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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
electrotechnical 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 on the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformitylassessment,|ds) well?asjinformation aboit\[SO's adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following
URL: www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 264, Fireworks.
Alist of all the parts in the!ISO/22863series/canbe found:on'the 1SOweébsite.

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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INTERNATIONAL STANDARD ISO 22863-9:2021(E)

Fireworks — Test methods for determination of specific
chemical substances —

Part 9:
Mercury content by hydride generation atomic
fluorescence spectrometry

1 Scope

This document specifies the test method for the determination of the mercury content in pyrotechnic
compositions by hydride generation atomic fluorescence spectrometry.

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 22863-1, Fireworks — Test methods for determination of specific chemical substances — Part 1: General

3 Terms and definitions
For the purposes of this'doc¢umetit, the'terms'and definitions given in SO 22863-1 apply.
[SO 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 of the method

The sample is heated and digested in a boiling water bath using a nitric acid - hydrochloric acid mixed
reagent. In the acidic medium, the mercury in the sample is reduced to atomic mercury by potassium
borohydride, and then loaded into the atomic fluorescence photometer by a carrier gas (argon). Under
the irradiation of a mercury hollow cathode lamp, the mercury atoms will emit fluorescence with a
characteristic wavelength when they transit from high energy state to ground state. The fluorescence
intensity is proportional to the mercury concentration in the liquid to be measured and is quantitatively
compared with mercury standard solutions.

5 Reagents

5.1 Hydrochloric acid (GR)

5.2 Nitric acid (GR)

5.3 Potassium dichromate (GR)
5.4 Sodium hydroxide (GR)

© IS0 2021 - All rights reserved 1
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5.5 Potassium borohydride (AR)

5.6 Nitric acid solution (volume fraction 5 %):

Take 50 ml of nitric acid (5.2) with a pipette and dilute it to 1 000 ml with water.

5.7 Nitric diluted solution of potassium dichromate (0,5 g/1):

Weigh and dissolve 0,5 g of potassium dichromate (5.3) in 1 000 ml of nitric acid solution (5.6).

5.8 Hydrochloric acid-nitric acid mixed reagent [(1 + 1) aqua regia]:

Mix 150 ml of hydrochloric acid (5.1) with 50 ml of nitric acid (5.2) and then dilute it with water to double.

5.9 Sodium hydroxide solution (mass fraction 0,2 %):

Weigh and dissolve 1,0 g of sodium hydroxide (5.4) in 500 ml of water.

5.10 Potassium borohydride solution (mass fraction 2 %):

Weigh and dissolve 10,0 g of potassium borohydride (5.5) in 500 ml of sodium hydroxide solution (5.9).
5.11 Mercury standard solution (1 000 mg/1)

5.12 Mercury standard intermediate solution (1 pg/ml):

Take 100 pl of mercury standard solution (5.11) with a pipette, dilute it to 100 ml by adding nitric
diluted potassium dichromate solution (5.7), shake well,

5.13 Mercury standard use solution (20 pg/l1):

Take 1 ml of mercury standard intermediate solution (5.12) with a pipette and dilute it to 50 ml by
adding nitric diluted potassium dichromate solution (5.7), shake well.

5.14 Preparation of mercury standard working curve solutions:

Separately place 0,0 ml, 0,5 ml, 1,0 ml, 2,0 ml, 3,0 ml, 5,0 ml mercury standard use solution (5.13) in
a 50 ml volumetric flask (6.5), dilute with the nitric diluted potassium dichromate solution (5.7) to
50 ml so that the concentrations of the mercury standard working curve solutions are 0,0 pg/1, 0,2 pg/l,
0,4 pg/l,0,8 ng/l, 1,2 ug/land 2,0 pg/1. Shake well.

6 Apparatus

6.1 Agate mortar

6.2 80 mesh standard sample sieve

6.3 Water bath

6.4 Atomic fluorescence photometer: equipped with a mercury hollow cathode lamp
6.5 Volumetric flasks (50 ml)

6.6 Capped test tubes: volume 100 ml

2 © IS0 2021 - All rights reserved



IS0 22863-9:2021(E)

6.7 Filter paper

6.8 Analytical balance, accurate to 0,0001 g

7 Test procedure

7.1 Sample pre-treatment, digestion and preparation of the solution to be tested

Firstly, the sample is crushed in the agate mortar (6.1) and then sieved with a 80-mesh standard sample
sieve (6.2). The sieved sample powder is weighed to 0,2 g using the analytical balance (6.8) and placed
in the 100 ml capped test tube (6.6), add 2 ml of water, shake to mix.

