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Goal of the presentation

[0 overview engineering controls testead
|0 describe the testing method used

0 present the testing results of some
engineering controls available and an
attempt of their cost effectiveness analysis




Background

e High level of nosocomial transmission in TB
facilities

e Unacceptable occupational TB incidence among
staff

e Both increased availability and lack of resources
for the infection control programs in TB facilities

e Increasing and diversifying commercialization, of
reom air-cleaning devices

e Lack ofi independent reliable information about
efficacy of available environmental controls




\Ventilation

VIadimir Oblast 1B dispensary,
“Alternativa — Klimat Ltd™, VVIadimir
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General ventilation with heating| of
air, negative pressure wards, UVGI
units for air decontamination from
high risk zones

Reconstruction 2005 — 2007

Capital cost — 345000 USD

Maintenance cost — 4425 USD per
year

Power consumption — 37 KW/h
(electricity) and 0,8 GCal/h (heat)

Service capacity — 17053 m?® of
building space




Shielded UVGI fixture

(Modified OBN=150, P. Jensen, “Realnost Ltd" \Iadimir

“ e 22 gl

2 UVGI lamps Philips TUV-30W, one is
shielded

UVGI level for shielded lamp complies to
Russian and internationall regulations:

e In occuépied area — less than 0,2
uWiem

e In upper room unoccupied area —
higher than 150 p\W/cm? at the
distance of 1 m

Cost - 200 USD
Power consumption — 60 W




Potok 150IM-011

(«Potok-Inter», Moscow)

Capacity — mo 150 m>/h

Power consumption - 40 W
Weight - 9 Kg

Dimensions - 420x322x360 mm
Cost - 4800 USD

Function principle:

1 stage In inactivation zone —
intensively fluctuating electric
field and ions
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2 stage in filtration zone — Shgstonar
electrostatic catching of
particles
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I'ree («EOL Ltdy, Korolev)

Tree — 100 (“single module’):

Capacity: 100£10 m3/h;
Dimensions: 430x300x150 mm:;
Power consumption - 40 W.

Cost - 450 USD

Electrostatic air cleaner based on
germicidal action of intensive “ionic wind"
and intense voltage electric field




Aerolife L (L -9024 C)

«Aerolife Ltdy, Lipetsk

Power consumption - 29W

Aig flow capacity: night / daytime mode 65/90 s
UV lamp light wave length 320 — 400 nm.
Dimensions 470 x 160 x 170 mm

Weight 1.9 Kg

Recommended room volume — no more than
90 m?

Cost - 1270 USD

Air cleaner based on UV-induced photo-
catalytic oxidation of air particles and gases
on the photo-catalysator surface




Tresting method

e Room:
e Negative pressure patient ward S=11 m? x H=2,9 m (Volume =
32m>°)
e Equipment:
1 compressor
1 Collison nebulizer
o oil electric pumps
4 Andersen One-Stage Viable (Microbial) Particle Sizing
Samplers
1. Andersen Six-Stage Viable (Microbial) Particle Sizing Sampler
Swinging mixing fan
Anemometer
Timer




Testing method (2)

e Materials:
e Sterile Petri dishes with nutrient soy agar
e Suspensions of indicator microorganisms:
Bacillus subtilis
Serratia marcescens




Tresting method (35)

Design:

3 replicates of:

2 microorganisms 408 Tloro 50401, cromscr
Ventilation ON OFF
UVGI ON OFF

OB “Marow 150-H-01", Hononssas

Potok ON OFF

Mixing| Fan ON OFF

Tree ON OFF

AOEGPOTOPHNA CTOA

Total - 144 experiments,

12960 air samplings




Testing method (4)

e Protocol approved by P.Jensen (CDC), V.A.
Puzanov (CTRI) and manufacturers

Nara 22-1an-07 J YcnoBwA TecTa BeHTMnAUW COn
MNOTOK on

MukpoopraHnaM: | Semralia marcescens Y@ -namnaon

Bacillis subtilis BeHTMnATop ON
BeHTMNALUWOHHAA PRWETEA OBEPW 3aKpRITAN!
Mepen NnepBbIM 3ECMEPUMEHTOM KEaX¥O0r0 OHA:
1. BKNKYWTE BCE HACOCK!, yGeOWuTeCA, uTdo BCE paboTanT, oTKNKYATE I
2. Benwouute NOTOK, yGeguTecA, yOROWTRCA, UTO TOPUT 3ENEHLINA MHOWKATOR OKOMO KEHOMKKW 1 | OTENKDYHTE I'IE}JTDH:.
3. ¥OegWTecA, yTo 00WAA BEHTUNAUWMA OTKNKYEHA |
4 Y@eOgWuTecA, uTo ¥ namna oTENKYeHa
5 MNpoBEpUTE W OTRENYMWPOBATL KPACHBI Komnpeccap - 20 PSlnnu 1 BAR
6. Ecnu OyOeT BKNKYEHa BEHTUNAUWA, NPOBEPWUTE CKOPOCTE NOTOKA - 2,35 + 0,11 micek Ha B5-MN9
7. Ha Eaxpom uunuHgpe AHOEPCEHA NPOBEPWTE CKOPOCTE NoToKa - 0,93 + 0,04 micek

