
Malaysian Journal of Analytical Sciences, Vol 23 No 2 (2019): 229 - 236 

DOI: https://doi.org/10.17576/mjas-2019-2302-07 

229 

 

 

MALAYSIAN JOURNAL OF ANALYTICAL SCIENCES 

Published by The Malaysian Analytical Sciences Society 

 
 

COLOURIMETRIC BASED DETECTION OF GUNSHOT RESIDUE ON 

GLOVES WORN DURING SHOOTING  
 

(Pengesanan Sisa Tembakan Berasaskan Kolorimetrik pada Sarung Tangan Semasa Menembak) 
 

Azie Azyanti Mohd Rafae
1
, Saiful Fazamil Mohd Ali

2
, Ahmad Fahmi Lim Abdullah

1
, Kah Haw Chang

1
*

 

 
1Forensic Science Programme,  

School of Health Sciences,  

Universiti Sains Malaysia, 16150 Kubang Kerian, Kelantan, Malaysia  
2Criminalistic Section, Forensic Division,  

Department of Chemistry, Jalan Sultan, 46661 Petaling Jaya, Malaysia  

 

*Corresponding author:  changkh@usm.my 

 

 

Received: 5 February 2018; Accepted: 16 February 2019 

 

 

Abstract 

Determining the shooter is an important element during investigation of firearm related offences, particularly through the 

detection of gunshot residue (GSR) as forensic evidence on shooter’s hand. However, such detection could be restrained if it is 

obstructed by the wearing of gloves by a shooter. Hence, it is worth investigating the presence of GSR on gloves, aiming to 

suggest an individual’s contact with a weapon. In this study, Modified Griess Reagent (MGT) commonly available in forensic 

laboratory was utilised to screen GSR on individual gloves of different materials worn by a shooter during a shooting training 

session. The experimental results revealed that both the palm and back of gloves equally allows the detection of GSR by MGT (p 

= 0.083). No statistically significant association was evident between the types of gloves and positive indication of MGT (p = 

0.122). The types of firearms, neither revolver nor semi-automatic pistol showed significant association with the detection of 

GSR on the gloves (p = 0.248). When two-hand shooting was performed, glove samples worn on left and right hands gave 

almost similar testing results (p = 0.626). Although the presence of GSR on a glove after a shooting could be relatively low, the 

study has demonstrated that applying MGT, a simple test could assist crime scene investigation in determining the presence of 

GSR, in cases when gloves were used.  
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Abstrak 

Pengenalpastian seseorang penembak adalah unsur yang penting ketika penyiasatan kesalahan yang berkaitan dengan senjata api 

terutamanya melalui pengesanan sisa tembakan (GSR) sebagai bukti forensik pada tangan penembak. Walau bagaimanapun, 

pengesanan sedemikian boleh dihalang sekiranya bahan-bahan tersebut terhalang oleh pemakaian sarung tangan oleh seseorang 

penembak. Justeru, adalah bernilai untuk menyiasat kehadiran GSR pada sarung tangan yang bertujuan untuk mencadangkan 

perhubungan seseorang individu dengan suatu senjata api. Dalam kajian ini, reagen Griess terubahsuai (MGT) yang lazimnya 

boleh didapati di makmal forensik telah digunakan untuk menyaring GSR pada setiap sarung tangan yang diperbuat daripada 

pelbagai bahan yang berbeza dan dipakai oleh penembak ketika suatu sesi latihan tembakan. Keputusan eksperimen 

menunjukkan bahawa kedua-dua permukaan tapak and belakang sarung tangan sama-sama membenarkan pengesanan GSR oleh 

MGT (p = 0.083). Tiada perkiatan statistik bererti terbukti antara jenis sarung tangan dan penentuan positif MGT (p = 0.122). 

Jenis senjata sama ada revolver atau pistol separa automatik tidak menunjukkan perkaitan bererti dengan pengesanan GSR pada 

sarung tangan (p = 0.248). Apabila penembakan dua belah tangan dijalankan, sampel sarung tangan dipakai pada tangan kiri dan 

tangan kanan memberikan keputusan ujian yang hampir sama (p = 0.626). Walaupun kehadiran GSR pada suatu sarung tangan 

selepas suatu tembakan berkemungkinan agak rendah, kajian ini telah menunjukkan bahawa penggunaan MGT yang merupakan 
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suatu ujian yang mudah dapat membantu penyiasatan tempat jenayah dalam penentuan kehadiran GSR, terutamanya dalam kes-

kes apabila sarung tangan telah digunakan. 

