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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 ISQ_also take part in the work 1SQ collahorates closely with the International Electrotechnical
Commission|(IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'3.

Draft International Standards adopted by the technical committees are circulated to the member bodies|for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies castingd a vote.

Attention is drawn to the possibility that some of the elements of this International Standard may be the| subject of
patent rights] ISO shall not be held responsible for identifying any or all such patent rights.

International|Standard I1SO 12884 was prepared by Technical Committee ASO/TC 146, Air quality, Subcommittee
SC 3, Ambient air.

Annex A forms a normative part of this International Standard. Annexes'B, C, D and E are for information{only.

iv © SO 2000 — All rights reserved
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Introduction

This International Standard is applicable to polycyclic aromatic hydrocarbons (PAH) composed of two or more
fused aromatic rings. It does not apply to polyphenyls or other compounds composed of aromatic rings linked by
single bonds. Several PAH are considered to be potential human carcinogens. PAH are emitted into the
atmosphere primarily through combustlon of fossn fuel and wood. Two-ring and three- rmg PAH are typically present
in urban a 3); those with
four or mgre rings are usually found at concentrations of a few ng/m3 or lower. PAH possess sdturation vapour
pressures|at 25 °C that range from 10~2 kPa to less than 10~13 kPa. Those with vapour pressures.abpve 10-8 kPa
may be substantially distributed between phases depending on ambient temperature, humidity, types and
concentrations of PAH and particulate matter, and residence time in the air. PAH, especially<those hpaving vapour
pressures|above 10-8 kPa, will tend to vaporize from particle filters during sampling. €€énsequently, a back-up
vapour trgp is included for efficient sampling. Except for PAH with vapour pressures below 10-9 kPa, separate
analyses ¢f the filter and vapour trap will not reflect the original atmospheric phase-distributions at nofmal ambient
temperatufe because of volatilization of compounds from the filter.

© 1SO 2000 — All rights reserved \
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nt air — Determination of total (gas and particle-phase)

polycyclic aromatic hydrocarbons — Collection on sorbent-backed
filters with gas chromatographic/mass spectrometric analyses
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ational Standard specifies sampling, cleanup and analysis procedures for the determination

termine them collectively. It is a high-volume (100 I/min to 250 I/min) method capable

Linder normal conditions can be expected to be = 25 % or bettér and uncertainty = 50 % ¢
[able A.1).

bmbination fine-particle filter and sorbent trap, and subsequent analysis by gas chromato
try (GC/MS).

native references

ng normative documents contain provisions which, through reference in this text, constitute
s do not apply. However, parties to agreements based on this International Standard are e
the possibility of applying the most recent editions of the normative documents indicate|

pferences, the latest edition_of the normative document referred to applies. Members of

pgisters of currently valid international Standards.

1995, Air quality =“Performance characteristics and related concepts for air quality measuri

1994, Air quality~— Determination of performance characteristics of measurement methods.

27:1989, Planning of ambient air quality monitoring.

of polycyclic

ydrocarbons (PAH) in ambient air. It is designed to collect both gas-phase@nd particulat¢-phase PAH

of detecting

B or lower concentrations of PAH with sampling volumes up to 350 m3. The method has b¢en validated
for sampling periods up to 24 h.

r better (see

ational Standard describes a procedure for sampling andyanalysis for PAH that involves collection from

graphy/mass

provisions of

ational Standard. For dated refefences, subsequent amendments to, or revisions of, any of these

ncouraged to
d below. For
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3.1

rposes of this International Standard, the following terms and definitions apply.

sampling efficiency

E

S
ability of the sampler to trap and retain PAH

NOTE

The % Eg is the percentage of the analyte of interest collected and retained by the sampling medium

when a known

amount of analyte is introduced into the air sampler and the sampler is operated under normal conditions for a period of time
equal to or greater than that required for the intended use.
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3.2
dynamic rete
E

ntion efficiency

T
ability of the sampling medium to retain a given PAH that has been added to the sorbent trap in a spiking solution
when air is drawn through the sampler under normal conditions for a period of time equal to or greater than that
required for the intended use

4 Princip

4.1 Samp

le

ing

An air sampl
(16 m3/h) th
styrene/divin
the detection
deuterated P
sampling to

4.2 Analys

After sampling a fixed volume of air, the particle filter and sorbent cartridge* are extracted together in

extractor. Th
method), foll

e is collected directly from the ambient atmosphere by pulling air at a maximum flowrate o
ough first a fine-particle filter followed by a vapour trap containing polyurethane) foam
ylbenzene polymer resin (XAD-2). Sampling times may be varied depending on monitoring
limits required. The total volume of air sampled shall not exceed 350 m3 mless the

AH or other suitable standards are added as internal standards to the PUF ‘'orr XAD-2 sorb
alidate retention efficiency.

~

g

S

p

e sample extract is concentrated by means of a Kuderna<Danish concentrator (or othe

f 225 I/min
(PUF) or
needs and
ppropriate
ent before

a Soxhlet
validated

bwed by a further concentration under a nitrogen stream.if-necessary, and an aliquot is apalysed by

gas chromatpgraphy/mass spectrometry. The results derived represent the combined gas-phase and particulate-
phase air copcentrations of each PAH analysed.

5 Limits and interferences

5.1 Limits

PAH span a|broad spectrum of vapour pressures (e.g. from 1,1 x 10-2 kPa for naphthalene to 2 x 1013 kPa for
coronene at|25 °C). Table B.1 in annex B-lists some PAH that are frequently found in ambient air. Those with
vapour presgures above about 10-8 kRa will be present in the ambient air, distributed between th¢ gas and

particulate p
lost from the
especially in
above 106 |
perylene (va
the filter will
sorbent provi
filter and sor

NOTE Th

particle filter during-sampling due to desorption and volatilization [1] to [8]. During summ
warmer climates, velatilization from the filter may be as great as 90 % for PAH with vapour|
Pa [3] and [8]. At ambient temperatures of 30 °C and above, as much as 20 % of benzo[a]
pour pressure =7 x 10~10 kPa) have been found in the vapour trap [1]. Therefore, separate
not reflect.the concentrations of the PAH originally associated with particles, nor will anal
de an_accurate measure of the gas phase. Consequently, this method requires coextrac]
pent to,permit accurate measure of total PAH air concentrations.

nases. This method permits the collection of both phases. However, particulate-phase PAH may be

br months,
pressures
yrene and
hnalysis of
ysis of the
fion of the

entrated on

is ‘method collects all airborne particulate matter up to at least 40 um. Particulate-phase PAH are cong

fine particles in the ambient atmosphere. Therefore, the use of a particle size-limiting inlet (e.g. PM;g or PM; 5), if required,
should have little effect on total PAH measurements.

