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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This International Standard applies to testing the antiviral activity of photocatalytic ceramics and
other materials produced by either coating or mixing of a photocatalyst. The International Standard
for testing the antibacterial activity that use photocatalytic materials has been published as ISO 27447.
The International Standard for testing the antifungal activity that use photocatalytic materials has also
been published as ISO 13125.

The test method for cloths or textiles is not included in this International Standard because of lack of
photocatalytic cloths ortextiles with antiviral activity using photocatalyticactivity. When photocatalytic

clot
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27447,
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INTERNATIONAL STANDARD

ISO 18061:2014(E)

Fine Ceramics (Advanced Ceramics, Advanced Technical
Ceramics) — Determination of antiviral activity of
semiconducting photocatalytic materials — Test method
using bacteriophage Q-beta

WARNING — Only personnel trained in microbiological techniques should carry out tests.

1

cope

The test method in this International Standard specifies the determination of-the antiv

of
enu

NOTH
virus

terials that contain photocatalytic materials or have photocatalyticcfilins on the
erating the destruction of bacteriophage Q-beta after irradiation of ultraviolet light.

In this test method, the surrogate microbe is bacteriophage Q-beta;intended as a model
eS.

The lest method in this International Standard is intended for usewith different kinds of sem

phot
the H
phot

The

for a
activ
purif

The ¥
Units

2

The
indig
refer

ISO 1

bcatalytic materials used in construction materials, in<{lat sheet, board, or plate sh
asic forms of materials for various applications. It does not include powder, granula
bcatalytic materials.

test method in this International Standard is*applicable to photocatalytic materia
n antiviral application. Other types of performance of photocatalytic materials, i.e. g
ity, antifungal activity, decomposition of water contaminants, self-cleaning, antifogg
ication, are not determined by this test thethod.

ralues expressed in this International 'Standard are in accordance with the Internation

(SD).

Normative references

following documents, in whole or in part, are normatively referenced in this docunj
pensable for its-application. For dated references, only the edition cited applies. I
ences, the latest\edition of the referenced document (including any amendments) appl

0677, Fine'ceramics (advanced ceramics, advanced technical ceramics) — Ultraviolet lig

testimg semiconducting photocatalytic materials

ISO 47447, Fine ceramics (advanced ceramics, advanced technical ceramics) — Test method for
activiity'of semiconducting photocatalytic materials

iral activity
surface, by

for Influenza

iconducting
hpe that are
I, Or porous

[s produced

ntibacterial
ing, and air

al System of

ent and are
For undated
es.

ht source for

Tntibacterial

ISO 80000-1, Quantities and units — Part 1: General

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1

photocatalyst
substance that carries out many functions based on oxidization and reduction reactions under
photoirradiation, including decomposition and removal of air and water contaminants, deodorization,
and antiviral, antibacterial, antifungal, self-cleaning, and antifogging actions
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photocatalytic materials

materials in

which, or on which, the photocatalyst is added by coating, impregnation, mixing, etc.

Note 1 to entry: Photocatalytic materials are used for building and road construction materials to obtain the

functions me

3.3
antiviral

ntioned in 3.1.

condition decreasing the infectivity of viruses on the surface of materials

3.4
bacterioph
type of viru

Note 1 to enf]
bacteriophag
pathogenic td

Note 2 to ent

3.5

plaque
visible, clea
bacteriopha

3.6
photocatalj
difference v
treated mat

Note 1 to ent

3.7
photocatalj
difference h
treated mat

4 Symbg

A a\

Bp ay

By, ay

L

Cp

hge
5 which infects bacteria

e Q-beta is not pathogenic to humans and animals but serves to simulate Influenzawiruses th
humans.

ry: Example of test results with Influenza virus and bacteriophage Q-beta are given in Annex 4

- area which is theoretically the result of infection and lysis) of host cells by a single v
oe

yst antiviral activity value
hlue between the logarithms of the total number of bacteriophage plaques on photocatg
brials after UV irradiation and on non-treated, materials after UV irradiation

Fy: This value includes the decrease of number of bacteriophage plaques without UV irradiatioj

st antiviral activity value for UV irradiation
etween the logarithms of the total number of bacteriophage plaques on photocats
brials after UV irradiation-and on photocatalytic treated materials kept in the dark
s

Ferage of titre of\bacteriophage on non-treated specimens, just after inoculation

Ferage of titre of bacteriophage on non-treated specimens, after being kept in a dark pl

rerage,of titre of bacteriophage on non-treated specimens, after UV irradiation of inter]

ry: The bacteriophage used in this test method is Q-beta that is one of F-specific RNA-phageg.

