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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.
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INTERNATIONAL STANDARD ISO 5724:2023(E)

Jewellery and precious metals — Determination of very
high purity gold — Difference method using ICP-MS

1 Scope

This document specifies an analytical procedure for the determination of very high purity gold with a
nomipalcontent of and above QQQ’QQ (/9N (p:\rfc per Hﬁnncnnr" hy mncc)’ ncing an-induct Vely Coupled

plasma mass spectrometer (ICP-MS).

2 Normative references

The fpllowing documents are referred to in the text in such a way that some or all of their content
constjtutes requirements of this document. For dated references, only.the edition cited applies. For
undafed references, the latest edition of the referenced document (inclading any amendmgénts) applies.

ISO 11596, Jewellery and precious metals — Sampling of precious métals and precious metal glloys

3 Terms and definitions
For the purposes of this document, the following terms-and definitions apply.

ISO apd [EC maintain terminology databases for us€in standardization at the following addresses:

et

$0 Online browsing platform: available at https://www.iso.org/obp

]

EC Electropedia: available at https://www.electropedia.org/

3.1
very high purity gold
gold with a content of and above 999,99 %o (parts per thousand, by mass)

4 Principle

The spmple is weighied and dissolved in diluted aqua regia to prepare a 2 g/1 solution. A blarlk calibration
curve is used todétermine the impurities coming from the preparation procedures. The jmpurities in
the sample aré determined by ICP-MS using internal standards (see Table B.1 for mass|number and
intermal standards), and the gold content is obtained by subtraction of the total content of jmpurities in
the sgmple'from 1 000 %o.

5 Reagents

During the analysis and for the preparation of all solutions, unless otherwise stated, use only reagents
of recognized analytical grade suitable for ICP-MS and ultrapure water with a resistivity around
18,2 MQ-cm.

5.1 Hydrochloric acid (HCI), with a mass fraction of approximately 30 % to 37 % of HCI.
5.2 Nitric acid (HNO;), with a mass fraction of approximately 65 % to 70 % of HNO;.

5.3 Sulfuric acid (H,S0,), with a mass fraction of approximately 95 % to 98 % of H,S0,.

©1S0 2023 - All rights reserved 1
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5.4 Hydrofluoric acid (HF), with a mass fraction of approximately 40 % of HF.

5.5 Diluted hydrochloric acid, consisting of a mix of one volume of hydrochloric acid (5.1) and one
volume of water.

5.6 Diluted nitric acid, consisting of a mix of one volume of nitric acid (5.2) and one volume of water.

5.7 Diluted hydrochloric acid 1:9, consisting of a mix of one volume of hydrochloric acid (5.1) and

nine volumes of water.

5.8 Aqual
nitric acid (5

5.9 Dilute

5.10 Monoq

Monoelemenital standard stock solutions can be either sourced externally or prepared in the labor;

NOTE De

5.11 Golds
Weigh (10,0

polytetraflugroethylene beaker and add 50 ml of diluted*aqua regia (5.9). Heat at an appro

temperature
intoa 500 m
into a clean

5.12 Stock

5.12.1 Congd

Ag, Al, As, Bi
1 ml of each
diluted aqua

5.12.2 Stock solution (0,1-1g/ml).

Ag, Al, As, Bi
1 ml of Conc
regia (5.9), n

|2), prepared freshly just before use.
[ aqua regia, consisting of a mix of one volume of aqua regia (5.8) and one yolume of y

lemental standard stock solutions (1 mg/ml).

Lails on the preparation of monoelemental standard stock solutiofis can be found in Annex A

fandard stock solution (20 g/1).

F 0,1) g of gold (of minimum purity 999,99 %) to the nearest 0,01 g. Transfer into a 2

until complete dissolution of the gold. Add 100'ml of aqua regia (5.8), transfer the so
volumetric flask, make-up with water to 500'ml and mix thoroughly. Transfer the so
lastic bottle.

solutions and standard solutions:

entrated stock solution (10\pg/ml).

Cd, Cr, Cu, Fe, Ir, Mg, Mn, Na, Ni, Pb, Pd, Pt, Rh, Sb, Se, Sn, Te, Ti, Zn (10 pg/ml each): P
monoelemental standard stock solution (5.10) into a 100 ml volumetric flask, add 20
regia (5.9), make upAvith water to 100 ml and mix thoroughly.

