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 Propanil 
Method Validation of Propanil in Formulation 

 
        

                                                               
.................................................................... 

 

 
 

 Propanil 
 Gas Liquid Chromatography (GLC)  

   Range  0.1 – 2.5 
  Linearity  0.2 – 1.5   correlation 

coefficient (r) 0.9998  (Precision)  Propanil  EC  
HORRAT  (Repeatability)  0.568  (Intermediat reproducibility) 

 0.4, 1.0  1.4   0.681, 0.798  0.590  Robustness/ 
Ruggedness   HORRAT  1.058  1.324   2 

 AOAC  EU, Codex  (Accuracy)  
(% recovery)  0.4, 1.0,  1.4   99.1, 100.2  100.5  
 98 – 102%  10%  AOAC 

 Propanil 
  

 

 
 

 
 

 
Propanil      

 IUPAC 3',4' – dichloropropionanilide  Chemical Abstract  N – (3,4 – dichlorophenyl) 
propanamide  C9H9Cl2NO  218.1  91.5  
351    130   20   

Cl

Cl

NHCOCH2CH3
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[2] 
 

isopropanol, dichloromethane  200   hydrolysis 
  pH   pH 4, 7, 9  

 Propanil   Analytical 
Methods For Pesticides And Plant Growth Regulators Vol.13  pack column  
Capillary column   

 (Accuracy)  (Precision)  
                             

 

 
 

  
1.  GLC  Flame ionization detector (FID)    
2.  Capillary  5% phenyl methyl siloxane (HP – 5)  0.25  

 0.32   30  
          3.  Capillary  100% dimethylpolysiloxane (DB – 1)  0.25  

 0.32   30   
4.  4  (  0.1 )  
5. Ultrasonic bath 
6.  type A  10, 25, 50, 100, 250  1000         

           7.  type A  2, 3, 4, 5  10         
8.   100  
9.  

           10. vial  2  
 
1.  Propanil 99.5 % 
2.  Propanil (Technical grade, TC) 95.8 % AI 
4.  Emulsifiable concentrates (EC) 36 % AI  
5. Acetone AR grade 

 
 1.  Propanil 
                  1.1  GLC  HP – 5 
capillary column  
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         Oven : 220  
                 Injector : 250  

                                  Detector : 250  
           Injector : split ratio  50 :1 
         : He     2.0    
          : H2    40.0  
     Air   450.0  

       make up : N2    45.0     
        : 1  
 

 2.  (Technical grade)   
2.1  

 propanil  10  (+ 0.1 ) 2  (CA, CB)  
10   Acetone   ultrasonic bath 5   

  Acetone   vial  2    
2.2  Technical grade 

 Technical grade  25  (+  0.1 ) 15  
(T1 - T15)  25   Acetone   ultrasonic bath 5  

  Acetone   vial  
2    

 2.3  Technical grade 
 GLC   baseline  

 CA  CB    response factor  
 1%     

CA, T1-1, T1-2, CB, T2-1, T2-2, CA, ……………………………. 
2.4  

2.4.1   response factor 
=  W x P / A   

W =    
P =  Propanil    
A = peak area  Propanil  
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2.4.2  Propanil  Technical grade 
M = As x f / Ws     
As = peak area  Propanil  Technical grade 
Ws =  Technical grade   
M =  Propanil  Technical grade   

3.  (Range / Linear)  
3.1  Range 

3.1.1  Technical grade    
Propanil   6  10.4, 52.0, 104.0, 156.0, 208.0  260  
(+ 0 .1  )   100   Acetone   
ultrasonic bath 5    Acetone  

 vial  2    
3.1.2  
3.1.3  Propanil (  X)  response (  Y) 
3.1.4  

3.2  Linearity 
3.2.1  Range  3  
3.2.2  Technical grade    

Propanil 6   20.8, 52.0, 83.2, 104.0, 124.8  156.0  ( + 0.1 )  
100   Acetone   ultrasonic bath 5  

  Acetone   vial  2    
3.2.3  
3.2.4  Propanil (  X)  response (  Y) 
3.2.5   correlation coefficient (r)  0.995 

4.  (Precision)  
4.1  (Repeatability) 

4.1.1  EC   27, 69  97  (+ 0.1 )  
10  (ECS, ECM, ECL)  25   Acetone   ultrasonic 
bath 5    Acetone   vial 

 2           
4.1.2  Propanil   (  4.1.1) 

 (  3.2.4)  (mean)  (standard deviation, SD) 
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 (relative standard deviation, RSD)  HORRAT  2 
 AOAC  EU, Codex 

4.1.3   
   HORRAT = %RSD exp. / %RSD Horwitz  
 

   %RSD Horwitz = 0.66 x 2 (1-0.5 log C)     : intra-lab. 
 

4.2  (Intermediat reproducibility) 
 EC  4.1.1 ( ) 

 Propanil  (  3.2.4)   
  HORRAT  Propanil  4.1.2  4.2  

HORRAT = %RSD exp. / %RSD Horwitz  
 

   %RSD Horwitz = 2 (1-0.5 log C)               : inter-lab. 
 

    C = Concentration ratio  
5.  Robustness / Ruggedness  

5.1  Robustness  
5.1.1  Propanil   HP – 5 (5% phenyl methyl 

siloxane)   
5.1.1.1  Technical grade   20.8, 52.0, 

83.2, 104.0, 124.8  156.0  (+  0.1 )  Acetone 100     
5.1.1.2  EC   27, 69  97  ( + 0.1 

)  10  (ECS, ECM, ECL)  Acetone 25   Propanil 
 DB – 1 (100% dimethylpolysiloxane) 

5.1.2  Propanil  DB – 1 (100%  dimethylpolysiloxane) 
5.1.2.1  DB – 1 (100% dimethylpolysiloxane)      
5.1.2.2  Technical grade (  5.1.1.1)    
5.1.2.3  EC (  5.1.1.2)  Propanil 

 DB – 1 (100% dimethylpolysiloxane)  
5.1.3  HORRAT 

 Propanil  5.1.1.2  5.1.2.3 
    HORRAT  4.2 
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5.2  Ruggedness 
 5.2.1  EC  4.1.1  Technical grade (   3.2.2) 

  Propanil  
(  3.2.4)  

5.2.2  Propanil  EC  5.2.1 
    HORRAT  4.2 

6.   (Accuracy)  
6.1  Stock Tech (5 mg AI / ml) 

 Technical grade    1,305  
(+ 0.1 )  100   Acetone 

 250   ultrasonic bath 5  
  Acetone    
6.2   

 Stock Tech (  6.1) 2, 5  10  25  
 Acetone   Technical grade  Propanil 

 0.4, 1.0  2.0    GLC  
6.3  Stock Sample (1 mg AI / ml) 

 EC   2,777  (+ 0.1 )   
 100   Acetone  

1,000   ultrasonic bath 5   
 Acetone  

6.4   Origin 
 Stock Sample EC (  6.3)  10  10  

25   10   Acetone   GLC  Propanil  
6.5   Spike 

 Stock Tech (  6.1) 3, 5  7   
25   Stock Sample EC (  6.3)  10   10   30   
Acetone   GLC  Propanil  (  6.2) 

6.6  Accuracy  % Recovery  
 Propanil  Origin  Spike (  6.4 – 6.5)  

 % Recovery  98-102%  10% 
 AOAC  

% Recovery =     (A spike – A origin) x 100 / A add 
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             A spike =     Propanil  Spike 
             A origin =     Propanil  Origin 

            A add =      Propanil  Spike 
 

   2554 –  2555 
   

  
 

  
 

  
   Propanil  

 GLC    response 
factor (f)   1  Technical grade 

  95.8  
 (Range)  

 
 1.  

 Range  0.10 - 2.50  Propanil 
                                           mg/ml                                                                            Area 
                                            0.10                                                                           19.2396 

0.50                                                                         111.3786 
                                            1.00                                                                         227.3481 

1.50                                                                          342.7628 
                                            2.00                                                                         448.9636 
                                            2.50                                                                         576.4564 
 

 Range    0.10 – 2.50 
   correlation coefficient (r) 0.9997  

 (Linearity)  
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 2.  Linearity 
 Linearity  0.20 - 1.50  Propanil 

                                           mg/ml                                                                            Area 
                                            0.20                                                                           45.7245 

0.50                                                                         112.1729 
                                            0.80                                                                         180.3414 

1.00                                                                          225.3167 
                                           1.20                                                                          272.2258 
                                           1.50                                                                          342.3279 

 
 Linearity    

0.20 – 1.50    correlation coefficient (r) 0.9998        
 (Precision)  Propanil 

 EC   (Repeatability)  (SD)  0.4, 1.0 
1.4   0.305  (%RSD) 0.875  HORRAT 

 0.568  (Intermediat reproducibility)  0.4, 1.0  1.4  
 (SD) 0.37, 0.43  0.32  (%RSD) 1.05, 1.23  

0.910  HORRAT  0.681, 0.798  0.590  
 Robustness/Ruggedness   Robustness   

(SD) 0.59  (%RSD) 1.63  HORRAT  1.058   
Ruggedness  (SD) 0.74  (%RSD) 2.04  
HORRAT  1.324   

 (Accuracy)   % recovery  Propanil  
 EC  0.4, 1.0,  1.4   99.1, 100.2 

 100.5  
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 3.  Recovery  EC 

N 
AI content ( mg / 25 ml ) 

Concn. (0.4 mg / ml) Concn. (1.0 mg / ml) Concn. (1.4 mg / ml) 

Origin Spike Added Origin Spike Added Origin Spike Added 
1 8.48 18.68 10.00 8.20 33.20 25.00 8.43 43.21 35.00 
2 8.12 18.01 10.00 8.38 33.48 25.00 8.48 43.12 35.00 
3 8.17 18.24 10.00 8.22 32.87 25.00 8.42 43.56 35.00 
4 8.52 18.37 10.00 8.23 34.00 25.00 8.54 42.95 35.00 
5 8.31 18.34 10.00 8.11 33.10 25.00 8.41 44.15 35.00 
6 8.44 18.16 10.00 8.12 33.01 25.00 8.58 43.50 35.00 
7 8.26 17.75 10.00 8.21 32.97 25.00 8.38 44.02 35.00 
8 8.13 17.81 10.00 8.24 32.79 25.00 8.46 44.12 35.00 
9 8.23 18.33 10.00 8.12 33.21 25.00 8.30 43.56 35.00 

10 8.26 18.42 10.00 8.20 34.10 25.00 8.29 43.85 35.00 
Mean 8.29 18.21 10.00 8.20 33.27 25.00 8.43 43.60 35.00 

SD 0.14 0.29   0.08 0.45   0.09 0.43   
%RSD 1.73 1.57   0.96 1.36   1.10 0.98   

%Recov     99.19     100.28     100.50 

 1  Chromatogram  Propanil 
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  Propanil  Analytical Methods For 
Pesticides And Plant Growth Regulators  Pack column  

 Capillary column   
   

   
  30   

     
 Propanil  

 

/  
 

 1.  Propanil   Gas Liquid 
Chromatography (GLC)  (Detector)  Flame Ionization Detector (FID)  HP-5 capillary 
column   
         Oven : 220  

                 Injector : 250  
                                  Detector : 250  
         Injector : split ratio  50 :1 
         : He     2.0    
          : H2    40.0  
     Air   450.0  

       make up : N2    45.0     
        : 1  
2.   

2.1  Propanil  1  
  10   10  

 Acetone  ultrasonic bath 5   
 Acetone   

2.2  Propanil 1  
  25   25   Acetone  

 ultrasonic bath 5    Acetone  
     

 3.  Range  0.1 - 2.5  
 Linearity  0.2 – 1.5   correlation coefficient (r) 0.9998   
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4.  (Precision)  Propanil  EC 
 (Repeatability)  (%RSD)  HORRAT  0.875  0.568

  (Intermediat reproducibility)  (%RSD)  HORRAT  0.4, 
1.0  1.4   (%RSD)  1.05, 12.3  0.91  

 HORRAT  0.681, 0.798  0.590   2  AOAC  
EU, Codex 

5.  Robustness/Ruggedness  
 (%RSD)  HORRAT  Robustness  Ruggedness  1.058  

1.324   2  AOAC  EU,Codex 
6.  (Accuracy)   % recovery  Propanil 

 EC  0.4, 1.0  1.4   99.1, 100.2 
 100.5  98 - 102%  10%  AOAC 

 

 
 

 Propanil 
 ISO17025  

  
 Propanil  

 

 
 

. 2537. .  
. . 

Gunter Zweig. and Joseph Sherma. 1972. Analytical Methods For Pesticides And Plant Growth Regulators. 
Vol.13 

Kidd, H. and D. R. James (Eds). 1993. The Agrochemicals Handbook. 3rd. ed.  Methods Royal Society of 
Chemistry, England. 
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Organophosphorous Pyrethroid  Endosulfan 
 

Method Validation of Organophosphorous, Pyrethroid and Endosulfan 
Residues in Mangosteen 

 

            
                                                               

.................................................................... 
 

 
 

 Organophosphorous, Pyrethroid  Endosulfan 
  Steinwandter (1985)  acetone, 

dichloromethane  sodium chloride  clean up  sorbent  PSA  SAX (1 : 1) 
 hexane : dichloromethane 4 : 1  1 : 1   Gas chromatograph 

  fortified sample   
Organophosphorous  18  Pyrethroid 7   Endosulfan 3  

  linearity/range, accuracy, precision, LOD  LOQ  linearity/range  
3   correlation coefficient > 0.995   Organophosphorous, 
Pyrethroid  Endosulfan   Range  0.01 - 2.00, 0.005 - 0.5  0.005 - 0.5  

   accuracy  precision   %recovery  
70 - 120  HORRAT  2  LOD  0.005 - 0.02, 0.002 - 0.02  0.002 

   LOQ  0.01- 0.05, 0.005 - 0.1  0.005   
 

 
 

  (WTO)  . .2538 
 2    (Agreement on the 

Application of Sanitary & Phytosanitary Measure)   
(Agreement on Technical Barrier to Trade, TBT)  
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  codex, ISO  

   (Method development)  
 (Method validation)  

(Proficiency testing)    
  (Laboratory accreditation)  

 (ISO/IEC17025, 2005)   triazophos 
  parameter  linearity/rang, accuracy, precision, LOD 

 LOQ (  , 2547 , 2547) 
 

 
 

 
 

 
1.    (Homogenizer) 

 Flash evaporator, Nitrogen evaporator   2   5 
 (Food processor) 

2.   volumetric flask, volumetric pipet, auto pipet, erenmeyer 
flask, lab bottle, flat bottle flask  glass syringe  5  

3.  Analytical grade  acetone, dichloromethane, acetonitrile, sodium chloride 
sodium sulfate anhydrous  450   4   130  

 desiccator 
4.  pesticide grade  hexane, dichloromethane, sorbent  PSA  SAX  
5.  Organophosphorous 18   DDVP, Mevinphos, Dimethoate, Diazinon, 

Parathion - methyl, Pirimiphos - methyl, Fenitrothion, Malathion, Chlorpyrifos, Parathion - ethyl, Pirimiphos - 
ethyl, ethidathion, Prothiophos, Profenophos, Ethion, Triazophos, EPN, Phosalone  Pyrethroid 7   
Bifenthrin, Lambda-cyhalothin, Permethrin, Cyfluthrin, Cypermethrin, Fenvalerate,  Deltamethtrin  
Endosulfan 3   Alpha - Endosulfan, Beta - Endosulfan  Endosulfan sulfate 

6.  Gas chromatograph (GC)  Electron capture detector (ECD) 
 Flam Photometric detector (FPD) 
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1.  

1.1  stock standard solution 1,000  
1.2  Mixed Standard Solution 50  
1.3  Intermediate Mixed Standard Solution 1, 5  10  
1.4  working standard solution  Calibration curve  

 Mixed Standard Solution  1, 5, 10  50 
   0.01, 0.02   

0.05, 0.1, 0.2  0.5    
2.  

  
food processor 

3.  
  Steinwandter 1985  

3.1  25 ± 0.1   lab bottle  250  
3.2  acetone 50   homogenizer  13,000   1  
3.3  sodium chloride 8   dichloromethane 40   1  
3.4  lab bottle  Na2SO4 anhydrous  30   10  
3.5  50    5   

ethyl acetate (PR)  2   Organophosphorous 
 GC  FPD 

4.  (clean up) 
4.1  column  syringe column  5   column  

 sodium sulfate  1   sorbent  PSA  SAX (1:1)  1  
 sodium sulfate  1  

4.2  column  hexane 5  
4.3   2    hexane: dichloromethane 

4:1  2   column  
4.4  hexane: dichloromethane 4:1  5   hexane: dichloromethane 

1:1  10   
4.5   2   hexane 

  Pyrethroid  Endosulfan  GC  ECD 
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5.  Gas Chromatograph (GC) 
5.1  GC  

5.1.1  GC  FPD  Agilent Technologies  6890N 
Column : DB 5.625  0.32   30  

   0.50  
Inlet  : mode : splitless, temperature 250 ºC , pressure 15.96 Psi 

                Purge flow 40 ml/min, purge time 0.75 min, total flow 46.1 ml/min 
                 Saver gas 20.0 ml/min, Saver time 2.0 min 

Gas type   : He  
Detector    : temperature 250 ºC   

  Hydrogen flow 150 ml/min, air flow 110 ml/min 
Mode    : constant column + make up flow, combine flow 60 ml/min 
Make up gas  : N2 
Oven program  : 70 ºC (1 min) 15 ºC/min  180 ºC (4 min) 15 ºC/min 250 ºC (5 min) 

  5 ºC/min 270 ºC (12 min)  run time 38 min 
Carrier gas   : He flow 3.5 ml/min 

5.1.2  GC  ECD  Agilent Technologies  6890N 
Column   : Ultra-1  0 .32   25  

   0.17  
Inlet : mode : splitless, temperature 250 ºC, pressure 9.63 Psi 

Purge flow 40 ml/min, purge time 0.75 min, total flow 45.3 ml/min   
  Saver gas 20.0 ml/min, Saver time 2.0 min 

Gas type   : He  
Detector      : temperature 300 ºC 

        Mode   : constant column + make up flow, combine flow 60 ml/min 
        Make up gas  : N2 

Oven program  : 70 ºC (1 min) 15 ºC/min  180 ºC (4 min) 15 ºC/min 250 ºC (5 min) 
  5 ºC/min 270 ºC (12 min) run time 38 min 

Carrier gas   : He flow 2.2 ml/min 
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6.  
6.1  linearity  range 

6.1.1 spike    8   0.005, 0.01 
0.02, 0.05, 0.1, 0.5, 1  2   1  

6.1.2  peak (  y)  
(  x) 

6.1.3   correlation coefficient (r)  0.995  linearity  
range   

6.1.4  linearity  range  6.1.1 - 6.1.3 
 3   correlation coefficient (r)   0.995 

6.2  accuracy  precision 
6.2.1  accuracy  

1)  spike  3   
    0.02, 0.1  0.5  7   

 (% recovery) 
% recovery =    ( ) X 100% 
                           ( ) 

 accuracy  %recovery  70 – 120  (FAO/WHO, 1997; 
Dogheim et al., 1999; Kuet and Sent, 2004) 

6.2.2  precision  
 accuracy  precision 

 %RSD(relative standard deviation)  HORRAT 
%RSD    =      S D x100            

                                                                                            X 
HORRAT (Horwitz’ s Ratio)   =            %RSD   

            Predicted Horwitz RSD 
Predicted Horwitz RSD   =        0.66 × c (1-0.5 logc) 

        C =  
 precision  0.01- 0.1   %RSD 

 20  0.1 - 1  %RSD  15  1  HORRAT 
 2 (Horwitz, 2000) 
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 1.  accuracy  %Recovery   precision  
%RSD 

Concentration 
(mg/kg) 

Repeatability 
(%RSD) 

Mean  Recovey Range 
(%) 

 0.001 35 50 - 120 
> 0.001 - 0.01 30 60 - 120 

> 0.01 - 0.1 20 70 - 120 
>0.1 - 1 15 70 - 110 

>1 10 70 - 110 
 

(Quality Control Precedures for Pesticide Residues Analysis Document No. SANCO/10476/2003, 
5-February-2004) 

6.3  Limit of detection (LOD) Limit of quantitation (LOQ) 
6.3.1  LOD 

 fortified sample  
 7   LOD  LOD  3 × SD (SD = Standard deviation)   LOD 
 spike   7   signal/noise  

  3 
6.3.2  LOQ 

 fortified sample 
  7    LOQ  LOQ  10 × SD  LOQ  spike 

  7    accuracy  precision  
   

    2554 -  2555 
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1.  Linearity  range 
 Organophosphorous 18   7 

  0.01, 0.02, 0.05, 0.1, 0.5, 1  2   linearity 
  correlation coefficient (r )  0.9982 - 1.0000   r  0.995  

 range  0.01 - 2   Pyrethroid 7   Endosulfan 3   6 
  0.005, 0.01, 0.02, 0.05, 0.1  0.5   Pyrethroid 6   r 

 0.9960 - 0.9985  range  0.01 - 0.5   bifenthrin  
Endosulfan  r   0.9984 - 0.9993  range  0.005 - 0.5  (  2) 

2. Accuracy  Precision  
 accuracy  precision  3    0.02, 0.1  0.5  

 7  1   
2.1  Organophosphorous  %recovery  78 - 105, %RSD 2.27 - 11.98  HORRAT 

0.15 - 0.87 (  3)   
2.2  Pyrethroid  %recovery  77 - 108 %RSD 4.33 - 17.07  HORRAT 0.37 - 1.09 

(  3)   
2.3 Endosulfan  alph - endosulfan, beta - endosulfan,  endosulfan sulfate,  

%recovery  74 - 91 %RSD 5.00 - 11.19  HORRAT 0.43 - 0.73 (  3) 
3. LOD  LOQ 

 spike   
7   LOD  3 x SD  LOQ  10 x SD  LOD  LOQ  

 7    LOD  signal/noise ratio  3  LOQ 
 Accuracy  Precision   
3.1  Organophosphorous  LOD 0.005 – 0.02  signal/noise ratio  

 3 - 12  LOQ  0.01 - 0.05   %recovery  
71 - 107 %RSD 3.08 - 14.13  HORRAT 0.15 - 0.67 (  4)     

3.2  Pyrethroid  LOD 0.002 - 0.02  signal/noise ratio  3 - 6 
 LOQ  0.005 - 0.1   %recovery  78 - 99 %RSD 10.15 -

 25.6  HORRAT 0.53 - 1.09 (  4)    
3.3 Endosulfan  LOD 0.002  signal/noise ratio  10 - 20  LOQ 

 0.005   %recovery  77 - 82 %RSD 19.74 - 22.5  
HORRAT 0.84 - 0.96 (  4)    
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 2. Linearity  range  Organophosphorous Pyrethroid  
 Endosulfan   

Pesticide Correlation(r) Rang (mg/kg) 
DDVP 0.9995 0.01 - 2 
Mevinphos 0.9998 0.01 - 2 
Dimethoate 0.9996 0.01 - 2 
Diazinon 0.9998 0.01 - 2 
Parathion-methyl 0.9998 0.01 - 2 
Pirimiphos- methyl 0.9999 0.01 - 2 
Fenitrothion 0.9999 0.01 - 2 
Malathion 1.0000 0.01 - 2 
Chlorpyrifos 0.9986 0.01 - 2 
Parathion-ethyl 0.9999 0.01 - 2 
Pirimiphos- ethyl 1.0000 0.01 - 2 
Methidathion 0.9995 0.01 - 2 
Prothiophos 0.9999 0.01 - 2 
Profenophos 0.9996 0.01 - 2 
Ethion 0.9997 0.01 - 2 
Triazophos 0.9992 0.01 - 2 
EPN 0.9992 0.01 - 2 
Phosalone 0.9982 0.01 - 2 
bifenthrin 0.9984                0.005 - 0.5 
Lamda-Cyhalothin   0.9975 0.01 - 0.5 
Permethrin 0.9985 0.01- 0.5 
Cyfluthrin 0.9985 0.01 - 0.5 
Cypermethrin 0.9960 0.01 - 0.5 
Fenvalerate 0.9985 0.01 - 0.5 
Deltamethtrin 0.9983 0.01 - 0.5 
alpha - Endosulfan 0.9991 0.005 - 0.5 
Beta - Endosulfan 0.9988 0.005 - 0.5 
Endosulfan sulfate 0.9993 0.005 - 0.5 
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 3. Accuracy  Precision  %recovery %RSD  HORRAT (H)   
 Organophosphorous Pyrethroid  Endosulfan   

Pesticide 
0.02 mg/kg 0.1 mg/kg 0.5 mg/kg 

Accuracy Precision Accuracy Precision Accuracy Precision 
% recovery % RSD H % recovery % RSD H % recovery % RSD H 

DDVP 104 3.67 0.19 89 3.16 0.21 96 3.22 0.27 
Mevinphos 105 5.56 0.29 81 5.33 0.36 103 10.25 0.87 
Dimethoate 97 5.79 0.30 83 4.18 0.28 89 3.10 0.26 
Diazinon 98 5.58 0.29 97 2.54 0.17 96 2.65 0.23 
Parathion-methyl 103 4.15 0.21 93 3.02 0.20 101 2.80 0.24 
Pirimiphos- ethyl 99 4.48 0.24 94 2.29 0.15 100 2.48 0.21 
Fenitrothion 101 4.68 0.24 94 2.83 0.19 101 2.80 0.24 
Malathion 105 8.55 0.45 94 2.91 0.20 100 2.46 0.21 
Chlorpyrifos 105 4.17 0.22 101 2.38 0.16 101 2.64 0.22 
Parathion-ethyl 104 5.80 0.30 95 2.44 0.16 100 2.73 0.23 
Pirimiphos- ethyl 102 6.55 0.34 97 2.56 0.17 100 2.54 0.22 
Methidathion 95 6.58 0.35 91 3.09 0.21 96 2.80 0.24 
Prothiophos 98 6.99 0.37 94 2.47 0.16 100 2.41 0.21 
Profenophos 96 6.64 0.35 92 2.77 0.18 89 2.46 0.21 
Ethion 101 5.90 0.31 98 2.65 0.18 99 2.42 0.21 
Triazophos 95 5.47 0.29 94 2.88 0.19 85 2.30 0.19 
EPN 102 10.07 0.53 99 2.41 0.16 84 2.27 0.19 
Phosalone 89 11.98 0.63 95 4.68 0.31 78 2.56 0.21 
Bifenthrin 96 10.78 0.57 84 8.71 0.58 94 5.44 0.46 
Lamda-yhalothin 89 10.75 0.57 86 10.47 0.70 87 5.44 0.46 
Permethrin 106 9.28 0.78 91 15.91 1.06 88 4.33 0.37 
Cyfluthrin 99 10.15 0.53 90 6.54 0.44 92 11.25 0.96 
Cypermethrin 97 13.06 0.69 79 14.69 0.98 108 4.34 0.37 
Fenvalerate 89 17.07 0.90 89 7.18 0.48 97 8.04 0.69 
Deltamethtrin 82 11.88 0.62 91 16.31 1.09 77 6.18 0.53 
alpha-Endosulfan 91 12.04 0.63 83 8.99 0.60 89 5.11 0.44 
Beta-Endosulfan 86 10.87 0.57 74 10.33 0.69 84 5.19 0.44 
Endosulfan sulfate 89 11.19 0.59 79 10.89 0.73 87 5.00 0.43 
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 4. LOD LOQ  Organophosphorous Pyrethroid  Endosulfan 
 

pesticide 
LOD 

(mg/kg) 
S/N 

LOQ 
(mg/kg) 

%recovery %RSD HORRAT 

DDVP 0.01 10 0.02 104 3.67 0.19 
Mevinphos 0.01 7 0.02 105 5.56 0.29 
Dimethoate 0.01 8 0.02 97 5.79 0.30 
Diazinon 0.01 9 0.02 98 5.58 0.29  
Parathion-methyl 0.01 12 0.02 103 4.15 0.21 
Pirimephos-methyl 0.005 5 0.01 101 4.85 0.23 
Fenitrothion 0.005 3 0.01 98 14.3 0.67 
Malathion 0.005 3 0.01 96 3.08 0.15 
Chlorpyrifos 0.005 9 0.01 107 6.17 0.29 
Parathion-ethyl 0.005 3 0.01 94 4.24 0.20 
Pirimephos- ethyl   0.005 4 0.01 105 8.44 0.40 
Methidathion 0.01 7 0.02 95 6.58 0.35 
Prothiophos 0.005 5 0.01 84 6.75 0.32 
Profenofos 0.01 4 0.02 96 6.64 0.35 
Ethion 0.005 4 0.01 86 3.61 0.17 
Triazophos 0.01 4 0.02 95 5.47 0.29 
EPN 0.02 4 0.05 79 5.63 0.33 
Phosalone 0.02 3 0.05 71 8.04 0.48 
Bifenthrin 0.002 6 0.005 81 25.6 1.09 
Lambda-cyhalothrin 0.002 3 0.005 78 12.86 0.55 
Permethrin 0.02 4 0.1 91 15.91 1.06 
Cyfluthrin  0.01 4 0.02 99 10.15 0.53 
Cypermethrin 0.01 4 0.02 97 13.06 0.69 
Fenvalerate 0.01 5 0.02 89 17.07 0.90 
Deltamethrin 0.01 3 0.02 82 11.88 0.62 
Alpha-endosulfan 0.002 20 0.005 82 19.74 0.84 
Beta-endosulfan 0.002 11 0.005 77 22.5 0.96 
Endosulfan-sulfate 0.002 10 0.005 79 21.92 0.94 
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  Organophosphorous 18 , Pyrethroid 
7   Endosulfan 3   Steinwandter (1985) 

 acetone, dichloromethane  sodium chloride  clean up  sorbent 
 PSA  SAX (1:1)  hexane : dichloromethane 4 : 1  1 : 1  
 Gas chromatograph  linearity/range  3   correlation coefficient > 0.995 

  Organophosphorous, Pyrethroid  Endosulfan  
 Range  0.01 - 2.00, 0.005 - 0.5  0.005 - 0.5    accuracy 
 precision   %recovery  70 - 120  HORRAT  2  

 LOD  0.005 - 0.02, 0.002 - 0.02  0.002    LOQ 
 0.01 - 0.05, 0.005 - 0.1  0.005   

 ISO/IEC 17025 
 

 
 

1.  
 

2.  ISO/IEC 17025  
3.  1 - 8  
4.  

 

 
 

   . 2547. Method Validation. .  
 ,    . 2551.  Triazole 

.  2551.  
. 

. 2547. . .   
. 

Codex. 1995. Codex Alimentarius volumn 3. Residues of Veterinary Drugs in Food. 
Dogheim, S.M., S.A.G. Alla, A.M.E. Marsafy and S.M. Fahmy. 1999. Monitoring pesticide residues in Egyptain. 

fruit and vegetable in 1995 J. AOAC Int. 82 : 948 – 955. 
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European Commission (EC). 2000. Guidance Document on Residue Analytical Methods. SANCO/825/00  
 rev6 20/06/00. 16p. 

FAO/WHO. 1997. FAO manual on the submission and evaluation of pesticide residues data for the estimation 
of maximum residue level in food and feed. Food and Agricultural Organization of the United Nation. 
Rome. 

Food and Drug Administration (FDA). 2005. Validation and Verification Guidance for Human Drug Analytical 
Method. ORA Laboratory Procedure. USA. 

Horwitz, W. 2000. The Potential Use of Quality Control Data to Validate Pesticide Residue Method Performance. 
In Principle and Practice of Method Validation. A. Fajgeij and A. Ambrus (eds), the Royal Society of 
Chemistry 2000, U.K. 305p. 

ISO/IEC 17025. 2005. General Requirement for the Competener of Testing and Calibration Laboratories. 280.  
Kuet A.C.L. and L. Seng. 2004. Solid phase Extraction Clean up Method for the Determination of 

Organophosphorus Pesticides in vegetables. Malaysian Journal of chemistry 6 : 029 - 038. 
Keith, L., H, W. Crummett., J. Deegan., R.A. Libby., J.K. Taylor. and G. Wentler. 1983. Principle of 

Environmental Analysis. J Anal. Chem. 55 : 2210 - 2218. 
Steinwandter, H. 1985. Universal 5 min. On-line Method for Extracting and Isolating Pesticide Residue and 

Industrial Chemicals. Fresenius Z. Anal Chem. 314 : 129 - 130.  
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 Alpha - cypermethrin 
Method Validation of Alpha - cypermethrin in Pesticide Formulations 

         
                                                             

.................................................................... 
 

 
 

 Alpha – cypermethrin 
  EC  Gas Chromatography (GC)  Flame ionization 

detector (FID)  HP - 5 (30 m × 0.32 mm (id.) 0.25 m film thickness)  He  
 2 ml/min  250 °C 13   270 °C  270 °C 
 Split ratio 50 : 1  1 l  (range) 

 0.21 - 3.12   (Linearity)  0.42 - 1.67 
  Correlation coefficient (r)  0.99992  AOAC  r  0.995 

 (Accuracy)  %Recovery  3   0.5, 1  1.5 
  98.96, 100.36  100.48   AOAC %Recovery 

 98 - 102  (Precision)  1.876, 1.941  1.780  Robustness  
HORRAT  0.599, 1.805  0.366  Ruggedness  HORRAT  1.043, 0.655  
0.656  AOAC  HORRAT  2  

   
 

 

 
 

  alpha – cypermethrin  (pyrethriods) 
    IUPAC  (S) -  - cyano - 3 - 

phenoxybenzyl (1R, 3R) - 3 - (2, 2 - dichlorovinyl) - 2, 2 - dimethylcyclopropanecarboxylate 
  alpha – cypermethrin  CIPAC Handbook Vol.H 

 GC – FID  Capillary column  DB – 1  30 m x 0.25 mm i.d.  0.25 m 
 235   260   300  

 0.8   di - (2 - ethylhexyl) phthalate   



2525

[25]

tetrahydrofuran   LD50 (rat)  1,650   
acetone  LD50 (rat)  5,800   
    alpha – cypermethrin 10% w/v EC 

 GC – FID  Capillary column    
   (Method Validation) 

  5.4.2  
 

 
 

 
1.  Gas Chromatograph (GC)  Flame Ionization Detector (FID) 
2.  Capillary  5% phenyl methyl siloxane (HP-5)  30  

 0.32   0.25   
3.  4  (  0.1 )  
4. Ultrasonic bath 
5.   25, 50, 500  1,000  (class A)  
6.   2, 3, 4, 5  10  (class A)  
7.   100  
8. Vial  2  
9.  
 
1.  alpha - cypermethrin  99.0% 
2.  (Technical material)  alpha - cypermethrin 95% min. Tech. 
3.  alpha - cypermethrin 10 % w/v EC 
4. Acetone AR grade  

   

1.  alpha – cypermethrin  95% min Tech. 
  

   
  

1.1  GC - FID 
     Capillary column          : HP-5 (30 m × 0.32 mm (i.d.), 0.25 m) 
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        Oven temperature   : 250 ºC  
        Injector temperature   : 270 ºC  
        Detector temperature : 270 ºC 
        Split injection   : Split ratio 50 : 1 

                            Carrier gas    : Helium 2.0 ml/min 
        Injection volume  : 1 l 
        Run time   : 13 min 
1.2  alpha – cypermethrin  

 alpha – cypermethrin  10  (±1.0 ) 
 2  (CA,CB)  25   acetone  ultrasonic 

bath 5    acetone  
1.3  alpha – cypermethrin  

 alpha – cypermethrin   10  (± 1.0  
)  10  (TC1-TC10)  25   acetone 

 ultrasonic bath 5    acetone   
1.4  GC – FID  

 GC – FID   baseline  
 CA  CB    response factor 

 1%  alpha – cypermethrin   
                 CA, TC 1, TC 2, CB, TC 3, TC 4, CA,…………………………………………………..  

