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Industry News

Ozone News is looking for newsworthy
information from member companies to
place in our Industry News section. We
particularly would like more information
from our European and Asian member

companies.

If your company has new information
that you would like to see published,
please forward it to the Ozone News

Editor at blloeb@fuse.net
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INDUSTRY NEWS

XYLEM PROVIDES EXPANDED SUPPORT FOR RELIEF EFFORTS

IN PUERTO RICO

Xylem announced plans to expand its support for the ongoing

recovery and rebuilding efforts in Puerto Rico in the aftermath

of the devastating effects of Hurricane Maria. The Company

has pledged financial support, including matching employee

contributions, as well as a new effort to bring clean water to

several of the hardest hit areas of the island.

“It is deeply troubling to see communities remain in such dire

straits several weeks after this hurricane,” said Patrick Decker,

President and CEO of Xylem. “The ravaged infrastructure has

significantly slowed progress in the recovery efforts. We

remain committed to continuing to help these communities’

meet their immediate needs and provide expertise and guidance

in their rebuilding efforts.”

Xylem, a leading global water technology company, has

pledged a substantial contribution to Mercy Corps to deliver

humanitarian assistance and start rebuilding the communities

ravaged by the hurricane. In addition, the Company is working

with Planet Water Foundation to fund the construction of 10

aqua towers in remote areas of Puerto Rico. Each aqua tower

provides up to 10,000 liters of clean water on a daily basis. A

number of Xylem employees will volunteer to help in the

construction of those towers. The Company is supporting other

local organizations in the relief efforts as well.

AQUA-AEROBIC SYSTEMS AND PINNACLE OZONE FORM

AGREEMENT

Aqua-Aerobic Systems, Inc. (Loves Park, IL) and Pinnacle

Ozone Solutions, LLC (Cocoa, FL) have signed an agreement

that confirms Aqua-Aerobic Systems as the exclusive

municipal distributor for Pinnacle’s ozone generation systems.

The products will be marketed under the Aqua ElectrOzone™

M-Series brand, with models available to produce ozone

outputs ranging from 6.8 Kg/Day to 245 Kg/Day (15 ppd to

540 ppd).

In October 2015, Aqua-Aerobic Systems and METAWATER

Co., Ltd, announced a merger with Aqua-Aerobic Systems, Inc,

under METAWATER USA, Inc. METAWATER was formed in

2008 as the first comprehensive engineering firm in the water

and environment field through a merger of the water and

environmental subsidiaries of NGK Insulators and Fuji

Electric.

Aqua-Aerobic Systems, Inc. is an applied engineering

company specializing in total water management solutions in

the areas of aeration and mixing, biological processes, cloth

media filtration, membranes, oxidation/disinfection and

process control. Since 1969, Aqua-Aerobic Systems, Inc. has

served the water and wastewater industry in both the municipal

and industrial markets.

Pinnacle Ozone Solutions specializes in the design and

fabrication of modular, high frequency ozone generation

systems by providing a full line of municipal and industrial

ozone generators.

DE NORA NEXT PROJECT RECOGNIZED BY EXPO MILANO

De Nora, Milan, Italy was a new exhibitor at the IOA World

Congress in Washington.  In May, 2015 De Nora acquired

Ozono Elettronica Internazionale (OEI), Milan, Italy.  OEI has

Mitsubishi Electric Corporation
2-7-3, Marunouchi, Chiyoda-ku, Tokyo 100-8310, Japan

Call us or visit our website to learn more: 
http://www.mitsubishielectric.com/products/public/
Phone: +81-3-3218-2111

Ozone concentration up 
to 16% by weight 
for reduced oxygen 
usage and lower 
operating cost. 

Mitsubishi Electric 
ozone generators meet 
the growing demand by 
water and wastewater 
treatment plants for 
systems that offer low initial cost, 
high operational efficiency, low maintenance 
and low operational costs. Our ozone generators are characterized by:

• Reduced oxygen consumption
• Reduced power consumption
• Compact, skid-mounted design

• Smaller ancillary equipment
• Reduced dissolved oxygen in  
 finished water

Reliable, Cost-Efficient,
High Concentration Ozone Generators
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to raise awareness and spread the best scientific solutions for

food security and sustainable development, in order to become

a model for all nations of the world in terms of environment,

society and productivity.

The De Nora Next project has developed two innovative and

low-cost technologies, aimed to sustainable growth in the agri-

food sector, with a special focus on fruit and vegetables,

allowing the use of electrolyzed waters as on field and post-

harvest agents against fungi, bacteria and viruses on plants and

fruits, leaving no residues, and ozone as post-harvest treatment.

Less pathologies on field, lower losses in production, extension

of times preservation and consequently longer transport

capability are key factors that allow a range of benefits widely

spread across the food industry and the market.

SUEZ LAUNCHES OZONIA® M

At the close of the acquisition of former GE Water and Process

Technologies on Sepetember 30, 2017, SUEZ created a new

business unit “Water Technologies and Solutions.”

At the WEFTEC conference and exhibition in Chicago, IL in

early October, SUEZ introduced the new ozonia® M

Industry News (cont’d) 

more than 1200 ozone installations worldwide.  

