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Foreword 
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Introduction 

This CEN Technical Report describes how to measure a specified range of anions and cations in PM2,5. 

The new EU Air Quality Directive 2008/50/EC on ambient air quality and cleaner air for Europe requests the 
measurements of concentrations of NO3

-, SO4
2-, Cl-, NH4

+, Na+, K+, Mg2+, Ca2+ in PM2,5 at rural background 
locations. In Annex IV of the Directive, guidance for these measurements is given (see Annex D). 

Until now measurements of anions and cations in PM have been performed by the EMEP programme, mainly 
by using a filterpack with limited size selectivity. The Cooperative programme for monitoring and evaluation of 
long-range transmission of air pollutants in Europe (EMEP) was launched in 1977 as a response to the 
growing concern over the effects on the environment caused by acid deposition. EMEP was organized under 
the auspices of the United Nations Economic Commission for Europe (UNECE). Today EMEP is an integral 
component of the cooperation under the Convention on Long-range Transboundary Air Pollution. 

Directive 2008/50/EC requires that measurements at rural sites, where appropriate, shall be coordinated with 
the monitoring strategy and measurement programme of EMEP. Although, there are different sampling 
procedures involved, a common approach is used for the analytical procedure. 

In order to keep the agreement between existing EMEP data and data to be produced using this CEN 
technical report as close as possible, the EMEP protocol has been taken as starting point for this CEN 
technical report. This CEN technical report differs from the EMEP protocol in the sense that measurement of 
anions and  cations are done in PM2,5, and that a number of critical parameters (e.g. choice of filter materials) 
are fixed.  

Additional attention is given to harmonizing these critical parameters with elemental carbon/organic carbon 
(EC/OC) measurements and with PM2,5 measurements as well, as the sampling usually is done 
simultaneously. 

Finally, it should be noted that this CEN Technical Report has been produced in order to give assistance to 
those making measurements in accordance with Directive 2008/50/EC as rapidly as possible. However, there 
are still some open issues, including the influence of various sampling artefacts on the data quality, which can 
only be answered via validation work. This CEN Technical Report is not intended to supersede existing 
(inter)national standards or harmonized methods. 
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1 Scope 

This CEN Technical Report specifies a method for the determination of the mass of water soluble  NO3
-, SO4

2-, 
Cl-, NH4

+, Na+, K+, Mg2+, Ca2+ in PM2,5 samples which can be used to comply with Directive 2008/50/EC.  

This CEN Technical Report describes a measurement method which comprises sampling of anions and 
cations as part of the PM2,5 particulate phase, sample extraction and analysis of anions and cations by ion 
chromatography. Alternately, cations, excluding ammonium can be analysed by inductively coupled plasma 
optical emission spectrometry (ICP-OES). 

This CEN Technical Report may be used at rural background monitoring sites that are in accordance with the 
requirements of Directive 2008/50/EC. However, since this CEN Technical Report has not been validated in 
the field for these, or any other, monitoring site types, it may be considered equally applicable to all site types. 

NOTE The detection limits described in this CEN technical report method will be limited by the noise level of the 
detector and the variability of the mass in laboratory blank filters rather than by the concentrations of anions and cations in 
ambient air.  

2 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

2.1 
ambient air 
outdoor air in the troposphere excluding workplace air 

[EN 14907] 

2.2 
high volume sampling method 
HVS 
method for sampling particulate matter with a flow rate of 30 m3/h 

[EN 14907] 

2.3 
low volume sampling method 
LVS 
method for sampling particulate matter with a flow rate of 2,3 m3/h 
 
[EN 14907] 

2.4 
PM2,5 
fraction of suspended particulate matter which passes through a size-selective inlet with a 50 % cut-off 
efficiency at 2,5 µm aerodynamic diameter 

[EN 14907] 

2.5 
PM10 
fraction of suspended particulate matter which passes through a size-selective inlet with a 50 % cut-off 
efficiency at 10 µm aerodynamic diameter 
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2.6 
suspended particulate matter 
SPM 
notion of all particles surrounded by air in a given, undisturbed volume of air 
 
[EN 14907] 

2.7 
measurement uncertainty 
non-negative parameter characterizing the dispersion of the quantity values being attributed to a measurand, 
based on the information used 

[JGCM 200:2008 (VIM)] 

3 Symbols and abbreviations 

For the purposes of this document, the following symbols and abbreviated terms apply.  

