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INTRODUCTION
Duo Tech Ltd. requested the Food Hygiene Department at Campden
Technology Limited (Campden BRI) to assess the efficacy of Duo Max
vaporisation fluid, when applied as a chemical fog, against surface-attached
methicillin resistant Sfaphy,/ococcus aureus (MRSA), Escherbhla coli,
Pseudomonas aeruginosa and Listefia monocytogenes using a test protocol
used to assess the effectiveness of the chemical and application technique
which is based on BS EN 13697: 200'1 - Chemical disinfectants and
antiseptics - Quantitative non-porous surface test for evaluation of the
bactericidal activity and/or fungicidal activity of chemical disinfectants used in
food. industrial. domestic and institutional areas.

METHOD
Working subcultures of MRSA O4RSA FH 80lb), E. coli (Ec FH 64/9), P.
aeruginosa (Pa FH 72lt) and L. monocytogenes (Lm FH 66/d) were prepared
by inoculating slopes of Tryptone Soya Agar (TSA; BS - REC-FH-008) with
subcultures derived from the master stock culture. All subcultures were
incubated for 24 hours at 37oC. This lsrsubculture was used as the working
culture and was recovered by adding 5 g of sterile glass beads and I ml
diluent (BS - REC-FH-004) to each slope. The slopes were then shaken
gently to remove the culture from the agar surface. The resultant suspension
was filtered through a funnel containing sterile glass wool and eluted with
further diluent to maximise recovery. The optical density of each bacterial
suspension was measured at 420 nm and calibration graphs of absorbance
against viable count were used to determine the concentration. The bacterial
suspensions were then diluted with diluent to give an approximate
concentration of 108 cfu mf1.

For the test, 36 stainless steel discs (2 cm diameter, crade 2 B 1.4301 (EN
'10088-1), EN 10 088-2), previously steril ised (in accordance with MA-FH-017
- BS EN 13697:2001), were inoculated with 0.05 ml of the appropriate 1OE cfu
ml'1 test suspension (9 discs for each test organism). The suspension was
dried onto the discs at 37"C for approx. t hour. The discs were then allowed
to equilibrate to room temperature before the test was commenced. A total of
24 discs (6 for each test organism) were treated with the Duo Max
vaporisation fluid fog and 12 discs (3 for each test organism) were left
untreated (positjve controls).
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The 24 discs were positioned throughout the air laboratory in three
orientations on metal stands: horizontally, vertically and underneath the shelf,
as shown in Figure 1. The Neburator fogger was then placed on a stool (61
cm height) in the centre of the room. A 1000 ml predetermined volume of Duo
Max neat solution (FH/118758/1) was measured and poured into the
Neburator fogger container. 12 ounces of the solution was also poured into
the Junior fogger container. For approx. 1-2 minutes, the Junior fogger was
used manually to fog difficult to reach areas. The Neburator fogger was then
adjusted to give a fine mist and left in the room for a treatment time of 10
minutes. Afrer the treatment, the fogger was switched off and the chemical fog
Ieft for a dwell time of one hour. After one hour the extract and supply fans
were switched on for 10 minutes to flush the room with fresh air before re-
entry.

After treatment the discs were aseptically transferred, using sterile tweezers,
from their locations into sterile plastic universal containers (diameter 4 - 5 cm)
containing 5 g sterile glass beads (diameter 3 - 4 mm) and 9 ml diluent and 1
ml inactivator (BS - REC-FH-023). The containers were agitated on a
horizontal surface for 1 minute to recover the remaining bacteria into
suspension. Each sample was serially diluted in diluent to 1O{and plated out
in dupllcate using TSA. To validate the bacterial recovery process, each disc
was recovered from its container and rinsed with 10 ml sterile distilled water
(SDW). Each disc was then placed test side up on a pre-poured TSA agar
plate. Then 0.1 ml SDW was pipetted onto the disc and rubbed over the
surface with a pipefte tip for'l minute. The discs were then over poured with
TSA agar. All plates were incubated at 37'C for 48 hours.

The plates were then enumerated and the colony forming units (cfu) per test
surface calculated. From the test results and those recorded for the positive
controls, the log reduction in bacteria after each trqatment was calculated.

