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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
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respect thereof. As of the date of publication of this document, ISO had ¢eteived not
which may be required to implement this document. However, implementers are cautic
not represent the latest information, which may be obtained from the patent database av
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ld Trade
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iment was prepared by Technical Committee ISQ/TC 146, Air quality, Subcommittee SC 6, I

1l parts in the ISO 16000 series can be found:on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standard
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Introduction

Fungi from different taxonomic groups form filamentous cells (mycelium) and asexual spores (conidia). Most
spores are in the size range of 2 pm to 10 pm, some up to 30 pm and only few up to 100 pm. Spores of some
fungi genera are small and become airborne very easily (e.g. Aspergillus, Penicillium) while others are bigger
and/or embedded in a slime matrix (e.g. Stachybotrys, Fusarium) and less mobile.

Fungi spores are widely distributed in the outdoor environment and, therefore, also occur in varying
concentrations indoors. The growth of fungi in indoor environments, however, is considered to be a hygiene
problem because epidemiological studies have revealed that dampness and/or mould growth in homes is
closely related to health problems affecting the occupants.

Harmoni
strategig
measure

This doc

It descri
in mater
filament

It descril
sampling

This me

zed methods for sampling, detection and enumeration of moulds, including standards for:
s, are important for the comparative assessment of indoor mould problems. Before” d
ments, a plan for the measurement strategy (on the basis of ISO 16000-19[141) should be m

ment describes the measurement of fungal material by enzymatic biochemigal-ahalysis.

bes a rapid quantitative method to determine the total fungal material in air, on su
ial samples by measuring a naturally occurring enzyme found in the chitinolytic syst
us fungi (B-N-acetylhexosaminidase or NAHA (EC 3.2.1.52)).[1[2I3]AIE] (6]l (Z][8][9][10]11]

procedures for air, surfaces and material samples.

thod does not enumerate or differentiate genera or §pecies of fungi such as those

I1SO 160000-17112], 1SO 16000-18M13] and ISO 16000-20[151,

[tisaqu

intitative method used to rapidly assess condition§’found in indoor spaces or post-remedi

sampling
oing any
hde.

-faces or
em of all

es the analytical procedure that can be performed on-site or in adaboratory and refers to applicable

found in
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International Standard ISO 16000-22:2025(en)

Indoor air —

Part 22:
Detection and quantification of fungal biomass by fungal 3-N-
acetylhexosaminidase enzyme activity

1 Scope

This dochment specifies requirements for the sampling and analysis of air, surface or bulk'material samples
analysed by fluorometric detection of an enzyme activity present in filamentous)fungilll (US Patent
No. 6,37P,446) to quantitatively determine the total fungal biomass density. lt{describes the gnalytical
procedure that can be performed on-site or in a laboratory. This method does notenumerate or differentiate
genera of species of fungi.

2 Normative references

There arg no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following terms:and definitions apply.
[SO and [EC maintain terminology databases for use in standardization at the following addresses:

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

— IEC Klectropedia: available at https: /{www.electropedia.org/

3.1
enzyme
substange, produced by living-eells that acts as a catalyst to bring about a specific biochemical reacfion

3.2
filamentous fungus
fungus gfowing in theferm of filaments of cells known as hyphae

Note 1 to pntry: Thesterm “filamentous fungi” differentiates fungi with hyphal growth from yeasts.

[SOURCH: 1S6,16000-20:2014, 2.3[13]]

3.3
mould
<air quality> filamentous fungi (3.2) from several taxonomic groups; namely Ascomycota, Basidiomycota,
Mucoromycota, and their asexual states

Note 1 to entry: Mould form different types of spores depending on the taxonomic group they belong to, namely
conidiospores (conidia), sporangiospores, basidiospores or ascospores.

[SOURCE: ISO 16000-20:2014, 2.6[13], modified — “Basidiomycota, Mucoromycota, and their asexual states”
replaced “Zygomycota, and their anamorphic states former known as Deuteromycota or fungi imperfecti”.
“basidiospores” added to Note 1 to entry.]

