800 28109 527 43374-50615 | 292-341
Brundi 3597 6064 594 11986-13209 | 273-300
Cape 300 386 77 630-727 413476
Verde
Oman 1929 2207 874 6044-6943 278319
Egypt 58874 62096 936 87577- 559-663
103979

Source: Al-Qurashi and Husain, 2001
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PAI has carried out a detailed analysis on the

water

increase, and per capita availability of water in the world. Table 2.16 represents

international scenario in terms of water consumption. The statistics published by PAI

is updated from time to time and is considered to be the most reliable. Based on the

recent statistics, PAI, the Middle East and the North African region has been found

under the category of “beyond water barrier” with water availability less than 500

m?/person/day.
Table 2.16: Water Consumption in Middle East
Water Consum in million cubic meter per year
10°m™7yr 10°m* yr 10°m*7yr 10m’yr |
Countries
Bahrain 86 120 17 223
Iraq 3800 40000 5600 49400
Israel 544 1105 105 1754
Jordan 190 650 43 883
Kuwait 295 8 383
Lebanon 310 750 60 1120
Oman 81 1150 5 1236
Qatar 76 109 194
Saudi Arabia 1508 14600 192 16300
Syria 650 6930 146 7726
Turkey 5200 22900 N/a N/a
UAE 513 950 27 1490
Palestine 80 130 0 210
Yemen 168 2700 31 2899

Source: Al-Qurashi and Husain, 2001
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Al-Qurashi and Husain (2001) assert that as a result of water shortage in the region,
the riparian countries sharing ground water and surface water resources may, at some
point enter into competition and conflict over water. They stress on the need of

assessing the situation in order to avert conflicts related to water in the region.

2.4 Water Quality

The water quality is determined on the basis of water use and different water uses
require different parameters to maintain the water quality. The water used for
drinking, fishing, recreational, aquatic organisms requires higher levels of water
quality. The water quality depends on the characteristics of physical, chemical, and
biological parameters. Chemicals are frequently discharged into rivers, lakes, and
coastal areas without any water treatment. Due to these discharges water related
diseases, such as, cholera, dysentery and malaria causes illness in half of the
developing countries and claims nearly five million lives annually in the world (WRI,
1997). Water quality is local in nature and differs considerably from one location to
another, season, and span of time. It is therefore difficult to establish a criterion for

the global water quality parameters (Shiklomanov 1997).

Shiklomanov (2000) observes that contamination in water supplies is a worldwide
phenomenon. He points out that the main contamination problems are caused by fecal
and organic pollution. Although fecal contamination of water has been eliminated in
most of the developed countries, pollution due to organic matter continues to exist, he
maintains. He emphasizes that other pollution problems in developed and developing

countries are associated with agricultural runoff and industrial effluents. He goes on
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to maintain that in developing countries like China, India, Mexico, and Brazil,
contamination due to untreated sewage and industrial wastes is a major cause of

deterioration in the water quality.

There are a number of chemical, physical, and microbial factors which effect water
quality these include organic pollutants, nutrients, freshwater heavy metals, microbial

and particle (Shil 1997).

Although water-related diseases have been eliminated in most of the developed
countries, they continue to remain a major concern in most of the developing
countries. According to WHO, there are 4 billion cases of diarrhea each year, in

addition to millions of other cases of illnesses associated with the lack of safe

drinking water. In addition, there are It and illnesses,
which make it difficult to present a realistic figure on the illnesses caused by water

pollution (Gleick, 2002 and WHO, 2000).

Water-related diseases can be categorized in four classes: (i) waterborne, (ii) water-
washed, (iii) water-based, and (iv) water-related insect vectors. The first three are
most clearly associated with the lack of improved domestic water supply. A brief

description on the diseases associated with each class is provided in Table 2.17.

Waterborne diseases caused by the ingestion of contaminated water by human, which
is due to animal faeces, urine containing pathogenic bacteria or viruses, is a major

cause of diseases such as cholera, typhoid, dysentery as well as diarrhea. Water-
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washed diseases that are caused by poor personal hygiene, and skin or eye contact

with contaminated water include scabies, trachoma, flea, lice and tick-borne diseases.

