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Abstract 

 

The investigation of murders, suicides and accidents by Gunshot 

required forensic science to prove it. Gunshot residues are important evidence to 

separate people who have committed suicide. The common weapons used in Thailand 

are pistol 9 mm. and 11 mm., revolver .38 and .357. Then, the amounts of gunshot 

residues for each ammunition size were studied to be available information by using cut 

off value to distinguish between Shooter and non-shooter.  

This study were to prepare the specimens and instrument condition, to 

analyze 6 metals such as Lead(Pb), Barium(Ba), antimony(Sb), copper (Cu). Nickel(Ni) 

and manganese(Mn) which are chemical component of Gunshot residues, and to 

determine the gunshot residue as reference data for separating ammunition types and 

distinguish between Shooter and non-shooter by using one single bullet brand of pistol 

9 mm pistol 11 mm revolver .357 and shotgun gauge 12. The amount of Lead, Barium, 

Antimony, Copper, Nickel and Manganese were analyzed using GFAAS. 

After the optimum extraction method using 5% HNO3 (extraction 

recovery of Pb, Ba, Sb, Cu, Ni, Mn are 98- 99, 93- 116, 87- 94, 104- 110, 97- 101, 98- 

102%, respectively) and using hot air oven at 80 ºC for 2 hr extraction recovery of Pb, 

Ba, Sb, Cu, Ni, Mn are 94- 113, 104- 118, 90- 100, 95- 103, 85- 91, 93- 97%, 

respectively) was obtained, the validation method was studied. The limits of detection 

(LOD) of Pb, Ba, Sb, Cu, Ni, Mn were 0.27, 0.37, 0.61, 0.38, 0.44, 0.05 ppb, 

respectively. The limits of quantification (LOQ) of Pb, Ba, Sb, Cu, Ni, Mn were 0.89, 

1.23, 2.04, 1.27, 1.46, 0.16 ppb, respectively. The precision of the procedure was less 

than 7.5%. 



 

(6) 

The determination of 6 gunshot residues comparing with cut-off value 

was found that pistol 9 mm pistol 11 mm revolver .357 and shotgun gauge 12 provided 

the sensitivity of 75%, 50%, 30%, and 60%, respectively. The natural contamination of 

copper residues was high, so copper was rejected from the consideration. When copper 

was excluded, pistol 9 mm pistol 11 mm revolver .357 and shotgun gauge 12 then 

provided sensitivity of 95, 80, 80, and 60%, respectively. 

  The identification of bullets by using gunshot residues proportion have to 

consider both left and right hand sides. The revolver .357 should be first considered 

following by pistol 9 mm. However, pistol 11 mm. and shotgun gauge 12 could not be 

able to identify by gunshot residues, but the entrance wound and bullet characteristics 

should be concerned instead. 
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4.3 Hydride Generation/Cold Vapor AAS  
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  3. Matrix  Interelement Effects  

 Life Time  

  4.  Ar-ICP  Electron Density  
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   . . 1703 

 Fulminate of Mercury  

 . . 1793   Alexander John Forsyth  

Fulminate of Mercury    Percussion Locks 

  . . 1812 Forsyth  James 

Waatts  Percussion Locks  

   Percussion Locks    

 Breech Loading  

 

     

  (Repeating Arms)   

 

   19  Percussion Locks 

  

 ( )  

 

   Percussion Locks  

   

 Muzzle Loading  

   

   Rim Fire  Center Fire 

      

    

  4 

  

  1.  (Pistol)  

  

  

 3   

 .  (Semi-Automatic Pistol) 

 (Magazine) 

 .  (Revolver)   
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 .   (Miscellaneous Handgun)  

 

  

   

 , , , ,    

  2.  (Sub-Machine Gun)  

 

  

  3.    

     

 .  (Rifle)  24  30 

 

 .  (Carbine) 

  

  

 

 .  (Self Loading Rifle) 

 

   8  16   3  4  

 .  (Self Loading Carbine) 

  

 .  (Assault Rifle) 

 

  4.  (Machine Gun)  

(Full Automatic)   

   

 

   2 

   2   

 .   35  

 .   35  
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 3   

  1.   , , 

  

  2.  

 

 

  3.   Primer Cap  (Anvil) 

  

  Folded Head  

  (Metallic Cartridge) 

 Metallic Cartridge 

 11    3   

  1. Pin Fire Cartridge 

 E. Lefaucheux  . . 1835  . . 1836 

  

  

 (Primer Cap) 

  

  

  Pin Fire  

  Rim Fire 

  2. Rim Fire Cartridge 

 

   .22  

Picrate  Picric Acid    .22  

  (Center Fire) 

 

  3. Center Fire Cartridge 

  . . 1861 

  

, , , Primer Cap  Priming Mixture 
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    Rim Fire  Center Fire  

   Lever Action, 

Pump Action, Semi-Automatic    

 

 2    

  1,200 

  Ingram M.10  M.11 

 4   

1.   (Bullet) 

2.  (Cartridge Case) 

3.  (Gun Powder) 

4.  (Primer Cap) 

 

 
 

6 (  , 2542) 

 

  (Bullet) 

, ,    
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    525  

 . . 1880  1890  Jacketed Bullet  

 Jacket     

 2   

  1. Lead Bullet  

 2,000  

  

  

  (Sb)  (Tin) 

       

   

  

 5   

 . Plain Base  

 . Hollow Base  

 . Gas Check Base   

 High 

Temperature and Pressure 

 . Zinc Washer Base  (Zn) 

  

 

 . Short or Half Jacketed  Jacket 

 1/4  3/4  

 

  2. Jacketed Bullet  

   

 Jacket  Core  Jacket 

  90 % ,  5 %  5 %  

  Core  

 Jacketed Bullet  2   

 . Flat Base  
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 . Boat Tail  

  

  Air Drag 

  

 Flat Base  

   2,000   

Jacketed Bullet  Lead Bullet 

 

  

  

 . Round Nose (RN)     

 . Semi-Wad Cutter (SWC) 

  

 . Wad Cutter (WC) 

 

 . Hollow Point (HP)  Round Nose 

   .22 Magnum 

 . Full Metal Jacket (FMJ)  Jacket  

  Metal Case Bullet 

 . Jacketed Hollow Point (JHP)  Jacket  

 Core  

 . Jacketed Soft Point (JSP)  Jacket 

  

 . Point  Jacket   

 . Metal Piercing (MP)  Armour Piercing (AP) 

  MP     

  Jacket   

  

 AP  

 Jacket   Core  Tungsten 

Carbine   
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7  (  , 2542) 

  

    

   

  

 

   

 

  

 

  

 

   (Copper Zinc Alloy)

  30-33 

%   

   

  

  , ,  

  Epoxy  
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  3   

1. Straight Case 

2. Tapered Case 

3. Bottlenecked Case 

   5   

1. Rimmed 

2. Semi-Rimmed 

3. Rimless 

4. Rebated-Rim 

5. Belted 

   (Center Fire) 

  Rimmed  .32 S&W, .38 Special, 

.44 Magnum   Semi-Automatic  Semi-

rimmed  Rimless  Rebated-Rim 

  

 

   

Belted    

   

 .357 Magnum  

   5  

   

  

  

  

  (Gun Powder, Propellant) 
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 3   

  1. Black Powder ( )  

  

   (Potassium Nitrate),  (Charcoal) 

 (Sulphur)   3  

 

  75% , 15%  10%  

 500°F  

  2. Pyrodex ( )   

    

