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Foreword

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

Polycyclic aromatic hydrocarbons (PAH) are ubiquitous because they are released in appreciable
quantities every year into the environment through the combustion of organic matters such as coal,
fuel oils, petrol, wood, refuse, and plant materials. Since some of these PAH compounds are carcinogenic
or mutagenic, their presence in the environment (air, water, soil, sediment, and waste) is regularly
monitored and controlled. At present, determination of PAH is carried out in these matrices in most of the
routine laboratories following the preceding steps for sampling, pretreatment, extraction, clean-up by
measurement of specific PAH by means of gas chromatography in combination with mass spectrometric
detection (GC-MS) or by high performance liquid Chromatography (HPLC) in combination with UV-DAD
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0 be underlined that the target contamination level of PAH can lie in the range.oflabout
hdividual PAH (agricultural soil and sediment) to about 200 mg/kg and higher (e.g. cq
t coking plant sites or waste). The use of internal and injection standards(is describe

ble in agreement with the method described for PCBs (see EN 16167)).

International Standard is the result of a desk study “Horizental International §

itest developments in assessing PAH in sludge, soil, treatedbiowaste, and neighbouring
raluation study, in which the ruggedness of the method was studied, a European-wid

ation studies have been subject to discussions with,all parties concerned in CEN.

International Standard is applicable and validated for several types of matrices as
b 1 (see also Annex A for the results of the vatidation).

Table 1 — Matrices for which this International Standard is applicable and vali

Matrix Materialsused for validation

Sludge Municipal sludge

Biowaste Fresh compost
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INTERNATIONAL STANDARD

ISO 13859:2014(E)

Soil quality — Determination of polycyclic aromatic

hydrocarbons (PAH) by gas chromatography (GC) and high
performance liquid chromatography (HPLC)

WARNING — Persons using this International Standard should be familiar with usual laboratory
practice. This International Standard does not purport to address all of the safety problems, if

any, psseciatedwith itsuse stheresponsib : B-US o-establis
health practices and to ensure compliance with any national regulatory conditions,

1 $cope

This|International Standard specifies the quantitative determination” of 16 PAH (see
sludge, soil, and treated biowaste using GC-MS and HPLC-UV-DAD/FLD covering a wide r

contamination levels (see also Annex B).

Wheh using fluorescence detection, acenaphthylene cannot:hé'measured.

> safety and

ternational

Table 2) in
hnge of PAH

rnational

Table 2 — Polycyclic aromatic hydrocarbons whi¢h can be analysed using this Inte
Standard

Target analyte CAS-RNa
Naphthalene 91-20-3
Acenaphthene 83-32-9
Acenaphthylene 208-96-8
Fluorene 86-73-7
Anthracene 120-12-7
Phenanthreng 85-01-8
Fluoranthene 206-44-0
Pyrené 129-00-0
Benzfa)anthracene 56-55-3
Chrysene 218-01-9
Benzo(b)fluoranthene 205-99-2
Benzo(k)fluoranthene 207-08-9
Benzo(a)pyrene 50-32-8
Indeno(1,2,3-cd)pyrene 193-39-5
Dibenz(a,h)anthracene 53-70-3
Benzo(ghi)perylene 191-24-2
a  Chemical Abstracts Service Registry Number.

The limit of detection depends on the determinants, the equipment used, the quality of chemicals used
for the extraction of the sample, and the clean-up of the extract.

Typically, a lower limit of application of 0,01 mg/kg (expressed as dry matter) can be ensured for each

individual PAH. This depends on instrument and sample.
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Sludge, soil, and treated biowaste can differ in properties and also in the expected contamination levels
of PAH and presence of interfering substances. These differences make it impossible to describe one
general procedure. This International Standard contains decision tables based on the properties of
the sample and the extraction and clean-up procedure to be used. Two general lines are followed, an

agitation pr

NOTE

ocedure (shaking) or use of Soxhlet/pressurized liquid extraction.

2 Normative references

The followi

g Hnrnmnnfcl in whole or in part,-are nnrmnfivn]y referenced in this document an

Other PAH compounds can also be analysed with this method, provided suitability has been proven.

are

indispensab
references, {

ISO 5667-15
and sedimen

[SO8466-1,
characterist]

ISO 11465, 4
method

[SO 14507, §
[SO 18512, §

IS0 22892, §
mass spectry

3 Terms
For the pury

31

critical pai
pair of cong
separation 1

[SOURCE: E]

Note 1 to ent

he latest edition of the referenced document (including any amendments) applies:
Water quality — Sampling — Part 15: Guidance on the preservation and handling of s

t samples

ics — Part 1: Statistical evaluation of the linear calibration function

oil quality — Pretreatment of samples for determination-of-organic contaminants

oil quality — Guidance on long and short term storage'of soil samples

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

.
bners that will be separated to a predefined degree (e. g. R = 0,5) to ensure chromatogr
neets minimum quality criteria

N 15308:2008,3.61

ry: See Figute.d.

le for its application. For dated references, only the edition cited applies. For ung

Water quality — Calibration and evaluation of analytical methods and estimation of perforn|

foil quality — Determination of dry matter and water content on‘g*mass basis — Gravin

oil quality — Guidelines for the identification of target compounds by gas chromatograph)
metry
and definitions

lated
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v and

hiphic

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=534d2b8a3e8ae09c8c16ae92d58f4f41

ISO 13859:2014(E)

At

Key
At ¢

Yp

4 1

Aftel
samyj

The {
the s
in an

The {
HPL(

PAH
peak
COTT¢

Ya ﬂeak width at the base of peak a, in seconds (s)

v

lifference in retention times of the two peaks a and b, in seconds (s}

eak width at the base of peak b, in seconds (s)

Figure 1 — Example of a chromatogram of a critical pair

Principle

pretreatment to reduce the moisture content and to increase the homogeneity (see
le is extracted with a solvent.

extract is concentrated andiinterfering compounds are removed by a clean-up method
pecific matrix. The eludte is concentrated. For HPLC analysis, the concentrated eluatg
appropriate less voldtile water miscible polar solvent and the non-polar eluate residue

extract is analysédyby GC-MS using a capillary column with a stationary phase of low p
[-UV-DAD/FLD.with an appropriate reversed phase column.

are identified and quantified with GC-MS by comparison of relative retention times

b sponding variables of the external standard solutions. The efficiency of the procedurg

D.2), the test

suitable for
is taken up
is removed.

blarity or by

and relative

heightsy(or peak areas) with respect to internal standards added, and with HPLC by using the

depends on

the ¢

pmposition of the matrix that is investigated.

5 Interferences

5.1

Interference with sampling and extraction

Use sampling containers of materials (preferably of steel, aluminium, or glass) that do not change the
sample during the contact time. Avoid plastics and other organic materials during sampling, sample
storage, or extraction. Keep the samples from direct sunlight and prolonged exposure to light.

During storage of the samples, losses of PAH can occur due to adsorption on the walls of the containers.
The extent of the losses depends on the storage time.
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5.2 Interference with GC-MS

Substances that co-elute with the target PAH can interfere with the determination. These interferences
can lead to incomplete resolved signals and can, depending on their magnitude, affect accuracy
and precision of the analytical results. Peak overlap does not allow an interpretation of the result.
Unsymmetrical peaks and peaks broader than the corresponding peaks of the reference substance
suggest interferences.

Chromatographic separation between dibenz(a,h)anthracene and indeno(1,2,3-cd)pyrene are mostly
critical. Due to their molecular mass differences, quantification can be made by mass selective detection.

When incomplete resolution is encountered, peak integration shall be checked and, if necessary,

corrected. §
fluoranthen
capillary co

e as well as of benzo(a)pyrene and benzo(e)pyrene shall be set as quality criteria foE

umn. Benzo(b)fluoranthene and benzo(j)fluoranthene cannot be separated. Triphen)

cannot be cgmpletely separated from benz(a)anthracene and chrysene. In this case it shall bé sta]

the report.

