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Foreword 

This document (EN 13368-2:2012) has been prepared by Technical Committee CEN/TC 260 “Fertilizers and 
lliming materials”, 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text or by endorsement, at the latest by February 2013, and conflicting national standards shall be withdrawn 
at the latest by February 2013. 

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

This document supersedes EN 13368-2:2007. 

This document has been prepared under a mandate given to CEN by the European Commission and the 
European Free Trade Association. 

The following has been added to the former edition (EN 13368-2:2007) of this European Standard: 

a) new substance Fe-HBED added to the scope and to the title; 

b) requirements concerning the use of different columns in order to avoid overlapping of the meso isomer of 
Fe-[o,o] EDDHMA and Fe-HBED peaks added in Clause 5, Interferences; 

c) iron-nitrate solution and Fe-HBED solution added in Clause 6, Reagents; 

d) the sampling method is not part of the standard; informative reference to EN 1482-1 added; 

e) Table 1 enlarged by a column for total chelate; 

f) typical chromatogram of a commercial Fe-HBED sample added (Figure 4); 

g) Formula (2) on calculation of Fe-HBED added; 

h) Table 2 enlarged by the precision data concerning determination of Fe-HBED; 

i) A.2: Results of the inter-laboratory test performed in 2010 added; 

j) Annex C: Complete names of chelating agents technical revised; 

k) Bibliography revised. 

This European Standard "Fertilizers — Determination of chelating agents in fertilizers by ion chromatography" 
consists of the following parts: 

Part 1: Determination of EDTA, HEEDTA and DTPA by ion chromatography 

Part 2: Determination of Fe chelated by o,o-EDDHA, o,o-EDDHMA and HBED by ion pair chromatography 

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, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United Kingdom. 

http://dx.doi.org/10.3403/30136176
http://dx.doi.org/10.3403/30136176
http://dx.doi.org/10.3403/30136179U
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1 Scope 

This European Standard specifies a method for the chromatographic determination of the iron chelated by 
each individual ortho(hydroxy)-ortho(hydroxy) isomer of the chelating agents [o,o] EDDHA, [o,o] EDDHMA 
and by HBED in fertilizers containing one or more of these substances, except for [o,o] EDDHMA and HBED 
mixes. The method allows the identification and the determination of the total concentration of water soluble 
iron chelates of these chelating agents. It does not determine the free form of the chelating agents. 

This method is applicable to EC fertilizers covered by Regulation (EC) No 2003/2003 [4]. It is applicable to a 
mass fraction of the metal chelated of at least 0,625 %. 

NOTE 1 The substances EDDHA (ethylenediamine-N,N’-di[(hydroxyphenyl)acetic acid] and EDDHMA 
(ethylenediamine-N,N’-di[(hydroxymethylphenyl)acetic acid] exist as several different isomeric forms. Positional isomers 
for the hydroxyl or methyl groups (in ortho, meta, and para positions) as well as stereo isomers (meso and dl-racemic 
forms) are known. Both meso and dl-racemic forms of the ortho,ortho-EDDHA and ortho,ortho-EDDHMA are positional 
isomers for the hydroxyl groups allowed by the Regulation (EC) No 2003/2003. Since para, meta and ortho methyl 
positional isomers of the EDDHMA present quite similar stability, they could be grouped: in the method here described the 
para, meta and ortho methyl positional isomers of the [o,o] EDDHMA are considered together. HBED (N,N´-bis(2-
hydroxybenzyl)-ethylenediamine-N,N´-diacetic acid) does not present isomeric forms. 

NOTE 2 At present, analytically pure standards only exist for ortho,ortho-EDDHA, ortho,ortho-EDDHMA and HBED. All 
other substances being unavailable as a standard, the influence of their eventual presence in the samples (with respect to 
the sensitivity and the selectivity of this method) has not been studied. 

NOTE 3 The meso and the dl-racemic forms of [o,o] EDDHA and [o,o] EDDHMA can be determined separately by this 
method. 

2 Normative references 

The following documents, in whole or in part, are normatively referenced in this document and are 
indispensable for its application. For dated references, only the edition cited applies. For undated references, 
the latest edition of the referenced document (including any amendments) applies. 

EN 12944-1:1999, Fertilizers and liming materials and soil improvers — Vocabulary — Part 1: General terms 

EN 12944-2:1999, Fertilizers and liming materials and soil improvers — Vocabulary — Part 2: Terms relating 
to fertilizers 

EN 1482-2, Fertilizers and liming materials — Sampling and sample preparation — Part 2: Sample preparation 

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

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in EN 12944-1:1999 and EN 12944-2:1999 
apply. 

