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While using matrix-matched calibration standards can mitigate matrix effects and increase 
reporting accuracy, this approach is time-consuming, labor intensive, and sometimes limited 
by the availability of suitable blank matrix. The use of analyte protectants (AP) in gas chro-
matography is an intriguing alternative because it is much simpler in practice and can allow 
good results to be achieved with solvent-based calibration standards [1]. Analyte protectants, 
such as the sugar derivative shikimic acid, work by binding strongly to active sites in the 
inlet, which effectively blocks these sites from interacting with target compounds. This 
prevents analyte loss, improves transfer to the column, minimizes degradation in peak shape 
and response, and can potentially improve accuracy and reliability for low-level analysis.

Since using matrix-matched calibration standards is not feasible in all situations, a series 
of experiments was conducted to evaluate the effects of using an analyte protectant with 
solvent-based calibration standards on recovery and critical peak characteristics (area, 
symmetry, width, and tailing) for a variety of pesticides. The experiments were (1) recov-
ery of 40 pesticides in kale samples; (2) response of captan in apple, strawberry, kale, grape, 
and celery samples; and (3) response of 40 pesticides in kale and strawberry samples. For 
all tests, the analyte protectant was shikimic acid (1 mg/mL), and 1 µL of it was co-injected with 1 µL of sample (for samples without analyte 
protectant, 1 µL of acetonitrile was co-injected). 

Experiment 1: Recovery of 40 Pesticides in Kale
To determine if 1.0 mg/mL shikimic acid analyte protectant could increase pesticide recovery in matrix, kale samples were fortified at 10 and 
50 ppb with a 40-compound QuEChERS performance standards kit (cat.# 31152). Quantification was done using matrix-matched calibra-
tion standards, solvent-based calibration standards with shikimic acid, and solvent-based calibration standards without shikimic acid. As 
shown in Figures 1 and 2, when using solvent standards, the analyte protectant did help more pesticides fall into the desired recovery range 
(70-120%), particularly at the higher spike level. However, matrix-matched calibration still outperformed solvent calibration with analyte 
protectant at both spike levels, and this was especially pronounced at the lower spike level.
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Figure 1: Distribution of 40 Pesticides at 50 ppb in Kale Across Percent Recovery Brackets 
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Figure 2: Distribution of 40 Pesticides at 10 ppb in Kale Across Percent Recovery Brackets 
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Experiment 2: Response of Captan in Multiple Matrices
Captan is a commonly analyzed, yet challenging, GC-amenable pesticide, so it was chosen for a more detailed evaluation of the performance 
of shikimic acid as an analyte protectant. For this experiment, two sets of samples were prepared so that captan could be evaluated alone and 
when in the presence of other pesticides. A captan-only standard (cat.# 32583) was spiked at 10 ppm into solvent, apple, strawberry, kale, 
grape, and celery samples, and a multi-pesticide standard containing captan (cat.# 31152) was also spiked at 10 ppm into the same sample 
types. Samples were analyzed both with and without 1 µL sandwich injections of 1 mg/mL shikimic acid. Peak response was first visually 
compared in an XIC; then, area and other key peak characteristics were evaluated in detail using the MS/MS data. 

Qualitatively, peak response (abundance) was greatly improved by the presence of shikimic acid analyte protectant when captan was in 
solvent (Figure 3); somewhat improved when it was in strawberry (Figure 4) or grape; and not improved when in kale, apple, or celery (data 
not shown for grape, kale, apple, and celery). No dramatic differences in peak shape were observed; however, the taller peaks tended to have 
narrower widths. 
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Figure 3: Shikimic acid analyte protectant considerably improved peak response for captan in solvent. 
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  Peaks tR (min)
 1. Captan 6.36

Column Low-pressure GC column kit (factory-coupled restrictor column [5 m x 0.18 mm ID] and Rtx-5ms 
analytical column [15 m, 0.53 mm ID, 1 µm plus 1 m integrated transfer line on the outlet end]) (cat.# 
11800)

Standard/Sample Captan in QuEChERS performance standards kit (cat.# 31152)
Diluent: Acetonitrile
Conc.: 10 µg/mL
Injection 
Inj. Vol.: 1 µL split (split ratio 10:1)
Liner: Topaz 4.0 mm ID single taper inlet liner w/ wool (cat.# 23447)
Inj. Temp.: 250 °C
Oven
Oven Temp.: 70 °C (hold 1 min) to 320 °C at 35 °C/min (hold 2 min)
Carrier Gas He, constant flow
Flow Rate: 2 mL/min
Detector MS
Mode: Scan
Scan Program: 
   Start Time Scan Range Scan Rate
  Group (min) (amu) (scans/sec)
  1 2.5 35-550 10
  
