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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards 
bodies (ISO member bodies). The work of preparing International Standards is normally carried out 
through ISO technical committees. Each member body interested in a subject for which a technical 
committee has been established has the right to be represented on that committee. International 
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. ISO 
collaborates closely with the International Electrotechnical Commission (IEC) on all matters of electro 
technical standardization.

The procedures used to develop this document and those intended for its further maintenance are 
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the 
different types of ISO documents should be noted. This document was drafted in accordance with the 
editorial rules of the ISO/IEC Directives, Part 2 (see www​.iso​.org/​directives).

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. Details of 
any patent rights identified during the development of the document will be in the Introduction and/or 
on the ISO list of patent declarations received (see www​.iso​.org/​patents).

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and 
expressions related to conformity assessment, as well as information about ISO's adherence to the 
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www​.iso​.org/​
iso/​foreword​.html.

This document was prepared by Technical Committee ISO/TC  61, Plastics, Subcommittee SC  9, 
Thermoplastic materials.

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www​.iso​.org/​members​.html.
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Introduction

Metal elements in polyethylene (PE) and polypropylene (PP) can lead to increased ash content and can 
impact material mechanical properties. In addition, some elements are also environmentally hazardous. 
This document provides a method to determine the metal content in PE and PP and it can serve as a 
measure for additive monitoring, quality control and post-reactor studies.

In this document, inductively coupled plasma optical emission spectrometry (ICP-OES) is used to 
determine the concentrations of certain elements in PE and PP. The main advantages of ICP-OES over 
atomic absorption spectroscopy (AAS) include multi-element measurement capability, longer linear 
dynamic range and less condensed phase interferences.

﻿
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Plastics — Polyethylene (PE) and polypropylene (PP) 
thermoplastics — Determination of metal content by ICP-
OES
WARNING — Persons using this document should be familiar with normal laboratory practice, 
if applicable. This document does not purport to address all of the safety concerns, if any, 
associated with its use. It is the responsibility of the user to establish appropriate safety and 
health practices.

1	 Scope

This document specifies a method for the determination of metal content in polyethylene (PE) and 
polypropylene (PP) by inductively coupled plasma optical emission spectrometry (ICP-OES).

This document is applicable to the determination of the content of magnesium (Mg), aluminium (Al), 
calcium (Ca), zinc (Zn), chromium (Cr), titanium (Ti), iron (Fe), antimony (Sb), copper (Cu), lead (Pb), 
cadmium (Cd), etc. This document is not applicable to the determination of mercury (Hg) due to its 
volatility.

This method is suitable for base polymers of PE, PP, PE/PP copolymer and their blends.

2	 Normative references

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 648, Laboratory glassware — Single-volume pipettes

ISO 1042, Laboratory glassware — One-mark volumetric flasks

ISO 3451-1, Plastics — Determination of ash — Part 1: General methods

3	 Terms and definitions

No terms and definitions are listed in this document.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

—	 ISO Online browsing platform: available at https://​www​.iso​.org/​obp

—	 IEC Electropedia: available at http://​www​.electropedia​.org/​

4	 Principle

PE and PP samples are incinerated and digested. Metal elements within are dissolved in aqueous solution. 
The solution is converted into aerosol via a nebulizer, and then injected into argon supported ICP-OES. 
At high temperature, the plasma atomizes metal elements in the solution and gives characteristic 
optical emission. The intensity of emission is proportional to the concentration of element. The content 
of metal elements in the sample is then calculated by comparing the emission intensities of the sample 
with the calibration curve.

INTERNATIONAL STANDARD� ISO 24047:2021(E)

© ISO 2021 – All rights reserved� 1

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 24

04
7:2

02
1

https://www.iso.org/obp/ui
http://www.electropedia.org/
https://standardsiso.com/api/?name=3810ce6766d3f07f00caacafa2808b29


﻿

ISO 24047:2021(E)

5	 Reagents

Use only reagents of recognized analytical grade and only distilled water or water of equivalent purity.

5.1	 Concentrated nitric acid, density 1,42 g/ml.

WARNING — Highly corrosive. Handle with suitable skin and eye protection in a fume hood.

5.2	 Metal element standard solutions, 1 000 mg/l of Mg, Al, Ca, Zn, Cr, Ti, Fe, Sb, Cu, Pb and Cd for 
each individual standard solution, or multi-element standard solution containing 100 mg/l Mg, Al, Ca, Zn, 
Cr, Ti, Fe, Sb, Cu, Pb and Cd.

