


ITT’s Place In The Cycle of Water: Everything But The Pipes Page �

Clean Water Solutions from ITT
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RESIDENTIAL (off grid)
Over 50% of all residential well 
water pumps in North America 
are ITT’s Goulds Pumps brand.

OFF-SHORE INSTALLATIONS
ITT’s desalination “water makers” serve the 
human and industrial needs of offshore oil 
and gas installations.

AGRICULTURE / IRRIGATION
Pump and control systems for 
irrigation, stock water, wash 
systems, cooling systems.

MEMBRANE FILTRATION
Standard and custom engineered 
reverse osmosis, nanofiltration, 
ultrafiltration and microfiltration 
membrane systems

DESALINATION
Custom engineered reverse osmosis and 
nanofiltration membrane systems

RAW WATER INTAKE
•  Packaged water booster pump packages and stations
•  Large submersible propeller, mixed-flow, borehole, line shaft, vertical turbine and wet-pit 
    column pump systems
•  Dry-mount cast iron and stainless steel centrifugal pump systems

ITT’s large wet column pumps provide raw water services up to 500,000 gallons per minute.

DISINFECTION

•  Ozone and ultraviolet systems for 
    non-chemical disinfection
•  Chlorine dosing, control and 
    measurement systems

With more than 200,000 installations world-
wide, today, ITT is the world’s leading provider 
of non-chemical systems that disinfect water 
with ultraviolet light.  Our high-performance 
UV lamps destroy more than 99.99 percent of 
all waterborne pathogens – in just seconds.

EMERGENCY / RESCUE
Mobile, turnkey membrane filtration systems from ITT 
provided life-giving potable water to survivors of the 
South Asian Tsunami.

CONVENTIONAL POTABLE WATER TREATMENT
For over 80 years, ITT has supplied quality clarification and filtration processes to the municipal 
drinking water market
•  High-rate dissolved air flotation provides optimal effluent quality with the smallest footprint
•  Leopold filters provide years of trouble free, reliable service, as well as quality effluent that 
meets or exceeds regulatory standards

MEMBRANE PRE-TREATMENT
ITT’s high-rate dissolved air flotation 
process enhances membrane performance 
by producing an effluent quality that allows 
for higher membrane flux rates and lower 
membrane capital and operating costs  

DESALINATION PRE-TREATMENT
Clarification and pre-filtration processes 
that reduce the Silt Density Index (SDI) 
enabling optimum membrane performance

COMMERCIAL / MUNICIPAL
•  HVAC hydronic systems
•  Pressure boosting pump packages and stations
•  Intelligent variable speed control systems
•  Fire pump packages
•  Flood control and dewatering pumps

INDUSTRIAL PRE-TREATMENT
Ultra-pure water is crucial to many industrial 
processes.  ITT’s reverse osmosis filtration systems are 
employed in industries ranging from food processing, 
to pharmaceuticals to nuclear power.

INDUSTRIAL
ITT provides the widest range of pumps, valves, intelligent control 
systems and applications expertise for industrial water applications - 
with millions of installed products around the world.

ELEVATED WATER STORAGE
•  Pressure boosting pump packages and stations
•  Water control valves

POTABLE WATER DISTRIBUTION
•  Skid-mounted packaged water 
    booster pump stations
•  Dry-mount pump systems
•  Submersible pump systems

RESIDENTIAL
•  Booster pumps
•  Hot water hydronic systems
•  Boiler steam controls
•  Irrigation pumps
•  Pool and spa pump packages



ITT’s Place In The Cycle of Water: Everything But The Pipes Page �

“When the well’s dry, we know the worth of water.”

– Benjamin Franklin (1706-1790)

While 70 per cent of  the world’s surface is covered by water, only one per cent of  
the total water resources on earth is available for human use.  

There are 1.1 billion people, or 18 per cent of  the world’s population, who lack 
access to safe drinking water.  

About 2.6 billion people, or 42 per cent of  the total, lack access to basic sanitation. 

Every week an estimated 42,000 people die from diseases related to low quality 
drinking water and lack of  sanitation. Over 90 per cent of  them occur to children 
under the age of  5. 

By 2025, it is estimated that about two thirds of  the world’s population - about 5.5 
billion people - will live in areas facing moderate to severe water stress. 

It is estimated that an additional investment of  US$ 11.3 billion per year would be 
needed to achieve the U.N’s Goals for drinking water and sanitation at the most 
basic levels. 

Water withdrawals for irrigation have increased by over 60 per cent since 1960.  

About 70 per cent of  all available freshwater is used for irrigation in agriculture.  

Water use increased six-fold during the 20th Century, more than twice the rate of  
population growth. 

People in slum areas have very limited access to safe water for household uses. 
A slum dweller may only have 5 to 10 liters per day at his or her disposal, while a 
middle- or high-income person in the same city may use some 50 to 150 liters per 
day. 

Up to 30 per cent of  fresh water supplies are lost due to leakage in developed 
countries, and in some major cities, losses can run as high as 40 to 70 per cent. 

About 90 per cent of  sewage and 70 per cent of  industrial wastes in developing 
countries are discharged into water courses without treatment, often polluting the 
usable water supply. 

1.1 billion people gained access to safe drinking water between 1990-2002. 

Source – WHO/UNICEF, 2005
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Forward

“We forget that the water cycle
and the life cycle are one.”

– Jacques Cousteau

With a fixed amount of  available water (and the 
demand for this water expected to double over 
the next 20 years), how will the world’s growing 
population satisfy its basic water needs? Who will 
take the lead in addressing the critical issue of  our 
worsening global water shortage?

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. Increasing demand, unsustain-
able withdrawal rates, lack of  new sources and 
increasingly widespread contamination are creating 
freshwater shortages. Meanwhile, as global demand 
increases, the world’s water infrastructure is con-
tinuing to age, creating a looming crisis for manag-
ing this valuable resource. It is clear that the world’s 
population cannot survive, nor can its economies 
thrive, without great advancements in the conser-
vation, treatment and movement of  water. This 

in turn requires a substantial investment not only 
in new water and wastewater technology but also 
in the world’s aging, and often obsolete, water 
infrastructure. 

The solution to our water problems requires an ef-
fective collaboration among industry, education and 
government. Industry must create and implement 
new products and systems through the application 
of  new technologies. Educators must foster engi-
neering and science curricula and research relevant 
to our water issues. Governments must plan for the 
growing water and environmental needs of  their 
constituents by focusing on the investment required 
in their water systems and implementing the rate 
increases necessary to undertake this investment 
and provide incentives for conservation efforts. 
Together, these groups must develop an effective 
regulatory framework to insure the adequacy and 
quality of  our water assets.

Water is the essential element of life on earth. We come from water, 
consist mainly of water, live through water, and depend on water for our 
lifestyle and livelihoods. How we use this precious resource and  return it 
for reuse will help define the future of humanity. 

ITT is deeply involved in the cycle of water use and reuse. We are 
committed to the wise and sustainable development and utilization of 
the world’s water resources. Through the efforts of our scientists and 
engineers and the use of our products and systems, ITT plays a very 
important role in the flow of this vital natural resource and our customers 
more so.
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Where We Are –  
Where We Need to Go

Over the past decade, significant progress has 
been made in developing new technologies and 
practices to address the world’s freshwater avail-
ability. In the developed world, these technolo-
gies are focusing on the use of  saltwater and 
the reuse of  water through enhanced treatment 
and purification rather than the drilling of  ad-
ditional wells or construction of  large diversion 
and storage projects. These technologies, though 
still developing rapidly, have become much more 
efficient and cost effective in recent years. For 
example, in desalination, advances in membrane 
technology have dramatically increased the per-
formance of  reverse osmosis systems in remov-
ing salts and other contaminates from water. 

Still, costs remain prohibitively high for many 
applications, especially in the developing world. 
Funding for additional research and development 
is required to increase the efficiency and reduce 
the energy and capital requirements of  these 
technologies to make them affordable alterna-
tives. Promising new technologies must also be 
pursued to insure we have the capabilities to ad-
dress our future needs.

Forward

On one hand, advances in conservation tech-
niques are being implemented to increase the 
availability of  fresh water. In agriculture, which 
consumes approximately 70 percent of  our glob-
al water, drip irrigation, more efficient sprinklers 
and better irrigation practices hold the potential 
for enormous water savings. In the commercial 
and industrial sectors, low-volume plumbing fix-
tures, improvements in water-cooling equipment 
and advances in pollution control and sewage 
treatment are already contributing to better water 
conservation practices.  On the other hand, 
leaking water collection and distribution systems 
and inadequate wastewater treatment continue 
to be a problem for municipalities worldwide. 
Additional resources must be devoted to im-
proving our water efficiency and developing the 
world’s water infrastructure.

Unfortunately, a significant obstacle to improv-
ing our water shortage lies in the very price we 
pay for water. Throughout the world, direct and 
indirect government subsidies distort the true 
cost of  providing water and treating wastewater. 
Artificially low prices encourage greater con-
sumption and restrict the funds necessary for 
new investment in infrastructure and technol-
ogy. We believe that charging the real cost of  
providing safe water and wastewater handling 

will lead to better allocation of  water and allow 
us to manage water resources more effectively.

Changing Nature of the 
Water Business

While the challenge of  insuring adequate water 
resources for the future is formidable, significant 
opportunity and rewards will accrue for those 
businesses that  are able to supply the necessary 
solutions. Currently, the water industry is largely 
comprised of  companies that specialize in niche 
products or markets such as pumps or filtration. 
Organizations facing challenging water issues 
are increasingly turning to experts that have the 
breadth of  capability to own and resolve such 
challenges by employing holistic solutions that 
incorporate a range of  skills encompassing both 
technical and commercial innovation. A few 
companies are developing a breadth of  experi-
ence and applications knowledge covering the 
entire cycle of  water use and reuse. ITT is at the 
forefront of  this transition.

Recognizing the need for broad-based applica-
tions and new technology, ITT began to expand 
its core competencies beyond the pump industry 
years ago. To meet the demands of  the changing 
water market, ITT focused on developing and 

Forward

integrating into its business innovative tech-
nologies in such areas as biological treatment, 
instrumentation, clarification, media filtration, 
membrane filtration, desalination, and UV and 
ozone disinfection.  ITT’s water business has be-
come recognized as a leader in the global water 
industry.

Our Commitment

ITT is committed to the wise and sustainable 
development and utilization of  the world’s water 
resources. Our focus is on providing innovative 
equipment, systems and applications knowledge 
to users of  water throughout the water cycle. We 
are also dedicated to preserving the environment 
and nurturing knowledge and awareness of  the 
world’s water issues. 

While there are many challenges ahead in provid-
ing adequate, safe water to the world’s growing 
population, we believe the international commu-
nity, working together, can achieve this goal. We 
must not shy away from these challenges. Instead 
we must embrace the opportunity and establish 
a legacy we can be proud of  for the future of  
mankind. At ITT, we will continue to generate 
the new ideas, products and knowledge neces-
sary to make this happen.

Good news & Bad news  
There is a lot of fresh water in the world

Water is free from nature

In many areas, water is easily accessible at a low cost

Nature is constantly recycling & purifying water in rivers & lakes

There is a huge amount of water underground

5 billion people have reasonable access to fresh water

3.8 billion people have at least basic sanitation

Millions are working their way out of poverty

The pace of industrialization is increasing

Industry is becoming more efficient in its water use

Awareness of water issues is increasing 

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

It is not always where man needs it

Infrastructure needed to deliver water is expensive

People assume it will always be available & take it for granted

Man is polluting water faster than nature can recycle it

Man is using this water faster than nature can replace it

Over 1 billion do not

2.4 billion do not

Affluent people use more water

Industry will require more fresh water

Many industries are still using water unsustainably/inefficiently

Translating awareness into action can be slow
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The Cycle of Water

The “cycle of water” is a good place to truly appreciate the range of fluid handling 
and treatment systems from ITT. Our pump systems draw water from the ground and 
from lakes, rivers and seas. Our membrane filtration systems treat it, and desalinate 
it. Our media filtration and clarification systems treat the water and can also pre-treat 
it for desalination by membrane systems. Our UV, ozone and chlorine dosing systems 
disinfect it, making it safe to use. Our pump systems move water to and from treat-
ment 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 power thousands of industrial 
applications. Our packaged fire pump systems stand ready to power water for emer-
gency use. And for those homes, farms and industrial applications off the distribution 
grid, ITT’s wide range of submersible and turbine pumps supply water from under-
ground wells.

Once clean water has served its human needs, effluent stations equipped with ITT 
pumps and mixers move wastewater to treatment facilities where our submersible 
pumps, monitoring & control equipment and mixers are integral to wastewater treat-
ment and sludge processing plants. The fundamental task of biological wastewater 
treatment – the breaking down and removal of contaminants – is then achieved using 
ITT’s advanced aeration, sequence batch reactor and membrane bioreactor systems.  
Before the water is returned to nature, our ozone, ultraviolet and chlorine disinfection 
systems are employed to protect users of our water environment. ITT’s media filtra-
tion removes suspended solids efficiently while clarification systems treat wastewater 
lagoon systems. ITT’s tertiary treatment and reverse osmosis membrane systems can 
also be used to re-purify the water, making it suitable for recharging groundwater 
aquifers or reuse in a wide variety of applications.

In the cycle of water, ITT provides everything except the pipes – and sometimes even 
the pipes!
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Water from lakes, rivers, streams, the rain, the sea 
or the ground either flows by gravity or is pumped 
into a water treatment intake facility. Through a 
combination of  actions such as sedimentation, nat-
ural coagulation, and chemical interactions, storage 
can improve water’s physical and microbiological 
characteristics, and therefore, help defend against 
the transmission of  waterborne diseases.

Groundwater is also utilized by drilling a well of  
appropriate depth to reach an underground aquifer. 
Most commonly, a submersible pump is placed in 
the well to pump the water to the surface; or for 
a shallow well, a surface mounted jet pump can 
perform the same function. This subsurface water 
is typically a relatively pure source but can require 
treatment to remove bacterial or heavy metal con-
tamination, to filter out sand that infiltrates into 
the well, or to perform a softening treatment which 
reduces minerals and improves taste. Groundwater 
is generally disinfected to guard against pathogens 
and to ensure its continuing purity whilst residing 
in distribution networks.

The Cycle of Water: Clean Water

    

Facing a water shortage during peak usage times, the city 
of El Dorado in Arkansas turned to ITT’s modular pump 
unit (Flowtronex) to design and manufacture an efficient, 
modular, skid-mounted pumping system to draw water 
from five new deep wells.

CASE STORY:
Arkansas City Makes the Most of Modular Pumps

Raw Water Intake

Desalination utilizes either thermal or mem-
brane technologies to remove dissolved solids 
from various sources of  water, including the sea, 
brackish resources, “fresh “ water intended for 
high purity applications and wastewater intended 
for reuse. Thermal plants use distillation tech-
niques to vaporize water, leaving salt and other 
contaminants behind. Membrane plants operate 
by pushing water through ultra-thin, semi-per-
meable membranes. Both technologies produce 
water of  very high quality by removing a wide 
range of  potential contaminants.

Distillation is a very energy-intensive process. 
Membrane technology in the forms of  reverse 
osmosis (RO) and nanofiltration (NF) have im-

proved rapidly during recent years, and are now 
considered by the majority to be the technology 
of  choice. Utilizing effluent from a pre-treat-
ment scheme is essential to prolonging the life 
of  the membrane system.

Current estimations of  the membrane desalina-
tion market show that it will generate $3 billion 
per year in new business over the next decade, 
which is the result of  the increasing demand for 
desalinated water due to the pressure on fresh-
water resources and the falling cost to produce it 
with RO systems. Membranes taking share from 
thermal processes – approximately 59% of  new 
plants will be membrane-based between 2005 
and 2015 (Source: Global Water Intelligence).

The Cycle of Water: Clean Water
Desalination

Desalination Market Revenues by Process Technology

Thermal or Distillation 48%
Traditional Technology

Multi-Stage Flash (MSF)
Vapor Compression (VC)
Multi-Effect Distillation (MED)

Membrane Processes  52%
Increasing Trend

Reverse Osmosis (RO)
Nanofiltration (NF)
Electrodialysis (ED)

MSF
40%

RO
43%

VC
5%MED

3%

ED
5%NF

4%

Source: Aqua Resources Int’l 2003
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Contracted capacity of  new desalination plants 
doubled between 1998 and 2001, from 400 mil-
lion gallons per year to 800 million gallons per 
year (1.5 to 3 billion liters). Forecasts suggest a 
greater than 100% increase in installed capac-
ity (global) from 2005 to 2015, creating a total 
market worth $95 billion over the next decade 
(Source: Global Water Intelligence. Fastest 
growth around Mediterranean (mostly Israel, 
Algeria and Libya).

Worldwide, approximately 9,500 desalination 
plants have an aggregate capacity of  8.5 billion 
gallons per day (32 billion liters).

The Cycle of Water: Clean Water
Desalination

With a pending shortage of drinking water, a municipal 
water utility in Newport News, Virginia employed a 
relatively new technology for a reverse osmosis system to 
tap a brackish groundwater supply. With design, technical 
support and operator training from ITT’s membrane 
filtration unit, the municipality was able to quickly 
augment its safe drinking water supply and enhance the 
quality of its overall water supply as well.

CASE STORY:
Virginia Water Utility Yields Fresh Water on 
Short Notice

Source: Wangnick Consulting

Contracted Desalination Capacity
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     Declining Costs for Source Water Desalination

1991    Santa Barbara, CA  $6.00 / 1000 U.S. Gal
1999  Cyprus Plant  $3.00 / 1000 U.S. Gal
2000  Tampa Bay, FL     $2.00 / 1000 U.S. Gal
2003   Singapore Plant   $1.50 / 1000 U.S. Gal

Cost of project construction for desalination plant varies with

conditions of source water and pre-treatment requirements.

1000 U.S. Gal = 3,800 Liters

Power Plants
6%

Industrial
29%

Municipal
62%

Tourism 
1%Military 

2%

Source: Aqua Resources Int’l 2003

Desalination Market by End User

Potable water treatment plants process raw 
water sources through the treatment plants to 
produce a product that meets all of  the regula-
tory requirements for consumption.  Surface 
water treatment plants usually will first remove 
solids in a clarification process prior to filtra-
tion.  In this process, the treatment plants goal is 
to provide a consistent water quality to optimize 
the filtration process and produce and collect 
solids that are easily dewatered and disposed.  
Those solids consist of  inorganic suspended or 
colloidal material, soluble material that has been 
precipitated by adding oxidant or changing pH 
range, and biological material such as algae or 
pathogens such as Cryptosporidium and Giardia. 

Traditionally, the clarification process consisted 
of  some method to settle solids out of  the raw 
water supply.   With the new Dissolved Air 
Flotation technology, the raw water particles are 
flocculated and separated out of  the water by 
floating them to the surface, rather than settling 
them to the bottom of  the basin.  DAF is par-
ticularly effective in removing low-density solids 

The Cycle of Water: Clean Water
Clarification - Dissolved Air Flotation (DAF) 

such as turbidity, color, algae, Giardia/Crypto-
spordium, and precipitated organics and metals.  
These are all contaminants that do not settle 
well due to particle size and/or density.  These 
same smaller and/or low-density flocculated 
particles can be removed in the flotation process 
due to the millions of  bubbles that are released 
in the reaction zone to capture the particles and 
float them to the surface.  DAF can also better 
handle rapid changes in raw water temperature 
and water quality provided that the coagulation 
chemistry is optimized. 

