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Presenter
Presentation Notes
Glyphosate, AMPA (metabolite), and Glufosinate (herbicide) are very polar compounds that would be extracted by liguid-liquid extraction and they are not retained by a reversed-phase HPLC. They have no chromophore so they would not be detected by UV detector.
Small, polar, and amphoteric (pKa’s of pH 0.47, 5.69, and 11.81)6 
No fluorophore or chromophore
Structurally similar to many small polar molecules in biological matrices (e.g. glycine)
Strong chelator of divalent metal cations7




FMOC-Cl = Fluorenylmethyloxycarbonyl chloride 

Presenter
Presentation Notes
Most of the method used in the past is precolumn derivatiziaton with FMOC-Cl to increase UV absorption (for UV detector) and increase the retention of the reversed-phase HPLC
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Presenter
Presentation Notes
There is an attempt to overcome these two problems (retention and detection) by using specialty column such as HILIC, anion exchange, and ion-pair HPLC to retain the analytes on the column and use MS to detect the analyte.  This is the method from the European community developed by M. Anastassiatdes  (the chemist who developed the QuEChERS method)
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Presenter
Presentation Notes
This paper show the HPLC conditions to cover not only glyphosate and company but to cover other polar pesticides that cannot be analyzed by a reversed-phase HPLC. These compounds are herbicides, fungicides and plant growth regulator that would not be recovered by QuEChERS extaction and a reversed phase LC/MS we are currently screen (300+ pesticides). You can see that it used different columns and mobile phase condition. This is too complicate and requires a chemist to change the HPLC parameter to cover all these compounds.  For instance, to analyze glyphosate group and ethephon, maleic hydrazide, amitrole, and paraquat/diquat, you would need method M.1.3, M3 and M4.  This is too complicate and time consuming. 
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Polar analyte by LC/MS in a positive mode 

Presenter
Presentation Notes
To simplify the method that would cover all these analytes, two years ago, I explore the use of a mixed-phase mode column that contains reversed-phase, anion and cation exchange properties in the same column. The idea is that these compounds could be neutral, acid, of basic in the mobile phase. If I inject these analytes using water (weakest mobile phase) on this column, these analytes would be retained on the column by reversed-phase, anion exchange, and cation exchange mode. Then I can do pH, salt, and organic solvent gradient to elute the analyte and detect them with MS in positive and negative switching modes. It worked ok but not was not practical because the column cannot re-equlibrate quickly and give non-reproducible retention time and response. So instead of running 20 min gradient with positive/negative switching, I have one 10 min isocratic for a positive mode to detect quats, ametrol, daminozide  with a mobile phase pH 4.7/acetonitrile 



Polar analyte by LC/MS in a negative mode 
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Presenter
Presentation Notes
….. And run another 10 min run isocratically at  pH 2.9 to cover glyphosate, glufosinate, ethephon, forsetyl alumina, and maleic hydrazide on the same column and same MS instrument. Again, this is the standard injection to prove the concept that it is doable.



Glyphosate method in milk 

Presenter
Presentation Notes
Then, two years ago, there is a news that they found glyphosate in three breast milk collected from 10 volunteers in the US (30%) at about 100 ppb using ELISA screening method. I was asked by EPA to develop an LC/MS method to confirm the finding. 



Sample extraction procedure 
1 Pipette 1 g milk into a 15-mL tube 
2 Add 3 mL Extracting solvent (50 mM acetic acid/10 mM Na2EDTA)  
3 Shake 10 min (2000 stroke/min) on a Geno grinder and centrifuge at 3000 rpm for 5 min 
4 Passing 2 mL of the top layer through a 60 mg/3 mL Oasis HLB (no conditioned needed) 
5 Mix the sample with IS and inject to LC/MS 
HPLC condition:    
Column  - Trinity Acclaim Q1 (100 x 3 mm, 3 um), with a C18 SecurityGuard (4 x 3 mm), 10 uL 
Mobile phase: 50 mM ammonium formate (pH 2.9) at 0.5 mL/min, 35 C, 6 min, 
MS condition: AB Sciex 5500 (Q-Trap), Ion-spray neg-mode, source temp 350 C,  
  
   

