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Preface

With this brochure, I want to help improve collaboration between the 
global partners of TwinOxide International B.V. so that these partners 
enjoy even greater success in helping clients make proper, hygienic 
drinking water. They use the biocide ‘TwinOxide 0.3%-solution’ which 
they can produce easily and efficiently from two powder mixtures.

Water is the source of life and its quality is closely monitored. The active 
ingredient of TwinOxide 0.3%-solution is chlorine dioxide. Its properties 
should be compliant with the European standard EN 12671, and the 
mixtures for the preparation of the active ingredient make this possible.

For several years I have been organising the quality control of in situ 
products for preparing the biocidal solution. At this point, I thank the 
certified laboratory Eurofins Umwelttechnik Ost in Jena, Germany for its 
responsible work. This will create the trust and confidence needed for 
the application of TwinOxide 0.3%-solution.

The new European biocidal product regulations impose new 
requirements on our work, which TwinOxide International B.V. is 
addressing in a very responsible manner.

This booklet is written for those users who want to use the biocide for 
water disinfection, and hence the basics are described.

Thank you for your willingness to help to ensure that more people in this 
world get potable water. TwinOxide solution is not a panacea, but it is 
an effective agent against pathogenic germs in water.

All the best!

Yours sincerely, 

Dr. Wolfgang Storch
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The use of TwinOxide 0.3%- 

solution as a biocide

1. Introduction

The active ingredient of the biocide TwinOxide 0.3%-solution is chlorine 
dioxide. Chlorine dioxide is listed in Annex II of the European Biocidal 
Products Regulation as biocidal agent in the groups PT2, 3, 4, 5, 11, 12 
and 20.

The biocidal TwinOxide 0.3% solution is made by the users themselves, 
preferably immediately before use. Two powdery substances (referred to 
as components A and B) are put into a container with water. These two 
solid substances dissolve in water and react with each other. As a result 
of the main chemical reaction, gaseous chlorine dioxide forms, which is 
the biocidal active agent of the TwinOxide 0.3%-solution. 

This booklet describes the main features of the biocide. Then follows 
information about the main requirements of the biocide and the factors 
that influence its effectiveness.

You will learn the most important information about the influence of 
concentration and action time, the temperature, the starting number of 
bacteria, the test organisms and the pollution of the water being treated.

With this knowledge, you are then able to prepare the use of the biocide 
for disinfecting the water and the water pipes and tanks.

Remember that the biocide chlorine dioxide does not only disactivate 
the germs in the water. It also creeps into the porous inorganic and 
organic layers of the water tank and lines and ‘catches’ the disease-
causing germs there. Remember that while chlorine dioxide makes the 
germs inactive, it does not bind with organic matter, as does chlorine 
gas. By the action of chlorine dioxide gas, no toxic chloro-organic 
substances are formed, such as with the use of chlorine gas.

Please also observe the safety instructions (MSDS) when dealing 
with the biocide.
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2. The classification of the biocide  
TwinOxide 0.3%-solution

Biocides[1] (derived from bios [Greek] ‘life’ and caedere [Lat.] ‘kill’) are 
drugs, chemicals and micro-organisms used in the non-agricultural 
sector in pest control against harmful organisms (e.g. rats, insects, 
fungi, microbes), for example disinfectants, rodenticides and wood 
preservatives.

2.1. Definition

According to the European Biocidal Products Regulation (BPR)[2], 
‘biocidal products’ are defined as (article 3.1):

— any substance or mixture, in the form in which it is supplied to 
the user, consisting of, containing or generating one or more active 
substances, with the intention of destroying, deterring, rendering 
harmless, preventing the action of, or otherwise exerting a controlling 
effect on, any harmful organism by any means other than mere physical 
or mechanical action,

— any substance or mixture, generated from substances or mixtures 
which do not themselves fall under the first indent, to be used with 
the intention of destroying, deterring, rendering harmless, preventing 
the action of, or otherwise exerting a controlling effect on, any harmful 
organism by any means other than mere physical or mechanical action.

A treated article that has a primary biocidal function shall be considered 
a biocidal product.

2.2. Classification by product type

The EU Directive concerning the placing on the market of biocidal 
products and the Swiss Ordinance on Biocide define four main groups 
with a total of 22 product types.[3]

These product groups can be found in Appendix 1 of this booklet.
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3. The main function of the biocide  
TwinOxide 0.3%-solution

The main function of the biocide TwinOxide 0.3%-solution is to 
change the lives of the pathogenic and facultative pathogenic mi-
croorganisms (e.g. in water intended for human consumption) so 
that they pose no risk of infection. 