Due to short flocculation mixing times and load-
ing rates as high as 20 gpm/ft2, the footprint for 
the process is significantly smaller than conven-
tional settling processes.  In addition, the im-
proved capture of  solids result in more efficient 
operation of  the filtration process, while deliver-
ing significantly higher sludge solids to be sent 
for further processing than any settling process.
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Microfiltration and Ultrafiltration (MF/UF) 
membrane suppliers are producing low-pressure 
membranes that are applied in current treat-
ment process schemes to enhance the water 
quality effluent required to meet additional 
regulatory guidelines. The performance of  these 
membranes can be improved when a pretreat-
ment system is utilized to reduce the potential 
contaminants such as algae, color, organics, and 
dissolved contaminants that can foul the mem-
brane.  Simple membrane filtration is inadequate 
to fully meet the requirements of  the Safe 
Drinking Water Act because the water supply 
contains dissolved contaminants that exceed 
regulatory levels. Although they offer many ben-
efits, MF/UF systems alone do not effectively 
control dissolved contaminants.  In addition to 
expanding plant treatment capabilities, these pre-
treatment processes have been found to optimize 
membrane performance and reduce capital and 
whole-life costs. 

The Cycle of Water: Clean Water
Clarification - Low Pressure Membrane Pretreatment

A high rate dissolved air flotation clarification 
process provides one of  the best membrane 
pretreatment alternatives.  The process is de-
signed with the concept that it is easier to float 
small diameter, low-density solids than to settle 
them.  Typical of  those floc solids are ones cre-
ated from color, organics, soluble metals, algae, 
or colloidal solids by adding inorganic chemicals.   
Flotation is preferable to sedimentation for 
these small, low density hydroxide floc removals 
because solids with hundreds of  microns in size 
are required to settle, while particles of  tens of  
microns in size can be floated.

Removing the potential fouling material prior to 
membrane treatment will result in the ability to 
increase the flux rate, which will reduce the num-
ber of  membranes required to treat the water, as 
well as reduce the frequency of  backwashing the 
membranes, which will prolong the life of  the 
membrane. 

This ITT Leopold brand dissolved air flotation (DAF) 
system installation has a total flow capacity of 75 
MGD.  It is currently the largest operating potable 
water treatment dissolved air flotation system in the 
United States, consisting of twelve trains at �.�5 
MGD each.  The reduced turbidity from the raw water 
influent to the Clari-DAF effluent is a consistent 90%.

CASE STORY:
Greenville, South Carolina Reduces Raw 
Water Turbidity With Dissolved Air Flotation

Filtration is the process of  holding back impuri-
ties in a liquid by passing it through a perme-
able barrier. Traditionally, this has often been 
achieved using beds of  sand through which the 
water is allowed to percolate, usually preceded by 
coagulation, flocculation and settlement stages to 
reduce the load of  impurities requiring filtration 
and to enhance the removal of  very fine par-
ticles. Other types of  media can be used in place 
of  (or in combination with) sand to address spe-
cific impurities, an example being the use of  ac-
tivated carbon to adsorb chemical contaminants. 
This type of  filter is typically cleaned by back-
washing, whereby the flow of  water is reversed 
to lift deposits out of  the bed. Introducing air 
into the backwash water enhances the scour-
ing effect. Media filters can be operated using a 
head of  water or can be contained in pressurized 
vessels.

Membrane technology is increasingly being used 
to separate contaminants from both drinking wa-
ter and wastewater, with various drivers having 
an influence, such as reduced plant footprints, 
ease of  integration into existing infrastructure, 
protection against pathogens and superior treat-
ment performance. Four categories are com-
monly recognized, which are based on the size 
of  particle or molecule retained – microfiltration 
(MF), ultrafiltration (UF), nanofiltration (NF) 
and reverse osmosis (RO). RO is the finest form 
of  membrane separation, retaining most dis-
solved species including monovalent salts. The 
pressure in RO systems must exceed the osmotic 
pressure of  the dissolved species to force the 
liquid fraction across the semi-permeable mem-
brane. NF bridges the gap between RO and UF, 
as it is capable of  retaining solutes greater than 
300 Daltons such as organic carbon and divalent 

The Cycle of Water: Clean Water
Filtration and Advanced Filtration
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salts. UF covers a relatively broad spectrum of  
particle sizes, retaining macro-solutes, colloids 
and viruses. MF is the coarsest form of  mem-
brane filtration, bordering on conventional par-
ticle filtration, and provides a barrier to turbidity, 
cryptosporidium and bacteria. Developments 
in system design and membrane materials are 
continuing to increase the efficiency and perfor-
mance of  membrane technology, reducing whole 
life costs and increasing throughput. 

The advanced filtration system market (water 

treatment) is currently $4 to $5 billion per year, 
with a 10% - 12% CAGR. Due largely to re-
duced capital costs and performance improve-
ments resulting in better energy efficiency, the 
overall membrane market - a component of  the 
overall filtration systems market – is expected 
to grow from $2.5 billion in 2003 to nearly $4 
billion in 2007. Of  that, the ultrafiltration (UF) 
and microfiltration (MF) market is expected to 
grow from approximately $600 million in 2003 
to about $1 billion in 2007 with a CAGR of  over 
15%.

The Cycle of Water: Clean Water
Filtration and Advanced Filtration

The Cycle of Water: Clean Water
Filtration and Advanced Filtration

Sources: BCC, Inc.,”E125 Advanced Technology for Municipal Water”

Projected U.S. Municipal Market Growth 
for Membrane Filtration 2000 to 2008
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When the municipal water supplier in Cooper City, Florida 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’s membrane filtration 
unit, they were able to successfully implement a new and cost 
effective water filtration technology that enabled them to 
conform to the new regulations. 

CASE STORY:
Nanofiltration Perfect Fit for Cooper City, Florida

Membrane Types Installed and Proposed in the U.S. in 2002
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Sources: BCC, Inc.,”E125 Advanced Technology for Municipal Water”
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There are three methods of  disinfection within 
the Clean Water industry, namely Ozonation, 
Ultraviolet and Chlorination, all of  which can be 
supplied, in isolation or combination, by ITT’s 
business units, WEDECO and Portacel.

There are two essential criteria to supplying safe 
disinfected water to the customer:

All living organisms must be destroyed in 
the source water before the water leaves 
the treatment plant.
A residual disinfectant must be available in 
the water supply to destroy any organism 
collected between the treatment plant and 
the consumer.

OzONATION

Ozonation is a water disinfection method first 
used in Nice, France in the early 20th cen-
tury to improve drinking water taste and odor. 
Ozonation uses the same kind of  ozone gas 
found in the atmosphere and is one of  the stron-
gest oxidants that can be produced on an indus-
trial scale. The ozone molecule consists of  3 oxy-
gen atoms. At normal temperatures, ozone is an 
unstable gas. By adding ozone to the water sup-
ply water suppliers inactivate disease-causing mi-
crobes including Giardia and Cryptosporidium, 
both of  which are extremely resistant to chlorine 
disinfection, and can pose serious – even fatal- 
digestive problems.

1.

2.

The Cycle of Water: Clean Water
Disinfection

Advantages – 
Ozone is the strongest means of  oxidation 
and disinfection for water treatment.
Ozone decomposes to oxygen.

Disadvantages -
Due to the large amounts of  electricity 
necessary for treatment, the cost of  ozona-
tion is approximately 4 times larger than 
that of  traditional chlorine disinfection.
Ozone disinfection dissipates quickly in 
water supplies, leaving no residual, and 
contaminants entering an ozonated water 
supply after treatment has occurred will be 
left unaffected.
Ozone is corrosive and can be hazardous 
to health if  leaked into the atmosphere.

○

○

○

○

○

The Cycle of Water: Clean Water
Disinfection

In order to improve low-quality drinking water, Helsinki, 
Finland installed the world’s largest UV disinfection system 
from ITT’s disinfection unit (WEDECO). In addition to 
improving water quality, the UV system eliminated organic 
residues that were produced from large doses of chlorine 
that previously had been used.

CASE STORY:
UV Disinfection System Used by Helsinki, Fin-
land to Eliminate Organic Residues

UV

Drinking water disinfection is one of  the most 
important segments for ultraviolet disinfection. 
As well as water disinfection in large municipali-
ties, drinking water on board ships and trains is 
extensively disinfected using ultraviolet light.

In many drinking water applications, UV replaces 
chlorine as the primary disinfectant to meet mi-
crobiological requirements according to drinking 
water regulations.

The UV disinfection process takes place as 
water flows through an irradiation chamber. 
Microorganisms in the water are in-activated 
when the UV light is absorbed. A photochemical 
effect is created and vital processes are stopped 
within the cells, thus making the microorganisms 
harmless. UV light inactivates microbes by dam-
aging their nucleic acid, thereby preventing the 
microbe from replicating. When a microbe can-
not replicate, it is incapable of  infecting a host.

Advantages – 
UV disinfection is faster than chlorine dis-
infection, taking just seconds to inactivate 
the microbes.
UV disinfection adds no chemicals to the 
water supply and decreases the require-
ment for chlorination (needed just for 
residual disinfection), thereby reducing the 
formation of  disinfection by-products.

Disadvantages –
Like ozone, UV leaves no residual and 
contaminants entering the UV disinfected 
water supply after treatment has occurred 
will be left unaffected.
Effective UV disinfection requires a water 
supply with very low TSS (total suspended 
solids) figure. Suspended solids can cause 
‘shadows’, giving contaminants a degree of  
protection.

○

○

○

○
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The Cycle of Water: Clean Water
Disinfection

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

CASE STORY:
ITT Responds to Water Crisis in Iraq With  
Fast Turnaround

ChLORINATION

Chlorine is a disinfectant added to drinking water 
to reduce or eliminate microorganisms, such as 
bacteria and viruses, which can be present in 
water supplies. Chlorine, like ozone, is an oxidant 
which kills the microorganisms or renders them 
incapable of  reproduction. Chlorine remains 
the most commonly used drinking water disin-
fectant, used on more than 90% of  the world’s 
drinking water either as the primary source of  
disinfection or as a secondary disinfection to 
leave a residual after an ozone or ultraviolet pri-
mary disinfection.

Advantages –
Very effective, widely available and cost 
effective.
Leaves an essential residual after treatment, 
ensuring that microorganisms cannot re-
contaminate the water supply after leaving 
the treatment plant.

Disadvantages –
Chlorine can react with any organic mat-
ter present in the water supply to form by 
products such as THMs.
Chlorine is corrosive and can be hazardous 
to health if  leaked into the atmosphere.

○

○

○

○

The Safe Drinking Water Act defines “public wa-
ter system” as “one that serves piped water to at 
least 25 persons or 15 service connections for at 
least 60 days per year.” Distributing water from 
the treatment plant to the users is done through 
a complicated network of  pipes, treated water 
reservoirs, pumps, and valves.

Operation of  the water distribution network 
focuses on two main areas: customer service and 
leakage control. Many systems operate with a 
combination of  gravity fed and pumped sup-
plies; in some cases, both on the same main. 
Large pipes called “mains” move the water from 
the tank to the user. Customers are connected 
to these distribution mains via individual house 
service lines.

The Cycle of Water: Clean Water
Potable Water Distribution

In a long anticipated municipal water supply application in 
Jamaica, ITT’s industrial pump unit (Goulds Pumps) 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.

CASE STORY:
ITT Turbine Pumps in Jamaican Water Project

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. 

Pressure reducing valves are used to control 
pressure at the user’s faucet. If  pressure is too 
high, water will come out of  the faucet too fast 
and possibly damage taps and pipes. If  the pres-
sure is too low, flow will be too slow and could 
present fire fighting problems. All distribution 
systems have losses due to leakage. A sophisti-
cated microphonic instrument called a correlator 
is used to pinpoint leaks in pipes.

Each day, �� billion gallons (159 billion liters) of clean 
drinking water are produced and distributed in the 
U.S. and Canada alone (approximately 17� gallons 
(��� liters) for each person) for a variety of customers.

Residential Use - 39%
68 gallons (257 liters)  

Industrial Use - 27%
48 gallons (182 liters)
  
Commercial  - 19%
33 gallons (125 liters)  

Public Use  - 5%
9 gallons (34 liters)  

Leakage -10%
18 gallons (68 liters) 

Commercial
19%

Public Use 
5% Leakage

10%

Industrial Use
27%

Residential Use
39%

Source: EPA
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Water towers come in all shapes and sizes but 
all have one thing in common: height. Elevation 
helps conserve energy by using gravity to move 
water through the pipes to the users. In this 
manner, constant water pressure is maintained. 
In flat regions, elevated water reservoirs are a 
necessity in order to provide sufficient pressure 
for delivery into the distribution system. Large 
pipes called “mains” move the water from the 
tank to the users.

Water from the treatment plant is fed into these 
storage units by centrifugal pumps. The pumps 
are critical in maintaining a constant level of  
fluid. Ancillary equipment including booster 
pumps and valves are usually contained inside 
the cylindrical shaft of  the storage vessel. As 
systems are expanded, booster sets may need to 
be added to the distribution network to com-
pensate for customers at higher elevations or at 
the end of  long piping runs with high friction 
losses.

The Cycle of Water: Clean Water
Elevated Water Storage

In a new housing development on a hill in 
Massachusetts, pumps from ITT’s Goulds Pumps brand 
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.

CASE STORY:
Aquavar-Equipped Pumps Supply Water to 
Massachusetts Housing Development

Residential water service usually refers to the 
supply of  potable water or wastewater and ef-
fluent removal through a distribution network. 
Homes are connected to the main supply pipe 
via household connections. For homes not on 
the municipal distribution system, private sourc-
es of  water are required, such as household wells 
using submersible or jet pumps. In addition to 
pumping, private systems often require disin-
fection to protect against pathogens and treat-
ment to remove pollutants. Some homes on the 

distribution network may also require booster 
pumps to supply water to rooftop storage tanks, 
multiple appliances or irrigation systems.

Household water may require some form of  
advanced treatment for disinfection, heavy 
metals removal or other contaminants. The use 
of  special cartridge filters, membrane filters or 
ultraviolet disinfection systems is required for 
these situations.

The Cycle of Water: Clean Water
Residential

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 
an ITT Goulds brand pump.

CASE STORY:
ITT Well Water Pumps Grow Along with U.S.
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Agriculture is the biggest user of  water by far 
– 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 drilling his own well and pump-
ing water using a vertical turbine or borehole 
pump to a pivot or other spray distribution sys-
tem. More sophisticated systems channel surface 
water to farms via elaborate irrigation channels.

Once “in the pipe,” water has many uses on 
the farm. Irrigation for crops is the most com-
mon. Many types of  irrigation systems are used 
depending on the typography and the crops 
being irrigated. Common systems include auto-
mated mechanized center pivot systems where 
a portable header system pivots about the well 
head located in the center point providing effec-
tive and even distribution of  water to maximize 
crop yields and to minimize water waste and  soil 
erosion. In some cases today, these irrigation 
systems are being fed by treated water as a means 
of  conservation. Reusing wastewater through 
agricultural irrigation not only helps “take the 
waste out of  water,” which can lower cost for 
municipalities, but it also helps preserve the 

The Cycle of Water: Clean Water
Agriculture

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 ITT Lowara 
brand pumps equipped with the Hydrovar variable 
speed control system.

CASE STORY:
Hydrovar-Equipped Pumps Help Produce 
Premium Strawberries in Australia

world’s freshwater supply through the beneficial 
reuse of  an increasingly scarce natural resource 
– water.

Water has other uses in agriculture; such as 
drinking water for livestock and for environ-
mental cooling controls which help to maintain 
healthier herds and produces higher yields and 
quality. Manure handling and treatment are also 
important applications in agriculture.

The use of  water in agriculture does not stop at 
the farm on land. Fish farming and hydropon-
ics (aquaculture) are being used throughout the 
world to help develop food supplies in places 
never suited to do so before. Also, once the food 
staple is harvested, water continues to play an 
integral role in the “food chain” in food process-
ing and beverage bottling plants.

Commercial water service includes the supply of  
potable water to larger users; e.g., offices, hotels, 
malls, or public buildings, often requiring booster 
pump systems to supply utilities, HVAC and 
fire control systems with in the buildings. The 
handling of  wastewater requires non-clogging 
pumps for transportation to the sewer system 
and further transport onto wastewater treatment 
plants.

In the commercial space, water is being used 
with greater frequency as an art form in water 
features and fountains to establish a tranquil and 
pleasant environment.

Outside these commercial buildings, automated 
irrigation systems are supplied with water to 
maintain the green spaces. In the case of  sports 
stadiums and recreational water parks, large 
dedicated pumping systems are used on-site to 
maintain the facilities.

In commercial use, a higher quality of  water is 
often required for processing and manufactur-

The Cycle of Water: Clean Water
Commercial Water Use

In the city of Denver, Colorado, the new “Mile High” Stadium 
hosts the National Football League’s Denver Broncos. Providing 
the water supply and HVAC needs of this huge edifice - includ-
ing a heating system for the playing field - are pumps and 
ancillary products from ITT’s Bell & Gossett brand.

CASE STORY:
ITT Pumps Provide Water and HVAC Service 
for New Denver Stadium

ing needs. From producing water for a spot free 
rinse, to producing water for hotels and resort 
developments, reverse osmosis is a key technolo-
gy for the supply of  potable and drinking water.
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Outside of  fires, floods are the most common 
and widespread of  all natural disasters. 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 signifi-
cant volumes of  water when rivers, lakes or seas 
are in flood stage.

The number of  floods has increased dramati-
cally, as environmental conditions have deterio-
rated and global climate conditions continue to 
change. The number of  significant flooding di-
sasters in the 1990’s was higher than in the three 
decades combined from 1950 to 1979.

Flooding during that period affected more than 
1.5 billion people worldwide, killing 318,000 and 
leaving more than 81 million homeless.

Communities particularly at risk are those in low-
lying areas, coastal areas, or those downstream 
from large bodies of  water. Flash floods can be 
caused by fast melting mountain snows. When 
heavy rainfall or melting snow causes a river to 

The Cycle of Water: Clean Water
Flood Control

After the levee break that flooded the city of New 
Orleans in the aftermath of Hurricane Katrina was 
repaired, huge flood control pumps from ITT helped 
to pump the city dry.  

CASE STORY:
ITT Helps Pump New Orleans Dry

overflow its banks, a vast expanse of  shallow 
water can rapidly cover adjacent flood plain. 
Rainfalls produced by monsoons, typhoons and 
hurricanes are other natural sources of  flood-
ing. Over 75% of  flood damage is caused by less 
than one foot of  water.

