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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 wark 1SO collaborates 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 2.

The main tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by [the technical committees are circulated to the member bodies for voting.CPublication 3s an
International [Standard requires approval by at least 75 % of the member bodies casting-a Vote.

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

ISO 28540 was prepared by Technical Committee ISO/TC 147, Water qdality, Subcommittee SC 2, Physical,
chemical and biochemical methods.
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Introduction

Polycyclic aromatic hydrocarbons (PAH) occur in nearly all types of water, these substances are adsorbed on
solids (sediments, suspended matter) as well as dissolved in the liquid phase.

ISO 17993l"] specifies methods for the determination of 15 PAH by high performance liquid chromatography

in dri

nking water ground water and surface water

ISO 7981-1[31 and ISO 7981-2[4] specify methods for the determination of 6 PAH by high-perf

layer

This

specirometric detection (GC-MS) in drinking water, ground water and surface water:

Somé PAH are known or suspected to cause cancer. Maximum acceptabledeyels have been sef

of ca
humd
for
inden

untries. For instance, the European Council Directive 98/83/EC on ‘the quality of water
n consumption (Reference [10]) set the maximum acceptable leyel'for benzo[a]pyrene at 0,

0[1,2,3-cd]pyrene) at 0,100 ug/l.

brmance thin

chromatography or by high performance liquid chromatography in drinking water and ground water.

International Standard describes a method for at least 16 PAH using gas chrgmatographly with mass

in a number
intended for
D10 pg/l, and

he sum of four specified PAH (benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[ghilperylene,
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INTERNATIONAL STANDARD

ISO 28540:2011(E)

Water quality — Determination of 16 polycyclic aromatic
hydrocarbons (PAH) in water — Method using gas
chromatography with mass spectrometric detection (GC-MS)

WARNING — Persons using this International Standard should be familiar with normJl laboratory

practice. This standard does not purport to address all of the safety problems, if any;.ass
its use. It is the responsibility of the user to establish appropriate safety and health prac
ensure compliance with any national regulatory conditions.

pciated with
tices and to

IMPQRTANT — It is absolutely essential that tests conducted according tocthis Internationpal Standard

be c

1
This
in dri
conc

This

This
meth

2 Normative references

The

references, only the edition cCited applies. For undated references, the latest edition of th

docu

ISO 4
samg

ISO §

ISO §
chard

rried out by suitably trained staff.

Bcope

nternational Standard specifies a method for the determination of at least 16 selected PAH
nking water and ground water in mass concentrations above 0,005 pg/l and in surface W
bntrations above 0,01 ug/l (for each individual compound).

see Table 1)
ater in mass

nternational Standard can be used for samples caontaining up to 150 mg/l of suspended matier.

method is, with some modification, also suitable for the analysis of waste water. It is posg
bd is applicable to other PAH, provided themethod is validated for each case.

following referenced documents are indispensable for the application of this documen
ment (including any amendments) applies.

667-1, Water quality — Sampling — Part 1: Guidance on the design of sampling prog
ling techniques

667-3, Water quality — Sampling — Part 3: Preservation and handling of water samples

466-1,-Water quality — Calibration and evaluation of analytical methods and estimation of
cteristics — Part 1: Statistical evaluation of the linear calibration function

ible that this

t. For dated
e referenced

rammes and

performance

3 Terms and definitions

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

3.1

analyte
substance to be determined

[ISO

15089:2000[°], 3.2]

NOTE Substances determinable by this International Standard are listed in Table 1.

© IS0
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3.2

calibration solution
solution prepared from a secondary standard and/or stock solutions and used to calibrate the response of the

instrument w

ith respect to analyte concentration

[ISO 18073:2004[8], 3.1.2]

3.3
GC-MS dete
selected frag

rmination diagnostic ion
ment or molecular ion of the target compound with the highest possible specificity

3.4

injection stJndard

standard mixture added to a sample before injection into the GC-MS apparatus, to monitor variability of
instrument rgsponse and to calculate internal standard recovery

NOTE Infthis International Standard, the injection standard mixture contains an isotopically labelled)PAH.

3.5

internal standard

isotopically labelled PAH or PAH unlikely to be present in the sample, added tocsamples prior to extraftion,
against which the concentrations of native substances are calculated

3.6

selected ion monitoring/recording mode

SIM/SIR

measuring the intensity of selected diagnostic ions only

NOTE Adapted from 1SO 22892:2006!°], 3.8.

4 Principle

The PAH (see Table 1) present in the aqueous-sample are extracted from the water sample by liquiddiquid
extraction with hexane. An internal standard. mixture is added to the sample prior to extraction. The extract is
concentrated by evaporation, and the residue taken up in a solvent appropriate for clean-up or GC analygis.
NOTE 1 Ofher volatile solvents can/be used as well if it is proven that there is equal or better recovery (recovery|mass
fraction between 70 % and 110 %).

The liquid-liquid extraction< method shall not be used with samples containing more than 150 mg/l of
suspended matter.

WARNING — The use”of this International Standard may involve hazardous materials, operations and
equipment. [This International Standard does not purport to address all the safety problems assocjated

with its use

health practiees

NOTE 2
4.1,4.2 and 4.

ility

. dt-is the responsib

t

3, can be used.

For samples that contain more than 150 mg/l suspended matter the procedure described in ISO 17858:20071¢],

If necessary, extracts of surface water samples can be cleaned by column chromatography prior to analysis.
Prior to injection, injection standards are added to each extract, and an aliquot of the extract is injected into
the gas chromatograph.

PAH are separated on a suitable fused silica capillary column, coated with a film of cross-linked non-polar
polysiloxane or slightly polar modified polysiloxane with an efficient separation. The column shall be suitable
for separating benzo[a]pyrene and benzo[e]pyrene. Identification and quantification is performed by means of
mass spectrometry using electron impact ionization (El).

