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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

Internation
Internation
The main

adopted b

Internation

Attention id
rights. ISO

ISO 16000
ISO 16000
— Part 1
— Part2

— Part3
air —

— Part4
— Parth

— Parté
Tenax|

— Part7
— Part8

— Part9

bl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
bl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.

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.

18 was prepared by Technical Committee ISO/TC 146, Air quality, Subcommittee SC 6, Indoor
consists of the following parts, under the general title Indaer 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, thermal’desorption and gas-chromatography using MS or MS-FID

Sampling strateqy 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.fnay be the subject of patent

air.

ber

on

and

furnish

ing — Fmission 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)
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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

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
Part 18: 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 A
building materials

Part 24: Performance test for evaluating the reduction of_\volatile organic compour
formaldehyde) concentrations by sorptive building materials

Part 25: Determination of the emission of semi-volatile organic compounds by building product
chamber method

Part 26: Sampling strategy for carbon dioxide (CQx)

Part 28: Determination of odour emissions from building products using test chambers
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

y sorptive

d (except

s — Micro-

bpy) (direct

Part 31.-Measurement of flame retardants and plasticizers based on organophosphorus conyjpounds —

Phosphoric acid ester

Part 32: Investigation of constructions on pollutants and other injurious factors — Inspections
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Introdu

ction

Mould is a common name for filamentous fungi from different taxonomic groups (Ascomycetes, Zygomycetes,
and their anamorphic states formerly known as deuteromycetes or fungi imperfecti). They form a mycelium
and spores by which they become visible macroscopically. Most spores are in the size range 2 ym to 10 um,
while some go up to 30 ym and a very few up to 100 um. Spores of some mould genera are small and

become ai
matrix (e.g

Mould spo
also indoo
because ¢
impairmen

Harmonize
strategies,
measurem

This part 0
long-term s

This part o

ISO 16017

rborne very easily (e.g. Aspergillus, Penicillium) while others are bigger or embedded in a;sl
Stachybotrys, Fusarium) and are less mobile.

es are widely distributed in the outdoor environment and, therefore, occur in varying concentrati
's. Growth of moulds in indoor environments, however, should be considered a hygienic prob
pidemiological studies have revealed that dampness or mould growth in hemes and he
of occupants are closely related.

d methods for sampling, detection, and enumeration of moulds, including, standards for samp
are important for comparative assessment of mould problems .indoors. Before taking
ents, a measurement strategy is required.

f 1ISO 16000 specifies a method for active short-term sampling(*min to 10 min) whereas an ac
ampling procedure (0,5 h to several hours) is specified in ISQ’ 16000-16.

F ISO 16000 is based on parts of VDI 4300 Part 10:2008t4.

8191 and 1SO 1221913H7] also focus on volatile orgahic compound (VOC) measurements.
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INTERNATIONAL STANDARD ISO 16000-1

8:2011(E)

Indoor air —

Part 18:
Detection and enumeration of moulds — Sampling by impaction

WARNING — The use of this part of ISO 16000 may involve hazardous materials, loperd

eq
its
he

1

Thi

air

detection of moulds by cultivation in accordance with ISO 16000517.

2

The¢ following referenced documents are indispensable for the application of this document.
references, only the edition cited applies. For“undated references, the latest edition of the
dog¢ument (including any amendments) applieS

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

ISQ 16000-17, Indoor air — Part 17: Detection and enumeration of moulds — Culture-based metho

3
Fo

31

aefodynamic diameter
diameter.of @ sphere of density 1 g/cm3 with the same terminal velocity due to gravitational force in
the| particle, under the prevailing conditions of temperature, pressure and relative humidity

NOTE Adapted from SO 770819958, 272;

Iipment. This part of ISO 16000 does not purport to address any safety problems assod

Ith practices and determine the applicability of regulatory limitations priorto use.

