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RT1 s pleased 10 sebmit this letver report to Government Scientific Sowece on our project 10 test
the efficacy of microbe inactivation by the Genesis Air 2002B-MP Unit and the Genesis-
assemblod in-duct tripartse photo-<atalytic oxidation (PCO) unit (Philips Lamps). The 20008-
MP 13t unit was sspplicd by Geaesis Air and tested a8 suppdied with the integrated fan operated
e Jonest (330 cebic fect per minute (CFM)) setting. The in-duct unit was instalied i RT1's
test rig, which is complisat with ASHRAE £2.2 specifications with moedifications for biological
sampling, and tested at a flowrate of 1800 CFM.

The testing program mcluded five orgamisms: one fengus, one virss, one bacterial spore and two
vepetative bacteria

Bocillus atrophacus (B was scloctod as o simdant for Baciller asthracis, By is genenlly
recognized by the scicatific and testing communitics as cae of the simulants for B, astbracis i
numerous biowaefare agent testing scenaros. Accordingly, By has value &5 a historically wsed
simulant sad permits companson 10 past testing and stadies.

Stupkrfococoss epldermidiy (Se¢) Because of the growing impact of nosocomial inflections and
the expressed desire of Govermnment Scientific Source 10 address this concem, testing of a
hacteriom ckaely relstad 1o those commonly causing hospetal-acquired mfections was included.
Se is mn sppropeiste choie since coagulase-negative staphy focoocl, mostly strains of Se,
represent the most frequent causes of mosocomial sepsis and are the most prominent ongasisms
for infections of implanted modical devices. Se is 3 common gram-positive human
shedding organism, but can be a pyogenic (fever<amsing and pus-fonsing ) pathogen. Nemerous
Se infoctions have boen documentod in decp tissucs and represent a significant risk in immune-
compromisod individuals, Se is also closely related %o Stapinfococcus aureus, the species
responsadie for the Methiciibis-resistant Saphydocaccus awvess (MRSA ) infections that have
gamered increased astention recently. Se can also be viewed more broadly as a representative of
vegetative bacieria which are generally moee suscoptible 10 acetralization than hacterial spores.

MS2 virus Inclusion of & vieus sesslant, MS2 - an B cold bacseriophage, was imporant bocause
i will hedp fill a gap that exises from previous studies of this sechnology. Although the MS2 virus
roughly approximates the acrosol-relased physical characteristics of human viruses, individual
virus partacies of health-Bhecatening agents say be somewhat smallier or larger than MS2,
However, since human vireses would lkely be encounterod as polydispersed acrosols, exact size
of individeal viruses is not highly crecial. A distribution of virus-<ontaning partile sizes



represemative of those in the respirable range gencrated by sneezing and coughing were used for
this testing.

Asperpilivs versicolor (Av) The capability 50 address problems created by indoor mold growth
was incloded i this investigation. Ay, the represenmative fungus, is frequently reported as a
causative agent of hypersensitivity pacumosites It is also a very common costamisant of indoor
building materiats inchading gypsem board as well as carpet and other Mlooring sad has been

solated from a number of peoblem buildings. Thus # is an approprase representative for testing
the effectivencss of the Genesis Air wnits in nostralizing mold spores.

Myvobactenum pargfortsitam (Mp)  The desire 10 address the susceptbility of the microbe
asocited with Tubercalosis motivated the selection of Mp for testing 25 a Myvodacserium
mbercalosts simulant.  Mp is mmother representative of the same gonus and has physical
characteristics similar 20 Mycobacieriue taberculoir.

Escherichia coli (E. coli) This gram-negative bacterium is an established source of endotoxin
and thus was an appeoprisne test organism for the endotoxin analysis that Government Scientific
Source roguested.  This bacteriom was used caly for the single pass in-duct portion of the testing.
n which it was acrosolized and introduced into the tost duct.  The quantity of endotoxin = air
samples colloctod upstrcam and dowmstrcam of the POO device was assayed 1o determine
whether operation of the test wnit resubed in increased or decrcased detectable endotoxin activity
n treated air when challenged with an eadotonin prodecing bicasrosol,

Cladosporium sphavrospermam (Cr) This funges was selected for the sirborne swy cotoxin
testing that Government Scientific Source requesied becasne of the combination of two
attributes. [t forms spores small encugh 1o be acrosolined effectively and it prodeces strong
mycoloxis activity. These fungal spoces were used only for the single pass indect portion of the
testing. in which it was aerosolized sad introdeced mto the test duct. The level of mycotoxin
activity in air samples collected upstream and downstream of the PCO device was assryed o
determine whether operation of the test unit resslted in increased o decreased detectable
mycotoxin activity in treased air when challenged with a mycotoxin-prodecing fungal bicaerosol.

