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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
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Introduction

Polycyclic aromatic hydrocarbons (PAH) are present in nearly all types of waters. These substances are
adsorbed on solids (sediments, suspended matter) as well as dissolved in the liquid phase.

Some PAH are known or suspected to cause cancer. The maximum acceptable levels of PAH in waters
intended-fer-human-corsurmplion-are-givern-Eurepean-egislation 11121 [3] r41

o CToOTTToT o - CoOTTo T T o toTr T arc gty e i e o opear ETgroator

The |[sum of the mass concentrations of the six PAH specified in this part of ISO 7981 (hormally is about
0,01)ug/l to 0,05 ug/l in ground water and up to 1 ug/l in surface water.

© 1SO 2005 - All rights reserved \
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INTERNATIONAL STANDARD
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Water quality — Determination of polycyclic aromatic
hydrocarbons (PAH) —

Part 1:
Determination of six PAH by high-performance thin-layer

chromatography with fluorescence detection after liquid;
extraction

liquid

WARNING — Some substances being measured are presumed to be carcinogenic. Acefonitrile and

hexane are harmful.

Pergons using this part of ISO 7981 should be familiar with normatJaboratory practise. Th

is standard

doeg not purport to address all of the safety problems, if ahy, associated with its use. It is the

responsibility of the user of this part of ISO 7981 to establish appropriate safety and health practices
and to ensure compliance with any national regulatory conditions.

IMPORTANT — It is absolutely essential that tests conducted according to this part of ISO 7981 be
carried out by suitably trained staff.

1 BScope

This|part of ISO 7981 specifies the determination of six selected PAH in drinking water by high-performance
thin-fayer chromatography with fluoréscence detection after liquid-liquid extraction. The six PAH are:
fluorgnthene, benzo[b]fluorantheng,’ benzo[a]pyrene, benzo[k]fluoranthene, indeno[1,2,3-cd]pyrene, and
benZo[ghi]perylene (see Table 1).

A screening method (method A) is described to exclude those samples containing less than 20 % of the limit

valugs given in References\[1], [2], [3] and [4].

A qy

6 PAH). Higher coneéntrations can be determined by using a smaller aliquot of the sample.

With
pollu

antitative method-(method B) is also described, with a working range of 40 ng/l to 240

some modifications, this method is also applicable for the analysis of ground waters ang
ted sdrface waters.

ng/l (sum of

moderately

2

Principle

Since PAH can to a large extent be adsorbed on particulate matter, the whole test sample is analysed.

NOTE

but this is not relevant for drinking water.

For the analysis of surface water, a differentiation between dissolved and undissolved PAH may be desirable,

PAH are extracted from the water sample by liquid-liquid extraction. The extract is evaporated to dryness and
the residue is taken up in a solvent and analysed.

Extracts of surface waters and other contaminated water samples should be cleaned prior to analysis (7.4).

© I1SO 2005 — All rights reserved
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PAH are then separated by high-performance thin-layer chromatography (HPTLC) on appropriate stationary
phases and detected either visually or by in situ fluorescence measurement at constant or differing
wavelength combinations.

Table 1 — Polycyclic aromatic hydrocarbons determinable by this method

Name Chemical Molar mass Carl)_on CAS-number Structure
formula fraction
g/mol
/O\

Fluorantheng CigH10 202,26 95,0 206-44-0 O
Benzo[b]fluofanthene CooH12 252,32 95,2 205-99-2 @@.
Benzo[a]pyrgne CooH12 252,32 95,2 50-32-8 ©©©©©
Benzo[k]fluofanthene CooH12 252,32 95,2 207-08-9 @@’
Indeno[1,2,3{cd]pyrene C22H12 276,34 95,6 193-39-5 ©©O
Benzo[ghi]pgrylene CooHyo 276,34 95,6 191-24-2 @‘@
3 Interfegrences
3.1 Interqerences with screening method (method A)

Other compounds and/or impurities can interfere in the screening method, thus the use of spectroscopic
identification is recommended in order to lower the occurrence of false positives in screening test samples.

It may be necessary to clean coloured extracts or test samples known to contain other organic substances on
silica prior to analysis (7.4).

3.2 Interferences with sampling and extraction
Use sampling containers made of materials (preferably of glass or steel) that do not affect the test sample

during the contact time. Avoid plastics and other organic materials during sampling, sample storage or
extraction.

