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Index

a
Absorption coefficient 153, 306
Absorption efficiency 309
Acceleration

particle, curvilinear 102
particle, straight-line 98–101
total 25

Accumulation mode 267, 272
ACGIH inhalable criterion 213
ACGIH respirable dust criteria 218
Acoustic coagulation 239
Actinomycetes 346
Activity median diameter 75
Adhesion energy 126
Adhesion, particle 121–123

electrostatic forces 123
surface tension forces 123
van der Waals forces 121–122

Adhesive forces 121–123
empirical equation 123

table 124
Adiabatic expansion 243, 244–245

condensation nuclei counter 255
Aerocolloidal system 1
Aerodynamic cutoff 82
Aerodynamic diameter 46–47, 132, 356

definition 46
measurement by

aerosol centrifuge 57
cascade impactor 110–115
horizontal elutriator 56–58
sedimentation cell 56

outside Stokes region 47
Aerodynamic equivalent sphere 46

Aerodynamic particle sizer (APS) 117
Aerodynamic separation of particles 47, 380
Aerosol, homogeneous 5
Aerosols

anthropogenic 265
atmospheric 265–275
background, size distribution 267
centrifuge 57
cloud motion 333
definition 1, 2–5
generation 375–389
global emissions, table 266
measurement instruments 398
monodisperse. see Monodisperse aerosol
natural background 265–268
polydisperse. see Polydisperse aerosol
primary 4
properties 401
science and technology, general references

12–13
secondary 5
spectrometer 56–57
stratospheric 266–267, 274
tropospheric 267
urban 269–274
urban, size distribution 269–270

Aerosol spray cans 1, 379
Aerosol technology 1–2
Aerosol therapy 1
Agar 348
Agglomerates 8, 44, 121, 162, 227, 384

interparticle adhesion 124
porous 231
transient molecular clusters 248

Aerosol Technology: Properties, Behavior, and Measurement of Airborne Particles, Third Edition.
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408 Index

Agglomeration 227
Air

pressure versus altitude 395
properties of 25, 392
temperature versus altitude 396
viscosity 21–24, 25, 395

Airborne particles, properties of 401
Air ions 252, 282, 292
Air pollution, urban aerosol 269
Albedo, earth’s 274
Altitude, effect on pressure, temperature, density,

and mean free path of air 396–397
Alveolar deposition 209

mouth and nose breathing 213
respirable dust criteria 217

Alveolar region 203
AMD. see Activity median diameter
Analytical balance, for filter samples 189
Anemometer, hot wire 29
Aneroid pressure gauge 34
Angular aperture, objective lens 364
Anisokinetic sampling 179–185
Anthropogenic aerosols 265
Apparent density, particle 8
APS (aerodynamic particle sizer) 118–119
Area mean diameter 74
Arithmetic mean diameter 74, 76–77
Arizona road dust (ARD), aerosols dust 387
Asbestos counting 369–371
Asbestos fibers 6

alveolar deposition 369
identification 370

Asbestosis 369
Aspect ratio, fiber 369–370
Asperities, particle surface 122
Aspiration efficiency, human head 213
Atmospheric aerosol 265–275

background 265–268
growth 267
size distribution 269–270
sources 267

Atmospheric properties, reference values 404
Atmospheric visibility 317
Atomization of liquids 375–380
Atomization of particles, in liquid suspensions

380–382
Atomizers 375–379

electrostatic 376
jet 375
pneumatic 375–376
pressure 375
rotary 376
swirl 375
ultrasonic 376

Average particle size. see specific type
Avogadro’s number

determination of, by Lord Rayleigh 321
value 392

Avogadro’s principle 16

b
Babinet’s principle 311
Bacteria 9, 345
Bag filter 158–159
Bend, tube, loss in 218–219
Bernoulli effect in nebulizers 376
Beta gauge, direct reading instrument 194
Bimodal size distribution 82
Bioaerosol 3, 345–351

background concentration 346
sampling 347–350
size ranges 9
survivability 347
viability 347

Bipolar ions, charge neutralization 293–294
Blow-off 124
Boltzmann distribution of molecular velocity

18, 284
Boltzmann equilibrium charge distribution 233,

292–294, 383
Boltzmann’s constant 18, 130, 392
Bouguer’s law 308, 311
Bounce, particle 126
Boundary, layer 125
Boundary layer, diffusion 140–141
Bourdon tube pressure gauge 35
Boyle’s law 16
Brownian coagulation. see Coagulation, thermal
Brownian displacement 134–137

distribution of 135
probability 135

Brownian motion 129–132, 329
and diffusion 135
displacement 134–137
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Index 409

as a fractal 361
intensity of 131
of ions 284
particle kinetic energy 130
particle mean free path 132–134
particles in filter 167–168
respiratory deposition 206
rms displacement 134
rotational 137, 150

Brownian rotation, effect on coagulation of
nonspheres 233

Brush, rotating, dust disperser 386
Bubble flowmeter 32
Bulk motion of aerosols 333–338
Bulk properties of aerosols 1, 333
Buoyancy, effect on settling velocity 40
Buoyant force, cloud 334, 337
Byssinosis from cotton dust 222

c
Capillary pore membrane filter 158, 175, 369,

371
Capture efficiency, kinematic coagulation 238
Carina, impaction on 206
Carrier gas stream 56
Cascade impactor 110–115

commercial 118
data reduction 111, 113
interstage losses 114
stage 111

CCN (cloud condensation nuclei) 255
CEN inhalable criterion 213
Centrifugal

acceleration 41
force 349
sampler for bioacrosols 348–349
velocity 41, 105

cgs system of units 22
Characteristics of dry-dispersion aerosol

generators 384
Charge

buildup during powder dispersion 383
distribution, equilibrium 292–294
electron 277–278, 280–285
equilibrium with bipolar ions 293
limits 291–292

maximum on particle 291–292
neutralization 294, 380, 386
neutralizer 294
saturation 285, 286, 295

