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OPC for PM monitoring

Introduction

The use of optical counter as reference
instrument for PM regulated monitoring

ISSEP

PM monitor

OCAA: Optical Characteristic of Atmospheric Aerosol — Smolenice (Slovakia) — 4-8/11/2013

OPC for PM monitoring

Introduction

S sample air

detector ‘

ISSEP
PM monitor

aperture
angle

+Telemetric network

+Low maintenance / cost
+Continuous monitoring
+PM10 / PM2.5 in one devise

-Spherical single particles
-“Average” density is used
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OPC for PM monitoring

Raw result visualization
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OPC for PM monitoring

Intra-method variation

n
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where
yi.1 and y;o are the results of parallel measurements for a single 24-hour period i
n = number of 24-hour measurement results.

PM monitor

Ubs (ug/m3) Sites Full Data set

Grimm EDM180 Angleur Corroy Jemeppe | Lodelinsart U cand > ou =VL < VL
PM10 2,26 1,64 1,19 0,48 1,56 25 1,23
PM2,5 2,05 1,75 0,68 0,4 1,44 2,17 0,63
Ubs m3 Sites Full Data set

LECKEL SEQ47/50 Angleur Corroy Jemeppe | Lodelinsart U cand >ou=VL <VL
PM10 1,01 0,86 1,19 0,55 0,93 1,02 0,87
PM2,5 0,97 0,74 0,7 0,99 0,89 0,89 0,88

Intra-method variation is less below 2 pg/ms3 which proved that both
candidate and reference methods are well under control
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OPC for PM monitoring

Data treatments

Orthogonal regression
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OPC for PM monitoring

Inter-method comparison

" bx)) .
Bl @ 2% 2t 4le+ G- D uf
Wem =K = T
ISSEP Y
PM monitor RSS— Z(y, — a — bx)' = sum of (relative) residuals
=1

u?{x;)= uncertainty of the results of the reference method.

K=2

= 50 for PM10 and = 30 for PM2.5

PM10 PM2.5
regression Uwc regression Uwc
FDS 2011 y =1.00 x 16.5% y =1.00 x 39.5%
FDS 2011 |y=1.00x+2.73| 125% |y=1.03x-4.26| 17.7%
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Results for PM10 and discussion

OPC for PM monitoring

PM10

ax b 7 Wem Wem Wem Wem Wem

site FDS vear | FDS 2011] 1/1.03 | 1/1.10

Lodelinsart 2009 107 | -0.48 1.06 8,56 8.56 9.73 10.02_ | 1142
ISSEP Angleur 2010 102 | -6.44 0.82 2380 | 1170 | 3352 | 2852
Lodelinsart 2010 107 | 0.48 0.86 2750 | 1250 | 3854 | 3252
PM monitor Jemeppe 2010 108 | -5.84 093 1760 | 1760 | 2340 [ 1962
Corroy 2010 109 | 612 0.88 1060 | 1090 | 19.40 [ 1550
£DS 2010 103 | 516 0.87 1980 | 1160 | 2910 | 24.26

Angleur 2011 105 | 0.16 1.05 1390 | 1250 | 1250 | 1040 | 14.90

Lodelinsart 2011 133 | -3.04 118 5530 | 4450 | 4450 | 4490 | 57.40

Jemeppe 2011 092 | 551 114 1630 | 1610 | 1610 | 1470 | 1430

Corroy 2011 100 | 2.28 1.05 1440 | 1130 | 11.30 | 1150 | 20.80

£DS 2011 100 | 2.73 1.07 1650 | 1250 | 1250 | 1270 | 16.10

Angleur 2012 120 | -1.43 115 3540 | 2500 | 2500 | 2850 | 19.90

Lodelinsart 2012 107 | 011 1.07 17.90 | 1040 | 1150 | 13.00 | 10.10

Herstal 2012 098 | -067 0.96 1280 | 2350 | 20.80 | 1640 | 30.10

Sinsin 2012 118 0.93 1.23 41.60 23.80 31.10 32.70 17.00

£DS 2012 108 | 0.1 1.08 21.00 | 1250 | 1450 | 16.00 | 15.70

MOYENNE 108 | -1.25 | 1.03 | 110 | 2393 | 1832 | 23.97 | 2236 | 23.06

SIGMA 011 | 360 | 013 | 008 | 1371 9.87 1094 | 1083 | 15.08
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Results for PM10 and discussion

