
I

 

19505

 

1st

    

INSO

19505

st.Edition

 

Iranian National Standardization Organization

 

Fire chemistry

 

Measurement of aerosols

 

Islamic Republic of Iran

  

ranian National Standardization Organization

Fire chemistry
Measurement of aerosols

ICS:

Islamic Republic of Iran

ranian National Standardization Organization

     

Fire chemistry- Generation and
Measurement of aerosols

       

ICS:13.220.01

 

Islamic Republic of Iran

ranian National Standardization Organization

Generation and
Measurement of aerosols

 

13.220.01

 

ranian National Standardization Organization

Generation and

         



                                               

.

                                                                      

. 

                                            

.

                                      

. 

                            

.

        

(ISO)

  

(IEC)

      

(OIML)

       

(CAC)

    

.

                           

. 

                                           

/

                                                                                                  

.

                          

.

                                                

 

1- International Organization for Standardization 
2 - International Electrotechnical Commission 
3-  International Organization of  Legal Metrology (Organisation Internationale de Metrologie Legale)  
4 - Contact point 
5 - Codex Alimentarius Commission 



    

(



   



         

in-situ 

       



  
DppNppRgDf

 
kf

           



   

ISO 29904: 2013 , Fire Chemistry- Generation and Measurement of aerosols  



  



  



   

nm µm

µm

nmnm

                                                

 

1- Droplets 
2- Inhalable 



   

C

C

                                                

 

1- Extrathoracic 
2- Thoracic

 

3- Tracheobronchic

 

4- Alveolar 
5 - History 



  

PM10

PM2.5Dp < 100 m(Dp < 10 m)(Dp < 4 m)

(Dp < 0.1 m)Dp < 0.50 m

CFD

                                                

 

1- Flashover 
2- Computational fluid dynamics

 



  

v

                                                

 

1- Take into account 
2- Fire plume 
3- Thermophoresis 
4- Buoyancy 
5- Black body 
6- Intrusive effect 



  

(particles/mL)

 

                                                

 

1- Overall

 



  
nmµm

Dpnm

nm

Dagr/cm3

Zp

  

B

Dg

                                                

 

1- Gaussian

 

2- Cunningham correction factor 



  
DPPDagr

 

(DLA)

Np:

                                                

 

1- Martin diameter 
2- Feret diameter 
3- Stokes diameter 
4- Witten and Sander 
5- Julien and Botet 
6- Diffusion limited aggregation 
7- Quasi-fractal 



  
DPPNppRg

DfKf

MMAD

Lm

extm-1

N m-3

m 

f(d)

d m

Cext(d,m)d (m 2sr 1)

 

                                                

 

1- Mass median aerodynamic diameter 
2- Bouguer-Beer-Lambert

 

3- Rayleigh approximation 



     

( )



  
N m-3

m 

f(d)

d m

Cext(d,m)d (m 2sr 1)

  

                                                

 

1- Rayleigh approximation 
2-Maxwell equations 



   

T

n

k

                                                

 

1- Moment 
2- T-Matrix 
3- Lorenz-Mie 



  

ISO TC92/SC3/WG6

                                                

 

1 Alveoli 
2- Wildland 
3- Biohazard laboratories

 

4- Plug 



  

nm

in- situ

in- situ



   

N

                                                

 

1- Gravimetric cascade impactor sampling

 

2- In discrete 
3- Size bar 
4- Particle sizers 
5- Optical particle sizers 
6- Binned 
7- Multimodal 



  

in- situ

in- situ

TP

TEM

C

TEM

TEM

(EP)

                                                

 

1- Thermophoretic precipitator

 

2- Green and Watson 
3- Transmission Electron Microscopy Grid

 

4- Institute of Toxicology and Experimental Medicine 
5 - Peltier-effect 



  
DMA

NAS 3089TSI

TEM

nm

FS

TEM

µmµm

TEM

TEM

Dpp

TEM

Spp

Sag 2D

                                                

