
The Malaysian Journal of Analytical Sciences Vol. 12  No. 1 (2008) 

 25 

 

 
 

FORENSIC ANALYSIS OF EXPLOSIVE RESIDUES FROM  
HAND SWABS 

 
Umi K. Ahmad*, Sumathy Rajendran and Syahidah Abu Hassan 

 
Department of Chemistry, Faculty of Science,Universiti Teknologi Malaysia, 81310 UTM Skudai, Johor, 

 
 
 

Keywords: Forensic analysis, PETN, hand swabs, HPLC-UV, ultrasonic extraction, explosive residue 
 

Abstract 
In the forensic examination of physical evidence for organic explosives, cotton swabs are often used to collect residue from 
surfaces, such as skin and post-blast debris. A preliminary study has been conducted to develop extraction method of a 
common energetic compound, pentaerythritol tetranitrate (PETN) from hand swabs followed by direct analysis of the 
resulting extract solution using high-performance liquid chromatography (HPLC) with ultraviolet (UV) detector. Analysis 
was performed on an octadecylsilane-based (C18) column using acetonitrile-water mixture (55:45) as mobile phase. The 
mobile phase was pumped at 1.0 mL/min and separation affected using an isocratic mode with the detection wavelength of 
230 nm. The explosive residue was extracted from cotton swabs using acetone in an ultrasonic cold bath. The developed 
method was later applied to the real hand swabs samples, which were taken from three army personnel who handled PETN 
during a munition disposal operation at Asahan Camp Military Firing range. The acetone extract obtained using sonication 
method was found to be effective in recovering PETN from cotton swabs with relatively high recovery (89.5%) and good 
sensitivity with detection limit as low as 2 ng. The content of PETN in the real hand swab samples were found to be in the 
range of 4.7-130 mg. 
 

Abstrak 
Dalam pemeriksaan forensik bagi bukti fizikal seperti letupan organik, sapuan kapas lazimnya digunakan untuk mengumpul 
residu daripada permukaan, contohnya kulit dan saki baki letupan. Satu kajian awal telah dilakukan untuk membangunkan 
kaedah pengekstrakan sebatian bertenaga pentaeritritol tetranitrat (PETN) daripada sapuan tangan diikuti dengan analisis 
ekstrak menggunakan kaedah cecair berprestasi tinggi (HPLC) dengan pengesanan ultralembayung (UV). Analisis 
menggunakan turus silika oktadesil (C18) dengan campuran acetonitril-air (55:45) sebagai fasa bergerak. Fasa bergerak 
dialirkan pada 1.0 mL/min dan pemisahan berlaku pada mod isokratik dan pengesanan pada 230 nm. Residu letupan 
diekstrak daripada sapuan kapas menggunakan aseton dalam rendaman ultrasonik. Kaedah tersebut digunakan untuk analisis 
sampel sebenar sapuan tangan yang diambil daripada tiga anggota tentera yang telah memegang PETN semasa Operasi 
Pelupusan bahan letupan di Lapang Sasar Kem Asahan. Ekstrak aseton yang diperolehi menggunakan kaedah ultrasonik 
didapati berkesan dalam mengekstrak PETN daripada sapuan kapas dengan peratus pengembalian yang tinggi (88.2%) dan 
kepekaan yang baik dengan had pengesanan serendah 2 ng. Kandungan PETN dalam sampel sebenar didapati dalam 
linkungan 4.7-130 mg.  
 
 

Introduction 
Researches on explosives residues are often based on two aspects, which is either an environmental study [1-4] 
or forensic investigation. From an environmental aspect, there has been an increased concern that routine 
military training and testing exercises involving munitions could potentially cause a buildup of explosive 
residues in soil that can result in contamination of underlying groundwater. Studies have showed that candidate 
energetic sources for this contamination include releases from breached casings of unexploded (UXO) or 
partially exploded ordinance, poor disposal practices, open burn and open detonation operations, and the 
accumulation of high-order detonation residues in impact area (mostly at military training camp) [1,2]. Research 
conducted in this area could improve the current state of knowledge concerning the nature and extent of 
contamination [3] and the fate of residues of explosives to the environments [4].  

 
However from the forensic point of view, information obtained from forensic laboratories during investigation of 
an explosion can yield valuable data for future investigations [5-7]. Data from one event can often be applied to 
other cases, thus improving the probability of locating and identifying crucial evidence. In the forensic 
examination of physical evidence for organic explosives, cotton swabs are often used to collect residue from 
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surfaces, such as skin and post-blast debris. According to the literature reviews, most of the analysis relies on 
organic solvents to wet and extract cotton swab [8]. Organic solvents such as acetone, ethanol or methanol are 
used because explosive compounds dissolve readily in them. Swab analysis of explosives could also been used 
as quality assurance testing as reported in a recent study [9]. 

