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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

In recent years, threats of infectious diseases mediated by insects such as mosquitoes are rising. In
response to consumers' concerns about this, demand for high-performance anti-mosquito fabrics has
been expanding. However, there has been no standard for evaluating the performance of such anti-
mosquito fabrics, and it has been difficult to provide fair technical information on their performance.
Therefore, a new test method was established in order to evaluate anti-mosquito performance of
fabrics.

For this purpose, an apparatus was developed for attraction and blood feeding of blood-unfed

ik dhovo ol oo tazitl oot oo o b Fraxrixmaalac o £ P2 EE PEEZP
mosghaieoes—+tit Ot ST TADTTCS vV ItITO U O STIT S TTOIiralt OT arrrar aS o tCCtrTg Sources

The |nternational Organization for Standardization (ISO) draws attention to the factthat |t is claimed
that fompliance with this document may involve the use of a patent.

ISO tpkes no position concerning the evidence, validity and scope of this patentiright.

The holder of this patent right has assured ISO that he/she is willing-tovnegotiate licenses under
reaspnable and non-discriminatory terms and conditions with appliegants throughout the world. In
this respect, the statement of the holder of this patent right is registered with ISO. Informdtion may be
obtalned from the patent database available at www.iso.org/patents.

Attention is drawn to the possibility that some of the elementsof this document may be the subject of
patent rights other than those in the patent database. ISO shall not be held responsible for identifying
any gr all such patent rights.
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Textiles — Anti-mosquito performance test method using
the attractive blood feeding apparatus

1

Scope

This document specifies a method for evaluating the function of reducing mosquito contact and blood
feedimgthrougirtireanti-mosquito fabric regardiess of wirether chemnticats are treated or 1o
the tpst method for evaluating this function without using human or animal as blood feedi]

In addition, this document is only concerned with evaluation of anti-mosquito perferma
concerned with evaluation of preventive method of diseases caused by anti-mosquito perfd

2

Normative references

Therge are no normative references in this document.

L

[erms and definitions

For the purposes of this document, the following terms anddefinitions apply.

ISO gnd IEC maintain terminological databases for usé in standardization at the following ¢

3.1

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://wWww.electropedia.org/

anti{mosquito fabric
fabrig for preventing blood sucking by treating chemicals or processing fabric structure

3.2

landjing
statg of mosquito alighting-and staying on a surface within an arbitrary section (on the tesf

3.3

blood feeding rate
percentage ofthe humber of blood-fed mosquitoes through specimen to the total number of

3.4

.Itprovides
1g sources.

nce, and not
rmance.

ddresses:

specimen)

mosquitoes

probing behaviour

beha ¢ hile laokine . ] . . ] i< for blood feed

Note 1 to entry: This gesture is recognized as an up and down movement of the head.

3.5

blood feeding prevention
effectiveness of test sample in preventing blood feeding of mosquitoes

Note 1 to entry: In this document, it is indicated by the blood feeding prevention index.

4

Principle

Using the attractive blood feeding device, obtain the blood feeding prevention index and determine the
landing and probing behaviour of blood eager female mosquitoes when exposed to a test sample.

© IS0 2022 - All rights reserved
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5 Apparatus and materials

5.1 Attractive blood feeding device

5.1.1 General

Attractive blood feeding device consists of parts described in 5.1.2 to 5.1.7. An example of the
configuration of attractive blood feeding device is shown in Figure 1.

Key

hole for

test cage
specime

AW N R

test sped

5.1.2 Fee

upplying carbon dioxide gas 5 nozzle for supplying carbon dioxide gas
6 feeding device

1 holder 7 ventilation fan

imen 8 frame

Figure 1.~ Configuration example of attractive blood feeding device

ling device

The feeding

hiture

device is composed of a feed reservoir for pouring test blood and a thermostat temper

regulator. An example of the configuration is shown in Figure 2 and Figure 3.

5.1.1.1 Feed reservoir, composed of a metal or glass container holding test blood and membrane
covering the container. The surface covered with membranes serves as the feeding surface.

The diameter of feeding surface of feed reservoir shall be 35 mm * 2 mm. The capacity of feed reservoir

should be at

least 3 ml.

5.1.1.2 Membrane

An animal intestine, animal skin, collagen film, sausage casing, or artificial skin to be used as a
membrane through which a test mosquito can blood feed. Selected membrane should be agreed upon
between the interested parties.

© IS0 2022 - All rights reserved
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5.1.1.3 Thermostat temperature regulator, device connected to feed reservoir that can control
temperature to a constant temperature +0,5 °C.

An electrically controllable heater, a constant temperature water circulation device, and the like are
examples.

