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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-govermmental, in liaison with 1SO, also take part in the work. ISO collaborates closely with
Internationpl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Internation
The main

adopted b
Internation

Attention id
rights. ISO

ISO 16000
ISO 16000
— Part1
— Part2

— Part3
air —

— Part4
— Partb

— Part6
Tenax

— Part7
— Part8

— Part9

bl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
fask of technical committees is to prepare International Standards. Draft International Standa
y the technical committees are circulated to the member bodies for voting.)Publication as
bl Standard requires approval by at least 75 % of the member bodies casting.a-vote.

shall not be held responsible for identifying any or all such patent rights.

19 was prepared by Technical Committee ISO/TC 146, Air quality, Subcommittee SC 6, Indoor
consists of the following parts, under the general title Indogr air:

General aspects of sampling strategy

Sampling strategy for formaldehyde

Determination of formaldehyde and other carbonyl compounds in indoor air and test cham
Active sampling method

Determination of formaldehyde —-Diffusive sampling method
Sampling strategy for volatile ‘organic compounds (VOCs)

Determination of volatile’organic compounds in indoor and test chamber air by active sampling
TA® sorbent, thermaldesorption and gas chromatography using MS or MS—FID

Sampling strategy for determination of airborne asbestos fibre concentrations
Determination of local mean ages of air in buildings for characterizing ventilation conditions

Determination of the emission of volatile organic compounds from building products {

the

rds
an

drawn to the possibility that some of the elements of this document.may be the subject of patent

Rir.

ber

on

and

furnish

ing/— Emission test chamber method

— Part 10: Determination of the emission of volatile organic compounds from building products and
furnishing — Emission test cell method

— Part 11: Determination of the emission of volatile organic compounds from building products and
furnishing — Sampling, storage of samples and preparation of test specimens

— Part 12: Sampling strategy for polychlorinated biphenyls (PCBs), polychlorinated dibenzo-p-dioxins
(PCDDs), polychlorinated dibenzofurans (PCDFs) and polycyclic aromatic hydrocarbons (PAHS)

— Part 13: Determination of total (gas and particle-phase) polychlorinated dioxin-like biphenyls (PCBs) and
polychlorinated dibenzo-p-dioxins/dibenzofurans (PCDDs/PCDFs) — Collection on sorbent-backed filters
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Part 14: Determination of total (gas and particle-phase) polychlorinated dioxin-like biphenyls (PCBs) and
polychlorinated dibenzo-p-dioxins/dibenzofurans (PCDDs/PCDFs) — Extraction, clean-up and analysis by

high-resolution gas chromatography and mass spectrometry
Part 15: Sampling strategy for nitrogen dioxide (NO,)
Part 16: Detection and enumeration of moulds — Sampling by filtration

Part 17: Detection and enumeration of moulds — Culture-based method

Thq

Part 16: Detection and enumeration of moulds — Sampling by impaction
Part 19: Sampling strategy for moulds

Part 23: Performance test for evaluating the reduction of formaldehyde concentrations
building materials

Part 24: Performance test for evaluating the reduction of volatileNorganic compour]
formaldehyde) concentrations by sorptive building materials

Micro-chamber method

Part 26: Sampling strategy for carbon dioxide (CO,)

Part 28: Determination of odour emissions from building products using test chambers
e following parts are under preparation:
Part 21: Detection and enumeration of moulds — Sampling from materials

Part 27: Determination of settled fibrous dust on surfaces by SEM (scanning electron microsc
method)

Part 29: Test methods for VOC detectors

Part 30: Sensory testing-of indoor air

Phosphoric acid,ester

Part 32:4nvestigation of constructions on pollutants and other injurious factors — Inspections

y sorptive

d (except

Part 25: Determination of the emission of semi-volatile organici.compounds by building products —

bpy) (direct

Part 31: Measurement of flame retardants and plasticizers based on organophosphorus conmpounds —
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Introduction

Mould spores and metabolites can be inhaled via the air and cause allergic and irritating reactions and/or
complex symptoms in humans. Moreover, mould growth can be associated with severe odour nuisances. In
rare cases, some mould species can cause infections (so-called mycoses) in certain risk groups.[141[18](19]

There is syfficient epidemiological evidence that damp and mouldy buildings increase the risk of respirarry
symptoms) respiratory infections and enhances asthma symptoms of the occupants.8] In addition,.thefg is
some evidénce for increased risk of development of allergic rhinitis and asthma. Furthermore, there)is’clin|cal
evidence fpr rare symptoms like allergic alveolitis, chronic rhinosinusitis and allergic sinusitis. (Toxicolog|cal
studies in|vivo and in vitro show irritating and toxic reactions of microorganisms (including: spores, gell
components and metabolites) from damp buildings.[8]

Growth of microorganisms in damp buildings can lead to increased concentrations oflspores, cell fragments,
allergens, mycotoxins, endotoxins, B-glucanes and MVOC (microbial volatile organic, compounds). From [the
studies cophducted so far it is not clear which compounds are the causative.agents of the health effgcts
observed. [Nevertheless, increased concentrations of each of these compounds' are considered a poteritial
health risk[Pl['8] and growth of mould in buildings should, therefore, be avoided:

The prime|objective of this part of ISO 16000 is to provide assistance.inidentifying mould sources in indoor
environmepts.

vi © 1SO 2012 — All rights reserved
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door air —

Part 19:
Sampling strategy for moulds
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Scope
s part of ISO 16000 describes the measurement strategy for the detection of fungi-in indoor envi
escribes suitable sampling and analysis methods together with a description of the applicabil

BN measurement objective. It does not include details on recording building characteristi
bections by qualified professionals which have to take place prior,tolany microbiological measurs

s part of ISO 16000 is not applicable to a detailed description of the building physics- an

engineering-related procedures applicable to field inspections:xThe methods and procedures prese

allg

Thq

2

Th
refg
do
1SQ
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3

Fo

w quantitative exposure assessment with regard to the ¥0oom occupants.

b application of this part of ISO 16000 presupposesthe knowledge of ISO 16000-1.

Normative references
b following referenced documents-«are indispensable for the application of this document.
brences, only the edition cited applies. For undated references, the latest edition of the
ument (including any amendments) applies.

D 16000-16, Indoor air —Part 16: Detection and enumeration of moulds — Sampling by filtration

D 16000-18, Indoor dir+= Part 18: Detection and enumeration of moulds — Sampling by impactid

Terms and definitions

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

3.1

onments.

ty and the

rpretation of the measurement results to maximize the comparability of-the measured data obfgined for a

s or field
ment.

d building-
hted do not

For dated
referenced

pre-existing mouldy condition
desiccated “old” mould growth, where additional biomass growth no longer occurs and the indoor air mould
spore concentration gradually decreases with time

3.2

biological preservation efficiency
capacity of the sampler to maintain the viability of the airborne microorganisms during collection and also to
keep the microbial products intact

[SOURCE: EN 13098:200016]]
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NOTE The biological collection efficiency considers the sampling stress occurring during sampling and analysis in
addition to the physical collection efficiency.

3.3

identification of moulds

assignment of moulds to spore types or groups on the basis of defined properties (e.g. morphological,
biochemical, molecular-biological properties)

NOTE The term “differentiation” is frequently used instead of identification. The term “differentiation” is, however,
misleading because the intention is not to merely differentiate the moulds but to identify them, i.e. to assign them, e.g. to
genera or species.

