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“We must develop new and innovative approaches in water develop-
ment and management. Let us rededicate ourselves to using water
wisely and responsibly, for the sake of our children and grandchildren."

– Kofi Annan, UN Secretary-General 

MEETING BASIC NEEDS
� While 70% of the Earth's surface is covered by water, 97.5% of the world's water is salt water and 2.5%

fresh water. Most of this fresh water is trapped in polar icecaps, with much of the rest found as soil moisture
or kept in underground aquifers.

� According to the World Health Organization, less than 1% of the world's freshwater, or 0.007% of all the
water on Earth, is readily available for human world consumption. 

� 8% of fresh water resources go towards human consumption and sanitation purposes; the majority of fresh
water resources - 70% - is allocated for agricultural purposes, with the remaining 22% used by industries. 

� 1.2 billion people - or almost 1 out of 5 people in the world - are without access to safe drinking water
and half of the world's population lacks adequate water purification systems. 

� 2.4 billion people, or 40% of the world's population, do not have access to adequate sanitation.

� To ensure our basic needs, we all need 20 to 50 liters of water free from harmful contaminants each and
every day.

� In 1998, 31 countries faced chronic freshwater shortages. By the year 2025, however, 48 countries are
expected to face shortages, affecting nearly 3 billion people - 35% of the world's projected population.

� Residents of developing nations pay on average 12 times more per liter of water than those getting their
water through municipal systems. 

� According to the UN and the World Health Organization, 80% of diseases in developing nations stem from
consumption of and exposure to unsafe water, which kills more than 25,000 people each day. 

� Did you know that people pay $366 billion a year - equal to 1% of the world's GDP - on water purification
and consumption? 

� The demand for water from 1900 to 1995 increased sixfold - more than twice the rate of population
growth during the same time interval. 

� The UN estimates that in less than 25 years, if present water consumption trends continue, 5 billion people
will be living in areas where it will be impossible or difficult to meet basic water needs for sanitation, 
cooking and drinking. 
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Water is the essential element on earth. It gives
life to all nature and purpose to all human

endeavor. How we use this precious resource
and return it for reuse will help define the

future of humanity.

ITT Industries is deeply involved in the cycle of
water use and reuse. We firmly believe that the

participation of our scientists and engineers
along with our products and systems places 

ITT in an important position in the flow 
of this natural resource.

What will the world look like in 20 years
without great advancements in the conser-
vation, treatment and movement of water?
How can populations survive and the economy
thrive without new technologies that enhance
the way we consume and treat water? They
can’t. That is why companies that serve the
world’s $275 - $300 billion water and waste-
water market are on the cusp of great potential.

The world’s growing population in developed
and developing regions is placing a heavy
burden on the delivery, consumption and
treatment of healthy, affordable water. And
while global demand increases for these
water-related services, the world’s infrastructure
is continuing to age, creating a looming crisis
for managing our most precious resource.

In essence, the solution requires a joint 
collaboration between businesses, educators,
and municipal it ies.  Businesses have a 
responsibility to create effective water solutions.
Educators have a responsibility to foster
engineering and science curricula. And

municipalities are forced to meet the real
demand for safe water by increasing the
price of their services. If they fail to do so, today's
multi-billion dollar gap between current rate
of water and wastewater investments and
what is needed to just maintain today’s level
of security will continue to grow and safe
water will be reserved for the few.

Changing Nature of the Water Business

Among players in the water industry there 
is a critical need for full-solution companies 
able to move, treat and pump industrial,
commercial and residential water. Typically,
we have niche companies that specialize 
in pumps, filtration, or other pieces of the 
puzzle. Businesses need to be designed 
to meet growing global demand for clean
water, and to satisfy new regulations governing
municipal and industrial water treatment
through solutions including instrumentation,
filtration, biological treatment, disinfection
and oxidation. 
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ITT Industries, for one, began to expand its
core competencies years ago beyond the
pump industry. Through strong organic
growth and strategic acquisitions, including
most recently the acquisition of WEDECO -
the world's largest manufacturer of ultraviolet
and ozone water disinfection technology -
and Hengtong - a China-based water filtration
company, ITT’s water business is well positioned
to grow in all regions of the world.

Where We’re Headed – Where We Need to Go

Like many technology giants such as Microsoft
and Intel are revered as leaders in developing
products that change our lives, great innovators
of water technology are essential to the
progress of urban development, providing
people, governments and industry with
faster, safer, affordable water.

Unfortunately, we are all just now waking up
to the growing water challenge and the integral
role it plays in society. Most important, they
are coming to grips with the future and the
grim reality we all face without the prospect
of breakthrough technologies that change
the way we think about water and how we
use it.

It is essential to think globally to help tackle
the mounting problems that we all face
when needing to move water from where it
is to where it needs to be. Water problems
vary from region to region so it’s essential to
create innovative solutions that apply to 
specific applications and needs around 
the world. 

These solutions necessitate investments of
time and money. Life Cycle Costing enables 
a customer to look at the entire life of the
product they are buying and calculate how 
much energy and maintenance costs they
can save by using advanced pumps, controllers
and logic systems. While it may seem simple,
Life Cycle Costing is affording developing
countries like China to upgrade its infrastructure
to bring much-needed water to a growing
population, while creating cost-efficiencies
never thought imaginable in years past. 

Filling the Talent Pipeline

Further, we must renew the industry 's
commitment to education, to research,
and to developing the next innovations.

To combat this issue, we must educate future
engineers and scientists about the opportunities
that await them in the world of water. And
we must target these future innovators
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before they begin their university education.
Organized by the Stockholm International
Water Institute (SIWI) and sponsored in part
by ITT, the Stockholm Junior Water Prize
(SJWP) is a competition recognizing exceptional
achievements in water research among students.

In addition to recognizing aspiring talent in
the field of water science, the SJWP is an
example of what needs to be done to educate
and promote young people’s interest in the
field of water study. These students are an
important part of our pipeline of new ideas
to tackle the evolving demands of the
world’s water markets. 

Although the water business is highly
competitive, we all strive for a uniform goal.
The water industry must renew its commitment
to research and development, addressing
emerging technology areas that deal with
issues such as sludge, water recycling and
reuse, and local water treatment. In doing
so, we will continue to generate new ideas
that will keep pace with the world's growing
population and dwindling supply of potable
water.

9ITT Industries’ Place In The Cycle of Water

Robert Ayers 
President, ITT Fluid Technology
Senior Vice President, ITT Industries
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The Cycle of Water

EVERYTHING EXCEPT THE PIPES

The “cycle of water” is a good place to truly appreciate the range of fluid handling products
and systems from ITT Industries. Our pump systems draw water from lakes, rivers and
seas. Our membrane filtration systems treat it and desalt it and UV, Ozone and chlorine
dosing systems disinfect it, making it fit for use. Our pump systems move water to and
from treatment plants to storage facilities and on through the distribution system
to industrial, commercial, municipal and residential consumers. Inside those buildings,
homes and factories, ITT pump packages equipped with intelligent control systems move
water to heat and cool buildings, provide utility service, and to thousands of industrial
applications. Our packaged fire pump systems stand ready to power water for emergency
use. And in those homes, farms and industrial applications off the distribution grid, ITT’s
wide range of submersible and turbine pumps supply water from underground wells.

Once the water has served its human purpose, effluent stations equipped with our
pumps and mixers collect and move wastewater to treatment facilities where submersible
pumps and mixers and monitoring and control systems form the heart of wastewater treatment
plants. As the water moves through the wastewater process, our aeration and sequence
batch reactor systems provide advanced biological treatment, And, before the treated
water is returned to nature, ITT’s UV, Ozone and chlorine dosing systems are used again 
for disinfection.

In the cycle of water, ITT Industries provides everything but the pipes – and sometimes
even the pipes! 

Follow along on the attached poster for a visual reference as you study this section 
of the book. Each station on the poster has a short description while the book has a
corresponding and more detailed presentation of each process and usage of ITT's products
and systems.

11ITT Industries’ Place In The Cycle of Water
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Making the Most of Modular Pumps

When the City of El Dorado in Arkansas faced a water
shortage during peak usage times, they turned to ITT
Industries' Flowtronex unit to design and manufacture
an efficient, modular, skid-mounted pumping system
to draw water from five new deep wells.

Surface water from lake, river or sea enters a water treatment intake
facility before flowing to a pump station. It is then held in an
impounding reservoir before treatment. Through a combination
of actions such as sedimentation, natural coagulation and
chemical interactions, storage can improve water’s physical and
microbiological characteristics and therefore help defend
against the transmission of waterborne diseases. 

ITT Products and Systems for Water Intake

� Skid-mounted, packaged water booster pump stations (Flowtronex, Lowara and Vogel).

� Large, submersible propeller, turbine and mixed flow pumps (Flygt).

� Dry-mounted pumping applications including Large End Suction Pumps, Chemical Feed, Vertical
Industrial Turbine Pumps and Single Stage Double Suction Pumps (Goulds Pumps).

� A wide range of stainless steel centrifugal, cast iron centrifugal and submersible pump 
systems and accessories as well as submersible borehole pumps and line shaft turbines (Goulds
Pumps, Lowara, Red Jacket Water Products, and Vogel).

� Stainless steel centrifugal and submersible pump systems and accessories (Lowara Pumps).

case s to ry



The Cycle of Water
Desalination

Desalination is done either by using Thermal 
or Membrane technologies. Thermal plants use
distillation techniques to vaporize pure water
from its saltine source, leaving salt and other 
contaminants behind. Membrane plants operate
by pushing seawater and brackish water through
ultra-thin, semi-permeable membranes to sepa-
rate salt and other impurities from fresh water.

Distillation is a highly energy-intensive process.
However, membrane technology has improved
and reverse osmosis (RO) and other membrane-
based systems have increasingly become the
technology of choice.

Current estimations of the desalination market show that it will generate $3 billion per year in new business
over the next decade, which is the result of increasing demand for desalinated water and reduced cost for it.

Contracted capacity of new desalination plants doubled between 1998 and 2001, from 400 million
gallons per year to 800 million gallons per year.

Worldwide, approximately 9,500 desalination plants have an aggregate capacity of 8,500 million gallons
per day.

ITT Products and Systems for Desalination

� Seawater RO systems for off-shore drinking water and process systems, crude oil desalting -
and more (C'treat).

� Reverse Osmosis (RO) and Nanofiltration (NF) membrane technologies including standard 
systems, custom engineered systems and products/components to produce high purity or
potable water from brackish water and seawater. (WET). WET RO systems are used for pure
water production for commercial development and various industries, often followed by DI
(deionization) for further purification in high-purity applications. 

� End suction centrifugal, horizontal split-case, multi-stage vertical and multi-stage booster
pumps for desalinization services (Goulds Pumps).

ITT Industries’ Place In The Cycle of Water

case  s to ry
ITT Yields Fresh Water on Short Notice

When a municipal water utility was faced with a
pending shortage of drinkable Water, it employed
a relatively new technology for a reverse osmosis
system to tap a previously unusable backish
ground water supply. With design, technical support
and operator training from ITT Industries' Water
Equipment Technologies unit, the municipality
was able to quickly augment its safe drinking
water supply and enhance the quality of its over-
all water supply as well. 13



                     

The Cycle of Water 

Everything But The Pipes

Filtration and Advanced Filtration

Filtration is the process where particulate matter is separat-
ed from a liquid by passing it through a permeable media
(typically sand but sometimes a dual or multi-layer
media), with perforated underdrains to remove the 
filtered water. The type of media will depend on the
characteristics of the raw water. Filtration is usually 
preceded by coagulation, flocculation and settling.
Activated charcoal filters work through adsorption. 

The advanced filtration system market is currently $4 
to $5 billion per year, with a 12% CAGR. Due to lower
cartridge costs and reduced energy exposure, the overall
membrane market - a component of the overall filtration
systems market - is expected to grow from $2.5 billion in

2003 to about $4 billion in 2007. The ultra (UF) and micro-filtration (MF) market is expected to grow from
approximately $600 million in 2003 to about $1 billion in 2007 with a 21% CAGR.

The primary advantages of membrane filtration include no added chemicals or residuals, low maintenance and
improved throughput at reduced pressures due to improved technologies.

ITT Products and Systems for Advanced Filtration

� Reverse Osmosis (RO), ultrafiltration (UF), microfiltration (MF) and nanofiltration (NF) membrane
technologies including standard systems, custom engineered systems and products/ components
(WET, PCI). The membrane is chosen to match the filtration requirements. Where the challenge is
primarily pathogens, or turbidity, MF or UF is appropriate, but where the requirement is to reduce
salinity, RO or NF would be selected depending on the type of salt, and the level of desalination
required. MF is also an effective pretreatment to RO. For filtration, WET applies Microfiltration (MF)
where there is a need to separate particulates from liquid.

� To treat poor quality water sources to potable standards, the Fyne process is a proven simple, single
stage process that employs advanced membrane filtration technology, together with coarse
screening and disinfection. The Fyne process does not require coagulants as the membranes operate
at a molecular level, hence the process does not generate sludge and is impervious to both sudden
and substantial changes in raw water quality (PCI).

� Mobile, turnkey membrane filtration systems for emergency and military use (Stella-Meta).

� A complete line of pumps for filtration applications including Axial Flow Pumps Vertical Submersible
Pumps, Vertical Turbine Pumps, Single Stage, Double Suction Pumps, Chemical Process Pumps, solids
handling self priming and Multi-Stage Diffuser Type Pumps (Goulds Pumps).

� A wide range of stainless steel end suction and multistage pressure boosters and submersible pump
systems and accessories as well as submersible borehole pumps and line shaft turbines. Metalurgy
available to meet water quality requirements. (Goulds Pumps, Lowara and Red Jacket Water Products).

14
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Sanitaire Nanofiltration a Perfect Fit for
Small Utility

When a municipal water supplier was faced with a 
challenge to meet regulations imposed by the Enhanced
Surface Water Treatment rule, it began the process of
implementing a new technology called nanofiltration.
With products and technical support from ITT
Industries’ Water Equipment Technologies, they were
able to successfully implement a new and cost effective
technology and conform to the regulations.
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Portacel Responds to Water Crisis in Iraq
With Fast Turnaround

With the water supply situation after the recent 
hostilities in Iraq in disarray, ITT Industries’ Portacel
unit responded to a request by UNICEF for a quick
delivery of its chlorine dosing systems for water disin-
fection – helping to provide citizens in the Basra
region with safe drinking water.

Disinfection is used in water treatment and usually
follows coagulation and sedimentation. Advanced
disinfection includes ozone (a powerful oxidizing
agent with a rapid bactericidal effect) and ultra-
violet irradiation (UV). Disinfection by UV is suitable
for most waters low of suspended matter, color
and turbidity and is most effective against Crypto,
Giardia and most viruses. Chlorination, another
type of disinfection is usually dedicated to providing
distribution pipeline residual disinfection.

The global market for UV and ozone disinfection
alternatives is expected to grow at 15% to 20%
per year. Due to enhanced legislation such as the
LT2 Enhanced Surface Water Treatment Rule in the
U.S. to reduce disease incidence associated with
Cryptosporidium and other pathogens in drinking
water as well as the by-products of chemical disinfection.

.

ITT Products and Systems for Disinfection

� Ultraviolet (UV) and Ozone technologies and systems for water disinfection (WEDECO). 

� Chlorination dosing products and systems for water disinfection (Portacel).
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Goulds Turbine Pumps in Jamaican Water
Project

In a long anticipated municipal water supply application
in Jamaica, ITT Industries' Goulds Pumps Vertical Turbine
unit supplied the pumps and the expertise to bring running
water for the first time to the communities of Withorn
and Darliston. This new water supply project will
improve the health and the economic outlook of these
communities by providing clean, potable running water.

Pump stations move water from one location to
another through the water distribution network.
Water distribution networks can be valued at
around 80% of a water company’s assets.
Operation of the distribution network focuses on
two main areas: customer service and leakage
control. Many systems operate with a combination
of gravity fed and pumped supplies, in some
cases, both on the same main. 

ITT Products and Systems for Water Distribution

� Skid-mounted, packaged water booster pump stations for applications throughout a municipal water distribution
system such as pressurizing water supply mains. (Flowtronex, Lowara and Vogel). 

� Dry-mounted pumping applications within a water distribution system including large end suction
pumps, process pumps vertical industrial borehole pumps and single stage double suction pumps
(Goulds Pumps and A-C Pump).

� Stainless steel centrifugal, cast iron centrifugal and submersible pump systems and accessories as well as
submersible turbine pumps and line shaft turbines. Variable speed drives, and complete pump stations
also available. Products are typically used when mainline system pressure is inadequate to serve out-
lying customers or high rise buildings. (Goulds Pumps, Lowara, and Red Jacket Water Products). 



                     

The Cycle of Water 

Everything But The Pipes

Elevated Water Storage

18

case s to ry
Aquavar-Equipped Goulds Pumps Supply
Water to Housing

In a new housing development on a hill in Massachusetts,
pumps from ITT Industries' Goulds Pumps unit were
equipped with the Aquavar variable speed control system
- providing an economical and reliable water pressure
solution from large water storage tanks to elevated
customer locations.

In flat regions, elevated water reservoirs are necessary
to provide sufficient pressure for delivery into the 
distribution system. Ancillary equipment including
booster pumps are usually contained inside the cylindrical
shaft. As systems are expanded, booster sets may need
to be added to the distribution network to compensate for
customers at higher elevations or at the end of long 
piping runs with high friction losses.

