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Presenter
Presentation Notes
Thank you for the invitation and the opportunity to talk about how to identify diesel particles in ambient PM2.5
The pictures are a few examples of diesel smoke although what you see probably includes smoke particles that are larger than 2.5 um


Diesel PM, . particles
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Presenter
Presentation Notes
Diesel PM2.5 is combustion particles


Diesel particle formation
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Some of the chemical species in diesel PM, .

PM: 5
Element
Idling 40 km/h M-15 60%/40%
Na 44.1 44.6 65.3 290
Mg ND2 ND ND 139
Si 238 37.6 284 538 Factors affecting diesel emissions
S 130 81.6 63.0 274
EL ol e e Engine type and power
E} . e Engine operating conditions, e.g.
Cr 0.4 idle, accelerate, decelerate
Mn 0.4 ]
Fe 0.6 00— ————-——— - - - —— - - e Fuel formulations, e.g. sulfur content
Ni 0.1 L ]
Cu 0.3 e Dilution and aging
Zn 1.5
Pb 0.3 e Meteorology, e.g. temperature,
- g 11— B ---------- - relative humidity, sunlight
NO;~ 23.9
Br- ND
NO5~ 23.9
PO~ ND
SO~ 200 0.1
C,04 ND Fe Mn Ca cu Zn
Na* ND ~ o o
NHy 48.1 32.0 29.6 233
K" ND 10.6 14.8 116
Mg?* ND ND ND ND

Az 7.9 10.6 14.8 58.2




Ambient PM, .

Ambient PM2.5 includes ATMOSPHERIC AEROSOL
* Diesel engine emissions
SOURCES SINKS
* Brake and tyre wear RAAERRA
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e Road dust ¥
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Source Apportionment to identifying diesel
emissions in ambient PM, .

Method used in

e Upper Hunter Particle Characterisation Study in 2012
e Current Lower Hunter Particle Characterisation Study
e ANSTO’s long-running aerosol sampling program

1. Collect samples of ambient PM2.5
2. Analyse chemical composition of samples

3. Positive Matrix Factorisation (PMF) technique identifies
fingerprints and their contributions

4. Interpret fingerprints to determine sources
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Collect PM2.5 samples on filters

Analysis
* Gravimetric mass
e Black carbon (laser integrated plate method)

* Elemental concentrations using IBA
e Hydrogen (H)

* QOrganic carbon
Elemental carbon
¢ Solubleions

¢ Sodium (Na) e Chloride (C|)
e Aluminium (Al) e Nitrate (NO3')
* Silicon (Si) e Sulphate (50,%)
e Phosphorous (P) e Oxalate
e Sulfur (S)
e Chlorine (Cl) * Phosphate
e Potassium (K) e Methanosulfonate (MSA)
e (Calcium (Ca) e Sodium (Na*)
e Titanium (Ti) e Ammonium (NH +)
e Vanadium (V) . 4

1 day in 3 sampling e Chromium (Cr) * Magnesium (Mg*)

h I ¢ Manganese (Mn) e Calcium (Ca2+)

24-hour sample *  lIron (Fe) e Potassium (K*)
: E‘i’cijlt((l\i‘)’) e Anhydrous sugars (woodsmoke)
. Copper (Cu) e Levoglucuosan
e Zinc(zn) e Mannosan
e Bromine (Br)
e Lead (Pb)
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Results spreadsheet of chemical analysis

