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Foreword 

IS0 (the International  Organization for Standardization)  is a worldwide federation of national  standards bodies (IS0 
member bodies).  The work of preparing International  Standards is normal ly carried out through IS0 technical  
committees.  Each member body interested in a subject for which a technical  committee has been establ ished has 
the right to be represented on that committee.  International  organizations,  governmental  and non-governmental ,  in 
l iaison wi th ISO,  also take part in the work.  IS0 col laborates closely wi th the International  Electrotechnical  
Commission (IEC)  on al l  matters of electrotechnical  standardization.  

Draft International  Standards adopted by the technical  committees are circulated to the member bodies for voting.  
Publ ication as an International  Standard requires approval  by at least 75 % of the member bodies casting a vote.  

International  Standard IS0 1 1 423-2 was prepared by Technical  Committee ISO/TC 1 47,  Water qual i ty,  
Subcommittee SC 2,  Physical ,  chemical ,  biochemical  methods.  

IS0 1 1 423 consists of the fol lowing parts,  under the general  ti tle Water qual i ty - Determination of benzene and 
some derivatives:  

- Part 1 :  Head-space gas chromatographic method 

- Part 2:  Method using extraction and gas chromatography 

Annexes A,  B and C of this part of IS0 1 1 423 are for information only.  

0 IS0 1 997 

Al l  rights resewed.  Unless otherwise speci fied,  no part of this publ ication may be reproduced 

or uti l ized in any form or by any means,  electronic or mechanical ,  including photocopying and 
microfi lm,  wi thout permission in wri ting from the publ isher.  

International  Organization for Standardization 
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x.4oo c=ch;  a46Onet;  p=iso;  oisocs;  s=centrai  

Printed in Switzerland 

i i  
                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

                                                                                          

Full document details: ISO 11423-2-1997

http://avadocuments2026.com/doc/iso-11423-2-1997
http://avadocuments2026.com/doc/iso-11423-2-1997


@ IS0 IS0 1 1 423-2: 1 997(E)  

I ntroduction 

This part of IS0 1 1 423 describes an  extraction method of sample treatment fol lowed by the gas chromatography for 
the determination of benzene and derivatives in  water.  

For a head-space procedure see IS0 1 1 423-l .  

Which  of these methods is appl icable in  a given case depends for i nstance on  the type of sample to be analysed 
and the i nstruments avai lable to the analyst.  The method used is then described in  the test report.  
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INTERNATIONAL STANDARD 0 IS0 IS0 1 1 423-2:1 997(E)  

Water qual i ty - Determination of benzene and some derivatives - 

Part 2:  
Method using extraction and gas chromatography 

1  Scope 

The method described is appl icable to the determination of benzene,  methylbenzene (toluene),  dimethylbenzenes 
(xylenes)  and ethylbenzene (abbreviated hereafter to BTX)  in water and waste water in concentrations above 5 pg/I .  
High concentrations may be determined by di luting the extract.  

A number of further derivatives and nonpolar compounds wi th simi lar boi l ing points may also be determined by this 
method.  The appl icabi l i ty of the methods should be verified in these cases for the particular water sample.  

2 Principle 

The unfi l tered sample is extracted wi th a nonpolar solvent (e.g pentane)  and the extract is analysed by gas 
chromatography.  Benzene and i ts derivatives are separated by injection on two capi l lary columns wi th stationary 
phases of di fferent polari ty (e.g.  by simul taneous spl i tting)  and determined using a sui table detector (for 
identi fication of compounds see 7.4).  

3 Interferences 

Loss of BTX may occur during sampl ing,  transport,  storage and preparation of samples due to evaporation and 
stripping.  Other volati le compounds in the ambient air may contaminate water samples and water used for btank 
tests,  leading to high l imits of detection and high blank values,  respectively.  

To avoid errors due to sorption or desorption of consti tuents,  samples should not come into contact wi th plastics 
materials.  

Surfactants,  emulsi fiers and higher contents of polar solvents such as propanone or methanol  wi l l  impair the 
extraction procedure.  Suspended sol ids affect extraction and recovery.  

The presence of a second l iquid phase (e.g.  mineral  oi l ,  volati le organic halogenated hydrocarbons,  emulsi fied 
grease and waxes)  wi l l  affect sampl ing,  sample preparation and extraction.  Only the content of the aqueous phase 
would be determined;  i t is possible,  however,  to determine the content of the second l iquid phase separately.  I f this 
is done,  i t shal l  be stated in the test report.  