It is not a matter of the 100% killing of microorganisms, but of a defined 
reduction of living pathogenic and facultative pathogenic microorgan-
isms. The aim is to break the chain propagation of microorganisms. The 
action of the biocide must prevent their growth.

To describe the efficacy of a biocide, the reduction factor (RF) was 
introduced:

Reduction factors Surviving
microorganisms 
in %

Reduction of 
microorganisms 
in %

Reduced
microorganisms
log-stage

RF 0 100 0 0 log-stage

RF 1 10 90 1 log-stage

RF 2 1 99 2 log-stage

RF 3 0.1 99.9 3 log-stage

RF 4 0.01 99.99 4 log-stage

RF 5 0.001 99.999 5 log-stage

Table 1: Reduction factors for a defined concentration and contact time

The number of surviving microorganisms, and thus the reduction 
factors, are mainly dependent on the concentration used (C) and 
contact time (t). The reduction factors are determined empirically from 
the survival functions. There are two empirical functions:

a) Surviving bacteria when changing the applied concentration (C) at a 
constant contact time (t)

b) Surviving bacteria when changing the contact time (t) at a constant 
applied concentration (C).

The following information is important:

If the biocidal active substance is added again after the exposure 
time (t), then the surviving microorganisms are further reduced by 
the factor RF.
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Environmental performance of the biocide – there is no danger of 
explosion of chlorine dioxide gas up to a concentration threshold[4]

Chlorine dioxide solutions in water are yellow to brownish-yellow and 
are not explosive, in as far as they cannot produce a chlorine dioxide-air 
mixture with more than 10 vol% of chlorine dioxide. This limit of 10 
vol% is reached at atmospheric pressure in solutions with about 
6 g (30 °C) to 13 g (10 °C) chlorine dioxide per litre of water (see 
figure).
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4. The main requirements for the effectiveness 
of the biocide TwinOxide 0.3%-solution

At the BAuA (Bundesanstalt für Arbeitsschutz und Arbeits medizin) 
conference ‘Zulassung/Registrierung von Biozid-Produkten, 
Schwerpunkt Desinfektionsmittel’ (October 2009), Dr. Ingeborg 
Schwebke (Robert-Koch-Institut) announced the following general 
requirements for a biocide in her lecture about effectiveness 
assessment of disinfectants[6]:  
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Fastest possible efficacy of the biocidal active

Broad activity spectrum of biocidal active

Low toxicity of the biocidal active

Environmental friendliness

Low inactivatability of the biocidal active

The biocidal effectiveness of chlorine dioxide has been scientifically 
and practically investigated for years.[7 – 15] The number of relevant pub-
lications can hardly be overlooked. It has been shown that, for a con-
tact time of a few minutes, the reduction factors RF4 (log10 4) and RF5 
(log10 5) may be achieved. In our own investigations[7] we also discov-
ered that at a contact time of 15 minutes and an applied chlorine dioxide 
concentration of 2 ppm, pathogenic microorganisms of type E. coli were 
reduced by 99.999% (RF 5).

The wide spectrum of activity in the disinfection of bacteria, viruses, 
protozoa, fungi, etc. is also well studied. This spectrum applies to all 
biocidal products that have the ingredient chlorine dioxide.[16 – 22]

We were able to observe the low toxicity of the biocide in studies on 
the survival of shrimp eggs and eggs of rainbow trout. 100% of the fish 
eggs survived with a chlorine dioxide concentration of 0.2 ppm.[23]

It is also well known that water quality is described worldwide by limit 
value lists. If these limits are met or exceeded, then the water quality is 
fine.[24, 25]

According to the Umweltbundesamt[26] (2012, page 25): ‘A maximum 
value for chlorite of 0.2 mg/l ClO2 - after completion of the preparation 
must be maintained. The value for chlorite is considered to have been 
met if not more than 0.2 mg/l chlorine dioxide are added.’

