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KEFRER PIRARE & SIEHE R B AR L B RV R 1T A BE I
SRRl R MR 8K - BRAL -~ FRELATK KERE - HhARRIB IR AR K A -
HIMFRFIEGREE - SAZEEIR & SMEEGOK S e (1AAD F8 it
g RS R EETH > LHEHEES KR EEER e EE
x o B TOKEHHE (Kirk's Fire Investigation)(FEBIREAIZ K KRB HE
John DeHaan &+ : K17 K F#E (Principles of Fire Behavior){E% James
Quintiere = 5 KEMMBIFEEEE S Andrew Armstrong {HEEEEE » HIRAE
MBS - BRET A T B MR K SEFE R R FER SRS - B R BB ATk 8
Al A E A T ER ER SR AR - LURSHEZRER K SEER Bl e /K e » B K KRR E S
1 BREE THE AR FE L WKKERELER - LTS IIARES K
G OS¢

1}

— ~ BRI KBRS P R R B RE (1

BFRA1 40K SEFHE B 5% Tohn DeHaan @ -L7E K SR FAERESRIS A B8
45 FHIEER o I H —EBOTN S K KB E T » R T KT
$5: E MHREER L - fth E 1982 FLUIRE AR AR T - EHAFT 7ek SE5R A (Kirk's Fire
Investigation) » MEFA 2004 FEEE David Icove fl+-FL[EEEES T KI5 B &R
i 0 2R FRE K KB RS R B = i E iV E % - John DeHaan
SRR M B S R (GC/MS) T KOG RR8 Y h 3 > Sty - 367
HPTPRMEIRRRHI 3 B

H A S AR LS 2 8 DRHBNE L& hRENEES
o5 0 R SEEIA st BE T & (American Society for Testing and Materials,
ASTM)Z ASTME1618 (RAHBITE A ) JomE w2 i 75725 - FAHEE
A RE S ThRE T ARV RS 4H AL - H— K FAHETE (Gas Chromatography,
GC) » BRPE SV BE RAERIEM - RS S A EESS % iE A&
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PR BigEH(He RIS EBEREEMR - &SGR0
BEC R AR EZHEIER o MR EIIRER - 55— GCHES R
B3 (Mass Spectrometer, MS) » &% GC S BV AR HIYIHE NEH &S » FEHHE
FEPIZHEET IR (Lon source) ALY BT RBRAILY HFHER THA
ETHIBET- R - KGRI E R 3788 (quadrupole mass analyzer) » X
HR[E 2 8 /B (n/ z) T8 BEFI RIS (detector ) #EHITS
(L EPERE n/z Z BT 585 Bl A& (LEY) 2 EREE (nass spectrum)
BEE s — (b &Y BREREREEFILE A E—5 & oEE
(L&Y BT RAEHE -
CASNHENK SRR > AR EE 705 B RIS E SRR AR R RREA
73tk (passive headspace concentration analysis, ASTM E1412) K48
WAL (solid Phase microextraction, SPME, ASTM E2154) » 4¥itdl T :
AFRETHZZRAE L (ASTM E1412) *
ERRE T IE 2 R A DUEMEDR R AR P K578 P 2 (R AR - FF LA
L (CS2) AR % - S E ARAE BT E L BT A - HARRL R BREE(ER] -
MREREER - BB AT - BRES  TIASUREEN b (e AB
B P By Y T R B 2 (R AT o TR P BE D » LR ER S 3R i (R Hs he
it ZELTE -
) EAEMEEEGE (SPME, ASTM E2154)
FEE AU AR —TEE PR ~ 35EL - B4R FOER Y — RS RV S A B (s AU
BT » AMENIEERZERURMERT T 2 iR » th o] DU 0 2 F BREE iU E 2oy
B Ay ET A - EIHMEENEEERUSIE - HFEEIRE /T - BT
(Hol der ) FIARMETE(Fibe r) R SM4EA (AL 6) » dRAEFmR Dl — IRy e
% FENEHEERURE » JNE R AR SRS T DLORTERY SR HedfTE » Al
BT SRS PR - T AR AETE TR ZE ZE IS E 10 A K S — B ] 3]
H RS SO 2 S RERHT RS e T E A B e i
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1Tk - BRI R IEA 7 (E - IREG B - AUEIFRE - E8E S - BHE
BE ~ SRS E - M H R A RO a4 R PR 5E 2 0 5252 - Tohn
DeHaan 1 -E[FEIRG /AT U R ITE R EIVE M - TR EMRE M
H (SPME) £ fif » BEr5 RGBS H{EAS{EE » P EBDGERAR W WS R AT SE RS
7 (2IE 7) -

6. [EFHBAAERL(SPME)%E

Torion T-9 Portable GC/MS

* Dimensions 28 x 30 x 23 cm
Weight <14 5 kg or 32 Ibs
* Sample Introduction’ SPME

* GC: MXT-5,5m ,x0.1mmx04um
+ Temperature Programable
. - Electron lonization: Intemal ~70ey
- Mass Analyzer: Toroidal lon Trap
—

