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ABSTRACT 
 
Background: Women were symbolized as goddess Shakti (Power) but with modernization our value devastated 
and now women are objectified on the basis of sexuality. In modern era crime against women including female 
infanticide, feticide, child- marriage, sexual harassment, rape, kidnapping, threats, intimidation, stalking, cyber 
stalking, pornography, verbal abuse, physical abuse, prostitution, trafficking, dowry related violence etc. are 
increasing with time globally. The lack of education, disturbed-patriarchal mindset, loopholes in law and order, 
low conviction rate are few reasons that give rise to crimes like these and affects lives of millions of women. 
The main aim of the study is addressing the challenges of detection of major constituent of house hold floor 
cleaner and cosmetics in biological matrices. The authors have undertaken forensic examination of cases where 
household substances have been used in violence against women and have observed that detection of such 
chemical is very challenging. Accordingly, in this paper we have reported two cases emphasizing crimes against 
women, one case of persistent stalking which leads to suicide and another case of domestic violence related to 
dowry where in there was an   attempt to murder. In both the cases different household volatile substance 
were used to commit crime.  
 
Methodology: Qualitative and quantitative analyses of substances were carried out by using latest techniques 
including Gas chromatography - Mass spectroscopy (GC-MS), Headspace-Gas chromatography - Mass 
spectroscopy (HS-GC-MS). 
 
Results: Alpha-pinene, 3-carene,o-cymene, d-limonene, eucalyptol, gamma-terpinene, ethanol, toluene,          
p-xylene, fenchone, fenchol, camphene, isoborneol, acetone and methyl alcohol were main compounds which 
were found during analysis in various forensic exhibits of different cases examined. 
 
Conclusion: With the above mentioned hyphenated chromatographic techniques, various toxic volatiles can be 
analyzed without the need for additional methods.   
 
Keywords: Crime against women, Gas chromatography - Mass spectroscopy (GC-MS), Head-space-Gas 
chromatography - Mass spectroscopy (HS-GC-MS), Forensic Science 
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BACKGROUND 
 
Indian culture began with the Vedic era. India Carries 
a chronological record of women being worshipped 
as goddess that is quite evident in the Holy 
Scriptures penned down during ancient times. 
However, her place in society deteriorated in the 
course of time

1
,
2
. Changes faced by modern 

civilization in political, social and economic aspects
1
 

could be a reason for the degradation of the 
condition of women in society and increased rate of  
crime against women such as female infanticide, 
feticide, molestation, humiliation, eve-teasing, 
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sexual harassment, rape, kidnapping, vitriolage, 
intimidation, stalking, cyber stalking, pornography, 
verbal, physical and economic abuse, domestic 
violence, prostitution, trafficking, dowry related 
violence

3
,
4,5

.  The report of the national crime record 
bureau of India states that 378,277 cases related to 
crimes against women were reported in 2018 while 
in 2017 there were 359,849 incidences were 
reported under this category. The crime rate was 
58.8 per 100,000 women in 2018 although in 2017 
and 2016 it was 57.9 and 55.5 respectively. 
According to the National Crime Records Bureau 
(NCRB) 2018,  cruelty by the husband or his relatives 
was the most common crime against women (31.9%) 
followed by assault on women with intent to outrage 
her modesty (27.6%), kidnapping and abduction 
(22.5%) and rape (10%)

6
. There is a crime of violence 

recorded against women in India 1.7 minute, a 
woman is raped every 16 minutes and a woman 
encounters domestic violence every 4.4 min.

7
 The 

annual crime in India report as published by NCRB 
after two years delay shows there are 3,59,849 cases 
of crime against women reported in country 

8
. 

 
 The brutal rape and torture committed on 16 
December 2012 on a young 23-year-old medical 
aspirant

9
, created a ripple in the public throughout 

the nation resulting in Criminal Law (Amendment) 
Act, 2013 in Indian Penal Codes (IPC). It gave an 
extensive meaning to rape that was not restricted to 
sexual intercourse only (Sec. 375 IPC), and also 
introduced new offences like acid attack (326 A), 
attempted acid attack (326 B), Sexual Harassment 
and acting with intent to disrobe women ( 354 A, 
354 B), Voyeurism (354 C) and Stalking (354 D)

10
. 

Although rape law was amended violence against 
women did not reduce. Multiple rapes, gang rapes 
and molestation are being committed by repeat 
offenders and keep jolting the country.