© 1S0O 2011 — All rights reserved
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Table 1 — Polycyclic aromatic hydrocarbons determinable by this International Standard

Name Name
Chemical formula Chemical formula
Molar mass Structure Molar mass Structure
% carbon % carbon

CAS number CAS number
Naphthalene Fluorene
C1oHs Ci3Hio
128,17 g/mol 166,22 g/mol @‘@
93,75 % C 93,59 % C
91-20-3 86-73-7
Acenaphthylene Acenaphthene
Ci2Hs o) Cq2H10
152,20 g/mol @@ 154,21 g/mol (&5
94,6 % C 93,05 % C
208-96-8 83-32-9
Anthracene Phenanthrene
C1aHio CaaH1o
178,23 g/mol 178,23 g/mol
94,05 % C 94,05 % C @ID
120-12-7 85-01-8
Pyrene Fluoranthene
CieHio @@ C1eH1o %
202,26 g/mol 202;26"g/mol @I
95,0/ C @@ 95,0% C O
129-00-0 206-44-0
Chrysene Benzo[a]anthracene
CigHi2 CigH12 (j(@
228,29 g/mol 228,29 g/mol
94,4% % C @@ 94,45 % C @
218-01-9 56-55-3
Benzolk]fluoranthene? Benzol[b]fluoranthene?
CooHi2 @ CooH12 D
252,32 g/mol @@’ 252,32 g/mol @@
95,2 C @ 952 %C
207-08-9 205-99-2
Indefo[1,2,3-cd]pyrene? Benzo[a]pyrene?
Co2Hi2 @@ CooH12 O @
276,34 g/mol .@@ 252,32 g/mol @
95,6 % C @ 952%C O
193-39-5 50-32-8
BenZo[ghi]perylene? Dibenzo[a,h]anthracene?
CooHi2 ,(OI@L CaoH14 P @
276,34 g/mol Ol 10O 278,35 g/mol OlO @
95,6 % C 947 %C @
191-24-2 53-70-3

a Compound specified by Council Directive 98/93/EC (Reference [10]).

© 1SO 2011 — All rights reserved
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5

5.1

Interferences

Interferences with sampling, extraction, and concentration

Use sampling containers of materials that do not affect the analyte content during the contact time (preferably
of stainless steel or glass). Avoid plastics and other organic materials during sampling, sample storage or
extraction. Care should be taken when using surfactants for cleaning sample containers, because they may

lead to the fo

rmation of emulsions during liquid-liquid extraction.

If automatic samplers are used, avoid the use of silicone or rubber material for the tubes. If these materials
are present, ensure that the contact time is minimized. Rinse the sampling line with the water to be sampled

before taking

Keep the tes
containers. C

During stora
containers. T|

5.2

Substances

lead to incon
of the analy
reference su

Chromatogrs
Due to their
incomplete r
corrected. S
benzo[K]fluor
capillary ¢
benzo[b]fluorf

and chryseng. If this is the case, state this fact in the test report.

NOTE B4

6 Reage

WARNING
equipment.
with its use
health pract|

Interféerences with GC-MS

the test sample. Use ISO 5667-1 and ISO 5667-3 for guidance.

[ samples away from direct sunlight and prolonged exposure to light. Store the samples’in g
lear glass bottles are suitable as well, but then the samples shall be kept in a dark(place.

ge of the test samples, losses of PAH may occur due to adsorption on.'to"the walls g
he extent of the losses may depend on the storage time.

hat co-elute with the target PAH may interfere with the determination. These interferences
hpletely resolved signals and may, depending on their maghitude, affect accuracy and pre
ical results. Non-symmetrical peaks and peaks broader:than the corresponding peaks d
bstance suggest interferences.

molecular mass differences, quantification canibe made by mass selective detection.
bsolution is encountered, peak integration shall’"be checked and, when necessary, the bag
ifficient resolution (e.g. not less than R =0,8) between the peaks of benzo[b]fluoranthen
anthene as well as of benzo[a]pyrene and’benzo[e]pyrene is to be set as quality criterion fi
blumn.  Benzo[jlfluoranthene candot” be separated from benzo[k]fluoranthene
anthene. It is possible that triphenylene is not completely separated from benzo[a]anthra

nzo[jlfluoranthene, benzo[e]pyrene, and triphenylene are not part of the 16 target analytes.

hts

- The use of this International Standard may involve hazardous materials, operationg
This International Standard does not purport to address all the safety problems assoc
. It is the responsibility of the user of this standard to establish appropriate safety
ces and determine the applicability of regulatory limitations prior to use.

mber

f the

may
Cision
f the

phic separation between dibenzo[a,h]anthracene “and indeno[1,2,3-cd]pyrene is most cifitical.

Vhen
eline
and
r the
and
cene

and
iated
and

During the a

ralysis, untess otherwise stated; use onty Teagents of Tecognized—amatyticat grade;“for e

idue

analysis” or “for GC analysis”, where appropriate, and distilled or demineralized water or water of equivalent
purity. Otherwise, pay extra attention that each batch of solvents does not contain blank concentrations

affecting the
6.1
6.2

6.2.1

results.

Sodium thiosulfate pentahydrate, Na,S,05:5H,0, for dechlorination.
Solvents.

Hexane, CgH,4.

6.2.2 Acetonitrile, CH;CN.

© SO 2011 — All rights re
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of interfering

6.2.3 Acetone, C3HgO.

6.2.4 Decane, CgHy,.

6.2.5 Isooctane, CgH,s.

6.2.6 Dichloromethane, CH,Cl,.

6.3 Sodium sulfate, Na,SO,, anhydrous, precleaned by heating to 500 °C for 4 h or free
compounds.

6.4 Gases:

6.4.1] Nitrogen, 99,999 % volume fraction, for the purpose of evaporating the extracts.

6.4.2] Helium, 99,999 % volume fraction, for gas chromatography.

6.5 | Standards.

6.5.1| Reference substances (see Table 2) and internal standards.

Chogse internal standards with physical and chemical properties (Such as extraction behavig

time)
Use

Claus
numby
and 4
NOTH

NOTH
numb

Beca
solut

6.5.2

Add
befor

Prep

6.6

that are similar to those of the compounds to be analysed.

a minimum of three internal standards, e.g. three deuterated PAH, for evaluation of
ses 11 and 12). Verify the stability of the internal standards regularly. Table 2 contains nativ|
er of deuterated PAH that can be used. The internalhstandards are added to the sample to
re therefore dissolved in a water-soluble solvent.

