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 A charcoal strip (DFLEX) obtained from overseas is widely used to 
collect the vapour of unburned flammable liquids on arson evidence such as 
cloth or other unburned debris. In this study an activated carbon commonly 
available was employed as a substitute for the charcoal strip  
 The adsorption efficiencies of the charcoal strip and activated 
carbon were compared in this study. The two adsorbents were used to 
adsorbed the vapour of gasoline in closed container. The adsorbent was then 
extracted by using dichloromethane as a solvent. The extract was analysed 
by the technique of GC/FID. 
 It was found that the activated carbon adsorbed the gasoline vapour 
with the recovery of 67.76%  compared to the value of 69.74% from the use of 
charcoal strip. The result thus encourage the use of activated carbon as an 
adsorbent for the flammable liquid in order to reduce the analysis cost. 
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 (Anaerobic Bacteria) 



5
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 1 

 (Paul Erd s  Pál Erd s, 26 . . . . 2456 – 20 . .

. . 2539) 

 (combinatorics),  (graph theory), 
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(approximation theory),  (set theory)  (probability theory). 
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 2

 (Separation)

 (Fractional Distilation) 

 368-385 



7

 (Conversion) 

 (Treating) 

 (Blending) 

 4 ,

,

 85 

1.  (gases)  40 

2.  (naphtha)  40 – 100

3.  (gasoline)  40 – 205 

4.  (kerosene)  ( )

 175 – 325 

5.  (diesel fuels)  250 – 350

6.  (lubricating oil) 

 300 – 370 

7.  (fuel oil) 

370 – 600
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8.  (residuals)  600 

-  (coke) 

-  (asphalt or bitumen)  (tar) 

-  (wax)  (Petroleum World, 2552) 

2. (Gasoline)

 (Gasoline) 

 (Naphtha), 

Isomerate, Reformate  (Additives)  MTBE (Methyl Tertiary Butyl Ether), 

 (Spark Ignition Internal Combustion Engine) 

 2 

1.  (PREMIUM MOTOR GASOLINE)  95        

 8:1 
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,
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Quality) 
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Overheat) 

 (High Load-Low Speed) 

 (Pre-ignition) 

 (Compression Ratio) 

 9:1  95  8:1-9:1 

 91 

 CFR (Cooperative Fuels Research) 

 100  0  95 

 95 %

 5%  2  Research Octane Number (RON) ASTM D 2699 

Motor Octane Number (MON) ASTM D 2700  2  RON 

 (600 / )  125 F

 MON  (900 / )

 300 F  RON  MON

2.  (Distillation)  (Volatility) 

 ASTM D 86 

 (Distillation or Boiling Range)  20-200 C

 (Initial Boiling Point , IBP) 10% (10% evaporated) 

 “Front End” 
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 50%  “Mid Fill  Mid Range”  

 (Warm Up) 

 90%  “Back End” 

 (Crankcase Dilution) 

 (Final Boiling Point, FBP) 

 90 %  30 C

3.  (Vapor Pressure) 
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 Reid  ASTM D 323  D 4953 

4.

5.

 ASTM D 4294 

6.

(Catalytic Converter) 

7.  (Gum) 

 Olefins,Thiophenol 
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 ASTM D 381 

 ASTM D 189 

8.

9.

10.

 MTBE (Methyl Tertiary Buthyl Ether) 

 MTBE  100 

/

11.

 (Port Fuel Injection, PFI) 

 (Intake Valve Deposit Control, IVDC) 
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2.

