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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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INTERNATIONAL STANDARD

ISO 22155:2016(E)

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

1

This

Scope

determination of volatile aromatic and halogenated hydrocarbons and selected aliphaticet

This|International Standard is applicable to all types of soil.

The

imit of quantification is dependent on the detection system used and thé quality of t

gradg used for the extraction of the soil sample.

Unddgr the conditions specified in this International Standard, the follewing limits of qus
apply (expressed on basis of dry matter).

Typi¢al limit of quantification when using GC-FID:

yolatile aromatic hydrocarbons: 0,2 mg/kg;

dliphatic ethers as methyl tert.-butyl ether(MTBE).@nd tert.-amyl methyl ether (TAME)

Typic¢al limit of quantification when using GC-ECD:

yolatile halogenated hydrocarbons: 0,01 mg/kg to 0,2 mg/kg.

Lowg¢r limits of quantification for some e¢gmpounds can be achieved by using mass spectrd
with|selected ion detection (see Annex'DJ.

2
The

Normative references

following documents;in whole or in part, are normatively referenced in this documnj

indigpensable for its application. For dated references, only the edition cited applies. |
referfences, the latestledition of the referenced document (including any amendments) appl

ISO
ISO
ISO

10381-1, Soil quality — Sampling — Part 1: Guidance on the design of sampling programni
10381-2,-501l quality — Sampling — Part 2: Guidance on sampling techniques
11465, Soil quality — Determination of dry matter and water content on a mg

International Standard specifies a static headspace method for quantitative gas chr01|natographic

hers in soil.

ne methanol

\ntifications

:0,5mg/kg.

metry (MS)

ent and are
For undated
es.

es

ss basis —

Gravimetric methad

ISO 15680, Water quality — Gas-chromatographic determination of a number of monocyclic aromatic
hydrocarbons, naphthalene and several chlorinated compounds using purge-and-trap and thermal
desorption

ISO

18512, Soil quality — Guidance on long and short term storage of soil samples

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

Test samples are taken from an untreated field moist soil sample. To prevent losses of the volatiles,
samples are taken as undisturbed as possible in the field with a tube corer or by adding methanol
immediately in the field.

The test sample is extracted with methanol. An aliquot of the methanol extract is transferred into a
headspace vial with a defined amount of water and sealed. The temperature of the vials is stabilized in
a thermostatic system to a temperature within the range 50 °C to 80 °C to achieve specified equilibrium
conditions. Gas chromatographic analysis of the volatile compounds in gaseous phase in equilibrium with
the water in the vials is carried out by using headspace injection and an appropriate capillary column.

Volatile orgamic compounds are detected With appropriate detectors as, Mass SPectromertric detector

(MS), flame|ionization detector (FID), electron capture detector (ECD), photo ionization detector{|PID),

or electrolytic conductivity detector (ELCD). Identification and quantification is made by comparisjon of

retention tithes and peak heights (or peak areas) comparing to the internal standard added.

When using non-specific detectors as FID and ECD, the confirmation of the identity ‘of the det¢cted

compounds|and their concentrations should be done by repeating the gas chromatographic andlysis

using a column of different polarity. When using gas chromatography-mass spectvometry (GC-MS), the

identity confirmation and the quantification can be done in a single run.

4 Reagents

All reagentg shall be of recognized analytical grade. Verify whether'the reagents are applicable for this

specific purpose and free of interfering compounds.

4.1 Water, free of volatile organic compounds

Water, free from volatile organic contaminants shall show negligible interferences in comparison{with

the smallest concentration to be determined. A sufficient amount of water from the same batch should

be available|to complete each batch of analyses,including all preparations.

4.2 Internal standards

4.2.1 For the determination of volatilé aromatic hydrocarbons preferably two internal standards|shall

be selected from Table 1. They shall not interfere with compounds present in the sample extract.
Table’l — Examples of suitable internal standards

Compound hame CAS-RNa EC-Nb

Toluene-D8 2037-26-5 218-009-5

Ethylbenzenge-D10 25837-05-2 247-292-8

2-bromofluofrébenzene 1072-85-1 214-018-3

a  Chemical

b EC-Numb

Abstracts Service Registry Number.

er.

4.2.2 For the determination of volatile halogenated hydrocarbons, preferably two internal standards
shall be selected from Table 2. They shall not interfere with compounds present in the sample extract.
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Table 2 — Examples of suitable internal standards

ISO 22155:2016(E)

Compound name CAS-RNa EC-Nb

1,4-dichlorobutane 110-56-5 203-778-1
o,a,0-trifluorotoluene 98-08-8 202-635-0
2-bromofluorobenzene 1072-85-1 214-018-3

b EC-Number.

a  Chemical Abstracts Service Registry Number.