1 13C isotopically labelled PAH standards can-also be used as internal standards.

2  Certified solutions of PAH and singlelsolid PAH substances with certified purity are available
br of suppliers?) or from other commercial providers.

use of the dangerous nature of these substances, commercially available, preferably certif
ons should be used. Skin contact should be avoided.

Injection standard:

an isotopically labelied non-polar substance to the final extract and to the calibration s
e GC-MS injectionto check the recovery of the internal standards.

hre a stogksolution of the injection standard in an appropriate solvent of mass concentration

Single substance stock solutions.

ur, retention

results (see
e PAH and a
be extracted

from a limited

ed, standard

lutions (6.8)

p~ 10 pg/ml.

Prepare—sotutions—ofthe—singte—substances{see—Table—t)imamappropriate—sotventeg—exa
acetonitrile (6.2.2), with mass concentration p ~ 200 pg/ml.

e (6.2.1) or

These solutions can be used for confirmation and identification of single PAH in the chromatogram.

1) The Institute for Reference Materials and Measurements (IRMM), Geel, Belgium, the National Institute of Science and
Technology (NIST), Washington DC, USA, and the Cambridge Isotope Laboratory (CIL), Andover, MA, USA, are
examples of suitable product suppliers. This information is given for the convenience of users of this International

Stand

© IS0

ard and does not constitute an endorsement of these suppliers by 1SO.
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6.7 Multiple substance stock solution.

Dilute a sufficient volume (e.g. 5 ml) of the single substance stock solutions (6.6) in a one-mark volumetric
flask (7.14, e.g. 100 ml) with an appropriate solvent, e.g. hexane (6.2.1) or acetonitrile (6.2.2), to prepare a
solution of mass concentration p ~ 10 pg/ml.

Alternative commercially available (certified) combined and mixed solutions containing only one or some of
the reference substances (see Table 1) at an appropriate mass concentration of the relevant single substance,
e.g. 10 yg/ml in an appropriate solvent, such as acetonitrile (6.2.2) or hexane (6.2.1), may be used.

The solutions 6.5 to 6.7 are stable for at least 1 year when stored in the dark at room temperature and
protected from evaporation: Eheck—the atabi“ty ofthe—standard—sotution lcguiqliy. For—that—purpose,
independent|solutions for quality control shall be available within a laboratory.

Table 2 — Native PAH and deuterated PAH

PAH reference substances Labelled internal standard substances deuterated PAH
Naphthalene [CAS No. 91-20-3) Naphthalene-d8 (CAS No. 1146-65-2)
Acenaphtheng (CAS No. 83-32-9) Acenaphthene-d10 (CAS No,\15067-26-2)
Acenaphthylgne (CAS No. 208-96-8) Acenaphthylene-d8 (CAS No. 93951-97-4)
Fluorene (CAB No. 86-73-7) Fluorene-d10 (CAS'No. 81103-79-9)
Anthracene (CAS No. 120-12-7) Anthracene-d 10-(CAS No. 1719-06-8)
Phenanthren¢ (CAS No. 85-01-8) Phenanthréne-d10 (CAS No. 1517-22-2)
Fluoranthene|(CAS No. 206-44-0) Fluoranthene-d10 (CAS No. 93951-69-0)
Pyrene (CAS|No. 129-00-0) Pyrene-d10 (CAS No. 1718-52-1)
Benzo[a]anthfacene (CAS No. 56-55-3) Benzo[a]anthracene-d12 (CAS No. 1718-53-2)
Chrysene (CAS.No. 218-01-9) Chrysene-d12 (CAS No. 1719-03-5)
Benzo[b]fluoranthene (CAS No. 205-99-2) Benzo[b]fluoranthene-d12 (CAS No. 93951-98-5)

Benzolj]fluorgnthene? (CAS No. 205-82-3)
Triphenylene§ (CAS No 217-59-4)

Benzo[k]fluoranthene (CAS No. 207208-9) Benzo[k]fluoranthene-d12 (CAS No. 93952-01-3)
Benzo[a]pyrepe (CAS No. 50-32-8) Benzo[a]pyrene-d12 (CAS No. 63466-71-7)
Benzo[e]pyrene? (CAS No..192-97-2)

Indeno[1,2,3-gd]pyrene (CAS No. 193-39-5) Indeno[1,2,3-cd]pyrene-d12 (CAS No. 203578-33-0)
Dibenzo[a,hlgnthracene (CAS No. 53-70-3) Dibenzo[a,h]anthracene-d14 (CAS No. 13250-98-1)
Benzo[ghi]petylene (CAS No. 191-24-2) Benzo[ghi]perylene-d12 (CAS No. 93951-66-7)

a Not one of the 16 target analytes; used only to check that resolution is sufficient.

6 © 1SO 2011 — All rights reserved
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6.8 Calibration solutions.

Prepare at least five calibration solutions by appropriate dilution of the multiple substance stock solution (6.7),
using hexane (6.2.1) or acetonitrile (6.2.2) as solvent. Add to each solution the same amount of the stock
solution of the injection standard to give a final concentration of p~ 100 ng/ml.

It is recommended that the solvent for the calibration solutions be the same as the solution of the final extract.
Transfer, for example, 50 pl of the multiple stock solution into a 5 ml one-mark volumetric flask (7.14) and

make up to the mark an with appropriate solvent. A volume of 1 pl of this reference solution contains 100 pg of
the respective individual substances (p = 100 ng/ml).

The iwass concentration of the PAH in the multiple substance stock solution shall be checked by comparison
with @n independent, preferably certified, standard solution. All individual substances shall.agree Within +10 %.

Thesg solutions shall be used for the calibration of the gas chromatographic system (mixture in hexane) as
well as for the addition of internal standards [mixture in acetonitrile (6.2.2.)].

7 Apparatus

Usudl laboratory equipment and in particular the following. Clean{laboratory glassware to |eliminate all
interferences.

