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Foreword

ISO (the Interpational Organization for Standardization) is a worldwide
federation of nptional standards bodies (ISO member bodies). The work
of preparing International Standards is normally carried out through I1SO
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 I1SO, also take part in the work. ISO
collaborates clgsely with the International Electrotechnical Commission
(IEC) on all mattters of electrotechnical standardization.

Draft Internatignal Standards adopted by the technical committees are
circulated to th¢ member bodies for voting. Publication as an International
Standard requirps approval by at least 75 % of the member bodies casting
a vote.

International Standard 1SO 10775 was prepared by Technical Committee
ISO/TC 6, Papgr, board and pulps.
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1ISO 10775:1995(E)

Paper, board and pulps — Determination of cadmium

content — Atomic absorption spectrometric method

1 Scope

This Intgrnational Standard specifies a method for the
determipation of traces of cadmium in all types of
paper, hoard and pulp, including products containing
recycled fibre, that can be wet-combusted in nitric
acid as ppecified in this International Standard.

The lower limit of the determination depends on the
equipment used and is normally about 10 pug/kg. Cad-
mium present in pigments and fillers that do not dis-
solve in| nitric acid under the conditions of test may
not be dletermined quantitatively.

NOTE 1| It has been claimed that the dissolutionief cad-
mium frpm pigments other than calcium carbenate is in-
complet¢ by a few per cent.

2 Normative references

The following standards-‘centain provisions which,
through| reference in this“text, constitute provisions
of this |international{Standard. At the time of publi-
cation, {he editiops\indicated were valid. All standards
are sulfject to_revision, and parties to agreements
based gn thisrhternational Standard are encouraged
to invegtigate the possibility of applying the most re-

3 Principle

The sample is treated with nitric acid |n a closed ves-
sel. The resulting solution is diluted and cadmium
content determined by atomic absdrption spectro-
metry usingthe graphite furnace techpique.

Wetc¢ombustion in the autoclave iy the reference
procedure. Wet combustion in a micfowave oven is
permissible if it has been shown experimentally, with
the same oven and the same type ¢f sample, that
there is no significant difference in thg results.

4 Reagents

All reagents shall be of highest possjble purity. The
quality normally designated “pro anglysi” or “ana-
lytical reagent (AR)” is often not suffigently pure. Use
only freshly distilled and deionized w4gter or water of
equivalent purity.

NOTE 2
used.

Commercially available solutions may also be

4.1 Concentrated nitric acid, ¢(HNQ;) = 15 mol/l.

Use a quality specially made for use|in the determi-

cent eHitlens—ef—the—standards—indicated—below-
Members of |IEC and ISO maintain registers of cur-
rently valid International Standards.

ISO 186:1994, Paper and board — Sampling to deter-
mine average quality.

ISO 287:1985, Paper and board — Determination of
moisture content — Oven-drying method.

ISO 638:1978, Pulps — Determination of dry matter
content.

ISO 7213:1981, Pulps — Sampling for testing.

nation of trace metals.

4.2 Dilute nitric acid, ¢c(HNO;) = 0,15 mol/l.

Dilute with water 10 ml of concentrated nitric acid
(4.1) to one litre.

4.3 Cadmium nitrate standard solution, p(Cd) =
(1,000 + 0,002) g/l, made, for example, by dissolving
2,744 g of cadmium  nitrate  tetrahydrate,
Cd(NO,),-4H,0, per litre of nitric  acid,
¢(HNO3) = 0,5 mol/l.
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4.4 Cadmium stock calibration solution, p(Cd) =
1,00 mg/l.

Using a precision pipette dilute 1,00 ml of the cad-
mium standard solution (4.3) to 1 000 ml with dilute
nitric acid (4.2) in a volumetric flask. Mix by shaking
the flask.

The solution has a shelf life of several months if
stored in a polyethylene bottle.

© SO

The block shall be provided with an extra safety
switch that prevents overheating.

NOTES

3 The PTFE vessels can be protected from corrosion from
the outside by applying a film of silicone grease on all out-
side surfaces. The film is removed and renewed after each
heating period. Vessels treated in this manner should not
be used when silica has to be determined.

4 The use of an oven instead of the heating block is not

45 Matrix modifier solution.

Several matrix modifier solutions are recommended
in the literature.|The three solutions given in 4.5.1 to
4.5.3 are in common use. The choice among them
depends on theif performance in each particular labo-
ratory, which is pvaluated by running a blank.

