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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 procedy

described i
different ty
editorial ru

Attention is
patent right
any patent 1
on the ISO li

Any trade n
constitute a

For an expl
expressions
World Trads
URL: www.j

the ISO/IEC Directives, Part 1. In particula
bes of ISO documents should be noted. This document was drafted in accordance\wit
es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

r

drawn to the possibility that some of the elements of this document may'\be the subjg

ect of

s. ISO shall not be held responsible for identifying any or all such patént-rights. Detafils of

ights identified during the development of the document will be in the)Introduction ar
st of patent declarations received (see www.iso.org/patents).

hme used in this document is information given for the conyvenience of users and doe
h endorsement.

anation on the voluntary nature of standards, the :meaning of I1SO specific terms
related to conformity assessment, as well as information about ISO's adherence t
Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the follo
so.org/iso/foreword.html.

This docum
Physical, che

ent was prepared by Technical CommitteeN[SO/TC 147, Water quality, Subcommittee
mical and biochemical methods.

1d /or

S not

and
b the
wing

SC 2,

© ISO 2018 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/foreword.html
https://standardsiso.com/api/?name=fa641ef55a492bc0ec399e756d2d71cf

ISO 20595:2018(E)

Introduction

Various methods are available for the determination of highly volatile organic compounds in water.
This document specifies a gas chromatographic method with mass spectrometric detection (GC-MS)
for the determination of volatile organic compounds using the static headspace technique (HS).
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INTERNATIONAL STANDARD

ISO 20595:2018(E)

Water quality — Determination of selected highly

volatile organic compounds in water — Method using
gas chromatography and mass spectrometry by static

headspace technique (HS-GC-MS)

WARNING — Persons using this document should be familiar with normal laboratory practice.

This|document does not purport to address all of the safety problems, if any, associated with its
use. [t is the responsibility of the user to establish appropriate safety and health pragtices.

IMPQRTANT — It is absolutely essential that tests conducted in accordancewith this document
be carried out by suitably qualified staff.

1 S$cope

This|document specifies a method for the determination of selectéd volatile organic compounds in
watelr (see Table 1). This comprises among others volatile halogenated hydrocarbons as well as gasoline
components (BTXE, TAME, MTBE and ETBE).

The method is applicable to the determination of volatile erganic compounds (see Table 1) in drinking
watelr, groundwater, surface water and treated waste water'in mass concentrations >0,1 pgfl. The lower
application range depends on the individual compound,the amount of the blank value and the matrix.

The applicability of the method to further volatile:organic compounds not indicated in Table 1 is not
exclyded, but this is checked in individual cases\

Table 1 — Volatile organic-compounds determinable by this method

Name (other name) Molecular formula | CAS-RNa EC-Numberb Mpolar mass
g/mol
allyl|chloridec (3-chloropropene) C3HsClI 107-05-1 203-457-6 76,53
benzene CeHe 71-43-2 200-753-7 78,11
biphgnyl C12H10 92-52-4 202-163-5 154,21
bronpodichloromethane CHBrCly 75-27-4 200-856-7 163,83
chlorobenzene CeHsCl 108-90-7 203-628-5 112,56
2-chloro-1,3-butadiene (chloroprene) C4HsCl 126-99-8 204-818-0 88,54
2-ch|orotoluene C7H;Cl 95-49-8 202-424-3 126,58
3-ch]orotoluene C7H7ClI 108-41-8 203-580-5 126,58
4-chlorotoluene C7H7CI 106-43-% 203-397-0 126,58
dibromochloromethane CHBr,Cl 124-48-1 204-704-0 208,28
1,2-dibromoethane CoH4Bro 106-93-4 203-444-5 187,86
1,2-dichlorobenzene CeH4Cly 95-50-1 202-425-9 147,00
1,3-dichlorobenzene CeH4Cl2 541-73-1 208-792-1 147,00

Substances (ELINCS).

d  Compounds can coelute.

a  CAS-RN: Chemical Abstracts Service Registry Number.

¢ Compounds do not have long-term stability.

e Source: Hazardous Substance Data Base University Hamburg (Germany).

b EC-Number: European Inventory of Existing Commercial Substances (EINECS) or European List of Notified Chemical
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Table 1 (continued)

(pseudocum

ene)

Name (other name) Molecular formula | CAS-RNa EC-Numberb Molar mass
g/mol
1,4-dichlorobenzene CeH4Cl> 106-46-7 203-400-5 147,00
dichlorodiisopropyl ether CeH12C120 108-60-1 203-598-3 171,06
1,1-dichloroethane C2H4Clp 75-34-3 200-863-5 98,96
1,2-dichloroethane C2H4Cly 107-06-2 203-458-1 98,96
1,1-dichloroethene C2H2Cly 75-35-4 200-864-0 96,94
cis-1,2-dichlgreethene CoHoCls 156592 2058597 96-94
trans-1,2-dighloroethene C2H,Cly 156-60-5 205-860-2 96,94
dichloromethane CHCl> 75-09-2 200-838-9 84,93
1,2-dichloropropane C3HgCl2 78-87-5 201-152-2 112,99
cis-1,3-dichlgpropropene C3H4Cly 10061-01-5 233-195-8 110,97
trans-1,3-didhloropropene C3H4Cly 10061-02-6 | 602-030-00-5¢ 110,97
2,3-dichloropropene C3H4Cly 78-88-6 201-153<8 110,97
o td;;l;f}g:?ﬁ;{’ﬁh‘:f?}ﬁﬁ%” CeH140 994-05-8 |  203-611-4 102,17
ethyl benzerne CgH1o 100-41-4 202-849-4 106,17
ethyl tert-bultyl ether (ETBE) CeH140 637-92-3 211-309-7 102,17
hexachlorobjutadiene C4Clg 87-68:3 201-765-5 260,76
hexachloroethane CoClg 67-72-1 200-666-4 236,74
isopropylbenzene (cumene) CoH1p 98-82-8 202-704-5 120,19
methyl tert-li)utyl ether (MTBE) CsH120 1634-04-4 216-653-1 88,15
naphthalene C10Hs 91-20-3 202-049-5 128,17
n-propylbenfene CoHp? 103-65-1 203-132-9 120,19
1,1,1,2-tetrathloroethane 02H3Cly 630-20-6 211-135-1 167,85
tetrachloroethene C2Cly 127-18-4 204-825-9 165,84
Eg;ﬁﬁ‘;g?ﬁggl‘jﬁgd CCly 56-23-5 200-262-8 153,82
toluene C7Hg 108-88-3 203-625-9 92,14
tribromomethane (bromoform) CHBr3 75-25-2 200-854-6 252,73
1,2,3-trichlofobenzene CeH3Cl3 87-61-6 201-757-1 181,45
1,2,4-trichlofobenzene CeH3Cl3 120-82-1 204-428-0 181,45
1,3,5-trichlorobenzene CeH3Cl3 108-70-3 203-608-6 181,45
1,1,1-trichloroethané CoH3Cl3 71-55-6 200-756-3 133,40
1,1,2-trichlofoethane C2H3Cl3 79-00-5 201-166-9 133,40
trichloroethene CoHCl3 79-01-6 201-167-4 131,39
trichloromethane (chloroform) CHCI3 67-66-3 200-663-8 119,38
1,1,2-trichlorotrifluoroethane CoCl3F3 76-13-1 200-936-1 187,38
1,2,4-trimethylbenzene CoH12 95-63-6 202-436-9 120,19