Industrial process water must be of  an appropri-
ate quality to ensure that products comply with 
the required quality standards and that the manu-
facturing process is both efficient and control-
lable. Using water directly from municipal supply 
pipes does not always achieve this goal, and 
therefore, requires further treatment applications 
to purify the water. Some requirements for puri-
fied water are common to many industries, such 
as the removal of  dissolved solids from water 
supplied to boilers. Others are more specific to 
certain industries, such as the use of  ultra-pure 
water for rinsing applications in the electron-
ics manufacturing industry. In some cases, the 
need for purified water is driven by regulators 
of  specific industries, as can be the case in the 
production of  pharmaceuticals, whereas in oth-
ers, it is driven by the need to ensure a consistent 
product (e.g., in the manufacture of  foods and 
beverages).

A number of  technologies can be used to pro-
vide ultra-pure water including reverse osmosis, 
nanofiltration, ion exchangers, ultraviolet and 

The Cycle of Water: Clean Water
Industrial Water Supply

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’s membrane filtration 
unit for a novel application of its “Fyne” filtration technology 
which removes color and other trihalomethane precursors 
from organic-rich river water.

CASE STORY:
ITT Filtration System Finds New Application in 
Ireland Pharmaceutical Process

ozone systems. The resulting water is extremely 
pure and contains low or no concentration of  
dissolved solids (e.g., salts) or particulates.
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Water in industry is most often used for cooling, 
transfer, and washing, and sometimes enters the 
composition of  the final product. Every manu-
factured product requires water use during some 
part of  its production process. For example:

39,000 gallons (148,200 liters) of  water are 
required to manufacture a car including the 
tires 

1,800 gallons (6,840 liters) of  water to pro-
cess one barrel of  crude oil 

62,000 gallons (235,600 liters) of  water 
are used in the manufacture of  one ton of  
steel

Worldwide, industrial water withdrawal amount-
ed to 22% of  global water use. High-income 
countries consume 59% of  that total while low-
income countries consume 8%. Annual industrial 
water consumption is expected to reach 281 cu-
bic miles/year (1,170 km3) by the year 2025 and 
increase to 24% of  total global consumption.

○

○

○

The Cycle of Water: Clean Water
Industrial Water Use

At a large pharmaceutical plant in Puerto Rico, an 
advanced reverse osmosis system from ITT’s membrane 
filtration unit has been installed to filter process wa-
ter for reuse – bringing the plant closer to its goal of 
becoming a “zero-discharge” facility.

CASE STORY:
ITT RO Filtration System Used for Pharma 
Plant Water Reuse in Puerto Rico

As the need for water in industry grows, it be-
comes more and more impractical for firms to 
obtain their water needs from the municipal sup-
ply. For instance, one of  the world’s largest water 
treatment plant’s in Chicago, Illinois produces 
1,440 million gallons per day, but a heavy user 
like a steel mill could require about 390 million 
gallons per day. As a result, there is a trend in 
industry for on-site water recycling and reuse.

Residential and commercial wastewater refers 
to the removal of  wastewater or effluent from 
homes and buildings through either a munici-
pal collection system or on-site septic or treat-
ment systems. Effluent is gray (dirty) water. 
Wastewater is effluent containing solid waste.

Wastewater is collected either in a septic tank 
where it is broken down by anaerobic action or 
it is collected in sewage basins constructed of  
steel, concrete, fiberglass or plastic. Wastewater 
pumps move the waste from the collection basin 
to a municipal sewage treatment plant for treat-
ment. A new and fast growing process is on-site 
wastewater treatment, which is more effective 
and environmentally friendly than a typical septic 
system and less expensive than a municipal col-
lection and treatment system.

The Cycle of Water: Wastewater
Residential/Commercial Wastewater

At some of the highest profile construction projects 
in Asia, the construction engineers decided to specify 
reliable submersible pumps from ITT’s Flygt brand for 
wastewater applications.

CASE STORY:
ITT Supplies Wastewater Pumps to Asia’s 
Largest Construction Projects
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Industrial wastewater streams are often com-
plex and difficult to treat, resulting in municipal 
wastewater treatment facilities being unable to 
accept the load due to the consequences upon 
their treatment processes. Pollutants that can 
cause problems in this regard include salinity, 
toxicity and color, hence industrialists with such 
effluent must often undertake specialized on-
site treatment to remove such materials, either 
by employing strong oxidants (such as chlorine 
dioxide or ozone) or by dosing other targeted 
chemicals or by employing specialized physical 
and biological treatment methods. On-site indus-
trial wastewater treatment can be driven by the 
ability to recover valuable materials that would 
otherwise incur a disposal cost; or simply, by its 
cost effectiveness compared to other disposal 
options such as via a municipal treatment facility.

Industrial wastewater treatment processes 
encompass all those used for municipal sewage 
treatment, together with some more special-
ized methods that are more specific to particular 

The Cycle of Water: Wastewater
Industrial Wastewater, Treatment and Reuse

industrial pollutants. High strength (in terms 
of  oxygen demand) organic effluents are often 
treated using anaerobic digestion (which is also 
used for municipal sewage sludge treatment), 
which employs microorganisms to convert a 
considerable proportion of  the organic mate-
rial into methane, thus providing a source of  
fuel. Specific cultures of  microorganisms can 
be used to treat specific pollutants, such as fuel 
hydrocarbons, using either aerobic or anaerobic 
systems (a process sometimes used to remediate 
industrial contamination of  groundwater bod-
ies). Dissolved Air Flotation (DAF) is another 
common process often used in the food industry 
for removing fats, oils and greases by lifting such 
pollutants to the surface through the attachment 
of  very small air bubbles, from where they are 
scraped off. Flow balancing is a common initial 
requirement for numerous industries to provide 
a consistent load to subsequent treatment pro-
cesses, with pH correction also being necessary 
where biological processes are employed.

Following on-site treatment, the wastewater is 
generally discharged either directly to a surface 
water body, or to a municipal sewage treatment 
plant (the on-site treatment in this case can 
reduce the cost of  such discharges and over-
come any difficulties with specific pollutants). 
Treating wastewater to a relatively high standard 
can enable it to be reused. The standard required 
will depend upon the reuse application; however, 
there are an increasing number of  sites where 
wastewater is treated to potable standards (often 
using RO membranes) enabling it to be reused 
for almost any application. The concept of  a 
“zero discharge” facility where water continually 
circulates within a single site is becoming ever 
closer to reality, particularly given the increasing 
pressure on water resources and the resultant 
cost increases.

WATER REUSE

“Reused water” refers to recycled wastewater 
treated to improve its quality. Water recycled 
for reuse can serve in many capacities where it 
is unnecessary to use high-quality potable (or 
drinkable) water. Non-potable uses include ir-
rigation, wetland restoration, industrial washing 
and cooling, fire protection, geothermic energy 
production and car washing.

Water reuse for non-potable purposes has been 
a widely accepted practice around the world for 
decades and eases pressure on water supplies and 
conserves potable water reserves. 

Increased population and development have led 
some communities to supplement their potable 
water resources with appropriately treated re-
claimed water. Supplementing potable water sup-
plies with reclaimed water is known as “potable 
water reuse.”

There are two kinds of  potable water reuse, 
direct and indirect. Direct potable water reuse 
refers to the merging of  potable and reclaimed 
water supplies in the distribution system after 

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’s biological wastewater treatment unit (Sanitaire) was 
selected to meet the challenging waste treatment needs 
for this growing site which has had environmental protec-
tion as a core objective and operating principle from its 
inception.

CASE STORY:
ITT Process Cleans Complex Waste Stream 
for Industrial Plant in Spain

The Cycle of Water: Wastewater
Industrial Wastewater, Treatment and Reuse

both supplies have left their respective treatment 
plants. Indirect potable water reuse refers to the 
insertion of  reclaimed water resources into exist-
ing natural resources, like rivers, lakes, streams or 
aquifers. Media filtration is an effective method 
for treating water for reuse.

MEMBRANE BIOLOGICAL REACTOR 
(MBR) IN WATER REUSE

Dual-stage membrane bioreactors (MBR) for 
advanced treatment of  industrial wastewater 
can deliver a higher quality effluent in a smaller 
footprint than is normally associated with 
conventional activated sludge processing sys-
tems. Dual-Stage MBR systems are a complete 
and continuous process, accepting wastewater 
with high loadings of  BOD, suspended solids 
and other contaminants and yields an excellent 
quality effluent that can be suitable for direct 
discharge to surface water bodies (depending on 
local regulations) and “low grade” reuse appli-
cations such as vehicle washing. The water can 
be further treated with polishing processes (for 
instance, reverse osmosis) to yield potable water.
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The Cycle of Water: Wastewater
Industrial Wastewater, Treatment and Reuse

Moving to comply with new regulations, a textile plant 
in India is installing ITT MBR, granular activated carbon 
and membrane filtration technologies to provide a total 
solution that deals with a complex waste stream, allow-
ing recovered chemicals and treated water to be reused.

CASE STORY:
ITT Membrane Filtration to Help at Zero-
Discharge Textile Factory in India

The growth of  membrane bioreactors in the 
global marketplace is a direct result of  water 
scarcity and the increasing need to reduce levels 
of  solids and nutrients in effluent to meet more 
stringent treatment requirements and to allow 
for water reuse.

In general, any wastewater source that can be 
treated using activated sludge can be treated us-
ing the MBR process. Until recently, traditional 
activated sludge processes have been used for 
most applications because of  their relatively low 
cost. However, MBR costs have been dropping 
and can be comparable or less than conven-
tional treatment, especially when effluent quality 
requirements are more stringent. MBR is also 
suited for higher strength wastes, where conven-
tional is inappropriate.

In a traditional activated sludge process, waste-
water is introduced into a biological treatment 
tank where organic contaminants are reduced 
and nutrients removed. The resultant biomass 
or sludge then flows to a clarifier or settling 
tank where solids separate out and effluent can 
be taken off  and filtered prior to disinfection. 
Where a higher degree of  effluent quality is 

required before disposal or reuse, an additional 
microfiltration or ultrafiltration step may be 
required.

Membrane bioreactors, on the other hand, use 
the physical barrier provided by an ultrafiltration 
membrane instead of  a settling tank to separate 
solids from liquid. Thus the effluent is of  signifi-
cantly higher quality and little, if  any, additional 
treatment is required prior to disposal or reuse.

WASTEWATER LAGOON TREATMENT

Wastewater lagoons typically are used as the 
preferred method of  treatment where there is 
domestic waste, sufficient land, and low flow 
rates.  Typically the process involves one or two 
aeration ponds where the waste is exposed to 
biological treatment followed by a pond where 
solids are settled out.  

The Federal Clean Water Act regulates both 
Biological Oxygen Demand (BOD) and Total 
Suspended Solids (TSS) under the National 
Pollution Discharge Elimination System 
(NPDES) standards.  The regulations place 
limits on discharges into surface waters as well as 

what minimum technologies must be in place by 
industry.  Industry and Municipalities are issued 
permits that allow them to discharge at specific 
regulated levels.  Due to the regulated discharge 
limits, many systems are now required to add 
treatment practices to comply with their permit 
limits.

One method that will improve the discharge 
effluent water quality is to further clarify the 
lagoon effluent to improve BOD and TSS re-
moval.   The clarification equipment to be used 
has a major impact on two areas:  the effluent 
water quality to the receiving stream, and the 
solids content of  the sludge leaving the process 
will affect the volume of  sludge to handle.  The 
effluent quality must meet the required discharge 
limits while the sludge volume affects the cost 
associated with energy, chemicals, cake solids and 
disposal

The Cycle of Water: Wastewater
Industrial Wastewater, Treatment and Reuse

Dissolved Air Flotation (DAF) is an excellent 
choice for this clarification process equipment 
application.  The solids to be removed are 
mainly comprised of  low-density biological sol-
ids that did not settle in the basin or algae that 
grow in the basin when temperature conditions 
are appropriate.  In the DAF process, particles 
are flocculated and separated out of  the water 
by floating them to the surface, rather than set-
tling them to the bottom of  a basin.  Because 
the process removes very small particles, the 
resultant water quality allows the plant to meet 
all discharge regulatory requirements for BOD 
and TSS.  In addition, the process provides the 
highest solid content for any clarification process 
so that there is the least volume of  sludge solids 
to process.
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Conventional sewer systems are appropriate in 
densely populated areas. Most wastewater trav-
els by gravity through a system of  sewers and 
pumping stations. Alternatives include cluster 
systems, where sewers transport wastewater to 
a neighborhood treatment facility. These can be 
economical and suitable for smaller communi-
ties distanced from the central treatment system. 
Since most sewage is carried by gravity, lift sta-
tions are used when a neighborhood is located 
at a lower elevation than the nearest collection 
system. Sewage is pumped “uphill” to the treat-
ment plant for processing.

Recent environmental legislation and public 
works projects are beginning to deal with com-
bined sewers, which combine residential, com-
mercial and industrial wastes and carry pollutants 
in the form of  sewage, solids, metals, oil, grease 
and bacteria. During periods of  heavy rain, 
storm water will be mixed with the water in the 
combined sewers, creating a condition known as 
Combined Sewer Overflow (CSO). The com-
bined sewer then becomes overwhelmed with 
the volume of  water, forcing it to discharge 
untreated or partially treated wastewater into 
community watersheds. Growing concerns over 

The Cycle of Water: Wastewater
Storm Water & Wastewater Collection/Lift Station

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

CASE STORY:
Indiana Town Stops Sanitary Sewer Overflow 
With ITT Pumps

this matter are prompting increased investment, 
either to address the capacity of  the sewerage 
network or to provide a basic level of  treatment, 
such as coarse screening and disinfection.

As part of  storm water and wastewater collec-
tion, equalization tanks used just before primary 
treatment have become more common. By col-
lecting incoming wastewater at high peak hours 
and feeding the plant at low flow hours, the load 
on the plant of  wastewater and contaminating 
substances can be spread over the day.

Preliminary treatment is the first stage of  the 
wastewater treatment process focusing on the 
mechanical removal of  large solids. After pre-
liminary treatment, primary treatment begins and 
it typically consists of  screening, grit removal, 
rough filtering, clarification and oil skimming. 
Screening removes the large objects such as 
sticks, leaves and other floating debris.  Grit 
chambers eliminate sands, ash and other dense 
particles.

Rough filters further reduce the volume of  solid 
materials in the wastewater stream. Clarification 
settles out the minute suspended solids by slow-
ing the rate of  flow to a point at which gravity 
will drop the solids out of  suspension. Oil skim-
ming removes fats and oils that are less dense 
from the surface of  the wastewater flow in order 
to protect downstream processes.

Primary treatment generally removes 40-70% of  
the suspended solids, 30% of  the organic mate-
rial and up to 50% of  the pathogens.

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 

The Cycle of Water: Wastewater

Wastewater – Preliminary and Primary Treatment

With a flood of high-tech business expansion, the 
sewage treatment facilities for a sleepy rural area of 
Missouri were quickly outstripped. Plenty of fore-
thought went into devising a system that included 
pumps and systems from ITT’s Flygt brand that would 
efficiently meet the area’s needs for years to come.

CASE STORY:
New Waste Treatment Plant in Fast-Growing 
Missouri County Powered by ITT Pumps

were available for implementation of  the Clean 
Water Act. Much of  this equipment and infra-
structure is reaching the end of  its useful life. 
This aging infrastructure in the U.S. and else-
where around the world, coupled with massive 
waste treatment construction in China and a 
strengthening regulatory environment in the 
European Union and  India will continue to 
drive new construction for treatment plants.
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Primary treatment alone is seldom sufficient to 
meet the demands for environmental protection. 
The primary purpose of  secondary treatment 
is to remove the soluble organic material, (bio-
chemical oxygen demand - BOD) that escapes 
primary treatment and to provide further remov-
al of  suspended solids.

Secondary treatment typically utilizes biologi-
cal treatment processes whereby microorgan-
isms convert non-settling solids into a form in 
which they can be removed. A proportion of  
the resulting “sludge” is returned to the aeration 
stage to maintain high concentrations of  organ-
isms. Recently, membrane filters have been used 
in place of  clarification tanks to separate solids 
from the wastewater flow. These systems, known 
as Membrane Bioreactors (MBR) are consid-
ered to provide various advantages compared to 
conventional activated sludge with clarification, 
which include smaller footprints, better effluent 
quality and easier operation.

The microorganisms are sustained by the 
oxygen levels found in the wastewater stream. 
Oxygen may be transferred from air into water 

The Cycle of Water: Wastewater
Secondary Treatment

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

CASE STORY:
ITT SBR Provides Large Clean-up on Small 
Dublin Bay Site

by pressurized diffused aerators or self-aspirat-
ing mechanical devices. The proliferation of  
the microorganisms drives the biodegradation 
of  the organic compounds found in the water, 
and subsequently forms harmless by-products, 
which include water, carbon dioxide and solids 
that settle out of  the wastewater. The activated 
sludge process is typically continuous; however, 
a batch type variation (known as a Sequential 
Batch Reactor system – SBR) can be suitable 
where influent loads vary and/or where en-
hanced control/treatment flexibility is required 
to ensure high effluent quality. To meet ever 
increasing standards, removal of  TSS and BOD 
from wastewater lagoons can be accomplished 
with a Dissolved Air Flotation system.

Although the activated sludge process is now 
commonplace, secondary treatment is also un-
dertaken by trickling filters, where microorgan-
isms are encouraged to grow on beds of  granu-
lar media (or modern engineered alternatives 
that provide a high surface area). Air currents 
are passively induced in the beds providing the 
microorganisms with the oxygen required to me-
tabolize the pollutant load. Wastewater is trickled 

over the surface of  the beds using rotating arms, 
with excess microorganisms being scoured off  
by the flow and subsequently allowed to settle 
out in a sedimentation stage (referred to as 
humus tanks). Although trickling filters have low 
operating costs, their considerable land require-
ments often make them unattractive compared 
to the more intense activated sludge process. A 
fairly recent development in secondary treatment 

The Cycle of Water: Wastewater
Secondary Treatment

techniques, known as Biological Aerated Filters 
(BAF), combines elements of  the activated 
sludge and trickling filter processes. The BAF 
process employs submerged media within an 
activated sludge type aeration vessel, which gives 
the benefit of  a surface upon which microorgan-
isms can reside. BAF processes are claimed to be 
more efficient than alternative techniques.
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Effluent discharge standards in the early days 
of  wastewater treatment focused on the re-
moval of  solids and materials that impose an 
oxygen demand prior to returning the water to 
the environment. Nowadays it is more com-
mon that discharge permits dictate maximum 
concentrations of  nutrients, principally nitrogen, 
but increasingly often to include phosphorous. 
They can be removed biologically, by introducing 
anaerobic/anoxic stages where microorganisms 
are starved of  oxygen. They can also be removed 
by dosing appropriate chemicals to render them 
insoluble, although this is generally not applied 
to nitrogen removal. 

Following the primary and secondary treatment 
processes, the wastewater is typically treated 
further using advanced filters, chlorine, ozone 
or ultraviolet light. Natural purification systems, 
such as reed beds, have also attracted interest 
due to their sustainable nature. However, these 
are generally only suitable for small systems with 
sufficient land area. As wastewater discharge 
standards become increasingly stringent, many 

The Cycle of Water: Wastewater
Tertiary Treatment/Disinfection

wastewater plants are incorporating tertiary treat-
ment processes to their conventional treatment 
process.

Advanced filters, typically fine screens or semi-
permeable membranes, are a physical barrier 
used to remove much of  the remaining suspend-
ed organic and inorganic solids as well as many 
pathogens. 