4.3 _Standard rnmpnnndc

4.3.1 Volatile aromatic hydrocarbons

Tabl¢ 3 contains volatile aromatic hydrocarbons for use as standard compounds

Table 3 — Examples of volatile aromatic hydrocarbons suitable as standard compounds

Compound name CAS-RNa EC-Nb
Benzene 71-43-2 202-753-7
Toluene 108-88-3 203-625-9
Ethylbenzene 100-41-4 202-849-4
o-xylene 95-47-6 202-422-2
m-xylene 108-38=8 203-576-3
p-xylene 106-42<3 203-396-5
Styrene 100-42-5 202-851-5
Naphthalene 91-20-3 202-049-5

b HC-Number.

a  (hemical Abstracts Service Registry Numbert,

4.3.2 Volatile halogenated hydrocarbons

Tablg 4 contains volatile halogénated hydrocarbons for use as standard compounds.

Table 4 — Examples of volatile halogenated hydrocarbons suitable as standard compounds

Compoundname CAS-RNa EC-Nb
DichJoromethang 75-09-2 200-838-9
Trichlorométhane 67-66-3 200-663-8
Tetrachloromethane 56-23-5 200-262-8
1,1-dickdoroethane 75-34-3 200-863
1,2-dichloroethane 107-06-2 203-458-1
1,1,1-trichloroethane 71-55-6 200-756-3
1,1,2-trichloroethane 79-00-5 201-166-9
1,2-dichloropropane 78-87-5 201-152-2
1,2,3-trichloropropane 98-18-4 202-486-1
cis-1,3-dichloropropene 10061-01-5 233-195-8
trans-1,3-dichloropropene 10061-02-6 208-826-5
cis-1,2-dichloroethene 156-59-2 205-859-7

b EC-Number.

a  Chemical Abstracts Service Registry Number.

© ISO 2016 - All rights reserved
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Table 4 (continued)

Compound name CAS-RNa EC-ND
trans-1,2-dichloroethene 156-60-5 205-860-2
3-chloropropene 107-05-1 203-457-6
Trichloroethene 79-01-6 201-61-04
Tetrachloroethene 127-18-4 204-825-9
Monochlorobenzene 108-90-7 203-628-5
1,2-dichlorobenzene 95-50-1 202-425-9
a Chemica] Abctracte Coruicy Dngicf—v«y ]\[l|m]ﬂnv.

b EC-Numbr.
4.4 Aliphatic ethers

Table 5 cont

hins aliphatic ethers for use as standard compounds.

Table 5 — Examples of aliphatic ethers suitable as standards Ccompounds

Compound name CAS-RNa EC-Nb
methyl tert.{butyl ether (MTBE) 1634-04-4 216-653-1
tert.-amyl methyl ether (TAME) 994-05-8 213-611-4

a  Chemical|Abstracts Service Registry Number.
b EC-Numbgr.
NOTE This method can also be used for volatile organi¢*compounds not included in this International
Standard, pr¢vided it has been validated for each new compotnd.
4.5 Methanol
Methanol (sge Table 6) is used as solvent for the extraction of soil samples and for the preparatipn of
standard solutions.
Table 6 — Registration data

Compound name CAS-RNa EC-Nb
Methanol 67-56-1 200-659-6
a  Chemical|Abstracts Servige Registry Number.
b EC-Numbgr.
NOTE Other solvents which are readily soluble in water and do not interfere with the analytical procegs can

be used as wy

bl]-for example dimethylformamide (DMF) and dimethylsulfoxide (DMSO).

4.6 Gases

for gas chromatography

Helium, nitrogen or argon-methane mixture ultrapure. Other gases for gas chromatography shall be

used in acco

rdance with the instrument manufacturer’s instructions.
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4.7 Standard solutions

4.7.1 Standard stock solutions for the volatile compounds in methanol

Prepare the stock solutions by adding defined amounts (e.g. 100 pul) of each standard compound (4.3,
4.4 and 4.5) with a microlitre syringe (5.8). Immerse the tip of the needle in the solvent methanol and
weigh with an accuracy of 0,1 mg.

NOTE1 A convenient concentration (4 mg/ml) of the standard stock solution is obtained by weighing 100 mg
of the standard substance and dissolving it in 25 ml of the solvent. The stock solution is stable for about 6 m when
stored at -18 °C.