2 © 1SO 2005 — Al rights reserved
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If automatic samplers are used, avoid the use of silicone or rubber material for the tubes. If present, make
sure that the tubes are as short as possible. Rinse the sampling line with the water to be sampled before the
test sample is taken. ISO 5667-2 and ISO 5667-3 can be used for guidance.

Keep the samples from direct sunlight and prolonged exposure to light.

During storage of the test sample, losses of PAH can occur due to adsorption on the walls of the containers.
The extent of the losses depends on the storage time.

3.3

Interferences with HPTLC

Subs
intert
depe
mak
Corre

The

4

Use
avail

Mon
Clau

4.1
4.1.1
4.1.1
4.1.1
4.1.1
Othsg

NOT!
stren
of h
dichl

tances that exhibit either fluorescence or quenching and co-elute with the PAH to be det
ere with the determination. These interferences can lead to incompletely resolved -signd
nding on their magnitude, affect the accuracy and precision of the analytical results) Band
b an interpretation of the result impossible. Unsymmetrical bands and bands -broad
sponding bands of the reference substance suggest interferences.

dentity and purity of the bands can be checked by recording the excitation andemission speq

Reagents

only reagents of recognized analytical grade (e.g. “for residue“analysis” or “for HPLC analys
able, and only distilled water or water of equivalent purity showing the lowest possible fluores

tor the blank to guarantee that the reagents do not, contain PAH in detectable concent
5e 11).

Solvents
Extraction and clean-up solvents
A Cyclohexane, CgH,,
2 Hexane, CgH,4
3 Dichloromethane,-CH,Cl,
r volatile solvents.may be used as well, if it is proved that the recovery is equivalent or better,

E Dichloremethane often contains stabilizers, e.g. ethanol or amylene. Stabilizers can influen
hth of the eluent. Without stabilizer, free radicals might develop. This can lead to degradation of PAH.
drogen chloride indicates the presence of radicals. Hydrogen chloride can be determined

romethane with water and measuring the pH value.

ermined can
Is and can,
overlap will
er than the

tra.

s”) as far as
cence.

rations (see

e the elution
The presence
by extracting

4.1.2

HPTLC solvents

4.1.21 Methanol, CH;0OH

41.2.2 Acetonitrile, CH;CN

4.1.2.3 2,4-dimethyl-3-oxypentane (diisopropyl ether), CgH4,0

41.2.4 2-propanol (isopropanol), C;H,0H

4.2

4.3

Sodium thiosulfate pentahydrate, Na,S,05-5H,0

Sodium chloride, NaCl

© I1SO 2005 — All rights reserved
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4.5

4.6
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m sulfate, Na,SO,, anhydrous, precleaned by heating to 500 °C.

Nitrogen, having a purity (volume fraction) of at least 99,999 %.

maximum activity.

NOTE

4.7 Molec
4.8

4.9

410 Refer
Because of

available, pr

4.11 Singlé-substance stock solutions, of those listed in Table 1, diluted«in* cyclohexane (4.1.1.

methanol (4

4.12 Multiple-substance stock solution, preferably certified, diluteddn cyclohexane (4.1.1.1) or meth

(4.1.2.1) to
reference su

413 Calibr

Transfer 20
(5.14) and m

1 ml of this
4 ng, 8ng, 1

NOTE T
protected fron

5 Appar

Use standar

Clean all glg
at about 120

Liquid paraffin

bnce substances (see Table 1)

bferably certified, standard solutions. Avoid skin contact.

Prepacked silica cartridges are commercially available.

ular sieve beads, pore size 0,4 nm.

he dangerous nature of the substances to be used, it is highly recommended te use commer,

1.2.1) to a mass concentration of, for example, 10 ug/ml.

a mass concentration of, for example, 10 pg/ml for flueranthene and 2 ug/ml for the
bstances (4.10).

ation solutions

ul, 40 pl, 60 pl, 80 pl, 100 uyl and 120 pl of the stock solution (4.12) into a graduated 10 ml
ake up to volume with cyclohexane (4.1.1) or methanol (4.1.2.1).

reference solution contains 20 ng, 40.ng, 60 ng, 80 ng, 100 ng and 120 ng of fluorantheng
2 ng, 16 ng, 20 ng and 24 ng of the other reference substances (4.10).

ne solutions 4.11 to 4.13 are stable for at least one year when stored in the dark at room temperatur:
h evaporation.

atus

 laboratory-apparatus, cleaned to eliminate all interferences.

ssware;-for example by rinsing with detergent and hot water, and dry for about 15 min to 3(
°C«After cooling, rinse with acetone, seal the glassware and store in a clean environment.

