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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 23637:2021(E)

Cereals — Determination of cadmium content by graphite
furnace atomic absorption spectrometry with diluted
nitric acid extraction

1 Scope

This|document specifies a method for the determination of cadmium (Cd) in cereals.

Itis dpplicable to rice, brown rice, wheat and maize by graphite furnace atomic absorptien spectrometry
(GFAAS) after extraction with diluted nitric acid (HNO;). The limit of quantification-is 0,002 mg/kg; it
is approximate and dependent on the sample matrix as well as on the instrument-€¢onditiongs.

2 Normative references

The following documents are referred to in the text in such a wayythat some or all of their content
consfitutes requirements of this document. For dated references, only the edition cited |applies. For
unddted references, the latest edition of the referenced document (including any amendmepts) applies.

ISO 3696, Water for analytical laboratory use — Specificationand test methods

3 Terms and definitions
No t¢rms and definitions are listed in this docufitent.
[SO dnd IEC maintain terminological databhases for use in standardization at the following gddresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at'https://www.electropedia.org/

4 Principle
Cadmium (Cd) is extrdeted from the cereals using diluted nitric acid and then determined| by graphite
furnace atomic absorption spectrometry (GFAAS).
5 Reagents and solution

Durinhgthe analysis, unless otherwise stated, use only reagents of recognized analytical putity and only
waterof grade I im accordance with ISO3696.

5.1 Nitric acid (HNO;), not less than 65 % (mass fraction) of approximately p(HNO3) = 1,4 g/ml.

5.2 Nitric acid solution (0,5 %, volume fraction), mix 0,5 volume parts of HNO; (5.1) and 100 ml
volume parts of water.

5.3 Nitric acid solution (50 %, volume fraction), mix HNO; (5.1) and water in equal volume.

5.4 Palladium nitrate hydrate (Pd(NO3),, 99,9 % purity).

© IS0 2021 - All rights reserved 1
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5.5 Palladium nitrate (Pd(NO3),) solution, c(Pd(NO;),) = 100 mg/I], dissolve 0,1 g Pd(NO3), (5.4)
and dilute to 1 000 ml with HNO; (5.2). Other matrix modifiers may also be used if their applicability is
proven.

5.6 Cadmium standard solution.

5.6.1 Cadmium stock standard solution, with a cadmium mass concentration of 1 000 mg/I or
500 mg/1.

5.6.2 Cadmium standard solution, stepwise dilute cadmium stock solution (5.6.1) into concentration
of 2 pg /1 with HNO; (5.2).

5.6.3 Cad
(5.6.2), e.g.

to the marK
solutions sh

6 Appar

All glasswat
and rinsed

mium calibration solutions, pipette suitable volumes of cadmium standarnd- sol
P ml, 4 ml, 6 ml, 8 ml and 10 ml, into, for example, a 10 ml volumetric flask(6'7) and d

with diluted nitric acid solution (5.2). The concentration of cadmium _jiythe calibr
puld cover the range of 0,4 pg /1to 2,0 pg/l.

atus and equipment

e shall be cleaned several times with water after being soaKed overnight with HNO;
hree times with ultrapure water before use.

6.1 Grinding mill, grinder suitable to obtain the particle sizes'of 0,25 mm and 0,40 mm.

6.2

Atom

correction d

6.3

6.4

6.5

6.6

6.7

cabsorption spectrometer, equipped with graphite furnace, autosampler and backgr
apability, such as Zeeman background corréction.

Cadmjium hollow cathode lamp, with wayelength 228,8 nm and stable lamp energy.

Centr
Analy

Sieve

ifuge, with positions for 10 ml centrifuge tubes and 3 000 r/min of speed.
tical balance, accurate to_1 mg.

with aperture sizes-0f 0,25 mm and 0,40 mm.

Plastic centrifugetube, 10 ml.

7 Procedure

1ition
ilute
htion

(5.3)

pund

7.1 Gene

al

The measurement should be performed as soon as possible after extraction.

7.2 Sampling

A representative sample should be sent to the laboratory. It should not have been damaged or changed
during transport and storage.

Sampling is not part of the method specified in this document. A recommended sampling method is
given in ISO 24333.

© IS0 2021 - All rights reserved
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Preparation of the test samples

Grind the laboratory sample using a grinding mill (6.1) until it passes through the sieve (6.6) and mix
thoroughly.

The particle size of the maize and its milling products should be less than 0,25 mm. The particle size of
other cereal varieties should be less than 0,40 mm.