Water-based diseases are caused by parasites found in intermediate organisms living

in contaminated water. Other water-related diseases are caused by insect vectors,

mosquitoes that breed in water and include dengue, filariasis, malaria and yellow

fever (Gleick, 2002).
Table 2.17: Selected Water-Related Disease Morbidity and Mortality
Diseases i ip of Disease to
people Mortality Water and Sanitation
infected/ year | (Deaths/year) | Condition
Diarrheal diseases | 1,000,000,000 2,200,000 to Sanitary disposal, poor
5,000,000 Hygienic conditions, unsafe

drinking water

Intestinal 1,500,000.000 100,000 Unsanitary excreta disposal,

helminthes poor hygienic condition

Schistosomiasis 200,000,000 200,000 Unsanitary excreta disposal,
Safe water scarcity

Dracunculiasis 150,000 - Strongly related to unsafe
drinking water

Trachoma 150,000,000 = Strongly related to lack of face
washing, lack of safe water

Poliomyelitis 114,000 - Unsanitary excreta disposal,
poor hygienic condition,
Unsafe drinking water

Ti niasis 275,000 130,000 Safe water scarcity

Source: Gleick, 2002
The number of d deaths from water-related diseases in the next two decades

depend on the global population, relative rates of mortality from various diseases, the

of diseases, i

on the part of the health community, and

proactive approach in providing safe drinking water, and eradication of water born

diseases (Gleick, 2002).
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According to UN reports, global population, between 2000 and 2020 will grow from 6
billion to 7.5 billion, with the maximum population growth in the developing
countries of Africa and Asia. The availability of safe drinking water will have greatest
impact on the poorest populations of the world in the form of sickness. absenteeism
from work and premature death. Unless United Nations Millennium Goals for safe
drinking water in collaboration with national governments and international aid
agencies work towards for providing safe drinking water, as many as 76 million
people will die by 2020 due to water-related diseases, which otherwise can be

prevented.

2.5 Safe Drinking Water

To provide adequate supply of safe drinking water to every segment of society is the
greatest challenge of this century. The greatest impact of the poor quality of water is
associated with high mortality rate among young children. As presented in Table 2.18

represents access to safe drinking water in developing countries.

Table 2.18: Safe Drinking Water in Developing Countries

Region Population Water Access Population
(1994) Percentage (%) Unserved
(millions)
Africa 707 46 381
Latin America & 473 80 97
Caribl
Asia & The Pacific 3,122 80 627
Western Asi 81 88 10
Total 4,383 74 L115

Source: Gleick, 2001



The United Nations, in collaboration with countries, regularly monitors availability of
water around the world. According to a WHO report published in 2000, 89 percent of

the 1.1billion people around the world lack access to ‘improved water supply.”

Advancement in the water treatment technologies can provide safe drinking water for
public water supply systems. Due to the lack of access to safe drinking water, in the
last two decades bottled water has emerged as an alternate for safe drinking water in
most of the countries. Bottled water fulfills demand for safe drinking water, but it is
confined to a limited section of population. Global bottled water industry is one of the

fastest growing industries.
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Chapter 111

LITERATURE REVIEW

3.1 Introduction

The safe drinking water quality is a matter of concern in most of the countries. A
water quality analysis may provide dissolved mineral composition, organic matters
and dissolved gas. The water treatment needs are different based on many water
quality parameters. Due to the current drinking water demand and pollution problems,
water quality is deteriorating and may need treatment for drinking uses. In the
selection and design of water treatment system, selection of water quality is very
significant. The drinking water quality guidelines of the World Health Organizations
(WHO), Health Canada. International Bottled Water Association (IBWA) and
Canadian Bottled Water Association (CBWA), can be considered for the water

treatment and water bottling industries.

The water treatment ies may include iminary water treatment, filtration,

such as micro-filtration, ultra-filtration, nano-filtration and reverse osmosis, the
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disinfection process may include ozonation and ultra violet (UV) radiation. Therefore,

water quality and water treatment are very significant for water bottling process.

3.2 Water Treatment Technology

There are two types of water sources used for bottled water production, surface water

and ground water. The water bottler ids lati and

economical aspects of availability of the water source. The water quality sources as

detailed by Hidell-Eyster (1997) are presented in Table 3.1.

Table 3.1: Water Sources for Bottled Water Treatment

Natural A protected source where water is bottled directly at the source without any
Mineral Water | treatment to alter its natural mineral.
Spring Water

Natural A spring water or pumped groundwater connected to a spring water source

may require minimum treatment for water bottling.