Scope

is part of ISO 16000 specifies requirements for short-term (1 min t©)10 min) sampling of mould
by impaction on solid agar media. Following the instructions given, a sample is obtained for g

Normative references

Terms and definitions

the purpose of thiS’<document, the following terms and definitions apply.

tions and
iated with

use. It is the responsibility of the user of this part of ISO 16000 to establish-appropriate safety and

s in indoor
ubsequent

For dated
referenced

calm air as

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

[EN 13098:2000[19]

© 1S0O 2011 — All rights reserved
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3.3

colony forming unit

cfu

unit by which the culturable number of microorganisms is expressed

[EN 13098

NOTE 1

NOTE 2

:2000[10]]

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

The number of colonies can depend on the cultivation conditions.

3.4

cut-off value

particle siz

3.5
cultivation
(air quality

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

growing of microorganisms on culture media

[ISO 16000-16:2008, 3.6]

3.6

filamentous fungus

fungus gro
NOTE 1

NOTE 2

wing in the form of filaments of cells known as hyphae
Hyphae aggregated in bundles are called mycelia.

The term “filamentous fungi” differentiates fungi with hyphal‘growth from yeasts.

[ISO 16000-16:2008, 3.3]

3.7

impaction
sampling o

NOTE

f particles suspended in air by inertial:'separation on a solid surface

For the purposes of this part of IS®.16000, the solid surface consists of agar (see also 1SO 4225:1994['], 3

3.49 which glefine devices using impaction)-

3.8

any micro
entities th

microorglnism

[EN 13098

3.9
mould

ial entity, cellulat-or non-cellular, capable of replication or of transferring of genetic material
have lost these properties

2000[10];

(air quality

filamentous Tungi from Several taxonomic groups, namely AScomycetes, Zygomycetes, and i

anamorphic states formerly known as deuteromycetes or fungi imperfecti

NOTE

N

8,

or

eir

Moulds form different types of spores depending on the taxonomic group they belong to, namely conidiospores
(conidia), sporangiospores or ascospores.

[ISO 16000-16:2008, 3.9]

3.10

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

[EN 13098

:2000[10]]

© 1S0O 2011 — All rights reserved
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31

ISO 16000-1

1

total sampling efficiency
product of the physical sampling efficiency and the biological preservation efficiency

[EN 13098:2000[19]]

4

Principle

8:2011(E)

A defined quantity of air is drawn through an impactor containing one or several plates with agar medium

(D

Thq

~30 um). To achieve this, the cut-off value of the sampling device should preferahly:be 1 um or les

nofj

NO|
In
air

pla
coll

to their inertia when the direction of the air roW is diverted to bypass the solid surface.

borne moulds are thereby collected directly on the agar plates.

»)

b

sampling device is constructed for the detection of particles in the size of fmould spores
be more than 2 ym.

TE Two main types of impactors are widely used and available commercially:“a) slit samplers; b) sie
lit samplers, air is drawn through a narrow slit and particles are impacted on to.a’rotating agar plate. In sie
s drawn through a perforated plate (sieve) with holes of a defined diameterand particles are impacted o
e fixed below. Sieve samplers can be operated as stacks with differént sieves leading to different flow

stage sieve impactors (mainly with >300 holes) using agar plates with addiameter of 9 cm.

Aft
prg

5.1

A
onl

5.1
5.1

5.1
Clg

5.1

cedure specified in ISO 16000-17.

Apparatus and materials

Sampling device

etailed example of a single stage sieve impactor is given in Annex A. Impactors with several

y used for special purposes,when a size fractioning of the particles is required.

1 Stand, to position-the“impactor at the sampling height needed.

2 Impactor, slit.orssieve type.

3 Agar plates, diameter 9 cm, containing DG18 agar and malt-extract or potato dextrose

use 6).

4 ,Vacuum pump ensuring a constant flow rate during continuous operation.

5.1L5

metres.

5.1.6 Timer for presetting the time and duration of sampling.

5.1.7 Protective housing (optional, mainly for outdoor use) to protect the impactor fro

environmental conditions.

