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A P P L I C AT IO N B E N E F I T S 
■■ Enhanced confidence in the profiling of 

impurities using PDA and mass detection. 

■■ Structural similarities between the active 

ingredient and unknown components can  

be identified in a single analysis.

■■ Ease of use with single point control  

data analysis and reporting via  

Empower® 3 Software.

■■ Dual-flow paths that emulate HPLC  

and UHPLC separations aid method 

development and transfer.

IN T RO DU C T IO N

Crop protection products provide solutions that decrease crop damage resulting 

in a food supply that is plentiful and of high quality.1 In the agricultural chemicals 

industry the analytical quality control of pesticide products is very important to 

ensure that a consistent and effective product reaches the customer.2 Detection, 

characterization, and quantitation of the active ingredient/s and all other 

components in the formulation including impurities and degradation products 

are necessary to support product development, quality control, and product 

registration. Liquid chromatography (LC) techniques with photo diode array (PDA) 

detection have been used for the routine analysis of formulation samples.2-4 The 

addition of a mass detector in conjunction with UV detection can increase the 

specificity and selectivity of methods used during analytical testing to provide 

additional information about a sample in a single analysis. 

In this application note, we present the analysis of a commercially available 

pesticide formulation which contained two active ingredients (AI): an insecticide 

AI 1, and tebuconazole, a triazole fungicide, AI 2 (Figure 1). The triazole 

fungicides are a commonly used group of pesticides due to their potent activity 

against a broad spectrum of crop diseases.5 The analysis of the formulation 

employed UV and mass detection and a dual-flow path liquid chromatography 

system capable of emulating HPLC or UHPLC separations.6 The ACQUITY Arc 

System enables existing HPLC methods to be performed, while also allowing the 

choice of transitioning to a UHPLC method that employs sub-3 µm particles for 

higher efficiency chromatographic separations. 

Empower 3 Software was used for data acquisition and analysis, generating 

results which were used to flag impurities greater than specified %Area levels. 

Empower’s Custom Fields allowed extra information to be derived from the 

results as custom calculations which were reported using tailored methods. The 

combined detection capabilities and data analysis provided the initial structural 

characterization of the unknown components.
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AI 1 
m/z 256 

Tebuconazole 
m/z 308 

Figure 1. Structures 
and m/z for AI 1  
and tebuconazole.
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E X P E R IM E N TA L 

Instrumentation and software

All separations were performed on a Waters® ACQUITY Arc 

System equipped with a 2998 Photodiode Array (PDA) and  

an ACQUITY QDa Detector. Empower 3 Software was used  

for data acquisition and processing.

■■ Sample preparation: 1 gram of the commercially available 

pesticide formulation was weighed and 9 mL of 50:50 (v/v)  

acetonitrile/water was added. The resulting mixtures were 

sonicated for 20 minutes and syringe filtered into an 

autosampler vial using a 0.2 µm PVDF filter, in preparation  

for sample analysis. 

LC conditions 
LC system:	 ACQUITY Arc 

Separation mode: 	 Gradient

Column: 	 CORTECS C18+ 

	 3.0 x 100 mm, 2.7 µm

Solvent A:	 Water with 0.1% formic acid

Solvent B: 	 Acetonitrile

Flow rate: 	 0.80 mL/min 

UV conditions
UV detector:	 2998 Photodiode Array (PDA) 

PDA detection:	 210 to 400 nm

Column temp.: 	 50 °C

Injection volume: 	 5 µL

Gradient conditions:	 0 min 20% B, 10 min 80% B,  
11 min 90% B, 12 min 90,  
return to initial conditions.

MS conditions
MS system:	 ACQUITY QDa

Ionization mode:	 ESI+

Capillary voltage:	 0.8 kV

Cone voltage:	 10 V 

Desolvation temp.:	 600 °C

Source temp.:	 150 °C

MS scan range:	 100 to 1000 m/z 

Sampling rate:	 5 Hz

R E SU LT S  A N D D IS C U S S IO N

Impurity reporting threshold

The ACQUITY Arc System employs Arc Multi-flow path™ 

Technology which provides options for selectable dwell volume. 

