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2. Materials And Methods

2.1 Culture Preparations

B. subtilis M.  parafortuitum

M. bovis ,
M. bovis

M. bovis M. tuberculosis
M.

parafortuitum M. bovis M.
bovis

M. bovis M. parafortuitum

B. subtilis M. tuberculosis E. coli (E. coli
M. tuberculosis

E. coli

M. tuberculosis M. bovis

E. coli S. marcescens

M. parafortuitum
M. bovis

M. parafortuitum
M. bovis

M. bovis
B. subtilis

B. subtilis

B. subtilis

CERTIF
IE

D C
OPY - 

CONFID
ENTIA

L

DO N
OT D

IS
TRIB

UTE W
IT

HOUT P
ERM

IS
SIO

N

W
W

W
.S

OM
AM

EDIC
AL.

NET

IN
FO@

SOM
AM

EDIC
AL.

NET

somamedical.net000014 somamedical.net000014 somamedical.net000014

somamedical.net000014 somamedical.net000014 somamedical.net000014

Soma Medical Sdn Bhd - No. 92A, Lorong Maarof Bangsar Park 59000 Kuala Lumpur - Malaysia - South East Asia
        Tel: +60 3 2287 5790 - Fax: +60 3 2287 6790 - Email: sales@somamedical.net - www.somamedical.net - www.somamedicalnews.com



M. parafortuitum
M. bovis

M. bovis

B. subtilis M. parafortuitum

M. bovis 

2.2 Test Facility

1

CERTIF
IE

D C
OPY - 

CONFID
ENTIA

L

DO N
OT D

IS
TRIB

UTE W
IT

HOUT P
ERM

IS
SIO

N

W
W

W
.S

OM
AM

EDIC
AL.

NET

IN
FO@

SOM
AM

EDIC
AL.

NET

somamedical.net000015 somamedical.net000015 somamedical.net000015

somamedical.net000015 somamedical.net000015 somamedical.net000015

Soma Medical Sdn Bhd - No. 92A, Lorong Maarof Bangsar Park 59000 Kuala Lumpur - Malaysia - South East Asia
        Tel: +60 3 2287 5790 - Fax: +60 3 2287 6790 - Email: sales@somamedical.net - www.somamedical.net - www.somamedicalnews.com



2.3 UVGI System and Photoreactivation L amps 
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Figure 2.

Figure 3.

CERTIF
IE

D C
OPY - 

CONFID
ENTIA

L

DO N
OT D

IS
TRIB

UTE W
IT

HOUT P
ERM

IS
SIO

N

W
W

W
.S

OM
AM

EDIC
AL.

NET

IN
FO@

SOM
AM

EDIC
AL.

NET

somamedical.net000018 somamedical.net000018 somamedical.net000018

somamedical.net000018 somamedical.net000018 somamedical.net000018

Soma Medical Sdn Bhd - No. 92A, Lorong Maarof Bangsar Park 59000 Kuala Lumpur - Malaysia - South East Asia
        Tel: +60 3 2287 5790 - Fax: +60 3 2287 6790 - Email: sales@somamedical.net - www.somamedical.net - www.somamedicalnews.com



2.4 Airborne Bacteria Generation and Collection
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2.7 Constant Generation Method Protocol 
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2.9 Experimental Scenarios

2.9.1 Constant Generation and Decay Experiments 
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Table 3.

Ventilation
Configuration

Relative humidity
(%)

Methodology Lamp Power (W)

2.9.3 UV Irradiance Experiments 
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Table 4

Fixture Configuration Lamp Power (W) 

2.9.4 Photoreactivation Experiments
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2.9.5 Incomplete Mixing Experiments
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Table 6

Ventilation
Configuration

Mixing
Configuration

Room/Supply Air 
Temperature (oC)

Lamp Power
(W)

2.10 Statistical Analysis and Error Propagation 
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3. Results

3.1 UV Irradiance Levels 
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Table 7.

UV Irradiance (µW cm-2)
Fixture

Configuration
Lamp Power (W) 
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Figure 4

Figure 5.
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Table 8

Along N Wall

Centerline 4 ft away 6 ft away 8 ft away

4 ft away

6 ft away

A
long

W
W

all

8 ft away

3.2 Cell Concentration and Particle Size for Well-Mixed Conditions 
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Table 9.
1

Ventilation
Configuration

Lamp Power
(W)

Total Count Concentration
(# m-3)

Culturable Count Concentration
(CFU m-3)
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3.3 Effectiveness of UVGI

B. subtilis , M. parafortuitum, 
M. bovis

B. subtilis
M. parafortuitum  M. bovis

M. parafortuitum M. bovis 
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B. subtilis M.
parafortuitum

M. para.B. subtilis M. para.B. subtilisM.

Figure 6.

