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Fruits, vegetables and derived products —
Determination of copper content — Method using

flame atomic absorption spectrometry

1 Scope

This Interpational Standard specifies a flame atomic
absorptior] spectrometric method for the determi-
nation of the copper content of fruits, vegetables and
derived prpducts.

2 Normative reference

The following standard contains provisions which,
through re¢ference in this text, constitute provisiens
of this Infernational Standard. At the time of publi-
cation, th¢ edition indicated was valid. All standards
are subje¢t to revision, and parties to agreements
based on |this International Standard are encouraged
to investidate the possibility of applying the most re-
cent editipn of the standard indicatéd below. Mem-
bers of IHC and ISO maintain. (registers of currently
valid Interpational Standards.

ISO 5515:1979, Fruits,(vegetables and derived prod-
ucts — [Pecomposition of organic matter prior to
analysis —+ Wet method.

4.1 Sulfuric acid, concentrated (p,; =| 1,84 g/ml).
4.2 Nitric acid\.concentrated (p,o = 1,38 g/ml).

4.3 Hydrochloric acid, diluted 1 + 1 (V/V).

Mix ‘ené volume of concentrated hydrochloric acid
(pgg= 1,19 g/ml) with one volume of whter.

4.4 Hydrochloric acid, approximatelyl 0,17 mol/l sol-
ution.

Place 17 ml of dilute hydrochloric acid (4.3) into a
100 ml one-mark volumetric flask and make up to the
mark with water. Mix.

45 Copper, standard solution corresponding to 1 g
of copper per litre.

Dissolve in a 1000 ml one-mark vdlumetric flask
3,929 ¢ of copper sulfate pentahydrate
(CuSO,4.5H,0) in doubly distilled watef. Make up to
the mark with water and mix.

Store this solution in a borosilicate glags bottle fitted
with a ground-glass stopper.

4

3 Principle

Decomposition of organic matter by either a dry or a
wet method and determination of the Cu(ll) cation
content by flame atomic absorption spectrometry.

4 Reagents

All reagents shall be of recognized analytical grade
and, in particular, shall be free from copper. The water
used shall have been distilled twice in borosilicate
glass apparatus, or shall be water of at least equiv-
alent purity.

mtof-thrs—standard—sotutiorrcomtams—1 mg of Cu.

It is also possible to prepare a standard solution in the
following ways.

a) Dissolve in a 1 000 ml one-mark volumetric flask
1,000 g of metallic copper in 50 ml of a 5 mol/l
solution of nitric acid. Make up to the mark with
doubly distilled water and mix. Store this solution
in a polyethylene bottle.

b) Dissolve in a 1 000 ml one-mark volumetric flask
3,798 g of copper nitrate trihydrate
[Cu(NO3),.3H,0] in 2560 ml of doubly distilled wa-
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ter. Make up to the mark with water and mix.
Store this solution in a polyethylene bottle.

5 Apparatus

Before use, wash the dishes and all glassware with
warm (70 °C to 80 °C) concentrated nitric acid (4.2)
and rinse with doubly distilled water.

Usual laboratory apparatus and, in particular, the fol-
lowing.

© I1SO

ing this process shall be added to the product before
mixing.

7 Procedure

7.1 Test portion

7.1.1 Liquid homogeneous products

Using a pipette, take 10 ml of the test sample

5.1 MechaniLal grinder, the inside and blades of
which are coafed with polytetrafluoroethylene.

5.2 Round-bpttom flasks, of 250 ml, 500 ml or
1 000 ml capagity.

5.3 Dishes, made of platinum or quartz, of 70 mm
diameter.

5.4 One-mark volumetric flasks, of 50 ml capacity.
5.5 Pipettes| of appropriate capacity.

5.6 Centrifuge tubes, of 30 ml capacity, provided
with acid-resistant stoppers.

5.7 Water bath, capable of being maintained at a
temperature fom 20 °C up to boiling point.

5.8 Electrica] muffle furnace, capable of ‘being

maintained at
preferably cap
in progressive

a temperature of 525 °C +2565°C, and
hble of being temperaturé programmed
steps from 20 °C to 525 °C + 25 °C.

5.9 Laboratdry centrifuge, edpable of maintaining

a rotational fre
use with the ¢

5.10 Atomic
with an air/ac

quency of 1 600 Min~ ! and suitable for
entrifuge tubes (5.6).

absorption spectrometer, provided
btylene burner, suitable for measure-

£ 294 7 e

(clause 6).

