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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fof]
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Pollution of indoor and outdoor environments by complex mixtures of physical and chemical
combustion products is a causative agent of human health and environmental problems on a global
scale. Uncontrolled and incomplete combustion processes are responsible for the emission of chemical
and physical pollutants in quantities that affect humans and the environment.

General awareness of the fact that fires can present dramatic and persistent adverse effects on the
environment has been accentuated by a number of high-impact incidents over the past half century
as exemplified in ISO 26367-1. The serious consequences of such events have confirmed that the
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ironmental impact of fires is an important issue that needs to be dealt with inte
systematically. The ISO 26367 series provides a framework for a common tréatm
ironmental impact of fires in answer to this pressing need.

5 document provides references to methods for sampling and analysis Of“fire eff

components of the fire effluents, including their concentration within(the fire plume
erent recipients. It is also necessary to determine the natural levels-ofithe same pollut

h fires that primarily have the potential to harm the environment it is likely that th
er logistical restraints for obtaining samples from the fiye'effluent than those from life-t

batening counterparts. The fire plume can extend forimany kilometres and can deposit pz
ciated chemical species over a wide area. The fire@esidues can contaminate the soil and
faminate surface and groundwater courses. Sanmipling, although unlikely to be straight
refore feasible with standard techniques and trained personnel.

hany cases, the sampling and analysis of compounds having the potential to harm the er
e been well-documented. This documient therefore provides a guide to the “bes
hodologies for sampling and analysing specific compounds that could be present in fir

|d be outside of the limits of the recommended sampling and analysis methods referen
Lument.

ethodology for compiling/the information needed to assess the environmental damage ¢
incident and the establishment of data quality objectives and the design of sampling pr
icluded in ISO 26367-2. It also provides a standardized method for reporting the res

ential adverselenvironmental impact of a specific fire incident.

1
ironmentally significant fires. It is important to understand the chemical@nd physic;;ﬁ

Fnationally
ent of the

ents from
nature of
hnd within
ants in the

cted area(s) in order to establish a baseline for measurement of the‘environmental imjpact of the

bre will be
hreatening

5. For example, these fires can be relatively large and.less confined, compared to their fnainly life-

rticles and
as run-off,
forward, is

vironment
[ practice”
b effluents.

compounds and the concentration levels of interest are dependent on the goals of thle user and

ced in this

aused by a
ogrammes
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pilation and findings of the analyses for use in contingency planning or for the assessment of the
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Guidelines for assessing the adverse environmental impact

of

fire effluents —

Part 3:
Sampling and analysis

1 (Scope

Thif document is applicable to the sampling and analysis of effluents produced, during firef that have

thepotential to cause harm through environmental contamination. It provides additional requirements

to those International Standards already published by ISO TC 92/SC 3 for the sampling and|analysis of

fire|effluents from experimental fires and standard tests, specifically as best practice from|previously

publlished methodologies. This document does not include pollutant screening of exposed humans or

animals.

Theg principle aims for the sampling and analysis of effluents from fires that can result in envjronmental

confamination is therefore to provide information on:

— |the nature and concentrations of airborne effluents over time and distance;

— |the nature and concentrations of solid and liquidground contaminants and “run-off” gompounds
from firefighting operations over time and distance.

Thif document is principally of interest for thefollowing parties:

— |environmental regulatory authorities;

— |public health authorities;

— |[fire investigators;

— |property owners.

Thif document is intended to be used together with ISO 26367-1 and ISO 26367-2 in assessnjents of the

envliironmental impact'of fire effluents.

2 |Normative references

The following documents are referred to in the text in such a way that some or all of thpir content

congtitutes requirements of this document. For dated references, only the edition cited gpplies. For

undated references the latest edition of the referenced document (inr]nding any amendmen q) app]ies_

ISO 3941, Classification of fires

[SO 13943, Fire safety — Vocabulary

[SO 14050, Environmental management — Vocabulary

ISO 19258, Soil quality — Guidance on the determination of background values

ISO 26367-1, Guidelines for assessing the adverse environmental impact of fire effluents — Part 1: General

ISO 26367-2:2017, Guidelines for assessing the adverse environmental impact of fire effluents — Part 2:
Methodology for compiling data on environmentally significant emissions from fires
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3 Term

s and definitions

For the purposes of this document, the terms and definitions given in ISO 3941, ISO 13943, ISO 14050,
ISO 26367-1 and ISO 26367-2 and the following apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

3.1

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

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

concentrat
both naturj

Note 1 to e
value.

