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Availability and quality of the EC and OC 

measurements within EMEP, including results of 

the fourth interlaboratory comparison of analytical 

methods for carbonaceous particulate matter 

within EMEP (2011) 

 

 

The lack of comparable EC and OC data in Europe has hampered the possibility 

addressing the spatial and temporal variation of these variables on the regional 

scale. Exceptions are the EMEP EC and OC campaign (Yttri et al., 2007), and the 

CARBOSOL project (Pio et al., 2007), with data for the period 2002–2004, which 

can be used for such a purpose. More recent measurements are needed to get an 

overview of the current situation, and to validate the progress made with respect 

to model development.  



 

 

Table 2.1: Sites reporting EC and OC for 2010, including size fractions and 

sampling period. 

Site (Country) EC OC PM1 PM2.5 PM10 Period 

Aspvreten (Sweden) x x   x 2008, 2009, 2010 

Birkenes (Norway) x x  x x 
2001, 2002, 2003, 2004, 2005, 

2006, 2007, 2008, 2009, 2010 

Finokalia (Greece) x x   x 2008, 2009, 2010 

Harwell (UK) x x   x 2009, 2010 

Hurdal (Norway) x x  x x 2010, 

Ispra (Italy) x x  x  
2002

1)
, 2003

2)
, 2004

2)
, 2005

2)
, 

2006, 2007, 2008, 2009, 2010
 

Košetice (Czech Rep.) x x  x  2009, 2010 

Kårvatn (Norway) x x  x x 2010 

Melpitz (Germany) x x  x x 2006, 2007, 2008, 2009, 2010 

Montseny (Spain) x x  x x 2007, 2008, 2009, 2010 

Puy de Dôme (France) x x  x  2008, 2009, 2010 

Vavihill (Sweden) x x   x 2008, 2009, 2010 

 
 

 



 

Only the analytical part of the EUSAAR unified protocol is considered finalized 

at present. Comparable data, in particular for OC, require that both the analytical 

and the sampling protocol are harmonized, which currently is not the case. The 

final tests of the EUSAAR best affordable, “artefact-free” sampling train is 

currently being evaluated within the EU-funded project ACTRIS. The variability 

amongst the various sampling approaches currently used is apparent from the 

parameters listed in Table 2.2. Most sites sample for 24 hours, however the 

sampling time ranges from 48 hours to one week for low loading sites such as 

Birkenes and Puy de Dôme. Three sites (Aspvreten, Ispra and Vavihill) attempted 

to account for both positive and negative sampling artefacts, whereas one 

(Košetice) used the QBQ-approach (Quartz-behind-Quartz) to account for positive 

artefacts. Eight of the twelve sites did not address sampling artefacts on a regular 

basis, but some addressed the positive sampling artefacts based on results from 

intensive measurements periods.   

 

Five of the twelve sites performed measurements of EC and OC in both PM10 and 

PM2.5, hence providing valuable information on the size distribution of these 

variables, which also add to the understanding of sources and atmospheric 

processes.  

 

http://ebas.nilu.no/


Table 2.2: Sampling equipment and analytical approach used at the sites 

reporting EC and OC to EMEP for 2010. 

Site (Country) 
Sampling time/ 

frequency 
Filter face 
velocity 

Sampling 
equipment 

Analytical 
approach 

Aspvreten 
(Sweden) 

24 hr, every 3
rd

 day 55 cm s
-1

 
Denuder/Backup 
filter 
pos/neg artifact 

Sunset TOT 
(EUSAAR_2) 

Birkenes (Norway) 168 hr, every 7
th

 day 54 cm s
-1

 
Single filter 
(no correction) 

Sunset TOT 
(EUSAAR_2) 

Finokalia (Greece) 24 hr, every 2
nd

 day 26 cm s
-1

 
Single filter 
(no correction) 

Sunset TOT 
(EUSAAR_2) 

Harwell (UK) 24 hr, daily 20 cm s
-1

 
Single filter 
(no correction) 

Sunset TOT 
(Quartz) 

Hurdal (Norway) 168 hr, every 7
th

 day 54 cm s
-1

 
Single filter 
(no correction) 

Sunset TOT 
(EUSAAR_2) 

Ispra (Italy) 24 hr, daily 20 cm s
-1

 
Denuder/Backup 
filter 
Pos/neg artifact 

Sunset TOT 
(EUSAAR_2) 

Košetice  
(The Czech Rep.) 