Charging
combined mechanisms 286
diffusion 284, 286
field 284, 286
mechanisms 283–289
static electrification 283

Charle’s law 16
Chemical composition, fine and coarse particles

272, 324
Chi-square test for lognormal distribution 89
Cigarette smoke 11, 240
Classifier, size-selective, with dust generators

383
Clean Air Act of 1977 317
Clearance mechanisms, lung 205
Cloud 3

condensation nuclei (CCN) 255
density, net 38l
formation, atmospheric 1, 255
Reynolds number 334
settling 333–338

CMAD (count median aerodynamic diameter)
75

CMD (count median diameter) 72, 88
Coagulation

kinematic 227, 238–240
acoustic 239
differential settling 238
gradient 238–239
gravitational 238
orthokinetic 238
shear 238
stirred 239
turbulent flow 239
ultrasonic 239

thermal 227–233, 259
atmospheric aerosol 272, 274
change in diameter of average mass 236
coefficient 228, 233–236
effect of electrical forces 233
effect on cloud settling 333
lognormal distribution 235
nonspherical particles 233
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410 Index

Coagulation (contd.)
particle size increase 228
polydisperse 233–237
rate 228
simple monodisperse 227–233
Smoluchowski 227
stop by dilution 233

time to double particle size 231
Coal fly ash 3
Coarse fraction, separation of 113, 116
Coarse-particle mode 272
Coarse particles 272–274
Coefficient of drag 38, 47, 50
Coefficient of restitution 126
Coefficient of viscosity 22
Coincidence error, optical particle counters

326–327
Coincidence, in time-of-flight instruments 118
Collection efficiency

capillary pore membrane filter 175
electrostatic precipitator 296
fabric filter 158–159
fibrous filter 157, 161, 169, 172
filter

minimum 162
single-fiber 163–165

horizontal elutriator 56
impactor 106, 109, 196
membrane filter 174–175
point-to-plane electrostatic precipitator 296
respirable mass cyclone 217
thermal precipitator 151

Collision diameter, air molecule 20
Collision efficiency, kinematic coagulation 238
Collisions, rate of, particle 228
Colony counting 349
Combustion of dust 341
Compression wave, causing dust explosion

339
Concentration, aerosol 8

decay (settling) 55
direct-reading instruments 192–195
gradient 129, 134
measurement of 189–195
by piezoelectric crystal 192
range 8

Concentration ratio, anisokinetic sampling
182–185

Condensation
atmospheric aerosol 272, 274
of droplets 243
growth 248–251, 267, 272
on insoluble nuclei 251
nucleated 251–255, 387–388
nuclei 243, 251–254, 387–388
nuclei counter 268
on soluble nuclei 251–252
test aerosols 387–388

Condensation coefficient 249
Condensation mode 272
Condenser lens 362
Confidence limits, size distribution 88
Constants, numerical 391–393
Contact charging 283
Continuum region 44
Contrast

apparent 318, 320
inherent 318, 320

Contrast limen (threshold of brightness contrast)
320

Contrast reduction 321
Conversion factors 391–393
Corona discharge 289–291, 294, 295
Cotton dust standard, vertical elutriator

222–223
Coulomb’s law 277
Coulombic force 279
Coulter counter 299
Count mean diameter 74, 77
Count median aerodynamic diameter (CMAD)

75
Count median diameter (CMD) 72, 88

confidence limits 103
use of instead of geometric mean 79

Count, standard deviation of 195
CPC (condensation particle counter) 255–257
Critical orifice 30
Critical saturation ratio 248
Culture medium 348
Culture plates 348
Cumulative deposition

diffusion 139
thermophoresis 150
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Index 411

Cumulative mass distribution 73
Cumulative particle size distribution 69–70, 79,

356
Cunningham correction factor 42
Curvilinear motion 102

impaction 105–110
Stokes number 104–105

Cutoff diameter 107
Cutoff, respirable 216
Cutoff size, inhalable particles 217
Cut point (effective cutoff diameter) 107
Cutsize 107
Cyclone, respirable mass 218, 383
Cylinder, Stokes number for 105

d
Dalton’s law of partial pressure 243
Data inversion, size distribution 89
Davies criteria, still air sampling 188
Deconvolution, size distribution 89
Defense mechanisms, respiratory 203
Deflagration 342
Density

aerosol cloud 333, 336–337
aerosol materials 394
air 26
apparent 8
bulk 46
particle 8
standard 8

Denudation of dust layer 125
Denuder 143
Deposition

diffusion 137–141
diffusion, from turbulent flow 140–141
electrostatic 294
fraction

alveolar 211–212
head airways 211
total 212
tracheobronchial 211

inertial, from turbulent flow 141
mechanisms

filter 165–169
respiratory 206–210
transport losses 188–189

parameter, diffusive losses 139

respiratory 203–224
on surface, cumulative 139
thermophoretic 148–149
from turbulent flow 140–141
velocity 139

Detachment force 123–124
Detonation 342
Deutsch-Anderson equation 296
Diameter

activity median 75
aerodynamic 46–47, 356
area mean 74
arithmetic mean 74
automatic determination of 371
average diffusion coefficient 143
average mass 71, 74, 87, 236, 388
average projected area 309
average property 72
average surface 72, 76, 87, 309, 358
average volume 77, 87
collision, air molecule 20
count mean 74, 87
count median (CMD) 72, 88
count median aerodynamic 75
effective fiber, for filters 169
equivalent 8
equivalent volume 44, 52, 356
Feret’s 353
fiber, for porous membrane filter 174–175
for 50% collection efficiency 107, 109
geometric mean 70–71
Kelvin 246–247
length mean 87
length median 87
Martin’s 353
mass mean 74, l00. see also Diameter, average

mass
mass median (MMD) 72, 88
mass median aerodynamic 75
mean volume-surface 74, 87
median 70–71
moment average 71–72
projected area 353, 356
Sauter 74, 87
second moment average 72
of settling sphere, high Reynolds number

