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Executive summary

This Ph.D. thesis represents a contribution to enhancing food safety and environmental
sustainability, especially targeting minor crops, for which very little analytical testing is
implemented and for which there is, in general, scarce information on the food safety
aspects. The long-term objective includes the possibility to contribute to the establishment or
improvement of current regulatory frameworks (i.e. under regulatory schemes such as the
CODEX Alimentarius), while providing for the availability of validated analytical methods
together with residue/contaminant baseline data.

The main objective of this work was to further contribute to the establishment and validation
of analytical tools that shall be combined in a fit for purpose way with food control processes
to ensure food safety for the worldwide consumers. Food control systems are conceptual
frameworks within which analytical testing and control processes are interacting with each
other to identify, measure and manage food safety challenges, while maintaining and
adequate level of protection for the consumers and the trade markets. This thesis
contributed to enhancing the important role represented by the analytical laboratory in the
farm to fork chain and further highlighted the need of interaction between the analytical side
of testing and the monitoring / regulatory aspects, in a tandem process, where both sides are
strongly depending on each other, and need to become flexible to adapt to ever changing
food safety conditions.

The thesis work was divided in three main blocks, each looking at different aspects for minor
and other crops, namely analytical method development and validation, quality of the
analytical results, and linkages between analytical testing and monitoring / regulatory
processes.

Chapter 1 of this manuscript is providing a general introduction to food safety aspects. A
fully functional food control system includes both food control processes and analytical food
control tools, which are interrelated. Both are needed to ensure protection for the consumers
and environmental sustainability. The food control processes encompass all those
managerial activities that combined ensure the strategic objectives of a food control system.
The essential pillar of a food control system is the ability to implement “analytical food
controls” that demonstrate safety and quality pre-requisites and compliance to regulatory

requirements.
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The analytical food controls are all necessary tools, actions and activities to implement food
controls at analytical level. They are described in detail in Chapter 1.

Chapter 2 is the collection of five papers that were published in peer reviewed journals
under this thesis work. Each paper is individually focusing on several aspects of the
analytical development work.

Chapter 3 is where the joint analysis of the published work is presented together with the
conceptualization of the work performed under this thesis work.

Optimization studies were implemented to take into account the challenges offered by
analytical testing of minor crops. Available analytical instruments at the laboratories were
optimized in their use to broaden the testing scope to multiresidue, multiclass and
multi-contaminants methods, while optimizing extraction and clean-up processes. Different
calibration strategies were studied to compensate for unavoidable matrix effects. It was
shown that in the case of minor crops each testing laboratory needs to validate the analytes
under its own instrumental setup and conditions, and as much as possible using “multiplex”
methods. Chromatographic instrumentation such as GG-MS/MS and LC-MS/MS provided
the necessary tools to monitor a broad scope of polarities and analytes of pesticides, dyes,
persistent organic pollutants and mycotoxins. Thin Layer Chromatography (TLC) and lon
Mobility Spectrometry (IMS) were also used to optimize sample preparation methodologies
with excellent performance. The main part of the thesis aimed at the development /
validation approaches and data analysis for new testing methods for minor crops such as
plant leaves, herbs and spices. Method validation was fully implemented for each of the
matrices and performance criteria were fully evaluated and described for each of the
developed methods. This thesis work highlighted the importance of analytical validation for
each minor crops, and provided evidence that the concept of validating representative
matrices within commodity groups cannot be applied in the case of minor crops. Individual
full method validation needs to be implemented to be able to provide performance criteria
that cover the variability within each analyte / commodity combination.

To provide an additional confidence level to the generated results and methodologies, and to
address the quality of the results, robustness / ruggedness testing was studied in two very
different commodities: a major and a minor crop. Two different experimental approaches
were used: a design of experiments in potato samples, a staple crop; and an interlaboratory
comparison in turmeric spices, a minor crop. A specific study on the subsampling step, was
also included in this thesis work, as this is essential to provide representativeness and

confidence of the analytical results. Uncertainty estimations, collaborative studies and
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specific ruggedness / robustness tests were shown to be necessary to provide objective
evidence of the goodness and fitness for testing of analytical methods.

In the last part of the thesis the attention was paid to the linkages between analytical testing
and the monitoring / regulatory aspects applied to minor crops, such as vine leaves, boldo
leaves or turmeric powder. This aimed at a verification of the combination of processes and
tools that shall be applied correctly for targeting food safety requirements in a risk-based
environment. It was shown that only the combination of tools and methodologies, including
legislation, may enable a fully functional food safety system. Without a proper regulatory limit
minor crops cannot be shown to comply with trade requirements; at the same time without a
defined value of pesticides residue dissipation in vine leaves, for example, it is hard to set
adequate regulatory limits for vine leaves used in foods, so commonly consumed in the
Middle East and Greece, which has spread throughout the world.

The outcome from this work is a clear demonstration of the new active role of the analytical
laboratory in terms of analytical capacity, developing and optimizing testing and validation
procedures, as well a proactive approach in setting up a scope of analytes focused on
evidence-based risks, while implementing the usage interface for utilization of the data
through networking and data sharing for sustainable development.

Chapter 4 provides a short analysis for the follow up work to this thesis and the final

conclusions.
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Resumen ejecutivo

Este trabajo de tesis representa una contribuciéon para mejorar la inocuidad alimentaria y la
sostenibilidad medioambiental, especialmente dirigida a cultivos menores, para los que se
conocen y realizan muy pocos ensayos analiticos y para los que existe, en general, escasa
informacién sobre los aspectos de inocuidad alimentaria. El objetivo a largo plazo incluye la
posibilidad de contribuir al establecimiento o mejora de los marcos regulatorios actuales (es
decir, bajo esquemas regulatorios como el CODEX Alimentarius), al tiempo que se prevé la
disponibilidad de métodos analiticos validados junto con datos de referencia de residuos /
contaminantes.

El objetivo principal de este trabajo fue contribuir ain mas al establecimiento y validacién de
herramientas analiticas que, combinadas de manera adecuada con los procesos de control
de alimentos, para garantizar la inocuidad alimentaria para los consumidores de todo el
mundo. Los sistemas de control de alimentos son marcos conceptuales dentro de los cuales
las pruebas analiticas y los procesos de control interactian entre si para identificar, medir y
gestionar los desafios de la inocuidad de los alimentos, manteniendo al mismo tiempo un
nivel adecuado de proteccién para los consumidores y los mercados comerciales. Esta tesis
contribuyd a realzar el importante papel que representa el laboratorio analitico en la cadena
de la granja a la mesa y destaca aun mas la necesidad de interaccion entre el lado analitico
y los aspectos de monitoreo / regulacién, en un proceso en tandem, donde ambos
dependen fuertemente entre si, y necesitan ser flexibles para adaptarse a condiciones de
inocuidad alimentaria en constante cambio.

El trabajo de tesis se dividid en tres bloques principales, cada uno de los cuales analiz
diferentes aspectos para cultivos menores y otros cultivos. Los tres grandes capitulos
desarrollados fueron: a saber el desarrollo y la validacion de métodos analiticos, la calidad
de los resultados analiticos y los vinculos entre las pruebas analiticas y los procesos de
seguimiento / reglamentacion.

El Capitulo 1 de este manuscrito presenta una introduccion general a los aspectos de
inocuidad alimentaria. Un sistema de control de alimentos completamente funcional incluye
tanto procesos de control de alimentos como herramientas analiticas de control de
alimentos, que estan interrelacionados. Ambos son necesarios para garantizar la proteccion
de los consumidores y la sostenibilidad del medio ambiente. Los procesos de control de
alimentos abarcan todas aquellas actividades de gestion que, combinadas, garantizan los

objetivos estratégicos de un sistema de control de alimentos. El pilar esencial de un sistema
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de control de alimentos es la capacidad de implementar "controles analiticos " que
demuestren los requisitos previos de seguridad y calidad, asi como el cumplimiento de los
requisitos reglamentarios.

Los controles analiticos de alimentos son todas las herramientas, acciones y actividades
necesarias para implementar dichos parametros a nivel analitico. Se describen en detalle en
el Capitulo 1.

El Capitulo 2 presenta los cinco articulos que fueron publicados en revistas revisadas por
pares bajo este trabajo de tesis. Cada articulo se centra individualmente en varios aspectos
del trabajo de desarrollo analitico.

El Capitulo 3 presenta el andlisis conjunto de los trabajos publicados junto con la
conceptualizacion global de los resultados en este trabajo de tesis.

Se implementaron estudios de optimizacion para tener en cuenta los desafios que ofrecen
las pruebas analiticas de cultivos menores. Los instrumentos analiticos disponibles en los
laboratorios se optimizaron en su uso con el fin de ampliar el alcance de las pruebas a
métodos de residuos multiples, clases multiples y contaminantes multiples, al tiempo que se
optimizan los procesos de extraccion y limpieza.

Se estudiaron diferentes estrategias de calibracién para compensar los inevitables efectos
de la matriz. Se demostré que, en el caso de cultivos menores, cada laboratorio necesita
validar los analitos bajo su propia configuracion y condiciones instrumentales, y en la
medida de lo posible utilizando métodos “multiplex”, donde se estudian contaminantes de
diverso origen. La instrumentacién cromatografica como GC-MS/MS y LC-MS/MS
proporciond las herramientas necesarias para monitorear una amplia gama de polaridades y
analitos de plaguicidas, colorantes, contaminantes organicos persistentes y micotoxinas.
También se utilizd cromatografia de capa fina (TLC) y espectrometria de movilidad idnica
(IMS) para optimizar las metodologias de preparacion de muestras con un rendimiento
excelente.

La parte principal de la tesis tuvo como objetivo los enfoques de desarrollo / validacion y el
analisis de datos para nuevos métodos analiticos para cultivos menores como hojas de
plantas, hierbas y especias. Se validaron los métodos desarrollados, para cada una de las
matrices y se evaluaron y describieron completamente los criterios de desempefio para
cada uno de ellos.

Este trabajo de tesis comprobd la importancia de la validacion analitica para cada cultivo
secundario estudiado y proporciond evidencia de que el concepto de validar matrices
representativas dentro de los grupos de productos no se puede aplicar para estos cultivos.

Es necesario implementar la validacion del método completo individual para poder

Page 11 of 242



proporcionar criterios de rendimiento que cubran la variabilidad dentro de cada combinacién
de analito / producto.

Para proporcionar un nivel de confianza adicional a los resultados y metodologias
generados, y para abordar la calidad de los resultados, se estudiaron las pruebas de
robustez / solidez en dos productos muy diferentes: un cultivo principal y uno secundario. Se
utilizaron dos enfoques experimentales diferentes: un disefio de experimentos en muestras
de papa, un cultivo basico; y una comparacion entre laboratorios en las especias de
curcuma, un cultivo secundario.

También se incluyé en este trabajo de tesis un estudio especifico sobre el paso de
submuestreo, ya que este es fundamental para brindar representatividad y confianza a los
resultados analiticos. Se demostré que las estimaciones de incertidumbre, los estudios
colaborativos y las pruebas especificas de robustez / robustez son necesarias para
proporcionar evidencia objetiva de la bondad y la idoneidad de los métodos analiticos.

En la ultima parte de la tesis se hizo hincapié a los vinculos entre las pruebas analiticas y
los aspectos de seguimiento / regulacion aplicados a cultivos menores, como hojas de Vitis,
hojas de boldo o polvo de curcuma. Esta parte del trabajo tenia como objetivo una
verificacion de la combinacion de procesos y herramientas que deben aplicarse
correctamente para abordar los requisitos de inocuidad alimentaria en un entorno basado en
riesgos. Se demostr6 que solo la combinacibn de metodologias analiticas e
instrumentacion, incluida la legislacion, puede permitir un sistema de inocuidad alimentaria
completamente funcional. Sin un limite reglamentario adecuado, no se puede demostrar que
los cultivos menores cumplen con los requisitos comerciales; al mismo tiempo, sin un valor
definido de disipacion de residuos de plaguicidas, por ejemplo en las hojas de Vitis, es dificil
establecer limites reglamentarios adecuados para este alimento tan comun en la comida del
medio oriente y Grecia, que se ha expandido a todo el mundo.

El resultado de este trabajo es una clara demostracion del nuevo papel activo del laboratorio
analitico en términos de capacidad analitica, desarrollando y optimizando los
procedimientos andlisis y validacion, asi como un enfoque proactivo en el establecimiento
de un alcance de analitos centrado en los riesgos basados en la evidencia, mientras se
implementa la interfaz de uso para la utilizacion de los datos a través de redes y el
intercambio de datos para el desarrollo sostenible.

El Capitulo 4 proporciona un breve andlisis para el trabajo de seguimiento de esta tesis y

las conclusiones finales.
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“We need to find new ways of thinking to deal with the problems caused by the old way of

thinking”. A. Einstein

| feel as being an ant. Contributing to carrying twig after twig, we were able to contribute to
the creation of an anthill that will serve as a new home for the next generation of ants. |
believe in the values of humility, mutual support and cooperation. | really enjoy working as a

team member.
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Chapter 1: Introduction
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1.1. Food safety and food integrity

“All life on the planet depends on food (and water)” [1]. An obvious statement that greatly
summarizes the benefits of healthy foods for the humankind to survive and that is
undoubtedly true. According to the Food and Agriculture Organization (FAQO) of the United
Nations (UN) “food security exists when all people, at all times, have physical and economic
access to sufficient, safe and nutritious food that meets their dietary needs and food
preferences for an active and healthy life” [2]. Food security is a non-negotiable situation
and deals with a primary need of human beings. Access to safe, reliable and nutritious food
supplies is a basic need for all people. Governments have an obligation to ensure this need
is met. Social, ethical, political, economic, scientific and religious aspects should be
analyzed at length to frame food security in the world situation of 2021. A United Nations
report from 2017 predicted that the world population will increase to 9.8 billion people in
2050 from the actual 7.6 billion of today [3]. This will require an increased food production to
support an expanded consumer demand for food and water, which needs to be safe and of
high quality including high nutritional value, especially in emerging economies. A global
political agreement to achieve zero hunger, food security and improved nutrition, and to
promote sustainable agriculture has been published as “Sustainable Development Goals
(SDG)” by the United Nations [4]. No poverty and zero hunger are the first two most
important global challenges the humankind is currently faced with. The SDGs represent the
blueprint to achieve a better and more sustainable future for all. Food safety is an integral
property of food and agrifood products, that must be secured, to reach the goals set in the
SDGs. As such, food safety is a basic human right, and all governments need to ensure
enough and safe food for all. In general, consumers also rely on government to ensure all
food products are sold within a country are as what they claim to be and contain [5]. Since
we need to eat to survive, it would be a sad waste of opportunities to eat “badly”. The food
might be unsafe due to contamination from heavy metals, microbiological agents, chemical
agents, including residues of pesticides and veterinary drugs residues, may contain illegal
dyes or allergens or simply the food is not integer according to the definition of food integrity,
as “the state of being whole, entire, or undiminished or in perfect condition in its nature,
origin, identity, and claims, and to meet expected properties' [6].

Hazards of natural origin are mainly related to the activity and/or presence of
microorganisms, fungi or plant alkaloids. Thus, foods may be contaminated directly by the
presence of pathogens, which could cause an infection to the consumer, or may be indirectly

contaminated by toxins produced by a microorganism, a fungus or a plant. Contamination of
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food with pathogens may imply very serious consequences on health and can occur at any
point of the food production chain due to inadequate hygiene conditions. On the other hand,
the presence of toxin producers, within or near food related products, can be a potential
source of contamination. This is the case, for instance, of cereal products contaminated with
mycotoxins, or other seeds containing dangerous alkaloids such as the Ergot alkaloids, or
for instance shellfish contaminated with microalgal toxins that are bioaccumulated in those
filter-feeding animals [7].

The World Health Organization's (WHO) report on “Estimates of the Global Burden of
Foodborne Diseases” estimated that in Africa such food safety hazards were responsible for
approximately 137,000 deaths and about 91 million cases of acute foodborne illnesses on an
annual basis, while on a worldwide and yearly basis unsafe food causes 600 million cases of
foodborne diseases and 420 000 deaths [8].

Hazards of chemical origin are well defined, for example in the European Union (EU)
legislation. According to the EU regulations, chemical hazards are grouped into regulated
food ingredients (food additives, food enzymes, food flavourings, nutrient sources including
food supplements and botanicals), food chain residues (feed additives, veterinary medicines,
pesticides), contaminants (environmental pollutants, natural contaminants, process
contaminants) and food contact materials [9].

Food integrity is the term commonly used to indicate the sum of all the essential
characteristics of food and includes the definitions of food security, safety, quality and
authenticity aspects. Food Integrity is defined as “the state of being whole, entire, or
undiminished or in perfect condition” [6]. Food safety is a fundamental condition to ensure
food integrity.

According to FAO food safety refers to all those hazards, whether chronic or acute, that may
render food injurious to the health of the consumer [10]. Ensuring that foods are safe must
be a priority for any producer, manufacturer, retailer, user and public authority in any country.
Consumers are also responsible to ensure that the food they buy and prepare is kept safe.
In other words, food safety implies a shared responsibility among all the actors in the food
safety chain and a central role played by the analytical laboratory to ensure and carry out
analytical testing at different chain points. While food safety is the basis for any food to be
traded, distributed, consumed and manufactured, food integrity adds up additional features
of quality and authenticity. From this point of view, food integrity implies a coverage of the
broadest range of regulatory requirements that can be setup along any type of food product

and its handling, distribution and use.
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Examples of standard setting bodies are the Codex Alimentarius Commission of the FAO
and World Health Organization (WHO) of the UN.

The Codex Alimentarius Commission currently comprises 188 Member Countries and 1
Member Organization (EU) and 229 Observers of which 57 are intergovernmental
organizations, 156 non-governmental organizations and 16 United Nations agencies. The
Codex Alimentarius, generally abbreviated to Codex, is a “food code”, a collection of
standards, guidelines and codes of practice that governments may opt to use to ensure food
safety, quality and fair trade [11]. According to Codex, when the standards are followed,
consumers can trust the safety and quality of the products they buy, and importers can trust
that the food they trade will meet the specifications. This last generic sentence needs to be
considered in detail and implies a large range of responsibilities in the farm to fork chain
along with many essential and coordinated activities to be implemented to effectively ensure
food safety and food integrity.

Another example of a regulatory initiative is the European’s Union (EU) food safety model
[12], which is considered a point of reference around the world and, according to the World
Health Organization (WHO), “European citizens enjoy one of the highest levels of assurance
on the safety of their food in the world” [13]. The strength of the EU food safety model is
based on:

e its governance structure, with the division of responsibilities between EU
decentralised agencies and the EU Commission, charged mainly with risk
management and risk communication tasks, which are separate from risk
assessment;

e its goal to assess the safety of chemicals before they are used in the food chain and
placed in the market;

e and it's clear allocation of responsibilities between the private sector and public
control authorities. In addition, the EU requires non-EU countries to comply with EU
standards in order to guarantee that food imported to the EU fulfils the same high
standards of safety.

In the EU food integrity is seen as a very strong driving force to ensure a healthy economy
for all countries, due to the fact that providing assurance to consumers and other
stakeholders about the safety, authenticity and quality of food (integrity) adds value to the
agri-food economy [14].

Not only trade and consumers’ safety are important, but also the safety of the environment,
where people live and where food is produced, is essential. An integrated approach to food

safety and integrity includes ensuring the sustainability of the agricultural areas and
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catchments where food is produced and manipulated. Also, a “healthy and pristine”
environment ensures a safe food production and a sustainable farm-to-fork system [15].
Food safety implies that processes and tools are in place to ensure that untargeted and / or
targeted controls are effective and implemented, while correctly assigning responsibilities
along the food chain and facilitating a fully functional food control system [16].

The ultimate goal of food safety is to assure/ensure consumers about the safety and quality
of the food supply and to promote and facilitate trade both domestically and externally [17].
Internal food trade would benefit the countries due to value addition to products, from
protection of careful and scrupulous producers and processors against unlawful competitors,
and from the development of trusted food industry and transparent trade actions. External
food trade would be facilitated due to better international market access, to foreign exchange
earnings and avoidance of dumping of inferior quality products [18].

In addition to being an issue for public health, the presence of dangerous substances also
provokes undesirable economic effects, because it can limit or reduce the marketing and
trade of food products in national or international markets. Therefore, the control of residues
and contaminants is one of the most important problems in food safety, and public and
private organizations have made huge efforts in order to minimize this risk [19]. Although
Good Agricultural Practices (GAPs) [20], Good Manufacturing Practices (GMPs) [21] and
Hazard Analysis and Critical Control Point (HACCP) [22] systems are useful tools to prevent,
mitigate or control food contamination, the total elimination of contaminants or residues in
the food supply is statistically impossible. Therefore, keeping harmful chemical residues and
contaminants below certain risk levels could be scientifically reasonable as well as it should

be considered a social responsibility [23].

1.2. Food control systems

While acknowledging the broad range of food safety and integrity issues, the focus of this
thesis will strictly consider hazards of chemical origin, including residues from pesticides,
veterinary drugs, mycotoxins, dyes, persistent organic pollutants and other organic
contaminants, in relation to food safety. Therefore, biological, inorganic contaminants and
other food safety hazards will not be discussed in the rest of this dissertation.

Food systems in developing countries are not always as well organised and structured as in
the most industrialised countries. Current challenges relate to a growing population,

increased urbanisation, lack of resources to deal with pre- and post- harvest losses in food,
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emerging and increasing environmental contamination and, in some countries, challenging
food hygiene conditions. All these aspects may adversely affect the quality and the safety of
food supplies [24]. Government response should be in terms of establishing proper food
control systems that include all necessary components to assure the quality and safety of
food. Since every country has a specific challenge with regards to current or emerging food
safety and quality issues, a national strategy to enhance the food control system requires a
specific knowledge of the current situation in the context of the national targets [25].
However, while each country will have a specific combination of elements and priorities,
most food control systems will typically comprise the components as shown in Text box 1
[26].

Food Law and

Regulations

Text box 1: Typical elements of a food control system

Robust food control systems are essential to adequately support the application of food
safety and/or sanitary and phytosanitary (SPS) measures [27] at national, regional and
continental levels [28]. Food safety competent authorities must be capable of cooperating
and coordinating efforts with each other according to guidance outlined in the Codex
Alimentarius Commission's Principles and Guidelines on National Food Control Systems
(CAC/GL 82-2013) [29].

Generic guidelines on assessing the status of national food control systems are available by
the Food and Agriculture Organization (FAO) [30] and are a useful reference to deepen the
understanding of the possible structures of national food control systems and their efficacy

on a worldwide basis.
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A recent study commissioned by the EFSA indicated that, when asked about a restricted
number of issues in relation to food, EU citizens perceived the use of pesticides, antibiotics
and additives in food production as the issue that worries them the most and that 86 % of
respondents were very or fairly worried about the use of such substances in food production

(see Figure 1) [31].
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Figure 1: Perceptions of risk associated with different food safety and food fraud challenges

by European consumers (extracted from [31])

An intrinsic function of food control systems is to constantly maintain an appropriate degree
of security for consumers, and this is the basic challenge that every national government is
challenged with.

A fully functional food control system includes both food control processes and analytical
food control tools [26]. Food control processes and analytical tools are interrelated. Without
any of those components, food safety cannot be ensured. Both are needed to ensure

protection for the consumers and environmental sustainability.
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Text box 2: The framework within which food control processes and tools operate

In order to manage current and emerging challenges, it is important for a food control system
to be based on evidence and science, incorporate risk analysis principles and keep abreast
of new scientific developments and innovations to continuously improve the effectiveness
and efficiency of the food control activities both for the processes and the tools. Therefore,
the framework, depicted in Text box 2 as a blue frame, within which a food control system
operates is of paramount importance and can have serious impacts on the effectiveness of

the control processes and tools.

1.3. The processes to ensure food safety

The food control processes encompass all those managerial activities that combined ensure

the strategic objectives of a food control system.

The food control processes include, but are not limited to:
e The regulatory processes
e Roles and responsibilities of food safety stakeholders
e Food safety management (strategic thinking and resource allocation)
o0 monitoring and surveillance programs
o risk assessments

o0 modelling approaches
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1.3.1.

Food safety communication

Capacity building for human resources

The regulatory processes: food safety standards and guidelines

Food legislation and regulations should meet the following requirements [32]:

Offer a high level of sanitary protection.

Include clear definitions to achieve greater coherence and legal certainty.

Be based on risk analysis through independent, transparent and quality scientific
advice for evaluation, conduct inclusive, transparent and systematic risk
management and communication. The Codex Alimentarius standards for risk
management are based on solid scientific evidence, these can be used as a
reference by countries.

Include provisions regarding the right of consumers to have access to accurate and
sufficient information.

Allow tracing of food products and their recall in case of problems.

Contain clear provisions stating that the primary responsibility for food safety and
quality lies with the producers and processors.

Collect the obligation to guarantee that only safe and properly presented food is
placed on the market.

Also recognize the country's international obligations, particularly in relation to trade.
Guarantee transparency in the development of food legislation and access to
information.

Have established mechanisms and procedures that allow their modification in an

easy and timely manner.

Food legislation is paramount to define official food control activities. A proper regulatory

framework gives credibility and has a positive impact on the effectiveness of all food control

activities [33]. In many countries, food regulations are shared by different ministries, i.e. the

ministry of health and the ministry of agriculture. It is fundamental that full cooperation exists

among these ministries in the way food regulations are interpreted and applied [34].

In addition to generic laws and regulations, governments need updated food standards, that

are applicable to the multiple food products within a country. In recent years the tendency

has been to move to horizontal standards that address the broad challenges involved in
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achieving food safety objectives rather than addressing each food commodity specifically
and with a highly prescriptive piece of legislation [35]. While horizontal standards are a
viable approach to delivering food safety goals, they require a farm to fork food chain that is
highly controlled (the processes) and managed by the support of reliable and quality data on
food safety (the tools), including the provision of food safety risk. Such systems may not be
easily implemented in many developing countries.

Examples of standards and guidelines for food safety are given by Codex Alimentarius
Commission [36], the European Commission (EU) [37], the United States Environmental
Protection Agency (US EPA) [38], the Mercosur [39], Japan [40], Canada [41], among
others.

The EU has adopted numerous pieces of legislation, including directives, regulations,
decisions and agreements, for each specific area (food additives, flavourings, feed additives,
pesticides, etc.). Overall, this legal framework regulates around 8, 000 chemical substances
[42]. Although this enormous regulatory framework, taken as a model in many countries
worldwide, there is still a lack of regulation for some food commodity-residue/contaminant
combinations [43]. In this situation, a “zero tolerance” policy is applied in the EU. In such
cases, the verification of regulatory compliance becomes a more complex question and,
therefore, more difficult to answer.

In the case of the pesticide residues regulations in the EU, when a pesticide Maximum
Residue Limit (MRL) is not available for a particular commodity, from an analytical point of
view, the regulatory limit is set at the limit of determination for that pesticide using the
available infrastructure at the laboratory. In practice the EU zero tolerance level is set at 0.01
mg/kg.

The MRL is defined as the acceptable concentration of a substance found in foods that are
consumed by humans for long periods of time and should not constitute any health risk when
the chemical is applied following good agricultural practices (GAPs). This level is known as a
tolerance in the USA and as maximum residue limits (MRLs) in the EU and other countries.
In the case of pesticide residues regulations in the USA, as to the absence of a tolerance
value, the Food and Drug administration (FDA) may establish an “action level” for such
unavoidable pesticide chemical residues. An action level is a recommended level of a
contaminant not to be exceeded. An action level is not legally binding and FDA may take
enforcement action on a case-by-case basis whether a contaminant is below, at, or above an
action level [44].

MRLs are still widely inappropriately perceived only as levels of safety concern. Violative

residues are rarely of health significance as acute events. Safety factors of 100 to 1000 are
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included to set the MRL well below the toxicological threshold, called
no-observed-adverse-effect-level (NOAEL) and acceptable daily intake (ADI) of the

substances (see Figure 2).
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Figure 2: Simplified scheme showing the safety margins and the toxicological endpoints for
MRL setting (adapted from Grossgut, AGES)

Pesticides are applied to the crops following GAPs to control pests and plagues; the
residues that may be left behind do not impose an unacceptable risk for consumers.

In the United States, the Food and Drug Administration (FDA) [45] is responsible for the
safety and security of food supply, dietary supplements, etc., while the Environmental
Protection Agency (EPA) [46] regulates pesticide applications used by growers to protect
crops.

In Canada, Health Canada's Food Directorate [47] is the federal health authority responsible
for establishing policies, setting standards, and providing advice and information on the
safety and nutritional value of foods available for sale. An important part of the Food
Directorate's mission is to ensure that human exposure to chemical contaminants and
residues in food, whether from natural or man-made sources is kept to a minimum and that it

is not detrimental to Canadians' health [48].
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Under the Agreement on the Application of Sanitary and Phytosanitary Measures (the ‘SPS
agreement’ [49] members of the World Trade Organization (WTO) consider to develop their
health standards on risk-based criteria. Under WTO rules, importing countries cannot use a
simple hazard-based criterion alone as a basis for excluding potential imports. Article 5 of
the SPS agreement rather requires countries to implement a complete risk assessment
study and demonstrate a significant risk. The Codex is part of a committee on sanitary and
phytosanitary measures, established to provide a regular forum for consultations for
members of the WTO [16]. However, in the EU legal framework two types of criteria are
existing: risk based (in most cases) and hazard-based ‘cut-off’ criteria, specifically in the
legislation governing the marketing and use of pesticides. Risk based criteria mean that a
specific substance has to go through the entire risk assessment process to determine its
safety limits; while hazard-based criteria bans certain substances purely on the basis that it
considers them potentially hazardous (e.g. carcinogenic), without the need for a full risk
assessment [50].

The WTO helps ensuring that adherence to food safety regulations ultimately results in
equivalence of food safety systems to protect all consumers worldwide. This is particularly
true when dealing with food trade, and the assurance of the highest protection for the
consumers. To this end, private standards, such as global GAP, were born as a mean to
compensate where there was a lack in the standards and to resolve complicated trade
situations [51].

The topic of pesticide residues in foods still represents a controversial and complicated issue
of interest to consumers, food producers and processors, regulators, legislators, and
scientists throughout the world [52]. Consumer concerns regarding pesticide residues has

led, in part, to the steady growth of the organic food industry [53].

1.3.2. Roles and responsibilities of food safety stakeholders

Food may be exposed to chemical residues and contaminants via several pathways,
including agricultural practices, industrial processes, inappropriate storage, environmental
contamination, wrong doings by consumers and natural toxins. Chemical hazards may occur
at any point in the farm-to fork food chain. Therefore, the responsibilities to ensure food
safety shall be shared among all stakeholders in the farm-to-fork chain. The EU has set this
principle at the base of its food law. According to EU food law, responsibility for ensuring

compliance with legislation — and in particular the safety of food — lies primarily with food (or
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feed) business operators [54]. World consumers have the right to healthy and safe food and
are also responsible for certain aspects related to food safety, such as observing good
hygiene practices during handling and storing food properly according to the manufacturer's
recommendations listed on the labels. National authorities are responsible for protecting
public health by reducing the risks of contracting foodborne iliness and for educating and
informing consumers and the food industry on all aspects of food safety. Ultimately,
responsibility for food safety stays with producers, processors, retailers, and those
responsible for preparing or serving food. Although every individual or every company has
the right to produce, elaborate, prepare, serve, import or export food, this right carries with it
an inseparable obligation to ensure that it is healthy and safe food, and that said individuals
or companies comply with all legislation in force, even with the rules that protect consumers
from possible fraud. Producers and processors, as well as retailers and food preparers, are
part of the chain and their work is essential to fulfil their role within effective food control
systems and, in turn, have the capacity to use them in their work. As well as a legal
obligation, private food business operators have a strong branding reputation and economic
interest in ensuring that the food they sell is safe. Private businesses involved in the food
chain have primary responsibility for food safety and frequently have assurance systems that
extend to the point of supply and comply also to private regulatory schemes that are stricter

than official regulations. An example of this type of private scheme is the Global GAP [55].

1.3.3. Food safety management

Another important process for food control is food management. This implies issuing rules
and regulations that quickly address food safety challenges and emerging issues. Core
responsibilities include establishing regulatory measures, monitoring system operation,
promoting constant improvements, and general advice on policy formulation.

In the EU, for example, the European Commission (EC) is the responsible body for food
safety management [56]. Its work is based on scientific opinions provided by the European
Food Safety Authority (EFSA) [57], which is an independent body responsible for conducting
scientific risk assessments for food safety according to the EU General Food Law [58].

In the EU, the DG Health and Food Safety carries out audits, inspections and related
non-audit activities aimed at ensuring that EU legislation on food and feed safety, is properly
implemented and enforced [59]. As part of food safety management is the possibility to apply

decision rules, for example when an infringement is detected during official inspections. The
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“precautionary principle” is another example of a food safety risk management tool available
to decision makers [60]. It provides a basis for action when science is unable to give a clear
answer. In the EU it allows the risk manager to take provisional measures while waiting for
further scientific information needed in order to conduct a comprehensive risk assessment.

Additional enforcement measures taken to ensure that unsafe food does not make it onto the
market include destroying a particular product or withdrawing it from the market, suspending
or shutting an activity down. In general, it is recommended that governments lay down their
own rules on sanctions, which should be effective, proportionate and dissuasive [9]. If
laboratory tests show that a sample exceeds a limit set in the legal regulations, governments
may follow up the infringement and carry out a safety assessment and, in the meantime,
may apply a warning or an increased check. Where the safety assessment shows a risk to
health, governments may apply fines [61]. It is essential to indicate in the regulatory
framework what are the rules and the possible sanctions, to discourage fraudulent operators

from committing or perpetrating “food crimes” and food frauds [62].

1.3.4. Monitoring and surveillance programs

Food control systems aim to protect the health of the population and to promote trade. They
require at a minimum a risk-based monitoring program that is appropriate and properly
designed for the purpose of monitoring food safety and quality.

The activities involved in a system that provides knowledge about the current situation and
trends regarding the appearance and spread of pathogenic microorganisms and chemical
and natural contaminants in the food production chain are grouped under the terms
"surveillance" and "monitoring." Monitoring can be defined as: "the performance and analysis
of routine measurements, aimed at detecting the presence or absence of hazards or
contaminants in food for the implementation of immediate corrective actions. While
surveillance can be defined as "the continuous systematic collection, collation, analysis and
interpretation of data, followed by the dissemination of information to all those involved so
that targeted actions can be taken" [63].

Effective monitoring /testing schemes depend on the co-existence of sound sampling plans,
valid analytical methods and regulatory limits at a minimum [64]. For example, in the EU the
Official Food and Feed Controls Regulation (EC) No 882/2004 forms the basis for the testing
carried out in the EU. The regulation aims at an integrated and uniform approach to official

controls along the agri-food chain on legal provisions for the frequency and nature of checks.

Page 27 of 242



It provides the framework for competent authorities to verify compliance with food and feed
law and to prevent, eliminate and reduce to acceptable levels risks to human beings and
animals [65]. In the EU, Member States are not obliged to test for all regulated substances,
but they are obliged to make sure that their monitoring plans are designed based on risk,
which may lead to a different depth and frequencies of controls for different groups of
substances. The principle of -proportion for sampling purpose- highlights that only mostly
consumed foods are subject to heavy routine monitoring. The minor commaodities or crops
are left out and the MRLs set at 0.01 mg/kg level.

The approach of the Codex Alimentarius Commission is different from the EU. No default
MRL limit is set by the Codex.

Codex MRLs are established only where there is supporting evidence concerning the safety
to humans of the resulting residues as determined by the Joint FAO/WHO Meeting on
Pesticide Residues and this means that Codex Maximum Residue Limits represent residue
levels which are toxicologically acceptable [66].

For the purpose of monitoring residues/contaminants, there is a classification into major and
minor crops. Minor crops are those for which the daily dietary intake contribution < 1.5 g (i.e.
1.5 g mean daily consumption over the population for a 60 kg person) and/or the cultivation
area < 600 ha (less than 0.0035 % of the total cultivation area) [67].

The monitoring programmes also apply to imported products. The EU checks on imports aim
at ensuring that imports are compliant with EU legislation in the same way that food
produced in the EU are. The underlying principle is that all food products on EU markets
must be safe, irrespective of their origin. In general, the EU control system for higher-risk
imports requires stricter conditions for the entry into the EU and therefore a higher level of
controls than lower-risk imports. The EU’s approach considers that food of animal origin
involves a higher degree of risk than food of non-animal origin [68]. Food of non-animal
origin posing a known or emerging risk are also subject to increased controls. This applies
for mycotoxins, pesticide residues and food additives.

The measures taken by Member States, i.e. to reject the consignment and invoice laboratory
costs and storage fees, are not "cost-free" and act as a deterrent or de facto penalty. They
can also have potential contractual implications between the operators concerned [9].

The fundamental principle of monitoring and surveillance is that it must be designed and
implemented to provide valid (true) information that can be evaluated and analyzed by
decision makers in a timely manner at the lowest possible cost and thus ensure public
health.
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Food safety surveillance is a system that collects data on all types of contaminants in food.
This has to be conducted in a structured and planned manner in order to understand the
entire known spectrum of food safety and detect information on new hazards, identify
hazards in a timely manner and provide relevant information for food safety monitoring, risk
assessment. and standard setting [69].

Monitoring is based on a sound sampling plan performed by trained sampling inspectors
[70]. Sampling is an event performed outside the laboratory; however, it is fully integrated
into the analytical process. An example of a transversal guideline for sampling is the Codex
General Guidelines on Sampling [71]. Inevitably, food sampling is firmly regulated as it
assures that the analytical result is representative for the tested commodity. The sampling
plan should describe the sampling procedures necessary to obtain representative samples
for collection from animals / crops / food products or from the food production environment,
at a specific point in the food chain. Clear definitions shall be provided to define the
“laboratory sample” and practical instructions shall be given on how to obtain a
representative laboratory sample [72]. The ISO/IEC 17025:2017 standard contains some

provisions for the accreditation of the sampling step [73].

1.3.5. Food safety communication and capacity building

An increasingly important role for food control systems is the delivery of information,
education and advice to stakeholders of the farm-to-fork chain. These activities include the
provision of balanced factual information to consumers (risk communication); the provision of
information packages and educational programmes for key officials and workers in the food
industry; development of train-the-trainers’ programmes; and provision of reference literature
to extension workers in the agriculture and health sectors [16].

Risk communication is defined as the exchange of information and opinions concerning risk
and risk-related factors among risk assessors, risk managers, consumers and other
interested parties [74]. Risk communication is an essential part of the risk analysis process.
The main goal of food safety risk communication is to increase understanding among
various food safety stakeholders regarding the rationale behind the decisions taken to
assess hazards and manage food safety risks, and to help people to make more informed
judgements about the food safety hazards and risks they face in their lives [75].

The Rapid Alert System for Food and Feed (RASFF) is an example of an EU communication

tool, [76] to quickly exchange information between national authorities on health risks related
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to food and feed. The RASFF is widely used as a source of information for planning

laboratory tests as it provides important information on risks.

1.4. The analytical tools to ensure food safety

The essential pillar of a food control system is the ability to implement “analytical food
controls” that demonstrate safety and quality pre-requisites and compliance to regulatory
requirements.
The analytical food controls, also called food control analytical tools, or simply analytical
tools, are all necessary tools, actions and activities to implement food controls at analytical
level [70].
The food control analytical tools include, but are not limited to:

e The analytical infrastructure

e The analytical method

e The analytical data

e The analytical quality requirement

Those components are interrelated, see Text box 3. Without any of the components, food

controls cannot be ensured, implemented and used to guarantee food safety.

Analytical Analytical
infrastructure method
i - >
Analytical
quality Analytical data
requirements

Text box 3: Food control tools, summary of the main requirements
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1.4.1. The analytical infrastructure

The analytical laboratory plays a fundamental role in the national/regional food control
system. Representative testing is fundamental to ensure that food safety is always
maintained and ensured by all stakeholders along the farm to fork chain. In a utopic food
control system, preventative approaches would suffice to maintain confidence in the food
safety chain, however the food safety scandals of the last years ([77], [78], [79]), are a proof
that end control testing is necessary and needs to be even stricter and smarter. The “fight”
against “food fraud” is paved by a series of international R&D programs and alliances such
as the food integrity project [80], the global food safety initiative [81], the IAEA coordinated
research programme [82], among many others. However due to the complexity of the food
system, such programs are far away from covering the whole possible food safety and fraud
scenarios. The assurance of food safety is paramount to maintain public health, and
governments need to implement the best possible strategies to maintain consumers in the
food they eat.

To date it is difficult to provide a standardized guidance on the setup for the best analytical
strategy.

Ideally the analytical laboratory should be included in a functional network of
national/regional/interregional laboratories of acknowledged competence (i.e .official control
laboratories or designated laboratory), either public or private, that interact and communicate
with each other, sharing analytical capacities, infrastructure when possible, experiences,
data and provide testing to ensure access to the safest foods from the domestic and
international traded products. The Red Analitica de Laboratorios de America Latina y el
Caribe (RALACA) is an example of such an analytical network of laboratories [83].

The scope of food safety testing can be so wide, and it requires broad imagination by food
managers to be able to cover all possible natural and anthropogenic emerging challenges.

A first classification of food safety infrastructure is whether the scope of testing is targeted or
untargeted and this brings the linkages to the food safety processes aspects. De facto “to be
able to manage it is essential to measure”.

Progress of the analytical technology have made it possible to extend the scope of testing to
untargeted testing. The targeted approach consists in confirming the presence of a specific
target list of residues/contaminants, while the untargeted approach aims at identifying any
residue/contaminant that could occur in food products, without any previous knowledge of its

potential presence [84].
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The essential laboratory infrastructure [85] consists of:
e A physical laboratory including gas systems, ventilation, optimal space allocation and
separation of chemical/physical activities
e Essential equipment and instrumentation
e Information technology (IT) solutions for modelling, and data transfer and storage
e A cash flow and a business plan to maintain the activities and keep fully functional
instrumentation and their upgrade
e Access to representative samples, acquired through a standardized sampling and a
harmonized official monitoring program
e Trained and motivated laboratory analysts that work towards ensuring quality of all
laboratory processes.
Food control bodies should also address the specific training needs, in principle, of all
stakeholders in the farm-to fork chain, but at least of their food inspectors and laboratory
analysts as a high priority. These activities provide an important means of building food
control expertise and skills to ensure food safety. In the EU, the EFSA has been working on
capacity building training, such as the “Better Training for Safer Food initiative” [86]. At an
international level the FAO and the IAEA, for example, are targeting capacity building needs
through seminars, workshops and meetings, to enable members state country food safety

stakeholders tackle their own food safety challenges [87].

1.4.2. Description of essential laboratory instrumentation

Laboratories deal daily with the determination of a wide range of chemical compounds in a
high variety of complex matrices, from either vegetal or animal origin, which supposes a real
challenge in terms of concentration sensitivity and selectivity. In this scenario, liquid
chromatography (LC) and gas chromatography (GC) coupled to mass spectrometry (LC-MS
and GC-MS) instruments have become the main tools for analysts because they allow
testing for residues and contaminants reaching the selectivity, sensitivity and specificity
required by current food safety legislation in targeted mode ([88], [89], [90], [91]).

Modern high-performance liquid chromatography (HPLC) uses high pressure to force a liquid
mobile phase and an analyte through a closed column packed with micron-sized particles,
which constitute the stationary phase [92]. In gas chromatography (GC), the sample is
vaporized and injected onto the head of a chromatographic column. Elution is brought about

by the flow of an inert gaseous mobile phase such as helium and the analytes are separated
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into individual peaks or individual components. In GC, the mobile phase does not interact
with molecules of the analyte, and it only transports the analyte through the column [93]. LC
is commonly used for detection of analytes that are difficult to vaporize; GC is commonly
applied for the separation of volatile and semi-volatile compounds. Derivatization reactions
can also be used prior to analysis directly or indirectly making a large number of non-volatile
and more polar compounds amenable to GC separation. The main disadvantage of using
GC over LC, to analyse moderate polar substances is the derivatization step needed to
obtain symmetric peaks, to ensure satisfactory precision, and to improve the separation and
detection of these compounds [94]. In this case the analyst, if given the choice, should opt
for an LC determination. In 2006 Lutz Alder ran a study and compared between GC-MS and
LC-MS for 500 high priority pesticides. The result showed that the LC-based techniques are
more advantageous in terms of wider scope, better selectivity, and increased sensitivity,
without the need for derivatization [95].

HPLC instrumentation is made up typically of the following basic components: mobile
phase/solvent reservoir, solvent delivery system, sample introduction device, an analytical
column, post-column apparatus, detector, data collection and output system, post-detector
eluent processing, and connective tubing and fittings.

A typical gas chromatograph (GC) consists of an autosampler, an injection port, an analytical
column, carrier gas flow control equipment, ovens and heaters for maintaining temperatures
of the injection port and the column, and a detector.

In general, the chromatography process occurs in four sequential steps: injection of the
sample, separation of individual compounds in distinct elution bands in the analytical
column, detection of each eluted band and registration of a “chromatogram “by means of a
detector [96].

A universal detector for both liquid and gas chromatography is the mass spectrometry
detector (MS). It is said that LCs and GCs are coupled to the MS.

The mass spectrometry detector consists of:

e an ionization source, where the molecules arriving from the analytical column are
transformed from chemically neutral species into ions, and referred to as fragments,
usually positive cations, breaking various bonds along the process;

e an ion analyzer, where the ions are collected and separated according to their mass
to charge (m/z) ratio for each of the individual fragments

e a detector, where the ions are transferred to a data registration system to provide an

ion chromatogram.
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The MS process allows the possible identification of the chemical structure of the analyte
and therefore suggests identity [97]. The more popular mass spectrometer detectors are
those equipped with quadrupoles or quadrupoles in tandem as mass analyzers. The analysis
is often performed in targeted mode, that is to look for a desired compound by comparing the
analyte(s) in the sample to that of a known (reference) compound. The reference is used to
identify the unknown compound by matching retention time (from chromatography) and ion
fragmentation patterns from mass spectral libraries (for mass spectrometry). In mass
spectrometry, the combination of compound separation and ion fragment identification yields
an extremely powerful analysis that is said to be confirmatory. Criteria for confirmation of
analytes will be discussed in other sections. Tentative identification without the use of a
reference standard (if a reference compound is not available or is too expensive for
example) is also possible using mass spectral libraries that contain mass spectra for
numerous chemicals [98]. In the last two decades, specific innovations in the field of liquid
chromatography brought improved analytical possibilities for food safety testing [99] and
liquid chromatography in combination with atmospheric pressure ionization tandem mass
spectrometry (LC/MS/MS) became the mainstream strategy for quantitative analysis of
chemical contaminants [100]. At the very base of these innovations is the Van Deemter
equation [101]. This is the basic equation that describes an analytical column efficiency, and
provides an insight into the factors that lead to the broadening of the analyte band as it
travels along a chromatographic column. It relates separation efficiency in terms of the
Height equivalent of the theoretical plate (HETP) of the column to the linear velocity of the
mobile phase, which is dependent, among other factors, on the size of the stationary phase
particles. According to the Van Deemter equation, there is a significant improvement in
efficiency when using sub-2-mm particle size for the stationary phase of the analytical
column.

Ultra-high performance liquid chromatography (UHPLC) was developed when columns
started to be packed with smaller sized particles, sub-2-mm (for example porous hybrid
organic—inorganic silicon-based particles with a narrow size distribution in the range of 1.7
um) [102] and concomitantly new technological innovations allowed pumping and injecting
liquids at pressures of 1000 bar and above [103]. A measure of this performance is the
generation of peak widths (at half-height) of less than 1 s. This, at the same time, it required
enhanced features for quadrupole mass spectrometers (MS), to be able to define a LC peak
for accurate and reliable quantitation. Instrument manufacturers developed fast scanning
speed acquisition for simple MS, allowing acquisition of enough data points even with few

milliseconds of dwell times and also improved the resolution through deconvolution and
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smoothing software that allowed defining a peak with a high certainty even if with fewer data
points [104].

When combined with the high specificity of tandem mass spectrometry, UPLC/MS/MS has
been demonstrated to be a powerful platform, which improves assay sensitivity, selectivity
and throughput over traditional LC/MS/MS. It was shown that the UPLC/MS/MS method can
provide up to a 3-fold reduction in retention time, one order of magnitude increase in
detected peak height and a 2-fold decrease in peak width compared to traditional
HPLC-MS/MS method [105]. A major consideration in selecting UHPLC in place of
conventional HPLC is that the higher throughput obtained from using UHPLC coupled to
MS/MS increases the requirement to perform regular preventative maintenance on the
instrument to ensure continued optimal performance. This is especially important when
working with more complex matrices; the orifice of the MS/MS must be routinely cleaned, to
avoid accumulation of contamination that could potentially enter the mass analyzers and in
turn lead to a reduction in sensitivity or to the release of less-intense analytes [106]. Current
MS analyzers have ideal characteristics to be coupled to UHPLC, with high full scan
acquisition rates, dwell times of 1 ms and polarity switching of 30 ms or less. As to GC
instrumentation technological innovations are directly linked to high-speed capillary GC.
Most high-speed GC applications have been carried out by means of reduced internal
diameter (I.D.) analytical columns, called microbore, and shorter/different geometry columns.
The narrower |.D. leads to the shorter analysis time at constant resolution. Thus, the
increase of analysis speed does not compromise the separation efficiency. The decrease of
column diameter results in a proportionally decreased value of minimum plate height.
Therefore, the column length can be decreased by the same factor in order to yield the same
plate number in a shorter time [107]. The drawback is that the column features provide lower
sample capacity, which can result in higher limits of detection (LODs) and quantification
(LOQs). Additionally, columns can deteriorate more easily, and this is seen when peaks start
broadening and tailing [108]. Another innovation in GC analysis is represented by
low-pressure gas chromatography (LPGC), especially when coupled to mass spectrometry.
The use of low-pressure gas chromatography—mass spectrometry was recently revamped as
a proven solution for fast, sensitive, and robust GC—MS analysis [109], [110]. Low-pressure
gas chromatography (LPGC) has been known to be advantageous compared to standard
GC since Giddings first described the concept in 1962 [111]. A practical solution for its use
was identified by de Zeeuw [112] who simply used a guard column restrictor concept to
maintain positive inlet pressure for a wide- (i.e. 0.53 mm id,,) analytical column under

vacuum connected to an MS detector [113]. LPGC-MS is the most practical and beneficial
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fast-GC technique available to achieve a short analysis time (i.e. less than 10 minutes) in
applications that typically take 20—40 minutes. Sample capacity and column robustness are
increased greatly using LPGC to permit large-volume injection with standard inlets without
column maintenance, and, because vacuum conditions generate taller and narrower peaks
that are still suitable for standard MS data acquisition rates, sensitivity is also increased.
Another innovation in GC is an improvement in the resolution power of the GC instrument by
the development of comprehensive two-dimensional GC (GCxGC) [114].

Another innovation is the development of applications of ion chromatography (IC), for the
determination of polar ionic analytes, such as anions, cations or small polar analytes
(metabolites), and sugars. When combined with mass spectrometry, namely triple
quadrupole MS/MS systems, IC-MS/MS offers very low detection limits and high detection
selectivity. Using the ion chromatography tandem mass spectrometry (IC-MS/MS) approach
for direct analysis of quick polar pesticide method extracts (QuPPe, see section 1.4.5.8.5),
low limits of quantification (typically < 5 ng/g), and associated repeatability (typically < 20 %)
have been achieved for glyphosate (and metabolites AMPA (aminomethylphosphonic acid)
and N-Acetyl AMPA), glufosinate (and metabolites, chlorate, perchlorate, glufosinate,
N-acetyl glufosinate, 3-MPPA (3-methylphosphinicopropionic acid), Fosetyl-Al, phosphonic

acid, ethephon and more, in a single analysis [115].

1.4.2.1. Mass spectrometric detectors

While ionization methods determine the classes of substances available for measurement, it
is a combination of the characteristics of the mass analyzer with the detector that ultimately
determines the quality and reliability of analysis [116]. As described earlier, mass
spectrometry (MS) offers a highly sensitive detection technique that ionizes the sample
components, under vacuum separates the resulting ions based on their mass-to-charge
ratios (m/z) and measures the intensity of each ion. A mass spectrum is a plot of the relative
ion intensities against the m/z values, and a series of mass spectra are generated at each
retention time, see Figure 3. This information indicates the “concentration” of ions having a
defined mass to charge ratio. This is extremely valuable for the unique identification of
molecules, also known as qualitative analysis. Moreover, MS provides added specificity and

sensitivity, and the convenience of simultaneous multicomponent analysis [117].
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Figure 3: A typical total ion chromatogram, TIC, (red) and a mass chromatogram (green and

orange) and mass spectrum (blue) (Courtesy of Shimadzu).

There are several types of mass analyzers that can be used for the separation of ions in a
mass spectrometry: quadrupole mass analyzer, time of flight mass analyzer (TOF), magnetic
sector mass analyzer, ion trap mass analyzer.

Both LC and GC instrumentation are compatible with most of the mass spectrometers such
as quadrupole MS, tandem MS, orbitraps, TOF and QTOF-MS.

There are two fundamentally different approaches to tandem mass spectrometry (MS/MS):
tandem in space and tandem in time.

Triple quadrupole (QgQ) mass spectrometers are among the most common MS/MS systems
operating as tandem in space analyzers.

Tandem-in time instruments are typically ion-trapping mass spectrometers, which comprise
three-dimensional (3-D) quadrupole ion trap (QIT), linear ion trap (LIT), and Fourier
transform ion cyclotron resonance (FTICR) instruments [118].

The Orbitrap analyzer is an ion trap variant that has been available for several years in
LC-MS platforms, but has only recently become available in the GC-MS configuration [119].
Orbitrap analyzers exhibit high mass resolution (> 150,000) with 1-5 ppm mass accuracy
[120]. The use of high-resolution mass spectrometry (HRMS), such as TOF and Orbitrap, in
the field of food safety is showing an increase of use [121]. One of the advantages of using

HRMS is the possibility of constructing databases for the target compounds, when operating
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under targeted approaches. The use of these databases together with parallel reaction
monitoring using a Q-Orbitrap analyzer has been shown for example to be effective for the
appropriate screening and quantification of 157 residues of different nature in honey [128].
Similar approaches have involved an expansion on the studied compounds to more than 600
different contaminants, including pesticides, veterinary drug residues, contaminants,
perfluoroalkyl substances, mycotoxins and nitrosamines [122]. In the Orbitrap mass analyzer
the mass resolution is dependent on the acquisition time, more specifically on the number of
harmonic oscillations, and so higher mass resolutions are acquired over longer periods of
time. Mass resolutions of 200,000 at m/z 400 can be achieved, which are significantly higher
than for most TOF instruments [123]. One major advantage of HRMS technology is based
on the easy adaption for non-targeted analysis, which opens up possibilities for unexpected
findings. In addition, retrospective analysis enables the identification of residues and
contaminants not targeted in the first data processing and reading of the results [124]. It can
be expected that the number of HRMS instrumentations applied in routine analysis will
strongly increase in the next decade. However, in order to fully compete with MS/MS
instruments, two significant adjustments are necessary: (i) expand the linear working range
which is important in the applicability of these instruments in routine analysis and (ii) make
the devices affordable for a wide range of applications [132]. When comparing mass
analysers, it is important to note that no single mass analyser is perfect for all analyses, it
really depends on the purpose of testing. Therefore, it is important to understand the
different principles, features and characteristics of the different mass analysers and choose
what is appropriate for the objective of testing, or in other words, fit for purpose.

Recent studies are available to compare the use of tandem MS versus HRMS. For example,
it was demonstrated that GC-HRMS may fit better for monitoring purposes for the
quantification of polychlorinated dioxins and biphenyls in foods as it was shown to produce
less false positives than using GC-MS/MS, although both technologies allow meeting the EU
legislation requirements [133]. An LC-full-scan HRMS method has been suggested as an
alternative for triple quadrupole MS-based methods. A fully non-targeted approach for data
acquisition combining full-scan and fragmentation was presented for the quantitative
validation of the methodology using a mixture of 184 pesticides in two food matrices. This
approach was suitable for ca. 93 % of the assayed pesticide/matrix/concentration
combinations studied in agreement with EU regulatory guidelines [128]. The most interesting
aspect related to the non-targeted methodology is based on the possibility of detecting
substances not previously pre-selected, even at a later stage (reprocessing features), thus,

increasing the chance for the proper detection of unknown and unexpected compounds. It is
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generally recognized that for targeted testing, low resolution mass spectrometry (LRMS)
using triple quadrupole (QqQ) is the preferred analyser due to its intrinsic characteristics
such as high scan speed, that permits the monitoring of a high number of tandem MS
transitions within the time segments; due to the increased selectivity offered by selected
reaction monitoring (SRM/MRM) mode; and due to the different acquisition modes that can
be used with this analyser, allowing qualitative and quantitative analysis, although this
analyser is mainly used for quantification purposes ([1], [129], [130]).