The
ht are

iable

lytic

lytic

ace

1Sity

dark place

CL

of intensity L

Dr d

L U
Logmax

Logmean

ilution factor

Virradiation intensity

maximum logarithmic value of titre of bacteriophage

average logarithmic value of titre of bacteriophage for three non-treated specimens

average of titre of bacteriophage on photocatalytic treated specimens, after being keptin a

average of titre of bacteriophage on photocatalytic treated specimens, after UV irradiation
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Logmin  minimum logarithmic value of titre of bacteriophage

N

Vp

43

AV
Z

5

This|test method is suitable for use in development, comparison, quality assurance, char
reliapility, and design data generation of photocatalytic materials. The ihethod is used t
antiviral activity of photocatalytic materials by the contact of a specimémwith bacteriopha
lightfirradiation. The method is suitable for use with flat sheet, board; or plate-shaped mate

The

exposed to UVradiation ofknown intensity for aspecified perigd. Following exposure, the tes
is regmoved and measured by the plaque-forming methdad. with Escherichia coli which
to bicteriophage Q-bata. The results obtained are conipared with those obtained fronj
specimens of non-photocatalytic treated material expesed to UV radiation under identical ¢
the treated material, and to those obtained from inoculated specimens of both photocatal

and

6

6.1

6.1.1 Strains

The

NOTE

titre of bacteriophage (plaque forming unit)

antiviral activity value without photocatalyst, after being kept in a dark place on a testing

material

photocatalyst antiviral activity value, after irradiation at a constant intensity (L) on a photo-

catalytic testing material

photocatalyst antiviral activity value with UV irradiation

average number of plaques in two Petri dishes

Principle

specimen of photocatalytic-treated material is inoculated,‘with bacteriophage susj

non-treated material kept in the dark for the;same period of time.

Materials

Strains and preparation for-tests

Table 1 — Bacteriophage and bacteria strains to be used in test

Species Strain number |Organization for the collection

icterization,
b obtain the
ge under UV
brials.

bension and
[ suspension
is sensitive
| inoculated
onditions to
ytic-treated

§trains to be used in-the test shall be the same as or equivalent to those described in Talple 1 and are
supplied by an entity,thatis registered under the World Federation for Culture Collections
Socigty for Culture/Collections. Aseptic manipulations using microorganisms can be perf
apprppriate safety‘eabinet.

or the Japan
brmed in an

Bacteriophage Q-beta ATCC 23631-B1 |American Type Culture Collection

German Collection of Microorganisms
and Cell Cultures (DSMZ)

NBRC20012 NITE Biological Resource Center
Escherichia coli ATCC 23631 American Type Culture Collection

DSM 13768

German Collection of Microorganisms
and Cell Cultures (DSMZ)

NBRC 106373 |NITE Biological Resource Center

DSM 5210

photocatalytic activity effects is equivalent, as shown in Annex B.

© IS0 2014 - All rights reserved
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6.1.2 Bacteria preparation

Inoculate E. coli strain into a slant culture medium [6 ml to 10 ml of LB agar (see 6.2.6)], incubate for
16 hto 24 hat (37 + 1) °C, and then store in refrigerator at 5 °C to 10 °C.

Repeat subcultures within 1 month by replicating this process.

The slant culture must not be used for further storing after 1 month.

