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Introduction

This part ¢f ISO 11423 describes an extraction method of sample treatment followed by the gas chromatagraphy for
the determination of benzene and derivatives in water.

For a heafl-space procedure see ISO 11423-1.

Which of these methods is applicable in a given case depends for instance on the type 6f sample to be analysed
and the instruments available to the analyst. The method used is then described in the tést report.
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Water quality — Determination of benzene and some derivatives —

Part 2:
Method using extraction and gas chromatography

1 Scope

The methpd described is applicable to the determination of benzene, methylbenzéne (toluene), dimethyibenzenes
(xylenes) and ethylbenzene (abbreviated hereafter to BTX) in water and waste water in concentrations aljove 5 pg/l.
High congentrations may be determined by diluting the extract.

A number|of further derivatives and nonpolar compounds with similar beiling points may also be determihed by this
method. Tlhe applicability of the methods should be verified in these cases for the particular water sample

red sample is extracted with a nonpolar solvent (e.g pentane) and the extract is analysped by gas
graphy. Benzene and its derivatives are séparated by injection on two capillary columns with stationary
different polarity (e.g. by simultaneous splitting) and determined using a suitable ddtector (for
on of compounds see 7.4).

3 Interferences

Loss of BTX may occur during,sampling, transport, storage and preparation of samples due to evapgration and
stripping. |Other volatile comipounds in the ambient air may contaminate water samples and water usefl for blank
tests, leading to high limits of detection and high blank values, respectively.

To avoid
materials.

errors dueto sorption or desorption of constituents, samples should not come into contact wjith plastics

Surfactanfs;_emulsifiers and higher contents of polar solvents such as propanone or methanol will [impair the

The presence of a second liquid phase (e.g. mineral oil, volatile organic halogenated hydrocarbons, emulsified
grease and waxes) will affect sampling, sample preparation and extraction. Only the content of the aqueous phase
would be determined; it is possible, however, to determine the content of the second liquid phase separately. If this
is done, it shall be stated in the test report.

Specific problems in the gas chromatographic system shall be handled according to the manufacturer's instructions.

The determination may be hindered by superposition of other hydrocarbons, for instance mineral oil constituents,
which may also result in column overload.
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If the results from the two different columns differ significantly, repeat the analysis with another separating phase or
a specific detector

4 Apparatus

Keep all precleaned bottles and vials in an upside-down position for 1 h at 150 °C in a ventilated drying oven before
use. After this procedure, protect them from contamination, for instance by covering them with aluminium foil while

........ < Ly LSOV

they cool and closing them as soon as they are cool.

...
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4.1 Conital-shoulder hottles, nominal capacity e.g. 21, of non
aluminiumilined cap.

ar aor |[PTFE. ar
er or|rires- of

4.2 Magnetic stirrer with PTFE-coated bars.

AN D:nn’}ao Aan H
. l‘lpv Ty UGPG\;I

4.4 Gas washing-bottle attachment with ground glass cone and sintered disc.
4.5 One-mark pipette.

4.6 Graduated flasks, capacity 100 ml, 250 ml and 1 000 ml.

A7 QRae rhramatasranh with Aalace incaart accamhlvy and flama innizatinn datastar ICIN aiimnliad with]| ~acae ac
i MaS L viiialuygiapil vwilli Hidoo 1HioTIL aoovliiviy ailiu naiiig, ivricauuvli UcicoCLur (riv) Suppiiceu witrl] yases as
specified y the manufacturer :

4.8 Capillary columns for gas chromatography (see anfiex B).

NOTE — |f alkanes with retention times identical with BTX are expected, the Kovacs indices are useful for the choice of the
columns uspd.

4.9 Injection syringes, capacity 10 ul, 50 uland 100 pl.
4.10 Microseparator (see figure 1).

4.11 Quartz wool, cleaned with pentane and dried.

5 Reagents

Use only reagents of recognized analytical grade and only water complying with 5.1.