The legislation requirements in the EU pose an example of a dual challenge with respect to
extreme low limits of quantification (LOQ), e.g., 0.025 pg/kg for aflatoxin M1 in infant
formulae, and additionally a broad working range, e.g. in case of mycotoxins and veterinary
drugs, which requires high instrumental performance in both ultra-low and high concentration
levels.

Therefore, LRMS-QqQ is the first choice for the development of multiresidue/multi-class
quantitative methods at trace and ultra-trace levels and with a broad working range for the
analytes of interest.

Table 1 contains an indication of the identification requirements for different LRMS analysers
according to Codex CAC/GL 90-2017 [131] and EU SANTE/12682/2019 guidelines [132].

Table 1: Identification requirements for different LRMS analysers (according to CAC/GL
90-2017 and EU SANTE/12682/2019)

MS analyzer Acquisition Requirement Identification requirement
mode for minimum

number of
ions

Single MS full scan, SIM 3ions S/N = 3. The extracted ions
quadrupole chromatograms from analyte peaks must
overlap. The ion ratio from sample extracts
should be within +30 % (relative) of
average of calibration standards from
same sequence
L ENCTEGT M SRM or MRM, 2 product ions S/N = 3. Analyte peaks from both product

MS/MS, ion trap, ions in the extracted ion chromatograms

Q-trap, must fully overlap. lon ratio from sample
extracts should be within £30 % (relative)
of average of calibration standards from
same sequence
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1.4.2.2. lon mobility spectrometry (IMS)

lon mobility spectrometry is an additional technique that residue/contaminant laboratories
may use for their work, and which has been re-discovered recently for chemical testing. IMS
is founded on the discovery that ions can be created at ambient pressure from radioactive
materials (i.e. tritium source) and that these gas-phase ions can be characterized rapidly for
mobility in comparatively weak electric fields [133]. In IMS, soft chemical ionisation of the
volatile molecules is achieved at atmospheric pressure using a B-radiator tritium (3H) source.
lonized compounds are then separated based on their mobility and shape in a carrier buffer
gas under an electric field at atmospheric pressure or near to atmospheric pressure [134].
The separation is based on the specific ‘drift times’ that ionized compounds pass over a
fixed distance in a defined electric field, in the so-called ‘drift tube’. The mobility of the ions is
related to their mass to charge ratio (m/z) and their shape, as retarding collisions with the
drift gas molecules are more frequent for sterically hindered compounds. Consequently, IMS
can even separate different molecules with the same mass/charge ratio (isobaric molecules).
[135]. lons will move faster or slower through a drift tube, depending on the cross-sectional
area of each compound, also known as collision cross-section (CCS) and will reach the
detector at different times. Compact molecules exhibit lower CCS values, migrate faster than
larger molecules and lead to lower drift times. Detection of the ion current is achieved using
an electrometer as a function of time. The measured CCS provides an added value to the
analysis because it depends on the molecular structure of the compound and contributes to
the unequivocal identification of the analyzed substances.

Unlike other techniques such as time-of-flight/mass spectrometry, which operates under
vacuum, the ions in the IMS drift tube travel at atmospheric pressure versus a flow of inert
nitrogen gas. IMS appears as a powerful technique that reduces the background noise and
allows the separation of isomers and isobaric compounds. As a result, cleaner MS spectra
are obtained, and the identification process is facilitated [135]. IMS is relatively sensitive
compared to other techniques with detection limits typically in the low ppb-range for volatile
organic compounds (VOCs). lon mobility spectrometry is an analytical technology used to
separately detect compounds of interest in a mixture of gaseous analytes, such as the
volatile compounds associated with the flavour and aroma of foods. An example of IMS
instrumentation is the Flavourspec Instrument by Gas Dortmund [136]. This instrument
includes a GC column that allows a chromatographic separation of the analytes in the
system, prior to IMS separation and detection. Chromatographically separated compounds

do not compete for reactant ions when they reach the IMS source and this yields better
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sensitivity for the time-resolved components of complex mixtures of volatile organic
compounds. This provides a two-dimensional separation for complex volatile profiles which

are often encountered in herbs and spices.

1.4.2.3. Chromatographic instruments operation modes

A single quadrupole mass analyser can operate in two different modes: scan and selected
ion monitoring (SIM) mode. In the scan mode, mass spectral data are acquired in sequence
at specific intervals. The voltages of the quadrupoles are configured in a way that the entire
mass range specified in the software is scanned sequentially with an appropriate dwell time
for each m/z, as shown in Figure 4. The blue, the red and the yellow ions pass sequentially
through the mass analyser and the result is a record of the ion abundance in the specified
range of the mass spectrum. In SIM mode the MS is programmed to acquire only specific
masses. Only the selected m/z (red ion in Figure 4) is passing through the quadrupole and
is reaching the detector.
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Figure 4: Scan and Selected lon Monitoring (SIM) mode in single quadrupole MS (Courtesy
of Shimadzu)
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As previously discussed, the most frequent analytical approach to determine residues and
contaminants in foods relies on the use of tandem MS detection for both LC and GC-based
methods. This detection procedure allows the quantification of known compounds with
greater selectivity and sensitivity compared to single quadrupoles. Typically, triple
quadrupole analysers have been widely used for this aim, run under selected reaction
monitoring (SRM), also called multiple reaction monitoring (MRM) mode, as shown in Figure
5. The ions formed in the ion source of the MS, called the parent ions, are further
fragmented by collision-induced dissociation (CID) in the collision cell and the most-intense
product ions (or daughter ions), at least two, are detected in the analyser. The most intense
product ion is used for quantification purposes, whereas the second ion is employed for
qualification purposes. This detection procedure allows complying with European legislation
on banned and controlled substances in foods [137]. In SRM or MRM mode the precursor
ion is selected in Q1, fragmentation occurs in Q2 and the product ion is selected by Q3.
Sensitivity is achieved by a two-stage mass selectivity and very little interference from the

background matrix [138].
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Figure 5: Selected reaction monitoring (SRM or MRM) (Courtesy of Agilent technologies)

The limitations of targeted approaches using LC-MS/MS or GC-MS/MMS are mainly related
to the challenges and complexities in the determination of unknown compounds as well as
the need of reference standards for quantification purposes. Untargeted screening (e.g.,
suspected-target) is emerging as an attractive tool to investigate the occurrence of
contaminants in food. Untargeted testing is taking a larger role in food safety testing and

entirely profits from the capabilities of HRMS modern analyzers [139], [128].
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1.4.3. Optimization of the chromatographic separation:

The instrumental configuration and the settings of operational conditions greatly
predetermine the performance characteristics of the analytical methods. The optimization
step is fundamental to achieve reliable and significant results.

At the base of optimization, the optimization of the chromatographic conditions is based on
the Van Deemter equation [140]. The efficiency of a column can be constantly optimized by
maintaining the Height Equivalent to a Theoretical Plate or simply plate height (H) at its
minimum value in the Van Deemter curve. This optimization is accomplished by
systematically altering the solvent composition in HPLC or the column temperature in GC. In
reverse-phase HPLC, analytes with more polarity will travel fastest and less polar analytes
will begin to move as the polarity of the mobile phase is decreased. In GC analytes in the
chromatographic column spend their time either “dissolved” in the stationary phase or
vaporized in the mobile phase. When analytes are in the stationary phase they are not
moving through the system and are present in a narrow band in the length of the column
coating. As the oven temperature is increased, each unique analyte has a point where it
enters the mobile phase and starts to move down the column. In GC, analytes with low
boiling points will move down the column at lower temperatures, exit the system, and be
quantified. As the temperature is slowly increased, more and more analytes (with higher
boiling points) exit the system in a similar manner. Thus, the true power of chromatographic
separation is achieved in LC by the gradient programming (composition of the mobile phase)
and in GC by increasing the oven/column temperature (referred to as ramping). This is “the
general elution problem” that is solved by optimizing the linear velocity, the mobile phase,
and the type of stationary phase [141].

Thin layer chromatography (TLC) is one of the simplest and inexpensive techniques that can
be used to screen for the presence of matrix compounds and chemical contaminants in food,
especially in developing countries. Thin-layer chromatography is performed on a sheet of an
inert substrate such as glass, plastic, or aluminium foil, which is coated with a thin layer of
adsorbent material, usually silica gel, aluminium oxide (alumina), or cellulose. This layer of
adsorbent is known as the stationary phase. After the sample is applied to the plate as a
spot, a solvent or solvent mixture (known as the mobile phase) is drawn up the plate via
capillary action. Because different analytes ascend the TLC plate at different rates,
chromatographic separation is achieved. In recent years, there have been various

developments in the quality of plate coating and in detection systems, as well as in
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extraction and cleanup methods, that made it possible to apply TLC according to current
international quality standards as an alternative technique for screening for known pesticide
residues, for confirmation of tentatively identified compounds or to simply separate and
screen for sample matrix components [142].

TLC is a time-consuming technique and requires more manual skill and attention than
modern instruments equipped with auto-samplers. Applications of TLC are related to
monitoring of reaction progress, identification of compounds present in a given mixture, and
determining the purity of a substance. Specific examples include: analysis of ceramides and
fatty acids, detection of pesticides or insecticides in food and water, or identification of

medicinal plants and their constituents [143].

1.4.3.1. Optimization of the MS conditions

Optimization of the MS conditions is the second most important step for adjustment in
analytical determinations.

The sensitivity of a triple quadrupole (QqQ) MS method is related to the selection of the
correct selected reaction monitoring (SRM) transitions and optimization of the transmission
and fragmentation parameters for the compounds of interest.

Robust optimization of fragmentation and collision energies, through individual experiments,
is very important for MS optimization. In addition, the acquisition rate in SIM (selected ion
monitoring) and SRM (selected reaction monitoring) modes is determined by the switching
time and the dwell time per SIM or SRM channel.

The dwell time of a mass spectrometer describes the amount of time the instrument is
collecting data for a specific SRM mass transition (in milliseconds). This value should also
be optimized during method development. Increasing the dwell time will increase the
sensitivity and precision of the method, but it will reduce the number of SRM mass
transitions that can be monitored in a given assay. Dwell time may be decreased to improve
peak definition and allow the MS to acquire more data points. It is best practice to optimize
the dwell time so that 15-20 data points are collected across a chromatographic peak. The
minimum number of points required to adequately define a peak is 10 data points.

In recent years, the number of multiclass approaches covering up to 1000 compounds have
steadily increased. High sample throughput can be achieved by UHPLC-based systems as
they ensure a significant reduction in analysis time. However, the broad applicability of such
systems might be limited with the increasing number of target compounds, since a sufficient

achievement of data points per peak and dwell times is not feasible [144].
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1.4.4. Matrix Effects (ME)

Another important analytical parameter to be considered in both LC and GC based methods
deals with matrix effects (ME). Matrix components, which are unavoidably present in
analyzed samples (even after a thorough clean-up step), are directly linked to the

of data generated by the analytical laboratories and their influence needs to be known and
characterized. In general, the wider the range of physico-chemical properties of target
analytes of multiresidue methods, the more complicated is the efficient removal of
co-extracted matrix components from a particular crude extract [145]. Depending on their
nature (molecular size, polarity, thermal stability, volatility etc.), these substances may
interfere in various stages of the chromatographic process. The phenomena governing ME
in LC and GLC are different [146].

1.4.41. ME in LC-MS

In the LC case, co-extracted matrix compounds are ionized together with the analytes in the
ion source creating ion suppression (decreased ion formation) or ion enhancement
(increased ion formation). LC-MS instruments employing atmospheric pressure ionisation
(API) are probably the most common used instruments in trace analysis. APl sources
include the electrospray ionisation (ESI) and the atmospheric pressure chemical ionisation
(APCI) sources [147]. The performance of an API ion source is considerably influenced by
the composition of liquid entering the detector, i.e., not only the type and amount of organic
mobile phase modifiers and volatile buffers, but also the type and amount of sample matrix
components play an influential role. Co-extracted substances present in the injected sample
can cause serious quantitation problems when co-eluted with the analyte of interest; either
suppression or enhancement of the analyte signal are typical symptoms in LC-MS. Matrix
components may influence the effectivity of the ion formation in the ionisation process by
altering the surface tension of the droplets of column eluent entering the ion source, and by
building adduct ions or ion pairs with the analytes. As a result of matrix suppression or
enhancement phenomena in LC-MS the response of an analyte in pure solvent standard
differs significantly from that in matrix sample ([148], [149]). When UHPLC-MS is used,

resolving power is increased, and ion suppression can be minimized because the coelution
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of matrix interferences can be avoided, as well as peak shape can be improved, allowing
better peak definition, and more reproducible and accurate peak integration compared to
HPLC-MS [106].

1.4.4.2. ME in GC-MS

In GC-MS effects that can be attributed to ME are co-injection of non-volatile matrix
components such as lipids (waxes, triacylglycerols, phospholipids etc), various pigments
(chlorophylls, carotenoids, etc.) and other higher molecular mass components (plant resins)
that are soluble in the solvent used for extraction and represent the typical bulk co-extracts,
part of which can be contained even in well purified samples. Depending on the employed
injection technique, the building up of deposits of dirt in a GC inlet and often also in the front
part of the analytical column may lead to successive, in most cases adverse changes in
performance of the chromatographic system. Consequences are loss of analytes, tailing
analyte peaks and integration problems, that in turn increases the limits of detection and
determination (LOD) [145]. Matrix-induced chromatographic response enhancement is a
typical ME effect in GC determinations ([150], [151], [152]). The number of molecules of
analyte introduced into a GC column is lower when injected in a solvent compared to the
injection realised in the presence of matrix components. The impurities from the matrix
compete with the analytes for the active sites of the GC inlet liners (although these are sold
as deactivated), and thereby reduce the analyte interactions with active sites compared to
the solvent case. At the same concentration of analytes, the result is an increase of the
analyte signal. The same happens in the analytical column, where volatile impurities
compete with the analytes and lead to an overestimation of the analyte concentration
compared to solvent standards. In the case of matrix-induced chromatographic response
enhancement effects the impurities are either thermolabile or rather polar and they are
typically capable of hydrogen bonding [153]. Among the pesticides, compounds mainly
affected by ME are organophosphates (—P=0); carbamates (-O—CO-NH-); hydroxy
compounds (—OH); amino compounds (R—-NH-); imidazoles, benzimidazoles (—N=); urea
derivatives (-NH-CO-NH-) [154]. However, depending on the matrix, analytes can also
show a significant suppression effect. This effect can be explained by some degradation
processes for some of the analytes in the matrix when injected in the GC-MS/MS ([155],
[156], [17]).
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1.4.4.3. ME compensation strategies

MEs are the major bottleneck in multiclass method development and compensation and
reduction strategies are rather limited. Strategies to compensate for ME are:

Matrix-matched calibration is commonly used to compensate for matrix effects. Extracts of
blank matrix, preferably of the same type as the sample, should be used for calibration [158].
The applicability of matrix matching for multiclass methods covering several hundred
compounds is limited due to the lack of matrix reference materials which are entirely blank
for all target analytes. For GC, efforts were made to study the use of one “universal”
matrix-matched standard matrix that represents a feasible means of compensating for the
matrix effects of many other vegetable and fruit simples [159], [160]. An alternative practical
approach to compensate for matrix effects in GC-analyses is the use of analyte protectants
that are added to both the sample extracts and the calibration standard solutions in order to
equalise the response of pesticides in solvent calibrants and sample extracts ([161], [162],
163]).

An alternative practical approach is the standard addition technique (see paragraph
1.4.6.2.). According to the SANTE guideline this procedure is designed to compensate for
matrix effects and recovery losses [164], [132].

The most effective way to compensate for matrix effects is the use of isotopically labelled
analogues as internal standards for each of the target analytes. The so-called stable isotope
dilution assays (SIDA) are very common in routine analysis of confirmatory assays. This
approach is based on the use of small amounts of isotopically labelled internal standards
(ILSTD) which are simultaneously injected with sample extracts. See Figure 6. Despite the
powerful compensation of matrix effects using SIDA, its wide application is limited since only
a small number of ILSTD is commercially available [165]. Furthermore, the procedure
matched (applying the internal standard to the raw material prior extraction) use for ISTDs
also pose an economic challenge, since certified internal standard solutions are at higher
price level and thus not affordable for many research groups [126]. Although in another field
of science, it was shown that the analyte to internal standard peak area ratio changed with
two specific lots of commercial samples. For the first time, it was demonstrated that a slight
difference in retention time between the analyte and its deuterated internal standard,
probably caused by deuterium isotope effect, has resulted in a different degree of ion
suppression between the two analogues, questioning the assumption that a stable
isotopically labelled analogue is believed to be the most appropriate internal standard in a

quantitative liquid chromatography/tandem mass spectrometry (LC/MS/MS) assay [166].
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Figure 6: Visual representation of the stable isotope dilution technique
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Dilution of crude sample extracts can also be considered an analytical strategy to
significantly reduce unwanted ME, however only in those cases where an increase of the
estimated detection limits (LODs) is not compromising the compliance to MRLs [167].
Dilution approaches can be useful when last generation MS instruments are available and
demonstrate extreme sensitivity for the analytes of interest. (See paragraph 1.4.5.8.4.). In
contrast to HRMS, MS/MS devices are able to tackle high dilution factors and have become
state-of-the-art instruments for ultra-trace analysis due to strong improvements in terms of
sensitivity [126]. Recently, nanoflow LC-HRMS (nano-LC-HRMS) has been proposed as an
alternative in order to reduce ME problems [168]. In this approach, nano-C18 column is
used, resulting in reduced dead volumes and increased ionization efficiency. The
impressively low LODs (ng/kg level) obtained, made high dilution factors feasible, thus
minimizing the MEs.

As discussed in paragraph 1.4.2.2, IMS integrated to LC and GC systems is a promising
alternative to reduce ME by providing improved selectivity, lower LODs and additional
information to mass spectra and retention time due to an additional principle of separation
[169], [170], [171].

1.4.5. The analytical method

At the core of the food safety tools is the availability of an analytical method. This comprises
a set of steps that allow to know the qualitative and / or quantitative presence or

concentration of a specific analyte (s) in a specific matrix. The analytical steps required for
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the analysis of trace and ultra-trace residues and contaminants in food typically involve
sample preparation, which consists in the extraction of the analytes from the matrix,
including a clean-up and/or a pre-concentration step, analytical separation and detection of
the compounds.

The analytical method needs to be fit for purpose, thereby meeting changing needs,
emerging challenges, robust enough to be able to generate reliable results under changing
conditions and at the right scale of operation. The latter is very important in the development
of an analytical method. Potential limitations accrue to the amount of sample available for
the analysis, the expected concentration of the analyte in the samples, and the minimum

amount of analyte that will produce a measurable signal [172].

1.4.5.1. The power of multiresidue and multiclass methods

As discussed in the previous paragraphs, instrumentation such as liquid and gas
chromatography coupled to mass spectrometry has provided the ability to detect chemical
contaminants at trace levels (mg/kg or ug/kg) or ultra-trace levels (ng/kg) concentrations,
improving confidence in the safety of food supply. However, to improve the quality of
monitoring and surveillance for food safety, it was important to swift to multiresidue methods,
wherein multiple substances can be analyzed simultaneously at concentrations equal to or
lower than their MRLs. The concept of multiresidue methods is very important from an
analytical perspective as it enables the screening of a larger number of analytes, and in
several cases, covering several classes and several contaminants in a single sample
preparation step [173], [174], [175], [176]. In addition, it represents a way to improve the
cost-effectiveness of the analytical procedures, as it maximizes the number of analytes that
may be determined by a single procedure or from a single portion of the test material. This
implies the reduction of the number of analyses per sample (less time and money).
Nevertheless, the development of multi-class methods is a challenging task due to the
different characteristics of the compounds from each group (chemical structure, polarity,
stability, etc.). Furthermore, typical difficulties such as matrix composition and low
concentration of compounds also complicate the simultaneous analysis of several classes of
compounds [170].

In the last few years many efforts have been focused on the improvement of the speed,
simplicity, reliability and low-cost of sample treatment, as well as the extraction of as many

residues as possible and as low coextractives as possible. Several extraction techniques
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such as pressurized liquid extraction, microwave extraction and matrix solid phase extraction
among others have been applied (see paragraph 1.4.5.5.). As a result, sample preparation
has evolved towards the use of smaller sample sizes, reducing or eliminating the use of
organic solvents and performing automated extraction procedures, in the so-called total
analysis systems, which integrate in the same instrument both sample pre-treatment and
analytical separation [1]. Nevertheless, specific methods should be developed for
problematic compounds. For instance, polar compounds such as glyphosate, or some
families of veterinary drugs, such as tetracyclines, are not usually extracted using generic
methods, and a method protocol was developed in order to quantitatively extract these
compounds (see paragraph 1.4.5.8.5.). Among the most investigated organic contaminants/
residues are natural toxins (e.g., mycotoxins and plant toxins) in nuts and cereals [177],
pesticides residues in fruits and vegetables [178] and veterinary drugs residues in meat and
animal products [179].

However, the number of analytical approaches combining several classes of contaminants
within one analytical run is still comparatively scarce [180]. The majority of multi-target
publications are either focusing on one single substance class, or the substance class is
segmented into subcategories, for example in the case of veterinary drugs, e.g.,
sulfonamides, tetracyclines, or penicillins in order to obtain a multiclass scope [126].
Numerous methods in the area of mycotoxin [181] veterinary drug analysis [182] and
pesticide residue analysis [183], [184], [185], [186] were developed using LC-MS/MS.

The first comprehensive method combining several compounds and classes within one
analytical procedure was designed in the year 2008 [2159]. Since then, the number of
so-called multiclass methods has increased considerably, as a comprehensive overview has
recently revealed [187]. Table 2 provides an indication of recent methods published for
multiresidue, multi-toxin and multiclass methods for determination of organic chemical

residues and contaminants.
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Table 2: bibliographical research of methods published in the years 2014-2020, for

concomitant multiresidue, multi-toxin,

“multiplex”

methods covering pesticides (PS),

veterinary drugs (VD), mycotoxins (MYC), plant toxins, dyes, environmental pollutants and

other chemical substances, (adapted from [180]).

Author

Mol et al.
2008 [159]

Goémez-Pére
z et al. ,2014
[188]

Han et al,
2014 [189]

Gomez-Pére
z et al. ,2015
[191]

Dzuman et
al., 2015
[192]

Gomez-Pére
z et al. ,2015
[193]

Matrix
analyzed

Several

Matrices of

animal

origin

Shrimps

Baby foods

Feed

Leek,

wheat, tea

Food and
various

matrices

Dairy

products

Analytes

VD, PS,
MYC, Pltox

VD, PS

PS, PCBs,
PAHSs,
environmen
tal
contaminant
s

VD, PS

VD, PS

PS, MYC,

plant toxins

VD, PS

VD, PS,
MyYC

MS
analyzer
LRMS,
HRMS

HRMS

LRMS

HRMS

HRMS

HRMS

HRMS

LRMS

Solvent of
extraction
Water/Aceto
nitrile/1 %
formica cid
5:15, viv

Acetonitrile

Acetonitrile

Acetonitrile

Acetonitrile

Acetonitrile

Acetonitrile

Acidified
ACN + ethyl

acetate

Extraction
procedure
Dilute and

shoot

QUEChERS

QuEChERS

QUEChERS

Low
temperature
partitioning,
SPE

LoOQ

(ng/kg)
10-250

0.2-5000

Nr analytes

258

Above 350

59

333

Above 350

389

40
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Danezis et

al, 2016
[195]

Munaretto
et al.,2016
[197]

Souza et
al.,2016
[198]

Niladri et
al., {1 k[
[199]

Piatkowska
et al, 2016
[200]

Al-Alam et
al., 2017
[202]

Sapozhniko
va, 2018
[203]

Various

matrices

Feed

Fish

Bovine

tissue

Fatty fish

matrix

Egg

Tomato
orange

baby food

Honey

Poultry

tissue

VD, PS,
MYC, plant
growth
regulators
VD, PS,
Pltox

VD, PS,
Personal
care
products

VD, PS

PS,PAHs

VD, PS,
Dyes

PS,VD,
MYC

PS, PCB,
PAH

PS, PCBs,
PAHs,
PBDEs,
other
environmen
tal

contaminant

LRMS

HRMS

HRMS

LRMS

LRMS

LRMS

HRMS

LRMS

LRMS

Acetonitrile

Acetonitrile

Acetonitrile

Ethyl

Acetate

Acetonitrile

Acetonitrile

Acetonitrile

Acetonitrile

Acetonitrile

Low
temperature

partitioning

QUEChERS

QuEChERS

Modified
d-SPE

d-SPE

LLE-SPE

QuEChERS

QuEChERS

QuEChERS

28

77
5-25 182

55

119
ccp 121
2.04-1316
1-10 Above 600

0.16-168 128

265
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Aparicio et
al., 2018
[205]

Reichert et
al., 2018
[206]

Kong et al.,
2018 [207]

De Paepe et
al.,2019
[208]

Jadhav et
al.,2019
[209]

Mijangos et
al.,2019
[210]

Turnipseed
et al. ,2019
[211]

Egg, milk

Chard,
spinach,
lettuce,
carrot,
turnip and
potato

Raw coffee

Carp,
shrimp,
crab, eel,

and mussel

Edible

insects

Milk

Mussels,fis
h

Shellfish

Eggs

VD, MYC

pollutants

PS, MYC

VD, PS

PS,VD,
MYC

PS,vD

PS,VD,
Artificial
sweeteners,
PCPs,
phytoestrog
ens, human
drugs
VD, PS ,
Disinfectant
s, human

drugs

PS,VD,
MYC

LRMS

LRMS

LRMS

HRMS

HRMS

LRMS

LRMS

HRMS

LRMS

Acetonitrile

Acetonitrile

Acetonitrile

acetonitrile
and  ethyl

acetate.

Acetonitrile

Acetonitrile

Methanol

Acetonitrile

Acetonitrile

QUEChERS

UAE+SPE

QuEChERS

no clean-up

Simple
extraction
with

solvents

SPE

SPE and
QuEChERS

Forced
ultrasonic
solid liquid
(FUSLE) w/
MeOH

SPE

QUEChERS
with

multiwall

0.01-31 104

35

5-1000 147

Not 206

reported

77

316

41

128

77
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Monteiro et
al., 2020
[213]

Zhang et al.

,2020 [214]

Panseri et
al. [215]

Steiner et
al, 2020
[153]

Beef

Infant

formula

Honey

Feed

matrices

Wheat,
maize, figs,
dried
grapes,

nuts

PS,VD,
Environm.
Cont.

VD, PS,
Human

drugs

PS, POPs
(PAHSs,
PCBs,
PBDEs,
OCs, OPs,
VD, PS,

biotoxins

Myc, plant
toxins,
bacterial

metabolites

LRMS

HRMS

LR-GC-M
S/MS and
LC-HRM
S

LRMS

LRMS

Acetonitrile

Acetonitrile

Methanol

acetonitrile/
water/-
formic acid
79:20:1,
viviv
acetonitrile/
water/-
acetic acid
79:20:1,

vIviv

carbon
nanotubes

QuEChERS @ 10-500

d-SPE

Accelerated
Solvent
Extraction
(ASE)

Dilute and | 0.1-900

shoot

Dilute and @ 0.02-1900

shoot

262

49

1467

Above 500

From the above table of mixed multiresidue, multi-toxin and multiclass methods of organic

chemical residues and contaminants it is possible to observe that in terms of:

e number of publications: published methods have increased since the year 2014, due

to the increased availability of mass spectrometric instrumentation at affordable

prices and due to “economies of scale” generated by recent multiclass methods that

are significantly less complicated compared to single analytical approaches, which

require specific sample preparation techniques and instrumentation.

+—validated matrices: very few studies targeted baby foods, which, from a legal limit

perspective, require very low LOQs in order to comply with very low maximum levels.

e instrumentation (mass analyzers): there is a clear trend towards the use of MS/MS

and HRMS in combination with an electrospray ionization (ESI) interface.

e extraction solvent: most methods utilize acetonitrile, a solvent compatible with LC

approaches.
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e extraction procedure: most methods adopt the QUEChERS protocol (see paragraph
1.45.8.1.)

e reported limits of quantification (LOQs): current multiclass methods, using MS
analyzers, have sufficient sensitivity (LOQs) which help comply with the legislative
maximum permitted levels of contaminants and residues, i.e. maximum levels (ML)
for mycotoxins and maximum residue levels (MRLs) for pesticides and veterinary
drug residues.

e method scope: existing multiclass approaches have a generic scope of target

compounds in the range of 28-1467 analytes.

1.4.5.2. The analytical method in a nutshell

Text box 4 provides a generic indication of the steps involved in the implementation of an
analytical method. In practice, multiresidue methods consist of the following basic steps:

e Reception at the laboratory and sample treatment/manipulation for analysis

e Sample homogenization and subsampling

e |[solation of residues from a representative sample (extraction);

e Separation of co-extracted matrix components (clean-up);

e |dentification and quantification of target analytes (quantitative step);

e Confirmation of result

"ptinn and sample treatment

Sub-sampling

Extraction

-up and concentration

T h - rﬂhi: S'fstem ..:
detection

Text box 4: The generic laboratory steps of an analytical method
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1.4.5.3. Sampling, sample reception and sample treatment

Food control systems aim to protect the health of the population and to promote trade. An
appropriate and properly designed sampling plan for the purpose of monitoring food safety
and quality is required for this purpose. The objective of sampling is to provide the laboratory
with samples for analysis (and results), called the laboratory sample, that represent the
entire population being monitored (e.g., batch, lot, orchard, farm, and shipment). The
analytical laboratory can play an active role in relation to the following aspects concerning
sampling:

1. The design of the sampling plan (mainly for research purposes)

2. The sampling itself—e.g., by ensuring that the samples are collected according to an
established protocol and transported to the laboratory under conditions that prevent their
integrity being compromised (mainly for compliance monitoring)

3. Ensuring that adequate information about the sampling is recorded and conveyed to
enable the correct interpretation of the analytical data (this is mostly the case for risk
assessment studies). As mentioned previously (see paragraph 1.4.5.3.) sampling protocols
are available describing recommended procedures for the sampling of many types of
materials and chemical components. These protocols are sometimes specified in national
regulations or international agreements ([217], [64], [218]). Upon arrival at the laboratory, the
laboratory sample must be received, and all information recorded for traceability issues. The
first step is the laboratory sample treatment/manipulation to convert it into the analytical
sample by removal of parts not to be analyzed, if any. Examples of this step are removal of

adhering soil, plant stems, withered leaves, bones etc.

1.4.5.4. The subsampling step

Subsampling or sample manipulation is the procedure (e.g. cutting, grinding, mixing, etc.)
used to make the analytical sample homogeneous with respect to the analyte distribution
and ready for extraction, prior to removal of the analytical portion. The analytical portion is
the test portion that is solvent-extracted and analyzed using an approved and validated
analytical procedure to quantify/qualify the analyte(s) of interest [219]. The ultimate goal is to

ensure that the analytical portion (aliquot/sub-sample taken for extraction, cleanup and

Page 56 of 242



analysis) is representative of the entire population of the batch/lot sampled. To ensure an
unbiased and representative sample, each laboratory must create and strictly follow
scientifically sound and management-approved documented procedures such as Standard
Operating Procedures (SOPs) - for sample manipulation and processing. As a requirement
for compliance with ISO/IEC 17025 guidelines, the uncertainty resulting from the sample
processing step must be evaluated and factored into the overall uncertainty in the

measurement resulting from the entire analytical procedure [85].

1.4.5.5. The sample preparation step

In analytical chemistry, sample preparation is the general term used to describe the ways in
which a sample is treated prior to its analysis. The sample preparation is a fundamental
component of the analytical method. It is particularly important in trace analysis, as it can
account for a significant amount of the variability of a particular method [220]. Some of the
compounds naturally present in the foods will have an effect on the analysis of the targeted
analytes, and thus, different sample preparation techniques have been applied to extract
and/or concentrate those analytes. The generic term sample preparation incorporates many
steps as it needs to convert a complex matrix into a sample extract in a format that is
suitable for final instrumental analysis.

It may involve solvent extraction, reaction with some chemical species, filtering, dilution,
and/or many other techniques. The aim is to prepare and process the sample, extract the
analytes from the matrix, bring the analyte(s) to a suitable concentration level, remove
possible interferences (clean up step) and, when is required, to convert the analytes into a
more suitable form for detection or separation [221].

Some of the traditional sample extraction techniques for organic contaminants residues
analysis extraction, isolation, clean-up, and preconcentration of analytes have been carried
out by Soxhlet, ultrasound assisted extraction (UAE), liquid-liquid extraction (LLE),
microwave-assisted extraction (MAE), pressurized liquid extraction (PLE), solid-phase
microextraction (SPME), matrix solid phase dispersion (MSPD), supercritical fluid extraction
(SFE), solid phase extraction (SPE), and, in recent years, by dispersive solid phase
extraction (d-SPE) [222].
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1.4.5.5.1. Soxhlet extraction

It is based on solvent extraction of solid samples, commonly known as solid-liquid
extraction. A porous thimble loaded with a solid sample is placed inside the main chamber of
the Soxhlet extractor (1) and gradually filled with condensed fresh solvent from a distillation
flask (2), see Figure 7. When the liquid reaches an overflow level (2-3), a siphon aspirates
the whole contents of the thimble-holder and unloads it back into the distillation flask,
carrying the extracted analytes in the bulk liquid. This operation is repeated until complete
extraction is achieved (4). The extraction cycle is typically repeated many times. Soxhlet
extraction is a rugged, well-established technique and permits unattended extraction.
However, it requires a long extraction time, the consumption of a large amount of solvent

and most important it cannot be used to extract thermolabile or volatile compounds [223].

A& Analytas i Mhatrix

W

Figure 7: Schematic illustration of the Soxhlet extraction process [extracted from 223]

1.4.5.5.2. Ultrasound assisted extraction (UAE)

This technique is based on the use of ultrasonic waves for the extraction of numerous
analytes from a diversity of matrices. The propagation of ultrasonic waves causes the
implosion of bubbles that induces macroturbulence and perturbation in the microporous
particles of the sample. As a result, the solute quickly diffuses from the solid phase to the
solvent. The ultrasonic bath is the most commonly known type of ultrasonic device; it usually
consists of a stainless steel tank with one or more ultrasonic transducers. Ultrasonic baths
usually operate at a frequency of around 40 kHz and can be equipped with temperature

control. They are readily cheap, available and large numbers of samples can be
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simultaneously treated. Nevertheless, the application of UAE is limited to very few matrices
and there are many compounds such as acidic herbicides that cannot be extracted as they
degrade [224].

1.4.5.5.3. Liquid-liquid extraction (LLE)

Liquid-liquid extraction is based on the solubility of the analyte in two immiscible solvents
and is governed by the equilibrium distribution coefficient. The homogenized liquid samples
are extracted, commonly three times, with an immiscible organic solvent and the extracts are
then centrifuged, concentrated and purified before the final analysis. L-L extraction is one of
the preferred methods in organic contaminant residue analysis especially for environmental
water analysis, which requires concentration of the extracts and still need to ensure sufficient
LOQs. However, LLE may use considerable amounts of toxic solvent (i.e. chloroform), may
be affected by the formation of emulsions, which are difficult to break up; in addition, it is
difficult to automate the process, which is considered tedious, time-consuming, and also
costly [225].

1.4.5.5.4. Microwave-assisted extraction (MAE)

Microwave-assisted extraction (MAE) is based on the principle that microwaves activate the
rotational energy levels of dipolar and charged molecules, thus allowing for rapid extraction
of a sample contained in a closed vessel in the presence of an extraction solvent. The final
extract is separated from the matrix by centrifugation or filtration. MAE has substantial
advantages compared to other sample preparation techniques, as it requires a much lower
solvent volume, reduces extraction time and allows the processing of a large number of
samples simultaneously. However, it requires costly equipment, and very few applications
have been developed so far for food residue/contaminant work due to the thermolability of
the analytes [226].
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1.4.5.5.5. Pressurized liquid extraction (PLE)

Pressurized liquid extraction (PLE), also known as accelerated solvent extraction (ASE),
pressurized fluid extraction (PFE), enhanced solvent extraction (ESE), and high pressure
solvent extraction (HSPE), is based on the use of solvents at high pressure and/or high
temperature without reaching the critical point. The high temperature (usually 50- 200°C) and
pressure (500-3000 psi) enhance the solubilization and desorption of analytes from the
matrix, accelerate the speed of the extraction process, and provide good recoveries of
analytes at this stage of the procedure. PLE has many advantages over traditional
techniques such as Soxhlet extraction and ultrasonication extraction, e.g. a short extraction
time, low solvent consumption and additional extract filtration, which is done by adding the
inert material to the extraction cell. The advantage of PLE, over techniques such as MAE, is
that the extraction solvents available for MAE are limited to those that do not absorb
microwaves such as chloroform and dichloromethane [227]. The main limitation of PLE is
the low selectivity towards the analytes due to fact, depending on the sample, of the

co-extraction, many interferents, such as lipids, pigments, cholesterols and others [228].

1.4.5.5.6. Matrix solid phase dispersion (MSPD)

Matrix solid phase dispersion (MSPD) can be defined as a solid-solid extraction procedure,
in which one phase is the investigated (semi-) solid matrix and the other an appropriate
sorbent. In practice, the technique is applicable to liquid, viscous and solid samples. In a
typical MSPD experiment with a (semi-) solid matrix, the tested sample structure is
completely disrupted by abrasion with the selected extraction sorbent(s). During this mixing
process, sample components are homogeneously dispersed on the sorbent surface. The
resulting homogeneous, dried sample-sorbent(s) mixture shall subsequently be extracted
with a suitable solvent. Reversed-phase bonded materials such as C18 have been widely
used as MSPD sorbents for selective retention of medium-polar and nonpolar matrix
components. Normal-phase inorganic materials (e.g., bare silica, alumina or Florisil) or
celite, sand or diatomaceous earth have also been used for MSPD, although with less
extensive retention power than reversed-phase bonded materials [229]. The field of
application recently extended to the determination of emerging pollutants, such as parabens,

plasticizers or fragrance allergens.
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Novel dispersant materials are special sorbents that improved selectivity and/ or selectivity
during MSPD, in particular molecularly-imprinted polymers (MIPs) [230]. The main limitation
of MSPD is the format of the technique, which requires extensive manipulation and
additional extraction for example by packing the sample-sorbent mixture in an SPE-like

format and elution with a solvent.

1.4557. Solid phase extraction (SPE)

Solid phase extraction (SPE) is based on the dispersion of the analyte between a sample
extract and a solid adsorbent phase and the partitioning of the analyte between two phases.
To be able to be effective, the analyte must show greater affinity for the adsorbent phase
than for the sample matrix. The analyte(s) retained on the solid phase are removed by
eluting with a solvent having a greater affinity for the analytes. In a modern SPE system, the
adsorbent is packed between two fitted disks in a polypropylene cartridge and liquid phases
are passed through the cartridge either by suction or by positive pressure. Many different
types of adsorbents are available. [231]. Among traditional sample preparation techniques,
SPE has probably been the most extensively used despite its long procedural time for
multiple steps, such as cartridge conditioning, extract loading, washing, and analytes elution.
However, SPE is only suitable for compounds with similar physicochemical properties, and
so is less applicable when using multi-residue methods. The current trend is on the
development of more generic extraction procedures, and dispersive SPE (d-SPE) emerged
as an alternative, offering analytical convenience, simplicity and good matrix elimination, as

discussed in the following section.

1.4.5.5.8. Dispersive solid phase extraction (d-SPE)

Dispersive solid phase extraction (d-SPE) can be described as the clean-up step of the new
concept of sample preparation performed for pesticide residue analysis, the QUEChERS
(see section 1.4.5.8.1.), and it is based on the addition of a sorbent directly into the analytical
sample extract followed by mechanical dispersion that favours the contact between the
sorbent and analytes / matrix components. When the dispersion process is completed, the

sorbent is separated by a mechanical process, for example filtration or centrifugation [232].
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Common sorbents for d-SPE are the primary-secondary amine (PSA), used to remove
co-extracted matrix components such as organic acids, sugars, amino acids among other
components of the matrix. Reversed phase (RP) sorbents, such as C18, provide good
results for the purification of samples with significant fat, wax content and also terpenes or
other volatile compounds. Graphitized carbon black (GCB) is another example of sorbent
that helps eliminate chlorophyll and carotenoids or other pigments from plants;
zirconia-based sorbents help remove high levels of lipids. Sorbents can be applied
independently or in combination.

Under a quality-controlled system, potential losses of target analytes should be controlled
when using d-SPE sorbents through a quantitative estimation of the (recoveries of the
targeted analytes and internal standards (ISs) and matrix matched calibration curves have to
be used to ensure high recovery rates [233]. Care should also be exercised to verify the
applicability of d-SPE since some target analytes might be lost during this step, e.g.,
fumonisins are lost after a PSA clean up [233].

d-SPE together with SLE, LLE and SPE are, probably, the sample preparation methods

most-employed for organic contaminant residue analysis [7].

1.4.5.5.9. Solid-phase microextraction (SPME)

Solid-phase microextraction (SPME) is a technique that works on the principle of
adsorption/absorption and desorption and uses a silica fiber, coated with an extractive
phase, generally organic polymers (i.e. DB1, DB1701) to concentrate analytes in a sample.
SPME combines the sampling, isolation, and enrichment of an analyte to one step. In SPME,
the extraction phase can be exposed directly to the sample media (direct immersion, DI) or
to its headspace (HS). The amount of analyte extracted onto the SPME coating is linearly
proportional to the analyte concentration in the sample, which is the analytical basis for
quantitative analysis using SPME [235]. The analytes absorbed to the fiber are then typically
desorbed, for example, using thermal desorption during GC analysis. The major advantage
is that it allows rapid and solvent-free extraction of the analytes. Very good extraction has
been achieved for water samples; the drawback is that SPME has been shown to be less

precise with more complex matrices [236].

1.4.5.5.10. SFE Supercritical fluid extraction (SFE)
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SFE Supercritical fluid extraction (SFE) is a relatively recent extraction technique based on
the enhanced solvent power of fluids above their critical point. Its usefulness in extractions is
due to the combination of gas-like mass transfer properties and liquid-like solvating
characteristics with diffusion coefficients, which are higher than those of a liquid. The
majority of SFE studies for organic contaminants have focused on the use of CO, because it
is non-toxic, non-flammable, cheap, easily eliminated after extraction and possessing a high
solvating capacity for non-polar molecules. The major advantages of SFE include
pre-concentration effects, cleanness and safety, relative simplicity and fast applications. The
drawbacks of SFE are the need for expensive equipment and the difficulty of extracting polar

molecules, unless using modifiers to add to CO, [237].

1.4.5.511. Gel permeation chromatography (GPC)

Gel Permeation Chromatography (GPC), also known as Size Exclusion Chromatography
(SEC), is a very robust technique used to separate molecules of different sizes using porous
materials and sorbents. Small molecules can enter the entire intra-particular pore space and
hence elute last, whereas large molecules are excluded from all pores and hence elute first.
Gel permeation chromatography (GPC) is known to be well suited for the separation of fatty
matrix components from target analytes. It is a well-established technique but has the
disadvantage of being time consuming and requiring intensive optimization before its routine
use due to the calibration of the different fractions of eluate and very difficult to automate
[238].

A summary and a comparison of sample preparation techniques is presented in Table 3.

Table 3: Comparison of different extraction techniques for food matrices (adapted from
[239]).

Extraction Advantages Disadvantages
technique

High T increase the solubility; no need Decomposition of thermolabile
for filtration, extraction efficiency is high analytes, not a green techniques, high
solvent consumption, long procedure.

Short extraction time; cheap equipment, Need for filtration; high matrix content
useful for thermolabile analytes. in the extract.
An option that exists Formation of emulsions, tedious,

time-consuming, and costly technique
Rapid technique, low solvent use, high T Limited solvent choice, expensive lab
are possible, for both solid and liquid equipment, filtration need
samples
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Rapid technique, Low selectivity

Increased number of sorbents, Time-consuming
expanded field of applications
Coating neds to match analyte of Amount of analyte extracted is directly
interest proportional to coating affinity, most
suited to qualitative work.
Rapid technique, short extraction time, expensive lab equipment, requires the
low volume of organic solvents use of modifiers
Fast, a number of sorbents can be used Unspecific clean-up, needs quality
control procedures
Very robust Very time consuming and requiring
intensive optimization; difficult to
automate

1.4.5.6. Choosing the right method

To be able to choose the right analytical method it is important that the scientist/chemist is
aware of the following issues at a minimum: the scope of testing, type of method required
screening vs confirmatory or routine testing/research method, the type of sample to be
analyzed, the target analyte(s), the need for a single analyte or a multi-analyte method, the
available instrumentation, the availability of certified reference materials and/or analytical
standards, the availability of current validated methods from standards/literature, what
criteria to be met for trueness, precision, sensitivity, selectivity, robustness and, ruggedness,
what are the current national/regional/international legislative requirement(s) in terms of
method performance criteria, where and when will the analytical results be used, how quickly
do the results need to be reported, how much can be spent for each sample, how much
analytical uncertainty can be tolerated. With the above information at hand the analyst
should conduct a proper bibliographical review and identify options for suitable methods.
These criteria are not mutually independent, and it is often necessary to find an acceptable
balance between them. In cases where a method does not exist, the analytical scientist
should add an additional component for method development to the total investment plan. It
is important to note that any method to be adapted for use in the laboratory should undergo
a complete method validation meeting internationally acceptable standards (as suggested by
regulatory authorities or reputable bodies such as the Codex Alimentarius Commission) prior
to routine use of the method for sample analysis. The European approach, also more
recently adopted by Codex Alimentarius, requires methods to comply with certain
performance criteria, and in general is more accommodating in terms of the methods used,
provided these deliver results according to the criteria established by the European
Commission. The US approach is more defined in terms of the methods that can be used,

e.g. the tolerance (MRL) enforcement program imposes certain requirements and

Page 64 of 242



restrictions on the method to be used. Only collaboratively studied methods and stringent

guidelines specifying the analytical procedure are permissible [240].

1.4.5.7. Implementation of the method

The implementation of an analytical method requires that a method has been chosen, that all
necessary conditions in terms of necessary equipment, consumables and instrumentation
are met and that the method has been adapted to the laboratory conditions, optimized,
validated and characterized for fithess for purpose, including the application of QA/QC

measures, before it can be implemented under routine conditions (see Text box 5).

Adaptation
Optimizatior

Validation

Implementation

of the method
Design of QA/QC measures

IIIEI

Routine implementation

Text box 5: Different phases of analytical method implementation

1.4.5.8. Main modern methods for multi-residues/multi-contaminants analysis.

Three modern multiresidue methods, initially developed for the monitoring and control of
pesticide residues, but nowadays used for other food residues and contaminants areas, are
presented in this paragraph. One difference between these methods is the organic solvent
used for extraction, ranging from acetonitrile for the QUEChERS method [176], ethyl acetate
for the SweEt method [241], [242], and acetone with partitioning with
n-hexane/dichloromethane, for the Dutch Mini Luke method [243], [244].

In all the three methods, analytes of interest are partitioned between an aqueous phase and

an organic phase.
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1.4.5.8.1. The QUEChERS method

One of the most developed approach for modern sample preparation has been achieved by
the QUEChERS method, which was initially developed for the extraction of pesticides from
vegetables, and it is widely known because of its simplicity and effectiveness well described
by its acronymic name: quick, easy, cheap, effective, robust and safe. This methodology is a
simplified and miniaturized solid liquid extraction (SLE) technique, which mainly reduces
solvent consumption and analytical steps and efforts. The original procedure was based on
an extraction of 10 g samples with acetonitrile from samples with high water content (mainly
fruits and vegetables), addition of internal standard, followed by partitioning of the analytes
between water and organic phase, salting out by adding salts (sodium chloride and
magnesium sulphate). After centrifugation both phases are separated, and a clean-up step
based on dispersive solid phase extraction (d-SPE) is used. An aliquot of the organic phase
is subjected to a clean-up step by using a small amount of the sorbent. Originally, a primary
secondary amine (PSA) was used; to increase the efficiency of the clean-up step additional
sorbents started to be used. Several modifications were included in order to improve the
extraction of difficult pesticides, such as the use of acidified acetonitrile, combination of
several sorbents for d-SPE. An improved version of the QUEChERS method includes the
use of buffers (citrate or acetate buffer) during extraction [245]. This allows to attain
sufficiently high recoveries for the majority of pH-dependent pesticides. The two buffered
versions of QUEChERS have been extensively evaluated and adopted as the official method
in the EU and the United States for the analysis of pesticide residues in fruits and
vegetables: EN 15662 [246] and AOAC 2007.01 [247].

QUuEChERS-based methods are widely used in routine testing for several contaminants and
residues (pesticides, mycotoxins, veterinary drugs, dyes, phytohormones, polycyclic
aromatic hydrocarbons) covering different matrices (food and environmental). The main
advantages of this procedure are the high number of compounds that are simultaneously
extracted from a small amount of the matrix (10 g), using a reduced volume of the organic
solvent (10 mL) in a short period of time (<15 min). Moreover, several samples can be
extracted simultaneously [233], [248], [118].

1.4.5.8.2. The SweEt method
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A multiresidue method based on extraction with ethyl acetate has been developed at the
Swedish National Food Administration and used since 1989 to monitor pesticide residues in
fruit and vegetables. The method has been continuously adjusted, resulting in simple and
quick analyses of pesticide residues [249]. Ethyl acetate has proven to be an almost
universal solvent and its ability to extract many different classes of pesticides from various
commodities has been proven. The initial method had been validated for 309 analytes, of
which 187 were detected by LC-MS/MS using positive and negative modes and 122 by
GC-MS/MS. With regard to extraction efficiency, ethyl acetate has been shown to be suitable
for products with a high fat content—because of the solubility of fat in ethyl acetate,
pesticides are released and extracted efficiently. In addition, ethyl acetate is very suitable
either for GC or for LC analysis. It has good wettability in GC (pre)columns; this is of benefit
for solvent trapping of the most volatile analytes, which is required for refocusing after
injection and it is compatible with all GC detectors. The original ethyl acetate-based
multi-residue method for pesticides in food produce, SweEt method, has been recently
revisited, re-validated and modified for gas chromatographic (GC) analysis by
implementation of dispersive solid-phase extraction (using primary—secondary amine and
graphitized carbon black) and large-volume (20 pL) injection. The same extract, before

clean-up and after a change of solvent, was also analyzed by LC-MS-MS [250].

1.4.5.8.3. Dutch Mini-Luke method

The original multiresidue method was introduced in 1975 as the Luke method: originally 100
g of the sample were extracted with 200 mL of acetone and a mixture of petroleum ether and
dichloromethane (1:1, v/v), 100 mL each, were used in a partitioning step [251]. Many
optimizations were later performed on the original method, and in the 1980s, researchers
from The Food and Consumer Product Safety Authority (VWA, Amsterdam, the Netherlands)
reduced the solvent amounts significantly, and the method was renamed the Dutch
mini-Luke method as mentioned above. The so-called ‘Dutch mini-Luke’ method, which uses
a combination of acetone/petroleum ether/dichloromethane (v/v. 1/1/1), has been
successfully validated for a wide range of LC and GC amenable pesticides. It is preferred by
some laboratories because liquid/liquid partitioning provides relatively ‘clean’ extracts without
the need for additional clean-up. The lower concentration of coextractives compared to
acetonitrile and ethyl acetate methods results in less contamination of the instrument
systems [250]. Wider adoption of the method has possibly been hindered by the need for

slightly higher volumes of solvent compared to other methods including due to the use of
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dichloromethane, a solvent to be avoided according to green chemistry principles. However,
experiments to further reduce the volume of solvents required (dichloromethane reduced to
10 mL) and validate the improved ‘NL method’ were recently reported and the method
renamed the New-Dutch Mini Luke method [252]

The major drawback of this method is that laboratories must be able to homogenize the
sample in the presence of solvent using high-performance dispersing equipment, such as an

ultraturrax® [253]. Such a device is not always available in analytical laboratories.

1.4.5.8.4. Dilute and shoot” technique

Another approach currently used in advanced laboratories is the “dilute and shoot”
technique, which was proposed for multi-class methods, in liquid matrices, strictly based on
the availability of analytical instrumentation that is providing the required LOQs and
improved instrument performance [254]. This approach requires less stringent sample
preparation, and it involves the dilution of samples with an internal standard and then the
direct injection into the chromatographic system coupled to tandem MS, operated in multiple
reaction monitoring (MRM) mode. The performance of the separation system and the mass
spectrometer are essential considerations; thus, the cost of sample preparation must be
balanced with maintenance costs of advanced analytical instrumentation.

Dilution of the extracts can reduce matrix effects to a certain degree, but it can also lead to
an increase of the estimated quantitation limits (LOQs) as some problems can be observed
at low concentration levels for several analytes. This strategy was developed for the
simultaneous extraction of a wide variety of residues and contaminants (firstly pesticides,
and then mycotoxins, plant toxins and veterinary drugs) from different food (meat, milk,
honey and eggs) and feed matrices allowing the extraction of more than 300 compounds [7].
Table 4 provides a comparison of some analytical features peculiar to a Dilute and Shoot

approach in comparison to the SLE and SPE approaches.

Table 4: comparison of some features of dilute and shoot approach with an SLE and SPE

Dilute and Shoot SLE SPE

Sample preparation time fast fast slow

Process difficulty easy easy difficult

Consumables required fewer more more
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Sensitivity achieved low high higher
Chromatographic column life high low high

1.4.5.8.5. The QuPPE method

The Quick Polar Pesticides (QuPPe) Method was first introduced by the European
Reference Laboratory for single residue methods (EURL-SRM) and has enabled more
laboratories to conduct analysis for at least some of the polar pesticides. QuPPe allows the
analysis of a number of highly polar pesticides non-amenable to common multiresidue
methods (e.g. QUEChERS). The method involves extraction with acidified methanol and
LC-MS/MS measurement. Isotope labelled analogues of the compounds are used as internal
standards (ILISs) to correct for volumetric variations, matrix effects and other errors. Various
LC-MS/MS methods were validated ([255], [256], [257]) each covering a different scope of
pesticides. This provides laboratories a range of options, depending on the pesticide scope
they would like to cover. The method is dynamic and is periodically being updated as more

pesticides or separation possibilities are being introduced [258].

1.4.5.9. Method validation

Method validation is a requirement of national, regional and international standards that help
directly ensure the quality of produced data and the quality of the analytical capabilities
needed to ensure compliance to the legislation [259], [260]. The validation of a methodology
must be performed for all the analytical methods prior to its use in the lab and after its
development and adjustment.

The ISO/IEC 17025:2017 quality standard requires that “the laboratory shall validate
non-standard-methods, laboratory -developed methods and standard methods used outside
their intended scope or otherwise modified. The validation shall be as extensive as is
necessary to meet the needs of the given application or field of application” [261]. The
purpose of method validation is to show that the method of analysis chosen is capable of
producing accurate, precise and reproducible results for the analytes of interest in the
specified matrices. The data collected (and retained) to prove the validity of the method
provide the basic evidence to support the validity of the results subsequently generated
using the method for sample analysis. In other words, a method must be fit for the purpose

of analysis and should provide reliable results.
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Essential information for the characterisation of a method may be gathered during the
development or adaptation of an analytical procedure, the establishment of acceptable
performance (in house validation), the regular performance verification of methods applied in
the laboratory, the demonstration of acceptable performance in a second or third laboratory
(AOAC Peer-Verified Method) [262] and participation in inter-laboratory collaborative studies
[263].

As mentioned above, it is essential that method validation be carried out following
completion of the method development and before introducing the method for routine
analysis. Additional validation is essential when the method is transferred to another
laboratory or whenever the conditions or method parameters for which the method was
initially validated have changed.

To date no regulatory standard or guideline is currently available that regulates all classes of
residues and contaminants simultaneously. In the case a residue/contaminant is being
detected, the analysts are obliged to comply with the requirements of the specific legislation
for the class of interest. Those requirements also apply to method validation procedures.