This offers increased flexibility for chromatographic separations 

and maximizes productivity by accommodating 3.0-µm to 5-µm 

particles for HPLC methods, while also supporting rapid and 

efficient UHPLC separations using 2.5-µm to 2.7-µm particles.6 

Chromatographic separation of the pesticide formulation sample 

was performed in UHPLC mode with a CORTECS C18+ Column  

(3.0 x 100 mm, 2.7-µm solid-core particle technology,  

part no. 186007402). CORTECS 2.7-µm Columns are compatible 

on HPLC and UHPLC instrumentation. These columns have high 

efficiency at HPLC backpressures, resulting in faster analyses  

with better resolution than current methods using 5 µm, fully 

porous particles.7 

Following the analysis of the pesticide formulation and subsequent 

processing with Empower 3 Software, it was noted that there 

were two unknown components that exceeded the reporting 

threshold of 0.1%, which was set in the Empower processing 

method.8 The Empower report (Figure 2) shows the ACQUITY Arc 

UV chromatogram at 220 nm, resulting from the separation of 

the pesticide formulation sample. The two active ingredients have 

been identified and the unknown components have been labeled. 

Beneath the chromatogram, the peak results table displays the 

component name, area, area%, retention time, impurity response, 

and the reporting threshold. The UV and MS data suggested that 

Unknown 1 and Unknown 2 may share common structural features 

with the tebuconazole AI (Figure 3), therefore an Empower 3 

Custom Calculation was employed to calculate the area% of each 

of the impurities relative to the tebuconazole (Figure 2 table).  

The tabulated data with the detected impurities highlighted in  

red makes it easy to interpret which components may require 

further investigation.

UHPLC Analysis of a Pesticide Formulation Using the ACQUITY Arc System with PDA, Mass Detection, and Empower 3 Software
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Pesticide Formulation Analysis 

Auto-Scaled Chromatogram
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Figure 2. Empower Software report showing an ACQUITY Arc UV chromatogram at 220 nm resulting from the separation of the pesticide 
formulation sample. Peak results are shown beneath and impurities exceeding the threshold are highlighted in red. Structures for the known 
AI’s are also displayed in the report.
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Combining chromatographic, UV, and mass detector results in a single place in Empower Software can further ease the burden of data 

interpretation. The Empower Mass Analysis window (Figure 3) provides a single location to associate chromatographic peaks from all of  

the detectors used in the analysis with their corresponding spectra. The UV chromatogram and spectra are displayed, along with the total  

ion chromatogram (TIC) and mass spectra with extracted ion chromatograms (XIC) also shown. The spectra from the detected peaks are  

time aligned and displayed in a window above the chromatograms facilitating rapid data review.
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Mass Analysis window: UV 
and MS spectra along with UV 
and total ion chromatograms 
(TIC) and extracted ion 
chromatograms (XIC) can be 
viewed in a single window.

Interrogation of the data in the Mass Analysis window indicated relationships between Unknown 2 (Peak 3) and the tebuconazole AI (Peak 4).  

The UV spectra have similar absorption maxima while the mass spectra indicate that tebuconazole, with an [M+H]+ corresponding to  

m/z 308 and Unknown 2 share the same m/z. In addition, the isotopic pattern of Unknown 2 is typical of a chlorinated compound  

(see Figure 4) and is identical to that of the AI. In a single analytical injection, Unknown 2 has been identified as having a similar UV 

spectrum and the same m/z and isotopic pattern as tebuconazole. These results suggest that Unknown 2 is likely an isomer of tebuconazole, 

and possibly has related structural composition and chemical properties. In addition, the detection sensitivity is greatly improved for the 

unknown components in the mass chromatogram, especially when the ions corresponding to the peaks of interest have been extracted from 

the TIC. The increased detection sensitivity provided by the ACQUITY QDa enables improved confidence in the assessment of the data.