45.1 Palladium nitrate solution.

Dissolve 2,0 g pf Pd(NOj), in 10 ml of nitric acid
(4.1) and dilute Wwith water to 500 ml in a volumetric
flask. (Alternatijely, the equivalent amount of pal-
ladium metal, i.¢. 0,924 g, is dissolved in nitric acid.)
Prepare a work|ng solution by diluting 5 ml of this
stock solution wfith water to 100 m|,

or

45.2 Ammonium dihydrogenphosphate
solution.

Dissolve 2 g of NH,H,PO, in water and dilute~to
100 ml,

or
45.3 Magnesium nitrate solutiof:

Dissolve 0,5 g pf Mg(NOy), if water and dilute to
100 ml.

5 Apparatus

recommended because of the hazard involved in,rgmoving
the hot autoclaves from the oven at the end ofrthe'|heating
period.

or

5.1.2 Laboratory microwave oven, with prpgram-
ming facilities, specially designed for wet combustion,
with digestion vesselsc of PTFE, capacity af least
120 ml, having safety valves to release pressurgs over
830 kPa.

5.2 Atomic-absorption spectrometer, equipped for
the graphite furnace technique and with a sg-called
“L'vov*“platform, and with a lamp for the dptermi-
nation of cadmium.

Preferably, the instrument should have background
correction.

6 Sampling and sample preparation

Ensure that the sample is representative of the lot to
be tested. If applicable, follow the instruction$ given
in 1ISO 186 or in ISO 7213.

In order to avoid contamination, keep the spmples
wrapped in aluminium foil until required.

Tear from the sample enough pieces, | about
10 mm x 10 mm in size, to provide the amount re-
quired, taking an approximately equal amourjt from

Ordinary laboratory equipment and:
5.1 Apparatus for wet combustion, either:

5.1.1 Autoclave, with an inner vessel of polytetra-
fluoroethylene (PTFE), capacity 250 ml, provided with
a lid of PTFE, and a heating block that can maintain
the autoclave at a temperature of (160 + 5) °C.

each sample. Do not use a knife or any other metal
tool. (Tools of plastics or ceramics may be used.) Split
samples of pulp sheets or board to reduce their
thickness.

Keep the sample near the balance for moisture
equilibration for at least 20 min. Withdraw a specimen
for the determination of dry matter content in ac-
cordance with ISO 287 or ISO 638, as applicable.
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7 Wet combustion

Carry out wet combustion in duplicate; also run a
blank (see clause 8).

7.1 Test sample preparation

Weigh a test portion of 1 g to the nearest 1,0 mg and
transfer it to the appropriate PTFE vessel (5.1). Add
10 ml of the concentrated nitric acid (4.1). Close the

ISO 10775:1995(E)

volume of the residual nitric acid shall
in a separate experiment.

Allow any suspended solids to settle.

8 Blank

Follow the instructions

sample.

in clause 7,

be determined

but use no

vessel wWith its Iid and place 1t in the autoclave (5.1.1)
or in the|microwave oven ( 5.1.2), as applicable.

7.2 Cqgmbustion procedure

7.2.1 Autoclave procedure

If an autoclave is used, close the autoclave as in-
structed|by the manufacturer and place it in the heat-
ing blogk (5.1.1). Heat it at (160 4+ 5) °C for
(16 + 1)[ h. Allow the heating block and the autoclave
to cool pnd, with caution, open the autoclave in a
hood. Prpceed to 7.3.

7.2.2 Microwave oven procedure
If a micrpwave oven is used, the test portion size shall
be adjugted to the capacity of the digestion vessel.
If this is [120 ml, the maximum test portion mass-shall
be 0,3 g] If more test portion is taken, the safety valve
of the digestion vessel will activate.

Set the power regulator to the prédetermined value
and heal the closed digestion vessel (5.1.2), with its
contentq for 60 min. Allow the) vessel to cool and,
with caution, open it in a heod.

The corfect setting of,'the power regulator shall be
determined separatelyfor each oven. A typical setting
is 40 % pf maxindum power. See also 5.1.2.

7.3 Dijution

9 Preparation of calibration splutions

Prepare the calibration solution.daily

stock calibration solution (4,4} with di
(4.2). The cadmium content selected
calibration solution depénds on the p
ment to be used. |n, general, a calib
having a cadmium--mass concentrat
(0,01 pg/ml) is appropriate.