5.3	 Cleaning agent, for example a volume fraction of 10 % of nitric acid solution.

6	 Apparatus

Usual laboratory apparatus and glassware and, in particular, the following.

6.1	 Inductively coupled plasma optical emission spectrometer, atomic emission wavelength 
measurement range: 160 nm to 760 nm.

6.2	 Analytical balance, accurate to 0,1 mg.

6.3	 Beaker, quartz, 250 ml.

6.4	 Watch glass, quartz.

6.5	 Hot plate, or other appropriate heat source. Working temperature up to (500 ± 25) °C.

6.6	 Muffle furnace, capable of being maintained at (750 ± 50) °C.

6.7	 Pipette, glass, of suitable capacity, ISO 648 class A.

6.8	 Measuring cylinder, glass, 5 ml and 10 ml.

6.9	 Volumetric flask, glass, 25 ml and 100 ml, ISO 1042 class A.

6.10	 Fume hood, or other suitable means of ventilation.

6.11	 Desiccator.

7	 Sample preparation

WARNING — It is necessary that sample preparation procedure shall be carried out in a well-
ventilated fume hood.

7.1	 Cleaning glassware

Clean all glassware using cleaning agent (5.3).

﻿
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7.2	 Preparation of working standard solutions

7.2.1	 Prepare a volume fraction of 3 % to 5 % of nitric acid solution from concentrated nitric acid (5.1) 
used as blank solution.

7.2.2	 Prepare a series of five (5) working standard solutions from metal element standard solutions 
(5.2). The final concentrations of each element of Mg, Al, Ca, Zn, Cr , Ti, Fe, Sb, Cu, Pb and Cd in the working 
standard solutions are 0,50 mg/l, 1,00 mg/l, 5,00 mg/l, 10,00 mg/l and 20,00 mg/l. Concentrated nitric 
acid (5.1) shall be added during preparation, so that the volume fraction of nitric acid in the working 
standard solutions are 3 % to 5 %.

NOTE	 Commercially available standard solution can be used as well.

7.3	 Preparation of test solution

7.3.1	 Weigh 25 g (accurate to 0,1 mg) of the test sample into a beaker (6.3). The amount of test sample 
shall not reach the half volume of the beaker.

NOTE	 Adjustment of sample mass can be applied according to the metal content.

7.3.2	 Heat the beaker with sample on a hot plate (6.5) or other suitable heating devices. Adjust the 
heating power so that the sample is burnt slowly until the sample is well charred.

7.3.3	 Remove the beaker from its heating device and cover with a watch glass (6.4). Introduce the 
beaker (6.3) into a muffle furnace (6.6) pre-heated to (750 ± 50) °C, which is chosen from ISO 3451-1. 
Calcine the sample for 3 h.

NOTE	 Depending on the content of metal elements in the sample, alternative methods of sample digestion 
such as pressure, microwave or wet acid digestion can be taken into account, too.

7.3.4	 Remove the beaker (6.3) with the watch glass (6.4) from the muffle furnace (6.6) and allow it to 
cool in the desiccator (6.11).

7.3.5	 Gently add 5 ml of concentrated nitric acid (5.1) and 5 ml of water to the beaker (6.3) and heat it 
on the hot plate (6.5) to dissolve the inorganics. When the solution is condensed to about 1,00 ml, take 
the beaker off the plate and cool it to room temperature.

7.3.6	 Transfer the solution to a 25 ml volumetric flask (6.9), wash the residue twice by water and top 
up to final volume with water.

NOTE	 Turbid solution can be left to settle overnight, or centrifuged to get clear supernatant.

8	 Procedure

8.1	 Instrument set up

Turn on the ICP-OES (6.1) and warm up to readiness. Set up the ICP-OES parameters and detection 
wavelength for each element. For recommended wavelengths, see Table  1. For other recommended 
instrumental parameters of the ICP-OES, see Table 2.

8.2	 Preparation of calibration curve

Introduce the working standard solutions (7.2) into the ICP-OES, record the emission line intensity 
of the blank solution and for a series of 0,50 mg/l, 1,00 mg/l, 5,00 mg/l, 10,00 mg/l and 20,00 mg/l 
working standard solutions in the ICP-OES. Plot the emission line intensity against the concentration 
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of working standard solutions. Liner correlation coefficient of calibration curve should be not less than 
0,995 for each element. Any deviation from the requirement needs re-calibration of the equipment with 
freshly prepared working standard solutions.