 

1- Differential Mobility Analyser 
2- Filtration sampling (FS) 
3- Nucleopore 
4 - polystyrene sphere latex 
5- Grey-levels micrographs 
6- 2D-projected pixel surface 



   

kaka

RTEMri

 

Rg

 

(N , R )

NppDg/Dpp

kf



  
NppDg/Dpp

3D

TEM3D

Rg3D

DMA-ELPI

TEM

ELPI

DMA

DMA-ELPI

DMA-ELPI

  

ELPIDMA

log(Da) = f(log(Dm))

                                                

 

1- Atomic Force Microscopy (AFM)

 

2 - Differential Mobility Analyser- Electrical Low Pressure impator 



  

DMA-ELPI

                                                

 

1- Regal solution

 



  

SO2

 

H2O + 3 % H2O2SO4
2-HPLC 

HClHBr H2O, Br-Cl-HPLCTitrimetry

HF NaOH 1 MF-HPLC, ISE (Ion-Selective Electrode) 

HCN NaOH 0,1 MCN-HPLC , Spectrocolorimetry

CS2
GC-MS, GC-FID 

TSAPSA

                                                

 

1- Host 
2- Thermal desorption 
3- Pressure desorption

 



  
(GC-FID)(GC-

MS)

in-situ

in-situ

                                                

 

1- Flame-ionization detector

 

2- Mass-spectrometry 



  

µma 

In situ, 
NA

In situ, 

 

NA

In situ, 

In situ, 

In situ, 

 

In- situ 

NA

b

c

NA 

NA 



  
SMPS

EEPS- FMPS

APS

 
part/cm3

  a

 

b

c

 

in-situ

in-situ

N



  
nmnm

nm

ISO 5560-2

                                                

 

1- Opacimeter

 

2- Monochromatic laser

 

3- Rasbash and philips 
4

 

Stack- mounted 
5- Attenuation 
6- Compensation 



   
ISO 5560-2 

k

SEA

ISO 5560-2 

NO

SEA%(r = 28.83+0.14xSEA)

(R = 15.03+0.56xSEA)ISO 5660-2SEA

                                                

 

1- Opal 
2- Specific Extinction Area

 



  
ISO 5660-2

ISO 5659-2

     

vv

                                                

 

1- Orthogonal

 



   

A-D

   

PR 

C 

BS 

L 

S

 



  

in- situ

in- situ

CCDµm

l 

µm 

PDA

                                                

 

1- Ombroscopy 
2- Hologrphy

 

3 -Pulsed laser 
4- Restitution 
5- Phase Doppler Anemometry 
6- Photon correlation spectroscopy

 

7- Brownian 



  
LIILII

LII

                
LIILII

LIILII

 

R

R

R

                                                

 

1- Laser induced incandescence 
2- line-of-sight technique

 

3- Isokinetic 
4- Subisokinetic 
5- Superisokinetic 



  

ISO 9705

                                                

 

1- Grane and Evans and Pui 
2- Romay- Novas and Liu

 

3- Stokes number

 

4- Nozzle 
5- Probe

 



  

mmm/smm

mm

mm

mm

mm

                                                

 

1- Chamfer 
2- Mini-cyclones

 

3- Inertial impactors 



  

CC

particles/cm3

                                                

 

1- Electric ground 
2-Eejector

 

3-Ejector diluter 



  

                                                

 

1- Pressure drop 



  

ISO 9705

C

                                                

 

1- Baffles

 

2- Plates 
3- Intrusions

 



  

3m

kg

kg

kg

ISO 5660-2

                                                

 

1- Bench-Scale Test 



  
NN+1

MMAD

D

                                                

 

1- Mass-Median Aerodynamical Model

 

2- Cut-off size

 

3- Square root 



  

nmm



  
nmm

ELPI

ELPI

ELPI

                                                

 

1- Electrical Low Pressure Impactor

 

2- High voltage corona discharge 



  