The demand for a low inactivatability is closely connected with the 
observations on the stability of the biocide. It is a natural phenomenon 
that the chlorine dioxide decomposes thermally and temporally. If the 
treated water is contaminated with organic and inorganic substances, 
then depletion of the dosed chlorine dioxide will occur. This depletion 
must be estimated, because only the freely available chlorine dioxide 
performs its biocidal function. In the case of the treatment of water 
intended for human consumption, pre-cleaning must be carried out 
before the biocide is dosed. Only in this way can the dose limit of 0.4 
ppm gain a practical significance.
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5. Important factors influencing the 
effectiveness of TwinOxide 0.3%-solution

The following important factors affect the effectiveness of the TwinOxide 
0.3%-solution biocide: 

Exposure time (contact time) of the biocide

Applied concentration of the biocide in water

Water temperature

Number of microorganisms to be reduced

Type of microorganisms to be reduced

Pollution of the water to be treated

The exposure time (t) at a constant concentration of biocide:

The inclusion of the survival function of pathogenic microorganisms 
draws attention to the following phenomenon: in the first minutes after 
dosing of the biocide, the number of survivors decreases greatly. The 
disinfection rate then decreases and the curve is flatter. 

The applied concentration (C) of the biocide at a constant 
exposure time:

The survival functions recorded show it! Already at very low exposure 
levels to the biocide, the number of surviving microorganisms drops to 
10% of the initial value (RF 1). The function then flattens out and then 
at higher concentrations a germ reduction rate of 99.999% (RF 5) is 
achieved.[27]

These two effects act together. One describes their interaction alterna-
tively by the product of the concentration (C) and the contact time (t):

C * t = const.
This constant has a different value for each reduction factor (RF). It 
increases with an increasing reduction factor.
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Illustration of the biocidal action by the acting concentration and 
contact time.

The following figure shows the relationship between the effective 
chlorine dioxide concentration (in ppm, mg/l) and the exposure time 
(contact time).
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These values were determined from a study of E.Coli test bacteria 
(ATCC 8739® - Epower™, Microbiologics, St. Cloud, Minnesota, USA). 
The test temperature was 20 °C. The test water was not additionally 
polluted.

With increasing temperature, the effect of the biocide will increase (c * t 
= const. decreases).

The above trend is true for all microorganisms. However, the values for 
the product are different.[6]

The biocidal effectiveness has been achieved when the growth of the 
pathogenic microorganisms (the viability) is stopped.

Conclusion:  
A desired reduction of bacteria (RF value) is achieved by: 
a) High concentration and short exposure time (contact time), or 
b) Low concentration and long exposure time.
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6. Infl uence of water temperature 
on the biocidal effi cacy

That’s impressive! The viability of pathogens and facultative pathogenic 
microorganisms decreases as the temperature increases. The following 
image very clearly shows this for the test organism E. coli. The effective 
chlorine dioxide concentration is 0.75 mg/l (= 0.75 ppm). The number 
of bacteria is 15,000 cfu/ml or 1.5 million cfu/100 ml. With temperature 
increasing from 5 °C to 32 °C, the required reaction time (contact time) 
decreases to achieve the reduction factors RF 1 to RF 5.[28] 
Also see fi g. 4 to fi g. 6 from Benarde et al. (1967).[28]

Kinetics and Mechanism 
of Bacterial Disinfection 

by Chlorine Dioxide
Melvin A. Benarde, W. Brewster Snow, 

Vincent P. Olivieri and Burton Davidson
Appl. Environ. Microbiol. 1967, 15(2):257
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7. Influence of germ concentration  
on the effectiveness of the biocide

It turns out that the number of surviving microorganisms decreased 
more or less exponentially.

Here is an example from de032m lab report 600768032 of the Eurofins 
laboratory in Jena from 2013-08-05.[27]
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As the initial bacterial count in the water to be treated decreases, the 
above function moves approximately in the direction of the arrow. 

The individual reduction factors are therefore achieved at lower 
concentrations of biocide.

Note: 15 minutes was chosen as the exposure time (contact time).
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8. Influence of the type of test bacteria  
on the effectiveness of the biocide

It is impossible to describe the effect of the biocide on all bacteria, 
viruses, protozoa, fungi, algae, etc.

Therefore test organisms (test-microorganisms) were selected and was 
postulated that if a biocide is effective against these test organisms, 
then we can predict with a very high degree of probability that it will be 
effective against other micro organisms also.