This method has been evaluated for the PAH shown in annex B. Other PAH may be determined by this method,
but the user shall demonstrate acceptable sampling and analysis efficiencies. Naphthalene and acenaphthene
possess relatively high vapour pressures and may not be efficiently trapped by this method. The sampling
efficiency for naphthalene has been determined to be about 35 % for PUF and about 60 % for XAD-2 [9]. The user
may estimate the sampling efficiencies for PAH of interest by determining dynamic retention efficiency of the
sorbent. The % E, generally approximates the % E.
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5.2 Interferences

Method interferences can be caused by contaminants in solvents, reagents, on glassware and other sample
processing hardware that result in discrete artifacts and/or elevated baselines in the detector profiles. Glassware
shall be scrupulously cleaned (e.g. by acid washing, followed by heating to 450 °C in a muffle furnace, and solvent-
rinsed immediately prior to use). All solvents and other materials shall be routinely demonstrated to be free from
interferences under the conditions of the analysis by running laboratory reagent blanks.

Matrix interferences can be caused by contaminants that are coextracted from the sample. Additional clean-up by
column chromatography shall be required.

The exte
assessed.|Although the GC/MS conditions described allow for resolution of most PAH, some PAHisor
be chromatographically resolvable and therefore cannot be distinguished from each other by(MS.

from somg non-PAH compounds, especially oils and polar organic species, may be reduced- or elim
use of cojumn chromatography for sample clean-up prior to GC/MS analysis. The analytical sys
routinely demonstrated to be free of internal contaminants such as contaminated solvents, glassw
reagents that may lead to method interferences. A laboratory reagent blank shall bexanalysed for €
reagents ysed to determine if reagents are contaminant-free.

ot been fully
ners may not
nterferences
nated by the
em shall be
are, or other
ach batch of

Alkyl PA
Methylace
be confirm

H, if present, may coelute with analytes of interest, but 2 should rarely preser
haphthalene coelution with fluorene is the most likely potential problem, but the identity of
ed by monitoring secondary ions.

t problems.
fluorene can

Heteroato
secondary

Exposure
sampling,
procedure
365 nm) fl

NOTE
typical amh
presence 0
with high
benzo[a]py

Smoking ¢

mic PAH (e.g. quinoline) should not cause interferences, éven if co-elution occurs when the
mass ions are used for identification.

to heat, ozone, nitrogen dioxide (NO,) and ultraviolet (UV) light may cause PAH degra

(SOP) prepared by the user. Where possible} incandescent or UV-filtered (excluding wavel
Liorescent lighting shall be used in the laboratory to avoid photodegradation during analysis.

Reactive gases, such as ozone and nittegen oxides, should not significantly affect sample integrity
ient atmospheres. Whereas losses of up to 50 % of benzo[a]pyrene spiked onto air filters (with

zone concentrations, studies_have shown that reactive losses are insignificant during normal s
ene spiked onto filters at nearsambient levels [3], [8], [10] and [11].

f tobacco products jn‘the sample preparation or analytical laboratory or in adjoining areas

primary and

jation during

sample storage and processing. These problems shall be addressed as part of a stand@rd operating

bngths below

vhen sampling
pr without the

f particulate matter) are likely to eccur when ambient air is passed through such filters, especially in atmospheres

ampling or for

may result in

contamingtion of samples with. PAH.

6 Safefy measures

WARNING hall be

exercised

—Bénzo[ alpyrene and several other PAH have been classified as carcinogens. Care
when working with these substances.

This method does not purport to address all of the safety problems associated with its use. It is the responsibility of
the user of this method to consult and establish appropriate safety and health practices and determine the
applicability of regulatory limitations prior to use. The user shall be thoroughly familiar with the chemical and
physical properties of targeted substances.

All PAH shall be treated as carcinogens. Pure compounds shall be weighed in a glove box. Unused samples and
standards are considered to be toxic waste and shall be properly disposed of according to regulations. Laboratory
benchtops and equipment shall be regularly checked with a hand-held long wavelength UV lamp (356 nm) for
fluorescence indicative of contamination.

© 1SO 2000 — All rights reserved
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Some solvents specified in this International Standard may present health hazards if breathed or absorbed through
the skin. Hexane is of particular concern. Special care should be exercised when using this solvent. All operations
that require working with this solvent should be performed in a fume hood.

7 Apparatus

7.1 Sampling

7.1.1  Sampling module

A typical collection system consisting of a particle filter backed up by a sorbent trap is shown as afirgxample in
Figure 1 [12]. It consists of a metal filter holder (Part2) capable of holding a 102 mm circular_pgrticle filter
supported by a 1,2 mm stainless steel screen with 50 % open area and attaching to a metal |cylinder (Part 1)
capable of hplding a 64 mm o.d. (58 mm i.d.) x 125 mm borosilicate glass sorbent cartridge.The filtey holder is
equipped with inert sealing gaskets [e.g. polytetrafluoroethylene (PTFE)] placed on either side of| the filter.
Likewise, inglrt, pliable gaskets (e.g. silicone rubber) are used to provide an air-tight seal at each end of the sorbent
cartridge. The glass sorbent cartridge is indented 20 mm from the lower end to provide a support forfa 1,2 mm
stainless stefl screen that holds the sorbent. The glass sorbent cartridge fits into”Rart 1, which is scrpwed onto
Part 2 until the sorbent cartridge is sealed between the gaskets. The sampling module is described in [12]. Similar
sampling mogdules are commercially available.

7.1.2  Hightvolume pumping system

Any air sampler pumping system capable of providing a constant air:flow of up to 250 I/min (15 m3/h) rt‘:[urough the
sampling mddule may be used. It shall be equipped with an appropriate flow-control device, a vacuunj gauge to
measure prepsure drop across the sampling module or other suitable flow monitoring device, an interval|timer, and
an exhaust hose to carry exhausted air at least 3 m away-ffom the sampler. The inlet of the sampler may be
rd or downward. If oriented upward, a rain and-dust shelter shall be provided.

NOTE THe choice of inlets is at the discretion of the user. Particulate-associated PAH are principally concentrated on fine
fore, the particle-size cut-point of the inletwill have little, if any, effect on total PAH measurements.

7.1.3 Flow calibrator

A calibrated|manometer or other suitable flow-measuring device capable of being attached to the iplet of the
sampling mofdule.

7.1.4  Particle filters
Micro-quartzifibre, 102 mmydiameter binderless, acid-washed, with a filtration efficiency of 99,99 % mass|fraction or
better for pafticles below”0,5 um in diameter, or other appropriate size filter depending on the specifi¢ sampling

module used,

NOTE Glass-fibre or quartz-fibre filters coated or impregnated with PTFE have been used for collection of|particulate-
associated PAHTL3]. Use of these filters in lieu of those specified requires validation of performance by the user.

