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Abstract 
In Spanish universities, each undergraduate degree has a Final Degree Project (FDP) which is an 
autonomous work of the student carried out during the second semester of the last course. It may 
consist on a bibliography research, an empirical approach or, in the case of experimental degrees, an 
experimental work. The whole project should demonstrate the competences developed during the 
degree. Such work should be carefully written and presented and publicly defended, following the 
specific guidelines of each faculty. 

In the Degree of Chemistry of the University of La Laguna, the FDP is a subject of 15 ECTS credits. 
During the established period of each FDP, the supervisor/s should explain the students the 
characteristics of the project, they should also guide them to ensure its compliance with the objectives 
established and advise them on how to write the work and to defend it publicly. Finally, the 
supervisor/s evaluate part of it. Therefore, it is essential to establish a topic of interest and certain 
activities from which the student can properly and successfully develop such important subject. 

Considering the above-mentioned, in this work, we proposed an interesting and effective FDP that can 
be developed in the Degrees of Chemistry, Pharmacy and Biology. Such FDP is based on the 
application of the QuEChERS (Quick, Easy, Cheap, Effective, Rugged and Safe) method for the 
analysis of pesticide residues in banana samples, using gas chromatography in combination with a 
flame ionization detection for the determination of the target analytes. 

The QuEChERS method constitutes a routine sample treatment method used in many official 
laboratories around the world for the analysis of pesticides in varied matrices as a consequence of the 
enormous advantages derived from its use. Besides, this method has also demonstrated to be very 
effective for the analysis of other families of compounds in a wide variety of complex samples. Bearing 
this in mind, this type of FDPs are of special interest, since they introduce the students to the 
development and application of advanced sample treatment methodologies, validation protocols as 
well as in the management of high-level instrumentation, which will undoubtedly be of great use for 
their professional future, either in the academic field or in the industry. 

Keywords: higher education, QuEChERS, extraction, pesticides, final degree project. 

1 INTRODUCTION 
Nowadays, there are a wide number of pesticides which are used, both during cultivation and in the 
storage and transportation of agricultural products, due to the advantages of their use in terms of 
production. However, for years, the analysis of these compounds has been a subject of special 
relevance due, above all, to the negative effects that their massive and prolonged intake can have on 
health. As a consequence, different organisms have established maximum residue limits (MRLs) for 
certain pesticides in a wide variety of matrices in order to control and protect consumers [1]. 
Therefore, it is necessary to develop sensitive and selective methodologies that allow them to be 
determined at the levels established by legislation, especially in samples of agri-food origin. In this 
sense, since its creation in 2003 by Anastassiades et al. [2], the QuEChERS method (including its 
variants) has become the method most used in laboratories around the world for the extraction of 
pesticides from a wide variety of fruits and vegetables thanks to the extraordinary results what it has 
provided. 

The Final Degree Project (FDP) in Spanish Universities is a subject developed during the second 
semester of the last course of the Degree in which the student has to carry out an autonomous 
theoretical or experimental work with a professional application or innovation. Supervisor/s guide and 
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advice the student during this process, fixing the topic and explaining the FDP details, supervising the 
development of the project and ensuring the compliance of the objectives set. 

In this work, we propose an interesting and effective FDP which, depending on the way of focusing it, 
can be developed in the Degrees of Chemistry, Pharmacy or Biology of any university, based on the 
application of the QuEChERS method to the analysis of organophosphorus pesticides (OPPs) in 
banana samples. 

2 METHODOLOGY 
For developing this FDP, we proposed a project-based learning methodology in which the student 
demonstrates the competences acquired during the Degree. Following this principle, the supervisor/s 
clearly explained the student the objectives of the FDP as well as showed him/her the tools available 
to solve the proposed problem. 

As starting point and trying to introduce the student into the topic, he/she carried out an exhaustive 
literature revision looking for the use of pesticides in banana crops and the negative effects derived 
from their use both on humans’ health and the environment. Then, the student carried out a second 
revision focused on the different methodologies used for pesticides extraction from this type of 
matrices as well as the techniques used for their separation and detection. From the data found during 
these revisions, the student selected the most suitable methodology and applied it to the analysis of 
the selected OPPs in banana samples. 

