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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 document applies to testing the antibacterial activity of indoor-light-active photocatalytic
ceramics and other materials, produced by either coating or mixing of a light-active photocatalyst
in a simulated indoor lighting environment. The International Standard for testing the antibacterial
activity of photocatalytic materials has been published as ISO 27447 and the International Standard for
testing the antibacterial activity of indoor-light-active photocatalytic materials has been published as
ISO 17094.

Recently, it was discovered that antibacterial activities by indoor-light-active photocatalyst showed
diffepentresuitsbetweenthelS037094testinginataberatoryandtheevaluationrinareatenvironment.
Thug, the ISO 17094 testing method should be complemented by a testing method that §imulates an
indogr lighting environment.

ISO 117094 is one of the best methods for measuring the potential of antibacterial adtivity using
photpcatalysts. This document can measure the reduction rate of living bacteria by testing with impure
substances similar to an indoor lighting environment.
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Fine ceramics (advanced ceramics, advanced technical
ceramics) — Determination of bacterial reduction rate by
semiconducting photocatalytic materials under indoor
lighting environment — Semi-dry method for estimating
antibacterial activity on the actual environmental bacteria
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3 Terms and definitions

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

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp
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photocatalyst
substance that performs one or more functions based on oxidization and reduction reactions under
photoirradiation, including decomposition and removal of air and water contaminants, deodorization,
antibacterial, antifungal, self-cleaning and antifogging actions

3.2
indoor-ligh

t-active photocatalyst

photocatalyst (3.1) that functions under illumination with artificial light used for general lighting

purposes

3.3
indoor ligh
illumination

3.4

fing environment

indoor-lighit-active photocatalytic material

material in
coating, imf

3.5

reduction 1
reduction o
(3.4) versus
a designateq

3.6
dispersion
medium use

which or on which the indoor-light-active photocatalyst (3.2) is added"by, for exal
regnation or mixing

ate of living bacteria
f the viable bacteria counts on the surface of indoor-light-active photocatalytic mat
that of non-treated materials after treatment under illumiination or in a dark conditig

medium
d for the preparation of a test bacterial solution, comprising a chemical component, v

simulates hftman sebum

4 Princi
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washout sus
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method is used to obtain the antibacterial activity of indoor-light-active photocatz
hder indoor lighting condition by contact of a test piece with bacteria suspended
medium simulating human’ sebum. This method is applicable to materials with snj
Ch as flat sheet, board-orplate-shaped materials.

of the test piece is uniformly inoculated with bacterial suspension. The inoculated test

a Petri dish and-a glass plate is placed on top of the Petri dish. The Petri dish conta
e is exposeditoe-light. After exposure, the test bacteria are washed out of the test piece|
pension is measured by the viable bacterial count method.
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with artificial light source(s) used for general lighting purposes and excluding sunlight

mple,
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5.1 Bacteria strains and preparation for tests

5.1.1 Bacteria strains

The bacterial strains to be used in the test shall be the same as or equivalent to those described in
Table 1 and supplied by an entry registered under the World Federation for Culture Collections or the
Japan Society for Microbial Resources and Systematics.
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Table 1 — Bacteria strains to be used in the test

Bacteria species WDCM code
Staphylococcus epidermidis WDCM 00132
Escherichia coli WDCM 00012

5.1.2 Subculture of bacteria strains

Testimmgtsperformredimabiosafety tevettestimgroomrequippedfor the requiredtypeof mricqoorganisms
to be used. A nutrient agar slant medium (NA slant medium) is inoculated with~Staphylococcus
epidgrmidis or Escherichia coli and streak cultured for 24 h to 48 h at (37 = 1) °C. Thecultufed bacteria
can e stored at 5 °C to 10 °C for one month. Using this material as a stock strain, the'€ultured bacteria
can be subcultured up to 10 times under the same conditions.

NOTE1  Forlong-term storage such as cryopreservation, appropriate measures are‘taken.

