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 (Methidathion)  
 (MRLs)  5  6 

 

Residue Trial of Methidathion in Orange to  
Establish Maximum Residue Limit (MRLs) Trial 5 and 6 

              
                

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

 
 

  5  6  
 2       

 2554  2555   2    1  
 42% W/V EC   40  20   2 

  3   4  
 1   3   7  

   
0, 1, 3, 5, 7, 14, 21  28     5  

   5.51, 4.60, 
4.04, 3.44, 2.63, 2.06, 1.39  0.52   6  

  5.31, 4.72, 3.73, 3.43, 3.10, 2.65, 
1.73  1.57    

  28   Codex MRL 
 2   21  

 Codex MRL  2557 
   67   37    

98.5 (66 )   
15         83.9, 
71.4,  44.6  42.9    1 – 6  
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 Codex  
 2557 

 FAO/WHO  (Citrus)  4   (Orange Group)  
(Mandarins)   (Pummelos and Grapefruits)  (Common Acid 
Members)   (Tangerine)  (Mandarins) 

  100  
   

        
      

(  , 2553)  2549  500,000   
        

740,000   1,950   2548  111.12 
  2,429.48   

50.22  ( , 2549)  
   (2552) 

  (2551) 
    

   
 -  

  50  
    

    
-    20 

    
     

 (methidathion)  non-systemic 
(EXTOXNET, 2009)   (thiadiazole organothiophosphate insecticide) 

     IUPAC  3-dimethoxyphosphinothioyl 
thiomethyl-5-methoxy-1,3,4-thiadiazol-2(3H)-one  C6H11N2O4PS3  1 (Wood, 
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[4] 
 

2.   
 Supervised Trial  2   1 

  40   20   42% W/V EC 
  2  (Control)    

  8  (Treatment) 
 0  (2 ) 1, 3, 5, 7, 14, 21  28  

  8   3   4  
       

2        
  10   

   
42% W/V EC  40  20   

 7   3     
   2  

 (  0 )   1, 3, 5, 7, 14, 21  28  
  8   

   
  67  

  
  (Lab Micronizer)  

25 + 0.1    Steinwandter (1985) 
 25 + 0.1   beaker   acetone 50 ml  

homogenizer  1   13,000   dichloromethane 40 ml  sodium 
chloride 8   1   sodium sulfate anhydrous 25    10  

 50 ml  sodium sulfate anhydrous 20  
 40 C   5 ml  ethyl acetate (PR) 

  vial  GC 
(FPD)  calibration curve   0.2, 0.5, 1.0  
2.0   GC    

Column  :  DB-1701P, 0.25 m thickness, 30 m length, 0.32 mm.id.   
Temperature :  injector 250 C, detector 250 C, oven temperature program  
         : 120 C (2 min)               10 C/min  210 C (2 min)                   

 2 C/min  220 C (2 min)               10 C/min  250 C (5 min) 
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Inject mode  : splitless (purge on time= 1 min) 
Carrier gas  :  helium, flow rate 2 ml/min 
Make up gas  :  nitrogen, flow rate 58 ml/min 
Flame gas  :  hydrogen, flow rate 75 ml/min 

   air, flow rate 100 ml/min 
Injection volume : 1 l 
 

   retention time  
  

 Linear Regression  Correlation  0.99 
 

Csample = Ccalib.  x   Vsample x  F / Wsample 
 Csample   =  ( ) 

Ccalib.   =   Calibration curve   
               GC Report ( )   
Ccalib.   =  Area of sample x Conc. of Standard 

            Area of Standard 
V sample  =  ( ) 
W sample  =  ( ) 
F   = Correction Factor = 90ml/50ml 

  
  67  

  
 :  2554 –  2555  
      

   
  1    

   
   

 

 

 

 



6

[6] 
 

 
 

 5    
   3 - 4   

  14 – 20   3   7  
 Codex Guidelines  

  1   
    

    
  5.51   0  

  4.60, 4.04, 3.44, 2.63, 2.06, 1.39  0.52   1, 
3, 5, 7, 14, 21  28    

 3  4  Codex MRL  
 3   (  2) 

 y = 5.194e-0.071x, y = 4.9376e-0.073x  y = 5.3077e-0.08x 
 1, 2  3   R2  0.95-0.98  

  2  
 Codex MRL  21  

 
 

 
 2.    5   

               
 

 (mg/kg) 
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 6     
  2-3    

 12–20   3   7  
 Codex Guidelines  
  1   

    
     

 5.31   0    4.72, 
3.73, 3.43, 3.10, 2.65, 1.73  1.57   1, 3, 5, 7, 14, 21  28 

   3  
 (  3)  

   
y = 4.5531e-0.041x , y = 4.5254e-0.041x  y = 4.6445e-0.043x  1, 2  3  

  2.0   21  
 
 

 
 3.    6   

               
 

  37   67  
  66  (  98.5)   1 

  1-6  
    15  

 (mg/kg) 
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 chlorpyrifos, cypermethrin, ethion, profenofos  triazophos   83.9, 71.4, 44.2, 42.9  
17.9    

  
 28   21  

  
 

 

 
 

   5  6  
 2       

 42% W/V EC  (40  20 ) 
 5.51, 4.60, 4.04, 3.44, 2.63, 2.06, 1.39  0.52  

 6    5.31, 4.72, 3.73, 3.43, 3.10, 2.65, 1.73  
1.57   0, 1, 3, 5, 7, 14, 21  28   

 Codex MRL   2  
 21  

   67   98.5 (66 ) 
 

 

 
 

1.   
 

 (National MRL)  (Asean MRL) 
 Codex MRL  MRL  15  
  

  Codex MRL   JMPR  MRL  
 2  

    
2    MRL   0.5  

 Positive Lists  5   
 5  
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2.   
  

   MRL 
   

 

3.  
   21  

 MRL  0.5   7   MRL  Codex 
 2.0    

 
 

 
 

  
    1  
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 (Ethion)  
 (MRLs)  5  6 

 

Residue Trial of Ethion in Orange to  
Establish Maximum Residue Limit (MRLs) Trial 5 and 6 

                  
                

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

 
 

  5  6   
2        
2554  2555   2    1  50% W/V 
EC   40  20   2 

  3   4  
 1   3   7   

  0, 1, 3, 5, 7, 14, 21  28  
   5   

 5.08, 4.19, 3.35, 2.82, 2.15, 1.68, 1.50  0.92 
  6    

 5.53, 4.66, 4.29, 4.17, 3.83, 3.43, 3.10  2.33   

  28   Codex MRL 
   67 

 37   98.5 (66 )  
 44.6  14      

 83.9, 71.4  42.9   
 1 – 5  

 
 
 
 



12

[12] 
 

 
 

 (Tangerine)  (Mandarins) 
        

     
   (  , 2553)  . .2549  

 500,000    
       740,000 /   1,950  

 2548  111.12  
 2,429.48   50.22  ( , 2549)  

   (2552) 
 (2553)   

   
    

     
  

    
   

   
      

      
      
    

  (ethion)  non-systemic (EXTOXNET, 2009) 
  (aliphatic organothiophosphate insecticide)   

  IUPAC  O,O,O ,O -tetraethyl S,S -methylene bis (phosphorodithioate) 
 C9H22O4P2S4  1 (Wood, 2009)  384.48  (CAS No.) 563-12-2 

  (cholinesterest 
inhibitor) (PAN, 2009)  rat   LD50 21-191 

  62   890 
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 2  (Control)     
 8  (Treatment)  0  

(2 ) 1, 3, 5, 7, 14, 21  28   
 8   3   4  

       2  
       

  10   
  42% W/V EC  40 

 20    7   3  
    

  2   (  0 ) 
  1, 3, 5, 7, 14, 21  28    8  

    
  

 67  

  
  (Lab Micronizer)  
 25 + 0.1   

Steinwandter (1985)  25 + 0.1   beaker  
 acetone 50 ml  homogenizer  1   13,000  dichloromethane 

40 ml  sodium chloride 8   1   sodium sulfate anhydrous 25   
 10   50 ml  sodium sulfate anhydrous 20  

 40 C   5 ml  ethyl 
acetate (PR)   vial 

 GC (FPD)  calibration curve   
0.2, 0.5, 1.0  2.0   GC    

Column  : DB-1701P, 0.25 m thickness, 30m length, 0.32mm.id.   
Temperature : injector 250 C, detector 250 C, oven temperature program  
         : 120 C (2 min)            10 C/min  210 C (2 min)                   

 2 C/min  220 C (2 min)             10 C/min  250 C (5 min) 
Inject mode  : splitless (purge on time= 1 min) 
Carrier gas  : helium, flow rate 2 ml/min 
Make up gas  : nitrogen, flow rate 58 ml/min 



15

[15] 
 

Flame gas  : hydrogen, flow rate 75 ml/min 
  air, flow rate 100 ml/min 

Injection volume : 1 l 

   retention time  
  

 Linear Regression  Correlation  0.99  
 

Csample = Ccalib.  x   Vsample x  F / Wsample 
 

 Csample   =  ( ) 
Ccalib.   =   Calibration curve   
                GC Report ( )   
Ccalib.   =  Area of sample x Conc. of Standard 

            Area of Standard 
V sample  =  ( ) 
W sample   =  ( ) 
F   = Correction Factor = 90ml/50ml 

  
  67  

  
 :  2554 –  2555 
      

   
  1    

   
   

 

 
 

 5    
   3 - 4   

  14 – 20   3   7  
 Codex Guidelines  
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  1   
    

    
  5.08   0  

  4.19, 3.35, 2.82, 2.15, 1.68, 1.50  0.92   1, 3, 5, 7, 
14, 21  28     3 

 4  Codex MRL  
 3   (  2) 

 y = 4.13e-0.057x , y = 4.0295e-0.054x  y = 3.9758e-0.051x 
 1, 2  3   R2  0.90-0.96  

  1  
  28  

 
 

 
 2.     5   

                  
 

 6     
  2 - 3    

 12 – 20   3   7  
 Codex Guidelines  

  1   
    

 (mg/kg) 

 



17

[17] 
 

     
 5.53   0    4.66, 

4.29, 4.17, 3.83, 3.43, 3.10  2.33   1, 3, 5, 7, 14, 21  28 
   3  

 (  3)   
  y = 5.0663e-0.026x , y = 

4.8644e-0.027x  y = 4.7227e-0.023x  1, 2  3    1.0 
   28  

 28   
 

 
 

 
 3.     6    

                  
 

  37   67  
  66  (  98.5)   1 

  1-5   25  
 44.2   9   

14   chlorpyrifos, cypermethrin, profenofos  triazophos   83.9, 71.4, 42.9  
17.9   

  1  

 (mg/kg) 
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   5  6   
2        
50% W/V EC  (40  20 ) 

 5.08, 4.19, 3.35, 2.82, 2.15, 1.68, 1.50  0.92   6 
   5.53, 4.66, 4.29, 4.17, 3.83, 3.43, 3.10  2.33  
 0, 1, 3, 5, 7, 14, 21  28   

  Thai MRL 
 1   28  

   67  
 98.5 (66 )  44.2  

9  
 

 
 

  
 

 (National MRL)  (Asean MRL) 
 Codex MRL  Positive Lists  0.3  

 0.01   MRL 
  

  
  

  MRL   
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    1  
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 (Fipronil)  
 (MRLs)  1  2 

 

Residue Trial of Fipronil in Grape to  
Establish Maximum Residue Limit (MRLs) Trial 1 and 2 

                  
                                                             

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

 
 

  
 (Good Agricultural Practice) 

     1   2555 
 2   2555  supervised trial 

 2    ( )  (10  
20 )  3  (replication)  7  (treatment)   ( ) 

 5  1   3    
 0, 1, 3, 5, 7, 10  14   

 LC-MS/MS   1 
 (10  20 )  0.36, 0.31, 0.28, 

0.14, 0.13, 0.09  0.04   2  0.21, 
0.19, 0.17, 0.16, 0.14, 0.12  0.10  0,1,3, 5, 7,10  14  

  
  14  

  
 0.005  0.01   Codex MRL   0.005  

  Asean MRL   
    

       30  
  3   

  26   methomyl, carbendazim, dimethoate, omethoate, difenoconazole, cypermethrin, 
iprovalicarb, prothiofos, azoxystrobin, metalaxyl, dimethomorph, ethion, pirimiphos-methyl, acephate, 
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deltamethrin, thiamethoxam, methamidophos, trifloxystrobin, L-cyhalothrin, carbaryl, flusilazole, chlorfluazuron, 
chlorpyrifos, tetradifon, pyridaben  acetamiprid   
methomyl  carbendazim  50   

 

 
 

    
    

     
       

   
     

      
 

    
    

   
   

  
     

 FAO  (FAO Guideline, 1990)  
 

 
 (Fipronil)   

5 – amino-[2,6–dichloro-(trifluoromethyl) phenyl] – 4-[(1R,S)-(trifluoro=methyl) sulfinyl]-1H 
pyrazole – 3-carbonitrile  
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   (Phenylpyrazole)   
 Class II  LD50  97  

 2,000   354  
(The pesticide Manual, 2006)        

      
       

          
    5% SC 

,   
 

 
 

1.   
 (Pesticide Standards)  81- 99%  

   (Ascend)   acetone AR grade, dichloromethane AR 
grade, ethyl acetate PR grade, acetonitrile PR grade, hexane PR grade, sodium chloride (NaCl), sodium 
sulfate (Na2SO4) anhydrous, primary secondary amine (PSA), silica gel, magnesium  sulfate anhydrous (MgSO4), 
tri sodium citrate, disodium hydrogen citrate 1,5 hydrate, Graphitized carbon black (GCB), formic acid 

2.  
 (beaker)  (cylinder)  (funnel)  (round bottom flask) 

 (pipette)  (volumetric flask)  (vial)  (erlenmeyer flask)  
(duran)  (centrifuge tube) 

3.  
   (ultra turrax) 

  2, 4  5  
 GC-MS, LC-MS/MS, GC –FPD/ECD, HPLC- postcolumn  
4.    

 Supervised Residue/Field Trial  FAO Guide lines (1990)  
1.  
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2.  (experiment)   Special design  2   1 
/  (Control)   2   

(Recommended dose)    10   20  
3.  (replicates)  3  
4.  (treatment)   0, 1, 3, 5, 7, 10  14    

  7  
5.  

  30 
   1     

 
    1   2    

 
  400    10  20   

 1  (replicates)   5 /   3   
 

 

 
 

 1   2  
1 16  2555 22  2555 
2 21  2555 27  2555 
3 26  2555             3         2555 

 
 

   (Supervised Field Trial)  
2       0  

 1, 3, 5, 7, 10  14   7  
   1   

  

  
   QuEChERS, Anastassiades (2003)   

 (% Recovery test)   70-110% 
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    QuEChERS, Anastassiades (2003)  
10  centrifuge tube  acetonitrile 10   1   trisodium 
citratedihydrate 1 , disodium hydrogen citrate 1,5 hydrate 0.5 , magnesium sulfate 4   
sodium chloride 1   Vortex mixture 1   centrifuge  5   
5   centrifuge tube  15   PSA 0.125   MgSO4 0.75  
GCB 0.05   Vortex mixture 1   centrifuge  5  

 PTFE Syringe Filters  0.2   vial  1   5% Formic acid 
10   LC-MS/MS 

  4  
      Multi residue Method (MRM) 

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

  sodium sulfate  30     10  
  sodium sulfate 50   250  
 Rotary evaporator  water bath 40  

 ethyl acetate PR grade 5   
GC-FPD  GC-MS  
GC-ECD  HPLC-postcolumn  QuEChERS, Anastassiades (2003) 

  LC – MS / MS 
 

  97.5%  Acetronitrile, PR grade 
 1,000 ppm (1 )  stock standard solution  stock standard 

solution  10  Acetronitrile, PR grade  100 ppm (100 )
 intermediate standard solution  10  ppm (10 ) 

 working standard solution  intermediate standard solution  Acetronitrile, PR grade 
 0.005, 0.01, 0.05, 0.1  0.5   LC-MS/ MS  

calibration curve  
  

  81-99%    1,000 ppm 
(1 )  stock standard solution  stock standard solution  10  

  100 ppm (100 )  intermediate 
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standard solution 
 

 

 
1.  Liquid Chromatograph / Mass Spectrometer / Mass Spectrometer 

(LC-MS/MS)  
Column: Kinetex XB-C18 100A (2.6 m)  2.1   100          
Column flow : 0.3 ml/min Run time: 15 min, Detector: MS QQQ, Injection volume: 5  
Solvent A: 5mM AF 0.01% Formic acid 80% Solvent B : ACN 20% 
2.  Gas Chromatograph (GC) GC-ECD  
Column : capillary column DB-1  0.32   30   

 0.25  
Temperature: oven 80 C (1 min); 15 C/min to 180 C (4 min); 23 C/min to 50 C (20.3min)  
Run time: 35 min Injector: splitless mode: 250 C Detector: 300 C 
Carrier gas: He 1.7 ml/min makeup gas: N2 combined flow = 60 ml/min 
GC-FPD  
Column: capillary column DB-5.625  0.32   30    

 0.25  
Temperature: oven 80 C (1 min); 15 C/min to 180 C(4min); 23 C/min to 250 C(20.3min)  
Run time: 35 min   
Injector: splitless mode: 250 C  Detector: 250 C 
Carrier gas: He 2 ml/min, H2 =150 ml/min, Air=110ml/min, makeup gas: N2 = 60ml/min 
3.  High Performance Liquid Chromatograph (HPLC) HPLC – post column 

 
Column: Lichrosphere60 RP-Select B(5 m)  4.0   

 250  
Column flow: 0.8 ml/min Run time: 15min 
Detector: Fluorescence Injection volume: 20  
Solvent A: water 92% Solvent B: MeOH 3% Solvent C: ACN 5% 

   2554 –  2555  
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    1    
  2555   

(10  20 )  5   3    
0.36, 0.31, 0.28, 0.14, 0.13, 0.09  0.04    0, 1, 3, 
5, 7, 10  14   (  1)  correlation  
R2 = 0.9713  Y = 0.3657e-0.15x  0.15  (  1) 

  2   
   2555  0.21, 0.19, 

0.17, 0.16, 0.14, 0.12  0.10    0, 1, 3, 5, 7, 10  
14   (  1)  correlation  R2 = 0.9837 

 Y = 0.2034e-0.05x  0.05  (  2)  
  

   0.005  
0.01   Codex MRL   
0.005  
       

      30   
 3    

 26   methomyl, carbendazim, dimethoate, omethoate, difenoconazole, cypermethrin, iprovalicarb, 
prothiophos, azoxystrobin, metalaxyl, dimethomorph, ethion, pirimiphos-methyl, acephate, deltamethrin, 
thiamethoxam, methamidophos, trifloxystrobin, l-cyhalothrin, carbaryl, flusilazole, chlorfluazuron, chlorpyrifos, 
tetradifon, pyridaben  acetamiprid   methomyl 

  87  carbendazim 
 50  4  (   2) 

 

 
 

   0.005  
0.01   Codex MRL   0.005 

  Asean MRL  
  7  
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  14   
 

   
 

 
 

 
 

 1.  Supervised residue trial 
  

 Codex MRL  Asean MRL 
  

 
 2.  Supervised residue trial  

   PHI 
   

 
 3.  

  
 4.    

    
 

 
 

 
 

, 2551.  . .9002-2547, ,  
  . 

Anonymous, 2006. Maximum Residue Limits Under Positive List System Food Sanitation Law:Japan 
Anonymous, 2010.EU Pesticide Data base Residue 
Anonymous, 2012. Codex  Alimentarius  Commission, List of Maximum Residue Limits for Pesticide Residue in 

Food and Animal Feeds. 
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FAO, 1990. Guideline on Producing Pesticide Residue Data from Supervised Trial. Food and Agriculture 
Organizzation of the United Nations. Rome 

M. Anastassiades, S. J. Lehotay, D.Stajnbaher, F.J. Schenck., 2003. Fast and Easy Multiresidue Method 
Employing Acetonitrile Extraction/Partitioning and “Dispersive Solid-Phase Extraction” for the 
Determination of  Pesticide  Residues in Produce, J. 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 

 
 1.   (10  20 ) 

 1  2    
 

 
  ( ./ .) 

 1  2  
 1  2  3   1  2  3  

0 0.388 0.325 0.352 0.355 0.230 0.214 0.192 0.212 
1 0.373 0.285 0.260 0.306 0.201 0.188 0.182 0.190 
3 0.280 0.344 0.214 0.279 0.198 0.160 0.161 0.173 
5 0.174 0.129 0.117 0.140 0.178 0.184 0.121 0.161 
7 0.124 0.151 0.121 0.132 0.135 0.179 0.091 0.135 

10 0.138 0.080 0.061 0.093 0.132 0.133 0.105 0.123 
14 0.022 0.052 0.053 0.042 0.126 0.104 0.079 0.103 
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 2.   30  

  

:  * MRL     
 **  4 

   
  

( ./ .) 
 

 

    Codex EU Japan Thai 
1 methomyl 30 100 0.01-8.65 26 87 0.3 0.02 5.0 1 
2 carbendazim 29 97 0.02-12.20 15 50 3 0.3 3.0 3 
3 dimethoate +omethoate 19 63 0.02-5.02 1 3 2* 0.02 1.0 - 
4 difenoconazole 16 53 0.01-0.35 5 17 0.1 0.5 0.5 - 
5 cypermethrin 15 50 0.01-1.44 4 13 0.2 0.5 2.0 - 
6 iprovalicarb 13 43 0.01-0.69 - - - 2.0 2.0 - 
7 prothiophos 11 37 0.30-3.83 3 10 - - 2.0 - 
8 azoxystrobin 10 33 0.01-2.85 1 3 2.0 2.0 10.0 - 
9 metalaxyl 7 23 0.02-0.29 - - 1.0 2.0 1.0 1.0 

10 dimethomorph 6 20 0.01-0.38 - - 2.0 3.0 5.0 - 
11 ethion 5 17 0.01-1.11 3 10 - 0.01 0.3 - 
12 pirimiphos-methyl 5 17 0.01-0.04 - - - 0.05 1.0 - 
13 acephate 4 13 0.12-0.64 1 3 0.5* 0.02 5.0 - 
14 deltamethrin 4 13 0.02-0.03 - - 0.2 0.2 0.5 - 
15 thiamethoxam 4 13 0.01-0.09 - - 0.5* 0.5 5.0 - 
16 fipronil 3 10 0.08-0.15 3 10 0.005* 0.005 0.01 - 
17 methamidophos** 3 10 0.02-0.03 3 10 - 0.01 3.0 - 
18 trifloxystrobin  3 10 0.02-0.04 - - 3.0 5.0 3.0 - 
19 l-cyhalothrin 2 7 0.02-0.04 - - 0.3* 0.2 1.0 - 
20 carbaryl 2 7 0.02-0.04 - - 5.0* 0.05 1.0 5 
21 flusilazole 2 7 0.01-0.03 - - 0.2 0.05 0.5 - 
22 chlorfluazuron 2 7 0.01 - - - - 2.0 - 
23 chlorpyrifos 2 7 0.01-0.02 - - 0.5 0.5 1.0 - 
24 tetradifon 1 3 0.09 - - - 0.01 1 - 
25 pyridaben 1 3 0.01 - - - 0.5 2.0 - 
26 acetamiprid 1 3 0.13 - - - 0.2 5.0 - 

[30]

 2.   30  

  

:  * MRL     
 **  4 

   
  

( ./ .) 
 

 

    Codex EU Japan Thai 
1 methomyl 30 100 0.01-8.65 26 87 0.3 0.02 5.0 1 
2 carbendazim 29 97 0.02-12.20 15 50 3 0.3 3.0 3 
3 dimethoate +omethoate 19 63 0.02-5.02 1 3 2* 0.02 1.0 - 
4 difenoconazole 16 53 0.01-0.35 5 17 0.1 0.5 0.5 - 
5 cypermethrin 15 50 0.01-1.44 4 13 0.2 0.5 2.0 - 
6 iprovalicarb 13 43 0.01-0.69 - - - 2.0 2.0 - 
7 prothiophos 11 37 0.30-3.83 3 10 - - 2.0 - 
8 azoxystrobin 10 33 0.01-2.85 1 3 2.0 2.0 10.0 - 
9 metalaxyl 7 23 0.02-0.29 - - 1.0 2.0 1.0 1.0 

10 dimethomorph 6 20 0.01-0.38 - - 2.0 3.0 5.0 - 
11 ethion 5 17 0.01-1.11 3 10 - 0.01 0.3 - 
12 pirimiphos-methyl 5 17 0.01-0.04 - - - 0.05 1.0 - 
13 acephate 4 13 0.12-0.64 1 3 0.5* 0.02 5.0 - 
14 deltamethrin 4 13 0.02-0.03 - - 0.2 0.2 0.5 - 
15 thiamethoxam 4 13 0.01-0.09 - - 0.5* 0.5 5.0 - 
16 fipronil 3 10 0.08-0.15 3 10 0.005* 0.005 0.01 - 
17 methamidophos** 3 10 0.02-0.03 3 10 - 0.01 3.0 - 
18 trifloxystrobin  3 10 0.02-0.04 - - 3.0 5.0 3.0 - 
19 l-cyhalothrin 2 7 0.02-0.04 - - 0.3* 0.2 1.0 - 
20 carbaryl 2 7 0.02-0.04 - - 5.0* 0.05 1.0 5 
21 flusilazole 2 7 0.01-0.03 - - 0.2 0.05 0.5 - 
22 chlorfluazuron 2 7 0.01 - - - - 2.0 - 
23 chlorpyrifos 2 7 0.01-0.02 - - 0.5 0.5 1.0 - 
24 tetradifon 1 3 0.09 - - - 0.01 1 - 
25 pyridaben 1 3 0.01 - - - 0.5 2.0 - 
26 acetamiprid 1 3 0.13 - - - 0.2 5.0 - 
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 3.  
 

 
 
 
 
 
 
 
 
 
 
 

 4.  Liquid Chromatograph/ Mass Spectrometer/ Mass Spectrometer 
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 (Abamectin) 
 (MRLs)  3  4 

 

Pesticide Residue Trial of Abamectin in Grape to  
Establish Maximum Residue Limit (MRLs) Trial 3 and 4 

 

                  
                 

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

 

   Abamectin 
   

 Abamectin   2   (
)  Abamectin  (20  20 ) 

  3  4      Abamectin  4 
 4   

 Abamectin  3 – 4  Abamectin  
(Control)   Abamectin   3 

 0.26, 0.14, 0.07, 0.02, 0.01, 0.01  0.01   4  
0.15, 0.08, 0.06, 0.03, 0.04, 0.02  0.01   0, 1, 3, 5, 7, 10  14 

 

 
 

  
 (Codex) FAO/WHO  

 (GAP) 
  MRL 

 
   

 
 Codex 
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 2   
   

 
   (Grape)   5000 

   
  7 

 . .2497   
      

    
   

 
  

1.     
 2      

   1-2   4   
 2   10-15  

  
2.      

     10-15   
 

 Abamectin  Apron  Phenylamide (acylalanine type)  
    

     
 Abamectin  

 (MRL)   
Codex  

 
 

 

 
 1.   

  Abamectin   1.8% EC 
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 2.    
 

 3.  20   
    

 4.  Abamectin   (Extraction)  
 LC-MS/MS  

 5.  
 

 
 

 
1.  
 1.1 : Dr.Ehrenstorfer 
 1.2 Magnesium sulfate anhydrous 
 1.3 Sodium chloride 
 1.4 Sodium citrate dihydrate 
 1.5 Di-sodium hydrogen citrate sesquihydrate 
 1.6 Ultra-residue reagent toluene 
 1.7 Ultra-residue reagent ethyl acetate 
   -20 C  
2.  
 2.1 Homogenize  500 g 
 2.2  10 g  homogenize  50 ml Teflon centrifuge tube. 
 2.3  10 ml acetonitrile (ACN)  vortex mixer  1  
 2.4  4 g magnesium sulfate anhydrous (MgSO4) 1 g sodium chloride (NaCl) 1 g sodium citrate 
dehydrate (C6H5Na3O7*2H2O)  0.5 g di-sodium hydrogen citrate esequihydrate (C6H6Na2O7*1.5H2O) 

 vortex mixer  1  
 2.5  6 N NaOH 600 l  pH  5-5.5 
 2.6 Centrifuge   5000 rpm  3  
 2.7 Aliquot  6 ml  15 ml Teflon centrifuge tube  150 mg PSA  
950 mg MgSO4  
 2.8 Centrifuge   5000 rpm  3  
 2.9  0.2  autosampler vial 

 5% formic acid 15 l ( ) 
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3.  Recovery  Limit of Determination (LOQ) 
4.  
  HPLC-MS/MS  
   HPLC-MS/MS  Agilent  High accuracy binary pump, 
autosampler  triple quadrupole mass spectrometer  heated electrospray ionization source 

 
 4.1  HPLC 
   Kinetex 1.8 um, 10 x 2.1 mm  flow rate 400 uLmin-1 

 40 C Mobile phase A  water/formic acid (0.1%) / ammonium formate (5 mM)  
Mobile phase B  Acetonitrile  gradient program  80% (A) / 20% (B)  18 

 5% (A) / 95% (B)  2uL  
 4.2  Mass Spectrometer 
   Mass Spectrometer  ESI Source  positive mode 

  Abamectin  Gas temp 325 C, Gas flow 10 mLmin-1, Nebulizer 45 
psi  Capillary 4000 V. 
  Protonated  deprotonated molecular ions  precursors  produce ions 

 (optimized) 

Pesticide Precursor ion Product ion Dwell time Fragmentation 
Collision 
energy 

Abamectin 890.5 567.3 200 150 8 
 890.5 305.2 200 150 22 

5.  
 

