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ABSTRACT

Unburnt and partly burnt cloth samples of the bride reported to be burnt
with kerosene were received to the Forensic Science Laboratories. The
samples were analyzed using Gas Chromatograph with capillary column
and asensitive Pulse Discharge Helium lonization Detector. To simulate the
real situation of bride burning a set of five samples of cotton cloth measur-
ing 10 x 10 inch was taken and each was sprinkled with known amount of
kerosene and burnt for different intervals of time. The burnt portion of the
cotton fabricswas sampled by steam distillation followed by extractioninto
diethyl ether for identification of the residual volatiles by GC. The chro-
matographic profiles of simulated cotton fabrics were used as standards
and were compared with those of pure n-paraffins and those of the samples
the victims of reported two cases, the case 1 and the case 2. Analyses of the
pattern of GC profilesand theratio of peak areaof C14 to C13 were used for
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estimating the severity of burn injury of the victims.
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INTRODUCTION

Dowry isaform of marriage gift agreement made
between families of brideand bridegroom. Thebride
groom family conception of violation of such an agree-
ment or more greed for money may end up in dowry
causdities. Onesuch modeof causdlitiesisabrideburn-
ing, an unfortunatesinister practice commonly reported
inIndid. Insuch bride burning caseskerosene, amain
sources of fud for cooking!?, isalleged to beused to
douseon before setting thevictim onfire. Stringent law
enforcement isnot yet successful inpreventingall such

kind of incidents. Asameansof initiating legal course
againg such kind of reported crimes, the cloth samples
of thevictim areto beanayzed chemically to ascertain
theburning aid materia used. Whenever acasudty of a
woman was reported under suspiciouscircumstances,
particularly when it happenswithin aperiod of seven
yearsof thevictim’s marriage, then it becomes a legal
practiceto consider it asasuspected dowry casual ty®
andtoinvestigateany possibleinvolvement thevictim’s
husband and her in-laws. Therefore, theinvestigating
officer of any such burn caseswill collect the belong-
ingsof thevictim particularly theclothesand forward
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them to Forensic Science Laboratory for an expert ex-
amination. Clothesonthevictim’s body could serve as
thebest materid to detect residua concentration of the
fuel usedfor burning®.

The samplesthat were received to laboratory for
examindion, many atimeshardly smdl kerosene. There-
fore, sengtivechemicd methodsof sampleandysesare
to be adopted to anayzethe coll ected cloth samples of
thereportedvictim. Thesengtivechemica methodsthat
arecommonly adoptedinIndian FSLsinclude UV iden-
tification of naphthaeng®, thinlayer chromatography!®,
HPLC, GCB 9 and GCM S9, athough no single
method is universally effective for all types of
accd erantg™, Capillary gaschromatography isthemost
accepted techniquefor the detection of aliphatic hy-
drocarbonswith carbon numbers9-16 in keroseng*?,
Inthe present paper the residues of kerosenewas de-
tected by Gas chromatography with capillary column
and highly sensitive PDHID detector™.

Kerosene, aninflammabledomesticfud usedin ho-
micidd or suicidd burning, ischemicaly knownto con-
sist of flammabl e paraffins or saturated hydrocarbons
with dodecane (C12) asamajor constituent and aro-
maticg*4. An understanding of basic propertiessuch as
voldility, osmosisand adsorption of fireaccd erantslike
keroseneon variousmatricescan helpinidentifyinga
particular accelerant!*™, Since cotton clothesknownfor
good fuel retention capacity, therefore, thecase 1 and
case 2 involving cotton clotheson thevictimswerecho-
sen herefor the GC analysisof burnresidualsand the
smulated burnresduds. Theobjectiveconsdered here
was prompted by areport!*®l which explainsarelaion
of disgppearanceof acce erant with theduration of burn-
ing.

Brief history of cases

Casel: Inthis, thevictimwasayoung

woman reported to bemarried four and ahdf years
beforetheincident of attempt of brideburning. Thevic-
tim was reported to be doused with kerosene but for-
tunately escgped unburnt. Later, her cloth sampleswere
received tothelaboratory for chemica andysis. Upon
inspection it wasfound that The cloth sasmpleswere
smelling kerosene but without burn marks on the
samples.