The following test organisms were used in the Henkel Test-Report 12-
16697 (2012) [21] to assess the efficacy of biocides:

a) E. coli 
b) Staphylococcus aureus 
c) Pseudomonas auruginosa 
d) Enterococcus hirae

The conducted suspension experiments show that even if the test 
suspension is very dirty, the biocide Twin Oxide 0.3%-solution is 
effective within five minutes.
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As a rough approximation, tests with E. coli test bacteria are suffi cient 
to assess the effectiveness of the biocide under natural conditions.

For more information, please contact us with a specifi c question.

9. Infl uence of the contact time 
on the effectiveness of the biocide
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It appears that a strong disinfecting action occurs immediately after 
dosinge with the biocide. After this, a relatively constant number of 
surviving microorganisms is maintained.

It can be assumed that the survival rate is very dependent on the 
organic purity of the water to be treated.

This phenomenon needs to be further researched.

A
pp

li
ed

 a
nd

 E
nv

ir
on

m
en

ta
l 

M
ic

ro
bi

ol
og

y,
 O

ct
. 1

98
2,

 p
. 8

16
00

99
-2

24
0/

82
/1

00
81

4-
06

$0
2.

00
/0

C
op

yr
ig

ht
 ©

 1
98

2,
 A

m
er

ic
an

 S
oc

ie
ty

 fo
r M

ic
ro

bi
ol

og
y



18

10. Influence of soiling  
on the effectiveness of the biocide

The effectiveness of the biocide TwinOxide 0.3%-solution can be 
characterised by the different reduction factors. These factors are 
dependent on the size of the product C * t. With increasing temperature 
of the medium to be disinfected, the biocidal efficacy increases.

The active ingredient of the biocide is chlorine dioxide. It can now be 
shown that the effect of chlorine dioxide is greatly influenced by organic 
and inorganic contaminants.

These substances are first oxidised and then only the remaining freely 
available chlorine dioxide can act as a biocidal. More information is 
available at: http://wirkungvondesinfektionsmitteln.blogspot.de/

I have written about this issue on several blogs, and would like to mention 
here only these substances: iron, manganese, nitrites, sulfides, mercap-
tans, amines, hydrogen sulfide, cyanide and thiocyanate. I have also re-
ported about the substances with which chlorine dioxide reacts or does 
not react.

The effectiveness of the biocide TwinOxide 0.3%-solution was also 
examined in suspension tests. The test solutions were heavily contami-
nated with bovine albumin and required relatively high concentrations of 
chlorine dioxide in order to reach a microbial reduction of 99.999% in a 
short time (five minutes).

The survivability of the following test organisms was tested:  
Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, 
Enterococcus hirae.

In addition to a relatively high concentration of chlorine dioxide, a 
longer contact time will be necessary to reduce the pathogens in highly 
contaminated water.

This observation is consistent with the findings of other studies in 
which only very low concentrations of chlorine dioxide are necessary in 
purified water.
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Summary

This leaflet summarises the main features of the biocide. This is followed 
by information on the main requirements of the biocide and the factors 
influencing its effectiveness.

You have learned the most important things about the influence of 
concentration and contact time, temperature, the starting germ count, 
the test bacteria and the pollution of the water being treated.

With this knowledge you will be able to prepare for the use of the 
biocide for disinfection of water and water pipes and tanks.
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Appendix 1:

Product types

In Annex V to the BPR the biocidal products are classified into 22 
biocidal product-types, grouped in four main areas.

As a result of excluding biocidal products used as preservatives for food 
and feedstock from the scope, there is one less product type compared 
to the previous directive.

Number Product-type Description

Main group 1: Disinfectants

These product types exclude cleaning products that are not intended to have a biocidal effect, 
including washing liquids, powders and similar products.

PT 1 Human hygiene Products in this group are biocidal products used for human 
hygiene purposes, applied on or in contact with human skin or 
scalps for the primary purpose of disinfecting the skin or scalp.

PT 2 Disinfectants and 
algaecides not intended 
for direct application to 
humans or animals

Used for the disinfection of surfaces, materials, equipment 
and furniture which are not used for direct contact with food 
or feeding stuffs. Usage areas include, inter alia, swimming 
pools, aquariums, bathing and other waters; air conditioning 
systems; and walls and floors in private, public, and industrial 
areas and in other areas for professional activities.

Used for disinfection of air, water not used for human or animal 
consumption, chemical toilets, waste water, hospital waste 
and soil.

Used as algaecides for treatment of swimming pools, aquari-
ums and other waters and for remedial treatment of construc-
tion materials.

