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In this work, the experiments were carried out to study the distribution of 
Gunshot Residues (GSR) in five directions from the front of the shooter and to 
determine the amounts of GSR particles deposited on the floor at different times after 
shooting, in a closed room. The pistols used were a semi-automatics, Glock (model 
19, 9 mm) and a revolver Smith & Wesson (model M 60, .38). The amounts of Ba, Sb 
and Pb in the GSR were determined by using the technique of Inductively Coupled 
Plasma-Optical Emission Spectrometer (ICP-OES) and were used as the measures 
of the GSR particles. The results demonstrated that the highest proportions of GSR 
particles were found at 1-2 meters from the front of the shooter and from the direction 
of 45 degree to the right of the shooter. The maximum amounts of GSR particles 
deposited were found at approximately 1 to 3 minutes after shooting. Different 
amounts of GSR particles were detected from the two types of pistols. In addition, the 
high proportions of the GSR particles were detected from the samples collected from 
the palm and palm area of the thumb and forefinger of the shooter. 
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2.1

 ICP-
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1 Inductively Coupled Plasma Spectrometer (ICPS) Varian Liberty 220 

2 Multiwave Microwave Sample Preparation System Anton Parr. 

3
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2.2
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1 30 x 30 cm 

2

3

4

5 label 

6

7 Plate
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9  Vial 
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10

11

12

13 Deionized  water

14 Phosphoric acid Fluka AG 

15 Nitric acid Fluka AG 

16 Hydrochloric acid Fluka AG 

17 Tartaric acid Fluka AG 

2.2

1) Revolver Smith & Wesson Model M60

 16 Revolver Smith & Wesson Model M60 

2) Revolver  Sellier&Bellot  .38 Special 

 17  Revolver  Sellier&Bellot  .38 Special 
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3) Semi-Automatics  Glock Model 19 

 18 Semi- Automatics  Glock Model 19 

4)  Semi- Automatics  Winchester  9 mm Luger

 19  Semi- Automatics  Winchester  9 mm Luger



















34

 4

4.1  GSR 

 GSR 

Revolver     S & B  .38 Special  Winchester  9 mm 

Inductively Coupled Plasma - Optical Emission Spectrometer (ICP-OES) 

 GSR  1 

 2  28

 1  GSR     S & B  .38 Special        

 Winchester  9 mm 

GSR  particles S & B  .38 Special (ppm)  Winchester (ppm) 

Ba 29.92 28.03 

Sb 20.78 20.28 

Pb 22.79 29.59 



35

0

5

10

15

20

25

30

35
 (

p
p

m
)

Ba Sb Pb

 GSR

 Revolver (ppm)

 Semi-Automatics(ppm)

 29  GSR 

 Revolver  Semi-Automatics 

 29  GSR 

2  GSR  Ba 
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4.2

 4.2.1  Revolver

 5 

,

 Revolver  Smith & Wesson model M60  Revolver 

Sellier&Bellot  .38 Special  Gunshot Residue (GSR) 

 5  5 

29  3 Inductively Coupled Plasma - Optical 

Emission Spectrometer (ICP-OES)
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 2  GSR  Revolver 

30.55-30.62 °C  47.25-46.00%  0.04-0.05 m/s 

 Ba  Sb  Pb 

sample

1 2 3 1 2 3 1 2 3

(  3 )

 (ppm) 