Silica, with an average particle size of approximately 40 um and stored in a desiccator to ensure

cially

1) or

anol

bther

flask

and

e and

min

Glassware I

| . " eswith-hgh-PAH .

not be re-used for drinking water analysis.

5.1
stopper.

5.2
frequency of

5.3

1 000 min—".

Measuring cylinders, nominal capacities 10 ml, 25 ml and 1 000 ml.

shall

Brown glass bottles, narrow-necked, flat-bottomed, nominal capacity 1 000 ml, with solid glass

Magnetic stirrer with stirring rods, PTFE-coated, kept under cyclohexane, with a maximum rotational

5.4 Separating funnel, nominal capacity 1 000 ml, with PTFE stopcock, kept under cyclohexane, and glass

stopper, e.g.

a Squibb funnel.

© 1SO 2005 — All rights reserved
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5.5 Conical flask, nominal capacity 100 ml, with glass stopper.
5.6 Reduction flask, nominal capacity 50 ml (see Figure C.1).

5.7 Centrifuge with rotor and centrifuge tubes, with tapered bottom, nominal capacity 50 ml (see
Figure C.2) and with a rotational frequency of about 3 000 min~1.

5.8 Pasteur pipettes
5.9 Evaporation assembly, such as a rotary evaporator with vacuum stabilizer and water bath.
5.10[ Shaking apparatus, with adjustable rotational speed, suitable for test tubes. ., |

5.11| Blow-down assembly, nitrogen pressure cylinder with pressure-reducing valve and_neeflle valve for
fine adjustment.

5.12| Polypropene or glass cartridges, filled with at least 0,5 g silica (4.6).
5.13| Glass vials, e.g. centrifuge tubes, nominal capacity 10 ml, with glass stoppers.
5.14| Graduated flasks, nominal capacity 10 ml, 20 ml, 100 ml and 250°ml.

5.15| High-performance thin-layer precoated plates, e.g. silica™60, preferably with fluorescemce indicator
withgut concentrating zone.

For gaffeine impregnation of the silica plates, dip the precoated plates by means of a mechanical dipping
devige during 4 s into a solution containing 4 g caffeine (4.8) in 96 g dichloromethane (4.1.1.3). Dry the plates
for 3D min at 110 °C, and store in a desiccator until use.

Prioff to use, clean the pretreated plate by blank chromatography to the upper edge, dry for 30 mjn at 110 °C,
and $tore in a desiccator until use.

NOTE These plates are commercially available.

5.16| High-performance thin-layer precoated plates, e.g. RP-18, preferably with fluorescence indicator
and without concentrating zone.

5.17| Development chamber, for low consumption of mobile phase, suitable for trace analysis.

5.18| Automatic dosing and application device, suitable for spot and band applications, qr microlitre
syrimges.

5.19 UV lamp; 6perating at 366 nm.

5.20| TLC/scanner, for the direct fluorimetric measurement.

6 Sampling

When sampling drinking water from a tap of the water supply, collect the test sample prior to sterilizing the tap
for bacteriological sampling.

Plastics materials — with the exception of polytetrafluoroethene (PTFE) — may not be used during sampling
and sample treatment, as losses may occur due to adsorption of PAH on the material. Take care during
handling of the samples to keep them from direct sunlight, as PAH may decompose.

Collect the test sample in brown glass bottles (5.1) of known mass. Dechlorinate water samples containing
chlorine by immediately adding approximately 50 mg of sodium thiosulfate (4.2).

© 1SO 2005 — All rights reserved 5
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Fill the bottle to the shoulder (approximately 1 000 ml) and store the test sample at about + 4 °C and protected
from light until the extraction is carried out. Ensure that the extraction is carried out within 24 h after sampling
in order to avoid losses due to adsorption. If the complete analysis cannot be performed within 24 h, the
following procedure shall be performed within this time limit. If necessary remove part of the homogenized
sample from the sampling bottle until a sample volume of about 1 000 ml + 10 ml remains, and determine the
volume of the test sample by weighing the bottle. Add 25 ml of cyclohexane (4.1.1.1) and shake well. The

pretreated test sample may be stored for 72 h at about + 4 °C, protected from light.