The maximum number of subcultures from the original strain transferred by culture collection is

a)
b)
c)
d)
10.
NOTE  In

strain transfj

6.1.3 Bacf

the case of bacteria stored in a deep freezer, the maximum number of subcultures from the or
brred by culture collection is 10.

leriophage preparation

ce 25 ml of LB broth with calcium (see 6.2.4) into a conical flask of 300 ml@nd inoculate

e for 18 h £ 2 h at (37 + 1) °C while shaking at 110 min-1 + 10 mip*L;

m 25 ml of LB broth with calcium in a 300 ml conical flask€e 35 °C to 37 °C and inoc
25 ml of the culture prepared under item b).

cedure should be carried out several times to establish the relationship between turh
ements and colony counts. If sufficient data have'been obtained, further work can be H
dity measurements only.

e the bacterial culture with Q-beta_from a stock solution to a final concentrati
mately 2 x 107 pfu (plaque forming unit) /ml [multiplicity of infection (m.o.i.) is approxim

e the inoculated bacterial culture for 4 h as under b).

Store the culture overnight at 4 °C 2 °C.

e culture into centrifige tubes and centrifuge for 20 min at 4 °C £ 2 °Cat 10 000 g.
the supernatantfearefully to a sterilized tube.

hcteriophage<containing supernatant suspension through a sterilized syringe filter uj
he bacteriophage solution.

ne thetitre of the bacteriophage stock solution and store at 4 °C + 2 °C.

ginal

with

ulate

e as above condition until a bacterial concentration wilkbe reached at 2,0 + 1,0 x 108 cfyi/ml.

idity
ased

n of
ately

nit to

bacterial contamination mix 1 ml of the h;\{‘fprinphngp stock solution with LB agai

(see

6.2.6) and incubate for 24 h at (37 = 1) °C. Discard the bacteriophage stock solution if any colonies

Do not use the bacteriophage stock solution with less than 1,0 x 1010 pfu/ml or contaminated stock

The titre of the phage stock suspension will slowly decrease over time.

a) Introduy
E. coli strain.
b) Incubat
c) Pre-waj
with 0,(
d) Incubat
This pr
measur
on turb
e) Inocula
approxi
0,1].
f) Incubat
g)
h) Pourth
i) Pipette
j) Filterb
purify t
k) Determ
1) To chec
are detected.
m)
solution.
NOTE 2
pfu/ml.
NOTE 3
4

The titre of the phage suspension should be above 1,0 x 1011 pfu/ml and might reach up to 1,0 x 1013

© ISO 2014 - All rights reserved
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Media

6.2.1 General

Commercial media of same components described below can be used.

Volume of prepared media can be adjusted in accordance with the number of specimens.

6.2.2 1/500 Nutrient broth (1/500 NB)

For 1 000 ml of purified water, take 3,0 g of meat extract, 10,0 g of peptone, and 5,0 g of sodium chloride,

put t
a sol

hem in a flask, and dissolve them thoroughly. When the contents are thoroughly di

ition of sodium hydroxide or hydrochloric acid to bring the pH to (7,1 + 0,1) at,25.°d.

medjum by 500 times using purified water, and set the pH to (7,0 + 0,2) at 25 °C using hydr

solut

prep
nutr

6.2.3

For 1
thor
solut

6.2.4

For 1
put 4
solut

plug

ion or sodium hydroxide solution. Sterilize in an autoclave (at 121 °C + 2 °C for at least 1
hration, if 1/500 nutrient broth is not used immediately, store at 5 °C to @0-°C. Do nd
ent broth made more than a week ago.

Calcium solution

00 ml of purified water, take 3,0 g of calcium chloride dihydrate, put it in a flask, an|
ughly. Add a cotton plug and sterilize in an autoclave (see“6.2.2). After preparatiol

ssolved, use
Dilute this
chloric acid
b min). After
t use 1/500

d dissolve it
h, if calcium

ion is not used immediately, store at 5 °C to 10 °C. Do notase the calcium solution made more than
6 months ago.

LB broth with calcium

000 ml of purified water, take 10,0 g of peptoneg, 5,0 g of yeast extract, and 10,0 g of sodi
hem in a flask, and dissolve them thoroughly. When the contents are thoroughly disj
ion of sodium hydroxide or hydrochlori¢’acid to bring the pH to (7,0 £ 0,2) at 25 °C. £
and sterilize in an autoclave (see 6.2-2). After autoclaving, add 10 ml of calcium solutio

and mix well. After preparation, if LB-broth with calcium is not used immediately, store at |

Don

6.2.53

Use 4

6.2.4

For 1

chloy
wate
to (7

bt use the broth made more than™1 month ago.