Transfer Line Temp.: 290 °C
Analyzer Type: Quadrupole
Source Temp.: 325 °C
Electron Energy: 70 eV
Tune Type: PFTBA
Ionization Mode: EI
Instrument Thermo Scientific TSQ 8000 Triple Quadrupole GC-MS
Sample Preparation The standard was diluted to 10 ppm in acetonitrile in a 2 mL short-cap, screw-thread vial (cat.# 

21143) and capped with a short-cap, screw-vial closure (cat.# 24495).
Notes Injections were performed as sandwich co-injections with 1 µL shikimic acid (1 mg/mL in acetonitrile 

with 1% water) as an analyte protectant (with AP injection) or with acetonitrile as the control 
(without AP injection).
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Figure 4: For captan in strawberry, shikimic acid analyte protectant provided some improvement for peak response. 
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  Peaks tR (min)
 1. Captan 6.36

Column Low-pressure GC column kit (factory-coupled restrictor column [5 m x 0.18 mm ID] and Rtx-5ms 
analytical column [15 m, 0.53 mm ID, 1 µm plus 1 m integrated transfer line on the outlet end])  
(cat.# 11800)

Standard/Sample Captan in QuEChERS performance standards kit (cat.# 31152)
Diluent: Acetonitrile
Conc.: 10 µg/mL
Injection 
Inj. Vol.: 1 µL split (split ratio 10:1)
Liner: Topaz 4.0 mm ID single taper inlet liner w/ wool (cat.# 23447)
Inj. Temp.: 250 °C
Oven
Oven Temp.: 70 °C (hold 1 min) to 320 °C at 35 °C/min (hold 2 min)
Carrier Gas He, constant flow
Flow Rate: 2 mL/min
Detector MS
Mode: Scan
Scan Program: 
   Start Time Scan Range Scan Rate
  Group (min) (amu) (scans/sec)
  1 2.5 35-550 10
  
Transfer Line Temp.: 290 °C
Analyzer Type: Quadrupole
Source Temp.: 325 °C
Electron Energy: 70 eV
Tune Type: PFTBA
Ionization Mode: EI
Instrument Thermo Scientific TSQ 8000 Triple Quadrupole GC-MS
Sample Preparation 10 g of homogenized strawberries were extracted with 10 mL of acetonitrile and QuEChERS EN 

15662 salts (cat.# 25850). After centrifugation, 1 mL of supernatant was added to a 2 mL dSPE vial 
containing magnesium sulfate and PSA (cat.# 26124) for cleanup. The cleaned extract was spiked 
at 10 ppm with a multi-pesticide standard containing captan in a 2 mL short-cap, screw-thread vial 
(cat.# 21143) and capped with a short-cap, screw-vial closure (cat.# 24495).

Notes Injections were performed as sandwich co-injections with 1 µL shikimic acid (1 mg/mL in acetonitrile 
with 1% water) as an analyte protectant (with AP injection) or with acetonitrile as the control 
(without AP injection).
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For a statistical evaluation of the effect of analyte protectant on important peak characteristics, the peak area, symmetry, width, and tailing 
values provided by the TraceFinder 4.1 EFS software were compared in different combinations by t-test. The data sets for the comparisons 
were as follows: 

1. Captan/Solvent—captan spiked alone into solvent. 
2. Captan/Solvent/Samples—captan spiked alone into both solvent and all five sample matrices. 
3. Multi-pesticide/Solvent/Samples—mixed standard containing 40 pesticides, including captan, spiked into both solvent and all five 

sample matrices.
4. All—all data from the above three data sets combined.

Quantitatively, peak width was the only characteristic that was statistically improved (p<0.05) across all four data sets. Results showed that 
the use of shikimic acid as an analyte protectant did result in narrower peaks. Peak area and tailing were also significantly improved, but only 
in the All and Captan/Solvent/Sample data sets. There was no statistical difference for peak symmetry in any data set.

Table I: Evaluation of the Effect of Analyte Protectant on Captan Peak Characteristics (Statistically significant differences 

[p<0.05; 95% confidence level] are shown in bold.)