3.
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  (leukemia)   benzene 

  n-hexane  

4.  Gasoline : TLV = 300 ppm TWA 

 1  ALKYL SUBSTITUTED BENZENE DERIVATIVES 

Name Systemic name CAS RN M.P B.P

Toluene Methylbenzene 108-88-3 -93 110.6 

Ethylbenzene   100-41-4 -94.9 136 

n-Propylbenzene Propylbenzene 103-65-1 -101.6 159 

n-Butylbenzene Butylbenzene 104-51-8 -88 183 

Cumene Isopropylbenzene 98-82-8 -96 151 

o-Xylene 1,2-Dimethylbenzene 95-47-6 -25.2 144 

m-Xylene 1,3-Dimethylbenzene 108-38-3 -47.9 139 

p-Xylene 1,4-Dimethylbenzene 106-42-3 13.3 138.3 

Hemimellitene 1,2,3-Trimethylbenzene 95-36-3   

Mesitylene 1,3,5-Trimethylbenzene 108-67-8 -44.7 165 

Pseudocumene 1,2,4-Trimethylbenzene 95-63-6 -43.8 169 

o-Ethyltoluene 1-Methyl-2-ethylbenzene 611-14-3 -17 154 

m-Ethyltoluene 1-Methyl-3-ethylbenzene 620-14-4  161 

p-Ethyltoluene 1-Methyl-4-ethylbenzene 622-96-8 -62 162 

o-Diethylbenzene 1,2-Diethylbenzene 135-01-3 -31 183 

m-Diethylbenzene 1,3-Diethylbenzene 141-93-5 -84 181 

p-Diethylbenzene 1,4-Diethylbenzene 105-05-5 -43 184 

o-Propyltoluene 1-Methyl-2-n-propylbenzene 1074-17-5  185 

m-Propyltoluene 1-Methyl-3-n-propylbenzene 1074-43-7  182 

o-Propyltoluene 1-Methyl-4-n-propylbenzene 1074-55-1 -64 183 

o-Cymene 1-Methyl-2-isopropylbenzene 527-84-4 -71 178 
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 1 ( )     

Name Systemic name CAS RN M.P B.P

m-Cymene 1-Methyl-3-isopropylbenzene 535-77-3 -64 175 

p-Cymene 1-Methyl-4-isopropylbenzene 99-87-6 -67 176 

o-Diisopropylbenzene 1,2-Diisopropylbenzene 577-55-9  204 

m-Diisopropylbenzene 1,3-Diisopropylbenzene 99-62-7 -63 203 

p-Diisopropylbenzene 1,4-Diisopropylbenzene 100-18-5 -17 203 

o-Butyltoluene 1-Butyl-2-methylbenzene 1595-11-5   

m-Butyltoluene 1-Butyl-3-methylbenzene 1595-04-6  205 

p-Butyltoluene 1-Butyl-4-methylbenzene 1595-05-7  207 

o-Dibutylbenzene 1,2-Dibutylbenzene    

m-Dibutylbenzene 1,3-Dibutylbenzene 17171-74-3   

p-Dibutylbenzene 1,4-Dibutylbenzene 1571-86-4   

tert-Butylbenzene   98-06-6 -58 169 

1,2,4,5-Tetra-tert-butylbenzene  796-97-4   

o-Di-tert-Butylbenzene 1,2-Di-tert-butylbenzene 3370-28-3   

m-Di-tert-Butylbenzene 1,3-Di-tert-butylbenzene 3370-27-2   

p-Di-tert-Butylbenzene 1,4-Di-tert-butylbenzene 1012-72-2 75 236 

4-tert-Butyltoluene 1-Methyl-4-tert-butylbenzene 98-51-1 -52 193 

5-tert-Butyl-m-xylene 1,3-Dimethyl-5-tert-butylbenzene 98-19-1 -18 205 

Prehnitene 1,2,3,4-Tetramethylbenzene 488-23-3 -6 205 

Durene 1,2,4,5-Tetramethylbenzene 95-93-2 76 197 

Isodurene 1,2,3,5-Tetramethylbenzene 527-53-7 -24 198 

Mellitene Hexamethylbenzene 87-85-4 164 264 

Hexaethylbenzene   604-88-6 129 298 

Hexadecylbenzene   1459-09-2 27 385 

(DURENE, 2552) 
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Melinda Darrer  (Darrer, 2007) 