NOTH 2  Ifthe activity of used bacteria is maintained, agar plates can be uséd;

5.2 | Chemicals and implements

The |chemicals, materials and implements used in this .testing are as follows, unless otherwise
designated. The commercial media of the same components described below can be used.

5.2.1 Dispersion medium for Staphylococcus epidermidis

Add #9 ml of sterile water and 50 g of weighed triol-type polypropylene glycol (alpha, alpha’, alpha'-
1,2,3rpropanetriyltris [omega-hydroxy-polyJoxy(methyl-1,2-ethanediyl)]], average moledqular weight
300 [PPG 300)) to a flask with a magnetic*stirring bar. Inmediately after addition, stir yith the bar.
Then, add 1 g of polyethylene glycol [average molecular weight 500 000 (PEG 500K)] under continuous
stirring, and stir for 1 h. Sterilize in@n-autoclave at (121 + 2) °C for at least 15 min. Aftef dissolving,
use Jodium hydroxide or hydrochloric acid to adjust the solution pH to (7,1 + 0,2) at 25 {C. Adjust to
100 ml using sterile water. Sterilize in an autoclave at (121 * 2) °C for at least 15 min and store at room
temperature. Do not use dispersion medium made more than one month previously.

5.2.2 Dispersion medium for Escherichia coli

Add B0 ml of sterilewgater and 0,1 g of weighed mucin to a flask with a magnetic stirring bar. jmmediately
after| addition, stit~with the bar. Then, add 0,2 g of sodium alginate under continuous stjrring. After
dissalving, add\20 ml of glycerol. Store at room temperature. Do not use dispersion mediun made more
than|one menth previously.

5.2.3 “71/5-concentration nutrient broth medium (1/5 NB)

For 100 ml of sterile water, take 0,3 g of meat extract, 1,0 g of peptone and 0,5 g of sodium chloride,
put them into a flask and dissolve them thoroughly. When the contents are thoroughly dissolved, use
a solution of sodium hydroxide or hydrochloric acid to bring the pH to (7,1 + 0,1) at 25 °C. Dilute this
solution fivefold using sterile water, and adjust the pH to (7,0 + 0,2) at 25 °C using sodium hydroxide
or hydrochloric acid. Sterilize in an autoclave at (121 * 2) °C for at least 15 min. After preparation, if
1/5 NB is not used immediately, store it at 5 °C to 10 °C. Do not use 1/5 NB made more than one month
previously.

5.2.4 1/2-concentraion luris-bertani broth medium (1/2 LB)

For 100 ml of sterile water, take 0,5 g yeast extract, 1 g tryptone and 1 g sodium chloride, put them into
a flask and dissolve them thoroughly. When the contents are thoroughly dissolved, use a solution of
sodium hydroxide or hydrochloric acid to bring the pH to (7,1 = 0,1) at 25 °C. Dilute this solution twofold
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using sterile water, and adjust the pH to (7,0 + 0,2) at 25 °C using sodium hydroxide or hydrochloric
acid. Sterilize in an autoclave at (121 * 2) °C for at least 15 min. After preparation, if 1/2 LB is not used
immediately, store itat 5 °C to 10 °C. Do not use 1/2 LB made more than one month previously.

5.2.5 Nutrient agar medium (NA medium)

The preparation of the NA medium shall follow ISO 17094:2014, 6.2.3.

5.2.6 Soybean-casein digest broth with lecithin and polysorbate 80 (SCDLP medium)

The preparation of the SCDLP medium shall follow ISO 17094:2014, 6.2.4.

6 Apparptus

equipment enables examination of antibacterial activity using an indoor-light-active
tic material by providing indoor light illumination to activate the findoor-light-active
5t. It consists of a light source and a chamber containing the test piece. A schematic
on of the testing system is shown in Figure 1.