The fogging trial was repeated on three separate occasions for each of the
test microorganisms.
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Figure L The arrangement of test surfaces in the air laboratory

Kev:

Sample
ID

Disc
Orientation Position Bactedum

1 Horzontal Too of sheLf IV RSA
2 Veftical f\,4iddLe she f: facinq wal I\TIRSA
3 Underneath Bottom shelf IVIRSA
4 Horzontal Top of shelf IV RSA
5 Vedical I\Iiddle shelf: facrno room [N RSA
6 Underneath Bottom shelf I\4 RSA
1 Hodzontal Top of shelf
2 Vedical l\4iddle shelf: facina room
3 Underneath Bottom shelf

Horizontal Too of shelf P.aeruqinosa
5 Vedical l\4iddle shelf: facinq wall P.aeruoinosa
6 Underneath Bottom 6helf P.aeruqinosa
1 Horizontal Too of shelf E. cali
2 Vertical [,4]ddle shelf: bcinq wall E. cali
3 Underneath Bottom shelf E. coli

Horizontal Top of shelf E. coli
5 Veftical Middle shelf: facinq room E. coli
6 Underneath Bottom shelf E coli
1 Horizontal Top of shelf L. nanocvtaqenes
2 Vedical l\.4 ddle shelf: facinq room L monocytaaenes
3 Underneath Bottom shelf L. monocvtaaenes
4 Ho zontal Too of shelf L manocvtaoenes
5 Vedical Middle shelf: facinq wall L monocvtooenes
6 lJndemeath Bottom sheLf L. monocytogenes
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RESULTS
A summary of the results fot E. coli, L. monocytogenes, MRSA and P
aerugnosa are shown in Tables 1 - 4 and Figure 2.

Table 1. Log reduction of organisms on test surfaces treated with
Duo Max vaporisation fluid - 1"'trial

E. coli

2cm
diameter
stainless

drscs

lvlean cfu/
control
sudace

Mean log
counV control

surface
Position cfu/test

surtace

LOg
counv
teat

surface

LOg
Reduction

2.08E+06 6.32

Horizontal 5.00E+00 0.70
Vertical. facinq wall 4.00E+03 2.72
Underneath 7.50E+04 4.88 1.44
Horizontal 1.00E+01 1 .00
Vertical. facinq room 2.00E+01 1 .30
Underneath 3.35E+02 2.53 3.79

Mean loq reduction count for underneath surfaces 2.62
Mean loq reduclion count for hodzontal surfaces 5-47
Mean log rcduction countfor veftical, facing room sufaces
Mean loq reduclion count for ve ical, facing wall sudaces 2-72

L. monocvtodenes

2 ctn
diameter
stainless

dtscs

Ivlean cfu/
control
surface

Mean log
counU contfol

surface
Position cfu/test

surface

LOg
coung
test

aurface

LOg
Reduction

'1.10E+06 6.04

Horizontal 5.00E+00 o.70
Vertical. facino wall 5.00E+00 0.70 5.50
Undemeath 4.00E+05 5.60 0.60
Horizontal 3.00E+0'l 1 .44 4.72
Vertical, facinq room 5.00E+00 0.70 5.50
Undemeath 3.00E+05 5.48 0.72

Mean loo reduction count for underneath sudaces
Mean loq reduction count Ior hodzontal 6u]facea 5.1' l
Mean loq rcduction countfoa vertical, facinq room sudaces
Mean log rcduction countfor vortical, facing wall sufaces

MRSA

2cm
diameter
stainless

discs

I\Iean cfu/
conhol
suface

lMean log
counV control

surface
Position cfuftest

surface

Log
counv

test
surface

Log
Reduction

3.27E+06 6.51

Horizontal 5.00E+00 0.70 5.81
Vedical. facino wall 5.00E+00 0.70 5.8'1
Underneath 6.45E+04 4.81 1 .70
Horizontal '1.50E+01 1 . ' 18 5.33
Vertical. facinq room 1.50E+01 1 .18
Underneath 2.24E+06 0 .16

Mean loq reduction count for undemeath sudaces 0.93
Mean loq reduction counl for horizontal surfaces
Mean log reduction count for vertical, facing room surfaces
Mean log rcduction count forvertical, facing wallsudaces 5.81
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P. aerudinosa

2cm
orameter
stainless

steel
dtscs

Mean cfu/
conrol
surface

Mean log
counY control

suface
Position cfu/test

surface

LOg
counu
test

sudace

LOg
Roduction

2.13E+05 5.33

Horizontal 5.00E+oo 0.70 4.63
Vertical. facina wall 5.00E+00 o.70 4.63
Underneath 2.60E+05 5.41 -0.08
Horizontal 1.55E+03 3 .19
Vedical, facinq room 1.12E+o5 5.05 0.28
Underneath 3.30E+05 5.52 -0 .19

Mean log reduction count for undemeath auafaces 4.14
Mean log reduction count for horizontalsurfaces 3.39
Mean log reduction count for vertical, facing room surfacea 0.28
Mean log reduction countfor vortical, facing wallsudaces 4.63

Table 2. Log reduction of organisms on test surfaces treated with
Duo Max vaporisation fluid - 2nd trial