 Potassiumpercholrate, Sodiumbenzoate, Dicyandiamide (1-Cyanoguanidine) 

Dextrine, Wax  Graphite  Pyrodex 

  Pyrodex   

  750°F 

   Pyrodex   

   High Perfomance Liquid Chromatography, Energy Dispersive 

Elemental Analysis /  FTIR (Infared Spectroscopy)  

  3. Smokeless Powder ( )   

  Guncotton, Nitroglycerine  Dynamite  1845 Christian 

Schoenbein  Guncotton  . . 1846 Ascaio Sobrero  

 Nitroglycerine Glyceryl Nitrate  . . 1867 Alfred Nobel  

 Dynamite  3  

  

   

   . . 1869 E. Schultz   

 Nitrate  Barium Nitrate  Potassium Nitrate 

   

   . . 1870 Frederich Volkmann  

 Collodin  Alder    

   . . 1884 Vieille  Duttenhofer  

Nitrocellulose  Alcohol  Ether    Plastic Gelatin 
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   . . 1887 Alfred Nobel  Guncotton 

 Nitroglycerine  Ballistite 

Nitrocellulose 60%  Nitroglycerine 40%  

   . . 1890  

 

   

  

  

   Cotton  Cellulose Fiber 

 Nitric  Sulfuric  

Nitrocellulose  Cellulose Nitrate  Nitrocellulose 

 Single Base  Nitroglycerine 

Nitrocellulose    

 Double Base  

     (Flake),  

(Disc),  (Tabular)  (Ball)  

 

  (Primer Cap) 

     

  Center Fire 

 Primer Cap  2   

  1. Standard     Primer Cap 

 0.175  

  2. Magnum    Primer 

Cap  0.210 Primer Cap  3   

 . Primer Cup ,   

 Priming Mixture 

 . Priming Mixture  

 

 . Anvil   

 Priming Mixture  
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8  Primer Cap (  , 2542) 

 

  (Gunshot Residues: GSR) 

  
(primer)

 

Pitric acid Heard, 1997

Meng and 

Caddy, 1997 carbon dioxide, carbon monoxide,  

nitrogen Heard, 1997

  

, , , , , ,  

 

 Meng and Caddy, 1997

 

(gunshot residue)  

Meng and Caddy, 1997
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 (Primer Cap) 

 3  

  

  1. Initiator  

  Initiator 

  Lead Styphnate ( PbO2C6H(NO2)3 ) 

  2. Oxidizer  Fuel  

Barium Nitrate ( Ba(NO3)2 ) 

  3. Fuel   

Antimony Sulfide (Sb2S3)   Mercury Fulminate 

(Hg(CNO)2), Stibnite(Sb2S3), Potassium Chlorate (KClO3)  (Powder Glass) 

 Lead Styphnate 

(PbO2C6H(NO2)3), Stibnite (Sb2S3), Barium Nitrate (Ba(NO3)2)  Tetracene (C18H12) 

 (Schwoeble 

et al., 2000) 
   GSR 

   (Primer Cap) 

 

  1 millisecond  3,600°C 

40,000 psi    

     1,620°C, 1,140°C  

1,380°C  

   

   

 1,500  

2,000°C  9,653 kPa (1,400 psi)    
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   (Gunshot residues:GSR)

(Pb) (Ba) (Sb) 

 GSR   Basu  

GSR  3   

 . Regular Spheroids   

1 - 10  

 . Irregular Particles  Nodular Spheroids 

 

 

 .  

   

   

725 OC  630.5 OC   327 OC 

  (Basu,1982)  

Schwoeble 2000)

  2   

  1.  (Unique Categories)  

  (Pb)

(Ba) (Sb)  

  2.  (Indicative Categories)  

  

   2.1  Ba, Ca  Si  S  S 

 

   2.2  Pb  Sb,  Pb 

 Ba,  Sb  Ba 

   2.3  Sb  S 

 

   2.4  Pb ,  Ba 

  S  

 GSR  2 

  Si, Ca, Al, Cu, Fe, S, P, Ni, K, Cl  Zn 
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 Andrasko  Machly  . . 1977 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9 (Andrasko, et 
al.,1977) 

  

   

  (Pb)

(Ba) (Sb)

 Pb, Ba  Sb

  

Heard, 1997

 (Garofano, et al. 
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1999)

(Garofano, et 
al. 1999, Havakost, et al. 1990) 

Romolo  Margot (2001)  

SEM)

 

Cooper (1994) 

9 .38 ( semi-auto revolver) 

Semi-auto 9 .38 

4 120 Revolver 

3 90  
Steffen (2007)  

inductively coupled plasma - mass spectrometry

(HNO3 )

  

Goleb (1975) 

transparent adhesive tape, plastic Film Lift, 

transparent adhesive tape 

90%   80% 

 

Koons  (1987) 

 flameless atomic absorption spectrophotometry: 

  plastic shafted swabs (Johnson & Johnson) 

  (20°C)  3  
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 10%  

  80°C  2 

 

   80°C  

 2.00 ml.  10% HNO3  vortex  30  

 80°C  2   vortex  30   

 5  

Koons  (1989) 

 flameless atomic absorption spectroscopy (FAAS)  

inductively coupled plasma - atomic emission spectrometry (ICP-AES)  

 

,  (cotton bud)  0.02  0.2 

g.  0.1  1.0 µg.  

 FAAS  ICP-AES 

 3, 7, 15, 22, 30, 45, 59, 92  120  

3   ,  

 

 

2543

9 

. 

5% HNO3 GFAAS 
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cut off 200 

,  200 

20 (  , 2550) 

Flynn  (1998) 

Dynamit Nomel (Sintox) 9 mm Luger 

 Pb Sb  Zn, Cu Ti

Winchester 9 mm NATO, Winchester 9 mm Luger 

Norma 9 mm Luger Dynamit 

Nobel (RWS-Geco) 9 mm Luger Pb, Ba, Sb  

Lubor Tomas (2005)

CZ 85 9 . Luger 9 . Luger FMJ Sellier&Bellot, 

CZ 70 7.65 . Browning (.32 ACP) 7.65

. Browning FMJ Sellier&Bellot S&W 60 

2-1/880 .38 special Sellier&Bellot (FMJ) 

8 

10 

 

1978 Blanchard 

 

Havekost (1990)

230 

10 

10 
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Piya (2007)  

lead bullets, semi-jacketed bullets  full 

metal jacket bullets 4 

 

( , 2008)

9 . 

.38 .38 

9 

. 

 

 

 
9 . 11 .