© 1S0O 2011 — All rights reserved

ect different particle size fractions (i.e. the six-stage Andersen impactor). Validation data are only provide

br sampling, the mould spores are cultivated and resulting colonies counted in accordanc

gar surface

(>1um to
s and shall
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N to an agar
velocities to
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5.2

Equipment for preparing the agar plates

Usual microbiological laboratory equipment, and in particular the following.

5.21

5.2.2

pH meter with an accuracy of £0,1.

Petri dishes vented, sterile, diameter ~9 cm.

5.2.3 Autoclave capable of being operated at (121 + 3) °C and (115 % 3) °C.

5.3

5.3.1
5.3.2
5.3.3

5.3.4

Equiipment for sampling

Plastic bags to protect the agar plates during transport.

Ingulated and refrigerated container for transport of agar plates below 25 °C.

Disinfectant, e.g. isopropanol or ethanol (70 % volume fraction).

Cgmpressed air (oil-free, optional) for drying the equipment after disinfection.

6 Culture media and reagents

6.1

All reagen

General

distilled or pf equivalent quality.

Use of cg
description

6.2

Dichloran 18 % glycerol agar (DG18)

The compagnents are listed in Table 1.

s and chemicals shall be of recognized quality “for.@microbiology” or better. Water used shall

mmercially available, dehydrated substrates™~is encouraged, provided they comply with
s given. They shall be prepared according o the instructions from the manufacturer.

Table 1 — Composition-of dichloran 18 % mass fraction glycerol agar (DG18 agar)

be

the

Component Quantity
Peptone? 5049
Glucose 10,0 g
Potassium.dihydrogenphosphate (KH,POy) 1,09
Magnesium sulfate heptahydrate (MgSQO,4-7H,0) 0,59
iehteran-{(2;-6-dichiere-4-nitreanitine-0;2-%mass-fractionin-ethane+60-%) 4-0-rrt
Chloramphenicol 0,19
Glycerol 220 gP
Agar 15,09
Water 1000 ml

the colonies are, therefore, important.

b 18 % mass fraction of ~1 220 g gives a final mass of ~220 g.

a8  Different peptones are used by different manufacturers (e.g. casein peptone, mycological peptone). This
does not usually influence the quantitative results of the measurements, but can have an influence on the
appearance of the colonies. Positive controls for comparison of recovery and of morphological appearance of

© 1S0O 2011 — All rights reserved
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Add minor ingredients and agar to ~800 ml water and dissolve by boiling. Make up to 1 000 ml and add 220 g
glycerol. Sterilize in an autoclave at (121 £ 3) °C for (15 £ 1) min. After sterilization, the pH shall correspond to
5,6 + 0,2 at 25 °C. Dispense aliquots of about 20 ml into Petri dishes.

Plates of DG18 agar in bags may be kept for up to 1 week at (15 £ 3) °C in the dark.

NOTE 1 Dependent on the concomitant flora, other antibiotics, e.g. streptomycin or ampicillin, can be useful, providing
they have been shown not to influence the test results.

NOTE 2 DG18 agar |s suitable for the detection of a W|de spectrum of xerophlllc fungl (| e. preferrlng dryness) Glycerol
a ia. Dichloran

6.3 Malt-extract agar
Thé components are listed in Table 2.

Table 2 — Composition of malt-extract agar

Component Quantity
Malt-extract 30,09
Peptone from soy 3049
Agar 150 g
Water 1 000 ml

NO[TE 1  The addition of chloramphenicol (0,05 g/l) can be necessary if samples contain high concentrationd of bacteria.

NOJTE 2 Dependent on the concomitant flora, other @ntibiotics, e.g. streptomycin or ampicillin, can be useful providing
the} have been shown not to influence the test results)

Adg ingredients and agar to the water and. dissolve by boiling. Sterilize in an autoclave at (115} 3) °C for
(19 £ 1) min. After sterilization, the pH-shall correspond to 5,5 + 0,2 at 25 °C. Dispense aliquots of gbout 20 ml
intg Petri dishes.

Plates of malt-extract agar in bags will keep for up to 1 month at (5 + 3) °C in the dark.