47–54
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Diameter (contd.)
statistical 353
Stokes 46
surface mean 74–75, 87
surface median 87
third-moment average 71
various 87
volume mean 87
volume median 87
weighted mean, 75. see also specific diameter

name
from moment average diameters 75

Diaphragm vacuum pump 198–199
Dichotomous sampler 116, 221
Dielectric constant 284, 286
Di (2-ethylhexyl)phthalate (DOP) 169, 376,

377, 388
Differential mobility analyzer (DMA) 298
Diffracted light 311, 316
Diffusion

battery 141–143
boundary layer 140–141
and Brownian motion 135
charging 283–289, 298
coefficient

air 26
measured by diffusion battery 141–143
measurement by light scattering 327
particle 23, 129, 131
water vapor versus temperature 397

convective 129, 136, 137
dryer 388
eddy 129, 137
Fick’s first law 23, 129
force 129–131
gas exchange in respiratory system 205,

209
and growth by condensation 249
particle 129–132
respiratory deposition 206–210
single-fiber efficiency 167–168
thermal 129, 136
to surfaces 137–141
to walls of tube 139

Diffusiophoresis 154
Digital image, automatic sizing 371
Dipole force 121

Direct-reading instruments, aerosol
concentration 192–195

Discharging rate 294
Disperse system 1
Dispersibility of powder 383
Dispersion of powder 382–387
Displacement equation, accelerating particle

101–102
Distribution function, particle size. see Frequency

function
Distribution, particle size. see also specific

distribution
exponential 90
lognormal 77–80
mass 72–74
moment 72–75
normal 77
Nukiyama–Tanasawa 77
power function 90
properties of 65–71
Rosin-Rammler 90

DMA (differential mobility analyzer) 298
DOP. see Di(2-ethylhexyl)phthalate
Doppler effect 329
Doublets 380–382
Drag coefficient 38, 47, 50
Drag force 37, 40

cloud 334
effect of particle shape 44
effect of slip correction 42
on fitter fibers 174
irregular particles 44
Newton’s 37
Stokes 39–40

Droplet 4
effect on drag 40
evaporation 257–261
heating, condensation 250
lifetime 258
mode 272
temperature, equilibrium 250

Dry dispersion aerosol generation 382–387
Dry gas meter 33
Drying time, droplet 258
Dust 3
Dust-counting cell 197
Dust dispersion, methods 382–387
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Dust explosions 339–344
control 343
dispersibility of dust 343
maximum pressure 341
minimum concentration 339
minimum energy for spark ignition 343
minimum ignition temperature 341
rate of pressure buildup 342
requirements 339
severity 342–343

Dust free layer
evaporating surface 154
thermophoresis 147

Dust generators, characteristics of 384
Dustiness of powder 383
Dust loading 162
Dust-metering 382
Dynamic light scattering (DLS) 329
Dynamic shape factor 44–45, 356

use at high Reynolds number 54

e
Eddy diffusion 129, 137
Effective fiber diameter, filter 169, 174
Efficiency, electrostatic precipitator 295
Efficiency. see Collection efficiency
Electret fibers 169
Electric field 278–280, 294

Earth’s atmosphere 280
intensity 279
nonuniform 289
strength 278–280

Electrical force, effect on coagulation 233. see
also Electrostatic force

Electrical mobility 280–283, 286, 297
Electrical mobility analyzer 297
Electrical properties 277–302
Electrical resistance, size measurement by 299
Electrolytic charging 283
Electromagnetic radiation 306
Electron microscope

calibration 365
microprobe analyses 369
scanning 365–369
sizing procedure 355–356
transmission 365–367

Electron microscopy 365–369

Electrospraying 379
Electrostatic atomizer 379
Electrostatic collection in filters 168
Electrostatic deposition, respiratory 206
Electrostatic dispersion 233
Electrostatic field. see Electric field
Electrostatic force 277–278

adhesion 121, 122
Millikan cell 281

Electrostatic precipitation 2, 192, 363, 367
Electrostatic precipitator

collection efficiency 296–297
for electron microscopy sampling 296, 371
penetration 296
point-to-plane 296
scaling equation 296

Electrostatics, basic principles 277–280
Electrostatic system of units 278
Electrostatic units, conversion factors 278
Electrostatic velocity 281

high Reynolds number 281
Elemental analysis, electron microscope 369
Elemental analysis, particle 371
Elutriation spectrometer 56, 337
Elutriator

horizontal 56, 57, 218
cotton dust 222–223
respirable mass sampling 217

vertical 56, 386
Endospores 346
Endotoxins 345
Equation of motion 100
Equivalent diameters 8, 46, 353
Equivalent volume diameter 44, 52, 356
Equivalent volume sphere 44
Erosion of dust layer 125
Evaporation, atmospheric aerosol 272
Evaporation-condensation monodisperse aerosol

generator 387
Evaporation, droplet 257–261

correction for Fuchs effect 260
correction for Kelvin effect 258
correction for settling velocity 259
correction for volatile liquids 260
correction for wind effect 259
effect of corrections 260
effect of material 260
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Evaporation, droplet (contd.)
effect of relative humidity 260
rate 258–261
surface temperature 260