ITT Products and Systems for Elevated Water Storage

� High pressure pumps including two-stage, horizontally split-case pumps and single stage double 
suction pumps (Goulds Pumps) and horizontal end suction pumps (Lowara 
and Vogel).

� A wide range of stainless steel centrifugal end suction and multistage pressure boosters and submersible
pump systems and controls as well as submersible borehole pumps and line shaft turbines. Metalurgy
available to meet water quality requirements. (Goulds Pumps, Lowara, and Red Jacket Water Products).

� Valves to provide durable and dependable control of water in elevated water storage tanks (Engineered
Process Solutions Group). 
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Residential water service usually refers to the 
supply of potable water or wastewater and effluent
handling through a distribution network. Homes
are connected to the main supply pipe via house-
hold connections. For homes not on the municipal
distribution system, household wells using sub-
mersible pumps are employed for water supply.
Some homes on the distribution network may also
require booster pumps to supply rooftop storage
tanks, multiple appliances or irrigation systems.

ITT Products and Systems for Residential Market

� For residences on the municipal water distribution system - a complete line of variable speed
drive controls, cast iron and stainless steel centrifugal, multi-stage, sump, booster and jet
pumps (Goulds Pumps, Red Jacket Water Products and Lowara).

� For single family and multi-family homes, circulators, booster pumps, valves, controls, tanks, air
management and other products used in hydronic heating systems, recirculating potable hot water,
plumbing applications, and for increasing water pressure (Bell & Gossett, Flygt, Lowara).

� For residential water purification systems, high flow reverse osmosis systems are used for
“under-the-sink” applications or at the main inlet pipe to the house (WET).

� Stainless steel submersible pumps for use in cellar/garage drainage as well as effluent 
handling (Vogel).

� For use in residences not on the municipal water grid - a wide range of water systems products
including submersible pumps for water supply, jet pumps for shallow or deep wells, and self-
priming centrifugal pumps for use in lawn sprinkling and a complete line of stainless steel
sump, effluent and sewage products for wastewater removal, and drainage (Goulds Pumps,
Lowara, Red Jacket Water Products, Marlow Pumps and Vogel).

� Packaged grinder systems designed for high head sewage applications where a gravity system 
is not practical (Flygt, Goulds Pumps and Marlow Pumps).

� Micro pump stations and turnkey pump stations combined with grinder pumps system for
pressure sewage handling requirements (Flygt, Goulds Pumps and Lowara). 

� In-home ultraviolet disinfection units (WEDECO).
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Goulds Well Water Pumps Grow Along
with U.S.

Even with the huge public utility infrastructure in the
United States, there are many buildings that require
water service that are outside the infrastructure grid
of public water supply systems. Today there are more
than 15 million household wells in the United States
and more than 380,000 public and community wells.
In over a quarter of these wells, you'll find a Goulds
Pumps branded well water pump hard at work.



The Cycle of Water
Commercial/Municipal

ITT Industries’ Place In The Cycle of Water

case  s to ry

Bell & Gossett Pumps H.V.A.C. and Water Supply
for New Mile High Stadium

In the city of Denver, Colorado, a new sports stadium is
rising to replace the venerable "Mile High" Stadium,
which has been host of the National Football League's
Denver Broncos. Providing the water supply and
H.V.A.C. needs of this huge edifice - including a heating
system for the playing field - are pumps and ancillary
products from ITT Industries' Bell & Gossett unit.

Commercial/Municipal water service is the supply of potable
water to larger users, e.g. offices or public buildings, and the
handling of wastewater and effluent, often requiring booster
pump systems to supply utility, HVAC and fire control systems
within the buildings. 

ITT Products and Systems for Commercial/Municipal Buildings

� A wide range of centrifugal pumps, valves, suction diffusers, heat exchangers, and control systems for
HVAC system operation (Bell & Gossett). 

� Packaged systems for water pressure boosting (Bell & Gossett) and skid-mounted, packaged water
booster pumps, set and stations (variable speed) for pressure boosting in applications with insufficient
pressure (Flowtronex, Lowara and Vogel).

� Hydrovar Control System for maintaining water supply system pressure (Goulds Pumps, Vogel Pumps).

� A wide range of stainless steel centrifugal and submersible pump systems and accessories.

� For pressure boosting applications, a complete line of variable speed drive controllers cast iron and
stainless steel centrifugal multi-stage and jet pumps (Goulds Pumps, Lowara, Red Jacket Water
Products, and Vogel).

� Fire pumps and packaged fire pump systems (A-C Fire Pump).

� Submersible drainage, dewatering and effluent pumps for all large infrastructure, construction and 
tunneling projects (Flygt, Goulds Pumps, Lowara and Vogel).

� Self-priming, centrifugal, sump, effluent and sewage pumps in a variety of sizes and materials (Goulds
Pumps, Lowara and Vogel).

� Fully-packaged water lift and booster pump stations and controls for turf irrigation (Flowtronex).

� Wet and Wedeco offer standard RO and UV systems respectively for point of entry or point of 
use requirements.

21
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A-C Custom Pump Guards New Orleans
Against Flooding

The City of New Orleans and surrounding area are well
below sea level - and sinking. Controlling flood waters
is a serious business, especially when you're bordered
by the mighty Mississippi and threatened by Gulf
Coast Hurricanes. Huge flood control pumps from ITT
A-C Custom Pump unit are standing guard, protecting
this region from flooding.

With many cities and municipalities located on or near
bodies of water, there is a need for large, reliable
pumping systems standing by to handle large volumes
of water when rivers, lakes or seas are in flood stage.

ITT Products and Systems for Flood Control

� Mixed flow and axial flow pump, wet pit column and submersible propeller pumps designed for
pumping large capacities over a wide range of lift requirements (A-C Custom Pump, Flygt).
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Flygt Pumps Help Town Stop Sanitary Sewer
Overflows

"An expansion at an Indiana wastewater treatment plant -
including 30 energy-efficient submersible pumps from
ITT Flygt - will support the community's growth while
eliminating sanitary sewer overflows that occurred during
heavy storm events."

Effluent/storm water collection and lift stations are
used for wastewater that may be collected in a combined
sewerage system, which carries both rainwater and
municipal wastewater, or a separate system that has
two sewers. 

Conventional sewer systems are appropriate in
densely populated areas. Most wastewater travels by
gravity through a system of sewers and pumping 
stations. Alternatives include cluster systems, where
alternate sewers transport wastewater to a neighbor-
hood treatment facility. These can be economical and
suitable for smaller communities distanced from the

central treatment system. Furthermore, some properties use septic tanks, where bacterial action takes
place in a below-ground tank, before being discharged to a large leach or absorption field.

Since most sewage is carried by gravity, lift stations are used when a neighborhood is located at a lower
elevation than the nearest collection system. Sewage is pumped ‘uphill’ to the treatment plant for processing.

Recent environmental legislation and public works projects are beginning to deal with Combined Sewer
Overflows (CSO's), which combine residential, commercial and industrial wastes and carry pollutants in the
form of sewage solids, metals, oil, grease and bacteria. During periods of heavy rain, the water in the
CSO's combine with the storm water running over the land. The CSO then becomes overwhelmed with
water which forces it to discharge untreated or partially treated wastewater into community watersheds.

ITT Products and Systems for Water/Effluent Collection Lift Station

� Compact submersible mixers and/or air/water ejectors that provides oxygen to keep the waste-
water fresh (Flygt).

� Hydroejectors and mixers provide bulk flow in equalization tanks, keeping solids into suspension,
providing odor control by introducing oxygen into the wastewater, and when emptying the tanks,
flushing the floor to keep free from sediments (Flygt).

� A wide range of submersible pumps for pumping sewage to wastewater treatment plants
(Flygt, Lowara and Vogel).

� Solids handling self-priming centrifugal pumps are mounted in packaged lift stations strategically
positioned to handle residential wastewater (Goulds Pumps).

23
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Ultra-pure water is crucial to many industries such
as food and drink, chemicals and manufacturing.
Process water must be of impeccable quality to
ensure health and safety, as well as the accuracy of
chemical analysis. Taking water from municipal
supply pipes would be impractical. 

A number of technologies can be used to provide
ultrapure water including reverse osmosis,
nanofiltration, ion exchangers, ultraviolet and
Ozone systems. The resulting water is extremely
pure and contains low or no concentration of
salts, organic/pyrogene components, oxygen,
suspended solids or bacteria.

ITT Products and Systems for Industrial Water Treatment

� Reverse Osmosis (RO), ultrafiltration (UF) microfiltration (MF) and nanofiltration (NF) membrane
systems (WET and PCI). Membranes are often used in combination to reduce turbidity (MF or
UF) and then reduce, or remove salts (NF or RO).

� PCI Membranes are used for industrial processing (e.g. fruit juice clarification, food industry)
and wastewater applications. WET systems are used for pure water production for industries.

� Pumps for advanced filtration applications including axial flow pumps, vertical submersible pumps,
vertical turbine pumps, single stage, double suction pumps, chemical process pumps, and multi-
stage diffuser-type pumps (Goulds Pumps).

Everything But The Pipes
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Filtration System From PCI Finds New
Application in Pharmaceutical Process Industry

When a pharmaceutical manufacturing facility in
Ireland looked for a new way to provide process water
to its manufacturing facility as well as feedwater to a
purified water generation system, it turned to ITT
Industries' PCI unit for a novel application of its "Fyne"
filtration technology to remove color and other tri-
halomethane precursors from organic-rich river water.
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Energy and Operating Costs Lowered in
Hydrogen Plant with PumpSmart

At a new hydrogen manufacturing plant, the cooling
tower application was projected to have a wide variance
in the amount of cooling required. In order to provide
a pumping solution for these demands, PumpSmart-
equipped pumps from ITT Industries' Goulds Pump unit
were installed.

Industrial Water Use

Worldwide, industry accounts for approximately
22% of all water used, with the power industry
being the primary consumer. In addition to relying
on municipal supply for water, industries can draw
raw water from local sources such as lakes, rivers,
seas and underground wells.

ITT Products and Systems for Industrial Water Use

� Pump systems, mixers, valves and controls from Goulds Pumps, Flygt, Richter, Lowara, Vogel,
Bell & Gossett and Engineered Process Solutions Group are used in a tremendous range of
industrial water applications including Oil & Gas, Chemical Processing, Pulp & Paper, Power,
Mining, Biopharm Manufacturing and Mineral Processing. ITT’s Goulds Pumps has the distinction
of providing the widest range of industrial pump systems with millions of installed products
around the world. WEDECO has systems for Ozone bleaching of pulp and Hengtong provides
filtration systems for the steel industry and power industries.

For a more comprehensive look at ITT’s range of products and systems for the industrial market:
http://www.ittindustrial.com
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Industrial Water Re-Use

Industrial water re-use involves the treatment of waste-
water produced by large manufacturers such as refineries,
chemical companies and plant assembly lines. Effluents 
are often complex and difficult to treat and cannot be 
discharged directly to a municipal sewage treatment facility.
There are a number of technology options available for
industrial wastewater treatment Including filtration, membrane
separation and biological treatment. 

Pre-treatment involves producing low-turbidity water using
coagulation, settlement, dual media filtration and either
cartridge filtration or ultrafiltration. Following pretreatment
the pH value of the water may be raised and dosing is pos-

sible to prevent scaling. Chlorination may be required, depending on the membrane material. 

Bioremediation is the controlled use of micro-organisms to detoxify contaminated water. This process
takes place in a bioreactor and has proven effective in remediating water polluted with fuel hydrocarbons
and organics.

Due to a number of factors including the cost of discharging wastewater to municipal plants and the cost
of water (which can be reused multiple times if treated on-site) there is a growing investment by industry to
create "zero discharge” facilities. 

ITT Products and Systems for Industrial Water Re-Use

� From main effluent sump to discharge, mid-sized submersible centrifugal pumps and mixers,
and Flojet aeration system (Flygt).

� Fine bubble aeration systems with membrane and ceramic discs as well as full-scale sequencing
Batch Reactor (SBR) systems (Sanitaire).

� Reverse osmosis (RO), ultraviolet (UF), microfiltration (MF) and nanofiltration (NF), and ultra-
filtration membrane systems (PCI, WET). 

� Ozone and UV disinfection and oxidation systems (WEDECO). 

� Chlorination dosing products and systems for water disinfection (Portacel).

� Process/cooling water recycling and industrial filtration requires sump pumps, process pumps,
double-suction and vertical turbine pumps (Gould’s Pumps).

� Circular clarifiers for primary clarification (Sanitaire).

case s to ry
Sanitaire SBR Process Cleans Complex Waste
Stream

The DuPont Corporation operates a world-class 
chemicals and fibers manufacturing complex on the
north coast of Spain. Sequencing Batch Reactor (SBR)
technology from ITT Industries' Sanitaire unit was
selected to meet the challenging waste treatment
needs for this growing site which has had environ-
mental protection as a core objective and operating
principle from its inception in 1991.26
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Agriculture

Agriculture is the biggest user of water by some distance –
approximately 70% worldwide. In Asia and the Middle
East, irrigation uses up to 85% of available water supplies.
Notable water-rich crops are cotton and rice. Agricultural
use of water can involve a farmer sinking his own well and
pumping water from a borehole. More sophisticated systems
channel surface water to farms via elaborate irrigation channels.
Manure handling and treatment are also important applications
for agricultural water use.

ITT Products and Systems for Agriculture

� Submersible pumps including small & medium centrifugal pumps, large centrifugal pumps, and
large submersible mixed flow pumps (Flygt).

� Water systems products including jet pumps for shallow or deep wells, self-priming 
centrifugal pumps for use in lawn sprinkling, irrigation, water transfer and dewatering
applications, cast iron and stainless steel centrifugal pumps and submersible and line shaft
turbine pumps for water supply and irrigation (Goulds Pumps, Lowara and Red Jacket
Water Products).

case s to ry
Hydrovar-Equipped Lowara Pumps Produce
Premium Strawberries

On a new strawberry farm in Queensland, Australia,
the grower was faced with multiple and varied
demands on water requirements for crop irrigation and
other tasks on the farm. Helping to cope with a wide
variety of water needs is a set of all stainless steel
Lowara pumps equipped with the Hydrovar control system.
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Wastewater – Primary Treatment

Primary treatment physically removes coarse
particles and sand at screens and in grit chambers.
Primary treatment is normally referred to primary
sedimentation tanks that remove 40% of the sus-
pended solids and 30% of the organic material. 

Large numbers of wastewater treatment plants
were constructed in the U.S. during the 1970's
and 1980's when large sums of federal money
was available for implementation of the Clean
Water Act. With much of this equipment and
infrastructure reaching the end of its useful life,
new plants and modifications to existing plants
will be constructed to meet stricter permit
requirements, increased capacity and integrat-
ing new technologies. The EPA estimates that

over the next 20 to 30 years, approximately 2,300 new plants many have to be built.

ITT Products and Services for Primary Treatment

Pumps and systems for a wide range of applications including raw influent pumping, settling tanks,
digestion tanks, aeration tanks, clarifiers, storage tanks, and chemical polishing.

� Submersible pumps and mixers (Flygt).

� Dry-mount non-clog, vortex, self-priming, centrifugal, slurry, and vertical turbine pumps
(Goulds Pumps).

� Monitoring and control systems to supervise plant operations (Flygt). 

� Circular Clarifiers for primary clarification (Sanitaire).

case s to ry

New Waste Treatment Plant in Fast-Growing
Missouri County Powered by Flygt Pumps

When a sleepy rural area of Missouri became the target
for high-tech business expansion, the sewage facilities
were quickly out-stripped. Plenty of forethought went
into devising a system that included pumps and systems
from ITT Industries’ Flygt unit that would efficiently
meet the area’s needs for years to come.
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case  s to ry
Sanitaire SBR Provides Large Clean-up on 
Small Site

One of the largest capacity wastewater treatment plants
in Europe is under construction on a small plot of land at
Ringsend, on Dublin Bay in Ireland. Sequencing batch
reactor (SBR) technology and 100,000 diffusers from ITT
Industries' Sanitaire unit were selected to meet the 
challenging waste treatment needs for this site.

Secondary Treatment

Secondary treatment is the biological removal of dissolved solids, whereby
mirco-organisms convert non-settling solids into a form in which they can be
removed. Aeration plays a crucial role for the process. Sedimentation usually
follows. Activated sludge is one of the most common processes, whereby a
culture of bacteria break down organic material with aeration and agitation,
before the solids are allowed to settle out. 

The major purpose of secondary treatment is to remove the soluble BOD that
escapes primary treatment and to provide further removal of suspended
solids. Biological breakdown of soluble organic materials uses a variety of
organisms to convert these impurities into carbon dioxide and water.

Sequential Batch Reactor (SBR) - incorporates both aerobic and anaerobic
processes in a single reactor and is normally installed where no public sewer
or septic tank is available. The SBR process provides extended aeration for
biological degradation, and results in reduced BOD and high removal rates of

COD, nitrogen, ammonia and phosphorus. SBRs are able to handle varied flows, high sludge production and
produce high quality effluent.

Increasingly stringent regulations and higher costs make it probably that more industries will treat their own
wastewater before discharging or reusing it. The small footprint and expendability of SBR systems make them
a good choice for municipalities and industry.

The EPA estimates that secondary treatment is expected to increase by 40% in the future.