IMPORTANT — Many commercial malt-extract agars with different compositions are available. Check
that the ingredients correspond to the composition given in Table 2.

6.4 Potato dextrose agar
Thé components are listed in Table 3.

Table 3 — Composition of potato dextrose agar

Component Quantity
Potato extract 4049
Glucose 20,0g
Agar 15,0 g
Water 1000 mi

NOTE 1  The addition of chloramphenicol (0,05 g/l) can be necessary if samples contain high concentrations of bacteria.

NOTE 2 Dependent on the concomitant flora, other antibiotics, e.g. streptomycin or ampicillin, can be useful, providing
they have been shown not to influence the test results.

© 1S0O 2011 — All rights reserved 5
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Add ingredients and agar to the water and dissolve by boiling. Sterilize in an autoclave at (115 % 3) °C for
(10 £ 1) min. After sterilization, the pH shall correspond to 5,6 + 0,2 at 25 °C. Dispense aliquots of about 20 ml

into Petrid

ishes.

Plates of potato dextrose agar in bags will keep for up to 1 month at (5 £ 3) °C in the dark.

7 Measurement procedure

7.1 Preparation for sampling

Prepare th
measurem
parallel (e,
each moni
dextrose a

Check the

Verify the
of the mea

Use a ster
sieve with

Subsequently, draw air through the impactor without agar plates for several minutes at the new sampling p

prior to sar

Assemble

7.2 San|

Perform fu
Clause 9).

Sampling i
applicable.
device. Th
importance
measurem

Place the
plates or th

Start the s@ampling-device in accordance with the manufacturer's operating instructions.

After samgq

e required number of impactors and agar plates in accordance with the measurement task and
ent strategy. For routine measurements with a single stage impactor, different air volumes
g. 2x 501 and 2 x 100 I) are recommended at each sampling point as well as one field blank
jar plates are, therefore, needed for each sampling point.

equipment for completeness and functionality with a check list.

calibration validity of the sampling device; otherwise conduct new calibration prior to the beginn
surements (see Clause 9).

le device containing the slit or sieve for each measurement point. Alternatively, disinfect the sli

hpling with the agar plate in place.

he sampling train according to Figure 1.

pling

hction control at regular intervals. Function control implies primarily the volumetric flow control (

5 usually conducted 0,75 m to 4,5'm above ground. For special investigations, other heights can

Take care when sampling-atslow heights that no settled house dust is sucked into the samp
e orientation of the inlet(of-the impactor in indoor environments without air currents is of mi
. A hanging sampling-head is only necessary in case of strong air movements (e.g. compara
ents outdoors).

hgar plates in.the impactors with the lid removed. Take care to avoid contamination of the a
e sampling.device.

ling, remove the agar plates from the sampling apparatus, close the lid and pack them in pla

the
in
for

oring exercise. A minimum of four to five DG18 agar plates and four to five malt-extract or pofato

ing

[ or

ethanol or isopropanol (70 % volume fraction) and air dry itafterwards (e.g. with compressed air).

bint

bee

be
ing
nor
ive

gar

stic

bags in order

ardta avaid onn caoandar aantonain oo
oo avorid—arty St oUmaar y- COTtar T riatroTT

Complete a sampling protocol (see Clause 11 and Annex B).

Multiple measurements using different sampling volumes are recommended. This is especially important when
the level of the anticipated concentration of moulds is not known. Use a new agar plate for each sampling.

Take a minimum of one field blank for each agar medium at each monitoring exercise. Take the blank
preferably in the middle of the measurement series in an identical manner as the real sample, but without
drawing air through the sampling apparatus. For this purpose place an agar plate with the lid open in the
impactor with the pump switched-off, then remove, close, pack, and analytically process the plate. Avoid a
prolonged exposure of the opened agar plate to ambient air. The resulting blank represents the number of cfu
entering the sample simply by handling the agar plates during sampling.