4 Principle 

The iron chelates are separated and determined by isocratic ion-pair high-performance liquid chromatography. 
When an iron chelate (anion) is added to a polar fluid (eluent), containing a large cation, an ion pair is formed. 
This ion pair is retained by an apolar solid phase (stationary phase). The strength of the retention depends on 
the molecular size and its acidity. Then, each iron chelate presents a characteristic retention time depending 
on the chelating agent, and it is separated from the other substances present in the sample. The separation is 
carried out on a reverse phase silica column and an aqueous solution of TBA+ (tetrabutylammonium) and 
acetonitrile as eluent. The detection is based on photometry at 280 nm. 

NOTE For additional information, see [5], [6] and [7]. 

http://dx.doi.org/10.3403/01897092
http://dx.doi.org/10.3403/01897105
http://dx.doi.org/10.3403/30136182U
http://dx.doi.org/10.3403/00631297U
http://dx.doi.org/10.3403/00631297U
http://dx.doi.org/10.3403/01897092
http://dx.doi.org/10.3403/01897105
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5 Interferences 

No interferences have been detected. Iron chelates with HBEP, EDDHSA, EDTA, DTPA, CDTA, HEEDTA, 
p,p-EDDHA, o,p-EDDHA, as well as the chelating agents do not interfere since they are separated from 
Fe-[o,o] EDDHA, Fe-[o,o] EDDHMA or Fe-HBED. Fe-[o,o] EDDHA does not interfere with Fe-[o,o] EDDHMA 
or Fe-HBED. In the case that Fe-[o,o] EDDHMA and Fe-HBED are present in the same sample, an 
overlapping of the meso isomer of the Fe-[o,o] EDDHMA and Fe-HBED peaks may occur with some 
equipment depending on the column used. The use of a different column of the same type can solve this 
problem. 

NOTE For the complete names of the abbreviations of chelating agents used in this document, see Annex C. 

6 Reagents 

6.1 General 

All reagents shall be of recognised analytical grade. All water used for the preparation of eluents, standards, 
and sample solutions shall conform to EN ISO 3696, grade 1 and shall be degassed, and free of organic 
contaminants. If products with a declared purity of less than 99 % are used for the preparation of standard 
solutions, a correction should be made in order to obtain exactly the required concentration in the solution. 

If there is any doubt of the purity of the standard, it is necessary to determine it. 

NOTE For this determination, a titrimetric method can be used. See Annex B for a general method using an 
automatic titrator. Manual titration could also be adequate. 

6.2 Sodium hydroxide solution, c(NaOH) = 0,1 mol/l. 

Dissolve 4 g of NaOH in pellet form in a 1 l volumetric flask with water (6.1). Dilute to the mark and 
homogenise. 

NOTE The incorporation of CO2 from the atmosphere should be carefully avoided. Otherwise the dissolution of 
chelating agents (see 6.6, 6.7 and 6.8) can be incomplete. 

6.3 Hydrochloric acid solution, c(HCl) = 1,0 mol/l. 

Dilute 88 ml of hydrochloric acid (mass fraction 35 % HCl) to 1 000 ml with water. 

6.4 Hydrochloric acid solution, c(HCl) = 0,1 mol/l. 

Dilute 50 ml of hydrochloric acid 1,0 mol/l (6.3) to 500 ml with water. 

6.5 Iron-nitrate solution, ρ(Fe) = 1 050 mg/l. 

Dissolve 0,759 4 g of ferric nitrate 9-hydrate (Fe(NO3)3·9H2O) in 100 ml of water. Check (for example by AAS) 
that the Fe concentration in this solution is 1 050 mg ± 30 mg/l. 

NOTE As the Fe(NO3)3·9H2O is deliquescent it will be added in solution of a known concentration. 

6.6 Fe-[o,o] EDDHA solution, ρ(Fe) = 100 mg/l. 

Dissolve 0,322 1 g (see 6.1) of ethylenediamine-N,N′-di[(ortho-hydroxyphenyl)acetic acid] in 350 ml of water 
and 27 ml of NaOH (6.2) in a 500 ml beaker. Add 50 ml of the Fe solution (6.5) to the chelating agent solution, 
stirring for about 5 min. 

http://dx.doi.org/10.3403/00631297U
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Adjust the solution to pH 7,0 with NaOH solution (6.2). Let the solution stand overnight in darkness to allow 
excess Fe to precipitate as oxide. Filter quantitatively through a cellulose filter and make up to volume 
(500 ml) in a volumetric flask with water. The standard obtained in this way can be stored in darkness for one 
year. 

