Index

Absorption, light, see Light
Accumulation mode
atmospheric aerosol 25
brake wear 345
definition 434
in dilution tunnel 148
effective density 220
in exhaust 54
survival in atmosphere 6
Acetylene
soot inception 68
surface growth 73
Acid dew point 125
Adsorption 20
organic particulate 114-15
photoelectric effect 194
Aftertreatment, see under Catalyst; Diesel particulate
filter (DPF)
Agglomerates
in atmospheric aerosol 33
definition 44
fractality 12, 77
relation to spherule 21617
Agglomeration 20
charge effects 78, 228
coalescent and noncoalescent 77
in exhaust plume 144
in lubricant 288
making particles bigger 394
Smoluchowski eqn. 21, 76
turbulence 78

Aggregate, see Agglomerates
Agrochemical acrosols 30-1
Aircraft exhaust 128
Aitken nucleus 19, 26
Alkanes
characterisations 235
fuel formulation 256
storage in exhaust 139
survivability 108
Ames bioassay
dose-response curve 180
index 180

indirect and direct mutagenicity 180

NPAH and PAH 181
Ammonia
deNOy catalysts 299
motor vehicles 37
natural sources 37
nitrate 36, 46
sulphate 36
Animal test (in vivo)
epigenetic and genetic 378
excessive exposures 378

exposure to carbon black 379

exposure to diesel particles

378-9

exposure to sulphuric acid 379

humans 381-2
intracheal instillation 377
upper respiratory tract 377
Arctic haze 41
Aromaticity 254, 256
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Asbestos 31
Ash particulate
animal exposures 380
chemical composition 104, 231
chlorine 95
coal 98
definition 47
density, bulk 220
diesel particulate filter 303, 304
flame suppressants 98
fly ash 98
fuel-borne elements 96, 261-2
incombustible 232
iron 101-4, 317
leaded gasoline 315-16
lubricant 283
magnesium 95
manganese 317
nitration 112
silicon 95
storage in catalysts 296
thermodynamics 97
wear 51,53
zinc 95
Asteroid impact 41
Asthma 40
Attachment (to surfaces) 18

Bacteria 28, 29
Barium (fuel additive) 97, 98-9, 261
BET model 114, 222
Binary homogeneous nucleation (BHN) 126
Bioassays (in vitro)

DNA damage 376

oxidative stress 377-8

types of 375
Biogenic aerosol 29
Biological aerosol 27-9
Bipolar charging 225
Blowdown 136

charge sensing 196
Boltzmann charge distribution 227
Brake wear 344-6

loss patterns 345

particle composition 345
Bronchitis 40
Bubble bursting mechanism 27

Cancer 40
Candles 38
Carbon

aciniform 47

black carbon 47
carbon black (manufacture) 62

carbonate

32

critical air-fuel ratio 65
elemental carbon 32, 47
organic 32
Carbon-hydrogen ratio
carbonaceous fraction 229
organic fraction 233
thermogravimetry 170
young spherules 107
Carbonaceous particulate
air-fuel ratio 65, 320
animal exposures 378-9
catalytic formation 296
catalytic oxidation 295
climate 41
damage to buildings 38

definition

47

density, bulk 219

diesel particulate filter 302
exhaust gas recirculation 272-3
flame ionisation 197

from lubricant 282-3

fullerenes

71

HACA mechanism 69
heat release 66
hydrophobicity 126
ignition delay 66
incandescence 62