11-19
 The 

audacity of these criminals is such that they blame 
the victims for the event

20
. The Unnao Rape Case 

(U.P.), of 2019 which concerned sexual assault and 
live burning of a Hyderabad’s Veteran 
(Cyberabad)

21,22
 is serious. Globally 35% of women 

have experienced violence with figures as high as 
70% in some countries where they experience abuse 
and torture of various dimensions. Calls to helplines 
increased more than 5 times during the covid-19 
pandemic which is an indicator of increasing 
vulnerability of women across the globe. 144 
countries have passed laws on domestic violence 
and 154 countries have laws on sexual harassment. 
However, data reveals that violence against women 
has increased significantly in recent years 

23 

 
Volatile compounds (eucalyptol, gamma-terpinene, 
fenchone, fenchol, camphene, isoborneol)  and 

organic solvents (Ethanol, Methanol, Chloroform, 
Acetone etc.) that are easily available in households 
and workplaces or can be brought from a market 
without a prescription, are widely used in women 
trafficking, forced sex, bondage, abduction, dowry 
deaths, date rapes / gang rapes, or for suicide by 
women suffering trauma

24-26
. 

 
The conviction rate i.e. 50 % in 2018 for India with 
Japan at leading 99.9% 

27
. This depicts the lack of 

scientific approach towards evidence at crime scene 
and old and classical laboratory analysis procedures 
that needs to be upgraded.  The fast response of the 
scene of crime team, the proper collection and 
preservation of the exhibits and the submission of 
the exhibits to the forensic science laboratory at the 
earliest, is indispensable for scientific examination 
and submission of a report in a structured timeframe 
to the investigating agencies in order to assist the 
justice system.  
 
The main objective of this manuscript is to 
emphasise the detection of volatiles (nail polish 
remover and floor cleaners) used in crimes against 
women by modern instrumental techniques like GC-
MS and HS-GC-MS and to discuss aspects of 
qualitative identification and intricacies involved in 
interpretation of result.  
 

Case 1 
 
A 21 year old married woman was admitted to 
hospital by her family with an alleged history of 
ingestion of an unknown substance. The remnants of 
the gastric lavage and a plastic bottle with liquid 
contents were submitted for forensic examination. 
The individuals life was saved following gastric 
lavage. Further investigation revealed that the 
relationship of victim with her in laws was not 
harmonious and she was frequently abused 
emotionally and physically for her inability to bear a 
child.  
 

Case 2 
 
A 17 year old girl was admitted to hospital by her 
family in an unconscious state with a history of 
ingestion of about 100ml of nail polish remover at 
home. She died during the course of treatment. 
Investigation revealed that the girl was being stalked 
and that she may have committed suicide due to 
this. A post-mortem examination revealed 100 ml 
whitish liquid in the stomach with yellow 
discoloration of the stomach wall. Lung, Liver, spleen 
and kidney were congested. The lower lobe of both 
lungs revealed multiple consolidations.  
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On sectioning froth mixed blood oozed out of 
Viscera (Stomach and its contents, piece of small 
intestine, liver, kidney and spleen). Femoral blood 
was preserved for toxicological examination and 
submitted. 
 

METHODOLOGY 

 
Reagent and apparatus: Anhydrous Ammonium 
sulphate, acetic acid, ammonia, Sodium tungstate, 
Diethyl ether, Chloroform, hydrochloric acid 
(HCl)analytical grade(AR) from Merck. Equipment 
used included Reference® pipettes with disposable 
tips (Borosil, India), Hamilton Microlab®503A 
diluter/dispenser with 1-mL reagent syringe, 100 μL 
sample syringe (Hamilton, Reno NV) & manual 
crimper (Agilent), Elga, Flex 2 water purifier and all 
glassware used were from Borosil. 
 
Biological exhibits (viscera, blood and gastric lavage 
fluid) were screened using alkaline, acidic and 
neutral ether extraction, as detailed below. The non-
biological exhibits (liquid contents submitted in 
plastic bottles) were distilled and examined as 
detailed below. Thin layer chromatography (TLC) was 
carried out to rule out presence of pesticides and 
suspected drugs

28
. Qualitative analysis of volatile 

poisons after distillation was undertaken using 
hyphenated chromatographic techniques. The 
details are described below. 
 
Extraction procedure

28
: 50 g of macerated visceral 

tissues (stomach, intestine, liver, kidney and spleen) 
were treated with 10 g of anhydrous ammonium 
sulphate and 10 ml of acetic acid, then subjected to 

digestion on a water bath for 3 hours at 100 C and 
further screened using alkaline, acidic and neutral 
ether extraction

28
. 1 ml of blood was diluted with 

deionized water, treated with a pinch of sodium 
tungstate and 2 ml of concentrated Hydrochloric 
acid. The deproteinized blood was extracted and 
analyzed by TLC. 
 