NOTH All glassware can be cleaned, for example, by rinsing with detergent and hot water, and drying for about
15 mih to 30 min at about 120 °C. After cooling, the glassware can, be rinsed with acetone (6.2.3), sealed, and stored in a
clean|environment.

For drinking water analysis, do not re-use glasswaté that has been in contact with waste water samples or
samples with high PAH concentrations.

7.1 | Coloured or clear glass bottles, narrow-necked, flat-bottomed, 1 000 ml, with aluminium-lined cap.

7.2 | Magnetic stirrer, with stirring bars”(size approximately 20 mm), glass, kept under the solvgnt used for
extraftion.

7.3 | Separating funnel, capacity 1 000 ml, ISO 4800[2], with PTFE stopcock and glass stopper
7.4 | Conical flask, nominal capacity 250 ml, with glass stopper.

7.5 | Equipment for/concentrating the eluates by evaporation, e.g. a rotary evaporator, rggulatable for
consfant vacuum;and with a temperature-controlled water bath, or stripping equipment using nitrogen gas.

7.6 | Microlitre syringes, e.g. 500 yl and 1 000 pl.

7.7 | Reduction flask, 100 ml (e.g. as shown in Figure C.3).

7.8 Centrifuge with rotor, with centrifuge tubes (e.g. as shown in Figure C.2) with tapered bottom, 50 ml.
7.9 Shaking apparatus, with adjustable rotational speed.
7.10 Glass autosampler vials, capacity e.g. 2 ml, with inert cap and PTFE-coated septum.

7.11 Glass vials, e.g. centrifuge tubes, graduated (scale division 0,1 ml), nominal capacity 10 ml, with glass
stoppers.

7.12 Gas chromatograph, with mass spectrometric detector (El).

7.13 High resolution, low bleeding capillary column for gas chromatography (e.g. see Annex A).

© 1SO 2011 — All rights reserved 7
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714
715
7.16
717

Glass

NOTE

One-mark volumetric flasks, ISO 10420 class A.
Microfilter, with solvent-resistant hydrophilic membrane, pore size 0,45 pym.

Pasteur pipettes.

cartridges, filled with at least 0,5 g silica (see 7.18).

These cartridges are commercially available.

7.18 Silica, average particle size approximately 40 um, heated at 450 °C for 3 h and stored in a desiccator to
ensure maximatactivity

NOTE Pr

7.19 Molec

7.20 Glass

8 Sampl

Collect the s
chlorine by a

When sampl
bacteriologic

NOTE

Fill the bottlg
weighing, bg

(3+2)°C, p

Ensure that {
avoid losses

It is generall
adherence tg

9 Proced

9.1 Genel

e-packed silica cartridges are commercially available.
ular sieve beads, pore diameter 0,4 nm.

wool.

ng

ample in a glass bottle with a volume of 1 000 ml (7.1). Dechlorinate water samples contg
(dding approximately 80 mg of sodium thiosulfate (6.1) prior ta{sample collection.

ining

ng drinking water from a tap of the water supply, collect the sample before the tap is sterilize¢d for

Bl sampling by flame treatment.

Guiidance on sampling programmes can be found in 1IS©;5667-1.

to the shoulder (approximately 950 ml)..Determine the volume of the sample to be extract
tfore extraction and after emptying, \with an accuracy of +5g. Store the sample bet
rotected from light, until the extraction:s carried out (see also ISO 5667-3).

he extraction is carried out within the maximum preservation time, as specified in ISO 5667

y recommended that the ‘extraction be carried out as soon as practicable to minimize pot
glass which couldbejan issue when glassware is reused.

lure

al considerations

bd by
ween

-3, to

ential

The extractia

n method shall not be used with samples containing more than 150 mga/l of suspended matt

r.

Volatile solvents other than hexane may be used if it is proven that there is equal or better recovery (recovery
mass fraction between 70 % and 110 %).

9.2 Extraction

9.21

Sample preparation and extraction

Add a precisely defined amount of the internal standard (e.g a volume containing 50 ng), dissolved in a
water-soluble solution (6.5.1). Add 25 ml of hexane (6.2.1), add a stirring bar (7.2) and close the flask (7.1)
with an aluminium-lined cap or close the conical flask (7.4) with a ground stopper. Thoroughly mix the sample
using the magnetic stirrer at maximum setting during 60 min. Transfer the sample to a separating funnel and
allow the phases to separate for at least 5 min. If an emulsion is formed during the extraction process, collect

© 1S0O 2011 — All rights reserved
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it in a centrifuge tube and centrifuge (7.8), for example for 10 min at about 3 000 r/min. Alternatively, a
microseparator (see Annex B) can be used for separation of phases. Remove the separated water with a
Pasteur pipette (7.16). Transfer the extract to a conical flask (7.4) and dry it according to 9.2.2. Be sure to
rinse the bottle thoroughly with extraction solvent to extract any adsorbed PAH.

NOTE The extraction procedure can also be carried out in a separating funnel (7.3) using a shaking apparatus (7.9)
and a microseparator (Annex C).

For the extraction of water samples with high concentrations of PAH, transfer only 10 ml to 100 ml of the
homogeneous sample to a 250 ml conical flask (7.4) with a pipette and dilute with water to 200 ml. After
adding 25 ml of hexane (6.2.1), proceed as above.

9.2.2| Drying of the extract

Trangfer the hexane layer obtained in 9.2.1 into a 100 ml conical flask. Rinse the funnel of centrifige tube with
5 ml pf hexane and add it to the total extract.

Dry the extract with approximately 0,2 g sodium sulfate for at least 15 min, swirling'th€ vessel frequently.

Decdnt the dry extract into a reduction flask (7.7). Rinse the conical flask twiee.with 5 ml of hexang and decant
this glso into the reduction flask.

9.2.3| Enrichment
Evapprate the dried hexane extract obtained in 9.2.2 until it fills ‘only the tapered tip of the regduction flask
(approximately 2 ml), e.g. using a rotary evaporator, at a temperature of 30 °C, slowly lowering the pressure to
20 kRa.

Do npt evaporate the extracts to dryness, as losses:af the 2- or 3-ring compounds can occur. Adding a few
dropg of decane (6.2.4) or isooctane (6.2.5) reduces.the loss of the most volatile compounds.

