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Foreword 

This document (CEN/TR 13205-3:2014) has been prepared by Technical Committee CEN/TC 137 
“Assessment of workplace exposure to chemical and biological agents”, the secretariat of which is held by 
DIN. 

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 together with EN 13205-1, EN 13205-2, EN 13205-4, EN 13205-5 and EN 13205-6 
supersedes EN 13205:2001. 

EN 13205, Workplace exposure — Assessment of sampler performance for measurement of airborne particle 
concentrations, consists of the following parts: 

— Part 1: General requirements; 

— Part 2: Laboratory performance test based on determination of sampling efficiency; 

— Part 3: Analysis of sampling efficiency data [Technical Report] (the present document); 

— Part 4: Laboratory performance test based on comparison of concentrations; 

— Part 5: Aerosol sampler performance test and sampler comparison carried out at workplaces; 

— Part 6: Transport and handling tests. 
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Introduction 

EN 481 defines sampling conventions for the particle size fractions to be collected from workplace 
atmospheres in order to assess their impact on human health. Conventions are defined for the inhalable, 
thoracic and respirable aerosol fractions. These conventions represent target specifications for aerosol 
samplers, giving the ideal sampling efficiency as a function of particle aerodynamic diameter. 

In general, the sampling efficiency of real aerosol samplers will deviate from the target specification, and the 
aerosol mass collected will therefore differ from that which an ideal sampler would collect. In addition, the 
behaviour of real samplers is influenced by many factors such as external wind speed. In many cases there is 
an interaction between the influence factors and fraction of the airborne particle size distribution of the 
environment in which the sampler is used. 

This Technical Report presents how data obtained in a type A test (see EN 13205-2) can be analysed in order 
to calculate the uncertainty components specified in EN 13205-2. 

The evaluation method described in this Technical Report shows how to estimate the candidate sampler’s 
sampling efficiency as a function of particle aerodynamic diameter based on the measurement of sampling 
efficiency values for individual sampler specimen, whether all aspirated particles are part of the sample (as for 
most inhalable samplers) or if a particle size-dependent penetration occurs between the inlet and the 
collection substrate (as for thoracic and respirable samplers). 

The document shows how various sub-components of sampling errors due non-random and random sources 
of error can be calculated from measurement data, for example, for individual sampler variability, estimation of 
sampled concentration and experimental errors. 
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1 Scope 

This Technical Report specifies evaluation methods for analysing the data obtained from a type A test of 
aerosol samplers under prescribed laboratory conditions as specified in EN 13205-2. 

The methods can be applied to all samplers used for the health-related sampling of particles in workplace air. 

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 1540, Workplace exposure — Terminology 

EN 13205-1:2014, Workplace exposure — Assessment of sampler performance for measurement of airborne 
particle concentrations — Part 1: General requirements 

EN 13205-2:2014, Workplace exposure — Assessment of sampler performance for measurement of airborne 
particle concentrations — Part 2: Laboratory performance test based on determination of sampling efficiency 

3 Terms and definitions 

For the purpose of this document, the term and definitions given in EN 1540, EN 13205-1 and EN 13205-2 
apply. 

NOTE With regard to EN 1540, in particular, the following terms are used in this document: total airborne particles, 
respirable fraction, sampling efficiency, static sampler, thoracic fraction, measuring procedure, non-random uncertainty, 
random uncertainty, expanded uncertainty, standard uncertainty, combined standard uncertainty, uncertainty (of 
measurement), coverage factor, precision and analysis. 

4 Symbols and abbreviations 

4.1 Symbols 

4.1.1 Latin 

 A DA ,σ A , D( ) relative lognormal aerosol size distribution, with mass median aerodynamic 
diameter DA

 and geometric standard deviation σ A
, [1/µm] 

NOTE The word “relative” means that the total amount of particles is unity [-], i.e. 
 

A DA ,σ A , D( )d D
0

∞

∫ = 1 . 

