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European foreword

This document (EN 12014-2:2017) has been prepared by Technical Committee CEN/TC 275 “Food
analysis - Horizontal methods”, the secretariat of which is held by DIN.

This European Standard shall be given the status of a national standard, either by publication of an
identical text or by endorsement, at the latest by June 2018, and conflicting national standards shall be

withdrawn at the latest by June 2018.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CEN shall not be held responsible for identifying any or all such patent rights.

This document supersedes EN 12014-2:1997.
The following changes have been made to the former edition:

a) the scope has been reduced from 50 mg/kg nitrate to 25 mg/kg nitrate and the upper limit has
been deleted;

b) the purification method 1 and 2 used in the preparation of sample test solutions has been deleted;
c) anew matrix (iceberg lettuce)thas beenwverified in an interlabonatony test;

d) update of the HPLC/IC-conditions and|chyomatograms in Annex A;

e) the procedure has been extensively revalidated and precision data in Annex B have been revised;

f) editorially revised.

According to the CEN-CENELEC Internal Regulations, the national standards organisations of the
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria,
Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia,
France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta,

Netherlands, Norway, Poland, Portugal, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland,
Turkey and the United Kingdom.
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Introduction

The method described in this standard has been developed and validated for investigations regarding
the European legislation for nitrate in vegetables and vegetable products. Laboratory experience has
shown that this analytical method is also suitable for the determination of nitrite in other matrices;
however, this has not been validated in the interlaboratory test scheme cited here.
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1 Scope

This European Standard specifies a high-performance liquid chromatographic (HPLC) and an ion
chromatographic (IC) method for determination of the nitrate level in vegetables and vegetable
products. This method is applicable for samples with a content of 25 mg/kg or greater.

It has been validated on naturally contaminated and spiked samples as beetroot juice with nitrate mass
fractions of 194 mg/kg and 691 mg/kg, pureed carrots with nitrate mass fractions of 26 mg/kg and
222 mg/kg and with iceberg lettuce with nitrate mass fractions of 623 mg/kg and 3 542 mg/kg.

2 Normative references

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

ISO 3696, Water for analytical laboratory use — Specification and test methods

3 Principle

The nitrate is extracted from the foodstuff with hot water. The determination is performed either by
reverse-phase HPLC and UV detection, or by IC and conductivity or UV detection.

4 Reagents
Use only reagents of recognized ‘analytical'grade, unless otherwise specified. Water shall be nitrate-free
and shall comply with grade 1 of ISO 3696.

4.1 Potassium nitrate,

4.2 Sodium nitrate.
4.3 Sulfuric acid, 96 % (p = 1,84 g/ml1)).
4.4 Regenerator for suppressor, e.g. sulfuric acid (c = 0,0125 mol/12)).

Carefully pipette 20 ml of sulfuric acid (4.3) into a 1 000 ml volumetric flask containing 800 ml of water.
Mix the solution, dilute to the mark with water and mix again. Transfer 33 ml of this solution to a
1 000 ml volumetric flask containing 500 ml of water. Dilute to the mark with water and mix.

Alternatively, use a method with electrolytic suppressor.

4.5 Nitrate stock solution, p =1 000 mg/I (expressed as ion NO37).

Weigh 1,630 7 g of potassium nitrate (4.1) to the nearest 0,1 mg and dissolve in water in a 1 000 ml
volumetric flask.

Alternatively, 1,370 9 g of sodium nitrate (4.2) can be used. If required, 15 ml of sulfuric acid (4.3) can
be added as a preservative. Mix the solution, dilute to the mark with water and mix again. This solution
is stable for at least two months if stored at +4 °C in the dark (refrigerator).

Alternatively, commercially available standard solutions can also be used.

1) p=mass concentration

2) c¢=substance concentration
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4.6 Nitrate standard solutions.
Prepare suitable dilutions from the nitrate stock solution (4.5), preferably in the range of 1 mg/l to

50 mg/l. Pipette an appropriate volume of nitrate stock solution into a 100 ml volumetric flask, dilute to
the mark with water, mix and filter through a membrane filter (5.4), if required.