3.1 Symbols 

ambγ    mass concentration of anions or cations in ambient air, in µg/m3 

iδ  deviation of the i th calibration point from the best-fit calibration relationship 

iI   peak area on the ion chromatogram for the relevant ion generated from measurement i  

samI   peak area on the ion chromatogram for the relevant ion measured on the sampled filter 

I  average of n  measurements of iI  

blkI    average peak area on the ion chromatogram for the relevant ion measured on a given number of blank 
filters 

k  coverage factor to provide a 95 % level of confidence, usually assumed to be equal to 2   

blk,im  mass of anions or cations measured on the i th blank filter in a set of n , in µg 

blkm   average of n measurements of blkm  

extm t   mass of extraction solution, in g 

ionm   filter blank corrected mass of anions or cations measured in the PM on the sampled filter, in µg 

MDLm  method detection limit, expressed in µg 

r   ratio of sub-sampled filter area to the total filter area, in m2/m2 

R   peak resolution 
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Rσ   relative standard deviation of a set of n measurements 

s  relative standard deviation of the measured analytical response in the centre of the application range 
 based on 10 repeat measurements 

Ds  relative standard deviation of the measurements of multiple extractions of sub-samples from the same 
 filter 

is  standard deviation of the measured analytical response for the i th calibration point 

1t  retention time, in seconds, of the first peak 

2t  retention time, in seconds, of the second peak 

( )u x  estimated standard uncertainty in x  

rU   relative expanded uncertainty of the measurement result 

ambV   volume of ambient air sampled, in m3 

calV&   gradient of calibration curve (sensitivity) produced by the ion chromatograph, in g/µg 

cal, 0tV =
& measured sensitivity of the instrument at time t  = 0 

cal, t tV =
& measured sensitivity of the instrument at time t  

calV∆ &  drift in the sensitivity of the ion chromatograph over a time, t  

1w   peak width on the time axis, in seconds, of the first peak 

2w   peak width on the time axis, in seconds, of the second peak 

iw    peak width of peak i  

extx   filter blank corrected mass fraction of anions or cations in the PM extract, in µg/g 

3.2 Abbreviations 

CD   conductivity detector 

EA   European cooperation for accreditation 

FEP   hexafluoroethene propene 

HDPE  high density polyethene 

HPLC  high performance liquid chromatography 

HVS  high volume sampler 
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ICP-MS  inductively coupled plasma atomic mass spectrometry 

ICP-OES inductively coupled plasma optical emission spectrometry 

LVS   low volume sampler 

MLA  multi-lateral agreement  

NIST  national institute for standards and technology 

PE   polyethene 

PFA   perfluoroalkoxy 

PM   particulate matter 

PP   polypropylene 

PTFE  polytetrafluoroethene 

SPM  suspended particulate matter 

UV   ultraviolet 

4 Principle  

This method allows the determination of anions (chloride, nitrate and sulfate) and cations (sodium, 
ammonium, potassium, magnesium and calcium) in PM2,5 collected on filters used for sampling ambient air. 
The method is divided into two main parts: the sampling in the field and the analytical procedure in the 
laboratory. 

During the sampling, particles containing anions and cations are collected by drawing a measured volume of 
air through a filter mounted in a sampler designed to collect the PM2,5 fraction of suspended particulate matter. 
The sampled filter is transported to the laboratory, where the anions and cations are taken into solution by 
ultrasonic extraction with deionised water. The resultant extract is analysed separately for anions and cations 
by ion chromatography (for all ions), or ICP-OES (for cations, except ammonium).  