6.7 Fe-[o,o] EDDHMA solution, ρ(Fe) = 100 mg/l. 

Dissolve 0,347 1 g (see 6.1) of ethylenediamine-N,N’-di[(ortho-hydroxy-para-methylphenyl)acetic acid] [the 
paramethyl isomer of [o,o] EDDHMA, (see Note 1 in Clause 1)] in 350 ml of water and 27 ml of NaOH (6.2) in 
a 500 ml beaker. Add 50 ml of the Fe solution (6.5) to the chelating agent solution, stirring for about 5 min. 

Adjust the solution to pH 7,0 with NaOH solution (6.2). Let the solution stand overnight in darkness to allow 
excess Fe to precipitate as oxide. Filter quantitatively through a cellulose filter and make up to volume 
(500 ml) in a volumetric flask with water. The standard obtained in this way can be stored in darkness for one 
year. 

6.8 Fe-HBED solution, ρ(Fe) = 100 mg/l. 

Dissolve 0,347 1 g (see 6.1) of N,N’-bis(2-hydroxybenzyl)-ethylenediamine-N,N’-diacetic acid (HBED) or 
0,379 7 g if HBED·HCI is used in 350 ml of water and 27 ml of NaOH (6.2) in a 500 ml beaker. Add 50 ml of 
the Fe solution (6.5) to the chelating agent solution, stirring for about 5 min. 

Adjust the solution to pH 5,0 with HCI solution (6.4) or NaOH solution (6.2). Let the solution stand overnight in 
darkness to allow excess Fe to precipitate as oxide. Filter quantitatively through a cellulose filter and make up 
to volume (500 ml) in a volumetric flask with water. The standard obtained in this way can be stored in 
darkness for one year. 

6.9 Eluent for the determination 

Add 20 ml of TBAOH (mass fraction 40 % Tetrabutylammonium hydroxide solution in water) to 600 ml of 
water. Adjust to pH 6,0 with hydrochloric acid solution (6.3 and 6.4). Add 300 ml of acetonitrile (HPLC grade) 
and make up to volume in a 1 l volumetric flask with water. Filter through a 0,2 µm membrane filter (7.4 b)) 
and degas. 

NOTE TBACl or TBABr can be used, providing that pH is adjusted to 6,0 with NaOH or HCl. 

7 Apparatus 

Usual laboratory equipment, glassware and the following: 

7.1 Magnetic stirrer. 

7.2 Chromatograph, equipped with: 

a) an isocratic pump delivering the eluent at a flow rate of 1,5 ml/min; 

b) an injection valve with a 20 µl injection loop; 

c) a C-18 column; internal diameter :3,9 mm; column length: 150 mm; dp = 5 µm1); 

                                                      
1) SYMMETRYTM C18, from WATERS, LiChroCART® Purospher® RP-18, from MERCK or equivalent are examples of 
suitable products available commercially. This information is given for the convenience of users of this European Standard 
and does not constitute an endorsement by CEN of these products. 
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d) a C-18 guard column (recommended); 

e) a UV/VIS-detector with a 280 nm-filter; 

f) an integrator. 

7.3 Balance, capable of weighing to an accuracy of 0,1 mg. 

7.4 Membrane filters, including: 

a) Micro membrane filters resistant to aqueous solutions, with porosity of 0,45 µm. 

b) Micro membrane filters resistant to organic solutions (e.g. polyamide 66 micro membrane filters), with 
porosity of 0,2 µm. 

8 Sampling and sample preparation 

Sampling is not part of the method specified in this document. A recommended sampling method is given in 
EN 1482-1. 

Sample preparation shall be carried out in accordance with EN 1482-2. 

For the size reduction of samples with a high amount of chelating agents, it is not recommended to use a high 
speed laboratory mill. It is more convenient to grind the sample to a particle size less than 1 mm. 

9 Procedure 

9.1 Preparation of the sample solution 

Weigh, to the nearest 0,1 mg, 200 mg of the iron chelate into a 250 ml beaker. Add 200 ml of water. Stir using 
a magnetic stirrer for 1 h. Transfer quantitatively into a 250 ml volumetric flask. Dilute to the mark with water 
and homogenise. 

For samples declaring more than 6 % of chelated Fe, use a 500 ml volumetric flask. 

For liquid samples, weigh an amount equivalent to 200 mg of solid. 

