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CHLORINE DIOXIDE AS AN ANTIMICROBIAL AGENT  
 
 
 
Applications of Chlorine Dioxide 
Chlorine dioxide has been used widely as a 
disinfectant in drinking water and as a 
bleaching agent in the textile and paper 
industries. In these applications, chlorine 
dioxide is produced by the reaction of acid or 
chlorine gas with sodium chlorite using 
generators. The generated gas has varying 
degrees of purity depending on the generator 
type and its operation. Generators are 
stationary systems limited in their use to a 
specific application site and are typically 
cost-effective for large applications. 
 
Applications requiring lower quantities of 
chlorine dioxide can be approached by the 
use of the so-called "stabilized chlorine 
dioxide.�” This terminology is actually a 
misnomer as the stabilization refers to 
sodium chlorite (precursor of chlorine 
dioxide). Sodium chlorite by itself only has 
bacteriostatic properties (inhibits rather than 
killing bacteria) and does not provide 
complete disinfection. Some claims have 
been made to the use of sodium chlorite as a 
bactericide when bacteria can provide the 
necessary acidity for "activation" and 
produce chlorine dioxide. There is no 
scientific proof of this theory and, in any 
case, the amount of chlorine dioxide under 
these conditions would be insignificant. 
"Stabilized chlorine dioxide" or any other 
commercially available "two-part system" still 
requires activation of the sodium chlorite 
solution with an acid. This approach is 
normally done at the application site 
requiring trained personnel to properly 
activate the product. In addition, the use of 
"stabilized chlorine dioxide" requires mixing 
equipment and the storage and manipulation 
of acids.  Transportation of "stabilized 
chlorine dioxide" also involves large volumes 
of water resulting in a costly and difficult 
operation for remote uses.  

 
 
 
AvantecÕs Dry-Media ClO 2

The advent of "dry-media" chlorine dioxide 
(dmClO2�™) has provided an efficient and 
easy-to-use method to generate solutions of 
chlorine dioxide. There are, however, several 
critical parameters, which must be 
considered when designing a truly effective 
device based on "dry-media" chlorine 
dioxide. Physical separation of the reactants 
as well as physical isolation of the device 
from the external environment is absolutely 
necessary to avoid a premature and 
unwanted reaction. Similarly, the reaction's 
conditions required for the optimum 
conversion of sodium chlorite to chlorine 
dioxide must be controlled to effectively 
dissolve the reactants and allow chlorine 
dioxide gas to dissolve in water.  
 
Avantec Technologies Inc. has been involved 
in various aspects of "dry-media" chlorine 
dioxide (dmClO2�™) since 1995 resulting in 
the development of patented devices that 
use membrane technology to achieve the 
following: (1) keep the reactants physically 
separated from each other, (2) isolate the 
reactants from the external environment, (3) 
allow sufficient water to dissolve the 
reactants and (4) allow chlorine dioxide gas 
to diffuse into water to produce a solution of 
chlorine dioxide. This device is currently 
commercialized as TowerGUARD�™ for 
cooling water applications and consists of an 
engineered packet constructed by using two 
different types of membranes.   
 
AvantecÕs TowerGUARDTM

TowerGUARD�™ combines the utilization of 
membrane technology with a proprietary 
heat-sealing process resulting in a defined 
space identified as the Membrane Micro 
Reactor  or M2R , where the reaction takes 
place. Within the M2R , the conversion of 
sodium chlorite to chlorine dioxide takes 
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place through a 4-step mass transfer 
mechanism (See M2R�™ Mass Transfer 
Mechanism). The design of TowerGUARD�™ 
provides a physical space having a favorable 
environment for an efficient conversion of 
sodium chlorite to chorine dioxide. This 
conversion results in an economical process 
for the production of chlorine dioxide with 
minimum amounts of unreacted species and 
undesired by-products.    
 
TowerGUARD�™ produces accurate 
concentrations of chlorine dioxide in a range 
from a few ppms up to several thousands 
depending on specific applications and 
limitations. Therefore, TowerGUARD�™ is an 
ideal biocide for small cooling towers 
requiring a consistent microbiological control 
due to contamination and service 
requirements.   

TowerGUARD TMÕs Biofilm Control  One of 
the key properties of ClO2 is the ability to 
penetrate biofilms. Many bacteria such as 
Legionella do not exist as free-swimming 
microorganisms; instead they thrive inside 
the matrix of biofilms. Conventional cooling 
water programs often require the addition of 
biodispersants to complement oxidizing and 
non-oxidizing biocides.  Depending on 
system conditions, TowerGUARD�™ can be 
used as a single biocide or replace 
biodispersants and other oxidizing biocides.  
 