Dissqlve the extract into a known volume (e.g. 2 ml). Be sure that any residues that may be deppsited on the
glasg wall are dissolved by shaking the extract using the shaking apparatus.

Clean the extracts of samples of unknown origin by silica clean-up according to 9.2.4 if the chromatogram
shows interferences that hamper the\quantification.

Trangfer the enriched sample, if'fnecessary after filtration through a microfilter (7.15), into a glasg sample vial.
Keep the sample in a cool-and dark place until the analysis is carried out.

Proce¢ed as specifiedin-9.4.

Altermative enriechment methods may be used. If a large volume injection is used or if higher congentrations of
the tgrget campounds are expected, a lower enrichment factor may be used.

9.2.4| ¢Silica clean-up

For clean-up of the extract, use columns [Pasteur pipettes (7.16)] with a glass wool (7.20) plug or a cartridge
(7.17) containing at least 0,5 g of silica (7.18). Clean the silica in the column or in the cartridge by rinsing with
five bed volumes of a mixture of dichloromethane and hexane (1+1), followed by conditioning with the same
volume of hexane (6.2.1).

NOTE 1  The clean-up is not possible for solutions that contain acetone.

Dry the solvents used for cleaning the extract by applying molecular sieve beads (7.19). The silica should
have its maximum activity.

Concentrate the enriched extract (9.2.3) by blowing with a gentle stream of nitrogen (6.4.1), so that a volume
of 500 pl remains.
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Transfer the concentrated extract using a Pasteur pipette (7.16) on to the hexane-covered silica and allow to
soak almost completely into the silica. Collect the eluate in a glass vial (7.11).

Rinse the reduction flask with 500 pl of hexane (6.2.1), add this solution on to the column, and allow to soak
almost completely into the silica.

Elute the PAH with a mixture of dichloromethane and hexane (1+1).

NOTE 2 Commercially available cartridges containing 0,5g of silica require a volume of at least 3 ml of the
dichloromethane-hexane (1+1) mixture for the elution of the PAH.

Add a few dn

9.2.3) to bet
of nitrogen (4

Fill the extra
of the calibrg

Proceed as d

9.3 Gas ¢
Operate the

Select a cap
Annex A).

Analyse cali
used, add a
thoroughly, 4

9.4 Blank

Perform blan
water shoulq
procedure frq
are unusuall
order to find
procedures,
of the analyti

If sample co
the lowest re

veen 200 pl and 250 ul, e. t with. a. rotary evaporat’or (7.
4.1).

g. firs

Ct up to a known volume (e.g. 2 ml) with the same solvent that has been used for.the prepa
tion solutions (6.8).

escribed in 9.4. Use an aliquot for the GC-MS determination.

hromatography

pjas chromatograph according to the manufacturer's instructions,

pration solutions, blank and samples in the same& conditions. If an injection standard (6.5
precisely known amount of the injection standard to the calibration standards and extracts
nd inject immediately in the GC.

measurement

k determinations using water prior to and during series of analyses, at least one per batch

be free of detectable PAH:\'Blank measurements shall include all steps of the ana
m the sample arrival at thelaboratory to the evaluation of the gas chromatogram. If blank v|

high (over 50 % of the lewest reporting level), every step in the procedure shall be check
the reason for these high blanks. Ensure that blanks are reduced as much as possible by v3
such as elimination“ofthe contamination of the sample by ambient air and solvents, and chej
cal instrumentation-

ncentrations\are close to the limit of quantification, however, blank values of higher than 50
ported value can be tolerated.

9.5 Mass

spectrometric (MS) conditions

llary GC column and chromatographic conditions where efficient separation is achieved (e.g.

see

.2) is
, Mix

This
ytical
alues
ed in
rious
cking

% of

The mass spectrometer is adjusted in accordance with the manufacturer's instructions. Chromatograms are
recorded in full scan (46u to 300u, where u is a unified atomic mass unit) or selected ion
monitoring/recording mode (SIM/SIR).

Adjust the scan rate of the mass spectrometer to a velocity allowing one gas chromatographic peak to be
described by at least seven data points.

A list of the diagnostic ions with relative intensities with reference to 1ISO 22892[91 (GC-MS identification) are
given in Table 4.
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10 Calibration

10.1 General

A calibration curve encompassing the concentration range is prepared for each compound to be determined.
The relative response, R (see 10.2), or response factor, Fr (see 10.3), versus concentration in standard
solutions is plotted or computed using a regression function. At least five calibration points are employed. See
also ISO 8466-1.

10.2 Calibration by labelled internal standard

Labe|led internal standard calibration is used for the PAH for which labelled compounds are added to samples.
Prepare a calibration curve encompassing the concentration range for each compound to be detgrmined. Plot
the relative response, R (native to labelled), versus concentration in standard solutions or compute using a
linear regression. Determine the relative response factor for each PAH in accordance with th¢ procedures
specified in the next paragraph. Employ at least five calibration points.

Detefmine the response of each PAH relative to its labelled analogue, Ry, using the area fesponses of
diagrjostic ion 1:

p _ Ain AL (1)

wher

w

44, is the area of diagnostic ion 1 for the PAH;

N

(4. is the area of diagnostic ion 1 for the labelled compound;
A is the concentration, in micrograms per litre, of the labelled compound in the calibration gtandard;
A, is the concentration, in micrograms per litre, of the native compound in the calibration standard.

n

NOTH If the relative response(for ‘any compound is constant (less than 20 % coefficient of variation) over the five
point palibration range, an averaged relative response can be used for that compound; otherwise the compl|ete calibration
curvelfor that compound can be used over the five point calibration range.

10.3| Calibration by internal standard

The internal standard method is applied to determination of other PAH for which no labelled stgndards have
been|added te'the sample.