.38  .357 

cut off  

6 (Pb), (Ba), (Sb), 

(Cu), (Ni) (Mn) 
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 cut off 

,   

 cut off  
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2.1  

 

2.1.1  (Sb 1,000 ppm, Sigma, St. Louis, Mo, USA) 

2.1.2  (Ba 1,000 ppm, Sigma-Aldrich, Steinheim,  

       Germany) 

2.1.3  (Pb 1,000 ppm, Merck, Damstadt, Germany) 

2.1.4  (Cu 1,000 ppm, BDH, Poole, England) 

2.1.5  (Ni 1,000 ppm, Merck, Damstadt, Germany) 

2.1.6  (Mn 1,000 ppm, Merck, Damstadt, Germany) 

2.1.7  (conc. HNO3, Suprapure grade, Merck, Damstadt,  

       Germany) 

2.1.8 Chemical modifiers : Ammonium dihydrogen orthophosphate(5mg/mL), 

Nickel nitrate(50-1000 µg/mL) 

2.1.9 DI Water Milli- Q® (Millipore Corp, Milford, MA,USA)  

2.1.10 Argon Gas 99.99% (TIG, Samutprakarn, Thailand) 

 

2.2  

 

2.2.1 Zeeman Graphite Furnace Atomic Absorption Spectrometer (ZGF-AAS)/ 

GTA  100 Graphite Tube Atomizer / Autosampler (SpectrAA 800 series, Varian, 

Victory, Australia) software SpectrAA880Z version 2.10

Window Me Single Element Hollow Cathode Lamp (Varian, 

Victory, Australia) 

  2.2.2  
  2.2.3 20% HNO3 

DI Water 

  2.2.4 Evergreen, Bangkok, Thailand  , , 

20% HNO3 DI Water  



37 
 

  2.2.5 9 . HK-USP, USA  

 4   

  2.2.6 11 . Colt, Italy  

 5   

   2.2.7 .357 (Smith & Westson, USA

4  

 12 Remington, USA  

 20   

  2.2.9 9 , 11 , .357 12 Bullet 

Master (Samutprakarn, Thailand) 

 

2.3  

 

  2.3.1  

     1.  (Atomize State)

Pb, Ba, Sb, Cu, Ni 25, 50  100 ppb. 

Mn 2, 4 6 ppb  10% HNO3 

 

  -    Pb 1900, 

2100 2300 C 

  -  Ba 2600, 

2800  3000 C 

  -  Sb 2100, 

2300  2500 C 

  -    Cu 2300, 

2500  2700 C  

  -    Ni 2400, 

2600 2800 C  

  -    Mn 2300, 

2500 2700 C  

    2.  Pb, Ba, Sb, Cu, Ni 25, 

50  100 ppb Mn 2, 4 6 ppb  10% HNO3  
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4 

 

  - 80°C 2  (Koon et al, 1987) 

  -    50°C 2   

  -  (Sonication) 30 (

, 2551)  

  -  (Sonication) 30
50 C 2  

    3.  (HNO3 )  Pb, 

Ba, Sb, Cu, Ni Mn 25, 50  100 ppb.  

HNO3 2.5%, 5.0%, 10.0% HNO3 

 

    4. Validation Data Standard calibration 

curve (matrix interference)

(Limit of detection), (Limit of quantification), 

(%Recovery) (Precision) 

    5.  cut 

off  
    6.  

cut off 

(Sensitivity) cut off  

    7.  

 

   

  2.3.2  

 Nitric Acid (HNO3) 

   5% HNO3 Suprapure grade 65% HNO3 DI 

Water  

  

1. (Sb) Stock solution 1000 ppm 

5% HNO3 20, 40  100 ppb modifier Nickel nitrate 
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2. (Ba) (Pb) Stock solution 1000 

ppm 5% HNO3 20, 60, 100 ppb modifier 

Ammonium dihydrogen orthophosphate 
  3. (Cu) (Ni) Stock solution 

1000 ppm 5% HNO3 10, 20  30 ppb 

 4. (Mn) Stock solution 1000 ppm 

5% HNO3 2, 4 6 ppb 

  

  
80°C 10 .  

  10% HNO3

3 ml 80°C 2 . Koon et al,  

  
500 ×g 10   

    

 

  2.3.3 (matrix interference)

Standard calibration curve   

  (matrix interference) 

y HNO 3 

  

  1. (Sb)  60, 40  20 ppb 5% HNO3 spike 

 5% HNO3 80 C

2  
  2. (Ba) (Pb)  100, 60  20 ppb 5% 

HNO3 (spike  5% HNO3 

80 C 2  

  3. (Cu) (Ni)  100, 60  20 ppb 5% 

HNO3 (spike  5% HNO3 

80 C 2  
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4. (Mn)  6, 4  2 ppb 5% HNO3 (spike 

 5% HNO3 80 C

2  

2.3.4  (Limit of detection) 

 (Limit of quantification) 

 (LOD)  

  3 

 blank (3   3SB)  (LOQ)  

 10 

 blank (10   10SB)  (Taylor, 1987)  

 

 60, 40 20 ppb 

 100, 60 20 ppb  30, 20 10 ppb

6, 4 2 ppb   

  

 blank 10   blank (XB)  

blank (SB) IUPAC (Long and Wirefordner, 

1983) 

  (XL)  

     XL = XB + kSB   ------ (1) 

  k   

 (CL)  XL 

     CL = (XL - XB)/ m  ------ (2) 

 m    

blank  XB  0  background  1  2 

(LOD)  

     CL = kSB / m 

    CL =  

                       k  = 3 (3   3  blank) 

                      SB =  blank 

            m  =  

  (LOQ)  
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    CL = kSB / m 

    CL =  

k   = 10 (10   10  blank)  

SB =  blank 

            m  =  

   

  2.3.5 (%Recovery) 

  
HNO 3 

Pb, 

Ba, Sb, Cu, Ni Mn 3 

5 3  

(%recovery)  
 

 

 

1  

(µg/ml) Mean Recovery (%) 

100 90  107 

10 80  110 

1 80  110 

0.1 80  110 

0.01 60  115 

0.001 40  120 

: Taverniers et al, 2004 

  

  2.3.6 (Precision) 

  
(Intraday)

(Interday) Pb, Ba, Sb, Cu, Ni 

Mn 3 5 

%Recovery = __ _____  
                    

X  100 
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3 

(%Coefficient of variation) %CV  

                    

%CV   =  100
..
³

x

DS  

  CV ¢  10 , 10 < C.V. <15 

, C.V. ² 15     

: Taverniers et al, 2004) 

 

  2.3.7  

  2.3.7.1  

   1. (Sb) Stock solution 1000 ppm 

5% HNO3 60, 40 20 ppb  

   2. (Ba) Stock solution 1000 ppm 

5% HNO3 100, 60 20 ppb  

   3. (Pb) Stock solution 1000 ppm 

5% HNO3 100, 60 20 ppb   

  4. (Cu) Stock solution 1000 ppm 

5% HNO3 30, 20 10 ppb  

  5. (Ni) Stock solution 1000 ppm 

5% HNO3 30, 20 10 ppb 

  6. (Mn) Stock solution 1000 ppm 

5% HNO3 6, 4 2 ppb 

 

  2.3.8  

(2543) 1 

R Version 2.6.2 

Package: epicalc Version 2.6.1.5 

 2 (Two-sample 

mean)  

(precision) N+10% 

  n =  2 2 [ (z /2 + z  )
 2]/ (µ 1 - µ 2 )

2   Fleiss, 1986  
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        2 = variance of study outcome 

           z /2 =  95 % confidence = 1.96 

                         z  =  Type II  error (not more than 10 %) = 1.28 

            µ 1 =  mean of study outcome in first group 

             µ 2 =  mean of study outcome in second group 

        µ 1 =   
                   µ 2 =   

 n

 = 18, = 2, = 14,  N ±  10%  

      = 18 ± 1.8  20  
  = 2 ± 0.2  3  

= 14 ± 1.4  16  

20 

 
    

   20 

5% HNO3 

80°C, 10 .  

 

 
 

10  

 

    20 
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1 

5% HNO3 

80°C 10 . koon (1987) 

1  4  

  

  5% HNO3 

80°C 10 . 

