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Executive Summary

The Airpura air disinfection unit consists of a charcoal filter, a HEPA filter and a UV lamp through which
air is driven at airflows between 50 cfm and 340 cfm. Computer modeling and analysis of the Airpura UV
disinfection unit indicates that it will remove pathogens from the air at high rates that approach 100%.
The UV Dose produced by the unit at the operating airflow of 50 ¢fm is 35.5 J/m® and the UV Dose
produced at 340 ofm is 5.22 1/m°. Eight bioweapon agents have been evaluated, these being TB bacdilli
{Mycobacterium tuberculosis), anthrax (Bacillus anthacis spores), smallpox (Variola virus), botulinum
toxin, Influenza A virus, SARS virus, Ebola virus, and Yersinia pestis {plague), and high removal rates were
found for all agents, these having an average removal rate of 99.999% at the operating airflow of 50
cfm, and 99.998% removal at the operating airflow of 340 cfm. Analysis of several hundred pathogens
including bacteria, viruses, fungal spores and protozoa indicates that the net average removal rate for all
pathogens exceeds 99.99%. Modeling of the Airpura unit in a 400 % room indicates it will rapidly draw
down the airborne concentrations of pathogens to harmless levels within a few hours.



Description of the System

The Airpura air disinfection system consists of an ultraviolet light in a cylindrical chamber into which air
flows into the unit through a carbon filter and a HEPA filter before reaching the UV irradiation chamber.
The UV lamp is a U-tube type lamp 7" long, Model GUPH22-212T5L/4P, with 19 W of power input and &
W of UV output. It has a diameter of 15 mm (1.5 cm), or a radius of 7.5 mm (0.75 cm). Based on the
vendor drawing (Light Sources GU22-21275L) the arclength scales to approximately 29.2 cm. In the case
of U-tube type lamps the arclength is not the length of the lamp body but about twice the body length
plus the tip portion (the curved bend). The lamp rating is stated as 55 microW/cm®. The lamp has a 1"
(2.54 cm) base and sits 1.25" {3.175 cm) below the top of the chamber.

The UV chamber has an inside diameter of 7.25" (18.415 cm) and is 13" high (33.02 cm). The
nominal flow rate through the chamber is 50 ofm and the highest flowrate is 300 cfm. The HEPA filter is
a custom filter model 20510. The face area through which the airflow enters the UV chamber is
Pi(}(7.25){13) = 296 in2 or 1910 cm”. Table 1 summarizes the UV chamber dimensicns and operating
parameters. The Exposure Time at the lower airflow of 50 ofm is 0.373 seconds and this is within the
minimum recommendation of 0.25 seconds per IUVA (2005). The Exposure Time at the higher airflow of
340 cfm is 0.055 seconds and this does not meet the minimum recommendation of 0.25 seconds. It can
be seen in Table 1 that the air velocity through the HEPA filter is between 24 fpm (at 50 cfm) and 165
fpm (at 340 fpm). Since these face velocities are well within the minimum recommended face velocity of
250 fpm (ASHRAE ) the HEPA filters will perform at least as well as their rating at 250 fpm.

Table 1: UV Chamber Parameters

Height 13 in 33.02 |cm
1.083333 [ 0.3302 |m
Diameter 7.25 in 18,415 |cm
0.604167 |ft 0.18415 |m
Base Area 41.28249|in* 266.3381 [em?®
0.286684 |#° 0.026634 |m?
Equivalent side | 6.425145 [in 16.31987 |cm
HEPA Face Area| 296.0951|in® 1910.287|em?
2.056216|/° 0.191029|m?
Airflow 1 50 |cfm 1.41585 |mimin
Velocity 1 174.4081 |fpm 53.15987 |m/min
2.906801 |fps 0.885998 |m/s
Exposure Time 1 | 0.372689 [sec 0.372687 |sec
HEPA Velocity 1| 24.31651|fpm 7.411713|mimin
Airflow 2 340 |cfm 9.62778 |m¥min
Velocity 2 1185.975 |fpm 361.4871 |m/min
19.76625 |fps 6.024785 |m/s
Exposure Time 2 | 0.054807 |sec 0.054807 |=ec
HEPA Velocity 2 | 165.3523|fpm 50.39965 | m/min




Discussion

The previous analysis results indicate that the UV disinfection unit is quite capable of removing
bioweapon agents from the airstream at very high rates. The combination of UV and the HEPA filter is
effective at removing the subject bioweapon agents and should provide clean safe air for breathing. It
can be observed in Table 5 that the UV removal rates at 50 cfm are quite high, and that the combined
removal rates (HEPA + UV) are extremely high for both airflow cases. The average removal rate for these
eight bioweapon agents is 99.292% for the 50 ofm case and 99.998% for the 340 cfm case. The
botulinum toxin is remowed by the HEPA filter at a rate that is based on a mean particle diameter of 1.5
microns, the size to which toxins are ground, and therefore this remowval rate can be considered to apply

to all toxins.

In addition to the eight bioweapon agents listed in Table 5, an extensive array of airborne
pathogens is provided for all microbes for which laboratory test data on UV susceptibility exists.
Appendix E gives the total removal rates (UV + HEPA) for the 50 cfm operating conditions for bacteria.
Appendix F gives the same for viruses, and Appendix G gives the same for Fungi and other microbes.

Table 6 summarizes the average removal rates for all microbes for both airflow conditions.

Table 6: Average Removal Rates for Microbial Groups

Microbe Group Yo at 50 cfm % at 340 cfm

L HEPA Total L HEPA Total
Bacteria 80.34787 | 9999775 | 99.99057 | 30.13044 | 99 99775 | 99.99391
Viruses 50,3293 | 99.99407 | 99.99828 | 24.10953 | 9999407 | 99.99505
Fungi 25.91453 100 100 5.618245 100 100
Protczoa 69.65757 100 100 37.15021 100 100

Figure 3 illustrates the removal rates of the microbial groups from Table 6 at 50 ofm. Figure 4
illustrates the removal rates at 340 cfm.



Analysis Results

Two conditions were analyzed, an airflow of 50 cfm and an airflow of 340 cfm. Table 4 summarizes the
results for both cases. At 50 cfm the UV Dose is 35.5 J/m® which rates an URV 14. At 340 cfm the UV
Dose is 5.22 1fm® which rates an URV 10.

Table 4. Analysis Results

Airflow 50 cfm 340 cfm

Imadiance 95256  |Winr 95256  |Wim?
Exposure Time 0.372689155 |sec 0.054807229 |sec

LV Dose 355008781 |Nm? 5220717368 |Mm?
URY 14 10

For this unit, the microbes and agents of most interest include TB bacilli, Anthrax, smallpox, and
botulinum toxin. The removal rates of these agents are summarized in Table 5. The HEPA removal rates
will be at least the rates shown in Table 5 because the air velocity through the HEPA filter is well below
the minimum recommended for such filters. Also, the HEPA removal rates will be the same for both
cases, 50 cfm and 340 ofm, although it is likely that slightly higher HEPA removal rates will occur at 50
cfm. Botulinum toxin is not susceptible to breakdown under UV exposure but it is removable by
filtration. The carbon filter will also have some effect on removal of botulinum toxin (Gomez
1995)Toxins used as bioweapons are typically ground to a particle size of about 1-6 microns and a
logmean diameter of 1.5 microns is used to assess the removal rates of this toxin by the HEPA filter.

Table 5: Removal Rates of Bioweapon Agents

Microbel Agent U D90 UV k L Kill Rate | Diameter |HEPA Remowal [Total Removal
Jim? RA| %, microns % %
Design Airflow 50 cfm
Mycobacterium tubsrculosis 5 0.4271 100.00 0.637 100.0000 100.0000
Bacillus anthrax 85 0.02702 61.68 1.118 100.0000 100.0000
\ariola (smallposx* 26 0.088561 o5 69 0.224 99,9516 999979
Botulinum toxin 0 0 0.00 1.5 100.0000 100.0000
Influenza & 7 0.010103 30.14 0.095 99.9934 99.9954
SARS virus* 7 0.3289 100.00 0.113 09,9593 100.0000
Ebala virus 8.4 0.081 04 36 0.09 00,9950 90,9997
Yersinia pestis® 2 0.095941 056 0.7 100.0000 100.0000

Design Airflow 340 cfm

Mycobacterium tuberculosis 3 0.427M G9.24 0.637 100.0000 100.0000
Bacillus anthrax 83 0.02702 13.16 1118 100.0000 100.0000
\Variola {smallpo 26 0.088561 37.02 0.224 99.9516 99.9979
Botulinum toxin @ i 0.00 1.5 100.0000 100.0000
Influenza A 23 0.010103 514 0.095 99.9534 99.9937
SARS virus 7 0.3289 52.04 0113 99,9553 99.995 1
Ebola virus 28.4 0.081 34.45 0.09 99.9930 99.9967
Wersinia pestis 24 0.095941 39.40 0.7 100.0000 100.0000

NOTE: Astenisk indicates the LA rate consfant is predicted genomically.



Figure 1 illustrates the percent remaoval rates at 50 cfm from Table 5 and Figure 2 illustrates the
removal rates at 340 cfm.
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Figure 2: Removal Rates of bioweapon agents at 340 cfm, from Table 5.



Discussion

The previous analysis results indicate that the UV disinfection unit is quite capable of removing
bioweapon agents from the airstream at very high rates. The combination of UV and the HEPA filter is
effective at removing the subject bioweapon agents and should provide clean safe air for breathing. It
can be observed in Table 5 that the UV removal rates at 50 cfm are quite high, and that the combined
removal rates (HEPA + UV) are extremely high for both airflow cases. The average removal rate for these
eight bioweapon agents is 99.292% for the 50 ofm case and 99.998% for the 340 cfm case. The
botulinum toxin is remowed by the HEPA filter at a rate that is based on a mean particle diameter of 1.5
microns, the size to which toxins are ground, and therefore this remowval rate can be considered to apply

to all toxins.

In addition to the eight bioweapon agents listed in Table 5, an extensive array of airborne
pathogens is provided for all microbes for which laboratory test data on UV susceptibility exists.
Appendix E gives the total removal rates (UV + HEPA) for the 50 cfm operating conditions for bacteria.
Appendix F gives the same for viruses, and Appendix G gives the same for Fungi and other microbes.

Table 6 summarizes the average removal rates for all microbes for both airflow conditions.

Table 6: Average Removal Rates for Microbial Groups

Microbe Group Yo at 50 cfm % at 340 cfm

L HEPA Total L HEPA Total
Bacteria 80.34787 | 9999775 | 99.99057 | 30.13044 | 99 99775 | 99.99391
Viruses 50,3293 | 99.99407 | 99.99828 | 24.10953 | 9999407 | 99.99505
Fungi 25.91453 100 100 5.618245 100 100
Protczoa 69.65757 100 100 37.15021 100 100

Figure 3 illustrates the removal rates of the microbial groups from Table 6 at 50 ofm. Figure 4
illustrates the removal rates at 340 cfm.
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Figure 4: Average removal rates at 50 cfm, from Appendix H, 1, & J.




In place performance of the Airpura Unit

To evaluate the performance of the Airpura unit in place a model is constructed consisting of a 400 ft2
room with 15% outside air. The model will compute the indoor airborne concentrations over & hours
after beginning with high airborne concentrations of pathogens. It is assumed that the initial
concentration of bacteria in the room is 1000 cfu/m?®, the viruses at 10,000 pfu/m?, and the fungal
spores at 1000 cfufm’®. It is also assumed that the outdoor air contains 100 cfu/m® of bacteria and 400
cfu/m? of fungi. There are no viruses in outdoor air. The unit is placed into operation at time t=0 minutes
and the airborne concentrations are computed minute-by-minute. The unit thereby removes microbes
in each pass the rates that are summarized in Table 6. After & hours of operation the airborne
concentrations of viruses are 7 pfu/m?, the concentrations of bacteria are 48 cfu/m®, and the
concentrations of fungi are 191 cfu/m®. These are, of course, harmless levels. Figure 5 illustrates the
drawdown of the airborne concentrations as they approach steady state concentrations after 8 hours.
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Figure 5: Drawdown model of in place performance of the Airpura unit. Room size is 400 ft*.
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Height: 16.3199 om 6.42515in
Length: 33.02 cm 13in
Airflow: 141585 cu.m/min. 50.0007 cfm



Appendix B: Input Data for Computer Model - 340 cfm

S UV Program Input

Filename: Airpura0l . tut
Project Title: Airpura
Lamp Model: GUPH22-212T5L/4P
Number of Lamps: 3
Lamp Type: 1
UV Power: 2.832 Watts
Arclength: 16,57 om  6.52362 in
Radius: 0.75cm  0.295276in
%1 coordinate: 319on 1.25591in
y1 coordinate: 523 cm 205906 in
z1 coordinate: 3625cm 1.42717in
x2 coordinate: 31%9omn 1.25591in
v2 coordinate: 11.75cm 4.62598 in
z2 coordinate: 3.625cm 1.42717in
Lamp Type: 1
UV Power: 0.336 Watts
Arclength: 1965 ocm 0.773622in
Radius: 0.75cm 0.295276in
x1 coordinate: 319on  1.25591in
vl coordinate: 523 cm  2.05906 in
z1 coordinate: 3625cm 142717 in
¥2 coordinate: 39 om 155906in
yZ coordinate: 523 cm  2.05906 in
z2 coordinate: 3625cm 142717 in
Lamp Type: £ i
UV Power: 2.832 Watts
Arclength: 1657 om 652362 in
Radius: 0.75em 0295276 in
x1 coordinate: 406cm 1.5984310n
v1 coordinate: 523 cm  2.05906 in
71 coordinate: 3625cm 142717 in
%2 coordinate: 406 cm 159843 in
yZ coordinate: 11.75cm  4.62598in
22 coordinate: 3625cm 142717in
Reflectivity: 50 %
Width: 16.3199cm 6.42515in



Height: 16.3199% cmm 642515 in
Length: 33.02cm 13 in
Airflow: 962778 cum/min.  340.005 cfm



Appendix C: Analysis Results - 50 cfm

UVGI ANALYSIS RESULTS ——————-- s

Target Microbe: Serratia marcescens

Rate Constant: 0.002909 cm2/microW-s

Logmean Diameter: 1.31 microns

Survival in Mixed Air: 0.00327309 %

Kill Rate in Mixed Air:  99.9967 % <

survival in Unmixed Air:  0.0559744 %
Kill Rate in Unmixed Air: 99944 % <
584747 %

Configuration Efficiency:

Exposure Time: 0.372687 sec

Average Direct Intensity: 3847 .95 microW/fcm2

Second Reflection : 14845 microwW,/cm2
Third Reflection :  421_705 microW/cm2

Fourth Reflection:  140.911 microW/cm2

Fifth Reflection :  55.9923 microW/cm2

& etc. Reflections : 22504 microw,/cm2

Average Inter-reflection Intensity:  2148.11 microW/cm2

Total Average Intensity:  9525.64 microW,/cm2

URV (UVGI Rating Value): 14



Appendix D: Analysis Results = 340 cfm

UVGI ANALYSIS RESULTS - ——

Target Microbe: Serratia marcescens
Rate Constant:  0.002909 cm2/microW-s
Logmean Diameter: 1.31 microns
Survival in Mixed Air:  21.8995 %
Kill Rate in Mixed Air:  78.1005 % <
Survival in Unmixed Air:  25.3391 %
Kill Rate in Unmixed Air: 746609 % <

Configuration Efficiency: 86.4257 %

Exposure Time: 0.0548069 sec
Average Direct Intensity:  3847.95 microW/cm2
Second Reflection : 14845 microW,/cm2
Third Reflection : 421705 microW/cm2
Fourth Reflection:  140.911 microw,/cm2
Fifth Reflection :  55.9923 microW/cm?2
6 etc. Reflections : 22 504 microW /cm2
Average Inter-reflection Intensity:  2148.11 microw/cm2
Total Average Intensity:  9525.64 microW/cm2

URV [UVGI Rating Value): 10



APPENDIX E: Total Removal Rates for Bacteria at 50 cfm

Microbe Type | Dee | UVGI K| Dia. | UV Rem |Filter Rem| Total

Jm® | m*l Bm % % Rem %
Acinetobacter baumannii Veg 18 | 0.12800 | 1.225 | 939358 100.00 | 1000000
Acinetobacter baumannii Veg 33 | 015200 | 1.225 | 998804 100.00 | 1000000
Asromonas Veqg 11 | 0.20310 | 2.098 | 98.9261 100.00 | 1000000
Asromonas hydrophila Veg 16 | 014100 | 2.098 | 993200 100.00 | 100.0000
B. atrophaeus (B. globigii) Sp 144 [0.01600 | 112 | 433342 100.00 | 1000000
B. atrophaeus spomres Sp | 1323 |0.00174 | 112 | 50801 100.00 | 1000000
Bacillus anthracis spores Sp 411 | D.0O0560 | 1.118 | 183.0288 100.00 | 100.0000
Bacillus anthracis spores Sp 45 [ 0.05084 [ 1.118 | 36001 100.00 | 100.0000
Bacillus anthracis spores Sp 743 | 0.00310 | 1.118 | 104211 100.00 | 100.0000
Bacillus cersus spores Sp 267 | 0.00863 | 1.118 | 28.3882 100.00 | 100.0000
Bagcillus cersus spores Sp 210 | D.01098 | 1.118 | 322876 100.00 100.0000
Bacillus cersus spores Sp 116 | 0.01979 | 1.118 [ 504888 100.00 100.0000
Bacillus cereus spores Sp 408 | 0.00564 | 1.118 | 181377 100.00 100.0000
Bacillus megatherium Sp 273 |0.D08B43 | 112 | 258752 100.00 100.0000
Bacillus megatherium Veg | 113 [0.02038 | 1.12 | 514889 100.00 | 100.0000
Bacillus pumilis spores Sp o0 | 004600 | 1.12 | 804857 100.00 100.0000
Bacillus subfilis Veg 25 |0.09210 ) 1.12 | 95.1976 100.00 | 1000000
Bacillus subfilis Veg 14 | 016858 | 1.12 | 997483 100.00 | 1000000
Bacillus sublilis spores Sp 250 | 000920 | 1.12 [ 278828 100.00 100.0000
Bacillus sublilis spores Sp 161 | 0.01430 | 1.12 | 398002 100.00 1000000
Bacillus sublilis spores Sp 116 | 0.01982 | 1.12 [ 505218 100.00 100.0000
Bacillus sublilis spores Sp 20 | 001047 | 112 | 310338 100.00 1000000
Bacillus sublilis spores Sp 199 1001155 | 1.12 [ 336366 100.00 100.0000
Bacillus sublilis spores Sp 77 | 0.03000| 1.12 | 855272 100.00 100.0000
Bacillus subtilis spores Sp 155 | 001450 | 112 | 410777 100.00 | 1000000
Bacillus subtilis spores Sp B9 (002580 ( 1.12 | 500844 100.00 | 100.0000
Bacillus subtilis spores Sp 200 | 001150 | 112 | 335187 100.00 | 100.0000
Bacillus subtilis spores Sp 80 (002880 ( 1.12 | B4.0282 100.00 | 100.0000
Bacillus subtilis spores Sp 04 |0.02460| 1.12 | 522420 100.00 100.0000
Bacillus subtilis spores Sp 68 | 003370 | 1.12 [ 807704 100.00 100.0000
Bacillus subtilis spores Sp 112 | 002030 | 1.12 [ 5135684 100.00 100.0000
Bacillus sublilis spores Sp B9 | 0.02600| 1.12 |B0O2875 100.00 100.0000
Bacillug sublilis spores Sp 149 | 0.01550 | 1.12 (423194 100.00 100.0000
Bacillus subtiliz spores Sp 85 |D0Z70D| 1.12 | &16532 100.00 1000000
Bacillus thuringiensis Sp |2303 | 0.00100 | 1.120 [ 34877 100.00 | 1000000
Burkholdenia cenocepacia Veg 28 | 0.03956 | 0.707 | 754510 100.00 | 1000000
Burkholderia cepacia Veg 11 | 021150 | 077 [ 989451 100.00 | 1000000
Burkholderia cepacia Veg 22 1010520 077 |erB117 100.00 | 1000000
Campylobacter jejuni Veqg 11 | 020833 | 212 | 999407 100.00 | 1000000
Campylobacter jejuni Veqg 29 | 00740 | 212 | 240315 100.00 | 1000000
Citrobacter diversus Veg 32 |0.07140) 1.2 |820714 100.00 | 100.0000
Citrobacter freundi VWeg 2 | 00482 1.2 |857189 100.00 | 1000000
Citrobacter freundi Vieq 46 |0050M10) 1.2 |[231117 100.00 | 1000000
Cloatridium dificile Sp 128 | 0.01800 5 472180 100.00 | 1000000
Clostridium perfringens Veg 38 | 0.0e000 5 £8.1163 100.00 | 1000000
Clostridium perfringens Veg | 135 [0.01700 5 453106 100.00 | 1000000