7.1.2 Liquid viscous products, and
inhomogeneous, pasty, solid and . dehydnated
products

Weigh, to the nearest 0,03-g, 1 g to 10 g ¢f the test
sample (clause 6), accerding to the nature of the
product.

7.2 Decomposition

Decomposition may be carried out using the dry or
the wet method.

7:2.1 Decomposition using the dry method

7.2.1.1 Put the test portion (7.1) into a dish (5.3) and
then proceed in accordance with either [7.2.1.2 or
7.2.1.3.

7.2.1.2 Place the dish on a water bath (§.7) set at
20 °C. Bring the temperature of the water|progress-
ively to boiling point (in order to avoid loss by too rapid
heating), then evaporate to dryness.

Continue the decomposition in a muffle furhace (5.8)
set at 525 °C.

7.2.1.3 If the electrical muffle furnace (5/8) can be
temperature programmed in progressive steps from
20 °C to 525 °C, it is preferable to place the dish di-

ments at a wa

| 4+ L
crenguTr OS2 7Tt

5.11 Analytical balance, capable of weighing to an

accuracy of +

0,01 g.

6 Preparation of test sample

Mix well the laboratory sample. If necessary, first re-
move any seeds and hard seed-cavity walls, and then
grind in the mechanical grinder (5.1).

Frozen or deep-frozen products shall be previously
thawed in a closed vessel, and the liquid formed dur-

rectly in the programmed electrical muffle furnace.

NOTE 1 It is preferable to dry the test portion by means
of a temperature-programmed muffle furnace rather than
by evaporation on a water bath in order to avoid loss due to
too rapid heating.

7.2.1.4 |f carbonized particles persist, add a few
drops of the nitric acid (4.2), evaporate on a boiling
water bath (5.7) [or in the furnace (5.8) at a tempera-
ture of less than 100 °C] then heat in the muffle fur-
nace to 525 °C until the resulting ash has turned
white.
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7.2.1.5 Dissolve the ash in approximately 1 ml to
2 ml of the hydrochloric acid solution (4.4).

NOTE 2 This dissolution assists the transformation of
mineral salts into easily dissociable chlorides.

Transfer quantitatively the ash solution to a centrifuge
tube (5.6), rinsing the dish with approximately 20 ml
of the hydrochloric acid solution (4.4), then centrifuge.

Remove the supernatant liquid and place it in a
50 ml volumetric flask (5.4), Dilute the residue in the

ISO 7952:1994(E)

7.3 Determination

7.3.1 Test portion decomposed using the dry
method

7.3.1.1 Preparation of calibration graph

Dilute the standard copper solution (4.5) with the
hydrochloric acid solution (4.4) to obtain five solutions
with a copper content of 0,2 mg/l, 0,4 mg/l, 0,6 mg||,

0,8 mg/l and 1 mg/l respectively.

centrifugel tube using 10 ml of the hydrochloric acid
solution (4.4), centrifuge once again, remove the
supernatapt liquid and add it to the volumetric flask.

Dilute the|residue in the centrifuge tube using 10 ml
of water, [centrifuge, remove the supernatant liquid
and add it to the volumetric flask. Make up to the
mark with| water and mix the solution.

7.2.2 Decomposition using the wet method

Put the tesst portion (7.1) into a round-bottom flask of
capacity appropriate for the size of the test portion. If
the test pprtion contains ethanol, remove the ethanol
by evaporftion. Add 5 ml of the nitric acid (4.2), heat,
then add qarefully 5 ml of the sulfuric acid (4.1)". Then
proceed gs described in ISO 5515:1979, subclause
6.3.1, secpnd to eighth paragraphs.

As soon as the decomposition is complete, dilute the
sulfuric agid solution with a few miltilitres of water.
Transfer quantitatively the solutign 0 a centrifuge
tube (5.6) rinsing the flask withiabeut 10 ml of water
and colle¢ting the rinsings .inthe centrifuge tube.
Centrifugq if necessary, thémremove the supernatant
liquid and| place it in a~550’ml volumetric flask (5.4).
Dilute the|residue in the centrifuge tube using 10 ml
of waterl centrifuge once again, remove the
supernatapt liquidhand add it to the volumetric flask.
Repeat the dilution and centrifuging procedure with
another 10°ml of water. Cool the solution in the

Aspirate each of the calibration solation
the flame of the spectrometer (510),

that the maximum absorbance value |
the solution having a copper’oontent of

Take care to keep(the aspiration
throughout the preparation of the cal

s, in turn, into
at a rate such
s obtained for
1 mg/l.

rate constant
bration graph.

Spray water throigh the burner after gach measure-

ment.