 Peak Area Symmetry Peak Width Tailing

ALL

Without AP (n=39) average 178137 92.02 1.32 1.34

 SD 42461 5.70 0.06 0.18

 RSD 24% 6% 5% 14%

With AP (n=29) average 216295 93.43 1.24 1.19

 SD 55321 4.59 0.03 0.17

 RSD 26% 5% 3% 14%

 t-test 0.002 0.277 0.000 0.001

MULTIPESTICIDE/SOLVENT/SAMPLES

Without AP (n=9) average 222614 94.13 1.31 1.26

 SD 47642 2.91 0.07 0.15

 RSD 21% 3% 5% 12%

With AP (n=9) average 273640 94.42 1.26 1.16

 SD 44426 4.10 0.03 0.11

 RSD 16% 4% 2% 9%

 t-test 0.032 0.863 0.040 0.130

CAPTAN/SOLVENT/SAMPLES

Without AP (n=30) average 164794 91.38 1.33 1.36

 SD 30630 6.20 0.06 0.19

 RSD 19% 7% 5% 14%

With AP (n=20) average 190490 92.98 1.23 1.20

 SD 37687 4.83 0.03 0.19

 RSD 20% 5% 3% 16%

 t-test 0.016 0.336 0.000 0.004

CAPTAN/SOLVENT

Without AP (n=5) average 195568 90.56 1.35 1.32

 SD 51267 5.69 0.06 0.17

 RSD 26% 6% 5% 13%

With AP (n=5) average 187051 90.32 1.23 1.35

 SD 34072 5.41 0.05 0.21

 RSD 18% 6% 4% 15%

 t-test 0.339 0.335 0.002 0.657
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Experiment 3: Response of 40 Pesticides in Kale and Strawberry
In a final experiment, the effect of shikimic acid analyte protectant on peak area for 40 pesticides was evaluated. For this assessment, multi-
pesticide standard (cat.# 31152) was spiked at 10 ppm into solvent, kale, and strawberry samples, which were analyzed both with and without 
shikimic acid, and the area results were then compared.

In general, the addition of analyte protectants resulted in larger peak areas. When individual pesticides across all solvent and sample injec-
tions were evaluated by t-test, 21 out of 40 analytes had significantly improved areas. When separated by matrix, 14/40 were improved in 
solvent; 1/40 were improved in kale; and 0/40 were improved in strawberry. Overall, the data showed that the analyte protectant could 
increase peak area in solvent, but it did not offer much advantage for pesticides in matrix. Finally, the data sets were also evaluated by 
paired t-test using the averages from the triplicate runs for the whole set of pesticides. In this test, all data sets were found to be significantly 
different. 

Table II: Evaluation of the Effect of Shikimic Acid Analyte Protectant on Average Peak Area for Pesticides in Solvent, Kale, 

and Strawberry (n = 3)