Z0 0.15 0.57 0.47 0.00 0.00 0.41 0.41 0.88 1.60 1.75 

A1 0.08 0.16 0.13 0.00 0.00 0.00 0.20 0.40 0.72 0.80 

A2 0.11 0.04 0.11 0.00 0.00 0.00 0.21 0.25 0.60 0.71 

A3 0.26 0.04 0.12 0.00 0.00 0.00 0.33 0.32 0.97 0.68 

A4 0.57 0.05 0.12 0.00 0.00 0.00 0.32 0.34 0.88 1.45 

B1 0.07 0.05 0.08 0.00 0.00 0.00 0.18 0.41 0.48 0.55 

B2 0.12 0.06 0.07 0.00 0.00 0.00 0.28 0.26 0.51 0.63 

B3 0.10 0.07 0.09 0.00 0.00 0.00 0.24 0.27 0.43 0.53 

B4 0.10 0.05 0.12 0.00 0.00 0.00 0.24 0.31 0.44 0.54 

B5 0.18 0.06 0.07 0.00 0.00 0.00 0.22 0.33 0.23 0.41 

B6 0.12 0.04 0.07 0.00 0.00 0.00 0.00 0.20 0.26 0.38 

C1 0.16 0.75 0.19 0.50 0.20 0.00 3.70 10.30 8.80 9.16 

C2 0.43 0.20 0.56 2.00 1.30 0.94 18.67 27.30 20.20 21.93 

C3 0.33 0.30 0.55 0.16 3.90 1.10 14.00 48.80 21.20 25.43 

C4 0.30 0.06 0.13 0.49 0.00 0.07 5.00 5.20 5.00 5.30 

C5 0.31 0.06 0.09 0.08 0.00 0.00 0.60 2.30 2.30 2.61 

C6 0.33 0.04 0.08 0.18 0.00 0.00 1.90 0.36 0.31 0.64 

D1 0.54 0.42 0.23 2.10 1.40 1.10 20.50 25.70 15.90 17.84 

D2 0.50 0.20 0.36 2.30 0.76 2.10 18.00 20.80 31.90 33.16 

D3 0.39 0.09 0.17 0.30 0.00 0.00 2.60 3.50 5.80 6.19 

D4 0.38 0.07 0.15 0.21 0.00 0.00 2.20 1.90 4.40 4.78 

D5 0.30 0.04 0.13 0.15 0.00 0.00 1.10 0.86 1.50 1.80 

D6 0.32 0.06 0.12 0.00 0.00 0.00 0.39 0.62 0.97 1.29 

E1 0.48 0.28 0.56 0.96 0.69 0.77 5.60 16.50 13.90 15.07 

E2 0.52 0.17 0.45 1.20 0.40 0.47 10.30 13.10 16.10 17.02 

E3 0.36 0.11 0.75 0.35 0.00 0.00 3.10 4.50 9.80 10.16 

E4 0.29 0.16 0.59 0.23 0.00 0.00 2.10 4.30 4.70 4.99 
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 33  GSR  3  Revolver  3 

 Revolver  3  (  31-33)  1 

 GSR  D1 (  45 

 0.5 )  2  C3 (  2 )  3 

 D2 (  45  1 )  3 

 GSR 

 GSR 

 45  0.5-2 
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 3 

 3  5 
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 37-38 

 3  GSR 

 GSR  2 

 0.5 – 2  5 

4.2.2  Semi-Automatics    

 5 

,

Semi-Automatics  Glock model 19  Winchester  9 mm 

 Gunshot Residue (GSR)  5 

 5  3 

Inductively Coupled Plasma - Optical Emission Spectrometer (ICP-OES) 

 3  39, 40  41 
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 3  GSR  Semi-Automatics 

 3  30.55-30.62 °C  47.25-46.00% 

 0.04-0.05 m/s 

 Ba  Sb  Pb 

sample

1 2 3 1 2 3 1 2 3

 (  3 )

 (ppm)