ELPI

C

ISO 

9705

TEOM

TEOM

TEOM

fM

                                                

 

1- large-Scale Test

 

2- Tapered Element Oscillating Microbalance 
3- Airborne 



   
m

 
K0

f1f0Hz

µm

SMPS 

                                                

 

1- Piezo-electric crystal 



  
SMPSDMA

CPC

DMA

SMPS

PoKr

DMA

m

210PoCPC

DMA

                                                

 

1- Diffusion mobility analyser

 

2- Condensation particle counter  



  
SMPS 

DMA

nmm

SMPS

SMPS

SMPS

DMA

SMPS

nmnm

SMPS

SMPS

EEPSFMPS 

SMPSm

SMPS

DMA

EEPSDMA

DMS

EEPSm

                                                

 

1- Integration time 
2- Engine Exhaust Particle Sizer 
3- Fast Mobility Particle Sizer 



  

EEPSFMPSEEPS

HzFMPSHz

FMPSEEPS

 

EEPS 

EEPS



  
nmnm

EMPS

 
nmnm

SMPS

EEPSFMPS

APS

µmµm

 

APS

                                                

 

1- All-in-one granulometer 
2- Time-of-flight technique 
3- Mie scattering 



  

APS

                                                

 

1- Beam dump 



  
µmµm

µm

µm

APS

particles/cm

DMAEEPSSMPS

CPCCPC

mm

mm

µm

µmµm

µmµm

                                                

 

1- Beta gauges

 

2- Substrate 
3- Diffusion Mobility Analyser

 

4- Electrometer-filter 



  

nmm

                                                

 

1- Ball 
2- Spark discharge generators 
3- Helsper and etc

 

4- Electrical arc discharge

 



  

nmnm



  

N(dm) 

barW

µmµm

  

                                                

 

1- Enclosure 
2- Pneumatic nebulisor 



  



  

APSSMPS

SMPS

SMPS

EEPSnmPA



  

SMPSAPS



  
SPLNE

SP

LNE



   

MMAD

MMAD

                                                

 

1- Blomqvist

 

2- Bulter and Mulholland 
3- Hindes

 

4- Enclosure test with a sofa 



  

MMAD

FR

FR

SP

MMAD

MMAD

mMMAD



  

MMAD

MMAD

GSD

 

logDplogDp+1Dp

Dp+1

 

                                                

 

1- Quotient

 

2- Geometric Standard Deviation

 



  
y´(Dae) = 1/Nf x y(Dae)Dae

  

m

MMAD

m

MMAD

                                                

 

1-Probit 
2-Probit 



  

DpSMPSDa

mFv

                                                

 

1-Joyeux

 



  

DppNppRgDfkf

DppNpRg

Dpp 

nm
Np 

Rg 

nm

    



   
/

/

 

/

Dfkf

Df kf

2D TEM

2D TEM

2D TEM

2D TEM

2D TEM

ALS 

2D TEM

SEM 

2D TEM

2D TEM

 

DMA- ELPI 

2D TEM

2D TEM

2D TEM

2D TEM

/ALS/ TEM 

/

2D TEM



  
2D TEM

2D TEM

2D TEM

2D TEM

ALS 

2D TEM

DMA- ELPI

SEM

SEM

2D TEM

SEM 



  
nm 

nm

Pop

 

x 

m

V 

Kn

n

                                                

 

1- Langmuir layer

 

2- Freundlich equation

 



  
BET

BET

 

BET

BETg

 

N

                                                

 

1- Brunauer Emmet and Teller

 



  
nm

                                                

 

1- Priodontal pocket 



  
m

m

ISO 

7708

ISO 7708

m

                                                

 

1- Mahaffey and Miller and Peterson 

 



  

PM10

mmPM2.5

PM10

PM2.5

USDAmm

mPM10

mmm

m

m

mmmm

                                                

 

1- United States Department of Agriculture 
2- Bronchioles

 

3- Primates

 



  
SO

m

mm

mm

RADS

                                                