 
This report describes a preliminary study of hand swabs analysis for the forensic analysis of pentaerythritol 
tetranitrate (PETN) residues. PETN is the major component of detonation cord often used during demolition 
activities Hand swabs were taken during sampling activities at Asahan Camp Military Firing Range, Malacca. 
The main purpose of this study was to develop an extraction method for explosive residues using HPLC with 
UV detector, which can be used to analysis hand swabs in real samples. 
 

Experimental 
Materials 
 
Reagents 
Double distilled deionized water (DDDW) was used throughout the analysis. Organic solvents such as acetone 
and acetonitrile used were of analytical grade (Merck) and HPLC grade (Merck) respectively. The mobile phase 
solvents for HPLC; DDDW and acetonitrile (MeCN) were filtered through a 0.45-µm-filter membrane prior to 
use. 
 
Standard solutions 
A stock solutions of 1000 ppm was prepared by dissolving 0.0100 g PETN with acetone in a 10 mL volumetric 
flask and then diluted to volume with MeCN.  The stock solution was kept in a 10 mL vial, which was covered 
with aluminum foil and stored in the refrigerator. Working solutions (20-100 ppm) were prepared by dilution of 
suitable amount of the stock solution. 
 
Cotton Swabs for Sampling 
A packet of cotton balls meant for facial use was purchased at a local provision store. The average cotton ball 
was a sphere with approximately 3-cm diameter and weighing 500 mg. The cotton balls were cleaned by soaking 
in distilled water and followed by acetone for 30 minutes. Most of the solvent was squeezed out from the cotton 
prior to drying the cotton balls at room temperature for 12 hr. The cleaned and dry swabs were then stored in a 
zip lock plastic bag at room temperature. 
 
Hand Swab Samples 
Real hand swab samples were obtained from three army personnel who molded PETN during a munition 
disposal practice at Asahan Camp Military Firing Range, Malacca. At the sampling site, cotton balls were wetted 
with about 1 mL of acetone prior to use. The damp cotton ball was handled with gloved hand, swabbed against 
the surface of the volunteer’s hand to collect residues, and then stored in a labeled zip lock bag. The zip lock bag 
was sealed properly to protect the swab from contamination. Hand swabs from all three army personnel were 
placed in a cool icebox before being transported back to the laboratory and were kept cold in refrigerator prior to 
analysis. 
 
Spiked Samples for Recovery Study 
Spiked samples were prepared in the laboratory for analyte recovery study. A cotton ball damped with acetone 
was placed in a 10 mL vial. The sample was spiked with 500 µL of PETN (1000 ppm). Duplicate spiked samples 
were prepared. Blank cotton swabs prepared were treated in a similar manner except that the blank samples were 
not spiked with the target analyte. 

Instrumentation 
Apparatus 
All glasswares, spatula, forceps and sample bottles used for the analysis were previously soaked in 10% nitric 
acid overnight and rinsed carefully for at least three times with deionized water and thoroughly dried prior to 
use. 
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HPLC Instrument 
Standard solutions and sample extracts were analyzed by using HPLC (Agilent 1100 series). The instrument was 
equipped with a quaternary pump, degasser, variable wavelength detector (VWD) and a computerized data 
acquisition and instrument control system (HPLC Chemstation Software G2170AA). Manual injector was used 
to inject samples onto the column. The HPLC column used was an Agilent Zorbax Eclipse XDB-C18 (4.6 x 150 
mm, 5 µm). 
 

Procedure 
Extraction of PETN from Cotton Swabs 
To extract explosive residues from a swab, acetone was added into the vial up to the 5-10 mL graduation to 
cover the cotton ball with solvent. The filled vial was placed in a sonic bath for approximately 10 minutes. Bath 
temperature was maintained at less than 10 ºC with cooling water. The acetone extract was removed from the 
vial and the extract was filtered through a gravity filter paper (Whatman, 90 mm). The cotton was pressed tightly 
to the bottom of the vial using forceps to remove the last few drops and the supernatant was collected in a vial. 
The sample solution was evaporated to near dryness under nitrogen gas flow, and acetonitrile was added to bring 
the volume to 10 mL [8]. Samples that were very cloudy or showed a large amount of particulate were made up 
to a known dilution factor. Spiked samples and blank samples were treated in a similar manner.  
 

HPLC Analysis 
HPLC analysis was performed using MeCN-Water mixture (55:45, v/v) under isocratic mode. The mobile phase 
was pumped in at a flow rate of 1.0 mL/min and the analyte was detected using a variable wavelength UV-Vis 
detector set at 230 nm. An aliquot (20 µL) of sample solution was introduced into the system via a Rheodyne six 
port injection valve fitted with a 20 µL sample loop. 
 