3.4
filamentous fungus
fungus growing in the form of filaments of cells known as hyphae

NOTE 1 Hyphae aggregated in bundles are called mycelia.
NOTE 2  [The term “filamentous fungi” differentiates fungi with hyphal growth from yeasts.

3.5
filtration
collection ¢f particles suspended in a gas or liquid by flow through a porous medium

[SOURCE]EN 13098:2000[6]]

NOTE In this part of ISO 16000, filtration is understood as the separation of microorganisms or moulds from a
defined volyme of air by means of filters.

3.6
total spor¢ count
number of [culturable and non-culturable) spores that are.collected and enumerated under the microscope

NOTE For the term “spores”, see 3.19, Note 2.

3.7

yeast
unicellular [fungus that does not normally\produce a mycelium and reproduce by budding (budding fungi) as
against mqulds, which reproduce by sporulation

3.8

impaction
sampling gf particles suspenhded in air by inertial separation on a solid surface (culture medium or adhesive-
coated slides)

NOTE 1 See 16000-18.

NOTE 2 [Sampling. is carried out using either round-hole or slit impactors, for instance. As the air passes through|the
orifices, it i accelerated and the particles are impacted on the medium located directly behind the nozzles as a result of
their inertia,| while the air flows around the culture medium and exits the sampler. Impaction samples are only suitablg for
direct analysiS without Tarther resuspension o1 the sample.

3.9

colony forming unit

cfu

(air quality) unit by which the culturable number of microorganisms is expressed

[SOURCE: EN 13098:2000[6]]

NOTE 1 One colony can originate from one single microorganism, from aggregates of many microorganisms as well as
from one or many microorganisms attached to a particle.

NOTE 2  The number of colonies can depend on the cultivation conditions.

2 © 1SO 2012 — All rights reserved
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3.10
colony morphology type
group of colonies which due to their morphological appearance seem to belong to a specific species

3.1

colony count

(air quality) number of all microorganism colonies visible on a culture medium after incubation under the
selected cultivation conditions

3.12

incubation

grgwing of microorganisms on culture media

3.1
mylcotoxin

segondary metabolites of moulds which are toxic to humans and animals

31
mycelium
total of fungal hyphae

3.1
noh-culturable mould
mopld that cannot be cultured under the selected cultivation conditions

347

physical sampling efficiency
capacity of the sampler to collect particles with specific aerodynamic diameters suspended in air

[SOURCE: EN 13098:2000,16] modified — "aerodynamic diameters" has replaced "sizes" ]

31

sampling stress
damage suffered byCthe microorganisms during sampling (e.g. through mechanical and chemica| effects or
thropugh water deprivation)

31

mduld
filamentous fungi from several taxonomic groups, namely Ascomycetes, Zygomycetes, and their gnamorphic
states-formerly known as Deuteromycetes or fungi imperfecti

NOTE 1 Taxonomically, moulds do not represent a uniform group.

NOTE 2 Moulds form different types of spores depending on the taxonomic group they belong to, namely
conidiospores (conidia), sporangiospores or ascospores. In practice, all these reproductive stages are summarized under
the term “spores”.

3.20

mould damage

damage caused to building materials and surfaces by mould growth

NOTE Mould damage can result in loss in value, health risks and restrict the occupancy of the affected sites.

© 1SO 2012 — All rights reserved 3
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3.21

secondary colony
colony that does not originate from the “primary” sampling of airborne spores but from a spore released from a
colony growing on the agar plates

3.22

secondary contamination
mould contamination of surfaces not caused by mould growth but originating from a (contaminated) primary
source after aerial dispersion

3.23
cut-off va

Ihe

particle sizg (aerodynamic diameter) for which the sampling efficiency is 50 %

3.24

total sampling efficiency

product of

[SOURCE

he physical sampling efficiency and the biological preservation efficiency

EN 13098:2000(¢]]

4 Properties, origin and occurrence of moulds in indoor environments

Moulds arg ubiquitous on our planet. They are involved in the decomposition of organic material a

therefore,

inter alia, @

blay an important role in the natural carbon cycle. Their concentration in the ambient air depen

variability.[PIl101111] This is due to the following reasons.

The mould concentration in local ambient air is mainly determined by the location relative to the respec
mould soufces, wind direction and wind force. Mould spores are frequently released by specific sources s
as decaying material. Both natural processes and production processes, such as composting, recycl
animal profduction facilities, grain and food processing plants as well as horticulture facilities, can be sour
of mould djspersion.

nd,
ds,

n location, climate, time of the day and season. Airbornie.mould concentrations are subject to great

ive
ich

ng,
Ces

Sporulatiom, i.e. the production of mould spores occurs discontinuously. It is governed, inter alia, by the mquld
lifecycle phase, the environmental conditions, stress factors, humidity as well as substrate composition and
availability

Factors governing the dispersion.of spores, most of which have aerodynamic diameters in the range of 2

to 40 um,

are mechanically\or thermally induced air movements, drying phases (leading e.g. to

agglomeration of deposited-dust) and the capability of air dispersal of the mould spores.[121113][14]

Due to thg ubiquitous\nature of moulds, it can be assumed that they are always present in indoor air. ]
presence ¢f moulds in indoor air can be due to spores originating from ambient air on the one hand ang
recent actiye mauld growth, pre-existing mouldy conditions or mould deposits (settled spores) on the other.
distinguish| between sources, it is, therefore, important to perform ambient air measurements for refere

whenever

um
de-

'he

to
To
nce

conducting indoor air measurements for moulds.['41[15] In addition, the collection of a control sam

ple

from a suitable reference room may be helpful.

Possible causes of indoor mould sources are surface moisture on building materials or moisture in the building
structure, but also rotting food, potted plants, biowaste collection, source separation of waste, deposited dust
due to poor cleaning as well as the keeping of animals in residential settings. Moisture damage can be
attributable to building defects, inappropriate ventilation and heating or unfavourable arrangement of furniture
as well as water damage (e.g. plumbing leaks or flooding events). Elevated mould levels in indoor
environments and the occurrence of certain mould species (see Annex A) are indicative of excessive moisture.
When residential environments or occupational settings are infested with moulds, the mould source shall be

located to

be able to plan remedial measures.

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=299506ef08bf25e0b90837a1a633210b

ISO 16000-19:2012(E)

Main factors affecting the intensity of mould growth and the mould species developing are moisture,
temperature, nutrient supply and the pH. If environmental conditions are favourable, a great variety of moulds
can develop. Once environmental conditions become less favourable, the species best adapted to the given
conditions will predominate.[16]

Mould sources can release spores, mycelial fragments, but also cell components and metabolic products such
as B-glucans (polysaccharides contained in the cell wall of fungi), ergosterol (steroid compound contained in
the cell membrane of fungi), toxins and MVOCs (microbial volatile organic compounds such as certain
aldehydes, alcohols, esters, ketones). On cultivation, colonies can grow not only from spores, but also from

mycelial fragments.

Th¢ number and airborne dissemination of spores released vary with the type of mould dama
asgessment of indoor mould sources, it is, therefore, important to differentiate the individual mould
thejr type of spore dispersal. Experience has shown that even minor mould contaminatioh) of mg
result in elevated indoor air mould levels if the species involved have dry spores with)\good a
capabilities (e.g. Penicillium and Aspergillus). By contrast, airborne spore concentrations are n
when materials are colonized, for instance, by moulds of the genera Acremonium;~Fusarium or t
Stgchybotrys chartarum that have relatively large spores embedded in slimy substances and, therg
podr air dispersal capabilities.