Evaporation region, saturation ratio 253
Expansion ratio, adiabatic cooling 245
Explosions, dust 339–344
Explosive concentration 339
Explosive dusts, characteristics of 341
Explosive gas 339
Explosive limit, dust 339
Exponential distribution 90
External force 97
Extinction 307–313

and apparent contrast 320–321
coefficient 308–309, 320
use in condensation nuclei counter 307
and diameter of average surface area 309
efficiency 308–309
for gases 309
maximum, particle size for 311
measured by transmissometer 323
paradox 311
per unit aerosol mass 312
for polydisperse aerosols 309
and visual range 344
wavelength dependent 322

Eyepiece lens 362

f
Fabric filtration 158
Face velocity, filter 161
Feret’s diameter 353, 354, 360, 365, 372
Fiber

alignment in flow stream 46
asbestos counting 369–371
fibrous aerosol monitor 371
filters 157
respiratory deposition 206
Reynolds number 163
slip correction 46

Fibrogenic dust 205
Fibrosis, alveolar region 205, 369
Fibrous filters 126, 157–174, 169
Fick’s first law of diffusion 23, 129, 135, 137,

227
Field charging 284, 286, 295

particle size range for 288
rate 286

Field lines, field charging 284
Field strength (electric) 278–280, 296

around charged particle 284
in cylindrical tube 280, 289–291, 298
between parallel plates 280
around point charge 279
tropospheric 280

Filar micrometer 365
Filled site, colony counting 349–350
Filters

analysis by single-fibers 163
artifact formation 163
capillary pore membrane 158
characteristics 163
clogging 162
collection efficiency 159
dust loading 162
effect

of humidity 190
of static charge 190
of storage 190

equilibration before weighing 190
fabric 158
face velocity 161
fiber diameter 164
fibrous 157–174
gravimetric analysis 162
holders 190
isolated fiber theory 163
macroscopic properties of 157–163
mass collection efficiency 160
membrane 157, 174–175
overall efficiency 169–174
packing density 161
particle size for minimum collection efficiency

162
penetration 161–162, 165
pressure drop 162–163, 174
quality 162, 174
resistance. see Filters, pressure drop
samples

chemical analysis 162
gravimetric analysis 189–190

sampling 160
single-fiber efficiency 166–168
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single-fiber theory 164
solidity 161, 174
tare weighs 190
velocity for minimum collection efficiency

162, 171
weight stability 162, 190

Filtration 157–176
fabric 158
granular bed 159

Fine fraction, separation of 116
Fine particle mode, effect on visual range

322
Fine particles 272
Flame charging 283
Flame propagation 342, 343
Flame speed, dust explosion 342
Flow around obstacle, particle motion 104
Flow controller 30
Flow rate, gas, measurement of 29
Flow rate in duct 29
Flow regime 24
Flow similarity 25
Fluidized-bed aerosol generator 386
Fly ash, coal 3
Fog 3
Force. see also specific force

adhesive 121–123
buoyancy 40
centrifugal 41
Coulombic 279
diffusion 129–131
diffusiophoretic 154
drag

Newton’s 37
Stokes 39–40

electrostatic 123, 277–278
external 97
gravity 40
osmotic pressure 130–131
photophoretic 153
radiation pressure 153
surface tension 123
thermophoretic 148–150
van der Waals 121–122

Formation, particle
with nuclei 251–255
without nuclei 247

Fractal dimension 8, 358–361
Fractal morphology 358
Free molecule region 44
Frequency function 68

lognormal distribution 79
normal distribution 77
relation to cumulative distribution function

70
Frequency histogram 66–67
Friction factor. see Drag coefficient
Frictional force, fluid element 25
Fuchs correction factor 250, 258
Fuchs effect, evaporating droplets 258, 260
Fume 3
Fungal spores 9, 345–346
Fungi 345–346

g
Gas

constant, ideal gas law 16, 392
exchange region, respiratory system 203
flow rate, measurement 29
kinetic theory of 15–17
molecules, light extinction by 399
properties 15–36, 395
resistance force 37
volume measurement 32

Gas-to-particle conversion 248, 266, 272
Gas-to-particle conversion, atmospheric aerosol

272
Geometric mean diameter 70–71, 79, 87
Geometric standard deviation 79, 82

confidence limits 88
from log-probability plot 81

Global emissions, aerosol 266
Global warming 274
Gradient coagulation 238–239
Gradient, concentration 23
Granular bed, filtration 159
Graticule, eyepiece 354
Gravimetric analysis, filters 162, 189–190
Gravitational settling 40–42

in filters 168
Greek symbols 405
Greenberg–Smith impinger 196
Greenhouse effect 275
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Grouped data, size distribution 65–66
Growth by condensation 248–251
Growth region, saturation ratio 253
GSD. see Geometrie standard deviation

h
Hamaker constant 126
Hansen filter 168
Hartmann apparatus 341
Hatch-Choate equations 84–87

coefficient 85, 87
derivation 90–92
general form 92

Hazard evaluation, aerosols 203
Haze 3

summertime, salt nuclei 255
Head airways region, respiratory deposition

208, 209–210
Heterogeneous nucleation 251
High-volume sampler 198–199
Histogram

frequency 66–67
standardized for sample size 67

Hi-vol sampler 199
Homogeneous nucleation 247–248, 266
Horizontal range. see Stopping distance
Hot wire anemometer 29
Hydrological cycle 1
Hydrosol 1
Hygroscopic nuclei 272
Hygroscopic particles

in accumulation mode 272
deposition in respiratory system 206
hysteresis with humidity change 255
and visibility 322