5.3 Inter

Substances
can interfer
depending
does not all
correspondj
naphthaleng

Incomplete

reproducibi
3-ring PAH.
detection off

Separationlj
resolution i

Usually per
wavelength

6 Safety

Certain PAH
materials, s

PAH can co
containing {

ferences with the HPLC

that show either fluorescence or quenching and co-elute with ¢he”PAH to be detern;
e the determination. These interferences can lead to incompletély resolved signals and
n their magnitude, affect accuracy and precision of the anhalytical results. Peak ov
bw an interpretation of the result. Asymmetrical peaks<@nd peaks being broader tha
ng peaks of the reference substance suggest interferences. This problem can aris
and phenanthrene depending on the selectivity of the’phases used.

removal of the solvents used for sample extraction and clean-up can lead to
ity of the retention times and wider peaks_er*double peaks especially for the 2-ring
Extracts shall be diluted sufficiently with acetonitrile for the HPLC analysis, otherwis
naphthalene and 3-ring PAH can be interfered by a broad toluene peak.

etween dibenz(a,h)anthracene and indeno(1,2,3-cd)pyrene can be critical. When incom|
encountered, peak integration shall be checked and, when necessary, corrected.

ylene is incompletely resolved from benzo(b)fluoranthene, but by choosing a sel¢
the perylene peak can b suppressed.

remarks

are highly carcinogenic and shall be handled with extreme care. Avoid contact with
plvent extraets, and solutions of standard PAH.

-distilswith solvent and become deposited outside of stoppered bottles. All conta
olutions of PAH in solvent shall therefore always be handled using gloves which are so

resistant an

dpreferably disposable.

o(k)
the
ylene
ed in

lined

can,
erlap
h the
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poor
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solid

iners
lvent

PAH contamination of vessels can be detected by irradiation with 366 nm UV-light.

Vessels containing PAH solutions should be stored standing in beakers to contain any spillage in the case
of breakage.

Solid PAH are the most dangerous and give rise to a dust hazard due to their crystals becoming
electrostatically charged. These materials shall only be handled where proper facilities are available (e. g.
adequate fume hoods, protective clothing, dust masks). Itis strongly advised that standard solutions are
prepared centrally in suitably equipped laboratories or purchased from suppliers specialized in their
preparation.

Solvent solutions containing PAH shall be disposed of in a manner approved for disposal of toxic wastes.

National regulations shall be followed with respect to all hazards associated with this method.
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7 Reagents

7.1

General

All reagents shall be of recognized analytical grade. The purity of the reagents used shall be checked by
running a blank test as described in 10.1. The blank shall be less than 50 % of the lowest reporting limit.

7.2

Reagents for extraction

7.2.1 Acetone (2-propanone), C3HgO.

7.2.2

NOTH

7.2.3

7.2.4
The 4

7.2.5

7.2.4

7.3

7.3.1

7.3.1
to Br

NOTH

NOTH

weight/weight relationships between water and the adsorbent. Grade I corresponds to 0 % water a

7.3.1

Add
disaf
it for

Petroleum ether, boiling range 40 °C to 60 °C.

Hexane-like solvents with a boiling range between 30 °C and 69 °C are allowed.
Toluene, C7Hg.

Anhydrous sodium sulfate, Na;S04.

inhydrous sodium sulfate shall be kept carefully sealed.
Distilled water, or water of equivalent quality, H20.
Sodium chloride, NaCl, anhydrous.

Reagents for clean-up
Clean-up using aluminium oxide

.1 Aluminium oxide, Al;03, basic or neutral, specific surface 200 m2/g, activity Supe
ockmann.

1  Hexane-like solvent§ with a boiling range between 30 °C and 69 °C are allowed.

2 Brockman Activity Scale is a measure of the percentage of water added to the adsorben

.2 Deactivated aluminium oxide, deactivated with approximately 10 % water.

hpproximdtely 10 g of water (7.2.5) to 90 g of aluminium oxide (7.3.1.1). Shake until all
peared. Allow the aluminium oxide to condition before use for some 16 h, sealed from
maximum of two weeks.

r [ according

t based upon
ded.[14] [15]

lumps have
the air; use

NOTE

7.3.2 Clean-up using silica gel 60 for column chromatography

7.3.2.1 Silica gel 60, particle size 63 um to 200 um.

7.3.2.2 Silica gel 60, water content: mass fraction w(H20) = 10 %.

The activity depends on the water content. It can be necessary to adjust the water content.

Silicagel 60, heated foratleast3hat450 °C, cooled downinadesiccator,and stored containing magnesium
perchlorate or a suitable drying agent. Before use, heat at least for 5 h at 130 °C in a drying oven. Allow
cooling in a desiccator and add 10 % water (mass fraction) in a flask. Shake for 5 min intensively until

© ISO
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all lumps have disappeared, and then for 2 h in a shaking device (8.1.2). Store the deactivated silica gel

in the absen

Silica gel 60

ce of air; use it for maximum of two weeks.

is stable for at most two weeks.

7.3.3 Clean-up using gel permeation chromatography (GPC)

k and
ume)
ntain
ately

flow

rer’s

7.3.3.1 Bio-Beads®1 $-X3.

7.3.3.2 Ethyl acetate, C4HgO>.

7.3.3.3 Cyclohexane, CgH1p.

7.3.3.4 Sphherical, porous styrene divinylbenzene resin.

Preparation|of GPC, for example: Put 50 g Bio-Beads® S-X3 (Z7.3.3.1) into a 500-ml Exlenmeyer flasl
add 300 ml|elution mixture made up of cyclohexane (7.3.3.3) and ethyl acetate~(7.3.3.2) 1:1 (vol
in order to allow the beads to swell; after swirling for a short time until no dumps are left, mai
the flask clgsed for 24 h. Drain the slurry into the chromatography tube fot GPC. After approxim|
three days, push in the plungers of the column so that a filling level of approximately 35 cm is obtalined.
To further dompress the gel, pump approximately 2 1 of elution mixture‘through the column at a
rate of 5 ml} min-1 and push in the plungers to obtain a filling level sfapproximately 33 cm.

7.3.4 Clean-up using liquid-liquid partition/DMF/cyclohexane

7.3.4.1 Dimethylformamide (DMF), C3H7NO.

7.3.4.2 Dimethylformamide:water, 9:1.

7.4 Reagents for chromatographic analysis

7.4.1 GC-gnalysis

Carrier gas ffor GC-MS: helium or-hydrogen of high purity and in accordance with the manufacty
specifications.

7.4.2 HPLC analysis

7.4.2.1 Mpebile phase.

7.4.2.2 Adetonitrile, CH3CN or methanol, CH30H, HPLC purity grade.

7.4.2.3

7.4.2.4

Ultra-pure water, HPLC purity grade.

Helium, He, of suitable purity for degasification of solvents.

1

Bio-Beads®© is an example of a suitable product available commercially. This information is given for the

convenience of users of this document and does not constitute an endorsement by ISO of this product. Equivalent
products may be used if they can be shown to lead to the same results.

6

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=534d2b8a3e8ae09c8c16ae92d58f4f41

ISO 13859:2014(E)

7.5 Standards

7.5.1 Reference substances, internal standards

Choose the internal standards substances whose physical and chemical properties (such as extraction
behaviour, retention time) are similar to those of the compounds to be analysed. A minimum of five
labelled internal standards shall be used as internal standards for the GC-MS method for evaluation of
results. Verify the stability of the internal standards regularly. Table 3 contains native and deuterated
PAH to be used for calibration of specific analytes.

Table 3 — Native PAH and deuterated PAH

T

PAH reference substances

Internal standard substances deutefated PAH

Naphithalene (CAS-RN 91-20-3) Naphthalene-d8
Acenjaphthene (CAS-RN 83-32-9) Acenaphthene-d10
Acenjaphthylene (CAS-RN 208-96-8) Acenaphthylene-d8
Fluofene (CAS-RN 86-73-7) Fluorene-d10
Anthracene (CAS-RN 120-12-7) Anthracene-d10
Phenlanthrene (CAS-RN 85-01-8) Phenanthrene-d10

Fluoranthene

(CAS-RN 206-44-0)

Fluoranthene-d10

Pyrene (CAS-RN 129-00-0) Pyrene-d10
Benz(a)anthracene (CAS-RN 56-55-3) Benz(a)anthracene-d12
Chryjsene (CAS-RN 218-01-9) Chrysene-d12
BenZo(b)fluoranthene (CAS-RN 205-99-2) Benzo(b)fluoranthene-d12
Benzo(k)fluoranthene (CAS-RN 207-08-9) Benzo(k)fluoranthene-d12
Benzo(a)pyrene (CAS-RN 50-32-8) Benzo(a)pyrene-d12
BenZo(e)pyrenea (CAS-RN 192-97-2)

Indeno(1,2,3-cd)pyrene-d12)
Dibenz(a,h)anthracene-d14

Indeno(1,2,3-cd)pyrene (CAS-RN 193-39-5)
Dibenz(a,h)anthracene (CAS-RN53-70-3)
(CAS-RN 191-24-2)

a  Not part of 16 target andlytes, but applicable for resolution check for the separation with benzo(a)pyrene for GC
measfurements.