All Solvent

Without AP With AP t-test Without AP With AP t-test

2-Phenylphenol 2.0E+06 2.5E+06 0.007 1.9E+06 2.4E+06 0.048

Acephate 6.5E+05 9.3E+05 0.002 6.6E+05 9.3E+05 0.006

Azinphos-methyl 4.5E+05 7.2E+05 0.004 4.0E+05 6.0E+05 0.055

BHC, gamma- 1.2E+06 1.4E+06 0.179 1.4E+06 1.4E+06 0.567

Bifenthrin 5.3E+06 5.9E+06 0.273 5.2E+06 5.9E+06 0.102

Captan 2.2E+05 2.7E+05 0.032 2.3E+05 2.8E+05 0.063

Carbaryl 5.5E+06 7.3E+06 0.004 5.0E+06 7.4E+06 0.007

Chlorothalonil 7.0E+05 8.7E+05 0.009 7.2E+05 9.2E+05 0.018

Chlorpyrifos 9.9E+05 1.1E+06 0.125 1.0E+06 1.2E+06 0.131

cis-Permethrin 7.5E+05 8.6E+05 0.243 8.0E+05 8.0E+05 0.974

Coumaphos 2.6E+05 3.0E+05 0.202 2.7E+05 2.8E+05 0.919

Cyprodinil 5.1E+05 6.1E+05 0.054 5.0E+05 6.1E+05 0.060

DDT, p,p'- 3.0E+06 3.5E+06 0.068 3.0E+06 3.7E+06 0.044

Deltamethrin 3.7E+05 4.2E+05 0.206 3.5E+05 4.1E+05 0.068

Diazinon 8.9E+05 1.0E+06 0.026 9.1E+05 1.1E+06 0.162

Dichlofluanid 1.8E+06 2.1E+06 0.088 1.8E+06 2.2E+06 0.143

Dichlorvos 1.8E+05 2.0E+05 0.341 1.5E+05 2.1E+05 0.265

Dicofol 1.7E+06 2.4E+06 0.002 1.6E+06 2.5E+06 0.027

Dimethoate 5.1E+05 6.5E+05 0.012 4.6E+05 6.6E+05 0.002

Endosulfan sulfate 4.4E+05 4.9E+05 0.231 4.7E+05 4.9E+05 0.556

Endrin 1.4E+05 1.7E+05 0.046 1.4E+05 1.8E+05 0.044

Fenhexamid 4.7E+05 6.1E+05 0.007 4.3E+05 6.1E+05 0.007

Fenpropathrin 1.8E+05 2.0E+05 0.334 2.0E+05 2.0E+05 0.965

Fenthion 1.7E+06 2.0E+06 0.044 1.7E+06 2.0E+06 0.132

Folpet 7.7E+05 9.9E+05 0.009 7.5E+05 1.0E+06 0.021

Imazalil 1.1E+05 1.5E+05 0.011 1.1E+05 1.4E+05 0.016

Iprodione 9.4E+04 1.2E+05 0.056 8.5E+04 1.2E+05 0.060

Malathion 1.5E+06 1.8E+06 0.013 1.4E+06 1.9E+06 0.025

Metalaxyl 4.4E+05 5.2E+05 0.036 4.5E+05 5.4E+05 0.100

Methamidophos 9.8E+04 1.1E+05 0.738 5.9E+04 4.8E+04 0.858

Methiocarb 1.4E+06 1.7E+06 0.036 1.4E+06 1.7E+06 0.093

Mevinphos 1.5E+06 1.6E+06 0.371 1.5E+06 1.5E+06 0.875

Myclobutanil 6.3E+05 7.7E+05 0.044 6.1E+05 7.6E+05 0.036

Omethoate 9.1E+05 1.3E+06 0.002 7.7E+05 1.3E+06 0.001

Phosalone 1.1E+05 1.4E+05 0.091 1.2E+05 1.3E+05 0.666

Pirimiphos methyl 6.9E+05 7.9E+05 0.099 6.9E+05 8.2E+05 0.069

Propargite 1.4E+05 1.8E+05 0.044 1.3E+05 1.7E+05 0.052

Thiabendazole 5.0E+06 6.5E+06 0.018 4.1E+06 5.5E+06 0.070

trans-Permethrin 8.6E+05 9.2E+05 0.530 9.3E+05 8.8E+05 0.708

Vinclozolin 2.5E+05 3.0E+05 0.025 2.5E+05 3.0E+05 0.075

Total significant 21 14

Paired test p value 0.00010162 0.00034905
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Continued.

