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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 wark 1SO collaborates closely with the
International |[Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
International [Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by [the technical committees are circulated to the member bodies for voting.’-Publication 3s an
International [Standard requires approval by at least 75 % of the member bodies casting-a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 15320 Was prepared by Technical Committee ISO/TC 6, Paper, boar@and pulps.

This second| edition cancels and replaces the first edition (ISO 16320:2003), which has been technjically
revised.
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INTERNATIONAL STANDARD

ISO 15320:2011(E)

Pulp, paper and board — Determination of pentachlorophenol
in an aqueous extract

WARNING — The use of this International Standard may involve hazardous materials, e.g. methanol

and pentachlorophenol, which are toxic substances, as well as acetic anhydride, which is corrosive.
This [International Standard does not address all the safety and environmental problemg associated
with fits use. It is the responsibility of the user of this International Standard to establish|appropriate
safety, health and environmental practices and determine the applicability of safety regulations prior
to use.

1 $cope

This [International Standard specifies a test method for the determination of pentachlorophenol| (PCP) in an
aquepus extract of pulp, paper and board. Although it was developed. for paper and board intended to come
into gontact with foodstuffs, it is applicable to all kinds of pulp, papérand board.

The Wworking range for acetylation is 0,05 mg/kg to 0,5 mg/kg¢

NOTH The upper limit of the working range could be incréased if the aqueous extract is diluted.

2 Normative references

The following referenced documents areindispensable for the application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of th¢ referenced
document (including any amendments)-applies.

ISO 186, Paper and board — Sampling to determine average quality

ISO %36, Paper and board~="Determination of grammage

ISO 638, Paper, board)and pulps — Determination of dry matter content — Oven-drying method

ISO 1213, Pulps,— Sampling for testing

ISO 3696, Water for analytical laboratory use — Specification and test methods

3 Principle

A specimen of the material to be tested is extracted with either cold or hot water. The pentachlorophenol
extract is concentrated by adsorption onto a phenyl silica column using solid-phase extraction. The
pentachlorophenol is then eluted from the phenyl silica column with n-hexane and an acetylated derivative
formed with acetic anhydride. The amount of pentachlorophenol present is then determined using gas
chromatography employing an electron-capture detector (ECD) or mass spectrometer (MS) detector. The
result is expressed as milligrams per kilogram of material.

© IS0
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4 Apparatus

4.1 Conical flask, 500 ml, wide necked with a ground-glass stopper with tap (see ISO 1773).

4.2 Filtration equipment, fritted-glass filter of porosity 4 (nominal size 90 ym) with a filter flask of 500 ml

(see ISO 6556).
4.3 Marked volumetric flask, 250 ml (see ISO 1042).

4.4 Solid-phase extraction (SPE) system and SPE columns, phenyl silica columns, 500 mg/3 ml.

4.5 Gas chromatograph, a conventional spli/Splitless injector gives suitable sensitivity when used
splitless mode. Alternatively, an on-column injection mode may be used.

4.6 Capillary column, suitable for determination of acetylated derivates of pentachlorophenal” A cg
with the folloyving features is given as an example:

— stationary phase: polydimethyl-siloxan with 5 % phenyl groups;
— film thickness: 0,25 um;

— length: 30 m;

— internal diameter: 0,32 mm.

4.7 Detector, electron-capture detector (ECD) or mass spectrometer (MS) suitable for carrying ou
measuremer|t. The following features are given as an example:

a) ionization: El 70 eV (electron impact);
b) resolutign: 1 amu (atomic mass unit);
c) runnability: SIM mode (selected ion monitofing).

NOTE SIM is called SIR (selected ion recerding) for some instruments.

5 Reagents
All reagents shall be of a grade™“pro analysis” (p.a.) or equivalent quality.
5.1 Water| grade 2 in\accordance with ISO 3696.

5.2 Methanol,CH;0H.

n the

lumn

t the

5.3 Hydrochtoric acid, HCI {0, T molf).

5.4 n-Hexane, CgH,,.
5.5 Sulfuric acid, H,SO, (diluted 1+1).