Agar powder

gar powder for which the gel strength of 1,5 % agar is from 400 g/cm? to 600 g/cm?Z.

LB agar

000 ml-ef purified water, take 10,0 g of peptone, 5,0 g of yeast extract, and 10,0
ide and:10,0 g of agar powder (see 6.2.5), put them in a flask, and mix. Heat the fla
r to.dissolve the contents thoroughly. Use a 0,1 mol/I solution of sodium hydroxide to |
0% 0,2) at 25 °C. Add a cotton plug and sterilize in an autoclave (see 6.2.2). After pr

O & 10 o

lm chloride,
olved, use a
A\dd a cotton
h to medium

°Cto 10 °C.

o of sodium
bk in boiling
bring the pH
eparation, if

nutr
1 mo

s A |
CllL agdl lb llUL uocu lllllllCulaLCl)’, DLUl T ClL J- G U ITU G UU IIUL ST uuu lCllL dgdl1iTau

nth ago.

6.2.7 Bottom agar plate (LB agar plate with calcium)

more than

For 1 000 ml of purified water, take 10,0 g of peptone, 5,0 g of yeast extract, and 10,0 g of sodium
chloride and 15,0 g of agar powder (see 6.2.5), put them in a flask, and mix. Heat the flask in boiling
water to dissolve the contents thoroughly. Use a 0,1 mol/1 solution of sodium hydroxide to bring the pH
to (7,0 £ 0,2) at 25 °C. Add a cotton plug and sterilize in an autoclave (see 6.2.2). After autoclaving, add
10 ml of calcium solution to medium and mix well. After preparation, pour 15 ml to 20 ml of medium into
90 mm diameter Petri dish, store at 5 °C to 10 °C. Do not use nutrient agar made more than 2 weeks ago.
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agar

For 1 000 ml of purified water, take 15,0 g of peptone, 7,5 g of yeast extract, and 15,0 g of sodium
chloride and 10,0 g of agar powder (see 6.2.5), put them in a flask, and mix. Heat the flask in boiling
water to dissolve the contents thoroughly. Use a 0,1 mol/I solution of sodium hydroxide to bring the pH
to (7,0 = 0,2) at 25 °C. Add a cotton plug and sterilize in an autoclave (see 6.2.2). After autoclaving, add
15 ml of calcium solution to medium and mix well. After preparation, if top agar is not used immediately,

store at 5 °C

NOTE w

to 10 °C. Do not use nutrient agar made more than 1 month ago.

hen the top agar is remelted, heat the flask in boiling water, but not autoclaving.

6.2.9 Soybean-casein digest broth with Iecithin and polysorbate 80 (SCDLP]

For 1 000 m|
chloride, 2,5
and dissolvd
or hydrochl
cotton plug,
store at 5 °Q

6.2.10 Pep

1 of purified water, take 17,0 g of casein peptone, 3,0 g of soybean peptone, 5,0 g'0f so
g of dipotassium hydrogenphosphate, 2,5 g of glucose, 1,0 g of lecithin, put them jrito a f
them. Add 7,0 g of non-ionic surfactant and dissolve it. Use a solution of sodium hydr
bric acid to bring the pH of (7,0 £ 0,2) at 25 °C. If necessary, dispense it if-a-test tube,
and sterilize in an autoclave (see 6.2.2). After preparation, if SCDLP is notused immedi
to 10 °C. Do not use SCDLP medium made more than 1 month ago.

tone saline solution

For 1 000 npl of purified water, take 10,0 g of peptone and 8,5 g of sedium chloride, put them i

flask and di
hydroxide o
tube and stq
immediately

7 Appar

7.1 Test ¢

bsolve them thoroughly. When the contents are thoroughly diluted, use a solution of so

I hydrochloric acid to bring the pH to (7,0 = 0,1) at 25.°C. If necessary, dispense it in 4

brilize in an autoclave (see 6.2.2). After preparatién, if peptone saline solution is not
r, store at 5 °C to 10 °C. Do not use peptone saliné.solution made more than 1 month ag

atus and equipment

pquipment

The test equipment enables a photocatalytic material to be examined for its antiviral activit

providing U
a test piece.