The testing
photocataly
photocataly;
representat

-
o

AN N
/3

2

e

b =T
4
Key
1 light soufce 4  Petridish
2 UV sharp cut-off filter 5 spacer
3 glassplate 6  testpiece
Figure1'— Schematic diagram of the test equipment

6.1 Lightsource, as-specified in [SO 14605, for indoor lighting condition. A halophosphate fluorescent
lamp with ajcorrelated colour temperature of 3 800 K to 4 500 K shall be used for the light source. When
a halophosphate fltrorescent lamp is not available, a three-band fluorescent lamp with a correlated cplour
temperaturg 0f.3' 800 K to 4 500 K and a colour rendering index (Ra) higher than 80 can be used as a
substitute.

6.2 UV sharp cut-off filter, as specified in ISO 14605, used under UV cut-off condition (condition B).
The UV sharp cut-off filter shall be mounted immediately below the lamp. Condition B is under 380 nm
cut-off condition. Type B UV sharp cut-off-filter is specified in ISO 14605.

6.3 Moisture preservation glass plate, as specified in [SO 17094:2014, 7.3, to prevent contamination
by floating bacteria.

6.4 Illuminance meter, as specified in [SO 14605.

© IS0 2020 - All rights reserved
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7 Test piece

Cuta (50 = 2) mm x (50 * 2) mm flat portion of the material. The thickness of the material should not
exceed 10 mm. Use this as the standardized shaped test piece. A film-like material may be attached
to non-treated glass to maintain its strength. Prepare nine pieces of non-treated test pieces and six
pieces of indoor-light-active photocatalytic treated test pieces. When non-treated test pieces cannot be
provided, a material as similar as possible to that of the indoor-light-active photocatalytic treated test
pieces can be used. Take great care to avoid microbial contamination and cross-contamination among
test pieces. If the surface of the test piece is contaminated by organic material, the test piece may be UV
irradiated for up to 24 h using approximately 1,0 mW/cm?, or wiped clean with ethanol. If a non-treated
test piece cannot be provided, it is necessary to use a material that would produce a similar bacteria
recoyery rate to that of an indoor-light-active photocatalytic treated test piece.

8 Procedure

8.1 | Preparation of test bacterial solution

8.1.1 Culturing of test bacteria

incubate at
r plate) and
a.

fer bacteria (5.1.2) to the NA medium (slant or plate) using“a platinum loop and
E 1) °C for 24 h to 48 h. Transfer the incubate bacteria tolayhew NA medium (slant g
pate at (37 + 1) °C for 24 h to 48 h. This cultivated bacterid shall be used as test bacteri

Tran
(37 A
incul

8.1.2 Preparation of test bacterial solution

Scraj
mate
for E|
solut
Esch
Esch
bactd
imm
2 h.

epide

NOTH

origipal bacterial solution. One way to achieve a nearly homogenous test bacterial solution is

proce

8.2

8.2.1

pe the test bacteria cultured in 8.1.1 from the NA medium using a platinum loop,

rial in a glass reagent tube containing 5 mlof1/5 NB for Staphylococcus epidermidis, 10
Kcherichia coli, and agitate thoroughly. The obtained solution shall be used as the origij
ion. Add the dispersion medium desctibed in 5.2.1 (for Staphylococcus epidermidis)

brichia coli) to the glass reagent tube,Then add 1/100 (for Staphylococcus epidermidis)
brichia coli) of the amount of the original bacterial solution and agitate thoroughly. Ad
rial solution to a concentration of 5,0 x 102 cfu/mg to 2,0 x 103 cfu/mg. After adju

n all cases, use glass redgent tubes for preparation of the test bacterial solution. Stq
rmidis adheres readily tethe surface of plastic materials.

ss three times)owmore (inverting the tube five times and mixing the tube by vortex mixer for

Application of test bacterial solution

suspend the
ml of 1/2 LB
hal bacterial
br 5.2.2 (for
or 1/10 (for
just the test
stment, use

pdiately. If the test bacterial-solution is not to be used immediately, store it on ice andl use within

iphylococcus

The high viscesity of the dispersion medium impedes blending of the dispersion medium and the

o repeat the
b S).

Measurement of test piece mass

Measure the mass of all test pieces to a precision of 0,1 mg and record.