- Mass Range 43-500 amu
Resolution: <0.5 at 300 amu

7. g T E R
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{BIAE](Acce lerants ) B EZER AR K SRS T 5 [REPEINE 2 V)5 -
FELEK TR f i RAV LR Z(RPAE - (EABIERE S - A LoD
B3 | ERRRERE - RAR - FIE - The® 5 2 BRI
B WSO ~ BOH RIS 8 3 SR EIRREIAED - AIKEE ~ JFEE - (LY
% o [BREERME R RN - KSEATHOKEARFTE RIS R RE B
RE R B A R BT AR RS - T U Z EE IR - B
HOK ZECRE R B E NS B R BEE g0 A E R R B
KA BT SR RAEIRI M E A EE R T R LA P RERETES - S
B TERERIRT ) > LHEE A B FRERE T S REBIEvR L JTReidia -
HETE ~ 20U B ONIE BT RIRTR - PRILE John DeHaan R EERE A 5 T
SRR b E R SRS RSy » R R TR 3 T IRIRSR M
FlstER & ASTM B1618 i > 7348 » A0 - m iR ~ 250K
FEIR - B - EREE - SRBEIREASE - ROUR Rk ESEESL » HEfE
FERIEEES B 3 ERER > BREE - PERREEE KRR EERT
ZHEIE CE O+ PEBEFERS ZHREHE GE Cofl s EEEERENTZ
BRBIAE Co 2 Co+ (WE 8 & 11)

o<

Class . Light {C4-Cg) WMedium (Cg-C.4) Heavy (Ce-Con,)
Frash gasoline is typically in the range C.-Cys

Gasolinz-all brands,
including caschol and £85

Petroleum Dislillales Pelleum Einer Some Charcoal Starters® ;frzf?:?fa;

CHOBL 1o _'Aj " Some Cigarette Lighter Fiuids Some Faint Thinners = =

(including De-Aromatized) Some Camping Fuzls Some Dry Cleaning Solvenis Some Jet Fuels
Some Charcoal Starters

y Some Charcoal Starters i
fwiation Gas o " Some Commercial Specialty

Ispparafiinic Products 2 Some Paint Thinners

P Some Specially Solvents Some Copier Toners Solvents
Some Faint and Vamish Some Aulomotive Pans Cleaners Some Inseclicide

Aisiiatic Products Removers Specialty Cle-larn'ng Solygnis Vehicles
‘ . Some Aulomotive Parts Cleaners Some Insecticide Vehicles Industrial Cleaning

Yylenes, Toluene-based products. Fuel Additives Solvents
Some Charcoal Starlers SJm‘e m,SE:UCIdE

Vehicles

Cyclohexane based

Some Insecticide Vehicles
solvents/products

Napnthenic- Paraffimc Products
Some Lamp Oils

Some Lamp Olls
Industrial Solvents

Solvenls y
- Some Candle Oils
ome Candle Oil =
Normal-Alkanes Producls Fenlang o1 ,_L’ o E_G S Carbonless Forms
Haxane Some Copier Toners
= Some Copier Toners
o Heplane — .
Alcohols
Kelones Some Lacquer Thinners
Oxygenaled Solvents Some Lacquer Thinners Some Indusirial Solvents
Fuel Addilives Meta! Cleaners/Gioss Remayers
_ _ r _______ Surlace Preparatior Solvents - . o e
Single Component Products Turpenting Products Some Blended Products
Oihers-Miscellansous Some Blended Products Some Blended Products Some Specialty Products
Some Enamel Reducers Some Specially Products

8. ASTM E1618 AR AZHT 7737

14



“Carbon Ruler” for ASTM E1618

#1042 Aims Bhandand

Light{C;~C))

fedum {C

Heawy (C, -~ C...)

9. ASTM E1618 TIWAMERASESE 88 ~ P/ HE B B > i B 1

Laboratory Analysis of Fire Debris Outlined by ASTM E15618

Samples are collected and analyzed by GC/MS
Post-run data analysis identifies chemical compounds found.

* The carbon number range determined by alkane test mixture
Low: C; 10 G,
Medium: C. 1o C
High C.toC

Total lon Chromatogram (TIC) for major functional groups are
evaluated against known reference ignitable liquids

Alkanes branch 1 alanes, cydoaianess aromatics potynuciear
romatics jenatl

s and oxy

10. ASTM E1618 KIZFEWFZ S



Diesel Fuel

LR program

11. gehmmiiEthEsteE TICE

T
Al

A& TESYMEER RS 585 - (7E - |as
SEFEE SR EETREs FREVES EREKK  BEETT
2R K SIS B AR R R e 2RI R - B AR R SR T T E AT
A1) BTV B RIAEIE A A A A SO R R I A - TSR
(EiRLE o iy w4 WnHE b2 WEE - EEEEZA B (WE
12) « FLAE(RIARISEAT_ LRSS iTEMIE R T8  ETERAZE
EEAKEST » A REIERER SIS - B EEE - FRAGEIEEEERT -
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,,B_ackgfound Compounds

ples contain background compounds and
burned substrate.  Without Mass
ble to detect an ignitable liquid in the