7 Procedure

7.1 Extraction

Take care diiring the handling of the samples to keep them from direct sunlight, as PAH can decompose.
Homogenizq the test sample, e.g. with a magnetic stirrer. Remove a part of the test sample-from the sampling
bottle until g test sample volume of about 1 000 ml + 10 ml remains, and determine thé)yolume of thqg test
sample by weighing the bottle.

Add 20 g of sodium chloride (4.3) to improve the extraction efficiency. Add 25 ml of.cyclohexane (4.1.1.1) and
mix. Keep the test sample in a cool and dark place until the extraction is carried ©ut.

Add a stirrinfg rod and put the lid on the bottle. Then thoroughly mix the test.sample using the magnetic stirrer
(5.2) at maximum setting (1 000 min—1) for 60 min. Transfer the test sample to a separating funnel (5.4} and
allow the phases to separate for at least 5 min.

For the extrpction of waste water and other water samples with*high concentrations of PAH, only 10 pnl to
100 ml of the homogeneous test sample should be transferred to a 250 ml graduated flask (5.14) and dijuted
with water t¢ 200 ml. After adding 20 g of sodium chloride'(4.3) and 25 ml of cyclohexane (4.1.1.1), proceed
as described above.

The extractipn procedure may also be carried out using a microseparator (see Figure C.3).

If a stable enulsion is formed during the extraction process, collect it in a centrifuge tube (5.7) and centrffuge
it for 10 min fat about 3 000 min—".

Transfer the|aqueous phase into the sample bottle (5.1) and collect the cyclohexane extract in an conical|flask
(5.5). Dry th¢ extract in accordance with 7.2.

7.2 Drying of the extract

Rinse the separating furinel with 10 ml of cyclohexane (4.1.1.1) and add the cyclohexane to the total extrgct.
Dry the extract wittrsodium sulfate (4.4) for at least 30 min, swirling the vessel frequently.

Decant the dry-extractinto-areductionflask{(5-6)—Rinse-the-conical-flask{(5-5)-twice-with-5-ml-of eyelehekane

(4.1.1.1) and add to the same reduction flask.

7.3 Enric

hment

Evaporate the filtered cyclohexane extract until it fills only the tapered tip of the reduction flask (5.6)
(approximately 500 pl), with the evaporation assembly (5.9), e.g. the rotary evaporator, at 120 hPa and 30 °C.

Dissolve any residues that might have been deposited on the glass wall by shaking the extract using the
shaking apparatus (5.10).

© 1SO 2005 — All rights reserved
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If the extract is colourless or precleaned according to 7.4, evaporate the remaining cyclohexane with the blow-
down assembly (5.11) using nitrogen (4.5) until incipient dryness. Dissolve the dry residue in 40 pl (for spot
application) to 120 pl (for band application) of cyclohexane (4.1.1.1) or methanol (4.1.2.1).

If necessary, pre-clean the extract in accordance with 7.4.

7.4 Clean-up of the extract

For clean-up of the extract, use columns or cartridges (5.12) containing at least 0,5 g of silica (4.6). Clean the
silica in the column or in the cartridge by rinsing with five bed volumes of dichloromethane, followed by
conditioning with the same volume of hexane.

Dry the solvents used for cleaning the extract by applying molecular sieve (4.7).

Trangfer the concentrated extract (7.3) with a Pasteur pipette (5.8) onto the hexane-covered silicaland allow to
soal| almost completely into the silica. Collect the eluate in a glass vial (5.13).

Rinse the reduction flask with 500 pl of hexane (4.1.1.2), add this solution to the column and gllow to soak
almdst completely into the silica.

Elutg the PAH with a mixture of dichloromethane (4.1.1.3)/hexane (4.1.1:2) 1:1 volume fraction, and evaporate
the gluate until it fills only the tapered tip of the reduction flask,(5.6) (approximately 500 pl), with the
evaporation assembly (5.9), followed by the blow-down assembly {5.11) using nitrogen (4.5) dntil incipient
drynegss. Dissolve the residue in 40 pl or 120 pl of cyclohexane (441.1.1) or methanol (4.1.2.1).