5.1 Water for dilutions and the reagent blank.

The BTX content of the water shall be as low as possible. In case of contamination, the water may be treated as
follows:

Fill the water into conical-shoulder bottles (4.1), place a glass filter near the bottom of the flask, heat the water to
approximately 60 °C. Pass a stream of nitrogen (approximately 180 ml/min) through the water for 1 h, then allow the
water to cool to room temperature while still passing nitrogen through it. Close the bottle tightly and store in the
dark.
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Dimensions in millimetres

|
' Socket

= (-

¢ 20 E;B

' ' o

| I Y I

‘ |l 210
| o

| | ]
| 0
i | L — uartz wool

\ -

V
30

20

Cone and socket

pmmmm—————d 1

e T T —— T3

Figure 1 — Microseparator

If necessary, pass nitrogen through the water immediately before use.

Check thg quality of the water before-and after treatment. If contamination is still detected, use another gas for
purification, or purify the gas used:

5.2 Operating gases for the.gas chromatography system (nitrogen, helium, hydrogen, synthetic air) a¢cording to
the manufpacturer's instructions.

5.3 Pentane, CsHqp,checked for absence of BTX by gas chromatography.

Distill confaminated pentane on a high performance column, with the purity of the distillate fractions being checked;
it may be hecessary to repeat distillation.

5.4 Calibration standard substances, each of highest purity.

Benzene CeHs
Methylbenzene (toluene) CsHg
1,2-Dimethylbenzene (o-xylene) CgHyo
1,3-Dimethylbenzene (m-xylene) CgHqo
1,4-Dimethylbenzene (p-xylene) CgHq9
Ethylbenzene CgH1o
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5.5 Propan-2-one (acetone), CH3COCHg, as solution aid.

Determine its reagent blank according to 7.3.

5.6 Internal standard, e.g. deuteromethylbenzene (toluene-dg).

6 Sampling and sample preparation

Collect the samples in non-actinic glass conical-shoulder bottles (4.1). Use separate sets of containers for samples
of waters with-different levels-of BT X-content

Take care that the temperature of the samples is not raised during transport.

If possible| start the extraction within 2 days after collection of the sample. If the sample has'to be stofed longer
than 2 dayp, keep it in the conical-shoulder flasks and store it at 4 °C in the dark.

It is preferable to perform the extraction procedure as soon as possible, as the extragts*are more stable¢ than the
samples.

Automatic [samplers are only suitable if they are composed of glass and metals only, with as little possibje plastics
materials, pnd if they are not used under reduced pressure. Cool the sampling container to about 4 °C and use a
glass tube[immersed in the sample container to transfer sample subquantities, to avoid losses.

7 Procedure

7.1 Extrpction

The extradtion ratios depend on the expected BTX mass concentration; recommended ratios are given in fable 1.

Table 1 — Recommended ratios

organ‘ilgl::tll:i;a:t:;mple Expected concentration range
1:100 1to 10 pg/l
10:100 10 to 100 pg/!
50:50 100 to 1 000 pg/l
100:10 1to 10 mg/l

Higher BTX concentrations may be determined by dilution of the extract.

Cool the sample to approximately 4 °C, transfer to a graduated flask with graduated neck, add the internal standard
(5.6) if applicable, and cover with the appropriate volume of pentane (5.3).

It is also possible to weigh the sampling bottle prior to sampling and after sampling to determine the volume, and
add the pentane directly to the sampling bottle.

Extract by stirring with the magnetic stirrer or on a mechanical shaker or by shaking manually for 5 min.

To avoid losses through evaporation, it is recommended to cool the flask with ice during extraction.
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If less than half of the original volume of pentane is recovered, repeat the extraction with a different
(larger volume of pentane).

For small volumes of organic phase, use the microseparator (4.11) with the quartz wool plug to improve

ISO 11423-2:1997(E)

phase ratio

separation.

Add water into the leg of the separator to force the organic phase into the riser tube. The quartz wool helps phase

separation and keeps back suspended matter as well.

After completion of the phase separation and recovery of a sufficient volume of pentane, analyse an aliquot of the

extract using the gas chromatograph as soon as possible.

If an immediate analysis is not possible, transfer to a sample vial and store in the dark, preferably at 4 °C. Extracts

are stable for about 20 days

7.2 Gap chromatography

Adjust the gas chromatograph according to the manufacturer's instructions.
To ensure identification of the respective compounds, use at least two capillary columns with differer
phases 4nd different polarities. It is advantageous to have both capillary columns mounted on one
simultangous sample injection.