Thus, 1 kg of bananas were chopped and homogenized for 5 min in a laboratory blender. Then, 10 g 
of homogenized sample were weighted in a 50-mL centrifuge tube and a certain volume of triphenyl 
phosphate (TPP) was added as internal standard (IS). After that, 10 mL of acetonitrile (ACN) were 
added, the tube was capped, and vortex shaken for 1 min. Then, 4 g of MgSO4·H2O and 1 g of NaCl 
were added to the mixture, shaking one more minute in a vortex, introducing the tube for 5 min in an 
ultrasound bath and centrifuging it for 10 min at 2500 rpm. After this step, the supernatant was 
transferred with a Pasteur pipette to other 15-mL centrifuge tube containing 125 mg of primary 
secondary amine (PSA), 750 mg of MgSO4·H2O and 60 mg of graphitized carbon black (GCB). The 
tube was vigorously shaken for 1 min and centrifuged during 10 min at 5000 rpm. Later, the 
supernatant was transferred to a 50-mL Erlenmeyer flask and evaporated to dryness in a rotary 
evaporator at 40 ºC and 180 mbar. Finally, the residue was reconstituted in 1 mL of cyclohexane and 
injected in a gas chromatograph with a flame ionization detector (FID), though other detection systems 
could be used, depending on the instrumentation available. 

Chromatographic separation of the selected OPPs (ethoprophos, diazinon, chlorpyrifos methyl, 
chlorpyrifos and buprofezin) was carried out using nitrogen as carrier gas with a flow of 1 mL/min and 
as make-up gas at a flow of 30 mL/min. Although these pesticides were selected as model analytes 
(since they have been used in banana cultivars), the methodology could be adapted to the analysis of 
another group of pesticides. Air and hydrogen were used as auxiliary gases at 300 and 30 mL/min, 
respectively. Two microliters of sample or standard solution were injected in split/splitless mode at a 
temperature of 280 ºC. Split was initially opened, closed after 0.01 min from injection and opened 
again after 1 min (ration 1:50). During injection, FID temperature was set at 280 ºC. Oven temperature 
program was as follows: column was maintained at 90 ºC for 3 min; then, temperature was increased 
at 220 ºC at 7 ºC/min and maintained for 5 min; finally, temperature was increased again at 300 ºC 
setting a rate of 5 ºC/min and maintained for 1 min. Thus, total time per injection was 43.57 min. 

3 RESULTS 
As previously mentioned, first step and the most important is that the supervisor/s give the student a 
clear explanation of the objectives and characteristics of the FDP, which in this case is the 
development of an analytical methodology for the determination of OPPs in banana samples based on 
the use of the QuEChERS method. To this, a suitable strategy have to be stablished in order to the 
student complete the FDP with success, developing the competences considered in this subject, 
including organization capacity, analysis and synthesis capacity or problem resolution, among others. 

3.1 Literature revision 
Once the student has a clear idea of the objective and characteristics of the FDP, he/she carried out 
an exhaustive revision of the literature looking for pesticides uses and the problems they can have on 
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humans’ health and on the environment, as well as the methodologies previously used for their 
determination in different matrices and especially in banana. This task allows the student to become 
familiar with the topic of the FDP at the same time that introduces him/her into the use of searching 
engines and to the structure of research articles, legislation, etc. 

Due to the intensive study of pesticides in the last decades, a wide number of articles have been 
published on this topic. Trying to facilitate the student the management of such amount of information, 
it was proposed to the student to fill a table with the most relevant data. Table 1 shows an example of 
the content of such table. 

Table 1. Example of table given to the student to compile the most relevant information found in the literature. 

Pesticides Instrumental 
technique 

Sample 
amount 

QuEChERS 
step 1 

QuEChERS 
step 2 

Recovery 
(%), RSD 

(%) 
LODmethod Comments Reference 

         

         

         

         

The table has been carefully structured to assist the student in identifying the most important data of 
the methods already published for the determination of pesticides in banana. This tool results very 
interesting, since it can be easily adapted and applied to other FDPs independently of the topic. 