Distillation procedure: 5 g of visceral tissue added to 
a conical flask then 5ml of dilute Hydrochloric acid 
was added into it and set over the distillation 
apparatus. For analysis of phenolic compounds 
distillate was collected in 10 ml of 1N sodium 
hydroxide solution in volumetric flask in ice cooled 
condition and for other volatiles compound distillate 
was collected in volumetric flask without sodium 
hydroxide. Blood and gastric lavage fluid were also 
distilled by the same procedure. The blank control 
was also subjected in the all chemical test to rule out 
any contamination. Nail polish removers and floor 
cleaners of various brands sold in Delhi, India, 

purchased from local market were examined for 
confirmation and comparison. 
 
Thin layer Chromatography (TLC): For these 2 case 
studies preliminary examination of samples was 
done using TLC plates (silica gel G 60 F254) activated 
at 105

0
 C for 30 min. The chamber was saturated for 

30 min. The solvent system used for TLC was: 
Chloroform/Acetone (8:2) and Chloroform/Methanol 
(9:1). The developed plates were sprayed with 
suitable reagents to visualize the location of drugs 
and pesticides

28
. The tests were negative for all the 

exhibits when screened for drugs and pesticides 
(data not shown). 
 
Gas Chromatography-Mass Spectroscopy: Agilent 
7890B GC with Mass Detector 5977A was used to 
analyze all the exhibits. The setting of the 
instrument is as described: Column- HP-5MS(30M x 
0.250mm x 0.25µ) Oven Temperature–initially 100 

0
C 

for 1.5min then rate of 7
0
C /min  till 300 °C  for 10 

min, Injection Temperature - 280°C, Injection volume 
- 1µL, Mode – Split, Carrier Gas – Helium, Flow Rate 
– 70.9 ML/min., MSD parameters included EI tune 
type, temperature of MS source - 300

0
C, 

temperature of  MS Quad- 150
0
 C, Start Mass- 29.00 

End Mass-400. Total run time for a cycle was 25 min. 
Mass spectral library:- National Institute of 
Standards and Technology (NIST), NIST MS 2.2 mass 
spectral library 
 
Headspace-Gas Chromatography-Mass 
Spectrophotometry: HSGC-FID/MS method : An 
Agilent gas chromatograph coupled with Head Space 
Sampler, FID and Mass Selective Detector (Agilent 
Technologies, Wilmington, Delaware, USA) was used 
for the assay in HS-GC-FID/MS configuration 
consisting of a GC (Agilent 7890B) equipped with a 
FID and MS detector (MSD 5977A) coupled to an 
Agilent (7697A) HS sampler. The Dean’s Switch was 
configured using a 1:1 split ratio to the FID and MS 
according to the manufacturer’s instructions using 
fused-silica capillary restrictors with dimensions of 
1.06 m× 0.18 mm to the FID and 2.89 m × 0.18 mm 
to the MS. Helium was used as the carrier gas. 
Separation of analytes by gas chromatography was 
carried out using a J & W DB-5MS (column 1) 
capillary column (5% phenylmethylpolysiloxane, 30m 
× 0.25 mm × 0.25 μm, Agilent). Ionization was 
accomplished by electron impact (EI) and the MSD 
operated under selected ion monitoring (SIM) mode. 
The Headspace parameters (HS) was as follows: the 
oven maintained at 70 °C, the loop was maintained 
at 85 °C and the transfer line was maintained at 130 
°C. Before injection of the sample, the vials were 
incubated for 15 min at 70 °C. The injection time was 
held constant at 1 min. The injection port was 
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maintained at 150 °C and operated in split mode 
with split ratio of 30:1, maintaining a pressure of 9.7 
psi, septum purge flow of 5 ml/min. The 
chromatographic gradient (GC) was programmed as 
follows: an initial oven temperature of 40 °C was 
held for 6 min and then increased in a linear fashion 
to 220 °C at 20 °C/min. At the end of each run, the 
initial temperature was reset to the initial condition. 
Helium carrier gas (with purity 99.999%), was set to 
0.6 mL/min flow rate (column 1) and flow rate for 
column 2 and 3 were 3.98 and 1.60 mL/min 
respectively. The FID detector was held at 250 °C. 
The gas flow rates were as follows hydrogen 40.0 
mL/min, air 400.0 mL/min and nitrogen 20.0 
mL/min. The nitrogen flow rate was maintained at a 
constant 15 psi. The GC run time was 15 min. MSD 
temperature was at 300 °C and MS Quadrupole was 
maintained at 150 °C, the ionization energy in mass 
was 70 eV and was scanned from 29 to 400 amu at a 
rate of 3.0 scans/s. Total run time for HSGC is 30 
minutes per sample. To maximize sensitivity, the 
MSD was auto-tuned by using fluorotributylamine 
(PFTBA, tuning standard). Ionization of the analytes 
by electron impact (EI) was obtained using an 
emission current of 70eV. GC/MS Mass Hunter with 
MSD Chem Station Data Analysis software (Version 
B.07.00) was used for data analysis and quantitation. 
 