Glass or
with varigble phenyl content, may be used (see annex B).
For deteq
may be

compour

tion, use a flame ionization detector (FID) with linear operating characteristics over the measur
necessary to use a selective detector (e.g. mass spectrometer, photo-ionization detector)
d identification.

Use of ty
columns
higher or

vo columns with differing polarities does not completely exclude peak overlap. If the results f
used differ, peak overlap may be the reason; inthis case the lower value is usually more accur
e.

7.3 Blank measurement

Benzene
to and dyiring a series of analyses. Blank measurements should include all steps of the analytical pro
sampling to the evaluation of thelgas chromatogram. If blank values are unusually high (more than
lowest nmeasured values), every step in the procedure shall be checked in order to find the reason fo
blank values. Blank values should be reduced as much as possible by various procedures such as e

t stationary
injector for

silica columns, coated with silicone or methyl silicone separating phases cross-linked (chemically bonded)

ng range. It
to improve

om the two
ate than the

is present ubiquitously in trace'levels. For this reason, perform blank determinations using water (5.1) prior

cedure from
10 % of the
F these high
imination of

contamirfation of the sample)by ambient air and checking of the gas chromatographic or integration parameters.

If sample concentrations are close to the limit of detection, however, blank values higher than 10 % o
measurefd value shall'be tolerated.

The blank valué shall be deducted only if the standard deviation of the blank value does not significantly
standard| deviation of the calibration function.

f the lowest

exceed the

7.4 Identification of individual compounds

Identify an individual compound by comparing its retention time in the sample with that corresponding in the

calibration solutions.

In order to ensure correct identification, the retention times should not differ from one another in a series
by more than + 0,02 min, given comparable concentration, or = 0,02 % of relative retention times under
using an internal standard.

of analyses
2 min when
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If there is no peak at the characteristic retention time using one column only, and the chromatogram is normal in all
other respects, the substance is deemed not to be present.

If there is a peak at the characteristic retention time, the presence of the substance is possible, and the identity of
the substance shall be confirmed by further analysis.

If there is also a peak at the characteristic retention time on a column with a different polarity, the presence of the
substance is very probable. The confidence level of the determination is higher if the polarities of the columns are

very different.

In highly polluted samples or samples with a complex matrix, the use of a third column may be necessary.
For a highefe 1

In low-polldted waters, or waters whose matrix is well known before the analysis, identification is"very|probable
using one golumn only, and quite certain using two.

The evaluation of the certainty of identification lies with the analyst and shall be describedrin-¢onjunction with the
results.

8 Calibration and adjustment

8.1 General

There are three possibilities for the establishment of the calibration function:

a) calibrajion of the gas chromatographic step alone, using an external standard (8.2);

b) calibration of the total method, including the extraction, using an external standard (8.3);

c) calibration of the total method, including the extraction, using an internal standard (8.4).

Procedure R) (8.2) checks the extract only; b)'(8.3) checks the extraction procedure; it is used for routine galibration
before and|after the series of analyses pefformed. The two procedures together may be used to determing recovery
rates.

Procedure ) (8.4) is the most ac¢urate method of calibration and is strongly recommended.

The calibration function obtained for a particular determinand is valid only for the concentration range and the
sample pretreatment concerned. It is also dependent on the working condition of the chromatographi¢ system,
which has fto be checked. regularly. For routine purposes an adjustment of the calibration function by sihgle-point
calibration [s sufficieqt:

See tables |2 toc4'\for preparation of dilution series.

Check the linearity of thecatibrationrcurve:

1) When registering mass spectrometer signals with fixed mass adjustments, it should be noted that the identification of the
molecular ion or main fragment ion alone is not enough for identification. It is necessary to use at least one other typical mass
for identification. Using the complete spectrum is preferable.
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8.2 Calibration of the gas chromatographic step using an external standard

2:1997(E)

Establish the calibration function by the measurement of several standard solutions (solution of the determinand in
pentane, see table 2). If the retention times of the determinands are known, several substances may be determined

in one wo

rking cycle.

Dilute the stock solution with pentane to obtain a diluted solution, which is then further diluted to give the calibration

solutions.

Dilution factors above 1:100 shall be avoided.

Inject the calibration solutions and pure pentane as zero solution into the gas chromatograph and evaluate the
response. Plot the measured values y;, against the mass concentration p;.