Case 2: In this, a young woman married three
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months beforetheincident was reported to have com-
mitted suicide by burning herself usingkerosene. The
cause claimed was an unbearabl etorture given by the
in laws and the husband. The Autopsy report on the
victim wasindicating about 90% burninjuries. The
victim’s saree, a common cloth Indian woman wear and
anunderskirt reported to beworn by thevictim at the
time of theincident were thoroughly packed and re-
celved tothelaboratory for andyss. Thecloth samples
of the victim were burnt around 90% and looking
charred.

EXPERIMENTAL

Materials

A Chemito make Capillary Gas Chromatograph
with Pulse Discharge Helium lonization Detector
(PDHID) detector (Va co) was used for the detection
of keroseneresidues. The standards of n-alkanes (C9
to C16) werefrom SigmaAldrich, cotton clothes, PDS
kerosene, diethyl ether (Merck), distillation set and other
consumables.

Prepar ation of smulated cloth samples

Clothes of thetwo victimsin case-1 and case- 2
respectively, were separately cut into small pieces of
about 1 x 1inch sizeand weresubjectedto steamdis-
tillation. About 20 ml of the steam ditillate was col-
lected in duplicate. Residuesof ignitableliquidsfrom
water were extracted with diethyl ether, concentrated
to 2 ml and 0.5 pl was used for GC injection. In an
attempt to s mulate and gauge the percentage burning
of cloth samplesof Case-1 and Case-2, six numbers of
10x 10 inch cotton cloth piecesweretaken. Each one
of the cloth piecewas sprinkled separately with 5 ml of
keroseneand burnt for adefiniteinterval of timeinan
open hall. The burning time, 50 secondswas set so as
to get a50% burnt cloth pieces. Thenthefirewas put
off by covering the burning cloth samplewith athick
blanket piece. Thentheresidual sasmplewasdriedin
shadefor about fivehours. It wascut into small pieces
and weredistilled and the distillate was used for GC
analysisasdescribed earlier.

Standard sol ution contai ning 0.5 ml nonane

(C9)/ decane(C 10) / undecane(C 11)/ dodecane
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(C 12) / tridecane (C 13) / tetradecane (C 14) /
pentadecane (C 15) / hexadecane (C 16) wasdiluted
to 50 ml with diethyl ether. A known quantity, 0.5ul of
the samplesolution wasinjected at atimetorecordits
chromatogram. The chromatogram obtained in each
case was overlaid with those of the other hydrocar-
bonsasshownin Figure 1. Retention timesof standard
peaksof n-dkanesweregiveninTABLE 1. Thevaues
S0 obtai ned were accounting for agood separation of
the hydrocarbons.

GasChromatographic conditions

Injector: Injector temperature: 250° C

Splitratio: 1:30

Column: Capillary column DB5, 30m, 2.5mmid

Oventemperature: 80° C for 2 min, 5° C/min up to
240° C, hold for 5 min

Runtime 20min.

Carrier gas. Hdliumwithflow rate 1 ml /min

Detector: Pulse DischargeHelium lonization De-
tector (PDHID) with temperate set to 200°C

Attenuation: 128

RESULTSAND DISCUSSION

n-Alkanesfoundin kerosenearewe | separated as
showninFigurel

Thechromatogram of the steam distillate of burnt
cloth piecesnot sprinkled with kerosenewas showing
no peak other than the solvent, diethyl ether. It was
confirming that whatever the peaksthat were appear-
inginthesubsequent chromatogramsof thecloth samples
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Figurel: Combined chromatogramsof thestandard hydro-
carbons
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TABLE 1: Retention timesof n-alkanes

n-alkanes Name Retention time (min)
C9 Nonane 3.557
C10 Decane 4.725
c1nu Undecane 6.087
c12 Dodecane 7.477
C13 Tridecane 8.853
C14 Tetradecane 10.173
C15 Pentadecane 11.453
C16 Hexadecane 12.630

sprinkled with kerosenewereaccounting for thevol atiles
residues from the kerosene residues. Therefore this
chromatogram was considered asacontrol chromato-
gramand it wasavoiding themisinterpretation of chro-
matograms that were obtained for the cloth samples
sprinkled with kerosene'”, Figure 2.
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Figure2: Chromatogram of thecontrol, distillate of thecloth

sample, extracted with ether and bur nt without ker osene

The GC profileof the cloth sampleof thecaselin
that the victim was reported to be escaped from the
spot before shewaslighted with fire Figure 3, shows
prominent peaksof C9, C10and C11 and lessintense
peaks of C12 and C13.