Calibration requires the determination of response factors, Fg, defined by Equation (2):

A .
Fo = 21 Pis (2)
R

Agis Ps

where
A4g is the area of diagnostic ion 1 for the PAH;
A4js is the area of diagnostic ion 1 for the internal standard;
Pis is the concentration, in micrograms per litre, of the internal standard;

ps is the concentration, in micrograms per litre, of the compound in the calibration standard.
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NOTE

If the response factor, FR, for any compound is constant (less than 20 % coefficient of variation) over the five

point calibration range, an averaged response factor can be used for that compound; otherwise the complete calibration
curve for that compound over the five point range can be used.

For the daily check of the calibration (recalibration), inject at least two calibration standards, e.g. at
concentrations of 20 % = 10 % and 80 % + 10 % of the established linear range. Compare the calculated
response factor with those obtained in the previous batch of samples. They should not differ more than 20 %.

11 Measu

rement of samples

Equilibrate tt
the manufact

For the meas
lonization me

Mass range

Cycle duratig

If only single
more ions, W,

T MEasuring SystenT before measuring sampies and-adjust the mass spectrometeraccord
urer's instructions.

urement, the following conditions shall apply.
pthod: electron impact.
46 u to 300 u, where u is a unified atomic mass unit, at least 10 u aboy

highest mass of the substances to be determined./With interferences
due to CO,, the spectrum may be started at 46 4

pf the spectrum:
n: so that at least seven spectra can be taken per substance peak.

masses are registered in order to increase sensitivity, register the base peak and at leas
th the same cycle duration as above.

ng to

e the
, e.g.

t two

12 Identifjcation
The quantifigation of a single substance requires a secure and non-ambiguous identification. PAH have less
fragmentatiop and therefore require additional criteria for identification.
When taking|whole spectra, the sample spectrum and the reference spectrum taken under the same wqrking
conditions should be identical. The reference spectrum should be produced by each laboratory using| their
equipment gnd should be stored in _a _reference spectrum database. These spectra are to be usegd for
identification|purposes by mass spectrometry.
The deviation of the non-basic peak (not 100 % mass peak) should be less than 10 %.
If there is a shift of retentien.time, confirmation of identity can be done by spiking. The use of all 16 isotogically
labelled PAH standards_imay be the best way to confirm the identity. See Table 3.
Table 3 — Degree of confirmation of the identity
Technique idgsg;i‘::zggn Operating mode Additional criterion
Possible Single mass monitoring Compliance of the mass ratios with that of the standard
MS (SIM/SIR) compound within given limits
Confi Acquisition of total Compliance of the spectrum with that of the standard
onfirmed e _
spectra (scan) compound within given limits
12 © 1SO 2011 — Al rights reserved
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— the relative retention time of a substance in the total ion current chromatogram of the sample does not
differ by more than +0,2 % if the absolute retention time is greater than 500 s and less than 5 000 s;

— the relative intensity of the recorded diagnostic ions in the mass spectrum of the sample acquired under
identical conditions does not differ by more than +(0,1 7 + 10) % from those intensities of the reference
substance. I is the relative intensity recorded from the characteristic ions in the mass spectrum of the
reference solution.

Critical peak couples can lead to incorrect automatic assignments. In these cases, a manual check is

essepttalk:

benzp[b]fluoranthene-benzo[k]fluoranthene and benzo[a]pyrene-benzo[e]pyrene.

Overlapping compounds with similar masses can be identified reliably only if the minimum b

Criticogl
wrinreal

naol
| SASALA

Halac Sra-
CUUMIT O arc.

nhanantbran antbhracan
MICTIArrmoreTaritrimnrdutTie,

ban=lalanth o
ISAARES [=i S LRI R LE= A =

peaks is not more than 25 % of the base peak; otherwise they are reported as a sum.

When using single masses, all mass signals listed in Table 4 should be present.|The signal-to-r]
the smallest peak of a mass should be over 3 (S/N > 3).

The ratio of the three masses in the spectrum should be determined-from the peak heights
maximum. The two non-100 % masses determined should, in relation to’the 100 % mass, be w
the value determined under the same conditions with the referencedmaterial.

Table 4 — Characteristic masses of polycyclic aromatic hydrocarbons

e-chrysene,

etween both

oise ratio for

at the peak
ithin 10 % of

Diagnostic ion?
Compound CAS No: 1 2 3

mlz mlz mlz
Naptithalene 91-20-3 128 (100) 102 (11) —
Acenaphthylene 208-96-8 152 (100) 150 (3) 76 (10)
Acenaphthene 83-32-9 153 (100) 154 (70) 76 (10)
Fluorene 86-73-7 165 (100) 166 (81) 139 (4)
Pherfanthrene 85-01-8 178 (100) 152 (9) 76 (3)
Anthfacene 120-12-7 178 (100) 152 (12) 76 (6)
Fluoranthene 206-44-0 202 (100) 200 (31) 100 (3)
Pyrene 129-00-0 202 (100) 200 (2) 101 (4)
Benzo[a]anthracene 56-55-3 228 (100) 226 (3) 114 (2)
Chryséne 218-01-9 228 (100) 226 (6) 113 (4)
Benzo[b]fluoranthene 205-99-2 252 (100) 250 (22) 126 (5)
Benzo[K]fluoranthene 207-08-9 252 (100) 250 (22) 126 (5)
Benzo[a]pyrene 50-32-8 252 (100) 250 (18) 113 (11)
Indeno[1,2,3-cd]pyrene 193-39-5 276 (100) 138 (12) 274 (4)
Dibenzo[a,h]anthracene 53-70-3 278 (100) 139 (9) 276 (5)
Benzo[ghilperylene 191-24-2 276 (100) 138 (12) 274 (4)

a Figures in italics indicate fragments that are often missing, while figures in parentheses are the relative intensities of the fragment ion.
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The mass spectrum of the sample should include all ions that have a relative intensity of 10 % in the reference
spectrum. The ratio of the intensities of the different ions in the sample spectrum and the reference spectrum
should be within 20 %, tested on the three most important ions.

Single mass

registration should be noted in the report.

For detection with mass spectrometry, use the peak area of the base peak of substance i, after checking the
identity by comparison of the spectra, or, with the SIM technique, the isotope or fragment ratios. If using an
internal standard, the reference is always the signal of the most intensive mass (main ion), after this signal
has been checked for purity.