The following, although dated, gives a insight into the De Nora

ozone activities.

De Nora NEXT project “Ozone and electrolyzed water: green

innovation for a paradigm shift in sustainability, quality and

safety  of  Mediterranean  agri-food  products” has been

recognized  as one of the 10 best sustainable practices by Expo

Milano 2015 for “Quantitative and Qualitative Enhancement of

Crop Products” out of 170 best practices of the same category.

De Nora presented the project on July 8, 2015 at the

Conference Center of EXPO for the Best Sustainable

Development Practices Week.

The International Call for Best Sustainable Practices on Food

Security has been addressed to initiatives carried out in

different parts of the world, focused on policies, technologies,

know-how, services and products related to the theme of Expo

Milano 2015 "Feeding the Planet, Energy for Life". The aim is
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IUVA ANNOUNCES IUVA AMERICAS CONFERENCE.

The International Ultraviolet Association (IUVA) is holding an

IUVA Americas conference in Redondo Beach, CA on

February 26-28, 2018.  The conference will focus on UV

technologies and advanced oxidation, including ozone, for

drinking water, water reuse, wastewater, hospital infections,

ballast water treatment and industrial effluents. 

A call for papers has been issued with a due date of November

15, 2017 for papers that cover the above and several other areas

of interest.  For more information on this and for registration

information, visit www.iuva.org

technology, the next generation of ozone systems for water

treatment.  The ozonia® M range integrates the ozone

generator, the power supply, SmartO3® control system, and

process related control equipment in a compact design which

reduces footprint up to 25%.

The new technology is reported to offer up to 25% reduced

energy consumption, 20% increased capacity and a wider

pressure range using ozonia®IGS+ (Intelligent Gap System)

technology. Ozone concentrations can be achieved up to 16%.  

Industry News (cont’d) 
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At the August 15, 2017 General Assembly of the IOA in

Washington, DC, Mr. Bernard Paolini was confirmed as IOA

President for 2018-2019.  For more details of the General

Assembly, see Ozone News Issue 5 (2017). 

Mr. Paolini has a degree in Mechanical Engineering from the

University of Applied Science of Zürich with specialty in the

field of thermal process engineering.  He also had advanced

studies in business administration, national economy,

legislation and finance.

He became technical director of a company producing control

and safety devices for oil and gas burners and Vice President of

a company in the field of pressure die casting.

In 2001, Bernhard joined Ozonia as Vice President, Technology

and was later appointed CEO of Degrémont Technologies AG

Switzerland.  He was instrumental in development of the new

ozone generation technology for Ozonia/Degrémont. 

IOA NEWS



In addition to his current responsibilities with

Ozonia/Degrémont/Suez, Mr. Paolini has been active with

several other organizations in working for approval of ozone as

a biocide in the European Union.  In this context, he has been

appointed volunteer Chairman of EurO3zon, the group

coordinating the approval process.

Bernard will be working to continue to implement the IOA

strategic plan and also to complete the bylaws revision.

As you attend IOA conferences, be sure that you find time to

meet Bernard, and share you interests and vision for the IOA.

IOA-EA3G Shanghai Conference

On December 5-7, 2017, the IOA-EA3G Group in cooperation

with Tongji University, Shanghai, China will hold an

international conference “Ozone and Advanced Oxidation for

the Water-Food-Health Nexus.”  This conference will be given

in Room 902, Zonghe Building (Multi-Functional Building) on

the Tongji University campus.

The conference planners have arranged a comprehensive

conference featuring presentations from researchers in China

and an experienced international group.  The conference will be

organized in major topics

• Advanced Oxidation Processes

• Ozone in Agrifood

• Applications and Engineering

• Ozone, Medicine and Health

The complete program is enclosed at the end of this issue.  For

additional information, visit the IOA website www.ioa-
ea3g.org.  We expect a very good attendance for this important

China conference. A report from the conference will appear in

a future issue of Ozone News.

WORLD CONGRESS PROCEEDINGS AVAILABLE

Proceedings from the IOA World Congress in Washington, DC

are now available! The proceedings contain PowerPoint or

written papers from 77 presentations at the Congress.

Topics covered in the proceedings include water reuse,

biofiltration, food preservation, algal issues, drinking and

wastewater treatment, and regulatory issues in Europe.

The proceedings are available free to conference attendees by

using the Password that was emailed to the attendees.  Those

wishing to purchase the proceedings should contact the IOA

Pan American Group at info3zone@ioa-pag.org.
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Introduction

The REACH (Registration, Evaluation and Authorization of
CHemicals) regulation has been introduced to improve the
protection of human health and the environment from the risks
that can be posed by chemicals, while enhancing the
competitiveness of the EU chemicals industry. REACH is
actually a very complex law that entered into force on 1st of
June 2007 and is set out to be implemented over a period of 12
years. 

This regulation is directly in force without delay since its
implementation and therefore must not pass local governments
in all member states in the EU. It is actually replacing more
than 40 national and European laws. Resulting, all European

member states adjusted their national laws and regulations
allowing implementing REACH procedures and empowering
public authorities for its enforcement.