  5% HNO3

3 ml 80°C 2 . Koon et al,  

  
500 ×g 10   

   

 

(Sensitivity) 

 

 
 

 

 

 

 

 

 

 

 

11 (Sensitivity) 

http://en.wikipedia.org/wiki/Diagnostic_test 

 

  2.3.9  
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one way - ANOVA  

 

2.3.10  

  

 

 Microsoft Excel , 

scale expansion mode, software SpectrAA880Z 

version 2.10  
    

 

   Microsoft Excel 

slope y (intercept) paired 

sample T- test 

   

   Microsoft Excel 

(%Recovery)  (%CV) 

   

 Microsoft Excel 

cut off (Mean ± 3SD) 

cut off   

  

 

 Microsoft Excel  

one way  ANOVA 

 (Multiple comparison)
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3 

 

 

 

3.1 

Zeeman Graphite Furnace Atomic Absorption 

Spectrophotometer 

3.1.1 

Atomize state  
3 25, 50 100 ppb.

1900 C, 2100 C  2300 C 

2100ºC 

25 100 ppb. 2100 C 

1900 C 2300 C p < 0.05

50 ppb. 1900 C  

2100 C p > 0.05 2100ºC 

2300 C p < 0.05

2100 C

12, 13, 14 2  

  3 25, 50 100 

ppb. 2600 C, 2800 C  3000 C 

 3000ºC 

p < 0.05

3000 C 

3 25, 50 100 ppb.

2100 C, 2300 C  2500 C 

2300 ºC 

2300 C 

2100 C 2500 C p < 0.05

2300 C 

3 25, 50 100 

ppb. 2300 C, 2500 C  2700 C 
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 2500ºC 

p < 0.05

2500 C 

3 25, 50 100 

ppb. 2400 C, 2600 C  2800 C 

2800ºC 

2600 C 2800 C 

2400 C p < 0.05

2600 C  2800 C

p > 0.05 Graphite Furnace AAS  

Graphite tube  2800 C 

 2600 C  Graphite tube

2600 C  
3 2, 4 6 ppb.

2300 C, 2500 C  2700 C 

2700ºC 

 2  4 ppb 2500 C 

2700 C 2300 C p < 

0.05 2500 C  2700 C

p > 0.05

 6 ppb 2500 C

2300 C p < 0.05 2500 C  2700 C 

2300 C  2700 C p > 0.05

2500 C 

Graphite Furnace AAS  Graphite tube

 2800 C  2600 C 

 Graphite tube
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12       

                  Pb, Ba, Sb, Cu, Ni 25 ppb.  Mn  

2 ppb.   

 

 

 

 

 

 

 

 

 

 

13

Pb, Ba, Sb, Cu, Ni ppb. Mn 

ppb.) 

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

1800 2000 2200 2400 2600 2800 3000 3200

ab
so

rb
an

ce

Temparature

Optimized Temparature Std. 1

 

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

1800 2000 2200 2400 2600 2800 3000 3200

ab
so

rb
an

ce

Temparature

Optimized Temparature Std. 2
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14 

Pb, Ba, Sb, Cu, Ni 100 ppb.  Mn 

6 ppb.  

 

(Pb),  (Ba), (Sb), (Cu),  (Ni)

Mn 2100 C, 3000 C, 2300 C, 2500 C, 2600 C, 2500 C 

 

 

 

 

 

 

 

 

 

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1800 2000 2200 2400 2600 2800 3000 3200

ab
so

rb
an

ce

Temparature

Optimized Temparature Std. 3
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2 6  

 
 

 
 

(ppb) 

Temperature 1 Pair 

T-test 

p < 0.05  2 
Low (L) Medium (M) High (H) 

 

Pb 

 

25 0.1998 ± 0.0032 0.2157 ± 0.0062 0.1954 ± 0.0065 L * M, M * H 

50 0.3597 ± 0.0208 0.3898 ± 0.0538 0.3559 ± 0.0432 M * H 

100 0.5575 ± 0.0064 0.5885 ± 0.0101 0.5451 ± 0.0018 L * M, M * H 

 

Ba 

 

25 0.0283 ± 0.0025 0.1014 ± 0.0010 0.1462 ± 0.0034 L * M * H 

50 0.0569 ± 0.0109 0.1740 ± 0.0009 0.2595 ± 0.0026 L * M * H 

100 0.1095 ± 0.0068 0.3489 ± 0.0078 0.5790 ± 0.0069 L * M * H 

 

Sb 

 

25 0.1173 ± 0.0051 0.1467 ± 0.0022 0.1356 ± 0.0035 L * M, M * H 

50 0.2115 ± 0.0106 0.2767 ± 0.0073 0.2490 ± 0.0126 L * M * H 

100 0.3581 ± 0.0038 0.4872 ± 0.0295 0.4408 ± 0.0305 L * M * H 

 

Cu 

 

25 0.2588 ± 0.0116 0.2895 ± 0.0101 0.2149 ± 0.0079 L * M * H 

50 0.4283 ± 0.0360 0.4698 ± 0.0397 0.3520 ± 0.0305 L * M * H 

100 0.7330 ± 0.0010 0.7950 ± 0.0025 0.6049 ± 0.0022 L * M * H 

 

Ni 

 

25 0.1239 ± 0.0042 0.1670 ± 0.0035 0.1797 ± 0.0024 L * M, L * H 

50 0.2337 ± 0.0048 0.3097 ± 0.0018 0.3136 ± 0.0046 L * M, L * H 

100 0.4262 ± 0.0039 0.5501 ± 0.0039 0.5450 ± 0.0088 L * M, L * H 

 

Mn 

 

2 0.1085 ± 0.0004 0.1138 ± 0.0004 0.1141 ± 0.0003 L * M, L * H 

4 0.1924 ± 0.0005 0.2053 ± 0.0013 0.2057 ± 0.0011 L * M, L * H 

6 0.2837 ± 0.0022 0.3033 ± 0.0006 0.3039 ± 0.0001 L * M 
1 L 1900 ºC, 2600 ºC, 2100 ºC, 2300 ºC, 2400 ºC, 2300 ºC  

 M  2100 ºC, 2800 ºC, 2300 ºC, 2500 ºC, 2600 ºC, 2500 ºC  

 H  2300 ºC, 3000 ºC, 2500 ºC, 2700 ºC, 2800 ºC, 2700 ºC  

Pb, Ba, Sb, Cu, Ni, Mn  
2 (p < 0.05) 
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1  

 

 

 

 

 

2  

 

 

 

 

 

3  
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4  

 

 

 

 

5  

 

 

 

 

6 Zeeman GF-AAS 

 

 

 

 

 

 

 

3.1.2  

  6 

Sonication 30 Sonication 30 

50ºC 2

10   100 ppb. (Taverniers 

et al, 2004) 3 2

6 
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80ºC 2 50ºC 2

 

  3 25, 50 100 ppb.

80ºC 50ºC 2

50  100 ppb 80ºC 

50ºC 

25 ppb. 50ºC 

80ºC  

   3 25, 50 100 ppb.