 (Regression Coefficient of Determination; R2) 
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 3.  Abamectin  4 (Trial 4) 

 
 

  Abamectin  
  3  Abamectin  0.26, 0.14, 0.07, 0.02, 0.01, 0.01

 0.01   4  0.15, 0.08, 0.06, 0.03, 0.04, 0.02  
0.01   0, 1, 3, 5, 7, 10  14  (  1  2)  
Abamectin   

    
  Abamectin 
  Abamectin 

 Abamectin  
 plot   

Abamectin    Exponential  Abamectin 
 0.2983   3  Abamectin 

 0.3520  4   
 Abamectin    
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 (Profenofos) 
 (MRLs)  3  4 

 

Pesticide Residue Trial of Profenofos in Vegetable Soybean to  
Establish Maximum Residue Limit (MRLs) Trial 3 and 4 

                           
                           

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

 
 

   
  3     

 2554 -  2555  4    
  2554 -  2555  Supervised trial  3  8   

 0, 1, 3, 5, 7, 10, 14  21  
 2    ( )   (  500 ) 

50% w/v EC  10  20   100   3  4  
22.3  26.1    7   3  

 0, 1, 3, 5, 7, 10, 14  21  
 0, 1, 3, 5, 7, 10, 14  21    

 3  0.76, 0.44, 0.43, 0.37, 0.25, 0.11, 0.06  0.02  
  4  0.97, 0.92, 0.69, 0.35, 0.22, 0.14, 0.04  0.02 

   
  24  

 4   EPN, chlorpyrifos, cypermethrin  phosalone  chlorpyrifos  
 6  25   0.03-1.35   

JAPAN MRL 2   8.3   EPN  cypermethrin  2  
 0.05-0.31  0.07- 0.12    EPN  MRL  

cypermethrin  MRL  phosalone 0.92  1  
4.2   JAPAN MRL 
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      Isoflavones 
(phytoestrogen)  

   
 10,000   800    

  
     
    

 
  

  
 (MRL)  

  MRL 
 

   (non systemic insecticide) 
 O-(4-bromo-2-chlorophenyl) O-ethylS-propyl phosphorothioate  

373.6  C11H15BrClO3PS  1.24x10-1mPa (25 )  28 
 (25 )  organic solvent   

 DT50  25   93   pH 5, 14.6  pH 7  5.7   pH 9  DT50  
 1    acute oral LD50  358 

 WHO  2 ( )   
bobwhite quail  LC50 (  8 ) 70-200   rainbow trout LC50 (  96 ) 
0.08  (Annonymous , 2006) 
      

     (
, 2553)  

 
 (MRL)  1  2  25  0.33 

 0.39   Codex MRL  5  (  , 2550) 

(MRL)  4  28   1.71  ( , 2550) 
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1.  
2.     (Homogenizer) 

 
3.  
4.  AR grade  acetone, dichloromethane, sodium chloride  sodium sulfate 
5.  Pesticide grade  ethyl acetate 
6.   
7.   Flame photometric detector   

 
 1.  
   1.1  

1.1.1   Supervised  Codex  
Special Design  2   

           1  ( )    
            2    

 3   8    0, 1, 3, 5, 7, 10, 14 
 21    3  

   2554 –  2555  4  
    2554 -  2555 

 1.1.2   3   
 8×16   Guard row  2   

1.1.3   (  500 ) 50% w/v EC 
 10  20   80-100   

100   3  4  22.3  26.1   
 7   3   (knapsack sprayer)  3 

 4  38  36   
1.1.4  8   0 

(2 ) 1, 3, 5, 7, 10, 14  21     
2  
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 1.2  
        1.2.1   500   
 1.2.2  25   
  1.3  

 1.3.1 
   (Recovery) 

 70-110   recovery 
85 – 107   Steinwandter (1985)  

1)  25   acetone 50   Homogenizer 
 1  sodium chloride 8   dichloromethane 40    

1   
2)  flask  Sodium sulfate  30   10  

 
3)  cylinder  50   Sodium sulfate 

 1  
4)  cylinder  round bottom flask  cylinder  acetone 

5   round bottom flask  3  
5)  water bath 40  
6)  round bottom flask  ethyl acetate (PR grade)  volumetric flask  

5   
7)   Flame 

photometric detector (FPD) 
2.  
  2.1  
     

    24   5  
 2.2   1.2 

2.3  
  2.3.1   Steinwandter (1985)  1) 

 6)  1   
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  2.3.2    2  
 clean up 

  clean up  
1)  2   6)   Hexane 

: dichloromethane (4:1) 2  
2)  column  silicagel  deactivated  10%  1   syringe 

( )  5   sodium sulfate  1   
 silicagel  sodium sulfate  1   column  hexane 5  

3)  1)  column  hexne : dichloromethane (4:1) 5  
 syringe  test tube  sodium sulfate  hexane: 

dichloromethane (1:1) 10   test tube   
 hexane  2  

2.4  
 2.4.1   

 Gas Chromatogroph (GC)  FPD (Flame Photometric Detector ) 
  2.4.2   

 Gas Chromatogroph (GC)  ECD (Electron Capture Detector ) 
   2554 -  2555 

 
  3       

 4     
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profenofos  4

y = 1.1156e-0.2044x

R1 2 = 0.9768

y = 0.8822e-0.2038x

R22 = 0.8886

y = 0.9375e-0.2019x

R32 = 0.9335

0
0.2
0.4
0.6

0.8
1

1.2
1.4

0 10 20 30

R1
R2
R3
Expon. (R1)
Expon. (R2)
Expon. (R3)

Profenofos  3

y = 0.597e-0.1832x

R1 2 = 0.9748
y = 0.629e-0.1687x

R22 = 0.9796

y = 0.8551e-0.1633x

R32 = 0.9293

0

0.2

0.4

0.6

0.8

1

1.2

0 5 10 15 20 25

R1
R2
R3
Expon. (R1)
Expon. (R2)
Expon. (R3)

 
 

 1.   3  4 
 

  ( ./ .) 
  3  4 

( )  1  2  3   1  2  3  
  (R1) (R2) (R3)   (R1) (R2) (R3)   
0 0.63 0.65 1.00 0.76 1.14 0.82 0.93 0.97 
1 0.42 0.42 0.48 0.44 1.27 0.94 0.55 0.92 
3 0.38 0.47 0.43 0.43 0.59 0.68 0.81 0.69 
5 0.23 0.27 0.63 0.37 0.31 0.25 0.49 0.35 
7 0.14 0.24 0.38 0.25 0.29 0.14 0.22 0.22 

10 0.10 0.10 0.13 0.11 0.12 0.20 0.10 0.14 
14 0.07 0.05 0.07 0.06 0.05 0.02 0.03 0.04 
21 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

  

 1.  2.  3  4 
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 2.  

   
 

MRL JAPAN MRL 
  ./ . (%) (%)   
EPN 0.05-0.31 2   (8.3) - - 
Chlorpyrifos 0.03-1.35 6   (25)     2  ( 8.3) 0.3 
Cypermethrin 0.07-0.12 2   (8.3) - 5 
Phosalone 0.92 1   (4.2) 1  (4.2) 0.5 

 

 
  50% w/v EC  10  20   

   
  3    

  2554 –  2555  
 0    0.76, 

0.44, 0.43, 0.37, 0.25, 0.11, 0.06  0.02    0, 1, 3, 5, 7, 10, 14  21  
(  1)     
  4   

   2554 -  2555 
 0.97, 0.92, 0.69, 0.35, 0.22, 0.14, 0.04  0.02   0, 1, 3, 5 , 7, 10,  

14  21   (  1)    
   3

 4  plot graph  exponential  1  2  half life  
 3  4  3.8-4.2  3.4  

  0   
 (2549)  

 5  6  
0      (2553) 
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 1  2   0  
    

 
 (preharvest interval; PHI)  21   21  3  4 

 0.02   Codex  MRL  
(FAO/WHO, 2011)  MRL  0.05 

 ( , 2459) 
 21  

  24  
 4   EPN, chlorpyrifos, cypermethrin  phosalone  chlorpyrifos  

 6  25   0.03-1.35   
JAPAN MRL 2   8.3   EPN  cypermethrin  2  

 0.05-0.31  0.07-0.12    EPN  MRL  
cypermethrin  MRL  phosalone 0.92   1  4.2 

  JAPAN MRL 
  

 
 

   
 50% w/v EC    

 (  PHI) 21  
 

 MRL  
 

 
 

1.   
   

2.  (  PHI)  
 

3.   
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. 2553.   2553.  
, .  

       . 2550.  
 (MRL)  1  2   

 2550 , . 
            . 2550.  

 (MRL)  4   
2550 , . 

      . 2549.  
 (MRL)  5   6 

 2549 ( ) 
, .  

       . 2553.  
 (MRL)  1  2 

 2553  . 
. 2549.  MRLs 

 Maximum Residue Limits Under Positive List System in Food Sanitation Law: Japan  
. 

Annonymous.  2006. The Pesticide Manual .Fourteenth edition. British Crop Protection Council. FAO/WHO.   
              2011. Codex  Committee on Pesticide  Residues, 43rd session,  4-9 April 2011 Beijing,P.R. China. 
Steinwandter,H. 1985. Universal 5 min on – line Method for Extracting and Isolating Pesticide Residues  

and Industrial Chemicals. Fresenius Z. Anal Chem  No. 115. 
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 (Fipronil)  
 (MRLs)  5  6 

 

Residue Trial of Fipronil in Yard long Bean to  
Establish Maximum Residue Limit (MRLs) Trial 5 and 6 

             
                

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

 
 

  (fipronil) 
  5  6    5    

 -  2555  6     -  2555 
 supervise residue trial  2    1  

fipronil 5% SC  20  20   2  
 1   fipronil 7   3   

  0, 1, 3, 5, 7, 10  14   
 fipronil  5  

 0, 1, 3, 5  7   0.627, 0.256, 0.143, 0.017  0.005  
  6   0, 1, 3, 5  7   0.620, 0.260, 

0.136, 0.012  0.004     
   Codex MRL  fipronil 

    0.02   0.005 
 EU - MRL  fipronil   0.005 

   MRL  fipronil   0.002  
 ( .)  THAI – MRL  fipronil  

 7    5 
 6  

       
    61   fipronil  

 8   13.11   cypermethrin 
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4   0.08 - 0.92   1  L – cyhalothrin 
1   0.05   

 

 
 

   (Codex) 
FAO/WHO 

   170 
  

 (Maximum Residue Limits ; MRLs) 
 MRLs  

 (GAP)  MRLs 
  2   

 
    

 (Vigna unguiculata var.sesquipedalis)  
  55-75  

 1-2   
 

  
fipronil  Phenylpyrazole   C12H4Cl2F6N4OS  

437.1   203    
acetone 546.5  100  ethyl acetate 26.55  100   (oral) 

 LD5018   15   
(dermal)  LD50>2000 fipronil    SC, FS, WG, 
GR, UL  EC fipronil  (Rhone-
Poulenc, Inc., 1996)   

  chlorpyrifos  
      2533  

carbofuran  (water rice weevil)  fipronil 
 (Stout et al., 2002)  fipronil  metabolite 

   (photolysis)  fipronil – desulfinyl  
  fipronil - sulfone, fipronil - sulfide, fipronil – carboxamide  oxidation, reduction   
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hydrolysis   metabolite  4    metabolite   3  
 MRL  fipronil  

 (Acceptable Daily Intake: ADI) 
 fipronil  fipronil-desulfinyl  metabolite  fipronil 

   
 fipronil    5% SC 

 20  20   (Ophiomyia phaseoli, 
Melanagromyza sp.)    

 fipronil  
 (MRLs)  

  Codex  
 

 

1.    
1.1 Teflon centrifuge tubes  50  
1.2 Auto- pipette  0.1-1   
1.3  5  3  2  
1.4  (Food processor)  (Vortex mixer)  
1.5   volumetric flask, beaker, cylinder 
1.6  Gas Chromatography (GC) 
Agilent technologies  6890N  Micro Electron Capture Detector ( ECD) 

 

2.    
2.1  fipronil  fipronil- desulfinyl  
2.2  fipronil 5% SC   
2.3 Acetonitrile, Hexane  Toluene  Pesticide grade (J.T baker) 
2.4 Anhydrous Magnesium sulfate (ACS powder-Fisher)  500oC  5   
2.5 Sodium chloride  Analytical grade (Merck) 
2.6 SPE sorbent  Primary-Secondary-Amine (PSA varian)              

 

3.   
 

 (Good Agriculture Practice ; GAP)  2    5   
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  -  2555  6    
 -  2555   Supervised Trial  2  (experiments)  1 

 fipronil  (Recommended Dose, R)  20   
20   2  1 (Control, C)  

 7  (treatment) 
 fipronil  0 (2 ) 1, 3, 5, 7, 10  14   

 7  3   Anastassiades (2003)  10 
 centrifuge tubes  50   acetonitile  10   vortex mixer  

1   sodium chloride 1.0   magnesium sulfate 4    vortex mixer  
1   centrifuge  4,000 rpm  5   auto pipette  
1   micro centrifuge tube  1.5   PSA 0.025   magnesium sulfate 0.15  

 vortex mixer  30   centrifuge   5  
 0.5   micro centrifuge tube  

 hexane  0.5   GC-vial  
 fipronil  GC   Gas Chromatograph (GC) 

 Agilent  6890  Micro Electron Capture Detector ( ECD)   
 
Column: Capillary column Ultra-1, 25 m. length 0.32 mm. (id) 0.17 m. film thickness 
Temperature:   Injector 250 º C   Detector 300 º C 

Oven temperature program  
                            80 ºC (1min) 15 ºC /min 180 ºC (3min) 25 ºC /min 250 ºC (17 min) 
Flow rate: carrier gas; helium 1.2 ml /min  
Injection mode: splitless Injection volume: 1 l 
 

 
 

 fipronil  
 5  6  2554 –  2555  fipronil 5% SC  

20  20   ( )   
     

 5  5     -  2555  
  fipronil  0.627, 0.256, 0.143, 0.017 
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 fipronil  5  6  fipronil 

  0 – 1   7  
 fipronil  

  
 2    

  
 

 Codex MRL  National MRL   Codex 
 MRL  fipronil   0.02 

  0.005   EU-MRL  fipronil 
 0.005   MRL  fipronil   

0.1   ( .) 
 THAI – MRL  fipronil   fipronil 

 MRL  
 Codex  

       
    61   fipronil  

 8   13.11    cypermethrin 
4   0.08 - 0.92   1   L-cyhalothrin  
1   0.05   

 

 
 

 fipronil  Supervised residue trial 
 5  6  fipronil   5% SC  20  20   

7   3   fipronil  7 
 fipronil  metabolite 

  GAP  
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1.  fipronil   MRL 
   ADI  ARfD  MRL  

 Codex  
2. 

  
 

 
 

 

. 2553. .  
. 303 . 

. 2551  MRL  
Available Source: http://www.acfs.go.th/standard/download/residue_limits.pdf 

Anastassiades, M., Lehotay, S. J., Stajnbaher, D. and Schenck,F.J. 2003. “Fast and Easy Multiresidue 
Method Employing Acetonitrile Extraction/Partitioning and “Dispersive Solid-Phase Extraction” 
Solid-Phase Extraction” for the Determination of Pesticide Residues in Produce”. J AOAC. 86: 412-
431. 

FAO/WHO. 2001. Joint FAO/WHO Meeting on Pesticide Residues Geneva, 20-29 September Available 
Available Source : http://www.fao.org/ag/AGP/AGPP/Pesticid/JMPR/Download/2001_eva/08%20  
Fipronil. pdf. 

FAO/WHO. 2008. Codex Committee on Pesticides Residues. Fortieth Session, 14-19 April 2008. 
Hangzhou, China. 

FAO/WHO. 2009. Submission and evaluation of pesticide residue data for the estimation of maximum 
residue levels in food and feed. Food and Agriculture Organization of the United Nations Rhone-
Polenc, Inc., 1996. Fipronil: Research Triangle Park, N.C., Worldwide Technical Bulletin, p.2 

Stout, M.J., Rice, W.C., and Ring, D.R. 2002 Integrated management of the rice water weevil: Louisiana 
Agriculture, V45, no.1, p20-21. 
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 (Dimethoate)  
  5  6 

 

Residue Trial of Dimethoate in Yardlong Bean to  
Establish Maximum Residue Limit (MRLs) Trail 5 and 6 

              
                            

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

 
 

 dimethoate  
 (GAP)  supervised trial  Codex Guideline  2   5  

  -  2555  6    
–  2555  dimethoate 40% w/v  40  20   7  

 4   0, 1, 3, 5, 7, 10  14  
  dimethoate  5  3.51, 

2.33, 0.42, 0.06  <0.05  dimethoate  
omethoate  omethoate 0.42, 0.63, 0.38  0.19   6 

 dimethoate 2.53, 1.30, 0.21, <0.05   omethoate 0.31, 0.42, 0.26 
  0,1,3,5  7     

  LOQ  0.05   Thai MRL 
 Codex MRL  dimethoate   Common bean (pods and/or immature seeds) 

 1   Codex  MRL  omethoate (FAO/WHO, 
2011)  dimethoate  7   

   31   61  
 Organophosphates Pyrethriods  Endosulfan 

 9   14.75  cypermethrin  9   0.08 - 0.92 
  Codex MRL (0.7 )  1   L-cyhalothrin 

 1   0.05   Codex MRL (0.02 )     
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(Maximum Residue Limits - MRLs)  

  
 MRLs  Codex 

 (FAO)  (WHO) 
   MRLs    

 
  allowable daily intake : ADI 

 (experimental field trial) 
 (Good Agricultural Practice : GAP) 

  proposed MRL 
  (Food Consumption 

Data)  ADI   
 

(FAO, 1990) 
 

  
  MRLs  
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(Experiments)   ( )  40% w/v  
40  20   120  ( , 2553) 

  7   4   
 0, 1, 3, 5, 7, 10  14    2  (FAO, 

1990) 
2.  

 2.1  
 0.05, 0.1  0.2   3  

 7   Gas Chromatograph (GC-FPD)  % recovery 
 (limit of quantitation : LOQ)   

2.2   
   QuEChERS (Anastassiades et al., 2003)  
1)   10   centrifuge tubes  50   

0.1% acetic acid  acetonitile  10   vortex mixer 
  1   magnesium sulfate 4.0   sodium chloride 1.0    vortex 

  1   centrifuge  5,000   5   
2)  (Dispersive-SPE Cleanup)   1  

 microcentrifuge tube  1.5   PSA 25   magnesium sulfate 150  
  vortex   30   centrifuge  

6,000   1   GC-vial 
 

2.3  Gas Chromatograph (GC-FCD)  
 Gas Chromatograph  Flame Photometric Detector : FPD  Agilent 

 6890  capillary column DB-1701P  0.25    30 
 liquid phase  0.25   
 Temperature: Injector  250 oC Carrier gas: Helium  
 Splitless mode Constant flow 1.9 ml/min, Inject volume: 1 l 
 Oven temperature program 

                               100 oC(1 min)  15 oC/min  180 oC(5 min)  23 oC/min 250 oC(5 min)   
 Detector 250 oC, H2 flow 150 ml/min, Air flow 110 ml/min, N2 flow 60 ml/min 
  (Run time) 19.38  
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 1.  5  –  2555   
 2.  6  –  2555   
 

 
 

 5  
  3.51, 2.33, 0.42, 0.06  < 0.05 

  dimethoate  omethoate 
 omethoate 0.42, 0.63, 0.38  0.19   0, 1, 3  5   

  6  dimethoate 2.53, 1.30, 0.21  <0.05 
  omethoate 0.31, 0.42  0.26   0, 1, 3  5  

    ( 1) 
% recovery  92 - 117, 82 -110  89 -112  

 (limit of quantitation : LOQ)   0.05  
 2   10  

  14  
  3  

 2  0.42  0.21   
Codex MRL  MRL   1.0 

 ( , 2552)  2   
    primary methabolite  

 (EFSA, 2010)  0   1    
 5   Codex  MRL  omethoate (FAO/WHO, 2011) 

 dimethoate  7   
    31    

            
              

      61   
Organophosphates Pyrethriods  Endosulfan   9  

 14.75  cypermethrin  9   0.08 - 0.92   Codex 
MRL (0.7 ) 1  L-cyhalothrin  1   0.05   

 Codex MRL (0.02 ) (  2)   
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    1.    
        

 
  

( ) 

 ( ./ .) 
 

 

 (40 ./  20 ) 
 5  6 

  Dimethoate   Omethoate   Dimethoate    Omethoate  
 01/ 
1 
3 
5 
7 

10 
15 

ND2/ 
ND 
ND 
ND 
ND 
ND 
ND 

3.51 
2.33 
0.42 
0.06 

<0.05 
ND 
ND 

0.42 
0.63 
0.38 
0.19 
ND 
ND 
ND 

2.53 
1.30 
0.21 

<0.05 
ND 
ND 
ND 

0.31 
0.42 
0.26 
ND 
ND 
ND 
ND 

 :       01/  2  
 ND2/  Not Detected < Limit of detection (LOD)  0.02  
Limit of quantification: (LOQ) : dimethoate  omethoate  0.05   

 
 
 
 
 
 
 
 

 
1.  2.   5  6 
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 2.     61  
 

 
 

( ./ .) 
 

 
 

MRL 
 Codex  MRLs 
( ./ .) 

cypermethrin 0.08-0.92 9 1 0.01 
L-cyhalothrin 0.05 1 - - 

 

 
 

 dimethoate (40% W/V EC)  (40  
20 )  7   4   Codex MRL  MRL  

 3   MRL 
  dimethoate  omethoate  Codex 

 MRL  omethoate (FAO/WHO, 2011)  1 
2, 3  4  3  

 MRL   7     
 dimethoate  7  

 
   31   

           
             

        61  
 Organophosphates Pyrethriods  Endosulfan  

 9   14.75  cypermethrin  9   0.08 - 0.92 
  Codex MRL (0.7 )  1   L-cyhalothrin  1  
 0.05   Codex MRL (0.02 )   

   
  cypermethrin  Codex MRL  1  

 . . .   L-cyhalothrin  1   0.05 
  Codex MRL (0.02 ) 

   
 GAP 
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1.  (declined study) 
 (MRL)   (ASEAN 

MRL)  Codex 
    

2.  
 

 
3.  

  PHI 
 

4.  
 

  
 

 

. 2553.     2553. 
  , .   
 SPS  (  2553). http://www.dft.moc.go.th/the_files/$$11/ 

level4/food_safety2.htm 
  MRL  (17  2555) 

http://www.acfs.go.th/showMRL.php?Product=0&Residue=14&out_style=by+Commodity 
Anastassiades, M., Lehotay, S.J., Stajnbaher, D., and Schenck, F.J. 2003. Fast and Easy Multiresidue 

Method Employing Acetonitrile Extraction/Partitioning “Dispersive Solid-Phase Extraction” for the 
Determination of Pesticide Residues in Produce. J. AOAC Int. 86, 412-431. 

FAO, 1990. Guideline on producing pesticide residue data from supervised trial. Food and Agriculture 
Organization of the United Nations. Rome.  

FAO/WHO, 2012. Codex Committee on Pesticide Residues 44rd Session,  23-28 April 2012, Shanghai, P.R. 
China.  
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Risk Assessment of Recommended Rate of Methomyl in Grape on sprayer 
consumer and Environment 

 

                    
                 

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

 
 

 
 25  20   7   3  

     
  

   
      

 2 , 1, 3, 5, 7, 10, 14  21   
5.87, 5.19, 4.86, 2.74, 2.47, 1.48, 1.20  1.04  

 3.4   0.1 
   6.57, 9.00, 5.83, 2.50  3.34 

 (  ppb)  2 , 1, 3, 5  7   
  

 15    0.02 – 3.42 
  Codex MRL (0.3 )  13  

  
 Codex  

 

 
 

 (methomyl)   S-methyl N-(methylcarbamoyloxy) 
thioacetimidate     
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         ( , 2537)  
 (2553)  

             
   2539  
 2553  ( , 2553) 

     
 2544 – 46   

 2546    class Ib  (rats)  LD50 
 5   LD50  2,000  

 0.258     
(Tomlin, 2009)  (chronic toxicity)    

 
 (Mahgoub and El-Medany, 2001)  Manawadi and Kaliwal (2010) 

   albino mice  
  

 control   
 Na–K ATPase, Mg ATPase  Ca ATPase  testes  epididymis  

  
  

    
  

 (EXTOXNET, 2012) 
  . .1996  EXTOXNET (2012) 

  
  14   

   
  

    6   
 25    3 - 5  

 3  1  
 2552 – 54    

 89,979   8,961   9.96 
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  437   0.49 
  4.88  2552 – 54  2555 

(  2555)  9,764    
20   0.2  2552  23  

 0.12  4        13, 6, 
3  1    2553  299   0.78 

     74, 51  45    
2554  115   0.36    

  25, 24  17     
 

 
  

   1   
   (2549) 

     
   9   

methomyl  3   0.02 – 0.55   
 13   methomyl  1   0.08  

 12   methomyl (1 )  0.14  
   2551 – 52    

(2553) 
  5   4.85 

 103    
  2   carbofuran  metalaxyl  0.03 – 0.07  0.06 – 0.14  

    
  

  
  

   WHO 
 Ib  
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1.  40%WP (  39.6%WP)  
 purity 97.5%  Dr.Ehrenstorfer   
2.  10 x 10   
3.   0.5   100 x 100 x 100  

 
4.   DO, pH    
5.  250   
6.    PTFE  1   

    
7.   
8.   acetone, acetonitrile, dichloromethane, n-hexane, ethyl acetate, methanol, 

sodium sulfate anhydrous, OPA, thioflour, water  iso-propanol  analytical, HPLC  pesticide 
residue grade 
 9.   , Vortex mixer, centrifuge, , automatic 
separatory funnel shaker, rotary vacuum evaporator  nitrogen evaporator 

10.  HPLC Post column derivatization  
 

1.   
  

 300    3  
2.  3   200   

 
3.     
4.      

         16  
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5.  25  20  
 300   (Knapsack Motorized Sprayer) 

 3   7   3   
 

6.     
 0, 1, 3, 5, 7, 10  14    12  

  2   3  
 21   

7.   15     
     

 
8.   

8.1  :  ethyl acetate 100  
   shaker  1   sodium sulphate  

 ethyl acetate 50    acetonitrile 
 filter  0.2   HPLC-Post column derivatization 

8.2  :  ISO/IEC 
17025: 2005    

  
8.3  :  Liquid-liquid partitioning  

Separatory Funnel Shaker  ethyl acetate 100   2   ethyl 
acetate 50  50   sodium sulphate   acetonitrile 

 filter  0.2   HPLC-Post column derivatization 
8.4  :  

   ethyl acetate  sodium sulphate 
  acetonitrile  filter  0.2   HPLC-Post column 

derivatization 
8.5  :  QuEChERS (Anastassiades 

and et al., 2003)  10   Centrifuge 50   acetonitrile 10  
 1  Vortex mixer  4  MgSO4  1  NaCl  Vortex mixer 1  

 Centrifuge  5,000 rpm  5   cleanup  Dispersive SPE cleanup  
 acetonitrile  1.0   micro centrifuge tube  1.5   25  
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PSA, 150  MgSO4  50  GCB   30   Vortex mixer  
Centrifuge  6,000   1   0.5   filter 

 0.2   HPLC-Post column derivatization 
8.6  :  

 ISO/IEC 17025: 2005  
    

   –  2555 
 1.    

 2.     
       

 

 
 

 
 25  20   7   3  
    

      
  2  1, 3, 5, 7, 10, 14  21  

  
1. : 

         
    16   

 
  (  , 2548)   

1, 2  3  1, 2  3    0.049, 
0.051  0.053 mg/kg.bw/day  (  MOE = 2,033, 1,972  
1,889)   

   
 

  48.44   
 59.98   
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 1.   1 
 

No. Area ug/100sq.cm ug/sq.cm ug/sq.cm PF Surface area ug/region 
1 Head 229.180310 2.291803 
2 Face 24.711100 0.247111 1.269457 1 1,300 1650.29 
3 upper arm 1 65.215300 0.652153 
4 upper arm 2 52.792210 0.527922 0.590038 0.18154346 2,910 311.71 
5 Chest in 0.064656 0.000647 
6 Chest out 4.547180 0.045472 0.010470 0.01401952 3,550 0.52 
7 Back in 11.526740 0.115267 
8 Back out 21.494790 0.214948 0.002252 0.34906741 3,550 2.79 
9 Forearm 1 72.804450 0.728045 
10 Forearm 2 27.650500 0.276505 0.502275 0.18154346 1,210 110.33 
11 Upper leg 1 0.024966 0.000250 
12 Upper leg 2 2.369590 0.023696 0.011973 0.00124179 3,820 0.06 
13 Lower leg 1 2.666830 0.026668 
14 Lower leg 2 4.052430 0.040524 0.018695 0.39689341 2,380 17.66 
15 Hand wash 14.12 14.12 14.12 1 820 14.12 
16 Feet wash 17.57 17.57 17.57 1 1310 17.57 

Spray Time 36 2,125.06 
1 hour 60 3,541.76 
Weight (kg) 72 0.04919114 

MOE (1) = NOAEL rat / Risk exposure 2,032.89 
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 2.   2  
 

No. Area ug/100sq.cm ug/sq.cm ug/sq.cm PF Surface area ug/region 
1 Head 254.529310 2.545293 
2 Face 3.191690 0.031917 1.288605 1 1,300 1675.19 
3 upper arm 1 5.696060 0.056961 
4 upper arm 2 5.818860 0.058189 0.057575 0.4976569 2,910 83.38 
5 Chest in 77.067060 0.770671 
6 Chest out 0.557704 0.005577 0.010470 0.9928154 3,550 36.90 
7 Back in 0.101114 0.001011 
8 Back out 40.368760 0.403688 0.002252 0.0024985 3,550 0.02 
9 Forearm 1 106.908800 1.069088 

10 Forearm 2 3.023870 0.030239 0.549663 0.4976569 1,210 330.99 
11 Upper leg 1 0.049257 0.000493 
12 Upper leg 2 9.587865 0.095879 0.048186 0.0012418 3,820 0.23 
13 Lower leg 1 5.925670 0.059257 
14 Lower leg 2 1.255720 0.012557 0.018695 0.8251425 2,380 36.71 
15 Hand wash 8.36 8.36 8.36 1 820 8.36 
16 Feet wash 59.98 59.98 59.98 1 1310 59.98 

Spray Time 36.67 2,231.76 
1 hour 60 3,651.63 
Weight (kg) 72 0.05071712 

MOE (2) = NOAEL rat / Risk exposure 1,971.72 
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 3.   3 
 

No. Area ug/100sq.cm ug/sq.cm ug/sq.cm PF Surface area ug/region 
1 Head 214.624710 2.146247 
2 Face 116.386810 1.163868 1.655058 1 1,300 2151.57 
3 upper arm 1 104.751400 1.047514 
4 upper arm 2 119.994480 1.199945 1.123729 0.0180189 2,910 58.92 
5 Chest in 0.309373 0.003094 
6 Chest out 9.375280 0.093753 0.010470 0.0319447 3,550 1.19 
7 Back in 0.159303 0.001593 
8 Back out 38.759370 0.387594 0.002252 0.0040932 3,550 0.03 
9 Forearm 1 139.578420 1.395784 
10 Forearm 2 99.373410 0.993734 1.194759 0.0180189 1210 26.05 
11 Upper leg 1 0.062955 0.000630 
12 Upper leg 2 23.813065 0.238131 0.119380 0.0012418 3,820 0.57 
13 Lower leg 1 8.966840 0.089668 
14 Lower leg 2 15.314150 0.153142 0.018695 0.3692947 2,380 16.43 
15 Hand wash 19.01 19.01 19.01 1 820 19.01 
16 Feet wash 37.72 37.72 37.72 1 1,310 37.72 

Spray Time 36.38 2,311.49 
1 hour 60 3,812.25 
Weight (kg) 72 0.05294793 

MOE (3) = NOAEL rat / Risk exposure 1,888.65 
 

2. :   
  3   5.87, 5.19, 4.86, 2.74, 2.47, 1.48, 

1.20  1.04   2  1, 3, 5, 7, 10, 14  21   
 3  (  1)  (half-life) 

 7.37, 8.88  6.72   
7.66    

 7    2.47 
  Codex MRL  

2552  0.3   MRL  
 7   2 – 3   1.2 
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 (  10 )  MRL  21  
 1.04   MRL   

Codex MRL  
 

  ( ) 

 
 1.   