9.2 Preparation of the calibration solutions 

Pipette V ml (see Table 1) of the Fe-[o,o] EDDHA (6.6) or Fe-[o,o] EDDHMA (6.7) or Fe-HBED (6.8) standard 
solution into six 100 ml volumetric flasks. Make up to volume with water and homogenise. 

http://dx.doi.org/10.3403/30136179U
http://dx.doi.org/10.3403/30136182U
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Table 1 — Composition of the calibration solutions 

Solution V 
ml 

Fe concentration in the 
rac chelate 

mg/l 

Fe concentration in the 
meso chelate 

mg/l 

Total Fe concentration 
in chelate 

mg/l 

1 5 2,5 2,5 5,0 

2 10 5,0 5,0 10,0 

3 20 10,0 10,0 20,0 

4 30 15,0 15,0 30,0 

5 40 20,0 20,0 40,0 

6 50 25,0 25,0 50,0 

NOTE 1 As the standard chelates solutions should be 50 % meso- and 50 % dl-racemic optical isomers, the 
concentration of the total iron chelate is the sum of the concentrations shown in Table 1. 

NOTE 2 Since HBED does not present optical isomers the total concentrations should be used. 

9.3 Chromatographic analysis 

Immediately before injection, all solutions shall be filtered through a 0,45 µm membrane filter (7.4 a). Inject the 
standard solutions (see 9.2) into the chromatographic system (7.2). Measure the retention times and the areas 
of the two Fe-[o,o] EDDHA or Fe-[o,o] EDDHMA isomers (meso and dl-racemic) or Fe-HBED peaks for all 
solutions. For each appropriate iron chelate, draw two calibration graphs with the values of the peak areas of 
the standard solutions versus the iron concentration (mg/l) in the form of the corresponding chelating agent 
isomer. For Fe-HBED, only one graph is needed. See Figures 1 to 4. 

NOTE 1 See NOTE 1 in 9.2. 

NOTE 2 A statistically significant negative intercept can be caused by the contamination of the column with Fe oxide 
precipitates. In that case, the column should be replaced or cleaned. 

Inject the sample solution (see 9.1). Identify the chelating agent by the retention time of the obtained peaks 
(see Figures 2, 3 and 4). Measure the areas of the isomer peaks for each chelating agent. Determine the 
concentration of the iron chelated by each optical isomer (mg Fe/l) using the corresponding calibration graph. 

In Figure 3 the typical chromatogram of a commercial product containing Fe-[o,o] EDDHMA is shown. Besides 
meso and dl-racemic isomers of para-methyl ortho-hydroxyl Fe-[o,o] EDDHMA two other isomers, assigned to 
other methyl positional isomers, are found (peaks 3 and 4). Since they have similar stability to the para-methyl 
isomers (see NOTE 1 in Clause 1), their area should be added to the nearest (1 or 2) peak area. 

 



BS EN 13368-2:2012
EN 13368-2:2012 (E) 

9 

 

Key 
1 dl-racemic Fe-[o,o] EDDHA 
2 meso Fe-[o,o] EDDHA 
X time in minutes 

Figure 1 — Typical chromatogram of a Fe-[o,o] EDDHA standard solution 
with an Fe content of 25 mg/l /l 
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Key 
1 dl-racemic Fe-[o,o] EDDHA 
2 meso Fe-[o,o] EDDHA 
3 ortho-hydroxy para-hydroxy isomer 
4 para-hydroxy para-hydroxy isomer by-product 
X time in minutes 

Figure 2 — Typical chromatogram of a commercial Fe-[o,o] EDDHA product 
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Key 
1 dl-racemic Fe-[o,o] EDDHMA 
2 meso Fe-[o,o] EDDHMA 
3 and 4 methyl positional isomers of Fe-[o,o] EDDHMA 
X time in minutes 

Figure 3 — Typical chromatogram of a commercial Fe-[o,o] EDDHMA product 
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Key 
X time in minutes 
Y absorbance units 

Figure 4 — Typical chromatogram of a commercial Fe-HBED sample 

If overlapping occurs, baseline correction in the integration should be done (see Figure 5). 

 

Key 
X time in minutes 
Y absorbance units 

Figure 5 — Example of baseline correction 
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10 Expression of the results (Fe in Fe-chelates) 

10.1 Fe chelated by [o,o] EDDHA or [o,o] EDDHMA 

Calculate, wFe, the mass fraction in percent of the sample of Fe chelated by [o,o] EDDHA or [o,o] EDDHMA in 
the fertilizer according to the following formula: 

410rac m
Fe

c c
w V

m
−+

= × ×  (1) 

where 

crac and cm are the Fe concentrations of the Fe chelated by the racemic or meso isomers respectively 
determined with the calibration graphs, in milligrams per litre; 

m is the mass of the sample taken for analysis, in grams; 

V is the volume of the sample solution (9.1), in millilitres. 