The injeclion volume shall be the same for calibration and analysis.

Yie

where

Yie

(mie‘ Pie ) +b

is the measured value of the determinand i, as e.g. peak height or peak area;

is the slope of the calibration function of the determinand i;

is the mass concentration of the determinand i in the calibration solution, in micrograms per |
is the intercept of the calibration function with the ordinate, as‘e'g. peak height or peak area.

8.3 Calibration of the total method using an external standard

For the ¢
one (5.4

hlibration of the total method, use aqueous soltitions of the compounds to be determined. Usg
as solution aid, to ensure rapid and -even distribution of the compounds in water. (

concentration of the solution aid so that the volume added is as small as possible (1 ml per litre of

maximum

), so that there is no interference with the distribution equilibrium.

8.3.1 Preparation of the stock, spiking and calibration solutions

Prepare

compoun|
(stock so
the comp)

The stoc
weighing
substanc

d in 100 ml propan-2-one and calculate the exact mass concentration using the densities give
ution S1). See table 4 for an example. As an alternative for lower concentration ranges, dissol
pund in 100 ml propan-2-one (stock solution S2).

« solution may also be prepared by drawing up the liquid standard substances into microlitre s
the full'and emptied syringes. It is recommended to wear fabric gloves and to draw up tH
bs completely into the body of the syringe.

tre;

P propan-2-
Choose the
water as a

he spiking and calibration’solutions using a stock solution prepared by dissolving 5 ml of the relevant

n in table 3
e 500 pl of

yringes and
e standard

To a 250

ml-flask filled with 200 ml water (5.1) add. by means of a syringe or pipette, 0.2 ml of the stock

solution(s)

in propan-2-one, dipping the tip of the syringe needle into the water.

For the blank value, add propan-2-one only to the water.

Mix and extract with pentane, using the procedure described in 7.1.

Store the

stock solutions preferably at 4 °C in the dark; they are stable for at least a week.

Prepare the calibration solutions immediately before use.
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Table 2 — Example of a dilution series for benzene for the preparation of calibration solutions
Initial solution Dilution step Mass concentration?) Designation

Stock solution 1 ml benzene 1:100 8,78 mg/mi S

First dilution S 1:100 87,8 ng/ml D1

Further dilutions D1 8:10 70,2 ng/ml
6:10 52,7 ng/ml
4:10 35,1 ng/ml
2:10 17,6 ng/ml
1:10 8,78 ng/ml

1) To caldulate the mass concentration of BTX substances, use the densities given in table 4.

Table 3 — Densities of benzene and its derivatives

Compound Density
g/ml at 20 °C
Benzene 0,878
Methylbenzene 0,867
1,2-dimethylbenzene 0,881
1,3-dimethylbenzene 0,865
1,4-dimethylbenzene 0,861
Ethylbenzene 0,867
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Table 4 — Example of a dilution series for benzene for the preparation of standard and spiking solutions

Resultant mass
Measuring range First dilution Second dilution Third dilution :ﬁ:cset::\r::&n;:‘
spiking solution
mg/l A B C A B C A B Cc ug/ml
1to 10 S1 1:20 D1.1 2200
S1 1:10 D1.2 4 400
St 3:20 D1.3 (IS 600
st | 210 | D14 $ 800
S1 5:20 D1.5 [t 000
S1 2:10 D1.4 D1.4 1:10 | D1.41 880
S1 5:20 D1.5 D.1.5 1:10 | D1.5.1 100
100 fo 1 000 S2 1:20 D2.1 220
S2 1:10 D2.2 440
S2 3:20 D2.3 660
S2 2:10 D2.4 880
S2 5:20 D2.5 100
S2 2:10 D2.4 D2.4 1:10 | D24 88
S2 | 520 | D25 | D25 | 1:10 \|D2.5.1 110
10 o 100 S2 1:10 D2.2 | D2.2 1:20 D3.1 22
D2.2 1:10 D3.2 44
D221 3:20 D3.3 66
D2.2 2:10 D3.4 88
D2.2 5:20 D3.3 110
D2.2 | 2:10 D3.4 | D34 1:10 | D3.4.1 8,8
D2.2 5:20 D3.5 D3.5 1:10 D3.5.1 11
1jto 10 S2 +100 D3.2 D3.2 1:20 D4.1 2,2
D3.2 1:10 D4.2 4,4
D3.2 3:20 D4.3 6,6
D3.2 | 2:10 D4.4 8,8
D3.2 5:20 D4.5 11
D3.2 | 2:10 D44 | D44 1:10 | D4.4.1 0,88
D3.2 5:20 D45 | D45 1:10 | D4.5.1 1,1
NOTE — A = solution to be diluted, B = dilution factor, C = designation of the diluted solution.
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8.3.2 Preparation of the calibration curve