REACH is a chemicals regulation.

In the original scope of the law the EU-based manufacturers
and importers (of chemicals) in amounts of one ton or more per
year are required to gather information on the properties of the
particular substances in order to allow their safe handling and
submit hazard information to the European Chemicals Agency
(ECHA) in Helsinki and then entered into a central database. 

REACH is applicable to all 28 European member states and
including: Overseas France, Azores, Madeira and Canary
Islands and the European Economic Area (EEA): Island,
Liechtenstein and Norway (Switzerland is not part of the EEA).

In layman terms REACH follows the theme:
“No data - no market” and defines in this way the role of
the “industry”.

Substances under REACH

REACH regulation is including in principal all substances in
the form of isolates, mixtures and as part of other products. 

However, there are several exemptions possible where no
registration is necessary (e.g. low amount of substances being
below 1 t/a, isolated intermediates, polymers (but monomers
are in scope), waste, specific substances named in Annex IV [1]
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Addressing REACH Regulation for Ozone in the EU

Bernhard Paolini, Degrémont Technologies AG (SUEZ-OZONIA), Switzerland & Chairman EurO3zon ivzw/aisbl/inpa, Belgium;

Tim Pühmeier, Xylem Services GmbH (WEDECO) email: Tim.Puehmeier@xyleminc.com, Germany;

Jörg Mielcke, Xylem Services GmbH (WEDECO), Germany;

Matthias Rothe, ProMinent GmbH, Germany; 

Matthias Hoffmann, BWT Wassertechnik GmbH, Germany;

Jaak Ryckeboer, Ensus Consulting BVBA, Belgium

Abstract

REACH is an European regulation for mitigating the risk originating from chemicals. However the use of ozone

governed for many applications and operators by this new regulation with the obligation to register their production

of ozone. This regulation does not necessary affect every end-user as there are some limited exemptions available.

EurO3zon is now in process to create a substance dossier for the REACH registration.

This publication does not aim to replace any official EU guidance, but rather to provide focus and overview to

REACH and its relationship to the substance ozone. Additionally to extent and share the knowledge about the

boundaries of the registration requirements relates to ozone applications. 

Keywords:Ozone; REACH; Registration; Europe; Legislation



with a low risk such as sugar and oxygen. 

REACH is only offering several scenarios where no
registration is required. See excerpt of exemption options
below:

1. Low amounts of substances brought to the EU market
2. In case the substance is regulated under a different

regulation such as the Biocidal Products Regulation (BPR)
[2] there is no requirement for additionally fulfill REACH
requirements.

3. There is an exemption foreseen within REACH for
equipment testing- or research purposes.

4. The last exemption applies for the synthesis of compounds
using a substance as an intermediate reaction partner.
However, in such cases the resulting new compounds must
be fully registered under REACH.

REACH Registration Process

The REACH registration consists of an extensive electronic
dossier of information submitted via the REACH-IT platform
that is operated by ECHA. The information requirement is
strictly dependent upon the tonnage band produced. 

REACH assumes a risk potential based on the tonnage of
particular chemicals used per year and defines three major
tonnage bands with different obligations:

●above 1 ton/a
information about properties and uses including risk
assessments and its physicochemical, toxicological
and eco-toxicological properties

●above 10 tons/a
more detailed information about substance properties
and its effects. In addition it is required to document
the results of the chemical safety assessment in a
chemical safety report (CSR) as defined in REACH
Annex.

●above 1000 tons/a
the above data plus exposure scenarios regarding
human health and the environment.

The general data requirement encompasses physico-chemical,
toxicology, health and environmental properties. In case such
information is not readily available, then the registrant must
either generate this test data or even conduct additional studies
accordingly to current guidelines. All this information is
gathered in the registration dossier in order to gain approval by
ECHA after submission. A standard registration fee is payable
to ECHA when the registration is made (see Table 1).

Once a dossier has been submitted to the ECHA, the agency
will conduct a completeness check to make sure that the
required information it is completed correctly. This check will
be followed by an evaluation of the dossier a Competent
Authority of an EU Member State and ask questions of the
registrant on technical and other aspects of the dossier.

Table 1. Fees for registrations submitted under Article 6, 7, or
11 of Regulation (EC) NO 1907/2006[3]

The Case of Ozone and REACH

The REACH regulation is imposing the role as chemical
manufacturer towards any operator/owner of ozone systems
that cannot benefit from exceptions. 

Ozone applications and its production in the EU

Ozone is being in use for over one hundred years, it can be
found as part of many oxidative processes and is produced on-
site for purposely design treatment targets. In practice as ozone
cannot be produced, bottled and shipped the REACH
regulation turns every entity operating one or more ozone
generators (for oxidative purposes) into the role of a (small or
large) chemical manufacturer ‘bringing ozone to the EU
market’. In order to comply with the regulation all those
operators have to carry out a REACH registration. These
operators are in the ozone market predominately end-users. 

The big question - is “my” process falling under REACH
and what are the details?

