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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 6101-2:2019(E)

Rubber — Determination of metal content by atomic
absorption spectrometry —

Part 2:
Determination of lead content

WAlllNING 1 — Persons using this document should be familiar with normal laborateyy practice.
Thi§ document does not purport to address all of the safety problems, if any, associated with its
use.|It is the responsibility of the user to establish appropriate safety and health practices and to
detdrmine the applicability of any other restrictions.

WARNING 2 — Certain procedures specified in this document might involve the use orgeneration
of substances, or the generation of waste, that could constitute a local environmental hazard.
Refdrence should be made to appropriate documentation on safe handling and disposdl after use.

1 Bcope

This|document specifies an atomic absorption spectrometricimethod for the determination of the lead
content of rubbers.

The [method is applicable to raw rubber and rubbercproducts. There is no limit to the concentration
of lepd that can be determined. High or low concentrations can be determined, provided that suitable
adjustments are made to the mass of the test portion and/or the concentration of the solyitions used.
The pse of the standard-additions method mightlower the bottom limit of detection.

2 Normative references

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

[SO 123, Rubber latex —Sampling
ISO 247-1:2018, Rubber — Determination of ash — Part 1: Combustion method
ISO 648, Laboratory glassware — Single-volume pipettes

ISO 1042, Laboratory glassware — One-mark volumetric flasks

[SO 1772, Laboratory crucibles in porcelain and silica

[SO 1795, Rubber, raw natural and raw synthetic — Sampling and further preparative procedures

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/

© IS0 2019 - All rights reserved 1
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4 Principle

If the rubber does not contain halogenated compounds, a test portion is directly ashed at 550 °C + 25 °C
as specified in ISO 247-1:2018, method A. If the rubber contains halogenated compounds, a test portion
is first mineralized with sulfuric and nitric acids, the acids are removed by evaporation, and the portion
is ashed at 550 °C * 25 °C.

NOTE The presence of even small amounts of halogens can lead to the loss of volatile lead salts during
dry ashing.

The ash obtained is boiled with ammonium acetate solution to dissolve the lead. Insoluble lead silicates,
if present, re—converted—to—chloride b_y bui}ius with—a—mixtare—of h_ydl ochlorie a\,id, nitrie—aeteh and

hydrogen pgroxide.

The solution is aspirated into an atomic absorption spectrometer and the absorbance is medsured at a
wavelength| of 283,3 nm, using a lead hollow-cathode lamp as the lead emission source.
5 Reagents

During the gnalysis, unless otherwise stated, use only reagents of recognized'analytical grade, and|only
distilled wdter or water of equivalent purity.

5.1 Sulfuficacid, p,, = 1,84 Mg/m?.
5.2 Nitri¢ acid, p,, = 1,40 Mg/m3.
5.3 Hydrpchloric acid, p,, = 1,18 Mg/m3.

5.4 Hydrochloric acid, diluted 1 + 2.

Dilute 1 volhime of concentrated hydrochloric:acid (5.3) with 2 volumes of water.
5.5 Hydrpgen peroxide, 30 % (mass fraction) solution.
5.6 Ammpnium acetate, 180 g/dni? solution.

5.7 Standard lead stock solution, containing 1 g of Pb per cubic decimetre.
Either use 4 commercially-available standard lead solution, or prepare as follows:

Weigh, to the neare$t,0,1 mg, 1 g of metallic lead (purity = 99,95 %) and transfer to a 100 cm3 bepker
(6.12). Add B0 cm of water and 20 cm3 of nitric acid (5.2) and boil on a sand bath (6.10). If the lepd is
dissolved, dontinue boiling until the solution is reduced to about 20 cm3 or less. No nitrogen oxides
should be qbserved. Otherwise, add water and continue boiling, Transfer to a 1 000 ¢m3 one-thark
volumetric flask (see 6.7) with 1 + 2 hydrochloric acid (5.4) and fill to the mark with 1 + 2 hydrochloric
acid (5.4).

1 cm3 of this standard stock solution contains 1 mg of Pb.