8.3	 Sample analysis

Introduce the test solution and determine the concentration of each element. If the concentration of one 
or more elements is beyond the range of the working standard solutions, dilute the test solution with 
blank solution (7.2.1) accordingly.

Table 1 — Recommended wavelength for element determination

Element
Wavelength

nm
Mg 279,553
Al 396,153
Ca 317,933
Zn 206,200
Cr 267,716
Ti 334,941
Fe 238.204
Sb 206.836
Cu 324.752
Pb 220.353
Cd 228.802

NOTE   Users can choose other suitable wavelength for determination according to the instrument 
manufactures recommendations.

Table 2 — Recommended instrumental parameters

Power Plasma gas flow 
rates

Auxiliary gas flow 
rate

Atomizer gas flow 
rate Pump rates

kW l/min l/min l/min ml/min
1,50 ± 0,01 16,0 ± 0,5 0,5 ± 0,1 0,80 ± 0,05 1,5

NOTE      Users can choose other suitable parameters for determination according to the instrument manufactures 
recommendations.

﻿
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9	 Expression of results

The metal content of each element in sample is calculated by Formula (1):

w
C V
mX

X=
×

	 (1)

where

  wX is the content of metal element X in sample, expressed in milligrams per kilogram (mg/kg);

  CX is the concentration of metal element X in testing solution, calculated by the calibration curve, 
expressed in milligrams per liter (mg/l);

  X is the symbol of the element being tested;

  V is the test solution volume, expressed in millilitre (ml);

  m is the sample mass, expressed in grams (g).

The result shall be reported in 2 decimals.

10	 Precision

Precision data have been determined by testing involving ten laboratories and thirteen different PE 
and PP samples. The results are summarized in Annex A.

11	 Test report

The test report shall include the following information:

a)	 all information necessary for identification of the sample tested;

b)	 a reference to this document, i.e. ISO 24047:2021;

c)	 the results of the test, including the results of the individual determinations and their mean;

d)	 any deviations from the procedure specified;

e)	 any unusual features (anomalies) observed during the test;

f)	 the date of the test.
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Annex A 
(informative) 

 
Summary of precision data

All the precision data have been calculated according to ISO 5725-2. The results of Mg, Al, Ca, Zn, Cr and 
Ti are given in Table A.1 to Table A.6, respectively. The precision of this test method on Fe, Sb, Cu, Pb, Cd 
are not listed because interlaboratory data are not available. In Table A.1 to Table A.6, No. is the serial 
number, sample is the sample name, p is the number of laboratories, m (mg/kg) is the general mean, Sr 
is the repeatability standard deviation, SR is the reproducibility standard deviation, r (mg/kg) is the 
repeatability limit and R (mg/kg) is the reproducibility limit.

Table A.1 — Precision data for Mg

No. Sample p
m

mg/kg
Sr SR

r

mg/kg
R

mg/kg
1 PE-1 8 4,23 0,131 0,178 0,37 0,50
2 PE-4 9 4,86 0,133 0,663 0,37 1,86
3 PE-2 9 4,92 0,112 0,391 0,31 1,09
4 PE-8 8 4,92 0,206 0,235 0,58 0,66
5 PE-3 8 5,42 0,149 0,645 0,42 1,81
6 PE-6 9 16,72 0,366 1,447 1,02 4,05
7 PP-2 7 4,78 0,105 0,275 0,29 0,77
8 PP-3 9 35,98 0,672 3,192 1,88 8,94

9
Ethylene- 
propylene 
copolymer

8 3,31 0,168 0,191 0,47 0,53

NOTE   Mg content in other samples is lower than 0,50 mg/kg.

Table A.2 — Precision data for Al

No. Sample p
m

mg/kg
Sr SR

r

mg/kg
R

mg/kg
1 PE-3 7 6,63 0,127 0,984 0,36 2,76
2 PE-1 10 11,43 0,667 1,031 1,87 2,89
3 PE-6 9 18,71 0,325 1,301 0,91 3,64
4 PE-4 8 22,35 1,056 2,124 2,96 5,95
5 PE-2 9 23,84 0,546 3,281 1,53 9,19
6 PP-1 10 32,35 1,359 2,629 3,81 7,36
7 PP-3 10 35,83 1,270 4,287 3,56 12,00
8 PP-2 9 49,19 1,006 3,711 2,82 10,39
9 PP-4 10 98,94 4,498 8,565 12,59 23.98

10 Ethylene- 
propylene 
copolymer

9 56,29 1,227 4,047 3,44 11,33

NOTE   Al content in other samples is lower than 0,50 mg/kg.
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