7.4 Extraction
7.4. General
Weigh 0,200 g = 0,001 g (m) of the sample flour into a 10 ml plastic centrifuge tube, and add 5,0 ml of
diluted nitric acid (5.2). Close the centrifuge tube tightly and mix the content thorotighly tp make sure
that there are no remaining lumps. Afterwards, the extract is centrifuged at 3 00Q r/min for 5 min, or
let it|stand for 5 min to get a supernatant for further determination.
7.4.1 Reagentblank
Preppre a blank solution in the same manner as the sample by transferring 5,0 ml of dilutgd nitric acid
(5.2)jinto a 10 ml plastic centrifuge tube and following the same proeedure as for the sample.
In cajses of high cadmium concentration, take into consideration‘the further dilution with diluted nitric
acid [5.2)
7.5 | Sample analysis
7.5.1 General
Inspect the graphite furnace, the sample uptake system and the autosampler injector for ahy problems
that can affect instrument performance: If necessary, clean the system and replace the graphite tube
and/pr platform.
7.5.2 Operating conditions
Cadrhium is determined at-228,8 nm. An exemplary furnace programme is given in Table 1.
Priof to the use of this\method, the instrument operating conditions shall be optimized.|The analyst
should follow the imstructions provided by the manufacturer while using the reference copditions as a
guide.
Table 1 — Furnace programme of atomic absorption spectrometry
Programme Temperature | Ramp | Hold Gas Run
NoO Step T C/S S AT | ASsistgas S
1 [Dryl1l 70 10 Max. Stop
2 |(Dry2 90 10 Max. Stop
3 |Dry3 110 2 Max. Stop
4 |Pyrolysis 550 250 35 Max. Max.
5 |Auto Zero 550 0 4 Stop Stop 3,0
6 |Atomize 1100 1500 3 Stop Stop
7 |Cleanout 2300 500 4 Max. Max.
7.5.3 Calibration graph
Prepare a calibration graph at the beginning of the analysis.
©1S0 2021 - All rights reserved 3
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Inject at least four calibration solutions of different suitable concentrations (see 5.6.3). Plot the
absorbance (peak height or peak area) of the cadmium calibration solutions (5.6.3) against the cadmium
concentrations. Ensure that the linearity check is carried outl2l,

7.5.4 Determination

The spectrum absorptions are obtained by detecting supernatant samples injected into the graphite
furnace. The concentration of cadmium is determined from the regression equation by interpolating
the spectrum absorption.

7.5.5 Apy

lication of matrix-maodifier

If there is al
matrix-mod
interferencd

7.6 Analy

For the pur
including al

1 obvious background absorption peak, 100 mg/1 of Pd(NO3), solution(5.5) can be|us
fied. Adding 5 pl of the Pd(NO5), solution (5.5) while injecting will eliminaté the m|
during calibration curve plotting and the measuring of samples.

rtical quality control

pose of quality control, analyse the control sample (CRM/RM)“n every analytica
the steps in the method.

8 Calculation
Calculate the mass fraction X of cadmium in mg/kg using Formula-{1) (external standard method)
P (C{FCy)XV XN
mx1000
where
C; 1isthe concentration of cadmium in fihalsolution used for GFAAS determination, in pg/I;
C, 1isthe concentration of cadmiumtin the blank solution, in pg /1;
is the volume of the nitric acid-Solution used for the extraction, in ml;
N is the dilution factor;/in-cases of high cadmium concentrations, take into consideratio
further dilutions;
m is the mass of the'test portion used for extraction, in g;

Express the

Indicate wh

result to.two significant figures.

bther, or not a correction for recovery has been applied.

bd as
atrix

run

M

h the

9 Precis

ion

9.1 General

Details of the interlaboratory test of the precision of the method in accordance with 1SO 5725:1986%)
are summarized in Annex A. It is possible that the values derived from the interlaboratory tests are not
applicable to analyte concentration ranges and matrices other than those given in Annex A.

1) Cancelled and replaced by the ISO 5725 series.

4

© IS0 2021 - All rights reserved
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Repeatability

The absolute difference between two independent single test results, obtained using the same method
on identical test material in the same laboratory by the same operator using the same equipment within
a short interval of time, will not be greater than the repeatability limit, r, given in Formula (2) in more
than 5 % of cases:

r=2,77s,=2,77 (0,020 1x + 0,002 7)

where

9.3

The
test

. Is the repeatability standard deviation;

X isthe concentration of cadmium (mg/kg).

Reproducibility

hbsolute difference between two single test results, obtained using the same method
material in different laboratories with different operators using.different equipment

greater than the reproducibility limit, R, given in Formula (3) in moréithan 5 % of cases:

wherte

9.4

R=2,77s,=2,77 (0,111 1x - 0,000 03)

4r isthe reproducibility standard deviation;

X isthe concentration of cadmium (mg/kg}-:

Critical difference, D

9.4.1 General

The

critical difference is the difference between two averaged values obtained from two

under repeatability conditions!