• C1-alkylbenzene

- Toluene

• C2-alkylbenzenes

  -  Ethylbenzene  

  -  meta-Xylene (1,3-dimethylbenzene) and para-xylene(1,4-dimethylbenzene) 

-  ortho-Xylene (1,2-dimethylbenzene)

• C3-alkylbenzenes

  -  Propylbenzene 

  -  1-Ethyl-3-methylbenzene and 1-ethyl-4-methylbenzenea 
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-  1,3,5-Trimethylbenzene

-  1-Ethyl-2-methylbenzene 

  -  1,2,4-Trimethylbenzene 

-  1,2,3-Trimethylbenzene 

 Eric Stauffer 

(Stauffer, 2008)

1. The three musketeers C8 – C9 
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2. The castle group C9 –C10 

3. The gang of four C10 – C11 
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4. The twin towers 

 3  Chromatogram 
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3.  (Gasohol) 

 (Gasohol) ( )

E10  90% 

 10% ( )

 (Gasoline)  Gasoline + alcohol 

 (MTBE) 

 (MTBE)  1.6-1.8 

. . 2528 

 95 

 91  10 

 (wikipedia, 2552) 
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4.  Activated carbon 

 (activated carbon) 

 activate 

 activated charcoal 

 4

                      ( )  ( )

 (activated carbon) 

 (     1 

 500-1,500 )

 (van der Waals force) 

 (re-activated)  
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 5

 (glycol) 

 2 

1.  (Physical Reactivation) 

  700-800

  900-1,100

2.  (Chemical Activation) 

 400-600 
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 6

1.  (Iodine Number) 

 ( ) /  1 

2.  (Molass Number)  (macropore,   

 20  (?)  2 )

 ( )

 ( )

3.  (Tannin) 

 (ppm, part per million = )

 200-362 

4.  (Methylene Blue) 

/ 100  (g/ 100 g)

5.  (Apparent Densitry) 

6. /  (Hardness/ Abrasion Number) 

 (backwashing) 
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7.  (Ash Content) 

8.  (Carbon Tetrachloride Activity) 

9.  (Particle Size Distribution) 

 (Powdered Activated Carbon, PAC) 

0.15-0.25  ( )

 7
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 (Granular Activated Carbon, GAC) 

 8

 (Extruded Activated Carbon, EAC) 

 (extruder) 

0.8-4.5

(pressure drop) 

 (Impregnated Carbon) 

 (Polymers Coated Carbon) 

 (biocompatible polymer) 

(Hemoperfusion) ( , 2552) 
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5.  Dichloromethane (DCM) 

 2  dichloromethane 

Methylene chloride; Methylene dichloride; Methane 

dichloride; R 30; Aerothene MM; Refrigerant 30; Freon 30; 

DCM; Narkotil; Solaesthin; Solmethine; ; Plastisolve; 

Methylene Chloride (dichloromethane) 

CH2Cl2

 (
0
C) 39.8

/  (
0
C) -97

 ( =1) 1.326

 ( =1) 2.9

 (mPa.sec) 0.43

 (mmHg) 340  20
0
C

 DCM 

( , 2552) 
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6.  Gas Chromatography (GC) 

             

 (stationary 

phase)  (mobile phase) 

              

 2 

1.  (Gas-solid chromatography,GSC)
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2.  (Gas-liquid chromatography, GLC)

 solid supporter 

 GSC  GLC 

 9 

 4 

1. Gas supply unit

 1 

 1 

1  +0.2  

2. Sampling unit 

 Sampling unit 
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 septum 

 50 

 10-20 

 1-3  splitter 

3. Column unit

 2 

 solid support  diatomaceous earth 

 1.5-10  2-4 

 10 2

wall-coated open tubular (WCOT) 

support-coated open tubular (SCOT)  diatomaceous earth 

 SCOT  WCOT 

 10 

 2-30 

4. Detector unit

 ( )