24 hours, every 6
th

 day 20 cm s
-1

 
QBQ 
(pos. artifact) 

Sunset TOT 
(EUSAAR_2) 

Kårvatn (Norway) 168 hr, every 7
th

 day 54 cm s
-1

 
Single filter 
(no correction) 

Sunset TOT 
(EUSAAR_2) 

Melpitz (Germany) 24 hr, daily 50 cm s
-1

 
Single filter 
(no correction) 

VDI 2465 
Part 2 

Montseny (Spain) 24 hr, every 4
th

 day 74 cm s
-1

 
Single filter 
(pos. artefact/camp) 

Sunset TOT 
(EUSAAR_2) 

Puy de Dôme 
(France) 

48 hr, every 7
th

 day 69 cm s
-1

 
Single filter 
(pos. artifact/camp) 

Sunset TOT 
(EUSAAR_2) 

Vavihill (Sweden) 72 hr, every 3
rd

 day 55 cm s
-1

 
Denuder/Backup 
filter 
pos/neg artifact 

DRI 
(EUSAAR_2) 

 

 

 

 

 



 
 
 

°

 

Figure 3.1: Distribution of the aliquots provided to each participant (see  

Table 3.1). 



 

Table 3.1: List of participants in the 4
th

 interlaboratory comparison of 

analytical methods for carbonaceous particulate matter within 

EMEP. 

Code 
Laboratory 
acronym 

EMEP     
Lab. code 

EMEP Station(s) 

1 LGGE FR04L FR0030R 

2 NILU NO01L NO0001R, NO0039R, NO0056R 

3 UniBe  CH0001R 

4 Tropos DE08L DE0044R 

5 EMPA CH01L CH0002R, CH0005R 

6 ULund SE04L SE0011R 

7 UoC GR02L GR0002R 

8 JRC IT04L IT0004R 

9 CHMI CZ03L CZ0003R 

10 UPAC HU02L HU0002R 

11 BHam GB04L GB0036 

12 ISCIII ES01L ES0009R 

13 CNR-IIA IT01L IT0001R 

14 UBA-DE DE03L DE0002R, DE0003R, DE0007R, DE0008R 

 

ent

- 
- 
- 



- 

- 

 

Table 3.2: Details for the analytical protocols used by the inter comparison 

participants. 

  EUSAAR_2 NIOSH 5040 VDI2465(2) TOC 

 Carrier gas 
Time       Temp 
   (s)          (ºC) 

Time       Temp 
   (s)          (ºC) 

Time       Temp 
   (s)          (ºC) 

Time       Temp 
   (s)          (ºC) 

He 120 200 70 310 600 650   

He 150 300 60 475     

He 180 450 60 615     

He 180 650 90 870     

          

O2 / He 120 500 45 550 600 650 300 680 

O2 / He 120 550 45 625     

O2 / He 70 700 45 700     

O2 / He 80 850 45 775     

O2 / He 120 200 120 890     

% O2 in He 2% 2% 100% 100% 



Table 3.3: List of the analytical protocol, optical correction for pyrolysis 

(Transmittance (T), Reflectance (R), Not Applied (N/A) used, punch 

size and number of replicates.  