 

1- Aerostable

 

2- Squamous epithelium 
3- Mucus

 

4

 

Submucosal 
5- Reactive Airway Disease Syndrome

 

6- Bronchoconstriction 



  
mm

m

mm

WHO

CEPM10

                                                

 

1 -Surfactant 
2- Atheroma 



  
PM2.5

PM2.5

PM10

mm

m

m



  

mmmg

MMADm

GSD

NMADm

SMADm

BERNER- IMPACTOR I

 

L/min

s

 

mg/m

 

air

m



  
m

m



  

[1] Ouf F.X.Caractérisation des aérosols émis lors d un incendie, PhD Thesis, University of 
Rouen,2006, ISRN IRSN-2006/62-FR. 

[2] Renoux A., & Boulaud D.Les aérosols 

 

Physique et métrologie 

 

Editions Lavoisier Tec & Doc 
Paris. ISBN 2-7430-0231. 

[3] Willeke K., & Baron P.A. Aerosol Measurement. Principles, Techniques and Applications. J. 
Wiley & Sons, 1993 

[4] Blomqvist P.Emissions from Fires 

 

Consequences for Human Safety and the Environment, PhD
thesis, Report 1030, Lund University, 2005. 

[5] Levin B.C., & Kuligowski E.D.Toxicology of Fire and Smoke. in Inhalation Toxicology. 2nd 
Edition. Chapter 10, pp. 205-228. CRC Press (Taylor and Francis Group), Boca Raton, FL, 
Salem, H.;Katz, S. A., Editor(s), 2005. 

[6] Pauluhn J. Retrospective Analysis of Acute Inhalation Toxicity Studies: Comparison of Actual
Concentrations obtained by Filter and Cascade Impactor Analyses. Regul. Toxicol. Pharmacol.
2005, 42 pp. 236 244 

[7] USDA. 1991, Health Hazards of Smoke, USDA Forest Service, Missoula Technology and
Development Center, 9167-2809-MTDC, 8 p. 

[8] Harvey R.G. Polycyclic Aromatic Hydrocarbons: Chemistry and Carcinogenicity. 
CambridgeUniversity Press, 1991, pp. 11 15. 

[9] Witten T.A., & S anders J.M. Diffusion-Limited Aggregation, a Kinetic Critical 
Phenomenon.Phys. Rev. Lett. 1981, 47 pp. 1400 1403 



  
[10] Jullien R., & Botet R. Aggregation and fractal aggregates. World Scientific Pub Co Inc. 1987

 
[11] Putorti A.D. Design parameters for stack-mounted light extinction measurement devices, NISTIR

6215. National Institute of Standards and Technology, Gaithersburg, 1999 

[12] Van Hulle P.Caractérisation des aérosols émis par la combustion des hydrocarbures: Application
a la mesure de l indice de réfraction des suies. PhD Thesis, University of Rouen, 2002. 

[13] Wu J.S., Krishnan S.S., Faeth G.M. Refractive indices at visible wavelengths of soot emitted 
from buoyant turbulent diffusion flames. J. Heat Transfer. 1997, 119 pp. 230 237 

[14] Bushell G.C., Yan Y.D., Woodfield D., Raper J., Amal R. On techniques for the measurement of 
the mass fractal dimension of aggregates. Adv. Colloid Interface Sci. 2002, 95 pp. 1 50 

[15] Sorensen C.M.Scattering and absorption of light by particles and aggregates. In: Handbook of 
Surface and Colloid Chemistry, (Birdi K.S.ed.). CRC Press, 1997, pp. 533 558. 