In case of an oxidative ozone application, end-users can easily
determine their obligation under REACH. Firstly the annual
ozone production needs to be determined. This step defines if
the end-user is exempted or if the user falls into one of the
tonnage bands highlighted above. It is important to know that
any legal-entity that operates one or several ozone plants must
be added by their capacity for the assessment (even if such
ozone generators are located at different sites). A summary is
shown in Table 2.

Is there a way out – REACH states exemptions! Do they
apply to ozone?

EurO3zon has thoroughly investigated if ozone is falling under
REACH or if it can be exempted under certain conditions. This
process was undertaken by involving several specialist
REACH consultants and direct intervention with ECHA and
competent authorities [4-7]. It must be concluded that the in-
situ synthesis of ozone for oxidation purposes (e.g. in
wastewater treatment, pulp bleaching, decolonization, etc.), if
falling within mentioned tonnage bands are falling under the
scope of the REACH regulation and requires the individual
registration by the end-user.

There are only a very few ‘general’ exemptions available for
ozone that have limited reach for the industrial or municipal

Page 12

Ozone News Volume 45, No 6



application of ozone, see outlined below:

a. In cases of ozone production not exceeding 1 ton per year
there is no requirement for the operator to engage in the
registration process. For example this would allow the
operation of one or many small ozone systems for
oxidation purposes with a total ozone production capacity
below 110g/h (6 PPD) in 24/7 operation or any equivalent
if operated otherwise per rata.

b. In the case where ozone is used as a disinfectant. However
in such cases the biocidal products regulation (BPR) must
be fulfilled. It is rather easy to identify whether an ozone
treatment process falls under REACH or BPR. Any ozone
application aiming at the oxidation of substances (e.g.
removal of pharmaceuticals, color or recalcitrant organic
compounds) falls under REACH. Whilst any disinfection
processes and claims (e.g. drinking water disinfection,
cooling water treatment) is regulated by the BPR. The
differentiation between oxidation and disinfection is
important due to the reason that the BPR takes over for the
latter scenario.

c. Ozone systems used in research can be exempted.
d. The synthesis of compounds where ozone is an

intermediate reaction partner, but this required that the
resulting new compounds must be registered under
REACH.

Who is now going to register ozone under REACH?

The authors believe that this task and obligation for this data
gathering is not feasible for most end-users that are
responsible. Typically they do not have the required wealth of
scientific background information for ozone or the funds to
invest into associated registration fees for the required dossiers,
studies and additional assessments. It is important to stress that
in case of the unavailability of an ozone dossier there is no
registration possible. The expected assumed cost for
conducting the REACH registration is likely amounting to

exceed $800,000; depending on the amount of required studies
and including assessment cost and ECHA fees.

Since the legal passing of the REACH regulation in 2007, there
has been no activity observed in the ozone market to take up
the registration process for ozone in order to fulfill legal
requirements. This might have been due to the individual
judgment and assumption of end-users that certain exemptions
for registration would be applicable for ozone and waving its
registration requirements.

Even though as ozone system manufacturers are generally not
falling in the scope of the REACH regulation, the non-profit
association EurO3zon has now extended their mission of
promoting the use of Ozone in Europe by embracing the
registration requirements under European Union REACH
regulation (EC) No 1907/2006 [1]. 

REACH registration of ozone

Ozone qualified as a phase-in substance as it’s a known
substance and listed in the EINECS (European INventory of
Existing Commercial chemical Substances).

Therefore ozone can benefit from the delayed implementation
timetable (see Figure 1). 

Many users of ozone equipment have already made use of the
pre-registration under ECHAs REACH-IT platform as part of a
pre-SIEF (Substance Information Exchange Forum) and
counting 137 members and 29 inactive ones. 
Following interaction with the pre-SIEF members, Xylem IP
Management is the company who has accepted to take over the
role of Lead Registrant (LR). Communication with the LR will
continue to be done through EurO3zon, the appointed Third
Party Representative (TPR) (see contact details below) and is
proceeding the tasks for the preparation and registration of the
ozone dossier (Ozone, EC 233-069-2, CAS 10028-15-6) as
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Application Ozone 

Capacity  

  [kg/h[ 

Annual Ozone 

Production 

[t/a[ 

REACH is 

applicable 

REACH Tonnage 

Band 

Decolorization 1.2 11 yes above 10 tons 

Removal of 
pharmaceuticals 5 44 yes above 10 tons 

Pulp bleaching 190 1664 yes above 1000 tons 

Drinking water 
(Disinfection, 
Microbiological barrier) 

114 999 no (falls under 
BPR) n/a 

Drinking water 
(Oxidation eg. of Arsenic) 57 499 yes above 10 tons 

Ozonolysis 125 1095 yes above 1000 tons 

Waste water 6.8 60 yes above 10 tons 

Waste water 12 105 yes above 100 tons 

Industrial waste water 0.1 0.87 no below 1 ton 

Removal of manganese in 
mineral water 

0.4 3.50 yes above 1 ton 

Table 2.  Typical ozone applications and associated annual production rates



outlined below.

All pre-registrants will be contacted to organize data/cost
sharing and respective responsibilities in the substance
exchange forum for ozone (SIEF), according to the principles
of fairness, transparency and non-discrimination prescribed by
REACH. The pre-registrants who have responded that they
own relevant data will be contacted directly to assess the
relevance of this data for the registration. 

