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(57) Abstract

A disinfecting process is disclosed by means of aqueous peroxide compositions prepared by first reacting hydrogen peroxide or a
hydrogen peroxide supplier with an N-acyl compound in an alkaline medium, then in a second step by adjusting the pH value of this
alkaline solution in a range from 7 to 9, The instruments to be disinfected are deposited in the thus obtained solution of active substances, |
which has an extraordinarily wide spectrum of activity, including an anti-mycobacternial activity.

(57) Zusammenfassung

Es handelt sich um ein Desinfektionsverfahren mit Hilfe wiBriger peroxidischer Zubereitungen, die dadurch hergestellt werden, da8
zunichst in alkalischem Medium Wasserstoffperoxid oder ein Wasserstoffperoxid-Lieferant mit einer N-Acylverbindung umgesetzt wird
und diese alkalische Losung dann in einem zweiten Schritt auf einen pH-Wert im Bereich 7 bis 9 eingestellt wird. In die auf diese Weise
erhaltene Wirkstofflosung, die ein auBlerordentlich breites Wirkungsspektrum mit Wirkung auch gegen Mykobakterien besitzt, werden die
Instrumente zur Desinfektion eingelegt.
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Process for Disinfecting Instruments

Field of the Invention

This invention relates to a process for disinfecting instruments, more
especially medical instruments, using aqueous peroxidic formulations.
Background of the Invention

Over the years, the chemical disinfection of instruments using
aqueous formulations has been the subject of numerous studies in which
various antimicrobial agents have been proposed for disinfection.
Preparations based on aldehydes have been the most widely used in
practice, although preparations containing quaternary ammonium
compounds, phenols, alcohols and other disinfecting agents have also
been used. By contrast, preparations based on peroxidic agents, more
especially peracetic acid, have acquired very little significance for this
particular application. One of the main reasons for this lies in the poor
stability of such aqueous preparations in storage. In view of the broad
antimicrobial activity of peroxides, there has been no shortage of attempts
to overcome the disadvantage of their poor stability in storage. For
example, it is proposed in DE-OSS 26 55 599 and 28 15 400 to prepare the
aqueous preparations required for disinfection just before use from more
stable precursors, namely from sodium perborate and anhydrides.
According to DE-OS 27 01 133, the aqueous preparations are obtained
from compounds which release hydrogen peroxide and aromatic
acyloxycarboxy acids. However, only a few of these compounds give
disinfecting solutions with sufficiently broad activity, in addition to which
these acylating agents can only be stored for a limited period in admixture
with the necessary inorganic peroxides on account of decomposition
reactions. “Sekusept Pulver (Sekusept Powder)” is a commercially
available product which dissolves in water to form a disinfecting
preparation by reaction of sodium perborate with tetraacetyl

ethylenediamine (TAED). This product, which is based on an N-acyl
1
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compound, has a broad action spectrum and is stable in storage. Although
a high standard in the disinfection of medical instruments has already been
achieved in this way, more work is being done to improve the peroxidic
systems in order to eliminate the gaps which still exist in the action
spectrum and disadvantages in use. For example, it is proposed in DE-OS
36 15 787 to use the magnesium salt of monoperoxyphthalic acid instead
of inorganic hydrogen peroxide donors in the production of such
preparations. However, the use of this organic peroxide involves
considerably greater outlay on equipment compared with the use of the
storage stable and inexpensive inorganic peroxides. Accordingly, the
problem addressed by the present invention was to achieve an improve-
ment in disinfection systems based on inorganic peroxides and N-acyl
compounds. One of the associated problems to be solved in this regard
was to develop a disinfection process which would even enable
mycobacteria to be safely disinfected. In addition, easy handling, high
stability in storage and only a very slight tendency towards corrosion would
be guaranteed.

Summary of the Invention

It has now been found that a significant improvement in the known
disinfection systems based on inorganic hydrogen peroxide donors and N-
acyl compounds can be achieved by a remarkably simple measure.