ITT Products and Systems for Secondary Treatment

� Conventional biological treatment systems and technologies including energy efficient ceramic and
membrane fine bubble aeration systems, stainless steel coarse bubble diffusers, and in-place cleaning
systems (Sanitaire). 

� The ABJ ICEAS Sequential Batch Reactor process can be used at both municipal and industrial waste-
water treatment plants. The processes of biological oxidation, nitrification, denitrification, phosphorus
removal and liquids/solids separation are achieved continuously in a single basin and can be easily
expanded (Sanitaire-ABJ).

� Submersible pumps are used in many applications in secondary wastewater treatment. Submersible
mixers are used in concert with aeration systems (Flygt).

� Monitoring and control instrumentation for secondary wastewater treatment processes (Royce
Technologies).

29
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Tertiary Treatment/Disinfection

Tertiary treatment refers to any level of treatment beyond 
secondary. This includes the removal of nutrients (advanced
treatment), chemicals or metals and chemical polishing of the
water. Tertiary treatment will further remove fine suspended matter
remaining in the effluent and reduce BOD. Tertiary treatment may
carried out by micro-strainers or advanced filtration.

Disinfection - usually the final process before discharge into
receiving waters. Disinfection is used to destroy harmful
pathogens, but not complete sterilization. Disinfectants often
include chlorine, chlorine and ammonia, and ozone. UV and
ozone disinfection can minimize the use of chlorine.

ITT Products and Systems for Tertiary Treatment

� Chemical-free water disinfection and water oxidation systems including ultraviolet (UV) and ozone
(WEDECO).

� Chlorination dosing products and systems for water disinfection in the tertiary stage of waste-
water treatment (Portacel).

case s to ry
WEDECO Keeps New Zealand Waters Safe

When the city of Manukau in New Zealand moved
to protect the environment of the flora and fauna
in the coastal waters as well as safeguard the
health of bathers, they turned to a UV disinfection
system from ITT's WEDECO unit to install the
world's largest such system.
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Sludge Handling

Sludge handling is not directly a part of the waste-
water treatment process, but is, rather, the process
of handling and disposing of the residuals (biosolids
or sludge). Biosolids are primarily organic, accumu-
lated solids separated from wastewater, that has
been stabilized by treatment and can be beneficially
used. Sludge is the unstabilized solids separated
from wastewater, a term not interchangeable with
biosolids. Sludge is of vital interest to wastewater
treat plant operators because this aspect of the
process tends to consume upwards of 30% of a
plant’s operating budget. Equipment for sludge 
processing include digestion tanks, dewatering
presses for producing cake and incinerators to
destroy pathogens. Traditionally, sludge was 
disposed to landfill, but methods of reusing sludge
have included land reclamation or agriculture, incor-
porating it into construction materials and soil and
soil improvers.

However, the wastewater industry is moving away from the quickest and cheapest route for
sludge disposal to a more holistic concept to accommodate the type of product that end-
users will purchase or that might be more beneficial to the environment.

The U.S has many laws that control or limit the use and disposal of sludge as well as the 
contents of pollutants in sludge. Standards that limit the concentration of dioxin and 
dioxin-like compounds in biosolids have recently been proposed. Sewage sludge biosolids
may also be subject to state and local regulations.

In Europe, implementation of the Urban Wastewater Treatment Directive is resulting 
in increased quantities of sewage sludge requiring disposal. It has been estimated that 
member states will produce 9 million tons by the end of 2005. The UWWTD requires sludge
to be reused wherever possible. The dumping of sludge at sea has been banned since 
1998, following which disposal routes have been limited to incineration, landfill or use on
agricultural land.

ITT Products and Systems for Sludge Handling

� Settled sand and organic materials are transported by submersible pumps equipped a vortex
impeller and N-Impeller respectively (Flygt).

� Wet-installed N-Pumps or F Chopper Pumps for sludge transport to dewatering units (Flygt).

� High efficiency propeller pumps or N-Pumps for pumping of return activated sludge and
waste-activated sludge (Flygt).

� Submersible compact mixers provide sludge homogeneity and release of remaining gases in
the sludge storage tank (Flygt).

� Dry-mount no-clog and vortex type solids handling pumps (A-C Pump).



                     

The Cycle of Water 

Everything But The Pipes32

case s to ry
Flygt N-Pumps Provide Solution for Digested
Sludge

A wastewater plant in Germany was experiencing con-
tinual pump stops due to digested sludge containing
rags and abrasive mineral sand. Replacing a screw
pump with and N-Pump from ITT Industries’ Flygt unit
has resulted in a more reliable circulation process and
substantially lower operating costs.

Sludge Handling
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Water Return

At the end of the wastewater treatment process,
the treated effluent is returned to the environment
via pumping stations or reused in applications
such as agriculture, golf courses or municipal irrigation.

ITT Products and Systems for Water Return

� Submersible and dry-mount pumps (Flygt, Goulds Pumps and A-C Pump).

� Skid-mounted, packaged water booster pumps and stations for pressure booster applications
(Flowtronex).
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Regulations and Legislation

INTRODUCTION

Why is water important?

Water lies at the heart of a nation’s prosperity; without it industry and agriculture could not
function properly. Human beings also need access to abundant supplies of freshwater for
their daily needs.

Since the late 1940s, there has been a steady increase in the volume of water withdrawn from
the world’s surface water and groundwater reserves to meet development needs. As countries
have advanced, pollution of this precious resource by agriculture, industry and human waste
has also increased.

One notable trend since the end of the Second World War has been to increased urbanization,
particularly in developing countries. Unfortunately, the water and wastewater infrastructure
in these countries (and the developed economies of Europe and the United States) has not
always been sufficient to meet the increased demands from rising populations.

Why we need environmental legislation

To deal with this situation and to safeguard the resource for future generations, global planners
started to regulate the abstraction and use of water. The World Health Organization (WHO)
has set standards for drinking water quality since 1955 in the belief that “all people have the
right to have access to an adequate supply of safe drinking water”.

WHO standards have been the main drivers behind environmental legislation in the United
States and the European Union. 

There are two main reasons why countries have sought to regulate the use of water and the
treatment of wastewater. Firstly, withdrawals of freshwater have increased to such an extent
that they are starting to outstrip the recharge capacity of natural resources (aquifers and
rivers). For example, over pumping of groundwater is now widespread in much of the western
United States, North Africa, the Middle East, parts of India and China.
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If over-abstraction of renewable water resources continues unchecked, then the prospect 
of regional shortages intensifies. The possible consequences of this include conflict in cases
where two or more countries share a common resource. It is to prevent situations like this
from arising that rules are needed to control abstraction from rivers and aquifers and to make
sure that what goes back into them will not have a long-term detrimental effect. The use of
economic regulation to control demand is also important in this context; in many parts of the
world, including the United States, the price of water does not reflect the cost of supplying
it. This has meant that the resource has frequently been taken for granted.

The second reason for regulation is simple: what comes out reflects what goes in. Dumping
untreated municipal and industrial effluents into rivers stores up problems for those seeking
to use water for human consumption and to irrigate the land.

Poor sanitation has obvious consequences for human health. In the 1980s, the United Nations
estimated that 73 million working days in India were lost as a consequence of poor health
related to inadequate sewage treatment. At the time, this had a dollar value of $600 million.
In the United States, the total medical costs and productivity losses associated with the 1993
waterborne outbreak of Cryptosporidiosis in Milwaukee has been put at $96.2 million: $31.7
million in medical costs and $64.6 million in productivity losses. 

The potentially high economic and social cost of disease outbreaks makes the safety of public
drinking water supplies a critical concern. By limiting what goes in, there is better chance of
knowing what comes out.

This document is a review of the main pieces of environmental legislation which have been
enacted in Europe and the United States and 14 other countries. It explains the main points
of key environmental laws such as the Clean Water Act and the Water Framework Directive
as well as estimating the cost of implementing these rules and the opportunities they 
create for manufacturers and suppliers of the relevant equipment and services.

Regulations and Legislation
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Regulations and Legislation

UNITED STATES
Water quality standards are estab-
lished and enforced by the US
Environmental Protection Agency
(US EPA) under the authority of two
main pieces of legislation: the Safe
Drinking Water Act (SDWA) and the
Clean Water Act (CWA). Each state
also issues its own environmental
standards. A summary of the SDWA
and CWA and their associated costs
is given below:

Main legislation

Safe Drinking Water Act (SDWA)
1974 (amended in 1986 and
1996) – this provides the authority
for the US EPA to establish quality
standards for drinking water, to
regulate the injection of waste liq-
uids into the ground and to protect
the nation’s surface water and
groundwater sources. The SDWA
also provides funds for a mecha-
nism known as the State Revolving
Fund (SRF) which assists municipal-
ities with their financial obligations
under the act.

Key points

� The act aims to protect public
health by safeguarding drinking
water and its sources against
man-made or naturally occurring
contaminants. It applies to water
systems with at least 15 service
connections, or those serving at
least 25 individuals for 60 days of
the year. 

� SDWA establishes national stan-
dards for drinking water, taking
into consideration scientific
research, available technology
and costs. 

� It sets a maximum level for each
contaminant and the required
methods of water treatment.

� The US EPA, states and water sys-
tems collaborate to achieve com-
pliance.

� Standards are set according to a
water system’s size and type.

� Water systems must monitor
their water frequently and report
results to the state.

� Multiple barriers against protec-
tion are required including:
source water protection, treat-
ment, distribution system integri-
ty and public information.

� States and water suppliers are
responsible for assessing the vul-
nerability of water sources.

� SDWA also provides a framework
for the Underground Injection
Control program, which sets
standards for the injection of
waste into groundwater.

� The 1996 amendment enhanced
the Act by: 

-providing a new emphasis on
preventing contamination at
source;

-providing better information
for consumers; 

-making improvements in risk
assessment;

-providing new funding for states
through a Drinking Water SRF.

� The US EPA publicizes additional
rules to address microbiological
contaminants and disinfection
by-products (DBPs). These include

the Long Term 2 (LT2) Enhanced
Surface Water Treatment Rule
and the Stage 2 Disinfection By-
product Rule:

LT2 Enhanced Surface Water
Treatment Rule (LT2ESWTR) – this
is currently proposed by the US EPA
to reduce disease incidence associ-
ated with Cryptosporidium and
other pathogens in drinking water.
The LT2ESWTR will supplement
existing regulations by targeting
additional Cryptosporidium treat-
ment requirements to higher risk
systems. The proposed regulation
also contains provisions to mitigate
risks from uncovered finished
water storage facilities and to
ensure that systems maintain
microbiological protection as they
take steps to reduce the formation
of DBPs. The LT2ESWTR will apply
to all systems that use surface
water or groundwater under the
direct influence of surface water.

Key points

� High risk systems must provide 90-
99.7% reduction of Cryptosporidium
levels. 

� Unfiltered systems must provide
99% or 99.9% inactivation of
Cryptosporidium depending on
the results of their monitoring
programmes.

� The US EPA estimates the annual
cost to water systems and states
of implementing the LT2ESWTR
will be in the region of $70-100
million.
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Regulations and Legislation

Stage 2 Disinfectant/Disinfection
By-product Rule (S2 D/DBPR) –
The S2 D/DBPR focuses on public
health protection by limiting expo-
sure to DBPs, specifically total tri-
halomethanes (TTHMs) and five
haloacetic acids (HAA5), which can
form in water through the addition
of chemical disinfectants used to
control microbiological pathogens.
The rule will apply to all communi-
ty water systems and non-transient
non-community water systems that
add a primary or residual disinfec-
tant other than ultraviolet (UV)
light or deliver water that has been
disinfected by a primary or residual
disinfectant other than UV. 

Key points

� Water systems must conduct an
evaluation of their distribution
system to identify the locations
with high DBP concentrations.
These locations will then be used
by the systems as sampling sites
for compliance monitoring.

� Compliance with the maximum
contaminant levels for TTHMs
and HAA5 must be calculated for
each monitoring location in the
distribution system. This
approach will be known as the
locational running annual aver-
age (LRAA).

� The US EPA estimates the annual
cost to water systems and states
of implementing the S2 D/DBPR
will be in the region of $50-60
million.

SDWA cost of compliance

In 2002, the US EPA published a
study to gain a better understand-
ing of the future challenges facing

the clean water and drinking water
industries. Known as the Clean
Water  and Dr ink ing Water
Infrastructure Gap Analysis, the
report identified the gap between
projected clean water and drinking
water investment needs over the
period from 2000 to 2019 and cur-
rent levels of spending. The analysis
found that a significant funding
gap could develop if the nation’s
clean water and drinking water sys-
tems maintained current spending
and operations practices.

The US EPA’s estimates of capital
spending needs for safe drinking
water from 2000 to 2019 range
from $154 billion to $446 billion
with an average estimate of $274
billion. 

Another study estimated that
$200-325 billion would be required
to comply with the 1996 amend-
ments to the SDWA.

Case study: Arsenic Standards

In 2001 the House of Representatives
voted to require the US EPA to
reduce by 80% the allowable
level of arsenic in drinking water.
The proposal lowers the maxi-
mum acceptable level of arsenic
from 50 parts per billion (ppb) to
10ppb.

A final decision was made on
31st October 2001 to adopt the
new standard. Implementing the
new standard is likely to be
extremely costly to small com-
munities and is likely to lead to
increased demand for water 
filtration companies. 

According to the US EPA, 97% of
the water systems affected by

this rule are small systems that
serve less than 10,000 people
each and the estimated cost of
compliance is $6 billion in total
capital investment and $600 mil-
lion in annual operating costs.

Who can afford it

As the US EPA notes, the financial
burden associated with the SDWA
falls upon US municipalities. The
Clean Water and Drinking Water
Infrastructure Gap Analysis sug-
gests that municipalities need to
increase spending on clean water
and drinking water at a real rate of
growth of 3% per year.

To access these kinds of funds,
water systems can apply for tariff
increases from the state public util-
ity commissions. However, by world
standards, water tariffs in the
United States are low ($0.57/m3)
compared with cost of providing
water ($1.50/m3). Traditionally,
construction of new plants has
been financed by the government
through grants.

Under the SRF system, the federal
government provides financial
assistance to comply with drinking
water mandates. For the SDWA,
Congress provides over $800 mil-
lion annually. States then use the
federal grant money as security
against a larger issue of municipal
bonds, the proceeds of which form
a pool from which funds are loaned
at little or no interest to municipal-
ities around the state for water and
wastewater projects. Sources of
funds to repay the loans include:
water tariffs, general municipal rev-
enues and income from taxation.
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Regulations and Legislation

What technologies are required

The trend towards protection
against waterborne pathogens
such as Cryptosporidium and
Giardia creates a need for better
levels of filtration to remove solids
from water. This is driving the mar-
ket for advanced filtration tech-
nologies, notably membranes. As
well as the supply of these tech-
nologies, there is a need for com-
panies which can design and build
membrane filtration facilities.

Chemical disinfection of water can
never be completely ruled out as it
remains a cost-effective way of
eliminating pathogens from public
water supply. Regulations covering
DBPs seek to balance the use of
specialized chemicals (coagulants
and softeners) with improved filtra-
tion of raw water. This will affect
the water treatment chemicals
market by reducing the need for
some products but creating new
demand for others.

Finally, the increased emphasis on
system evaluation is starting to
benefit manufacturers of sampling
and monitoring equipment.

Federal Water Pollution Control
Act (1972) – this became common-
ly known as the Clean Water Act
(CWA) following amendments in
the 1970s. The act is concerned
with the discharge of various harm-
ful pollutants into the nation’s
waterways, based on best available
technology criteria, on effluents
from industrial facilities and pub-
licly owned wastewater treatment
plants.

Key points

� Provided the structure for regu-
lating discharges of pollutants
into US waters. 

� Enabled the US EPA to imple-
ment pollution control pro-
grammes.

� Funded the construction of
sewage treatment plants under
the construction grants pro-
gramme. This was phased out
under revisions made in 1987
and replaced with the State
Water Pollution Control Revolving
Fund (known as the Clean Water
SRF).

� The Great Lakes Critical Programs
Act of 1990 changed part of the
Clean Water Act; the US and
Canada agreed to establish water
quality criteria for the Great Lakes
addressing 29 toxic pollutants.

Most systems are now in compli-
ance with the CWA’s original man-
dates. For example, the 1972 act
required that all publicly owned
treatment works provide secondary
treatment of wastewater. By the
end of the 1990s, the US EPA reck-
oned that fewer than 200 systems –
out of 16,200 nationwide – had not
met this standard.

There are currently two issues asso-
ciated with the CWA. Firstly, many
of the nation’s wastewater treat-
ment plants and sewer networks
are ageing. A large number of
treatment facilities were renovated
or upgraded in the 1970s and will
need new components in the next 

15 years. This problem affects the
sewerage system more seriously as
the vast majority of pipes were
installed after the Second World
War. Replacing both sewer pipes
and the mechanical & electrical
components in plants creates a
need for continuing high investment.

The other main problem is that, in
the early decades of its implemen-
tation, the CWA focused on regu-
lating discharges from point source
facilities. It did not pay attention to
non-point source pollution such as
urban and agricultural run-off and
wet weather events

Efforts to address polluted run-off
have increased significantly since.
For wet weather point sources,
such as storm sewer systems, a reg-
ulatory approach is now being
employed. The US EPA’s draft policy
on safeguards to combined sewer
overflows recommends better control,
monitoring and back-up storage
for stormwater events. 