From the data obtained from the literature revision, the student identified the most extended sample 
preparation approaches based on the QuEChERS method for the analysis of pesticides, as well as the 
most effective technique for the separation and detection of OPPs. 

3.2 Optimization of the chromatographic and detection conditions 
The pesticides under study have enough volatility to be determined by GC without the need of a prior 
derivatization and contain nitrogen and phosphorus atoms in their structure, hence they can also be 
determined by GC using a nitrogen-phosphorus detector, which has a high selectivity and sensitivity (a 
mass spectrometry detector, if available, could also be used). However, due to the non-availability of 
such detection system, a FID was used, which is almost a universal detector, since it responds to the 
presence of compounds containing C and H in its structure. 

Regarding the use of an IS, its use is widely recommended since it allows correcting errors that may 
have occurred during the procedure performed in the laboratory due to losses due to splashing, 
washing, transfer, evaporation, etc. or even to the unrepeatability of the injection. Therefore, and due 
to the advantages of its use, in this work it was considered to use an IS from the beginning. In these 
cases what is really determined is the ratio of areas (Aanalyte/AIS), which remains constant throughout 
the process and corrects the aforementioned errors. 

The student evaluated different temperature gradients and carrier gas flows in order to obtain the best 
separation of the target analytes. Separation quality was assessed by calculating several 
chromatographic parameters, such as retention factor (k’), peak efficiency (N) and resolution between 
peaks (Rs) using the expressions shown in Figure 1. 

                                         

Figure 1. Expressions used for the calculation of chromatographic parameters, where B is the peak before 
peak A. 

Once a suitable separation was achieved, the student evaluated the intra- and inter-day repeatability 
of the injection. For this purpose, standard solutions of the analytes of three different concentrations 
(0.50, 2.50 and 5.00 mg/L) were injected for three consecutive days, five times each (n=5) 
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consecutively. Figure 2 shows an example of a chromatogram obtained under optimal conditions 
during the repeatability study. 

 

Figure 2. GC-FID chromatogram of the selected pesticides obtained at a concentration of 2.5 mg/L. Peak 
dentification: (1) ethoprofos, (2) diazinon, (3) chlorpyrifos methyl, (4) chlorpyrifos, (5) buprofezin and (6) 

TPP (IS). 

Finally, once the instrumental repeatability was demonstrated, then the calibration curves were 
obtained using TPP as IS at a concentration of 2.5 mg/L. For this purpose, eight increasing 
concentration levels of the analytes (cyclohexane was used as solvent) were injected in triplicate 
(n=3). In order to evaluate the calibration curves obtained for each analyte, the student carried out the 
regression analyses to obtain the calibration quality parameters, which are the slopes and intercepts 
with their standards deviations, determination coefficients and standard deviations of the estimate, as 
well as instrumental limits of detection and quantification (calculated as 3 and 10 times the signal-to-
noise ratio). In order to have a better vision of the results, the student filled a table like Table 2. 

Table 2. Example of the table given to the student to compile the calibration quality data obtained from the 
instrumental calibration. 

Pesticides Studied linear 
range (mg/L) 

Regression equation (n=8) Sy/x R2 LOD 
(mg/L) 

LOQ 
(mg/L) b ± sb·t(0.05;6) a ± sa·t(0.05;6) 

        

        

        

b: slope; Sb: standard deviation of the slope; a: intercept; Sa: standard deviation of the intercept; R2: 
determination coefficient; Sy/x: standard deviation of the estimate. 

This step of the FDP was carefully designed to put into practice the knowledge acquired in several 
subjects of the Degree in Chemistry of our University at the same time that students develop 
competences such as analysis capacity and critical thinking. In addition, this step is especially 
important if it is taken into account that in current analytical laboratories the use of chromatographic 
techniques predominates, being crucial to ensure the proper functioning of the equipment to 
guarantee the quality of the final results. 