 1 

 15 
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 GC 

1.  (High sensitivity)  (response) 

2.  (selectivity) 

 (universal detector)

3.   Dynamic Range

4.  (stability) 

(reproducibility)
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 3

 Support 

gases

Dynamic

range

Flame

Ionization

(FID)

Mass

flow

100 pg 107 

Thermal

Conductivity

(TCD)

 1 ng 107 

Electron

Capture

(ECD)

Make-up 50 fg 105 

Nitrogen-

Phosphorus

Mass

flow

 10 pg 106 

Flame

Photometric

(FPD)

Mass

flow

100 pg 103 

Photo

Ionization

(PID)

Make-up

organosulphurs

2 pg 107 

(LAB.TODAY, 2552) 
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Flame Ionization Detector (FID) 

FID

 FID  heater 

Flame jet 

 FID  GC 

FID

   He  CS2  NH3

   Ar  COS  CO 

   Kr  H2S  CO2

   Ne  SO2  H2O

   Xe   NO  SiCl 

   O2  N2O  SiHCl3

   N2  NO2  SiF4

 Flow rate  H2  FID 

 GC 

 FID 

 FID 

 100° C 

 flame tip  jet 

( , 2534) 
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Mass Spectrometer (MS)

 Detector

 GC 

 (Mass number) 

 10  MS

 MS 

1.) Ionization Source  2 

              Electron Ionization (EI)  Fragment  Electron 

Ionization chamber  10 -8 Torr  Electron  Filament 

 repeller voltage  70 

Electron  70 eV  (Fragmentation ion) 

 (Relative abundance) 

                 Chemical Ionization (CI)  Fragment 

 ( 10 -4Torr)  (  1 Torr) 

 Ionization chamber  Fragment  Electron 

 Methane, Isobutane, Ammonia
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 11  Electron Ionization

 12 Chemical Ionization

 13  fragment  EI  CI
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2.) Mass Analyzer

      Magnetic-sector analyzer,  Electrostatic 

analyzer,   Time-of-flight analyzer,  Ion cyclotron resonance analyzer,  Quadrupole mass 

spectrometer-Quadrupole Mass Spectrometer 

Path-stability mass spectrometer  Ion source 2

 2 

 Detector 

 14 Quadrupole Detector

3.) Detector

         Faraday cup dectector, Electron multiplier detector, 

Scintillation counter dectector, Photographic plate dectector 

 15  Electron Multiplier Schematic
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 16  Interpreting spectra

-

 mass 

spectrometer

             

 20 
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        1 . 

 lead alkyls, hydrocarbon,PAN, CO, aldehyde, keton, SO2, H2S 

    2. 

3.

              

4.

             

5.

  TLC 

 preservative 

6.

 halogenated, 

chlorinated  organophosphate 
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7.

8.

 alkoloids  (LAB.TODAY, 2552) 

7.

. .1995 Luis Frontela 

n-hexane  Activated charcoal    70° C 

30  Carbon disulfide  GC/MS 

 Activated charcoal 

. .2007 Melinda Darrer  PVC, PE 

Latex  PVC 

 30  DFLEX

 GC/FID 

. .2007 Rafat Borusiewicz 

Tenax TA
®

 Carbotrap 300
®

 GC/MS  Tenax 

TA
®

 Carbotrap 300
®

ASTM  E 1412-00 

 Passive Headspace  Acivated charcoal  GC. 