1.5  cypermethrin  
        response factor (f)  
                  f    =   S × P 
                               HS 
          S  =     
                  P  =   alpha – cypermethrin  
                 HS =   alpha – cypermethrin  

                %RPD (relative percent difference)  response factor 
 2   %RPD  3%  

                  % RPD  =  (f of maximum - f of minimum) × 100  
                                                                        f of average   
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 response factor   
 

              alpha - cypermethrin (% w/w)  =  favr. ×  HW   
                   W 

                   W  =     alpha – cypermethrin   
        favr.=    response factor  2    
       HW =    alpha – cypermethrin  

2.  alpha – cypermethrin 10% (W/V) EC 
2.1  (Range/Linearity) 

                        2.1.1  Range  
2.1.1.1  alpha – cypermethrin  

  alpha – cypermethrin  6  
 0.21, 0.42, 1.04, 2.08, 2.50  3.12   acetone  

2.1.1.2  GC – FID  1.1 
  GC – FID  

2.1.1.3  alpha – cypermethrin (  X) 
 response (  Y)  

            2.1.2  Linearity 
2.1.2.1  3  2.1.1 
   0.4 - 2.0   acetone 

  GC – FID  
2.1.2.2  alpha – cypermethrin (  X) 

 response (  Y)  correlation coefficient (r) 0.995  
2.2  (Accuracy) 

                          2.2.1  alpha – cypermethrin  
 standard calibration curve 

2.2.1.1  stock  alpha – cypermethrin  5.0 
  alpha – cypermethrin   2,523.1   

 100   acetone  500   
acetone    ultrasonic bath 5  

  acetone   
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                                   2.2.1.2  2.2.1.1  2, 5  8  
 25   acetone   standard calibration curve  

0.399 0.999  1.599   GC – FID  
  2.2.2  stock sample  1.0    
  alpha – cypermethrin 10%w/v EC  10,000.4  

 100   acetone  1,000  
 ultrasonic bath 5    acetone 

2.2.3  original sample 
                                    stock sample  2.2.2  10  

 25   10   acetone   vial  
2   GC – FID  O  

2.2.4  fortified sample  
                               fortified sample  0.5, 1.0  1.5  

 stock sample  2.2.2  10   25  
 30    stock  alpha – cypermethrin  2.2.1.1  3, 5 

 8    25   10   GC - FID 
 F 

2.2.5  accuracy  % Recovery 
 

    % Recovery =    F – O × 100 
                C 
    F   alpha – cypermethrin  fortified sample ( ./25 .) 
       O   alpha – cypermethrin  original sample ( ./25 .) 
  C   added sample ( .)  
   % Recovery  98 - 102%  AOAC   

2.3  (Precision) 
2.3.1  alpha – cypermethrin  

 standard calibration curve 
2.3.1.1  stock  alpha – cypermethrin  5.0 

  alpha – cypermethrin   1,261.6   
 100   acetone  250  

 ultrasonic bath 5    acetone 
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2.3.1.2  2.3.1.1  2, 5  10  
 25   acetone   standard calibration curve 

 0.399, 0.999  1.599   GC – FID  
2.3.2  alpha – cypermethrin 10 %w/v EC  

 0.5, 1.0  1.5  
 alpha - cypermethrin 10%w/v EC   125, 250  375  

(± 5.0 )  10   25   acetone 
 15   ultrasonic bath 5   

 acetone  
2.3.3  alpha – cypermethrin  

standard calibration curve  2.3.1.2 
2.3.4   HORRAT   
 

 HORRAT (Horwitz’s ratio) =          % RSD  
                                                                                      Predicted Horwitz RSD  
  % RSD (relative standard deviation) =  SD × 100 
                     X 
                                Predicted Horwitz RSD  =  0.66 × 2(1-0.5logC) 
                                C   analyte 

2.4  Robustness/Ruggedness 
2.4.1   
 

2.4.2  alpha – cypermethrin  
 standard calibration curve  2.3.1   

2.4.3  alpha – cypermethrin 10% w/v EC  
 0.5, 1.0  1.5  

 alpha – cypermethrin 10% w/v EC   250, 500  750  
(± 5.0 )  10    50   acetone 

 ultrasonic bath 5    acetone 
2.4.4  alpha – cypermethrin  

  2.4.3  GC – FID  
standard calibration curve  2.4.2 
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2.4.5   HORRAT   
 HORRAT (Horwitz’s ratio) =    % RSD  
                                                                                     Predicted Horwitz RSD  
  % RSD (relative standard deviation) =  SD  × 100 
                     X 
                                Predicted Horwitz RSD  =  0.66 × 2(1-0.5logC) 
                                C   analyte 
 

     2554   2555 
   

      
 

 
 

   alpha – cypermethrin 
  95% min Tech 

  99.1  
  (Range)   

 0.21 - 3.12   (Linearity) 
 0.42 - 1.67     correlation 

coefficient (r)  0.99992  AOAC  r  0.995  
  (Accuracy)  alpha – cypermethrin 10% 
w/v EC  3   0.5, 1  1.5   30   % Recovery 

 98.96, 100.36  100.48  (  1)  AOAC  
%Recovery  98 - 102  10%  3 

 alpha – cypermethrin  
1   
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  1.   % Recovery  EC 

Number 
Active ingredient content (mg/25 ml) 

Concn.(0.5 mg/ml) Concn.(1.0 mg/ml) Concn.(1.5 mg/ml) 
Origin Spike Added Origin Spike Added Origin Spike Added 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11.034 
11.034 
11.034 
11.034 
11.034 
11.034 
11.034 
11.034 
11.034 
11.034 

21.481 
21.331 
21.275 
21.271 
20.889 
20.884 
20.511 
20.814 
20.422 
23.113 

9.9913 
9.9913 
9.9913 
9.9913 
9.9913 
9.9913 
9.9913 
9.9913 
9.9913 
9.9913 

11.034 
11.034 
11.034 
11.034 
11.034 
11.034 
11.034 
11.034 
11.034 
11.034 

37.076 
37.099 
37.158 
37.024 
36.582 
36.117 
36.571 
36.028 
35.694 
35.726 

24.978 
24.978 
24.978 
24.978 
24.978 
24.978 
24.978 
24.978 
24.978 
24.978 

11.034 
11.034 
11.034 
11.034 
11.034 
11.034 
11.034 
11.034 
11.034 
11.034 

47.449 
47.355 
47.085 
47.267 
46.822 
45.839 
46.033 
45.612 
45.891 
45.714 

34.969 
34.969 
34.969 
34.969 
34.969 
34.969 
34.969 
34.969 
34.969 
34.969 

% Recovery 98.96 100.36 100.48 
 
  (Precision)  3   0.5, 1  1.5  

 30   10.66, 10.62  10.60 ( )  
 (% RSDexp.)  3.499, 2.062  3.321   

(% RSDHorwitz.)  1.866  HORRAT  1.876, 1.105  1.780 (  2) 
  AOAC  HORRAT  2 
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  2.   Precision  EC 

Number 
Concn.(0.5 mg/ml) Concn.(1.0 mg/ml) Concn.(1.5 mg/ml) 

Wt. of  
Sample (mg) 

AI. Content 
% (w/w) 

Wt. of 
 Sample (mg) 

AI. Content 
% (w/w) 

Wt. of  
Sample (mg) 

AI.Content 
% (w/w) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

133.0 
117.4 
125.4 
125.5 
139.1 
132.9 
117.5 
125.6 
114.1 
139.2 

10.96 
10.02 
10.51 
10.22 
10.33 
10.76 
10.84 
10.87 
10.86 
11.21 

269.1 
246.7 
241.7 
246.8 
263.9 
399.1 
241.8 
375.4 
314.0 
239.0 

10.60 
10.55 
10.22 
10.41 
10.93 
10.85 
10.51 
10.79 
10.78 
10.53 

328.9 
406.6 
408.6 
340.8 
443.8 
486.5 
329.0 
406.7 
408.7 
340.9 

10.09 
10.80 
10.80 
10.36 
10.41 
10.01 
10.79 
10.95 
10.86 
10.93 

Mean 
SD 

%RSDexp. 
Horwitz 

HORRAT 

- 10.66 
0.373 
3.499 
1.866 
1.876 

- 10.62 
0.219 
2.062 
1.866 
1.105 

- 10.60 
0.352 
3.321 
1.866 
1.780 

        
  Robustness/Ruggedness  3   0.5, 1  
1.5   30   10.27  10.02 (

)  Robustness  HORRAT  0.599, 1.805  0.366 Ruggedness  
HORRAT  1.043, 0.655  0.656   AOAC 

 HORRAT  2  3 
 
 
 
 
 
 
 



3333

[33]

 3.   Robustness/Ruggedness  EC 

Number 

Concn.(0.5 mg/ml) Concn.(1.0 mg/ml) Concn.(1.5 mg/ml) 

AI. Content % (w/w) AI. Content % (w/w) AI. Content % (w/w) 

Robustness Ruggedness Robustness Ruggedness Robustness Ruggedness 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

10.86 
10.85 
10.80 
10.61 
10.70 
10.86 
10.67 
10.71 
10.70 
10.49 

10.02 
10.63 
9.95 

10.16 
9.94 

10.18 
10.08 
10.04 
10.14 
10.05 

10.88 
10.33 
10.35 
9.88 
9.95 
9.86 

10.30 
9.92 
9.80 
9.93 

10.08 
9.91 
9.95 
10.05 
9.84 
9.82 
9.86 
9.76 
9.69 
9.91 

10.12 
9.96 
9.99 
10.06 
9.92 
9.93 
9.97 
9.92 
9.92 
9.94 

9.96 
10.08 
10.02 
10.01 
9.96 
10.06 
10.37 
10.01 
10.02 
9.94 

Mean 
SD 

% RSDexp. 

Horwitz 
HORRAT. 

10.73 
0.120 
1.118 
1.866 
0.599 

10.12 
0.197 
1.947 
1.866 
1.043 

10.12 
0.341 
3.369 
1.866 
1.805 

9.89 
 0.121 
1.223 
1.866 
0.655 

9.97 
0.068 
0.682 
1.866 
0.366 

10.04 
0.123 
1.225 
1.866 
0.656 

 
 

 

1.  alpha – cypermethrin  
 Gas Chromatography (GC)  (Detector)  Flame Ionization Detector (FID) 

Capillary column  HP - 5 (30 m × 0.32 mm (i.d.), 0.25 m)  Oven temperature, 
Injector temperature, Detector temperature  250, 270  270 ºC  Split ratio 50 : 1 Helium 
2.0 ml/min, Injection volume 1 l, Run time 13 min 
   Range  0.2 – 3.0  

  Linearity  0.42 – 1.67   correlation 
coefficient (r)  0.99992  (Accuracy)   
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alpha – cypermethrin    %recovery  98.96, 100.36 
 100.48  AOAC 98 – 102%  10% 

 (Precision)  alpha – cypermethrin  
  HORRAT  1.876, 1.941  1.780  

Robustness   alpha – cypermethrin 
   (reproducibility)  HORRAT 

 0.685  Ruggedness  HORRAT  0.818  AOAC  HORRAT  2 
 

 
 

1.  
 alpha - cypermethrin  

2.    
 

 

 
 

    . 2547. Method Validation.  
. ( ) 

. 2547.   
. ( ) 

Anonymous. 1993. The Agrochemicals Handbook 3rd. ed. The Royal Society of Chemistry Cambridge, 
England. 

Dobrat W. and  A Martijn H. 1988. CIPAC Handbook Vol. H: Analysis of Technical and Formulated Pesticides.   
Collaborative International Pesticides Analytical Council Limited, The Black Bear Press, England. 
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 organophosphate 
 29   QuEChERS  Gas Chromatograph   

 

Validation of QuEChERS method for determination of organophosphorus  
pesticide residues in durian using gas chromatography with FPD  

 

              
                           

.................................................................... 
 

 
 

  (method validation)  29   
 QuEChERS   Gas Chromatography/ECD – FPD  

parameter   5   0.01, 0.025, 0.1, 0.5  
1.0   7   

 organophosphate  29   29  
 (Accuracy)  (Precision) 

 Range  correlation coefficient (r)  0.997 – 1.0 
 29   0.01 – 0.5  

 %   49 – 152%, 60 – 108%, 81 – 148%, 89 – 132%  88 – 116% 
 LOD  0.01 – 0.025   11   LOQ 

  0.01   etroprophos, phorate, chlorpyrifos – methyl, parathion – methyl, malathion, 
chlorpyrifos, parathion – ethyl, methidathion, prothiophos, ethion  triazophos  11   LOQ 

 0.025  dichlovos, omethoate, dicrotophos, dimethoate, diazinon, pirimiphos – 
methyl, fenitrothion, pirimiphos – ethyl, EPN, phosalone  coumaphos  5   LOQ 

 0.05   acephate, monocrotophos, phosphamidon, phenthoate  profenophos 
 2   LOQ  0.5  1.0   methamidophos  azinphos – 

methyl   
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 chlorinated solvents 
   non – halogen – containing 

 solvent mixtures  ethyl acetate : acetonitrile  cyclohexane : ethyl acetate  
   

   
  2002 Michelangelo Anastassiades   
  QuEChERS Method (Quick, Easy, Cheap, Effective, Rugged and Safe)  2003 

 Journal of AOAC International 
 CVUA Stuttgart  (The pesticide residue laboratory of the CVUA Stuttgart, Germany) 

  
 (proficiency test)  EU – PT 4  (2002)  Steven J Lehotay 

    
buffering salts  (Recoveries)  pH  analytes 

 acetate buffering  pH  6   AOAC 
2007.01 Anastassiades   citrate salts  buffering 

  the European Standard EN 15662  2008  
  QuEChERS  

    
   

Acetonitrile   GC  HPLC  Magnesium 
sulfate anhydrous  partition  recoveries ( )  

 clean – up ( ) Magnesium sulfate anhydrous 
Sodium Chloride  Polar  co – extractales  recoveries 

 polar (polar analytes) Primary Secondary Amine (PSA)   organic 
acids, sterols   C18   hydrophobic 
interferants   

    
    

  
  

  (method 
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validation)    
 ( , 2549)   

 (linearity range)  (working range)  (accuracy)  
(precision)  (Limit of Detection, LOD)  

 
 (Limit of Quantitation, LOQ)  

   
  QuEChERS 

   GC 
  
  

  

 
 

1.  
1.1 centrifuge tubes  50  (Polypropylene, LP, ITALIA) 
1.2 centrifuge tubes  10 – 15  (Polypropylene,LP, ITALIA) 
1.3 graduated centrifuge tubes  10 – 15  (Pyrex) 
1.4  2  3   
1.5   
1.6  (food processor)  
1.7 vortex mixer  
1.8  (centrifuge)  adapter  tube  50   10 – 15  
1.9  (auto pipette)  20 – 200  0.1 – 1  0.5 – 5  

 1 – 10   (dispenser)  25  
1.10  (nitrogen evaporator) 
1.11  Gas Chromatograph  Flame Photometric Detector : FPD  Agilent 

 6890  
2.   

2.1 acetonitrile,  pesticide grade J.T. Baker 
2.2 magnesium sulfate - dried( powder, Fisher)  500 0C  5   
2.3 Octadecyl C18 J.T. Baker 
2.4 acetic acid (HOAc) : glacial 
2.5 anhydrous sodium acetate (NaOAc) (powder - Merck)   
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2.6 primarry-secondary – amine (PSA) sorbent: particle size 40 m (Varian part No.12213024) 
2.7 toluene  pesticide grade J.T. Baker 
2.8 helium gas : purity 99.999%  N2 gas 

3.  
 29   methamidophos, 

dichlovos, acephate, omethoate, etroprophos, dicrotophos, monocrotophos, phorate, dimethoate, diazinon, 
phosphamidon, chlorpyrifos – methyl, parathion – methyl, pirimiphos – methyl, fenitothion, malathion, chlorpyrifos, 
parathion – ethyl, pirimiphos – ethyl, phenthoate, methidathion, prothiophos, profenophos, ethion, triazophos, 
EPN, Phosalone, azinphos – methyl  coumaphos  

1.  
 10    

 (food processor)  10 ± 0.1   centrifuge tube  
50   analytical sample   (blank) 

  – 20 oC  
2.  clean up  

2.1   Variation of QuEChERS – Method for Avocado (fatty 
matrix in presence of water). Community Reference Laboratory for Single Residue Methods. CVUA Stuttgart 
Germany  (Anastassiades, M. 2007)  

2.1.1  5 ± 0.1  centrifuge tubes  50    
2.1.2   6.5   acetonitile  10    
2.1.3  Disodium hydrogencitrate sesquihydrate  0.5  
2.1.4  Trtisodium citrate dehydrate  1  
2.1.5  anhydrous magnesium sulfate (MgSO4)  4   Sodium Chloride  

1    
2.1.6   vortex mixer   1    
2.1.7  Centrifuge  >3,500 rpm   5   

2.2  clean up   Dispersive-SPE Cleanup  
2.2.1   4   autopipette  centrifuge tube 

 15   
2.2.2   PSA 100   ODS C18 100    vortex 

mixer   1   
2.2.3  centrifuge   >3,500 rpm  5  
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2.2.4  0.6   GC-vial  2   GC/FPD 
 2 l  

 

3.  GC/FPD 
3.1  GC/FPD 6890   

FPD Column: DB – 5ms; 30 m. length (i.d.) 0.25 mm 0.25 m. film thickness  
  

3.1.1 oven : temperature: 100oC initial temp ramped to 175oC (25oC/min), 225oC (5oC/min), 
290oC (25oC/min runtime) hold 10 min, runtime = 21.6 min 

3.1.2 carrier gas : Helium,  flow 1.5 ml/min, Mode: Constant flow 
3.1.3 injector : injection temperature 250oC, inlet : EPC Mode : pulsed splitless, injection pulse 

pressure 56.40 psi until 0.75 min,  
3.1.4 injection volume 2 l 

3.2  Calibration curve 
  working standard solution 

 0.01, 0.025, 0.05, 0.1, 0.25, 0.5  1.0   GC/FPD  
calibration curve   plot  

 peak (peak area)  y  x  calibration curve  
(linear line)  correlation  linear regression (R2)  0.995  

3.3  
  

retention time  peak  peak  (qualitative data 
analysis)  peak  
(quantitative data analysis) 

4.  
4.1 Accuracy   

 (sample blank) 
 (% recovery)  7   0.01, 0.025 

0.05, 0.10, 0.25, 0.5  1.0   7   7  
 accuracy  % recovery  Recovery  Codex, 1995  

4.2 Precision  
  (repeatability)  

    3 
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  7   %RSD (relative standard deviation)  HORRAT 
 precision  HORRAT  2 (Horwitz, 2000)   

 4.3 Limit of quantitation (LOQ)  
LOQ  
 (accuracy)  (precision)   

4.4 Limit of detection (LOD) 
LOD  

 Signal/Noise  3 
    2554 –  2555 

    
     
 

 
 

1.  (blank) 
  29   

 
2.  

2.1 Linearity  Range   range   
correlation coefficient (r)  0.997 – 1 

 24   0.01 – 0.5   6   methamidophos 
acephate, omethoate, monocrotophos, azinphos – methyl  0.025 – 0.5  

2.2 Accuracy  Precision 
(%recovery)  accuracy   0.01mg/kg  1 

  %recovery  70 – 120 (Codex, 1995) precision  %RSD  20  HORRAT  2   
 0.01    29  

 (  1.1  1.2) %recovery  (%recovery  
70 – 120)  11   etroprophos, phorate, chlorpyrifos – methyl, parathion – methyl, malathion 
chlorpyrifos, parathion ethyl, methidathion, prothiophos, ethion,  triazophos  %recovery  77 – 110% 

 precision  %RSD  1.1 – 7.7  HORRAT  0.1 – 0.4  
 0.01 

  0.025   11  
(  1)  dichlovos, omethoate, dicrotophos, dimethoate, diazinon, pirimiphos – methyl, fenitrothion, 
pirimiphos – ethyl, EPN, phosalone  coumaphos  accuracy  %recovery  71 –  96%  precision 
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%RSD  9.0 – 13.7  HORRAT  0.5 – 0.8  methamidophos  azinphosmethyl 
  

 5   0.05  
acephate, monocrotophos, phosphamidon, phenthoate  profenophos %recovery 

 accuracy  %recovery  98 – 114%  precision %RSD  5.2 – 8.8  HORRAT 
 0.3 – 0.6   

 methamidophos   0.5 
  accuracy  %recovery  90%  precision %RSD  4.0  HORRAT  0.38  

 azinphos – methyl   1.0  
  accuracy  %recovery  113%  precision %RSD  10.1  HORRAT  

0.94  
2.3 Limit of Detection (LOD)  fortified samples  24 

 0.01   7   Signal/Noise 
 3  LOD  24  0.01   

dichlovos, etroprophos, dicrotophos, phorate, dimethoate, diazinon, phosphamidon, chlorpyrifos – methyl 
parathion – methyl, pirimiphos – methyl, fenitrothion, malathion, chlorpyrifos, parathion – ethyl, pirimiphos - 
ethyl, phenthoate, methidathion, prothiophos, profenophos, ethion, triazophos, EPN, phosalone  coumaphos 

  5   LOD  0.025   methamidophos, acephate, omethoate, 
monocrotophos  azinphos – methyl 

2.4 Limit of Quantitation (LOQ)  fortified samples  29  
 7   0.01, 0.025, 0.05, 0.1, 0.25, 0.5  1.0  

 7   ( 1) 
 11   LOQ  0.01   Accuracy 

 Precision   etroprophos, phorate, chlorpyrifos – methyl, parathion – 
methyl, malathion, chlorpyrifos, parathion – ethyl, methidathion, prothiophos, ethion  triazophos 

 11   LOQ  0.025   Accuracy 
 Precision   dichlovos, omethoate, dicrotophos, dimethoate, diazinon, 

pirimiphos – methyl, fenitrothion, pirimiphos – ethyl, EPN, phosalone  coumaphos 
 5   LOQ  0.05   Accuracy 

 Precision   acephate, monocrotophos, phosphamidon, phenthoate 
 profenophos 

  2   methamidophos  azinphos – methyl  LOQ  
0.5   Accuracy  Precision  
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 5   0.01, 0.025, 0.1, 0.5  1.0 
  7   

organophosphate  29   
 0.01, 0.025, 0.05, 0.1, 0.5  1.0  

  29   Range   correlation 
coefficient (r)  0.997 – 1.0  %    49 – 152%, 60 – 108%, 81 – 
148%, 89 – 132%  88 – 116%   LOD  0.01 – 0.025  

 11   LOQ  0.01   etroprophos, phorate, chlorpyrifos – 
methyl, parathion – methyl, malathion, chlorpyrifos, parathion – ethyl, methidathion, prothiophos, ethion  
triazophos 

 11  LOQ  0.025   dichlovos, omethoate, dicrotophos, 
dimethoate, diazinon, pirimiphos – methyl, fenitrothion, pirimiphos – ethyl, EPN, phosalone  coumaphos 
  5   LOQ  0.05   acephate, monocrotophos 
phosphamidon, phenthoate  profenophos  2  LOQ  0.5  1.0 

  methamidophos  azinphos – methyl 
 

 
. 

1.      
 

2.  
 1 - 8  

3.  
4.   

 
 

 

    . 2547. Method Validation,  . 
   . 2544.  (Chemical Method 

Validation),   . 
 . 2549. . 

 . 124 . 
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  1  Mix Standard Solution                       2  
 

 
 
 

 
 
 
 
 
 

       3  vortex                    4  
 

 
 
 
 
 
 
 
 
 

 5  Clean up        6  GC/MS  
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Captan  Folpet  

 

Method Development and Validation for Pesticide Residue Analysis in  
Captan and Folpet 

 

                  
                           

.................................................................... 
 

 
 

 captan  folpet  
 pH  (Base-Labile Compound)  

 
 captan  folpet 

 QuEChERS 
  Analysis Protectants (APs) 

  APs   
 captan  folpet  EtOAc  APs 
 86  81%   matrix 

 matrix effect  captan  folpet  APs  
matrix    %Recovery 

 captan  folpet  Stienwandter (1985)  %Recovery  captan  folpet  
81  81  QuEChERS, Anastassiades (2003)  %Recovery  captan  folpet  83  75 

 
 

 
 

 
  Sanitary and Phytosanitary Measures 

(SPS)  
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 GC  Analysis Protectants (APs) 
 GC       

 active sites   
  APs  sorbital ( ), 3 – ethoxy 

– 1,2 – propanediol ( ), D – (+) gluconic acid –  – lactone (
), Shikimic acid (  captan  folpet) (http://quechers.cvua-stuttgart. De 

/pdf/basel abilecaptan.pdf) 
 captan  folpet  pH  

   
 captan  folpet  GC – MSD   

 
 Analysis Protectants (APs)   captan 

 folpet   
 

 
 

 7.1.  
1.1  captan  98.5%  
1.2  folpet  98.5% 
1.3 acetone, A.R. grade   
1.4 dichloromethane, A.R. grade 
1.5 ethylacetate P.R. grade 
1.6 acetronitrile P.R. grade 
1.7 sodium sulfate anhydrous, A.R. grade  450 C  4  130 C 

 desiccator 
1.8 sodium chloride, A.R. grade 
1.9 MgSO4 A.R. grade  550 C  5  130 C  

 desiccator 
1.10 PSA (primary secondary amine),  
1.11 GCB (graphitized carbon) 
1.12 trisodium citratedihydrate  
1.13 disodium hydrogen citrate 1.5 hydrate  
1.14 sorbital  
1.15 3-ethoxy-1,2-propanediol 
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1.16 D - (+) gluconic acid -  - lactone 
1.17 shikimic acid 

 7.2.  
2.1  250  
2.2  2  4   
2.3  (funnel)  
2.4   50  (cylinder) 
2.5   250  (flat bottom flask) 
2.6   5  (volumetric flask) 
2.7  GC  1.5  
2.8 Homogenizer, Ultra Turrax  T 25 Basic,  Ika Labortechnik 
2.9 Dispenser  10  50  
2.10 Auto-pipette  100-1,000  
2.11  (Rotary Vacuum Evaporator),  V-800  Buchi 
2.12  GC/MS  6890 
2.13 Capillary column  DB 5MS  30   0.25             

 0.25  
7.3   captan  folpet 

  7.3.1.   
spike  0.5  
( 1:1) (Richard et al., 2007)   Paired t-test (

, 2007) 
7.3.2.  2  Stienwandter (1985)  QuEChERS 

(Anastassiades et al., 2003)   spike  
0.5   2    Stienwandter (1985)  
QuEChERS (Anastassiades et al., 2003)  6  

 (Precision)  HORRAT  Horwitz’s ratio < 2  %RSD 
 2. 

 1  Steinwandter (1985)  25   
 acetone AR grade 50  sodium chloride 8   dichloromethane AR grade 40  

 1    sodium sulfate 1    
 10    sodium sulfate 50   250  

 Rotary evaporator  water bath 40   



5151

[51] 
 

 ethyl acetate PR grade 5  
 GC-MS  

 2  QuEChERS, Anastassiades (2003)  10   centrifuge tube 
 acetonitrile 10   1   tri sodium citratedihydrate 1 , disodium 

hydrogen citrate 1,5 hydrate 0.5 , magnesium sulfate 4  sodium chloride 1   Vortex 
mixture 1   centrifuge  2   5   centrifuge tube  15 

  PSA 0.125   MgSO4 0.75  GCB 0.05   
Vortex mixture 1   centrifuge  5   1   vial  5% 
Formic acid 10   PTFE syringe Filters  0.2   GC-MS 

7.3.3.  matrix effect  Analysis Protectants (APs) 
 GC – MS  %RPD (NATA , 2012) 

%  %RPD=((x1 – X2)/(( x 1+ x 2)/2)) x 100   
  %RPD  10%  

 Analysis Protectants (APs) 
 3 – ethoxy – 1, 2-propanediol 2  10   D – (+) – gluconic 

– acidlactone  50   2   Sorbitol  50  
 1   shikimic acid  50   1   

acetonitrile : water (7:3 v:v)  4 C 
  30 

 1  
7.3.4  GC – MS 

 GC – MS  6890N Hewlette – Packard (Agillent technologies)  5973N mass 
selective detectors  

-  capillary DB 5MS  30   0.25 
 0.25   Carrier gas  

 RT – Lock  
- Oven  50 ºC(1 );25 ºC/min to 12; 10 ºC/  to 300 ºC (1 ) 

 22.5  
- Inlet  Splitless 
-  1  
-  mode SIM  

 Folpet  Rt: 9.12 Target ion: 147, Qualifier ion: 76, 104  Captan Rt: 9.38 Target ion: 79, 
Qualifier ion: 151, 80 
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      2554 –  2555 
    

  
 

 
 

  
1.  spike  0.5 

 4 
  %recovery  1 

 Stienwandter (1985)  %Recovery  
captan  folpet  81  81  %Recovery  captan  folpet  75  
75  QuEChERS, Anastassiades (2003)  Recovery  captan  
folpet  83  75  Recovery  captan  folpet  71  66  

 Paired t-test 
  Stienwandter (1985)  t  captan  folpet  5.67  4.11 

 QuEChERS, Anastassiades (2003)  t  captan  folpet  11.61  6.93 
 tcri (n=6 , =0.5)=2.45  

2.  Stienwandter (1985)  QuEChERS, Anastassiades (2003)  
 spike  0.5 

 Stienwandter (1985)  %Recovery  captan  folpet  81  81
 QuEChERS, Anastassiades (2003)  %Recovery  captan  folpet  83  75  

 (Precision)  
HORRAT  Horwitz’s ratio< 2  %RSD  2 

  captan  Stienwandter (1985) 
 % RSD 6.00  HORRAT 0.5  QuEChERS, Anastassiades (2003)  %RSD 2.93  HORRAT 0.24 

 folpet  Stienwandter (1985)  %RSD 4.58  HORRAT 
0.38  QuEChERS, Anastassiades (2003) %RSD 5.27  HORRAT 0.43 

  captan  Stienwandter (1985)  
%RSD 16.07  HORRAT 1.33  QuEChERS, Anastassiades (2003)  %RSD 3.43  HORRAT 0.28 

 folpet  Stienwandter (1985)  %RSD 6.21  HORRAT 
0.51  QuEChERS, Anastassiades (2003)  %RSD 5.53  HORRAT 0.44 
 3.  Analysis Protectants (APs)  GC-MS  

 folpet  captan  5  EtOAc  folpet 
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 captan  %RPD  CAN 130%  104%  APs  EtOAc  %RPD  
81%  86%   

 matrix effect  6 
  folpet   matrix  

y = 700056x  EtOAc  y = 230114x  %RPD  
101  captan  matrix  y = 692990x   
EtOAc  y = 247229x  %RPD  95  matrix effect  
folpet  captan   

 APs   folpet  captan   solvent + AP, 
 matrix  matrix + APs   
 solvent   

 

 
 

 
   folpet  

captan  
 

 QuEChERS (Anastassiades et al., 2003)  Stienwandter(1985)  spike 
 APs  %Recovery

 Folpet  QuEChERS (Anastassiades et al., 2003) 
 (precision)  %RSD  HORRAT 

 APs  
 

 
 

1.  folpet  captan  
2.  
3.   
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 4.  
 

 1 .  %Recovery  
  

Stienwandter QuEChERS Stienwandter QuEChERS 
% Captan 74-86 80-84 62-98 66-72 
Mean 81 83 75 71 
%RSD 6.00 2.93 16.07 3.43 
HORRAT 0.5 0.24 1.33 0.28 
          
%Folpet 76-86 72-82 68-82 60-70 
Mean 81 75 75 66 
%RSD 4.58 5.27 6.21 5.53 
HORRAT 0.38 0.43 0.51 0.44 
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 5.  captan  folpet   

 

 

 

 

 6 captan  folpet 
  

 6.  captan  folpet   

 

 

130% 

81% 

86% 

104% 
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 1.   %RSD  AOAC Peer-Verified Method, 2002 

Unit RSD
r
 (%) 

100% 1 

10% 1.5 

1% 2 

0.1% 3 

100 ppm  4 

10 ppm ( g/g)  6 

1 ppm 8 

10 ppb ( g/kg)  15 
 

 2. % Recovery  AOAC Peer-Verified Method, 2002 
Analyte (%) Unit Mean Recovery (%) 

100 100% 98-102 
10 10% 98-102 
  1 1% 97-103 
  0.1 0.1% 95-105 
  0.01 100 ppm 90-107 
  0.001 10 ppm 80-110 
  0.0001 1 ppm 80-110 
  0.00001 100 ppb 80-110 
  0.000001 10 ppb 60-115 
    .0000001 1 ppb 40-120 
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 phenylurea  

 

Development and method validation of phenylurea herbicides in fruit 
 

             
                 

.................................................................... 
 

 
 

  (phenylurea)  
  QuEChERs, SweEt Method  Steinwandter (1985) 

  3   QuEChERs (Quick, 
Easy, Cheap, Effective, Rugged and Safe)   
acetonitrile, magnesium sulfate  Sodium chloride  (clean up) 

 primary secondary amine (PSA)  magnesium sulfate  HPLC UV 
detector  fortified sample  

 phenylurea  diuron  isoproturon     range, 
linearity, accuracy, precision, limit of quantitation (LOQ)  limit of detection (LOD) 
  range/linearity  2   correlation of determination (R2) = 
0.99974 – 0.99998   range  0.01 – 2.00  

 accuracy  %recovery  81.6 – 106.8   %RSD  2.07 – 3.81 
precision   HORRAT  0.14 – 0.32   LOD  
0.005   LOQ  0.01   

 

Key word: phenylurea, QuEChERs Method, SweEt Method, Steinwandter Method 
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   ISO/IEC 17025:2005 

“ ”  2546 
  

 
   phenylurea 

    
   

  
 (standard method)   

 (method validation)  parameter    
linearity/working range, accuracy, precision, limit of detection (LOD)  limit of quantitation (LOQ) 

/    parameter 
   QuEChERs 

method, SweEt method  Steinwandter method (1985) 
 

 
 (collaborative study) 

QuEChERs method (Quick, Easy, Cheap, Effective, Rugged and Safe)  Anastassiades 
  QuEChERS     

  
  (Anastassiades et al., 2003)  SweEt method 
 Dr. Tuija Pihlström   
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(Tuija Pihlström et al., 2007)  Steinwandter method  
  organophosphorus, 

pyrethroid, endosulfan, carbamate   abamectin  
 ISO/IEC17025: 2005  (Steinwandter, 1985) 

 

 
 

 
1. Teflon centrifuge tubes  50  
2. Micro centrifuge tubes  1.5  
3. Auto sampler vials for HPLC  1.5  
4. Auto pipette  0.1-1  
5.  2  5  
6.  (Food processor)  Vortex mixer 
7.   volumetric flask, beaker, cylinder 
8.   HPLC UV detector 
 

 1.   phenylurea  diuron, isoproturon 
 2. Acetonitrile, Hexane, Methanol, Ultrapure water,  Toluene  Pesticide grade (J.T baker) 
 3. Anhydrous Magnesium sulfate (ACS powder-Fisher)  500oC  5  
 4. Sodium chloride (NaCl)  Analytical grade (Merck) 

5. SPE sorbent  Primary-Secondary-Amine (PSA varian) 
6. Graphite Carbon Black (GCB) 

 
1.  

 
  range, linearity, accuracy, precision, Limit of Detection (LOD)  Limit of Quantitation (LOQ) 
2.  