Kale Strawberry

Without AP With AP t-test Without AP With AP t-test

2-Phenylphenol 2.0E+06 2.6E+06 0.077 2.2E+06 2.4E+06 0.549

Acephate 6.7E+05 1.0E+06 0.078 6.1E+05 8.2E+05 0.270

Azinphos-methyl 5.0E+05 9.0E+05 0.020 4.5E+05 6.5E+05 0.304

BHC, gamma- 1.1E+06 1.4E+06 0.202 1.2E+06 1.3E+06 0.679

Bifenthrin 5.2E+06 6.1E+06 0.465 5.5E+06 5.6E+06 0.943

Captan 2.1E+05 2.9E+05 0.096 2.3E+05 2.5E+05 0.732

Carbaryl 5.5E+06 7.6E+06 0.083 6.1E+06 7.0E+06 0.556

Chlorothalonil 6.5E+05 8.7E+05 0.097 7.4E+05 8.3E+05 0.571

Chlorpyrifos 9.5E+05 1.1E+06 0.284 1.0E+06 1.1E+06 0.787

cis-Permethrin 7.0E+05 9.3E+05 0.177 7.5E+05 8.4E+05 0.716

Coumaphos 2.6E+05 3.5E+05 0.132 2.6E+05 2.9E+05 0.697

Cyprodinil 4.8E+05 6.0E+05 0.191 5.6E+05 6.1E+05 0.696

DDT, p,p'- 2.9E+06 3.7E+06 0.238 3.1E+06 3.3E+06 0.771

Deltamethrin 3.6E+05 4.4E+05 0.330 3.9E+05 4.1E+05 0.858

Diazinon 8.7E+05 1.0E+06 0.228 8.8E+05 1.0E+06 0.415

Dichlofluanid 1.7E+06 2.0E+06 0.266 1.8E+06 2.0E+06 0.766

Dichlorvos 1.8E+05 1.8E+05 0.944 2.1E+05 2.0E+05 0.952

Dicofol 1.6E+06 2.5E+06 0.053 1.8E+06 2.2E+06 0.502

Dimethoate 5.2E+05 6.9E+05 0.167 5.4E+05 6.0E+05 0.647

Endosulfan sulfate 4.3E+05 5.4E+05 0.204 4.3E+05 4.5E+05 0.888

Endrin 1.4E+05 1.7E+05 0.299 1.4E+05 1.5E+05 0.730

Fenhexamid 4.9E+05 6.6E+05 0.115 4.8E+05 5.5E+05 0.520

Fenpropathrin 1.7E+05 2.1E+05 0.340 1.7E+05 2.0E+05 0.613

Fenthion 1.6E+06 2.1E+06 0.178 1.8E+06 2.0E+06 0.631

Folpet 7.5E+05 1.0E+06 0.119 8.2E+05 9.5E+05 0.543

Imazalil 1.2E+05 1.7E+05 0.066 1.1E+05 1.4E+05 0.472

Iprodione 9.4E+04 1.3E+05 0.180 1.0E+05 1.1E+05 0.867

Malathion 1.4E+06 1.8E+06 0.213 1.5E+06 1.8E+06 0.478

Metalaxyl 4.2E+05 5.1E+05 0.264 4.4E+05 5.1E+05 0.502

Methamidophos 1.3E+05 1.7E+05 0.743 1.1E+05 1.3E+05 0.809

Methiocarb 1.3E+06 1.8E+06 0.208 1.4E+06 1.7E+06 0.535

Mevinphos 1.5E+06 1.8E+06 0.391 1.5E+06 1.6E+06 0.784

Myclobutanil 6.4E+05 8.2E+05 0.219 6.4E+05 7.1E+05 0.661

Omethoate 1.0E+06 1.6E+06 0.057 9.3E+05 1.2E+06 0.341

Phosalone 1.1E+05 1.5E+05 0.106 1.1E+05 1.2E+05 0.601

Pirimiphos methyl 6.6E+05 8.1E+05 0.247 7.1E+05 7.4E+05 0.870

Propargite 1.5E+05 2.0E+05 0.289 1.5E+05 1.8E+05 0.536

Thiabendazole 4.9E+06 6.6E+06 0.087 5.9E+06 7.3E+06 0.287

trans-Permethrin 7.9E+05 9.4E+05 0.463 8.5E+05 9.4E+05 0.722

Vinclozolin 2.4E+05 2.9E+05 0.212 2.6E+05 3.1E+05 0.432

Total significant 1 0

Paired test p value 3.02308E-05 0.000435046

Conclusions
This evaluation of shikimic acid as an analyte protectant demonstrated that it can provide benefits for some pesticides when using solvent 
standards for calibration. Matrix-matched calibration provided better overall results, but the use of shikimic acid can improve some chro-
matographic parameters when matrix-matched calibration is not feasible. 
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Low-Pressure GC (LPGC) Column Kit

• 3x faster multiresidue pesticides analysis in foods.

• Factory-coupled, leak-free kit makes setting up LPGC as simple as a column change.

• Ideal for speeding up GC-MS and GC-MS/MS methods.

• Integrated transfer line helps to reduce background and stabilization time for the analysis 
of pesticides in food.

Catalog No. Product Name Units

11800
LPGC Rtx-5ms, includes 15m 0.53mm 1.00um w/1m 0.53mm ID Integrated 

Transfer Line and 5m 0.18mm ID Hydroguard restrictor connected  
via SilTite Connector

kit

Topaz Single Taper Inlet Liner with Wool

Topaz GC inlet liners feature revolutionary technology and inertness to deliver you the 
next level of True Blue Performance:

• Deactivation—unbelievably low breakdown for accurate and precise low-level GC 
analyses.

• Reproducibility—unbeatable manufacturing controls and QC testing for superior 
reliability across compound classes.

