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SUMMARY:  
Systemic insecticides including, spirotetramat, cyantraniliprole, methoxyfenozide, flupyradifurone, 
spinosad, imidacloprid, acetamiprid, and thiamethoxam were applied on Elliot blueberry variety. All 
insecticides were applied at recommended field rates. In addition, an adjuvant was used to increase the 
insecticide application efficiency. The field experiment was performed at Lewis Brown Farm at Oregon 
State University. The fruit samples were collected at a certain timeline i.e. day 0, 1, 3, 5, 7, 14, 21, 28, 35 
and stored at -20 0C until analysis. QuEChERs (Quick, Easy, Cheap, Effective, Rugged, and Safe) extraction 
method was used to measure insecticide concentrations in samples. This study is still in method 
development progress and QuEChERs method is highly suitable for our purpose. Calibration curves were 
fit in the optimal RSD (Relative Standard Deviation) range which is between 70 < x < 130 for all analytes. 
So far, we tested recovery of the insecticides from the blank samples with known concentrations i.e. 25 
µg/kg and 75 µg/kg. Furthermore, the recovery results showed that all analytes provided acceptable 
recovery except spirotetramat-enol, which is one of the metabolites of spirotetramat. 
 
OBJECTIVES:   
The objective of this study was to evaluate the concentrations of the insecticides as well as their main 
plant metabolites in blueberry during the certain timeline. To best of our knowledge, some metabolites 
may be more toxic than their parent compound such as imidacloprid-olefin is more toxic than its parent 
compound imidalcoprid. This study will help to understand how the insecticides and their metabolites 
degrade in the environment during time as well as the levels of the compounds in blueberry for human 
consumption. In addition, this will also fill the data gap in the literature about the new compounds such 
as spirotetramat and cyantraniliprole. 
 
PROCEDURES:   
Preliminary results were found highly encouraging in terms of blueberry method optimization. Matrix 
matched solutions were prepared at 1, 5, 10, 50, 100, 200 µg/kg and solutions were spiked onto 10 g of 
blank homogenized blueberry samples. Stock solutions of insecticides were prepared in MeOH 
(Methanol) at a concentration of 1000 µg /ml and stored at 4 0C condition. Three sets of standard 
solution were prepared from stock solution (1000 µg/ml) with concentration of 1, 0.1, 0.01 µg/ml in 
MeOH. In addition, 25 µl of imidacloprid-d4 solution (114 ng/ml) were added as an internal standard. 
Recovery experiments were prepared from blank homogenized blueberry samples and standard 
mixtures were spiked at two levels 25 µg/kg (low) and 75 µg/kg (high) with three replicates. After 
spiking the standards onto homogenized blueberry samples, QuEChERS (EN 15662 method) extraction 



process was applied to extract the analytes from the samples for calibration and recovery experiment. 
Ten grams of blueberry sample were weighed in a 50-ml sample tube. Ten ml of Acetonitrile was added 
to tube and then shaken for 1 minute. After shaking the tubes for minutes, MgSO4 (Magnesium sulfate, 
4 g), NaCl (Sodium chloride, 1 g), trisodium citrate dihydrate (1g), and disodium hydrogencitrate 
sesquihydrate (0.5 g) salts were added and then shaken for 1 minutes. Samples were centrifuged at 
3500 rpm for 5 minutes. Supernatant was taken to 15 ml tube that filled with PSA (Primary Secondary 
Amine, 150 mg) and MgSO4 (900 ml) for sample clean-up and shaken 0.5 minute. Then, samples were 
centrifuged at 3500 rpm for 5 minutes. After centrifugation of 15 ml tubes, 2.5 ml of aliquot were 
transferred to glass vials for LC/MS/MS analysis. Different dilution factors, 1:5, 1:10, and 1:20 were tried 
to achieve better signal and we obtained good signal/noise ratio from 1:10 dilution factor.  All samples 
were diluted 1:10 factor before the analysis on LC/MS/MS (Liquid chromatography coupled with 
Tandem Mass Spectrometry) 
Agilent 1100 HPLC modular system with binary pump, column compartment, and an automatic sampler 
equipped with large volume injection units, 900 µl injection loop and metering head. Different injection 
(50 µl, 100 µl, 200 µl) volumes were tested for better sensitivity and 100 µl was chosen due to the 
better signal/noise ratio. In addition, the flow rate was also tested and 0.800 ml min-1 had provided the 
better peak resolution. SBaq (Zorbax Stable bond aqueous, Agilent Technologies, Memphis, TN, USA) 
guard column was coupled with Waters XSelect HSS T3 4.6 x 100 mm, 3.5 µm (Waters Milford, MA, 
USA) analytical column. Oven temperature was held at 35 0C. The mobile phase was consisted of 0.1 % 
formic acid added to Acetonitrile (A) and Water: Acetonitrile (9:1) (B). 
Waters Quattro Premier XE Tandem Mass Spectrometry equipped with ESI (electrospray ionization) 
source was coupled to HPLC system and all analytes were detected in MRM (Multiple Reaction 
Monitoring) mode. Source temperature was set to 150 0C and desolvation temperature was held at 500 
0C. In addition, nitrogen gas was used for desolvation (1000 L h-1) and cone (75 L h-1) gas. The capillary 
voltage was set to 3.0 keV and argon was used as collision gas with a flow rate 0.22 ml min-1. 
 