NOTE 2  For practical reasons, mixed standard stock solutions can also be prepared.

4.7.2 Internal standard stock solutions in methanol

The ¢ontainers containing the solutions shall be weighed so that any evaporation losses of the solvent
may pe recognized. The solutions shall be stored at a temperature of (4 + 2)'9C"in the dark. Prior to use,
they|shall be brought to ambient temperature.

Preppre the internal standard stock solutions with the individual internal standard comppunds (4.2.1
and 4.2.2) in the same procedure as in 4.7.1.

4.7.3 Intermediate mixed standard solutions

Preppre intermediate mixed standard solutions by mixing'a defined volume of each individjial standard
stock solution or a mixed standard stock solution and{ilute with methanol.

NOTH A typical concentration is 40 pg/ml.

Store the intermediate mixed standard solutions at (4 + 2) °C not longer than 3 m.

4.7.4 Working standard solutions

Preppre at least five different concentrations (e.g. from 0,2 pg/ml to 3,2 pg/ml) by suitable dilutions of
the intermediate mixed standard solutions adding 50 pl to 500 pl of 4.7.3 to methanol (10 ml) using a
micrplitre syringe (5.8).

4.7.3 Working internal standard solutions

Preppre the internalstandard solutions of defined concentration (e.g. 0,4 pg/ml) as describjed in 4.7.3.

4.7.4 Aqueous calibration standard solutions

Preppreé the calibration solutions (see Table 7) by adding a defined amount (e.g. 50 pl)| of working
standard solutions and internal standard solutions to a defined volume (Pg 10 m]) of lwater 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
the methanol used for calibration shall be the same which will be taken for the methanol extract of the
soil sample (see 7.3). Make sure that the content of the organic solvent in the final aqueous calibration
standard solution does not exceed the volume fraction of 2 %.

© IS0 2016 - All rights reserved 5
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Table 7 — Example for the preparation of calibration solutions

Calibration Working Working Concentration Quantity in Concentration
solution standard internal in working calibration in aqueous
solution (4.7.4) standard standard solu- solution of 10 ml calibration
standards tion (sample) water solution
(4.2.5)
ul pl pug/ml ng g/l

1 50 50 (methanol) 0 0 0

2 50 50 0,2 10 1

3 20 o0 0’/1 2(\ 2

4 50 50 0,8 40 4

5 50 50 1,6 80 8

6 50 50 3,2 160 16

4.8 Methanol containing internal standards

Prepare me
concentrati
the same ley

5 Appar
Usual labord

All glasswat

5.1 Glass

Glass vials
samples tal
coated sept
appropriate
field as well

5.2 Crimy

5.3 Head:

This metho
from severa

[ comimercial sources. The system used shall meet the following specifications.

thanol containing a suitable concentration of the internal standards (e.g. 0,4 pg/ml)
n shall be such that the end concentration in the water extractiin the headspace vial
el as in the calibration standards.

atus
itory glassware, free of interfering compounds.

e shall be cleaned according to the usual proggdures for this type of analysis.

vials with suitable septum.

[50 ml to 100 ml) and screw cap;fitted with a PTFE-coated septum for field mois
en in the field. Glass vials (10 mLfor 5 ml water and 22 ml for 10 ml water) with a P
um and crimped metallic cap,-compatible with the headspace system connected f
gas chromatographic system. The vials shall be capable of being hermetically sealed i
as at elevated temperatures.

ing pliers.

fpace systeny.

l was developed for using a totally automated equilibrium headspace analyser avai

The
is of

L soil
TFE-
0 an
n the

lable

The system

shtall be capable of keeping the vials at a constant temperature (between 50 °C and 80

Q).

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

5.4 Shaki

ng machine, with horizontal movement (200 to 300 movements per minute).

5.5 Capillary columns.

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

Examples are given in 7.4.1.

© ISO 2016 - All rights reserved
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5.6 Gas chromatograph, equipped with one or two appropriate detectors. Detectors like flame
ionization detector (FID), electron capture detector (ECD), photo ionization detector (PID) or electrolytic
conductivity detector (ELCD) and mass spectrometer (MS) can be used, depending on the substances to
be analysed and their target level of contamination. 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.

5.7 Electronic integrator or computer with chromatographic software.

5.8 Syringe, volume 5 pl, 10 pl, 50 pl, 100 pl, 250 pl, and 500 pl.

5.9
least

Centrifuge, with a capacity of a rotation frequency that results into a radial ac¢eelgration of at

2000g.

