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Foreword

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

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

Attention i
patent righ
any patent
on the ISO

Any trade
constitute

For an ex
assessmen
Barriers to

The comm
methods ar

ISO 16558
hydrocarbg

Part 1:
chrom

Part 2
using g

5 drawn to the possibility that some of the elements of this document may be the subjec
ts. ISO shall not be held responsible for identifying any or all such paténtrights. Detail
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

blanation on the meaning of ISO specific terms and €xpressions related to confory
L, as well as information about ISO’s adherence to.the WTO principles in the Techn
Trade (TBT) see the following URL: Foreword - Supplementary Information

ttee responsible for this document is ISO/TC 190, Soil quality, Subcommittee SC 3, Chen
d soil characteristics.

consists of the following parts, under.the general title Soil quality — Risk-based petrol
ns:

Determination of aliphatic and aromatic fractions of volatile petroleum hydrocarbons using
itography (static headspace method)

Determination of aliphatic’ and aromatic fractions of semi-volatile petroleum hydrocar
as chromatography with flame ionization detection (GC/FID) [Technical Specification]

are
the
the

t of
s of
| /or

not

hity
ical

ical

PUm

gas

ons

© ISO 2015 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/home/standards_development/resources-for-technical-work/foreword.htm
https://standardsiso.com/api/?name=b7f4d340b5b990d33200be353f210cc6

ISO 16558-1:2015(E)

Introduction

ISO 11504 establishes a basis for the choice of fractions and individual compounds when carrying out
analysis for petroleum hydrocarbons in soils and soil-like materials including sediments. It provides
guidance for the appropriate use of the analytical results in risks assessment. This part of ISO 16558
specifies methods for the quantitative determination of the appropriate fractions of aliphatic and
aromatic compounds. The methods described are based on existing standards [mineral oil (ISO 16703)
and volatile hydrocarbons (ISO 22155)].

The general use and relation between the two different parts of this International Standard is given in

Figlire 1.

semi-volatiles
expected?

volatiles
expected?

Stop

extraction with sample pretreatment l
methanol Headspace, {
1SO 22155
l semi-volatile hydro-
carbons;-procedure
I GC-MS (obliged) I according to ISO 16703
‘ ‘ [ Florisil clean-up ? |
individual aromatic . . .
aliphatic fractions, ‘
compounds see -
S0 16558.1. 6.5 see ISO 16558-1, 3.3 | extraction |

I

| GC-FID: mineral Oil Cyq-Coo |

conc. >100
mg/kg dm?

I sub-sample of the extract I

]

| silicagel separation |

I
! !

semi-volatile semi-volatile
aromatic fractions aliphatic fractions

Key

a  |Florisil®® clean-up: Only to be applied in case the test according to ISO 16703 is carried out. If thg aliphatic
and.afomatic fractions have to be analysed, florisil clean-up should not be carried out. Florisil® isja trade
name for a prepared diatomaceous substance mainly consisting of anhydrous magnesium silicate.

b Florisil® is an example of a suitable product available commercially. This information is given for the
convenience of users of this International Standard and does not constitute an endorsement by ISO of
this product.

Figure 1 — Use of different analytical International Standards during risk assessment of
petroleum hydrocarbons

© ISO 2015 - All rights reserved v


https://standardsiso.com/api/?name=b7f4d340b5b990d33200be353f210cc6



https://standardsiso.com/api/?name=b7f4d340b5b990d33200be353f210cc6

INTERNATIONAL STANDARD

ISO 16558-1:2015(E)

Soil quality — Risk-based petroleum hydrocarbons —

Part 1:
Determination of aliphatic and aromatic fractions
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Scope

5 part of ISO 16558 specifies a method for the quantitative determinatioief the total
tile, the volatile aliphatic, and aromatic fractions of petroleum hydrocarbon content in
samples by gas chromatography with mass spectrometric detection. The aromatic fr
brmined by the sum of individual aromatic compounds.

sum of the volatile aliphatic (C5 to C19) and aromatic (Cg to ©qp) fractions can be ref
atile oil”.

results of the test carried out can be used for risk assessment studies related to cont
h petroleum hydrocarbons.