[SOURCE:
phase”.]

3.2

backgroqud concentration

ion of a substance characteristic of an environmental phase in an area or region arising f
al sources and non-natural diffuse sources, such as atmospheric deposition

htry: Commonly expressed in terms of average, typical median, a range of values.or a backgrd

SO 11074:2015, 3.5.1,ll1 modified — “soil type” has been replaced, with “environme

continuouss measurement

measurem

[SOURCE: ]
range of 1

3.3

extractive
extraction
throughou

[SOURCE: ]

3.4
in situ me
direct mea

ent obtained by taking a sample continuously with simultaneous or slightly delayed anal

SO 11665-1:2019, 3.1.8,[2] modified — the phrase “(or-at'integration intervals typically in|
min to 120 min)” has been removed. Notes to entry1 and 2 have been removed.]

sampling
of the sample, removal of interfering materials and maintenance of gas concentra
F the sampling system for subsequent analysis by appropriate instrumentation

SO 11042-2:1996, 3.4.1,I31 modifjed:= figure removed.]

hsurement
surement of the measur@and in its original place

Note 1 to enjtry: Measurand meafis,stbstance of interest.

[SOURCE: 1

3.5
open-path
measurem
place

SO/TS 19159-1:2014, 4.11,[41 modified — Note 1 to entry added.]

measurement
bnt where the light beam of an optical method is directed across the effluent in its orig

fom

und

ntal

sis

the

Fion

inal

Note 1 to entry: An example of an optical method is FTIR.

4 Abbreviated terms

BOD
COD

DQO
FTIR

biological oxygen demand
chemical oxygen demand
data quality objective

Fourier transform infrared (spectroscopy)

© IS0 2022 - All rights reserved
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GC-ECD gas chromatography-electron capture detector
GC-MS gas chromatography-mass spectroscopy

HX halogenated acids

ICP-OES inductively coupled plasma-optical emission spectroscopy
LC/MS/MS liquid chromatography/mass spectroscopy/mass spectroscopy
LIDAR laser induced differential absorption radar

NO, nitrogen oxides

OP-FTIR open path-FTIR

PAH polycyclic aromatic hydrocarbons

PBI)D polybrominated dibenzodioxins

PBI)F polybrominated dibenzofurans

PBH polybrominated biphenyls

PCH polychlorinated biphenyls

PCIDF polychlorinated dibenzofurans

PCIOD polychlorinated dibenzodioxins

PFQ perfluorinated compounds

PFAS per- and polyfluorinated alkylated substances
POHR persistent organic pollutant

svqQc semi-volatile organic compounds

VO( volatile organic compounds

XRHE X-ray fluorescence (spectroscopy)

5 [Indicators.and pollutants

Pollutantssthat either typically occur as a result of fire or are particularly harmful to the er

are
spe

listeddin ISO 26367-2 and are also given here in Tables 1 to 3 for convenience. In some d
Cies, should be considered, depending on the suspected substances in the fuel. ISO 26

vironment
ases, other
B67-2:2017,

Clause 6 strattbe fottowed for the Setectionm of Tdicators and potutarnts to analyse.

Fire effluents can produce adverse environmental impacts that are not directly associated with specific
pollutants but are indicated by the effects they produce. The properties listed in Table 1 represent
general indicators of environmental pollution and the relevant environmental phase in each case.

Specific pollutants can be associated with short-term adverse effects or long-term adverse effects on
the environment, or both. The pollutants listed in Table 2 are associated with short-term effects and the
pollutants listed in Table 3 are associated with long-term effects. The relevant environmental phase is
also given in these tables.
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Table 1 — Indicators of environmental pollution

Indicator Environmental phase
Alkalinity Surface water, groundwater, sediment, soil
Biological oxygen demand (BOD) Surface water, groundwater, sediment
Chemical oxygen demand (COD) Surface water, groundwater, sediment
Electrical conductivity Surface water, groundwater, sediment, soil
Hydrocarbon (oil) screening Surface water, groundwater, sediment, soil
pH Surface water, groundwater, sediment, soil
Turbidity Surface water, groundwater
Water qualjty (e.g. luminescent bacteria) Surface water
NOTE Oil is often used as a screening parameter for contaminated areas. There are different screening.methods fhat
include diffefrent ranges of hydrocarbons.