© 1S0O 2011 — All rights reserved
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Dimensions in metres

1
° TA
°PA
_____________________________ 8
B T
Tg Pa
| |
| 5
| 2 7
s | | -

| ‘ n G
| | ¢

7

Key
impactor and stand

gas volume meter (e.g. orifice plate, thermal mass flow, rate meter)
electronic circuit for conversion into operating cubicimetres

display for sampling air volume in operating cubic-metres

vacuum pump

timer

filter for abraded material (if a rotary vane vacuum pump is used)
protective housing (if necessary under adverse environmental conditions)
A | air temperature

pa | atmospheric pressure

Tg | temperature of the sample, gas

pc | pressure of the samplegas

Vg | sample gas volume

o NOoO O WN -

~

Figure 1 — Schematic diagram of the sampling train

7.3 Sampling period and sampling volume

concentration. Usual sampling times are 1 min to 10 min. Sampling volumes below 50 | are not recommended
because of the error in determining the sampled air volume due to the dead volume of the sampling device
(see Annex C).

7.4 Transport and storage

Protect agar plates from disturbing impacts (sunshine, humidity or desiccation, heat and dust, etc.) and
transport them to the laboratory immediately after sampling with the sampling surface up in closed containers
(see 5.3.2). Transport temperature shall not exceed the incubation temperature of (25 + 3) °C. Cool samples
during transport, if necessary. Take care not to freeze them and avoid very low temperatures because of
condensation problems. Document conditions during transport (temperature, humidity, duration). Process
samples preferably within 24 h, but not later than 48 h after the end of the sampling period.

© 1S0O 2011 — All rights reserved 7
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8 Sampling efficiency and method limitations
The limitations of the method are determined by the physical and biological sampling efficiency.

The physical sampling efficiency is given by the cut-off value of the sampling device. The cut-off value should
preferably be 1 ym or less and shall not be more than 2 ym to allow for efficient sampling of small spores.

The effect of desiccation, influencing the biological sampling efficiency, is not constant, but depends on
temperature, relative humidity, sampling time, and the type of mould at the moment of measurement. Risk of
desiccation during impaction is low due to short sampling times and impaction directly on agar plates.

The optimpl range of colony numbers for counting is 20 to 40 per agar plate (for the range of A(Q to
100 colonig¢s per plate, see ISO 16000-17). It is, therefore, essential that the sampling volume be adjusted to
the expected concentration of fungi in the air to avoid:

— overlopding of the plates leading to an underestimation of the concentration (see Annex C);

— numbgrs of colonies per plate which are too low to give statistically valid results.

9 Calibration of flow rate, function control and maintenance of.the sampling system

9.1 Calipration of flow rate

Calibration| of the sampling device shall be performed by means of a\certified reference volume meter haying
a measurgment accuracy less than or equal to £2 % expressed¢din)operational cubic metres, referenced to
ambient ajr conditions. The reference volume meter shall begconnected to the air inlet of the sampling
apparatus.|The air inlet orifice of the reference apparatus shall’be unobstructed. After a successful adjustment
of the flow rate, the display accuracy of the sampling apparatus shall be checked against the reference
volume meter. The air volume sucked through the sampling apparatus for a duration of 30 min shall|be
indicated with an accuracy of +1 % compared with the reference volume meter.

The usual erification of the flow rate (function centrol) depends on the stability of the apparatus. A complete
calibration|shall be carried out prior to starting-a.unew measurement campaign or following significant chandes,
e.g. when |new or repaired equipment is used’or after pump servicing. If the flow rate determined using [the
transfer standard deviates by more than.2:% from the value required for correct operation of the inlet, the flow
controller ghall be adjusted according(to,the manufacturer's instructions. Make sure that the air flow does |not
fluctuate by more than £2 % during.sampling and that the time to reach the desired sampling velocity in fthe
beginning [of the sampling procéss’is kept as short as possible to minimize the influence on the sample
volume.

For some $ampling deviees, verification and adjustment of the nominal flow is not possible by the user, byt is
conducted|by the manufacturer at regular intervals. In this case, a constant flow between calibration interyals
shall be gyaranteed by the manufacturer and the apparatus shall have an internal control system preveniing
deviations from the-hominal flow.

