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Foreword 

This document (EN 16317:2013) has been prepared by Technical Committee CEN/TC 260 “Fertilizers and 
liming 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text or by endorsement, at the latest by April 2014, and conflicting national standards shall be withdrawn at the 
latest by April 2014. 

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 CEN/TS 16317:2012. 

The following changes have been made to the former edition: 

a) the CEN Technical Specification has been adopted as a European Standard; 

b) the document has been editorially revised. 

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

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/10.3403/30249585
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1 Scope 

This European Standard specifies a method for the determination of the content of arsenic in fertilizers using 
inductively coupled plasma-atomic emission spectrometry (ICP-AES) after aqua regia dissolution. Limits of 
quantification are dependent on the sample matrix as well as on the instrument, but can roughly be expected 
to be 1,5 mg/kg for As. 

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

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 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 

Arsenic is extracted from the sample with aqua regia and conventional boiling. The concentration in the extract 
is measured by inductively coupled plasma–atomic emission spectrometry (ICP-AES) with axial or radial 
viewing. 

5 Sampling and sample preparation 

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

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

6 Reagents 

Use only reagents of recognised analytical grade. 

Commercially available stock solutions shall be replaced according to the specifications from the supplier or 
after one year if prepared in the laboratory from available salts. Standard solutions shall be renewed monthly 
as a general rule.  

6.1 Water, according to EN ISO 3696, grade 2. 

6.2 Hydrochloric acid, c(HCl) = 12 mol/l; 37 % volume fraction; ρ ≈ 1,18 g/ml. 

6.3 Nitric acid, c(HNO3) = 16 mol/l; not less than 65 % volume fraction, ρ ≈ 1,42 g/ml. 

http://dx.doi.org/10.3403/30136182U
http://dx.doi.org/10.3403/01897092
http://dx.doi.org/10.3403/01897105
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
http://dx.doi.org/10.3403/30136179U
http://dx.doi.org/10.3403/30136182U
http://dx.doi.org/10.3403/00631297U
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6.4 Mixed acid solution of 0,8 mol/l nitric acid and 1,8 mol/l hydrochloric acid. 

Mix 150 ml of hydrochloric acid (6.2) and 50 ml nitric acid (6.3) to 1,0 l of water (6.1). 

6.5 Standard stock solution arsenic standard stock solution, e.g. ρ = 1 000 mg/l in arsenic. 

Use suitable stock solutions. Single-element stock solutions with adequate specification stating the acid used 
and the preparation technique are commercially available. It is recommended to use a commercially available 
standard stock solution for arsenic. 

6.6 Working standard solutions. 

Depending on the scope, different working standard solutions may be necessary. 

6.6.1 Working standard solution I, ρ = 100 mg/l for arsenic.  

Dilute 10,0 ml of the stock solution of arsenic (6.5) to 100,0 ml with the mixed acid solution (6.4) in the same 
100 ml flask. This solution is used to prepare spiked test solutions and standard and calibration solutions. 

6.6.2 Working standard solution II, ρ = 10 mg/l for arsenic. 

Dilute 10,0 ml of the working standard solution I (6.6.1) to 100,0 ml with the mixed acid solution (6.4) in a 
100 ml flask. This solution is used to prepare spiked test solutions and calibration solutions. 

7 Apparatus 

7.1 Common laboratory glassware. 

7.2 Analytical balance, capable of weighing to an accuracy of 1 mg. 

7.3 Inductively coupled plasma-atomic emission spectrometer, with axial or radial viewing of the 
plasma and with suitable background correction. 

The settings of the working conditions (e.g. gas flows, RF or plasma power, sample uptake rate, integration 
time, number of replicates) shall be optimised according to the manufacturer’s instructions. Radial viewing of 
the plasma may be used if it can be shown that the limit of quantification for arsenic is below the required legal 
limit values. 