5.6 Acetic anhydride, C,HzO5 (99 %).

5.7 Potassium carbonate solution, K,CO5; (0,1 mol/l). Weigh 13,8 g of potassium carbonate with an
accuracy of 0,1 g into a beaker and dissolve it in a small amount of water. Transfer the solution to a 1 000 ml

volumetric flask and dilute to volume with water.

2 © 1S0O 2011 — All rights reserved
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5.8 Sodium sulfate, anhydrous, Na,SO,.

5.9 Reference standard solutions

5.9.1 Pentachlorophenol reference stock standard solution, 100 yg/ml. This solution is commercially
available.

5.9.2 Pentachlorophenol dilute reference stock standard solution, 5 uyg/ml. Pipette 1 ml of the stock

solution (5.9.1) into a 20 ml volumetric flask and dilute to volume with methanol (5.2).This solution is stable for
at least 6 months when stored in a refrigerator at 4 °C.

5.9.3
(5.9.4
6 mo
5.10

5.10.

J

P) into a 10 ml volumetric flask and dilute to volume with methanol (5.2). This solution is stabj
nths when stored in a refrigerator at 4 °C.

Internal standard solutions for ECD

1 2,3,6-Trichlorophenol internal standard stock solution, 10 ug/ml. This' solution is

available.

5.10.
stock
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5.11.
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solution (5.10.1) into a 10 ml volumetric flask and dilute to volume-with methanol (5.2). Th
e for at least 3 months when stored in a refrigerator at 4 °C.

Internal standard solutions for MS
1 13C; labelled pentachlorophenol (labelled at-all*six carbons) internal standard stq
j/ml. This solution is commercially available. It is“an alternative to the 2,3,6-trichloroph
oned in 5.10.1 and can be employed only whemra' mass spectrometer is used as a detector.
" 13C6 labelled pentachlorophenol intérnal standard solution, 1 ug/ml. Pipette 1 ml g

ard stock solution (5.11.1) into a 10 ml-volumetric flask and dilute to volume with methan
on is stable for at least 6 months whenstored in a refrigerator at 4 °C.

sampling

stock solution
e for at least

commercially

P 2,3,6-Trichlorophenol internal standard solution, 2 pg/ml. Pipette 2 ml of the intefnal standard

is solution is

ck solution,

enol solution

f the internal
pl (5.2). This

analysis is being made to evaluate a lot of paper, board or pulp, the sample shall b
dance with ISO 186.er ISO 7213, as relevant. If the analysis is made on another type of s
ource of the sample, and, if possible, the sampling procedure. Select the specimens so
sentative of the-sample received.

pt touch'the test area of the sample or test specimen with fingers; use protective gloves. A
bf sample is required.

selected in
mple, report
hat they are

minimum of

Take

a separate sample for the determination of the dry matter content in accordance with 1ISO 63

8.

7 Extraction

Determine the dry matter content of the sample in accordance with ISO 638.

71

Cold-water extraction

Using protective gloves, tear or cut the sample as taken into pieces of approximately 1 cm? to 2 cm2.
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Weigh (10 £ 0,1) g (oven-dried) of the test pieces to an accuracy of 0,01 g, put them into the conical flask (4.1),
add 200 ml of water and stopper the flask. Leave this preparation to stand for 24 h at (23 + 2) °C, shaking
occasionally.

Decant the solution and wash the test pieces remaining in the flask twice. If necessary, filter the preparation
(see 4.2). Transfer the extract and washings or the filtrate to a marked volumetric flask (4.3) and fill up to the

mark with water. Use the contents of the flask for the PCP measurement.

7.2 Hot-water extraction

Using protective gloves, tear or cut the sample as taken into pieces of approximately 1 cm?2 to 2 cm?2.