Chlorine is the most common method of  chemi-
cal disinfection, injected into the wastewater 
stream as a liquid or gas. Depending on the char-
acteristics of  the wastewater, insufficiently treat-
ed flows may contain THM precursors which, 
when reacted with chlorine, have an increased 
probability of  forming carcinogenic compounds. 
Flows not containing THM precursors can safely 
and effectively be treated with chlorine.

Ozone is a very powerful oxidant that is generat-
ed on-site from either pure oxygen or air. Ozone 
inactivates critical enzymes in the remaining 
pathogens and its oxidizing power can also be 

The Blue Plains Advanced Wastewater Treatment Plant, operated 
by the District of Columbia Water and Sewer Authority (WASA), is 
the world’s largest advanced wastewater treatment facility.  Total 
plant capacity exceeds a billion gallons of water a day with some 
of the most stringent treatment requirements in the United States.  
Forty ITT Leopold brand wastewater filtration systems with Type 
S® underdrain with Integral Media Support (IMS®) Cap comprise 
nearly ��,000 ft� of filtration area that play a critical role in achiev-
ing compliance to all plant discharge regulations.

CASE STORY:
Filtration System Provides 1 Billion Gallon Per 
Day Treatment for Washington D.C. Plant

useful for breaking down pollutants that cannot 
be biologically degraded, such as residual phar-
maceutical or endocrine disrupting compounds.

Ultraviolet light at a wavelength of  254 nanome-
ters inactivates pathogenic organisms by destroy-
ing the organism’s DNA, thus not allowing the 
organism to reproduce. Because UV is a physical 
disinfection (i.e. light), no chemicals are added 
to the water, which may need to be removed or 
could cause by-product formation. As a result, 
UV is increasingly preferred by many regulatory 
boards worldwide.

Wastewater disinfection has been commonplace 
in the U.S. for a number of  decades, being con-

The Cycle of Water: Wastewater
Tertiary Treatment/Disinfection

To protect the environment of the flora and fauna in 
coastal waters as well as safeguard the health of bath-
ers, the city of Manukau in New Zealand turned to 
a UV disinfection system from ITT’s disinfection unit 
(WEDECO) to install the world’s largest such system.

CASE STORY:
ITT UV System Keeps New Zealand 
Waters Safe

sidered a fundamental element of  wastewater 
treatment to protect recreational users of  sur-
face water bodies and to reduce pathogen loads 
on drinking water treatment plants. The EU 
introduced the Bathing Water Quality Directive 
(EU/76/160) in 1976 to address disinfection 
of  effluent discharges. The use of  chlorine for 
wastewater disinfection is forbidden in many 
U.S. states and is not normally used in Europe. 
Concerns over the potential for chlorine to form 
carcinogenic by-products upon contact with or-
ganic materials is prompting increased interest in 
the use of  UV. Hence, this is forecast to be the 
most rapidly growing disinfectant for wastewater 
treatment.
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Sludge is the by-product of  wastewater treatment 
and is generated from:

Primary treatment – primary sludge
Secondary treatment – includes return 
activated sludge which is continuously cir-
culated to promote the biological treatment 
process and waste activated sludge which is 
the by-product of  the process
Tertiary treatment – secondary sludge 
(waste activated sludge) when biological 
nitrogen or phosphorus removal is applied 
or chemical sludge when chemical phos-
phorus removal is applied

Biosolids are primarily organic, accumulated 
solids separated from wastewater that has been 
stabilized by treatment and can be beneficially 
used. Sludge is the unstabilized solids sepa-
rated from wastewater, a term not interchange-
able with biosolids. Sludge may also be formed 
from clean water processes and are typically 
composed of  minerals and chemicals from 
coagulation/flocculation.

Sludge treatment is of  vital interest to wastewa-
ter treatment plant operators because this aspect 
of  the process tends to consume up to 50% of  a 
plant’s operating budget.

○
○

○

The Cycle of Water: Wastewater
Sludge Treatment

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

CASE STORY:
ITT’s N-Pumps Provide Solution for Digested 
Sludge in German Wastewater Plant

Sludge treatment involves primarily thicken-
ing, stabilization and dewatering. Thickening is 
normally performed in gravity thickeners but 
can also be achieved or enhanced by different 
mechanical methods like belt filter thickeners, 
drum thickeners or centrifuges. Stabilization is 
most often achieved either by aeration (aerobic 
stabilization), anaerobic digestion (with biogas 
production) or lime stabilization. Dewatering fol-
lows stabilization and is achieved either by solar 
drying, belt filter presses, chamber filter presses 
or centrifuges.

Traditionally, sludge was disposed either to farm-
land or to landfill, but methods of  reusing sludge 
have included land reclamation or agriculture, 
incorporating 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 ho-
listic concept to accommodate the type of  prod-
uct that end users will purchase or that might be 
more beneficial to the environment.

In countries all over the world there are laws that 
control or limit the use and disposal of  sludge 
as well as the contents of  pollutants in sludge. 
In addition, worldwide the sludge volumes are 
increasing due to higher output from secondary 
treatment facilities. 

At the end of  the wastewater treatment process, 
the treated effluent is returned to the environ-
ment via pumping stations or reused in ap-
plications such as agriculture, golf  courses or 
municipal irrigation. The concept of  reusing 
water within a single manufacturing facility is 
becoming increasingly viable due to pressure on 
resources, with the idea of  a zero discharge site 
becoming ever closer to reality.

“Indirect potable reuse” is the introduction of  
highly treated reclaimed water to a surface water 
or groundwater system that ultimately is used 
as a potable water supply. Current engineering 
practices can provide treatment systems that are 
capable of  reliably eliminating pathogens and re-
ducing organic and inorganic contaminant con-
centrations to very low levels in reclaimed water.  
Although many communities already practice in-
direct potable reuse because their drinking water 
intake lies downstream of  another municipality’s 
wastewater plant, “direct potable reuse” is tech-
nically demanding because wastewater requires 
more extensive treatment prior to re-introduc-

The Cycle of Water: Wastewater

Water Return

Wastewater Reuse Market Growth 2000 to 2010 by Global Applications 

2000 Equipment System
$1.2 to $1.5Bn Sales Est.

2010 Equipment System
$2.8 to $3Bn Sales Est.

Municipal
Asia/Europe

11%

Municipal
N. America

28%

Industrial
N. America

61%

10% to12%
Per Year CAGR 

Industrial
N. America

49%

Municipal
Asia/Europe

16% Municipal
N. America

35%

Source: Water Reuse Assoc., USEPA, Miller Consulting & others

tion in the drinking water plant. Indirect reuse is 
common in many European cities.  It is estimat-
ed that potable water consumed by Londoners 
has already been through eight people.
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Regulations and Legislation

Regulations and Legislation
Legislation Drivers of Treatment Technology

Legislative Drivers of Treatment Technology

1970s 1980s 1990s 2000 - Beyond

1981: Surface Fresh Water 1989: LT 1 Enhanced Surface Water Treatment Rule

1974/1996: Safe Drinking Water Act 1998: Disinfectants and
Disinfection Byproducts Rule

2002: LT 2 Enhanced
Surface Water Treatment
Rule

1991: Surface Fresh Water Methods

1991/1998: Urban Wastewater
Treatment Directive

1998/2003: Quality of
Drinking Water Directive

1997/2000: Water
Framework Directive1988: The Water Act

1988: Urban Wastewater Conservation

2001: Chinese Guidelines
on Drinking Quality

North America

EU

China

USEPA Regulated Contaminants
1976: 20 1985: 25 1990: 30 1995: 85 2004: 95 Plus (51)

More on EPA
Watch List

Filtration Levels

Filtration Technology Development
Filtration Process

To 1.0m To 0.1m

To 0.1m

To 0.005M

To 0.005m

Below 0.005m

RO
(Reverse Osmosis)

Below 0.001m

Below 0.005m

(Micrometers)
- Basic Solids - All Bacteria,

   Asbestos
  Cryptosporidium
  & Giardia

- All Viruses,
  Hormones
  & Pesticides

>1000m to 1.0m

Particle Media
(Sand)

MF
(Microfiltration)

UF
(Ultrafiltration)

NF
(Nanofiltration)

- Endocrines &
  Aqueous Salts- Limited Bacteria

  & Parasites
Common Materials

Recommended Membrane Process to Meet US EPA Regulations:

US Regulation/Rule MF UF NF RO

YES YES YES YES

YES YES

YES YES

YES YES

YES YES

YES YES

YES YES

YES YES

YES YES

YES YES

YES YES

NO NO

NO NO

- Surface Water Treatment Rule

- Enhanced Surface Water Treatment Rule

- Coliform Rule

- Lead & Copper Rule

- Synthetic Organic Chemical Rule

- Ground Water Disinfection Rule

- Disinfection By-Products Rule

UF/MF Membrane Technology
Meets Most Current Regulatory
Standards & Provides Cost
Effective Pre-Treatment for RO
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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 ac-
cess 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 re-
serves to meet development needs. As countries 
have advanced, pollution of  this precious re-
source by agriculture, industry and human waste 
has also increased. 
 
One notable trend since the end of  the Second 
World War has been to increased urbaniza-
tion, particularly in developing countries. 
Unfortunately, the water and wastewater infra-
structure 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”. 

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 capac-
ity 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. 
 
If  over-abstraction of  renewable water re-
sources 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 abstrac-
tion 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  eco-
nomic 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 ir-
rigate 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 

Regulations and Legislation
Introduction

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. 
 

Regulations and Legislation
Introduction

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. 

In 199�, the City of Milwaukee experienced an outbreak of 
giardia in its potable water supply.   ITT’s Leopold brand 
filtration unit was contracted to rebuild the filters at two 
Milwaukee facilities on an emergency basis.  Leopold was able 
to take 80 filters built in 19�0 and totaling over 93,000 square 
feet and convert them to modern-day technology, thereby 
giving the City of Milwaukee the peace of mind that its filters 
would protect the finished water supply.

CASE STORY:
Filtration System Solves Giardia Outbreak



ITT’s Place In The Cycle of Water: Everything But The Pipes Page �8

Regulations and Legislation
Market Drivers

UNITED STATES 
 
Water quality standards are established and 
enforced by the U.S. Environmental Protection 
Agency (U.S. 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 environ-
mental 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 U.S. EPA to establish qual-
ity standards for drinking water, to regulate the 
injection of  waste liquids into the ground and to 
protect the nation’s surface water and groundwa-
ter sources. The SDWA also provides funds for a 
mechanism known as the State Revolving Fund 
(SRF) which assists municipalities 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 standards for 
drinking water, taking into consideration 
scientific research, available technology 
and costs. 

 
It sets a maximum level for each contami-

○

○

○

nant and the required methods of  water 
treatment. 

 
The U.S. EPA, states and water systems 
collaborate to achieve compliance. 

 
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 protection are re-
quired including: source water protection, 
treatment, distribution system integrity and 
public information. 

 
States and water suppliers are responsible 
for assessing the vulnerability of  water 
sources. 

 
SDWA also provides a framework for the 
Under-ground 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 pre-
venting contamination at source;
providing better information for 
consumers;
making improvements in risk 
assessment;
providing new funding for states 
through a Drinking Water SRF. 

 
The U.S. EPA publicizes additional rules to 
address microbiological contaminants and 
disinfection by-products (DBPs). These 

○

○

○

○

○

○

○

-

-

-

-

○
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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 pro-
posed by the U.S. EPA to reduce disease in-
cidence associated 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 wa-
ter 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 monitor-
ing programs. 

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

 
Stage 2 Disinfectant/Disinfection By-prod-
uct Rule (S2 D/DBPR) – The S2 D/DBPR 
focuses on public health protection by limiting 
exposure to DBPs, specifically total trihalometh-
anes (TTHMs) and five haloacetic acids (HAA5), 

○

○

○

which can form in water through the addition of  
chemical disinfectants used to control microbio-
logical pathogens. The rule will apply to all com-
munity water systems and non-transient non-
community water systems that add a primary or 
residual disinfectant 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 contami-
nant 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 
average (LRAA). 

 
The U.S. 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 U.S. EPA published a study to gain 
a better understanding of  the future challenges 
facing the clean water and drinking water indus-
tries. Known as the Clean Water and Drinking 
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 current levels of  
spending. The analysis found that a significant 

○

○

○
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funding gap could develop if  the nation’s clean 
water and drinking water systems maintained 
current spending and operations practices. 

The U.S. 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 
amendments to the SDWA. 

Case study: Arsenic Standards 
 
In 2001 the House of  Representatives voted 
to require the U.S. EPA to reduce by 80% the 
allowable level of  arsenic in drinking water. 
The proposal lowers the maximum accept-
able 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 communities 
and is likely to lead to increased demand for 
water filtration companies. 
 
According to the U.S. EPA, 97% of  the water 
systems affected by this rule are small sys-
tems that serve less than 10,000 people each 
and the estimated cost of  compliance is $6 
billion in total capital investment and $600 
million in annual operating costs. 
 
Who can afford it? 
 
As the U.S. EPA notes, the financial burden as-
sociated with the SDWA falls upon U.S. munici-
palities. The Clean Water and Drinking Water 

Infrastructure Gap Analysis suggests that mu-
nicipalities 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 utility 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 govern-
ment provides financial assistance to comply 
with drinking water mandates. For the SDWA, 
Congress provides over $800 million annually. 
States then use the federal grant money as se-
curity 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 munici-
palities around the state for water and wastewa-
ter projects. Sources of  funds to repay the loans 
include: water tariffs, general municipal revenues 
and income from taxation. 

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 
market for advanced filtration technologies, 
notably membranes. As well as the supply of  
these technologies, there is a need for companies 
which can design and build membrane filtration 
facilities. 

Chemical disinfection of  water can never be 
completely ruled out as it remains a cost-effective 

Regulations and Legislation

way of  eliminating pathogens from public water 
supply. Regulations covering DBPs seek to balance 
the use of  specialized chemicals (coagulants 
and softeners) with improved filtration 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 evalu-
ation is starting to benefit manufacturers of  
sampling and monitoring equipment. 
 
Federal Water Pollution Control Act (1972) 
– this became commonly known as the Clean 
Water Act (CWA) following amendments in the 
1970s. The act is concerned with the discharge 
of  various harmful pollutants into the nation’s 
waterways, based on best available technology 
criteria, on effluents from industrial facilities and 
publicly owned wastewater treatment plants. 
 
Key points 
 

Provided the structure for regulating dis-
charges of  pollutants into U.S. waters. 

 
Enabled the U.S. EPA to implement pollu-
tion control programs. 

 
Funded the construction of  sewage treat-
ment plants under the construction grants 
programme. This was phased out under re-
visions 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 U.S. and Canada agreed to establish 
water quality criteria for the Great Lakes 
addressing 29 toxic pollutants. 

○
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Most systems are now in compliance with the 
CWA’s original mandates. For example, the 1972 
act required that all publicly owned treatment 
works provide secondary treatment of  waste-
water. By the end of  the 1990s, the U.S. EPA 
reckoned that fewer than 200 systems – out of  
16,200 nationwide – had not met this standard. 
 
There are currently two issues associated with 
the CWA. Firstly, many of  the nation’s waste-
water treatment 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 continu-
ing high investment. 
 
The other main problem is that, in the early de-
cades of  its implementation, the CWA focused 
on regulating discharges from point source facili-
ties. 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 in-
creased significantly since. For wet weather point 
sources, such as storm sewer systems, a regula-
tory approach is now being employed. The U.S. 
EPA’s draft policy on safeguards to combined 
sewer overflows recommends better control, 
monitoring and back-up storage for stormwater 
events. 
 
CWA programs over the last decade have also 
shifted from a source-by-source, pollutant-by-
pollutant approach to more holistic watershed-
based strategies. Under the watershed approach, 
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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 U.S. EPA esti-
mates capital needs for clean water from 2000 to 
2019 to be in the range of  $331 billion to $450 
billion with an average estimate of  $388 billion. 
 
Who can afford it? 
 
Congress allocates a sum in excess of  $1.6 bil-
lion to the Clean Water SRF each year. 
 
What technologies are required? 
 
Suppliers of  wastewater systems, their associ-
ated component parts, and sewer pipelines 
stand to benefit from the repair, rehabilitation, 
replacement and maintenance of  wastewater 
treatment equipment that will be required over 
the next two decades. An increased emphasis 
on combined sewer overflows creates a market 
for suppliers of  storage and transfer facilities. 
Specific opportunities in the industrial market 
are discussed below: 
 
U.S. Industrial Wastewater Market 
 
Most of  the nation’s wastewater is discharged by 
large industries such as electric utilities, mining 
operations and steelworks. The CWA sets pre-
treatment standards for industrial plants dis-
charging into publicly owned treatment works. 
There are also rules governing the discharge of  
wastewater by small businesses not connected to 
central sewer lines. 
 

Managing Class V Injection Wells
 
Class V injection wells are shallow 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 U.S. 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 U.S. EPA regions 
already have the authority to prevent any 
Class V well from endangering underground 
sources of  drinking water. Current federal 
requirements prohibit any injection activ-
ity 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 infor-
mation to their state UIC authority. 
 
To achieve compliance with CWA guidelines and 
rules such as those governing the use of  Class V 
injection wells, thousands of  businesses across 
the U.S. need to treat or reduce the volume of  
wastewater they discharge into drainage systems 
(both private and public). For larger industries, 
this has created a market for zero liquid dis-
charge systems, i.e., treatment systems that recy-
cle and reuse industrial wastewater by separating 
out contaminants. For smaller businesses, there 
is a market for specialized point-of-discharge 
(POD) facilities. 
 
Typically, the larger zero liquid discharge sys-
tems have created opportunities for suppliers of  
advanced membrane filtration technology. The 
smaller POD facilities favor manufactures of  on-
site, packaged plants. 
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As stated previously, the global market for the 
provision of  services to industry is estimated 
to be between $40 billion and $80 billion. 
Assuming an average market size of  around $50 
billion gives a value of  $15-20 billion for the U.S. 
 
Note 
 
U.S. EPA’s Strategic Plan (2003-2008) 
 
This comprises five long-term goals centered 
around air & global climate change, water, land, 
communities & ecosystems and compliance & 
environmental stewardship. Over the next few 
years, the U.S. EPA intends to develop further 
standards for microbiological contamination, 
DBPs and pathogens. 
 
The agency’s Clean and Safe Water mission state-
ment says that by 2008: 
 

The rate of  compliance with drinking wa-
ter standards should rise from 93-95%. 

 
Pollution in waters with fish should be re-
duced 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 re-
stored and made safe. 

 
Polluted waters will be restored so that of  
the 2,262 major watersheds throughout the 
U.S., 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. 

 
Other legislation 
 
Environmental legislation in other countries 
is often based on U.S. EPA, World Health 
Organization (WHO) or EU regulations. Short 
profiles of  regulations in 14 different countries 
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 framework 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 services. 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 generally responsible for 

○
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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 laboratories and 
owners of  municipal water systems, and cre-
ate 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 popula-
tion 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. 

Municipal water use, by sector (1994)

Source: Environmental Canada Water site

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. 
 