Ap  integration of aerosol size distribution A between two particle sizes, [-] – 
(polygonal approximation method) 

At , p  integration of aerosol size distribution A between two particle sizes, calculated 
using set t of the simulated test particle sizes, [-] – (polygonal approximation 
method) 

fronttoprightleft ,,,, ipripripripripr bbbbb  coefficients in Formula (19) to estimate the test aerosol concentration at a 
specific sampler position e.g. in a wind tunnel based on nearby concentrations (to 
the left, right, above and in front of) the sampler measured by thin-walled sharp-
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edged probes, [-] 

qb  regression coefficient q for calibration of particle counter/sizer or similar, 
[dimension depends on particle counter], (curve-fitting method) 

Cis  sampled relative aerosol concentration, calculated to be obtained when using the 
candidate sampler individual s, for aerosol size distribution A at influence variable 
value 

iς , [-] – (curve-fitting method) 

Cis,t  sampled relative aerosol concentration, calculated to be obtained when using the 
candidate sampler individual s, for aerosol size distribution A at influence variable 
value 

iς , using simulated set t of test particle sizes, [-] – (curve-fitting method) 

Ci,t  mean sampled relative aerosol concentration, calculated to be obtained when 
using the candidate sampler, for aerosol size distribution A at influence variable 
value 

iς , using simulated set t of test particle sizes, [-] – (polygonal 
approximation method) 

 
cRefis[ r ]

 correction factor for the measured efficiency values if the total airborne aerosol 
concentration varies between repeats, [-] – (curve-fitting method) 

D  aerodynamic diameter, [µm] 

 DA  mass median aerodynamic diameter of a lognormal aerosol size distribution A, 
[µm] 

 DAa
 mass median aerodynamic diameter a of a lognormal aerosol size distribution A, 

[µm] 

Dc  aerodynamic particle size of calibration particle c (c=1 to NC
), [µm] – (curve-

fitting method) 

 Dmax  diameter of the end of the integration range of the sampled aerosol, [µm] –and H 

 Dmin  diameter of the beginning of the integration range of the sampled aerosol, [µm] 

Dp  aerodynamic diameter of test particle p (p=1 to NP
), [µm] 

Dt , p  simulated test particle size, [µm] 

Du  aerodynamic particle size of small particles u (u=1 to NU
) for which the sampling 

efficiency is known to be e0
, [µm]– (curve-fitting method) 

Eip  expectation value of the efficiency for test particle size p at influence variable 
value 

iς , [-] – (polygonal approximation method) 

 
est Eis

inlet  fitted sampling efficiency curve (of the inlet stage) of the candidate sampler 
individual s at influence variable value 

iς , [-] – (curve-fitting method) 

 
est Eis

pen  fitted penetration curve (of the separation stage) of the candidate sampler 
individual s at influence variable value 

iς , [-] – (curve-fitting method) 

 
est Eis

tot  fitted sampling efficiency curve (of the combined inlet and penetration stages) of 
the candidate sampler individual s at influence variable value 

iς , [-] – (curve-
fitting method) 

 
est Eis,t  fitted sampling efficiency curve of the candidate sampler individual s at influence 

variable value 
iς  using simulated set t of NP

 particle sizes, [-] – (curve-fitting 
method) 
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eipr[s ] and eips[r ]  
experimentally determined efficiency value, with notation for polygonal 
approximation and curve-fitting methods, respectively. The subscripts are for 
influence variable value 

iς , particle size p (p=1 to NP
), sampler individual s (s=1 

to NS
) and repeat r (r=1 to NR

), [-] – (notation for polygonal approximation and 
curve-fitting methods, respectively) 

 e0  known efficiency value for small particle sizes, [-] – (curve-fitting method) 

 FLoFis
 test variable for “lack of fit” for the regression model ˆ

isE  for the sampling 

efficiency of candidate sampler individual s and influence variable value 
iς , [-] – 

(curve-fitting method) 

 FCandSamplVari
 test variable for the check whether the individual sampler variability exceeds that 

of the uncertainty of the calculated concentrations, for influence variable value 

iς , [-] 

 F0.95 νN,νD( ) 95-percentile of F distribution with  νN  and  νD  degrees of freedom, [-] 

fk Ξ( ) functions (of Ξ ) used to build the regression model of the efficiency curve (index 
k=1 to NK

), [-] – (curve-fitting method) 

 fk
inlet Ξ( ) functions (of Ξ ) used to build the regression model of the efficiency curve of the 

inlet stage (index k=1 to NK
), [-] – (curve-fitting method) 

 fk
pen Ξ( ) functions (of Ξ ) used to build the regression model of the penetration curve of 

the separation stage (index k=1 to NK
), [-] – (curve-fitting method) 