Hyphae 346

i
Ice nuclei 251
ICRP respiratory deposition model 210–213
Ideal gas law 16
Ignition temperature, minimum for dust

explosion 341, 343
Illumination, effect on threshold of brightness

contrast 321
Illumination for microscopy 364
Image analysis, automatic 371

Image charge 168, 207
Image-splitting eyepiece 365
Immersion oil, optical microscopy 363
Impaction 105–110, 266

atmospheric aerosols 272
jet 105
on moving rod 348
in nebulizers 376
nozzle 105
parameter 105
plate 105, 107, 111, 112

oil coating of 112
respiratory deposition 206

Impactors
cascade 110–115 (see also Cascade impactor)
collection efficiency 105
to control size distribution 380
cutoff curve 107, 111
downstream pressure 109
jet diameter 107
jet to plate spacing 107
low pressure 110
multijet 348
nozzle 107
oil coating of plates 112
overloading 115
partial 384
particle bounce 112, 126
precollector 115
separation distance 110
similarity 105
slit 348
Stokes number 106–107

virtual 115–117, 272
Impinger(s) 196–197, 348
Inclined manometer 34
Incompressible flow 58
Index of refraction 306–307
Inertia, gas 38
Inertial force on fluid element 25
Inertial impaction. see Impaction
Inertial range. see Stopping distance
Inhalability 214
Inhalable fraction 213–214, 217
Inhalable particle 349
Inhalable particle inlet 215
Inhalable particle sampling 215, 349
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Inhalable samplers 214–215
Inhalation hazard, silica dust 216
Inhalation of dust 213
Integrating nephelometer 322
Intensity, light. see Light, intensity
Interception

in filters 165–166
respiratory deposition 207

Interception parameter 165
IOM personal inhalable sampler 215
Ion mobility 283, 284
Ions

air 282
atmospheric 269
bipolar 294
charged molecular clusters 252
creation by corona discharge 33l
field charging 284
mean thermal speed 284
as nuclei 243, 251

Ion wind 290
Irregular particles, equivalent sizes 8, 44–45,

353–358
ISO inhalable criterion 213
Isokinetic sampling 179–185
Isolated fiber theory, filtration 163

j
Junge Layer 266
Junge distribution 269

k
Kelvin diameter 246–247, 255
Kelvin effect 246, 260–261
Kelvin equation 246, 252
Kelvin ratio 246

droplet size for soluble nuclei 252
Khrgian-Mazin distribution 90
Kinematic coagulation. see Coagulation,

kinematic
Kinetic energy

gas 18
particle, Brownian motion 130, 132

Kinetic theory of gases 15–17, 248–249
Knudsen number 21
Kohler curves 254
Koschmieder’s equation 320

Krypton-85 charge neutralizer 294
Kuwabara hydrodynamic factor 166

l
Lambert-Beer law, light extinction 308
Laminar flow 24, 26–27
Laminar-flow element 32
Laminar sublayer 125
Latex particles. see Polystyrene latex spheres
Law of proportionate effect 90
Least squares regression for log-probability plot

89
Length mean diameter 77
Lifetime of particles in atmosphere 267
Light

absorption 306
angular scattering 313
attenuation along axis 308
back-scattering 313
forward scattering 313
frequency 306
intensity 307
multiple-scattered 313, 323
polarized 307
pressure 153
scattering 305, 307, 313–317

angle 313
effect of wavelength 314
effect on visual range 317
elastic 305
geometric optics 305
measurement with 322
Mie equations 315–317
molecular 314
photometer 323
plane 313
polarized components 313
Rayleigh region 314
size parameter 307, 313–314

single-scattered 313
transmission, use with condensation nuclei

counter 255
unpolarized 307
velocity in vacuum 306
wavelength 306

Limit of resolution 364, 370
Liquids, low-vapor-pressure, properties of 403
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Loading of filters 162
Logarithmic transformation 78
Log-probability graph 80–84

bimodal distribution 82
effect of cutoffs 82
errors 88
fitting procedure 89
moment distributions 84
nonlinear 83
plotting procedure 82
truncation error 89
urban aerosol 270

Lognormal distribution 77–80
chi-square goodness-of-fit test 104
frequency function 77
Hatch-Choate equations. 84–87
theoretical basis 90

London-van der Waals forces 121
Low-pressure impactor 110
Lower explosive limit, dust 339–340
Luminance 318–319
Lung

characteristics of 205
deposition in 206–213

m
Magnification, maximum useful 364
Manometer 33–35
Martin’s diameter 353, 371
Mass concentration 8, 10

aerosol cloud 333
measurement by photometer 323
and nephelometer measurements 322, 324
relation to number concentration 72

Mass distribution 72–74
Mass flow meter 31
Mass median aerodynamic diameter 75
Mass median diameter (MMD) 72, 87
Mass median diameter obtained by cascade

impactor 111
Mass subsidence 333
Mass transfer

molecular 24
particle. 134

Maxwell-Boltzmann distribution of molecular
velocities 18, 315

Mean free path 21

gas 20–21, 24, 42, 172, 248, 397
particle 132–134

Mean mass diameter. see Diameter, average mass
Mean, particle size, definition 70
Mean volume-surface diameter 74
Mechanical mobility 41–42, 97, 102, 131, 281,

283
Median diameter, definition 70–71
Membrane filter 174–175, 195–196, 349, 369
Meteorological range 322
Metered dose inhaler 379
Metered-dose inhaler, dry powder 387
Micromanometer 34
Micrometer 6
Microscope

objectives, characteristics of 365
optical 362–365
scanning electron 366–369
transmission electron 365–368

Microscopic measurement of particle size
353–358

Microscopic particle counting 216
Microscopic point of view, need for 1, 6
Microscopy

electron 365–369
optical 362–365
phase contrast 369

Midget impinger 196
Mie intensity parameters 315–317
Mie scattering 315–317
Mie scattering region 305
Migration velocity 41
Millikan oil drop experiment 281–282
Minute volume, respiratory deposition 212
Mist 3
MMAD. see Mass median aerodynamic diameter
MMD. see Mass median diameter
Mobility

electrical 280–283, 286, 287
electrical analyzer 298
mechanical 41–42, 97, 102, 131, 280, 283