2.1  
2.1.1  stock solution  

2.1.1.1  stock solution   
 volumetric flask  10   %purity  

  1   toluene PR grade  
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2.1.1.2  intermediate solution 
 2.1.1.1  100   acetonitrile  

2.1.1.3  mix herbicide spike solution  intermediate solution 
 mix herbicide spike solution  5  

2.1.1.4  mix calibration standard solution  mix herbicide spike 
solution  acetonitrile  0.01, 0.025, 0.05, 0.1, 0.25, 0.5, 1.0  
2.0  

3.  
3.1  SweEt method   1 New advances in Ethyl 

Acetate Method Tuija Pihlström, Gun Blomkvist, Paula Friman, Ulla Pagard and Bengt - Göran Österdahl, 
Analysis of pesticide residues in fruit and vegetables with ethyl acetate extraction using gas and liquid 
chromatography with tandem mass spectrometric detection, Analytical and Bioanalytical Chemistry, 2007, 
Volume 389, Number 6, Pages 1773-1789 

 
  

 1.  SweEt method 
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3.2  Steinwandter method (1985)  
   2  

 ISO/IEC17025:2005    
organophosphorus, pyrethroid, endosulfan, carbamate   abamectin  

Steinwandter, H. 1985. Universal 5 Min on – line Method for Extracting and Isolating Pesticide 
Residues and Industrial Chemicals. Fresenius Z. Anal. Chem (1985) 322 : 752-754. 
 

25 + 0.1 g sample 
       + 50 ml acetone 
       Homogenize (13,000 rpm for 1 min) 

+ ~ 8 g NaCl 
+ 40 ml dichloromethane 

       Homogenize (13,000 rpm for 1 min) 
Take solution to Erlenmeyer flask 

+ Na2SO4 ~ 20 g 
       Let it stand for 10 min 

Aliquot 50.0 ml, concentrate ~ 1 ml 
by Rotary vacuum evaporator (~40 ºC) 

 
Dissolved and cleanup  

adjusted with acetonitrile 5 ml 
 

Take 1.0 ml 
 

HPLC-UV detector 
 

 2.  Steinwandter method 
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3.3  QuEChERs method   3 
Anastassiades. M., Lehotay. S.J., Stajbaher. D. and Schenck F.J. 2003. Fast and Easy 

Multiresidues employing Acetonitrile Extraction/Partitioning and “Dispersive solid – Phase Extraction” for 
determination” of Pesticide Residue in Produce. AOAC. Int.86, 412 - 431 
 

 
 

 3.  QuEChERs method 
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 HPLC – vial  
HPLC UV – detector 
 Instrument condition:  
  HPLC-UV parameter for phenylurea 
   Instrument: HPLC binary pump with a UV variable wavelength detector 
    Detector :   UV at 254 nm 
    Column :   RP Select B (5 m) 
    Mobile phase :   Isocratic 65% ACN, 35% H2O 
    Flow rate :   1 mL per min 
    Injection volume :  20 L 
    Column temperature :  40 oC 
    Stop time :   12 min 

4.  
 parameter  (method validation) (ISO/ 

IEC17025:2005)    
4.1 linearity/working range    

linearity   peak  plot 
   8 

  1   range  
 linearity  accuracy   linearity/working range 

 7   3   
4.2 accuracy/precision 

 accuracy  (%recovery)  
  3       

10  precision   accuracy  %RSD (relative 
standard deviation)  HORRAT  %RSD  Predicted 
Horwitz RSD repeatability  Predicted Horwitz RSD  (Food Standard Agency, 2004) 
(Horwitz, 2000)    

Predicted Horwitz RSD = 0.66x2(1-0.5logC) 
C  =  (  0.5 mg/kg,  

C= 0.5x10 -6) 
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4.3 Limit of Detection (LOD)  
 accuracy  precision  LOD = 3SD   signal to noise 

ratio  3  LOD    10    
4.4 Limit of Quantitation (LOQ)  

 (accuracy)  (precision)   LOQ = 10 SD (SD ; standard 
deviation )  LOQ  

  10  
 

     2554 -  2555 
     

    
 

 
 

 phenylurea 
   QuEChERs, SweEt Method  Steinwandter (1985) 

  HPLC UV detector  
parameter   linearity, working range, LOD, LOQ, precision  accuracy 

 parameter   1 
 

 1.  parameter   
parameter criteria 

linearity   R2  0.995 
working range R2   0.995  

% recovery   = 50-120 (  1 g/kg) 
                           = 60-120 (> 1 ug/kg  0.01 ug/kg) 

LOD  LOD = 3SD  S/N  3 
LOQ LOQ = 10 SD 
precision HORRAT  2 
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 1.  ( )  parameter   
Parameter criteria 

accuracy    conc. (mg/kg) % recovery 
   1 g/kg 50-120 
    > 1 g/kg 0.1 mg/kg 60-120 
    > 0.01mg/kg 0.1 mg/kg 70-110 
    > 1 mg/kg 70-110 

 

 : Codex, 1995   
 

5.1  phenylurea  
 SweEt Method (Ethly Acetate) 

   
 phenylurea 

 phenylurea 2   diuron  isoproturon  
parameter  (  2  3)  (  1)  

5.1.1 linearity/range   7 – 8   3    
Correlation of Determination (R2) = 0.99985 – 0.99997    R2  0.995 (FDA, 2005) 

 %recovery 70.3-105.4 (  2)  %recovery  70 – 110 (Codex, 1995) 
5.1.2 accuracy  precision   3   10   

  %recovery  72.0 – 106.8  %RSD  1.89 – 3.78  HORRAT  0.11 – 0.29 (  3)  
 accuracy  precision   %recovery  70 – 110  HORRAT  2 

(Horwitz, 2000)    
 

 2.  linearity/working range  7 – 8  
 3  

 

 
 
 
 
 
 
 

Name range 
 (mg/kg) 

R2 no.  
of level 

%recovery 
min max 

1. diuron 0.01-2.0 0.99997 7 70.3 105.4 
2. isoproturon 0.01-2.0 0.99985 7 71.8 100.2 
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 3.  accuracy  precision  3  
 10  

 

Name 

conc.  (mg/kg) 
0.025 0.05 0.2 

%recovery precision %recovery precision %recovery precision 
min max %RSD HORRAT min max %RSD HORRAT min max %RSD HORRAT 

1. diuron 75.5 102.9 2.32 0.13 73.4 99.9 2.49 0.15 72.0 93.7 3.51 0.27 
2. isoproturon 75.8 106.8 2.96 0.16 74.1 98.7 1.89 0.11 72.8 93.4 3.78 0.29 

 
5.2  phenylurea  

 Steinwandter method (1985) 
   

 phenylurea 
 phenylurea 2   diuron  isoproturon  

parameter  (  4  5)  (  1)  
5.2.1 linearity/range   7 – 8   3    

Correlation of Determination (R2) = 0.99981 – 0.99995    R2 0.995 (FDA, 2005) 
 %recovery 72.3 – 101.2 (  4)  %recovery  70 – 110 (Codex, 1995) 

5.2.2 accuracy  precision   3   10   
 %recovery  71.0 – 107.6  %RSD  0.89 – 3.88  HORRAT  0.05-0.30 (  5) 
 accuracy  precision   %recovery  70 – 110  HORRAT  2 

(Horwitz, 2000)    
 

 4.  linearity/working range  7 – 8   
 3  

 

 
 

 
 
 
 

Name range 
 (mg/kg) R2 no.  

of level 
%recovery 

min max 
1. diuron 0.01-2.0 0.99981 7 72.3 110.4 
2. isoproturon 0.01-2.0 0.99995 7 74.8 101.2 



68

[68]

 5.  accuracy  precision  3  
 10  

 

Name 

conc.  (mg/kg) 
0.025 0.05 0.2 

%recovery precision %recovery precision %recovery precision 
min max %RSD HORRAT min max %RSD HORRAT min max %RSD HORRAT 

1. diuron 74.5 106.2 2.86 0.16 74.5 96.9 0.89 0.05 71.0 94.5 3.05 0.23 
2. isoproturon 73.2 107.6 2.97 0.16 74.1 97.8 3.18 0.19 78.2 97.3 3.88 0.30 

 
5.3  phenylurea  

QuEChERs method 
   

 phenylurea 
 phenylurea 2   diuron  isoproturon  parameter 

 (  6 - 8)  (  1)  
5.3.1 linearity/range   7 – 8   3   

Correlation of Determination (R2) = 0.99974 – 0.99998    R2  0.995 (FDA, 2005) 
 %recovery 81.6 – 109.1 (  6)  %recovery  70 – 110 (Codex, 1995) 

5.3.2 accuracy  precision   3   10  
 %recovery  81.6 – 106.8  %RSD  2.07 – 3.81  HORRAT  0.14 – 0.32 (  7) 

 accuracy  precision   %recovery  70 – 110  HORRAT  2 
(Horwitz, 2000) 

 

 6.  linearity/working range  7 – 8  
 3  

 
 
 
 
 
 
 
 

Name range 
 (mg/kg) R2 no.  

of level 
%recovery 

min max 
1. diuron 0.01-2.0 0.99974 7 81.6 109.1 
2. isoproturon 0.01-2.0 0.99998 7 85.9 101.2 
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 7.  accuracy  precision  3  
 10  

 

Name 

conc.  (mg/kg) 
0.025 0.05 0.2 

%recovery precision %recovery precision %recovery precision 
min max %RSD HORRAT min max %RSD HORRAT min max %RSD HORRAT 

1. diuron 94.2 106.8 3.81 0.23 94.1 100.5 2.07 0.14 81.6 94.1 3.81 0.32 
2. isoproturon 96.3 105.2 2.64 0.16 93.3 100.3 2.26 0.15 81.8 93.4 3.60 0.31 

 

5.3.3 LOD  LOQ  LOD  4.3 
  LOD  0.005   signal to 

noise ratio (S/N)  5.8 – 6.8  6.4  signal to noise ratio  3  
LOQ  4.4   LOQ 

 0.01   %recovery  84.7 – 101.2  %RSD  5.04 – 6.31  HORRAT 
 0.24 – 0.30  LOQ   accuracy  precision  signal 

to noise ratio (S/N)  8.5 – 13.5  9.4  12.2 (  8) 
 

 8.  LOD  LOQ  10  
 

Name 
LOD 
conc. 

(mg/kg) 

signal/noise LOQ 
conc. 

(mg/kg) 

%recovery precision signal/noise 

min max average min max %RSD HORRAT min max average 

1. diuron 0.005 5.8 6.8 6.4 0.01 84.9 98.3 5.04 0.24 8.5 10.2 9.4 
2. isoproturon 0.005 6.6 7.5 7.1 0.01 84.7 101.2 6.31 0.30 10.7 13.5 12.2 
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  phenylurea   SweEt 
Method (Ethly Acetate)  range/linearity  2   Correlation of Determination (R2) = 
0.99985 – 0.99997   range  0.01 – 2.00 

  accuracy  %recovery  72.0 – 106.8   %RSD  1.89 – 3.78 
precision   HORRAT  0.11 – 0.29   

 phenylurea  
 Steinwandter method (1985)  range/linearity  2   correlation coefficient 

(R2) = 0.99981 – 0.99995   range  0.01 – 2.00 
  accuracy  %recovery  81.6 – 106.8   %RSD  

0.89 – 3.88 precision   HORRAT  0.05 – 0.30   
 phenylurea   

QuEChERs method  range/linearity  2   Correlation of Determination (R2) = 0.99974 
– 0.99998   range  0.01 – 2.00  

 accuracy  %recovery  81.6 – 106.8   %RSD  2.07 – 3.81 
precision   HORRAT  0.14 – 0.32   LOD  
0.005   LOQ  0.01  
  phenylurea  

  QuEChERs method  
 

  9 
 

 9.  phenylurea 
  

 

name 
Pineappie 

conc. (mg/kg) 
LOD LOQ range 

1.  diuron 0.005 0.01 0.01-2 
2.  isoproturon 0.005 0.01 0.01-2 
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1.  phenylurea  
2.  
3.  ISO/IEC17025:2005 

 
4. 

 
 

 
 

Anastassiades. M., Lehotay. S.J., Stajbaher. D. and Schenck F.J. 2003. Fast and Easy Multiresidues employing 
Acetonitrile Extraction/Partitioning and “Dispersive solid – Phase Extraction” for determination” of 
Pesticide Residue in Produce. AOAC. Int. 86, 412 – 431. 

Steinwandter, H. 1985. Universal 5 Min on – line Method for Extracting and Isolating Pesticide Residues 
and Industrial Chemicals. Fresenius Z. Anal. Chem (1985) 322 : 752 – 754. 

Tuija Pihlström, Gun Blomkvist, Paula Friman, Ulla Pagard and Bengt-Göran Österdahl, Analysis of pesticide 
residues in fruit and vegetables with ethyl acetate extraction using gas and liquid chromatography with 
tandem mass spectrometric detection, Analytical and Bioanalytical Chemistry, 2007, 389 (6) : 1773 - 
1789 
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 organophosphorus, organochlorines 
 pyrethroids   Gas Chromatography/Mass Spectrometry 

 

Analytical method development of organophosphorus, organochlorines and 
pyrethroids compound in soil by Gas Chromatograph/Mass Spectrometry 

 

        
                                                                                   
.................................................................... 

 

 
 

  organophosphorus, organochlorines  pyrethroids 
 Gas chromatography/Mass spectrometry  In house method TM – T04 – I02 

base on AOAC 1995   Gas Chromatograph 
 

 3     
  sample blank  0.01 – 0.15  

 ethyl acetate 75   shaker  5    
(clean up)  SPE  carbon black  500   6   (eluting agent) 

 dichloromethane : hexane (1:1)  10   2  
 3  80 – 118  

  3  3   
 70 – 120   

 
 
 
 
 
 
 
 
_________________________ 

 03-06-54-06-01-01-02-54 
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 organophosphorus, organochlorines  pyrethroids  
 Gas Chromatograph   organophosphorus 

 GC  Flame Photometric Detector  organochlorines  pyrethroids  
 GC  Electron capture detector  

   
  

   organophosphorus, 
organochlorines and pyrethroids   Gas chromatography/Mass Spectrometry (GC/MS) 

   
   

  
 

 
 

 
1.   beaker, cylinder, Erlenmeyer flask, round bottom flask, 

graduated tube, glass vial for auto sampler, micro centrifuge tube  glass funnel 
 standard calibration curve  auto pipette, volumetric 

pipette  volumetric flask 
2.   

2.1  analytical grade  anhydrous sodium sulfate (anh. Na2SO4), acetone, acetonitrile, 
dichloromethane, ethyl acetate, hexane, SPE  carbon black,  pesticide grade  ethyl 
acetate  

2.2  pesticide grade  16   aldrin, alpha BHC, 
alpha endosulfan, beta endosulfan, dieldrin, endosulfan sulfate, endrin, gamma BHC, heptachlor, heptachlor 
epoxide, o,p'–DDE, o,p'–DDT, o,p'–TDE, p,p'–DDE, p,p'–DDT  p,p'–TDE  10  

 chlorpyrifos, diazinon, EPN, ethion, malathion, methidathion, parathion methyl, pirimiphos 
methyl, profenofos  triazophos  7   bifenthrin, cyfluthrin, cypermethrin, 
deltamethrin, fenvalerate, lamda cyhalothrin  permethrin  

3.  
  shaker  rotary evaporator  nitrogen evaporator

 (Centrifuge)  Gas Chromatograph/Mass spectrometry (GC/MS)  5973 
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1.  stock standard solution  
 1,000   working standard solution 

 0.01 – 2.50  
2.  In house method TM – T04 – I02 base on AOAC 1995  

 (clean up)  (eluting agent)   
dichloromethane: hexane (1:1), dichloromethane: acetone (1:1), acetone: hexane (1:1), acetonitrile: toluene 
(1:1) 

2.1   20   Erlenmeyer flask  ethyl acetate 75  
 shaker  5   anh. Na2SO4  round bottom flask  ethyl 

acetate 20  2    rotary evaporator 
  round bottom flask  ethyl acetate (PR)  graduated tube  

nitrogen evaporator  ethyl acetate (PR)  2   
2.2  (clean up)  2.1  clean up  2    

 1 clean up  carbon black  carbon black  micro centrifuge tube  2  
 30, 50  80   3   2.1  micro centrifuge tube 

 1   14,000   5  
 GC/MS   

 2 clean up  SPE  carbon black  500   6  
 (eluting agent)   dichloromethane: hexane (1:1) dichloromethane: acetone 

(1:1), acetone : hexane(1:1), acetonitile : toluene (1:1)  10   nitrogen 
evaporator  2   GC/MS   

2.3  2.2 
 (% recovery)  70 – 120  

  
3.  Gas Chromatograph/Mass spectrometry (GC/MS)  GC/MS  

Single Quadrupole  Agilent  MSD 5973   
Mode   : pulsed splitless, SIM mode 
GC column     : column DB 5 – MS capillary, 30 m x 0.25 mm id, 0.25 m film thickness  
Injector    : 230 C 
MS Transfer Line   : 280 C, MS Quad temperature : 150 C, Ms source  : 230 C 
Oven program  : 100 C (1 ) 15 C/   180 C (1 ) 3 C/   200 C (0 )  

1 C/    210 C (0 ) 15 C/   290 C (5 ) 
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Carrier gas    : helium flow 1.4 /   
Injection volume  : 1  

  2554  2555  
     

 
 

 
 

  organophosphorus 10  organochlorines 16  
 pyrethroids 7   In house method base on AOAC 1995 

   ethyl acetate  
 carbon black   30   recovery  

organophosphorus  89 – 117   70 – 120  
 triazophos   malathion  parathion methyl  

 organochlorines  88 – 113   o,p’ – DDE  
 carbon black   

 carbon black  50   recovery 
 organophosphorus  organochlorines   carbon 

black  80   triazophos  organophosphorus 
 recovery   carbon black 

 pyrethroids  84 – 120  
(  1) 
  Solid Phase Extraction  carbon black 500   
6   (eluting agent)   dichloromethane: 
hexane ( 1 :1)  dichloromethane: acetone ( 1 :1)  recovery  3  
organophosphorus   lambda cyhalothrin  pyrethroids  

 dichloromethane: acetone (1:1)  recovery  
  dichloromethane: acetone (1:1) 

 
 (polar)   recovery  (  2) 

  acetone: hexane (1:1)  acetonitrile: toluene (1:1) 
 recovery  3   

acetone : hexane (1:1)  triazophos  organophosphorus   p,p’ – DDT 
 organochlorines   acetonitrile: toluene 
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(1:1)  organochlorines  
 (non polar)   

 organophosphorus  pyrethroids 
  malathion  (  3) 

  
  ethyl acetate  SPE  carbon black 

500  6   dichloromethane: hexane (1:1)  
  recovery  3   

recovery  70 – 120   
 organochlorines   100   

2   (  4) 
 1. %recovery  carbon black  clean up 

pesticides 
 carbon black 30 mg   carbon black 50 mg  carbon black 80 mg 

Rep 
 1 

rep 
 2 

rep 
3 

average  
rep 
1 

rep 
2 

rep 
3 

average 
 

rep 
1 

rep 
2 

rep 
3 

average 

organophosporus  
chlorpyrifos 89.11 89.20 89.11 89.14  83.26 72.16 75.86 77.09 68.46 72.16 64.75 68.46 
diazinon 105.00 108.21 99.98 104.40  98.80 94.10 87.04 93.31 79.98 76.45 82.33 79.59 
EPN 98.16 89.00 96.24 94.47  99.12 97.20 111.64 102.65 83.73 83.73 86.61 84.69 
ethion 125.00 110.00 90.59 108.53  93.82 97.06 80.88 90.59 75.49 86.27 77.64 79.80 
malathion 117.25 124.89 142.00 128.05  128.00 135.00 140.00 134.33 125.30 146.63 133.30 135.08 
methidathion 100.00 108.00 135.00 114.33  120.00 125.00 128.00 124.33 153.26 124.35 119.64 132.42 
parathion methyl 115.00 129.00 130.20 124.73  112.25 129.49 132.73 124.82 114.92 110.07 105.21 110.07 
pirimiphos methyl 119.83 128.45 102.76 117.02  102.76 77.07 89.92 89.92 83.49 80.63 96.34 86.82 
profenofos 121.00 120.72 122.50 121.41  82.26 76.34 92.32 83.64 97.05 95.87 94.69 95.87 
triazophos 69.87 68.23 69.54 69.21  54.24 55.00 73.42 60.89 26.00 25.00 28.00 26.33 
organochlorines  
aldrin 117.03 90.03 82.95 96.67  82.95 106.10 86.81 91.96 66.88 64.30 69.45 66.88 
alpha BHC 126.00 100.62 86.01 104.21  86.01 90.88 73.03 83.31 71.41 81.14 64.91 72.49 
alpha endosulfan 114.21 88.83 85.03 96.02  86.29 90.95 88.41 88.55 69.37 68.53 68.53 68.81 
beta endosulfan 140.71 108.73 84.97 111.47  85.89 71.27 76.29 77.82 72.64 68.53 70.35 70.51 
dieldrin 119.92 93.47 88.18 100.52  86.41 89.94 93.47 89.94 67.90 69.66 66.13 67.90 
endosulfan sulfate 115.20 103.14 84.47 100.94  85.80 87.14 84.47 85.80 77.80 75.58 72.02 75.13 
endrin 115.69 130.51 93.14 113.11  94.00 91.99 91.13 92.37 79.92 79.05 69.00 75.99 
gamma BHC 143.99 109.82 87.86 113.89  85.42 86.64 78.10 83.38 70.77 61.01 61.01 64.27 
heptachlor 124.36 126.27 88.09 112.91  86.62 95.43 99.84 93.97 71.94 76.35 73.41 73.90 
heptachlor epoxide 124.47 97.62 86.64 102.91  87.86 91.52 100.06 93.15 70.77 61.01 73.22 68.33 
o,p'-DDE 126.27 124.36 126.35 125.66  89.61 93.69 103.87 95.72 73.32 81.47 65.17 73.32 
o,p'-DDT 109.00 118.24 86.11 104.45  86.11 103.33 97.59 95.68 74.63 77.41 80.37 77.47 
o,p'-TDE 116.25 104.08 93.13 104.49  95.86 112.30 104.08 104.08 76.69 68.47 79.43 74.87 
p,p'-DDE 121.23 103.83 94.21 106.42  94.21 101.90 90.37 95.49 76.91 82.68 74.99 78.19 
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 1. ( ) %recovery  carbon black  clean up 
 

Pesticides 
 carbon black 30 mg   carbon black 50 mg  carbon black 80 mg 

rep  
1 

Rep 
 2 

rep 
3 average  

rep 
1 

rep 
2 

rep 
3 average  

rep 
1 

rep 
2 

rep 
3 average 

p,p'-DDT 88.69 87.64 89.56 88.63  74.39 70.01 73.30 72.57 70.01 74.39 65.64 70.01 
p,p'-TDE 124.00 109.83 114.00 115.94  141.72 132.86 145.26 139.95 108.06 106.29 104.52 106.29 
pyrethroids  
bifenthrin 127.26 97.90 96.26 107.14  97.90 96.26 76.68 90.28 83.21 79.95 89.74 84.30 
cyfluthrin 82.56 80.98 85.24 82.93  100.49 102.37 101.90 101.59 91.49 94.29 101.27 95.68 
cypermethrin 98.99 82.49 110.13 97.21  101.88 96.93 97.76 98.86 88.70 86.60 83.81 86.37 
deltamethrin 115.99 92.33 101.87 103.40  100.72 97.67 95.76 98.05 93.45 90.16 86.87 90.16 
fenvalerate 119.65 123.24 117.10 120.00  120.64 113.20 109.47 114.44 96.11 94.87 80.84 90.61 
lamda cyhalothrin 127.11 96.38 96.38 106.63  97.78 104.76 92.19 98.24 85.91 84.51 83.11 84.51 
permethrin 113.14 85.21 97.08 98.48  98.48 94.99 96.38 96.61 110.96 101.28 98.30 103.52 
 

 2. %recovery  dichloromethane: hexane                
dichloromethane: acetone   0.01 – 0.15  

pesticide 
dichloromethane : hexane (1:1) dichloromethane :acetone (1:1) 

rep 1 rep 2 rep 3 average %RSD rep 1 rep 2 rep 3 average % RSD 

organophosphorus 
chlorpyrifos 88.81 85.11 86.96 86.96 2.13 76.23 74.01 73.08 74.44 2.17 
diazinon 109.39 89.39 104.68 101.15 10.34 85.86 91.74 82.33 86.65 5.49 
EPN 90.46 95.27 88.54 91.43 3.80 95.27 88.54 80.84 88.22 8.19 
ethion 90.59 92.74 91.66 91.66 1.18 87.35 80.88 84.12 84.12 3.85 
malathion 130.63 109.30 114.64 118.19 9.39 109.30 85.00 85.31 93.20 14.96 
methidathion 109.65 102.34 134.02 115.33 14.38 97.47 85.28 99.90 94.22 8.31 
parathion methyl 124.64 111.69 106.83 114.38 8.05 100.36 82.55 97.12 93.34 10.16 
pirimiphos methyl 102.76 96.34 77.07 92.06 14.52 89.92 96.34 77.07 87.78 11.18 
profenofos 111.85 101.20 109.48 107.51 5.20 78.12 91.73 100.12 89.99 12.34 
triazophos 83.91 90.20 100.69 91.60 9.26 95.00 90.00 100.53 95.18 5.53 
organochlorines 
aldrin 81.67 86.81 81.67 83.38 3.56 76.52 70.09 76.84 74.49 5.11 
alpha BHC 82.77 77.90 74.65 78.44 5.21 81.14 79.52 73.03 77.90 5.51 
alpha endosulfan 85.45 80.80 84.60 83.62 2.96 79.95 76.99 77.83 78.26 1.95 
beta endosulfan 83.15 79.49 84.97 82.54 3.38 83.60 79.49 83.15 82.08 2.75 
dieldrin 90.82 78.48 88.18 85.82 7.57 86.41 74.95 82.00 81.12 7.13 
endosulfan sulfate 79.58 77.36 78.25 78.39 1.43 90.25 88.03 88.92 89.06 1.26 
endrin 89.12 84.23 83.94 85.76 3.39 91.99 89.12 90.27 90.46 1.60 
gamma BHC 84.20 96.40 69.55 83.38 16.12 75.66 73.22 82.98 77.28 6.57 
heptachlor 80.75 76.35 85.16 80.75 5.45 79.28 66.07 91.03 78.79 15.85 
heptachlor epoxide 85.42 80.54 90.30 85.42 5.71 80.54 84.20 84.20 82.98 2.55 
o,p'-DDD 90.39 82.17 93.13 88.56 6.44 87.65 87.65 90.39 88.56 1.79 
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 2. ( ) %recovery  dichloromethane: hexane 
dichloromethane: acetone   0.01 – 0.15  

pesticide 
dichloromethane : hexane (1:1) dichloromethane :acetone (1:1) 

rep 1 rep 2 rep 3 average %RSD rep 1 rep 2 rep 3 average % RSD 

o,p'-DDE 87.58 81.47 91.65 86.90 5.90 83.50 105.91 95.72 95.04 11.80 
o,p'-DDT 86.11 86.11 80.37 84.19 3.94 91.85 80.37 109.07 93.76 15.41 
p,p'-DDD 79.72 92.12 79.72 83.85 8.54 97.43 81.49 109.83 96.25 14.76 
p,p'-DDE 94.21 82.68 80.75 85.88 8.48 90.37 111.52 76.91 92.93 18.77 
p,p'-DDT 78.77 96.27 76.58 83.87 12.87 96.27 90.80 91.89 92.99 3.11 
pyrethroids 

bifenthrin 91.37 84.84 89.74 88.65 3.83 89.74 106.05 88.11 94.63 10.49 
cyfluthrin 88.28 83.12 83.59 85.00 3.36 112.70 111.76 110.35 111.61 1.06 
cypermethrin 89.09 81.67 86.62 85.79 4.41 113.43 108.07 109.31 110.27 2.55 
deltamethrin 87.75 84.32 95.38 89.15 6.35 114.84 124.00 123.62 120.82 4.29 
fenvalerate 96.07 93.83 80.50 90.14 9.34 112.32 122.88 95.32 110.17 12.62 
lamda cyhalothrin 90.10 84.51 83.11 85.91 4.30 136.89 125.72 130.60 131.07 4.27 
permethrin 90.10 85.21 89.40 88.23 3.00 105.46 111.75 102.67 106.63 4.36 

 
 3. %recovery  acetone: hexane  acetonitrile: toluene 

  0.01 – 0.15  
pesticide 

acetone : hexane (1:1) acetonitrile : toluene (1:1) 
rep 1 rep 2 rep 3 average %RSD rep 1 rep 2 rep 3 average %RSD 

organophosphorus 
chlorpyrifos 111.01 85.11 101.76 99.29 13.22 85.11 115.00 86.96 95.69 17.51 
diazinon 99.98 90.57 99.98 96.84 5.61 89.39 98.80 82.33 90.17 9.16 
EPN 95.27 83.73 81.80 86.93 8.38 98.16 98.16 105.86 100.73 4.41 
ethion 99.21 81.96 92.74 91.30 9.55 118.62 81.96 105.68 102.09 18.21 
malathion 93.31 109.30 98.64 100.42 8.11 125.30 132.23 135.96 131.17 4.13 
methidathion 109.65 82.85 107.21 99.90 14.84 109.65 119.40 129.14 119.40 8.16 
parathion methyl 67.98 90.64 90.64 83.09 15.75 100.36 100.36 103.59 101.44 1.84 
pirimiphos methyl 77.07 100.25 78.56 85.29 15.21 89.92 102.76 109.18 100.62 9.75 
profenofos 95.87 86.00 110.00 97.29 12.40 101.79 100.01 98.24 100.01 1.78 
triazophos 64.12 62.93 65.26 64.10 1.82 115.38 113.28 106.99 111.88 3.90 
organochlorines 
aldrin 78.45 75.24 82.31 78.67 4.50 69.45 64.95 79.74 71.38 10.62 
alpha BHC 86.01 77.90 105.49 89.80 15.79 69.78 68.16 81.14 73.03 9.69 
alpha endosulfan 84.60 79.10 85.87 83.19 4.32 70.64 66.84 66.41 67.96 3.43 
beta endosulfan 83.60 79.04 77.66 80.10 3.88 69.44 66.70 70.35 68.83 2.76 
dieldrin 84.65 76.71 81.12 80.83 4.92 72.30 71.42 74.07 72.60 1.86 
endosulfan sulfate 77.36 76.47 80.02 77.95 2.37 66.69 65.80 67.58 66.69 1.33 
endrin 95.15 84.23 81.93 87.10 8.11 76.47 73.02 72.16 73.88 3.09 
gamma BHC 66.00 78.10 69.00 71.03 8.87 70.77 64.67 58.57 64.67 9.43 
heptachlor 91.03 76.35 83.69 83.69 8.77 70.47 67.54 63.13 67.05 5.51 
heptachlor epoxide 87.86 79.32 103.72 90.30 13.71 73.22 68.33 62.23 67.93 8.10 
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 3. ( ) %recovery  acetone: hexane  acetonitrile: toluene 
  0.01 – 0.15  

pesticide 
acetone : hexane (1:1) acetonitrile : toluene (1:1) 

rep 1 rep 2 rep 3 average %RSD rep 1 rep 2 rep 3 average %RSD 
o,p'DDD 95.86 87.65 82.17 88.56 7.78 76.69 71.21 79.43 75.78 5.52 
o,p'-DDE 91.65 81.47 109.98 94.37 15.31 73.32 69.25 79.43 74.00 6.93 
o,p'-DDT 91.85 80.37 97.59 89.93 9.75 74.63 74.63 97.59 82.28 16.11 
p,p'-DDD 113.37 95.66 115.15 108.06 9.97 90.35 81.49 113.37 95.07 17.31 
p,p'-DDE 94.21 84.60 90.37 89.73 5.39 78.83 74.99 76.91 76.91 2.50 
p,p'-DDT 65.64 48.13 54.70 56.16 15.75 57.98 55.79 63.45 59.07 6.68 
pyrethroids 
bifenthrin 68.53 70.16 79.95 72.88 8.48 75.05 71.79 89.74 78.86 12.12 
cyfluthrin 76.90 76.26 65.00 72.72 9.20 77.48 72.32 86.87 78.89 9.35 
cypermethrin 86.62 76.40 61.87 74.96 16.59 75.48 77.13 80.02 77.54 2.96 
deltamethrin 62.57 79.00 69.00 70.19 11.79 74.40 79.74 76.69 76.94 3.48 
fenvalerate  72.98 75.22 71.49 73.23 2.56 93.09 78.36 63.30 78.25 19.03 
lamda cyhalothrin 75.00 59.37 78.22 70.86 14.23 81.72 74.73 76.13 77.52 4.77 
permethrin 76.00 71.94 67.05 71.66 6.25 74.03 85.23 107.56 88.94 19.19 

 
 4. %recovery  dichloromethane: hexane  

  0.01 – 0.15  
pesticides 

  
rep 1 rep 2 rep 3 average % RSD rep 1 rep 2 rep 3 average % RSD 

organophosphorus 
chlorpyrifos 77.71 70.31 70.31 72.77 5.87 84.25 80.21 87.65 84.04 4.43 
diazinon 123.07 110.25 120.28 117.87 5.72 110.21 95.24 87.2 97.55 11.97 
EPN 84.69 76.99 82.76 81.48 4.92 80.25 70.63 65.35 72.08 10.48 
ethion 115.36 116.47 127.25 119.69 5.49 120.56 118.26 121.56 120.13 1.41 
malathion 113.24 101.24 107.56 107.35 5.59 114.85 95.2 85.21 98.42 15.32 
methidathion 109.74 120.72 107.24 112.57 6.37 95.62 124.3 124.65 114.86 14.51 
parathion methyl 124.36 112.01 107.25 114.54 7.71 119.52 119.63 120.28 119.81 0.34 
pirimiphos methyl 125.69 113.02 112.58 117.10 6.36 112.01 100.32 121 111.11 9.33 
profenofos 124.05 110.26 119.47 117.93 5.96 130.24 100.25 112.54 114.34 13.18 
triazophos 76.34 65.24 68.54 70.04 8.14 65.35 72.25 73.01 70.20 6.01 
organochlorines 
aldrin 106.75 96.46 102.89 102.03 5.09 100.62 92.25 100.36 97.74 4.87 
alpha BHC 120.09 107.11 120.09 115.76 6.47 100.35 95.35 84.65 93.45 8.58 
alpha endosulfan 107.45 95.60 101.52 101.52 5.83 101.32 92.12 84.35 92.60 9.17 
beta endosulfan 120.36 115.13 124.26 119.92 3.82 96.35 114.24 105.24 105.28 8.50 
dieldrin 111.10 98.76 109.34 106.40 6.28 68.21 67.53 75.28 70.34 6.10 
endosulfan sulfate 117.37 104.03 112.92 111.44 6.09 112.38 103.26 98.76 104.80 6.62 
endrin 114.24 117.24 113.20 114.89 1.83 104.36 104.57 113.24 107.39 4.72 
gamma BHC 119.68 114.70 122.03 118.80 3.15 82.65 95.34 75.36 84.45 11.97 
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 4. ( ) % recovery  dichloromethane: hexane      
  0.01 – 0.15  

pesticides 
  

rep 1 rep 2 rep 3 average % RSD rep 1 rep 2 rep 3 average % RSD 
Heptachlor 105.24 123.33 120.83 116.47 8.42 69.54 84.37 67.54 73.82 12.46 
heptachlor epoxide 117.14 104.94 106.24 109.44 6.12 110.25 100.68 85.42 98.78 12.68 
o,p'-DDE 118.13 101.83 117.65 112.54 8.24 110.62 100.25 124.12 111.66 10.72 
o,p'-DDT 120.36 114.81 124.03 119.73 3.88 113.36 110.01 96.34 106.57 8.46 
o,p'-TDE 113.69 124.39 118.56 118.88 4.51 110.25 98.63 114.25 107.71 7.53 
p,p'-DDE 123.05 111.52 119.21 117.93 4.98 95.35 102.35 114.72 104.14 9.42 
p,p'-DDT 114.36 123.35 120.36 119.36 3.84 120.35 110.24 114.26 114.95 4.43 
p,p'-TDE 118.24 120.46 121.34 120.01 1.33 104.32 96.37 104.25 101.65 4.50 
pyrethroids 
bifenthrin 117.47 104.42 107.68 109.86 6.18 98.64 104.42 95.36 99.47 4.61 
cyfluthrin 102.37 89.22 100.49 97.36 7.30 102.37 89.22 100.49 97.36 7.30 
deltamethrin 103.01 91.57 99.20 97.93 5.95 103.01 81.25 99.20 94.49 12.30 
fenvalerate 108.73 99.79 104.26 104.26 4.29 101.13 108.65 92.35 100.71 8.10 
lamda cyhalothrin 115.94 101.97 108.95 108.95 6.41 101.36 95.63 113.28 103.42 8.71 
permethrin 103.37 92.19 96.38 97.31 5.80 103.37 92.19 96.38 97.31 5.80 
 

/  
 

 organophosphorus, organochlorines  
pyrethroids   Gas Chromatography/Mass spectrometry  ethyl acetate   

 SPE  carbon black 
   3    

 

 
 

1.  organophosphorus, organochlorines  pyrethroids 
 

2.  
 organophosphorus, organochlorines  pyrethroids  
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     . 2552.  53  
 QuECheRS  GC/MS – PTV Inlet. , 

 .  
AMADEO R.FERNANDEZ ALBA. 2004. Chromatographic – Mass spectrometric Food Analysis for Trace 

Determination of Pesticide residues. Comprehensive Analytical Chemistry volume XLIII. 
AOAC Peer – Verified Methods. Nov. 1993. 
AOAC Official Method. 1995. Organophosphorus Pesticide. General Multiresidue Method. 970.52  
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 Chlormequat  Mepiquat 
 Liquid Chromatograph/Tandem Mass Spectrometry 

 

Development of Method  for Analysis Chlormequat and Mepiquat in Fruit by 
Liquid Chromatograph/Tandem Mass Spectrometry 

 

                  
                                     

.................................................................... 
 