• Productivity—unparalleled cleanliness for maximized GC uptime and lab throughput.

• 100% Satisfaction—if a liner doesn’t perform to your expectations, we will replace it or 
credit your account.

Patented

Catalog No. Product Name Units

23447
Topaz, Single Taper, Splitless Inlet Liner, 4.0 mm x 6.5 x 78.5, for Thermo 

TRACE 1300/1310, 1600/1610 GCs w/SSL inlets, w/Quartz Wool, Premium 
Deactivation

5-pk.
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QuEChERS Performance Standards Kit

Contains 1 mL each of these mixtures. 300 µg/mL each in acetonitrile/acetic acid (99.9:0.1), 1 mL/ampul. Blend equal volumes of all three 
ampuls for a 100 µg/mL �nal solution.

Cat.# 31153: QuEChERS Performance Standard A (16 
components)
Acephate (30560-19-1)
Azinphos methyl (86-50-0)
Chlorpyrifos (2921-88-2)
Coumaphos (56-72-4)
Diazinon (333-41-5)
Dichlofluanid (1085-98-9)
Dichlorvos (DDVP) (62-73-7)
Dimethoate (60-51-5)
Fenthion (55-38-9)
Malathion (121-75-5)
Methamidophos (10265-92-6)
Mevinphos (7786-34-7)
Omethoate (1113-02-6)
Phosalone (2310-17-0)
Pirimiphos methyl (29232-93-7)
Propargite (2312-35-8)

Cat.# 31154: QuEChERS Performance Standard B  
(7 components)
γ-BHC (Lindane) (58-89-9)
Chlorothalonil (1897-45-6)
4,4'-DDT (50-29-3)
Dicofol (Kelthane) (115-32-2)
Endosulfan sulfate (1031-07-8)
Endrin (72-20-8)
2-Phenylphenol (90-43-7)

Cat.# 31155: QuEChERS Performance Standard C (17 
components)
Bifenthrin (82657-04-3)
Captan (133-06-2)
Carbaryl (Sevin) (63-25-2)
Cyprodinil (121552-61-2)
Deltamethrin (52918-63-5)
Fenhexamid (126833-17-8)
Fenpropathrin (39515-41-8)
Folpet (133-07-3)
Imazalil (35554-44-0)
Iprodione (36734-19-7)
Metalaxyl (57837-19-1)
Methiocarb (2032-65-7)
Myclobutanil (88671-89-0)
cis-Permethrin (61949-76-6)
trans-Permethrin (61949-77-7)
Thiabendazole (148-79-8)
Vinclozolin (50471-44-8)

Catalog No. Concentration Solvent Volume Unit

31152 300 µg/mL Acetonitrile/acetic acid (99.9:0.1) 1 mL/ampul kit

Captan Standard

Catalog No. Concentration Solvent Volume Unit

32583 100 µg/mL Acetonitrile 1 mL/ampul ea.
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GC Multiresidue Pesticide Standards Kit

Contains one ampul of each of the following.

Cat.# 32563: GC Multiresidue Pesticide 
Standard #1 (16 components)
Organophosphorus Compounds
100 µg/mL each in toluene, 1 mL/ampul
Azinphos ethyl (2642-71-9)
Azinphos methyl (86-50-0)
Chlorpyrifos (2921-88-2)
Chlorpyrifos methyl (5598-13-0)
Diazinon (333-41-5)
EPN (2104-64-5)
Fenitrothion (122-14-5)
Isazophos (42509-80-8)
Phosalone (2310-17-0)
Phosmet (732-11-6)
Pirimiphos ethyl (23505-41-1)
Pirimiphos methyl (29232-93-7)
Pyraclofos (89784-60-1)
Pyrazophos (13457-18-6)
Pyridaphenthion (119-12-0)
Quinalphos (13593-03-8)

