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in close contact environments
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Sterilair PRO — The Science
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This guide offers further information on the technology behind Sterilair PRO and
science-based explanations of how it works.

e Harnessing the power of UV-C

e Sterilair PRO - the process

* Tecno-Gaz — committed to quality

* Eurofins — biopharma product testing
* Germicidal irradiation explained

* Philips — UV disinfection and how it works
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Sterilair PRO — harnessing the power of UV-C

Sterilair PRO is an innovative Air Biological Treatment System that uses ultraviolet
light (UV-C) to sterilise ambient air, killing bacteria, mould, spores, yeast and viruses,

including coronaviruses such as Covid-19.

Ultraviolet Germical Irradiation (UVGI) is a well-established method for the

disinfection of air, water and surfaces.

UVGI is an electromagnetic radiation that
destroys the ability of microorganisms to
reproduce, causing photochemical changes
in nucleic acids.

Wavelengths in the UV-C range are
particularly harmful to cells because they
are absorbed by nucleic acids.

It has been shown that UV-C radiation
causes dimerization of adjacent thymine
molecules, preventing DNA replication.

No microorganisms are immune to
germicidal radiation.

Sterilair PRO is equipped with four high
power (25W) Philips TUV T8 certified lamps
operating at 253.7nm.

These lamps are covered with a patented
coatifng which allows them to be effective
withaut dispersing harmful UV-C into the

atmosphere.

Coronaviruses are extremely sensitive to UV-C light. In fact, one passage through
the Sterilair PRO chimney is enough to destroy the coronavirus outright.

Sterilair PRO can treat 120m3, with a killing rate of 99.99% and a proven efficacy in
real environment of 99.22%. (Eurofins Biopharma Lab Report)

Sterilair PRO does not clean the air — it sterilises it.




Sterilair PRO — harnessing the power of UV-C

Sterilair PRO is CE marked and FDA approved and has been rigorously tested for its
efficacy.

Manufacturers TecnoGaz, have issued the results of some of these tests and the
theory behind them. Below are some interesting highlights.

Ultraviolet Germicidal Irradiation (UVGI) is a well-established method for the disinfection of air,
water and surfaces.

Ultraviolet germicidal irradiation (UVGI) is an electromagnetic radiation that destroys the ability of
microorganisms to reproduce causing photochemical changes in nucleic acids. Wavelengths in
the UVC range are particularly harmful to cells because they are absorbed by nucleic acids. In
particular, it has been shown that UVC radiation causes dimerization of adjacent thymine

molecules preventing DNA replication.

The germicidal efficacy of the UVC peaks corresponds to the peak of UV absorption by the
bacterial DNA.

Steril air PRO is equipped with 4 high power (25W) PHILIPS TUV T8 certified lamps
operating at 253.7 nm

Microbial susceptibility to ultraviolet light varies between species of microbes. Bacteria, viruses
and fungal spores respond to UV exposure at speeds defined in terms of UV rate constants.

Starting from the irradiation (linked to the power of the lamps and the geometry of the machine)
from the exposure time and the UV constants of the individual bacteria, it is possible to determine
Kr or the percentage of abatement with a single passage of air inside STERIL AIR PRO:

Kr=1- e_k(Et'[r) (1)

Where:

k= constant dependent on the bacterium/virus

Ei= exposure time (depends on the range and length of the lamp)

I= Irradiance (depends on the power of the lamp and the geometry of the chamber)

This percentage is reported for a SINGLE PASS in the Steril Air PRO in the following table. In the
case of multiple passages, as happens in continuous operation, the effectiveness is obviously
multiplied.

It should be considered that in this calculation the worst theoretical conditions were kept (in reality
the results are therefore decidedly better) that is: on each particle only the energy of the closest
UVC lamp was considered (ignoring the conftribution of the other 3); the energy received was
calculated as if all the air passed at the maximum distance from the lamp (while in reality it passes
much closer and therefore receives much more energy).

Despite the worsening conditions used for the calculation, the results are very positive: for
example for the coronavirus family, the one-passage killing rate is 99.999999%

Table overleaf



Sterilair PRO — harnessing the power of UV-C

Dgo @ K? KILLING RATE
Bacillus anthracis 45,2 0,051 91,518171%
B, megatherium sp, (spores) 27,3 0,084 98,281462%
B, megatherium sp, (veg,) 13,0 0,178 99,981794%
B, parathyphosus 32,0 0,072 96,929004%
B,suptilis 71,0 0,032 78,734300%
B, suptilis spores 120,0 0,019 60,114980%
Campylobacter jejuni 11,0 0,209 99,995936%
Clostridium tetani 120,0 0,019 60,114980%
Corynebacterium diphteriae 33,7 0,069 96,449338%
Dysentery bacilli 22,0 0,105 99,377773%
Eberthella typhosa 21,4 0,108 99,461831%
Escherichia coli 30,0 0,077 97,588822%
Klebsiella terrifani 26,0 0,089 98,650698%
Legionella pneumophila 9,0 0,256 99,999582%
Micrococcus candidus 60,5 0,038 84,091852%
Micrococcus sphaeroides 100,0 0,023 67,132265%
Mycobacterium tuberculosis 60,0 0,038 84,091852%
Neisseria catarrhalis 44,0 0,053 92,300376%
Phytomonas tumefaciens 44,0 0,053 92,300376%
Pseudomonas aeruginosa 55,0 0,042 86,890697%
Pseudomonas fluorescens 35,0 0,065 95,691269%
Proteus vulgaris 26,4 0,086 98,439948%
Salmonella enteritidis 40,0 0,058 93,954678%
Salmonella paratyphi 32,0 0,072 96,929004%
Salmonella typhimurium 80,0 0,029 75,412763%
Seratia marcescens 24,2 0,095 98,990633%
Shigella paradysenteriae 16,3 0,141 99,890959%
Shigella sonnei 30,0 0,077 97,588822%
Spirillum rubrum 44,0 0,053 92,300376%
Staphylococcus albus 18,4 0,126 99,774712%
Staphylococcus aureus 26,0 0,086 98,439948%
Streptococcus faecalis 44,0 0,052 91,918732%
Streptococcus hemoluticus 21,6 0,106 99,407158%
Streptococcus lactus 61,5 0,037 83,303338%
Streptococcus viridans 20,0 0,115 99,616426%
Sentertidis 40,0 0,057 93,655032%
Vibrio chlolerae (V,comma) 35,0 0,066 95,894752%
Yersinia enterocolitica 11,0 0,209 99,995936%
Bakers' yeast 39,0 0,060 94,512186%
Brewers’ yeast 33,0 0,070 96,617021%
Common yeast cake 60,0 0,038 84,091852%
Saccharomyces cerevisiae 60,0 0,038 84,091852%
Saccharomyces ellipsoideus 60,0 0,038 84,091852%
Saccharomyces sp. 80,0 0,029 75,412763%
Hepatitis A 73,0 0,032 78,734300%
Polio virus 58,0 0,040 85,558922%
Rotavirus 81,0 0,028 74,194057%
Cryptosporidium parvum 25,0 0,092 98,832978%
Giardia lamblia 11,0 0,209 99,995936%
Cryptosporidium parvum 25,0 0,092 98,832978%
Giardia lamblia 11,0 0,209 99,995936%
Coronavirus 6,0 0,377 99,999999%
Adenovirus 49,0 0,047 89,707294%
Bacteriophage MS2 5,0 0,424 100,000000%
Coliphage X-174 3,0 0,710 100,000000%
Coliphage T7 7,0 0,330 99,999988%
Coxsackievirus 21,0 0,111 99,534533%

Influenza A virus 19,0 0,119 99,683911%



Sterilair PRO — the process

Sterilair PRO works on the basis of a closed loop forced ventilation system. Boasting
an innovative design, Sterilair PRO is the first system dedicated exclusively to
biological air treatment. Unlike many of the cheaper units currently available such as
air purifiers, this high-performance technology does so much more than simply
filtering out micro-organisms. Sterilair PRO does not clean the air, it sterilises it.

As well as being considerably more effective than other technologies, the Sterilair PRO
is much safer. Due to its patented covering, the Philips UV lamp does not disperse
radiation into the room, meaning it can be used continuously in the presence of
people without any risk to health. This feature also means the device is substantially
safer for the environment.

Other methods of decontaminating air include free ultraviolet radiation and chemical
cleaning, but these have a temporary effect and can only be carried out when the
room is empty.

Sterilised air is then air released back
into the local environment and the cycle
continues.

The air is then is passed over four
specially coated Phillips ultraviolet
lamps, exposing it to UV radiation which
neutralises bacteria and destroys the
DNA of viruses so that they cannot
reproduce.

AT 1 ¥ ¥ PN

Air is drawn in via a whisper fan (32db)
and passed through a carbon filter,
blocking the coarsest pollutants and
giving the air an initial purification.




Sterilair PRO — the process
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No ozone
dispersion

Output grille
The treated air is
expelled from the

Irradiation
with UV-C rays

Dust filter




Sterilair PRO — the process

Solid
aluminium
construction

No risk to people

No noise

No maintenance

Programmable Maximum
Tt r mr effectiveness




Tecno-Gaz — committed to quality

-
wp TECNO-GAZ

Tecno-Gaz
manufactures and markets
Sterilair since 1999

www.tecnogaz.com

Sterilair PRO is designed and manufactured by Tecno-Gaz. Based in Italy, Tecno-Gaz
has been producing high-quality medical devices since 1979.

Sterilair PRO has been used extensively and globally by medical professionals since its
launch 20 years ago.

Due to the outbreak of Covid-19, this device is now being used in a wide variety of
other settings.




Tecno-Gaz — committed to quality
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CERTIFICATO N. S s i
CERTIFICATE N, 9124.TGA2

SLCERTIFICA CHE IL SISTEMA QUALITA' DI
WE HEREBY CERTIFY THAT THE QUALITY SYSTEM OPERATED BY

TECNO-GAZ SPA

STRADA CAVALLE 4 - 43038 SALA BAGANZA (PR)
UNITA OFERATIVE [ QPERATIVE UNITS

STRADA CAVALLI 4 - 43038 SALA BAGANZA (PR}
VIA S MARZO 4 - 42025 CAVRIAGD (RE)

E' CONFORME ALLA NORMA £ IS IN COMPLIANCE WITH THE STANDARD

ISO 13485:2016
PER LE SEGUENTI ATTRATA' | FOR THE FOLLOWING ACTIVITIES

Progetlazicne, produzione ed assistenza di dispositivi per analgesia sedativa.
Progettazione, produzions & collavdo di piccole avlodayi. Produzions ed assisienza
ci kit di prime soocorso e pallon danimator. Produzione e commercializzazione di prodotll ed accessor destinati
&l settori medicale, odantoialico e pimo seccorso. Gestfione dells manutenzione, installazions ¢ riparazione di
apparecchiatura per radiologia, aspirator chirurgicl, fdutton di pressione per Fufilizzo
con i gas medical e riuniti dentali
Design, manufaciure and senvice of zedaiive analpesia devices. Dogign, production and
festing of small awtoclaves. Production and senvice of firs! ald kits and resuzcitetovs bags
Fracuction and sale of products and accessonies infended for the medical, dental and
fiest add. Maimdenance managermend, insfadalion and repair of radiclogy equipment, sucfior pumps,
pressure regulators for use with medical and dental unils gas

Ulenion informaziconi riguardand Fapplcabivia dei requishl 50 134652016 possanc easers othenule consultando Forganizzaziona
Feytissy clarifcafions ragarding the apnlicabiity of (50 23485 2015 requirements may be abfamed Dy cansunling the arganizadon

IL PRESENTE CERTIFICATO E' SOGGETTO-AL RISFETTO DEL
REGOLAMENTO FER LA CERTIFICAZIONE DE| SISTEMI DI QESTIONE

THE USE ANDG THE VALIDVT Y OF THE CERTIFICATE SHALL BATIEFY THE
REQLIREMENTS OF THE RLLES SOR CERTICATION OF MANAGEMENT SYSTEMS

DATE:  PRIMA CERTIFICAZIONE EMISSHONE CORRENTE SCADEMZA
FIRET CERTIFICATION SURRENT (SEUE EXPIRY
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Eurofins — biopharma product testing

Analyfical Report AAHETEAE, Bwofins Mumber: STULV20AA1TET-1, Version: 1

<% eurofins

BioPharma
Product Testing
Page: 1 of 8
TImLE SCREENING AIR SANITIZATION TEST USING STERIL AIR PRO 1M AN AIRLOCK
CHAMBER AGAINST AN AEROSOL OF E, coli K12
TECHO-GAS S pA.
STRADA CAVALLL 4
SPONSOR
430338 SALA BAGANZA (PR
ITALY
TEST ITEM
DEVICE IDENTIFICATEON Steril Air Pro
DESCRIFTION indoor air purification device
BaATCH OEZSAS52S CoDnE Mot Provided
MAMUFACTURING DATE Mot Provided ExPRY DATE Mot Provided
ACTIVE INGREDIENT Mot Provided
PARCEL REGISTRATION M. | IP-L\V-2020099-ANY RECENMING DATE 08-Apr-2020
MATERIAL ITEM ALIZUOT LY-MAT-F5PH-20-111-0502:a
ANALYSIS STARTING DATE | 05-May-2020 ANALYSIS ENDING DATE | 14-May-2020
METHOD SET-UP

A =et up phase has besn conducted in order to verify the recovery of a nebulization of
E. coli K12 ingide a 1 m? volume air kock chamber.
The aim of the sef up phase is o defermine the starting inoculum, the nebulization

A time and the expermental conditions that allow to a significant recovery of
microorganisms in the air after nebulization and verify their reproducibility.
Test has been performed in duplicate.
TEST STRAN Escherichia coll K12 DsM 11250
INOCLLLUM 2
T 1.5 =50 x107 chu'mi
MEBLLIZATION TIME 20 minutes

INKNER CHAMBER VOLUME 1m?

CONTACT TIME (AFTER

NEBULIZATION) Immediately after nebulization (ime 0}

Eurofins Biolab Srl — via B.Buozzi 2, Vimodrone (Milano), ltaly - PUVA [ VAT Humber; 307620140960
Tel: +39-022507151 — Fax: +389-022507 1559 — E-mail: InfoFamai@eurcfins.com



Eurofins — biopharma product testing
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The sterilized Collison nebulizer - filled with bactenal suspension - was connected to
the test chamber wvia a sierlized giass aerosol delivery fube sumounded by
thermostatic water, in order o obiain a temperature in the asrosol of 20°C £ 5°C.
The Colizon nebulizer was connecied to the air-flow system. The test chamber and
itz confent were exposed to the spore bacterial asrosol for 30 minutes.

The test chamber surfaces were sanitized with wipss imbibed with 6% H;O, solution
before and after each run, then dried with sterile wipes after 30 minutes exposure to
H-0.

6 contact plates were used to verify the microbial contamination after the sanitizing
treatment.

The contact plates were incubated at 30°-35°C for 2 days and then at 20-25°C for 5

days.

PREFARATICN OF THE
TEST CHAMBER (FOR EACH
HEBULIZATION RUM)

The level of the emvironmental contamination after test chamber opening and
sanitization were monitored during the expermental phasze in order to validate the
sanitizing procedure using & witness plates placed outside the test chamber. Plates
were incubated at 30°-35c for 2 days and then at 20-25"C for 5 days.

A bacterial suspension of £ ool K12 showing a concentration of 1.5 — 5.0 x10° ciuwmi
has been diluted up to the decimal dilutions 107 and 105, Each dilution was pour plated
in dupficate.

The number of colony-forming units per ml has been determined following incubation for
48 hours at 37°C21°C and the actual count of the microbial t2st suspension, expressed

as N value, was calculated.

The suspension has been nebulized inside the test chamber for 30 minutes.

& TSA sterile plates were insered into the test chamber as sadimental plates and
EXPERIMENTAL PHASE distnbuted in order to cowver the entire surface base area. Plates were opened just
before closure of the chamber in order to sample and record bactena touching the
lower chamber surface during the exposurs time (considering a sufficienthy
homogeneous dispersion of the asrosolized inoculum).

After 30 minutes the nebulization was stopped and the & sedimental plates recoversd
in order to measure the microorganism contamination. Plates were incubated for 48
hours at 37°C+1°C and the number of CFU/plate (Nc) was determined.

This procedure has been performed in duplicate, in order to confirm the reproducibility
of the adopted experimental conditions and the homogeneous dispersion of the
microbial asrosol.