Cd, Cr, CuyFe, I, Mg, Mn, Na, Ni, Pb, Pd, Pt, Rh, Sb, Se, Sn, Te, Ti, Zn (0,1 pg/ml each): P
entrated stock solution (5.12.1) into a 100 ml volumetric flask, add 20 ml of diluted
ake'up with water to 100 ml and mix thoroughly.

Fegia, consisting of a mix of three volumes of hydrochloric acid (5.I) and one volume of

vater.

atory.

50 ml
priate
ution
ution

pette
ml of

pette
aqua

If other elements are present in the sample, they shall be added. Elements which shall not be analysed
can be omitted.

5.12.3 Concentrated internal standard solution (10 pg/ml).

Sc, Cs, Re (10 pg/ml each): Pipette 1 ml of each monoelemental standard stock solution of the standard
stock solutions (5.10) into a 100 ml volumetric flask, add 20 ml of diluted aqua regia (5.9), make up with

water to 100

ml and mix thoroughly.
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5.12.4 Internal standard solution (0,1 pg/ml).

Sc, Cs, Re (0,1 pg/ml each): Pipette 1 ml of concentrated internal standard solution (5.12.3) into a
100 ml volumetric flask, add 20 ml of diluted aqua regia (5.9), make up with water to 100 ml and mix
thoroughly.

6 Apparatus

6.1 Customary laboratory apparatus

6.2 [ICP-MS (inductively coupled plasma mass spectrometer], suitable for the quantification of trace
elemgnts in a solution.

6.3 |Analytical balance, with a reading accuracy of 0,1 mg.

7 Sampling

The shmpling procedure shall be performed in accordance with ISO 11596.

8 Procedure

WARNING — Suitable health and safety procedures sheuld be followed.

8.1 |General

Unless mentioned otherwise, all vessels and reagent bottles shall be made of fluoropolymer (e.g. PTFE,
PFA, FEP). Special care should be taken to keep all vessels and reagent bottles as clean ap possible, as
any cpntamination will impact the results:

8.2 [Sample preparation

The dample should be etched,\washed and dried before use to remove any surface contamination,
following this procedure.

Place|between 0,5 g and 2'g of the sample, cut in small pieces, into a beaker, add 20 ml of an ethanol/
wateq solution (1:1),and heat to boil for 5 min. Discard the solution and rinse the sample [3 times with
watel. Add 20 ml ¢f-diluted hydrochloric acid (5.5) and heat to boil for 5 min. Discard the|solution and
rinse[the sample\3-times with water. Dry the sample at around 105 °C in an oven.

8.3 |Sample solution

For edelrsample-to-beanalysed-twosamptesolutionsshallbe preparedasfolow-andanalysed.

Weigh (100 + 1) mg of the sample portion to the nearest 0,1 mg, transfer into a 50 ml fluoropolymer
beaker, and add 2,5 ml of diluted aqua regia (5.9). Heat at an appropriate temperature until complete
dissolution of the sample. Allow to cool, transfer into a 50 ml volumetric flask, add 2,5 ml of the internal
standard solution (5.12.4), make up with water to 50 ml, and mix thoroughly.

8.4

Blank solution

A blank solution is prepared in parallel by following procedure 8.3 in the absence of the sample.

© IS0 2023 - All rights reserved
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8.5 Calibration solutions

8.5.1 Blank calibration solutions

Add 0 ml, 0,50 ml, 2,50 ml, 5,00 ml and 10,00 ml of stock solution (5.12.2) to five different 50 ml
volumetric flasks, then and add in each flask 2,50 ml of diluted aqua regia (5.9) and 2,50 ml of internal
standard solution (5.12.4). Make up each flask to 50 ml with water and mix thoroughly. Those solutions

are unstable

8.5.2 Sam

Add 0 ml], 0
volumetric f

internal stan
solutions are

The volume
concentratio

over time and should be prepared just before use, or their stability validated.

ple calibration solutions

50 ml, 2,50 ml, 5,00 ml and 10,00 ml of stock solution (5.12.2) to five different
asks, then add in each flask 5,00 ml of gold standard stock solution (5.11) and.2)50
dard solution (5.12.4). Make up each flask to 50 ml with water and mix thoroughly.
unstable over time and should be prepared just before use, or their stabilitysvalidatg

5 of stock solutions (5.12.2) used in 8.5.1 and 8.5.2 shall be lowéred to matc
h of impurities in the sample.