In general, across all legislation requirements, the most important parameters to be studied

and characterized during method validation are (see Text box 6):

Selectivity
Specificity

parameters

‘Working range,
linearity

Calibration
function

Method

validation

Text box 6: Common validation parameters

1.4.5.9.1. Selectivity
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Selectivity Is the ability of an analytical procedure to assess the analyte in the presence of
interferences such as matrix components, impurities, degradation products etc. Some

regulatory authorities use the term specificity to refer to selectivity. (see Text box 7):

&
L'ﬂ"ﬁ

Text box 7: Visual representation of the selectivity concept: only the red target fits the yellow

shape

1.4.5.9.2. Specificity

Specificity of analyte detection means that the detection system response, used for
calibration, must be demonstrated as being completely attributable to the analyte, preferably
by mass spectrometry in full-scan or multiple reaction monitoring or exact-mass/high
resolution mass spectrometry. In other words, that the signal is due to the analyte presence

only.

1.4.5.9.3. Limit of detection and quantitation

Limit of detection (LOD) is the smallest amount or concentration of the analyte in the test
sample that can be reliably distinguished from zero (see Text box 8). This information is
necessary to characterize the analytical method in terms of its ability to detect low levels of
analytes and compare it to other methods, laboratories or standards. The limit of quantitation
(LOQ) is the lowest spike level meeting the identification and method performance criteria for

accuracy and precision.
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Text box 8: The manual estimation of the LOD by measuring the noise and the analyte peak
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heights in relation to the injected analyte concentration.

1.4.5.9.4. Linearity, working range

Linearity is the power of a method to elicit test results that are directly proportional to the
concentration of an analyte in the sample within a specific working range (see Text box 9).
Linearity is important for the confirmation of the method’s sensitivity for the analysis of the
analyte’s concentration within a defined range. Linearity of a given response must be
evaluated using at least a minimum of 5 concentrations of the analyte (multi-point
calibration) and the data must be statistically analyzed, e.g. by performing regression
analysis using the method of the least squares. Linearity studies are important because they
define the range of the method within which the results are obtained accurately and

precisely.
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Text box 9: Visual representation of the linearity concept using the calibration regression
[132]

1.4.5.9.5. Calibration function

The calibration function is the relationship between the observed signal from the target
analyte in the sample extract and the known quantities of the analyte prepared as calibrant.
This function must be defined for its linearity, analytical range, limit of detection and limit of

determination and response range [132].

1.4.5.9.6. Matrix effects

Matrix effects: these are described as the possible impacts of sample matrix components on
the measurement of analyte concentration (analyte signal). If present, matrix effects may

need to be compensated for, for example through the use of matrix-matched calibration.

1.459.7. Precision and reproducibility

Precision is the degree of agreement among individual test results, or in other words the
extent to which the individual test results of multiple injections of a series of standards agree.
The measured standard deviation can be expressed as repeatability, within laboratory
reproducibility and reproducibility. Repeatability refers to the closeness of agreement
between mutually independent test results obtained with the same method on identical test
material, in the same laboratory by the same operator using the same equipment within
short intervals of time. The repeatability (within-run effect) includes contributions from any
part of the procedure that varies within a run, including contributions from normal gravimetric
and volumetric errors, heterogeneity of the test material, and other procedural errors during
the analysis. It is expressed as repeatability relative standard deviation (RSD,).
Reproducibility refers to the closeness of agreement between independent results obtained
with the same method on identical test material obtained but under different conditions. It is
expressed as reproducibility relative standard deviation (RSDg). Within-laboratory or
intra-laboratory reproducibility contributes to day-to-day variations in the analytical system

due to changes of analyst, batches of reagents, recalibration of instruments and laboratory
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environment (e.g. temperature changes). Between-laboratory or interlaboratory or
multiple-laboratory reproducibility (laboratory effect) contributes to additional variations such
as variations in calibration standards, differences between local interpretations of a protocol,
differences in equipment or reagent source, or environmental factors, such as differences in
average climatic conditions.

1.4.5.9.8. Trueness

Trueness is defined as the closeness of agreement between the average value obtained
from a large series of test results and an accepted reference value [262]. A measure of
trueness is the determination of the method bias, which is defined as the deviation of the
mean value from a reference value (true value). The accuracy on the other hand is the
measure of the deviation of an individual value from the reference value (true value) (see
Text box 10). Recovery is the amount measured as a percentage of the number of
analyte(s) (active substance and relevant metabolites) originally added to a sample of the
appropriate matrix, which contains either no detectable level of the analyte or a known
detectable level. Recovery experiments provide information on both precision and trueness

(bias), and thereby the accuracy of the method.
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Text box 10: Visual representation of the trueness concept, extracted from [264]

1.4.5.9.9. Uncertainty
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Uncertainty of measurement results is the range around the reported result within which the
true value is expected to lie with a specified probability. It is well known that replicate
analyses of the same sample, analyzed either within- or between-laboratories, will generate
different results, especially at trace (0.001—-10 mg/kg) levels. The estimation of uncertainty is
approached either by a “top-down” or “holistic” approach or by an alternative “bottom-up,”
“uncertainty budget, “component-by-component”, metrological approach. The estimation of

the uncertainty of the results is further addressed in paragraph 1.4.6.4.

1.4.5.9.10. Robustness/ruggedness

Robustness/ruggedness is the capacity of a method to withstand and remain unaffected by
any deliberate variation to the parameters.

The ruggedness/robustness of the analytical method is further addressed in paragraph
1.4.6.5.

The validity of a specific method should be demonstrated in laboratory experiments using
samples or standards that are similar to unknown samples to be analyzed routinely. The
preparation and execution of a method validation study should follow a validation protocol,
preferably written in a step-by-step instruction format. The objective of analytical method
validation is to ensure that valid analytical data are generated both during initial use of the
method and also during its entire lifetime of application. However, appropriate quality control
checks should be included during routine sample analysis to verify that the performance of
the method and the system has not changed from the initial method validation.

The performance parameters that are related to the ability of the method to detect, identify
and quantify low analyte levels in samples are the LOD and the LOQ.

A full method validation is a laborious and a challenging task.

Regulatory documents and guidelines that provide information and guidance on method
validation are available from the AOAC, Codex Alimentarius, European Medicines Agency,
the EU, the Eurachem, the FDA, the ISO among many others They are indicated in Table 5
and Table 6 as either vertical or horizontal standards depending on whether they are
applicable to one specific chemical area or if they are more of a general competence for

more chemical residues/contaminant areas.

Table 5. Examples of vertical validation guidelines or standards that provide requirements

for method validation for specific compounds/ matrices.

Validation guidelines/standard Application area
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(076] 0 [0] EE o] g N RTo U] =i [oTg M (=L@ I N [N 10 V220 0 [68e) 2 N ST (VER)YA.  Mycotoxins method validation guidelines
2006 laying down the methods of sampling and analysis for
the official control of the levels of mycotoxins in foodstuffs

[265]

(@] =1\ I 8 (5051 B e To o R Ta E VAT RSN ol el i E (=N IR (o] Mycotoxins method validation guidelines
single laboratory validated methods of analysis for the

determination of mycotoxins [266]

Performance of analytical methods and
Directive 96/23/EC concerning the performance of analytical RGERGIE I GIENl N RS IEMI R EREIERo
methods and the interpretation of results [267] certain substances and residues thereof

in live animals and animal products.

(07.\@7(€1Rmv A B0 [0l B €V To [l [TaFEN (o] AN () CEG EEITo i BE-Ta o Use of veterinary drugs in food producing

implementation of national regulatory food safety assurance [RENIELS
programme associated with the use of veterinary drugs in

food producing animals [268]

Commission Decision 2002/657/EC implementing Council

Guidance on bioanalytical method validation, European BY/EEEIE 16 e (i Meelle=aliglilela ]y}

Medicines Agency, 2011 [269] biological matrices

Table 6. Examples of horizontal validation guidelines or standards that provide requirements

for method validation

Horizontal validation guidelines / standard
CXG 49-2003 Harmonized IUPAC Guidelines for Single-Laboratory Validation of Methods of Analysis
[270]
CAC/GL 40-1993 Guidelines on Good Laboratory Practice in Pesticide Residue Analysis [271]

SANTE/12682/2019 Analytical quality control and method validation procedures for pesticide residue

analysis in food and feed [132]

FDA Regulations and specific guidelines for the validation of analytical methods and procedures.
Guidelines for the Validation of Chemical Methods for the FDA FVM Program [272]

AOAC international guidelines for validation of qualitative binary chemistry method [273]

Eurachem Guide: The Fitness for Purpose of Analytical Methods - A Laboratory Guide to Method
Validation and Related Topics_[274]

1.4.5.9.11. Practical steps at the laboratory

The implementation of method validation includes several steps, such as:
e Planning and preparation of a validation plan by specifying the method requirements in

terms of accuracy, precision, selectivity, specificity, sensitivity, LOQ, linearity,
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ruggedness, among others. Table 7 provides the information about the “how to”

implement, and is a good starting point for the practical implementation at the laboratory.

Selection of matrices and analytes and planning of fortification levels

Confirmation of the stability of analytes, efficiency of extraction and homogeneity of

distribution of the analyte in the processed sample, as evaluated during method

Comparison of the results with requirements of guidelines/standards

Documentation of method validation performance criteria

[ J
[ J
development and optimization
e Establishment of the experimental design
e Running of the experiments
e Statistical analysis of the generated data
[ J
[ J
1.4.5.10. Evaluation of the method

Once method validation experiments are analytically implemented, method performance

parameters must be established to characterise the method. An example of minimum

performance criteria for an analytical method is given in Table 7.

Table 7: minimum performance criteria for an analytical method, based on CXG 90-2017
[131] and SANTE/12682 /2019 [132].

Evaluated

parameter

Selectivity (rate of false
positives and negatives)

Specificity

Reporting limit (RL)

Linearity

Reference
guideline

CXG 90-2017

SANTE/12682
/2019
SANTE/12682
/2019

CXG 90-2017

What / How to

To estimate rates of false
positives and negatives during
method validation, an adequate
number of blanks per matrix
[not from the same source]
should be analyzed along with
spiked matrices at the analyte
reporting level.

Response in reagent blank and
blank control samples

The lowest level at which
residues will be reported as
absolute numbers.

Examination of a plot of
residuals produced by linear
regression of the responses on
the concentrations in an
appropriate calibration set. Any
curved pattern another function
such as quadratic should be
tested and applied, using at
least five concentration levels.
The use of weighted-linear
regression or
weighted-quadratic function is
recommended rather than linear
regression for low part per

Min. criterion

required
No interferences shall occur
which significantly affect the
analysis.

<30 % of the reporting limit

It is equal to or higher than the
LOQ.

Residuals of the calibration
curve deviate by more than
20 - 30 % (30% for
calibration concentrations
near the instrument LOQ),
statistical consideration of
outliers should be made,
possibly leading to re-analysis
of the sequence if quality
control criteria are not met.
The coefficient of
determination (R2) used with
an appropriate  weighting
factor such as 1/x or 1/x2 to
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Limit of quantitation
(quantification)-LOQ-

Lowest validated level

Trueness

Precision (RSDr)
Precision (RSDwR)

Retention time

Retention time-

SANTE/12682
/2019

CXG 90-2017
and
SANTE/12682
/2019

SANTE/12682
/2019

(LVL)- CXG
90-2017

SANTE/12682
/2019

CXG 90-2017

SANTE/12682
/2019
SANTE/12682
12019

CXG 90-2017

CXG 90-2017
and
SANTE/12682
/2019
SANTE/12682
/2019

CXG 90-2017

SANTE/12682
/2019

billion  (ug/kg) concentration

determination

Linearity check from five levels

Comparison of response from
solvent standards and matrix
matched standards

Lowest spike level meeting the
identification and method
performance criteria for
recovery and precision. It is
equivalent to the limit of
determination (LOD), which
means the validated lowest
residue concentration which
can be quantified and reported
by routine monitoring with
validated control methods;
The S/N at the lowest calibrated
level (LCL) must be 210 (conc.
2 1.0Q), which can be setas a
system suitability check
required for each analytical
sequence.

Average recovery for each
spike level tested

The trueness of a method may
be determined by analysis of a
certified reference material, by
comparison of results with
those obtained using another
method for which the
performance  criteria  have
previously been  rigorously
established (typically a
collaboratively studied method),
or by determination of the
recovery of analyte fortified into
known blank sample material.
Repeatability RSD r for each
spike level tested

Within laboratory reproducibility,
derived from on going method
validation/verification

Degree of variability of a
measurement around a mean

Check compliance with
identification requirements for
MS techniques

The retention time of the
analyte in the extract should
correspond to that of the
calibration standard

The retention time of the
analyte in the extract should
correspond to that of the
reference value.

Average recovery and RSDwR,
derived from on going method
validation/verification

minimize the potential impact
of the relative concentration
range.

Deviation of back calculated
concentration from true
concentration <20 %
Estimation of the ME and use
of compensation approaches
in calibration (matrix matched,
analyte protectants, ILISTD,
etc.)

Spiking experiments at the
Lowest Validated Level (LVL).

70- 120 %

70- 120 %

<20 %

<20 %

RSD < 20%.

For very low concentrations
(e.g. <0.01 mg/kg) RSD < 30
%.

See Table 1-paragraph
1.4.2.1

Matching tolerance of +0.+£0.1
min.

Matching tolerance of +0.2
min or 0.2 % relative retention
time, for both gas and liquid
chromatography (preferably +
0.1 min if possible).
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Ruggedness CXG 90-2017 Ruggedness (often
synonymous with robustness)
of an analytical method is the
resistance to change in the
results produced by the
analytical method when
deviations are made from the
experimental conditions
described in the procedure.

Table 7 indicates that according to both guidelines, CXG 90-2017 and SANTE/12682 /2019,
a quantitative analytical method should be capable of providing acceptable mean recovery
values at each fortification level and for at least one representative commodity from each of
the relevant commodity groups. Mean recoveries from initial validation should be within the
ranges as specified in the Table 7 with an associated repeatabilty RSD,, and a
within-laboratory reproducibility (RSD,g), for all analytes within the scope of a method.
Method performance criteria must be fully documented. In this thesis, the definition adopted
for the LOQ is the lowest fortified level of the validation meeting the method performance
acceptability criteria.

Next step, is setting the parameters for verification of method performance during its routine
application. Generally quality control charts are very useful for monitoring such performance
[275]. Any deviation from the validation criteria shall be investigated. In addition, ISO/IEC
17025:2017 states that when changes are made to a validated method, the influence of such
changes shall be evaluated and if found to affect the original method, a new validation shall
be performed. In addition to ensuring that the method meets the needs and field of
application for the intended purpose, including the estimation of uncertainty (see paragraph
1.4.6.4.), it is important to verify that there is a return on research and development efforts
and investments, and that the method is fast enough to comply with “customer needs”. (see
Text box 11).

The required regular maintenance also needs to be documented in the standard operating
procedures or method protocol together with the quality assurance and quality control
measures associated with the analytical method. Such documentation is the fundamental
document according to which capacity building shall be provided to the technical staff at the

laboratory.
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Method Turnaround
performance

Uncertainty

Evaluation of

o P

the method
Capacity [ Customer
building ‘satisfaction

Text box 11: Aspects that are important for the evaluation of the fitness for purpose of an

analytical method

1.4.6. The analytical data

The analytical data is the result deriving or associated with an analytical method. Ultimately
data (analytical result) need to be univocally related to a residue/contaminant concentration
in a sample, which is processed and prepared in such a way that the information contained
in the original population is preserved during all the steps including sampling, transportation
to the laboratory, storage and analysis. One can imagine the number of traps and pitfalls that
exist throughout this “representative” data trip. ISO 17025:2017 focuses the attention on the
issue of representativeness of the sampling step. In the end the analytical data is valid only if
it represents the original sample, and this chain of representativeness is maintained intact by
all possible means. When the analytical determination can avail of HRMS instruments, data
can be generated and reprocessed a posteriori, using a retrospective evaluation of

compounds based on their isotopic profile and accurate mass.

1.4.6.1. Processing of data files

Data processing typically commences on completion of the entire sample sequence from the

final determinative step. The instrument software allows to manually or automatically
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process the data files. In the case of targeted approaches, which are currently the most
common analytical choice for food residue/contaminant detection, a specified list of analytes
is investigated using a QgQ detector operated in selected reaction monitoring mode
(SRM/MRM). Specific instrument software is used to identify the compounds and run a quick
screening of the samples. In GC-MS/MS, reverse-search methods, based on the National
Institute for Standards and Testing (NIST) (electron impact) libraries, are available [276]. In
LC-MS/MS there is very little availability of commercial libraries which allow a rapid
screening of the samples. The reason for this is the scarce reproducibility of in-source
collision-induced dissociation spectra and the difficulty of interchanging spectra acquired
with instruments from different manufacturers. Through comparison of retention time
information, MRM quantification and qualification transitions, analyte peaks are integrated,
and quantified using calibration approaches. According to the SANTE/12682 /2019 guideline
at least two product ions are necessary for a compound identification while the ion ratio from
sample extracts should be within £30 % of calibration standards from the same sequence. In
multi-residue analysis an increased number of analytes means that a higher number of
necessary ion transitions have to be recorded. This can result in an increased chance of
common or overlapped transitions affecting the method LOQs [277]. In general, the batch
sequence will contain files about reagent blanks, blank samples, calibrators and samples,

including ongoing validation samples and QA/QC samples, (see Text box 12)

System
sustability
checks
Chedk
sampes

Samples and

calibrators
{randam
distribution]

Text box 12: Samples included in a typical batch sequence
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Reagent blanks are important as they provide information about possible laboratory
contamination from solvents, reagents and process related, and represent a first quality
control measure.

Blank samples are processed to ensure that the matrix used to prepare matrix matched
standards is free from any residue/contaminant at the retention time of interest for each
analyte.

Calibrators are essential to predict the unknown concentration of a target analyte through the
establishment of a calibration curve. This is achieved by measuring reference standards,
called the calibrators, and plotting area responses as a function of their concentration to
establish a relationship in the form of a linear regression, preferably weighted regression to
take into consideration inconsistency in the errors. Unknowns in the samples can then be
predicted using the established calibration curve.

Validation samples and/or on-going validation samples (i.e. a type of check samples) include
sample extracts fortified at a known concentration of the analytes used for the purpose of
validation studies and or ongoing validation. The information from these samples is usually
included in the quality control charts, to provide regular information about the performance of
the analytical method. Additional check samples are the QA/QC samples. For example, blind
fortified samples, that are randomly included in the analytical batch, and the results of which
are managed by the quality manager of the laboratory as part of the regular laboratory
quality control program.

All obtained chromatograms must be examined by the analyst and the baseline fit must be
checked and adjusted, as is necessary. Where interfering or tailing peaks are present, a
consistent approach must be adopted for the positioning of the baseline. Peak area or peak
height, whichever yields the more accurate results, may be used as described for example in
the SANTE/12682/2019 guideline. Identification of peaks includes appropriate peak
integration (area threshold for peak start), peak identification (expected analyte retention
time window, m/z and MRM transitions), and calibration parameters (weight and

concentration of samples and reference standards) [278].

1.4.6.2. Analytical calibration options
When it comes to analytical calibration, chemists are given several options (see Text box
13)

e solvent calibration
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e matrix-matched calibration
e stable isotope dilution assay with use of isotopically labelled internal standards
e standard additions
e procedural standards calibration
The choice of calibration to adopt depends on several factors, but primarily on the target

matrix-analyte combination.

Matrix matched
Stable isotope dilution assay

Procedural standards

standard additions

Text box 13: Analytical calibration options

Solvent calibration is very useful when matrix effects have been proven to be negligible.
However, as discussed in section 1.4.5.9.6., in the analysis of fresh fruits and vegetables,
extracts to be analysed by chromatography coupled to mass spectrometry are often prone to
“‘matrix effects” in the system (GC or LC has signal enhancement or suppression). The
calibration option should be as close as possible to the real sample situation. The calibration
standards should preferably be in an environment that is similar to the sample, to reduce the
effect from the sample matrix.

A reasonable option could, therefore, be to opt for a matrix matched standard calibration, in
which extracts of blank matrix, preferably of the same type as the sample, are used for
calibration. However, it may not be that easy to find a suitable blank matrix. The
SANTE/12682/2019 guideline indicates that in GC, representative matrix calibration, using a
single representative matrix or a mixture of matrices, can be used to calibrate a batch of
samples containing different commodities. Although this is preferable to the use of
calibration standards in solvent, compared to exact matrix matching, it is likely that the
calibration will be less accurate. The SANTE/12682/2019 guideline recommends that the

relative matrix effects are assessed and the approach is modified accordingly.
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Another analytical calibration option is the use of isotopically labelled internal standards
(ILSTD) in the SIDA format (see paragraph 1.4.4.3.). The ILSTD matches completely with
the analytes in terms of chemical behaviour, being essentially the same compound; however,
this option is expensive, especially when the screening is for multiple analytes in the sample.
The use of ILSTD calibration is the preferred option, since ILSTD should behave exactly like
the target analyte, thus compensating for any matrix effect on the peak response. For
multiresidue methods (10+ analytes) one can adopt the option of calibration by standard
addition. In this case a sample is divided into several test portions. One portion is analysed
directly and increasing amounts of the analyte are added to the other test portions
immediately prior to extraction. The “unknown” concentration of the analyte is derived by
extrapolation, from a calibration curve prepared from the relative responses of the analyte in
the sample and the spiked samples extracts. According to the SANTE/12682/2019 guideline
in this approach it is a must to demonstrate a linear response for the analytes of interest in
the appropriate concentration range, to achieve accurate results.

The standard addition is designed to compensate for matrix effects and recovery losses, but
not for extraction efficiency (unlike procedural calibration) or chromatographic interferences
caused by overlapping/unresolved peaks from co-extracted analytes. The standard addition
technique assumes some knowledge of the likely residue level of the analyte in the sample,
so that the amount of added analyte is similar to that already present in the sample. In
addition, the SANTE/12682/2019 guideline recommends that the standard addition
calibration is used for confirmatory quantitative analyses in cases of MRL exceedances
and/or when no suitable blank material is available for the preparation of matrix-matched
standard solutions.

The use of procedural standards is an alternative type of calibration. Procedural standards
are prepared by fortification of a series of blank test portions with different amounts of
analyte, prior to extraction. The procedural standards are then analyzed in exactly the same
way as the samples, undergoing the same sample preparation procedure and analysis. This
approach can compensate for matrix effects and low extraction recoveries associated with
certain pesticide/commodity combinations, especially where isotopically labelled standards
are not available or are too costly. According to the SANTE/12682/2019 guideline, this
analytical calibration approach is only applicable when a series of samples of the same type
are to be processed within the same batch of analysis.

As discussed in paragraph 1.4.2.1 mass spectrometry coupled to a chromatographic
separation system is a very powerful combination for identification of an analyte in the

sample extract. It simultaneously provides retention time, mass/charge ratios and relative
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abundance (intensity) data. Data files for samples are processed to provide identity and

confirmation of residues/contaminants and analytical requirements are indicated in Table 1.

1.4.6.3. Data analysis and statistical evaluation

Statistical evaluation of data is of utmost importance in residue/contaminant analysis to
establish performance criteria from method validation or to interpret residue/contaminant
data from sample analysis. Calculation of the mean (or average), standard deviation, relative
standard deviation, confidence intervals, regression analysis, are usually performed using
statistical software packages or simply excel spreadsheets. The simplest tools are F-test,
t-test, regression and correlation analysis. However, the optimization step of the analytical
methods has often been performed utilizing multivariate techniques, including the testing for
robustness/ruggedness of an analytical method. Design of Experiment (DoE) is a
chemometric approach used to design experimental runs, identifies significant factors, and
estimates the main and interaction effect of various factors under study [279].

DoE requires few experimental runs that are carried out in an orderly manner, saving thus
analysis time and improving sample throughput [280].

Additionally, multivariate data analysis is required for non-targeted screening approaches
using HRMS. Many different software exists for the extraction of peaks from the large
amount of data, the deconvolution of such data, and the subsequent analysis in both
multivariate and univariate ways. Data processing is generally carried out using specific
statistical software, such as SIMCA [281] or the statistical software R [282] that allows
alignment, pre-processing, outliers search and modelling of MS profile data. Recently
principal component analysis (PCA) was employed to help establish the processing factors

for pesticide residues from apple to juice [283].

1.4.6.4. Uncertainty estimation

The main purpose of making measurements is to use the results to help in making decisions.
The reliability of the decisions made depends, therefore, on the uncertainty of the results,

and their fitness for purpose. Analytical laboratories are mostly concerned with estimating
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the uncertainty of measurements for the results they produce for a given sample. It is
important to note that estimation and reporting of the uncertainty of measurement is a
requirement under ISO/IEC 17025:2017. It is therefore essential that effective procedures
are established for estimating the uncertainties arising from all parts of the process that lead
to a result. These include sampling, sample preparation and processing, extraction, clean-up
and analysis. There are several approaches to estimating the measurement uncertainty
[284]. One approach is described in the Guide to the Expression of Uncertainty in
Measurement (GUM) published by ISO [285]. Also referred to as the “bottom-up” approach,
and shared by EURACHEM [274] this consists of identifying and quantifying the contribution
of each step of the analysis separately and combining all contributions into an overall
uncertainty estimate. An alternative approach, described in the SANTE/12682/2019
guideline and referred as the “top-down approach”, attempts to estimate the all-inclusive
variability of the measurement using information from proficiency testing, collaborative
studies or from in-house validation data.

The “top-down” approach is probably simpler but provides little information as to how
uncertainty could be improved. In contrast, the investigation and estimation of the
contributions made in the “bottom-up” approach is more complicated and time consuming
but is the more useful approach for any laboratory aiming to improve its methodology. Both
approaches are acceptable within the ISO/IEC 17025 standard.

If the uncertainty of measurements is underestimated, for example because the sampling
variability is not taken into account, then erroneous decisions may be made that can have
important consequences for consumer health or trade.

ISO/IEC 17025:2017 now requires that laboratories shall identify the contributions to
measurement uncertainty, including those arising from sampling. [see paragraph 7.6.1. of
ISO/IEC 17025:2017]. The standard discusses the laboratory responsibility for sampling, the
need for having a sampling plan and a sampling method available at the site where sampling
is taking place [see paragraph 7.3.1. of ISO/IEC 17025:2017]. While many texts and
guidelines exist for measuring the uncertainty component of an analytical measurement, only
one guideline exists to date for estimating the sampling uncertainty. Eurachem has published
a guideline entitled, “Measurement uncertainty arising from sampling — a guide to methods

and approaches” [286].

1.4.6.5. Ruggeddness / Robusteness estimation
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The data collected during method validation provide the basic evidence to support the
validity of the results subsequently generated using the method for sample analysis.
Ruggedness, sometimes termed robustness, is one of the performance criteria that need to
be assessed as part of method validation. There is currently no harmonization in the
definitions of the terms robustness and ruggedness as applied to analytical methods. A
review of current international guidelines shows that the terms are used either as synonyms

or as complementary terms. Table 8 summarizes the definitions and the requirements of

some international bodies.

Table 8: Definitions and requirements adopted by some international bodies for

robustness/ruggeddness.

Guideline Term Used/ | Definition/Criteria Comments
Defined

European Commission Robustness Average recovery and RSDy, derived from on-going Focus on application of

SANTE/12682/2019 method validation/verification quality control

[132]

Codex Alimentarius Ruggedness The ruggedness of an analytical method is the Changes in the

CAC-GL 90-2017 [131]

Document prepared for
IUPAC [287], [288]

Eurachem [260]

Robustness and
Ruggedness

Ruggedness
(robustness)

resistance to change in the results produced by an
analytical method when minor deviations are made
from the experimental condition described in the
procedure. The limits for experimental parameters
should be prescribed in the method protocol, and such
permissible deviations, separately or in any
combination, should produce no meaningful change in
the results produced. The aspects of the method that
are likely to affect results should be identified, and
their influence on method performance evaluated by
using ruggedness tests.

The relative robustness of an analytical method is
defined as the ratio of the ideal signal for an
uninfluenced method compared to the signal for a
method subject to known and unknown operational
parameters as studied in an intralaboratory
experiment. The relative ruggedness of an analytical
method is defined as the ratio of the ideal signal for an
uninfluenced method compared to the signal for a
method subject to known and unknown operational
parameters as studied in an interlaboratory
experiment.”

The ‘ruggedness’ (‘robustness’) of an analytical
procedure is a measure of its capacity to remain
unaffected by small, but deliberate variations in
method parameters. Ruggedness provides an
indication of the method’s reliability during normal
usage. The ruggedness of a procedure must be
established for in-house developed methods, methods
adapted from the scientific literature and methods
published by standardisation bodies used outside the
scope specified in the standard method.

instrument, operator,
brand of reagent;
concentration of a
reagent; pH of a
solution; temperature of
a reaction; time allowed
for completion of a
process, and/or other
pertinent factors.

Most effectively
evaluated using
experimental designs.
E.g. 7 parameters can
be studied in 8
experiments using a
Plackett-Burman
experimental design.
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International Ruggedness or Ruggedness or robustness: The ability of a method to Subtle small changes in
Accreditation Service Robustness resist changes in test results when subjected to minor the environment and/or
[289] deviations in experimental conditions of the procedure. | operating conditions

Ruggedness testing examines the behaviour of an

analytical process when subtle small changes in the

environment and/or operating conditions are made,

similar to those likely to arise in different test

environments.

A shown in Table 8 robustness can also be termed ruggedness and it needs to be assessed
as part of intra-laboratory method validation. Generally, this is done by evaluating the
intra-laboratory reproducibility of the method with small variations in the conditions of the
test, similar to those that may arise in different test environments. If it can be verified that the
changes introduced do not cause any significant effects on the results, the analyst can have
confidence that the method will most probably perform within its specified operating criteria
when applied routinely. It is important to perform the robustness testing as early as possible
during optimization and validation of the method, to avoid spending effort and money on a
method that is not suitable. The traditional approach is the one suggested by Youden and
Steiner [290] and is based on the Plackett-Burman experimental design [291]. Other
approaches using DoE are applicable [292], see paragraph 1.4.6.3.

1.4.6.6. Compliance assessment

The result of an analysis is frequently used to decide about compliance or non-compliance
with a regulatory limit. Once the information about uncertainty has been generated, the next
step is to use it for compliance assessment. Assuming that the objective is to assess
whether or not a sample contains a compound above a set (or permissible) upper limit, four
possible scenarios are possible when comparing the result with the upper limit (see Figure
8):

(il {i) [ 1]}
Rasull minus [Ragul abe Rerzull below

srpaareded Imit: bl luwat, Ll
unperisinty withn wilhm
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Figure 8: Uncertainty and compliance limits

(DThe result of the measurement exceeds the upper limit by more than the measurement
uncertainty.

(ii)The result of measurement exceeds the upper limit but the upper limit is within the
measurement uncertainty.

(iilThe result of the measurement is below the limit but the upper limit is within the
measurement uncertainty.

(iv) The result of measurement and the measurement uncertainty are below the upper limit.

It is easy to conclude that case (i) is truly a “non-compliant sample” and case (iv) is truly a
“‘compliant sample”. However, in cases (ii) and (iii), rules are needed to decide whether or
not a sample is compliant or non-compliant. The Eurachem-Citac guide describes the need
for decision rules and the setting of acceptability levels with acceptance zones (for the
product to be declared compliant) and rejection zones (for the product to be declared
non-compliant). The Eurachem guide suggests that decision rule to be applied and method
of calculating the critical value shall need to be fully specified and agreed by the regulating

body or competent authority and the laboratory and /or set by national legislation.

1.4.7. The analytical quality requirements

Method validation and analytical quality control/assurance measures are required to ensure
the validity of data reported within the framework of analytical testing. A harmonized, cost
effective, mutually accepted quality assurance and quality control system is the aim of
guidelines such as the CODEX CXG 65-1997 [293], EU SANTE/12682/2019 [132] and
ISO/IEC 17025:2017 [261]. Through strict adherence to these guidelines laboratories ensure
that analytical results are meaningful, valid, reliable, accurate, in time, within budget,
comparable and that false positives or false negatives results are minimized. To ensure the
validity of results, the ISO/IEC 17025:2017 mentions that it is the responsibility of the
laboratory to set up a procedure for monitoring and recording results, to be able to detect
trends and to apply statistical techniques to review the data. The monitoring shall include for
example the use of reference materials or quality control materials, functional checks of
measuring equipment, replicate tests or calibrations, intralaboratory comparisons, testing of

blind samples, participation in proficiency testing and/or in interlaboratory comparisons.

Page 89 of 242



1.4.7.1. Quality assurance/Quality control measures (QA/QC)

Laboratories can improve their performance and ensure reliability of their test results by
implementing quality assurance and quality control procedures. Quality assurance (QA) is
defined by ISO as that component of quality management, focused on providing confidence
that quality requirements are fulfiled [294]. The Citac/Eurachem Guide to Quality in
Analytical Chemistry refers to quality assurance as the overall measures that a laboratory
uses to ensure the quality of its operations [295]. Quality control refers to the operational
techniques and activities that are used to fulfil requirements for quality. For example, to
ensure the quality of a specific batch of samples one can make use of reference materials to
check for recoveries of fortified samples and monitor those in control charts. The purpose of
quality assurance is to provide confidence in the results produced and that all data
generated in the laboratory are fit for their intended purpose. This demonstrates that the
laboratory has adequate facilities/equipment and competent staff; the work is carried out in a
controlled manner; the methods are validated, and the process is well documented. The
Citac/Eurachem guide also mentions that QA should focus on the key issues which
determine quality results, costs and timeliness and avoid diversion of energies into less
important issues. In general laboratories may opt to design their own QA system; however, it
is recommended to follow an established QA system to be able to claim compliance
according to that system and to obtain an independent assessment or endorsement by a
qualified body (accreditation or certification). Current regulations indirectly determine the
features of analytical instrumentation and procedures for validation of the analytical methods
and the application of quality control (QC) measures for the analysis. Therefore, the quality
of the analytical data is directly proportional to the investments and efforts that laboratories
can afford [296]. For example, the European Union Commission Decision 2002/657/EC
establishes the requirements that an analytical method must meet for an unequivocal
identification and quantification of a controlled substance in a food sample, which means to
gain, at least, four identification points. The EU legislation specifies that one identification
point is gained by retention time confirmation with a commercial analytical standard,
whereas additional 1.5 identification points are gained for each ion MRM transition
successfully confirmed. It implicitly requires the use of tandem mass spectrometry
instruments. Table 9 indicates some exemplary QA/QC requirements relative to the

implementation of an analytical method according to the EU SANTE/12682/2019 guideline.
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Similar requirements can be identified in the Codex guideline for good laboratory practice

CAC/GL 90-2017.

Table 9: QA/QC requirements relative to the implementation of an analytical method
according to the Codex guideline CAC/GL 90-2017 and the EU SANTE/12682/2019

guidelines.

Analytical step

Transport

Storage

Subsampling

Clean-up

QA/QC measures
Food samples should be taken in accordance
with
CAC/GL 33 [297] or EU 2002/63/EC [298])

respective legislative framework (i.e.

Ensure transport is done under appropriate
conditions to the laboratory in clean containers
and robust packaging. Samples must be
identified clearly and indelibly, in a way to

ensure traceability.

On receipt, each laboratory sample must be
allocated a unique code by the laboratory. If not
analyzed immediately, it should be stored under
conditions that minimise decay.

All sample preparation, processing, subsampling
procedures should be undertaken within the
shortest time practicable to minimise sample
decay and analyte losses and implemented
the validated

according to procedures.

Homogeneity of sampling needs to be
acceptable, alternatively larger test portions or
replicate portions should be analysed in order to
be able to obtain a better estimate of the true
value.

The recovery of incurred residues can be lower
than the percentage recovery obtained from the
analysis of fortified samples. Where practicable,
samples containing incurred residues can be
analyzed using varying extraction conditions and
an optimization can be sought.

A clean-up, or dilution step, may be necessary

to reduce matrix interferences and reduce

How to

Read from the guideline the minimum nr of
primary samples to be taken from a lot, and the
minimum size of laboratory samples. Also
include contribution of the sampling variability to

the total variability of residue analytical results

Polythene or polypropylene bags are acceptable
for most samples. Frozen samples must be
transported  without thawing.  Perishable
products may have to be frozen to avoid
spoilage and then transported in “dry ice” or
similar. Samples that may be damaged by
chilling must be protected from both high and
low temperatures.

Use refrigerators for fresh products, cold rooms
Freezers are used after

or dark rooms.

sub-sampling for long storage periods.

The parts of the commodity that should be
analyzed are stipulated in the legislation (i.e.
CAC/GL 41-1993 [299]; EC/396/2005 [300]).
Use of dry-ice or liquid nitrogen is recommended
for processing of samples to avoid degradation
of analytes and to improve the homogeneity for
and increase

subsampling efficiency  of

disintegration to obtain the smallest particle size

as possible (1 mm).

Water needs to be added to low moisture

commaodities to improve the extraction efficiency.

Using less selective extraction and clean-up

procedures is likely to result in greater
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Calibration

Determination

Identification

and

Confirmation

contamination of  the chromatographic

instrument.

Bracketing mode, the use of more than 3
calibration standards, linear or quadratic fit,
weighted non weighted calibration approach can

be implemented.

Ongoing method performance verification during
routine analysis shall be applied. Where
practicable, recoveries of all analytes in the
scope should be measured within each batch of
analyses. The recovery of an analyte should
normally be determined by fortification within a
range corresponding to the reporting level and
2-10 times, or at the MRL, or at a level of
particular relevance to the samples being
analyzed.

As to chromatography: the minimum acceptable
Rt for the analyte(s) under examination should
be at least twice the retention time
corresponding to the void volume of the column.
The Rt of the analyte in the extract should
correspond to that of the calibrator with a
tolerance of +0. 1 min, for both GC and LC.

As to MS, this simultaneously provides retention
time, mass spectra, mass /charge ratios and
relative abundance (intensity). Selected ions
should not exclusively originate from the same
part of the analyte molecule; however, the
choice of ions may change depending on
background interferences. Different types and
modes of mass spectrometric detectors provide
different degrees of selectivity, which relates to
the confidence in identification. = The
requirements for identification are given in Table

1.

co-extracted matrix material in the final extract.
An optimization is required, and minimization of
ME shall be implemented.

Determinations at five or more concentrations
should be performed; the calibrators should be
evenly spaced over the concentration range of
interest and the calibration range should

encompass the entire concentration range likely
to be encountered; According to CAC/GL

90-2017 the fit of the calibration function must
be plotted and inspected visually and/or by
calculation of the residuals. According to
SANTE/12682/2019 linearity must be checked
by back calculated concentration from true
concentration.

At least 10 % of the analytes (with a minimum of
5) should be included in each batch for detection
(SANTE/12682/2019).

Blanks > Calibrators > Solvent

Suggested  sample
sequence:
Blanks > Unknown Samples (with interspersed
Solvent Blanks) > Solvent Blanks > Calibrators >

Solvent Blanks

For identification using MS spectra it is
recommended that reference spectra for the
analyte should be generated using the same
instruments and conditions used for analysis of
the samples. For identification using selected
ions, they must be sufficiently selective for the
analyte in the matrix being analyzed and in the
relevant concentration range (high m/z ions are
more selective than low m/z ions). Extracted ion
chromatograms of sample extracts should have
peaks of similar retention time, peak shape and
response ratio to those obtained from calibrators
at comparable concentrations in the same batch.
For a higher degree of confidence in
identification, further evidence may be gained
from additional mass spectrometric information.
For example, evaluation of full scan spectra,
isotope pattern, adduct ions, additional accurate
mass fragment ions, additional product ions (in

MS/MS), or accurate mass product ions.
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1.4.7.2. Proficiency testing and interlaboratory studies

Proficiency testing is the determination of laboratory testing performance by means of
interlaboratory test comparisons. Interlaboratory comparison is the organization,
performance and evaluation of tests on the same or similar test items by two or more
laboratories in accordance with predetermined conditions [301]. Participation in
interlaboratory studies allows independent verification of laboratory competence. It is an
important way of meeting the requirements of ISO/IEC 17025 in the area of quality

assurance of laboratory results.

1.4.7.3. Quality systems and accreditation

The EU SANTE guideline clearly states that laboratories designated for official control of
pesticide residues must be accredited to ISO/IEC 17025. Accreditation is a procedure
carried out by an authoritative body (usually a national accreditation body) which gives a
formal recognition that the laboratory is competent to carry out specific tests or calibrations.
Accreditations are usually given for specific combinations of analyte, matrix and method
[302]. Text box 14 provides some useful insights on why accreditation helps consumers,

regulators and producers.

Importance of accreditation

T — demanstration of conformity
K — marketing tool
- overcome technical barrier lo trade
- - reduce product liability
A A, - Increase confidence

" - reliable testing, certification and

F Y inspection resulls

Regulatgr | - reduce cost of market surveillance
/- de-regulation tool

«M ) ___,x’ - Increase transparency

Va v - reduce risk of non-conforming
J A product
-:Eonsumerl - source of reliable service
\ d ~ mark of quality
ht -
. - ~ more variety of products

_—
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Text box 14: The importance of accreditation for different stakeholders
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1.4.8. Data sharing

Current challenges highlight the extreme need for transparent information, including the
provision of data generated worldwide. Several researchers mentioned that it will be
important that the regulatory framework opens new possibilities for comprehensive data
analysis in order to enable a simultaneous monitoring of hundreds of contaminants and
residues in as many food and feed commodities as possible [126]. Pioneer in this area is the
EFSA that promoted the principles of the open data charter [303]. EFSA has several
mechanisms in place to allow data collection from all EU member states [304]. These data
collections are the basis upon which the EFSA carries out the risk assessment processes.
As one of the initiatives from economies in transition, the Analytical Network of Latin America
and the Caribbean (RALACA) has started focusing its work on the concept of data sharing
based on the EFSA model [305]. Within this framework, a Data Sharing Committee (DSC) of
RALACA is being established in Latin America and the Caribbean to collect and manage a
repository of data related to food safety. The database will allow food safety authorities and
decision makers to institute preventive or proactive measures to ensure that food is safe for
consumption. The long-term objective of this initiative is to pave the way to the establishment
and deployment of early warning systems for food safety in Latin America and the
Caribbean, enabling countries to take preventative approaches, including the establishment
of monitoring programs and management decisions based on risk-based evidence and
assessments [304]. Sharing of food safety data among the countries in the region of LAC
bears several benefits. It opens the possibility for carrying out secondary analysis (i.e. gap
analysis) of data, enhances the efficiency and effectiveness in the management of food
safety and strengthens south-south cooperation in the region. The scoping, recompilation
and cataloguing of different types of data and information generated by different national
institutions leads to optimized allocation of resources and ultimately improved data quality.
Basic assumptions in the establishment of the regional database are that the data are timely,
accurate, reliable and secure, and that rights, integrity and confidentiality are protected. Data
should be shared in an aggregated manner, and in accordance with the institutional policies
and international standards, e.g. ISO 17025:2017. In this context, the following benefits for
data sharing for food safety are to be highlighted [307]:
e Maximization of the utility of datasets;

e Improvement of the data quality;
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e Minimization of inequity in data access and reuse for secondary analysis;

e Aggregated data visualization as a basis for evidence-based decision making and the
formulation of policies in food, agriculture and health;

e Improvement of the transparency of food safety information at the regional level,

e Increase of research and development (R&D) in the area of food safety;

e Improvement of the institutional position in the application for donor funding for food
safety;

e Strengthened collaboration with like minded institutions;

e Increased visibility of work amongst regional food safety stakeholders.

The role of the RALACA-DSC is to facilitate the work of national institutions on scientific and
practical matters related to the collection, analysis and reporting of data on arising from the
results of chemical monitoring in food. Ultimately the national authorities analyse the data,
and assess the results of monitoring programmes conducted by the countries and perform
exposure assessment.

Ultimately data sharing increases data circulation and use within the scientific community by
encouraging better transparency, enabling reproducibility of results, and informing the larger
scientific community. This, in turn, can greatly benefit the public as better and more widely
disseminated information can lead to informed decision making for food safety and planning
and policy [308].

1.5. Work objectives of the thesis

The main objective of the thesis was to work towards the establishment and validation of
processes and tools that combined in an innovative way help contribute to food safety and
environmental sustainability. This thesis had the specific goal of focusing on minor crops,
such as herbs and spices, for which very little analytical testing is implemented and for which
there is scarce information. Ultimately the availability of analytical methods together with
residue/contaminant baseline data shall contribute to the establishment of regulatory
frameworks, under regulatory schemes such as CODEX.

Minor crops are typically of potential high-value according to trade markets. Challenges for
this category of commodities is that crop protection technologies are lacking from application
authorizations, good agricultural practices are less developed and most often regulations, if

any, are country-specific and addressed at a relatively local level. Specifically, the generation
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of data to obtain and maintain pesticide registrations, for example, for minor uses is costly
and may not be justified by the economic returns on investments by pesticide manufacturers
[309].

Therefore, the first specific objective was set for the development of the analytical tools, as
described in this document, to ensure and help the verification of food safety for minor crops.
The second specific objective was set for the provision of confidence in the generated
results and methodologies that can be summarized in a “toolbox” and applied in analytical
laboratories worldwide as a means of demonstrating confidence in the quality of analytical
testing processes for minor crops. The specific work in this case was the setting up of design
of experiment approaches to study the variability of the performance of the analytical
methods once subjected to changes in the experimental conditions. This included a specific
study on the subsampling step, which is essential to provide representativeness and
confidence of the analytical results, and most often this is a neglected aspect of method
validation studies.

The third specific objective was the verification that processes and tools are fit for purpose
and correctly targeting food safety requirements in a risk-based environment, providing the
necessary significance and confidence in the generated analytical data. Regulatory
requirements for analyte/matrix combinations are scarce for minor crops. In the EU if a safe
MRL cannot be recommended, or when an MRL has not been set, the default MRL is usually
established at a general default MRL of 0.01 mg/kg. This brings additional challenges for the
analytical method and for the testing laboratory. Therefore, a fit for purpose approach to

target food safety needs to be verified in the case of minor crops.

1.6. Research questions

Research questions were targeted to different aspects of the processes and tools,
specifically to the development, optimization, validation and verification of analytical methods
as tools, but also considering processes for food safety. The need to investigate those
aspects derived from a literature review that generally indicated that relatively few published
papers related to monitoring of residues/contaminants in minor crops, and that legislation for
this type of commodities is often scarce. In addition, analytical methods have not been
sufficiently validated and, while robustness testing is generally a requirement for
accreditation, laboratories have difficulties in providing objective evidence of robustness and

ruggedness.
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1.6.1. Optimization

Optimization work was considered as the first analytical challenge in this thesis in relation to
instruments performance and sample preparation options. Will it be possible to apply
optimization approaches to complicated matrices such as herbs and spices and prove

acceptable analytical performance?

1.6.1.1. Instrumental optimization

To increase the scope of analytical methods it is necessary to adjust acquisition algorithms,
since MRM-based targeted data acquisition is limited to the number of analytes that can be
detected within one run. The research work targeted optimization of the number of
contemporary transitions to define reasonable, detectable and confirmatory chromatographic

peaks close to the LOQ of the method, while minimizing the overall measurement error.

1.6.1.2. Compensation of matrix effects

Minor crops have been analytically characterized much less than other matrices. This leads
to unknown challenges in the analytical methods used for compliance testing. Co-extraction
of matrix inherent components, especially secondary metabolites, some carbohydrates,
proteins, and lipids may negatively contribute to the accurate quantitative analysis, reduce
the lifetime of analytical columns, and increase maintenance of mass spectrometric
instrumentation. These sample-dependent effects may cause a suppression or
enhancement of the analyte response within MS systems. In order to reduce or compensate
for these effects, research targeted novel combinations of sample clean-up, and calibration

strategies.

1.6.1.3. Sample preparation development and optimization

Greening the analytical process is a current trend in analytical chemistry. In this thesis the

selection of solvents and materials was carefully designed depending primarily on the nature
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of the analytes, and the complexity of the extract, but also on the selectivity and the
sensitivity of the analytical technique used for final instrumental determination of the target
analytes. Undoubtedly, sample preparation is one of the most crucial steps to achieve low
LOQs and a selective analyte detection. Optimization of the sample preparation, including
the subsampling step, was fundamental to avoid the bottleneck represented by co-extraction
of matrix components, thus affecting method detectability. Work was carried out to develop
an affordable and rapid detection tool to verify the homogeneity of laboratory samples, using
IMS.

1.6.2. Validation of analytical methods for minor crops

Routine food safety testing is carried out according to legislative requirements to detect
chemical residues and contaminants that can occur naturally or accidentally during the food
production process. Food safety testing is based on scientific knowledge of the critical points
during the food production process combined with an understanding of the likelihood of
natural and accidental contaminating agents in that food chain, for example through the use
of HACCP (Hazard Analysis and Critical Control Points) principles [22]. Minor crops have
been investigated very little. For the management of pests and diseases, farmers are
dependent on available chemical pesticides that are registered to protect the target crop.
Therefore, residues of pesticides, or other contaminants, are likely to exist. In some
instances, pesticides that are not approved for use, are unscrupulously applied to the crops.
Additional challenges accrue to the potential of detecting other organic contaminants that
could potentially originate from the farm to fork chain, i.e. toxic dyes in spices, or persistent
organic pollutants present in soil and translocated to edible parts of the crops by the plant
itself. If undetected, those chemicals could affect the food safety and the health of
consumers, export and domestic trade, and the ecosystem. Therefore, the analytical
challenge was to increase the scope of testing to several classes of residues/contaminants
likely to be applied on the crops.

The aim of this research objective was to develop and validate an easy, fast, and efficient
method for the extraction and analysis of residues and contaminants in vine leaves, boldo
and turmeric using liquid and gas chromatography coupled to tandem mass spectrometry.

The methods were applied to the analysis of residues and contaminants in market samples.
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1.6.3. Verification of fitness for purpose

To measure fitness for purpose it was important to address the challenge of ruggedness and
robustness of the developed and validated methods. Essentially it was important to
demonstrate that the measurement approaches were providing meaningful data under
different measurement conditions. Research targeted two different commodities: a major and

a minor crop.

1.6.4. Co-optimization of quality, safety and legislation

The research question was how to find the right balance between quality, safety and
regulatory requirements. For example, controlled applications of chemicals (i.e. pesticides)
will make crops uninteresting from the point of view of pests, and provide intact food crops at
harvest, however potential residues of pesticide and/or their metabolites may compromise
food safety in terms of cocktails of organic chemicals offered to the consumers. There is
some contradiction in all this process and a balance need to be sought between social,
economic and safety aspects. The research question focussed on the need to understand
the dependence of compliance of residues of analytes to regulatory MRLs (safety aspects)
as a function of the legislative framework chosen (economical aspects) in the best interest of
the consumers (social aspects). In this sense, it was important to challenge the role of the
analytical laboratory in the interpretation of chemical residues and contaminants, and its
advisory role for the improvement of good agricultural practices (GAPs) towards better

agricultural practices and improved food produce for the consumers.
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2.1 Ruggedness testing of an analytical method for pesticide residues in potato

This paper studied an often-neglected aspect of method validation being the initial
ruggedness of the method. Lack of harmonization in current international guidelines for
robustness or ruggedness of analytical methods lead to setup this study, to be able to
provide analytical laboratories with options for carrying out an initial demonstration of the
intra-laboratory ruggedness of the method.

The study focused on a validated multi residue method (24 pesticides) for a worldwide
traded crop such as potato to identify design of experiments (DoE) that properly addressed
“changing operation conditions” of the method.

Two DoE were applied: a Plackett Burman design (PBD) and an augmented definitive
screening design (DSD). Both designs are useful and can be recommended for use in
analytical laboratories worldwide. While the PBD is cheaper in terms of the number of
replicates needed, the DSD provides more information to the analytical chemist, mainly in
the identification of the quadratic effects. In practical/analytical terms, quadratic effects are a
tool that helps identify which analytical parameters need to be under a strict control through
adherence to prescriptions such as standard operating procedures. An example of this is
demonstrated in this paper for diflufenicam and isofenphos, two analytes included in the
scope of the method.

The main conclusion of this work was that DoE are important to be able to detect the “critical
points” of a multiresidue method especially during initial method validation. The quality
assurance and quality control program needs to incorporate such information, and be strict
around the analytical implementation of the method under routine conditions.

Using either of these DoE the method was considered rugged, and 13 out of 24 analytes
could “pass the test”. These initial results hinted at the idea that if ruggedness can be proved
for a minimum number of compounds, it means that the method itself is analytically rugged.
Therefore, it was important to conduct an investigation to understand the reasons behind
lack of ruggedness for certain analytes (cypermethyn, fenarimol, kresoxym methyl,
pendimethalin, pyrimethanil, trifluralin) in defined matrices. In turn, this led to further studies

on method validation procedures.
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lahorataries and by acereditntion hodies,

Experimental
Materials

Solxl poaders of peticide neferemce sancdands with the
miminmem pucity of 6 % wene provided by Sigmn-Aldsich,

Solvenls such ae scelomitribe wal ethyl acelate were of
resiclie  amalysis grale amd wers obuinsd fom VWE
{Crermnamy |,

QuBChERS kits with sodimn chloride (0.0 gh nsagne-
sty sullate (A0 b, sodivm cisale (18 g)  sodiom
hdrogen clirsie sesqguilydeate {005 g and dispersive solid-
phinse exizsction (SPE) b (15 mb), contidning PSA
(150 mgh and magnesioam sulfae (00 mgl, were obiained
from Agilent Techmologies (Somm Clars, T5A)

Equipment

A pas chromatograph couplad o n omess specirometer
sysiem eguipped with an Agilent 7693 meossmpler. THA

&1 Sprimger

B GO system and an Agibent TOM O GO-MEMS ixiple
guadnupele systam (Agilen! Techeologies, Sanis Clar
LSAN was used 1o analyze pestichide vesidues. Data sequi-
sition apd processing wers implemended wsing  Agilent
Mass Humter Chixnditarive Amalysis BOT 00 sofiwans,

T 1500 meclh 25 mm It 25 am HIE-S ms ultm-in-
ert columing from Agilent Techaologies were connected by
an electromic pressure comtroller to enable & 3-mim past-nan
backflush, The samples were imjected sing & multimode
mjector inlet in splitless mode theough @n olica-ineri mist
timer with & glaes weol from Agilenl. The injection valume
wns 3 pl, The injecior port was progromned so that the
milial infaction lamperalane wis kept 20 70 °C Foe 002 min
and them ramged sip to 320 °C pt B350 C min ", hold for
5 pmin el then ramped down to 280 YC ar 20 °C mim L
Heliomy {99999 % parity from Linds) was used as the
carrier gas and mitrogen (99999 9 parsty from Linde} as
the collision ges The oven iengperaiure program consisted
of o tump Croan 70 °C {1 min hold) fo 150 °0 (al o cate of
A0 °C min "y, incressed 1o 300 °C at 6 © min—! followsd
by & final mmp o 260 °C & 16 °C min~". The wtal mn
tre w24 min. The manafer e was maintaiped o
ZR0 7 and the don soarce ol 300 °C. The refention time
bock aettimg (RTLY used chlorpyrifos-methy] & the locking
compsuand 21 retemtion fime of 1083 min. The insrament
worked al & congtant fow of carrier pas (125 mlSovin
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Colums 1 and 145 mldmin in Cohann 21, Chlorpyrifos-
methyl was mpecred daily for relocking the instrnument
method ot the desived retention time and also for quality
cimire] pusposes to check that the method was adegaately
performing during the analytical determinsston.

Cryogenic milling wis carried oul wking Hygoad nitrogen
(o Lindé) using & Stephom LM 12 food processor (5te-
phua Machinery GimbH, Genmnany |

A TurbaVap LV conceniration evaporaior was obiamed
fromn Zymack {Biolzge, Swedenh A cemtrfuge mods] 330
BS was from Sigma (Slpma Laborzemirifugen CambH,
Cermany ). An analytical balomce model MC 200 5 was
from Samorios (Samorius Mikeowasagen, Germany), A
palsimg miker model vorexs genie plas wis from Scientific
iclustries (VWEH, Germuoy b A — 20 °C freceec was from
Lichherr {Crermamy).

Analytical conditions

A sample of potatoes was obanined From am organic famm
Ansdn. Aubecing sodl was corefolly removed fmom each
potato, Approximately 2 kg of polztoes was homogenlzed
wing cryogenie milling na Stephan UM food processar,
The bulk sample was sioned in a freezer ab a tenspesaare of
=30 el mialysis. Anslytical poetons of 10 g wers
placed in g 3-ml Faloos twbe. They wers ndividually
fortified with o mixture of pesticides with 200 gL of a

maxiure i eihyl scetaie of 5 pgfpl. and them mmonedistedy
saibyjecied o the amslytical pricedare.