7.1.5 Polyurethane foam , polyether type, density 22 mg/cm3, cut into cylinders 76 mm long x 62 mm diameter
or other appropriate size depending on the specific sampling module used.

7.1.6 Adsorbent resin , of styrene/divinylbenzene polymer (XAD-2), spherical beads, 500 um diameter,
precleaned.

NOTE The sampling system described in 7.1.1 to 7.1.6 has been shown to efficiently trap PAH with three or more rings at
a sampling rate of 225 I/min and sample volumes of 350 m3 and lower [4], [6], [9], [14] to [20]. Other samplers utilizing larger
filters (e.g. 200 mm x 250 mm) and higher capacity sorbent traps (e.g. tandem 77 mm x 62 mm PUF plugs) have been used to
collect PAH from larger air volumes (e.g. 700 m3) [1], [2], [5], [7], [21] to [28].

7.1.7 Gloves, polyester or latex rubber, for handling cartridges and filters.

4 © IS0 2000 — All rights reserved
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Key

1 Airflowinlet

2 Particle filter

3 Assembled sampling module
4 Air flow exhaust

5  Filter retaining ring

© 1SO 2000 — All rights reserved
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Figure 1 — Example of sampling module
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7.1.8 Sample containers , airtight, labelled and screw-capped (wide-mouth, preferably glass jars with PTFE-
lined lids), to hold filters and sorbent cartridges during transport to the analytical laboratory.

7.1.9 Ice chest, to hold samples at a temperature of 0 °C or below during transport to the laboratory after
collection.

7.1.10 Data sheets, for each sample, for recording the location and sampling time, duration of sampling, starting
time, and volume of air sampled.

7.2 Sample preparation

7.2.1 SoxHhlet extractor system , of volume 200 ml, with 500 ml flask and appropriate condensglr. If glass
sorbent cartrldge is extracted without unloading, a 500 ml extractor and 1 000 ml flask are required.

7.2.2 Kudgrna-Danish (KD) concentrators , of volume 500 ml, 10 ml graduated tubespwith ground-glass
stoppers, angl 3-ball macro-Snyder column.

7.2.3 Evaporative concentrators , including microevaporator tubes of 1 ml capacity; micro-Snydefr columns
(optional), water bath with + 5 °C temperature control, nitrogen blow-down apparatus-with adjustable flow|control.

7.2.4 Cleahup columns

Chromatogrgdphy columns of e.g. length 60 mm, inner diameter 11,5 mm,
7.2.5 Vacyum oven

Drying oven pystem capable of maintaining a vacuum at 30 kPate ‘35 kPa (flushed with nitrogen) overnight.
7.2.6 Labdratory refrigerator/freezer , capable of coolingdfrom 4 °C to —20 °C.
7.2.7 Glovg box or high-efficiency hood , for handling highly toxic standards, with UV-filtered light sodrce.
7.2.8 Viald, of volume 40 ml, borosilicate glass,

7.2.9 Miniyials , of volume 2 ml, borosilicate glass, with conical reservoir and screw caps lined with P[TFE-faced
silicone diskg, and a vial holder.

7.2.10 Erlenmeyer flasks , of volume 50 ml, borosilicate glass.
7.2.11 Boilipg chips , solvent-extracted, silicon carbide or equivalent, grain diameter 0,3 mm to 0,9 mm
7.2.12 Spatulas , PTEEscoated or of stainless steel.

7.2.13 Twe¢zerstand forceps , PTFE-coated or of stainless steel.

7.3 Sampte-anatysts

7.3.1 Gas chromatograph/mass spectrometer
Analytical system complete with gas chromatograph coupled with a mass spectrometer and data processor,
suitable for splitless injection, and all required accessories, including temperature programmer, column supplies,

recorders, gases and syringes.

7.3.2 GC columns , fused silica capillary column of length 30 m to 50 m, inner diameter 0,25 mm, coated with
crosslinked 5 % phenyl methylsilicone of 0,25 um film thickness, or other suitable columns.

Ferrules made up of no more than 40 % mass fraction of graphite (e.g. 60 % polyimide and 40 % graphite by mass
fraction) shall be used at the GC column injection inlet to avoid possible absorption of PAH.

6 © IS0 2000 — All rights reserved
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7.3.3 Syringes , of volumes 10 pl, 50 pl, 100 pl and 250 pl, for injecting samples into GC and making calibration,
reference standard, and spiking solutions.

8 Reagents and materials

8.1 Acetone, glass-distilled, chromatographic quality.

exane, glass-distilled, chromatographic quality.

hyl ether , reagent grade, preserved with 2 % volume fraction of ethanol.

8.2 n-H
8.3 Diet
8.4 Dicl
8.5 Cyc
8.6 Tolu
8.7 Pen
8.8 Silig
dichlorom
8.9 Sod
450 °C for|
8.10 Extr
deuterated
n-hexane
2,2’-dibror
efficiency
8.11 Inte
fraction or

8.12 Con

loromethane , glass-distilled, chromatographic quality.
ohexane (optional), glass-distilled, chromatographic quality.
ene (optional), glass-distilled, chromatographic quality.

tane, glass-distilled, chromatographic quality.

bthane as described in 11.1.1).

um sulfate , anhydrous, reagent grade (purified by washing with dichloromethane followed
4 hin a shallow tray).

action efficiency standards |, fluorene-d,,, pyrene=d,q, benzo[Klfluoranthene-d,,, or othe
standards, of purity 98 % mass fraction or better. Spiking solutions of the standards arg
or dichloromethane, as appropriate, to asgoncentration of 50 ng/ul. Alternatively or
hobiphenyl and 2,2",3,3’,4,4',5,5",6,6’-decafluorobiphenyl or 13C-labelled PAH may be used
Standards.

nal standards , naphthalene-dg, (acenaphthene-d,,, perylene-d;,, chrysene-d,,, of purity
better.

pressed gases , helium carrier gas, ultra-high purity, and nitrogen for sample concentration

9 Prep

9.1 Polyurethane foam

For initial ¢leanup;the PUF plug is placed in a Soxhlet apparatus and first extracted with acetone for 1
approximdtely‘4‘cycles per hour. This is followed by a second Soxhlet extraction for 14 h to 24 h at 3

ration of sampling media

a gel, high purity grade, type 60, grain diameter 75um to 200 um (purified by extraction with

by heating at

I appropriate
made up in
additionally,

as extraction

98 % mass

high purity.

1 hto 24 h at

pproximately

4 cycles per‘hour with a mixture of 10 % volume fraction of diethyl either in n-hexane (or other appropriate to

solvent to

be used in the sample extraction step described in 11).

The PUF plug may be reused if properly cleaned after each use. The number of possible uses before significant
deterioration of performance occurs has not been determined, but it should not be used more than six times without
verifying that the performance is unchanged.