SIGNIFICANT ACCOMPLISHMENTS TO DATE:    
Calibration curve was calculated by using linear regression equation (y = ax + b (a: slope, b: y intercept, 
1/x weighed). Preliminary results show that matrix matched calibration experiment was performed with 
the blank matrix and results were found as encouraging for the further studies for method 
development. Regression coefficient of the compounds were found (R2) between 0.98 and 0.999 with 
linear calculation while one compound 6-chloronicotinic acid was found lower than 0.97 standards but 
it was found 0.999 after calculating with quadratic regression (Table 1). LOQ (Limit of quantification) 
was set to 1 µg/kg which is 200 times lower than compound that has minimum MRL limit of 0.2 ppm.  

Recovery studies were maintained with blank blueberry matrix and standard mixture solution was 
spiked in two concentration levels 25 µg/kg and 75 µg/kg. Most of the compounds were hit the RSDs 
range (70< x <130) except spirotetramat-enol recovery was found around 20-30 µg/kg. Spirotetramat-
enol optimization will be repeated to achieve better recovery (Table 2).  

 

 
 



Table 1. Matrix matched calibration (1:10 Dilution) for each compounds 

Compounds R
2
 Calibration Curve (Linear) 

Imidacloprid-olefin (T1) 0.996844 17.6342x+5.4924 

Thiamethoxam (T1) 0.998617 96.8752x+819.285 

Chlothianidin (T2) 0.998693 90.0168x+1691.2 

6-Chloronicotinic-acid (T2) 0.999282 0.0462055x^2+25.5498 (Quadratic) 

Acetamiprid-desmethyl (T2) 0.999240 221.533x+489.98 

Imidacloprid (T1) 0.999763 442.328x+204.743 

Acetamiprid (T2) 0.998100 1106.49x+354.065 

Thiamethoxam-desmethyl (T1) 0.998949 191.869x+1560.47 

Flupyradifurone (T2) 0.994197 792.582x+61.5769 

Spirotetramat-enol (T2) 0.980929 103.802x+73.8159 

Cyantraniliprole (T1) 0.999599 81.0732x+7.62312 

Spirotetramat (T1) 0.993157 103.346x+15.111 

Methoxyfenozide (T1) 0.999389 1216.03x+113.518 

J9Z38 (T2) 0.999831 246.462x+93.6329 

Spinosad A (T1) 

Spinosad D (T1) 

0.999296 

0.998877 

13344.1x+1241.7 

8634.44x+1880.49 

 

 

 

 

 

 

 

 



Table 2. Recovery of the compounds in blueberry matrix 

Compound 25 ug/kg  75 ug/kg 

Imidacloprid-olefin (T1) 93.8±2.78 102.7±8.14 

Imidacloprid-olefin (T2) 89.9±1.87 102.6±6.87 

Thiamethoxam (T1) 97.4±1.68 99.2±1.52 

Thiamethoxam (T2) 85.7±0.93 96.3±3.26 

Chlothianidin (T1) 109.6±1.51 99.7±1.00 

Chlothianidin (T2) 80.2±1.21 89.8±2.90 

6CNA (T1) 95.2±3.92 111.8±3.19 

6CNA (T2) 91.5±1.79 114.5±3.72 

Acetamiprid-desmethyl (T1) 100.2±0.40 103.0±2.05 

Acetamiprid-desmethyl (T2) 98.5±0.44 105.3±1.48 

Imidacloprid (T1) 96.6±0.82 98.4±2.65 

Imidacloprid (T2) 99.1±0.94 100.6±1.90 

Acetamiprid (T1) 100.9±0.33 104.6±2.24 

Acetamiprid (T2) 99.8±0.78 104.1±3.20 

Thiamethoxam-desmethyl (T1) 91.4±1.00 99.7±3.61 

Thiamethoxam-desmethyl (T2) 99.6±2.33 99.06±2.82 

Flupyradifurone (T1) 83±2.91 102±8.59 

Flupyradifurone (T2) 81.8±2.78 105.3±9.11 

Spirotetramat-enol (T1) 30.3±1.07 26.7±1.65 

Spirotetramat-enol (T2) 27.1±1.13 23.46±2.28 

Cyantraniliprole (T1) 93.3±0.32 93.46±1.62 

Cyantraniliprole (T2) 81±1.84 87.5±2.94 

Spirotetramat (T1) 82.9±0.80 89.7±3.76 

Spirotetramat (T2) 78.4±0.62 82.16±2.54 

Methoxyfenozide (T1) 85.5±0.89 93.7±3.03 



Methoxyfenozide (T2) 86.1±0.63 97.4±2.70 

J9Z38 (T1) 75.7±1.50 82.8±1.76 

J9Z38 (T2) 77.9±1.60 84.8±1.02 

Spinosad A (T1) 87.5±0.62 91.13±3.11 

Spinosad A (T2) 85.7±0.67 91.13±4.13 

Spinosad D (T1) 83.8±0.82 89±3.47 

Spinosad D (T2) 84.6±1.14 89.16±3.22 
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