 

Kata kunci:  sains forensik, sisa tembakan, ujian kolorimetrik, reagen Griess terubahsuai, sarung tangan 

 

 

Introduction 

Determining the shooter is an important element during investigation of firearm related offences [1]. According to 

Locard’s principle of exchange, traces originating from the discharge of a firearm should be deposited on any 

surface in the vicinity of the shooting event, especially on the hand of the shooter [2]. These traces, collectively 

known as gunshot residues (GSR), consist of discrete and characteristic combination of products originating from 

the primer, smokeless powder, projectile, casing and possibly also the firearm itself [1, 3]. In firearm related cases, 

successful detection of GSR on a suspect provides significant value aiding an investigation by offering scientific 

evidence which indicates the possibility of one’s involvement in the use of a firearm [1].  

 

In forensic analysis, the absence of GSR on an individual cannot be interpreted as that he/she was not involved in an 

alleged shooting incident. Severe depletion of such traces could occur when there is a time elapse between the 

incident and the time of sample recovery. A shooter could have washed his/her body and changed the clothes. Also, 

if a shooter’s hands were protected such as by gloves, routine skin swab for GSR might turn out negative. Previous 

studies have suggested the transfer of epithelial cells from sweat and body oils of a shooter onto a firearm, leaving 

potential fingerprints [4, 5] and DNA [5-9] during shooting. Wearing of gloves by a shooter might restrict the 

deposition of these body fluids onto a firearm, and vice versa, GSR might not directly deposit onto the hands of the 

shooter due to the barrier of the gloves. In view of this, the recovery of GSR from gloves suspected to be worn by 

the suspect during a shooting would support the suggestion that he/she has held a weapon, thereby aiding the 

investigation of firearm related cases.  

 

Currently, examination of GSR on the basis of their morphology and chemical composition using scanning electron 

microscope-energy dispersive X-ray (SEM-EDX) technique are routinely practiced in forensic laboratories [3]. A 

simplified system described in American Society for Testing and Materials (ASTM) standard guide remains widely 

accepted for the analysis and determination of GSR, including Malaysia [3, 10]. A drawback of the use of SEM-

EDX is that the residues on a surface need to be transferred from that surface to a stub through a sampling 

procedure for the analysis. Tape lifting is a good procedure on surfaces such as skin and face of a suspected shooter, 

but less effective on fabric due to the buildup of debris on the stub and loss of stickiness with repeated dabs [3, 11]. 

Therefore, a colourimetric test is proposed to be directly applied on the glove surfaces without any procedure for 

transferring the residues. Colourimetric tests are widely used in casework examination, particularly for the 

estimation of shooting distance based on the particle distribution on a target, besides for screening for the presence 

of GSR and identification of a bullet hole [1, 3, 11-13]. Among colourimetric tests, Modified Griess Test (MGT) is 

commonly used as a presumptive test for nitrite-containing particles originating from burned smokeless powder, 

especially for the estimation of shooting distance [11-16]. Due to its availability in forensic laboratories, MGT was 

utilised in this study as a quick screening indicator for GSR, aiming to provide an initial empirical data that allow 

the investigative officer to determine the possible linkage between the gloves, the suspect and a shooting incident 

for forensic intelligence purpose.  

 

Materials and Methods 

Shooting and sampling 

A semi-automatic pistol P-99 Walther
®
 and a revolver Smith & Wesson

®
 were used in firing the ammunitions (SME 

9 mm and SME .38, SME Ordnance, Selangor, Malaysia) supplied by the Royal Malaysia Police in an open 

shooting range in Police Training Centre, Kuala Lumpur. Four types of gloves (two types of differently knitted 

cotton gloves, one polyurethane-type and one nylon-made gloves) commonly used at home or work and easily 

available in the market were selected. The gloves were worn by the shooter on both hands prior to shooting using 

both hands to hold the firearm. Positive control was prepared by spiking nitrate standard on the glove samples while 

clean glove samples were used as negative control. 
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GSR generation was achieved from ten consecutive shots with the respective firearm for more intense GSR traces 

for better characterisation of their distribution study. Immediately after the tenth shot, the individual gloves were 

separately collected from the hands, packed into separate paper bags and labeled accordingly. For each of firearm 

types, a total of two pairs of gloves of four different types were sampled, making a total of 32 glove samples in this 

study.  