 
 

  Chlormequat chloride  
Mepiquat chloride   Liquid Chromatograph/Tandem 
Mass Spectrometry  Hydrophilic Interaction Liquid Chromatography (HILIC)  
Ammonium formate buffer  50  pH 3.75  Acetonitrile  

  QuPPe – Method 
(Anastassiades et al., 2011)  1% 
Formic acid  Acetonitrile  (%Recovery, n=3)  Chlormequat  Mepiquat 

 104  98  (%RSD)  6.66  3.52  
  

QuEchERS (Anastassiades et al., 2003)  t - test  2 
  Matrix effect  Internal standard (ISTD)  Matrix  

 2   External standard (ESTD)  Matrix 
 Mepiquat  Chlormequat  Matrix effect 

 Matrix  ESTD  Chlormequat  
Mepiquat   (Method validation)  
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     SPE C18 
 

 Oscar et al., (2004)  Quaternary ammonium  5  
 Paraquat, Diquat, Difenzoquat, Chlormequat  Mepiquat  LC - MS/MS 2   

Triple quadrupole  Time of fight (TOF)  Kromasil  200  × 2.1  5  
 gradient  Mobile phase  20  HFBA  100 

 Formic acid /Ammonium formate buffer (pH 3.3)  Acetonitrile  
 On – line SPE preconcentration 

 Anastassiades et al., (2011)   
Paraquat Diquat Chlormequat Mepiquat Daminozide Cyromazine ETU PTU Trimesium  

  LC - MS/MS  Obelisc R  
2.1  × 150  5  100A  Ammonium formate buffer  acetonitrile  mobile 
phase   1% Formic acid  Methanol  

   
 Chlormequat  Mepiquat  

 LC - MS/MS  Hydrophilic Interaction Liquid 
Chromatography (HILIC) 

   
 

 
 

 
1.  Chlormequat chloride Mepiquat chloride Chlormequat chloride 

1, 1, 2, 2 - D4  98 - 99%  Mepiquat iodide D3 (methyl D3)  100 
 

2.   Acetonitrile (HPLC grade) Methanol (HPLC grade) Formic acid Ammonium 
formate Water (HPLC grade)  

3.    2  5  Centrifuge, Food 
processor Dispenser  10  50  Micro pipette  100 - 1,000  

4.   volumetric flask   Centrifuge tube 
(Teflon)  50   

5.  Ultra Performance Liquid Chromatography (UPLC) 
 Tandem mass spectrometry 

6.    
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1.  
2.  Chlormequat chloride Mepiquat chloride Chlormequat chloride 

1, 1, 2, 2 - D4   1,000, 100  10   acetonitrile 
 Mepiquat iodide D3 (methyl D3)  100   

 Mixed standard  0.005 - 0.5 
 

3.  Ultra Performance Liquid Chromatography (UPLC) 
-  HILIC  10   2.10  

 2.6   
-  gradient  A  Ammonium acetate buffer 

 50  pH 3.75  B  Acetonitrile  1 
-  2   
-  25  

4.  Tandem mass spectrometry Source parameter 
- Gas Temp 325 C 
- Gas Flow 10 (l/min) 
- Nebulizer 45 psi 
- Capillary 4000 V 

5.  Ammonium formate buffer  
 Ammonium formate buffer  5, 10, 20  50 mM  

pH 3.75  Formic acid  buffer  Mobile phase  Acetonitrile 
    Retention time (RT) 

 buffer  
6.   

6.1  Quppe – Method (Anastassiades, 2011)  
   3   

1. 1% Formic acid  
2. 1% Formic acid  Methanol 
3. 1% Formic acid  Acetonitrile 

 10   centrifuge  50   Mixed standard (Chlormequat 
 Mepiquat)  0.05   (

  3 )  10   Mixed Internal Standard (Chlormequa t - D4  Mepiquat 
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- D3)  0.05   1   centrifuge  
3,000 rpm  syringe filter  0.22   1.5  

 LC - MS/MS 
6.2  QuPPe-Method  QuEChERS 

 6.1  QuREChERs (Anastassiades et al., 2003) 
 QuEChERS  10   centrifuge  50   

Mixed standard  0.05   Mixed ISTD  0.05 
  Acetonitrile 10   1   MgSO4 4  

NaCl 1  Na3Citrate dehydrate 1   Na2HCitrate sesquihydrate 0.5   1  
 centrifuge  3,000 rpm 5   5   

15   PSA 125  MgSO4 750   vortex  30  
 centrifuge  3,000 rpm 5   syringe filter  0.2  

  vial  1.5   5% Formic acid  Acetonitrile 
 LC - MS/MS 

7.  Internal standard  External standard 
 0.05   3  

 ISTD  0.05   1% Formic acid  Acetonitrile 
 Acetonitrile  Calibration curve  %Recovery 

 %Recovery  ISTD  ESTD 
8.  Matrix effect 

 Matrix match calibration curve  Standard calibration 
curve  Chlormequat chloride  Mepiquat chloride 

 0.005, 0.01, 0.05, 0.1 0.5   2   Acetonitrile 
 Matrix   ISTD 

  LC - MS/MS   
Matrix   10% 

 Matrix  ESTD 
  ISTD   

 

   2554   2555 
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 Ammonium formate buffer 
  Ammonium formate buffer  Acetonitrile 

 (Sensitivity)  buffer  
 buffer  5 - 50 mM  3 

  3  Buffer  ionic strange  
    

buffer  buffer  buffer  
  Ammonium formate buffer 

 50 mM  
 

 QuPPe - method  1% Formic acid  Methanol 
  3  

   Methanol  Acetonitrile  Formic acid 
 1%  4 

 %Recover  (80-110%) (AOAC, 2002)  
 (%RSD)  1%Formic acid  Acetonitrile  

 %RSD   1% Formic 
acid  Methanol  

 1% Formic acid  Acetonitrile  
   formic  5% 

  % Recovery  1%  1% 
 (Bond Breaking)  

 1% Formic acid  Acetonitrile  
 

  QuPPe -Method  QuEChERS 
  QuPPe - Method  QuEChERS  QuPPe - 
Method  Acetonitrile   QuEChERS  Acetonitrile  
Buffer   PSA  Graphitized Carbon (GCB) 

 5  %Recovery 
 t-test  95%  n=5  Chlormequat  Mepiquat  

t cal  2.31  2.29   t critical  (t table - critical values) 
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 2.571   t cal  t critical 
  

 Internal standard (ISTD)  External standard (ESTD) 
  %Recovery  0.05  (  6) 

 Calibration curve  Acetonitrile  ISTD 
 Mepiquat  %Recovery  99-108%  Chlormequat  93 - 99%  

  %Recovery  ESTD  Mepiquat  94 - 99%  
Chlormequat  45 - 55%  ESTD  Mepiquat 

 Chlormequat   Matrix  
 Matrix effect       

  Matrix effect  Calibration curve  0.005 - 0.5 
  ISTD  0.05   2  

 Acetonitrile  Matrix 
 3  

Acetonitrile  Matrix   (%RPD) 
(  7)  Chlormequat  4.04%  Mepiquat  3.56% 

 %RSD  10% (NATA, 2012)   Matrix  
 Matrix  ESTD  ISTD 

 4  (%RPD) 
 Acetonitrile  Matrix (  8)  Mepiquat  Chlormquat  %RPD 

 5.87%  49.68%   Matrix  Chlormequat 
 10%  

 Matrix effect 
 ISTD  Matrix  Calibration curve  Matrix 

  ESTD  Calibration curve  Matrix  Matrix 
 Chlormequat  

 
 

 Chlormequat  Mepiquat  
LC-MS/MS  HILIC  Ammonium formate buffer  50 mM pH 3.75   
Acetonitrile  Mobile phase  QuPPe - Method  
1% Formic acid  Acetonitrile  

  QuEChERS  t - test  
 1% Formic acid  Acetonitrile   Matrix effect 
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 Matrix  Chlormequat  ESTD  Matrix  ISTD 
 ISTD  Matrix  ESTD 

 Matrix  Matrix effect  
 

 (Method Validation)  
  

 

 
 

 Chlormequat chloride  Mepiquat Chloride 
 

 
 ISO/IEC 17025  
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Chromatography A 1216 : 4402 - 4406. 

 
 1.  Gradient 

 

 
( ) 

 
( ) 

 A 
( ) 

 B 
( ) 

0.5 0.4 20 80 
1 0.4 40 60 
3 0.4 60 40 
5 0.4 60 40 
6 0.4 20 80 
8 0.4 20 80 

 
 
 2  Parameter   Mass spectrometry  

 

Compound Precursor Product 
ion 1 

Product 
ion 2 

Dwell 
time Fragmentor Collision 

Chlormequat Chloride 122.1 63.1 59.2 100 100 5 
Chlormequat-D4(ISTD) 126.1 59.3 58.1 100 100 5 
Mepiquat Chloride 114.2 98.1 58.1 100 135 10 
Mepiquat-D3(ISTD) 117.2 101.03 98.3 100 100 10 
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 3.  Ammonium formate buffer 
 

Ammonium formate 
buffer 

Chlormequat Mepiquat 
RT  

(min) 
Peak 
Hight 

Peak  
Area 

RT 
 (min) 

Peak 
Hight 

Peak 
Area 

5 mM 2.309 622 3607 3.027 334 2856 
10 mM 2.288 635 3576 2.976 340 2869 
20 mM 2.018 736 3401 2.618 466 2764 
50 mM 1.886 775 3684 2.402 511 2720 

 
 4.  

 

Extract solvent 
Spike Chlormequat 

Chloride %RSD 
Mepiquat 
Chloride %RSD 

 (mg/kg) %Rec (n=3) %Rec (n=3) 
1% Formic acid in Water 0.05 101 7.37 93 10.12 
1% Formic acid in Methanol 0.05 110 8.50 99 7.30 
1% Formic acid in Acetonitrile 0.05 104 6.66 98 3.52 

 
 5.  % Recovery  1% Formic acid   Acetonotrile 

QuEChERS 

No. 
Chlormequat Mepiquat 

1% Formic acid 
QuEChERS 

1% Formic acid 
QuEChERS 

in Acetonitrile in Acetonitrile 
1 95 102 105 88 
2 99 101 113 97 
3 107 88 106 109 
4 94 96 104 101 
5 98 104 97 96 

Mean 98.60 98.20 105.00 98.20 
SD 5.13 6.42 5.70 7.66 

%RSD 5.20 6.54 5.43 7.80 
 
 



92

[92] 
 

 6.  %Recovery  Internal Standard  External standard 

No. 

%Recovery 

Used ISTD Used ESTD 

Chlormequat Mepiquat Chlormequat Mepiquat 

1 108 97 45 97 
2 102 93 52 94 
3 99 99 55 99 

Mean 103 96 51 97 
SD 4.58 3.06 5.13 2.52 

%RSD 4.45 3.17 10.13 2.60 
 
 

 7.  Solvent  Matrix
 ISTD 

Pesticide Equation Slope %RPD 

Chlormequat in solvent y = 17.89x - 0.0273 17.89 
4.04 

Chlormequat in matrix y = 18.628x + 0.0466 18.628 

Mepiquat in solvent y = 84.238x + 0.087 84.238 
3.56 

Mepiquat in matrix y = 87.293x - 0.1 87.293 
 

 8.  solvent  Matrix  
 ESTD 

Pesticide Equation Slope %RPD 

Chlormequat in solvent y = 27812x + 149.1 27812 
49.68 

Chlormequat in matrix y= 16744x + 17.157 16744 

Mepiquat in solvent y = 35226x + 104.45 35226 
5.87 

Mepiquat in matrix y = 37358x + 136.58 37358 
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 3.  Calibration curve  Chlormequat  Mepiquat  Solvent  Matrix  ISTD 

 
 

 
  
  4.   Calibration curve  Chlormequat  Mepiquat  solvent  matrix  ESTD 
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 1.  Recovery  AOAC Peer - Verified Method, 2002 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Analyte  Recovery, % 
100% 

10% 

1% 

0.1% 

100ppm 

10ppm 

1ppm 

100ppb 

10ppb 

1ppb 

98-102 

98-102 

97-103 

95-105 

90-107 

80-110 

80-110 

80-110 

60-115 

40-120 
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 2.  %RSD  AOAC Peer - Verified Method, 2002 

Unit RSDr  (%) 
100% 1 
10% 1.5 
1% 2 

0.1% 3 
100 ppm 4 

10 ppm (mg/g) 6 
1 ppm 8 

10 ppb (mg/g) 15 
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 Organophosphorus  chlopyrifos ; 
 detoxifying enzymes  

 Puntius gonionotus 
 

Effect of chlorpyrifos on Puntius gonionotus 
; Relationship of detoxifying enzymes change and Histopathological cause 

 

             
 

                            

.................................................................... 
 

 
 

  organophosphorus  chlorpyrifos  
 Puntius gonionotus   chlorpyrifos 

 3      (0.05, 0.5  5 )  4   
 chlorpyrifos  3   chlorpyrifos 

 (0. 05 )  Ethoxyresorufin – O – Deethylase  
 Acetylcholinesterase   Glutathione 

– S – transferase  chlorpyrifos  (5 ) 
  (histopathological causes) 

 cholrpyrifos    
 

   
 

(5 )  
 
 
 
 
 
_____________________________ 

 03-06-54-05-04-04-01-54 
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 (Biotransformation 
   Cytochrome – P450 (CYP1A) Glutathione – S – transferase 

(GST)  Acetylcholinesterase (AChE) (Deniele Werck – Reichhart. 2001; Milan, 2001; Ron van der Oost, 
2003)    (Histopathology)  

chlorpyrifos     
chlorpyrifos    

 chlorpyrifos  II ( ) 
 chlorpyrifos     Puntius gonionotus 

 detoxifying enzyme 
 chlorpyrfos  3    (0.05 

)  (0.5 )  (5 ) 
 

 
 

1.   
1.1    Detoxifying enzymes  di – Potassium 

hydrogen phosphate, Potassium dihydrogen phosphate, Ethoxy resorufin, ß – nicotinamide adenine 
dinucleotide phosphate reduced NADPH), 1 – chloro – 2, 4 – dinitrobenzene (CDNB), Glutathione reduced 
 (GSH), Acetylthiocholine iodide, 5,5 – Dithiobis – 2 – nitrobenzoic acid (DTNB), Bio – Quan solution, BSA 
standard protien, Primary Secondary Amine (PSA)  Glycerol   

1.2   Ethanol, Xylene, lithium carbonate, Eosin, 
Hematoxylin, parafin, permount,  gelatin   

2.  
2.1 Gas chromatograph accessories  column, liner, o-ring, septum, injection syringe   
2.2 spectrophometer  spectrofluorometer accessories  cuvette, 96 – well plate  
2.3 Micropipette  pipette tips  
2.4   Puntius gonionotus 
2.5   
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2.6   1.5, 15  50   
2.7        
2.8    

3.  
3.1 Spectrophometer  
3.2 Spectrofluorometer 
3.3 Ultracentrifuge 
3.4  Microtome 
3.5  Microscope 
3.6 Slide warmer 
3.7 Wax dispenser 
3.8 pH meter 

4.  
4.1  specific enzymes    

 chlorpyrifos  3    (5 )  (0.5 
)  (0.05 )  10   3  

 physiological saline pH 7.4  
 0.5   phosphate buffer pH 7.0 

 0.1   2   2  
 

-  1 centrifuge  10,000 g  1.30   4  
  GST  Habig et al. (1974)  

-  2 centrifuge  43,000 g  40   4  
 centrifuge  100,000 g  1   4 

   phosphate buffer pH 7.0  0.1  
 EROD  Pohl and Fouts (1980) 

-  centrifuge  10,000 g  4  
 10    AChE  Ellman et al. (1961)   

4.2  chlorpyrifos   FEEI SUN (2000) 
 10   125   acetonitrile 50   

 homogenizer 1   (vacuum pump)  Erlenmeyer 
flask  acetonitrile 100   50   round bottom flask 

  acetonitrile 15   (clean up)  Solid Phase 
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Extraction; SPE  C18  SPE  florisil  anh. sodium sulfate 2  
  acetonitrile 6   3 

  graduated tube  nitrogen evaporator   ethyl acetate 
(PR)  1    GC  FPD  

4.3   
4.3.1     5  
4.3.2  neutral buffer formalin  
4.3.3  Bouin’s fluid 48  
4.3.4  ethanol (50, 70, 95,  100%)  xylene 
4.3.5  lithium carbonate solution 
4.3.6  paraplast 
4.3.7  5   microtome   
4.3.8    Harris’ Haematoxylin  Eosin  
4.3.9  

    2554   2555 
    

                                   
 

 
 

1.  chlorpyrifos  Acetylcholinesterase (AChE), Ethoxyresorufin 
 – O – Deethylase(EROD)  Glutathione – S – transferase(GST)  

  chlorpyrifos  3    (0.05 )  
(0.5 )  (5 )  3   

   (  1)  chlopyrifos  
 chlorpyrifos  EROD  GST   AChE 

  EROD  
  

  (specific)   
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 1.   chlorpyrifos   chlorpyrifos  3  
 (  10 ) 

 0 ./  
( ) 

0.05 ./   
( ) 

0.5 ./
( )  

5 ./
( )  

chlorpyrifos  ( ./ .) * 0.377 ± 0.03 0.939 ± 0.044 1.398 ± 0.097 
AChE** 

( / / . ) 
0.29 ± 0.01 0.27 ± 0.02 0.25 ± 0.02 0.13 ± 0.01 

GST*** 
( / / . ) 

1.66 ± 0.20 2.18 ± 0.14 2.91 ± 0.33 4.36 ± 0.45 

EROD**** 
( / / . ) 

0.81 ± 0.011 4.399 ± 0.086 8.585 ± 0.072 14.101 ± 0.12 

*  0.01 ./  
**  AChE ; Acetylcholinesterase enzyme actvity 
*** GST ; Glutathione-S-Transferase enzyme activity 
****  EROD ; Ethoxyresorufin-O-Deethylase enzyme activity   
 
 
 
 
 
 
 
 
 
 
 
 
 

 1.   (1 - 1  1 - 2)  chlorpyrifos 0.05, 0.5,  
 5  (1 - 3, 1 - 4,  1 - 5)( PL : Primary lamellae ; SL : Secondary lamellae ; Ep : 

epithelial cell)  
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 2.  (2 – 1  2 – 2)  chlorpyrifos 0.05, 0.5, 
 5  (2 – 3  2 – 4) Hepatocyte ( ) ; HPP : Hepatopancrease ; LD : vacuolation ; 

Py : Pyknotic nucleus) 
 
 
 
 
 
 
 
 
 
 
 
 

 3.   (3 – 1)  chlorpyrifos 0.05, 0.5,  
5  (3 – 2  3 – 3)(D : distal tubule ; G : glomerulus ; P: proximal tubule ; Nd : tubule)   
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2.  chlorpyrifos  (histopathological change)  
P. gonionotus   

 P. gonionotus 
 (  1 – 1  1 – 2)  chlorpyrifos 0.05, 0.5 

 5   epithelial  (secondary lamellae; SL)  (  1 – 3) 
 (secondary lamellae; SL) (  1 – 4)  

epithelial (necrotic epithelial cell) (  1 – 5)  chlorpyrifos 0.5  
5  

 P. gonionotus  
 (  2 – 1  1 – 2)  chlorpyrifos 0.05, 0.5  

5   (hepatocyte)  (  2 – 3)  
 chlorpyrifos 0.5  5   (pyknotic nucleus) 

(  2 – 4)  (necrotic hepatocytes)   
 P. gonionotus  

 (  3 – 1)  chlorpyrifos 0.05, 0.5  5 
  proximal  distal  (dilation)  (hydropic swelling) 

 (  3 – 2)  (Glomerulus shrinkage)  
hemopoitic cell (  3 – 3) 
 

 
 

1.  chlorpyrifos  3   
Ethoxyresorufin – O – Deethylase  Acetylcholinesterse 

 chlorpyrifos  (0.05 )  Glutathione – S – transferase 
 Chlorpyrifos   

2.  chlorpyrifos     
 chlorpyrifos  0.05   

( )  0.5  
3.  chlorpyrifos  (Ethoxyresorufin 

– O – Deethylase, Acetylcholinesterase, Glutathione – S – transferase) 
 (0.05 ) 

    (0.05 ) 
 P450 ; EROD    
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  (Biomarker) 
 

 

 
 

ASTM Standard on Biological Effects and Environmental Fate, 2008. (reapproved edition)  
Back C.A. 1965. “Method of soil analysis: part I physical and mineralogical properties”. American Society 

of Agronomy, Madison, Wisconsin, USA. 
Deniele Werck - Reichhart, Alain Hehn and Luc Didierjean. 2000. Cytochromes P450 for engineering 

herbicide tolerance; a review.Trend in plant science.5(3) ;116 - 123 
Ellman, G.L., Courtney,K.D., Andres, V., and Featherstone, R.M. 1961. A new rapid colorimetric determination 

of acetylcholinesterase activity. J. Biochemistry and Pharmacology. 7 :88 - 95 
Feel Sun, Feng - Yi Lin, Sue-Sun Wong and Gwo - Chen Li. 2000. Determination of Organochlorine and 

Nitrogen-Containing Pesticide Residues in Fish with Different Fat Content. food and drug analysis.8(2) 
:103-111 

Holfman D.J. and the others. 1995. Handbook of Ecotoxicology. CRC Press Inc. 
Milan Jokanovic. 2001. Biotransformation of Organophosphorus compounds. Toxicology. 166 :139 - 160 
Muhammad Zafar, Yasmin Mussaddeq, Shamin Akhter and Aneesa Sutan. 2003. Weight - length and 

Condition Factor Relationship of thaila, Catla catla from Rawal Dam Islamabad, Pakistan. Pakistan 
Biological Sciences. 6(17) :1532-1534 

Ron Van Der Oost, Jonny Beyer and Nico P.E. Vermeulen. 2003. Fish bioaccumulation  and  Biomarkers in 
environmental risk assessment: a review. Envi. Toxico.&Pharmaco. 13 :57 - 149 

Takashima F. and Hibiya T. 1995. An atlas of fish histology: Normal and pathological Features. 195 pp. 
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1.    
     

     
 

  
1.1   . .2518 

 (  2) . .2550  
  ISO/IEC 

17025     
      

  . . 2555  6    7  
 

1)    
  

  
2)  
3)   
 

 1.    . . 2555 
 

 
   

     

 8,689 64,100 9,317 68,843 5,280,600 
 

1.2   
 

 . .2518  (  2) . . 2550 
  

   
1)  
2)   
  36(11)  36/2(10)  . . 2518  

 (  2) . . 2550 
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3)  
 

4)  
 

1.3  
  1 – 8 ( .  1 - 8) 

   . 1 – 8 
 ISO/IEC 17025 

   
  ( .)  

     
  .  1 – 8 

  . 
 . . 2555 .  1, 3  4   .  7, 8  

 ISO/IEC 17025  2555   
  

   (Blind sample) 
   .  1 – 8  2 

   9 
 

 
 
 
 
 
 
 
 
 
 
 

 

 2.   1, 3, 4  
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1.4  (Internal Reference Material, IRM) 
  

   
  ISO Guide 34 – 35 

    
8  (1,476 )    3   8 – 24 – 24, 13 – 13 – 21  
15 – 7 – 18   3   16 – 16 – 8, 16 – 8 – 8  18 – 46 – 0   2   

 19 – 19 – 19  10 – 52 – 17  5,000  
 

 20,000 /100    8  
 . . 2555 

  .  1 – 8  120   4,800  
 960,000  

 52   2,080   416,000   
 
 
 
 
 
 
 
 

 

 3.  
 

1.5   
   

     
 

 . . 2550  ISO/IEC 17043 
   

 ISO/IEC 17025 
 5  
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 . . 2555 
  46   16   30  

 
 
 
 
 
 
 
 
 
 
 

 4.  Z – score 
 

2.    
      

      
 

 
2.1    

  
  

2.2    
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 2.    . . 2555 

 

 
    

      

 1,144 3,485 1,241 4,481 37 110,875 

 410 6,353 438 6,937 50 

 1,554 9,838 1,679 11,418 87 
 
2.3   80 – 100  

    
    (Assign value) 

  
    2    

   
  1 – 4 

   
  5,000  

  175,000   
 
 
 
 
 
 

 
 

 
 
 

 5.  
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2.4    
   504  

   
 
 
 
 
 
 
 

 
 
 
 
 
 

 6.  
 

3.      
      

   
     

 
 

3.1    
   

 . .2535  
3.2   
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 3.    
 . . 2555 

 
   

     
 1,623 6,936 1,623 6,936 63,000 

 265 364 196 289 268,000 
 1,888 7,300 1,819 7,225 331,000 

 
3.3   . . 2553  

 “ ”    
 100,000    10,000     

   2   
     

   
 2553-2555   

   
 

  
     

  2555  2   10  
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 7.  
 
 
 
 
 
 
 
 
 
 
 

 8.   
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 NIRS 
 

The Study of Organic Matter analysis method in Organic 
Fertilizer by Near Infrared Spectroscopy 

 

        
                                                                                    

.................................................................... 
 

 
 

  
    Near Infrared 

Spectroscopy (NIRS)  
   199  

   
4,000 – 12,500 cm-1  Partial Least Square (PLS) regression 

 (Calibration) 
  

 Walkley and Black  (Range, R)  1.15 – 48.37   
26.96   (Standard deviation, SD)  11.35  

  NIRS  
  (Correlation coefficient, R)  0.87 

 calibration set (Standard error of calibration, 
SEC)  5.57   validation set 
(Standard error of prediction, SEP)  6.13   (R)   

 SEC  SEP   SD (11.35)  
   

Regression coefficient  (Wavenumber) 7,020  5,785 cm-1 
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 NIR Spectroscopy  NIRS 
   5,000 – 

10,000 cm-1  
 

 

    
 (  2) . .2550 

 
    

 20    
    (

, 2551)  Walkley and Black (1934)   
 16   

  
   

 Near Infrared Spectroscopy 
    

  
 NIR Spectroscopy 

  (J.B. Reeves et al., 2000; J.S.Van Kessel et al., 1999) soluble solids  
(Dull et al., 1989)  (Boever et al., 1994)   

   NIRS  
  

  NIRS  (Calibrate)  
   C:N    pH (Malley et al., 2005)  

 NIRS   Near Infrared  (Wavelength) 
  800 – 2,500 nm   (Wave number region)   4,000 – 12,500 cm-1 

  
  NIR 

   
 ( , 2555)  
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  NIR 
    

  
   

    
  

   
  

   
  NIR 

   
  

 

 
 

 
  1.  
  1.1  
                       1.2  (Riffle) 
   1.3  4  

1.4 Burette, Erlenmeyer flask, Cylinder, Pipette, Beaker 
1.5   

 2.  
2.1 Ammonium ferrous sulfate (Fe(NH4)2(SO4)2.6H2O), AR grade 

   2.2 O- phenanthroline indicator (C18H8N2.H2O), AR grade 
2.3 Potassium dichromate (K2Cr2O7), AR grade 
2.4 Sodium bicarbonate (NaHCO3) 
2.5 Sulfuric acid 98% (H2SO4), AR grade 

3.  
4.  NIR spectrophotometer  
5.   
 



116

[116] 
 

  7    
1.  
     ( , 2551)   1 – 50   

      199  
    

 (Riffle)  4     1   
 20     

    Sample error  
 (NIRs 

spectroscopy)  
2.  (  Walkley and 

Black, 1934)  
2.1  Reagent 

2.1.1  Potassium dichromate (Oxidizing agent)  1.0 N 
 Potassium dichromate  105   2   

49.0247   Beaker  600   500    Volumetric 
flask  1,000    

2.1.2  Ammonium ferrous sulfate (Reducing agent)  0.5 N  
 Ammonium ferrous sulfate  196.07   Beaker  1,000  

 600    Volumetric flask  1,000   98  H2SO4 
20   1,000   

2.1.3  O-phenanthroline ammonium ferrous sulfate indicator 
 O – phenanthroline  0.74   Ammonium ferrous sulfate  0.35   

Beaker  100   50   
2. 2  

2.2.1  0.1xxx   Erlenmeyer flask  250  
2.2.2  Potassium dichromate  10   
2.2.3  96   10    

 16  ( ) 
2.2.4  100   O – phenanthroline ammonium ferrous 

sulfate 0.5  
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2.3  
  Ammonium ferrous sulfate  

   
-   Blank   

2.4   
 
                 % (OC) =  0.3896 x N x B (C-D) 
                                                                     ( ) x C 
                   B   =     K2Cr2O7   Blank ( ) 

 C   =     Fe(NH4)2(SO4)2  Titrate  K2Cr2O7  Blank ( ) 
 D   =     Fe(NH4)2(SO4)2  Titrate  K2Cr2O7  ( ) 
 N   =    Normal   K2Cr2O7 

                           %  (OM) =   %OC x 1.7241 (Equivalent to soil) 
3.   NIR Spectrometer  Vector 33   Brucker Optics 

  Fiber Optic Probes  NIR  
 (Reflectance)  The Unscrambler (Camo, Oslo Norway) 

  4,000 – 12,500 cm-1  scan  2  
 

   
   
  Operation error    
4.  (Calibration)  Calibration 
 Calibration  Absorbance  

   
(Validation)  Validate   Calibration 

5.  
 Partial Least Square (PLS) regression  Slope/Bias 

 
6.  Calibration   Error  

 
7.  
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     2553 –  2555   
    

 
 

 
 

 
   199     

      1 – 50  
           

     

 Calibration  Validation  (Range) 
   (Average)  (Standard Deviation : SD) 

 1   Calibration  Validation 
 1.15 – 48.37  1.13 – 48.25   26.96  26.86   11.35 
 11.19   

 
  Near Infrared Spectroscopy  

 
   NIR  

  4,000 – 12,500 cm-1  (log1/R)  
 (  1)  Second 

derivative pre-treatment  Second derivative spectra  2 
   7,020 cm-1  

5,785 cm-1 
 Osborne et al., (1993)  Williams (2007)  

 (Calibration equation) 
 calibration set 

 validation set  2 
  original spectra   5,000 – 10,000 cm-1 

 (R)  0.87,  calibration set 
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(SEC)  5.57   (F)  8  
 validation set (SEP)  6.13   (F)  10    

 8,800 - 5,299 cm-1   SEC  
SEP  SD (11.35)   

  
  Second derivative spectra  2 

   7,020 cm-1  
5,785 cm-1  

  calibration set  
validation set  3  4  

          
 

 

 NIR  
   5,000 – 10,000 cm-1 

  Second derivative  
   

   NIR 
   

   
 

 
 

 NIR Spectroscopy 
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 1. 
 Calibration  Validation 

 
 2.   Calibration  

 
 (cm-1) 

 

 
R SEC SEP Bias F 

8,800-5,299  (Original) 0.87 5.57 5.74 0.40 8 

8,997-5,299  
(Second derivative) 

0.87 5.57 6.13 0.37 10 

 
 
 
 
 
 
 
 
 
 
 

 1.    
 10,000 – 5,000 cm-1 

 
 
 
 
 

    SD  
Calibration 100 1.15-48.37 26.96 11.35 % 
Validation 99 1.13-48.25 26.86 11.19 % 
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 2.   (Second derivative spectra) 
   (7,020 cm-1  5,785 cm-1) 

 
 
 
 
 
 
 
 
 
 
 

 3.  (Calibration) 
 NIRS  
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 4.   (Validation) 
 NIRS 
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 NIRS 
 

The Study of Protein Analysis method in 
Grain Crop by Near Infrared Spectroscopy 

 

             
 

                 
.................................................................... 

 

 
 

 
    

 Near Infrared Spectroscopy (NIRS)  

   156   
  4,000 – 12,500 cm-1  

 (PLS regression)  
  Kjeldahl method  

 Calibration  Validation  (Range, R)  33.86 – 47.19 
 35.70 – 45.69   40.61   (Standard deviation, SD)  

2.82  2.59   
  NIRS  

  (Coefficient of Determination, R2) 
 0.89  calibration set (SEC)  

0.7439   validation set (SEP)  
1.0851   (R)   SEC  SEP  

 SD (2.82)  
   Regression coefficient 

 (Wavenumber) 5988  515 cm-1   
 NIR Spectroscopy  

    9091-4003 cm-1 
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   60  

 38 – 40  ( , 2543) 
  

40    
   

  
  

 Near Infrared Spectroscopy (NIRS)  
     
      

 Near Infrared  800 – 2,500 nm  4,000 – 12,500 cm-1  
  

 NIR  
  (

, 2555)   
  2 – 3       
     

 
  Kjeldahl (AOAC, 

1970)       
 24   

  
   Near  

Infrared Spectroscopy  
  2 – 3    
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1.  