TEST METHOD
Chaber Air Cleaner Tos

The 1est for each organism included a natural decay mcasurement and an air cleaner decay
measuromont. Both measurements are performed afler filling the chamber with challenge
Beoacrosol. The natural docay is delined as the decay of the test Bloaceosols in the chamber with
the air cleaner ofE. The air cleaner decay measurement is defined as the docay while the air
cleaner is running.

The test method followed has boen descrided in depth in Foarde ot al. (1999), As an overview,
the paper describes a test method to determine 2 Cleam Alr Delivery Rate (CADR) « type
measurement for 2 device when challenged with microbiokgical acrosols. The method is a
modification of the Association of Home Appliance Manufacturers (AHAM) Saandard AC-1,
“Standard Mcthod for Measuring Performence of Portable Hossohold Electric Coed-Comectod
Room Alrcleaner™ which dctermines the CADR for three differemt particelase matier challenges



(smoke, dust, and polien). The ability to extend the AHAM method to microbial serosols follows
the tradition of the AHAM test of using realistic particle challenges, and allows a means 0
compare and cvaluale difforont brands of room sir clcaning devices reganding charactensnies

sgnificant 1o product use, This is & useful appeoach for evaluatiog a wide mnge of devices.

Test Chamber and Bioserosol Sampling:

T'he Dynamic Microbiological Test Chamber (DMTC) was used foe the air cleamer 1osts (see
photos in appendin), The DMTC is & room-sized environmental chamber contained within the
microbiological acresol test facility, a cleanroom (noevimally Class 1,000). The chamber s a 244
x 244 x 3.05m (15,16 m’ oe 640 Y cube. The walls and containment ceiling are 10-cm thick
peefabricated pancls with a stainbess stect intorior kayer. The floor of the chamber was custom
constructod of 12-pauge stainloss stoel with welded secams and insedation underacath between the
support members, Floor scams were podishod aad the coved comers were sealed. The ceiling-
mounted mixing fan consists of a two-blade alaminum casting 61 cm in diamcter sttachod o a
shaft extending from above the containment coiling through a sealiod Beariag. To reduce the
member of difficult- 1o-decontamnale inlerior features, Bo clectrical cutlets were installed inside
the chamber, A 5 ¢m penctration is cut in coc wall and finished to allow extension coed access

through rubber stoppers.

Temperatore and humidity coatrol weore provided by a soparme extemal sir handler (AHU). The
AHU also controls the steam humideficr which adds water to the chamber sir while the HVAC
SYSICm removes some waler and controls the alr semperature. Airflow through the system is
mosored by an airflow staticn and controlled by a blower spoed controller wish the AHU, Air
cleaning of the chamber is attained theough the use of 3 HEPA (High Efficiency Particulate Air)
filter installod on the dischange side of the AHU, It contains both an ASHRAE 30% prefilier and
a HEPA Filter,

Figure 1 shows aa anist’s readition of the DMTC
configered for air cleamer 1osting. The Genesis Air
20028 MP Unit was positioned near the conter of —
the chamber and operasted o the minimum fan speod. s
According to Genesis Air, ts results in a llow eate "\

of appeoxissaicly 330 CFM.

The challenge bicacrosol suspensions were
acrosolized wsng a Collison modified MRE-type
six-jet ncbulizer (BGE, Waltham, MA). An
Erlenmeyer flask, placed in line detwoen the
Collison nebulizer and the chamber, was used a5 a
mixing and d&rying chamber for the 163t scrosol, It
was positionad at the upper left hand comer of the
dynamic chamber sampling wall.

Figure 1 Artit’s Rendition of the DMTC with
Fxtractive sampling of the Boscrosols win sampling intremsatativa.

accomplished using ports placed in sampling pancls

kcatod i one wall of the chamber (see Figure 1), Three sampling ports were used 10 collect
inplicale smultancoss semples. Port A was positioned near the conter of the chamber wall,



1.52m above the floor of the chamber and 1.0 m from $e froat wall. Port B was 1.6 m sbove the
floor but was 0.25 m from the fromt wall of the chamber. The third poet, C, was directly below
Port A, but 065 m above the floor of the chamber. Stainless sseed 1.27 om dameter piping
easending .76 = into the middie of the chambeor was waod for sample lines. The dimensions of the
samgle lines were chosen 1o minimize partichks losses dering sampling,

Sampling of Se. 8g. Mp and Av was accomplished using one-stage vishle Boacrosol samplers
(see Appendix phosograph 2) loaded with Petri dishes comtaining growmth media. The one-stage
sampler is o multiple-jet impactor. Afler sampling, the Petri dishes were removed from the
sampler mad incubated overnight st 37 deg. C for S amd Be, several days at 37 deg. C for Mp and
several days ot 23 deg. C for dv. CFUs (colony forming enits) were then enumerated and their
entity confirmmed.