3.3 Application and modification of the QuEChERS method 
As starting point, the original QuEChERS method was applied. For this, 10 g of previously 
homogenized organic bananas were taken, to which 10 mL of ACN was added. After stirring for one 
min, 4 g of MgSO4·H2O and 1 g of NaCl were added. Next, it was stirred, and the mixture was 
sonicated for 5 min. After centrifugation, the supernatant was transferred to a 15 mL glass tube 
containing 750 mg MgSO4·H2O and 125 mg PSA. After vortexing and centrifuging again, the 
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supernatant was evaporated to dryness and reconstituted in 1 mL of cyclohexane. Using this 
procedure, a blank, a spiked sample (analytes were added before applying the QuEChERS method) 
and a matrix-matched standard were analysed (the analytes were added at the end, just after 
evaporating to dryness). When comparing the chromatograms obtained, it was found that three of the 
pesticides (ethoprofos, diazinon and chlorpyrifos methyl) could be perfectly identified in the samples, 
without any chromatographic interference that would prevent their correct quantification. However, 
chlorpyrifos and buprofezin were clearly on the peaks of two important interferences (it should not be 
forgotten that the use of a FID, though cheap and appropriate for this type of studies may yield to this 
type of problems). Thus, trying to improve the cleanliness of the sample and in order to be able to 
correctly quantify both analytes despite the interference, it was decided to add GCB to the clean-up 
step, which is frequently used to improve the cleanliness of the extracts especially when the samples 
contain a high amount of carotenoids or chlorophyll [3]. However, it should be used with caution, since 
it has a high affinity for flat molecules and can reduce the recovery of certain pesticides [4] although, in 
this particular case, it is not described in the literature that these pesticides are retained by the GCB. 

To study the effect of GCB, 40, 50 and 60 mg were added, since these are the amounts that are 
usually added to matrices with a high chlorophyll content [2], [3]. It was observed how the addition of 
the GCB caused the interferences (which previously made difficult the quantification of chlorpyrifos 
and buprofezin) to decrease sufficiently to allow their correct determination, especially when adding 60 
mg of GCB, hence it was decided to use it in said amounts in subsequent experiments. 

3.4 Matrix-matched calibration and evaluation of the matrix effect 
Once the problem with the interferences was solved, and in order to evaluate the possible effect that 
the matrix of the samples can have on the response of the detector, a calibration was carried out in 
the matrix applying the QuEChERS method to an ecological banana sample and spiking the extracts 
just after their final evaporation. As it was done with the instrumental calibration, the same eight 
increasing concentration levels of the analytes used for instrumental calibration were injected in 
triplicate (n=3), using in all cases TPP as IS (always at a concentration of 2.5 mg/L). In a similar way 
to what was done with the instrumental calibration, calibration quality parameters were obtained, 
observing a good linearity for all the studied analytes. 

Since the determination of pesticides by GC can produce a "variation of the detector response induced 
by the matrix", known as matrix effect, which is defined as the influence of one or more components of 
the sample other than the analyte on the detection or determination of an analytical parameter, 
producing a variation of the sensitivity of the analyte when preparing a calibration in a solvent versus 
one developed in the same sample environment. In order to study in detail the existence or not of 
matrix effect, given that the calibration curves were obtained in pure solvent and in the matrix, such 
effect was calculated using the following equation, as described previously in the bibliography [5]. 

%	Matrix	effect	 =
Matrix − matched	calibration	slope − Instrumental	calibration	slope

Instrumental	calibration	slope · 100 

It was observed a slight signal suppression for chlorpyrifos and buprofezin, hence matrix-matched 
calibration is recommended. 

3.5 Recovery study 
In order to determine the efficiency of the method, a recovery study was carried out at two different 
concentration levels (0.085 mg/kg and 0.25 mg/kg in the samples) that were chosen taking into 
account the linearity range of the method. For this, a blank was analysed, a standard was prepared in 
the matrix (spiking at the end of the QuEChERS procedure) and five samples were spiked (before 
applying the QuEChERS method), injecting, finally, each of them three times (n=3) in the 
chromatographic system. In all cases the IS was added from the beginning so that its final 
concentration was 2.5 mg/L (assuming a 100% recovery). Recovery percentages and relative 
standard deviations (RSDs) were calculated. In this case, considering that an IS was used, recovery 
percentages were calculated using the following equation: 
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Recovery	(%) = 	
(
Peak	areaCDCEFGH
Peak	areaIJ