The key stages in the registration process are the outline below.
However these are not necessary to be carried out in parallel
rather than in a strictly serial order:
1. Collection of pre-registrants’ feedback on their status, their

information requirements according to their respective
tonnage band, and data they may own Literature research
and data gathering. 

2. Data evaluation, review and data gap analysis
3. Classification and labeling information strategy
4. Determination of Exposure scenarios
5. Preparation of joint technical dossier

Summary

In the scope of the REACH regulation it is required to register
ozone with ECHA in order to operate legally ozone systems in
the case where the annual ozone production is exceeding the
annual production rate of 1 ton. Please note that already smaller
ozone systems with a capacity of 110 g/h (6 PPD) exceed one
ton of ozone and therefore are falling under the registration
obligation.

In the spirit and purpose of the REACH regulation the
responsibility of registering in-situ generated ozone lies with
the operator of ozone equipment. However EurO3zon’s
intentions are to secure and support the legal operation of
ozone system effectively under the REACH regulation in the
ozone market.

Regular updates about the progress and developments REACH
registration process can be accessed on the EurO3zon website:

www.euro3zon.org or contact reach@euro3zon.org directly.

Disclaimer: The answers provided here are based on the best
information currently available and this information does not
constitute advice regarding legal or regulatory compliance. You
are solely responsible for obtaining appropriate legal or
regulatory advice necessary in making your own evaluation of
any legal or regulatory requirements applicable to you or your
organization or company.
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Figure 1. The major milestones of the REACH chemical regulation for ozone



Introduction

This paper provides a historical review of ozone use at

municipal wastewater treatment plants in the United States

(U.S.). In addition, it provides a benchmark of present ozone

usage and identifies trends for ozone applications for

wastewater treatment facilities.  

Historical Use of Ozone in Wastewater Treatment

The use of ozone in wastewater treatment gained acceptance in

the U. S. during the 1970s and early 1980s, when the United

States Environmental Protection Agency (USEPA) encouraged

new and innovative technologies by providing construction

funds (up to 75 percent) for new wastewater treatment

facilities. Table I provides a historical summary of the number

of known and planned wastewater ozone plants by 10-year time

periods.  Fifty-two (52) ozone wastewater systems were put

into service between 1975 and 2014, although only eight of

these systems were known to be operating in 2017.

Additionally, three ozone wastewater systems were placed into

operation between 2015 and 2017, and four new facilities, now

completing design or in construction during 2017, are

scheduled to start up in 2018-2019.

As can been seen from Table I, most of the wastewater ozone

installations occurred during the first 10-year (1975 – 1984)

period, when USEPA Clean Water grant funding was available.

The median WWTP plant size using ozone was 2 MGD and the

median ozone capacity was 400 pounds per day (lb/day).

During the next 30 years (1985 – 2014), both the median plant

size (14 to 30 MGD) and median ozone capacity (about 2,000

lb./day) increased. The median plant size (2.8 MGD) and

median ozone capacity (500 lb./day) for seven plants started up

Page 15

Ozone News Volume 45, No 6

Historical Use of Ozone at U.S. Municipal Wastewater Treatment

Plants for Discharge and Reuse

Joseph A. Drago1 and Craig M. Thompson2

1Kennedy/Jenks Consultants, San Francisco, California, USA 
2West Yost Associates, Walnut Creek, California, USA 

Abstract

Ozone has been used in U.S. municipal wastewater treatment at least since the early 1970s, with installations at 10

wastewater treatment plants (WWTPs) in 1980 and 44 in 1989. In 2007, only seven wastewater ozone facilities,

including four with new ozone facilities installed between 1989 and 2007 were in operation, and in 2017 there are at

least 11 operating WWTPs using ozone. Historical use of ozone for disinfection of effluents for surface water

discharge is shifting to oxidation and disinfection in water reuse applications, trace organic contaminants (TOrCs)

removal, ozone-biological activated carbon (biofiltration), membrane biofouling control, and advanced oxidation.

Key Words: Ozone; Wastewater; Disinfection; Water Reuse; Trace Organic Contaminants; Biological Activated

Carbon; Membrane Biofouling

Table I. Historical wastewater facilities using ozone 

Period 
(Years) 

New 
Installations 

System 
Expansions/ 

Retrofits 

Total 
Projects 

Median 
Flow 

Capacity 
(MGD) 

Median      
Ozone 

Capacity 
(lb/day) 

1975  1984 43 1 44 2 400 

1985 - 1994 4 2 6 21 1,900 

1995 - 2004 2 2 4 14 1,800 

2005 - 2014 3 4 7 30 2,000 

2015  20201 7 0 7 2.8 500 

 1Based on available information 

 



since 2014 or to be placed in service before 2020 have

decreased, partially because three of them are small

demonstration projects. In addition, the ozone systems at five

WWTPs have been expanded and/or upgraded at least once

during the 40-year period between 1975 and 2014.   

1989 Status

Michael Robson and Rip Rice (1989) reported on the history

and status of U.S. WWTP ozonation at the Ninth Ozone World

Congress in New York City. These authors identified 44

WWTPs that had installed ozone between 1975 and 1989.