Sampling of e MS2 vires particies was accomplished esing all-glass impasgers (so¢ Appendix
photograph 3). Afier sampling, the impinger fluid was dilwed (M necessary ) and asalyzed foe
viahle viruses present. Quantitation of MS2 viruses is accomplished by enumeration of plagec
forming saits (PFU) arising from assary of samplies using an £ oodf host in top agar on Petri
plates

Test Protecel:

The 108t protocol was as followms:

1) Tum on $he chamber AHU and circulating .

2) Allow the HEPA 1o clean the chamber air for o Jeast 3 hours. Take backgroend air sample.
3) Tum off AHU sad tum on the Collison nebulizer and run at least § minutes.

4) Tum off the Collison nchaltrer. Wait | minute and tum off the circulatiog fan

5) At the staent of collection for the “0 min™ sample the fest unit is switched ON (device oo test
only)

6) Collect triplicate bloacrosol measurements m 0, 5, 10, and 15 minwes.

Foe the natural decay test, step 5 was omitted,

Calculations:

The performance of the air cleaner was evaluatod by determining the Clean Alr Rate (Microbial)
or CARm, calkculated as the CADR ia the AHAM method. To cakulate the CARm, the measured
docay (ke) and natural docay (Ke) rates are fingt calosiated using the formula:

g - GetfinCy - IGE 0 (X InCol'n Equation |
(E¥) - (Z1F/n

where:

Ci = concentration st time, |

n = number of data powmts used in the regression

k = decay constant (G ')

L= time (minulcs)

Then the CAR(m) was calculated for cach messured docay rate, using the formuls:



CARw = ¥ ke = kn Equation 2

where:

V = volume of the test chamber (1t")

ke = measured decay rate (min!)

ka = average natural docay rate (min ') for an organism.

Single Pass In-duct Test

The testing was conductod in the 1ot duct shown schematically in Figure 2. The test section of
the duct is 061 m by 0.61 m (24 in. by 24 in.). The locations of the magoe components,
including the sampling probes, the device soction (where the UV device s instaliod), and the
acrosol genermior (s of bicacrosol injection) are shown. The test duct is operated following
peocadures in the ANSUASHRAE (Amsencan National Standards lasttste/ American Socicty of
Heating, Refrigerating and Air-Conditioning Engincers) Standard $2.2-1999, Merhod of Testing
General Ventdlation Alr-Cleaning Devices for Reseoval Efficiency by Particle Stze.
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Figure 2. Schematic of Test Duct. UV system is placed in device section.

While Figure 2 shows (he test $uct withosst recircsiation, dunng testing, the duct may be
operaed with or without recieculation. The decision for recircalation mode is based on bullding
HVAC considerations. Becawse of the HEPA filters at the beginning and the end of the duct. the
recirculation mode does not affect the tost data as long as all other crileria aro met,

The tested device consisted of theee six-inch, photo-cataly tic axidation sections fabricated by
Gonesis Air and antachod i tandeom such that when installed, air flowing in $he sest duct would
pass theough cach sequentislly (see Appendix photograph 4). Each section had four sstegrated
UV lamps positioned perpendicsiar to the direction of air flow. The lamps for cach section were



cormectad 10 2 ballast assembly (Philips) By cords that traversed 1he side of the test duct theough
sealod ports. The operation of cach of the three sssemblics was controlied by a soggle switch,

The challenge bioacrosol suspensions were acrosolized using a Collson modificd MRE-type six-
Jet nebulizer (BGE, Waltham, MA)L The output of the nebulizer was mixed with clean, dry air
prior to its entry mto the test duct to cremte the dry bloaerosel challenge.

Biological samples were collected from the air stream with sampling probes positioned within
the test duct at both the upstream and downstream sampling sites. Samplers were emploved and
microornganism coumerated s described above for the chamber sests.

Collection of upstream and downstream air samples with the £. coli challenge was comducted
with impisgers 10 dotermime Jevels of endotoxin present. The impinger fluid was subjected %0
Limulus Amebocyte Lysaie basod assay St measures endotoxin activity relative 10 a series of
standards. Likewise, impinger fluid from sie samples collectod using the Cr challenge was wsed
10 assess My cotoxin activity relative 10 a set of standaeds.