Analyse, beginning with the lowest concentration, the calibration solutions using the gas chromatograph according
to the manufacturer's instructions.

Inject 1 ul to 2 pl each of the extracts.
Plot the measured values yeyj against the mass concentration pjgy;.
The injection volume shall be the same for calibration and analysis.

Calculate the linear calibration function using the following equation:

Yiet = (M- Piet) + i

where
Yiet is the measured value of the determinand i, as e.g. peak height or peak area;
mit is the slope of the calibration function of the determinand i;

Piet  |is the mass concentration of the determinand i in the calibration solution;-in micrograms per litre;

’

byt is the intercept of the calibration function with the ordinate, as e.g. peak height or peak area.

Check the lipearity of the calibration curve.

8.4 Calibration of the total method using an.internal standard

This is an igependent method for determination of.the BTX concentrations, and is not influenced by injection errors,
the volume fatio of water to pentane, or matrix.effects in the sample, provided the recovery of the compounds to be
analysed is jabout equal to that of the standard.

Choose as finternal standard a substance whose physical and chemical properties (such as extraction behaviour,
vapour pregsure, retention time, response in the FID) are similar to those of the compounds analysed. Naither this
substance, [nor a substance with,the same retention time, may be a constituent of the sample. An accurately
measured mass of this internal-standard | is added to the sample before analysis.

The choice [of the internak standard depends on the analytical problem and is sometimes difficult. The suitability of
the chosen standard.shall be checked in each case. It is possible to use several internal standards.

One possible internal standard is deuteromethylbenzene (toluene-dg)?). Add a specified mass (e.g. 10 {g) of the

internal standard dissolved in propan-2-one to a specified volume of sample (e.g. 200 ml). The mass condentration
py must be &em*mhﬁcmmmﬁmmmmmmmmmn%one

so that the amount of propan-2-one added is less than 1 mi/l.

Determine the calibration function by regression analysis using the ratios y;/y; and p;/p;.

2) For the determination of substances with higher boiling points, indene may be a suitable internal standard.

10
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Calculate the concentration of the determinand from the ratio of the peak area of the determinand to that of the
internal standard. Prepare the standard solutions as described in 8.2, spike with the internal standard, extract and
analyse with the gas chromatograph. Obtain the calibration curve by plotting the ratio of the mass concentrations
against the ratio of the peak areas (or peak heights):

Jet [mlit'ﬂig't'] + biip

Vet Piet
where
viet _ isthe measured value of the determinand i, as e.g. peak height or peak area,
Yiet is the measured value of the internal standard |, as e.g. peak height or peak area;
my | is the slope of the calibration function describing the ratio of the measured values y;gi/piet, plso called

response factor;
Piet is the mass concentration of the determinand i in the calibration solution, in micrograms per lifre;

Pet | is the mass concentration of the internal standard | in the calibration solution, in micrograms per litre;
biit is the intercept of the calibration function with the ordinate, as e.g. peak height or peak area.

8.5 Determination of the recovery rate

Determing the substance-specific mean recovery X, of the determinand i using the calibration function (8.2 and 8.3)
and the fqllowing equation:

Lo m;-Vs
FV
where

A is the mean recovery;

m; is the slope of the calibration' function (8.2) of determinand i, also called substance-specific response
factor;

miy is the slope of the calibration function (8.3) of determinand i, also called substance-specific response
factor;

f is the conversion factor (here f= 1 000);

F, is the rati6/of the volumes of extraction liquid and sample. This factor shall be calculated| taking into

account.sample volume, extractant volume, dilution factors (if applicable) and injection volumes, if they
differ'frem those used at calibration. The following equation applies:
Ve f

F,
v Ve

Vg is the extractant volume;
Vs is the sample volume.