© IS0 2025 - All rights reserved
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mycelium
branched hyphae network

[SOURCE: ISO/TS 10832:2009, 3.5[16]

4 Principle of enzyme-targeted fluorescent detection

The principle of enzyme-targeted fluorescent detection (ETFD) is to identify and target a specific naturally
occurring enzyme (f3-n-acetylhexosaminidase) present in the cell walls of the fungi, and therefore present
in all fungal particles 1nclud1ng hyphae, hyphal fragments, mycelium and spores. This enzyme is used by the

et oot o oot ot oot one o oottt e 1 thn aygiea it o d bl oy Ao

fungal ce

Enzyme
reaction,
time (e.g

— the Michaelis Menten constant (K);
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formed
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to the fuy

The tech
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inert flugrescent molecule (fluorophore) is embedded.The signature of this particular fluorophor

is thatit

When th
cells bre
enzyme j
amount
of fungi

This readtion does not require cells to be lysed. The reaction happens at the cell wall interface, as it
the envijonment.

Figure 1

release the fluorescent \marker, a measure of the activity, which is proportional to the amount

material
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hetivity follows Michaelis Menten kinetics, and if the amount of substrate is in surplus-d
the rate of reaction is constant (V,,,). If the enzyme reaction is running for a certdin a
30 min), the amount of substrate formed by the reaction will depend on:

emperature;

nzyme concentration.

vill be linear with time and proportional to the concentration of enzyme. The concent
lepends on the concentration of fungi, and the concentratien of product is therefore, pro
1gal concentration.

nology described in this method uses this naturally occurring reaction by using an
e that mimics what the enzyme would act on in the environment. Inside this artificial subs

hbsorbs light at 365 nm wavelength and emits equal energy at 441 nm wavelength.

e artificial substrate is exposed to a samiple with fungal material present, the enzyme in t
hks down the substrate releasing the fluorophore. The more fungal particles present,

factivity. The fluorescent signal measured at the end of the reaction is proportional to th
[the biomass density) presentiin the sample.

describes the process using a target fungal enzyme’s activity to break down the subst

pnstant, and if the temperature is kept constant during the, réaction time, the amount of

iring the
mount of
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artificial enzyme substrate with embedded fluorescent marker compound: 4-methylumbelliferyl $-D glucopyranoside
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Figure 1

5 App
5.1 St¢
5.2 Sa
5.3 Al¢
5.4 Sci
5.5 Cl¢g

5.6 Hij
the filter

To obtain a representable sample, the sampling time and the flow rate are the variables. For most

purposes

5.7 Fil

5.8 Cl¢

59 Flu

a
b  reaction of sample with fungal enzyme cleaving artificial substrate: fungal B-D-N-acetylhexosaminidase
C
d

bphore: 4-methylumbelliferyl (4-MU)
escent marker compound released by cleaving of substrate: glucose

of fluorescent marker

aratus and materials

rile cotton swabs, for sampling.
mple area templates, for surface sampling (e.g. 9 cmZif ising the example criteria in Clay
ohol wipes, to sterilize the scraping tool, forceps-and surface of the porous material to be
raping tool and forceps, to use for collecting;porous material samples.

an plastic bags, with firm closure containers for porous material samples.

rh-volume indoor air pump, an.dil-free rotary vane or diaphragm, capable of pulling aij
cassette at a rate of at least 10 1I/min.

, arelative short sampling time is favoured, so a high-volume pump is preferable.
fer cassette, fordir sampling, 27 mm mixed cellulose ester (MCE) filter, 0,8 um pore size.
an nitrile or similar gloves, for handling reagents, vials and cuvettes.

oremeter, with an excitation wavelength of 365 nm and emission wavelength of 445 nm.

— Illustration of enzyme activity reaction with artificial substrate and-subsequent release

se A.2).

sampled.

through

practical

5.10 Ultraviolet (UV) transparent cuvettes, for measuring samples in the fluorometer.

5.11 Sterile testtubes, atleast 3 ml, glass or plastic, to hold the substrate and swab during the reaction period.

5.12 100 pl auto-pipette, with sterile tips for transferring unreacted and reacted substrate to developer
reagent to measure the sample blank value and analysis value, respectively.

5.13 Sterile syringes, 2,5 ml with luer lock fitting, for transferring reagents to vials, cuvettes or test tubes.

5.14 Calibration cuvette (black), to set zero point during fluorometer calibration.

© IS0 2025 - All rights reserved
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5.15 Thermometer, with a range of at least 18 °C to 30 °C (64,4 °F to 86,0 °F).
5.16 Timing device, to monitor the reaction period.