NOTE Commercially available cartridges containing 0,5 g of silica require a volume of at least 3 ml of the mixture of
dichlpromethane/hexane (1:1) for the elution of the PAH.

7.5 | High-performance thin-layer chromatography

7.5.1 Application of the extracts
On gne HPTLC plate, several samples may be analysed simultaneously, together with two or mdre reference
solutions of varying concentration. If a considerable number of samples has to be analysed, apply the extracts
on bpth ends of the HPTLC plate,‘provided the plate is developed in a horizontal development chgmber.

Apply an aliquot of the total.extract (7.3) either by means of the automated volume dosing device (5.18) or by

hand as spots or bands- For screening purposes, apply about half of the extract as a spot. If using band
application, apply 7 mm*bands with 3 mm intervals.

7.5.4 Screeningamethod (method A)

7.5.24.1 General

The [séreening method is a preliminary examination which is meant to exclude samples containing less than
20 % of the maximum acceptable levels (total concentration 30 ng/l to 40 ng/t).

Choose one of the following procedures for the screening test:

a) separation on caffeine impregnated silica plates (7.5.2.2);

b) separation at room temperature on HPTLC-RP-18 material (7.5.2.3).

Procedure a), if performed at —20 °C, is also recommended as a quantitative procedure. This method shows a
linear correlation between peak height and mass applied in the range of 2 ng to 12 ng for fluoranthene and
0,4 ng to 2,4 ng for the other PAH. If an aliquot of 10 % of the concentrated extract of a 1 000 ml water sample

is applied on the HPTLC plate, the concentration of fluoranthene can be reliably determined in the range of
20 ng/l to 120 ng/l and the other PAH in the range of 4 ng/l to 24 ng/I.

© 1SO 2005 — All rights reserved 7
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Separation on caffeine-impregnated silica plates at room temperature

Condition the plates after application of the extracts for 30 min at room temperature over water in a
conditioning chamber. Immediately develop the chromatogram vertically in a trough chamber or horizontally in
a horizontal development chamber.

As mobile phase, use 2,4-dimethyl-3-oxypentane (4.1.2.3)/hexane (4.1.1.2), 4:1 volume fraction.

Using a trough chamber, the run time for a migration distance of 6,5 cm is about 25 min. In a horizontal
development chamber, the run time for a migration distance of 6,5 cm is about 15 min, and for 4,5 cm about

10 min.

Dry the plat
paraffin (4.9
factor of 5 fq
again for 2 n

7523 S

Develop the
(5.17).

As mobile p
the chromat

Using a troy
developmen
15 min (with

NOTE A

p for 2 min in a stream of air at ambient temperature, then dip it for 2 s into a solution-of
/hexane (4.1.1.2) 1:2 volume fraction to stabilize and increase the fluorescence intensity
r benzo[a]pyrene and benzo[ghi]perylene and by a factor of 2 for the other substances), the
nin.

bparation on HPTLC-RP-18 plates

chromatogram vertically in a trough chamber or horizontally in a horizortal development cha

hase, use acetonitrile (4.1.2.2)/2-propanol (4.1.2.4)/methanol (4)1.2.1), 1:2:1 volume fraction|

pgram during 2 min in a stream of air at ambient temperature:

gh chamber, the run time for a migration distance of 6,5 cm is 20 min to 25 min. In a horiz
f chamber, the run time for a migration distance of\6;5’cm is about 20 min, and for 4,5 cm 3
put chamber saturation).

better separation can be achieved by working at allower temperature.

7.5.3 Separation on caffeine-impregnated silica:plates at —20 °C in the freezer (method B)

Precool the
at-20 °C.

plates at —20 °C for 20 min, then develop them using dichloromethane (4.1.1.3) as mobile p

Using a troygh chamber, the run time for a migration distance of 6,5 cm is about 20 min. In a horiz

developmen
12 min.

Dry the plat
paraffin (4.9
factor of 5 fg
again for 2 n

f chamber, the run timefor a migration distance of 6,5 cm is about 17 min, and for 4,5 cm 3

b for 2 min in-asstream of air at ambient temperature, then dip it for 2 s into a solution of
/hexane (4:9.1.2) 1:2 volume fraction to stabilize and increase the fluorescence intensity
r benzo[&]pyrene and benzo[ghi]perylene and by a factor of 2 for the other substances), the
hin.

iquid

by a

n dry

mber

Dry

pontal
bout

hase

pontal
bout

iquid
by a
n dry

8 Evaluation

8.1

Visual evaluation of the screening method

For R; values for the PAH under various chromatographic conditions see Annex A.