Code Name of laboratory Protocol Optical corr. punch size cm
2
 Replicates 

1 LGGE EUSAAR_2 T/R 1.50 2 

2 NILU EUSAAR_2 T 1.00 3 

3 UniBe EUSAAR_2 T 1.50 2 

4 Tropos VDI2465(2) N/A 0.7854 4 

5 EMPA EUSAAR_2 T 1.00 4 

6 ULund EUSAAR_2 T 0.5  1 or 2 

7 UoC EUSAAR_2 T ND 2 

8 JRC EUSAAR_2 T/R 1.00 4 

9 CHMI EUSAAR_2 T 1.50 2 

10 UPAC TOC N/A 0.785-3.077 4 

11 BHam EUSAAR_2 T 1 2 

12 ISCIII QUARTZ T 1 2 

13 CNR-IIA EUSAAR_2 T 1 2 

14 UBA-DE EUSAAR_2 T 1 2 

 

 

 

 

 



 

 



 



 

 

Figure 5.1: z-scores for the determination of the reference solution carbon 

content. Participants 10, 11, and 12 did not report. 
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Table 5.1: Mean, repeatability (sr) and reproducibility (sR) relative standard 

deviations for TC filter contents. 

  
General mean  

(µg/cm²) 
sr  

(%) 
sR  

(%) 

SPA-1 7.82 5.6 14.9 

SPA-2 14.64 3.6 13.5 

HUN-1 17.23 3.1 15.5 

HUN-2 20.29 3.0 12.7 

ITA-1 36.46 5.3 23.6 

ITA-2 29.20 2.9 28.3 



Panel a 

Panel b 

Figure 5.2: Mandel’s h statistic values for between-laboratory consistency on 

TC data, grouped by laboratory (panel a) and by sample (panel b). 

For 14 laboratories, h values should be < 2.30 at 1% significance 

level (red line) and < 1.85 at 5% significance level (orange line). 



Panel a 

Panel b 

Figure 5.3: Mandel’s k statistic values for between-laboratory consistency on 

TC data, grouped by laboratory (panel a) and by sample (panel b). 

For 13 laboratories and 2 replicates, k values should be < 2.38 at 

1% significance level (red line) and < 1.92 at 5% significance level 

(orange line). 



 

 

 

 



Panel a 

Panel b 

Figure 5.4: Mandel’s h statistic values for between-laboratory consistency on 

EC/TC ratios obtained from the entire database, grouped by 

laboratory (panel a) and by sample (panel b). For 12 laboratories 

h values should be < 2.25 at 1% significance level (red line) and 

< 1.83 at 5% significance level (orange line). 



Panel a 

Panel b 

Figure 5.5: Mandel’s k statistic values for between-laboratory consistency on 

EC/TC ratio obtained from the entire database, grouped by 

laboratory (panel a) and by sample (panel b). For 11 laboratories k 

and two replicates values should be < 2.34 at 1% significance level 

(red line) and < 1.91 at 5% significance level (orange line). 



Table 5.2: Mean, repeatability (sr) and reproducibility (sR) relative standard 

deviations for EC/TC ratios in filter samples. 

 General mean sr (%) sR (%) 

SPA-1 0.11 7.9% 15.4% 

SPA-2 0.14 4.4% 14.9% 

HUN-1 0.10 5.7% 12.2% 

HUN-2 0.09 5.7% 12.0% 

ITA-1 0.04 11.5% 26.3% 

ITA-2 0.01 15.7% 32.5% 

 

 



Panel a  

Panel b 

Figure 5.6: z-scores for TC calculated using σ*a from data obtained in a round 

of a proficiency testing scheme (panel a) and the prescribed σ*b 

value (panel b). 



 

Figure 5.7: z-scores for EC/TC ratios calculated using σ*a from data obtained in 

a round of a proficiency testing scheme. 
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Table A1: Total carbon content (µgC µL
-1

) of the phthalic acid test solution 

determined by 11 of the 14 participants. 