The use of axial orientation of the viewing optics requires good control of the matrix effects coming from 
"easily ionisable elements" (i.e. the influence of easily ionisable elements in varying concentrations on the 
signal intensities of the analytes). For alkali-elements, this can be achieved by adding caesium-chloride 
solution (CsCl). In general, matrix matching of calibration solutions or calibration by standard additions with 
several calibration standards will correct accurately for these matrix effects. Spike recovery of one known 
standard combined with external calibration can, if used properly, also correct sufficiently for matrix effects 
(see 8.1). Correction by internal standardisation is also a good option, but the accuracy of the measurements 
after internal standard correction should be validated properly prior to use on unknown fertilizer samples. 

7.4 Dilutor. 

Instrument used for automated volumetric dilutions or other appropriate equipment (e.g. pipettes and 
volumetric glassware) to perform dilutions. The precision and accuracy of this type of equipment for volumetric 
dilutions shall be established, and controlled and documented regularly.  
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7.5 Ash-free filter paper, i.e. Whatman 589/2®1) or equivalent quality. 

8 Procedure 

8.1 General 

Calibrations by standard additions with several standards or by matrix matching are very powerful calibration 
techniques and can be used to accurately correct for matrix effects from easy-ionisable elements 
(multiplicative matrix effects). Additive matrix effects (i.e. spectral interferences) are not corrected for with 
standard additions calibration. For matrix matching, additive matrix effects will be corrected for when the 
added matrix is the cause of the matrix effect. The main drawback of calibration by standard addition with 
several standards is the requirement for a calibration function for each sample type, which is a time 
consuming process. For matrix matching, a profound knowledge of the sample matrix is needed, which is not 
always necessarily available. These two techniques may thus not be practical to use in routine fertilizer 
laboratories. 

Correction by internal standardisation is also a good option, but the accuracy of the measurements after 
internal standard correction should be validated properly prior to use on unknown fertilizer samples. 

It is therefore suggested that calibrations are to be performed by means of external calibration and correction 
of matrix effects by addition of one known spike of a standard solution (spike recovery). The method of 
external calibration and correction for spike recovery allows for the analysis of fertilizers with unknown matrix 
composition or with a matrix that cannot be easily imitated synthetically. This calibration technique may not be 
as precise as calibration by standard additions with several standards but the increased uncertainty is small 
compared to the total uncertainty of the method, if the total analyte concentration is in the linear working range 
after the spike and the added spike corresponds to at least a doubling of the analyte concentration. Many 
matrix errors can be compensated for by this procedure, if they are not additive (e.g. spectral interferences). 
Aliquots of the sample solution are analysed by the means of external calibration and then one aliquot is 
spiked with known concentrations of the analytes without changing the matrix of the sample solution. The 
calculated spike recovery is then used to correct the concentration calculated from the external calibration 
function. The concentration of the spikes shall be in the linear working range of the ICP-AES. 

8.2 Preparation of the test solution 

8.2.1 General 

The following extraction procedure leads, in most cases for mineral fertilizers, to trace element results which 
correspond to the total contents of these elements.  

Calibration with several standard additions and external calibration after matrix matching or by correction for 
matrix effects with internal standardization may also be used.  

8.2.2 Preparation 

8.2.2.1 Weigh (3 ± 0,003) g of the prepared sample and transfer to a suitable reaction vessel (action 1). 

8.2.2.2 Moisten the sample with about 0,5 ml to 1,0 ml of water (6.1) and add, whilst mixing (21 ± 0,1) ml 
of hydrochloric acid (6.2) followed by (7 ± 0,1) ml of nitric acid (6.3) drop by drop if necessary to reduce 
foaming. Connect a condenser to the reaction vessel and let the mixture stand at room temperature until any 
effervescence almost ceases to allow for slow oxidation of any organic mass in the sample (action 2). 

8.2.2.3 Transfer to the heating device and raise the temperature of the reaction mixture slowly to reflux 
conditions. Maintain for 2 h, ensuring that the condensation zone is lower than 1/3 of the height of the 
condenser, then allow to cool. Rinse the condenser further with 10 ml of water (6.1) (action 3). 
                                                   
1) Whatman 589/2® is an example of a suitable product available commercially. This Information is given for the 
convenience of users of this European Standard and does not constitute an endorsement by CEN of this product. 
Equivalent products may be used if they can be shown to lead to the same results. 
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If the digested sample contains particulates which can clog nebulisers or interfere with the injection of the 
sample, the sample should be centrifuged and allowed to settle, or filtered before transferring into a suitable 
sized volumetric flask. For example, the solution should be allowed to pass through the filter paper and then 
the insoluble residue washed onto the filter paper with a minimum of water (6.1).  