NOTE
appropriate

If the PUF plug is reused, 10 % volume fraction of diethyl ether in n-hexane (or the optional extraction solvent, if

) may be used as the solvent for cleanup.

The extracted PUF plug is placed in a vacuum oven connected to an ultra-pure nitrogen gas stream and dried at
room temperature for approximately 2 h to 4 h (until the plug is no longer swollen).

© 1SO 2000 — All rights reserved
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The cleaned and dried PUF plug is placed in the glass sampling cartridge using polyester or latex rubber gloves
and PTFE-coated forceps.

9.2 Styrene/divinylbenzene resin (XAD-2)

For initial cleanup of the XAD-2, a batch of XAD-2 (60 g to 100 g) is placed in a Soxhlet apparatus and extracted
with dichloromethane for 16 h at approximately 4 cycles per hour. At the end of the initial Soxhlet extraction, the
used dichloromethane is discarded and replaced with fresh reagent. The XAD-2 resin is once again extracted for
16 h at approximately 4 cycles per hour. The XAD-2 resin is removed from the Soxhlet apparatus, placed in a
vacuum oven connected to an ultra-pure nitrogen gas stream and dried at room temperature for approximately 4 h

to 8 h (until the resin patrticles flow freely).

NOTE THe XAD resin may be dried more quickly using a fluidized-bed suspension system with dry nitrogen {29].

The XAD mpy be reused if properly cleaned after each use. The number of possible uses’ before [significant
deterioration|of performance occurs has not been determined, but it should not be used more‘than six tirrjes without
verifying that{the performance is unchanged.

A stainless dteel screen (75 um) or 1 cm thick plug of pre-extracted PUF is placed ‘at/the bottom of the hexane-
rinsed glass tartridge to retain the XAD-2 resin.

When dry, the XAD-2 resin is poured into the sampling cartridge to a depth ofzapproximately 5 cm. This Will require
55 g to 60 g [of sorbent. Another 75 um screen or a 1 cm PUF plug is placed on top of the XAD bed tq retain the
sorbent.

9.3 Storage

The loaded gampling cartridge is wrapped with hexane-rinsed-aluminium foil, placed in a clean containerfand tightly
sealed.

NOTE Inflieu of solvent rinsing, the aluminium foil may be heated for 1 h at 450 °C in a muffle furnace.

9.4 Blank|check

At least one |assembled cartridge from each batch shall be analysed as a laboratory blank, using the grocedures
described in clause 11, before the batch;is considered acceptable for field use. A blank level of < 10 ng der sorbent
cartridge for single compounds is considered to be acceptable. The blank level for a given PAH shall bg less than
10 % of the mass anticipated to lie-collected for analysis.

NOTE Blank levels of < 10.ng may not be achievable for naphthalene or phenanthrene. However, since these fompounds
are typically pfesent in amhiéntat relatively high concentrations, a blank level of < 50 ng is usually acceptable.

10 Samplirg

10.1 Calibration of the sampler flow control system

The airflow through the sampling system shall be monitored by a flow-control device or devices. A multi-point
calibration of the flow-control system shall be conducted every six months using a standard audit calibration orifice,
which is temporally attached to the inlet of the sampler. A single-point calibration shall be performed before and
after each sample collection. Alternatively, a high-flow dry gas metre may be used if it has been validated as a
transfer standard.

The sampler shall be calibrated:

a) when new;

b) after major repairs or maintenance;
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whenever any audit point deviates from the calibration curve by more than 7 %;

calibrated; or

e) atthe

frequency specified in the user’s manual.

when using a different collection medium (PUF vs. XAD) than that for which the sampler was originally

Calibration of the air sampler in the field is performed using a calibrated orifice flowrate transfer standard. The
flowrate transfer standard shall be certified in the laboratory against a positive displacement roots metre. Once
certified, the recertification shall be performed once a year, if the orifice is protected from damage.

10.2 Det

The efficie
prior to thq
periods e
efficiency

Sampling

ermination of sampling efficiency or dynamic retention efficiency

ncy of the sampler for the targeted PAH shall be confirmed under the conditions anticipate
initiation of any sampling programme. Determination of the efficiency is particularly.importal
ceeding 24 h are planned. Acceptable performance may be established hyodetermin
Jirectly or estimating it from the dynamic retention efficiency.

efficiency (Eg) is determined by spiking a solution of the compounds ‘of interest (or a r¢

d in the field
nt if sampling
ng sampling

bpresentative

selection t{hat includes the most volatile PAH) onto a clean particle filter backed’with the vapour cartridge, then

pulling thr
sampled.

bugh the assembled sampling module a volume of air equivalent(to the maximum volum
Retention efficiency (E,) is determined by spiking the sorbent diréetly, placing it behind a clez

sampling module, and otherwise following the same procedure.

For E; dg
oversaturs
manner th

terminations, add the spiking solution dropwise to theyfilter, so as to uniformly load
tion. For E, determinations, carefully inject the spiking;solution into the inlet face of the sor

at will apply the solution uniformly across the face{and to a depth of no more than 1 cm

solution slhall be in a volatile solvent, such as hexane or dichloromethane. Spiking levels shall corr

least 3 ti

es but no more than 10 times the anticipated.c¢oncentrations of the targeted compounds in

pulled thrqugh the sampling medium. Allow the spiked filter or sorbent to dry for about 1 h in a clean, li
area prior to pulling air through the system.

b that will be
N filter in the

it and avoid
bent bed in a
The spiking
espond to at
the air to be
jht-protected

The sampling rate and sampling period shall” be the same as that planned for the programine. Ambient

arm-weather

subtract any

temperatufes during the test shall also approximate those expected in the field, especially when w
conditions|are anticipated.
For determination of sampling efficiencies, analyse the sorbent and spiked filter separately and
residue rejained by the filter from the initial spike quantity for calculation of sampling efficiencies. For getermination
of dynamig¢ retention efficiencies) only the sorbent is analysed.
The sampling efficiency/Egfor a given PAH, in percent, is calculated using the following equation:
w
Es = +———=—x100
W -
where
W is the quantity of PAH extracted from the sorbent after air is pulled through it;

W, is the quantity of PAH initially applied to the filter;

Wy is the quantity of PAH remaining on the filter after air is pulled through it.

Sampling efficiencies shall fall between 75 % and 125 %, except for naphthalene and acenaphthylene, which may
exhibit lower efficiencies, especially with PUF. In no case shall sampling efficiencies below 50 % or above 150 %
be accepted.
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The dynamic retention efficiency E,, in percent, is calculated from the following equation:
w
E, =—x100
Wo

where W is the quantity of PAH initially applied to the sorbent bed.