Mobility differential mobility analyzer 298–301
Mode 70
Molecular velocity, mean 20
Molecular-kinetic region 44
Molecules

adhesive forces 121
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clusters, formation 247
collisions 16–17, 20, 248
concentration 17, 248
diameter 21
light-scattering 305
mass transfer 22–23
mean free path 15, 24, 42, 248, 397
momentum transfer 22, 148, 154
spacing 20, 21
velocity 18–19

Moment average diameters 71–72, 76–77
Moment distribution 72–75

averages of 74–75
log probability plot 83
lognormal distribution 79

Moment sums 74
Monodisperse aerosol 5

generation 378–380
settling 54–55
sizing 323
use of 107, 392

Monolayer of particles 125
Motion at high Reynolds number 281
mppcf 10
Mucociliary escalator, lung 204
Multiplets 381–382
Mycotoxins 345
Nanoparticles 9

n
Natural background aerosol 268
Navier-Stokes equations 39, 58, 106
NCRP deposition model 210–211
Nebulizer, compressed air 375–379
Nebulizers, characteristics of 377
Nephelometer, integrating 322–324
Neutralization rate 293–294
Newton’s drag equation 38, 334
Newton’s law of viscosity 21
Newton’s region 37
Newton’s resistance law 37–38
Newton’s second law of motion 98, 393
“NIOSH method” asbestos counting 369
Nonrespirable particles 216, 218
Nonspherical particles 44–46

coagulation of 232
settling at high Reynolds number 52

Nonspherical particles at high Re 118
Nonviable particles 345, 349
Normal distribution 77–78, 89, 135
Nucleated condensation 251–255, 387–388
Nucleation

atmospheric aerosols 266
homogeneous 247–248

Nuclei
condensation 243, 252–253
effect on evaporating droplets 260
soluble, effect on equilibrium particle size

252–253
Nuclei mode 269
Nuclepore filter. see Capillary pore membrane

filter
Number concentration 10

measurement of 195, 255–257, 325
relation to mass concentration 72
standard deviation of count 195

Numerical aperture, objective lens 364

o
Objective lens 362–364
Oil coating for impaction plates 112
Oleic acid 403
OPC. see Optical particle counter
Optical cutoff size 82
Optical microscope 362–365

for asbestos counting 370–371
maximum useful magnification 365
for measurement of number concentration

295
objectives, characteristics of 365

Optical particle counter 324–326
characteristics of 326
coincidence error 326
effect of refractive index 326
scattering volume 325
truncation error 327
use with condensation nuclei counter

255
Optical properties of aerosols 305–322
Orifice meter 29
Orthokinetic coagulation 239
Osmotic pressure 130–131
Ozone depletion 274, 275
Ozone layer 266
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p
Packing density, filter 161
Partial pressure, vapor 243–244, 258
Particle density 8
Particle mean free path 132–134
Particle Reynolds number 26
Particle shape 8, 353
Particle size 5

measurement
automatic methods 371
direct methods 353–357, 398
indirect methods 56–58, 111–114, 141–143,

297–301, 323, 398
range of aerosol measuring instruments

398
range of aerosol properties 399

Particle size distribution. see Distribution, particle
size

Particle size-selective sampling 213–223
Particle velocity

centrifugal 41
gravitational 41

Particulate matter 4
Particulate suspensions, types 1
Peclet number 167
Penetration, electrostatic precipitator 296
Penetration. see also Collection efficiency

diffusion battery 141–143
electrostatic precipitator 295
horizontal elutriator 56–57
tube 129–130

Permittivity 277–278
Permittivity, relative 284, 286
Persistence, particle 102, 166
Personal sampling pump 198–199
Personal sampling, type of filter holder 190
Phagocytic cells, pulmonary region 205
Photochemical smog 269
Photochemical smog, formation 243, 248, 265,

269
Photometer 323
Photon correlation spectroscopy (PCS) 329
Photophoresis 153
Photophoretic force 153
Piezoelectric mass measurement 192, 296
Piston-meter 32
Pitot tube 28–29, 185

Plateout 137–141
PM10 sampling criteria 221
PM2.5 criteria 221
Point-to-plane electrostatic precipitator 296–297
Poisson distribution of count 195
Pollen 8, 345, 347–348, 387
Polydisperse aerosol

coagulation coefficient 233–236
definition 5
test 382–387

Polystyrene latex spheres 380
Polystyrene-divinylbenzene spheres 380
Pore size, porous membrane filter 158
Porosity, filter 157
Porous membrane filter 157–158, 174
Porton graticule 354–356, 419
Positive hole, colony counting 349–350
Potential gradient 279
Powder, dispersion of 382–387
Powder technology 2
Powders for aerosol generation 387
Power function size distribution 90
Pressure

conversion factors 392
gas, measurement 33–35

Pressure drop, filter 162, 174
Pressure rise index 341
Primary aerosol 4
Probability density function. see Frequency

function
Probability plot 81
Probe size, still air sampling 186
Probit 82
Projected area diameter 353, 356, 371
PSL. see Polystyrene latex spheres
Pulmonary region 203
Pumps, sampling 197–199

q
Quartz 4, 45, 216
Quartz crystal microbalance (QCM) 193
Quasi-elastic light scattering (QELS) 329

r
Radiation pressure 153
Radiometric force 153
Rainout 266, 269, 272
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Rayleigh charge limit, droplets 291
Rayleigh scattering 314–316
Rayleigh-Taylor instability 337
Rebound energy 126
Red bands, scattered light 324
Reentrainment 124
Refractive index 306, 322, 364
Refractive index, low-vapor-pressure liquids

403
Regional deposition, respiratory system

208–210
Relative humidity

effect on adhesive force 123
effect on droplet lifetime 260
and saturation ratio 244
and visual range 322