ions 71

light absorption 192
oxidants 79, 80

oxygenates

257-8

premixed burn 86

pyrolysis

68-70

soot-formation window 292
soot-induced wear 289-90

stabilomers

70

thermodynamics 63
Cardiovascular illness 40-1

Catalyst
ash storage
attrition of

296
349-51

carbonaceous storage 296
deactivation 296

formation of sulphuric acid 124
hydrocarbon storage 294
mutagenicity 297

particle storage 140

precious metal losses 350-1
sulphate make 294-5, 317-18
sulphate-organic trade-off 295
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sulphate storage 295
three-way 326
Cenospheres 98
Cerium 103
Charring 169
Chase experiments 142
Chemiluminescence 87
Chemisorption, see Adsorption
Chromatography 175
fuel-lubricant partitioning 178-9
Cigarette smoking 398
Climate (change) 41
Cloud formation 25
cloud condensation nuclei 25, 26, 27, 41
deposition 26
ice formation nuclei 25
CNC  189-90
Coagulation, see Agglomeration
Coarse mode
atmospheric aerosol 25, 40
definition 42-3
in exhaust 54
formation 42
isokinetic sampling 159
Combustion aerosols 33, 35-6
biomass 33, 97
climate 40-1
coal 33,98
coke 43
municipal, industrial, medical 35, 98
open burning 39
Compensation culture 398
Condensation 18
organic particulate 11213
Condensation nuclei counter (CNC),
see Light
Condensation particle counter (CPC)
Contact electrification 227
Contrails (condensation trails) 41
Cunningham slip correction 16
Cylinder dumping 84
Cylinder sampling 84, 109

Deliquescence 19
Demography
alternative combustion systems 193
catalysts  140-1, 298, 299
diesel engines 241-4
diesel particulate filter 242-3, 3034
dilution tunnel 149
direct-injection gasoline 231
EGR 274

exhaust plume 144
fuel additives 1014, 261
injection pressure 268
leaded gasoline 316
lubricant 285
oxygenates 259-60
port-injection gasoline 323
sulphur 2534
transfer line 1467
two-stroke engines 337
Density
bulk 220-1
difficulties in measuring 221
effective 221
as a function of engine operation 221
as a function of size 221-2
incombustible ash 222
surface area 223
Dew point 18, 52
Diameter, particle, see Size, particle
Diesel particulate filter (DPF)
demography 241-3, 392-3
evaluating efficiency of 151
filtering mechanisms 301
fuel additives 262
ignition temperature 301-2
regeneration methods 302
similarity to dilution tunnel filter 150
sulphate quantification 174
toxicology 238, 305-6
types of 300
Diffusion 16
battery 158
in transfer line 146
Dilution profile 163
Dilution ratio 51
definition of 162
in exhaust plume 141-2
organic fraction 113
Dilution tunnel 51
accumulation mode 148
adiabaticity 161
conditioning of air 161
constant volume sampling (CVS) 160
full- and partial-flow 160
heat transfer characteristics 162
interplay with saturation 148
kinetic aspects  148-9
laminar flow 164
nucleation 149-50
tasks of  160-1
turbulent flow 164-5
Dimethyl sulphide (DMS) 27
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Dioxins 36 fouling of cooler and valve 274
Diseases gasoline engine 325

allergens 364
asthma 363, 370
atherosclerosis 374
blood clotting  369-70, 374
bronchitis 370
cancer 362-3, 369
chronic obstructive pulmonary disease (COPD)
370, 374
lung deposition 365
lung function 363
mortality 363
myocardial infarctions 374
PAH-DNA adducts 369
respiratory, cardiovascular 363, 369-70
rhinitis 364
Displacement 136
Drag force 16
Dry deposition 26
Dust 23

Efflorescence 19
Ejector diluter 164
Electrical charge
charge cloud 195-6
demography of 225-6
indigenous  225-8
mechanisms 225-6
particle-sizing  185-6
relation to smoke 197
Electrical low pressure impact (ELPI), see Impactor
Electrostatic attraction 16
ELPI 183-5
Epidemiology
confounding factors 371-2
lung cancer 371, 373
occupational health 373
other illnesses 374
public health 3734
respiratory and cardiovascular 373
risk 372
threshold 371
Epithelium (lung) 39
Evaporation 19
light scattering 191
via LI 188
Exhaust gas recirculation (EGR)
alternative combustion systems 292
demography 274
engine management 272
engine wear 289

NO-soot trade-off 271-2

soot promoting mechanisms  272—4
Exhaust systems

acid corrosion 349

iron 349

rust and scale 349
Extinction, light, see Light
Extraction, filter

falsifications 171

Soxhlet 171-2

sulphates 171-3

super- and subcritical 172

Ferrocene
combustion 96
gasoline 317
nucleation of iron 103
soot suppression  100-1
Filter, dilution tunnel
acid-mediated falsifications 152
blow-by 151, 165
conditioning 167
drawbacks 165
extraction 1714
gas-particle partitioning 151
inconstancy in characteristics 150
nitration (PAH to NPAH) 152
types 165
vapour-phase trap 151, 165
weighing 1667
Fireworks 31
Fly ash 98
Fog 23,38
Fractality 12
agglomerate morphology 217-18
spherule agglomeration 77-8
Fuel
additives 261-2, 315-17
aromaticity 254, 256
ashing elements 96, 98
desulphurisation 252
distillation curves 263
engine calibration 251, 265
Fischer-Tropsch 251
gasoline 325, 333
partitioning from lubricant 178-9
sulphur-bearing compounds 123
volatility 263
water-diesel emulsions 251
white smoke 121
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Fuel injection
atomisation 265-6, 268, 319
demography 268
direct, gasoline 326
end of injection 266
flow in nozzle 265
‘hang up” 320
multiple injections 269
port injection 318-19