 GLoFis
 uncertainty inflation factor for the “lack of fit” uncertainty of the regression model 

for candidate sampler individual s and influence variable value 
iς , [-] 

 Gpeis
 uncertainty inflation factor for the “pure error” uncertainty of the regression model 

for candidate sampler individual s and influence variable value 
iς , [-] 

 hip
left , hip

right , hip
top , hip

front  nearby thin-walled sharp-edged probe concentrations measured in order to be 
able to estimate the test aerosol concentration at a specific sampler position, e.g. 
in a wind tunnel (to the left, right, above and in front of) the candidate sampler 
(see Formula (19)), [mg/m3] or [1/m3] depending on the application 

iprhest  total airborne aerosol concentration estimated from the sharp-edged probe 
values; the subscripts are for influence variable value i (i=1 to  NIV ), particle size 
p (p=1 to  NP ) and repeat r (r=1 to  NR ) 

 NC  number of sizes for calibration particles – (curve-fitting method) 

 NCR  number of regression coefficients for calibration of particle counter/sizer or similar 
– (curve-fitting method) 

 NIV  number of values for the other influence variables at which tests were performed 

 NK  number of regression coefficients in the model for the candidate sampler – 
(curve-fitting method) 

 NK
inlet  number of regression coefficients in the model (inlet stage) for the candidate 

sampler – (curve-fitting method) 

 NK
pen  number of regression coefficients in the model of the penetration through the 

separation stage for the candidate sampler – (curve-fitting method) 
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 NP  number of test particle sizes 

 NR  number of repeats per tested individual sampler 

 NRef  number of reference samplers (thin-walled sharp-edged probes) used per 
experiment – (polygonal approximation method) 

 NRep  number of repeats at particle size p for candidate sampler individual s at influence 
variable value 

iς  – (in the polygonal approximation method NRep
 equals the 

number of repeats, whereas in the curve-fitting method it equals the number of 
repeats per candidate sampler individual) 

 NRep
*  recalculated number of repeats if the variation among candidate samplers 

statistically does not exceed that of the uncertainty of the calculated 
concentration – (curve-fitting method) 

 NS  number of candidate sampler individuals – (in the polygonal approximation 
method NS

 equals the number of sampler individuals tested per repeat, whereas 
in the curve-fitting method it equals the total number of sampler individuals 
tested.) 

 NSD  number of aerosol size distributions A according to EN 13205-2:2014, Table 2 

 NSim  number of simulated sets of NP
 test particle sizes 

 NSR  number of repeats per sampler individual tested – (polygonal approximation 
method, see Formula (24)) 

 NS
*  recalculated number of candidate samplers if the variation among candidate 

samplers statistically does not exceed that of the uncertainty of the calculated 
concentration – (curve-fitting method) 

 NTSI  number of different sampler individuals tested – (polygonal approximation 
method, see Formula (24)) 

 NU  number of small particle sizes at which the efficiency is known to be e0
 – (curve-

fitting method) 

 Q
0  nominal flow rate of sampler, [l/min] 

 RSDEst[Ref] ς i( ) pooled relative standard deviation of the estimate of the thin-walled sharp-edged 
probe concentration at influence variable 

iς , [-] – (polygonal approximation 
method) 

 RSDCandSampl ς i( ) pooled relative standard deviation of the concentrations sampled by the 
candidate sampler at influence variable 

iς , [-], (polygonal approximation method) 

 RSDRef ς i( ) pooled relative standard deviation of the thin-walled sharp-edged probe 
concentrations at influence variable 

iς , [-], (polygonal approximation method) 

 sCalibrRes  residual standard deviation of the calibration of particle counter/sizer or similar, 
[dimension depends on particle counter] – (curve-fitting method) 

 sCandSampl-Calibria
 combined non-random and random uncertainty (of measurement) of the 

calculated sampled concentration, due to the calibration uncertainty of the 
experiment, for aerosol size distribution A at influence variable value 

iς , [-] 

 sCandSampl-Eff  uncertainty of calculated sampled concentration due to uncertainty of efficiency 
for aerosol size distribution A at influence variable value 