PazeeneHne B __ 100 mL cycneHann + __ 0 mL gwuapacteopa = 100 mL pacTteopa gnAa Heﬁynaﬁaeba
|




[estina.method (5)
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F=ke-ACHt,

* F — remaining fraction of
viable microorganism
particles;

« ACH — equivalent air
changes per hour;

* t — elapsed time (hours)




Testing met

AiEE0EHHE B

efynanzepe: 0,1 ml cycneszmw + 33,9 ml guzpacteopa =100 ml pacTeopa ans kefynakeepa
Bpeun
Bpewn oT Bpeua Howep PezyneTar MpHuesanna A". Changes
Hauana |oTopa H3WHKK | YTEHWA HaWKH
TECTE per HoUl’
[eam) | (eaH) (L}
12:34 ta 0 esmunauna OTKN, Besmunatop BEN, HeGynanzep 20 P51 (1.4 B4
2:54 t 20 4 113 1871 43 HeBynanzep OTKI, Yeranoeute yenoewa Tecta!l!
t 20 4 113 1872 38 - -
e T [+ [wmlwn| = Ventilation + UV:
t 20 4 113 1874 254 s
t 20 4 113 1875 398 B SUbtllls
t 20 4 13 1876 355
t 0 4 1132 1877 400 1,000 ‘1
t 20 4 113 1878 400 500 -7 5468x
t R 400 Y= 16,8688 '
t 20 4 113 1880 400 0800
12:04 tz 0 4 113 1881 400 -
ta w 4 113 | mEz 338 ar
tz 30 4 113 1883 g7 a5
tz 0 4 13 1884 355 .
214 ty 40 4 113 1885 38T 030
ta 40 4 113 1886 388 \
tz 40 4 113 1887 155 0,400 \
ty 40 4 113 1888 385 0300
12:24 ty ] 4 113 1885 231 \
ty 50 4 iz | 1Em0 208 420
ks 50 4 113 1891 211 240 \
t 50 4 113 | sz 133 \‘\_
234 ts ] 10 283 1883 107 0,000 T ;
ta 60 | zer | 1M 135 Hours am asa 1M 14
ts ] 10 283 1885 121 0,00 o 1,000
ts B0 10 283 1886 19 017 i 398 0,998
4:04 ts 20 10 283 1887 Z 0,33 : 381 0,953




POTOK Air Cleaner Testing Results (ACH equivalent, B. subtilis)

734 755 761 7,61
6,56 6,57

4,87 5,04

3,59 3,78

2,92
2,45

Ventilation
POTOK
uval
Mixing fan
Mean ACH




TREE Air Cleaner Testing Results (ACH equivalent, B. subtilis)

Ventilation
TREE
uval
Mixing fan
Mean ACH




Actuall Detected Efficacy.

(equivalent Air Changes per Hour, ACH)

Shielded Potok

UVGI fixture | 150M-01 Aerolife-L

\/entilation

Capacity
according to
official
manufacturer
documentation

Actual capacity by
testing results




Importance of good air mixing
(Impact of mixing fan)

BnusHue BeHTUNATOpa Ha 3pheKTUBHOCTb 06e33apaxunBaHus
Bo3ayxa (%)

=CEE

m With Mixing Fan
m No Mixing Fan

Ventilation

Improvement 16% 5,3% 39,4% 19,2%
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Relative cost (USD / equivalent 1 ACH
during 1 year in one 32 m3 patient ward)

Cost of using (USD per year)

177475,25

Determined Efficacy (ACH)

2,45

Relative Capacity (patient wards S 32m3)

Heat energy consumption (Kcal/h)

Electrical energy consumption (W)

tal control (USD/ACH)

Unit life

Cost of supplies per year

Cost of materials per month

Maintenance cost per month

369

Capital and installation cost

345000

environmen

Engineering controls

Ventilation

Tree 100

Aerolife-L




Cost effectiveness of tested controls

Cost of 1 equivalent ACH in the patient Relative economical efficiency
room (Ventilation =1,0)

UVGI Ventilation Potok Tree 100 Aerolife-L
150M-01

Environmental controls UVGI Ventilation Potok Tree 100  Aerolife-L
150M-01

0
9
8
7
6
5
4
3
2
1
0




Conclusions

Actual capacity ofi various engineering controls in the
particular hospital settings can differ remarkably from the
officially: declared by manufacturer data

Independent adequate testing method of their efficacy is
needed

Combined use of different controls does not assume the
simple sum ofi their efficacy

Mixing fan and appropriate installment can substantially.
Improve the performance of engineering controls

Shielded UVGI fixtures remain the most effective and the
least costly engineering control for TB facilities




Thanks to Paul A. Jensen, CDC
for'i1dea, expert and technical
support of this research

Questions?