13 Calcul

13.1 Quant

Compute the
determined f|
extract, mg,,

A4

Mex =

A

where

ation

ification by internal standards
fom the initial calibration data (10.3) and Equation (3), which gives the amount of the PAH
n nanograms:

1s Mig

1is FR

A1g I8

Mig

he area of the diagnostic ion 1 for the PAH;

is {he amount, in nanograms, of the internal standard;

A4js is {ne area of the diagnostic ion 1 for the internalistandard,

Fr is
Determine tH
response of
Equation (3),

he response factor as defined in 10.3.

e response factor of the internal._standards relative to the injection standard using the

the diagnostic ion specifiedwin: Annex D. Using the amount in the extract determine

compute the recovery, w,~expressed as a percentage mass fraction, of the internal sta

compounds Uising Equation (4):

e

w= %100 %
M gplk
where
mgy  igthe amount, in nanograms, found;
mgpi 15 theyamount, in nanograms, spiked.

concentrations of those PAH for which an internal standard is added using the-fresponse fz

ctors
n the

area
d by
ndard

(4)

For compoun

ds for which no internal standard has been added, the recovery is determined as follows.

Add, for example, 2 ml of reference solutions prepared according to 6.5 to 1 000 ml water and proceed as
specified in Clause 9.

Determine the recovery rates for surface water samples by the method of standard additions.

Determine the recovery of determinand i at the concentration level N, w; ,, expressed as a mass fraction,
using Equation (5):

pi,Nf

Wi N

14

Pi,N,

(®)
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Determine the mean recovery of determinand i, w;, expressed as a mass fraction, using Equation (6):

n
Z Wi N
_N=1

Wi (6)
n
where
PiN, is the found mass concentration, in micrograms per litre, of determinand i at concentration level N,

calculated using the calibration function;

13.2

By aq
can i
and
spec
cons

wher

Dete

Dete
fracti

is the number of concentration levels.

Quantification by labelled internal standards and labelled compound recoven

ding a known amount of a labelled compound to every sample prior to,extraction, correctior
e made because the PAH and its labelled analogue exhibit similar effects upon extraction, ¢
jas chromatography. Use relative response, R, values in conjunction with the initial ca

fied in 10.2 to determine concentrations directly, as long as_dabelled compound spikin
ant, using Equation (7) to give the amount, m,, in nanograms;.of the PAH in the extract:

A
oy = 1n "ML

AqL Ryl

44, is the area of the diagnostic ion 1 for the native compound,;
4, is the area of the diagnostic ion:d\for the labelled compound;
m is the amount, in nanograms; of the labelled compound in the calibration standard;

R ., is the relative response-as defined in 10.2.

rel

mine the recovery rates’for surface water and waste water samples by the method of standa

mine the recovery of determinand i at the concentration level N, w; y, expressed as a perc
bNn, using Equation (8):

Pi,]\_/f

x100 %

iV
PiN,

b, v is the given mass concentration, in micrograms per litre, of determinand i at concentr;Jtion level N;

y

for recovery
pncentration,
ibration data
g levels are

)

rd additions.

entage mass

8)

Determine the mean recovery of the determinand i, w;, expressed as a percentage mass fraction, using
Equation (9):

n
Z Wi,

— N =1

w; =—x 100 %
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where

is the found mass concentration, in micrograms per litre, of determinand i at concentration level N,

PiN,
/ calculated with the calibration function;

p;n. is the given mass concentration, in micrograms per litre, of determinand i at concentration level N;

n is the number of concentration levels.

13.3 Recovery of internal standards

Recoveries df the internal standards (ISO 7981-2[4]) for most samples are similar to those from reagent.water.
If the internal standard recovery is outside these ranges, a diluted sample shall be analysed.

If the recove¢ry of any of the internal standards in the diluted sample is outside the normal rangg, the
calibration sg@lutions (6.8) shall be analysed and the calibration shall be verified. For eachccompound, cgnfirm
that the restilt of the verification analysis is within 20 % of the nominal concentration.” If, however| any
compound falls outside its respective limit, the measurement system is not performing properly forf that
compound. Ip this event, prepare a fresh calibration standard or correct the problem causing the failur¢ and
repeat the tuhing of the mass spectrometer (9.5) and verification test or recalibraté.(10.2).

13.4 Conceéntration in the sample

Compute the concentration of a PAH in the aqueous phase of the. sample, p, in micrograms per litne, as
follows:

m
p = Vtzx_ (10)
where
mg, igthe amount, in micrograms, of the.€ompound in the extract;
Vg  igthe sample volume, in litres.

14 Expression of results

Report the mass concentratior) of PAH in micrograms per litre, to not more than two significant figures.
Concentratiops <0,01 pg/l.aresrounded to the nearest 0,001 ug/l.

EXAMPLES:
Measured|valUe Result
13,54 [gh HHgh
1,354 ugl/l 1,4 pg/l
0,135 4 ugl/l 0,14 pg/l
0,013 5 g/l 0,014 pg/l
0,008 5 ug/l 0,008 pg/l
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15 Test report

This test report shall contain at least the following information:

a)
b)
c)
d)
e)

f)

the test method used, with reference to this International Standard (ISO 28540:2011);

a

Il information necessary for the complete identification of the sample;

relevant information about the sampling method used and sample preservation;

the concentration of each of the PAH, expressed in accordance with Clause 14;

USed, a note on single mass registration during MS analysis,

Il operating details not specified in this International Standard, or regarded as optiohal,
etails of any incidents which may have influenced the test results.

ogether with

©1S0O 2011 — All rights reserved

17


https://standardsiso.com/api/?name=9f67f08356fa9ebc5d1229dd3519ebe4

ISO 28540:2011(E)

18

Annex A

(informative)

Examples for GC-MS conditions

Table A.1 — Examples of chromatographic conditions

Pimensions:

Column

length
inner diameter
film thickness

Temperature program

30m 40 °C, 8 min isothermal
95 % dimethylpolysiloxane

0,25 mm 5 °C/min to 310 °C
5 % diphenylpolysiloxane

0,25 ym 15 min isothermal

30m 40 °C, 6 min isothermal
86 % dimethylpolysiloxane

0,25 mm 5 °C/min(t5,220 °C
14 % cyanopropylene-polysiloxane

1,0 um 4 min isothermal
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Precision and accuracy
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Statistical data obtained from liquid-liquid extraction (LLE) results of an interlaboratory trial carried out in 2009

are given in Tables B.1, B.2, and B.3.