CWA programmes over the last
decade have also shifted from a
source-by-source, pollutant-by-pol-
lutant approach to more holistic
watershed-based strategies. Under
the watershed approach, equal
emphasis is placed on protecting
healthy water bodies and restoring
polluted ones. 

Cost of compliance

In its Clean Water and Drinking
Water Infrastructure Gap Analysis,
the US EPA estimates capital needs
for clean water from 2000 to 2019
to be in the range of $331 billion to
$450 billion with an average esti-
mate of $388 billion.
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Regulations and Legislation

Who can afford it

Congress allocates a sum in excess
of $1.6 billion to the Clean Water
SRF each year.

What technologies are required

Suppliers of wastewater systems,
their associated component parts,
and sewer pipelines stand to bene-
fit from the repair, rehabilitation,
replacement and maintenance of
wastewater treatment equipment
that will be required over the next
two decades. An increased empha-
sis on combined sewer overflows
creates a market for suppliers of
storage and transfer facilities.
Specific opportunities in the indus-
trial market are discussed below:

US industrial wastewater market

Most of the nation’s wastewater is
discharged by large industries such
as electric utilities, mining opera-
tions and steelworks. The CWA sets
pre-treatment standards for indus-
trial plants discharging into pub-
licly owned treatment works. There
are also rules governing the dis-
charge of wastewater by small
businesses not connected to cen-
tral sewer lines.

Managing Class V Injection Wells 

Class V injection wells are shal-
low wells such as septic systems
and drywells, used to place non-
hazardous fluids directly below
the land surface. However, Class
V wells can also be deep, highly
sophisticated systems. The US
EPA estimates there are more
than 650,000 Class V wells in the
United States. 

All Class V wells are regulated by
Underground Injection Control
(UIC) Programs, and states and
US EPA regions already have the
authority to prevent any Class V
well from endangering under-
ground sources of drinking
water. Current federal require-
ments prohibit any injection
activity that may endanger
underground sources of drinking
water. Also, the current federal
regulations require all owners
and operators of Class V wells to
provide inventory information to
their state UIC authority.

To achieve compliance with CWA
guidelines and rules such as those
governing the use of Class V injec-
tion wells, thousands of businesses
across the US need to treat or
reduce the volume of wastewater
they discharge into drainage sys-
tems (both private and public). For
larger industries, this has created a
market for zero liquid discharge
systems, i.e., treatment systems
that recycle and reuse industrial
wastewater by separating out con-
taminants. For smaller businesses,
there is a market for specialized
point-of-discharge (POD) facilities.

Typically, the larger zero liquid 
discharge systems have created
opportunities for suppliers of advanced
membrane filtration technology.
The smaller POD facilities favor
manufactures of on-site, packaged
plants.

As stated previously, the global
market for the provision of services
to industry is estimated to be
between $40 billion and $80 bil-
lion. Assuming an average market
size of around $50 billion gives a
value of $15-20 billion for the US. 

Note

US EPA’s Strategic Plan (2003-2008)

This comprises five long-term goals
centered around air & global cli-
mate change, water, land, commu-
nities & ecosystems and compli-
ance & environmental stewardship.
Over the next few years, the US EPA
intends to develop further stan-
dards for microbiological contami-
nation, DBPs and pathogens.

The agency’s Clean and Safe Water
mission statement says that by 2008:

� The rate of compliance with
drinking water standards should
rise from 93-95%.

� Pollution in waters with fish
should be reduced to allow
increased consumption of fish in
3% of problem areas. The number
of shell fishing acres approved
for use will also increase from
77% to 85%.

� At least 5% of polluted waters
currently deemed unsafe for
swimming will be restored and
made safe.

� Polluted waters will be restored
so that of the 2,262 major water-
sheds throughout the US, at least
80% of assessed water will meet
state water quality standards.

� There will be improvement in the
seven indicators used to determine
the health of each of the four
major coastal ecosystems around
the country.

� There will be a net increase of
around 400,000 acres of wetlands.
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Other legislation

Environmental legislation in other
countries is often based on US EPA,
World Health Organization (WHO)
or EU regulations. Short profiles of
regulations in 14 different coun-
tries together with estimates of
capital spending requirements
(where data is available) are pre-
sented below:

CANADA
Guided by the findings of the
1984/85 inquiry, the government
drew up its Federal Water Policy in
1987. This has focussed the water-
related activities of all federal
departments and provides a frame-
work for future action. 

The Federal Water Policy (1987)
promotes the realistic pricing of
water to reflect the real cost of
water services, thus encouraging
water conservation and efficiency
through improved technology. 

The Sustainable Water and Sewage
Systems Act, which received Royal
assent in 2003, makes it mandatory
for municipalities to recover the full
cost of water and wastewater serv-
ices. Owners of water and sewer
systems will be required to make
detailed analysis of CAPEX and
OPEX, sources of revenue and
investment requirements. 

Territorial or municipal governments
exercise pricing policy and are gen-
erally responsible for the day-to-
day management of water resources.
Water conservation, licensing, and
inter-basin diversion can be
strengthened through provincial
legislation such as the 1996 Alberta
Water Act. 

Legislation under development
includes the Safe Drinking Water
Act, which will place licensing
requirements on water testing 
laborator ies  and owners  o f 
municipal water systems, and
create more stringent standards
for drinking water treatment 
and distribution.

Additional legislation relating 
to the water sector includes:

Canada Water Act (1970)

International River Improvements
Act (1955)

Canadian Environmental Assessment
Act (1996)

International Boundary Waters
Treaty Act (1911)

Canadian Environmental Protection
Act (1999)

Navigable Waters Protection Act
(1993)

There has been increasing demand
on Canada's freshwater resources
and escalating pollution in the
south, where 90% of the Canadian
population lives.

Almost all the water used by
municipal water systems comes
from lakes and rivers, while 12%
comes from groundwater. Smaller,
remote or rural communities may
not have a piped-in water supply. In
such cases water is obtained from
wells, or trucked-in. 

Canada's residential water consumers
account for more than half of all
municipal water use. Households
with water meters increased from
52.4-54.3% between 1991 and 1994.

Municipal water use, by sector (1994)

Source: Environmental Canada Water site

Survey data has shown that daily
per capita water use within the
municipal sector has climbed
slightly from 628 liters in 1996 to
638 liters in 1999. This may be due
in part to piped water systems
replacing some groundwater-based
systems (many cities are still oper-
ating ageing water distribution sys-
tems, built not long after the cities
were first settled). In 1998, 90% of
the population had access to
potable drinking water. 81.5% of
potable water received some form
of treatment before use.

Based on 1996 statistics, water
prices in Canada are low compared
to other countries. Monthly bills
range between $15-90, the highest
being in the Prairie Provinces and
northern Canada. Operating costs
for trucked-in water are high, but
can be off-set by lower capital costs.
In such areas, water consumption is
also lower.

The percentage of Canadians
served by sewage treatment has
been steadily rising to 85% in 1998.
80% of this collected sewage was
treated to at least the secondary
level, but during periods of heavy
rainfall wastewater may advance
straight to a CSO, bypassing treat-
ment. Much still needs to be done
and the state of the country's
sewage treatment infrastructure
has been subject to recent criticism.

EUROPE
Main legislation

Water Framework Directive (2000/
60/EC) – adopted in 1997 this is
one of Europe’s most ambitious
pieces of environmental legislation.
It is intended to provide a coordi-
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nated approach to water manage-
ment within the EU by bringing
together strands of EU water policy
under one piece of legislation. The
WFD was incorporated into mem-
ber states’ national legislation at
the end of 2003. It replaces seven
older directives:

Aims of the WFD

Â expanding the scope of water
protection to all waters (surface
water and groundwater)

Â achieving “good status” for all
waters by 2015

Â water management based on
river basins

Â establishing a combined approach
of emission limit values and 
quality standards

Â getting prices right

Â getting citizens more closely involved 

Â streamlining legislation

Main points

� Requires a River Basin Management
Plan to be established for each
river basin district and then
updated every six years. Each
member state must establish the
objectives for each body of
water, determine how far from
the objective it is, and then
design measures to ensure they
are met. All elements of analysis
must be set out in the plan and
should detail how the objectives
are to be met within the time -
scale. The plan should also include
an economic analysis of water
use, to facilitate rational assess-
ment of the cost-effectiveness of

potential measures.

� Five classifications (high, good,
moderate, poor and bad) will 
be used to define surface water 
in relation to its chemical and
ecological status.

� The WFD prohibits direct discharges
to groundwater and requires
groundwater bodies to be moni-
tored in order to detect changes
in chemical composition.

� Further legislation that should
emerge is referred to as the
Groundwater Daughter Directive.
It will include the criteria for
assessing “good status” indicators,
the identification of a sustained
upward trend in pollution and
the point at which this trend
must be reversed.

� The WFD has developed a list of
32 priority substances that have
been identified as a source of
major concern for European
waters. The European Commission
(EC) proposes community-wide
quality standards and emission 
controls for these substances.

� Member states must ensure that
prices truly reflect the costs of all
water services. In addition they
must provide adequate incen-
tives for efficient water use, dis-
tribute costs equitably between
domestic, industrial and agricul-
tural sectors and promote the
polluter pays principle.

� A Common Implementat ion
Strategy (CIS) has been agreed
between the EC and member
states as many European river
basins cross territorial boundaries.
The CIS aims to address this problem.

Cost of compliance

Forecasting compliance costs for
the WFD is difficult as member
states themselves have yet to carry
out a full analysis of the cost of
necessary improvements. An estimate
based on provisional data published
in the UK and Germany is that 
compliance could cost the EU’s 15
member states around $90 billion. 

This figure is probably on the 
high side as some of the WFD’s
requirements are likely to be met
by spending on existing directives. 

Who can afford it

The directive is based on the 
principle of cost recovery for all the
compliance work. This requires EU
governments to treat water as an
economic good. On this basis,
the costs will be recovered from
users. In reality, only six EU member
states (Germany, Denmark, The
Nether lands ,  UK,  France  and
Sweden) charge the full cost of
water. In other countries, notably
Spain and Italy, the deficit is made
up by government subsidies. 

Bathing water 76/160/EEC (under
revision) – this directive is concerned
with the quality of bathing water. It
includes mandatory and guideline
compliance levels for beaches and
requires the designation of bathing
waters that have to pass certain
standards for bacterial contamina-
tion. A revised Bathing Water
Directive (BWD), which will have
profound implications for water
treatment standards and methods 
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of sampling, is currently being
approved by the European Parliament.

Main points

The directive establishes 19 physical,
chemical and microbiological
parameters; values are the minimum
by which member states can fix
bathing water standards. Imperative
standards are:

� 10,000 total coliforms per 100ml
of water

� 2,000 faecal coliforms per 100ml
of water

Guideline standards are higher and
more desirable:

� No more than 500 total coliforms
per 100ml of water 

� No more than 100 faecal coliforms
per 100ml of water in at least
80% of samples

� No more than 100 faecal 
streptococci per 100ml of water
in at least 90% of samples

To achieve effective compliance,
member states will need to stop
discharging untreated sewage into
bathing waters.

The direct ive a lso sets  the 
minimum sampling frequency and
method of analysis and requires
member states to present an annu-
al report on implementation to the
EC. A revised directive has been
proposed that will use only two
bacterial parameters. Bathing
water  qua l i t y  w i l l  a l so  be  
determined over a three-year period
rather than one.

Cost of compliance

Long-term costs for implementing
the BWD vary from country to
country; for member states such as
the France, Spain and Italy (i.e.
countries with a large number of
beaches designated for bathing),
compliance costs are likely to be 
in the region of $6-7 billion. For
countries such as Belgium, Austria
and The Netherlands (i.e. countries
with smaller coastlines), the costs
will be lower. It is not unreasonable
to assume a figure in the region 
of $40 bil l ion for the 15 EU 
member states.

Who can afford it

Since the directive requires improved
levels of sewage treatment, part 
of the cost will fall on sewerage
companies and their customers.
Those countries which pass on extra
compliance costs via additional
charges are best equipped to pay.
However, the bulk of the costs are
related to diffuse pollution from
agriculture. Under the polluter
pays principle, the costs should
fall on farmers and actions taken by
them to eliminate pollution at source. 

Urban wastewater treatment
91/271/EEC – this directive requires
all urban wastewater to be treated
by 2005. All significant sewage 
discharges must receive at least
secondary treatment.

Main points

� The directive aims to protect the
environment from the adverse
effects of effluent discharges. It
is concerned with the collection,
treatment and discharge of urban
wastewater and wastewater from
certain industrial sectors. 

� The directive establishes discharge
emission values for sewage treat-
ment works serving a population
equivalent (p.e.) of 2,000 or
more. Towns with a p.e. of more
than 15,000 had to comply with
the prescribed level of treatment
by 31st December 2000. The
compliance deadline for those
with smaller discharges is set for
2005.

� Urban wastewater will be subject
to secondary (biological) or tertiary
(settlement of solids) treatment,
depending on the sensitivity of
the receiving waters. 

� Member states are required to
identify sensitive and less sensitive
receiving waters. This must be 
re-assessed and updated every 4
years. Discharges into areas
designated sensitive may be
subject  to  more st r ingent
treatment, such as nitrate removal. 

� The more stringent require-
ments for sensitive waters had
to be met by 31st December
1998. If waters are deemed 
sensitive following a 4-yearly
review, member states have
seven years to comply.

� Member states are responsible
for monitoring discharges from
treatment plants. The EC makes a
progress report on implementation
of the directive throughout the
EU every two years. National 
programs for the implementation
of this directive must be presented
to the Commission.
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Directive 98/15/EC - this directive
confirmed the rigid compliance
timetables and clarified the rules
relating to discharges from waste-
water treatment plants. It states that:

Â the option of using daily averages
for the total nitrogen concentration
applies both to agglomerations of
10,000 100,000 p.e. and to those
of more than 100,000 p.e

Â the condition concerning the 
temperature of the effluent in
the biological reactor and the 
limitation on the time of operation
to take account of regional 
climactic conditions only apply
to the “alternative” method
using daily averages

Â use of the “alternative” method
must ensure the same level of
environmental protection as the
annual mean technique.

More details – www.europa.eu.int
- summaries of legislation

Quality of drinking water 98/83/EC
new requirements - defines, in
terms of microbiological, chemical,
physical and aesthetic parameters,
the quality standards of water
intended for human consumption,
except for natural mineral waters
and waters that are medicinal. The
directive repealed directive 80/778/
EEC as of December 25, 2003.

Key points

� Drinking water must be regularly
monitored using the methods of
analysis specified in the directive,
or equivalent. 

� Members States are responsible
for setting limit values where
parameters are not laid down by
the directive. 

� Where limit values are not
attained Member States must
take corrective action in order 
to restore water quality. 

� Member States are required to
publish a report on the quality of
drinking water every three years. 

� Materials used for the prepara-
tion of drinking water and in dis-
tribution network may not con-
tinue to be present in the water
beyond a strictly necessary level.

� The parameters laid down by the
directive will be re-examined every
five years and assessed on the
basis of scientific and technical
progress.

Surface freshwater: quality and
control requirements 75/440/EEC
- concerned with the reduction and
prevention pollution of surface
water intended for the abstraction
of drinking water.

Amended by:

Council Directive 79/869/EEC of 9
October 1979; 

Council Directive 90/656/EEC of 4
December 1990; 

Council Directive 91/692/EEC of 23
December 1991.

and

Surface fresh water: methods 
of measurement and analysis
79/869/EEC - concerned with the
methods of measurement and 
frequencies of sampling and moni-
toring of surface water intended
for abstraction of drinking water.

Amended by the following measures:

Council Directive 81/855/EEC of 19

October 1981; 

Council Directive 90/656/EEC of 4
December 1990; 

Council Directive 91/692/EEC of 23
December 1991.

Key points

The directives:

� set the minimum quality require-
ments in terms of physical,
chemical and microbiological
characteristics - different limit
values and methods of treatment
are defined for each category.
Member States may set more
stringent requirements; 

� lay down the minimum frequency
of sampling and analysis; 

� set common, non-mandatory 
reference methods for measuring
the parameters.

Pollution caused by nitrates from
agricultural sources 91/676/EEC -
concerned with prevention of nitrate
contamination from agricultural sources.

Key points

� Member states must identify surface
and groundwater affected, or at
risk of, nitrate pollution.

� Farmers must be encouraged to
adopt good agricultural practice
to reduce the risk of pollution.
The Member States must establish
and implement action programs
in respect of nitrate vulnerable
zones. This will include restricting
the timing and application of 
fertilizers and manure.

� Standardized reference methods
must be used to monitor water
for nitrogen content. 
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Mercury 82/656/EEC - aims to limit
discharges of mercury into the
aquatic environment and concerns
surface water, territorial waters and
internal coastal waters.

Amended by the following measures:

Council Directive 90/656/EEC of 4
December 1990; 

Council Directive 91/692/EEC of 23
December 1991.

� The directive sets the emission
standards for mercury entering
the aquatic environment.

� It provides reference methods of
measurement and the procedure
for monitoring discharges.

Dangerous substances: protection
of groundwater 80/68/EEC -
concerned with the discharge of
dangerous substances and the 
systematic monitoring of the 
quality of groundwater.

Amended by the following measures:

Council Directive 90/565/EEC of 4
December 1990; 

Council Directive 91/692/EEC of 23
December 1991.