 

3. :  
  

 0.044    
  

   ( , 2555) 
  3   7  

 0.093  (n = 10)   
 0.061, 0.038, 0.032, 0.032, 0.009  0.005   1, 3, 5, 7, 10  14  
 (  4)  3.4  
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 4.          
                           (  : ) 

 

Rep D0 D1 D3 D5 D7 D10 D14 
S1 0.063 0.051 0.043 0.036 0.037 0.018 0.005 
S2 0.051 0.051 0.037 0.036 0.030 0.012 0.008 
S3 0.101 0.091 0.039 0.042 0.034 0.007 0.005 
S4 0.090 0.055 0.034 0.032 0.031 0.008 0.006 
S5 0.079 0.047 0.040 0.028 0.029 0.003 0.007 
S6 0.043 0.038 0.034 0.038 0.032 0.008 0.009 
S7 0.036 0.131 0.033 0.033 0.034 0.015 0.000 
S8 0.112 0.061 0.036 0.028 0.026 0.004 0.001 
S9 0.110 0.047 0.045 0.026 0.034 0.008 0.004 
S10 0.249 0.041 0.041 0.026 0.035 0.011 0.000 
Ave 0.093 0.061 0.038 0.032 0.032 0.009 0.005 
SD 0.061 0.029 0.004 0.005 0.003 0.005 0.003 

 

 :  0.044  
 

4. :  
 0.1   

 
5.  : 
    6.57, 9.00, 5.83, 2.50  

3.34  (  ppb)  2  1, 3, 5  7   (  5) 
     

  2.06  2.58  
   8.22  13   

 14   0.013  
(  ppm)  
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 5.   
 

  
       

 
    0   1  3  5  7  10  14  

 1 2.65 2.11 6.87 9.53 6.93 2.00 2.47 7.90 13.13 
 2 2.52 2.01 6.27 8.48 4.73 3.00 4.21 8.54 12.87 

Ave. 2.58 2.06 6.57 9.00 5.83 2.50 3.34 8.22 13.00 
 

6. :   
15       

    
0.02 – 3.42  (  6)  Codex MRL (0.3 )  

 13   6    (6 )  
(5 )  (3 )  (3 )  (2 )   (1 ) 

 
 

 6.   
 

 

     mg/kg 
1  -   0.12 
2     3.35 
3     3.42 
4     1.86 
5     1.27 
6     1.62 
7     0.42 
8     1.35 
9     2.18 
10     1.28 
11     0.02 
12     0.95 
13     0.84 
14  -   0.70 
15  -   0.56 
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 25  20   7   3  
    

  
   

       
 5.87, 5.19, 4.86, 2.74, 2.47, 1.48, 1.20  1.04 

  14   Codex MRL  4  
 3.4   

   
 15   

 0.02 – 3.42   Codex MRL (0.3 )  13   
  

  
   

 Codex MRL  

 
  

. 2553.   2553. (  17)  
    . 303 . 

          . 2548.   
 dicrotophos .   2547,  1, 

  .  179 – 212. 
     . 2549. 

.   2548,  1, 
  .  188 – 201. 

. 2537. .  
 - .  912 . 
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    . 2553. 
.   2552,  1, 

  .  263 – 272. 
 . 2555. .   

. http://previously.doae.go.th/report/sukda/pol/ page01.html  Available online : 
25  2555. 

. 2553. . 
 .  http://m.doa.go.th/ard/stat.php 

EXTOXNET. 2012. Pesticide Information Profile : Methomyl (Revised 1996). Extention Toxicology Network.  
http://extoxnet.orst.edu/pips/methomyl.htm  Available online, 1 June 2012. 

Mahgoub, A.A. and A.H. El-Medany. 2001. Evaluation of chronic exposure of the male rat reproductive 
system to the insecticide methomyl. Pharmacol Res., 44 (2) : 73-80. 

Manawadi S.I. and Kaliwal B.B. 2010. Methomyl induced gonadal dysfunction, biochemical contents and 
enzyme activities in male albino mice. International Journal of Biotechnology Applications, 2 (2): 
20-32. 

Tomlin, C. D. S. (ed.). 2009. The Pesticide Manual. Fifteenth edition, BCPC (British Crop Production Council), 
UK. 1457 p. 
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Pesticide Residues in Aubergine, Brinjal, Eggplant and Tomato 
 

                  
              

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

 
 

 15      
         

     37   325  
   

  GC-ECD-FPD-NPD, HPLC Post Column Derivatization  GC-MS  
 110   33.8     

21      (19, 12  12  ) 
 10   cypermethrin  25.5 

  0.01 – 0.51    
chlorpyrifos ethion profenofos EPN triazophos bifenthrin dimethoate l-cyhalothrin  prothiophos 

   dimethoate  3.25  

      
 50  

 

 
 

   
    

      (Thrips palmi) 
 (Leucinodes orbonalis)  (Amrasca biguttula)  

(2553)       
      
  7 – 28   
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Sharma and et al. (2010)  

  
  Iqbal and et al. (2009) 

 
 . . 2006  HPTLC  7   

        
      0.028, 0.034  0.060 

  MRL  
 0.05   

 . . 2006  . . 2003  Lu (2011)  (Solanum melongena L.) 
   

chlorantraniliprole, malathion, cypermethrin  chlorpyrifos  Lu (2012) 
   40 

    
   Osman and et al. 

(2010)   
 Al - Qassim   1.917  

   (2554)  3  
 7    0.48 

   2, 5  7  
 0.07, 0.04  0.01   

  0.01 – 0.1  
 0.5  0.1 

   
 

 
 

1.  :  

1.1    43    3   
7   8   25  

1.2    
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1.3    
1.4     acetone, dichloromethane, n-hexane, ethyl acetate, acetonitrile, 

methanol, sodium sulfate anhydrous  analytical  pesticide residue grade  
1.5    derivatization  HPLC-Post column derivatization 
1.6     , Homogenizer, rotary vacuum evaporator, nitrogen 

evaporator 
1.7    GC-FPD, ECD, NPD, HPLC- Post column derivatization  GC-MSD 

(Mass Selective Detector) 
2.  :  

  37   325   15 
        

        
   

  GC-ECD-FPD-NPD, HPLC Post Column Derivatization  GC-MS 
 1   

 (Lab Micronizer)  25 + 0.1  
 freezer  2    Steinwandter (1985) 

 25 + 0.1   beaker   acetone 50 ml 
 homogenizer  1   13,000   dichloromethane 40 ml  sodium 

chloride 8   1   sodium sulfate anhydrous 25    10   
 50 ml  sodium sulfate anhydrous 20  

 40 C   5 ml  ethyl acetate (PR) 
  vial  

GC (FPD, ECD, NPD)  calibration curve   0.2, 0.5, 1.0  
2.0   GC  

 HPLC  PSA  EnviCarb  shaker  centrifuge  
 0.2   HPLC Post Column Derivatization  

  retention time  
  

 Linear Regression  Correlation  0.99  
 

Csample = Ccalib.  x   Vsample x  F / Wsample 
 Csample  =  ( ) 
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Ccalib.  =   Calibration curve   
                GC Report ( )   
Ccalib.  =  Area of sample x Conc. of Standard 

            Area of Standard 
V sample =  ( ) 
W sample  =  ( ) 
F  = Correction Factor = 90ml/50ml 

  
 

 :   2554 –  2555 
     

   
 

 
 

 15      
         

     37  (  1)  
325     
(  2)   GC-ECD-FPD-NPD, HPLC Post Column Derivatization  
GC-MS   110   33.8  

  21      (19, 12  12  
)  10   cypermethrin  25.5 

  0.01 – 0.51  
(  3)   chlorpyrifos ethion profenofos EPN triazophos bifenthrin dimethoate 
l-cyhalothrin  prothiophos    dimethoate 

 3.25  
  Codex (  4) 

   . . 2554  2555 
 (  1  2)      

 50  
  MRL  
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          1.   
 

  
     

     
     

     
   ( )  

   ( ) 
   ( )   

   ( )   
      

      
     

       
 
       2.  
 

  
 a-endosulfan, b-endosulfan  endosulfan sulphate 

 bifenthrin, l-cyhalothrin, permethrin, cyfluthrin, 
cypermethrin, fenvalerate  deltamethrin 

 methomyl, 3-OH-carbofuran, carbofuran, carbaryl, 
isoprocarb, methiocarb, promecarb  fenobucarb 

 DDVP, mevinphos, dicrotophos, dimethoate, 
chlorpyrifos, parathion-m, parathion-e, profenofos, 
methamidophos, omethoate, monocrotophos, 
chlorpyrifos-m, pirimiphos-m, pirimiphos-e, prothiophos, 
triazophos, acephate, diazinon, malathion, fenitrothion, 
methidathion, ethion, EPN, phosalone  azinphos-e 
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             3.  
 : mg/kg 

  %    

cypermethrin 83 25.5 0.01 0.51 
chlorpyrifos 27 8.3 0.01 0.21 
ethion 16 4.9 0.01 1.17 
profenofos 12 3.7 0.05 6.92 
EPN 7 2.2 0.02 0.12 
triazophos 3 0.9 0.02 0.09 
bifenthrin 3 0.9 0.02 0.06 
dimethoate 3 0.9 0.04 3.25 
L-cyhalothrin 1 0.3 0.03 - 
prothiophos 1 0.3 0.01 - 
          

 
      4.  Codex (JMPR, 2011)   ( , 2551) 
 

 Codex MRL   Thai MRL 
Cypermethrins 0.03  chlorothalonil           5 
Endosulfan 0.1 carbendazim/benomyl 0.5 
Hexythiazox 0.1 carbosulfan 0.5 
Imidacloprid 0.2 carbofuran 0.1 
Cyfluthrin 0.2 cypermethrin 0.5 
Cyprodinil 0.2 deltamethrin 0.3 
Fenpropathrin 0.2 dicofol 1 
Bifenthrin 0.3 dithiocarbamates 2 
Fludioxonil 0.3 dimethoate 2 
Pyraclostrobin 0.3 paraquat 0.05 
Propamocarb 0.3 profenofos 2 
Indoxacarb 0.5 fenvalerate 1 
Metaflumizone 0.6 phosalone 1 
Thiacloprid 0.7 malathion 0.5 
Carbaryl 1 methomyl 0.5 
Chlorpyrifos-Methyl 1   ethion 0.3 
Permethrin 1  carbosulfan 0.5 
Fenhexamid 2 phosalone 1 

    abamectin 0.02 
   carbosulfan 0.5 
    phosalone 0.5 
   cypermethrin 0.2 
   methomyl 0.2 
    ethion 0.3 
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0
10
20
30
40
50
60 53.8 51.3

41.7 40.6
35.5 33.3 33.3

25
16.7 14
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 15     37   
325     

   110   33.8 
 10   cypermethrin  25.5 

  0.01 – 0.51    
chlorpyrifos ethion profenofos EPN triazophos bifenthrin dimethoate l-cyhalothrin  prothiophos 

      50 
  

 MRL   
 

 
 

1.    
 

2.  
   

3.   
 

 

 
 

. 2553.   2553. (  17) 
   . 303 . 

        . 2554. 
 (carbosulfan)  (MRLs) 

 1  2.  2553 (  1). 
    .  

127–136. 
. 2551.  . 9002-2551 “  : 

.  . 52 . 
. 2554. .  
.  http://m.doa.go.th/ard/stat.php 
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Monitoring of pesticides residues in cucurbits 

 

  1     1     1     2 
               

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

 
 

 6        
  2553 -  2555  566   

 6         
  131   98   102   107   

81   36   74   13.07 
  30   5.3   

        
  3   cypermethrin methomyl  carbendazim  

 

 
 

 cucurbits         
 

       
5     

          
     

  
   carbaryl imidacloprid metalaxyl 

hexaconazole    carbofuran 
 

 15-20   
   

      
1   
2    1 
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1.    
1.1 Teflon centrifuge tubes  50  
1.2 Auto - pipette  0.1-1   

  1.3  5  3  2  
1.4  (Food processor)  (Vortex mixer)  
1.5   volumetric flask, beaker, cylinder 
1.6   Gas Chromatography (GC)  

2.    
2.1  133  

  2.3 Acetonitrile, Hexane  Toluene  Pesticide grade (J.T baker) 
2.4 Anhydrous Magnesium sulfate (ACS powder-Fisher) 
2.5 Sodium chloride Analytical grade (Merck) 
2.6 SPE sorbent  Primary-Secondary-Amine (PSA varian)              

3.    3   
3.1   
3.2    
3.3  GC  LC-MS/MS 

1)    6  
        50  

   6   
 5                              
 6                                

                                                                             
 3                        

 5        
 5                                  
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2)   Anastassiades (2003)  10 
 centrifuge tubes  50   acetonitile  10   vortex mixer  1  

 sodium chloride 1.0   magnesium sulfate 4    vortex mixer  1  
 centrifuge  4,000 rpm  5   auto pipette  2   

micro centrifuge tube  PSA 0.05   magnesium sulfate 0.3     vortex mixer  
30   centrifuge   5    
GC  LC-MS/MS  GC 

 
 

3)  GC  LC-MS/MS 
      133  

 

 
 

 6       
  50      6  

        
2553 –  2555  566   2554  287   
2555  279  (  1) 

 

 1.  
 

 
2554 2555 

    
 50 67 50 64 

 50 47 50 51 
 50 48 50 59 
  50 43 50 59 

 50 35 50 46 
 50 47 0 0 

 300 287 250 279 
     

 



92

 

[92] 
 

  131   98   102   107  
 81   36   566  
  77  13.6    

26   4.59   2    
14   2.47   6  

  
 (  2  1) 

                                    

0

20

40

60

80

100

120

140

 MRL

>2 

 
 
                               1.   
 

 2.  
 

 
 

   2  
      

 131 19 14.5 7 5.3 4 3.1 
 98 15 15.3 0 0.0 3 3.1 

 102 17 16.7 7 6.9 1 1.0 
 107 24 22.4 12 11.2 6 5.6 

 81 2 2.5 0 0.0  0 0.0 
 47 0 0.0 0 0.0  0 0.0 

 566 77 13.6 26 4.6 14.00 2.5 
 



93

 

[93] 
 

   133   19  
14.28   7   5.34 

   
2   5   3.75   11  
(  3)  3   metalaxyl, carbendazim  cypermethrin  6.01, 
4.6  3.1   metalaxyl 8   0.01 - 0.14  

 carbendazim 6   0.01 - 0.08 
 4   6.3   cypermethrin 

4   0.01-0.05   
 

 3. 133 19  
 

 

 

 
( ./ .) 

 
  MRL ( ./ .) 

    Codex EU Japan 

cypermethrin 4 3.1 0.01-0.05 0 0 0.07 0.2 0.5 
 acephate 1 0.8 0.06 1 1.6 - 0.02 5 
acetamiprid 1 0.8 0.03 0 0 - 0.3 2 
carbendazim 6 4.6 0.01-0.08 4 6.3 0.05 0.1 3 
carbofuran 1 0.8 0.01 0 0 - 0.02 0.5 
cymoxanil 1 0.8 0.05 0 0 - 0.5 2 
ethion 1 0.8 0.11 1 1.6 - 0.01 0.3 
metalaxyl 8 6.1 0.01-0.14 0 0 0.5 0.5 1 
omethoate 1 0.8 0.02 0 0 - - 1 
chlorpyrifos 1 0.8 0.04 - - - 0.05 0.05 
dimethoate 1 0.8 0.13 1 1.49 - 0.02 1.0 
-   MRL 
 

   98   15   
 15.3   7   

5.34   
 2   3   3.1   

6  (  4)  3   cypermethrin carbendazim  methomyl  
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7.1, 3.1  2.0   cypermethrin 7   0.01 - 0.06 
   carbendazim 6   0.01 - 0.03 

  methomyl 2   0.01-0.02 
 

 

 4.    98   15  
 

 

 

 
( ./ .) 

 
  MRL ( ./ .) 

    Codex EU Japan 

cypermethrin 7 7.1 0.01-0.06 0 0 - 0.2 2 
acephate 1 1.0 0.07 0 0 - 0.2 0.5 
carbendazim 3 3.1 0.01-0.03 0 0  - 0.1 3 
carbofuran 1 1.0 0.01 0 0 - 0.02 0.3 
metalaxyl 1 1.0 0.02 0 0 0.2 0.2 0.2 
methomyl 2 2.0 0.01-0.02 0 0 - 0.1 1 
-   MRL 
 

   102   18   17.6 
  6   5.34 

   2   1 
  3.1   6  (  5)  

3   cypermethrin carbendazim  methomyl  7.1, 3.1  2.0 
 cypermethrin 7   0.01 - 0.06  

 carbendazim 6   0.01 - 0.03  
 methomyl 2  0.01 - 0.02   
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 5.   102  18  
 

 

 

 
( ./ .) 

 
  MRL ( ./ .) 

    Codex EU Japan 

cypermethrin 10 9.8 0.04-0.14 2 4.6 0.07 0.2 0.05 
carbendazim 1 1.0 0.02 0 0 3 0.1 - 
epoxiconazole 1 1.0 0.02 0 0 0.2 0.05 - 
methomyl 2 2.0 0.01 0 0 - 0.1 3 
thiabendazole 1 1.0 0.01 0 0 - 0.02 0.5 
chlorpyrifos 3 2.9 0.03-0.18 1 0.9 - 0.05 - 
-   MRL 
 

   107   24  
22.43   12   11.21 

    
2   7   6.5   11  ( 6) 

 2   cypermethrin  metalaxyl  10.3  3.1 
  cypermethrin 7  0.03-0.3  

 9  metalaxyl 4   0.01- 0.03  
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 6.    107   24  
 

 

 

 
( ./ .) 

 
  MRL ( ./ .) 

    Codex EU Japan 

cypermethrin 11 10.3 0.03-0.3 9 8.4 0.07 0.2 0.05 
carbaryl 1 0.9 0.01 0 0 - 0.5 10 
carbendazim 3 2.8 0.01-0.13 1 0.9 - 0.1 3 
dimethoate 1 0.9 0.01 0 0 - - 1 
epoxiconazole 1 0.9 0.01 0 0 - 0.5 - 
metalaxyl 4 3.7 0.01-0.04 0 0 0.2 0.05 - 
methomyl 2 1.9 0.01-0.02 0 0 0.2 0.2 0.2 
omethoate 2 1.9 0.02-0.03 0 0 - - 2 
parathion-
methyl 

1 0.9 0.07 1 0.9 - 0.02 1 

acephate 1 0.9 0.24 0 0 - 0.02 0.5 
diazinon 3 2.8 0.01-0.47 1 0.9 - 0.01 0.1 
-    MRL 
 

  81   chlorpyrifos 2   0.05 - 0.09 
  2.47  

 1   1.23  (  7)  
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 7.    81   2  
 

 

 

 
( ./ .) 

 
  MRL ( ./ .) 

    Codex EU Japan 

chlorpyrifos 2 2.47 0.05-0.09 2 2.47 - 0.05 0.01 
-    MRL 
 

  38   
 4 - 5   

 1 - 3   
 cypermethrin  6  

 11   10   7   4   
11   Codex MRL   carbendazim  
6   3   3   1   4  

 Codex MRL  1  EU-MRL 
  22.4 

 11.21 
          

 
 

 6        
 566   77  13.6  

 26  4.59  2   14   
2.47  

 22.4  11.21 
 cypermethrin  

 11    carbendazim  5  
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1.   
   

2.  
 

 

 
 

. 2553. .  
. 303 . 

. 2551  MRL  Available 
Source: http://www.acfs.go.th/standard/download/residue_limits.pdf 

Anastassiades, M., Lehotay, S. J., Stajnbaher, D. and Schenck,F.J. 2003. “Fast and Easy Multiresidue Method 
Employing Acetonitrile Extraction/Partitioning and “Dispersive Solid-Phase Extraction”Solid - 
Phase Extraction” for the Determination of Pesticide Residues in Produce”. J AOAC. 86: 412-
431. 
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Determination of pesticide residues in Citrus fruits 

 
 

                  
                                                             

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

 
 

  

 
      . . 2555 

225    124   101  
 Steiwandter (1985)  QuEChERS, Anastassiades (2003) 

     
    2   ( )  

 ( )  124     100 
  30   

 carbendazim carbofuran + 3OH cypermethrin chlorpyrifos ethion profenofos pyridaben 
formetanate lambda-cyhalothrin malathion carbaryl tetradifon dimethoate methomyl  omethoate 

  1-18   7 - 8   15 
 14 -18   1  

  49  
  51   carbendazim carbofuran+3OH 

profenofos ethion formetanate spiromesifen lambda-cyhalothrin diazinon phenthoate triazophos hexaconazole 
 cypermethrin  parathion-methyl  

 3  carbendazim dimethoate  omethoate  
  

   
 ( )  101   74  

 75   17  
 carbendazim cypermethrin ethion chlorpyrifos formetanate  profenofos  
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  99 
  carbendazim  1  

 1 – 8   1   
 37   2   19  

  27   
 

 
 

 
  

         
        

       
   

  
        

 
      

  
     

   
   

    
 

  
    

   
 

 
 

 
 

 
  1.   acetone AR grade, dichloromethane AR grade, ethyl acetate PR grade, 
acetonitrile PR grade, hexane PR grade, sodium chloride (NaCl), sodium sulfate (Na2SO4) anhydrous, primary 
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secondary amine (PSA), silica gel, magnesium sulfate anhydrous (MgSO4), tri sodium citrate, disodium 
hydrogen citrate 1, 5 hydrate, Graphitized carbon black (GCB)  formic acid 
 2.  (Pesticide Standards)  81- 99 % 
 3.    (beaker)  (cylinder)  (funnel) 

 (round bottom flask)  (pipette)  (volumetric flask)  (vial) 
(erlenmeyer flask)  (duran) (centrifuge tube) 
 4.    (ultra turrax)  

 2, 4  5   GC- MS, LC- MS/ MS, 
GC –FPD/ECD, HPLC-postcolumn  
   

1.   12   2  
  5   

        
     

           
    

      
 2.   

2.1   2   ( )  
2.2   ( ) 
2.3   2  

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

 1    sodium sulfate  30   
  10    sodium sulfate 50   250  

 Rotary evaporator  water bath 40   
 ethyl acetate PR grade 5  

 GC-FPD  GC-MS 
 GC-ECD  HPLC-postcolumn  

 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  5   5   centrifuge tube 
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 15   PSA 0.125   MgSO4 0.75  GCB 0.05  
 Vortex mixture 1   centrifuge  5   PTFE Syringe Filters 

 0.2   vial  5% Formic acid 10   LC-MS/MS 
2.4.  

     81-99% 
  1,000 ppm (1 )  stock standard solution  stock 

standard solution  10   100 ppm (100 
)  intermediate standard solution 

 
                           2.5.  
               -  Gas Chromatograph (GC) GC-ECD  

Column: capillary column DB-1  0.32   30  
 0.25  Temperature: oven 80 C (1 min);15 C/min to 180 C(4 min);23 C/min to 250 C 

(20.3min) Run time: 35 min 
Injector: splitless mode: 250 C Detector: 300 C Carrier gas: He 1.7 ml/min makeup gas: 

N2 = 60 ml/min 
GC-FPD  

            Column: capillary column DB-5.62  0.32  30  
 0.25  

            Temperature: oven 80 C (1 min) ; 15 C/min to 180 C(4min) ; 23 C/min to 250 C (20.3 min) 
Run time : 35 min 
             Injector: splitless mode: 250 C Detector: 250 C 
            Carrier gas: He 2 ml/min H2 = 150 ml/min Air = 110 ml/min  
            makeup gas: N2= 60 ml/min 
   -  GC/MS Single Quadrupole  
            Column: capillary column DB -5MS  0.32   30  

 0.25  
           Temperature: oven 50 C (1 min) ; 25 C/min to 125 C(0min) ; 10 C/min to 300 C (10 min) 
Run time: 31.5 min 
          Injector: splitless mode: 250 C 
           Detector: 5973N mass selective detector (scan mode) 
           Carrier gas: He  



103

[103] 
 

        -  High Performance Liquid Chromatograph (HPLC) HPLC – postcolumn 
 

          Column: Lichrosphere60 RP-Select B (5 m)  4.0   250 
  

          Column flow: 0.8 ml/min Run time: 15min 
          Detector: Fluorescenc Injection volume: 20  
          Solvent A: water 92% Solvent B: MeOH 3% Solvent C: ACN 5% 

            -  Liquid Chromatograph/Mass Spectrometer/Mass Spectrometer (LC-
MS/MS)   
          Column: Kinetex XB-C18 100A (2.6 m)  2.1   100   
          Column flow: 0.3 ml/min Run time: 15 min 
   Detector: MS QQQ Injection volume: 5  

Solvent A: 5mM AF 0.01% Formic acid 80% Solvent B: ACN 20% 
   2554 –  2555 

:        
                                   
 

 
 

   
  2555  225     124     101   

(  1)    
     174   77 
 

       124  
 2    ( )   

  49 
  30   6   

carbendazim, carbofuran, cypermethrin, chlorpyrifos, ethion profenofos  81, 81, 68, 68, 
57  54   cypermethrin  chlorpyrifos  50 

  profenofos  
 34  ethion, diazinon  carbendazim  13, 10  10  

 parathion-methyl  
 2  (  2) 
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  1-18  
 7- 8   15  14-18   1 (  3) 

  3   carbendazim, dimethoate 
 omethoate  (  4) 

 
       

  
1-19  (  5) 
          

 101   ( )  74  
75   99 

  carbendazim  1  
 17   4   carbendazim, 

cypermethrin, ethion  chlorpyrifos  37, 35, 22  19  
  8 (  6)  

1- 8   1  2   37  19  (  7) 
 13   

  1  (  8) 
 

 
 

  
 

  
  51  

  
  

   75 
 99   

   profenofos  ethion 
   

 2   
   

  parathion-methyl  
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1.  
  

2.  
  

3.           
  

    
 

4.        
 

 
 

 
 

. 2551.  . .9002-2547, : 
    

Anonymous. 2006. Maximum Residue Limits Under Positive List System Food Sanitation Law: Japan 
Anonymous. 2010. EU Pesticide Data base Residue 
Anonymous. 2012. Codex Alimentarius commission, List of Maximum Residue Limits for Pesticide Residues in 

Food and Animal Feeds. 
C D S Tomlin. 2006. The Pesticide Manual. Fourteenth Edition. 
H. Steinwandter. 1985. Universal 5 Min on - line Method for Extracting and Isolating Pesticide Residues 

and Industrial Chemicals. Fresenius Z. Anal. Chem. 322,  752 – 754. 
M. Anastassiades. S. J. Lehotay, D.Stajnbaher, F.J. Schenck., 2003. Fast and Easy Multiresidue Method 

Employing Acetonitrile Extraction/Partitioning and “Dispersive Solid-Phase Extraction” for the 
Determination of Pesticide Residues in Produce, J. AOAC Int., 86, 412-431. 
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 1.   2555  
 

    
 76 25 101 

 4 - 4 
 32 65 97 

 12 11 23 
 124 101 225 

 
 2.   124  

 

  
 

 
( ./ .) 

 
    

1 carbendazim 100 81 0.01 – 3.14 12** 10 
2 carbofuran+3OH 100  81 0.01 – 0.89  3** 2 
3 cypermethrin 84 68 0.01 – 2.19 1* 1 
4 chlorpyrifos 84 68 0.01 – 0.79 - - 
5 ethion 71 57 0.01 – 2.76 16* 13 
6 profenofos 67 54 0.04 – 1.82 42* 34 
7 pyridaben  42 34 0.01 – 0.11 - - 
8 formetanate 41 33 0.01 – 0.13 3**** 2 
9 lambda cyhalothrin 38 31 0.01 – 1.65 2* 2 

10 malathion 29 23 0.01 – 0.59 - - 
11 carbaryl 27 22 0.01 – 0.80 - - 
12 tetradifon 24 19 0.02 – 0.63 - - 
13 dimethoate + 

omethoate 
21 17 0.03 – 2.55 - - 

14 metalaxyl  21 17 0.01 – 0.11 - - 
15 methomyl  20 16 0.01 – 0.22 - - 
16 diazinon 18 15 0.01 – 0.49 13* 10 
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 2. ( )   124  
 

  
 

( ./ .) 
 