Twenty-nine (29) of these facilities had air fed ozone

generators and the remaining 15 facilities used oxygen fed

ozone generators. 

Only 20 of the 44 WWTPs with ozone were still operating,

with two systems in startup, in 1989. The other 22 plants were

either shutdown because of equipment problems or contract

disputes, or had been replaced for economic reasons. These

early ozone systems represented “first generation” ozone

technology that experienced problems due to inadequately

dried air supplies and/or frequent-reported ozone generator

failures.

Plant capacities ranged from 5 MGD to 125 MGD, with an

average capacity of 32 MGD and a median capacity of 14

MGD.  The ozone generation system capacities ranged from

200 lb./day to 2,130 lb./day, with average ozone system

capacity of 740 lb./day and median capacity of 400 lb./day. 

The early oxygen fed systems were primarily associated with

plants employing oxygen activated sludge processes, where

excess oxygen was available, and typically were larger than the

air fed systems.

2007 Status

Drago, Leong, and Thompson (2007) provided an updated

history and status of U.S. WWTPs using ozone at the IOA-

IUVA Joint World Congress on Ozone and Ultraviolet

Technologies in Los Angeles. This presentation was largely

informed by a survey of seven WWTPs that were using ozone

in 2007 (Thompson and Leong 2007). Five of the systems were

included in Roberson and Rice’s 1989 review and two were

new since that survey. Plant capacities ranged from 4 MGD to

60 MGD, with an average capacity of 18 MGD and a median

capacity of 8 MGD. The ozone capacities ranged from 400

lb./day to 4,700 lb./day, with an average ozone capacity of

1,750 lb./day and a median ozone capacity of 1,400 lb./day.

Two systems used air feed for their oxygen source. All the

plants used ozone for disinfection, including one plant using

ozone for color removal and disinfection and another plant

employing a two stage ozonation tertiary treatment process

consisting of pre-ozonation before biological activated carbon

(O3-BAC) and post-ozonation disinfection (Minchew et al

2005). Six of the plants discharged to surface waters (one

suitable for indirect potable reuse), while the other plant

provided water reuse including groundwater recharge.

These authors also identified two large WWTPs (each 200

MGD, with four 3,000 lb./day ozone generators) then under

construction to reintroduce ozone disinfection at Indianapolis,

IN; however, these facilities were not placed into operation.    

2017 (Present) Status

The authors have identified 11 wastewater ozone facilities

currently in operation (Table II) and four new facilities

scheduled to be in service by 2020 (Table III). Only three of

these facilities were included in the 1989 review, two

additional ones included in the 2007 review, and the remaining

six installed between 2013 and 2016. Plant capacities ranged

from 1 MGD to 105 MGD, with an average capacity of 28

MGD and a median capacity of 30 MGD. The ozone capacities

ranged from 53 lb./day to 6,000 lb./day, with an average ozone

capacity of 2,180 lb./day and a median ozone capacity of 1,400

lb./day. 

Table II provides information on some of the features of these

facilities:

• All 11 systems use oxygen feed gas for ozone generation.

• Only one system uses diffusers for ozone injection, the

other ten systems use a side stream injection (SSI) system.

• Nine of the systems use basins for ozone contacting while

one system uses a pipeline and one uses a serpentine basin.

• Only four of the systems use ozone primarily for

disinfection of effluents for discharge to surface waters.

One of these systems treats a highly colored industrial

source.

• Seven of the systems use ozone in reuse applications.

Three of these involve surface discharge for indirect

potable reuse and three involve groundwater recharge.

The primary ozone application for reuse plants is removal of

trace organic contaminants (TOrCs), including endocrine-

disrupting chemicals (EDCs) and pharmaceuticals and personal

care products (PPCPs), at two plants, biofiltration (O3-BAC) at

three plants, and prevention of membrane (microfiltration (MF)

and reverse osmosis RO)) at two plants.

Table III provides the status of four wastewater ozone projects

that are scheduled to be operational by 2020. All four of these

plants involve ozone for reuse.

Ozone will be used at one facility primarily for advanced

oxidation (ozone-hydrogen peroxide) for removal of TOrCs, at

two plants for O3-BAC (biofiltration), and at one plant before

MF to control membrane biofouling.

The authors are aware of several other potable water reuse

projects under consideration for groundwater recharge or
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surface water augmentation that will likely be implemented

after 2020, but have not been included in this paper.

Trends in Wastewater Ozone Systems

The “first generation” wastewater ozone systems provided a

learning experience that has benefited subsequent designs and

operation of ozone systems for both potable water and

wastewater treatment facilities. Some of the trends in

wastewater ozone systems are described below.

Ozone Application

The “first generation” wastewater ozone systems were

primarily installed for disinfection, as an alternative to

chlorination for surface water discharge, although occasionally

ozone had been used for particle micro-coagulation and for

color removal. Ozone use for discharge may also improve the

receiving water dissolved oxygen levels and eliminate the

permitting requirements and the need for dichlorination.  