Sample preparation for Instrumental analysis and 
quantification of Ethanol and Methanol: 
 
1ml of sample (calibrators, controls, and case 
samples) was mixed with 90 µl of n-propanol 
(internal standard) of concentration 21.7 mg/dl and 
placed in a 20-mL headspace vial with the Hamilton 
Microlab® 503A diluter/dispenser, crimped and 
sealed. Quantitation was performed using the 
response ratio of the FID response of ethanol to n-
propanol. One set of positive and negative controls 
was analyzed prior to case samples and one set 
immediately after case samples. A five point 
calibration curve was used to determine the 
concentration of ethanol and methanol in blood 
samples. The range of concentration levels for the 
ethanol 7.9mg/dl to 39.5mg/dl and methanol 15.8 
mg/dl to 79mg/dl. Calibration curves were 
constructed by plotting the mean response ratio 
(response of analyte/response of n- propanol used 
as internal standard) against the mean amount ratio 
(amount of analyte/amount of internal standard) 
(Figure 1). Ethanol was identified by retention times 
and target qualifier ions. The calibration curves were 
linear R(2) ≥ 0.996). Limit of detections and limit of 
quantifications were calculated on the basis of signal 
to noise ratio. 
 
 

RESULT 
 
CASE 1  
 
alpha-pinene, 3-carene,o-cymene, D-limonene, 
eucalyptol and gamma-terpinene compounds were 
detected in gastric lavage fluid of the deceased. 
Along with these compounds, ethanol, toluene,       
p-xylene, fenchone, fenchol, camphene and 
isoborneol were detected in bottle which was found 
at crime scene (Table1, Figure 2A, 2B, & 2C). For 
preliminary examination, distillate was subjected to 
various chemical tests. Distillate showed presence of 
ethanol. A market formulation of floor cleaner was 
also run to compare with case exhibits. (Figure 2D) 
 
CASE 2 
 
Methanol and acetone were detected in viscera and 
blood. Ethanol was found only in viscera sample of 
the deceased. For preliminary examination, distillate 
was subjected to chemical tests. Distillate showed 
positive reaction with Legal’ test

28
, Schiff’s reagent 

test
28

 and potassium dichromate test
28

. For this case 
various brand of floor cleaners were used for 
comparison. Quantification of methanol was done in 
blood of deceased through GC-HS. The 
chromatogram produced clearly indicates the 
presence of ethanol at retention time (Rt) 3.954 
minute, methanol at 3.736 minute. Methanol level 
in the blood was quantified as 40 mg/100ml of 
blood n- propanol used as an internal standard 
elutes at Rt 4.16 minute which is indicative of the 
fact that our method is well in place. The positive 
chemical test gave the lead to move for confirmatory 
test of the target poison through complimentary 
techniques of GC-HS and HS- GC-MS (Table 1 & 
Figure 3A,& 3B).   
 

DISCUSSION 
 
In case study 1 floor cleaners purchased from the 
local market were also analyzed by the instrument 
and results were compared with the gastric lavage 
and extract from the bottle. Presence of similar 
components in all samples suggest use of floor 
cleaner to commit the crime. Literature survey 
reveals that lethal ingestion of house hold cleaner 
can be fatal and characterization of biogenic volatile 
organic compounds emiting from cleaning products 
has been successfully detected by GC-MS in 
biological specimens as well as packaged 
containers

29,30,31
. In case study 2, nail polish 

removers of different brands were compared with 
extracts of viscera and blood of the victim. Presence 
of ethanol, acetone and methanol in exhibits as well 
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as in the market formulations suggest use of nail 
paint remover to commit suicide.  The use of 
volatiles compound in these two cases showed 
administration of mixtures containing volatile 
compounds in violence against women. Criminal use 
of chloroform and methanol is mentioned in the 
literature

32,33
. Comprehensive toxicological 

examination including instrumental analysis of 
viscera and body fluids gives a clear picture about 
the possibility of unknown compounds which may 
otherwise escape during routine screening with the 
toxicologist missing the target compound. 
 