)JKLMHN	OCPKEH

(
Peak	areaCDCEFGH
Peak	areaIJ

)QCGRLS	OGCDNCRN
· 100 

Finally, the LODs and LOQs of the method were calculated taking into account the absolute recovery 
values, which were around 50% in all cases, and the preconcentration factor, obtaining values in the 
order of low mg/kg. In order to have a better vision of the results, the student filled a table like Table 3. 

Table 3. Example of the table given to the student to compile the recovery values 
 and the LODs and LOQs of the method. 

Pesticides 
Relative recovery (%) RSD (%) 

LODmethod (mg/kg) LOQmethod (mg/kg) 
Level 1 Level 2 Level 1 Level 2 

       

       

       

Figure 3 shows a chromatogram of a spiked sample and a blank after the application of the 
QuEChERS-GC-FID method. 

 
Figure 3. (A): GC-FID chromatogram of a spiked ecological banana sample; (B): GC-FID chromatogram of 

a blank; both obtained after the application of the QuEChERS method optimized according to the 
experimental conditions described in section 2. Identification of peaks: (1) ethoprofos, (2) diazinon, (3) 

chlorpyrifos methyl; (4) chlorpyrifos, (5) buprofezin and (6) TPP. 
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3.6 Analysis of real samples 
Finally, in order to demonstrate the applicability of the previously validated method, a total of six 
banana samples collected in different points of the Canary Islands, specifically four on the island of La 
Palma and two of Tenerife. 

From the analysis of all the samples it was possible to verify that none of them contained the five 
pesticides studied in this work, at the levels of detection of the proposed method. 

3.7 Final results presentation 
Once the methodology was properly optimized and validated, and it was applied to the analysis of real 
samples, the student evaluated all the results obtained and presented them properly in a report which 
must contain at least the following sections: abstract, introduction, objectives, experimental, results 
and discussion, conclusions, references and glossary of terms. Supervisor/s revised and evaluated 
the report and gave the mark, which constituted the 60 % of the final grade. 

Then, the student had to defend his/her work before an examination board, preparing an oral 
presentation which has to summarise all the steps developed during the FDP. The examination board 
only evaluated the oral presentation, which mark constitutes the 40 % of the final grade. 

In both report and oral presentation, the student has to demonstrate that he/she has developed 
abilities such as capacity for analysis and synthesis, capacity for organising and planning, critical 
thinking and creativity, as part of the competences that the student has to develop during de FDP. 

4 CONCLUSIONS 
In this work, it has been presented a very simple and effective methodology for the determination of 
pesticides in banana samples by applying the QuEChERS method, which has been developed and 
carried out as a FDP in the Degree of Chemistry, but which can also be adapted and applied in the 
Degrees of Pharmacy or Biology of any university. 

In this occasion, a project-based learning has been applied as teaching methodology, giving the 
student the opportunity of put into practise the previous knowledge acquired in the Degree and 
applying them to solve a problem raised by the supervisor/s, which is an issue that affects current 
society and is faced in laboratories around the world on a daily basis. Considering the selected 
methodology, the supervisor/s act/s only as a guide during the FDP, providing the student the tools to 
achieve the goals stablished at the beginning. For this, it is a key point to give the student a clear 
explanation of the objectives and characteristics of the FDP. Then, the student should develop a deep 
revision of the literature, which allows him/her to become familiar with the topic and find useful 
information about the most popular methodologies employed for the determination of pesticides in 
bananas. Data obtained from this revision allows the student to select the most suitable instrument 
and extraction techniques. After developing the project, the student has to properly present the results 
obtained in a report and defend his/her work before an examining board. 

From the results observed in this work, project-based learning methodology has demonstrated to allow 
the student to develop the competences contemplated in the teaching guide of the subject, including 
capacity of analysis and synthesis, autonomous work, critical thinking and creativity or capacity for 
analysis and synthesis, among others. 
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