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Abstract

Introduction Experimental section
Avocado (Persea americana) is a native plant of America, and its fruit, characterized by a high-fat
content, is widely consumed as food and even used for industry and medical purposes throughout
the world. With the purpose to ensure the sustainability of this crop and increase its productivity,
both in local and international markets, adequate phytosanitary management and the extensive use
of pesticides are necessary. However, pesticides could be representing a risk for human, animals and
environmental health. In this sense, different mandatory global regulations, such as LMRs, have
been established for their use and application. Due to this, the monitoring of pesticide residues is
required to demonstrate compliance with the regulatory requirements, and then, the products do
not represent a risk for the consumer's health. In this way, the testing laboratories should use
different method validation, assurance, and quality control tools to provide reliability in their results.
One of these tools is the use of Reference Materials (RM), these materials have been defined by ISO
guide 30 as a material, sufficiently homogeneous and stable concerning one or more specified
properties, which has been established to be fit for its intended use in a measurement process.
Furthermore, it should be noted that the availability of MRs in different combinations of food
matrices and analytes is usually limited.

In the production process of the RM, the producers should carry out comprehensive studies,
employing methods with high repeatability to detect any lack of homogeneity. In the same way, the
property value in the whole produced batch need to be ensured, as well as any possible changes due
to storing and transportation. Therefore, this work aimed to evaluate the homogeneity and stability
of a pesticide residues reference material candidate in freeze-dried avocado using a previously
validated measurement method based on QuEChERS extraction and LC-MS/MS.

Results and discussion

Compound p-value R2 

Abamectin 0.01855 0.72432
Acetamiprid 0.49156 0.14525

Alachlor 0.67977 0.05681
Azoxystrobin 0.58426 0.09630

Benalaxyl 0.12140 0.48848
Chlorpyrifos 0.55112 0.11256

Difenoconazole 0.91756 0.00374
Dimethoate 0.52611 0.12573

Dimethomorph 0.22062 0.36266
Flutriafol 0.19711 0.38893

Malathion 0.67305 0.05924
Methamidophos 0.69277 0.05226

Monocrotofos 0.60018 0.08896
Propamocarb 0.01983 0.71872
Spirodiclofen 0.83390 0.01521
Spiromesifen 0.76123 0.03149
Spynosin-A 0.20445 0.38054

Tebucanozole 0.28893 0.29481
Thiacloprid 0.41568 0.19377

Thiamethoxam 0.64943 0.06819
Trifloxystrobin 0.93854 0.00208

Fig 1. Processing trends analysis for selected compounds

Table 1. Linear regression results for processing trends

The inspection of processing trends is important
since if detected, the uncertainty of homogeneity
must be estimated in such a way that it covers the
observed trend, as well as any random between-
unit variation around this trend without applying
mathematical corrections. According to Table 1,
only abamectin and propamocarb showed a
significant processing trend (p<0.05).

On the other hand, Figure 2 shows that most of the
analytes presented uncertainties due to
homogeneity close to or lower than 3%, with
thiamethoxam and difenoconazole showing values
close to 6%. In no case, the uncertainty due to
homogeneity was greater than the target
uncertainty.

According to the results, the candidate for reference material (RM) presented homogeneity and stability
uncertainties lower than the previously established target uncertainty, so it can potentially be used as a tool in
quality assurance of test results or interlaboratory comparison exercises.

Conclusions

Processing trends

p-value = 0.69277 
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Uncertainty estimation

Fig 2. Results for MR´s homogeneity uncertainty

Short-term
stability

study

In general, with the purpose to ensure sustainability and increase the productivity of crops that have high commercialization potential, such as avocado, both in local and international markets, an adequate phytosanitary
management and the extensive use of pesticides are necessary. However, these can represent a risk to human health and the environment, and in this sense their monitoring is critical to ensure compliance with the requirements in terms of maximum pesticide
residues. In this sense, chemical analysis laboratories should have available tools for the validation of their methods, as well as for the assurance and quality control of the results. As an alternative, there is the use of Reference Materials (RM), which must be sufficiently
homogeneous and stable, to be considered suitable for their intended use in a measurement process. However, the offer of these in different combinations of matrices and analytes is limited. Consequently, the objective of this work was to evaluate the homogeneity
and stability of a candidate for pesticide referencematerial in freeze-dried avocado using a previously validatedmeasurementmethod.
Considering the above, a candidate reference material of pesticides in avocado was prepared based according to ISO 17034 standard. To obtain de RM, the avocados were homogenized and spiked with 22 analytes of different chemical groups, after that the later the
material was freeze-dried, sieved and packaged; 50 units were produced with a net content of 25 g. Homogeneity was assessed using a completely randomized block design. On the other hand, the stability was evaluated by means of an isochronous study at 4 °C for 45
days, with -80 °C as the reference temperature. To carry out these evaluations, a method based on QuEChERS extraction and instrumental measurement by LC-MS/MS with gravimetric preparation was validated, in the parameters of selectivity, linearity, repeatability
and bias as recovery at two concentration levels.
Regarding the attributes of the validated measurement method, these were shown to be fit for the intended purpose. With respect to the evaluation of homogeneity, uncertainties due to this between 0.2 % and 3.3 % were obtained for the majority of the evaluated
compounds, except for thiamethoxam whose uncertainty was 6.3 %. Further, only propamocarb and abamectin showed a significant trend (p<0.05) for packaging. On the other hand, in the stability study, with some exceptions, there were no significant regressions for
the kinetics of order 0, 1 and 2 (p<0.05), with uncertainties for stability of 1.0%-9.0%. In conclusion, the candidate for reference material presented uncertainties lower than the previously established target uncertainty, so it can potentially be used as a tool in quality
assurance of test results or in interlaboratory comparison exercises.

Fig 4. Results for combined uncertainty

Fig 3. Results for short-term stability at 4 °C

The stability assessment allows studying
the change in the property of interest in
the MR over time transport, producer
storage, or user storage. Also, to
provide recommendations on correct
storage and, estimate the contribution to
uncertainty. With some exceptions,
there were no significant regressions for
the degradation kinetics of order 0, 1,
and 2 (p<0.05) According to Figure
3, uncertainties for the stability of 1.0
%-9.0 %, were obtained.

Figure 4 shows combined uncertainty for the different analytes in the
RM after homogeneity and stability assessment. For most cases,
combined uncertainty was lower than target uncertainty, even until 10-
fold lower.

p-value = 0.01983 