Nearly all fire debris sam
pyrolysis products from the
Spectroscopy, it 15 often imposs!
mix of these pyrolysis products.
« Woods often show terpene compounds similar to turpen
* Poly-plastics produce alkane and alkene chains similar to petroleum
distillates
« vehicle fires, with all the plastics, cloths, and insulation, produce

copious levels of pyrolysis products

tine

12. KIZREMEAT 2 B =T

ti

OKSGRE A BRE TR LS AR
K SERIIRNFHE B R Andrew Arms trong /2 ASIM RIZ2ZEE@HES -
HZ BT 2 AR LTREAPEEERE A BTN ok o
WEREEE BRI - W A R MR EEAIZESK < Andrew Arms t rong
T EFRNRAE R - RIS ER R EAEKE -
(—)PABRIVES
fi<iE NFPAO21 TE 2% - — T L2 S e LABR R SR LB AR B L6 R (RIS RE A AT
FA(AE 13) - SREVRBERIRA ZETRINRE(LRIE - WAl E A AED
FRITESE - SAH FFORITIEK P RIS BRI - RIS K BT B K S5
ERIPNGE [ (L 14) -

A
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Was this a “fire"2
| < NFPA 921 Definition-

= A ropid oddation process which is o chemicot reochicn resuiling in the
evolution of ight and heot in »orying intenshies

«Chiller Event

13. NFPA921 BAMEAYETSE

Light from Aluminum Metal

B 14. #aHIPAER



()RR ES

ficiE NFPAO21 JEZE * I/ KIERIMARE » IAH AR BEEAIE (A0 15) -
RrEEREEELF BN RETES FENERLEY MR 2D
BRI SRAER E F B T LS YHIBIE (0B 16) - HhFsENE R
H ROV (LE 17) - FFAINEPRREELY 100~300C » AE P I REFE S
& 775~900C (AME 18) » UEFRBEIOFE —LAEREEE - GifhE
PR ~ JmE KK EERESE (A0 19) » RIBE SR LA B AE F 18 Ul Ak
REA o HA N LB R E TR BT » (8 A EATIA TS B
B~ QUREORESE - SR PR &R BN - D EsRE 1%
BRI BABEA IR T A RIFR 7 MR E 20 165 5 KR e
IRGHETITHRE K WRE » BRETL S Ak S R B -

i Smoldering

* NEPA 221 Defintion

15. NFPA921 RSfEAVE R



Smoldering and Pyrolysis

= Smoidenng produces more loxic ¢ ompounds than fliming
combusthion per unit mass burned
Pyrolysis: A process in which matenaol is decomposed. or
broken down. nfo simple: moleculor commoounds by the

etfects of heat alone

f

B 16. RGNS

L Smoldering

= Smoking cigareltes are g
common form of smoldernng
combushon

= Can gasoline be ignited by
dropping a k! cigarette?

17. HA 2R RV



Temperature

Cigerebie lemperatues (°C

I okine Auiagaise Tarmpetatas

B 18. HHHTME

Cigarettes as an Ignition Source

‘There are numerous
factors to consider J
including . B

v Flammability Lints

B 19. EXAEKFEZEERE



(Z)EREK

HAREK GRS HEELAYORER T - R R E RN BT 3#K 24
B HARESKOK RSS2 R REZ IS R - FrefeztEmifds aam
% BFORSRERE 2 RS - EAEAR 130 - BILIEER0E ~ #Eir ~ i
HE HERRBEAED  RT RLEXERIN M HRERSER
T¥%- MiztEmEA RS RIL LRS- EWE TR - 525 AKF -
FRAE BRI LA B - TRIFRTATA A 5 B2 SR I DN E A= A (b
BT » HEFERT S B T KREBMZEH L SlgH
PREE KT AERCK SE (HME 20 Z[E 24) -

, Self-Heating and Spontaneous
Combustion

« i most coses, sponfanesus
cormmbustion 8 associated with
Urnsoturated Falty Acids”

AKA Vagetable Ois or Plont
Deaved Ol

20. BREHKE ETIASHEIE A RE

(3%
(§8)



_ Self-Heating and Spontaneous
I Combustion

A self heating ol is stable in the hiquid
state in a confainer free of oxygen

21. BHASKEIEREEAR

What's so special about vegetable oils?

vegetable ois are
composed of falty ccids

Bath animal fats ong Fan‘y ACid Structure

{ <

( B

22. TEVHIER F 2 G IRERT RS



- Polyunsaturation and Reactivity to

. Oxygen
o
: ~  Less Reactive

¢

HOY

Mcore Reactive

Lincleric aad

23. FEEFIRE N BT  FETE

Dryer Fires
Heat of the dryer gives the reaction a
‘head starl’

SOEING ¢

mbus

a7k 56

& 24 .
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SHIEIE SORSETTE -
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