If the sample contains both Fe-[o,o] EDDHA and Fe-[o,o] EDDHMA, the Fe chelated is the addition of the 
results obtained for each chelating agent. 

10.2 Fe chelated by HBED 

Calculate the mass fraction, wFe of Fe chelated by HBED in the fertilizer in percent of the sample according to 
the following formula: 

410−××= V
m
cwFe  (2) 

where 

c is the Fe concentration of the Fe chelated by HBED determined with the calibration graphs, in 
milligrams per litre; 

m is the mass of the sample taken for analysis, in grams; 

V is the volume of the sample solution (9.1), in millilitres. 

11 Precision 

11.1 Inter-laboratory test 

An inter-laboratory test has been carried out in 2003 with fourteen participating laboratories and seven 
different samples (two standard solutions, two fertilizers containing [o,o] EDDHMA and three fertilizers 
containing [o,o] EDDHA as chelating agents). This test yielded the data given in CEN/TR 15106 and is 
summarised in A.1. Repeatability and reproducibility were calculated according to ISO 5725-2. 

A new inter-laboratory test has been carried out in 2010 with ten participating laboratories and three different 
samples (one liquid solution and two solid fertilizers containing HBED as chelating agent). This test yielded the 
data is summarised in A.2. Repeatability and reproducibility were calculated according to ISO 5725-2. 

The values derived from these inter-laboratory tests might not be applicable to concentration ranges and 
matrices other than those given in A.1 and A.2. 

http://dx.doi.org/10.3403/02691896U
http://dx.doi.org/10.3403/02691896U
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11.2 Repeatability 

The absolute difference between two independent test results obtained with 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 in not more than 5 % of the cases exceed the values of r given in Table 2. 

11.3 Reproducibility 

The absolute difference between two single test results obtained with the same method on identical test 
material, in different laboratories, by different operators, using different equipment, will in not more than 5 % of 
the cases exceed the values of R given in Table 2. 

Table 2 — Mean values, repeatability and reproducibility limits 

Sample 

 

Mean value 

 

Repeatability 
limit 

r 

Reproducibility 
limit 

R 

Solutions from standards 

EDDHA 24,91 mg/l 0,29 mg/l 1,81 mg/l 

EDDHMA 25,42 mg/l 0,26 mg/l 2,07 mg/l 

Solution from commercial fertilizers 

HBED 42,20 mg/l 0,21 mg/l 0,36 mg/l 

Commercial fertilizers (Unit in Fe concentrations) 

EDDHA-1 3,08 g/100 g 0,05 g/100 g 0,38 g/100 g 

EDDHA-2 4,98 g/100 g 0,09 g/100 g 0,43 g/100 g 

EDDHA-3 3,80 g/100 g 0,07 g/100 g 0,36 g/100 g 

EDDHMA-1 4,84 g/100 g 0,12 g/100 g 0,69 g/100 g 

EDDHMA-2 4,22 g/100 g 0,04 g/100 g 0,62 g/100 g 

HBED-1 10,57 g/100 g 0,24 g/100 g 0,36 g/100 g 

HBED-2 6,56 g/100 g 0,21 g/100 g 0,28 g/100 g 

12 Test report 

The test report shall contain at least the following information: 

a) all information necessary for the complete identification of the sample; 

b) test method used with reference to this document, i.e. EN 13368-2; 

c) test results obtained expressed as percentage of Fe chelated by [o,o] EDDHA, [o,o] EDDHMA or HBED 
in the fertilizer; 

d) date of the sampling and sampling procedure (if known); 

e) date when the analysis was finished; 

http://dx.doi.org/10.3403/02223157U
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f) whether the requirement of the repeatability limit has been fulfilled; 

g) all operating details not specified in this document, or regarded as optional, together with details of any 
incidents occurred when performing the method which might have influenced the test result(s). 
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Annex A 
(informative) 

 
Statistical results of the inter-laboratory tests 

A.1 Statistical results of the inter-laboratory test performed in 2003 

A.1.1 Test samples 

Seven different samples were provided to all the participants. Five samples were commercial iron chelates in 
solid form, three containing Fe-[o,o] EDDHA and two containing Fe-[o,o] EDDHMA. The other two samples 
were solutions prepared from standards of commercial sources, one containing Fe-[o,o] EDDHA and the other 
containing Fe-[o,o] EDDHMA. 