Table B.1 — Drinking water (LLE) statistical data

5 § 5 E & g B 2542

e | 255 | 3 e |8F5|8cz|E4d3

S o = o O8E NWo's | 2 dg

= R @ = SBE6es5 | o9

5 o =9 c [ B> I/EST | E8S

Analyte £° qu:" % § %‘5% g8 m;S_

y & g 3 & | &8 3>8|387¢
0 l Pass p SR Crr o' ¢

% ng/l ng/l ng/l % 9
Acenaphthene 16,67 15 10,1 11,77 511 43,40 7,80
Acenaphthylene 33,33 12 1041 9,3 3,14 33,70 7,40
Anthracene 22,22 14 10,1 8,6 3,2 37,10 8,30
Benzo[a]anthracene 22,22 14 10,5 9,73 3,13 32,10 7,Q0
Benzo[a]pyrene 26,32 14 9,9 8,66 3,29 38,00 7,40
Benzo[b]fluoranthene 21,05 15 10,1 8,82 2,32 26,30 11,R0
Benzo[ghi]perylene 21,05 15 10,3 8,58 2,14 24,90 13,R0
Benzo[k]fluoranthene 21,05 15 10,2 8,9 2,3 25,90 8,10
Chrysene 26,32 14 10,1 9,7 3,57 36,80 7,30
Dibenzo[a,h]anthracene 31,58 13 10,3 8,3 2,45 29,50 14,p0
Fluoranthene 27,78 13 10 10,54 3,2 30,40 7,10
Fluorene 16,67 15 10,1 10,81 3,31 30,60 8,30
Indeno[1)2,3-cd]pyrene 26,32 14 10,5 8,08 2,62 32,40 12,80
Naphthalene 21,05 15 10,3 12,06 4,81 39,90 10,60
Phenanthrene 22,22 14 10,1 12,29 7,25 58,90 7,30
Pyrene 27,78 13 10,2 10,12 2,67 26,40 8,00
a Cy r > 40 % means that validation of this parameter was not successful.
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Table B.2 — Natural (river) (LLE) water statistical data

"6 g — g c ‘? .s = :‘%‘ “6 u— >
on |5Ec| % | § |Zvs|elF|e%i
5 |838| 5 | E |258|55% 353
= 600 @ = SC® (oS | o=
g5 | 852 = g SSS|EES |ERTS
Analyte £° =2 % E g_‘&;'% “':"::’ae “‘]o-’Eg
[ ; © > Q > 9
o § &’ (@) &" (8] o (&)
o ! Pass p SR Crr Cyr
% ng/l ng/l ng/| % %
Acephaphthene 11,1 16 445 30,74 12,73 41,40 5,00
Acehaphthylene 16,7 15 44,5 29,15 11,98 41,10 7,30
Anthracene 5,6 17 44,6 28,31 14,42 50,90 9;90
Bengo[a]anthracene 15,8 16 46,1 27,19 13,56 49,90 6,50
Bengo[a]pyrene 10,5 17 43,6 30,33 13,88 45,80 8,20
Bengo[b]fluoranthene 15,8 16 445 34,04 13,79 40,50 6,90
Bengo[ghi]perylene 15,8 16 45,2 26,85 9,66 35,60 8,30
Bengo[k]fluoranthene 211 15 44,8 23,63 794 33,60 5,40
Chrysene 10,5 17 44,6 30,33 15,14 49,90 7,10
Dibenzo[a,hlanthracene 10,5 17 451 24;58 10,18 41,40 10,70
Flugranthene 11,1 16 43,8 35,59 12,46 35,00 7,90
Flugrene 5,6 17 44.4 31,37 14,19 45,20 6,90
Indgno[1,2,3-cd]pyrene 15,8 16 46,2 25,69 11,96 46,60 7,50
Naphthalene 10,5 17 45,5 27,54 15,87 57,60 6,70
Phenhanthrene 27,8 13 444 30,17 16,83 55,80 5,60
Pyrg¢ne 10,5 17 44,7 38,58 14,38 37,30 7,60
a Cy r > 40 % means that validation-ef this parameter was not successful.
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Table B.3 — Waste water (LLE) statistical data

5 g & 5 g g B z|s 5 2

2e | 855| 5 | § |238|::3 iz

s [228| 2 | 3 |3E3|8%:2|LE%

Analyte e |=gg| 2 S |5w3| 852|858

o z° g (®) & O g |0~ =
0 l Pass p SR Crr Cyr

% ng/l ng/l ng/l % %

Benzo[a]anthracene 27,8 13 101 70,53 46,93 66,50 10,f10
Benzo[a]pyrene 29,4 12 95,5 58,59 40,82 69,70 10,10
Benzo[b]fluoranthene 29,4 12 97,6 82,41 56,72 68,80 10,80
Benzo[ghi]perylene 31,3 11 99,1 62,73 44 70,10 10,p0
Benzo[k]fluoranthene 17,6 14 98,2 57,47 40,63 70,70 15,p0
Chrysene 27,8 13 97,9 66,8 45,06 67,50 11,p0
Dibenzo[a,h]anthracene 23,5 13 98,9 45,28 28,53 63,00 12,0
Fluoranthene 27,8 13 96,1 83,43 56,77 68,00 10,p0
Fluorene 0,0 18 97,4 73,39 37,77 51,50 10,80
Indeno[1,2,3-cd]pyrene 31,3 11 10143 65,24 49,19 75,40 9,90
Naphthalene 11,8 15 99,7 35,11 11,34 32,30 6,10
Phenanthrene 27,8 13 974 79,09 50,94 64,40 8,80
Pyrene 22,2 14 98,1 87,04 56,94 65,40 9,80

a Cy r > 40 % means that validation of this parameter was not successful.
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