    
17 prochloraz 13 10 0.01 – 0.36 - - 
18 spiromesifen 9 7 0.01 – 0.09 5**** 4 
19 fenazaquin 9 7 0.01 – 0.11 - - 
20 fenobucarb 6 5 0.01 – 0.27 - - 
21 hexythiazox  6 5 0.01 – 0.04 - - 
22 acetamiprid 5 4 0.01 – 0.23 - - 
23 triazophos 5 4 0.01 – 0.90 3* 2 
24 isazofos 5 4 0.02 – 1.12 - - 
25 phenthoate 4 3 0.04 – 0.26 1*** 1 
26 hexaconazole 4 3 0.03 – 0.06 4**** 3 
27 acephate 3 2 0.01 – 0.49 - - 
28 parathion methyl 3 2 0.01 – 0.05 3* 2 
29 fenitrothion 2 2 0.01 – 0.32 - - 
30 pirimiphos 

methyl 
 

2 2 0.03 – 0.05 - - 

 
                   *          **    Codex 
                ***    Japan           ****    EU 
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 3.  
 

     
 

 
 

            
 

1 5 4 
2 4 3 
3 10 8 
4 9 7 
5 16 13 
6 10 8 
7 19 15 
8 19 15 
9 10 13 
10 4 3 
11 3 2 
12 5 4 
13 6 5 
14 1 1 
15 1 1 
16 1 1 
18 1 1 
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 4.  124  
 

  
 

 
 

    
1 
2 

carbendazim 
dimethoate+omethoate 

82 
11 

66 
9 

0.02-0.63 
0.01-0.39 

- 
- 

- 
 - 

 

:  
 

 5.    124  
 

 
/   

 
 

    
 (76)  25 25 100 15 12 

   38 38 100 24 19 
  2 2 100 1 1 
  8 8 100 6 5 
  3 3 100 2 2 

 (4)     2 2 100 1 1 
  2 2 100 - - 

 (32)  3 3 100 1 1 
  2 2 100 2 2 
  3 3 100 2 2 
  5 5 100 2 2 
  2 2 100 - - 
  1 1 100 - - 
  6 6 100 3 2 
  10 10 100 4 3 

 (12)               3 3 100 - - 
  4 4 100 1 1 
                          1 1 100 - - 
                          4 4 100 - - 
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 6.   101  

 

 
 

 
 

( ./ .) 
 

    
1 carbendazim 37 37 0.01 - 1.04 1 1 
2 cypermethrin  35 35 0.01 - 0.33 - - 
3 ethion 22 22 0.01 - 0.40 - - 
4 chlorpyrifos 19 19 0.01 - 0.07 - - 
5 formetanate 8 8 0.01 - 0.03 - - 
6 profenofos 6 6 0.02 - 0.09 - - 
7 carbofuran+3OH 6 6 0.01 - 0.03 - - 
8 dimethoate+omethoate 6 6 0.02 - 0.19 - - 
9 methidathion 3 3 0.02 - 0.04 - - 

10 carbaryl  3 3 0.02 – 0.58 - - 
11 phenthoate 2 2 0.03 - 0.04 - - 
12 malathion 2 2 0.01  - - 
13 phosalone 2 2 0.22 - 0.23 - - 
14 lambda cyhalothrin 1 1 0.01 - - 
15 tetradifon 1 1 0.04 - - 
16 EPN 1 1 0.24 - - 
17 pirimiphos- methyl 1 1 0.02 - - 
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 7.  
 

 
(  1 ) 

  
 

1 37 37 
2 19 19 
3 6 6 
4 5 5 
5 3 3 
6 2 2 
7 1 1 
8 1 1 

 

 8.   
 

  
/  

 
  

    
 (25)  5 4 80 - - 

                             6 3 50 - - 
  14 12 86 - - 

 (65)  18 18 100 - - 
  5 4 80 - - 
  12 9 75 1 1 
  20 10 50 - - 
  7 5 71 - - 
  2 2 100 - - 
  1 1 100 - - 

 (11)              8 4 50 - - 
                          3 2 67 - - 
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 9.  
 

 
 

 
 ( .) Codex Japan EU 

cypermethrin 2 2 2 2 
chlorpyrifos 1*,2* 1 1 0.3 
ethion 1 - 5 0.01 
profenofos 0.1 - 0.05 0.05 
carbofuran+3OH 0.1 0.5 0.3 0.5 
tetradifon - - 3 2 
pyridaben - - 2 0.5 
malathion 7 7 4 0.02 
carbaryl 15 15 7 0.05 
dimethoate+omethoate 5 5 2 0.02 
lambda cyhalothrin 0.1*,0.5* 0.2* 1 0.2 
methidathion 0.5 2 5 5 
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 9. ( )  
 

 
 

 
( .) 

Codex Japan EU 

fenobucarb - - 7 - 
diazinon - 0.1*,0.3* 0.1 0.01 
carbendazim - 1 1 3 
methomyl 1 1 - 0.02 
fenitrothion - 0.5* 2 0.01 
metalaxyl 5 5 1 0.5 
acephate - 7 5 0.02 
triazophos 0.2* 0.2*, 0.05* 0.02 0.01 
parathion methyl 0 0.2*,0.3* 0.2 0.02 
formetanate - - - 0.05 
prochloraz - 10 10 10 
pirimiphos methyl - - 5 - 
phenthoate - - 0.1 - 
acetamiprid - 10 5 1 
phosalone 1 2* 1 0.05 
hexaconzole - - 0.02 0.02 
Isazofos - - - - 
hexythiazox - 0.5 1 2 
fenazaquin - - - 0.5 

 

       : *      -  
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 1.  

 

acephate DDVP hexythiazox phenthoate 
3-OH carbofuran deltamethrin hexaconazole prochoraz 
acetamiprid diazinon isoprocarb profenofos 
a-endosulfan dicrotophos isazofos promecarb 
azinphos ethyl dimethoate lambda cyhalothrin propiconazole 
azoxystrobin dimethomorph malathion prothiophos 
b-endosulfan endosulfan sulfate metalaxyl pyridaben 
bifenthrin EPN methomyl spiromesifen 
carbaryl ethion omethoate tebuconazole 
carbendazim fenitrothion parathion ethyl tetradifon 
carbofuran fenobucarb parathion methyl thiabendazole 
chlorpyrifos fenvalerate permethrin triazophos 
chlorpyrifos methyl fenazaquin pirimiphos ethyl triadimenol 
cyfluthrin formetanate phosalone trifloxystrobin 
cypermethrin fipronil pirimiphos methyl tebufenozide 
carbosulfan fenthion methamidophos thiacloprid 
chlorfenvinphos fenarimol methidathion thiamethoxam 
difenoconazole iprovalicarb phosphamidon abamectin 

 



115

[ ]

 
 

 

Dissipation of Pesticides in Groundwater in Agricultureal Area  
: Lower Northern Region 

     
                

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

 
 

  
 6    8   10   9   9   

8   6   –  2555   
16   20   18   9   8   6   
77   

 4    Organochlorine  Organophosphorus  Carbamate  Pyrethoid 
 Triazine  atrazine ametryn  metribuzine  2,4-D  

 4   5.20  Triazine  4   
 atrazine 4   0.03 – 0.16   ametryn 1   0.42 

      atrazine  ametryn 
     

Organochlorine  Organophosphorus  Carbamate  Pyrethoid  2,4-D 
  (Maximum 

Allowable Concentration : MAC)   
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. .2552 – 2555  2552 – 2554  30  
2555  (

, 2552 – 2555)  2552 – 2555  53,615 
51,902  67,608  54,257     8,112 9,994 10,671 

 2,894    4,890 5,972 6,980  3,295    
    

  
   Triazine (  , 2549)  
   Triazine 

  (Maximum Allowable 
Concentration, MAC)  (Cohen et al., 1984) 

  
   carbofuran, diazinon, methomyl  metalaxyl 

  atrazine, ametryn, metribuzin  simazine (Cohen, 1993) 
 (  , 2545) 

 atrazine  0.02   metribuzin  0.84  
   atrazine  2.0 

  
 (  , 2549)  endosulfan & 

metabolites  < 0.01  heptachlor & heptachlor epoxide  < 0.01  
dieldrin  < 0.01  carbofuran  0.01-0.39  

 atrazine  0.01-0.09   metribuzin  0.01-0.03  
 ( , 2549) 
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 DDT & metabolites  0.01  dieldrin  < 0.01  
endosulfan  0.01    atrazine  0.01 - 0.15  

 
 

        
             
       

  
  

  
 

  
 

 

 

 
1.   

  separatory funnel  teflon, beaker, cylinder, Erlenmeyer 
flask, round bottom flask, graduated tube, glass vial for auto sampler, disposable pasture pipette, 

  glass funnel  standard calibration 
curve  volumetric pipette  volumetric flask class A 

2.    
2.1  analytical grade   siliga gel, SPE C18 500  

 6 , SPE florisil 500   6 , anhydrous sodium sulfate (anh. Na2SO4), 
sodium hydrogen carbonate, sodium chloride, ammonium chloride, acetone, sulfuric acid, dichloromethane, 
ethyl acetate, ethyl ether, sodium dithionite, sodium hydroxide  hexane 

2.2  pesticide grade  HPLC grade 
 Gas Chromatograph  acetone, acetonitrile, ethyl acetate, 

hexane, water, isopropanol, methanol  iso-octane  
2.3  pesticide grade  

 2.3.1  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  
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 2.3.2  21  azinphos ethyl, chlorpyrifos, chlorpyrifos methyl, 
diazinon, dicrotophos, dimethoate, EPN, ethion, ethoprophos, fenthion, fenitrothion, malathion, methidathion, 
monocrotophos, parathion methyl, pirimiphos methyl, profenofos, triazophos, methamidophos, omethoate  
phosalone  
 2.3.3  4   bifenthrin, cypermethrin, fenvalerate  permethrin 
 2.3.4  11   3-keto carbofuran, 3-OH carbofuran, carbaryl, carbofuran, 
fenobucarb, methomyl, metolcarb, isoprocarb, methiocarb, iprodione  promecarb 
 2.3.5  Triazine 3   atrazine, ametryn  metribuzin 
 2.3.6  Chlorophenoxy acids  2,4-D 

3.  
 2  5  auto pipette  separatory funnel shaker 

 shaker Homogeneizer  food processor  rotary evaporator 
 nitrogen evaporator   (vacuum pump)  (desiccator) 

 (vortex mixer)  5 ± 3   (Freezer)  – 20 ± 5 
  Gas Chromatograph (GC)  Agilent Technology  HP 6890 

 Flame Photometric Detector (FPD)  Electron Capture Detector (ECD)  
4.    

 polypropylene   
 

 

 
1.  

   6   
      

 (Global Positioning System; GPS)   
  

 50   
1.1  8    3   5  
1.2  9    2   3   1  

 1   2  
1.3  9    3   3   

 3  
1.4  9    3   3   3 
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1.5  8    3   1   4  
1.6  6    2   1   1  

 1   1  
2.  

 –  2555  3   
 2555  2   2555  3   2555  

50  
3.  

3.1    15-20  
   

3.2  (electrical conductivity)   3 - 4  
   -  (pH)  

 (Total Dissolved Solid)  1   4  
  4  

 Organochlorine Organophosphorus Carbamate  Pyrethroid  2   
Triazine  Chlorophenoxy acids 

4.  
     glass 

wool    
5.  

5.1  (AOAC, 1999)  
 1,000   hexane (AR) 100   separatory funnel 

shaker  3    hexane  sodium sulfate anhydrous  2 
 hexane (AR)  50   hexane  separatory funnel  hexane 

(AR) 10  2   rotary evaporator  40   
 hexane (PR)  nitrogen evaporator  1  

 GC  ECD 
5.2    (AOAC, 1995) 

 5.1 
 hexane  ethyl acetate  GC 

 FPD   HPLC  DAD 
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5.3  Chlorophenoxy acids  2,4-D (Their et al., 1996) 
 1,000   pH  2  100 methanol : ethyl ether (2:8)  

separatory funnel shaker  3   methanol : ethyl ether (2:8)  sodium 
sulfate anhydrous  2   10 M sodium hydroxide 10   rotary 
evaporator  40    dichloromethane 25   sodium 
sulfate anhydrous   2   rotary evaporator  methanol : conc. Sulfuric 
acid (9:1)  10   hexane 10   sodium hydrogen carbonate 15  

 sodium sulfate anhydrous 
 6.  

6.1  Gas Chromatograph  Electron Capture Detector (ECD) 
 Organochlorines  Pyrethroids      

 Mode    :  splitless  
GLC column  :  DB 1701 capillary,  30  x  0.32 ,  
        0.25   
temperature  :  injector  =  230 C, detector  =  300 C  
oven program  :  80 C (1 )  20 C/  220 C (2 )  1 C/   235 C (1 ) 20 C/   240 C (1 )    

                                  25 C/  265 C (12 ) 20 C/    280 C (8 ) 
carrier gas  :  helium flow    1.4 /   
make up gas  :  nitrogen flow  30  /  
injection volume :  1  

6.2  Gas Chromatograph  Flame Photometric Detector (FPD) 
 Organophosphorus   

 Mode  :  splitless  
GC column    :  DB 1701 capillary,  30  x  0.25 ,  
         0.25  
temperature   :  injector = 230 C, detector = 250 C 
oven program :  80 C (1 ) 20 C/   194 C (1 ) 2 C/    197 C (1 ) 5 C/     200 C (1 )       
                                                                                           1 C/    210 C (2 ) 0.5 C/  212 C (1 ) 30 C/  260 C (17 )                  
carrier gas  :  helium flow    1.2  /   
make up gas  :  nitrogen flow  60  /   
ignite gas   :  H2 110 / ,  Air  150 /   
injection volume   :  1  
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6.3  High Performance Liquid Chromatography (HPLC)  Diode Array Detector 
(DAD)  Carbamates  Chlorophenoxy acids 

 
 Wavelength : 220  
 Column  : Eclipse XDB-C18  150  
       4.6   5  
 Flow rate  : 1.0  
 Mobile Phase : water: acetonitrile = 65:35 
 Temperature : 30  
  Injection volume : 10  

6.4  Gas Chromatograph  Mass Spectrometry (GC/MS) 
 Triazine  

            Mode  : splitless  
 GLC column : RTX – 5ms capillary,  30  x  0.25 ,  

   0.25   
 temperature : injector  =  250 C, detector : MS Source  =  250 C, MS Quadrupole = 150 C 

oven program : 50 C (1 ) 15 C/   180 C (1 )  3 C/  200 C (0 ) 1 C/  210 C (0 )    

                                 15 C/  290 C (5 )  
 carrier gas : helium flow 1.4 /   
 injection volume : 1  

 

    2554 -  2555 
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 1.   (Global Positioning System ; GPS)  
  

- (m)
1   744/4  1 .  .  . 47Q 575150 1788850 30
2     9 .  .  . 47Q 569916 1788407 105
3   956  4 .  .  .  . 47Q 570550 1798421 20
4   73/1  2 .  .  . 47Q 563385 1808637 20
5     4 .  .  . 47Q 560724 1810291 110
6     3 .  .  . 47Q 558302 1812704 95
7   190  7 .  .  . 47Q 577032 1823822 120
8    15 .  .  . 47Q 573332 1823463 120
9     8 .  .  . 47Q 596568 1891109 100
10 . .  52  5 .  .  . 47Q 592659 1897522 40
11    1 .  .  . 47Q 592064 1901771 72
12   88/2 3 .  .  . 47Q 591408 1907623 63
13  .  .  . 47Q 595466 1909803 100
14   135  1 .  .  . 47Q 591703 1914540 36
15  .  .  . 47Q 595775 1916983 100
16   3/8  1 .  .  . 47Q 604624 1913936 100
17   77  8 .  .  . 47Q 603940 1926932 100
18    .  .  . 47Q 614913 1899251 60
19     7 .  .  . 47Q 621942 1896265 30
20   26  7 .  .  . 47Q 626579 1892756 24
21   6 .  .  . 47Q 600250 1863707 35
22     4 .  .  . 47Q 603094 1861404 60
23   1 .  .  . 47Q 608202 1858873 80
24   22  6 .  .  . 47Q 610345 1855638 100
25   57  6 .  .  . 47Q 637007 1831734 70
26    32  4 .  .  . 47Q 642623 1829910 110
27   16/1  10 .  .  . 47Q 632034 1833751 60
28   43/3  8 .  .  . 47P 651779 1678547 20
29   52/2  2 .  .  . 47P 650983 1678429 30
30   83  12 .  .  . 47P 647749 1699453 24
31  26  7 .  .  . 47P 633491 1741501 100
32   22  2 .  .  . 47P 633569 1752671 30
33   20  3 .  .  . 47P 634297 1750980 24
34   40  1 .  .  . 47P 606974 1758436 20
35  4 .  .  . 47P 599817 1760378 20
36  8 .  .  . 47P 594669 1759526 25
37   1 .  .  . 47Q 629586 1770214 100
38   198  1 .  .  . 47Q 632982 1771441 18
39   7/1  5 .  .  . 47Q 635515 1775257 20

(UTM)
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 1. ( )  (Global Positioning System ; GPS)  
 

 
 

 

 2.  2555 

 
 -  (pH) 

   5.5-9.0  
 (electrical conductivity)  ( ) 

 (total dissolve solid)   1,200   3
     

  -  (pH) 
 (EC)   pH  6.0-7.3 
 EC   EC  197-1005 

  1000   ( , 2540)  

pH 6.0-7.2 5.7-7.3 5.4-7.5 6.4-7.0 6.1-7.3 6.4-7.3

 (C) 28.7-32.2 27.8-29.3 27.8-29.8 28.6-32.3 28.8-32.0 26.9-29.8

Electrical Conductivity ( S/cm) 127-571 284-715 198-508 133-1709 159-785 282-1742

Total Dissolve Solid  (ppm) 67-287 142-358 98-256 60-854 79-392 140-873

- (m)
40  1 .  .  . 47Q 649513 1788334 100
41   29  9 .  .  . 47Q 649606 1802740 40
42   5/2  6 .  .  . 47Q 646900 1811793 30
43   250  3 .  .  . 47Q 640472 1817022 100
44   27/1  3 .  .  . 47Q 637678 1815943 35
45 .   11  9 .  .  . 47Q 695789 1799744 100
46   10 .  .  . 47Q 693978 1800997 60
47  .  13 .  .  . 47Q 703280 1789704 85
48  13 .  .  . 47Q 729338 1835127 100
49   112  12 .  .  . 47Q 737790 1857426 100
50   3 .  .  . 47Q 734426 1869415 51

(UTM)
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 3.  ( , 2542) 
 

   
pH 7.0-8.5 5.0-9.0 
Suspended Solids   
Total Dissolved Solids 600 mg/L 1200 mg/L 
Total Hardness 300 mg/L as CaCO3 500 mg/L as CaCO3 
Turbidity 5 NTU 20 NTU 
Total Iron 0.5 mg/L 1.0 mg/L 
Sulfate 200 mg/L 250 mg/L 

 

  4    organochlorine  organophosphorus 
 carbamate  pyrethroid  triazine  atrazine ametryn  metribuzin  

chlorophenoxy acid  2,4-D  
 –  2555   16   

20   18   9   8   6  
 77   
 77   4   5.20 

  triazine 4   5.20  
 atrazine 4   0.03 - 0.16   ametryn 1   0.42 

   triazine  atrazine  ametryn 
 atrazine  4   atrazine  0.16   

1   ( )   1  
     

  atrazine  2,4-D  
  

(half-life)  atrazine  2,4–D   
   (Gleason, 2006)  

 atrazine  0.13   1  
 ( )   13  
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 atrazine  0.06   1  
 6    

  atrazine  0.03   1   (
)   2    

  ametryn  0.42   1  
 ( )   13  

      
 atrazine  ametryn  

    atrazine 
   atrazine  

  organochlorine organophosphorus 
 carbamate  pyrethroid  2,4-D  

  ( , 2543) 
 

   
 

 4.  (Maximum Allowable Concentration, MAC)   
 

          
atrazine NEB 

 
 

 
 

3 
3 
60 
3 
2 

 1/ 

 2/ 
 2/ 

 2/ 

 2/ 

 

 1/ : NEB ( , 2543) 
 2/ : Gastafson, 1993 

 

 
 

 Triazine   
atrazine  0.03-0.16   ametryn 0.42   

    atrazine   
  

-  
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 Triazine    organochlorine  

organophosphorus  carbamate  pyrethroid  2,4-D  
 

 
 

1.  
2.  

   
3.   
4.   

 

 
 

. 2542.    12 ( . . 2542) 
 

.  
. 2552-2555. . . .
. 

. 2543.   20 ( . . 2543) 
 . .2535 

.   117  95   15  2543. 
   . 2549. : 

.  2549.  170-178. 
 . 2540.   ( . . 2535-2538). 
       . 2545. 

.  .  4 
. 22-25  2545 : 63-73. 

   . 2549. : 
.  2549.  155-169. 

Cohen, S.Z., Creeger, S., Carsel, R. and C. Enfied. 1984. Potential for Pesticide Contamination of  Groundwater 
             from Agriculture Uses. In Treatment and Disposal of Pesticide Wastes, Symposium Series 259, R.F.  
Cohen, S.H. 1993. Pesticide in Groundwater: an Overview In Environmental Fate of Pesticide. Edited by 

D.H. Hudsun and T.R. Roberts. 286 pp. 
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Gastafson, D.I. 1993. Pesticides in Drinking Water. Van Norstand Reinhold, New York, U.S.A. p. 241. 
Gleason, J. 2006. Mobility of Herbicide Active Ingredients : Atrazine and 2,4-D. 
Krueger and J.N. Seiber, Eds. Washing, D.C.: American Chemical Society. pp. 197-325. 
Organochlorine Pesticide in Water, Gas Chromatographic Method. AOAC Official Method 990.06, 1999. 
Organophosphorus Pesticide. General Multiresidue Method. AOAC Official Method 970.52, 1995.  
Thier, H.P. and J. Kirchhoff, 1996. 2,4-D, Dichlorprop (2,4-DP). In Manual of Pesticide Residue Analysis, 
  Volume II. Working group analysis, Pesticide Commission, VCH, Germany. 
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Accumulation of Pesticide in the Bangpakong river in Agricultural Area   
          

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

 

 
 

 
 (Global Positioning System ; GPS)     

2555  24   186      98, 75, 8  5  
  98   15   15  

  DDT & metabolites, endosulfan  dieldrin  <0.01 - 0.05, <0.01  
<0.01    11   parathion methyl pirimiphos 
methyl  0.04  0.01 - 0.02   2   carbofuran 

 0.08-0.62    2   atrazine 
 0.04   1   75   8  

 11     DDT & metabolites  <0.01 
  8   chlorpyrifos, dimethoate  ethion  <0.01 

  3   8   5  
  (Maximum 

Allowable Concentration; MAC)   
 

 
 
 
 
 
 
 
 

      
 03-06-54-05-03-01-01-54   
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122     
 

  
  7,978   

  3,712   4   
     1,180,160  

 (Stockholm Convention on Persistent Organic Pollutants, 
POPs)  50  

 
   17  2547 ( , 

2547)   
   

 2554 (  , 2554)  
 POPs  

  2555 
  

  
( , 2554)  
 

 
 

 
 1.  separatory funnel, beaker, cylinder, Erlenmeyer flask, round bottom flask, 
graduated tube, glass vial for auto sampler, volumetric pipette  volumetric flask  
 2.   

2.1  analytical grade  siliga gel, SPE C18, SPE florisil, anhydrous sodium sulfate, 
acetone, dichloromethane, ethyl acetate, ethyl ether, hexane, methanol, sodium hydrogen carbonate, sulfuric 
acid, sodium hydroxide  sodium chloride, ammonium chloride  pesticide grade  HPLC 
grade  acetone, acetonitrile, ethyl acetate, hexane  iso-octane  
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2.2  pesticide grade  20   aldrin, alpha 
BHC, alpha endosulfan, beta BHC, beta endosulfan, cis chlordane, dicofol, 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 

 trans chlordane  21   azinphos ethyl, chlorpyrifos, chlorpyrifos 
methyl, diazinon, dicrotophos, dimethoate, EPN, ethion, ethoprophos, fenthion, fenitrothion, malathion, 
methidathion, monocrotophos, parathion methyl, pirimiphos methyl, profenofos, triazophos, methamidophos, 
omethoate  phosalone   7   bifenthrin, cyfluthrin, cypermethrin, lamda 
cyhalothrin, deltamethrin, fenvalerate  permethrin  6   carbaryl, carbofuran, 
fenobucarb, methomyl, metolcarb  promecarb  3   ametryn, metribuzin 

 triazine  chlorophenoxy compounds  2,4-D  bipyridyliums  paraquat   
 metalaxyl 

3.  
,  separatory funnel shaker, shaker, Homogeneizer  food 

processor ,  spectrophotometer,  Gas Chromatograph (GC)  Agilent 
Technology  HP 6890  Flame Photometric Detector (FPD)  Electron Capture Detector (ECD), 

 Gas Chromatograph /Mass spectrometry  5973 
4.    stainless steel  polypropylene 

   stainless steel  
   

  
 

1.  
 (Global Positioning System; GPS)  

2.   
2.1   4  
2.2    500   

  10-20  ( , 2545) 
  

2.3    
 food processor  

2.4   
 food processor  
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2.5      
 
3.   stock standard solution 

  1,000   Intermediate standard solution 
 20-200   working standard solution 

 0.0 - 2.50  
4.  

4.1  
4.1.1  (In house method TM-T04-I01 base on AOAC 

2005)  1,000   hexane (AR) 100   3   anh. 
Na2SO4  round bottom flask  2   hexane (AR) 50  

   rotary evaporator   hexane (PR)  1  
 GC  ECD 

4.1.2    
 4.1.1  hexane  ethyl acetate (In house method 

TM-T04-I03 base on EPA method 8141A, Revision 1, 1994)  GC  FPD  
  GC/MS   

 
4.1.3  chlorophenoxy compound  2,4-D  1,000   pH  

18 N H2SO4   2  methanol : ethyl ether (2:8) 100   3   anh. Na2SO4 
 round bottom flask  2   methanol : ethyl ether (2:8) 50  

  10 M NaOH 10   water bath 60   35  
 separatory funnel  round bottom flask  50   dichloromethane 

25    dichloromethane  pH  18 N H2SO4 ( )   2  dichloromethane 
25    anh. Na2SO4  round bottom flask  dichloromethane 25  

 2   separatory funnel  dichloromethane 10   rotary 
evaporator  1   methanol:conc. H2SO4 (9:1) 5    10  

 separatory funnel  round bottom flask  15   hexane (PR) 10 
   3    0.5 M NaHCO3 15   

  anh. Na2SO4  graduated tube  GC  ECD 
4.1.4  bipyridilium  paraquat  500   clean up  burette 

 glass wool  cation exchange resin 5   satd NaCl 50    
 50     10 - 12   50  
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 2 N HCl 50   50  2.5 % NH4Cl 50   50  
 5   satd NH4Cl 50   1  

 spectrophotometer  396  
4.2  

4.2.1  
 (Back C.A., 1965) 

  
   petri dish  petri dish 50  

 100  5   24   desiccators  
 petri dish  3 - 4  

 2  1  2  1  
  1   3-4  

 1    
4.2.2  

 4.2.2.1     
 (In house method TM-T04-I02 base on AOAC 1995)  20   Erlenmeyer 

flask  ethyl acetate (AR) 75   shaker  5   anh. NaSO4  
round bottom flask  ethyl acetate 20  2   rotary 
evaporator   ethyl acetate (PR)  2   1  

 GC  FPD   GC/MS 
  1   hexane 

(PR)  2.5   GC  ECD  
  

4.2.2.2  chlorophenoxy compound  2,4-D  20   Erenmeyer flask 
 methanol : water (8:2) 100   30   anh. Na2SO4  round bottom flask 
 10 M NaOH 10   water bath 60   35   

separatory funnel  round bottom flask  50   dichloromethane 25  
  dichloromethane  pH  3M H2SO4  3  dichloromethane 25  

  anh. Na2SO4  round bottom flask  dichloromethane 25   2   
separatory funnel  dichloromethane 10   rotary evaporator 

 methanol : conc. H2SO4 (9:1) 5    10   separatory funnel 
 round bottom flask  15   hexane (PR) 10   
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3    0.5 M NaHCO3 15     anh. 
Na2SO4  graduated tube  GC  ECD 

4.2.2.3  bipyridilium  paraquat  25   round bottom flask 
 65   18 N H2SO4 35   octanal 1   reflux  5  

 cellite  500  clean up  burette  glass wool 
 cation exchange resin 5   burette  satd NaCl 50    50  

  25  2 N HCl 100   25  2.5% NH4Cl 25  
 25   5   satd NH4Cl 50 

 1   Spectrophotometer 
 396  

4.3  (  Steinwandter, 1985)  
4.3.1   25    acetone 50   

homogenizer  1   dichloromethane 40   NaCl 8   1  
  Erlenmeyer flask  anh. NaSO4 15   20   anh. NaSO4 

 50   round bottom flask   ethyl acetate (PR) 
 10   2   

 GC  FPD   GC/MS 
 4   

4.3.2  (clean up)  siliga gel  deactivated  10    
1   10   siliga gel  anh. NaSO4  1  

 hexane 5    
hexane : dichloromethane (4:1) 5   hexane : dichloromethane (1:1) 10  

 round bottom flask   2  hexane 
(PR)  vial  GC  ECD  

  
4.4   FEEI SUN (2000) 

4.4.1   10    acetonitrile 50  
 homogenizer 1    Erlenmeyer flask 

 acetonitrile 100   50   round bottom flask 
  acetonitrile 15   (clean up)  

4.4.2  (clean up)  SPE  C18  SPE  florisil  anh. 
NaSO4 2   acetonitrile 6   4.4.1  

 3   graduated tube  nitrogen evaporator  



134

 

[134] 
 

ethyl acetate (PR)  1   0.5    
 GC  FPD   GC/MS  

 0.5    hexane (PR)  0.5  
 GC  ECD   

 (  – )  2554 –  2555 
    

 
 

 
 

     
 2555  24  (  1)  186      

98, 75, 8  5    98   15   15  
  DDT & metabolites, endosulfan, dieldrin  

<0.01 - 0.05,  <0.01   11   parathion methyl  
pirimiphos methyl  0.01- 0.04   2    carbofuran 

 0.08 - 0.62   2    atrazine  
0.04   1     

  (  2) 
 75   8   11  

 POPs    
DDT & metabolites  <0.01   8  

 chlorpyrifos, dimethoate  ethion  <0.01   3 
  8   5   (  3)   
 

 1.   (Global Positioning System ; GPS)  

 
 

 
X Y 

P1 714892 1490295    .  
P2 719209 1493080  .  
P3 719509 1498386  .  .  .  
P4 720012 1502032  .  .  
P5 725182 1504115  .  
P6 723097 1507036  .  
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 1.   (Global Positioning System ; GPS)  

 
 

 
X Y 

P7 723742 1510713  ( ) .  .  
P8 726406 1514825  .  .  
P9 730637 1514343  .  .  
P10 731475 1516092    .  .  
P11 731189 1516276  .   .  
P12 733309 1514830  .  .  
P13 739702 1519521  .  .  .  
P14 739152 1544956  .  .  
P15 734929 1540449  .  .  
P16 734061 1536777   .  .  
P17 731785 1534544  .  .  
P18 728590 1533202  .  .  
P19 728588 1533204  .  .  
P20 737209 1527115  .  
P21 738522 1524026  .  .  
P22 735268 1519895  .  .  
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 2.     
 