RESULTS See Addendum M. 1

Since the suspension dispersed in the air was not stable enough o aliow the
measurement of surviving microorganisms throwgh the use of SAS, it has been decidad
to consider the number of sunviving microorganisms recovered from the surface bass
CONCLUSIONS OF area after nebulzation, that ensure a better and reproducible recovery of £ coll K12 in
METHOD SET-UP the adopted test conditions.

Since recovery is not stable for longer contact times after nebulization, the reduction in
viable count of bacteria after the use of the device is calculated in comparison to the
recovery at time 0.

Euwrofins Biolab 5r — via B.Buozzi 2, Vimodrone {Milano}, ltaly - P.IVA F VAT Number: 007620440960
Tel: +39-022507151 — Fax: +39-022507 1559 — E-mail: InfoFama@eurcfins_com
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PRELIMIMNARY TEST
A prefiminary test has been conducted 1o verify a contact fme of 30 minutes, in order to
MOTE decide the final contact time of the screening phase:
The test has been performed in duplicate.
TEST STRAIN Escherichia coli K12 DSk 11250
[MNOCLE LI
COMNCENTRATION 1.5 -5.0 2107 chuimi
MEBLILIZATION TIME 30 minutes
CONTACT TIME (AFTER 3
NESULIZATION) MRS

The bacterial suspension with a concentration of 1.5 — 5.0 107 cfwml has been diluted
PREFPARATION AND COUNT | up to the decimal dilutions 1005 and 10-5. Each difution was pour plated in duplicate.

OF THE BACTERIAL TEST The numiber of colony-forming units per ml has been determined following incubation
SUSPEMSION for 48 hours at 37F°Cx1°C and the actual count of the microbial test suspension,
expressed as M value, was calculated.

The test chamber surfaces were sanitized with wipes imbibed with 6% H20: solution
before and after each run, then dried with sterile wipes after 20 minutes exposure to
HC.

6 contact plates were used to verify the microbial contamination after the sanitizing
treatment.

The contact plates were incubated at 30°-35°C for 2 days and then at 20-25°C for 5

days.

PREP‘“‘“""T{E“H{;EHETEST The steriized Collison nebulizer - filed with bacterial suspension - was connected to
NEBULIZATION RUN) the test ql'hamher via & E‘tﬁ'ﬂlz&i_j glass aernsnl_ delivery tube surmounded by

thermostatic water, in order to cbtain a temperaturs in the asrosol of 20°C £ 5°C.
The Collizon nebulizer was connected o the air-flow system. The test chamber and
its content were exposed to the bacterial aerosol for 30 minutes.

The level of the environmental contamination after test chamber opening and
sanifization were monitored during the experimental phase in order to validate the
sanitizing procedurs using © witness plates placed oulside near the test chamber.
Plates were incubated at 30°-35°¢ for 2 days and then at 20-25°C for 5 days.

The device has been placed inside the teat chamber with the filter near the nebulization
delivery tube. Then, a bacterial suspension of £ coll K12 has besn nebuiized inside the
test chamber for 30 minutes.

& TSA sterile plates were inserted into the test chamber ag sedimental plates and
distributed in order to cover the entire surface base area. Plates were opened just
ASSay before closure of the chamber in order to sample and record bacteria touching the
lower chamber swrface during the exposure time. (considering a sufficiently
homogensous dispersion of the asrosolized inoculum).

After 30 minutes the nebulization was stopped and the device has been left on for a
contact ime of 30 minutes. At the end of the set contact time, the 8 sedimental plates
were recovered and incubated for at least 48 hours at 37°C21°C, in order 10 measure
the microcrganism contamination. The number of CFLUptate (Ma) was determined.

Eurofins Biolab Srl — via B.Buozzi 2, Vimodrone (Milano), ltaly - PUVA P VAT Number; 007620140360
Tel: +39-022507151 — Fax: +35-022507 1599 — E-mail: InfoFarmma@eurcfins.com
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An untreated control (Me) has been perfiomed, without the device, in order to measure
the inifial microbial contamination inside the test chamber.

A bacterial suspension of E. coll K12 has been nebulized inside the test chamber for 30
minutes.

8 TSA sterile plates were inserted into the test chamber as sedimental plates and
UNTREATED CONTROL distributed in order to cover the enfire surface base area. Plates were opened just
before dosure of the chamber in order to sample and record bacteria touching the
lower chamber surface during the exposure fime (considering a sufficienty
homogeneous disperzion of the asrosolized inoculum).

After 30 minutes the nebulization was siopped and the 8 sedimental plates were
recovered and incubated for at least 45 hours at 37°C21°C, in order to measure the
microorganism contamination. The number of CFUMplate (Mc) was determined.

INTERPRETATION OF Vitality reduction has been calculated at the end of the process as follows:
RESULTS
H=Nc—Na
where:
R % Reduction of vitality

ke
Ma

number of cfufplate in the unireated control at time 0
number of cfulplate in the test assay at the set contact ime

% of Reduction after 30 minutes of contact time

Microorganism Replica 1 Replica 2

RESULTS Escherichia coli K12

DS 11750 0535 BEET

% R Average g0.08
See Addendum N, 2

The air reatment with STERIL AIR. PRO resulted EFFECTIVE against £ colf K12 after
30 minutes of contact time, in the adopied test conditions.
it has been decided to maintain 30 minutes of contact time for the Screening phase.

COMCLUSIONS OF
PRELIMINARY TEST

Eurocfins Biolab Srl — via B.Buozzi 2, Vimodrone {Milano), aly - PUVA [ VAT Humber: 007620140960
Tel: +38-022507 151 — Fax: +30-022507 1599 — E-mail: InfoFarmai@eurcfins. com
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EXPERIMENTAL PROCEDURE - SCREENMG AIR SANITIZATION TEST
On the basis of the results obtained in the prefiminary test it has been decided to

PCHE miaintzin 30 minutes as contact ime for the scresning test.
TESTSTRAMN Escherichia colf K12 DSM 11250

INOCULLIM N

COMCENTRATION 1.5 -5.0x107 efwiml

MEBLLIZATION TIME 30 minutes

CONTACT TIME (AFTER 3

NEBULIZATION) s

The bacterial suspension with & conceniration of 1.5 — 5.0 x107 ciwml has been diluted
PREPARATION AMD COUNT | up to the decimal dilutions 105 and 10-5. Each dilulion was pour plated in duplicate.

OF THE BACTERIAL TEST The number of colony-forming units per mil has been determined following incubation
SUSPENSION for 48 hours at 37°Cx1°C and the actual count of the microbial test suspension,
expressed as N value, was calculated.

The test chamber surfaces were sanitized with wipes imbibed with 8% H.O, selution
before and after each run, then dried with sterile wipes after 30 minutes exposure to
HzCha,

6 contact plates were used to verify the microbial contamination after the sanitizing
treatment.

The contact plates were incubated at 30°-35°C for 2 days and then at 20-25°C for 5

days.

PREFARATICN OF THE TEST
CHAMBER (FOR EACH
HEBULIZATICN RILN)

The sterifized Collison nebulizer - filled with bacterial suspension - was connecied to
the test chamber via a sterlized glass aerosol delivery tube sumounded by
thermostatic water, in order to obtain a temperature in the asrosol of 20°C £ 5°C.
The Collizon nebulizer was connected to the air-flow system. The test chamber and
itz content were exposed to the bacterial asrosol for 30 minutes.

The level of the environmental contamination after test chamber opening and
sanitization were monitored during the experimental phase in order to validate the
sanitizing procedure using & witness plates placed outside near the test chamber.
Plates were incubated at 30°-35°c for 2 days and then at 20-25°C for 5 days.

The device has been placed inside the test chamber with the: filter near the nebulization
delivery tube. Then, a bactenal suspension of £ coll K12 has bean nebuiized inside the
test chamber for 30 minutes.

& TSA sterile plates were inserted into the test chamber as sedimental plates and
distributed in order to cover the entire surface base area. Plates were opened just
before closure of the chamber in order to sample and record bacteria touching the
lower chamber swface during the exposure time (considering a sufficienty
homogeneous dispersion of the asrosolized inoculum).

After 20 minutes the nebulization was stopped and the device has been left on for a
contact time of 30 minutes. At the end of the set contact time, the 8 sedimental plates
were recovered and incubated for at least 48 hours at 37°C£1°C, in order to measure
the microorganism contamination. The number of CFUplate (Ma) was determined.

ASSAY (TO BE PERFORMED
IN TRIPLICATE)

Euwrcfins Biolab 5r — via B.Buozzi 2, Vimodrone (Milano), laly - PJUVA F VAT Number: 007620140960
Tel: +39-022507151 — Fax: +39-022507 1553 — E-mail: InfoFarma@eurcfins.com
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An unireated control (Nc) has been perfomed, without the device, in order to measurs
the initial microbial contamination inside the test chamber,

A bacterial suspension of E. colil K12 has been nebulized inside the test chamber for 30

minuiss.
UNTREATED CONTROL (TO | & TSA sterile plates were inserted into the test chamber as sedimental plates and
BE PERFORMED IN distributed in order to cover the entire surface base area. Plates were opensd just
TRIPLICATE) before clogure of the chamber in order to sample and record bacteria touching the

lower chamber surface during the exposure time (considering a sufficienty
homogeneous dispersion of the asrosclized inoculumy).

After 30 minutes the nebulization was stopped and the 8 sedimental plates were
recovered and incubated for at least 48 hours at 37°C21°C, in order to measure the
microorganism contaminabon. The number of CRUplate (Mc) was determined.

INTERPRETATION OF \itality reduction has been calculated at the end of the process as follows:
RESULTS
R=Nc—Na

% Reduction of vitality
numizer of ciufplate in the unireated control at time O
numier of ciuplate in the test azsay at the =t contact ime

=
o
I

% of Reduction after 30 minutes of contact time

Microorganism Replica 1 Replica 2 Replica 3

BESULTS Ercherichiz coli K12

OEM 11250 = o 5 02 G 21

% R Average ae.22

See Addendum M. 3

The air reatment with STERIL AIR PRO resulted EFFECTIVE against £ coll K12 after
30 minutes of contact time, in the adopted test conditions.

in particular, the treaiment determined an average reduction of 99 22% in viability of
the test organism.

CONCLUSIONS

M. 1: RAW DATA ELABORATION — SET-UP PHASE (3 pages)
ADDENDA . 2: RAW DATA ELABORATION — PRELIMINARY TEST (4 pages)
M. 3: RAW DATA ELABORATION — SCREENING TEST (6 pages)

This test report may nof be reproduced in parf unless expressly approved in wiiting by Eurofins Siclsh Sri.
The tex results relate only o the fesfed ifems. Sampling, excapt specific indicabon on fest report, is always intended o be made by the
Sponsor. Charsclerzation of the lesf sample &5 under Sponsor responsibiiy.

Eurofins Biolab Srl — via B.Buozzi 2, Vimodrone (Milano), aly - PIVA 7 VAT Number: 007620140960
Tel +39-022507151 — Fax: +39-022507 1599 — E-mail: InfoFama@eurcfing.com

Reviewed and slectronically signed for Study Technical Supenisor Approval by
Eliza Anna Maccagni, Employes
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Eurofins — biopharma product testing

Analytical Report AAHETS46, Eurofins Mumber S ADDENDUM N_1
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Eurofins — biopharma product testing

Analytical Report AAHSTS46, Eurofins Mumber: STADDENDUM M1
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g : waras gpore nebulizzate
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Eurofins — biopharma product testing

Analytical Report: AAHETS46, Eurofins Number: STIADDENDUM N.1
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<% eurofins
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Analyical Report: AAHETS45, Eurofins Number. 5 ADDENDUM N .2
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Analytical Report: AAHETS48, Eurofins Number: ST ADDENDUM N.2
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Analyfical Report: ANHET546, Eurofins Number: 5T ADDENDUM N2
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Analytical Report: AAHETS48, Eurafins Number. 5T ADDENDUM N.2
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Analyical Report: AAHETE4E, Eurgfins Mumber 5 ADDENDUM N3
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Analytical Report AAHET546, Eurofins Number sTUADDENDUM N3

Frova per la vasutazicns deil‘mbegrita di chiusura i contspitorn
- - . |
I warso spdne nebulizzabe
«<* eurofins
(Vialicethon of Y ChMIELTE iy WE figad spore)
FIgm= e I &
Dats inmn [Sladsd on) | 13ME2030
0, shudia (10 Shudy) ! STULVIDAATTEEA I campiane (iD. semcis) VAT FEPH.20.9 11050 s

Praparation of the test chanber - Ma

Mierabial contral of test chamber affer sanitang Ereatimert (Iefore starting the 3558y )

Contact plates i g i ety (ol M
plate 1 5 ) ¥ Pass
plain 2 7 0 7 PASS
pads 3 0 ¥ 11 Pats
pliane d iz o 12 PASS
pata & ] n PAES
Habs § & ¥ FPAES

Micrabial contral of tha e m:"'rq-a'm w58
Sadimental plates o m | aes . | Sraudts [CPWlne | PassiFall
piate 1 (rear calbisnn)) i L] a PASS
Fata F [near oollisan} 1 8] 1 PASS
plate 3 (near codlisan | 2 Q 2 PAES
mate 4 {work benah) 1] 1 1 PAZE
plabe 5 fwork bench) [i] (1] ] Pass
plate & {work bench) 0 0 i PASS

Micrafdal control of fest chambar affor Sanitning traatment (afer arding fwe assayl

Coniact plates | ":-"T:’ R (cRipis) | PassFal
plaim 1 q i ] PaASS
platg 2 2 PASS
platn 3 q ] g PASS
ki 1" 1 12 PASS
piae 12 (! 12 FASS
pata b 5] ] a PASS

Arsay - Sedimontal platas ite fhe feat chamiser
Saianin pl ;-GWHI{U‘MEU Ha - tast at 30 minules
fafisie) feflaipleia)
plae 1 a0z o
plais 4 [}
plaks 3 T o
piaria 4 286 2
gt i 30 i)
plai 281 i
Fiaan T # i
Elabe 3 283 1
e —— ] z
Liog £47 o
Log R 126
 of Reducion in vaniity =T
Sigla lecreco (Tachmcian signanesl 25 'IH"L-E"J-:E‘:‘ Dlala fine (Finshed on): 14080000

-t nboie

Sills Appriviagone [Aopraval signaiureg, Dala{Bale)  TA0EE]



Eurofins — biopharma product testing

Analytical Report: AAHET546, Evrofins Number: 5T ADDENDUM N3
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Eurofins — biopharma product testing

Analytical Rieport: AAHS7546, Eurcfins Number sTADDENDUM N3

Prava per la valutazions dall'integrita di chivsur di conteniton
L -
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PRrACTICE ARTICLES

The Application of Ultraviolet
Germicidal Irradiation to Control
Transmission of Airborne Disease:
Bioterrorism Countermeasure

Pinvee W Bunckxen, MD# SYNOPSIS

Ricrarn L. VincesT, BSc*
Merviy FresT, ScD®
Epwann Marperl, MDF

Bicterrorism is an area of increasing public health concern. The intent of this
article is to review the 2ir cleansing technologies available to protect building

MEcan Museay, MD. MPH. pccupants from the intentional release of bioterror agents into congregate
Schv spaces (such as offices, schools, auditoriums, and transportation centers), as
WiLe Baursar, BSce well as through outside air intakes and by way of recirculation air ducts.