For the selected pesticides, individual siock solifions
were prepared al 1 mg'mb by welghing  approgeiane
amoumts of active ingredients isto brown vialk and diluting
with pesticide resices grade ethyl acetale. Approprials
aliguots of atock solution were subseguently mived st 2
Slml volunetric Bask which was made up (o volimne with
ethyl acetaie 10 schieve & comeeniratom of 5 ngfl. This
pesticide mixiure. spprogwiabely  difeed, was wmed b
spiking purpescs and For the preparaiion of working cali-
beation selutions,

Sample preparation

The Ewmropean standand meshod for pesicide residoes
amalysis is numed EN 15660 QuBECHERS 15663 (Cuick,
Ensy, Cheap, Bffective Robust ned Selective). A modified
CQuBEChERS methed (see Fg. 1) wus applied o aaalyee
pesticide residues in anolytiesl portions of potsto [27]
Alsgaots (10 g ool potalo sample were Tortilied af 0.1 ngd
pl swith a pesticide mixues  $0-ml. extracdon mbes: The
samples were lefl o resd for 20 miin oo freeser al
— A0, Acctondtrile (1 mlh the idpheny| phosplee
(TPPY el polichlor bipteay] 207 (PCB 207) prepared in
acetonitrile were added 1o cach sample o give 001 ngful.
The comditions for the experimental facors snd the coded

Fg. 1 Fowchan snd
descripgon of the megod
TFactas

= 10 g potabto fortified af 130 rg Mg with a pestidole migure

« Addition of 10 miL acetonitrile and interna stardarg
= hpitation for tme X

= Auddilicn of MpSO+NaClcilrate hullsr
& Shaking 1 Tar tirme Xy

s Cerarifugation 1 for e Xy, &5 Tomperabone X &7 spead XK

& Shean up of an allquet with MESD, and PSA
= Agitation 2 far Yme Xy
& Derardugation I at temperature Xy

# verification of

= Quantification using area ralio to internal standard and preparation of calibration cure

¥ s and ¢

rison i metfod validation performance criteris

€ €L
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Table ¥ The expenmesial foctors of e mediod mad the come
spomding cosfed Bevely choses (oo the mggedneds 1e=ting

Labed  Facior Coabasll Tevela
-1 U] +1

X Agitation time {mis) o k]I 40
X Shaking time I (anind L 5 x
X Centrifuge leegembae | Ch 1% 2 |
X el ge speid py ¥l Res4 I03eT
X Centrifuge nme (mis) 3 ! T
X Sheking time I (mrving x 4 £
X Cenirifuge ieenpembare 2 CCH (] 20 il

levels as applied during the method are indicaied o
Tabde 1. Bach Falcon fube was agitabed for thme X, The
firsd aakht maisture of the CuBChERS Kis wis addad, and the
Fultom mabes wene shaken vigorously by hamd lac lew
secomils and them vorexed for tme Xa. The fwhes aee
cemtrifeeed lor fnee Xy, o lempeabone X and ol speed X
The clexmop siep was a dispersive one with 2 mixiure of
different anfts, An amoumt of & ml of supematae was
cleamed ap wsing 135-ml. Palcon mbes comaiming the sec-
ond salt mixture primary and secondary amine (FSA) and
magnesium sulfate, The cleamug mbes were shaken for
time Xg amd them cenrifoped ot temipernbare X5 for 5 mm
mied af o centrifuge spead of W37, The clesn éxlracts
wege then fillered throwgh 02-pm microfiliers. i infected
Ler 8 gas chroamatograph coupled o o tanclean mass spece
trometry (GO-MSMNS) system,

Methods
Four-step methodology

The methodology applied in shis study consisted of foar
stepa. Btep ome defined the method and the factor w be
sticlied. Sep ton wns to idemtify an experimentnl design
that was economically vishle md asy 1o apply. Step three
was o mam the experiments aceording to the chosen design.
Step four ncluded the data amalysis and infesing some
conclusions shout the reggedness of the method,

Experimental factors

The Factors and the limits tobe studied for mgpedmess ware
chasen aconeding 1o their polential inflience on the ana-
Iytical method. Table 3 shows the expernimental facioss
comsidered for evahmiion, We considered the agitatiom
tme X b, shaking tme I (X;), comrifuge temperatuse |
TX50 cenirifoge speed (X5 cemnlupe Gme (i) shaking

&1 Sprimger

tme I (Egy amd cemimifuge temperniore 2 (X0 The
zble shows the actusl and coded Bevels oeed foe the
experimental designs, The limits were chosen nccanding to
the possible varaiions that may arise m amalytical Inbara-
torses warbdaide.

Experimental designs

For this suxdy, two designs were compared: an eighi-nun
Macken-Husman design (PRI replicated three Umes asd
a defimitve spreening design (DSD),

The eight-run FRED desipn was constructed for sewven
factors amd replicated thres times wsing the statistical
software JMP 12 [28), The final FBD design had 24 mns.
Table 4a shows the cight distinet experimental conditions
generaied for this design,

The initial BED consulessd was genecated wding I0P
12 To sty the seven foctoes, the software gemernted =
17-ram DS0s. A closer inspection of this design reveabed
that the comelsion between the estimates for secomd-onider
effects {twoelacior interactions e goadratic effects) can
b large, which maoy hinder the detection of second-onder
effects. For this reason. an sopmented DED was cone-
giructed that minimized the comelations heiwesn estimates
fur second-cder affecs by comcalensting Uwa Stndard
DEDs with 17 absecvations and eight factora, The proce-
dure of Yarguez-Alcocer et al, [39] was used 1o concate-
mate the two copies of the DED so s o minmize the
correiations hetween the estimafes of the secomd-onder
cifecie. The procedard to concabenate the designeg was
mmplemented i the softwore MATLABR [300. The aup-
menied DE0 sabied ihe seven experimental factors using
M ohservations. The augmented THED (from now om sim-
ply called DED) imgroved the sististical properties of the
stnmlard TR0 andl &5 still ecomomienl when comipaned to 3
chussicnl sevem-facior central composle design or Box—
Behnken design which sould require ar lesst &2 phseryva-
tions. Tabds A% shows the expermental concditioms for the
fimal DL A comnprelsnsive comparison beiween ihe PEE
wmd dhe DI is included in sopplementary mabsrials,

Conduct of the design

The experimental conditions given in Table 4 for the PRD
ardl the DSE were applicd 1o the QaBCHERS methid. The
amalyss for testing roggedness was performed on selecied
repressidalive pestickdes piven im Table 5. A three-level
mafrix-matched calibration curve, From 005 ngful, to
0,15 mpful. bracketiog the 0.1 ngful spiked pesticide kv,
wns e i oguantify the pedticide residues in the patatp
ealrcls, D Imeanty was gvaloabed  theeagh  visual
mzpection, and the comelation cosfficient was at least 0,599,
Dschividies] resiclee walues ol the pesticides from each
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Table 4 (contmmed;

X X Xy w0

=1 41 + 1 + 1
o n 1] i

Latveld + 1 amd — 1 s imdicssed m Table 3

capecimental mow wese converted o recovery values and
Cimripianed [ the soceplad Codey recovery sange of 60 %—
124 " This ensured that cach bndividaal experimental data
pimt weke nelinhle and obiamed wicder & gquakicy contmalled
SVEIERL,

Analysis of the experimental data

The experimental datn wene analyzad by finding the sa-
tisdicnl models that best explaimed the resalis ohinmed from
the analyviical methodology. These resalis consasted of area
values - standardized through the intemal standard, The
stulistical mvslels idennified contaimed the siomificant fhclar
elfects, For the PRI, modsls were hailt comsidering the
imlEreept. wrven lingar ellocts mmd the 21 twa-factor mier-
nchioms, For the TSI, the intereep, the seven lisenr effects,
e seven gueslratic effects snd the 21 two-Dachor inbernc.
tons were comsidered.  Higher-order  interactloss, like
three-wiy mfecactions amd cubie effécis, mre iy pecally not
relevant in pracuce aed thos seere sssomed 1o be negligible,
It thes finea] mwended imciucles 3 faeo-Tacior indersction, then the
average chamge i reasurement resuls of a fetor depends
on the settings used for another faclar

Mnde that the PBD caneed estimate the mode] inclisding
ihe imtercept, sevem linear effects and the I two-factor
intersctions of U seven fadtors. This is becisse the
namber of distinct test combinations for the B0 is only B
wiile the tedn] namber of effecs mothis model eqoals 39,
The megmented TSR & also pog able to estimate the modes
inclmfing the intercepl, shvem linesr effecls, the seven
gumidratic effects and the 21 veo-factor ieraciions of the
sevin factors {8 tedal of 36 ellects) becnuse it mwslves nly
34 pbservations, However. in robusteess amd ruggedne s
stuclies 1 is reasomable to assame that & most & few factor
gifects affect the measwrement resabs significantly, That is,
miosl likely, most of the effiects will not be sgnitbent,
makimg the wmee model esiimable by the experinental
tesign, This sssumption & known as the effect sparsity
primciphe (sse Secr 3.5 in (900 As & resalt 1o analyee the
dzfn from the two experimental designs, model selection
technigques available im IMP 12 were wsed wnder the
qesmmption that the effect suarsity principle would hobd,

A sultable mode] for each pesticide was idenified uslng
the forward selection sechnique availahis in IMP 2. More
specilically. the Bayesian mformation criteron (BIC) was

&1 Sprimger

wseid 25 the model selection critedion [29]. 1t is based, in
pert, an the likelibood funetion. The midel with the lowest
BIC is greferred. When fitting models, 0t is possiblz 1o
merease the 1Selibomd by adding parumeters, bat doing so
may resit in overfittimg, The BIC ranks models according
e their Amess 1w the duoa ol the monber of effecs
meluded, amd 50 it chooses passimonioos meodels that
explnin the observed responses well, The search for the
models containing the significang effects was reatricted o
omly those that that satisfy the effect heredity principle {see
secton 38 in [9]) wsing the “Combine” rule o forasnd
selection in JMP 12, The effect hesedity principle stipulutes
thit e lacior inlemactions can only be melled in the
mode] iF the linear effects of the faciors invedved are
already Inclwded, For quadssic effects, this principle
mmiplies that a factor’s quadratic effect is eligible w0 enter to
the miodel omly when the lmess effect of thal oo s
afready incladed in the model. The effect heredivy peimci-
ple, for which there & empieal oppot as shaan by the
metn-annlyses of [31], [32] and [33) 1w a lage somber of
twolevel faetorial  expeciments and espona:  arface
experiments, eapectively, belped 1o reduce the munber of
passible models under comsideration suhstantizlly

Results and discussion

The pesticites comidered for this stady belong 1o different
chemienl classes a5 given in Table 5, The resultz obiained
g the FED and he DD provided subslantial imfos
mation on the serces of varability of the analytical pro-
cedure, as deseobed earfier. Tables 6 aml 7 present the
eifects appearing I the best model obwammed for cach
pesticide when analysing the data prodeced by the PED
amd B0, respectively.

Orvernll, for the subset of the 28 pesticides comgderad m
this annlysis, onky vinclozolin did mot dwow oy significant
effect with either the PRI or DSD: method, FRTY imBeated
wo effiects for 20 % and DS for 33 % of the pesticides
selected for thas snady. All pdher selecied pesticides showed
different sipnificand effects or mo effects 2 all (see
Tables £, Ty Acconbimg fo Toble 6, the main effects
wlentified theough PBED were for the Dscios cenlnifuge
spesd (X)) and shaking time 2 (Xg), A closer look a the
i representalve quadnitic effects by DS, as prasmbed
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Table 3 Pesticides sclecied for the robestness testing and their plyscociemicd characieristics

Prsticads Chemicnl clies Sodmbaity in Low  Vapor pressere hlstiaod Wiihin-labomsoay CAS masober
Wy Eiw validation regradlind blily
TRy relanivi samidand
{5 devizman (%4
=14
Ailim rganidiionee MIZTmpl @ 277C 63 4932 mifa i5 12 SI-HRT
W
Eiemifliimalin LA Denicianilm: 01 mefl 6l 3570 529 BT mif'sat ] i 1BAE-A0-1
35
Bmealid Al A6 mgfLal I0°C 106 RITE mia T3 9 1BF4TE-E5-6
i
Crnbcaalue Orgmophdspheniin 245 mgLo @ 25°C 38 1M ml's W JLIE] 17 USG50
bl i
Cabiammsle  Aunidy 3500 el 84 20°C  -RE 34 mif'a o g 13 161 13-49-3
P
Chlogmophss - Carhaar: 88 gL a1 5 °C 35 M mPes BT 95 an 108-21-3
Cyllifenamil — Amiiy bSZ g/l @ J0°C BT (hOES mifs B 15 | BCHCR-60-3
Pl
CyMiiikein Mrethmsil DN il 8 2R°C 505 NN inlfa al 55 13 HEISR-37-5
meC
Cypermighee  Pyrethnosd D0E . 8 20°C 66 DDDIImPa s 7T ] STE5-00-F
nT
Drcltametheim  Pyrithood M2 mpl. 1 25°C . 67 GONIZ mPaal 117 g SI9R-63-5
5
[flafenican Anilid DM mplar2i 7T 45 NI mPa s BT 12 BRIE-33
250
Fmafessifio O anincbonse LR wmpl. 327 333 W23 mfs " 18 =073
walizee =i
Ethalfluralin 2.6 Danitveanilie 003 engfL al 1570 E1T 1175 mits s o5 m 55133684
50
Fimarirmusl Pyrmidine 137 mpfl.d TE™C T68 D65 s ol W 7 GONER- 3R
(=T b
[zoalrin Urpenocisbonize FIEdmel 2570 A75 59 mil'a Ll 1% 2i5-73-6
Pl
Inodemphos {hrganophosphomus 2201 sy at 20 °C 412 1) wlam o 15 25301711
X5 M0
Flrescaim- Siraban 2mpll w10 T 34 2 miPa &3 15 143350-89-0
meihyl mT
Metrachior  Chloraceimmsilide 430 mpl= W0°C 215 G005 mfa Er 14 L ol
FURLS
Pemdimetbalin 16 Demivcanilme 0353 mpflo o T0°C 5T 125 mPaa 1) 12 SMET-421
b B i
Firimiphos- Organophosphorns. 2.3 mgfL at 3570 5 57 mPaal k5 14 2505411
ethyl e
Propyememde  Amide 15 mfl. at 2570 X1 =001 hPa at B0 (L] 23050-5E-5
b By i
Pyomethanl  Pyosidine 121 gt mi 2540 X 210 wla [ 15 SHEEIE-0
24 %y
Tridtimlin T&-Danitrpaniline. 03 mefl ol 25°C 3M 137 mPa L' n | SE2- 043
=l I 5
Vizclozolin Dicasboximide 26 mgfL mt J0°C 11 (¥ mPa Ei 17 STI-44-8
[l S
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Table § Effects desected with FED

Prsticsde Effecis detecied

Addrim Hime

B sdtamlin Cenimiiuge Speet

Emdcalid Shakiag, Time.1, Conrifuge Tang |, Shaiking Tene 2, Shakieg Time. 1 .Cestridupe Temp 1

Cobmmnlion Centrifuge Speed

Cabetumnids Cenimifuge. Speed. Centrfuge Tame

Chigrpepham Cantrilipe Ryl

CyMulenanmid Shking Time 2

Cyflutkrin Agimtics Tine, Agitaion. Time, Centritupe. Temp 1, Cenarfuge Toe, Agitation. Time*Centritnge, Time
Cypoamethmm Agimtion Tine, Centrituge. Teanp . Agzrtason. Tome* Centrifege. Temyp. |

Deeliamedhein Agitation Thne, Shaking. Time. | Censifuge. Temip LCentrifuge. Time, Shakisg Time | "estnfuge. Temp §
Dsflufieniczin Nimis

Embeallin pilfsa Apitatios Tine, Shakisg, Time 1, Centriligs: Teng 1, Ceotsmifips Tisee, Agitalas Tiwe “Contmlipe Tise
Ezhslfhumlin Centrifuge. Spoed

Fesarimul Ehaking, Tine.2

Izafrin Hone

ladenghos M

Fotizannimn-mwithyl Shaking Tuni.2

Mertarariios Sheiiag, Time.2

Peadtimaibalin Shakisg Time. 2

Pinimipins-gdind Honp

Promammide Hmmp

Pyrimidkanil Centrilige Sl

Triflumlin Cenimiiuge Speet

Vmcloxadin None

T b i inclmbad @ all madeds. Latele like Agiatim Time"Centrifigs Time diendle inlsmcian

in Tahle 7, imficates that the elfect for the factor centrituge
T 1 (X was significant for five pesticides and the effects
tior the factoss centoibiee Hime £X5) and shaking tme 1)
were significamnt for fowr pesticides ench, The most frequent
stgmilicanl secongd-onder effect i bath PBD asd DSD was
the two-factor Interaction betasen the factors agiation
U anel centrifuge Gme jdenoled &5 X, %X, The seults m
Tables & amd 7 show that the factors chosen for the
ruggedmiss ey were nnpormid as ey affected he
snlytical method. In sddition, for those pesticides having a
log Koo lower tham 4 sich ne boscalid, cyfufensaanid,
fenarimeod, Kresoxim-medhy! and metpeachlon, the effects
idemtified hy the PREY ned the DSD are mainly related o
the “shaking™ tme. This effect can be exploined by the
chemical pantitioning toking place between the waler phase
and the arganse phase dn e extrcton phase dusing
shoking. The statistical nppronch is 2hle to dentify shoking
Hme a5 a critieal factor that needs b be socounted for
dhring method developmend. On the odher hand, For those
compoumils having  log Kow higher Gum £ the effecis Tor
the PBD amd the DED are mainly related o the centrifu-
gatsim camditions, indicating thal evapation of solvest

&1 Sprimger

and concentration @lficts condd play a magos robe for thoss
pesticides

Table b shoas that alikin, difufenican, salin, isolen-
phios, piramiphos-ethyl and propyzamide were six pesticidas
that Hd mol sher any significant effects wang the PRD.
Hoswever, Table 7 indicates that these pesticides showed
signaficant gusdatic affects usng the S0 Todlkislnade this
fmane, consider the pesticides diffufenican and Bsofesphos.
Figore 2 shows the aren valies for these pesticides versas
the seitings of factor Xo, cemrifuge tie. Doe 1o the DS,
there are fhees fevels (settings) for dhis facor, a4 middle
(% min ), apper (7 mind and lowes (3 ming level, The fig-
e shows the average chamge {ourve line b im the nres valuss
of diflufesicen and isofenphios & @ change Inthe seiings of
cenirifuge fime The figure snggests o guadmtic relationship
between this lactor and both pesticides. Tables 5 and % show
ihe ¢ lests for the effects ddentified by the TSI for
diflafemican and Bolenphos. respactivel v, 1 iests for the other
pesticides are inchaded in sopplementary materinks. The
Labiles shome that the: guadratic efTect of the centefuge lime is
signdficant at a level of & = 0.0% for body pesticides. I is
mberesling (o mention thal Talde 5 shows that the goacdratic
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Table ¥ Effects desected with DELy

Prsticsde Effecss driscted
Ablrin Agitanion Tuse, Centeiliee Tang 1, Shakmg Tisw:, 2. Cenbrihige. T, D Cowteilage. Temip. 1,
Agmation Time* Shaking Time 2
Bendfluralin Apitition Time
Fisealik Mane
Conbssrice: Himne
Caheinnels Cenirifagme Temp. 1
Chlnrprophasm Mone
CyMulenimmd Alaking Time |, Shaking- Tinge. 1 Shaking, Timi-}
CyflinErdn Mimne
Cypamiehos Cenmifage Temp |, Cratifuge Speed. Centrifege Tenap) *Cenirifuge Tempol. © fage Temp 1 W enérifupe Speed
Deeliamethrim Mang
Dftufenican Agitatiom; Tims, Shaking. Time I, Centrifwgue. Time, Shaking Teme. 2, Costrifupe Temp.Z Agiation. Time Shakizg. Time.1,
Tame" Turae, Skaking Tirne B7 Cenirifuge Tine, Cendribage. Thme *Centrifuge Tinoe,
Shaiing Tene 1 *Cenmiuge Temyp.2
Ensdoezaling Monz
suldnie
Exhal fhuralin Maone
Fesarimol Agitation. Time, Skaking. Time !, Centrafwge Toime, Agziation. Time *Cenirtbege. Time. Skaking. Time 1 *Ceninfege Time
[zcafirin Agitation. Time, Shaking Time 1. Centnfege. Temp. |, Centmifuge. Time, Shaking. Time. 2, Centrifege Temp2,
Shaking: Tome 1 *Shaking, Time.l, Cenfrifiuge, Temp. 1 "Centrifuge. Temp.d, Agiatos Tine *Cestnifuge. Time,
Shaiing Tee 1 *Cenniuge Time, Crasnfuge Temp.1*Ceamnfnpe. Time, Apitatios Tise*Shaking Tee X
Shaing T | *Centrihige Tempe 2
lecdeaphne Agitntion. Time, Cenmifege. Tenyp. |, Ceatrifupe Spead, Centribage. Tame, SEniing Time 2,
Agrasion Tend® Comtrilage Terp | Cinlriliige. Temip D Condriluge, Temg. ). ConbrifigeSpoal™ConlriligeSpeal,
Ceptrduge Speed*Centnifnge. Time, Cenfrifnge Tinse*Cendrifuge, Tine, Centrifegs. Temgp | * #%aking Time I,
Shaking. Time.2*Shaking, Tinae.2
Fresomms- Agitation. Tims, Shaking Time 1. Centrafege Temp. |, Centrifuge. Timé. Ceninifuge. Temp T,
methyl Cemtrifge. Temp. | *Cenlrifuge. Temp. 1. Agitatcs Time*Centrduge Tene, Shaking Tene | *Cemrfuge Tane,
Centrifuge. TimeCentrifuge. Tine
Metmeackios Agitatiom; Tima, Shaking Time. 1, Centrifuge. Teanp {. Shaking. Time 1 *Shaking Time, 1. Agitation. Time*Centrifuge. Temp 1L
Shoging Tene | *Centrzfuge Temp. 1, Cengrifuge. Temp. 1™ Cendrilage. Temgp.1
Pemfimatbalin  Shaking Time 1. Cenindege Temp.l. Shaiisg Time 2, Shoking. Tinee. 17 Shaking, Tine.1,
Sheiing Teme. | *Ceranfuge Temp.1, Shakizg Time. 1 "Ceamfupe Spead. Centrifsge. Temp. 170 enrdfuge Speed
Shaking, Time. 2" Shaking, T2
Piginu paass- Agimtion. Time, Ssaking Time I, Centrbege Temp. 1, Centrituge Time, Sheking. Time, 2, Ceniribege Tanpd,
wthyl Agitaginn. Thae® A piestion, Thaoe, Apistion Teme*Cenlnfsge Time, Saking Time D Centrilage Time,
Shakxng Tene. | *3eaking. Tome 2. Centrefuge Time* Skaking Time. 1. Cesdrfuge Temp. 1 *Ceatnfuge. Tomp 2
Poojrics secile Centriliep: Time:. Cenlrifage. Time* Centrifsge. Tion:
Pyrimeshanil Aglintion. Time
Taflumlin Apdintien. Time

Vimcloaoin Mo

The antegrepl d5 fnelodied in ol malels, Labels like Apitation. Tins® Agitation Tine dendie qumlose eTecd, and labels like Apit-

tiem Time"Shaking Time. 7 dénale interaitions

eflects of facties Xy (cealciluge lemperaluze 1) asd Xy
(shaking time 2} are significant and borderline s gnificant ai
alevel af 2 = 05, respectively. In contrast o the DSEY, e
PRI} 5d moi allow o detect quadsstic effects as it only
invedves two levels per factor, Thus, the information of each
facror at its middle level 1s missed with the FBED. Based on

the el ls fdendified by the DED, it 15 very imgoetant in the
practical wiork in the Inbormiory to ke sware of thase quad-
ratic effiecrs and make sire that gqual ity assurance md goatity
conarnl { AR mensares are applied, This is an exnmple
of how oo statistical resol cam imbeate the necassity o
bmplement & swict contiol of the method, for example,
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[} Esiufesican m fanoion of the feoor centrifuge time

F5n
I
iy & - . S

Lt f . }
e ]

a5

Arga wakss rammalzed to [STD A far
dfufanican

~—thfidmneas

ol ot L= % in
Condedl levels for facior X, {Cermrifiuge rme)

() deafenptos in fesetio ol the Bictnr cener Bt e
a7
4M
an e
a1 g -
a3y
4
EL ]

A%

Er=a yalues normabred 4o ST0 sres for
efsrpiuas

s

14 e aa =21 14
Coded kevels for facsoc X { Contrilinge i)

Ag. T Quadreso eifect of cesmdupe mme @ Edftofenican sed
isofenphin mdeg DSD. The samladizal we 15T s valses are
shown @ dffeecad comfrifuge tEnes conesponding 1 3 me (Jevel
= Up and T woim Qevel + 13 Coded level O for coninfege fimo 1
correspardt fo 3 min, Curve Ene merape chenge im the aree velues
B & chanpe in the ceafrifipd tene @ Diflienican i finddan of the
Fctes comtrifipe lime, b Baofenpdos in Tunstsom of the Tacoe
centnfuge tkme

throagh mlherence o2 damiland operuimg procedure whene
the lanite of the parameiess are clearly idbcated.

The difference between the effects highlighted by the
PEEY amd DAD con be explaimed by: (0 the type of secood-
ogder effects these desipns can nccount for md (2 prog-
cries of dse designa. IF oaly the linear effects of the faciors
had been present, both desipns woabd have identified the
s effiects because they are highly efficient foe detecting
main effects (see supplementary materinizh, However,
anme pesticides sepored sipmificmt second-peder elfects.

&1 Sprimger

Since the PRI ivolves two levels per fnctac, it allows to
explain the data usimg lmess effects sl pwo-facion inles-
actians oniy. The DED imvolves three levels per Bnctor amd
permits o stady quiddeaiic effects, which meresses the
paasible ways i which the data can be terpreted.

Supplementuory matenials show thal the DSD and the
PBD provide peirs of effects the ae corelaied. The coe-
relation, o mulicollineasity, in te PRE i mioee severs
than i the DSDL Por bstance, in the PR, some liness
effects are fully coenelated feondomded) with the ted-
facior imtersctons, Thesefore, the FBED camnol estiniae
hath effects at the same time, The proetical implication of
this perfect correlation s that a teo-factor Interaction
repoeted im Tahle & miy be significod becanse it is fully
coitfouicled with & sgnificant liness effect. Sice the PR
camnat disemtangte ihe two effects imvolved, & is unkeown
whether either the linear eftect or the two-Lactos infermchon
is sigmificanl. Im comirast o the PED, the infoomation fos
the limear effects i moch richer in the DSE smce thase
effects ane not comekated] with the two-factor inemetions
mar with the guadrate effects, This festure of the DSI
permimed & meore seliahle Mentification of the. significast
Hmear effects B Table 7. A comprehensive comparian
between the propertes of tee FBD and the DSD ks iscloded
m supplementary mateoals,

Conclusions

Rupgedness testing ylelds nseful infommation conceniing
the perfornapce of an analytical meshod under changing
operaiing  conditioms. The  best demonsizstion of e
ruggedness of o method is monitoring its perfonmimes. on
an omgeing basis o part of the analyteal guality comtrel
applied in the lahozatary, This smasres that the performance
repnsing within (he paramelers edablished dumng method
validation under mavaral variatioes that can occor o 2 day-
to=day basws ke different operators, different banches of
reagenis, slight variatioms in workimg practices, iempera-
e, ebe Hloseever, i a labornbory needs an sdiditional gesi
o verify the mgpedeess of the method, then design of
experimenis & an allmaciive statstical apwoach shich s
refatively cheap and sasy o apply.

Using either of the design of experimend approaches, as
shown n this paper, the anabytical method was considerad
sntistically rodust for 13 oot of the 24 represeniaive
pesticides tested. Two experimental designs were applied.
a repficated Plackett—Burman cesign (PR mndd on oug-
mentad definitive screemmyg desdgn (TS0, W compire the
effects of seven experimenta) factors of o pesticide residue
methad for potata, The DSD wns more Sspensive as il
required 3 experimental nns compared 10 2 rms in the
rephicated  PRIN.  Howewes, the PHD provided  fally
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Crrerfiugs: Timw L1 g a4 3548
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Agztation Teme*Shaking Time | Iy (AN ] LT [R5
Agataton: Teme * Centrifege. Tome .55 (ki 513 <.[HHH *
Sheaking T ¥ Cenrilige Time — T LI - 2.58 LI E*
Ot el T Conbrili ge. Tins — 071 0034 — 34T [ iR *
Shnlzng. Tese 1 * Cenrisge Temyp. 2 — [KD2S LN - 230 L0506

Labels b Cenlrifuge Fime* Cendrifuge. Time  descde  gendratic  effscis, and  labels lke  Shak-

ing Time PACentriliges Tenp 2 dimote istrations, Sigahaml dli ol o level of @ = 005 e mirkial
with an astersk Mamsigniican) linear effeots are inclmled becanse of the sstncion 0 models dlosing

edfeeg Berediny

md oy 7em Extienate &E t ratic Froh = I

Isofraphos Inercepi 4180 31 13025 i
Agiission Time (i) G 147 101 5%
Cemrsuge Temp.| ~ M7 AT =1m 1. 04240
Centrifiige Spred ST v — D& 14355
Céntrifiig Time w1 0o 112 [Frks
hnking Time 2 0T G 14z A ICEE
Agitngon Teme® Cenirifzse Temp, | g3 Gane L « D
Centrilnge, Temp. A *Centrifuge Tenp. — 1T G — 100 10550
Cemeriduge Spred Ceatrifuge Speed — &1 (U026 T 0077
Certrfligs Spesd Centrifngs: Time (T ol 770 =i
Cendrilige, ThnConirilige Tine - D05E 002 — 246 e
Centrduge Temp,1*Shaking Time. 2 — ez 0o — g D
Shaking, Time.2*Shoking Time 082 (128 2407 D07
Labels 1de Shoking. Tinse 2% 5haking Time ¥  descas o eifems, and lahels ke Cen-

tritege. Temp. 1 *Skaking. Time 2 deacle intereciions. Sigaificant sffecis oo level of 2 = (LOS are moked

wilh i astens® Monsiprificinl lisess efleas ane ol ¥

edfiect beredity

comfoumded effects, in otbver wopds, 1l vamables being
shieclied were affected so that the results did not reflect the
acboal relatiomship and that made the data analysis cum-
bersome compared o the DS, In adedsion o main and
twin-f i Lo inberaction, the DD alse provided an indication
of quedratic effects that are imporant o be aware of,
especally o the contest ol methisl development. The DED
was slightly mose expensive, It is imleresting 10 mention
thal alternialive DoE spprseches o deboc guacdrate affects
such 2 the Box-Behiken amid central comguosie designs
watelll have reguined & deasl 62 experimenis] o
Enowing the type of cffect cased by a wariation m
comdifions i very imposiant in ocder o adequately control

ol thi m i ke

fisilirwang

the amalytical grogedors. To this ced, design of esperi-
ments cam o provide  differend infoomation amld it 05 =
responsibility of the aalytical practidoser o koow which
desipm fits the purposs, The resulis in this shxly sugeest
that the DS ie an allreclive aptiom G test for reggedmess.
Finally, 1o comply with specific requirements of guality
reuirermenls, this study can be comsidered as in evunple
thig cam be medifies] aceonding (o the puspose, of & specific
lessd L verdfy mibmelabortory moggedness for an snabyiical
method sccocding s the Codex Alimentaries puidelines
and can be gasily applicd I msnalyticnl  Ishoraloces
worldwide.
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2.2 Validation of an Analytical Method for the Determination of Pesticide Residues in
Vine Leaves by GC-MS/MS

This paper addresses the validation of a residue method at trace levels for vine leaves,
which are considered a minor crop. The availability of a validated and published method
represents an important step towards the protection of local consumers, if sufficient
monitoring programs are in place. In addition, it serves the purpose of providing a tool to the
local farmers through the local analytical laboratory, to help gain market access for export of
their certified produce, if local trade is consistent with food safety principles.

Vine leaves are a secondary product of grapevine cultivation, grapes being the main crop. In
terms of circular economy, this is a great example of how everything is being used up and
nothing goes unused, under the condition that, in conventional agriculture, the pesticides
applied to grapevines are those strictly registered for use on grapes, and that the withholding
periods for vine leaves are applied, so that “good agriculture practice” can be claimed for
vine leaves too.

The method was validated for 54-59 residues of pesticides in the range 0.01-0.1 mg/kg in
fresh vine leaves using GC-MS/MS. From an analytical point of view, it is important to
recognize that matrix effects in vine leaves are very strong and need to be compensated for,
requiring the use of matrix matching strategies. This is a very important aspect to be aware
of as it could lead to very biased analytical results, resulting in enhanced or reduced results,
depending on the compound.

The paper also emphasizes the need to carry out validation of the method, possibly
according to the Codex Alimentarius Guidelines, which provides a very good idea of the
method performance under repeatability and within laboratory reproducibility conditions.
Proficiency testing for vine leaves is unfortunately not available to date; however regional
collaborations in the Middle East are starting to take place and this represents a positive
outcome of FAO/IAEA and GACT studies on minor crops.

Having a validated multi residue method for pesticides in vine leaves was an important step
and essential tool towards the comprehension of pesticide residues decay in vine leaves

matrix.
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Validation of an Analytical Method for the Determination of
Pesticide Residues in Vine Leaves by GC-MS/MS
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D Supporting Infermation

ABSTRACT: A modified and mirdaborized Swelr/QuEChERS method for pesticide residos snalysis applied to vine leaves is

mically processed. A 2 g ansfical portion was hydzated foc 340 mis and
amtractad with acidified athyl acetate after bufleding with NMaHOCO, and adding Ba S0, A dapecive solid-place (0-5PE) clemug
step with primacy—secondary amine {FPSA)} was perdformed. The pesticide residues were determimed using GE-MS/045 The
whole procedure was wlidated for 5459 pesticides at i1, 002, &1, and 0.2 mg/kg in fresh vine leaves [ Vit vinifena ). The key
method performance parameters investigated were spealicity, lineasity, froeness, within hboratory sepestabdlity and
reprodisdhilitg, limit of debection, Lt of quantitaficm, ared matris effects, Becoveries Toe the 59 pesticidis tested ciivged
frem 60 1o 1009, and the RS wer leves than 205 for the majority of the pesticides amdiad,

EEYVWORIS: pestleide revducs, mithod salbatom, pine fasns, GO anadpds

peesenitesl, The deep-fromen plant matedal was cryoge

B INTRODUCTION

Grape [Vili minfera) is the most widely caltivated froit aop in
the wodd, with an estimated oaltivation surface ares of 7.5
mallion hectares I 204" Tt 5 oot anly grapes thal se of
economic imporiance; vine leaves have alo been wsed as a
nudritious food in Greece and the Meddle East for centuries and
thsir papalarity & & healthy food i increasing globally. Ax an
example, the United States of Amedca’s Department of Health
and Huaman S.:nm lists wine beaves in the detary guidelines
for haaltly food It s b rapoctad that exract of red viea
feaves can improve the symp of chronic venous
msuficiency (CV1) and may prevent CVI detensoration;
maveewer, it might alao be effective B the teabmant of
imgpaired microcircubation telated to cther diseases such 2
diabetes mellitus and Raymauds Symdreme” The analysis of
v |gavis for pesticide residhoes i3 often paet of movitoring and
surveillance projects in order to vesily good apricddiurd
practices zelated to specific regulatory requivements. Thecetare,
@ B inpartant oot up, optenie, ed velidaie methods of
anayzis for vine leaves as a separate commadity in addstan o

ape

Geapeviives we asscaptible to infection by fungl sl as gray

t [Botrtic cinerea], poawdecy mildew {Uncimile recator),
downy mildew (Plasmopsra wticola), and black mold
{Aspergilius g ) and o attack by insects such as grape foait
warm { Budennis betrana ), vine meafying { Plaococons cibn ), and
Faregezn grapevine moth (Lebeia botrana].’ To peated the
winis, frmacs gpply a cange of regnlabed podicide fosmalations,

especadly funpicides and m:c.:un.dr_l which can sometines
imln tisidues on or in the ceop ™™ Guimalt a1 8. peasenia an

w,u:s Publications = @ma Areses Chesssl Swny

5az1

extensive averdew of analytical methods for the determination
of pesticide residung fn grapes. Howoevar, theve B very limited
pabdished literature available on walidated maltiresidue methods
for pesticide residses an vine leaves. Pililstrion et al” reported
tha amalyes of pesticide rsiduss in food uslng ethyl acetabe
extraction and detection with gas or lguid chromstegraphy
cingplod 1o tedem s spectrometny (SweEt method} and
gave an cxample of the U import contmol af vine leaves from
Turkay, The SwebET mwibod meluded 145 GO amenable
analytes, Residues of 40 pesticdes were found, 17 of which
exceeded the maxmimum residue Bmst for EL enforcement
contpal. The Swels methad was employed for the ansfysis aof
Peﬂddeuﬁu]lﬂm\dmkammdgugumimdhm an
Inteddabsratary comparisan wish Buropean mstitutes.” Aroa el
al” present 2 mngle residue method for residues of midadaprid
in viee leves wsing scefonitdle extrction amd HPLC
determiration. Disspatson amves for mopstrobin, fenhesamid,
and laferuron in vine lesves and bertes using separate single
residue methods for the pesticides were evabaated,” Single
residue methods have been quete extensively used, mamly by
crig mrﬁﬁm capanies o their svalizations for focmdation
als.

Guidance for laboratocies ivalved in the control af pesticids
resicues amafysis i food and feed has been set out, inter alia, by
the Codex Alimentarius and the BU [SANTE/ 11815/
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Table 1. List of Pesticides, Their Betention Times, Transtions Used for Qpantitation and Conbrmation, Together with the
Optimized Collision Energies {CE) and the Corresponding Retention Time Windows in the Multiple Reaction Moenitoring
(MM Acqnisition Methe
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Tahble 1. continued

pestiades. BLRML Dme segmem BT ymin q'-.ﬂﬁul'm.n_dlhll palifien zrapstiion 3 CB 1 0¥} B3 (W)
Interaal Stardands
wibsiep 5 g2 J¥LE —= 45% JXLE -+ HLE I i)
wighesyd phesplate 1a 153 D — WD 1S - 1881 E; 15

30071 A major requiremient of the guidelines in the frane
af an S0 1005 quality asrsmce eovieenment ittt an
anaiytical method for 3 given matnix and specified pesticide
vesadies st be validated. The aim of thes study wes to validate
a mubiresidue method foe selected pesticde rsidues in vine
lzaves accar to the Codex -Alsneritarioas im2s an
Goad Lehoratory Proctice i Pasticide Résidun Anshysis. "

B MATERIALS AND METHODS

Chemicals. All water wsed in this siudy was obtamed fom an ne
Brcruse Bl €3 parscation sysbem [ Menck Chemicils and Life Sciemor,
Vienna, Austria). Certified peticide analydcal sandards were
prmchusnd froe Sigeninbdich {Vienoa, Anstris) Stock salutioes of
ireliwidnal sandards were prepared sl 10 mgfml aned s in dhe
preparation of & mimed stack solotlon st 25 ngfple The indvwdwal
ssock salstion aisd the stock sienive were stosed in wsnber sorew-
capped vish with wepta i the crk o8 20 “C. Waorking staodard
solations were prepared from the mibied ssock salmon acconding to
requirements. Residoe glecial acenic ack! sl el acctabe were
pemchased fom Meeck (Vienna, Anstria), and amcorbic acd was
perchased from Sigma-Abdrich {Vienna, Ausiria).

Acdfified eald acciine was prepased by dissalvieg ascarbic il (05
h in Milli O seaper {10 mE), 1o awhich ghacal scetic acid {10 mL] was
adided and the wolume made up ta 1 L with ethyl acetate. The solition
wan storel in g serow-capped bottle witlh sepinm, wrappal with
ahuminum fiil, and kept in the dagk al 4 °C,

Heesidue grade socksm hydrogen carbanate [MaHCin}, anbydrons
secachiorn amilfane {3,800, and ssbipcrous sugrsinm sulbie | Mghtl,)
were purchased from Sgma-Aldrich {Anstra), Besdee grade primary-
wecoindary aindwe [PEA) sorbent was prschawd fram Vislie

Sample Extraction. Fresh viee lewves were obtained foen a
vinepand i Symia andd sored at —20 “C unhll apakypsis. The lraves were
bamogeniied crpogenically with liquid sétrcgen inoa UM 5 Sbeplas
Chopper {Stphan, Himeln, Gormany Anabtical portices of 1 g of
homogenized vine leaves were weighed mto 30 mL Lbded MTFE
ceniriisge ubew The malygicod pertons wese ndiddudly foetficd
with the reqeene! amount af prabcide mixture {nefer to section an
Validatson Procecdare) and kept In a réfrgerator for abost 3 min
Theveafier they were ailbjed o eracdion o decibed in the
fallnwing, Wi 0 water (4 mL) was adides, anc! the =y
fo soak foer 30 mén. Ackdified ethyl scetate {4 mL) and 200 pl of ihe
snrragete atasfand tripheny]l plosplate (TPP) ol 2 ngful
canceniration were added to sach mmple The fubes wree shaken
wigorpgaly by hand for 1 min snd then for 50 min on a heranntal
shaker. Aftrr this step, the fict salt mistnre macle up of 03354 g of
NaHOG, and 2 g of N80, was added, the tobes wese hand-shalen
vigotaly and the conton wene Bhanoeghly boinogenial sy =
wltm s [KATES homogenber (IKA, Stanfem, Germany)
enawanaen speed for L min The nates were cenirifiged fos 5
el gt 12 58 Lg at 20 L A volume of 2 el of the angee supanstant
was deaned up in a sexd tube by adding 2 sroond valt mivbere, made up
of 3 mg of PEA amd 500 mg of MgSC, and voriexed for 30 5, The test
mbis were then mare itensdvely agittind oo an orbital vorle erer
i speed for § min, The tetes worne then ceotriged for 5 min
at approdeately 13 381y st 20 "C, The exiracs were Sitered uilng 2
0.2 jin symiinge filbee pickdng o 05 glml ssenple cxteacs Finally, 100
pl of ermal sandand selfviep, at 3 concentration of 1 ng/ul., was
added to 800 ul ol each extra, § calibwation supdads, 1o
mach a Bnal walume of 1 mL-and mpected inio the GE-MEMS tnple

quadnapole systen

Apparatus and Analytical Conditions. The ga chramasogagsy
ftem wsed to analyee the pesticde residues corasded of o 7893
mtasampler, 7890 B GO, and 7000 C GC-MS/MS wiple quadrupale
mbery CAgilens Technodogie, Sanks Clars, CA) Data acquisition and
priacising wirt mapleinenbed using Agilot bass Hustir Oeantdaive
Anadpin FO7,00 yaftea,

Twn uliad inest eolomns. were wsed, they wime 130 mo< 025 mm
1k, 25 pm, HP-5 ma (Agilent BW, Sanla Clara, CA), They were
cormecied by dn elecironlc presssre cootroller 10 enable a 5 min
postmin backflush, The ssaples wide injected uslng & miltesade
injectoc inlet in splitless mode through an eltrainest inlet liner with &
ploa wool plug {Aghent Tecksmbagaes. Semts Clars, CA} The lnjectlon
wolame was 5 ull The injecior port was programmed so that the initiz
injection temperstune was T “C for 0402 min and thes cangeed wp, at
the rate of BS0 " min, to 330 70, kept at this temporsinee for 5 min
and then cooled down at a eese ol 20 °Clemin W 280 °C. Hdiun
(90N, parity) wan usedd as-the cammer gas and nitrogen (SRR
pusity) as the colldn gas. The oveis temperature wis beld at 70 °C
for | mim, then ramped ta 150 “C at a rabe of 50 °C)min, mereased o
200 7 at & V0 imsdis, il by a e sisap Lo 280 " a1 16 "0 min
The total run time was- 34 min, The frrr b was ine at
280 O The retention tee bk sening (RTL} used chlampyrifos
murthyl e the lockmg componnd at petention time of 1A min The
instment worked at 2 canstant Ao { 134 mlymen in coleenn | and
143 mLmin in calumo 2},

The lon source and the quadnpole ansfreer temgerdiams were
fisied at 300 *C fenim s L300 mbn, respectively. Thee prtscide and
ervironmental polstants MEM database was used o select the best
trareitian foe ench of the pespcides. ' The clsion ensgy o cads
traspsition was optimized in B range 5530 0V, The list of the studied
posticidis, the tranitions abseeved oy well s the collkion eoenges
chomen are shaen in Table |, Trendy-five MM tine-segments woee
created o obtain adequate sensitivity, and i cach tme segment dwell
tames wene optimized to callect 2t least 12 ponfs acroms. 2 prak {cpcles
bemween 3 and 4}, The sobvent deday wis 4 ein,

Validathon Procedure, Uncontaminated vinie leaves were abtamed
from Syria for e 2a blank materials. A blank matmix and a reagend
Iank were geepared and injected in oeach bk of sangds w
demansirate that there was no coss-contamination and Inlederence
dusinng the andysie The salytes, to be bckedal in the metlud
validation, were seleced from those GO ASMS amenable pesticides
thai s ekl b grapeviee ciliviteon. They are Bstad 0 Tabbe L

The pararebers tested for validation induded analytical ramgw,
linganey, Bedts of detection eod  quantificstion, trecnes, within
labaratary repratatslity and reprochcdhisty, and mairiz efects

The bowest cabbrased level (LCL) 15 the ke concentration of
malgte detecied by GU-MS/MS and ineasured i the ssalyticad
callbration; 0 may be evpresmed as 7 solation concentratian o the st
aumgbe!! The analytical culibeation s carsied ool i esch batch of
anahsis using matriematched sandands, covering the ramge of 0K
240 ughy (25120 g/l and wing the badetiog caliheation
1 2

Lineanty was evalsated using matroe matched calibeation curves. Six
moncenkraions in the range 15— 120 g/l were mpected in duplicate
and the enture calibration curee was injecied at the beginning and at
the enel of the batek (bracketing calibration}, with additional
calibration injections distributed evendy among the samples. The
anahytical calibrations curve was cotmidesed  acceprable when the
reackesing drift was Lower than 5%, the deviation of the mdiidual
ealduals wis Jowes than 20%, and the ceffickent of detennination
(R was i Beast .99,
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Table 2. Limit af Detection (LODY, Lowest Calibrated Level {LOL), Method Limit of Qunantitation (L0, Matrix Effects
{MED, omd Maxinaum Residue Limdt (MBL) for Grape Leaves Set by the Furopean Unlon (ELT)
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Figure 3, Coefficient of variaton fir within bbasatary sepestabiity for the yabidabed compenunds ut the different fostification bevels, from left to right

at 0.00, 002, 0.1, 02 mg g (n = 15 at each level].

The bmdt of detection [LODY was calculated fram the matdx-
tmtched calibration corve, mauming 2 3% error and using the dandand
devistion from the LUL acconding to the methad described by Miller
et al*® and confirmed mentaly. The Bmit of guantitstion
(L} of the method wes the lowest fortifecation level of the
villidation meeting the rrwﬂw-i performatice scoptabdity erberis. Az
deacribid by Usles et o, thiz sefore ta the bewest recavers levil for
which a sdgnificant dignal coubd be altzined in both cm'n"l.nm.l'nq
trans#tians and with the correat jan matlo [<30%). The LOQ far each
pesticide wi obtained from the recavery studieg,

Precigtan wad epteblighed w2 the within laborstary perentage of
relative standard deviaticn for repembﬂ.ltg and mpmdl.h:iulltg Five
replicate meanarements at three different furtification levels aver three
different dig were anabred, Bor the repeatability within Insbosatory
vialntive standhird dedistian (RSDL%), the standard devintions m each
fartification levdls wers Puolnd. topether uming =g 11

5P = sqet|(varl ® df] 4 war 3 df2 4 var 3 & df3)

Faum(dfl, dfy, dF3)} (1}
where var 1 is the vardance chtained nn.d:y 1 wvacd pmn dar ¥ aned war 3
vn by 3, and & 2 the nomber of deprees of freedom on each
menurement diy,

Far the repraduchility, within labarstory relative standard deviation
(RS0, %] from all the valwes chiained over several h:.l:!.n:l by seweral
cpurators wery congiderad a5 deriving from a gingle populaton and
comgnated for dverdl avemege rocovery at each fartificstion level and
varishility { TV

Accurscy, evabuated in terms of % recovery, wis established ot four
fartificatian lewels: 001 00T, D1, and 02 meke Replicste malytical
partiong af 2 g of hamogenized matrx wers individlly apiked with
100 L of 02, 04, 2, and 4 ng/uL standard salusan in ethyd scetate in
crder ‘to reach 0.00, 0.02, 0.1, and 02 ms;-‘kg. espectively. The
eamplest wike kept inoa pefiiperstor far about 30 min and then
tehamogenived betore cstraotion with the ethpl scetute method, ag
descrbed previcusy.

Matrix effects were estimated through the comparicn af the
tesponge of the snalptes when the sandarde wers pripared and

S5

injected in pure ethl acetate and motrrmaiched. Two sete of
calibeation curves were prepaed coverng the roage of 25-120 sg/L
concendrnbon far all analytes, Weighted linew regreasion wag applied
to estimate the slope of the curves (me). Equaticn 2 was used ta
establish a Aandardized value for the matex effect [ME}:

= [shpe of curve in makoe — slope of curve 1nscheent )

falepa of curve I sohvent {2

Chiarpyritos methyl wae injected daily far belocking the methad at
the desired retention time and abo for quality contral purposes o
check that the methad pecformance was adequate dudng the
determinntion. A gquality comtral chart was conmouwctid for the
surtegate standard triphensd phosphate (TPP ) b identity the need o
maintenance ﬂPtl'.ll‘lﬂan area far TFF cwer g Pu:iml ed 19 da}-s
was used ta caloulate the average TPP volue and the ing and
acban limes wers established uaing 2 and 3 times the sandard
dedstian of the 19 messicements.

B RESULTS AND DISCUSSION

Astady on the effect of simulated rain an felpet and mancozeh
residues an grapes and vine leaves was conducted by Cabras et
2" and they conchuded that the pertion of manooeeh washed

Table 3. Minimwm and the Maximom Concentration,

Expressed in mg ke, from the Analysis of 27 Samples of Vine
Leaves Origlnating from Syrla

reTE— it i it

pesticade [mg,kg] fimigfkg)
chlargyrfos 0013 + foal 4879 + 300
chlorgyridas <L) Fidelel

metiyl

dinon D066 + 100 2E+40
distrethoute” OUEE + 0,00 [EEER]
“Bieme af dimethaate and amethose,

CACA: 100 L o o ERES
L Aark Foad Bem. 20T, A8, 40218450
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Figrare 4, Total ion cheommogrom of o vine leiwe sanply fioos Syda anabypred with the solidsed method. Peaks in 1 wre from solvent, peak in T 32
Erarm suliostep, peak in 3 iF fom dimedwoate, peak in 48 foom daeino n, peak in 5 53 Boin chlonppfos medh, peaks in 6 e from nooeds, peakoin 73
.Enm'ncl'l]mr:,l.l:iﬁapﬂl'.ina & droan matriy peakin B is Emml:qlhm?{ lesphmq peaks in 10 are from matriz, peaks in 11 are from calummn beed,

ek i 12 are fram matis pedks in 14 wee fom coliomn Beed,

aff by a light rainfall was higher for the grapes than fer the
leaves, probebly due to a diferent compesition of the
epicuticubar wax of the fmit compared to that of the leaves
These regults suggest that, depending on the phydicochemical
Prupertieg uf'ﬂ'bepmll:i.ci.dﬂ. the regidues level on vine leaves can
be different from that of the grapes, Furthermore, the different
composition of grapes and vine leaves Indicates that, for the
analyiis of pesticide residues in vine leaves, a diffecent analytical
methed may be required fom that wed for grapee ™'
Single quadnupole GC-MS wslng electron jonleation (EI)
mode is the most conventional method used for peﬂ:ici.d:
residues analysis in gopee " Chemical ioniration (CL i leis
commonly uwied for the analwid of pesticide residues in
grapes,” Megathve CI mode provides better selectivity for most
typical pesticides since they contain electronegative groups In
heie s broebiren which stabilizs {he muolecules in the negatively
d'm.l:ged state An ma].:rt.icnl method baded on GC-MS with
negative CI for the analysls of 82 pesticide residues in cabbage
and alpp.'.t wae developed and applied to grape samples as
well™ In general, the acquisition medes selected in published
methods are mainly dingle ion monitoring {SI) and fll dran
#1/2 covering the range 50— 608 w2 and with at leagt 2—3 Sons
selected In 5IM mode In order to achleve a reliable
identification and quantitation of the analyte'” Recently,
quadropele GC-MS/MS analysis hag been introduced into
routine analygis of pesticide residues in grapes which resulted in
an improvement of the semsitivity and selectivity of the
analytical methods™ Tandem mass detecton using multiple
reactiond  monitoring {MRM} can imize; or iometime
eliminate, potential matrix effects due to izobarc componnds
and can alio reduce chromatographic neise cansed by matrix
coetractives, thereby allowing lower fimits of detection. The
SweBt method adopted by the Swedish National Food
Adminictration tales arlvzntage af the ﬂpabﬂi.ty af MESSMS
to reduce matriz effects to eliminate the ¢ mpjnl:he
analyils of pesticldes in nonfatty samnple matrixes,” The Swekt
method uses ethyl acetate as extraction. selvent and NaHCO,
for pH adjwtment; and oo further clean up or sample
concentration i& pechormed for peiticide redidue analysic in
fruits and vegetables, cereals, and other matrixes with low fat
content. The extract is directly Injected inte the chromato-
graphle systern coupled to tandermn mass | MS/MS} detectors,

s427

The analytical method wsed L this study was adopted from
that reported by Avsal et al™ This method corabines aspects of
the SweET method and the “Chick Basy, Cheap, Effective,
Fugged, and Safe” {QnBChERS) method bot miniatuczing it
Whertat' the eriginal and afficial procediives for Feth produce
employs 10 g of sample, the present method requies only 2 g
of sample, The Initial extract stage = performed with acidified
ethyl acetate (EtOAc), which is more effective for 2 wider range
of compounds than the acetone extraction, which wag widely
wsed previously, but which pave low pecovery for polar
pesticides, Cleanup is performed wsing a modified QuECHERS
P.rnc\udur\e on the EHJ’:(]. acetate extract, rather than the
acetanitrile extract in the original GuBChERS procedure. The
use of ethyl acetate & extractant and the incluslon of the sinaple
dleanup procedure allow the possibility of analydls using
conventional GC detectors F MS/MS s hot available and
alge further reduces matriz effects in the MS5/MS methed.
Previens worck at the BAOTAEA hbnml:nrr demonstrated that
the EMOAC extraction precedure produced a final extract that
wiae sultable for analyses wsing conventional GC detectors such
at nitrogen—phosphores and electron caphore detectors ad well
ai ME Alco, a3 shown ]:;cr:l:'\rj|:|1.'|.ﬁ]::,-.25"2\f with the njection of
uncleaned extracts feveral Pmb]zmg Were ucpuiznneﬂ iuch ag
contamdnation of the GO inlet and rapid deterioration of
spstem performance because of acoomulation of nenvelatle
material in the inlet. This made. the system Jess robust and
frequent exchanging of the liner {in every hatch) and cutting
the GC‘-pwe-:olumn%ln every sequence | was required. As shown
by Mol et al,™ a shift In the retention times of pesticides was
observed for some of the sample extracts and that made
detection and identification complicated to implement. They
detected retentlon time ehifte In the range 0.05—020 min and
these weye most abondant for the “azole” pesticides, The
methed presented heve used redwced woluees compared to that
Pub].is]uﬂ byﬁraal et 2l and was ﬂq_:!:.rbﬂ:ﬂ to indude 3 wider
scape of peiticides in vine leaves, miing an MS/MS detector.
The optimization of the analytical methed abo lnchuded a
verification of the homogeneity of the analytical portions at the
1g level

Figure 1 ln the Supporting Information shews the total lon
chromatogram [TIC) for solvent, reagent blank, blank roatrix,
the TIC and the extracted lon chremategram for a matriz-

CACA: 100 L o o ERES
L Aark Foad Bem. 20T, A8, 40218450
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matched caliboaboe st 001 upfg and the TIC for @ mates-
matched calibeaber ab (024 wp'p.