Table 2 — Pollutants associated with short-term adverse effects on the énvironment

Pollutant Environmental phase
Halogenated acids (HX) Air
Metals Air, surface water, groundwater, sediment, soil
Nitrogen oyides (NOy) Air
Particulatep Air, deposition on.surface water and soil
Sulfur oxidgs Air
Volatile Organic Compounds (VOC) Air

NOTE Additional background information is provided in ISO 263672 on pollutants having short-term effects.

Tabjle 3 — Pollutants associated with long-term adverse effects on the environment

Pollutant Environmental phase
Metals Air, surface water, groundwater, sediment, soil
Particulatep Air, deposition on surface water and soil
Perfluoringted compounds (PFC)?2 Surface water, groundwater, sediment, soil
Polychlorinated biphenyls (PCB) Air, deposition on surface water and soil, sediment
Polychlorinated dibenzodioxins/((PEDD)P Air, deposition on surface water and soil, sediment
Polychlorinated dibenzofurahs)(PCDF)b Air, deposition on surface water and soil, sediment
Polycyclic qromatic hydroearbons (PAH) Air, deposition on surface water and soil
Volatile organic compeunds (VOC)¢ Air, surface water, groundwater, sediment, soil

a  Analysig of a breader spectrum of PFAS compounds (perfluorinated and polyfluorinated substances) might be releyant
in a detailed|investigation.

b Polybromimated dibenzodioxins (PBDD), polybrominated dibenzofurans (PBDF) and mixed chlorine/bromine dioin-
furan congemners shall be analysed e fuet toad Tas a SIgNIfICant bromine CONtent, for eXammpie 11 e case of matetials
containing brominated flame retardants.

¢ Semi-volatile organic compounds (SVOC) might be relevant to analyse in a detailed investigation. This class of
compounds include plasticisers (phthalates) and some fire retardants (e.g. polybrominated biphenyls, PBB).

NOTE Additional background information is provided in ISO 26367-2 on pollutants having long-term effects.

6 Sampling requirements

6.1 General

The process for determining the overall sampling design begins with identifying data quality objectives
(DQOs), which are used throughout the sampling and analysis process to ensure that the results are of
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sufficient quality to satisfy the needs of the project. The steps involved in establishing DQOs described
in ISO 26367-2:2017, Clause 5 shall be followed.

NOTE The framework for recording the steps taken to collect and treat data are provided in ISO 26367-2:2017,
Clauses 6 and 7, including compiling the contaminants of interest, recording all relevant information and
analysing the usability of the data. This document also includes a flow diagram showing the steps and indicating
a structure for the sampling process.

Representative background concentrations shall be analysed in all cases to be used as a basis for the
assessment of pollution levels.

Th\_ raquiramaan o an tho follavaing cloaicne Acciinn that thao neaondiinc givzan 10 ISO 26367 2 haVe been

TCOOIT CTIIICTICS I Ch T TOTTO VY TS Craa St o oSS iC oo Tt pProttOuT ©o g TV OIT It

impglemented.

6.2 Personnel requirements

Indjviduals performing the sampling work should be environmental professiohals or should work
under the responsible supervision of an environmental professional.

NOTE An environmental professional is defined as a person having relevant competencies refognized by
authorities having jurisdiction in the region of the work.

6.3| Sampling techniques

6.3{]1 General

Theg equipment and techniques required to analySe pollutant samples are dependent on the
environmental phase (air, surface water, groundwater, sediment or soil) and on whether the analysis
takes place by in situ measurement or in a labgratory. They are also dependent on the nafture of the
chemical compound or species of interest.

In the following subclauses the sampling apparatus and techniques are grouped primarily by phase
(gas$, liquid, solid) and secondarily by(groups of compounds typically found in these phaises. Many
conjpounds and species are emittéd)into multiple phases as fire effluent or are transpoited across
phalse boundaries over time.

NOTE Information on specific sampling requirements for individual pollutants is given in th¢ respective
sub¢lause on sample analysis.

6.3{2 Fire plumesampling

Direct sampling.of emissions to the air can only be made when the fire is ongoing. Airborne sampling
fromn a variety 0f aircraft has been reported;[> €l however, it is unclear how such point samples can be
reldted toground deposition.