Used to be incorporated in textiles, tissues, masks, paints 
and other articles or materials with the purpose of producing 
treated articles with disinfecting properties.

PT 3  Veterinary hygiene Used for veterinary hygiene purposes such as disinfectants, 
disinfecting soaps, oral or corporal hygiene products or with 
anti-microbial function.

Used to disinfect the materials and surfaces associated with 
the housing or transportation of animals.

PT 4  Food and feed area Used for the disinfection of equipment, containers, con-
sumption utensils, surfaces or pipework associated with the 
production, transport, storage or consumption of food or feed 
(including drinking water) for humans and animals.

Used to impregnate materials which may enter into contact 
with food.

PT 5 Drinking water Used for the disinfection of drinking water for both humans 
and animals.
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Number Product-type Description

Main group 2: Preservatives

Unless otherwise stated these product-types include only products to prevent microbial and 
algal development.

PT 6 Preservatives for 
products during 
storage

Used for the preservation of manufactured products, other than 
foodstuffs, feeding stuffs, cosmetics or medicinal products 
or medical devices by the control of microbial deterioration to 
ensure their shelf life.

Used as preservatives for the storage or use of rodenticide, 
insecticide or other baits.

PT 7 Film preservatives Used for the preservation of films or coatings by the control of 
microbial deterioration or algal growth in order to protect the 
initial properties of the surface of materials or objects such as 
paints, plastics, sealants, wall adhesives, binders, papers, art 
works.

PT 8 Wood preservatives Used for the preservation of wood, from and including the saw-
mill stage, or wood products by the control of wood-destroying 
or wood-disfiguring organisms, including insects. This product 
type includes both preventive and curative products.

PT 9 Fibre, leather, 
rubber and 
polymerised materials 
preservatives 

Used for the preservation of fibrous or polymerised materials, 
such as leather, rubber or paper or textile products by the 
control of microbiological deterioration.

This product-type includes biocidal products which antagonise 
the settlement of micro-organisms on the surface of materials 
and therefore hamper or prevent the development of odour 
and/or offer other kinds of benefits.

PT 10 Construction material 
preservatives

Used for the preservation of masonry, composite materials, or 
other construction materials other than wood by the control of 
microbiological and algal attack.

PT 11 Preservatives for 
liquid-cooling and 
processing systems

Used for the preservation of water or other liquids used in 
cooling and processing systems by the control of harmful 
organisms such as microbes, algae and mussels.

Products used for the disinfection of drinking water or of water 
for swimming pools are not included in this product-type.

PT 12 Slimicides Used for the prevention or control of slime growth on materials, 
equipment and structures, used in industrial processes, e.g. on 
wood and paper pulp, porous sand strata in oil extraction.

PT 13 Working or cutting 
fluid preservatives

Products to control microbial deterioration in fluids used for 
working or cutting metal, glass or other materials.
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Number Product-type Description

Main group 3: Pest control
PT 14 Rodenticides Used for the control of mice, rats or other rodents, by means 

other than repulsion or attraction.

PT 15 Avicides Used for the control of birds, by means other than repulsion or 
attraction.

PT 16 Molluscicides, 
vermicides and 
products to control 
other invertebrates

Used for the control of molluscs, worms and invertebrates not 
covered by other product types, by means other than repulsion 
or attraction.

PT 17 Piscicides Used for the control of fish, by means other than repulsion or 
attraction.

PT 18 Insecticides, 
acaricides and 
products to control 
other arthropods

Used for the control of arthropods (e.g. insects, arachnids and 
crustaceans), by means other than repulsion or attraction.

PT 19 Repellents and 
attractants

Used to control harmful organisms (invertebrates such as 
fleas, vertebrates such as birds, fish, rodents), by repelling or 
attracting, including those that are used for human or veterinary 
hygiene either directly on the skin or indirectly in the environ-
ment of humans or animals.

PT 20 Control of other 
vertebrates

Used for the control of vertebrates other than those already 
covered by the other product types of this main group, by 
means other than repulsion or attraction.

Number Product-type Description

Main group 4: Other biocidal products
PT 21 Antifouling products Used to control the growth and settlement of fouling organisms 

(microbes and higher forms of plant or animal species) on ves-
sels, aquaculture equipment or other structures used in water.

PT 22 Embalming and taxi-
dermist fluids

Used for the disinfection and preservation of human or animal 
corpses, or parts thereof.
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