Cument available technologies include increasad ventilation, filration, and
ultraviclet germicidal imadiation (UVGI)

UG s a commion tool in laboratories and health care facilities, but is not
familiar to the public, or to some heating, ventilation, and air conditioning
engineers. Interest in UVGI is increasing as concern about 2 possible malicious
relnase of bioterror agents mounts. Recent applications of UWGI have focused
on comtrol of tberculosis transmission, but 2 wide range of airborme respira-
tory pathogens are susceptible to deactivation by UMGL. In this article, the
authors provide an overview of air disinfection technologies, and an in-depth
analysis of UWGI—its history, applications, and effectiveness.
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Twent-first century bioterrorism concerns have cre-
ated the need for intense review of potential counter
measures,'™ Our intent is o consider available tech-
nologies to protect the occupants of buildings from
the intentional release of bioterror agents into indoor
congregate spaces through outside air intakes and via
recirculation air ducts."’ Disinfection of air from air-
bome pathogens can be carried out by means of in-
creased ventilation, Aliation, and ultraviolet germi-
cidal irradiation (L'VGI). High ventilation rates of
spaces occoupled by people dilute and remove infec-
tivus particles (bacteria, fungl, and viruses). High
efficiency particulate mir (HEPA) fltration captures
and retains particles small enough to be inhaled. TTVG]
damages the DNA of microorganisms, destroving their
ahility to replicate and thus rendering them non-infec-
I:iDIIJS.I kR

Although it has long been used in laboratonies and
health care faalities, UVIG] is the air disinfecton tech-
nology least familiar to heatng, ventilation, and air
condifoning engineers and the pablic.™" UVG] is
produced by mercury vapor arc lamps predominatety
at a wavelength of 253.7 nm, within the UV-C band-
width of the electromagnetc spectrum (Figure 1}
Recent applications have focused on control of tuber
culosts transmission, but a wide range of airborne res-
piratory pathogens are susceptible to inactivation by

I'WGL Potential bioterror agents that could be aero-
solized maliciously in buildings include those that canse
anthrax 1% EI‘I‘.I.EI].'.FDI,I!"'H viral hemorrhagic fevers =
poenmonic |:|'J:i.g1.u':,us gEE|.|.'|-|:Er_'r!.',z""’I tularemia, ™ and
drug-resistant tuberculosis.™

Extensive laboratory and model room studies have
established that the destructve effect of UVG] on bac-
ternal and viral DINA s related 1w oa combmanon of owo
factors: the intensity of UVGI energy to which the
infectious particle is exposed, and the duration of the
exposure. ™ These studies reveal a specorum of
microorganism susceptibility, dependent primarily
upon the presence or ahsence of a cell wall and the
thickness of the cell wall (see Table). Smmce viruses
such as smallpox, influenza, and adenovirs tack a cell
wall, they are more easily inactivated.™ Common forms
of vegetanve bacterim are gencrally mrermediate in
susceptibility, Spores, such as B anébracs in its usual
state outside the body, are most difficult to penetrate
by UVGL®=

As an environmental control wechnology designed
o inactivate micro-organisms, 'VGI can be insalled
through upper room fixtures as well as by placing
U'VGI lamps inside mechanical ventlation systems.
L'VGI offers substantial advantages over purging con-
taminated air by ventilation and collecing contami-
nants by filtration. These benefits include reduced

Figure 1. Electromagnetic spectrum illustrating UV-C in relation to other UV-bandwidths and visible light.
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Table. Actinic radiant expesure H at 253.7 nm necessary te inhibit colony formation in 909 [(LD%0)
of organisms {108 survival)

(H (k)
Radiant Decay rate
EXDOSLE constart Test
Microorganism - e me = JH Reference Type mediLm
Bacillus anthracis 4537 0.051 Sharp 1938% Bacteria Air
Bacillus anthracis (spores) 0.003 Enudson 19863 Bacteria Plates
5. entertidis 40.0 0.058 Dreyer et al. 1936 Bacteria Plates
B. megatherium sp. (veg.) 37.5* 0.041 Hercik 19374 Bacteria Plates
B. megatherium sp. (spores) 280 0.082 Hercik 19377 Bacteria Plates
B. paratyphosis 320 0.072 Dreyer et al. 193" Bacteria Plates
B. subtiiis [mixed) 710 04032 Renmschler et al. 19417 Bacteria Air
&0.0 0.038 Koller 193%™ Bacteria Hir
B. subtilis spores 120.0 0.019 Renmchler et al. 19417 Bacteria Air
Corynebacterium diphtheriae 34.0 0.068 Sharp 19387 Bacteria Hir
007N Sharp 19397 Bacteria Plates
Salmoneila typhi
(Eberthella typhosa] 214 0,108 Sharp 19387 Bacteria Air
Micrococcus candidus 0.5 0,038 Ehrismann et al. 1932 Bacteria Plates
Micrococeus piltonensis B1.0 0028 Renschler etal. 19417 Bactera Air
Micrococcus sphaemides 100.0 0.023 Rentschler et al. 19417 Bacteria Air
Meissara catarhalis 440 0052 Rentechler et al. 1941™ Bacteria Air
Agrobacterium fumefaciens
(Phytormonas tumefaciens) 440 0.052 Rentschler et al. 19417 Bacteria Hir
Proteus vulgaris 270 0.085 Rentschler et al. 19417 Bacteria Air
Pseudomonas aemginosa 02375 Colfins 197177 Bacteria Plates
0.5721 Sharp 17407 Bacteria Air
55.0 0,042 Ehrismann et al, 19327 Bactena Plates
8. pyocyaneus 55.0 0.052 Ehrizmann et al. 1932% Bacteria Plates
Peeudomonas fuorescens 5.0 0,068 Ehrismann et al. 19327 Bacteria
5. typhimurium BO.O 0.029 Drreyer et al. 1936™ Bacteria Plates
Micrococcus [weus
{Sarcina lutea) 197.0 Do12 Rentschler et al. 19417 Bacteria Air
Sermatia marcescens 2432 0.095 Rentschler et al. 19417 Bacteria Air
220 005 Sharp 19382 Bactena Aar
83 0277 Ehrismann et al. 19327 Bacteria
02208 Collins 197177 Bacteria Plates
0214 Riley 197 &% Bacteria Air
04440 Sharp 19407 Bactera Aar
Dysentery bacilli 220 0.105 Dreyer at al.™ Bacteria Plates
Shigells pamadysenteriae 168 0137 Sharp 1938% Bacteria Air
Ahodo spinilum mubruem
(Spirflum mbrum) 440 0.052 Rentschler et al. 19417 Bacteria Air
Staphyiococcus albus 1284 0125 Sharp 1738™ Bacteria Air
330 0.070 Rentschler et al. 19417 Bacteria Air
184 0.125 Rentschler et al. 19417 Bacteria Air

{continued on p. 102
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Table {continued). Actinic radiant exposure H at 253.7 nm necessary to inhibit colony formation in 0% (LD20)
of erganisms {10%: survival)

H &
Hadiant Decay Rate
osure Constard Test
Microorganism - md e+ M Reference Type Medium
Staphyiococcus aureus 218 0106 Gates 1929/1930% Bacteria Plates
495 0.047 Ehrismann et al. 1932™ Bacteria
0.0888 Sharp 19397 Bacteria Plates
0.3476 Sharp 17407 Bacteria Air
00419 Aloshire 19818 Bacteria Plates
0.9602 Luckiesh 1944&™ Bacteria Air
Streptococcus pyogenes 260 0.089 Sharp 1938/3977 Bacteria Air/Plate
(Streptococrus hemolyticus) 216 0.1ay Sharp 1238™ Bacteria Air
0.6141 Lidwel| 1950 Bacteria Plates
0.1046& Mistarich 19845 Bacteria Air
Streptococcus lactis &1.5 0037 Rentschier et al. 19417 Bacteria Air
Streptococcus viridans 20.0 0115 Sharp 1938™ Bacteria Air
Clostridium tetani 490 D.047 Sharp 1939" Bacteria Plates
Streptococcus sdlfvarius 200 0115 Sharp 139" Bacteria Plates
Streptococcus albus 184 0125 Sharp 17397 Bacteria Plates
B. prodigiosus 83 0.329 Ehrismann et al. 1932 Bacteria Plates
Mycobacterium tubercuiosis 0.0987 Dawid 1973% Bacteria Plates
0.4721 Riley 1976% Bacteria Air
02132 Collins 19717 Bacteria Plates
(Tubercle baciffus) 100.0 0.023 Prospeckt Philips™ Bacteria Plates
Mycobacterivm kansasi 0.0344 Dawvid 19732 Bacteria Air
Mycobacterium avium-intra. 00408 David 197334 Bacteria Air
Escherichia coli 0.0927 Sharp 17397 Bacteria Plates
0.375% Sharp 19407 Bacteria Air
Haemophilus influenzae 00599 Mongold 1992 Bacteria Plates
Adenovirus 0.05464 Jensen 19643 Wirus Air
0.0047 Rainbow 19739 Wirus Plates
Vaccinia 0.1528 Jensen 19443 Wirus Air
0.1542 Galasso 19655 Wirus Plates
Coxsackiewins 01108 Jensen 1264 Wirus Air
Irfluerza A 01187 Jensen 13443 Wirus Bir
Cryptococcus neoformans 0.0102 Wang 19945 Fungal spores  Plates
Fusarium oxysporum 0.0112 Azthana 19929 Fungal spores  Plates
FLsarium sofani 000705 Asthana 19927 Fungal spores  Plates
Penicilium #alicum 0.01259 Asthana 19927 Fungal spores  Plates
Peniciliium digitatum D.00O718 Asthana 19927 Fungal spores  Plates
Rhizopus nigricans spares 0.00841 Luckiesh 1544™ Fungal spores  Air
Cladosporium herbarum 000370 Luckiesh 1244™ Fungal spores  Air
Scopularopsis brevicauils 0.00344 Luckiesh 1744% Fungal spores  Air
Mucor mucedo 000359 Luckiash 19441 Fungal spores  Adr
Peniciliium chrysogenum 000432 Luckiesh 1924 Fungal spores  Air
Aspergilius amstelodami 0.00344  Luckiesh 1944™ Fungal spores  Air

Tabalar iInformatton adapted from CIE* and Penn State University Aerobiobogy ™

MOTE: Although: data from both air 2nd surface (plate) exposures are Intermized in this table, the LD, doses for each cannot be
compared directly It i generally much easler to Inactivate mioobes In the alr than on surfaces: In both alr and on surfaces the LD
depends on the exact conditions of each experinent. Susceptibility differences In alr between species may refiect differences In the
conditions of the study as well as differences proper to the species.
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cost, case of installation and maintenance, and poten-
tial effectiveness when used in congregate setings.*®
Applications include commercial and government
office buildings, health care insttutions, schools, dor-
mitories and barracks, indoor shopping malls, and
public transportation facilities, including airplanes.

DISEASE TRANSMISSION THROUGH
INHALATION OF DROPLET NUCLEI

Transmission of airborne disease can be understood
as a function of the concentmbon of respirable infec-
tious particles in air. Such particles are called droplet
nuclei.® On average, droplet nuclei are about 3 pm
(micrometers] 10 dimameter and, when mhaled, are
capable of bypassing the protective mechanisms of the
upper respiratory tract and causing infection. Droplet
nuclei are thus responsible for human-o-human trans-
mission of many airbome infections diseases. When a
contagious individual coughs or sneeres, sputum drop-
lets containing infectious particles (bacteria, viruses)
are released. The larger ones fall (o the floor where
they adhere to surfaces and dust particles, and are no
longer mfectious. Smaller particles remain airbome
long enough that the moist coating of saliva and mu-
cus evaporates, leaving a residual dry nucens of the
droplet that may include one or more bactena or
Virnses,

Inhalation of a single droplet nucleus may be ca-
pable of initatng pulmonary tuberculosis i hightly
susceptble hosts, individuals with ATDS, for instance,
whereas more resistant hosts may require larger infec-
tious doses. This implies that there 5 no specific thresh-
old air concentratnon below which transmission will
not aocun Some biotermorism agents can be asrosolized
and maliciously introduced into congregate setiings.
Such attacks would present problems for air disinfec-
tion technologies that are both similar to and differ-
ent from those presented by person-to-person trans-
mission. The ssues are similar because the control
principles are essentially the same, but they differ be-
cause the concentrations of infectious agents may be
much higher than ordinanly seen with natural infec-
tions under usual circumstances.

AIR DISINFECTION TECHNOLOGIES

Building ventilation and directional airflow as
protection against airborne infection

A standard engineering approach to the control of
arrborne infection inside builldings consists of ventla-
tion and directonal airflow. Hospital isolation rooms,
for example, employ high rates of ventilation bo dilute

and remove infectious particles, and directional air-
flow to prevent them from entering cormdors or ad-
jacent rooms. Building codes mandate a mnge of ven-
tilation mates for vanouws public access buildings,
requiring higher rates for schools, for instance, than
for department stores. Building ventilation s quani-
fied both as owtdoor air volume per unit time per
person, and as room air changes per hour (ACH),
irrespective of occupancy. After the volume of air en-
ternng a roem equals the volume of the room. one
room air exchange is said (o have @ken place. In old
banldings, natural ventilaton ocours through open
windows and building leaks. Natural ventilation rates
range from as little as onefourth of an air exchange
per hour (k25 ACH) in a very oghtly constructed
butlding to several air exchanges per howr in one less
tightly constructed.

Public buildings in industrialized countries are pro-
vided with mechanical HVAC systems that usually con-
dition and recirculate most of the returned air, ex-
hausting some and replacing it with outside air o
control odors, COy build-up, and air con@mminants
such as smoke.” Because developers, architects, and

engineers are most familiar with these technologies, it
15 understandable that increased ventilaton s often

proposed to reduce airbome disease transmission in
buldings.” We will make the case that venulation is
neither the only nor the best method of air disinfec-
tion for all airbome threats, including those posed by

bioterronsm.

Building ventilation

With a perfectly uniform concentration of particles
and uniform mixing of mcomimg air, 63% of the air
and airborne organisms will be removed with each air

change.'! However, under more realistic conditions,
when there 5 an uneven distribution of infectious
particles and uneven mixing of fresh air with contami-
nated air less than 63% of ar and arborne particles
are flushed out with each air change."! The true de-
creases per air change that have been measured are in
the range of 209% o 60%.%

Another consequence of the uneven distribution of
infectious particles in air is that some exposed indi-
viduals may mhale muliiple infecoous doses while
others inhale none during the same time period. Math-
ematical models of airrbome infecton have been de-
veloped to descnibe the impact of ventilation on the
transmasston of airborne mfectous discases. ® 50 (See
Appendix | for an example of apphing such a model.)

Building ventlation 15 often limited by design (ca-
pacity of blowers, ducts), comfort (noise, drafis). and
by economic consideration (cost of condiboning out-
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side ar), Whereas an solation room or intensive care
unit may be designed wath 12 or more air changes per
hour, many public indoor spaces are not. For these
reasons, in public indoor spaces where airborme trans-
mission is hikely, it 15 desirable to consider supplement=
ing ventlation with other means of ar disinfection,
such as air Altaton or UVGL The airdisinfecting
effects of these measures have been equated o venti-
lation for air disinfection purposes only, and termed
“equmalent ventilation.” That is, when 63% of arrtbome
infectious particles are removed by filtration or inacti-
vated by UVG they have produced one “equivalent
air change.” Particle filters and TVGI do not remove
CO, or replace O, 50 "equivalency” is limited 1o air
disinfection. Ventilation is stll required to serve its
usuzal funcbhons.

Air dsinfection by filtration or UVGI follows the
same loganthmic clearance relationship descrbed for
ventilation. This 15 a fundamental relationship for all
disinfecting processes where a certain percentage of a
population of organisms is inactvated with each expo-
sure. One wellbmixed air change {produced by ventila-
tion, filtmton, or UVGI) inacovates approsxamately 63%
of airborne organisms, a second air change inactivates
approximately 63% of the remainder, and so on, pro-
ducing a logarithmic decay curve. However, because
filtered air is recirculated, it may be possible to achieve
higher levels of equivalent air changes with fltration
at lower cost than by means of outdoor air ventlation,
because heating and cooling costs are less. Like venti-
lation, air fltration requires mechanical airflow and
may also be limited by occupant comfort (noise and
drafts}. UVGI depends on the movement of contami-
nated lower room air into the yradiated upper room
where organisms can be rapidly inactvated. Although
low velocity paddle fans have been used to increase air
mixing between the lower and upper room, even pas-
swve alr mixing has been shown to produce useful
numbers of equivalent room air changes mexpensely,
and without noise or drafis ™ For some applications,
therefore, UVGT may disinfect air equivalently to high
levels of ventilation, but at lower installation and oper-
ating costs. Air disinfection in place s especially im-
portant for dealing with an unsuspected infectious
source, d person, or possiblv an attack, where isolation
and individual respiratory protection may not be an
option.