[16] Green H.L., & Watson H.H. Medical Research Council Special Report, 199 HMS. HMSO, 
London, 1935 

[17] Dobbins R.A., & M egaridis C.M. Morphology of flame-generated soot as determined by 
thermophoretic sampling. Langmuir. 1987, 3 pp. 254 259 

[18] K?ylü U.? ., McEnnaly C.S., Rosner D.E., P fefferle L.D. Simultaneous measurements of soot 
volume fraction and particle size/microstructure in flames using a thermophoretic sampling 
technique. Combust. Flame. 1997, 110 (Issue 4) pp. 494 507 

[19] Thomassen Y., Koch W., Dunkhorst W., Ellingsen D.G., Skaugset N., Jordbekken L. et al. 
Ultrafine Particles at Workplaces of a Primary Aluminium Smelter. J. Environ. Monit. 2006, 8 
pp. 127 133 

[20] Model 3089 Nanometer Aerosol Sampler, TSI Manual 

[21] Spurny K.R. Physical and Chemical characterization of Individual Airborne Particles. John Wiley 
& Sons Inc, New York, 1986, pp. 40 71. 

[22] K?ylü U.? ., Faeth G.M., Farias T.L., Carvalho M.G. Fractal and projected structure properties of 
soot aggregates. Combust. Flame. 1995, 100 pp. 621 633 

[23] K?ylü U.? ., Xing Y., Rosner D.E. Fractal morphology analysis of combustion-generated 
aggregates using light scattering and electron microscope images. Langmuir. 1995, 11 pp. 
4848 4854 

[24] Sorensen C.M., & Feke G.D. The morphology of macroscopic soot. Aerosol Sci. Technol. 1996, 
25 pp. 328 337 

[25] Van Gulijk C., Marijnissen J.C.M., Makkee M., Moulijn J.A., Schmidt-Ott A. Measuring diesel 
soot with a scanning mobility particle sizer and an electrical low-pressure impactor: 
performance assessment with a model for fractal-like agglomer. J. Aerosol Sci. 2004, 35 pp. 
633 655 

[26] Fardell P., & Guillaume E.Sampling and analysis of fire effluents, in Fire Toxicity (chapter 11) 
1st edition, ISBN 1 84569 502 X, Woodhead publishers / CRC ed., April 2010. 

[27] Rasbash. D.J., Philips R.P., Quantification of smoke produced by fires. Fire Mater. 1978, 2 pp. 
102 109 

[28] Durst F., & Zare N.Laser Doppler Measurements in Two-Phase Flows. Proceedings of LDA75, 
University of Denmark, 1975. 

[29] Grehan G., G ouesbet G., N aqwi A.Trajectory Ambiguities in Phase Doppler Systems: Use of 
Polarizers and Additional Detectors to Suppress the Effect, International Symposium on 
application of laser techniques to fluid mechanic, Lisboa, 12.1. 1992. 

[30] Wiener B.B.Particles Sizing Using Photon Correlation Spectroscopy. In: Modern Method of 
Particle Size Analysis, (Barth H.G.ed.). Wiley, New York, 1984, pp. 93 116. 



  
[31] Crane R.I., & E vans R.L. I nertial d eposition o f p articles i n a b ent p ipe. J. Aerosol Sci. 1977, 

8 (3) pp. 161 170 

[32] Pui D.Y.H., Romay-Novas F., Liu B.Y.H.Experimental Study of Particle Deposition in Bends of 
Circular Cross Section. Aerosol Sci. Technol. 1987, 7 (3) pp. 301 315 

[33] DEKATI. Fine Particle Sampler FPS-4000 documentation, available online at http://www.dekati. 
com/cms/fps_4000. 

[34] DEKATI. Diluter DI-1000 documentation, available online at http://www.dekati.com/cms/

 

dekati_diluter. 

[35] MATTER ENGINEERING Rotating disk diluter for Emissions documentation, available online 
at http://www.matter-aerosol.ch/. 

[36] Le Tallec Y., S aragoza L., H ertzberg T., B lomqvist P.Particles from Fire: Evaluation of the 
particulate fraction in fire effluents using the cone calorimeter. Proceedings of Interflam 
Conference, Edinburgh University, 2004. 