5.8 Standard lead solution, containing 10 mg of Pb per cubic decimetre.

Using a pipette (6.9), carefully introduce 10 cm3 of the standard lead stock solution (5.7) into a
1 000 cm?3 one-mark volumetric flask (see 6.7). Dilute to the mark with 1 + 2 hydrochloric acid (5.4),
and mix thoroughly.

Prepare this solution on the day of use.

1 cm3 of this standard solution contains 10 pg of Pb.

2 © IS0 2019 - All rights reserved
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6 Apparatus

Ordi

nary laboratory apparatus, plus the following.

2:2019(E)

6.1 Atomic absorption spectrometer, fitted with a burner fed with acetylene and air, compressed
to at least 60 kPa and 300 kPa, respectively, and also fitted with a lead hollow-cathode lamp as the lead
emission source. The instrument shall be operated in accordance with the manufacturer’s instructions
for optimum performance.

Alternatively, an electrothermal atomization device (graphite furnace) may be used. It shall be
operated by a competent person in accordance with the manufacturer’s instructions f

r optimum

perf
6.2
6.3
6.4
6.5
6.6

6.7
and

6.8

6.9
requ

6.10

brmance, during drying, ashing and volatilization of the test portion.
Balance, accurate to 0,1 mg.
Muffle furnace, capable of being maintained at 550 °C + 25 °C.
Evaporating dish, of capacity about 100 cm3, made of quartz glass, with a clock-glass
Conical flask, of capacity 250 cm3, made of silica or borosilicdte glass.
Measuring cylinder, of capacity 25 cm3, graduated in 0y5 cm3 divisions.

One-mark volumetric flasks, glass-stoppered, of,capacities 50 cm3, 100 cm3, 200 c1
1 000 cm3, in accordance with the requirements*0f 1SO 1042, class A.

Filter funnel, 65 mm diameter, 60° angle!

Volumetric pipettes, of capacitiest5 cm3, 10 cm3, 20 cm3 and 50 cm3, in accordan
irements of ISO 648, class A.

Electric hotplate or sand'bath heated by a gas burner.

6.11] Steam bath.

6.12

6.13

6.14
size,

Beaker, of capdcity 100 cm3.

Crucible, of silica or borosilicate glass, of capacity 50 cm3 to 150 cm3 depending on the
ifraccordance with the requirements of ISO 1772.

fover.

n3, 500 cm3

ce with the

Crucible, '0f platinum, and of capacity 50 cm3 to 150 cm3 depending on the test portion size.

test portion

7 Sampling

Carry out sampling as follows:

— raw rubber: in accordance with ISO 1795;

— latex: in accordance with ISO 123;

— products: to be representative of the whole batch.

© IS0 2019 - All rights reserved
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8 Procedure

8.1 Test portion

8.1.1

If the rubber does not contain halogenated compounds, weigh, to the nearest 0,1 mg,0,5gto 2,0 g

(depending on the expected lead content) of milled or finely cut rubber into a crucible (6.13 or 6.14).

It is advisable to run the Beilstein test on a preliminary test portion for halogen content, as volatile lead

compounds

are possibly formed in the presence of halogen-containing admixtures.

8.1.2 Ifth
weigh to thg
rubber into

8.2 Prep
8.2.1 Deg

8.2.11 If
method A o

8212 If

To the flask
on the eled
disintegratg
decompose

Some rubbe

Transfer th
ash in the nf

8.2.2 Dis

After coolin
(5.6) and fi
muffle furn

Cool to rooin tempetature, add a mixture of 10 cm3 of hydrochloric acid (5.3), 5 cm?3 of nitric acid

and 10 droy
Cool and fi

aration of test solution

e rubber contains halogenated compounds (for example, in the case of chloroprene rub
nearest 0,1 mg, 0,5 g to 2,0 g (depending on the expected lead content) of milled or-finel
the conical flask (6.5).

truction of organic matter

the rubber does not contain halogenated compounds, ash the testportion in accordance
F1SO 247-1:2018.