Method Validation. The process af method validation =
mtended to demanstrate that a method is fit Fﬂr-::lLl'pm.”Jz
The validation should d trate the sdentity and concen-
fration of the analvte taking Into sccount matrin effects,
prowiding o statiticnl charactesteation of moovery wesults and
ather method performance criteria. To enswere that validation of
thie rmeethend remales awm'pd.ﬂ-: over time, the methad should
B comtiemously assessad by participation v proficency tasting
and apprepdate qualiy control measaee'" Performance
parameters for andytical methods inclode scope, anabyicad
ramge, scnsitivity, limits of detection and quaniification,
traengss (acqusicy ), within laboestory repestshility and
regeoclugibility. The Codex puidelivns 0n pood labarstory
praciice is 2 very defiled document which indudes somie other
parzneters, such as testing for obestmess'! The SANTE/
11813/ 017 guutlme comsiders that these requirements ars
fubfilled theough contiions (A, G *nd mug,»:-ng wirrification
valiclation of the methed in routine e

Limits of Detection and Quantitation, The analyte
covered by the methad, their retention times, the
weaction fpenitedng franekions used for quantitation sed

qualification, and the selecied colfision encrgies are presented
in Table L

Table 2 gves the LOIY, the LCL, and the LOG) for each
compoursd and the ELF seaxiivuen resichis limita [MEL], Thire
are o Coden MBLs sel for grape lesvss

The LOD and LEL were obtamed from the calibration cure,
as explained above, 38 of the 39 pesticides had LODs Lawer
than 5 ppdlor hexaconanole bad a LOD of sboat 7 pplg. For
49 of the 59 pesticides Inchoded in the methnd, the LCL wis 5
pmikp andd 10 pesticides had LCL at 10 gk, This resdt is in
Ene with previously reported LCL for the same pesticides in
similar matrixes'® 53 of the 39 pesticdes indoded in the
analytical scopa, had an LOC of 001 mg g 5 pesticidis ad
an LA of 0.0F mgkyg and 1 pesticide had an LOWQ atof 0.1

mz kg,

Foe o the studesd compounds, with defined EU-MRLs for
win besies, ancept ipradicog, U LOOS wem balow os at least
exqual o the BEULMRL:, desnonateating the Sinse-lor-puspose
af the method Addsiorally, fve pesticides, phihalimide,
fenpropathnyn, etrimics, isocawbophos, and dichloflzanid, that
dor ot have a listed MRL within the EU commedity growp for
“praga beavis and simillar spevies”, woers shadied and theie 1OOs
were set ing to the precasticoary poncple below or
exqual bo (01 mg Izg

Calibration and Matrix Effects. The linsarty was chieched
walirg & mabris-matchved calibeation curve it S=120 ogdml
concentration range for all pesticides. Linearity was bested by
examination of the plot of residuls prodoced by weighted
regresson. Gnod lnearity was achieved for almost o2 pesticides
withy o coefficiant of determinaiton (87 bener then 099 and
relative vesiddisals Bowar than 209, s maaseed by the acasacy
value i the Mass Hunter software Weighted linear
regressaon did nat give a goad fit for Hodioond and prodenaios,
se @ welghted quadsatic funcion wis wsed te calibrate the
dutgction eptam for e o coimjaunds

Dhetails af the estimated matrix effects dor 28 peshcides under
stady are presented in Tahle 1. The matrix effed was evaluabed
by comparing the slope of the calibrabion cusve in matrix to that
i gobant, Matrx effects (ME) shove 208 [sgnilicant aifacts )
were vhserved for 18 of the 5% pesticides mehuded in the

methed. A spnal enhsncement in the chromatographsc
reaparsa wis abtaived for 17 pesticides: This & liy dccnndarcs
with the mesults reported by Peole et al”™ Significam
Apression effict, when the _!]-uge m the matmx was loeer
than the dope @ pure sobvent, was ohiserved caly for teshudos
Aecondivg to Usles of al,™ s effect can e axplaned by sone
degrachiion processas For pame of the pestickdes. in the vine
leave: matrie. Thene wits no correlation bebtween refention tame
and matrix effect. Most af the campaends showing significans
st effects bidong to the organophasphorus ed pyrethrosds
i,
Iy gerreral, matmix effects cannot be eliminated;™ ™ howeves,
H.H-Lm can be achssved with matnxematched calibration,
even rhaq?h this pracess may be laboripus and teme.
consuming, ' i For that measan all the stdies woe
perivomed wsng matviz-maiched cabration ourves.

Recovary Studies and Precision Data, Recovery studies
were periommed (o determine the tneeness ar biss of the
mwthed, Figere 1 dvows e recoveries olstalved ab the four
iffacors spikiog el According o the Coden Alimeniasiis
Gonidefines, the acceptable trueness mange al concentration
values at 2001 mg s 60—1200%; at =001 mplhg the
accaptable ranpe is Y0= 1M o concentrations =81 mg'ke
the acceptalbde recoviry range & Tl= 1108 Ascan b seen from
Figure 1, in geneml the recoveries are within the mange 70—
120%, which complies with beth the Codex critena and the
SANTE doaament with a few eecephions, foe dichloflianid,
romasnide, fenhiamid, iprodiom, cmathoste, sd spivosamioe
Dichiefluznid could only be quantsied with acceptsble
peecissan ot the highest spiking level Zoxsmide could be
Tml:lﬁed with accepiable precision st both the lowest and
highast sgiking level Dichlofluasid, Wprodions, omaboats,
praclostrobing and spirommine presented lower recoveries
than Codex accepiable lovels; however, the precision dara
indicated that the within laberatery repeatability and
reproducbility B pood  Pyraclosteobin had unacceptable
recavery cnly at the lowest spiking bevel. Falpet was meluded
iny the original spiking mizture, and phthalimide was manitared
as the degradaticn metzbolite with Ery:ﬁ,md recoveries. This ls
i3 ligwie I|n|1.rh pravicas shadies foom Uclas ot al,"™ which could not
datect i parent compound bat saly va the degradation
praducts. Phihalimide could not be guantified at the |owest
spikir level.

Values for the reproducibdity aad atability relative
dandind deviation (RED# amd RSD%) a0 the differorn
spiking levels for the pesticides induded in the method scape
are presented in Fgues I and 3

The majority of the pesticides had within lakaratocy
praciisan dats below 2% st all splieg level bath s
repeatability and reproducibility. The Codex and the
SAMTE/11813/2017 preckion criterit are indicated in the
figrures with corresponding color Enes ™' At the (.02 mgfg
spike lavel, only profenafos (CV % = 2180) had 2 valus for
repeatabilicy shiphtly outside the coteria sccepted by the
regulations; nevertheless, the value for reproducibisty is within
the acceptable range = well as the recovery value At the 0.1
gl spike level mepanipyem (CV,% = 30.5) alsa bad 2 valee
for regueatabality adightly outside the scceptalkle criteda. Tn bath
cases, ongoing rvatime ose af the method will be wsehd to
define the precsion values comesponding to these pesticides
and additional work may be required to redefine the validation
parameters (o thise bwa pesticides. The mapestability of
raxamide [V% = 16.8] at the high spike level was aso not
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canvplisnt with Codex oitema but woald be scceptable
accarding to the ELL SANTE puideline, Zowmide auffors
from: a high degree of matnx effects, as shown in Table 2. With
regard to repeatability ondy Gudioxinil [CV,% = 17) at the high
spike level is not complant according with Codex or EL
avegptanes cribyris

Ciilvoats, that iz mchided in the eddus definition of
dimethoate, despite the low recovery valses, presented

values for precssan both for re and within
Labopatory  peproducilility, excopt at 001 gy level;
ametheats could be mchided in the wope of the methed
becase of its consistent behavior. However, the results would
need to be comvected for recovery and indicated i the
Lbacatory resudt repon.

Chlorathalondl, irazdil, capten, and its degrdation meedal-
alite tetrahydrophthalimide could not be induded in the sope
af the method at any of the studied levels = the peak shapes
were unacceptable for all of the acquired s the ion ratios
were oot accepiable and e recoveries andfor predson
parameters coudd not be established.

Those pesticides not complyang with both recovery accept-
abl-cmp;uardpn:uﬂm bena were excluded from the
methad scope af the concenteation lewel conssdered in this
astady, Thavafore, the methed reposted bere for vine lesves wis
validated for 31 pesticides at the Q.31 mg'ky concentraton
bevel. The method scope was ismeased to 57 pesticides at the
002 and L1 ek concentration level, o 39 pesticidos at 0.1
g kp concentzaticn,

Intermal Quality Control, A guality comtrel chant for the
swrogate standacd topheryd phosphate mjected as @ matee
matched starydard was constructed. When data wese found to
b cutside the action limity maintenence opocaliorm were
carried cut on the instrument, ssch as charge of liner, sapham,
or immming of the guard column. For example, on ooe
acsion the chart indicated values autside the actsan lmits; the
e of the nstrument slio dhowed  inessased dectran
maltipfier voltage (EMV} compared to proviows funes.
Therefore, the insmument oo source was: thoroeghly deaned.
In geveral, the lner and septum wese chanpged dtex every batch
af aalysis te ke the on soarce aind the st 15 o colisimi s
claan as possilde and B0 provent iocreased oeatrin afects
Instrument baddhsh 2o helped to keep the sptem clean o
avoid the meed to-tim the guard cobumes oo much and avaid
cleandng the wan source””

Tha validated method was applied 1o the saaysiz of 17 real
samples of vme leaves from Syda, which were found b he
confaminated with chlospyrifns, dimetheate, dizvinon, and
amethoate in inosk cases at levels above thesr comespapding ELI
MEL, Chiluspyrifos methyl was alsa detectad bt it lovels Telaw
the L0 of the method, Tohle 3 wammazives the ménmam and
thie mamimum valae of the residses found in the samples. Figure
4 shows an exampde of a total koo chrematagram af one of the
real sarnpdis snabysed using the valldated mathed,

by summary, a protocol based on & pevious methed
developed at the FAO/IAEA Laboratories but with redisced
sample miams and salvent volumes that combines features from
the CRECHERS and SweBt methods for pesticide sesdies
avklyais I vine beves wes peesented mopether with s
validation. ‘The method u-pn-ltud here for wime leaves was
validsted for 51 pestcides ab the 400 mg/kp concentration
bevel. The methiod scope was ismesed to 57 pesticades at the
QAL e 1 g comcandration kael, bo 59 peiticides af 0.3
meg/ kg concentration as disamsed above, The method is smgple,

cheap and straightinresed, with no ealvent eachange or prior
conggntration and proved to be sitsble for the roating
deteemination of pesicide reiduga o vioe laves The
vdidation oiteda disomsed in this paper wen: met The
LOC)s for the studisd pesticides fulfilled the MAL requirements
in the EU. Additionally, the scope of the valddated method
inchoded pesticidos that are oef lsted in the EU for graps
loavis, accomplihing the ELD precautionary criteda that
unlisted pesticides bave 2 tofemance level of Q01 mpks
Firadly, to prove the hines-tor-purpose of the method, it was
successiully applied to real samgles unalysis.
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2.3 Required Withholding Period for Vine Leaves Following Spraying with Pesticide

This paper addresses the important point of withholding periods in vine leaves, as an
essential requirement to protect the consumers from consumption of conventional crops
contaminated with excessive residues of pesticides. Every applied pesticide has a
withholding period (WHP) or pre-harvest interval (PHI), which is defined as the number of
days required to lapse, between the date of final pesticide application and harvest, for
residues to fall below the legal level established for that crop or for a similar food type. Food
products become “fit for consumption and trade” only after the withholding period has
lapsed. The WHP differs from pesticide to pesticide and crop to crop, and it is important to
note that they depend on the legal limits established for the pesticides in the legislation. The
maximum residue level (MRL) is a conventional measure that needs to reflect the conditions
of use under specific environmental conditions, hence the need to generate sufficient
support data that can help set and harmonize MRLs in international meetings and bodies
such as the Codex Alimentarius Commission.

In this paper a collaboration within FAO/IAEA, GACT and the Syrian Atomic Energy
Commission made it possible to run a field study to establish the dissipation rates of applied
organophosphorus pesticides (OPs) on vine leaves, a minor crop amply consumed in the
Middle East region. The validated method for pesticides in vine leaves was applied to study
the decay of OPs residues in vine leaves collected in a 21 days’ period after pesticide
spraying. Analysis of the data provided an indication of the dissipation rates, the half-lives
and the WHPs. Ultimately these are essential information to guarantee good agricultural
practices (GAPs) and therefore provide for control of unnecessary consumer exposure to
residues of pesticides, if the legal framework is properly functioning and requiring monitoring

of crops for consumer food safety.
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Absiract; Vine leaves are vonsumed m many countnes e Intle attention 15 pued to the residues fett on them after the
application of pesticides that help prevent pests and protect the grapes, the sconomieally important tanget, Therslore, it is of
oot importance o study the dissipatson of the pesticides applaed 1o this grop to profect the consumers that also ent vine
beaves. Digsipation Kireties of chlorpyrifos, chlorparifos-methyl, diazncn and dimethoate residies were studied in vine lsaves
groivn undes sumny conditions in Syne mming anoethyl seetdle based sample preparation fellowed by GOBSBRS
determinntion. The dissipation rate for all doses spphied followed first-ceder kineies, with half-lives in grape leaves in the
rarge of 2% - 30 days. Af the seceenmended application dose. o withhokting perod of 85237 1 days bafore eonsumphion
shousld be applied o meet current MELs and mimmise risks &0 consemers The effectiveness in the recection of pestivide loads
m vine leaves through washong with aither eold or hot water was dependant on the physseochenical properties of the shedsed
pesicides. Hod water washing was very effective for dmethoate, & polar and water-soluble pestode, with an effecaive
reclsciron of 92% of the ressdue lewel, bul no significant effect was chasrved for chloepyrifos, the most apoiar compoand in thas
sudy.

Keywords: Vine Leaves, Dissipation Kineties, Hall.Life, Withhobding Period

Sy, where vine leaves are widely consumed, 1 is impomant

1. Introduction

Grrape (Fis visdflond was  estimated by Food el
Agriculture Crgamisation of the United Mations to be the
most widely culavated froif crep mothe world [1]. The
Medderranean  countnies  constifute  the mam aren  of
cultivation of grapevines. While the mesin product are grapes,
with mest of the production destined for wine making, vine
beaves are alzo important for culiurael and nuirtional reasons.
Vine beaves hove been wsed as a anuiritos foed in Oresce
ard the Middie B for cenbires and thesr populanty &5 a
healthy food i mereasing globally [2] In sountres such as

o amess human dietary exposure to residues o pesticides
applied o vine lesves. As vine leaves may represent an
impotant comnibation o the Meditermanean digt. dasa on the
faie of pesticices inving leaver alier application are caseniel
for both the calculation of the iheoretical maximam daiky
ifake and the esablehment of the Maximum Residues
Lumvits (MRLa) [3] Moat sdies ca pesticade residues deal
with the analysizof grages ar the transformation Trem viee 1o
wine, a5 discussesd 0 the review by Gnmalt et al [4), To date
anly & bew studies have been dedicated to ressdues I vine
leaves and folinge in general [3-10] Insecbiosdes und
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fungicides are applied to be effechive agamst & wide range of
imeegt pests, =uch as grape maodh (Lobesia botmma), and
fungal diseases such & dowry mildew  (Plemopora
vilteela), powdery mifdew {Uiecirde necefor) and gray mold
{Bedrpis cirerza), bt therr o has 1o be strectly regulabed
The kzgal pasameter with regpect to posteide residues, which
determangs whether o feod produoct may be pleced ca the
markst, 15 the MREL expressed in mghkg of prodoct This
value 5 eebeulated from  toeeocologieal datn sueh ps
Mecepinble Daly Intake (AL in mgkgrday) and Food Duly
Iritake (FOI in kgiday), and agronomic data such as active
dose und dizsrpation curves in the field FACH and the World
Healih Crgarizmtion (WHO, through their Toint beeting on
Pesticide Fessdues {IMPE) meetings evaluate pesticides and
thear sessdues m food 1o set MRLs for food commadibes [L1-
12]. The oecurrence of pesticides in the envirenment, & wall
a5 in vine feaves, remamns an mportang challenge o address
i Syt and elsewhere The agriculivrs] pracices, including
pedicide  management  prachices, must Be  comfmually
impresied 1o meet 1 It e important 1o generate analytical
data on the sl levels of crop prosection chemicals on
gropa and i the erwiromment, and o consider thess dats with
fespeel e the agreulnenl praciwces wpphed wder |ocal
conditions o be able 0 opzmize pesticide managemend. In
ameszing the impact ol dicfary exposure o pedicides. a
number of pammeters have o be taken it account and
carefully evaluated, mcleding MRLs, withhalding times and
disspation rfes and posi-hervest management, smongst
others. These phrameters are obiained sither experimendally
of throagh modelling and dhey vary accordg o dhe
pesticade, the type of crop and the prevailing environmengal
conditrns. A combinabion of effects resubs oo redaction,
caer ome: [rom the snitial emoont of sctwe ingredient on
crops wfter application. The dissipation mte (B} is an
importent kinetic  perameter wsed 0 cmloulate residual
eoncentrations of pesticides w crops horvested for human or
arimal consumption [13] The term desspation 15 defmed us
an mtegrated process whers seveml effects play o mole
incheding  volatilization, phetodepradation,  wash-off
leachirg, hydrofysis, chemeeal and biological degradation,
among cdleers [13] Dassipation stes ere usslly expeessed as
the pesticede hall-ife, the half:life beom the time requared far
the pesticide residue level to full to hall of the oetial
concentration deectly after apphoation. Because of the large
combirations of peshicades and crops, it 15 very important o
esmmate  disspation hali-lves %0 comtnbute b sk
nsesamenis, for example when establshing MRLa for
pesticides in various commodities, The disapation mle for
peticides spplied on a speeific coop depends on several
factess: the chemical formulation and applicison mathod,
chmatic. condmions - especially ramdall and semperatee.
vepolr pressare of the pesticides, sl the potential for
prntadegredation and other chemcal degradnsion [14], This
menns thel disipation cuves e very sperific io local
conditions in esch growing mrea [15-20L and therefore
generstion of precise kowledge of pestacide degradstion
kiretics 13 wery mmpociard o produce rels=ble data for

miermational  bodies, such  as Codex Almentarnus
Commizsen, that set MRELs [21]. Because of dhe agronomic
behsviour and differences among regions in the world, the
same active ingredients mvay have ditferent MRELs depending
ot the country and the climatse conditions [22]. Fantbe et al.
[13] systematically eviewed $11 scierdlic literalure souarces,
anid amalysed 4313 dissipation halflives of 346 pesticades
mesmured 1n |83 plants. The suthars emphasized that further
expenmends wre nesded 1o anpivse pesticice-plant species
combinatiors that s far have not been covered and 1o allow
the use of prediction models. The fundsmenal reason =
because modelling dissipation in plants is highly wcerain
and the estimation of dissspation half-lives srongly refies on
expenmental Hebd daie A sudy was initsied in Syria oo the
bebaviour of specific argancgrhesphate peaticules (O m the
Tiebd wider the ourrent agncdiuea | practices for grage vees.
The compaunds incleded = the Sudy were chiompyriphes,
chiorpyriphas methyl, dinzinen ond dimethoate, OPs are
extensively used dug to their high nsecticxlal ‘activity and
relatively low persistence [5] The dessipation rate of OFs &=
very fzet [25-25] The obsective of the study was 1o estahlish
the withholdmg peried (WHPE) For thess specific OF
pestseides used m vineyasds i Sy, The WHP = the
minimum persd of time that soasy be allowed after pestoide
application before the reated area ar crog can be grazed, el
for fedder or harvested  Withholding permds vary for
different pestiwdeiorop combirsteons. They help 16 ensure
that residues m the treated coop will not exceed the mvamum
reasdue limiis when ithe crop iz piaced on the market [26]).
When being prepared &= a food in the home (or by induziry),
vine lesves ane firsd washed The fate of pesticsds reaidues on
saw mriculiveal erops has been well stodied snd secently
wall reveewed by Amvreaz [I7]. Raushee [28]. Holland [249].
Agcording to these stadies the rmsalality of @ pastacde 15 o
always comelsted with its water solubility snd dafferent
pesteides may be pinsed off commoedipes using ditterent
washing procechres and washmg agends [271 o the present
study, after sampling, vine leaves were aralveed wnwashed,
washed with cold water, and washed with boilivg tap waler 1o
sasess whether @omestic washing can offer 8 practical
method for decaeasing the mtake of peicides fre consumers.

2. Materials and Methods
2.1, Field Trialy

2L Rige Descriptions

The experimental tziale were garmed out diring the
gy of 2016 = two defferent vineyands located oulside
the crty of Damascus, Sveen. A local cullovar aof table grege
was used for testing, The Al Soujsh (Yafour] area, located 23
Em west of Damaseus, &5 an arid zone where the vineyard s
summoanded by ofive trees and 5 sn experimental station
belonging to the Adomic Ereroy Commvission of  Syria
(AECS) The Al-Hamah area 13 & private vineyard inoa
greensr zone located 14 km onorth west of Damascus and
clome foom nver (see Figeires AT wed A2 op the Appendich
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Meteorological data were collected by an agrometeorological
siatiom m Damaseus. Thiring the Nield tnals the average daily
temperaturs was 26°C, the maximun tenyperaiure was 367,
the averape humedity was 27%, the averape solar radisfson
s 200wl the average wind apeed was 111 ken/h and
there waes o rain. Esch prowing ares was divided mlo two
romes. One pone wus treated e the other ome wis left
unirented 0 he used &5 0 control The vines did not receive
Any Igaten, or pesbicede or fertifizer reatmend throughout
the growing seasom,  Fowr  differems formulations. of
copanophoaphate pesticides (OPs) were purchased from a
local suppleer arad applied at the consentrations indicated on
the labsls, using a 20 L hend-pump pestcide sprayer (im Al
Somah arex) and an elecronie sprayer (in Al-Hamah area)
Care wis taken b ensure that the vines were well covered

with the spruving misture. The Formulations applied to the
vine areas, thewr label concentratioms and the  targel
application rate for each pesticide are presented in Table 1
Formulated forme of the pesticides dimethoste (300 mg'mL)
md chdoepyrfos ethyl (880 meinl) were from AgriPes,
dizzingen 600 mp'ml was bom Orieat Foe Velerinary
Pesticides and chborpyrifos methyl {309, 200 mefiml) was
from CrenGresn At the Al Sougah site, 50 m® of vines trees
were treated with 7 L of the pestcide formulation midture, at
the Al-Hamah ste 100 m? of vines were sproved with 100 L
of the formulation misture. 16 both cases the total vofeme of
prepared pesticides was aprayed on the vines 10 deliver the
amount of kgHa as shown i Teble | Only one pesticide
application wos carmed out at both lecanons et the end of the
Tewiering stage

Tahie I, OHF neemrptciden their concemiratos qud fle ooy gorsred on vine ieaves A - Mrost) sed A7 Ssciah mep

Label concentrution  Amount of OF use or the  Amount sprayed i Anwount of OF used for dlie  Amount spryed in
R ks ding /Ly and i i AL Flaswil gnl) AL Bawah e Ha)  inlatiee in AL S gmll A1 Soadal gl T
Dimethoae 400 = 1 T .56
Dhiszinaom &N = T L
Chlorpyrdfesamilind 3 iy s ] 1.2

_Chbspyrifosetlyl 440 w 4 1 1672

343 4 magnesium sufphats {MgS0y) wers purchased from Sigma

For studving the dimsipation of the Foar evahmied OF
pesticides, vine leaves were collected ot me O (one hour
after spraying, when the saraving medure hod doed) and then
after 1, 7. B4 and 21 days Sulficient leavss were randomly
goliseted (rom: a1 lesst 5 vine trees to provide an overall
sample weight of 500 g of ving leaves The mmples were
lahellend ard ememediately dispatched o the labeeatary, whese
they wone frogen and kept a1 =187 until analysis.

2.2, Chemioaly

Al chemcal onelves were performed al the Jomt
FAQIAEA Inboragoeies an Seibersdorf, Austne All water
wsed i thes stady wes obtained from an m-howse purificeion
svstem (Ml . Billipore, USAY Certified  pesticide
aralvticyl stancdards and mphenyiphosphate (TPE certsfied
aralvtical siandard) were purchased from Sigma Aldich
Sustrin. Sweck  soluons of  indiviches]  sandards wers
prepared at 10 mp/mi and wsed in the preparation of 8 nisxed
slock solutsan ot 15 ngypl. The individusl steek soltion and
the =tock msiuee were stored moamber sew-sapped vials
with sepis in the dask an 2000, Warkiing strdisd soluticns
were prepared from the mied stock sofution according to
requirements. Ressdue grade glaoml scete aod and ethyl
acetme were purchased from Merck (Austna) and pscorhie
ackd waa parchased from Sipma Aldnch (Auwsmia) Acidified
ety agetate was preparned by dissolving sscorbic acid (0.3 g)
i il weater (10 miLd, toowhich glscial acetic acid (10 mi)
wizs acded and the volume maede up (0 1L wih eahy] acetate
The solism was stored e oserew-capped boile wih
septuen, wragped with alumennen ool and kept in the dak at
4°C. Resadue grade sadiom hydrogen carhorate (MHaHCO,),
aripdrous  sodmm  oseiphate  (NeSOW  and  anbpydroas

Aldrich (Avstria) Reasoe grads primany-secondsry anine
(PEA) sorbent was perchased from Varan (US4

2.3, Smmple Preparation

Upen areival at the Eborabory each sample was diveded
min dhres parts, One part owas dicectly stored ab 2000
pendmg analvss, The other two parls were washed by
immerssn for 5 seconds imlo esther botling water o tap
water, ar dred m the dark and stored -20°C pending
analyaia. Before analvaia, the vine leaves were prepased by
remowing the stema and cnshing the leaves to amall partiches
uzirg ligued nitrogen inoa mortar snd pestle To ensore
effcave  homogenmsation,  the  sampled  were  Barther
homogerized, while sull Fozen, using & commen focd
chopger (ddealines D000 for 1 minue

221 Analytical Metivod

A validated method for the determination of chlorpyrifios,
chlorpyrifos-methyl. diszinon, and dimethoate was applied
for the analysis of the s ples [30]. Analytical portions of 2
2 of homogenised vine leaves were wemhed into 50 mL
labelled PTFE cemtrifuge fobes. Bille O water (4 mL]) was
selded and the samples lett o sonk for 30 min, Acedified ethyl
peerinie (4 mL) and the surrogate standard, TPP (200 pl of
2 np'ul, solubiom) were added 10 ezch smple, The fubes were
shaken vigorously by hand for | mimse and then for 30 mm
on a haridontal shaker. After this step the Tirst salt mixiore
(L3334 g WaHOOy + 2 ¢ MaZ0y) was added, the tubes were
hard -shaken vigoromsly and the comenis were thosoughly
homspgeruzed usre an elir-res bomogenizer (TRATIS,
KA, Oermanyy ot maxmmom speed for 1 omin The
nomegenates were centrnifuged for 5 pm st appromimately
12,600 g st 20°C Two mi of the organe supemataat were
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chesned vp 10 an Eppendory tube of 15 mL by adding a
wecomd =it modre (30 me F3A 4+ 300 mg MpSty), and
vortexed for 30 seconds. They were then more intersively
apitated on an oebetal vorex mixer (Scientific industnes) at
miamuam speed foe 5 min. The tbes wese then centrifised
e 5 ain at approssmately 13,600 g @ 3000, The exizacts
were fillessd s o 002 pim syrmge filler vielding a 0.5 g
fml sample extract Fmally, 100 pl of miemnl stamderd
{sulfotep, | ng/ul) was added o 900 pl, of ench extract,
inciudmg calibration standands, s reach a final volume of 1
mi. and injected mbo the GO-MSMS wiple quadnipele
sywten

242 Apparaiues ard Aralpiioal Conditions

The ges chromatography system wed to emlyse the
pedicide residees corsested of an Agilent 7693 muenmmpler,
TREAO B GO end TOO0C GO-MEMS triple gquadnapole system
{Agilent Technologies, Santa Clara, USA) Data soquisition
and processing were impemented using Agilent Mass Hunber
Cranfitative Analveis BOT.00 goftware. Two 150 m x (225
min [0 % 0235 pm HERS nes aliraccnest columns {Amlet
TENW 1T34) were conmected by ane eleclsonie  pressurs
comroller 10 enable a Semonoie pestrun backflusk The
smmples were njecied using a muttimode inpector inled n
splitless mode fhrough an ulica-men mlet finer with o glass
woal pleg (Agilent Technologies, Sant Clars, USA), The
inertion volume was 3 gl The temperatbure programmabis
inpecior porl was sel up e an ingal imectson femperafure of
T for 1002 minates and then ramped wp e 32000 (ot
FC i) for 5 minates, then cooled down o ZR00C a
i, The oven tempesature was held st 70°C foe |
muonite, then mamped te 15000 {ab o ot of 50T mim),
increased to 20070 gt 6°Chmin Fellowed by a fimal rmp to
RO qt 165 mine The total ne time was 24 min. Helam

(99 0005, purdgy) wes used es the camer gas and mtrogen
(90 Q0SS iy} ds ihe collimion pss, The transfer line was
manrtained at 2E0°C, The retemtion time lock: seiimg (RTL}
usad chlorpynifea-methyl a5 the locking compound &t
retenticer time of [OE3 mun The instriesment worked at a
cartant ew (1,25 mLimin in column 1and 145 mLim o
codumn 2} The won scarce and the qusdupols salyser
temperatres. were fieed st 30FCiomm and 150FCHmin
respectively. The sursitions and the collision energees ussd
for detection are shown m the Appendos (Table A of the
Appendizl A twenby-five time-segment method was created
fe oibrbain adeguate sensitivity, and in each time segment
el times wene optimized to collect st Jeast 12 points across
a peak (oveles bedween 3 and ). The solveni delay was 4
mines
233, Revidees Anolyical Determination

The analyiical calibeation was carmied oul uzing matriz
matched standards calibration curves, covering the mrge
0050240 e (2.5-120 pe'l}h ead using the bracketing
clibeation madality When needed. the semples and the
corresponding blsnks used for the preparation of the matix
madched calibration curves, were deluped with seidibied ethyl
acetnfe to meet the analytical mnge of 0.005-0240 ug'g
Where more than 8 single estimate of the residue Jevel was
svutlable  (hpsed on  differsmt  dilutions  required  for
sacsament) an avermpgs estimate was used for that sample.
The lmit of quantitation (LOO and the preceson data
olfained diring method validation are presented i the
Appendiz (Table A2 of the Appendic). Comert EL amid Codiax
MRLs foe chlorpyrifos. chlvepyrifos—methyl, diazinen and
domethieate ae gaven sn Table 2 Walues below the minimuam
reparting level or lowesy calibrated fevel (LOCL} were not
meladed 1n the dasa set

Talie L Favopem Usbesr MR for grage leaves and cavme Codlee MRE for commolities similar fo vine keaves, ausd selected propaonives of e tege OF

peitdeivles (Fow Lowlsad o [R5,
T WRL Codes Allmeniaries g for FialE it om Fhotatys ik Jife
Prsmlediie MELEU gk e g ieg) Koo Kow 1
[ s % (rapes) PRI T & T
Chomedos-meind 005 0.3 (Erapes) ARE 100 14 174
Tigzimn 08 115 letiies bl fg aw 14 0
Drimethine 0o 0 papas g spe 33 L7s

2.4, Sumistical Medvonls

In megst of the cases pesticide residoe dispation ourves
can be desenbed mathematically by a first order decay model
[32- 38} Clecasionally oiher mathematical modets have to be
applied to desenbe the decay [12] Resultz obdamed from the
aralyvzis of sampled vine leaves were plotted and statisteal v
arsslysed using the statistical softwase B (R Care Team,
20T [, In thes anady, where peasible a firsd onder decay
mide] was wsand to deseribe the distn secosdimg to Equation 1

O=Gyv e v kg, 1) (i)

Where O s the residual pesticids coneentration i the vins
leaves (ma'kgy ot time 8, O, i3 the insml  pesticids

concendrabion, 10 mgdkg on the harvested plard matersl
mmedmbely alter pesticide apphicsiion, ©the hme snce
apraying and kg, ia the dissipation constant, whech is related
i the mate of pesticide breakdown. Bquation 1 is nen-linsar
and implicithy assumes 8 conslant vanance along time A
legarithmes trarsformabion 15 thezreloes apphed resliing m
Equation 2, which s losear:
Lt (0 =In C)- ki * 1 e
Equation 2, was appleed to £t the residue dsta obtamed for
all the pesficides. An alterrative spprosch was required for
dmzinea. In the case of dmmnen, o biphasic model was
reguisead 1o obtan homoscedastecity, 1o homogeneiy of
varmances This was acheeved by mimmmzing the sum of
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squores of the residuals on the logenthmically transformed

dan. Heamanging Bqustion 2 and dolving for kg, ynelds
Equation 3

K = (I (Tl (500 4 (23 R3]

kg, represents the slope ol the regression Ime From this,
one can fmally sbtain the half-lle {14}, é=fined a5 the nme
neesded o peduce the mitial pestode ressdae level to nlf of
ita Initinl value [33], and caboulated from Eguation 4

Tz ™ In |:2}Irku| ("]

Far each pestscide there wore two datn series, basad on the
different study arens. Where thess two series had different
starting residue fevels ot the tme of the (st sampling, &
comwenient method for estimating the mihal  apphicateon
regidue bevel was to use the mtergepls of the regressons
models for each data senes separmely. The  maximumy
imbereept value was uwsed fmher to estimade the half-Eife and
the reguead WEHP For that pestscide. The WHE was estunated
as the tmte meeded Bor the ressdioes to dessipate w0 values
aqievilent to the MEL after pesticide applscation (Tume )
using the established regression model The Equation used
WRS

WHE = [{interoept —In (MEL waliel} ks, 5

Pagiensasivam o al [40)] wsed Eguation 3 to caloulite the
pre-hasvest interval (PHD defned as the maeamum Gme
{doys) required For the residues to fall below the WKL
Confidence limits (L) for the regression curves were
shtmned from Equation &

L= X£t5E ()

Where 1 s the Stdent’s 1 valee and SE is the stendard
error The stasneal model used o describe the dots inchaded

additional terms o ke o account the effect of the study
arens, the effect of washing and their interactions. Where the
results mdicated that these terms were not significard, then
the mods] was <implificd and thoss additional terms delefed.
Canfidence hmits foe the WHP were obtained froen the
canfidence Linits of the regression slope, usirg a atepwise
approach, il the pomnt of intersecton between the regressaon
Ime sind the BIRL, The first step in estimating the confidence
hmits for the WHE was fo estimate she Standard error of the
fitded lme ut the ntersection poimt of the regression fine with
the MEL value (as showr in Fipure 1), Finally, the standsad
earor value (SE) was divided by the slope {with its sign} of
the megreasion line o obtain the SE of the WHE The
confidence interval for the WHP was then obtnned from
Eguation & The appracal of the wahholding penod negured
fo nchieve the MEL value for dinzinon was eshmsted using a
pwo-compartmers. model  (ollowing & Newion-Eaphson
fechmigue [41], Confidence limits of the required withhalding
penod were estimated for the teo-compartment model wusing
a bootetrap techmigque [22], which was used 10 obtain 1000
eatimates. The quandiles of the estimates obisined were used
Tor the estimation of the confidence limits of the withhobding

peiaed.

3. Results and Discussion

For each of the organophosphete pestioides o this
investigation, the residues dada obtained from the analytieal
medhod were mathematically  transformed  according o
Equation 2 and, where possible, & frst ooder decay model
was fitbed 10 the data wsing the statistical software R oard
following the equations above. Table 3 presants o summesy
of the WHP for the stsdsed pesticdes.

Take 3, L ry il e withleading, perien (T B chlonmnibs, diarmon amd dmethosrs accomiing fo fr Coder g 507 MR Fameated
cownBarae Merval 1 I ko) e o ameasied fomves Lower conyfaance Feved (1O L avied wpaper comldmare Beval DO R

Pramicidir Estlinate WHI (Codea) LELATCL Estliniate WHE (EL) LCL-LCL

Chiorpungos 5.0 T3129% L 315421

Thszim ¥ G0-A a7 ik

Limthone 19 1830 i3 ENET]

3.1, Chlaipyrifos Metiyl

T deteciable residues were found for chlaqmrifos methyl
{CFRD. Mone of the samples analysed showed CPM residucs
abewe the limit of détection. This behayiour can be aoplained
by photolyas, a8 shown by the phetobeais half-life data in
Table 2 pnd a fast disspaison rae of CPM under the local
cotdiisons n Svrsa This woin bine with previows Dodivgs
abwowt this pesticide for which the halflife ranged from 097
12 327 days i Haly [171] or 09226 davs on different folinge
[7] The concentration of chloryrifos methyl apphed a8 the
Al-Hamnh site was very small (200 mL of 20% pesticde

fommulatzon dssolved in 30 Lol water) compared o fhat
wsed at the Al Sowjah site (280 ml of 2% pesticide
desohved in T L of water). Howewer, theres is no information
whonet the ashentunty of the pesticsde foemudation BNo
shatedica] aralyss could be carrsed 0wt on the dats relating 1o
CPRAL

AL Chlarprifies

The details of the repression model of chlorpyrifos
presended m Table 4 ndicates that there 15 un effect for the
varmbles bme and study area {AL-Hamah amd Al Soumh], but
there i=no miemction between the vazinhles
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Parameter Stntistical pstimate  Standord Ermor L wn e Fr (A Lanwer 554 Upper 555
Tirne 0 (intereept valus) 473 019 M4.TE = 0. 001 434 512
Tripeip akion b (Elope valua) 0209 00is -13:00 0001 0:243 Q116
Shody aren (slopes ralus) 1589 [ X33 643 o 0001 2068 -1 100

That measis it is possible to construct separate regression models for each of the study areas. However, it is acceptable to
bilil & regression model with an average shope froen botl series [42] & shown in Figuee 14,

500 (e * Senes Al Sougah None = = Hao washing
- & Senes Al Spupah Cold === Tapwsaler wash
* Senes Al Souph Hot ==+ Hof water wash
S0 * Series AltHamah Mone | g
g & Series AlHamah Cold 4
* Series AlHamah Haot e
5 ot
s
< TS
- L
‘\.‘ '*.'.'.‘
e 0
(=] \““ . b ‘.‘
ED_DE --------------- Ta s
o * o
a2 A B | _______ i :‘_\_‘ -
E LY .
. —— Linear fit = = Labile component
.-E ==+ Two comparimend fit +==  Peraistent component
o
% s0
o L] L
5
s 9
05 o
I ey
i * i A
0.05 . I. & T
- ¥ .,
——‘l-'..-'.—--ﬂ- ——————————— . - -
0.005 T T T T T
40 0 10 20 an 40
Days after spraying

Figare 1 Al fagaritfonic decgr o ofloppne for Oie extimation of disrpation of chfeqynio, the (Tined line wos Goved o Al Sorpadt dmin; B loganthme
Aedgy of Aemethaare B e axinrion of disparion o dimafionts and showing the afiea o wasiinegy O legonthwi gy of diamnon e the eaiwodion o
aEsipatton of dorman ond showig limear end tea campermes modaie; O o the mosellied siezeatton of the Inhile ond perscies compotmants far

iz,

Iy thei= study the firs sangle of vine leaves was collecied
only after 60 mimutes from pesticide application, due to
manpower constrainds and other operabional factors. The
volatile  lomses  from  leaves that may  have ocourred
mmmediately after application can in fact be substantial [43].
Therefore, the initial application residue data, at time O hours,
wag estimated from the infercepd of the regression meodel
from the highest residuc data set (Al Sowjah). This
conservative approach was taken to aveid oversstimating the

half-lives, The intercept (e, time zered wis estimated from
the constructed models. The mitial pesticide ressdue loads for
the two study locstions were 114 me'ke (Al Sowjah series)
(hack tramsformed data for 4.73) and 2332 make dack
transformed data for 3.14) (Al Hamah series), see Table 4.
Although the mnitial leads seemed different between the
study zites, from a statistical point of view there was no
significant difference. The estimated half-lifie for chlorpyrifos
s calculated wsing Equation 4, which geve an estimate of
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33 davs Ulsing the stendard ermor of the slope (0016), 95%
confidence fimits for the half-life wers esablehed at 29 -
3.8 days The estimated half-Efe was smmilar for both dats
sedn from each study ares. These resubts for half-Hife values
few chloyrifos are i line with previos senges of 294 days
as reviewesd by Willies et al [7] and Lu [10] in varies
Foliage crops. The suggested withhobding period {WHF) for
chlorpymifos wes estimated wsmg Equaton 5 A key
comparend of the estimate of the withholdirg penod was the
initsal load, For chlorpyntos shis vaned widely between the
tovo study aress — each sstimate having 8 own confidsnce
limits. Several estimates of the initil beed were, therefore,
gonaidered, ingluding the aversge of the estimates, the
miimum of the two esumaies and the upper confidence
Limel oof the upper extimate, The latter was chosen gs & woesls
cse seenatn, providing oossfety margin when estimating the
WHP. The mnal Joed comespoobed to 1689 mpkg
Crepencing on which MEL was wmad tor the csloulatson, the
WHP for chicepynifos. ce the tme reguired o reduce the
imiteal load of 1659 mgdkg o 0.5 mphke il wng the Codex
WL, ar 2o GO5 mpdg i wsing the ELT MRL for ving leavea
a5 ahown i Takde 2, anged from 26 10 37 dava respectively.
The WHP for chlorparifos s shown m Faeare 1A 08 the ume
commspondmg W the  inlersselion pomd between  the
tegresswn lme and the BIRL. This didference in WHP i
sigraficant zrd implicaty miluences the agricultual practices
in 8 redevant way. Bt ako implies that vine leaves should not

be wmed For buman or ammal consumption for the entire
dheation of the WHP. Approsimesie confidence ranges for ihe
withhobding pericd (based on the initial foad of L6855 mo'kal
were then 222205 days (using Codex MEL) and 31.6-52.1
days fosing B MELY Thes: soafadence lmuts con only be
consdered @ theoreticn] extropolelons asuming that the
dussipation bebavecar of chloepynfos approsimated a linear
furctzon, a5 samples of vine lesves were not coflected st
those smes. Each collected mample of vine leaves was also
washed using tup water and bothng water In on the cse of
chiorpyrifios, thers was no statistieally sigrifican effesct of
washing the vine leaves with tap water or hot water. There
was also nointerastion between washing and the effect of
dmsipation in tme. That means thel washing the leaves ded
nod decrease the chlorpyrilos load of any of the redsdoe levels
studied.

23 Dimesioare

In the cese of dunethoats there was no sabsbeally
significant differénce between the dafn sets from the fwo
study sress but there was a krge difference between the
washing treatments. There was no mteraction befween the
washang treatments and the hobding time. Washing with water
remowed the same fraction of the pesticide over time. Details
of the inftzal estinsated loads are given in Tahls 5.

Table £, Desals o negreraon of dmatoake agains sy i ad fse

Wiy Eesllgate ) Snil Frn Eoslinatiel dniten pesinhie Bevel 6 U1 (rige 1 valin i
Nuw:.d1-;; 134 h1E 133 18.13 <= 000l
T wates T 1% 16,30 1545 ]
Hid waiar DES (LR 13 a0t g

_Skpe 8242 ne3 131 << onm

Thers was no signficant defleremce bebween the two study
aread, Ome of the mesults from the hol water wash series in
area | LAl Sowgah) had an izl velue consparable to that of
the samples with o washine. This s moest prosably an
cuther but was included in the analysis s there was ri valid
reason for rejecting it An eshimate of the hall-life was
ohtmned usng Equaten 4 which gave sn estimale of 2.9
days By using the siandard ermor of the slops. 95%
comdkdence limitz for the half-lide wese 2.6 — 3.2 daye Theas

eatimated values are m fine with previows Ondings for which
the half-lwes for dimethoate were n the range of 0.8.72
diys degending cm the crop [43] The fmme segaized to reduce
the mitind beed of 28 2 mpdee (hack-transfoomed value of
3.34] to the MEL valuz was caleulated accordmg to Equation
5 qnd-shown n Figare 18, The WHP for urweshed leves
wis estimeded ms 19 days 10 pecomplish the Codex MRL and
33 days to reschihe ELT WBLa, with approximate confidence
iservaks for the WHE s shownin Tabie 6,

Tabde 8. JFifoaehed comfdoe derad e ooy B dtiboldig perod o dimie oo for washed ol sk leaes Dosor confiobior beved (TICL) md

wpper comifdence boval STHTL
TR E1L-MEL of .ol !:E m&mﬂllrﬂﬂuhﬂl;ﬂumfﬂ
Washing LUl Eximie {days) LCL LCL Extimaie |days} (8
M H ] 1 [E] n
Togs weaber m 1] L L] IT n
Hid wter 1 b 11 E L]

These differences in WHP demonstiabe the meed to adopt
the agriculiural prscisces that best profect consisners and the
arvereatient The MEL 15 a conventionnl measure that neods
iz reflect the comdriions of we under speaific envirormenial
sondisons, hence the reed 1o gererste sufficient support data,
from all regions in the workd, that can help set and harmonize

MKELs i sntermational meetings amd bodies such as the
Cadees Alrmrertarios Commimsion. Cabeas ot al. [44] provided
data an the disspaten of dimethoate on grapes, shawing tha
after § days from frestment §0% of dimethostz was
dmsipated m the freld The fimal residee then remamed
copart in the {ollowing 3 weeks As o the effect of
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washing, details of the regression of dimethoate agamst the
weashing regimes and helding time (averags slope) and the
serie= iz given in Table 6. Figure | B shows the effect of
wishing on the dissipation of dimethoate. There was a very
significant. effect of ol water washing with an effective
reduction of 9225 of the residue level by washing the leaves
witly ot water, There was also a reduction of the residue
level by washing with tap water bt that effect wes not
statistically sigmificant. This result 1= in line with resulis
prezefited in an extensive review by Kaushik ef al. [28],
which demomstrates that washing and cooking help elminate
st of the pesticides in differenst food commodities

Fid, Disginon

In the case of diazinen e linear regression model
according to Equation 2 fitted the data wery poorly
(correlation = 0.7%. Diszinon showed a  rapid
decormposition phase in the first day (=) followed by a slower
decomposition phase (sce Figure 1) This cbservation and
the difference in dissipation Kinetics may be explained by the
fact thal pestwides spplied to the vine lemwves may be
adsorbred, absorbed, altered, volatilized, or removed by water
and the micgrated resulis of these processes may be seen as
an inftial rapid declme in swface residues followed by a
slower, asvingtotie decrease [36] Emvircoimental factos,
cspecizlly smlbight through photolysis, mey cause a very

rapid dissipation of diazinon within days from pesticade
application, In addition, =ome of the diszinen may be
abeorbed by the plant tizsues, reaching dynamie equilibriven
and desrading thereafter very slowly [45]

An alternmiive two comgartmenst model was therefore wsed
for diazinon, as discussed by Torabi ot al [45]. The model 1=
deseribed by Equation 7, and graphically dhowm in Figure
1.

Cy= Cax emp (=K = timep+ Cg= exp (-k: = time} (7}

Where ', was the initial amoumnt of cagid phase (estimated
at =01 and k) the dissipation rate in the rapid dissipation
phase and Cp the amount in the slow phase (estimated at time
= change of slope) and by the dissipation rate in the slow
dissipation (persistent) phase. The parameler estimates for
Equation 7 are shown in Table 7.

Table T Detaile of [near mpression of dicivon resicker dvto fin rotuer!
Fegarithw soalel agaimst diapaton e i e ol 2l o piemes

Intercept Slope
Phase Esimmaie Std. Error Estimate Std Ermar
Fasd Tine (EE 6] B 0420
Blo 1 206 [ 533 Q35 0038

The slope of the regression line is derived by taking the
differential frem Eguation 7 and cstimated as shown by
Equation 5:

Biips (Slope) = -CA #ky wexp (b <8 —CB = k2 = exp (kg =t g

The estimated half-life of dizzinon varies with time since the mitial application of pesticides as shown in Figure 2.

2

40
1

30

Haif iifo (Dars)

10

Q a

T T
10 15

Days since apphcaben
Figaire 2, Cfeirges or et halfTlile for decinor woth fme cince pesticide gpplication.
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Theae resalia are i line with previous findings by Torsbi
et-al [45L Willia et al |43], where hall-lves data for
diazion were in the range of (04-5.3 days depending an the
crop The estimation of the ingal leed of diazinon at tme O
{applsation o) was esimated in twe dfferent ways A
direct method was to s the Cy and O terms from Equasion
T (Tahle &) and this gave an estmate of 1008 mgkg

Takie & [eigily af feo compermesin’ woded o dazmen eaalye dmn
Fretheatboun.of e regmesrion esimoer e the e componmt

P et e Estimale {ing ke S, Erme
CA £34 159
R 172 Tl
kl HEE] R
_ka CNEL] WlR
An  allernanve  method  woes w0 ouse  the  lenenr

approsamation, wwing the sum ol the back-transformed
intercepds, 05 shawn m Table 7, wiiech gave an estimafeon of
458 mpkg The two valees are pot sigmbicantly different
The WHP was then estimated based om the  two-
compartment model wing the slow componend. This pave
an cstimate, wsing the Codex MEL, of 89 days with
combidence mtervals of S0 1006 days. The sstimated tme 10
achseve the BL's MREL was 37 | days: The katter waloe is
eadlside the range of the sempling tme and 15 therefone
consydered ms an approxmmation onby, and no confedence
limits can be proveded It 15 important thet esumstes of
WHP are hased on residue dals from o sampling regime that
inchudes the estimated time &8 one canmd b2 sure that the
behaviow of the pesticikdes in the Oeld foilows a linear
el [norelation 1o the washing of the leaves for diazinon,
these was no sbistically significant effect of woshing the
virne leaves with tap water or hot water These was alse no
intersction  between washing and  the effect of time.
Although the difference was not stetestically significant, the
na wash treatment had more pesticede, about 30 more
than the cold wash Kaushik et af [28] reviewed [ood
processing reatments such as washing and cooking, amang
others, and demonstzated that in mos cases washing and
gooking particularly lead 1o large reductions in pesticids
ressdue levels Angionn #r ol [46] demonstrated  that
washimg  with  fap  wats  redoced the residuees  of
ampcvatrobyn and  fenbesamid bt pet pyrimethiinil
Smlarly, 0 relntsen 1o washing, the three pesticides for
which duta were collected m this study behaved m very
different ways, For better comprehension of the observed
behaviour, Table 2 presenis selecied properties of the three
sdudicd  pesticides.  Chiorpyrifos B nol oA systemas
insgcticide [1], however it hes 8 high KowBoos and would
hawve been stranely bound 1o the cuticles of the leves, 5o
there wonld have been very little wisshooff This s a0 lone
with shudies by Temerire @t al. [47] end Boschhaus ot al
[48] on the compastion of the epicsbicelar compesttion of
leaves and their woter barrier schion as well as the mobibiny
of pestiomdes m the plant whers  Lpophibicity and
conceniration of the active ingredient are the driving [oroces

in the tramster. Adjuevarts in commercial fommulations may
also regubats the tramsfer processes. Ling of al. [49] come 10
somilar conclusions for this pesticide. Dimethoate has & low
Kow/koe and hence the wish-off was effective — especially
when hat water was wed. The dissipotien of dimethoate i
tme, ond espechlly the persistent porion, moy be
explnined by translocation of the ressdues into other pland
compartmends, since 1 15 classified a5 8 systemic pesticide
[47] This ia alao in line with shedees by Cabeaz et af. | 50]).
where he showed that dimethoate degraded ragidly during
the firal week after pesticide application bul remained
conglant i the following twoe weeks The mbesmedione
KowBoc valess for diszinen may bhave sesulted inoa
fraction of the pesticide beng gradually abscebed inig a
protected loyer, 12, the epicuticular wax of the lesves,
which progressvely inereases m terms of yield during the
surface development of the vine leaves as suggesied hy
Buschhaus ot al [48] and previously by Baker ot al, [51],
Torahi et al [45], Willis etal [7], Lu et al [10]. The résults
froen the present study agres with previous data for OFs.
Willis eval. [7] reposted avesipe valoes of halldife for OFs
of 30 = 27 davs for foliage Cobaes ot al [50) repoeted
halfdives foe OFs in groges, wine and their processing
procucts rmgimg. between 01 97 and 3,84 days. Angiom ol al
[22] showed decling curves for boscalid that do ot follow a
linemr decoy curve snd stressed the iden that feld
agricultursl practices critically influsnce the decresse or the
disappearance of pesticide residues. Fandke ef al [13]
provided  impressive  information by oreviewing Bl
publcationy 10 the scwennfic  liesawre.  Conparative
asmersment showed thet that 95% of afl half-lves, for all
pesticidespiant specwes combemtions, fall within the renge
of (6 and 29 days, Marmn et gl | 14] fomd thet dessipation
mates for selected pesticides {especially oyprodindl) were
frgher in the field at ambeent tempemature and with natural
light than in cold conditzons and in darkness. Chemical
degradation eaused by high temiperatures and solar radisteon
g an imparant fetor o pesticide dissipstion kimetica. In
the study presented here, envircamental sonditzons possilily
favoured chemical degradation mothe feld which would
huve coninbuted fo the shoet halflife of the stsdsed CF2
pesticdes

4. Conclusions

Vine leave samples were collected aver a 2l-day penod
and anahyaed o assees the decay of four Oy chlompyrphos-
methyl, ehbtepymiphos, dizzinen and dimethoabe. Analysis of
the datx provided an indscation of the desgation maies, the
halflives and the WHPs. The three pesticedes that eould Be
evhmied behaved in very differem weys, For diszingn,
regression analysis coald ot it the desipation data 1o s first
order decay model The estimale of the hall-hfe and
withhokding time for diazinen depended an the modsl wed.
The results from the present sfudy are in line with previos

data for erganophosphoms pesticides. As pan of the stady
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vine leaves were also washed with cold and boiling tagp water,
The dats mclicate that washmg wath hot water removed
approximately 9% of the dimethoate residues, This offers a
practical method of decreasing the imtake of that pesticide
ani directly protects consaemers of for example, stuffed
leaves, To conclude, the reported study can be replicated and
agplied i field monitoring, with the chjective of gaining
mformmation on the resulis of current agricultural practsces,
thuz comdributing to zet MELz under the conditions of use in
countries worldwide.
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Appendix

The study areas are presented in Figures Al and A2, They
are Al Soujab (Vafour) aren, located 23 km west of
Damascus, and the Al-Hamah area locsted 14 kmoneeth west
o Damsascus respectively,

Figure A2, Al Horeolrarea, 4 mier crosses the anst.

Table Al gives the list of e pesticides, their retention times, e transitions wsed for quantitation and confimation together
with the optimised colli=ion energies (CE) and the corresponding retention time windows m the multiple reaction monitoring
(MEMp s quisition method oldained wsing & gas chromatograph cougled to tandem mass spectramely (GO-MS/AS),
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Tl AL Liir of pesticies e meteation Wancs e troadfens wetd S guaniinabios aud comfnsamion fopaer winh the cpfiidad coliiom s (08
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Medhod valudaton information tor esch pesticide incheding method lmit of quanistasion (LOC)), and the premsion data
chbtaned during method valdation are presented in Table AZ. The limit of guentiston (L0 of the method was the lowest
tortsbication bevel of the vahidanon meeting the method performance acceptability critenia and # was obtained from recovery
=udies
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2.4 Optimization and validation of a single method for the determination of pesticide
residues in Peumus boldus Molina leaves using GC-MSD, GC-MS/MS and LC-MS/MS

This paper addresses the analytical optimization and the validation of a trace residue
method for Peumus boldus Molina leaves (Boldo), a South American herb, and a minor crop
of the region. Boldo is a medicinal herb, and as such, a very complicated matrix from an
analytical point of view: it contains terpenes, alkaloids, phenolic acids at a concentration that
are 100 times higher than the trace pesticide residues, which were the analytical targets of
this study. The novelty of this study was the use of thin layer chromatography (TLC) to
address the optimization of the analytical conditions for clean-up. TLC was used as a quick
evaluation tool for the identification of the combination of sorbents that provided the
“cleanest extracts” for chromatographic determination. The challenge was to “reduce” the
amount of matrix coextractives as much as possible, without reducing the recovery of
analytes, to be able to determine traces of pesticide residues with a reasonable analytical
performance. A trade-off is fundamental in the analysis of herbs and spices, provided
method performance is demonstrated to be within acceptable ranges.