Fu
sp(q
De
air
the
th

thermore, it should be taken into account that mould spores are not)necessarily present as
res in the air or settled dust, but also occur in the form of spore aggregates or are par

bending on the analysis method, they are determined individually, or’as spore aggregate. Mater|

and house dust contain not only culturable but also non-culturable mould spores, some of whic
same allergenic and toxic effects as culturable spores. Fof\this reason, techniques have been
allow the microscopic determination of both culturable and non-culturable moulds.

Mould detection and identification are performed ejther’ after cultivation based on morphologi
bioghemical reactions and/or molecular techniques or by direct microscopic examination. Identifica
on [the morphological structure (macroscopic examination, stereo-microscopy and microscopy)

prior cultivation or by direct microscopy is still the,most prevalent approach for the detection of mou

Be
mo
ho

sides, there are other analytical methods.based on the determination of cell components and me
ulds such as B-glucans, ergosterol, toxins and MVOCs.['7] The determination of these compour
vever, only as supplementary information.

Th
De
pre
the
all

b sampling methods employed-for detection of moulds are determined by the objective of the in
bending on the sampling” method, the moulds suffer a sampling stress during sample coll
paration, which can lead t0 their drying-out or dying. Factors affecting the culturability of mould
r physiological state”as’well as the culture medium employed. Some mould species cannot be
Linder laboratory conditions.

NO
usg

TE The gefiera Stachybotrys and Chaetomium hardly grow and sporulate only poorly, if at all, on DG1
of this culture medium for culture-based analysis of these genera is therefore not recommended (see ISO

For a litetature summary see References [8]-[10], [12], and [14]-[18].

he. For an
species by
terials can
r dispersal
huch lower
he species
cfore, have

individual
icle-borne.
als, indoor
h can have
developed

tal criteria,
tion based
bither after
ds.

tabolites of
ds serves,

estigation.
ection and
spores are
cultured at

8 agar. The
16000-17).

5 Sampling and detection methods

Depending on the objective of the investigation, materials (see 1SO 16000-21, in preparation), air (see
ISO 16000-16 and ISO 16000-18) and house dust may be sampled and analysed for culturable moulds (see
ISO 16000-17). Moulds can also be quantified and, to some extent, differentiated without prior cultivation. For
this purpose, airborne mould spores are collected on filters or directly on an adhesive-coated microscope slide,
followed by staining and subsequent direct microscopy.

Annex B gives an overview on the most common devices for total spore count measurements as well as for
sampling devices for filtration and impaction and the respective analysis methods.
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6 Measurement strategy

6.1 General aspects

There is no standard procedure for measurement and assessment of mould damage. The type and amount of
measurements as well as the analytical methods employed are determined by the circumstances triggering
the investigation and the investigation objectives. A visual field inspection (walk through) by technically
qualified professionals prior to sampling is a key prerequisite for detecting and assessing mould sources in
indoor environments. Besides a good knowledge of building engineering and building physics, the
professionals conducting the inspection should have a sufficient background in indoor air hygiene and
microbioIon.

Investigatipns are conducted with the objective of locating mould sources in indoor environments. Fo_support
findings frgm visual observations and confirm suspected mould growth, professionals can draw on,a'Wariety of
sampling and analysis methods. These include methods for determining mould concentrations in or|on
materials, procedures for the measurement of mould concentrations in indoor air as well .asyprocedures|for
determining mould concentrations in house dust. An example for a report accompanying sampling is attacted
as Annex (.
Circumstances triggering a microbiological investigation of indoor environments may-include the following (
also Table|1):

pee

visiblel mould damage;

materigl dampness without presence of visible mould growth;
structyral or non-structural building anomalies without presence of visible mould growth;
health|problems without presence of visible mould growth;
odour [problems without presence of visible mould growth;

verificgation measurements during and afterremediation.

In the cas

b of visible mould damage with_known source, the remediation and elimination of the underly

causes shquld be addressed as a priority: In many cases, microbiological investigations is not necessary.

If mould d
examined

amage is suspected (wjthout the presence of visible sources, the indoor environment can
or the presence of élevated mould concentrations. Depending on the circumstances triggering

ing

be
the

investigatign, the following media may be sampled and analysed:

a) materigls and their.Surfaces (see 6.1.1);

b) indoorair in comparison with ambient air (see 6.1.2);

house

c) dust (see 6.1.3).

The results of the measurements described in the following sections provide only indications on the damage
stage. Assessing the actual age of the mould growth is not feasible as the state of mould growth can change
drastically within very short time intervals.

The inspection of HVAC systems for lack of hygiene is not the subject of this part of ISO 16000.

In planning and performing measurements, the specific field conditions and influencing factors having a major
impact on the investigation results shall be taken into account and documented.

© 1SO 2012 — All rights reserved
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6.1.1 Analysis of surfaces or materials

For the selection of a suitable sampling method and the definition of the sampling locations, the following

questions have to be clarified.
Is mould growth or secondary contamination expected on the surface or the material?
Is a surface colonization or a colonization of deeper layers expected?

Are the moulds expected or under study culturable?

Are criteria available for an assessment of the analysis result?

Cr
ca
e.g
the
Spé
sol

iteria for differentiating between active mould growth and mould deposits on material, surfaceq
ities originating from natural sedimentation are the mould concentration and evidence ef mould
. mycelium or spore carriers, in the material or on its surface. The mould concentration in the m3g
material surface varies with the type of material, especially the density of the_material, and
cies. Different mould species grow on or in a material depending on moisture; temperature a

rce. Suspected mould contamination of surfaces may be confirmed by surface sampling using

or in wall
structures,
terial or on
the mould
nd nutrient
he tape-lift

and contact plate methods. The contact plate method presupposes that'the moulds are culturable. If the

sur
cor
€Xd

face has already been disinfected or if contamination with Stachybotrys chartarum is susq
tact plate method is not applicable. In such cases, it is necessary that tape-lift samples of the s
mined by direct microscopy.

Surface sampling (contact plate and tape-lift methods) has limited suitability for materials with roug
(e.g. plaster, insulation materials). Usually, the samples are_ suspended in a buffer followed by de
of the mould concentration by cultivation or direct microscepy.[25]

WHere no empirical threshold levels exist for classifying a material as “contaminated” or “not con
malterials displaying no visible mould growth are sampled as controls for comparison.

6.12 Analysis of indoor air

The objective of indoor air sampling*and analysis is to determine the concentration of m
regresentative air sample in order to assess the likelihood of mould sources in the indoor er

ected, the
urfaces be

h surfaces
ermination

aminated”,

bulds in a
vironment.

Depending on the investigation‘ebjective, this requires a more or less complete identification of the moulds

(see 6.2). In analysing air saniples, special attention is given to differences in the species spectrun
the] indoor compared to ambient air. Moreover, the presence of moisture-indicator species (see
shquld be taken into aceount. At high mould spore concentrations in the ambient air due to t
wepther conditions, the eoncentration of ambient air species in the indoor air can be many times
the| concentrations~of“the moisture-indicator species of interest. If the concentration of typical 4
spgcies exceeds that of indoor-environment-specific moisture-indicators by a factor of more than 10
sampling allows™no conclusions as to the presence of a potential mould source because moisture
maly be overgrown by fungi from ambient air.