BenZo(ghi)perylene Benzo(ghi)perylene-d12

NOTH 1  13Cqy-labelled PAH standards can also be used as internal standard.

NOTHE 2  Certified solutions of PAH, and single solid PAH substances with certified purity are ayailable from
a limjted number of suppliers e. g. Institute for Reference Materials and Measurements (IRMM)|B-2440 Geel,
BelgipmsyNational Institute of Science and Technology; Office of Standard Ref. Data, Washington DC20 234 U.S.A;
or frqmyrother commercial providers.

When highly contaminated samples are analysed, an aliquot of the extract is often used for a further
clean-up.

7.5.2 Injection standard

7.5.2.1 GC-MS

A deuterated PAH such as 1-Methylnaphthalene-d10, Triphenylene-d12, and Perylene-d12 shall be added
to the final extract before GC-MS injection to check the recovery of the deuterated internal standards.

© ISO 2014 - All rights reserved 7
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7.5.2.2 HPLC
For this method, a recovery control shall be made by addition, and which is not interfering with the

target analytes, of a suitable native PAH not mentioned in the scope, e. g. 6-methylchrysene, to the
sample before extraction. The recovery range for this control should be between 70 % and 110 %.

7.6 Preparation of standard solutions

7.6.1 General

Commercially available preferably certified standard solutions should he nsed due ta the dangprous
nature of the substances. Avoid skin contact.

7.6.2 Standard solutions for HPLC analysis

7.6.2.1 Single substance stock solutions

Prepare solpitions of the single substances (see Table 3) in acetonitrile (7.4.2.2) to achieve a mass
concentratign of 10 ug/ml. These solutions are used for confirmation and identification of single PAH in
the chromatiogram.

7.6.2.2 Multiple substance stock solution

Prepare solyitions of the reference substances (see Table 3) in acetonitrile (7.4.2.2) to achieve a mass
concentratign of the respective individual substance of 10 pg/ml.

Solutions acpording to 7.6.2.1 and 7.6.2.2 are stable for at least one year when stored in the dark at foom
temperatur¢ and protected from evaporation.

7.6.2.3 Cdllibration solutions

Prepare at |east five calibration solutions(by appropriate dilution of the stock solution (7.6.2/1 or
7.6.2.2), using acetonitrile (7.4.2.2) or methanol (7.4.2.2) as solvent. The choice of solvent dependls on
the composition of the mobile phase.

Transfer 50 |ul of the stock solution into a graduated 5-ml flask and fill up to the mark with acetonitrile.
1 pl of this reference solution centains 100 pg of the respective individual substances.

Check the stability of the reférence solutions regularly.

Check the npass concentration of the PAH in the stock solution by comparison with an independent,
preferably certified,standard solution.

7.6.3 Standard solutions for GC-MS analysis

7.6.3.1 Single substance stock solution

Prepare solutions of the single substances of native and deuterated PAH (see Table 3) in toluene (7.2.3)
or cyclohexane (7.3.3.3) to achieve a mass concentration of 10 pg/ml. These solutions are used for
confirmation and identification of single PAH in the chromatogram.

The single substance stock solutions shall be stored in a dark place at about -15 °C to -18 °C. Store the
diluted standard solutions at (5 + 3) °C protected from light and evaporation. The solutions are stable
for about one year.

8 © ISO 2014 - All rights reserved
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7.6.3.2 Multiple substance stock solution of native PAH

Dilute the solution of the reference substances, i. e. native PAH (see Table 3) in toluene (7.2.3) or
cyclohexane (7.3.3.3), to achieve a mass concentration of the respective individual substance, i. e.
10 pg/ml.

7.6.3.3 Multiple substance stock solution of deuterated or labelled PAH (internal standard)

Multiple deuterated or labelled PAH standards for use as internal standard, also available as mixtures
in suitable solvent, can be diluted to the same mass concentration, i. e. 10 ug/ml for each individual
deuterated standard.

7.6.4 Calibration standard solutions

rransferring
7.6.3.2) and
fill up with

Preppre a series of calibration standard solutions (at least five) over a suitable, range by
different volumes of the multiple substance stock solution of native PAH standards (|
a constant volume of the internal standard solution (7.6.3.3) into a volumetric flask and
cycldhexane (7.3.3.3).

7.7 | Preparation of internal standard solutions

Mult
the s
conc
(e.g.
with
recoy

ple substance stock solution of deuterated or labelled PAH"(7.6.3.3) can be used fq
ample before extraction. The use of the spiked internal\standards shall be adjusted

bntration in the final extract for GC-MS determinatjorinis the same as in the calibrati
100 pg/ul). For HPLC analysis, where external calibration is applied, a PAH which is no
the target PAH, e. g. 6-methylchrysene, is addedto the sample before extraction to ¢
rery of this substance throughout the whole procedure.

r spiking of
bo that their
bn solutions
t interfering
heck for the

7.8 | Preparation of injection standard-solution

Thislis needed to check the recovery of the deuterated internal standards.

A sinfgle substance stock solution (7.6:3'1), e. g. deuterated benzo(e)pyrene, which is not intefrfering with

the target analyte, can be used.

NOTH A deuterated or a 13Cq3-labelled PAH not mentioned in Table 3 is added before injection into the GC-

syste
whol
such

Im to monitor variability of the instrument response. The recovery of the internal standards th
e method can be calcudated by the related response of the internal standard to the injection s
hn amount to give@peak with measurable peak area or peak surface in the chromatogram (at |

roughout the
tandard. Add
east 10 times

the detection limit),

8 Apparatus

8.1

Extraction and clean-up procedures, usual laboratory glassware.

All glassware and material that comes into contact with the sample or extract shall be thoroughly
cleaned.

8.1.1 Sample bottles, made of glass, stainless steel, or aluminium, with glass stopper or screw top and

polytetrafluoroethylene (PTFE) seal of appropriate volume.
NOTE Glass is not appropriate for sludge samples.

WARNING — For safety reasons, biologically active sludge samples shall not be stored in a sealed
container.

8.1.2 Shaking device, with horizontal movement (200 strokes to 300 strokes per minute).
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8.1.3

8.1.4

8.1.5

8.1.6

2014(E)

Water bath, adjustable up to 100 °C.
Separating funnels, of appropriate volume.

Conical flasks, of appropriate volume.

and Soxhlet thimbles, 27 mm x 100 mm vertical condensers, 300 mm heating device.

8.1.7 Con

NOTE Of

8.1.8 Boiling chips, glass or porcelain beads.

8.1.9 Quartz wool or silanized glass wool.

WARNING
quartz parf

a dust mask.

8.1.10 Cali

— Working with quartz wool imposes a risk to health threugh the release of|

brated test tubes, with a nominal capacity of 10 ml to 15 ‘ml and ground glass stopper.

8.1.11 Chr

length, e. g. 600 mm.

8.2 Gas chromatograph, equipped with a non-discriminating injection system, capillary column

a mass spec

8.2.1 Cap
fused silica ¢
be sufficient
30 m,with ixf

Sufficient re
and benzo(
criteria for

8.3 High
with ultravi

This includd

K)fluoranthene as*well as of benzo(a)pyrene and benzo(e)pyrene shall be set as qy

centrator, Kuderna Danish type.

her evaporators, e. g. a rotary evaporator, can be used if found to be equally suitable.

icles. Inhalation of these should be prevented by using a fume cupboard and we3

matography tubes, chromatography column of.glass, with 5 mm to 10 mm inside dian

rometric detector (GC-MS).

llary columns, each comprising a5 % phenyl-methyl silicone stationary phase coated
apillary column or an equivalent chemically bonded phase column. Their dimensions s}
to separate the critical paifs-mentioned below. In general, column length should be at
ternal diameter of 0,25 mny'and film thickness of 0,2 pm.

solution (0,8) between'the chromatographic peaks of critical pairs as benzo(b)fluorant

he capillary celumn.

let (UVrand a fluorescence detection (FLD) system and a data evaluation system.