 

 
TowerGUARD�™ provides all the benefits of 
ClO2 without the safety and cost issues of 
on-site generators 
  
  

 

 
TowerGUARD�™ also offers some important 
cost-savings related to the minimization of 
transportation and inventory costs. 
Maintenance costs and spare-parts inventory 
are also eliminated, as there are no 
mechanical parts involved in the preparation 
of stock solutions. 
 
 

 



   

Avantec Technologies Inc. believes that the information contained herein is accurate, however, Avantec Technologies Inc. makes no guarantees with respect to such 
accuracy and assumes no liability in connection with the use of the information contained herein by any party. The provision of the information contained herein and 
the provision of information by or reliance on Avantec Technologies Inc. is not intended to be and should not be construed as legal advice or as ensuring compliance 
with any federal, state or local laws and regulations. Any party using sodium chlorite and/or chlorine dioxide should review such laws, rules or regulations prior to use. 
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TowerGUARDª IN COOLING WATER APPLICATIONS  
 
Advantages of AvantecÕs TowerGUARD TM

 All the benefits of chlorine dioxide (ClO2) without the safety and costs issues of on-site 
generation. 

 
 The engineered Membrane Micro Reactor (M2R ) provides the most efficient conversion of 

dry precursors delivering precise concentrations of ClO2 as a function of time, temperature, 
and water volume. 

 
 Portable delivery system not requiring other chemicals, electricity, or spare parts. 

 
 TowerGUARD �™ can replace less effective non-oxidizing biocides and biodispersants 

(potential foamers) due to its unique properties to penetrate and kill bacteria hiding under 
biofilms.  

 
Use of AvantecÕs TowerGUARD TM

 Solutions of ClO2 can be generated by (1) immersing a holder containing TowerGUARD  
packets directly into the basin or drip pan or (2) preparing a stock solution and feeding via 
metering pumps. 

 
 Recommended ClO2 dosage and frequency of application will depend on individual system 

conditions: (1) organic contamination, (2) pH fluctuations and (3) service load (HVAC or 
industrial).  

 
 On average one TowerGUARD�™ produces up to 1.5 ppm available ClO2 in 1,000 gallons after 

one hour. Most systems will achieve good microbial control between 0.2 and 0.5 ppm residual 
ClO2. 

 
 Available ClO2 can be measured by (1) Standard DPD method (laboratory) (2) Palintest 

portable meter for field use and (3) quick strip tabs.  
 

Registrations and Regulations 
 TowerGUARD�™ is packaged under 49 CFR 173.4 qualifying for "Small Quantity Exceptions" 

not requiring Oxidizer placard for shipping. 
 

 TowerGUARD�™ is EPA registered (EPA Reg. No. 72874-2) 
 

 TowerGUARD�™ requires negligible storage space and handling as compared to conventional 
liquid biocides. 

 
 
 
 



   

Avantec Technologies Inc. believes that the information contained herein is accurate, however, Avantec Technologies Inc. makes no guarantees with respect to such 
accuracy and assumes no liability in connection with the use of the information contained herein by any party. The provision of the information contained herein and 
the provision of information by or reliance on Avantec Technologies Inc. is not intended to be and should not be construed as legal advice or as ensuring compliance 
with any federal, state or local laws and regulations. Any party using sodium chlorite and/or chlorine dioxide should review such laws, rules or regulations prior to use. 
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BENEFITS OF CHLORINE DIOXIDE IN COOLING WATER  
 
 

 Most comprehensive biocide program to handle microbiological problems including biofilms.  
 

 Chlorine dioxide kills bacteria, viruses, spores, and cysts. Has EPA approval for use in 
emergency situations against anthrax contamination. 

 
 Unlike chlorine, chlorine dioxide does not react with naturally occurring organic compounds to 

form halogenated compounds such as trihalomethanes (THMs).  
 

 Chlorine dioxide does not hydrolyze in water, existing in solution as a true gas (stable radical), 
and therefore it remains effective over a wide pH range (4.5-10.0). 

 
 Chlorine dioxide is less corrosive than chlorine on copper and steel. 

 
 It is effective against Legionella at levels as low as 0.2 ppm ClO2 (Legionella 2003, "An Update 

and Statement by the Association of Water Technologies (AWT) - June 2003). 
 