  
/ 

    
 

 
. . 54 

 10/0 - - - 
 6/0 - - - 

 1/0 - - - 
 2/0 - - - 

 1 
. . 55 

 
 
 

 22/11 atrazine cabofuran dieldrin endosulfan o,p -DDE 

0.04 0.08 <0.01 <0.01 <0.01 

1 1 1 7 1 
 17/1 chlorpyrifos <0.01 1 

 2/0 - - - 
 3/0 - - - 

 2 
. .55 

 
22/4 

carbofuran endosulfan parathion methyl pirimipos methyl 

0.62 <0.01 - 0.05 0.04 0.01 - 0.02 

1 3 1 1 
 17/2 dimethoate ethion <0.01 <0.01 1 1 

 3 
. . 55 

 22/0 - - - 
 19/5 p,p -DDE <0.01 5 

 3/0 - - - 

 4 
. .55 

 22/0 - - - 
 16/0 - - - 

 1/0 - - - 

 :       :  ( g/L) 
                             :  (mg/kg) 
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  3.      
    
 

 
 

       (186)  (26) 

 98 15 (15%) Organochlorines (11) dieldrin  
endosulfan  
o,p  - DDE 

< 0.01 
< 0.01 - 0.05 

< 0.01 
Oraganophosphorus (2) parathion methyl 

pirimiphos methyl 
0.04 

0.01 - 0.02 
Carbamate  (2) carbofuran 0.08 - 0.62 
Triazine (1) atrazine 0.04 

 75 8 (11%) Organochlorines (8) p,p  - DDE <0.01 
Oraganophosphorus (3) chlorpyrifos 

dimethoate 
ethion 

<0.01 
<0.01 
<0.01 

 8 - -  - 
 5 - -  - 

 :   :  ( g/L) 
                            :  (mg/kg) 
 

  4.  
 

  

 
 

 
1 

 
2 

 
3 

  
4 

  
(Total Organochlorines Pesticides) 

  0.05 

 (DDT) 

 

1.0 1.0 
 (alpha BHC)  0.02 

 (Dieldrin)  0.1 
 (Aldrin)  0.1 

   
(heptachlor & heptachlor epoxide) 

 0.2 

      :  
 1 :  

   
1)  
2)  
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3)  
 2 :   
1)   

 
2)  
3)  
4)  

 3 :  
1)  

 
2)  

 4 :   
1)   

 
2)  
 

/  
 

    
 (POPs)  

  LC50 (96 hour)  
golden orfe 2   

 0.05   POPs  
 0.02 - 1  ( , 2552)   

   

  
 

 
 
 
 
 
 
 
 



139

 

[139] 
 

 
 

1.   
  

2.  (POPs) 
 

3.   
  

 
4.   

 
 

 
 

 . 2547. Stockholm Convention on Persistent Organic Pollutants (POPs)  
. 99  

. 2552.  (Surface Water Quality Standard) 
.2547.  organochlorines  Gas Chromatography 

TM-T04-I01 13  
. 2550.  organochlorines  pyrethroids  

organophosphorus   Gas Chromatography TM-T04-I02. 17   
. 2553.  organophosphorus   Gas 

Chromatography TM-T04-I03. 14   
   . 2545.  Triazine 

   4   240 - 246. 
       . 2554. 

:   2554  2 
  51 - 63. 

. 2554. “  . . 2554” [
]  http://www.doa.go.th/ard/index.php?(25  2555) 

Anonymous.1994. The Agrochemical Handbook Third Edition. The Royal Society of Chemical, Cambridge, England. 
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Anonymous.1998. Guilines for Drinking Water Quality, Vol. I Recommendation. World Health Organization. 
Back C.A.1965. “Method of soil analysis: part I physical and mineralogical properties”. American 
Society of Agronomy, Madison, Wisconsin, USA. 4 pp. 

Feei Sun, Feng-Yi lin, Sue-Sun wong and Gw-hen Li.2000. Determination of organochlorine  and  Nitrogen-
Containing Pesticides in Fish with Different Fat Content. J. Food and Drug Analysis. 8(2) : p.103 – 111.  

Gustafson,D.I.1993. Pesticides in drinking Water. Van Nostrand Reinhold, New York, U.S.A. 241 pp. 
Kennedy, S.H.1983. The Determination of Paraquat Residues in soil and water. ICI Jealott’s Hill Research 

Station Bracknell Berks, UK. 
Steinwandter, H. 1985. Universal 5 min on-line Method for Extraction and Isolating Pesticide Residues and 

industrial Chemicals. Fresenius Z. Anal. Chem. 322: 752-754. 
W.keller and S. Otto.1985. BASF Agricultural Research Station, Limburgerhof.  
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 : 
 2,4-D   

Pesticide Residue Contaminated on the Body of Sprayer in Rice Field :  
2,4-D in Paddy-Field Outside Irrigation Area  

 

         
                                                            

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

 
 

  2,4-D 
     2,4-D  

84  W/V SL  1    
7 – 10  45   20   2   

 2,4-D       ( - )   
( - )   ( - )  

  2,4-D  
 

 418.74  183.35  100      
   32.25, 27.80, 24.86  19.82  100  
      6.86  

4.08  100    
   344.62  341.75  

  2,4-D  
 

  
  

   MOE 
 100 (  MOE = NOAEL/Risk exposure)   2,4-D 
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 2,4-D   chlorinated phenoxy compound 
  

 2555  2,4-D  9,846   1,033  
  

(Moderately toxic, WHO class II)  (ADI inhuman = 0.3 
mg/kg)  

  
  2,4-D  

    
 (non-target organism)  

 
   

   
    

  2,4-D 
  2,4-D  

 2,4-D  
    
    

 
  

 
 

 
1.  10 x 10 cm2  
2.  
3.  
4.  (analytical balance) 
5.   separatory funnel shaker 
6.   (reciprocal shaker)  
7.   rotary evaporator    
8.    nitrogen evaporator 
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9.    (digital oven) 
 (muffle furnace)  (vacuum pump)  (vortex mixer)  

 (desiccator)  
 10.  Gas Chromatograph (GC)  Electron Capture Detector (ECD)               
 11.  (insecticide standards) 2,4-D  
             12.   chlorinated phenoxy compound - 2,4-D 

 84  W/V SL  45 / 20  
  

 
  2,4-D 

    
  6  3     

 2.5   1    2 - 3  
 2,4-D    7 – 10  

45  20   55  (
    2,4-D )  
       ( - )  ( - )    ( -

)  
  

   
      

 -    
 
 :    

 Glass wool  
 :   Erlenmeyer flask 

  
  -20  

  
 1 - 2    
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 2,4-D       
 BASF, Agricultural Research Station, 1985.  In-house method, 2004.  

 :  1,000   separatory funnel  1,000  
 pH   2  18 N H2SO4  methanol : ethyl ether (2:8) 100   

separatory funnel shaker  75 /   3   
 beaker  1,000   ethyl ether  anhydrous Na2SO4  

round bottom flask 250   methanol : ethyl ether (2:8) 50   2   
3   anhydrous Na2SO4  10 M NaOH10  

  rotary evaporator  35  (  water bath  60ºC  
vacuum)  separatory funnel  250   round bottom flask  
50   separatory funnel  dichloromethane 25    (  
dichloromethane)  pH   2  18 N H2SO4  dichloromethane 25    
anhydrous Na2SO4  round bottom flask 125   dichloromethane 25   2  

 1   5  methanol : conc.H2SO4 (9:1)  round 
bottom flask   10   separatory funnel  125   Hexane 
10   3    NaHCO3 15    3  

  anhydrous Na2SO4  graduated tube 15  
 Gas Liquid Chromatograph (GLC)  Electron capture detector (ECD)  

 :  Erlenmeyer flask  250   methanol : water 
(8:2) 100   aluminum foil    shaker  30  

 anhydrous Na2SO4   methanol : water (8:2) 50  
 2   15   anhydrous Na2SO4  10 M NaOH 

10   rotary evaporator  35  (  water bath 
 60ºC  vacuum)  separatory funnel  250   round bottom flask 

 50   separatory funnel  dichloromethane 25   
 (  dichloromethane)  pH   2  18 N H2SO4  dichloromethane 25  
  anhydrous Na2SO4  round bottom flask 125   dichloromethane 

25   2   1   5  methanol: 
conc.H2SO4 (9:1)  round bottom flask   10   separatory funnel 

 125   Hexane 10   3    NaHCO3 15  
  3    anhydrous Na2SO4  graduated tube 15  

 Gas Liquid Chromatograph (GLC)  
Electron capture detector (ECD)  
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    2554   2555  
     

  
   

 

 
 

 2,4-D    
 (  1) 

   418.74  183.35 
/100         32.25, 27.80, 24.86 

 19.82 /100   
  6.86  4.08 /100   

 
  344.62  341.75  

  2,4-D  
 

  
  

 MOE  100 (  MOE = NOAEL/Risk exposure) 
  2,4-D  
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 1.  2,4-D   ( /100 ) 
 

 
 2,4-D  ( g/100 cm2)   

 1  2  
           1.  352.25 485.22 418.74 
           2.  226.97 139.72 183.35 
           3.  9.64 54.86 32.25 
           4. ( ) 10.23 45.37 27.80 
           5.  35.33 14.39 24.86 
           6.  22.32 17.31 19.82 
           7.  10.54 3.19 6.86 
           8.  5.45 2.71 4.08 

 

 
  

  

      
  2,4-D  344.62  

341.75  (  2)  
 

              2.   2,4-D   ( ) 
 

  ( g)  ( g) 

 1 514.57 280.11 
 2 174.66 403.38 
 344.62 341.75 

 

 2,4-D  
  

 
   2,4-D 
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  MOE  100 
(  3)  2,4-D   

  
   

 

    3.  2,4-D   
 

 
 

2,4-D Dose abs. 
mg/kg.bw. 

NOAEL 
mg/kg MOE  

1 0.0162 5.0 308.64  
2 0.0335 5.0 149.25  

 
 

 

 2,4-D   
 

  
  

 
  

   
  

   2,4-D  
    2,4-D 

 (Richard A Brain et al., 2005)  2,4-D 
    

 (carcinogen)  
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 1.  
    

 2.   2,4-D 
  

 3.     
4.   

 
 

 
 

. 2551.  2551   
 

, 2536.  
  , 31  

   , 2552.  
: cypermethrin  2552.  1 

  
     . 2553. 

 cypermethrin     
2553.  1    

In-house method, 2004. Determination residues of 2,4-D in soil and water. Agricultural Production Science 
Research and Development Office, Department of Agriculture. 

Richard A Brain, Angus N Crossan, Lesbia Smith and Keith R Solomon, 2005. The Toxicology of Substances 
Used in the Production and Refining of Cocaine and Heroin: A Tier-Two Hazard Assessment. 
(Appendices 6) CICAD OAS Washington, DC, USA. 481 p. 

keller W. and Otto S. 1985.  BASF, Agricultural Research Station, Limburgerhof, Germany 
koesukwiwat U., Sanguankaew K., and Leepipatpiboon N. 2008. Rapid Determination of Phenoxy Acid 

Residues in Rice by Modified QuEChERS Extraction and Liquid Chromatography-Tandem Mass 
Spectrometry. Anal Chem Acta, 626, 921-924. 

Wauchope RD, Buttler TM, Hornsby AG, Augustijn-Beckers PW, Burt JP. 1992. Pesticides properties database 
for environmental decision making, Review of Environmental Contamination and Toxicology 123:1-157. 
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 1.  2,4-D   ( g/100 cm2)   
 

  1  2  

( ) 10.23 45.37 27.80 
 5.45 2.71 4.08 

 9.64 54.86 32.25 
 ( ) 0.82 0.51 0.67 

 ( ) 35.33 14.39 24.86 
 10.54 3.19 6.86 

 ( ) 9.64 18.45 14.02 
 ( ) 22.32 17.31 19.82 

 226.97 139.72 183.35 
( ) 352.25 485.22 418.74 
( ) 15.37 78.37 46.87 
 ( g) 514.57 174.66 344.62 
 ( g) 280.11 403.38 341.75 

 

 2.    
 

Te
st 

No
. 

Total 
Expo.( g) 

Te
st(

hr.
) p

eri
od

 

Wo
rk/

 D
ay

(hr
) 

Ad
j. t

im
e Potential 

Dose( g) % 
Ab

s. Abs. 
dose( g) BW

. k
g Dose abs. 

mg/kg.bw 

NO
AE

L m
g/k

g 

MOE Risk 

1 1943.23  1 1 1 1943.23  50 971.62 60 0.0162  5.0 308.6 accept  
2 4022.88 1 1 1 4022.88  50 2011.44  60 0.0335  5.0 149.3 accept 
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:  
2,4-D  

 

Accumulation of Pesticide Residue in Rice and It’s Product in Rice Field: 
2,4-D in Paddy Field Outside Irrigation Area 

 

             
                                                           

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

 
 
 2,4–D   

     2,4–D  
84  W/V SL  1     
7 – 10   45   20   2   

   100  
      

 2,4–D     
   2,4–D 
  

  10   
2,4–D  Modified QuEChERS  recovery 

   recovery  80–104  
 75 – 103    

2,4–D    2,4–D  
    BASF, Agricultural Research 

Station, 1985  
  recovery  83 – 97   87– 

109   
 2,4-D   2,4–D 
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 2,4–D  chlorinated phenoxy compound  

(Restricted Use Pesticides, RUP)  (US.EPA., 1988) 
 (Moderately toxic, class II) 

 WARNING  EU (European Commission)  
Annex I (EXTONET, 1996)  2,4–D  

    (carcinogen) 
    

 (Neskovic et al., 1994)  2,4–D  
   

    
 

  
 2,4–D   
   

 2,4–D  
  

     
   

 
 

 
1.  
2.  Erlenmeyer flask  
3.  
4.  (analytical balance) 
5.  homogenizer  centrifuge 
6.  (reciprocal shaker)  
7.  rotary evaporator    
8.   nitrogen evaporator 
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9.    (digital oven) 
 (muffle furnace)  (vacuum pump)  (vortex mixer)  

 (desiccator)  
 10.  Gas Chromatograph (GC)  Electron Capture Detector (ECD)               
 11.  (insecticide standards) 2, 4-D  
                     12.  chlorinated phenoxy compound-2, 4-D 

 84  W/V SL  45  20  
  

 
   2,4-D 

    
  6  3      

2.5   1    2 - 3  
 2,4-D    7 - 10   

45  20   55  (   
  2,4-D )  

 100     
        10  

     4  x  10  = 40  
  

  
 2,4-D  
 

 :   
  Modifield QuEChERS 

   
  BASF, Agricultural Research Station, 1985  

  - 20  
  

 1 - 2    
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 Modifield QuEChERS,  BASF, Agricultural Research Station, 1985 

 :  5   centrifuge tube  50  
 5   5% (v/v) formic acid in acetonitrile 10   Vortex  1  

 MgSO4 4.0   NaCl 1   centrifuge  4,000   6  
 centrifuge tube  15   PSA 0.25   MgSO4 1.5   

Vortex  1  centrifuge  6,000   2   graduate tube 
 - 20   2   graduate tube   anhydrous NaSO4 

2   column  SPE Florisil 1   SPE C18   SPE  acetonitrile 
6    tube  acetonitrile 15   

  1   methanol : conc.H2SO4 (9:1) 5    10  
 separatory funnel  125   graduate tube  15   hexane 

10  3    NaHCO3 15    
 anhydrous Na2SO4  graduate tube 15    

 1   
Gas Liquid Chromatograph (GLC)  Electron capture detector (ECD) 

 :  20   Erlenmeyer flask 
 250   methanol : water (8:2) 200   aluminum foil  
 homogenizer  3   suction filter  methanol : water (8:2) 

30  3   round bottle flask 500   10 M NaOH 10   
 rotary evaporator  35   separatory funnel 250   

 50   separatory funnel  dichloromethane 25    
dichloromethane  3 M H2SO4 25   pH <3  dichloromethane 25   

 anhydrous Na2SO4  round bottle flask 125   dichloromethane 
 25   2   anhydrous Na2SO4  round bottle flask 125  

 separatory funnel  dichloromethane 10   rotary evaporator 
  5   methanol : conc.H2SO4 (9:1)  round bottle flask   10  

 separatory funnel 125   round bottle flask  15   
hexane 10   3    NaHCO3 15   

 NaHCO3   anhydrous Na2SO4  graduate tube 15  
  1   Gas 

Liquid Chromatograph (GLC)  Electron capture detector (ECD) 
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    2554   2555 
      

  
  .    

 
 

 

     
 2,4-D   2,4-D   

 2,4-D   
  10   

2,4-D  Modified QuEChERS  
  recovery  80 - 104   75 - 103 

   2,4-D  
   2,4-D    

  BASF, Agricultural Research Station, 1985 
 

   recovery  83 - 97   87 - 109  
 

  2,4-D    
2,4-D   

    
 

 
 

  2,4-D  
  

 
   

   3  
   

 7 - 10     
  2,4-D  
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  (Good Agricultural Practices, GAP)  

   
 

 

 1.  
  

 2.   2,4-D 
  

 3.     
 4.   

 
 

 
 

. 2551.  2551  
 

. 2536. 
  , 31  

      . 2550. 
  

2550.    
     . 2553.   

            cypermethrin     
            2553.  1    
Douglas Hartley and Hamish Kidd. 1991. The Agrochemical Handbook. Third Edition 1991, The Royal 

Society Chemistry. Cambridge, England.  
EXTONET, 1966. Extension Toxicology Network. Pesticide Information Profiles. http://ace.orst.edu/info/extonet/pips 

/cypermet.htm 
Keller W. and Otto S. 1985. BASF, Agricultural Research Station, Limburgerhof, Germany 
Koesukwiwat, U. Sanguankaew,K. and Leepipatpiboon.N. 2008. Rapid Determination of Phenoxy Acid 

Residues in Rice by Modified QuEChERS Extraction and Liquid Chromatography-Tandem Mass 
Spectrometry. Anal Chem Acta, 626, 921-924. 
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Neskovic, Nesko K., Vesela Karan, Ibrahim Elezovic, Vesna Poleksic, and Milka Budimir. 1994. “Toxic 
Effects of 2,4-D Herbicide on Fish” Journal of Environmental Science and Health. B29(2):265-279. 

USEPA., 1988. Pesticide Fact Sheet. Washington, DC, USA: U.S. Environmental  Protection Agency, Office 
of Pesticides and Toxic Substances. 

Wauchope RD, Buttler TM, Hornsby AG, Augustijn-Beckers PW, Burt JP. 1992. Pesticides properties database 
 for environmental decision making, Review of Environmental Contamination and Toxicology 
123:1-157. 
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  chlorinated phenoxy  
compound     :  2,4-D 

 
 

Risk Assessment of 2,4-D Used in Paddy Field 
             

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

   
chlorinated phenoxy compound     :  2,4-D 

    
 –  2555  2,4-D  83 - 84  SL 

  (worst case scenario) 
 2,4-D   2     

   2,4-D 
 2,4-D  2,4-D   15  

 2,4-D   2,4-D  <0.02 - 0.17 
  2,4-D  <0.008 - 0.31 /   2,4-D  <0.020-0.024 

  2,4-D   
  (half-life)  2,4-D  3   8 

  58    
 

 
 

   Oryza sativa L.  100   
    

    
         
  28 - 30  
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     ( , 2550) 
    

   
    

 (Integrated Weed Management) 
      

   
    

  
 

   2,4-dichlorophenoxyacetic acid (2,4-D)  chloro-
phenoxyacetic acid  (broad-leaf weed) 

 (growth regulator)    
2,4-D  acid  
 2,4-D  

  
 2,4-D    

 
  2,4-D  2,4-D 

 rat   lymphosarcoma  
  International Agency for Research on 

Cancer (IARC)  chlorophenoxy herbicides  2B 
 (possibly carcinogenic to humans)  U.S. 

EPA  2,4-D  (category) D  (not classifiable as to human 
carcinogenicity) 
   . . 2546 

 . .2535  2,4-D; 2,4-D dimethylammonium; 2,4-D diolamine; 
2,4-D olamine; 2,4-D trolamine; 2,4-D isopropyl; 2,4-D butotyl; 2,4-D butyl;  2,4-D isoctyl 

 3      
  ( , 2553) 
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1.    

1.1  2,4-D  83 - 84  SL 
1.2       

  1.3  
1.4  

  1.5  
  1.6  (soil auger) 
  1.6   
  1.7  (Global Positioning System; GPS)  

2.   
2.1  separatory funnel, Erlenmeyer flask, cylinder, beaker, round 

bottom flask, filtering funnel  pipette  
2.2   volumetric flask, volumetric pipette  
2.3     

  analytical grade (AR)  pesticide grade (PR)  acetone, hexane, petroleum ether, ethyl 
acetate, dichloromethane, sulfuric acid, sodium sulphate (granule 12 - 16 mesh), aluminium oxide 90 active 
neutral (70 - 230 mesh), silica gel (20 - 120 mesh).  

 2.4  2,4-D  98.50% 
 2.5   ,  (analytical 

balance),  ultrasonic bath,  rotary evaporator,  nitrogen 
evaporator  Gas Chromatograph (GC)  Electron Capture Detector (ECD) 

 
1.  
  1.1   

  6  3    1  
   2555  

 4   2,4-D   1  
  2     

1.2  2,4-D   83 - 84  SL 
  (worst case 

scenario) 
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1.3   
  acetone     

  
1.4     

 2,4-D   
 (Reference value) 

1.5      2,4-D 
 2,4-D   

                       1)      0     (1 ) 
                       2)      1       
                       3)      3    
                       4)      5    
                       5)      7    
         6)    15    

2.  
  2.1  
           
 Glass wool  

2.2   
              

 /  20 - 30  
   

 4     /
  petridish  50   

3.  2,4-D    (Their et al., 1996)   
      2,4-D   1,000   pH  2  100 methanol : ethyl 

ether (2:8)  separatory funnel shaker  3    methanol : ethyl ether (2:8) 
 sodium sulfate anhydrous  2   10 M sodium hydroxide 10  

 rotary evaporator  40    dichloromethane 25  
 sodium sulfate anhydrous  2   rotary evaporator  methanol : conc. 

Sulfuric acid (9:1)  10   hexane 10   sodium hydrogen carbonate 15  
 sodium sulfate anhydrous 
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    2,4-D    20   100 methanol : water (8:2)  
shaker  30    sodium sulfate anhydrous  2   10 M sodium 
hydroxide 10   rotary evaporator  40    
dichloromethan 25   3 M sulfuric acid 25   sodium sulfate anhydrous   
2   rotary evaporator  methanol : conc. Sulfuric acid (9:1)  10  

 hexane 10   sodium hydrogen carbonate 15   sodium sulfate 
anhydrous 

  GC/ECD 
 Gas Chromatograph  Electron Capture Detector (ECD) 

2,4-D      
Mode  : splitless  
GLC column : DB 1701 capillary,  30  x  0.32 ,  
            0.25   
temperature : injector  =  230 C, detector  =  300 C  
oven program : 80 C (1 )  20 C/    220 C (2 )  1 C/    235 C (1 ) 20 C/   240 C  
    (1  )   25 C/  265 C (12 ) 20 C/  280 C (8 ) 

carrier gas : helium flow    1.4 /   
make up gas : nitrogen flow 30 /  
injection volume : 1  
 

   2554 –  2555 
   

1.     6  3    
 

2.    
  

 

 
 

 2,4-D    
 GC/ECD  2,4-D   

recovery  70 - 75   1 - 2    
recovery  80 - 90   0.04-0.4   
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 2,4-D     
 2,4-D  

  (Reference value)  
    2,4-D  

 2,4-D   
 2   2,4-D  83 - 84  SL  

  (worst case 
scenario)    2,4-D 

  
  2,4-D   

  
 2,4-D  GC/ECD  1, 3, 5, 7, 10 15    

  2, 4-D   
  2,4-D  (0 )  0.16  

 2,4-D  2,4-D 0.39   
  2,4-D   

  7    1 
   2,4-D  0.031  

   15  0.008  
 2,4-D  ( , 2547)  

   0.022 
   3    15 

  2,4-D     
2,4-D    3 - 15   2,4-D 
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 1.  2,4-D     
 

 
 2,4-D  

 
 2,4-D  

  
 2,4-D 

  
( )  ( ./ )   ( ./ .)  ( ./ .) 

0 0.17 0.031 0.024 
1 0.39 0.014 0.022 
3 0.09 0.013 0.020 
5 0.25 0.034 0.019 
7 0.02 0.013 0.018 
10 ND 0.008 0.019 
15 ND 0.008 0.020 

 
 : ND = Non Detectable  

 

  (half- life, t1/2)  2,4-D    
  1, 3, 5, 7, 10  15  

  half-life  2,4-D  3    8  
 58   1-3 

 

 

 

 

 

 

 

 

 1.  2,4-D  
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 2.  2,4-D  

 

 

 

 

 

 

 

 

 3.  2,4-D   
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 2,4-D    
 2,4-D   83 - 84  SL   

       
  

   
  

   
 

 

 
 

 1.  
2.  

   
 3.   

4.   
 
 

 
 

. 2550. .  1 . . 2550.  1. 
. 2553. 2,4-   (2,4- ). 
.  1 . . 2553.  1. 

. 2547.   25 ( . .2547)  
.    121   2547. 

 . 2556. “  .” [ ].  
http://www.brrd.in.th/rkb/weed/index.php-file=content.php&id=43.htm. (30  2556) 

Aksakal, O., Erturk, FA., Sunar, S., Bozari, S., and Agar, G., Assessment of genotoxic effects of 2,4-
dichlorophenoxyacetic acid on maize  by using  RAPD analysis. Industrial Crops and Products 42 
(2013) 552– 557. 
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  Chlorinated phenoxy compound 
 :  2,4-D  

Ecological Risk Assessment of 2,4-D used on in paddy field in non-irrigated area 
 

             
                                                             

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

 
 

 Chlorinated phenoxy compound  
2,4-D    

     2555   2,4-D dimethyl ammonium 
83% w/v SL  450  200   1  10  

 2,4-D     
 2,4-D  2,4-D     

  7   2,4-D 
 Hazard Quotien (HQ)  2,4-D  

 2,4-D  3   HQ  10  2,4-D 
   2,4-D  5   HQ 

 1  2,4-D   
  2,4-D  

 
 
 
 
 
 
 
 
 
 

        
 03-06-54-05-04-01-04-55 
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2,4-D   
     

 2554  10   2,4-D  2,4-D dimethylammonium 
 5  2,4-D sodium salt  4,852.16  3,818.83    

359.14  353.14   2,4-D   
 ( , 2555) 

 2,4-D   
 

 

 

 1.  2,4-D 
 

2,4-D   Chlorinated phenoxy compound  acid 
 2,4-D  1 2,4-D     2,4-D 

  (photodegradation  hydrolysis)  2,4-D  
  metabolite  2,4-dichlorophenol  pH 

 pH  9   pH  6 – 8  2,4-D 
  2,4-D   photodegradation  hydrolysis  metabolites 

 2,4-D   2,4-dichlorophenol  CO2  2,4-D  
 Hydrolysis  2,4-D  

 2,4-D   2,4-D   2,4-D 
  2,4-D 

  2,4-D   (  2,4-D  butyl ester) 
   2,4-D (  ester)  plant growth regulator 

 auxin (Walter J.,__ ) 
 2,4-D  2,4-D  

 Lethal dose (LD50)  rat  375 – 666   Lethal dose 
(LD50)  100   Lethal dose (LD50)  

 80.24 - 22.44  (   2,4-D)  
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 2,4-D     
  ( , 2553) 

    Clarius batrachus   Channa striata   Ipomoea aquatic Forsk. 
    

 2,4-D   
  

 

 
1.  