d  Compoun

ds can coelute.

a  CAS-RN: Chemical Abstracts Service Registry Number.

¢ Compounds do not have long-term stability.

e Source: Hazardous Substance Data Base University Hamburg (Germany).

b EC-Number: European Inventory of Existing Commercial Substances (EINECS) or European List of Notified Chemical
Substances (ELINCS).
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Table 1 (continued)
Name (other name) Molecular formula | CAS-RNa EC-Numberb Molar mass

g/mol

1,3,5-trimethylbenzene (mesitylene) CoH12 108-67-8 203-604-4 120,19

vinyl benzene (styrene) CgHg 100-42-5 202-851-5 104,15

vinyl chloride (chloroethene)c CH3Cl 75-01-4 200-831-0 62,49

o-xylene CgH1o 95-47-6 202-422-2 106,17

m-xylened CgH1o 108-38-3 203-576-3 106,17

p-xylened CetH 106423 203396-5 106,17

a  (AS-RN: Chemical Abstracts Service Registry Number.

b HC-Number: European Inventory of Existing Commercial Substances (EINECS) or European List)jof’Notified Chemical

Substances (ELINCS).

¢ (ompounds do not have long-term stability.

d ompounds can coelute.

e Jource: Hazardous Substance Data Base University Hamburg (Germany).

2 Normative references

The
cons
unda

ISO 3
ISO §
ISO §

ISO
work

ISO §
ISO §
ISO §

3

No t¢

Terms and definitions

following documents are referred to in the text in such{a way that some or all of t
Fitutes requirements of this document. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

696, Water for analytical laboratory use — Specification and test methods
667-3, Water quality — Sampling — Part 3A\Preservation and handling of water samples
667-4, Water quality — Sampling — Part 4: Guidance on sampling from lakes, natural an

667-5, Water quality — Sampling + Part 5: Guidance on sampling of drinking water fro
s and piped distribution systems

667-6, Water quality — Sampling — Part 6: Guidance on sampling of rivers and streams
667-10, Water quality += Sampling — Part 10: Guidance on sampling of waste waters

667-11, Water quality — Sampling — Part 11: Guidance on sampling of groundwaters

rms and definitions are listed in this document.

ISO

heir content
applies. For
hts) applies.

d man-made

m treatment

ndAEC maintain fprminnlngira] databases foruse in standardization at the fnllnwing 4

ddresses:

— 1
— 1

EC Electropedia: available at http://www.electropedia.org/

SO Online browsing platform: available at https://www.iso.org/obp

4 Principle

An exact volume of an unfiltered water sample is sealed gastight in a headspace vial and heated. After
an equilibrium has become established between the volatile organic compounds dissolved in the water
and those located in the gas phase above the water level, an exact gas volume is taken from the gas
phase and determined by gas chromatography with mass spectrometric detection.
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Interferences

5.1 General

If a sample consists of several liquid phases, another method shall be applied.

5.2

Interferences in the laboratory

Some of the volatile organic compounds listed in Table 1 are frequently used as solvents in laboratories.
Solvent vapours in the laboratory air can lead to overestimates during the analysis. Regular blank value

examinatio

5.3 Inter

Matrix effe
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can also be
However, in

5.4 Inter
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sample, ove

NOTE

headspace vi
influence on

5.5 Inter

To rectify i
enlist exper]

and stability
known com

Performanc
6 Reage

6.1 Genel

Unless othe

The decomposition of 1,1,2,2-tetrachoroethane can *be eliminated by acidifying the water i

erences by the matrix

s that lead to different recoveries and different response factors in sampleSin’ compa
standards can be reduced by adding specific amounts of salt. An increase\in the sensit
httained by adding salt. The use of sodium sulfate or sodium chloride has proven effe
ferferences can occur depending on the salt used.

ferences in the headspace

ounds can decompose while the equilibrium forngs™vat e.g. 80 °C. For exal
chloroethane decomposes to trichloroethene. If 1,1,2,2-tetrachloroethane is present i
restimates of trichloroethene can result.

al with H2S04 to pH <2 and using NazS04 as salt. But remember that the acid has an imn
he life span of the column and the injector.

ferences during gas chromatography and mass spectrometry

terferences that are typically cdused by the injection system or by inadequate separs
ts and observe the manufacturer information in the apparatus manuals. The perforn]
F of the analysis system shall:be checked regularly (e.g. by measuring reference solutig
bosition).

b data from an interlaboratory trial held in 2013 are provided in Annex D.
nts

al

rwise indicated, reagents to be used are of purity grade “for analysis” or “for re

rison
ivity
rtive.

mple,
n the

n the
hense

tion,
ance
ns of

tidue

analysis”.

6.2 Water, complying with the requirements of ISO 3696, grade 1 or equivalent without any interfering
blank values.

6.3 Operating gases for gas chromatograph and mass spectrometer, of high purity and according
to the required specification of the manufacturer of the instrumentation, e.g. helium, minimum purity

99,996 %.

6.4 Salts,

e.g. sodium sulfate, NazS04, sodium chloride, NaCl.

6.5 Solvents, for the preparation of stock solutions and as solubilizers in aqueous reference solutions,
e.g. methanol, CH30H, or dimethylformamide (DMF), C3H7NO.