UHPLC Analysis of a Pesticide Formulation Using the ACQUITY Arc System with PDA, Mass Detection, and Empower 3 Software
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The UV maxima of Unknown 1 (Peak 2) showed close similarities when compared with that of Unknown 2 and tebuconazole which  may 

indicate that the impurity is also related to this AI. The m/z for Unknown 1 is 281 and the isotopic pattern suggests chlorine in the structure 

(Figure 4). An Empower Spectrum Index Plot report summarizing the data is shown in Figure 4.

Pesticide Formulation Analysis 

Spectrum Index Plot
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Figure 4. Empower Spectrum Index Plot report showing the ACQUITY Arc UV chromatogram at 220 nm from the analysis of 
the pesticide formulation, UV spectra of detected peaks are displayed (top), ACQUITY QDa MS scan chromatogram (bottom), 
and MS spectra for the peaks detected in the UV are also displayed. The structures of the two AI’s are shown in the inset.
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CO N C LU S IO NS
■■ The ACQUITY Arc System provides increased flexibility for chromatographic 

separations and maximizes productivity by accommodating 3.0-µm to 5.0-µm 

particles for HPLC methods, while also supporting rapid and efficient UHPLC 

separations using 2.5-µm to 2.7-µm particles.6 

■■ The ACQUITY QDa Detector in combination with the PDA allowed low level 

components to be detected with increased confidence in the pesticide 

formulation. The components were identified as having similar optical and 

structural properties to the triazole fungicide active ingredient present in  

the formulation sample. 

■■ Empower Software’s Mass Analysis window provides a single location to 

associate the chromatograms and spectra from all of the detectors used  

in the analysis. The consolidation of this information into one place makes  

data review and interpretation easy.

■■ The addition of mass detection as a complementary analytical detection 

technique enhances confidence in compound detection and identification.  

With the familiarity of a PDA detector, the ACQUITY QDa Detector provides a 

cost-effective way to make mass detection routine in laboratories that have 

previously relied on less selective detectors. 

■■ Empower 3 has numerous features that facilitate the analysis of data. 

Impurities exceeding a set limit can be automatically flagged. Tailored 

calculations allow relevant information to be derived quickly which greatly 

aids in the identification of components that may need further investigation.

References

1.	 EM Ulrich, CN Morrison, MR Goldsmith, WT Foreman. 
(2012). Chiral Pesticides: Identification, Description and 
Environmental Implications. Reviews of Environmental 
Contamination and Toxicology. Springer US. 217:  
1–74, 2012.

2.	 Quality Control of Pesticide Products. (2009). Prepared by 
the Joint FAO/IAEA Division of Nuclear Techniques in Food 
and Agriculture. [cited January 8th, 2016) http://www-pub.
iaea.org/MTCD/publications/PDF/te_1612_web.pdf

3.	 KV Kumar, NVS Naidu.   Development and validation of 
RP-HPLC method for the analysis of carbofuran and in its 
formulations. Der Pharma Chemica,  5(1): 313–319, 2013.

4.	 L Vodeb, B Petanovska-Ilievska. HPLC-DAD with different 
types of columns for the determination  of  β-Cyfluthrin  
in pesticide formulations. ACTA Chromatographica.  
No. 17, 2006.

5.	 L Toribo, MJ del Noza, JL Bernal, JJ Jimenez, C Alonso. 
Chiral separation of some triazole pesticides by supercritical 
fluid chromatography. J. Chrom. A. 1046: 249–253, 2004.

6.	 Waters brochure: ACQUITY Arc System. Part no. 
720005393en. March 2016. 

7.	 Waters brochure: CORTECS 2.7 µm Columns. Part no. 
720004675en. February, 2015.

8.	 Commission Regulation (EU) No 544/2011. (2011) [cited 
January 7th, 2016] http://eur-lex.europa.eu/LexUriServ/
LexUriServ.do?uri=OJ:L:2011:155:0001:0066:EN:PDF

http://www-pub.iaea.org/MTCD/publications/PDF/te_1612_web.pdf
http://www-pub.iaea.org/MTCD/publications/PDF/te_1612_web.pdf
http://www.waters.com/waters/library.htm?cid=511436&lid=134849363
http://www.waters.com/waters/library.htm?cid=511436&lid=134797285
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2011:155:0001:0066:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2011:155:0001:0066:EN:PDF