[37] Lall A.A., Seipenbusch M., R ong W., F riedlander S.K. On-line measurement of ultrafine 
aggregate surface area and volume distributions by electrical mobility analysis: II. Comparison 
of measurements and theory. J. Aerosol Sci. 2006, 37 pp. 272 282 

[38] Leith D., & Peters T.M. Concentration Measurement and Counting Efficiency of the 
Aerodynamic Particle Sizer 3321. J. Aerosol Sci. 2003, 34 (5) pp. 627 634 

[39] May K.R. A multistage liquid impinger. Bacteriol. Rev. 1996, (September) pp. 559 570 

[40] Raabe O.G. The dilution of Monodisperse suspension for Aerosolization. Am. Ind. Hyg. Assoc. J. 
1968, 29 pp. 439 443 

[41] Helsper C., Molter W., Loffler F., Wadenpohl C., Kaufamnn S., Wenninger G. Investigations of a 
New Aerosol Generator for the Production of Carbon Aggregate Particles. Atmos. Environ. 
1993, 27 pp. 1271 1275 

[42] Bau S.IRSN/DSU/SERAC - Journées des Thèses IRSN, 1-4 October 2007. 

[43] Motzkus C., Chivas-Joly C., Guillaume E., Ducourtieux S., Saragoza L., Lesenechal D. et al. 
Count size distribution of the aerosol emitted by the combustion of nanocomposites, Posters 
session, European Aerosol Conference EAC2011, Manchester (UK), 4-9 September 2011. 

[44] Butler K.M., & Mulholland G.W. Generation and Transport of Smoke Components. Fire Technol. 
2004, 40 (2) pp. 149 176 

[45] Hinds W.C.Aerosol Technology, 2nd Ed., A Wiley-Interscience publication, 1999. 

[46] Hertzberg T., & Blomqvist P. Particles from fires 

 

a screening over common materials found in 
buildings. Fire Mater. 2003, 27 pp. 295 314 

[47] L?nnermark A., & Blomqvist P. Emissions from an Automobile Fire. Chemosphere. 2006, 62 pp. 
1043 1056 

[48] Mulholland G.W.Smoke productions and properties, In SFPE Handbook of Fire Protection 
Engineering (NFPA, Ed.), NFPA, 2.258-2.268, Quincy, MA, USA, 2002. 

[49] O Shaughnessy P.T., & R aabe O.G. A comparison of cascade impactor data reduction methods. 
Aerosol Sci. Technol. 2003, 37 (2) pp. 187 200 

[50] Dennis R.Handbook of Aerosols - Technical Information Center, Energy Research and 
Development Administration. pp. 110-114, July 1976. 

[51] Marple V.A., & R ubow K.L.Aerosol Generation Concepts and Parameters. In: Generation of 
Aerosols and Facilities for Exposure Experiments, (Willeke K.ed.). Ann Arbor Science Publ. 
Inc, Mich., 1980, pp. 3 29. 

http://www.dekati
http://www.dekati.com
http://www.matter-aerosol.ch


  
[52] Raabe O.G.Deposition and Clearance of Inhaled Aerosols. In: Mechanisms in Respiratory 

Toxicology, (Witschi H., & Nettesheim P.eds.). CRC Press, Inc, Boca Raton, Florida, Vol. I., 
pp. 27 76. 

[53] Snipes M.B. Long-Term Retention and Clearance of Particles Inhaled by Mammalian Species. 
Crit. Rev. Toxicol. 1989, 20 pp. 175 211 

[54]. Sot-commentary. Recommendations for the Conduct of Acute Inhalation Limit Tests, prepared 
by the Technical Committee of the Inhalation Specialty Section. Society of Toxicology. 
Fundam. Appl. Toxicol. 1992, 18 pp. 321 327 

[55] Rosiello A.P., Essigmann J.M., Wogan G.N. Rapid and Accurate Determination of the Median 
Lethal Dose (LD50) and its Error with Small Computer. J. Toxicol. Environ. Health. 1977, 3 
pp. 797 809 

[56] ISO 7708, Air quality 

 

Particle size fraction definitions for health-related sampling 

[57] Joyeux D.Numerical and experimental assessment of soot formation in Ethylene diffusion flame, 
PhD Thesis, University of Rouen, 1993. 