APPENDIX E: Total Removal Rates for Bacteria at 50 cfm

Microbe Type | Dae | UVGI k| Dia. | UV Rem |Filter Rem| Total

Jm®| miJ | pm % % Rem %
Clostridium tetani Veg 49 [ 004659 5 21.1414 100.00 | 1000000
Corynebactenium diphtheriae Veg 33 [0.07010| 0.698 | g1.8870 100,00 | 100.0000
Coxiella bumetii Veg 15 | 0.15350 | 0.253 [ ges700 99.96 99.9995
Deinococcus radiodurans Veg | 365 | 000630 i 200405 100.00 | 100.0000
Enterobacter cloacas Veg 64 (0.03508| 1414 | 72.1208 100.00 | 1000000
Escherichia coli Veg M (010900 05 |a7e131 100.00 | 100.0000
Escherichia coli Veg 53 (0.04320| 05 | 74242 100.00 999990
Escherichia coli Veg 20 (011510| 05 | 983185 100.00 | 100.0000
Escherichia coli \eg 47 (0.04940| 05 | 826880 100.00 99,9990
Escherichia coli Veg 43 (0.05300| 05 | 847830 100.00 99,9990
Escherichia coli Veg 13 (018000 05 | ppg3zs 100.00 | 100.0000
Escherichia coli Veg 20 (011500 05 | 983135 100.00 | 100.0000
Escherichia coli Veg 24 (009600 05 | 056893 100.00 | 1000000
Escherichia coli Veg 81 (002832 05 | 634114 100.00 999958
Escherichia coli Veg 25 (009398 05 | 954435 100,00 | 1000000
Escherichia coli Veg 19 [0.12000]| 05 | 985578 100,00 | 1000000
Escherichia coli Veg 12 |0.19300) 05 [ oose42 100.00 | 1000000
Escherichia coli Veg 25 (009210 05 | s6.1881 100.00 | 1000000
Escherichia coli Veg 20 (011670 05 | e84122 100.00 | 100.0000
Escherichia coli Veg o1 [0.04540| 05 | s00452 100.00 99.9990
Escherichia coli Veg 3 (006720| 05 | o07086 100.00 099.9990
Escherichia coli Veg 55 (004187 05 | 773772 100.00 09.9990
Escherichia coli Veg & |028300| 05 | pooos7 100.00 | 100.0000
Escherichia coli Veg 3 |072300| 05 |ioo.000D( 400000 | 100.0000
Escherichia coli Veg 11 |0.21800| 05 | ooos84 100.00 | 100.0000
Escherichia coli \eg 11 |0.21900| 05 [ ooos30 100.00 | 100.0000
Escherichia coli Veg 13 |0.18100| 05 | ope3s0 100.00 | 100.0000
Escherichia coli Veg 15 [0.15611] 05 | poepaz 100.00 | 100.0000
Escherichia coli Veg 2 |096500| 05 |1000000 100000 | 100.0000
Escherichia coli Veg 11 |0.20500| 05 [ 090300 100.00 | 1000000
Francigella tularensis Veg | 356 |0.00900( 02 | 273488 99.95 99,9660
Francizella tularensis Veg | 268 |0.00800( 02 | 247233 9995 999658
Haemophilus influenzae Veg 35 [0.05990| 0.285 | 850740 99.96 99.9957
Haemophilus influenzae Rd Veg 13 |0.17700| 0.285 | 998133 99,96 99,9990
Halobactefium sp. NRC-1 Veg 25 [ 0.09210 i 56.1976 100.00 | 1000000
Halobacterum salinarum Veg 68 |0.03390 00543 100,00 | 100.0000
Halomonas elongata Veg 13 | 0.15090 908375 100,00 | 100.0000
Helicobacter pylor Veg 33 (006900 21 | 913683 100.00 | 100.0000
Klebsiella pneumonias Veg 42 (0.05480| 0.671 [ as7070 100.00 | 100.0000
Klebsiella pneumonias Veg 65 |[0.03300| 0671 | BooB43 100.00 | 100.0000
Klebsiella temigena Veg 33 [(0.07000| 0871 | p1.6674 100.00 | 1000000
Legionella dumofh Veg 24 (0.09594| 052 | pges23 100.00 | 100.0000
Legionella bozemanii \eg 19 [0.17400] 0.52 | 0978923 100.00 | 1000000
Legionella bozemanii Veg 15 |0.15351| 0.52 | op57M1 100.00 | 100.0000
Legionella gomanii Veg 26 [0.08856| 052 | p5.6886 100.00 | 100.0000
Legionella jordanis Veg 11 [0.20933) 0.52 | opp4a07 100.00 | 100.0000




APPENDIX E: Total Removal Rates for Bacteria at 50 cfm

Microbe Type | Dge | UVGI k| Dia. | UWRem |Filter Rem| Total

Jim® | m®J um % % Rem %
Legionella longbeach Veg 11 |0.20933| 0.52 | 999407 100.00 | 100.0000
Legionella micdadei Veg 15 1015351 | 0.52 [ 995701 100.00 | 100.0000
Legionella caknidgensis Veg 22 1010466 | 0.52 | B7.5658 100.00 | 100.0000
Legionella pneumophila Veg 13 |0.17400| 052 (997823 | 100.00 [ 100.0000
Legionella pneumophila YVeqg 12 |0.19298| 0.52 [ @9.884 100.00 | 1000000
Legionella pneumnophila Veqg 9 |0.24849| 0.52 | 999852 100.00 | 1000000
Legionella pneumnophila Veqg 5 | 044613 0.52 |i1000000( 100000 | 100.0000
Legionella pneumnophila Veg 25 |0.09110| 052 |eso0602 | 100.00 | 100.0000
Legionella pneumnophila Veqg 16 |0.14390| 0.52 | 93855 100.00 | 100.0000
Legionella pneumophila Veg 19 |0.12020| 052 |oeseve | 100.00 | 100.0000
Legionella wadsworthii Veg 4 |057365| 052 (1000000 10000 | 100.0000
Listeria monocytogenes Veg T3 |0.03170| O.707 | 87.5481 100.00 | 100.0000
Listeria monocytogenes Veg | 156 (0.01480| 0.707 | 40.8881 100.00 | 1000000
Listeria monocytogenes Veg 10 |0.23030| 0.707 | 0o0710 100.00 | 100.0000
Micrococcus candidus Vieg 61 |0.03B806| 12 |74.1048 100.00 | 100.0000
Micrococcus piltonensis Veg 81 |0.02B843| 22 | 835474 100.00 | 100.0000
Micrococcus sphaeroides Veg | 100 |002303| 1.2 | 55.8430 100.00 | 100.0000
Moraxella Veg |10965|0.00022| 1.225 | 0.7780 100.00 | 100.0000
Ktycobacterum avum-intra. Veg 84 1002740 1.118 | 52.1838 100.00 | 100.0000
My cobacternum avium Veg 60 |0.03840] 1.118 | 744150 100.00 1000000
hycobacterium avum Veg 35 |0.06560| 1.118 | 03277 | 100.00 | 100.0000
Mycobacterium bovis BCG Veg 22 |0.10550 | 0637 | 976370 | 100.00 | 100.0000
Mycobacterium bovis BCG Veg 10 | 024200 | 0637 [ 99.9514 100.00 | 1000000
Mycobacterium bovis BCG Veqg 12 | 019000 | 0.637 | 99.8523 100.00 | 1000000
Mycobacterium bovis BCG Veg 19 |0.12000| 0.637 [ peseve | 100.00 | 100.0000
Mycobacterium bovis BCG Veg 33 |007000| 0637 | o1 6674 | 100.00 | 100.0000
Mycobacterium flavscens Veg | 120 (0.01919| D637 | 40.3081 100.00 | 100.0000
My cobacterum fortuitum Veg 65 |0.03390| 0637 | 6oos43 | 100.00 [ 100.0000
Mycobacterum fortuitum Veg 96 |0.02400| 0637 | 57.3430 100.00 | 100.0000
Mycobacterium kansasil Veg 80 |0.02880| 0.637 | B4.0280 100.00 | 1000000
Mycobacterum marinum Veg T6 |0.03030| 0637 | 658024 100.00 | 100.0000
Wy eobacterium marnum Veg | 743 (0.00310| 0637 | 10.4211 100.00 | 100.0000
My cobacterum parafortuitum Veg 13 | 0.18000 | 0.637 | pag3z2 100.00 | 100.0000
My cobacternum parafortuitum Veg 46 | 0.05000| 0.637 | 83.0517 100.00 | 100.0000
Mycobacterium parafortuitum Veg 19 | 0.12000 | 0637 | 885878 100.00 100.0000
Wycobacterium phlsi Veg 76 | 0.03030 | 0837 | 558824 100.00 | 100.0000
Mycobacterium phlei Veqg 63 |[0.03650| 0637 | 726307 | 100,00 | 100.0000
Wycobacterium phlei Veg 23 |0.10000 | 0.637 | B7.1275 100.00 | 1000000
Wycobacterium phlei Veg 16 [0.14000 | 0.637 | 983057 100.00 | 1000000
My cobacterum smegmatis Veg | 106 | 0.02130| 0637 | 53.0530 100.00 | 100.0000
My cobactierum smegmatis Veg | 1047 | 000220 | 0637 | 7.5128 100.00 | 1000000
My cobacterium smegmatis Veg 68 |[0.03400| 0.637 | 70.0807 100,00 | 100.0000
Wy cobacterium smegmatis Veg 12 [0.19000 | 0.637 | 008823 100,00 | 1000000
Mycobacterium temae Veg 50 |0.04610| 0837 | BD5350 | 100.00 | 100.0000
My cobacterum tuberculosis Veg 28 [0.08220| D.837 | 94.5084 100.00 | 100.0000
Mycobacterum tuberculosis Veg 77 | 0.023000 | 0637 | 855272 100.00 | 100.0000




APPENDIX E: Total Removal Rates for Bacteria at 50 cfm

Microbe Type | Dge | UVGI k| Dia. | UV Rem |Filter Rem| Total
Jim* | ml Bum % % Rem %

Myecobacterium tuberculosis Veg 74 10.03100)| 0.637 | 867205 100.00 | 100.0000
Mycobacterium tuberculosis “eg 11 [0.21320 | 0637 | oDo484 100.00 | 100.0000
Mycobacterium tuberculosis ‘eg 5 | 047210 0.637 | 1000000 100000 | 100.0000
Mycoplasma arthritidis Veg 7 |0.31240| 0177 | 900885 99 .96 100.0000
Mycoplasma fermentans Veg 9 025220 0477 | 909ET1 99 .96 100.0000
Mycoplasma hominis Veg 7 | 0.32710| 0177 | e00081 99 .96 100.0000
Mycoplasma Orale type 1 Veg 11 | 021800 0177 | o0.0564 99.96 1000000
Mycoplasma Orale type 2 Veg 6 | 0.38760| 0177 | 90000 99.96 1000000
Mycoplasma pneumoniae Veg & |0.27910| 0177 | 90950 99.96 100. 0000
Mycoplasma salivanium Veg 11 | 024140 | 0177 | op450 99 .96 100. 0000
Myxobolus cerebralis Veg (10011| 0.00023 L 0.8132 100.00 | 100.0000
Meissena catarhalis Veg 44 1005233 | 0177 | s4.3a70 09 96 099 9941

Mocardia asteroides Veg | 280 |(0.00822( 1.118 | 253183 100.00 | 100.0000
Phytomonas tumefaciens Veg 44 | 0.05233 1 842070 100000 | 100.0000
Proteus mirabilis Veg 8 |0.289500| D.494 | oDpoas 100.00 | 100.0000
Proteus wilgans Veg 30 |0.07675] 0.291 | 034438 90 .97 09.9978

Pzeudomonas aenuginosa Veg 10 | 022652 | 0.494 | op06a3 100000 | 100.0000
Pzeudomonas aenuginosa Veg 172 | 0.01340| 0.494 | 378550 100,00 90,9905

Pzeudomonas asnginosa eg 36 | 0.06600| 0494 | 003061 100,00 999999

Pzeudomonas asniginosa eg 55 | 0.04190| 0.494 | 774052 100,00 999998

Pzeudomonas aenuginosa Veg 55 |0.04187| 0494 | 773772 100.00 999998

Paeudomonas aeniginosa Veg 22 1010470 | 0.494 | o7 5680 100,00 | 100.0000
Paeudomonas asnuginosa Veg 10 | 023750 0494 | eoo7a2 100000 | 100.0000
Paeudononas asnuginosa Veg 4 |0.57210| 0494 [100.0000] 100.00 | 100.0000
Pseudomonas diminuta Veg 96 |002391| 05 |&572082 100.00 99 9997
Pseudomonas flucrescens Veg 35 (006579 0.5 | 803238 100.00 999999

Pseudomonas fucrescens Veg 3 |047730( 05 |iooooo0| 100,00 | 1D0.DO0OD
Pseudomonas maltophilia Veg 70 |0032%4| 05 [ 889450 100.00 09 9958

Pseudomonas putrefaciens Veg 87 |002662| D5 |81.1317 100.00 99 9558

Rickettsia prowazekii Veg 13 [0.17600| 06 | posoas 100.00 | 100.0000
Salmonella spp. Veg 11 (021380 08 | ppo4o4 100.00 | 100.0000
Salmonella anatum eg 60 |003840| 08 [ 744150 100000 | 100.0000
Salmeonella dery Veg 36 |006360| 08 [805420 100.00 | 100.0000
Salmonella enteritidis Veg 10 |0.22100| 08 | po9s0De 100.00 | 100.0000
Salmenella enteritidis Veg 33 007010 08 [ 918070 100.00 | 100.0000
Salmonella infantis Veg 20 (011510 08 | 983105 100.00 | 100.0000
Salmonella typhi ‘eg 2 | 010760 | 0.806 | 078068 100.00 | 100.0000
Salmonella typhi Veg 30 |0.07675| D.806 | 934438 100.00 | 100.0000
Salmenella typhi Veg 21 | 010760 | D.806 | 978066 100.00 | 100.0000
Salmonella typhi Veg 9 | 0.25580| D.806 | obpsas 100.00 | 100.0000
Salmonella typhimurium Veg | 295 |0.00780| 08 | 24.187D 100.00 | 100.0000
Salmonella typhimurium Veg 16 |0.12830| 0.8 | ssp482 100.00 | 100.0000
Sarcina lutea Veg [ 197 |0.0H169( 1.48 | 339615 100.00 | 100.0000
Sematia indica Veg | 209 [0.01100| 0632 | 323282 100.00 | 100.0000
Semalia marcescens Veg 2 010490 | 0632 | o7.5882 100.00 | 100.0000
Semalia marcescens Veg | 105 | 0.02994 [ 0.632 | 54.1072 100.00 | 100.0000




APPENDIX E: Total Removal Rates for Bacteria at 50 cfm
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Sematia marcescens Veg 22 1010470 | 0632 | o7 5600 |  100.00 | 100.0000
Semalia marcescens \eg 22 1010466 | 0632 | 97 5658 100.00 | 100.0000
Semalia marcescens \eg & |0.27742| 0632 | 500947 100.00 | 100.0000
Sematia marcescens Weg 10 | 0.22080 | 0.632 | 000606 100.00 | 100.0000
Sematia marcescens Weg 2 1093900 | 0.632 |100.0000( 100.00 | 100.0000
Semalia marcescens YVeg 24 |0.09500| 0632 | 965606 |  100.00 | 100.0000
Semalia marcescens Veg & |0.25670| 0.632 | 900982 100.00 | 100.0000
Sematia marcescens Veg 4 |057500| 0.632 |100.0000 100.00 | 100.0000
Sematia marcescens Veg | 115 | 0.02000| 0.632 | 508356 | 100.00 | 100.0000
Semalia marcescens Veg 5 |044490| 0.632 |1000000( 100,00 | 100.0000
Semalia marcescens Veg 20 |0.11300| 0.632 | pa.1804 100.00 | 100.0000
Sematia marcescens Veg 33 |0.07DD0| 0632 | 9168874 100.00 | 100.0000
Sematia marcescens Veg 3 |0.92000| 0.632 |100.0000] 100.00 | 100.0000
Semalia marcescens Veg 3 |043050| 0.632 | 1000000 100,00 | 100.0000
Semalia marcescens Veg 5 |0.45000| 0632 |100.0000) 100.00 | 100.0000
Semalia marcescens Veg 1 |220000| 0632 |100.0000) 100.00 | 100.0000
Shigella dysenterias Veg 186 |0.13080| 0.801 | 990375 ( 100.00 [ 100.0000
Shigella paradysenteriae Veg 17 | 0.13706 | 0.801 | 092203 100.00 | 1000000
Shigella sonnei Veg 16 |0.12500| 0.801 | 888175 100.00 | 100.0000
Spinllum rubrum Veg 44 1005233 i 84 3870 100.00 | 100.0000
Staphylococcus albus Weg 16 |0.12514| 1.06 | 888233 100.00 | 100.0000
Staphylococcus albus Weg 33 |0.06978| 1.06 | 916007 100.00 | 1000000
Staphylococcus albus (1) eg 23 |0.09930|( 1.06 | 670781 100.00 | 100.0000
Staphylococcus albus (2) Weg 52 | 0.04400| 1.06 | 7o.0284 100.00 | 100.0000
Staphylococcus aureus Veg 52 |0.04400| 0.866 | To.0284 100.00 | 100.0000
Staphylococcus aureus Veg 27 |0.08531| 0.866 | p5.1618 100.00 | 100.0000
Staphylococcus aursus Veg 56 |0.04134| 0.866 | 75.0508 100.00 | 100.0000
Staphylococcus aunsus Veg 30 |0.07700| 0.866 | 935008 100.00 | 100.0000
Staphylococous aureus Veg 50 |0.04652| 0.866 | a0e200 | 100.00 | 100.0000
Staphylococous aureus Veg 66 |0.03500| 0.866 | 71.1338 100.00 | 100.0000
Staphylococous aureus Veg 26 |0.08860 | 0.866 | 056048 100.00 | 1000000
Staphylococcus aursus Veg 37 |0.06240| D866 | 200862 100.00 | 100.0000
Staphylococcus aureus Veg 19 | 0.11840| 0.866 | gB5052 100.00 | 100.0000
Staphylococcus aureus: Veg 20 |0.11300| 0.866 | 98.1804 | 100.00 | 100.0000
Staphylococcus aureus: Veg 7 |0.34760| 0.566 | 000908 100.00 | 1000000
Staphylococcus aureus Veg 2 |096020| 0.866 |i000000| 100.00 | 100.0000
Staphylococcus aureus \eg 2 |10.96200| 0.866 | 1000000 100.00 | 100.0000
Staphylococcus epidermis Weg | 161 |0.01433| 0.866 | 388713 100.00 | 100.0000
Staphylococcus epidemis Weg 14 |0.16210| 0.866 | 806532 100.00 | 100.0000
Staphylococcus epidemis YVeg 29 |0.00800| 0.866 | 247232 | 100.00 | 100.0000
Staphylococcus epidemis Veg 20 |0.11300 | 0.866 | 98.1504 100.00 | 100.0000
Staphylococcus epidemis Veg 22 |0.10500| 0.866 | g7 5047 | 100.00 | 100.0000
Strepiococcus agalactiae Veg 5 |043420( 0.707 | ioo.0oo0|  100.00 [ 100.0000
Streplococcus fascalis Veg 55 |0.09200| 0.707 | 96.1841 100.00 | 100.0000
Streplococcus fascalis Veg | 195 |0.01180| D.707 | 342230 | 100.00 | 100.0000
Streplococcus fascalis Veg 3 | 0.07540| 0.707 | 93.1208 100.00 | 100.0000
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Streptococcus faecalis Veg 120 [ 0.01919 | D.707 | 49.3981 100.00 100.0000
Streptococcus fascium Veg 45 [ 0.05100 | D.632 | B3.6425 100.00 100.0000
Streptococ cus haemaolyticus Veg 22 |0.10660 | D707 | 97 7276 100.00 100.0000
Streptococcus lactis Veg 62 | 003744 | 0707 | 73.5204 100.00 100.0000
Streptococcus pneumonias Veg 468 | 0.00492 | 0.707 | 16.0258 10000 100.0000
Streptococcus pyogenes Veg 4 0.06161 | D.8%94 | BBT764 100.00 100.0000
Streptococcus pyogenes Veg 1 1.56100 | 0.894 (100.0000 100.00 100.0000
Streptococcus vindans Veg 20 [D.91513 | D707 [ 983212 10000 100.0000
Streptomyces coelicolor Veg 60 |0.03340 | 0707 | 744158 100.00 100.0000
Streptomyces griseus Veg 129 | D.0M780 | 0.707 | 468419 10000 100.0000
Streptomyces griseus Veg 60 |0.03340 | 0707 | 744159 10000 100.0000
Vibrio anguillarum {fish) Veg 10 |0.23820( 212 | 999787 100.00 100.0000
Vibrio anguillarum (fizh) Veg 5 042600 | 212 |100.0000) 100.00 100.0000
Vibrio cholerae Veg 17 | 0.13400( 2.12 [ 991409 100.00 100.0000
Vibrio ordalii Veg 16 |0.12560( 2.12 |988424 100.00 100.0000
Vibrio parghaemolyticus Veg i} 030700 | 212 | 999082 100.00 100.0000
Vibkro salmonicida (fish) Veg a2 0.42600| 2.12 |100.0000| 100.00 100.0000
Y ersinia enterccolitica Veg 15 | 0.15351 [ 0.707 [ 995701 100.00 100.0000
Y ersinia enterocolitica Veg 28 | 008127 | 0707 | 944145 100,00 100.0000
Y ersinia enterocolitica Veg 11 | 020467 | D.7FDT | 999301 10000 100.0000
Y ersinia enterocolitica Veg 13 | 0AT170 | D.707 | 997747 100.00 100.0000
Yersinia rucken (fish) Veg 5 0.42600 | 0707 |100.0000) 100.00 100.0000
Y ersinia rucken (fish) Veg 10 | 0.23020 | 0.707 [ 999718 100.00 100.0000