Spring Water | A naturally flowing spring water or pumped from ground water connected to
aspring may require a treatment, which changes the chemical composition of

water.
Well Water A drilled well through a ‘confining layer’ such as clay, due to hydraulic head
Artesian pressures rises up the well casing to an elevation above the static level of the

tapped aquifer.

Non-artesian A drilled well into a ground water aquifer.

Surface Water
Lakes/Rivers Surface water sources such as lakes, rivers and ponds.

Source: Hidell-Eyster, 1997

According to Health Canada Drinking Water Quality Guidelines (2006), three main

indicators are, microbiological, chemical, and aesthetic. The microbiological indicator

34



includes bacteria, protozoa, and viruses, which may cause gastrointestinal diseases. A

chemical indicator, which covers a range of chemicals (such as magnesium, calcium,

iron and manganese) may be found due to natural causes or from human activities.

The presence of these materials in the drinking water may cause various diseases such
as cancer. An aesthetic indicator deals with the issues of taste, odor, turbidity and
color, which may be due to the presence of natural organic matters in the water. Some
aesthetic indicators do not cause any disease. In order to ensure safe drinking water

quality, these indicators must be managed properly.

3.2.1 Preliminary Water Treatment

3.2.1.1 Suspended Solid Removal

In the preliminary water treatment process for suspended solids removal. as shown in
Figure 3.1, screening, sedimentation and filtration are considered. Screening process
removes large debris, micro straining of algae, and other small particles. This process
is necessary for a fast flowing stream or river. In order to oxidize organic matters
chlorine and ammonia may be added. In the next step, turbid water with no debris,

organic matter enters into sedimentation tank.

Screens which may retain particles (20 to 40 pm) or more may be used with parabolic

design. In the main process, a large volume of lightly contaminated water is used so

that filtration may be avoided (Wayman, 1998).
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Figure 3.1: Suspended Solids Removal
Source: Wayman, 1998

In the sedimentation, as detailed in Figure 3.1, suspended materials are settled, and
sand particles are detained, and smaller particles and organic matter may take about
three (3) to four (4) hours time. In this process, a horizontal, vertical or radial flow
may be considered. In a parallel way. sheet material is assembled and added to a

conventional settler tank (Wayman, 1998).

The flotation process is performed in the initial stages of water treatment and a
compressed air is used in this process. Dissolved air flotation (DAF) system is also
used in combination with an activated carbon or a coagulant. Retention time is
approximately 30 minutes, and DAF units may be installed in smaller spaces

(Wayman, 1998).



32.1.2 Iron and Manganese Removal

In the preliminary water treatment for iron and manganese removal as shown in
Figure 3.2, which may consist of aeration, iron removal and hypo chlorination
chambers. The ground water enters into aeration chamber, which performs process of
degassing, water then runs down in a packed column and use a reduced pressure in a
special chamber. Then water enters into iron or manganese removal chamber, then
enters into hypo-chlorination chamber at the same time, oxygen will be absorbed

between 8 - 10 mg/liter (Wayman, 1998).
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Figure 3.2: Iron and Manganese Removal
Source: Wayman, 1998



3.2.13 Water Softening

The preliminary water treatment process for water softening, as shown in Figure 3.3,
which may consists of magnesium precipitation chamber, calcium precipitation
chamber and settlement chamber. The source water enters into magnesium
precipitation chamber and lime is added to perform action for magnesium
precipitation, then water enters into calcium precipitation chamber and soda ash is
added to perform action for calcium precipitation. This process removes calcium and
magnesium minerals. The water may be softened by lime or soda ash. In the last

process, all matters are settled and removed by filtration process (Wayman, 1998).

Hard Water l Lime fﬂﬁhﬁ P
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Figure 3.3: Water Softening Process
Source: Wayman, 1998
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3.2.2 Filtration Process

Membrane filtration process use semi-permeable membranes to remove bacteria,

organisms, particulate material, and natural organic material from the source water.

filtration is isti but its less expensive method for water filtration.
This process may be installed easily and is very appropriate for water filtration

process, and source water does not require any pretreatment.