Key

1 ermostat temperature regulator 7  ventilation fan

2 I‘st cage 8 feed reservoir

3  dpecimen holder 9  temperature control unit

4 st specimen 10 carbon dioxide gas supply unit
5 ozzle for supplying carbon dioxide gas 11 exhaust direction

6 eding device 12 test mosquito

Figure 2 — Configuration example of periphery of attractive feeding device (cross sectional
view)

©1S0 2022 - All rights reserved 3
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Key

1 thermostat temperature regulator 5 nozzle for'supplying carbon dioxide gas
2 testcage 6 membrane

3  specimep holder 7  te§tblood

4 testspedimen 8 .\ feed reservoir

Figure

5.1.3 Test cage

The test cag
with three d

3 — Configuration example of periphery of feed reservoir (cross sectional view)

e is a cuboid (width: 380’mm # 10 mm, height: 200 mm #* 5 mm, depth: 200 mm * 5{mm)
penings on one side that can be connected to a feeding device having a structure designed

to allow test mosquito to be released inside. Three openings with diameter 55 mm + 2 mm are jojnted
to feed reservoirs via spegitnén holder which size is such that feeding surface is sufficiently exgosed

through the

openings. Three openings should be covered with lids before and after the test| and

should be tightly conngcted with specimen holder during the test to prevent the test mosquitoes ffrom

escaping frd
test mosqui
observed.

m the cage. Mesh is used for five faces of test cage. Mesh is fine enough so as not to gllow
toes to-escape, but not too tight so that the behaviours of test mosquitoes inside cgn be

An example

of test cage is shown in Figure 4.

© IS0 2022 - All rights reserved
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Dimensions in millimetres

Key

1 ole for supplying carbon dioxide gas
2 :Lesh (5 faces)

3  ¢pening

4  fitting part of specimen holdér

Figure 4 — Example of test cage

NOTH In order to-reduce the effect of the examiner's exhalation on the test mosquito, for expmple, a face
shield may be wotn-or a transparent acrylic sheet may be placed on the observation surface.

5.1.4 Specimen holder and lid

The specimen holder is used for immediate removing of test specimen (or validation spetimen) after
test. The lid is used for avoidance of escape of test mosquitoes from test cage before and after test. The
specimen holder is quickly removed from test cage immediately after completion of test and opening of
test cage is immediately closed by lid. An example of specimen holder and lid is shown in Figure 5.

© IS0 2022 - All rights reserved 5
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Dimensions in millimetres

140
140

h) Specimen holder b) Lid

Figure 5 — Example of specimen-holder and lid

5.1.5 Frame

A frame thgt can connect and fix the test cage and feeding device, and has a structure that can fix
feeding surface at a position 45° from the harizontal plane.

5.1.6 Carbon dioxide gas supply unit-and ventilation fan

The carbon dioxide gas supply unit {s"composed of a carbon dioxide gas cylinder, a gas regulator, a|flow
meter, carb¢n dioxide gas supply;nozzle with an inner diameter of approximately 3 mm and a sol¢noid
valve with timer for releasing,a certain amount of carbon dioxide (not less than 99,5 % purity) gas at
constant tire intervals on the surface of test specimen. Carbon dioxide gas is blown from the ypper
part in the Vicinity of each test specimen (or validation specimen) of test cage. Air flow rate is 1,0 1/
min * 0,1 1/fnin, andairfsupplying time is 10 s per 1 min.

In order to prevent-carbon dioxide gas residence in test cage, ventilation of air is done with ventilation
fan or the likezThe wind speed shall be about 1 m/s immediately under test cage.

5.1.7 Infrared surface thermometer

With a measurement range of 0 °C to 50 °C and accuracy of +2 °C.

5.2 Testblood

Blood in Alsever’s solution, a solution prepared by mixing animal blood with an anticoagulant.
Alternatively, a solution containing the required amount of blood components or a solution containing
similar components except of animal or human blood to promote the mosquito blood feeding can be
used by agreement between the interested parties.

6 © IS0 2022 - All rights reserved
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5.3 Test mosquito

Unfed female adults of Asian tiger mosquito, Aedes albopictus (Skuse) (see Figure 6), with blood feeding
eagerness are used for test.

If other mosquito species are used for testing, the test mosquito information shall be described in the
test report as specified in Clause 7.

-

Figure 6 — Asia@]‘fger Mosquito, Aedes albopictus (Skuse), females

For Aedes albopictus, in o (t.‘go obtain test mosquitoes with blood feeding eagerness, testf mosquitoes

7 days to 20 days old af mergence should be used, which are kept in breeding cages with male adult
mosquitoes. The mosqguito breeding conditions used for test is shown in Annex A.