NOTES

Type: Sp = Spore, Veg = Vegetative, Veg¥ = Vegetative yeast
Oy W Dose for B0% inactivation ([ 10% survival)
WGk LN rate constant at the given Dy, (and bekow the UL}

UL: Upper Limit within w hich Dy, and rate constants are applicable
Media: A = Air, 5= Surface, WRH = Relative Humidity

Sh = Shoulder in decay curve (shoulder s ignored for k and Dy, values)
St = Number of stages n decay curve (k & Oy, only apples io first stage)
Oia.: Logmean diameter in microns, including envelope for vinuses i any
NP Medium Pressure LV lamp, LF: Low Pressure LV lamp
See Kow alski (2008) for References




APPENDIX F:

Total Removal Rates for Viruses at 50 cfm

Microbe Type | Dgg | UVGI k| Dia. | UWRem |Filter Rem| Total

Jm?| m¥l L % %o Rem %
Adenoines dsDMA | 34 [0.06500( 0.079 | 910543 100.00 99,9997
Adenovines dsDMA| 59 [0.03900( 0.079 | 7489551 100.00 99,9992
Adenovines dsDMA| 42 [0.05500( 0.079 | 858081 100.00 99,9995
Adenovines dsDMA | 903 [0.00255( D.079 | BE54D 100.00 09.9970
Adenovirus type 1 dsDMA | 200 (0.00770( 0.079 | 230174 100.00 09,9975
Adenovirus type 1 dsDMA | 350 |0.00658 | 0.079 | 20.8230 100.00 00,9974
Adenovinus type 2 dsDMA | 400 (0.00576( 0.079 | 124820 100.00 09.9973
Adenovinus type 2 dsDMA | &40 (000360 ( 0.079 | 11.0871 100.00 00,9971
Adenovinus type 2 dsDMA | 490 (0.00470( D.O79 | 15.3873 100.00 09,9972
Adenovinus type 2 dsDMA | 533 [0.00432( D.079 | 142170 100.00 00,9972
Adenonvirus type 2 dsDMA | 150 [0.01540( D.079 | 42.1143 100.00 00 9981
Adenonvirus type 2 dsDMA | 300 |0.00768( D.079 | 238833 100.00 09 9975
Adenonvirus type 2 dsDMA | 400 (000576 | 0.079 | 184827 100.00 09 9973
Adenonvirus type 2 dsDMA | 276 |[0.00834 | 0.079 | 2582865 100.00 09 9978
Adenovirus type 4 dsDMA | 921 (0.00250( D.079 | B.4026 100.00 099970
Adenovirus type 15 dsDMA | 396 (0.00581( D.079 | 188374 100.00 00 9974
Adenovirus type 40 dsDMA | 300 (0.00768( 0D.069 | 238408 100.00 00,9984
Adenovirus type 40 dsDMA | 546 (0.00422( 0D.069 | 130128 100.00 09,9981
Adenovirus type 41 dsDMA | 240 |(0.00976 | 0.060 | 202752 100.00 99 9985
Adenovirus type 41 dsDMA| 425 [0.00542( 0.069 | 17.503 100.00 99 9982
Adenovirus type 41 dsDMA | 555 [0.00415( 0.069 | 138887 100.00 999981
Adenovirus type 41 dsDMA | 600 (0.00384( D.060 | 127437 100.00 0909981
Adenovirus type 5 dsDMA | 400 (0.00576( D.084 | 124029 100.00 09,9968
Adenovirus type 5 dsDMA| 541 (000426 ( 0.084 | 140350 100.00 00, 9965
Adenovirus type 5 dsDMA| 720 (0.00320( 0.084 | 1073285 100.00 90, 9965
Adenonvinus type 6 dsDMA | 390 (0.00590( 0.079 | 120087 100.00 00 9974
Adenonvinus type 6 dsDMA | 400 [0.00576 | D.079 | 124029 100.00 099 9973
AHNV (fish virus) ssRMA| 349 |0.00660( O 20.8878 99,99 00 9044
Avian Influenza vrus ssRMA| 22 |0.10600| 0.09 | 976726 100.00 99 9999
Avian Influenza vinus ssRMNA| 30 [0.07680( D.098 | 93.4545 99.99 00, 9006
Avian Leukosgis virus (RSA) ssRMNA| 631 [0.00365 ( 0107 | 121531 99.99 99991
Avian Sarcoma vinus ssDMA | 155 | 0.01490 | 0.098 | 41.0777 98.99 99.9961
Avian Sarcoma vinus ssDMA| 381 | 0.00s04 | D.0S8 | 102091 98.99 99,9945
B. subtilis phage 029 dsDNA| 70 [DD3289( 0.1 68.6031 99.99 99 9975
B. subtilis phage SP02c12 dsDNA | 100 |[0.02303 | D.08Y | 558430 100.00 99 9980
B. subtilis phage SPP1 dsDNA| 195 [0.01181 | D.087 | 342420 100.00 99 9971
Bacteriophage B40-5 dsDNA| 137 [D01679( 0.1 440014 99.99 999961
Bacteriophage F-specific dsRNA| 292 (0.00789( D.025 | 244160 100.00 999997
Bacteriophage M32 ssRMA| 26 |D.04800| D02 | s1.8048 100.00 99.9999
Bacteriophage M32 ssRMNA| 61 [0.03800( D02 | 74.0500 100.00 99.9999
Bacteriophage M32 gsRNA| 3 [(0.81000( 002 | 1000000 | 100.00 | 100.0000
Bacteriophage M52 ssRNA| 4 (064000 002 | 1000000 | 100.00 | 100.0000
Bacteriophage M52 ssRNA| 606 [0.00380( 002 | 1256187 100.00 99 9996
Bacteriophage M52 ssRNA| 135 (001710 0.02 | 455044 100.00 99 9997
Bacteriophage M52 ssRNA| 427 (000539 002 | 174182 100.00 99,9996




APPENDIX F:

Total Removal Rates for Viruses at 50 cfm

Microbe Type | Dge | UVGI k| Dia. | Kill Rate |Filter Rem| Total

Jim*| mil pm % % Rem %
Bacteriophage MS2 ssRNA | 193 |0.01190| 0.02 | 244561 100.00 999997
Bacterophage MS2 ssRNA | 419 |0.00550| 0.02 [ 17.7371 100.00 99.9996
Bacteriophage M52 ssRMNA | 368 |0.00625| 0.02 | 19.8885 100.00 99, 9996
Bacteriophage MS2 ssRMNA | 295 |0.00780| 0.02 [ 241870 100.00 99.9996
Bacteriophage MS2 ssRMNA| 40 |0.05760| 0.02 | &7.0584 100.00 99.9999
Bacterophage M52 ssRNA| 173 |0.01330 | D02 | 37.8340 100.00 99.9997
Bacterophage M52 ssRNA | 275 |0.00837 | D02 | 257056 100.00 99,9996
Bacterophage M52 gsRNA | 217 |0.01060 | 0.02 [ 31.3804 100.00 99,9996
Bacterophage M52 gsRNA | 250 |0.00920| 002 | 278828 100.00 99,9996
Bacterophage MS2 ssRMNA | 217 |0.01060 | 0.02 | 21.3804 100.00 99.9996
Bacterophage MS2 ssRMNA | 27 |0.01063| 0.02 | 214334 100.00 99,9996
Bacterophage MS2 ssRNA| 23 |0.01080| 0.02 | 21.8480 100.00 99,9997
Bacterophage MS2 ssRNA | 187 |0.01230| 0.02 | 353802 100.00 99,9997
Bacterophage MS2 asRNA| 160 |0.01360| 0.02 | 382047 100.00 99,9997
Bacterophage MS2 asRNA | 164 |0.01402 ] 0.02 | 202079 100.00 9999497
Bacteriophage MS2 ssRNA | 150 | 001540 0.02 | 421142 100.00 99, 9997
Bacteriophage MS2 ssRNA | 140 |0.01640| 0.02 | 44.1332 100.00 99,9997
Bacteriophage MS2 ssRNA | 198 |0.01160| 002 | 33.7543 100.00 99 9997
Bacterophage MS2 gsRNA| 2268 |0.01010| 0.02 | 30.1311 100.00 99.9996
Bacteriophage MS2 ssRMNA | 245 |0.00940| 0.02 | 283731 100.00 99, 9996
Bacteriophage QF ssRMNA | 125 |0.01840| 0.02 [ 4786822 100.00 99.9997
Bacterophage QF ssRNA | 1919 |0.00120| 0.02 | 41705 100.00 99, 9995
Beme virus ssRNA| 13 |0.18420| 013 | 90.8554 59.95 100.0000
BF-NMNY {fish vinus) ssRMNA | 501 |0.00480) 0.1 150864 99,99 99,9940
BLY ssRNA | 1799 |0.00128) 01 44423 99.99 99.9932
BLV ssRNA | 221 |0.01040). 01 208713 99,99 999951
Boma vines ssRMNA| 79 |0.02020| 0.09 | s45342 100.00 99,9982
Bosine Calicivinus ssDNA| 95 |0.02420| 0.02 | 578457 100.00 99 9998
Bosine Panovinis ssDMNA| 35 |0.06580| 0.02 | 203277 100.00 | 100.0000
Canine Calicivirus asRMNA | 67 |0.03450| 0.037 | 70.8189 100.00 09 9995
Canine hepatic Adenovirus dsDiNA | 265 |0.00869| 0.08 | 285422 100.00 00,9975
CCHV (fish virus) dsDMNA| 5 |0.48050| 0.1 100.0000 99,99 100.0000
Cholera phage Kappa dsDiNA | 634 |0.00363| 0.1 12,0807 99.99 99,9935
Coliphage 2 ssRNA | 310 |0.00743| 0.1 23.1783 99 99 999945
Coliphage id ssONA| 23 |0.09940) 0.1 o7.0857 99.99 999995
Coliphage §-174 ssOA| 3 |0.71000| 0.025 | toooooo | 100.00 | 100.0000
Coliphage 174 ssOfA| 4 | 0.53000) 0.025 | 1000000 | 100.00 | 100.0000
Coliphage §-174 ssDNA| 18 |0.12800| 0.025 | 28.8369 100.00 | 100.0000
Coliphage 174 ssDNA| 21 |0.11140] 0.025 | 98.0836 100.00 | 100.0000
Coliphage @174 ssOMNA| 2 0.11090 | 0.025 | 98.0402 100.00 | 100.0000
Coliphage §-174 gsOMNA | 30 |0.07650| 0.025 | 93.3845 100.00 | 100.0000
Coliphage 174 ssDNA | 25 | 0.09200 | 0.025 | @6.1841 100.00 | 100.0000
Coliphage 174 ssDMNA| 14 |0.16060| 0.025 | 208852 100.00 | 100.0000
Coliphage 4174 ssDMA| 25 |0.09350| 0.025 | 96.3820 100.00 | 100.0000
Coliphage §:174 ssDMA | 57 |0.04013] 0.025 | 75.8380 100.00 99,9999
Coliphage $:174 ssDMA | 177 | 0.01300 | 0.025 | 26.0863 100.00 99,9997




APPENDIX F:

Total Removal Rates for Viruses at 50 cfm

Microbe Type | Dep | UVGI K | Dia. | Kl Rate |Filter Rem| Total

Jm? | mid B % % Rem %
Coliphage §+174 ssDNA| 23 | 010230 | 0.025 | 87.3528 100.00 | 100.0000
Coliphage 4174 ssDNA| 40 | 0.05760 | 0.025 | 87.0504 100.00 99,9099
Coliphage 45174 ssDNA| 18 | 012910 | 0.025 | sB.8778 100.00 | 100.0000
Coliphage lambda dsDNA| 57 |0.04050| 0.05 | 78.253D 100.00 90,9008
Coliphage lambda dsDNA| 70 |0.03310| 0.05 | ep.1198 100.00 99,9097
Coliphage lambda dsDiNA| 72 |0.03200| 005 | 87.8800 100.00 99,9047
Coliphage lambda dsDiNA| 184 |0.01250 | 005 | 358374 100.00 99,9094
Coliphage PRD1 daDiNA | BT | 0.02650 | 0.062 | 809685 100.00 99,9004
Coliphage PRD1 daDiA| 20 | 0.11500 | 0.062 | 883135 100.00 | 100.0000
Coliphage T1 dsDNA| 6 |0.36970| 005 | oopooe 100.00 | 100.0000
Coliphage T1 dsDiA| 38 |0.06000| D05 | BB.1183 100.00 99,9009
Coliphage T1 dsDiNA| 40 | 0.05800| 005 | 872410 100.00 99,9099
Coliphage T2 dsDiA| S5 | 048400 | 0.065 | 1000000 | 100.00 | 100.0000
Coliphage T2 dsDiA| 9 | 0.25500 | D.065 | e0.9887 100.00 | 100.0000
Coliphage T2 dsDiNA | 133 | 0.01730 | 0.065 | 458889 100.00 99,9990
Coliphage T3 dsDiNA| 10 | 0.23100 | 0.045 | 208725 100.00 | 100.0000
Coliphage T4 dsDiNA| 7 | 0.34500 | 0.0B9 | ooooos 100.00 | 100.0000
Coliphage T4 dsDiNA| 14 | 016850 | 0.0B9 | so7478 100.00 | 100.0000
Coliphage T4 dsDiNA | 15 | 015400 | 0.089 | so.5778 100.00 | 100.0000
Coliphage T4 dsDiNA| 29 | 0.08000 | 0.0B9 | o4.1574 100.00 99,9097
Coliphage T4 dsDNA| 22 | 010700 | 0.0BD | 87.7508 100.00 99,9099
Coliphage T4 dsDNA| 12 | 0.20000 | 0.0B9 | e0.9175 100.00 | 100.0000
Coliphage T7 dsDNA| 7 | 0.33000 | 0.063 | oo.o0o2 100.00 | 100.0000
Coliphage T7 dsDNA| 10 | 0.22000 | 0.063 | ooo504 100.00 | 100.0000
Coliphage T7 dsDiNA| 95 | 0.02420 | 0.063 | 578457 100.00 99,9093
Coliphage T7 daDiA| 53 | 0.04320 | 0.063 | 784242 100.00 99,9096
Coliphage T7 daDiNA| 41 | 0.05600 | 0.063 | 863031 100.00 99,9098
Coliphage T7 dsDiNA | 38 | 0.06100 | 0.063 | BB.5207 100.00 99,9098
Coliphage T7 dsDiA| 23 | 0.10000 | 0.063 | 87.1275 100.00 | 100.0000
Coliphage T7 dsDiNA| 11 | 0.20470 | 0.063 | 809302 100.00 | 100.0000
Coronavins ssRNA| 3 | 0.37700 | 0.113 | o0.0008 99.99 100.0000
Coronavins ssRMNA| 7 | 0.32100| 0.113 | 209980 99,99 100.0000
Coronavins (SARS) ssRNA| 226 | 0.01000 | 0.113 | 208827 99.99 99,9925
Coronavinus (SARS) ssRNA | 3046 | 000076 | 0.113 | 26481 99,99 9998495
Coxsackievus ssRNA| 21 | 011100 | 0.027 | 850562 100.00 | 100.0000
Coxsackievus ssRMA | 128 | 0.02000 | 0.027 | 50.8358 100.00 959938
Coxsackievus ssRMNA| 56 | 0.02654 | 0.027 | s14308 100.00 99,9098
Coxsackievus B3 ssRMA| B0 | 0.02878 | 0.027 | s<4.0044 100.00 99,9098
Coxsackievius B4 ssRNA| B0 | 0.03840 | 0.027 | 744150 100.00 99,9099
Coxsackievius BS ssRNA| 95 |0.02424 | 0.027 | 57.7024 100.00 39,9098
Coxsackievrus BS ssRNA| 72 |0.03180 | 0.027 | a7.6611 100.00 99,9099
CSV {fish virus) dsRNA| 501 | D.00460 ) 0.1 15,0664 09.99 99,9940
Echovirus (Parechovinus) saRNA | 106 | 0.02190 | 0.024 | 540424 100.00 99,9098
Echovirus 1 saRNA| BD | 0.02578 | 0.024 | B4.0044 100.00 99,9098
Echovirus 2 ssRNA| 7D | 0.03289 | 0.024 | s8.8031 100.00 99,9099
Encephalonyocanditis virus seRNA| S0 | 0.04650 | 0.025 | 808004 100.00 99.9999




APPENDIX F:

Total Removal Rates for Viruses at 50 cfm

Microbe Type | Dee | UVGIK| Dia. | Kill Rate |Filter Rem| Total

Jim*| m¥J) | pum % % Rem %
Encephalomyocarditis virus ssRNA| 52 | 0.04460| 0.025 | 794703 100.00 99,9999
Encephalomyocarditis virus gssRNA| 65 |0.03550] 0.025 | 718417 100.00 99,9999
Epstein-Barmr virus (EBV) ssDNA| 162 |D.01420) 01 205051 2999 99.9957
Equine Herpes virus dsDMNA| 25 |0.09210)] 0.105 | 28.1976 09.99 99.9997
EVA (fish virus) ssRNA| 5 |046050| 0.06 | 100.0000 100.00 | 100.0000
EVEX (fish virus) ssRNA| 5 |046050| 0.6 | 100.0000 100.00 | 100.0000
Feline Calichinug (Fel\V) asRNA| 434 |0.00530)] 0.034 | 171510 100.00 99.9096
Feline Calichinug (FelC\V) asRNA| 80 |0.02880] 0.034 | s4.0280 100.00 99,9993
Feline Calichinug (FelV) asRNA| 40 |0.05760)] 0.034 | av0504 100.00 99.9999
Feline Calichirug (FeC\V) gsRMNA| 44 |0.05270)] 0.034 | 248007 100.00 99.9999
Friend Murine Leukemia v. ssRNA| 320 |0.00720] 0.034 | 225548 09.99 99,9955
Frog wirus 3 dsDiNa| 25 |0.09210)] 0167 | 961976 99.97 99.9987
Hepatitis A virus dsDiNa| 40 |0.05760)] 0.027 | &7.0504 100.00 99.9999
Hepatitis A vinus dsDia| 45 |0.05120] 0.027 | 837585 100.00 99.9999
Hepatitis A vinus dsDia| S0 | 0.04610)] 0.027 | 805350 100.00 99.9999
Hepatitis A virus dsDiNA | 92 |0.02500) 0.027 | 588316 100.00 99,9995
Hepatitis A virus dsDiNA| S8 | 0.02340] 0.027 | 564256 100.00 99,9995
Hepatitis A virus dsDMa | 307 | 000750 0.027 | 233752 100.00 99.9997
Herpes simplex vinug (HRE)  [dsDiMA| 40 |0.05760| 018 | 87.0504 99,96 99,9949
Herpes simplex virus Type 1 |dsDMA| 71 |0.03260| 0.184 | cB.5866 00.96 999872
Hempes simplex virus Type 1 |dsDNA| 110 |0.02090 | 0.184 | 523818 00.96 99.9806
Herpes simplex virus Type 1 |dsDNA| 25 |0.09330| 0.184 | o8.3582 99.96 999985
Hermpes Simplex vinus Type 1 [dsDNA| 35 | 0.06540| 0.184 | o0.1892 99.96 99.9960
Hempes Simplex viras Type 1 [dsDMA| 21 | 0.11050| 0.184 | o8.0213 0996 99,9992
Hempes Simplex vinus Type 1 [dsDMA| 41 |0.05680| 0.184 | 28.8888 0996 00,9045
Herpes Simplex virus Type 2 |dsDiMA| 40 |0.05756| 0.173 | 87.0431 0996 999953
Hempes Simplex virus Type 2 |dsDiMA| 41 | 0.05650| 0.173 | 285441 0996 99.9951
Herpes Simplex virus Type 2 |dsDMA| 75 |0.03070| 0.173 | 86.3733 99.96 999875
Herpes Simplex virus Type 2 |dsDNA| 20 |0.11800| 0.173 | 084838 99.96 99.9994
HIN-1 ssRNA | 250 |0.00822) 0.125 | 253080 9999 99 9585
HIRRY (fish virus) ssRNA| S |046050] 0.06 | 100.0000 100.00 | 100.0000
HP1c1 phage dsDiA| 40 | 005760 0.062 | &7.0584 100.00 99,9995
HTLY-1 ssRNA| 20 |0.11510] 0.102 | 283185 99.99 99,9999
Human Cytomegalovins dsDiMa | 658 |0.00350) 01 11.6841 99.99 99.9937
Human Cytomegalovinis dsDiA| S0 | D.04805) 041 £0.5004 99.99 99,9956
Influenza A virus ssRNA| 19 |0.11200| 0.038 | 285387 09.99 99,9999
Influenza A vinus ssRNA| 20 |D.11700] 0.098 | ss4201 0994 99.9999
Influenza A virus asRNA| 48 | 0.04800| 0.098 | 21.8046 09.99 999985
Influenza A vinus ssRNA| 17 [0.13810] 0.038 | 903572 99.99 1000000
HKY (&sh virus) asRNA| 5 |046050| 0.09 | 100.0000 100.00 | 1000000
HKY (fsh virus) asRNA| 7 |0.34500] 009 | 200085 100.00 | 100.0000
IPNY (fsh virus) dsRMNA| 397 |0.00580] 0.06 | 18.8086 100.00 09,9985
IPNY (fsh virus) dsRMNA| 407 |0.00568] 008 | 18.2030 100.00 09,9985
IPNY (fsh virus) dsRMNA| 501 |0.00460] 008 | 150684 100.00 09,9985
IPNY (fEsh virus) dsRNA| 626 |0.00368] 06 | 122486 100.00 99.9987
IPFNY (fEsh virus) dsRNA| 583 |0.00395] 0LDS | 13.0837 100.00 99.9987