- Volumetric flask    250  2,000  
- Erlenmeyer flask   125  250  
- Volume pipette  10  
-   50  250  

2.  
- H2SO4 (96 % AR grade) K2SO4   CuSO4 
-  40% NaOH (w/v) AR grade 
- Mixed indicator (methyl red  bromcresol green) 
-  0.4% H3BO3 (w/v) 
- Na2CO3 (AR grade) 
-  0.01 N HCl  

3.  
-  NIR spectrometer 
-  3  
-  semi-micro distillation 

 
 7   

1.       
33.86 – 47.19      

 156   2   Kjeldahl  NIR 
  4   2 

 2   
 60 – 65 0C 48   (stainless) 

 40 mesh  
  Sample error  NIR 

 
2.  Kjeldahl (AOAC, 1970)   

-   1.000   B2   
-   catalyst K2SO4  CuSO4  3   H2SO4  30  

 Vortex mixer  600   
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-    
-   10   semi – micro distillation  

40  NaOH 5   Erlenmeyer flask  125   0.3  
H3BO3  20   2-3   condenser  condenser 

   10  
-   0.01 N HCl 

  
-   blank  B2  
-   

 (%) = N x (a-b) x 250 x 100 x 14 
     1000 x 10 x wt 
  N =  HCl 
  a =   HCl   
  b =  HCl  blank 
  wt =  (g) 
  (%) =        %N x 6.25  

3.  NIR Spectrometer  NIR 
Spectroscopy  (Reflectance)  NIRCal  
NIR (Buchi NIRFlex N-500, Switzerland)  NIR  

 Petridis  1    4000 – 
12500 cm-1  scan  3   

  
 

4.  (Calibration)  Calibration 
 Calibration  Absorbance  

  
 (Validation)  Validate   Calibration 
5.  

 Partial Least Square (PLS) regression  Slope/Bias 
 

6.  Calibration   Error  
 

7.  
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        2553 -  2555   
     

                                          
 

 
 

 
  156    33.86 – 47.19   

  
   

   
    

   
 Kjeldahl (AOAC, 1970).  Calibration  

Validation  (Range)   
 (Average)  (Standard Deviation : SD)  

 1   Calibration  Validation  33.86 – 47.19 
 35.70 – 45.69   40.61   2.82  2.59  

 
  Near Infrared Spectroscopy 

 
   NIR  

  4000 – 12500 cm-1  (log1/R)  
  (  1)  

Second derivative pre-treatment  Second derivative spectra   2 
   5988  

5155 cm-1 
 Osborne et al. (1993)  Jilie et al., (2007)  

 (Calibration equation) 
  calibration set 

 validation set  2 
  original spectra   9,091 – 4,003 cm-1 
 (Coefficient of Determination, R2)  0.89,  
 calibration set (SEC)  0.7439   (F)  8  
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 validation set (SEP)  1.0851   (F) 
 8     10000 – 5000 cm1 

  SEC  SEP  SD (2.82)   
  

  Second derivative spectra  2 
   5988  5155 cm-1 

 
 

  calibration set  validation set 
 3 

 

 
 

 NIR  
  9091 – 4003 cm-1 

 Second derivative 
    

  NIR  
   

    
 

 
 

 NIR Spectroscopy 
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. 2555. 
 . ISBN 978-616-278-009-7 

.  
  . 2543. .  . 
77  . 

ASSOCIATION OF OFFICIAL ANALYTICAL CHEMISTS (A.O.A.C.), Official Methods of Analysis, Eleventh 
Edition, Benjamin Franklin Station Washington, D.C. (1970). pp. 1015. 

Osborne, B.G. T. Fearn and P.H. Hindle. 1993. Practical NIR Spectroscopy with Applications in Food and 
Beverage Analysis. Longman Scientific and Technical, Harlow, UK  

Jilie  K. and Shaoning Y.U., Fourier Transform Infrared Spectroscopic of Protein Secondary StructuresActa 
Biochimica et Biophysica Sinica 2007, 39(8): 549 – 559 

 
 

 1.  
  Calibration  Validation  

    SD  
Calibration 104 33.86 – 47.19 40.61 2.82 % 
Validation 52 35.70 – 45.69 40.61 2.59 % 

 

 
 2.  Calibration  

(cm-1)  
 

R2 SEC SEP Bias F 

9091-4003  (Original) 0.8967 0.7439 1.0851 0.0421 8 

9091-4003 
 

(Second derivative) 
0.8944 0.8857 0.8831 0.0321 8 
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 1.     
4,000 – 10,000 cm- 

 
 
 
 
 
 
 
 
 
 
 
 
 

 2.   (Second derivative spectra)  
  (b)  (5988  5155  cm-1)   

 
 

Original Spectra
All Spectra

Wavelengths

R
ef

le
ct

an
ce

40005000600070008000900010000

0.1

0.2

0.3

0.4
Calibration Spectra
Validation Spectra

Pretreated Spectra
All Spectra

Wavelengths

R
ef

le
ct

an
ce

 (d
s2

)

40005000600070008000900010000
-0.02

-0.01

0

0.01

0.02 Calibration Spectra
Validation Spectra
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 3.  (Calibration)  (Validation) 
  NIRS 

  

Predicted Property vs. Original Property
All Spectra

Original Property Protein

Pr
ed

ic
te

d 
Pr

op
er

ty
 P

ro
te

in

34 36 38 40 42 44 46

36

38

40

42

44

46
Calibration Spectra f(x)=0.8967x+4.1957  r=0.9470  r2=0.8967  Sdev(x-y)=0.8857  BIAS(x-y)=  0  range(x)=34.74 .. 47.19  n=312
Validation Spectra f(x)=0.8931x+4.3691  r=0.9457  r2=0.8944  Sdev(x-y)=0.8831  BIAS(x-y)=-0.03213  range(x)=33.86 .. 46.18  n=156
Calibration Spectra
Validation Spectra
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 IAA  
 

Method Validation of IAA in Plant 
 

              
                

.................................................................... 
 

 
 

 IAA  
   2555  IAA

  HPLC   LOD  LOQ  0.017  0.029    Range 
  0.05 – 0.9   Linearity  Correlation coefficient (r) 

 0.9998 Accuracy  80 – 110 Precision  HORRAT 1.89 < 2  
 IAA  
 

 
 

    
    

  (Plant Hormone) 
   

 
   

    
 

 
 

 
1.  

- Volumetric flask   10, 50  100  
- Volumetric pipette  1, 2, 3, 4  5  
-   10, 250  1,000  
- Nylon membrane 0.45  
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- Syringe filter 
- Syringe 
- Vial  4  
-  20  
-  

2.  
- Methanol HPLC grade 
- Methanol AR grade 
- Diethyl ether 
- Acetic acid 
- Ammonium acetate 
- Potassium dihydrogenphosphate 
- Di-potassium hydrogenphosphate 
- Polyvinylpolypyrolidon 
- Indole acetic acid 
- Nitrogen gas 
- Indole acetic acid 99.0% 

3.  
-  5  
- High Performance Liquid Chromatograph (HPLC) – Intelligent Fluorescence Detector 
- Ultrasonic bath 
- Filtration apparatus 
- Oven 
-  

 
 HPLC  

- Column Bondapak 10 m, C 18, 3.9 x 300 mm. 
- Guard column Bondapak 5 m C 18 
- Temperature 35°C 
- Fluorescence Detector ex 280 nm em 350 nm 
- Mobile phase 45% MeOH/0.02 Ammonium acetate in acetic acid 
- Flow rate 1.0 ml/min. 
- Injection Volume 10 l 
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 Mobile phase (45% MeOH/0.02 M ammonium acetate in acetic acid) 
-  Ammonium acetate 1.5416    HPLC 900   

Volumetric flask  1,000   Acetic acid 16.75   
 HPLC 

-  Methanol HPLC grade 450   Volumetric flask  1,000  
 

 Phosphase buffer 
-  Potassium dihydrogenphosphate 13.6     

Volumetric flask  1,000   
-  di-Potassium hydrogenphosphate 17.41    

Volumetric flask  1,000   
-  Potassium dihydrogenphosphate  2,000   

di – Potassium hydrogenphosphate  Potassium dihydrogenphosphate  
pH  6.2  

-  4°C 
 IAA 

-  Technical grade   Phosphate buffer 15  
  25 °C  20  

-   Polyvinylpolypyrolidon  10   
 3,000   10  

-  pH  2.5 – 3.0  4 M acetic acid  diethyl 
ether ½   2   5   

-   diethyl ether  
  Mobile phase  10   

-  Syringe filter 0.45 m  HPLC 
 IAA  

1.   Technical grade  IAA 
1.1  IAA 99.0   20.20  2  (S1,S2)  Volumetric 

flask  100   Methanol 
1.2  5   Volumetric flask  50   Methanol 
1.3  1   Volumetric flask  10   Mobile 

phase 
1.4  Syringe filter 0.45 m  HPLC 
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1.5  Technical grade 98  20.xx  (20  TC1 – TC20) 
 

1.6  HPLC  S1,TC1,TC1,S2,TC2,TC2,S1,TC3,TC3,S2……TC20 
1.7  Response factor (fi)  
 fi  =    Hs 
      S x P 
 fi    =   response factor  
 Hs =   peak  IAA      
 S    =   IAA  
 P    =   IAA 99.0  w/w 
1.8   Technical grade  
  % Technical grade  =  Hw 
        f x w 
  Hw  =   peak  IAA  Technical grade 
  F     =   response factor 
  W    =   IAA  Technical grade 
1.9  Technical grade  20    

Technical gradeIAA 
2.  (Limit of Detection : LOD)  

 (Limit of Quantitation : LOQ) 
2.1  Technical grade  0.01  

  signal/noise  3  Phosphate buffer  IAA  10  
2.2   LOD  LOQ  

LOD = X  + 3SD  
 LOQ = X  + 10SD 
 X   =  IAA  

3.  (Range) 
3.1  Technical grade  0.05, 0.1, 0.2,  0.3,  0.4,  0.5 , 0.6,  0.7,  0.8 

 0.9   IAA  
3.2 Plot graph  (x)  response (y)(  peak) 
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4.  (linearity) 
4.1  Range  6  Plot graph 

 (x)  response (y)(  peak)  Correlation Coefficient (r)  0.995 
5.  (Accuracy) 

5.1  Technical grade  0.1   
IAA 10   sample blank  

5.2  Technical grade  0.1  
 0.1  IAA  (spike sample) 

5.3  HPLC-Fluorescence  Accuracy  %recovery 
  % recovery =  (X2 – X1)/C x 100 

         X1  =  spike sample 
     X2  =  sample blank 
      C   =  Conc. Standard 

6.  (Precision) 
  SD  %RSD 

 (precision)  
 

  
%RSD  =  SD x 100 

       Mean 
 

 precision   HORRAT (Horwitz’s Ratio)   
 

HORRAT (Horwitz’s Ratio) = % RSD Experiment 2 (Horwitz et al., 1980) 
             Predicted Horwitz RSD 

Predicted Horwitz RSD  =  0.66 x 2 (1-0.5 log c) 
  C  =  Concentration ratio 

 

     2553 –  2555 
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  IAA  HPLC   IAA
 Technical grad  99.0  

 (Limit of Detection : LOD)  
 (Limit of Quantitation : LOQ)  0.017  0.029   Range 
  0.05 – 0.9   Linearity  Correlation coefficient (r)  

0.9998  recovery  spike  83.42  80 - 110 
 (Precision)  HORRAT  1.89 ( 1) 

 

 
 

 IAA  HPLC  Accuracy  80 – 110 
 Precision  HORRAT  2  Accuracy   Precision  

 IAA HPLC  
  IAA   

  15 
 1  

 
 

 
   

 

 
 

 . 2545. .  
“ ”  .  

 . 2551.  Indole acetic acid  Indole butyric acid 
  HPLC.  2551 

 ½   .  
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 1.  
    

LOD 0.017 g.ml
-1
 

LOQ 0.029 g.ml
-1
 

Range 0.05-0.9 g.ml
-1
 

Correlation coefficient  
(Linearity) 

0.9998 
( 0.995) 

% Recovery 
(Accuracy) 

83.42 % 
( 80-110 ) 

HORRAT 
(Precission) 

1.89 
(  2) ( ) 
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Method Validation of Nitrogen in Plant 

 

              
                

.................................................................... 
 

 
 

  
  

 AOAC, 1970   Gerhardt  Vapodest 33 
 (Accuracy/Trueness)  (Precision) 

 (Limit of Detection : LOD)  
 (Limit of Quantitation : LOQ)  Standard Reference Material (SRM) 1573a 

Tomato leaves   Gerhardt  
(Accuracy/Trueness)    
(Precision)  HORRAT (Horwitz’s ratio)  HORRAT 0.24  (Horwitz’s 
ratio<2)  (LOD) 

 (LOQ) 0.176  0.261   
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1.  

- Volumetric flask  250  2,000  
- Erlenmeyer flask  125  250  
- Volume pipette  10  
-   50  250  
-  B2 

2.  
- H2SO4 (96% AR grade) 
- K2SO4  CuSO4 
-  40% NaOH (w/v) AR grade 
- Mixed indicator (methyl red  bromcresol green) 
-  0.4% H3BO3 (w/v) 
- Na2CO3 (AR grade) 
-  0.01 N HCl 

3.  
- Standard Reference Material (SRM) 1573a Tomato leaves  
- Glycine 

4.  
-  3  
-  semi-micro distillation 
-   Gerhardt  

Vapodest 33 
Kjeltherm 
Serubber Unit turbosog 
Vortex cyclone mixer 

 
1.  (Accuracy) 

1.1  (SRM) reagent blank  Gerhardt
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1.2  reagent blank  Gerhardt ( 1)
 ( 2)  

1.3   (Accuracy)  ( 1)  ( 2) 
2.  (Precision) 

2.1   ( )  
SD  %RSD  (precision)  

 
  

  precision  HORRAT (Horwitz’s Ratio)   
 

HORRAT (Horwitz’s Ratio)    = % RSD Experiment  2 ( Horwitz et al, 1980) 
              Predicted Horwitz RSD 

Predicted Horwitz RSD     =  0.66 x 2 (1-0.5 log c) 
    C     =  Concentration 

3.  (Limited of detection, LOD) 
 (Limited of quantitative, LOQ) 

2.1   sample blank  B2 10  
2.2   ( )  SD  
2.3   LOD  LOQ   

 

LOD =  +3SD 
LOQ =  + 10SD 

      =  B2 
 

    2553 -  2555 
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   Gerhardt  
 (Accuracy)  (Precision)  (Limited of 

detection, LOD)  (Limited of quantitative, LOQ) 
    

 Standard Reference Material (SRM) 1573a Tomato leaves  
1.  (Accuracy)   

10  2.88 - 2.93    2.85 - 2.96 
 (  1)  Accuracy  t - test  

 

t   =    
-

SD1
2

n1
+

SD2
2

n2

 

 

t = 
2.90-2.87

0.01582

10
+

0.03262

10

 

 

              =  0.011 
    t <tc 
   df  = n1+n2 -2 =18 
 tc  df =18  95   2.10  

2.  (precision)  %RSD  Horwitz’s Ratio 
( , 2548) 

   % RSD  =  (SD/ ) x 100 
     = (0.0158/2.90) x 100 
     = 0.54 
 Predicted Horwitz RSD   = 0.66 x 2 (1-0.5 log C) 
     = 0.66 x 2 (1-log 0.029) 
     = 2.24 
 C = concentration ratio  =  2.90/100  = 0.029 
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HORRAT (Horwitz’s Ratio) = 
%RSD

Predicted Horwitz RSD
 

     = 0.54/2.24 = 0.24 
  Horrat  2  
 

3.  (Limited of detection, LOD) 
 (Limited of quantitative, LOQ) 

 Sample blank (  B2) 10   ( ) 0.14  
 (SD) 0.012 (  2) 

   LOD  =  + 3 SD 
     = 0.14 + 0.036 
     = 0.176 % 
   LOQ  =  + 10 SD 
     = 0.14 + 0.121 
     = 0.261 % 

 

 
 

 Gerhardt 
 Accuracy   Precision  HORRAT  2  LOD  LOQ  

0.176  0.261    Gerhardt 
 

 

 
 

  

 

 
 

 . 2545. .  
“ ”  .  

 . 2546. . . 
. . . 

Jan-Åke Persson. 2008. Handbook for Kjeldahl digestion. 4th ed. CA Andersson, Malmoe, Sweden.  
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   1.   (Accuracy)  (Precision) 
  Kjedahl  Gerhardt 

1 2.86 2.89 
2 2.96 2.89 
3 2.85 2.91 
4 2.86 2.89 
5 2.88 2.88 
6 2.87 2.91 
7 2.87 2.93 
8 2.86 2.88 
9 2.86 2.90 
10 2.85 2.88 

 2.87 2.90 
 0.0326 0.0158 

 
 2.   sample blank 

  % N  Gerhardt 
1 1.5 
2 1.3 
3 1.3 
4 1.2 
5 1.3 
6 1.5 
7 1.5 
8 1.3 
9 1.5 
10 1.5 

 0.139 
 0.0121 
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Method Validation on Analysis of sugar in plant 

 

        
 

                
.................................................................... 

 

 
 

  
 ( )  Somogyi – Nelson  

UV/spectrophotometer  500   aldital acetate  gas chromatograph  
 ( )  Somogyi – Nelson  

UV/spectrophotometer  500   LOD  1.26, LOQ  4.21  
 15 – 150   (linearity)  0.99867  

(Accuracy)  %recovery  30, 60  150   
100.30, 99.69  100.49   (precision)  %RSD 

  1.61, 1.49  1.44   Horwitz's Ratio 
   HORRAT  2.0, 1.88  1.82  

  aldital acetate  
gas chromatograph  

  
 

 
 

 (reducting sugar)   (aldehyde)  (ketone)  
  (oxidizing agent)     

(monosaccharide)    (glucose)  (galactose)  
(fructose) ( , 2554)  1 
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 1.   
 

 (Benedict, s reagent)  (Fehling, s reagent)  
 Cu2+ 

 Cu+    
 ( , 2554) 

 ( )   
    

1  3    
   

 (soup)    (catsup)   
(juice)   ( , 2555) 

 2.8   
   

  
 Somogyi – Nelson (Nelson, 1994)  

    
 Somogyi – Nelson (Nelson, 1994) 

 aldital acetate  gas chromatography 
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 UV/Vis spectrophotometer  Cary 3E,  gas chromatography  6890N 

 flam ionization detector (FID),  5   TA 201,  (Vortex 
mixer) ,  2, 5, 10  15 ,   50, 100  1,000 

,   2.5 ,   50  100 ,   1   
 (  Somogyi – Nelson) 

 1.  (Copper reagent) 
  Sodium potassium tartate 12  Na2CO3 anhydrous 24  NaHCO3 16  

 NaSO4 anhydrous 144   800   CuSO4.5H2O 4   Na2CO4 36 
  200   1 – 2   ( )  

 2.  (Nelson reagent)  
  (NH4)MoO4.4H2O 50   900   H2SO4 42  

  Na2HaS2SO4.7H2O 3   100   1 – 2  37 
  ( )  

 3.   
 3.1   0 15 30 60 90  120   

 0.5   0.5  
 10    0.5   15   

5  520  
  

 3.2  0.5   3.1 
 (  aldital acetate) 
Myo – Inositol  Internal standard (20  deionized ), 72% 

(w/w) H2SO4 25% NH4OH, NaBH4(solid), dimethylsulfoxide(DMSO), acetic acid anhydride, 1 – methylimidazole, 
Dichloromethane, anhydro – sodium sulfate (Na2SO4), 18M acetic acid 

 
1.  (  ) 

1.1    60 – 70   
48    

1.2  0.2   Erlenmeyer flask  250   80% 20  
   60   2  
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1.3  100   
   

2.   2    Somogyi – Nelson 
  aldital acetate  98  ( )  

2.1  Somogyi – Nelson  
2.1.1  (range)  

  15 – 150  
 7   Somogyi – Nelson  UV/Vis Spectrophotometer 

 520    
 Correlation coefficient (r) > 0.995 

2.1.2  (linearity)   
 range  6  

 6   3   Somogyi – Nelson 
 UV/Vis Spectrophotometer  520  

  correlation coefficient (r) > 0.995 
2.1.3  LOD  LOQ  

  15   10  
 Somogyi – Nelson  UV/Vis Spectrophotometer 

 520   (SD) LOD  3SD  LOQ  10SD 
2.1.4  (accuracy)   (precision)  

 range  3     
 30 60  150   Somogyi – Nelson 

 UV/Vis Spectrophotometer  520  
 accuracy   

% recovery =  (x2 – x1)/C x 100   
  x2   =   

x1   =   
C   =   
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 precision   mean, SD  %RSD    
   HORRAT (Horwitz’s Ratio) =  %RSD Experimental 
        Predicted Horwitz RSD 
 
    % RSD    = SDx100 
          mean 
 

   Predicted Horwitz RSD  = 0.66 x 2 (1-0.5logc) 
          C  =  

2.2   aldital acetate 
2.2.1  

1)   
  50   myo – inosital  

200   4    
2) Dimethylsulfoxide (DMSO) 

 molecular sieve  250   2 – 3    
dimethylsulfoxise  200   ( ) 

3) 72%  w/w  H2SO4 
 deionized  300   2,000  

 98%  665  ( )   
 300  (  

)  100    specific gravity (
 1.6385  15   1.6338  20   H2SO4  

  specific gravity ) 
4) NaBH4 

 NaBH4  2   Dimethylsulfoxide 100   105 
 10    ( ) 

2.2.2  ( hydrolysis of cell wall) 
1)   monosaccharides  1.0 – 2.0   

 10   3  ( )  
2)   20 – 30  (S1)  10   3   
3)   0.25  72% H2SO4 (  3) 

 vortex mixer  45  
4)   6.93   72% H2SO4  4%  

  121   1  
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5)   myo – inosital 0.05  (  200  
 10  )  pH  

500    4   28 – 30% NH4OH  40  
  pH 4 – 6    NH4OH  (reduction of monosaccharide) 

6)   1  sodiumborohydride (NaBH4) (  4) 1  
 reduce  water bath  40    90  

 ( )  18 M acetic acid 0.1   NaBH4 
7)   1 – methylimidazole 0.2   acetic anhydride 2   vortex 

mixer  10 – 20    5   acetic anhydride 
 10 – 20  

 8)  dichloromethane  (  )  
dichloromethane  2 – 3   4   Na2SO4  
0.3    (  Na2SO4   
Na2SO4   2  

 100  
 9)   5   GC 

2.2.3  
  set condition  GC  

Detector : Flame ionized detector 
Carrier gas :  Helium 
Column  :  TB 17 (Rtx – 17) capillary column (30 m x 0.25 mm (id)) 
Column oven temp  :   150 C -210 C 
Injector temp  :  230 C 
Detector temp  :  230 C 
Injection volume  :  1 L 
Runtime  :  24  

2.2.4  (range)  
    2.2.1  1 

  std curve  0  1.0   1  
 2.2.2  
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2.2.5  (linearity)   
   2.2.1  
1   std curve    0 0.2 0.4 0.6 0.8  1.0  

 3    correlation coefficient (r) > 0.995  
2.2.6  (LOD) 

 (LOQ)   
 

   2553 –  2555 
     

   
 

 
 

   
  ( )  Somogyi – Nelson  

UV/spectrophotometer  520  (  1) 
 (range)   

 15 – 150  (  2)  (linearity) 
 30 – 120   correlation coefficient (r)  0.9987 

 AOAC  r  0.995 
 (LOD) 

 (LOQ)  15   SD 
 LOD  3SD  LOQ  10SD  LOD  LOQ  1.26  4.21 

   
 (accuracy)  %recovery  30 60  

150   10    %recovery  100.30, 99.69  100.49  
 AOAC  98 – 102 % (  1) 

 (precision) 
   %RSD  3   

 (accuracy)  10    %RSD  1.61, 1.49  1.44  
 Horwitz's Ratio    HORRAT  2.00, 

1.88  1.82  (  2)  AOAC  
HORRAT   2  
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  ( )   aldital acetate  GC 

chromatograph  
   

   (  3 )  
  aldital acetate  

 dimethylsulfoxide  
 derivatives (MBTFA) 

 free sugars  aldital acetate  GC  
 

aldital acetate  
 

 

 
 

    Somogyi – Nelson 
 UV/spectrophotometer  520   (range) 

 (linearity)  (precision)  (accuracy) 
    

 aldital acetate  gas chromatograph 
  

 

 
 

    Somogyi – Nelson 
 UV/spectrophotometer  520  
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.  2554.  http://science.srru.ac.th/org/sci – elearning/courseonline/4022503/  chapter 3 – disac.htm. 
21  2554. 
. 2555. . coursewares.mju.ac.th:81/e – learning47/ section2/.../chapter 02.pdf.
21  2554. 

 . 2554. . http://www.foodnetworksolution.com. 21  2554. 
Laurence D. Melton and Bronwen G. Smith. 2001. Determination of Neutral Sugars by Gas Chromatography 

of their Alditol Acetates. Food Analytical chemistry. E3.2.1 – E3.2.13 
 

   
 
 

( )                                                     ( ) 
 1.  Somogyi – Nelson ( )  

   10  ( )   520 nm 
 
 
 
 
 
 
 
 
 
 
 
 

 2.   0 – 150  
 520  

 mg/L

 52
0 m

m
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 1.  (Accuracy)   Somogyi – Nelson  
%recovery  

 
 (mg/L) 

30 60 150 
1 102.9 101.33 102.33 
2 98.67 98.71 100.67 
3 100.67 98.09 101.00 
4 100.19 101.9 99.40 
5 99.33 99.52 102.00 
6 101.76 100 99.67 
7 98.57 98.29 98.33 

mean 100.3 99.69 100.49 
sd 1.82 1.48 1.44 

%rsd 1.61 1.49 1.43 
 
 
 

 2.   (precision)  Somogyi – Nelson 
 %Rsd  Horrate  

Conc. 
(mg/l) 

%RSD 
Experimental 

Predicted Horwitz RSD 
 

HORRAT* 

30 1.61 0.79 2.00 
60 1.49 0.79 1.88 
150 1.44 0.79 1.82 

 

HORRAT*< 2 (AOAC) 
 
 
 
 
 

 3.  aldital  acetate 
 gas chromatograph 
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 :  

 

Response of Cassava to Nutrient Management on Clay Soil : Chok Chai Series 
 

  1     2     3 
  1     1     1 

 

              
.................................................................... 

 

 
 

 
 

  Split plot 3  
  2    (  60)   
 11   3   1)  4   0, 8, 16  24  

N  2)  3   0, 8  16  P2O5  3)  4   0, 8, 16  
24  K2O   9   16 – 8 – 16  N – P2O5 – K2O   

  0.7 x 1   7 x 8   5.6 x 6 
     2554 – 2555 

   60  16  N   
 6,274   11  24  

N   6,009   2   
 60  11  16  P2O5  

 6,278  6,389     
 60  16  K2O   

6,274   11  8  K2O  
  6,219   60 

 11   8  24  N  
 16  P2O5   8  K2O   MRR  

       

 01-07-54-02-01-05-01-54 
1    
2    
3    
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 1   . . 2554  
7.4   21.9   3.08   5.87  

 ( , 2554)  
  

  
  

 5   
  

 
 (Ci) 

  
 

 
 

 
1.  2    60   11 
2.    (21  N  24  S), 

 (18  N  46  P2O5)  (60  K2O) 
3.      
4.  Riemann scale 
5.    Spectrophotometer pH meter  Flame Photometer 
6.  

 
 Split plot  3    

Main plot   2   
1)  60   2)  11 

Sub plot   9   
1)   0 - 8 - 16   N - P2O5 - K2O    2)   8 - 8 - 16     N - P2O5 - K2O  
3) 24 - 8 - 16   N - P2O5 - K2O   4) 16 - 0 - 16     N - P2O5 - K2O  
5) 16 - 8 - 16   N - P2O5 - K2O   6) 16 - 16 - 16   N - P2O5 - K2O  
7) 16 - 8 - 0     N - P2O5 - K2O   8) 16 - 8 - 8       N - P2O5 - K2O  
9) 16 - 8 - 24   N - P2O5 - K2O  
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 (Composite Sample)  0 – 20  

 20 – 50    
 2   60 ( )  11  

     7 x 8   
0.7 x 1   5  2554  (Treatment)  

 2    
  

 18 – 20  2555  5.6 x 6   Riemann scale 
       

  irristat 
 Duncan,s Multiple Range Test (DMRT)  

 (marginal rate of return, MRR)  (2534)  
MRR (%) = (  ÷ ) x 100 

   MRR  100  
 

 
1.  0 – 20   20 – 50   

   (pH)   
   

2.   5.6 x 6   
 5    Riemann scale 

  
 ( ./ ) =   x ( ) /100   

 

   2554 –  2555 
      

 

 
 

 0 – 20   20 – 50 
    1.28  1.30 
   pH 4.5  pH 4.4  
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1.60   1.50   10.0  6.7 
  42  33   (  1) 
 

 
 N P K  

 2    60  11  2554  
    

146 – 189   
    

24  N   188   16  N  
 8  N   178   170   

  3   
 178 – 189  

 
 176 – 186  

 159  
  (  2) 

 

 N P K  
 2    60  11   

  60  5,718 
  11  4,965  

    
 24  N   5,980  

 16  N   5,556  
 8  N   5,275   

 4,635   
  16  P2O5  

 6,324   8  P2O5  
 5,556    5,632 

 
  

 16  K2O   5,556   
8  K2O   5,389   
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24  K2O   4,733  
 4,552   

 (  3) 
 

 N P K  
 60  11 

  19.0 – 26.6  
  

  8  N  
 26.6  

  8  P2O5  
 24.2   16  P2O5  

  26.1   26.3   
   8  K2O  

 26.2   16  K2O   
24  K2O    24.2  22.4   
19.0    

 (  4) 
 

 N P K  
 60   11    

  60  1,457  
 11  1,198  
  

 24  N   1,555  
 8  N   1,412   16  

N   1,378  
 1,134  

   16  P2O5  
 1,667   8  P2O5  

 1,378    1,463 
 

  8  K2O  
 1,420   16  K2O   
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 1,378   24  K2O  
 1,070    849   

  (  5) 
 

 
   

   
    

   60  
 6,023   11  4,626  

  8  N   5,588  
 1,203   MRR  332   

 24  N   6,193  
 662   MRR 173   

   16  P2O5   6,748 
  1,217   MRR  211   

  8  K2O   
5,769   2,076   MRR 351   
(  6) 

 

 
 

 60    2554 – 2555  
5,718   11  4,965  

 60   25.5   1,457   
 24  N   5,980   16  

P2O5   16  K2O   6,324  5,556  
   60  

6,023   11  4,626   8  N  
 5,588   1,203   MRR  332  

 16  P2O5   6,748   8 K2O  
 5,769   2,076   
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. 2554.   2553/2554. 
 . 201  www.http://oae.go.th 

    . 2534.  
   . . 

88 . 
Bray, R.H. and L.T. Kurtz. 1945. Determination of total organic and available forms of phosphorus in soils. 

Soil Science 59: 39 – 45. 
Peech, M. 1965. Soil pH by grass electrode pH meter, pp. 914 – 925. In C.A. Black, D. D. Evans, R.L. 

White, L.E.Ensminger,F.E. Clark,and R.C.Dinsuer (eds). Method of soil Analysis Part 2 : Physical 
and menerological Propertics, Inching Statistics of Measurement and Sampling American Society of 
Agronomy Inc., Pubisher Madison,USA. 

Thomas, G.W. 1982. Exchangeable cation. In A.L. Page et al (ed.). Method of soil analysis. Second edition. 
Agronomy 9: 159 – 166. American Society of Agronomy. Inc., Madison, Wisconsin, U.S.A. 

Walkley, A. and I. A. Black. 1934. An examination of the Degtjareff method for determining soil organic 
matter and a proposed modification of the chromic acid titration method. Soil Science 37: 29 – 37. 
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 1.    2554 – 2555 
 

 
( .) 

1/  
( ./ . .) 

pH2/ 
(1:1) 

3/ 
(%) 

 
4/ 

( ./ .) 

5/ 
( ./ .) 