 

Reagent preparation   

To prepare the fresh MGT reagent, 2.5 g of α-napthylamine hydrochloride (Merck, Kenilworth, NJ) was added into 

7.5 g of sulphanilic acid (Merck, Kenilworth, NJ) to form reagent A. Then, 140 mL isopropyl alcohol (Merck, 

Kenilworth, NJ) was mixed with 60 mL distilled water to form Reagent B. Both reagents A and B were then mixed 

well and filtered into a 250 mL spray gun bottle. Filter paper Grade 1288 (Sartorius, Göttingen, Germany) was used 

to remove the undissolved particles from the MGT reagent.  

 

Physical examination 

Glove samples were examined visually and subsequently under stereomicroscope (Leica Microscope MZ 16, Leica 

Microsystems, Heerbrugg, Switzerland) equipped with a digital camera (Leica FC 290, Leica Microsystems, 

Heerbrugg, Switzerland). The magnification factors for image display ranged from 0.71x to 11.5x with the power of 

eyepiece at 10x. The microscopic system was supported by Leica Application Suite software (Leica Microsystems, 

Heerbrugg, Switzerland) for capturing photographs. The presence of any foreign particles on the gloves was 

carefully noted, comparing to the negative control glove samples which did not subjected to shooting exercise.  

 

Colourimetric test 

Gloves to be examined were laid on a sheet of A4 size paper. A cut piece of blotting paper (25 cm x 25 cm) was 

sprayed with the test reagent, and then carefully placed covering the entire glove. A cleaned glass plate was placed 

on top of the wet blotting paper and pressed gently for one minute. The blotting paper was then carefully removed 

and examined for the presence of red-to-pink-to-orange coloured spots [14-15]. The same procedure was carried out 

for the other side of a glove to ensure that the entire glove surface was screened. Since the two sides of a glove 

sample were tested with MGT, cautious must be considered to minimise cross contamination by utilising new pieces 

of A4 and blotting papers, as well as a thoroughly cleaned glass plate for the second surface testing. Note that the 

side in contact with the grip was labeled as “palm” whereas the side facing outward was labeled as “back”. The test 

reagent was also tested on positive and negative controls. 

 

Statistical analysis 

A binary outcome for detection of GSR was determined as either “yes” or “no”. Statistical analysis was conducted 

using Stata software version 12 (StataCorp, USA). Data cleaning and descriptive analyses were performed to ensure 

no error in the data. Chi Square test or Fisher Exact test was conducted to determine an association between the 

tested variable (i.e. sampling sites, types of gloves, left hand versus right hand, and types of firearms) and the 

detection of GSR using MGT. In this study, a p-value of <0.05 was considered as statistically significant. 

 

Results and Discussion 

Physical examination 

Initial physical examination was focused on the presence of foreign particles on the surface of the gloves under the 

magnifications of 20× and 40×, and the observed flakes or particles were photographed. GSR particles of varying 

sizes of irregular shape were seen under the magnification of 20× (Figure 1a-b). Smaller particles in dust form were 

also observed at higher magnification (Figure 1c). The particles were black in colour that appeared similar to those 

observed when using smokeless powder as reported earlier [17]. On the contrary, control samples observed under 

microscope showed no evidence of such foreign particles. Therefore, visual observation indicated that these 

particles found on the glove surfaces could be the product of partial combustion of smokeless powder contained in 

the ammunition [11].  
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Figure 1.  Illustration of (a) flakes, (b) particles and (c) smaller particles in dust form found on the glove surfaces 

after shooting 

 

Colourimetric test 

Determination of the presence of nitrate compounds arising from the combustion of ammunition using MGT has 

been routinely used to estimate shooting distance, particularly on a target such as clothing on victim’s body. The 

study attempts to extend its utilisation on the gloves worn during firing. Prior to application of MGT on glove 

samples, negative control demonstrated that absence of colour reaction on clean glove surfaces, suggesting no 

interference from glove materials on the MGT test. The presence of GSR compounds on shooter’s gloves was 

indicated by the appearance of red-to-pink colour spots similar to also observed from the positive control. Figure 2 

illustrates photographs of blotting paper with GSR particles observed as light pink coloured spots after the 

application of MGT on the gloves used by the shooter during test firing.  