In a given run, one of the challmge bioacrosols was injected upstream of the device. A no-
device transmissaon 1ot was performed peioe 10 intallation of the test wnit into the test duct. 1o
determine the sncroongascn loss that would occur simply as the result of depositicn in the 10t
duct. For lavestigation of efficacy with respect 1o microbe culiurabiliny, the perfoemance of the
device is reported as the device's efficiency in inactivating the organism. coerected to account for
the koss of organisess observed in the sbsence of the device. For investigation of endosoxin and
mycotoxin kevels in colloctad s samples, the performance of the device is roported as the net
effect on toxim activity {, coerected 10 account for the loss of sonin activity observed in the
absence of the device

Test Protocel:

The 1est protocol was & Sodlows:

1) Tum on the test duct blower and adjust flow 1o 15300 CFM.

2) Sepply power to the three ballast assemblics and swinch ON.

3) Tum on the Collison nebulizer and drying air snd run at lcast § minutes.
4) Collect upstream and dowmstream bioscrosol samplhes.

5) Tum OFF Collison and balksst assemblics

Foe the no-device test, step 2 was omined.

Calculations:
The efliciency of the device for imactivating airhome bicacrosols was cakculated as:

Alrbome Inactivation Effickency (%) = 100 (1- Comrected Servival Rate) Equation 3

The cakulaton of the test ceganism survival rase (culterable tranamission) was based ca the ratio
of the downstrenm to upstream culiurable ceganism comnts. To remove system bias, the Survival
Rate was comected by tho results of the no-device sramsmission test. The no-device transmission
rale wis calculated in the same manner as the servival rase 1o, but ssing the culturable organism
counts from the no-device tests. The effoct on toxin levels ks calculaged as percent Increase =
downstream versus upstream loxin activities after correction for the no-device transaission rate.



RESULTS

Chamber Air Cleancr Test

Figures 3-7 show the decay curves foe the Se vegetative bactena, the MS2 virus, the Av fungal
spore, the Bz bacterial spore and the Mp vegetative hactenia, eespectively. The numbers of CFLUs
(PFUs for MS2) per cubic foot in the chamber are plotied on the y-axis, versus the time in
metes on the x-axis. The data points for cach time represent average results from the three
samplisg locations. The error baes indicate the standard deviations cakulated for the multiple
samples compeising each average. The natural decay carves are ladbeled “device OFF™, while the
air cheaner decay curves (with the air cleaner runsing) are labeled “device ON™, s cach case,
e impact of the Genesis Air 20028-MP test unit is readily visible in the graph. The docay rates
with the device on aee signilicantly and repraducibly highor than the decay rates with the device
of over the time periods observed. The actual measured decay res cakulatod according 10 the
CARm method for cach sampling location are shown in Table 1.

saphybmcw'; decay

100000
S 10000 —e— a
3 %000 1 = Dorice OFF
! 100 e Dwracn ON
K on

1 - —

0 2 4 6 L) "W 12

Time (min)

Figure 3. Decay curves for Staphpfococcus apldermidis



MS2 decay

100000
0000
e — .
z !
i %00 | i Dorvice OFF
l 100 ! e Direce ON
£
S 0
L]
0 5 w0 15 2
Time (min)
Figure 4. Decay curves for the MS2 virus
Av decay
10000
— *—  a
3 1000
% "0 - Dovdce OFF
! %0 ——Direce ON
.
o — — —
0o 5 10 15 X
Time (min)

Figure £ Decay curves for the Av fungal spores



Bg decay

100000
l 10200 - .
g R | o= Dekoe ON
‘ %0 | e Diriice OFF
E - |
1

< 3 4 L) n w© 2
Time {min}

Figure 6. Decay curves for the Bp bacterial spores

Mycobacterium parafortuitum decay
10000 o ==
o
g - =@ Devce OFF
x b e Draca ON
= |

Q 2 K 1) n 10 12
Time [min)
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Table 1. Decay rates measured for istroduced microbial bioacresols
| Av [ M2 ] 3o | Mp | 8¢

Natural |
m;ow 0069 | 0008 | 0008 0008
8| 006 | 0013 | 0008 | 0000 0.008
P keC | 0009 & 0032 | 0000 | 0028 | 0000
T | 1 |
With

0 55 A7 04T L44 D43
062 057 043 LD47 L 47
weC ! L5 £ 36 44 | DA2 .45

Table 2 prosents e average CARm results and standard deviations, The CARm wans calculated
& shown in EqQ. 2, and is & comparison of the two decay rates (natural and air cleaner) as 2
function of the volume of the test chamber (640 &%), These results are also displayed graphically
in Figure 8