Relaxation time 97–98, 102, 134
and settling velocity 98
and stopping distance 102

Reserve air, lung 204
Residual air, lung 205
Residual charge distribution 293
Resistance, filter 162, 174
Resolution, microscope 364–365, 366–367
Respirable dust criteria 216
Respirable fraction 217
Respirable fraetion samplers, characteristics of

216–217
Respirable mass

of dust sample 217
sampling 215–223
standards, dusts 217

Respirable particle sampling 215–220, 349
Respirable samplers 217
Respiratory defense mechanisms 203
Respiratory deposition 203–224

effect of breathing rate 208
mass per unit time 212
mechanisms 203–224

alveolar 209
head airways 208
regional 208, 212
regional 208–209
tracheobronchial 209

models, ICRP 208–209
models, NCRP 210–211
total, experimental measurements 208

Respiratory regions 203
Respiratory system 203–206
Resuspension 124–125
Resuspension, dust explosion 339, 342
Reticule, eyepiece 354
Reverse photophoresis 153
Reynolds number 24–27

cloud 334
fiber 163
flow in pipes 27
impactor jet 109
particle 26–27, 38, 42, 47–54, 59, 105
settling of large particles 47, 51, 53

Richardson plot 358
rms

average diameter 72
forward velocity, particle 132
molecular velocity 18–19

Rosin-Rammler distribution 89
Rotameter 29–30
pressure correction 31
Rotary vane pump 197
Rotorod sampler 348

s
Sample volume, requirement for filter samples

190
Samplers, inhalable 214–215
Sampling 157, 179–189

anisokinetic
misalignment 180–181
velocity mismatch 183–185

area 191
bioaerosols 347–350
breathing zone 218, 369
criteria, PM-10 221
definitions 9
from ducts 185
filters 159
isokinetic 179–185
personal 191
probe, Stokes number 182
pumps 197–199
respirable mass 216–223

criteria 216–223
stack 191
subisokinetic 179, 183
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Sampling (contd.)
superisokinetic 179, 183
total mass 192
tube, lasses in 188–189

Satellite droplets, spinning disk aerosol generator
378

Saturation charge 286, 295
Saturation ratio 243

and Kelvin diameter 246–247
critical 248
equilibrium, for droplets 246–247
nucleated condensation 251
required for homogeneous nucleation 247

Saturation vapor pressure 243
Sauter diameter 74
Scanning electron microscope 367–369
Scattering coefficient 308

measurement by nephelometer 324
Scattering efficiency 308
Scattering of light. see Light, scattering
Scavenging of aerosol particles by raindrops

238
Secondary aerosol 5
Sedimentation cell 56
Sedimentation. see Settling
Self-cooling of evaporating droplets 246
Self-nucleation 247–248
Self-preserving size distribution 236
Self-similarity 358
Sensitive volume, optical particle counter 326
Separation distance 110, 122, 277
Settling 40–42, 47–54

atmospheric aerosol 267, 274–275
chamber 56
in filters 165, 167

polydisperse aerosol 55
in respiratory system 206
stirred 54–55
tranquil 54

Settling tube 56
Settling velocity 40–42

cloud 333, 334
all conditions, summary 54
effect on droplet evaporation 259–260
effect of buoyancy 40
effect of particle shape 44–45
effect of pressure 44

effect of slip correction 42
at high Reynolds number 47–54
in terms of mobility 97
in terms of relaxation time 97
terminal 40–42
time to reach 100

Shape effect on settling velocity 44–46
Shape factor

dynamic 44–45
volume 356

Shear coagulation 238–239
Shock wave 342
SI system of units 1
SI units, prefixes 405
Sieves 8, 394
Silica dust, inhalation hazard 216
Silver iodide 251
Similarity

flow 24
particle motion 105

Single fiber deposition mechanisms 165–169
Single fiber efficiency 166–169

diffusion 165
diffusion-interception interaction 166
electrostatic attraction 166–169
impaction 166
interception 165
settling 168
total 169

Single fiber theory, filtration 164
Single particle counter. see Optical particle

counter
Single ratio 381–382
Singlets 381–382
Size distribution. see Distribution, particle size
Size parameter, light scattering 307
Size selective sampling 215–223
Skewed distribution 70, 77
Slip correction 42–44

filter fibers 174
impactor cutoff 109

Slip correction factor 42–44
for aerodynamic diameter 47
effect of pressure 44
effect of temperature 402
fibers 46
irregular particles 45
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Smog 4
Smoke 4
Smoke tubes 388
Smoluchowski coagulation 227. see also

Coagulation, thermal
Soap bubble spirometer 32
Sodium chloride nuclei 252–254
Soil dust 265
Soil dust, global emissions 266
Soil particles, in urban air 272
Solidity 174
Solidity, filter 161, 166
Sound, velocity of 35
Specific surface 94
Sphere, properties of 393
Spheres, standard 380
Spirometer 32
Spray 4
Spray electrification 283
Sputter coating apparatus 368
Stabilizer, in polystyrene latex suspension 382
Stack sampling 191
Stack-sampling, EPA method 5, 191
Stage micrometer 354, 365
Stagnant settling 54
Standard conditions 5
Standard density sphere 44
Standard deviation 78
Standards

chrysotile asbestos 369
cotton dust sampling 222
mineral dust 196
nuisance dust 10
particulate matter 10, 191
respirable dust 217
US PM2.5 10

“Stat” electrical units 277–278
Static charge on sampling filters 190
Static detachment 124
Static electrification, charging 283
Static pressure 28
Statistics

descriptive 65
particle size 65–94

Stefan flow 147, 154
Still air, sampling 185–188
Stirred coagulation 239

Stirred settling 54–55
Stokes diameter 46
Stokes drag 40, 129, 154. see also Drag force
Stokes number

cylinder 105
50% efficiency 107–108
filter fiber 166–167
general form 105
gravitational coagulation 238
impactor 105, 106
sampling tube 185

