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Busting the myths of

CHLORINE
DISINFECTION

A successful cleanroom disinfectant needs to meet many
criteria, not only in terms of'its efficaciousness but also in
terms of packaging, ease of use, operator acceptability, ete.
Many articles have been written on how to specify and seleet !
a cleanroom disinfectant, but this is not the main focus of’ / l
this article. However, a brief summary of requirements | |
helps when comparing available chlorine chemistries.

The ideal cleanroom disinfectant
Taking as a given good broad spectrum
efficacy including highly resistant
bacterial spores, the requirements for
the ideal cleanroom disinfectant are
quite lengthy: a sterile option for grade A
and B environments’, non-flammable so
it can be used over large areas with no
health and safety concerns, also fast
drying with short contact times to reduce
the time taken for biodecontamination.
However, in an ideal world, this cannot
be traded for any problems with either
equipment or operators and the wider
environment in terms of disposal.
Another requirement shortening the
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decontamination process is if the
disinfectant has no residue that needs to
be removed or as a minimum is free
rinsing.

The product will need to have in
excess of a 12-month unopened shelflife
and in excess of a three-month in-use
shelflife to be practical to store and use.
This ideal disinfectant would then need
to be manufactured to the requirements
of cGMP, be notified to the BPR2 and
provided in cleanroom compatible
packaging in a variety of formats so it
was suitable for use in all areas of the
cleanroom. It goes without saying that
this all needs to be achieved in a cost-
effective formulation. Many people
believe that this ideal sporicide
does not exist and a
compromise must always be
made.

On first reflection, a chlorine-
based disinfectant would not
necessarily spring to mind as
the disinfectant that meets all of
these ideal needs. Sodium
hypochlorite is the most widely
used chlorine-based surface
disinfectant but has some
known drawbacks, notably
inactivation in organic matter, corrosive
to some metals and it will leave a
particulate residue. However, all chlorine
disinfectants are not the same.
Advances in production methodologies
have allowed the creation of a
disinfectant that meets all of the
aforementioned requirements.

History of chlorine disinfection
One of the first known uses of chlorine
for disinfection was in the form of

o

hypochlorite known as chloride of lime.
John Snow used it in 18543, after an
outbreak of cholera to attempt to
disinfect the Broad Street pump water
supply in London. Claude-Louis
Berthollet, in 1785, prepared a bleaching
agent by dissolving Scheele’s gas in
water and in 1789 improved it by mixing
it with a solution of caustic potash
(KOH); this was carried out in a French
chemical plant in Javel and was known
and remains known today as Javelle
water. A short while later, Antoine-
Germain Labarraque replaced the
expensive potassium hydroxide with
caustic soda, resulting in what was
probably the first use of sodium
hypochlorite as bleach.

Chlorine first began to be used as a
disinfectant in the late 1800s, early
1900s. Liquid bleach, sodium
hypochlorite, came into widespread use
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in the 1930s and today it is the most
widely used of all the chlorinated
bleaches.

Hypochlorite solutions were used for
the treatment of open wounds during
World War | and led to the use of onsite
generation of hypochlorite in hospitals.
These disappeared out of favour until
the 1990s, which saw a great surge in
the interest of onsite generation of
chlorine. These onsite generators
provide a solution containing only 0.8%
chlorine, which is non-hazardous,
however hazardous hydrogen gas is
produced as a by-product. Onsite
generation is also quite inefficient
compared with bulk production because
of associated electricity costs.

Dry calcium hypochlorite appeared on
the US market in 1928. This bleaching
agent contains up to 70% active chlorine
and is also known as high-test
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hypochlorite (HTH). It is available in a
variety of forms including powder,
granules, briquettes and tablets. Calcium
hypochlorite systems tend to be used for
small water treatment plants and well
systems. Calcium hypochlorite has a
very strong oxidising potential and
consequently is very dangerous to store
and use. Calcium hypochlorite dissolved
in water generates 2 mols of
hypochlorous acid for every 1 mol of
calcium hypochlorite.

Chilorine as a disinfectant

Not all chlorine species are equally
effective as disinfectants. Many studies
have explored the mechanism of
chlorine disinfection and although it is
not possible to precisely explain how
each particular chlorine species works,
current theory# states that inactivation
occurs by means of one or more of the
following mechanisms: inactivation of
the key enzymes, disruption of nucleic
acids rendering them non-functional and
oxidative damage to cell walls or other
vital cell components. For each of the
mechanisms described above, the
effectiveness of each disinfecting agent
is a function of both its rate of diffusion
through the cell wall and its reactivity
with the cell wall, proteins and nucleic
acid.

Hypochlorous acid (HOCL) is the most
effective disinfectant in the chlorine
family available in dilute solution. It is
suggested that HOCL is 80 to 120 times®
more efficacious than sodium
hypochlorite. Owing to the fact that
HOCL has no charge and has a
relatively low molecular weight, it is
better than the other chlorine-based
disinfectants at penetrating the cell walls.
It also reacts more rapidly than other
chlorine-based disinfectants to oxidation
reactions with organic matter, i.e. the
critical components of microbial cells.
Conversely, the hypochlorite ion is a
relatively poor disinfectant because of its
inability to diffuse through the cell wall.
Since it is negatively charged, it is
electrostatically repelled from the cell
walls, which are also negatively charged.
It is much larger in size than an HOCL
molecule so it also diffuses more slowly.