3.4 UVGI Inactivation Rate (ACHUV)

M.
parafortuitum
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Figure 7. M parafortuitum

Figure 8
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M. parafortuitum

Figure 9.

Figure 10
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3.6 Effectiveness of UVGI for Various RH Conditions 

Figure 11.
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Table 10
1

RH 1 and RH 2 to
be tested for 
difference

Average
Effectiveness (%)

for RH 1

Average
Effectiveness (%)

for RH 2

T test statistic P value (one tail)

0.019

0.054

3.7 UVGI Inactivation Rate (ACHUV) for Various RH Conditions 
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Figure 12.

3.8 UVGI Inactivation Rate (ACHUV) for Unevenly Distributed Irradiance 
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Figure 13.

3.9 UVGI Inactivation Rate (ACHUV) for Elevated levels of UV Irradiance 
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Figure 14.

3.10 Effectiveness of UVGI under Photoreactivation Conditions 

M. parafortuitum

UV off/fluorescent off UV on/fluorescent off

M. parafortuitum
UV off/fluorescent off UV on/fluorescent on 
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Table 11. 1

Exp. # Fixture
Configuration

Total Count 
Concentration

(# m-3)

Culturable Count 
Concentration

(CFU m-3)

Effectiveness
(%)

% Decrease in
Effectiveness

due to PR

M.
parafortuitum

M. parafortuitum

Table 12.

Exp. # Fixture
Configuration

Total Count 
Concentration

(# m-3)

Culturable Count 
Concentration

(CFU m-3)

Effectiveness
(%)

% Decrease in
Effectiveness

due to PR

3.11 Effectiveness of UVGI for Incomplete Mixing ConditionsCERTIF
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Figure 15.

4. Discussion and Conclusions 

effectiveness inactivation rate
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B. subtilis

M. parafortuitum 

B. subtilis 
Micrococcus luteus Escherichia coli
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M. bovis
M. tb
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E. coli

Figure 16.

M. bovis M. parafortuitum
 M. parafortuitum

M. bovis
M. tuberculosis

M. parafortuitum
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M. parafortuitum
Serratia marcescens

M. tb
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5. References 

Escherichia coli

Mycobacterium tuberculosis
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Bacills

Mycobacteria
parafortuitum
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Mycobacterium bovis

Serratia marcescense

CERTIF
IE

D C
OPY - 

CONFID
ENTIA

L

DO N
OT D

IS
TRIB

UTE W
IT

HOUT P
ERM

IS
SIO

N

W
W

W
.S

OM
AM

EDIC
AL.

NET

IN
FO@

SOM
AM

EDIC
AL.

NET

somamedical.net000052 somamedical.net000052 somamedical.net000052

somamedical.net000052 somamedical.net000052 somamedical.net000052

Soma Medical Sdn Bhd - No. 92A, Lorong Maarof Bangsar Park 59000 Kuala Lumpur - Malaysia - South East Asia
        Tel: +60 3 2287 5790 - Fax: +60 3 2287 6790 - Email: sales@somamedical.net - www.somamedical.net - www.somamedicalnews.com



B. coli

CERTIF
IE

D C
OPY - 

CONFID
ENTIA

L

DO N
OT D

IS
TRIB

UTE W
IT

HOUT P
ERM

IS
SIO

N

W
W

W
.S

OM
AM

EDIC
AL.

NET

IN
FO@

SOM
AM

EDIC
AL.

NET

somamedical.net000053 somamedical.net000053 somamedical.net000053

somamedical.net000053 somamedical.net000053 somamedical.net000053

Soma Medical Sdn Bhd - No. 92A, Lorong Maarof Bangsar Park 59000 Kuala Lumpur - Malaysia - South East Asia
        Tel: +60 3 2287 5790 - Fax: +60 3 2287 6790 - Email: sales@somamedical.net - www.somamedical.net - www.somamedicalnews.com



6. Appendix I 

CERTIF
IE

D C
OPY - 

CONFID
ENTIA

L

DO N
OT D

IS
TRIB

UTE W
IT

HOUT P
ERM

IS
SIO

N

W
W

W
.S

OM
AM

EDIC
AL.

NET

IN
FO@

SOM
AM

EDIC
AL.

NET

somamedical.net000054 somamedical.net000054 somamedical.net000054

somamedical.net000054 somamedical.net000054 somamedical.net000054

Soma Medical Sdn Bhd - No. 92A, Lorong Maarof Bangsar Park 59000 Kuala Lumpur - Malaysia - South East Asia
        Tel: +60 3 2287 5790 - Fax: +60 3 2287 6790 - Email: sales@somamedical.net - www.somamedical.net - www.somamedicalnews.com



CERTIF
IE

D C
OPY - 

CONFID
ENTIA

L

DO N
OT D

IS
TRIB

UTE W
IT

HOUT P
ERM

IS
SIO

N

W
W

W
.S

OM
AM

EDIC
AL.