Use 4 to correct the results of 8.9. The recovery rate is valid only for the phase volume ratio for which it is
determined. Table 5 gives an example for recovery rates in double-distilled water. The calibration according to 8.2
and 8.3 refer to water (5.1), and cannot therefore take into account matrix effects in contaminated water. Only
calibration method 8.4, if necessary using standard addition as well, takes into account these matrix effects.

11
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In certain g
these case

©1SO
Table 5 — Recovery rates of aromatic compounds in relation to phase volume ratio,
matrix: double-distilled water
Compound Phase volume ratio Recovery rate Measuring range
Benzene 1:100 0,83
Methylbenzene 1:100 0,87
Ethylbenzene 1:100 0,95 10 pg/l to 100 pg/l
1,2- and 1,3-dimethylbenzene 1:100 0,93
1,2-dimethylbenzene 1:100 0,91
Methylbenzene 1:1 0,84 up to 1 mg/l
8.6 Calibration in case of a nonlinear calibration function
oncentration ranges it may be necessary to consider the possibility of\a nonlinear calibration function. In
s it may be necessary to use the calibration data and process them. with an integrator or calculator in

order to ob

)’ie=‘P2+bP+C

may be use¢d, where

Yie

p

a, b, c | are empirical factors.

9 Calcu

Calculate t

lation and expression of results

tain a constant nonlinear regression function. The equation:

he result to at least three significant digits and express it as described in 9.4.

is the measured value of the determinand i, as e:g. peak height or peak area;
is the mass concentration of determinand i in\the water sample, in milligrams per litre;

9.1 Calculation of the individual results for multipoint calibration of the gas chromatographic
step using an external standard
Use the following ‘equation for the calculation of the mass concentration of determinand i:
p, = A Ve
A
where
pi is the mass concentration of determinand i in the water sample, in nanograms per litre;
yi isthe measured value of determinand i, as e.g. peak height or peak area (see table 7);
m; is the slope of the calibration function of determinand i, also called substance-specific response factor;
b; is the intercept of the calibration function with the ordinate, as e.g. peak height or peak area (see table 7);
A; is the mean recovery;

12
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Fy is the ratio of the volumes of extraction liquid and sample. This factor is calculated taking into account
sample volume, extractant volume, dilution factors (if applicable) and injection volumes, if they differ
from those used at calibration. The following equation applies:

Ve
m:—ii
VS
VE is the extractant volume;

Vs is the sample volume.

9 000

8100 -

7200

T
s
2

6300

5400

4500

3600

¥ie OF Viet 3S peak area x 100

Yiet = 6533 pjer - 6505

2700

1800

900 I~

0 ] ] 1 1 1 1 1 1 ] ]
0 22 L 66 88 110

Qie OT Diet. pg/l

m = 81488

mj, = 6 533

Vp =200 ml

Ve=2ml

6 533-1000-2
81488-200

A =

A;=0,80

Figure 2 — Example of determination of recovery rate for i = benzene
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Table 6 — Example of values obtained at calibration for i = benzene

j bie ¥ie @s peak area
ng/l
1 0,275 18 000
2 0,55 49 000
3 2,2 178 000
4 4,4 357 000
5 6,6 537 000
6 8,8 717 000
7 11,0 896 000

Result of the regression analysis:

m; = 81 488
bi = — §46

Regression equation:

Yie=8

488-p;, — 546

Mean recoYery A; = 0,80 (measuring range 8,8 g/l to 110 ug/l)

Sample vol

me Vg =200 ml

Injection vglume = 1 pl

Measured

Calculation

—_

alue in the sample: y; = 420 437

of the individual result to three significant digits:

420 000 + 546) « 2/200

pi =

=63

9.2 Calc

81488 0,80 x 1000

,5 ng/l

external standard

Use the fol

owijngequation for the calculation of the mass concentration of determinand i:

—

Pit =

where

Pit

14

Vit — O)

mit

is the mass concentration of the determinand i in the water sample, in ug/l;

is the measured value of the determinand i, as e.g. peak area;

©|SO

plation of the-individual results for a multipoint calibration of the total method using an

is the slope of the calibration function of the determinand i, also called substance-specific response

factor;

is the intercept of the calibration function with the ordinate, as e.g. peak height or peak area.
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Figure 3 — Example of calibration curve for i = benzene

9.3 Summary of results

A quantitative result may be obtained only after the substance has been identified according to 2.6.3.