Stokes region 38, 98, 102, 280–283
Stokes’s law 37, 39–40, 42, 99

derivation 57
dynamic shape factor 44–45

Stokes-Einstein equation 131
Stopping distance 101–103

outside Stokes region 101
relation to mean free path 133
in respiratory impaction 206
use of, in Stokes number 105

Stratified counting 356
Stratospheric aerosol 266–267, 274
Streamlines, flow around an obstacle 104, 166,

179, 206–207
Stripper 143
Submicrometer particles 7–8
Supersaturated vapor 243–244
Supersaturation 243–244

in atmosphere 252
condensation nuclei counter 255
required for condensation on insoluble nuclei

252
required for condensation on ions 252
required to prevent droplet evaporation 247

Surface deposition 137
Surface field for spontaneous charge emission

291–292
Surface mean diameter 74, 77
Surface tension

adhesion 121, 122
charge limit 292
low-vapor-pressure liquids 403
of water versus temperature 397

Survey instruments 192–195
Survivability of bioaerosols 347
Suspended particulate matter 1
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Suspensions, particulate, types 1
Sutherland equation 23

t
Tapered element oscillating microbalance

(TEOM) 193
TDMA, tandem differential mobility analyzer

298–299
Temperature depression correction 258
Temperature gradient

gas 147–148, 151
particle 148

Terminal centrifugal velocity 41
Terminal electrostatic velocity 280–283
Terminal settling velocity 40, 42
Terminal velocity, time to reach 99
Test aerosol, DOP 376, 387–388
Test aerosols, production of 375–388
Thermal coagulation. see Coagulation, thermal
Thermal conductivity of air 149–150
Thermal conductivity, various materials 150
Thermal deposition 151
Thermal force 148–149
Thermal precipitation, use in air cleaning

151–153
Thermal precipitator 151–153
Thermal velocity, mean

gas 20
particle 132

Thermodynamic diameter 143
Thermophoresis 147–151
Thermophoretic velocity 148–149, 189
Thomson-Gibbs equation 246
Thoracic fraction 219–221
Threshold limit value 10, 196
Threshold of brightness contrast 320–321
Tidal volume 203
Time to double particle size by coagulation 231
Time to reach terminal velocity 100
Time to stop, particle 102
Time-of-flight instruments 117–119
Titanium tetrachloride 388
Total mass, sampling 192
Toxicity of aerosol particles 1
TSI 3007 256
Tracheobronchial region 203, 209
Tranquil settling 54–55

Transition region 44
Transmission electron microscope 369
Transmittance, light 308
Transport losses 188–189

laminar flow 189
in tube bend 188
turbulent flow 189

Tropospheric aerosol 267–268, 272
Troposphene background aerosol 267
Troposphene electric field 280
Tube, diffusion to walls 139–140
Turbulent air flow 124
Turbulent eddies 125
Turbulent flow 26

coagulation 239

u
U-tube manometer 33
Ultrafine particles 8
Ultramicroscope. see Sedimentation cell
Ultrasonic coagulation 239
Ultrasonic nebulizer 378
Ultraviolet fluorescence of bioaerosols 349
Ultraviolet light and homogeneous nucleation

248
Unipolar ions 283, 289
Units

cgs system 7
electrostatic 277-278
SI system 1

Unsaturated, vapor 244
Urban aerosol 265, 269–274
US PM2.5 10

v
van der Waals force 121–122, 247
van’t Hoffs law 130
Vapor pressure 243

at droplet surface 250
effect of dissolved salt 252–254
equilibrium 243
low-vapor-pressure liquids 403
saturation 244
of water versus temperature 397

Vapors, properties of 218
Variable area meter 30–31
Variable head meter 29–30
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Velocity
boundary layer, turbulent flow 241
changing external force 101
deposition 139
gas

measurement of 27–28
for still air sampling criteria 187

gradient, coagulation 238–239
head 28
particle, adjustment of 100
pressure 27–28
terminal

centrifugal 41, 107–108
electrostatic 280
for constant force 97
settling 40–42 (see also Settling velocity)
thermophoretic 148–149

Venturi meter 29
Venturi scrubbers, Stefan flow in 154
Viability of bioaerosols 347
Viable particles 345, 347, 349
Vibrating orifice aerosol generator 378–380
Virtual impactor 115–117, 221, 377
Viruses 9, 346–347
Viscosity

aerosol 333
air 22–24, 26, 392, 395
coefficient of 22
effect of temperature 22–23
Newton’s law of 21
temperature dependence 22–23

Viscous force, gas 21, 39
Visibility 272, 317–322
Visual range 317–322

and extinction coefficient 321
effect of contrast 318

Volcanic aerosol 7
Volcano, aerosol emissions 265–266, 274
Volume fraction

of fibers, filter (see Solidity, filter)
suspensions of spheres 380–382

Volume mean diameter 76
Volume ratio, adiabatic cooling 244
Volume shape factor 356, 358

w
Wall losses in tubes, diffusive 139–140
Walton-Beckett graticule 370
Washout 266, 272–273
Water, properties of 398
Water vapor, properties of 398
Wavelength of light 306
Wavelength of light and microscope

resolution 364
Weibull distribution 89
Weight stability, filters 162, 189–190
Weighted distribution. see moment

distribution
Weighted mean diameters 74–75

from moment average diameters 75
Wet test meter 33
Wilson cloud chamber 252
Wind, effect on droplet evaporation 258–259
Wind, effect on aspiration efficiency 213
Winnowing gas stream 56
Wire-in-tube geometry, field strength 379,

389–390, 294–295
“Whitehouse” effect 275
Wright dust feed 383–384

y
Yeasts 346
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