8.6 Measuyrement

Set up the i
background
and the plas
manufacture

Spray the c

(strument in accordance with the manufacturer's instrfictions and choose appro
correction positions. A clean torch, spray chamber, and sample uptake tubes shall be
ma shall be stabilized before use, following the recemmendations of the instruy
I.

hlibration solutions (see 8.5.1 and 8.5.2) injaccordance with the defined instry

calibration procedure "standard addition" and then runtthe analytical procedure respectively f

blank solutidg

n (see 8.4) and sample solution (see 8.3).

Each solution shall have a stabilization time of atlleast 30 s, followed by at least three integration

for the deter
The rinsing t

come back tg

9 (Calculg

9.1 Calibr

Set the concg
the sample d
and 8.5.2). T

mination of the net intensities (background-corrected).

ime between each measurement shall be sufficient to allow the signal of each impuj
the baseline.

ition and expression of the results

ation curves

ntrationiin the calibration solutions (see 8.5.1 and 8.5.2). The blank calibration cury
alibration curve are obtained by spraying separately the calibration solutions (see
heblank calibration curve is used to determine ¢y, ;, the concentration of each elem

b0 ml
ml of
[hose
d.

h the

briate
used
nent’s

iment
br the

b each

ity to

e and
8.5.1
ent in

the blank solution (see 8.4). The sample calibration curve is used to determine c_,;, the concentrat
each element in the sample solution (see 8.3).

ion of

Calculate the calibration curve using the intensity ratio between each element and its corresponding
internal standard (see Annex B).

Collision cell technology or correction of spectral interferences with an appropriate mathematical
model shall be used.

EXAMPLE

The spectral intensity of As75 and Se82 can be corrected by the following formulae:

As75:-3,128 819 x Se77 + 2,734 582 x Se82 - 2,756 001 x Kr83

Se82:-1,007 8

33 x Kr83
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9.2 Calculation

The mass concentration is obtained by the intensity ratio of test element and its corresponding internal
standard. The mass fraction (W;) of each element is calculated and expressed as mg/kg of gold using

Formula (1):

c.: XV, —Cp i XVb
= s,i s ) ><103 (1)
m
where
c[; IS the concentration of the element [ In the sample solution, in [ig/ml;
|48 is the volume of the sample solution, in ml;
cp; isthe concentration of the element i in the blank solution, in ug/ml;

I},  isthe volume of the blank solution, in ml;
n is the mass of the metallic sample, in mg.

The precious metal fineness (W), expressed in parts per thoUsand (%o), is thus calqulated using

Formpla (2):

(2)

W,
W, =1000—( i

1000

where > W;is the sum of the mass portion of each element found above its detection limit} in mg/kg of
gold.

9.3 |Repeatability
Duplifate determinations shall give results differing by less than 25 % for the sum of impprities. If the
differfence is greater than this, the@ssay shall be repeated.
10 Test report

The t¢st report shall include at least the following information:

a)

b) spamplingprocedure;

—n

dentificationf the sample including source, date of receipt, and form of sample;

c) method used by reference to this document, i.e. ISO 5724:2023;

d 13 ot L2 1o L ) 10/ )1 ol ] 1 1
goracontentor tire- Sampre; i parts pertiotusana 700y Oy rasS;asSiigrevaraesSaiainean values,

with the result reported with six significant figures;
e) ifrelevant, any deviations from the method specified in this document;
f) any unusual features observed during the determination;
g) date of test;
h) identification of the laboratory carrying out the test;

i) signature of the laboratory manager and operator.