Z0 1.25 1.70 0.95 0.64 0.00 0.31 0.54 0.35 0.51 1.76 

A1 0.08 0.07 0.24 0.34 0.00 0.36 0.00 0.00 0.32 0.40 

A2 0.00 0.08 0.16 0.00 0.00 0.00 0.00 0.00 0.13 0.13 

A3 0.10 0.07 0.14 0.00 0.00 0.00 0.00 0.06 0.08 0.18 

A4 0.28 0.05 0.07 0.00 0.00 0.00 0.18 0.06 0.11 0.39 

B1 0.30 0.19 0.19 0.00 0.00 0.00 0.37 0.11 0.31 0.61 

B2 0.00 0.10 0.25 0.00 0.00 0.00 0.00 0.00 0.24 0.24 

B3 0.07 0.04 0.10 0.00 0.00 0.00 0.09 0.00 0.20 0.27 

B4 0.07 0.04 0.09 0.00 0.00 0.00 0.09 0.00 1.10 1.17 

B5 0.07 0.03 0.21 0.00 0.00 0.00 0.09 0.00 0.00 0.07 

B6 0.07 0.05 0.17 0.00 0.00 0.00 0.09 0.00 0.00 0.07 

C1 0.93 1.20 0.77 0.48 0.76 0.00 0.49 0.74 0.81 2.50 

C2 1.19 0.75 0.68 0.18 0.32 0.00 1.19 1.50 1.50 3.01 

C3 0.30 0.56 0.25 0.00 0.00 0.00 0.28 1.10 0.29 0.59 

C4 0.16 0.13 0.09 0.00 0.00 0.00 0.00 0.18 0.25 0.41 

C5 0.17 0.06 0.18 0.00 0.00 0.00 0.12 0.35 0.00 0.17 

C6 0.06 0.06 0.19 0.00 0.00 0.00 0.00 0.07 0.23 0.29 

D1 0.12 0.13 0.24 0.00 0.00 0.00 0.95 0.36 2.20 2.32 

D2 0.13 0.19 0.20 0.00 0.00 0.00 0.58 1.00 0.33 0.46 

D3 0.09 0.10 0.14 0.00 0.00 0.00 0.43 0.27 0.13 0.22 

D4 0.07 0.10 0.18 0.00 0.00 0.00 0.16 0.35 0.30 0.37 

D5 0.06 0.10 0.20 0.00 0.00 0.00 0.00 0.26 0.00 0.06 

D6 0.10 0.05 0.18 0.00 0.00 0.00 0.25 0.14 0.20 0.30 

E1 0.12 0.08 0.14 0.00 0.00 0.00 0.69 0.24 0.34 0.46 

E2 0.13 0.09 0.22 0.00 0.00 0.00 0.41 0.32 0.32 0.45 

E3 0.08 0.09 0.18 0.00 0.00 0.00 0.16 0.26 0.26 0.34 

E4 0.12 0.10 0.08 0.00 0.00 0.00 0.21 0.19 0.14 0.26 
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 45-46 

 3 

 GSR  1 

 0.5 – 1 

 5  Semi-

Automatic  Z0 

( )

Revolver  2  Z0 (

)

 Semi-Automatic 

 Revolver 

 (GSR maximum  Revolver  33.16 ppm  GSR maximum 

Semi-Automatic  3.61 ppm)  2 

4.3

 (GSR)  

 2  Revolver  1 

Semi-Automatics

 (GSR)  4.2

 4.3.1   Revolver 

 5  (GSR)  

 2  1  15 
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 4  Revolver

 2  31.0-32.0 °C  41.0-46.0 % 

 0.05-0.09 m/s 

 Ba  Sb  Pb 

GSR/
1 2 1 2 1 2  (ppm)

 0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

 1 1.300 0.210 0.755 6.100 2.200 4.150 122.000 38.000 80.000 84.905 

 2 0.220 0.190 0.205 0.480 0.730 0.605 6.600 18.200 12.400 13.210 

 3 0.140 0.075 0.108 0.000 0.000 0.000 2.100 1.100 1.600 1.708 

 4 0.084 0.082 0.083 0.000 0.140 0.070 1.600 2.200 1.900 2.053 

 5 0.095 0.069 0.082 0.000 0.000 0.000 0.950 0.730 0.840 0.922 

 6 0.110 0.110 0.110 0.047 0.000 0.024 0.810 1.200 1.005 1.139 

 7 0.130 0.130 0.130 0.110 0.000 0.055 1.500 1.500 1.500 1.685 

 8 0.075 0.070 0.073 0.086 0.000 0.043 1.200 0.920 1.060 1.176 

 9 0.110 0.087 0.099 0.000 0.000 0.000 1.800 1.400 1.600 1.699 

 10 0.087 0.068 0.078 0.000 0.000 0.000 1.300 1.100 1.200 1.278 

 11 0.096 0.077 0.087 0.000 0.000 0.000 1.000 1.200 1.100 1.187 

 12 0.110 0.091 0.101 0.130 0.000 0.065 1.400 0.950 1.175 1.341 

 13 0.065 0.082 0.074 0.000 0.000 0.000 0.640 1.600 1.120 1.194 

 14 0.074 0.077 0.076 0.000 0.000 0.000 0.480 0.550 0.515 0.591 

 15 0.110 0.120 0.115 0.160 0.000 0.080 2.800 1.400 2.100 2.295 
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 5  Semi- 

                Automatics  2  31.0-32.0 °C  41.0-

                46.0 %  0.05-0.09 m/s 

 Ba  Sb  Pb /

GSR 1 2 1 2 1 2  (ppm)

 0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

 1 0.610 1.500 2.110 0.000 0.300 0.300 0.430 1.500 1.930 4.340 

 2 0.065 0.160 0.225 0.000 0.000 0.000 0.000 0.130 0.130 0.355 

 3 0.081 0.054 0.135 0.000 0.000 0.000 0.000 0.000 0.000 0.135 

 4 0.045 0.098 0.143 0.000 0.000 0.000 0.000 0.080 0.080 0.223 

 5 0.041 0.160 0.201 0.000 0.000 0.000 0.000 0.230 0.230 0.431 

 6 0.051 0.079 0.130 0.000 0.000 0.000 0.000 0.059 0.059 0.189 

 7 0.037 0.072 0.109 0.000 0.000 0.000 0.000 0.000 0.000 0.109 

 8 0.038 0.072 0.110 0.000 0.000 0.000 0.000 0.010 0.010 0.120 

 9 0.078 0.077 0.155 0.000 0.000 0.000 0.091 0.000 0.091 0.246 

 10 0.067 0.067 0.134 0.000 0.000 0.000 0.000 0.000 0.000 0.134 

 11 0.051 0.079 0.130 0.000 0.000 0.000 0.000 0.100 0.100 0.230 

 12 0.081 0.130 0.211 0.000 0.000 0.000 0.078 0.170 0.248 0.459 

 13 0.054 0.058 0.112 0.000 0.000 0.000 0.042 0.000 0.042 0.154 

 14 0.061 0.061 0.122 0.000 0.000 0.000 0.000 0.000 0.000 0.122 

 15 0.038 0.069 0.107 0.000 0.000 0.000 0.000 0.095 0.095 0.202 
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4.4  GSR 