The % E, has generally been found to be approximately equal to or slightly lower than the % Eg for semivolatile
organic compounds. The same range of acceptability applies to % E, as to % Eg.

10.3 Sample-eoliection

Clean the inferior surfaces and gaskets of the sampling module prior to sampling. Load and unload-the¢ sampling
cartridge in g controlled clean environment or at a centralized sample processing area, so that the isample handling
variables car} be minimized.

Load the sofbent-filled glass sampling cartridge into the lower part (Part 1) of the sampling head and |attach the
filter holder (Part 2) tightly to it (see Figure 1). With clean PTFE-tipped forceps, carefally place the partigle filter on
top of the filt¢r support and secure the filter holder ring over the filter. Tightly assembled all module conngctions.

NOTE Fgilure to properly tighten connections may result in air leaks and affect sample representativeness.

Locate the sampler in an unobstructed area, at least 2 m from any obstfuction of air flow. Stretch out the exhaust
hose in the predominant downwind direction to inhibit recycling of air into.the sampler.

With the sampling head removed from the sampler and the flow'Control valve fully open, turn on the jpump and
allow it to wajrm up for 5 min to 10 min.

Load a test gampling module with the same type of filter and sorbent collection cartridge as will be used for sample
collection anf attach to the inlet of the air sampler punap. Turn on the pump and open the flow control yalve fully.
Adjust the flqw regulator (e.g. voltage variator) so that a sample flowrate corresponding to approximately 110 % of
the desired flow rate is indicated on the vacuum.'gauge (based on the previously obtained multipoint |calibration
curve).

Then removg the test sampling modulesand place the calibration orifice on the air sampling pump} Attach a
manometer {o the tap on the calibration orifice. Turn off the pump momentarily to set the zero Igvel of the
manometer. [Then switch on the pump .and record the manometer reading, once a stable reading is achigved. Then
shut off the gump.

Use the calilpration curve fof the orifice to calculate sample flow from the data obtained in the previouq step, and
use the calibfation curve faf-the flow control assembly to calculate sample flow from the data obtained wjth the test
sampling mddule. Record the calibration data on an appropriate data sheet. If the two values do not agree within
10 %, inspeg¢t the sampler for damage, flow blockage, etc. If no obvious problems are found, recalibrate the
sampler.

Turned off the=ai—sa again—and 8 7o ading—c 3 -
temperature, barometric pressure, elapsed-time meter setting, sampler serial humber, filter number and sample
number.

Now attach the loaded sampling module to the sampler and begin the sampling cycle. Activate the elapsed-time
meter and record the start time. Adjust the flow, if necessary, using the flow control valve. Read and record the
flowrate at least once a day during the sampling period. Record ambient temperature, barometric pressure and
flowrates at the beginning and end of the sampling period (see example field data sheet shown in annex C).

At the end of the desired sampling period, carefully remove the sampling module and take to a clean area. Then

perform a final flow check using the test sampling module. If calibration deviates by more than 10 % from the initial
reading, mark the flow data for that sample as suspect, inspect the sampler and/or remove from service.
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While wearing polyester or latex gloves, carefully remove the sorbent cartridge from the lower sampling module
chamber and place on solvent-rinsed aluminium foil (the foil in which it was originally wrapped may be used). Then
carefully remove the particle filter from its holder with clean PTFE-tipped forceps, fold in half twice (sample-side
inward), and place inside the glass cartridge on top of the sorbent. Then return the cartridge to its original
transportation container and write the appropriate information on the label. Keep the sealed sample containers
refrigerated and protected from light for transport to the laboratory. Store the samples at 4 °C or below and for no
longer than two weeks prior to extraction.

10.4 Field blank

At least 10 % of the samples, or a minimum of one per sampling site, shall be field blanks. If sampling is periodic or
large numpers of samples are involved, take at least one blank at each site on each day of sampling.

11 Sample preparation

11.1 General
Set up the Soxhlet extractor in normal fashion in a fume hood and add the appropriate amount afpd volume of
extraction [solvent to the boiling flask. If the glass sorbent cartridge is to be extracted without first femoving the
sorbent, a 500 ml Soxhlet extractor and 1 000 ml boiling flask are required 'and the extraction solvgnt volume is
600 ml. If {he sorbent is removed from the cartridge for extraction, a 2004} extractor and 500 ml flask pre adequate
and only 300 ml of extraction solvent is required.

If PUF is
Alternative

the sorbent, the extraction solvent shall be 10 % “volume fraction of diethyl ether |n n-hexane.

ly, cyclohexane or toluene may be used for extraction‘ef PUF [9], [13], [17], [21] and [30].

If XAD-2 r
or 100 % (

NOTE
carbonaced

Remove t
rinsed alu
the bottom
with hexa
may be pl
extractor.

When PUJ
tongs and
cartridge

surrograte

e
Tninium foil. Remove the folded-particle filter from the cartridge with hexane-rinsed tweezers

bsin is the sorbent, the extraction solvent may be-either 10 % volume fraction of diethyl ethe
ichloromethane. Alternatively, cyclohexane ek toluene may be used if first validated by the u

Some studies have suggested that dichlaromethane is less efficient than toluene for extraction
us particulate matter [30].

sampling cartridge from the sealed transportation containers using gloved hands and plag

of the Soxhlet extractor.Af the glass sorbent cartridge is to be extracted, carefully rinse the
e before placing it inte-the” extractor on top of the filter. If the sorbent is to be removed for
ced in a pre-extracted-Soxhlet thimble for insertion into the extractor, or it may be placed di

compressed into a 200 ml Soxhlet extractor for extraction. Rinse the inside walls of the gl
vith 10-mIto 20 ml of hexane into the extractor. Immediately prior to extraction, add
standard solution to the sorbent in the Soxhlet extractor to monitor recovery.

Add the st

[ in n-hexane
ser.

of PAH from

e on solvent-
and place in
outside walls
extraction, it
ectly into the

- is used, it isdecommended that the PUF plug be removed from the sampling cartridge with tweezers or

hss sampling
20 pl of the

rreaxyaata ctandard caliitian ~antainin obinhavl daecafliiarahinhanyvl Ar calactad Aot
T 154 € O t

ated PAH at

50 ng/ul of each in n-hexane or dichloromethane, as appropriate, to every sa

ol
Togotc—Star oo o orotrorT—c ot i g TOTTPT ey T oC T oTooT TCTTy T —oCTrcotco—oToTtT

p
mple and field blank.

Operate the Soxhlet extractors for 14 h to 24 h (typically overnight) at a reflux rate of about 4 cycles per hour.
When the extract has cooled, pass it through a drying column containing about 10 g of pre-cleaned anhydrous
sodium sulfate (see 8.9) and collect in a Kuderna-Danish (K-D) concentrator. Wash the extractor flask and drying
column with 100 ml to 125 ml of n-hexane or dichloromethane, as appropriate, to complete the quantitative transfer.
Carefully concentrate the extract in the K-D apparatus to 5 ml or less on a water bath at 60 °C to 65 °C.