A.1.2 Inter-laboratory test procedure 

The test samples were sent to sixteen laboratories from eight countries, private ones as well as official ones, 
but only fourteen provided results. 

The participating laboratories were requested to perform two replicates of each sample. The results of the two 
replicates of each sample were recorded to two decimal places. 

Test results, observations and remarks were reported. 

A.1.3 Results and statistical interpretation 

Statistical calculations were run on all the results, according to ISO 5725-2. 

Parameters of repeatability and reproducibility were evaluated for each sample (mean value, standard 
deviation of repeatability, standard deviation of reproducibility, repeatability, reproducibility, relative standard 
deviation of repeatability and relative standard deviation of reproducibility). 

Table A.1 shows the statistical results of the inter-laboratory test. 
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Table A.1 — Statistical results of the inter-laboratory test 

Parameter Solutions from Standard Commercial iron chelates (solid form) 

Sample EDDHA EDDHMA EDDHA-1 EDDHA-2 EDDHA-3 EDDHMA-1 EDDHMA-2

Number of laboratories 14 12 14 14 14 12 12 

Number of outliers 0 2 0 1 0 0 1 

Number of laboratories 
after elimination of 
outliers 

14 10 14 13 14 12 11 

Mean value 

(Fe concentrations) 

24,91 

mg/l 

25,42 

mg/l 

3,08 

g/100 g 

4,98 

g/100 g 

3,80 

g/100 g 

4,84 

g/100 g 

4,22 

g/100 g 

Repeatability limit, r 

(Fe concentrations) 

0,29 

mg/l 

0,26 

mg/l 

0,05 

g/100 g 

0,09 

g/100 g 

0,07 

g/100 g 

0,12 

g/100 g 

0,04 

g/100 g 

RSDr % 0,42 0,37 0,57 0,65 0,61 0,89 0,38 

Repeatability standard 
deviation sr 

(Fe concentrations) 

0,10 

mg/l 

0,09 

mg/l 

0,02 

g/100 g 

0,03 

g/100 g 

0,02 

g/100 g 

0,04 

g/100 g 

0,02 

g/100 g 

Reproducibility limit R  

(Fe concentrations) 

1,81 

mg/l 

2,07 

mg/l 

0,38 

g/100 g 

0,43 

g/100 g 

0,36 

g/100 g 

0,69 

g/100 g 

0,62 

g/100 g 

RSDR % 2,60 2,90 4,39 3,05 3,35 5,12 5,24 

Reproducibility standard 
deviation sR  

(Fe concentrations) 

0,65 

mg/l 

0,74 

mg/l 

0,14 

g/100 g 

0,15 

g/100 g 

0,13 

g/100 g 

0,25 

g/100 g 

0,22 

g/100 g 

Horwitz Value R 9,9 9,8 3,4 3,1 3,3 3,2 3,2 

Horrat R-index 0,26 0,30 1,30 0,97 1,02 1,62 1,63 

A.2 Results of the inter-laboratory test performed in 2010 

A.2.1 Test samples 

Three different Fe-HBED samples were provided to all the participants. Two samples were commercial iron 
chelates in solid form. The other sample was a solution prepared dissolving a commercial fertilizer. 

A.2.2 Inter-laboratory test procedure 

The test samples were sent to ten laboratories from five countries, private ones as well as official ones and all 
of them provided results. 
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The participating laboratories were requested to perform three replicates of each sample. The results of the 
three replicates of each sample were recorded to two decimal places. 

Test results, observations and remarks were reported. 

A.2.3 Results and statistical interpretation 

Statistical calculations were run on all the results, according to ISO 5725-2. 

Parameters of repeatability and reproducibility were evaluated for each sample (mean value, standard 
deviation of repeatability, standard deviation of reproducibility, repeatability, reproducibility, relative standard 
deviation of repeatability and relative standard deviation of reproducibility). 

Table A.2 shows the statistical results of the inter-laboratory test. 