  

  

Figure 2.  Light pink coloured spots appearing on blotting paper tested with (a) palm and (b) back of a knitted 

cotton glove 

 

Positive determination by MGT is a consequence of chemical reaction between nitrate compounds originated from 

the smokeless powder with the reagent [1, 3, 11, 14-16]. Table 1 illustrates the frequency and percentage of 

colourimetric tests scored as “yes” or “no” after the application of MGT. In this study, 48 (75.0%) positive detection 

of GSR were recorded with 32 cases more than those negative detections. Note that the primary focus of this study 

was to qualitatively determine the presence of GSR on the gloves without considering the distribution pattern of the 

residues on the glove surfaces, in line with actual forensic investigation which aims to prove a shooting activity.  

(a) (b) (c) 

(a) (b) 
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Table 1.  Frequency and percentage of positive and negative determination 

Detection of GSR Frequency (%) 

Yes 48 (75.0%) 

No 16 (25.0%) 

Total 64 (100.0%) 

 

GSR detection on the “Back” versus “Palm” surfaces of the gloves 

GSR tends to move outward and away from a firearm upon firing. A Chi Square test was used to determine 

association between the sampling sites and the positive detection of GSR, as showed in Table 2.   

 

Table 2.  Association between the sampling sites and the detection of GSR on gloves 

Sampling Site 
Detection 

p-value 
Yes No 

Back 27 (84.4%) 5 (15.6%) 
0.083 

Palm 21 (65.6%) 11 (34.4%) 

       *Chi Square test was used 

 

The Chi Square test showed that there is no statistically significant association between the sampling sites with the 

detection of GSR on gloves (p = 0.083) (Table 1). A total of 84.4% of the samples were reported with positive 

determination of GSR on the “back” of the gloves, regardless of the types of gloves and firearm used. On the other 

hand, the palm side of the gloves also recorded positive results of GSR in 65.6% of the glove samples, indicating 

that the GSR can also be deposited on the “palm” surface upon repeated firing. Literatures supported that GSR 

could be found on the firing hands, both on the “back” and “palm” sites [18, 19]. Generally, the dorsum of the hand 

holding the weapon would be exposed to deposition of GSR particles, thus giving positive results compared to the 

palm surface used to grab the pistol. Also, GSR can also be deposited on the “palm” surface upon repeated firing. 

The cleaning a firearm may also only partially eliminate the GSR [18]. It is also possible that the GSR found on the 

“palm” surface of a glove could be due to the transfer of previously deposited GSR on the grip of the pistol or 

revolver, which was termed as “memory effect” [18, 20]. By comparison, the “back” of a glove should certainly be 

the focus area in forensic examination due to the slightly higher possibility for the detection of GSR as 

demonstrated here.  

 

Types of gloves 

Among the four types of gloves used in this study, two were knitted typed cotton gloves and the other two were 

polyurethane- and nylon-made gloves, thus providing different surface texture for GSR deposition. Table 3 

illustrates the association between the types of gloves worn during shooting and the positive detection of GSR.  

 

Table 3.  Association between the types of gloves worn during shooting and positive detection of GSR 

Type of Gloves 
Detection 

p-value 
Yes No 

A 12 (75.0%) 4 (25.0%) 

0.122 
B 15 (93.8%) 1 (6.3%) 

C 12 (75.0%) 4 (25.0%) 

D 9 (56.3%) 7 (43.8%) 

 *Fisher Exact test was used 
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The former two were of coarser surface texture, where the weaves in between the yarn were relatively loose. Such 

cotton gloves could allow for the persistence of GSR falling onto and trapping within the yarn. This was supported 

in this experiment with 93.8% (type A) and 75.0% (type B) positive colourimetric results for the two respective 

types of cotton gloves. Polyurethane-made gloves (type C) also retain GSR allowing their detection in 75.0% of the 

glove samples. The polyurethane coating in this type of glove could have made the surface resistant to abrasion, and 

thus restrict the process of wearing away the GSR particles fallen onto it. On the contrary, the nylon-made gloves 

being the smoothest surface (type A), revealed relatively lower probability (56.3%) in detecting the presence of 

GSR on their surfaces, among all tested gloves. However, the statistical result shows no significant association 

between the types of gloves with the detection of GSR on gloves (p = 0.122), suggesting that the different types of 

gloves equally allow the detection of GSR. To the authors’ knowledge, many researches have been conducted on 

the detection of GSR from various surfaces in the proximity of shooters, specifically on hands, face and the clothes 

they worn [1, 11, 19]. Testing on the presence of GSR on gloves which worn by a shooter to minimise the 

deposition of such residues onto his/her hands remain unexplored. This experimental outcome could be used to 

account for the witness or the suspect’s statement about the shooting event, whether or not gloves have been worn 

during the shooting activity.  

