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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 proce@lures used to develop this document and those intended for its further maintenance
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Fireworks — Test methods for determination of specific
chemical substances —

Part 9:
Mercury content by hydride generation atomic

flyorescence spectrometry ]
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Scope

5 document specifies the test method for the determination of the mercugy,content in p
positions by hydride generation atomic fluorescence spectrometry.

Normative references

following documents are referred to in the text in such.aéway that some or all of th
Stitutes requirements of this document. For dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

22863-1, Fireworks — Test methods for determination of specific chemical substances — Paf

Terms and definitions
the purposes of this document, the termis and definitions given in ISO 22863-1 apply.
and [EC maintain terminological databases for use in standardization at the following ad

[SO Online browsing platform: available at https://www.iso.org/obp

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

Principle of theimethod

sample is heated and digested in a boiling water bath using a nitric acid - hydrochloric
bent. In thélacidic medium, the mercury in the sample is reduced to atomic mercury by
bhydridejand then loaded into the atomic fluorescence photometer by a carrier gas (arg
irradiation of a mercury hollow cathode lamp, the mercury atoms will emit fluoresce
Facteristic wavelength when they transit from high energy state to ground state. The fl

int

yrotechnic

bir content
pplies. For
[s) applies.

t 1: General

dresses:

hcid mixed
potassium
fon). Under
nce with a
lorescence

nsity is proportional to the mercury concentration in the liquid to be measured and is qu

ntitatively

compared with mercury standard solutions.

5

5.1

5.2

5.3

5.4

Reagents
Hydrochloric acid (GR)
Nitric acid (GR)
Potassium dichromate (GR)

Sodium hydroxide (GR)

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

5.6 Nitri

Take 50 ml

5.7 Nitri
Weigh and

c acid solution (volume fraction 5 %):

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

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

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

5.8 Hydj
Mix 150 ml

5.9 Sodi
Weigh and

5.10 Potapssium borohydride solution (mass fraction 2 %):

Weigh and
5.11 Mer¢

5.12 Mer«

Take 100 gl of mercury standard solution (5.11) with a\pipette, dilute it to 100 ml by adding n

diluted pot

5.13 Mer«

Take 1 ml
adding nitr

5.14 Prep

Separately|
a 50 ml va
50 ml so th

0,4 pug/l, 0,

6 Appa

ochloric acid-nitric acid mixed reagent |[(1 + 1) aqua regia|:

of hydrochloric acid (5.1) with 50 ml of nitric acid (5.2) and then dilute it with waterto)dou

nm hydroxide solution (mass fraction 0,2 %):

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

ury standard solution (1 000 mg/1)

ury standard intermediate solution (1 pg/ml):

assium dichromate solution (5.7), shake welk

ury standard use solution (20 pg/1):

ic diluted potassium dichromate solution (5.7), shake well.

aration of mercury standard working curve solutions:

place 0,0 ml, 0,5 ml,»4,0 ml, 2,0 ml, 3,0 ml, 5,0 ml mercury standard use solution (5.13
lumetric flask (6.5); dilute with the nitric diluted potassium dichromate solution (5.7
at the concentrations of the mercury standard working curve solutions are 0,0 pg/1, 0,2
B ug/1, 1,2 ug/tand 2,0 pg/1. Shake well.

ratus

dissolve 10,0 g of potassium borohydride (5.5) in 500 ml of sodiinm hydroxide solution (3.9

6.1 Aga
6.2
6.3
6.4
6.5

6.6

moruar

80 mesh standard sample sieve

Water bath

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

Capped test tubes: volume 100 ml

ble.

tric

of mercury standard intermediate solution (5.12) with a pipette and dilute it to 50 m| by

) in
to
g/l
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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

Flrstly, the sample is crushed in the agate mortar (6.1) and then sieved with a 80-mesh standard sample
and placed

place it for
for a short

hotometer

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

7.2] Test conditions

The operative conditions of the atomic fluoreséénce spectrometer (6.4) shall be set to the dppropriate
setflings to obtain the best performance.