To|avoid ‘interferences, rooms in which the lowest airborne concentrations are expected should b

present in
Table A.1)
he specific
higher than
mbient air
, indoor air
indicators

e sampled

first.

The sampling methods in accordance with ISO 16000-16 (filtration) and 1ISO 16000-18 (impaction)
on different measurement principles and do not produce the same results for all measurement tas

are based
ks. For the

selection of the sampling procedure and the determination of the required number of sampling locations and
the sampling duration, the influencing parameters and conditions prevailing in the specific situation shall be

established by a prior field inspection.
For this purpose, the following questions shall be clarified.

Is a largely constant mould concentration expected in the room?

— Are air movements present that reflect a normal activity in the room?

© 1SO 2012 — All rights reserved
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— Are major fluctuations in the mould concentration expected as a result of short-term influences (e.g.
occupant influences, convection or downward air flows)?

When no major occupancy-related air movements are expected and no influences leading regularly to major
variations in the airborne mould levels are evident in the rooms being assessed (e.g. residential rooms), both
short-term sampling (sampling period 1 min to 10 min) and long-term sampling (sampling period > 30 min) are
appropriate methods. In practice, sampling by impaction is the preferred procedure for short-term sampling.
This sampling method requires a prior estimate of the expected mould concentration. Different air volumes are
sampled at each sampling location to be able to cover a broader concentration range. This is accomplished by
collecting impaction samples over different sampling durations. The detection of indoor-relevant moulds
presupposes_that particles with a diameter greater than 2 ym can he qnantit:\’ri\/ply collected on the culture
medium on adhesive-coated slide (for the determination of the total spore count). This presupposes that fthe
impactors [are designed for a cut-off dsy <2 um (see Table B.2). All short-term measurements should|be
conducted|over a minimum period of 1 min. The sample volume should not be less than 50 I. In unoccugied
rooms, short-time measurements may be performed without occupancy simulation, since experience has
shown that especially the installation of the sampling equipments as well as their operation usually results in
air movements at the sampling location that are comparable to those during normal conditions-of use.

In rooms with major “old” dust deposits, sampling can cause unintentional disturbance.of settled dust, which
can lead tq false positive results.

If a samplihg device generates major exit air flows resulting in the disturbance \of deposited dust, the exit| air
stream shquld be conducted of the room being investigated and/or care shouldbe taken to ensure that it is jnot
directed at|potential mould sources, such as the floor or dusty or mouldy naterials.

Filtration methods are the sole applicable option for long-term, measurements. Filtration sampling is fthe
method of| choice when sampling is carried out during normal, activities in the room and when major|air
movements and fluctuating mould concentrations are expected. Filtration sampling is also the preferred
method for| culturable sampling when airborne mould concentrations are expected to exceed 2 000 cfu/m3| At
sampling durations of 1 h and longer in unoccupied roems, additional occupancy simulations are needed
during the pampling period. The occupancy simulation should reflect the usual occupancy of the room.

Regardless of the sampling method, the windowsland doors of the room shall be closed approx. 8 h befpre
commencing sampling and kept closed during\the’ sampling process. Samples should preferably be collegted
in the cenfre of the room with a minimum distance of 1 m from enclosing walls and at a height of appifox.
0,75 m to 1,5 m. In all cases, an ambientvair sample shall be collected for reference. Moreover, the colleciion
of air samples in an appropriate reference room can be useful. Indoor and ambient air samples shall|be
collected on the same day with as short‘a time interval in-between as possible.

NOTE In buildings with air-conditioning, shorter time intervals (2 h) between closing the windows and sampling can
be sufficien]. Measurement of fungi in ambient air might not be necessary in buildings with filtered incoming air and no
windows thgt can be openeddy, the occupants.

The speciflc conditions(at the sampling location and the climatic conditions during sampling are documenited
in a sampling report.(see Annex C).

6.1.3 Anfllysis of house dust

House dust analyses are normally only conducted to complement the results from indoor air measurements.
As there are currently no suitable procedures for the determination of non-culturable moulds in house dust,
the analysis is limited to the detection of culturable moulds. House dust analyses are a useful tool to check the
results from indoor air measurements for plausibility. Before commencing sampling, it should be clarified
whether suitable sampling locations with sufficient quantities of settled dust exist.[26](27]

Reference data used for the assessment of the analysis results shall have been obtained by the same

sampling, sample preparation and analysis methods. Results differ greatly if total house dust or fine dust of a
certain size fraction is being used.
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6.2 Selection of appropriate procedure

6.2.1

Field inspection

ISO 16000-19:2012(E)

The first step of a mould assessment in indoor environments is a field inspection in order to take an inventory.
On this occasion, the circumstances triggering the investigation and details of the condition of the building,
room furnishings, etc. are assembled.

Table 1 — Recommendations to help decision-making for sampling after a field inspection

Finding and objective Matter being examined Further
] ] procedure
Material Indoor air House dust
a b b i i
Visible mould A B B )Identify gnd, if
applicable, eljminate the
damage ;
moisture jsource
A B B Identify gnd, if
4. Material dampness applicable, eljminate the
moisture jsource
] Suspected Non-structural / - A B Check angmalies,
1< [mould structural anomalies identify squrce, if
damage applicable, ahd remedy
1 Health problems — A B Identify an(‘remedy
sourge
1.4 Odour problems — A Identify odopr source
3 Remediation monitoring A A B —]
Suitable examination to answer the questions of.interest
B | Supplementary examination to answer the questions of interest (optional)
@ | Material sampling can be useful to answer spegific-questions concerning major mould damage (see 6.2.2.1).
b |ifitis necessary to analyse a dispersion of the ‘contamination.
The building structure, especially the surfaces of critical building components, is visually examined during the
inspection. Moreover, information on potential causes of mould growth should be collected. For th{s purpose,

rele¢vant physical parameters such as temperature and humidity in the room and on matg¢rials (e.g.
conjdensate) are recorded. If the findings give no clear picture, further non-structural building investigations
(e.g. moisture medsurements, thermography, Blower-Door test) may be performed. The detailed description of

e sampling
i using the
ings of the

When performing air and house-dust sampling after field inspection, it is necessary to take into account that
any intrusive inspections into the building structure carried out during the field inspection can have released
additional moulds to the indoor environment that are not attributable to the presence of mould growth.
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6.2.2

6.2.2.1

Investigations prompted by questions related to visible mould damage

General aspects

For major visible mould damage, materials may be investigated to answer the following questions:

confirmation of mould contamination or growth (see 6.2.2.2);

establishing the damage extent and potential secondary contamination (see 6.2.2.3);

a2
\v Y =5
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contar,
establ

invest

For specia
primary so

Moreover,
6.2.2.6). It
cavities) in

matiopn-aacacckeini-lapa \
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shing prerequisites for remediation monitoring (see 6.2.2.5);

gations prompted on orders of a physician due to health problems (see 6.2.2.6).

irce), sampling of house dust and indoor air can provide useful supplementary-information.

it cannot be ruled out that there are hidden sources in addition to the visible ones (see 6.2.2.2
is necessary to take into account building design-related hidden mould-sources (curtain walls, V
the further procedure adopted.

Investigatipn objectives for which further examinations are advisable afe Jdescribed below together with

recommen

6.2.2.2

Hed procedure and suitable measurement methods.