[58] Samson R.J., Mulholland G.W., Gentry J.W. Structural analysis of soot agglomerates. Langmuir. 
1987, 3 pp. 272 281 

[59] K?ylü U.? ., & Faeth G.M.Carbon monoxide and soot emissions from buoyant turbulent diffusion 
flames. Fire Safety Science: Proceedings of the Third International Symposium, pp 625-634, 
1991. 

[60] Hu B., Y ang B., K ?ylü U.? . Soot measurements at the axis of an ethylene/air non-premixed 
turbulent jet flame. Combust. Flame. 2003, 134 pp. 93 106 

[61] Ouf F.X., Coppalle A., Vendel J., Weill M.E., Yon J. Characterization of soot particles in the 
plume of over-ventilated diffusion flames. Combust. Sci. Technol. 2008, 180 (4) pp. 674 698 

[62] Krishnan S.S., Lin K.-C., Faeth G.M. Optical properties in the visible of overfire soot in large 
buoyant turbulent diffusion flames. J. Heat Transfer. 2000, 122 pp. 517 524 

[63] Krishnan S.S., & Faeth G.M.Buoyant turbulent jets and flames: II.Refractive index, extinction 
and scattering properties of soot, NIST GCR 00-796, 2000. 

[64] Megaridis C.M., & Dobbins R.A. Comparison of soot growth and oxidation in smoking and 
nonsmoking ethylene diffusion flames. Combust. Sci. Technol. 1989, 66 pp. 1 16 

[65] Lee K.B., T hring M.W., B eér J.M. On the rate of combustion of soot in a laminar soot flame. 
Combust. Flame. 1962, 6 (Issue C) pp. 137 145 

[66] Prado G.P., Lee M.L., Hites R.A., Hoult D.P., Howard J.B.Soot and hydrocarbon formation in a 
turbulent diffusion flame. International Symposium on Combustion Vol. 16 (1), pp. 649-661, 
1977. 

[67] Zhang H.X., Sorensen C.M., Ramer E.R., Olivier B.J., Merklin J.F. In situ optical structure factor 
measurements of an aggregating soot aerosol. Langmuir. 1988, 4 (4) pp. 867 871 

[68] Prado G., Jagoda J., Neoh K., Lahaye J.A study of soot formation in premixed propane/oxygen 
flames by in-situ optical techniques and sampling probes. International Symposium on 
Combustion, Vol. 18(1), pp. 1127-1136, 1981. 

[69] Wey C., Powell E.A., Jagoda J.I.The effect on soot formation of oxygen in the fuel of a diffusion 
flame. International Symposium on Combustion, Vol. 20(1), pp. 1017-1024, 1985. 

[70] Jagoda I.J., Prado G., Lahaye J. An experimental investigation into soot formation and 
distribution in polymer diffusion flames. Combust. Flame. 1980, 37 pp. 261 274 

[71] Harris S.J., & Weiner A.M.Detection of Incipient Soot particles in a premixed ethylene flame. 
Chemical and Physical Processes in Combustion, Fall Technical Meeting, The Eastern States 
Section, pp. 67.1-67.4, 1984. 



  
[72] Roessler D.M. Diesel particle mass concentration by optical techniques. Appl. Opt. 1982, 21 (22) 

pp. 4077 4086 

[73] Evans D., Baum H., McCaffrey B., Mulholland G., H arkleroad M., M anders W.Combustion 

of Oil on Water. Proceedings of the Ninth Annual Arctic and Marine Oilspill Program 

 
Technical 

Seminar.; Edmonton, Alberta, Can; Code 10157, 1986. 