9.2 Fungtion control and maintenance of the sampling system

Maintenance of mechanical parts of the sampling system (inlet and connecting pipework), including a leak
check, shall be carried out in accordance with the manufacturer's instructions.

10 Quality assurance

Ensure that the sampling device operates correctly, e.g. by verifying that there are no leaks (see 9.2) and by
regular calibration of flow rate to ensure consistent determination of the sample volume (see 9.1). In addition,
special attention shall be given to the pump and the handling of the agar plates.

The laboratory shall implement quality assurance measures to be documented and made available at any time.

8 © 1SO 2011 — All rights reserved
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Sampling protocol

The samples shall be uniquely identified and labelled accordingly.

A sampling protocol shall be completed for each sample before (or just after) sampling.

The protocol shall include at least the following information:

a reference to this part of ISO 16000 (ISO 16000-18:2011);

The¢ purpose of the analysis and, if applicable, a list of parameters<o analyse are also required a

sul

aff

Anlexample of a sampling protocol is given in Annex B.

NOITE Additional parameters like air pressure, Wihd direction, wind velocity, and climatic conditiond
importance for measurements in ambient air.

12

The suitability of the method was:tested by comparative measurements with DG18 agar (see Anney

terlperature, humidity, exact sampling point, type of ventilation, any observations on phenomena W

the-mame-and-addressof-the—cttent:

the measurement task;

the type of sampling device used;

the sampling volume, date, hour, location, and duration of sampling;
the result of the field blank;

the name of the person taking the sample.

sequently help the laboratory with the choice of methods. Other details can be neces

ct the concentration of airborne moulds).

Performance characteristics

5 they may
bsary  (e.g.
hich could

can be of

C).
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Annex A
(informative)

Technical description of a suitable one stage sieve impactor

A schematic set-up of a suitable sampling device is given in Figure A.1.

A WODN -

Q

o

10

clamp

sealing
centring
Petri dig

Air inlet]
Air outld

rings

—

= A
o
A

device for Petri dish
h with agar medium

~

- | -

Figure A.1 — Scheme of a one stage impactor
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Annex B
(informative)

Sampling protocol

NOTE ISO grants the user of this part of ISO 16000 the right to reproduce or otherwise use the sampling protocol on
this page solely for the purpose of implementing this part of ISO 16000.

Client: Assignment No.:

Ohject: Apparatus type and serial No.:

Megasurement location: Date:

Agar type/ |[Measurement| Sampling |[Measurement| Height of Temperature Relative Remarks, Interferar_we during
Plate No. | starttime | volume period measurement humidity e.g. odour sampg ling, e.g.
perceptions activity| of persons
in the room, HVAC?
m3 min m °C %

Heating, ventilation andgir eonditioning.

Remarks:

Name of laboratory technician: Date and signature:

© 1SO 2011 — All rights reserved 11
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Annex C
(informative)

Sample exchange for method validation

The suitability of the sampling method described in this part of ISO 16000 was tested under real conditions in
three trials co-ordinated by the Berufsverband Deutscher Baubiologen (Association of German Green

Builders) (

The trials
church (in
samples of
the beginr
concentrat

DG18 aga
all particip
trial 1, add
respective

During tria

fungi in th¢ room was relatively low. The mean total count using the.results from all sampling volumes

about 100
sampling
120 cfu/m3
already od
volume). [
overall shg

bee Reference [12]).

were conducted in two different meeting rooms (one each for trial 1 and 2, respectively) an
trial 3) which were naturally ventilated. Windows were closed 1 h prior to sampling? Par3

ing and at the end of the sampling programme with comparable results ~showing that
on of fungi was constant over the sampling time.

plates were provided by one central laboratory (Health Agency Baden-Wirttemberg, Stuttgart)
bnts to avoid media effects. All plates were incubated and analysed by, the central laboratory
itional sampling was performed on plates which were incubated and analysed either by
participants or sent by the participants to analysis laboratories.