5.17 0,45 pm pore size filter, with luer lock fitting for turbidity filtration in final sample, if necess

6 Reagents

ary.

6.1 Fluorescent labelled enzyme substrate (ES), such as 4-methylumbelliferyl-N-acetyl-beta-D-

glucosaminide with an inhibitor to exclude non-fungal NAHA.[8]

6.2 Depeloper solution (DS), alkaline buffer solution (pH10) used to stop the reaction betwég¢n the ES

and NAHIA fungal enzyme while enhancing the fluorescence for measurement.

6.3 Swab wetting agent (SWA), sterile saline buffer to aid sample collection and stabilize the syvab after

collectionq.
6.4 4-MU standard solution, serial concentrations, for fluorometer calibration.
7 Sampling

7.1 Sufface sampling

Dip the gterile swab in the wetting agent once and discard the remaining. Place the sample template on
the surfgce to be sampled (if using the interpretation criteria in Clause A.2, a sampling area of 9 ¢m? shall
be used)|l2] The fungal biomass should be removed as.guantitatively as possible. A swab with a r|gid stick

improveg the amount of force that can be used, making swabs with a wooden shaft preferable. Clear

the area

as thorouighly as possible. Keep the swab in a low angle to use as much of the cotton as possible. Rptate the
swab during sampling and use as much force as‘the stick allows. Also, the area should be evenly swabbed in
two pergendicular directions. When the concentration of fungi on the surface is very high, it is n¢t always
possible |to remove all fungal biomass. (This is important to consider as surfaces are often un¢ven and

mycelia gre also growing inside the material. Samples collected from visually clean surfaces, such

as after

remediatlion, require a minimum of thiee passes over the area of the template before sampling is gomplete.

Return the swab to the swab container and label with the location and sample number.

7.2 Pofrous materials

7.2.1 igh-densitymaterials (e.g. cementitious materials, such as concrete, plaster, mortar]

To detect fungal biomass inside this type of porous materials situated in situ in a building, use dlcohol to

sterilize fhe surface where the sample is to be taken with a sterile tool. Then use the tool to scrape t
layer of the high-density materials (HDMs). Use a clean plastic bag with a zip fastener. With the to
the matefrigbinto the plastic bag. Collect at least 300 mg of the material since this is the amount nI
the analysis.

7.2.2 Low-density materials (e.g. insulation materials such as glass wool or mineral wool)

he outer
1, scrape
eded for

Use sterile forceps to take samples. Keep samples in a clean plastic bag with a zip fastener. Collect at least

100 mg of the material as since this is the amount used for analysis.

For both HDMs and low-density materials (LDMs): If materials are moist or wet, they should only be kept
in a closed plastic bag for a short period of times (a few hours), and they should be analysed as soon after

sampling as possible.

© IS0 2025 - All rights reserved
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7.3 Air sampling

For air sampling, a filter cassette containing a methyl cellulose ester membrane filter (pore size 0,8 um)
is used. The sampling time is 10 min with a minimum flow rate of 10 1/min. The minimum sample volume
should be 100 I. Rotary vane pumps or some membrane pumps can be used.

A preferred method for sampling is by use of activated air sampling, where fungal propagules that are settled
on the floor or furniture are re-aerosolized using a small hand-held blower with an airspeed of 3,3 m/s to
3,8 m/s. Activated air sampling is designed to mimic a high level of activity in a space and to improve the
reproducibility of the air sample (see Annex B for the details of the protocol).[19]

8 Prepara

Calibrate
standard
within +

NOTE
fluoromet

Alternati
fluoroph

Relevant
Dilutions
cuvette.
standard

9 Ana

ration-of the flueremeter

the fluorometer with the black calibration cuvette (0,0 fluorescent units, FLU) and thed
in a new cuvette. Compare to the standard value (STD.VAL) of the fluorometer. |} the
. 9 of the STD.VAL of the instrument, note the value on the calculation sheet.

er does not fall within calibration tolerance, then the results will not be valid.

vely, calibrate the fluorometer using a dilution series in the rélevant concentration
pre to establish a linear response.

concentrations of the fluorophore should be used to obtain,a minimum of a four-point ca

are made using the developer solution. Make the concenfrations up in 2 ml solution
Read the fluorescence from each cuvette and generate a‘curve of fluorescence intensity v
solution.

lysis

9.1 General

Allow th|
should b
linear ra

e chemistry to equilibrate to room-temperature where the analysis will be performed.
e performed at ambient temperatures between 18 °C to 30 °C (64,4 °F to 80 °F) to be in
nge of the reaction.