Thisprofile, Figure 3wassimilar to the chromato-
gram obtained for the cloth samplethat was sprinkled
with keroseneand extracted without burning, asshown
inFgure4. Andthisobservation wasaso agreeingwith
thephysica inspection of thesample.

Thechromatogram, Figure 5 of thesampleof case
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Figure 3: Chromatogram of thedigtillate of cloth samplein
casel.
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Figure4: Chromatogram of thedigtillateof thecloth sample
that wassprinkled with ker osenebut not burnt.
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Figure5: Chromatogram of thedistillate of cloth samplein
case?2.

2 inthat thedoctor’s report indicates that the victim
was 90% burnt was showing the main peaks corre-
sponding to C13 and C14 but the peaks correspond-
ingto C9 and C10 were amost disappeared. To have
itsmatching counterpart for comparison, thes mulated
cloth sampleswere burnt to variousintervalsof time
and theresidue so obtained in each casewas analyzed
Separately.
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Figure6: Chromatogram of thedistillateof thecloth sample
that was sprinkled with ker oseneand burnt for 20 seconds

e

The chromatograms of simulated cloth samples
burnt for 20 seconds asin Figure 6 was having promi-
nent peaks corresponding to C13 and C14 but aweak
peak corresponding to C9.
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Figure7: Chromatogram of thedistillateof thecloth sample
that was sprinkled with ker oseneand burnt for 40 seconds
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ThechromatograminFigure7, for thecloth sample
which was burnt for 40 seconds shows a prominent
peak corresponding to C13 and a less intense peak
correspondingto C11.

Chromatogramin Figure 8isfor thecloth sample
whichwasburnt for 60 secondsshowsprominent pesks
corresponding to C13 and C14 and the peaks corre-
sponding to C9 and C10 were almost absent.
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Figure8: Chromatogram of thedistillateof thecloth sample
that was sprinkled with ker oseneand burnt for 60 seconds
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Figure9: Chromatogram of thedigtillate of cloth samplethat
wassprinkled with ker oseneand bur nt for 80 seconds

Thechromatogram, Figure 9, of thecloth sample
burnt for 80 seconds, was similar to that of the chro-
matogram of the cloth sample burnt for 60 seconds,
Figure8.

Figure 10isthechromatogram of thecloth sample
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burnt for 120 seconds, where the cloth was burnt to
about 95% of itsfabric, was having main peak corre-
sponding to C15 and peaks correspond to C11 and
C12 aredmost disappeared. Theimportant feature of
thischromatogramwasthat thelow volatileshydrocar-
bonswere getting concentrated with degree of burning
and the chromatogram had agood display of the peaks
corresponding to C16 and C17.

When thefeatures of chromatograms obtained for
the cloth samplesthat were burnt for variousintervals
of time (20-120 seconds), were compared with those
obtai ned for the samples of the of case 2, it would be
poss bleto concludethat thevictim’s cloth samplewas
matching with the chromatogramsof the cloth samples
burnt for 60 and 80 seconds, Figure8 and 9, and more
sowith 80% burnt sample.
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Figure10: Chromatogram of thedigtillate of thecloth sample
that wassprinkled with ker oseneand burnt for 120 seconds

TABLE 2: Ratiosof peak areasof C14and C13

Duration of Burning (sec) Cp:eljk/%fg

0 0.763

20 0.895

40 0.926

60 1.068

80 1.148

120 1.824

Casel 0.842

Case?2 1.326
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Figure11: Graph showingvariation of theratio of peak areas
with duration of burning (timein seconds)

Sinceaminor peak of C11 and equal height peaks
of C13 and C14 the sample were more close to the
samplethat was burnt for 80 seconds. The chromato-
gramof thecloth samplefromthecaselisthat victim’s
clotheswhichwere unburnt and wasclosaly related to
the chromatogram obtained for the simulated cloth
sampl e sprinkled with kerosene but extracted without
burning.