O
5.4 Validati@?s‘ample

(11 4 %
of tes squitoes.

Validatio@ple is medical gauze, bleached and purified, 100 % cotton woven, plain weave, warp
eads/cm weft (9 + 1) threads/cm. It is used for testing to confirm the blood fee

Ting activity

Alternatively, a stainless steel mesh can be used by agreement between the interested parties.

NOTE Examples of medical gauze include types 18, 20, and 22 as specified in EN 14079:2003.

6 Test sample and test specimen

6.1 General

Two types of fabric samples, test sample and validation sample, are prepared as test specimen and
validation specimen, respectively.

© IS0 2022 - All rights reserved
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ling of test sample and test specimen (Conditioning)

Preparation of test sample and test specimen is done by keeping them in an environment without direct
sunlight, at a temperature of 27 °C # 2 °C, relative humidity within range of from 50 % to 85 % for more
than 16 h. Test sample and test specimen are individually placed in a sealed container or the like in
order to avoid sample contamination and laboratory contamination caused by diffusion and adhesion
of anti-mosquito repellent chemicals.

6.3 Preparation of specimen

of test specimens shall be done as follows.

Preparation
a) Preparg

each teq
b) Each tej
c) Attacht
7 Testel
Test shall be

relative hunpidity within range of from 50 % to 85 %, illuminance of/600 Ix or more. Also, ensurg

the exhalati
blood feedir

When using

appropriate

8 Prepa

8.1 Sepal

Openings off
eagerness, 1
collected wi
mosquitoes

8.2 Preparation of thermostat temperature regulator

Feeding dev

nine test pieces. Test for each sample is repeated 3 times. One set of 3 specimen isusé
t.

t specimen shall have a dimension of 8 cm x 8 cm.

he test piece to the test piece holder.

nvironment

conducted in an environment not exposed to direct sunlightdt a temperature of 27 °C 4

pn gas and body temperature of the observer does not.affect test mosquitoes in attra
g device.

y test mosquitoes other than Aedes albopictiisy test environment may be changg
environmental conditions depending on spegies.

ration

ration of test mosquitoes

test cage shall be closed in~advance with lids. To collect test mosquitoes with blood fee
nosquitoes showing prgbing behaviour to human hands held over breeding cage sh4
[th aspirator tube. Thirty test mosquitoes are released in test cage. Test cage containin
is kept in breedinglenvironment described in Annex A until the start of test.

ice of thérmostat temperature regulator shall be pre-heated before starting test.

8.3 Prep:lxration of feed reservoir

d for

2°C,
that
ctive

d to

ding
1l be
b test

Test blood is poured into feed reservoir covered with membrane.

8.4 Preparation of feeding device

Feed reservoir is attached to thermostat temperature regulator. Temperature of feeding surface should

be confirme

d to reach above 34 °C with tolerance 4 °C using an infrared surface thermometer.

© IS0 2022 - All rights reserved
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Procedure

9.1 Test procedure

Test operating procedure shall be as follows.

a)

D)

9.2

Replace the lids of all openings with the test specimen holders to which the test
attached. Expose the front side of test specimen inside the test cage.

Install the test cage on the frame.

U dlC dIIU dIC pPICTIICdlEU.
uld be approximately 7/nn

elease carbon dioxide gas with a supply cycle described in 5.1.6.

Record the number of landing test mosquitoes on the feeding¢surface for a 10 min
Recordings shall be taken every 30 s for the first 6 min and eyefy 60 s after 6 min.

At the completion of the final recording at 10 min, sepapate the test specimen from
gurface to prevent additional feeding.

$top supplying of carbon dioxide gas.
Replace the test specimen holders with the lids:
Kill the test mosquitoes by an appropriate-method such as freezing treatment.

[ount the number of blood-fed and blood-unfed test mosquitoes. Crush the test mosquit
lo examine whether they are blood-fed or not.

Wash the specimen holders, test cages, feed reservoirs, feeding devices, etc. thj
¢ontaminated with repellentitreatment from the test specimen.

Validation check{(procedure

Validation check shall-be carried out using validation specimen and the operating procedur
described in 9.1.