The optimized method was validated for more than 50 pesticides covering the analytical
range of 0.01-0.02 mg/kg.

As mentioned, the trade-off was that matrix effects were still present and highly significant for
the majority of analytes. Therefore, analytical strategies to compensate for matrix effects
were implemented as an additional tool and discussed in the paper.

The collaboration between FAO/IAEA and GACT was very efficient and helped validating the
method using all available instruments, at both laboratories, ranging from LC-MS/MS to
GC-MSD and GC-MS/MS, thus providing an option to apply the methodology in countries
where tandem mass spectrometry is still not available. While this study was conducted
around a local South American matrix to contribute to regional R&D efforts, the following

study targeted a spice, such as turmeric, traded globally.
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i Mooy, arad

her pretieides aoder Atody, imsforing with fheir detetndnstion. Tha
metabodites are fequentdy pressnt ar higher concenmations than dhe
pesiiride wsidues that should be delermined. forcing the amalyst 4o
T emmn oo e P Reatlon prescisses. Saelyis the case wiily Passis
hobles, commonky knmwn as baldo, & medicinal plann widely wed =
Latin Amenica, the wee of which i= egroding fo other pants of the
wirlil, The leswes of (s Cldlean Broe are used for digpestive atsd e
parabiliary disorders (S peicky o Cassels 20UAL The soncertraions of
terpene perxides, alkalcdds and phenolic ackds in boldo leves ame
hiigher e e oF he sspecied conteminance The conmend of e
sentiel ofls is sgprdmately 3% ww, iainly congeising ascatidal, &
tespene percalde. Boldo olso iypcally connains alkalolds mainly kol
dine, 2t npproxinaiely 0.5%, apd polyphenols sech aschlomopemsic aod
sl shigudmaes. This complex dhwsnical eomgesidon meks amdy ties)
method development and validaticn mther challengiog.

Differend proced ores such a8 matrix solid phase dispersion (ESPDL
sl i-Lguiind et tian (SLET aned solid phise exiradrion CSFER have Been
applied for pesticlde resdue analbys in MAPSs [Zuln et o, 2003 Plrex
Parailn et'al,; 2001; Loanon e nl, 20017 Paresa of ak. 2005% With she
advent of pelem mass spectremetry detesors, the samgle progaration
requirements bave been redocsd and are more simighdforwand,
Mowadayy, irends jo pesticide eadoes analysis end owarls redoced
sainple fl2e, Aolvend eamampdion anil II.I'I|I'I!3]. elica- iy segre Tha
QuEChERS  method, (nomdoced by siadades & Lehotay
[Armanwindes el sl ) i @moog ll'l: moe widely employed
imethods For pesgicide residvs ammlyss doe o il veraailiy, Varistions
ol JUBECRENRS have been wied for pesiicide resdue amlyds in herbs,
e amd spices, compley nainices that bave in common high contents of
pegmoemyand secondary metabolites (Hajski moal, 20017 Modifcations
of this medledodopy Tave e been used] for fhe detetnsineiog of pes-
tedde. reidues (0 camamile, medicnal planis frem Ching aod for a
pamber of botamcaly (Coika o al., 200E Lotnms o al., 2002 D
el PTG M s odl, MO Tripathy &0 al, JNTh The cetgine
CuEChERS method has been validsted for the analysis of 24 pesiicides
In Calersdnfn affciealis milorescences [Besil of al, I0I7L A ofsle
begffered wersion of the QUECHERS mothed was appéind for the de-
temudnation ol pesticide resdues in amnabés seova by LC-MSAMS
[Pérer-Parmln et ole 20060 Haywand =t ali (30131 added a solid phase
N I iy oA e usitg PRA and GO cartridges in tamens for i
i fication of acetomiizle exiraets and applied this protoced to dhe
analysis of varous MAPs, Recendly another unboffered QuECHERS
laased] mithind was preseilbed o e analvsis of <abamste tesid s b
défterent herbe withonr oaing FSA I the clean-up step (Maptin o el
W7y

Mumy pharmecoposias from all over the world inchle o special
chapuer foe e delerisins iog oF pesrichde vesiduss i MARS. Witkin this
eantext, the Warkl Health Ceganizativn (WHO sdvissd bat eveny
country shoukl have at krast ooe official lboratory for pesticide mesdue
aptlysis i MAPS sl fog quadlty conneod of flnse medicios] [aiss used
as raw maderiaks for phytophommaceuticals (WO, 20071 Peticlde e
sidue analysis in MAP: according 1o pfanmacopories such as the Exar-
aferail {EL 30 D ar e MERCOSTIR (GR, T00E6) Fhassicopoe s, b
nod performesd foll owing a feed prososol Instead, they requine that the
proposed methodology: for the amalysi= of medicine] plants shoald he
i iy papeese” and validaned aiconding 0o e SANTE guidelines (T
SANTE, 20151 Consequently. Indnvidual methods should be develaped
for the analy=is of pesticide resdues in MAPs due to thefr vaded amd
differnt compasitinns, The preseines of co-eRtiaciives i W e rrts for
pesticlde residue amafysls should be-minimized w ovald ewesive m
irix sifecks and comiamirstion of the apalybical msmamemtsion Thes is
Chieezese Fr bold e, am Bect widely sl for consmmgiion a3 am Efisn,
arnl el a peslide tesidue ambss method is peedid, A alnemly
deseribed, 01 s an unswwilly eomplex amlytical matrix beosase (1 ron-
tains high amonntx of secoodary metabolites from different chemical
Femnilies Variabde oo s of chlorophyils amd thesfe degradaton gre-
duets can also be foand i rhe primacy exnmet e peaicide resdus

derre of Agmiied Prwarcieon M ond Arcraore Plros 18 (TG0 105

amalysls. Bobdo bewves are widely med s maded. In e aineresn-
mnetes mare than 2000 tons per year of dried boldo leaves were co.
fecied from native frees and exparied, Mowadagys, die o dis high con-
s o, calvhoation syemens fune been Sevelopad aod appland o
et cane hobdin trees, which are native fo South Americs batare now
als=n oaltivated in Africe, India and Busope, The agniculoml proctices
Al (hw tecfmologicel ke used depends an B egion, e
the pesiieide residues can vary secording 10 the geogmphical onglo of
the prodwct [ Breim, 19995 Tue 1o the globall trade of MAPs thmough
eomplex nemwimks, wide soopw analytical metssds for e denermdne
Ty of peticide mesidoes are sojidnnd o dever the possible pesticide
comblnations ased In difterent regions and ztemain the quality and
mafety of the herk, To dhe best of the auibors’ knowledge there is, @0
date, oo specife llissidue meiod for e ssniceing of pesileide
residues in holdo leaves thad can cover the broad scape of agrochem:
irals apgplied in the different regions of the wodd were the crop s

ik
Usicg the advaniages of ihe Mexibility af the (B hERS sample
reparaicn techosgue and the sensitvity of fripde quadrnopole deteciors

eanpled i grac or lquid cheometogragdy, the devedopoent of & malti
residue method for peaicide vesldoes in bobdn was expiared. The aimyod

the wock war (o fimd a suitable method for moarine anddys=is. The foal
saeleetd i imeilol egy wis Rilly walidsged,

2, Material and methods
21 Chemicals, moreriaks, aod simderis

Acetoaniimbe (MeCN and ethyl acelmie (E1GAc) both HPLE grade,
were sugplied by LT Baker (USAL MeCN (ATS grade) was provided by
Dol (Argemim). Defooized water was obmainsl osnog @ Thermao
Sciemtific [Barieitn, OH, USA) EASYE pore Rold Ulmpure water pur
ifestion syemeih. Andadms il slphole exvm paee [MgSog,
soifium eltraie dbesle semqulhydraie, primary secondary amine (FA],
graphdtized rasbon black (GCR ) and ectadecyl reverye phase silica gel
(FP-Cynh wene obisined from Shada (Bareelons, Spain, Sedinm
ehlegide (NaCly and methanol (MeCH) were purehased frons Carlo Erba
(Franrel, and tmsodive cifrete dibydsate (NazOE3HAN and alomioa
were oo Merek. [Germany) Dichloromethane wag provided by
Deogoerin Indosrial Urnguaya [donieviden, Unigaeyh The precoaied
sic gel pites (Polvpram® Sil GATV . ) wed for the TLO studies were
from M hwivd-Nagel (Hainborg, Germaan' L

High purity reference pedicides sandamds {see  Supplementary
Material 51] were fram [ Ehrenstorfer  [Augsburg,
Germany] aml HPC Sanderds SmbH (Cumnersdord, Gemamyl Stock
st Canlition of 20T oL~ apainarely) fom el pesiieide
standard 10 MeCN or EfDAe were prepared. Working solonbions were
prepared ad 1 mgl ™", by mking appropriate aliguods of the sinck so
Birians.

24 Chrommamgropiic squipniem

A4 T GCMsh

Thie gas chromaiograph (G0 2000 Plask conpled fo a 382010 i
ms pReiiemelet (Shisaden, Jopan) wis equipped with & TR-SME
Thereno [#mx 025 mm xih, 25 g} calumn. Electron isopact (E1] mass
speciry were ohtmned at P el, The ingector temperstisre war T0°C;
the Enberface enmgeeraliee wae 280 °C: fhe carrier gas wos He willy a flow
of 1ml mip~t The oven conditions were inltial temperniore 1507
(S mink Incremied o 1007 at 10 Cmin~ " (held for § min), Incrsased
tw I50°C @ 5CminT! (held for Smindl increasal m 28HC =
STt hed for Soend and fvally ereaeed @ 330°T @
20T min~" and held gor 2 imdn {45 min poiall, Splie necion mods was
e with 2 splil miio off 12:1 and an injeciion voluome of 10 gk, The M5
sy was pregraiel (o e selected-fon meniteiog (SIMD mmle.
Mas spertrametrle parameiers of sach pesicide are presented in
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Sugglementary Maneial 51, LabSalutions GC-MS solutien Version 4.1
8012 froan Shimadin wiks used for instrament comerol 2nd datg proces-

nng

AL GO-MESMS

An Apflent TA90 B e clrosetngragh coiplid o 7000 MEME
triple quadrupole sysies (hgiiend Technobogies, Santa Clam. CA) was
equippel with twa alira ined HP-5ms (Agilent J and W, Santa Clar,
Ci) calomms (L50m x 0,35 mm L4, 0,25 mn The sotem wag oper-
abel wifll A Sein post-run Backilusl The mulimede @jecior s
programimel so thar i srasved ab T0°C for 002 men @nd shen ramped
ug. at the mie of RS Cmm |, o 13070, kept af this temperntume for
5 i ey conle down an @ mieof WTein T i 500 The
Interfnce iemperature was 290 94% the. cander gas wis hellun (high
pamity, SOSOUNRT with o fow of LI mL min~" in columm 1, amd
Lasied, min o colimm 2 The oven oooditicas wese 70 °C inins
{1l mind, imeveased o $50°C at 50°Cmin~ ', mevesssd to 200°C at
6 Cmin ' and increased b 00 ab 30Cmin ' (2 min all
Spitlees ingeetion mede wies imed, with s injecion valumse of Lol
Imite o iner with & gass wool plug. The meeadion-tme lock sening (RTL)
e chormriiosmethyl 2= the locking comgoand at a rebemtion time
if TR.51 modn Theeion sousee and Dhe guisinopaole sl Tempseaiises
were fixerd ab 2300 min™ " and 150 min~ ", respectively. Bigh purity
mEirugeEn (99,0050 ] was ased 2 the oollivion gas Multiple resckons
msmiteardng (MBI acquisifion mode was applied foe peaicide anvsis
and the spectromemie condiisons are presented (o Sopplemenmny
lntemiad 51, Emstroame st prefiminery s=tup included the optinization of
collison energies for each MEM ran=tion in the mnge 550 el. The
solvent delay was 4 min Agleor Mes Hiamr Quaniitaiive Ansivsis
BArP. 0tk soltware was wsed for acgoizition and dat processing.

22N LioMe/ME

The anzlysis was perfonmed with an Agileot 1200 LC sysiem cow
el e a 4000 TRAF LC-MSSMS - Sestem froso AR SCIEX i dhe
sohedided MS-MS mode The chmomatographic sepamidon was per-
formed cm a DORRAX Bclipse XDE-RP-CLE (16D nom ~ Al mim B
colomn eeiring Wwcodamiy oveis Tengetniene af 000, The sabile
plfiase weeae §AJ O.1% fommie acdd (o water and (R} MeCN, The gradien
elution program started with 10% B for 3 min, then increasing so 1%
B ander 17 imsdn and Tolliizg ar 1008 B fae 5 miis, Rosfly, the sosten
returned o the original condisons gver Tmin and equilibrased for
& min (3t min wial ). The injeion yolimoe was Sl and dhe dow
mle Qb ml min . The soarce tempemiare was 500 T the innzalicon
woltige was SODBY, the citlain gei wos tdifogen al 30 psi sod the
nehulizer gus wos alr a0 50p. The MRM mode was performed dor
tamdem M5 detection. The optimal MEM conditions far sach suslyie
wiene opginszed using disect [fosion in (e ES] + s, The MESMES
sertings [ransitions, collision energy and declustering potemial] used
im tfs srady ame presented in Supplemestory Material 10 Scheduled
MERM Wi ised with o 503 derection window conering the exgeciod
retentan tme of each analyte ond the mrge? 2o tme was 15 for all
pesticides. To soquine and process the date, Anslvst software version
15,1 fram AR SCIEX was jhed.

58 Bolde samples

Eutire Chifean boldo leaves soere puschased from a local company
(Baicn el Sesfior, Moiteviden, Unssray, All Proie bl lesves win:
pmchinged ag ey leaves, 8-10% modsliae wiie, ae they ame iadly
marketed. Ench entire bateh wis processed inan herh grinder and
melled i an [KASWERKE Maodel 820 (USAF wiih a 2 mme in diameier
sleve. The Waok samples were fromn a destamd ofgsode dore, Ti
samples were sctecnsd for pesticide residues before method validaca,

derre of Agmiied Prwarcieon M ond Arcraore Plros 18 (TG0 105

A Fampde pragparation

Twn grams of ground and homogenis] bobdo leaves were weighed
fntera Faloom tatee ool 10 md, of BRI weater wis iwkled o bdeste foc
20min The bollo samples were then exmracied wang differsnt mod.
ificatinns of the QuiBChERS CEN 16662 and AGAC 00701 methnds as
desorild Beelow, T el conildnations and differed @oaliis of
salicselennup maderials P& GCH peutrad alumdng Cacly,  MgSi,
florisil and BP-Cyg were dested. For each evalosied procedome 3 ore-
licares wetw perfoimel,

25 Thin foyer chromamgrapky [TLO)

Thin laver chromategraphy (TLC) s applied s sy e co-es
mractive priflles nhtadned from different mnple prepamation procedures.
Ten microl#ers of exch sindied extract were applied 1o the TLO plae
The mshibe pase wis diblommedlane - eilsiol (1L The Mates
were developed (0@ didance of 10em. Adter adr drying, the plale was
vzl ised under UV ad % = 258 e and the puspée spots marked omn the
plate. The TLC place was then spraged with the sisoalizing regent (o,
HyPy 1% Q0 2060 and chanred @ 1107°C for approdniaiely
10 wmiil pusple aond dark spods appearsd.

26, Co-exmacsve evafianon

The tested meilwds wene the scatate i) GuEITERS (Methoad
1p (lelwmny ot al, 2007) and the citmae boffered (Mehad 30
LAmstassiades o al, 207) apd 5 meodifications, bsied below as
methods 2 4 amd & (The conditions chonged in each ¢omseontive
mvethnd e markind in Baedd faork

hbethad 1o ACDAC 200700 extrct: 50my of PS&, 50 mg of GOH,
50 g of FP-Cig and 150 mg of M50y per ml of exiract.

Mo B NOWC ZOUF00 earmel, Sag of FSA, 50k of GOE,
Somg of RPCe 150 mg of Catly per ml of exiract (Lozapo et gl
Mn12L

ety 2 CEN 1566 exrract, 50mg of PSA, 50y of GOE, G0mg
of HPOCig amd 150 mg of bgSo; per sl ol extmet

Blethod & (EN 15662 extract, 100mg of abumina, 50 mg of GO,
S0 g oF TP-Co aid 150 mg MgS0y per ml of sxmarr,

Metnod 5 CEN 15662 eorner, T0img of forelsdl, S0 mg of G085,
S0mg of IP-Cig-and 150mg of MpS0, per ml of ewtract,

AL che extzipcs obitaloed wsing e procel s dizeribod o wes
gpotted on TLO plares where @ mixture of ethpd acelare, hexmne aod
formic acéd. (A28 pws used 25 mob(le phase o evaluate the presence
of cr-extractives after vinmlzaton with 2 mlation of Sy of TS0y
1o HP0,

A7 Bl medhed selacred for validatinn

i Y 4

Was hand L The

The final sample pregarabon [@o
final method was as llows

Hicarigersist ]l Rl e (2,000 weers plissd 0w Palenm nibe dadd
10mi of dstified HO0 were added The ssspenslon was vomtooed and
albowwed bo sand e 10 mmin bo bydrede the leaves. Then, 10 ml. of MeCRN
wa aded amd the fube wasshaken for B oo B T, Inmsd@redy, 4
of Mgho, withi 1 g Natl 1 g Na Cie THUr and 0,5 g NogUi-1L.5H O were
added and the tube shaken for 5 min by bapd. The memct war cen-
trifiapid for Sidn al J0G66 g Five ml of superoant wem Delen e
placsd In & clesn-mp tube contsning R0me of PSA 2S0mg of GOA,
20w of RP-Cpy and 760 mg of gs,. The suspension was vorbexed
for 1men and rentrifuged for T mioat 2066 g Prom the npper Eayer,
L7 . wiere fakedn and Dlﬁl."?ﬂ e Tuthovap it amd difed ander a ¥,
areant. The residoe was fAmally redissolved (o 1ml of ethyl sceae
containing 1 mpml™" of TPE, the intermal standand, and subjecied
GO-MEME o GU-MED avealysis Froen the s fital exoact Lol wag
taken for divest analysis in the LE-MS/BES
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Table 1
P a1 ' (Rese, el Sard desanion dFAORE) for secd aralyee i medod 2 e & by GOME and LO-MESRIS,
Peatiickle L] LC-AESAS
Bethoad 2 Whstrad A Bathied 2 Birihad &
B ) B50 (ead Bac %1 BALF B LT Her P HED ey

Asiplae - - Ciely arnadvand by GEMS

Aasmmeid Cimly areifeand by LEAEAS L% 5 La (=0 21
At 41T &p ¥ Tk LD ae ik 40
Gty AT B0 L8 s (ELR] a0 ] o
Cosendarin by anedond [y LE-MMS AT 44 2Bl a9
CepermetEin Bel LA Lk ] a8 by mrwias by G

Dipriwnes: agx w2 50,2 ax an) e " 1.2
T 13a,¥ 14 T 1+ Cinly vl by GL-AESR

[fmaonamol i rE ad ay B&d a5 EL3 azl
JE 8 108 Ed ad b 3 a3 L] [E]
Betomian o 1855 il BERLA T8 Cimlp arealyzmdl by GL-AS

Inddacizgrid Cmly sredvand by LEMEMS, St aE ] La
Lartxda -cpaiasin it o e a4 Ol arealyzmdl by LS

Sabsion (i 1] TE By 6] Gex LE LH an
Sberinstny| Caty il b evnl e Te0 an anl g 23 14
Idaawdyi - - LA L] My 1
Sedadaikion ary a3 0l 1.3 1424 a9 L] 249
ek e LR Bk 0z 23 142 L? Ll R
FrosEnsan Qly mniiand by LO SRS ME L& g1l L&
Tetua e aiT L% AR 49 HE L* B4 nA
Tl Y 224 6.3 1a1 axy Li 5h s

&8 Cowpuuand identfaction aod oo

I all caes, ihe sdezmification of apalyies and comfEmation of the
resulis wag perfarmed secomding o SANTE {005 SANTE, I007T) pade
lines foor esich analydeal instroment:

i) asdye resenition Cime as fhe soandaend © 000 iink
U for GO-BSE % fragmend jons, eod for GC-M5MS and LO-MS/MS, 2
product jons (analyte praks in the extracied o chromadograms
mu=t Fully overdapl
TEEY i e =Ronn rai B sanigie eatradns sl e wiiln = 508
{relutive} of avenige of calibradion standards from same sequencs”
{DHI-SANTE, 3017)

S8 Method valiTadio

The method was waladsted according v the SANTE dorusment (-
BANTE, 30171 Lineariry, frueness, precision fimite of queniitation
[LE) and matria effects [ME) sere evalumied. Lnsaroy was evadoaded
im salvent and in matnie. Matrie-maiched calideation, w=ng pesticide
e Besddo besaves whas peifosiied (0 oo ansete for manis effect sod
mdnimése quantieation avers. The moge evaluated was from 1o
T pg L1 for GO-MS/ME and J0-800 pg 170 for LO-MSAMS.

Ther meairin effects weite calrulannd ming fhe sopes of The s
preparal Insahéent and in matnc

Trueness, expressed as perrentage of recovery, wazevalinated ot 50,
100 et 300 e kg~ For GC-MSMES ainenalile pesticides amd 10, 50
and 200 kgt for the LC-MSAME amenables, For sach level fve
genuine repiicates were performed.

Thee lmeriminge RED (Tutea-ceyh wias sumdied s the defined Bevels
af coneeniralion By quiniglicate siedvas G’ eeth instiomen,

The medhod LUG was defined as the bowest spliing level of she
validating meeting the method pestommance acceptability eriberia,

. Resales and disoassion
S5 Meathod sefecdan

Far e selection and evaluaton of the analytoal method mase on

baldo Beawid o mepeseitative soesp of GC aid LD amenahle |6
sevticiles, hemicbies and fungicides, belonging 1o dilferent chemdcal
families {cmpanophoephates, cashamates, pyredhroids. neomicotinods:
chlprpacetandlide, phasnienides; tfaeales, siobiletiee, aod Doging
darales), were chosere The strategy was 1o test the QuEChERs CEN
15662 and ATAC 200701 methods and variatinns i the clesn-up siep
aring salta s teials winh potentiol cagabaliny o elminate most of s
eoextracted meinbobites om the mairic The coscracive profles of
each bested method were stodied osing TLG Shen ot al. sugpests soine
vanations o the ceen-mp sl that were oeed (Chen o ol 20020
Silaimine, PhA aied erisl were used minsng ol e reneval of eeganic
acids; the luiver o also shwew hgh specilicly owands some poky-
phenols and other gycosides. T8 was usad o medice the content of
ehlprpdndls sl pigmsnls and BP-Cyg wae sdided (o sinlsiize the |5
pophilic pa-polar compoands Gom dhe essential olls [Lebamy o alo
20007 1, Sarpriszingly, veithes aluming, nor forisl were able o efrizody
rennese e doosieated compoinds, Calls wae used By Losaioe i el
(20023 1o avoeld ihe presenee o e eoraet of caieehodie, phenalie and
fatty arids thed precipitete a5 calcium soaps

B owies Towsd teat boblo exiracss meate] with RP-Chp and GUR
yielded cleaner exmracts. This was obseved oo the TLOC plate, where
spot sire i divectiy dependant on the concentration, The spots are less
Rmtense o et By e 00 e aleoion by the BPCoq gethenl daring
samgibe preparatinn of the non palar essential olls sompounds.

The TLE obgeclively indicaled the ssple preparstion prooedume
Thiat save the cleansef extract, The i hest simgibe peeparsticn pm-
eedires were selecied and initally compared for their pesformance
frecovery and RSN using GO M, The best methods selectsd using
TLC were method 2 and method 4,

A comnpargsion of both mehads by GOMSD sl LC-ME/MS s
presenied in Table 1.

The stody was = desipned s be performed for the GCMED de
herminatian of pesicide residoes Dn bl Jeaves. The domventional
acetate and the clrae QuFChERE eoracion protosols using higher
amoants of clean-up sorhents and sl vidded the most effective ways
fo eldmivate the high co-extactives concdnlration. The mudipesidise
amyple pregarmiin method that ¢an best elean the boldo leaves exe
tracts, was akbm applied when using the famden mess spectmometry
et s,

Page 170 of 242



i Mooy, arad

Thee enriscts where then evalosted psing LO-MS/ER Tabde 1 s
dientes the pesticides ihad cod be derected with method 2 and methnd
4. and the recovery and BS0 oblainel for ench pesticide using both GE-
BESD ol LO-PS WS

O the 18 pesticldes tested by GU-MISD, 12 weee allso L2 amenable
pesitider, Omly pymethmads were exclusvely GO amemibie, On the
alhier haikl, metcotineids eould e anly asalyzed by LG Aceplate,
due io strong mairix e eremess probably because of the eoelurion of
ascaridol, geve warceptable reslis in GO-MSD. However, srephate, a3
will s Eerhamidepdios, wees seoessiilly detemmined by LO-MS/MS,
Mg expectel, fnon eomglen stz such s bolde, e RS0 mape wis
bevader in GE-MED tan LE couplsd o mndeam MS ror both methods
[Tahie 1 K Method 4 shewed comsistenily better recovenies than meihod
2 iy GE-PERE, Pebedadianyl conik] B only detersiis] theagd medkl £
flalathion yielded good recoveries o GU-MSD and betrer valoes by
LC-ME/ME, Both method s showed similar precison (2.6 and 2.8%) b
oy el & sacoesfally determined dERoST compauinds akch gl
methamidephos or zeephate, Thevefore, method 4, a clorate baffered
GuEChERS vanatinn where the atecrbents are nsed at higher fevels
than @ the ariginal TEN ES663, was chosen for validaton osing
GO-MS/MS and LE-MSTE sysiems,

Ak Methiod weilanion

Por the final validation, the scope of the method was svpanded io a
toral of 84 comgeands: 56 analyles were vaBdaied for aoalysis by
LE-MS M5 mnd 05 by GO-MS/MS; 57 of the componnds ccull be
amlysed ming boih instromenial systems. Percentages of recovery amd
BED at theer levels and LOOs foreach pesticide under study are shown
in Tabis 3 The flees instemmental sy=tesns vielded-an svevspe RS0 for
all the analytes of J0-L0%, showing the precision of the method. Fe-
mitrathing could oot be detecied at Mg ke ™", and boscalid, carbo-
Py, lcsrgarifng s Keesonim melhgl Bisd recoveries and B0 heyonil
the SANTE accepied boandaries ar this level <o their LO s were fxed
at Glyeg kg 'L For G2 avalysis, parnihion methy] did not show a linear
respanse. Hugmodezing iprodione, perswrhdn, gomiproadion eod =
Naey=tmnbin were nod detected 88 S0ug ke in GC-MSD (See Supple
meptary Matemal 831 The higher selectivity of the GO-MESMS ime
e e ro el el 5 Seogpee codspamed e GO-BESD aml ali permitiod dhe
attainment offower LOOs for iprodicse, perssthiyn ond perprasgden
It &5 moteworthly thal difficalt pesticides seldom addressed in mmii-
redidive wwdhods, sich as cagean, can be ol el aeing s methnd,

23 Momiy efferts

For GU-ME s lysis 495 of fhe agalyte: preseited 5 mastriz of
lets | = G090, while the remalndog @04 showed negligitle marrk ef-
fiect 4 < 2086 {Fig. Th

For e LO-MS/ME avalysis from o fofal of 58 analvies, T8%
shosred medism mairiy effects (from 21k to 5%k while T1% saffered
stoang sigml suppression (ME = S0

Ir iw veparted W, even BF o semple oetmel lod ol mough e
remeive cheanap, fhere ore sull enough coentreered componnds o po
temiially cause signal ssppression or sigoal enhapoement, affecking
Queandication advessely [Krmfisy o o, 017k For the medbod pre-
sented here, the eo-extrictives emalning in the fmal exinect cosed @
mavinix effect, typically suppressng the signal in LC analy«s aml wp-
paaaing o snluaring e sgnal in G analysis Tie G5 el LG coanpled
10 s spertromedy, the coauses of the matrix effscls are diffeen
[Tl ok, 20013 Kwio ot ok, 2003 Sfvedmo et ol, MTT. Signal
sugresmion occurs in GO when actve surfaces in the syziem {injector,
caluin, or defechort ciuse melention amd/of degradation of andyied
However, the co extracnives can &lso act 2= annlyle grodestants and
sigmal enhaucement is obeerved o momganson with the sosfvtes in-
Jerted i selwent.

I alll s, the highest vallues observed in G0 comespond 10 sgnal

derre of Agmiied Prwarcieon M ond Arcraore Plros 18 (TG0 105

eilancemenel, as expodol Amlyte Mar could e B detecned by
GC-ME such &= the coganophcsphaes, (malarmion parathdon, scephale,
methidathion}, pyrimiphes oc vincmnlin were analyzed by GO-MEME
with geeed o very good precision Some ofhers sueh o8 ipred fone, sl
acepiie coull Be analyeed ol lower levels by GU-MEMS, Imazal)
conld nat be desected with GO-MEBand yielded recoveries oy between
SO0 willy GO-MEMES Accaplable resulis- wene achiewid fw this
compoaid oaly usiog LE-MS NS

The extent of the matrix effects in GO-MESMES coold oot be e
Bermnine] duse Do e Dow Bns oot tvaponse obinined for analyss in
sl In additomn, geak wideiding amd ralling censed pestcides @
elute catdde the aequisition windows, and oot inregration was
impossible (P 1L

This ghemomenan war comgeneated for when o mards maehed
callibraticn curve was weed, due @ the presence of co-extractives than
act a5 amalyte proteclants @ the calibmiors, Nevertheless, degpie fhe
greEler slectivin of GO-MSMS compared [0 GO-MS, some oler
ferenees were ofmerved for methanidophoy, and omethoste, elther
masiing fhe signalz behimd the metris co-extmctves or affeciing the
rAn0s oF the indes so it (e Bon -l megainesenis were ool schdoved
at lowr cotcemtraticas, thereby mising the LOGs

I LO-MEME amelysds, mririx eflects are sidoly prodweed daring
atresphaerie. presare ioizslion aml s o nhesenl aspecl of dledin-
spray ionizatien (E5Y, Maty components can affeci ihe propenmies of
the dmplets (2@ viscosity chapges) and snalyte onizstion efficency
CHasti Eoem arnd B aupgle, 3000,

The mrndlifcatians o the mellods and e sos of salleso e
el i the cleaneup sep were optimized i order to oover the widest
srope of componnds whilst ting o lower the coextrctives oad, The
b of e esninnended amaunt of PSR4, BP O s GCB o the affidin
(ECHERS metheds, CEN 15662 and ACAC 200701 viehded exmmsis that
were mbher “dicy” and therefore fewer anabdes could be deected, Om
the ather lsnd, fhe e of Tigher amenis of e sdsadsnls e
haustively remiove cosimiciives 2o coused the loss of same pestivides,
either due to ther lipohdicity or their plamr v som placar configure
Eins, by 41w BP-Cy g aind GEB espectively, Thoe facal meetheod sedeciod was
e olf between residue determabmition and high marx effecs,

A4 LG and Tinarily. rioges

The dowest comcentmtion levels validated in GC-MSMS and
LC-ME5ME detemisnations oy malda-malched calibeatons wee 5
and g kgl respectively. The LOED for each apalyie In sach oo
strumentall system was the lowest eomeentration at which the (deniiit-
cation criteria were met, acconding 1o the DG SANTE medence doror
mrear {DEESANTE, 2007 Thisy seven acalyies yickled mcovetles
Berween MI-120% by hoth instromenmal methods. For sach cases, the
varations betweeen the methods were within the asueoed defamil ex-
pardal unearalidiy {50%) of pesticide rosidie snavei, el for
cartodiman and pendimetbadin, From those 37 analytes; 33 coold be
analyzed Uhrough TE-MSMES at 10 ug ke~ ' Eaceptions, such as fens-
traifean, dwiged et LOG in bath [fefriiibeo b

For mess of the analytes sudisd the Enearity rangs 520,00} was
12600 pg kg~ and 10600 g kg~ for GO and [0-MSMES, respec
rivily,

4, Real vampley anakysis

Commereial smples were onalyzed I onder to investigare the ap
plicability of the method. Twennvsic commereial ssnples of Pasmins
bolthe, porchased from local markets, wene smafveed, Four samples
wielded paiitive peaulss For earbendasim (1) g kg BLP MRL 100jig
kg~ 'y, scemmigeed {2315 kg, B0 MHEL Amgkg ') nzowysrobdn
(3 pg STl Codex amd TU MRL 70mgkg ') aml pyreclostroben
CLE0 g ke~ L MRL 2 el ') Thee MELS shiwed comedpnnd oo fhe
categmnes “Herhs® in Cedey and the EL *Leaf vegembles, hevke and
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2.5 Method optimization and validation for multi-class residue analysis in turmeric

This paper addresses the analytical optimization and the validation of a trace residue
method for different classes of analytes in turmeric, a valued root spice present on the
international market and a minor crop in relation to regulatory limits.

Similar to Peumus boldus Molina, turmeric has a high chemical complexity due to the large
number of secondary metabolites that interfere with the analytical determination of traces of
residues of pesticides, persistent pollutants, mycotoxins, etc. Method optimization therefore
aimed at diminishing the effects of secondary metabolites and enhance the detection of
target analytes. Matrix effects were studied using a representative turmeric commodity,
which helped in the optimization of the final method chosen for validation.
Representativeness of the turmeric powder, used as the method validation reference matrix,
was essential to be able to take into account differences arising from environmental growing
conditions as well as possible different cropping technologies. The blank reference matrix
was characterized for its volatile fraction using an innovative method, through ion mobility
spectrometry (IMS), and the representative homogenization status was identified and used
for the validation studies.

The novelty of the method was the validation of multi class analytes such as characteristic
persistent soil pollutants, residues of pesticides, dyes and aflatoxins. Those different
analytes were chosen based on the chance of being found on turmeric samples. The
analytical challenge was to optimize and validate a multi-residue, multi class, multi analyte
method with acceptable analytical performance, as the one prescribed by international
guidelines. 67 pesticide residues, including 12 persistent organic pollutants, 4 aflatoxins and
3 dyes were validated in turmeric in the analytical range 0.01-0.05 mg/kg under acceptable
performance conditions.

The method was cross validated between FAO/IAEA and GACT by an interlaboratory study,
this helped proving the method performance and the robustness of the methodology. This
study opened the field to further investigations into the authenticity of herbs and spices, for

which fraud happen to be very common in trade, especially when traded in powder format.
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prpettles sluiler b lasgel dosilyte Tuosulse ik proldeny, s smple sml strigh Briasd ssmple pregusilioe
prosecal Bused oo cthyl sectare svmeton and- dispesie solid phase ol op, fdlowed By g and lgaid
chrumatugephy cuipled 1o Ladem mes spectmmelry aalysis, sas oplimized and validatod, alter sclecling =
represcratalive hlank msteris] ising gas chromstog ey conpled te mm oobilily spocinsctry aod onltiariaie
data amalvsis Mothed validaion wes porfoemed aocording o Codor gusdclines foe BT peicide osideos,
il‘b'|'|.u‘ir|||l 12 permistend aeganic pillaiaets, A allaiogise and 3-dves ol A0, 002 asl (05 my kg™ Tmpl Hes
i Faiged Deetivssi GO i T20%, with mdstie standary] deviatiome foe mpeatabiling and e ucbifing
bacloww 3095 and T80 reapocbividy, Meibod porfarmanes win toed oollobaraiively betsecn Tnborstades in
Awstrin s Ureguay which belpesd groning the aolsmmioess of the metloalobgy, The iestlaad was applivd e ik
analysm of rommeras] armphes and chdompirilios wos detected oot ol Thism,
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1. Intradnetion are freqguently npplisd, unless the praduct is declnesd as arganic, The
craps, before ar ofter harvest, may be fumigated ar treate] to prevent

Herls pod spices bove besn used worklwide thoosghoot buononn mmect nod (mmgal infestation [Poeod omd Agricoliure Ocrpanization of the

Icistory s bugredients u food, weas ad eslicloes due Lo thels Hovos
amf th=ir pharmacabagical, bicdogical aml antmiciobial propecties
Mnat are pommercinlly produced and geneally tradee a2 powckers o
aillec] beaves, barks ot roots, Due theis hizgh value, sploss are lnportant
1o Llie eootsoany of cvunimies it procdoce aod expont themn, As o result af
the growing demared for spless, azricutitucal culthation les become
increasingly imtenmive. To emsuee optimam orop yiekls, agrochemicals

* Carrespanding author,
el vichibress 118 Marstremioiaen arg (B, Mls=grimi]

Dt b, v 00 D o B ooy A, TR

United Muthons { FACY, 2004), Tle clemicak tsel may ool always be
authoeized for use on the spice plants or, slthougls allowed, may be
mimardd amd the resichies Founel o higher levals than the maximum
resicdue |Lmdts,

Turmsstic [Curramn foagg L) s an ecopomically inpocizu food aned
mexlicinal spice plant that grows primacily in tropieal and sub-tropizal
repioms. The conamption of tummesic B foreowl o incremse
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winldwide by more an DO D0 the nesn feve voars, deiven By o
assoehased hmabh beneflis (DR WMindimy of Forelas Affiles, 3079).
Globadly, Ind@= = the largest prodoces, coswomer and expocter of
turimie, sovoanting fon s ihar 805 of e o0l podaction and GO
ol the world expants (Rarsmgo, 2006 Thege is generally Hode saphacls
oy the Emchiesion of spices in nesioeal smomitoring plans doe do theii low
e ard, theidore, Hmied infamanion Al sapoene (while
there are often highes priority lood safeqy Bsoes o comiend with), and
limited resmumees in addition wo the arabrical chalbenges deriving from
the complex natur e of spices,

The Minssry fn Prisary Bedosinies in How Zegland (HE) analysed
chemliml commmdnanis i impoied drisd spiess fn 2000 Bk fo
Poritmary ind imtries By Senfard, 30000 Dot of 115 simgpley, 15 smples
Teal chestine e Bevarle of pesstieide pogided. B partcalar, g isasala
porerder amd curry powdes crmuained acemmipeid and sthbom, repec
tively, at levels exceedirg the HE maximus residue level (MRL] Both
yrvam) wesala and oy poeder dre Blinds of diffecent groamd spices,
and thesefore, 1t was difioal o mierpres wiich spice conmibured 1o
wards the pestivide residues. Thaiand submitted o the Codex Come
itk onh Pesricide Besidis (DCPR) redidion datn obogind oo 407
spiee samples colleeted na mrgeted monivaring programme eancked ows
darimg A0E-H0E (AL, 200 Detectable residues were found W
e B ety Choilnus, 2006), Ry Do oo of, (007,
repar e @ mededolugy for the determinadon of LE amensbée pesticldes
i spices, paniculanly trmeric, nsing acemnirile as eotraction sodvem
and a clesn-up =ep by HLE castridges, with anafysds. by LG-Oghitrap
e sgwemnener, The mwtdhod wes applied w spice mmpbes from the
mairker and the Fmectdelde andophas was deseoned. Ghosh el G0
reporied & validared method for multiresidoe analyxis of 208 pesticides
i nmii e prevdem and Thizose dnd neported oo detsction of Tange
pestichie Tesbdaes Bom marker samples. When nemeris grows in scoils
with @ hissnry of banned arganochlorime usage, stme of the persisten
pelinrante in e soll cam accumskare i che thiaeine. Soivasea o &l
reparied Teskdies of arganorhicsine pestieldes in seveal Endlan apdees
Inchoding turmeric (S eval,, 20008 Mistagger eial, (H0E) 10
[l conrasnination of pamees i powdes i Bahtain Wit hegackdor ar
0 mg g L

In Bagrope, thero have been several notifications thecagh the agad
alurr syarem fo oo ared Fissd sifiy (RASFF) comeoaning concasinarion
uf grices with baeterii, miyeococing, ao dyes, hravy metals and pest
cides (RASEF Porial Turopesn Comnsbstim,). Due o noml and ofken
i alled [odoerion conditinge, natial spiess o somutines be
Al et o conianinstion hony pedogenic hacwes of myeolok
genle fusgl Seosul and Ko (0055) reparted thar fungml spesies
respimsible for the production of the aflstoxins, ochratxin A and
cimin wire olied fom several grices inchuding nametic. Jal®il
(| 3LE) repored thar 5% of the semples of commeneial mrmerie thas
she amalysed in Ban coofained aflatoxime: BE, B2, G1 and G2 el be
e 15 and 57 0 § L Aceooding (o % Codis peporr {Cndux Al
merae fus Do letan, 3007 a), 855 (whale) and 169 (ground ) sumples
of rmesic were amalysed, from M 2015, for total aflatoxins and
ehiiafosin A, ared 490 % and 05996 of wmHes excanded De imssiam
concentaton evels for il afarcadns and ochransin A, Tespectively.

Colvus Erensity & an mnporant atoioe of spices, affectirg their
msarker walist, Spicin ey, soefone, D tiogers for sdultemarion with
caloranis, Yellow-orange dyes such 2 barner yedflow and the: sudamn dyes
are potemiil iurmeric adulterands, which are basmed for ose D fapds
WG Uhee BT e Do (il of ) cimeongende (ny. A (e ileod was papoid fi
the detgrmination of severn) s i ol and coary posdag (Do
gl Al G006 In Europe, all comeesdicles containing chifl, corry and
curcumm mnsi be cerified free of Ssdan dwes (OFicied Joosiml of the
Farpopezans Db, JUCER. Farmer Amae atal, {2000 regoatd for Tlw R
time o multl eomiamdnant mechod for the malysls of pestichies afls
toxing and dyes i spices thavugh an acetoniadle extraction withos
cleaty up i e sampe praparation sep, oSaged by Tiguad duome
ragraphiy coupled 1o mass spersomerry (LD ME/ME) deezminacion an

Bl Cimared P21 (I0IEF Q0D

spiking Tovds of 005 and 0% myg kg | The seope of e mehod
eomprised 13 dyes, four aflaoxins and 20 pestieides. The method was
shomem bo be fit for puspose and was applied to the malysis of &0 peal
ratigden fem thee Sosnim macken with cmbendseion denecied i
mrmele pornder. From a regulasony podnt of shew, sevesal pharmaca.
pociay a5 well as the Enwizcemental Prosection Agency (EFA) of the
Uhnived Suggess of A led Teavo sen msnimn pesidis i (MRLED fog o
warkery of pesticides i roor and mebenms vegetables, and among rhem,
mrmeric {nibed Soes Eovirmmmmual  Troection Ageney) Canada
(Fealth Conpde, 2000 has st MALSs for 43 pestichdes in furmeric good.
Tha Eipopean Danbom e thae Dosben Adfimenianing Cimpamilsslon (Coley
Aflmemar s Comevssion] have dlso s MRLs for a mmber of pesd-
cides, aflaoxing and dyes in herbs and mices, inclod g mrmesie; The
Spdces Bosd bedlin csanarioed thee comiion maldatory tess mequised
for the expoat af spless and sples prodoe s thar are comralled inodhe BLL
Canada, LUSA, Japan and Svuth Americs (Spices Doand ndfa, #0039),

Theea Fraoe Basesy fnyt waidiated mosthods gepormed gor thi aislysi of
emnEmTnmes o splees beeanse of the compl ety of tee markess and the
dilficnlty in etablishing approprite represesative mairices. This iz a
Ty e A (et meaden iada 1o b disiad s Wlanke and T spiking expesi
merns, during method validacion, shoedd b= amhentle or i lsmst chn-
acterieed from a cheme-xomomic point of view and have the sime
progeertii a9 thw acrual et mande Manky effees (ME) can only b
peoperly evahusiped when thisesnd bon met, o eseme & method chal is
fit for purpose (Parrills Yizquee e al, 2019% In addition to the: prob-
leme raised by the mherend chemical complesity of hebs and spicesdise
o e high tamabir ol amnons of sconday metabolies and i
dependence o avviacrenenial fectoss and coopplisg eehncdagies, fhe
il rational origin of turmeric samples o the market must be
ensideped when sehting am appeoprian raw sl o validabe e
method. It has previosly been demuestnaied dat the . secondary
mesabolite profiles vary widely among mmples depending on fcors
s Iy s il b, Ui chbuane, e wiriiy of O oo a8 ed s gl
wype al cultivarion (eg. argande or eonvenciomal) (Tueoke o2 al, 20090
The mam compoments of mrmeric are eseemtial oils, the omcuminods
and tolated composmds, gelyphennls of dimilan phy e cocdsamizal preg:
ertles 10 common peaicldes; speowis and dyes Camaenalds and
essrmiial oily are al= preseni in the plant, These are lipophils com-
gemmide that coild Fnerfore in fw detemdnaiion of apela peatciles
st as the organcehlorines and others L0 e al, 200 |].11|-:uu:r|lh|.|.n:.l
of the mairix chemdeal compasition is am addisoeal problem for method
ot s cpiiizacion, The ciamges i coanmmacives s ol
tmined B e samgle pregoararion soep can chamge Erassticaly th s
iy effects and the quantfeatkon values.

tn ihis weoek, a straightfocweed smlticlass ssple preparaton pro-
Bl s aprimiped e validased o e dereniinaion of seacted
represeraiive peaiclde vesidoes, alfanadns and dyes innrmeric, osing
s chavemiography and Lgquid chromswgraphy ooupded to sandem
s sgmecron iy (G C-BSMS wind LS MSE For the selecion of an
appecgriaze maic for method development an mnovarive apercadh
msing gas chromaingraphy coumled o ion mobility speciromeisy (G0
TMES] e eyl

&, Materials Aol nsstbods
21, Ghemicals o rengents

Pemicide sumdards, dye standasds, sscarble aeld (=59.7%) and
ghcial acete ackd [299085%) were from Sgma- Akdich {Schoelldod,
DR

Blypeosoxin sumdards as ase oo e soloclons {0.5-10 1 mil. 1y e
fram Rosner Labe (Tulln, Austriad Analyokeal smndards seere of pugicy
=Gt Acetone, dichlooomettens, o-heoms, =odium hydogen car-
@t [F9 5100, 54, sodian sdfen (99.0- D00.5%) and frmbe acid
(0E-100%] were porchased from Merck (Darmsade Gemnmasy)l Kag.
mesmmn sulfate, sodimm chlogide, sodivm cwrate dilvdmte. sodim
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Thessethaisin o L LX) LOpe-iH L E ] a? 161 (R} R r L5 hE ol bb L]

hydrogen cittate seequibydrate wers fom Agilent Technokogies [Samia
Clers, TSA), Acesaninile, sechanod (=50, 906), ol scemane { =09 74%)
and ammcrdum fomase (=90.0%) were purchased from Heneywell
International [Hooth Casolina, Usited States). Ultapare water was
pEnduced i a Milli-Qf miegml oetemn equipped with a E2 =
partni-of-arse ebrans flie carridps FERO PSA-KI-0G (150 my
magnesium sullare, 25 mg primary secondary amine, 35 mg G was
from BEKCTut (Haupisiahl, Germany ],

Inivietusl pesmicide and dye seek salutione (100 @ mL 1w
prepared el acerass and sioaed inothe dark ar - 18 G Mined s
Inticgrs ured for ralfasion and spiking proceduze wore pregared From

the stock standasd = at appropriate diludons,

AL Samples

ALT Hinek mows siijls

Thee firal nemnsrie porrder bilank sample, used for sethod vaidacion,
s @ cinposie sample made up of & nEmerie powders, Boght on e
Armmrian market fiee fom any detecwble mesidee of the arget analyies,
Thir e pesite sivgphe wis ohiained aftar hesnagenizarion by sixing
B min in a Hecach ball-elll {Disseddorl, Germany) Mlfowed by micing
wEinga mortar and pestie for 15 min with the sddstion ol Hguid mitogen,
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A0 Fomple collevaion

Twengy-ine mrmerie powder sasples were collected foom SManch s
Azt 2015 from Sustrisn supermarkets, Hime sasmpl e were labelied az
g, The saifgdes wome aobd im pendder famst and sored and diy
conidialons in seated containess.

2.3, spiking provederer

A portiom of 2 g of ormerks powde was hipdracsd with 8 mlL olos-
peme vaten. The suspension was vorieeed and Jeft o stand for 30 min
Mhem forvified witly 100 ul of he agprapniate coennain of spising
mdwnire solinboos tooachbeye concenmations of Bo0E, DUOR mnd 905 mg
kg and left to rest a1 room tespesature undes 3 funs: hood for 3 min,

24, S jrepratoe

A2 g portion of turmeric povedes, homogenied v=ng a ball mer
il Bleqidad o a moiman, was wadghed into a 50 el cenmBuge toba sad
B M ustrapnn e water was added. The misture wis voreexed for 3005 and
left to hydrate for 30 min Acidified ethyl avetate (8 ml, 005z L ©
agiek e i and 0014 daciE] aceci acl in ey ieviared was philed
o the mbe with 2 g of sedbum sdlane phas 0.2753 g of sodinmn hydrogen
varkomase and the mincure was voaesed for 10 =in, After venaifaging
(730 g, 2570, 5 min) the orgamic layer was clesmed up using BEKCTm
FEA-KIT0ER s Rl vomtengend For G0 mdin A Pes copiriRgration (1600 g,
350, & min), the vpper layer of the exract was Altered and 2 (L was
friected i the GO-BESES. Por LC-MSME mabyss, 2 md, of the fAltered
bzt - cagpandc XA wasevapiot afid andir 4 niiogean s eas, The
dry extmact was reroreaiued with 2 ml of medsinod md injecced Inco
the LE-MSMS,

Z4.1. -Foape of the ssathod

The analytes eluded  the zeope of the methnd are Ediced ™
Talide 1 ADL thesae analytes e curteidly fogilaied B nsiie fc e
niEmational standards tnciuding the 125 (Lnbed Saies Enel nmens|
Proteebiom Agemiey] Phar the EUI Food eegulations (European
Carmuvission, 2005, 2006, F0E0) and tse W0 007 L FAG Cadir A8
ey sraradand, sibgioeip HE 0103 (spice poots aid shidonms]
[ Cisdley Alimeniorfes Comenissim )

25 Teerrumng onid anofytieal deserminomon

251, Heafgoce ger chrommagropty coupdad eo don modility srecimmertry
(HS-GE-MED for iy aifie

The woladle components of the momerle senples wege mennred
u=ing & FlavomrSper headqpace gas choomatoggaphy - lon maohiliy
spectrameter {H5-GC-IMS] (GAS, Gmbe, Ducmmnd, Germang ), A1
g (0,3 g of st i Tlank saiigdes s weighed i 360 ml. glasd
wials imd seaded weigh gas dght caps, In cthe msoemes the vials wee
meubared at 60 “C e L0 mim with gentle meaticoed =gitation. Each
wial's hwadapace was snpled (00 UL and injeccid, using a0 auno
sammypier; inpo the heaved iy ector poer, wiilch wis kept at 8090 Micogen
was the carcier gas with 2 fow ol 2l min 'l 2 min, msed o250
il i ¥l L0 i and dlem Wept ar 1N Do For 5 iwin, Thi ovei
pangriom was |soczacle and matnmimed ar 40 5L The doommegraphie
column veas 8 FS-SE-54-08 15 m = 0,53 mm x 1 ym {Zieme Chaoma
ragraghie, Langernelie, Germsng), The drifs gas ow was 150 ml min
rad e tempera e of the 25 vs madniained a2 85 *C The tube length
was S8 mrm and the drift voliage was S0,

253 Degermsmacion wich GC-MS/MS

The gas chromatography systan cmslsted of an Agllent 7693
Sumozmpler and & PEM B Gy Cheomatographde System coupled woa
PO rriple quadrapodn mass sgectoommer Chgient Tedhmalogies,
Sania Clara, TR5A].