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 operating ageing 
water distribution systems, 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 sew-
age treatment has been steadily rising to 85% 
in 1998. 80% of  this collected sewage was 
treated to at least the secondary level, but dur-
ing periods of  heavy rainfall wastewater may 
advance straight to a CSO, bypassing treatment. 
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) 
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Domestic

13%

Industrial
Commercial
Distribution Losses

52%
17%
18%

– adopted in 1997 this is one of  Europe’s most 
ambitious pieces of  environmental legislation. It 
is intended to provide a coordinated approach 
to water management within the EU by bringing 
together strands of  EU water policy under one 
piece of  legislation. The WFD was incorporated 
into member states’ national legislation at the 
end of  2003. It replaces seven older directives: 
 
Aims of  the WFD 
 

Expanding the scope of  water protec-
tion to all waters (surface water and 
groundwater) 

 
Achieving “good status” for all waters by 
2015 

 
Water management based on river basins 

 
Establishing a combined approach of  
emission limit values and quality standards 

 
Getting prices right 

 
Getting citizens more closely involved 

 
Streamlining legislation 

 
Key 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 ob-
jectives 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 objec-
tives are to be met within the time-scale. 
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The plan should also include an economic 
analysis of  water use, to facilitate rational 
assessment of  the cost-effectiveness of  
potential measures. 

 
Five classifications (high, good, moder-
ate, 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 monitored 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 prior-
ity substances that have been identified as 
a source of  major concern for European 
waters. The European Commission (EC) 
proposes community-wide quality stan-
dards 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 
incentives for efficient water use, distribute 
costs equitably between domestic, indus-
trial and agricultural sectors and promote 
the polluter pays principle. 

 
A Common Implementation Strategy 
(CIS) has been agreed between the EC and 

○
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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 
Netherlands, UK, France and Sweden) charge 
the full cost of  water. In other countries, notably 
Spain and Italy, the deficit is made up by govern-
ment 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 
contamination. A revised Bathing Water 
Directive (BWD), which will have profound 
implications for water treatment standards 
and methods of  sampling, is currently being 

approved by the European Parliament. 
 
Key points 
 
The directive establishes 19 physical, chemical 
and microbiological parameters; values are the 
minimum by which member states can fix bath-
ing 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 directive also sets the minimum sampling 
frequency and method of  analysis and requires 
member states to present an annual report on 
implementation to the EC. A revised directive 
has been proposed that will use only two bacte-
rial parameters. Bathing water quality will also be 
determined over a three-year period rather than 
one. 
 
Cost of  compliance 
 
Long-term costs for implementing the BWD 
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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 billion 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. 
 
Key points 
 

The directive aims to protect the environ-
ment from the adverse effects of  effluent 
discharges. It is concerned with the col-
lection, treatment and discharge of  urban 
wastewater and wastewater from certain 
industrial sectors. 

 
The directive establishes discharge emis-
sion values for sewage treatment works 

○
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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 sec-
ondary (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 ev-
ery 4 years. Discharges into areas designat-
ed sensitive may be subject to more strin-
gent treatment, such as nitrate removal. 

 
The more stringent requirements for 
sensitive waters had to be met by 31st 
December 1998. If  waters are deemed sen-
sitive following a 4-year review, member 
states have seven years to comply. 

 
Member states are responsible for moni-
toring discharges from treatment plants. 
The EC makes a progress report on imple-
mentation of  the directive throughout the 
EU every two years. National programs for 
the implementation of  this directive must 
be presented to the Commission. 

 
Directive 98/15/EC - this directive confirmed 
the rigid compliance timetables and clarified 
the rules relating to discharges from wastewater 
treatment plants. It states that: 
 

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

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

 
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  microbio-
logical, chemical, physical and aesthetic param-
eters, the quality standards of  water intended for 
human consumption, except for natural mineral 
waters and waters that are medicinal. The di-
rective repealed directive 80/778/ EEC as of  
December 25, 2003. 
 
Key points 
 

Drinking water must be regularly moni-
tored using the methods of  analysis speci-
fied 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. 
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Member States are required to publish a 
report on the quality of  drinking water 
every three years. 

 
Materials used for the preparation of  
drinking water and in distribution network 
may not continue to be present in the wa-
ter beyond a strictly necessary level. 

 
The parameters laid down by the directive 
will be reexamined every five years and as-
sessed on the basis of  scientific and techni-
cal progress. 

 
Surface freshwater: quality and control re-
quirements 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  measure-
ment and analysis 79/869/EEC - concerned 
with the methods of  measurement and frequen-
cies of  sampling and monitoring 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. 

○
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Key points 
 
The directives: 
 

Set the minimum quality requirements in 
terms of  physical, chemical and microbio-
logical characteristics - different limit val-
ues and methods of  treatment are defined 
for each category. Member States may set 
more stringent requirements; 

 
Lay down the minimum frequency of  sam-
pling and analysis; 

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

 
Pollution caused by nitrates from agricul-
tural sources 91/676/EEC - concerned with 
prevention of  nitrate contamination from agri-
cultural 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 ap-
plication of  fertilizers and manure. 

 
Standardized reference methods must 
be used to monitor water for nitrogen 
content. 

 
Mercury 82/656/EEC - aims to limit 
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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 stan-
dards for mercury entering the aquatic 
environment. 

 
It provides reference methods of  measure-
ment 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 ef-
fluents from isolated dwellings; small con-
centrations/quantities of  substances listed 
in directive 80/68/EEC and discharges of  
matter containing radioactive substances. 

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

 
All discharges of  substances are subject 
to prior authorization based upon ex-
amination of  the receiving environment. 
Authorization will be granted for a limited 
period and is subject to review. Discharge 
conditions must be met and the monitor-
ing of  compliance with these conditions is 
the responsibility of  the Member States. 

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

 
Dangerous substances: protection of  the 
aquatic environment 76/464/EEC - con-
cerned with the discharge of  dangerous sub-
stances 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 lists establish dangerous 
substances to be prohibited and those sub-
stances to be reduced. 

 
Compulsory quality and emission stan-
dards are laid down for the substances on 
list one, based on the best available tech-
nology. All discharges require prior au-
thorization, which is granted for a limited 
period. 

 

○
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Member States must design and implement 
programs to limit the discharge of  sub-
stances 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 condi-
tions across all Member States. It establishes the 
basic rules for integrated permits, which take 
into account the complete environmental perfor-
mance of  a plant. This includes emissions to air, 
water and land, waste from industry and agricul-
ture 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 sec-
tor this will effect incinerators and landfill 
sites. The discharger must apply for dis-
charge consents from the regulating body. 
This will set the basic requirements for 
compliance, emission limits for pollutants, 
monitoring of  discharges etc.  

Existing installations within the Member 
States have until October 2007 to 
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be brought into conformity with the 
directive’s requirements. Phase one 
compliance is 2005. 

 
Member States are responsible for ensur-
ing industrial installations 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 en-
hance 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 pro-
tect 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 

○
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shellfish waters and fresh waters suitable 
for fish-breeding - these are subdivided 
into salmonid waters and cyprinid waters. 

 
The directives set the minimum and mi-
crobiological 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 implemen-
tation of  the directive. 

 

FRANCE 
 
Main 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, legislation and regulation, River 
Basin Committees play a fundamental role. 
France is divided into six large river basins. Each 
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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, wa-
ter 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 pol-
lution is also caused by agricultural practices. In 
addition, the Institut Français de l’Environment 
report of  2002 showed that pesticide levels in 
20% of  drinking water and 30% of  inland water 
was of  poor to bad quality. 
 
Water quality assessment criteria needs address-
ing, 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 sewerage 
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-
ronmental challenges, promote more equitable 
charging and create 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: protection 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 sup-
ply and quality of  drinking water. 

Infection Protection Act - Sections 37 to 41 of  
this act contain provisions on the quality of  wa-
ter 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. 
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The Fertilizers Act 
 

The Use of  Fertilizers Ordinance - imple-
ments 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 
wastewater 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 ‘pol-
luter-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 environmental programs. 
 
The high charges associated with water and 
sewerage services have resulted in resistance to 
further EU laws. Legal measures have been in-
troduced in western regions to drive down water 
pricing in North Rhine-Westphalia, Bavaria and 
Baden-Wurttenburg. 
 
Immediately after the German unification 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 upgrad-
ing and expanding the wastewater infrastructure 
to implement the Urban Wastewater Treatment 
Directive. 
 

○

Investment in the wastewater infrastructure 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 fragmented. In 2002 
there were around 6,600 company’s supplying 
water and 8,000 sewage companies. Private sec-
tor opportunities are best sought in the eastern 
Länder, where water and sewerage is integrated. 
Much of  the market still belongs to the munici-
palities, but privatization proposals increased 
during 2002-2003. 
 
In the Rhine river basin, protection policies over 
the next few years will concentrate on imple-
menting the Water Framework Directive and the 
Rhine Programme 2020. A continuation of  the 
Rhine Action Plan (1987), the Rhine Programme 
2020 sets out goals for the next 20 years, includ-
ing further improvement of  the river’s ecological 
status. 
 

hUNGARY 
 
Hungary has endured a period of  economic 
recession and heavy capital investment, so intro-
ducing realistic water and sewerage charges has 
not been easy. Budapest is undergoing a full EU 
compliance program and tariffs there are begin-
ning to rise. 
 
Current legislation restricts companies from hav-
ing a major stake in water and wastewater utili-
ties. The 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 



ITT’s Place In The Cycle of Water: Everything But The Pipes Page ��

Regulations and Legislation
Market Drivers

a concession basis. 
 
Transitional arrangements: 
 

Treatment of  urban waste water until 2015 
(with intermediate targets) 

 
New legislation has been passed on the qual-
ity of  drinking water, discharges of  dangerous 
substances and nitrates pollution, bathing water 
quality, designation of  wastewater agglomera-
tions, 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  dan-
gerous substances 

 
Finalize action plans with regards to sur-
face water 

 
Develop enhanced institutional arrange-
ments 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 pollu-
tion of  surface and groundwater is a particular 
problem. With regard to IPPC, the Integrated 
Pollution Prevention and Control Bureau has 

○
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been established to assist with implementation 
of  the directive. 
 
Between 1996 and 2010 the government plans 
to invest U.S. $4.8Bn extending the sewerage 
network. 
 

ITALY 
 
Italian water legislation reflects the European 
environmental policy and most of  the EU direc-
tives have been implemented in the country’s 
body of  laws. 
 
The ‘Merli’ law of  1976 represented the first 
comprehensive water legislation and was con-
cerned with water pollution control. It regu-
lated the discharge of  industrial and municipal 
effluents. 
 
The first piece of  Italian legislation to con-
cern drinking water is the Presidential Decree 
515/1982, which incorporates EC directive 
75/440. 
 
Law 183/1989 is a major framework law that 
created ‘river basin authorities’ - formed of  cen-
tral 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-
regional basins. The law requires the river basin 
authorities to draw up watershed plans, which 
are used to guide territorial authorities in setting 
water quality objectives. Basin authorities also 
prioritize investments in water supply, sewerage 
and wastewater treatment infrastructure. 
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The so-called ‘Legge Galli’ (Law 36/1994) 
consolidated municipal utilities into larger 
territorial units. The Act does not require 
privatization, but gives the authorities more 
freedom to choose the organizational 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 comprehensive water law. It repeals many 
previous laws (including the Merli law) and trans-
poses EU directives 91/271 (Urban Wastewater 
Treatment Directive; 91/676 (Pollution caused 
by nitrates from agricultural sources) and par-
tially transposes 2000/60/ EC (water framework 
directive (WFD)). 
 
Law 388/2000, (art.141, c.4) is designed to sup-
port procedures laid down in decree 152/99. 
Ambiti Territorial Ottimali (ATO) (which imple-
ment integrated water services within an optimal 
geographical unit) or the Province if  Ambits are 
not in place, are required to prepare 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 organiza-
tion 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. 
 
Source: National Report for the Intergovernmental 

-

-
-
-

-

Review of  the GPA 2001 
 
Of  the 91 ATOs scheduled, around 74 are al-
ready in place. 15 of  these have been privatized. 
 
It is estimated that most water and sewage treat-
ment systems will be serving a PE of  more than 
2,000 by 2006. By this time, Italy aims to provide 
facilities that meet legislative demands in relation 
to wastewater 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: challenges and oppor-
tunities for a sustainable water policy in Italy, 
was held in 2003. The conference concluded 
that Law 183/89 which established river basin 
authorities, the Legge Galli (law 36/94) which 
established ATOs to unify the management of  
water distribution and treatment, and decree 
152/99, represent the main acts on which imple-
mentation of  the WFD can be based. 
 
However, procedures prescribed in these acts, 
such as the census and monitoring of  wa-
ter 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 agriculture is being 
tackled on a regional level, by adopting action 
programs and codes of  practice. The Italian 
government is promoting agricultural and indus-
trial wastewater reuse, particularly in southern 
regions, where a situation of  environmental 
emergency makes it possible to impose more 
stringent regulations. 
 



ITT’s Place In The Cycle of Water: Everything But The Pipes Page ��

Regulations and Legislation
Market Drivers

Under Law 429/98, polluted sites of  national 
interest have been identified and will undergo a 
programme of  decontamination. Sites of  spe-
cial 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, U.S. $600M had been allocat-
ed to these projects for the following three years. 
 
Directive 96/61/EC (Integrated pollution pre-
vention and control) is transposed into Italian 
law by legislative decree 372/99. Authorizing 
procedures on existing installations should be 
complete by June 2004. Installations are expected 
to comply by October 2007, as specified in the 
directive. 
 
In 2001, it was forecast that expenditure of  U.S. 
$25Bn on water and sewerage services would 
be required. This money will be partly raised 
through water charges, utilizing existing resourc-
es and EU aid given to less-developed regions. 
 

ThE NEThERLANDS 
 
Water management in The Netherlands is cur-
rently handled at four levels - central govern-
ment, the Provinces, Water Boards and munici-
palities. 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 manage-
ment policy. The Province then takes this into 
account when adopting the provincial policies. 

Provinces are also responsible for operational 
groundwater management, while municipali-
ties are responsible for managing the sewerage 
network. 
 
Water Boards are mainly concerned with water 
quantity, quality and water control, which in-
cludes flood prevention - particularly important 
as two-thirds of  the country lies with two meters 
of  sea level. Furthermore, Water Boards main-
tain rural roads and inland waterways. Water 
Boards are financially independent public bod-
ies. 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 provin-
cial 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 ad-
vanced 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 groundwater pollution. New puri-
fication 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. 
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Almost 100% of  the Dutch population are con-
nected to the potable water supply system. 
 
In the Environmental Assessment Agency’s 
report, Environmental Balance 2003, it rec-
ommends the government undertake an early 
political examination of  the environmental 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 man-
agement projects have shown that EU compli-
ance can be met with little or no financial conse-
quences 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 government has been tak-
ing 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 environ-
mental challenges. It aims to reach EU standards 
by 2010 but is seeking transition 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 qual-
ity are enabling the partial 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 population and a municipal water 
supply served 97%. In comparison, these figures 
were 80% and 74% respectively 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  ser-
vice, increasing treatment standards over time, 
financial incentives for the private sector and 

○
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protection of  consumer interests. 
 
Poland has begun work on transposing the Water 
Framework directive with a pilot river basin man-
agement scheme on the river Narew. 
 
Poland is expected to implement the environ-
mental laws by accession, but must still: 
 

Enhance drinking water monitoring 
 

Formalize the identification of  nitrate vul-
nerable zones 

 
Complete the inventory of  discharges 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  sur-
face and groundwater water with regard to the 
distribution of  jurisdiction between the State 
and the Autonomous Communities. This law 
was rewritten 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 re-
formed Spain’s water market to encourage more 
privatization, external investment and improved 

○
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water conservation. It created ‘water banks’ and 
enabled water rights to be bought and sold. In 
order to make water management more trans-
parent and encourage water savings policies, the 
Law prescribed the compulsory measurement 
of  water consumption and discharge in each 
Water Board. Furthermore, it provided a regula-
tory 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 regu-
lations 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 pre-
vention 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 

○
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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 Directive 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 plan includes 
the construction 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 sus-
tainable development and that water shortages 
would be better 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 

○
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Environmental Code, which consolidated 15 
existing environmental laws. The code is further 
specified through ordinances, regulations set by 
public authorities and precedents set in indi-
vidual cases. 
 
For example: 
 
The ordinance on environmental quality 
standards (EQS) for fish and mussel water 
(2001:554) prescribes standards based on the EC 
directives 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 modernizes and 
tightens environmental legislation and is aimed 
at promoting 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. 

Further standards are expected based on the pa-
rameters set in the Water Framework Directive. 
 
In addition, the Swedish government has pro-
posed a set of  environmental targets, which 
must achieved by 2020- 2025. These include: 
 

High quality groundwater 
 

Sustainable lakes and watercourses 
 

Flourishing wetlands 
 

○
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A balanced marine environment, sustain-
able coastal areas and archipelagos 

 
No eutrophication 

 
Natural acidification only 

 
Environmental sanction charges were introduced 
along with the Environmental Code. These pen-
alties can be imposed for certain infringements, 
and levied by the supervisory authorities. 
 
Local authorities or municipally-owned compa-
nies are responsible for water and wastewater 
services. There are no immediate plans to intro-
duce privatization into an already orderly system. 
Municipalities formulate comprehensive manage-
ment plans, which include information on the ac-
tions to be taken in order to reduce the quantity 
and toxicity of  waste. 
 
EC directives have influenced attitudes to waste-
water treatment. Sweden is looking into methods 
of  wastewater recovery and reuse in an effort 
to promote sustainability. Some municipalities 
are considering sorting domestic and wastewa-
ter flows for different uses. This would involve 
extending or replacing existing facilities. 85% of  
the population is served by tertiary treatment, 
which comfortably meets the requirements of  
the Urban Wastewater Treatment Directive. 
 
Virtually 100% of  urban households have ac-
cess to the sewer network and connection to 
the water supply network. Insufficient sewage 
systems are still a problem in rural communi-
ties 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. 
 

○
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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 regulator of  privatized water 
utilities 

 
The Drinking Water Inspectorate (DWI) 
- assigned by the government in 1990 to 
ensure that potable drinking water com-
plies 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 

○
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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 competi-
tion. The market is developing slowly as water 
suppliers ward off  competition by negotiating 
tariffs with large consumers. 
 
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. 

Significant changes are necessary before compli-
ance with EC directives. The sector has been 
under funded and has ageing infrastructure. 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’ require-
ment 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 treatment fa-

cilities 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 clean-
est in Europe. Rivers and canals monitored be-
tween 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 sewerage infrastructure 
has seen a steady programme of  expansion since 
2000. 
 
Bathing water quality (monitored by the environ-
ment agency) has seen year-on-year improve-
ment. 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 significant must be treated to at 
least secondary level. This includes discharges 
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 Scotland 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 compliance record. In 2001, the DWI 
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tested 2.8M samples against UK, EU and WHO 
standards. 99.9% of  them passed. 
 
The Water Framework directive poses some am-
bitious implementation 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 implementa-
tion 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 implementation 
plan. This will: 
 

define the scope of  the economic analysis 
relating to Articles 9 and 11 for the UK 
and define an implementation 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 trans-
posing regulations, a revised Regulatory Impact 
Assessment and a ‘next steps’ chapter. 
 