9.3

Calculation

specimen is

he distance
to prevent

ke sure that

test period.

the feeding

o abdomens

it might be

e shall be as

9.3.1 c-Calculation of landing rate

The landing rate for each measurement time and average landing rate for each measurement section
are calculated using Formulae (1) to (4).

a)

Landing rate for each measurement time

N
L, =—x100
N

© IS0 2022 - All rights reserved
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where
Ly is the landing rate (%) at arbitrary time ¢ (min);
For example, L, s represents landing rate after 0,5 min (30 s) of measurement start;
Ni; isthe number of landing (number of test mosquitoes) at arbitrary time t (min);
N is the total number of test mosquitoes.

b) Average landing rate per measurement section

Le=(Lys+Ly +Ly 5+ Ly +1p5)/5 (2)

L,=(s+Lys+L,+L,s+Li+L)/6 (3)

Ly =(L+Ly +Lg+Lg+Lg)/5 (4)
where

Ze is the initial average landing rate (%) (0 min to 3 min after stdrt of test);

Zm is the mid-term average landing rate (%) (3 min to 6 min after start of test);

Zl is the late average landing rate (%) (6 min to 10 minafter test).

The averagg landing rate for each measurement section@epeated three times is averaged and roupnded

to the integer position.

9.3.2 Calqulation of blood feeding rate

Blood feeding rate is calculated by Formula (5):

N
F= WF 100 ()
where
F isthe blood feeding rate (%);
Ng is the numberof blood-fed test mosquitoes;
N isthetotal number of test mosquitoes.
Blood feeding rates with three times repetition are averaged (hereinafter referred to as "average blood

feeding rate

10

F,,.") and rounded to the integer position.

© IS0 2022 - All rights reserved
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3 Calculation of blood feeding prevention index

Blood feeding prevention index is calculated by Formula (6)

Ep =100—F,,

where

F. is the average blood feeding rate (%).

ave

s the blood-foedi conindes

(6)

Antiimosquito performance is classified according to blood feeding prevention index in Anhex B.

9.4

In order to confirm blood feeding activity of test mosquitoes, every testday or with each n

Blood feeding validation check

bw breeding

lot of test mosquitoes, at least one validation check with validation specimen is conducted ir} accordance

with|the test procedure of 9.1. If the blood feeding rate, when calculated using Formula
reach 50 % the blood feeding activity of test mosquitoes is judged as insufficient.

5), does not

If bldod feeding activity of test mosquitoes is insufficient, another validation check shall b¢ conducted.
Testing shall not begin until blood feeding activity of the test mosquitoes is validated to ex¢eeds 50 %.

10

The test report shall state the following items,

a)
b)
‘)
d)

e)
f)
g)

h)
)

L

[est report

dlate of test
a reference to this document, 1ISO24461:2022;
¢nvironmental conditions(of the test site;

lest mosquito information (name of mosquito species, colony name, place of breeding
dge after emergence);

fest blood, membrane;
gample information (product name, product number, chemical name of ingredients, etd

tlest resuilts (Initial average landing rate, average landing rate in the middle term, avel
faté in' late stage, total number of test mosquitoes, number of blood-fed mosquitoes, b

br purchase,

);

rage landing
ood feeding

tate, blood feeding prevention index);

notices that seem to be required reporting (such as probing behaviour of test mosquitoes);

deviations from this test method.

For reference, examples of test reports are shown in Table 1.

© IS0 2022 - All rights reserved
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Table 1 — Example of test report

Date of test Year Month Day
Standard number ISO 24461
Test condition °C, %RH
Test mosquito Type of mosquito, colony name, subculture place or purchase site, post-emergence age
information
Type of membrane Animal preserved blood, sausage casing
covering te§t blood,
bait container
(product name, etc.)
Sample information Product name, product number etc.
Sample L | L, | L Total Number | Blood Blood Classifica-
number | of blood- | feeding feeding tion of an-
oftest | fedtest | rate, F | prevention | ti-mosqpito
mosqui- | mosqui- index, E; |performance
toes, N | toes, Ng
Validation §pecimen 1
Test specimen 1
2
3
aver- (Fave)
age

12 © IS0 2022 - All rights reserved
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Annex A
(informative)

Breeding environment of mosquitoes used for testing

Mosquitoes used for test are kept under the following environmental conditions. Conditions not shown
in this annex are based on general rearing techniques.

a) KEnvironmental conditions of breeding room

$ame as the test conditions described in 7, temperature 27 °C + 2 °C, and relative’huniidity within
fange of from 50 % to 85 %.

b) Lighting: [llumination of the breeding room shall be a cycle of 16 h lightand 8 h dark.
c) Rearing: Adult mosquitoes are reared as follows until they are usedAor test.

1) Adult mosquitoes are released in a breeding cage while mixihg the sexes.

2) Adult mosquitoes are fed with 3 % to 5 % aqueous su€rose solution and are not fed with blood.

3) Female adults that reached the age after emergenceprescribed in 5.3 are used for fest.

©1S0 2022 - All rights reserved 13
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