Soxhlet extraction apparatus, consisting of round bottom flask, e. g. 100 ml Soxhlet extractors

fine
ring

neter

, and

onto
1ould
least

hene
ality

performance liquid chromatograph, HPLC system, equipped according to requirenpents

sche'following:

column

degassing assembly, e. g. for degassing with vacuum or helium;

analytical pumps, capable of binary gradient elution;

thermostat, capable of maintaining the temperature constant to within +0,5 °C;

damping/amplification, preferably equipped with monochromator(s);

UV detector (with variable wavelength) or diode array.

fluorescence detector capable of programming at least six pairs of wavelengths, including

8.3.1 Analytical separation column, a reversed phase HPLC column meeting the separation
requirements described in Annex B.

10
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9 Sample storage and preservation

9.1 Sample storage

The samples shall be analysed as soon as possible after sampling. This applies in particular to the
examination of microbiologically active solids.

If necessary, sludge samples shall be stored according to ISO 5667-15.

Dried samples can be stored at room temperature in a dark place up to one month. Soil samples shall be
stored according to ISO 18512.

9.2 | Sample pretreatment

Pretreat samples according to ISO 14507, if not otherwise specified, and considerifig the specific drying
procedures as specified in Table 4 to obtain a test sample.

Pretfeatmentis necessary to reduce the moisture content to enable extraction'of the PAH angl to increase
the homogeneity.

Completedrying ofthe sampleisessentialif Soxhletisused forextractionand toincrease the homogeneity.
Complete drying is also recommended if the sample shall be stéred for a long period.

If negessary, increase the amount of solid matter of the sample by centrifugation and/or fiftration (see
Notek 1 and 2).

NOTE1 Centrifugation is possible for several samples, but not practicable with material having approximately
the same density of water.

NOTE 2  Filtration is possible, but the handling-of some samples can cause problems due to blockgges, too high
water content, or extraction of target compoundwith filter paper.

Tahle 4 — Drying techniques for samples of different matrices for subsequent analyses of PAH

Drying technique
Matrix Freeze drying .
(1SO 16720) NazS04 No drying
Sludge xa xb
Biowaste
(compest, mixed X X X
waste)
Soil < < <
(e. g. sand, clay)
a  Loss of volatile PAH is possible.
b NayS04 can be used for the preservation of hygroscopic dried sludge.

10 Procedure

10.1 Blank test

Perform a blank test following the applied procedure (selected extraction and clean-up procedure)
using the same amount of reagents that are used for the pretreatment, extraction, clean-up, and analysis
of a sample. Analyse the blank immediately prior to analysis of the samples to demonstrate sufficient
freedom from contamination. The blank shall be less than 50 % of the lowest reporting limit.
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10.2 Extraction

10.2.1 General

Depending on the test sample (matrix and moisture content), choose a suitable extraction procedure
(see Table 5). The choice of the extraction solvent is more crucial than the procedure and the extraction
devices itself for the extraction of PAH from the matrices. Since some of the target PAH are relatively
insoluble in the usual non-polar solvents, such as petroleum ether and other hydrocarbons, the choice of
the solvents shall be made in accordance with the expected contamination level.

Extraction procedure 1 (see 10.2.2) is recommended if it is important to break up aggregates in the
sample to r¢ach the PAH. This is especially important with soil samples containing clay particles. [With
wet sampleq, these procedures shall be applied in order to remove the water.

If dissolving of the PAHs is the most important step (waste and highly contaminated sail;and organic
matter rich| materials) and the sample is dry, extraction procedure 2 (see 10.2.3)iSing Soxhlet is
recommended. For sludges, it has been shown that Soxhlet or pressurized liquid extraetion is applidable.
However, a general rule cannot be given, because samples can contain all aggregates, organic matter,
and (plastic) waste.

Other extraftion procedures, e. g. ultrasonic extraction, microwave, or pressurized extraction can be
used provided

the labpratory can show that the extraction efficiency is equivalent to one of the extrartion
procedyres 1 (see 10.2.2) or 2 (see 10.2.3) as described in this\nternational Standard, or

the samjple requires another approach as shown by the lab®ratory and the results of the procgdure
are in agreement with the performance criteria described in Clause 11.

NOTE Far application of this International Standard for'seme types of waste, addition of acetone with Sqxhlet
extraction hgds been shown to be effective.

Extraction procedures described in this International Standard are able to extract up to 20 g of dry
sample. [f the test sample has alow density (i(e jSome matrices) or the sample is homogeneous, depending
on the expe¢ted PAH content and on the homogeneity of the sample, less sample can be used. In general,
the following amounts can be used: 10,gte 20 g of soil; 2 gto 10 g of sewage sludge, 5 g to 20 g of comjpost,
or 2 gto 20 g of (bio)waste. The amoeunt of sample shall be weighed with an accuracy of at least 1 %o.

Table 5 — Extraction procedure to be used for different matrices

Moisture status Matrix Extraction Extraction Extraction Remark

of the teqt solvent technique procedure
sample

Dry Soil-like material, |Acetone/ Agitation Extraction Also applicable for figld
sludge, biowaste, |petroleum procedure 1 |moist samples with dry
compost ether (see 10.2.2) |matter content > 75 %
Highly contami- Toluene Soxhlet, pres- |Extraction
nated soil, sludge, surized liquid |procedure 2
biowaste, compost extraction (see 10.2.3)

Wet Soil-like material, |Acetone/ Agitation Extraction Limitations for the
biowaste compost, |petroleum procedure 3 |amount of water in the
sludge ether (see 10.2.4) |sample are given

NaCl

10.2.2 Extraction procedure 1: acetone/petroleum ether and agitation

For GC-MS analysis with internal calibration, add a definite volume of the internal standard solution.
Add 50 ml of acetone (7.2.1) to the test sample and extract by shaking thoroughly with the shaking
device (8.1.2) for 30 min to break up aggregates. Add 50 ml of petroleum ether (7.2.2) and shake again
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thoroughly at least for 12 h. After the solids have been settled, decant the supernatant. Wash the solid
phase with 50 ml of petroleum ether (7.2.2) and decant again. Collect the extracts in a separating funnel
(8.1.4) and remove the acetone by shaking twice with 400 ml of water. Dry the extract over anhydrous
sodium sulfate (7.2.4). Rinse the sodium sulfate with petroleum ether (7.2.2) and add the rinsing to the
extract.

NOTE 1
present.

Tap water has shown to be applicable for removal of the acetone because target compounds are not

If the sample contains water up to 25 %, the same procedure can be used. If the water content of
the sample is greater than 25 %, this procedure is less effective and the amount of acetone shall be

incrgased—TFheratio-acetone—watershouldbe-atleast9:lTheratio-acetonepetrolenm-ether should be
kepticonstant to 2:1.
The definite amount of the internal standard added in all extraction procedures shall have such a

quan
metH
Inor

For
6-me

NOTH
neceg

10.2

For s
soluf

appafratus (8.1.6). The duration of the extraction'should be calculated with a minimum of 10

cyclg
Fors

NOTH

10.2

Take
Erler]

For g

tity that their concentrations in the final extract fall below the working range of the detection

od. Typically the concentration of the individual internal standards in the final extract
Her to soak the complete sample, a minimum amount of 100 ul of internakstandard is req

HPLC analysis where external calibration is used, only the t€covery standat
thyl chrysene, should be added to the sample before extraction.

2 Inmatrices with a high organic matter content (e. g. some sludge), longer extraction proc
sary. Extraction procedure 2 (see 10.2.3) can be preferable forthese samples.

3 Extraction procedure 2: Soxhlet extraction (dry.samples)

ubsequent GC-MS analysis with internal calibration, add a definite volume of the inter
ion. Extract the sample with approximatelyt70 ml of toluene (7.2.3) using Soxhle

S.

ubsequent HPLC analysis, only arecavery standard solution is added to the sample befor

Pressurized liquid extraction (PLE) can also be used.

4 Extraction procedure 3: acetone/petroleum ether/sodium chloride and agitati

an amount of the wet'sample and put it into a 1 000-ml screw-cap glass jar or intg
meyer flask.

is 0,1 pg/ml.
ommended.

d, such as

bdures can be

extraction
extraction

(Eal standard

b extraction.

on

a1l 000-ml

ubsequent GC:MS analysis with internal calibration, add a definite volume of the internpal standard
spiking standard-solution. The deuterated substances added shall have such a quantit

y that their

concentrationsAin the final extract fall under the working range of the measurement methogd.
For spbsequent HPLC analysis, only arecovery standard solution is added to the sample beforg extraction.
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If the sample is dry, add 50 ml water. For moist samples, the water quantity to be added is calculated
using Formula (1):

m,, =50~

where

i
myy

Mg -My o
100

s the mass of water to be added, expressed in grams (g);

(0

myg i

My |

Add 40 g sq
moistened g

The organid
Acetone and

water each in a separation funnel.