Table 3.2: Summary of Membrane Filtration Technology

Technology | Efficiency | Operation Waste Limitation
MF High quality water,
Giardia, Pre or Post Tiow Volome pretreatment, and
and Viruses | Treatment disinfection required
for viral inactivation
High quality water
UF e’:“ri: nd Pre or Post Volume pretreatment and
Treatment 5-20% disinfection required

for viral inactivation

NF Cysts and Pre or Post Volume High'quality water

Viruses Treatment 5-20% ET‘.‘”“‘".""L and_
required
Pretreatment required
Cysts and Pre or Post Volume
RO |Vises |Treamemt |25-50% | 'Oprotect membrane

Source: Pailhes, 1997

Membrane filtration used in water treatment systems may include micro-filtration

(MF), ultra-filtration (UF), nano-filtration (NF), and reverse Osmosis (RO) as detailed

in Table 3.2 (Pailhes, 1997).
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3.2.2.1 Micro Filtration (MF)
In micro-filtration, membranes with pore size of about 0.03 to 10 microns are used.

The also has ification that the molecular weight cutoff (MWCO) is

greater than 100,000 Daltons and a relatively low feed water operating pressure of
approximately 100 to 400 kPa or 15 to 60 psi. This process is effective to remove
sand, silt clays, giardia lambia and cryptosporidium, cyst, algae, and some bacterial
species. This process is not effective for virus removal, but virus removal may be
designed in combination with disinfection process, such as ozonation and ultra-violet

(UV) radiation (Pailhes, 1997).

=)
Spring Coarce ~ Storage Contact W  Pre Final  Ozone
Water Filter  Tank  Chamber Filtration  Filtration Chamber

Figure 3.4: Micro-filtration in Bottled Water Industry
Source: Pailhes, 1997
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As shown in the Figure 3.4, spring water enters to a coarse filter chamber then enters
to different chambers to get desired water. Since ozone in the water may oxidize filter
cartridge components, which may affect filter efficiency, therefore ozonation may be
the last process in a water bottling process. In the selection of filter media (membrane
vs depth) and the cartridge connection the recommendation of micron rating may vary
from manufacturer to manufacturer. The water bottling process should evaluate the
filter retention data for microorganism of concern like cryptosporidium, giardia and
bacteria. The installation of micro filters may be as close as possible to the ozone

contact chamber and water bottling system (Pailhes, 1997).

Micro-filtration may use a tubular and hollow capillary fiber design, which may
process less than one million gallon per day (MGD). A complete design and
construction of micro-filtration may have a prescreen, feed pump, membranes,

cleaning tank, ic gas system, air

integrity
monitor, backwashed water transfer tank, pressure break reservoir, air filter for the
gas backwashed, control for the programmable logic controller, and coalescer

(Pailhes, 1997).

3222 Ultra Filtration (UF)

As shown in the Figure 3.4, the ultra-filtration process may use pressure-driven
separation of material in the water source. Ultra-filtration media are membranes with
pore size of about 0.002 to 0.1 microns with molecular weight cutoff (MWCO) and
are approximately 10,000 to 100,000 Daltons and an operating pressure of

approximately 200 to 700 kPa or 30 to 100 psi. This process may remove all
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microbiological species that cannot be removed by micro filtration. Ultra-filtration
may also remove some types of virus in the water, but it may not remove all types of

viruses. In ultra-filtration process, there is no need to add chemicals in the system for

and sedi ion process (Pailhes, 1997).

Ultra-filtration membrane designs have tubular and flat-sheet geometry. Ultra
filtration membrane is used usually for water treatment plants of less than one and

half million gallons per day (1.5 million gallons per day). Ultra filtration consist of

auto cleaning pre-filter, feed pump, i ion pump,
water pump, air compressor, chlorine dosing pump for the backwashed water,
chlorine tank, chemical tank (detergent), control for the programmable logic

controller with program and security sensor (Pailhes, 1997).

3223 Nano Filtration (NF)

As shown in the Figure 3.4, the nano-filtration process may remove all cyst, bacteria,
viruses, and humic materials. Nano filtration has filter media of membranes with pore
size approximately 0.001 microns with molecular weight cutoff (MWCO) is
approximately 1,000 to 100,000 Daltons and an operating pressure of approximately
600 to 1.000 kPa or 90 to 150 psi. This membrane is capable of reducing hardness of
water, and due to this nano filtration is also called as softening membranes. This
process consists of membranes, feed pump, and some equipment for pretreatment of

water to avoid precipitation of hardness ion in the membranes (Pailhes, 1997).
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3224 Reverse Osmosis (RO)

Reverse osmosis process has membrane filtration system for small water treatment
plants. This is a compact system and have minimum labor requirements. The function
of reverse osmosis in the water treatment is to remove almost all organic
contaminants, radium, natural organic substances, pesticides, cysts, bacteria, and

viruses.