5 part of ISO 16558 provides a method applicable*to petroleum hydrocarbon contents

essed as dry matter for the aromatic fractién in the boiling range of Cg to C1p.

h this method, all hydrocarbons with aboiling range of 36 °C to 184 °C, n-alkanes betwe
o2, isoalkanes, cycloalkanes, BTEX; and di- and tri-alkyl benzenes compounds are det
1 volatile petroleum hydrocarbens'Cs to C1g. In addition, volatile aliphatic and aromat
specified.

the determination of sendivolatile aliphatic and aromatic fractions of petroleum hydra
samples, see ISO/TS 16558-2.

E The sub-fractions proposed in this part of ISO 16558 have shown to be suitable for risk|
ies. However, otherysub-fractions between CsHy to C1oH22 can be determined in conformity w
0 16558.

the basis-ef the peak pattern of the gas chromatogram and of the boiling points of the]
kanesdisted in Annex A, the approximate boiling range of the mineral oil and some
rmation on the composition of the contamination can be achieved.

bxtractable
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'rom about
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th this part
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Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 8466-1, Water quality — Calibration and evaluation of analytical methods and estimation of
performance characteristics — Part 1: Statistical evaluation of the linear calibration function

ISO 10381-1, Soil quality — Sampling — Part 1: Guidance on the design of sampling programmes

ISO

10381-2, Soil quality — Sampling — Part 2: Guidance on sampling techniques

© ISO 2015 - All rights reserved
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ISO 11465, Soil quality — Determination of dry matter and water content on a mass basis —
Gravimetric method
ISO 18512, Soil quality — Guidance on long and short term storage of soil samples

ISO 22155, Soil quality — Gas chromatographic determination of volatile aromatic and halogenated
hydrocarbons and selected ethers — Static headspace method

IS0 22892, Soil quality — Guidelines for the identification of target compounds by gas chromatography and
mass spectrometry

3 Termk and definitions

For the pui

3.1

total contg
sum of con
with a maj
between t}
EC8,and b

Note 1 to 4
alicyclic, ali

3.2

volatile ar
single mon
and tri-alk
a mass spe

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

ent of volatile petroleum hydrocarbon fractions by gas chromatography

s spectrometric detector and eluted on a non-polar capillary colunih with retention ti
jose of n-pentane (CsH12) EC 5 and hexane (CgH14) EC 6, between EC 6 and n-octane (Cgl
etween EC 8 and 1,2-diethylbenzene (C19H14) EC 10

ntry: Substances that comply with that definition are mainly~short chain or branched, olef
bhatic hydrocarbons, and BTEX or alkyl substituted aromatichydrocarbons.

pmatic compounds and fraction between EC numbers 9 to 10 of petroleum hydrocarb
o-aromatic BTEX compounds and the fraction hetween EC numbers 9 to 10 containing
ylated aromatic compounds which can be medsured by headspace gas chromatography v
ctrometric detector

Note 1 to enftry: For example compounds, see Table 1.

3.3

volatile al
quantitatiy
branched,
be measur

phatic fractions of petroleum hydrocarbons
e values for the aliphatic fractions of the volatile petroleum hydrocarbons (olefenic, alicy
ind paraffinic short hydracarbons) between EC numbers 5 to 6, 6 to 8, and 8 to 10 which
bd with headspace gas chromatography with a mass spectrometric detector

Note 1 to enftry: For example compounds, see Table 1.

pounds extractable with methanol that can be measured by headspacergas chromatography

mes
118)

Pnic,

jons
di-
vith

clic
can

Table I — EC number ranges and respective example aliphatic and aromatic compounds
Structurle E€number range Boiling Example compounds
type Carbon number of range
n-alkanes o
C
Aliphatic 5to6 >36to 69 Pentane, 2- and 3-methylpentane, 2,2- and
compounds 2,3-dimethylbutane, cyclopentane,
2,3-dimethyl-butadiene, hexane
>6to8 > 69 to 128 Cyclohexane, methylcyclopentane,
dimethyl-cyclopentane, methyl- and
dimethyl-cyclohexane, branched C7- and
Cg-alkane
>8to 10 >128to 175 n-nonane, 2-methylnonane,
1,1,3-trimethyl-cyclohexane,
2,3-dimethylheptane, n-decane

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=b7f4d340b5b990d33200be353f210cc6