9.2 Sufface samples

Transfer
the fluor

100 pl of the enzymesubstrate solution to a UV cuvette and add 2 ml buffer to the cuvette.
bscence and note-the‘value as the blank value (BV).

Set the time accordingito’the temperature/reaction time, see Table A.1.

Transfer

When th

Lhe samples (swabs) into tubes containing atleast 2 ml of enzyme substrate solution and start

cuvette g

Measure

libration
value is

Sometimes manufacturers have specific fluorometer preparation and calibratign requirements. If the

s of the

ibration.
b in each
brsus the

Analysis
the most

Measure

the timer.

e timer signals, remove the swab from the tube and transfer 100 ul of the reacted substrate toa UV

nd-add 2 ml of buffer.

the fluorescence and note the value as the analysis value (AV).

If using the 9 cm? template, the interpretation criteria in Clause A.2 can be used. If not using the template,

compare

the results to the sample control.

9.3 Analysis of porous materials (both high- and low-density materials)

Analysis is similar to 9.1, except that instead of a swab, 100 mg of LDM or 300 mg of HDM are added to the
substrate solution after the BV has been determined.

© IS0 2025 - All rights reserved
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Compare the data to the interpretation criteria for the type of material sampled.

NOTE
and LDM.

Interpretation criteria will be different from surface samples, and there are differences between HDM

9.4 Analysis of air samples

Transfer 1 ml of substrate solution to a UV cuvette and add 2 ml of buffer to the cuvette. Measure the
fluorescence and note the value as the BV.

Set the ti

Add 1 ml

me according to the temperature/reaction time, see Table A.1.

ofcuhctrata colution divractlatn tha filiay (10 tho filtar caccntdn) and ctart tha Finang
He-rreehttRe+ireera €t tHRe

When th
attached

OO STt e o O tIOT T T Ty to—T TICTTCyToT Torcore

b timer signals, add 2 ml of buffer to the filter. Extract the solution from the filter using
to the top port of the filter and push the liquid through the cassette through the bottom p

filter intg a UV cuvette.

Measure

Subtract

the fluorescence and note the value as the AV.

the BV from the AV and compare the value to the interpretation criteria.fot air samples.

h syringe
brt of the
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Annex A
(informative)

Reaction time and temperature correction and example data
interpretation categories

A.1 Reaction-time-and-temperature-correction
Table A.1 — Reaction time and temperature correction chart
Reaction time (min:sec) Celsius Fahrenheit
42:00 18,0 644
40:35 18,5 65,3
39:14 19,0 66,2
37:55 19,5 67,1
36:40 20,0 68,0
35:27 20,5 68,9
34:17 21,0 69,8
33:09 21,5 70,7
32:04 22,0 71,6
31:01 22,5 72,5
30:00 23,0 73,4
29:02 23,5 74,3
28:05 24,0 75,2
27:11 24,5 76,1
26:18 25,0 77,0
25:28 25,5 779
24:39 26,0 78,8
23:52 26,5 79,7
23:06 27,0 80,6
22:22 27,5 81,5
21:40 28,0 82,4
20:59 28,5 83,3
20:20 29,0 84,2
19:41 29,5 85,1
T9:05 30,0 86,0

A.2 Example interpretation categories

A.2.1 Development of interpretation categories

Surface interpretation categories (A, B and C) were developed as described in A.2.2 to A.2.4. A summary of
the categories is given in Table A.2.

© IS0 2025 - All rights reserved
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Table A.2 — Surface interpretation categories

Interpretation | Interpretation Description
category criteria value
(FLU)
A <21 The level of fungi is not above normal background level.
B 21to 135 The level of fungi is above normal background level. This is typically due to

high concentrations of spores in dust deposits but can, in some cases,
the presence of an old fungal damage (fungal growth).

indicate

C > 135 The level of fungi is high, above normal background level, due to fungal

growth.