N

6 S$ampling, preservation, and sample pretreatment

6.1 | General

Sampling shall be carried out according to ISO 10381-1 using equiprent according to ISO 1p381-2 after

coorflination with the analytical laboratory.

Samjles shall be stored cool according to ISO 18512 (2 °C to:8 °C). Samples are not pretreatd
of saples to air, even during sampling, shall be avoided as.far as possible.

d. Exposure

Sampling for volatile compounds can be carried\'out with several techniques. It
recommended to use one of the following procedures described in 6.2 and 6.3 in order to pr
by valatilization.

is strongly
event losses

Dete
meth
dry 1

rmine the dry matter content of the field:moist sample according to ISO 11465. In case fhe sampling
od in 6.2 is used, a separate sample-should be delivered to the laboratory for determination of the
hatter.

6.2 | Sampling using vials pre-filled with methanol

s filled with
by cleaning

Tran
a def]
the t

sfer a defined volume-of soil using an appropriate device into a preweighed vial which
ined volume of methanol already containing internal standards (4.8). Prevent leakageg
bp of the vessel before sealing.

The
knov

50il samples(should be taken from undisturbed material using an appropriate sample cutter of

shou
wind

'n volume, \€:g. a modified 20 ml disposable plastic syringe with the tip cut off. The
Id be collected immediately after exposing a fresh soil surface of the drilling core, e.g
ow samipler or the trial pit wall. The incorporation of material like roots or stong

soil sample
. of an open
s should be

avoided.as far as possible.

Make sure that the sample is completely covered with methanol containing internal standards (4.8).
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 containing internal standards (4.8) and close the cap of the vial. If blank values
are unusually high (more than 50 % of the lowest value of interest) the reason for these high blanks
shall be investigated.

The sampling vials should be kept dark in a cooler (before and after sampling) throughout the whole
transportation. For details, see ISO 18512.

NOTE The procedure described here assumes that methanol containing internal standards is used. It is also

acceptable that the internal standards are added in the methanol in the laboratory at the start of the extraction
procedure.
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6.3 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 minimal 200 ml which is filled in situ, retrieved and capped with a non-permeable material, e.g.
stainless steel, aluminium foil. The tube should be filled totally.

NOTE This method is not suitable for very stony soils.

Store cool at a temperature of 2 °C to 8 °C no longer than 4 d; see [SO 18512.

In the laboratory during sub-sampling, take care that no volatile compounds are lost. Use the w
content of the coring tube or take a sub-sample with a suitable instrument, e.g. an apple corer, gn

it directly into the vial (see 6.2).

vhole
d put

7 Procedure

7.1 Blank determination

For each ser
of methanol
sample. Eng
unusually h

investigated.

ies of samples, a solvent blank determination shall be carried otit by adding 10 ul to 1
containing internal standards (4.8) to 5 ml to 10 ml of water (4.1), as it is done W
ure that no contamination occurs from the laboratory atmosphere. If blank value
gh (more than 50 % of the lowest value of interest) the réason for these high blanks sh

7.2 Extraction

Using samp
procedure 4
i.e. the shak

Add a defing
sampling de

ing procedure 6.2, the addition of methan@lis carried out in the field; if using sam
.3, the addition of methanol is carried out'in the laboratory. In both cases, the extrag
ng, is carried out in the laboratory.

d amount of test sample (25 g to-50-g), collected as described in sampling (Clause 6) W
vice into a pre-weighed vial (50 ml to 100 ml) (see 6.2) with a screw cap with PTFE-cq

D0 ul
ith a
5 are
11l be

pling
tion,

rith a
ated

filled with a defined amount of methanol containing internal standards (4.8) (25 il to
'h and place the vials on the)horizontal shaking machine (5.5) and shake for 30 min.

septum and;
50 ml). Weig

Take the tulpe out of the shaking{machine and allow it to stand for 10 min to 15 min for the settling of
solid materfals. If there is no-settling of solid materials on standing, centrifuge (5.10) for 10 min at a
rotation frefuency that results into a radial acceleration of 2000 g.

NOTE The procedure.described here assumes that methanol containing internal standards is used. It if also

acceptable that the intérnal standards are added in the methanol at the start of the extraction procedure.

7.3 Headspace analysis

Transfer a defined volume of water (5 ml to 10 ml) into a head space vial. Inject 10 pl to 100 pl of the
methanol extract, obtained according to 7.2 to the bottom of the vial and seal the cap fitted with PTFE-
coated septum tightly. From this on, after preparing 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 (4.7.6).