Exercise care to prevent the K-D concentrator tube from going dry. If total evaporation occurs, discard the sample.

© 1SO 2000 - All rights reserved 11


https://standardsiso.com/api/?name=1345d5de6260bc7fe1d09c5e12d35af0

ISO 12884:2000(E)

Drying with sodium sulfate should not be necessary for samples collected during dry weather. However, if XAD-2 is
used as the sorbent and drying is not indicated, filter the extract through a clean particle filter to remove fine
particles of the resin.

A vacuum rotary evaporator may be used to concentrate the extract to about 5 ml, if it can be demonstrated that
acceptable recoveries of internal standards and targeted PAH are achieved. Exercise care to prevent all of the
solvent from evaporating. If total evaporation occurs, discard the sample.

Carefully rinse the insides of the K-D concentrator flask and Snyder column with n-hexane or dichloromethane, as
appropriate, into the 10-ml concentrator tube. Then place the concentrator in a water bath held at 30 °C to 40 °C
and concentrate the extract to 1 ml or less under a gentle stream of nitrogen. (Alternatively, a micro-K-D
concentrator ffittee-with—a—friere-St rds at this
point (see 11

[@I=CW?= PN Loan ooy b nead for an. + i) A mtarnal ctand
1CTUTOT |_yU|C| CUTartm III(J._y T UoTU TUTD CUTIUTTTU G.I.IUII.} MUY UTC TTIteTTiarn owariu
.3) and adjust the final volume to 1,0 ml.

When dichlofomethane is used, the water bath temperature shall not exceed 30 °C.

Exercise car¢ to prevent the concentrator tube from going dry. If total evaporation occurs, discard the sample.
Volumetrical

and transfer

y adjust concentrated sample extracts to 1,0 ml and add the internal standard. Mix the sample well
0 sealed brown vials for storage at 4 °C or lower until analysed.

Analyse finallextracts within 30 days.

11.2 Sample cleanup

11.2.1 Column preparation

Extract silical and then

activate by h

gel, type 60, in a Soxhlet extractor with dichloremethane for 6 h (minimum rate, 3 cycles/h
pating in a foil-covered glass container for 16 h.at 150 °C.

Pack a small
11,5 mm i.d.
gently as theg
the silica gel

piece of glass wool into the bottom of & glass chromatography column of 15-ml to 25-ml capacity (e.g.
x 160 mm long) and slurry 10 g of activated silica gel into the column with pentane. Tap the column
slurry is settling to assure proper packing. Finally, add 1 g of anhydrous sodium sulfate to| the top of
Prior to use, pre-elute the column with 40 ml of pentane and discard the eluate.
NOTE

Cleanup procedures may not be'needed for relatively clean matrix samples.

11.2.2 Columhn chromatography

While the psg
column, and
Immediately

ntane pre-elutant covers the top of the column, transfer 1 ml of sample extract in n-hex
wash on Wwith- 2 ml of n-hexane to complete the transfer. Allow to elute through th
prior to exposure of the sodium sulfate layer to the air, add 25 ml of pentane and continue e

hne to the
e column.
ution. The

pentane elugte may.be discarded.

NOTE 1 TH
this fraction m

is“pentane fraction contains the aliphatic hydrocarbons collected on the filter/adsorbent combination| If desired,

hy he analysed for specific aliphatic arganics

If dichloromethane is used for extraction of the sample, it shall be solvent-exchanged with n-hexane. This can be
accomplished by diluting the extract at least 2-fold with hexane and concentrating to 1 ml at 30 °C under a purified
nitrogen stream. The dilution and concentration process should be repeated at least twice. Alternatively, a
micro-K-D concentrator fitted with a micro-Snyder column may be used for concentration.

Finally, elute the column at 2 ml/min with 25 ml of dichloromethane in pentane (4:6 volume fraction) and collect in a
50 ml K-D flask equipped with a 5-ml concentrator tube for concentration to less than 5 ml. Concentrate further to
1 ml or less under a gentle stream of nitrogen as previously described.

NOTE 2  An additional elution of the column with 25 ml of methanol will elute polar (oxygenated, nitrated and sulfonated)
PAH. This fraction may be analysed for specific polar PAH.
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11.3 Internal reference standards addition

To use this approach, the analyst shall select one or more internal reference standards that are similar in
chromatographic behaviour to the compounds of interest. For PAH, these are typically the deuterated analogs. The
analyst shall further demonstrate that the measurement of the internal reference standard is not affected by method

or matrix interferences. The following internal reference standards are suggested for the specific PAH as listed

below:

Naphthalene-d g4

Naphthalene

Perylene-d 4,

Perylene

Acenaphthene-d ;,

Acenaphthene
Acenaphthalene

Fluorene

Phenanthrene-d 4,

Benzo[a]pyrene
Benzo[b]fluoranthene
Benzo[K]fluoranthene
Benzo[ghilperylene
Dibenz[a,hlanthracene
Indeno[1,2,3-ed]pyrene

Coronene

Chrysene-d ,

Anthracene Benz[alanthracene
Fluoranthene Chrysene
Phenanthrene Cyclopenta[cd]pyrene
Pyrene

Stock solutions of the appropriate deuterated internal standards are typically made up to concentrationfs of 50 ng/ul.
They are gdded to sample extracts to achieve)concentrations similar to those expected for the PAH in the samples
to be andlysed (e.g. 20 ul of stock solution would be added to the 1-ml sample extract to achigve a 1 ng/ul
concentrafion corresponding to a 3 ng/m3 air concentration if 325 m3 of air is sampled). The final sample volume
after additjon of the internal standards-is adjusted to 1,0 ml. The internal standards should be added immediately
after sample cleanup (if any) and-priof to storage in the freezer pending analysis.

NOTE Deuterated PAH standards contain traces of natural (undeuterated) PAH. If too much deuterated PAH standard is
added, pogsible contamination—of the sample from natural PAH in the deuterated standard may interfere [with accurate
quantificatipn. Typically, dif.concentrations of PAH decrease with increasing ring number. Therefore, the corcentrations of
internal stgndards addeg-should be lower for the larger PAH (e.g. 1 ng/ul for naphthalene-dg, acenaphthplene-d;; and
phenanthrepe-d,q, atid 0,1 ng/ul for chrysene-d,, and perylene-d5).