For|instance, the following requirements shall apply to the atomic fluorescence photomeg¢ter where
appropriate:

Negative high pressure/voltage:270 V; lamp current: 30 mA; furnace height: 10 mm; carridr gas flow:
500 ml/min; shielding flow: 1000 ml/min; reading mode: peak area; measurement method: standard
curye method.

Insfrument precision €equirements: the blank test solution is measured several times, fliorescence
intgnsity range of nétynore than 5.

8 |Calculations

Calqulatéthe mercury concentration by using Formula (1):

(p—pn .U/

W(Hg)= P Q0

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
m

1000

is the volume of the sample after the digestion process is completed, ml
is the mass of the sample, g

is the 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 i

10 Othery

When the
quantificat

11 Test yreport

The testre
— name §

— date of

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

— necess
— the idqg
— resulty

— any an|

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

sample is 0,2 g and the volume is 100 ml, the detection limit is 0,03 mg/Kg and the lim|t of
ion is 0,09 mg/kg.

port shall include at least the following information:
ind address of the testing laboratory;

issue;

ary description of the sample and how it was obtained according to ISO 22863-1;
ntification of qualitative analysis and-quantitative analysis;
of the analysis;

omaly that occurred while-performing the tests.
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Annex A
(informative)

Standard addition method

General
Fenera:

Thi
iong
digg
rec

Itm

A.2
Tak

Duy

A.3
The

For

A

A4

Thd
soly

Thd
the

A4

Pre

5 second method eliminates the “matrix” effects that result from the digestion process w

bsted sample solution to be tested. Such ions are likely to have an impact_on’the spe
rds.

ay be used to improve the accuracy of measurements.

Sample size
e one 0,5 g sample, using the analytical balance (6.8)

licate the sample.

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

error correction, a blank test shall be carried out in parallel with a mercury-free blank s

Test procedure

.1 Digestion process

same digestion proeess as described in (7.1) shall be carried out to obtain the diges
tion that is to be diluted and tested according to A.4.2 to A.4.4.

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

.2 Dilution of the digested sample solution

here other

corresponding to other compounds than mercury ones may have been formed.ahd remmain in the

ctrometric

blution.

fed sample

1to account

pare100 ml of a diluted solution of the standard diluted solution of mercury (5.13) to a cof

jcentration

of 1

0 VA |
SOHET T

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.
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L]

Key N
1 Nri (I/Qq’
2 Nr2 Q;
3 Nr3 (b‘b

S9)
4 Nr4 )
5 Nr5 q/

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

"=

© 3
Key C)

1 Nr1l @

2 Nr2 C)O

3 Nr3 O

4 Nr4 %

S 2

Nr5 Q

Add water fin all fla%?rto 5 up to the 100 ml graduation and mix minutely.

N
v
%&
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1l

Key

Ul s W N

Thd
the

A4

Set

malnufacturer's instructions. %

Per
solu

A4

Cal
afte

Plot
solu

Det
soft

X-ay
obt

Using the equglg'n of the regression line, calculate the value where the regression line int

Nr 1
Nr 2 qu/
Nr 3 (O‘b'
>
Nr 4 (1/
Vv

Nr 5

dosing of the digested sample solution and of the 10,0 ug/I dilut@) solution of mercury
flasks shall be done as accurately as possible by using the best laboratory practices.

.3 Measurement QQ

up the atomic fluorescence photometer (6.4) to the;&B\}mized working conditions acco

O
form the test according to manufacturer’s ingsh'ctions and record the absorbances for
tions of flasks Nr 1 to 5. %)
K\

.4 Calculations \O
-

ulate the concentration of add <18f0 ug/l1 diluted solution of mercury for each flask as
r dilution. .

recorded absorbance ml@s. corresponding calculated concentrations of added 10,0 {
tion of mercury. The plgtted points should be approximatively aligned.

ermine the equat'afbg’ the regression line which is the closest from all points. Most s
ware that are CL@ ntly available have such capability.

is. That e represents the concentration of mercury in flask Nr 1 and shall be multip
hin th

R

al concentration C of the digested sample solution.

r in each of

ding to its

pach of the

measured

g/l diluted

breadsheet

brcepts the
ied by 2 to

o)
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