4
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6.6 Reference compounds, every compound to be analysed shall be of defined purity.
6.7 Internal standard, for examples of suitable internal standards, see Annex B.
6.8 Examples of stock and standard solutions

6.8.1 Stock solution

The stock solution shall be produced by corresponding dilution of the individual compounds in e.g.
methanol (6.5) or from certified standard mixtures. The concentration of every individual compound is
e.g. To0 g/ mi i metianot (6-5)-

Keep the stock solutions at a temperature not exceeding 6 °C and protect them from light.

They are stable for at least 12 months.

6.8.] Intermediate dilutions (spiking solutions)

Interimediate dilutions (spiking solutions) for the preparation of aquégiis multi-component solutions
for calibration over the total process (6.8.4) are produced by dilution.of the stock solution|(6.8.1) with
a solyent (6.5). For example, use a microlitre syringe (7.7) to adddbetween 5 pl and 500 ul of each of the
requjred stock solution (6.8.1) in a 10 ml volumetric flask (Z9)filled about half-full with njethanol and
thenlfill up to the mark.

The ¢oncentrations in methanol are then between 0,05 pgy/ml and 5 pg/ml.
Keep the intermediate dilutions at a temperature not'exceeding 6 °C and protect them from light.

They are stable for at least 6 months.

6.8.3 Solution of the internal standards

Preppre the solution by corresponding dilutions of the internal standards (6.7) with methanol (6.5),
each[component e.g. 1 pg/ml in methanol.

6.8.4 Aqueous multi-component solution for the calibration

The aqueous multi-comiponent solutions (reference solutions) for the calibration can be produced as
follos.

— Pour a defined volume of e.g. 10 ml water (6.2) in an e.g. 20 ml headspace vial (7.8) and add a defined
yolume ofe.g. 10 pl of the relevant spiking solution (6.8.2) directly into the water.

— Then 'add a defined volume of e.g. 10 pl of the internal standard solution (6.8.3) direftly into the
yater (6.2).

— Close the headspace vial (7.8) with the closing cap directly after the spiking and shake.

If salt is to be added, this is done before adding the water. The addition of salt (6.4) close to saturation
(e.g. 3 g NaCl or 4 g NapS04 in 10 ml, respectively) is recommended to minimize matrix effects.

Alternatively, the spiking solution (6.8.2) and internal standard solution (6.8.3) can also be added via
the septum. This will not result in losses; nevertheless, the quality of the septa used should be ensured
by blank samples.

[t is recommended that the spiking volume be kept constant.

The aqueous multi-component solutions for the calibration can also be prepared in volumetric
flasks (7.9). Ensure that no losses result due to pipetting and homogenization. Stir the solution for at
least 10 s. Take care of a thorough mixing but avoid the formation of a turbulence funnel.

© IS0 2018 - All rights reserved 5
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6.9 Sodium thiosulfate pentahydrate, Na;S;03-5H;0.

NOTE Ascorbic acid can also be used for the neutralizing of the chlorine as far as validated.

7 Apparatus

7.1 General

Equipment or glass parts that come into contact with the water sample shall be free of the compounds
to be analysed and free of residues that can cause interfering blank values. This can be attained by
cleaning thgglassequiprent:

7.2 Sample bottles, e.g. narrow-necked flat-bottomed bottles with glass stoppers, preferably brown
glass bottleg, nominal volume e.g. 250 ml or less.

7.3 Dry cabinet.
7.4 Gas chromatograph (GC), with mass spectrometer (MS) and headspace\(HS) sampler.

7.5 Capillary columns, with e.g. (medium-)polar stationary phase,-€g. inner diameter < 0,32 mm,
length abouf 30 m to 60 m, film thickness 1 um to 3 um (phase ratio x300).

7.6 Magnetic stirring rod, polytetrafluorethylene (PTFE)-encased.
7.7 Microlitre syringes, various nominal volumes e.g. 1@\ul, 100 ul, 250 pl, 1 000 pl.
7.8 Headspace vials (HS vial), e.g. 20 ml for automatic sampler.

7.9 Volumetric flasks, nominal volumg~exg. 10 ml, 50 ml, 100 ml, e.g. volumetric flasks
ISO 1042 - A10 - C.

7.10 Pipettes.

8 Sampling

Take and hdndle the samples, taking into account the specifications given in ISO 5667-3, ISO 56/67-4,
ISO 5667-5, [SO 5667-6}1SO 5667-10 and ISO 5667-11.

Completely fill the'sample bottle (7.2) with the sample.

Ensure a la1|ninar flow during the sampling. Turbulent flows can lead to losses of the substances fo be
analysed.

Add sodium thiosulfate pentahydrate (6.9) to water samples likely to contain chlorine, thus obtaining a
concentration of approximately 80 mg/1 to 100 mg/1.

Pre-rinsing of the sample bottle (7.2) with sample material is to be avoided, as this can possibly result in
an increased concentration of suspended matter components and also the loss of stabilization reagents
in the sample.

Glass equipment or equipment made from stainless steel or e.g. scoops made from glass shall be used.
Plastic equipment is to be avoided as blank values and analyte losses due to adsorption effects can
occur as a result of this.

It shall be ensured that no interfering compounds get into the sample and no losses occur in the
compounds to be determined (see Clause 5).

6 © ISO 2018 - All rights reserved
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The samples shall be treated and stored in accordance with ISO 5667-3.

If longer storage times are necessary and/or in case of presumed or validated instability, suitable
measures shall be implemented (e.g. preservation with copper sulfate, sodium azide or the
measurement-ready headspace vial shall be frozen horizontally).

9 Procedure

9.1

Sample preparation

The {
In th

The
Subs
seald

The

ampies shall be handied as the Multi-COmponent Soiutions for the calibration (6.8.47.
e case of a salt addition, add it to the vial prior to adding the sample.

samples to be examined are transferred to headspace vials (7.8) while-avoiding

d and the salt dissolved by shaking directly afterwards.

furbulences.

pquently, the internal standard solution (6.8.3) is added. The headspace xials (7.8) sh4ll be tightly

Correctness of the headspace analysis depends on maintaining canstant phase-volunje ratios, i.e.

during the calibration and analysis, the same amounts of water and<salt shall always be gdded to the

head|
All sd

time
mas{

9.2
The

mples of a sample sequence are thermostated in succession'in the headspace-sampler f
(e.g. 30 min) and at a constant temperature (e.g. 80 °C):and analysed by gas chromato
spectrometric detection.