V irradiation to activate the.photocatalyst. It consists of a light source and the chamber
A schematic of a testing’equipment is shown in Figure 1.

dium
lask,
bxide
hdd a
htely,

hto a
dium
| test
used
D.

y by
with
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| 7 |/2
/7 ]\ N\
o

~
s}
<

light source

[[unched metal sheet

dover film

noisture preservation glass
Petri dish

glass tube or glass rod
paper filter

0 NN O Ul W N

flest piece

Figure 1 — Schematic of the testing equipment

7.2 | Cover film

The [cover film shall be used as specified in ISO 27447, 7.1. The sheets should Qe cut in a
(40 4 2) mm x (40 = 2) mm square. In case‘of irregularly sized test piece [see Clause 8,item(b), NOTE 1],
preppre cover film with the same shapeas the test piece but with dimensions 2,5 mm to 5|mm smaller
than|those of the test piece.

NOTH Reference data for coverjfilms is given in ISO 27447, Annex B.

7.3 | Moisture preservation glass plate

The moisture preservation glass plate shall be used as specified in SO 27447, 7.2. The dimensions of the
glasqd plates should-be sufficient to fully cover Petri dishes.

NOTH Reference data for moisture preservation glasses is given in ISO 27447, Annex B.

7.4 | Glass tube or glass rod

The glass tube or rod in an approximately 4 mm to 6 mm diameter should be prepared by cutting it to
10 cm to 15 cm in length and bending it into a U- or V-shape.

NOTE The glass tube or glass rod supports the test piece in the Petri dish.

7.5 Paper filter
The cellulose paper filter should be prepared by cutting it to approximately 85 mm in diameter.

NOTE One to four pieces of round-shaped cellulose paper filters per Petri dish are needed, depending on the
amount of water absorption.

© ISO 2014 - All rights reserved 7
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7.6 Fluorescent ultraviolet lamp

The fluorescent ultraviolet lamp shall be 351BLB or 351BL as specified in SO 10677.

7.7 UV radiometer

The UV radiometer shall be used as specified in ISO 10677.

7.8 Punched metal sheet

When the prescribed intensity cannot be obtained by tuning the light-source height, attenuate the
intensity by|using a punched metal sheet (see Figure 2 and Figure 3) directly below the lamp.

Dimensions inymillimetres

5500600066066600008 -
O O O O O & :
H-0 O O O Qo0 @ :§
60 0 0 o O
[06060000000090006000}—

450

Key
1 lamp pogition
2 bore (digmeter approximately 5o 15)

Figure 2 ~Punched metal sheet for 0,01 mW/cm2 light intensity

8 © ISO 2014 - All rights reserved
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Dimensions in millimetres

1
r—-————————— S T
| O D+
L 24
r--——-—————————-—-—- " —"—"—"—"———— T
1o o A
L 7/_'_4
2
450

1 lpmp position
2 lhore (diameter approximately 5 to 15)

Figure 3 — Punched metal sheet for0,001 mW/cm?2 light intensity

7.9 | Centrifuge
The ¢entrifuge shall be capable of applying-an acceleration of 10 000 g at (4 * 2) °C.

7.1( Sterilized syringe filter unit

The filter of syringe filter unjts (pore size is 0,2 pm to 0,45 pm) shall be consisting of a poly¢thersulfone
(PES) or polyvinylidine fluoride (PVDF).

NOTH Because of the ddsorption, cellulose filter is not adequate.

8 Testpiece

a) (uta flatportion of the material to be tested in a (50 * 2) mm x (50 * 2) mm square. The thickness
of mateérials for test should not exceed 10 mm. Use it as the standardized shaped speciten.

v spec1mens

When non-treated specimens cannot be prov1ded use glass plates instead. Take great care to avoid
microbial contamination and cross-contamination among specimens.

NOTE1 When it is difficult or impossible to cut (50 + 2) mm long (up to 10 mm thickness) squares, it is
acceptable to use a test piece to be reduced to a size of 1/2 (up to 10 mm thickness).