Confirmation of mould contamination or growth

The question as to whether discolorations or large areas of efflorescence observed during the vig

inspection
can be ang

With thessg
mycelium
plate/swab
distinction

is attributable to mould growth or other causés (particle deposits, blackening, salt efflorescen
wered by microscopic examinations (tape-lift samples or direct material microscopy).

methods, it can also be established~whether mould has grown on the material, i.e. produce
and sporulation structures, or whether only spores have sedimented on the material. Cont
samples are unsuitable for this purpose, since in many cases they do not enable a relig
between mould growth and\‘dust deposits with sedimented spores. Moreover, the cont

plate/swab
this can le

6.2.2.3

method detects only culturable moulds. If the site investigated has been treated with fungicid
d to false negative results.

stablishing the, damage extent and potential secondary contamination

For an asgessment of the-mould damage as well as for remediation planning, the extent of the damage, b

surface an

interior damage, shall be established. For the damage assessment, the colonization of surfa

has implicgtions otherthan mould growth that has penetrated into the plaster or other materials.

To establigh how deeply the mould growth has penetrated into the material, core samples or material colled
layer by layer-are examined

investigation objectives (e.g. establishing the dispersion of mould contamination originating from a

to
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ce)
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The extent of surface mould growth is determined by collecting samples at different distances from the
damage centre. Methods recommended for this purpose are the suspension technique and, if the material is
suitable, microscopic examination (tape-lift sample or material microscopy). Microscopy provides information
as to whether the damage involves fresh, active mould growth or a dried-up, pre-existing mouldy condition.

If other rooms are being examined for contamination in addition to the areas of visible mould damage, air
sampling (see ISO 16000-16 and 1ISO 16000-18) and, additionally, house dust sampling are suitable methods.
Secondary contamination of objects (furniture, textiles, garments) can be detected by contact plate/swab

sampling.
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If hidden mould growth is suspected in addition to the visible mould damage, the procedure described in 6.2.3
to 6.2.6 should be adopted.

6.2

.2.4 Contamination assessment

Apart from the damage extent, the distinction between fresh active mould growth and a pre-existing mouldy
condition is an important factor for the damage assessment. With fresh active mould growth, it is likely that
high concentrations of spores are released to the indoor air and the composition of the mould species can
change relatively fast. In contrast, a pre-existing mould growth can already have reached a state where major
spore dispersion no longer occurs.

Miq
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6.2,

roscopic evaluation of tape-lift samples normally provides indications as to whether the moulcli growth is

5h, or desiccated and historic. In pre-existing mould growth, the mycelial structures are frequentl
ct or only fragments can be detected due to mite activity.

htact plate/swab samples are only conditionally suited to assess whether a mouldy condition inv
ve or inactive pre-existing mould growth or secondary contamination only. If the.eoncentration o
ulds is in strong contradiction with the spores identified by microscopy or theyvisual impressio
wth, it can be assumed that the mould is no longer active. This presupposes, however, that no
n fungicides has been carried out.

addition to the actual examination of the mould growth, moisture measurements on/in mater
ays be conducted in order to assess whether a dispersion of the mould contamination is expe
vated moisture levels.

e above examinations provide information only on the damage state. A determination of the md
h is not feasible as the state of a mould growth can change tremendously within very short time

2.5 Prerequisites for remediation monitoring

Eve

us§
sul

n if the mould damage is confined and hazards are predictable without further examination
ful to differentiate the moulds in order, to obtain data on the mould species present in the ¢
bsequent remediation monitoring.

y no longer

plves fresh
f culturable
n of mould
Hisinfection

als should
tted due to

uld age as
ntervals.

it can be
amage for

Mould growth on the surface can be examined by collecting tape-lift samples and contact plate/swab samples
le suspension samples are_required if the mould has penetrated into the material interior. Air §
normally required as a prerequisite for remediation monitoring.

wh
not

sampling is

and mould

suspension

6.2

6.2

.3 Investigations prompted by suspected moisture-induced mould damage

.3.1  General aspects

Material dampness is a key prerequisite for mould growth and might not always be recognized by the naked
eye. Material dampness is caused by water disasters, building defects, new building dampness or problematic
occupant lifestyle habits.
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In selecting the strategy for mould sampling and analysis, it is necessary to take the following aspects into

account:
cause

age of

of damage;

damage;

type of damp material;

horizo

in the
contar

Objectives

a) confird

b) establ

c) contarn

d) prered

e) invest

6.2.3.2

To confirm
examined

exhibiting

concentrat
be borne i
settled dus
mould infe
room are ¢
sample of

microbiologically contaminated-water, the sample shall also be analysed for bacteria (faecal indicators in

case of w4
and-colum
method (s
likelihood (¢

of the moulld concentration in house dust can also be useful to support the suspicion. If the suspicior

confirmed,

o | 'H AN
iar scdlirty)/,

case of water damage: was the water of good hygienic quality (e.g. drinking water) or is a‘micro
hination expected (e.g. waste water).

of an investigation prompted by the presence of damp materials may include
hation of suspected mould contamination (see 6.2.3.2);

shing the damage extent (see 6.2.3.3);

hination assessment (see 6.2.3.4);

uisites for remediation monitoring (see 6.2.3.4);

gations prompted on orders of a physician due to health<problems (see 6.2.3.4).

Confirmation of suspected mould contamination

that material dampness was the underlying.'cause of the mould damage, the affected materiz
by contact plate and swab samples, if(superficial mould growth is suspected. For mater
no visible mould growth, microscopic\examinations are normally ineffective because of the
on of mould spores. In interpreting the-fesults of the contact plate or swab sample analyses, it s

type of dampness: surface dampness (e.g. heat bridge) or penetrating dampness (e.g. defective

Dial

| is
als
ow
hall

n mind that the material surfaces.are normally contaminated with mould spores originating f

he material should be-examined by the suspension method. If the mould damage is attributabl

ste water). If thes.damp material is difficult to access, e.g. behind suspended ceilings or in beg
N constructions] \sCreening investigations using the impaction (see ISO 16000-18) or filtra
be ISO 16000-46) and a determination of the total spore count can be advisable to confirm
f mould damage before making an intrusive inspection into the building structure. A determina

it is neeessary to open the structure, and collect and examine a material sample.

6.2.3.3

om

t. The composition of the moulds-identified allows a distinction between normal contamination @nd
station and/or colonization. Jf-required, other material surfaces not affected by moisture in the sgme
xamined for reference. If the-moisture source is the likely cause of the interior mould growth, a Qulk

to
the
m_
ion
the
ion
is

E<tabtishima-tt the-d

If material dampness is confirmed to be the underlying cause of the mould damage, the next step is to
establish the damage extent. If there is reason to assume that all damp materials are similarly affected due to
the specific moisture source, a moisture measurement can be sufficient to establish the extent of the damage.
If the moisture damage is due to groundwater intrusion, e.g. in hillside buildings, or if moisture penetration into
the material interior is expected due to the material characteristics, core samples shall be drilled and analysed
layer by layer. The number of core samples needed depends on the damage extent. Samples should also be
collected from areas adjacent to the moisture damage site.
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6.2.3.4 Other investigation objectives

If the presence of mould growth has been confirmed, it can become necessary to conduct a mould
contamination assessment, investigations to establish the prerequisites for remediation or investigations
prompted by health problems (see 6.2.2.4 t0 6.2.2.6).