APPENDIX F:

Total Removal Rates for Viruses at 50 cfm

Microbe Type | Do | UVGI K| Dia. | Kl Rate |Filter Rem| Total

Jm®| m¥J Bm % % Rem %
Iridovirus (Bohle) (fish virus) dsDMNA| 83 (002760| 01 B2 4614 99.99 99.9973
ESAY (fsh virus) ssRNA[ 11 |0.20800] 01 &0.8401 99.99 100.0000
ESAY (fish virus) ssRNA| 26 |0.08570)] 0.1 05 8585 99.99 99,9097
JE-LCDV (fish virus) dsDiNA| 5 | 046050) 0.14 | 100.0000 99.98 100.0000
Kemenonw (R-10 strain) dsRMA| 230 | 0.01000 | 0.075 | 20.8827 100.00 99,9951
Kilham Rat Vinus (parvovinus) |ssDMA| 30 | D.07650 | 0.022 | p3.3845 100.00 | 100.0000
Lipownik (Lip-91 strain) dsRMA| 299 | 0.00770 | D.07S | 239174 100.00 909979
LLE46 (S\WiAdeno hybrid) dsDNA| 606 |0.00380) 04 12.8197 09.99 99,9938
Measles virus gsRNA| 22 |0.10510] 0.329 | 57.6032 09.98 09,9995
Mengovinus daRNA| 162 |0.01420) 01 30 5951 099.99 99 9057
Minute Vinus of Mice (MM} |ssDMA| 28 | D.08200 | 0.022 | p45570 100.00 | 100.0000
Minute Vinus of Mice (MM} |ssDMA| 17 | 0.13500 | 0.022 | 991708 100.00 | 100.0000
Murine Cytomegalovirus dsDiNA| 46 | 0.05000 | 0.104 | 83.0517 99.99 99,9966
Moloney Murine Leukemia v, |ssRNA[ 115 [ 0.02000 | 0.0%4 | 508358 99.99 90 0972
Moloney Murine Leukemia v, |ssRNA| 370 (000622 | 0.084 | 188131 99.99 99 9954
Moloney Murine Leukemia v, |ssRNA| 280 (0.00822 | 0.084 | 253000 99.99 99 9957
Murine Morowirus (MMNY) ssRNA| 76 | 0.03040 | 0.032 | 860133 100.00 99,9958
Murine sarcoma s ssRNA| 237 (0.00870| 012 | 281318 99.99 99.9907
Murine sarcoma s ssRMA| 144 (001600 012 | 433342 99.99 99.9926
Murine sarcoma s ssRMA| 299 (0.00770| 012 | 238174 99.95 99.9900
Mycobacterophage D29 dsDiNA | 16 | 014300 | 0.065 | o0.3758 100.00 | 100.0000
Mycobacteriophage D29 dsDiNA| 324 | 0.00710 | 0.065 | 222704 100.00 99,9956
Mycobacteriophage D294 dsDiNA | 258 | 0.0086D | D.0E5 | 263008 100.00 00,9087
Mycobacteriophage D32 dsDNA| 354 | 0.00550 | 0.07 | 208082 100.00 09,9982
MWycobacteriophage D4 dsDNA| 245 | 0.00940 | 0.07 | 283731 100.00 00,0084
Mycoplasmasinis MVL2 dsDNA| 154 | 001500 | 0.07 | 412885 100.00 09,9987
My coplasmavins MVLS1 sgsDMNA| 79 (002900 ( 0.07 | 842514 100.00 99.9992
Mewcastle Disease Vinus saRNA| 8 | 0.27600 | 0.212 | ooop44 09.95 100.0000
Mewcastle Disease Vinus saRNA 5 [0.05110 | D.212 | 837007 09.95 99,9922
Mewcastle Disease Vines ssRNA| 16 | 014400 | 0.212 | oo.23978 9995 99,0997
OnY (fish virus) ggRNA( S5 |046050| 0.06 | 100.0000 | 100.00 | 100.0000
Parvosimnus H-1 ssDNA| 25 |0.09200 ) 0.022 | 96.1841 100.00 | 100.0000
PFRV (fish virus) ssRNA| S5 | 046050 | 0.06 | 100.0000 100.00 | 100.0000
phage GA ssRNA| 200 |0.01150] 0.1 335187 99.99 99,9953
phage phi 6 dsRNA[ S5 |043000| 0.1 | 100.0000 99.99 100.0000
phage phi 6 dsRNA[ 7 |0.31000) 0.1 08983 99.99 100.0000
phage B40-8 (B. fragilis) dsDNA| B7 |00MSD] 01 706168 99.99 99.9979
phage B40-8 (B. fragilis) dsDNA| B6 |0.02690] 0.1 81.5168 99.99 99.9973
Policndrus dsRNA| 44 | 005230 | 00248 | 84.3205 100.00 99.9999
Policninus type 1 dsRNA| 41 | 005520 | 00248 | 864000 100.00 99.9999
Policninus dsRNA| 71 | 0.03250 | 0.0248| 8B.4548 100.00 09,9999
Policnvinus dsRNA| 75 |0.03070 | 0.0248| 853733 100.00 95,9098
Policvinus dsRNA| 95 |0.02420 | D.024B| 578457 100.00 99,9098
Policninus dsRNA| 52 | 0.04460 [ D.024B| 704703 100.00 09,9999
Policvinus type 1 daRNA| B7 | 0.03450 | 0.024B| 7061680 100.00 99,9999
Poliovinus type 1 daRNA| 72 | 0.03200 | 0.024B8| 87.8800 100.00 99,9009




APPENDIX F:

Total Removal Rates for Viruses at 50 c¢fm

Microbe Type | De | UVGI k| Dia. | Kl Rate |Filter Rem| Total

Jim® | mi wm % % Rem %
Policnirus type 1 dsRNA| 96 | 0.02400 | 0.0248 | 57.3430 100.00 99.9995
Policvirus type 1 daRNA | 100 | 0.02300 | 0.0248 | 55.8024 100.00 09.9998
Policwirus type 1 daRNA| 125 | 0.01840 | 0.0248 | 470822 100.00 09.9998
Policvirus type 1 daRNA| 224 | 0.01030 | 0.0248 | 308254 100.00 99 9097
Policnirus type 1 daRNA| 240 | 0.00960 | 0.0248 | 288700 100.00 99 9097
Policvirus type 1 dsRNA | 111 | 0.02080 | 0.0248 | 522122 100.00 99 9098
Policvirus type 1 daRNA| 77 | 0.03000 | 0.0248 | 855272 100.00 09 9098
Policvirus type 1 deRNA| B0 | 0.02878 | 0.0248 | 84.0044 100.00 09 9993
Policvirus type 1 deRNA| B3 | 0.02760 | 0.0248 | 824614 100.00 999093
Poliovirus type 1 deRNA| 57 | 0.04010 | 0.0248| 750143 100.00 99 9999
Poliovirus type 2 deRNA| 121 | 0.01910 | 0.0248 | 402304 100.00 999998
Poliovirus type 3 deRNA | 103 | 0.02240 | 0.0248 [ 54 8500 100.00 999998
Polyomaninis dsDNA | 480 | 0.0D450 | 0D.0424 | 156673 100.00 099994
Polyomaninis dsDNA | 640 | 0.00360 | 00424 11.8871 100.00 09 9994
Polyomaninis dsDNA | 696 | 000331 | 00424 | 11.0864 100.00 o9 5994
Polyomanis dsDNA | 501 | 0.0D460 | 00424 | 150664 100.00 099994
Polyomaninus (ssDNA) ssDNA | 120 | 001920 ) 0.045 | 484182 100.00 99,9996
Porcine Panwosinus (PPY) ssDNA| 23 | 010230 | 0.021 | o7.3528 100.00 | 100.0000
Pseudorabies (PRV) daDNA| 34 | 0.D6760 | 0.1 | pDoz64 99.96 99 9960
Rabies vine {env) ssRNA| 10 | 0.21930 | 0.07 | oposo4 100.00 | 100.0000
Rauscher Munne Leukemia v. [ssRMNA| 157 | 0.01470 | 0.0% | 4058578 99 99 99 5965
Rauscher Munne Leukemia v. [ssRNA| 4580 | 0.00450 | 0.0 [ 158673 99.99 995951
Rauscher Murine Leukemia v. [ssRMNA| 959 | 0.00240 | 0.0 | 2187t 99.99 00 59947
Reovinus deRNA| 175 | 0.01316 ) 0.075 [ 373180 100.00 09 9083
Reovinus daRNA| 186 | 0.01240 ) 0.075 | 356082 100.00 099082
Reovirus deRNA| 60 | 0.03358 | 0.07S | B0.6407 100.00 999092
Reovirus deRNA| 245 | 0.00940 ) 0.075 | 283731 100.00 99,9980
Reovinus deRNA | 121 | 0.01910 | 0.075 | 402304 100.00 99 9986
Reovinus deRNA| 270 | 0.00853 | 0.075 | 26.1264 100.00 999950
Reovinus daRNA | 174 | 001320 | 0.075 | 374122 100.00 99 9983
Reovinus tvpe 1 dasRNA | 153 | 0.01508 | 0.075 | 414530 100.00 09 9954
Reomdnus 3 dsRNA | 334 | 0.0D690 | 0.075 | 21.7256 100.00 999978
Rotavins dsRNA | 200 | 001150 0.07 | 33.5187 100.00 99,9985
Rotavines SA11 dsRNA| 89 | 002600 | 0.07 | BD2675 100.00 99.9991
Rotavines SA11 dsRNA| 75 | 0.03070 | 0.07 | 883733 100.00 99,9992
Rotavines SA11 dsRNA| 105 | 0.02190 | 0.07 | 540424 100.00 99.9990
Rotavines SA11 daRNA| 100 | 0.02300 | 0.07 | 55.8024 100.00 09,9990
Rotavines SA11 deRNA| B4 | 002740 0.07 | B2.1839 100.00 099092
Rous Sarcoma vinus (BSY) ssRNA| 720 | 0.00320 | 0127 | 107385 99.98 99 %859
Rous Sarcoma vinus (BSY) sasRNA| 240 | 0.00960 | 0127 | 258700 99.98 09 9885
Rous Sarcoma vinus (RSV) saRNA| 200 |0.01150 | 0127 | 335187 99.98 99 58495
SBNN {fish virus) saRNA| 698 |0.00330) 01 11.0548 99.99 09 9937
Semliki forest virus ssRNA| 25 | 0.09210 | 0.061 | o8.1978 100.00 09 9999
Simian virus 40 deDNA | 2503 | 0.00092 | 0.045 | 3.2132 100.00 99,9993
Simian s 40 dsDNA | 1599 | 0.00144 | 0.045 | 49835 100.00 99 9993
Simian s 40 deDNA | 1439 | 0.0D160 | D.045 | 55217 100.00 9999493




APPENDIX F: Total Removal Rates for Viruses at 50 cfm

Microbe Type Dy | UVGI K | Dia. Kill Rate |Filter Rem | Total

Jm?| m% | um % % Rem %
Simian virus 40 dsDMA | 1245 | 0.0D185 | 0.045 | 63565 100.00 99 9993
Simian virus 40 dsDMA | BBE | 0.00260 | 0.045 | 58168 100.00 99,9993
Simian virus 40 dsDMA | 650 | D.0D354 | 0.045 | 11.8094 100.00 99,9993
Simian virus 40 dsDMA | 443 | 000520 | 0.045 | 165.8963 100.00 99,9904
Simian virus 40 dsDMA| 23 | 010040 | 0.045 | 97.1680 100.00 | 100.0000
Simian virus 40 dsDMA| 17 | 0.13160| 0.045 | 99.0645 100.00 | 100.0000
Sindbis virus ssRMA| 22 | 0.10400| 0.075 | 97.5078 100.00 99 9999
Sindbis virus ssRMA| B0 | 0.03864 | 0.075 [ 746373 100.00 90,9993
Sindbis vius ssRMA | 113 | 002030 | 0.075 | 51.3564 100.00 99 9987
Sindbis vius ssRMA| 50 |0.04810| 0.075 | 8B0.5350 100.00 90 9945
5. aureus phage dsDMA| 82 |0.02800| 01 629907 0599 99,0974
5. aureus phage dsDMA| 77 |0.03000| 0.1 655272 399 99,9976
5. aureus phage A994 dsDMA| BS5 |0.03542| 0.1 71.5655 99.99 99,9980
SVCV (fizh wirus) ssRMA| 10 | 046050 0.06 | 1000000 100.00 | 100.0000
Vaccinia virus dsDMA| 1 2.54000 | 0.307 | 1000000 03 97 100.0000
Vaccinia virus dsDMA| 15 |0.15300| 0.307 | 99.5623 49 97 99,9999
Vaccinia virus dsDMA| 7 |0.34900| 0.307 | 99.9996 99.97 100.0000
Vaccinia vrus dsDMA| 14 | 016450 | 0.307 | 997090 99 97 99,9999
Vaccinia virus dsDMA| 14 | 0.16040| 0.307 | 998635 90.97 90,9999
Vaccinia virus dsDMA| 18 |D0.12792| 0.307 | 98.9339 9097 99 9997
Vaccinia virus dsDMA| 22 | 0.10500 | 0.307 | 97.5947 9597 99,9993
Vaccinia vrus dsDMA| 28 | 005290 | 0.307 | 947290 99.97 99,9985
Vaccinia virus dsDMA | 715 | 000322 | 0.307 [ 10.8019 0997 90.9748
Vaccinia virus dsDMA | 677 | 0.00340 | 0.307 | 11.3700 05 97 99,9749
VEE ssRMA| 55 |0.04190| 0.065 | 774052 100.00 99,9996
Vesicular Stomatitis virus ssRMA| 13 | 0.18060| 0.104 | 998357 99.99 100.0000
Vesicular Stomatitis virus ssRMA| 12 | 0.19000| 0.104 | 998823 99.99 100.0000
Vesicular Stomatitis virus ssRMA| 100 | 0.02300| 0.104 | 55.8024 99,99 00 0064
Vesicular Stomatitis virus ssRMA 6 0.35400 | 0.104 | 999999 99.99 100.0000
WVHSV (fizh wirus) ssRMA| 3 |0.87400| 0.07 | 1000000 100.00 | 100.0000
WEE ssRMA| 54 | 0.04300| D07 | 782705 100.00 99 9995
MOTES Type: Sp = Spore, Veg = \Vegetative, VegY =\Vegetative yeast

Lz LN Diose fior B0% inactvation (10% survival)
NGk LV rate constant at the given Dy, (and below the UL}

LL: Upper Limit w ithin w hich Dy, and rate constants are applicable
Media: A = Ar, S = Surface, WRH = Relative Humidity

Sh = Shoulder in decay curve (shoulder is ignored for k and Dw values)
5t = Murnber of stages in decay curve (k & Dy, only applies to first stage)

Oia: Logmean diameter in microns, including envelope for viruses if anmy
MNP Medium Pressure UV lanp, LP Low Fressure LV lanp
See Kow alski (2009) for References




APPENDIX G: Total Removal of Fungi and Other Microbes at 50 cfm

Fungi Type | Dgg | UVGI k| Dia. Kill Rate |Filter Rem| Total

Jm?| m%) | pm o % Rem %
Aspergillus amstelodami Sp 70O [0.00320 | 3.354 | 11.0214 100.00 | 100.0000
Aspergillus amstelodami Sp 2568 [0.00892 | 3.354 | 271422 100.00 | 1000000
Aspergillus amstelodami Sp BE0 [ 0.00344 | 3.354 | 11.4958 100.00 | 100.0000
Aspergillus flaws Sp 349 [0.00660 | 4.24 208876 100.00 | 100.0000
Aspergillus flaws Sp GO0 | 0.00384 | 4.24 12.7354 100.00 | 100.0000
Aspergillus flavs Sp 853 [0.00270 | 4.24 91400 100.00 | 100.0000
Aspergillus fumigatus Sp 535 [0.00430 | 4.24 141570 100.00 | 10:0.0000
Aspergillus fumigatus Veg | S60 [0D.00411| 245 13.5814 100.00 | 10:0.0000
Aspergillus fumigatus Sp | 2240 ) 0.00103 [ 2.64 35834 100.00 | 10:0.0000
Azpergillus glaucus Sp 440 (000523 | 3.354 | 16.9541 100.00 | 1000000
Aspergillus niger Sp | 1771 )| 0.00130 [ 3.354 45101 100.00 | 10:0.0000
Aspergillus niger Sp | 1439 ) 0.00160 [ 3.354 5.5217 100.00 | 10:0.0000
Aspergillus niger Veg | 4480 | 0.00051 | 3.354 1.8080 100.00 | 100.0000
Aspergillus niger Sp | 1000 | 0.00230 | 3.354 7.5490 100.00 | 100.0000
Aspergillus niger Sp 35 [ 0.00350 | 3.354 | 11.6841 100.00 | 100.0000
Aspergillus niger Sp | 1387 | 0.00166 [ 3.354 57227 100.00 | 100.0000
Aspergillus niger Sp 750 [0.00386 | 3.354 | 128056 100.00 | 100.0000
Aspergillus niger Sp | 4480 | 0.0D051 | 3.354 1.8080 100.00 | 100.0000
Aspergillus niger Sp | 3984 | 0.0OOSE | 3.354 2.0310 100.00 | 100.0000
Aspergillus niger Sp | 1320 ) 0.0D174 [ 3.354 60047 100.00 | 100.0000
Aspergillus niger Sp | 1681 | 0.D0137 | 3.354 4. 7471 100.00 | 100.0000
Aszpergillus wersicolor Sp 384 | 0.00500 | 3.354 19.1844 100.00 | 100.0000
Aspergillus versicolor Sp 768 |0.00300| 3.354 [ 10,1025 100.00 | 10:0.0000
Aspergillus versicolor Sp 139 | 0.01660 | 3.354 | 44.5285 100.00 | 100.0000
Aspergillus versicolor Veqg 95 [(0.02400) 3.354 [ 57.3439 100.00 | 100.0000
Blastomyces demiatitidis Vegy | 140 [0.01645 | 11.000 [ 44 2964 100.00 | 100.0000
Botrytis cinerea Sp 250 [0.00920 | 11.180( 27.8628 100.00 | 100.0000
Candida albicans Vegy | 230 [0.01100 | 4.899 [ 323282 100.00 | 100.0000
Candida albicans VegyY | 447 [0.00515| 4.899 [ 16.7122 100.00 | 100.0000
Candida albicans Vegy | 750 [0.00407 | 4.899 | 13.4532 100.00° | 100.0000
Candida albicans VegY | 280 [0.00822 | 4.899 | 253183 100.00 | 100.0000
Candida parapsilosis VegY | 95 [0.02360| 4.800 | 56.7339 100.00° | 100.0000
Cladosporium herbanum Sp 500 (0.04605 | B.062 | B0.5004 100.00 | 100.0000
Cladosporium herbanum Sp 189 [0.01220 | B.062 | 351504 100.00° | 100.0000
Cladosporium herbanum Sp 622 (0.00370| B.062 | 123089 100.00° | 100.0000
Cladosporium trichoides Veg | S60 [0.00411 | 8.062 [ 13.5814 100.00- | 100.0000
Cladosporium trichoides Sp | 1120 | 0.00206 | 5.062 70354 100,00 | 100.0000
C. sphasrcspemum Sp | 1439 | 0.00210 | 8.062 7.1829 100.00 | 100.0000
Cladosporium wemecki Sp | 4480 | 0.00051 | 5.062 1.5080 100.00 | 100.0000
Cladosporium wemecki Veg | 560 [0.00411 | 8062 | 13.5814 100.00 | 100.0000
Cryptococcus necformans Sp 138 | 0.01670 | 4.899 | 44 7250 100.00 | 100.0000
Cryptococcus necformans VegY | 280 |0.00822 | 4.899 | 253183 100,00 | 100.0000
Cunaularia lunata Veg | S60 (0.00411|17.100( 13.5814 100.00 | 100.0000
Eurctium nubrum Sp 434 (000531 | 5612 [ 17.1804 100.00 | 100.0000
Fusarium oxyspomim Sp 260 | 0.01420 [ 11.225( 39.5951 100.00 | 100.0000