10.3 Concg¢

10.3.1 Gen

According t
an appropri
concentrate
concentrate
or another i

NOTE Td

Do not evap
amount (e.
10.6).

When clean
final extrac
injection (sq

10.3.2 For

is the water content of the sample, determined according to ISO 11465, expressed’in pe

s the mass of the sifted sample, expressed in grams (g);

ent mass (%).

dium chloride (7.2.6), 100 ml acetone (7.2.1), and 50 ml petroleum ‘ether (7.2.2) t
reparations, close the container, and shake it with a shaking device-(8/1.2) for at least

phase shall be separated, if necessary, using a centrifuge with.sealable centrifuge
polar compounds shall be removed from the organic phase’by shaking twice with 15

bntration or dilution

eral

o the expected contamination level, the\'extract can be concentrated or diluted
ate solvent for subsequent analysis wihen a clean-up step is not required. If approp
the extract to approximately 10 ml bytevaporation using a concentrator (8.1.7). Transf¢g
d extract to a calibrated test tube'and concentrate to 1 ml using a gentle stream of nity
hert gas at room temperature.

o high temperatures and a teg-high flow of nitrogen can result in losses of the more volatile P4

brate the extracts to dryness, as losses of the 2-ring or 3-ring compounds can occur. A §
b. 100 pl) of a high<beiling solvent should be added as keeper for the GC-MS analysig

up is not required, bring the extract to a definite volume and add a deuterated PAH t
as an injeetion standard for the recovery check of the internal standards prior to G
e 10.5).

HPLC analysis

b the
12 h.

Cups.
0 ml

with
riate,
r the
ogen

\H.
mall

(see

D the
C-MS

When clean-up is not required, the solvent of the final extract [from extraction procedure 1 (see 10.2.2)
and 2 (see 10.2.3)] shall be changed from petroleum ether to a solvent such as acetonitrile (7.4.2.2)
which is compatible with the mobile phase of the HPLC system. For example, add 0,8 ml acetonitrile
(Z4.2.2) to an aliquot of 1 ml of petroleum ether (7.2.2) and concentrate at room temperature with a
gentle stream of nitrogen until all petroleum ether has been removed, i. e. until the volume of 0,8 ml has
been reached. Add acetonitrile (7.4.2.2) up to the mark of 1,0 ml for subsequent HPLC analysis.

The enriched extract should not contain residues of acetone, because the presence of this solvent in the
measuring solution leads to interferences with the HPLC.

NOTE For extraction procedure 3 (see 10.2.4), the final extract of toluene can be diluted with acetonitrile
(7.4.2.2) in accordance with the expected contamination level prior to HPLC analysis.
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10.4 Clean-up of the extract

10.4.1 General

Clean-up shall be used if compounds are present that can interfere with the PAH of interest in the GC-MS
chromatogram, respectively HPLC chromatogram or if they can influence the measurement procedure
(i. e. contamination of injector system, column, and detection). If no or negligible interfering substances
are present, clean-up is not necessary. Depending on the substances to be removed, Table 6 can be used
for the selection of clean-up methods.

Table6—Clean-upmethods —
Method Clean-up For removal of Suitable Remarks
for
Clean-up A [Aluminium Polar compounds Difficult to ddjust
oxide water content and
keep itleonstant
Clean-up B |Silica Polar compounds
Clean-up C |Gel permea- |High molecular MS
tion compounds, lipids,
and oils
Clean-up D |[DMF/cyclo-  |Aliphatic hydro- MS
hexane carbons, lipids, and
oils

NOTE Addition of keeper during final concentfation after clean-up.

Befofe application of the clean-up to real samples, the laboratory shall ensure that recqveries for a
stanglard after use of the clean-up are at least 80 % for all relevant PAH (including spiking and internal
stanglards).

NOTH PAH, in contrary to PCB, are net very stable and persistent; therefore, extreme clean-fip conditions
(e. g. pulfuric acid) are not applicable.

Othefr clean-up procedures canvalso be used, provided they remove the interfering pleaks in the
chromatogram and recoverigs,after use of the clean-up are at least 80 % for all relevant PAH (including
spiking and internal standards).

The ¢xtractoran aliquotobtained in 10.3 orinaprevious clean-up step shall be quantitatively{transferred
to the clean-up systeni.

10.4{2 Clean-up A - aluminium oxide

Prepprean’adsorption column by placing a small plug of quartz wool (8.1.9) in the chromatography tube
(8.1.1%)and packing it dry with 2,0 g + 0,1 g of aluminium oxide (7.3.1.1).

Before use, the elution pattern of each series of aluminium oxide columns and the necessary elution
volume should be verified using a standard solution of PAH.

Transfer the extract to the dry packed adsorption column with a pipette. Rinse the test tube twice with
1 ml of petroleum ether (7.2.2) and transfer the rinsing to the column with the same pipette as soon
as the liquid level reaches the upper side of the column packing. Elute with approximately 10 ml of
petroleum ether (7.2.2).

Keeper substance (see 10.3.1) is added to the eluate, and then the eluate is reduced to approximately
0,5 ml at a maximum temperature of 40 °C using a suitable enrichment device.

NOTE Commercially available disposable columns can be used alternatively if found equally suitable.
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10.4.3 Clean-up B - silica gel

Pack glass wool and 10 g silica gel into the glass column for clean-up. Add a layer of 1 cm of anhydrous
sodium sulfate (7.2.4) and condition with 20 ml of the solvent mixture for silica gel (7.3.2.2) used to
dissolve the residue. Put the sample into the column when the level of the solvent mixture has drained
to approximately 0,5 cm above the column packing.

The reduced extract, eluate, or aliquot obtained in the previous clean-up step shall be quantitatively
transferred to the column.

Elution is performed using a total of 100 ml solvent mixture for the silica gel column (7.3.2.2). Keeper

substance (;

eel103 1) isaddedtothe p]nah’-\, andthenthe eluateisconcentrated hy rnmnving the sol

vent.

10.4.4 Cled

The extract|
dissolved in

The typical
volume (

first frad

last fracf

The elution
regularly be

Keeper subg
(see 10.3).

NOTE

visible in a d
can be neces;

10.4.5 Cled

Extracts of
dimethylfor

Transfer an

flow ratg:

PAH elutj

Duiring use of the gel perméation column, a small shift in volume to be collected can occur. T

n-up C - gel permeation chromatography (styrene divinylbenzene resin)

obtained is carefully reduced under a gentle nitrogen flow. The residuedis-immedi
15 ml solvent mixture (7.3.3.4). Put 5 ml of the dissolved residue into the,GPC column

GPC system-settings are given below:
5 ml/min;

f the sample loop: 5 ml;
tion: 120 ml (24 min);
ion: 155 ml (31 min);

ion: 20 ml (4 min).

volumes of the first fraction, eluate, and-ast fraction are recommended values and sk
verified using the multiple substanee-stock solution (7.6.2.2).

tance (see 10.3.1) is added to the'eluate, and then the eluate is reduced to the desired vo

bcrease of recoveries ofthé internal standards. If this occurs, readjustment of the sampled vq
ary.

n-up D - DMF/cyclohexane partitioning for aliphatic hydrocarbons removal

samples¢Containing a high amount of aliphatic compounds need additional clean-u
mamide/cyclohexane partitioning, especially for GC-MS measurement.

aliquot of the extract (e. g. 1 ml) to a separatory funnel (8.1.4) with a volume of 1(

ately

ould

lume

his is
lume

p by

0 ml

1 (772 4 2D

containing

ray 1 LN/ 4 O Y | +1 Lisalatial A | \) 1. 4+ 3
U TITUTrUmviTr/wdaltl 7. 1 (7. 5. 3. 4 T dITU TTCIHTUVETIICT dITPITIdtItIIyu1 Ot dal UUTIS Dy TATT AU TTUTT

with

10 ml cyclohexane (7.3.3.3). Repeat twice. Transfer the DMF/water 9:1 phase to a separatory funnel with
a volume of 500 ml, add 100 ml of pure water and extract the PAH with 10 ml of cyclohexane (7.3.3.3).
Repeat once. Combine the cyclohexane extracts. Keeper substance (see 10.3.1) is added to the extracts,
and then the extract volume is reduced to approximately 0,5 ml using a suitable enrichment device.