Dry the plate for 2 min in a stream of air at ambient temperature, then place the plate under a UV lamp (5.19)
(4 =366 nm) and evaluate the fluorescence intensity of the sample by comparison with the standard solutions
by allocating the zones by colour, R; value and relative position to the reference chromatogram.

NOTE O

n RP-18-plates, only 3 zones can be recognized (see Figure 2).
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It is not necessary to determine the substance-specific spectra of the individual spots.

If 1 000 ml water have been extracted, the residue after evaporation was dissolved in 40 pl solvent, and an
aliquot of 20 ul applied, and the chromatogram fluorescence is nowhere stronger than the standard (sum of

PAH

applied 10 ng), the result is:

— sum of polycyclic aromatic hydrocarbons < 20 ng/l (no further action required).

If visually the sample chromatogram shows stronger fluorescence than the standard chromatogram,
quantitative measurements are necessary.

8.2

Eval
of 36
the s

If ap
the >
In th

Figu
for fl

Fluorescence densitometric evaluation

late the chromatogram by either measuring the peak height or the peak area at an excitatior
6 nm and a fluorescence wavelength of 430 nm (edge filter), using the calibration function eg
ame kind of plate.

blying spots, the slit of the scanner (5.20) shall be broader than the largest zone of the chro
-direction. If applying bands, the recommended slit width in the x-direction is 1/2 to 2/3 of the
b Y-direction, the slit should not be smaller than 0,3 mm.

es 1, 2 and 3 show position, fluorescence colours and fluorescence position curves of the six

Dimensiong

F
- BkF
- BbF
BaP
— IP
BP
1
5
_>|_|<_

wavelength
tablished on

matogram in
band length.

PAH (10 ng

loranthene and 2 ng for the other PAH). Annex B gives informyation about spectroscopic idenfification.

in millimetres

Key
1

start

Fluorescence colours

F
BkF
BbF
BaP
IP
BP

light blue
dark blue
blue

violet

light yellow
violet

Figure 1 — Chromatogram of the 6 PAH on a caffeine-impregnated silica plate, developed at —20 °C
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&S— 1 °F

| BKF+BbF
= | e
S—— p.pp
\\2

Key
1 front
2 start
Fluorescence|colours
F light blue
BKkF dark plue
BbF blue
BaP violet
IP light yellow
BP violet
Figure)2 — Chromatogram of the six PAH on an RP-18 plate
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BaP
BP

BbF‘

BKF i “

Key
1 start

BP benzo[ghi]perylene

IP indeno[1,2,3-cd]pyrene
BaP benzo[a]pyrene

BbF benzo[b]fluoranthene
BkF benzol[k]fluoranthene

F fluoranthene

Figure 3 — Fluorescence position curve of the six PAH on a caffeine-impregnated silicp plate,
developed at —20 °C

9 [Calibration

9.1 | General

Estaplish a calibration-function by analysing all substances in Table 1. To achieve this, the Rr-Values of the
indivjdual substancees’shall be known beforehand or determined by analysing appropriate dilytions of the
single-substance-stock solutions (4.11) under specified chromatographic conditions.

Adjupt the_analytical procedure so as to obtain a linear calibration function for each individual substance.
Chogsesa calibration range adapted to the analytical problem.

If there is no experience with this method, establish the precision dafa according 10 9.2 and 9.3:

a) calibration of the HPTLC step only, using an external standard (9.2);

b) calibration of the total method, including the extraction, using an external standard (9.3).

The procedure described in 9.2 is recommended for routine purposes, to be carried out on every HPTLC plate.

The calibration function is only valid for the range chosen and the HPTLC plate concerned, and is verified with
two points on every plate.