Then 15 ml of the hydrochloric acid - nitric acid mixed reagent (5.8) is added. Shake well and place it for
2 hours in the boiling water bath (6.3), and then take it out from the water bath and let it cool for a short
while. Add nitric diluted solution of potassium dichromate (5.7) to 100 ml and shake well.

Filter the solution through a filter paper (6.7) and then place it on the atomic fluorescence photometer
(6.4). Perform the test.

At the same time, a blank test shall be carried out. Prepare a blank test solution by mixing 2 ml of
water with 15 ml of the hydrochloric acid - nitric acid mixed reagent (5.8). Shake well and place it for
2 hours in the boiling water bath (6.3), and then take it out from the water bath and let it cool for a short
while. Add nitric diluted solution of potassium dichromate (5.7) to 100 ml and shake well. Place it on
the atomic fluorescence photometer (6.4). Perform the blankstest:

7.2 Test conditions

The operative conditions of the atomic fluorescence spectrometer (6.4) shall be set to the appropriate
settings to obtain the best performance.

For instance, the following requirements’shall’apply to the atomic fluorescence photometer where
appropriate:

Negative high pressure/voltage: 270 V; lamp current: 30 mA; furnace height: 10 mm; carrier gas flow:
500 ml/min; shielding flow: 1 000 ml/min; reading mode: peak area; measurement method: standard
curve method.

Instrument precision requirements: the blank test solution is measured several times, fluorescence
intensity range of not more than 5.
8 Calculations

Calculate the mercury concentration by using Formula (1):

—p )V
w (1g)=2-20 ) @

where

W (Hg) is the content of mercury in the sample, mg/kg or ug/g.
p is the concentration of the test solution measured on the atomic fluorescence photometer, pg/1.

Py is the concentration of the reagent blank measured on the atomic fluorescence photometer, ug/1

© IS0 2021 - All rights reserved 3
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%4 is the volume of the sample after the digestion process is completed, ml
m is the mass of the sample, g

1000 isthe coefficient of convert "ml" to "1".

9 Accuracy

The absolute difference between two independent determinations obtained under repeatability
conditions shall not exceed 20 % of the arithmetic mean.

Accuracy improvement can be obtained using the standard addition method (See Annex A)

10 Other

When the sample is 0,2 g and the volume is 100 ml, the detection limit is 0,03 mg/kg and the limit of
quantification is 0,09 mg/kg.

11 Testreport

The test report shall include at least the following information:

— name and address of the testing laboratory;

— date of issue;

— reference to this document, i.e. ISO 22863-9:2021;

— necessary description of the sample and how itwas’obtained according to ISO 22863-1;
— the identification of qualitative analysis’and quantitative ‘analysis;

— results of the analysis;

— any anomaly that occurred while performing the tests.

4 © IS0 2021 - All rights reserved
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Annex A
(informative)

Standard addition method

A.1 General

This second method eliminates the “matrix” effects that result from the digestion process where other
ions corresponding to other compounds than mercury ones may have been formed and remain in the
digested sample solution to be tested. Such ions are likely to have an impact on the spectrometric
records.

It may be used to improve the accuracy of measurements.

A.2 Sample size
Take one 0,5 g sample, using the analytical balance (6.8)

Duplicate the sample.

A.3 General requirement
The analysis of the two samples shall be carried out immediately one after the other.

For error correctionjtasblanktest shall-be carriedioutin’parallel with‘ametrcury-free blank solution.

A.4 Test procedure

A.4.1 Digestion process

The same digestion process as described in (7.1) shall be carried out to obtain the digested sample
solution that is to be diluted and tested according to A.4.2 to A.4.4.

The mentioned quantities of each of the acids to be used shall be multiplied by 2,5 to take into account
the larger sample size as given in (A.2).

A.4.2 Dilution of the digested sample solution

Prepare 100 ml of a diluted solution of the standard diluted solution of mercury (5.13) to a concentration
of 10,0 pg/1.

Pour 50 ml of the digested sample solution in each of a set of 100 ml flasks that shall be numbered
from 1 to 5.

© IS0 2021 - All rights reserved 5
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.

Key

1 Nr1l
2 Nr2
3 Nr3
4 Nr4
5 Nr5

Add carefully 10 ml of the above 10,0 pg/1 diluted solution of mercury in flask Nr 2, 20 ml of the same
solution in flask Nr 3, 30 ml in flask Nr 4 and 40 ml in flask Nr 5.

I T
st
iteh.ai .sist/aZ 5-97f
1 2

8d071ad87dde/is0-22863-9-2021

3 4 5
Key
1 Nr1l
2 Nr2
3 Nr3
4 Nr4
5 Nr5

Add water in all flasks 1 to 5 up to the 100 ml graduation and mix minutely.
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