ISO 16558-1:2015(E)

Table 1 (continued)
Structure EC number range Boiling Example compounds
type Carbon number of range
n-alkanes o
C

Aromatic >6to9 > 69 to 151 BTEX single compounds, styrene
compounds >9to 10 >151to 184 Allylbenzene, i- and n-propylbenzene, 2- and 3-

and 4-ethyltoluene, 1,2- and 1,3-diethylbenzene,

1,2,3-and 1,2,4- and 1,3,5-trimethylbenzene,
isopropenylbenzene

4 [(Interferences

Compounds not related to petroleum hydrocarbon contaminations with boiling point betweern

(eg

5
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halogenated hydrocarbons and ethers as MTBE and TAME) can interfere withythe aliphati

Principle

Csand Cqg
c fractions.

r samples are taken from an untreated field moist soil sampleXTo prevent losses of t

volatiles,

ples are taken as undisturbed as possible in the field with a-tube corer or by adding methanol

hediately in the field (see ISO 22155 for further informatiofi))

test sample is extracted with methanol. An aliquot of\the methanol extract is transfefred into a

space vial with a defined amount of water and sealed. The temperature of the vials is stabilized in
rmostatic system to a temperature within the range 50 °C to 80 °C to achieve specified dquilibrium

ditions. Gas chromatographic analysis of the volatile compounds in gaseous phase in gquilibrium

h the water in the vials is carried out by.using headspace injection and an appropria
mn. The compounds are detected with a mass spectrometric detector (MS).

procedure as described in ISO 22155 is followed for determination of the individug
pounds. Several aromatic fractions’ are then determined by summation of individud
pounds.

the basis of the peak pattern of the gas chromatogram and of the boiling points of the

e capillary

] aromatic
] aromatic

individual

kanes between CsH1z teCrgHz2 (retention time standard), the sub-fractions of the volatile aliphatic

ocarbons can be fixed and the peak areas of the sub-fractions can be integrated and hen
tification.

total peak areas’between the EC range defining standards between n-pentane and 71
isured and_the-content of the volatile aliphatic hydrocarbons in the sample is quantified
brnal standard mix consisting of different types of volatile aliphatic compounds which
petroleunt’hydrocarbons.

6

ce used for

-decane is
against an
are typical

[Reagents

All reagents shall be of recognized analytical grade. Verify whether the reagents are applicable for this
specific purpose and free of interfering compounds.

6.1

Water, free of volatile organic compounds.

Water, free from organic contaminants. It shall show negligible interferences in comparison with the
smallest concentration to be determined. Sufficient water from the same batch should be available to
complete each batch of analyses including all preparations.

Water can be heated in a round bottom flask for about 30 min to remove remains of volatile compounds.

© ISO 2015 - All rights reserved
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6.2 Methanol (CAS-RNY 67-56-1).

Solvent for

6.3

the extraction of soil samples and for the preparation of standard solutions.

Internal standard compounds.

For the determination of volatile aromatic hydrocarbons by GC-MS, two or more internal standards
shall be selected. They shall not interfere with compounds present in the methanol extract.

Examples of suitable internal standards are the following:

a) toluen
b) ethylb
c 1,3,5-t
Example of
— aaa-tr|
6.4 Rete

It is the fralction range defining standard solution containing n-pentane, n-hexane, n-heptane, n-oct

n-nonane, 4

Prepare a
to Cqp, diss
room temg

NOTE '

p-D6 (CAS-RN 2057-26-5);

enzene-D10 (CAS-RN 25837-05-2);
rimethylbenzene D3 (CAS-RN 38574-14-0).
suitable non-deuterated internal standard:

ifluorotoluene (CAS-RN 98-08-8).

ntion time standard solution.

ind n-decane.

Hne,

mixture of equal amounts, on a mass basis, of the n<alkanes with carbon numbers from Cs

olved in methanol (6.2), to give concentrations pfabout 50 mg/1 of each n-alkane. Stor
erature.

'his solution is used to give information of theretention times of the n-alkanes to define the vol

e at

htile

ion

hydrocarboh fractions in the samples.