NOTE1 Alower detection limit could be achieved by addition of sodium chloride, NaCl, or other salts (e.g. 3 g
per 10 ml).
8 © IS0 2016 - All rights reserved
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Place the vials of water samples in the thermostated tray of the headspace system at a fixed temperature
in the range from 50 °C to 80 °C, for at least 30 min and for the same time for all vials.

NOTE 2  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.

7.4 Gas chromatographic analysis

7.4.1 General

Example of gas chromatographic conditions for this analysis:

Statipnary phase: low polarity e.g. Resteka columns: Rxi-5MS, Rtx-1701 or Rxi-624SIL MS
Film|thickness: 1umto 3 um
Column length: 50 m to 60 m
Internal diameter: 0,25 mm to 0,32 mm
Over) temperature: 40 °C during 4 min
4 °C/min up to 200 °C

200 °C during 10 min
Detector temperature: |300 °C (FID)

Carrfer gas: Helium

Gas flow: 20 cm/s to 30 cm/s
Inlet}: 200 °C

Split{ratio: 1:20

a  Restek Rxi-5MS, Rtx-1701 or Rxi-624SIL MS are‘examples of suitable products available commerecially. This
infoymation is given for the convenience of users’of this International Standard and does not congtitute an en-
dorspment by ISO of these products.

Exanpple for headspace sampler conditions:

Oven: 80 °C

Needle or transfer line: |90 °C

Sampling volume: 1 'l

Vial pquilibrium time: C~+30 min

NOTH The separation of the peaks should be better than 90 % (R = 2). Under the described c¢nditions, the
criticpl pair for-separation is ethylbenzene and ethylbenzene-D10.

Use an elegtron capture detector (ECD) or an electrolytic conductivity detector (ELCD, hall detector)
to ddtect\halogenated hydrocarbons. The sensitivity of an ECD varies with the species to |be analysed
and ¢anzhe more sensitive than MS for tri- or tetra-halogenated compounds. A flame ionizatiion detector
(FID) can be used as a universal detector for hydrocarbons (aliphatic, aromatic and some halogenated),
a photo ionization detector (PID) can be used for the detection of aromatic compounds.

When using non-specific detectors as FID and ECD, the confirmation of the identity of the detected
compounds and their concentrations should be achieved by repeating the gas chromatographic analysis
using a column of different polarity.

GC-MS analysis: Mass spectrometers can be used to confirm and detect all the volatile organic
compounds. Compounds are identified on the basis of their retention times and mass spectra. For the
criteria of GC-MS identification and mass selective detection, ISO 15680 and also ISO 22892 shall be
consulted.

© IS0 2016 - All rights reserved 9


https://standardsiso.com/api/?name=baefd0417c91667c1d775befbef7d0a1

ISO 22155:2016(E)

7.4.2 Calibration

Prepare the complete series of aqueous calibration solutions according to 4.7.6 and 7.3. Analyse the
solutions according to Z.3.

As a minimum, perform a five point calibration for each compound by using one or more internal
standards. Based on this, calculate the calibration function for each individual compound.

In this International Standard, a linear calibration model is specified. Other calibration models (e.g. a
quadratic calibration function) may be used if proven to be suitable.

The calibration function is only valid under specific operational conditions and should be re-establ
if these conditions are changed. The calibration function does not need to be renewed for every bat
samples. Fof routine analysis, it is sufficient to check the calibration function by a two-point calibrj

Record the
this chrom

with respec

The relativd
defined in F

RRT, =

where

ti
ts

Determine f{
standard et
respect to the internal standard 1,4-dichlorobutane or other (see 4.2.2).

Establish a

measured c

yie / ys
where

JYie is

e

Vse s

pie s

m

ist
ist

as chromatogram of the calibration standard solutions (7.4.3). Determine,@n, the ba
ogram the relative retention times of all volatile aromatic and halogenated-hydrocar
L to the internal standard(s).

retention time RRT; of compound i with respect to the selected‘internal standard
brmula (1):

he retention time of compound i;
he retention time of the internal standard s.

he relative response for all volatile aromatic hydrocarbons with respect to the int
hylbenzene-D10 or other (see 4.2.1)land for all volatile halogenated hydrocarbons

inear calibration function for analyte i using the pairs of values yie/yse and pie/pse g
libration solutions in Formula (2):

:mis'pie/pse+bis

the measured response of the internal standards s in the calibration, depending on pse e.g. peak

the (independent variable) mass concentration of the substance i in the calibration solution, in

the (dependent variable) measured response of the analyte 7 in the calibration, depending on fd;
.g. peak area;

shed
ch of
tion.