12 Sample/analysis

12.1 Instrumentation

Analyses are typically performed on a 70-eV electron impact ionization MS operated in the selected-ion monitoring
mode (SIM). However, other types of mass spectrometers (e.g. ion trap), ionization modes (e.g. negative-ion
chemical ionization), and ion monitoring modes (e.g. full scan) may be used if the user can demonstrate equivalent
performance. A 30-m to 50-m x 0,25-mm capillary GC column coated with crosslinked 5 % phenyl methylsilicone
(0,25 um film thickness) or equivalent is recommended. Typical instrument parameters are:

— initial column temperature and hold time: 60 °C for 2 min;

— column temperature programme: 60 °C to 290 °C at 8 °C/min;
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injector:

transfer

injection

final hold time (at 290 °C): 12 min;

Grob-type, splitless (for 0,5 min to 1 min);

injector temperature: 275 °C to 300 °C;

line temperature: 275 °C to 300 °C;

source temperature: According to manufacturer' s specifications;

volume: 1 plto 3 pl;

carrier g
A typical gas
NOTE 1 Al

techniques or
also provide b

NOTE 2 W
improvement i
NOTE 3 Fd

5 °C/min colur

as: Helium at a flow velocity of 30 cm/s to 40 cm/s.
chromatogram of PAH standards obtained under these conditions is shown in Figure B.1 in

ernative mass spectrometric instruments, such as ion traps and tandem MS (MS-MS); as well as othd
ion monitoring modes, may be used and provide equal or better analytical sensitivity!” On-column in|

hen dichloromethane is used, the initial column temperature can be lowered to 40 °C; however,
h column performance is expected.

r higher resolution (e.g. partial separation of benzo[b]fluoranthehevand benzo[K]fluoranthene), a
hn temperature programme may be used, with resultant increaselin analysis time.

12.2 Instru

Calibration
interest. Thi

ent calibration

andards of native PAH are prepared at a mijgimum of three concentration levels for ea
is accomplished by adding appropriate volumes of one or more stock standards to a volum

One of the cdlibration standards shall be at a concentration near, but above, the minimum detection limit
the other colcentrations shall correspond to the expected range of concentrations found in real sampl

define the wq

The minimun
below the loy
to provide pr
noise ratio o
least 7:1.

rking range of the GC/MS system.

N acceptable ion intensity is instrument-dependent. However, quantitative results shall not b

vest calibration level. The lowest calibration level shall be sufficiently above the instrument

pcision between replicate-analyses of 20 % relative standard deviation or better. Typically &
3:1 is acceptable for,eompound identification. For quantification, the signal-to-noise ratio

Each of the

concentration.

calibration stafdards shall contain the appropriate deuterated internal standards at thg

Analyse injegtions (1-ulo 3 pl) of each standard solution and plot the area ratio of the primary ions of
and the corre¢spondifg internal standard against the concentration for each compound and internal sta
response fagtor(R;) for each analyte is calculated using the following equation:

btter sensitivity, but this technique requires careful maintenance to assure optimal Column performancyg.

annex D.

br ionization
ection may

ittle, if any

1 °C/min to

h PAH of
etric flask.
MDL) and
bs or shall

e reported
noise level

signal-to-
shall be at

specified

e analyte
dard. The

As Ps
where
A isthe peak area of the primary ion for the analyte to be measured,

is
Ps

Pis

14

is the peak area of the primary ion for the internal standard;
is the mass concentration of the analyte to be measured, in nanograms per microlitre;

is the mass concentration of the internal standard, in nanograms per microlitre.
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The base peak ion is usually selected as the primary ion for quantification of the standards. If interferences are
noted, use the next two most intense ions as the secondary ions. Table E.1 in annex E lists key ions for selected
deuterated internal standards. These standards may also serve as retention-time standards. The internal standards
are added to all calibration standards and all sample extracts analysed by GC/MS.

If the Ry is constant over the working range (< 20 % RSD), the R; can be assumed to be invariant and the average
R can be used for calculations. Alternatively, the results can be used to plot a calibration curve of response ratios,
A /A, vS. Ry.

Verify the working calibration curve or Ry on each working day by the measurement of one or more calibration
standards. If the response for any parameter varies from the predicted response by more than £ 20 %, repeat the

test using
for each c

o froch aolilhvotinn ctonadard Alborootnol srapnaora o moaar aolilhrotians At Tho volotio v
A TC ST CanmoTratioTT Starmuar a7 T atve Ty oo parc—a v ocanoTatioTT COTrve T T T TCTAtrve™T

bmpound in each calibration run shall agree within 0,03 relative retention time units.

12.3 Anglysis

Remove tl
GC and M
Select a

recommer

In SIM an
spectra to
reduced s
with the rg
practical g
(tg) of the
the analyt
retention t

he sample extracts from cold storage (if appropriate) and allow to warm to réom temperaty
S are properly set up, make 1 ul to 3 ul injections of each sample extract and note the N
minimum of two ions per compound for monitoring. A minimum dwelltime of 100 ms
ded. Typical characteristic ions for selected PAH are outlined in annex.E:

alysis, analyte identification is based on retention times and ‘qualifier ion ratios. There

compare. If secondary ions are included for monitoring, /method detection limits will be
nce relative abundances of these ions are low for PAH. Therefore, presence of the primar
lative retention time or index (relative to the corresponding-deuterated internal standard) m
pproach to identification when a low detection limit is;required. When the ratio (r) of the r
unknown analyte u to that of the corresponding intefnal standard | (where r =t |, A ) is us
2, the ratio of retention times rg from the sample\chromatogram shall not be greater than

smaller than 0,5. The retention index of the sample analyte and corresponding standard shall agree wi

The abung@lance ratio of the major characteristic-ions of the analyte and corresponding calibration s

agree wit
GC/MS sy
required g
extract.

When an
from the
technique
maxima of
to the rete

in £ 30 %. If the response for any ‘quantification ion exceeds the initial calibration curve
stem, dilute the extract. Add additional internal standard solution to the diluted extract to
oncentration (e.g. 1 ng/ul to 20 ng/ul) of each internal standard in the extract. Reanalys

hnalyte has been identified, the quantification of that analyte will be based on the integrate

The internal standard used is that having a retention time nearest that of a given analy

htion-time Maxima of the designated internal standard.

Carry-ove
after a sa

contamination may occur when a sample containing low concentrations of PAH is analysed
plé.containing high concentrations of PAH or PAH standard solutions. A solvent rinse shg

verify that [there is no carry-over.

ention times

re. Once the
IS response.
per peak is

hre N0 mMass
significantly
ion coupled
hy be more a
btention time
ed to identify
0,4 % of the

me ratio r . from the chromatogram of the calibfation standard. The value of r shall not be lafjger than 2 or

hin £ 2 %.

andard shall
range of the
maintain the
e the diluted

0 abundance

monitoring of the primary characteristic ion. Quantification is accomplished by the intefnal standard

e. The peak

specified characteristic ions of the analyte shall be coincident, within + 0,03 relative retentipn-time units,

immediately
Il be used to

13 Calculations

The mass concentration, in nanograms per microlitre (ng/ul), of each identified analyte in the sample extract is

calculated

PPAH
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where
A, isthe peak area of characteristic ion(s) for analyte being measured,
A,s is the peak area of characteristic ion(s) for internal standard,

R; s the response factor.