E. coli

2cm
0tameter
stainless

drscs

Mean ctu/
control
surface

I\lean log
counv control

suface
Position cfu/t€t

surface

LOg
counu
test

surface

Log
Reduction

1 .01E+06 6.00

Horizontal 5.00E+00 0.70 5.30
Vedical, facinq wall 5.80E+02 3.24
Underneath 6.05E+03 3.78 2.22
Horizontal 5.00E+00 0.70 5.30
Vertical, facino room 2.50E+01 1 .40 4.60
lJnderneath 1.32E+O4 '1.88

Mean og reduction eountfor undemeath surfaces 2-05
Mean og rcduction countfoa horizontal surfacog 5,30
Mean og reduction count for vertical, facing room surfaces 4.60
Mean og reduclion count for vertical, facing wallsurfaces 3.24

L. monocvtodenes

2cm
diameter
statness

steel
dtscs

lvlean cfu/
conllol
suaface

l\4ean log
counu conhol

6Udace
Position cfu/test

suface

Log
counv
test

suface

LOg
Reduction

1.89E+06 6.28

Horizontal 5.00E+00 0.70 5.58
Vertical. facino wall 2.20E+02 2.34 3.94
Underneath 7.85E+04 4.89 1 .39
Horizontal 5.00E+00 0.70
Vedical, facino room 5.35E+02 2.73 3.55
Underneath 1.57E+05 5.20 1.08

Mean log reduction count for underneath su aces ,t-24
Meanlog reduction count for horizontalsurfaces 5.58
Mean log reduction count for veitical, facing room sudaces 3.55
Mean log reduciion count for vertical, facing wall su aces 3.94
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MRSA

2cm
diameter
stainless

$eel
otscs

Ivlean cfu/
control
surface

Mean log
counv control

surface
Position cfu/tost

sulfacc

Log
counv
test

sudace

LOg
Reduction

4.29E+06

Horizontal 5.00E+oo 0.70 5.93
Vertical, facinq wall 1.00E+01 1.00 5.63
lJndemeath 2.33E+06 6.37 0.26
Horizontal 5.00E+00 0.70
Veftical. facinq room 5.00E+00 0.70 5.93
Underneath 1.22E+06 6.09 0.54

Mean loq rcduction count for underneath surfaces 0.40
Mean loo reduction count for hoaizontal suafaces
Mean log reduction count for ve ical, facing room surfaces 5.93
Mean log rcduction count for ve ical, facing wallsudaces 5.63

P. aeruqinosa

2cm
diameter
stainless

steel
dtscs

Mean cfu/
contrcl
sudace

Mean log
counv control

surface
Position cfu/lesl

sufface

Log
counu

test
surface

LOg
Reduction

8.37E+04 4.92

Horizontal 5.00E+00 0.70
Vertical. facinq wall 7.60E+02 2.88 2.04
lJndemeath 6.60E+03 1 .10
Horizontal 5.00E+00 0.70 4.22
Vertical, facing room 1.17E+04 4.07 0.85
lJnderneath 4.80E+05 5.68 -0.76

Mean loc roduclion count for undemeath sufaces 0.17
Mean loq reduction count for horizontal surtaces 4.22
Mean log reduction count for v€rtical, facing room surfaces 0.85
Mean log reduction count for veriical, facing wall surfaces 2.04

Table 3. Log reduction of organisms on test surfaces treated with
Duo Max vaporisation fluid - 3'd trial

2c f i
diameter
stainless

drscs

Mean cfu/
control
surface

l\4ean log
counV control

surface
Position cfu/test

sudace

Log
counv
test

surface

LOg
Reduction

8.02E+05 5.90

Horizontal 5.00E+00 0.70 5.20
Vertical. facinq wall 5.45E+O2 2.74 3 .16
Undemeath 1.35E+04 1 .77
Horizontal 4.00E+01 1.60 4.30
Vedical, facinq rcom 3.50E+01 4.36
Underneath 2.70E+03 2.47

Mean oq reduction counl for underneath aurfacea 2-'t2
Mean og reduction count for horizontal Eurface6 4.75
Mean oq roduction count for veatical. facinq room gurfaces 4.36
Mean og reduction countfoa vertical, tacing wallsufaces 3.16
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L. monocttogenes

2cm
dtameter
stainless

sleel
dtscs

lvlean cfu/
controt
sudace

Mean log
counv control

surface
Position cfu/test

surface

LOg
counu
teat

sUrface

Log
Reduclion

4.20E+05 5.62

Horizontal 5.00E+00 0.70 4.92
Vertical, facing

1.00E+01 '1.00 4.62
Underneath 4.75E+04 4.68 0.94
Horizontal 5.00E+00 0.70 4.92
Vertical, facing
room 5.00E+00 0.70 4.92
Underneath 5.55E+04 4.74 0.88