Two pieces of  strategic WFD research have been 
completed: 
 

Development of  Aquatic Quality 
Standards for Dioxins 

 
Derivation of  Aquatic Quality standards 
for priority list substances 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 framework water law 
(1985) are helping to shape the water sector in 
China. The Chinese government has become 
increasingly concerned about industrial wastewa-
ter, its treatment and potential reuse. In addition, 

○

○

○
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the nation must address issues of  groundwater 
depletion and water contamination. 
 
Main 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 protec-
tion 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 sub-
ject 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 estimat-
ed to cost China U.S.$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 municipality 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 U.S.$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. 

 
U.S.$9Bn is to be invested in 375 new 
wastewater treatment plants. 

 
The State Environmental Protection 
Administration announced further invest-
ment of  U.S.$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  
U.S.$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 north-
ern 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 channel water 
from the Han River 

 
Divert water from the ‘western line’ of  the 

○

○

○

○

○

○

○
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Yangtze and possibly the upper Mekong 
and Irrawaddy rivers. 

 
The cost of  the project is estimated and 
U.S.$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 constructed at a cost of  
U.S.$24Bn. The reservoir is likely to collect pol-
lution 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, industrializa-
tion 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 treat-
ment infrastructure, have resulted in rising water 
pollution. A number of  rivers 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 available annually. 
 
Approximately 79% of  Malaysia’s urban popula-
tion 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 U.S.$31.7Bn. 62 projects are 
scheduled. 
 
Various water-related government agencies cur-
rently enforce water legislation contained with 
laws at both federal and state levels. Malaysia 
would benefit from 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 developed nation 
status with its so-called Vision 2020, and in do-
ing 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, hy-
giene and sanitation. 

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

 

○

○
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Water for economic development: provi-
sion of  sufficient water to spur and sus-
tain economic growth within the context 
of  a knowledge-based economy and 
e-commerce. 

 
Water for the environment: protection of  
the water environment to preserve water 
resources (both surface water and ground-
water) and natural flow regimes, bio-diver-
sity and the cultural heritage, 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 
restricted 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 government plans to 
build a combined power and desalination plant 
with a capacity of  30M/g/day. 
 
Water is moderately soft and treated to well with-
in 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  U.S.$2Bn 
is allowing the upgrade and expansion of  these 
facilities, in order to provide secondary and ter-
tiary treatment. 
 
 Further investment includes the upgrade of  
three water treatment works by 2010, at a cost 
of  U.S.$107M, plus a U.S.$115M expansion 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 Pollution 
Control (Trade Effluent) Regulations regulate 
the discharge of  wastewater into open drains. 
Provision, operation and maintenance of  sew-
erage systems is managed 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. 
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Established the National Environment Board 
(NEB) and the Office of  National Environment 
Board (ONEB). At the Act’s amendment, super-
vision 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 develop-
ment 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 economic growth, rural develop-
ment, industrialization and tourism has drasti-
cally raised water demand. 
 
The agricultural sector is the main user of  water, 
accounting for 71% of  total water demand. The 
industrial sector makes up 2%, domestic sec-
tor 5% and remainder is for ecological 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 treat-
ment facilities, resulting in 20% of  the popula-
tion using bottled water. The PWA is looking to 
upgrade 230 water treatment works at a cost of  
U.S.$945M. 
 
In the rural regions, around 70% of  the popu-
lation acquire drinking water via piped supply, 
rainwater jars and tube wells. Household water 
consumption is from other sources. Water scar-
city 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  U.S.$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 insti-
tutional strategies in order to reduce cost 
while promoting sustainability and envi-
ronmental conservation. 

 

○
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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 mecha-
nisms, with clear regulations 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.) 

 
Set up the institutional framework of  water 
administration with users’ participation by 
transforming government strategy in order 
to give stakeholders the opportunity to par-
ticipate in water resources management. 

 
Encourage the private sector to become 
more involved with water resources man-
agement, particularly in urban areas. (A 
grant was awarded to the government 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 

○

○

○

○

○

EMERGING CONTAMINANTS 

The recent U.S. EPA evaluation of  drinking 
water treatment technologies for the removal of  
endocrine disrupting compounds
(EDCs) is resulting in higher performance de-
mands from water treatment processes and the 
development of  new technologies.

Concerns have been raised regarding the 
possible presence of  Endocrine Disrupting 
Compounds (EDCs) in drinking water. Many 
of  the chemicals identified as potential EDCs 
may have been introduced to surface or ground 
waters used as drinking water sources from do-
mestic and industrial sewage treatment systems 
and wet-weather runoff. Some of  these com-
pounds have already been shown to be present 
in the aquatic environment, leading to concern 
over the possible presence of  EDCs in drinking 
waters. In order to decrease the risk of  poten-
tial adverse health effects associated with the 
presence of  EDCs in drinking water, two basic 
strategies exist. One is to protect source waters 
from contamination by EDCs. The other is to 
remove EDCs, which may be present in source 
waters, during the drinking water treatment pro-
cess. This project addresses the latter approach 
by evaluating the removal of  several EDCs by 
various drinking water treatment processes.

Source:  U.S. Environmental Protection Agency
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2004 Global Water & Wastewater Market
$350 to $400Bn Annual Revenues

Equipment 
& Services

$75 - 80Bn

Delivery 
$16 - $20Bn

Contract Services
$32 - 40Bn

Chemicals 
$13 - $20Bn

Municipal Revenues
$200 -$220Bn

Sources: Various & ITT Estimates 2004 Base

2004 Global Water & Wastewater Equipment Market
$75 to 80Bn Annual Revenues 

Instruments &
Controls 
$5 - 7Bn

Primary Separation
& Sludge Management

$39 - 40Bn Secondary Treatment
$1 - 2Bn*

Advanced Filtration 
$5 - 7Bn

Sources: Various & ITT Estimates 2004 Base

Disinfection 
$3 - 4Bn

Advanced
Treatment 
$10 - 15Bn

Pumps & 
Systems

$20 - 23Bn

*Secondary Treatment Includes Biological Treatment and Aeration
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U.S. Total Water Withdrawal
1950-2000
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U.S.A. Water Use by Application
[2000 Survey Basis]

Global Water Use by Application
[Survey Basis Mid-1990’s]

Agriculture 
& Irrigation

34%
Thermoelectric

48%

Public Water
12% Industrial

6%

Source: U.S. Geological Survey March 04

Agriculture 
& Irrigation

65-70%

Industrial 
& Power
20-25%

Public
 Water
10-15%

Source: UN(WWAP) Survey Est.

Ref. 6: “Water for People, Water for Life” United Nations World Water Development 
Report, UNESCO, 2003 www.unesdoc.unesco.org

Competing water uses for main income groups of countries6

Industrial use of water increases with country income, going from 10% for low- and 
middle- income countries to 59% for high-income countries.

Domestic use 8%

Industrial use 22%

Agricultural use 70%

Domestic use 8%
Industrial use 10%

Agricultural use 82%

Domestic use 11%

Industrial use 59%

Agricultural use 30%

World High-income
countries

Low-and middle
income countries

Charts and Data

Predicted Water Scarcity and Stress in 2025

China         7-9% GDP

Global Population Growth 2002-2050

All* Developed Countries 480

China 280-300M

Scarcity StressSOURCE: UNEP

India 500M

Other Asia > 500M

* Includes N. America, EC, etc.

> 10% Industrial Production
15%
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5%
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North America

Europe

Developing Regions, Asia and Latin America

Avg Usage 
U.S. Gal / Per Person / Day

120 to 160

80 to 100 

5 to 10

Sources: Various

Average Daily Domestic Usage of Fresh Water  

Global Region Avg Usage
Liters / Per Person / Day

450 to 600

300 to 380

18 to 40

Water Required To Produce 
U.S. Gal (m3)

Source: “Cadillac Desert: Water as the Transformation of Nature,” PBS TV July 1997

Typical Water Consumption for Common Products 

50,000 (190)

40,000 (150)

3,000 (11)

518 (2)

100 (0.4)

55 (0.2)

24 (0.1)

Typical Living Room Carpet in Rayon Material

A Typical Automobile (Steel Construction)

1 Eight Inch Semi-conductor Wafer

1 Typical Automobile Tire

1 Pound of Bulk Cotton

1 Pound of Synthetic Rubber

1 Pound of Plastic

Typical Product
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Activated-Sludge Process
Biological wastewater treatment process that 
converts nonsettleable (suspended, dissolved, 
and colloidal solids) organic materials to a 
settleable product using aerobic and facultative 
microorganisms.

Advanced Wastewater Treatment
Any physical, chemical, or biological treatment 
process used to accomplish a degree of  treat-
ment greater than that achieved by secondary 
treatment.

Aeration
(1) The bringing about of  intimate contact be-
tween air and a liquid by (a) spraying the liquid in 
the air, (b) bubbling air through the liquid, or (c) 
agitating the liquid to promote surface absorp-
tion of  air. (2) The supplying of  air to confined 
spaces under nappes, downstream from gates 
in conduits, and so on, to relieve low pressures 
and to replenish air entrained and removed from 
such confined spaces by flowing water. (3) Relief  
of  the effects of  cavitation by admitting air to 
the affected section.

Alum
Aluminum sulfate is used as a coagulant in filtra-
tion. Dissolved in water, alum hydrolyzes into 
aluminum hydroxide and sulfuric acid. To pre-
cipitate the hydroxide, as needed for coagulation, 
the water must be alkaline.

Anaerobic
(1) A condition in which free and dissolved oxy-
gen is unavailable. (2) Requiring or not destroyed 
by the absence of  air or free oxygen.

Anoxic
Condition in which oxygen is available in the 
combined form only; there is no free oxygen. 

Glossary

Anoxic sections in an activated sludge plant may 
be used for denitrification.

Bar Screen
A screen composed of  parallel bars, either verti-
cal or inclined, placed in a waterway to catch 
debris. Trapped materials (screenings) are raked 
from it either manually or automatically. Also 
called bar rack.

Biological Process
(1) The metabolic activities of  bacteria and other 
microorganisms, as in during the breakdown 
of  complex organic materials into simple, more 
stable substances during sludge digestion and 
secondary wastewater treatment. (2) Any chemi-
cal process involving living organisms and their 
life activities. Also called biochemical process.

Biosolids
The solid organic matter recovered from waste-
water treatment processes and used, especially as 
fertilizer.

Brackish Water
Typically ground or surface water with a medium 
to low salt content, often defined as less than 
<15,000mg/l (though this varies). Frequently 
includes silt and solids in suspension. Brackish 
water typically is less difficult to desalinate than 
seawater.

Chemical Conditioning
Mixing chemicals with a sludge prior to dewater-
ing to improve the solids separation character-
istics. Typical conditioners include polyelectro-
lytes, iron salts, and lime.

Chemical Oxidation
The oxidation of  compounds in wastewater 
or water by chemical means. Typical oxidants 
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include ozone, chlorine, and potassium 
permanganate.

Chlorination
The application of  chlorine or chlorine com-
pounds to water or wastewater, typically for 
the purpose of  disinfection, but frequently for 
chemical oxidation and odor control.

Clarification
Any process or combination of  processes whose 
primary purpose is to reduce the concentra-
tion of  suspended matter in a liquid; formerly 
used as a synonym for settling or sedimentation. 
In recent years, the latter terms are preferred 
to describe settling processes. Sources: Water 
Environment Federation and Others

Clarifier
Any large circular or rectangular sedimentation 
tank used to remove settleable solids in water or 
wastewater. A special type of  clarifier, called an 
upflow clarifier, uses flotation rather than sedi-
mentation to remove solids.

Collection System
In wastewater, a system of  conduits, typically un-
derground pipes, that receive and convey sanitary 
wastewater or storm water. In a water supply, a 
system of  conduits or canals used to capture a 
water supply and convey it to a common point.

Combined Sewers Overflow (CSO)
Traditional utility/municipality sewerage sys-
tems combine domestic waste and surface water 
runoff  drainage which is channeled through 
the conventional wastewater treatment plant. 
Extreme wet weather conditions with heavy rain-
water or snow melt runoff  can overload older 

sewage treatment plants which have triggered 
regulatory review and recommended actions to 
address “CSO’s.”

Concentrator
A solids contact unit used to decrease the water 
content of  sludge or slurry.

Conditioning
The chemical, physical, or biological treatment 
of  sludges to improve their dewaterability.

Continuous-Flow Tank
A tank through which liquid flows continuously 
at its normal rate of  flow, as distinguished from 
a fill-and-draw or batch system.

Conventional Treatment
Well-known or well-established water or waste-
water treatment processes, excluding advanced 
or tertiary treatment. It typically consists of  
primary and secondary treatment.

Decant
To draw off  the upper layer of  liquid after the 
denser material a solid or another liquid) has 
settled.

Decomposition
The breakdown of  complex material into 
simpler substances by chemical or biological 
processes.

Desalination
The removal of  dissolved inorganic salts from a 
solution such as water to produce a liquid which 
is free from dissolved salts. Desalination is typi-
cally accomplished by distillation, reverse osmo-
sis, or electrodialysis.

Glossary

Dewater
(1) To extract a portion of  the water present in 
a sludge or slurry. (2) To drain or remove water 
from an enclosure. A structure may be dewatered 
so that it can be inspected or repaired.

Diffused Aeration
Injection of  air under pressure through sub-
merged porous plates, perforated pipes, or other 
devices to form small air bubbles from which 
oxygen is transferred to the liquid as the bubbles 
rise to the water surface.

Digestion
(1) The biological decomposition of  the organic 
matter in sludge, resulting in partial liquefaction, 
mineralization, and volume reduction. (2) The 
process carried out in a digester.

Disinfection
The treatment of  water to inactivate, destroy, 
and/or remove pathogenic bacteria, viruses, 
cysts and other microorganisms for the purpose 
of  making the water microbiologically safe. 
Disinfection may involve the use of  disinfect-
ing chemicals such as chlorine, iodine, ozone or 
hydrogen peroxide: or it may involve physical 
processes such as distillation, microfiltration, 
ultrafiltration, membrane filtration boiling, or 
ultraviolet radiation.

Dissolved Air Flotation
A clarification process whereby solids in the 
influent stream are removed by floating them 
to the surface rather than settling them.  This is 
accomplished using microbubbles that are mixed 
with the influent solids, attaching to the solids, 
causing them to rise to the surface along with the 
bubbles.  As the blanket forms on the surface, 
the solids are skimmed off.

Dry Well
A dry compartment in a pumping station, near 
or below pumping level, where the pumps are 
located.

Effluent
Wastewater or other liquid, partially or complete-
ly treated or in its natural state, flowing out of  
a reservoir, basin, treatment plant, or industrial 
treatment plant, or part thereof.

Ejector
A device for moving a fluid or solid by entrain-
ing it in a highvelocity stream of  air or water.

Equalizing Basin
A holding basin in which variations in flow 
and composition of  a liquid are averaged. Such 
basins are used to provide a flow of  reasonably 
uniform volume and composition to a treatment 
unit. Also called balancing reservoir.

Filtration
The process of  contacting a dilute liquid suspen-
sion with filter media for the removal of  sus-
pended or colloidal matter or for the dewatering 
of  concentrated sludge. Also see “Membrane 
Filtration”.

Final Effluent
The effluent from the final treatment unit of  a 
wastewater treatment plant.

Final Sedimentation
The separation of  solids from wastewater in the 
last settling tank of  a treatment plant.

Flocculation
In water and wastewater treatment, the 
agglomeration of  colloidal and finely divided 
suspended matter after coagulation by gentle 

Glossary



ITT’s Place In The Cycle of Water: Everything But The Pipes Page 90

stirring by either mechanical or hydraulic means. 
For biological wastewater treatment in which 
coagulation is not used, agglomeration may be 
accomplished biologically.

Grit
The heavy suspended mineral matter in water 
or wastewater, such as sand, gravel, or cinders. 
It is removed in a pretreatment unit called a grit 
chamber to avoid abrasion and wearing of  subse-
quent treatment devices.

Headworks
The initial structures and devices of  a water or 
wastewater treatment plant.

Jet Aeration
A method of  adding dissolved oxygen to mixed 
liquor by injecting an air-water mixture through 
nozzles into the reactor.

Lift Station
A structure that contains pumps and appurte-
nant piping, valves, and other mechanical and 
electrical equipment for pumping water, waste-
water, or other liquid. Also called a pumping 
station.

Membrane Filtration
Membrane filtration involves the removal of  par-
ticulate matter from water that passes through 
the semi-permeable membrane known as perme-
ate. The liquid containing the retained constitu-
ents is known as the concentrate. Membrane 
processes include microfiltration (MF), ultrafil-
tration (UF), nanofiltration (NF), reverse osmo-
sis (RO) and electrodialysis (ED).

Municipal Wastewater Treatment
Typically includes the treatment of  domestic, 
commercial, and industrial wastes.

Oil Separation
(1) Removal of  insoluble oils and floating grease 
from municipal wastewater. (2) Removal of  solu-
ble or emulsified oils from industrial wastewater.

Osmosis
The process of  diffusion of  a solvent through 
a semipermeable membrane from a solu-
tion of  lower concentration to one of  higher 
concentration.

Oxidation Process
Any method of  wastewater treatment for the 
oxidation of  the putrescible organic matter.

Ozone
(O3) Oxygen in a molecular form with three 
atoms of  oxygen forming each molecule, used in 
disinfection process.

Potable Water
Water that is considered safe for human con-
sumption due to its low or undetectable concen-
trations of  chemical or biological contamination.

Preliminary Treatment
Unit operations, such as screening, comminu-
tion, and grit removal, that prepare the wastewa-
ter for subsequent major treatment.

Pretreatment
Treatment of  industrial wastewater at its source 
before discharge to municipal collection systems.

Primary Effluent
The liquid portion of  wastewater leaving pri-
mary treatment process.

Primary Sedimentation Tank
The first settling tank, used for the removal of  
settleable solids through which wastewater is 

Glossary

passed in a treatment works. Sometimes called a 
primary clarifier.

Primary Treatment
(1) The first major treatment process in a waste-
water treatment facility, used for the purpose of  
sedimentation. (2) The removal of  a substantial 
amount of  suspended matter, but little or no 
colloidal and dissolved matter. (3) Wastewater 
treatment processes typically consisting of  
clarification with or without chemical treatment 
to accomplish solid-liquid separation.

Pump Pit
A dry well or chamber, below ground level, in 
which a pump is located.

Pumping Station
(1) A facility housing relatively large pumps and 
their appurtenances. Pump house is the typical 
term for shelters for small water pumps. (2) A 
facility containing lift pumps to facilitate waste-
water collection or reclaimed water distribution.

Raw Sludge
Settled sludge promptly removed from sedimen-
tation tanks before significant decomposition has 
occurred.

Raw Wastewater
Wastewater before it receives any treatment.

Reactor
The container, vessel, or tank in which a chemi-
cal or biological reaction occurs.

Receiving Water
A river, lake, ocean, or other watercourse 
into which wastewater or treated effluent is 
discharged.

Recycle
(1) To return water after some type of  treatment 
for further use; typically implies a closed system. 
(2) To recover useful materials from segregated 
solid waste.

Return Activated Sludge
(RAS) Settled activated sludge returned to mix 
with incoming raw or primary settled wastewater. 
Also called returned sludge.