The present invention relates to a process for disinfecting medical
instruments by treating the instruments with a microbicidally active
aqueous preparation in which the following two steps A and B are
successively carried out in the production of the microbicidal preparation:

A:. reacting hydrogen peroxide or peroxidic compounds which form
hydrogen peroxide in water in an aqueous alkaline medium with N-acyl
compounds which are capable under these conditions of acylating
hydrogen peroxide,

B: reducing the pH value of the preparation obtained in step A and

optionally diluting the preparation so that a pH value in the range from 7
2
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to 9 and preferably in the range from 7.5t0 8.5 is established in the
preparation used for disinfection.

Through the comparatively simple measure of subsequently
reducing the pH value, which can be done with any of the usual acids, a
considerable increase in antimicrobial activity coupled with only a very
slight tendency towards corrosion is achieved without losing any of the
advantages of the known process.

Detailed Description of the invention

In the production of the microbicidally active aqueous preparation,
step A of the process according to the invention starts out from hydrogen
peroxide or from peroxidic compounds which immediately release
hydrogen peroxide when dissolved in water. These peroxidic compounds
can be adducts of hydrogen peroxide with various carriers, which are
sometimes also referred to as perhydrates, for example urea perhydrate,
sodium citrate perhydrate or sodium carbonate perhydrate (Na,CO3; x 1.5
H203), which normally is also referred to as sodium percarbonate. True
inorganic peroxo compounds which hydrolyze spontaneously in water, for
example the sodium perborates, for example sodium perborate
monohydrate and sodium perborate tetrahydrate, are also suitable. By
contrast, organic peroxo compounds in which the peroxo group is directly
attached to carbon are unsuitable. Sodium percarbonate and the mono-
and tetrahydrates of sodium perborate are particularly preferred for the
purposes of the process according to the invention, the monohydrate being
most particularly preferred. Several per compounds may also be used at
one and the same time.

In principle, suitable N-acyl compounds for the reaction in step A are
any compounds of this group which have also been described in detergent
chemistry as so-called bleach activators for reaction with hydrogen
peroxide in alkaline wash liquors. Suitable N-acyl compounds are, in
particular, those which contain another keto group at the nitrogen which
carries the acyl group and/or in which the nitrogen is part of a heterocyclic
ring system. Examples of suitable N-acyl compounds are the polyacylated
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alkylenediamines, such as for example tetraacetyl ethylenediamine,
acylated glycol urils, above all tetraacetyl glycol uril, N-acylated hydantoins,
hydrazides, triazoles, triazines, urazoles, diketopiperazines, sulfuryl
amides, lactams and cyanurates. Tetraacetyl ethylenediamine (TAED),
tetraacetyl glycol uril (TAGU) and 1,5-diacetyl-2,4-dioxohexahydro-1,3,5-
triazine (DADHT) are 'preferred for the purposes of the process according
to the invention, tetraacetyl ethylenediamine being particularly preferred.
Several N-acyl compounds may of course also be used at one and the
same time.

The reaction of the compound yielding hydrogen peroxide and the
N-acyl compound in step A is carried out by introducing the two
compounds into water successively or, preferably, at the same time. If the
peroxidic compound, for example sodium percarbonate and sodium
perborate, has sufficient alkalinity, there may be no need to add alkalizing
agents. Otherwise, compounds showing an alkaline reaction, preferably
inorganic salts, for example sodium carbonate, alkali metal phosphates or
alkali metal borates, will have to be added to establish a pH value which,
even after the reaction has been completed, is still in the alkaline range,
preferably above 8.5 and more preferably between 9 and 11. The ratio of

the hydrogen peroxide donor to the N-acyl compound is preferably selected

so that 0.5 to 10 moles and preferably 1 to 5 moles of hydrogen peroxide
are available per moile of reactive acyl groups in the N-acyl compdund.
Accordingly, about 0.1 to about 1% by weight and, more particularly, about
0.2 to about 0.6% by weight of peroxidic compounds and 0.1 to about 1%
by weight and, more particularly, about 0.2 to about 0.5% by weight of N-
acyl compound, based on the total weight of the preparation in step A, are
preferably used.