Key points

� Preventing the discharge of certain
toxic, persistent and bioaccumable
substances into groundwater,
excluding domestic effluents
from isolated dwellings; small
concentrations/quantities of 
substances listed in directive
80/68/EEC and discharges of
matter containing radioactive
substances.

� The directive sets out one list of
substances to be prohibited and
one list that must be limited.

� All discharges of substances are
subject to prior authorization
based upon examination of the
receiving environment. Authorization
will be granted for a limited period
and is subject to review. Discharge
conditions must be met and the
monitoring of compliance with
these conditions is the responsi-
bility of the Member States.

� Member States must regularly
report on the implementation of
the directive.

Dangerous substances: protec-
tion of the aquatic environment
76/464/EEC - concerned with the
discharge of dangerous substances
into the aquatic environment.

Amended by the following measures 

Council Directive 90/656/EEC of 4
December 1990; 

Council Directive 91/692/EEC of 23
December 1991.

Key points

� This directive applies to inland
surface water, territorial waters,
internal coastal waters and
groundwater. 

� Two separate l ists establish 
dangerous substances to be 
prohibited and those substances
to be reduced.

� Compulsory quality and emission
standards are laid down for the
substances on list one, based 
on the best available technology. 
All discharges require prior
authorization, which is granted
for a limited period. 

� Member States must design and
implement programs to limit the
discharge of substances on list

two. Discharges are subject to
prior authorization.

� The Member  States  must  
systematically monitor water
quality and may take more 
stringent measures than provided
for by the directive.

� Member States must report every
three years on implementation.

Integrated pollution prevention
and control: IPPC Directive
96/61/EC - The directive aims to
harmonize permitting procedure
and conditions across all Member
States. It establishes the basic rules
for integrated permits, which take
into account the complete environ-
mental performance of a plant.
This includes emissions to air, water
and land, waste from industry and
agriculture and energy efficiency.

Amended by the following measures 

Directive 2003/87/EC of 13 October
2003

Directive 2003/35/EC of 25 June
2003

Key points

� Under this directive all new
installations will be subject to
individual operating licenses or
permits. Within the water sector
this will effect incinerators and
landfil l  sites. The discharger
must apply for discharge consents
from the regulating body. This
will set the basic requirements
for compliance, emission limits
for pollutants, monitoring of 
discharges etc. 
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� Existing installations within 
the Member States have until
October 2007 to be brought into
conformity with the directive's
requirements. Phase one compli-
ance is 2005.

� Member States are responsible
for ensuring industrial installa-
tions comply with the directive. 

� Industry experts and Member
States are obliged to participate
in an exchange of information
on best available techniques.
The Information Exchange Forum
is made of representatives of 
EU Member States, industry,
environmental organizations and
the European Commission

Shellfish waters 79/923/EEC - aims
to enhance and protect the quality
of shellfish waters

and

Water suitable for fish-breeding
78/659/EEC - concerned with the
quality of fresh waters, excluding
natural or artificial fish ponds used
for intensive fish-farming, in order
to protect and enhance fish life.

Amended by the following measures:

Council Directive 90/656/EEC of 4
December 1990; 

Council Directive 91/692/EEC of 23
December 1991.

Amended by Council Directive
91/692/EEC of 23 December 1991.

Key objectives

� Member States are required to
designate coastal and brackish

waters considered as shellfish
waters and fresh waters suitable
for fish-breeding - these are sub-
divided into salmonid waters and
cyprinid waters.

� The directives set the minimum
and microbiological parameters.
They also set out the mandatory
limit values and the guide values
of these parameters, but Member
States can set value more stringent
than those laid down in the directives.

� The directives set a minimum
sampling frequency and methods
of analysis. 

� Every three years the Commission
shall publish a sectoral report
on the implementat ion of  
the directive.

FRANCE
Key legislation

Regime, Distribution and Pollution
Control of Waters 1964

Water Act 1992

SAPIN law

Water Act Reform Bill 2000

Water services in France are regulated
at five levels: National, Catchment Basin,
Regional, Departmental and Municipal.

While national government is 
consulted on water policy, legisla-
tion and regulation, River Basin
Committees play a fundamental
role. France is divided into six large
river basins. Each committee advises
Water Agencies on water levies for
withdrawals and discharges, priorities
for the Agency's five-year action
programs, and the operations of

public and private wastewater
treatment plants. Committees are
composed of consumers, state and
local representatives.

A Water Agency is set up in each of
the six river basins. They are endowed
with a civil status and have financial
independence. Since 1992, water
agencies have linked their water
databases to the national network to
streamline water management.

Schémas Directeurs d’Aménagement
et de gestion des Eaux (SDAGE) is a
tool for water planning which
emerged out the Water Act 1992.
Smaller plans that reinforce this are
drawn up by the local Agencies. 

Uncontrolled storm water runoff in
urban areas causes pollution in
some regions. Nitrogen pollution is
also caused by agricultural prac-
tices. In addition, the Institut
Français de l’Environnement report
of 2002 showed that pesticide lev-
els in 20% of drinking water and
30% of inland water was of poor to
bad quality. 

Water quality assessment criteria
needs addressing, as the current
four-point measure makes it difficult
to compare data with other EU
Member States.

It is estimated that up to 70% of
France's pipes will need replacing,
as lead was still be used up until
the late 90s. Furthermore, the sew-
erage services and infrastructure
will be expanded between 1997-
2006.

Reforming France's Water Act, in
conjunction with the EU Water
Framework Directive is designed to
help the Agencies meet the envi-
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ronmental challenges, promote
more equitable charging and cre-
ate unity in the sharing of water
resources.

GERMANY
The federal authorities have power
of outline legislation such as:

Federal Water Act 1957 (amended
2001)

� Wastewater Ordinance - permitting
for discharges to water

� Groundwater Ordinance - implements
Dangerous substances: protec-
tion of groundwater 80/68/EEC

Wastewater Charges Act 1976
(amended 1994), 

The Detergents and Cleaners Act of
1975 (amended in 1986) - 
prohibiting or restricting the use of
substances which may be harmful
to water.

The Federal Ministry of Health 
handles the supply and quality 
of drinking water

Infection Protection Act - Sections
37 to 41 of this act contain provisions
on the quality of water for human
consumption, water for swimming
and bathing pools, and wastewater.

� Drinking Water Ordinance -
implements the EC Drinking
Water Directive

The Federal Ministry of Food,
Agriculture and Forestry is responsible
for water resources management.

The Fertilizers Act 

� The Use of Fertilizers Ordinance -
implements the EC Nitrate Directive.

Source:
www.umweltbundesamt.de

The Länder implement such legislation
through laws of their own. In general,
local authorities manage their own
drinking water supplies and waste-
water treatment facilities, within
the limits defined by the federal
and regional authorities.

Effluent charges were last revised
in 1994 and are intended to create
an economic incentive to reduce
wastewater discharges as far as
possible. The Wastewater Charges
Act promotes the 'polluter-pays'
principle.

Charges are based on Schadeinheit
(SE) - the equivalent discharge of
one human per year. A number of
the Länder also regulate charges on
water abstraction, the revenue
from which is invested in environ-
mental programs.

The high charges associated with
water and sewerage services have
resulted in resistance to further EU
laws. Legal measures have been
introduced in western regions to
drive down water pricing in North
Rhine-Westphalia, Bavaria and
Baden-Wurttenburg.

Immediately after the German uni-
fication in 1990, the country's
wastewater infrastructure was in
poor condition. Some of the sewer
disposal systems were beyond
rehabilitation. Germany has, and
continues to invest heavily in
upgrading and expanding the
wastewater infrastructure to implement

the Urban Wastewater Treatment
Directive. 

Investment in the wastewater infra-
structure was $6.85Bn in 2001/2002.
Expenditure in water was $2.44Bn
and is expected to continue while
Germany updates its drinking water
treatment plants and supply 
networks, in order to comply with
the Drinking Water Directive.

The German water sector is frag-
mented. In 2002 there were around
6,600 company's supplying water
and 8,000 sewage companies.
Private sector opportunities are
best sought in the eastern Länder,
where water and sewerage is inte-
grated. Much of the market still
belongs to the municipalities, but
privatization proposals increased
during 2002-2003.

In the Rhine river basin, protection
policies over the next few years will
concentrate on implementing the
Water Framework Directive and the
Rhine Programme 2020. A continu-
ation of the Rhine Action Plan
(1987), the Rhine Programme 2020
sets out goals for the next 20 years,
including further improvement of
the river's ecological status.

HUNGARY
Hungary has endured a period of
economic recession and heavy capital
investment, so introducing realistic
water and sewerage charges has
not been easy. Budapest is under-
going a full EU compliance program
and tariffs there are beginning 
to rise. 

Current legislation restricts compa-
nies from having a major stake in
water and wastewater utilities. The
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Hungarian National Water Directorate
is submitting a draft law to parliament
(in 2004) to regulate private sector
involvement in the market. This is
likely to promote privatization on a
concession basis.

Transitional arrangements: 

� treatment of urban waste water
until 2015 (with intermediate
targets)

New legislation has been passed on
the quality of drinking water, dis-
charges of dangerous substances
and nitrates pollution, bathing
water quality, designation of waste-
water agglomerations, registration
and reporting obligations on urban
wastewater, and sewage fines. 

Wastewater treatment plants and
collection systems have been built
in several large towns, and three
water quality monitoring stations
were commissioned in March 2000.

Source: www.europa.eu.int 

Hungary must still:

� Finalize programs for discharges
of dangerous substances 

� Finalize action plans with regards
to surface water

� Develop enhanced institutional
arrangements for monitoring
drinking water

� Maintain better co-ordination
between ministries and regional
authorities

Hungary's groundwater quality is
poor with 60% requiring treatment
before use. Industrial pollution 
of surface and groundwater is a
particular problem. With regard to

IPPC, the Integrated Pollution
Prevention and Control Bureau has
been established to assist with
implementation of the directive.

Between 1996 and 2010 the 
government plans to invest US$4.8Bn
extending the sewerage network.

ITALY
Italian water legislation reflects the
European environmental policy and
most of the EU directives have been
implemented in the country's body
of laws.

The 'Merli' law of 1976 represented
the first comprehensive water legislation
and was concerned with water 
pollution control. It regulated the
discharge of industrial and municipal
effluents.

The first piece of Italian legislation
to concern drinking water is the
Presidential Decree 515/1982, which
incorporates EC directive 75/440.

Law 183/1989 is a major frame-
work law that created 'river basin
authorities' - formed of central 
government agencies and relevant
regional bodies. Six national basins,
such as the Po, Adige, Arno and
Tiber, comprise about 45% of the
national territory. A further 15,
regional basins, comprise 47% and
the remaining 8% are inter-region-
al basins. The law requires the river
basin authorities to draw up water-
shed plans, which are used to
guide territorial authorities in set-
ting water quality objectives. Basin
authorities also prioritize investments
in water supply, sewerage and
wastewater treatment infrastructure.

The so-called 'Legge Galli' (Law

36/1994) consolidated municipal
utilities into larger territorial units.
The Act does not require privatiza-
tion, but gives the authorities more
freedom to choose the organiza-
tional structure of the operators. It
also allows them greater financial
privileges such as setting tariffs in-
line with investment costs.

Legislative decree 152/99 is the
most significant and comprehen-
sive water law. It repeals many pre-
vious laws (including the Merli law)
and transposes EU directives 91/271
(Urban Wastewater Treatment
Directive; 91/676 (Pollution caused
by nitrates from agricultural sources)
and partially transposes 2000/60/
EC (water framework directive (WFD)).

Law 388/2000, (art.141, c.4) is
designed to support procedures
laid down in decree 152/99. Ambiti
Territorial Ottimali (ATO) (which
implement integrated water servic-
es within an optimal geographical
unit) or the Province if Ambits are
not in place, are required to pre-
pare plans that identify:

- works/projects required in the ATO
(or in the Province), 

- financial resources available, 

- financial resources needed, 

- financial resources coming from
charging for water services, 

- the management and the organi-
zation system 

Should authorities and provinces
not comply within a few months,
the central government (Ministry
for the Environment) will take their
place adopting the plan instead.
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Source: National Report for
the Intergovernmental Review
of the GPA 2001

Of the 91 ATOs scheduled, around
74 are already in place. 15 of these
have been privatized.

It is estimated that most water and
sewage treatment systems will be
serving a PE of more than 2,000 by
2006. By this time, Italy aims to
provide facilities that meet legisla-
tive demands in relation to waste-
water treatment/discharging, and
to take into account the necessity
to reach the quality standards laid
down in the WFD.

The implementation of the European
Water Framework Directive: chal-
lenges and opportunities for a sus-
tainable water policy in Italy, was
held in 2003. The conference con-
cluded that Law 183/89 which estab-
lished river basin authorities, the
Legge Galli (law 36/94) which estab-
lished ATOs to unify the manage-
ment of water distribution and treat-
ment, and decree 152/99, represent
the main acts on which implementa-
tion of the WFD can be based.

However, procedures prescribed in
these acts, such as the census and
monitoring of water bodies, have
not been fully accomplished.
Furthermore, the WFD calls for
unity and co-operation within the
administration system, where the
current situation in Italy is considered
too fragmented.

Diffuse pollution caused by agricul-
ture is being tackled on a regional
level, by adopting action programs
and codes of practice. The Italian
government is promoting agricultur-
al and industrial wastewater reuse,

particularly in southern regions,
where a situation of environmental
emergency makes it possible to
impose more stringent regulations.

Under Law 429/98, polluted sites of
national interest have been identi-
fied and will undergo a programme
of decontamination. Sites of special
marine interest include ports, lagoons
and freshwaters, particularly Gela
and Priolo (in Sicily), Bagnoli,
Brindisi, Taranto, Manfredonia,
Domizio Flegrei littoral (in Southern
Regions), the Venice lagoon, Massa
e Carrara (Northern Regions). In
2001, US$600M had been allocat-
ed to these projects for the follow-
ing three years.

Directive 96/61/EC (Integrated pol-
lution prevention and control) is
transposed into Italian law by leg-
islative decree 372/99. Authorizing
procedures on existing installations
should be complete by June 2004.
Installations are expected to com-
ply by October 2007, as specified in
the directive.

In 2001, it was forecast that expen-
diture of US$25Bn on water and
sewerage services would be required.
This money will be partly raised
through water charges, utilizing
existing resources and EU aid given
to less-developed regions.

THE NETHERLANDS
Water management in The Netherlands
is currently handled at four levels -
central government, the Provinces,
Water Boards and municipalities.
The Fourth National Policy Document
on Water Management (NW4,
1999-2005) sets out the country's
integrated water management strategy.

In central government, The Ministry
of Transport, Public Works and
Water management formulates the
overall strategic water management
policy. The Province then takes this
into account when adopting the
provincial policies. Provinces are
also responsible for operational
groundwater management, while
municipalities are responsible for
managing the sewerage network.

Water Boards are mainly concerned
with water quantity, quality and
water control, which includes flood
prevention - particularly important
as two-thirds of the country lies
with two metres of sea level.
Furthermore, Water Boards maintain
rural roads and inland waterways.
Water Boards are financially inde-
pendent public bodies. They have
the power to enter into contracts,
acquire property and institute legal
proceedings. 

The Boards raise revenues to cover
the costs of local and regional
water management. However, central
government or the Provinces provide
funds for areas that serve national
or provincial interests, such as
maintenance of inland waterways.

Of all EU Member States, The
Netherlands has the highest density
of people, industry, livestock and
traffic. It is also among the leading
nations in implementing environmental
policies, which helps to offset the
pressure of environmental compliance.
The country also adopts more
advanced technological measures
than average. For instance, it is one
of the top EU performers in the
purification of air and water.

Agriculture and industry has led to
increasing problems with ground-
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water pollution. New purification
plants have become vital in recent
years, as groundwater is the main
source of drinking water. Excess
loads of acid, nitrogen and phos-
phate in groundwater, surface
water and natural habitats are the
highest in Europe. Meeting its EU
obligations in this area is proving
the most difficult for The Netherlands.

Almost 100% of the Dutch popula-
tion are connected to the potable
water supply system. 

In the Environmental Assessment
Agency's report, Environmental
Balance 2003, it recommends the
government undertake an early
political examination of the envi-
ronmental and economic impacts
of the Water Framework Directive,
and to particularly assess the
impact on Dutch farming in the
long-term.

Nutrient pollution is an issue, but
nutrient management projects
have shown that EU compliance
can be met with little or no finan-
cial consequences to farmers. 

High effluent concentrations in the
rivers Rhine, Scheldt and Meuse
cause pollution problems in coastal
areas. Effluent discharges into surface
water (via major rivers) are around
13M PE. Since 1985 the Dutch gov-
ernment has been taking steps to
lower BOD load. It achieved an 81%
decrease between 1970-92 and 73%
between 1980-92.

A national network of sewage
treatment plants was built between
1975 and 1990. By 1994, 97% of
the population was connected the
sewerage network. Facilities will be
upgraded by 2005 so that 35-50%

offers tertiary treatment, this in
contrast to 8% in 1993. This expansion
forms part of the government's
Urban Wastewater Treatment Directive
compliance programme. Virtually
all industrial wastewater is treated
to secondary or tertiary standards. 

Spending on sewerage services - to
fulfil overdue maintenance work
and reduce storm overflows, is still
necessary. Expenditure on water
quality is also expected to increase
by approximately 2.2% by 2006.