Gerleral'standards for air sampling include ISO 9359[7] (stratified sampling method), ISO 71§68-1[8] and
I1SOlZ168-2(9] (hnfh on pvrhangp of air r]nn]ify dnfq)

Fire plume sampling or sample collection procedures shall be conducted in accordance with
standardized methods; such methods are included in I1SO 19701101, ISO 19702[11] and 1SO 29904121,
The techniques described in ISO 19701 and ISO 19702 were developed to analyse higher concentrations
in smoke. When they are used for environmental purposes, users should consider specific requirements
for short-lived species and also limits of quantification and range of concentrations.

6.3.3 Liquid phase sampling

Emissions to the aquatic environment can affect both surface and ground water. Transport of fire
effluent to the aquatic environment can occur through deposition of airborne contaminants onto soil
or water surfaces or from fire water run-off that carries extinguishing media and/or residue from the
fire ground. The location and nature of sampling shall be based on the knowledge of the pathway by

© IS0 2022 - All rights reserved 5


https://standardsiso.com/api/?name=6ef82376088d99af2a1f3c03800aa265

IS0 26367-3:2022(E)

which fire water run-off spreads into the environment and the area over which atmospheric deposition
is observed or predicted to have occurred.

A detailed post-incident analysis of pathways shall be conducted to reveal all potential or actual routes
to receptors.

Information on environmental damage limitation by collection of fire water run-off is given in
ISO/TR 26368.[13]

Liquid samples shall be collected in accordance with standardized methods; such methods include
ISO 5667-114] (sampling programme and techniques), ISO 5667-10[12] (waste water), ISO 5667-11[16]

(groundws
6.3.4 So

6.3.4.1 S

Emissions
downwind
a referencg
deposition
direction 3
wind direc
the fire.

Solid phassg
such meth
(urban and
techniques

NOTE 1
for soil.

I

NOTE2 1

6.3.4.2 K

Analysis of
fire due to

to plants n agricultural land; for example direct contamination by gases or particles, or indi

contamina

Plant or cr

to establish a benchimark. Sampling can continue in the future as the plant grows or matures.

Regarding

Ter), and ISO 5667-61121 (Tivers and Streams).
id phase sampling

oil sampling

can impact the terrestrial environment. Samples shall be taken of)seil at least in
direction from the fire in the path of the fire plume and in an area fréee of deposit to proy
sample. To determine the most relevant zones for sampling, an atmospheric dispersion
modell1812.20] may be used. This model should integrate the ‘¢haracteristics of the w
nd intensity, for the whole period of the fire. When no information is available about
tion and intensity, sampling should be done all around thedire up to several kilometres f

sample collection procedures shall be conducted in‘accordance with standardised meth
bds include 1SO 10381-1[21] (sampling programmés), 1ISO 10381-2[22] (soil), ISO 10381-]
industrial sites), ISO 5667-12[24] (sediments) and 1SO 5667-1[11] (sampling programme
for sludges and bottom deposits).

SO 19204261 specifies a procedure fora site-specific ecological risk assessment of soil contamina

lants and farm products

plants and farm products can provide an indication of adverse environmental impact f
bioaccumulation of pollutants.[2Z] The sampling method depends on the type of expos

Lion by irrigation Water.

bp samplingshould be done with the plant or crop as it is at the time of the event or incig

sampling of plants, it is important to:

the
ide
and
ind,
the
fom

hds;
[23]

and

SO 18400-102[25] gives general informatiomon the selection and application of sampling techniques

ion.

"Om
ure
rect

lent

— sample the plants in their commonly used vegetative state;

— avoid sampling during a water stress period;

— avoid sampling soiled plants;

sample representative plants, not only the most healthy specimens.

Plant samples shall be separated from soil to prevent delayed contamination. The sample mass shall
be measured during the sampling process. This is especially important for plants that are sensitive
to humidity losses. Conditions for transport shall be designed to prevent damage, e.g. crushing. The
laboratory analysis method shall be chosen in accordance with the pollutants to be measured.

© IS0 2022 - All rights reserved
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If agricultural land is located within the fire plume deposition zone, specific farm products can be
sampled and analysed as indicators of environmental impact. For example, milk and eggs are useful for
delayed sampling since the transfer time for contaminants to these products is longer than the transfer
time to plants.[27]

NOTE Fertilizers made from sewage sludge can be used in agriculture, thus contaminating the food supply
for animals and people. The contamination with POPs is of special concern, for example PFAS from firefighting
foams.[28] However, in some areas sewage sludge is assessed and shown to have contaminants below regulated

levels before it can be used on the field.

7 [Samplestorageamdirandling

7.1 General

Infqrmation on specific storage and handling requirements for individual pollutants is gjven in the
respective subclause on sample analysis.