6.2.4 Investigations prompted by non-structural/structural building anomalies

6.2.4.1 General aspects

If fon-structural building anomalies or structural building defects point o a mould infestation .of] concealed
building components, it shall be verified whether this suspicion can be confirmed. If there\is’|supporting
eviflence from prior non-structural investigations (e.g. building moisture measurements, surface t¢mperature
me@surements, air tightness measurements) that building components do not satisfy the minimym thermal
insplation requirements (see, for example, References [1] and [4]) or the air tightnesSs “Criteria for exterior
building components (see, for example, also Reference [5]), the deficient components should, if jhecessary,
alsp be carefully examined for mould growth.

Objectives of investigations of suspected mould damage prompted by non-structural/structural|anomalies
include

— | verification of the likelihood of the suspected mould damage (see 6.2.4.2);
— | locating the source (see 6.2.4.3);

— | confirmation of contamination (see 6.2.3.2);

— | establishing the damage extent (see 6.2.3.3);

— | contamination assessment (see 6.2.3.4);

— | establishing the prerequisites for remediation monitoring (see 6.2.3.4);

— | investigations prompted on orders-of a physician due to health problems (see 6.2.3.4).
For the adoption of additional.procedures in the case of confirmation of a mould source, see 6.2.3.2|t0 6.2.3.4.

6.24.2 Verificationof-the likelihood of the suspected mould damage

Susgpicion of mould damage frequently exists with beam-and-column or flat roof buildings, for instance. As
intrusive inspections into the building structure can be very costly, the likelihood of an indoor mquld source
shquld first be \confirmed by impaction or filtration sampling and determination of the total spore [count (see
ISP 16000-16"and ISO 16000-18). Additionally, house dust samples can be analysed for mouldq as further
supporting-evidence. In order to check the building envelope for leaks (e.g. pavilion buildings, roof $tructures),

it cam-be helpful to simulate the pressure variations during normal usage while air sampling is undef way. This

b danaelbvecraatinaasnaaativenraccirointho raamucinaablowar doorilcaaEN-1222q[7\
Can-se-aohevy-ereathgaRegative-pressureHmeroomusSHigaoroweraoor{seeern—soz9+):

6.2.4.3 Locating the source

If the suspected mould damage is confirmed, the next step is to locate the mould source. Moisture and
temperature measurements as well as hygrothermal studies can provide indications on the location of the
mould source. Sites highly susceptible to mould growth (e.g. behind cupboards sitting alongside exterior walls)
shall be visually inspected for mould. For this purpose, it can be useful to drill a hole into the defective building
structure and carry out a visual examination using a borescope.
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6.2.5 Investigations prompted on orders of a physician due to health problems

6.2.5.1 General aspects

If there is strong medical evidence that health problems are linked with one or several specific mould species,
the mould species shall be detected and identified as comprehensively as possible. In this connection, it
should be noted that mould exposure might not be due only to indoor sources but also to high outdoor mould
spore levels. In the case of non-specific health problems, it should be taken into account that the diagnosed
symptoms can also have other causes. Therefore, an on-site inspection of the building and its surroundings is
an important element for the environment-medical anamnesis. The procedure should be closely coordinated
with a physietan-

Objectives|of investigations of suspected mould damage prompted by health problems include, inter alia,
— verification of the likelihood of a specific mould exposure (see 6.2.5.2);

— locating the source (see 6.2.5.3);

— confirmation of contamination (see 6.2.3.2);

— establfshing the damage extent (see 6.2.3.3);

— contarpination assessment (see 6.2.3.4);

— establlshing the prerequisites for remediation monitoring (see 6.2.3.4).

If the presgnce of a mould source is confirmed, see 6.2.3.2 to 6:2:3.4 for the procedure to adopt.

6.2.5.2 Verification of the likelihood of a specific mould exposure

If there is Visible mould growth, contact plate and swab samples as well as microscopical investigations jre
conducted] If the mould has penetrated into the\material interior, an additional material sample should|be
examined py the suspension method. A comprehensive identification of the mould species is required in all
cases. If the field inspection does not revealsany indications of a mould source, it is necessary to collect| air
samples uging the impaction (see ISO 16000-18) or filtration (see 1ISO 16000-16) method and the total sppre
count detefmined in order to verify the~presence of significantly elevated mould spore levels. To confirm [the
suspicion, |it can also be useful to analyse house dust samples for moulds. Also for these investigationsg, a
comprehernsive identification of theymoulds present is required.

6.2.5.3 |ocating the source

Moisture gdnd temperature measurements as well as hygrothermal studies can provide indications on [the
location of the .mould source. Sites highly susceptible to mould growth (e.g. behind cupboards sitling
alongside exterior walls) shall be visually inspected for mould. For this purpose, it can be useful to drill a Hole
into the defective building structure and carry out a visual examination using a borescope probe. If the resplts
from the indoor air measurements point to an outdoor source, the outdoor source should be located. Possible
outdoor sources are waste containers, compost heaps, accumulations of leaves, composting and waste
sorting facilities.

If the indogr air and dust-analyses point to an indoor mould source, it is necessary that the source be Ioca]‘ed.

6.2.6 Investigations prompted by odour problems

6.2.6.1 General aspects

Often odour problems in indoor environments are associated with mould damage. As the odour problem can
also originate from a great variety of other indoor sources or substances (e.g. solvents, fragrants, emissions
from building materials, furniture and household chemicals) or problematic occupant lifestyle habits (e.g.
insufficient ventilation), investigations should be conducted to verify whether the suspicion of a link between
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the odour problem and an indoor mould source is founded. If yes, it is necessary that the source be located
and assessed. Objectives of investigations of suspected mould damage prompted by odour problems include,

inter alia,

locating the source (see 6.2.6.3);

confirmation of contamination (see 6.2.3.2);

verification of the suspected link between an odour problem and an indoor mould source (see 6.2.6.2);

cata'u“ahillg the dqlllagc extent (acc 6233),
contamination assessment (see 6.2.3.4).

If the presence of a mould source is confirmed, refer to 6.2.3.2 to 6.2.3.4 for the procedureto adopt

6.206.2 Verification of the suspected link between an odour problem and an\indoor mould
A fleld inspection is performed to confirm the likelihood of the suspected link"between the odour p
an |indoor mould source, i.e. whether there are indications of damp materjals, leaks or humidity
poor hygrothermal performance of the building. If the field inspectiof_reveals that chemical an
pollutants are the more likely problem source, this is confirmed using’the procedures presented
parts of ISO 16000. If the findings from these investigations are negative or the presence of a moul
more likely from the onset (e.g. musty and earthy odours often_point to a mould infestation), the i
an [indoor mould source shall be verified by impaction (seelSO 16000-18) or filtration (see 1SO
samppling and the determination of the total spore count.*Te confirm the suspicion, it can also b

analyse a house dust sample for moulds.

6.206.3 Locating the source

pource

oblem and
caused by
d other air
in different
d source is
kelihood of
16000-16)
e useful to

If the suspicion is confirmed, the next st€p is to locate the mould source. Moisture and t¢mperature

me@surements, as well as hygrothermal studies, can provide indications on the location of the mo
Sitgs highly susceptible to mould growtk’ (e.g. behind cupboards sitting alongside exterior wall
visyially inspected for mould. For this/purpose, it may be useful to drill a hole into the defecti

Lild source.
5) shall be
e building

striicture and carry out a visual examination using a borescope probe.