A B C D E F G H I J K L ]
1 Na+ Mg2+ |Cl- NH4+ |5042- |NO3- |LevoglyMannogOCi oc2 |0C3 |0C4
2 | Date SRS | fpinS | ngenE | agind | ngind | ngdnd | ngind | sgdnd | cng ceitnl 3\ cxy i3 s cin3) s e
3| 4012012 4750 61.4 2090 3391] 19263 1364 78 02 3893 8235 19177 6F
4 012012 7485 896 B37H| 1208| 10859 18B9 7.2 o2 18100 3867 7171 2
5 1000142012 7939 970 2344 3247 17933 7H 8 249 02 2239 BBOB| Q705| 4L
6 | 1310142012 49156 b3l b&x7Y 634 L0622 B1.0 14.2 02 2284 4zz0| &7497 p
7 | 16801J2012| 47686 521 1299 1885 11874 2734 1.1 021 1345 3B33| B2E3| 1¢
g8 | 1940142012 4102 b1.2 1686| by20| 2b0BY b2 2.2 02 1850 32971| 4264 2t
9 | 224012012 287391 1045 8667 1809 12454 16537 Fills] 0z B9 2319 3937 11
10 254012012 4539 bz.4| 4007 7100 B337 1256 2.2 0.2 338 1672 2380 £
11 280172012 4904 b4l 377E| 1451 9B26 ab .4 0.2 02 09 2283B| 3102 10 ‘
12 31101/2012| 6939 851 6890 1069 9014 14238 26 o020 1144 29321 B303) 17 .
13| 3/02/2012] 940 105 36| 26271| 10088 236 27 02| 584 1398] 2084] ¢ 20+ species
14, 60202012 3643 487 Q& 9921 3726 196 7h 02 1834 4B98| 4785 3t
15 9022012 9243 110k 9V8B| 1677 11384 1932 27 o021 1804 38687 BO33| -
16 1240242012 1260 149 23 3332 12794 254 121 02 1072 2488 4372 1€
17 1500242012 2506 3090 145k 1101 B984| 12838 1.9 0z 959 2318 357L| 1€
18 18#02/2012| 1768 257 240 11173 37121 309 7.4 020 1739 B306| 4b7.1| I3[
19 2140202012 2148 211 2920 1814 9326 820 26 02 940 208b[ 3391 1¢
20 241022012 1661 208 Rl 2553 10681.0 16.3 2.4 0z 82b| 2669 4504 20
21 2710212012 2451 339 124 1388 8493 1277 249 02 1388 3986| 8460 3
22 140302012 3661 272 4241 1337 10831 1234 0.2 020 1871 4943 14237 :
23 40372012 3927 BOT| 2414 1288B| 7T3B1| 2373 276 27 24 3378 T0B2| 3
A YN D L=l a Ty faT o] 11 @ 11 A [l =gyl DR oA i 110 A 18 = A2 N 1¢
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Analysis using Positive Matrix Factorisation (PMF)

 PMF is a statistical data analysis tool with output of
- fingerprint profiles
- fingerprint contributions to total PM2.5

PMF2(8) PM2.5 Sources Mayfield 1998-2009 PMF2(8) PM2.5 Sources Mayfield 1998-2009
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PMF fingerprints - Sources of PM2.5

 PMF fingerprints can include
- single source
- multiple sources
- secondary particles that form in the atmosphere

* Interpretation of fingerprints to determine sources using:
- information about known sources
- knowledge of atmospheric chemistry
- wind sector analysis
- seasonal variations




Diesel/Industry factor
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OC/EC ratio in Upper Hunter PMF factors

Diesel/Industry 0.3
Sea salt 1.0
Industry aged sea salt 1.6
Secondary sulfate 1.8
Soil 3.4
Domestic woodsmoke 3.8
Secondary nitrate 6.0

Biomass burning 11.4




Pinpointing sources with wind data

Diesel/Industry factor
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Summary of PM, . results for Upper Hunter

Singleton Muswellbrook

Woodsmoke
30%

Woodsmoke
14%

Sea Salt
8%

Sea Salt
3%

Annual average 6 ug m3 Annual average 8 ug m3
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Conclusions

* Ambient PM, c is a complex mix of chemical species from many
sources and with a wide range of sizes

e 45-60% of the mass of diesel engine emissions are elemental
carbon (soot)

* OC/EC ratio for diesel emissions is much lower than other sources

e Source apportionment (PMF) can identify the fraction of diesel
emissions in ambient PM, ., and also its sources




Thank you

CSIRO Marine and Atmospheric Research

Dr Mark Hibberd
Principal Research Scientist

E: Mark.Hibberd@csiro.au
T: +61 3 9239 4400

W: www.csiro.au
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