The method used shall be reported in the test report. Filter paper may cause contaminations (e.g. lead) and it 
may be necessary therefore to use ash-free filter paper (7.5). 

8.2.2.4 Transfer the digested sample into a 150 ml volumetric flask and dilute to the mark with water 
(6.1). This yields an acid concentration approximately equal to that of the mixed acid solution (6.4). This test 
solution corresponds to a 50 times dilution of the solid sample (action 4). 

8.2.2.5 Dilute the test solutions with the mixed acid solution (6.4) using a dilutor (7.4) to obtain a 
concentration of arsenic between 0,03 mg/l and 5 mg/l (action 5). 

NOTE 1 It is important that the total dilution of the test solution is equal to the dilution of the spiked test solution (see 
8.3 on how to prepare the spiked test solution).  

NOTE 2 The concentration of arsenic in the solution in action 5 (8.2.2.5) is chosen so that it is above the typical limits 
of quantification, and that the concentration fall within the linear working range of the analytical technique. 

8.3 Preparation of the test solution for the correction of matrix effects by spike recovery 

For each test solution analysed, a spiked test solution with a known addition of a standard solution is required 
to correct for matrix effects by correcting for the spike recovery measured under close to identical 
measurement conditions. The addition of a spike of the standard solution shall increase the analyte 
concentrations by at least 100 % without changing the matrix of the test solution (from 8.2.2.4, action 4) or the 
diluted test solution (from 8.2.2.5, action 5). See list entries a) and b) below for suggestions on how to spike a 
diluted and an undiluted test solution respectively when determining arsenic.  

a) If the test solution (from 8.2.2.4, action 4 or from 8.2.2.5, action 5) contains 1,00 mg/l to 5,00 mg/l of 
arsenic, a spike addition corresponding to 1,00 mg/l of a multi-element standard solution containing arsenic 
may be done while diluting the sample 5 times. Thus, take 2,00 ml of test solution and add 1,00 ml of the 
10 mg/l working standard solution II (6.6.2) and 7,00 ml mixed acid solution (6.4). The test solution (from 
8.2.2.4, action 4 or from 8.2.2.5, action 5) shall also be 5 times diluted with the mixed acid solution (6.4) prior 
to analysis by ICP-AES. 

b) If the test solution (from 8.2.2.4, action 4) contains 0,03 mg/l to 1,00 mg/l arsenic it should be analysed 
without further dilution. Add 0,10 ml of a suitable standard solution (e.g. 100 mg/l working standard solution I 
(6.6.1) corresponding to an addition of 1,00 mg/l of arsenic) to 9,90 ml test solution, thus preparing a spiked 
test solution of 10,00 ml without changing the matrix of the test solution significantly. The test solution (from 
8.2.2.4, action 4) is measured using the same dilution (9,90 ml test solution and 0,100 ml mixed acid solution 
(6.4)) by ICP-AES. 

8.4 Preparation of the blank test solution 

Carry out a blank test at the same time as the extraction with only the reagents and follow the same procedure 
as for the samples. The blank test solutions should be analysed without further dilution to achieve best 
possible detection capability. Contaminations from arsenic in the mixed acid solution used for further dilutions 
of the sample test solutions should be checked before each analysis (i.e. by observing the corresponding 
analyte signals in the calibration blank solutions or acid blanks). 
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8.5 Preparation of the calibration solutions for the analysis of arsenic 

Prepare the calibration solutions by dilution of suitable working standard solutions (6.6.1 and 6.6.2) and 
calibration standards with the mixed acid solution (6.4). 