80ºC 50ºC 2

80ºC 50ºC

 

  3 25, 50 

100 ppb. 80ºC 50ºC 2

80ºC

50ºC 50ºC

77  85%

10 - 100 ppb. (Taverniers et al, 2004) 

  3 25, 50

100 ppb. 80ºC 50ºC 2

80ºC 50ºC

 

  6 

80°C 2 3 

Pb, Ba, Sb  
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3 % recovery rate % CV (*  

5 3  

 * ppb  

1 

 80 °C 50 °C Sonication 
Sonication, 

50 º C 

 

Pb 

 

25 113.28 (4.79) 100.22 (3.98) 112.62(13.61) 105.66 (4.32) 

50 94.24 (6.45) 81.73 (6.45) 84.50 (5.62) 76.58 (3.45) 

100 96.06 (8.29) 83.48 (8.90) 77.81 (7.98) 73.05 (4.59) 

 

Ba 

25 118.20 (5.02) 127.8 (5.53) 156.80 (1.80) 124.60 (2.64) 

50 104.96 (5.70) 111.48 (6.54) 107.60 (4.44) 115.00 (3.80) 

100 110.16 (2.74) 96.66 (5.48) 113.42 (5.62) 101.38 (2.26) 

 

Sb 

25 90.24 (8.98) 85.67 (6.31) 50.24 (4.20) 60.89 (1.26) 

50 94.64 (6.56) 77.01 (8.80) 46.83 (3.02) 59.41 (3.77) 

100 100.44 (4.82) 80.91 (12.05) 45.12 (3.13) 59.87 (1.60) 

 

Cu 

25 103.18 (3.97) 100.22 (3.98) 112.62(13.61) 105.66 (4.32) 

50 97.58 (3.07) 94.24 (6.45) 84.50 (5.62) 76.58 (3.45) 

100 95.03 (1.88) 96.06 (8.29) 77.81 (7.98) 73.05 (4.59) 

 

Ni 

25 91.12 (3.54) 77.52 (5.46) 75.83 (5.69) 81.36 (5.16) 

50 89.76 (5.08) 77.01 (8.80) 69.85 (3.41) 77.44 (4.74) 

100 85.93 (3.17) 82.46 (4.74) 74.98 (5.36) 71.37 (8.97) 

Mn 

2 93.53 (1.84) 83.54 (2.67) 65.93 (3.98) 73.22 (4.52) 

4 96.88 (2.13) 86.66 (3.83) 69.41 (3.32) 78.48 (4.17) 

6 97.44 (2.39) 88.67 (5.59) 70.71 (2.88) 68.65 (3.38) 
 

1 2 Sonication  30  

    

   Koon  (1987) 

80°C 2 10% 

Graphite Furnace AAS  

  (2551) 

5%, Sonication 10 20 

5% Sonication 
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20 97.91 

 103.92%, 85.44  101.51% 82.43  107.48% 

80°C 2

Sonication 30  

  3.1.3  

( , 2539) suprapure 

glade 

 

2.5% 
5% 10% 

10   100 ppb (Taverniers et al, 2004) 

5%  10% 

4

5% 

graphite tube 

5 % 600 - 700 

10% 300 - 400  
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4 % recovery rate % CV  2.5, 5  10% HNO3  
 

* ppb  2.5% HNO3 5% HNO3 10% HNO3 

 

Pb 

25 101.33 (10.76) 98.86 (6.30) 94.24 (6.45) 

50 95.27 (7.82) 98.89 (2.40) 96.06 (8.29) 

100 102.38 (6.64) 98.33 (4.89) 88.22 (8.83) 

 

Ba 

25 110.92 (6.56) 116.50 (7.64) 104.96 (5.70) 

50 102.68 (16.80) 101.9 (6.17) 110.16 (2.74) 

100 117.18 (19.27) 93.35 (3.64) 109.02 (5.41) 

 

Sb 

25 84.87 (6.03) 94.34 (1.83) 90.24 (8.98) 

50 79.00 (2.79) 87.74 (1.68) 94.64 (6.56) 

100 74.07 (10.02) 87.95 (3.62) 100.44 (4.82) 

 

Cu 

25 135.74 (1.47) 110.76 (3.05) 103.18 (3.97) 

50 107.57 (4.51) 108.10 (2.88) 97.58 (3.07) 

100 108.69 (7.74) 104.99 (3.15) 95.03 (1.88) 

 

Ni 

25 91.38 (1.94) 101.26 (2.66) 91.12 (3.54) 

50 93.51 (1.00) 97.89 (3.07) 89.76 (5.08) 

100 100.88 (1.07) 98.57 (4.58) 85.93 (3.17) 

Mn 

2 89.45 (2.37) 98.79 (1.76) 105.54 (4.41) 

4 90.26 (5.43) 101.22 (2.25) 107.38 (5.38) 

6 90.30 (3.20) 102.15 (2.34) 105.60 (2.24) 
 

(*  5 3 ) 
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3.2 Validation Data 

 

  3.2.1 matrix interference  

3  5 plot 

y = ax + b

spiked matrix

matrix 

y 

Eurachem-Guides, 1998

matrix 

y 

 

matrix 

GF-AAS 6

 spiked 5% HNO3 spiked 

5% HNO3 80ºC 2 

 20, 60  100 ppb.  20, 40 

 60 ppb.  10, 20  30 ppb. 

2, 4 6 ppb.  y 

spiked 5% HNO3 spiked 

5 % HNO3 

p > 0.05  

spiked 5 % HNO3 spiked 

5 % HNO3 p < 0.05

y p > 

0.05 spiked 5 % 

HNO3 spiked 5 % HNO3

p > 0.05 y 
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p < 0.05

matrix 

spiked 

5% HNO3

5 

 
5  Matrix interference  

 

 

 

* 

Slope (mean ± SD) Paired 

sample 

T- test 

Intercept (mean ± SD) Paired 

sample 

T- test 5% HNO3 matrix 5% HNO3 Matrix 

Pb 
± 

 
± 

 NS 
± 

 
± 

 NS 

Ba 
± 

 
± 

 
S 

± 

 
± 

 
NS 

Sb 
0.1087 ± 

0.0035 
0.1138 ± 

0.0052 
NS 

± 

 
± 

 NS 

Cu 
± 

 
± 

 
S ± 

 
± 

 
NS 

Ni 
± 

 
± 

 
S ± 

 
± 

 
NS 

Mn 
± 

 
± 

 
NS ± 

 
± 

 
S 

 

*  5 3 NS= non - significant,  

     S= significant, p - value < 0.05) 
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0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

0 20 40 60 80 100 120

A
b

so
rb

an
ce

  3.2.2  (LOD) 

 (LOQ) 

  

 

   20, 60  100 ppb. 

 

 

 

 

 

 

 

 

 

 

 
 

15  
 

    

     CL = kSB / m,  k = 3 

     SB = 0.0013 

      m = 0.0145 

       CL = 3 x 0.0013/ 0.0145 

     CL = 0.27 ppb. 

    

     CL = kSB / m,  k = 10 

     SB = 0.0013 

     m = 0.0145 

     CL = 10 x 0.0013/ 0.0145 

      CL = 0.89 ppb. 

y = 0.0145x  0.0663 
R2 = 0.9957 



60 
 

y = 0.0038x - 0.0118

R2 = 0.9993

0
0.05

0.1
0.15

0.2

0.25
0.3

0.35
0.4

0 20 40 60 80 100 120

Ba Concentration (µg/L)

A
b
so

rb
a
n
ce

     

 LOD  0.27 ppb  LOQ  0.89 ppb 

 

    

(Ba) 

    20, 60  100 ppb. 

 

 

 

 

 

 

 

 

 

 

 

16  
 

    

     CL = kSB / m,  k = 3 

     SB = 0.00047 

     m = 0.0038 

    CL = 3 x 0.00047/ 0.0038 

     CL = 0.37 ppb. 

     

     CL = kSB / m,  k = 10 

     SB = 0.00047 

     m = 0.0038 

     CL = 3 x 0.00047/ 0.0038 

     CL = 1.23 ppb.  
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 LOD  0.37 ppb  LOQ  1.23 ppb

 

   3.2.2.3 

  

    20, 40  60 ppb. 