Air filtration

High efficiency particulate air (HEPA) flters remove
over TG of arborme particles that ammive at the
filter media.® HEPA flters, often used for infection
control, are tested with an aerosol containing mooo-

dispemsed particles L3 pm in diameter, the most pen-
etrating acrodynamic particle size. Filtered recircu-
lated air can be substituted for a portion of cutside air,
avoiding the cost of heating, cooling. and debumidify-
ing outside ain Filter technology s used extensively on
airliners, where the cost of heating frigid outdoor air
at altitude is high. However, as with UV disinfection,
HEPA filtranon neither removes carbon dioxide nor
adds oxygen, so that adeguate outdoor ventilation for
these purposes 15 alwavs necessary. The limimbtons of
HEPA filtration for air disinfection are similar 1o those
of increasing building ventilation rabes to control trans-
mission of infections diseases, Le., the need for high
levels of progressively less efficient air changes, Also,
HEPA filters generate resistance to airflow, necessitat-
ing more powerful fans that produce noise and vibra-
tion, Filters are costly and must be changed periods-
cally. To be fully effective, HEPA Rliration systems must
be leakproof. They require carcful routine mainte-
nance,' as do all systems that are counted on to per-
form a eritical funcuon. Another imitation particular
to portable air filtration units s the potential to re-
entrain aiready Altered air because the unit's mtake
and exhaust locations are usually necessanly close to
one another This short-circuiting reduoces the efficiency
of air disinfection by fltration.

Ultraviolet germicidal rradiation (LIVGI)
History of UVET wsearch,. Disinfection of air in the up-
per part of rooms wsing ultraviolet energy has been
studied as a public health strategy to control transmis-
sion of arrbome disease since investigations by Wil-
lam Firth Wells i the 19305 at the Harvard School of
Public Health™* Dr. Richard Riley and colleagues
advanced this work at Johns Hopkins Medical School
with a focus on tmberculosis contral ™

Streptomyoin, the first of a series of anti-tuberculosis
antihiotics, became available in 1946, followed by so-
micotnic acid hydrazide (INH} in the 19605 It came
to be generally believed that the T problem would be
solved by antibiotic therapy, and enthusiasm for ultra-
violet airr disinfecton waned. The sanitarmom move-
ment ended in the same period. But in 1985, contrary
to predictions, the United States national TH case rate
increased for the first time in the 20th century, fueled
in part by transmassion in homeless shelters, prisons,
Jails, hospitals, and other congregate settings. One of
the results of this upswing in TR transmission was
rencwed interest im the potential value of TVGI to
prevent TH transmission.

Although United States TH case rates are once again
in decline, there s growing concern about the spread
of the disease, including multidrug resistant strains, in
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many parts of the world, especially in sub-Saharan
Africa, parts of Asia, and in the former Soviet Union.
Transmission in hospitals, prisons, refugee camps, and
other congregate settings is of greater concern, and
practical methods for protectiing bulding occupants
are necded. The Tuberculosis Ultravioler Shelter Study
(TUSS), a large clinical trial of the efficacy of UVGI to
reduce TH transmission in congregate settings, 1s be-
ing conducted from Saint Vincent's Hospital in New
York and the Harvard School of Public Health.® The
threat of bioterromsm (including multidrag-resistant
TR} in this country s a significant reason to recon-

sider the application of TVGL

Expenmental evidence of UVGS effectivensss. The scientific
development of UVGI began with rescarch on the
intrinsic susceptibility of microorganisms o ultravio-
let energy. Ample experimental data exist concerning
the quantty of UVGI energy needed 1o inactivate mi-
croorganisms in the air, on surfaces, and in water.™
Our discussion s concerned only with TVGI applica-
tions for air disinfection. Laboratory and maodel room
experiments have compared the clearance rate of mi-
croorganisms by UVGI alone to the number of addi-
tonal reom air changes required o produce the same
effect. Both early and recent studies indicate that prop-
erly mstalled UVGI lamps in the upper portion of a
normally ventilated room can disinfect air of aero-
solized mycobactenia in the range of 10 1w 20 ACH
equivalents. ™"

Species susceptibility to UVGI

The range of susceptibility for barteria extends from
streplococcus species, the most susceptible; to Mycobacte-
rium {ubmruloss (MTh), the agent for tubercolosis,

moderately susceptible; to the spore forms of bacterna
(such as anthrax outside the human body), the least
susceptible. Although effective UVGE doses have been
established for a wide range of microbial species, many
of these doses were determined for organisms on sur-
faces rather than in aerosolized form {see Table). Thus

the results of these studies may overestimate the dose
needed, becanse it 1s far easier to inactivate airbome
organisms than those bound to surfaces. MTh is both
moderately susceptible to UVGI and a significant hu-
man pathogen, and therefore has often been nsed asa
reference organism when UVGI exposure requine-
ments are determined for individual pathogens. For
example, a dose of UVGI that inactivates MTh will be
more than adequate (o Nactivale respiratory virses,
such as measles, influenza, and presumahbly smallpox.

To destrov all the infectious particles in a quantum
of airborne organisms by UVGI exposure requires a

much higher dose than to destroy, for example, W
of the pathogens, in part because of biological varia-
tion in susceplibilit. For each microbial species, an
cxpermental doseresponse curve vares with environ-
mental exposure conditions such as humidity, tem-
perature, and particle size. Fractional survival of bac-
tera exposed to VG 15 described in a mathematical
expression detailed in Appendix 2. This expression s
used o estimate UVGI effectiveness for the destrc-
tion of specific airbome infectious organisms in a range
of venulattion and UV energy settings.

To summarize, current data indicate that the ine-
dent UVGT rmdiant quaniaty required to inactivate in-
fections particles relates to the:

* Microbial species and its ability to recover from
damage induced by UV radiation;

* Presence of sufficiently high radiant exposure

dose over dme;

* Degree of relative humidiey.

Accurate data on the impact of these factors are essen-
izl for planning UV air disinfection, but exist for only
a limited number of species of interest for naturally
transmitted infection, and for even fewer agents with
bioterrorism potential,

To develop practical application of UVGL in high-
rizk settings, Riley conducted bench-scale studies dur
ing which he exposed both virulent and non-virulent
bacillus Calmette-Cuenn (BOG), tubercle bacilli, and
other onganisms to UVGL energy of known intensity
and duration under conditions of controlled wempera-
ture and humidity.™ These studies demonstrated a
Q0% lethal dose (LD, ) forvirulent TB and for BCG of
12 seconds exposure at 50 pW/cm?, or 60 seconds at
10 pW/cm®™ It is relatively easy in practice to pro-
duce UVGI intensity in the 10 1o 50-pW/cm” range in
the upper room using available TVGI fixtures and
lamps. Becanse rapid overexposure could occur at these
intensities. guidelines for maintenance and safe op-
cration of UVGI systems require deactivation when
people are at work in the overhead disinfection rone.
From these experiments, Riley and other investigators
began testing the effectiveness of VG in model rooms
where neither the average dose nor duration of expo-
sure for test organisms could be estimated a prior

Model room studies

Evidence that upper room UVGI enengy provides use-
ful air disinfection is derived from experiments in
mode] rooms. %% Test organisms have been aero-
solized into these spaces and their disappearance rates
with and without UVGI measured by gquantitative air
sampling. A characteristic study used BCG acrosalized
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into a naturally ventilated 18.6 m® (200 f%) room.™ A
single 1'7wan UVGI lamp irradiating the upper part of
the room added the equivalent of 100 ACH 1o the
ambient ventilation of two ACH. Two UVGI lamps
producing a total of 46 watts irradiating the upper
room added the equivalent of 33 ACH 1o the ambient
ventilation of 2 ACH (see Figure 2).

Model room experiments with other test organisms
have shown that air disinfection in the lower room can
be improved by increasing the dose of UVGI in the
upper room.* This effect has been amplified further
by increasing air mixing. either through the use of
fans or by increasing temperature gradients between
the upper and lower room, which also improves air
flow. Alr mixing is essential for effectiveness of TTVG]
air disinfection, because the infectious particles must
be transported to the irradiated zone ™™ 7 A source of
hear in the room increases convecton currents and
air mixing. It should be noted here that heat Aows
from an adult human being at the equivalence of a
1 Mewatt incandescent light bulb.™ This finding is based
on studies revealing that humans emit 400 BTU per
hour dunng light activity, a well-established figure from
physiologic studies, and that an incandescent bulb
emits 3.41 BTU-perwatt rating,.

Figure 2. Disappearance of asrosolized bacillus
Calmette-Guérin {BCG) from room air with and
without upper reom ultraviclet (UVGH) irradiation
using one suspended fixture with one 17 W lamp.
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APPLYING UVGI

Upper room application of UVGI
in congregate setlings
The ratonale of UVGI applications is that germicidal
imadiaton (UVGI, 253.7 nm) placed in the upper
part of occupied spaces will safely and effectively inter-
rupt the transmission of certain airborne human
infections disorders, ez, such common diseases as
influenza, adenovirus infection, measles, and berce-
losis. Depending on the UV susceptibility of the o
gansms and the mode of transmission, agents of po-
tential bioterror concern are assumed to respond in a
similar way. Inactivation of microorganisms occurs
when they reach the I'WVGI rone. Vigorous upflow of
air rapidly brings infections particles into the upper
room. The more vigorous the upflow, the shorter the
stay of the particles per pass within the zone, but the
maore passes per unit time. For a fixed UVGI intensity
there s a theoretical optimal duration of UVGI expo-
sure that will maximize the inactivation of organismis
in a room. The optimal duration can be computed
from knowledge of UVIG] lamp (bulb) energy output,
fixture {(lamp holder] configuration and placement,
room geometry, and ventlation/air cirouladon pat-
terns. In practice, this computation 15 seldom made
because the duration of exposure required for lethal
elffect using current UVGI technology is so short that
room air mixing i the ratedimiting facton

UVG] systems are designed so that fixtures gener-
ate a controlled zone (Figure 3) of adation in the
gpace well above ocoupant’s heads. Fixtures are dis
tributed in rooms o provide coverage of as much of
the below-ceiling area as i practical. Infectious par-
ticles are brought into the UVGE beam by air currents

Figure 3. Section view of wallmounted UVGI fixture
irradiating the upper room space over a hospital bed
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generated by body heat, ventilation systems, occupant
motion. fans. and other factors. When infectious par-
ticles enter the beam, UVG] energy damages the DNA,
interfering with replicanon, and thereby rendering
the micrnorganism noninfective.

The application of UVGI faces practical limits re-
lated to old buillding structures. but new construction
can be planned o accommodate TVGTD placement.
For example. bullding plans can be modified 1o adjust
Mooro-ceiling height and o opomize space utilira
tion so that UVGI can be installed in conjunction with
HVAC designs. These factors demand careful plan-
ning of UVG] fixture placement in relation to room
grometry and ventilation mode to secure maximum
inactivation of infectious agents. This must be achieved
while maintaining safety in concordance with daily
threshold limitation values for human UVGI exposure.

As noted, the effectoveness of UVEG] can be com-
pared to ventilatien in terms of equivalent air changes,
and can be estimated, although not readily measured
for each application, as exposure of test organisms
requires. As an example, in a room normally venti-
lated by six air exchanges per hour, adding an upper
room UVGI system might achieve the aircleansing
equivalent of approximately an additional 10 w 20
ACH.

A model of upper room UV air disinfection has
been constructed that takes into account both air mix-
ing and upper room inactivation of organisms, based
on cxperimental data. For the purposes of this discus-
sion, we will assame that a mintmum number of 10
lower room air velumes pass through the upper room
LVGI exposure wone per bour With the following
assumptions, the required exposure tme for inactiva-
tion of an infectious airborne particle can be calow-
lated: (@) the room height is 2.4 m (8 fL); () the
lower 1.2 m (4 ft.} of air circulate vertically through
the upper 1.2 m (4 ft.); (¢} the average height from
which the lower 1.2 m (4 fi.} of air nses s wo feet
above the floor (the midpoint of the lower 1.2 m
[4 f.] air layer): {4} an amount of air equivalent to 20
times the lower room volume drcolates throagh the
upper room each hour (o provide the eqguivalent of
Ll complete upper room volume air changes); (¢ the
irradiation zone is the upper (.7 m (2 fi.) of the room.

Bazed on these assumptions, air travels 1.8 m (6L}
up and LB m (6 f.) down 20 tmes per hour, or at the
velocity of 1.2 m (4 f.) per minute. Air is in the UVGI
rone for two feet during travel up and two feet during
travel down for each air turnover through the upper
zrone. For infectious particles in the air, this is the
equivalent of a one-minute exposures to a minimum of

Figure 4. Placement of UVGI lamps in air ductwork
{section view) with UVG] lamps placed perpendicular
to the airflow
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10 pW/em® of UVGL, an exposure time-intensity prod-
uct that corresponds to Rilev's experimentally deter-
mined dose for H0% kill rate, This calculabon is con-
servative in that it neglects horizontal travel of air
within the upper (L7 m (2 ft.), the vradiation rone.

LVG] induct systems

TB controf guidelines recommend the use of the in-
duct systems strategy for disinfection of air (see Figure
4)." Currently, however, no public or private database
exists for designing applications of UVGI within air
ducts and ensuring “kill” rates adequate for the pro-
poscd use, Several recent studies have developed meth-
ods to predict the rate of air stream disinfection pro-
duced by in-duct UVGI systems. ™™ These studies allow
bener understanding of the physical location of UVG]
lamps {whether in the supply duct near the coil or in
the retum duct near the Alter) and the radiation den-
sities required, given the multiple reflections that oc-
cur within the duct when common ductwork materials
are used.®® Ongoing studics are being conductied by
the heating, ventilating, air conditioning, and refrig-
eration mdustry to map UVGI intensity distnbution
within ductwork, UV lamp and ballast characteristics,
air velocity impact on time in the *kill” zone, and the
impact of temperature and humidity on effectivencss.™
Oither factors under study include the susceptbility of
microorganisms to UVGI coupled with photocatalvtic
in-duct coatings used o remove air contaminants,
While much information exists, it is not as yet inte-
grated into a whole building systems approach.

TECHNICAL OBJECTIVES

Engineering aspects of UVGI
For most purposes, upper room U'VG]T is applied using

long-established guidelines based on early experiments.
Usually no attempt s made to gquantly either the
equivalent air changes produced or the contribution
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of ventilation to air mixing. However, these measure-
ments can be made for research purposes and for
critical appheations using a mathematical UV effec-
tiveness index.® A detiled evahmtion of UVGI air
disinfection requires qualitative and quantittve de-
scriptions of the ventilation systems in buildings. This
information = obmined by on-site measurements of
air change rates amnd air mixing factors determined
from tracer gas techniques. If mechanical ventilation
i present, exhaost and supply airflow 15 measured
using a flowhood, such as an Alnor Baloemeter, room
dimensions and population density, photographs, amd
other relevant descriptors. The influence of open win-
dows and doors on interior airflow patierns must also
be evaluated with respect to air change ratios, mixing
factors, and UVGI exposure intensity and duration.
Although the latter will change with climatic condi-
tions, 50 will mechanical ventlation conditions, for
example, between heating and cooling periods of the
yCar

Upper room UVGL could be more effective if 1t
were feasible simply to flood the space with very hagh
levels of UVGI energy. However, this cannot be done
because of human safety ssues related to external eve
imtaton (kemtoconjunctabs) and skin erythema.
UWGT fixtures are designed for maximuam upper room
irradiation while limiting exposure to reom occupants,
Current fixture designs rely on deep louvers to pre-
vent overexposure at eye level or excessive reflection
from low ceilings. However, louvers absorb a large
fraction of potentally useful UV energy, rendering
current L'VGI fixtures inefficient. In the future, more
efficient Axture designs are likely o utilize precise
parabolbic reflectors to direct LTV beams from power
ful. pencil-thin sources.

Among the factors that determine UVGI fixture
placement are the charactenstics of the ventlabon
system, safety consideralions, oocupancy patierns, ex-
isting structural imitations, cost, and maintenance.
Placement of T'VGI Axtures is not practical in some
spaces. A minimum ceiling height of 24 m (8 fi.) s
required to assure that direct UV irradiation is above
eve level The higher the ceilings, the better for VG
air disinfection purposes, from both the safety and
efficacy perspectives. For spaces with lower cetlings,
VG duct irradiation devices must be employed.!!
Also, there may be features of a room or its furnish-
ings, such as podia or bunk beds, that can effectively
ratse the eve level of occupants above 1.3 m (6 fL).
LUVGI applications inside of air ducts may be particu-
larly appropriate in such spaces.