5is of

bons

| s is

M

brnal
with

f the

(2)

rea;

crograms per litre, pg/T;

pse is the mass concentration of the internal standard s in the calibration solution, in micrograms per
litre, nug/1;

mjs is the slope of the calibration curve from yje/yse as a function of the mass concentration ratio pie/pse,
often called the response factor;

bis isthe axis intercept of the calibration curve on the ordinate;

i refers to analyte i;

s refers to the internal standard s;

e refers to values connected to the calibration function.

10
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7.4.3 Measurement

Analyse the spiked water samples prepared according to 7.3 in the same manner as described for the
calibration (7.4.2). Identify the peaks of the internal standards by using the absolute retention times.
Determine for all the other relevant peaks in the gas chromatograms the relative retention times with
respect to the internal standards. Assume that a compound is present when the relative retention time
does not deviate more than 0,5 % from the relative retention time observed in 7.4.2. In case of the use
of a non-specific detector, confirm the presence of a compound by repeating the gas chromatographic
analysis using a column with different polarity.

The volatile compounds shall be quantified with respect to the same selected internal standards used
for cpttbratiomeg—votatitearonmatichydrocarbonrswithrrespecttoethytbenzeme=B16—=md the volatile
halogenated hydrocarbons with respect to 1,4-dichlorobutane.

8 Calculation

8.1 | Calculation of the concentration of a volatile compound in the-water sample

The polatile aromatic hydrocarbons and volatile halogenated hydroearbons are quantifijed by using
an irfternal standard added to the extract. Mistakes can be made when on the position ofthe internal
stanglard in the chromatogram of the extract an interfering compound is present especially when a
non-$pecific detector like a FID or ECD is used. In this case, use/the procedure in Annex B in order to
determine if interfering compounds are present.

Calcuylate the mass concentration of analyte 7 in the spiked water sample using Formula (3) after solving
Fornjula (2):

i:((yi/ys_bis)'ps)/mis (3)

el

where

pi  is the mass concentration ofthe analyte i in the spiked water sample, in microgrgms per
litre, pg/1 = ciw;

Vi  isthe measured response of the analyte i in the water sample, e.g. peak area;
Vs is the measuredresponse of the internal standard s in the water sample, e.g. peak area;

ps is the mass conéentration of the internal standard s in the water sample, in micrqgrams per
litre, ug/l;

mis is the slope of the calibration curve from yje/yse as a function of the mass concenfration
ratie-pje/pse, often called the response factor, as determined under calibration (7Z§4.2);

bis iStthe axis intercept of the calibration curve on the ordinate, as determined undef calibra-
tion (7.4.2).
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8.2 Calculation of the concentration of a volatile compound in the soil sample

Calculate the content of a specific volatile compound in the soil sample by using Formula (4):

Report results in milligrams of compound per kilogram of dr§~soil up to two significant figures.

10 Precisjion

Characterisfics of the method are established\in a validation study. The results are presentg
Annex C.

11 Testr

This test report shall contain at leastthe following information:

a)
b)
‘)
d)
e)

12

W — Piw Ve Vw
a dm

(4)

Widm is the content of the individual volatile compound i in the sample, in milligrams per kilo-

gram, mg/kg, of dry matter;

Piw s the mass concentration of the analyte i in the spiked water sample, in microgram§ppr
itre, ug/1;

Mdm  [is the mass of the test sample of dry matter used for extraction, in grams, g;

VE s the total volume of the extract i.e. (volume of methanol added to the soilisample + vdl-
me of water present in the field moist sample obtained from the determination of dry

atter content according to ISO 11465) in millilitres, ml;

Va s the volume of the aliquot of methanol extract used for the spikingof water sample far
eadspace measurement in microlitres, pl;

Vw s the volume of the spiked water sample for headspace measurement in millilitres, ml

Expression of results

rport

the testimethod used, together with a reference to this International Standard, i.e. ISO 22155:2

identifi¢ation of thesample;
the storjage time‘of samples;

the expression of results according to Clause 9;

bd in

016;

d t H | 4 sEi o] o al oo Took 43 1 Cys | | il 43 1 11 £
any e 115 T1TUL DPCLIIICU I LIS TIILTCT IIAdtivlidl Jltdlludl U Ul VWIIILI1l d1I'T UlJLlUllCll, do vwlll do au_y I

which may have affected the results.

ctor

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=baefd0417c91667c1d775befbef7d0a1

Annex A

(informative)

ISO 22155:2016(E)

Relative retention times with respect to ethylbenzene-D10
of volatile aromatic hydrocarbons and volatile halogenated
hydrocarbons — Examples of suitable target and qualifier ions

Tabld
to et

—

A.1 shows examples of suitable target and qualifier ions and relative retention times-
hylbenzene-D10 of volatile aromatic hydrocarbons and volatile halogenated hydrocar

columns CP-Sil 5 CB and CP-Sil 13 CBY.