[74] Sorensen C.M., & Feke G.D. The morphology og macroscopic soot. Aerosol Sci. Technol. 1996, 
25 pp. 328 337 

[75] K?ylü U.? ., & Faeth G.M. Structure of overfire soot in buoyant turbulent diffusion flames at long 
residence times. Combust. Flame. 1992, 89 (2) pp. 140 156 

[76] Sorensen C.M., C ai J., L u N. Light-Scattering measurements of monomer size, monomers per 
aggregate, and fractal dimension for soot aggregates in flames. Appl. Opt. 1992, 31 pp. 6547
6557 

[77] Colbeck I., Atkinson B., Johar Y. The morphology and optical properties of soot produced by 
different fuels. J. Aerosol Sci. 1997, 28 pp. 715 723 

[78] Wentzel M., Gorzawski H., Naumann K.H., Saathoff H., Weinbruch S. Transmission electron 
microscopical and aerosol dynamical characterization of soot aerosols. J. Aerosol Sci. 2003, 34 
pp. 1347 1370 

[79] Matti Maricq M., & Xu N. The effective density and fractal dimension of soot particles from 
premixed flames and motor vehicles. J. Aerosol Sci. 2004, 35 pp. 1251 1274 

[80] Cai J., L u N., S orensen C.M.Analysis of Fractal cluster morphology parameters : structural 
coefficient and density autocorrelation function cutoff. Journal of Colloidal and interface 
science, Vol. 171:470-473, 1995. 

[81] Kim H.W., & C hoi M. In situ line measurement of mean aggregates size and fractal dimension 
along the flame axis by planar laser light scattering. J. Aerosol Sci. 2003, 34 (12) pp. 1633
1645 

[82] Heyder J., Gebhart J., Rudolf G., Schiller C.F., Stahlhofen W. Deposition of particles in the 
human respiratory tract in the size range 0.005-15 m. J. Aerosol Sci. 1986, 17 (5) pp. 811
825 

[83] Mahaffey L., & Miller M.Introduction to fire effects RX 340, Chap IV Air Quality. Northern 
training center, 13 p., 1995. 

[84] Peterson J.L.Air quality, smoke management, and prescribed fire. Proceeding of the 1990 Pacific 
Northwest Range Management Short Course, Fire in Pacific Northwest Ecosystems, January, 
23- 25th 1990, Pendleton, OR, Corvallis, OR, Departement of Rangeland Resources, Oregon 
State University, pp. 132-136, 1990. 

[85] Mobley H.E., Barden C.R., Bigler Crow A., Fender D.E., Jay D.M., Winkworth R.C.Southern 
forestry smoke management guidebook. USDA Forest Service general technical report SE-10, 
140p, 1976. 

[86] Ward D., & Hardy D.C. Smoke emissions from wildland fires. Environ. Int. 1991, 17 pp. 117
134 

[87] Plan régional Qualité de l air - Généralités sur la pollution de l air et ses effets sur la santé et 
l environnement

 

DRIRE région Nord Pas de Calais, 2000. 

[88] Sandberg D.V., & M artin R.E.Particle sizes in slash fire smoke. USDA Forest Service research 
paper PNW-199, 7 p., 1975. 

[89] Schaefer V.J.Some physical relationships of fine particle smoke. Proceedings annual: 13 Tall 
Timbers Fire Ecology Conference; Tallahassee, Florida, March 22-23rd, 1973, pp. 283-294. 

[90] ISO 19701, Methods for sampling and analysis of fire effluents 



  
[91] ISO 5660-1:2002, Reaction-to-fire tests 

 
Heat release, smoke production and mass loss rate 

Part 1: Heat release rate (cone calorimeter method) 

[92] ISO 5660-2:2002, Reaction-to-fire tests 

 
Heat release, smoke production and mass loss rate 

Part 2: Smoke production rate (dynamic measurement) 

[93] ISO 9705:1993, Fire tests 

 
Full-scale room test for surface products 

[94] ISO 13571, Life-threatening components of fire 

 
Guidelines for the estimation of time to 

compromised tenability in fires 