1.1    
1.2   
1.3  
1.4  2,4-D  83 % w/v/SL 
1.5  volumetric flask, separatory funnel, Erlenmeyer flask, beaker 
1.6  
1.7   Clarius batrachus   Channa striata   Ipomoea 

aquatic Forsk. 
1.8  . 51 

2.  
2.1 Methanol 
2.2 Acetonitrile 
2.3 Dichloromethane 
2.4 Sulfuric acid  
2.5 ethyl ether 
2.6 hexane 
2.7 Sodium sulfate 
2.8 Sodium hydrogencarbonate 
2.9  2,4-D 

3.  
3.1 Gas chromatograph  Electron Capture Detector Detector (ECD) 
3.2 Rotary evaporator 
3.3 N2 – evaporator 
3.4 Deep freezer 
3.5 Homogenizer 
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4.  
4.1   

  4.1.1    
 9      

4.1.2  1   1   1   
60  60   60     3  
(  2)   15  

 10   1   100  
  1  

 
 
 
 
 
 
 
 

 2.  
 

4.1.3     1    
 10   1/3  2,4-D  

4.1.4    2,4-D  2,4-D  1, 12, 
24   3, 5, 7, 10   10   

  5  
4.2  2,4-D    

   2,4-D 
      Blender 

  20   2,4-D 
(Lehotay S. J. et al., 2010)  2,4-D  GC-ECD 

 2,4-D  (recovery)  2,4-D 
 70-78% 

 
 

PC    
PP :   

 
PP 

PP 

PP 

PC 

PC 

PC  
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   2,4-D 
    

Back C.A. 1965  2,4-D  2,4-D  20  
 BASF, 1985  2,4-D  GC-ECD 

 2,4-D  (recovery)  2,4-D 
 68 - 77% 

   2,4-D  
 separatory funnel (  1,000 )  1,000  
 BASF, 1976  2,4-D  GC-ECD 

 2,4-D  (recovery)  2,4-D  74 - 82 % 
   2,4-D  

    Blender  
 10   2,4-D  (Urairat et al., 2008) 

 2,4-D  GC-ECD  2,4-D 
 (recovery)  2,4-D  88 - 92 % 

4.3   (Ecological Risk Assessment ; ERA)  
2,4-D  (Hazard Quotient; HQ) (IPCS, 2010)  
 

 HQ = Predicted Environmental Concentration (PEC) 
 Predicted No Effect Concentration (PNEC)  
 

     PNEC  No Observed Effect concentration; NOEC  assessment 
factor  1,000  2    NOEC 

  63.40  (Shannon borges et al., 2004)  PNEC  
6.340 x104  
     HQ 

 
 HQ  = HQ1 + HQ2 +…+HQn 
 

   n =     
 HQ   1    HQ  1 

 10   
  HQ  10  100    100 
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   2554   2555 
     

 
 

 

 
 

  2,4-D   2,4-D   
 24   2,4-D  7   2,4-D 

 1   5  0.01  
 10  

 2,4-D    2,4-D  6 
 (  3)  ( )  2,4-D 

   2,4-D    (  4)
  2,4-D  (< 0.01 ) 
 2,4-D   pH  9 (pH  6.8 - 7.2)  

 2,4-D  
 
 
 
 
 
 
 
 
 
 
 
 
 

 3.   2,4-D  
 

   2,4-D  1  5 
 2,4-D  0.023 - 0.224   2,4-D  0.013 - 
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0.0.083   2,4-D  1   
 24   5  

 2,4-D   1   
 2,4-D  12  (  4)  2,4-D 

 2,4-D  2,4-D 
 2,4-D  (re-exposure)  

 
 
 
 
 
 
 
 
 
 
 
 
 
  

 4.  2,4-D  
 

  HQ  2,4-D 
   2,4-D  

 LOQ (  0.01 ) 
  Hazard Quotien (HQ)  2,4-D  

 2,4-D  3  HQ  2.03  5.62  10 
 2,4-D   5   HQ 

 1  2,4-D  (  1) 
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 1.  2,4-D   

 
 2,4-D 

 
(Hazard Quoteint; HQ) 

 
( ./ ) 

 
( ./ .) 

 
( ./ .) 

 
( ./ .) 

 
( ./ .) 

*      - - 
1  0.353 

 0.01 

0.146 0.224 0.013 5.56 HQ= 1- 10
 2,4-D 

 
 

3  0.356 0.071 0.022 0.021 5.62 

6  0.238 0.080 0.038 0.083 3.75 

12  0.258 0.053 0.170 0.022 4.07 

24  0.230 0.146 0.038 0.032 3.62 

3  0.129 0.022 0.033 0.016 2.03 

5  0.016  0.01 0.023 0.016 0.25 HQ < 1
 7   0.01 

    
- 

10   0.01 - 
*    2,4-D  

 

  2,4-D  
   2,4-D   
 

ADD  =  (CxA)/Bw 
 

 ADD   2,4-D  (  ) 
C   2,4-D  ( )   2,4-D 

 0.224  
A   ( )  

 2552  11.90   
Bw    65   

  ADD  =  (0.224 x 11.90 )/ (65x365)  
     =  0.0011  

 2,4-D  Hazard; HQ =  ADD/ RfDo 
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 HQ   HQ< 1   2,4-D  
(  (Adverse effect)  HQ>1  2,4-D  

 RfD   Reference dose    2,4-D  0.01   
 (www.epa.gov/iris) 

   HQ   =  0.0011 / 0.01 
=  0.11  

 HQ  1  2,4-D  (
 (Adverse effect) 

 

 
 

1.  2,4-D     
2.  2,4-D   

 

 
 

 
2,4-D  2,4-D   

  2,4-D  
 

 
 

 2553  2,4-  
(2,4- )  1   

   2555   Chlorinated phenoxy compound 
 :  2,4-D  

 2554  2   
 2552  [ ]  

http://www.thaifeedmill.com ( 22  2556) 
Back C.A. 1965. “Method of soil analysis: part I physical and mineralogical properties”. American Society 

of Agronomy, Madison, Wisconsin, USA. 
BASF, Agricultural Researh Station, 1985 
EPA (1987) Reregistration Eligibility Decision for 2,4-D List  A Case 0073 [ ] 
 http://www.epa.gov/ oppsrrd1/REDs/24d_red.pdf (22  2556) 
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triazines  :  atrazine  

   triazines 
 :  atrazine  

Risk Assessment of Atrazine Used in Pineapple Crop to Applicator and 
Consumer 

        
                                                           

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

 
 

                 atrazine  (Ananas comosus)    
    2554 –  2556  

atrazine 2   7   10   90% WG  2.7  1,000 
     

  atrazine  
  atrazine  

 atrazine  
 atrazine     7  

 atrazine  1.0878  34.3968 mg/kg bw/day  2   10  
 0.0900  4.0200 mg/kg bw/day     2555 
  3   atrazine  

 MOE (Margin of exposure)  0.73  22.98 
  atrazine 

2   3.5   
  atrazine  3 

  atrazine  
 
 



178

 

[178] 
 

 
 

             Atrazine  selective systemic herbicide 
 xylem  apical miristem  

 (pre-emergence  early post-emergence)     
         

   WHO  (unclassified)  LD50 

 1,869 - 3,090 mg tech/kg bw  (The e - Pesticide Manual 15th,2009) 
   atrazine  (Endocrine 
disrupting chemicals)      

    
   

 
  Biologists Hayes  (2010) University of California Berkeley 

 2000   atrazine  80 million pounds  
    atrazine   

   atrazine   
estrogen  testosterone    

  atrazine 
  2002    

  atrazine 0.1 ppb.   U.S. EPA  atrazine  3 ppb. 
   

 
     atrazine     

      
0.1 ppb.      

  77 million pounds  2003  U.S. EPA  
 Hayes    2555  atrazine  

4,951,053 Kg.ai  5  (
  2555) 

                 
 atrazine 
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 atrazine  
  

     
  

 

  
 

 
1.  (Ananas comosus) 
2.  10x10   16 /  
3.  atrazine    90% WG  Syngenta  
4.  volumetric flask, volumetric pipette, separatory funnel, Erlenmeyer flask, cylinder, beaker, 

round bottom flask, chromatographic column, filtering funnel, pipette, petri-dish, glass vial, disposable 
Pasteur pipette, test tube  

5.  
5.1  analytical grade (AR)  acetone, ethyl acetate, acetonitrile, tuloene, anh. 

sodium sulphate, sodium chloride, magnesium sulfate, PSA (Primary second amine)   
   5.2  pesticide grade (PR)  ethyl acetate, hexane 
 6. glass wool  filter paper No.1  

7.  atrazine   
8.    (analytical balance)  

 homogenizer  Blender  (reciprocal shaker)  rotary 
evaporator  (digital oven)  (muffle furnace)  (Vacuum pump) 

  Nitrogen Evaporator   (Vortex mixer)  (Desiccator) 
 (Deep freezer)  -20 C  (centrifuge)  

9.  Gas Chromatograph (GC)  Auto injector   
Electron capture detector (ECD)   
             Detector    : Electron capture detector  

Mode        : Splitless             
             Column      : Rtx –CL Pesticides capillary column  
              0.32 mm  30 m  0.5 m   
             Temperature : Injector 250 C, Detector 300 C  
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 Oven  :         80 C (1 )     3                    175 C (4 )                       215 C (2 )  
                                               250 C (5 )             

 Volume injected  : 1  
 

  
   

   atrazine  
 2555 –  2556 

 
 
 

 1.     
 

 
1.   7   1   0.3   
2.   atrazine, ametryn 

 2,4- D  2-3     

3.  atrazine  2    7   2 
 10   2.7  1,000     

 

8 c/    
 20 c/  2 c/  
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4.   3   1   
atrazine   1   5    10 x 10  

          
     
5.  atrazine 

  Base-line level  atrazine 
6.  atrazine   

      6.1    
 

6.2  2  
  

 
1.  Erlenmeyer flask  
2.     

 1   
3.      1  

 10  1   10    
  

  
      

  
 

 atrazine 
1.  atrazine   

        mixer  shaker  ethyl acetate   
anh. sodium sulfate  rotary evaporator  hexane  

 GLC/ECD 
 (Recovery)  0.5, 1  2.5 

  101- 121%  LOQ 0.5  
2.  atrazine   QuEChERS, 2003    

    10  centrifuge tube  50   acetronitrile 
10   vortex mixture  1   sodium chloride 1   magnesium sulfate 4  

 1  centrifuge  4,000   5   1.5  
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 micro centrifuge tube  2   PSA 0.025  magnesium sulfate 0.15   
30   centrifuge  1   1   

   hexane (PR)  1   vial  GC  
 ECD  

 (Recovery)  0.05, 0.10, 0.50  1.00 
  82 - 105%  LOQ 0.05  

 
    

  
 

Pesticide Risk Assessment  US.EPA (US.EPA,1999)  
    2555 –  2556   

       
  

 
 

 
 

 atrazine   
               atrazine 

           
 5  atrazine   2  

  
  1  187  (  1)  

    30,255.44  100 
     3   

 atrazine    
1,260.66  646,280.11  100   

     141.52  556.39 
  346.57 – 1,529.08  
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 1.  atrazine   1  
  7  

 
 :  187  

 
(  187 ) 

 
 1  2  3  

 
 

-  
-  
 

 
-  
-  

 
 

 
 
 

9.03 
4.58 

28.40 
233.24 

1.60 
2,538.07 

2.13 
24.56 

5,348.66 
30,255.44 

919.66 
141.52 

1,529.08 

115.71 
4,158.23 

469.86 
4,375.99 

365.25 
3,868.89 

8.41 
110.52 

46,052.54 
7,718.22 

190.83 
434.92 
498.62 

114.52 
157.50 

33.55 
978.44 
298.90 
669.24 

12.51 
162.32 

1,260.66 
3,410.93 

349.04 
556.39 
136.63 

10.80 
204.70 

22.04 
2.33 
5.06 

326.56 
7.91 
5.90 

1,593.28 
4,472.70 

212.94 
411.04 
346.57 

299.22 
10,806.93 

290.22 
37,541.05 

6,605.78 
486.65 

15.32 
667.97 

26,490.92 
646,280.11 

6,956.56 
402.71 

1,396.80 

9.03 - 299.22  L1 

4.58 - 10,806.93 L1 
22.04 - 469.86 L1 
2.33 - 37,541.05 L1 
1.60 - 6,605.78 L1 

326.56 - 2,538.07 L1 
2.13 - 15.32 L1 
5.90 - 667.97 L1 
1,260.66 - 26,490.92 L1 
3,410.93 - 646,280.11 L1 
190.83 - 6,956.56L1 
141.52 - 556.39L2 

346.57 - 1,529.08 L2 
    

  L1  =  g/100cm2                             L2  =     g   
 
  2  110  117  (  2)  1 

  
  3    

 3,045.68  36,306.53  100  
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 2.  atrazine    2 
  10  

 

 

 
   110-117  

 117   110  

 
 2  3  4  

 
 

-  
-  
 

 
-  
-  

 
 

 
 
 

2.52 
22.76 

8.85 
34.60 

111.96 
210.09 

6.92 
10.15 
48.90 

112.20 
6.51 

445.82 
116.49 

85.78 
103.35 
310.18 
300.91 

37.20 
148.31   

29.25 
134.31 
259.26 
217.17 
193.17 
375.89 
405.42 

10.83 
5.50 

34.08 
279.89 

1.92 
3,045.68 

2.56 
29.47 

6,418.39 
36,306.53 

1,103.59 
183.09 

5,013.35 

73.02 
194.01 

42.33 
275.10 
158.49 
292.08 

20.42 
102.59 

16.04 
284.80 
211.94 
341.61 
566.14 

 102.53 
70.34 
77.29 

119.60 
70.71 

170.89 
24.22 
80.39 

318.66 
423.57 
149.11 
422.14 
136.63 

2.52 - 102.53  L1  

5.50 – 103.35 L1 
8.85 – 310.18 L1 
34.60 – 300.91 L1 
1.92 – 158.49 L1 
148.31 – 3,045.68 L1 
2.56 – 29.25L1 
10.15 – 134.31L1 
16.04 – 6,418.39 L1 
112.20 – 36,306.53 L1 
6.51 – 1,103.59L1 
183.09 – 445.82L2 

116.49 - 5,013.35 L2 
 

   L1  =  g/100cm2                             L2  =     g 
 

                atrazine    
  (U.S.EPA. 1987,1992 Appendix 1  12) 

  atrazine  (Potential Exposure) 
   atrazine 

  
 1  7   1.0878  34.3968 mg/kg bw/day    

(  3)   
 2  10   0.0900  4.0200 mg/kg bw/day  

(  4)         
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 3.  atrazine  1  

  7   

 mg/kg 
bw/day 

%Absorption 
 

Absorbed Dose 
mg/kg bw/day 

(exposure) 

NOAEL 
mg/kg bw 

/day 

MOE  = 
NOAEL÷ 
exposure 

 

 
 

 4.3300 16.4 0.7101 4.1 5.77 Risk 
 1 34.3968 16.4 5.6411 4.1 0.73 Risk 
 2 1.0878 16.4 0.1784 4.1 22.98 Accept 
 3 18.4200 16.4 3.0209 4.1 1.36 Risk 

 1.2400 16.4 0.2034 4.1 20.16 Accept 
 

 4.  atrazine  2  
   10   

 
mg/kg 
bw/day 

%Absorption 
 

Absorbed Dose 
mg/kg bw/day 

(exposure) 

NOAEL 
mg/kg bw 

/day 

MOE  = 
NOAEL÷ 
exposure 

 
 

 
 0.0900 16.4 0.0148 4.1 277.78 Accept 

 1 0.3259 16.4 0.0534 4.1 76.71 Accept 
 2 0.3314 16.4 0.0543 4.1 75.44 Accept 
 3 4.0200 16.4 0.6593 4.1 6.22 Risk 

 0.1000 16.4 0.0164 4.1 250.00 Accept 
  

 atrazine  (Absorption 
Dose )  Ademola et al., (1993)  in vitro  
atrazine  16.4%  NOAEL  

  NOAEL 4.1 mg/kg bw /day 
  1  ( NRA, 1997) 

 (MOE: Margin of  Exposure)    
                                                    MOE = NOAEL ÷  Exposure       

 U.S. EPA  MOE = 10 
   (MOE) 

  1  7     1  3  MOE   0.73 – 
5.77 (  3)   2 
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  MOE  20.16 – 22.98  
 2  10   MOE 75.44 - 277.78  

(  4)  3  atrazine  MOE 6.22 
 Rosenheck et al. (1993)  atrazine  hand 

gun sprayers  0.0422 mg/kg bw /day  MOE  97  
 hand spreader  0.548 mg/kg bw /day  MOE  7    

 

  atrazine   
 2   3.5  

  10   atrazine 
  GC  ECD 

 LOQ 0.05    Food & Drug Administration,1993. 
 atrazine  16,428    . .1991 - 1992 

 0.05  (http://monographs.iarc.fr/ENG/Monographs/vol73/mono73-
8.pdf)  Canadian National Surveillance  1,075   

. .1984 – 1989  atrazine  MRL  atrazine 0.1  
(http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/atrazine/index-eng.php.) (Furlani et al., 2011) 

 7   trifluralin, atrazine, acetochlor, alachlor, endosulfan - alpha, endosulfan - beta, 
endosulfan – sulfate   

  
1   (September/October 2007)  (March/April 
2007)  80  7   atrazine  LOD 0.04 

 atrazine  
 

 
 

              atrazine  90% WG   2.7  
1,000   2     

 7     3  
7   atrazine  1.0878 – 34.3968 mg/kg bw/day  
MOE   0.73 – 22.98  atrazine 

  2  10  
  1  50  – 1  57   MOE 
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               atrazine 
 2  3.5   LOQ 0.05  

  atrazine 
  

atrazine   

  
 

 
 

 1.  atrazine  
 2.  atrazine 
 3.  atrazine 
 4.  atrazine 
 5.      

 atrazine  
 6.    

 
 7.  
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Appendix 1.   atrazine      
                      1  7  

 
( Region of body) 

 
(Surface area) 

cm2 

 
 

g/100cm2 

Penetration 
factor* 

 
* 

g 
 –  

         
1300 9.03 

4.58 
1 88.48 

 –   
          

3550 28.40 
233.24 

0.1085 898.69 

-  
          

3550 2.13 
24.56 

0.0798 69.61 

 2910 1.60 0.0942 4.38 
  1210 2,538.07 0.0942 2,892.58 
 3820 5,348.66 0.9705 198,189.06 

 –  
            

2380 30,255.44 
919.66 

0.9705 21,242.23 

       141.52 
    1,529.08 

     225,055.62 
   52 kg    4.3300 mg/kg bw /day 
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Appendix 2.   atrazine      1 
                      1  7  

 
( Region of body) 

 
(Surface area) 

cm2 

 
 

g/100cm2 

Penetration 
factor* 

 
* 

g 
 –  

         
1300 115.71 

4,158.23 
1 27,780.62 

 –   
          

3550 469.86 
4,375.99 

0.0970 15,062.69 

-  
          

3550 8.41 
110.52 

0.0707 277.39 

 2910 365.25 0.0838 395.99 
  1210 3,868.89 0.0838 211.45 
 3820 46,052.54 0.9759 1,716,761.46 

 –  
            

2380  7,718.22 
190.83 

0.9759 4,432.10 

    434.92  
    498.62 

   1,770,063.13 
   52 kg    34.3968 mg/kg bw /day 
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Appendix 3.   atrazine    2 
                      1   7  

 
( Region of body) 

 
(Surface area) 

cm2 

 
 

g/100cm2 

Penetration 
factor* 

 
* 

g 
 –  

         
1300 114.52 

157.51 
1 1,768.12 

 –   
          

3550 33.55 
978.44 

0.0523 1,151.69 

-  
          

3550 12.51 
162.32 

0.0715 412.19 

 2910 298.90 0.0523 455.29 
  1210 669.24 0.0523 423.87 
 3820 1,260.66 0.9072 43,686.78 

 –  
            

2380 3,410.93 
349.04 

0.9072 7,536.06 

    556.39 
    573.18 

   56,563.58 
   52 kg    1.0878 mg/kg bw /day 
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Appendix 4.   atrazine     3 
                      1   7  

 
( Region of body) 

 
(Surface area) 

cm2 

 
 

g/100cm2 

Penetration 
factor* 

 
* 

g 
 –  

         
1300 299.22 

10,806.93 
1 72,189.94 

 –   
          

3550 290.22 
37,541.05 

0.0076 10,223.73 

-  
          

3550 15.32 
667.96 

0.0224 531.69 

 2910 6,605.78 0.0150 2,892.40 
  1210 486.65 0.0150 88.60 
 3820 26,490.92 0.9893 1,001,176.85 

 –  
            

2380 646,280.12 
6,956.56 

0.9893 163,802.96 

    402.71 
    1,396.80 

   1,252,705.68 
   68 kg    18.4200 mg/kg bw /day 
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Appendix 5.   atrazine      
                       1   7  

 
( Region of body) 

 
(Surface area) 

cm2 

 
 

g/100cm2 

Penetration 
factor* 

 
* 

g 
 –  

         
1300 10.80 

204.70 
1 1,400.72 

 –   
          

3550 22.04 
2.33 

0.0077 74.86 

-  
          

3550 7.91 
5.91 

0.0224 120.01 

 2910 5.06 0.7385 108.71 
  1210 326.56 0.7385 2,918.12 
 3820 1,593.28 0.9545 58,097.12 

 –  
            

2380 4,472.69 
212.95 

0.9545 4,837.76 

    411.04 
    346.57 

   68,314.91 
  55 kg    1.2400 mg/kg bw /day 
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Appendix 6.  atrazine       

 2    10  

 
( Region of body) 

 
(Surface area) 

cm2 

 
 

g/100cm2 

Penetration 
factor* 

 
* 

g 
 –  

         
1300 2.52 

22.76 
1 164.30 

 –   
          

3550 8.85 
34.59 

0.2037 250.24 

-  
          

3550 6.92 
10.15 

0.4052 146.04 

 2910 111.96 0.3045 992.00 
  1210 210.09 0.3045 774.00 
 3820 48.90 0.9452 1,765.49 

 –  
            

2380 112.20 
6.51 

0.9452 146.53 

    341.61 
    566.14 

   5,146.36 
   55 kg    0.0900 mg/kg bw /day 
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Appendix 7.   atrazine     1 
 2  10  

 
( Region of body) 

 
(Surface area) 

cm2 

 
 

g/100cm2 

Penetration 
factor* 

 
* 

g 
 –  

         
1300 85.78 

103.35 
1 1,229.34 

 –   
          

3550 310.18 
300.91 

0.5076 5,422.16 

-  
          

3550 29.25 
134.31 

0.1789 852.79 

 2910 37.20 0.3433 371.51 
  1210 148.31 0.3433 615.91 
 3820 259.26 0.5292 5,241.54 

 –  
            

2380 217.17 
193.17 

0.5292 2,433.14 

    375.89 
    405.42 

   16,947.72 
   52 kg    0.3259 mg/kg bw /day 
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Appendix 8.   atrazine    2 
 2  10  

 
( Region of body) 

 
(Surface area) cm2 

 
 

g/100cm2 

Penetratio
n factor* 

 
*    

g 
 –  

         
1300 102.53 

70.34 
1 1,123.63 

 –   
          

3550 77.29 
119.60 

0.3925 1,666.76 

-  
          

3550 24.22 
80.39 

0.2315 660.81 

 2910 70.71 0.3121 642.08 
  1210 170.89 0.3121 645.28 
 3820 318.66 0.7396 9,003.48 

 –  
            

2380 423.57 
149.11 

0.7396 2,624.78 

    422.14 
    445.82 

   17,234.77 
   52 kg    0.3314 mg/kg bw /day 
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Appendix 9.  atrazine    3 
 2  10   

 
( Region of body) 

 
(Surface area) 

cm2 

 
 

g/100cm2 

Penetration factor* 
 

* 
g 

 –  
         

1300 10.83 
5.50 

1 106.17 

 –   
          

3550 34.08 
279.89 

0.1085 1,078.41 

-  
          

3550 2.56 
29.47 

0.0798 83.53 

 2910 1.92 0.0942 5.26 
  1210 3,045.68 0.0942 3,471.10 
 3820 6,418.38 0.9705 237,949.51 

 –  
            

2380 36,306.53 
1,103.59 

0.9705 25,490.68 

    183.09 
    5,013.35 

   273,381.10 
   58 kg    4.0200 mg/kg bw /day 
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Appendix 10.   atrazine    
 2  10  

 
( Region of body) 

 
(Surface area) 

cm2 

 
 

g/100cm2 

Penetration factor* 
 

* 
g 

 –  
         

1300 73.02 
194.00 

1 1,735.64 

 –   
          

3550 42.33 
257.10 

0.1333 1,302.35 

-  
          

3550 20.42 
102.59 

0.1660 604.60 

 2910 158.49 0.1497 690.33 
  1210 292.08 0.1497 529.00 
 3820 16.03 0.5733 351.19 

 –  
            

2380 284.80 
211.94 

0.5733 2,892.05 

    116.49 
    566.14 

   8,787.81 
   68 kg    0.1000  mg/kg bw /day 

 

*Penetration factor  
                       =   residue on inner dosimeter ÷ (residue on outer + inner dosimeter) 
*  =   (outside) Penetration factor 
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 Triazine   
:  atrazine  

Degradation and Accumulation of Triazine Herbicide in Soil, Water and 
Sediment: Atrazine Used in Pineapple Plantation 

 

              

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

 

 
 

  Triazine  atrazine    
    

 2555  2555  atrazine 90% WG 
 2700  1000   2 

  2  3  
 atrazine     

 atrazine  60   0.19  <0.03  
 0.54  < 0.09  

  (Median Lethal Concentration, LC50) 
   (half - life, t1/2)  atrazine 

 16   10   
 

 
 

 atrazine  Triazine   C8H14ClN5   IUPAC  6-chloro-
N-ethyl-N'-isopropyl-1,3,5-triazine-2,4-diamine 

  acute oral LD50 1,075 - 1,886 mg/kg ( , 2548) 
 (Endocrine disruptor chemical; EDC)  (sex-hormone 

pollution)      
   

   
  

(http://www.dpiw.tas.gov.au)  atrazine   0.01 - 0.61 
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 ( , 2549)  atrazine   
0.01 – 6.00  US.EPA  atrazine  

    
  atrazine   

 
atrazine  2554  3,203,285.1  

 (active ingredient ; a.i.) 2,710, 026.0   321.90  (
, 2554)  atrazine  90% WG  

       
    

 atrazine  2554   1  
 

 
 

 1.  atrazine  ( , .) 
 2551 - 2554      

 
 

 
 

 

1.    
1.1  (soil auger)  
1.2       

 1.3  
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1.4  
 1.5  
 1.6   
 1.7  (Global Positioning System; GPS)  
2.   

2.1  separatory funnel, beaker, cylinder, Erlenmeyer flask, round bottom 
flask, graduated tube, glass vial for auto sampler, pipette,   glass funnel 

  auto pipette volumetric pipette  volumetric flask class A 
2.2  auto pipette volumetric pipette  volumetric flask 

class A 

2.3   analytical grade   anhydrous 
sodium sulfate (anh. Na2SO4), acetone, ethyl acetate, hexane, methanol 

2.4  atrazine  98.50% 
 2.5    2  5  

 separatory funnel shaker  shaker homogenizer  food processor 
 rotary evaporator  nitrogen evaporator   (vacuum 

pump)  (desiccator)  (vortex mixer)  5 + 3   
(Freezer)  – 20 + 5   Gas Chromatograph (GC)  Agilent Technology 

 HP 6890   - Electron Capture Detector ( ECD)  
 

1.   
1.1     

30   47 P 556566 1604817  1   
 13 – 17   

  
1.2   

  1    
     

 soil auger   10   
 1   10 - 20   

 
1.3    
1.4       
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2.  