 0–20  1.28 4.5 1.60 10.0 42 
20–50  1.30 4.4 1.50 6.7 33 

1/ Hydrometer method 
2/ Peech (1965)   = 1  1 
3/ Walkley and Black (1934) 
4/ Bray and Kurtz (1945) 
5/ Thomas (1982) 
 

 2.  ( )  2    
  2554 – 2555 

 

 (F) 
N-P2O5-K2O ./  

 (V)   60  11 
 ( ./ )    

0-8-16 171 122  c 146  c 
8-8-16 194 146  abc 170  abc 
16-8-16 204 152  abc 178  ab 
24-8-16 206 170  a 188  a 

 ( ./ )    
16-0-16 204 172  a 189  a 
16-8-16 204 152  abc 178  ab 
16-16-16 211 165  ab 188  a 

 ( ./ )    
16-8-0 192 126  bc 159  bc 
16-8-8  188 183  a 186  ab 
16-8-16 204 152  abc 178  ab 
16-8-24 197 155  abc 176  ab 

 196 155 175 
CV. (a) = 13.3 % CV.(b) = 12.3 %   (V) = *,  (F) = *,  V x F = NS 
NS =   
 *   =   95%  
   95%  DMRT  
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 3.  ( )  2   
  2554 – 2555 

 (F) 
N-P2O5-K2O ./  

 (V)   60  11 
 ( ./ )    

0-8-16 5,426  a 3,844  cd 4,635 
8-8-16 6,065  a 4,486  bcd 5,275 
16-8-16 6,274  a 4,838  a-d 5,556 
24-8-16 5,951  a 6,009  ab 5,980 

 ( ./ )    
16-0-16 5,710  a 5,554  abc 5,632 
16-8-16 6,274  a 4,838  a-d 5,556 
16-16-16 6,278  a 6,369  a 6,324 

 ( ./ )    
16-8-0 5,569  a 3,535  d 4,552 
16-8-8  4,558  a 6,219  a 5,389 
16-8-16 6,274  a 4,838  a-d 5,556 
16-8-24 5,635  a 3,832  cd 4,733 

 5,718 4,965 5,342 
CV. (a) = 28.0 %  CV.(b) = 17.5 %   (V) = NS ,  (F) = *,  V x F = NS 
NS =   
 *   =    95%  

  95%  DMRT 
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 4.  ( )  2   
   2554 – 2555 

 (F) 
N-P2O5-K2O ./  

 (V)   60  11 
 ( ./ )    

0-8-16 25.9  a 22.6  abc 24.2 
8-8-16 26.5  a 26.8  a 26.6 
16-8-16 28.7  a 19.7  bc 24.2 
24-8-16 27.2  a 24.8  a 26.0 

 ( ./ )    
16-0-16 25.9  a 26.4  a 26.1 
16-8-16 28.7  a 19.7  bc 24.2 
16-16-16 25.5  a 27.2  a 26.3 

 ( ./ )    
16-8-0 19.3  a 18.6  c 19.0 
16-8-8  24.8  a 27.5  a 26.2 
16-8-16 28.7  a 19.7  bc 24.2 
16-8-24 25.9  a 18.8  c 22.4 

 25.5 23.6 24.6 
CV. (a) = 23.3 %  CV.(b) = 12.8 %   (V) = NS ,  (F) = **,  V x F = * 
NS =   
 *   =    95% 
**   =    99%  

  95%   DMRT 
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 5.  ( )  2   
   2554 – 2555 

 (F) 
N-P2O5-K2O ./  

 (V)   60  11 
 ( ./ )    

0-8-16 1,396  ab   872  c 1,134 
8-8-16 1,608  ab 1,215  abc 1,412 
16-8-16 1,796  a     959  bc 1,378 
24-8-16 1,623  ab 1,487  ab 1,555 

 ( ./ )    
16-0-16 1,457  ab 1,469  ab 1,463 
16-8-16 1,796  a   959  bc 1,378 
16-16-16 1,605  ab 1,730  a 1,667 

 ( ./ )    
16-8-0 1,049  b   650  c   849 
16-8-8  1,110  b 1,729  a 1,420 
16-8-16 1,796  a   959  bc 1,378 
16-8-24 1,466  ab   674  c 1,070 

 1,457 1,198 1,327 
CV. (a) = 36.9%  CV.(b) = 23.2%   (V) = NS ,  (F) = **,  V x F = ** 
NS =   
**   =    99%  

   95%  DMRT 
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 6.       (MRR)  
 2    

  2554 – 2555 

  
( / ) 

 
( / ) 

 
( / ) 

 
( / ) 

 
( / ) 

MRR 
(%) 

(V)       
 60 5,231 11,254 6,023 - - - 
 11 4,929   9,555 4,626 - - - 

(F) N-P2O5-K2O ./        
 ( ./ )       

0-8-16 4,588   8,973 4,385    
8-8-16 4,950 10,538 5,588 1,203 362 332 
16-8-16 5,263 10,794 5,531 - 313 - 
24-8-16 5,646 11,839 6,193 662 383 173 

 ( ./ )       
16-0-16 4,934 11,169 6,236 - - - 
16-8-16 5,263 10,794 5,531 - 329 - 
16-16-16 5,840 12,587 6,748 1, 217 577 211 

 ( ./ )       
16-8-0 4,368   8,061 3,693 - - - 
16-8-8  4,959 10,728 5,769 2,076 591 351 
16-8-16 5,263 10,794 5,531 - 304 - 
16-8-24 5,172  8,949 3,777 - - - 

 2555  2.10 / . (  30%)  %  0.03 / . 
 0.40 / .   1,720 /   

 46 – 0 – 0  11.80 / .  18 – 46 – 0  20.00 / .   
 0 – 0 – 60  18.30 / . 
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 –  
 

Study the Response of Baby Corn to Fertilizer in Loamy - Sandy Loam Soils 
 

  1/     1/     1/     2/ 

 

              
.................................................................... 

 

 
 

 –    
   2   (Fine – loamy, mixed, semiactive, isohyperthermic 

Typic Haplustalfs)  Randomized Complete Block  10  3    1)  
 0  N – 1  P–1  K  2) 0.5 
 N – 1  P – 1  K  3) 1  N – 1 

 P – 1  K  4) 1.5  N – 1  P – 1 
 K  5) 1  N – 0  P – 1  K 

 6) 1  N – 0.5  P – 1  K  7) 1 
 N – 1.5  P – 1  K  8) 1   

N – 1  P – 0  K  9) 1  N – 1 
 P – 0.5  K  10) 1  N – 1  P – 1.5 

 K   1  2554 
 1.48   58.2   

63.4      
1  20 – 4 – 10 ( .N – P2O5 – K2O )  2  2555 

 2.25   82  
  72   

 1   15 – 4 – 10 ( . N – P2O5 – K2O )  
  

 
 

     
1/    
2/   
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  1  2554  10   
 30   75.4 – 92.7   44   120.8 – 136.6  

 21,121 – 29,016   
1,648.8 – 2,148.5   322.0 – 442.7  

 4,150.2 – 4,495.0  
 2  2555   

  15 – 4 – 10 ( .N – P2O5 – K2O )  29,061   524.9  
  15 – 2 – 10  27,845   487.5  

   1  0 – 4 – 10 ( .N –
P2O5 – K2O )   1,804.6  

  3  15 – 4 – 10 ( .N – P2O5 – K2O ) 
  2,430.4  

 –   
  1  15 – 4 – 10 ( . N – P2O5 – K2O ) 

 

 
 

 
    

    
 1   2548  

 81,693   2,436   2550 – 2553 
 225,483 – 224,804   260,200 – 260,294   1,333 – 1,214 

         
         

  60   
 4 – 5   

  
  1.5   10 

  40   
 25 – 30   5.5 – 6.8 

  
  

   (  , 2544)  
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   (2543)  
   

   
  

 
  

 
    

    
 

 
 

 

 
 

 
    (46 – 0 – 0)  (0 – 46 – 0)  (0 – 0 – 60) 

  . .B.468  50 x 75  
       

 
 

  (Fine – loamy, mixed, 
semiactive, isohyperthermic Typic Haplustalfs)  0 – 20   

   2 
 2   Randomized Complete Block  10  3  

   1)  0  N – 1  P – 1  K 
  2)  0.5  N – 1  P – 1  K 
  3)  1  N – 1  P – 1  K 

 4)  1.5  N – 1  P – 1  K 
  5)  1  N – 0  P – 1  K 
  6)  1  N – 0.5  P – 1  K 
  7)  1  N – 1.5  P – 1  K 
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  8)  1  N – 1  P – 0  K 
  9)  1  N – 1  P – 0.5  K 
  10)  1  N – 1  P – 1.5  K 

 4.5 x 6.0  
 30    3   10 

 2    0.5 x 0.5  (  9   
24 )   

 2   30   
   30 

 44   (detasseling) 
 1 – 2     

  
 

    2553 –  2555  
 1.      47 0582481E, 

    15 44450N 
2.     

 

 
 

1.  
 0 – 20  

    
    49, 26  25   
  1.58   

   
 ( , 2553)  1 

  1  2554  –    
 (pH 7.6)  1.48   58.2  

 63.4   
   20 – 4 – 10 ( . N – P2O5 – K2O )  1  

 N  20 . N  1  P  4 . P2O5   1  K 
 10 . K2O   
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 2  2555  –   
 (pH 7.6)  2.25   82  

 72    
  15 – 4 – 10 ( . N – P2O5 – K2O )  1 

 N  15 . N  1  P  4 . P2O5   1  K  10 .
K2O   
  2  2555  1.48  

 2.25   1  2554    –  
  

 ( , 2543)  1  2554 
 2  4,150 – 4,495  

 1.48   2.25   
( , 2531)  

 (Mengesha, 2004) 
 ( , 2553)  2  1 

 20 . N   15 . N  
 

 1.  1  2 
  1  2554  2  2555 
 1 0-4-10 .N-P2O5-K2O  0-4-10 .N-P2O5-K2O  
 2 10-4-10 .N-P2O5-K2O  7.5-4-10 .N-P2O5-K2O  
 3 20-4-10 .N-P2O5-K2O  15-4-10 .N-P2O5-K2O  
 4 30-4-10 .N-P2O5-K2O  22.5-4-10 .N-P2O5-K2O  
 5 20-0-10 .N-P2O5-K2O  15-0-10 .N-P2O5-K2O  
 6 20-2-10 .N-P2O5-K2O  15-2-10 .N-P2O5-K2O  
 7 20-6-10 .N-P2O5-K2O  15-6-10 .N-P2O5-K2O  
 8 20-4-0 .N-P2O5-K2O  15-4-0 .N-P2O5-K2O  
 9 20-4-5 .N-P2O5-K2O  15-4-5 .N-P2O5-K2O  
 10 20-4-15 .N-P2O5-K2O  15-4-15 .N-P2O5-K2O  

 

2.  
2.1  1  2554 

 2.1.1   30  
  10    
75.4 – 92.7   2 
 2.1.2   44  
   10   

 30   120.8 – 136.6   2  
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 2.1.3  
  10   

 21,121 – 29,016   2 
 2.1.4  

 10    
 1,648.8 – 2,148.5   2     

2.1.5  
 10   

 322.0 – 442.7   2     
2.1.6  

 10   
 4,150.2 – 4,495.0   2 

2.2  2  2555 
 2.2.1   30  
  8  15 – 4 – 0 ( .N – P2O5 – K2O ) 

 30   103.7   9 
 15 – 4 – 5 ( . N – P2O5 – K2O )   83.8  

 
 2.2.2   44  
  10  15-4-15 ( . N – P2O5 – K2O ) 

 44   124.8   9  
 15 – 4 – 5 ( .N – P2O5 – K2O )   106.4  

 
 2.2.3  
    3  15 – 4 – 10 ( . N – P2O5 – 
K2O )   29,061  

 1  0 – 4 – 10 ( . N – P2O5 – K2O )  
 21,983  

 2.2.4  
     1  0 – 4 – 10 ( . N – P2O5 – K2O ) 

  1,804.6   2 
 7.5 – 4 – 10 ( . N – P2O5 – K2O )  3  15 – 4 – 10 ( . N – P2O5 – K2O ) 
 4  22.5 – 4 – 10 ( . N – P2O5 – K2O )  5  15-0-10 ( .N – P2O5 – K2O 

)  6  15 – 2 – 10 ( . N – P2O5 – K2O )  8  15 – 4 – 0 ( .N – 
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P2O5 – K2O )  9  15 – 4 – 5 ( . N – P2O5 – K2O )  10  15 – 
4 – 15 ( . N – P2O5 – K2O )  2,169.4 2,430.4 2,174.8 
2,122.3 2,291.0 2,259.7 2,169.9  2,137.6    3  15 – 4 – 10 
( . N – P2O5 – K2O )   2,430.4  

2.2.5  
  1   3  15 – 4 – 10 ( . N – P2O5 
– K2O )   524.9  

 1  0 – 4 – 10 ( . N – P2O5 – K2O )  
 5  15 – 0 – 10 ( . N – P2O5 – K2O )  

 384.1  369.4   
2.2.6  

   8  15 – 4 – 0 ( . N – P2O5 – K2O )   
3,294.9   1  0 – 4 – 10 ( . 
N – P2O5 – K2O )   2,336.5  

 
 

 2.   1  2554  

 
 ( .)  ( ./ )  

( / ) 
 

 ( ./ ) 30  44    
1) 0-4-10 .N-P2O5-K2O  87.7 a 129.3 a 1,964.8 a  361.8 a  24,776 a  4,302.5 a  
2) 10-4-10 .N-P2O5-K2O  86.2 a 132.4 a 1,903.5 a 402.4 a 26,391 a 4,168.8 a 
3) 20-4-10 .N-P2O5-K2O  79.1 a 129.0 a 1,790.3 a 361.3 a 24,658 a 4,319.3 a 
4) 30-4-10 .N-P2O5-K2O  81.2 a 126.9 a 1,648.8 a 323.4 a 22,130 a 4,329.9 a 
5) 20-0-10 .N-P2O5-K2O  88.6 a 130.0 a 1,940.7 a 375.7 a 27,775 a 4,349.3 a 
6) 20-2-10 .N-P2O5-K2O  79.7 a 120.8 a 1,713.4 a 342.4 a 23,219 a 4,477.9 a 
7) 20-6-10 .N-P2O5-K2O  85.1 a 127.3 a 1,862.9 a 377.4 a 24,758 a 4,295.1 a 
8) 20-4-0 .N-P2O5-K2O  93.4 a 136.6 a 2,148.5 a 442.7 a 29,016 a 4,395.3 a 
9) 20-4-5 .N-P2O5-K2O  75.4 a 122.0 a 1,525.2 a 322.0 a 21,121 a 4,150.2 a 
10) 20-4-15 .N-P2O5-K2O  92.7 a 135.2 a 2,120.0 a 410.0 a 27,759 a 4,495.0 a 

 84.9 128.9 1,862 371.9 25,160 4,328 
CV (%) 11.7 6.6 18.3 17.9 19.3 5.1 

     DMRT  
                   95%  DMRT 
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 3.   2  2555  

 
 ( .)  ( ./ )  

( / ) 
 

 ( ./ ) 30  44    
1) 0-4-10 .N-P2O5-K2O  93.5 ab 111.2 ab 1,804.6 b 384.1 cd 21,983 c 2,336.5 b 
2) 10-4-10 .N-P2O5-K2O  97.1 ab 119.1 ab 2,169.4 a 462.4 abc 25,730 abc 2,914.6 ab 
3) 20-4-10 .N-P2O5-K2O  90.8 ab 113.8 ab 2,430.4 a 524.9 a 29,061 a 2,672.5 ab 
4) 30-4-10 .N-P2O5-K2O  88.2 ab 113.1 ab 2,174.8 a 464.8 abc 25,266 abc 2,724.9 ab 
5) 20-0-10 .N-P2O5-K2O  98.5 ab 120.6 ab 2,122.3 a 369.4 d 23,404 c 2,806.7 ab 
6) 20-2-10 .N-P2O5-K2O  89.9 ab 109.6 ab 2,291.0 a 487.5 ab 27,845 ab 2,728.9 ab 
7) 20-6-10 .N-P2O5-K2O  93.0 ab 113.1 ab 2,093.4 ab 438.3 a-d 24,389 bc 3,054.7 ab 
8) 20-4-0 .N-P2O5-K2O  103.7 a 119.5 ab 2,259.7 a 474.9 abc 24,879 abc 3,294.9 a 
9) 20-4-5 .N-P2O5-K2O  83.8 b 106.4 b 2,169.9 a 465.4 abc 26,075 abc 2,686.7 ab 
10) 20-4-15 .N-P2O5-K2O  101.2 ab 124.8 a 2,137.6 a 403.4 bcd 23,119 c 3,140.0 ab 

 94.0 115.1     2,165 447.5 25,175 2,836 
CV (%) 9.9 7.8 8.0 10.7 9.0 15.8 

    DMRT  
                   95%  DMRT 
 

   
(  2  3)  2    

 1  2554  4,328   2  2555 
 2,836    

 1  2554  –    2  2555 
 –   

  (lightning)  (N2) 
 (N2O)  (NO) 

 ( , 2548) 
   

 
 ( , 2546)  
  (Yoshida et al., 1969)  1  2554  

   
  

  3  4   2  2555 
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  25,175  2,165.3  447.5 
   1  2554  

  25,160  1,861.8  371.9   
 

3.     
   

 2  2555     
     

  (  y) 
   4   0, 0.5, 1  1.5  

(  x)  1, 2  3  15 – 4 – 10 ( .N – P2O5 – K2O)  
 1      

   29,061  2,430.4 
  524.9     

  1.5     
   1.5  N 22.5 – 4 – 10 ( .N – P2O5 – K2O 

)   1  15 – 4 – 10 ( .N – P2O5 – K2O) 
   29,061  

2,430.4   524.9    25,266  2,174.8  
464.8    
   1.5  P 15 – 6 – 10 ( .N – P2O5 – K2O ) 

  1  15 – 4 – 10 ( .N – P2O5 – K2O )  
   29,061  

2,430.4   524.9    24,389  2,093.4   
438.3    
   1.5  K 15 – 4 – 15 ( .N – P2O5  – K2O ) 

  1  15 – 4 – 10 ( .N – P2O5 – K2O ) 
   29,061  

2,430.4   524.9    23,119  2,137.6   
403.4    
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y = -1885.5x2 + 10745x + 12788

R2 = 0.91

0

5,000

10,000

15,000

20,000
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35,000

0 0.5 1 1.5 

 (
/
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 1.   2555 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 2.    2555 

y = -34.6x2 + 203.46x + 209.9
R2 = 0.94

0
100
200
300
400
500
600

0 0.5 1 1.5 

 (
./

)

y = -155.1x2 + 912.66x + 1026.4
R2 = 0.96

0
500

1,000
1,500
2,000
2,500
3,000

0 0.5 1 1.5 

 (
./

)

y = -2278.3x2 + 11808x + 13741
R2 = 0.98

0
5,000

10,000
15,000
20,000
25,000
30,000
35,000

0 0.5 1 1.5 

 (
/

)

y = -51.175x2 + 280.29x + 138.13
R2 = 0.99

0
100
200
300
400
500
600

0 0.5 1 1.5 

 (
./

)

y = -126.42x2 + 637.39x + 1589
R2 = 0.87

0
500

1,000
1,500
2,000
2,500
3,000

0 0.5 1 1.5 

 (
./

)
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 3.   2555 
 

 
 

 -   
  2   

   
1.     15 – 4 – 10 ( .N – P2O5 – K2O 

)    1 
 

 -  
2.    

 
3.    

  
  

 
 

y = -1784.5x2 + 8693.1x + 17435
R2 = 0.70

0
5,000

10,000
15,000
20,000
25,000
30,000
35,000

0 0.5 1 1.5 

 (
/

) y = -50.75x2 + 243.17x + 2022.1
R2 = 0.21

0
500

1,000
1,500
2,000
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(

./
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y = -28x2 + 124.5x + 365.9
R2 = 0.58

0
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./
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. 2553.  .  
  . 

. 2548. . , . 
   . 2543. . 

.   . 
 . 2546. . , . 

 . 2531.   1.   . 
          . 2544. 

 3 .    30. 20  
2544.   . . 
 . 2543. .   

, . 
Mengesha, Y.G.S. 2004. Modeling of Nitrogen and Phosphorus Fertilizer Recommendations for Maize (Zea 

Mays L.) Grown on Alfisols of Northwestern Ethiopia. Ph.D. dissertation, Kasetsart University. 
Yoshida, S., S.A. Tadano and E.A. Ramirez. 1969. Effects of silica and nitrogen supply on some leaf characteristic 

of the rice plant. Plant and Soil 31 : 48-56. 
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 3  

 

Cassava Long – Term Fertility Trials in 3 Soils Series 
 

   1     2     3     4     3 
                

.................................................................... 
 

 
 

 2553  7.56   
  

 50   
 

   
  

 3  
    2518  

   (Clayey, mixed, Typic Paleudults) 
    (Fine-loamy, siliceous, Oxic Paleustults) 

 2519  1     
 (Fine-loamy, siliceous, Oxic Paleustults)  RCB  4  8   

 0 – 0 – 0, 16 – 0 – 0, 16 – 8 – 0, 16 – 0 – 16, 16 – 8 – 16   N – P2O5 – K2O, 16 – 8 – 16 + 
  1 , 16 – 8 – 16 +    3   0 – 0 – 0+ 

  3   2554/55  37   
    36    3  

  
   

 1.01, 2.64  0.92   
 

      

1    

2  
3     

4  
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  3  
   5 – 7.5  

 16 – 8 – 16  N – P2O5 – K2O  1  
 3  

  16 – 8 – 16  
 

    
 

 
 

     70  
 3   

  (
, 2545) 

  
  1.   
  2.  
  3.  
  4.  

     
   

2553  7.56  (www.oae.go.th/)  
4.0      

 90     
   

  ( , 2537)  
  ( , 2537) 

     
  

 
 

      
  



182

 

[182] 
 

1.  
   

2.      
 

3.     
    

    
  

    
  10   

  8 – 8 – 8  
 2   

 ( , 2529 : , 2543 : 2546, Hagens, 1990) 
  16 – 8 – 16   ( , 2540) 

 
 

 
  ( , 2522 : , 2542) 

      
  ( , 2537 : , 2537) 

    
   

   5  72  90  7  9  11 
 50  60  

  (  , 2539) 
  

   
  

8    
 

 
    2.00  
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 3     
   

 
 

 
 

 
  

1.  3       
  

2.  11  50  10  
3.  (21%N, 24%S)  (45%P2O5, 13.6%Ca) 

 (60%K2O, 47%Cl) 
4.   (2%N, 2%P2O5, 4%K2O) 
5.   

 
  RCB  4   8   

1. Control (0 – 0 – 0) 
2.  (16 – 0 – 0) 
3.   (16 – 8 – 0) 
4.   (16 – 0 – 16) 
5.    (16 – 8 – 16) 
6.    +   1  
7.    +   3  
8. 0 – 0 – 0 +   3  

 
    

   
   3  (  

   +   7  8 
)   2  

  8 x 10   1  
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 (Composite treatment)  ( )  0 – 20  

 20 –  40  ( )   
 1.  pH    :  = 1:1 
 2.  OM.  Walkley and Black (1934) 
 3.  P – Bray II  Bray II (0.03 N NH4F + 0.1N HCL) 

4. Exch. K  1 N ammonium acetate pH 7    
Flame Atomic Absorption Spectophotometer 

 
  1 x 1    11 

   50   20   
     

 
 1.     1  
 2.      

 1 – 2   
 

  
 10  

    
  3 – 4  

   3, 6  11 – 12 
  

   
 11 – 12   

     
  

 
 

1.   pH (1:1), OM, P – Bray II  Exch. K 
2.   2558/59  (MWD) 
 (BD)  (Hydraulic conductivity)  (Available water)  

 (Water retention)  0 – 20   25 – 40  
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3.    2558/59  (Total 
viable count)     

 0-15  
4.   –  –      
  
5.     

   
6.    

    IRRISTAT 
 

      2554 –  2559 (5 ) 
    3  (3 ) 

1. : Yt (Oxic Paleustults, fl, sili)   
  2519  186  

 1,000 – 1,200  
2. : Kt (Oxic Paleustults, fl, sili a)  

   2518   
 234   900 – 1,100  

3. : Hp (Typic Paleudults, C, mixed)  
   2518 

 43   1,300 – 1,500  
 

 
 

   2554/55  36  
  37    

  
1.   

1.1   36 – 37  
   3   

 2549 – 53 (5 ) 
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       3  

 477  693%  4.39  6.38   
408  482%  4.12  4.87   (  2, 8) 

   
 16 – 8 – 16 .  N – P2O5 – K2O   1  

 3  
 4.80 – 7.56    16 – 8 – 16   N – P2O5 – 

K2O   4.33 – 6.38   129  105%  
67  76%  32  18%  (  2, 8)   

 
  

 3   
  105  425%   76  298% 

 18  110% (  8) 
1.2    

   
      

 0.17 – 0.38, 0.27 – 0.45  0.84 – 1.18   
     16 – 0 – 0  16 – 8 – 0  ( ) 

        16 – 0 – 
16  16 – 8 – 16   0.93  1.31   

 547  771   1.03  1.15  
 381  426   1.23  1.23   146  146 

 (  3  8) 
      16 – 8 – 16   

 1   3  
     16 – 8 – 16   

1.53  1.54   900  906   1.47  1.48  
 544  548   1.51  1.43   

180  170  (  3  8) 
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 3    
0.78, 0.80  0.88   459, 296  105   

  (  3  8) 
  

  
2.  

 37   
  36    

  3  
   0.47, 1.5  0.52 

     
   ( )  16  (  )  

16-8-0  
  

 (  )  16 – 0 – 16   (  
 )  16 – 8 – 16   3  

 
 

(   )  16 – 8 – 16   1  
 3   3   3  

 2542   
 (  5) 

 (12 ) 
  16 – 0 – 16  16 – 8 – 16  N – P2O5 – K2O 

  
 16 – 8 – 16  

N – P2O5 – K2O  1   3  
  3  184 – 264  (  7) 

     
3.   

  
 (Marginal Rate of Return, MRR)   
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 50% ( , 2534)  (MRR)  50% 
  16 – 0 – 16, 16 – 8 – 16 

,  16 – 8 – 16   1  
 16 – 8 – 16   3   

 3   3    
 (MRR)  399  267  

 (  9) 
 

 
 

 1.   
   

    35  
  

 2.  16 – 8 – 16   35  
  3   

 3.    5 – 7  
 16 – 8 – 16   1  

 3   
 4.     

 
 5.  16 – 8 – 16   1  

 3     35   
    

 6.   1,800 – 10,900 , 
1,500 – 7,700   1,100  –  3,300      

  
 

 
 

  7.56    90  
 6   7.3   3.01   

22   44  (  2 ) 
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  4 – 5   30  
 60    

     
     

6   44   88  (  6,000 ) 
 

          
 

 

. 2525. .  . 
 ,    . 2538.  

  2538  . 
 ,  ,    . 2540. 

 16 – 8 – 16  16 – 16 – 16 . 
  

 1.  26 – 28  2540 :  12. 
 . 2542.   

 2542  . 
 . 2542.   

   23-26  2542. 
 ,  ,  ,     . 2543. 

     
   2543. 

  :  1 – 15. 
 ,  ,  ,     . 2546 

    
   2546 

 .  
 ,  ,    . 2522. 

 .   2522 
  :  57 – 60. 
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    . 2529.  
  2  . 

 . 2537.   
      
  1 – 3  2537 :  60 – 82. 

 2545  2545    4 
 . 

 ,  ,  ,  ,    R.H. Howeler 2537 
    

.     1 – 3  2537 :  83 – 97. 
  . 2525.   

  
.  . 

     . 2534. . 
 (CIMMYT.1998) 
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 1.  0 – 20     
  2554 

 pH O.M. Avai. P Exch. K 
 (1:1) (%) (mg/kg) 

 .  
0-0-0 4.51 0.94 18 14 
N (16-0-0) 3.80 1.06 22 13 
NP (16-8-0) 4.15 1.14 117 10 
NK (16-0-16) 4.55 1.41 56 35 
NPK (16-8-16) 4.11 0.95 103 26 
NPK+CP 6.24 1.79 299 50 
NPK+St 4.88 1.61 98 50 
0-0-0+St 4.59 1.17 38 18 

 .  
0-0-0 6.67 0.78 18 81 
N (16-0-0) 6.84 0.70 22 67 
NP (16-8-0) 6.18 0.57 50 61 
NK (16-0-16) 6.91 0.78 45 92 
NPK (16-8-16) 6.23 0.56 45 89 
NPK+CP 7.55 0.96 253 130 
NPK+St 6.51 0.72 61 108 
0-0-0+St 6.17 0.60 29 89 

 .  
0-0-0 4.73 0.40 7 23 
N (16-0-0) 4.32 0.32 5 11 
NP (16-8-0) 4.60 0.31 70 15 
NK (16-0-16) 4.54 0.54 4 45 
NPK (16-8-16) 4.70 0.66 52 60 
NPK+CP 6.59 1.03 382 141 
NPK+St 5.02 0.73 42 49 
0-0-0+St 5.54 0.40 15 29 

    CP=   2  
   ST=   3  
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 2.  ( / )  2554/55  

 
 

 (Hp)  (Kt)  (Yt) 
0-0-0 1.01 e 2.64 d 0.92 c 
N (16-0-0) 2.08 cd 3.20 cd 1.82 c 
NP (16-8-0) 1.77 de 4.06 bc 1.92 c 
NK (16-0-16) 4.12 b 4.07 bc 4.39 b 
NPK (16-8-16) 4.87 ab 4.33 ab 6.38 a 
NPK+  1 /  5.54 a 5.17 a 7.56 a 
NPK+  3 /  5.64 a 4.80 ab 7.34 a 
0-0-0+  3 /  3.01 c 2.91 d 3.91 b 
        3.51 3.90 4.28 
       F-test ** ** ** 
       CV.(%) 18.3 16.3 22.2 
 ** =  99  

 
95   DMRT 

  3.  ( ./ )  2554/55  

 
 

 (Hp)  (Kt)  (Yt) 
0-0-0 269 d 841 c 173 c 
N (16-0-0) 448 d 952 bc 349 c 
NP (16-8-0) 416 d 1181 abc 384 c 
NK (16-0-16) 1029 bc 1232 ab 928 b 
NPK (16-8-16) 1154 b 1230 ab 1313 a 
NPK+  1 /  1468 a 1511 a 1526 a 
NPK+  3 /  1480 a 1425 a 1544 a 
0-0-0+  3 /  796 c 877 bc 783 b 
        882 1156 875 
       F-test ** ** ** 
       CV.(%) 18.7 20.3 20.2 
**  =  99     
          
         95   DMRT 
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 4.  (%)  2554/55  

 
 

 (Hp)  (Kt)  (Yt) 
0-0-0 26.6 a 31.4 18.9 
N (16-0-0) 21.1 d 29.7 19.3 
NP (16-8-0) 23.3 c 29.5 19.7 
NK (16-0-16) 24.1 bc 29.3 21.2 
NPK (16-8-16) 25.2 ab 28.4 20.7 
NPK+  1 /  26.5 a 29.1 20.3 
NPK+  3 /  25.6 ab 29.5 21.1 
0-0-0+  3 /  26.3 a 30.6 20.1 
        24.8 29.7 20.2 
       F-test ** NS NS 
       CV.(%) 4.0 8.6 7.0 
NS =   ** =  99    
           95    
          DMRT 
 

 5.  + +  ( ./ )  2554/55  

 
 

 (Hp)  (Kt)  (Yt) 
0-0-0 517 d 1502 c 472 e 
N (16-0-0) 820 d 3581 ab 846 e 
NP (16-8-0) 813 d 2999 b 1223 de 
NK (16-0-16) 2003 bc 3583 ab 2858 cd 
NPK (16-8-16) 1884 bc 3890 ab 3352 bc 
NPK+  1 /  3089 a 4088 a 5025 ab 
NPK+  3 /  2613 ab 4331 a 6017 a 
0-0-0+  3 /  1230 cd 2025 c 2321 cde 
        1621 3250 2764 
       F-test ** ** ** 
       CV.(%) 30.9 18.8 34.2 
**  =  99   
         95   DMRT 
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 6.  (HI)  2554/55  

 
 

 (Hp)  (Kt)  (Yt) 
0-0-0 0.66 b 0.63 a 0.67 
N (16-0-0) 0.73 a 0.48 c 0.69 
NP (16-8-0) 0.69 ab 0.57 abc 0.59 
NK (16-0-16) 0.68 ab 0.50 bc 0.61 
NPK (16-8-16) 0.70 ab 0.51 bc 0.66 
NPK+  1 /  0.65 b 0.56 abc 0.62 
NPK+  3 /  0.70 ab 0.52 bc 0.55 
0-0-0+  3 /  0.71 ab 0.58 ab 0.66 
        0.69 0.54 0.63 
       F-test NS * NS 
       CV.(%) 6.2 11.1 15.1 
NS =  * =  95    
           95   DMRT 
 

 7.  ( .)  2554/55  

 
 

 (Hp)  (Kt)  (Yt) 
0-0-0 100 d 158 c 88 d 
N (16-0-0) 115 d 203 b 96 d 
NP (16-8-0) 105 d 203 b 95 d 
NK (16-0-16) 168 bc 204 b 162 c 
NPK (16-8-16) 165 bc 210 ab 198 bc 
NPK+  1 /  203 a 222 ab 227 ab 
NPK+  3 /  184 ab 230 a 264 a 
0-0-0+  3 /  146 c 174 c 160 c 
         148 200 161 
       F-test ** ** ** 
       CV.(%) 12.0 6.9 21.0 
**  =  99    
          95   DMRT 
 
 



196

 

[196] 
 

 8.     
       2554/55 

 
      

( / ) (%) (%) (%) ( / ) (%) 
 .        

N0P0K0 1.01 100 26.6 100 0.27 100 
N1P0K0 2.08 206 21.1 79 0.45 167 
N1P1K0 1.77 175 23.3 88 0.42 156 
N1P0K1 4.12 408 24.1 91 1.03 381 
N1P1K1 4.87 482 25.2 95 1.15 426 
N1P1K1+  1 /  5.54 549 26.5 100 1.47 544 
N1P1K1+  3 /  5.64 558 25.6 96 1.48 548 
N0P0K0+  3 /   3.01 298 26.3 99 0.80 296 

 .        
N0P0K0 2.64 100 31.4 100 0.84 100 
N1P0K0 3.20 121 29.7 95 0.95 113 
N1P1K0 4.06 154 29.5 94 1.18 140 
N1P0K1 4.07 154 29.3 93 1.23 146 
N1P1K1 4.33 164 28.4 90 1.23 146 
N1P1K1+  1 /  5.17 196 29.1 93 1.51 180 
N1P1K1+  3 /  4.80 182 29.5 94 1.43 170 
N0P0K0+  3 /   2.91 110 30.6 97 0.88 105 

 .        
N0P0K0 0.92 100 18.9 100 0.17 100 
N1P0K0 1.82 198 19.3 102 0.35 206 
N1P1K0 1.92 209 19.7 104 0.38 223 
N1P0K1 4.39 477 21.2 112 0.93 547 
N1P1K1 6.38 693 20.7 110 1.31 771 
N1P1K1+  1 /  7.56 822 20.3 107 1.53 900 
N1P1K1+  3 /  7.34 798 21.1 112 1.54 906 
N0P0K0+  3 /   3.91 425 20.1 106 0.78 459 

  N1= 16 .N/    P1= 8 .P2O5/    K1= 16 .K2O/    CP=  1 /   CR=  
3 /   
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 9.     2554/55  

     MRR 
( / ) ( / ) ( / ) ( / ) % 

 .       
0-0-0 1.01 2,020 - - - 
16-0-0 2.08 4,160 2,140 884 242 
16-8-0 1.77 3,540 1,520 1,263 120 
16-0-16 4.12 8,240 6,220 1,372 453 
16-8-16 4.87 9,740 7,720 1,751 441 
16-8-16+  1 /  5.54 11,080 9,060 3,751 242 
16-8-16+  3 /  5.64 11,280 9,260 3,251 285 
0-0-0+  3 /   3.01 6,020 4,000 1,500 267 

 .       
0-0-0 2.64 5,280 - - - 
16-0-0 3.20 6,400 1,120 884 127 
16-8-0 4.06 8,120 2,840 1,263 225 
16-0-16 4.07 8,140 2,860 1,372 208 
16-8-16 4.33 8,660 3,380 1,751 193 
16-8-16+  1 /  5.17 10,340 5,060 3,751 135 
16-8-16+  3 /  4.80 9,600 4,320 3,251 133 
0-0-0+  3 /   2.91 5,820 540 1,500 36 

 .       
0-0-0 0.92 1,840 - - - 
16-0-0 1.82 3,640 1,800 884 204 
16-8-0 1.92 3,840 2,000 1,263 158 
16-0-16 4.39 8,780 6,940 1,372 506 
16-8-16 6.38 12,760 10,920 1,751 624 
16-8-16+  1 /  7.56 15,120 13,280 3,751 354 
16-8-16+  3 /  7.34 14,680 12,840 3,251 395 
0-0-0+  3 /   3.91 7,820 5,980 1,500 399 
    2.00 /   (21 – 0 – 0) 11.60 /  
        (0 – 46 – 0) 21.80 /      (0 – 0 – 60) 18.30 /       
         2.00 /    500 /  (1,000 ) 
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/  
 

 

Adsorption and Desorption Potential of Potassium under Various Soil Series 
for Assessment of Potash Fertilizer Application in Specific Areas 

 

  1     2     1     3     1  
  1     1 

                        
 

....................................................................