The reaction between hydrogen peroxide and the N-acyl compound
in step A is a time reaction which is dependent on the concentration of the
reactants, the reactivity of the N-acyl compound, the pH value of the
solution and the temperature. The reaction can be accelerated by
increasing the concentrations and by increasing the temperature. The
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reaction is preferably carried out at a temperature in the range from about
10 to about 45°C, temperatures around or just above room temperature
being particularly suitable. With particularly suitable N-acyl compounds,
the reaction takes place so quickly that at least 50% of the N-acyl
compound has reacted off after 1 to 20 minutes and, more particularly,
after 2 to 10 minutes under the preferred conditions.

Lowering of the pH value in step B is preferably not initiated until
more than 50%, preferably more than 70% and, more preferably, more
than 80% of the N-acyl compound has reacted off in step A. The pH value
Is lowered by adding compounds showing an acidic reaction, more
especially inorganic or organic acids or salts with an acidic reaction in
suitable quantities. In addition, the preparation may if necessary be diluted
in step B, so that the peroxidic active substances formed in step A reach
the correct concentration for the disinfecting process. The quantity of acid
or acidic compound is selected so that a pH value in the range from 7 to 9
and, more particularly, in the range from 7.5 to 8.5 is established in the
solution intended for the disinfection process. Particularly suitable acids for
lowering the pH value in step B are, for example, phosphoric acid, acetic
acid, citric acid and — generally — water-soluble organic acids. Acidic
phosphates, such as NaH,PO4 and hydrogen sulfates are mentioned as
examples of suitable salts showing an acidic reaction. Phosphoric acid,
acetic acid and citric acid are particularly preferred for step B of the
process according to the invention, phosphoric acid being most particularly
preferred.

Other auxiliaries and additives may be added to the preparation in
step A and/or step B if this is of advantage for the use according to the
invention for disinfecting medical instruments. Other auxiliaries which may
be used in step A are, preferably, surfactants, alkalizing agents,
complexing agents for water hardness, complexing agents for heavy metal
ions and water-soluble inorganic salts. Corrosion inhibitors and surfactants
are preferably used as auxiliaries in step B. The quantity in which
auxiliaries such as these are used in the preparations may vary within very
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wide limits, depending on the intended effect. It is normally not more than
about 3% by weight and is preferably between about 0.001 and about 1%
by weight, based on the preparation as a whole.

Suitable surfactants are both anionic and nonionic surfactants
although cationic surfactants and amphoteric surfactants may also be
used. Anionic surfactants and nonionic surfactants and optionally mixtures
of several surfactants from these two classes are preferably used as
surfactants in step A. Suitable anionic surfactants are, in particular, alkyl
benzenesulfonates, alkyl sulfates, i.e. the salts of sulfuric acid semiesters
of long-chain alcohols, alkyl ether sulfates, i.e. salts of sulfuric acid
semiesters of long-chain alkoxylated, more especially ethoxylated,
alcohols, alkane sulfonates and olefin suifonates. The anionic surfactants
are preferably used in the form of sodium salts. Alkoxylated long-chain
alcohols are mentioned as particularly suitable nonionic surfactants. The
alcohols alkoxylated with ethylene oxide and the types alkoxylated with
ethylene oxide and a small quantity of propylene oxide are preferred.
Other preferred nonionic surfactants which may be used in particular when
low foaming is an important factor are the so-called end-capped
alkoxylation products which are obtainable from the nonionic surfactants
mentioned above by etherification of the terminal hydroxyl group with short-
chain alcohols.

In principle, the surfactants used in step B may be the same as
those as described for step A aithough there is a greater preference for
nonionic surfactants in step B. If the surfactants are made up together with
the acids required for lowering the pH value in step B, the acid-stable
surfactants are particularly appropriate for this formulation.