[mita pequdsition and: processing were implemomed weing. Agsent

Bl Cimared P21 (I0IEF Q0D

Texhpelosgies, Bne, JREG, Mass Hisid Quantiaive sofwae, T e
immer colomes (15.0 « 025 mim B x 0.35 m HES e, Aglen JRW,
L&A} were connected by an dectromic pressure controller o enable 2 5
mibii pot on Backieeh, Thi: samples wide injected wing o gmiltinieds
injeence Inker i splitless muede thenagh an alma et e Sner with a
ghass woal plug (Aglent Teckmologies, Smma Clasa, IS8). The mjecthmn
wolnme wied 2 il Theednjectar podn was geogiameted o tar dh iniial
ez temperanse was 40 for (005 i, chen megped go 320 Ca
a0l *Cmin Y soimtined atthis temperatme for 139 min, then conled
o (o B50 0 at S0 G mim T il ensd of the nim,

Th vty LesrperaDne wiss Treled an 600 °C o 0.5 mis, then rasped o
150 Cac 80 Cmin ¥, mereased o 200 "Canh *Cmin © followed by a
ramgp en 300G 3t 16 “Cmin ' and a fnal s to 320 “Cat d Cmin |
wih the Beiigsvatus nadisiined ar 320 °C o 25 bn, The 1osal win
e weas 450 midn. The oamser Une was mabmained ap 250 “C The
carrier gas was helimn (9% 91 poriey) and the colfision gas was nd-
Moo (B9 0, paniny ], The S ivas opeostod in consant e
mode (129 mL min i ealimm 1, 143 mLomin * i column 2 The
average velocity incobom 1 was 2340 ems dand 60 8cms Vinooloam
2 Wiz Fiy sonid o was el ar 00 Coand 1w quadroppele aialjse T
peraimes were bocho et ar 150 °C. The pestielde md enwimnmesnal
pollution datzbazs: fom Agillent Technologies was used o optimiee the
Bt agmitican reeded for vech ovalusted compeamd, The callision
energy fol sich mrgeed molessde wis oprimined berwesn 5 and B0 eY.
me bamdved and frorteen MAM groups were creared oobmin adegquate
sensitivicy, with dwell thmes between 5253 msec and 165659 meere, which
alboyred ooileechon of §2-20 data poings im escl peak, The solvant delay
was 2 mEn, The mass specoometss wis opagated in posiches mode asing
elertrim Terpact (B iondeation, The shectron jondetion enesgy was 2
o and the Flow windise o The quoetiech g8 aind T colliioon gas wed I 25
aned 15l min © respembvely. The lstof the svaluars] pesticides, the
optimieed ansitmoe and the collision energies chasen ase presented
Tatibe | o e stpgplimvaiany malerlials,

250 Deirraimeton wif URPLE-MS /S

Thir Aasaples were analed asing woa high-peafyesnce Tigaid
chromagraphy (Shimadog Nexera X3# Seqtes; Kyoon, Jagasn) sgalpped
with LIN-E0AD sobvent delivery wmit, SIL-30AC satosmmpler, CEM-204
eompnicaions bais nedude s CT0- 2080 pronnisies coelm o,
eaipled o Shimading BOS0 wiple quadnspok: mass specimmness (Kyomn,
Japam) &n equitg UFLO™ EEH Cya (20 « 100 mom, pasnicie sioe 137
(g, Warers, WG, DS AT colusm wis arsad Tof ehacEmasguaghic s
ararioe, Theemobie plases wores &, 000 e aeid e B 5l
amamivm formae with 1% foemile acld ino methanol. The gadios
program was a8 follows: 2% B o 900% of B over 1.2 snin, hedd ai 100% B
oL E0 i Chen decyessid 0o 3% B an 20000 mn, The maal i dine was
24 miin weith & fow e of 0.4 mL min & The oren emperanme was
400 Ingection volume was 1 il The M5 pamameers and the colligon
efwrgies were aprimized e achinee e highess cesponses e all ek
o= The nebulizing gas flow was 2Lmin °, cheheating s fow rate was
10 L ném 1 and drping gam fow sate was 10 Losin U The nierface
Bemnperane was S0 e desalvition 1 leenperaire wae 256 "
and the hear blook pemparanme wis 400 0. Blecxospray Sondaaciom
(EST) was emgployed in ssiltanemes posiitve and regative mode, The
deri g woltige wad 2RV aid the Ingsenfipte utient wias (63 e The
emutiple reaedon monivaring (MR ransivens and colllston mezgies
were selected and optimézed by flow injecting malysis. The pesiicide
Sl fom Shimadioo wag ised o opiisine e B ransitons
eeded for sk evalimnad cosnpiassd The T of fee evalusamed pesti
eldes, the optimdzed mansttons and the eolilslon energles chosen are
peesited @ Table | of the supplementasy materiais

26, Volidotom provedsre

2461 Experimenool dengm
The expesimental design for methnd validation consised of 2 daysof
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en e Bach day @ Baeh of 15 peplieste Wank samples, with &
replicaes fomifind ar each of three dlferent bevels, was extmened and
analysed in duplicate, In ech batch, 2 reagont Blank, a matsiocblank and
wlinveith mAniy marchesd calilman s were @lao prepaned and desmsined
by GO-MSMS and LC RS ME. The forclficasion levels were 0001, .02
and 005 mp kg ! to cover concenaatioes a4t o below the MRL= of the
vt i Alymes, Tl MELLS e e ol Fereena aseadymes are Lisoed i Takile 2

262 Wolndutios

The validation procedure adopted i ihis =sody #nllowed the erieria
st i 2ol i el G 02017 [Ciofen Alirmentas fis, 2017 1)
CAC-GL #0193 [nddy  Alimenmarius Cransmssion, #010). The pa-
rameters evaluated were selectiviy, calibration, fnessiy, matrix ef
Fencts, Eipemmess andd pecovery, preckion, lowest validanad linved (LVL) and
mepsursment  uncemtainry  [MIFL  Gbwen the  high  gmmimy  of
eo-exiractives, the recommendations of the Codex guidelime CRG
GO-200 7 Fi enlilbearion i o wse g i manchieg ro-oomgsiieais fog the
maarty elferis. The cadibration procedume melodnd derermimidons of
matrix sutched standards prepared 2t eloven concentrations, injected n
duplicate and appliod asing e backeting apgeoact, The entire ali
bgichan curve was njecved bodh ar the Beglming and @i the end of the
batch, with addiiormi calibration sfndards injected throughowm dhe
sequinke, The salfearion curve covered the pange oF 1-200 o L I.
camesponding o k00408 mg kg ' The qualliy conwol el fo
calibration requized thar the mdividol sesiduals (thet iy the differempes:
hetwesn the acnml md calculated corcemratons of the calibradon
sranbandal wine by 2004, oF below 5 Ry calibiation e
tons of 1-5 pg L % clese o the lowest enlibmed level {L0L), The
linearity woe considered sccepiabie i the cormelation cosfficimis wize
T dlsan 0,049,

Selecdvity, marry effects, moeness, Tecovery and preckilon wese
estimmted 2 previvuely dicussed in Maestrond et al. (Maesoond, dba
Algpzey ol ol 20TH, A% Thee howest vididanad. Jevel (LVL) 5 dhe Jowss
concentaton msessed durlog walidaton thar mees method peios-
marce criteria scronding to the Codex guidelime [CXNG $0-2017), Iz
e B e comapl of Kineil of quantiBearion (LOGE a8 deserihed
in the SANTE dosumeas 1 2583,/81 % (Einopean Conmeksion, 2019,

The messmrement unceztainty (MU} was edtimated according o the
Codex gubdelirie CACAGL 592006 [Tealon Allioninai e Conmmbakn
2ob1) and SANTESI268Z/2019 documnena [Huropean Commissi,
0L ustng hlas and precislon vakoes obmbeed foom the S howse valk
darid sy,

263, Duerlaborory cofurion sy

The perfocmance of the method was tested =oan mtedaborsocy
comparisnm iy betwem U FEFL, B Austris, and D GACT lahars
vory i Urugusy. The collaborazive stody wins setwp s ihat boch Bbo
tatorkes e the smme composite blank tmmieke smple o cary mm
spiiing enperimwnts & he s Foerife aties oo arions with the
same furtifeaion mivmree and sample pregaracion protnecd. Botti lab.
oratcries determined the analpies by GO-METES and LC-MS S The
s availahle g GACT were o 4000 Seley QTRAF and & TOR0H)
Shimading GU-ME/ME. The demlls of these suumenss and the opera
tinoal parmneters me described in the applanemesy maierials,

1. Resulis
3.1, Blowk st Somogen ey aafie

Thir sedietiom of & nepresemarive Blank maretial for o ibed opriing
ration & findameneal o develop a teprodicible promecd for medstelass
reskiee amlysts, ncloding the prepamton of sultebdes matrix matched
ralibrators. The initial goal of the siedy was 1o develop a snitable sample
ppaatiog. prooedurg fog odRi-cass amalysi of GL devmalda
percmds, foousing an gl GOMS S detmrmination. Foo that reason, i
was assumed dhat the compazizon of the volile coganic compound

Bl Cimared P21 (I0IEF Q0D

geefilins oof timvi i sl Wi e ol & compesin aunghs would g
a good Indieation of the homogenelry of the enmposite smple. HS-GO.
IME data i combination with multivasiste analysis (PCA) was uwsed o
euhiate for the mimb@iry of 4 pocled blank mwnls for medwsd vali
datlon purpeses. koa mobEry specmomeny i o powerial and sereiive
techadque based inthe differentil mobiity of charged ions o baffer
earrien gae, W coupled 1o ges decaraograghy i Two-dEnereiomal
analysis van be represemred o comore plod, which permis & hdghly
senwiive detecton of the moleculas siecies present fn the sample,
Cloeman {2401 provides am @iroduciion to GC-TMS and describes the
waluer of mability srasminiz. [noa Arat sieangd, e diffaml oo
mierelal Wk tomnerte samples, e pooded sample and an auchents
(lahoratcey-drisd Fmely powdered tmmesic shizome] sample prodiles
el b GU-TRES, wikrss sxsingmaid,

A shown s Pl 1A, the HE-GCBIS dase of the pooded smnple
{ TormzPd) amd the indinddual blask nermeric samples(Cor 1, Sur 2, Cur
& Doy 4, oo 5) weee companend i pepis of thdr e hemicsl cosnpositin
wEing principad compenent analysts {PCAL Each sinple prodiesd a
sperific chemics fingrrpeint. The pocled simple, prepered by geometric
il iy v Frs @anediigd, was isadFic ey homogenones. Thedonl,
aness link compesiie (pealed preparaton appeoach was plenenied
as de=cribed T 2301, The firal peoled turmeric povedes thus obtained
CTPINEY) wis Disted fon hommwsgeneiny and tegoesinarivenes by GBS,
This secomd pocled simple {TPmbc) was consbdered represenmatlve and
homogenesus as shown dn Fig. (0, In the PCA diagram TP e well
cemtred in eomgparison i the origeal mdividual ormeric banks

A2 Meahid iprination

The mrmerls samyples were inbdally exmacied wids the refeenee
methods carrendly used for pesticide residue ambeis the Swell
(Pt et wl, Y the (BCHERS CRN-156632 (CRN, 2 Shand the
Duarch Btnd Ladoe (Lowan 1 al., 3004,

In genemal, each aslvticel method produces a grecific co-extmactve
gl wlieds i oo ey yheld specEfc marri offiers, 0 T i e
poaned thar the the mnmber and concesmmibons of co-exmarives,
the higher the chance of generating sendfcat ME (Armsscindes eal,
Ay Ladpay el ul, d010k Themfos, e co-exn aclive profiles Sram
eael esved referenie method were sxalsce] and eomganed (o sdee the
st promising sample peeparation protocol for mshed optiization
for nrmsiie. FIS-GE-TME was usad 1o coanpare e naenbie of volatile
eo-ermrive fom each smmpSe prepaacion method applied o blank
extrpre | Duweh Mind Luke, QuEChERS CEM- 15663, and Svwelle pro-
i) ALl the sl il ded gl of eo-@xractives, T e
ettiyl aeetace based method sesulied s being the bes opalons The final
deckslon on the moast satmble sethod fur sample prepamacion was
rezched after the evaluation of the profiles chtained sring GCMEMS n
aean figde,

Finally, the ahyl acemne @omaeion procedure was selecvsd (o
furthm meihod optmnization of the chanoup step 2nd validation in
e et edvariages of eiFgl ardae a8 N Aol ol
aceroniirile are the minnlmion of polar Intesfaents In the exmam
(Parrills Vawger el al., 2000) while the fnstroomental e

T O v B e e Do Dt € bt it g Cim of dcetnnai il

in the GC sysiemns: [Aysal = al., 3007).

The Swebrmethed was commpared o the aralytizal method reporied
Ry Ayl eral. Uit eomisines the aoiraction Of e SweEn method sod the
CEChERS clesme-up (Aysal o al, 2007k Beeanse of the Bigh vonent of
polas and welatile compownds, such as coscummcids and erpenes (11
ulal, 300 1Y, diffesnn eoasbdnatien of soehen i, el iog RP-Cu W
also evaluied fie the elem.up siep. The sample prepasatom method
that provided che highest momier of peoovezed analytes during spiking
experiments {at (.05 mg kg ") & described in 244, This method wes
RP-Cpg toralsorh hweessomniBal odls ani somme oF e Saeaieindds prases in
mrmereas opposed oG e al, (0] thad uses graphidiized ca'bom
black [GOE] fon clean-ump for determanation of pesticides i mmesic,
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Fig. 2. Tha bl i Tt (THCE af the BARS By vhe pearssbde mimiee an 005 sig L Cepger Agare) and o Blosk mare chmened by e discribed ssenpla

preEmtion Eocedme {lowe Bz,

Fiz 4 presentsthe total om chremabograns (TRl the MAMs fnr the
pesticide mixioge ar 005 mgL (A) ind 4 Bank man iy olaalimed by e
Fmal sampde prepamcion proredure (B B s shomm thas the blamk sl
co-emractives mosty ehubed at reteswiomn (Tmes sepasate oo thess ofdhe
atalyhes of Begst

The selevied samgle preparation procedare, infclally iniended fm
pesticide eridor asalysis, wirs fine-tmed fooallow the multi-class
durernyinagion of T selectsd pesidoes and oonminans ar nam
lewels, imckoding the pesbeldes, cagande polluranms (akrin, dieldein, COT
and endriml, afbocineand dyes axlisted & Table L To achieve the best
roadliitiom, esqeciafly fo e gehiedd estivided . Cefladnin and

Lel, and to avold oves comasninackm of the ealammn, the pven
tomprzabare program was optimiced, resulting @ 3 selatvely long nm
Lifnse GF A5, 5 mif

3.3 Werhod witdannn

Alahaosgh the Coden gridefine refor-spocifically ur pesticide resitu
analysis, it was declded in dhissnedy vo adaps these valbacion crieria w
all of the ammbres Evloded M the soope egardless of their analy tical
chiss. This decisiom anoss from the B ean ne eglasony il i o
standard ds currendy avallable that segulaes all classes of eengrmnans
similmneously. The advanege of s method & the alilliy o soreen fm
abread scope of contaminants. in the cace of 3 contasiating compownd
Barftig et ted, thw andlyvsT i ol ped Do comply witle e Peguitsmns of
the spesifie gt on fur dhe elass of Inceesy

E31. Felectiviy, linsanidy med olibrison

The seleedvicy of the method was detionstrassd by showing tharihe
chromatcgraphic signaly chesined orggmaced from the amlyes of o
Ligedl amly amd el fom wb feeences. This coirasine samgls of Tlank
turmerle v anadyeed fnscan mode in Boch GE-REE S and L0 RS
to verify that mo interferences were present at the retention dimes of the
analytes of inderast bom patios ware assessed fin wach analyte, Saeple
GEBEAE clenmasngrams for fomlled nemerle, eagent and maiy
bfarks aze provided in Fig ©of the supplemenasy saterial,

Thia Lifvisan #y W sedtedd fond all et axealyies in boh e G and LG
Emirumenss, vlth resldoals < 20% et coteenimcons beowesrs B and 3040
pg L Fand <30% for condenmathong berween §and S pg L Y Al cals
hratinn curves had correfasion eoefficbenes (173 > 0,09,

The caliliatin was pesformd widls (e isarddwad <alf@oasos in
Licech 55 ME M and LN /ME systems. Welghied Tinear regression (1
%] was appled to dll analytes in the GCME/ME detestion system @

acdordanee with Godex guidelines, Crdinary fneir vegresdon was
appifbid to e LE-MES NS denection sy, The fineay g s presented
in Table | for sach of the analyres demrmined by GE-BS/BIE and LE-
BE WS,

333 Truenes, recovery and LVL

The codex guideline CHG 902017 requmes the use of 2 ceriffied
refuremey maral e arabdish & mesmee of emess e, B
reference materiad for niemeric was not avallable, and the amhons could
ot fd any proficiency resting or meiabostory troal for residies W
mubi e JUSex Al ar e Cosnmiseion, JTL Theneion e, an &n-
matlve approach was 40 pesform o collabosarive rlal, on the same
mrmeric mabiz and e=ing the sune standard minture of amalytes, be
) FEPL labeaacay in Asetrin and GACT kebarasny in Uruguay, The
peinlrs af Tl itealabaratn y bealts die discussa in 550,

The mean recoverles of all the anadyies elided fn e scope of the
method were smemsed. Tabile 1 shows the recovey daia for each mmalyte
an et Fortifestion Tevels (0000, 502 and 505 mg kg '3 cbaained
oy G0-MS/AE imd LC-MES TS, I general, the tecoyveries were beriween
e L b 00 gl !, and o130 hebvern (01 and 005 mg
kg |, o o by e Codex grididine, Figronil was validamd
sing elher GE-MS/MES ar LG-BESTES, howsewer in LC-BIS TS B requized
BSI (-}

A alow in 1o 1t sethod with analyes by GO-MS/ME, war
s ressiully valldavsd for a rogal of 54 amlytes ac sl toss fanfeacom
tewvels, One aralye (dicafolpoould be validated only at 005 mgkg 5 in

Riher S L 109 Lrpeind tused Doy Gl nd gl D005 fo I e e, it
repirred teeovery walaes at 001 mg kg 1 bower than ihe guidetines’
arcepiable ranges.

Consaqieniiy, a5 definesd & e Codex gildeline, the L¥L of the
mithind s s for 59 analytes by GO-BEME 20 0,00 mg kg 1 Dieodol
T o LYL of 0006 mg feg 1,

Az shown in Tafie |, despite the elfocts n optmizing the insto-
merial mothed fy GC-BERER, i ety ok pesticiden cylialariin,
eyiimhain and permethrin could non be quantified becise the linear
range of the calibration was sbowe the validation range. Om the other
e, 1he pgwe vy of detametli i, sotber pooleokd pesticide, an e
three Sorvificadon bevels was comgpdiant 1o the Codex guidelines {Codex
Altmemarive Commissimn, M L0 In general, the LVL and the ecovery
wahms aldaimed by e medlesd are in agieatnem with thass: foporiod
perently by Gl oo al, (2020), The recowe s of dieldein, endosulfim
=ilfaie, pentachlorobereme, beradifon and the plarar pesicide e
elulegurlnen, g comapiliant i e Cordbey guidelings anall fatiGearion
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Desus dmvdd Darine thian those gerpoomed by Choslenal. (00200 &5 0L mg
kg ! for shese pestleldes An explanaton for ithe lw reeovery values
ohauined by Ghosh et al, ispossibly due a the gzeaf GEH i the clean-up
he of thisin iiwrhind as 105 well-Knenamy fact that plarsi coingeanidsam
readily adsorbed on oo GER {Nlel eral, 2007

Az showm in Table 1, the method with malysis by LERS S wrs
simorahaily validared fa a atal of 33 analyes ot all Ercifeeion byels
(0.01, 0.02 amd 0005 mg kg 'y Methamidophos, acephate and ome-
theate showed consistermt and seproduoeible recoveries bt at recowery
levelis mech lewes than the Godex criteri, even though repmabil sy
anl el Rl iy vahoes wame witlvin the accegable ranges. This pesull
wits conflamed by the GACT resalls (see seoibon 3,06 “Enterlaborasnry
Stody™), The Bower recoveries for metmmidophos, acephate and cme
Chiyrtet eipdell Bap gyt By iy o Bony, This B2 e Hoe with the: paar
reeoverkes for palar oo semdpolar analytes (logdow <4) reporeed by
Parrilia Vanguier ot all, (Parpilis Vazgner o i, 20095 These analyies
could ewanimadly be indoded e soope o the method geoeidiod this
pomslstena behiavimn I further valldated during the on-going QAGQE of
the method. To quantify these compommds, the resdes hould be oo
tutid Frar Tt b aol ther ot i sl B spocifed i e -
oy fesshs Tepost (Favegemn Commibpsbon, 2000). Addidonadly,
alachlor, aldrin, axinphos etind. chloepyifoe methyl, fenpropathrm,
reralil and pavaoon methy] men the validatian eriteria only at the
005 mg kg ! ferdfieaicn level

In =mamary, the method wing LC-ME/ME, was suecessfully vald
dabed fur 48 pesticides at 4,05 mpg kg 155 analytes had an LVL of (.01
e b Y, 0 analynes b an LVL of 008 mg kg ¥ and 6 embyes had an
LWL of 0.05 mg kg . The veposted Lvls ae comsbirent with previously
reporied valises by Ferver Amate of al. (3000) 2nd Goon e al, (30070

The ofher fwa cladses of ocgank conlaminais, W dye (B
yellow, sudan 1, sudan ), and the aflamxins (81, B2, G1 and G2}, had
accepiable tecoveries by LC-WSMES using the validated sample prega-
vatiom sl Partiealarly, S pecowaay waloe Fo Sodan IV &0 000G my.
ky " was within the aceeprable rangs of the Codex quidelines. Frevios
reporis by Pesrer Amaie eial. (2000 showed recoveries, above 130,

333 Precishan

The peect=iom data, expressed relative smndard deviztion or coeffy
chentof var it (CVS), wie pressnd i 100 |, Mo analy tes eosgily
with the Codex imheda for witlsn laboratory repeaabiiny and repeo.
ducibiliny {38) [0V, = 30% at 0.01 mg kg ' and C¥, < 20 ar 0.02 and
ﬂ-'lﬁm:alll.‘i Vg A5 B0 s L and GV < 3RE 2 and 105
mg kg "L

34 Matny effecs

Bar ke oo (ME) were eviluated by eomgasing the sope of M
callbrathom curve prepared i selvent with the slope of the mamic
maiched caliboatiom curve, Tabls [ shows the matric effeces far all the
erind sl amalyres fog e G and e LE detepminarion. n geretal, 8 has
beem shonam chin residial manri eomgonen s have diTerend effeces 0 LG
and G systemy: wihile they are shown #o reduce the efficiency of iond
ERlON N aldepheeic pressute Hmizashons eciues, such & in BSL
ghvimg rise 10 lonkzation suppression (Hesll o0 al, 2007) b bas bem
dememrsrated tha mairiy componenes can also exhance the sigoal froe
Al es i pie chicsniograghy (Foode, 70078 Thid pemerad tieod cam ba
shaerved In Fl 7 oof the suppdenenanry matestal which comganes the
1 for the growgpenf commmim asmbpies qantifed by both GG-WESME and
LG BES/MES. Sivgrer Rl Bons fo (s gedmetal Dahavionn odeur, ssgeciadly
o GU-BES S, A dibseizd by ol o0 al, G300 45 aln al supgaresaion in
GC s mwor umepmmon and e be aawiboeed o degradotion of marlx
components jn the mjectos pork. In the cese of the 1085848 determi
b, inly Bpromil, dhowed a signifan enhanoemenl e This
could be cxplained by elther the Somatdon of adduces which make this
analyte more volatile or prone to fmize (Hesil o 210 #0070 or by dhe
eanty it of te manis et ganetanes Bobarie iobs very sifdlar w
thige af the anafyie mnd noc fullly resobved 40 2 unic mass cesolurion

Bl Cimared P21 (I0IEF Q0D

st et (R aulnaimot el 2000, WIE i B d v ided inge 3 categn fes:
high (=5ise), muderate {MH-50%) and low {<209) Ferrs Amale
ot nl, #w), Most of the evalwted amlyte presented BE. They wee
Tiigh T ACrs el 9% OF the camipeunids atalysed by GC-MS/TES and
L1, TS Tespecrively, Moderae ME were exldblved by Z2% and 17%
of the amalyied & GU-MEMS and LOMS/MS detemminations pespec-
Eiwely, Mo signifie pont WIE (MR < 2086 weni ol ved for 2606 and 5%
of the amadyies I GOMS/MS amd LOMSAS  determinocions,
respe Hvely.

It veas sibserved that the ME of the aflatoxins and the dyes evaluaied
Horugh e 1O detensinarion wee &l sgdfican, ME wege Iigh fin
afazoning B {57%) amd B2 (- 6E% ] for the dyes bunes yellow [-T0%]
ard sudan B {- 7o),

To doingeeiente o e signifoaid ME abserwsd, mamin mached
catlbratien curves were empioped. This was more effective In GC-MES
B8 determimation than in LEME/RE. In LEMSEE an diernatve
apgeeach 1o campensate for KA & e diurcn of extraces 10 edocy e
matrly comgaeers. This appecach depends on the insmsnens having
the zensitivey todetect and quantify the analybes 22 2 low concentration
(Pe ). T investtigate s posselicy, o 00 fimees dlotion wes pa-
farmed with meblle phase B in LE-MS/MS and acbdifed ethyd acetme in
G0 WS NIS dictermyination. The ME of the origisal md difued extracis is
s i Talile 1, Thee ME drastically changed from dhat alseved
withous Elluton n GCREME this approach was imaweressid as dhe
pereenaagze of aral yees showimg high ME incressd foons 408 m S, Cm
the comtrary, m LEMSMS the ME decremised, as expected. The por-
centnge of anayues dwwing lbgh ME decraeed from 60% 10 5%, aod
the pamern of ME dastically changed friom a majaricy of amabyues pre.
wenting high ME [=50%) 10 a magority of analytes showing no ME
L= 208k Taliie 2 af i suipplenntary iralerial prossas the paoovwy
and repentabiiy reacive sundard devdaclon for the dfoeed exacts
determuined by LEC-BSMWE for one piking expemnemt, Por the come
gl esner By LC-MSRES, the-metled perfrosases 31 001 g b ¥
tmproved for 5 comvpoirsds fakachlon, ammazine, cyprodind, malaoxom
and pirimiphos mwesthyl), ot worseed for 7 compoonds (chlvcfevin:
P, chloopprighis,  dhaeien,  Siddafearid,  pendimeifalkin
permeihirin 0 and phosmet) neompariscn 1o ihe md{led sxmacis n
the diluted extmcts, no mmirix effecis were ohsemved for the afhsoxins
anef e dyes,

2325 Mensuremnen unrerninoe (I

The Epsuiaml e tainy was smloased ae described in 26,2,
Thir estimaned I-'\!D"n'ldl.'l'ﬂ M Aameirn e erlaingy for all te analynes
within the seope of e method disd not exeeed 50%, the defimlc valse
specified n SAHTESL2682/2019 docimnent

Tuwcemy v of the Tager analyees wee avadisal by hoth GOMSME
anad LE-MEME and the absoénee reeovery wiloes { Talile 1) were some-
times diflereen. However, the reporied values individually comply with
the veguirements of the Code guidelioes and, sccoeding o the st
mated uncetraingy, the resules were gssomed oo be comgarahle.

ALE lobriaberatary sk

The Codex guldeline for methad valldation zlso requires dhe swilo
atiom of the neggedness or rolusmes: of the method. The robosmess can
ber ewaloated @ diffonar ways oo exasgle by applying a sgecife
expesimenal design wheze minos changes are nercduesd inthe metdhod
for the mast significant paremetess, 2= described i detail in Maestioni
LAl (Maeaiong Vadipees, of il 1A, Bl By e stedy pieserned haa,
the tilnsTiess (F The marlssd wis disnansteatied By e apomsshl tom
partzon of rends thrangh an nelaboramey smdy with the GACT lab.
oeabory in Uroguey.

T By v e ooy s rpine o Genaun i1t ineestigroed iy GACT weze
specificity, lnearity, tuenes, witdin labscmoey repeacabllicy, lowes
validated level and mairis effects. Only pesticides wee ambysed a2
CGACT. B greneaal, the neoowely values wise simar in FEFL and GACT
fdling whhinm the. mwermimy of the method, yiedding cverafl
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Fig. 3. Chisdprysphos segide: identiReatics e confinmanios in a g asic cemsancml aegle by S0 e o4 and LOBs 08 (8] sy e valilaed ol

mtisfactory vesults #nd complying with the requisemens of the Codex
gickdedinies, &2 dhowen B Daliles | and 3,

A pompariscn of the resules demonstrass® that the intes labaratory
repraducihil ity was comfimmed for 32 G and 34 LG amenebie come
pouErds B Austria and Drogoay. See Supplomensasy Materials, for
dera Bl dfurarion, Wietoss the i effects in LC-MISBAE a6 well o
the LVL: for hoth faborasorbes wese stmilar, the LVLs In G0MS/ME ar
FEPL weze [owrer than thos= at GACT. The chsomastngraphic conditioms
weme different, amd sinilaly e ncdfaenees, Additionglly, dhe
sirumenial sextings off the G5 sreve difegene o the owo laborand es,
The GC-ME/MEE a0 FETL bas 3 rempamture programimahble injector and
the geesibiliny of peafoomig 4 Backfish cleanig of the sysrem, The
GBS IS ar GACT I equipped with o noomal splidess Ejecon ops-
ated at 23 0 This could lead to different mearks effecis that woold
groagly influence e deamivacim, Hevethebes the LVLs i ol
laborutoaies are sultable 1o smdy the MRL compliance of the pesticldes
within the =xope of the methed 2= shewm i Dabile &

These mesisis deincdmiate the pobwssnes of the methed, Bsficaing
thirt i ean be vabidaied and applied tn laboraoses worldwide sgoipped
with a range of EFrumental coefigusations, what represenis an added
walie to the presemi wock,

34, Anahenk af mmmerchs samples

The sgedhod was alsa appfied w0 e analyss of 21 omnsecial
samples bought in sapesmaskes. Residues of bet 1 and 3 pesteld
[chlorpyrifos, maiathion and acetamiprid) were detecssd 11 of dhe
samples. P 1 shows chloepyriphos sesidoe identificaiion and confa
inasiogs v a conercial singe labwlled o Grganks', by LC-BESTES [4]
and GCMS/MS (B) osing the validared mechod. Twao af the poshive
sampies were declared and marketed as organi: Thris demom:
stakes e pontance of Fasing & el suitalde fot the déetection of
urganie reskiues and rontamanams o oemeste powder.

4. Comeluishiins

A il chesaieal s mwehod for e desermination of maoe e
casnianes i oormerie was developed vsing low asnounes of selvents for
sample preparition. The 1epresamachvensss of the marls used for
analytical nmethod development was tested  osig. HS-GC-AMS, a
screaningg toal praviding papkd comgaiieoms of sepl co-eXmacivg
panfiles.

The method was optindred and validated in commpliancs with the

Codex guidelines for a wial of ¥4 analyes: 67 pesticides residues (n
mcticides, fuiigicides, Trbicides and geecsieren crpanic poflitangs), 4
myeotoocing and ¥ barmed dyes

The L= of the method were [ower oo equal ihan dhe estabdished
EHls. The sope of the method inchodes the mmematmonally regulaied
alalFres For e i, For dhoes analyoes mor aameniy wgalaed, e
peecauiomary prnciple of 0,01 mg kg " as wlemnes bevel was applled.
The rolwssmess of the method was acessfilly tested inoan fnierlabar-
L0y sty with the GACT labor atcey i) D ¥ (s d ERetent Dand e
of mwrumencaiion, loborasory fecllites and opesames. It was also
applied to the amlys= of 31 oomencial simgdes from the: Ausrian
it ket Chloipymifoe was detecied nomost of thim deswomszaring
the pesfammanes of the develioped method. Based on deese resules e
methed can comBidessly be used in the rontine contnodl of e
peorrelen s in amy Lalwaaory 1har s insummon tal eondigorarin ssnila
uny of these wsed i this eollabesadive sudy. The method can thas help
facilitate mtematicrnl wade foo sl class comtamismb: asadyeis,

10w M Rt Wes (AL & sl -cliss (neethiosd was validsted B an
interecenparkeon stody Dnemers enatling the detesdon and quancli-
catiom at low spikizg levels and sy sanalianeously oo difleros
detection irstroments covering a hioad ramge of polasiies,

Declaration of inferests

The amehoes declare that they have no known competing fnamncial
Tnetiess o persomal Telacion shdge et coeidd Teve ppanad 1w infloimde
the work regoaeed Inthés pagper,
Achnowlcdgements

Theauthors ate gratefisl o 0w aupgat fom Adman Aaaliim in
preparing the turmerle samples fod amalysls a0 FEFL i Austria and o Q.
F. Analix Bestim Paszasing, for hefiping inthe integration step of the 40
RS detarmbisthang al GACT i Urnguay,
Appendiz A Fupplesentary dats

Sypplemeniany data bo thisasticle can be faond online at hisps < Adni
a1y | O gdeon e 3950, | R,

Aaitlors® comirilifions

B and WO designed the =mdy, pasticipsted md comdinated. the

Page 187 of 242



A Mosroy @ of

labiggraeay weoek in Bl Jets (FEPL, Ausiia ated GACT, Diugayy, e
Farmesd the oeammens of che de jeoovered, disousssd the whnole resuls
and dafted the paper, HE rum the laboratoey work, performed the data
trenranents & GATT, Dindgoiy, and cxllaboraned By e pregaratio of the
marrserips. SR omm the nboramry work, adfusied the nsmsmeneal
condiions for LE-MSMS and performed the data oeatments an GACT
aral alan P fopmed The framnimen Cal detminavion by GCoand the

treammenis 3t FEPL laborasory and oollaboraed in the preparacicn of the.

marriscripd, tbles mnd Ggures. MO ran the 95 GC-IMS and prepared she
FCA plots YL and HE pecfiomed the practical warlk for the full walida
tin At FEFL. MG perficmed (e emomsona detensiinaris and dain
treammnents of the GO.MS/MS analysls ar GACT. AC and HH gave the
eomceptoel framewark of the smanuseript, adfusted and edied the fnal
simain, MG, a5 varive speikern, nEdo the Raved Bnglish bargooige o
uff the masrseripe. Al the aathors hove tead the final manuserige and
approved the submissdon,
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Chapter 3: Global discussion of the results
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3.1. Optimization of conditions before validation

Optimization of instrumental performance and method’s sample preparation conditions was
paramount to obtaining reliable data that could be used for proving fitness for the purpose of
methods and results of studies. Optimization approaches were applied to complex matrices
and, as a result, analytical performance was demonstrated to be acceptable for residues and
contaminants in potato, vine leaves, boldo and turmeric. The chromatographic equipment

available were LRMSs, and the analytical determinations were applied in targeted mode.

3.1.1 Instrumental optimization

Before any measurement can be made, it is essential to carry out the instrumental
optimization. The LC-MS/MS and GC-MS/MS conditions were selectively optimized for the
analysis of the method scope which was specific to each type of matrix (potato, vine leaves,
boldo and turmeric). The initial mixture of pesticides and contaminants was prepared in
solvent (i.e. ethyl acetate) to identify the most suitable MRM transitions and optimize the
collision energies (CE) used during compound analysis. The MRM transitions and the MS
conditions were established using flow injection analysis mode for the LC-MS/MS
methodology and using parent search and product ion scanning mode for identification in the
GC-MS/MS. Each of the analyte/commodity combinations proved to be unique in their
instrumental optimization.

Matrix effects needed to be identified and assessed to be able to adjust the instrumental
strategy to avoid as much as possible coelution of analytes and matrices. In other words,
MRM transitions needed to be carefully adapted to avoid peak distortions due to matrix
influences, aiming at the identification and qualification of the most selective MRM transition
that provided acceptable peak shape, and still an acceptable S/N ratio at the lowest

calibration level for quantification in targeted mode.
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Table 1: Influence of the studied matrix on the conditions and performance of selected
pesticides in GC-MS/MS and LC-MS/MS determinations

Chlorpyrifos
(GC-MS/MS)

Tebuconazole
(GC-MS/MS)

Malathion

(GC-MS/MS)

Acetamiprid
(LC-MS/MS)

Thiamethoxam
(LC-MS/MS)

RT

R% at
LoQ
MRMs

ME (%)
RT
R%
MRMs

ME (%)
RT
R%
MRMs

ME (%)
R%
MRMs

ME (%)
R%

MRMs

ME (%)

Vine leaves

12
70

196.9->169 (CE 15)

198.9->171(15)
4
15.2
78
125->99(CE 20)
250->125(CE20)
10
11.8
94
126.9->99 (CE 5)
172.9->99 (CE 15)
14
na

na
na
na

na

na

Boldo

9.6
67

314->258(15)
198.9->171(CE 15)
74
12.9
84.8
250->125 (CE 30)
226->186 (15)
334
9.4
82
173->117(CE15)
143->111(CE 10)
121
99
223->126(CE25)
223->99(CE47)
-35
109
292->211(CE 10)
292->246(CE 10)
73

Turmeric

1.7
71

313.8->257.8 (CE 15)
196.9->107.0 (CE 45)
41
14.7
66.6
125->89 (CE 15)
250->125 (CE 20)
89
11.47
72
172.9->99.0(CE 15)
157.8->125.0 (CE 20)
102
105
223.1->126.1 (CE 21)
223.1->73.0 (CE 55)
-45
86
292->181.1 (CE 22)
292->211.1 (CE 5)
-31

As shown in Table 1 for few pesticides analysed across all matrices and taken as an

example, the target matrix had a direct influence on the optimization of the instrumental

conditions, mainly due to the different residual matrix that elutes isobarically with the target

analytes. In this case the peak shape of target analytes was affected and compromised

analytical determination and confirmation criteria such as ion ratios. Additionally, it was noted

that the type of ME also influenced the retention time of the analytes. Shift in RTs were
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observed for the elution of analytes prepared in solvent versus those prepared in matrix.
This is a direct consequence of the distribution coefficient of the analytes, that tend to
increase when additional “matrix” is present in the chromatographic column. The use of
retention time locking as a chromatographic technology for GC-MS/MS proved essential for
qualitative and quantitative determinations. In all validated methods performed for vine
leaves, boldo, turmeric and potato it was demonstrated that method validation needs to be
specific for each analyte/matrix combination in each laboratory and for each instrumentation,
as optimization of the instrumental conditions is a specific and not a generic condition.
Therefore, it was concluded that literature information and manufacturers’ databases about
MRMs and CE can be a good start for the analysts, but in-house validation is a must for
reliable quality-controlled results and must be specific for each matrix and analyte
combination.

One conclusion from this thesis is that the concept of representative matrices is not

applicable to minor crops.

3.1.2 Compensation of matrix effects

Vine leaves, boldo leaves and turmeric powder matrices have been shown to be rich of
secondary metabolites, such as organic acids, vitamins, terpenes, alkaloids, phenolics,
tannins, carotenoids, polyphenols, etc. Due to the fact that the target analytes are generally
present at trace levels, and the secondary metabolites in about 100-1000 times higher
concentrations, sample preparation shall eliminate in bulk, as much as possible of the plant
secondary metabolites. However, this is not always 100 % possible using cheap, fast,
effective, modern methods such as QUEChERS, and an inevitable amount of coextractives
will be present in the extracts for chromatographic determination. One could revert to
traditional sample preparation methods, but that would represent a pitfall of modern
analytical technologies and eliminate all the benefits linked to QUEChERS type of
approaches. Coextractives from the matrix are unpredictable and can cause various issues
such as: ion suppression (or in some cases enhancement), poor chromatography, false
positives due to the presence of isobaric compounds, poor analyte recovery due to
partitioning or adsorption processes, and interferences with the ion ratio of the product ions
in targeted analysis. The coextractives generally cause moderate to high matrix effects,
typically suppressing the signal in LC analysis and suppressing or enhancing the signal in

GC analysis.
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It was noted that the use of mass selective detectors employing quadrupole and/or ion trap
analyzers can, under high matrix effects, fail to provide unbiased confirmation of analyte
identity. This lack of selectivity applies especially to compounds yielding non-specific ions of
low m/z values by electron impact ionisation process, i.e. dichlorvos. Under these
circumstances achieving unbiased identification and accurate quantitation may become
unfeasible because of interfering matrix ions that have the same characteristic ions as in the
target analyte. The conclusion is that the analytical laboratory must be aware of this
challenge, and identify alternative tools to overcome this phenomenon.

The lack of selectivity associated with modern generic sample preparation and clean-up can
be compensated by the increased selectivity provided by triple quadrupole (QgQ) mass
spectrometers that generally imply high sensitivity when operated in SRM/MRM target mode.
In other words, it is up to the laboratory instrumental capabilities to be able to “deviate and
account” from significant matrix effects. This conclusion is supported by the performance
criteria set by international guidelines and standards. However, analytical technology is
developing rapidly, with new, more powerful techniques available all the time [1]. To enable
analytical laboratories to fulfil their role in ensuring a safe global food supply, authorities in
developing countries, and capacity building organisations working with them, must invest
effort in optimising the application of their current analytical capabilities, and in identifying
and selecting those emerging technologies that are most appropriate in terms of
performance, cost-effectiveness, longevity and sustainability. It is important that the
development or revision of analytical performance criteria is based on sound risk analysis
rather than instrumental capabilities, and the suitability of the older, proven techniques (i.e.
specific detectors for GC) should still be recognised.

It was demonstrated that ME cannot be eliminated and therefore compensatory strategies
had to be implemented. Using the LC-MS/MS detection system it was possible to dilute the
turmeric extracts using ‘dilute and shoot” strategies. The extracts were diluted 1:5- 1:10 with
ethyl acetate before injection into the chromatographic system. In general matrix matching
was the preferred strategy adopted for compensating ME in all studies of matrices. In the
case of GC-MS/MS, the matrix coextractives acted as analyte protectants in the calibrators
and enabled proper quantification and confirmation thereby ensuring low enough LOQs.

A comparison of matrix effects observed in GC-MS/MS for cypermethryn, fenarimol,
kresoxym methyl, pendimethalin, pyrimethanil as common analytes included in the scope of
vine leaves, boldo and turmeric powder are shown in Figure 1. These analytes had shown a
lack of ruggedness in potato extracts when using QUEChERS as sample preparation

method. Only for the case of vine leaves, opposite matrix effects are shown for pyrimethanil,
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with a signal enhancement in vine leaves and signal suppression in boldo matrix by
GC-MS/MS.

M Boldo Turmeric Vine
leave

Matrix Effects (%)

0 .
cypermethryn fenarimal *Esoxx;m :J. thalin !wtf‘ar“yl

-100 ety

Selected pesticides

Figure 1: Comparison of matrix effects in vine leaves, boldo and turmeric powder for
cypermethyn, fenarimol, kresoxym methyl, pendimethalin and pyrimethanil obtained by
GC-MS/MS.

This is a further confirmation that validation parameters require fine tuning for each studied
matrix and confirms the generic conclusion that matrix effects cannot be predicted. It is
possible to conclude that the main limitation of LC-MS and GC-MS based “multiplex”
approaches is the inability to overcome matrix effects; however, compensation approaches
are available, although time consuming and with typical efficiency less than 100 %.

In addition, it was shown in the case of vine leaves, boldo and turmeric powder that, with
increasing sample matrix complexity, the high intra-matrix variations cannot be compensated
by using a “default” blank sample extract for matrix matched calibration. It is therefore
essential to identify a composite sample for the purpose of carrying out method validation
studies. Most often, finding a proper blank is a very challenging task for the analytical

chemist.
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3.1.3 Optimization of calibration strategies

Additional work was implemented to compare different calibration strategies for the detection
of 50+ pesticides in vine leaves by gas chromatography coupled to mass spectrometry,
namely matrix matching, solvent calibration and procedural calibration. The calibration
curves were constructed using linear weighted regression, and the slope of the solvent
calibration curve was the highest, while the procedural calibration curve was the lowest.

Figure 2 shows, as an example, the analyte zoxamide (Figure 2).

250000
200000
;-‘"H # Procedural Cal.
Analyte abundance value {counts) f_,-"“ Matrix Matched Cal
. ’ Solvent Cal.
"-'.-' .-"'. . _ - 1
100000 < e Linear(Procedural Cal )
- T Linear(Matrix Matched Cal.)
d _— Py — Linear(Solvent Cal )
50000 e f‘.' -
A —®
0 '_é- T T K ) |
0 20 an &0 Concentration (ng/mL} ED

Figure 2: Calibration curves for Zoxamide by GC-MS/MS

The ME of sample extracts injected in GC-MS/MS, could be well compensated by the matrix
matched curve approach. On the other hand, procedural calibration helped to compensate
for matrix effects and recovery losses, and also for extraction efficiency, if that is known to be
an issue previously identified during method validation studies for the particular
matrix-analyte combination. It was concluded that individual calibration requirements shall be
assessed on a case by case and the calibration approaches modified accordingly and in line
with reference guidelines. Investigations on the use of isotopically labelled internal standards
(ILSTD) to compensate for matrix effects were not implemented in this thesis. Initial work
indicated that ILSTD is quite challenging for GC-MS/MS applications, and LC-MS/MS is the
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preferred chromatographic technique for the Stable Isotope Dilution Assay (SIDA) format.
The ILSTD was not further implemented in this thesis as the scope was large and the costs

associated with the experimental work were outside of the allowed budget.

3.1.4 Subsampling optimization

An often-neglected aspect is the optimization of the subsampling step. This ensures
homogeneity of the analytes in the processed commodity using a defined analytical portion
amount. Sample treatment is defined as the procedure (e.g. cutting, grinding, mixing) used
to make the analytical sample acceptably homogeneous with respect to the analyte
distribution, prior to removal of the analytical portion. As part of the method validation studies
for vine leaves, this thesis also included the verification of the homogeneity of the analytical
portions at 2 g level. This was the analytical portion amount that is solvent-extracted and
analyzed using the validated analytical procedure to quantify/qualify the pesticides included
in the method scope for vine leaves. Two different approaches were adopted to verify that
the analytical portion was homogeneous enough to ensure that the sub-sampling uncertainty
was acceptable.

The first approach consisted in analysing in a single batch all analytical portions deriving
from a naturally contaminated sample. In this case the variability deriving from the analysis
of pesticide residues in the sample can be approximated to the variability of subsampling as
all other factors are kept constant.

The second approach consisted in evaluating differences arising from fortification (spiking)
experiments using blanks. Spiking was done on the blank vine leaves before sample
processing and compared to spiking in individual analytical portions after homogenization,
see Figure 3. The difference between the two procedures can be approximated to the
variability arising from sample homogenization and subsampling as all factors were kept as
constant as possible during the analytical procedure. The spiking procedure consisted in
placing the entire vine leaves on clean aluminium foil and carefully spiking using a Hamilton
syringe with mixture of pesticides at 0.01 mg/kg (see Figure3). After waiting for 30 minutes
to allow absorption of residues into the surface, the vine leaves were carefully transferred to
a mortar, and using a pestel and liquid nitrogen, the leaves were cryogenically processed to
a fine powder (See Figure 4). The samples were prepared according to the validated

method for vine leaves.
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Figure 3: Vine leaves are placed on aluminium foil and spiking experiments are carried out
using a Hamilton syringe. The solvent applied to the tray for washing the aluminium is also

analyzed and subtracted from the calculations applied for mass balance.

Figure 4: Ms B. Maestroni is processing blank samples of vine leaves using liquid nitrogen
and a mortar and pestle.
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A naturally contaminated sample, found to be positive for chlorpyrifos residues, was used to
study the sample processing homogeneity according to the first approach. Chlorpyrifos was
therefore selected as the study pesticide for the spiking experiments and included in the
spiking mixture according to the second approach.

Codex guideline CAC/GL 59-2006 [2] on estimation of uncertainty of results provides
information for the statistical background and the principle of estimating sample processing
from spiking experiments, according to approach 2. According to CAC/GL 59-2006, CVL is
the relative uncertainty of the laboratory phase of the determination which may derive from
the sub-sampling, sample preparation, sample processing and analytical steps. CVSP is the
relative uncertainty of the preparation of test portion including sub-sampling, sample
preparation and sample processing and CVA relative uncertainty of the analysis including
extraction, clean-up, evaporation, derivatization, instrumental determination.

Results of the sample processing experiments are summarized in Table 2 for the pesticide

chlorpyrifos according to the two approaches.

Table 2: Summary results for chlorpyrifos obtained from experiment aiming at verifying the

sub sampling (or sample processing) homogeneity according to two approaches, described

in the text.
Approach 1 Approach 2
nr samples 25 nr samples 9
average average
residue residue
(ne/ke) 93 (Helke) 95.7
CWip% (7] CWa [34) 2.2
CVy[30) 3.4
CVsp (%) 2.7

According to Table 2 both approaches account for less than 10 % of variability deriving from
the subsampling step, and are in line with estimated values for subsampling in other
commodities [3], [4]. This result allowed us to conclude that processing of vine leaves using
liquid nitrogen in a mortar and pestle was giving an acceptably homogeneous sample, and
that the sub-sampling variability was within acceptable levels. On the contrary if this would
have not been the case, the use of larger analytical portions (i.e. > 2 g) should have been

considered to obtain a better estimate of the true value.
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A quick verification of the subsampling step was also implemented for boldo and turmeric,
which were homogenized to fine powders using cryogenic approaches. Although apparently
easy to mix, turmeric powders surprisingly showed inhomogeneity at a first verification step
after preparation using geometric dilution. The use of IMS quickly allowed confirmation of the
subsampling homogeneity using the information provided by the volatile fraction. The
subsampling step had to be redesigned to account for mixing for 5 minutes in a ball mill,
followed by mixing using a mortar and pestle for 15 minutes with the addition of liquid

nitrogen.

3.1.5 Sample preparation development and optimization

Before validation can be demonstrated, it is imperative to develop and/or adapt a sample
preparation method. From the more simplistic approach of dilute and shoot, a wide variety of
sample preparation approaches can be applied. In this thesis, generic sample preparation
protocols such as QUECheRS sample preparation were applied to the minor crops under
study, and specific clean-up combinations were implemented on vine leaves, boldo and
turmeric matrix. TLC and IMS techniques were used to identify the optimized conditions for

the studied analyte/matrix combinations (Figure 5).

12 3 4 56 7 B 9 101112

Figure 5. Example of a set of clean-up salt combinations (from 1 to 12, different
concentrations of PSA and MgSO,) as applied to blank vine leaves matrix and spotted on

thin layer chromatography (TLC) plates.
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An important variable in all studies was the addition of water to the food matrices, to help the
organic solvent to better extract the analytes. The vegetal material swells with the added
water, facilitating the extraction of some of the more polar analytes. In the case of water
miscible solvents (acetonitrile, methanol), the analytes are easily dissolved or partitioned
when water immiscible solvents (Ethyl Acetate, Dichloromethane) are used.

In general, primary secondary amine (PSA) in combination with reversed phase carbon
(RP-C18), graphitized carbon black (GCB) and other sorbents such as florisil, alumina and
calcium chloride (CaCl,) were shown to be effective in a certain extent in matrix removal
according to the published literature [5], [6]. In all studies, the final selected sample
preparation method was a trade-off between residue determination and a certain degree of
matrix effects. In this thesis an effort to “greening” the analytical process was also achieved
by avoiding the use of very toxic chlorinated solvents such as dichloromethane, and by
miniaturizing the method conditions. The optimization included a verification of the method
performance parameters, especially recovery, and standard deviation (accuracy & precision)
using the lowest possible analytical portion weight, i.e. 2 g of sample, that resulted being
sufficiently homogeneous in respect to analyte distribution, and sufficient in respect to the
achieved LOQ. This consequently implied lower volumes of solvents used for extraction and
lower amounts of sorbents for sample preparation, thereby going in the direction of “green

chemistry” principles [7].

3.1.5.1 Homogeneity verification process

A new approach to verify the homogeneity of the turmeric powder samples was implemented
using IMS. In practice, the volatile components of the turmeric samples were measured
using a headspace gas chromatography - ion mobility spectrometer (HS-GC-IMS). In a first
attempt, five different commercial blank turmeric samples, one pooled sample and an
authentic (laboratory-dried/finely powdered turmeric rhizome) sample profiles were obtained
by GC-IMS and were compared in terms of their chemical composition using principal
component analysis (PCA) as shown in literature [8]. Each sample produced a specific
chemical fingerprint. The pooled sample, prepared by geometric dilution, was offset in
comparison to the original incremental samples and therefore was consider as insufficiently
homogeneous. Therefore, a new blank composite (pooled) preparation approach was

implemented, and the final pooled turmeric powder thus obtained was sufficiently
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homogeneous and representative for method validation studies. The novelty of this approach
relies upon the use of IMS as a quick and non-destructive technique for turmeric powder,
that carries a lot of valid information and helps verifying the homogeneity of the subsampling

step.

3.2 \Validation of analytical methods for minor crops

The present work focuses on different aspects of method validation, which is the process of
characterising the performance to be expected from a method in terms of its scope,
specificity, accuracy sensitivity, repeatability, within laboratory reproducibility, among others,
or, in other terms, defined as the process to assess the analytical method’s fitness for
purpose.

This thesis had the objective to investigate all aspects inherent to the minor crops’ analytical
method validation. The optimization of subsampling homogeneity, the efficiency of extraction
for crops traded as dry matrices, the representativeness of blank matrices used for validation
studies, the matrix effects, the achievable LOQ and compliance to existing MRLs, the
chromatographic optimization, the stability of retention times, were some of the challenges
studied in due course. Precise adjustments of all conditions and complex sample preparation
details and optimization demonstrated that each matrix behaves very differently from all
others, thus supporting the concept that method validation shall be a “fine-tuning moving
mechanism” to allow proof of fithess of complex biological structures. Existing method
validation guidelines are helpful to provide the desirable benchmark for performance criteria,
but ultimately it is the specific fine tuning that the analyst can apply, based on professional
judgement and experience, that provides the best trade-off for all conditions. This was
demonstrated for vine leaves, boldo and turmeric. To summarize, mechanization of certain
analytical steps can represent a useful help to the analytical chemist, but cannot replace the
judgement of a well-trained analyst in delivering the best conditions for testing. The methods
were all successfully applied to the analysis of real market samples and proven fit for

purpose.

3.3 Verification of ruggedness and robustness

Ruggedness and robustness were studied in two different commodities, potato and turmeric,

a major and a minor crop respectively. Different experimental approaches were applied:
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design of experiments (DoE) and interlaboratory comparisons. Although those approaches
are applied to intra-laboratory and inter-laboratory conditions, they both provided a measure
of fitness for purpose for the developed and validated methods. This thesis considered that
the necessities of laboratories may vary depending on the availability of commercial
proficiency testing schemes, and the availability of valid collaborators that are working on
similar matrices and studies. It is not always possible to identify such schemes or
collaborations, and the analytical laboratory needs to have tools at hand to demonstrate
fitness for purpose, as an objective proof which is often required by accreditation bodies
during accreditation processes. The goal to provide laboratories with a methodology to
validate the ruggedness or robustness of a method was achieved. The study in potato
showed that several DoE can be utilized to generate such information, in a relatively fast and
cheap way. A Plackett Burman design (PBD) and an augmented definitive screening design
(DSD) were implemented and compared for use in analytical laboratories worldwide. While
the PBD is cheaper in terms of the number of replicates needed, the DSD provides more
information to the analytical chemist, mainly in the identification of the analytical parameters
that need to be under strict control through adherence to prescriptions such as standard
operating procedures.

The interlaboratory work was applied to two matrices: boldo and turmeric. In boldo the
analytical determinations were carried out using GC-MS/MS, and these data contributed to
establishing the method performance parameters for the boldo multiresidue method. In the
case of turmeric, a full interlaboratory study was implemented to study key method
performance parameters. A comparison of the results demonstrated that the inter laboratory
reproducibility was confirmed for 32 GC and 34 LC amenable compounds in Austria and
Uruguay, according to the results presented in Annex 1. As a general conclusion of this
interlaboratory tool, it was noted that a minimal financial investment is required by the
analytical laboratory to be able to implement the DoE and proficiency testing and / or
collaborative studies. The required resources need to be available and included in the

planning of the analytical processes of the laboratory.

3.4 Provision of inputs for regulatory frameworks

To contribute to the provision of information for food safety as an input to the food control
process (regulatory framework), a study on dissipation of residues in vine leaves was

implemented in Syria and Austria with contributions from Uruguay. The goal was to highlight
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the dependence of compliance of pesticide residues to potential MRLs as a function of the
regulatory framework chosen. To be more specific, this study helped generating information
for the potential establishment of MRL, as they are practically non-existent for grapevine
leaves, apart from only one MRL for one neonicotinoid pesticide (in the EU legislation, only).
Information about maximum residue values, withholding time and dissipation rates, amongst
others, are important information required to evaluate, and assess the impact of dietary
exposure to pesticides from consumption of contaminated food products. These parameters
are obtained either experimentally or through modelling, and vary according to the type of
pesticide, type of crop and prevailing environmental conditions. In this collaborative work it
was shown that the WHP varies for the different pesticides and crop combinations and
corroborates previous findings [9], [10], [11], [12]. The WHP is important information that
needs to be generated to demonstrate that residues in the treated crop will not exceed the
maximum residue limit. The study on dissipation behaviour of pesticides in vine leaves
helped address the role of the analytical laboratory in the interpretation of chemical residues
and contaminants, and its advisory role for the improvement of good agricultural practices
(GAPs) towards improved agricultural practices. From this work it was possible to show that
due to different conditions, i.e. climatic conditions, applications, type of pests, etc. each
country should make local efforts to protect its market and consumers. Therefore, MRLs
setting at CODEX should be considered as a harmonization of MRLs with efforts and
contributions from all countries worldwide, to take into account regional and country specific
differences. While MRLs are a means to protect the market, toxicological endpoints (ADI,
etc,) are directly considered for the protection of consumer health and are indirectly

monitored through national monitoring programmes.

3.5 Contributions to the understanding of minor crops organic trace analysis

Another conclusion from this work is that the concept of representative matrices, as
discussed in the Codex [13] and the SANCO [14] guidelines, is not applicable to minor
crops. According to the above-mentioned guidelines, in the category of “difficult or unique
commodities” spices are listed as an example of typical representative commodities within
the category. This isn’'t exactly a specific indication of what a representative matrix should
be. The category of minor crops is so wide and includes very different commodities from a
botanical aspect. The attribute minor crop refers to a quantitative (trade) aspect as

discussed previously. Specific optimizations of sample processing and analytical sample
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determination were shown to be strictly necessary in the case of analytical validation for
pesticide and other organic contaminants in minor crops. There is a demonstrated need for
specific validation of each minor crop commodity, especially due to the inherent matrix
effects that challenge the analytical determination. In addition, the EU SANCO document
includes the statement that “difficult commodities should only be fully validated if they are
frequently analyzed. If they are only tested occasionally, validation may be reduced to just
checking the reporting limits using spiked blank extracts”. It was possible to demonstrate that
full validation is a must for each minor crop or difficult commodity. High matrix effects were
encountered for vine leaves, boldo and turmeric matrices, requiring a full validation and an
extended knowledge of the studied matrices to identify the critical points of the analytical
procedure. Just checking the reporting limits using spiked blank extracts may not be
sufficient. Subsampling and homogeneity need to be verified, sample preparation needs to
be optimized along with the instrumental optimization (MRM transitions) as previously
discussed. Eventually minor crops, such herbs and spices, are commodities that within each
type, may have such a variety of different commodities that specific and holistic methods for

ensuring food safety need to be implemented in each case.

3.6 First insights to multiclass methods

Rather than classical methods that are more single class oriented, modern multiresidue
methods were applied to the determination of residues and contaminants in vine leaves,
boldo and turmeric samples using LC-MS/MS and GC-MS/MS. The importance of
developing, adapting and validating multi residue, multi analyte, multi class or in other words
“‘multiplex analytical methods” to be able to study a broad scope of analytes within the same
sample preparation procedure was shown in each single study. To date no regulatory
guidelines or standards are available that regulate all classes of contaminants and residues
simultaneously. However, in case of a contaminant or residue being detected, the analyst is
obliged to comply with the requirements of the specific legislation for the class of interest.
“Multiplex” technology is becoming more and more applied due to its analytical screening
advantages compared to single classical analytics. The analytical community recognizes the
importance of being able to screen for a large number of commodities, however confirmatory
methods need to be at least as selective, specific, precise, accurate, rugged, fit for purpose

as possible, and eventually also quick, cheap, environmentally friendly and risk based.

3.7 Uncertainty estimations
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An uncertainty estimation was carried out in the turmeric study as a quantitative indicator of
the confidence in the generated analytical data, and it was shown that the uncertainty of all
the analytes did not exceed the default value of 50 % as indicated in the Codex [2] and
SANTE guideline [14]. It was shown that a thorough analysis of the method not only
identified possible uncertainty budget, but also helped identifying critical points and where
needed, helped improve the analytical method. As in the case of ruggedness testing, the
estimation of uncertainty is a useful tool to identify pitfalls in the analytical procedure and
correct for small possible sources of errors that would otherwise go undetected. Figure 6
provides a quick summary of the possible sources of uncertainty of the analytical procedure

as identified in the turmeric study.