OPC for PM monitoring

PMI10
ax b 2x Wem Wem Wem Wem Wem
site | FDSvear|FDS2011)] /103 | 1/1.10
Lodelinsart 2009 107 | -048 106 8,56 8.56 9.73 10.02 1142
ISSEP Angleur 2010 102 | 644 0.82 2380 11.70 RB52 2852
Lodelinsart 2010 107 | 048 0.86 27.50 12.50 3854 R52
PM monitor Jemeppe 2010 108 | 584 0.93 17.60 17.60 2340 19.62
Corroy 2010 10 | 612 0.83 10.60 1090 19.40 1550
FDS 2010 103 | 516 0.87 19.80 11.60 29.10 24.26
Angleur 2011 105 | 016 105 1390 12.50 1250 10.40 14.90
Lodelinsart 2011 133 | -304 118 5530 4450 44.50 24.90 57.40
Jemeppe 2011 092 | 551 114 16.30 16.10 16.10 14.70 14.30
Corroy 2011 100 | 228 105 1440 11.30 1130 11.50 20.80
EDS 2011 100 | 273 107 16.50 1250 1250 12.70 16.10
Angleur 2012 120 | -143 115 3540 2500 25.00 28.50 19.90
Lodelinsart 2012 107 | o011 107 17.90 1040 1150 13.00 10.10
Herstal 2012 098 | 067 0.% 1280 2350 20.80 16.40 3010
Sinsin 2012 118 | 093 123 4160 2380 3L10 3R.70 17.00
EDS 2012 108 | 011 108 21.00 1250 1450 16.00 15.70
IMOYENNE 108 | -125 | 103 | 110 | 2393 1832 2397 2.3 23.06
SIGVA 011 | 360 | 013 | 008 [ 1371 9.87 10.94 10.83 15.08
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Results for PM10 and discussion

OPC for PM monitoring

PMI10
ax b 2x Wem Wem Wem Wem Wem
site | FDSvear|FDS2011)] /103 | 1/1.10
Lodelinsart 2009 107 | -048 106 8,56 8.56 9.73 10.02 1142
ISSEP Angleur 2010 102 | 644 0.8 2380 11.70 RB52 2852
Lodelinsart 2010 107 | 048 0.86 27.50 12.50 3854 R
PM monitor Jemeppe 2010 108 | 584 0.3 17.60 17.60 2340 19.62
Corroy 2010 10 | 612 0.83 10.60 1090 19.40 1550
FDS 2010 103 | -516 0.87 19.80 11.60 2910 24.26
Angleur 2011 105 | 016 105 1390 12.50 1250 10.40 14.90
Lodelinsart 2011 133 | 34 118 55.30 4450 44.50 24.90 57.40
Jemeppe 2011 092 | 551 114 16.30 16.10 16.10 14.70 14.30
Corroy 2011 100 | 228 105 1440 11.30 1130 11.50 20.80
EDS 2011 100 | 273 107 16.50 1250 1250 12.70 16.10
Angleur 2012 120 | -143 115 3540 2500 25.00 28.50 19.90
Lodelinsart 2012 107 | o011 107 17.90 1040 1150 13.00 10.10
Herstal 2012 098 | 067 0.% 1280 235 20.80 16.40 3010
Sinsin 2012 118 | 093 123 4160 2380 3L10 3R.70 17.00
EDS 2012 108 | 011 108 21.00 1250 1450 16.00 15.70
IMOYENNE 108 | -125 | 103 | 110 | 2393 1832 2397 2.3 23.06
SIGIVA, 011 | 360 | 013 | 008 | 1371 9.87 1094 10.83 15.08
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Results for PM10 and discussion