Weigh (10 +
add 200 ml ¢
bath of temg

Decant the
preparation

volumetric fl
measuremer|

0,1) g (oven-dried) of the test pieces to an accuracy of 0,01 g, put them in the conicalflask
f boiling water and stopper the flask. Leave this preparation to stand for 2 h + 5 min in a
erature (80 * 2) °C, shaking occasionally.

olution and wash the test pieces in the flask twice with water at 80 °C. If necessary filter th
see 4.2). Cool to (23 £ 2) °C, then transfer the extract and washings orthe filtrate to a m
psk (4.3), and fill up to the mark with water. Use the contents 6fythe flask for the
t.

8 Procedure

Analyse the

8.1

vater extract received from 7.1 or 7.2 as described below: Carry out duplicate determinations.

Preparation

Sample 50 myl of the water extract. Add 200 pl of the internal standard solution (5.10.2 or 5.11.2) and 9

with 1 ml of s
8.2 Solid

8.2.1 Cond

Pre-rinse a p
allow the col
8.2.2 Con

Pour the aciq
5 ml of water

ulfuric acid (5.5).
phase concentration
itioning

henyl column (4.4) with2 ml of methanol (5.2) and 5 ml of 0,1 mol/l HCI (5.3) in sequence. D
imn to run dry.

Centration

lified extract'onto the column, elute at 2 mi/min to 3 ml/min. Subsequently, rinse the columr
and suckeit dry (for approximately 5 min to 10 min) using a vacuum.

8.2.3

4.1),
vater

e hot
arked
PCP

p

cidify

0 not

with

EIut1on

For the receiver of n-hexane eluent, use, for example, a 50 ml conical flask or a separatory funnel, with 35 ml
of potassium carbonate solution (5.7). Pour 2,5 ml of n-hexane onto the phenyl column and wait until the first
drop is seen in the lower end. Close the valve and elute after 2 min. Rinse with another 2,5 ml of n-hexane.

8.3 Derivatization

Add 1 ml of acetic anhydride (5.6) to the eluted solution (see 8.2.3) and mix vigorously for approximately 3 min
to allow the release of all the carbon dioxide. Allow the two phases to separate. Fill the receiver with water
until the n-hexane phase reaches the neck of the receiver. Transfer the organic layer into a vial in order to
avoid a reverse reaction. Dehydrate the extract with anhydrous sodium sulfate (5.8). This extract has to be
analysed by gas chromatography (GC) ECD or GC/MS.

© 1S0O 2011 — All rights reserved
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NOTE If the n-hexane solution is dried, for example, with anhydrous sodium sulfate (5.8), the solution can be stored
for at least 2 weeks in a refrigerator at 4 °C.

9 Calibration

Pour 35 ml of 0,1 mol/l potassium carbonate solution (5.7) into a 50 ml conical flask or a separatory funnel
(see 8.2.3). Add 200 pl of the internal standard solution (5.10.2 or 5.11.2) depending on the use of ECD or MS.
Prepare four solutions by adding various amounts of PCP (use the reference solutions 5.9.2 and 5.9.3). Shake
for 3 min. Add 5 ml of n-hexane (5.4) and 1 ml of acetic anhydride (5.6) and shake until the gas evolution has
stopped (approximately 3 min). Fill up with pure analytical water (5.1) until the organic phase reaches the neck
of thgcomnicatftaskandcarmbeTemoved withra pipette Dehydrate theextract wittrsodiumrsutfatey Analyse the

extrafts by GC/ECD or GC/MS in accordance with Clause 10.

NOTH If the n-hexane solution is dried, for example, with anhydrous sodium sulfate (5.8), the selution|can be stored
for at Jeast 2 weeks in a refrigerator at 4 °C.