Chlorine chemistry

Chlorine is added to water in one of
three forms: elemental chlorine (chlorine
gas), sodium hypochlorite solution or
calcium hypochlorite powder (high-test
hypochlorite). Chlorine gas reacts
rapidly with water to form two
compounds: hypochlorous acid (HOCI)
and hydrochloric acid (HCI).

dissociated hypochlorite ion (OCI)
predominates at higher pH values,
above 7.5 pH, whilst the undissociated
hypochlorous acid (HOCI) predominates
at lower pH values. At pH 5, nearly all
the chlorine is present as HOCI, while a
pH value of 10 drives nearly all the
chlorine to be present as OCI-.
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Fig 1. At low pH and high chlorine
concentrations, the hydrolysis is not complete
and a significant fraction remains in the form
of molecular chlorine CI2.

In a sodium hypochlorite solution that
normally sits at a pH of 11-13, all
available chlorine is in a form of
hypochlorite ions, which as previously
discussed is far less efficacious than
hypochlorous acid. Until recently, it has
not been possible to create
hypochlorous acid in a stable solution
with a usable shelflife. Hypochlorous
acid generated from dissolving dry
calcium hypochlorite has a shelflife of
approximately four hours and therefore
has not been suitable for use in
pharmaceutical or healthcare
environments. Advances in chlorine
chemistry have made it possible for
contamination control products
manufacturer Contec Inc. to stabilise a
solution based on calcium hypochlorite
at a pH of 3.5 to 5.5, so all available
chlorine is in the form of hypochlorous
acid as a ready-to-use product with a
shelflife of 18 months.

Stabilised hypochlorous acid efficacy
If the science was correct, this
hypochlorous acid-based disinfectant
should be more efficacious and faster
acting than the equivalent sodium
hypochlorite product. Contec’s solution
of 2,000 ppm hypochlorous acid was
therefore tested against the standard EN
panel of tests for disinfectant efficacy;
the table (top of page) shows a
summary of these results. Complete kill
against spores was achieved in both
clean and dirty conditions against a
modified EN 13697 surface test in 1 min.
This is a significant increase in both log
reduction achieved and kill rate over
sodium hypochlorite. Various micro-
organisms were tested, including a
particular resistant

Ch +HO ¢ HOCI
chlorine water hypochlorous
acid

+

HC1 house isolate, which
was typed as P,
hydrochloric | glucanolyticus. Test
acid work was also

HOCI is a weak acid that further
dissociates into the hydrogen ion (H*)
and hypochlorite ion (OCI) according to
the following equation:

repeated against the
newest version of EN 16506 for fungi and
moulds, which has a requirement for
>75% of the A niger (now A brasiliensis)
spores to be in the form of spiny spores,
which are more

HOCI

& H" + OCL" (hypochlorite ion)

resistant.

These three species exist in an
equilibrium that is both pH and
temperature dependent; the sum of
these is referred to as the total available
chlorine. At 25 °C and a pH of 7.5, half
of the total chlorine is present as HOCI
and the other half as OCI-. The

It is not sufficient
though for a cleanroom disinfectant to
only have powerful activity, as invariably
this activity comes at a cost. Either the
product is unpleasant for operators to
handle because of smell or toxicity or
powerful sporicides very often require
specialised PPE or costly disposal

Efficacy data for 2,000 ppm hypochlorous acid.
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consideration. Hypochlorous acid at low
concentrations is non-hazardous and
requires no specialised disposal process
or operators to wear any PPE other than
standard cleanroom gloves.

Very often, fast-acting and efficacious
sporicides are detrimental to the
environment they are used in. At
concentrations of 2,000 ppm,
hypochlorous acid is non-corrosive, so
when used in a controlled manner will
be compatible with cleanroom materials.
Although not residue free, as
hypochlorous acid does leave a very low
level of calcium salt on the surface —
1,200 ppm per 100 ml on a residue on
evaporation test, which compares
favourably with other well-used
disinfectants such as quaternary
ammonium compounds that give results
of 4,500 ppm per 100 ml and 21,000
ppm for hypochlorite solutions.

To conclude then, it would seem that
stabilised hypochlorous acid challenges
some of the commonly held beliefs
about chlorine disinfection as it ticks
most, if not all, of the ideal cleanroom
disinfectant functional requirements.
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Test Description Log Time I Test Description Log Time

reduction | reduction | (min)
EN1276 | E.hirae [>log7  1min | EN13704  Csporogenes |>1og6 | 1min
EN1276 S.aureus >log7 1 min | EN13704 | C.difficile > log 6 1 min
EN1276 Paeruginosa >log7 1 min | EN13704 | B.subtilis > log 6 1 min
EN1276 E.coli >log7 1 min | EN13704 B.pumilis >3.88 1 min
EN14476 | Poliovirus 433 | 30secs | EN13704 | B.cereus =324 | 1min
EN14476 | Adenovirus 4.67 30 secs EN13704  Pglucanolyticus >3.12 1 min
EN1650 A.niger >log 6 1 min EN13704 | B.subtilis (stainless steel) | > log 6 1 min

—

References

1Eudralex. The Rules Governing
Medicinal Products in the European Union
Volume 4 EU Guidelines to Good
Manufacturing Practices for Medicinal
Products for Human and Veterinary Use.
Annexe 1.

2EU Biocides Regulation (528/2012).
3White’s Handbook of Chlorination and
Alternative Disinfectants, Black and
Veatech Corporation, Wiley Publishing.
4GM Fair, et al. The dynamics of water
chlorination, Journal of the New England
Water Works Association, 1947 61
285-391.

SGM Fair, et al. The behaviour of chlorine
as a water disinfectant. Journal of the
American Water Works Association. 1948
40 1051-1061.

8BS EN1650:2008 +A1:2013 Chemical
disinfectants and antiseptics —
Quantitative suspension test for the
evaluation of fungicidal or yeasticidal
activity of chemical disinfectants and
antiseptics used in food, industrial,
domestic and institutional areas — Test
method and requirements (phase 2,

step 1).





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /All
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.25000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (These are the recommended settings for exporting PDF Documents to the Zmags Publicator.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /EmbedAll
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