6.2.7 Monitoring during the remediation process and remediation verification measurements

6.27.1 General aspects

Remediation monitoring begins with the planning stages of a remediation project, continues with the
follpw-through ‘of-the remediation process and concludes with a post-remediation assessment at|the end of
the| projectsMonitoring is recommended for large-scale remediation projects, however not for the [removal of
mirjor mould damage.[31161128!

Foiremediation planning and the definition of the remediation scope, samples of the mould-infested building

components or mould-suspect materials should be collected. The most prevalent methodologies used for this

purpose are the suspension method and direct microscopic examination.[3]

Verification measurements during or after the remediation of mould-infested indoor environments (quality

control check) are performed for the following reasons:

verification that the mould growth has been completely removed (see 6.2.7.2);

verification of remediation effectiveness, i.e. whether the cause of the mould growth has been
and whether the remediation measures have not resulted in a higher than normal mould spore
building (see 6.2.7.3).
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6.2.7.2 Verification of mould elimination

When large areas are affected by mould growth, the actual extent of the damage frequently does not become
apparent until after all infested building materials and components have been removed. If a visual inspection
allows no assessment as to whether the infested material has been completely removed, the still-suspect
materials shall be examined, taking into account the proportionality principle. The most prevalent methods
used for this purpose are the suspension technique and direct microscopic examination. The number of
samples to be analysed depends on the extent of the damage. If disinfectants have been used to eradicate
the mould growth, the moulds frequently are no longer culturable, even if still present in high concentrations.
For this reason, additional non-culture-based sampling and analysis methods are needed for the verification
measuremenis

NOTE hen damp material is dried by technical building drying measures, drying can be inhomogeneous, especially
in cavities. Consequently, drying of difficult-to-access areas can be incomplete and long-term residual moisture ¢an induce
renewed maguld growth. With the technology currently available, the detection of this kind of mould damage requires yery
elaborate tepting.

6.2.7.3 erification of remediation effectiveness

Depending on the procedure employed, remediation can result in relevant concentrations of airborne mduld
spore in the building. Cleaning procedures to reduce spore levels after remediation vary greatly in their
effectivengss. A cleanliness check is, therefore, required depending on the damage extent and the likelihgod
of relevan} airborne mould spore concentrations after the remediation/measure. Where justified by [the
damage extent and the remediation scope, a visual inspection can be sufficient in the individual case.

If containmpent measures are implemented to prevent the spread -of mould spores during the remediation
activities, parallel online measurements of fine dust may be conducted or air samples collected and analy$ed
to demonsifrate that the remediation activities have not resulted\if any relevant dispersion of mould spore$ in
the building. With such an approach, it is necessary to ensure that all remediation activities associated with
relevant mpuld releases are followed up by measurements=During the remediation activities, airborne mquld
spore levels can be very high and, therefore, not amenable to a quantitative determination by impaction
sampling. In this case, the filtration method in conjunction with appropriate serial dilutions offers the possibjlity
of determining even high concentrations quantitatively (see ISO 16000-16).

If the cleanliness verification is performed after completion of the remediation project, the type of sampling
method uskd, if sampling is required at all, is determined by the remediation scope and type. It is necessary
that the remediation goals and sampling'methods be agreed in advance. The general mould spore level in tthe
building is [checked by determining the-mould spore concentration in the indoor air or settled dust. Sampling
shall be pgrformed under conditions of use. Which sampling method is selected depends, inter alia, on [the
remediatiop procedure applied~-f disinfection measures have been carried out in the course of the
remediatiop project, the cleanliness verification will comprise a total spore count of the indoor air versus fthe
ambient ajr. If no disinféction measures have been carried out and a fast decision on the additignal
procedureg to adopt is heeded, the determination of the total spore count is likewise to be appropriate. Fgr a
greater mgasurement, certainty, mould concentrations and types may be determined by additional impaction
sampling (pee 1SO{6000-18) and compared with the ambient air. Knowledge of the species involved in [the
original mquld damage increases the validity of the post-remediation verification measurement. The analyses
of house dlist samples are usually only used to confirm the results of other measurements.

If it is necessary to verify the cleanliness of individual surfaces, contact plate or swab samples (see
ISO 16000-21) shall be collected and analysed. Such material surface examinations allow, however, no
conclusions as to the general cleanliness of the building. The examination of newly installed materials does
not normally allow any conclusions as to the quality of the remediation measures.

If temperature and pressure measurements or hygrothermal studies fail to confirm unequivocally that the
underlying cause of the mould damage has been eliminated, it is necessary to decide on a case-by-case basis
whether a microbiological verification of the remediation effectiveness is required. The measurement methods
applied and the timing of the measurements are determined by the type of mould damage and its underlying
cause. If a heat bridge was the cause of mould damage, for instance, it is necessary to check that the surface
temperature of the original mould growth site is consistently above the critical level, even at low outdoor
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temperatures. Microbiological surface sampling should not be carried out before the first winter following the
remediation in order to reliably determine whether renewed active mould growth is present.

Suitable methodologies are tape-lift samples or, if required, also the contact plate/swab method.

If the building was poorly sealed and moisture intrusion was the underlying cause of the mould damage, the
post-remediation assessment comprises a check of the affected material for dryness and a check of the

bui

7

Re
sp(q

Iding for durable sealing.

et : | ; carin dorati

sults from microbiological examinations can be associated with a high measurement uncerta
res are not uniformly distributed in the air, but their distribution is a function of algreat

nty. Mould
variety of

pafameters (e.g. air circulation, activities in the room, relative humidity). For this reason, indivigual mould

me;

De
So
cor
shq

asurements are associated with a major uncertainty factor.[2311271(29]

bending on the sampling and analysis method employed, not all mould species present can b

b detected.
der stress

me mould species grow very poorly on culture media, especially if they have to survive ur
ditions (e.g. prolonged drying-out). Depending on the composition of the~mould population, cul

total spore count, which does not rely on growth on a culture medium.

Bl4
val

nk values for the sampling procedure are an important element in quality control. To determing
Lie for the filtration sampling method, a sterile filter holder with filter medium is mounted to th

head with the pump turned off, and removed again (see 1S©16000-16). The blank samples are pr

the
is

same manner as the normal samples. When using the impaction sampling method, a sterile ¢
laced into the impactor in the middle of the field ‘measurement series and then further proces

same way as a normal sample (ISO 16000-18).

Th
M

reference parameter for the concentration, of moulds in indoor air is the concentration in the 3
Id concentrations in ambient air vary greatly with climatic conditions and season.

An| assessment of mould growth in"indoor environments using microbiological analysis presu
ideptification of the moulds. Specialist Taboratories involved and their employees shall possess the

qu
wit
Spé
midq
midq
Me

mo)
trial

lifications and many years of.experience in mould analysis. The mycological laboratory shall b
N appropriate rooms, apparatus and the technical infrastructure for the analytical methods emp
cific equipment needed by’a mycological laboratory includes, inter alia, incubators, a sterile wo
roscope and a stereomicroscope. The mycological laboratory shall have a laboratory unit fof
roorganisms of risklevel 2.

asures for inteérnal and external quality assurance shall be in place. The laboratory commission
uld identification should demonstrate that it is routinely and successfully participating in intef
s for the.determination of moulds.[®l[141123][27][30]-{32]

vation can

w a significantly lower spore count than actually present. This can b& compensated by dete:rmining the

e the blank
e sampling
ocessed in
ilture plate
tsed in the

mbient air.

pposes an
necessary
b equipped
loyed. The
k bench, a
work with

ed with the
-laboratory

© 1SO 2012 — All rights reserved

17


https://standardsiso.com/api/?name=299506ef08bf25e0b90837a1a633210b

ISO 16000-19:2012(E)

Annex A
(informative)

Moisture damage indicators
Elevated mould levels of fungi in indoor environments and the occurrence of certain mould species are highly

indicative of excessive moisture. These mould species are called moisture indicators. Examples of such
fungal genfra and species in moderate climates are given in Table A.1.