POLAND
Of all the countries seeking accession
to the EU, Poland faces one of the
most difficult environmental chal-
lenges. It aims to reach EU stan-
dards by 2010 but is seeking transi-
tion derogations up to 2016
because of the estimated cost of
compliance (estimated in 1998 to
be between 20-40Bn).

Transitional arrangements include:

� treatment of urban waste water
until 2015 

� discharges of dangerous substances
into surface water until 2007 

� integrated pollution prevention
and control until 2010 (instead
of 2007 for Member States)

Source www.europe.eu.int

An Act on fertilizers and another on
water quality are enabling the par-
tial transposition of the directives
concerning urban wastewater,
drinking water and nitrates.
Compliance with the Urban
Wastewater Treatment Directive is
the main hurdle for Poland. 

In 1997, the sewerage network
served 98% of the urban popula-
tion and a municipal water supply
served 97%. In comparison, these
figures were 80% and 74% respec-
tively for the rural population. The
government's objective is for 100%
water and sewerage coverage by
2010. 

Revision to the Polish Water Law
(1974) lays down requirements for
adequate levels of service, increasing
treatment standards over t i m e ,
financial incentives for the private
sector and protection of consumer
interests. 

Poland has begun work on transposing
the Water Framework directive with
a pilot river basin management
scheme on the river Narew.

Poland is expected to implement
the environmental acquis by acces-
sion, but must still:

� Enhance drinking water monitoring

� Formalize the identification of
nitrate vulnerable zones

� Complete the inventory of dis-
charges of dangerous substances

� Update, finalize and adopt the
discharge authorizations for
nitrates and dangerous substances.

� Enhance efforts to ensure IPPC
permits are issued and complied
with, for new installations and
for existing installations to
October 2007.

SPAIN
Law 29/1985 concerned the 
regulation of surface and ground-
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water water with regard to the dis-
tribution of jurisdiction between
the State and the Autonomous
Communities. This law was rewrit-
ten into Decree 1/2001, but has
been developed the Public Water
Domain Regulation as well as the
Public Administration Water and
Water Planning Regulation.

At the end of the last decade, Law
46/1999 reformed Spain's water
market to encourage more privati-
zation, external investment and
improved water conservation. It
created 'water banks' and enabled
water rights to be bought and sold.
In order to make water manage-
ment more transparent and encourage
water savings policies, the Law 
prescribed the compulsory measure-
ment of water consumption and
discharge in each Water Board.
Furthermore, it provided a regulatory
framework for schemes involving
the likes of desalination, grey water
reuse and improved agricultural
techniques.

In July 2001, the Spanish government
passed Legislative Royal Decree
1/2001 in order to amalgamate,
adapt and repeal former legal 
regulations on water. Law 46/1999
was rewritten into this text.

Subsequently, the text has been
amended by:

� Law 24/2001 on administrative
fiscal and social order measures -
Rewrites the text on the regulation
of state water companies, allowing
them to acquire public or private
water works for integration into
their own systems.

� Law 16/2002 on integrated pollution
prevention and control - Adds a
paragraph on non-authorized

discharging and additional text
on discharging into inland waters
of inter-community basins.

In the case of the Water Framework
Directive (WFD), Spain will need to
make significant investment to
meet WFD goals. Furthermore, current
water administration will need to
be modified and adapted, particularly
in relation to the jurisdictions of the
basin authorities and the inclusion of
coastal waters.

Statistics show that approximately
60% of sewage effluent is treated,
but because the sewerage and
sewage treatment infrastructure is
in need of modernization the actual
figure could be 45%.

In January 2003 Spain was taken to
the European Court for failing to
transpose Di rect ive  98/83/EC
(Quality of drinking water). The
Court judged that Spain had indeed
failed to fulfil its obligations. 

With great disparities in water
availability, shortages are a major
concern in some regions of Spain.
Distribution losses compound the
problem, with the urban water
supply network suffering 25-50%
distribution losses. In 2001, Spain
proposed the highly controversial
National Hydroelectric Plan (NHP).
The 18.1Bn plan includes the con-
struction of up to 120 new dams
and more than 900km of new
pipeline to transfer water from the
Ebro river to south-east Spain.
Protesters claim the project is contrary
to sustainable development and
that water shortages would be bet-
ter tackled by desalination plants.
Desalination is indeed to be used in
the Balearic and Canary Islands.

Capital expenditure on the 2001-
2008 NHP includes:

� water quality improvements -
$1.26Bn,

� urban water supply - $2.82Bn, 

� wastewater treatment - $2.61Bn, 

� water transport - $2.72Bn.

SWEDEN
In January 1999, Sweden introduced
a new Environmental Code, which
consolidated 15 existing environ-
mental laws. The code is further
specified through ordinances, regu-
lations set by public authorities and
precedents set in individual cases.

For example:

The ordinance on environmental
quality standards (EQS) for fish and
mussel water (2001:554) prescribes
standards based on the EC direc-
tives 1978/659/EEC and 1979/923/
EEC. The fish water EQS must not
be infringed after April 2007 and
mussel water after April 2008. The
Swedish Environmental Protection
Agency (fish water) and the County
Administrative Board of Västra
Götaland (mussel water) have
issued guidance about where the
ordinance must be met.

The Environmental Code modern-
izes and tightens environmental
legislation and is aimed at promot-
ing sustainable development.
Quality standards are a new feature
of the legislation and relate to the
lowest acceptable quality of soil,
water and air. These regulations
enable the implementation of EC
directives.
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Further standards are expected
based on the parameters set in the
Water Framework Directive.

In addition, the Swedish govern-
ment has proposed a set of envi-
ronmental targets, which must
achieved by 2020-2025. These
include:

� High quality groundwater

� Sustainable lakes and water-
courses 

� Flourishing wetlands

� A balanced marine environment,
sustainable coastal areas and
archipelagos

� No eutrophication

� Natural acidification only 

Environmental sanction charges
were introduced along with the
Environmental Code. These penalties
can be imposed for certain
infringements, and levied by the
supervisory authorities.

Local authorities or municipally-
owned companies are responsible
for water and wastewater services.
There are no immediate plans to
introduce privatization into an
already orderly system. Municipalities
formulate comprehensive manage-
ment plans, which include informa-
tion on the actions to be taken in
order to reduce the quantity and
toxicity of waste. 

EC directives have influenced atti-
tudes to wastewater treatment.
Sweden is looking into methods of
wastewater recovery and reuse in
an effort to promote sustainability.
Some municipalities are considering

sorting domestic and wastewater
flows for different uses. This would
involve extending or replacing
existing facilities. 85% of the popu-
lation is served by tertiary treatment,
which comfortably meets the
requirements of the Urban Waste-
water Treatment Directive. 

Virtually 100% of urban households
have access to the sewer network
and connection to the water supply
network. Insufficient sewage sys-
tems are still a problem in rural
communities and 100% coverage
(in the medium-term) is desired.
Municipalities set water service fees
on a non-profit making basis and
are aiming to arrive at full cost
recovery.

UK
Three bodies regulate the water
sector in England and Wales:

� The Office of Water Services
(Ofwat) - set up in 1989, Ofwat is
the government-appointed regu-
lator of privatized water utilities

� the Drinking Water Inspectorate
(DWI) - assigned by the govern-
ment in 1990 to ensure that
potable drinking water complies
with UK, EU and World Health
Organization (WHO) standards

� the Environment Agencies
(England, Wales, Scotland and
Northern Ireland) - established 
in 1995, the agencies monitor
quality and quantity of non-
tidal waters, as well as some
bathing waters.

Water legislation 

The Water Act 2003

Protection of Water Against
Agricultural Nitrates Pollution
(Amendment) (Wales) Regulation
2002

Water Industry Act 1991

Water Industry Act 1999

Water Resources Act 1991

Anti-Pollution Works Regulations
1999

Control of Pollution (Applications,
Appeals and Registers) Regulations
1996

Groundwater Regulations

Water Resources (Environmental
Impact Assessment) (England and
Wales) Regulations 2003

Water Supply (Water Quality)
Regulations 2000

Water Supply (Water Quality)
(Amendment) Regulations 2001

Water Supply (Water Quality)
Regulations 2001

The Government and Ofwat made
provision for competition in the
industrial water sector in 1998. In
2002, it was announced that all
users of more than 50 Ml/pa would
be open to competition. The mar-
ket is developing slowly as water
suppliers ward off competition by
negotiating tariffs with large con-
sumers.

Water Service (WS) provides water
and sewerage services to 1.7M
people across Northern Ireland. WS
was originally established as an
agency of the former Department
of the Environment and reform has
been on cards since 2003. 
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Significant changes are necessary
before compliance with EC direc-
tives. The sector has been under
funded and has ageing infrastruc-
ture. WS is likely to miss the 2005
wastewater treatment targets by
20%. Some form of household
water charge must be introduced if
Northern Ireland is to meet the 'full
cost recovery by 2010' requirement
of the Water Framework Directive.

Three Scottish water companies
merged in 2002 to create Scottish
Water. Scotland's equivalent of
Ofwat -  the Water Industry
Commissioner has set aside £1.8Bn
for improvements between 2003
and 2006. Water and sewage treat-
ment facilities will be upgraded by
two private consortia, Stirling
Water and United Utilities, over the
next four years.

Due to increased spending on
sewage treatment since the sector
was privatized in 1989, the UK's
inland waters are considered some
of the cleanest in Europe. Rivers
and canals monitored between
1990 and 1998 showed a net
improvement in quality of 25%. As
well as investment, more stringent
targets have been imposed on
sewage treatment plants. The sew-
erage infrastructure has seen a
steady programme of expansion
since 2000.

Bathing water quality (monitored
by the environment agency) has
seen year-on-year improvement. In
2003, 98.8% of all bathing waters
met the standards in the Bathing
Water Directive.

The UK government requires that
all discharges designated as signifi-
cant must be treated to at least sec-

ondary level. This includes dis-
charges to coastal waters serving
2,000 or more, which goes beyond
the requirements of the Urban
Wastewater Treatment Directive. 

There were 89,400 consented 
discharges in England and Wales at
the end of 2000.

In order to comply with the Fresh-
water Fish Directive, the UK had
designated around 19,620km of
river in England and Wales,
36,650km in  Scot land and
1,190km in Northern Ireland by
2002. Three lakes covering 55,000
hectares were also designated in
Northern Ireland.

Over 99% of the UK population are
served by the public water supply.
Drinking water has a good compli-
ance record. In 2001, the DWI test-
ed 2.8M samples against UK, EU
and WHO standards. 99.9% of
them passed. 

The Water Framework directive
poses some ambitious implementa-
tion deadlines:

Incorporated into UK law - 2003

River Basin Management Plan -
determined by end 2009

Programs of measures operating -
2012

Good water status achieved for
most waters - 2015

In December 2003 the UK government
laid before Parliament:

The Water Environment (Water
Framework Directive) (England and
Wales) Regulations 2003

The Water Environment (Water
Framework Directive) (Northumbria
River Basin District) Regulations 2003

In February 2004 a further set of
regulations, The Water Environment
(Water Framework Directive) (Solway
Tweed River Basin District) Regulations
2004, also entered into force.

The UK Water Framework Directive
(WFD) Technical Advisory Group
(UKTAG) has been established to
develop guidance for implementa-
tion of the directive and enhance the
work of the Common Implementation
Strategy. Experts from the UK 
environment and conservation
agencies, and representatives from
the Republic of Ireland, will ensure
consistent implementation given
the cross-border nature of many
river basins. 

To meet the requirements of the WFD,
the Department for Environment,
Food and Rural Affairs (Defra) has
commissioned WS Atkins to carry
out a scoping study and implemen-
tation plan. This will: 

'define the scope of the economic
analysis relating to Articles 9 and
11 for the UK and define an imple-
mentation plan for the economic
analysis work relating to Articles 9
and 11 required for England (and
Wales in conjunction with the Welsh
Assembly Government)'.

Source: www.defra.gov.uk

A third consultation paper on the
WFD was published in August
2003, containing draft transposing
regulations, a revised Regulatory
Impact Assessment and a 'next
steps' chapter. 
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Two pieces of strategic WFD research
have been completed:

� Development of Aquatic Quality
Standards for Dioxins

� Derivation of Aquatic Quality
standards for priority list sub-
stances not covered by existing
UK regulations.

CHINA
China’s national policy on pollution
and water is strengthening.
Thirteen conservation laws (all
passed since 1989) and a frame-
work water law (1985) are helping
to shape the water sector in China.
The Chinese government has
become increasingly concerned
about industrial wastewater, its
treatment and potential re-use. In
addition, the nation must address
issues of groundwater depletion
and water contamination. 

Key legislation

The Water Act (1988)

The Management Stipulation of
Urban Water Conservation (1989)

The Water Consumption Quota
Measure (1989)

Drinking water quality standards
and the protection of groundwater
resources are dealt with in the 2001
Chinese Guidelines on Drinking
Water Quality. 

Water scarcity is a major concern,
particularly in northern China where
300 large cities are subject to water
shortages, 108 of these experience
severe deficiencies. Problems in 30
cities are regarded as a threat to
the overall development of the

country. Such water shortages are
estimated to cost China US$11.2Bn
in lost industrial output. 

At the end of 2000, daily water
usage was around 220.2 liters per
capita, with 96.7% of China's urban
population having access to the
water supply network. Each munici-
pality or province is responsible for
the cost of water services. Tariffs
usually cover 10-25% of real costs.

China operates a five-tiered water
quality gauge. Of rivers tested in
1998, 63% were measured at class
four or below (abiotic). 90% of the
country's urban watercourses are
also polluted. Furthermore, the
effects of this on public health is
costing around US$3.9Bn.

China aims to observe World Health
Organization (WHO) standards by
2010, driving the need for improved
water supply systems and more
sewage treatment (China's target is
from 34.3% treated effluent to 40%).

China's 10th Five-Year Plan (2001-
2005) sets out the main goals for
wastewater improvements:

� Cities with a population of more
than 500,000 should have the
facilities to treat at least 60% of
their effluent.

� At the end of 2003 cities should
have introduced a levy to offset
the costs of sewage treatment.

� US$9Bn is to be invested in 375
new WwTWs.

�The State Environmental Protection
Administration announced fur-
ther investment of US$14.5Bn to
increase China's treatment capacity
from 25M/m3/pa to 58M/m3/pa

by 2005.

In addition there will be further
investment of US$2.6Bn to clean-
up Beijing's water system.

China has reawakened plans to
divert 48-50Bn/m3 of water per
annum from southern to northern
regions of the country. The project
involves the building of a pipeline
and canal network. Three options
are in contention:

� Pump water from the lower
Yangtze River uphill for hundreds
of miles

� Use canals and pipeline to chan-
nel water from the Han River

�Divert water from the 'western
line' of the Yangtze and possibly the
upper Mekong and Irrawaddy rivers.

The cost of the project is estimated
and US$64Bn and will present
many technical problems.

Increasing amounts of domestic
and industrial effluent are being
discharged into the Yangtze River
basin - a matter of concern for the
Three Gorges Dam, being con-
structed at a cost of US$24Bn. The
reservoir is likely to collect pollution
that has been dumped upstream.
China vows to address the problem
by closing down factories and
building more WwTWs.

MALAYSIA
In recent years the water situation
in Malaysia has changed from one
of relative abundance to one of
scarcity. This is largely due to rapid
population growth, urbanization,
industrialization and the expansion
of irrigated agriculture. Domestic



and industrial water demand has
been increasing at a rate of around
12%p.a. These factors, coupled
with a minimal sewage treatment
infrastructure, have resulted in rising
water pollution. A number of
r ivers are now unsuitable as
sources of drinking water.

Rivers and streams account for 98%
of the total water used in Malaysia,
while groundwater makes up the
remainder. There is an average of
28,400m3 per capita of water avail-
able annually.

Approximately 79% of Malaysia's
urban population have access to
the main sewerage system and
98% of the rural population have
pour-flush sanitation facilities.
Current treatment capacity will
need to be expanded in order to
meet future demand.

Spending on water resource projects
(up to 2050) is set to be US
$31.7Bn. 62 projects are scheduled.

Various water-related government
agencies currently enforce water
legislation contained with laws 
at both federal and state levels.
Malays ia  would benef i t  f rom
a comprehensive water law and
needs to reform the regulatory
framework for planning and water
resources, the water rights system
and environmental issues. 

At present, key legislation is:

Environmental Quality Act 1974
(127, Amended by A953 in 1996)

Waters Act 1989 (418)

Sewerage Services Act 1993 (508)

Malaysia is trying to achieve devel-

oped nation status with its so-
called Vision 2020, and in doing so
aims to ensure adequate and safe
water for all.

The key objectives of the vision are
as follows: 

� Water for people: all have access
to safe, adequate and affordable
water supply, hygiene and sanitation. 

� Water for food and rural devel-
opment: provision of sufficient
water that will ensure national
food security and promote rural
development. 

� Water for economic development:
provision of sufficient water to
spur and sustain economic
growth within the context of a
knowledge-based economy and
e-commerce. 

� Water for the environment: pro-
tection of the water environment
to preserve water resources
(both surface water and ground-
water) and natural flow regimes,
bio-diversity and the cultural her-
itage, along with mitigation of
water-related hazards. 

Source Malaysia's Water Vision: The
Way Forward - The Malaysian
Water Partnership

SINGAPORE
With few local resources water in
Singapore is in short supply. The
country's potable water needs are
met through importing water from
Malaysia’s Johor State. Average
household consumption to restrict-
ed to 168 liters per capita per day.
Piping water from Indonesia,
through Biwater's Batam Island

project, is also being considered.