NOTE 2  When the specimen surface is stained with organic contaminant, it is acceptable to first eliminate
contaminant by exposure to a 1,0 mW/cm?2 light source within the limit of 24 h. If necessary, specimens can be
disinfected prior to testing (e.g. wiping with ethanol or 70 % ethanol in water).
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9 Procedure

9.1 General

The flowcharts of test methods are shown in Figure 4.

bacteriophage
6.1.3 phage preparation

{

9.3 preparation of test solution

test piece

8. test piece 9

UV irradiation condition

.5.2 find UV lamp positon
(9.5.3 UV irradiation intensity)

9.4 a), b), c) inoculate bacteriophage to test piece (refer to 7.1 test equipment)

3 norf-treated 3 treated + 3 non-treated

/

3 treated + 3 non-treated

post-inoculation specimen
9.4 e) washout

blacteria i

testing specimen

9.5.5 keep in dark place

{

9.4 e) washout

testing specimen
9.5)4 UV irradiation

}

9.4 e) washout

Y

Y

6.1.2 bacteria —>

9.6 measurement of titre of\bacteriophage

prgparation

Y

{

9.2 pr¢paration of
bpcteria

sugpension

10=calculation

\

11. test report

9.2 Procedure for preparation of bacteria suspension

Figure 4'— Flowchart of film adhesion method

a) Transfef the stored(bacteria (see 6.1.2) to 3 ml of LB with calcium using a platinum loop.

b) Incubatp at (8%+ 1) °C for 16 h to 24 h.

c) Transfer dpproximately 1/1000 of the incubated bacteria culture prepared under b) to LB

calcium.

NOTE1 The volume of LB with calcium depends on the number of Petri dishes [see 9.6,item g)].

d) Incubate at (37 = 1) °C to a cell density of 5,0 x 108 cfu/ml to 2,0 x 109 cfu/ml.

with

NOTE 2  This procedure should be carried out several times to establish the relationship between turbidity
measurements and colony counts. If sufficient data have been obtained, further work can be based on turbidity

measurements only.

9.3 Procedure of preparation of test bacteriophage solution

a) Dilute a bacteriophage stock solution (see 6.1.3) with 1/500 NB to obtain a titre of 1,0 x 107 pfu/ml

to 4,0 x 107 pfu/ml.

10
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NOTE 1

The volume of LB with calcium depends on the number of Petri dishes [see 9.6, item g)].

NOTE 2  This procedure should be carried out without using a vortex mixer to avoid disappearing phage
infectivity. Agitation using the hands is recommended.

b) If the test bacteriophage suspension is not to be used immediately, store it at 0 °C and use it within

2h.

9.4 Procedure of test for photocatalytic antiviral activity

a) Lay a sterlllzed m01sture control paper fllter in the bottom of a sterlllzed Petri dlsh add an adequate
s : : : rest piece on

it with the photocatalytlc treated surface up Repeat thls procedure for each of the photocatalytic
reated and non-photocatalytic treated samples used in the test (six of the formér,and nine of the
latter).

INOTE1 In order to avoid contact between the test piece and the wetted paper\filter, a glass
1tod is used.

tube or glass

INOTE 2  In order to prevent the moisture conservation glass misting ©ver, 4 ml to 6 ml stedrilized water
ddded per Petri dish is adequate.
b) Collect0,15 mloftest bacteriophage solution with a sterilizedpipette and drip it onto ea¢h test piece.
Put a film on top of the dripped solution and lightly push te,get the solution spread to thie whole film
gurface, while taking care that no solution leaks out of the film edge. In case of irregulagly sized test

iece [see Clause 8, item b), NOTE 1], adjust the inoculate volume of test bacteriophagg solution to
$roportional to film size (see 7.2).

INOTE3  The regulated solution quantity can create leakage of suspension from the film g¢dge or might

3s with the standard size specimen, within a range of 1,0 x 106 pfu to 4,0 x 106 pfu.

INOTE 4
infectivity. Agitation using the hands is recommended.