Calibration Graph 
A series of standard solutions ranging from 20 ppm up to 100 ppm were used to obtain a calibration graph for 
the determination of PETN. The concentrations of analyte in the samples were obtained by interpolation of the 
peak areas of the analyte from the calibration graph. 
 

Limit of Detection 
A standard solution of PETN with lower concentration was prepared by serial dilution of a 100 ppm stock 
solution. The limit of detection was assessed for the peak area of the lowest concentration of PETN that yielded 
a signal to noise ratio of 2:1.  
 

Results and Discussion 
Qualitative Analysis 
Analysis of PETN was affected using HPLC in the isocratic mode employing MeCN-water mixture with analyte 
detection at 230 nm (Figure 1). The PETN peak was found to elute close to the solvent (acetone) peak. Peak due 
to the diluent (MeCN) was not apparent due to the nature of MeCN, which is transparent in the UV region at 
wavelengths above 200 nm.  
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Figure 1. HPLC chromatogram of PETN standard solution (1000 ppm). HPLC conditions; mobile phase: 55% ACN : 45% 
Water, flow rate: 1.00 mL/min, detection wavelength: 230 nm. 

 
Calibration Graph and Limit of Detection 
Various concentration of PETN was injected to obtain chromatograms, which were used to plot a calibration 
graph of PETN. The concentrations of PETN standard chosen for this analysis were in the range of 20 to 100 
ppm (Figure 2). 
 

 
Figure 2. HPLC chromatograms of serial dilution of PETN standard with concentrations of (a) 20, (b) 40, (c) 60, (d) 80, (e) 

100 ppm. HPLC conditions as in Figure 1. 
 
The calibration graph plotted gave a regression line of y = 52.122x + 88.209 where y and x are peak area (mAU) 
and PETN concentration (ppm) respectively (Figure 3). Good correlation coefficient was obtained, with 
R2=0.9995. Peak area was linear with the amount injected PETN over the range up to 100 ppm (2 �g).  The 
limit of detection (LOD) of an analyte can be described as the minimum concentration which gives an 
instrument signal significant different from the blank and background signal [10]. In this study, the limit of 
detection was assessed to be 2 ng. 
 

 

Acetone 

 PETN 

time 

UV  

a 
blank 

b 
c 
d 
e 

acetone 

PETN



The Malaysian Journal of Analytical Sciences Vol. 12  No. 1 (2008) 

 29 

Calibration Graph of PETN
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Figure 3. Calibration graph of PETN 

 
Recovery Study 
In order to evaluate efficiency of extraction using the cool bath ultrasonication technique [8], recoveries of the 
analyte from spiked samples were determined. Peak areas of both blank and spiked sample were measured and 
were used to calculate the percent recovery. Figure 4 shows the chromatogram of a sample spiked with 500 �g 
analyte, which was used in the recovery study. The blank chromatogram at 230 nm is nearly flat with the 
exception of the solvent peak. The percent recovery of the extraction method used was found to be 89.5 %, 
indicating that a large fraction of the explosives was extracted from the cotton ball, and only a small amount of 
explosive residues could have remained bounded in the cotton swab. The recovery of PETN was comparable to 
that reported by Thomson et al. [8] who reported recoveries of over 80% for a mixture of explosives analysed. 

 

 
 

Figure 4. HPLC chromatogram of (a) Spiked cotton swab (500 µL of 1000 ppm PETN) and (b) Blank cotton swab. 
HPLC conditions as in Figure 1. 

 
Real Samples Analysis 
From the analysis, it was found that all three hand swabs samples taken during sampling contained PETN. Due 
to the high concentration of PETN, the hand swabs samples were diluted 10 to 100 times to yield responses with 
peak area with the range of the calibration graph. Extracts of sample HS1 (bare hand) was diluted 10 times 
(Figure 5) meanwhile extracts of sample HS2 and HS3 (gloved hands) were diluted 100 times. Table 1 shows the 
details of hand swabs analysis of the real samples. 
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Figure 5: HPLC chromatogram of a real hand swab sample. Sample extract HS1 with 10 times dilution. HPLC 
conditions as in Figure 1. 

 
Table 1: Amount of analyte in real hand swab samples 

Sample 
Code 

Dilution Factor, 
DF 

Peak Area, y 
(mAU) 

Amount of PETN in extracts, 
(x × DF), (mg) 

HS1 10 2573.74 4.7 

HS2 100 6805.14 129 

HS3 100 6874.79 130 
*Equation of calibration graph was used: y = 52.122x + 88.209 
 

Conclusions 
The extraction of hand swabs using cool bath sonication method developed in this study shows a relatively high 
recovery (88.2%) and reasonably good sensitivity with detection limit of 2 ng. The method was easily conducted 
and applicable to the analysis of the real hand swab samples using HPLC-UV at 230 nm. Significant amounts of 
PETN (4.7-130 mg) were extracted from the real samples analysis.  
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