Screening
A preliminary treatment process that removes 
large suspended or floating solids from raw 
wastewater to prevent subsequent plugging of  
pipes or damage to pumps.

Scum Removal
Separation of  floating grease and oil from waste-
water typically during preliminary or primary 
treatment.

Secondary Treatment
(1) Typically, a level of  treatment that pro-
duces secondary effluent. (2) Sometimes used 
interchangeably with the concept of  biological 
wastewater treatment, particularly the activated-
sludge process. Commonly applied to treatment 
that consists chiefly of  clarification followed by a 
biological process with separate sludge collection 
and handling.

Sedimentation
The process of  subsidence and decomposition 
of  suspended matter or other liquids by grav-
ity. It is typically accomplished by reducing the 
velocity of  the liquid below the point at which 
it can transport the suspended material. It can 
be variously classified as discrete, flocculent, 
hindered, and zone sedimentation. It may be 

Glossary
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enhanced by coagulation and flocculation. Also 
called settling.

Settling
Settling takes place in a tank or basin in which 
water, wastewater, or other liquid containing 
settleable solids is retained for a sufficient time, 
and in which the velocity of  flow is sufficiently 
low to remove by gravity a part of  the suspended 
matter. See sedimentation tank.

Skimming
(1) The process of  diverting water from the 
surface of  a stream or conduit by means of  a 
shallow overflow. (2) The process of  removing 
grease or scum from the surface of  wastewater 
in a tank.

Sludge
(1) Accumulated solids separated from liquids 
during the treatment process that have not 
undergone a stabilization process. (2) Removed 
material resulting from chemical treatment, co-
agulation, flocculation, sedimentation, flotation, 
or biological oxidation of  water or wastewater. 
(3) Any solid material containing large amounts 
of  entrained water collected during water or 
wastewater treatment.

Sludge Thickening
The increase in solids concentration of  sludge 
resulting from gravitational force in a sedimenta-
tion or digestion tank.

Slurry
A watery mixture of  insoluble matter, such as 
lime slurry.

Sump
A tank or pit that receives drainage and stores 
it temporarily and from which the discharge is 
pumped or ejected.

Tertiary Treatment
The treatment of  wastewater beyond the sec-
ondary or biological stage; term typically implies 
the removal of  nutrients, such as phosphorus 
and nitrogen, and a high percentage of  suspend-
ed solids. Term now being replaced by advanced 
wastewater treatment.

Wastewater
Spent or used water of  a community or industry 
containing dissolved and suspended matter.

Wet Wells
A component of  a pumping station that creates 
a reservoir of  the fluid from which the pumps 
draw their suction.

Glossary
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ITT: An In-Depth Look

ITT PRODUCTS AND SYSTEMS FOR “ThE 
CYCLE OF WATER”

As the world’s leading producer of  fluid han-
dling equipment and related products for water 
supply, water treatment and recycling wastewater, 
ITT 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.

ITT
An In-Depth Look

ITT - FLUID TEChNOLOGY 

ITT is the world’s largest provider of  water and 
wastewater treatment solutions, and a leading 
provider of  pumps and related technologies for 
industrial, commercial and municipal customers.  
The company is engaged in the design, develop-
ment, production, sale, and after-sale support of  
a broad range of  pumps, mixers, aerators, moni-
toring and control equipment, heat exchangers, 
valves and systems for municipal, industrial, resi-
dential, agricultural, and commercial applications.

The major markets served by ITT’s Fluid 
Technology brands include residential and com-
mercial water, advanced water treatment, waste-
water, industrial & process and biopharm.

Sales and revenues for ITT’s Fluid 
Technology division were approximately 
$2.84 billion, $2.59 billion, and $2.25 bil-
lion for 2005, 2004 and 2003, respectively.

Major ITT Fluid Technology produc-
tion and assembly facilities are located 
in Argentina, Australia, Austria, Brazil, 
Canada, China, England, Germany, Italy, 
Malaysia, Mexico, the Philippines, South 
Korea, Sweden, Poland and the United 
States.

Principal customers are in North America, 
Europe, the Middle East, Africa, Latin and 
South America, and the Asia/Pacific re-
gion. Sales are made directly to customers 
or through independent distributors and 
representatives.

○

○

○

ITT’s PROsmartTM 
predictive condition 
monitoring system 
provides protection 
for all types of 
municipal and 
industrial pumps 
and rotating 
equipment, ��/7, 
and also has the 
ability to alert / 
alarm treatment 
plant operators 
remotely.

Desalination systems from ITT purify seawater 
and brackish water for human and industrial 
consumption.
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ITT
An In-Depth Look

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 energy efficiencies. Through 
the overarching strategic Value Based Six Sigma 
program, we now have company-wide systems 
in place for rapid product development based 
on the Voice of  Customer and Value Stream 
Mapping to ensure shorter lead times and to bet-
ter meet our customer’s needs.

ITT is no longer merely a product producer, 
but has expanded its strategy to become a total 
solutions provider, therefore better servicing 
its customers. ITT has extended its core of-
fering of  submersible and dry-pit 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, filtration and disinfection processes. 
In industrial markets, our pump systems are now 
supplied with intelligent control systems such as 
PumpSmart® and Hydrovar. Customers engag-
ing our “total systems approach” find dramati-
cally lower energy consumption, maintenance 
and overall life cycle costs.

On the following pages we summarize our cover-
age of  each stage in the cycle of  water.

RAW WATER INTAKE

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

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

○

○

Large submersible pumps from ITT’s Flygt 
brand power a wide range of commercial, 
industrial and municipal applications where 
large volumes of water need to be moved 
reliably and economically. 

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

A wide range of  centrifugal, cast iron cen-
trifugal and submersible pump systems and 
accessories as well as submersible borehole 
pumps and line shaft turbines (Goulds 
Pumps, Lowara, Vogel). 

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

○

○

○

DESALINATION

Pretreatment prior to membrane filtration 
of  seawater is a process for efficient and 
cost effective desalination.  Pretreatment 
is accomplished using dissolved air flota-
tion in conjunction with media filtration or 
media filtration alone (Leopold). 
 
Reverse osmosis (RO) and nanofiltration 
(NF) membrane technologies includ-
ing standard systems, custom engineered 
systems and products/components to 
produce high purity or potable water from 
brackish water and seawater sources.  ITT’s 
RO systems are used for pure water pro-
duction for commercial development and 
various industries, often followed by UV, 
ozone and/or DI (deionization) for further 
purification in high-purity applications. 

End suction centrifugal, horizontal split-
case, multistage vertical and multi-stage 
booster pumps as well as monitoring and 
control systems for desalination services 
(Goulds Pumps). 

Seawater RO systems for offshore drinking 
and process water systems, crude oil desalt-
ing, and more. 

Ozone systems for oxidation of  raw water 
contaminants (e.g. taste, odor, and color 
causing compounds) to enhance overall 
treatment process (WEDECO).

CLARIFICATION

Dissolved Air Flotation (DAF) provides 
efficient primary treatment of  surface wa-

○

○

○

○

○

○

ters for the production of  potable water.  
DAF produces a highly filterable effluent 
(Leopold).

FILTRATION AND ADVANCED FILTRATION

Reverse osmosis (RO), nanofiltration (NF), 
ultrafiltration (UF), microfiltration (MF) 
membrane technologies including standard 
systems, custom engineered systems and 
products/components. The membrane is 
chosen to match the source requirements. 
Where the challenge is primarily patho-
gens, 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. NF is also 
used for the removal of  dissolved organic 
contaminants. MF and UF are effective 
pretreatments to RO where particulates are 
present. 

Media Filtration can be accomplished us-
ing a combination of  anthracite and sand 
employing efficient air scour backwash. 
Additionally, ITT provides filter equip-
ment for GAC contactors that are used 
to treat for organics, and taste and odor 
(Leopold).  

○

○

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

ITT
An In-Depth Look
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To treat poor quality water sources for 
potable standards (particularly those 
containing organic color or pathogens), 
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 resistant to both sudden and 
substantial changes in raw water quality. 

Mobile, turnkey membrane filtration sys-
tems for civil emergency, humanitarian and 
military use. 

A complete line of  pumps and monitoring 
and control systems for filtration applica-
tions including axial flow pumps, verti-
cal 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 suc-
tion and multistage pressure boosters and 
submersible pump systems and accessories 
as well as submersible borehole pumps and 
line shaft turbines. Metallurgy available to 
meet water quality requirements (Goulds 
Pumps, Lowara).

DISINFECTION

Ultraviolet (UV) and ozone technolo-
gies and systems for water disinfection 
(WEDECO). 

○

○

○

○

○

Chlorine dosing, control and measurement 
products and systems for water disinfec-
tion (Portacel).

POTABLE WATER DISTRIBUTION

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

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

Stainless steel centrifugal, cast iron cen-
trifugal and submersible pump systems 
and accessories as well as stainless steel 
and cast iron submersible line shaft tur-
bine pumps. Variable speed drives, and 
complete pump stations are also available. 
Products are typically used when mainline 
system pressure is inadequate to serve 
outlying customers or high-rise buildings 
(Goulds Pumps, Lowara).

○

○

○

○

A UV disinfection 
system from ITT’s 
disinfection unit 
(WEDECO).

ITT ITT

ELEVATED WATER STORAGE 

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

A wide range of  stainless steel centrifugal 
end suction and multistage pressure boost-
ers and submersible pump systems and 
controls as well as submersible borehole 
pumps and line shaft and submersible 
turbines. Metallurgy available to meet water 
quality requirements (Goulds Pumps, 
Lowara). 

Valves to provide durable and dependable 
control of  water in elevated water storage 
tanks (Engineered Valves).

RESIDENTIAL WATER

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 (Bell & 
Gossett, Goulds Pumps, Lowara). 

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

○

○

○

○

○

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 (ITT 
Advanced Water Treatment). 

Submersible pumps for use in cellar/ga-
rage drainage as well as effluent handling 
(Flygt). 

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 (Goulds 
Pumps, Lowara, Marlow Pumps, 
Vogel). 

Cartridge filters are used for the reduction 
of  sediment, taste and odor, and other 
contaminants (ITT Advanced Water 
Treatment).

AGRICULTURE

Submersible pumps including small and 
medium centrifugal pumps, large centrifu-
gal 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). 
 

○

○

○

○

○

○

An In-Depth Look An In-Depth Look
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ITT

UV disinfection to avoid recontamination 
with microorganisms (WEDECO). 
 
Dissolved oxygen analyzers for the aqua-
culture market (Sanitaire).

COMMERCIAL WATER USE
 

A wide range of  centrifugal pumps, valves, 
suction diffusers, heat exchangers, and con-
trol systems for HVAC system operation 
(Bell & Gossett, McDonnell & Miller, 
ITT Standard). 
 
Packaged systems for water pressure boost-
ing (Bell & Gossett) and skid-mounted, 
packaged water booster pumps, set and sta-
tions (variable speed) for pressure boosting 
in applications with insufficient pressure 
(Bell & Gossett, Flowtronex, Lowara, 
Vogel). 
 
Hydrovar® Control System for maintain-
ing water supply system pressure (Goulds 
Pumps, Vogel Pumps). 

For pressure boosting applications, a com-
plete line of  variable speed drive control-
lers, cast iron and stainless steel centrifu-
gal multi-stage and jet pumps (Goulds 
Pumps, Lowara, Vogel). 

○

○

○

○

○

○

Fire pumps and packaged fire pump sys-
tems (A-C Fire Pump). 
 
Submersible drainage, dewatering and 
effluent pumps for all large infrastruc-
ture, construction and tunneling projects 
(Flygt, Goulds Pumps, Lowara, Vogel). 
 
Self-priming, centrifugal, sump, effluent 
and sewage pumps in a variety of  sizes 
and materials (Goulds Pumps, Lowara, 
Vogel). 

Fully-packaged water lift and booster 
pump stations and controls for turf  irriga-
tion (Flowtronex). 
 
Standard RO and UV systems respectively 
for point of  entry or point of  use require-
ments in larger commercial applications 
(ITT Advanced Water Treatment, 
WEDECO). 

Chlorine dosing, control and measurement 
products and systems for water disinfec-
tion (Portacel). 

Pumps for commercial pools and water 
parks (Flygt, Goulds Pumps, Marlow).

○

○

○

○

○

○

○

Advanced membrane filtration systems, like 
the one seen here from ITT’s membrane 
filtration unit provide customers with 
the ability to treat water wastewater for 
industrial and municipal purposes.

ITT

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 (Flygt).

INDUSTRIAL WATER SUPPLY
 

Reverse osmosis (RO), nanofiltration (NF), 
ultrafiltration (UF), microfiltration (MF) 
and membrane systems. Membranes are of-
ten used in combination to reduce turbidity 
(MF or UF) and then reduce or remove 
salts (NF or RO) (ITT Advanced Water 
Treatment). 

ITT membrane filtration systems are used 
for industrial processing (e.g., fruit juice 
clarification, food & beverage, pharmaceu-
tical industries) and wastewater applica-
tions as well as for pure water production 
for industries (e.g., boiler feed water for 
power plants) (ITT Advanced Water 
Treatment). 
 
Clarification and media filtration for treat-
ing large volumes of  process water for high 
volume water users (Leopold).        

○

○

○

○

Pumps for advanced filtration applications 
including axial flow pumps, vertical sub-
mersible pumps, vertical turbine pumps, 
single stage, double suction pumps, chemi-
cal process pumps, and multistage diffuser-
type pumps (Goulds Pumps). 
 
UV and ozone systems are used for indus-
trial water disinfection (UV) and industrial 
water treatment (ozone) (WEDECO). 

Parts per Billion Range Dissolved Oxygen 
analyzers/controllers and pH/ORP ana-
lyzers/controllers for water quality and 
control (Royce Technologies).

INDUSTRIAL WATER USE

Pump systems, mixers, valves and controls from 
ITT brands including Goulds Pumps, Flygt, 
Lowara, Vogel, Bell & Gossett, ITT Standard 
and Engineered Valves 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 brand 
has the distinction of  providing the widest 
range of  industrial pump systems with millions 
of  installed products around the world. ITT’s 
disinfection unit has systems for ozone oxidation 

○

○

○

Aeration systems from ITT provide 
biological wastewater treatment for 
municipal and industrial customers 
around the globe.

An In-Depth Look An In-Depth Look
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of  contaminated water (organic pollution) and 
for water disinfection using UV light. ITT’s 
membrane filtration unit 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 mar-
ket log on to http://www.ittindustrial.com.

RESIDENTIAL/COMMERCIAL 
WASTEWATER
 

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

A complete line of  stainless steel sump, ef-
fluent and sewage products for wastewater 
removal, and drainage (Goulds Pumps, 
Lowara, Marlow Pumps, Vogel). 
 
Micro pump stations and turnkey pump 
stations combined with grinder pumps sys-
tem for pressure sewage handling require-
ments (Flygt, Goulds Pumps, Lowara). 
 
Packaged membrane water treatment 
plants for small communities using private 
sources (WET, PCI, Leopold).

INDUSTRIAL WASTEWATER TREATMENT 
AND REUSE

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

○

○

○

○

○

Conventional biological treatment systems 
and technologies including energy efficient 
ceramic and membrane fine bubble aera-
tion systems, stainless steel coarse bubble 
diffusers, and in-place cleaning systems as 
well as full-scale Sequencing Batch Reactor 
(SBR) systems and circular clarifiers for 
primary clarification (Sanitaire). 
 
Targeted at industrial wastewater appli-
cations, the ITT Dual-Stage Membrane 
Bioreactor System accepts wastewater with 
high loadings of  BOD, suspended solids 
and other contaminants and yields an ex-
cellent quality effluent that can be suitable 
for direct discharge to surface water bodies 
and reuse applications. The water can be 
further treated with polishing processes 
(for instance, reverse osmosis) to yield 
potable water (Sanitaire). 
 
Media Filtration equipment for effluent 
polishing (Leopold).  

Reverse osmosis (RO), microfiltration 
(MF), ultrafiltration (UF), and nanofiltra-
tion (NF), and membrane systems (WET, 
PCI, Leopold). 

Ozone oxidation and UV disinfection sys-
tems (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 (Goulds Pumps).

○

○

○

○

○

○

○

ITT

STORM WATER & WASTEWATER 
COLLECTION/LIFT STATION
 

Two different types of  ejectors, the hy-
droejectors and air/water-ejectors, and 
compact mixers provide bulk flow in equal-
ization tanks, keeping solids in suspen-
sion. By using the air/water-ejectors, odor 
control is provided by introducing oxygen 
into the wastewater, and when emptying 
the tanks, flushing the floor to keep it free 
from sediments (Flygt). 
 
A wide range of  submersible pumps for 
pumping sewage to wastewater treatment 
plants (Flygt, Lowara, Vogel). 
 
Solids handling self-priming and close-cou-
pled dry pit non-clog pumps are mounted 
in packaged lift stations strategically po-
sitioned to handle residential wastewater 
(Flygt, Goulds Pumps). 
 
High rate chlorine dosing, control and 
measurement products and systems for 
disinfecting CSO discharges (Portacel). 

Aeration systems from Sanitaire provide 
biological wastewater treatment for mu-
nicipal and industrial customers around the 
globe.  

PRIMARY TREATMENT

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

○

○

○

○

○

Submersible pumps and mixers in intake 
stations and grit chambers. Non-clogging 
centrifugal pump (N-pump) and progres-
sive cavity pumps in settling tanks (Flygt). 
 
Dry-mount non-clog, vortex, self-prim-
ing, centrifugal, slurry, and vertical turbine 
pumps (Flygt, Goulds Pumps). 

Monitoring and control systems to su-
pervise plant operations (Flygt, Goulds 
Pumps).   

Circular clarifiers for primary clarification 
(Sanitaire). 
 
Monitors for wastewater treatment pro-
cesses and control (Sanitaire).

SECONDARY TREATMENT
 

Floating, traveling bridge sludge collec-
tors for secondary clarification applica-
tions where a return activated sludge 
stream is needed for the upstream process. 
(Leopold).  

Conventional biological treatment systems 
and technologies including energy efficient 
ceramic and membrane fine bubble aera-
tion 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 wastewater treatment plants. The 
processes of  biological oxidation, nitrifica-
tion, denitrification, phosphorus removal 

○

○

○

○

○

○

○

○

ITT
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and liquids/solids separation are achieved 
continuously in a single basin and can be 
easily expanded to accommodate increased 
capacity (Sanitaire-ABJ). 
 
Waste and return activated sludge (WAS 
and RAS) pumps (N-Pump) for optimal 
biological process control (Flygt). 
 
Submersible compact and low speed (ba-
nana blade) mixers are used in concert with 
aeration systems, particularly in racetrack 
tank geometries (Flygt). 
 
Mechanical aerators of  ejector-type 
(FloGet) with nonclogging N-pumps 
provide oxygen to any biological activated 
sludge processes (Flygt). 

Dry-pit non-clog pumps are often used in 
the secondary treatment phase in activated 
sludge transfer services (Flygt). 