APPENDIX G: Total Removal of Fungi and Other Microbes at 50 cfm

Fungi Type | Dgo | UVGI k| Dia. Kill Rate (Filter Rem| Total

Jim?| mil pm % T Rem %
Fugarium solani Sp 313 [ D.00735 [ 11.225| 229625 100.00 | 100.0000
Fugsarium spp. Sp 560 [ 0D.00411 [11.225] 135814 100.00 | 100.0000
Fusarium spp. Veg [ 1120 [ 0.00206 [ 34.300| 7.0385 100.00 | 100.0000
Histoplasma capsulatum Veg | 140 [0.01845 | 2550 | 44 2264 100.00 | 100.0000
Monilinia fructigena Sp 167 [ 0.01380 [ 10.300| 387312 100.00 | 100.0000
Mucor mucedo Sp 600 | 0.00334 | 7.0M1 12.7364 100.00 | 100.0000
Mucor mucedo Sp 180 [ 0.01250 | 7.071 365171 100.00 | 100.0000
Mucor mucedo Sp =7 | 0.003599 | 7.071 13.2071 100.00 | 100.0000
Mucor racemosus Sp 170 [ 0.01354 | 7.0M1 3/.ATI2 100.00 | 100.0000
Mucor spp. Sp 140 | 0.01845 | 7.0M1 44 2264 100.00 | 100.0000
Mucor spp. “eg | 250 [ 0.00822 [ 31.600| 253183 100.00 | 100.0000
Cospora lactis Sp 28 | 0.08370 | 3.000 o4 8766 100.00 | 100.0000
Penicillium chrysoegenum Sp 400 | 0.00576 | 3.262 15.4827 100.00 | 100.0000
Penicillium chrysoegenum Sp 145 [ 0.01560 | 3.262 | 425238 100.00 | 100.0000
Penicillium chrysogenum Sp [ 1645 (0.00180 [ 3.262 61901 100.00 | 100.0000
Penicillium chrysogenum Sp 531 [D.0D434 [ 3262 14,2768 100.00 | 100.0000
Penicillium corylophilium Sp 381 | 0.0DsD4 | 3.262 19.2991 100.00 | 100.0000
Penicillium digitatum Sp 321 [0.00716 [ 3262 | 224008 100.00 | 100.0000
Penicillium digitatum Sp 440 | 0.00523 | 3.262 16.9541 100.00 | 100.0000
Penicillium expansum Sp 130 [ 001771 | 3.262 | 466760 100.00 | 100.0000
Penicillium italicum Sp 321 [ 0.01140 | 3.262 13,2823 100.00 | 100.0000
Penicillium roguefortii Sp 130 [ 0.01771 | 3.262 | 466760 100.00 | 100.0000
Penicillium spp. Sp | 2240 [ 0.00103 | 3.262 35834 100.00 | 100.0000
Penicillium spp. Veg | 250 [0.0D822( B.800 | 253183 100.00 | 100.0000
RFhizopus nigricans Sp | 3000 [ 0.0DO7Y | 6.928 2 6879 100,00 | 100.0000
Rhizopus nigricans Sp 267 [0.0D861 | 6.928 | 26.3359 100.00 | 100.0000
Rhizopus nigricans Sp | 1110 | 0.00207 | 6.925 7.0995 100.00 | 100.0000
Rhizopus nigncans Sp 173 | 0.01330 | 6.925 37 6340 100.00 | 100.0000
Rhizopus oryzae Sp | 4480 [ 0.0D051 | 6.925 1.50680 100.00 | 100.0000
Fhodotorula spp. Wegy | 1120 | 0.00206 | 5.900 7.0354 100.00 | 100.0000
Saccharomyces spo. Vegy | 44 | 0.05230 | 4.000 84,3805 100.00 | 100.0000
Saccharomyces ellipsoideus | Vegy | 33 | 0.06980 | 4.000 | 91.6081 100.00 | 100.0000
Scopulaniopsis brevicaulis Sp G50 (0.01840( 5916 | 479522 100.00 | 100.0000
Scopulanopsis brevicaulis Sp 226 | 0.01020 | 5.918 30.3787 100.00 | 100.0000
Scopulanopsis brevicaulis Sp [ 2800 (0.00344 [ 5918 11.4958 100.00 | 100.0000
Sporctrichum schenkii Vegy | 280 |D.0DB22 | 5500 [ 253183 100.00 | 100.0000
Stachybotrys chartamm Sp [ 5575 [ 0.00041 | 5623 1.4555 100.00 | 100.0000
Torula bengern “eg [ 4480 [ 0.0D051 40 1.5080 100.00 | 100.0000
Torula sphaerica Vegy | 23 |0.09986| 40 07.1132 100.00 | 100.0000
Torula sphaerica VegY | 7B |D02040| 40 B4 7851 100.00 | 100.0000
Trichophyton rubrm Veg | 360 | 0.00411 | 4.899 13.5814 100.00 | 100.0000
Trichophyton rubrm Sp 60 | D.00411 | 4.859 13.5814 100.00 | 100.0000
Ustilago zeae Vegy | 1120 | D.00206 | 5.916 7.0354 100.00 | 100.0000
Ustilago zeae Sp 35 | 006580 | 5.916 90. 3277 100.00 | 100.0000
Yeast Vegy | 40 | 0.05756 - 870431 100.00 | 100.0000
Yeast (Brewers) Wegy | 100 | 0.02303 - 55.8430 100.00 | 100.0000




APPENDIX G: Total Removal of Fungi and Other Microbes at 50 cfm

Protozoa and Other Microbes

Microbe Type | Dsog | UVGI K| Dia. | Kill Rate |Filter Rem| Total

Jim? | m%d um % % Rem %
Acanthameoba Rhizopod| 999 | 0.02100 3 h2 5603 100.00 | 100.0000
Acanthameoba castellani Rhizopod| 982 | 0.00232 3 7.8060 100.00 | 100.0000
Algae Algae | 1000 [ 0.00230 3 7.5490 100.00 | 100.0000
Algae, blue-gresn Algae | 450 [ 0.00512 3 16.6105 100.00 | 100.0000
Cryptosporidium hominis Protoz | 30 |0.07800 3 93,7275 100.00 | 100.0000
Cryptosporidium panum Protoz| 7 |0.31400 3 %0.9986 100.00 | 1000000
Cryptosporidium panum Protoz| 20 |0.11500 3 483135 100.000 | 100.0000
Cryptosporidium paraum Protoz| 10 |0.23030 3 499718 100.00 | 100.0000
Cryptosporidium panum Protoz | 50 |0.04605 3 805004 100.000 | 100.0000
Cryptosporidium panaum Protoz | 10 |0.23220 3 99 9737 100.00 | 100.0000
Cryptosporidium parvum Protoz| 5 |0.45830 3 100.0000 100.00 | 100.0000
Encephalitozoon intestinalis Protoz | 29 |0.07830 3 43,7940 100.00 | 1000000
Encephalitozoon intestinalis Protoz | 15 |0.15350 3 905700 100.00 | 1000000
Encephalitozoon cuniculi Protoz | 43 |0.05310 3 848179 100.00 | 1000000
Encephalitozoon hellem Protoz | 80 |0.02880 3 640268 100.000 | 1000000
Giardia lamblia cysts Protoz | 50 |0.04610 3 80.5350 100.00 | 100.0000
Giardia lamhblia cysts Protoz [ 3 [0.92100 3 100.0000 100.00 | 100.0000
Giardia lamblia cysts Protoz [ 20 |[0.11500 3 G9B8.3135 100.00 | 100.0000
Giardia muris cysts Protoz | 10 |[0.23020 3 95,9718 100.00 | 100.0000
Giardia muris cysts Protoz| 7 |0.34130 3 99 9995 100.000 | 100.0000
Protozoa Protoz [ 80 |[0.02878 3 64.0044 100.00 | 100.0000
Frotozoa Protoz | 240 [ 0.00959 3 28.8650 100.00 | 100.0000
Prions (scrapie) Prion |24315] 0.00009 3 0.3356 100.00 | 100.0000
Prions {scrapie) Prion |55618| 0.00004 3 0.1459 100.00 | 100.0000

NOTES:

Type: 5p =Spore, Veg = Vegetative, Vegh =Vegetative yeast
Oi: LN Dose for 00% inacthvation (10% survival)
NGl UV rate constant at the given Dy (and below the L)

LL: Uppeer Lirmit w ithin w hich Dy, and rate constants are applicable
Mediz: A = Ar, S = Surface, W RH = Relative Humidity

5h = Shoulder in decay curve (shoulder is ignored for k and Dy, values)

5t = Mumber of stages in decay curve (k & Dy, only applies to first stage)

Cia: Logmean diameter in microns, including envelope for viruses if any

M Medium Pressure UV lamp, LP: Low Pressure LN lanp
See How alski (200€) for References




APPENDIX H: Total Remowval Rates for Bacteria at 340 cfm

Microbe Type | Dy | UVGl k| Dia. | UV Rem |Filter Rem| Total

Jim?| mil pm % % Rem %
Acinetobacter baumannii \eg 18 (012800 1.225 | 487306 100.00 | 100.0000
Acinetobacter baumannii Veg 33 | 019200 | 1.225 | 632004 100.00 | 100.0000
Asromonas Veg 11 | 0.20310 | 2.098 | 653858 100.00 | 100.0000
Asromonas hydrophila Veg 16 | 0.14100 | 2.098 | 52.1032 100.00 | 100.0000
B. atrophaeus (B. globigii} Sp 144 (001600 | 112 | 80138 100.00 | 100.0000
B. atrophaeus spores p | 1323 | 0.00174| 1.12 | D.p043 100.00 | 100.0000
Bacillus anthracis spores p 411 | 0.00560 | 1.118 [ 28813 100.00 | 1000000
Bacillus anthracis spores p 45 | 0.05094 | 1.118 | 233528 100.00 | 1000000
Bacillus anthracis spores p 743 | 0.00310 ) 1.118 | 18054 100.00 | 100.0000
Bacillus cersus spores Sp 267 | 0.00863 ) 1.118 | 44055 100.00 | 100.0000
Bacillus cereus spores Sp 210 | 0.01098 | 1.118 | 55727 100.00 | 100.0000
Bacillus cersus spores p 116 | 0.01979 | 1.118 | 98157 100.00 | 1000000
Bacillus cersus spores Sp 408 | 0.00564 | 1.1158 | 29002 100.00 | 100.0000
Bacillus megatherium p 273 |0.00B43 | 112 | 43078 100.00 | 1000000
Bacillus megatherium Veg | 113 [0.02038 [ 1.12 | 100918 100.00 | 100.0000
Bacillus pumilis spores Sp o0 | 004500 1.12 | 213493 100.00 | 1000000
Bacillus subtilis Weg 25 | 009210 ) 112 [ 384728 100.00 | 1000000
Bacillus subtilis Veg 14 | 0.1685B| 1.12 | 585287 100.00 | 1000000
Bacillus substilis spores Sp 250 | D.0DS2D | 112 | 48805 100.00 | 100.0000
Bacillus substilis spores Sp 161 | 0.01430 | 112 | 71838 100.00 | 100.0000
Bacillus subtilis spores Sp 116 | 0.01982 | 112 | 28305 100.00 | 100.0000
Bacillus subtilis apores Sp 20 | 001047 | 112 | 53178 100.00 | 100.0000
Bacillus subtilis apores Sp 199 | 001155 1.12 | 58517 100.00 | 100.0000
Bacillus subtilis apores Sp 77 | 003000 1.12 | 144072 100.00 | 100.0000
Bacillus subtilis spores Sp 155 | 0.01490 | 112 | 74840 100.00 | 100.0000
Bacillus subtilis spores Sp B9 | 002580 1.12 [ 128017 100.00 | 1000000
Bacillus subtilis spores Sp 200 | 001150 112 | 582372 100.00 | 100.0000
Bacillus subtilis spores Sp 80 | 002880 1.12 [ 130500 100.00 | 100.0000
Bacillus subtilis spores Sp 94 | 0.02460 | 1.12 | 120525 100.00 | 100.0000
Bacillus subtilis spores Sp 668 |0.03370| 1.12 [ 161330 100.00 | 1000000
Bacillus subtilis spores Sp 112 | 0.02030 | 1.12 [ 100558 100.00 | 1000000
Bacillus sublilis spores Sp B9 | 002600 1.12 [ 126828 100.00 | 1000000
Bacillus sublilis spores Sp 149 | 0.01550 ) 112 | 7.7724 100.00 | 1000000
Bacillus subltilis spores Sp 85 | 0.02700 | 1.12 | 131475 100.00 | 100.0000
Bacillus thuringiensis Sp (2303000100 1.120 | 05207 100.00 | 1000000
Burkholderia cenocepacia Veg 58 | 0.03956 | 0.707 | 1266814 100.00 | 100.0000
Burkholderia cepacia Veg i1 | 021150 | 0.77 | 688518 100.00 | 1000000
Burkholderia cepacia Veg 22 | 010520 | 0.77 |422800 100.00 | 100.0000
Campylobacter jejuni Veg 11 | 020933 | 212 684734 100.00 | 100.0000
Campylobacter jejuni Veg 20 007940 ) 212 | 339344 100.00 | 100.0000
Citrobacter diversus Veg 32 007140 1.2 | 311189 100.00 | 100.0000
Citrobacter freundii Vieg 42 1005482 1.2 [ 248001 100.00 | 100.0000
Citrobacter freundii Veg 46 | 005010 1.2 | 230148 100.00 | 100.0000
Cleatridium difficile Sp 128 | 0.01800 5 B.0683 100.00 | 100.0000
Closfridium perfringens \eg 38 | 0.0600D 3 268028 100.00 | 100.0000
Closiridium perfringens Veg [ 135 [ 0.01700 3 8.4028 100.00 | 100.0000




APPENDIX H: Total Removal Rates for Bacteria at 340 cfm

Microbe Type | Deo | UVGI K| Dia. | UV Rem |Filter Rem| Total

Jm® | miJ am %, 5 Rem %
Cloatridium tetani Veq 49 | 004899 5 217553 | 100.00 |100.0000
Corynebacterium diphtheriae Veq 33 |0.07010 | 0.698 | 306472 ( 100.00 [ 100.0000
Coxiella bumetii Weq 15 | 0.15350 | 0.283 | 55.1281 99,95 99 95836
Deinococcus mdiodurans Vieg 365 | 0.00630 1 32356 100.00 | 100.0000
Enterobacter cloacae Veq 64 | 003598 | 1414 | 17.1254 100.00 | 100.0000
Escherichia coli Weq 21 |010900) 05 |[433842| 100.00 999906
Escherichia coli Veq 53 |0.04320| 05 | 2001811 100.00 999995
Escherichia coli Weg 20 |011510| 05 |451685| 100.00 999957
Escherichia coli Weq 47 |0.04%40| 0.5 |227330| 100.00 9999590
Escherichia coli Weq 43 |005300) 05 |244717| 100.00 909950
Escherichia coli Veq 13 |0.18000| 05 |ecoe2e7 | 100.00 000008
Escherichia coli Weq 20 |011500] 05 |4513p2| 100.00 0000097
Escherichia coli Vg 24 | 0.09600 5 | 204180 | 100.00 999996
Escherichia coli Vg 81 | 0.02832 5 | 137450 | 100.00 99.9955
Escherichia coli Veq 5 [0.09338| 05 |a3sy777| 100.00 9999596
Escherichia coli Vg 19 |0.12000| 05 |485534 | 100.00 00 9997
Escherichia coli Veq 12 | 019300 05 |sB34905| 100.00 00 9908
Escherichia coli Veq 25 |009210]) 05 |381740| 100.00 0999596
Escherichia coli Veq 20 (011670 05 |456248| 100.00 999957
Escherichia coli Weg 51 |004540) 05 | 211025 100.00 999955
Escherichia coli Weg 3 |0D6720| 05 |2o5802| 100.00 999956
Escherichia coli Veq 55 |0.04167] 05 |1e8330| 100.00 999995
Escherichia coli Weg 8 |028300| 05 |771784( 100.00 99 9959
Escherichia coli Veg 3 |[072300| 05 |e77053| 100.00 |100.0000
Escherichia coli Veg 11 |0.21800| 0.5 |[e67e8s572| 100.00 999955
Escherichia coli Weq 11 | 0.21900) 0.5 |[e68.1247 | 100.00 909956
Escherichia coli Weq 13 | 018100 0.5 |s&1.1301 100.00 909956
Escherichia coli Weq 15 |0.15611| 05 |s557372| 100.00 000097
Escherichia coli Vg 2 |D9s500| 05 |es3s13| 10000 |100.0000
Escherichia coli Vg 11 | 0.20500 5 | 857078 | 100.00 99,9958
Francizsella tularensis Veg | 256 |0.00900] 0.2 45000 99.595 99.9566
Francizella tularensis Vieg | 268 (0.00800| 0.2 40808 90,95 00 0564
Haemophilus influenzae Vg 38 | 0.05990 ) 0.285 | 28.8548 90,96 00.9738
Haemophilus influenzae Rd Veq 13 | 017700 | 0.285 | 60.3008 90,95 00 0858
Halobacterium sp. NRC-1 Vg 25 | 0.09210 1 381720 | 100.00 | 100.0000
Halobactenum salinamm Weg 68 [ 0.03350 1 16.2205 | 100.00 [ 100.0000
Halomonas elongata Weg 13 | 0.18090 1 £1.1088 | 100.00 | 100.0000
Helicobacter pylon Weq 33 |0069300) 21 (302484 100.00 [ 100.0000
Klebsiella pneumoniae Weq 42 |0.05450) 0671 | 248808 ( 100.00 [ 100.0000
Klebsiella pneumoniae Veg 68 |0.03390) 0.671 | 162205 100.00 [ 100.0000
Klebsiella temgena Veg 33 |0.07000 ) 0671 | 3pe116 |  100.00 [ 100.0000
Legionella dumoff Weq 24 |0.09554 | 052 | 394004 | 100.00 909956
Legionella bozemanii Weq 19 | 017400 | 052 | 506833 | 100.00 909956
Legionella bozemanii Weq 15 | 0.15351| 052 | 551304 | 100.00 000008
Legionella gomanii Weq 26 |0.D8856| 052 |37ropipa| 100.00 000008
Legionella jordanis Vg 11 | 0.20933| 052 |684734| 100.00 99,9990