containing the test portion, add 10 cm3 to 15 cm3@f sulfuric acid (5.1) and heat moder
tric hotplate or on the sand bath heated by™a* gas burner (6.10) until the rubber
bd. Carefully add 5 cm3 of nitric acid (5.2). Continue heating until the rubber has compl
l and white fumes are evolved.

r formulations cause considerable splashing; in this case, use a larger conical flask.

e reaction mixture quantitatively into the evaporating dish (6.4), evaporate to drynesg
uffle furnace (6.3), maintained at 550 °C * 25 °C, until all the carbon has burnt off.

solution of inorganic residue

g, boil the residue obtained in 8.2.1.1 or 8.2.1.2 with 15 cm3 of ammonium acetate soly

pce (6.3), maintained at 550 °C + 25 °C, until all the carbon has burnt off.

s of hydregen peroxide (5.5), then boil for about 10 min.

ter the reaction mixture. Evaporate the filtrate on the steam bath (6.11) to dryness
residue with water. Add this to filtrate A. Transfer the combined solutions, guantitati

ber),
y cut

with

the rubber contains halogenated compounds (8.1.2), use'the following alternative procedure.

htely
has
ptely

and

ition

ter through a paperfilter. Retain this filtrate (A) and ash the filter with the residue if the

[5.2)

and

take up the

vely,

to a 50 cm3 one-mark volumetric flask (see 6.7) with hydrochloric acid (5.4). Dilute to the mark with
hydrochloric acid (5.4) and proceed in accordance with 8.4.

Test solutions in hydrochloric acid shall be of the same concentration as in 5.4. If evaporation, etc., has
reduced or increased this concentration, adjust it accordingly with concentrated hydrochloric acid (5.3)
or with water.

© ISO 2019 - All rights reserved
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8.3 Preparation of the calibration graph
8.3.1 Preparation of calibration solutions

8.3.1.1 Into a series of five 100 cm3 one-mark volumetric flasks (see 6.7) introduce, using pipettes
(see 6.9), the volumes of standard lead solution (5.8) indicated in Table 1. Dilute to the mark with
1 + 2 hydrochloric acid (5.4) and mix thoroughly.

Table 1 — Standard calibration solutions

Volume of standard lead solution Mass of lead contained in 1 cm?
cm3 Hg
50 5
20
10
5 0,5
0

8.3.1.2 Prepare the set of calibration solutions immediately prior to the determination.

8.3.1.3 If the test portion was prepared with sulfuric acid and ammonium acetate, ude the same
quartities in the calibration solutions and for the corresponding calibration blank.

8.3.2 Spectrometric measurements

Switch on the spectrometer (6.1) sufficiently inladvance to ensure stabilization. With the llead hollow-
cathpde lamp suitably positioned, adjust the 'wavelength to 283,3 nm and the sensitivjity and slit
apernture according to the characteristics of\the instrument.

Adjust the pressures and flow rates of the air and of the acetylene in accordance with the manufacturer’s
instructions so as to obtain a clear-blue, non-luminous, oxidizing flame, suited to the charagteristics of
the particular spectrometer beingused.

Aspilrate the set of calibration solutions in succession into the flame and measure the absorbance of
each solution twice, averaging the readings. Take care that the aspiration rate is constantfthroughout
this |process. Ensure also’that at least one calibration solution is at or below the analyte leyel found in
the fubber being tested.

Aspilrate waterghrough the burner after each measurement.

If sulfuric acid has been used in the preparation of the test portion, it is advisable to use a packground
corrpction.

8.3.3 Plotting the calibration graph

Plot graph, having, for example, the masses, in micrograms of lead contained in 1 cm3 of the calibration
solutions, as abscissae and the corresponding values of absorbance, corrected for the absorbance of the
calibration blank, as ordinates. Represent the points on the graph by the best straight line as judged
visually or as calculated by the least-squares fit method.

8.4 Determination

8.4.1 Spectrometric measurements

Carry out duplicate spectrometric measurements at a wavelength of 283,3 nm on the test solution
prepared in 8.2.2, following the procedure specified in 8.3.2.