To augment the water supply,
Singapore has been developing a
wastewater reclamation (NEWater)
scheme, which help to meet the
demand from industrial users.
Desalinated water is also targeted
to be available in 2005. The gov-
ernment plans to build a combined
power and desalination plant with
a capacity of 30M/g/day.

Water is moderately soft and treated
to well within the World Health
Organization’s Guidelines for Drinking
Water Quality. Distribution losses
were at 7% in 2002.

An extensive water and wastewater
infrastructure is in place, serving
virtually the entire population of
about 4M. The Public Utilities
Board (PUB) manages all water and
sewerage services. The sewerage
infrastructure consists of 2,000km
of sewers, 122 pumping stations
and six sewage treatment plants.
An investment of US$2Bn is allowing
the upgrade and expansion of
these facilities, in order to provide
secondary and tertiary treatment.

Further investment includes the
upgrade of three water treatment
works by 2010, at a cost of
US$107M, plus a US$115M expan-
sion of the main plant.

The Environmental Pollution Control
Act (EPCA), which came into operation
in 1999, provides Singapore with a
legislative framework to control
environmental pollution. It consoli-
dated and repealed disparate laws
on air, water and noise pollution
and hazardous substances. 

The EPCA and the Environmental
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Pollution Control (Trade Effluent)
Regulations regulate the discharge
of wastewater into open drains.
Provision, operation and mainte-
nance of sewerage systems is man-
aged by the Sewerage and Drainage
Act (SDA). The treatment and discharge
of industrial wastewater into public
sewers is regulated by the SDA and
the Sewerage and Drainage (Trade
Effluent) Regulations. 

THAILAND
Legislation

The Enhancement and Conservation
of National Environmental Quality
Act (1975).

Amended in 1978 and 1979.

Established the National Environment
Board (NEB) and the Office of National
Environment Board (ONEB). At the
Act's amendment, supervision the
ONEB was transferred to the Ministry
of Science, Technology and Energy.

The Enhancement and Conservation
of National Environmental Quality
Act (NEQA) (1992).

Established three new organizations:
Office of Environmental Policy and
Planning (OEPP), Pollution Control
Department (PCD) and Department
of Environmental Quality Promotion
(DEQP). 

These manage the implementation
of both national and local policies
and strategies, as well as enforcing
laws and regulations. As a result,
the Ministry of Science, Technology
and Energy became known as the
Ministry of Science, Technology and
Environment (MOSTE). 

Despite implementing a water
resources development for more
than eighty years, Thailand has
faced shortages, droughts and
floods in recent years. Needless 
to say the management of water
resources has become increasingly
important. A decade of rapid eco-
nomic growth, rural development,
industrialization and tourism has
drastically raised water demand.

The agricultural sector is the main
user of water, accounting for 71%
of total water demand. The indus-
trial sector makes up 2%, domestic
sector 5% and remainder is for eco-
logical balance. Thailand is working
towards redistributing this share.

Water in Bangkok is managed
through the Metropolitan Waterworks
Authority (MWA) and through the
Provincial Waterworks Authority
(PWA) elsewhere. Around 80% of
the urban population have access
to the water system, with a
planned increase to 91% by 2017.
However, water quality is poor due
to inadequate treatment facilities,
resulting in 20% of the population
using bottled water. The PWA is
looking to upgrade 230 water treatment
works at a cost of US$945M. 

In the rural regions, around 70% of
the population acquire drinking
water via piped supply, rainwater
jars and tube wells. Household
water consumption is from other
sources. Water scarcity is a major
problem.

Current water availability is 300M/
m3/day. Thailand aims to raise this
to 504M/m3 water by 2006 and
647M/m3 by 2016. This is being
enabled by linking three rivers in
the eastern region, at a cost of
US$700M.

Thailand is entering a new period
of water resource management,
shifting from a supply to a demand-
side approach. This will focus on
the transportation of water from
distant sources in order to meet
demand, control and regulation of
wastewater and water conservation
efforts. The country intends to have
sufficient and good quality water
for all users by 2025. Accelerating
the publication of a Draft Water Act
will help achieve this.

Thailand's Ninth National Plan sets
out to:

� Shift focus from investment in
additional water supplies to
organizational and institutional
strategies in order to reduce cost
while promoting sustainability
and environmental conservation.

� Substitute the basin water 
management strategy for a 
project-by-project approach. This
will be formulated by integrating
institutional, policy, legal and
technical measures.

� Recognize water as a tradable
commodity and set up incentives,
regulation, permit restrictions
and penalties to encourage water
efficiency and innovations in
water-conserving technology. 

� Implement realistic cost-recovery
mechanisms, with clear regula-
tions in support. (Domestic and
business customers were charged
for wastewater treatment for the
first time in 2003. The service fee
is to be phased in over three
years, starting in the first year
with THB 1/M3 for household use.
In addition, the PWA has devised
a new method of calculating
water bills which it hopes will
more accurately reflect real costs.)
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� Set up the institutional framework
of water administration with
users’ participation by transforming
government strategy in order to
give stakeholders the opportunity to
participate in water resources
management.

� Encourage the private sector to
become more involved with
water resources management,
particularly in urban areas. (A
grant was awarded to the gov-
ernment by International Bank
for Reconstruction and Development
for a study on the reform and 
privatization of the water sector.)

Source: Thailand's Water Vision: A
Case Study - Sacha Sethaputra, Suwit
Thanopanuwat, Ladawan Kumpa &
Surapol Pattanee
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The World’s Water 
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Predicted Water Scarcity and Stress in 2025 
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Desalination systems from WET purify seawater
and brackish water for human and industrial 
consumption.

ITT INDUSTRIES BUILDS PRESENCE IN 
“TOTAL SYSTEMS SOLUTIONS” FOR
WATER TREATMENT

ITT Industries - Fluid Technology

Fluid Technology is a leading global provider
of fluid systems and solutions and is engaged
in the design, development, production, sale,
and after-sale support of a broad range of
pumps, mixers, heat exchangers, valves and
systems for municipal, industrial, residential,
agricultural, and commercial applications.

� Sales and revenues are approximately
$2.25billion, and $1.96 billion, and $1.83
billion for 2003, 2002 and 2001 respectively.

� Major production and assembly facilities
are located in Argentina, Australia, Austria,
Canada, China, England, Germany, Italy,
Malaysia, Mexico, the Philippines, South
Korea, Sweden, and the United States.

� Sales are made directly or through
an unmatched global network.

� As the world’s leading producer of fluid
handling equipment and related products
for treating and recycling wastewater, ITT
Industries actively promotes more efficient
use and re-use of water and endeavors 
to raise the level of awareness of the need
to preserve and protect the earth’s water
resources. 

Market Participation

Water - Goulds Pumps, Red Jacket, Marlow, 

Lowara and Vogel service our customers with
a broad range of pumps and accessories for
residential and commercial applications
including water wells, pressure boosters, and
agriculture systems. 

� Goulds Pumps is among the world’s largest
water well manufacturers.

� Lowara is a leader in stainless steel and
multi-stage booster pump manufacturing. 

� A-C Pump provides flood control and large
custom pump products for water transport. 

Pumps equipped with intelligent control systems like
PumpSmart™ provide industrial customers with 
dramatic energy and life cycle cost savings.
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� Flowtronex is a packaged turf irrigation
and water booster systems expert for
municipal, golf and irrigation markets.

Wastewater 

The Flygt Group is the originator and world’s
largest manufacturer of submersible pumps
and mixers which form the heart of many of
the world’s sewage and wastewater treatment
facilities. Combining Flygt’s submersible
pumps and mixers with Sanitaire and ABJ
products provides a solution to customers’
needs for complete system wastewater treatment. 

� Flygt and Robot: Commercial and municipal
submersible wastewater pumps and mixers.

� Flygt, Robot and Grindex: Dewatering pumps.

� Goulds Pumps and Lowara: Residential effluent
and packaged sewage pump systems.

� A-C Pump: Dry pit pumps that provide an 
alternative solution to submersible pumps

Treatment

ITT is broadening its technology in water
treatment with systems in biological, filtra-
tion, UV and Ozone, providing treatment
options for the full cycle of water use and
reuse. The recent acquisition of Wedeco AG
Water Technology makes ITT the world's
largest manufacturer of UV disinfection and
ozone oxidation systems, which are viewed as
increasingly attractive alternatives to chlorine
treatment. ITT Industries completed the
acquisition of Shanghai Hengtong Purified
Water Development co. Ltd. and Shanghai 

Hengtong Water Treatment Engineering Co.
Ltd. (Hengtong), a Shanghai-based producer
of reverse-osmosis (RO), membrane and
other water treatment systems for the power,
pharmaceutical, chemical and manufacturing
markets in China.

Through the Sanitaire‚ and ABJ™ brands, ITT
is a leader in aeration systems for municipal
and industrial wastewater treatment. The
broad range of products for biological treat-
ment includes ceramic and membrane fine
bubble diffusers, stainless steel coarse bubble
diffusers and sequencing batch reactor (SBR)
systems which allows a continuous inflow.
Sanitaire’s Royce unit provides control and
monitoring systems for water treatment
operations.

Sanitaire divisions, WET, C’Treat, PCI, and
Hengtong provide a broad range of filtration
systems for water treatment including 

Large submersible pumps
from ITT’s Flygt unit power
a wide range of commercial,
industrial and municipal
applications where large
volumes of water need 
to be moved reliably 
and economically.
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advanced membrane filtration engineered
systems, reverse osmosis (RO) systems and
portable disinfection technology.

ITT’s Wedeco unit provides products and systems
for the treatment and disinfection of water
through ultraviolet (UV) and Ozone processes.

� Flygt Mixers: Mixing incoming flows to ensure
optimal nitrification and prevent sedimentation.

� Sanitaire: Diffused aeration.

� ABJ ICEAS: Sequence Batch Reactor (SBR)
technology.

� WET, C’Treat, Hengtong, PCI–advanced
membrane filtration 

� Wedeco: UV and Ozone treatment systems

Building trades

Through our leading brands such as Bell &
Gossett‚ McDonnell & MilIer, Hoffman Specialty‚
and Domestic Pump®, we provide a broad
variety of products for environmental control
in buildings and for building service and utility
applications including liquid-based heating
and air conditioning systems, liquid level control,
and steam trap products for boiler and steam
systems. Flygt serves the construction market
by dewatering construction sites on a global basis.

A-C Fire Pump has been in the forefront of
developing, designing and custom building
fire pump systems that meet every fire 
protection need. 

� Bell & Gossett: Pumps, valves, heat exchangers,
and packaged systems for variable and 
constant speed pumping, heat transfer and
pressure boosting.

ITT's Lowara pump unit specializes in producing all
stainless steel and multi-stage booster pumps for
a variety of market applications.

Seen here is a UV disinfection system from ITT's
Wedeco unit in action underwater.
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� McDonnell & Miller: Boiler controls, flow
switches and liquid level controls.

� Domestic Pump: Condensate handling
equipment for steam systems.

� Hoffman Specialty: Steam traps, regulators
and valves.

� Lowara / Vogel: Pressure boosting pumps
for Europe and Middle East

� A-C Fire-Pump: UL / FM Fire pump packages 

Biopharm

The biopharm market and other similar
hygienic applications such as food and cos-

metics processing is served entirely by our
Pure-Flo brand with a wide array of valve and
turnkey systems that are at the heart of
extremely demanding manufacturing processes,
especially of biological and pharmaceutical
compounds. The design, engineering, fabri-
cation, and installation of high purity process
modules, skid systems and stainless steel ves-
sels for the biopharm and hygienic industries
are served by the Pure-Flo Cotter, Pure-Flo
Precision and Pure-Flo MPC units. Richter
lined valves and pumps are utilized in the API
(active pharmaceutical ingredient) area of the
manufacturing process. 

� ITT Pure-Flo: High purity components &
packaged systems

� Richter: Lined pumps and valves

Industrial

For the industrial markets, Goulds Pumps 
are available in vertical, horizontal and 
submersible centrifugal configurations in a
variety of alloys. Goulds is the market leader
for ANSI standard process pumps, including a
line of “sealless” magnetic drive pumps for
services where leakage cannot be tolerated.
Goulds offers standard as well as application
specific pumps for the industrial marketplace.
Examples of typical applications include 
general industrial, mining, chemical, pulp and
paper, power, oil refining and gas processing.

ITT’s Fabri-Valve knife gate valves are unri-
valed in their ability to handle demanding
applications found in pulp and paper plants
including pulping, recovery and bleaching.
DIa-Flo diaphragm valves and Richter lined

Advanced membrane filtration systems, like the one
seen here from ITT’s PCI unit, provide customers with
the ability to treat water for industrial and municipal
purposes.
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valves and pumps are the workhorse of the
chemical industry providing superior value
through safe and trouble free operation.

� Goulds Pumps and A-C Pump: Standard
Process (ANSI & ISO Standard), Engineered
Horizontal (API Standard), Vertical and
industrial sump pumps. PumpSmart™ intel-
ligent flow control systems.

� PRO Services™ integrated service solutions
for industry.

� Fabri-Valve and Dia-Flo: Knife gate and
diaphragm valves.

� Richter: Valves and lined pumps.

� ITT Standard: Heat exchangers for industrial
applications

Global Service and Customer Care 

Fluid Technology has a global network of
service centers for aftermarket customer
care. Our aftermarket capabilities include the
repair and service of all brands of pumps and
rotating equipment, engineering upgrades,
contract maintenance, and service. 

System Solutions

Today we are able to provide our global cus-
tomer base with the systems and solutions
they need to meet their ever increasing
demands on cost control and efficiencies.
Through the overarching strategic Value
Based Six Sigma program, we now have in
place company wide systems for rapid product
development based on the Voice Of Customer,
Value Stream Mapping to ensure that we
have short lead times to better meet our 
customers needs.

Our strategy to expand down stream to better
service our customers better has moved us
from a product producer to a solution
provider. This strategy has guided us in the
our acquisitions, for example, today ITT
Industries can extend its core offering of sub-
mersible pumps and mixers with systems to
control plant operation, technologies that
analyze the waste stream, and products and
systems to treat the water through biological,
ozone and UV processes.

In the industrial markets, our pump systems
are now supplied with intelligent control systems
such as PumpSmart™ and Hydrovar.
Customers engaging our “total systems
approach” find dramatically lower energy
consumption, maintenance and overall life
cycle costs.

Aeration systems from Sanitaire provide biological
wastewater treatment for municipal and industrial
customers around the globe.
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GOVERNMENTAL AND
INTER-GOVERNMENTAL
Aquastat: UN FAO Water
Information System
www.fao.org/waicent/faoinfo/agric
ult/agl/aglw/aquastat/main/index.htm

Arizona Department of 
Water Resources
www.water.az.gov/

Association of State Dam 
Safety Officials
www.damsafety.org/

Australia Centre for
Groundwater Studies
www.dwr.csiro.au/CGS

Australian CSIRO Division 
of Water Resources 
www.dwr.csiro.au/

British Hydrological Society
(United Kingdom)
www.salford.ac.uk/civils/BHS

California Department of 
Water Resources
www.dwr.water.ca.gov/

California Environmental
Resources Evaluation System
(CERES): Water Resources Links
ceres.ca.gov/cgi-bin/theme?key-
word=Water%20resources

Centre for Groundwater Studies
www.groundwater.com.au/

Co-operative Research Centre 
for Catchment Hydrology
www.catchment.crc.org.au/

Colorado River Basin Forecast
Center (NOAA)
www.cbrfc.noaa.gov/

CSIRO Land and Water
(Australia)
www.clw.csiro.au/

Environment Canada: Water
www.ec.gc.ca/water/

EPA Centre for Environmental
Statistics (surface water quality
study, US/Mexico border)
www.epa.gov/ceis

European Environment Agency -
Water Theme
themes.eea.eu.int/Specific_media/
water

European-Mediterranean
Information System on the
Know-How in the Water Sector
(EMWIS)
www.emwis.org/

European Water Association
www.ewpca.de/

FIVAS Association for
International Water and Forest
Studies (Norway)
www.solidaritetshuset.org/fivas

Global Applied Research
Network (GARNET)
info.lut.ac.uk/departments/cv/wedc
/garnet/grntback.html

Global Environment Facility
www.gefweb.org/

Global Environment Monitoring
System (GEMS), Freshwater
Quality Programme, UNEP
www.cciw.ca/gems/

Global International Waters
Assessment (GIWA)
www.giwa.net/

Global Runoff Data Centre
www.bafg.de/grdc.htm

Global Water Partnership
www.gwp.sida.se/

Global Water Partnership Forum
www.gwpforum.org/

Groundwater Atlas of the United
States, US Geological Survey
sr6capp.er.usgs.gov/gwa/

H2O-China
www.h2o-china.com/
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Hydrology and Water Resources
Programme, World
Meteorological Organization
www.wmo.ch/web/homs/hwr-
phome.html

Hydrologic Information Centre:
Current Hydrologic Conditions
(NOAA)
www.nws.noaa.gov/oh/hic/current/

International Boundary and
Water Commission (IBWC): 
US Section
www.ibwc.state.gov/

International Geosphere
Biosphere Programme
www.igbp.kva.se/

International Hydrological
Programme (UNESCO)
www.unesco.org/water/ihp/

International Lake Environment
Committee
www.ilec.or.jp/

International Office for Water
(France)
www.oieau.fr/anglais/

Les Enjeux Internationaux 
De L’eau (French)
www.mri.gouv.qc.ca/la_biblio-
theque/eau/