Table 2 explains the indices that are used in the following text.
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Table 2 — Indices used in this part of ISO 7981

Index Designation

i identity of the substance

e value measured at calibration

t total method

9.2 Calibration of the HPTLC step using an external standard

Establish a
different vol
volumes are
fluoranthene
of the PAH &

Plot the med

Calculate th¢ linear calibration function using Equation (1):

Yie = (a
where

Vie IS

a; i

/q

P,ie ig

z

b; ig

p

9.3 Calib

Add 1 ml of

with Clause

Calculate th¢ linear calibration function using Equation (2):

Viet :(

calibration function for each determinand using at least five different concentrations, by app
imes of the multiple substance stock solution (4.12) diluted 1:5 volume fraction. Recomme
s 1 ul, 2l 3ul, 4 pul, 5l and 6 pl, corresponding to 2 ng, 4 ng, 6 ng, 8 ng, 10 ng and-12 n
and 0,4 ng, 0,8 ng, 1 ng, 2 ng, 1ng, 6 ng, 2,0 ng and 2,4 ng for the other substances. The
pplied is therefore 4 ng, 8 ng, 12 ng, 16 ng, 20 ng and 24 ng.

sured values y;, against the mass p, ,,.

i 'pA,ie)+bi

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

the slope of the calibration function of determinand i, in peak height or peak area per nano
hromatogram zone;

the mass of determinand i per area applied onto the HPTLC plate, in nanogram/chromato
DNe;

the intercept of the calibration, function of determinand i with the ordinate, as e.g. peak heig
ak area.

ration of the total method using an external standard

cach of the calibration solutions (4.13) to 1 000 ml of water, and extract and enrich in accord
7.

R )+ bit

lying
nded
g for
sum

(1)

jram

jram

ht or

ance

()

where
Viet
it
Piet

bit

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

is the mass concentration of determinand i in the calibration solution, in nanograms per litre;

peak area.

12

is the intercept of the calibration function of determinand i with the ordinate, as e.g. peak height or
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10 Determination of the recovery

Determine the mean recovery 77_1 of the determinand i using Equations (3) and (4):
pi,Nf
NN == 3)
LN,
n
Z miNn
7= (4)
n
wherfe
;v I the recovery of determinand i at concentration level N;
PiN ; is the mass concentration of determinand i at concentration-level N, calculatep using the
calibration function, in micrograms per litre;
PinN, is the given mass concentration of determinand i at concenttation level N, in micrograms per litre;
77_,~ is the mean recovery;
0 is the number of concentration levels.
Use |the value obtained to correct the result, with recaevery data distributed equidistantly over|the working
rangg.
With| the extraction procedure as described in~Clause 7, high recoveries are usually obtained.|Inconsistent

reco

11

Mon
regu

If on
elimi

Veries indicate matrix effects and/or problems with the extraction procedure.

Blank measurements

tor the reagents and the,correct operation of the instruments by performing blank m{
arly. For this, analyse/~000 ml of distilled water in accordance with Clause 7.

b or more determinands are found in the blanks, perform a systematic investigation to find th
hate the sourcé(s) of contamination.

basurements

e cause and

12 Calculation
Calcplate the mass concentration p; of determinand i in the water sample according to Equation (9)):
b )V
- Lib) Ve (5)
a; Ve -Va-n,;

where

e is the mass concentration of determinand i in the water sample, in micrograms per litre, ug/l;

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

b; is the intercept of the calibration function with the ordinate, as e.g. peak height or peak area;
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Ve is the extract volume, from which injection was made, in microlitres, l;

factor; as e.g. peak area per (nanograms per chromatogram zone);

Vg s
Va
n_l- is

the sample volume, in millilitres, ml;

the mean recovery.

is the volume of the extract applied to the HPTLC plate, in microlitres, ul;

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

13 ExpreLsion of results

Report the fnass concentration of PAH in micrograms per litre, ug/l, giving two significant figures at 1
ass concentrations < 0,01 pg/l to the nearest 0,001 ug/l.

Round up m

EXAMPLE 1

fluoranthene

benzo[a]pyrene

EXAMPLE 2

fluoranthene

benzo[b]fluorgnthene

benzo[K]fluora

benzo[a]pyrene

benzo[ghi]per
indeno[1,2,3-

Total concent|

Total concent|

nthene

ylene

d]pyrene

ration of the six PAK

ration of the six‘PAH, calculated as carbon (C):

If surface w

Measured value

0,143 pg/l
0,007 9 ugl/l

Measured value

0:413 2 ug/l
0,027 1 ugl/l
0,011 6 pg/l
0,015 0 pg/l
0,009 7 ugl/l
0,008 2 pgl/l

Result reported

0,14 \g/l
0,008 pg/l

Result reported

0,11 ug/l

0,027 pgl/l
0,012 pg/l
0,015 pgl/l
0,010 pgl/l
0,008 pg/l

0,182 pg/l
0,18 x 0,95 =

nost.