 
 

y = 0.0049x - 0.0017

R2 = 0.9992

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0 20 40 60 80

A
bs

or
ba

nc
e

 
 

  
 

   

     CL = kSB / m,  k = 3 

     SB = 0.0010 

      m = 0.0049 

    CL = 3 x 0.0010/ 0.0049 

     CL = 0.61 ppb. 

    

     CL = kSB / m,  k = 10 

     SB = 0.0010 

     m = 0.0049 

     CL = 10 x 0.0010/ 0.0049 

     CL = 2.04 ppb. 
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 LOD  0.61 ppb  LOQ  2.04 ppb

 

   

 

    10, 20  30 ppb. 

 
 

y = 0.0091x + 0.012

R2 = 0.9997

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0 10 20 30 40

A
b

so
rb

an
ce

 
 

18  

 

  CL = kSB / m,  k = 3 

     SB = 0.0012 

     m = 0.0091 

    CL = 3 x 0.0012/ 0.0091 

      CL = 0.38 ppb. 

   

    CL = kSB / m,  k = 10 

     SB = 0.0012 

     m = 0.0091 

    CL = 10 x 0.0012/ 0.0091 

     CL = 1.27 ppb. 



63 
 

   

 LOD  0.38 ppb  LOQ  1.27 ppb

 

   3.2.2.5 

 

    10, 20  30 ppb. 

 

y = 0.0084x + 0.0133

R2 = 0.9998

0

0.05

0.1

0.15

0.2

0.25

0.3

0 10 20 30 40

A
b

so
rb

an
ce
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     CL = kSB / m,  k = 3 

     SB = 0.0012 

     m = 0.0084 
    CL = 3 x 0.0012/ 0.0084 

     CL = 0.44 ppb. 

    

     CL = kSB / m,  k = 10 

     SB = 0.0012 

     m = 0.0084 
    CL = 10 x 0.0012/ 0.0084 

     CL = 1.46 ppb. 
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 LOD  0.44 ppb  LOQ  1.46 ppb

 

  
 

   , 4  6 ppb. 

 
 

y = 0.0992x + 0.053

R2 = 0.9996

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0 2 4 6

a
b

s
o

rb
b

a
n

c
e

 
 

20  

    

    CL = kSB / m,  k = 3 

      SB = 0.0016 

      m = 0.0992 
     CL = 3 x 0.0016/ 0.0992 
      CL = 0.05 ppb. 
 

   

     CL = kSB / m,  k = 3 

     SB = 0.0016 

     m = 0.0992 
    CL = 3 x 0.0016/ 0.0992 
     CL = 0.16 ppb. 
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 LOD  0.05 ppb  LOQ  0.16 
ppb  
 

6 LOD, LOQ  

 

 

* 
Regression Equation R2 LOD (ppb) LOQ (ppb) 

Pb Y= 0.0145x  0.0663 0.9957 0.27 0.89 

Ba Y =0.0038x  0.0118 0.9993 0.37 1.23 

Sb Y = 0.0049x  0.0017 0.9992 0.61 2.04 

Cu Y = 0.0091x  + 0.012 0.9997 0.38 1.27 

Ni Y = 0.0084 + 0.0133 0.9998 0.44 1.46 

Mn Y = 0.9992x + 0.053 0.9996 0.05 0.16 
 

(*  5 3  

 

3.2.3 % Recovery Rate  

   % Recovery rate

Pb, Ba, Sb, Cu, Ni, Mn 91.05 - 108.05 %, 90.17 - 100.80%, 90.15 - 

102.20%, 90.15 - 102.20%, 90.15 - 102.20%, 89.70 - 108.40% 

1  100 ppb. (Taverniers et al, 2004) 
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7  

 * 
ppb  

%Recovery Rate Mean ± SD %CV 

 

Pb 

 

20 91.05  108.75 98.87 ± 9.03 9.13 

60 94.80  104.72 99.20 ± 4.43 4.46 

100 96.57  108.05 100.95 ± 4.47 4.43 

 

Ba 

20 91.50  97.50 94.13 ± 2.87 3.05 

60 90.17  92.50 91.72 ± 1.35 1.47 

100 93.1  100.8 97.22 ± 2.85 2.93 

 

Sb 

20 90.15  102.20 96.35 ± 5.62 5.84 

40 90.48  97.38 92.91 ± 4.12 4.43 

60 90.63  100.10 94.60 ± 3.70 3.91 

 

Cu 

10 105.10  112.10 109.17 ± 3.64 3.33 

20 88.05  103.80 97.91 ± 6.41 6.55 

30 93.03  101.37 97.80 ± 3.66 3.74 

 

Ni 

10 91.30  99.70 96.46 ± 3.82 3.68 

20 90.60  94.00 92.27 ± 1.39 1.51 

30 87.27  94.17 90.48 ± 3.28 3.62 

 

Mn 

2 89.70  100 94.85 ± 5.95 6.27 

4 100.88  112.83 106.91 ± 4.98 4.66 

6 105.15  108.40 106.90 ± 1.64 1.53 
 

*  5 3  
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% CV of Intra- assays test, Inter- assays test) 

   

  Intra- assays Inter- assays

7.5% < 

10%   
 

8  
 

* 
ppb  

% CV of Intra  assays 

(n=3) 

% CV of  Inter  assays 

(n=3) 

 

Pb 

 

20 7.52 4.74 

60 4.94 3.50 

100 4.25 5.19 

 

Ba 

20 4.75 5.18 

60 4.16 5.32 

100 4.67 5.90 

 

Sb 

20 5.77 4.17 

40 2.42 1.57 

60 3.01 1.28 

 

Cu 

10 2.81 1.96 

20 6.81 6.84 

30 4.75 3.68 

 

Ni 

10 6.41 6.05 

20 6.59 4.01 

30 1.83 1.55 

 

Mn 

2 6.23 5.03 

4 4.36 2.06 

6 1.81 1.56 
 

*  5 3  
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 3.4   
 

3.4.1  

   Pb, Ba, Sb, Cu, Ni Mn 2 

20 9 

 Cu 

49.04 53.08 ppb  Pb, Ba, Ni, Mn 

 Sb  Cu 

102.86 ppb  Ni, Ba, Pb, Mn  Sb 

 Cu 130.96 ppb  Ni, Pb, Ba, Mn  Sb  

 cut off 

Mean + 3SD 99.7% (Fisher, 

2004)

 

Cu 

Garofano L 1999

Pb, Ba, Sb 

Pb Romolo and 

Margo, 2001 Ba 

Mendoza et al., 2009

Torre 2002
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  3.4.2  

  6 

10 

 

10 6 4  

*FHJ full metal jacket bullet 

SMJ hallow point semi  full jacket bullet 
  9 . 

 Pb 

 Cu, Ba, Ni, Sb,  Mn  

11 . 

 Pb  Ba, Ni ,Cu, Sb  Mn 

 Cu  Pb, Ba, Ni, Mn Sb

 

  .357

 Pb  Ba, Ni, Cu, , Mn  Sb 

 Pb  Ni, Ba, Cu, Sb  Mn   

  12

 Pb  Ba, Cu, Ni, Mn  Sb 

 Pb  Ba, Cu, Ni, Mn  Sb  

 
 

Mean (SD) (ppb) 

Pb Ba Sb Cu Ni Mn 

9 . 

(FMJ) 

 192  (91) 75  (23) 27.8  (30.4) 91  (31) 56  (6) 25  (6) 

 125  (73) 78  (45) 22.7  (17.8) 86  (56) 51  (7) 22  (4) 

11 . 