10.5 Addition of the injection standard

Add an appropriate amount of the injection standard to the extract obtained after clean-up. This shall be
in line with the concentration of the calibration standard. Record the final volume V.
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10.6 Gas chromatographic analysis (GC)

10.6.1 Gas chromatographic analysis with mass spectrometric detection

10.6.1.1 Settings of the gas chromatograph

ISO 13859:2014(E)

Set the gas chromatograph in such a way that sufficient separation of the PAH is achieved. Optimize the
gas chromatograph starting from the following typical conditions:

— separation column:

capillary column, e. g. DB5 MS 30 m, film thickness 0,25 pm, 0,25 mm

internal diameter (see 8.2.2):

— oyen temperature program:

—
—

jector temperature:
— splitless injection:

— carrier gas:

60 °C, 2 min;

30 °C/min to 120 °C/min;
5°C/min to 300 °C/min;
300 °C, 15 min;

260 °C;

1 pl, keep the split 1,8 min closed;

helium 0,8 ml/min to 1 ml/min.

10.6{1.2 Mass spectrometric (MS) conditions

Tune| the mass spectrometer in accordance with the‘tmanufacturer’s instructions. Chromafograms are
recorded in full scan or selected ion monitoring/recording mode (SIM/SIR). The following mass numbers

(see lable 7) can be used for the quantitative analysis in selected ion monitoring mode.

Table 7 — Diagnostic ions to be used for identification using GC-MS according to 10 22892

Compound CAS-RN Diagnosticion 1 Diagnostic ion 2 Diagnpsticion 3
m/z m/z m/z

Naphithalene 91320-3 128 (100) 102 (11) -
Acenjaphthene 83-32-9 154 (70) 153 (100) 7b (10)
Acenfaphthylene 208-96-8 152 (100) 150 (3) [76] (0)
Fluofene 86-73-7 166 (81) 165 (100) [1B9] (4)
Anthracene 120-12-7 178 (100) 152 (12) [76] (0)
Phenanthrené 85-01-8 178 (100) 152 (9) [16] (3)
Fluoranthéene 206-44-0 202 (100) 200 (31) [1p0] (3)
Pyrenée 129-00-0 202 (100) 200 (2) [1p1] (4)
Benz(a)anthracene 56-55-3 228 (100) 226 (3) [114] (2)
Chrysene 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)
Dibenz(a,h)anthracene 53-70-3 278 (100) 139 (9) [276] (5)
Benzo(ghi)perylene 191-24-2 276 (100) 138 (12) [274] (4)
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10.6.2 Calibration of the method using an internal standard

10.6.2.1 General

This is an independent method for the determination of the mass concentrations and is not influenced
by injection errors, the volume of water present in the sample, or matrix effects in the sample, provided
that recovery of the compounds to be analysed is about equal to that of the standard.

Add a specific mass of the internal standard (10 pg) to the test sample as to the calibration solutions.
The mass concentration of the standard shall be the same for calibration and analysis. Run the GC-MS
analysis with the calibration solutions, prepared as described in 7.6. Calculate the relative response
ratio for the[native PAH and the deuterated PAH after obtaining a calibration curve by plotting thejratio
of the mass foncentrations against the ratio of the peak areas (or peak heights) using Formula /(2):

An

n p_n_|_b
Agq

Pd

(2)

is the measured response of the native PAH, e. g. peak area;
is the measured response of the deuterated PAH, e. g. peak area;
is the slope of the calibration function;

is the mass concentration of the native PAH in the calibration solution, expressed in micro
grams per litre (pg/1);

pd is the mass concentration of the deuterated PAH:in the calibration solution, expressed in

micrograms per litre (ug/1);

is the intercept of the calibration curve with the ordinate.

Two types
verification
validity che

Nonlinear c

10.6.2.2 In

The initial
calibration i
of the equip

pf calibration are distinguished: the initial calibration (see 10.6.2.2) and the calibr
(see 10.6.2.3). The calibration verification is also known as daily calibration and serve
Ck of the initial calibration:

hlibration methods,can’be applied.

tial calibration

calibration serves to establish the linear working range of the calibration curve.
s performeéd when the method is used for the first time and after maintenance and/or r
ment.

Takeagasc

romataaram of 2 coriac af at loact fivo ctandard colutiane with canidictant cancontra
S8R +-SeHeS-oiatted St Hve-StahaaiaSovHo RS A R-eaqiHe CORE

htion
5 as a

This
Ppair

ions

oot TTOT Totorrre Sircor

including the solvent blank. Identify the peaks using chromatograms in Annex B, and if necessary the
chromatograms of the individual compounds. Prepare a calibration graph for each compound.

Check for linearity according to ISO 8466-1.

Choose as a working standard the calibration solution with the concentration closest to the middle of
the linear range. When the range of the samples is lower than the linear range found, it is permissible for
a working standard with a lower concentration to be chosen, corresponding to the middle of the sample
range.

It is allowed to use nonlinear calibration using all five standards. In that case, the same five standards
shall be used for recalibration and not the selection of two described below (see 10.6.2.3).
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10.6.2.3 Calibration verification

The calibration verification checks the validity of the linear working range of the initial calibration
curve and is performed before each series of samples.

For every batch of samples, inject at least two calibration standards with concentrations of (20 * 10) %
and (80 = 10) % of the established linear range and calculate the straight line from these measurements.
If the straight line falls within +10 % of the reference values of the initial calibration line, the initial
calibration line is assumed to be valid. If not, a new calibration line shall be established according to
10.6.2.2.

10.6[3 Measurement

Mea

dure the gas chromatograms of the extracts obtained according to 10.4. With) thg

absolute retention times, identify the peaks to be used to calculate the relative retention ti
stanglard as close as possible to the PAH-peak to be quantified. For the other releyant peal
chromatograms, determine the relative retention times.

10.6}4 Identification

Apply ISO 22892 for identification of PAH.

10.6}5 Check on method performance

Becapse this International Standard allows using differefitthodules, comparing the measur
of the internal standards and injection standards in béth the injected performance stand

and

Use

the injected sample is a check on the performanceof the total procedure.
for this analysis

the same final volume,

the same definite volume of intepnalstandard, and

tthe same definite volume of injection standard,

as uded for the samples.

This|is the performance-standard.

NOT

B The performance standard can be one of the calibration standards, provided that th

volurhes (internal stahdard/injection standard) used is the same.

Calc

late foreach internal standard the ratio between sample and performance standard sq

the closestinjection standard with Formula (3).

JAIS) App5) o

b aid of the
mes. Use the
ks in the gas

led response
ard solution

b ratio of the

lution using

43(5)  Aq1(ps)

where

U istherecovery rate, expressed in percent (%);

A1 isthe measured response of the PAH internal standard, e. g. peak area;
Ay is the measured response of the PAH injection standard, e. g. peak area;
ps is the performance standard;

S isthe sample.
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The average ratio in the sample shall be at least 75 % of the ratio in the standard. The ratio for an
individual PAH should be at least 60 %. If this is not the case, the analyses shall be repeated using
modules more suitable for the sample.

If multiple clean-up is necessary, lower ratios can be found, because with each clean-up step losses are
accepted by this International Standard. Lower ratios are acceptable if this can be explained by the
accepted losses in each clean-up step. The minimum ratio shall be 50 %.

10.6.6 Calculation

Calculate the mass content of the individual PAH from the multipoint calibration of the total method by
using Formula (4):
(A} /A)—b

wy =B Y “
b-m-d

where

wy is the content of the individual PAH found in the sample, expressed in milligrams per kilogram
(mg/kg), on the basis of the dry matter;

Aq is the measured response of the deuterated PAH in the sample extract;

Ap is the measured response of the native PAH in the sample extract;

pd is the mass concentration of the deuterated PAH in the sample extract, expressed in micrg
grams per millilitre (ng/ml);

m is the mass of the test sample used for extraction;expressed in grams (g);

ds isthe dry matter fraction in the field moist sample, determined according to ISO 11465,
exprressed in percent (%);

V' is the volume of the final solution, expressed in millilitres (ml);
s isthe slope of the recalibrationtfunction;

b isthe intercept of the recalibration curve with the ordinate.

The result ghall be expresséd in milligrams per kilogram (mg/kg) dry matter and rounded tg two
significant fjgures.