GC-MS operating conditions

GC-MS apparatus (7.4) shall be optimized according to the manufacturer dat

columns (7.5) shall be used for the separatiefi)(see Annex A).

9.3

9.3.1

The f
by m|

For t

Blan
elimi

Control measures

Blank value control

lawless state of the reagents and equipment shall be checked daily if analyses are unde
eans of blank value'examinations.

he blank valuecexamination, examine e.g. water (6.2) in the same way as a sample.

k values ate-location specific. The contamination source shall be localized and, i
nated ifblank values occur.

Deps

nding on the blank fluctuation, the blank values should not exceed 30 % to 50 %

application limit of the method.

space vials. Variations due to different batches of vials are compénsated by the internal standard.

raconstant
craphy with

. Capillary

" acquisition

ff necessary,

bf the lower

9.3.2 Control over the total procedure

The quality of the procedure shall be checked daily by means of control examinations.

For this control examination, for example, water (6.2) shall be spiked with the compounds to be
examined (6.8.4) and examined in the same way as a sample (see 9.1). If deviations are determined (e.g.
out-of-control situations from a control chart), the individual process steps shall be monitored.
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9.4 Identification of individual compounds

9.4.1 General

A compound is identified in the sample by comparing the retention times measured under the same
conditions and associated relative intensities of selected identification masses (see Table 2) with those
of the reference compounds in the aqueous multi-component solution for the calibration (6.8.4).

9.4.2 Identification of individual compounds with mass spectrometric detector

Individual compounds are regarded as identified in the sample if:

— the retention time (tgr) of the corresponding peak in the total ion current chromatogram 'or-ih the
single ipn chromatogram (SIM) is within ¢tg + 0,5 % or a maximum of +5 s, companéd-with the
retentign times of the relevant compound measured under the same conditions inthe totdl ion
current|chromatogram or the individual mass chromatogram of a reference solutioiy;

— the conjplete mass spectra of the background corrected reference compoundsimatch the spgectra
present| at the relevant retention time in the chromatogram of the water sample, which is| also
backgrqund corrected;

— at least|the diagnostic ions of the reference compounds (see Tablé/2) deviate from those qgf the
compounds to be identified in their relative peak intensities by less than 30 %;

— for somg compounds, only two diagnostic ions are available(see Table 2).

Table 2 — Examples of diagnostic ions of reference compounds to be used for identificationand
quantification in mass spectrometric detection

Name Retention | Targetion Qualifier Qualifier
(¢ompounds of Table 1) timea ion1 ion 2
min m/z m/z m/z

vinyl dhloride (chloroethene) 25900 62 64 56
1,1-dighloroethene 5,005 61 96 63/98
1,1,2-trichlorotrifluoroethane 5,008 101 151 103
allyl chloride (3-chloropropene) 5,622 41 39 76
dichlofomethane 5,832 84 86 49/51
trans-|,2-dichloroethené 6,335 96 61 63/96/98
methyll tert-butyl ether (MTBE) 6,320 73 57 61
1,1-dighloroethdne 7,082 63 83 65
2-chlofo-1,3<butadiene 7,258 88 53
(chlorppréne)
ethyl dert-butyl ether (ETBE) 7.899 59 87 57
cis-1,2-dichloroethene 8,203 96 61 98
trichloromethane (chloroform) 8,852 83 85 47
1,1,1-trichloroethane 9,234 97 99 117
tetrachloromethane 9,580 117 119 121
(carbon tetrachloride)
benzene 10,020 78 77 50
1,2-dichloroethane 10,060 62 64 98
Limebipentnelions | waw | s | m
trichloroethene 11,490 130 95 132
a  The gas chromatographic conditions are listed in Annex C.
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Name Retention | Targetion Qualifier Qualifier
(compounds of Table 1) timea ion1 ion 2
min m/z m/z m/z

1,2-dichloropropane 12,020 63 62 76
2,3-dichloropropene 12,145 75 110 77
bromodichloromethane 12,710 83 85 129
cis-1,3-dichloropropene 13,867 75 110 77
toluene 14,764 91 65 92
trans-1,3-dichloropropene 15,398 75 110 r\%
1,1,2-trichloroethane 15,805 97 83 ~099
tetrachloroethene 16,289 166 129 ’\QS Y 164
dibromochloromethane 17,018 129 127 AQ:,'D 131
1,2-dibromoethane 17,318 107 109 7~
chlorobenzene 18,834 112 710 114
1,1,1,2-tetrachloroethane 19,115 131 ¢ M7 133
ethyl benzene 19,214 91 [, “ 106
m-/p-xylene 19,602 a1 " 106
o-xylene 20,805 91y * 106
vinyl benzene (styrene) 20,906 Am‘ 78
tribromomethane (bromoform) 21,439 ,20*0173 175 171
isopropylbenzene (cumene) 22,092’_\@ "~ 105 120
n-propylbenzene 23,4@\‘0 91 120
2-chlorotoluene 2&(@86 91 126
3-chlorotoluene \(-\#‘3,908 91 126
4-chlorotoluene )~ 24,067 91 126
1,3,5-trimethylbenzene T 24,107 105 120
(mesitylene) ('\®
1,2,4-trimethylbenzene ()~ 25,368 105 120
(pseudocumene)  (7)*
1,3—dichloroben;eki@ 26,236 146 111 148
1,4-dichlorobefizene 26,550 146 111 148
1,2-dichlorgbenzene 27,836 146 111 148
dichlon@i‘sopropyl ether 28,963 45 121
hexaphloroethane 28,783 117 201
4,3,5-trichlorobenzene 32,260 180 145 182
1,2,4-trichlorobenzene 35,969 180 145 182
hexachlorobutadiene 37,969 225 260 227
naphthalene 37,606 128 102 127
1,2,3-trichlorobenzene 39,589 180 145 182
biphenyl 61,678 154 153
benzene-d6 9,928 84 52
toluene-d8 14,576 98 100
1,2-dichlorobenzene-d4 27,782 152 150

a  The gas chromatographic conditions are listed in Annex C.