CONCLUSION 
 
Crimes against women are commonly encountered 
in the Indian subcontinent where it is a societal 
problem. For a forensic toxicologist, detection of 
volatiles and associated constituents is difficult if 
samples are not adequately preserved .The cases 
examined indicates that HS-GC-MS is suitable for 
rapid qualitative analysis for unknown volatile 
components with miniscule sample preparation. This 
technique is extremely successful especially where a 
history of ingestion of household cleaning agents 
which are thermally sensitive volatile compounds 
are suspected. The development and application of 
techniques for headspace collection of volatiles in 
combination with GC-MS gives credibility to the 
chemical examination of challenging forensic 
exhibits. Our findings demonstrated that body 
tissues and human blood is a good source of volatile 
organic compounds (VOCs) and relevant target for 
toxicological screening of signature VOCs in forensic 
specimens specially when the cases are related to 
household chemical and cosmetics using 
hyphenated techniques (HS-GC-MS). This has 
provide an incredible opportunity for the detection 
of substance earlier believe to be challenging. There 
is further scope for investigation through 
spectroscopic techniques such as Gas 
chromatography - Infra red spectroscopy (GC-IR) 
depending upon the forensic science laboratory 
which has access to such alternative techniques. 
Quick and contamination free separation with low 
solvent consumption minimizes the exposure of 
toxicologist to hazardous chemicals and reduces the 
emission of such solvent to the environment. 
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Table 1: Results of Case 1 and Case 2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Case No. Name of 
detected 
compound 

IUPAC name Retention 
time (GC) 
Min 

Peak detected 
in MS (m/z 
ratio) 

Conc. LOD/LOQ  

Case 1 
(Yellow 
colored 
turbid 
liquid) 

alpha-pinene 4,6,6-trimethylbicyclo 
[3.1.1] hept-3-ene 

11.613  91.1, 92.1, 77, 
79.1, & 121.1. 

- - 

3-carene 4,7,7-trimethylbicyclo 
[4.1.0] hept-3-ene 

 12.47  93.1, 77,121.1, 
136.1, &105.1. 

- - 

o-cymene 1-methyl-2-propan-2-
ylbenzene 

12.609  119,134.1,91 & 
77 

- - 

D-limonene 1-methyl-4-(1-
methylethenyl)-
cyclohexene 

12.665  93.1,68.1,79.1 
&121.1 

- - 

Eucalyptol 2,2,4-trimethyl-3-
oxabicyclo [2.2.2] octane 
 

12.717  93.1, 43, 81.1 & 
108.1 

- - 

gamma-
terpinene 

1-methyl-4-propan-2-
ylcyclohexa-1,4-diene 

12.908 93,91,77, 136.1 
&121.1.    

- - 

Ethyl Alcohol Ethanol 3.954  - - 

Toluene Methylbenzene 8.871   - - 

P-xylene 1,4-Dimethylbenzene 10.696  - - 

Fenchone 1,3,3-
Trimethylbicyclo(2.2.1)hept
ane-2-one 

13.243 81,69, 41 & 
152.1 

- - 

Fenchol (1R,2R 4S)-1,3,3-Trimethyl-
2-norbornanol 

13.504  81.1, 69, 41 & 
93 

- - 

Camphene 2,2-Dimethyl-3-
methylidenebicyclo(2.2.1) 
heptane 

11.826  93, 121.1, 107.1, 
79 & 67 

- - 

Isoborneol (1R,2R,4R)-1,7,7-
Trimethylbicyclo(2.2.1)hept
ane-2-ol 

13.899  95,93,41,67 & 
121.1 

- - 

Case 2 
Transparent 
liquid 

Methyl 
Alcohol 

Methanol 3.7 31,32,29 40mg/dl 1.58mg/dl 
5.2mg/dl 

Acetone Propan-2-one 
 

4.1 43,58,42, &39 
 

- - 

Ethyl Alcohol Ethanol 3.9 31,45 - 0.79mg/dl 
2.6mg/dl 

Fig. 1: Calibration curve for Methanol and Ethanol   
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Fig. 2A: Gas Chromatogram (GC-MS) with compounds list of exhibits of case-1  

Fig. 2B: Overlay chromatogram (GC-HS-MS) of exhibit 1 and 2 of case-1 
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Fig. 2C: Gas-chromatogram (GC-HS-MS) of exhibit of case-1 

Fig. 2 D:  Gas -chromatogram of Standard purchased from local 

market  
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Fig. 3A: FID signals for methanol and ethanol and internal standard in case-2 

Fig. 3B: Gas chromatogram (GC-HS-MS) with compounds list of exhibit of case -2 
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