6.5 Volatile aromatic hydrocarbon standards between EC numbers range 6 to 10 for calibrat
of headspace GC-MS system.

CompounI CAS-RN
EC numbef range 6 to 9

benzene 71-43-2
toluene 108-88-3
ethylbenzgne 100-41-4
o-xylene 95-47-6
m-xylene 108-38-3
p-xylene 106-42-3
styrene 100-42-5
EC number range 9 to 10

allylbenzene 300-57-2
isoproprenylbenzene 98-83-9

1) CAS-RN: Chemical Abstracts Service Registry Number.

4
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2-ethyltoluene 611-14-3
3-ethyltoluene 620-14-4
4-ethyltoluene 622-96-8
1,2,3-trimethylbenzene 526-73-8
1,2,4-trimethylbenzene 95-63-6
1,3,5-trimethylbenzene 108-67-8
isopropylbenzene 98-82-8
secibutylbenzene 135-98-8
1,2{diethylbenzene 135-01-3
1,3{diethylbenzene 141-93-5

The detector responses of these selected compounds are measured by-headspace gas chro

ISO 16558-1:2015(E)

atography

with a mass spectrometric detector (electron ionization with selected ion monitoring of masg fragments
m/4 78 for benzene and m/z 91 for toluene, ethylbenzene, and xylenes, m/z 104 for styrene, and

m/491+105+117+118+119+120+134 for di- and tri-alkylated benzene), which are used for qua

6.6| Volatile aliphatic hydrocarbon standards between' EC numbers range 5 to 10 for ¢

of Headspace GC-MS system.

Aliphatic compound €CAS-RN
n-pentane 109-66-0
n-hexane 110-54-3
n-h¢ptane 142-82-5
n-oftane 111-65-9
n-npnane 111-84-2
n-decane 124-18-5
Cyclopentane 287-92-3
2-methylpentane 107-83-5
3-methylpentane 96-14-0
methylcyclopentane 96-37-7
2,2-dimethylpentane 590-35-2
2,3-dimethylbutane 79-29-8
Trans-Pentadiene 2004-70-8
Cyclohexane 110-82-7
Methylcyclohexane 108-87-2
1,1-Dimethylcyclohexane 590-66-9

© ISO 2015 - All rights reserved
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The detector responses of these selected compounds are measured by headspace gas chromatography
with a mass spectrometric detector (electron ionization with selected ion monitoring of mass fragments
m/z 41+43+55+56+57+69+70+71 for olefenic, alicyclic branched, and paraffinic short hydrocarbons),

which are used for quantification.

6.7 Carrier gases for gas chromatography.

Helium or nitrogen gases for headspace gas chromatography shall be used in accordance with the
instrument manufacturer’s instructions.

6.8 Stan

6.8.1 Sta

Prepare th
compound
and weigh

A convenie
the standa
months wh

For practig

6.8.2 Int

Prepare th
and the ing

The contai
may be reg

ard solutions.

ndard stock solutions for the volatile compounds in methanol.

e stock solutions by adding to methanol defined amounts (e.g. 100 ul) ofCeach stand
6.5 or 6.6 with a microlitre syringe. Immerse the tip of the needle in the selvent meth:
with an accuracy of 0,1 mg.

d substance and dissolving it in 25 ml of the solvent. The stock solution is stable for abo
en stored at =18 °C.

] reasons, mixed standard stock solutions can also be uséd.

ernal standard for GC-MS and retention time standard stock solutions in methanol.

ividual aliphatic retention standard compounds (6.4) in the same procedure as in 6.8.1.

hers containing the solutions shall be weighed so that any evaporation losses of the soly
ognized. The solutions shall be stored at-a temperature of (4 + 2) °C in the dark. Prior to

they shall he brought to ambient temperature.

6.8.3 Int

Prepare in
stock solut]

NOTE 4

ermediate mixed standard solutions.

ermediate mixed standard.solutions by mixing a defined volume of each individual stand
ion or a mixed standard'stock solution and dilute with methanol.

\ typical concentration’is 40 pg/ml.

Store the intermediate mixed standard solutions at (4 + 2) °C no longer than 3 months.