The masses listed for the target ions as well as the qualifier ions in Table 2 serve as an orientation
example. The selection of internal standards should be adapted correspondingly to the compound

© ISO 2018 - All rights reserved

9


https://standardsiso.com/api/?name=fa641ef55a492bc0ec399e756d2d71cf

ISO 20595

:2018(E)

group to be analysed. This applies, in particular, to analysis in respect to the recovery rates as well as to
the gas chromatographic step. The internal standards listed are examples. Further internal standards

can be used

(see Annex B).

10 Calibration

10.1 General

— A calibration function shall be determined for each compound to be determined. Multi-component
solutions (6.8.4) can be used for this.

— The lind
for five

— The calipration function of an individual compound only applies to the relevant concéntration r

[t depen

At least six measuring points shall be determined when selecting a quadratic fudction.

In routine o
in individua

For setting
set up a bas

See Table 3

ar working range shall be determined by measuring at least five points (basic calibrj
different concentrations.

ds on the operating conditions of the gas chromatograph and shall be checked regular

beration, a two-point calibration can be adequate for a linear funiction, but shall be chd
| cases (e.g. working range, matrix influences). This shall correspend to the basic calibr4

¢ function (for the preparation of reference solutions, see 6.8.4).

for the meaning of the indices in the following text:

Table 3 — Meaning of the indices

Index Meaning

Compound

~=

Measuring-variables for the calibration

Total procedure

Consecutive figure for pairs of values

— | ~. 0o | @

Internal standard

tion)

hnge.
ly.

cked
tion.

Ip a calibration function, the reference solutions shall b&adapted to the working range to

10
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10.2 Calibration with internal standard

The use of an internal standard renders the concentration determination independent of potential
dosing errors during the injection and of various matrix effects.

Errors that can occur due to sample losses during individual steps of the sample preparation are also
partially compensated.

The mass concentration p;; shall be equal for the calibration and for the sample to be analysed.

— The values for yjeg/yieg (peak area, peak height or integration units) shall be applied for every

ompound i on the ordinate as a function of the associated mass concentration Ding/DIn .

— The value pairs yijeg/yieg and pjeg/pleg are used to determine a linear regression line

.VIeg

where
Nieg

Nleg

Rieg

Pleg

Miig

lilg

Vieg

Formula (1):

p.
— g 1 b
g
pleg

ilg

is the measured value of compound i during calibrationsas a function of pje, the unit

depending on the evaluation, e.g. area unit;

hccording to

)

is the measured value of internal standard I during calibration as a function of pidg, the unit

depending on the evaluation, e.g. area unit; all reference solutions contain equal
concentrations of the internal standard;

is the (independent variable) mass concéntration of compound i in the reference splution, in

micrograms per litre (ug/1);

is the (independent variable) mass concentration of internal standard I in the refdrence

solution, in micrograms per litre (ug/1);

is the slope of the reference line of yjeg/yieg as a function of the mass concentratio
(response factor);

is the ordinate intercept of the reference line, the unit depending on the evaluatio

N Vieg/Vleg

=

© ISO 2018 - All rights reserved
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11 Evaluation

The mass concentrations pjg of the individual compound shall be calculated according to Formula (2):

Yig

— by
ng
Pig = "Pig (2)
m:
ilg
where
Pig IS the Tmass concentration of the amatySed COMmpourtd 111 the Water Sammpie,
micrograms per litre (ug/1);
Vig is the measured value of the analysed compound i in the water sample, e.g. area’unit
Vig is the measured value of the internal standard I in the water sample, e.g.area unit;
Plg is the mass concentration of the internal standard I in the water safiiple, in micrograms
per litre (pg/1);
biig, mj1¢ see Formula (1).
12 Expression of results
The analysi$ results obtained when applying this document are subject to a measurement uncertainty
thatis to be|considered in the interpretation of the results.
NOTE The relative measurement uncertainty depends on‘the concentration and the matrix and is greatest in
the lower application range of the method.
The mass cancentration of the substances according to Table 1 is indicated in micrograms per lifre at

two signific
EXAMPLES

trichloromet
tetrachloroet

o-xylene

hnt figures.

hane (chloroform) g/l
hene 4,1 ng/l
0,17 pg/1

13 Test report

The test rep|

ortshall contain at least the following information:

a)

the testlme

mathad ucad taacathar with o nc
T ot~ vV A=

P

b)
c)
d)
e)

samplin

12

O tortr
) [S)

the identity of the sample;

g, sample transport and preparation (if applicable);

expression of the results according to Clause 12;

any deviation from this method and report of all circumstances that may have affected the results.
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Example of GC column, headspace vial and septum

5:2018(E)

Capillary column: DB-624 polyphenylmethyl siloxane (see NOTE), length: 60 m, film thickness:

18 pm, diameter: 032 mm
Restek Rxi-624Sil MS (see NOTE) (60 m x 0,25 mm x 1,4 um)
HS vial: 20 ml headspace vial, crimp neck vials

Septhim: Magnetic crimp cap, gold painted, with 8 mm hole, butyl/PTFE

NOTE DB-624 polyphenylmethyl siloxane and Restek Rxi-624Sil MS are examples of suitalple products

availpble commercially. This information is given for the convenience efiisers of this docun
does|not constitute an endorsement by ISO of these products.

hent and

© ISO 2018 - All rights reserved
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Annex B
(informative)

Examples of internal standards

Recommendations for an appropriate choice of internal standard substances to be used within the
analysis of individual substances of Table 1 are listed in Table B.1. The internal standard substances