A2.2 (

ategory A

To develgp the interpretation criteria, samples were collected from a 9 cm? area of visually|clean|

(n=101)
problem
(FLU-val
of funga
whatsoe)
Appropr
present.

Key
X enzy
Y num

Figure

with no visible dust or dirt, in a variety of well-maintained buildings with no-fungal or
. The samples were analysed with enzyme activity (see Figure A.1). All samples showed M

biomass. It should be noted that this category is not indicative of stefilé or no fungal
Fer. It is universally recognized that all buildings have a natural background level of fung3
ately, samples having a FLU-value of 20 or less are not sterile and alow level of spores is lil
[his level of fungal biomass is characterized as Category A.

Yi
160
140
120
100

80
60
40
20

REN | | NS

e T T L T T T T T LT L %
~9-6-30 3069 ,15,921,,27533,.39,545,051.,57 163,69 X

me activity (fluoreSeence units)
ber samples

A.1 —Frequency distribution from samples defining Category A — Samples from v
clean surfaces (n = 217)

surfaces
moisture
V-values

lies) below 20. Therefore, FLU-values below 20 were defined as the normal backgroynd level

material
1 spores.
kely to be

sually

A.2.3 Category B

Samples were collected from surfaces with visible accumulation of dust or dirt, varying from barely visible
to very dirty, including locations where it was not possible to collect all the dirt with the swab (n = 127).
The test results were described by a log normal distribution (see Figure A.2). Of the samples collected, 96 %
showed a FLU-value of less than 136. Therefore, Category B was defined as FLU-values higher than 25 but
lower than 136.

Levels of dry fungal biomass above this background level can be due to either accumulated spores, such as
in dust or actual low-density fungal growth. However, the level of dry fungal biomass will almost always
be substantially higher on surfaces with growth compared to surfaces with accumulated spores. This
quantitative difference constitutes the basis that distinguishes Category B from Category C.

© IS0 2025 - All rights reserved
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70

0

-5 10 25 40 55 70 85 115 145 175 205 235 265 295 X
100 130 160 190 220 250 280

Key
X enzyme activity (fluorescence units)
Y number samples

Figure A.2 — Frequency distribution from samples defining Category B — Samples from dudty/dirty
surfaces (n = 290)

A.2.4 (ategory C

The FLU|values obtained from surfaces with fungal growth that are above 136 (samples with valfies up to
40 000 hpve been registered) are termed Category C.

Category| C results mean that the dry biomass density of fungi is very high, a clear indication pf fungal
growth.

FLU-values below 10 should be reported as-below detection limit (BDL) (significance level: 99 %).

© IS0 2025 - All rights reserved
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Annex B
(informative)

Activated sampling — Protocol for air sampling

B.1 General conditions for sampling

The gendral conditions for sampling are as follows:

a) Sampling height: 130 cm = 5 cm.

b) Flow rate: minimum 15 lI/min.

c¢) Sampling time: 10 min.

d) Windlows should be closed 6 h before sampling.

e) Doots should be closed during blowing and sampling.

f) Use 27 mm diameter, 0,8 pm pore size MCE filters in a cowl housing:
g) Use ¢ne sample per 60 m2.

h) Collgcted samples should be stored at room temperature.for up to seven days before analysis.

B.2 Materials for activated sampling protocol
Material$ for the activated sampling protocol are as\follows:

a) Highlvolume rotary vane or membrane pump.

b) Rotameter on pump or manifold.

c) Trip¢d, preferably with a manifgld'and rotameter(s).

d) Timing device.

e) Small hand-held leaf blower with airspeed of 3,3 to 3,8 m/s.

f) The sample filters,specified in Clause B.1 f).

B.3 Sampling-protocol

The sampling'protocol is as follows:

a) Setup the pump and tripod and attach the tubing to the manifold.

b) Test the flow rate by placing a “Test filters” in the filter holder. Remove the lid from the filter and start
the pump. Adjust the flow rate to the highest possible (minimum 10 1/min).

c) Replace the “Test filters” with the sample filter and give it an identification number (ID#). Note the
flow rate.

d) Setatimer on 10:30 (min:sec).

e) Puton the respiratory protection.

© IS0 2025 - All rights reserved
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