6.8.4 Wqd

Prepare at

rking standard solutions.

least five different concentrations (e.g. from 0,2 pg/ml to 3,2 ug/ml) by suitable diluti

e internal standard stock solutions with the individual internal standard compounds (b.3

ard
inol

nt concentration (4 mg/ml) of the standard stock solution is obtained-by weighing 100 mg of

ut 6

(O8]

[®X)

rent
L1se,

ard

DS,

adding 50

Ito 500 pl of the intermediate mixed standard solutions (6.8.3) to methanol (10 ml) usi

microlitre syringe.

ng a

6.8.5 Working internal standard for GC-MS and retention time standard solutions.

Prepare the internal standard and retention standard solutions of defined concentration (e.g. 0,4 ug/ml)
as described in 6.8.2.

6.8.6 Aqueous calibration standard solutions.

Prepare the calibration solutions (see Table 2) by adding a defined amount (e.g. 50 pl) of working
standard solutions and internal standard solutions to a defined volume (e.g. 10 ml) of water in an
appropriate headspace vial. Use a syringe and immerse the top of the needle in the water. Seal the vial
tightly with a crimp cap fitted with polytetrafluoroethylene (PTFE) coated septum. The total volume of

6 © IS0 2015 - All rights reserved
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the methanol used for calibration shall be the same which will be taken for the methanol extract of the
soil sample (see 9.3). Make sure that the content of the organic solvent in the final aqueous calibration
standard solution does not exceed 1 % (V/V).

Table 2 — Examples for preparation of aqueous calibration standard solutions

Calibration Working Working Concentration Quantity in Concentration
solution standard internal in working calibration in aqueous
solution standard standard solution of calibration
(6.8.4) solutions solution 10 ml solution
(6.8.5) (sample)
water
pl ul pg/ml ng g/l

1 50 50 (methanol) 0 0 0

2 50 50 0,2 10 1

3 50 50 0,4 20 2

4 50 50 0,8 40 4

5 50 50 1,6 80 8

6 50 50 3,2 160 16

6.8]7 Methanol containing internal standards.

Prepare methanol containing a suitable concentration‘9f’the internal standards (e.g. 0,4 pg/ml). The
concentration shall be such that the end concentratiofsin the water extract in the headspage vial is of
the[same level as in the calibration standards.

7 |Apparatus

Uselusual laboratory glassware free of interfering compounds.

All glassware shall be cleaned according to the usual procedures for this type of analysis.

7.1| Glass vials with suitable septum.

Uselvials (50 ml to 100.ml) and screw cap fitted with a PTFE-coated septum for field moist spil samples
taken in the field. Glass’vials (10 ml for 5 ml water and 22 ml for 10 ml water) with a PTFE-coated
sepfum and crimped-metallic cap compatible with the headspace system connected to an gppropriate
gas|chromatograplic system. The vials shall be capable of being hermetically sealed in the fjeld as well
as dt elevated.témperatures.

7.2| Crimping pliers.

7.3 Headspace system.

This method was developed for using a totally automated equilibrium headspace analyser available
from several commercial sources. The system used shall meet the following specifications:

a) the system shall be capable of keeping the vials at a constant temperature (between 50 °C and 80 °C);

b) the system shall be capable of transferring accurately a representative portion of the headspace
into a gas chromatograph fitted with capillary columns.

7.4 Shaking machine.

A shaking machine with 200 to 300 horizontal movements per minute.

© ISO 2015 - All rights reserved
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7.5 Capillary columns.

Fused silica capillary columns with a non-polar stationary phase allowing sufficient separation of the
compounds of interest shall be used. A thick film of stationary phase increases the efficiency of the
separation of more volatile compounds.

NOTE Examples are given in 9.4.

7.6 Gas chromatograph equipped with a mass spectrometer (MS).

The mass spectrometer should be able of operating over the total mass range of interest and being
equipped with a data system capable of quantifying ions using selected m/z values.

7.7 Syrimnge, volume 5 pl, 10 pl, 50 pl, 100 pl, 250 pl, and 500 pl.

7.8 Bott]le-top dispenser.

8 Sampling, preservation, and sample pretreatment

8.1 General

Sampling shall be carried out according to ISO 10381-1 using equipment according to ISO 10381-2 affter
coordinatipn with the analytical laboratory.

Samples shall be analysed as soon as possible. Samples shall,be stored cool according to ISO 18%12.
Samples are not pretreated. Exposure of samples to airceven during sampling shall be avoided as
far as posgible.