Practical and safe use of UVGI energy sources
Human safety 1s always the prime consideration, and
modern UV systems are designed (o recognize this
concern. Two side effects are known o ocour follow-
ing human overexposure to UV-C energy. These are
skin reddening (ervthema, akin to sunburn } and photo-
keratitis {external eyve inflammation .

UVGI lamps emit %0% of their radiant energy as
UVL at 254 nm and 0% at other UV and wisible
wavelengths, UV-C 15 “short-wave” radiation, almost
totally absorbed by the stratum corneum of the skin.
Therefore, it does not produce a significant degree of
sunbum even after madvertent extensive skin expo-
sure, although it can cause a mild erythema. However,
the commea of the eye 15 very sensitive to UVAC and,
with overexposure, a painful photokematitis can oocur
This effect 5 well known, for instance, among arc
welders not properly protected. UV photokeratitis
clears in 24 to 48 hours, without sequetlae. UVGC enengy
does not penctrate the cornea, and therefore adverse
effects on the lens and retina are not possible in real-
life scenarios, even for those who have had their eye
lenses removed dunng cataract surgery {aphakia). In
consideration of safety issues, it s inporant o re-
member that human exposure to UV from sunhght
when outdoors is several orders of magnitude greater
than exposurs indoors from upper room UV in the
lower part of the room. Sunlight contains longer wave-
length 1WA and UVR, known to be responsible for
skin cancer and some forms of cataracts™" {Pemsonal
communication, DH Shiney, October 3, 2002},

Correctly installed UVGE does not prodoce photo-
keratitis or skin erythema. The Tuberculosis Ultravio-
let Shelter Study (TUSS), for example, has placed
UVEGT in 12 shelters in five cities, and has noted no eye
ar skin complaints since TUSS started m 1997, despite
penodic questionnaires seliciting such sym ptoms.

In current UVG] applications, the fxtures are placed
well above eye level (=2m). Thus there exists little
potential of UV overexposure for room occupants.
Maintenance staff who may need to work in the npper
portion of the space (such as for painting the ceiling
ar changing bulbs) must be tramed to turm off the 1TV
system during that time {(and then must remember to
turn it on again! ).

We recommend UVGT fixtures designed to contain
UV lamps that produce intensites of at least 50 pW/an®
ata I m (3 i) distance and at least 10 pW/cm®
{centerline) at about 3 m (10 ft) Fom the UVGI
lamp. Depending on the reom configuration, wall-
mounted fixtures containing one or two 1 7-watt lamps
per 200m® (200 i) of ceiling space are usually appro-
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prate. Suspended fixtures are often used for larger
areas with high ceilings because wallmounted fixtures
may be wo distant from the central air space. Some
suspended fixtures contain lamps that distribute UVG]
horizontally over 360 degrees.

The Amencan Conference of Governmental Indus-
trial Hygienists (ACGIH) has issued guidelines on the
safety exposure limits for UV-C that are currently used
by the Mational Institutes for Qcoupational Safety and
Health (NIOSH).® ACGIH recommends threshold
limit values (TILNs®), under which most persons can
work consistently for eight-hour periods without ad-
verse effects. The TIV® for UV-C exposure is 6.0 m] /cm?
for an cight-hour exposure. Fxposure above 6.0 m]/cm®
during an cight-hour penod may result in ervthema of
the skin and photokeratins, Despite this safety thresh-
old, esttmating the actual exposure of room ocouw-
panis 15 not simple. IF eye and skin exposure were
uniform and conbnuous, one would reach a total dose
of 6.0 m[/cm® at an irradiance of 0.2 pW/cm®. For
many years, this value was inappropriately applied as
an upper limit for UVGI intensity at eye level in rooms
where upper room UVG] was in use. In reality, how-
ever, blinking of eyelids, shading from brows, turning
of the head, and numerows other factors normally
limit human eye exposure to the maximum irradiance
in the lower room with UVGI to a small fraction of the
time that a person spends in the reom. These same
factors notmally protect human beings out of doors
from photokeratitis due to sunlight exposure.

Louvers on many carrent commercial TVGE fis-
tures are designed to prevent exposare of more than
0.2 p“rg'nn! at eye level. This design. however, reduces
IVGI output and sacrifices upper room efficacy
order o achieve unnecessarly low levels in the lower
room. Personal menitonng of UV exposure using min-
iature LTV meters has shown that individuals ocoupy-
ing rooms with eye level imadiance several fold in
excess of 0.2 pW/cm® actually receive only a small

fraction of the eight-hour TLVE S

Where should UVGI be applied today:

L'VIGI should be considered as a component of emer
gency preparedness plans for existing public buldings
and a wide range of congregate settings. [lustrations
of UNVGE application are shown in an excerpt from an
architectural plan (Figures 5a and 5hb). All of these
areas could be covered by commercially available upper
room VG equipment, and would be more practical
for air cleansing than mstallation of costly filtration or
separate air handhing systems. Guidelines for upper
room UVG] placement have been published. ™™ Less

well understood s where to place TVG] lamps wathin
ductwork. CDC 1994 Guidelines for TH control can be
used as a starting point.™

WHAT WORK MEEDS TO BE DONE?

An unrecognized opportunity exists (o mtegrate VG
as a subsystern within existing buildings and those
under design post—September 11, 2001, Upper room
UVGI ran be easily installed in vnlnerable areas within
buildings at a small fraction of the cost of installing
high efhaency filtration. Addibonally, there 15 a need
to establish guality control measures to assure that
each of the strategies (flration, dilutional ventilation,
and UVGI) funcoon as mtended. These measures re-
quire an initial commissioning process and contnued
maintenance and meonitormg, Training will be neces-
sary to bring design and application tools 1o develop-
ers, engineers, and architects.

Bioterronism concerns have caused an enhanced
interest in the development of UVGL in indoor public
spaces and large buildings. Addittonal studies will fo-
cus on UVG] efficacy in defined structures, definitive
testing for the UVGI dose required to inactivate a wide
range of specific pathogens, dosimetry, personal VG
monitors, standardization of methods o test UVGI
system components (lamps, fixtures, ballasis), and the
development of design guidelines and computer pro-
grams for UVGI applications in high-risk settings.

The integration of ventlaton, filrmton, and VG
technologies s the wise approach to airborne disease
mitigation for entire buildings, based on the range of
infections agents to be neutralized. The final inten-
tion i to achieve energycfficient and biologically ef-
fective control. Basic principles are understood and
now require development into guidelines for manu-
facturers, developers, architects. and engineers.

APPENDIX 1. APPLICATION OF
INCIDENCE OF INFECTION MODELS

In these models, the incddence of infecion (A} at time
tis a function of the prevalence (Pr) of infectious
cases al time & the average pulmonary ventilation rate
per person (f), the duration of the exposure (d), the
outdoor air ventilatton rate {v), and the number of
doses of arborne infection added to the air per anit
time by each infectous person (g},

Assuming that the number of infectious cases is
constant, the cumulative incidence (Cf) of infecuon
is:

CI= 81 — 1) = §(1 — #Hrrds)
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Figures 5a and 5b. UYGI fixture placement for circulation cormiders and congregate settings

{dming area) in plan view

"
# |
| .

1

DINING
ARE &

¥

4¥
¥

In this expression, the incidence rate (&) is equivalent
to the total number of doses per unit volume of air
per unit of time. Note that the terminology used o
this expression, the Wells-Riley equation, reflects our-
rent epidemiclogy comvention and differs shghtly from
that used to describe the probability of airborne infec-
tion in earlier publications.'"" Dmiding through the
equation by § (susceptibles) yields an expression for
the fraction infected among those exposed, or the
probability of infection, (1 — #™ 7%, Ploting the
probability of infection as function of ventilation with
outside air (v) in volume per unit gme for varous
values of P'r, g, & or d, generates a family of logamth-
mic decay curves.

Figure & shiows two examples of such oorves denved
from two actual tuberculosis exposures.™ The wo
labeled points, “ICU and “*Office building™ reflect the
probability of infection (1 — ¢™ "4 4 the actual
ventilation rate (@) for each exposure, as indicated in

the figure. Assuming that all other factors (Pr, g, fi, &
and 8} remain constant, the curves represent the theo-
retical probability of infection predicted for increas
ing or decreasing ventilation (¢} above or below the
actual values.

Although plotted on the same axes, the curves can-
not be compared directly 1o one another because the
actual ventilation rate per occupant and the room air
changes resulting from the ventilation rate i each
exposure were very different. The purpose of their
Juxtaposition is to dlustrate one circumstance, the ICTT
exposure, where actual room total outdoor air veniila-
ten was well below recommended levels and where
easily achievable increases in ventilation from the ac-
tual value are predicted to result in substantiml de-
creases n sk, The exposure conditions resalt in a
data point high up on the vertical imb of the curve,
where small changes in ventilation result in large
changes in risk. In contrast, in the office building,
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Figure &. Probability of infection as a function of
wentilation. These curves are the result of modeling
actual exposures, using the Wells-Riley mass-balance
equation. In the intensive care (ICU), baseline
wventilation was poor, and modest increases

would result in marked reductions in transmission.
In the office building, baseline ventilation was much
better, and major increases would still leave many
occupants unprotected.
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SOURCE: Mardell EA, Keegan J, Cheney SA, Etkind 5C:
Alrborne infection. theoretical limits of protection achievable by
basilding ventilation. Am Rev Respir Dis 1%71;144:302-5.

exposure ventilation was only slightly below national
standards. Achievable increases are relatively modest
and, therefore, result in a smaller decrease in risk. In
this case, the actual data point is near the bottom of
the vertical imb of the curve, where each additional
infection averted requires a larger and larger increase
in venhlation.

A simple way to think of the relationship between
risk of infection and ventilation s that each doubling
of ventilation reduces the remaiming risk by approxi-
mately half. The ICU exposure was brief (2.5 hrs dur-
ing a bronchoscopy and intbation b, but mtensive (Le.,
gestimated at 250 infections doses generated per howr),
during which 10 of 13 {(80%:) exposed individuals were
mifected. Ventilation was so low (150 cfm) that it would
be realistic to double 1, and even double that value
again and again, resulting in protection of almost all
of the exposed susceptble occupants. However, the
office building exposure was longer (30 days), but
much less intensive (g estimated at 13 infectons doses
generated per hour), resulting in infection of 27 of 67
(40%) exposed workers. In this case, increasing venti-
lation from the existing 15 cfm outdoor air per ocow
pant (1450 cfm) to the currently recommended 20 cfim
would be possible, but is predicted to protect only a
few of the 27 workers infected. Even doubling ventila-

tion to F0 cfm {30 cfm per occupant—highly unusoal

for an office bullding—would have protected only
about half of those infected, according (o the equation.

APPENDIX 2. MICROORGANISM
SUSCEPTIBILITY TO UWWGI EXPOSURE

The fractonal survival of microorganisms exposed to
UWEGL s expressed i the relationship shown in the
equation below. While this equation gives a straighit
line in semiloganthmic representation, many mHoro-
onganisms show deviations at the end, e.g., miling.

N

L
N

N = number of bacteria exposed

K = number of bacteria surviving alter an
exposure to UTVG]

= fuence, J/m?

= decay rate constant (microbe susceptibility
factor), m*/]

This relationship was used to develop Table 1.
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PREFACE

Polution of the macro and micre ervironment
has caused concerns for decades and in
recent times the macro conseguences have
been subjectec to agreed international
protocols, aimed at reducing pollution.
Additionally, national and intarnational laws
now exist to limit the existence of
micro-organisms, particularly those which
affect hurman, anirmal and bird haalth i the
environment and the food chain, A
consequence of this concern has been that
polluton reduction is now an industry,
covering  areas  such  as  changing
technologies to reduce primary  and
conseguential pollution and chemical,
biological and physical cleaning, Included
in these techniques is disinfection using
ultraviolet C radiation [UMGC), which
the baoth

efficient and arguably the most energy

has benefits of being

effective technology

VT disinfection

honourable histary in cleaning room air,

has a long and
Hlowever, growth in other applications
such as high tech volume liquid treatment
and domestic ponds has expanded
growth, whilst surface treatment of food
has besn used to extend shell life in
suparmarkets, resulting in less waste food

and |ower stockhaldings,
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Whilst LVC can be used as the exclusive

splution in some applications, 15 often
used in tandem with other technigues. It
follows that a single technology solution
approach is unlikely to be ideal It also
follows that since LW-C is so simple and
energy affactive, it is perbaps wise 1o
consider this option first,

been

Philips  Lightling  has

associated with progress in this field by

closely

deve|oping, manufacturing and markating
lamps generating UW-C and continues to
ressarch mew lamp configurations. This
brochure iz the fourth survey of
information to be aimed at oroduction
and technical staff in organisations where

rricro-crganisms prasent problems,



Micro=organisms such as bacteria, moulds,
yeast's and protozoa can be destroyed or
bicloegical
VST works using a

removed by physical, and
chamical meathods.
photolytic effect whereby the radation
destrays or inactivates the microorganism

sa that it can no longer multply.

For DMA it does this by causing adjacent
thymine bases to form a chemical bond thus
creating a dimer and if sufficient of these are
created DA cannot replicate, Some
micra-organisms can repair themselves by
absorbing LVeA, In other cases VST (and
indeed LVeA or LAB) can cause bond

splitting in & molecule resulting in the creation

Philips — UV Disinfection and how it works

of free radicals, which are often highly labile and
which can react together to produce an inert
end product. For dianfecting these effects are
produced by wavelengths below 320nm,
with the optimum  effect
around  260nm. The phenomenon whereby
micro=organisms  can  be  disfigured  or
gestroyed is independent of host state (fluid or
solid) and indeed pH or temperature, the
impartant feature of the action is that radation

QCcurmng at

can reach the organism; this means that a
bacterium shadowed by ancther o by 2
particle will escape attack. Unbke other
techniques, UNEC photolysis rarely produces
potentizlly dangerous by-products,
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|. Micro-organisms

GEMNERAL

Micro=nrganisms are primitive forms of fe.
Ther small dimensions not only consttuted
the original reason for classifying them
separately from animals and plants but are
alsa relevant to their marphology the
actvity and flexibility of their metabolism
and  their ecological distrbution. They

include protozea, bacteria and maoulds.

Cellular death in the case of micro=organisms
rafars to the [oss of the ability 1o grow and
to multiply, or in practical terms, to the |oss

Mudear Marerial

Crtoplasmic membrane
Capse Cefl wall
Firrarian Magelem

M Fig 1. The mam components of o typlcal bacteral cell.

L N

L 4
Ul wi

B Fig 1, Seme examples of baetara variatie,

of the ability to cell criade. Sterilization

rreans that all micro=organisms are killed,

Pasteunzation or the use of preservatives
leac Lo reduclicn of the total amount of
micro=organisms,  Disinfection  may  be
achieved through moist heat, dry heat,

filtration, chemical agents and UV radiation.

.1 BACTERIA AMD BACTERIAL SPORES
1.1.1 BACTERIA

Bacteria is the name given 10 a large group
of organisms, which can be both uni and
multicelldar: they have a simple nuclear
mass, and multiply rapidly by simple fission.
The structure of typical bactarial cell is
shiown in g | and ewarnples of their shapes

are given in Fig. L

Bacteria occur in air, water, soil, rotting

organic  material, animals and plants
Saprophytic farms (those living on decaying
arganic matter] are more numercus than

parasitic forms; the latter include bath
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anirmal and plant pathopens, A faw species of
bactera are autotrophic, e, able to build up

feod malerials from simple substances.

1.1.2 BACTERIAL SPORES

Bacterial spores are resistant to extreme

conditions, such as hgh temperatiures and

B Fig+ Mould culbere, as seen chrough the microscope. shawing the funges
mireebum with spores ferming ar beads ak the watremities. Theas speres
can stand a termperature of |20 without detach ax the recuk of the formation af further spores purking fram

dryness; for instance some bacterial spores,

i ; - L betind. | the phetegraph many ipares kave dresdy b "
lasing their capability for germination, and egun 1o mawe by fretly

Viable spores of bacillus subtilis have
I P v Amongst the diseases caused by moulds, the

been found in earth that has been dr ; .
Y most frequent are  fungal infections af the

for hundreds of , thus d trati
o unore Ol yEdrs, LIS cmonsraung g E.ﬂl:l Ijii-Eai-Ei Df the T

their ability to survive under extramely
membranes.

urfavourable conditions.