Since the mid-2000s, wastewater agency’s interest in ozone

applications has been driven by indirect and direct potable

reuse and groundwater recharge policies (e.g., Gerrity and

Snyder 2011, Gerrity et al 2014). For example, California is

requiring Full Advanced Treatment (FAT), equivalent to MF-

RO-Advanced oxidation (UV-hydrogen peroxide), for water

reuse projects involving groundwater recharge. Ozone may

have a role in alternative process trains demonstrating FAT

equivalency such as O3-BAC in place of RO where total

dissolved solids can be managed or as an AOP (ozone or ozone-

hydrogen peroxide) in place of UV-hydrogen peroxide.      
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Table II. Currently operating wastewater ozone facilities 

Location 
Start Up  
(Upgrade) 
Year 

Design 
Flow 
MGD 

Feed        
Gas        
Type 

Ozone 
Capacity 
lbs/day 

Ozone 
Dosage 
mg/L2 

Ozone 
Injection 
System 

Contactor 
Type 

Ozone 
Application 

 Springfield, MO 
1978 (2000, 2011) 

105 Cryo1 2,400 3.2 SSI Basin 
Disinfection, 
discharge 

Frankfort, KY 
1980 (2001, 2007) 

40 LOX 600 1.5 SSI Basin 
Disinfection, 
discharge 

El Paso, TX 
1985 (2008) 

12.5 LOX 900 4.3 SSI Basin 
O3-BAC, 
reuse 

Trion, GA 
1997 

8 LOX 1,800 27 Diffusers Basin 
Color removal 
Disinfection 

Gwinnett Co, GA 
2001 (2006) 

60 LOX 
2,700 (pre) 
2,000 (post) 

2.8 (pre) 
1.3 (post) 

J-Tube Basins 
O3-BAC, 
Disinfection 

El Segundo, CA 
2013 

30 LOX 4,000 16 SSI Basin 
MF biofouling 
Reuse 

Scottsdale, AZ 
2013 

30 LOX 2,800 11 SSI Basin 
TOrC removal 
Reuse 

San Diego, CA 
2014 

1.5 LOX 190 14 SSI Pipeline 
O3-BAC 
Reuse 

State College, PA 
2015 

1.0 LOX 53 4 SSI 
Baffled     
tank 

 
RO biofouling 
Reuse 

Clark County, NV 
2015  

30      LOX 6,000 8 SSI Basin 
Disinfection, 
TOrC removal 

Fayetteville, AR 
2017 

16 VSA 586 2.1 SSI 
Serpentine 
basin 

Disinfection, 
discharge 

        

 1Cryogenic plant on site for oxygen activated sludge process. 

 2Calculated maximum ozone dosage at design flow unless site-specific information was available.    

Table III. Wastewater ozone facilities under development  

Location 
 

Design 
ADWF 
MGD 

Ozone 
Capacity 
lbs/day 

Primary 
Ozone 

Objective 

Scheduled 
Start Up 

Year 
Project Status 

Rio Rancho, NM 1.0 50 
Advanced 
oxidation 

2018 Under construction 

Hampton Roads, 
VA 

1.0 200 O3-BAC 2018 Under construction 

Monterey, CA 30 1,700 
MF 

biofouling 
2019 Construction start in 2017 

SFIA1, CA 2.8 500 O3-BAC 2019 In design 

 1San Francisco International Airport 



Research and applications have focused on removal of TOrCs

(e.g., Snyder et al 2006), O3-BAC (e.g., Gerrity et al 2014),

and prevention of membrane biofouling (e.g., Stanford et al

2011), as well as concomitant disinfection (Ishida et al 2008).

One potential limitation to ozone use in water reuse is the

formation of byproducts such as bromate and N-

nitrosodimethylamine (NDMA) unless they can be controlled

by other processes in the treatment train. Many of these

applications are requiring higher levels of overall treatment that

consequently reduce ozone demand, which results in lower

ozone dosages and thus making ozone use more efficient.

Ozone Generator Technology

The ozone generators that were installed at most WWTPs

between 1975 and 1985 produced ozone using the oxygen

available in air, although some WWTPs with cryogenic oxygen

systems used high-purity oxygen as the ozone generator source

gas.  These “first generation” ozone generators operated with a

60 Hertz (Hz) electrical power supply and had glass dielectrics

with a diameter between 2- and 3-inches or used flat plate

dielectrics.  These ozone generators could produce ozone gas at

about 1 weight percent (wt-%) from clean, dry air. However,

several WWTPs replaced their ozone systems with another

disinfection technology due to problems with feed air quality

(high dew point), extensive equipment maintenance, and/or

frequent operating problems or failures (Robson and Rice

1989. Thompson and Leong 2007).  

The 11 currently operating wastewater facilities all produce

ozone with generators that have high-purity oxygen (from LOX

or produced on-site using cryogenic or VSA oxygen

concentration technologies) as the feed gas. The current

generation of ozone generators can produce ozone gas

economically at between 9 and 12 wt-%. The production of

ozone at 9 to 12 wt-% results in lower volumes of higher ozone

concentration, which can have a significant impact on ozone

transfer and contactor design by permitting smaller, more

efficient footprints to be used to transfer the ozone into

solution.  