Cat.# 32564: GC Multiresidue Pesticide 
Standard #2 (40 components)
Organochlorine Compounds
100 µg/mL each in toluene, 1 mL/ampul
Aldrin (309-00-2)
α-BHC (319-84-6)
β-BHC (319-85-7)
γ-BHC (Lindane) (58-89-9)
δ-BHC (319-86-8)
Chlorbenside (103-17-3)
cis-Chlordane (5103-71-9)
trans-Chlordane (5103-74-2)
Chlorfenson (Ovex) (80-33-1)
Chloroneb (2675-77-6)
2,4'-DDD (53-19-0)
4,4'-DDD (72-54-8)
2,4'-DDE (3424-82-6)
4,4'-DDE (72-55-9)
2,4'-DDT (789-02-6)
4,4'-DDT (50-29-3)
4,4'-Dichlorobenzophenone (90-98-2)
Dieldrin (60-57-1)
Endosulfan I (959-98-8)
Endosulfan II (33213-65-9)
Endosulfan ether (3369-52-6)
Endosulfan sulfate (1031-07-8)
Endrin (72-20-8)
Endrin aldehyde (7421-93-4)
Endrin ketone (53494-70-5)
Ethylan (Perthane) (72-56-0)
Fenson (80-38-6)
Heptachlor (76-44-8)
Heptachlor epoxide (isomer B) (1024-57-3)
Hexachlorobenzene (118-74-1)
Isodrin (465-73-6)
2,4'-Methoxychlor (30667-99-3)
4,4'-Methoxychlor olefin (2132-70-9)
Mirex (2385-85-5)
cis-Nonachlor (5103-73-1)
trans-Nonachlor (39765-80-5)
Pentachloroanisole (1825-21-4)
Pentachlorobenzene (608-93-5)
Pentachlorothioanisole (1825-19-0)
Tetradifon (116-29-0)

Cat.# 32565: GC Multiresidue Pesticide 
Standard #3 (25 components)
Organonitrogen Compounds
100 µg/mL each in toluene:acetonitrile 
(99:1), 1 mL/ampul
Benfluralin (1861-40-1)
Biphenyl (92-52-4)
Chlorothalonil (1897-45-6)
Dichlofluanid (1085-98-9)
Dichloran (99-30-9)
3,4-Dichloroaniline (95-76-1)
2,6-Dichlorobenzonitrile (Dichlobenil) 
(1194-65-6)
Diphenylamine (122-39-4)
Ethalfluralin (55283-68-6)
Fluchloralin (33245-39-5)
Isopropalin (33820-53-0)
Nitralin (4726-14-1)
Nitrofen (1836-75-5)
Oxyfluorfen (42874-03-3)
Pendimethalin (40487-42-1)
Pentachloroaniline (527-20-8)
Pentachlorobenzonitrile (20925-85-3)
Pentachloronitrobenzene (Quintozene) 
(82-68-8)
Prodiamine (29091-21-2)
Profluralin (26399-36-0)
2,3,5,6-Tetrachloroaniline (3481-20-7)
Tetrachloronitrobenzene (Tecnazene) 
(117-18-0)
THPI (Tetrahydrophthalimide) (1469-48-3)
Tolylfluanid (731-27-1)
Trifluralin (1582-09-8)

Cat.# 32566: GC Multiresidue Pesticide 
Standard #4 (28 components)
Organonitrogen Compounds
100 µg/mL each in toluene, 1 mL/ampul
Acetochlor (34256-82-1)
Alachlor (15972-60-8)
Allidochlor (93-71-0)
Clomazone (Command) (81777-89-1)
Cycloate (1134-23-2)
Diallate (cis & trans) (2303-16-4)
Dimethachlor (50563-36-5)
Diphenamid (957-51-7)
Fenpropathrin (39515-41-8)
Fluquinconazole (136426-54-5)
Flutolanil (66332-96-5)
Linuron (330-55-2)
Metazachlor (67129-08-2)
Methoxychlor (72-43-5)
Metolachlor (51218-45-2)
N-(2,4-Dimethylphenyl)formamide (60397-77-5)
Norflurazon (27314-13-2)
Oxadiazon (19666-30-9)
Pebulate (1114-71-2)
Pretilachlor (51218-49-6)
Prochloraz (67747-09-5)
Propachlor (1918-16-7)
Propanil (709-98-8)
Propisochlor (86763-47-5)
Propyzamide (23950-58-5)
Pyridaben (96489-71-3)
Tebufenpyrad (119168-77-3)
Triallate (2303-17-5)