10 Determination of cadmiun

10440 The procedure for the spectron
nation of the cadmium content of the
depends on the design of the ator]

py diluting the
ute nitric acid
for the final
brticular instru-
ration solution
on of 10 pg/l

hetric determi-
test solutions
nic absorption

spectrometer (5.2) and of the graphit¢ furnace. The

manufacturer's instructions should be 1
operating the instrument.

In general, the technique with standard
10.2) should be used. In practice, th
bration procedure, based on a calibrati
be used, provided that there is no ints
the matrix. This must be verified by an4
reference materials.

Before using the normal calibration prd
that any matrix effects are under con
the same type of sample by the stq
technique. In particular, differences in
tration between standards and sampl
fect the results.
standard solutions should be adjusted

ollowed when

additions (see
e normal cali-
On curve, may
rference from
lysing suitable

cedure, check
rol by running
ndard addition

acid concen-
e solutions af-

The acid concenfration of the

to that of the

Allow nitrous fumes to escape from the wet com-
bustion vessel and dilute the remaining solution to a
known volume with water. The dilution volume de-
pends on the equipment used, and should be kept as
small as possible.

The dilution can be made in a disposable graduated
plastic vessel. The use of volumetric flasks is not
recommended because of the risk of contamination.

Alternatively, dilute the remaining solution directly in
the digestion vessel by adding from a graduated
pipette the required volume of water. In this case, the

Sample Sofutions by Tepfacing part of T
by concentrated nitric acid (4.1).

e diluent (4.2)

10.2 For the technique with standard additions, the
following instructions are given as a guide.

Prepare the solutions for measurement directly in the
graphite tube by means of a sampler. Typical solutions

and volumes are given in table 1 as an

10.3 Prepare a plot on graph paper.

example.

Use as

y-values the readings from the spectrometer (peak
area or absorbance values, corrected for the value
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Table 1 — Example of the technique with standard additions
Volumes in microlitres
Solution to be measured Callbrzftlon Sample Blank Matrlx' modifier
solution solution (4.5)

Blank 0 0 20 5
Solution 1 2 10 5
Solution 2 4 10 5
Solution 3 6 10 5
Safqnple 0 10 10 5

obtained for th
in units of

e blank) and as x-values the amounts,
nass, of cadmium added with the

solutions 1, 2 gnd 3. The value obtained for the sam-

ple solution is

Draw a straigh
This line inters
point of intersg
in the sample

NOTE 5 If thg
is acceptable to
the diagram thd
analysis should
scattered, there
results is below
should then rep
mium content q

blotted in the y-axis.

t line through the four plotted points.
bcts the x-axis on its negative side. The
ction represents the cadmium content
olution.

four points do not fall on a straight line, it
use a line of best fit. If it is obvious from
t the precision of the result is poor, the
be repeated. If the points still are widely
is some serious error or the level of the
the lower limit of detection. The laboratory
brt that it is unable to determine the cad-
Lantitatively.

11 Calculation

Calculate the ¢
taking into ac
wet combustig
value.

NOTE6 Asa
advisable to ang
and similar ove
samples.

hdmium content of the oridinal sample,
ount the amount of sample taken to
n, its dry matter content and the blank

independent/heck of the procedure, it is
lyse samples»of known cadmium content
Fall comp@sition in parallel with unknown

12 Precision

peatability is considered to be satisfactory i
sults from replicate determinations fall wi
range of + 10 % from their méan.

In trace metal analysis, the_results from repl
terminations may be jneonsistent due to inh
homogeneity of the material sampled.

Interlaboratory,fests indicate that results fro
ent laboratorieS are acceptable if they agre
30 %. Claséyto the lower limit of detection,
gree of @agreement is seldom reached.

13 Test report

The test report shall include the following infg
a reference to this International Standard
b) date and place of testing;

c) complete identification of the sample tes

wet combustion procedure used (auto
microwave oven);

method of calibration (standard addit
normal calibration procedure);

f)  mean result of the determinations, expr

the re-
thin  the

cate de-
Brent in-

n differ-
B within
this de-

rmation:

ed;

Clave or

jons or

pssed in

micrograms per kilogram to two sij

nificant

As the precision of an analytical procedure for trace
constituents depends on the combustion properties

of the sample,

material with

the matrix and the uniformity of the
respect to the trace constituents, no

general figures for precision can be stated. The re-

figures. If more than two determinations were

carried out, this should be stated;

a)
any other circumstances that may have
the test results.

any departure from the procedure specified, or

affected
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