© IS0 2023 - All rights reserved 5
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Annex A
(informative)

Procedures for preparation of monoelemental standard stock

solutions

A1 Alumi
purity 99,99
dissolve the

,lil,llll, btdlll}ldl d DtUL}\ DUlutiUll (1 llls/lllll). ‘\I‘V’Cig}l 100,0 llls Ulcdlulllilliulll lllCtd} (Uflllill
%) into a 100 ml beaker, add 20 ml of diluted hydrochloric acid (5.5) and heat-gen
hluminium. Cool to room temperature, transfer the solution into a 100 ml volumettic

then dilute t¢ the mark with diluted hydrochloric acid 1:9 solution (5.7) and mix thoroughly:

A.2 Antim
purity 99,99
the antimony
100 ml volun

A.3 Arsen
reagent, prey
regia (5.8). K
temperature
and mix thor

pny, standard stock solution (1 mg/ml): Weigh 100,0 mg of antimony wetal (of min

%) into a 100 ml beaker and add 20 ml of diluted aqua regia (5.9),.Heat gently to di
 and volatilize the nitrogen oxides. Cool to room temperature, trahsfer the solution
netric flask, then dilute to the mark with water and mix thoroughly.

¢, standard stock solution (1 mg/ml): Weigh 132,0 mg of arSenic trioxide (As,05, Pr
riously dried at 100 °C~105 °C for 1 h), transfer into a 100 'ml beaker and add 20 ml o
eat gently to dissolve the arsenic trioxide and volatilize the nitrogen oxides. Cool to
transfer the solution into a 100 ml volumetric flask, then dilute to the mark with
oughly.

A.4 Bismufth, standard stock solution (1 mg/ml): Weigh 100,0 mg of bismuth metal (of min

purity 99,99
the bismuth
100 ml volun

%) into a 100 ml beaker and add 20 ml'ef diluted nitric acid (5.6). Heat gently to di
and volatilize the nitrogen oxides. Cgol to room temperature, transfer the solution
netric flask, then dilute to the markwith water and mix thoroughly.

A.5 Cadmium, standard stock solutiony(1 mg/ml): Weigh 100,0 mg of cadmium metal (of min

purity 99,99
the cadmiun
100 ml volun

A.6 Cesiun
reagent, prej

%) into a 100 ml beaker and add 20 ml of diluted nitric acid (5.6). Heat gently to di
and volatilize the nitrogen oxides. Cool to room temperature, transfer the solution
netric flask, then dilute to the mark with water and mix thoroughly.

h, standard stock solution (1 mg/ml): Weigh 136,1 mg of cesium sulfate (CsSO,, guara
rious dried-at 100 °C~105 °C for 1 h) into a 100 ml beaker, add 20 ml of water anc

imum
tly to
flask,

imum
bsolve
into a

mary
Faqua
room
water

imum
tsolve
into a

imum
tsolve
into a

nteed
| heat

gently to digsolve thé gesium sulfate. Cool to room temperature, transfer the solution into a 1p0 ml
volumetric flask, then'dilute to the mark with water and mix thoroughly.
A.7 Chromi : mate

(K,Cr,0,, Primary reagent, previously dried at 100 °C~105 °C for 1 h), transfer into a 100 ml beaker
and add 20 ml of diluted hydrochloric acid (5.5). Heat gently until complete dissolution of the potassium
dichromate. Cool to room temperature, transfer the solution into a 100 ml volumetric flask, then dilute
to the mark with water and mix thoroughly.

A.8 Copper, standard stock solution (1 mg/ml): Weigh 100,0 mg of copper metal (of minimum purity
99,99 %) into a 100 ml beaker and add 20 ml of diluted nitric acid (5.6). Heat gently to dissolve the
copper and volatilize the nitrogen oxides. Cool to room temperature, transfer the solution into a 100 ml
volumetric flask, then dilute to the mark with water and mix thoroughly.

A9 Iridium, standard stock solution (1 mg/ml): Weigh 229,4 mg of ammonium chloroiridate
[(NH,),IrClg, spectrum pure] into a 100 ml beaker, add 20 ml of diluted hydrochloric acid 1:9 (5.7) and
heat gently to dissolve the ammonium chloroiridate. Cool to room temperature, transfer the solution

6 © IS0 2023 - All rights reserved
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into a 100 ml volumetric flask, then dilute to the mark with diluted hydrochloric acid 1:9 (5.7) and mix
thoroughly.

A.10 Iron, standard stock solution (1 mg/ml): Weigh 100,0 mg of iron metal (of minimum purity
99,99 %) into a 100 ml beaker and add 20 ml of diluted nitric acid (5.6). Heat gently to dissolve the
iron and volatilize the nitrogen oxides. Cool to room temperature, transfer the solution into a 100 ml
volumetric flask, then dilute to the mark with water and mix thoroughly.