10.7 High performance liquid chromatographic analysis (HPLC)

10.7.1 Gengral

Adjust the HPLC system according to the manufacturer’s instructions. Regularly check baseline noise
and baseline drift against the specifications given by the manufacturer. If the results of these tests do
not meet the specified values, detect and eliminate the reasons.

10.7.2 Chromatographic separation

Use a column and chromatographic conditions which allow efficient separation of the PAH stated in the
scope. For a choice of columns and the corresponding gradients, see Annex B.

NOTE Examples of chromatograms with instrumental conditions are given in Annex B.
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10.7.3 Detection

10.7.3.1 General

Ultraviolet detectors, fluorescence detectors, or a combination of both, offsetting the disadvantages of
the relevant detectors, are suitable for detection.

10.7.3.2 Ultraviolet detector

Preferably, a diode array detector should be used, but comparable results can also be achieved by means
of a variable-wavelength ultraviolet detector.

Diodg array detectors allow for comparing the spectrum of the sample substance and tlI\e reference
substance.

NOTH The advantage of ultraviolet detectors is that they have a bigger linear, varge than|fluorescence
detedtors. Their disadvantage is that sensitivity and selectivity is lower in comparison to fluorescernce detectors.

10.7}3.3 Fluorescence detector

If applied, use a fluorescence detector, which is capable of free selection of excitation ahd emission
wavélengths and which is adjustable during chromatographic separation.

For detection, choose the appropriate excitation and emissiof wavelengths with regard tp sensitivity
and gelectivity.

Duripng wavelength programming, baseline disturbance'should be avoided. Changes shall therefore only
be miade at a minimum resolution of R = 2,5.

Dissglved oxygen in the eluent can reduce thé“fluorescence signal. Hence, variations in| the oxygen
concentrations affect the reproducibility. The oxygen content of the eluent should be keptf as low and
consfant as possible by degassing the elueht using e. g. helium or vacuum.

A change of wavelength should be made at times when the fluorescence is low. At high fluorescence
valugs, the wavelength change leads-to a displacement of the baseline. Readjusting the baseline after a
chanige of wavelength can interfere with the integration, and hence with the quantification

To aghieve constant peak heights, it can be necessary to change wavelengths and damping|at the same
time| The damping conditions are part of the detection criteria and cannot be changed after calibration.
If damping is low, thereésultant increase in noise should not impair the integration.

10.7{3.4 Identification of individual compounds

If there is_fo*peak at the characteristic retention time, and the chromatogram is normal in all other
aspeftssassume that the compound is not present.

An individuatcompoundis—assumed—tobepresentifthe retentiomtinreof the—substance in the
chromatogram of the sample agrees with the retention time in the chromatogram obtained from a
reference substance in a reference solution, measured under the same conditions (tolerance + 1 %, max.
10 s).

The verification of a positive result can be obtained using different methods:

— by comparison of the excitation and emission spectrum of the substance in the sample, which has
been allocated by its retention time, and the spectrum of the reference substance, taken under the
same conditions;

— at higher concentrations, identification can be achieved via the absorption spectrum using a diode
array detector. This second detector shall not lead to interference through broadening of the
fluorescence peaks;
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cation of an independent method, e. g. gas chromatography;

— by checking results obtained at two wavelengths.

10.7.4 Calibration

10.7.4.1 General

For calibration, a distinction is made between initial calibration, working calibration, and checking of
the validity of the calibration curve. Initial calibration determines the working range and the linearity
of the calibration function according to ISO 8466-1. Perform this calibration when the apparatus is used

for the first time.

In the next|step, establish the final working range and perform the routine calibration.Repeat
calibration gfter maintenance (e. g. replacement of the column), after repair of the HPLC systém, in|

the system
the validity

10.7.4.2 In

Establish th
mixture (7.6

10.7.4.3 Rdg

After exami
solution. Ca
actual sensi

10.7.4.4 Ch

Check the v
by analysis
shall be bet

deviate by njore than 10 % of the working calibration line. If this criterion is met, assume the calibr

to be valid. ]

10.7.5 Mea

Equilibrate
relation to t

NOTE R¢

as not been in use for a longer period of time, or if the validity criteria cannotbe met. d
pf the initial calibration with each series of samples to be analysed.

tial calibration

e preliminary working range by analysing at least five dilutionS-of the calibration stan
).2.3). Test for linearity in accordance with ISO 8466-1.

utine calibration

hing the final working range, analyse a minimum.effive dilutions of the standard calibr
culate a calibration function by linear regression analysis of the corrected peak areas
Livity of the method can be estimated from the calculated regression function.

eck of the validity of the calibration function
hlidity of the calibration function'from the routine calibration with each batch of sar
bf one standard solution after every 10 samples. The concentration of this standard sol
ween 20 % and 80 % of the\working range. Make sure that the individual results d

f not, recalibrate in accordance with 10.7.4.3.

surement of samples

he retentioi’times found.

producible retention times are usually achieved after two or three injections of a reference sol

this
case
heck

dard

htion
. The

hples
1tion
b not
htion

Fhe measuring-system before measuring samples and adjust the wavelength programine in

ition.

Measure thg

sample, the calibration solutions, and the blank.

Ensure that

the peaks of each sample are being integrated correctly and correct, if necessary.

If the calculated mass concentration of a substance in the sample exceeds the calibration range, dilute

the measuri

22

ng sample and repeat the measurement.
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10.7.6 Calculation

Assuming the expected peak area or peak height is within the linear measuring range, the quantified
result of an identified substance can be obtained using Formula (5):

m
where

w; is the mass content of the substance i of a sample, expressed in milligrams per kilogram (mg/

1 AP | 4
I\SJ uly IIrdactticer,

A; isthe peak area or peak height of the substance i in the chromatogram;

fi is the response factor of the substance i, in counts per microgram per millilitre (ng/ml); slope
of the recalibration curve;

I is the volume of the extract, expressed in millilitres (ml);

m is the mass of the sample (dry matter), expressed in grams (g).

The result shall be expressed in milligrams per kilogram (mg/kg) dry matter and rounded to two
significant figures.

NOTH If two signals are used for quantification, the result is confirmed if the results do not differ more than
15 %] relative to the lowest result. If the difference is larger than 15 %, the lowest result is reported.
11 Performance characteristics

The method is “performance-based”. It is/permitted to modify the method to overcome interferences
not gpecified in this International Standard, provided that the performance criteria are met. Internal
stanglards shall be used to check the'pretreatment, extraction, and clean-up procedures. Recoveries of
thes¢ standards should be 70 %.t0.110 %. If the recovery is outside the limits (i. e. 70 % tq 110 %), the
metHod shall be modified using gther modules described in this International Standard.

Somg¢ samples can requireg multiple clean-up in case of lower recoveries.

12 Precision

The performance characteristics of the method data have been evaluated (see Annex A).

13 Testreport

The test report shall contain at least the following information:

a) areference to this International Standard, i.e. ISO 13859;

b) complete identification of the sample;

c) the extraction module, clean-up module, and detection module used for the analysis;
d) the results of the determination according to 10.6.6 (GC-MS) and 10.7.6 (HPLC);

e) any details not specified in this International Standard or which are optional, as well as any factor
which could have affected the results.
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Annex A
(informative)

Repeatability and reproducibility data

A.1 Materials used in the interlaboratory comparison study

The interlabjoratory comparison for the determination of polycyclic aromatic hydrocarbons (PAH )b
chromatogrpphy (GC) and high performance liquid chromatography (HPLC) in sludge, treated.bioy
and soil was carried out by 10 to 13 European laboratories on three materials. (Detailed:irifform

can be foun

In the interl

in the final report on the Interlaboratory comparison study mentioned inyReference ||

hboratory comparison study, the following starting points were used.

ly gas
yaste

htion
10].)

The materialls examined cover all the grain size classes to which the determination of polycyclic aromatic

hydrocarbo
in sludge, ty
grained mat

Table A.1 lis|

Table A.1

In the case (
EN 15527) 4

The validati
in the test n

A.2 Inter

s (PAH) by gas chromatography (GC) and high performance liquid chromatography (H
eated biowaste and soil applies: very fine grained material§ (sludge: < 125 um) and
erials (soil and compost: <4 mm).

ts the types of materials tested.

GC and HPLC in sludge, treated biowaste and soil

The statistic

PLC)
fine-

- Materials tested in the interlaboratory comparison for the determination of PAH by

standard deviation (s;), and the reproducibility standard deviation (sg) were obtained (Table A.2).