Speci fic problems in the gas chromatographic system shal l  be handled according to the manufacturer’s instructions.  

The determination may be hindered by superposition of other hydrocarbons,  for instance mineral  oi l  consti tuents,  
which may also result in column overload.  
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I f the results from the two di fferent columns di ffer signi ficantly,  repeat the analysis wi th another separating phase or 
a specific detector.  

4 Apparatus 

Keep al l  precleaned bottles and vials in an upside-down position for 1  h  at 1 50 “C in a venti lated drying oven before 
use.  After this procedure,  protect them from contamination,  for instance by covering them wi th aluminium foi l  whi le 
they cool  and closing them as soon as they are cool .  

4. 1  Conical-shoulder bottles,  nominal  capaci ty e.g.  2 I ,  of non-actinic glass wi th tight stopper or PTFE- or 
aluminium-l ined cap.  

4.2 Magnetic stirrer with PTFE-coated bars.  

4.3 Pipettes,  capaci ty e.g.  1  ml ,  2 ml ,  5 ml ,  1 0 ml ,  25 ml  and 50 ml ,  made of glass.  

4.4 Gas washing-bottle attachment with ground glass cone and sintered disc.  

4.5 One-mark pipette.  

4.6 Graduated flasks,  capaci ty 1 00 ml ,  250 ml  and 1  000 ml .  

4.7 Gas chromatograph with glass insert assembly and flame ionization detector (FlD)  suppl ied wi th gases as 
speci fied by the manufacturer.  

4.8 Capi l lary columns for gas chromatography (see annex B) .  

NOTE - I f alkanes wi th retention times identical  wi th BTX are expected,  the Kovacs indices are useful  for the choice of the 
columns used.  

4.9 Injection syringes,  capaci ty 1 0 pl ,  50 pl  and 1 00 pl .  

4. 1 0 Microseparator (see figure 1 ) .  

4. 1 1  Quartz wool ,  cleaned wi th pentane and dried.  

5 Reagents 

Use only reagents of recognized analytical  grade and only water complying wi th 5. 1 .  

5.1  Water for di lutions and the reagent blank.  

The BTX content of the water shal l  be as low as possible.  In case of contamination,  the water may be treated as 
fol lows:  

Fi l l  the water into conical-shoulder bottles (4.1 ) ,  place a glass fi l ter near the bottom of the flask,  heat the water to 
approximately 60 “C.  Pass a stream of ni trogen (approximately 1 60 ml/min)  through the water for 1  h,  then al low the 
water to cool  to room temperature whi le sti l l  passing ni trogen through i t.  Close the bottle tightly and store in the 
dark.  
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Dimensions in mi l l imetres 

/Socket 

------Quartz wool  

y Cone and socket 

Figure 1  -  Microseparator 

I f necessary,  pass ni trogen through the water immediately before use.  

Check the qual i ty of the water before and after treatment.  I f contamination is sti l l  detected,  use another gas for 
puri fication,  or puri fy the gas used.  

5.2 Operating gases for the gas chromatography system (nitrogen,  hel ium,  hydrogen,  synthetic air)  according to 
the manufacturer’s instructions.  

5.3 Pentane,  C5H1 2,  checked for absence of BTX by gas chromatography.  

Disti l l  contaminated pentane on a high performance column,  wi th the puri ty of the disti l late fractions being checked;  
i t may be necessary to repeat disti l lation.  

5.4 Cal ibration standard substances,  each of highest puri ty.  

Benzene C6H6 

Methylbenzene (toluene)  C7H8 

1 ,2-Dimethylbenzene (o-xylene)  C8H1 0 

1 ,3-Dimethylbenzene (m-xylene)  C8H1 0 

1 ,4-Dimethylbenzene (p-xylene)  C8H1 0 

Ethylbenzene C8H1 0 
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5.5 Propan-P-one (acetone),  CHsCOCHs,  as solution aid.  

Determine i ts reagent blank according to 7.3.  

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

6 Sampl ing  and sample preparation 

Col lect the samples in non-actinic glass conical-shoulder bottles (4.1 ) .  Use separate sets of containers for samples 
of waters wi th di fferent levels of BTX content.  

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

I f possible,  start the extraction within 2 days after col lection of the sample.  I f the sample has to be stored longer 
than 2 days,  keep i t in the conical-shoulder flasks and store i t at 4 “C in the dark.  