A.11 Lead, standard stock solution (1 mg/ml): Weigh 100,0 mg of lead metal (of minimum purity
99,99 %) into a 100 ml beaker and add 20 ml of diluted nitric acid (5.6). Heat gently to dissolve the
lead ili ' i ion into a 100 ml

volu

A.12
minir
20 ml
temp

etric flask, then dilute to the mark with water and mix thoroughly.

Magnesium, standard stock solution (1 mg/ml): Weigh 165,8 mg of maghesiy
hum purity 99,99 %, previously ignited at 780 °C for 1 h). Transfer int6)a 100 m
of diluted hydrochloric acid (5.5) and heat gently to dissolve the magnesium oxide.
brature, transfer the solution into a 100 ml volumetric flask, then dilute to the mar

and nix thoroughly.

A.13

minir
to dis
soluti

A.14
99,99
nicke

Manganese, standard stock solution (1 mg/ml): Weigh<100,0 mg of mangane
hum purity 99,99 %) into a 100 ml beaker and add 20 ml‘of diluted nitric acid (5.6)
solve the manganese and volatilize the nitrogen oxides.“Cool to room temperature
on into a 100 ml volumetric flask, then dilute to the mark with water and mix thorou

%) into a 100 ml beaker and add 20 ml of-diluted nitric acid (5.6). Heat gently to
and volatilize the nitrogen oxides. Cool to\room temperature, transfer the solution

volunpetric flask, then dilute to the mark with'water and mix thoroughly.

A.15
purit)
the p

Palladium, standard stock solution (1 mg/ml): Weigh 100,0 mg of palladium metal
7 99,99 %) into a 100 ml beaker and add 20 ml of diluted aqua regia (5.9). Heat gent
hlladium and volatilize the nitrogen oxides. Cool to room temperature, transfer the s

100 mpl volumetric flask, then dilute to the mark with water and mix thoroughly.

A.16
purity
the pl

Platinum, standard:stock solution (1 mg/ml): Weigh 100,0 mg of platinum metal
7 99,99 %) into 7100 ml beaker and add 20 ml of diluted aqua regia (5.9). Heat gent
atinum and valatilize the nitrogen oxides. Cool to room temperature, transfer the s

100 mpl volumetricflask, then dilute to the mark with water and mix thoroughly.

A.17
purit)

Rhenium, standard stock solution (1 mg/ml): Weigh 100,0 mg of rhenium metal
7 99,99 %) into a 100 ml beaker, add 20 ml of diluted nitric acid (5.6). Heat gentl

the r}

m oxide (of
beaker, add
Cool to room
k with water

se metal (of
. Heat gently
transfer the

ghly.

Nickel, standard stock solution (1 mg/ml): Weigh 100,0 mg of nickel metal (of minimum purity

dissolve the
nto a 100 ml

(of minimum
y to dissolve
blution into a

[of minimum
y to dissolve
lution into a

[of minimum
y to dissolve

jeriium and volatilize the nitrogen oxides. Cool to room temperature, transfer the s¢lution into a

100 ml volumetric flask, then dilute to the mark with water and mix thoroughly.

A.18 Rhodium, standard stock solution (1 mg/ml): Weigh 359,3 mg of ammonium hexachlororhodate
[(NH4)3RhCl;, spectrum pure] into a 100 ml beaker, add 20 ml of diluted hydrochloric acid 1:9 (5.7)
and heat gently to dissolve the ammonium hexachlororhodate. Cool to room temperature, transfer the
solution into a 100 ml volumetric flask, then dilute to the mark with diluted hydrochloric acid 1:9 (5.7)
and mix thoroughly.

A.19 Scandium, standard stock solution (1 mg/ml): Weigh 153,4 mg of scandium trioxide (Sc,05,
spectrum pure) into a 100 ml beaker, add 10 ml of diluted hydrochloric acid (5.5) and heat gently to
dissolve the scandium trioxide. Cool to room temperature, transfer the solution into a 100 ml volumetric
flask, then dilute to the mark with water and mix thoroughly.
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