There was a matching of the GC profile of the
samplefrom the case 2 in that doctor report was ac-
counting for 90% burn, withthat of thesmulated sample
that was burnt for 80 seconds.

Thesevariationsinthefeatures of chromatograms
with different burning times can be easily followed by
caculating theratiosof peak areasof C14t0 C13. The
parameter, “peak area ratios” of n-alkanes was used
earlier by L. Gieg et d*® and SinningheDamste et A9
in other contexts. But the one which is used in this
paper is for the first time in forensic work which can
also serveasan instrumental datafor indexing the se-
verity of burns.

Thevauesobtainedfor ratiosof peak areasof C14
to C13wereindicated in TABLE 2 and the correspond-
ing plot wasshownin Figure 11, which showsanin-
creasing trend of ratio of peak areaswiththeburntime
of thecloth samples. Peak arearatio of case 1 (0.842)
is close to unburnt or 20% burnt sample. Peak area
ratio of case2 (1.326) iscloseto 80% burnt sample.

A low value of relative standard deviation
(%RSD=1.56) wasanindication of only an occurrence
of dight variation in the chromatogramsand ratio of
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peak areas, C14 to C13) by changing the volume of
extract injected and time el apsed between itsextrac-
tionandinjectingitto GC, TABLE 3.

TABLE 3: Evaluation of the peak areasof 14 and C13, and
their ratioswith digtillatesvolumeand time

Volumeof _. Peak Peak  Peak
Time after
No.of sample Extraction &€& &e€a area
trials  injected (min) of C of C of
() 13 14 C14/C13
1 0.5 10 1.821 2.091 1.1482
2 1 10 3.754 4.474 11917
3 2 10 5.643 7.110 1.1918
4 15 40 4.348 5104 1.1738
5 15 80 3.460 4.250 1.2283
CONCLUSION

The experiments performed herewerebased on a
simple concept that when avictimwearing clothesand
doused with kerosene was on fireit was mainly the
clothesworn by thevictim would becatching fireand
gart burning. Thetimesolong asthefirewassustaining
on the garments so much would be the magnitude of
victim’s burn injury. The magnitude of injury was con-
Sidered to beproportional to theamount of lessvolatile
hydrocarbons of the kerosene that were likely to be
remained asresiduals of kerosene on the fabric sup-
port of the burnt clothes. Therefore, thework presented
herethrough GC experimenta dataisexpected helpin
estimating the kind and nature of painthat thevictim
might have experienced during the period of burning.
Thismay aso helpinindexing the severity of theburn
injury of thevictim and also enablesto have acom-
parativeview onthedoctor’s estimate and the chemi-
cal data. Hence, the extent of burning of the cloth
samplesthat were considered to indicate the magni-
tudeof burning werechemicdly exploited through GC
analysisand made an attempt toillustrate the severity
of the burnsthat the victim had and extended it to the
victimsof two reported incidents, the cases 1 and the
case 2. Theresultsobtained from theanalyses of GC
profilesof theresdua hydrocarbonsonthevariouscloth
samples were consolidated further through another
modeof quantification by plottingthevariation of retio
of peak areasof C14 and C13 against the duration of
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burning and were used collectively to arriveon the se-
verity of burn of thevictimsof thecases1and 2with no
burninjury and 80-90 percent burninjury respectively.

Even though, the retention of low volatilesonthe
cloth sampleswere known to depend on different pa-
rameterssuch astherateof burning, typeof cloth, pack-
ing mode, time of packing, timelapsed since packing
and theenvironmental conditionsbut thevariationin
the features of the GC profiles of the cloth samples
observed with duration of burningwasgiving anideaof
retention of low volatileakanes, particularly C14 and
C13 of kerosene on the burnt cloth samplesand the
increasingratio of C14 to C13 wasfurther consolidat-
ing for the severity of burns caused onthevictimshby
thekerosene.
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