Record tke corresponding values of a
plot thé.ealibration graph.

7.311.2 Spectrometric measurement

Aspirate into the flame of the spectron
the same aspiration rate as used in 7.
solution obtained in 7.2.1 and the blar
tained in 7.2.3. Record the correspg
ances.

The absorbance of the blank solution
than or equal to 0,002.

If the absorbance of the test solution

bsorbance and

S

heter (5.10), at
3.1.1, the test
k solution ob-
nding absorb-

shall be less

s greater than

that of the most concentrated solution used to pre-

pare the calibration graph, dilute the tes
the hydrochloric acid solution (4.4) as
measure the absorbance.

t solution with
necessary and

7.3.2 Test portion decomposed using the wet

method

volumetric flask, make up to the mark with water and
mix.

7.2.3 Blank test

Prepare a blank solution using the same decompo-
sition procedure (7.2.1 or 7.2.2), but replacing the test
portion (7.1) with 10 ml of water.

7.3.2.1 Preparation of calibration graph

Dilute the standard copper solution (4.5) with water
to obtain five solutions with a copper content of
2 mg/l, 4 mg/l, 6 mg/l, 8 mg/l and 10 mg/l respect-
ively.

Into a series of five 50 ml one-mark volumetric flasks
(5.4), place 5 ml of each of these solutions (one di-
lution per volumetric flask). Add 30 ml to 35 ml of

1) For certain products, 10 ml of sulfuric acid may be used, in which case the concentrations of sulfuric acid used in the
preparation of the calibration curve (7.3.2.1) should be modified accordingly.
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water and then 5 ml of the sulfuric acid (4.1) to each
flask. Mix, allow to cool, and then make up to the
mark with water and mix again.

The copper content of these solutions is 0,2 mg/l,
0,4 mg/l, 0,6 mg/l, 0,8 mg/l and 1 mg/l respectively.

Aspirate each of these solutions, in turn, into the
flame of the spectrometer (5.10), at a rate such that
the maximum absorbance value is obtained for the
solution having a copper content of 1 mg/l.

© ISO

If the test solution was diluted, take the dilution factor
into account in the calculation.

If it is desired to express the copper content of the
dry product, take the moisture content of the sample
into account in the calculation.

8.2 Liquid viscous products, and
inhomogeneous, pasty, solid and dehydrated
products

Take care to
throughout the
Spray water th
ment.

Record the cof

keep the aspiration rate constant
preparation of the calibration graph.
Ffough the burner after each measure-

responding values of absorbance and

plot the calibrafion graph.

7.3.2.2 Spect

Aspirate into th
the same aspif
solution obtain

tained in 7.2.3.

ances.

The absorbanc
than or equal t

If the absorban
that of the mag
pare the calibra
10 % (V/V) sul

the absorbancsq.

rometric measurements

e flame of the spectrometer (5.10), at
ation rate as used in 7.3.2.1, the test
bd in 7.2.2 and the blank solution ob-
Record the corresponding absorb-

e of the blank solution shall be less
0,002.

ce of the test solution is greater(than
st concentrated solution used, to. pre-
tion graph, dilute the test spllition with
uric acid as necessary @nd’ measure

8 Calculation

8.1 Liquid h

omaogeneous products

The copper content of the sample, expressed in milli-
grams per kilogram of product, is equal.to

(¢1 — )
—— 2 x50
mg
where
G is the copper‘content of the test|solution,

expressed(n'milligrams per litre, fead from
the calibtation graph;

Cy is;the copper content of the blank solution,
expressed in milligrams per litre, fead from
the calibration graph;

g is the mass, in grams, of the tes{ portion.

{f the test solution was diluted, take the dilutjon factor
into account in the calculation.

If it is desired to express the copper contegnt of the
dry product, take the moisture content of the sample
into account in the calculation.

9 Repeatability

The absolute difference between two independent
test results, obtained using the same method on
identical test material in the same laboratofy by the
same operator using the same equipment| within a
short interval of time, should not be grepter than
10 % of the arithmetic mean of the two reslilts.

The copper content of the sample, expressed in milli-

grams per litre

of product, is equal to

(¢ —c) xb

where
o is the copper content of the test solution,
expressed in milligrams per litre, read from
the calibration graph;
I is the copper content of the blank solution,

expressed in milligrams per litre, read from

the

calibration graph.

10 Test report
The test report shall specify:

— the method in accordance with which sampling
was carried out, if known,

— the method used,
— the test result(s) obtained, and

— if the repeatability has been checked, the final
quoted result obtained.
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