APPENDIX H: Total Remowval Rates for Bacteria at 340 cfm

Microbe Type | Dge | UWGI Kk | Dia. | UV Rem |Filter Rem| Total

Jm?| mil pm % % Rem %
Legionella longbeach Veg 11 |0.20933 | D52 884734 100.00 99,9999
Legionella micdadei Veqg 15 | 0.15351 | ‘0.52 [55.1304 100.00 09,9998
Legionella cakridgensis Veg 22 |0.10466 | D52 |420879 100.00 09,9998
Legionella pneumnophila Veg 13 | 017400 | 052 | 596833 100.00 099998
Legicnella pneumnophila Veg 12 | 0.19208 | 0.52 | 634865 100.00 099999
Legionella pneumnophila Veg 9 |D.24849| 052 | 726735 100.00 999999
Legionella pneumnophila Veg 5 |044513 | 052 | 90.2618 100.00 | 100.0000
Legionella pneumnophila Veg 25 |0.09110 | D.52 |37.8493 100.00 999998
Legionella pneumnophila Veg 16 | 0.14390 | 0.52 [52.8228 100.00 99,9998
Legionella pneumnophila Weg 19 | 012020 | 0.52 | 46.6081 100.00 599998
Legionella wadsworthii Veg 4 |0.57565| 0.52 | 850478 100.00 | 100.0000
Listeria monocytogenes Veg 73 |0.03170 | 0,707 [ 15.2527 100.00 | 100.0000
Listeria monocyiogenes Veg 156 |0.01480 | 0.707 | 7.4357 100.00 | 100.0000
Listeria monocyiogenes Veg 10 | 0.23030 | 0.707 | 69.9507 100.00 | 100.0000
Micrococcus candidus Veg 61 (0.03806( 12 |18.0202 100.00 | 100.0000
Micrococcus piltonensis Veg B1 [D02843| 22 | 137022 100.00 | 100.0000
Micrococcus sphaeroides Veg 100 (002303 | 1.2 | 11.3287 100.00 | 100.0000
Moraxella Veg |10965| 0.00022 [ 1.225 | D.114B 100.00 | 100.0000
Mycobacterum avum-intra. Veg B4 |0.02740 | 1.118 | 133287 100.00 | 100.0000
Myeobacterum avium Veqg 60 | 0.03840 | 1.118 [ 181850 100.00 | 100.0000
Mycobacterium avium Veq 35 | 0.065B0 | 1.118 | 200723 100.00 | 100.0000
Mycobacterium bovs BCG Veg 22 |0.10550 | 0.637 [ 42.3503 100.00 | 100.0000
Mycobacterium bovs BCG Veg 10 | 024200 | 0.637 [ 71.7313 100.00 | 100.0000
Mycobacterum bovis BCG Veg 12 | 0.19000 | 0L637 | B2.0142 100.00 | 100.0000
Mycobacterium bovis BCG Veg 19 | 012000 | 0.637 [ 465534 100.00 | 100.0000
Mycobacterium bovs BCG Veg 33 |0.07000 | 0,637 [ 308116 100.00 | 100.0000
Mycobacterium flaviscens Veg | 120 |D.01919 | 0637 | 95322 100.00 | 100.0000
Mycobacternum fortuitum Weg 68 | 0.03390 | 0.637 | 18.2205 100.00 | 100.0000
Wycobacternum fortuitum Veg 96 | 0.02400 | 0L637 [ 117765 100.00 | 100.0000
Mycobacterium kansasii Veg 80 |0.02580 | 0.637 | 13.9598 100.00 | 100.0000
Mycobacternum maninuny Veg 76 | 0.03030 | 0.637 | 14.8311 100.00 | 100.0000
Mycobacterium marinum Veg | 743 |0.D0310 | 0637 | 1.8054 100.00 | 100.0000
My cobacterium parafortuitum Veg 13 [ 0.18000 | D.637 | 80.0267 100.00 | 100.0000
My cobacterium parafortuitum Veg 45 |0.05000 | D637 | 22 0747 100.00 | 100.0000
My cobacternum parafortuitum ‘eg 19 [0.12000 | 0.637 | 48.5534 100.00 | 100.0000
Mycobacterium phiei Veg 76 | 0.03030 | 0.637 [ 148311 100.00 | 100.0000
Myeobacterum phisi Veqg 63 | 0.03650 | 0L637 | 17.3501 100.00 | 100.0000
Myeobacterum phisi Veg 23 |0.10000 | 0.637 | 408710 100.00 | 100.0000
Mycobacterium phiei Veg 16 | 0.14000 | 0.637 | 51.8525 100.00 | 100.0000
Mycobacterum smegmatis Veg 108 | 002130 | 0.637 [ 105241 100.00 | 100.0000
Mycobacterium smegmatis Veg | 1047 | DD0Z2X0 | DUG3T | 1.1420 100.00 | 100.0000
Mycobacterium smegmatis Veg 68 | 0.03400 | D637 [ 16.2643 100.00 | 100.0000
Mycobacterium smegmatis Veqg 12 | 0.19000 | 0.637 | 62.9142 100.00 | 100.0000
Mycobacterium temae Veqg o0 | 0.04610 | 0.637 | 21.3003 100.00 | 100.0000
Mycobacterium tuberculosis Veg 28 | 0.08220 | D637 | 348033 100.00 | 100.0000
Mycobacternum tuberculosis Veg T | 0.03000 | 0.637 [ 144872 100.00 | 100.0000




APPENDIX H: Total Removal Rates for Bacteria at 340 cfm

Microbe Type | Dee | UVGI k| Dia. | UV Rem |Filter Rem| Total
Jim® | mil pm % % Rem %
Mycobacterium tuberculosis Veg 74 | 0.03100 | D637 | 14.9425 100.00 | 100.0000
My cobacterium tuberculosis Veg 11 [ 0021320 | 0637 | 67.1447 100.00 | 100.0000
My cobacterium fulerculosis Veg 5 | 0.47210 | D.637 [ 014068 100.00 | 100.0000
Mycoplasma arthritidis Veg 7 1031240 | 0177 | 804257 00,06 00 0926
Mycoplasma fermentans Veg 9 025200 | 0177 [ 731872 90,06 00 9398
Mycoplasma hominis Veg 7 103270 | 0477 | 81.8717 99 .95 99 9931
Wycoplasma Orale type 1 ‘eg 11 | 0.21800 | 0177 | 67.9578 99,95 99 9878
Mycoplasma Orale type 2 Veg 6 |0.38760 | 0177 | 867815 99.96 99 9950
Mycoplasma pneumoniae eg & 027910 | 077 | 767080 99.96 999911
Mycoplasma salivarium Veg 11 | 021140 | 0177 | 868345 99.95 999874
Whyxobolus cersbralis Veg |10011] 000023 1 0.1200 100.00 | 100.0000
Meissena catamhalis Veg 44 | 005233 | D177 | 2309068 99.96 99.9711
Mocardia asteroides Veg | 280 | DU00S22 [ 1.118 | 4.2024 100.00 | 100.0000
Phytomonas tumefaciens Veg 44 | 5233 1 23.8066 100.00 | 100.0000
Proteus mirabilis Veg 8 |0.28900 | 0494 |77.8822 100.00 | 999998
Proteus wilgaris Veg 30 | 007675 | 0.2 | 33.0152 00,97 09,9774
Pseudomonas asmuginosa Veg 10 | 022652 | 0494 | 04160 100.00 999998
Pseudomonas asmuginosa Veg | 172 | 00340 | 0494 | B.7587 100.00 39,9903
Paeudomonas asnuginosa ‘eg 35 | 0.06600 | 0.494 | 201473 100.00 09,9995
Paeudomonas aenuginosa eg 55 | 0.04190 | 0.494 | 108478 100.00 00,9904
Pzeudomonas aenuginosa Veg 55 | 0.04187 | 0.494 | 10.8330 100.00 00 9994
Pzeudomonas aenuginosa eg 22 1010470 | 0494 | 42 1091 100.00 00 0996
Pzeudomonas asnuginosa eg 10 | 023750 | 0.494 | 71.0583 100.00 00 9998
Pzeudomonas asniginosa Veg 4 | 057210 | 0.494 [ o4 0550 100.00 | 100.0000
Peeudomonas diminuta ‘eg 05 002391 [ 0.5 | 11.7353 100.00 00 9954
Pzeudomonas flucrescens Veg 35 | 006579 05 | 280880 100.00 090 9996
Pzeudomonas flucrescens eg 3 |047730| 05 [81.7243 100.00 599.9999
Pseudomonas maltophilia Yeg 70 |0032%4 | 05 | 158001 100.00 | 99.9995
Pseudomonas putrefaciens Veg 87 | 002662 | 0.5 | 126748 100.00 | 99.999%4
Rickettsia prowazekii Veg 13 |017600 | 06 801021 100.00 | 100.0000
Salmenella spp. Veg 11 | 021380 | 0.8 | 67.2475 100.00 | 100.0000
Salmonella anatum Veg 60 |0.03840) 0B |18.1858 100.00 | 100.0000
Salmonella dery Veg 3% |0.06360| 0.8 | 282540 100.00 | 100.0000
Salmonella enteritidis Veg 10 [0.22100( 0.8 | sB4558 100.00 | 100.0000
Salmenella entertidis Veg 33 [007010( 08 | 308478 100.00 | 100.0000
Salmonella infantis Veg 2 |0.11510) 0.8 [ 45.16885 100.00 | 100.0000
Salmenella typhi Veg 21 | 010760 | 0.BDE [ 420720 100.00 | 100.0000
Salmenella typhi Veg 30 | 007675 | 0.B06 | 33.0152 100.00 | 100.0000
Salmenella typhi Veg 21 | 010760 | 0.8B06 | 42.0782 100.00 | 100.0000
Salmenella typhi Veg 9 | 025580 | 0.806 | 73.8063 100.00 | 100.0000
Salmonella typhimurium Veg | 295 (000780 | 08 30904 100.00 | 100.0000
Salmenella typhimurium ‘eg 18 |[0:12830( 0.8 | 488198 100.00 | 100.0000
Sarcina lutea Veg | 197 (D169 | 148 | 59197 100.00 | 100.0000
Sematia indica Veg | 209 |[0.01100 [ 0632 | 55810 100.00 | 100.0000
Sematia marcescens Veg 22 | 010490 | D632 | 42.1695 100.00 | 100.0000
Sematia marcescens Veg | 105 | 002194 | 0.632 | 10.8225 100.00 | 100.0000




APPENDIX H: Total Removal Rates for Bacteria at 340 cfm

Microbe Type | Dgg | UVGI k| Dia. | W Rem (Filter Rem| Total

Jim2| mi) | pm % %, Rem %
Streptococcus fascalis Veg 120 | D.01919 | 0707 | 95322 10000 100.0000
Streptococcus faecium Veg 45 | 0.05100 | 0.632 | 233758 100.00 | 100.0000
Streptococcus haemolyticus Veg 22 [ 010660 [ 0O.707 | 426808 10000 100.0000
Streptococcus lactis Veg 62 (003744 | O.FD7 [17.7549 100.00 100.0000
Streptococcus pneumonias Veg 468 (000492 [ D.FO7 | 25359 100.00 100.0000
Streptococcus pyogenss Veg 4 006161 | D.894 | 275047 100.00 100.0000
Streptococcus pyogenss Veg 1 1.56100 | D.894 | 999711 10000 100.0000
Streptococcus vindans Veg 20 | 091513 | 0707 | 451768 100.00 | 100.0000
Streptomyces coelicolor Veg 60 [ 0.03840 707 | 18.1659 100.00 100.0000
Streptomyces griseus Veg 129 | 0.01780 | D.7O7 | 88742 100.00 100.0000
Streptomyces griseus Veg 60 |0.03840 | D707 | 181658 100.00 100.0000
Vibrio anguillarum {figh) Veg 10 [0.23820| 212 | 7T1.1649 100.000 | 100.0000
Vibrio anguillarum (figh) Veg 5 0.42600 | 212 | 891827 100.00 | 100.0000
Vibro cholerae Veg 17 [(0.13400 | 2.12 | 503204 100.00 | 100.0000
Vibrio ordalii Veg 18 [0.12560| 2.12 | 480933 100.00 | 100.0000
Vibrio parahaemolyticus Veg 8 030700 212 | 798660 10000 100.0000
Vibrio salmonicida (fish) Veg 5 0.42600 | 212 | 891827 100.00 | 100.0000
Y ersinia enterocolitica Veg 15 [0:15351 | 0707 | 55.1304 100.00 | 100.0000
Y ersinia enterocolitica Veg 28 | 0.08127 | D707 | 345757 100.00 | 100.0000
Y ersinia enterocolitica Veg 11 | 0.20467 | 0707 | 656493 100.00 | 100.0000
Yersinia enterocolitica Veg 13 [ D770 | D707 | 99.1963 100.00 100.0000
Yersinia rucker (fish) Veg 9 0.42600 | 0.707 | 891827 10000 | 100.0000
Yersinia ruckeri (fish) Veg 10 [ D0.23020 | 0.707 | 69.9350 100.00 | 100.0000

NOTES

Type: 5p = Spore, Veg = Vegetative, Vegy = Vegetative yeast
Cig: W Dose for B0% inactivation ( 10% survival)
LA Gl b LN rate constant at the given Dy, (and below the UL)

UL- Upper Linit within w hich Oy, and rate constants are applicable
Media- A = Air, S=Surface, WRH = Relative Humidity

Sh = Shoulder in decay curve (shoulder is ignored for k and Dy, values)
St = Mumrber of stages in decay curve (k & Oy, only apples to first stage)
Cia.: Logmean diameter in microns, ncluding envelope for viruses i any
NP Medium Fressure LV lamp, LP: Low Pressure LV lamp
See Kowalsk (2009) for References




APPENDIX I: Total Removal Rates for Viruses at 340 cfm

Microbe Type | Dy | UVGI k| Dia. | UW Rem |Filter Rem| Total
Jim®| md pm % % Rem %
Adenovines dsDMA| 34 [0.06800( 0.079 | 20.8833 100.00 99,9977
Adenovines dsDMA| 50 [0.03200( 0.079 | 16.4218 100.00 09,9973
Adencines daDMA| 42 | 0.05500( 0.079 | 24.8583 100.00 99,9976
Adencvines daDMA| 903 | 0.00255( D.079 | 1.3225 100.00 99,9968
Adenovirus type 1 daDMA| 299 (000770 ( D.079 | 38402 100.00 99,9960
Adenovirus type 1 daDMA| 350 (0.00658( D.079 | 33783 100.00 99,9960
Adencvirus type 2 daDMA| 400 | 0.00576( D.079 | 20624 100.00 99,9968
Adenovirus type 2 dsDMA| B840 | 0.00360 | 0D.079 | 18610 100.00 99,9958
Adenovirus type 2 dsDMA| 490 | 0.00470( 0D.079 | 24230 100.00 99,9958
Adenovirus type 2 dsDMA| 533 | 0.00432( 0D.079 | 22301 100.00 99,9958
Adenovirus type 2 deDMA| 150 [ 0.01540( D.079 | 77252 100.00 99,9970
Adenovirus type 2 deDMA| 300 [ 0.00768 | D.079 | 38302 100.00 99,9959
Adenovirus type 2 deDMA| 400 | 0.00576 | D.079 | 20606 100.00 99,9958
Adenovirus type 2 dsDMA| 276 | 0.00834 | 0.079 | 42607 100.00 99,9969
Adenovirus type 4 dsDMNA| 921 | 0.00250 | 0.079 | 1.2987 100.00 999965
Adenovirus type 15 dsDMA| 396 | 0.00581 | 0.079 | 28877 100.00 999965
Adenovirus type 40 dsDMA| 300 [0.00768 | 0.069 | 3e277 100.00 999979
Adenovirus type 40 dsDMA| 546 [ 0.00422 ( 0.069 | 2.1781 100.00 999979
Adenovirus type 41 deDMA| 240 [ 0.00976 | 0.069 | 40683 100.00 99,9580
Adenovirus type 41 daDMA | 425 | 0.00542 | 0.069 | 27800 100.00 99.9979
Adenovirus type 41 daDMA| 555 | 0.00415 | D.069 | 2.1433 100.00 999979
Adenovirus type 41 daDMA| 600 | 0.00384 | 0D.069 | 19248 100.00 99,9979
Adenovinus type 5 dasDMA| 400 | 0D.00576 | 0.054 | 20624 100.00 99,9952
Adenovirus type 5 dasDMA| 541 [0.00426 ( 0.054 | 2.1985 100.00 99,9961
Adenovinus type 5 dasDMA| 720 | 0.00320 | 0.034 | 165688 100.00 99.9961
Adenovirus type 6 dsDMA| 390 | 0.00590 | 0.079 | 30353 100.00 99,9965
Adenovirnus type 6 dsDMA| 400 | 0.00576 | 0.079 | 29624 100.00 99,9968
AHMNY {fish virus) ssRMNA| 349 | 0.00660( 0.1 33870 99.99 99.9931
Avian Influenza s ssRMA| 22 | 010600 0.09 | 425008 100.00 95.9571
Avian Influenza vrus ssRMA| 30 | 007680 0.098 | 33.0317 99.99 99.9956
Avian Leukosis virus (RSA) ssRMA| 631 | 0.00365| D107 | 18875 99.99 99.9912
Anian Sarcoma Wins ssDMA| 155 | 0.014590 | 0.098 | 74840 99.99 99,9939
Avian Sarcoma Wns ssDMA| 381 | 0.00604 | 0.098 | 3.104 99.99 99,9936
B. subtilis phage 029 dsDMA| 70 | 0.03289( 0.1 15.7794 99.99 99,9940
B. subtilis phage SP02c12 dsDMA| 100 | 0.02303 [ 0.087 | 11.3267 100.00 99.9961
B. subtilis phage SPP1 dsDMA| 195 [ 0.01181 [ 0.057 | 59785 100.00 99,9955
Bacteriophage B40-8 dsDMA| 137 | 001679 | 0.1 83924 99.99 99,9935
Bacteriophage F-specific dsRMNA| 292 | 0.00789 | 0D.025 | 40332 100.00 95 9996
Bacteriophage M52 saRMNA| 26 |0.04800( 0.02 | 2216862 100.00 09,9996
Bacteriophage M52 saRMA| 61 [0.03800( 0.02 | 17.0048 100.00 09,9996
Bacteriophage M52 saRMA| 3 [(0.81000( 0.02 | 9B.5430 100.00 | 100.0000
Bacteriophage M52 saRMA| 4 (0B4000( 0.02 | po.4602 100.00 | 100.0000
Bacteriophage M52 saRMA| 606 | 0.00380( 0.02 1.0643 100.00 09,9995
Bacteriophage M52 saRMA| 135 |0D.A710( O0.02 8 5405 100.00 09,9995
Bacteriophage M52 saRMNA| 427 | 0.00539( 0.02 27753 100.00 09,9995