7.2| Gases and vapour

Gas|and vapour phase samples shall be stored and handled in accordance with standardizgd methods
to greserve the sample quality; such methods are included in }80-16017-1[22] (air - pumpefl sampling
of YOC, thermal desorption), ISO 16017-2[30] (air - diffusive sampling of VOC, thermal desorption),
1S0[16200-1[31] (air - pumped sampling of VOC, solvent) anddSO 16200-2[32] (air - diffusive ampling of
VO(, solvent).

NOTE Accumulative air sampling is often of the typeHere specific pollutants are trapped on 31 adsorbent
matprial or in a sampling liquid. In these cases, the principal preservation method is to store the sanjple at a low
temperature in a refrigerator or freezer.

7.3| Particulates and aerosols

Particulate and aerosol samples shalkbe’stored and handled in accordance with standardiz¢d methods
to preserve the sample quality; suchamethods are included in 1SO 232101331 and 1SO 1327134 (impactor
megsurements).

7.4 Liquid phase

Ligid phase samples shall be stored and handled in accordance with standardized methods; such
methods are included’in ISO 5667-3.[35]

7.5 Solid phase

Solid samples shall be stored and handled using standardized procedures to preserve the sample
quallity; “such methods are included in ISO 10381-1,[211 ISO 10381-2,[22] ISO 18512[3¢l{ (soil) and
ISO i -

Solid phase includes soil, sediments, deposition and fire residue. The applicability of cited standardized

methods shall be confirmed before application.

NOTE

8 Sample analysis

8.1 General

Information on analysis and sample handling of fire residues can be found in Reference [38].

There are a large number of analysis techniques for quantifying the concentration of compounds in the
environment. Some analysis techniques, such as ISO 17155,[39] address ecotoxicity in a general sense.

© IS0 2022 - All rights reserved
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These analysis techniques measure the effects of the contamination on the environment rather than
concentrations of specific chemicals. Other techniques are chemical specific, such as 1ISO 11885.[40]
Other analysis techniques are designed to measure the concentration of congeners of a certain type
of compound such as polycyclic aromatic hydrocarbons (PAHs) or polychlorinated dibenzodioxins
(PCDDs).

The exact analysis of the samples collected will depend on the fuel composition and the likely breakdown
products. The procedures given in ISO 26367-2 shall be followed for determining appropriate analyses.

Chemical speciation shall be considered when selecting the analysis method for a pollutant.

NOTE [hemical speciation 1s of relevance ror metals and cyanides, Ior example.
8.2 Gases and vapours

8.2.1 Gejneral

Analysis of air contamination shall be made using standardized extractive continous measurenfent
methods of open-path optical methods, or by laboratory analysis of extractive collected air samples.
Appropriafe general methods for compounds in fire effluents are given in ISO“19701 (general docunfent
on analysip of fire gases) and ISO 19702 (specific on FTIR analysis). The techniques describ;ﬁ in
ISO 19701 |and ISO 19702 were developed to analyse higher concentrations in smoke. When they|are
used for efivironmental purposes, users should consider the limits 6f)quantification and the range of
concentratjons.

NOTE STM E800-07 is another useful general document on the‘analysis of fire gases.[41]

8.2.2 Gepneral atmospheric pollutants

Analysis shall be conducted in accordance with standardized methods. For halogenated acids (HX),
nitrogen otides (NOy) and sulfur oxides, methodsdre given in ISO 19701119 for wet chemical laboratory
analysis.

Methods fqr analysing halogenated acids (HX), nitrogen oxides (NOy) and sulfur oxide, using extracfive
FTIR measphrement methods, are given in ISO 19702.[11]

Open-path|optical techniques cande-used for direct analysis of air concentrations of some pollutants.
These techpiques have most frequently been used in wildland fires, for example OP-FTIR measuremegnts
of trace gqs emissions from Australian forest fires.[#2] Different open-path measurement technidues
may be usgd depending on the*objective. Most applied analysis techniques include open-path IR analfsis
of gas spedjies[43-46] and.Jeng-range LIDAR for scanning of aerosol clouds.[47]

8.2.3 Organic pollutants

8.2.3.1 (eneral

Analysis shall be conducted in accordance with standardized methods. Methods for analysis of the
organic pollutants referred to in Table 3 are given in 8.2.3.2 to 8.2.3.5.