Participant 
# 

Replicate 
#1 

Replicate 
#2 

Replicate 
#3 

Replicate 
#4 

Replicate 
#5 

Replicate 
#6 

Replicate 
#7 

Replicate 
#8 

Replicate 
#9 

1 1.13 1.18 1.20       

2 1.56 1.54 1.57       

3 1.55         

4 1.47 1.50 1.57 1.59 1.44     

5 1.57 1.56 1.60 1.56 1.58     

6 1.55 1.67 1.64       

7 1.78 1.70 1.60       

8 1.50 1.50 1.50 1.49 1.56 1.54    

9 1.42 1.49 1.51 1.60 1.45 1.53 1.56   

10          

11          

12          

13 1.36 1.25 1.29 1.39 1.33 1.27 1.26 1.37 1.39 

14 1.47 1.48 1.38 1.42      



Table A2: Total carbon content (µg cm
-2

) of the six test filters determined by 

the 14 participants. 

Participant # SPA-1 SPA-2 HUN-1 HUN-2 ITA-1 ITA-2 

1 
9.44 
9.90 

16.54 
16.32 

19.57 
19.54 

22.12 
22.08 

30.39 
30.38 

40.89 
40.87 

2 
7.96 
8.33 
7.59 

14.15 
14.35 
14.71 

17.16 
17.85 
17.59 

23.06 
22.18 
21.48 

39.94 
37.66 
37.24 

40.64 
39.23 
39.26 

3 
15.16 
13.88 

14.07 
13.49 

 

17.76 
17.29 
17.23 

19.75 
20.79 

 

46.75 
49.63 

 

39.35 
37.98 

 

4 

6.45 
6.44 
5.25 
4.72 

11.52 
11.79 
10.54 
10.01 

13.46 
11.69 
11.19 
13.00 

15.74 
16.88 
15.31 
14.62 

29.87 
29.99 
26.84 
29.09 

17.14 
18.95 
15.23 
16.31 

5 

8.18 
8.39 
8.60 
8.48 

15.81 
16.02 
15.96 

 

19.69 
22.17 
19.60 

 

21.37 
20.82 
20.88 
20.91 

45.61 
44.55 
43.99 
42.94 

28.01 
27.32 
27.93 
28.51 

6 9.45 
17.58 
17.66 

 

19.64 
 
 

22.66 
 
 

47.41 
 
 

27.97 
27.37 
27.41 

7 
6.98 
7.23 

13.28 
12.41 

15.25 
15.31 

17.83 
17.46 

28.73 
28.78 

22.10 
23.00 

8 

7.70 
8.26 
7.62 
7.65 

14.93 
15.13 
15.31 
15.07 

17.56 
18.75 
18.15 
18.69 

19.37 
20.00 
18.79 
19.92 

31.35 
34.41 
44.86 
37.53 

24.67 
23.82 
24.11 
24.34 

9 
7.30 
7.83 

13.59 
14.03 

16.10 
15.67 

20.38 
19.05 

28.88 
28.28 

22.37 
22.62 

10 

5.78   
4.87  
8.01  
6.81 

14.46 
16.49 

 
 

16.54  
16.25  
16.72 

 

23.49 
18.84 
16.10 
22.72 

29.44  
32.45  
26.15 

 

26.75  
29.21 

 
 

11 
7.51 
7.21 

15.05 
14.85 

17.80 
17.14 

20.06 
19.82 

29.40 
28.22 

38.38 
38.78 

12 
8.00 
8.05 

10.17 
15.30 

18.84 
18.84 

21.42 
22.17 

38.89 
32.79 

39.70 
40.40 

13 
9.47 
9.00 

17.55 
17.20 

23.73 
22.83 

25.40 
25.54 

53.58 
55.48 

35.49 
43.80 

14 
7.94 
7.73 

14.7 
14.1 

17.5 
17.4 

20.8 
20.7 

44.7 
43.9 

26.7 
26.1 



Table A3: Elemental carbon / total carbon ratio (all * 100) in the six test filters 

determined by 13 of the 14 participants. 