4.7 Mobile phase, for the HPLC.

Examples of suitable eluents are given in Annex C.

4.8 Mobile phase, for the IC.

Examples of suitable eluents are given in Annex D.

5 Apparatus and equipment

Usual laboratory equipment and, in particular, the following:

5.1 Commercially available laboratory mixer, e.g. a laboratory cutter.

5.2 Homogenizer.

5.3 Fluted filter paper (nitrogen-deficient).

5.4 Membrane filter, for aqueous solutions;with a,pexse size of 0,45-um (e.g. regenerated cellulose).
5.5 Filter holder for membrane filter, with suitableisyringe:

5.6 HPLC equipment.

5.6.1 High-performance liquid‘chromatograph, consisting of an eluent reservoir, a pump, a sample
applicator, a UV detector adjustable from 190 nm to 800 nm and an evaluation unit.

5.6.2 Analytical (reversed-phase) separating column.

Examples of suitable separating columns are given in Annex C.

Use a pre-column with filling material of the same type to protect the analytical separating column.

5.7 IC apparatus.

5.7.1 Ilon-exchange chromatography unit, consisting of an eluent reservoir, a pump, a pulsation

damper, a dialysis unit (if required), a suppressor (if required), a sample applicator with a sample loop,
a conductivity detector or UV detector adjustable from 190 nm to 800 nm and an evaluation unit.

5.7.2 Analytical separating column.

Examples of suitable separating columns are given in Annex D.

Use a pre-column with filling material of the same type to protect the analytical separating column.
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6 Procedure

6.1 Sample preparation
6.1.1 Liquid samples, e.g. vegetable juice

Vigorously shake a representative sample until it is thoroughly mixed. If required, filter the sample
through a fluted filter paper (5.3) or, if necessary, predilute it with water to achieve a nitrate
concentration of approximately 25 mg/l in the solution.

6.1.2 Solid samples, e.g. leaf vegetable

Take a representative sample and remove adhering animals, soil or dirty particles. If required, remove
any inedible or damaged external leaves. Shred the sample prepared in this way, e.g. in a laboratory
cutter (5.1) and thoroughly homogenize it using a homogenizer (5.2). Analyse the sample immediately
after homogenization.

The requirements of the European legislation shall be taken into account, e.g. [1], [2] 3). If immediate
testing of the sample homogenate is not possible, immediately freeze the sample. For analysis, thaw the
sample as gently as possible (e.g. overnight in the refrigerator).

If it is not possible to homogenize a fresh produced sample within 24 h, the whole sample should be
frozen and analysed within a maximum of 6 weeks.

6.1.3 Pasty samples, e.g. mashed vegetables

Repeatedly stir a representative sample, e.g. by using a homogenizer until it is thoroughly mixed.

6.2 Hot water extraction of samples(solid and pasty samples)

From the sample prepared in accordancel with’6.1.2":0r6.1.3, weigh approximately 10 g of material to
the nearest of 1 mg'into-a'500'ml conical flask:‘Add'approximately 400 ml'of hot water (approximately
80 °C) and place the conical flask'inito’a boiling water bath.” When the water bath has reached boiling
point temperature again, keep the flask there for 15 min. Cool to room temperature, transfer the
solution into a 500 ml volumetric flask, dilute to the mark, shake thoroughly and filter the contents
through a fluted filter paper (5.3).

For sample material with low nitrate content, make appropriate adjustments, if necessary, to the initial
test portions and volumetric ratios. When the test portion is increased or decreased (e.g. dried
products) it is recommended to check the effect of this modification on the method performance.

6.3 Preparation of sample test solutions

If necessary, filter the sample solutions (6.1.1 and 6.2) through a suitable membrane filter (5.4). At least
a minimum of 15 ml of test solution (e.g. starch containing samples) is required. Discard the first few
millilitres of sample (to avoid possible contamination). The filtrate is dialysed or directly injected.
Obtain at least one reagent blank value in parallel.