8.2.3.2 Volatile organic compounds (VOC)

Sampling and analysis shall be made in accordance with standardised methods; such methods include
ISO 16200-1[31] (pumped sampling, solvent desorption and GC-analysis), ISO 16200-2[32] (diffusive
sampling, solvent desorption and GC-analysis), ISO 16017-1[22] (pumped sampling, thermal desorption
and GC-analysis) and ISO 16017-2[39] (diffusive sampling thermal desorption and GC-analysis).

NOTE Methods for some specific VOCs are available in ISO 19701 (e.g. HPLC-analysis for phenol, benzene,
toluene and styrene).
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8.2.3.3 Polycyclic aromatic hydrocarbons (PAH)

Sampling and analysis shall be made in accordance with standardized methods; such methods include
ISO 12884481 (gas and particle-phase PAHs with GC-MS analysis) and ISO 16362[42] (particle-phase
PAHs with HPLC analysis).

8.2.3.4 Polychlorinated dibenzodioxins and furans (PCDD/PCDF)

Sampling and analysis shall be made in accordance with standardized methods; such methods include

EN 1948-1[50] (sampling and sample storage), EN 1948-2[51] (extraction and clean-up of samples) and
EN 1948-3[52] (annlycic of cnmp]pc)

NOTE Polybrominated dibenzodioxins and furans (PBDD/PBDF) and mixed chlorine/brenjine dioxin-
furgn congeners are sampled and analysed using the same basic methods as used for PGDD/PCI)F, although
stanjdardized methods have not been found.

8.213.5 Polychlorinated biphenyls (PCB)

Sanppling and analysis shall be made in accordance with standardized methods; such meth¢ds include
ISO|EN 1948-4[53] (dioxin-like PCBs).

8.24 Metals and elements

Mogt metals are not present in gaseous form in fire plumes. They are usually present in partigulate form
or gssociated with particulates (see 8.2.5). A few metals-are more likely to be the present|in gaseous

forrIL e.g. mercury (Hg).

Sanmpling and analysis shall be made in accordance with standardized methods; such meth¢ds include
ISO|EN 15852[54] (determination of gaseous mergury) and ISO 19701 (sampling and analysis df antimony
[Sb] and arsenic [As] in fire atmospheres).

NOTE The sampling and analysis methaods in ISO 1970119 include sampling with a fritted bubblef containing
1 M]hydrochloric acid for capturing and-Keeping metal ions in the solution. In order to also include metals in
particulate form, the bubbler can be ptreceded by a filter which is desorbed with a strong HCI solution prior to
AAS§ or ICP analysis. Other metallic elements can also be trapped by the same test solution and analy}ed.

8.2]5 Particulates and aerosols

Aerpsols generated in fires are complex, non-homogeneous mixtures of liquid droplets of t4r or water,
solig-phase carbonacewots agglomerated soot with adsorbed organic compounds or mineral particles.

NOTE Particles-having a diameter of less than 10 pm are possible to inhale and the smaller the particle, the
less|probable it is'that the defence system of the body (nose, throat) can prevent the material from repching deep
into| the lungs:Jt has been shown that the health effect is related mainly to the sub-micron-sized fraction of the
particles,i.€x to the particles having an aerodynamic diameter less than 1 um.[32]

Sanmppl€s are normally collected for the determination of total particle mass (direct gravimetijic method)
or particle mass concentrations and particle size distributions (impactor methods).

Samples shall be analysed in accordance with standardized methods; such methods are included in
ISO 29904[12] (direct gravimetric and impactor methods), ISO 23210[33] and 1SO 13271[34] (impactor
measurements).

In some cases, specific compounds associated with particles are of interest to analyse. Such analyses
shall be conducted in accordance with standardised methods. General information is given in ISO 29904.
Specific analysis methods include EN 14902[5¢] (Pb, Cd, As and Ni in PM10 fraction), EN 16913[5Z] and
CEN/TR 16269[58] (standard and guide for analysis of anions and cations in PM2,5).

Non-extractive analysis techniques for aerosol particulates are based on open-path optical techniques
such as light extinction (photometry), laser scattering or image processing. These methods are detailed
in ISO 29904.[12]
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Asbestos is a family of mineral fibres that can be released from certain construction materials in fires.
Standardised methods shall be used for the analysis of asbestos in air samples. Such methods include
ISO 10312[59] (determination of asbestos fibres in ambient air using direct-transfer transmission
electron microscopy) and ISO 13794[60] (indirect-transfer transmission electron microscopy).