soot-suppression mechanisms 267-8, 269-70

Fullerenes 71
Fume 23

Gas-to-particle conversion
ash in relation to soot 100-1
diesel particulate filter 302, 305
in exhaust 52-3
hydrocarbons 118
kinetic considerations 116
leaded gasoline 315
onto transfer line walls 1467
rise-and-fall characteristic 115
soot (spherules) 71-2
Gasification 224
see also Thermogravimetry
Gaussian plume dispersal 143
Geogenic aerosol  27-30
Global dimming 41-2
Gravitational settling 17, 25
Greenfield gap 26

HACA mechanism

soot inception 69
surface growth 74
Haze 38

Head vortex 88
Henry’s law 19
Hydrocarbon

sooting tendency 254
storage 120
Hygroscopicity 19

Ignition delay 48
correlation to smoke 65
premixed burn 87

Impactor
bounce 184
plugging 184
principle 184
volatilisation 185

Incandescence 62, 87
laser-induced 186-8
in late burn 91

Induction

air density 278
airpath management 276

charge temperature 278

swirl 277
‘turbo-lag” 276
turbulence 277

Industrial aerosols 31-2
Inertial impaction 17

particle sizing 183-5

Interception 16

In-use compliance 389
Ton-mediated nucleation 128
Tonisation 193

Tons

acquisition by particles 195, 225-6
diffusion charging 195

nucleation in exhaust 128

soluble 173

soot formation 70-1

Isokinetic sampling 17, 158

Kelvin diameter 19
Knudsen number 15

in engine 76

Langmuir model 114

Laser ablation mass spectrometry 209
Laser imaging 84

Leaded gasoline 316-17

Leidenfrost effect 329

Lift-off length 88-9

Light

absorption 191

atmospheric aerosols 37

fits to Mie theory 191-2

Mie scattering, limitations 189
nephelometers 190

particle enumeration 190
photoacoustic effect 191
Rayleigh scattering 37
refractive index 182
smokemeters 200-4
transmission (optical window) 94
transmittance 202

Lubricant

blowdown 136
carbon-hydrogen ratio 233

consumption versus combustion 280

demography 285
escape mode (vapour, liquid) 281
escape routes 279, 281
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Lubricant (Continued)
fuel-oil interactions 282
maintaining oil quality 286
partitioning from fuel 178-9, 235-6
quantification of soot 286
reasons for soot entry 286
reformulation 282
rheology 287-8
soot agglomeration 288
soot-induced wear 289-90
tracer studies 2834
transient escape 280

Methylcyclopentadienyl manganese tricarbonyl
(MMT) 317
Mist 23
Morphology 12
density 222
in exhaust 137
fractality 217-18
gasoline particulate 322
organic particulate 218-19
radius of gyration 78, 217
spherule agglomeration in engine 77
surface area 223
Mucocilary escalator  39-40
Mutagenicity
aftertreatment 238
Ames bioassay 179-81
catalysts 297
diesel particulate filter 306
fuel formulation 257
gasoline engines 323
index 180
indirect and direct 180
nitration 112
oxygenates 260
particle size 238
subfractions 239-40
synergisms 1812
two-stroke engines 337
vehicle operation 238-9