most frequently used by participants of the interlaboratory trial for validation, carried~out in
March 2013|(see Tables D.1, D.3 and D.5), are indicated by their numbers according to Table B:2.-(ther
substances ¢an be used as well if their suitability has been established in preliminary tests«
Table B.1 — Internal standard substances
Name Internal Name Internal
standard standard
substances substances
according to according to
Table B.2 Table B.2
allyl chlorid¢ (3-chloropropene) 4 | 1 | 2 | 20 |ethyl tert-butylether (ETBE) 4111|2110
benzene 4 | 1 | 2 | 21 |hexachlorobutadiene 4 |31 2]|10
biphenyl 4 | 3 | 21| 2 |hexachloreethane 4 | 3| 2110
bromodichlgqromethane 4 11| 2 isopropylbenzene (cumene) 4 | 2| 3]13
chlorobenzepe 4 | 2 |10 | 21 |methyl tert-butyl ether (MTBE) | 4 | 1 | 2 | 10
2-chloro-1,3{butadiene (chloroprene)| 4 | 1 | 2 | 10 [naphthalene 4 132121
2-chlorotoluene 4 | 3 | 2 | 24 |n-propylbenzene 4 12| 31]13
3-chlorotolugene 4 3 250721 |1,1,1,2-tetrachloroethane 4 2 |10 20
4-chlorotoluene 4 | 3, 2 | 21 |tetrachloroethene 4 1210 9
dibromochldromethane 4 432 | 9 | 10 [tetrachloromethane 4111|2110
(carbon tetrachloride)
1,2-dibromokthane 4 | 2 9 | 10 |toluene 4 | 2 |21] 10
1,2-dichloropenzene 4 | 3 | 2 |21 |tribromomethane (bromoform) | 4 | 2 | 10 | 21
1,3-dichloropenzene 4 3 2 | 21 |1,2,3-trichlorobenzene 4 3 2|21
1,4-dichloropenzene 4 3 2 | 21 |1,2,4-trichlorobenzene 4 3 2|21
dichlorodiisppropyl ethet 4 | 3 |11 | 21 |1,3,5-trichlorobenzene 4 (21| 2] 3
1,1-dichloro¢thane 4 1 2 | 10 |1,1,1-trichloroethane 4 1 2 [ 10
1,2-dichlorogthane 4 1 2 | 10 |1,1,2-trichloroethane 4 2 9 | 20
1,1-dichloroethene 4 1 2—10trichloreoethene 4 1 2 10
cis-1,2-dichloroethene 4 | 1 | 2 | 10 |trichloromethane (chloroform) 4111|210
trans-1,2-dichloroethene 4 1 2 | 10 |1,1,2-trichlorotrifluoroethane 4 1 2 |10
dichloromethane 4 1 2 | 10 |1,2,4-trimethylbenzene 4 2 3 (13
(pseudocumene)
1,2-dichloropropane 4 1 2 | 10 |1,3,5-trimethylbenzene 4 2 3 |13
(mesitylene)
cis-1,3-dichloropropene 4 9 | 10 |vinyl benzene (styrene) 4 13 | 21
trans-1,3-dichloropropene 4 9 | 10 |vinyl chloride (chloroethene) 4 2 |10

14
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Name Internal Name Internal
standard standard
substances substances
according to according to
Table B.2 Table B.2
2,3-dichloropropene 4 | 1| 2 |10 |oxylene 4 | 2 (13|21
1,1-dimethylpropyl-methyl ether, 4 | 1| 2 |10 |m-/p-xylene 4 | 2 (13|21
tert-amyl methyl ether (TAME)
ethyl benzene 4 | 2 |13 |21
Tablg¢ B.2 lists examples of internal standards which have been tested as part of the stafjdardization
worl and which have proved to be suitable for the purpose.
Table B.2 — Examples of suitable internal standards$
No. Name Molecular CAS-RN EC-Number | ~Molar | Target|| Qualifier
formula mass ion ion1
g/mol m/z m/z
1 |benzene-d6 CeDe 1076-43-3 214-061-8 84,15 84,1 56,1
2 |fluorobenzene CgHsF 462-06-6 207-321-7 96,10 96,0 70,0
3 |1,2-dichlorobenzene-d4 CeCloDy 2199-69-1 218-606-0 151,03 151,9 1499
4 |toluene-d8 C7Dg 2037-26-5 218-009-5 100,11 98,0 100,1
5 Eﬁggg_’fgb“ty fether-d3 | ¢ pops0 | 29366-06-3 9115 | 730 730
6 Eﬁgggf&“butyl ether-d9 | ¢ p-pgo | 1219795-06-8 9720 | 790 80,0
7 |1,4-difluorobenzene CeHyF> 540-36-3 208-742-9 114,09
8 |1,3,5-trichlorobenzene-d3 CeClzD3 1198-60-3 184,47 183,0 148,0
9 |2-bromo-1-chloropropane C3HgBrCl 3017-95-6 221-157-3 157,44 41,0 77,0
10 |1,2-dichloroethane-d4 C2Cl2Dy 17060-07-0 17060-07-0 102,98 65,0 67,0
11 |1-bromo-2-chloroethane CoH4BrCl 107-04-0 203-456-0 143,41 63,0
12 [chlorobenzene-d5 CeDsCl 3114-55-4 221-482-0 117,59 117 119
13 |o-xylene-d10 CgD1o 56004-61-6 259-942-8 116,25 98,0 116,0
14 [bromobenzenesd5 CeDsBr 4165-57-5 224-013-8 162,05 161,0 163,0
15 |naphthalene;d8 C10Ds 1146-65-2 214-552-7 136,22 136,0
16 |2-hexanonge CeH120 591-78-6 209-731-1 100,16 58,0 85
17 |1,1,1%richloroethane-d3 C2D3Cl3 2747-58-2 136,42
18 |oGeya-trifluorotoluene C7HsF3 98-08-8 202-635-0 146,11
19 [4-bromofluorobenzene CeH4BrF 460-00-4 207-300-2 175,00 95,0 174,0
20 |bromoethane-d5 C2Hs5Br 74-96-4 200-825-8 108,97 113,0 115,0
21 |2,3,4-trifluorotoluene C7HsF3 193533-92-5 146,11 145,0 146,0
© IS0 2018 - All rights reserved 15
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Annex C
(informative)

Example of headspace and gas chromatographic conditions

C.1 Headspace conditions

Headspace i

Injection vo

njection volume:

ume:

Syringe temjperature:

Incubation {]
Incubation t
Agitator tim

Agitator tim

C.2 GCcqg

Detector:
Detector ter
Temperaturj
Injector tem
[onization e

Capillary co

Temperaturj

emperature:
ime:
e:

e (off):

pnditions

nperature:

perature:

hergy:

umn:

e program:

bditction.

e of the transfer line:

2,5ml
1 ml
80 °C
80 °C
30 min
5s

2s

MS-quadrupole

300°C

300°C

9061 min/10 °C s~1/280 °C/5 min isothermal
707 eV

DB-624 polyphenylmethyl siloxane (see NOTE), length: 60 m, film
thickness: 1,8 um, diameter: 0,32 mm

35 °C/1 min isothermal - 4 °C min-1 —» 120 °C — 4 °C min-1
— 140 °C —» 15 min isothermal - 25 °C min-1 - 255 °C —» 1,5 mi
isothermal

Haondcnaca autacamnlax

Sample intr

Injection:

otrottrors

Column flow:

Carrier gas:

uuuuuuuuuuuuuuuuuuuuuuu
Split ratio 1:1
1,2 ml/min

Helium

NOTE DB-624 polyphenylmethyl siloxane 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.
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Annex D
(informative)

Performance data

An interlaboratory trial for validation was conducted in March 2013 with the participation of
21 laboratories. Labs from three different countries, Germany, Switzerland and Austria, participated in

the i
resp

A saiple volume of 10 ml was used by 85 % of the participants in the interlaboratotytrial.