T4
1

with respect
bons on the

ble A.1 — Example of suitable target and qualifier ions and relative retention tijmes with
espect to ethylbenzene-D10 of volatile aromatic hydrocarbons and volatile halog
hydrocarbons on following columns: CP-Sil 5 CB and)CP-Sil 13 CB

renated

Comjpound Relative retention time Target m/z Qualifier m/z

CP-Sil 5 CB column CP-Sil 13 CB

column

Dich]loromethane 0,212 0,254 129 127
tran$-1,2-Dichloroethene 0,253 0,247, 96 61
cis-1|2-Dichloroethene 0,312 0,342 96 61
Trichloromethane 0,331 0,360 83 85
1,2-Dichloroethane 0,385 0,404 62 64
1,1,1}Trichloroethane 0,404 0,434 97 99
Benzene 0,441 0,454 78 77
Tetrgchloromethane 0,453 0,454 117 119
1,2-Iichloropropane 0,512 0,539 63 62
Trichloroethene 0,536 0,565 130 132
cis-1|3-Dichloropropene 0,625 0,692 75 110
tran§-1,3-Dichloropropene 0,684 0,728 75 110
1,1,2-Trichloroethane 0,699 0,740 97 99
Tolugne D-8 0,720 0,780 98 100
Tolugne 0,731 0,802 91 92
Tetrachloroethene 0,868 0,849 166 164
1,3-Ipichlorobutane 0,882 0,961 55 90
Monochlorobenzene 0,956 1,000 112 77
Ethylbenzene D-10 1,000 1,000 101 116
Ethylbenzene 1,014 1,018 106 91
m-Xylene/p-Xylene 1,042 1,034 106 91
Styrene 1,091 1,113 104 103
0-Xylene 1,106 1,121 106 91
NO'l;;E Temperature programme used: 5 min at 40 °C, 10 °C/min to 100 °C, 2 min at 100 °C, 15 °C/min to 250 °C, 5 min
at 250 °C.

1) Restek CP-Sil 5 CB and CP-Sil 13 CB are examples of suitable products available commercially. This information
is given for the convenience of users of this International Standard and does not constitute an endorsement by ISO
of these products.

© ISO 2016 - All rights reserved
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Table A.1 (continued)
Compound Relative retention time Target m/z Qualifier m/z
CP-Sil 5 CB column CP-Sil 13 CB
column
1,2,3-Trichloropropane 1,124 1,188 110 75
Cumene 1,129 1,242 105 120
1,3- Dichlorobenzene 1,380 1,396 146 148
1,4- Dichlorobenzene 1,391 1,412 146 148
1,2- Dichlorobenzene 1,437 1,461 146 148
Naphthalensg 1,697 1,744 128 127
NOZTS% CTem berature programme used: 5 min at 40 °C, 10 °C/min to 100 °C, 2 min at 100 °C, 15 °C/min to 250)°C, $ min
at °C.
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Annex B
(normative)

Check on internal standards

If a non-specific detector is used the presence of interfering compounds have to be checked.

The
adde
or ah
stan
of th
is ca
the ¥

compounds are present in the extract when RRR = 1,00 + 0,05.

Whe
influ
by u
with
thos¢

compound. In those cases the quantification with respect to the other standard can be ¢

mult

This
posit
the g
by c(

compounds are present at the positighs of the hydrocarbons in the chromatogram when ¢

resu

Whe
influ
prob|

EfoTe at teast two Internal standards (1 for the aromatic and 1 for the nalogenated com
d to the extract to determine whether interfering compounds are present or absent"1|
sence of interfering compounds can be determined from the measured responses of
lards. When no interfering compounds are present in the extract, the ratio betweéen th
e internal standards is equal to that ratio in the standard solutions. The,gtotient of
led the relative response ratio, RRR. When no interfering compounds.atre present in
alue of RRR is in principle 1,00. In this International Standard, it is-assumed that nc

h the value of RRR deviates from 1,00 + 0,05, an interfering-¢compound present in
ences the response of one of the internal standards. In thatcase, the hydrocarbons ar
bing the undisturbed internal standard. In practice, thisseah be done by quantifying
respect to the same internal standard and by calculating'the values of RRR for all extr
e cases that RRR > 1,05 the response of the internal standard chosen is influenced by a

plying the calculated contents with the value of<RRR for the extract considered.