The results achieved according to 2.6.1 are individual results for each separation system, the final quantifative result
being derjved in one of the following-procedures.

a) If the| difference between the individual results is < 10 % of the lower result; calculate the arithmetic mean.

b) If thq difference is->.30 %, choose the lower result, provided that it is checked that these results|are due to

leakdge in the GC'system. The higher value may result from peak overlap. If this procedure is ¢hosen, the
quanttitative result shall be marked as “obtained by a single separation only”.

9.4 Expression of results

Report the mass concentration of benzene and derivatives to the nearest milligram per litre, giving two significant
digits.

EXAMPLES:
benzene 8,0 mg/l
methylbenzene 110 mg/l
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10 Precision and accuracy

For precision and accuracy data see annex A; data were obtained by an interlaboratory trial performed in Germany
in 1991.

11 Test report

The test report shall include the following information:

a) a referencetothis part of ISO 11423 and the extraction method;
b) all infgrmation necessary for complete identification of the sample;
c) sample pretreatment, if applicable;

d) quality of the results obtained (separation with one or more systems, simultaneous or separate injectign);
e) expregsion of results according to 9.4;

f)  method used in case the calibration function is not linear (see 8.5);

g) detailg of any operations not included in this part of ISO 11423, or regardéd)as optional, togethet with any
circunjstances that may have affected the results.
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Annex A
(informative)

Precision and accuracy data

An interlaboratory trial in 1991 gave the results shown in tables A.1 to A.4.

Table A.1 — Spiking concentrations in drinking water, surface water and waste water

Concentration in

Concentration in

Concentr:ton in

ISO 11423-2:1997(E)

Compound drinking water surface water waste water
pg/l pg/l pg/l
Benzene 4,2 59 95
Methylbepzene 2,1 11,7 23
1 ,2-dime‘hylbenzene 3,2 9,7 49
1,3-dimefhylbenzene 2,1 7,0 35
1,4-dimethylbenzene 41 81 23
Ethylbengene 12,4 5,9 12
Chlorobenzene 13,1 22,4 150
Ethenylbgnzene 5.4 12,2 61
1,4-dichlprobenzene — 32,1 268
Benzylidéne dichloride — 25,4 509
Benzyl chloride — 29,7 596
Indene 59 67 67
For tableg A.2 to A.4 the following abbreviations apply:

L number of laborateries

N number of analyses

O percentage of outliers

x overall-average

SR réproducibility standard deviation

CVy rfeproducibility variation coefficient
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Table A.2 — Accuracy data for drinking water

Compound L N o] b3 Sk CVig
% mg/l mg/l %

Benzene 6 46 0 3,24 1,4 43,3
1,2-dimethylbenzene 6 45 15,1 3,15 1,2 38,2
1,3-dimethylbenzene + 6 42 12,5 5,96 1,41 23,6
1,4-dimethybenzene
Ethylbenzene , 6 44 15,4 12,12 1,82 15,0
Chlorobenzene 7 52 0 12,44 4,76 38,2
Fthenylbenzene 6 47 16,1 5,37 1,04 194

Table A.3 — Accuracy data for surface water

Compound L N o X SR CVi
% mg/l mg/| %
Benzene 9 58 6,5 4,55 1,34 29,4
Methylbenzene 10 70 54 10,67 2,56 24,0
,2-dimethylbenzene 10 66 10,8 8,2 2,01 245
,3-dimethylbenzene 7 23 0 6,33 1,6 25,4
,4-dimethylbenzene 6 22 0 4,41 0,71 16,1
,3-dimethylbenzene + 10 70 0 48,14 13,44 27,9
,4-dimethylbenzene
Ethylbenzene 10 65 1,5 4,87 1,20 24,7
Chlorobenzene 9 60 4,8 19,57 3,14 16,1
Fthenylbenzene 7 52 0 10,48 2,24 21,4
,/A-dichlorobenzene 6 38 5 27,96 5,96 21,3
Benzyl chioride 7 42 0 15,21 6,95 45,7
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