Sodium triphosphate is mentioned as a particularly suitable
complexing agent for water hardness although other polyphosphates, salts
of nitrilotriacetic acid and salts of organic polycarboxylic acids, for example
citric acid, or of polymeric polycarboxylic acids, for example acrylic acid/
maleic acid copolymers, may also be used for this purpose. Sodium tri-
polyphosphate, which also acts as an alkalizing agent, is particularly
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preferred.
Suitable complexing agents for heavy metal ions which have a

decomposing effect on peroxidic compounds are, above all, aminopoly-
carboxylic acids and saits thereof, for example ethylenediamine tetraacetic
acid, but especially aminopolyphosphonic acids, such as ethylenediamine
tetramethylene phosphonic acid, or even hydroxyethane diphosphonic acid

and saits thereof.

Water-soluble salts are capable of acting as fillers or builders, like
sodium sulfate for example, providing they do not also have an alkalizing
effect, like sodium carbonate and sodium silicate for example. Suitable
corrosion inhibitors are, in particular, alkyl phosphonic acids, among which
octane phosphonic acid is particularly preferred. Dyes, perfume and
solubilizing additives are mentioned as other possible auxiliaries.

The process according to the invention may readily be carried out by
combining all the substances to be used in step A and all those to be used

~in step B into single products in the required quantity so that steps A and B

may readily be carried out by dissolving the respective products in the
necessary quantity of water (step A) and adding the preparation formed in
step A after a predetermined time (step B). These products prepared in

~ advance for steps A and B may be solid or liquid, depending on the

aggregate state of the substances to be used. The product intended for
step A is preferably a powder-form mixture of the individual substances, the
particle form preferably being selected so that the individual substances
dissolve sufficiently quickly and are thus available for the reaction. So far
as the storage stability of the powder-form product itself is concerned, it
can be useful to use individual substances or several of the substances,
more especially the N-acyl compounds and/or peroxidic compound, in
granulated form or in coated form. However, instead of a powder, the
product intended for step A may also be made up in a more compact form,
for example as a tablet, providing steps are taken, for example by adding
suitable disintegrating agents, to ensure that these tablets dissolve
sufficiently quickly in water.
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A solid formulation is also possible for the product intended for step
B although, in this case, a liquid formulation may equally well be selected
by virtue of the smaller stability problems in storage. Concentrated
aqueous solutions are particularly suitable. This product, too, may
advantageously be formulated in portions, for example to enable dosage
requirements to be more easily satisfied.

A product intended for carrying out step A by dissolution in water
may have in particular the following composition:

5 to 40% by weight, preferably 10 to 30% by weight of solid
inorganic per compound,

S to 30% by weight, preferably 10 to 20% by weight of powder-form
TAED, '

20 to 50% by weight, preferably 30 to 45% by weight of sodium
triphosphate,

0 to 15% by weight, preferably 1 to 10% by weight of surfactant and
balance to 100% by weight soluble inorganic salt and optionally

other auxiliaries.

It is dissolved in water in a quantity of preferably 1 to 10% by weight.
A product suitable for addition in step B may have in particular the
following composition:

40 to 80% by weight, preferably 55 to 65% by weight of concen-
trated phosphoric acid,

0.01 to 5% by weight, preferably 0.05 to 0.5% by weight of corrosion
inhibitor,

0 to 10% by weight, preferably 0.5 to 4% by weight of surfactant,
balance to 100% by weight water and optionally other auxiliaries.

In the process according to the invention, the actual disinfection of
medical instruments is carried out by introducing the instruments into the
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ready-to-use solution of the peroxidic active substances resulting from step
B so that they are completely wetted by this solution. The immersion time
depends upon the concentration of the disinfecting solution and also to a
very large extent on the germ spectrum to be controlled. It is particularly
worth mentioning that not only can the usual germ spectrum of bacteria
and fungi be eliminated by the process according to the invention, the
particularly resistant mycobacteria can also be destroyed. The disinfecting
solution prepared in step B remains stable for a sufficiently long time and
has a negligible corrosive effect on metal instruments.