A saj
(12,5

40 %
samyj
thel
A 60

The
1,3,5

To b

comparative study within the study group aredisted in Tables D.2, D.4 and D.6. In cas

dichl
high
trial

In cd
para

In c3
also
to 1,
conc

The
ISO §
data

hterlaboratorial trial. Drinking water, surface water and treated waste water sampleg
ectively. A fourfold-examination was conducted for each sample.

ml or 15 ml) was used for 7,5 % of the participants.

of the laboratories did not use a salt addition for the sample preparation. Na;S04 was
le water between 3 g and 5 g by 40 % of the laboratories and NaCl'between 2 g and 3
boratories.

m capillary column was used by 64 % of the laboratorieSand by 36 % a column of <25

parameters  cis-1,3-dichloropropene, trans-153-dichloropropene, allyl chl

-trichlorobenzene could not be validated in the interlaboratory trial for validation.

e able to nevertheless make statements concerning these parameters, the resul

1, but the concentrations specified inthe comparative study are higher than in the intg
for validation.

neter is not to be regardedas validated.

se of 1,3,5-trichlorobenzene, only data from two laboratories are available. This p
Lo be regarded as not validated. As, however, 1,3,5-trichlorobenzene exhibits a similg
2,3-trichlorobenzene and 1,2,4-trichlorobenzene, these two parameters also allow
brning 1,3,5-trichlorobenzene.

performante-‘data from this interlaboratory trial for validation were determined 4
725-2. The results are given in Tables D.1, D.3 and D.5. The validation document con
on the,interlaboratory trial.

were taken

mple volume <10 ml (5 ml) was used for 7,5 % of the participants and-d-sample volume >10 ml

hdded to the
5 by 20 % of
m length.

bride  and

s from the
e of cis-1,3-

oropropene and trans-1,3-dichloropropene, the number of participating laboratories is 7 and

brlaboratory

se of allyl chloride, only values from four laboratories are present, with the restlt that this

arameter is
r behaviour
conclusions

ccording to
ains further
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Table D.1 — Performance data according to ISO 5725-2 for volatile organic compounds,
sample 1 drinking water

Compound I n 0 X )=< ul SR Cvr Sr Cyr
% Hg/l g/l % ng/l | % ng/l | %

benzene 201801 4,8 0,150 0,144 1 96,1 | 0,0305 | 21,2 | 0,0094 | 6,5
biphenyl 14 |56 | 6,7 1,142 0,934 3 81,8 | 0,2803 | 30,0 | 0,0934 | 10,0
bromodichloromethane 17 1 68| 0,0 0,158 0,148 7 941 | 0,0326 | 219 | 0,0099 | 6,7
chlorobenzene 17 | 68 | 5,6 0,132 0,1201 91,0 | 0,0238 | 199 | 0,007 7 | 6,4
2-chloro-1,3{butadiene 14 | 55 | 12,7 0,193 0,136 9 70,9 |0,0483 | 35,3 0,007 2,[]5,3
(chloropreng)
2-chlorotoluene 14 |56 | 176 | 0,1310 0,1191 90,9 | 0,0312 | 26,2 | 00087 ||7,3
3-chlorotolugne 16 |64 | 59 | 0,2110 0,1818 | 86,2 | 0,0336 | 18,510,014 ||7,7
4-chlorotoluene 16 |64 | 59 | 0,2630 0,204 1 77,6 | 0,0569 | 2%9/| 0,0117 ||5,8
dibromochldromethane 18 (72| 0,0 0,263 0 0,2845 | 108,2 | 0,058 2] 20,7 | 0,016 1 ||5,7
1,2-dibromogthane 16 |64 | 0,0 | 0,1670 0,1849 | 110,7 | 0,06127| 33,1 | 0,017 2 |[9,3
1,2-dichloropenzene 17 | 68| 56 | 0,1590 0,1464 | 92,1 | 0,6226 | 15,5| 0,0122 ||8,3
1,3-dichloropenzene 18|72 | 53 | 01940 0,176 2 90,844 0,0259 | 14,7 | 0,013 3 || 7,6
1,4-dichloropenzene 16 |62 | 6,1 | 0,176 0 0,1640 | 93,27 | 0,0203 | 12,4 | 0,0116 (|71
dichlorodiisppropyl ether 13 (51190 | 1,1420 1,049 5 91,9 [ 0,0983 | 94 | 0,0618 ||59
1,1-dichloro¢thane 17 |66 | 57 | 01340 0,1389 | 103,7 | 0,0450 | 32,4 | 0,0086 |[6,2
1,2-dichlorogthane 15| 60 | 16,7 | 0,1400 0,531 | 109,4 | 0,0379 | 24,8 | 0,0116 || 7,6
1,1-dichlorogthene 16 |64 | 8,6 | 0,1670 09,1813 | 108,6 | 0,0525 | 28,9 | 0,0102 ||5,6
cis-1,2-dichl¢roethene 16 | 64 | 15,8 | 0,2280 0,2599 | 114,0 | 0,0695 | 26,7 | 0,013 1 [[5,0
trans-1,2-didhloroethene 18 | 71| 10,1 | 0,446-0 0,417 1 94,8 | 0,0709 | 17,0 | 0,0184 (|44
dichloromethane 19 |76 | 0,0 [<1,0550 09447 | 895 | 0,1943 | 20,6 | 0,054 0 |[5,7
1,2-dichloropropane 17 | 68 | 0,0 40,3510 0,3266 | 93,0 | 0,0691 | 21,2 | 0,017 1 |[5,2
2,3-dichloropropene 10 | 40 |91 | 0,1930 0,092 3 47,8 | 0,0566 | 61,4 | 0,007 5 ||8,2
1,1-dimethylpropyl-methyl 17 | 7~/ 0,0 | 0,3510 0,3189 | 90,9 | 0,0648 |20,3|0,0180 [[5,7
ether, tert-anyl methyl ether
(TAME)
ethyl benzene 19 (76| 0,0 | 0,1580 0,143 0 90,5 | 0,0288 | 20,1 | 0,0081 ||5,7
ethyl tert-bultyl ether (ETBE) 18|72 53 | 03510 0,3271 | 93,2 | 0,0571 | 175 | 0,0129 |[3,9
hexachlorobutadiene 19 (76| 0,0 | 0,2110 0,197 2 93,5 | 0,0404 | 20,5 | 0,017 0 |[[8,6
hexachloroethane 15|60 | 3,2 | 01760 0,1655 | 94,0 | 0,0429 | 259 | 0,0130 (|79
isopropylbelpzene (cumene) 20179 | 1,3 0,149 0 0,132 6 89,0 | 0,0271 | 20,4 | 0,0086 ||6,5
methyl tert-li)utyl ether (MTBE)| 17 | 68 | 10,5 | 0,211 0 0,2095 | 99,3 [ 0,0341 |16,3]0,0132 |]|6,3