The air volume is calculated from the periodic flow readings taken during sampling using the following equation:

Gty t
n 1000

Vim

is the total sample volume under ambient conditions, in cubic metres;

01, O --|0, are the flowrates determined at the beginning, end, and intermediate points during sampling, in
litres per minute;

n is the number of data points;
t is the elapsed sampling time, in minutes.

The volume ¢f air sampled may optionally be converted to reference‘conditions of temperature and presgure (25 °C
and 101,3 kRa) using the following equation:

Vs = Vi ¢ 1(;){\,3 8 27§9+8TA

where
Vg s the total sample volume at reference-conditions (25 °C; 101,3 kPa), in cubic metres;
V,, is the total sample volume under-ambient conditions, in cubic metres;

ps is the ambient pressure, i kilopascals;
T, s the ambient temperature, in degrees Centigrade.

The mass cgncentrations-in-nanograms per cubic metre, of each analyte in the air sampled is given by:

_ PeVe.
Pa \L

=]

where V4 is final volume of extract, in microlitres.

14 Quality assurance

Users shall generate standard operating procedures (SOPs) describing the following activities in their laboratory:
assembly, calibration, and operation of the sampling system, mentioning the manufacturer and model of equipment
used; preparation, purification, storage, and handling of sampling reagent and samples; assembly, calibration, and
operation of the GC/MS system, mentioning make and model of equipment used; and all aspects of data recording
and processing, including lists of computer hardware and software used.
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The SOPs shall provide specific stepwise instructions and shall be readily available to and understood by the
laboratory personnel conducting the work. The SOPs shall be consistent with this International Standard.

Calibration standards shall be freshly prepared every one to two months, and checked for accuracy against
commercially available PAH standard mixtures.

NOTE

Standard reference materials of PAH mixtures are commercially available.

Calibration standards shall be analysed before and after each set of samples that are injected into the GC/MS.

A performance standard such as fluoranthene-d, or other suitable surrogate may be added to the purified sample
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Table A.1,
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efficiencies of the isotopically-labelled PAH surrogates added to the samples prior to’ e
hall be closely monitored to assure the effectiveness of sample work-up and analytical pro

0 % or more than 150 % mass fraction shall be discarded.

itely 10 % of the sample extracts shall be subjected to duplicate GC/MS “analysis to assur
brecision.

acceptable analytical accuracy, periodic analyses shall be made-of‘a known standard refere

od detection limit, uncertainty and precision

ss than 0,05 ng/m3. Concentration of sample extracts to less than 1 ml in volume prior to
detection limit, but introduce the risk of analyte losses, particularly of two-ring and thr
Ltion mass spectrometry can also improve sensitivity.

and uncertainty will vary with sample-volume and analyte concentration. Precision shoul
0 uncertainty = 50 %.

f collocated samples of 150 mS.of ambient air collected in two U.S. cities over a one-yeal

[6]. The performance characteristics of the analytical method described here are su

traction and
cedures. The

Fecoveries should fall between 75 % to 125 % mass fraction. Samples for which surrogate r¢coveries are

e acceptable

hce material.

ion limit of this method is proportional to sample volume. A 350 m3 sample will afford metiod detection

analysis will
be-ring PAH.

I be at least

period have

overall mean standard deviation of 13 % (range 0,03 % to 45,3 %) for 18 PAH (naphthglene through

mmarized in
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ISO 12884:2000(E)

Annex A
(normative)

Performance characteristics

Table A.1 — Summary of performance characteristics of the analytical method

Range of method

Detection lim
Sampling rat
Air sampler f
Sampling eff
Surrogate re
Media blankg

Reference sf]

it

D

ow control
ciency

Covery

pndards

Replicate samples

GC retention

Precision

Overall unce

times

[tainty

Naphthalene to coronene at 0,05 ng/m3 to 1 000 ng/m3

< 0,05 ng/m3 for 350 m3 sample volume

< 250 I/min

+10%

Goal: 75 % to 125 %; acceptable: 50 % to 450 %

Goal: 75 % to 125 %; acceptable: 5090 150 %

<10 ng (< 50 ng for naphthalene:and phenanthrene)

98 % mass fraction purity or‘better

10 % or more (at least;one)

Ratio of the retention times of the analyte to those of the corfesponding
internal standard shall fall between 0,5 and 2. Peak maxima ghall agree

within 0,03:relative retention-time units.
+ 25 % or better

+'50 % or better
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Physical properties of selected PAH

Annex B
(informative)

Table B.1 — Formulae and physical properties of selected PAH [8]

ISO 12884:2000(E)

Compotmd Formute otecttar Metting Boiling apour
(common name) weight point point & pressure
°C °C kPa at 25 °C
Naphthalene CyoHg 128,18 80,2 218 11 x 102
Acenaphithylene CioHg 152,20 9210 93 265 to 280 3/9x 1073
Acenaphthene CioHqg 154,20 90 to 96 27810 279 21 x 1073
Fluorene Cq3H10 166,23 116to 118 293 to 295 8J7 x 10>
9-Fluorenone C,3HgO 180,21 84 341,5 da. 10-°
Anthracgne Ci4H1g 178,24 216 to 219 340 36 x 106
Phenanthrene Ci4H10 178,24 96 10,101 339 to 340 2B x10-°
CisH10 202,26 107 to 111 375 to 393 6,5 x 107
Ci6H10 202,26 150 to 156 360 to 404 3L x10-6
CisH10 226,28 ca. 2757 — qa. 107
CygH12 228,30 157 to 167 435 15 x 1078
CigH12 228,30 252 to 256 441 to 448 5,f x 10-10
CygH1s 234,34 101 390 da. 106
CyoH1s 252,32 167 to 168 481 67 x 108
CyoHio 252,32 198 to 217 480 to 481 2f1 x10-8
CaoM1o 252,32 27310 278 500 to 503 7,0 x 10-10
CooH1n 252,32 177 to 179 493 to 496 7,8 x 10-10
CyoH12 252,32 178 to 179 493 7,4 x 10-10
CyoHip 276,34 27510 278 525 1,8 x 10-11
Indeno[1}2,3-cdpyrene CyoHps 276,34 162 to 163 — da. 1011
Dibenz[4, Alanthracene CyoHis 278,35 266 to 270 524 1,x 10711
Coronene Cy4H1s 300,36 438 to 440 525 2,0x 10713

&  Many of these compounds sublime at temperatures below the boiling point.
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