A suitable range of calibration standards covering the linear range of the calibration should be selected. 
Suggested calibration standards are: 

As: 0 mg/l, 0,05 mg/l, 0,1 mg/l, 0,25 mg/l, 1 mg/l, and 2 mg/l. 

8.6 Determination of arsenic by ICP-AES 

8.6.1 General 

Set up the instrument according to the recommendations of the manufacturer and with a suitable background 
correction system in operation. 

For each instrument used, selectivity, limits of detection and quantification, precision, linear working range, 
and interferences shall be established separately. 

8.6.2 Determination by ICP-AES 

Aspirate the calibration solutions, the blank test solution (8.4), the test solution (8.2) and the spiked test 
solution (8.3) separately into the plasma, and measure the emission of arsenic. Perform at least two replicate 
measurements for each solution. Average the values if the values fall within an acceptable range. After each 
measurement, wash with the mixed acid solution (6.4) (e.g. for 60 s). For prolonged analytical runs, the 
calibration should be checked (e.g. every 10th solution) by a suitable QC standard (e.g. a 0,50 mg/l standard 
solution containing arsenic or a digested control sample with a well-defined content of arsenic).  

As an analytical control, reference sample(s) having a reliable known arsenic content could be analysed in 
parallel with all the samples analysed, with the reference sample(s) being subjected to all the steps in the 
method starting from the digestion. 

The emission line given in Table 1 is a recommendation, which has to be checked for each individual 
instrument considering the performance and working parameters of the instrument. It is possible to use other 
emission lines if the suitability for analysing arsenic in fertilizers has been validated. 

Table 1 — General analytical conditions for the determination of arsenic by ICP-AES 

Analyte Arsenic 

Wavelength 193,76 nm 

Background correction Yes 

Working range 0,03 mg/l to10 mg/l 

Main interferences Cr 

Typical limit of detection for 
axial viewing 0,01 mg/l 

 

Spectral lines which are not interfered by other elements should be selected when the instrumental measuring 
protocol is set up. Lists of spectral interferences can be found in the scientific literature or in datasets 
delivered with the software of the emission spectrometer; or they shall be identified in practical trials using 
mixtures of standard solutions containing the elements typically contained in fertiliser samples in varying 
concentrations. 
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9 Calculation and expression of the results 

9.1 External calibration 

NOTE Net signal is defined as the number of counts per time unit at the selected wavelength, corrected for background 
contributions. 

In the case of a linear calibration curve constructed with one blank calibration solution and one calibration 
solution, the calibration function can be described according to Formula (1): 

abcS +×= stst  (1) 

where 

 a is the intersection of the calibration curve; 

 b is the slope of the calibration curve; 

Sst is the net signal of the calibration solution; 

 cst is the concentration of the calibration solution in milligrams per litre. 

Calculate the analyte concentration, cf, in the filtrate of the test portion using the slope, b, and the intersection, 
a, given in Formula (1) according to Formula (2): 

 
b

aSc −
= f

f  (2) 

where 

 Sf is the net signal of the test solution. 

9.2 Correction for spike recovery 

Calculate the analyte concentration, cfs, in the spiked test portion from Formula (2) and then calculate the 
spike recovery, Rs, in percent from the analyte concentrations in the filtrate of the test portion, cf, according to 
Formula (3): 

100

fst

ss

ffs
s ×








 ×

−
=

V
Vc
ccR  (3) 

where 

 cs is the actual concentration of the standard solution, in milligrams per litre; 

 Vs is the volume, in litres, of the standard solution used for spiking; 

 Vfst is the total volume, in litres, used to prepare the spiked test solution. 

Correct the concentration of the analyte in the filtrate, cf, from external calibration for the recovery to yield the 
corrected analyte concentration of the filtrate, cf(R) according to Formula (4): 

100
s

f
f(R) ×=

R
cc  (4) 
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9.3 Standard addition method 

In the case of several standard additions, use regression techniques on the linear model of variable y as a 
function of variable x to determine the elemental concentration of the test solution. Generally, this model can 
be indicated according to Formula (5): 

ii xbay ×+=  (5) 

In this particular case of three standard additions,  

ii Sy =   (for i = 0, 1, 2, 3) (6) 

isi Vcx ×=   (for i  = 0, 1, 2, 3) (7) 

where 

 cs is the concentration of the standard solution, in milligrams per litre; 

 Vi is the various volumes, in litres, of the standard solution added; 

 Si is the net signals after the various additions. 