(FMJ) 

 141  (85) 124  (103) 42.0  (57.4) 61  (21) 61  (14) 27  (7) 

 74  (28) 63  (23) 11.0  (9.1) 99  (148) 58  (38) 28  (20) 

. 357 

(SMJ) 

 378  (226) 72  (10) 26.0  (11.5) 63  (29) 68  (33) 28  (12) 

 405  (484) 70  (20) 34.4  (29.3) 54  (30) 75  (48) 29  (22) 

12 
 79  (20) 68  (34) 5.3  (2.5) 59  (18) 55  (15) 25  (8) 

 83  (33) 58  (26) 9.5  (5.1) 56  (17) 36  (7) 28  (12) 
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2

9 11 full metal jacket bullet

Pb, Ba Cu

Pb Ba

Cu

Cu  

.357 hallow point semi  full jacket bullet 

Pb, Ba 

Pb Ba

 semi  full jacket bullet

Pb 

Pb 

.357 

 
12 

 

 

  3.4.3 cut off  

  cut off 

cut off Mean + 3SD 

 Pb, Ba, Sb, Cu, Ni Mn  cut off 

9 ., 11

., .357 . 12 

cut off 

 

Flynn  (1998) 

Dynamit Nomel (Sintox) 9 mm Luger 

 Pb Sb  Zn, Cu Ti

Winchester 9 mm NATO, Winchester 9 mm Luger 
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Norma 9 mm Luger Dynamit 

Nobel (RWS-Geco) 9 mm Luger Pb, Ba, Sb 

 

 (2543) (2551)

6 (Lloyd, 1986) 

7 5 

(Kilty, 1975) 

2 

 

  (Sensitivity) 4

cut off 6 9 .  75%, 11 . 

50%, .357 30% 12 

60%  11 (Sensitivity) 5 

Cu  9 .  95%, 11 . 

80%, .357 80% 12 

60% (Sensitivity) 100% 

Pb, Ba, Sb Ba 

60% 

Pb, Ni 100%

100 % 
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  3.4.4  

, , , ,

 

one way - ANOVA  

 

.357 

11 .  21

one way  ANOVA

(p < 0.05) 

 (Multiple comparison) 

.357 9 

 , 11 12 (p < 0.05)  

 

 

 

 

 

 
 

 
 

 

 

 

 

 21  

 

.357 

12  22 

one way  ANOVA

(p < 0.05) 

 (Multiple comparison) 
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.357

9  , 11 12 (p < 0.05) 9 

. 12 (p < 0.05)  

 

 

 

 

 

 

 
 

 

 

 
 22  

    

 9 . 

12 23 

one way  ANOVA

(p > 0.05) 

  
 

 23  
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 11 . 

12  24 

one way  ANOVA

(p < 0.05) 

 (Multiple comparison) 

11 .

.357,  9  12 (p < 0.05)  

 

 

 

 
 
 

 

 
 

 

 

 

 24  

   

   

 .357 

12 25 

one way  ANOVA

(p < 0.05) 

 (Multiple comparison) 

.357

11 12 (p < 0.05)  
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 11 . 

.357   27 

one way  ANOVA

(p > 0.05)  
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Cu
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)

Type
.357 inch 9 mm. 11 mm. Shotgun

 
 

 27  
 

    

  9 .

12  28 

one way  ANOVA

(p < 0.05) 

 (Multiple comparison) 

9 .

.357,  11  12 (p < 0.05)  
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 28  

 

  

 .357 

12  29 

one way  ANOVA

(p < 0.05) 

 (Multiple comparison) 

.357

12 (p < 0.05)  
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 29  
 

  

 .357 

12  30 

one way  ANOVA

(p > 0.05)

 
 

 30  
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  .357 

9 . 31

one way  ANOVA

(p > 0.05)  
 

 

 
 

 31  

 

 

  .357 

12  32

one way  ANOVA

(p > 0.05) 

  

 

 

 

 

 

 

 
 

 

 



82 
 

 
 

 32  

 

  

p > 0.05  
 

   3.4.5  

, ,

 one way - ANOVA 

 

(Multiple comparison) 

 

  .357, 9  11 . 12 

(Post hoc test: p< 0.05) 

.357 

 11 . 12

4, 5, 8, 9, 10, 11 ,12, 13, 14, 26, 28  
   - : Pb/Ba, Pb/Cu, Pb/Ni, Pb/Mn, Ba/Pb, Sb/Ba, Sb/Cu 

  - : Pb/Ba, Pb/Cu, Pb/Ni, Pb/Mn 
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9  

.357  11 . 12

6  
- : Pb/Sb,  

- : 

9  

9 

.357 6, 15, 16, 22, 32  
- Pb/Sb, Ba/Sb, Ba/Mn, Sb/Mn 

- Ba/Pb 

 

11  

.357  9 . 12

19, 21, 23, 25  
 - : 

11  
- Ba/Cu, Ba/Ni, Ba/Mn, Sb/Pb  

11 

12 14, 15, 16, 19, 20, 23  
- : Ba/Pb, Ba/Sb  

- : Ba/Pb, Ba/Cu, Ba/Ni, Ba/Mn  

 

12

.357  9 . 11

17, 27, 31  
 - : 

12  
- Ba/Sb, Sb/Ba, Sb/Ni  
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 4 

 

 

 

Atomize state

(Pb), 

 (Ba), (Sb), (Cu),  (Ni) Mn 2100 C, 

3000 C, 2300 C, 2500 C, 2600 C 2500 C  

  6 

80°C 2 Sonication 30  

Sonication 30 50 ºC 2

Pb, Ba, Sb

 
  

5 %  10 % 

5 % 

graphite tube 
  y 

Pb Sb) 

matrix

  

  

 LOD  0.27 ppb  LOQ  0.89 ppb,  

LOD  0.37 ppb  LOQ  1.23 ppb,  LOD  0.61 ppb 

 LOQ  2.04 ppb,  LOD  0.38 ppb  LOQ  1.27 
ppb,  LOD  0.44 ppb  LOQ  1.46 ppb  

LOD  0.05 ppb  LOQ  0.16 ppb 

   
Recovery Rate = 88  112%
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1 ppb  100 ppb. (Taverniers et al, 2004) 7.5 % Intra- 

assays Inter- assays

< 10%  

9  11 , .357 12

     GFAAS 

cut off ( Mean ± 3SD)  

9 . 

 Pb 

 Cu, Ba, Ni, Sb,  Mn  

11 . 

 Pb  Ba, Ni ,Cu, Sb  Mn 

 Cu  Pb, Ba, Ni, Mn Sb

 

.357

 Pb  Ba, Ni, Cu, , Mn  Sb 

 Pb  Ni, Ba, Cu, Sb  Mn   

12

 Pb  Ba, Cu, Ni, Mn  Sb 

 Pb  Ba, Cu, Ni, Mn  Sb  

4

cut off 9 .  75%, 11 . 

50%, .357 30% 12 

60% 5 Cu  

9 .  95%, 11 . 

85%, .357 80% 12 

60%  
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cut off 

Bullet Master  

  

one way  ANOVA  

.357 

(p < 0.05) 

.357 

9 ., 11 . 12 

 

, ,

one way  ANOVA 

(Pb/Ba),

(Pb/Cu), (Pb/Ni)  (Pb/Mn) 

.357

(p < 0.05) .357 9 ., 11 

. 12  

12 .357, 9 

. (p < 0.05) 12 

.357 9 .  11

12

 

9 .357 

11 . (p < 0.05) 9 .