Table A.2 — Statistical results of the new inter-laboratory test 

Parameter Solution from a 
commercial fertilizer 

Commercial iron chelates 
(solid form) 

Sample HBED HBED-1 HBED-2 

Number of laboratories 10 10 10 

Number of outliers 3 1 2 

Number of laboratories after elimination 
of outliers 7 9 8 

Mean value 

(Fe concentrations) 

42,20  

mg/l 

10,57 

g/100 g 

6,56 

g/100 g 

Repeatability limit, r 

(Fe concentrations) 

0,21 

mg/l 

0,24 

g/100 g 

0,21 

g/100 g 

RSDr % 0,18 0,81 1,14 

Repeatability standard deviation sr 

(Fe concentrations) 

0,08 

mg/l 

0,09 

g/100 g 

0,08 

g/100 g 

Reproducibility limit R 

(Fe concentrations) 

0,36 

mg/l 

0,36 

g/100 g 

0,28 

g/100 g 

RSDR % 0,31 1,21 1,52 

Reproducibility standard deviation sR 

(Fe concentrations) 

0,13 

mg/l 

0,13 

g/100 g 

0,10 

g/100 g 

Horrat R-index 0,03 0,43 0,50 
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Annex B 
(informative) 

 
General procedure for the determination of the titrimetric purity of the 

chelating agents using a photometric automatic titrator 

Chelating agent solutions of approximately 1,00 × 10-4 mol/l are prepared by dissolving the calculated amount 
of chelating agent in the necessary amount of NaOH solution. Then pH is adjusted to 6 by the addition of 
2,00 × 10-3 mol/l MES buffer [2-(N-morpholino) ethanesulfonic acid] and the volume made up to 50 ml or 
100 ml. 

The test solution is placed in a thermostated jacketed reaction vessel (100 ml or 150 ml capacity) with an 
airtight cap fitted with gas inlet and outlet tubes, the combined pH glass electrode, the photometric detector 
and two piston burettes, tip extending below the surface of the solution, and a magnetic stirrer. The 
photometric titration consists of the addition of 4,47 × 10-4 mol/l Fe(III) standard solution to the chelating agent 
until the absorbance at 480 nm shows no change. End-point titration is calculated for two linear segments' 
intersection. 
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Annex C 
(informative) 

 
Complete names of chelating agents 

EDTA ethylenediaminetetraacetic acid 
 C10H16O8N2 CAS-No. 60-00-4 

HEEDTA 2-hydroxyethylethylenediaminetriacetic acid 
 C10H18O7N2 CAS-No. 150-39-0 

DTPA diethylenetriaminepentaacetic acid 
 C14H23O10N3 CAS-No. 67-43-6 

[o,o] EDDHA ethylenediamine-N,N′-di[(ortho-hydroxyphenyl)acetic acid] 
 C18H20O6N2 CAS-No. 1170-02-1 

[o,o] EDDHMA ethylenediamine-N,N’-di[(ortho-hydroxymethylphenyl) acetic acid] 
 C20H24O6N2 CAS-No. 641632-90-8 

EDDHSA ethylenediamine-N,N’-di-[(2-hydroxy-5-sulfophenyl)acetic acid] and its condensation 
products 

 C18H20O12N2S2 + n*(C12H14O8N2S) CAS-No. 57368-07-7 and 642045-40-7 

NTA  nitrilotriacetic acid 
 C6H9O6N CAS-No. 139-13-9 

CDTA  1,2-cyclohexylenediaminetetraacetic acid 
 C14H22O8N2 CAS-No. 482-54-2 

HBED N,N´-bis(2-hydroxybenzyl)-ethylenediamine-N,N´-diacetic acid 
 C20H24O6N2  CAS-No. 35998-29-9 

HBEP N,N'-bis(2-hydroxybenzyl)-ethylenediamine-N,N'-dipropionic acid 
 C22 H28N2O6 CAS- No. 788792-49-4 

 
[o,p] EDDHA ethylenediamine-N-[(ortho-hydroxyphenyl)acetic acid]-N′-[(para-hydroxyphenyl)acetic acid] 
 C18H20O6N2  CAS- No. 475475-49-1 



BS EN 13368-2:2012
EN 13368-2:2012 (E) 

21 

Bibliography 

[1] EN 1482-1, Fertilizers and liming materials — Sampling and sample preparation — Part 1: Sampling 

[2] CEN/TR 15106, Fertilizers — Determination of chelating agents EDDHA and EDDHMA by ion pair 
chromatography — Comparison of non-standardized Lucena method with EN 13368-2:2001 

[3] ISO 5725-2:1994, Accuracy (trueness and precision) of measurement methods and results — Part 2: 
Basic method for the determination of repeatability and reproducibility of a standard measurement 
method 

[4] Regulation (EC) No 2003/2003 of the European Parliament and of the Council of 13 October 2003 
relating to fertilisers, Official Journal L 304, 21/11/2003, pp. 1-194 

[5] Lucena, J. J.; P. Barak and L. Hernández-Apaolaza. 1996. Isocratic ion-pair high-performance liquid 
chromatographic method for the determination of various iron(III) chelates; J. Chromatography A, 727, 
pp. 253-264 