Examples
1. Preparation of the disinfecting solution

2 g of a powder-form mixture consisting of 20% by weight of sodium
perborate monohydrate, 15% by weight of TAED powder, 40% by weight of
sodium triphosphate, 15% by weight of sodium carbonate, 2% by weight of
alkyl benzenesulfonate and 8% by weight of sodium sulfate were dissolved
in 100 mi of tap water at room temperature. After 15 minutes, 0.5 g of an
acid mixture consisting of 60.0% by weight of concentrated phosphoric
acid, 0.2% by weight of octane phosphonic acid, 0.4% by weight of fatty
alcohol ethoxylate (Dehypon LS 54®, Henkel KGaA), 0.4% by weight of
sodium cumene sulfonate and 39.0% by weight of water was added to the
solution formed. The resulting solution had a pH value of 7.9 and, without
further dilution, was tested for its effectiveness against mycobacteria and
for its corrosive effect.

2. Testing of effectiveness against mycobacteria
The "Quantitative Suspensionsversuch mit Mycobakterium terrae fir

die Prifung von Instrumentendesinfektionsmitteln (Quantitative Suspension
Test with Mycobacterium terrae for the Testing of Instrument Disin-
fectants)" (Hygiene und Medizin 21, 375-376, 1996) was used as the test
method. In this test, the destruction of the test germ is quantitatively
determined as a logarnthmic reduction factor to the water used as control.

9
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Both the disinfecting solution prepared in accordance with 1) (b) and, for

example comparison, a corresponding solution whose pH value had not
been reduced (a) were tested.

5 Test solutions Reduction factor after an immersion time of
30 mins. 60 mins.
a) Powder mixture with acid mixture 0.14 0.38
(2 g in 100 mi of water)
10
b) Powder mixture (2 g in 100 ml of 5.07 >5.21
water) plus acid mixture (0.5 in
100 ml of water)
15 Water control (living control) 6.07 6.21

After only 30 minutes, totally adequate effectiveness was achieved

with preparation (b) according to the invention whereas reference solution
(a) was virtually ineffective, even after 60 minutes.

20 3. Testing of corrosive effect

The corrosive behavior of the disinfecting solution (b) intended for
the process according to the invention was tested by completely immersing
degreased iron nails in the test solution. Evaluation was carried out after 8
hours by comparison with untreated nails and nails stored in tap water.

25 Evaluation was carried out on the following scale after visual assessment
of deposits, residues and visible signs of corrosion:

0 = no corrosion

1 = slight corrosion
30 2= medium corrosion

3 = serious corrosion

10




CA 02274836 1999-06-11

In this case, too, both the disinfecting solution (b) prepared in
accordance with 1) and - for comparison — a corresponding solution (a)
whose pH value had not been lowered were tested. The tap water which
had been used to prepare the test solutions was used on its own for further
comparison. The following results were obtained:

11
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Test solutions Evaluation

a) Powder mixture without acid mixture 0
(2 g in 100 mi of water)

b) Powder mixture (2 g of 100 ml of water) plus 0
acid mixture (0.5 g in 100 mli of water)

Standard sample (water) 3

4. Instrument disinfection

An instrument tank was filled with 20 liters of cold tap water. To
prepare the disinfecting solution, 400 g of the powder-form mixture were
first stirred in and, after 15 minutes, 100 g of the acid mixture were added
while stirring in accordance with Example 1.

The instruments to be cleaned and disinfected were introduced into
and completely wetted with the disinfecting solution. After an immersion
time of 60 minutes, the instruments were removed from the solution and
rinsed with drinking water.

12
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Article 34 Amendment

CLAIMS

1. The use of a disinfection process for medical instruments for
destroying mycobacteria by treating the instruments with a microbicidally
active aqueous preparation, characterized in that the following two steps A

and B are successively carried out in the production of the microbicidal
preparation:

A: reacting hydrogen peroxide or peroxidic compounds which form
hydrogen peroxide in water in an aqueous alkaline medium at a pH of 9
to 11 with N-acyl compounds which are capable under these conditions
of acylating hydrogen peroxide,

B: reducing the pH value of the preparation obtained in step A and

optionally diluting the preparation so that a pH value in the range from 8
to 9 is established in the preparation used for disinfection.