.357 11 .   
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1. .357 

.357  

2. .357 

9 .357 

9   
3. 9  

11 12  
4. 11 12

 
 

 GSR 

 (Meng and Caddy, 1997

  

 

    

     

(jame, 2008) 
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(2543) 1 

R Version 2.6.2 

Package: epicalc Version 2.6.1.5 

 2 (Two-sample 

mean)  

(precision) N+10% 

n =  2 2 [ (z /2 + z  )
 2]/ (µ 1 - µ 2 )

2   Fleiss, 1986  
 2 = variance of study outcome 

z /2 =  95 % confidence = 1.96 

z  =  Type II  error (not more than 10 %) = 1.28 

µ 1 =  mean of study outcome in first group 

  µ 2 =  mean of study outcome in second group 
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12  Pb/Mn  

 

 
 

13  Pb/Mn  
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14  Ba/Pb  

 

 
 

15  Ba/Pb  
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16  Ba/Sb  

 

   
 

17  Ba/Sb  
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18  Ba/Cu  

 

 

 

19  Ba/Cu  
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20  Ba/Ni  

 

 

21  Ba/Ni  
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22  Ba/Mn  

 

 
 

23  Ba/Mn  
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24  Sb/Pb  

 

 
 

25  Sb/Pb  
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26  Sb/Ba  

 

 
 

27  Sb/Ba  
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28  Sb/Cu  

 

 
 

29  Sb/Cu  
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30  Sb/Ni  

 

 
 

31  Sb/Ni  
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32  Sb/Mn  

 

 
 

33  Sb/Mn  
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1 

20  .  

 
 

n) 

ppb) 

      

LH RH LH RH LH RH LH RH LH RH LH RH 

1 2104 669 92 45 122 33 132 28 223 38 39 9 

2 72 571 27 40 6 33 17 44 41 34 16 10 

3 70 389 30 36 8 31 15 30 45 37 18 14 

4 43 658 28 40 3 45 12 31 42 46 9 17 

5 340 473 31 43 27 28 14 140 41 60 14 22 

6 366 898 37 34 25 42 85 27 156 36 22 11 

7 641 386 96 28 66 29 31 28 58 35 19 20 

8 663 381 32 32 39 26 14 27 38 76 7 39 

9 532 391 48 54 38 38 16 30 48 67 10 16 

10 1019 202 46 21 77 13 31 28 45 68 20 10 

11 189 341 34 56 23 33 10 84 42 167 7 55 

12 456 247 37 26 46 16 35 28 52 65 9 12 

13 35 128 29 21 5 11 10 32 49 78 17 10 

14 65 161 23 31 11 15 27 31 53 70 27 11 

15 109 234 60 27 19 17 11 10 45 37 9 7 

16 186 81 39 32 26 11 28 15 50 27 10 6 

17 77 132 18 31 9 10 9 33 43 26 7 10 

18 39 77 44 21 6 9 46 10 38 20 13 11 

19 312 173 27 35 35 20 17 21 135 28 108 22 

20 255 356 26 34 31 15 11 36 37 53 7 17 

*LH  

RH  
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n) 

ppb) 

      

LH RH LH RH LH RH LH RH LH RH LH RH 

1 275 118 168 31 60 14 58 81 50 48 15 17 

2 33 83 33 20 5 17 95 31 38 31 9 7 

3 117 349 43 41 21 37 180 78 55 41 18 27 

4 49 103 24 30 4 10 103 81 36 35 10 11 

5 64 260 38 99 32 104 22 40 36 34 10 21 

6 128 125 36 24 25 10 26 33 43 45 10 10 

7 49 123 31 34 7 14 22 128 33 42 8 10 

8 74 83 30 30 10 12 16 47 37 40 11 9 

9 90 201 30 32 12 15 22 49 37 51 18 13 

10 109 156 46 38 12 31 31 68 46 46 13 20 

11 136 198 52 26 23 34 45 90 36 44 14 15 

12 128 130 48 26 19 17 40 72 34 48 10 12 

13 108 228 38 28 28 32 73 86 47 34 15 11 

14 94 184 40 40 24 18 94 62 44 38 13 18 

15 74 202 38 38 15 19 84 64 43 36 15 14 

16 110 134 48 56 17 28 81 66 36 36 9 11 

17 74 154 56 30 11 32 76 54 36 42 12 11 

18 80 144 60 38 12 24 57 52 38 48 13 15 

19 84 104 54 44 25 29 43 39 41 42 10 13 

20 78 130 50 50 29 21 42 41 44 34 9 12 

*LH  

RH  
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3 

20   
 

n) 

ppb) 

      

LH RH LH RH LH RH LH RH LH RH LH RH 

1 34 271 13 48 2 8 23 31 50 53 12 27 

2 27 259 71 76 1 7 20 33 27 42 21 24 

3 73 69 32 67 7 15 24 32 27 33 17 18 

4 125 70 20 39 6 15 15 31 28 33 12 21 

5 103 223 18 299 2 163 503 77 154 65 12 21 

6 25 39 12 43 1 16 39 22 33 39 20 22 

7 41 166 15 27 1 4 13 14 30 33 26 28 

8 20 33 14 16 1 4 9 11 35 35 20 19 

9 43 100 23 23 6 6 21 20 44 37 9 8 

10 46 41 22 40 9 13 37 14 39 40 7 8 

11 42 45 36 20 8 13 18 27 36 45 12 7 

12 37 61 39 54 11 67 16 81 33 53 8 11 

13 61 146 53 217 33 163 428 41 142 73 94 9 

14 30 61 42 80 3 31 42 54 41 39 13 9 

15 35 213 101 367 28 142 14 47 33 83 9 6 

16 42 37 34 41 6 11 32 9 30 41 11 9 

17 20 30 31 23 7 5 31 21 24 37 12 10 

18 56 124 38 90 8 27 72 48 58 38 22 10 

19 33 107 24 76 7 38 46 34 42 56 17 19 

20 53 98 36 95 8 55 58 17 42 44 21 16 

*LH  

RH  
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4 

20   

 

n) 

ppb) 

      

LH RH LH RH LH RH LH RH LH RH LH RH 

1 31 59 27 24 1 6 17 44 26 46 23 13 

2 39 23 14 16 3 0 18 14 19 36 8 17 

3 28 44 19 55 5 9 28 19 17 30 9 7 

4 48 34 23 12 7 1 15 19 48 27 55 9 

5 53 27 15 34 7 2 18 18 22 27 9 7 

6 77 25 27 20 12 0 46 14 21 29 11 6 

7 49 85 16 16 5 5 15 45 23 39 14 7 

8 18 32 23 18 2 3 27 15 21 36 8 11 

9 63 73 12 37 4 6 19 90 24 89 9 39 

10 43 59 29 21 3 4 31 33 19 36 9 10 

11 55 46 20 17 6 2 31 32 25 37 31 15 

12 50 40 37 25 6 5 36 33 25 38 17 7 

13 74 87 32 158 21 5 35 32 37 36 21 18 

14 170 41 125 21 14 2 35 23 23 60 23 28 

15 49 59 36 13 4 2 27 30 22 32 31 5 

16 39 31 17 18 3 5 30 18 23 45 21 18 

17 74 33 11 12 4 2 90 49 26 32 8 10 

18 38 56 29 24 7 3 30 35 28 46 15 11 

19 86 44 26 28 7 4 33 32 24 35 24 15 

20 45 42 30 40 6 3 28 26 23 38 15 14 

*LH  

RH  
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