Managing Water for African
Cities (MAWAC)
www.un-urbanwater.net/

Mexican Institute of Water
Technology
www.imta.mx/

Ministerial Declaration of the
Hague on Water Security in 
the 21st Century (Second 
WW Forum)
www.worldwaterforum.net/Minist
erial/declaration.html

Minnesota Ground Water
Association
www.mgwa.org/

NASA Laboratory for
Hydrospheric States
hydros.gsfc.nasa.gov/

National Water Commission of
México
www.cna.gob.mx/

National Water Research
Institute
www.nwri.ca/intro.html

Netherlands Water Partnership
www.nwp.nl/

Nile Basin Initiative
www.nilebasin.org/

Nile Basin Water Resources
Digital Library
www.hydrosult.com/niledata/

Norwegian Water Resources 
and Energy Directorate
webben.nve.no/english/

Pacific Water Association
www.pwa.org.fj/

Portuguese Water Institute
www.inag.pt/

Programa Hidrologico
Internacional (UNESCO)
www.unesco.org.uy/phi

Reseau National des Donnes sur
L’eau (French Water Data Network)
www.rnde.tm.fr/anglais/rnde.htm

Sea Search - Oceanographic 
and Marine Data & Information
in Europe
www.sea-search.net/

Secretaria de Medio Ambiente,
Recursos Naturales y Pesca
(SEMARNAP)
www.semarnap.gob.mx/

South African Department of
Water Affairs and Forestry
www-dwaf.pwv.gov.za/

South Africa Water Research
Commission
www.wrc.org.za/

Global Water Partnership -
Southern Africa
www.gwpsatac.org.zw/

Texas Alliance of Groundwater
Districts
www.texasgroundwater.org/
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Transboundary Resource
Inventory Program (TRIP)
www.bic.state.tx.us/trip

UK Met Office
www.metoffice.com

US Bureau of Water Reclamation
www.usbr.gov/

US Bureau of Reclamation -
Water Share
watershare.mp.usbr.gov/

Water Treatment Engineering
and Research Group (WaTER)
www.usbr.gov/water/water.html

US Department of Agriculture,
Water Quality Information
Center: Water and Agriculture
www.nal.usda.gov/wqic

US Environmental Protection
Agency (USEPA) – Water
www.epa.gov/watrhome/

US Environmental Protection
Agency: Surf Your Watershed
www.epa.gov/surf

US Geological Survey: San
Francisco Bay/Delta
sfbay.wr.usgs.gov/

US Geological Survey: 
US Water Data
water.usgs.gov/data.html

US Geological Survey: 
US Water Use Data
water.usgs.gov/watuse/

US National Agricultural Library:
Water Quality Information Center
www.nal.usda.gov/wqic

UNDP-World Bank Water and
Sanitation Programme
www.wsp.org/English/

United Nations Development
Programme (UNDP)
www.undp.org/

United Nations Educational,
Scientific, and Cultural
Organization (UNESCO)\
www.unesco.org/

United Nations Environment
Programme (UNEP)
www.unep.org/

United Nations Food and
Agriculture Organization
(UNFAO)
www.fao.org/

Vision21: Water for People
www.wsscc.org/vision21/wwf/

Water and the Forest Service 
(US Forest Service)
www.fs.fed.us/

Water Resources (India)
sdnp.delhi.nic.in/resources/water-
harvesting/water-frame.html

Water Research Commission,
South Africa
www.wrc.org.za/

Water Supply and Sanitation
Collaborative Council
www.wsscc.org/

Water Quality Home Pages
hermes.ecn.purdue.edu/water/

Western Water Policy Review
Advisory Commission
www.den.doi.gov/wwprac

WHO Water, Sanitation and Health
www.who.int/water_sanitation
_health/

World Bank
www.worldbank.org/

World Bank Water Resource
Management
lnweb18.worldbank.org/ESSD/
essdext.nsf/18ByDocName/WaterRe
sourcesManagement

World Bank Water Supply and
Sanitation
www.worldbank.org/html/fpd/water/

World Meteorological
Organization
www.wmo.ch/index-en.html

World Water Day
waterday2002.iaea.org/

World Water Forum (The Hague)
www.worldwaterforum.org/
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NON-GOVERNMENTAL AND
ASSOCIATIONS
WEBSITE ADDRESS
American Institute of Hydrology
www.aihydro.org/

American Rivers
www.amrivers.org/

American Water Resources
Association (US)
www.awra.org/

American Water Works
Association (US)
www.awwa.org/

American Water Works
Association Research Foundation
(US)
www.awwarf.com/

Amigos Bravos: Friends of the
Wild Rivers
www.amigosbravos.org/

Boulder Area Sustainability
Information Network
bcn.boulder.co.us/basin/

British Hydrological Society
www.hydrology.org.uk/

Canadian Water Resources
Association
www.cwra.org/

Centre for Ecology 
and Hydrology
www.nwl.ac.uk/ih/

Centre for the Humid Tropics of
Latin America and the Caribbean
www.cathalac.org/

Coalition Eau Secours (French)
www.eausecours.org/

European Desalination Society
www.edsoc.com/

European Rivers Network
www.rivernet.org/

Foundation for Water Research
www.fwr.org/

Freshwater Society
www.freshwater.org/

Glen Canyon Institute
www.glencanyon.org/

Global Water
www.globalwater.org/

Green Cross International, Water
Programme
www.gci.ch/GreenCrossPrograms/
waterres/waterresource.html

Groundwater Foundation
www.groundwater.org/

International Association of
Hydraulic Engineering and
Research (IAHR)
www.iahr.org/

International Association of
Hydrogeologists
www.iah.org/

International Association of
Hydrological Sciences
www.cig.ensmp.fr/~iahs/index.html

International Commission on
Irrigation and Drainage
www.icid.org/

International Commission on
Large Dams
genepi.louis-jean.com/cigb/

International Conference 
on Water (Bonn, 2001)
www.water-2001.de/

International Desalination
Association
www.ida.bm/

International Hydrological
Programme
www.unesco.org/water/ihp/

International Rivers Network
www.irn.org/

International Tsunami
Information Center (ITIC) 
www.shoa.cl/oceano/itic/front-
page.html

International Water Academy
www.thewateracademy.org/
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International Water and
Sanitation Centre
www.irc.nl/

International Water Association
www.iawq.org.uk/

International Water
Management Institute (IWMI)
www.cgiar.org/iwmi/

International Water Resources
Association
www.iwra.siu.edu/

The Irrigation Association
www.irrigation.org/

Islamic Relief Worldwide
www.islamic-relief.com/Prjsec/
ppsect1.asp?id=Water%20and%2
0Sanitation

LakeNet
www.worldlakes.org/

Lifewater Canada
www.lifewater.ca/

Middle East Desalination
Research Centre
www.medrc.org.om/

National Ground Water
Association (US)
www.ngwa.org/

New Zealand Hydrological
Society
www.hydrologynz.org.nz/

New Zealand Water and Wastes
Association
www.nzwwa.org.nz/

NGOs and Freshwater Home
Page (Earth Summit 2002)

www.earthsummit2002.org/fresh-
water/

Norway Institute for Water
Research
www.niva.no/engelsk/niva/niva_hth
.htm

Pacific Institute for Studies in
Development, Environment and
Security, Water Programme
www.pacinst.org/

River Network
www.rivernetwork.org/

Solidarity Water Europe
www.s-w-e.org/

SouthEast Desalting
Associationwww.southeastdesalt-
ing.com/

Stockholm Environment Institute
(SEI)
www.sei.se/

Stockholm International Water
Institute
www.siwi.org/menu/menu.html

Surfers Against Sewage
www.sas.org.uk/

Terrene Institute
www.terrene.org/

The Hydrogeologists Home Page
www.thehydrogeologist.com/

The Water Page
www.thewaterpage.com/

United Nations University,
International Network on Water,
Environment and Health
www.inweh.unu.edu/

United States Society on Dams
(USSD)
www.ussdams.org/

Water Partners International
www.water.org/

Watershed Management Council
www.watershed.org/

Water Aid
www.wateraid.org.uk/

WaterDome at the World
Summit on Sustainable
Development
www.waterdome.net/

Water Education Foundation
(US)
lwww.water-ed.org/

Water, Engineering, and
Development Centre
info.lut.ac.uk/departments/cv/
wedc/index.html
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Water Environment Federation
www.wef.org/

Water for the People
www.water4people.org/ 

Water Observatory
www.waterobservatory.org/

Water Quality Association
www.wqa.org/

West Bengal and Bangladesh
Arsenic Crisis Information Centre
bicn.com/acic

Wetlands International
www.wetlands.org/

World Commission on Dams (WCD)
www.dams.org/

World Conservation Union (IUCN)
www.iucn.org/

World Resources Institute, Water
Resources and Freshwater
Ecosystems
earthtrends.wri.org/

Water Systems Council
www.watersystemscouncil.org/site/

The World’s Water
www.worldwater.org/

World Water and Climate Atlas
www.cgiar.org/iwmi/WAtlas/atlas.htm

World Water Assessment
Programme (WWAP)
www.unesco.org/water/wwap/

World Water Council (WWC)
www.worldwatercouncil.org/

World Wildlife Fund Living
Waters Programme – Europe
www.panda.org/europe/freshwater/

World Wildlife Fund Living
Waters Campaign
www.panda.org/livingwaters/

EDUCATIONAL AND
UNIVERSITIES
Arizona Water Resources
Research Center, University 
of Arizona
ag.arizona.edu/azwater

Canberra Cooperative Research
Centre for Freshwater Ecology
(Australia)
enterprise.canberra.edu.au/WWW/
www-crcfe.nsf

Centre for Water in Urban Areas
(FSP-WIB)
www.fsp-wib.tu-berlin.de/

Climate Change and US Water
Bibliography
www.pacinst.org/CCBib.html

Department of Water and
Environmental Studies, Tema
Institute at Linköping University
(Sweden)
www.tema.liu.se/tema-
v/english.html

Desalination Directory
www.desline.com/

Water Resources Engineering,
University of Alberta
www.civil.ualberta.ca/water/

Global Energy and Water Cycle
Experiment (GEWEX)
www.gewex.com/

Global Runoff Data Centre,
Federal Institute of Hydrology
(Germany)
www.bafg.de/grdc.htm

Great Lakes Information
Network
www.great-lakes.net/

Global Rivers Environmental
Network (Youth education
www.earthforce.org/green/

Hydrology, Education Planet
www.educationplanet.com/search/
Science_and_Engineering/
Earth_Sciences/Hydrology/

Hydrology Web
terrassa.pnl.gov:2080/hydroweb.html

Info-Agua (Spanish)
www.infoagua.org/
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Institute of Water Research -
Michigan State University
www.iwr.msu.edu/

Inter-American Water Resources
Network
iwrn.net/

International Ground Water
Modelling Centre
www.mines.edu/igwmc/

International Institute for
Infrastructural, Hydraulic and
Environmental Engineering
www.ihe.nl/

International Water Law Project
www.internationalwaterlaw.org/

Institute of Water and
Environment, Cranfield
University, Silsoe
www.silsoe.cranfield.ac.uk/iwe

Island Press 
(Environmental publisher)
www.islandpress.org/ecocompass/
ecosystem.html

KeyWATER
keywater.vub.ac.be/

Learning to Be Water Wise and
Efficient (4th-8th grades)
www.getwise.org/wwise/

Montana Water
water.montana.edu/default.htm

Nature, Society and Water
Programme, University of
Bergen, Norway
www.svf.uib.no/sfu/nsw/index.shtml

New Mexico Water Resources
Research Institute
wrri.nmsu.edu/

OneWorld Water Think Tank
www.oneworld.net/

Powell Consortium: an alliance
of nine Water Resources
Research Institutes and Centers
wrri.nmsu.edu/powell

Research Centre for
Sustainability in Ecological
Engineering and Water
Resources Technology
www.uws.edu.au/seewrt/

Texas Water Resources Institute,
Texas Waternet
twri.tamu.edu/

The Global Water Sampling
Projects (for students)
k12science.stevens-tech.edu/cur-
riculum/waterproj/

The Hydrologic Cycle, University
of Illinois
www.2010.atmos.uiuc.edu/(Gh)/
guides/mtr/hyd/home.rxml

The Water Institute, University of
South Florida
water.grad.usf.edu/

Transboundary Freshwater
Dispute Database
terra.geo.orst.edu/users/tfdd

UC Berkley Center for
Sustainable Resource
Development – Water
www.cnr.berkeley.edu/csrd/water/
water.htm

US Water News
www.uswaternews.com/

Waternet
waternet.rug.ac.be/

Universities Council on Water
Resources (UCOWR)
www.uwin.siu.edu/ucowr/

Universities Water Information
Network
www.uwin.siu.edu/

University of South Australia,
Water Policy and Law Group
business.unisa.edu.au/
waterpolicylaw

Virtual Irrigation Library
www.wiz.uni-kassel.de/kww/
projekte/irrig/irrig_i.html

Water Supply, Reuse and
Treatment, EcoIQ
www.ecoiq.com/water/#2

Water, Engineering &
Development Centre,
Loughborough University (UK)
www.lboro.ac.uk/departments/cv/wedc/
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Water Information Programme,
Colorado
www.waterinfo.org

Water Magazine
www.watermagazine.com/

Water Resources Databases
www.nal.usda.gov/wqic/dbases.html

Water Science for Schools, US
Geological Survey
wwwga.usgs.gov/edu/

WateReuse Association (US)
www.watereuse.org/

Watershed Management
Professional Program of
Portland State University
www.eli.pdx.edu/Watershed

WaterWeb Consortium
www.waterweb.org/

WaterWise: Water Efficiency
Clearinghouse
www.waterwiser.org/

Source: United Nations
Environment Programme
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A-C Pump 
http://www.acpump.com
N27 W. 23293 Roundy Drive
Pewaukee, WI 53072
Phone: 262-548-8181
Fax: 262-548-8170 

Bell & Gossett 
http://www.bellgossett.com
8200 North Austin Avenue
Morton Grove, IL 60053
Phone: 847-966-3700 
Fax: 847-966-9052 

Engineered Process Solutions
Group
http://www.engvalves.com
33 Centerville Road
Lancaster, PA 17603
Phone: 717-509-2200
Fax: 717-509-2336 

Fluid Technology
http://www.ittfluidworld.com
Fluid Technology Headquarters
10 Mountainview Road
Upper Saddle River, NJ 07458
Phone: 201-760-9800
Fax: 201-760-9692 

Flygt
http://www.flygt.com
Svetsarvagen 12
171 25 Solna. Sweden
Phone: +46-8-4756000
Fax: +46-8-4756900 

Goulds Pumps Industrial Products
http://www.gouldspumps.com
240 Fall Street
Seneca Falls, NY 13148
Phone: 315-568-2811
Fax: 315-568-2418

Goulds Pumps Water
Technologies:
http://www.goulds.com
East Bayard Street
Seneca Falls, NY 13148
Phone: 315-568-2811
Fax: 315-568-2046 

Hoffman Specialty 
http://www.hoffmanspecialty.com
3500 North Spaulding Avenue
Chicago, IL 60618
Phone: 773-267-1600
Fax: 773-267-0991 

Lowara 
http://www.lowara.com
14 Via Dott Lombardi
36075 Montecchio Maggiore
Vicenza, Italy
Phone: 39-444-70-7111
Fax: 39-444-492109 

Marlow 
http://www.marlowpumpsonline.com
2881 East Bayard Street
Seneca Falls, NY 13148
Phone: 315-568-4747
Fax: 315-568-2046 

McDonnell & Miller
http://www.mcdonnellmiller.com
3500 North Spaulding Avenue
Chicago, IL 60618
Phone: 773-267-1600
Fax: 773-267-0991 

PCI Membranes
http://www.pcimem.com
Laverstoke Mill, Whitchurch,
Hampshire, RG28 7NR
Phone: 44 (0) 1256 896966
Fax: 44 (0) 1256 893835

Richter Chemie-Technik GmbH
http://www.itt-richter.de
Otto-Schott Strasse 2
D-47906 Kempen. Germany
Phone: 49-2151-1460
Fax: 49-2152-146190 

Royce Technologies
13555 Gentilly Road
New Orleans, LA 70129
Phone: 504-254-8888
Fax: 504-254-8855

Sanitaire 
http://www.sanitaire.com
9333 N. 49th Street
Brown Deer, WI 53223 
Phone: (414) 365-2200
Fax: 414- 365-2210 

ITT Standard - Heat Transfer 
http://www.ittstandard.com
175 Standard Parkway
Cheektowaga, NY 14227
Phone: 1-800-281-4111
Fax: 716-897-1777 

Vogel 
http://www.vogel-pumps.com
Ernst Vogel - Strasse 2
2000 Stockerau 
Austria
Phone: 43-2266-604
Fax: 43-2266-604-115 

Water Equipment Technologies
http://www.wetpurewater.com
3610 Quantum Blvd
Boynton Beach, FL  33426-8637
Phone: 561-684-6300
Fax: 561-697-3342

WEDECO AG Water Technology 
www.wedecoag.com
Ungelsheimer Weg 6 
40472 Düsseldorf
Phone: 49/ 211 95196-0
Fax : 49/ 211 95196-30 