Calculate the values of b and a according to Formula (8) and Formula (9): 

( )∑ ∑
∑ ∑∑

−×

−×
= 2

i
2
i

iiii

xxn

yxyxn
b  (8) 

n
xby

a ∑ ∑×−
= ii  (9) 

where 

 n is the number of solutions measured (n = 4 in case of three additions). 

Calculate the analyte concentration, cf, in milligrams per litre, of the filtrate of the test portion according to 
Formula (10): 

f
f V

b
a

c =  (10) 

where 

 Vf is the volume, in litres, of the filtrate of the test portion used to prepare the test solution. 
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9.4 Calculation of the element content in the sample 

Calculate the analyte concentration in the sample or mass fraction of the analyte, wE, expressed in milligrams 
of analyte per kilogram of fertilizer according to Formula (11): 

( )
t

blf
E V

m
ccw ×

−
=  (11) 

where 

cf is the concentration, in milligrams per litre, of the filtrate of the test portion, as determined using 
Formula (2), Formula (4) or Formula (10) depending on the choice of calibration. cf(R) is used instead 
of cf when using spike recovery (9.2); 

 cbl is the concentration, in milligrams per litre, of the blank solution; 

 m is the mass of the sample, in kilograms, taken for the extraction, and corrected for water content; 

 Vt is the total volume, in litres, of extract (filtrate of the test portion). 

10 Precision 

10.1 Inter laboratory tests 

Details of inter laboratory tests on the precision of the method are summarised in Annex A. Repeatability and 
reproducibility were calculated according to ISO 5725-1 and ISO 5725-2. 

The values derived from this test may not be applicable to concentration ranges and matrices other than those 
given. 

10.2 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 in no more than 5 % of the cases be greater than the repeatability limit r given in Table 2. 

10.3 Reproducibility 

The absolute difference between two independent single test results, obtained using the same method on 
identical test material in different laboratories with different operators using different equipment, will in no more 
than 5 % of the cases be greater than the reproducibility limit R given in Table 2. 

Table 2 — Mean values, repeatability and reproducibility limits 

Sample 
x  r R 

mg/kg mg/kg mg/kg 

Triple Super Phosphate 
(TSP) 17,9 2,6 8,5 

Rock phosphate 6,0 1,9 4,3 
 

http://dx.doi.org/10.3403/02011502U
http://dx.doi.org/10.3403/02691896U
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11 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 (EN 16317); 

c) test results obtained; 

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

e) date when the analysis was finished;  

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). 

http://dx.doi.org/10.3403/30276247U
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Annex A 
(informative) 

 
Results of the inter-laboratory test 

A.1 Inter-laboratory tests 

The precision of the method has been determined in the year 2010 in an inter-laboratory trial with 12 
respectively 13 laboratories participating and carried out on two samples of fertilizers. The statistical results 
are given in Table A.1. 

A.2 Statistical results for the determination of arsenic by ICP-AES 

Table A.1 — Statistical results for arsenic 

Parameter TSP Rock phosphate 

Year of the test 2010 2010 

Number of laboratories 12 13 

Number of laboratories retained after elimination of outliers 10 13 

Number of outliers 2 0 

Mean value, x  (mg/kg) 17,9 6,0 

Repeatability standard deviation sr (mg/kg) 0,9 0,7 

Relative repeatability standard deviation RSDr(%) 5,0 11,0 

Repeatability limit r [r = 2,8 × sr] (mg/kg) 2,6 1,9 

Reproducibility standard deviation sR (mg/kg) 3,0 1,5 

Relative reproducibility standard deviation RSDR (%) 17,0 26,0 

Reproducibility limit R [R = 2,8 × sR] (mg/kg) 8,5 4,3 
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