8.2.2 Application of test bacterial solution

Apply (2,5 = 0,5) mg of the test bacterial solution as prepared in 8.1.2 to test pieces (nine non-treated
test pieces and six indoor-light-active photocatalytic treated test pieces) uniformly. 8.2.3 provides an
example of the application method. However, other similar application methods may be employed.

8.2.3 Direct application method

Transfer 0,2 ml of the bacterial solution to the tip of a sterilized cellulose non-woven folded cloth as
shown in Figure 2. Prepare a piece of aluminium foil by wiping clean with alcohol and inoculate an area
of approximately 15 cm x 15 cm to eliminate excess bacterial solution. Then apply the solution on the
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test piece surface completely and uniformly. After the application is complete, wipe off any excess test
bacterial solution uniformly with a newly folded cellulose non-woven cloth. Calculate the mass of the
applied solution by measuring the mass of the test piece on which the solution has been applied. Repeat
either application or removal by wiping until the application mass is (2,5 * 0,5) mg. Place the inoculated
test piece into a Petri dish and cover with a glass plate.

) \\ = N E

1
Key
1 section tp be impregnated with test bacterial solution

Figure 2 — Folding of cellulose non-woven cloth
Three test pgieces comprise one group. Limit the time of the bacterial solution application for one group
to 5 min or less. Then proceed to expose to light or keep in a dark place, imniediately.
8.3 Indogr lighting condition
8.3.1 Megdsurement of luminance and preparation of settirig.position of test pieces
Set the illuthinance meter on the base of the illumination ‘apparatus and place a glass plate used for
testing on tpp of the sensor. Adjust the intensity of the lamp to give an illuminance of 1 000 Ix + 50 Ix
at the surfage of the test pieces. Before measuring luminance, the light source shall have been lighting
up prelimingrily for 15 min or longer to stabilize the,luminance. The testing ambient temperatur¢ and
relative humidity shall be set within the range of (25* 3) °C and 50 % to 70 %, respectively, to simpulate
the environment where the product may be used;
NOTE This illuminance range can be altered between 100 Ix = 5 1x and 3 000 1x * 150 Ix to take into acfount
the real condjtions where the indoor-light-active photocatalyst product is applied.
8.3.2 Lig:[t exposure time
Expose to light the Petri dishes’containing the test pieces (three non-treated and three indoor-light-
active photdcatalytic treated-test pieces) with bacterial inoculation for 4 h.
NOTE This exposuretime can be shortened to as little as 2 h to take into account the real conditions yhere
the indoor-light-active pliotocatalyst product is applied.
8.3.3 Test pieces inoculated with test bacterial solution under light condition

Place the test pieces (three non-treated and three indoor-light-active photocatalytic treated test pieces)
with inoculated test bacterial solution on Petri dishes and place a glass plate on top of each Petri dish.
Place Petri dishes containing the test pieces at the position determined in 8.3.1 and expose to light for
the duration designated in 8.3.2.

8.3.4 Test pieces inoculated with test bacterial solution under dark condition

Place test pieces (three non-treated and three indoor-light-active photocatalytic treated test pieces)
with inoculated test bacterial solution on Petri dishes and place a glass plate on top of each Petri dish.
Keep the Petri dishes containing the test pieces in a dark place for the same time as instructed in 8.3.3.
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8.4 Measurement of number of living bacteria

8.4.1 Washout of inoculated bacteria

Put each tested piece (non-treated and indoor-light-active photocatalytic treated test pieces) on a
new Petri dish using sterilized tweezers. Add 10 ml of SCDLP medium (see 5.2.6) kept at 37 °C using
a sterilized pipette. Place the dish on a horizontal shaker and shake for 5 min at a rate of 90 cycles per
min. Another method may be used if a similar yield is assured.

Use a Petri dish large enough that the surface of a test piece is completely submerged when 10 ml of

SCDLP medium is added.

8.4.2

Take
(9 +

of edch solution (washout solution or diluted solution). Add 15 ml to 20 mlkof’NA mediun

kept
temp]
at (3
300

significant digits.