 /   
  2   1 /

  
 (Buffer coefficient of potassium – BCK)  4      

  (KH2PO4)  60% 
  14   7  

 0 40 80 120 160 200  240  
 7   0 20 40 60 80 100  120  

 1 N NH4OAc pH 7  
   0.9823 0.7783 0.9871  0.9976  

 2 /
  :    

    
 0.8265  4  K2O  

 
 

     
1                 
2          
3        
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 Randomized Complete Block  7  3   10 – 10 – 0, 10 – 10 – 2, 
10 – 10 – 4, 10 – 10 – 6, 10 – 10 – 8, 10 – 10 – 10  10 – 10 – 12  N – P2O5 – K2O   

  30  60    
  15    

 10 – 10 – 10  N – P2O5 – K2O   
15   1,089  

  
 

 

 
 

 

  
 

 
 

 
   

  
 100  

     
 (  Montmorillonite 

  Illite  
)   (Rehm and Schmit,  2002)  buffer coefficients 

  
 
  /

 :   
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 1.  /    
 
1)       
2)  (KH2PO4)  
3)  

 
 4        0 – 20  

 1)  Hydrometer method 2) pH  1  1 3)  
 Walkley and Black method 4)  Bray 2  

molybdate ascorbic acid  5)  1 N NH4OAc, pH 7 
 Atomic absorption spectrophotometer 

   
(Buffer coefficient of potassium – BCK)  4       

 2   5  
(KH2PO4)  60%  

 7   0 40 80 120 160 200  240  
 7   0 20 40 60 80 100  120   

14    1 N NH4OAc pH 7  50  
 30   5 

 Atomic absorption spectrophotometer 
 (  y) 

 (  X)  Buffer coefficient of potassium (BCK) 
    

BCK   1 N NH4OAc pH 7 
  (  Y) 

 (  X)  (Attanandana et al., 2004; 
Yost and Attanandana, 2006)  1  BCK   BCK  

  BCK = extractable K (mg kg-1)/ added K (mg kg-1) 
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 1.   BCK  (Extractable K)  
 (Added K) 

 
 

 1N NH4OAc pH7 
 Yost and Attanandana (2006) 

Kreq (kgK ha-1)  = (Kcritical – Ksoil)/BCK x B.D. x (Application depth/10 xplacement factor) + (Biomass   
    removed x Kpercentage/100) 

Kcritical  =  ( )  
    
       1 N  
   NH4OAc Ph 7  72    
       
    35   

Ksoil   =   ( ) 
BCK  =   
B.D.   =   
Biomass removed =    

  
 6,000   

 4,554   “
” (  , 2548) 

Kpercentage    =   biomass removed  K  
      K   0.5   

0
20
40
60
80

100
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140
160
180
200

0 20 40 60 80 100 120
Ex

tra
cta

ble
 K 
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g-1 )
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Placement factor  =   
     2   0.166   
     12.5    75  

Application depth  =   10  
 

 2.   
    :  

 
1.  3 
2.      
3.   
4.  

 
  Very – fine, smectitic, 

isohyperthermic Typic Haplusterts ( , 2548 )    
 (pH 7.40)  80    

Randomized Complete Block  7  3   
1)  10-10-0  N-P2O5-K2O  
2)  10-10-2  N-P2O5-K2O  
3)  10-10-4  N-P2O5-K2O  
4)  10-10-6  N-P2O5-K2O  
5)  10-10-8  N-P2O5-K2O  
6)  10-10-10  N-P2O5-K2O  
7)  10-10-12  N-P2O5-K2O  

  X   6.0 X 5.0  
 

 3  75 X 25  (  8   20 ) 
  2     2 

 30   
 120   3 X 3  (  4   2  

 4 ) 
  0 – 20  20 – 50 

  1)  Hydrometer method  
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2) pH  1  1 3)  Walkley and Black method 4) 
 Olsen  molybdate ascorbic acid  5) 

 1 N NH4OAc, pH 7  Atomic absorption spectrophotometer 
  5         

1)  Kjeldhal method 2)  mixed – nitric 
perchloric acid  Vanado – molybdate yellow color  3)  

 mixed – nitric perchloric acid  Atomic absorption 
spectrophotometer 

     
    

 IRRISTAT Version 3/93  Duncan,s multiple range test  
   2554 –  2555 

 1.     
      

 2.     
 

 
 

 1.  
  

 4       
   (pH 3.9) 

 13.2   
12   113  

  (pH 6.0) 
 38.3   70 

  336  
  (pH 3.8) 

 8.2   51  
 43  

  (pH 4.1) 
 3.8   58  
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 19  ( , 2553 ; Land 
Classification Division and FAO Project Staff, 1973)  1 
 

 1.   

  
    

Texture clay loam sandy clay loam sandy clay loam loamy sand 
pH (1:1) 3.9 6.0 3.8 4.1 
OM ( ./ .) 13.2 38.3 8.2 3.8 
Avai.P ( ./ .) 12 70 51 58 
Exch.K ( ./ .) 113 336 43 19 
 

  
 0.9823  

 0.7783  2 
 

y = 0.9823x + 118.11
R² = 0.9983

0
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400

0 40 80 120 160 200 240
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Added K (mgK kg 1)

Ci

 

y = 0.7783x + 340.88
R² = 0.9965

0
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 2.   (Ci)  (Pc) 
 

   
 0.9871 

 0.9976  3 
 (BCK)  0  1  BCK  0 

  1  
   BCK  ( , 2552) 
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y = 0.9871x + 51.227
R² = 0.9974

0
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1 )
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y = 0.9976x + 22.543
R² = 0.9969
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1 )

Added K (mgK kg 1)

Sh

 
 

 3.   (Hp)  (Sh) 
 

     ( ) 
 2 0 4 6  4  K2O    2 

  336  
 

 

 2.   1 N NH4OAc, pH 7 

 
B.D. Kcritical Ksoil 

BCK 
  

( / . .) ( ./ .) ( ./ .) ( ./ ) ( .K/ ) ( .K2O/ ) 

 1.09 35 113 0.9823 4554 9 2 
 1.21 35 336 0.7783 4554 0 0 
 1.75 35 43 0.9871 4554 21 4 

 1.64 35 19 0.9976 4554 28 6 
 ( ) 1.28 72 121 0.8265 6000 18 4 
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y = 0.8265x + 116.44
R² = 0.9987

0
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200
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400

0 40 80 120 160 200 240
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1 )

Added K (mgK kg 1)

Lb

 2.  /  
 :  

 

1.  
    

  47P 0663486 1696265    
 (pH 7.4)  80  

 29.5   7  
 121   

 (pH 7.9)  16.6  
 4  

 85   3 
 

 3.   

 
 

0 – 20 . 20 – 50 . 
Texture clay clay 
pH (1:1) 7.4 7.9 
OM ( ./ .) 29.5 16.6 
Avail.P ( ./ .) 7 4 
Exch.K ( ./ .) 121 85 

 

 ( ) 
 0.8265  4 

 
 
 
 
 
 
 
 
 

 
 

 4.   (Lb)  
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  1 N NH4OAc, pH 
7  4  K2O  (  2)  Randomized Complete Block  7  
3  

1)  10-10-0  N-P2O5-K2O  
2)  10-10-2  N-P2O5-K2O  
3)  10-10-4  N-P2O5-K2O  
4)  10-10-6  N-P2O5-K2O  
5)  10-10-8  N-P2O5-K2O  
6)  10-10-10  N-P2O5-K2O  
7)  10-10-12  N-P2O5-K2O  

 
2.  2555 

2.1  30  
  30   

 10 – 10 – 2  10 – 10 – 12  N – P2O5 – K2O    71  
(  4) 

2.2  60  
  60  

 10 – 10 – 10  N – P2O5 – K2O   203  
 10 – 10 – 8  N – P2O5 – K2O   195  (  4) 

3.  2555 
3.1  

  
 8,533  (  5) 
3.2  

  
 10 – 10 – 6  N-P2O5 – K2O   1,889  

 10 – 10 – 4  N – P2O5 – K2O   1,334 
 (  5) 

3.3  
  

 8,533  (  5) 
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3.4  15  
 15 

  10 – 10 – 10  N – P2O5 – K2O   
 15  1,089  (  5) 

3.5  
  

 82  (  5) 
 

 4.   30  60   2555 

 
  30   60  
 ( .) ( .) 

10-10-0 .N-P2O5-K2O/   70 196 
10-10-2 .N-P2O5-K2O/   71 200 
10-10-4 .N-P2O5-K2O/   69 197 
10-10-6 .N-P2O5-K2O/   69 201 
10-10-8 .N-P2O5-K2O/   68 195 
10-10-10 .N-P2O5-K2O/   70 203 
10-10-12 .N-P2O5-K2O/   71 202 
F-test  ns ns 
CV(%)  6.1 1.9 

  ns =  
 

 5.   

 
    %  

( / ) ( ./ ) ( / ) ( ./ ) ( ) 
10-10-0 .N-P2O5-K2O/  8,533 1,422 8,533 1,030 82.5 
10-10-2 .N-P2O5-K2O/  8,533 1,600 8,533 1,030 82.5 
10-10-4 .N-P2O5-K2O/  8,533 1,334 8,533 1,007 82.4 
10-10-6 .N-P2O5-K2O/  8,533 1,889 8,533 1,065 82.2 
10-10-8 .N-P2O5-K2O/  8,533 1,622 8,533 1,005 82.4 
10-10-10 .N-P2O5-K2O/  8,533 1,711 8,533 1,089 82.2 
10-10-12 .N-P2O5-K2O/  8,533 1,867 8,533 1,086 82.3 
F-test ns ns ns ns ns 
CV(%) - 27.7 - 7.2 0.3 

  ns =  
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 0.9823 0.7783 0.9871  0.9976  

 2555    
  ( )  2 0 4 6  4  K2O   

 2555  7  30  60  
    15   

  10 – 10 – 10  N – P2O5 – K2O  
 15  1,089    

 0.8265  100  
 17.35   82.65  

 ( )  0 – 20  
  121    

    
 

 

 
 

1.  
 

 
2.  
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Research, Development to enhancement of plant growth promoting 
rhizobacteria to be higher efficiency strains 

 

  1     1     1     2 
  1     1 

                                                                            

 

....................................................................

 
 

  e – beam  D10 
 Azotobacter sp. DASF 02125 Beijerinckia mobilis ATCC 3509  Azospirillum sp. DASF 04008  

 D10   Acetylene 
Reduction Assay (ARA)  

 5    Azotobacter sp. DASF 02125 
 6   38.4 – 70.3%  Beijerinckia mobilis ATCC 3509 

 8   
29.0 – 52.0%  Azospirillum sp. DASF 04008  4  

 75.9 – 154% 
  3   

 
 
 
 
 
 
 
     
1   
2  ( ) 
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 (plant growth promoting rhizobacteria  PGPR)  
 

 (James and Olivares, 1998 ; Reinhold Hurek and Hurek, 1998 ; Reddy et al., 2002 ; 
Iniguez et al., 2004) 

    
  (Sessitsch et al., 2002 ; Sturz et al., 2000 ; Jacoud et al., 1999 ; Meunchang et al., 2004) 

  
 (Diem, 1978 ; Bashan and Levanony, 1990) 

   
       

 
 

 (Bashan and Levanony, 1988) 
    50  

 
  (electron beam  e – beam)  –  

(X – rays)   60Co 137Cs (Patterson and Loaharanu, 2000) e – beam 
  

 
  

 (Hayashi, Takahashi and Todoriki, 1997)  Monk et al., 
(1995)   D10  1 kGy (D10  

 1 log cycle) 
    1 – 4 kGy 

  e – beam   e – beam 
 

 D10  e – beam  
(rhizobacteria)    3   Azotobacter Beijerinckia Azospirillum 

 10% 
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1.   3   Azotobacter sp. DASF 02005,Beijerinckia mobilis ATCC 3059  Azospirillum sp. 
DASF 04008 

2.  Electron beam (e – beam)  
3.    
4.    
5.   – 80  
6.   
7.   Gas chromatograph 

 

 
1.  

 3   Azotobacter sp. DASF 02005 Beijerinckia mobilis ATCC 3059 
 Azospirillum sp. DASF 04008 

  1  
 Azotobactor, Beijerinckia  Azospirillum   

120   Azotobacter  Azospirillum  48   Beijerinckia 5  
 (log phase or exponential phase) 

  
metabolism   

      
2.  e-beam  D10  

 2  
 8 MeV  e – beam   0, 30, 60, 120  150 Gy  

e – beam  ( )    D10 
 slope  regression  (Lara et al., 2002)  

D10  e – beam  D10 
 500   

5   25   ARA  
ARA  10%   
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    2554 –  2555 
     

  ( )  
 

 

 
 

1.   e - beam 
 3   D10   3   Azotobacter sp. 

DASF 03005 Beijerinckia mobilis ATCC 35011  Azospirillum sp. DASF 04008  e – beam 
 0, 30, 60, 90, 120  150 Gy  

1 log cycle  120 – 150 Gy  
2.   

  
 Acetylene Reduction Activity (ARA)  

   2.1  Azotobacter sp. DASF 02125  150 Gy  Azotobacter 
 5   DASF 02125 – 14, DASF 

02125 – 15, DASF 02125 – 16, DASF 02125 – 18  DASF 02125 – 21 
 38.4, 70.3, 53.4, 52.8  57.5%  Azotobacter  (  1)   

  2.2  Beijerinckia mobilis ATCC 35011  120 Gy  Beijerinckia 
mobilis ATCC 35011  6   ATCC 35011 – 14, 
ATCC35011 – 17, ATCC35011 – 19, ATCC35011 – 26, ATCC35011 – 27  ATCC35011 – 28 

  38.6, 31.4, 32.2, 52.0, 37.9  29.0%  Beijerinckia mobilis ATCC 35011 
 (  2)   
2.3  Azospirillum sp. DASF 04008  120 Gy  Azospirillum sp. 

DASF 04008  8   DASF 04008 – 2 DASF 
04008 – 6, DASF 04008 – 9, DASF 04008 – 33, DASF 04008 – 34, DASF 04008 – 36 DASF 04008 – 40  
DASF 04008 – 41  147, 101, 75.9, 101, 126, 142, 77.4  154% 

 Azospirillum sp. DASF 04008  (  3)   
 electron beam  

  Azotobacter, Beijerinckia  Azospirillum  
 electron beam  
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1.  D10  Azotobacter sp. DASF 02125 Beijerinckia mobilis ATCC 35011  
Azospirillum sp. DASF 04008  120 – 150 Gy 

2.  Azotobacter sp. DASF 02125  5  
 38.4 – 70.3%  

3.  Beijerinckia mobilis ATCC 35011       
6   29.0 – 52.0%  

4.  Azospirillum sp. DASF 04008  4   
 75.9 – 154%  

5.   
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a challenge for agriculture. Can. J. Microbiol. 43 : 103 – 121. 

Bashan, Y. and H. Levanony. 1988. Adsorption of the rhizosphere bacterium Azospirillum brasilense Cd to  
             soil, sand and peat particles. J.Gen. Microbiol. 134 : 1811 – 1820. 
Diem, G. 1978. Colonization of rice roots by diazotroph bacteria. In Environmental role of nitrogen – fixing 

blue-green algae and asymbiotic bacteria. Edited by U.Granhall. Ecol. Bull. (Stockholm) 26, 305 – 311. 
Jacoud, C., D. Job., P. Wadoux and R. Bally. 1999. Initiation of root growth stimulation by Azospirillum 

lipoferum CRT1 during maize seed germination. Can. J. Microb., 45: 339 – 342. 
James, EK. and Olivares FL (1998). Infection and colonization of sugar cane and other graminaceous 

plants by Endophytic diazotrophs. CRC Crit Rev Plant Sci 17:77 – 119. 
Iniguez AL., Dong Y. and E.W.Triplett. 2004. Nitrogen fixation in wheat provided by Klebsiella pneumoniae 

342. Mol Plant Microbe Interact 17:1078 – 1085. 
Lara J.D.L., Fernandez, P.S. Periogo, P.M., and A. Palop. 2002. Irradiation of spore of Bacillus subtilis with 

electron beams. Innovative Food Science and Emerging Technologies 3 : 379 – 384. 
Meunchang, S., Panichsakpatana, S., Ando, S. and T. Yokoyama. 2004. Phylogenetic and Physiological 

Characterization of Indigenous Azospirillum Isolates in Thailand. Soil Sci. Plant Nutr., 50(3) : 413-421. 



216

[216]

Monk, J.D., Beuchat, L.R. and M.P. Doyle. 1995. Irradiation inactivation of food – borne microorganisms. 
J. Food Protection 58 : 197 – 208. 

Patterson, M.F. and P. Loaharanu. 2000. Irradiation. In B.M. Lund, T.C. Baird-Parker, G.W. Gould, The 
Microbiological Safety and Quality of Food (pp.65-99). Maryland: Aspers Publishers. 

Reddy PM., James EK. And J.K. Ladha. 2002. Nitrogen fixation in rice. In: Leigh GJ (ed) Nitrogen fixation 
at the millennium. Elsevier, Amsterdam, pp 421 – 445. 

Reinhold-Hurek B. and T. Hurek. 1998. Life in grasses: diazotrophic endophytes. Trends Microbiol 6:139 – 144. 
Sessitsch A, Howieson JG, Perret X, Antoun H. and E. Martínez – Romero. 2002. Advances in rhizobium 

research. Crit Ver Plant Sci 21:323 – 378. 
Sturz AV, Christie BR. and J.Nowak. 2000. Bacterial endophytes: potential role in developing sustainable 

Systems of Crop production. CRC Crit Rev Plant Sci 19:1–30. 
Hayashi, T. Takahashi, Y. and S.Todoriki. 1997. Low-energy electron effects on the sterility and viscosity 

of grains. J. Food Science 62: 858-860. 
 
 
 
 

 
 
 
 
 
 
 

  



217217

[217]

 1.  Azotobacter sp. DASF 03005  150 Gy  

 –  
 

/ /  
 

(% ) 

Azotobacter sp. DASF 03005  367 0 
DASF02125-14 508 38.4 
DASF02125-15 625 70.3 
DASF02125-16 563 53.4 
DASF02125-18 561 52.8 
DASF02125-21 578 57.5 

 

 2.  Beijerinckia mobilis ATCC 35011  120 Gy  

-  
 

/ /  
  

(% ) 

Beijerinckia mobilis ATCC 35011  544 0 
ATCC35011-14 754 38.6 
ATCC35011-17 715 31.4 
ATCC35011-19 719 32.2 
ATCC35011-26 827 52.0 
ATCC35011-27 750 37.9 
ATCC35011-28 702 29.0 

 

 3.  Azospirillum sp. DASF 04008  120 Gy  

 –  
 

/ /  
 

(% ) 

Azospirillum sp. DASF 04008  41.6 0 
DASF 04008-2 102.9 147.0 
DASF 04008-6 86.3 101.4 
DASF 04008-9 73.2   75.9 

DASF 04008-33 83.6 100.9 
DASF 04008-34 94.1 126.2 
DASF 04008-36 100.8 142.3 
DASF 04008-40 73.8   77.4 
DASF 04008-41 105.7 154.1 
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 K05075    

     ( ) 
    Flame photometer  Atomic 

absorption spectrophotometer   
 

 
 

 6      
  2 : 1  ( )  

 0.5  2  
  pH    

  
  

  K05075 
 (Hebie Academy of Science, 1996) 

   dilution 
plate  30   1 – 3    

 
 Completely Randomize Designed (CRD) 6   3   

     
2 : 1  ( )   
6    0.5  

 (Autoclave)  
15   121   15   1   
K05075   125  30   1-2  

 105   50–60 
Water holding capacity  30  

  2 4 6 8  12  
 (Analysis of Variance)  DMRT  
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    pH  6.90 – 9.29  
 pH    2 : 1  pH   

1.56 – 25.28    ( ) 
  2.87    

 K05075   4 – 10 
   (Rhizoid) 

 (Flat)  (Wrinkled)  
(Undulate)    

 
  105    4   

 10 – 100  (  1) 
 
  log CFU/g  5.32  2   7.76  4   6.90 

 12   (  
   2 : 1) 

  ( ) 
   log CFU/g  5.66  2   7.56 

 4   6.38  12  
 ( )  
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 1.    
 

 
 (Log CFU/g)  

F-test 
CV 
(%) 2  4  6  8  12  

 5.54 7.63 5.75 5.69 5.62 152.00** 2.1 
 5.32 7.76 6.65 6.52 6.90 1733.24** 0.5 

 5.05 6.19 5.91 5.44 5.23 100.70** 1.5 
 5.64 7.59 5.54 5.52 5.85 3541.35** 0.4 

  5.54 7.55 5.94 5.93 5.65 1870.12** 0.5 
 2 : 1        

 5.66 7.56 6.39 6.36 6.38 1267.18** 0.6 
 ( )        

 
 

 

   
  

   
 

 
 

  
  

 
 

 
 

Hebie Academy of Science 996. International training course on biological fertilizer. The International 
Science and Technology Corporation Department of SSTCC. The Institute of Microbiology. 

 
 
 
 
 
 



222

[222]

 
 
 
 
 
 
 
 
 
     0             2  
 
 
 
 
 
 
 
 
                           4             6  

 
 
 

 
 
 
 
 
 

 

8       12  
 1.    

 



223223

[223]

  
 

             
 

                   
....................................................................

  
  7  

  20   18  
 5    OPCP01 OPCP08 OPCP09 

OPCP15  OPCP18  45.04 47.96 47.06 49.27  54.57 
  

 

 
 

 
  

  
  

   
  

   
 (Organophosphate)  

 80    (chlorpyrifos)  
 (phosphorothionates)   

         
 ( , 2537) 

 
 1,400  

 . .2555 ( , 2555)  . . 2546 
 6.7  Organophosphate    65.4 Carbamate 

 4.5   10.3   19.9  
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 1)  (phytoremediation)  (Living 

Plant  Green Plant) 
      2)  (biosorption) 

 3)  (bioremediation)  
    

 
    (Alexander, 1977) 

 
   

   
 

 
 

  
 

        Flame 
photometer  Atomic absorption spectrophotometer   

   Gas 
Chromatography (GC) 

  
   

 3    2   1  
 0 – 15   5   0.5   

25   
   

   
Gas Chromatography (GC)   

 nutrient agar  10   0.85% NaCl  Tween 80 
 90   30   (Chlorpyrifos)  10 20  

40    spread  
 37   14   
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  Completely  
Randomized Design (CRD)  20   3   

    2  
   

  150   50   NB  
 5    0.1% 

 1   60%  
  5   GC  0 7 14 21  

28    
 

   2553 –  2555 
     

  
 

 
 

    4   
 3    

 (loam sand)  (sandy loam)  (silty clay) 
 4.2 – 5.7    

  
  

 0.17 – 0.56   6  
 0.02  0.01   1    

2   EPN  0.16  0.31  
   1  2  

 

 1.   
    pH  Avail.P Exch.K 

(%) (mgP/kg) (mgK/kg) 
1 .  .  .    4.7 3.4 147 337 
2 .  .  .    5.7 6.4 1,617 399 
3 .  .  .    4.6 5.1 339 445 
4 .  .  .    4.4 3.9 254 340 
5 .  .  .    5.7 4.2 376 100 
6 .  .  .    4.8 5.9 12 54 
7 .  .  .    4.2 2.6 165 34 
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 2.   
 

 (mg/kg) 
diazinon chlorpyrifos malathion profenofos ethion EPN 

1 0.00 0.22 0.00 0.00 0.00 0.00 
2 0.00 0.17 0.00 0.00 0.00 0.00 
3 0.00 0.25 0.02 0.01 0.00 0.16 
4 0.00 0.00 0.00 0.00 0.00 0.31 
5 0.00 0.56 0.00 0.00 0.00 0.00 
6 0.00 0.26 0.00 0.00 0.00 0.00 
7 0.00 0.24 0.00 0.00 0.00 0.00 

 

  18    OPCP01  OPCP02 
 1  OPCP03 OPCP04  OPCP05  2  OPCP06 OPCP07 OPCP08 

 OPCP09  3  OPCP10  4  OPCP11 OPCP12  OPCP13 
 5  OPCP14  OPCP15  6  OPCP16 OPCP17  OPCP18 
 7  

 18   3 
      

    
  

 
  0.25  

 0.02   0.01   0.16 
 

 18  
 

 20    1  7  
  

28   45.49  78.34 
 5   OPCP01 OPCP08  

OPCP09 OPCP15  OPCP18  45.04 47.96 47.06 49.27  
54.57    Kang et al., (2002)  

   
Escherichia coli   (2540)  
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  OH COO  NH2  
 

 

 3.   18   
 

 
   

Gram’s  

OPCP 01 Ø = 1 mm. circular, raised, entire, smooth, shiny     
OPCP 02 Ø = 1 mm. circular, flat, entire, dry     
OPCP 03 Ø = 1 mm. circular, raised, entire, smooth     
OPCP 04 Ø = 2-3 mm. circular, convex, entire, smooth     
OPCP 05 Ø = 1 mm. irregular, raised, undulate, smooth     
OPCP 06 Ø = 1-2 mm. irregular, convex, entire, smooth, shiny   
OPCP 07 Ø = 1 mm. irregular, raised, entire, smooth, shiny     
OPCP 08 Ø = 1 mm. filamentous, raised, undulate, dry      
OPCP 09 Ø = 2-4 mm.filamentous, raised, undulate, wrinkled      
OPCP 10 Ø = 1 mm. circular, raised, entire, smooth     
OPCP 11 Ø = 1-2 mm. irregular, convex, entire, smooth, shiny    
OPCP 12 Ø = 3-4 mm. circular, convex, entire, smooth, shiny    
OPCP 13 Ø = 4-5 mm. irregular, raised, lobate, smooth     
OPCP 14 Ø = 3-4 mm. circular, convex, entire, smooth, shiny    
OPCP 15 Ø = 1-2 mm. irregular, raised, lobate, dry    
OPCP 16 Ø = 1 mm. irregular, raised, lobate, dry    
OPCP 17 Ø = 1-2 mm. irregular, raised, undulate, dry    
OPCP 18 Ø = 4-5 mm. circular, convex, entire, smooth, shiny   
 
 

 1.    20  
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 7  
   20 

  18   5   
 OPCP01 OPCP08 OPCP09 OPCP15  OPCP18  

 

 
 

 OPCP01 OPCP08 OPCP09 OPCP15  OPCP18  
 

 

 
 

  
 

    
 

 
 

. 2555. . ( ) 21  2556  
: http://www.doa.go.th/ard/FileUpload/StatisticsHazardTop%2010%2055.pdf 

      . 2537.  
.  21(2) : 51 – 59. 

  . 2540. .  2. , 
. 

Alexander, M. 1965. Persistance and biological reaction of pesticide in soils. Soil Sci. Soc. Amer. Proc. 29: 1-7.  
Kang, D.G., Kim, J.Y.H. and H.J. Cha, 2002. Enhanced detoxification of organophosphate using recombinant 

Escherichia coli with co – expression of organophophorus hydrolase and bacterial hemoglobin. Biotech 
Letters. 24: 879 – 883. 
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The extraction method of cyanobacterial cells and its components analysis 
 

                  
 

                                                                     
....................................................................

 

 
        

   2  
   
   

  Total amino  Free amino  
 Total amino  Free amino   

 

 
 

 (Cyanobacteria) 
  

 (bioactive 
substance)           (Whitton, 2000 ; 
Rodriguez et al., 2006) 

  
 (seaweed extract) 
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1.  2   Anabaena cylindrica DASHN01101  Hapalosiphon sp. 

DASHN05101   
2.  Analytical grade  

-  BG – 11  Magnesium sulfate anhydrous (MgSO4), Sodium 
carbonate anhydrous (Na2CO3), Calcium chloride dehydrate (CaCl2.2H2O), Citric acid anhydrous, Ferric 
ammonium citrate (FeNH4 citrate), Ethylenediamine tetraacetic acid disodium salt (Na2 EDTA), Di – Potassium 
hydrogen phosphate anhydrous (K2HPO4), Boric acid (H3BO3), Manganese sulphate monohydrate (MnSO4.H2O), 
Molybdenum trioxide (MoO3), Zinc sulfate heptahydrate (ZnSO4.7H2O), Copper (II) sulfate pentahydrate 
(CuSO4. 5H2O), Potassium chromium sulfate (K2Cr2(SO4)4. 24 H2O), Nickel sulfate hexahydrate (NiSO4. 6H2O), 
Cobalt (II) nitrate hexahydrate (Co(NO3)2. 6H2O), Sodium tungstate dehydrate (Na2WO4. 2H2O), Titanium 
dioxide (TiO2)  Ammoniummonovanadate (NH4 VO3)   

3.    18.9   
 30  

    4.   – 20   
 

 
1.  

 2  
 BG – 11  18.9   (Starter) 

 10    
 4,000   25 + 1   45  

  2    
   

1.1   Shaaban (2001) 
  10 

   0   24  
  5,000   (clear 

cell sap)  17     
         –  
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1.2   Thirumaran et al., (2009) 
  10 

   1   
 5,000   17  

          
  –   
2.   

   
  

  
 

       2554 –  2555 
      

  
 

 
 

1.   –    
  

1.1  
  

  
   –  

   (  1) 
1.2   

2   Hapalosiphon sp. DASHN05101  Anabaena cylindrical DASHN01101  
 

 Total amino  Free amino  
 Total amino  Free amino    

 (  1  2) 
  

Chlorella vulgaris 
 (Shaaban et al., 2001)  Sargassum wightii (Sivasankari et al., 2006 ; 
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Zodape et al., 2009)  
 

 2  
 

 
 1.   –     

 Hapalosiphon sp. DASHN05101  Anabaena cylindrical DASHN01101 

 

Hapalosiphon sp. 
DASHN05101 

Anabaena cylindrica  
DASHN01101 

    

1.      
2.  –  7.0 7.1 7.0 7.1 
3.  ( ./ ) 1/     

3.1  2.17 2.00 2.25 2.40 
3.2  7.93 10.18 24.00 24.72 
3.3  3.11 3.25 2.62 1.31 
3.4  5.65 5.66 14.87 15.34 
3.5  3.97 3.67 2.62 1.31 
3.6  ND ND ND ND 
3.7  0.23 0.076 0.50 0.25 
3.8  0.01 0.013 0.38 0.19 
3.9  0.06 0.028 0.13 0.066 

4.  17  258.93 104.90 267.93 168.25 
     Free amino ( ./ ) 2/     
5.  17  
     Total amino ( ./ ) 2/ 

1,002.10 931.10 5,677.40 2,243.05 

ND =  
1/        2/   
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 2.  17   Free amino  Total amino   
 Hapalosiphon sp.DASHN05101  Anabaena cylindrica DASHN01101 

 

 1/ 
( ./ ) 

Hapalosiphon sp. 
DASHN05101 

Anabaena cylindrica 
DASHN01101 

    
Free 
amino 

Total 
amino 

Free 
amino 

Total 
amino 

Free 
amino 

Total 
amino 

Free 
amino 

Total 
amino 

1. Aspartic acid 7.28 96.60 2.28 75.50 11.45 473.00 10.78 208.70 
2. Serine 13.65 52.60 2.40 47.00 9.78 338.40 4.65 136.35 
3.Glutamic 47.13 173.00 32.65 149.70 48.43 732.30 54.18 357.10 
4. Glycine 6.13 50.80 1.33 46.50 5.88 345.90 9.33 132.85 

  5. Histidine 10.83 10.40 0.45 11.80 6.88 94.70 Nd 34.30 
  6. Arginine 20.80 81.80 6.23 102.80 29.83 557.80 11.43 158.45 
  7. Threonine 11.45 71.50 2.28 51.90 12.65 366.70 3.18 150.95 
  8. Alanine 23.15 85.60 4.38 80.30 31.33 466.80 9.13 168.10 
  9. Proline 6.55 41.10 8.45 38.30 7.75 264.40 4.15 111.85 
  10. Cystine ND 0.40 ND 0.60 1.20 29.30 3.08 5.80 
  11.Tyrosine 16.23 37.10 4.45 41.60 17.15 291.40 8.00 109.20 
  12. Valine 13.55 52.10 3.05 25.90 13.90 308.50 6.50 111.60 
  13. Methionine 10.48 10.60 5.28 24.90 9.00 26.20 4.33 24.55 
  14. Lysine 13.85 51.70 9.83 42.90 28.55 326.20 19.05 149.05 
  15. Isoleucine 19.03 70.30 11.58 69.50 18.50 328.80 2.15 118.00 
  16. Leucine 23.75 77.90 7.60 79.80 6.58 500.60 13.00 174.15 
  17. Phenylalanine 15.10 38.60 2.70 42.10 9.10 226.40 5.35 92.05 

 258.93 1,002.10 104.90 931.10 267.93 5,677.40 168.25 2,243.05 
 ND =  
1/    
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Selection of Phosphate Solubilizing Microorganisms in Laboratory 
    

                  
 

                                                                          
....................................................................

 
  150   

CaHPO4  228   CaHPO4  5 (  
9 )  8    Bacillus  Pseudomonas  Penicillium 

 Aspergillus   
 

 
 

 
  

  0.02 - 0.5   
0.05  (Barber, 1984)    

  ( )  ( ) 
  ( )   

  
 0.05   0.3   (Ozanne, 1980) 

 (H2PO4
-1 HPO4

-2) 
 -  (pH)  30-50  

 (Paul and Clark, 1989)  50   (Barber, 1984) 
 (2534)  35   
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  10    
  

  Penicillium sp. 
 

  
  

 
  

  
  -  

  
 

 
 

  
  pH  5.5-6   

 (Khasawneh and Doll, 1979) 
 

 (  , 2520) 
 (  , 2529) 

 (Sperber, 1958; Louw and Weble, 1959; Gerretsen, 1984) 
  

  
   

 chelation  (Fox and 
Comerford, 1990; Gerkel, 1992)  
(Matte, 1992; Vassilev and Vassileva, 1992)  Aspergillus niger  Penicillium sp.  

  
(Kucey, 1987; Asea et al.,1988; Cerezine et al.,1988; Cunningham and Kuiak, 1992) 
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 2    

 1)   
 (Spot inoculation)  Pikovskaya’s agar medium 

 30   (Clear zone)   
Katznelson and Boss (1959)  Ca3(PO4)2  Tony’s blue 
method      

 2)  1  
 /   

  
 

 
 

 
 (Viable plate count)   

150   Nutrient Agar (NA)  Potato Dextrose Agar (PDA)  2,000   
 

   
     

 1         2   
 

 CaHPO4  
228   CaHPO4  5 (  9 )  8  

 Ca3(PO4)2  Tony’s blue method 
  

 



238



239239



240

[240]

 2.    

 

 

RPS-101B RPS-102B RPS-1033B RPS-104B RPS-105B 

-  +  -  +  -  +  -  +  -  +  
 

 
 
 

 
 

70 
85 
90 
95 
90 
89 

75 
82 
83 
90 
90 
91 

69 
87 
94 
85 
93 
93 

72 
85 
92 
89 
90 
89 

79 
87 
92 
86 
88 
94 

84 
88 
92 
86 
88 
85 

76 
86 
94 
92 
85 
93 

74 
88 
90 
95 
95 
89 

71 
81 
92 
89 
86 
88 

79 
85 
92 
89 
95 
87 

 
 3.   

 

 

RPS-106F RPS-107F RPS-108F 

-  +  -  +  -  +  

 
 

 
 

 
 

70 
85 
95 
90 
89 
90 

82 
84 
92 
86 
88 
95 

79 
85 
90 
89 
90 
88 

75 
86 
85 
89 
86 
79 

77 
85 
94 
82 
87 
80 

69 
87 
94 
85 
93 
93 

 
 

 

  150   
2,000   CaHPO4  228   

  (CaHPO4)  5  
 CaHPO4  5 (  9 )  8  
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  Bacillus  Pseudomonas  Penicillium  Aspergillus 
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Chemical Composition and Physical Property of Azolla Served as Carriers for 
Biofertilizer Production 

 

        
 

                                                          
.................................................................... 