Mean log reduction count for underneath surfaceg 0.91
Mean log reduction count for horizontal surfaces 4.92
Mean log reduction count for vertical, facinq room surfaces 4-92
Mean log reduclion count forvertical, facinq wall surfaceg

MRSA

2cm
diameter
stainless

sIeel
dtscs

Mean cfu/
control
surface

lvlean log
counV control

surface
Position cfu/test

sudace

LOg
counu
test

surface

LOg
Reduction

3.85E+06

Horizontal 5.00E+oo 0.70 5.89
Vertic€1, facinq wall 2.40E+02 4.21
Undefneath 7 .15E+05 5.85 o.74
Horizontal 5.00E+00 0.70 5.89
Vertical. facino room 5.00E+oo 0.70 5.89
Underneath 3.30E+06 6.52 0.07

Mean log reduction countfor underneath gudaces 0.4'l
J|ilean log .eduction count for horizontal sudacos 5.89
Meen log reduction count for vertical. facing room surfaces 5.89
Mean log reduction count for vertical, tacing wallsudaces 4.21

P. aeruginosa

2cm
diameter
stainless

steel
drscs

I\4ean cfu/
conrol
surface

Mean log
counv control

surface
Posiiion cfu/test

surface

Log
counu

te9t
sulface

Log
Reduction

1.95E+06

Horizontal 5.00E+00 0.70 5.59
Vedical, facinq wall 8. '15E+04 4.91 '1.38

Underneath 4.10E+05 5.61 0.68
Ho zontal 7.70E+03 3.89 2.40
Ve.tical, facinq room 4.00E+01 1.60 4.69
Underneath 4.45E+05 5.65 0.64

Mean og reduction count for underneath surfaces
Mean og leduction count for horizontalsurfaces 3.40
Mean og reduction count tor vertical, facing room su acoa 1.38
Mean og reduction count forvertical, facing wallsurfaces 4-69
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Table 4. Summary of mean log reductions of organisms on test surfaces
treated with Duo Max vaporisation fluid - 3 trials

Bacterium Disc orientation

Number
of disc

sampled
during 3

trials

1"t Trial
Mean
loglo

reduction

2'd Trial
Mean
logro

reduction

3'd Trial
Mean
loglo

reduction

Mean
log,o

reduction

E. coli

Horizontal 5.47 5.30 4.75 5.17
Underneath 6 2.05 2.12 2.26
Vertical, facing room 3 5.02 4.60 4.36 4"66
Vertical, facing wall 3 2.72 3.16 3.04

L. monocytogenes

Horizontal ti 5.11 5.58 4.92 5.20
Underneath 0.66 1 .24 0.91 0.94
Vertical, facng room 3 5.50 3.94 4.62 4.69
Vertical, facng watl 3 5.50 4.92 4.66

IVRSA

Horizontal 5.93 5.89 5.80
Underneath 6 0.93 0.40 0.41 0.58
Vertical, facing room 3 5.93 5.89 5.72
Vertical, facing wall 3 5.81 4.21 5.22

P. aeruginosa

Horizontal 6 3.39 4.22 3.40 3.67
Underneath -0.14 o.'t7 0.66 0.23
Vertical, facing room 3 4.63 2.04 1.38 2.68
Vertical, facing wall 3 0.28 0.85 4.69 1.94
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Figure 2. Summary of mean log reductions of organisms on test
surfaces treated with Duo Max vaoorisation fluid - 3 trials

When applied through the Neburator and Junior fogger, Duo lvlax achieved:
. a 5.17,2.26, 4.66 and 3.04 log reduction on horizontal, underneath,

vertical, facing room and vertical, facing wall respectively fot E. coli.
. a 5.20,0.94, 4.69 and 4.66 log reduction on horizontal, underneath,

vertical, facing room and vertical, facing wall respectively for L.
monocytogenes.

. a 5.80, 0.58, 5.72 and 5.22 log reduction on horizontal, undefneath,
vertical, facing room and vertical, facing wall respectively for NilRSA.

. a 3.67, O-23,2.68 and 1.94 log reduction on horizontal, underneath,
vertical, facing room and vertical, facing wall respectively for P.
aeruginosa.

For each of the test bacterium, the mean logle reduction was not consistent
on surfaces at different orientations within the room. with the results
consistently being: horizontal > vertical > underneath.

CONCLUSION
Fogging a room with Duo Max vaporisation fluid has shown that it can reduce
the number of microorganisms on horizontal surfaces by > 5 log orders for E
coli, L. monocytogenes and MRSA and > 3.5 log orders for P. aeruginosa.
The log reduction for each of the test microorganisms was, however, greater
on horizontal surfaces than on vertical and underneath surfaces.
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