5 Apparatus  

5.1 Sampling equipment 

5.1.1 PM2,5 samplers, in conformity with EN 14907.  

High volume samplers (HVS) or low volume samplers (LVS) may be used and the samplers may be single-
filter devices or sequential samplers. 

NOTE  To minimise contamination of the sample, all components of the filter holder in contact with the filter should be 
made of a suitable material with as low a metal and salt content as possible, such as polytetrafluoroethene (PTFE), glass, 
quartz etc. 
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5.1.2 Greasing agent, if required, suitable for greasing the sampler impaction plate. 

5.1.3 Filters, of a diameter suitable for use with the samplers (5.1.1), with a separation efficiency of at least 
99,5 % at an aerodynamic diameter of 0,3 µm.  

Any filter type in accordance with EN 14907 may be used (i.e. glass fibre, quartz fibre, PTFE or PTFE coated 
glass fibre filters), provided that the requirements for the method detection limit (9.7) are met. Also, each new 
batch of filters should be tested to confirm that the filter blank variability is sufficiently low that the method 
detection requirements are met. 

NOTE 1  It is recommended that filters used should be sourced from a manufacturer who has determined the 
separation efficiency of the filter material according to standard methods such as EN 13274-7 or EN 1822-1. 

NOTE 2  The anion and cation content of the filter should be as low as possible because it is usually the case that 
higher filter blank values lead to higher variability of the blank values. 

NOTE 3  In choosing a filter, the user should consider the initial pressure drop across the filter and the increase in this 
that occurs due to the collection of the dust and ensure that there is no possibility of an excessive pressure drop 
developing during sampling. This depends on the type of filter (i.e. membranes), unusual high concentrations of PM2,5, the 
use of longer sampling time than 24h and the capability of the sampling device to handle the resulting pressure drop. 
Quartz fibre filters are proven to be efficient in most cases although they may have weak mechanical properties.   

NOTE 4 Glass and/or quartz fibre filters may be washed with deionised water before sampling in order to lower blank 
values 

5.1.4 Flowmeter, with a measurement uncertainty that is sufficient to enable the volumetric flow rate of the 
samplers (5.1.1) to be measured to within ±5 %.  

The calibration of the flowmeter should be traceable to (inter)national standards. 

The expanded uncertainty (at 95 % confidence) of the transfer standard flow meter measurements should be 
better than 2 % at laboratory conditions. If the flow rate determined using the transfer standard deviates more 
than 2 % from the value required for correct operation of the inlet, the flow controller should be adjusted 
according to the manufacturer's instructions. 

5.2 Laboratory apparatus 

5.2.1 General requirements 

All surfaces in contact with the sample, measuring and calibration solutions should be made of inert material 
with respect to the analytes measured. In the working range of this method high density polyethylene (HDPE) 
is normally a suitable material. However, always check the material with respect to the specific purpose, e. g. 
for the storage of standard solutions as well as for the determination of elements at an ultra-trace level, 
fluorocarbon polymer materials such as perfluoroalkoxy (PFA) or hexafluoroethene propene (FEP) may be 
advantageous. If cations are to be analysed, do not use glass surfaces. 

Wash all labware thoroughly with water (E.2.1) before use. Labware dedicated to the use for analysis of 
cations should additionally be washed thoroughly with diluted nitric acid (e.g., mass content w(HNO3) = 1 %) 
in prior to use. Do not use nitric acid for cleaning labware used for analysing anions.  

NOTE Contaminated labware can be cleaned with hot tap water and alkaline detergent before being taken through 
the normal cleaning procedure. 

5.2.2 General labware 

In addition to ordinary laboratory apparatus (e. g. a range of volumetric flasks, Erlenmeyer flasks and pipettes) 
the equipment as given under 5.2.3 to 5.2.6 is needed. If ICP-OES is chosen for analysis of cations (except 
ammonium) the equipment given under 5.2.7 is additionally required. 
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