Participant # SPA-1 SPA-2 HUN-1 HUN-2 ITA-1 ITA-2 

1 
13.55 
14.72 

17.48 
17.77 

11.69 
11.43 

10.97 
9.92 

3.83 
4.07 

1.45 
1.42 

2 
9.92 
9.72 

10.41 

14.06 
14.70 
15.16 

9.32 
8.96 
9.21 

7.50 
7.62 
7.68 

2.78 
2.97 
2.71 

1.21 
0.71 
0.71 

3 
14.14 
11.46 

15.08 
14.86 

 

8.63 
9.29 
9.50 

7.72 
6.91 

 

3.53 
6.96 

 

0.78 
0.47 

 

4 

14.26 
12.89 
20.57 
25.42 

14.35 
12.47 
24.48 
19.68 

19.43 
27.12 
24.22 
19.08 

25.54 
21.92 
17.83 
25.38 

17.88 
15.04 
12.78 
15.98 

10.21 
17.31 
11.16 

 

5 

13.08 
13.09 
12.46 
13.99 

14.99 
14.65 
15.03 

 

10.13 
8.24 

10.02 
 

8.35 
8.77 
9.15 
9.39 

3.52 
3.96 
4.02 
4.12 

1.79 
1.67 
1.92 
1.69 

6 
8.99 

 

9.84 
10.82 

 

8.50 
 
 

7.68 
 
 

2.64 
 
 

1.39 
1.46 
1.09 

7 
12.82 
12.04 

14.20 
13.69 

11.18 
10.35 

9.29 
8.57 

4.90 
4.86 

1.94 
1.94 

8 

10.06 
09.14 
10.01 
10.42 

12.50 
13.08 
12.73 
12.67 

11.68 
11.94 
11.60 
12.20 

9.07 
9.60 
9.67 

10.04 

3.52 
3.05 
2.82 
3.66 

1.40 
1.44 
1.42 
1.65 

9 
10.40 
13.11 

13.72 
13.37 

9.42 
10.12 

8.36 
6.88 

3.21 
3.89 

0.69 
1.06 

10 - - - - - - 

11 
12.37 
11.87 

15.51 
15.55 

10.89 
10.81 

10.20 
9.72 

3.65 
3.14 

0.98 
0.91 

12 
9.63 

11.68 
13.18 
16.21 

12.53 
11.52 

8.96 
8.57 

2.83 
3.08 

1.44 
1.71 

13 
8.98 
8.56 

10.88 
10.06 

9.90 
9.15 

8.11 
7.99 

6.03 
6.15 

5.64 
4.47 

14 
11.91 
10.77 

13.38 
16.06 

9.22 
10.75 

8.10 
9.18 

2.56 
4.25 

1.10 
1.94 



Table A4: Assigned values and standard deviations for proficiency assessment, 

σ* (from data obtained in a round of a proficiency testing scheme) 

for TC filter content (µg/cm
2
).  

 SPA-1 SPA-2 HUN-1 HUN-2 ITA-1 ITA-2 

Assigned value, X 8.02 17.73 17.84 20.66 36.61 30.96 

Standard deviation, σ* 0.79 1.63 2.01 2.36 4.34 3.64 

Standard uncertainty of X 0.39 0.59 0.71 0.60 2.99 3.13 

Table A5: Assigned values and standard deviations for proficiency assessment, 

σ* (from data obtained in a round of a proficiency testing scheme) 

for EC/TC (all * 100) in filter samples. 

 SPA-1 SPA-2 HUN-1 HUN-2 ITA-1 ITA-2 

Assigned value, X 11.32 14.32 10.18 8.61 3.63 1.41 

Standard deviation, σ* 1.89 1.24 1.25 1.13 0.78 0.57 

Standard uncertainty of X 0.68 0.45 0.45 0.41 0.28 0.21 
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