OPC for PM monitoring

PMI0
ax b 2x Wem Wem Wem Wem Wem
site | FDSvear|FDS2011] /108 | /110
Lodelinsart 2009 107 | 048 106 8,56 8.6 9.73 10.02 11.42
ISSEP Angleur 2010 102 | 644 0.82 2380 | 1170 | 3852 | 2852
Lodelinsart 2010 107 | 048 0.86 2750 | 1250 | 3854 | 3252
PM monitor Jemeppe 2010 108 | 584 0.93 1760 | 1760 | 2340 | 1962
Corroy 2010 109 | 612 0.83 1060 | 1090 | 1940 | 1550
FDS 2010 103 | 516 0.87 198 | 1160 | 210 | 242
Angleur 2011 105 | 016 105 1390 | 1250 | 1250 | 1040 | 149
Lodelinsart 2011 133 | 304 118 55.30 44.50 44.50 44.90 57.40
Jemeppe 2011 092 | 551 114 1630 | 1610 | 1610 | 1470 | 1430
Corroy 2011 100 | 228 105 1440 | 1130 | 1130 | 115 | 2080
FDS2011 100 | 273 107 1650 | 1250 | 1250 | 1270 | 1610
Angleur 2012 120 | 143 115 3540 | 2500 | 2500 | 2850 | 19.90
Lodelinsart 2012 107 | onn 107 179 | 1040 | 1150 | 1300 | 1010
Herstal 2012 098 | 067 0.9% 128 | 2350 | 2080 | 1640 | 3010
Sinsin 2012 118 | 093 123 4160 | 2380 | 3110 | 27 17.00
EDS 2012 108 | ol 108 2000 | 1250 | 1450 | 1600 | 1570
IVOYENNE 108 | 125 103 | 110 | 2393 | 1832 | 2397 | 2236 | 2306
SIGVA 011 | 360 | 013 [ 008 | 1371 9.87 1094 | 1083 15.08
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OPC for PM monitoring

Results for PM10 and discussion

PMI10
ax b 2x Wem Wem Wem Wem Wem
site | FDSvear|FDS2011)] /103 | 1/1.10
Lodelinsart 2009 107 | 048 106 856 8.56 973 10.02 1142
ISSEP Angleur 2010 102 | 644 0.82 2380 11.70 RB52 2852
Lodelinsart 2010 107 | 048 0.86 27.50 12.50 3854 R
PM monitor Jemeppe 2010 108 | 584 0.3 17.60 17.60 2340 19.62
Corroy 2010 10 | 612 0.83 10.60 1090 19.40 1550
FDS 2010 103 | 516 0.87, 19.80 11.60 29.10 24.26
Angleur 2011 105 | 016 105 1390 12.50 1250 10.40 14.90
Lodelinsart 2011 133 | 34 118 55.30 4450 44.50 24.90 57.40
Jemeppe 2011 092 | 551 114 16.30 16.10 16.10 14.70 14.30
Corroy 2011 100 | 228 105 1440 11.30 1130 11.50 20.80
EDS 2011 100 | 273 107 16.50 1250 1250 12.70 16.10
Angleur 2012 120 | -143 115 3540 2500 25.00 28.50 19.90
Lodelinsart 2012 107 | o011 107 17.90 1040 1150 13.00 10.10
Herstal 2012 098 | 067 0.% 1280 235 20.80 16.40 3010
Sinsin 2012 118 | 093 123 4160 2380 3L10 3R.70 17.00
EDS 2012 108 | 011 108 21.00 1250 1450 16.00 15.70
IMOYENNE 108 | 125 | 103 | 110 | 2393 1832 2397 2.3 23.06
SIGVA 011 ] 360 | 013 [ 008 | 1371 9.87. 10.94 10.83 15.08
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OPC for PM monitoring