1 (June 2005), 34 laboratories sampled by impaction with different devices. The concentratior]

cfu/m3 (see Figure C.1). Results differed, however, wheh calculated separately for the diffe
olumes. Significantly higher counts where found whén sampling 50 | and 100 | (131 cfu/m3

, respectively) compared to 200 | (85 cfu/m3). This result indicates that growth inhibition

cur at relatively low numbers of colonies on thg‘plate (about 20 colonies with a 200 | samp
esiccation is not a likely explanation for the\fower counts when sampling 200 | because of
rt sampling times and impaction on an agarsurface.

d a
llel

501, 1001, and 200 | were sampled by impaction in all trials. In trial 3, 50 | samples were taken at

the

for
In
the

of
vas
ent

nd
can
ing
the

12
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tha
col
we
Cof
the
sar
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[ORY

V=50 ¥ = 1004 V=200

95th percentile

median

5th percentile

concentration/(cfu/ms3)
sampling volume

Overall.

standard deviation was-highest for 50 | sampling and lowest for 200 | sampling. These resu

low colony numbgrs)on the plates result in high standard deviation. The same was true w
nts for different Genera were compared. The concentrations of Cladosporium spp. and Peni
re of the order.©f)50 cfu/m3 with a standard deviation of about 30 %. Other species were presq
centrations.and the standard deviation of the results increased by 50 % to 200 %. Standard d
total colony count of about 100 cfu/m3 was 23 %. Colony counts were normally distributed fa
hples and the 200 | samples, but not for the 50 | samples (see Figures C.2 to C.4). These resy

Figure C.1 — Concentration of total colony counts on DG18 agar after sampling
bytimpaction with different volumes in trial 1

view that colony numbers below 10 should not be used for quantitative results.

ts indicate
hen colony
illium spp.
nt in lower
eviation of
r the 100 |
Its support

Th

- bidlluldlul UIUVidtiUIIb Uf ﬁlc IUbuitb Uluta;llbd fIUIII tilc pidtbb Wilibil WCIC dlldiybcd IUy tilc
laboratories, rather than the reference laboratory, were much higher. For concentrations of 40 cfu/m3 to
100 cfu/m3 standard deviations of 60 % to 80 % were calculated.
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F|lgure C.2 — Number of results in different concentré‘t}}n ranges when sampling 50 [;
results are not normally{kﬁributed
b
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Figure C.3 — Number of results in different concentration ranges when sampling 100 [;
results are normally distributed
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Figure C.4 — Number of results in different concentration ranges when sampling 20Q I;
results are normally distributed

Different sampling devices were used by the 34 laboratories (with the number of sampling trains used given in
pafentheses): Holbach LKS30") (15), MBASS30" (11), RCS") (4), MAS-100" (2), Spin Air?) (1), FH2 Loreco)
(1)] Results were comparable for all sampling devices except for the RCS. Median colony counts with the
RGS samplers were about half the conceniration compared to the other samplers (see Figure C.5).

1) Equipment available commercially. This information is given for the convenience of users of this document and does
not constitute an endorsement by ISO of the product named.
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MBASS30° | RCS®  MAS-100% FH2, Loreco® Spin Air®
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Key
95th percentile
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a8  Equipmgnt available commercially. This information is given for the convenience of users of this document and does not constltute
an endorsemgnt by ISO of the product named.

Figurp C.5 — Concentration of total colony counts on DG18 agar after sampling with different
sampling devices in trial 1

During trial 2 (June 2006), 33 laboratories sampled by impaction with different devices. The concentration of
fungi in thg room was highet-than in trial 1. The mean total concentration using the results from all sampling
volumes Was about 700.cfu/m3 (see Figure C.6). Again, results differed (statistically significant) when
calculated |separately for the different sampling volumes. Decreasing mean concentrations were found with
increasing |sampling-volume: 884 cfu/m3 for 50 |, 704 cfu/m3 for 100 I; and 508 cfu/m3 for 200 | samples. The
number of
samples. 1
samples.

deviations W v 0
range). Colony counts were normally distributed for all sampling volumes (data not shown).
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