Place a moisture conseryation glass plate on the top of Petri dish.

ixcept for three noh-treated specimens for measurement of titre of bacteriopha
performed just after’the test bacteriophage solution is inoculated, proceed with irrs
described in 9.5:

For the thriee' non-treated test bacteriophage solution inoculated specimens for thg
inoculation’specimen of test bacteriophage solution), put the cover film and non-treated|
3 Stomgacher bag using sterilized tweezers, taking care to avoid test bacteriophage soly
ironithe f11m and non-treated test piece. Add 10 ml of SCDLP, rub the spec1mens and 1

ot be enough to spread the suspension uniformiy. In such a case, it is acceptable to reduce doyn to half the
quantity of suspension or increase to twice the quantity of suspension. However, even when the Hacteriophage
dolution quantity for inoculation has been ¢hahged, the number of phages per specimen will be kept the same

This procedure should becarried out without using vortex mixer to avoid disappjearing phage

be (see 9.6)
diation test

test (post-
test piece in
ion leakage
he film well

use thls washout solution to perform a measurement of tltre of bacterlophage (see 9. 6)

NOTE 5
results.

Alternative equivalents of the Stomacher bag may be used if they can be shown to lead to the same

9.5 UVirradiation condition
9.5.1 Keep the temperature around specimens at 25°C +5 °Cin 9.5.4 and 9.5.5.

9.5.2 Set the photoelectric sensor of a UV radiometer on the base of the irradiation apparatus. Place
the film and glass plate used for testing on top of the sensor. Find the positions where the UV intensity
referred to in 9.5.3 is complied with, with reading the indicator value.
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9.5.3 Test the UV intensity condition, depending on the circumstances where the materials are used.
When the prescribed UV intensity cannot be obtained by tuning the height of the light source, attenuate
the intensity by using a punched metal sheet.

Table 2 — UV irradiation intensity to be referred to in test

UV intensity Example

0,25 mW/cm?2 Beside the window in the daytime, beside the assistant lamp for photo-
catalytic reaction (e.g. BLB)

0,10 mW/cm?2 In the room (inside about 1,5 m from the window) in the daytime, by the
window 1n the early morning or before sunset

0,01 mW/cm?2 In the room (inside about 3 m from the window) in the daytime

0,001 mW/¢m?2 In the room without window (only indoor light), in the room.at'night
(only indoor light)

NOTE1 The maximum UV intensity is 0,25 mW/cm? to avoid damage by UV irradiation only. The minimum UV

intensity of t

9.54 Exp
photocatalyf

NOTE 2
photocatalys

This exposure time can be changed from 2 h to 8 h to take inte account the real conditions whel

he photoelectric sensor at present is 0,001 mW/cm?2.

se to light the Petri dishes containing the specimens (three non<treated specimens and
ic treated specimens) with test bacteriophage solution for 4-H.

L material is effectively used.

9.5.5 Keep the Petri dishes containing the specimens “{three non-treated specimens and

three

photocatalyf
in9.5.4.

9.5.6 Asf{

r the specimens of 9.5.4 and 9.5.5, perform the washout in the same manner in 9.4 e).

ic treated specimens) with test bacteriophage'solution in a dark place, for the same tirpe as

9.6 Measurement of titre of bacteriophage

a) Melt boftles of top agar, cool to-approximately 50 °C, and distribute 2,0 ml aliquots into cufture
tubes wlith caps, placed in a water bath at (45 + 1) °C.

b) Pre-wagm the bottom agar plate at (37 + 1) °C.

c) Take 1 |ml of washout\solution {or stock solution [see 9.3 a)]} with a sterilized pipette. Adld to
(9 £ 0,1) ml of peptene saline solution in a test tube. Agitate thoroughly and gently without @ising
the vortex mixet:

NOTE 1| "ThiS$ procedure should be carried out without using vortex mixer to avoid disappearing phage
infectivity~Agitation using the hands is recommended. T
NOTE 2 If the washout solution and diluted solution are not to be infected with E. coli immediately, store
washout solution at 0 °C. Dilute and infect them with E. coli within 2 h.

d) Extract 1 ml of the solution [above c)] with a new sterilized pipette. Add to another test tube
containing (9 *+ 0,1) ml of peptone saline solution. Agitate thoroughly and gently again.

e) Repeatto obtain series of dilutions, in compliance with the 10-time dilution method.

f) Pre-warm the solution [washout solution, above c), d), and e)] at (37 * 1) °C for 10 min.