2. The use claimed in claim 1, characterized in that the reaction in step
A is initiated by dissolving a solid mixture of inorganic peroxide and
acylating agent and optionally alkalizing agent and other auxiliaries in
water.

3. The use claimed in claim 1 or 2, characterized in that the peroxidic

compound used in step A is selected from the group consisting of sodium
perborate monohydrate, sodium perborate tetrahydrate, sodium
percarbonate and mixtures thereof.

4, The use claimed in one or more of claims 1 to 3, characterized in
that the acylating agent used in step A is selected from the group
consisting of tetraacetyl glycol uril, tetraacetyl ethylenediamine, diacetyl
hexahydrotriazine dione and mixtures thereof.

5. The use claimed in one or more of claims 1 to 4, characterized in
that, in step A, other auxiliaries, preferably from the group consisting of
surfactants, alkalizing agents, complexing agents for water hardness or
heavy metal ions, water-soluble inorganic salts and mixtures thereof, are

1
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introduced into the preparation.

6. The use claimed in one or more of claims 1 to 5, characterized in
that the lowering of the pH value in step B is achieved by adding an acid
from the group consisting of phosphoric acid, acetic acid, citric acid and
mixtures thereof.

7. The use claimed in one or more of claims 1 to 6, characterized in
that other auxiliaries, preferably from the group consisting of corrosion
inhibitors, surfactants and mixtures thereof, are added in step B.

8. The use claimed in one or more of claims 1 to 7, characterized in
that the reaction in step A is initiated by dissolving 1 to 10% by weight of a
powder-form mixture with the following composition:

5 to 40% by weight, preferably 10 to 30% by weight of solid
inorganic per compound, .

5 to 30% by weight, preferably 10 to 20% by weight of powder-form
TAED,

20 to 50% by weight, preferably 30 to 45% by weight of sodium
triphosphate,

0 to 15% by weight, preferably 1 to 10% by weight of surfactant and
balance to 100% by weight soluble inorganic sait and optionally
other auxiliaries,

and the lowering of the pH value to pH 7.5-8.5 in step B is achieved by
adding an adequate quantity of the following composition:

40 to 80% by weight, preferably 55 to 65% by weight of concen-
trated phosphoric acid,

0.01 to 5% by weight, preferably 0.05 to 0.5% by weight of corrosion
inhibitor,

0 to 10% by weight, preferably 0.5 to 4% by weight of surfactant,
balance to 100% by weight water and optionally other auxiliaries.

2
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the lowering ofthe pH value in step B is achieved by adding-an acid from
the group corisisting of pRasphoric acid, acetie-atid, citric acid and mixtures
thereof.

8. A process gs-cfaimed in any of claims.] to 7, characterized in that

sr-auxiliaries, preferably from the group consistingQf corrosion
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9. A process as claimed in any of claims 1 to 8, characterized in that, in
step B, the preparation intended for use is adjusted to a pH value of 7.5 to
8.5.

10. A process as claimed in any of claims 1 to 9, characterized in that
the reaction in step A is initiated by dissolving 1 to 10% by weight of a
powder-form mixture with the following composition:

5 to 40% by weight, preferably 10 to 30% by weight of solid
inorganic per compound, .

5 to 30% by weight, preferably 10 to 20% by weight of powder-form
TAED,

20 to 50% by weight, preferably 30 to 45% by weight of sodium
triphosphate,

0 to 15% by weight, preferably 1 to 10% by weight of surfactant and
balance to 100% by weight soluble inorganic salt and optionally
other auxiliaries,

and the lowering of the pH value to pH 7.5-8.5 in step B is achieved by
adding an adequate quantity of the following composition:

40 to 80% by weight, preferably 55 to 65% by weight of concen-
trated phosphoric acid,
0.01 to 5% by weight, preferably 0.05 to 0.5% by weight of corrosion
iInhibitor,

14
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0 to 10% by weight, preferably 0.5 to 4% by weight of surfactant,
balance to 100% by weight water and optionally other auxiliaries.

11.  The use of the process claimed in any of claims 1 to 10 for
destroying mycobacteria.

15
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