 

Left versus right worn gloves 

As the shooting was performed using both hands, glove samples worn on left and right hands, as predicted, 

respectively revealed 81.3% and 87.5% probability of positive results. Statistical result (Table 4) shows that either 

left or right worn glove has no association with the positive detection of GSR (p= 0.626).  

 

Table 4.  Association between left or right worn gloves and positive detection of GSR 

Sampling Hand 
Detection 

p-value 
Yes No 

Right 14 (87.5%) 2 (12.5%) 
0.626 

Left 13 (81.3%) 3 (18.8%) 

*Fisher Exact test was used 

 

GSR can be found on the firing hand when gloves were worn, regardless of left or right sides. It is noting that only 

the “back” sides of those glove samples were considered in this experiment. The experimental results also supported 

the finding by Jalanti et al. [18] and Ditrich [20], in which the abundance of GSR particles could be found in both 

hands if the other hand was used as support during a shooting event. In this case, the shooter was a right handed 

person. The left hand that was below the grip overlapped the right hand which was positioned above the grip while 

holding the grip. A relevant circumstance for slightly higher positive detection on right gloves that was more 

exposed to the chamber is possible. The finding is important for crime scene reconstruction or to verify the 

witness’s or suspect’s account that GSR could be present on both hands, when performing two-handed shooting.  

 

Semi-automatic vs revolver 

When comparing two different firearms, it was seen that a higher number of glove samples showed positive results 

when fired with a revolver (81.3%) as compared to a semi-automatic pistol (68.8%), although the Chi Square 

statistical test shows no association between the types of firearm and the detection of GSR on the glove samples (p 

= 0.248) (Table 5). 

 

Literature reported that the firing mechanism of revolver allowed substantial amount of GSR to be escaped from the 

gap between the revolving drum and barrel, and subsequently contributed to the increased deposition of GSR [20]. 

The emitted plume from a revolver tends to surround the weapon including a shooter’s hands [17], leading to 

possibility of positive indication on hands, in this case, the gloves worn during firing. On the contrary, a semi-

automatic pistol ejects the spent cartridge from one side of the pistol and reloads a new round from the magazine. 

The smoke and particles are mainly emitted through the opening of ejection port, restricting the spread of GSR [20]. 
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Although the plume of GSR released from these two weapons could be varied, it did not affect the detection of GSR 

that has been deposited on the gloves due to the firing activity.  

 

Table 5.  Association between the types of firearm used for shooting and positive detection of GSR  

on gloves worn during the shooting 

Firearm 
Detection 

p-value 
Yes No 

Semi-automatic pistol 22 (68.8%) 10 (31.3%) 
0.248 

Revolver 26 (81.3%) 6 (18.8%) 

  *Chi Square test was used 

 

 

Conclusion 

This study shows that the application of MGT colour test on any glove worn during a shooting provides useful 

results. Although the presence of GSR on a glove after a shooting could be relatively low, similar to the detection of 

such residues on hands, the positive indication of colourimetric test offers an investigative clue. The adherence of 

residues on the weaves of fabric making up a glove could persist longer than those retained on a shooter’s hands 

which are lost due to washing and daily activities, or even with the time elapsed. With the application of 

colourimetric test, careful and proper handling of the evidence must be considered to avoid the loss of trace 

particles. To conclude, this study has demonstrated the utilisation of MGT as a quick and cost effective screening 

test to indicate the presence of GSR on gloves. It could serve as forensic intelligence lead, in order to relate a 

suspect during crime scene investigation. For future study, the factors such as the influence of the number shots, 

single-handed shooting as well as the duration of storage for the glove samples, which could affect the detection of 

GSR from such evidence, should be investigated. 
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