Sampling for volatile compounds can be carried out with several techniques. It is strongly recommenided
to use one pf the procedures described in 8.2 and’8:3 in order to prevent losses by volatilization.

Determing the dry matter content of the fijeld'moist sample according to ISO 11465. In case samp|ing
method 8.P is used, a separate sample should be delivered to the laboratory for determinatioh of
the dry matter.

8.2 Sampling using vials pre-filled with methanol

Transfer aldefined volume, of soil using an appropriate device into a pre-weighed vial which is filled
with a defined volume of'methanol already containing internal standards (6.8.7). Prevent leakage$ by
cleaning the top of the véssel before sealing.

The soil sgmples should be taken from undisturbed material using an appropriate sample cutter of
known voljime,e.g. a modified 20 ml disposable plastic syringe with the tip cut off. The soil sample
should be ¢ollected immediately after exposing a fresh soil surface of the drilling core, e.g. of an
window sa i i i i ial i
avoided as far as possible.

Make sure that the sample is completely covered with methanol already containing internal standards
(6.8.7). Then, close the cap of the PTFE coated septum. At least one blank sample on every site shall be
prepared in the field by opening the prepared vial for the same time period as necessary for the filling
with soil sample. Add methanol (6.2) and close the cap of the vial.

The sampling vials should be kept dark in a cooler (before and after sampling) throughout the whole
transportation (for details, see ISO 18512). Weigh the vial with methanol and sample on the laboratory.

The procedure described here assumes that methanol containing internal standards is used. It is also
acceptable that the internal standards are added to the methanol in the laboratory at the start of the
extraction procedure.
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8.3 Sampling using coring tube method

This method, by taking an undisturbed sample, greatly reduces or eliminates common losses (e.g. due
to evaporation, diffusion, sorption onto plastics). This method involves a stainless steel coring tube of
atleast 200 ml which is filled in situ, retrieved and capped with a non-permeable material, e.g. stainless

steel or aluminium foil. The tube should be filled completely.

This method is not suitable for very stony soils.

Store cool at a temperature of 2 °C to 8 °C no longer than 4 days (see ISO 18512).
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Procedure

Blank determination

each series of samples, a solvent blank determination shall be carriéd out by adding 10
hethanol containing internal standards (6.8.7) to 5 ml to 10 mi} of water (6.1) as it is
ple. Ensure that no contamination occurs from the laboratery atmosphere.

Extraction

pling procedure 8.3, the addition of methanol is carried out in the laboratory. In both
raction, i.e. the shaking, is carried out in the laboratory.

a defined amount of test sample (25 gto 50 g) collected as described in Clause 8 with
ice into a pre-weighed vial (50 ml te 100 ml) (7.1) with a screw cap with PTFE-coated §
d with a defined amount of methanl containing internal standards (6.8.7) (25 ml to 50
place the vials on the horizontal shaking machine (7.4) and shake for 30 min.

e the tube out of the shaking-machine and let stand for 10 min to 15 min in order to allow
1 materials. If there is ne'settling of solid materials on standing, centrifuge for 10 min a
juency with a radial acceleration of 2 000 g.

procedure described here assumes that methanol containing internal standards is use
eptable that theiinternal standards are added in the methanol at the start of the extraction

Headspace-analysis
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the spiked

water samples, proceed to the analysis. Prepare the calibration samples in the same way with the same
volume 10 pl to 100 pl of the calibration solutions (6.8.6).

A lower detection limit can be achieved by addition of sodium chloride, NaCl, or other salts (e.g. 3 g per
10 ml).

Stabilization of sample temperature in headspace system

Place the headspace vials in the thermostated tray of the headspace system at a fixed temperature in

the

©IS

range from 50 °C to 80 °C for at least 30 min and for the same time for all vials.
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For specific equipment working at equilibrium, the time required to reach equilibrium can vary
depending on the volatile organic substance and the volume of the vials used. Experience has shown
that at least 30 min are necessary.

9.4 Gas chromatographic analysis

9.4.1 General

Example of gas chromatographic conditions for this analysis.