6.4 Preparation of the calibration curve

To plot a calibration curve, prepare a series of standard solutions (4.6) of suitable concentrations
(generally five different concentration levels and one blank value). Inject equal volumes of the sample
solution and standard solutions as described in 7.1. Check the calibration curve using freshly prepared
standard solutions.

3) For example, the provisions of Commission Regulation (EC) No. 1882/2006 regarding sample preparation (in the version
of 2015) stipulate that samples shall not be washed.
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6.5 Determination
6.5.1 High-performance liquid chromatography

Examples of HPLC conditions which have proven useful in the interlaboratory test are given in Annex C.

6.5.2 Ion chromatography

Examples of IC conditions which have proven useful in the interlaboratory test are given in Annex D.

7 Evaluation
7.1 Identification and quantitative determination

Inject a suitable volume (see Table C.1 and D.1) of the sample test solution (6.3) and standard solution
(4.6) into the HPLC/IC-system. Examples of HPLC/IC chromatograms are given in Annex A. Identify the
nitrate peak by comparing the retention times for standard solution and sample test solution.

Perform the quantitative determination in mg/kg or mg/1 using a calibration function produced on the
basis of the peak area or the peak height.

If the peak area/peak height of the measured sample test solution falls outside the range of the
calibration curve, dilute the sample test solution with water and repeat the analysis.

The injected volumes of sample test solutions and standard solutions shall be identical.

7.2 Calculation

Calculate the mass fraction of nitrate win mg/kg“or the mass’concentration p in mg/l of the sample
using Formula (1):

_ x-F-1000-V
m

(1)

wor p

where

x  is the nitrate concentration of the sample test solution read from the calibration curve
minus the reagent blank value, in mg/];

F  is the dilution factor resulting from any further dilution steps;
m is the used sample amount, in g or ml;

V' is the volume of the extraction solution (6.2), in |, here 0,5 1.

Report the result in mg/kg or mg/1 with no decimal places, according to current legislation.

7.3 Precision

7.3.1 General

Details of an interlaboratory test for the precision of the method for beetroot juice, carrot purée and
iceberg lettuce are given in Table B.1. The values derived from the interlaboratory test are possibly not
applicable to concentration ranges and/or matrices other than those given in Annex B.
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7.3.2 Repeatability

The absolute difference between two single test results, found on identical test material by one operator
using the same apparatus within the shortest feasible time interval will exceed the repeatability limit r
in not more than 5 % of the cases.

The values are:

Beetroot juice, naturally contaminated X =194 mg/kg r=14 mg/kg
Beetroot juice, spiked X =691 mg/kg r=17 mg/kg
Puréed carrots, naturally contaminated X =26 mg/kg r=3,3 mg/kg
Puréed carrots, spiked X =222 mg/kg r=12 mg/kg
Iceberg lettuce, naturally contaminated X =623 mg/kg r=39 mg/kg
Iceberg lettuce, spiked X =3542 mg/kg r=105 mg/kg

7.3.3 Reproducibility

The absolute difference between two single test results found on identical test material reported by two
laboratories will exceed the reproducibility limit R not more than 5 % of the cases.

The values are:

Beetroot juice, naturally contaminated X = 194 mg/kg R=51mg/kg
Beetroot juice, spiked X; =691 mg/fkg R=32mg/kg
Puréed carrots, naturally contaminated X =26 mg/kg R=12mg/kg
Puréed carrots, spiked X =222 mg/kg R=71mg/kg
Iceberg lettuce, naturally contaminated X'=2'623 mg/kg R=122mg/kg
Iceberg lettuce, spiked X =3542 mg/kg R=876 mg/kg

8 Testreport

The test report should consider the requirements as in ENISO/IEC 17025 and shall contain as a
minimum the following data:

a) all information necessary for the identification of the sample (kind of sample, origin of sample,
designation);

b) areference to this European Standard;

c) date and type of sampling procedure (if known);

d) date of the sample receipt;

e) date of testing;

f) testresults and units in which they have been expressed;
g) any particular points observed in the course of the test;

h) any operations not specified in the method or regarded as optional, which might have affected the
results.
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