g) AddO0,1 mlofbacteria suspension [see 9.2 d)] into the culture tube [above a)] and mix gently without
using the vortex mixer.
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NOTE 3  This procedure should be carried out without using the vortex mixer to avoid disappearing phage
sensitivity of E. coli. Agitation using the hands is recommended.

h) Add 1 ml of solution [above f)] into the culture tube [above g)] and mix gently without using the
vortex mixer.

i)  Pour the contents [above h)] over the surface of a pre-warmed bottom agar plate[above b)]. Examine
each washout solution or diluted solution in duplicate.

j)  Allow them to stand for 15 min to 30 min at room temperature.

k) Incubate the Petri dishes for 18 h + 2 h at (37 + 1) °C, after the top agar solidifies.

1) Countthe number of plaques appearing on the series of Petri dishes with 30 coloniest0'300 colonies.

10 Calculation

10.1 General

The test results are calculated as follows. The calculated values shall. berounded to the secpnd decimal
placg in accordance with ISO 80000-1.

NOTH Example of test results are given in Annex A.

10.2 Calculate titre of bacteriophage

Apply Formula (1) to calculate the titre of bacteriophage. When the number of plaques is |ess than 30
in the Petri dishes with 1 ml of washout solution,ithe plaque number is used to calculate|the average
number. When the number of plaque is less than#in the Petri dishes with 1 ml of washout $olution, the
average number is taken as 1.

N=ZxDpx10 (1)

where
N s titre of bacteriophage’(pfu);

4  isthe average nuinber of plaques in two Petri dishes (pfu/ml);
Dr is the dilutionfactor;

10 is thevoelume of SCDLP medium for washout (ml).

10.3 Test requirement fulfilment validation

A test is considered valid if it fulfils all of the following four items. If one or more of these items are not
fulfilled, the test is considered as not valid and shall be performed again.

a) The logarithmic value of the number of titre of bacteriophage of non-treated specimens after
inoculation is derived from Formula (2).
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(LOg max

where
Logmax

Logmin

:2014(E)

—Log min ) / (Logmean ) <0,2

is the maximum logarithmic value of titre of bacteriophage;

is the minimum logarithmic value of titre of bacteriophage;

Logmeanis the average logarithmic value of titre of bacteriophage for three specimens.

(2)

b) The titr
to 4,0 x
c) The tity
1,0 x 1

specime

d) After bg
than 1,(
specime

10.4 Photocatalyst antiviral activity value calculation

Use Formul{

e of bacteriophage of non-treated specimens after inoculation shall be within the 1,0
106 pfu range.

e of bacteriophage of non-treated specimens after light exposure shall be .more

n, the titre of bacteriophage after light exposure shall be more than 1,0 %105 pfu.

ing kept in a dark place, the titre of bacteriophage of non-treated spe¢imens shall be

n, the titre of bacteriophage after light exposure shall be moreclran 1,0 x 105 pfu.

k 106

than

D4 pfu for all three specimens. However, when a glass plate is used as-the non-tr¢ated

more

x 104 pfu for all three specimens. However, when a glass plate is used as the non-tr¢ated

e (3) and (4) to calculate the photocatalyst antiviral d¢tivity value after the testis completed.

v, =[log(B, /A)-log(C, /A)]=log[B, /C,] (3)
where

Vp, is the photocatalyst antiviral activity valtie, after UV irradiation of intensity L;

L isthe UVirradiation intensity (mW/crh2);

A is the average of titre of bacteriophage of non-treated specimens, just after inoculation;

By, is the average of titre of bactériophage of non-treated specimens, after UV irradiation of inten-
sity| L;

C;, isthe average of tifre"of bacteriophage of photocatalytic treated specimens, after UV irradia-
tior] of intensity L:

AV =log[B, /CL]—[log(BD / A)-log(Cp /A)] =log[B,, /C,]-log[Bp /Cp] (4)

where

AV is the photocatalyst antiviral activity value with UV irradiation;

Bp is the average of titre of bacteriophage of non-treated specimens, after being kept in a dark
place;

Cp isthe average of titre of bacteriophage of photocatalytic treated specimens, after being kept in
a dark place.

14
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