Stationary[phase: non-polar €.g. VF-b624ms 20 m x 0,15 mm x 0,84 pm (Agilent) method
(SIMDest)
NOTE YF-624ms is an example of a suitable product available commercially. This information is’giver

the conveni

Film thickness:

Column ler
Internal di

Oven temp|

Detector tg

Carrier gag:

Gas flow:
Inlet:

Split ratio:
Example fdg

Oven:

Needle or tfransfer line:

Sampling v

Vial equilik

gth:
hmeter:

erature:

mperature:

olume;

rium time:

Ence of users of this part of ISO 16558 and does not constitute an endorsement by ISQO, of this prod

0,5 um to 3 um

30 mto 60 m

0,25 mm to 0,32 mm
40 °C during 4 min

4 °C/min up to 200 °C
200 °C during 10 min
300°C

Helium

20 cm/s to 30 cm/s
200°C

1:20

r headspace samplerzeonditions.

80°C
90 °C
1 ml

30 min

for
uct.

Examples of chromatograms are given in Figure A.1 (aliphatic compounds), Figure A.2 (aromatic
compounds), and Figure A.3 (gasoline).

9.4.2 Calibration

Use the guidelines given in ISO 8466-1 for the calibration procedure.

Use the guidelines given in [SO 22892 for the identification of individual aromatic compounds.

Analyse the complete series of aqueous calibration solutions (6.8.6) according to 9.3.

10
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9.4.2.1 Sum of aromatic standard compounds

As a minimum, perform a five-point internal calibration for each compound by using one or more
internal standard compounds. The GC-MS measurement shall be made in electron ionization mode with
selected ion monitoring of mass fragments m/z 78 for benzene and m/z 91 for toluene, ethylbenzene,
and xylenes, m/z 104 for styrene, and m/z 91+105+117+118+119+120+134 for di- and tri-alkylated
benzene, which can be used for quantification. Between the fraction range defining standards Cg to Co,
single BTEX compounds are determined. For the aromatic fraction between Cg to C1g, sum of the peak
areas of the compounds according to 6.5 are measured. Based on this, calculate the calibration function
for each BTEX individual compound and for the fraction between Cg to C1p,

The calibration function is only valid under specific operational conditions and should be reg¢stablished
if these conditions are changed. The calibration function does not need to be renewed for evqry batch of
sanjples. For routine analysis, it is sufficient to check the calibration function by a two-ppint ¢alibration.

Detprmine the relative response for all volatile aromatic hydrocarbons with respect to the internal
stapdard ethylbenzene-D10 or others (6.3).

=y

Establish a linear calibration function for analyte “i” using the pairs of values yje/yse and pik/pse of the
medsured calibration solutions in Formula (1):

yie/yse:mis'pie/pse+bis (1)

whegre

«zxn
1

yie isthe (dependent variable) measured responséof the analyte “i” in the calibration

depending on pje, e.g. peak area;
Vse is the measured response of the internalstandard compound “s” in the calibration
depending on pg,, e.g. peak area;

.
1

pie isthe (independent variable) massconcentration of the analyte “i” in the calibration

solution in micrograms per litre, ng/l;

pse 1s the mass concentration of the internal standard compound “s” in the calibration solution,
in micrograms per litre,\ug/l;

mjs is the slope of the'calibration curve from y;./yse as a function of the mass concentrdtion
ratio pje/pse often called the response factor;

bis isthe axis.ibtercept of the calibration curve on the ordinate;
lli".

i refers;to analyte

s refers to the internal standard compound “s”;

é refers to values connected to the calibration function.

9.4.2.2 Sum of single aliphatic standard compounds

As a minimum, perform a five point external calibration for each compound. The GC-MS measurement
shall be made in electron ionization mode with selected ion monitoring of mass fragments
m/z 41+43+55+56+57+69+70+71 for olefenic, alicyclic branched, and paraffinic short hydrocarbons
which can be used for quantification. Sum of the peak areas of the compounds between the fraction
range defining standards, e.g. after Cs to Cg, after Ce to Cg, and after Cg to C1p are measured. Based on
this; calculate the calibration function for each fraction.

The calibration function is only valid under specific operational conditions and should be reestablished
if these conditions are changed. The calibration function does not need to be renewed for every batch of
samples. For routine analysis, it is sufficient to check the calibration function by a two-point calibration.
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Record the gas chromatogram of the calibration standard solutions (6.8.6). On the basis of this
chromatogram, determine the retention times of each aliphatic hydrocarbon standard n-pentane,
n-hexane, n-heptane, n-octane, n-nonane, and n-decane to fix the retention time range of the fractions.