10 Gas chromatographic analysis

10.1| Gas chromatographic condition

Chodse the conditions suitable for determination of 1306 labelled)pentachlorophenol. Follow the instructions
provigded by the manufacturer of the instrument. The following conditions are given as an examplgq:

— gplitless injection: 1yl

— injector temperature: 250 °G;
— ¢lectron-capture-detector temperature: 350 °C;
— ¢arrier gas, flow: 1 ml/min;
— temperature programme: 1 min at 50 °C, then at 20 °C/min to 180 °C and hpld for 2 min.
After that at 2 °C/min to 200 °C and hold for 1 min;|or 20 °C/min
to 280 °C and hold for 5 min.

Carry out the detection gither by the electron-capture detector or by the use of a mass spectrometer. In both
cases, follow the instructions provided by the manufacturer of the instrument.

If a mass spectremeter is used, with 1306 labelled pentachlorophenol as the internal standard, the base peak,
m/v 466, is usedfor quantification of PCP, (m/v 266 = M + 2 minus ketene, CH,=C=0, from the acetate). The
correspondingion from the 13C4 labelled pentachlorophenol is m/v 272 (266 + 6). Verification of [3C4 labelled
pentgchlérdphenol should be made from the retention time and the ratio between m/v 264 and mJv 266, which
shall beclose to 61/100 due to the chlorine isotope ratio.

If the value of pentachlorophenol obtained exceeds the range covered by the calibration solutions, repeat the
analysis in 8.1 with a more dilute sample solution.

10.2 Establishing retention time of pentachlorophenol

Identify the retention time of pentachlorophenol relative to the retention time of the internal standard.

10.3 Calculation of the area ratio versus mass ratio

Measure the areas of the pentachlorophenol peaks and the peak of the internal standard.

© 1SO 2011 — All rights reserved 5
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Plot the area

ratio, 4,, versus the mass ratio, w,, in accordance with Equations (1) and (2)

A = Apcp (1)
Ajst
e

where

Apep is the area of the pentachlorophenol base peak;

Ajgt is the area of the peak representing the internal standard base peak;

Moco is the mass of pentachlorophenol in the solution, in micrograms;

Mgy is the mass of the internal standard, in micrograms, in this case 0,4 ug.
Read the slope of the curve and obtain the response factor, 7, which is a dimensienless number, independent
of the injectefd volume and the acetylation yield.

f= &ﬂ (3)

Migt [x Apcp

Alternatively | read the response factor from the output of the gas‘chromatograph.
The response for the ECD can change with time and the response factor should be checked regularly.
10.4 Calibration for mass spectrometer using-13C¢ labelled pentachlorophenol
The responsg factor between PCP and the 13Cglabelled pentachlorophenol is 1. That means that 4, = n{, and
f=1.
— Apep is the area of the pentachlorophenol base peak (266);
— Ajg is the area of the peak-representing the internal standard base peak (272).
11 Calculation
Identify the |pentachlorophenol peak and measure its area, Apcp- Measure also the area of the [peak
representing|th@/internal standard, 4.
Calculate the result by the equation

pep = B 0 Xk nf v @)
where

Wocp is the mass fraction of pentachlorophenol in the sample, expressed as milligrams per kilogram;

f is the response factor as determined in 10.3 if using ECD, or f= 1 in accordance with 10.4 if

using MS;

© SO 2011 — All rights re
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Mgt is the mass of the internal standard, in micrograms; in this case 0,4 ug 2,3,6-trichlorophenol or
0,2 pg '3C4 labelled pentachlorophenol;

mg is the mass of the sample used in the water extraction, as oven-dry, expressed as grams,
normally 10 g;

Apep is the area of the pentachlorophenol base peak;

Ajgt is the area of the peak representing the internal standard base peak.

Calcyrate the mean of the two determinations to two significant rigures.

12 Test report

The test report shall include the following information:

a) a reference to this International Standard;

b) date and place of testing;

c) ¢omplete identification of the sample tested;

d) neference to the extraction procedure, hot-water extract 6fcold-water extract;
e) the result, expressed as milligrams per kilogram of pulp, paper or board;

f)  any departure from the specified procedure, or'other circumstances that may have affected the results.

©1S0O 2011 — All rights reserved 7
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