APPENDIX I: Total Removal Rates for Viruses at 340 cfm

Microbe Type | Dee | UVGIK| Dia. | Kill Rate |Filter Rem| Total

Jim®*| mil um % % Rem %
Bacteriophage MS2 ssRNA| 183 |0.01190] 0002 6.0236 100.00 999995
Bacteriophage MS2 ssRNA| 419 |0.00550] 0D.02 28306 100.00 99.9995
Bacterophage MS2 ssRNA| 368 |0.00625] 002 32103 100.00 99,9995
Bacterophage MS2 ssRNA| 285 |0.00780| O0uO2 38904 100.00 99.9995
Bacterophage MS2 ssRNA| 40 |0.05760) 0O2 | 258710 100.00 99,9996
Bacterophage MS2 ssRNA| 173 |0.01330] 0.02 6.7080 100.00 99,9995
Bacterophage MS2 ssRNA| 275 |0.00837] 0.02 42756 100.00 99,9995
Bacteriophage MS2 gsRNA| 217 |0.01060 ] 0.02 5.3836 100.00 99,9995
Bacteriophage MS2 gsRNA| 250 |0.00920] 0.02 45505 100.00 99,9995
Bacterophage MS2 ssRNA| 217 |0.01060] 0.02 5.3836 100.00 99.9995
Bacterophage MS2 ssRNA| 217 |0.01063] 0.02 5.3084 100.00 99.9995
Bacteriophage MS2 ssRNA| 213 |0.01080] 0.02 54824 100.00 99,9995
Bacteriophage MS2 ssRNA| 187 |0.01230] 0.02 82197 100.00 99,9995
Bacterophage MS2 asRNA| 160 |0.01360] 002 B8.8540 100.00 99,9995
Bacteriophage MS2 asRNA| 164 |0.01402] 002 7.0580 100.00 99,9995
Bacteriophage MS2 ssRNA| 150 |0.01540] 0.02 7.7252 100.00 99,9995
Bacteriophage MS2 ssRNA| 140 |0.01640] 0.02 8.2057 100.00 99,9995
Bacteriophage M52 ssRNA| 188 |0.01160) 002 5.8763 100.00 999995
Bacteriophage MS2 ssRNA| 228 |0.01010)] 0U02 5.1363 100.00 99.9995
Bacterophage MS2 ssRNA| 245 |0.00%40| 002 4 7580 100.00 99,9995
Bacterophage QF ssRNA| 125 |0.01840] 002 B.1582 100.00 99.9995
Bacterophage QF ssRNA| 1919 |0.00120] 0.02 05245 100.00 99,9995
Beme vines ssRNA| 13 |0.15420] D13 | 819741 99.95 99.9935
BF-MNV {fish virus) ssRMA| 501 [0.00460( 0.7 23720 99.99 99,9931
BLY gsRNA| 1799 | 000128 01 05660 99.99 99,9929
BLV ssRNA| 221 |0.01040) 01 52848 95.99 999933
Boma vines gssRNA| 79 |0.02020] 009 | 141304 100.00 999957
Bovine Calicivinus ssDMNA| 95 |0.02420| 002 | 118686 100.00 99,9995
Bovine Panoninis ssDMNA| 35 |0.06580] 002 | 200732 100.00 99,9996
Canine Caliciins asRNA| 67 |0.03450| 0.037 | 184826 100.00 95,9995
Canine hepatic Adenovinus dsDMNA | 265 |0.00869] 0.08 44340 100.00 99,9968
CCHV (fish vinus) dsDNA| S |048050| 0.1 Q0.8E57 99.99 99,9904
Cholera phage Kappa dsDiNA | 634 |0.00363] 0.1 18773 99.99 99.9930
Coliphage 2 ssRNA| 310 |0.00743] 0.1 3.8036 99 .99 999932
Coliphage fd ssDNA| 23 |0.09%40] 0.1 404849 99.99 999955
Coliphage §+174 ssDMNA| 3 |0.71000) 0.025 | 975442 100.00 | 1000000
Coliphage §+174 ssDMNA| 4 |0.53000)] 0.025 | 237149 100.00 | 1000000
Coliphage §+174 ssDNA| 158 |0.12800)] 0.025 | 487386 100.00 99,9995
Coliphage <174 ssDNA| 21 |0.11140] 0.025 | 440080 100.00 99,9997
Coliphage §+174 gsDMNA| 21 |0.11090 ] 0.025 | 43.8529 100.00 99,9997
Coliphage §+174 gsDNA| 30 |0.07650] 0.025 | 320268 100.00 99.9997
Coliphage §<174 ssDMA| 25 |0.09200| 0.025 | 28.1406 100.00 999997
Coliphage §<174 ssDMA| 14 |0.16060] 0.025 | 587619 100.00 99.9995
Coliphage §<174 ssDMNA| 25 |0.09350] 0.025 | 28.6231 100.00 99.9997
Coliphage 5174 ssDMNA| 57 |0.04013] 0.025 | 188016 100.00 99.9996
Coliphage 5174 ssDMNA| 177 |0.01300) 0.025 | 85817 100.00 99,9996




APPENDIX I: Total Removal Rates for Viruses at 340 cfm

Microbe Type | Dy | UVGI k| Dia. | Kl Rate |Filter Rem| Total

Jm?| mi) pm % % Rem %
Coliphage §<174 ssDNA| 23 |0.10230] 0.025 | 41.3781 100.00 09,9097
Coliphage §<174 ssDMNA 0.05760 | D.025 | 23508710 100.00 09,9997
Coliphage §&174 gsDNA| 18 | 012910 ] 0.025 | 400332 100.00 99,9998
Coliphage lambda dasDNA| 57 | 0.04050 | 0.05 | 100581 100.00 99,9092
Coliphage lambda dsDNA| 70 |0.03310( 005 | 158600 100.00 99,9002
Coliphage lambda dsDiNA| 72 | 0.03200| 005 | 153854 100.00 99,9992
Coliphage lambda dsDNA| 184 | 0.01250)] 0.05 83175 100.00 99,9991
Coliphage PRD1 dsDNA| B7 | 0.02650 | 0.062 | 129205 100.00 99,9966
Coliphage PRD1 dsDiNA| 20 | 011500 | 0.062 | 45.1308 100.00 99,9991
Coliphage T1 dsDNA| 6 |0.36970| 005 | B54888 100.00 99,9999
Coliphage T1 dsDiNA| 38 |0.06000 | 005 | 258928 100.00 99.9993
Coliphage T1 dsDiA| 40 |0.05500) 0.05 | 251254 100.00 99,9993
Coliphage T2 dsDiNA| 5 | 048400 | 0.065 | s2.0088 100.00 99.9999
Coliphage T2 dsDNA| 9 | 025500 | 0.065 | 737237 100.00 99,9985
Coliphage T2 dsDiNA | 133 | 001730 | 0.065 | sA360 100.00 99,9953
Coliphage T3 dsDiNA| 10 | 023100 | 0.045 | 70.0603 100.00 99.9998
Coliphage T4 dsDNA| 7 | 0.34500 | D.0B9 | sa4881 100.00 99,9092
Coliphage T4 dsDNA| 14 |0.16850 ] 0.0B9 | 5B.50809 100.00 05,9960
Coliphage T4 daDNA, 5 |0.15400| 0.089 | 552481 100.00 99,9979
Coliphage T4 dsDNA| 20 | 0.0B00D | 0.089 | 341412 100.00 09,9968
Coliphage T4 dasDiNA| 22 | 010700 | 0.089 | 42.8000 100.00 99,9973
Coliphage T4 dasDiA| 12 | 0.20000 | 0.0B9 | B4.8007 100.00 99,9983
Coliphage T7 dsDNA| 7 | 0.33000 ] 0.063 | 82.1441 100.00 99,0097
Coliphage T7 dsDiNA| 10 | 0.22000 | 0.063 | 882006 100.00 99,0995
Coliphage T7 dsDiNA| 95 | 0.02420 | 0.063 | 11.8688 100.00 99,9985
Coliphage T7 dsDNA| 53 | 0.04320 ] 0.063 | 201911 100.00 99 9957
Coliphage T7 dsDNA| 41 | 0.05500 | 0.063 | 253500 100.00 99,9958
Coliphage T7 dsDiNA| 38 | 0.06100) 0.063 | 272735 100.00 99,9958
Coliphage T7 dsDiNA| 23 | 010000 | 0.063 | 408710 100.00 99.9990
Coliphage T7 dsDNA | 11 | 0.20470 | 0.063 | 855538 100.00 95,9954
Cornnavns ssRNA| 3 |0.37700)] 0.113 | 850283 99.99 95,9985
Coronasns ssRNA| 7 |0.32100) 0.113 | 812851 99.99 99,9950
Cormonavinug (SARS) ssRMA| 226 [ 0.01000 | 0.113 | 5.0888 99.99 99.9898
Coronavirus (SARS) saRNA | 3046 | 0.00076 | 0.113 | 03838 099.99 05,9893
Coxsackievims ssRMA| 21 | 0.11100 | D.027 | 439522 100.00 90,9997
Coxsackievims ssRMA| 125 [ 0.02000 | 0.027 | 99148 100.00 90,9996
Coxsackievimus ssRMNA| B6 [ 002684 | 0.027 | 13.0738 100.00 99.9996
Coxsackievius B3 sgsRMNA[ B0 (002878 ( 0.027 | 130520 100.00 99.9996
Coxsackievirus B4 sasRMA| 60 | 0.03840 | 0.027 | 18.1658 100.00 99 9996
Coxsackiesirus BS ssRMA| 95 | 0.02424 | 0.027 | 11.8280 100.00 999996
Coxsackievius BS ssRMA| 72 | 0.03180 | 0.027 | 152970 100.00 999996
CSY ({fish virus) deRMA| 501 (0.00460( 041 23720 99.99 99,9931
Echovinus (Parechouinus ) seRNA| 106 | 0.02190 | 0.024 | 108040 100.00 99 9996
Echovirus 1 ssRNA| B0 |0.02878 | 0.024 | 13.8520 100.00 99,9996
Echovinus 2 ssRNA| 7D |0.03282| 0.024 | 157754 100.00 99,9996
Encephalomyocanditis vins saRMNA| S50 | 0.04550 | 0.025 | 215543 100.00 99 9996




APPENDIX I: Total Removal Rates for Viruses at 340 cfm

Microbe Type | Dy | UWGI K | Dia. | Kl Rate |Filter Rem| Total

Jm® | miJ Em ) % Rem %
Encephalomyocanditis vinus seRNA| 52 | 004460 ( 0.025 | 207723 100.00 99 9996
Encephalomyocanditis vins ssRNA| B5 | 0.03550( 0.025 | 169175 100.00 99.9996
Epstein-Barr vrus (EBV) ssDNA| 162 |0.01420) 0.1 7.1453 99.95 999934
Equine Herpes virus dsDNA | 25 | 009210 | 0105 | 38.1728 99.99 99,9948
EWA (fish virus) ssRMA| 5 (046050 ( 006 | 808657 100.00 99.9999
EVEX (fish wvirus) ssRMWA| 5 |[0.46050( 0.06 | 809657 100.00 99,9959
Feline Calichinus (FeCV) ssRMNA| 434 (0.00530 | 0.034 | 27201 100.00 99.90495
Feline Calicivirus (FeCV) ssRNA| BD | 0.02830 | D.034 | 139500 100.00 09,9096
Feline Calicivinus (FeCV) ssRNA| 40 | 0.05760 | 0.034 | 259710 100.00 09,9096
Feline Calicivirus (FeCV) ssRMA | 44 | 0.05270 | 0.034 | 240528 100.00 09,9096
Friend Murine Leukemia v. sasRNA| 320 |0.00720 | 0.094 | 38301 90 0% 0959944
Frog vinus 3 dsDNA| 25 |0.09210 | 0.167 | 38.1720 00.97 99,9791
Hepatitis A virus daDiNA| 40 | 0.05760 | 0.027 | 259710 100.00 99,9047
Hepatitis A virus daDiNA| 45 | 0.05120 | 0.027 | 234557 100.00 99.90497
Hepatitis A virus dsDiNA| S0 | 0.04610 | 0.027 | 21.2903 100.00 39,0096
Hepatitis A virus dsDiNA| 92 | 0.02500 | 0.027 | 122350 100.00 39,0006
Hepatitis A virus dsDNA| 98 | 0.02340 | 0.027 | 114008 100.00 99,9996
Hepatitis A virus dsDNA | 307 | 0.007S0 | 0.027 | 38308 100.00 99,9996
Herpes simplex vinus (HRE) |dsDMA| 40 | 005760 018 | 258710 99 95 99.9710
Herpes simplex vinus Type 1 [dsDHA| 71 [ 0.03260 | 0184 | 156500 99.96 99 9557
Herpes simplex virus Type 1 [dsDNA| 110 [ 0.02090 | 0184 | 103371 99.96 99 9535
Herpes simplex vinus Type 1 [dsDNA| 25 [ 0.09330 | 0184 | 385500 99.96 99.9750
Herpes Simplex vimus Type 1 [dsDMNA| 35 | 0.06540 | 0184 | 289250 99.96 99.9711
Herpes Simplex vinus Type 1 [dsDMNA| 21 | 011050 | 0184 | 438357 99.95 99.9771
Herpes Simplex vinus Type 1 [dsDMNA| 41 | 0.09650 | 0184 | 2566812 99.95 99,9657
Hempes Simplex vinus Type 2 [deDMA| 40 | 0.05756 | 0.173 | 250573 09.96 99,973
Hempes Simplex vius Type 2 [deDMA| 41 | 0.05650 | 0.173 | 255447 09.96 99,9729
Herpes Simplex vinus Type 2 [daDMA 5 |0.03070 0173 | 148001 09,96 09,9500
Hempes Simplex vinus Type 2 (deDMA| 20 | 0.11800 | 0.173 | 450024 09.96 00,5804
HMN-1 saRNA| 280 | 0.00822 | 0125 | 42007 099,99 99,9856
HIRRV {fizh virus) saRNA| S5 | 046050 | D06 | oDoesT 100.00 99,9009
HP1c1 phage dsDiNA | 40 | 0.05760 | 0.062 | 258710 100.00 39,0088
HTLV-1 ggRNA| 20 | 0.11510 | 0.102 | 45.1685 00.99 09,9058
Human Cytomegalovinus dsDNA| 658 |0.00350| 0.1 18107 99 89 99,9930
Human Cytomegalovinus dsDNA| 50 |0.04605) 0.1 21.3608 99.99 99,9044
Influen=a A virus ssRNA| 19 | 0.11900 | 0.09%5 | 452736 99.99 99,9964
Influen=a A virus ssRNA| 20 | 011700 | 0.095 | 457087 99.95 99,9064
Influenza A wrus ssRMNA| 48 | 0.04800 [ 0.098 | 22.1662 99.99 9599948
Influenza A virus ssRNA| 17 |0.13810 | 0.098 | 513725 99.99 99,9068
IHWY {fish virus) ssRNA| S5 | 046050 | 009 | 809657 100.00 99,9996
IHMY (fish virus) ssRNA| 7 | 0.34500) 0.09 | 834301 100.00 99,9992
PNV (fish virus) dsRNA| 397 |0.00550 | 006 | 29826 100.00 99,9086
PN (fEsh virus) dsRNA| 407 |0.DD566 | 006 | 28117 100.00 09,0086
IPNY {fEsh virus) dsRNA| 501 |0.DD460 | D06 | 23728 100.00 09,0086
PNV (fish virus) dsRNA| 626 | 0.00368 | 0.06 1.0029 100.00 09,9986
PNV (fish virus) dsRNA| 583 |0.00395) 006 [ 204114 100.00 999986




APPENDIX I: Total Removal Rates for Viruses at 340 cfm

Microbe Type | Do | UVGI k| Dia. | Kill Rate |Filter Rem| Total

Jm® | mil BEm % % Rem %
Iridovirus (Bohle) (fish vinus) dsDMA| 83 [002760| 01 134182 99.99 99.9938
SaY (fish virus) ssRNA[ 11 |0.20800)] 01 864163 99.99 999976
54N (fish virus) ssRNA| 26 |0.08970)] 01 37.3933 99.99 99.9956
JE-LCDV (fish virus) dsDiNA| 5 | 046050 | 014 | s0.9657 99.98 99,9951
Kemenowo (R-10 strain) dsRMA| 230 [ 0.01000 | 0.075 | 5.0888 100.00 99,9974
Kilham Rat Virus (parvovines)  |ssDMA| 30 | 0.07650 | 0.022 | 320288 100.00 95 9997
Lipownik (Lip-91 strain) dsRNA| 209 |0.00770 | 0.075 | 38402 100.00 99.9973
LLE4E {S\Adeno hybrid) dasDNA| 606 |0.00380) 04 1.0843 09,99 99,9930
Measles virus ssRNA| 22 | 010510 0.320 | 422208 09.98 99,9878
Mengovirus dasRNA| 162 | 001420 01 7.1453 09,99 99,9934
Minute Vinus of Mice (MVM) |ssDNA| 28 | 0.08200 | 0.022 | 348253 100.00 99,9097
Minute Vinus of Mice (MVM])  |seDMA| 17 | 0.13500 | 0.022 | 505701 100.00 99,9998
Murine Cytomegalovinug daDiNA| 46 | 0.05000 | 0.104 | 220747 09.99 99,9937
Moloney Murine Leukemia v, |ssRNA[ 115 (0.02000 ] 0.094 | 00148 99.99 99.9048
Moloney Murine Leukemia v [ssRNA| 370 (000622 | 0.094 | 3.1051 93.99 99 9944
Moloney Murine Leukemia v |ssRNA| 280 (0.00822 ] 0.0%4 | 42007 99.99 99,9945
Murine Morowirus (MNY) ssRNA| 76 | 0.03040 | 0.032 | 148758 100.00 99,9996
Murine sarcoma s ssRMA| 237 (0.00970| 012 4.9380 99.99 39.9875
Murine sarcoma vns ssRMA| 144 (0.01600| 012 8.0138 99.95 999879
Murine sarcoma vns ssRMA| 299 (0.00770| 012 3.8402 99.95 99.9874
Mycobacteriophage D29 dsDiNA| 16 | 014300 | 0.065 | 52,8007 100.00 99,9991
Mycobacteriophage D29 dsDiNA| 324 | 0.00710| 0.065 | 36388 100.00 99,9953
MWycobacteriophage D294 dsDiNA | 265 | 0.00860 | 0.065 | 4.3005 100.00 99,9953
Mycobacteriophage D32 dsDNA| 354 | 0.0D6S0| 0.07 3.3385 100.00 99.9978
Mycobacteriophage D4 dsDNA| 245 | 0.00940 | 007 | 47380 100.00 99.9979
Mycoplasmaninis MVL2 daDNA| 154 | 0.01500) 0.07 75323 100.00 99,9979
Mycoplasmanins MVLS1 ssDNA| 70 |0.02900( 007 | 140487 100.00 99,9981
Mewcastle Disease Vinus ssRNA| 8 | 0.27600)| 0.212 | 76.23200 0995 90,9887
Mewcastle Disease Vinus saRNA 5 (005110 | D.212 | 234158 09,95 90,9635
Mewcastle Disease Vinus ssRNA| 16 | 014400 ) 0.212 | 528475 09 95 99,9775
OnY (fish virus) ssRNA[ S5 |046050( 006 | o00E5T 100.00 95,9999
Parwowinus H-1 ssDNA| 25 | 0.09200 | 0.022 | 38.1408 100.00 99,9997
PERV (ish virus) ssRNA| S |046050| 0.06 | o0DO657 100.00 99,9999
phage GA ssRNA| 200 | 001150 0.1 58272 99 99 999933
phage phi 6 dsRNA[ S5 | 043000] 0.1 204083 99.99 99,9992
phage phi 6 dsRNA[ 7 |0.31000] 0.1 80.1788 99.99 99,9966
phage B40-8 (B. fragilis) dsDNA| 67 |00MSD] 01 15.4526 99.99 99,9941
phage B40-8 (B. fragilis) dsDNA| 86 |0.02690)] 01 13.1022 99.99 99.9938
Policndrus dsRNA| 44 | 0.05230 | 0.0248| 23.8940 100.00 99,9997
Policnirus type 1 dsRNA| 41 | 0.05520 | 0.0248| 254280 100.00 99,9097
Policvinug dsRNA| 71 | 0.03250 | 0.0248| 158080 100.00 99,9006
Policvinug dsRNA[ 75 | 0.03070 | 0.0248| 148081 100.00 99,9006
Policvinus daRhA 5 | 0.02420 | 0.0248| 118638 100.00 99,9096
Poliovinug dsRNA[ 52 | 0.04460 [ 0.0248| 207723 100.00 99,9006
Poliovirus type 1 daRNA| 67 | 0.03450 | 0.024B| 184828 100.00 99,9996
Poliovinus type 1 dsRNA[ 72 | 0.03200 [ 0.0248| 153854 100.00 99,9996