1

whet

)
4
1

If the
all ai
Petri
ZisT

8.4.3

Meas
appr
the ny
and

v

Measurement of bacterial concentration in washout solution

1,0 ml of washout solution (see 8.4.1) with a sterilized pipette, add to a redgent tub
0,1) ml of SCDLP medium and mix thoroughly. Take three Petri dishes and’place in

at 45 °C to 48 °C to each Petri dish. After mixing well, cover and letiit'stand for 15 1§
erature. After the medium solidifies, place the Petri dishes upside down and culture in
7 + 1) °C for 36 h to 48 h. Count colony numbers in the series 6f Petri dishes with 3(
Colonies. The bacterial concentration in washout solution is calculated using Formul

p=7xDy,

P is the bacterial concentration (cfu/ml);

is the average number of colonies‘in’ the three Petri dishes (cfu);

D is the dilution factor.

number of viable bacteria istless than 30 in the Petri dishes with 1,0 ml of washout so
1d the average is used forthe calculation. If the number of viable bacteria is less tha
dishes with 1,0 ml of the washout solution, the number of viable bacteria is designated
eplaced with “1” for the calculation.

Measurement’of bacterial concentration in test bacterial solution

ure the mags-of a (glass or plastic) reagent tube containing (9 + 0,1) ml of SCDLP medit
pximately.1,0 g of the test bacterial solution to the reagent tube. Measure the mass agai
nass ofthe added test bacterial solution [designate mass as M, (g)], then mix thorough
hdd 'to a reagent tube containing (9 + 0,1) ml of SCDLP medium. Repeat this proces

b containing
each 1,0 ml
1 (see 5.2.5)
min at room
in incubator
colonies to

A (1) to two

(D

ution, count
n one in the
| as “<1” and

m, then add
h and record
y. Take 1 ml
5 to prepare

ate

fold serial dilution. Take two Petri dishes and place in each one 1.0 ml of each solu

ion (diluted

solution). Add 15 ml to 20 ml of NA medium (see 5.2.5) kept at 45 °C to 48 °C to each Petri dish. After
mixing well, cover and let it stand for 15 min at room temperature. After the medium solidifies, place
the Petri dishes upside down and culture in an incubator at (37 + 1) °C for 36 h to 48 h. Count colony
numbers in the series of Petri dishes with 30 colonies to 300 colonies. The bacterial concentration in
test bacterial solution is calculated using Formula (2) to two significant digits.
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C=Z,XDg /1000/M, (2)
where

C is the bacterial concentration in test bacterial solution (cfu/mg);

Z,  isthe average number of colonies on the two Petri dishes (cfu);

Dy isthe dilution factor;

M, is|the mass of added test bacterial solution (g).

NOTE The specific gravity of the dispersion medium and water is the same.

9 Calculption

9.1 Genefal

The test regults are calculated as follows. The calculated values showld be rounded to the sgcond

decimal plag¢e in accordance with ISO 80000-1.

9.2 Testrequirement fulfilment validation

A test is considered valid if it fulfils all of the following four-¢onditions from a) to d). If one or mqre of

these conditlions are not fulfilled, the test is considered non-valid and shall be performed again.

The number|of viable bacteria per unit inoculating mass on each of the test pieces (N) shall be calcujated

using Formyla (3).

N=PxV|/ M, (3)
where
N is|the number of viablé bacteria per unit inoculating mass on each test piece (cfu/mg);
is[the concentratiomwof viable bacteria (cfu/ml) obtained in 8.4.2;
%4 is[the volume-of SCDLP medium used for washout (ml);
M;  is|the mass of inoculate on each test piece (mg).

a) The bagtetial concentration in the test bacterial solution (C) shall be within the range describjed in

Formulat#r:
5,0x10%<C<2,0x103 4
where Cis the bacterial concentration in the test bacterial solution (cfu/mg).

b) Distribution of the average viable bacteria count per unit inoculating mass of each set of the three
non-treated test pieces under illumination with light or kept in a dark condition after inoculation
shall be within the range described in Formula (5).
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d)

ISO 22551:2020(E)

(5)

(Nmax ~Niin )/Nmn <0,6
where
N_.x isthe maximum value of viable bacteria per unit inoculating mass on the three individ-
ual test pieces;
N,in is the minimum value of viable bacteria per unit inoculating mass on the three individu-
al test pieces;
N TS theaverage vatue of viable bacteria perumitimocutating rass o the threg individual

test pieces.