Cat.# 32567: GC Multiresidue Pesticide 
Standard #5 (34 components)
Organonitrogen Compounds
100 µg/mL each in toluene, 1 mL/ampul
Atrazine (1912-24-9)
Bupirimate (41483-43-6)
Captafol (2425-06-1)
Captan (133-06-2)
Chlorfenapyr (122453-73-0)
Cyprodinil (121552-61-2)
Etofenprox (80844-07-1)
Etridiazole (2593-15-9)
Fenarimol (60168-88-9)
Fipronil (120068-37-3)
Fludioxonil (131341-86-1)
Fluridone (Sonar) (59756-60-4)
Flusilazole (85509-19-9)
Flutriafol (76674-21-0)
Folpet (133-07-3)
Hexazinone (Velpar) (51235-04-2)
Iprodione (36734-19-7)
Lenacil (2164-08-1)
MGK-264 (113-48-4)
Myclobutanil (88671-89-0)
Paclobutrazol (76738-62-0)
Penconazole (66246-88-6)
Procymidone (32809-16-8)
Propargite (2312-35-8)
Pyrimethanil (53112-28-0)
Pyriproxyfen (95737-68-1)
Tebuconazole (107534-96-3)
Terbacil (5902-51-2)
Terbuthylazine (5915-41-3)
Triadimefon (43121-43-3)
Triadimenol (55219-65-3)
Tricyclazole (Beam) (41814-78-2)
Triflumizole (68694-11-1)
Vinclozolin (50471-44-8)

Cat.# 32568: GC Multiresidue Pesticide 
Standard #6 (18 components)
Synthetic Pyrethroid Compounds
100 µg/mL each in toluene, 1 mL/ampul
Acrinathrin (101007-06-1)
Anthraquinone (84-65-1)
Bifenthrin (82657-04-3)
Bioallethrin (584-79-2)
Cyfluthrin (68359-37-5)
lambda-Cyhalothrin (91465-08-6)
Cypermethrin (52315-07-8)
Deltamethrin (52918-63-5)
Fenvalerate (51630-58-1)
Flucythrinate (70124-77-5)
tau-Fluvalinate (102851-06-9)
cis-Permethrin (61949-76-6)
trans-Permethrin (61949-77-7)
Phenothrin (cis & trans) (26002-80-2)
Resmethrin (10453-86-8)
Tefluthrin (79538-32-2)
Tetramethrin (7696-12-0)
Transfluthrin (118712-89-3)

Cat.# 32569: GC Multiresidue Pesticide 
Standard #7 (10 components)
Herbicide Methyl Esters
100 µg/mL each in toluene, 1 mL/ampul

Acequinocyl (57960-19-7)
Bromopropylate (18181-80-1)
Carfentrazone ethyl (128639-02-1)
Chlorobenzilate (510-15-6)
Chlorpropham (101-21-3)
Chlozolinate (84332-86-5)
DCPA methyl ester (Chlorthal-dimethyl) 
(1861-32-1)
Fluazifop-p-butyl (79241-46-6)
Metalaxyl (57837-19-1)
2-Phenylphenol (90-43-7)

Cat.# 32570: GC Multiresidue Pesticide 
Standard #8 (24 components)
Organophosphorus Compounds
100 µg/mL each in toluene, 1 mL/ampul
Bromfenvinfos-methyl (13104-21-7)
Bromfenvinphos (33399-00-7)
Bromophos ethyl (4824-78-6)
Bromophos methyl (2104-96-3)
Carbophenothion (786-19-6)
Chlorfenvinphos (470-90-6)
Chlorthiophos (60238-56-4)
Coumaphos (56-72-4)
Edifenphos (17109-49-8)
Ethion (563-12-2)
Fenamiphos (22224-92-6)
Fenchlorphos (Ronnel) (299-84-3)
Fenthion (55-38-9)
Iodofenphos (18181-70-9)
Leptophos (21609-90-5)
Malathion (121-75-5)
Methacrifos (62610-77-9)
Profenofos (41198-08-7)
Prothiofos (34643-46-4)
Sulfotepp (3689-24-5)
Sulprofos (35400-43-2)
Terbufos (13071-79-9)
Tetrachlorvinphos (22248-79-9)
Tolclofos-methyl (57018-04-9)

Cat.# 32571: GC Multiresidue Pesticide 
Standard #9 (8 components)
Organophosphorus Compounds
100 µg/mL each in toluene, 1 mL/ampul
Disulfoton (298-04-4)
Fonofos (944-22-9)
Methyl parathion (298-00-0)
Mevinphos (7786-34-7)
Parathion (ethyl parathion) (56-38-2)
Phorate (298-02-2)
Piperonyl butoxide (51-03-6)
Triazophos (24017-47-8)

Catalog No. Concentration Solvent Volume Unit

32562 100 µg/mL See description of each standard. 1 mL/ampul kit