APPENDIX I: Total Removal Rates for Viruses at 340 cfm

Microbe Type | Dg | UVGI k | Dia. | Kill Rate |Filter Rem| Total

Jm* | m?lJ wm b % Rem %
Policvirus type 1 dsRNA| 9% | 0.02400 [ 0.0248| 11.7785 100.00 99 9995
Policvirus type 1 dsRNA ([ 100 | 0.02300 [ 0.0245 | 11.3147 100.00 99 9995
Policirus type 1 dsRMNA | 125 | 001840 [0.0245| 91592 100.00 99 9995
Poliovirus type 1 dsRNA| 224 |0.01030 [0.0245| 52353 100.00 99 9996
Poliovirus type 1 dsRNA| 240 | 0L00960 [0.0245| 48834 100.00 99 9996
Policnirus type 1 dsRNA | 111 | 0.02080 [ 0.02458 | 102203 100.00 99,999
Policnirus type 1 dsRNA| 77 | 0.03000 [ 0.02458 | 144572 100.00 99,999
Policwvirus type 1 dsRiMA | 80 |0.02878 (0.0248| 138520 100.00 09,9956
Poliovirus type 1 dsRMNA| 83 [0.02760 [ 0.0248| 134182 100.00 09,9955
Policvirus type 1 dasRMNA | 57 |0.04010 [0.0248| 1388892 100.00 99 99945
Poliovinus type 2 daRMNA[ 121 | 0019310 (0.0248| 04005 100.00 99 9905
Poliovirus type 3 dsRMA| 103 | 0.02240 | 0.0248  11.0385 100.00 999995
Polyomaning daDiMNA [ 480 |0.00480 (00424 | 24748 100.00 99 9093
Polyomavins dsDiNA | 640 | 0.00360 | 0.0424| 18610 100.00 9999593
Polyomaning dsDNA | 696 |0.00331 [0.0424| 17132 100.00 99,9953
Polyomavins dsDiNA | 501 | 0L00460 [ 0.0424 | 23720 100.00 99 9993
Polyomasinus (ssDMA) ssDMA| 120 | 001920 | 0.045 | 05378 100.00 99 9993
Porcine Paruminus (PPY) ssDNA| 23 |0.10230 | 0.021 | 413781 100.00 99 9997
Pseudorabies (PRV) dsDiNA| 34 |0.06760 [ 0.194 | 297387 99.96 99 9691
Rabies vinus (emv) ssRMNA| 10 |0.21930( 0.07 | 631745 100.00 99 9953
Rauscher Murine Leukemia v [ssRMA| 157 | 0.01470 | 0.094 | 7.3874 99.99 999947
Rauscher Murine Leukemia v [ssRMA| 450 | 0.00480 | 0.094 | 2.4748 99.99 999944
Rauscher Murine Leukemia v. [ssRMA| 955 | 0.00240 | 0.094 | 1.2452 99.99 999943
Reoing dsRMNA| 175 | 001316 | 0.07S | 6.6386 100.00 99.9974
Reovins dsRMNA[ 186 |0.01240 [ 0.075 | 82628 100.00 09,9974
Reovins dsRMA| 69 [0.03358 ( 0.075 | 18.0802 100.00 09,9977
Reoins daRNA | 245 | 0.00240 | D.O75 | 47820 100.00 99,9974
Reoins daRNA[ 121 | 00110 | 0.075 | 94905 100.00 99,9975
Reomins dasRNA | 270 | 0.00853 | D.O75 | 4.3558 100.00 99 0074
Reoins dasRMNA| 174 |0.01320 [ 0.075 | B.8583 100.00 99 0074
Reoins type 1 dsRMNA| 153 |0.01508 | D.O7S | 7.5721 100.00 099 9974
Reovius 3 deRiNA| 334 |0.00800 [ D.O7S | 35382 100.00 99,9973
Rotavins dsRNA| 200 001150 | D.O7 5.8372 100.00 999979
Rotavineg SA11 dsRNA| 89 |0.02600( 0.07 | 126029 100.00 99,9980
Rotavins SA11 dsRMNA| 75 |003070( 0D.07 | 148081 100.00 99 9981
Rotavins SA11 dsRNA|[ 105 [0.02150 [ 0.07 | 10.8040 100.00 99 9980
Rotavins SA11 dsRNA | 100 | 002300 [ 0.07 | 11.3147 100.00 999980
Rotavns SA11 dsRNA| B4 002740 [ D.07 | 133287 100.00 99,9981
Fous Sarcoma s (RSV) ssRNA | 720 | 0000320 | 0.127 | 1.8568 99.95 99,9545
Rous Sarcoma s (RSV) gsRNA| 240 | 000960 | 0.127 | 4.8834 99.95 99,9530
Rous Sarcoma s (RSV) ssRNA| 200 |0U01150 | 0127 | 58272 99.95 99,9551
SBNN (fish vinus) ssRNA| 698 |000330( 01 1.7081 99.99 09,9930
Semiiki forest virus gsRNA| 25 [0.09210 [ 0.061 | 23.1728 100.00 09,9991
Simian virus 40 daDNA [ 2503 | 0.00092 | 0.045 | D.4782 100.00 99 9952
Simian vinus 40 daDMA [ 1509 | 0.00144 | 0.045 | 07490 100.00 99 9952
Simian vires 40 daDiNA | 1439 | 0.00M60 | 0.045 | 08318 100.00 99 9992




APPENDIX I: Total Removal Rates for Viruses at 340 cfm

Microbe Type | Dy | UWGI K| Dia. Kill Rate |Filter Rem | Total

Jim?| m¥1 | um % % Rem %
Simian virug 40 dsDNA | 1245 | D.DD185 | 0.045 09612 100.00 999992
Simian virus 40 dsDNA ( BBE | 0.00260 | 0.045 1.3482 100.00 99,9902
Simian virus 40 dsDNA [ 650 | 0.00354 | 0.045 1.8312 100.00 9599402
Simian virus 40 dsDNA | 443 | D.00520 | 0.045 2 67B3 100.00 99.9993
Simian virus 40 dsDMA | 23 | 010040 | D.045 | 407948 100.00 9099905
Simian vrus 40 dsDNA | 17 | 013160 | 0.045 | 495940 100.00 99.9996
Sindbis vinus ssRNA| 22 | 010400 | 0.075 | 418971 100.00 999984
Sindbis Winus ssRNA| 60 | D.03864 | 0075 | 182704 100.00 999977
Sindbig vnus ssRNA| 113 | 0.02030 | 0D.07S | 100558 100.00 999975
Sindbis vnus ssRNA| 50 |0.04610) D.OVS | 213903 100.00 99 9978
S. aureus phage dsDNA | 82 | 0.02800 0.1 1359498 99.99 999939
S. aureus phage dsDNA | 77 | 0.02000 0.1 14 4972 09 99 99.9939
5. aureus phage A954 dsDNA | 65 | 0.03542 0.1 16.8847 9999 959941
SWVCV (fish virus) ssRNA| 10 | D.46050 ) 0.06 | 909657 100.00 999959
Vaccinia virus dsDMNA 1 254000 | 0.307 .| 999998 09 97 100.0000
Vaccinia vnus dsDNA | 15 | 015300 | 0307 | 550118 99.97 99.9873
Vaccinia vns dsDNA 7 0.34900 | 0.307 | 83.8303 99.97 999954
Vaccinia vnus dsDNA| 14 | D.16450 | 0307 | S7T6E333 99.97 999580
Vaccinia vnus dsDNA| 14 | 0.16040 | D307 | S6ETFI167 99 97 99.9578
Vaccinia virnus dsDNA| 18 | 012792 | D307 | 487186 99 97 999855
Vaccinia virnus dsDNA 2 | 0.10500 | 0.307 | 42.1997 99.97 999836
Vaccinia virus deDNA| 28 | D.08290 ) 0.307 | 351308 99.97 99.9816
Vaccinia vins dsDNA | 715 | 0.00322 | D307 1.6670 99.97 999722
Vaccinia vinus dsDNA (| 677 | 0.00340 | 0.307 1.7554 99.97 99. 9722
VEE ssRNA| 55 |0D.04190 | 0.065 | 196476 100.00 9099985
Vesicular Stomatitis virus ssRNA| 13 | 018060 | 0.104 | 61.0489 99.99 99.9968
Vesicular Stomatitis vinus ssRNA| 12 [ 019000 ) 0104 | 629142 99.99 99.9970
Vesicular Stomatitis vinus ssRNA | 100 | 0.02300 ) 0104 | 113147 99.99 99.9928
Vesicular Stomatitis virus saRMNA 6 0.38400 | 0104 | 86.5307 99.99 99 9989
VHSV (fish virus) ssRNA 3 0.87400| 0.0F | 959568 100.00 100.0000
WEE ggsRNA| 54 |0.04300) 007 | 201077 100.00 99 9982
MOTES Type: Sp = Spore, Veg =Vegetative, Vegy =Vegetatve yeast

Dk LN Dose for 50% inactivation {10% sureival)
NGl k- UV rate constant at the given Dy, (and below the LL)

LL: Upper Lirmt w ithin w hich Dy, and rate constants are applicable
Media: A = Ar, 5= Surface, VRH = Relative Humidity

Sh = Shoukder in decay curve (shoulder is ignored for k and Dy values)
5t = Number of stages in decay curve (k & Dy, only applies 1o frst stage)

Dia.: Logmean diameter in microns, including emelope for vinuses i any
NF: Medium Pressure UV lamp, LP Low Pressure UV lamp
See How alskd (2009) for References




APPENDIX J: Total Removal of Fungi and Other Microbes at 340 cfm

Fungi Type | Dgy | UVGI K | Dia. Kill Rate |Filter Rem| Total

Jm? | mf) | pm o %, Rem %
Aspergillus amstelodami Sp 700 | 0.00329 [ 3.354 1.7026 100.00 | 100.0000
Aspergillus amstelodami Sp 256 | 0.00892 [ 3354 4 5501 100.00 | 1000000
Aspergillus amstelodami Sp BED | 0.00344 | 3354 1.7799 100.00 | 1000000
Aspergillus faws Sp 240 |0.00660 [ 4.4 33870 100.00 | 100.0000
Aspergillus fawes Sp ED0 | 0.00384 | 4.24 1.0836 100.00 | 100.0000
Aspergillus fawes Sp 853 | 000270 | 4.24 1.3997 100.00 | 100.0000
Aspergillus fumigatus Sp 535 | 000430 | 4.4 2199 100.00 | 100.0000
Agpergillus fumigatus Veg | S0 | D.00411| 245 2.1238 100.00 | 100.0000
Agpergillus fumigatus Sp [ 2240 | 0.00103 [ 2.64 0.5352 100.00 | 100.0000
Aspergillus glaucus Sp 440 | 0.00523 [ 3.354 2.6951 100.00 | 100.0000
Aspergillus niger Sp [ 1771 |0.00130 [ 3.354 06764 100.00 | 100.0000
Aspergillus niger Sp [ 1439 | 0.0D160 | 3.354 0.8318 100.00 | 100.0000
Aspergillus niger Veg | 4480 | D.ODOST | 3.354 02680 100.00 | 100.0000
Aspergillus niger Sp | 1000 | D.00230 | 3.354 1.1949 100.00 | 100.0000
Aspergillus niger Sp 315 | 0.00350 | 3.354 1.5107 100.00 | 100.0000
Aspergillus niger Sp | 1387 | 0.0D166 [ 3.354 05629 100.00 | 100.0000
Aspergillus niger Sp 720 | 0.00386 | 3.354 1.9850 100.00 | 100.0000
Aspergillus niger Sp | 4480 | 0D.0DDS1 | 3.354 02680 100.00 | 100.0000
Aspergillus niger Sp | 3984 | 0.0DDSE | 3.354 0.3013 100.00 | 100.0000
Aspergillus niger Sp [ 1320 | 0.0D174 | 3.354 09066 100.00 | 100.0000
Aspergillus niger Sp | 1681 | 0.00137 | 3.354 0.7127 100.00 | 100.0000
Aspergillus versicolor Sp 384 | 0.00600 | 3.354 30839 100.00 | 100.0000
Aspergillus versicolor Sp 766 | 0.00300 | 3.354 1.5540 100.00 | 100.0000
Aspergillus versicolor Sp 139 | 0.01660 | 3.354 8.3015 100.00 | 100.0000
Aspergillus versicolor Veg 95 | 002400 | 3.354 | 11.7765 100.00 | 100.0000
Blastomyces dematitidis Vegy | 140 | 0.01645 | 11.000 82282 100.00 | 100.0000
Botrytis cinerea Sp 250 | 0.00920 | 11.180 4 GE9S 100.00 | 100.0000
Candida albicans Vegy | 230 | 0.01100 | 4.899 5.5810 100.00 | 100.0000
Candida albicans Vegy | 447 | 0.00515 | 4.899 26535 100.00 | 100.0000
Candida albicans Vegy | 7o0 | 0.00407 | 4.899 2.1024 100.00 | 100.0000
Candida albicans Vegy | 280 | 0.00822 | 4.899 4. 2024 100.00 | 100.0000
Candida parapsilosis VegY | 96 |0.02360 | 4.800 | 11.5521 100.00 | 100.0000
Cladosporium herbamm Sp 500 | 0.04605 | 5062 | 21.3695 100.00 | 100.0000
Cladosporium herbamm Sp 189 | 0.01220 | 5.062 61707 100.00 | 100.0000
Cladosporium herbanm Sp 622 | 0.00370 | 5.062 1.913 100.00 | 100.0000
Cladosporium trichoides Veg | 560 | 0.00411 | 5.062 2.1238 100.00 | 100.0000
Cladosporium trichoides Sp | 1120 | 0.00206 | 5.062 1.0676 100.00 | 100.0000
. sphasmspermum Sp | 1439 | 000210 | 5.062 1.0904 100.00 | 100.0000
Cladosporium wemecki Sp | 4480 | 0.00051 | 5.062 02650 100.00 | 100.0000
Cladosporium wemecki Veg | 560 | 0.00411 | 5.062 2.1238 100.00 | 100.0000
Cryptococcus necformans Sp 138 | 0.01670 | 4.899 5.3493 100.00 | 100.0000
Cryptococcus necformans Vegy | 280 | 0.00822 | 4.899 4.2024 100.00 | 100.0000
Curwilaria lunata Weg | S50 | 0.00411 | 17.100 2.1238 100.00 | 100.0000
Eurctium rubrum Sp 434 | 00053 | 5612 2.7341 100.00 | 100.0000
Fusarium oxyspomm Sp 260 | 0.01420 | 11.225 7.1453 100.00 | 10:0.0000




APPEMNDIX J: Total Removal of Fungi and Other Microbes at 340 cfm

Fungi Type | Dpe | UNG k| Dia. Kill Rate |Filter Rem| Total

Jim?| mi wm % % Rem %
Fugarium solani Sp 33 (000735 11.225| 37639 100.00 | 1000000
Fusarium spp. Sp 560 (0.00411 (11.225| 21238 100.00 | 100.0000
Fugsarium spp. “Veg [ 1120 [0.00206 | 34.300| 1.0676 100.00 | 100.0000
Histoplasma capsulatum “Veg | 140 [0.01645( 2550 8.2282 100.00 | 1000000
Monilinia fructigena Sp 167 [0.01380 | 10.300| 6.9512 100.00 | 100.0000
Mucor mucedo Sp 600 |0.003B84 | 7.0M1 1.0836 100.00 | 100.0000
Mucor mucedo Sp 180 [0.01280| 7.0M1 54641 100.00 | 100.0000
Mucor mucedo Sp 577 [0.00399 | 7.0M 20615 100.00 | 100.0000
Mucor racemosues Sp 170 [0.01354 | 7.071 6.8270 100.00 | 100.0000
Mucor spp. Sp 140 [0.01645 | 7.071 8.2282 100.00 | 100.0000
Mucor spp. Veg | 280 (0.00822(31.600| 42024 100.00 | 1000000
Cospora lactis Sp 25 [0.08370 | 3.000 354012 100.00 | 100.0000
Penicillium chrysogenum Sp 400 |0.00576 | 3.262 29606 100.00 | 100.0000
Penicillium chrysogenum Sp 145 [0.01560 | 3.262 T.5215 100.00 | 100.0000
Penicillium chrysogenum Sp | 1645 [0.00180 | 3.262 0.9353 100.00 | 100.0000
Penicillium chrysogenum Sp 531 [0.00434 | 3.262 2.2403 100.00 | 100.0000
Penicillium corylophilium Sp 381 [0.00604 | 3.262 3.1041 100.00 | 100.0000
Penicillium digitatum Sp 321 |0.007158 | 3.262 3.6791 100.00 | 100.0000
Penicillium digitatum Sp 440 [0.00523 [ 3.262 26951 100.00 | 100.0000
Penicillium expansum Sp 130 (001771 | 3.262 8.5324 100.00 | 100.0000
Penicillium italicum Sp 321 [0.01140 | 3.262 5.7780 100.00 | 100.0000
Penicillium roguefortii Sp 130 [0.M771 | 3.262 8.8324 100.00 | 1000000
Penicillium spp. Sp [ 2240 [ 0.00103 [ 3.262 0.5352 100.00 | 100.0000
Penicillium spp. “eg | 280 (0.00822( 5.800 42024 100.00 | 100.0000
Rhizopus nigncans Sp | 3000 | 0.00077 | 6.928 0.3999 100.00 | 100.0000
Rhizopus nigncans Sp 267 |0.00861 | 6.928 4 3955 100.00 | 100.0000
Rhizopus nigicans Sp | 1110 | 0.00207 | 6.928 1.0771 100.00 | 1000000
Rhizopus nigicans Sp 173 [0.01330 | 6.928 6.7080 100.00 | 100.0000
Rhizopus oryzae Sp | 4480 [ 0.00051 | 6.928 0.2650 100.00 | 1000000
Rhodotorula spp. Vegy | 1120 | 0.00206 | 5.900 1.0676 100.00 | 100.0000
Saccharomyces spp. VegY | 44 | 0.05230( 4.000 23,8540 100.00 | 100.0000
Saccharomyces ellipsoideus | Vegy | 33 | 0.06%80( 4.000 30.5391 100.00 | 100.0000
Scopulaniopsis brevicaulis Sp G50 [0.01840 | 5916 9.1592 100.00 | 100.0000
Scopulaniopsis brevicaulis Sp 226 [0.01020 | 5.916 5.1858 100.00 | 100.0000
Scopulaniopsis brevicaulis Sp | 2890 [0.00344 | 5.916 1.7799 100.00 | 100.0000
Sporotrichum schenkii Vegy | 280 |0.00822| 5.500 4.2024 100.00 | 100.0000
Stachybotrys chartarum Sp | 5575 [0.00041 [ 5623 0.2154 100.00 | 1000000
Toruka bergen “eg | 4480 (000051 40 0.2680 100.00 | 100.0000
Torula sphaerica VegY | 23 |0.09986| 40 40.6276 100.00 | 100.0000
Torula sphaerica VegY | T8 |0.0204D0) 40 14.2290 100.00 | 100.0000
Trichophyton nubaum “eg | 560 [0.00411( 4.899 21238 100.00 | 1000000
Trichophyton nubausm Sp 560 [ 0.00411 [ 4.899 21238 100.00 | 100.0000
Ustilago zeae Vegy | 1120 | 0.00206 | 5.916 1.0676 100.00 | 1000000
Ustilago zeae Sp 35 (006580 ) 5916 [ 29.0733 100.00 | 100.0000
Yeast Vegy | 40 | 005756 4 25,9573 100.00 | 100.0000
Yeast (Brewer's) Vegh' | 100 [0.02303 4 11.3267 100.00 | 100.0000




APPENDIX J: Total Removal of Fungi and Other Microbes at 340 cfm

Protozoa and Other Microbes

Microbe Type | Do | UVGI k| Dia. | Kill Rate |Filter Rem| Total

Jm?*| m¥%J | um % B Rem %
Acanthameoha Rhizopod| 999 | 0.02100 3 10,3839 100.00 | 100.0000
Acanthameoba castellani Rhizopod| 992 | 0.00232 3 1.2039 100.00 | 100.0000
Algae Algae | 1000 | 0.00230 3 1.1949 100.00 | 100.0000
Algae, blue-green Algae | 450 | 0.00512 3 2.6360 100.00 | 100.0000
Cryptosporidium hominis Protoz [ 30 |0.07800 3 33.4500 100.00 | 100.0000
Cryptosporidium parum Protoz | 7 |0.31400 3 B0 5885 100.00 | 1000000
Cryptosporidium paruim Protoz | 20 |0.11500 3 451398 100,00 | 100.00:00
Cryptosporidium parum Protoz [ 10 |0.23030 3 69.9507 100.00 | 100.0000
Cryptosporidium parum Protoz [ 50 |0.04605 3 21.3698 100.00 | 100.0000
Cryptosporidium parum Protoz | 10 |0.23220 3 702473 10000 | 100.0000
Cryptosporidium parum Protoz| 5 |0.45830 3 908613 100.00 | 1000000
Encephalitozoon intestinalis Protoz [ 29 | 0.07830 3 33,5541 100.00 | 1000000
Encephalitozoon intestinalis Protoz | 15 | 0.15350 3 551291 100.00 | 100.0000
Encephalitozoon cuniculi Protoz | 43 | 0.05310 3 242112 100.00 | 100.0000
Encephalitozoon hellem Protoz [ 80 |0.02880 3 13,9580 100.00 | 100.0000
Giardia lamblia cysts Protoz [ 50 |0.04610 3 21.3903 100.00 | 100.0000
Giardia lamblia cysts Protoz [ 3 |0.92100 3 99.1838 100.00 | 100.0000
Giardia lamblia cysts Protoz [ 20 |0.11500 3 45.1308 100.00 | 100.0000
Giardia muris cysts Protoz | 10 |0.23020 3 688350 100.00 | 100.0000
Giardia muris cysts Protoz | 7 |0.34130 3 83.1670 100.00 | 100.0000
Protozoa Protoz [ &0 | 0.02878 3 13.9520 100.00 | 100.0000
Protozoa Protoz [ 240 | 0.00959 3 4.8854 100.00 | 100.0000
Prions (scrapie) Prion |24315| 0.00009 3 0.0494 100.00 | 100.0000
Frions {scrapie) Prion |55618| 0.00004 3 0.0216 100.00 | 100.0000

NOTES:

Type: Sp = Spore, Veg =\Vegetative, Vegy =\ egetative yeast
Ouy- LW Dose for 80% inacthvation (10% survival)
NGl LV rate constant at the given Do (and below the LL)

LL: Upper Lirmit w ithin w hich Dy, and rate constants are applicable
Media: A = Ar. 5= Surface, W RH = Relative Humidity

Sh = Shoulder in decay curve (shoulder is ignored for k and Dy, values)

5t = Mumber of stages in decay curve (k & Dy, only applies to first stage)

Dia.: Logmean diameter in microns, including envelope for vinuses i any

MF: Medium Pressure LW lanmp, LP: Low Pressure LW lanp

See Kow alsh (2009) for References