Nagle and Strickland Constable (NSC) 82
Nanoparticles 26

animal exposures 380-1

chemical composition 362, 392

electronic states  395-6

flame synthesis 98

following lung deposition 393

lung deposition 365

nucleation events 361, 393

public exposure 360-2
secondary versus primary 361-2, 390
tyre wear 347
very, very small particle 395
Nitrate particulate
ammonia 37, 46
atmospheric aerosol 36
connection to sulphate particulate 125
definition 46
Nitration (PAH to NPAH) 110-11, 238
catalysts 297-8
diesel particulate filter 305-6
on dilution tunnel filter 152, 180
metals 112
mutagenicity 112
Nitro-PAH (NPAH)
Ames bioassay 181
characterisations 235
quantification 177
relation to PAH 110-11
Nuclear winter 41
Nucleation 19
aircraft exhaust 128
ash 100, 103, 104
atmosphere 26
charge 228
direct-injection gasoline 331
‘events’ 361
in exhaust plume 143
heterogeneous 19
homogeneous 19
implications for measurement 55
meteorology 144
oxygenates 260
secondary nanoparticles 361
soot inception 68
sulphuric acid 126, 253
in transfer line 147
Nucleation mode
ash 261
atmospheric aerosol 25
catalysts 298
definition 43
diesel particulate filter 243—4, 303, 304
in dilution tunnel 149-50
effective density 220
in exhaust 54

Occlusions 101, 230-1

Organic intermediates 105

Organic particulate
adsorption  114-15
animal exposures 379
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atmospheric aerosol  34-5

boundary with HC  117-18, 175, 197-8

boundary with soot 105
catalytic oxidation 294
condensation 112-13
definition 45
density, bulk 220
diesel particulate filter 303, 304
direct and indirect 50
extraction 171-2
flame ionisation 197
fuel-lubricant partitioning 178, 235-6
functional groups 233
gasoline engine 321
growth agents 128
intermediates 105
lubricant 50
microtransport  116-17
oxygenates 257-8
particle size 237
spiking experiments 178
subfractions 175-7, 234
survivability 108
thermal transition 108
vapour-particle partitioning 236
Outgassing 22
in exhaust deposits 139
from transfer line walls 147
Oxidation
combusting plume 89
late burn  90-1
mixing of soot and oxygen 83, 91
rate control 80
rise-and-fall characteristic 85-6, 328
soot suppressing additives 99, 100-1
wall deposits 93
Oxidation catalyst, see under Catalyst
Oxygenates
demography 259-60
desirable properties 257
organic-carbonaceous ratio 257
PAH 259
sequestration theory 258
soot-suppressing mechanisms 259
types of 2567
Ozone 37, 38

Particulate
ageing in atmosphere 145
boundary problems 47-8
boundary with HC 48, 117-18, 119
definition of 8, 44

fractionation 167
fractions, amounts 47
lubricant contribution 50
wet and dry 44, 109
Petrogenic compounds 35, 70, 105
Photochemical smog, see Smog
Physisorption, see Adsorption
Pilot injection 270
Plant vitality 38
Plume stem 89
PM2.5 and PM10
brake wear 345
deposition curve (definition) 40
public exposure 358
relation to emissions legislation 397
relation to vehicles 55
road wear 343
Pneumoconiosis 40
Pollen 28
Polycyclic Aromatic Hydrocarbons (PAH)
adducts 369, 375
atmospheric aerosol 35
atmospheric partitioning 117
cancer 369
catalytic oxidation 294
cetane number 264
characterisation 235
chemiluminescence 87
in food 35, 40
fuel formulation 256
gas-to-particle conversion 114, 117
gasoline engines 322
nitration (PAH to NPAH) 110-11, 261
organic particulate 106
oxygenates 259-60
photoelectric effect 194
proto-particles  106-7
quantification 177
soot formation 68-70
source apportionment 35
sulphur 253
surface growth 73—4
survivability 108
Polydispersity 12
Polyurethane foam (PUF) 165
Pool-fire combustion 328
Porosity 223
Porous tube diluter 164
Post injection 270
Premixed zone/flame 88-9
Public exposure
gasoline versus diesel 358
heavy-duty and light-duty diesels 358
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Public exposure (Continued)
indoors and outdoors 358, 359
infiltration into buildings 359
nanoparticles 361
occupational 360
particle ageing 360
PM2.5 and PM10 359
in school buses  359-60
in vehicle compartments 359

Pyrogenic compounds 35, 70, 105

Pyrolysis
coke 43
in diesel engine 49, 63
in exhaust 110
soot formation 68-70
on walls 109