1.2 MOULDS AND YEASTS Cartain kinds of mould foren antibotic

substances; these have gnen rise to the
highly important  antibiolics  industry
Fenicillin  and  streptomycin are  sarly

* @b “ ’ examples, A mould (see figs. 4 and 5)
consists of a mycelium  and  special
‘ g structures, (sprorangia and conidiophores,
€
d

for example), which result in the formation

B Fig 3 Breser's yeast {Saccharomyoes cerevisiae) in various Caguunive cell
siages wf deralopriest: = Varkous barme b Youst ooll with | ek oot SSEEL
sparms ¢ Ymst speres d Trast speres after germisation gy =
eupatztive o1l
1.2.1 MOULDS Ve g ke
Goriatias Bagnaing +f

The varisty of moulds is immense and they .
are fourd everywhere, Many are saprophytic, | e Sl W 0 fporagen

causing food spoilage resulting in enosmaus

damage; some are pathogenic (parasitic). B Fg S Lie cocke of spare formers,



af spores. In a favourable environment, a
mould spare germinates and a mesh of fine
filarments (hyphae) is formed. The filaments
together form the mycelium, which takes
up food and water fram the surface on
which the spore has germinzted. Spores,
and the manner in which they are formed,
play  a the

classification of moulds.

considerable  part  in

.2.2 YEASTS

Yeasts are unicellular moulds, They dffer
from the other moulds in the way that
they propagats, Yeasts (Fig, 3) multiply by
means of budding or sprouting, A selection
of veasts are used in varicus industries, the
rmast important of these being those where
fermantation produces wine, beer, vinegar

and bread, The action of fermentation

0 0

mi@ﬁ**

1 micre: meater (e
Ith.

Rehutive shapes and sives of some types of viruses.

1. Smallpasx virue 5. Ipfluenia virus
Alsbroviationa: &, branet pelyhideal vins
DhA = virus D T Adesa view
P = elliptic proten body 8. Polrema ving
H = enveloping kyers 9. Poliomyelids wirus

L Mumps virus

1. Herpea wirus

£ Talmecn mosae vire
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is the enzymatic transformation of

the particular organic substrate, for
instarnce the alcoholic fermentation of

carbokydrates, Some yeasts are pathogenic,

1.3 VIRUSES

Wiruses are a group of biclogical struciures
with extremely small dimensions (Fig, 8)
which are obligatory parasitic.Viruses are so
small that bactenal fillers do not retain
them, naither do they precipitate in normal
centrifuges, They can be obzerved by using
an electron microscope (Fig. 7). Viruses are
unable to grow and multiply by division, they
can only grow in lving cells, so by their
multiplication they kill the host cell. The

M Fig 7. One of the gypes of influenza virut 35 seen enlurged
300 dmes by means of an decron micrescope. This vins
poours in the form of Shanencs and gobules Faving &
diameter of approxieately 0. 1mm



Philips — UV Disinfection and how it works

same process can take place in adjacent
cell:  ard  eventually  whole  cellular
corplexes can be destroyed., Tissue

damage is a way of recagnising the

presence of a wirus.

Viruses have heen identified as the
causative agent of disease in humans,
anirmals, plants and bacteria thamselyes
(bacteriophage). In human beings they are
the cause of dseases such as chickenpox,
mumps, measles, warts, poliomyelitis, the
comman cold and influenza [Fig. 6).

In  animals, fool=and=mouth  disease,
Meweastle dissase and fowl past are

amongst the diseases caused by viruses,

Flarts are also subject to many maosaic

diseases caused by wiruses, An interasting
case is that of ‘parrot’ tulips. Formerly
these were regarded as a separate varisty,
because of their feathery looking petals

and their combinaticns and patterns of

colour It has now been shown thal the

colour pattern and shape of the petals
results from a wirus, which has no
destructive effect on the tulip itself, or its

reproductive  powers. The  attractive

colours and patterns of the petak are the ke S

symptoms of the 'disease’,

I Fig B. Relatove smes of diferent types of moroeprganims.
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v

2. Ultraviolet radiation

GEMNERAIL

Ultraviclet is that part of electromagnetic

Perrnissible Ultraviolet Exposures

radiation bounded by the lower wavelength
. Duratsion aof ezposure Effective irradiance
extreme of the visible spectrum and the  per dey Esff [iWlem)
. 8 hours 03
upper end of the X-ray radiaticn band, The e oY)
spectral range of ultraviclet radiation is, by ‘IIH 'i‘;
definition  between 130 and  400nm 30 mine 33
i 15 mi T
{Inm=10=m) and is irvisible to human m:,: It
ayes, Lsing the CIE classification the LW :'-::‘ I£

ectrum is subhdivided into three bands:
i 2 M Tihle |. Permiczishe 254 oo Ukravicler exposures,
wrardng to &0GIH

ety (long=wave) frem 315 oo 400 nm
from 280 to 315 am ™ strong germicidal effect is provided by the
radiation in the short-wave NWSC band, In

addition erythema (reddening of the skin)

LIV=E {medium=wave}

LUV=C (short=wave) frem 100 o 280 nm

In reality many photobiologists often speak
of skin effacts from the weighted effect of
wavelength above and below 320 nm, hence
affering an alternative definition,

| EREEE0
100200 [/
g | [t s]
=
FI [ [+1] \.\
o[
N
[ ]
] o1 1] o b 1 ¥53 A0
Weiwsele-gth (i)

B Fig 7. Ulravioler radianion Thresnold Limied Valoes
according ta ACGIH 19991000 (Red 1),

and conjunctivitis (inflammation of the
rucous membranes of the eye) can, also be
caused by this form of radistion. Becauss of
this, when garmicidal, ultraviolet-radiating
larmps are used, it is important to design
systems to exclude UNEC leakage and so
avoid these effects,

Self evidently pecple should avoid exposure
to LVC, Fortunately this is relatively simple,
because it is absorbed by most products,
and even standard flat glass absorbs 4l
A, Exceplions are quartz and FTFE.
fortuitously,  WWC s
absorbed by dead skin, so erythema can be
limited. In addition IW-C  does

Again pastly

not

. penetrate to the eve’s lens nevertheless,
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M Fig 10, Germicidal accion spectrum.

conjunclivitis  can  occur  and  though
terrporary, it is extrerely panful; the same
i5 true of erythemal affects,

radiation

Whers
oceurs, care should be taken mot 1o sxcesad

exposure  to LUNWLC

the threshold |evel morm, Fig, 9 shows
these walues for most of the CIE LY
spectrum, In practical tarms, table | gives
the American Congress of Governmental
ang  [ndustrial Hysienist's (ACGIHY LWV
Threshold Limit Effective lrradiance Yaluas
for hurman expasure related 1o time,

At this time it is warth noting that radiation
at wavelengths below 240 nm forms czone
() from oxygen in ain Dzone s toxic and
highly reactive; hence precautions have to be
taken to avoid exposure to humans and
certain materials
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2.1 GEMERATION AMD CHARACTERETICS
OF SHORT-WAVE UV RADIATION

The mast efficent source for generzbing
LR i the |oweprassurs mercury discharge
larnp. where on average 35% of input watts
is comverted ta UVC watts The radiation is
generated almost exclusively at 254 nm, viz,
at 85% of the maximum germicidal effect
{Fig. 100, Philips lerspressure TUY lamps
have ar envelope of spedal glass that filers
out ozone=forming radiation, in this case the
|85 The

transmission of this glass iz shown in Fig 11

nm  mercury  line, spectral
and the spectral power distribution of thase

TV lzmps is gven in Fig 12

For varicus Philips germicidal TUV [amps the
electrical and mechanical properties are

identical 1o their lighting  equivalents,

I8
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B Fig 11 Specid ransmiion of gasses (lean).



This allows them 1o be operated in
the same way L&, using an electronic or
magnetic ballast/starter circuit.

As with all low-pressure lamps, there s a
lamp

temperature and cutput. In law- pressure

relationship  between operating
birps the resonance line at 254 are s
strongest 20 & CArtding mercury vapour
pressure in the discharge tube.This pressure
is delermined by the operating temperalure
and optimises at a tube wall temperature of
40°C, corresponding with  an ambient
termperature of about 25%C, For example, a
TUW larmp oparating in stll air at + 1 0°C will
produce about BD per cent of the LNWC
radiated at +25%C (See Chapter 5.2, Fig 28).
It shold also be recognised that lamp outpat
is affected by air currents (forced or natu-al)
across the |amp. the so called chill factos
The reader should nole that, for some

lamps, increasing the air flow andior

1 I} A
21 Me Moo NG Rb M0 M HE AR
——= ‘Wipedengh ()

W Fig 17 Rebvive spectrsl pawer distribution of TUY
Femps I green Efective germigics]
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decreasing the temperature can increase the
germicidal output, This is met in "High
Cutput® lamps wiz. lamps with higher
their  linear

wattage than  normal for

dirension, (Fig. 29)

e N M oW RIS 1N W d e
— Wik i)

[Feis

H Fig I3 Relative cpectral pewer distrutnsion of HO® and
HTE fampa. Ie Fghe Shue: Effection Germicidal,

A second type of UV source is the mediume-
pressure mercury lamp, here the higher
pressure  exciles more energy  levels
producing more  spectral lines and a
continuurn (recombined radiation) (Fe. |3 1
should be noted that the guartz ervelope
trarsmits below 240 nrm s2 ozone can be
formed from air, The advantages of mediurme-
pressure sources ane:
* High power density
+ High power, resulting in fawer |amps
than low pressure types being used in the
same application,
* Less sersitiity 1o amvircament termperature,
The lamps should be operated so that the wall
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M Fig 14, Survival of microeceganisms depending o0 doae and
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termperature lies between 00 and 00T and
the pinch does not excesd 350°C, These |amps
can be dirmmed, as can low pressure limps.

2.2 GERMICIDAL ACTION

The UV radiation emitted by a source is
expressed in watts (W and the irradiation
density is expressed in watls per squars
matre (W'm¥). For germicidal action dose is
important. The dose is the irradiation
density multiplied by the time (1) in seconds
and expressed in joules per square metre
(lfrn?)a (| joule is 1Wisecand).

From Fig. 10 it can be seen that germicical

action is mawomised at 265 oo owith
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reductions on either side. Low-pressure
larmps have their main emission at 254 am
whare the action on DMNA is B5% of the
peak value and BU% on the IES curve, For
witvelengths belew 235 nm the germicidal
action is not specified, but it is reasonable
]

to assume that it follows the

absorplion curve.

Micra=grganisms affective resistance 1o
LV radiation varies considarably, Moreovar,
the

inflluences

the environment of particular

micraorganism  greatly the
radiation dose needed for its destruction.
Water, for instance, rmay absorb a part of the
effective radiation depending on the
concentration of comtaminants in i lron
salts in solution ware well known inhibitors,
Irar ions absork the UV radiation,

The survival of micro-organisms when
exposed to LV radiation 5 given by the

appraximation:

MeiMg = expe (=kEggt] .ol
Hence In Ny/MNg = -kEgpt..oooeeernn 2

» Ny is the number of germs at time 1
* M is the number of germs before exposure
* k is a rate constant depending on
the species
+ Eaff is the effective irradiance in W/m!

The product Eafit is called the effective dose
Hefr and is expressed in Wsim? of |imd

10
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It follewes that for 9056 kil equation 7 beromes  for viruses and bacteria, to 2.10-% for mould

- . i
2.303 = kH . spores and B.0= for algae. Using the

equations abave, Fig. 14 showing survivals or
e il I ' sy h ? Y =
Some k value indications are gven in table 2 |l % versus dose, can be generated,

where they can be sean to vary from 0.2 m2]

Bacteria [sTTT k Yearts Dase k

Bacillus arksrace 45,2 0l [ 5] el

B, ragatherum i, {aane) k| D4 Bresnrs yrast 13 A0

B. rapatheruim sp. (weg | 130 LI7E Correnan yeast Cabe &0 043k

B, parathyphosus 30 a7E SardhanITIFIES DEnEEiae &0 36

B, supth o D% Satghararrons ellpeaides &0 i

B, suptlis spores 1200 [ifd] ) Sardhanonyres s & (i)

Carmprdelsacter jojue 11 e

Llostriciem betan 1R (0] Mould spares

Coryrebucteriom dphieriae 337 R

[ruendery bacl 20 olus Siprpha Tann ) 0%

Eoerthella 5rphosa 14 [T Auperalls dbooi 240 Qe

Ewcheerichia coli 30 0T Aspargills niger 1320 Q002

tensel terr fari el ] DEy Muger radesipsud i 17 it

Legionala preumonkils a5 DESE Mucer racemosus B 170 [T s

Muracooous cancitas & % Cramsars lacts 50 [WF T

Muraroons sxhaeroides L HIE] el Perdcllen chftaturs 40 O

Myooacterium tubercullats B0 WIEE Pepscliumn mpansum 110 e

Missseria Catarhal s A0 Dos3 Fereolom recuefan 10 e

Preytoresnnas bunrelaoens 440 0351 Phizopus nEnm@ns L1 1 [ 0

Frew chormanas seruginos 55,0 02

Prevderwanas uorsaers 30 [ild 75 Wirus

Froieus wulgaris 204 NDEE

Solrarelh ateritids AL CVISE Hepatilis & 71 w3

Lol el FHI‘I‘\_-'Phl J20 07z Eugn,u wirLs 1L s

Sabmerels tehimuium B0 IR Mimd Coliphese 1R ol

Earena biea [ERE ol Fedla vrus LE 040

Carata rrarcescens P ] Qs Piortasdrus ] QEe
_Shigelli puracheoenilerise [ Al

Shipella seerei 0 (T4 Prataies

Coirlum rubrum 440 OasT

Suphacecius albus (R [l '3 Cryalcsporidivm panaam 5 ez

Sraphylocecous sress 260 Q08 Garcia lavbla 1] 009

Sreploceocus fuecsliz 44,0 sz

Eneplaceccus hemdios 2] & (x4 [474 LY

Siregtococrus hohas 6l5 oy

Fireplocogius vingars 200 (Y | |3 Blue Green ] L0006

Aenetids 400 o5y [ laclh ""LI."""' 130 fa bl B

Vibro chlolerze (acomma) 350 L

Tarsnia erieraceltca [N [T

B Table 1. Doass for 10% survival under 154 am redistion {Jir=r] and rata condtang k (myY), Bel 3,3, 4.5 & and 7
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3. Disinfection by means of
Ultraviolet Lamps

GEMERAL

13

In practice, germicidal applications and design

factors are governed by three main factors:

A, THE EFFECTIVE DOSE [H.n)

Effective dose iz the product of time and
effective irradiance [the irradiance that
makes a germicidal contribution). However,
dose is severely bmited hy its ability to
penetrate 2  medium, Penetration  is
cartralled by the absorption co=eficient; for
solids total absorption takes place in the
surface; for water, depending on the purity
several 105 af cm. or as litlle as a few
microns can be penstrated before 908
absorption takes place,

B. THE PO5SSIBLE HAZARDOUWS EFFECTS
OF SUCH RADIATION
Germicidal | radiation

can produce

canjunctivitis  and  ervthema. therefore
pecple should not be exposed to it at |levels
miore than the maximum expasure given in
Fig. 9. It follows that this needs 1o be taken
consideration  when

inta designing

disinfection eguipments,

Gerricidal applcations can be and are used for
all three states of ratter, viz, gases (air), liquids
{rmainly water) and solids (surfaces) with
greatest technical success in those applications
where the absorption cosflicent is smallest.