Calculate the concentration for each aliphatic fraction using Formula (1) where y;e and pse refer to the
aliphatic fraction instead of to analyte “i”.

9.4.3 Measurement

Analyse the prepared extracts (see 9.3) in the same manner as described for the calibration samples in
9.4.2.

The volatile aromatic single compounds or EC-fraction Cg to C19 and the aliphatic fractions-shal] be
quantified|with respect to the same selected internal standards used for calibration, e.g. with-respect
to ethylbenjzene-D10 or others using the respective calibration function (see Formula 1).

All chromdtograms should be checked visually for correct integration. The start and.-$top times of|the
integratior} should be visible on the chromatogram.

The range pf the carbon numbers of n-alkanes, i.e. EC fractions present in the-sample, is determineﬂ)y
comparing|the gas chromatogram of the sample extract with that of the n-alkane standard solution ($.4).

10 Calculation
10.1 Calculation of the concentration in the spiked water sample

10.1.1 Vol]atile aromatic hydrocarbon compounds with internal standard method

«:n
1

Calculate the mass concentration of analyte in the spiked water sample using Formula (2) affter

solving Foitmula (1):

pi=(Vj / ys=bis) ps/mjs (2)
where
pi  i$ the mass concentratioh of the analyte “i” in the spiked water sample in micrograms per

ja—

Itre, ug/1 = piw;

“«zxn

i$ the measuredresponse of the analyte “i” in the water sample, e.g. peak area;

=

i$ the measused response of the internal standard compound “s” in the water sample, e.g.
peak ared;

ps

ps i3 thé mass concentration of the internal standard compound “s” in the water sample in
mierograms per litre, ug/l;

mjs is the slope of the calibration curve from y;./yse as a function of the mass concentration
ratio pje/pse, often called the response factor as determined under calibration (9.4.2);

bis isthe axis intercept of the calibration curve on the ordinate as determined under
calibration (9.4.2).

10.1.2 Volatile aliphatic fractions

«:n

Calculate the mass concentration of the aliphatic fractions “i” in the spiked water sample using
Formula (2) reading fraction “i” instead of analyte

“«z:n
1
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10.2 Calculation of the concentration of a volatile compound or fraction in the soil sample

Calculate the content of a specific volatile aromatic compound or aliphatic fraction in the soil sample by
using Formula (3):

o Ve Vs
Wigm =—2—— (3)
Va Mgy

where

Widm is the content of the individual aromatic volatile compound or of the volatile hydrocarbon

fractions “i” in the sample in milligrams per kilogram (mg/kg) of dry matter;

Piw is the mass concentration of the individual aromatic compound or of the yolatilg
hydrocarbon fraction “i” in the spiked water sample in micrograms penrlitte (ug/1);

mgm  is the mass of the test sample of dry matter used for extraction in-grams (g);

VE is the total volume of the extract (i.e. volume of methanol added-to the soil sample +
volume of water present in the field moist sample obtained from the determination of dry
matter content according to ISO 11465) in millilitres (ml);

Va is the volume of the aliquot of methanol extract used-for the spiking of water safnple for
headspace measurement in microlitres (pul);

%% is the volume of the spiked water sample for.headspace measurement in millilitfes (ml).

10.3 Calculation of the concentration of volatile oil in the soil sample

The concentration of volatile oil (Cs-C1p) in the.soil sample is equal to the total sum of all al{phatic (Cs-
C10) and aromatic (Cg-C1p) fractions.

11 |Expression of results

Replort results in milligrams ofdndividual volatile aromatic compound or of individual volatile aromatic
and aliphatic fraction per kilogram of dry soil and up to two significant figures.

12|Precision

For|precision datayrefer to ISO 22155.

13|Test report

The té€st report shall include at least the following information:

a) areference to this part of ISO 16558, i.e. ISO 16558-1;
b) complete identification of the sample;

c) storage time of samples;

d) the results of the determination according to Clause 11;

e) any details not specified in this part of ISO 16558 or which are optional as well as any other factor
which could have affected the results.
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