iς , [-] (polygonal 
approximation method) 
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 sCandSampl-Eff(inlet)  uncertainty of calculated sampled concentration (at the inlet stage) due to 
uncertainty of efficiency for aerosol size distribution A at influence variable value 

iς , [-] – (polygonal approximation method) 

 sCandSampl-Eff(pen)  uncertainty of calculated sampled concentration (at the separation stage) due to 
uncertainty of efficiency for aerosol size distribution A at influence variable value 

iς , [-] – (polygonal approximation method) 

 sCandSampl-ModelCalcia
 random uncertainty (of measurement) of the calculated sampled concentration, 

due to the uncertainty of the fitted model, for the ath aerosol size distribution A at 
influence variable value 

iς , [-] 

 sCandSampl-PGapprox  uncertainty of calculated sampled concentration due to polygonal approximation 
for aerosol size distribution A at influence variable value 

iς , [-] – (polygonal 
approximation method) 

 sCandSampl-Ref  uncertainty of calculated sampled concentration due to uncertainty of measured 
total airborne concentrations for aerosol size distribution A at influence variable 
value 

iς , [-] – (polygonal approximation method) 

 sCandSampl-Ref(inlet)  uncertainty of calculated sampled concentration (at the inlet stage) due to 
uncertainty of measured total airborne concentrations for aerosol size distribution 
A at influence variable value 

iς , [-] – (polygonal approximation method) 

 sCandSampl-Ref(pen)  uncertainty of calculated sampled concentration (at the separation stage) due to 
uncertainty of measured total airborne concentrations for aerosol size distribution 
A at influence variable value 

iς , [-] – (polygonal approximation method) 

 sCandSampl-Variabilityia
 random uncertainty (of measurement) of the calculated sampled concentration, 

due to individual sampler variability, for the ath aerosol size distribution A and 
influence variable value 

iς , [-] 

 sD  RMS value of all relative uncertainties of the actual sizes of the monodisperse 
test aerosols, [-] 

 sDc  relative uncertainty of the actual size of calibration particle c, [-] – (curve-fitting 
method) [If the particle size is specified to be within the relative size interval 

cβ± , 

then 
csD

 can be calculated as 3c cs β=D
.] 

 
sDp

 relative uncertainty of the actual size of monodisperse test aerosol p, [-] – [If the 
particle size is specified to be within the relative size interval 

pβ± , then 
psD

 can 

be calculated as 3
p ps β=D

.] 

 sLoFis
 standard deviation pertaining to the possible lack of fit of the regression model for 

the Ω -transformed sampling efficiency of candidate sampler individual s at 
influence variable value 

iς , [-] – (curve-fitting method) 

 sModelCalc-LoFis
 random uncertainty (of measurement) of the calculated sampled concentration, 

due to the “lack of fit” of the model for candidate sampler individual s, for aerosol 
size distribution A at influence variable value 

iς , [-] 

 sModelCalc-peis
 random uncertainty (of measurement) of the calculated sampled concentration, 

due to the “pure error” of the experiment for candidate sampler individual s, for 
aerosol size distribution A at influence variable value 

iς , [-] 

 speis
 “pure error” standard deviation of the Ω -transformed experimental data of 
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candidate sampler individual s at influence variable value 
iς , [-] – (curve-fitting 

method) 

 sRefCorris
 random uncertainty (of measurement) of the calculated sampled concentration, 

due to the correction of measured sampler efficiency values because of variations 
in e.g. time, for candidate sampler individual s, at influence variable value

iς , [-] 

 sresis
 residual standard deviation of the regression model for the Ω -transformed 

sampling efficiency of candidate sampler individual s at influence variable value 

iς , [-] – (curve-fitting method) 

 
sres(Est[Ref])ip

 residual standard deviation of the model for the estimation of the total airborne 
aerosol concentration for particle size p at influence variable 

iς , [mg/m3] or [1/m3] 
depending on the application – (polygonal approximation method) 

 SSpeis
 “pure error” sum of squares of the Ω -transformed experimental data of candidate 

sampler individual s at influence variable value 
iς , [-] – (curve-fitting method) 

 SSresis
 residual sum of squares of the regression model for the Ω -transformed sampling 

efficiency of candidate sampler individual s at influence variable value 
iς , [-] – 