[6] Hernández-Apaolaza, L.; P. Barak and J.J. Lucena. 1997. Chromatographic determination of commercial 
Fe(III) chelates of ethylenediaminetetracetic acid, ethylenediaminedi(o-hydroxyphenylacetic) acid and 
ethylenediaminedi(o-hydroxy-p-methylphenylacetic) acid; J. Chromatography A, 789, pp. 453-460 

[7] López Rayo, S., Hernández, D. and Lucena, J. J. 2009. Chemical Evaluation of HBED/Fe3+ and the 
Novel HJB/ Fe3 Chelates as Fertilizers to Alleviate Iron Chlorosis; Journal of Agricultural and Food 
Chemistry 57, pp. 8504-8513 

 

http://dx.doi.org/10.3403/30136179U
http://dx.doi.org/10.3403/02223157
http://dx.doi.org/10.3403/02691896


This page deliberately left blank



This page deliberately left blank



BSI is the national body responsible for preparing British Standards and other 
standards-related publications, information and services.

BSI is incorporated by Royal Charter. British Standards and other standardization 
products are published by BSI Standards Limited.

British Standards Institution (BSI)

BSI Group Headquarters

389 Chiswick High Road London W4 4AL UK

About us
We bring together business, industry, government, consumers, innovators 
and others to shape their combined experience and expertise into standards 
-based solutions.

The knowledge embodied in our standards has been carefully assembled in 
a dependable format and refined through our open consultation process. 
Organizations of all sizes and across all sectors choose standards to help 
them achieve their goals.

Information on standards
We can provide you with the knowledge that your organization needs 
to succeed. Find out more about British Standards by visiting our website at 
bsigroup.com/standards or contacting our Customer Services team or 
Knowledge Centre.

Buying standards
You can buy and download PDF versions of BSI publications, including British 
and adopted European and international standards, through our website at 
bsigroup.com/shop, where hard copies can also be purchased. 

If you need international and foreign standards from other Standards Development 
Organizations, hard copies can be ordered from our Customer Services team.

Subscriptions
Our range of subscription services are designed to make using standards 
easier for you. For further information on our subscription products go to 
bsigroup.com/subscriptions.

With British Standards Online (BSOL) you’ll have instant access to over 55,000 
British and adopted European and international standards from your desktop. 
It’s available 24/7 and is refreshed daily so you’ll always be up to date. 

You can keep in touch with standards developments and receive substantial 
discounts on the purchase price of standards, both in single copy and subscription 
format, by becoming a BSI Subscribing Member. 

PLUS is an updating service exclusive to BSI Subscribing Members. You will 
automatically receive the latest hard copy of your standards when they’re 
revised or replaced. 

To find out more about becoming a BSI Subscribing Member and the benefits 
of membership, please visit bsigroup.com/shop.

With a Multi-User Network Licence (MUNL) you are able to host standards 
publications on your intranet. Licences can cover as few or as many users as you 
wish. With updates supplied as soon as they’re available, you can be sure your 
documentation is current. For further information, email bsmusales@bsigroup.com.

Revisions
Our British Standards and other publications are updated by amendment or revision. 

We continually improve the quality of our products and services to benefit your 
business. If you find an inaccuracy or ambiguity within a British Standard or other 
BSI publication please inform the Knowledge Centre.

Copyright
All the data, software and documentation set out in all British Standards and 
other BSI publications are the property of and copyrighted by BSI, or some person 
or entity that owns copyright in the information used (such as the international 
standardization bodies) and has formally licensed such information to BSI for 
commercial publication and use. Except as permitted under the Copyright, Designs 
and Patents Act 1988 no extract may be reproduced, stored in a retrieval system 
or transmitted in any form or by any means – electronic, photocopying, recording 
or otherwise – without prior written permission from BSI. Details and advice can 
be obtained from the Copyright & Licensing Department.

Useful Contacts:
Customer Services
Tel: +44 845 086 9001
Email (orders): orders@bsigroup.com
Email (enquiries): cservices@bsigroup.com

Subscriptions
Tel: +44 845 086 9001
Email: subscriptions@bsigroup.com

Knowledge Centre
Tel: +44 20 8996 7004
Email: knowledgecentre@bsigroup.com

Copyright & Licensing
Tel: +44 20 8996 7070
Email: copyright@bsigroup.com

NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW

www.bsigroup.com/standards
www.bsigroup.com/shop
www.bsigroup.com/shop
www.bsigroup.com/subscriptions