8.3 Liquid phase

8.3.1 General

The exact analysis of the samples depends on the fuel composition and the likely breakdown products
as well as dny firefighting agent used.

Samples shall be analysed in accordance with standardized methods. In the following subelaulses,
methods are provided for the analysis of specific pollutants or indicative tests of pollutions

It can in many cases be advantageous to use screening methods or fast test kit(methods tofget
qualitativelinformation on the extent of pollution. ASTM D6850181] provides guidance-for quality conjtrol
of screenirlg methods for organic and inorganic constituents in water. ISO 17381142l gives informafion
on the use pf a test kit method for water analysis, both in-field and in the laboratory.

NOTE The analysis methods referred to in the following subclauses are inisome cases also applicable to
sludges and|sediments.

8.3.2 Ingicators of environmental pollution

General inglicator parameters of water quality are given in Table 1. The analysis of these parameters
shall be m3dde using standardised methods.

Methods for alkalinity include ISO 9963-1[63] (total alkalinity and composite alkalinity) and
IS0 9963-264] (carbonate alkalinity).

Methods f¢r biologic oxygen demand, BOD, inelude 1SO 5815-1[3] (dilution and seeding method) pnd
1SO 5815-266] (method for undiluted samples);

Methods fgr chemical oxygen demand, COD, include ISO 6060[eZ] (dichromate method for total COD)
and ISO 15705008l (simplified closed e method).

Methods fdr electrical conductivity-include ISO 7888[69] (all types of water).

Methods fdr pH include 1SO.20523[70] (all types of waters and watery sludge).

Methods fdr turbidity ingclude ISO 7027-1[71] (specifies methods for low- and high turbid waters).
NOTE Juspended materials in waters can be quantitatively determined using EN 872.172]

Hydrocarbjon poltution can be indicated by a “hydrocarbon oil index”. The analysis shall be made uging
standardiZed-methods; such methods include 1SO 9377-2.173]

The measurement of the acute toxicity of waters to different control organisms can be assessed using
standardized methods. Such methods include ISO 6341[74] (Daphna magna test), ISO 7346-1[75] (fish
test) and I1SO 15088[7¢ (fish eggs).

8.3.3 Organic pollutants

8.3.3.1 Hydrocarbons

Several methods are available for analysis of VOCs in water. Samples shall be analysed in accordance with
standardized methods; such methods include ISO 17943[7Z] (head-space SPME fibre microextraction
and GC-MS), ISO 20595[78] (head-space extraction and GC-MS) and ISO 10301[72] (methods for GC-
analysis of halogenated hydrocarbons).
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Methods for analysis of the total absorbable organically bound halogens (AOX) in water include
1SO 9562[80] (method for measurement of total organic halogens expressed as chloride).

8.3.3.2 Polycyclic aromatic hydrocarbons (PAH)

Sampling and analysis shall be made in accordance with standardized methods; such methods include
1SO 17993(81] (HPLC method for 15 PAHs) and I1SO 28540[82] (GC-MS method for 16 PAHs).

8.3.3.3 Polychlorinated dibenzodioxins and furans (PCDD/PCDF)

vds include

1S0[18073183] (chlorinated dioxins and furans using HRGC/HRMS).
NOTE Polybrominated dibenzodioxins and furans (PBDD/PBDF) and mixed chlorine/bromine dlioxin-furan

congeners are analysed using the same basic methods as used for PCDD/PCDF, although standardizZed methods
hav¢ not been found.

8.3{3.4 Polychlorinated biphenyls (PCB)

Sanppling and analysis shall be made in accordance with standardizedmethods; such meth¢ds include
1SO[17858[84] (PCB analysis using GC-MS).

8.313.5 Perfluorinated compounds (PFC)
Sanppling and analysis shall be made in accordance with stahdardized methods; such methofs include:

1S0[25101[85] for perfluorooctanesulfonat (PFOS) and-perfluorooctanate (PFOA) in drinking water and
surface water (HPLC-MS/MS method).

EPA method 537[8¢] for perfluorinated alkyl“acids in drinking water (method for analysis of 14
perfluorinated alkyl acids).

NOTE EPA laboratories have tested.‘an existing direct injection analytical protocol for pr¢paring and
analysing 24 PFAS analytes in groundwater, surface water and wastewater. This work was completedl in 2017.

ASTM D7979I87] for PFAS substalices in water, sludge and wastewater (method for determirjation of 21
PFAS substances).