Table A.1 — Examples of moisture damage indicators in moderate climates

Acremonium spp.

Aspergillus penicillioides
Aspergillus restrictus
Aspergillus versicolor
Chaetomium spp.

Cladosporium sphaerospermum
Engyodontium (Tritirachium) album
Penicillium chrysogenum
Phialophora spp.

Scopulariopsis brevicaulis
Scopulariopsis fusca

Stachybotrys chartarum

Trichoderma spp.
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Devices for total spore count and detection of culturable fungi

Different devices are available for total spore counts by slit impaction and subsequent microscopy (see
Table B.1) as well as for the detection and enumeration of culturable fungi by filtration or impaction (see

Table B.2).

Table B.1 — Slit impactors for the determination of the total spore count in indoor ajr

approx. 15

microscopy;
enumeration of spore
types (genera and/or
genus groups)

$ampling system Recommended Sample Cut-off Sample preparation/ Possik)le range
and flow rate sampling time volume ds analysis method of results in
spores
[/min min m3 pm (mycelial
fragnents)/m3
Sampler with approx. 5to 7 0,151t0 0,2 1,8a.b Staihing and light 50 to[100 0004
replaceable slides microscopy;
30 enumeration of spore
approx. types (genera and/or
genus groups)
Sampler with 5to0 10 0,075t0 0,15 | (Not’kndéwn)2:P | Staining and light 50 to]|100 0004
replaceable slides microscopy;
15 enumeration of spore
approx. types (genera and/or
genus groups)
Digposable cassette 5to0 10 0,075¢0 0,15 1,8 to 2,3P.¢ [ Staining and light 50 to|100 000d

d

The collection efficiency depends-onthe selected medium (adhesion, viscosity).

€ | The collection efficiency depends on the configuration of the disposable cassette.

b | The collection efficiency depends on the configuration of the outer spore envelope (spore-to-sampling medium contact}.

The evaluation rangeapplies to detailed evaluations. Here, the lower value is dependent on the number of detailed evaluations; the
upper value achievable,/in measurement practice varies greatly because spores, skin scales, other particles, etc., tra
impaction surface_restricts the adhesion of further spores. An overview evaluation of the complete sample trace [which 1
only for spores~with distinct morphological structures (e.g. Stachybotrys, Chaetomium)] allows the detection of a single

pbped on the
hakes sense
Epore on the

enfjre impaction/surface, i.e. the entire sample volume. The results of such an evaluation do not, however, enable g quantitative
asgessment.
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Table B.2 — Sampling and analysis methods to determine culturable mould species in indoor air

Collection principle/ Recommended | Sample Collection Sample preparation/ Possible range of
sampling system sampling time | volume efficiency analysis method results
or cut-of
m3 dsg cfu/m3
Filtration: 1h 0,2 . o 1250 to 1 250 000°
GSP 3,5 with gelatin filter Suspension of gelatine filter
based on BGIA method 9420 3h 0,6 in 2,5 ml and plating out of 420 to 420 000P
0,1 ml aliquots® of the source N
Filtration: 1h 0,6 ' . suspension and two dilutions | 420 to 420 000
GSP 10 with gelatin filter Collection eff|C|enc¥ A-x-20.4-100)
based on BGIA method 9420 3h 1,8 | lorparices - T 140 to 140 pOCP
0
Filtration: 1h 3 Suspension of gelatine filter 170 to-170 0ogP
o] in 5 ml and plating out of
small filter unit in accordance 0,1 ml source suspension
with ISO 16(00-16 3h 9 and two dilutions 55fo 55 000"
Round-hole|impactors 1 min 0.1 Cut-off (0,9 to Cultivation on a medium 100 to 1 000
(flow rate: agprox. 100 I/min) 2 min 02 1,6) pm loaded during sampling 50 to 500
approx. 1,5 min 0,05 200 to 2 000
Round-hole|impactors . Cut-off: (0,9 to Cultivation on.a medium
(flow rate: agprox. 30 I/min) approx. 3 min 0.1 2) ym loaded duringysampling 100to 1000
approx. 7 min 0,2 50 to 500
Slit impactors 1 min 0.1 . Cultivation on a medium 10010 1000
(flow rate approx. 100 I/min Cut-off. 0,8 pm leaded during samplin
pprox. 2 min 0,2 9 sampiing 50 to 500
approx. 1,5 min 0,05 200 to 2 000
Slit impactars . Cut-off; Cultivation on a medium
(flow rate approx. 30 I/min) approx. 3 min 0.1 (0,8 tor1) um loaded during sampling 1000 1000
approx. 7 min 0,2 50 to 500

between 10

statement.

b When

2  The mdasuring range indicated takes into account thatianvidentification to species is only possible on culture plates showling
hnd 100 colonies/plate after 10 days of incubation,*For a semi-quantitative evaluation (4 to 9 colonies/plate), the lower vdlue
of the evalufition range decreases by a factor of 2,5. Resllts outside the ranges indicated allow, at best, a qualitative or orientative

Ising filtration methods and concentfations are expected to be low, 0.5 ml may be streaked out on a large plate or sevéral
small plates.|In this way, the lower limit of the evaluation range can be lowered by a factor of 5.
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Annex C
(informative)

Field inspection report to describe sampling procedure
and to document potential mould damage

NOTE ISO grants the user of this part of ISO 16000 the right to reproduce or otherwise use the sampling protocol on
thig page solely for the purpose of implementing this part of ISO 16000.
To|document the results of the field inspection for potential mould damage, it is recommended to jnclude the
follpwing information in addition to the data prescribed for indoor air measurements (see ISO-16000-1).
The final format and contents of the field inspection report should be determined~on a case-by-case basis
within the scope of measurement planning.
C.1 Type of sample
4 Indoor air U Ambient air U Floor dust
U Bedding dust 4 Old dust 4 Contact plate sample
Q Tape-lift sample O Wipe sample O Water sample from HVAC
Q Material sample, specify: 4 Others
C.2 Sampling locations of individual sample
C.3 Air sampling method
Sampler Flow rate Volume Culture medium:  Typsg of filter:
Impaction a ey /7 e
Filtration a I Y I
Tofal spore count QO Cer_ 7 I
C.4 Temperature and relative humid in indoor air
Room 1: °C %
Room 2: °C %
Room 3: °C %
Room 4: °C %
© 1SO 2012 — Al rights reserved 21
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C.5 Sampling conditions/Activity in room

low O

high O Level of activity:

C.6 Ambient air

Location:

Particularit

Temperatu

Wind direc

C.7 Wes

Sunny/Clo

Ambient ai

es:
re: °C Relative humidity:
ion: Wind force:

%

ther conditions on sampling day

I conditions during the three days preceding the sampling:

Ided: Precipitation: Frost:

C.8 House dust

Sampling K

Type of sa

Sampling {

Last cleangd prior to sampling:

ead: Flow.rate of sampler:
mpled surface: Size of sampled surface:
eriod:

Location of sampling sites:

1. 2.

3. 4.
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