check on the absence of interfering compgunds only considers the possible interfer

ositions of the volatile aromatic hydrocarbons and the halogenated hydrocarbons is
nfirmation of the presence of the détected compounds (7.4.2). It is assumed that nc

ts into the same contents found.

h the confirmation results)in a lower content, it is assumed that the content four
enced by an interfering_¢ompound and in that case the lower content is reported
hble true value.

aII:‘

pounds) are
he presence
the internal
e responses
these ratios
the extract
interfering

the extract
e quantified
all extracts
hcts. Only in
interfering
ried out by

ence on the

ion of the internal standards in the chromatogram. The absence of interfering comnpounds on

determined
interfering
onfirmation

1d earlier is
hs the most
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Annex C

(informative)

Validation (general)

Annex C gives results of a validation carried out in Germany. Table C.1 shows the results for an inter
laboratory comparison of volatile compounds in soil. The results on BTEX and ethers with high level

contamination are presented in Table C.2 and with low level contamination in Table C.3. The results on
halogenated hydrocarbons with high level contamination are presented in Table C.4 and with lew|level
contamination in Table C.5.
Table C.1 —+ Results of an inter laboratory comparison carried out in Germany (Volatile organic
compounds in soil, November 1999)
Soil samplea Soil sample under_~{Spikingc| Referegnce
Pardmeter methanol layerb valugd
X SR Sr | n X SR I I f X Sy

Dichloromethane 0,87 52,5 [ 263 7 27 3,20 | 50,8 )10 | 10 9,6 1,04 | 0,3
Trichloromethane 16,2 40,0 | 164 | 7 27 40,5 [554 | 11 | 11 109,0 | 30,2 | 15,4
1,2-Dichlorogthane 20,6 352 | 12,7 | 7 26 29,34}1”38,5 | 11 | 11 66,8 18,0 | [L2,2
Trichlororethene 1,45 47,3 174 | 7 26 270 | 39,7 | 11 | 11 5,2 1,69 | [12,6
Tetrachlorogthene 13,4 195 | 12,6 | 7 27 21,8 | 45,0 | 11 | 11 37,6 24,5 | 18,0
Sum volatilelhalogenated 52,8 26,3 | 12,7 | 7 27 972 43,211 |11 | 228,2 | 754 | 11,9
hydrocarbons
Benzene 2,71 77,1 | 16,5 [\8 31 4,48 | 374 | 12 | 12 8,6 1,85 | [L6,7
Toluene 11,4 37,7 | 10\"8 29 17,0 | 42,1 | 12 | 12 27,6 16,1 | 8,9
Ethylbenzenje 77,5 419 | 12,2 | 8 31 102,7 | 50,6 | 12 | 12 115,2 100 | (4,9
m-Xylene/p-Xylene 13,3 314109 | 8 31 15,3 | 36,5 |12 | 12 18,1 224 | 144
0-Xylene 68,1 29)5 7,2 8 30 771 |33,3| 12 | 12| 102,2 108 | |4,0
Sum BTX 173,2\ 32,6 | 12,0 | 8 31 216,6 | 32,8 | 12 | 12 | 2718 248 | 14,7
Sum volatil¢ halogenated| 224,8 30 9,1 7 28 | 314,7 | 339 | 11 | 11 | 500,0 324 | (6,3
hydrocarbors/ BTX

Explanation o
x istheave
sg istherep

sy istherep

f symbols:

roducibility variation coefficient in percent;

pdtability variation coefficient in percent;

Fage value\in/milligrams per kilogram dry matter;

withn=9.

[ isthe number of laboratories;

n isthe number of values taken for evaluation;

a  Evaluation of independent results from 4 soil samples according to ISO 5725-5;

¢ Spiked value, calculated theoretically from gravimetric values, in milligrams per kilogram, mg/kg.

b Average value x and reproducibility variation coefficient sg, each laboratory received one soil sample under
methanol layer.

d  “Reference value” is the average value of the homogeneity measurements of the samples immediately after bottling,

16
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