GC/MS  GC/IR  Acivated charcoal
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Birrer   Carbon disulfide 

 charcoal strip 

 Gas Chromatograpy/Flame Ionization Detector (GC/FID)   Carbon 

disulfide

 Birrer 

 Alkanes  Aromatics  Diethyl ether

 Carbon disulfide 

Massey  Carbon disulfide 

10% isopropanol  dichloromethane  Ignitable Liquid Residues (ILR) 

Activated charcoal  Carbon disulfide 

Alkanes  Aromatics 
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  3 

3.1

1.  91 

2. Dichloromethane (DCM)  MERCK 

3. Charcoal strip  8x20 mm  Albrayco Technologies, Inc.

4. Activated carbon  C.GIGANTIC CARBON Co.,LTD 

1.  6x10 inch 

2.  Kimwipes  Kimberly-Clark Professional 

3.  (tea bag) 5x8 cm  

4. Pipette   tip  1000 ml 

5. Vial  2, 20  ml 

6. Syringe  10 l

7.  - 

9.    2   Mettler Toledo  PG4002-S 

10. Gas Chromatography/Flame

      Ionization Detector (GC/FID) 

 Agilent Technologies  6890N

Network system 
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3.2

3.2.1

 Chromatogram kimwipes,

 (tea bag), Activated carbon Charcoal strip  dichloromethane 1 ml

 17  kimwipes 

 18  Activated carbon 

 19  Charcoal strip 
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3.2.2  Activated carbon bag (AB) 

 Activated carbon 

Charcoal  strip  Activated carbon 

 Activated carbon  0.10 g, 0.50 g 

 1.00 g  (tea bag) 

 20  Activated carbon

3.2.3

       3.2.3.1    kimwipes 

       3.2.3.2    kimwipes 

 0.1, 0.5, 1.0 l   syringe   10 l

3.2.3.3

 21
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 3.2.3.4   95°C  

24

 3.2.3.5   vial  dichloromethane

  1 ml

 3.2.3.6   vial  ultrasonic  1 

3.2.4

 syringe   10 l   0.1 l, 0.5 l  1.0 l  vial 

 dichloromethane  1 ml

3.2.5 Calibration curve 

 syringe   10 l   0.1 l, 0.5 l, 1.0 l, 1.5 l,

2.0 l  vial  dichloromethane    1 ml

3.2.6

 Gas Chromatography/Flame 

Ionization Detector (GC/FID)

Column  : HP-1 ; Methyl  Siloxan Capillary   

     30 m x  320 m x 0.25 m

Carrier gas  : Helium 

flow   : 2  ml/min 

Split ratio  : 27:1 

Injector  : 180°C 

Detector : 300°C 

      Temperature program :  50°C hold 5 min 

            50°C to 300°C @ 20°C/min 

                     300°C hold 7 min
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 4 

Activated carbon   Charcoal strip 

 Activated carbon .

 Activated carbon,  Charcoal strip

 %Recovery

4.1

  dichloromethane  alkanes  aromatics 

 diethyl ether   carbon disulfide 

 22 Chromatogram  dichloromethane
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4.2

 Chromatogram 

  kimwipes,  (tea bag),  Activated carbon Charcoal strip

 23 Chromatogram  Activated carbon 

 4

dichloromethane

  kimwipes 

 (tea bag) 

Activated carbon 

Charcoal strip 
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4.3

 Chromatogram 

     ( )

( )

 24  Chromatogram     ( )  GC/FID    ( )  GC/MS 
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 24 Chromatogram  2 

 5  GC/FID 

 0.1 l/ml

10  10  GC/MS  

 Eric Stauffer 

 5  retention time  5

Retention time 

(min)

Group(Name) m/z 

3.074    C1-Alkylbenzene (Toluene) 91 

4.963    C2-Alkylbenzene (Ethyl benzene) 91, 106 

5.204    C2-Alkylbenzene (Xylene) 91, 106 

5.729    C2-Alkylbenzene (Xylene) 91, 106 

7.035    C3-Alkylbenzene (3-Ethyltoluene) 105, 120 

 : 

Retention time  2 % (SOFT Guideline) 
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4.4  Activated carbon 

 Activated carbon 

 Activated carbon  0.1 g, 0.5 g  1.0  g 

 ( )

( )

 ( )