Table 2, CARm syalues calculated from mean decay rales
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Figure 8. CARm values for organisms tested



In the Mol case where the air cleaner peovides 2 well mixed chamber, the CARm s oquivalens
o the product of the air cleanor’s flow rate and its mactivation/filtration efficiency for the
challenge bicacrosol. In a chamber test, however, the Tost chamber & only “well-mixed™ 10 the
extent that the device ltsell provides this msiving by Se air motions genermied by its fan, Thus,
the CARm combines the effects of efficiency of the air cleancr and the effectivencess of the air
cleancr 10 draw the test chamber's air through it. Genenally, e CARm should not exceed the air
cleaner Mow rate. The results show the CARm value for the Av challenge was indeed quite near
the Genesis Air 20028-MP air Mlow rae detormined by Genesis Air as 330 CFM. Thaus, for this
microbial acrosol, the test unit achieved cssentially the maximum performance that could be
expected from a device operating at the designated air flow. The average CARm values for
MS2, Se. Mp md Byg were slighthy lower, Av spores are comsiderably larger Shan the other 16t
microorganisms and thes are moee effectively romoved from the air by filration. The higher
efficiency observed with respect 10 Av s consistent with incressed removal, relative to the
smaller bioacrosols, by the uni’s imegraed fiber.

Single Pess In-duct Test

Table 3 peesonts the efficacy results foe the in-duct tripartine photo-catalytic oxidation (PCO) unit
when operated & 1800 CFM. The isactivation efficiencies were calkculated as shown i Eq. 3.
The average values presented were caloslated using the results froms the five upstroam and
downsaream measurements for cach challenge. These results are also displayed grapbacally in
Figure 9.

Table 3, Inactivation efficiencies for Introduced bloacresals

Test Organism mean ad. dev
Staphylococcus apdenuicia 99 om
Mycobactenum paralortutum LR 27
us2 438 47
Bocus plobige M6 as
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Figure 9. Inactivation efficiency values for single pass efficacy tests

As is apparent from the table and graph abonve, e efficacy was quite variable, dopending on the
nature of the challeage. Whilke the mactivation efficiency was quite high with respect to the two
vepetative bacteria challenges, & was clearly reduced with respect o the MS2 virus and By
spores and Jowest with respect to the Av fungal spore. This pattorn of inactivation vanability is
not unexpected grven the structural characicristics of thas $vorse range of microorganiams and s
typecal of devices that coploy a moechanism aimed at inflicting damage 10 ¢ell componcnts rather
than remsoval from the aie stream by filtration

Table 4. Effect of device on microbial toxin levels

Peccart change in toxin activity
Analyte moan std. dev,
Endotcas 55 20
Mycolonan 191 149

Our reseits also show (Lable 4) that there was very little change = e lovels of microbial tonins
as a result of the wxin-peoducng organtems being exposod 10 the POO unit at 1800 CFM. The
watream and downstrcam Jevels of endotoxin were essentially indistiguishable while a small
increase in mycotoxnis activity, which & nearly withn the standard dovistive for the
messurement, was observed downsireams. It may be that exposure 10 the PCO unit sad
consequent structural damage %o the cells does not sigeificantly mcrease the relcase of tonins
from Bhe microbes. Allematively, an increxe in microdial toxms many result from stroctural
damage, bet is offset by the destruction of sonins themselves by the PCO unit.



Please let me know if you have any additional questions, and feel froe 10 call me & 919.541-
6261 or email me at keschaniorg,

Sincerely.,

R Keith Esch, PaD.
Rescarch Microbiologist
o Kane Fosede

Lisa Balley (0280800.182)
0210752.004 file
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Phetograph 2. View of Samplers in Test Positions at Chamber Wall, Fach of two Asderson
singhe-stage impactors wsod for Se and Av sampling 5 visibie at the sides of the photo.  Alr
samples are extractod from the chamber through tubes that lead 10 the samplers Seough ports in
the chamber wall. The flexible tubing comnectad 10 the bottom of cach sampler leads %o vacuum
partips that repefate the Now of extracted sir



Photograph 3. View of Samplers in Test Pasitions st Chamber Wall, Fach of two all glass
impingers used for MS2 sampling & visible at the sides of the photo.  Air samples are extracsed
rom S chamber Seough tubes that lead %o the samplers through ports s the chamber wall. The
exible tubing connccted 10 the botiom of cach sampler leads 10 vacuum pumps that regulaic the
flow of extractod air



Photegraph 4. View of sequential photocatalytic oxidation sections installed in test duct
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