Result reported

(sum PAH)

0,18 ugl/l
0,17 ugl/l

ter is 'analysed in accordance with the EEC Water Regulations 1975 [2] and 1979 3], the sU
the mass cancentrations of the six PAH should be determined and the result expressed in microgram

m of

5 per

litre (ug/l), as specified above.

If drinking water is analysed in accordance with the EEC Drinking Water Regulation 1980 ['], the sum of the
mass concentrations of the six PAH should be determined and multiplied with the factor 0,95 to obtain the

carbon content. Result should be expressed in micrograms per litre, as specified above.

If drinking water is analysed in accordance with the EC Drinking Water Regulation 1998 [4], the mass
concentration of benzo[a]pyrene and the sum of the mass concentrations of benzo[b]fluoranthene,
benzo[k]fluoranthene, benzo[ghilperylene and indeno[1,2,3-cd]pyrene should be determined and the result
expressed in micrograms per litre, as specified above.

14
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14 Test report

Information on at least the following aspects of the test shall be given in the test report:
a) areference to this part of ISO 7981 (ISO 7981-1:2005);

b) data required for identification of the sample examined;

c) relevant information about sampling and sample preservation;

d) the concentration of each of the PAH, expressed in accordance with Clause 13; and

e) pll operations not prescribed in this part of ISO 7981 which might have affected the results:

15 Accuracy

Statiptical data obtained from results of an interlaboratory trial carried out in Germany [9] are given

© I1SO 2005 — All rights reserved
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Annex A
(informative)

Rs values of the six PAH under various chromatographic conditions

Table A.1 — R; values of the six PAH under various chromatographic conditions

perylene [1,2,3-cd]- pyrene anthene pyrene anthene
pyrene

RP 18 70to 75 70t0 75 7510 80 7510 80 80 to 85 80.to 85
vertical
6 cm

room temperature
RP 18 70to 75 70to 75 7510 80 7510 80 75 t0 80 80 to 85
horizontd
6 cm
room temperature
silica 1510 20 20to 25 15t0 30 30 to.85 351040 50 to 55
caffeine
concentration zone
vertical
6,5 cm
room temperature
silica 5t0 10 10to 15 15 to'20 20 to 25 2510 30 351040
caffeine
concentrpation zone

room temperature
silica 20to 25 30'to 35 35t0 40 40 to 45 45 to 50 55 to 60
caffeine
concentrpation zone
vertical
6,5cm
-20 °C
silica 20 to 25 301to 35 40 to 45 351040 45 to 50 50 to 55
caffeine
concentration zone
horizontgl
6,5 cm
-20°C
silica 2510 30 33 t0 40 45 to 50 40 to 45 50 to 55 60 to 65
caffeine
concentration zone
horizontal

45cm

-20°C

silica 10to 15 20to 25 30to 35 25t0 35 40to 45 50 to 55
caffeine

no concentration zone
horizontal

6,5 cm

-20°C
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Annex B

Spectroscopic identification

ISO 7981

-1:2005(E)

BkF
BP
BkF
BkF ﬁ IP ”
| BbF [
BaP " [leor
2 BP
BP
Bap
BaP Bap BP
L — JWRA__ P
1 2 2 1 2 1 2
q) Agyc = 365 nm, b) gy =436 nm, C)\ Mgy = 405 nm, d) Aoy = 334 nm,
Aqg =436 nm Aq =578 nm Aqg =436 nm Aqg = 43p nm
Key
1 front
2 start
Fluorescence colours
F light blue
BkF dark blue
BbF blue
BaP violet
IP light yellow
BP violet
Aexc excitation’ wavelength;
A fluorescence wavelength.
Figure B.1 — Selective detection of the six PAH
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Annex C
(informative)

Examples for the construction of special apparatus

Dimensions in millimetres

ground st

L0

S
Ul
Wl
130

20

®8

ppper

Figure C.1 — Reduction flask (50 ml)
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