 Chlorine dioxide is also effective against fungus (e.g. Aspergillus) which creates fouling and 
lead to corrosion cells and the nucleus for slime formation.  

 
 Chlorine dioxide is well-suited for treating drip pans from HVAC systems in hospitals where the 

danger of aerosolized water can carry health threatening diseases. 
 

 Chlorine dioxide is compatible with many cooling water programs such as HEDP, polyolesters, 
isocyanurates, quaternary compounds, molybdates and azole compounds. 

 
 
 
 
 



   

Avantec Technologies Inc. believes that the information contained herein is accurate, however, Avantec Technologies Inc. makes no guarantees with respect to such 
accuracy and assumes no liability in connection with the use of the information contained herein by any party. The provision of the information contained herein and 
the provision of information by or reliance on Avantec Technologies Inc. is not intended to be and should not be construed as legal advice or as ensuring compliance 
with any federal, state or local laws and regulations. Any party using sodium chlorite and/or chlorine dioxide should review such laws, rules or regulations prior to use. 
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AVANTECÕS DRY MEDIA CHLORINE DIOXIDE M2Rª  
 

Mass Transfer Mechanism 
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Step 1: Water diffusion into TowerGUARD�™     

through hydrophilic membrane. 
 
Step 2: Chemicals�’ dissolution. 
 
Step 3: Dissolved chemicals exchange between 
hydrophilic membrane and chemical reaction  
takes place: 
   
5 NaClO2 + 4 H+ �:  4 ClO2 + 4 Na+ + NaCl + 2H2O 
 
Step 4: Chlorine dioxide (ClO2) diffuses out of  
TowerGUARD�™ through the gaps in the 
hydrophobic membrane. 

 
 
 
 
 
 

Dosage Profile Diagram  

Dosage Profile Diagram vs. Temperature
Available ClO2- One (1) TowerGUARDTM in 5 gallons tap water
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Avantec Technologies Inc. believes that the information contained herein is accurate, however, Avantec Technologies Inc. makes no guarantees with respect to such 
accuracy and assumes no liability in connection with the use of the information contained herein by any party. The provision of the information contained herein and 
the provision of information by or reliance on Avantec Technologies Inc. is not intended to be and should not be construed as legal advice or as ensuring compliance 
with any federal, state or local laws and regulations. Any party using sodium chlorite and/or chlorine dioxide should review such laws, rules or regulations prior to use. 
 

                                                                 TECHNICAL DATA SHEET 
                                                                                  TowerGUARDª   
 
                         RECIRCULATING COOLING WATER - Open Systems  
 
General Description 
TowerGUARD�™ is a patented device that delivers precise 
amounts of chlorine dioxide in contact with water. 
TowerGUARD�™ is an engineered packet containing the 
precursors of chlorine dioxide. The generation of chlorine 
dioxide takes place inside the "Membrane Micro Reactor�” 
defined by the configuration of the packet. Within that 
space, the reaction takes place in a four-step process 
resulting in a solution having a precise concentration of 
chlorine dioxide ready to use (see Dosage Profile Graph). 
 
 
Cooling Water Treatment 
TowerGUARD�™ is specifically designed for use as stand-
alone biocide or as part of a program to control 
microbiological growth in cooling towers. The properties of 
chlorine dioxide make TowerGUARD�™ an ideal broad-
spectrum biocide for cooling towers operating at high pH, 
systems with consistent organic contamination and 
systems prone to the formation of biofilms. Chlorine 
dioxide is effective against different types of bacteria and 
pathogens typically encountered in the bulk water. In 
addition, the ability of chlorine dioxide to penetrate biofilms 
makes TowerGUARD�™ a particularly effective biocide to 
inactivate bacteria that are harbored in biofilms, such as 
Legionella, algae and algal films. Removing biofilms also 
minimizes under-deposit corrosion resulting in better 
overall corrosion control. 
 
Critical systems with a high degree of contamination may 
require a continuous treatment program using 
TowerGUARD�™ solutions sufficient to maintain a 0.1 to 
0.2 ppm chlorine dioxide residual. Less critical systems 
may be treated on an intermittent basis (i.e. three times 
per day) using TowerGUARD�™ solutions to provide a 
chlorine dioxide residual of 0.5 to 1.0 ppm for at least 30 
minutes 
 
TowerGUARD�™ is a better alternative than chlorine and 
non-oxidizing biocides when the cooling system is 
subjected to (1) pH changes, (2) high levels of organic 
contamination  (avoids the formation of trihalomethanes 
(THM's) (3) ammonia contamination or (4) requires the 
prevention of transmitting through the air (aerosolized 
water) bacteria such as Legionella and fungus such as 
Aspergillus.   
 