Quartz crystal microbalance (QCM) 199

Re-entrainment 22
duty cycle 137-8
in engine 136
in exhaust 137

Respiratory tract 39
alveoli 366
animals (various) 377
antioxidant defence 368
bioavailability 368
defence mechanisms 365-6
deposition curve 39-40, 364-5
factors controlling deposition 365
inflammation  367-8
interstitialisation 368
macrophages 366
nanoparticles 368
overload 367
particle retention 366—7
reactive oxygen species (ROS) 368
translocation 368, 381

Road salt 95

Road wear 342
particle composition 344

Rotating disc diluter 164

Saturation
ash particulate 103
definition 18
in dilution tunnel 148
implications for measurement 55
long-term trends 391-2
organic particulate 113
Scanning mobility particle sizer (SMPS)

Scattering, light, see Light
Sea salt 27

Secondary organic aerosol (SOA) 29, 33, 37

Signal-to-noise ratios 387
Silicosis 40
Size, particle
biological aerosol 28
density function 220-2
deposition in lung 40
distributions, formulae for 12-14
instrumentation for 182
Knudsen number 16
spectrum 26
spherules 43, 216
transport 17
typical distribution 54
Smog 23
London 36
Los Angeles 36
Smoke, colour 119-20, 336
Smoke detection (by charge) 227
Smoke point 65
Smokemeters
correlations to other instruments 203
opacimeter 202
Ringelmann cards 201
signal levels 203
spotmeter 201-2
white smoke 204
Smoluchowski eqn. 21
SMPS  185-6
Soluble organic fraction (SOF) 45, 168
Soot 47
see also Carbonaceous particulate
Soot lamp 65
Source apportionment 25, 35, 194
Soxhlet extraction
choice of solvent 172
optimisation 171-2
sulphates 172
Spherules
assimilation of organics 106-7
in atmospheric aerosol 33
carbon-hydrogen ratio 107
crystallites 214
definition 434
formation 72
HACA mechanism 74
internal oxidation 81
nuclei 214
oxygenates 259
platelets 214
relation to agglomerate 216-17
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size restriction 73—4
size via LII  187-8
sphericity 215-16
surface recession 80, 86
turbostratic structure 214
Stabilomers 70
Sticking probability 139
Sulphate particulate 36
ammonia 37
building damage 38-9
characterisation 237-8
climate 41
connection to nitrate particulate 125
definition 45-6
density, bulk 220
diesel particulate filter 303
extraction 172-4
gasoline engine 322
lubricant 284
manufacture by catalyst 123, 294-5, 317-18
storage by catalysts 125-6, 297-8, 318
Sulphur
carbonaceous fraction 229
combustion chemistry 123, 252-3
demography 253—4
in fuel 252
organic particulate 252, 253
Sulphur dioxide
conversion to acid in atmosphere 36, 124
conversion to acid in exhaust 53, 122-3
inhalation 39
oxidation on buildings 38
volcanism 30
Sulphur trioxide
acid dew point 125
exhaust gas recirculation 271
Sulphuric acid
animal exposures 379-80, 381
decomposition 170
dilution tunnel filter 152
exhaust system corrosion 349
formation in exhaust 53
metal sulphation 97
nucleation 126-8, 393
quantification of water 174
relation to sulphate particulate 45
scrubbing effect 253
Surface area
active surface 194
BET method 222-3
diesel particulate filter 302

diffusion charging 195
photoelectric effect 193-4
Surface tension 18, 219

Tapered element oscillating microbalance (TEOM)

198-200

Thermionic emission 225
Thermoelectric effect 228
Thermogravimetry 168

falsifications 169

protocols for 168, 169
Thermophoresis 16

in catalysts 140

in dilution tunnel 148

in EGR circuit 274

in engine 92

in transfer line 146
Threshold sooting index 65
Two-stroke engines

demography 337

emission mechanisms 335

mutagenicity 337

oil-fuel ratio 335

oil reformulation 336

storage in exhaust 336
Tyre wear

nanoparticles 347

particle composition 347

quantity lost 346

Ultrafine particles 26

van der Waals forces 18, 44

Vapour pressure 18

Viruses 27

Volatile organic fraction (VOF) 45, 168
Volcanism 29-30

Water
atmospheric aerosol 23, 41
deposition 26
distinction from particulate 6, 44
in exhaust 52
nitrates 46
sulphate extraction 274
sulphuric acid 45, 174
Wet deposition 26
Wind-blown dust 30, 41
Wind tunnels 142
Work function 193

XAD-2 165