Figure 3.5: Reverse Osmosis Process

Source: Wayman, 1998

In this process, clean water can be obtained near zero effluent contaminant
concentration but disinfection process is necessary to get safe drinking water. In the
process a high water pressure approximately 2100 kPa or 300 psi through a semi-
permeable membrane is passed. In the opening of the membrane water molecules

passes and leaves a high percentage of inorganic contaminants. Pretreatment is
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preferred in this process, which may involves filtration and sometime softening,
chemical additions or both to prevent membrane fouling. Reverse osmosis has high

capital and operating cost due to the design parameters (Wayman, 1998).

3.2.3 Disinfection Process

Disinfection process may destroy any pathogen present in the water. Conventional
water disinfection process involves chlorine to kill pathogenic microorganism in the
water. In order to meet the standards for safe drinking water, one coliform organism
per 100 ml drinking water may be present. An important criteria to use disinfection in
the water treatment process is that the dose of disinfectant must be toxic to the

microorganism but below the toxic threshold to humans,

3231 Ozonation

3.23.1.1  Application of Ozone

Ozone is used for the disinfection of water. This process removes and control
inorganic pollutant oxidation (e.g., iron, manganese and sulfide), organic micro
pollutant oxidation may cause taste and odor problems, color removal and dissolved
by products (DBPs). Ozone is a strong oxidant and may oxidize most of the organic
and inorganic compounds in the water because it is more easily absorb in the water

than oxygen (Kinman, 1975).



3.2.3.1.2  Ozonation Process

As shown in the Figure 3.6, the compressed air is passed to oxygen generator

chamber, then oxygen is passed to ozone generator chamber. The generated ozone is

injected into the water treatment process to disinfect micro organisms. In the next

process the ozone extractor chamber removes the exess ozone and a process in ozone

decomposer chamber (Rice, Overbeck and Larson, 1998).
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Figure 3.6: Ozonation for Water Bottling Process
Source: Rice, Overbeck and Larson, 1998
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As shown in the Figure 3.6, the source water is then passed through a venturi throat,
which creates a vacuum and pulls the ozone gas into the water or the air is then
bubbled up through the treated water. Since the ozone will react with metals to create

insoluble metal oxides, therefore post filtration is required.

The formation of oxygen into ozone occurs with the use of energy. This process is

carried out by an electric discharge field as in the CD-type ozone generators (corona

of the lightning), or by iolet radiation as in UV-type ozone

of the ultravi: rays from the sun). In addition to these
commercial methods, ozone may also be formed through electrolytic and chemical
reactions. In general, an ozonation system includes passing dry, clean air through a
high voltage electric discharge, i.e., corona discharge, which creates an ozone

concentration of approximately 1% or 10,000 mg/l. In treating small quantities of

water, the UV are most ly used, while larg le systems use
either corona disch: or other bulk ing methods (Rice, Overbeck and
Larson, 1998).

According to Hoigne and Bader (1976) ozone may be generated on site because it is
unstable and decomposes in a short time. With the introduction of ozone to the water,
it disinfects water with several mechanisms such as direct destruction of cell wall of
the organism, reacting with radical by-product of ozone decomposition, damage the

microorganism nucleid acids, and breakage of carbon-nitrogen bonds leading to de-
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polymerization. A decomposition of ozone process starts with a series of steps, there

is no established mechanism and reaction, which may be discussed.

3.2.3.1.3  Efficiency of Ozone

Efficiency of ozone disinfection depends on the sensitivity of the target organisms,
contact time and concentration of the ozone. Ozone concentration generally ranges
from <0.1 mg/liter to 1.0 mg/liter. Efficiency of the ozone production is 2% and 5%-
7% with the use of air and oxygen respectively. The water bottling process use
ozonation to treat large quantities of water because of its efficiency. Ozone may be
added to the point of wa