Results for PM2.5 and discussion

PM2.5
ax b 7 Wem Wem Wem | Wem 1/ | Wem 1/
site FDSvyear |FDS2011] 116 125
Lodelinsart 2009 1.06 179 113 13.36 13.36 15.72 17.94 16.81
ISSEP Angleur 2010 100 | -206 0.91 15.00 6.60 6.82 1.18 -
Lodelinsart 2010 092 | -1.21 0.89 25.00 12.10 34.80 42.58 -
PM monitor Jemeppe 2010 0.95 | 061 0.93 2430 | 2060 | 3278 | 4056 -
Corroy 2010 106 | 202 0.97 6.00 16.50 30.22 25.76 -
FDS 2010 0.9 | -115 0.92 19.80 13.50 33.46 39.32 -
Angleur 2011 0.92 4.58 110 31.00 12.30 12.30 9.90 14.90
Lodelinsart 2011 163 | -113 151 120.00 8L50 8150 76.00 57.40
Jemeppe 2011 104 4.14 137 42.70 21.90 21.90 19.70 14.30
Corroy 2011 104 567 118 48.20 19.80 19.80 20.80 20.80
FDS 2011 103 4.26 116 39.50 17.70 17.70 16.40 16.10
Angleur 2012 128 0.76 132 64.00 16.60 30.50 3150 19.90
Lodelinsart 2012 121 0.76 125 48.30 10.80 16.30 18.00 10.10
Herstal 2012 101 125 107 16.60 35.30 34.30 2110 30.10
Sinsin 2012 119 281 135 59.00 14.80 25.90 26.60 17.00
FDS 2012 122 106 127 53.90 15.40 23.20 23.80 15.70
IVOYENNE 110 108 116 | 125 41.68 22.40 28.93 27.81 23.06
SIGVA 0.20 267 021 [ 015 30.64 19.97 18.86 19.09 15.08
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OPC for PM monitoring

Guard band based on data variability

Guard band
ISSEP Specification zone
PM monitor /
Acceptance zone ki Rejection zone "
PM10 PM2.5
SIGMA Usrm |Gard Band| SIGMA Usrm |Gard Band
0.08 1.2 4.1 pg/m3 0.15 1.0 4.5 pg/m3

With a limit value reduced to 46 pg/m?3 the number of exceeding
increase from 35 to 41 in 2011 and from 56 to 61 en 2012 for
the 4 studied sites
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OPC as Sizing Instrument

Verification of the sizing for the smallest range

The use of optical counter as
sizing instrument

ISSEP Typical pattern obtained for total particle in the range 250-800 nm
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ISSEP
PM monitor

Sizing monitor

OPC as Sizing Instrument

Correlation between OPC and SMPS measurements

Correlation between OPC and SMPS for the range 250- 800 nm

900 | ¥= 0.81x
R =0.8857 o a

OPC (#lcc
o
2
H

0 100 200 300 400 500 600 700 800 900 1000
SMPS (#lcc)

A Pearson correlation coefficient R=0.94 is observed between OPC and
SMPS for sizes between 250 and 800 nm
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Conclusions

General Conclusions and future works

CONCLUSIONS

*OPC Grimm EDM180 has been proved as to be equivalent to the reference
method for PM10 and PM2.5

*Variation of the calibration equation of the OPC between sites and time
periods is limited

*Forcing the calibration equation trough zero help in result consistency and
data treatment

*The average slope obtained for the regression curve is respectively 1.10 and
1.25 for PM10 and PM2.5

*Good instrument calibration and QA/QC follow up of the reference is
compulsory to achieve this result

*Using the typical variability of the correction curve a guard band of 4pug/m?
has been established at the limit value for PM10.

«Data of 2013 trials will be added soon to verify the actual hypothesis

This value is not too far from the tolerated combined intra-method uncertainty
which confirm that the process is well under control.

*The potential overestimation of exceeding links to this value is limited to
around 5% during the last two years for the four studied sites

*A Pearson correlation coefficient R=0.94 is observed between OPC and
SMPS for sizes between 250 and 800 nm

*OPC can thus be used to determine size distribution on the all range
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