I t is preferable to perform the extraction procedure as soon as possible,  as the extracts are more stable than the 
samples.  

Automatic samplers are only sui table i f they are composed of glass and metals only,  wi th as l i ttle possible plastics 
materials,  and i f they are not used under reduced pressure.  Cool  the sampl ing container to about 4 “C and use a 
glass tube immersed in the sample container to transfer sample subquanti ties,  to avoid losses.  

7 Procedure 

7. 1  Extraction 

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

Table 1  -  Recommended ratios 

Volume ratio 
organic phase :  sample 

Expected concentration range 

1 : lOO 1 to lOpg/l  

1 O: lOO 1 0t01 00pgA 

50:50 1 00to1 000pg/l  

1 OO: lO 1  toiOmg/l  

Higher BTX concentrations may be determined by di lution of the extract.  

Cool  the sample to approximately 4 “C,  transfer to a graduated flask wi th graduated neck,  add the internal  standard 
(5.6)  i f appl icable,  and cover wi th the appropriate volume of pentane (5.3).  

I t  is also possible to weigh the sampl ing bottle prior to sampl ing and after sampl ing to determine the volume,  and 
add the pentane directly to the sampl ing bottle.  

Extract by stirring wi th the magnetic stirrer or on a mechanical  shaker or by shaking manual ly for 5 min.  

To avoid losses through evaporation,  i t is recommended to cool  the flask wi th ice during extraction.  
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I f less than hal f of the original  volume of pentane is recovered,  repeat the extraction wi th a di fferent phase ratio 
(larger volume of pentane) .  

For smal l  volumes of organic phase,  use the microseparator (4. 1 1 )  wi th  the quartz wool  plug  to improve 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 wel l .  

After completion of the phase separation and recovery of a sufficient volume of pentane,  analyse an  al iquot of the 
extract using the gas chromatograph as soon as possible.  

I f 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 Gas chromatography 

Adjust the gas chromatograph according  to the manufacturer’s instructions.  

To ensure identi fication of the respective compounds,  use at least two capi l lary columns wi th  di fferent stationary 
phases and di fferent polari ties.  I t is advantageous to have both  capi l lary columns mounted on  one injector for 
simul taneous sample injection.  

Glass or si l ica columns,  coated wi th si l icone or methyl  si l icone separating phases cross-l inked (chemical ly bonded)  
wi th  variable phenyl  content,  may be used (see annex B) .  

For detection,  use a flame ionization detector (FID)  wi th  l inear operating  characteristics over the measuring  range.  I t  
may be necessary to use a selective detector (e.g.  mass spectrometer,  photo-ionization detector)  to improve 
compound identi fication.  

Use of two columns wi th di ffering polari ties does not completely exclude peak overlap.  I f the resul ts from the two 
columns used di ffer,  peak overlap may be the reason;  in this case the lower value is usual ly more accurate than the 
higher one.  

7.3 Blank measurement  

Benzene is present ubiqui tously in trace levels.  For this reason,  perform blank determinations using water (5. 1 )  prior 
to and during a series of analyses.  Blank measurements should include al l  steps of the analytical  procedure from 
sampl ing to the evaluation of the gas chromatogram.  I f blank values are unusual ly high (more than IO % of the 
lowest measured values) ,  every step in the procedure shal l  be checked in order to find the reason for these high 
blank values.  Blank values should be reduced as much  as possible by various procedures such as el imination of 
contamination of the sample by ambient  ai r and checking of the gas chromatographic or integration parameters.  

I f sample concentrations are close to the l imit of detection,  however,  blank values higher than 1 0 % of the lowest 
measured value shal l  be tolerated.  

The blank value shal l  be deducted only i f the standard deviation of the blank value does not signi ficantly exceed the 
standard deviation of the cal ibration function.  

7.4 I denti fication of i ndividual  compounds 

Identi fy an  individual  compound by comparing  i ts retention time in the sample wi th  that corresponding  in the 
cal ibration solutions.  

I n  order to ensure correct identi fication,  the retention times should not  di ffer from one another in a series of analyses 
by more than f 0,02 min,  given comparable concentration,  or f 0, 02 % of relative retention times under 2 min  when  
using an  internal  standard.  

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Full document details: ISO 11423-2-1997

http://avadocuments2026.com/doc/iso-11423-2-1997
http://avadocuments2026.com/doc/iso-11423-2-1997