Presenter
Presentation Notes
So, at the beginning, I spiked cow’s milk with glyphosate and added 3 times the volume of acetonitrile to precipitate the protein and analyze the extract,
 got 50% recovery, to my surprise. Later on, I found that glyphosate behave like tetracycline that can bind with metal ion in the sample (milk has added calcium) so it is not extractable or in different form. To fix this, you need to add EDTA to chelate with those metal ions. Since the sodium EDTA is not soluble well in acetonitrile, I have to use aqueous based solvent. The acetic acid will help me precipitate protein (matrix elimination) and EDTA improves recovery of glyphosate. To further eliminate non-polar interference such as phospholipid from damaging the column, I passed the extract thru an Oasis HLB (no condition to save time) and inject the sample onto the Trinity Acclaim Q1 mixed phase mode that has weak anion site to retain and release glyphosate (strong anion compound). The slide also shows the run condition.



Results 

Fortification Matrix Matrix Solvent Solvent
level with IS without IS with IS without IS

Glyphosate 25 ng/mL Recovery (%) 81 85 85 123
RSD (%) 8.36 9.94 7.62 7.3

100 ng/mL Recovery (%) 107 110 111 106
RSD (%) 2.78 2.76 2.19 3.25

500 ng/mL Recovery (%) 93 99 100 98
RSD (%) 2.04 2.41 2.05 2.37

2000 ng/mL Recovery (%) 91 97 99 97
RSD (%) 3.36 3.15 4.54 3.16

Glufosinate 25 ng/mL Recovery (%) 86 89 90 123
RSD (%) 5.43 6.83 7.66 8

100 ng/mL Recovery (%) 106 106 105 96
RSD (%) 3.62 3.62 4 4.94

500 ng/mL Recovery (%) 94 101 96 93
RSD (%) 6.01 1.64 6.16 1.52

2000 ng/mL Recovery (%) 94 99 97 92
RSD (%) 7.07 1.31 7.04 1.38

AMPA 25 ng/mL Recovery (%) 83 89 84 43
RSD (%) 2.73 5.12 3.86 2.35

100 ng/mL Recovery (%) 104 115 106 28
RSD (%) 6.65 2.98 7.06 3.28

500 ng/mL Recovery (%) 90 113 97 17
RSD (%) 4.35 2.53 5.44 2.67

2000 ng/mL Recovery (%) 93 113 100 15
RSD (%) 5.17 2.26 6.06 2.62

Presenter
Presentation Notes
The recovery data of blank milk spiked at 25, 100, 500, and 2000 ng/mL (ppb) using 1) matrix matched standard with IS, 2) matrix match standard no IS, 3) solvent standard with IS, and 4) solvent standard with no IS. For glyphosate and glufosinate, you either use standard in solvent with or without IS to get good result, no blank matrix is needed (save time). AMPA which is the metabolite of glyphosate is the early eluter and suffers signal suppression at the ion-spray interface, so we need IS to correct for that.  If AMPA is not an issue, no IS is needed.



Presenter
Presentation Notes
Here’s the chromatogram of milk blank and milk blank spiked at 25 ng/g (ppb). Good signal to noise.



Glyphosate method in soybean/corn 

1 Glyphosate was the most applied chemical in world (180-185 
million lbs. in US during 2007) 

 
2 The use of glyphosate has increased significantly with 

roundup soybean and corn 
 

3 Has high tolerance (20 ppm for soybean and 10 ppm corn) 
 

4    No method available for regulatory action. 
      GAO audit in 2014, so FDA must screen it for public safety. 

Presenter
Presentation Notes
After the  milk method was done, there was a report by GAO in 2014 that FDA did not screen glyphosate in food, particularly soybean and corn which were known to be sprayed heavily in the field by the farmer who grow round-ready soybean and corn. So, I started using the milk method for the soybean and corn.



Sample extraction procedure 

Soybean/Corn method 
 
1   2 g sample in a 50-mL tube + 10 mL 

extracting solvent 
2 Shake for 10 min and centrifuge for 5 min 
3 Pass 2 mL to a 60 mg/3 mL Oasis HLB SPE 
4 Mix the extract with IS and inject to LC/MS 
 

Presenter
Presentation Notes
I used a very simple and quick extraction with the same solvent and cleanup as the milk method.