8.3/4 Metals and elements

Sanpples shall bé janalysed in accordance with standardized methods; such methofls include
1SO[17294-1[88] {guidelines for ICP-MS analysis), ISO 17294-2[89] (ICP-MS analysis of selected elements),
1SO[11885[29TCP-0ES analysis of elements) and ISO 15586[21 (analysis of trace elements).

NOTE ISO 15587-1[22] and ISO 15587-2[23] give guidance on digestion of samples before analysis

8.4—Svutid phrase
8.4.1 General
The exact analysis of the samples depends on the fuel composition and the likely breakdown products.

[SO 19258 shall be applied for guidance on the determination of background values in soil analysis.

NOTE Methods for analysis of solid phase (soil) samples can in some cases also be applicable for samples of
sediments and fire debris.
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8.4.2

Indicators of environmental pollution

General indicator parameters of sediment and soil quality are given in Table 1. The analysis of these
parameters shall be made using standardized methods.

Methods for electrical conductivity include ISO 11265[24] (analysis on water extracts of soil).

Methods for pH include ISO 10390[25] (analysis on suspension of soil in water).

Hydrocarbon pollution can be assessed by screening methods. The analysis shall be made using
standardized methods; such methods include ISO 16703[26] (analysis of hydrocarbon content by GC).

The measyrement of the acute toxicity of sediments and soil to different control organisms_¢an be
assessed ufsing standardised methods. Such methods include 1SO 11268-1127] (acute toxicity tests on
worms) anfd ISO 11268-2[28] (long-term toxicity on worms).

NOTE SO 17616129 and 1SO 1579911001 give guidance on ecotoxicological characterization-ofisoils.

8.4.3 Organic pollutants

8.4.3.1 Hydrocarbons

Samples shiall be analysed in accordance with standardized methods; su¢h methods include ISO 16703[2¢]
(GC screenjing), ISO 22155[101] (GC analysis of selected: aromatie$; halogenated hydrocarbons jand
ethers) anfl 1SO 15009[102] (GC method for volatile aromatics, naphthalene and volatile halogengdted
hydrocarbgns).

8.4.3.2 Rolycyclic aromatic hydrocarbons (PAH)

Samples shall be analysed in accordance with stdndardized methods; such methods include
1SO 18287[L03] (GC-MS method for 16 PAHs) and 1SO\13859[194] (GC-MS/HPLC method for 16 PAHs, Wide
concentratjon range).

8.4.3.3 Rolychlorinated dibenzodioxins.and furans (PCDD/PCDF)

Analysis shall be made in accordance-with standardized methods; such methods include 1ISO 13914{105]
(chlorinatdd dioxins, furans and dioxin-like polychlorinated biphenyls using GC/HRMS).

NOTE Folybrominated dibenzedioxins and furans (PBDD/PBDF) and mixed chlorine/bromine digxin-
furan conggners are sampled-and analysed using the same basic methods as used for PCDD/PCDF, althdqugh
standardizdd methods havehot'’been found.

8.4.3.4 Rolychlorinated biphenyls (PCB)

Analysis shall bé&made in accordance with standardized methods; such methods include I1SO 10382[106]
(analysis uping and GC-ECD) and ISO 138761071 (analysis using GC-MS and GC-ECD).

8.4.3.5 Perfluorinated compounds (PFC)

Sampling and analysis shall be made in accordance with standardised methods; such methods include
ASTM D7968[108] (polyfluorinated compounds in solid sample matrix using LS/MS/MS).

8.4.4 Metals and elements
Analysis of metals and elements shall be made in accordance with standardized methods.

Methods for XRF-analysis of elemental contents include ISO 13196[109] (screening for selected elements
using portable instrument) and ISO 18227[110] (laboratory method).
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Methods for digestion and extraction of soil samples before analysis include 1SO 11466[111] (extraction
with aqua regia), ISO 12914[112] (MW-assisted extraction with aqua regia), ISO 16729[113] (digestion
with nitric acid) and I1SO 17586[114] (extraction of trace elements with nitric acid).

Methods for analysis sample composition include ISO 11047[113] (selected elements by AAS),
1SO 22036!118] (trace elements by ICP-OES) and ISO/TS 169651171 (trace elements by ICP-MS).

8.4.

5 Asbestos fibres

Asbestos fibres in solid materials such as fire debris shall be sampled and analysed using standardized
met . . m_m . . .
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