The ITT Dual-Stage Membrane Bioreactor 
System accepts wastewater with high 
loadings of  BOD, suspended solids and 
other contaminants and yields an excellent 
quality effluent that can be suitable for 
direct discharge to surface water bodies 
and reuse applications. The water can be 
further treated with polishing processes 
(for instance, reverse osmosis) to yield 
potable water (Sanitaire). 
 
Monitoring and control instrumentation 
for secondary wastewater treatment pro-
cesses (Royce Technologies, Flygt).

○

○

○

○

○

○

TERTIARY TREATMENT
 

Mixed liquid recirculation (MLR) high flow 
head propeller pumps for optimal ad-
vanced biological process control (nitrogen 
and/or phosphorous removal) (Flygt). 

Nutrient removal with deep bed denitrifi-
cation filters (Leopold). 
 
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  wastewater treatment (Portacel). 
 
Tertiary membrane filtration using MF 
and UF filters (ITT Advanced Water 
Treatment). Media filtration for tertiary 
wastewater treatment (Leopold). 
 
Monitoring and control instrumentation 
for tertiary wastewater treatment processes 
(Sanitaire, Flygt). 
 
Goulds Pumps has a wide range of  chemi-
cal pumps for the chemical injection and 
transfer applications in the tertiary stage of  
treatment (Goulds Pumps). 
 
Monitoring and control of  suspended 
solids (Sanitaire). Monitoring and con-
trol of  media filters in tertiary treatment 
(Leopold).

○

○

○

○

○

○

○

○

ITT

SLUDGE TREATMENT
 

All types of  sludge such as primary, sec-
ondary, mixed, imported, stabilized, thick-
ened and dewatered are pumped by cen-
trifugal N-pumps and progressive cavity 
pumps (Flygt). 
 
Sludge storage, aerobic, anaerobic and live 
stabilization tanks are mixed with submers-
ible mixers (Flygt). 
 
Dry-mount no-clog and vortex type solids 
handling pumps (Flygt). 
 
Interface level and sludge density moni-
tors used for monitoring and control 
(Sanitaire).

WATER RETURN
 

Submersible and dry-mount pumps (Flygt, 
Goulds Pumps). 
 
Skid-mounted, packaged water booster 
pumps and stations for pressure booster 
applications (Flowtronex). 
 
High level disinfection and/or oxidation 
with ozone or UV for polishing effluent 
prior to reuse (WEDECO).

○

○

○

○

○

○

○

GLOBAL SERVICE AND CUSTOMER CARE

ITT has a global network of  service centers for 
aftermarket customer care. Our aftermarket capa-
bilities include the repair and service of  all brands 
of  pumps and rotating equipment, engineering 
upgrades, contract maintenance, monitoring and 
controls and service.

ITT
An In-Depth Look An In-Depth Look
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A-C Fire Pump is a premier manufacturer of  
fire pump systems for commercial, residential 
and industrial applications.
www.acfirepump.com 

Bell & Gossett is a world leader in pump prod-
ucts for the liquid-based HVAC pumping indus-
tries, serving the market with world-class fluid 
handling products in markets from large com-
mercial HVAC applications to pumps and valves 
used in residential hot water heating.
www.bellgossett.com

C’treat provides customers – including many 
offshore operations – with a reliable and eco-
nomical supply of  fresh water, continuously gen-
erated from seawater using the reverse osmosis 
process.
www.ctreat.com

Engineered Valves supplies innovative valve 
solutions for a wide range of  industrial fluid 
control needs including chemical processing, 
power generation, pulp & paper, water treat-
ment, pollution control, and pharmaceutical and 
bioprocessing.
www.engvalves.com

Flowtronex designs and manufactures modu-
lar pumping systems for a variety of  irrigation, 
boost & lift applications for markets including 
golf, landscape and municipal.
www.flowtronex.com

Flygt is the world’s premier manufacturer of  
submersible pumps, mixers, and aeration equip-
ment for use in environments ranging from wa-
ter and wastewater treatment, raw water supply, 
abrasive or contaminated industrial processes, 
mining and crop irrigation.
www.flygt.com

Goulds Pumps – Industrial   manufactures 
pumps, monitoring and control solutions and 
accessories for industrial applications including 
chemical processing, pulp and paper, power gen-
eration, oil refining, gas processing, mining and 
mineral processing and general industry.
www.gouldspumps.com

Goulds Pumps – Water  is a global leader in the 
water technologies market, producing the world’s 
leading line of  residential water well pumps. 
The Goulds Pumps’ product portfolio includes 
submersible and line shaft turbine, 4” submers-
ible, jet, sump, effluent, sewage and centrifugal 
pumps for residential, agriculture and irriga-
tion, sewage and drainage, commercial and light 
industrial use.
www.goulds.com

HengTong AWT is a Shanghai-based producer 
of  reverse-osmosis (RO) membrane systems and 
other water treatment systems for the power, 
pharmaceutical, chemical and manufacturing 
markets in China. 
www.itthengtong.com

ITT
An In-Depth Look at ITT Brands That Serve the 
“Cycle of Water”

Leopold manufactures water and wastewater 
treatment systems.  Water treatment systems 
include Rapid gravity dual media filter, clarifi-
cation, sludge collection and backwash water 
recovery systems.  Wastewater treatment systems 
include tertiary filtration, denitrification, clarifica-
tion and sludge collection systems.
www.fbleopold.com

Lowara is a world leader in stainless steel pump 
manufacturing technology. The Lowara range 
includes submersible, sump, effluent, sewage, 
centrifugal pumps and booster packages for the 
water supply and water pumping needs in the 
residential, irrigation, building service and com-
mercial markets worldwide.
www.lowara.com

McDonnell & Miller is an industry leader with 
the most comprehensive line of  steam and hot 
water boiler liquid level control products. Liquid-
level controls and low-water cutoffs serve the 
demanding needs of  the industrial, commercial 
and residential construction market.
www.mcdonnellmiller.com

PCI Membranes provides a broad spectrum 
of  filtration technologies and products for 
liquid separation applications used in industrial 
processing wastewater and municipal water 
industries.
www.pcimem.com

Portacel is a worldwide supplier of  gas and 
liquid dosing technology for water and wastewa-
ter disinfection, as well as associated monitoring 
and control systems.
www.portacel.com

Robot Pumps is a manufacturer of  submers-
ible pumps specially designed to pump liquids 
containing solids. Robot Pumps also sells and 
installs complete pump stations and sewage 
systems.
www.robotpumps.com

Royce Technologies is global supplier of  high 
quality monitoring and control instrumentation 
and sensors specifically designed for municipal 
and industrial wastewater treatment applications.
www.roycetechnologies.com

Sanitaire focuses on creating innovative waste-
water treatment technologies for municipal 
and industrial wastewater treatment facilities 
including aeration and sequencing batch reactor 
systems.
www.sanitaire.com

Stella-Meta designs and manufactures trans-
portable water purification equipment to treat 
water from fresh or saline sources including 
those contaminated with NBC warfare agents.  
Its product range, used by armies and relief  
agencies throughout the world, covers outputs 
from 25 to 23,000 liters per hour of  drinking 
water from any contaminated source and is 
engineered to be extremely robust and therefore 
appropriate in both military and humanitarian 
response operations.
www.stellameta.co.uk
 

ITT
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ITT Standard is a manufacturer of  a complete 
line of  heat transfer products used in industrial 
and process applications such as heating or cool-
ing liquids or gases, heat recovery in chemical 
processing, power and co-generation, paper and 
pulp, OEM and commercial marine markets.
www.ittstandard.com

Vogel produces pumps that cover nearly all re-
quirements to handle clear, contaminated or ag-
gressive liquids such as cold or hot water, acids, 
wastewater and sewage in domestic, industrial 
or public installations. Vogel provides energy 
efficient pumps equipped with static frequency 
inverters.
www.vogel-pumps.com

Water Equipment Technologies provides 
reliable membrane-based water purification 
technology and components to the global water 
and wastewater industry. Using reverse osmosis 
(RO), deionization (DI), microfiltration (MF), 
and nanofiltration (NF) membrane technologies,  
Water Equipment Technologies provides stan-
dard systems, custom-engineered systems and 
products/components to produce high purity 
or potable water from seawater, brackish wa-
ter, surface water sources and reuse water from 
wastewater.
www.wetpurewater.com
 
WEDECO is the world’s largest manufacturer 
of  UV disinfection and ozone oxidation systems, 
which are viewed as increasingly attractive alter-
natives to chlorine treatment and other physical/
chemical water treatment processes.
www.wedeco.com

ITT
An In-Depth Look at ITT Brands That Serve the 
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Useful Links

Useful Links

GOVERNMENTAL AND 
INTER-GOVERNMENTAL

Aquastat: UN FAO Water Information System
www.fao.org/waicent/faoinfo/agricult/agl/
aglw/aquastat/main/index.htm

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

Association of  State Dam Safety Officials
www.damsafety.org

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
www.ceres.ca.gov/cgi-bin/theme?keyword=Wate
r%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 (sur-
face water quality study, U.S./Mexico border)
www.epa.gov/ceis
 
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 Environment Facility
www.gefweb.org

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

H2O-China
www.h2o-china.com

Hydrology and Water Resources 
Programme, World Meteorological
Organization
www.wmo.ch/web/homs/hwrphome.html



ITT’s Place In The Cycle of Water: Everything But The Pipes Page 11�

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

International Boundary and Water 
Commission (IBWC): U.S. 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_bibliotheque/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/Ministerial/declara-
tion.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

Useful Links

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

Transboundary Resource Inventory Program 
(TRIP)
www.bic.state.tx.us/trip

UK Met Office
www.metoffice.com

U.S. Bureau of  Water Reclamation
www.usbr.gov

U.S. Bureau of  Reclamation – Water Share
www.watershare.mp.usbr.gov

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

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

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

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

U.S. Geological Survey: San Francisco 
Bay/Delta
www.sfbay.wr.usgs.gov

U.S. Geological Survey: U.S. Water Data
www.water.usgs.gov/data.html

U.S. Geological Survey: U.S. Water Use Data
www.water.usgs.gov/watuse

U.S. 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

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

Water and the Forest Service (U.S. Forest 
Service)
www.fs.fed.us

Water Resources (India)
www.sdnp.delhi.nic.in/resources/waterharvest-
ing/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 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

NON-GOVERNMENTAL AND 
ASSOCIATIONS WEBSITE ADDRESS

American Institute of  Hydrology
www.aihydro.org

American Rivers
www.amrivers.org

American Water Resources Association (U.S.)
www.awra.org

American Water Works Association (U.S.)
www.awwa.org

American Water Works Association Research 
Foundation (U.S.)
www.awwarf.com

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

ASHRE
www.ashrae.org

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

Useful Links

Coalition Eau Secours (French)
www.eausecours.org

DIN
www.2.din.de

European Desalination Society
www.edsoc.com

European Rivers Network
www.rivernet.org

Europump
www.europump.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/wa-
terresource.html

Groundwater Foundation
www.groundwater.org

Hydraulic Institute
www.pumps.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/frontpage.html

International Water Academy
www.thewateracademy.org

International Water and Sanitation Centre
www.irc.nl

International Water Association
www.iawq.org.uk

Useful Links
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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%20Sanitation

LakeNet
www.worldlakes.org

Lifewater Canada
www.lifewater.ca

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

National Ground Water Association (U.S.)
www.ngwa.org

New Zealand Hydrological Society
www.hydrologynz.org.nz

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

NFPA
www.nfpa.org

NGOs and Freshwater Home Page
(Earth Summit 2002)
www.earthsummit2002.org/freshwater

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 Association
www.southeastdesalting.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

VDMA
www.vdma.org

Useful Links

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 (U.S.)
lwww.water-ed.org
 
Water, Engineering, and Development 
Centre
info.lut.ac.uk/departments/cv/wedc/index.html

Water Environment Federation
www.wef.org

Water for the People
www.water4people.org/

Water Observatory
www.waterobservatory.org

Water Quality Association
www.wqa.org

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
www.ag.arizona.edu/azwater

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

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

Useful Links
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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

Info-Agua (Spanish)
www.infoagua.org

Institute of  Water Research - Michigan State 
University
www.iwr.msu.edu

Inter-American Water Resources Network
www.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 WaterProgramme, 
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

Useful Links

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

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

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

U.S. 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

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

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, U.S. Geological 
Survey
www.ga.usgs.gov/edu

WateReuse Association (U.S.)
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 Program

Useful Links
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Contacts

ITT - Fluid Technology-HQ
www.ittfluidworld.com
Fluid Technology Headquarters
10 Mountainview Road
Upper Saddle River, NJ 07458
Phone: 201-760-9800
Fax: 201-760-9692
 
A-C Fire Pump Systems
www.acfirepump.com
8200 N. Austin Ave.
Morton Grove, IL 60053
Phone: 847-966-3700
Fax: 847-966-1914

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

C’treat
www.ctreat.com 
309 Briar Rock Road
The Woodlands, TX 77380 USA
Phone: 281-367-2800
Fax: 281-367-1761

Engineered Valves
www.engvalves.com
33 Centerville Road
Lancaster, PA 17603
Phone: 717-509-2200
Fax: 717-509-2336

F.B. Leopold
www.fbleopold.com
227 South Division Street
Zelienople, PA  16063
Phone: 724-452-6300
Fax: 724-452-1377

Flowtronex
www.flowtronex.com
10661 Newkirk Street
Dallas, TX 75220
Phone: 800-786-7480
Fax: 214-357-5861

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

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

Goulds Pumps - Water Technology
www.goulds.com
2881 East Bayard Street
Seneca Falls, NY 13148
Phone: 315-568-2811
Fax: 315-568-2046

Contacts
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HengTong AWT
www.itthengtong.com
No.8 1130 Lane, TongPu Road
Putuo District, Shanghai
PR China 200333
Phone: 86-21-52704408
Fax: 86-21-52708800 

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

ITT Heat Transfer
www.ittstandard.com
175 Standard Parkway
Cheektowaga, NY 14227
Phone: 716-897-2800
Fax: 716-862-4176
 
Lowara
www.lowara.com
14 Via Dott Lombardi
36075 Montecchio Maggiore
Vicenza, Italy
Phone: 39-444-70-7111
Fax: 39-444-492109

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

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

PCI Membranes
www.pcimem.com
Jays Close, Viables Estate,
Basingstoke, Hampshire,
RG22 4BA, UK
Phone: 44 1256 303800
Fax: 44 1256 303801 

Portacel
www.portacel.com
Winnall Valley Road
Winchester, Hampshire,
SO23 0LD, UK
Phone: 44 1962 826300
Fax: 44 1962 866084

Red Jacket Water Products
www.redjacketwaterproducts.com
58 Wright Avenue
Auburn NY 13021
Phone: 866-325-4210
Fax: 866-325-4211

Robot Pumps B.V.
www.robotpumps.com
Postbus 140
2400 AC Alphen a/d Rijn
Netherlands
Phone: 31-172-418-686
Fax: 31-172-418-602

Contacts

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

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

Stella-Meta
www.stellameta.co.uk
Jays Close, Viables Estate,
Basingstoke, Hampshire,
RG22 4BA, UK
Phone: 44 1256 303800
Fax: 44 1256 303801

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

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

WEDECO
www.wedecoag.com
Ungelsheimer Weg 6
40472 Düsseldorf, Germany
Phone: 49-211-95196-0
Fax : 49-211-95196-30

Contacts
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Wastewater Solutions from ITT

[ MUNICIPAL WASTEWATER TREATMENT SYSTEM ]

PRIMARY TREATMENT
•  Submersible and dry-mount pumps and submersible mixers 
    for a wide range of applications including raw influent 
    pumping, settling tanks, digestion tanks, aeration tanks, 
    clarifiers, storage tanks and chemical polishing
•  Monitoring and control systems to supervise plant operations
•  Circular clarifiers for primary clarification

SECONDARY TREATMENT
•  Ceramic and membrane fine bubble aeration systems, 
    stainless steel coarse bubble diffusers and in-place
    cleaning systems
•  Submersible pump and mixer systems
•  Sequencing Batch Reactor (SBR) systems
•  Dual-stage Membrane Bioreactor (MBR) system
•  Waste and return activated sludge pumps
•  Air/water ejectors
•  Dry-pit non-clog pumps for transfer of activated sludge
•  Monitoring and control instrumentation
•  Floating siphon secondary clarifier

TERTIARY TREATMENT
•  Mixed liquid recirculation (MLR) high flow head propeller pumps for optimal 
advanced biological process control
•  Ozone and ultraviolet systems for non-chemical disinfection
•  Chlorine dosing, control & measurement systems
•  Tertiary membrane filtration using microfiltration and ultrafiltration
•  Wide range of chemical pumps for chemical injection and transfer applications
•  Monitoring and control of suspended solids
•  Tertiary filtration using gravity filters
•  Deep bed filtration for phosphorus removal and denitrification

SLUDGE
•  Submersible,dry-pit non-clog, and 
    progressive cavity pumps, submersible 
    mixers and submersible macerators for 
    complete sludge handling solutions
•  Interface level and sludge density 
    monitors

WATER RETURN / WATER REUSE
•  Skid-mounted, packaged water booster pumps and stations
•  Submersible and dry-mount pump systems

RESIDENTIAL / COMMERCIAL
•  Sump, effluent, sewage removal and 
    drainage pump systems
•  Packaged grinder systems
•  Turnkey micro-pump/grinder stations 

STORMWATER & WASTEWATER COLLECTION /
LIFT STATIONS / EQUALIZATION TANKS
•  Hydroejectors and air / water ejectors
•  Compact mixers
•  Submersible pump systems
•  Solids-handling, dry-pit non-clog pumps
•  Chemical handling pumps
•  High-rate chlorine dosing, control & measurement systems

O3 UV Cl

[ INDUSTRIAL/AGRICULTURE WATER REUSE ]
A wide range of ITT technologies help treat complex industrial / 
agricultural waste streams on-site, helping companies to 
recover valuable materials and reduce costs associated with 
traditional disposal options.

Water reuse system 
powered by ITT 
pump systems

DISINFECTION 
•  Ozone and ultraviolet systems
    for non-chemical disinfection
•  Chlorine dosing, control &
    measurement systems

MEMBRANE FILTRATION 
Standard and custom engineered reverse osmosis, nanofiltration, ultrafiltration 
and microfiltration membrane systems provide further “polishing” to provide 
usable process and potable water.

GRAVITY FILTRATION
Dependable and consistent conventional 
treatment for water reuse that provides effluent 
quality to meet a variety of reuse applications

Reverse Osmosis or Nanofiltration

DUAL-STAGE MEMBRANE
BIOREACTOR (MBR) SYSTEMS 
ITT’s MBR systems are used for 
advanced treatment of industrial 
wastewater and can deliver a higher 
quality effluent in a smaller footprint 
than conventional systems.

SBR 
Full scale Sequencing Batch Reactor (SBR) 
systems for single-basin waste treatment

CONVENTIONAL
BIOLOGICAL TREATMENT   
•  Technologies including ceramic
    and membrane fine bubble 
    aeration systems, stainless steel 
    coarse bubble diffusers and  
    in-place cleaning systems
•  Submersible and dry-pit non-clog 
    pumps and mixer systems used in 
    traditional activated sludge process



ITT 
10 Mountainview Road
Upper Saddle River, NJ 07�58
www.ittfluidbusiness.com
www.itt.com