(curve-fitting method) 

 uCandSampl-ModelCalci
 standard uncertainty (of measurement) of the calculated sampled concentration 

(random errors), due to the uncertainty of the fitted model, calculated as the RMS 
of the corresponding relative uncertainties over all NSD

 aerosol size distributions 

A at influence variable value 
iς , [-] 

 uCandSampl-Variabilityi
 standard uncertainty (of measurement) of the sampled concentration (random 

errors) due to differences among candidate sampler individuals at influence 
variable value 

iς , [-] 

Wp  weighted average of integration of aerosol size distribution A between two particle 
sizes, [-] – (polygonal approximation) 

Wt , p  weighted average of integration of aerosol size distribution A between two particle 
sizes, calculated using set t of the simulated test particle sizes, [-] – (polygonal 
approximation method) 

y  instrument response of calibrated particle counter/sizer or similar, [dimension 
depends on particle counter] – (curve-fitting method) 

zt , p  random number with a normal distribution, with expectation value equal to zero 
and standard deviation equal to unity, [-] 

 

4.1.2 Greek 

∆Dp  specified size range within which actual particle size is found with high probability for 
monodisperse test aerosols with nominal particle size 

pD , [µm] 

δDc  relative adjustment of calibration particle size c to obtain a smooth spline, [-] – (curve-
fitting method) 

[ ]ipr sε and
[ ]ips rε  random experimental error at particle size p, repeat r and candidate sampler s at 

influence variable value 
iς , [-] – (notations for polygonal approximation and curve-fitting 

methods, respectively) 
ς  value of other influence variable values, as for example wind speed and mass loading of 
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sampler, with values for i=1 to NIV
, [various dimensions] 

ς i  ith value of another influence variable 

NOTE    The dimension of each ς i  depends on the influence variable. The dimension selected, however, is not critical, as 
the values are never part in any calculation. 

 
estθisk  regression coefficient number k for candidate sampler individual s at influence variable 

value 
iς , [dimension depends on selected regression model for the sampling efficiency] 

– (curve-fitting method) 

 
estθisk

inlet  regression coefficient number k for model of inlet stage efficiency for candidate sampler 
individual s at influence variable value 

iς , [dimension depends on selected regression 
model for the sampling efficiency] – (curve-fitting method) 

 
estθisk

pen  regression coefficient number k for model of penetration through the separation stage 
for candidate sampler individual s at influence variable value 

iς , [dimension depends on 
selected regression model for the sampling efficiency] – (curve-fitting method) 

 νpeis
 number of degrees of freedom for the “pure error” standard deviation of the 

experimental data of candidate sampler individual s at influence variable value 
iς  – 

(curve-fitting method) 

 νresis
 number of degrees of freedom for the residual standard deviation of the regression 

model for the Ω -transformed sampling efficiency of candidate sampler individual s at 
influence variable value 

iς , (curve-fitting method) 

Ξ  transformation of particle size, [dimension depends on transformation] – (curve-fitting 
method) 

 Ξinlet  transformation of particle size for inlet stage, [dimension depends on transformation] – 
(curve-fitting method) 

 Ξpen  transformation of particle size for separation stage, [dimension depends on 
transformation] – (curve-fitting method) 

 σ A  geometric standard deviation of a lognormal aerosol size distribution A from EN 13205-
2:2014, Table 2, [-] 

 σ Aa
 Geometric standard deviation a of a lognormal aerosol size distribution A, [µm] 

Φ−1  inverse of normal distribution function, [-] – (curve-fitting method) 

Ω  transformation of efficiency data, [-] – (curve-fitting method) 

Ω−1  inverse Ω -transformation of regression model of the Ω -transformed efficiency curve,  

[-] – (curve-fitting method) 

 Ωinlet
−1  inverse Ω -transformation of regression model of the Ω -transformed efficiency curve 

for the inlet stage, [-] – (curve-fitting method) 

 Ωpen
−1  inverse Ω -transformation of regression model of the Ω -transformed efficiency curve 

for the separation stage, [-] – (curve-fitting method) 

4.2 Enumerating subscripts 

a for test aerosols 

c for calibration particle 

i for influence variable values, ς  
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