 

 
 

   
   (Azolla microphylla Kaulf.)  4.62% 

 0.65%  5.27%   2.54% 
 0.37%  0.18%  0.17%   

15.57 ppm  66.22 ppm 
   Aspatic acid, 

Glycine,  Threonine,  Glutamic acid,  Proline,  Methionine,  Lysine,  Arginine  Tryptophan 1,931,  1 ,043 , 
989, 2,886, 951, 329, 1,023, 1,149  266   

 (A)    (C)   (Z) 
  (Permeability)  (Class) 
 (Bulk Density)    

    
  Zeolite   3   2  

         
 0.19     

  0.88  0.90   3   
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 5 – 10   

  
  3   30  

 100  ( , 2530)  C : N  (  10) 
 (2–3.5 %K, Lui, 1987) 

  3 – 5  (Watanabe, 1982) 
  2 – 3  (Tung and Shen, 1981; Watanabe and Ramirez, 

1984)    
 (Alalade and Lyayi, 2006)  

  
   

   
 

 
 (carrier)  

  
  

  
 

  
   

   
    

    
  ( , 2545)  
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 .  

 2 . . 2550       
    

  
  

 
   

   
   

     
 

   
   

 
 

 
 

 
  

    
 1.    N P K OM   -   

2.       
 

 
 

   

 1.   
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   2554 –  2555 
    

 
 

 
 

 
 (Azolla microphylla Kaulf.)   4.62% 
 0.65%  5.27%  2.54% 

 0.37%  0.18%  0.17%  15.57 ppm 
 66.22 (ppm)  (  1) 

 
 

  1.  (Azolla microphylla Kaulf.) 
  

      (%) 4.62 
     (%) 0.65 

   (%) 5.27 
      (%) 2.54 

    (%) 0.37 
           (%) 0.18 

     (%) 0.17 
       (ppm) 15.57 

         (ppm) 66.22 
 

 
   18   

 Aspatic acid 1,931   Threonine 989  
 Serine 1,051   Glutamic acid 2,886  
 Proline 951   Glycine 1,043  
 Alanine 1,203   Cystine 220  
 Valine 832   Methionine 329  
 Isoleucine 747   Leucine 1,533  
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 Tyrosine 850    Phenylalanine 1,042  
 Histidine 456   Lysine 1,023  

 Arginine 1,149   Tryptophan 266  
 (  2 ) 

 

   2.  ( ) 
  

Aspatic acid 1,931 
Threonine 989 
Serine 1,051 
Glutamic acid 2,886 
Proline 951 
Glycine 1,043 
Alanine 1,203 
Cystine 220 
Valine 832 
Methionine 329 
Isoleucine 747 
Leucine 1,533 
Tyrosine 850 
Phenylalanine 1,042 
Histidine 456 
Lysine 1,023 
Arginine 1,149 
Tryptophan 266 

 
  

    (A)  (C)  (Z)  
 (Permeability)  

(Class)  (Bulk Density)  3  
   0.58 

  3.10    
4.38    
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 3      
 1:1:1  9.32    

  2:1:1  5.22   
   3:1:1  5.59  

    1:1:1 
  2   

  1:1  9.36    
  1:1  11.98     

  1:1  4.43   
   2:1   7.91  

 3  2   
 1:1       
 1:1      1:1:1  
   1:1   

   
     3 

 2      
   0.19  

  0.88   0.90 
  3     

  1:1:1  0.75   
  2:1:1  0.62  

   3:1:1  0.56 
  2   

 1:1  0.58   
  1:1  0.62    

 1:1  0.94  
  2:1  0.51  

 3  2    1:1 
     1:1:1 

  1:1  
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    3.   

Sample Name Permeability 
(mm/hr) Class Bulk Density 

(g/cm3) 
1.  (A) 0.58 Slow 0.19 
2.  ( C ) 3.10 Moderate 0.88 
3.  ( Z) 4.38 Moderate 0.90 
4. A:C:Z  (1:1:1) 9.32 Moderate 0.75 
5. A:C:Z (2:1:1) 5.22 Moderate 0.62 
6. A:C:Z (3:1:1) 5.59 Moderate 0.56 
7. A:C (1:1) 9.36 Moderate 0.58 
8. A:Z (1:1) 11.98 Moderate 0.62 
9. C:Z (1:1) 4.43 Moderate 0.94 
10. A:Z (2:1) 7.91 Moderate 0.51 

 
 

 

   
      

 
  

  

 
 

 ,     . 2530. 
.  , , .  28 .  

 . 2545.     83 – 130. 
  . , 

 
Alalade O.A. and E.A. Lyayi. 2006. Chemical composition and the Feeding value of Azolla (Azolla pinnata) 

meal for Egg–type chicks. Int. J. Poultry Sci. 5: 137–141. 
Lui Chung - Chu. 1987.  Reevaluation of Azolla Utilization in Agricultural Production. In Azolla Utilization : 

Proceedings of the Workshop on Azolla Use.  pp. 67–76. Int. Rice Research Inst., Los Baños, 
Philippines. 
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Nijhoff publishers Hague. 
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 chlorpyrifos  
Using Botanical Pesticides to Reduce chlorpyrifos for Controlling Chili Pests 

 

   1/      1/      1/      2/ 
 

                
 

.................................................................... 
 

 
 

 chlorpyrifos  
     

(imidacloprid)   
(chlorpyrifos)     2553  

 2553  RCB 3  9     
   imidacloprid  

  3   2   imidacloprid   3  
2   imidacloprid  chlorpyrifos   5  

 5      
 5   5     

 imidacloprid   
 imidacloprid 
 imidacloprid  13.7  20   13.3  20    

 chlorpyrifos   23.3  20   30  20   
 imidacloprid 3  2  

 711.7  20    chlorpyrifos  imidacloprid 596.7  546.7  
20    1, 5  14   
chlorpyrifos  5.49, 4.19,  1.8   Japan 
MRLs (1 )  EU MRLs (0.5 )  

 chlorpyrifos    
 
 

     
1/      
2/                      
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  (botanical pesticides) 

 
 

  chlorpyrifos   (organophosphates)  
  (Moderately hazard class II) 

  
      . .2551  

2,350      
( , 2551)   (2552) 

  chlorpyrifos   0.01 - 1.25   38 
   

 . .2551   Rapid Alert System for 
Food and Feed (RASFF)  26   

 (MRLs)  chloropyrifos  
     

    
      ( , 2524)  Azadirachtin 

 titers hormone    
  

  Azadirachtin  (Arnason et al., 1989) 
    

  
   (Barnby et al., 1990) 

    (Annonymous, 1999a)  (2550) 
   imidacloprid, emamectin benzoate, fipronil 

   
Rejesus et al., (1995)  (S6)  (S49) 

  
    Trichogramma evanescens  

 50 – 100   (  2546) 



253253

[253] 
 

Grainge Ahmed (1998)  
 (Javier et al.,1995)    (Rejeus et al., 

1994)  (Thrip palmi Karny)   
 (  ) 

 chlorpyrifos  
 chlorpyrifos  

  
 

  
 

  
1.  
2.   

-    
-  111®  azadiratchtin A 0.04 % 
-   ronocide®  6.9%  
-   chlorpyrifos 40% EC  imidacloprid 10% SL 

3.  
4.  46-0-0  15-15-15 
5.  
6.  
7.   volumetric flask, pipette, flat bottom flask, glass cylinder  
8.  chlorpyrifos 
9.   sodium sulfate (anhydrous granular) sodium chloride (AR grade)  
10.   acetone (AR grade) dichloromethane(AR grade)  
11.   Homogenizer,  food processor, column 

container  tube  15   Cleanup   
12.  5   2  
13.  Rotary Evaporator  
15.   Flame Photometer Detector (FPD)  

 
      2553  
2553 111®  azadiratchtin A 0.04  

 ronocide®  6.9   imidacloprid 10% SL  chlorpyrifos 40% EC 



254

[254] 
 

 RCB 3  9     100  20  
 60 + 60  20   (  60 + 60  20 )

 (  100  20 )  (  60 + 60  20 ) 
 (  100  20 )  imidacoprid  (  20 + 60 

 20 )  3  (  100  20 ) 2   imidacoprid  
 (  20 + 60  20 )  3  (  100  20 ) 

2  imidacoprid (  20  20 )  chlorpyrifos (  40  20 
)   20   4   5   

27    5   11   55   50 x 100  
  30 – 40   5   5  

   5  
20   20   20   
10      

 5  
 chlorpyrifos 

  5  1, 5  14   
 chlorpyrifos  1   

 (food processor)  25 + 0.1    
 chlorpyrifos  Steinwandter,H,1985. 

     2552 -  2553  
     

   
   

 

 
 

  30 - 40  
      

 
  24 - 39.3  20    

 1  imidacloprid    3  
 2   imidacloprid  14.7  15.7  20  

  18.7 - 27.3  20  
 30.33   2, 3  4  
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32.3-48.7, 22.3-56  18-34.7  20    5 
  imidacloprid 

  13.3 - 20.7  20   imdacloprid  
  13.7  20  

 imidacloprid  13.3  20 
 chlorpyrifos  

 chlorpyrifos 
 (  1)  

 
   

   1, 2, 3, 4  5  
(  2) 

 
 ( )  5   

imidacloprid 3   2   chlorpyrifos  imidacloprid   
 imidacloprid 3   2   711.7  20   

 chlorpyrifos  imidacloprid  596.7  546.7  20   
 416.7  20   3   

(  3)  (  1)  
 (T3)  chlorpyrifos (T8)  

 imidacloprid 3   2  (T5)  imidacloprid   (T7) 
 
 
      
 
 
 
 
 
 
 

 1.  
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   5 

 1, 5  14   (  4)  chlorpyrifos   1, 5  
14    5.49, 4.19  1.80   Japan MRL  1 

  EU MRL  0.5    14   chlorpyrifos 
 MRLs  EU  

    
 imidacloprid   

  imidacloprid 
 imidacloprid  

chlorpyrifos   chlorpyrifos 
     
 (2550)  

  
 

imidacloprid  Chlorpyrifos     1, 2, 3, 
4  5  imidacloprid  

  imdacloprid ( , 2553) 
  (  60 + 60  20   

  
  

 
      

  100  + 100  
 20    

/    
imidacloprid 3   2   

 chlorpyrifos 
 chlorpyrifos 

  chlorpyrifos 
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 chlorpyrifos 
  imidacloprid   

  chlorpyrifos 
 

  
  

 
 

 

. 2551.   2551. 
 ,  295 . 

   . 2552. .  115 - 123. 
 :  2552  1.  

.  
 . 2524. . .  35 (8) : 559 – 569  
 . 2553. .  3.    592   
    . 2552.   

.  . 
  

     . 2546. 
    10  

Annonymous, 1999a. Extention Toxicology Network, 1999. Available on http://ace.orst.edu/info/extoxnet/pips/ 
azadirac.htm. (4pp.) 

Arneson, J.T. Phylogenies, B.J.R. and P. Morand, 1989. Insecticides of Plant Origin, American Chemical 
Society, Washington, D.C., 213 pp. 

Barnby, M.A. Yamasaki, R.B. and J.A. Klocke, 1990. Biological  Activity of Azadirachtin, their  derivatives  
and their ultraviolet radiation degradation products against tobacco budworm (Lepidoptera: 
Noctuidae) larvae, J. Entomo. 82, 58-63. 

Codex Alimentarius. 1993. Pesticide Residues in Food. Volume 2.2nd ed. FAO pp. 147-365. 
Grainge M. and S. Ahmed. 1998. Handbook of Plants with Pest-Control Properties. A Wiley – Interscience 

Publication John Wiley & Sons. New York. 262 pp. 
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 1.      

 
 

(/ 20 ) 
 

  
5  

   1   2  3 4   5 
 100 . 24 23 ab 46 49 18.67 20.7 abc 

 60+60 . 37 24.3 ab 42 53 28.67 25.7 cd 
 

  60+60 ./ 100 . 25 23.3 ab 36.7 49 18 13.7 a 

 
   

60+60 ./ 100 . 25 30.33 b 48.7 56 34.67 18.7 abc 

Imidacloprid  
 3   

 2  
20+60 . /100 . 29.7 14.7 a 39 36.67 22.67 19.7 abc 

Imidacloprid  
 3   

 2  
20+60 . /100 . 39.3 21.3 ab 34 22.33 24 18.0ab 

Imidacloprid 10% SL 20 . 22.3 15.7 a 32.3 26 19.67 13.3 a 
Chlorpyrifos 40% EC 40 . 23 18.7 ab 34.7 24.67 24.33 23.3 bcd 

 - 34 27.3 ab 34.3 54 29 30.0 d 
CV (%)  56.8 33.8 60.9 60.5 46.2 18.9 

 

     (  3 )   95%  DMRT 
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 2. .     

 
 

(/ 20 )  
  

5  
   1   2  3 4   5 

 100 . 48.0 38.0 81.7 52.7 ab 18.3 33.0 
 60+60 . 54.3 31.3 64.0 64.0 b 24.3 37.7 
  

   
60+60 ./ 100 . 27.0 29.7 60.7 55.3 ab 26.3 35.7 

 
  

60+60 ./ 100 . 41.7 50.3 87.3 62.3 ab 20.3 31.3 

Imidacloprid  
 3  

  2   
20+60 . /100 . 47.7 33.3 32.0 39.3 ab 26.3 24.3 

Imidacloprid  
 3  

  2  
20+60 . /100 . 49.0 40.3 68.7 40.3 ab 36.3 32.7 

Imidacloprid 10% SL 20 . 47.7 32.3 32.3 35.3 a 20.0 31.7 
Chlorpyrifos 40% EC 40 . 50.3 26.3 30.0 53.0 ab 22.0 34.7 

 - 45.7 47.0 56.7 44.0 ab 22.7 35.3 
CV (%)  35.7 48.6 59.1 28.6 49.1 32.3 

 

     (  3 )   95%  DMRT 
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 3.      5  (20 )   

  
(/ 20 ) 

.  
( ) 

 100 . 315.0 cd 
 60+60 . 310.0 cd 
    60+60 ./  100 . 416.7 bcd 
   60+60 ./ 100 . 385.0 bcd 

Imidacloprid   3  
  2   20+60 . / 100 . 711.7 a 

Imidacloprid   3  
  2  

20+60 . / 100 . 430.0 bcd 

Imidacloprid 10% SL 20 . 546.7 abc 
Chlorpyrifos 40% EC 40 . 596.7 ab 

 - 248.3 d 
CV (%)  30.3 

           

           (  3 )   95%  DMRT 
 

 4.   5  chlorpyrifos 

  
 

(mg/kg) 
1  5  7  

 chlorpyrifos 40% EC chlorpyrifos 5.49 4.19 1.8 
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Research on Pilot Plant Level of Extraction Process of Stemona sp. 
Derris elliptica and Acorus calamus as Botanical Pesticides 

  1/     1/     2/ 
 

                  
....................................................................

 
 (Derris elliptica Benth.)   

 3      
 

  
     

 2549 –  2553    
 

   27 – 36%
 4 – 5%  

   45.   54oC 
 2   3.84%  92.53%  

  
1,400 ppm   2  3  92.50  74.72%   48  

 1, 2  3   
1,400   90.00, 85.00  72.50%   72   

 
 
 

     
1/          
2/        
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Stemona phyllantha Gagnep    
10%  5    1.8   total alkaloid 7.98% 

 – 0.5 bar – gauge  42 – 50oC 
  Stemona phyllantha Gagnep 

  66%  total alkaloid 2 – 3% 
  Stemona phyllantha Gagnep 

 3  63.61%  24   
 

  
   dichloromethane  

 

 
 

  
  

 
      

      
      

         
    

    Leguminoceae  
  

(2540) 
   25 ppm  50%  2  

   (2537) 
      

   (2541)  
   1   
 86.3%  30.5%  

     Stemonaceae 
  10 – 30   . .2536  (2536) 

 Stemona collinse    50% 
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 100%  93.33%  Areekul et al. (2531) 
   

  Stemonidine, stemonine, tuberostemonine 
 roteniods (  , 2520)   

 Araceae   
              

Calamus flargoot, Myrtle grass, Sweet flag, Sweet sedge  1 – 2  
    

   . .1600 
   (Thacker, 2009)  (2547) 

 
  Sitophilus oryzae (L.)  Callosobruchus 

chinensis  90%  3 – 4  
  – asarone (2,4,5 – trimethoxypropenylbenzenes), acorangermacrone  asarylaldehyde 

 3   Ceratitis capitata, Dacus cucurbita  D. dorsalis  
   1 : 1 : 1  

 Earias vittella (Fab)   

 
  

  
  

      
 

  
 

 
 
1.  (2 )  (4 ) 
2.    
3.  (Rotary evaporator) 
4.  High Performance Liquid Chromatograph (HPLC)  Diode array (DAD) 
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5.  
6.      
7.        
8.  :     
9.  

 
1.   
  

1.1 

  (2549) 
  emulsifier 

 
 27%, 31%  36%   

 HPLC  
1.2    

 –  3     0   2   45 
  2    3    

540C  2     RCB 6  6 (3 x 2) 
   0    0    2    2   45,    45  

   –  3  6.87, 6.44  5.81 
     

1.3   
     

1.3.1  2  3 
 CRD 3  6   

1.  1,400 ppm  
2. 1,200 ppm  
3.  1,000 ppm  
4.  800 ppm   
5.  600 ppm   
6.    
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   3  
  10    200    

1.3.2   1, 2  3 
1.3.1)  

2.  
2.1  

   
 (Stemona phyllantha Gagnep)    

7 – 11   55oC 2   
 5     

60     1  
    60   2 

   
   

  
 , emulsifier 

  
66% 

2.2  
    CRD 3  

10   1)  (45.6%) Stemona aphylla 2)  (39.7%) Stemona aphylla 3) 
 (51.6%) Stemona phyllantha 4)  (42.8%) Stemona phyllantha 5)  Stemona 

aphylla (66.7% ) 6)  Stemona phyllantha (66.7% ) 7)  8)  
9) PG  10)     1 – 4  

    (Stemona aphylla Craib)    (Stemona phyllantha Gagnep) 
   7 – 11   

 10    10  
 5 – 6  

  1  10   
 200   10     
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3. 
 

3.1   (7 – 8 )  
3.1.1      (

 )   2  (  )  4  methanol, ethanol, 
dichloromethane, methanol  partition  petroleum ether  
methanol     50  methanol 300   1 
  200   2   3   round bottom flask  anhydrous sodium 
sulfate    rotary evaporator  2  ethanol  
dichloromethane   methanol  partition  petroleum ether 

 3  methanol  methanol  
 methanol  60   10   partitioning extract  petroleum ether 

50   3   petroleum ether  round bottom flask  
500   anhydrous sodium sulfate     rotary evaporator  

3.1.2     2 
  CRD 3  11   1) ( )  methanol  

2)  ( )  ethanol 3) ( )  dichloromethane 4) ( )  methanol  
partition  petroleum ether 5)  ( )  methanol 6)  ( )  ethanol 7)  ( )  
dichloromethane 8) ( )  methanol  partition  petroleum ether 9) Acetone 10) Petroleum 
ether  11)     methnol crude, ethanol 
crude  dichloromethane crude  50  acetone  volumetric flask  50   
petroleum ether crude  PE 50   volumetric flask 50    10 

 acetone petroleum ether   2  Leaf dipping method 
    

10   1 2 3  4   
3.2   (13 - 14 ) 

3.2.1   3.1.1    
3.2.2    2  

CRD 3  7    
1.  methanol  
2.  ethanol  
3.  dichloromethane   
4.  methanol  partition   petroleum ether  
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5. acetone  
6. petroleum ether   
7.   

  
 methnol crude, ethanol crude  dichloromethane crude  50 ml acetone  

volumetric flask  50   petroleum ether crude  PE 50   volumetric flask 
50    10  acetone  petroleum ether 

  2  Leaf dipping method   
  10  

 1 2 3  4   
   2549  –  2553 

 -  
      
-      

  
 

 
 

1.   
1.1   

   
3   27%, 31%  36%  3  
4.7%, 5.1%  5.5%  (  1)  27 – 36% 

 4 – 5%  
1.2    

  3     0   2   45 (  2)   45 
  54oC  2    

3.84%   0   2  92.53%  2   0 
  2  47.76%  54.69%  

1.3   
1.3.1  2  3 

(  3)    2 
  61.39 – 92.50%  1,000 1,200  1,400 ppm 

 3  600  800 ppm  
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1.3.2  1, 2  3 
(  4)   1,400 1,200 1,000  1  87.5 – 90.00% 

 800 ppm  1  82.50%  2 
 1,400 1,200 1,000  72.5 – 85.00%  
 3  1,400 ppm   72.50%  

800 – 1,200 ppm  3  57.50-60.00% 
2.  

2.1  
 – 0.5 bar – gauge  42 – 50oC 

  5  
  10%  

  10%  (  5) 

 66 % 
2.2   2   

   (  6)   Stemona 
phyllantha  3  63.61%   Stemona 
aphylla  2   

 1 (  7)  Stemona phyllantha  
Stemona aphylla  1  95%   

  
3. 

 
3.1  (7 – 8 )  

 2 (  8)  Corrected% Mortality   7 – 8  
methanol  partition  petroleum ether  75% 

dichloromethane  methanol  partition  petroleum ether  
dichloromethane  33.3, 31.23  30.00%  

3.2  (13 – 14 )  
  2 (  9)  Corrected% Mortality   13 – 14  

ethanol  70.97%  dichloromethane  
methanol  partition  petroleum ether  54.84  41.67%   
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1.   

  27 – 36%  
 4 – 5%   

 54oC  2   45 (pH 5.8)  92.53% 
  

  2  3  48   1, 2  3 
 72   

2.  
 Stemona phyllantha Gagnep  

  10%  5    1.8  
 total alkaloid 7.98%  – 0.5 bar – 

gauge  42 – 50oC  Stemona phyllantha Gagnep 
  66% 

 3  24   24  
 Stemona phyllantha Gagnep  colum chromatography 

 
3. 
  

 
 

     dichloromethane 
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    . 2520  .  31 
(11) : 33 – 34. 

 . 2549.  (Derris elliptica Benth.)  . 
. . 24 : 198 – 210.  

 . 2547.   21 (4) : 8 – 11. 
    . 2540.   

 2540  8 – 10  2540   
    84 – 92. 

 . 2541. . 
 . 

 ,    . 2536. 
 .  ( ) 27: 336-340. 

   . 2546.  
.  . . 

 ,  ,    , 2537. 
.  16 – 17.  

Areekul, S. Sinchaisri, P. and S. Tigvatananon, 2531. Effect of Thai Plant Extracts on Oriental Fruit Fly II 
Repellency Test  Kasetsart J. (Nat. Sci.) 22: 56 – 61. 

Thacker, J. R. M., 2009. “An Introduction to Arthropod Pest Control” Dept. of Biological Science, University 
of Paisley, UK, available on http: //assets.cambridge.org/97805215/61068/sample/978052156068 

 
 1.  

 
 

  
 (%) 

27%  4.7 
31%    

( ) 
5.1 

36%    5.5 



271271

[271]

 2.  

pH
 (%) 2/

1/  540C , 14 1/

 0 6.87 4.25 a 2.03 b 2.22** 
 2 6.44 3.84 b 2.10 b 1.75** 
 45 5.81 4.15 a 3.84 a 0.31** 
CV = 5.3% 

 1/   DMRT   95%
 2/ **  LSD .01

3.   2  3 
%  48  

 2  3
 1,400 ppm 92.50 a 74.72 a 
 1,200 ppm 81.94 a 66.67 a 
 1,000 ppm 71.67 a 63.06 a 
   800 ppm 67.22 a 30.00 b 
   600 ppm 61.39 a 22.78 bc 

    0.00 b 0.00 c 
CV (%) 35 41.8 

  DMRT  95%

 4.   1, 2  3  

 
%  72  

1  2  3 
 1400 ppm 90.00 a 85.00 a 72.50 a 
 1200 ppm 87.50 a 77.50 ab 60.00 ab 
 1000 ppm 87.50 a 72.50 ab 57.50 ab  
 800 ppm 82.50 ab 67.50 b 57.50 ab 
 600 ppm 50.00 b 40.00 c 40.00 b 

 0.00 c 0.00 d 0.00 c 
CV (%) 33 15 34.9 

  DMRT  95% 
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 5.  

 
 (%)

. 
 

( .)

% total alkaloid 
 

 (formulate) ( ) % total alkaloid

1 9.76 5 1,800 8.94 3.24 
2 11.77 5 2,600 5.52 2.03 
3 9.66 5 1,800 7.16 3.30 
4 17.3 5 1,900 8.04 2.97 
   1,500 (  .)   

5 5.47 5 1,800 7.75 3.18 

 6.   3 

 
. 

 

%
 

( ) 
 

% 
 24 . 

1.  Stemona aphylla 10 45.6(ethanol) 1:10 2.50 c 
2.  Stemona aphylla 10 39.7(ethanol) 1:10 2.50 c 
3.  Stemona phyllantha 10 51.6(ethanol) 1:10 0.00 c 
4.  Stemona phyllantha 10 42.8(ethanol) 1:10 25.56 b 
5.  Stemona aphylla - 66.7 ( ) 1:10 20.00 b 
6.  Stemona phyllantha - 66.7 ( ) 1:10 63.61 a 
7.  - - 1:10 0.00 c 
8.  - - 1:10 2.50 c 
9.PG - - 1:10 0.00 c 
10.  - - - 0.00 c 

CV =91.2% 
  DMRT  95%
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 7.   1  

 
. . 

 
%

(mixer)
% 

 24 .
1.  Stemona aphylla 10 45.6(ethanol) 1:10 2.50 c 
2.  Stemona aphylla 10 39.7(ethanol) 1:10 10.00 c 
3.  Stemona phyllantha 10 51.6(ethanol) 1:10 12.50 c 
4.  Stemona phyllantha 10 42.8(ethanol) 1:10 47.50 b 
5.  Stemona aphylla - 66.7 ( ) 1:10 95.00 a 
6.  Stemona phyllantha - 66.7 ( ) 1:10 95.00 a 
7.  - - 1:10 5.00 c 
8.  - - 1:10 100.00 a 
9.PG - - 1:10 0.00 c 
10.  - - - 0.00 c 

CV =40.8% 
  DMRT  95%

 8.     (7 - 8 ) 

CV= 65.8% 
  DMRT  

 95% 

 
 
 

( ) 

. .  
crude  
( ) 

% crude in 
testing soln 

(10% ) 

 
% Mortarity 

Corrected 
%Mortality 

 ( ) methanol 50 11.042 2.28 20.00 cd 20.00 
 ( )  ethanol 50 4.22 0.84 23.33 cd 23.33 
 ( )  dichloromethane 50 1.29 0.26 30.00 bcd 30.00 
 ( ) methanol partition  

  petroleum ether 
50 1.37 0.27 63.33 ab 31.23 

 ( ) methanol 50 6.12 1.22 10.00 cd 10.00 
 ( )  ethanol 50 3.45 0.69 13.33 cd 13.33 
( )  dichloromethane 50 1.00 0.20 33.33 bcd 33.33 
 ( ) methanol partition  

 petroleum ether 
50 0.75 0.15 86.67 a 

 
75.00 

acetone    0.00 d - 
petroleum ether    46.67 bc - 

    0.00 d - 
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 9.     (13 - 14 ) 

CV= 30.6% 
  DMRT 

 95%
 

 
 
 

( ) 

. . 
crude 
( ) 

%crude in 
testing soln 

(10% ) 

 % 
Mortarity 

Corrected 
% Mortality 

( ) methanol 50 4.60 0.92 50.00 b 35.48 
( )  ethanol 50 2.09 0.42 77.50 a 70.97 
( ) dichloromethane 50 2.14 0.43 65.00 ab 54.84 
( ) methanol partition  

 petroleum ether 50 2.20 0.44 82.50 a 41.67 

acetone    22.50 c - 
petroleum ether    70.00 ab - 

    10.00 c - 
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 Atrazine, Ametryn, Alachlor  
 2,4-D Dimethyl ammonium  

 

                       
 

                                                             
....................................................................

 9   
           atrazine 

(8% WP, 90% WG) ametryn (80% WP, 80% WG) alachlor 48% W/V EC  2,4 – D dimethyl ammonium 
(84, 82.1, 72 %W/V SL)  242      atrazine 
ametryn  alachlor  GC – FID  2,4 – D dimethyl ammonium  
HPLC – VWD    

  alachlor   MT 36.3  2,4 – D 
dimethyl ammonium   pH meter    
223   92.1%   19   7.90%  

  2,4 – D dimethyl ammonium   
 

 
 

 (Herbicides)   
  

    3, 4  5 
 10  2553 ( , 2553)  
 (atrazine)  1,3,5 – Triazine  2  

  80%WP (Wettable Powder)  90% WG (Water Dispersion Granule)  
(pre – emergence)  (early post – emergence)    

        
   

 (ametryn)  1, 3, 5 – Triazine  2  
  80% WP (Wettable Powder)  80% WG (Water Dispersion Granule) 
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 (systemic)       
      

 (alachlor)  Chloroacetanillide  48% W/V EC (Emulsiable 
Concentrate)        

          
     
2,4 –    (2,4 – D dimethyl ammonium)  Aryloxy alkanoic 

acid  84% W/V SL (Soluble Concentrate)   
             

      
    

 
   

   
 

 
  
 1.  Gas Chromatograph (GC)   (flame ionization 

detector)  capillary  HP – 5 (30 m x 0.32 mm x 0.25 m) 
 2.  High Performance Liquid Chromatograph (HPLC)  variable wavelength 

 Lichroshers 100 RP – 18e, 5 m (250 mm x 4.6 mm) 
 3.  4 (± 0.1 ) 
 4.  (pH meter) 
 5. Ultrasonic bath 
 6.  (volumetric flask)  25  100  (class A) 

100   (pipette)  5   (beaker) 
 7.    0.20  
 8.   atrazine ametryn alachlor  2,4 – D dimethyl ammonium 
 9.   atrazine (80% WP, 90% WG) Ametryn (80% WP, 80% WG) alachlor 

48% W/V EC  2,4-D dimethyl ammonium (84, 82.1, 72% W/V SL) 
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              10.  (acetonitrile : HPLC grade)  (acetone : AR grade)   
(acetic acid)  (hydrochloric acid : HCL)  (ammonia solution) 

 (sodium hydroxide : NaOH) 
11. Standard Water D,  (distilled water)  

 
1.   242   

1.1 atrazine       
   66  
1.2 ametryn        

56   
1.3 alachlor       

   58  
1.4 2,4 – D dimethyl ammonium      

     62   
 2.    

2.1  atrazine ametryn  alachlor  1  
 GC – FID  

2.1.1   25 ± 5  2  
  25   acetone  10   

Ultrasonic bath 5    acetone 
2.1.2    

25 ± 5   3    25   acetone  10  
 Ultrasonic bath 5    acetone 

2.1.3  GC  FID  : 
 H2  40.0  AIR  450.0   make up N2  

 45.0   1 
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 1.   GC – FID  

 
 

Oven  
(  C) 

Injector 
 (  C) 

Detector 
(  C) 

Split ratio Flow of He 
( ml/min) 

Inj.vol.  
( l) 

atrazine 
ametryn 
alachlor 

210 
210 
240 

250 
250 
260 

250 
250 
260 

50:1 
100:1 
100:1 

2 
2 
2 

1 
1 
1 

 

 2.1.4  FAO - Specifications  2 
 

  
atrazine ametryn alachlor 2,4 – D dimethyl ammonium 

80 % WP 
(%W/W) 

90% WG 
(%W/W) 

80 % WP, 
 80%WG (%W/W) 

48% W/V EC 84% W/V 
SL 

82.1% W/V 
SL 

72% W/V 
SL 

78-84 88-94 78-84 45.6-50.4 81.5-86.5 79.6-84.6 69.5-74.5 
 

2.2  2,4 – D dimethyl ammonium  0.20 
 HPLC  

2.2.1   10 ± 2   2 
  100   methanol  50  

Ultrasonic bath 5    methanol  
2.2.2    

10 ± 2   3    100   methanol  50  
 Ultrasonic bath 5    methanol 

2.2.3  HPLC  VWD  
Column Lichroshers   100 RP-18e (250 mm x 4.6 mm) 
Mobile phase acetonitrile   : 0.5% acetic acid (60:40) 
Wavelength   280  
Flow rate    1  
Column Oven   40  

3.     
  EC   

 SL  Alachlor 48% W/V EC 
 2,4 – D dimethyl ammonium 84% W/V SL 
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3.1   
3.1.1  Standard Water D (  342 ppm, Ca : Mg 80 : 20)  MT 

18 CIPAC F 
.  Solution A (0.04 M calcium ion solution) 

 calcium carbonate 4.0   500   
  HCL 1.0N  82   calcium carbonate   400  

   methyl red 2 – 3  
    2   

  1,000     
.  Solution B (0.04 M magnesium ion solution) 

 magnesium oxide 1.613   500  
   HCL 1.0N  82    magnesium oxide   

400     methyl red 2 – 3  
    2  

  1,000   
.  Standard Water D 

 Solution A  68   Solution B  17   
 1,000   800   pH  6 – 7  NaOH 0.1 N 

 1,000      
3.1.2  (MT 36.3 CIPAC K)  

(   Standard Water D  100 ) 
 Standard Water D  90   100   

  10   2  
     0.0 0.5  2.0   24  

  10      24.5  
 FAO – Specifications of Alachlor/EC (1992)  

 0.0   
 0.5    2  
 2.0    4   
 24 .  
 24.5    4   0.5  
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3.2  (MT 75.3 CIPAC J)  pH – meter  (calibrate) 
 pH 4  7   

 4.5 – 7.5   
   2554 –  2555 

    
 

 
 

1.   atrazine (80% WP, 
90% WG)  ametryn (80% WP, 80% WG)      

     122    (  
100%)  

alachlor 48% W/V EC        
   58  (  100%) 

 2,4 – D dimethyl ammonium      
     62    

 50  (  80.6%)  12  (  19.4%)   4  
   1     

0

20

40

60

80

100

Atrazine Ametryn Alachlor 2,4 D dimethyl
ammonium

 
 1.  ( )  atrazine, ametryn, alachlor  2,4 – D 

dimethyl ammonium 
 

2.   ( ) 
 (  )  alachlor  2,4 – D dimethyl 

ammonium  alachlor 48% W/V EC  58   
   100%  2,4 – D dimethyl 

ammonium 84% W/V SL  48    32   66.7%  
 16   33.3%, 2,4 – D dimethyl ammonium 82.1% W/V SL  4   

100% 100% 100%

80.6% 19.4% 
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 2   50%   2   50%  2,4 – D dimethyl ammonium 72% 
W/V SL  10    9   90%   1   10% 

 2,4 – D dimethyl ammonium  3   48   
  43   69.4%   19   30.6% (  2) 

    
    

 
 

0

20

40

60

80

100

Alachlor 2,4 D dimethyl
ammonium

 2.   alachlor  2,4 – D dimethyl ammonium 
 

 
 

  
atrazine, ametryn, alachlor  2,4 – D dimethyl ammonium  242    

 223   92.1%    19   7.90%  
 2,4 – D dimethyl ammonium  

   
 

 
 

    
 

   
 
 
  

100%

69.4% 

30.6% 
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. 2553.   . . 2553. . 
: http://www.doa.go.th/ard/, 16  2554.  
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