9.4.2 Comparisonef.two groups of measurements in one laboratory

The

critical diffefence (D,) between two averaged values obtained in one laboratory fr

results under repeatability conditions is shown by Formula (4):

(2)

on identical
will not be

(3

test results

bm two test

(4)

D, =2)77s, /zi+2i =2,77s, \E=1,98sr
ny hy

where

s is the standard deviation of repeatability;

r

nyandn, arethe number of testresults corresponding to each of the averaged values

© IS0 2021 - All rights reserved
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9.4.3 Comparison of two groups of measurements in two laboratories

The critical difference (Dy) between two averaged values obtained in one laboratory from two test
results under repeatability conditions is shown by Formula (5):

Dy :2,77\/5}22 g2 [1—L—LJ=2,77\/5122 0,552 )

2n;  2ny
where
S, is the standard deviation of repeatability;
Sp is the standard deviation of reproducibility;

nyandn, arethenumber of testresults corresponding to each of the averagedyvalues (n; = n4=2).

10 Test report

The test repjort shall contain at least the following:

— all the ipformation necessary for the identification of the sample;
— the resylts and the units in which the results have been expressed;
— areferepce to this document, i.e. ISO 23637;

— the datg¢ and type of sampling (if known);

— the datg of receipt of the laboratory sample;

— the datdg of the test;

— any parficular points observed in thé'course of the test;

— any operations not specified in(the method or regarded as optional which might have affectefl the
results.

6 © IS0 2021 - All rights reserved
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Annex A
(informative)

Results of interlaboratory tests
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The
ther]

The

from
by th
2019

The
ISO
prec

Falues of the repeatability limit and reproducibility limit for this method have been derived from
esults of an interlaboratory test programme carried out in accordance with 1SQ-5725:1986.

fests were carried out on five naturally contaminated samples of cereals{Nineteen |aboratories
China, Germany, Hungary, Italy, Japan and Thailand took part. The test prdgramme w4ds organized
e Academy of National Food and Strategic Reserves Administration, China, in January 2015 and
The raw data of the tests are shown in Table A.1.

results obtained were subjected to statistical analysis in acdecordance with ISO 3725-1:1994,
h725-2:19942) and 1SO 5725-6:1994 to give the precision/.data and the relationsiip between
sion values and the mean level (see Table A.2, Table A.3 arfd Figure A.1).

Table A.1 — Raw data of interlaboratory testfor cadmium content (mg/kg

Brownrice Wheat Maize
Lab || Low level Medium level High level Lowdevel Medium level High level
1 2 1 2 3 1 2 3 1 2 1 2 3 1 2 3 1 2 3
1 1{/0,180{0,180(0,250 (0,240 0,460|0,460 0,066(0,068(0,170| 0,160 0,210|0,210 0,037/0,038
2 |/0,163]0,166|0,231 (0,224 0,506(0,508 0,0570,053|0,138 0,142 0,188|0,189 0,033 (0,036
3 1/0,160(0,170|0,230|0,230 0,450 | 0,420 0,073(0,0650,141 {0,155 0,200{0,190 0,038(0,036
4 |[0,170]0,170|0,240|0,260 0,39040,360 0,029/0,03210,131{0,130 0,120/0,130 0,0470,047
5 ||0,157|0,165|0,215|0,193 074354 0,435 0,0520,060/0,125{0,129 0,167 | 0,164 0,034 (0,035
6 1(0,170(0,170(0,250|0,240 0,450 (0,460 0,068|0,069(0,100|0,110 0,250(0,240 0,035(0,035
7 1/0,170{0,160|0,260 {0,240 0,440(0,430 0,070/0,065|0,155(0,150 0,240(0,230 0,040(0,043
8 [0,150]0,140|0,220 0,220 0,3600,350 0,068(0,069(0,110|0,120 0,100 0,110 0,045(0,049
9 1/0,152|0,162|0,240,.0;237 0,456 (0,465 0,056(0,060(0,139 (0,144 0,199 (0,205 0,042|0,044
10 {[0,150|0,150|0,210.]40,190 0,4150,422 0,061|0,061|0,119(0,123 0,180|0,184 0,036 (0,036
11 {[0,140|0,15040y340|0,330 0,380(0,360 0,068(0,062 (0,140 0,130 0,160 0,180 0,040(0,040
12 {10,130 052010,190 | 0,190 0,430(0,430 0,049(0,049|0,130|0,120 0,160(0,170 0,031(0,032
13 {0,147 | 8,136 {0,190 (0,201 0,340(0,360 0,038/0,035|0,135(0,127 0,150/ 0,168 0,031|0,030
14 ({0,447 |0,158|0,188|0,197 0,290(0,303 0,070|0,061|0,140 | 0,145 0,190/ 0,198 0,04710,055
15 0,235|0,234|0,230( 0,414 | 0,419 | 0,420 0,153(0,149|0,155|0,195{0,175|0,202 | 0,043 (0,042 | 0,043
16 0,24410,241(0,240( 0,421 {0,446 | 0,414 0,140|0,112|0,139(0,184|0,198|0,207| 0,042 |0,043| 0,042
17 0,205|0,204{0,200(0,376 (0,371 (0,370 0,127/0,130(0,130{0,1790,177| 0,179 {0,039 {0,038 0,039
18 0,248(0,235(0,248|0,409| 0,418 | 0,416 0,156 (0,141 | 0,146 (0,201 {0,206|0,212|0,040( 0,039 (0,049
19 0,231{0,229|0,238|0,434|0,449|0,450 0,141|0,142 {0,142 (0,200| 0,198 | 0,191 | 0,024 | 0,026 | 0,024