NET

IN
FO@

SOM
AM

EDIC
AL.

NET

somamedical.net000055 somamedical.net000055 somamedical.net000055

somamedical.net000055 somamedical.net000055 somamedical.net000055

Soma Medical Sdn Bhd - No. 92A, Lorong Maarof Bangsar Park 59000 Kuala Lumpur - Malaysia - South East Asia
        Tel: +60 3 2287 5790 - Fax: +60 3 2287 6790 - Email: sales@somamedical.net - www.somamedical.net - www.somamedicalnews.com



CERTIF
IE

D C
OPY - 

CONFID
ENTIA

L

DO N
OT D

IS
TRIB

UTE W
IT

HOUT P
ERM

IS
SIO

N

W
W

W
.S

OM
AM

EDIC
AL.

NET

IN
FO@

SOM
AM

EDIC
AL.

NET

somamedical.net000056 somamedical.net000056 somamedical.net000056

somamedical.net000056 somamedical.net000056 somamedical.net000056

Soma Medical Sdn Bhd - No. 92A, Lorong Maarof Bangsar Park 59000 Kuala Lumpur - Malaysia - South East Asia
        Tel: +60 3 2287 5790 - Fax: +60 3 2287 6790 - Email: sales@somamedical.net - www.somamedical.net - www.somamedicalnews.com



CERTIF
IE

D C
OPY - 

CONFID
ENTIA

L

DO N
OT D

IS
TRIB

UTE W
IT

HOUT P
ERM

IS
SIO

N

W
W

W
.S

OM
AM

EDIC
AL.

NET

IN
FO@

SOM
AM

EDIC
AL.

NET

somamedical.net000057 somamedical.net000057 somamedical.net000057

somamedical.net000057 somamedical.net000057 somamedical.net000057

Soma Medical Sdn Bhd - No. 92A, Lorong Maarof Bangsar Park 59000 Kuala Lumpur - Malaysia - South East Asia
        Tel: +60 3 2287 5790 - Fax: +60 3 2287 6790 - Email: sales@somamedical.net - www.somamedical.net - www.somamedicalnews.com



CERTIF
IE

D C
OPY - 

CONFID
ENTIA

L

DO N
OT D

IS
TRIB

UTE W
IT

HOUT P
ERM

IS
SIO

N

W
W

W
.S

OM
AM

EDIC
AL.

NET

IN
FO@

SOM
AM

EDIC
AL.

NET

somamedical.net000058 somamedical.net000058 somamedical.net000058

somamedical.net000058 somamedical.net000058 somamedical.net000058

Soma Medical Sdn Bhd - No. 92A, Lorong Maarof Bangsar Park 59000 Kuala Lumpur - Malaysia - South East Asia
        Tel: +60 3 2287 5790 - Fax: +60 3 2287 6790 - Email: sales@somamedical.net - www.somamedical.net - www.somamedicalnews.com



CERTIF
IE

D C
OPY - 

CONFID
ENTIA

L

DO N
OT D

IS
TRIB

UTE W
IT

HOUT P
ERM

IS
SIO

N

W
W

W
.S

OM
AM

EDIC
AL.

NET

IN
FO@

SOM
AM

EDIC
AL.

NET

somamedical.net000059 somamedical.net000059 somamedical.net000059

somamedical.net000059 somamedical.net000059 somamedical.net000059

Soma Medical Sdn Bhd - No. 92A, Lorong Maarof Bangsar Park 59000 Kuala Lumpur - Malaysia - South East Asia
        Tel: +60 3 2287 5790 - Fax: +60 3 2287 6790 - Email: sales@somamedical.net - www.somamedical.net - www.somamedicalnews.com



CERTIF
IE

D C
OPY - 

CONFID
ENTIA

L

DO N
OT D

IS
TRIB

UTE W
IT

HOUT P
ERM

IS
SIO

N

W
W

W
.S

OM
AM

EDIC
AL.

NET

IN
FO@

SOM
AM

EDIC
AL.

NET

somamedical.net000060 somamedical.net000060 somamedical.net000060

somamedical.net000060 somamedical.net000060 somamedical.net000060

Soma Medical Sdn Bhd - No. 92A, Lorong Maarof Bangsar Park 59000 Kuala Lumpur - Malaysia - South East Asia
        Tel: +60 3 2287 5790 - Fax: +60 3 2287 6790 - Email: sales@somamedical.net - www.somamedical.net - www.somamedicalnews.com



7. Appendix II 
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7.1 Error Propagation for UVGI Equivalent Air-Exchange Rates 

7.2 Error Propagation for UVGI Effectiveness 
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7.3 Error Propagation for Averaging Parameters 
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