 2.1  
2.1.1       
2.1.2  

 10 – 20%   
2.1.3  20.0   Erlenmeyer flask  50.0   Petri dish 
 Petri dish  

2.2  
2.2.1  50.0   (Oven)  105 + 5 C  24  

 (Oven)   105 + 5 C  4  
2.2.2   Desiccator  
2.2.3   2 
2.2.4  1%  

 1%  %  
2.3  %  
      2.3.1 %   =  (  – ) x 100      
                                          (  –  Petri dish)  

             Petri dish   50.0  
       Petri dish    
       2.3.2  ( )  =   – (  x % ) 
                 100 

2.4  atrazine /   atrazine   
 ultrasonic (Babic, S. et. al., 1998)  

2.4.1  20   ethyl acetate (AR) 75   ultra sonic bath 25  
2.4.2   sodium sulfate 
2.4.3  ethyl acetate (AR) 2   20  
2.4.4  Rotary evaporator  
2.4.5  solvent  hexane (iso-octane)  10   
 hexane (PR)  (Recovery)  

0.03, 0.06  0.11  
 2.5  atrazine   In house method (2007) 

 (Recovery)  0.03, 0.1  1.11   
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 2.6       

C =  (Rx – B0)  x   V   x   D 
               A0               W 

   C   (      
) 

   Rx  Response (area/height)  
   B0  intercept  calibration curve 
   A0  slope  calibration curve 
   V    ( ) 
   W   ( )   ( ) 
       D  dilution factor 

2.7  (half- life, t1/2)  exponential   
half- life (t1/2)  = -0.693/b  

 b  slope  curve  exponential 
     y  =  aebx 

  2.8  (% Recovery)   
 % Recovery  =  (C1 – C2) x 100 
           Cfortified 

  C1    Fortified sample 
C2    Sample blank  
Cfortified    Fortified sample  
 

 2.9  Gas Chromatograph  micro Electron Capture Detector (  - ECD) 
 

   2554   2555 
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  (Sandy loam)  21 - 0 - 0 

   pH 4.0  
 26   25 

       
  1 - 2       

 atrazine    
 Gas Chromatograph (GC)  micro - Electron Capture Detector ( ECD) 

 (Recovery)  0.03, 0.06  0.11 
  recovery  82-100% 

 (Limit of Quantitation ; LOQ) 0.03  
 (Recovery)  0.03, 0.1  1.11   recovery  84 - 100% 

 (Limit of Quantitation ; LOQ) 0.09  
    atrazine 

  2   0-10  
 10 - 20   atrazine  

atrazine  atrazine  
  1  2   

    0 – 60  
 

 atrazine  
  atrazine  1  (0 )  60  

 (  10 )  0.18   < 0.03 
  

  atrazine  2  (0 )  60  
 (  10 )  0.19   < 0.03 

  1  
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 1.  atrazine   
 

 
( ) 

 

 atrazine  
( ) 

 1 
(N=10) 

 atrazine  
( ) 

 2 (N=10) 

0 0.18 0.19 

5 0.12 0.11 

10 0.10 0.06 

20 0.04 <0.03 

30 0.06 <0.03 

60 < 0.03 <0.03 
 

 1  atrazine 
  

Exponential; y = aebx   (half life) 
 t1/2 = - 0.693/b  2  b  - 0.04  - 0.05  

 (half life)  15.6  
 

 

 2.  atrazine  
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 atrazine  
 atrazine  1   2   

0.03  (<LOQ)  60  
 atrazine  

 atrazine  1  (0 )  60  
 (  10 )  0.37   < 0.09   

  atrazine  2  (0 )  60  
 (  10 )  0.54   < 0.09  

 2 
 2.  atrazine   

 

 
( ) 

 

 atrazine  
( ) 

 1 
(N=10) 

 atrazine  
( ) 

 2 (N=10) 

0 <0.09 0.54 

1 0.22 0.24 

3 <0.09 0.23 

5 <0.09 0.20 

7 <0.09 0.24 

10 <0.09 0.15 

20 <0.09 0.13 

30 0.37 <0.09 

60 <0.09 <0.09 
 

 2 
  3  1 

 
  2 

 Exponential; y = aebx 

 (half life)  t1/2 = - 0.693/b  2  b  - 0.07 
 (half life)  10  
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 3.  atrazine  
 

 atrazine   LC50 (96 hour)  rainbow trout = 8.8 
 (Douglas Hartley and Hamish Kidd, Unwin Bbrother, 1991)  

 LC50  
 atrazine   22  ( , 

2547)  atrazine  (MAC) 5.0   U.S.EPA 
 maximum contaminant level (MCLs)  atrazine  0.003  3 

 (EPA, 2003 and ATSDR, 2006)   
  

 

/  
 

 atrazine     
  

 10 – 16   
 

  
  atrazine  
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 atrazine     

 
   

   
 

 
 

. 2548.  2547. 
. .  133 . 

. 2547.   25 ( . .2547)  
.    121   2547.  

  ,     . 2549. . 
  2549.  

. 
 ,     . 2554. 

 Triazine     :  atrazine .  
 2554. , . 

ATSDR. 2006. Interaction Profile for: Atrazine, Desethylatrazine, Diazinon, Nitrate, and Simazine. Agency for 
Toxic Substances and Disease Registry (ATSDR), Division of Toxicology/Toxicology Information 
Branch. U.S. Department of Health and Human Services Public Health Service. Atlanta, Georgia, U.S.A.  

Babic, S., Petrovic, M. and Kastelan-Macan., K. 1998. Ultrasonic solvent extraction of Pesticides from soil. 
Journal of Chromatography Analysis. vol. 823 :1-2, Oct. 1998: 3-9. 

Back C.A. 1965. “Method of soil analysis: part I physical and mineralogical properties”. American Society 
of Agronomy, Madison, Wisconsin, USA. 

Douglas Hartley and Hamish Kidd, Unwin Bbrother, The Agrochemical Handbook Third Edition Limited, 
Nottingham England, 1991. 

EPA. 2003. Toxicological Profile for Atrazine. U.S. Department of Health and Human Service. Agency for Toxic 
Substances and Disease Registry. Division of Toxicology/Toxicology Information Branch. Atlanta, 
Georgia, U.S.A. 
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In house method. 2007. Base on Organochlorine and Organophosphorus Pesticide. General Multiresidue
Method. AOAC Official Method 970.52 (1995) .  

 
WHO. 2010. The WHO Recommended Classification of Pesticide by Hazard and Guidelines to Classification. 

2009. International Programme on Chemical Safety (IPCS) and Inter- organization Programme for 
the Sound Management of Chemicals (IOMC). 

http://www.doa.go.th/ard/images/stories/stat/stat_413.pdf 
http://www.dpiw.tas.gov.au/inter,nsf/Attachments/EGIL-57A2CL/$FILE/ATRAZINE.pdf 
http://www.epa.gov/teach/chem_summ/Atrazine_summary.pdf  
http://www.osti.gov/energycitations/servlets/purl/10190387-0ya2oZ/webviewable/10190387.pdf 
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 cypermethrin  
Using Botanical Pesticide to Reduce Cypermethrin for Controlling Kale Pests 

                  
                     

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

 
 

 cypermethrin  
  

    -  2553 
 RCB 3  9    cypermethrin  cypermethrin 

  cypermethrin    cypermethrin 
  cypermethrin    cypermethrin 

  cypermethrin   
  

 cypermethrin  
 cypermethrin   cypermethrin 

 cypermethrin  
  cypermethrin   82.27  

10   cypermethrin  1 , 
5   7   6.77, 5.73  0.83    Cypermethrin 

  MRLs  1.00 
  7  

 

 
 

   –  
 2551  cypermethrin   MRLs 

    cypermethrin 
   

Cypermethrin   pyrethroid  
(Moderately Hazardous, class II)   2551 

 932.2   (active ingredient, a.i.) 856.35   281.38  
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 cypermethrin  EC (Emulsifiable concentrate) 
 10 , 25   35    

       
  

  
 cypermethrin  MRLs 

 1.00    
 

  
   

  
 

 
  

 
   

 ( ,2542; Isman,1997; Klaus,1995)  ( ,2540; Trease and evan,1985)  
( , 2545; Areekul et al., 2531 , 2520)  (  , 2547; Perrett and Whitfield, 
2006; Narumon, et al., 2006)  (Guddadarangavvanahally, 2002)  ( ,1986) 

 azadirachtin  
(mold disrupting effect)  (antifeedant effect) 

  (egg laying) 
  azadirachtin  

corpus cardiacum   rotenone 
 non-systematic insecticide 

 rotenone   
  ( , 2546) 

   
 

  cypermethrin 
  cypermethrin  
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1.  cypermethrin  
    2553  

 2553  RCB 3  9   
 1  Cypermethrin (  30  20 ) 
 2  Cypermethrin (  30  20 )  (  200  

 20 ) 2  
 3  Cypermethrin (  30  20 )  (  200   

20 )  (  200  20 ) 
 4  Cypermethrin (  30  20 )  (  100  

 20 ) 2  
 5  Cypermethrin (  30  20 )  (  100  

 20 )  (  100  20 ) 
 6  Cypermethrin (  30  20 )  (  

300  20 ) 2  
 7  Cypermethrin (  30  20 )  (  300  

 20 )  (  300  20 ) 
 8   (  100  20 )  (  

300  20 )  (  200  20 ) 
 9    

 

 2 x 5   27   1.5  
 1.2    7  

    30  
 5   6    5  

20    
   cypermethrin 

 6  1  5   7  
2.  cypermethrin  

 cypermethrin  6 
 1  5   7  

 2.1  cypermethrin  
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   15   
 Dispersive-SPE Cleanup    

 2.2  cypermethrin  QuEChERS (Anastassiades et al., 2003) 
 

  2553-  2553 
 1.    

2.      
       

 

  
 
1.  cypermethrin  

 6  
   

3.67 - 8   5  
  1.33 - 4.33  

 6.67   6  
 3, 5, 6  7  2, 2, 2.33  1.67  

  1  2 
 3.67    8 

 5.33  (  1) 
    3  82.27 

 10    2, 5, 4, 7, 8, 6  1  62.00, 60.67, 57.33, 56.00, 
50.67, 49.33  44.67  10    46.67  
10  (  2) 
2.  cypermethrin  

 cypermethrin  6 
  1 , 5   7   6.77, 5.73  0.83  

 1  1.00 
  5  7  7 

 cypermethrin  (  3) 
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 cypermethrin  
 cypermethrin   7 

 cypermethrin  
  ( .) 

   (2539) 
 95  

  
 16,17-dihydro-16(E)-stemofoline 

 16,17-dihydro-4(E)-16(E)-stemofoline  3  4   
(Jiwajinda, 2001)  3 (  cypermethrin  

)  5 (  cypermethrin  ) 
 6 (  cypermethrin  2 )  7 

 cypermethrin 
  (2543)  64   

52    (2550)  
 95  

 80   3 (  cypermethrin 
 )  

 cypermethrin  
 MRLs  1.00  

 
  

 
 

  cypermethrin   cypermethrin 
 

 cypermethrin   cypermethrin 
  

  
 cypermethrin 
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  cypermethrin  
 

  
   

 
 

 
  

 . 2542. .       
     1. 32 . 

 . 2543.  (Azadirachta excels Jack.)   
 (Plutella xylostella L.).  

. 
   . 2520.   

 31  11  33-34. 
 . 2547.    21  4  8-11. 

   . 2540. .  
   2.  84-92. 

 . 2539. .  
  . 

,    . 2545. 
.   1  2545. 94 . 

   . 2546. . . 
25:39 - 47. 

 ,    . .  (stemona spp.) 
.   . 

     . 2550. 
   

. 
Anastassiades M., et al. 2003. J. AOAC Int., 86, 412 – 431. 
Areekul,S.; Sinchaisri, P. and Tigvatananon, S. 2531. Effect of Thai Plant Extracts on Oriental Fruit Fly II 

Repellency Test Kasetsart J. (Nat. Sci.) 22: 56-61. 
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 1.  
 / 

 20  
 ( ) 

   1 2 3 4 5 

T1 
 

30 . 5.00  3.00 ab 2.36 ab 3.01  4.00 ab 3.67 ab 

T2  30 ./ 200 . 7.33  2.67 ab 2.55 ab 1.67  3.33 ab 3.67 ab 

T3 30+200 ./ 200 . 3.67  2.67 ab 4.55 b 2.33  3.67 ab 2.00 a 

T4 30 ./ 100 . 8.00  0.33 a 3.92 ab 3.00  3.67 ab 8.00 c 

T5 30 +100 ./ 100 . 6.33  2.33 ab 2.75 ab 2.00  4.67 ab 2.00 a 

T6 30 ./ 200 . 4.67  6.67 c 1.87 ab 3.33  1.33 a 2.33 a 

T7 30+200 ./ 200 . 6.00  1.67 ab 4.80 b 3.33  4.33 ab 1.67 a 

T8 
200 ./100 ./ 200 

. 6.67  5.00 bc 2.56 ab 3.00  2.33 a 5.33 abc 

T9  20  5.67  3.00 ab 1.36 a 3.00  6.67 b 6.67 bc 

%CV  42.7 62.8 51.4 57.6 58.4 53.6 
 

 2.  
 / 

 20  
  

  ( ./10 . .) 

T1 30 . 44.67a 

T2 30 ./ 200 . 62.00a 

T3 30+200 ./ 200 . 82.27b 

T4 30 ./ 100 . 57.33a 

T5 30 +100 ./ 100 . 60.67a 

T6 30 ./ 200 . 49.33a 

T7 30+200 ./ 200 . 56.00a 

T8 200 ./100 ./ 200 . 50.67a 

T9  20  46.67a 

%CV  19.0 
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 3.  cypermethrin  6  
  cypermethrin  ( ./ .) 

  1  5  7  
T1 6.77 5.73 0.83 
T2 0.16 0.16 0 
T3 0.81 0.2 0.21 
T4 0.47 0.48 0 
T5 1.53 0.83 0.22 
T6 0.15 0.2 0.12 
T7 1.74 1.12 0.24 

  T1 = Cypermethrin 
T2 = Cypermethrin  2  
T3 = Cypermethrin +   
T4 = Cypermethrin  2  
T5 = Cypermethrin +   
T6 = Cypermethrin  2  

  T7 = Cypermethrin +   
T8 =    
T9 =  
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Research on Botanical Pesticide Formulations from 

Sweet flag (Acorus calamus L.) 
                  

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

 

 
 

   (Acorus calamus L.)  
 -  (beta - Asarone)     -  

(alpha-Asrone)  (methyl isoeugenol)  (farnesen)  
 hydrodistillation    6, 9  12    0.35, 

0.35  0.61%  1.59, 1.65  1.92%  
0.04, 0.04  0.06%   21.15%  
12.62% (12 ) 17.18  7.05% (9 ) 18.33  7.88% (6 )   - 

 74.30%  -  14.75%  -  
8.43%  22.86%  -  1.52%  4.68%   1.0% 

 2.5%  100%  48  
  mineral oil ,  

 (propylene glycol)  54 + 2oC 
 

 propylene glycol  
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 (botanical pesticides) 
 (Jacobson, 1989)   

   
 (essential oil-based pesticides) (Isman, 2000)  

 
   Araceae   

       
 . .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) 
 (Kim et al., 2003)  100, 

500  1,000 ppm  Tribolium castaneum  
 200 ppm   asarones 

 
Peridramasaucia Nawamaki and Kuroyanagi (1996) 

 
 (Aeromonas hydrophila) (Bhuvaneswari and Balasundaram, 2009)  

  Phenylpropanoids   -asarone  
 (Perrett and Whitfield, 2006)  (Aedes aegypti) 

 LC50 16.0 - 48.2 mg/l  (Calamus oils)  
   

    oxidizing agents Calamus oils  
LD50 (oral,rat) 777 mg/kg  LD50 (dermal, rabbit) >5,000 mg/kg  (aquatic organisms) 

 (Lluch, 2009) 
  -  

 (marker)   
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1.  20 /  
 2.  (2 )  (4 ) 

  3.    
  4.  (Rotary evaporator) 
  5.      
  6.  95%  absolute, , mineral oil, propylene glycol  
  7.   
  8.  Gas chromatography-Mass spectrometer (GC-MS) 
  9.  
  10. ,   
  11.  

  
 

  
    50oC  

    hydrodistillation 
 /  500  /   100   350   5  

   10  
 300    1    filtrate  

rotary evaporator   
 

 95%  1:3  20  7  
 1    filtrate   

4    filtrate   
 

 GC-MS 
 2 ul  abs. ethanol 10 ml  filter Nylon 66 

 GC-MS   50 mg  
abs. ethanol 25 ml  filter Nylon 66  GC-MS  - 

 operating condition   
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Column: RTx-5 W/Integra - Guard capillary column (Restek) 30 m x 0.25 mm, film thickness 0.25 um 
Temperature: Injector 200oC Mass transfer line 280oC 
Column oven: Initial 50oC initial time 1 min rate 5oC/min final temp. 230 oC final time 10 min 
Solvent delay   4 min 
Energy ion source  70eV, EI mode 
Mass range   40-500 amu 
Injection volume 1 ul 
Carrier gas  Helium 1 ml/min 
 

 
 (Plutella xylostella) 

  Leaf Disc Feeding Test  treatment  4   10  
 72   0.25, 0.5, 1, 2.5 % 

 ethanol    ethanol  
 

  
 5   

 1  70%  mineral oil 
 hydrodistillation 70 ml  mineral oil 30 ml 

 2  70%  abs. ethanol 
 70 ml  abs. ethanol 30 ml 

 3  120  abs. ethanol 480 ml 
propylene glycol 20 ml 

 4  120   25 ml propylene 
glycol 25 ml  abs. ethanol 150 ml 

 5  125   50 ml abs. ethanol 100 ml   
  GC - MS 

 54+2 oC  14  
 

 25   50   
 54+2oC  14   5   

   
GC-MS 

 



225

  

[225] 
 

  2553 –  2555 
     

 
 

  
 

 hydrodistillation  6, 9  12  
 0.35, 0.35  0.61%  1.59, 1.65  1.92%  

 0.04, 0.04  0.06%  (  1)  18.33, 
17.18  21.15%    7.88, 7.05  12.62%   (12 ) 

   16.75  6.03% (  2)  
 (polarity) 

  12 
 9  6   -  74.30% 

  -  14.75%  -   
 8.43%  22.86%  1.52  4.68%  - 

  
 -  

 

 1.   6, 9  12  

 
 (% V/W) 

6  9  12  
  0.35 0.35 0.61 
  1.59 1.65 1.92 

  0.04 0.04 0.06 
 



226

  

[226] 
 

 2.  6, 9  12   
/ 
 

 (% W/W) 
6  9  12  

 /  18.33 17.18 21.15 
/  7.88 7.05 12.62 

/  * 11.33 16.75 
/  2.38 9.59 6.03 

 

*  
 

 72    1.0%  2.5% 
 100%  48  

 

 3. -   
 

 (%) 
%  % -  

    
0.25 63.3 30 0.205 0.050 
0.50 86.7 60 0.411 0.101 
1.0 100* 86.7 0.821 0.201 
2.5 100* 100* 2.054 0.504 

 

*  48  
 

  1   
   54 + 2oC  14 

 5  
 3  4  propylene glycol 

 0  45%  72   54 + 2oC 
 5 (  3) 

 54 + 2oC  14   propylene glycol 
 -  (  4)  

 0    14   54 + 2oC  -  
  3  
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 4.  (Plutella xylostella)  

 
%  

  
 1 (F1) 95 90 
 2 (F2) 72.5 52.5 
 3 (F3) 0 0 
 4 (F4) 45 22.5 
 5 (F5) 95 95 

 

F1 = 70 %  mineral oil F2 = 70 %  ethanol  
F3 = crude extract + ethanol + propylene glycol F4 = crude extract + oil + propylene glycol 
F5 = crude extract + oil + ethanol 
 

 

 5.  0  14   54 + 2 oC  

 
  0 (%)   14  

-  -  -  -  
F1 46.18 7.75 36.86 5.50 
F2 44.39 8.73 33.24 7.16 
F3 4.55 - 3.10 - 
F4 19.64 2.34 9.89 1.62 
F5 35.42 9.30 33.78 8.22 

 
 

 

  -   12 
 9  6   

 
 

54 + 2oC  14   
 1   
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1.  
    

2. 
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.................................................................... 
 

 
 

    
   

   -  51.87%   
1.47%   10.02%  

  3      
 

 
/   80/20, 60/40, 40/60 /  80/20  2  

 82.5, 90.0, 92.5%  90.0%   3 /  
 80/20, 60/40 /  80/20  3  72.5, 82.5% 

 67.50%   
     /   80/20, 60/40  40/60  

/  80/20  4    2  3  
 

  

 
 

 
 

  
  

Soft insecticide  
   

   Knock down 
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 2.4 - 4.6     7.7  

 1  
 

  2 ( , 
2531 ;  Moore.1943; White.1954)  

 
  (Anonymous,1975) 

   
    

( ,2542; Isman,1997;Klaus,1995)   ( ,2540; 
Trease and evan,1985)        

    
  

  /
   

 
 

  
    (2539) 

   
 

   (2545)    
  

   (2547) 
  .005% - .001%  (2548) 

   0.019%  
 50.45%     (2548) 
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1.   volumetric flask, pipette, flat bottom flask, glass cylinder  
2.   sodium sulfate (anhydrous granular) sodium chloride (AR grade) gxHO9ho 
3.   acetonitrile (LC grade), methanol (LC grade), dichloromethane (AR 

grade), hexane (AR grade  PR.grade)  
4.   azadirachtin, rotenone, -asarone 
5.   Homogenizer,  food processor, column  

container  tube  15 .  Cleanup   
6.  4.5   2  
7.  Rotary Evaporator 
8.  HPLC-DAD (High performance liquid chromatography with diode array detector) 
9.  GC - MS (Gas chromatography – mass spectrometry) 

 
1.     
2.     
3.      
4.      

  
 

1.     
1.1)   

   7     2  
     hydro- 

distillation   500   6   5  
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  petroleum ether  Anhydrous Sodium sulfate  
petroleum ether   (evaporator)   

1.2)  
    

 1:8  5    1   1-2   
   3     evaporator  
  

1.3)  
 (   

)       500    
55 C  30   10% ( , 2549) 

   3     evaporator  
  

 2.     
 2.1)  –  ( -asarone)   

 1.1)  0.02  volumetricflask  5   hexane 
(PR. Grade)  5    -   
GC-MS  

2.2)  (Azadirachtin A)  
 2.2)   1.2)  1  volumetricflask  10 

  (LC grade)  10    
  HPLC-DAD  214   

2.3)   (Rotenone)  2.3)  
 1.2)  0.1   vial  3   

dioxane  2   70% methanol/   
 HPLC-DAD  290   

3.  3  
 
 -  3      
 -    3  
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3.1)   3   1:1  3 
 CRD 4  7   2       

 100%,  100%,  100%,  :  (1:1),  :  (1:1),  :  (1:1), 
 : :  (1:1:1),   

3.2)     
3.2.1)   :  0%, 20%, 

40%, 60%, 80% 100% 
3.2.2)   :  0%, 20%, 40%, 

60%, 80%  100% 
3.2.3)    :  0%, 

20%, 40%, 60%, 80% 100%  
 CRD 4  6   2   

     
3.3)    3.1) 

 3.2)   CRD 4  7   2   /  
 80/20, /   60/40, /   40/60, /   

80/20, /   20/80, /   80/20 / /   
1/1/1   
  

 ( - )  2553   2555  
   

  
 

 
 

    
      

    57.77%
   14.21%  (  1) 

  -   
 1.3%  0.39%   -  

 -   52.55 - 57.79% 
  

   (  2)  
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 -  57.87%   1.47% 
  10.02%   

  3   
1.   3   1/1/1 

(  3)   3      
 3   :  :   1 : 1 : 1  2  90%  

2.   / , /  /  
 (  4)  /   20/80, /   80/20 /  

 20/80  95%, 35%  87.50%   
3.  1,2 

 7   2  3 
3.1)   3   

   17.79% (  HPLC)    
1.26% (  HPLC)    -   63.84% (  GC-MS)) 

3.2)  (  5)   
-  /   3   80/20, 60/40  40/60  

 2  82.5 - 92.5%   3  /  2 
 80/20  60/40  3  72.5 - 82.5%  

-  /  80/20  2  90.0% 
  /   3   80/20, 60/40  40/60 

 3  /  80/20  3  67.5% /  2  
80/20  60/40  3  72.5 - 82.5% 

-  /   80/20  2  62.5%  3  45.0%  
 /   /   

-  3   :  :   1 : 1 : 1  2 
 3   47.5  42.5%    

  /   
 2  92.5%  3  82.5%  /   2 
 90.0%  3  67.5% 
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 /   80/20, 60/40  40/60   /  

80/20  4   2  3   
 

 
 

                 
   2  3  
  

 
 

 

 . 2542. .    
   1  32 

 . 2545.   
    : 207  

      . 2548. 
.  2548. 1. 

.  : 221-232 
      . 2540   

 2540  8-10  2540  
   84-92 

       . 2531.
( )   .  21(3) : 166-175 

       . 2547.
  2547. 1. 

.  : 98 - 108 
       . 2548. 

  2548. 1. 
.  : 211 - 220 

       . 2539. 
   29  1- 3  6-15. 
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 1.   %   (  57.77%)  
                              (  14.21%)  Hydro distillation  5  

  g % 
 

% -asarone 
( - ) 

 

% -asarone 
( - ) 

  
         

 1.94 6.51 0.39 1.30 52.55 57.79 0.21 0.75 
SD 0.24 0.29 0.05 0.06 3.83 8.16 0.02 0.07 
CV(%) 12.26 4.42 12.82 4.62 7.29 14.12 9.52 9.33 

 
 2.      

 % -asarone 
 

% azadirachtin 
 

% rotenone 
 

 51.87 1.47 10.02 
SD 5.39 0.09 0.51 
CV(%) 10.39 6.26 5.09 
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 3.   2  3  
   

 % Mortality 
 100% 
 100% 

 100% 
 :  (1:1) 
 :  (1:1) 
 :  (1:1) 
 : :  (1:1:1) 

 
 

17.51 b 
65.00 a 
25.00 b 
80.00 a 
65.00 a 
85.00 a 
90.00 a 
15.00 b 
10.00 b 

 

  CV =37.1% 
 DMRT 

 95%               

 4.   2   
 :   :   :  
 % Mortality  % Mortality  % Mortality 

0:100 97.50 a 0:100 10.00 ab 0:100 95.00 a 
20:80 95.00 ab 20:80 12.50 ab 20:80 87.50 ab 
40:60 82.50 abc 40:60 15.01 ab 40:60 62.50 ab 
60:40 77.50 bc 60:40 25.00 ab 60:40 60.00 b 
80:20 75.00 c 80:20 35.00 a 80:20 65.00 ab 
100:0 52.50 d 100:0 30.00 a 100:0 57.50 b 

 0.00 e  0.00 b  12.50 c 
 2.51 e  0.00 b  5.01 c 

CV(%) 19.1 % CV 97.2 % CV 38.5 
 

 
DMRT  95% 
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 5.     2  3  3  
       
 

        %  
   2  3 

/  
/  
/  
/  
/  

/  
/ /  

 
 

80/20 
60/40 
40/60 
80/20 
20/80 
80/20 
1/1/1 

- 
- 

82.50 ab 
90.00 ab 
92.50 a 

90.00 ab 
72.50 bc 
62.50 bc 
47.50 d 
5.00 e 

12.50 e 

72.50ab 
82.50a 

52.50bc 
67.50abc 

42.50c 
45.00bc 
42.50c 
10.00d 

0d 
CV(%)  19.1 6.18 

 

 DMRT 
          95%               
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 Alachlor 
 

Method Validation of Alachlor in Pesticide Formulations 
        

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

 (Alachlor) 
 (Herbicide)    

 Alachlor    
Gas Chromatography (GLC)  Flame ionization detector (FID)  Capillary  HP - 5 (30 m × 
0.32 mm (id.) 0.25 m film thickness)  (He)   2  

 230   3.5   250   250  
 Split ratio 50 : 1  1    

(Range)  (Linearity)  (Accuracy)  (Precision)  
  Rang  0.10 - 4.00   Linearity 

 0.25 – 2.00   Correlation coefficient (r)  1.00000  
AOAC  r  0.995  Accuracy  Recovery  3   0.5, 1.0  
1.5   101.73, 99.14  98.69   AOAC  
Recovery  98 – 102  (Precision)  HORRAT  0.184, 0.182  0.204 

  Robustness/ Ruggedness  HORRAT  0.455, 0.204, 0.196  
0.381, 0.170, 0.314   AOAC  HORRAT  2 
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  (Method Validation) 
   

 Alachlor  
   

  Alachlor  Chloroacetamide  (IUPAC)  2-Chloro-N-(2,6-
diethylphenyl)-N-(methoxymethyl) acetamide)  CIPAC Handbook Vol.D 

 GC-FID  column glass packed (10% SP-250)  1.8 m x 2 mm i.d.  
230   250   260  

 35   15   di-(2-ethylhexyl)phthalate  
 (internal standard)  column glass packed (10% SP-250) 

 
    alachlor 

  EC  GC-FID  Capillary column  column packing 
     
 (Method Validation)   5.4.2  (ISO/IEC:17025)  

 

 
 

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

 0.32   0.25   
3.  4  (  0.1 )  
4. Ultrasonic bath 
5.    25, 50, 500 ,1000  (class A)  
6.    2, 3, 4, 5  10  (class A)  
7.   100  
8. Vial  2  
9.  
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1.  alachlor  99.5  
2.  (Technical material)  alachlor  90% min. Tech. 
3.  alachlor  EC (48% w/v) 
4. Acetone AR grade  

 

 
 

1.  alachlor 
        (Technical material)   

  
    

1.1   GC-FID 
        Capillary column           : HP-5 (30 m × 0.32 mm (i.d.), 0.25 m) 
        Oven temperature        : 230   
        Injector temperature     : 250   
        Detector temperature   : 250  
        Split injection                : Split ratio 50 : 1 

                            Carrier gas                   : Helium 2.0  
        Injection volume           : 1  
        Run time                       : 3.5  
1.2   alachlor 

                             alachlor  25   2  (CA,CB) 
 25   acetone  ultrasonic bath 5  

  acetone  
1.3   alachlor 

                            1.3.1  alachlor   25   10  (TC1-
TC10)  25   acetone  ultrasonic bath 5  

  acetone   
                            1.3.2  alachlor   100   10  
(tC1-tC10)  50   acetone  ultrasonic bath 5  

  acetone   
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1.4   GC-FID 
                GC-FID   baseline  

 CA  CB   response factor 
 1   alachlor   

                             C A CA, TC 1TC 1 C A CA, TC 1TC 1, CA ,………………………………………… 
                             C A CA, tC 1tC 1 C A CA, tC 1tC 1, CA ,…………………………………………… 

1.5   alachlor  
         response factor (f)       
 f    =   S × P 
                                HS 
           S   =      
                   P   =   alachlor  
                   HS  =   alachlor 

              
      RPD (relative percent difference)  response factor 

 2    RPD  3   
               RPD  =   (f of maximum - f of minimum) × 100  
                                                                   f of average   

 response factor   
              alachlor (  w/w)  =  favr. ×  HW   
                                                                             W 

                 W  =   alachlor   
            favr. =   response factor  2    
           HW =   alachlor 
 

2.  alachlor  EC 
       2.1  (Range/Linearity) 

                        2.1.1  Range  
2.1.1.1  alachlor  

  alachlor  9   0.10 0.25 0.50 0.80 1.00 
1.20 1.60 2.00  4.00   acetone  

2.1.1.2  GC-FID  1.1 
  GC-FID 
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2.1.1.3  alachlor (  X)  response 
(  Y)  

2.1.2  Linearity 
2.1.2.1  7  2.1.1 

  0.25 - 2.0   acetone 
 GC - FID  

2.1.2.2  alachlor (  X)  response 
(  Y)  correlation coefficient (r) 0.995  
        2.2  (Accuracy) 
 2.2.1  alachlor   
standard calibration curve 