Ozone Gas Transfer System

Information on past ozone transfer systems and ozone

contactors designs (Robson and Rice 1989, Thompson and

Leong 2007) indicated that most ozone transfer systems

through the mid-2000s used porous ceramic diffusers, although

aspirating turbines were used in some of the early WWTP

ozone systems. 

In 2017, only one (Trion, GA) of the 11 currently operating

ozone systems is still using diffusers for ozone transfer. The

other ozone facilities use more efficient side stream injection

(SSI) systems Eight systems use venturi-type injectors to

transfer the lower volume of a higher concentration of ozone

gas (typically 9-12 wt-%) into the influent pipe to the contactor.

In one system, the SSI effluent is transferred down through a J-

tube in the first stage of the contactor (Gwinnett County, GA),

and another system uses a saturation tank in the side stream to

transfer a supersaturated ozone stream into influent to the

contactor (Fayetteville, AR).

Ozone Contactor Designs 

Early ozone contactors were individually designed with little

apparent consistent approach being adopted. The space

required for the first and subsequent ozone transfer cells in

most of the early ozone contactor designs was a larger portion

of the total contactor volume than is required today for higher

ozone concentrations being produced. Many of the early ozone

contactors had to use more than one transfer cell to diffuse and

disperse the larger volume of relatively low ozone gas

concentration (1-3 wt-%). Many of the early ozone contactors

at WWTPs provided contact times between 15 and 60 minutes

at average design flows (Robson and Rice 1989, USEPA1986).

With lower total gas volume and higher ozone concentrations,

contactors can be smaller and short contact times can achieve

the same results for virus and coliform inactivation.   For

example, Paraskeva and Graham (2000) and Ishida et al (2008)

indicate that the contact time required to meet wastewater

disinfection requirements for coliforms and viruses may be as

little as two minutes at peak flows, particularly for secondary

and tertiary treated effluents.

Several of the newer wastewater ozone facilities are

incorporating pipeline contactors that approach plug flow or

are incorporating baffles or serpentine flow patterns when

basins are used. Some of the contact times are in the four

minutes to 7.5 minutes range.

Ozone Monitoring

In the 1970s and 1980s, reliable ozone monitoring was limited

primarily to gas concentration analysis. As a result, many of the

early ozone contactors at WWTPs did not have the ability to

monitor the ozone gas concentration in the contactor’s off-gas

(ozone transfer efficiency issue) or the dissolved ozone

concentration in solution at any location in the contactor. In

many cases, ozone generators were adjusted by monitoring

effluent bacterial quality and possibly contactor off-gas

concentration when ozone monitoring equipment was available

(e.g., Rakness et al 1993). Venosa et al. (1985) developed a

control strategy that combined use of off-gas measurement and

contact time to achieve reliable disinfection throughout daily

flow fluctuations. 

By the late 1980s, reliable dissolved ozone monitors were

available and are commonly used to monitor dissolved ozone at

several locations in drinking water treatment plants where CT

(ozone concentration residual x effective contact time) are

required to obtain disinfection credits. Water reuse regulations
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are evolving toward demonstration of disinfection credits from

multiple processes may lead to increased use of dissolved

ozone monitors when ozone is included at water reuse

treatment plants. At least one wastewater facility using ozone

to disinfect tertiary treated effluents for reuse (Gwinnett

County) has adopted the CT approach when the objective

includes a specific microbial treatment goal (e.g., Giardia).

Another new consideration for plants using ozone for reuse

projects is controlling the ozone to total organic carbon ratio by

monitoring ozone dosage and total organic carbon

concentration. This is especially applicable to ozone use

controlling membrane biofouling and for O3-BAC processes.

The ozone to TOC ratio may also be important in controlling

ozone byproducts (bromate and NDMA). 

Conclusions

Although ozone was adapted to wastewater treatment in the

U.S. in the mid-1970s, the technology has maintained only

limited use in WWTPs. Installations peaked during the period

1975 – 1984 when USEPA funding was available for

innovative treatment technologies. In 2007, ozone was being

used by only seven WWTPs and this number increased to only

eleven WWTPs in 2017. This contrasts with ozone use in

drinking water facilities that has steadily increased during the

past 30 years.

Many of the advances in ozone generator, ozone transfer and

ozone contactor technology in the water treatment industry

during the past 30 years are applicable to and are being

transferred to designs of new facilities for WWTPs. This

includes shifts to oxygen fed ozone generators, side stream

injection for ozone transfer and ozone contactors approaching

plug flow.  

Ozone use for wastewater treatment is shifting from

disinfection for discharge to applications in water reuse

including TOrC oxidation and destruction, O3-BAC

(biofiltration), control of membrane fouling, and advanced

oxidation (ozone-hydrogen peroxide) as well as more stringent

microbial standards. This trend is being driven by renewed

interest in potable water reuse and regulations for groundwater

recharge. Formation of ozonation byproducts including

bromate and NDMA that must be controlled in these

applications.
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Redondo Beach, CA.  Call for abstracts, due November 17,
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and Exposition, West Palm Beach, FL.  Information:

www.awwa.org
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