The average value of viable bacteria per unit inoculating mass among the three non

0,5xC<A<1,3xC

here
C isthe bacterial concentration in the test bacterial selution (cfu/mg);
A isthe average viable bacteria count per unit inegulating mass among the three

test pieces immediately after inoculation (cfu/mg).

The ratio of the average viable bacteria count:per unit inoculating mass among thg
freated test pieces immediately after inoculation (4) to the average viable bacteria co
yoculating mass among the three non-treated test pieces exposed to light illumination

ark condition (B}, or Bp) shall be withinthe range described in Formulae (7) and (8),

0,5<(B, /A)<1,3
0,5<(B,/A)<1,3

yhere
B, isthe average viable bacteria count per unit inoculating mass among the three
test piéces exposed to light illumination (cfu/mg);

By isithe average viable bacteria count per unit inoculating mass among the three
test pieces kept in a dark condition (cfu/mg);

A~ is the average viable bacteria count per unit inoculating mass among the three

pieces immediately after inoculation shall be within the range described in Eermula (6).

treated test

(6)

non-treated

three non-
unt per unit
or keptina
espectively.

(7)

(8)

non-treated

non-treated

non-treated

+ o H A N | £i H ) P (.. [ nY
LCS T PICLTS THITITCTUTATTT Y dTTCT TITUTUTATTUITN (LTI /11T -

9.3 Calculation of reduction rate of living bacteria

The reduction rate of living bacteria on indoor-light-active photocatalytic treated test pieces exposed
to light illumination (R;) and the reduction rate of living bacteria on indoor-light-active photocatalytic
treated test pieces kept in a dark condition (Rp) shall be calculated with Formulae (9) and (10),
respectively.
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R, =100

where

x(B,~Cy)/By,

(9)

R,  isthereduction rate of living bacteria on the indoor-light-active photocatalytic treated test

eces exposed to light illumination (%);

B;  is the average viable bacteria count per unit inoculating mass among the three non-treated

pi
t
C, is
d
Ry =100
where
Rp s
Bp s
te
Cp is
d

10 Test report

pileces kept in a dark condition (%);

st nieces exnosed tolicht illumination (cfu/mg):
r r o AN 4 oJ7

the average viable bacteria count per unit inoculating mass among the three in-
or-light-active photocatalytic treated test pieces exposed to light illumination (¢fu/m

x(By—Cp)/ By

the reduction rate of living bacteria on the indoor-light-active photocatalytic treated f]

the average viable bacteria count per unit inoculating.mass among the three non-trea
st pieces kept in a dark condition (cfu/mg);

the average viable bacteria count per unit inoculating mass among the three in-
or-light-active photocatalytic treated test pieges kept in a dark condition (cfu/mg).

ort shall include the following infotimation:
nce to this document, i.e. [ISO22551:2020;

fion of the type, size, shape’and thickness of the indoor-light-active photocatalytic trg
fes and non-treated test.pieces;

Fion of conditions-of pre-exposure when applied;
Lest bacteriabacteria strain number;
cturer offluorescent lamp, product number;

JV.sharp cut-off filter (manufacturer, product number);

oS
N

(10)

est

ed

pated

cturer of tHunmimance meter; product TummbeT;

conditions including luminance and light exposure duration;

type and size of glass plate;

composition of dispersion medium;

bacterial concentration in test bacterial solution;

inoculating method;

washout method;

values obtained by testing (R, Rp, 4, By, €}, Bp, Cp);

The test rep|

a) arefere

b) descrip
test pie

c) descrip

d) type of

e) manufa

f) type of

g) manufa

h) lighting

i)

j)

k)

)

m)

n)

10
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