Presenter
Presentation Notes
Chromatogram of blank soybean and corn spiked at 0.1 ug/g



Soybean 
soybean (n = 7)

Analyte Fortification Matrix Matrix Solvent Solvent
level (µg/g) with IS no IS with IS no IS

Glyphosate 0.1 Recovery (%) 103 101 102 97
RSD (%) 4.26 4.72 3.34 4.66

0.5 Recovery (%) 102 100 101 96
RSD (%) 3.98 2.96 3.51 3

2 Recovery (%) 102 103 100 98
RSD (%) 2.43 3.07 2.36 3

Glufosinate 0.1 Recovery (%) 102 95 101 76
RSD (%) 4.28 5.2 4.13 4.86

0.5 Recovery (%) 102 100 98 75
RSD (%) 3.95 1.6 3.83 1.69

2 Recovery (%) 98 104 94 76
RSD (%) 2.99 3.85 3.07 3.75

AMPA 0.1 Recovery (%) 101 57 106 NA
RSD (%) 6.3 28.83 4.53 NA

0.5 Recovery (%) 108 78 107 NA
RSD (%) 6.35 5.76 4.36 NA

2 Recovery (%) 105 80 108 2
RSD (%) 7.59 11.21 5.85 63.53

Calibration method

Presenter
Presentation Notes
Recovery at 0.1 0.5 and 2 ug/g in soybean with and without IS in matrix match and solvent standard. We need to use standard in solvent with IS to get good recovery for all three analytes.



Corn 
Corn (n = 7)

Analyte Fortification Matrix Matrix Solvent Solvent
level (ug/g) with IS no IS with IS no IS

Glyphosate 0.1 Recovery (%) 100 89 104 105
RSD (%) 4.8 6.3 3.6 5.4

0.5 Recovery (%) 104 96 104 99
RSD (%) 4..2 4.0 4.2 3.9

2 Recovery (%) 107 97 106 98
RSD (%) 3.8 2.7 3.8 2.8

Glyfosinate 0.1 Recovery (%) 92 96 99 97
RSD (%) 8.6 9.9 4.8 9.1

0.5 Recovery (%) 103 99 107 94
RSD (%) 3.9 3.7 3.7 3.6

2 Recovery (%) 103 99 101 92
RSD (%) 5.3 3.4 5.3 3.3

AMPA 0.1 Recovery (%) 96 NA 113 NA
RSD (%) 11.9 NA 6.5 NA

0.5 Recovery (%) 103 8.2 111 NA
RSD (%) 8.3 48.6 7.8 NA

2 Recovery (%) 105 52 110 104
RSD (%) 6.9 5.8 6.9 9.3

NA = not applicable

Calibration method

Presenter
Presentation Notes
Here’s the corn data. Notice matrix suppression in AMPA wh



Sample extraction procedure 

Egg method 
 
1 2 g sample in a 50-mL tube + 8.5 mL solvent and 

6 mL methylene chloride 
2 Shake 10 min and centrifuge for 5 min 
3 Pass 2-3 thru a Whatman 0.2 µm  GD/X Nylon 

filter  into a 60 mg/3 mL Oasis HLB SPE 
4 Mix the extract with IS and inject to LC/MS 
 

Presenter
Presentation Notes
Since the contaminated soybean may be used as the chicken feed, the glyphosate may be appear in eggs. To be proactive, I developed a method to screen glyphosate in egg. Sample was mixed with the extracting solvent to precipitate protein and extract glyphosate into aqueous solution. Methylene chloride was added to extract fat from egg. After shaking and centrifugation, the methylene chloride containing fat is at the bottom layer. The top lay is cloudy because of emulsion form due to the lecithin in egg. The trick get a clear extract is to pass the extract thru a Whatman 0.2 um GD/X nylon filter which contain glass prefilter. After passing thru the Oasis HLB, I got the clear extract (next slide)



Issue in egg sample 

Presenter
Presentation Notes
Now, we even stream line by attaching filter underneath the Oasis HLB and push the extract thru in one step.