2) Cancelled and replaced by ISO 5725-2:2019.

© IS0 2021 - All rights reserved
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A.2 Precision data

Table A.2 — Statistical data for the collaborative results of cadmium content

Naturally contaminated Naturally contaminated
hushed rice wheat
Item - - - - Maize
Low Medium High Low | Medium | High
level level level level level level
Number of laboratories 14 18 19 12 19 17 19
Number of outliers 0 1 0 2 0 2 0
Largest withlin variance 0,000 1 0,000 2 0,0005 | 0,0000 | 0,0003 | 0,0002 | 0,00p 03
Largest averpge lab result 0,180 0,250 0,507 0,069 0,165 0,245 0,051
Smallest avefrage lab result 0,125 0,190 0,297 0,049 0,105 0,159 0,025
Mean value, ) (mg/kg) 0,156 0,224 0414 | 0,062 | 0136 | 0193 | 0,089
Repeatability standard devia- 0,0057 | 00075 | 00101 |0,0035| 00067 ),0/0079 | 0,042 2
tion, s, (mg/kg)
Reproducibility standard devia- | 5150 | 0215 |0,0478|0,0071| 0,0i49 |0,0227 | 0,0467
tion, sp (mg/kg)
Rgpeatabilit  coefficient of vari- 3,7 3,3 24 5,7 5,0 41 5)8
ation, C, . (%)
Reproducibi ity coefficient of 9,5 9,6 116 13 11,0 118 113
variation, C,Jg (%)
Repeatability limit, r (mg/kg) 0,016 0,021 0,028 0,010 0,019 0,022 0,006
Reproducibility limit, R (mg/kg) 0,042 0,060 0,134 0,020 0,042 0,064 0,019
HorRat valuglZ1(8] 0,45 0,48 0,63 0,47 0,51 0,58 0,66
Y
0,05 +
y=0,1111x - 0,00003 A
R?=0,9768 s
7
0,04 | i
7
7
7
7
7
0,03 - il
7
7
7
A7 4 y=0,0201x+0,0027
0,02 ¢ 7 R? = 0,8589
7
/‘ A
0,01 //
' N /
V’
[ ]
0 1 1 1 1 1
0 0,1 0,2 0,3 0,4 05 X

concentration of Cd /mg kg1
standard deviation

repeatability standard deviation, s,

>.'—<><§

reproducibility standard deviation, sp
Figure A.1 — Functional relationship between precision values and the mean level

8 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=96e5494bd7d8497b92aea47bb078f121

	Foreword 
	1 Scope 
	2 Normative references 
	3 Terms and definitions 
	4 Principle 
	5 Reagents and solution 
	6 Apparatus and equipment 
	7 Procedure 
	7.1 General 
	7.2 Sampling 
	7.3 Preparation of the test samples 
	7.4 Extraction 
	7.4.1 General 
	7.4.2 Reagent blank 

	7.5 Sample analysis 
	7.5.1 General 
	7.5.2 Operating conditions 
	7.5.3 Calibration graph 
	7.5.4 Determination 
	7.5.5 Application of matrix-modifier 

	7.6 Analytical quality control 

	8 Calculation 
	9 Precision 
	9.1 General 
	9.2 Repeatability 
	9.3 Reproducibility 
	9.4 Critical difference, D 
	9.4.1 General 
	9.4.2 Comparison of two groups of measurements in one laboratory 
	9.4.3 Comparison of two groups of measurements in two laboratories 


	10 Test report 
	Annex A (informative) Results of interlaboratory tests 
	Bibliography 