However, sore notable success has been
achieved in applications where, despite a
disachvantageous absorplion, "thin film" or
dosed drouit (recycling the product) design
techriquas have provided efiactrve solutions,

C. LAMPS
Five Philips ranges of lamps are available for
disin‘ection purposes:
* Classic TS and T3 TILY lamps
+ High output TUV lamps
+ PL-5 and FLL twin~tube compact
TUY lamps
+ and the newest addition: XFT amalgam
“Very High Output” germindal lamps in Té
and T diameters.
All of thess are based opn |owspressurs
mercury technology Increasing the lamp
current of low-pressure lamps produces
higher awtputs for lamps of the same length;
but at the cost of LW efficiency
(LM wattsfinput watts); this is due to higher
self=absorption levels, ard temperature
influences. The application of mercury
amalgams, rather than pure mercury, in the
lamps corrects for the latter
« HOK lamps, which are of the medium-
type,

characterised by a much higher UNW-C

pressure  mercury mainly
output than low pressure options, but

at much lowear afficaciss,



The choice of the lamp type depends on the
specific application. In most cases the low=
pressure types are the most attractive, [his
is because germicidal lamps are highly
efficient in destroying micro=organisms,
hence there is limited need for high wattage
lamps. For water disinfection, |ow and
mediurm—pressure are both used. although
the choice is not necessarily based an LNC
efficacy; Initial total systems costs, including
metabwork and space limitations, can be the

driving factor -ather thas efficacy

1.1 AlR. DISINFECTION (Ref 12,13}

Good results are oblained with this form
of disinfection because air has a low
absorption copefficiant and hence allows
LAEC to attack micro-organisms present, In
addition, two other bensfical conditions
are generally present, viz. random
maovernents  allowing bacteria  etc. to
provide favourable molecular orientations
for attack and high chances of “closed
circuit” conditions, that is second, third and
moare recycle opportunities. From this, it is
evident that air disinfection is an important

application for LV radiation,

Even in the simplest system (natural croulation)
there = an appreciable reduction in the
rumber of airbome organisims in a room, Thas
the danger of airbome infection, a factar in

rany illnesses, 15 considerably  reducec.
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remembered

itsalf,

However, it should be
that

a disinfecting agent.

disinfacted air is not, in

Fresently, there are five basic methods of
air disinfection using ultraviclet lamps viz
a, Ceiling or wall mounted TUWV lamps

b. TUY lamps (in upwards-facing reflectors)
for upperaic irradiation,

. TUY lamps {in downwards=facing
reflectors) for irradiation of the flocr
zone [(often in combination with b,

d.TUV lamps in air ducts sometimes in
combination with special dust filkers,

2. TILW lamps. incorporated in stand-alone

air cleansrs with a simple filter

3.1 CEILING-MOUNTED TUY LAMPS
This rmethad is used in those cases whers
aither the interior s unoccupied or where i
i5 possible for the occcupants to take
protective maasures against radiation, These
protective measures entall covering the:

Face: flass speciaches, closshilling
gogge: o plastic face vaars,
Hands: glevss (for long exposure,
special plastic is preferabls
Lo rubber)
Head and neclc  head cover
“ete
“erral glacses ard plastes can e died ta g pratectien,
because they trasamit |sthe or ne LCE seene exceptions
are special UV plasses, cuart and certain PTFEs

14
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3, 1.2 TUV LAMPS FOR UPPER-AIR
[READIATION USING UPWARD
FACIMNG REFLECTCORS

This method of disinfection can be used
to combat bacteria and moulds; it also has
the advantage that it can be used in
accupied intariors without the occupants
using pratective clothing. The lamps
should be mounted in suitzble reflectors
and aimed to emit no radiabion below

the horizantal,

The reflectars should be mounted more
than 2.10m above the flocr, the lower air is
thus entirely free of any direct ultraviclat
radiation. Air above the 2L.10m level
rraintaing a low germ level, because it is
subject to direct LV radiation,

Free comveclion of air withoul forced
veritilation causes air movements of about
[.5 - & m? per minute, thus producing exchanges
between the upper treated and lower
witreated parts of the room, The prooss
recluces air comtamination to fractions of that
before the TLW lamps were activated. Az an
indicaticn for genera applications in a simple
room, or enchesure, it is acvisable to install an
effactive LIV-C |ove| of

Q.15 Wim?

[

W Fig 15, Variaus prineplas of air dainfectan:
i Celing mounted |amps.

e
"

! o N
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B b. Uprevsrds fuzing reflectors.

B ¢ Dowmwards facing reflectors.




3.1.3 TUY LAMPS FOR IRRADIATION

OF THE FLOOR LONE USING
COWNWARD FACING REFLECTORS
This meathod is for use in those cases
whera It is important that the entire
room air, even at floar level is rendered as
sanitary as possible, In this case, lamps
supplementing those irradiating the upper
air should be fitted in dowrward-airmed

refllectors al aboul 60 cre above the Moon

In metheds 311, 3.1.2 and 3.1.3 person

detectorsfsystems can be wused o

deactivate TUV lamps, i necessary,

314 TUV LAMPS IN AIR DUCTS

In this method, all the conditoned air is
subjected to radiation prior 1o entry The
injected air can be disinfected to a specified
klling level, depending upon the number
of lamps installed and the dwell time,
that is the time spent in the effective killing
region af the lamp(s); by definition this
takas the dimensions of the air duct
into consideration,

Such systems have a controlled flow rate
and their performance can be predicted
thearatically

Certain aspects shoule be borne in mind,
hiweyes

* These installations are only suitable for
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M Fig |¢. Razic arrargement of TLIW himps in an s duct for
raem dicefection,

bacteria: rmoulds
resistances to ultraviclet, so the air flow rate i
not feely to albow a sufficient dwell tme to
produce a high enough effective dose.

Dust filters should be installed 1o prevent

the

most have  higher

lamps from becoming soiled

and hence seriously reducing  their

effective amission.

The number of lamps required in an aiw=
disinfecting chamber in an air duct system
is dependent on the recuired degree of
disinfaction, the airflow rate |, the ambient
temperature, the humidity of the air and
the Uvereflecting properlies ol the
charnber walls,
The advantage of disinfecting air pror e it
entering a rcom is that there is then no limit

T the maximum permitted radiation dose,
since humans are totally shielded,

16
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[lesigning duct systems needs 1o account for
practical issues, such as large temperature
and humidity vanations caused by extsrior
weather variations. if only because air is
aften drawn from outside, then released
into & room after a single pass over the
larnps, Recycling part of the air will allow
multiple passes, hence improving system

efficiency

Lining the LV larmps section with aluminiem,
also mcreases afficiency The lamps and the wall
of the duct should be sasily accessible to
permit regular cleaning and sasy maintenance,
another reason for a modular design,

Micro-organisms exposed to UV, experience

a normal exponential decrease in population,

13 7 e e
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M Fig 17, Mual surfage.
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as already expressed on page 1

Ne/Np = expl-keqqt)

The rate corstant defines the sensithaty of a
rricrooeganisrn o LV radiation and is unique to
each micobial speces, Few aiborme rate
corstants are known with absclute certanty

In water based systemns, Escherichia coli are
often used as test organism. It is however
not an airborne  pathogen. For asros
solization tests, often the innocucus Serratia

rmarcesCcens is used,

POIMTS TO REMEMBER WHEN
COMSTRUCTING TUY LAMP
INSTALLATIONS IM AlR DUCTS:

* The surface of the chamber walls should
have a high reflectance to UV 254 nm, for
example by using anodised aluminium
sheet (reflectance &0=50 per cent).

+ The lamps should be so arranged that
there are no ‘shadow’ areas,

* Lamps should be mounted perpendicular
to the dirsction of the aiflow.

* Larnps and the inner [reflecting) walls of
the chamber should be deaned frequently
using a soft cloth,

+ Lamps should be changed after the nominal
Ietrne; an elapsed time meter will help.

« Arexlernal pilol light should be used 1o
indicate that the lamps are functioning,



REFLECTAMCE QF VARIOUS
MATERIALS TO UV 254 NM
The graphs shown across give the spectral
reflectance of various metals [Fig |7 and
organic substances (Fig |8) to radiation of
These graphs

demonstrate the importance of determining

different  wavelengths,
a rraterial's 254 nm reflectance, As can be
seen, high reflectance to visible radiation is
not consistent with high reflectance 1o

shart=wive ultravialet radiation.

102
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@ =171 =1
& .i"':l"" 1
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M Fig 1. Orgunic mebarances
a Bleached cortan
b, Shite paper

c Linen

o, White woal
Matarials with a high reflectance to 254 nm
are used to construct reflectors for both
direct and uppersair irradiation, Material with
a low reflactance ta 254 nm are used where
ultraviclet radiation has to be absorbed after
performing its function,

This latter is

consequences resuling from the umaanted

necessary o avoid the

254 nm relections, so ceilings and walls should
be treated with a low reflectance material for
peaple comfort and safety factors,
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LASTUY LAMPS IM STAMD-ALOME UNITS
Recently this rethed has gained commercial
favour by meeting 2 growing need for a
betler indoor air guality.

Clossd stands alons devices are safe, simple
and flexble, In essence the units consist of
T larnps, mastly PL-L types driven by high
fregquency ballasts, mounted inside a "light
trap® container, [he unit incorporates a fan
that firstty draws ar across z filker, ther
acrass the lamp(sk Sirgle and multiple lamp
opticns can be bulkk into 2 small outer using
either =ngle or double-ended lamp options,
For maximurm design flexciility, FL-L and PL-S
larmps offer the best solutions, because their
dimensions are compact, 50 reducing unit
ended

size  anc  because their single

configuration allows more mouniing oplions.

The units have the benefite of portability
and hence more moaunting positions iz, wall,
floor or ceilling rrounted in aither
parmanert or temporary opticns, & feature
of their desgn is that cleaning and lamp and
filter replacameant is 2asy,

Additionally their portability can be used to
produce immediate results. Yamation n
LN dose can be achieved both by varyicg
the number of lamps and their wattage (see
also dirmming below), As an example, i is
possible 1o use the same physical design
dimensions for PL-L lamps with a morminal
wattage range between |E and 95W "HO",
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Commercial products are known for as
faw as | x PL-L IB8W and as many as
4 x PL-L 95V HO lamps inside the same
cortaines giving a unit capable of producing
a 25=fiold difference in affactive dose,

PL-L lamps are more flexitle; they have
readily available and competitively priced
electronic regulating (dimming) ballasts 1o
vary LV output in 2 simple reliable fashion,
Ballasts can be single, double and in the
case of |8V four lamp versions This adds
to the flaxbility of portable units.

3.2 SURFACE DISINFECTION

Surface disinfection generally reguires
high=intensity  short=wave  ultraviolet
radiation. Mostly this means TUV lamps are
mounted close to the surface reguiring
to be kept free from infection or to

ke disinfectad,

The

depends largely on the surface irregulanty

success of surface disinfection
of the material to be disinfectad, because
L% radiation can only inactivate those
hits
sufficient dose, Thus disinfection can anly

micro-organisms  that it with a

ba successful if the entire surface is
expased to UV radiztion. Micro-organisms
sitting in "noles” in a surface are not likely
be overcome by reflections from the hole
walls., as can be deduced from the

refllectances shown in table 3.

In practice, solid surfaces, granular maternal
and packaging (whether plastic, glass, metal,
cardboard, foil, atc) are disinfected or
maintained germ-free by means of intensive,
direct irradiation. Additionally, disinfected
rmaterial cam be kept largely germefes
further

throughout s processing by

irradiating the air alﬂng its path,



1.3 LIQUID DISINFECTIOM

Germicidal energy radiation is capable of
peretrating bguids with varying degrees of
affcienog From a Treatrment view, lguids can be
regerded as amilar 1o air so the further the LIV
radiation is able to penetrate the liquid, the
more afficient is s action, The degree of
afficiency thus greatly depends on the liquid
and more particulardy its abzorption coefficient
at 254 nm [lable 4). As an example, natural
witer's Transparency To 254 nm may vary by as
ruch as a factor of |0 or more fram place to
place. Polluted industrial water often needs
purification followsd by disivfection; here UNC
& growing with mamy thousands of systems in
use in Morth &merica and Europe, each with 2
multitude of larmps, Often LUV radiation rmay
supplernent  or  replace conventional
chleriration measures (zee later),

NGT has  adwvanlages
technicues, bacause i1 produces far fewsr
nosious by-products and is it unaffected by the
ph of the water or its temperature, The reader

should note that the latter comment refers 1o

over  chlornaling

the radiation, not to the lamp, or its
emaonment as described eardier:
Micro=organisms are far more difficult 1o
kill in humid air, or in a liquid envirconment,
than in dry ai; This is because they [imit
transmission of 254 nm radiation.

In terms

more  guantitative liquids

decrease the germmldal intensity
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B Fig |9 LV “careade” surface disinfectan af apes,

exponentially according to the formula

E = Eg.eix

Ey incident intensity
E intensity at depth (x)

o absarption coefficient

Liquids with a high a can only be disinfectad
wihen they are exposed as thin films, & rough
indication to estimate penetration depth is
i, &t this depth the irradiation level will
have fallen to 1e or to 37%,

To overcome wall effects where liguids are
notoriously static, turbulence or rigorous
stirring is necessary for betier disinfection,
agitation helps onentate micro-organisms

hidden behind particles

lron sahs (as well as other morganic szhts) and
suspended matter in ligwds will decrease the
effectivensss of gerrmicidal radiation,
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Additionally, it is feasible that crganic
compaounds, in particulan, those susceptible
to bond fissure under UV radiation. can
change the texture and taste of the liquid

being treated,

Hence experimentation is nesded, In
round terms the effective depth of
penetration for 2 90% kil may thus wvary
fram 3m for distilled water, down Lo 12cm
for normal drinking water and even lass in

wines and syrups (2,5mm) Sea table 4,

The penstration depths causs more special
techniques to be applied to allow 254 nm
radiation to penetrate sufficiently, these
include generating "thin films" and or slow
speed presentation to the radiation, so

that a sufficient dase can be applied,

IF an UY lamp has to be immersed in a
liquid, it should be enclosed in a quartz or
UNC transparent PTFE slesve,
Fstalations Tor disinfacting Fquids may have
the Tollowing farms;
l.One or more lbbmps enclosed in a cuartz
container or one of similar materia (with a
high transmittance at 154 nm), which s
surrounded by the liquid to be disinfected, A
multiple of such confligurations can be wsed

insicle one outer containes

iz L
1 A
i og,, RIS
B, E LY
;_E ¢ AN S
E S AR N S
o Y L Y
5 W =7
z o ::-:"-.,‘_‘H_
y T o ]
Ky ——
; a
5 aB  ols  alf  ax o
Absorpbon coefleren, ——————

B Fig 20.Volume of daindected waser ¥ as a function
of the absarpticn coefficent « (for distilled water
a = 000700 e, far drinking water o = 0020 Lizm)
with redpest 1o dllerent degrees of daisfection
{in cermd of Encherichia codi).

&M quartz tube {with high tramnsmittance
at 254 nm) tramsporting liquid surrcunded
by a duster of lamps in refllectors or by
an integral reflector TUV lamp e.p.
TN TIEW WHO-R,

Sdrradiation by means of lamps installad in
reflectors ar integral reflector TUV lamps
e TUNV]5W VHOR mounted above
the surface of the bguid,

Liquid Lo}
Wne, red ]
‘Wine, whie 10
Seer 030
e, chear F]
v, dare 50
il ]
Cisilled water [ ra ] |
Drivking waler kel |

B Tible 4. Absorpoion coefficent (o) of various ligods w
L2354 mon per om depth.
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4 Applications

GEMERAI

LY
germicidal lamps may be briefly classified

The main application areas for
below, although there are many ather areas,
where the lamps may be emploved for
VAROUS pUrposes,

+ Alr disinfection

+ HVAL cooling coils

* Residential drinking water

+ Incustrial drinking water

+ Process water (beverages)

* Waste water

* Semiconductor and 1C manufacture

+ Poals, spas, aquaria, fish ponds,

4.1 AR DISIMFECTION
Indoor air is trappec. oftan re=circulated and
always full of contam nants such as bacteria,
viruses, moulds, mildew, pollen, smoke and
building

Increasing |avels of such contaminants act

toxic gasses  from rmaterials,
as triggering mechanisms for a wvariation

of diseases of which asthma is the

mgst pmmment_

For affices and in industral emvironments, so
called HERA [High Efficiency Particulate Air)
filters are installed in HYAC ductwork, Very
fine fibres, pressed together, form a structure
with openings, too small for most particulate
contaminants, Such filters are effective, but
always will give rise to considerable drop in
air pressure, In recent days, growing concern

for indoor air quality has lead to new
rveasures. Application of LY in air ducts for
ventilation, heating and cooling purposes has
proven to provide adequate protection

against airborne pathogens.