© IS0 2019 - All rights reserved 5
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8.4.2 Dilution

If the instrument response for the test solution is greater than that found for the calibration solution
having the highest lead content, dilute as appropriate with 1 + 2 hydrochloric acid (5.4) in accordance
with the following procedure.

Pipette carefully a suitable volume (V cm3) of the test solution prepared in 8.2.2 into a 100 cm3 one-
mark volumetric flask (see 6.7) so that the lead concentration lies within the range covered by the
calibration solutions. Dilute to the mark with 1 + 2 hydrochloric acid (5.4). Repeat the spectrometric

measurements.

NOTE TJ ;ll\,l CTads’T thc 1C11abillty Uf thc tCDt lllCthUd, thC otaudald additiuuo lucthud cdall bC uocd
Annex A).

8.5 Blank determination

Carry out 4 blank test in parallel with the determination, using 1 + 2 hydrochlofig acid (5.2)
omitting the test portion.

If the prepdration of the test solution involved the use of sulfuric acid and ammonium acetate, pre

the blank tgst solution by repeating that procedure, but omitting the test partion.
8.6 Numbper of determinations
Carry out the procedure in duplicate, using separate test portions cutfrom the same homogenized sar
9 Expression of results
9.1 Read the lead content of the test solution directly*from the calibration graph plotted in 8.3.3.
The lead content of the test portion, expressed as-a percentage by mass, is given by Formula (1):
Pb). -p(Pb
p(P) P (PbY,
200m
where
p(Pb),| isthelead content, in micrograms per cubic centimetre, of the test solution, read frq
the calibratien’graph;
P (Pb)b is the lead content, in micrograms per cubic centimetre, of the blank test solution, r¢
from.the calibration graph;
m is the mass, in grams, of the test portion;

(see

but

pare

nple.

M

m

bad

is the test solution dilution factor, if required (see 8.4.2), given by:
100
f===

%4
V being the volume, in cubic centimetres, of test solution taken in 8.4.2.

9.2 Alternatively, the lead content, expressed as a percentage by mass, is given by Formula (2):

p(Pb),

—p(Pb), y

200m

where

(2)

© ISO 2019 - All rights reserved
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9.3

condentration is expressed as ‘a-percentage and to the nearest whole number when the conc
expressed in milligrams per kilogram.

9.4

kilogram if less than,0,1 %.

10
The
a)
b)
c)
d)
e)
f)
g)

IS0 6101-2:2019(E)

p(Pb),  isthelead content, in micrograms per cubic centimetre, of the test solution, given by:

A xp(Pb)
p(Pb), =——"—
A, being the absorbance of the test solution,
A, being the absorbance of the standard calibration solution having the lead

content closest to that of the test solution,

p(Pb) isthelead content, in micrograms per cubic centimetre, of the standard cali-

content closest to that of the test seoliition,

p(Pb) isthelead content, in microgratnsper cubic centimetre, of the st

bration solution having the absorbance closest to that of the test
In is the mass, in grams, of the test portion;
i is the test solution dilution factardf required (see 8.4.2), given by:
100
f==—
%

V' being the volume, incubic centimetres, of test solution taken in 8.4.2.

The test result is the average'of two determinations, rounded to two decimal places w]}

bration sotution Taving the absorbance Ctosestto that of the testjsolution;
I (Pb)b is the lead content, in micrograms per cubic centimetre, of the blank tést solution,
given by:
(e, - PPy
Ay being the absorbance of the blank test solutipn,
A, being the absorbance of the standard calibration solution having the lead

hndard cali-
solution;

nen the lead
entration is

Report the lead-content as a percentage if greater than or equal to 0,1 %, or as milligrams per

Test report

test report shall include the following information:

a full reference to the test method used, i.e. ISO 6101-2:2019;

all details necessary for the complete identification of the product tested;
the method of sampling;

the method of ashing used;

the type of instrument used (flame or graphite furnace spectrometer);
the results obtained and the units in which they have been expressed;

any unusual features noted during the determination;

© IS0 2019 - All rights reserved
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h) any operations not specified in this document, or in the International Standards to which reference
is made, which might have affected the results.

8 © IS0 2019 - All rights reserved
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