 25  Chromatogram ( ) 0.1 g   ( )  0.5 g   ( ) 1.0 g
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4.5

Charcoal strip   Activated carbon  dichloromethane 1 ml 

  0.1, 0.5, 1 l/ml

( )

( )

 ( )

 26  Chromatogram  1 l/ml ( ) Charcoal strip

    ( ) Activated carbon   ( )
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4.6

 5 

 %Recovery 

 6   %Recovery  1 l/ml

%RecoveryRetention time 

(min) Charcoal strip  Activated carbon  

3.074 77.40 61.29 

4.963 80.22 72.69 

5.204 75.82 58.36 

5.729 62.42 39.63 

7.035 75.93 70.58 

 7  %Recovery  0.5 l/ml

%RecoveryRetention time 

(min) Charcoal strip  Activated carbon  

3.074 75.24 80.21 

4.963 98.96 124.35 

5.204 81.47 96.87 

5.729 57.64 50.50 

7.035 65.87 82.88 
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 8  %Recovery  0.1 l/ml

%RecoveryRetention time 

(min) Charcoal strip  Activated carbon  

3.074 81.90 73.86 

4.963 66.72 71.69 

5.204 58.86 55.44 

5.729 42.64 30.56 

7.035 44.94 47.56 

 27  %Recovery 

 0.1 l/ml
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 28  %Recovery 

 0.5 l/ml

 29  %Recovery 

1.0 l/ml
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4.7  Calibration curve 

  5  0.1,  0.5,  1.0,  1.5

2.0 l/ml

 30   Retention time  3.074 

 31 
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 : 

 :  95 C  24 

          dichloromethane 1 ml  GC/FID

 32  Chromatogram

 Chromatogram

 Calibration curve (  30)  Retention time 

 9

Retention time (min) Concentration ( l/ml)

3.074 1.4532

4.963 1.3213

5.204 1.7583

5.729 1.8536

7.035 0.9874

Average 1.4748
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4.8

  Retention time  5  2 

 Charcoal Strip   Activated carbon  9 

(EURACHEM Guide)    2   50.4407

39.8524   Charcoal Strip  

Activated carbon

 (Variance) 

 Activated carbon  Charcoal Strip

  F-test   95% 

 F  F-critical ( )

 2 

 (Accuracy)  t-test  95% 

 t  t-critical ( )

 2 

 10  Retention time  3.074 

Principle Charcoal Strip Activated carbon 

Observation 9 9 

Average of all data 50.4407 39.8524 

sd of all data 6.5839 8.2215 

Variance of all data 43.3471 67.5933 

F-test 1.5593 

F-critical (95%CI) 4.4333 

t-test 0.4049 

16

t-critical (95%CI) 2.1199 

Conclusion: 1. Variance  2 

  2.  2 



54

 5 

  Charcoal strip (DFLEX)  

  Activated carbon  

   Activated carbon  

 GC/MS 

 Chromatogram 

 GC/FID

 Gas Chromatograph  FID 

 Eric Stauffer 

 Retention time  3.074, 

4.963, 5.204, 5.729  7.035     Gas Chromatograph /Mass 

Spectrometry

  Retention time  3.074   C1-Alkylbenzene (Toluene),  Retention time    4.963  

C2-Alkylbenzene  (Ethyl benzene),  Retention time   5.204    C2-Alkylbenzene (Xylene),  

Retention time        5.729    C2-Alkylbenzene (Xylene)    Retention time    7.035  

C3-Alkylbenzene  (3-Ethyltoluene)    Retention time    5  

  Toluene    5  



  55

 Activated carbon 

 Activated carbon  0.1 g, 0.5 g  1.0 g 

  0.5 g  1.0 g 

0.1 g   ASTM E 1412-00   0.2 g 

Activated Carbon   Charcoal strip   2

% Recovery   Activated carbon    67.76%   Charcoal strip    69.74%   

 11   %Recovery

Charcoal strip   Activated Carbon   Concentration

( l/ml) % Recovery SD % Recovery SD 

0.1 74.36 6.90 60.51 13.15 

0.5 75.84 15.79 86.96 26.87 

1.0 59.01 16.20 55.82 17.92 

 33  %Recovery 
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Calibration curve   5  Retention time  