For domestic use some very different basic

Types can be considersd:

= Fiber mesh filers, generally designed for
a particle size of 25 microns or largen

» Activated  cadbon filters, which  will
nautralize some gasses, srmoke and odours,

* Hedironic air deaners, which charge partidles
such a= dust, pollen and hainThe charged
rateraks are attracted by a series of opposte
polarty chargad metal plates,

+ Ozone and ‘on generators

= UV Light, the only treatment, truly lethal
TO MICrO=OFgan srms

With patients and wvisitors bringing in
pathogens that causs diseases such as

tuberculosis, wards, clinics. waiting and
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operation rooms and similar areas should be

protected aganst the risk of infection in

personnel and patient populations, if

possible at a reasonable costl

Common  traditional disease controlling

methods in hospitals are:

= Vertilation; dilution of potentialy
contaminaied air with uncontarminated air

+ Megative pressure izolation rooms

= FEPA (Hgn EMaency Particulate Aird imaton

LW germicidal irradiation provides a potent,
cast effective solution to upgrade protection
against infection, (Ref, | 2.13)

Especially; uppeair diinfaction has proven to be
very effectve to supplement existing controls
for TB and other airbome diseases ([Ref, 8)
Maryy dlisease~causing organisms cirodate an air
currents in “droplet nucler®, | to 3 micron in
size, thal are expelled with a cough, snesss
or even with spesch, These droplet nuclel
can be inhaled, spreading infactions,

It is mstimated that up to 99% of airborne
pathogens are destroved with adeguate air
cirgulation and LV exposure,
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4,1 COOLING COILS

Alr conditioner cooling cols are almost
always wet and dusty and thus can serve as
an ideal breeding ground for moulds, a known
allergen, Cail irradiation with W drastically
reduces ar prohibits growth of moulds.At the
same  time heat exchangs  efficiency s
improved and pressure drops decrease, As
the coils are constantly irradiated, only a
miodest UV irradiance is reguired,

4.1 WATER PURIFICATION (Ref. 7,14)

A wide variety of micro-organisms in the water
can cause cisrase, espacally Tor vourg and senior
paonle, who may have weaker immune systerms,
LW light provides disinfection without the
addition of chemicals that can produce
harmful by-products and add unpleasant
taste to water Additonal benefits include
easy installation, low mainlenance and

mirimal space requirements,

LN has the ability to inacthvate bactena,
viruses and protozoa. Each type of organism
requires a specific dose for inactivation,
Wiruses require higher doses than bactena
and protozoa. Understanding the organisms
to be neutralised will help to datermine to
size of the LWV system that will be required,
For example, to kIl 9% 5% of Ecol, a LY dose
of 90 [fmE or 9 mWsecicm? is raquired.

LY installations are suitable for industrial,

commercal and residential markets,

The quality of the water has an important
effect on the perfarrnance of UV systems,
The common factors that have to be
corsidersd arg iron, hardness, the total
concentration of suspended solids and the
ultraviolet transmittance. Various organic

and inorganic compounds can absork UV,

When there 1= uncertainty about what may
be present in  the the LY
should be  tested, Most

water,
transmittance
)

drinking water supplies have LWV

transmittances between 85% and 95%.

Separate treatrment technologies often are

reguired to improve the water guality

before disinfection:

+ Sadiment filters, to remaove particles that
“chadow”™ micrches or absort LY

= Carbon filkers, which remove arganic
cormpounds and undesirable adaurs,

+ Water softeners to reduce hardness,

LI is ofter used in conjunction with Reverse
Osmeosis (RO) applications.  Disinfection
prior to the RO systemns imcreases the
durabikty of the RO membrane by reducing
the accumulation of bacterial biofilme.



The reactor of a LV cisinfection device must
be designed to ensure that all microbes

receive sufficient exposure of the LNV,

Most manufacturers of UV eguipment use
low—pressure mercury lamps. Hgh output
[H) versions are rapidly becoming populas
High capacity drinking water and waste
water systems feature medium pressure

mercury technology,

The temperature of the lamp surface is one
of the most critical factors for UV reactor
design. The UV efficiency of the lamp (UV
output per consurned electrical Wattags)
strongly depends on the bulb temperature.
(See Fig.2B)

The diarmeter of the protective guartz
desve should be carefully adapled to the
specific power of the lamp (Watts per urit
of arc length). as well as temperature and
velocity of the water flow.

As the |amp ages, the LV cutput declines
due to solarization of the lamp (glass or
quartz) envelope. The quoted dose for a
spacific unt is the minimum dose that will be
delivered at the end of the lamp's life,
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Mast manufacturers offer electronic power
supplies, that are more efficient (up to [0X%)
and operate at lower temperatures, Such
pallasts normally withszand wide fluctuations
in supply valtage, still praviding 2 consistent

current to the lamps.

Factors, that should be considered, when,
choosing the right size of UV eguipment. in
order, to achieve the desired disinfection
ohjectives are peak flow rate, the reguired

dose and the UV transmittance of the waten,

Thearetical caloulations should be validated by
hinassay tests, for a variety of conditions that
indude flow rates and varable water qualite

43.1 RESIDENTIAL DRINKIMG WATER

Classic Paint of Use (PO / or Point-of-
Entry {POE) UV disinfection systems
consist of a low=preassure mercury LW
lamp, protected against the water by a
quartz sleeve, centred into a stainless

simel reacior vessel,

The NV output
appropriate UV sersor, providing visual or

5 monitored by an

audible indicators of the UV lamp status
To imnprove taste and adour of the water
PO systerms are oflen used in conjunclion

With an active carbon filker
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The new AMSITMNEF Standard 35 (Ulraviolst
Microbiclogical Water Treatment Systemns)
establishes the minimum requirements a
ranufacturer will need to become certified
for a Class A ar B LUV system,

Class A POLUVPOE devices are designed 1o
disinfect micro—organisms, ncluding bacteria
and viruses, from contaminated water to a
safe level, Wasle water s specifically
excludad from being usad as fesg-water, As
af March 2002 the UV system has to

produce a LY dose of 40 m|/ocm?,

M Fig 21. POU residenaa érinking water
U Disinfection device.

1 i o
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B Fig 22, Basic shetch of TUV [amp aperated
water-disinfecting unit far general uie.

“lass A devices are required to have a LY
senson alarming when the proper dose is
not reaching the water

Cls: B POU systems are desipned for
supplermental bacterial treatment of treated
and disinfected public drinking water, Such
devices are not intended far disinfection of
microbiolcgically unsafe watens The systems
are capable of delivering a LUV dose of at
least 16 mjfcm? at 70% of the mormal UY
autput or alarm setpoint.

The 2002 version of Standard 55 clarifies all
requirernents for component certification,
15-minute hydrostatic

For instance, a

pressure 185t is neaded,



4.3.2 INDUSTRIAL (MUNICIPAL)
DRINKING YWATER

Dignfection of drnking water by LW light is a
willestablished technology in Europe. Hundreds
of European publc water suppliers have by now
moorporated LY disnfection. The drving foree in
Europe was 1o inactvate bactena and viruses, but
avoidd use of chlorine, Recent studies regarding
potentis] negaive health effects of disnfection b
provducts hivee led 1o a oibical views an chlonine.
A few fatal waterborne outhreaks of
cryptosporidiosis in Morth America have
proven the fact that edasting disndection and
filration technologes could not puarentse to
eliminate oryptospondium oocysts from the
witter

Cryptosporidiumn parvum is 2 human
pathogen, capable of causing diarrhosal
infactions, sometimes aven |eadng to ceath,
The ke

emaronmentally resistant form (oocyst) and

organism can shed as  an

persists for monihs

Cryptosponidium is almost completely resistant
againist chlorne, Ozore can be effective, but
the water guality and temperature play a
agnificant role, s small size makes it difficult to
remiove by stardard filter lechniques,
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M Fig 25 UV drinking wacer plant 405000 m' per day
Tolkyayri (Russia)

Recert studies have werfied that UV can

achiave significant inactivation of
cryplosporidium  at very modest doses,
Exposures as low as [0 mlicm® will
resilt in a more than 4= log reduction

of concantration,

The effectvensszs of LUV for cryplospondium
rermoval, topsther with stricter lmits or
disinfection by-products wil pave the way for
LN diginfection in Meorth America,

Due to their high LV efficiency; lowspresare
highoutput lamps will certainly find their way
in many mumcipal Y donkang water f2alibes
Heomever, as space absarys will be a problem, the
high mtendty medium pressure lamps will be
favourite, especially when existing drinking
water plants have to be upgraded with a

L msctension,



[ | Fig 24, "Warte water iyidem.

4.3.3. WASTE WATER

Chlorine has been used 1o disinfect waste
water for over a century, However, while
chlarine is very effective, it is also associated
with environmental problerms and  health
effects, Chlorination by-products in waste
water effluents are toxic o aguatic
arganisms, Iving in surface waters, Chlorine
gas is hazardows to human beings,

LV irradiance has proven to be an
envirpnmentally respansible, comvenisnt
and cost=effective way to disinfect public
waste water discharges. UV disinfection is
mibch safer than waste water systems that
rely on chlorine gas, as it eliminates
transport znd handling of large guantities
of this harardous chemical. More Lhan
000 waste water installat ons all over the
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world rely on UV disinfection these days,
The required LY dose |evels depend on the
upstream processes, and range, taking into
account flow rates and UV transmittance of
the water, between 50 and |00 m)fom?,

4.3.4. WATER COOLERS, DISPEMSERS

Water vending machines store and dispense
water that is nor=chlorinated, The machines
must be licensed by |local health zervice
departments. One of the reguirements
for the license is that the vending machine
is equipped with & disinfection unit 1o
reduce the number of bacteria and other

MiCro=organisms.

which
dispense non=chlorinated water, are not

Bottled  water coolers, also

reguired 1o contain a disinfection unit.

However, without an active disinfection
systerm, also boltlled waler cooler reservoirs
are subject to biofilm growth, Such biofilms
act like a breading place for bactena,
protected by the gel-like substance. Bacteria
contarmination, regardless of whether it is
non-harmid or even beneficial, i= not a
quality to be associated with drinking water
To avoid bofilm growth often simple LY
reactors are being introduced,



435 COOLING TOWERS

Coaling towers and re-circulating loops are
aften dirty, warm and rich in Bic=nutrients.
They are perfect breeding places for

MICrO-0rganisms

Chemical compounds, like chlorine or
azone, are fed into the system in regular
intervals, to control the rate of biological
growth, UV will substantially decrease the
costs of disinfection, without any safety or

envronmental issues.

4.2.6 SEMICOMDUCTORS

PROCESS WATER

COrganic compounds, present in the finss water
can affect production yields and product quality
n the semiconductor moustry, The total organic
carbon [TOC) contamiraton bevel is specified
1o ke bess than one part per billon (ppb) for
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ubraoure water, used for this application,
Wkraviclet lignt represents 3 powerdul
technology that has been  successfully
introduced in the production of wlrapure
water for semiconduction pharmaceutical,
cosmetics and healtheare industries. Its
powerful energies can be applied, not only
for disinfaction, but also TOC reduction and
destruction of ozone and chlorine.

Two  different UV wavelengths  are
employed, 254 nm and |85 nm, The 254 nm
energy is used for disinfection. It can also
destroy residual ozons, present in the water
The [85 nm radiation decomposes the
ocrganic molecules, it carries more energy
thar the 234 nm and is able to generate
kydrosol free radicals from water molecules.
These hydroeey| radicals are responsible for
owidizing the arganics to carbon dioxide and

water malscules,

| 85 nm radiating lamps are made of special
quartz with high transmittance for the lower
wave|engths, Typical dosage reguirements
range from |00 to 500 m|/cm® Fhikps XPT
armalgam lamps in a 185 nm version, but also
HO, and HTK medium pressure lamps can

provide excellent solutons,
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4.3.7 SPAS AMD SWIMMING POOLS

TUY larmps are ussd to supplerment the
traditional methods of water treatment,
Importantly with INC as a2 supplement,
chlorination methods need bess chlorine for the
sarme result. This is welcome both for those
with allergies and those with a distaste for
chlorine. The reason that LVSC is not suitable
for sole use is that swimming poal water
circulztion has to take into considerayon solids,
inorganic compounds, hence filiration and
chermical processes are also needed A standard
tachnique is 10 circulate part of the water
through a continuous flow UYWC device, thus
creating a partal dosed boop systemn; this in
tanders with the chlorinator produces sfsctive
disinfection, b can lower the chlorine doss up
o SO,

4.4 REDUCTION OF ALGAE IM

ASH PONDS

Fishponds owners are often troubled by
phototrophic micro=prganismg, Thase are
typical water organisms widely distributed in
both fresh and sall waler Photobophic baclera
contain  photosynthetic pigmeant and hence
they are strongly coloured and appear as dense
suspensions af either green, olive. purple-violat,
red, salman or brown., Seascoal effects may
lead to massive growth (Tlowering of the
water) as light helps chlorophdl synthesis

B Fig 25 Schemarie representstion af & water puriication
system for 2 prtvace swimming pool E-UN radiator
Fefilter He=heating Pepump S=frech water supply

I algae are to be destroved or their growth
irvhibited, either a high dose of UY 254 nm
rediation is needed or a long inradiation tirme,
These conditions can be met ratvely casly
by creating a clased laop system whershy the
water is presented to the LAC source a
number of times per dag The lamp 1= encased
i A uartz wbe, | practics, it has bean found
that, for imstance, a TUY PL-5 5W lamp in
series with & flter can keep a 45K lire (1,000
LI gallons) pond dean For larger pond or
pool valumes higher output lamps are nesded
an & pro rata scale, The process is thought to
be that algae are split. recombire to form
larger rrclaodar chains, which can be remcved
by the flter, ar are o large that they snk to
the botiom of the pond,



4.5 AQUARIUMS

Aguariums oresent two problems: one s
that they become swamped with algae; the
second s thal parasites may cause fish
diseases, Both can ocour in either freshwater
or marine aquanums; warm water provides
an excellent conditicn for micra-arganisms
and the lighting features used also promotes
algae growth, The same system as used for
ponds is advocated, using no more than a
TLRY PL=5 5W |amp for a private aguariurm,

A low pump speed will create a long dwell
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time across the [amp, so helping both
bacteria kill rate and algae apglomeration.

Wsing LMC in ponds and aquariums is alsa
beneficial because it can destroy parasites
introduced by new fsh: the latter can be
catastrophic in many cases. UVC treatrnent
provides an effective solution particulady for
suspended zoospores. Multiplicaton  does
rot take place and aguariurms can be free of
parasites within a wery short time, Ewen
affected fish saon cease to display symptoms

af morbidity.

i2
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4.6 PHILIPS GERMICIDAL LAMPS
AMD THEIR. APPLICATION
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5.Lamp Data

GEMERAL

5

For a complete survey, see separate
preduct data brochures,
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B Fig 26 sedl 37, Demonatrace the vachtios of UV irradinsee
with the distarce to the lmps

51 UV IREADIAMCE YALUES.
The irradiance E on a small surface in point
P oon oa distance a from an ideal Lnear

radiation source AR of length | amounts to

A

\

P

E= —F

2ot la

{2ox # sin o)

g is the total radiation flux (in W), This
formula is teken fram: H, Keitz, Light

calculations  and  measurements, Philips
Technical Library, MacMillan and Co Ltd, 1971,
For 2 large distance to the [amp we get:

S S A | WO |
et

At shorter distances the irradiance is

proportional o

Bz —E— . {10 < 05 [).(3)
2nal

For a variety of lowe=pressure marcury TV
lamps, the irradiance values at | metre

distance are expressed belowe
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W Tabde 6. kradance values TUY b ot a distance of

| 00 meters.



5.2 INFLUEMCE OF TEMPERATURE ON
Uy CUTPUT

The LV efficency of bow-pressure lamps s
directly related to the [saturated) mercury
pressure, This pressure depends on the lowest
temnperature spot on the lamg,

Optimurm LY afficiency is achisved when this
ternperature is approximately $0°C, see Fig 28,

Moving air bas a strong impact an the tube wall
temnperature, The coaling effects of air streams
{and lower ambient temperatures) can be
compensated by overpowenng the lamps Fig,
2% shorers this effect, comparing standard TLIV
PLA 36W |amps with "High Output® sl

wversions, having the sarme dimensions,
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[ | Fig 28, Temprerature Diependence of Mercury Lamp
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5.3 LAMP LIFE

The [ife of low-pressure mercury lamps
(T} depends on:

= electrode geometry

= |amp current

- noble-gas filling

= swilching frequency

= ambant Tamparature

- ClFcurry

The choice of ballast should match
the application,

Electronic  preheat type of  ballasts

provide the best conditions for a long

lamp life, especizlly when lamps are

switched frequently.

Frequent onfoff switching will significant]y

irfluence the lamp life.
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W Fig 29, UV v Windchill Faczor

B Fig 30 Lamp Dife.
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