 
 

Regulatory Approval 
TowerGUARD�™ is approved as a disinfectant, fungicide, 
algaecide and slimicide in commercial and industrial 
recirculating cooling towers (EPA Reg. No. 72874-2). 
 
 
Solution Preparation & Recommended 
Dosage 
Solutions of ClO2 can be easily generated by placing up to 
five TowerGUARD�™ packets in a specially designed 
dispenser provided for this purpose (Avantec FS-5).The 
dispenser can then be introduced directly into the tower 
basin or drip pan. Alternatively, stock solutions can be 
prepared by placing the FS-5 dispenser in the bottom of a 
suitable container. Using the Dosage Profile Graph, a 
specific concentration of available chlorine dioxide can be 
determined and used to calculate the desired 
concentration. 
 
Chlorine dioxide concentrations can be determined in the 
laboratory using any one of a number of methods, 
including DPD Method, Iodometric, or Amperometric 
titration.  In the field, a Palintest Chloridiox-Duo meter or 
Lamotte test strips can be used. 
 
Solutions of TowerGUARD�™ can be added directly to the 
cooling tower drip pan or basin near the inlet of the 
recirculating pump or any other point that provides enough 
mixing.  
 
 
Storage & Handling 
TowerGUARD  is packaged in metalized pouches and 
should be stored in a dry place avoiding extreme heat and 
humidity. Individual TowerGUARD�™ pouches should only 
be opened before solution preparation. Spent 
TowerGUARD  pouches should be handled as a strong 
oxidizing material using rubber gloves for protection. 
Additional storage, handling and disposal information can 
be found in the TowerGUARD  product label included 
with each product shipment. 
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            TECHNICAL DATA SHEET 
                                                                                  TowerGUARDª   
 
                        RECIRCULATING COOLING WATER Ð Closed Systems 
 
  
Microbiological Control in Closed Cooling Systems 
 
 
As in all circulated water, microbiological control is a 
critical issue in closed cooling systems.  Algae are not 
much of a problem due to the lack of sunlight in closed 
systems; however, bacteria, especially anaerobic bacteria, 
thrive in these environments.  These anaerobes are 
typically encapsulated and form slime layers outside of 
their cell walls.  The slime-encased bacteria attach to 
surfaces in the cooling system where they reproduce and 
form more slime.  The slime absorbs both mineral and 
biological elements (such as filamentous bacteria) forming 
a layer of biofilm over the anaerobic bacteria, and 
protecting them to continue reproducing and forming slime.  
Biofilm is composed mostly of water and thus represents a 
considerable barrier to heat exchange.  In addition, it is 
difficult for disinfectants to penetrate the biofilm in order to 
target the anaerobes underneath.   

 
 
Chlorine dioxide is an efficient and effective biocide.  Due 
to both its high selectivity and existence as a gas in water, 
ClO2 can penetrate the layers of biofilm to eliminate this 
obstruction to heat exchange.   After penetrating the 
biofilm, ClO2 kills the anaerobic bacteria living underneath.  
Thus, ClO2 serves both the roles of disinfectant and 
biocide for the closed cooling system.   
 
Sulfate reducing bacteria also plague the closed cooling 
system.  These bacteria reduce sulfates to hydrogen 
sulfide, which is corrosive to the system surfaces.  If these 
bacteria attach to surfaces in the cooling system, their 
metabolic action can lead to pitting and corrosion, which 
inhibit the efficiency of the system.  Using ClO2 can 
destroy these bacteria, thus eliminating a source of 
corrosion.

 

 

Avantec Technologies Inc. believes that the information contained herein is accurate, however, Avantec Technologies Inc. makes no guarantees with respect to such 
accuracy and assumes no liability in connection with the use of the information contained herein by any party. The provision of the information contained herein and 
the provision of information by or reliance on Avantec Technologies Inc. is not intended to be and should not be construed as legal advice or as ensuring compliance 
with any federal, state or local laws and regulations. Any party using sodium chlorite and/or chlorine dioxide should review such laws, rules or regulations prior to use. 
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STOCK SOLUTION PREPARATION GUIDELINES  
TowerGUARDª  

 
    
 
General  
 

 
 TowerGUARD  contains the reactants that in contact with water generate a 

solution of chlorine dioxide. A membrane inside the packet physically separates 
the reactants. Each packet is shipped inside a metalized pouch, which prevents 
moisture from initiating the reaction. 