Presenter
Presentation Notes
Here’s the chromatogram of egg blank and egg blank with 0.05 ug/g spike, still get good signal/noise
Note: the tolerance of glyphosate in egg is 0.05 ug/g (40CFR180.364)



Egg 
 

Analyte Fortification level 
(µg/g) 

Recovery 
(%) RSD (%) 

        

    AMPA 0.05 97.4 6.1 

 0.1 92.7 4.9 
  0.5 93.7 2.9 

 1 94.1 2.5 

    
Glufosinate 0.05 88.2 1.5 

 0.1 88.9 2.6 
  0.5 89.5 1.9 

 1 91.9 3.4 

    
Glyphosate 0.05 92.3 4.1 

 0.1 89.5 2.5 
  0.5 90.9 2.7 

 1 89.0 2.8 
        

 

Presenter
Presentation Notes
Recovery data. 



Presenter
Presentation Notes
Earlier this year, there is a report that they found glyphosate in honey sample using ELISA method.  59% of 69 honey sample collected contain glyphosate ranging from 17 to 163 ppb with the mean of 64 ppb, yet with no confirmation. So, I developed and validate glyphosate method in honey.



WAX cleanup procedure 

Presenter
Presentation Notes
The issue in honey is that honey containing lots of sugars, polar compound similar to glyphosate in a large quantity. If I dissolve honey in water or the extracting solvent, sugar will suppress AMPA signal so badly that I see no AMPA. I try to use anion SPE to retain analytes and let go sugar.

The top chromatogram is the load portion of honey in water, the big peak is sugars. The bottom chromatogram is the elute portion that contain all three analytes.

This method works well with diluted honey but I need to lower detection limit and need a more concentrated sample. The issue is that the high sugar content will block the SPE to effectively retain the analytes; therefore, the recoveries of analytes  are poor at high honey concentration.



Isocratic vs. Gradient elution 

1 = AMPA, 2 = Glufosinate, 3 = Glyphosate, 4 = honey matrix 

Presenter
Presentation Notes
To fix this, I have to move the peaks further away from the solvent front using gradient elution with 100% water for 1 min then step gradient with buffer pH 2.9.  This way I can inject honey sample with not cleanup and get good recovery particularly for AMPA.



      

 

 

     

  
    

 

 

    
    

  

 

      

       

   

   

 

      

   

   

   

 

     
 

   

   

   

    
      

 

  
 

   

   

   

   

 

      

   

   

 
  

 

 
  

  

 

 
  

   

 
  

              

    

 

 

 

 

 

 

 

 

 

 

a)  Honey B contains 10 ng/g glyphosate 

Presenter
Presentation Notes
Here’s the data with spike recovery at 25, 50, 100, and 500 ppb. The issue I have is it is difficult to find blank honey that does not contain glyphosate to spike with.



Honey blank                             Honey blank + 25 ng/g          Honey containing 121 ng/g Glyphosate 

Presenter
Presentation Notes
Here’s chromatogram of blank honey, blank + 25 ppb and honey with 121 ppb glyphosate, no AMPA



Glyphosate found in honey samples collected from the local market 

Presenter
Presentation Notes
Glyphosate found in honey sample collected from the market. Note that even organic honey has glyphosate. The farmer do not apply glyphosate to the bee hive, but the bees pick up glyhosate from the fields.
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Presenter
Presentation Notes
Staring in 2016, FDA (SRL only)  will start screening glyphosate, glufosinate and AMPA in soybean, corn, egg, and milk.  Honey is not in the work plan yet.
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And I found these. 
  glyphosate AMPA 

  ppm ppm 

      

Apple Cinnamon instant oat meal 0.01 0.01 

Maple Brown Sugar instant oat meal 1.24 0.07 

Cinnamon Spice instant oat meal 1.67 0.07 

Peach and Cream instant oat meal 0.36 0.01 

soy milk 0.00 0.00 

Q steel cut oats (not instant) 1.53 0.07 

Infant oat cereal   1.56 0.07 

Infant oat banana   0.30 0.04 

Infant oatmeal banana strawberry 0.83 0.08 

Whole grain oat cereal  0.03 0.01 

organic oats Bob' Red mill ND ND 

organic oats 365 Whole Foods ND ND 

organic oats Sprout ND ND 

organic oats Nature Path ND ND 

NC’s cereal with oats and wheat 0.20 ND 
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Combine glyphosate method into one to include high moisture 
samples (fruit-vegetable) by mixing sample with solvent-methylene 
chloride / Oasis HLB and use step gradient. 
 
Direct determination of Paraquat/Diquat in potatoes by LC/MS 
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