Retention time   3.074    R
2

 0.9849 ,  Retention time    4.963   R
2

 0.9870  ,  

Retention time   5.204   R
2

 0.9881 ,  Retention time    5.729   R
2

 0.9874

  Retention time   7.035  R
2

 0.9355 Calibration

curve  1.47 l

Charcoal strip   Activated carbon

 12

   

  Activated carbon

 Charcoal strip  350 

 1  Activated carbon  5  1 

Retention time 

(min)

3.074

4.963

5.204

5.729

7.035



  57

  Activated carbon  

  Carbonnano particle

   Activated carbon  
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 Scanning Electron Microscope and Energy Dispersive X-ray 

Spectrometry (SEM/EDS)  2 

 34  30  ( ) Activated carbon ( ) Charcoal strip 

 35  500  ( ) Activated carbon ( ) Charcoal strip 

 36  5000  ( ) Activated carbon ( ) Charcoal strip 
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 particle side 

 Activated carbon  particle side 

 13  particle side 

Mean 510.0 m

Median 490.4 m

Mode 471.1 m

SD 166 m

CV 32.5 % 

 ( )

( )
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( )

 37  Chromatogram   ( )   kimwipes   ( )  (tea bag)

    ( ) Charcoal strip

( )

 ( )
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 ( )

 38 Chromatogram  0.1 l/ml  ( ) Charcoal strip

( ) Activated carbon    ( )

( )

( )
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( )

 39 Chromatogram  0.5 l/ml  ( ) Charcoal strip

( ) Activated carbon    ( )

 Calibration curve 

 40  Retention time  4.963 
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 41  Retention time  5.204 

 42  Retention time  5.729 
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 43  Retention time  7.035 
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 Retention time  5

 2 

 14  Retention time  4.963 

  Standard Method Test Method 

Principle Charcoal Strip Activated carbon 

Observation 9 9 

Average of all data 13.2495 11.9862 

sd of all data 2.5849 2.1416 

Variance of all data 6.6817 4.5866 

F-test 1.4568 

F-critical (95%CI) 4.4333 

t-test 0.4756 

16

t-critical (95%CI) 2.1199 

Conclusion: 1. Variance  2 

  2.  2 
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 15  Retention time  5.204 

  Standard Method Test Method 

Principle Charcoal Strip Activated carbon 

Observation 9 9 

Average of all data 43.4675 33.3684 

sd of all data 8.2602 6.5313 

Variance of all data 68.2314 42.6584 

F-test 1.5995 

F-critical (95%CI) 4.4333 

t-test 0.3864 

16

t-critical (95%CI) 2.1199 

Conclusion: 1. Variance  2 

  2.  2 

 16  Retention time  5.729 

  Standard Method Test Method 

Principle Charcoal Strip Activated carbon 

Observation 9 9 

Average of all data 16.8276 10.6537 

sd of all data 2.7824 2.4049 

Variance of all data 7.7416 5.7834 

F-test 1.3386 

F-critical (95%CI) 4.4333 

t-test 1.9367 

16

t-critical (95%CI) 2.1199 

Conclusion: 1. Variance  2 

  2.  2 
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 17  Retention time  7.035 

  Standard Method Test Method 

Principle Charcoal Strip Activated carbon 

Observation 9 9 

Average of all data 14.9196 13.8702 

sd of all data 2.6071 2.7024 

Variance of all data 6.7968 7.3032 

F-test 1.0745 

F-critical (95%CI) 4.4333 

t-test 0.3158 

16

t-critical (95%CI) 2.1199 

Conclusion: 1. Variance  2 

  2.  2 
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