2.2.1.1  stock  alachlor  4.0   
 alachlor   2,184.3   100  

 acetone  500   acetone   
 ultrasonic bath 5    acetone 

  
2.2.1.2  2.2.1.1  0.25 0.50  1.50 

  acetone  GC-FID  calibration curve  standards   
 2.2.2  stock sample  1.0   

alachlor  EC  5,216.7   100   acetone 
 1,000   ultrasonic bath 5  

  acetone  
 2.2.3  original sample  stock sample  2.2.2 

 10   50   10   acetone 
  vial  2   GLC-FID (  O)  

 2.2.4  fortified sample  fortified sample  0.5, 
1.0  1.5   stock sample  2.2.2  10  

 50   10    stock   alachlor  
2.2.1.1  5, 15  25    50   10  

 GLC-FID  (  F)    
   2.2.5  accuracy   Recovery 
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     Recovery =    F – O × 100 
                                                                             C 
     F   alachlor  fortified sample,  50  
       O   alachlor  original sample,  50  
  C   added sample,  
         Recovery  98 – 102   AOAC   
 

  2.3  (Precision) 
      2.3.1  alachlor   standard 
calibration curve 
                              2.3.1.1  stock  alachlor  4.0  

 alachlor   2,184.3   100  
 acetone  500   ultrasonic bath 

5    acetone 
                             2.3.1.2  2.3.1.1  0.25 0.50  1.50 

  acetone  GC-FID  calibration curve  standards   
                    2.3.2  alachlor  EC  
   0.5, 1.0  1.5  

 alachlor EC   50, 100  150   10  
 50   acetone  15   ultrasonic 

bath 5    acetone  
                    2.3.3  alachlor  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 
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   2.4  Robustness/Ruggedness 
                          2.4.1   

 
                   2.4.2  alachlor   standard 
calibration curve  2.3.1   
                   2.4.3  alachlor  EC  
   0.5, 1.0  1.5  

 alachlor  EC   50, 100  150    
10    50   acetone  ultrasonic bath 5  

  acetone  
                  2.4.4  alachlor   
                            2.4.3  GC-FID  
standard calibration curve  2.4.2 
  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 
   

   
 

 
 

   alachlor 
 90% min Tech  90.35 

   48   (EC) 
   41.49    

  (Range)   
 0.10 - 4.00   (Linearity)  



246

[246]

0.25 – 2.00     correlation coefficient (r)  
1.00000  AOAC  r  0.995  
  (Accuracy)  alachlor  EC 

 3   0.5, 1.0  1.5   10    Recovery 
 101.73, 99.14  98.69  (  1)  AOAC  

 Recovery  98-102   3 
 alachlor  1 

   
 

 1.  Recovery  EC 
Number 

 
 

Active ingredient content (mg/50 ml) 
Concn.(0.5 mg/ml) Concn.(1.0 mg/ml) Concn.(1.5 mg/ml) 

Origin Spilke Added Origin Spilke Added Origin Spilke Added 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11.283 
11.283 
11.283 
11.283 
11.283 
11.283 
11.283 
11.283 
11.283 
11.283 

22.195 
22.241 
22.293 
22.439 
22.294 
22.319 
22.378 
22.121 
22.289 
22.383 

10.825 
10.825 
10.825 
10.825 
10.825 
10.825 
10.825 
10.825 
10.825 
10.825 

11.283 
11.283 
11.283 
11.283 
11.283 
11.283 
11.283 
11.283 
11.283 
11.283 

43.946 
43.928 
43.733 
43.500 
43.384 
43.199 
43.235 
43.195 
43.297 
43.368 

32.473 
32.473 
32.473 
32.473 
32.473 
32.473 
32.473 
32.473 
32.473 
32.473 

11.283 
11.283 
11.283 
11.283 
11.283 
11.283 
11.283 
11.283 
11.283 
11.283 

65.270 
65.272 
64.441 
64.321 
64.665 
64.604 
64.783 
64.739 
64.323 
64.569 

54.123 
54.123 
54.123 
54.123 
54.123 
54.123 
54.123 
54.123 
54.123 
54.123 

% Recovery 101.73 99.14 98.69 
  
  (Precision)  3   0.5, 1.0  1.5 

  10    41.48, 41.49  41.51 ( ) 
  (  RSDexp.)  0.243, 0.240  0.270  

 (  RSDHorwitz.)  1.320  HORRAT 0.184, 0.182  0.204 
(  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 

52.7 
52.7 
55.5 
50.0 
50.7 
52.8 
52.1 
53.3 
49.7 
52.3 

41.49 
41.34 
41.52 
41.56 
41.35 
41.43 
41.44 
41.66 
41.47 
41.57 

100.3 
100.7 
110.9 
102.5 
108.8 
103.9 
108.1 
106.7 
106.1 
107.3 

41.55 
41.59 
41.39 
41.55 
41.41 
41.40 
41.65 
41.39 
41.42 
41.58 

155.1 
158.5 
158.7 
151.4 
150.3 
152.1 
150.7 
160.1 
156.8 
154.0 

41.49 
41.66 
41.36 
41.37 
41.55 
41.63 
41.54 
41.63 
41.40 
41.48 

Mean 
SD 

%RSDexp. 
Horwitz 

HORRAT 

- 41.48 
0.101 
0.243 
1.320 
0.184 

- 41.49 
0.099 
0.240 
1.320 
0.182 

- 41.51 
0.122 
0.270 
1.320 
0.204 

         
  Robustness  Ruggedness  3   0.5 
1.0  1.5   10   42.32, 41.18 
41.65  41.83, 41.63, 41.50 ( )   Robustness  HORRAT  
0.455, 0.204  0.196  0.5  

  HORRAT  Ruggedness  HORRAT 
 0.381, 0.170  0.314   AOAC  

HORRAT  2   3 
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 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 

42.17 
42.09 
42.85 
42.17 
42.44 
42.11 
42.13 
42.49 
42.56 
42.18 

41.98 
41.48 
42.01 
41.88 
41.58 
41.98 
42.17 
41.74 
41.78 
41.74 

41.16 
41.01 
41.05 
41.14 
41.32 
41.36 
41.24 
41.18 
41.11 
41.23 

41.51 
41.79 
41.57 
41.58 
41.62 
41.60 
41.64 
41.68 
41.77 
41.54 

41.75 
41.66 
41.69 
41.59 
41.48 
41.83 
41.57 
41.51 
41.69 
41.70 

41.55 
41.57 
41.36 
41.32 
41.33 
41.50 
41.90 
41.42 
41.61 
41.46 

Mean 
SD 

% RSDexp. 

Horwitz 
HORRAT. 

42.32 
0.253 
0.597 
1.312 
0.455 

   41.83 
   0.209 

0.501 
1.317 
0.381 

41.18 
0.110 
0.268 
1.317 
0.204 

41.63 
0.093 
0.224 
1.319 
0.170 

41.65 
0.107 
0.258 
1.318 
0.196 

41.50 
0.172 
0.415 
1.320 
0.314 

 
 

 

   alachlor  Gas Liquid 
Chromatography  Flame Ionization Detector  Capillary column  HP-5 (30 m × 0.32 mm 
(i.d.), 0.25 m)    He  2   
230   3.5   250   250  

 Split ratio 50 : 1  1    Range 
 0.1 - 4.0   Linearity  0.25 – 2.0 

  correlation coefficient (r)  1.00000  (Accuracy) 
 alachlor   recovery 

 101.7, 3 99.14  98.69  AOAC 98 – 102  
 10  
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 (Precision)  alachlor 
 HORRAT  0.184, 0.182  0.204  

Robustness   alachlor 
  (reproducibility)  HORRAT  0.245 

 Ruggedness  HORRAT  0.288  AOAC (  HORRAT  2) 
 

 
 

1.  
 alachlor  

2.    
 

 

 
 

    . 2547. Method Validation.  - 
. 

    . 2549.   
 Deltamethrin.  2549    

  . 
      . 2549. 

 Carbosulfan.  
2549   

.  
. 2547.  

. 
Anonymous. 1993. England The Agrochemicals Handbook 3rd. ed. The Royal Society of Chemistryn 

Cambridge. 
Dobrat W. and A Martijn H. 1988. England :CIPAC Handbook Vol. D : Analysis of Technical and 

Formulated Pesticides. Collaborative International Pesticides Analytical Council Limited, The 
Black Bear Press.  
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 Isoprocarb 

 

Method validation of Isoprocarb in Insecticide Formulation 
        

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

 

 
 

 Isoprocarb  CIPAC D  High performance liquid chromatography 
(HPLC)  n-hexane  tetrahydrofuran   LiChrosorb Si 60, 
250 x 4.6 (i.d) mm, 7  

  
 Isoprocarb  

 Gas Liquid Chromatography (GLC)   
 Capillary  5% Phenyl Methyl Siloxane (HP-5)  30   0.32 

 film thickness 0.25   Split injection  50  1 
 1   (Helium)  1.9   

  Flame ionization detector(FID)  
 Oven  200   Injection  250   Detector 

 250   Isoprocarb 
   Range  Isoprocarb 
  0.25  2.50   Correlation coefficient (r)  0.99990 

 correlation coefficient (r)  0.995  Linearity  response 
 Isoprocarb   0.50  1.50 

  Correlation coefficient (r)  0.99993  correlation coefficient (r) 
 0.995,  Precision  Isoprocarb 

 WP  HORRAT  Repeatability  HORRAT  1.549, Reproducibility  
HORRAT  1.225, Robustness  HORRAT  1.109  Ruggedness  HORRAT  
0.758  2  AOAC  EU, Codex  Accuracy 

 % Recovery  101.1%  98  102% 
 10%  AOAC 
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5.  type A  10, 250, 1,000   
6.  type A  1, 2, 3, 4  5   
7. vial  2  

 

    
1.  Isoprocarb 99.0% 
2.  Isoprocarb  (Technical grade) 
3.  Isoprocarb 50% WG  
4. Acetone AR grade 

 

    
1.  Isoprocarb 

1.1  GLC   
Column : Capillary Column HP-5 (5% Phenyl methyl siloxane) 30 m. x 0.32 mm. (id.), 0.25 um, film thickness. 
Injector system : Injector Split injection, Split ratio : 50:1, Split flow : 100 ml/min, Injection volume : 1 l. Detector 
: Flame ionization detector(FID). Temperature : Oven temperature 200  C, Injection temperature 250  C, Detector 
temperature 250  C, Gas flow rate : Helium (carrier) 1.9 ml/min, Hydrogen 30 ml/min, Air 400 ml/min, Nitrogen 
30 ml/min 

2.  Isoprocarb (Technical grade) 
2.1  

 Isoprocarb 2  (C1, C2)  10   
 Volumetric flask  10   Acetone   Ultrasonic bath 

 10    Acetone  
 Vial  2  

  2.2  (Technical grade) 
 Technical grade 10  (T1-T10)  10   

Volumetric flask  10   Acetone   Ultrasonic bath  
10    Acetone   Vial 

 2  
2.3  Technical grade 

 GLC   baseline 
  1     peak  

peak  3  1%  GLC  
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   C1, C1, T1, T1, C2, C2, T2, T2, C1, C1, T3, T3,....,... 
  2  % Relative Percent Different (RPD)  3% 

%RPD   =   (factor max – factor min) x 100 
           factor mean 

2.4  Response factor 
 response factor  =    x Purity    f  =   S x P 
 Peak area Hs 

S =  Isoprocarb  (mg), P = 
 Isoprocarb (%), Hs  =   Isoprocarb  

2.5  %  Isoprocarb  Technical grade  
Isoprocarb content =  HW x f 

      W 
HW  =   Isoprocarb  Technical grade, F =  response 

factor, W  =   Isoprocarb  Technical grade  
2.6 %  Technical grade  10   %  Technical grade 

3.  (Range/Linear)  
  3.1 (Range) 

3.1.1  Technical grade   6 
  1   Isoprocarb   2.5, 5.0, 10.0, 15.0, 20.0

 25.0   Volumetric flask  10   Acetone   
Ultrasonic bath  10    Acetone 

  Vial  2  
3.1.2  
3.1.3 Plot   Technical grade (  x)  response (  y) 
3.1.4  

3.2  (Linearity) 
3.2.1  Range  3  
3.2.2  Technical grade   6  

 2.5, 5.0, 7.5, 10.0, 12.5  15.0  Volumetric flask  10   Acetone  
 Ultrasonic bath  10   

 Acetone   Vial  2  
3.2.3  
3.2.4 Plot   Technical grade (  x)  response (  y) 
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3.2.5  Correlation coefficient (r)  r  0.995 
4.  (Precision)  

4.1 Repeatability (  Precision  Repeatability  
  ) 

4.1.1  Technical grade 
 (  range  3)  3  1   5.0, 10.0  15.0  

 Volumetric flask  10   Acetone   Ultrasonic bath 
 10    Acetone  

 Vial  2  
4.1.2  Isoprocarb 

 (  range  3)  3  1   5.0, 10.0 15.0   
Volumetric flask  10   Acetone   Ultrasonic bath  
10    Acetone   Vial 

 2   4.1.1, 4.1.2  Isoprocarb 
  

4.2 Reproducibility (  Precision  Reproducibility 
)  4 

5.  Robustness/Ruggedness  
5.1 Robustness (  Precision  Robustness 

 Oven)  4 
5.2 Ruggedness (  Precision  Ruggedness  

)  4 
    6.  (Accuracy)  

6.1  Stock Tech  5  
  Technical grade  1,258.8   Volumetric 

flask  250   Acetone   Ultrasonic bath  5  
  Acetone  

6.2  Stock Sample  1 
  6.1  Isoprocarb 

 1996.8   Volumetric flask  1,000  
6.3  Plot  

 Stock Tech (  6.1)  0.5, 1, 2, 3, 4  5   
Volumetric flask  10   Acetone   Technical grade 
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  Isoprocarb  0.25, 0.50, 1.0, 1.5, 2.0  2.5   
 GLC  

6.4  Origin 
 Stock Sample (  6.2)  4   Volumetric flask 

 10   10   Acetone   GLC  
Isoprocarb (  6.3) 

6.5  Spike 
6.5.1  Stock Sample (  6.2)  4   Volumetric flask 

 10   30   
6.5.2  Stock Tech (  6.1)  1, 2  3   

Volumetric flask  Stock Sample (  6.5.1)  10   Acetone 
 GLC  Isoprocarb  (  6.3) 
6.6  Accuracy  % Recovery 

 Isoprocarb  Origin  Spike (  6.4 - 6.5) 
 % Recovery  98 - 102% 

 10%  AOAC  
  % Recovery = (Conc. spiked sample – Conc. original sample) x 100 
                           Conc. added 

7.  Specificity / selectivity 
  Isoprocarb  blank  Gas-

Liquid Chromatography (GLC)  Flame ionization(FID)  Chromatogram 
 Isoprocarb  

 

    2554  2555 
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1.  Technical grade 
     Technical grade  % Relative Percent Different 

(RPD)   Technical grade  10  
 Technical grade  99.5%  SD  0.445  % RSD  0.447

 Relative Percent Different (RPD)   2  3% 
2.  (Range)  
 

 1.  (Range)  Isoprocarb 
 

 Range  0.25 - 2.50  Isoprocarb 
        mg/ml              Area 

 0.25  58.8656 
 0.50  126.5092 
 1.00  261.2967 
 1.50  406.9307 
 2.00  543.8604 
       2.50                   670.0576 

 

 1.  Calibration curves  (Range)  Isoprocarb 
 

        Isoprocarb  Range  0.25 – 2.50   
Correlation coefficient (r) = 0.99990 
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       3.  (Linearity)  
 

        2.  (Linearity)  Isoprocarb 
 

 Linearity   0.25 – 1.50  Isoprocarb 
mg/ml Area 
0.25 66.9435 
0.50 134.1345 
0.75 201.8804 
1.00 276.7800 
1.25 346.2293 
1.50 414.1735 

 
 

 
 2.  Calibration curves  (Linearity)  Isoprocarb 

 

 Isoprocarb  Linearity  0.25 – 1.50  
 Correlation coefficient (r) = 0.99993 

        4.  (Precision)  
 Repeatability   X =  50.97  SD = 1.157 

 % RSD  % RSD   = 1.157x100 = 2.270 
            50.97 

 Precision  HORRAT   = % RSD experimental 
 Predicted Horwitz RSD 

 Predicted Horwitz RSD  = 0.66 x 2 ( 1-0.5 log c ), HORRAT=  2.270 = 1.549 
          1.465 
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  Precision  Repeatability  3  (0.5, 1.0 1.5 
)  HORRAT =1.549  Precision  Reproducibility  3  

HORRAT = 1.225  Precision  Robustness  3  HORRAT = 1.109 
 Precision  Ruggedness  3  HORRAT = 0.758  

HORRAT  AOAC  HORRAT  2 EU, Codex  HORRAT 
 2  Isoprocarb  HORRAT  

 5.  (Accuracy) 
% Recovery  (0.5 )     = 100.9 
% Recovery  (1.0 )  = 101.5 
% Recovery  (1.5 )   = 101.0 
% Recovery  = 101.1 

 (Accuracy)   Recovery  Isoprocarb 
 spike sample  Recovery  3  

 101.1  98 - 102%  10%  AOAC 
6.   Specificity / selectivity 
 

 
 

 3.  Chromatogram  
 

 
 

 4.   Chromatogram  
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        3  4 Chromatogram  Isoprocarb  peak 
 peak  Isoprocarb   Specificity  selectivity  

 

/  
 

        Isoprocarb  Gas Liquid Chromatography (GLC) 
  

 Column : Capillary, HP-5 (5% Phenyl methyl siloxane) 30 m. x 0.32 mm. (id.), 0.25 um, film thickness 
 Split injection : Split ratio : 50:1, Injection volume : 1 ul., Detector : Flame ionization detector (FID) 

 Temperature : Colum oven : 200  C, Injection port : 250  C, Detector : 250  C 
 Isoprocarb 

  
 Range   0.25  2.50  

  Correlation coefficient (r)  0.99990  correlation coefficient (r)  0.995 
 Linearity  response   

 0.25  1.50   Correlation coefficient (r) = 0.99993  
correlation coefficient (r)  0.995 

 Precision  Repeatability  HORRAT  1.549, Reproducibility 
 HORRAT  1.225, Robustness  HORRAT  1.109, Ruggedness  HORRAT  

0.758  2  AOAC  EU, Codex 
 Accuracy  % Recovery  101.1%  98  102% 

 10%  AOAC  
 Isoprocarb  

 

 
 

 Isoprocarb  
 . . 2535  

  
 Isoprocarb  
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    . 2547. Method Validation,  . 
.2537 . 

. , . 
    . 2544.  (Chemical Method 

Validation) . . 
. 2537. . . 

. . 
. 2547. .           

. . 
J.Henriet,A.Martijn and H.H.Povlsen.1985.CIPAC Handbook,Vol.1C,Analysis of Technical and Formulated 

Pesticide, Collaborative International Pesticides Analytical Council. Limited. 
Kidd,H.and D.R.James (Eds).1993.The Agrochemicals Handbook.3rd.ed.Royal Society of chemistry, England 
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 Prochloraz 

Method Validation of Prochloraz in Pesticide Products 
 

        
                                                 

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

 
 

 Prochloraz 
 

  Prochloraz   
(GLC)  Flame Ionization detector (FID)   Capillary  5% 
Phenyl Methyl Siloxane  30   0.32   0.25 , Split 
injection split ratio 50 : 1,  (He)  2.0 ,  180 

 2   10  1   280 
 5 , Injector  280  Detector  280   

   Range  0.685, 1.688, 1.946, 2.512, 
2.751, 2.969   correlation coefficient (r) = 0.9998  Linearity 1.182, 1.688, 1.768, 
1.946, 2.264, 2.512   correlation coefficient (r) = 0.9999 correlation 
coefficient (r)  0.995 Precision  Repeatability  HORRAT = 0.6526, Precision 

 Reproducibility  HORRAT = 1.8713 Robustness  HORRAT = 1.9742 Ruggedness  
HORRAT = 2.000  2  EU  Codex  (Accuracy) 

  recovery  99.37  98-102 
 10%  AOAC  
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1.  Gas-Liquid Chromatograph  Flame ionization Detector (GC-FID)  

   oven : 180   2  10  
   280   5  

               : Capillary  5% Phenyl Methyl Siloxane  
                                         30    0.32    0.25  

   
   injector    : 280  
   detector  : 280   
  Split ratio          : 50  :  1 
  Injection volume  : 1.0   
                   : He       2  
            : H2       45   
 : Air       450    
  Make up gas                : N2        45    

 GLC  
 Peak Area   1%  
2.  Technical grade  

  Technical 
grade   Prochloraz 2  (Ca1, Ca2) 

 10  Volumetric flask  10   Acetone 5   
 Volumetric flask   Ultrasonic bath  5-10  

  Acetone  10   
 Technical grade 10  (TC1-TC10)  100 

Volumetric flask  100   Acetone 50   Ultrasonic bath  
5 - 10   Acetone  100      
        GC-FID   Peak Area 

  1%  
  

 Prochloraz  Technical grade  GLC  sequence 
 Ca1, TC1, TC2, Ca2, TC3, TC4, Ca1, TC5, TC6, Ca2…TC10  1  

 2   
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   response factor (fi)        

                              fi          =         S x P 
                                                        Hs             

  fi  =   response factor  
 Hs  =   peak  Prochloraz                
 S  =   Prochloraz  (mg) 
 P  =   Prochloraz (%) 

 Technical grade  
Prochloraz  content  =         Hw 

                                                           f x w 
                               Hw   =   peak  Prochloraz  Technical grade 
                                f    =   response factor 
                               w   =   Prochloraz  Technical grade (mg) 

3.  (Range) 
 Prochloraz  (99.3%)  6 

   0.685, 1.688, 1.946, 2.512, 2.750, 2.969 
 Prochloraz  6.9, 17.0, 19.6, 25.3, 27.7, 29.9   Volumetric Flask  10 

 acetone 5   Ultrasonic bath 5-10   
acetone  vial  2  

 GC-FID  response 
 Range  correlation coefficient (r)  0.995 

4.  (Linearity) 
 Range  3  

 0.685, 1.688, 1.946,   6  
 Prochloraz  11.9, 17.0, 17.8, 19.6, 22.8, 25.3   Volumetric Flask 

 10   acetone 5  Ultrasonic bath  acetone 
   vial  2  GC-FID 

 Technical grade  response 
 Range  correlation coefficient (r)  0.995 

5.  (Precision) 
 Precision  Repeatability  

  Reproducibility  
 50, 80  120  (+ 20.1 ) 
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  10   25   Acetone   ultrasonic 
bath   acetone    vial 

 GC-FID  Prochloraz  external standardization  
  Calibration Curve  Prochloraz  11.9, 17.8, 25.3   Volumetric 
Flask  10   acetone 5   ultrasonic bath 

  acetone    vial  GC-
FID  Prochloraz  external standardization 

 (mean)  (Standard Deviation, SD)  
(Relative Standard Deviation, RSD)  HORRAT  HORRAT  2  EU 

 Codex 
   precision  HORRAT  
  HORRAT  = %RSD exp. / %RSD Horwitz  
   Predicted Horwitz RSD   
                             RSD   = 0.66 x  2 (1-0.5 log C)  
                               C   = Concentration ratio 
    Precision 
                       AOAC                HORRAT    <  2 
                       EU, Codex          HORRAT    2 
 

6.  (Accuracy)  
 Prochloraz  Prochloraz  technical grade 

  Volumetric Flask  100   acetone  50  
 ultrasonic bath   acetone   

(Stock tech  3.0 )  vial  GC-FID 
 Prochloraz  external standardization 

  Prochloraz  1  (Stock 
sample)  Prochloraz (sample)  9780.8  Volumetric Flask  1000 

  acetone  500   ultrasonic bath 
  acetone    vial  GC-FID 

 Prochloraz  external standardization 
  Calibration Curve  Prochloraz (Stock tech)  11.9, 17.0, 25.3 

 Volumetric Flask  10   acetone 5   ultrasonic bath 
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  acetone    vial  
 GC-FID  Prochloraz  external standardization 

   original sample  Prochloraz   Stock sample  
 5  Volumetric Flask  25   10  (  3   30 ) 

 acetone  20   ultrasonic bath  
 acetone    vial  GC-FID 

 Prochloraz  external standardization 
 Spike sample  Stock tech  1, 2, 4  

Stock sample  5   Volumetric Flask  25  10  (  3  30 ) 
 acetone  20   ultrasonic bath  
 acetone    vial  GC-FID 
 Prochloraz  external standardization  Accuracy  % recovery  

                            % Recovery  =  ( A spike -  A origin ) x 100 / A add 
 

    A spike   =    Prochloraz  Spike 
    A origin   =    Prochloraz  Origin 
    A add       =    Prochloraz  Spike 
 

7.   Specificity / selectivity 
  Prochloraz  blank  GC-FID  
Chromatogram  Peak  Prochloraz  

8.  Robustness/Ruggedness 
 Prochloraz  GC-FID   Capillary  

5% Phenyl Methyl Siloxane  30   0.32   0.25  
( )  Prochloraz  

  HORRAT  
    2554 –  2555 
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1.  Technical grade 
 Technical grade Prochloraz  96.5%, %RSD  

 0.6552  %RSD   2  
 Prochloraz  

2. (Range) 
 Range  0.685, 1.688, 1.946, 2.512, 2.751, 2.969 

 correlation coefficient (r) = 0.9998  correlation coefficient (r)  0.995                 
3.  (Linearity) 

Linearity  1.182, 1.688, 1.768, 1.946, 2.264, 2.512 mg/ml  Prochloraz Linearity 
 correlation coefficient (r) = 0.9999  correlation coefficient (r)  0.995 

4.  Precision  
  Repeatability   

 % RSD  3  (0.5, 1.0, 1.5 )  
     X   = 43.37  SD  =0.4213 

 % RSD  
   % RSD =          SD x 100 
     X 
% RSD (experimental)  = 0.4213 x 100 = 0.9714 

     43.37 
 Predicted Horwitz RSD  

%RSD Predic   =  0.66*21-0.5log C 
sample 45%   =  log 0.45 
log 0.45  =  -0.34678 

=  0.66*21-(-0.173393743) 
   =  0.66*21.173393743 

%RSD Predic    =  1.488575 
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 Precision  HORRAT 
HORRAT =  % RSD experimental               =  0.6526 

      Predicted Horwitz RSD 
 Precision  Repeatability  HORRAT  =  0.6526 
 Precision  Reproducibility  HORRAT  =  1.8713 
 Precision  Robustness  HORRAT  =  1.9742 
 Precision  Ruggedness  HORRAT  =  2.000 

 Precision  EU, Codex  > 2  Prochloraz  Precision 
 Repeatability Reproducibility, Robustness, Ruggedness  

 

5.  (Accuracy)  
 % Recovery          

No. 

AI content ( mg / 25 ml ) 

Conc. added 3.0 mg Conc. added 6.0 mg Conc. added 12.0 mg 

Origin Spike Added Origin Spike Added Origin Spike Added 
1 18.86 22.02 3.00 19.22 24.99 6.00 18.81 30.53 12.00 
2 18.88 22.01 3.00 19.05 24.83 6.00 19.05 31.27 12.00 
3 19.07 22.21 3.00 19.12 25.28 6.00 19.20 30.96 12.00 
4 19.37 22.32 3.00 18.94 24.81 6.00 18.93 30.59 12.00 
5 19.31 22.18 3.00  18.93 24.76 6.00 19.12 30.56 12.00 
6 19.06 22.05 3.00 19.02 25.02 6.00 18.91 30.43 12.00 
7 18.89 22.06 3.00 19.11 24.93 6.00 18.89 30.54 12.00 
8 19.46 22.48 3.00 19.03 24.96 6.00 18.98 30.75 12.00 
9 19.15 22.21 3.00 19.18 24.97 6.00 18.96 30.89 12.00 

10 19.11 22.22 3.00 19.00 24.88 6.00 18.97 30.99 12.00 
mean 19.12 22.18 3.00 19.06 24.94 6.00 18.98 30.75 12.00 

SD 0.211 0.149   0.096 0.146   0.114 0.268  
%RSD 1.102 0.670   0.506 0.584   0.603 0.873   

%Recovery     102.0     98.05     98.08 
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 %Recovery =   (Conc spiked sample-  Conc original sample ) x 100 
                             Conc added 
%Recovery       =   (22.18 -19.12 x 100)  = 102.0 
                                                                     3.0  
%Recovery   =   (24.94 -19.06 x 100)   = 98.0 
                                                                    6.0 
%Recovery       =   (30.75 -18.98 x 100 )  = 98.1 
                                                                     12.0 

%Recovery  = 99.37 
    98 – 102 

  (Accuracy)  %Recovery  Recovery 
 Prochloraz   Recovery  3   99.37  98-102 

 10%  AOAC  
 Prochloraz  

6.   Specificity / selectivity 
 

 
 
 
 
 
 
 

                                                1  Chromatogram of Standard solution 
 
 
                                     
 
 
 
 
 

 2  Chromatogram of Sample solution 
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 Chromatogram  Prochloraz  peak  peak 
 Prochloraz   Specificity  selectivity  

 
 

 

 Range  0.685, 1.688, 1.946, 2.512, 2.751, 2.969  
 correlation coefficient (r) = 0.9998  Linearity  1.182, 1.688, 1.768, 1.946, 2.264, 2.512 

 Prochloraz Linearity  correlation coefficient (r) = 0.9999 correlation 
coefficient (r)  0.995 Precision  HORRAT  = 0.6526  Precision  AOAC 

 HORRAT < 2 EU  Codex  HORRAT  2  (Accuracy)  
 recovery  99.37  98 – 102 

 10%  AOAC     
  

 
 ISO/IEC 17025  

 

 
 

   . 2547. Method Validation. .  
. 

    . 2544.  (Chemical Method Validation) 
. . 

. 2537. . .
. . 

. 2547. .
. .. 

Kidd, H. and D.R. James ( Eds ). 1993. The Agrochemicals Handbook. 3rd Ed. Royal Society of Chemistry.  
 England. 
 
 
 
 
 
 