[ number of laboratories after outlier rejection.
n number of test results after outlier rejection.
percentage of outliers.

0
X conventionally correct value of the test sample.
X

overall mean of results (without outliers).

recovery rate.

=

sg  reproducibility standard deviation.
Cyr coefficient of variation of reproducibility.

sy repeatability standard deviation.

Cyr coefficient of variation of repeatability.
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Compound I n 0 X >=( n SR Cyr Sy Cyr
% g/l pg/l % pg/l % ng/l | %
naphthalene 18| 72| 53 | 05450 0,5150 94,5 | 0,0741 | 14,4 | 0,0383 | 7,5
n-propylbenzene 19|76 | 5,0 0,167 0,146 6 87,8 | 0,0233 | 159 | 0,0079 | 54
1,1,1,2-tetrachloroethane 16 | 64 | 11,1 | 0,1490 0,1409 94,6 | 0,0241 | 171 | 0,0153 | 109
tetrachloroethene 18 (72| 14,3 | 0,1670 0,149 3 89,4 | 0,0321|215|0,0095]| 6,4
tetrachloromethane 2183|000 | 01590 0,146 1 919 | 0,0265 | 18,1 | 0,0125 | 8,6
tolugne 18 |72 110,0 | 0,2630 0,247 2 94,0 | 0,0564 | 22,8 H0J0109 | 4,4
tribrjomomethane (bromoform)| 17 | 68 | 15,0 | 0,4390 0,4380 99,8 | 0,0755 | 172 10J024 7 | 5,6
1,2,3-trichlorobenzene 17 | 68| 0,0 | 0,1580 0,154 5 97,8 | 0,032742¥2 | 0jJ0190 | 12,3
1,2,4-trichlorobenzene 14 | 55 | 179 | 0,2110 0,195 8 92,8 | 0,020.5)( 10,5 | 00116 | 59
1,1,1+trichloroethane 17 | 66 | 19,5 | 0,167 0 0,1546 | 92,6 | 00315 | 20,4 | 0j007 3 | 4,7
1,1,2-trichloroethane 17 | 65| 0,0 | 0,2630 0,2694 | 102,4( 0,0482 | 179 | 0J0228 | 8,5
trichloroethene 21|83 1,2 0,141 0 0,1287 | 91,3~ 0,0222 | 17,2 | 0J0089 | 7,0
trichloromethane (chloroform) | 19 | 74 | 9,8 0,141 0 0,140 2 994 | 0,0292 |20,8]| 0/0103 | 7,4
1,1,2-trichlorotrifluoroethane | 19 | 76 | 0,0 | 0,167 0 0,1745™\ 104,5 | 0,0660 | 379 | 0J0138 | 79
1,2,4-trimethylbenzene 18 (72| 5,3 0,141 0 0,123.4 87,5 | 0,0233 | 189 | 0jJ0083 | 6,7
1,3,53-trimethylbenzene 1872 5,3 0,194 0 0,169 4 87,3 | 00294 | 174 | 0J0091 | 5,4
viny| benzene (styrene) 18 | 72 | 10,0 | 0,6330 0,398 7 63,0 | 0,1051 | 26,4 | 0j0209 | 5,2
viny]| chloride (chloroethene) 20179 | 4,8 1,7572.0 1,700 4 96,8 | 04652 | 274 | 0J0961 | 5,7
o-xylene 200179 | 1,3 | 04670 0,151 4 90,7 | 0,0303 | 20,0 | 0J007 3 | 4,8
m-/p-xylene 18 |72 | 5,3 (40,2810 0,2459 875 |0,0431| 175 | 0J0135 | 5,5
| number of laboratories after outlier rejection.
n rumber of test results after outlier rejegtion.
o [percentage of outliers.
X donventionally correct value of the\test sample.
>=< verall mean of results (without outliers).
n Fecovery rate.
Sg  feproducibility standard deviation.
Cyr |coefficient of Vafiation of reproducibility.
sy [repeatability)standard deviation.
Cyr |coefficient of variation of repeatability.
The results listed in Table D.2 were determined in a comparative study within the study grpup.
Table D.2 — Performance data according to ISO 5725-2 for volatile organic compounds,
sample 1 drinking water, not validated (from the comparative study)
Compound 1 n 0 X )=< n SR Cvr Sr Cyr
% Hg/l Hg/l % g/l % Hg/l %
allyl chloride 4 |16 0 4,500 3,220 71,6 (0,8430 | 26,2 |0,2448 | 76
cis-1,3-dichloropropene 7 |28 12,5 | 2,250 1,716 76,3 | 0,6987 | 40,7 |0,1069 | 6,23
trans-1,3-dichloropropene 8 32 0 4,500 3,640 80,9 1,264 35,3 10,2258 | 6,2
1,3,5-trichlorobenzene 2 8 0 0,450 0 0,348 6 775 (10,1861 | 53,4 |0,0118 | 3,38
For explanation of symbols, see Table D.1.
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