24

Grain size Sample Material tested

Sludge Sludge 1 Mjx'of municipal waste water treatment

(< 0,5 mm) plant sludges from North Rhine Westphalia,

Germany

Fine grained Compostyl Fresh compost from Vienna, Austria

(<2,0mm) Soil 3 Sludge amended soil from Barcelona, Spain
f PAH, the results cah bé compared with validation studies carried out by CEN/TC 294 (see
nd ISO/TC 190 (seedS0 18287).
bn has been carvied out for soil also, but no results are presented because the concentrations
aterials wege lower than the limit of applicability.
laboratory comparison results

- bility
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by GC-MS and HPLC in sludge and treated biowaste

Table A.2 — Results of the interlaboratory comparison studies of the determination of PAH

Matrix I n Nno X SR Cvr Sr Cyr BD
ng/kg | ng/kg % ng/kg %

Acenaphthene

Sludge 1 14 44 87,2 559 64,1 13,0 14,9 4

Compost 1 7 17 5,5 2,0 36,8 0,5 9,6 16

Acenaphthylene

Sludge 1 26 2 29,6 20,3 68,4 10,3 34,7 8

Compost 1 17 2 5,5 2,0 36,8 0,5 9,4 13

Anthracene

Sludge 1 18 67 0 228 101,3 44,5 20,7 9,1 0

Compost 1 16 56 1 31,8 12,5 393 4,3 13,p 0

Benz(a)anthracene

Sludge 1 16 60 977 297,2 30,4 141,6 14,5

Compost 1 15 60 369 131,8 35,7 58,6 15,9 0

Benzo(a)pyrene

Sludge 1 17 58 1 820,0 304,0 37,1 64,3 7,8

Compost 1 15 53 1 3811 83,1 21,8 54,0 14,2

Benzo(b)fluoranthene

Sludge 1 16 57 1274 455,2 35,7 112,1 8,9 0

Compost 1 14 55 0 544 163,1 30,0 65,3 12,p

Benzo(ghi)perylene

Sludge 1 17 5% 2 694 218,7 31,5 52,8 7,4

Compost 1 16 56 1 314 157,7 50,3 36,0 11,b

Benzo(k)fluoranthene

Sludge 1 16 61 0 590 156,6 26,5 52,0 8,9

Compost 1 15 56 236 44,5 18,8 33,4 14,1

Chrysene

Sludge 1 16 53 2 1077 326,6 30,3 68,0 6,3 0

Compost 1 13 52 0 425 1577 37,1 47,5 11,p 0

Dibégnz(a,h)anthracene

Sludge 16 53 2 1041 002 | 414 | 447 | = 0

[ number of laboratories

n  number of analytical results

n, number of rejected laboratories

X total mean of analytical results (without outliers)

sg reproducibility standard deviation

Cy r coefficient of variation of reproducibility

sy repeatability standard deviation

Cy,r coefficient of variation of repeatability

BD number of measurements below detection limit
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Table A.2 (continued)

Matrix 1 n no X SR Cvr Sy Cyr BD
ug/kg | ng/kg % ng/kg %

Compost 1 14 43 0 74,3 28,2 38,0 10,6 14,2 1

Fluoranthene

Sludge 1 17 60 2397 4177 17,4 135,6 57

Compost 1 14 42 0 536 1549 28,9 56,4 10,5

Fluorene

Sludge 1 17 59 1 179 50,2 28,1 11,2 6,3 b‘O

Compost 1 11 26 1 16,8 16,8 99,6 4,5 26,§\Q)\ O

Indeno(1,2,B-cd)pyrene ¢ 9 v

Sludge 1 16 61 768 | 2774 | 361 | 738 {D9e6 D

Compost 1 14 42 304 | 893 | 294 | 221 89 1

Naphthaleng \G_)U

Sludge 1 15 42 756 | 270 | 357 A6 77 10,1 0

Compost 1 9 15 3 79 2,0 0,4 5,5 10

Phenanthrene N QV

Sludge 1 18 58 2 1200 357@5\\ 29,7 60,4 5,0

Compost 1 16 60 0 107 | ) 33,6 10,9 10,2 0

Pyrene \Q\'\

Sludge 1 17 58 1 1 5?@‘ 472,2 299 90,0 57 0

Compost 1 16 60 0 \GIB 134,5 30,0 57,5 12,8

Total PAH .oF

Sludge 1 16 59 | (v [12312] 3598 | 292 | 782 | 64 0

Compost 1 16 61 ‘\. °0 3318 1021 30,8 712 21,5

| number of laboratories O\

n  number of analytical results OQ

no number of rejected laboratories\%

X total meah of analytical re@%(without outliers)

sg reproduc]bility stand eviation

Cyr coefficient of varia of reproducibility

Sr repeatability&ﬁdeviation

Cy,r coefficient %’ariation of repeatability

BD number o

f measurements below detection limit
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Examples of instrumental conditions and chromatograms

B.1 Measurement of PAH with GC-MS

GC-MS conditions:
— instrument:

— cplumn (dimensions, phase, etc):

— carrier gas:

— injection technique:
on 1{40;

— injection volume (pl):

— t¢mperature programme:

— GC MS 4000 Varian Ion Trap?);
— DB 5ms3);

— 30 m;

— 250 pm film thickness;

— 250 mm interndkdiameter;

— helium constant flow ml/min;

— injector 250 °C; split initial off, them after 1 min

— Al

+— start 80 °C;

— 30°C/min to 120 °C/min;
— 5°C/min to 310 °C/min;

— 6 min isotherm.

2) GC MS 4000 Varian lon Trap is an example of a suitable product which is no longer available commercially.
This information is given for the convenience of users of this document and does not constitute an endorsement by
ISO of this product. Equivalent products may be used if they can be shown to lead to the same results.

3) DB 5ms is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product. Equivalent
products may be used if they can be shown to lead to the same results.
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Table B.1 — SIM mass of the native and deuterated PAH

Native-PAH SIM mass Deuterated PAH SIM mass
1 Naphthalene 128,1 1-D Naphthalene d8 136,1
2 Acenaphthylene 152,1 2-D Acenaphthylene d8 160,1
3 Acenaphthene 154,1 3-D Acenaphthene d10 164,1
4 Fluorene 166,1 4-D Fluorene d10 176,1
5 Phenanthrene 178,1 5-D Phenanthrene d10 188,1
6 Anthracemne 17871 6D Amthracemedto 188;1
7 Flyoranthene 202,1 7-D Fluoranthene d10 242,1
8 Pyrene 202,1 8-D Pyrene d10 212,1
9 Benz(a)anthracene 228,1 9-D Benz(a)anthracene d12 240,1
10 Chrysene 228,1 10-D Chrysene d12 240,1
11 Benhzo(b)fluoranthene 252,1 11-D Benzo(b)fluoranthene d12 264,
12 Benzo(k)fluoranthene 252,1 12-D Benzo(k)fluoranthehe-d12 264,
13 Benzo(a)pyrene 252,1 13-D Benzo(a)pyrene d12 2641
14 Benzo(ghi)perylene 276,1 14-D Benzo(ghi)perylene d12 288,p
15 Diljenz(a,h)anthracene 278,1 15-D Dibenz(ah)anthracen d14 292,p
16 Indeno(1,2,3-cd)pyrene 276,1 16-D Indeno(1,2,3-cd)pyrene d12 288,

Table B.2 — Maximum absorption wavelengths andirecommended/optimum combinations
excitation/emission‘wavelengths

PAH Amax for UV abs. Recommended Acy/Aem Optimum Aex/Adm
nm nm nm

Naphthaleng 220 280/340 280/334
Phenanthrerne 253 280/340 292/366
Anthracene 252 305/430 253/402
Fluoranthenp 236 305/430 360/460
Benz(a)anthtacene 287 305/430 288/390
Chrysene 267 305/430 268/383
Benzo(k)flugranthene 307 305/430 308/414
Benzo(a)pyrene 296 305/430 296/408
Benzo(ghi)perylene 299 305/430 300/410
Indeno(1,2,3-ed)pyrene 256 395/566 392/506
Acenaphthene 227 280/340 292/324
Acenaphthylene 254a

Fluorene 261 280/340 268/308
Pyrene 240 305/430 336/376

Concentration of each component in the SIM chromatogram
PAH - Native: 570 ng/g
PAH - Deuterated: 468 ng/g
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Figure B.1 — (continued)
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