 GSR 

 2  4 

 5  Revolver  6  Semi-

Automatics  7

 6  GSR  2  Revolver 

Revolver

Ba

(ppm)

Sb

(ppm)

Pb

(ppm)
 GSR 

 (ppm)

  0.300 0.220 2.900 3.420 

 0.120 0.000 0.800 0.920 

 0.110 0.054 1.000 1.164 

 0.170 0.078 1.600 1.848 

  0.160 0.150 1.600 1.910 

 0.065 0.000 0.470 0.535 

 0.160 0.087 1.600 1.847 

 0.110 0.000 1.100 1.210 

   



57

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

 G
S

R
 (

p
p

m
)

 50  GSR  Revolver 

 GSR 

Revolver  2  GSR 



58

 7  GSR  2 

                 Semi-Automatics 
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(ppm)
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(ppm)
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 (ppm)
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 5

5.1

 Revolver  Semi-

Automatics  Pb 

 3 

 2 

 GSR 

 45°   0.5-2.0  Z0 

 Semi-Automatics  GSR 

 Revolver  GSR 

 Revolver  0-30 ppm 

 Semi-Automatics  0-3 ppm        

 8 

 8  GSR 

GSR Revolver (ppm) 

45 45

0  0.00 0.00 1.50 0.00 0.00 

0.5  0.56 0.42 8.20 22.63 13.25 

1  0.44 0.43 23.87 25.64 14.24 

2  0.68 0.40 30.11 4.28 6.32 

3  0.76 0.42 5.42 3.10 4.12 

4  0.00 0.36 1.91 1.36 0.00 

5  0.00 0.23 1.07 0.83 0.00 
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 8  GSR ( )

 GSR  Semi- Automatics (ppm) 

 45  45 

0  0.00 0.00 2.08 0.00 0.00 

0.5  0.47 0.49 2.06 1.33 0.54 

1  0.12 0.20 2.44 0.81 0.50 

2  0.15 0.17 0.93 0.39 0.35 

3  0.25 0.46 0.27 0.39 0.28 

4  0.00 0.13 0.29 0.21 0.00 

5  0.00 0.13 0.20 0.31 0.00 
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1.  Revolver  Smith & Wesson Model M60 

 http://www.smith-wesson.com/webapp/wcs/stores/servlet/ProductDisplay?storeId=

        10001&catalogId =10001&langId=1&productId=14755&tabselected=tech&isFirearm=

        Y&parent_category_rn=, 
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2. Semi-Automatics  Glock Model 19 

  GLOCK 19 GLOCK 19C 

Caliber 9x19mm 9x19mm 

Action Safe Action System Safe Action System 

Length (slide) 6.85 in.(174mm) 6.85 in.(174mm) 

Height 5 in.(127mm) 5 in.(127mm) 

Width 1.18 in.(30mm) 1.18 in.(30mm) 

Length between sights 5.98 in.(152mm) 5.98 in.(152mm) 

Barrel length 4.02 in.(102mm) 4.02 in.(102mm) 

Barrel rifling Right, hexagonal Right, hexagonal 

Length of twist 9.84 in.(250mm) 9.84 in.(250mm) 

Magazine capacity 10rd/15rd/17rd 10rd/15rd/17rd 

Weight Empty 20.99 oz.(595g) 20.67 oz.(586g) 

Magazine weight 2.46 oz.(70g) 2.46 oz.(70g) 

Full magazine weight 8.99 oz.(255g) 8.99 oz.(255g) 

Trigger pull (standard) 5.5 lbs.(2.5kg) 5.5 lbs.(2.5kg) 

Trigger travel for discharge 0.5 in.(12.5mm) 0.5 in.(12.5mm) 

Number of safeties 3 3 

 http://www.glock.com/downloads/GLOCK_en.pdf 
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3.  Sellier & Bellot .38 SPECIAL–Full Metal Jacket  (LRN) 

 http://www.sellier-bellot.cz/pistol-and-revolver-detail.php?ammunition=9&product=184 
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4.  Winchester 9 mm Luger 

 http://www.winchester.com/products/catalog/handgundetail.aspx?symbol =Q4172&cart

        =OW1tIEx1Z2Vy
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