 The metalized pouches should only be opened before the preparation of a stock 
solution. The TowerGUARD�™ packets should never be cut open. 

 A coated wire-dispenser (holds up to 5 packets) must be used to place the 
packets in water to prevent them from floating once the reaction takes place.  

 Suitable containers with tight lids should be used for solution preparation of one 
or several TowerGUARD  units. Fiberglass or high density polyethylene (HDPE) 
are suitable materials.  

 
 
 

Solution Preparation  
 

 Add required volume of tap water to the container. 
   

Volume 
Required 
(gallons) 

5 10 15 20 25 50 

Number 
of 

Packets 
2 4 6 8 10 20 

 
 Cut open (and remove) the outer metalized shipping pouch and place 

TowerGUARD  packets inside the dispenser with the continuous blue seal on 
top.   

 Introduce dispenser into the container placing it vertically in the center of the 
container and close the lid.  

 The packets will begin to swell once the reaction begins (formation of chlorine 
dioxide) including the generation of gas bubbles.  

 For warm tap water, wait for one hour for packet activation; for room temperature 
tap water, wait for two hours for packet activation. 

 A slight agitation will ensure proper distribution of the chemical.  
 Chlorine dioxide solutions generated as per table above will have concentrations 

up to 600 ppm. 
 The stock solution should be used as soon as possible for maximum 

effectiveness. 
 Stocks solutions kept covered with minimum headspace and away from direct 

sunlight/fluorescent light may be stable for up to one month. 
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                             TowerGUARD  - DOSAGE GUIDELINES 
 
 

Number of Packets Needed per Shot 

 

Avantec Technologies Inc. believes that the information contained herein is accurate, however, Avantec Technologies Inc. makes no guarantees with respect 
to such accuracy and assumes no liability in connection with the use of the information contained herein by any party. The provision of the information 
contained herein and the provision of information by or reliance on Avantec Technologies Inc. is not intended to be and should not be construed as legal 
advice or as ensuring compliance with any federal, state or local laws and regulations. Any party using sodium chlorite and/or chlorine dioxide should 
review such laws, rules or regulations prior to use. 
 

 
 

�ƒ The dosage chosen depends on the degree of contamination of the individual system.  Higher 
dosages are suggested to remove heavy microbiological fouling.  Once the desired 
microbiological control is achieved, lower dosages are recommended to maintain the 
cleanliness of the system.   

 
�ƒ These numbers have been rounded to the nearest whole number.  Cooling system operators 

may find that lower system volumes and concentrat ions require lower frequency of shots (i.e.  
fewer shots per week).  

 
ClO2 Injection Placement Options 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

System Capacity (gallons) Total Available 
ClO2 (ppm)  

500 1000 1500 2000 

1.0 1 1 1 2 

2.0 1 2 2 3 

3.0 1 2 3 4 

4.0 2 3 4 5 

5.0 2 3 5 6 

Heat Exchanger 

Sump 

Cooling 
Tower 

= Possible ClO2 Injection Point
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Avantec Technologies Inc. believes that the information contained herein is accurate, however, Avantec Technologies Inc. makes no 
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AVANTEC TECHNOLOGIES INC.  
 
 
 
 

Avantec Technologies Inc. (�“Avantec®�”) develops, manufactures and sells 
products used as sanitizers, disinfectants and sterilizers applicable in industrial, 
institutional and consumer applications. The focus of Avantec® technology is on 
the application of chlorine dioxide at the point-of-use in small and medium scale 
operations where the use of bulk products and expensive equipment is not 
feasible for logistical, economic or safety reasons. 
 
Avantec® has so far registered three products with the EPA: 
 

1. TowerGUARD�™ (Biocide for cooling systems) - EPA Reg. No. 72874-2 
2. SurfGUARD�™ (Non-porous surface sanitizer) �– EPA Reg. No. 72874-4 
3. NosGUARD SG�™ (Control of odor-causing bacteria) �– EPA Reg. No. 72874-6  

 
Avantec® can provide supplemental registration of its TowerGUARD�™ product 
including private labels. 
 
Avantec® is an Ohio-based company incorporated in Oregon and wholly-owned by 
Avantec Technologies Inc., a Canadian public company. The Company operates from 
a facility in Columbus, OH which includes product development, laboratory and an 
EPA registered production facility (EPA Est. No. 72874-OH-001). 
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