Bilas [systematic error)

0 Instrument deterioration

0 Ageing of reagents

0 Incorrectly prepared standards
0 Incorrect matrix (e.g. buffer pH)
' 0 Inaccurate calibration

Precision [random error)

O Pipetting arrors

o Improperly mixed reagents/ specimens
Random 0 Timing or temperature gradients

O Instrument instability

(SDJ, o Inadequate washing

Precision

Number of abservations

Total error =
Systematic error + random error

“True” Mean Result Concentration
value (x) value

Figure 6: Possible sources of errors in quantitative analysis

Uncertainty evaluation has become a must in organic trace analysis. The accurate
evaluation of the uncertainty measurement gives an extra value to the analytical data and

provides reliability and analytical confidence in the obtained results.
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Capitulo 3: Discusidén global de los resultados
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3.1. Optimizacion de condiciones antes de la validacion

La optimizacién del método instrumental y de las condiciones de preparacion de la muestra
fueron fundamentales para obtener datos fiables que pudieran utilizarse para obtener
resultados precisos y exactos en los estudios. Se aplicaron enfoques de optimizacién a
matrices complejas y, como resultado, se demostr6 que el rendimiento analitico es
aceptable para residuos y contaminantes en papa, hojas de Vitis, boldo y curcuma. Los
equipos cromatograficos empleados fueron equipos de cromatografia gaseosa vy liquida
acoplados a espectrometria de masas, tal como es el requerimiento del estado del arte en
andlisis de trazas organicas, empleando la estrategia “target” o dirigidas para las

determinaciones analiticas.

3.1.1 Optimizacién instrumental

Antes de ejecutar cualquier medicion, es fundamental realizar la optimizacion instrumental.
Las condiciones de LC-MS / MS y GC-MS / MS se optimizaron selectivamente para el
analisis del alcance del método especifico para cada tipo de matriz estudiada (papa, hojas
de Vitis, boldo y curcuma). La mezcla inicial de pesticidas y contaminantes se prepar6 en
disolvente (acetato de etilo) para identificar las transiciones mas adecuadas utilizando Multi
Reaction Mechanisms (MRM) y optimizar las energias de colisién (CE) utilizadas durante el
analisis de los compuestos. Las transiciones MRM y las condiciones de MS se establecieron
usando el modo de analisis de inyeccion de flujo para la metodologia LC-MS / MS y usando
la busqueda de iones padres y el modo de escaneo de iones productos para la identificacion
en GC-MS / MS. Cada una de las combinaciones de analito / producto resulté ser unica en
su optimizacién instrumental.

Los efectos de la matriz debian ser identificados y evaluados para poder ajustar la
estrategia instrumental y asi evitar en la mayor medida posible la coelucion de analitos y
matriz. En otras palabras, las transiciones de MRM debian adaptarse cuidadosamente para
evitar distorsiones de los picos debido a las influencias de la matriz, con el objetivo de
identificar y calificar la transicion de MRM mas selectiva que proporcionaba una forma de
pico aceptable y una relacién S / N aceptable en la calibracibn mas baja a nivel de

cuantificacién en modo dirigido.
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Tabla 1: Influencia de la matriz estudiada sobre las condiciones y desempefio de

plaguicidas seleccionados en determinaciones por GC-MS / MS y LC-MS / MS

Chlorpyrifos
(GC-MS/MS)

Tebuconazole
(GC-MS/MS)

Malathion

(GC-MS/MS)

Acetamiprid
(LC-MS/MS)

Thiamethoxam
(LC-MS/MS)

RT

R% at
LoQ
MRMs

ME (%)
RT

R%
MRMs

ME (%)
RT
R%
MRMs

ME (%)
R%
MRMs

ME (%)
R%

MRMs

ME (%)

Vine leaves

12
70

196.9->169 (CE 15)

198.9->171(15)
4
15.2
78
125->99(CE 20)
250->125(CE20)
10
11.8
94
126.9->99 (CE 5)
172.9->99 (CE 15)
14
na

na
na
na

na

na

Boldo

9.6
67

314->258(15)
198.9->171(CE 15)
74
12.9
84.8
250->125 (CE 30)
226->186 (15)
334
9.4
82
173->117(CE15)
143->111(CE 10)
121
99
223->126(CE25)
223->99(CE47)
-35
109
292->211(CE 10)
292->246(CE 10)
73

Turmeric

1.7
71

313.8->257.8 (CE 15)
196.9->107.0 (CE 45)
41
14.7
66.6
125->89 (CE 15)
250->125 (CE 20)
89
11.47
72
172.9->99.0(CE 15)
157.8->125.0 (CE 20)
102
105
223.1->126.1 (CE 21)
223.1->73.0 (CE 55)
-45
86
292->181.1 (CE 22)
292->211.1 (CE 5)
-31

Como se muestra en la Tabla 1, para algunos plaguicidas analizados en todas las matrices

y tomados como ejemplo, la matriz tuvo una influencia directa en la optimizacion de las

condiciones

instrumentales, principalmente debido a

los coextractivos de la matriz

especifica estudiada que eluyen isobaricamente con los analitos objetivo. En este caso, la

forma del pico de los analitos de la matriz en estudio se vio afectada y comprometio la
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determinacion analitica y los criterios de confirmacion, como, por ejemplo, las proporciones
de iones. Ademas, se observo que el Efecto Matriz (EM) también influyé en el tiempo de
retenciéon de los analitos. Se observaron cambios en los tiempos de retencion (tz) para la
elucién de analitos preparados en disolvente frente a los preparados en matriz. Esta es una
consecuencia directa del coeficiente de distribucién de los analitos, que tiende a aumentar
cuando estd presente una “matriz” adicional en la columna cromatografica. El uso del
bloqueo del tiempo de retencién como tecnologia cromatografica para GC-MS / MS resultd
esencial, para cada combinacién analito-matriz, en las determinaciones cualitativas y
cuantitativas. En todos los métodos validados en esta tesis; hojas de Vitis, boldo, curcuma y
papa se demostré que la validacién del método debe ser especifica para cada combinacion
analito / matriz en cada laboratorio y para cada instrumentacion, ya que la optimizacion de
las condiciones instrumentales es un factor especifico y no una condicién genérica. Por lo
tanto, se concluyé que la informacion bibliografica y la base de datos de MRM y CE de los
fabricantes pueden ser un buen comienzo para los analistas, pero la validacion interna es
imprescindible para obtener resultados confiables y debe ser especifica para cada
combinacién de matriz y analito y cumplir asi los criterios de control de calidad analiticos.

Una conclusion de esta tesis es que el concepto de matrices representativas no es aplicable

a cultivos menores.

3.1.2 Compensacion de efectos de matriz

Se ha demostrado que las hojas de Vitis, las hojas de boldo y el polvo de curcuma son
matrices ricas en metabolitos secundarios, como acidos organicos, vitaminas, terpenos,
alcaloides, fendlicos, taninos, carotenoides, polifenoles, etc. Debido a que los analitos target
estan presentes en niveles de traza, y los metabolitos secundarios en concentraciones
aproximadamente 100-1000 veces mas altas, la preparacion de la muestra debera eliminar,
tanto como sea posible, los metabolitos secundarios de la planta. Sin embargo, esto no
siempre se logra en un 100% a pesar de utilizar los métodos modernos, baratos, rapidos y
eficaces como QUEChERS, y una cantidad inevitable de coextractivos estara presente en
los extractos para la determinacién cromatografica. Se podria volver a los métodos
tradicionales de preparacion de muestras, pero eso representaria un incremento en la
dispersion de errores. Tomando ventaja de las tecnologias analiticas modernas se prefiere
adoptar todos los beneficios vinculados al tipo de enfoques QUEChERS. Los coextractivos

de la matriz son impredecibles y pueden causar varios problemas como: supresion de iones
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(o en algunos casos su aumento), cromatografia deficiente, falsos positivos debido a la
presencia de compuestos isobdricos, recuperaciones bajas de los analitos debido a
procesos de particion o adsorcion e interferencias con la relacion de iones de los iones del
analito en el analisis dirigido. Los coextractivos generalmente causan efecto matriz de
moderados a altos, por lo general suprimiendo la sefal en el analisis por LC y suprimiendo o
mejorando la sefal en el andlisis por GC.

Se observd que el uso de detectores selectivos de masas que emplean analizadores de
trampa de iones y / o cuadrupolos simples puede, cuando se producen efectos de matriz
elevados, no proporcionar una confirmacion objetiva de la identidad del analito. Esta falta de
selectividad se aplica especialmente a compuestos que producen iones no especificos de
valores bajos de m / z mediante el proceso de ionizacién por impacto de electrones, por
ejemplo, diclorvos. En estas circunstancias, el logro de una identificaciéon sin sesgo y una
cuantificacion exacta y precisa puede volverse inviable debido a la interferencia de los iones
de la matriz que tienen iones con las mismas caracteristicas que en el analito objetivo. La
conclusion es que en un laboratorio analitico se debe ser consciente de este desafio e
identificar herramientas alternativas para superar este fenémeno.

La falta de selectividad asociada con la preparacion y limpieza de muestras genéricas
modernas puede compensarse con la mayor selectividad proporcionada por los
espectrometros de masas de triple cuadrupolo (QqQ) que generalmente implican también
una alta sensibilidad cuando se operan en el modo objetivo SRM / MRM. En otras palabras,
depende de las capacidades instrumentales del laboratorio poder "desviarse y contabilizar"
los efectos de matriz significativos para cumplir con los objetivos analitocs que se le
plantean. Esta conclusion esta respaldada por los criterios exigidos para el desempefio del
método establecidos por las pautas y estandares internacionales, apoyadas en el hecho de
que la tecnologia analitica se estd desarrollando rapidamente, poniendo a disposicion
técnicas nuevas y mas poderosas continuamente [1].

Para permitir que los laboratorios analiticos cumplan su funcién de garantizar un suministro
mundial de alimentos seguros, las autoridades de los paises en desarrollo y las
organizaciones que fomenten el avance de las capacidades analiticas en los laboaratorios
deben invertir esfuerzos en optimizar la aplicacién de las capacidades disponibles.También
es importantismo que puedanidentificar y seleccionar las tecnologias emergentes mas
apropiadas en términos de rendimiento, rentabilidad, longevidad y sostenibilidad. Es
importante que el desarrollo o la revision de los criterios de desempefio analitico sea dictado

por un riesgo real mas que en nuevas inversiones analiticas y instrumentales. En ese marco

Page 213 of 242



la idoneidad de las técnicas mas antiguas y probadas debe mostrar su ajuste a las
necesidades de inocuidad alimentaria actuales.

Es de destacar que se demostré que el EM no se puede eliminar y, por lo tanto, se tuvieron
que implementar estrategias compensatorias. Usando el sistema instrumental LC-MS / MS
fue posible diluir los extractos de curcuma y minimizar estos efectos con las estrategias de
"diluir y inyectar". Los extractos se diluyeron 1: 5 a 1:10 con acetato de etilo antes de
inyectarlos en el sistema cromatografico. En general, en este trabajo la coinyeccion de los
estandares con la matriz (matrix matching calibration) fue la estrategia preferida adoptada
para compensar los EM en todas las matrices en estudio. En el caso de GC-MS / MS, los
coextractivos de la matriz actuaron como protectores de analitos en los calibradores y
permitieron una cuantificacion y confirmacion adecuadas, lo que garantiza LOQ
suficientemente bajos.

En la Figura 1 se muestra una comparacion de los efectos de la matriz observados en
GC-MS / MS para cipermetrina, fenarimol, kresoxym metyl, pendimetalin, pirimetanil como
analitos que fueron incluidos en el alcance de las hojas de Vitis, boldo y curcuma en polvo.
Estos analitos habian mostrado una falta de robustez en los extractos de papa cuando se
usaba QUEChERS como método de preparacién de muestras.

Solo para el caso de hojas de Vitis, se muestran efectos de matriz opuestos para pirimetanil,
con mejora de senal. Para el caso de Boldose observd una supresiéon de seial en matriz de
boldo por GC-MS / MS.

M Boldo Turmeric Vine
leave

Matrix Effects (%)

0 .
cypermethryn fenarimal *Esom;m :J. thalin !wtf‘ar“yl

-100 ety

Selected pesticides
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Figura 1: Comparacion de los efectos de la matriz en hojas de vid, boldo y polvo de
curcuma para cypermethyn, fenarimol, kresoxym methyl, pendimethalin y pirimetanil
obtenido por GC-MS / MS.

Esta es una confirmacion mas de que los parametros de validacion requieren un ajuste fino
para cada matriz estudiada y confirma la conclusién genérica de que los efectos de la matriz
no se pueden predecir y deben ser evaluados en cada combinacién matriz / plaguicida Es
posible concluir que la principal limitacion de los enfoques “multiplex” basados en LC-MS /
MS y GC-MS /MS es la incapacidad de superar los efectos de la matriz; sin embargo, hay
métodos de compensacion disponibles, aunque consumen mucho tiempo con una eficiencia
inferior al 100%.

Se demostrd en el caso de las hojas de Vitis, el boldo y el polvo de curcuma que, con el
aumento de la complejidad de la matriz de la muestra, las altas variaciones intramatriz no se
pueden compensar mediante el uso de un extracto de muestra en blanco "predeterminado”
para la calibracion ajustada por matriz. Por tanto, es fundamental identificar una muestra
compuesta y representativa con el fin de realizar estudios de validacion de métodos. Muy a
menudo, encontrar un blanco adecuado es una tarea muy desafiante para el quimico

analitico.

3.1.3 Optimizacion de estrategias de calibracion

Se implementd un trabajo adicional para comparar diferentes estrategias de calibracién para
la deteccion de mas de 50 pesticidas en hojas de Vitis mediante cromatografia de gases
acoplada a espectrometria de masas tandem. Se trabajdé realizando comparacién de
matrices, calibracion de solventes y calibracion de procedimientos. Las curvas de
calibracién se construyeron usando regresion lineal ponderada, y la pendiente de la curva
de calibracion del solvente fue la mas alta, mientras que la curva de calibracion de
procedimiento fue la mas baja. La Figura 2 muestra, a modo de ejemplo, el analito

zoxamida (Figura 2).
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Figura 2: Curvas de calibracién para Zoxamide por GC-MS / MS

Los EM de los extractos inyectados en GC- MS / MS se pudieron compensar bien mediante
el enfoque de la curva ajustada por la matriz. Por otro lado, la calibracion de procedimientos
ayuddé a compensar los efectos de la matriz y las pérdidas de recuperacion, asi como la
eficiencia de la extraccion. Esto es util cuando es un problema previamente identificado
durante los estudios de validacién de métodos para la combinacién particular de matriz y
analito. Se concluyé que los requisitos de calibracion individuales se deben evaluar caso por
caso y los enfoques de calibracion se modificaran en consecuencia y de acuerdo con las
directrices de referencia.

En esta tesis no se implementaron investigaciones sobre el uso de estandares internos
marcados isotdpicamente (ILSTD) para compensar los efectos de la matriz. El trabajo inicial
indico que ILSTD es muy desafiante para las aplicaciones de GC-MS / MS, y LC-MS / MS
que son las técnicas cromatograficas preferidas para el formato de ensayo de dilucién de
isotopos estables (SIDA). EI ILSTD no se implementd en esta tesis ya que el el numero de
analitos marcados necesarios para el alcance analticos multirresiduo era grande y los

costos asociados con el trabajo experimental estaban fuera del presupuesto permitido.

3.1.4 Optimizacién del submuestreo
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Un aspecto que a menudo se pasa por alto es la optimizacion del paso de submuestreo.
Esto asegura la homogeneidad de los analitos en el producto procesado utilizando una
cantidad de porcion analitica definida. El tratamiento de la muestra se define como el
procedimiento (por ejemplo, cortar, triturar, mezclar) utilizado para hacer que la muestra
analitica sea aceptablemente homogénea con respecto a la distribucién de los analitos,
antes de retirar la porcién analitica. Como parte de los estudios de validacion del método
para hojas de Vitis, esta tesis también incluy6 la verificacion de la homogeneidad de las
porciones analiticas utilizando de 2 g de muestra. Esta fue la porcion analitica sobre la que
se realizo la preparacion de muestra; extraccion con solvente y limpieza del extracto que fue
posteriormente analizada utilizando el procedimiento analitico validado para cuantificar /
calificar los pesticidas incluidos en el alcance del método para hojas de Vitis. Se adoptaron
dos enfoques diferentes para verificar que la parte analitica fuera lo suficientemente
homogénea y representativa para garantizar que la incertidumbre del submuestreo fuera
aceptable.

El primer enfoque consistié en analizar en un solo lote todas las porciones analiticas
derivadas de una muestra contaminada naturalmente. En este caso, la variabilidad derivada
del analisis de residuos de plaguicidas en la muestra puede aproximarse a la variabilidad
del submuestreo, ya que todos los demas factores se mantienen constantes.

El segundo enfoque consistié en evaluar las diferencias que surgen de los experimentos de
fortificacion utilizando blancos de matriz. La adicién se realizé en las hojas de Vitis en
blanco *antes del procesamiento de la muestra y se comparé con la adicién en porciones
analiticas individuales después de la homogeneizacion, ver Figura 3. La diferencia entre los
dos procedimientos se puede aproximar a la variabilidad que surge de la homogeneizacién
de la muestra y el submuestreo, ya que todos los factores se mantuvieron constantes
durante el procedimiento analitico. El procedimiento de adicién consistid en colocar todas
las hojas de Vitis en papel de aluminio limpio y con cuidado usando una jeringa Hamilton
con una mezcla de pesticidas a 0.01 mg / kg (ver Figura 3). Después de esperar 30 minutos
para permitir la absorcion de los residuos en la superficie, las hojas de Vitis se transfirieron
cuidadosamente a un mortero y, utilizando un pistilo y nitrdgeno liquido, las hojas se
procesaron criogénicamente hasta obtener un polvo fino (Ver Figura 4). Las muestras se

prepararon segun el método validado para hojas de Vitis.
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Figura 3: Se colocan hojas de Vitis sobre papel de aluminio y se llevan a cabo
experimentos de adicién con una jeringa Hamilton. El disolvente aplicado a la bandeja para
lavar el aluminio también se analiza y se resta de los calculos aplicados para el balance de

masa.

Figura 4: B. Maestroni procesando muestras en blanco de hojas de Vitis utilizando

nitrégeno liquido y un mortero.

Se utiliz6 una muestra contaminada naturalmente, que resulté positiva para residuos de

clorpirifos, para estudiar la homogeneidad del procesamiento de la muestra de acuerdo con
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el primer enfoque. Por lo tanto, se seleccioné el clorpirifos como plaguicida de estudio para
los experimentos de adicion y se incluyé en la mezcla de adicion de acuerdo con el segundo
enfoque.

La directriz del Codex CAC / GL 59-2006 [2] sobre la estimacion de la incertidumbre de los
resultados proporciona informacion para los antecedentes estadisticos y el principio de
estimacion del procesamiento de muestras a partir de experimentos de adicion, de acuerdo
con el enfoque 2. Segun CAC / GL 59-2006, CV, es la incertidumbre relativa de la fase de
laboratorio de la determinacién que puede derivarse del submuestreo, preparacién de la
muestra, procesamiento de la muestra y pasos analiticos. CVgp es la incertidumbre relativa
de la preparacidon de la porcion de prueba, incluido el submuestreo, la preparacion de la
muestra y el procesamiento de la muestra, y la incertidumbre relativa del CV, del analisis,
incluida la extraccion, limpieza, evaporacion, derivatizacién y determinacion instrumental.
Los resultados de los experimentos de procesamiento de muestras se resumen en la Tabla

2 para el pesticida clorpirifos de acuerdo con los dos enfoques.

Tabla 2: Resumen de resultados para clorpirifos obtenidos del experimento con el objetivo
de verificar la homogeneidad del submuestreo (o procesamiento de la muestra) de acuerdo

con los dos enfoques descritos en el texto.

Approach 1 Approach 2
nr samples 25 nr samples 9

average average
residue residue

(ne/ke) 93 (nelke) 85.7

CWsp [ CV, (36) 2.2

CV (%) 34

CVse (%) 27

De acuerdo con la Tabla 2, ambos enfoques representan menos del 10% de la variabilidad
derivada del paso de submuestreo y esta en consonancia con los valores estimados para el
submuestreo en otros productos basicos [3], [4]. Este resultado permitid concluir que el
procesamiento de hojas de Vitis utilizando nitrdgeno liquido en un mortero estaba dando
una muestra aceptablemente homogénea, y que la variabilidad del submuestreo estaba
dentro de niveles aceptables. Por el contrario, si este no hubiera sido el caso, se deberia
haber considerado el uso de porciones analiticas mas grandes (es decir,> 2 g) para obtener

una mejor estimacion del valor real.
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También se implementé una verificacion rapida del paso de submuestreo para el boldo y la
curcuma, que se homogeneizaron en polvos finos utilizando enfoques criogénicos. Aunque
aparentemente son faciles de mezclar, los polvos de curcuma sorprendentemente
mostraron falta de homogeneidad en un primer paso de verificacion después de la
preparacion usando dilucién geométrica.

El uso de IMS permitié rapidamente la confirmacion de la homogeneidad del submuestreo
utilizando la informacion proporcionada por el perfil de la fraccién volatil. El paso de
submuestreo tuvo que ser redisefiado para tener en cuenta el mezclado durante 5 minutos
en un molino de bolas, seguido de un mezclado usando un mortero y mano durante 15

minutos con la adicién de nitrégeno liquido.

3.1.5 Desarrollo y optimizacién de la preparacion de muestras

Antes de que se pueda demostrar la validacién, es imperativo desarrollar y / o adaptar un
método de preparacion de muestras. Desde el enfoque mas simplista de “diluir y inyectar”,
se puede aplicar una amplia variedad de enfoques de preparacién de muestras. En esta
tesis, se aplicaron protocolos genéricos de preparacion de muestras como la preparacion de
muestras QUECheRS a los cultivos menores en estudio, y se implementaron combinaciones
especificas de limpieza en hojas de Vitis, boldo y matriz de curcuma. Se utilizaron técnicas
de TLC e IMS para identificar las condiciones optimizadas para las combinaciones de

analito / matriz estudiadas (Figura 5).

7 E 9 101112

Figura 5: Ejemplo de un conjunto de combinaciones de sal de limpieza (desde 1 a 12,
concentraciones diferentes de PSA y MgSO,) aplicadas a la matriz de hojas de Vitis en

blanco y manchadas en placas de cromatografia de capa fina (TLC).
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Una variable importante en todos los estudios fue la adicion de agua a las matrices
alimentarias, para ayudar al solvente organico a extraer mejor los analitos. EI material
vegetal se hincha con el agua afadida, lo que facilita la extraccion de algunos de los
analitos mas polares. En el caso de disolventes miscibles en agua (acetonitrilo, metanol),
los analitos se reparten mas facilmente que cuando se utilizan disolventes inmiscibles en
agua (acetato de etilo, diclorometano).

En general, segun lo reportado en literatura, la amina primaria secundaria (PSA) en
combinacién con silica de fase reversa (RP-C18), negro de carbon grafitizado (GCB) y otros
sorbentes como florisil, alimina y cloruro de calcio (CaCl,) demostraron ser efectivos en
cierta medida. para eliminar de la matriz compuestos especificos. [5], [6]. En todos los
estudios, el método final de preparacion de muestras seleccionado fue un compromiso entre
la determinacién de residuos y un cierto grado de efectos de la matriz. En esta tesis también
se logré un esfuerzo por volver mas” verde” el proceso analitico evitando el uso de
disolventes clorados muy téxicos como el diclorometano y miniaturizando las condiciones
del método. La optimizacion incluyd una verificacion de los parametros de rendimiento del
método, especialmente la recuperacion, y la desviacion estandar (exactitud y precision)
utilizando el peso de la porcion analitica mas baja posible, es decir, 2 g de muestra, que
resultd ser suficientemente homogénea con respecto a la distribucién del analito, y
suficiente con respecto al LOQ alcanzado. En consecuencia, esto implic6 menores
volumenes de disolventes utilizados para la extraccién y menores cantidades de sorbentes
para la preparacion de muestras, yendo asi en la direccion de los principios de la “quimica
verde” [7].

3.1.5.1 Proceso de verificacion de homogeneidad

Se implementd un nuevo enfoque para verificar la homogeneidad de las muestras de polvo
de curcuma utilizando IMS. En la practica, los componentes volatiles de las muestras de
curcuma se midieron utilizando un espectrémetro de movilidad i6nica por cromatografia de
gases de espacio de cabeza (HS-GC-IMS). En un primer intento, se obtuvieron mediante
GC-IMS cinco muestras comerciales de curcuma en blanco diferentes, una muestra
combinada y una muestra auténtica (rizoma de curcuma secada en laboratorio / finamente
pulverizada) y se compararon en términos de su composiciéon quimica utilizando el analisis

de componentes principales (PCA) como se muestra en la literatura [8]. Cada muestra
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produjo una huella quimica especifica. La muestra combinada, preparada mediante dilucion
geométrica, se compenso en comparacion con las muestras elementales originales y, por lo
tanto, se considerd insuficientemente homogénea. Por lo tanto, se implementé un nuevo
enfoque de preparacién de matriz blanco (combinado)EIl polvo de circuma combinado final
obtenido por mezclado en un molino de boles y posoterior homogeinizacion en mortero fue
suficientemente homogéneo y representativo para los estudios de validacién del método. La
novedad de este enfoque se basa en el uso de IMS como una técnica rapida y no
destructiva para la curcuma en polvo, para verificar la homogeneidad del paso de

submuestreo.

3.2 Validaciéon de métodos analiticos para cultivos menores

El presente trabajo se centra en diferentes aspectos de la validacion de métodos, que es el
proceso de caracterizar el desempefio que se espera de un método en términos de su
alcance, especificidad, precisién, sensibilidad, repetibilidad, reproducibilidad dentro del
laboratorio, entre otros, o, en otros términos, definido como el proceso para evaluar la
idoneidad del método analitico para su propésito.

Esta tesis tuvo como objetivo investigar todos los aspectos inherentes a la validacion del
método analitico de cultivos menores. La optimizacion de la homogeneidad del
submuestreo, la eficiencia de extracciéon para cultivos comercializados como matrices
secas, la representatividad de las matrices blanco utilizadas para los estudios de validacion,
los efectos de la matriz, el LOQ alcanzable y el cumplimiento de los LMR existentes, la
optimizacién cromatografica, la estabilidad de los tiempos de retencion, fueron algunos de
los desafios estudiados. Los ajustes precisos de todas las condiciones y los detalles
complejos de preparacion de muestras y la optimizacién demostraron que cada matriz se
comporta de manera muy diferente a todas las demas, respaldando asi el concepto de que
la validacion del método debe ser un "mecanismo de movimiento de ajuste fino" para
permitir la prueba de la idoneidad. Las pautas de validacion de métodos existentes son
utiles para proporcionar el punto de referencia deseable para los criterios de desempenio,
pero en ultima instancia, es el ajuste fino especifico que el analista puede aplicar, basado en
el juicio y la experiencia profesionales, o que proporciona la mejor compensacion para
todas las condiciones. Esto se demostré con las hojas de Vitis, el boldo y la curcuma. En
resumen, la mecanizacién de ciertos pasos analiticos puede representar una ayuda util para

el quimico analitico, pero no puede reemplazar el juicio de un analista bien capacitado para
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brindar las mejores condiciones para las pruebas. Todos los métodos se aplicaron con éxito
al andlisis de muestras de mercado reales y se comprobd que eran adecuados para su

propésito.

3.3 Verificacién de robustez (y ruggeddness)

Se estudid la robustez en dos productos diferentes, la papa y la curcuma, un cultivo
principal y uno secundario, respectivamente. Se aplicaron diferentes enfoques
experimentales: disefio de experimentos (DoE) y comparaciones entre laboratorios. Aunque
esos enfoques se aplican a las condiciones intralaboratorio e interlaboratorio, ambos
proporcionaron una medida de idoneidad para el propésito de los métodos desarrollados y
validados.

Esta tesis consideré que las necesidades de los laboratorios pueden variar segun la
disponibilidad de esquemas comerciales de ensayos de aptitud y la disponibilidad de
colaboradores validos que estén trabajando en matrices y estudios similares. No siempre es
posible identificar tales esquemas o colaboraciones, y el laboratorio analitico necesita tener
herramientas a mano para demostrar la idoneidad para el propésito, como una prueba
objetiva que a menudo es requerida por los organismos de acreditacion durante los
procesos de acreditacion. Se logré el objetivo de proporcionar a los laboratorios una
metodologia para validar la robustez o solidez de un método. El estudio en papa mostré que
se pueden utilizar varios DoE para generar dicha informacién, de una manera relativamente
rapida y barata. Se implementaron y compararon un disefio de Plackett Burman (PBD) y un
disefo de screening definitivo aumentado (DSD) para su uso en laboratorios analiticos de
todo el mundo. Si bien el PBD es mas barato en términos del niumero de réplicas
necesarias, el DSD proporciona mas informacion al quimico analitico, principalmente en la
identificacion de los pardmetros analiticos que deben estar bajo un estricto control mediante
el cumplimiento de prescripciones como los procedimientos operativos estandar.

El trabajo interlaboratorio se aplicO a dos matrices: boldo y curcuma. En boldo las
determinaciones analiticas se realizaron mediante GC-MS / MS, y estos datos contribuyeron
a establecer los parametros de rendimiento del método para la metodologia multirresiduos
ajustada en hojas de boldo. En el caso de la curcuma, se implementd un estudio completo
entre laboratorios para estudiar los parametros clave de rendimiento del método. Una
comparacion de los resultados confirmd la reproducibilidad de la metodologia desarrollada

entre laboratorios para 32 compuestos analizables porGC y 34 por LC (ver Anexo 2). Los
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dos laboratorios involucrados fueron FEPL en Austria y GACT en Uruguay, Como
conclusion general de esta herramienta interlaboratorio, se pudo concluir que el laboratorio
analitico requiere un minimo de inversidon financiera para poder implementar el DoE y las
pruebas de aptitud y / o estudios colaborativos. Los recursos necesarios deben estar

disponibles y ser incluidos en la planificacion de los procesos analiticos del laboratorio.

3.4 Suministro de insumos para marcos regulatorios

Para contribuir al suministro de informacién para la inocuidad alimentaria como insumo del
proceso de control de alimentos (marco regulatorio), se implementé un estudio sobre
disipacion de residuos en hojas de Vitis en Siria y Austria con contribuciones de Uruguay. El
objetivo era destacar la dependencia del cumplimiento de los residuos de plaguicidas con
los posibles LMR en funcion del marco reglamentario elegido. Para ser mas especificos,
este estudio ayudd a generar informacion para el posible establecimiento de los LMR, ya
que son practicamente inexistentes para las hojas de Vitis. Sin ser un LMR para un
plaguicida neonicotinoide que esta definido solo en la legislacién de la UE. La informacion
sobre los valores maximos de residuos, el tiempo de retencion y las tasas de disipacion,
entre otros, es una informacién importante necesaria para evaluar el impacto de la
exposicion dietética a plaguicidas por el consumo de productos alimenticios contaminados.
Estos parametros se obtienen de forma experimental o mediante modelos y varian segun el
tipo de plaguicida, el tipo de cultivo y las condiciones ambientales predominantes. En este
trabajo colaborativo se demostré que el WHP o tiempo de carencia varia para los diferentes
pesticidas y combinaciones de cultivos y corrobora hallazgos previos [9], [10], [11], [12]. El
WHP es informacion importante que debe generarse para demostrar que los residuos en el
cultivo tratado no excederan el limite maximo de residuos. El estudio sobre el
comportamiento de disipacion de plaguicidas en hojas de Vitis ayudé a abordar el papel del
laboratorio analitico en la interpretacion de residuos quimicos de contaminantes, y su papel
consultivo para la mejora de buenas practicas agricolas (BPA). A partir de este trabajo se
pudo demostrar que, debido a las diferencias de condiciones, es decir, condiciones
climaticas, aplicaciones, tipo de plagas, etc., cada pais debe realizar esfuerzos locales para
proteger su mercado y consumidores. Por lo tanto, los LMR establecidos en el CODEX
deben considerarse como una armonizacion de los LMR con los esfuerzos y contribuciones
de todos los paises del mundo, para tener en cuenta las diferencias regionales y especificas

de cada pais. Si bien los LMR son un medio para proteger el mercado, los puntos finales
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toxicologicos (IDA, etc.) se consideran directamente para la proteccion de la salud del
consumidor y se monitorean indirectamente a través de programas nacionales de

monitoreo.

3.5 Contribuciones a la comprension del analisis de trazas organicas de

cultivos menores

Otra conclusién de este trabajo es que el concepto de matrices representativas, como se
discute en las directrices del Codex [13] y SANCO [14], no es aplicable a cultivos menores.
De acuerdo con las directrices antes mencionadas, en la categoria de “productos basicos
dificiles o unicos”, las especias se enumeran como un ejemplo de productos tipicos
representativos dentro de la categoria. Esta no es exactamente una indicacion especifica de
lo que deberia ser una matriz representativa. La categoria de cultivos menores es muy
amplia e incluye productos muy diferentes desde el punto de vista botanico. El atributo
cultivo menor se refiere a un aspecto cuantitativo (comercial) como se discutio
anteriormente. Se demostré que las optimizaciones especificas del procesamiento de
muestras y la determinacion de muestras analiticas son estrictamente necesarias en el caso
de la validacion analitica de plaguicidas y otros contaminantes organicos en cultivos
menores. Existe una necesidad demostrada de validacion especifica de cada producto de
cultivo secundario, especialmente debido a los efectos de matriz inherentes que desafian la
determinacion analitica. Ademas, el documento SANCO de la UE incluye la declaracion de
que “los productos basicos dificiles solo deben validarse por completo si se analizan y
analizan con frecuencia. Si solo se analizan y analizan ocasionalmente, la validacion puede
reducirse a simplemente verificar los limites de notificacion utilizando extractos en blanco
enriquecidos”. Fue posible demostrar que la validacién completa es imprescindible para
cada cultivo menor o producto dificil. Se encontraron altos efectos de matriz para las
matrices de hojas de Vitis, boldo y curcuma, requiriendo una validacion completa y un
conocimiento extendido de las matrices estudiadas para identificar los puntos criticos del
procedimiento analitico. Puede que no sea suficiente comprobar los limites de deteccion
utilizando extractos en blanco enriquecidos. Es necesario verificar el submuestreo y la
homogeneidad, la preparacion de la muestra debe optimizarse junto con la optimizacion
instrumental (transiciones MRM) como se discutidé anteriormente. Eventualmente, los

cultivos menores, tales como hierbas y especias, son productos basicos que, dentro de

Page 225 of 242



cada tipo, pueden tener tal variedad que es necesario implementar métodos especificos y

holisticos para garantizar la inocuidad de los alimentos en cada caso.

3.6 Primeros conocimientos sobre los métodos multiclase

En lugar de los métodos clasicos que estan mas orientados a una sola clase, se aplicaron
métodos modernos de residuos multiples para la determinacién de residuos vy
contaminantes en muestras de hojas de Vitis, boldo y circuma mediante LC-MS / MS y
GC-MS / MS. En cada estudio se demostré la importancia de desarrollar, adaptar y validar
multirresiduo, multianalito, multiclase o, en otras palabras, “métodos analiticos multiplex”
para poder estudiar una amplia gama de analitos o contaminantes organicos traza dentro
del mismo procedimiento de preparacion de muestrasy determinacion instrumental. Hasta la
fecha, no se dispone de directrices o normas que regulen los niveles de todas las clases de
contaminantes y residuos simultineamente. Sin embargo, en caso de detectar un
contaminante o residuo, el analista esta obligado a cumplir con los requisitos de la
legislacion especifica para la clase de interés. La tecnologia “multiplex” se esta aplicando
cada vez mas debido a sus ventajas de cribado analitico en comparacién con el analisis
clasico simple. La comunidad analitica reconoce la importancia de poder seleccionar una
gran cantidad de productos basicos, sin embargo, los métodos de confirmacién deben ser al
menos tan selectivos, especificos, precisos, exactos, resistentes, adecuados para el
proposito como sea posible vy, finalmente, también rapidos, baratos, respetuoso con el

medio ambiente y basado en riesgos.

3.7 Estimaciones de incertidumbre

Se realizé una estimacion de la incertidumbre en el estudio de la curcuma como indicador
cuantitativo de la confianza en los datos analiticos generados, y se demostré que la
incertidumbre de todos los analitos no excedia el valor por defecto del 50% como se indica
en el Codex [2] y la directriz SANTE [14]. Se demostré que un analisis exhaustivo del
método no solo identificd el posible calculo de incertidumbre, sino que también ayudé a
identificar los puntos criticos y, cuando fue necesario, ayudé a mejorar el método analitico.
Al igual que en el caso de las pruebas de robustez, la estimacién de la incertidumbre es una
herramienta util para identificar errores en el procedimiento analitico y corregir pequefas

posibles fuentes de los mismos, que de otro modo pasarian desapercibidas. La Figura 6
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proporciona un resumen rapido de las posibles fuentes de incertidumbre del procedimiento

analitico tal como se identificd en el estudio de la clircuma.

Bias (systematic error)

0 Instrument deterioration

0 Ageing of reagents

0 Incorrectly prepared standards
0 Incorrect matrix (e.g. buffer pH)
I 0 Inaccurate calibration

Precision [random error)

O Pipetting errors

o Improperly mixed reagents/ specimens
Random 0 Timing or temperature gradients

z

(=]

-

z

1 O Instrument instability
§ Eerr:-_ [_SDL o Inadequate washing
s Precision

]

5 Total error =

Systematic error + random error

“True” Mean Result Concentration
value (x) value

Figura 6: posibles fuentes de errores en el analisis cuantitativo

La evaluacién de la incertidumbre se ha convertido en una necesidad en el analisis de
contaminantes organicos trazas. La evaluacién precisa de la medicion de la incertidumbre
da un valor extra a los datos analiticos y proporciona fiabilidad y confianza en los resultados

obtenidos.
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Chapter 4: Final considerations, conclusions and
perspectives
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4.1. Final considerations and conclusions

This thesis aimed at contributing towards the establishment and validation of processes and
tools that combined in an innovative way help to contribute to food safety and environmental
sustainability. The choice of matrices included herbs, spices, edible leaves and tubers such
as potato. The choice of analytes included specific commodity target substances that help to
protect the crop from pests and/or are found as contaminants during growing, processing or
storing conditions. Nevertheless, the lack of international crop regulations as well as the
nonexistence of established good agricultural practices for some of these minor crops,
forced the selection of analytes towards the broadest scope possible. Many of these herbs
are produced worldwide and, as a consequence, the agricultural practices applied in the field
can be very different. This results in the fact that each testing laboratory needs to validate
the analytes under its own instrumental setup and conditions, and as much as possible using
“‘multiplex* methods. Chromatographic instrumentation coupled to tandem mass
spectrometry (GG-MSMS and LC-MS/MS) provided the necessary tools to monitor a broad
scope of polarities and analytes of pesticides, dyes, persistent organic pollutants and
mycotoxins. TLC and IMS were also used to optimize sample preparation methodologies
with excellent performance. Optimization of methods resulted in a compromise between
possible and measurable parameters against benchmark criteria for performance, such as
those from generic guidelines such as from Codex, and the EU.

In addition, it was shown that analytical validation is a must for each minor crops. This
provided evidence that the concept of validating representative matrices within commodity
groups cannot be applied in the case of minor crops. Individual full method validation needs
to be implemented. It is the only way for laboratories to be able to provide performance
criteria that cover the variability within each analyte / commodity combination. Matrix effects
were the biggest analytical challenge. The exhaustive clean-up was not possible and the
coextractives were not only a source of analyte interference but also the reason for a very
intensive maintenance of the equipment. Uncertainty estimations, collaborative studies and
specific ruggedness / robustness tests were shown to be necessary to provide objective
evidence of the goodness and fithess for the purpose of analytical methods. Without a
proper MRL vine leaves couldn’t be shown to comply with trade requirements; but without a
proper indication of pesticide dissipation in vine leaves it would be hard to set adequate
MRLs. Herbs and spices need special attention in a case-by-case scenario. The possibility
of developing “multiplex” (multiclass) methods including contaminants such as mycotoxins

and dyes for such complex matrices was demonstrated. The main goal of a new analytical
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method is to be applied indistinctly by any specialized laboratory. The suitability of the
method for the multiclass analysis of contaminants in turmeric was proven through
interlaboratory trials (see Annex 2).

All of the above are a bunch of aspects that converge to assure food safety.

This thesis emphasised and showed possible ways to overcome the different problems
analytical laboratories face in the task. Summarizing, it was shown that only the combination
of tools and methodologies which help to enforce an active regulatory framework may
enable a fully functional food safety system. Partial applications of tools and methodologies
are inadequate to ensure food safety for all and a sustainable environment.

The outcome from this work is a clear demonstration of the new active role of the analytical
laboratory in terms of optimization of analytical methods that are fit for the intended purpose.
The data they provide are the basis that supports the whole food control system. Routine
laboratories must put major attention in the optimization of instrumental conditions,
implementation of specific full method validation studies for each minor crop, with a
verification of ruggedness and robustness testing using specific DoE, together with
uncertainty estimations of the whole analytical process, while setting up the scope of
methods based on real evidence and risk based and, where possible, develop and apply
screening approaches to increase the number of testing.

The ISO 17025 fosters the participation in interlaboratory testing of analytical methods, in
order to provide reliable information to decision makers that ultimately could be included in
trustable databases. But food testing for residues, contamination and fraud, which are
milestones to ensure food safety, are only aspects of a much broader problem to be solved.
Good water supply when food is produced, microbiological, heavy metals and natural /
anthropogenic radioactivity contamination, are other aspects, among others, to be

considered to grasp a holistic vision of the problem.

4.2. Future work

This thesis highlighted the need for further studies into food safety tools and harmonized
methodologies to be able to assess it from a broader perspective. Fragmented approaches
to food safety represent the current status of food safety control systems. Limitations exist
for food legislation in terms of regulating all residues / contaminants in all food matrices.
Much work is still needed to ensure ethics in food production, and testing regimes that are

able to ensure the safety of our foods. Food fraud can occur at any point in the farm to fork
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chain, and future work for future safety appears to be in the direction of combining food
forensics with authenticity and food safety information applying risk concepts to identify
evidence of flaws of food safety control systems. Sustainability of food safety in a broader
sense can only be achieved within a healthy environment, therefore food safety should also
include environment safety. The “uncontrollable and unforeseeable” environment needs to
be circumscribed as much as possible. The number of residues and contaminants is
continuously growing, which implies an increasing demand for their analysis in many
potential ingredients, raw materials (animal or plant origin) and food commodities. To assess
human daily intake of these emerging food contaminants / residues, quantification of
background levels of both recognized and newly identified contaminants / residues shall be
implemented while characterizing emerging food contaminants that have shown to have
negative effects on human health.

Related to this, assessing the risk associated with mixtures of contaminants, which are
changing continuously, represents a tricky challenge for food safety, and new approaches
should be implemented in order to analyse a wider range of compounds in a shorter time.
The possibility of performing retrospective data analysis and the capability of performing
structural elucidation of unknown or suspected compounds will be desirable objectives to be
reached.

Monitoring approaches should shift from specific monitoring of one specific class of
contaminants to multiclass / integrated monitoring, through risk-based sampling designs and
information gathering from intelligent sources and/or block chain approaches. Analytical
innovations should be sought using HRMS untargeted approaches specifically for minor
crops, and incorporating in situ testing, also using new analytical portable instrumentation,
with a focus on rapid screening approaches. More analytes, new emerging challenges shall
be identified, including large studies on the fate and quantitation of active metabolites in food
matrices. Method development and validation of more than 1000 target compounds in
complex matrices is feasible from a technical perspective but is associated with an
overwhelming data management. Therefore, new approaches to macro data analysis in
combination to new performance guidelines shall be implemented to reduce the overall
workload for full method validation studies. Essential is to strike a compromise between
practicality and matrix / analyte combinations. To help guide questions on how to better
predict hazard exposure and how to prevent it, risk assessments and evaluations shall be
carried out to identify method scope for targeted testing and integrated/ more holistic
monitoring programs. Parallel to this, all data generated shall be shared for better

understanding of the real food safety situation and to benefit intelligence gathering. Finally,
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networking and improved communication shall become the key for enhanced food safety at
the global level. Secure, sustainable and safe food are parts of the same problem for the

global consumer that need to be dynamically integrated to reach real solutions.

Capitulo 4: Consideraciones finales, conclusiones y
perspectivas
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4.1. Consideraciones y conclusiones finales

Esta tesis tuvo como objetivo contribuir al establecimiento y validacion de procesos y
herramientas que combinados de manera innovadora ayuden a contribuir a la inocuidad
alimentaria y la sostenibilidad ambiental. La eleccién de matrices incluyé hierbas, especias,
hojas comestibles y tubérculos como la papa. La eleccion de analitos incluyd sustancias
objetivo de productos especificos, que ayudan a proteger el cultivo de plagas y / o se
encuentran como contaminantes durante las condiciones de cultivo, procesamiento o
almacenamiento. Sin embargo, la falta de regulaciones internacionales de cultivos, asi como
la inexistencia de buenas practicas agricolas establecidas para algunos de estos cultivos
menores, obligd a la seleccion de analitos hacia el alcance mas amplio posible. Muchas de
estas hierbas se producen en todo el mundo y, como consecuencia, las practicas agricolas
aplicadas en el campo pueden ser muy diferentes. Esto da como resultado el hecho de que
cada laboratorio de pruebas necesita validar los analitos en su propia configuracion vy
condiciones instrumentales, y en la medida de lo posible utilizando métodos "multiplex". La
instrumentacion cromatografica acoplada a la espectrometria de masas en tandem (GC-MS
/ MS y LC-MS / MS) proporciond las herramientas necesarias para monitorear una amplia
gama de polaridades y analitos de plaguicidas, tintes, contaminantes organicos persistentes
y micotoxinas. También se utilizaron TLC e IMS para optimizar las metodologias de
preparacion de muestras con un rendimiento excelente. La optimizacién de los métodos
resulté en un compromiso entre los parametros posibles y mensurables frente a los criterios
de referencia para el desempefio, como los de las directrices genéricas, como las del Codex
y la UE.

Ademas, se demostrd que la validacion analitica es imprescindible para cada cultivo menor.
Esto proporcioné evidencia de que el concepto de validar matrices representativas dentro
de los grupos de productos no se puede aplicar en el caso de cultivos secundarios. Es
necesario implementar la validacion del método completo individual. Es la Unica forma en
que los laboratorios pueden proporcionar criterios de desempefio que cubran la variabilidad
dentro de cada combinacion de analito / producto. Los efectos matriciales fueron el mayor
desafio analitico. La limpieza exhaustiva no fue posible y los coextractivos no solo fueron
una fuente de interferencias de analitos sino también el motivo de un mantenimiento muy
intensivo del equipo. Se demostré que las estimaciones de incertidumbre, los estudios
colaborativos y las pruebas especificas de robustez / robustez son necesarias para
proporcionar evidencia objetiva de la bondad y la idoneidad para el propdsito de los

métodos analiticos. Sin un LMR adecuado, no se podria demostrar que las hojas de Vitis
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cumplen con los requisitos comerciales; pero sin una indicacion adecuada de la disipacion
de plaguicidas en las hojas de Vitis, seria dificil establecer LMR adecuados. Las hierbas y
especias necesitan una atencién especial en un escenario de caso por caso. Se demostro la
posibilidad de desarrollar métodos “multiplex” (multiclase) que incluyan contaminantes como
micotoxinas y colorantes para matrices tan complejas. El objetivo principal de un nuevo
método analitico es ser aplicado indistintamente por cualquier laboratorio especializado. La
idoneidad del método para el analisis multiclase de contaminantes en la curcuma se

demostré mediante ensayos entre laboratorios (ver Anexo 2).
Todos los aspectos anteriores convergen para garantizar la inocuidad alimentaria.

Esta tesis enfatiz6 y mostré posibles formas de superar los diferentes problemas que
enfrentan los laboratorios analiticos en la tarea. En resumen, se demostré que solo la
combinacion de herramientas y metodologias que ayuden a hacer cumplir un marco
regulatorio activo puede permitir un sistema de inocuidad alimentaria completamente
funcional. Las aplicaciones parciales de herramientas y metodologias son inadecuadas para

garantizar la inocuidad alimentaria para todos y un medio ambiente sostenible.

El resultado de este trabajo es una clara demostracion del nuevo papel activo del laboratorio
analitico en términos de optimizacién de los métodos analiticos que se adecuan al propésito
previsto. Los datos que proporcionan son la base que sustenta todo el sistema de control de
alimentos. Los laboratorios de rutina deben poner mayor atencion en la optimizacién de las
condiciones instrumentales, la implementacion de estudios de validacion de métodos
completos especificos para cada cultivo menor, con una verificacion de la robustez y
pruebas de robustez utilizando DoE especifico, junto con estimaciones de incertidumbre de
todo el proceso analitico, mientras se configura el alcance de los métodos basados en
pruebas reales y basados en riesgos y, cuando sea posible, desarrollar y aplicar enfoques

de deteccion para aumentar el nimero de pruebas.

La ISO 17025 fomenta la participacion en pruebas interlaboratorio de métodos analiticos,
con el fin de brindar informacion confiable a los tomadores de decisiones que finalmente
podria ser incluida en bases de datos de uso general. Pero las pruebas alimentarias para
detectar residuos, contaminacién y fraude, que son hitos para garantizar la inocuidad
alimentaria, son solo aspectos de un problema mucho mas amplio que debe resolverse. El
buen abastecimiento de agua en la produccién de alimentos, la contaminacion
microbioldgica y por metales pesados y radiactividad natural / antropogénica, son otros

aspectos, entre muchos mas, a considerar para captar una vision holistica del problema.
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4.2. Trabajo futuro

Esta tesis destaco la necesidad de realizar mas estudios sobre herramientas de inocuidad
alimentaria y metodologias armonizadas para poder evaluarla desde una perspectiva mas
amplia. Los enfoques fragmentados de la inocuidad alimentaria representan el estado actual
de los sistemas de control de la inocuidad alimentaria. Existen limitaciones para la
legislacion alimentaria en términos de regular todos los residuos / contaminantes en todas
las matrices alimentarias. Todavia se necesita mucho trabajo para garantizar la ética en la
produccién de alimentos y regimenes de prueba que puedan garantizar la seguridad de
nuestros alimentos. El fraude alimentario puede ocurrir en cualquier punto de la cadena de
la granja a la mesa, y el trabajo futuro para los sistemas de inocuidad alimentaria parece
estar en la direccion de combinar la ciencia forense de alimentos con la autenticidad y la
informacién de inocuidad alimentaria. aplicando conceptos de riesgo para identificar con
evidencia firme posibles fallas de los sistemas de control de inocuidad alimentaria. La
sostenibilidad de la inocuidad alimentaria en un sentido mas amplio solo se puede lograr
dentro de un medio ambiente saludable, por lo tanto, la inocuidad alimentaria también debe

incluir la seguridad ambiental.

El entorno "incontrolable e imprevisible" debe circunscribirse en la medida de lo posible. El
numero de residuos y contaminantes crece continuamente, lo que implica una demanda
creciente para su analisis en muchos ingredientes potenciales, materias primas (de origen
animal o vegetal) y productos alimenticios. Para evaluar la ingesta diaria humana de estos
contaminantes / residuos alimentarios emergentes, se debe implementar la cuantificacion de
los niveles de fondo de contaminantes / residuos tanto reconocidos como recientemente
identificados, al tiempo que se caracterizan los contaminantes alimentarios emergentes que

han demostrado tener efectos negativos en la salud humana.

En relacion con esto, evaluar el riesgo asociado con las mezclas de contaminantes, que
cambian continuamente, representa un desafio delicado para la inocuidad alimentaria, y se
deben implementar nuevos enfoques para analizar una gama mas amplia de compuestos
en un tiempo mas corto. La posibilidad de realizar analisis de datos retrospectivos y la
capacidad de realizar una elucidacién estructural de compuestos desconocidos o

sospechosos seran objetivos deseables a alcanzar.
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Los enfoques de monitoreo deben pasar de un monitoreo especifico de una clase especifica
de contaminantes a un monitoreo multiclase / integrado, a través de disefios de muestreo
basados en riesgos y recopilacion de informacion de fuentes inteligentes y / o enfoques de
cadena de bloques. Se deben buscar innovaciones analiticas utilizando enfoques no
dirigidos de HRMS especificamente para cultivos menores, e incorporando pruebas in situ,
también utilizando nueva instrumentacion portatil analitica, con un enfoque en enfoques de
deteccidn rapida. Se identificaran mas analitos, nuevos desafios emergentes, incluidos
grandes estudios sobre el destino y la cuantificacion de los metabolitos activos en las
matrices alimentarias. El desarrollo de métodos y la validacién de mas de 1000 compuestos
target en matrices complejas es factible desde una perspectiva técnica, pero esta asociado
con una gestion de datos abrumadora. Por lo tanto, se implementaran nuevos enfoques
para el analisis de macrodatos en combinacidn con nuevas directrices de rendimiento para
reducir la carga de trabajo general para los estudios completos de validacion de métodos.
Es esencial lograr un compromiso entre la practicidad y las combinaciones de matriz /
analito. Para ayudar a orientar las preguntas sobre como predecir mejor la exposicion a
peligros y cdmo prevenirla, se deben realizar evaluaciones de riesgo y evaluaciones para
identificar el alcance del método para pruebas especificas y programas de monitoreo
integrados / mas holisticos. Paralelamente, todos los datos generados se compartiran para
comprender mejor la situacion real de la inocuidad alimentaria y para beneficiar la
recopilaciéon de informacién. Por ultimo, la creacion de redes y la mejora de la comunicacion
se convertiran en la clave para mejorar la inocuidad alimentaria a nivel mundial. Los
alimentos seguros, sostenibles y seguros son partes del mismo problema para el

consumidor global que deben integrarse dinamicamente para alcanzar soluciones reales.
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Annex 1: Acronyms

APCI
CAC
EC
EFSA
EU

FAO

FDA

GACT
GAPs
GCB

GC-HRMS

GC-MS
GC-MS/MS
GMPs
HACCP
HPLC
HRMS
IAEA
ILSTD
LC-MS
LC-MS/MS
LOD
LOQ
MDLs
MQL
MRM
OCs
OPs
PAHs
PBDEs
PCBs
PLE
POPs
PSA
QqQ
QuEChERS
RSD
SIDA
SIM
SPS
SRM
TBT

Atmospheric pressure chemical ionization
Codex Alimentarius Commission

European Commission

European Food Safety Authorithy

European Union

Food and Agriculture Organization of the United
Nations

Food and Drug Administration (US Federal
government)

Grupo Analysis Contaminantes en Traza

Good Agricultural Practices

Graphitized carbon black

Gas chromatography-high resolution mass
spectrometry

Gas chromatography-mass spectrometry

Gas chromatography-tandem mass spectrometry
Good Manufacturing Practices

Hazard Analysis and Critical Control Point
High-performance liquid chromatography

High resolution mass spectrometry
International Atomic Energy Agency
Isotopically labelled internal standard

Liquid chromatography-mass spectrometry
Liquid chromatography-tandem mass spectrometry
Limit of detection

Limit of quantification/determination

Method detection limits

Method quantification limit

Multiple reaction monitoring

Organochlorines

Organophosphorus (OPs)

Polycyclic Aromatic Hydrocarbons
Polybrominated diphenyl ethers
Polychlorobyphenils (PCBs)

Pressurized liquid extraction

Persistent organic pollutants,

primary secondary amine

Triple quadrupole mass spectrometric detector
Quick, easy, cheap, effective, rugged, and safe
Relative standard deviation

Stable isotope dilution assay

Single ion monitoring

Sanitary and Phytosanitary

Selected reaction monitoring

Technical Barriers to Trade
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UDELAR Universidad de la Republica, Uruguay

UHPLC Ultra-high-performance liquid chromatography
USDA United States Department of Agriculture
WTO World Trade Organization
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Annex 2: Interlaboratory trial

Supplementary materials to complement the information on the paper Method Optimization
and validation for multi class residue analysis in turmeric, and with a special focus on the

equipment used for the interlaboratory trial.

Collaborative trial with GACT in Uruguay
1.1. Chemicals, materials, and standards

Ethyl acetate (EtOAc), HPLC grade, was supplied by J.T. Baker (USA). Ammonium formate,
anhydrous magnesium sulphate extra pure (MgSQO,), sodium citrate dibasic sesquihydrate,
primary secondary amine (PSA), and octadecyl reverse phase silica gel (RP-C,5) were
obtained from Sharlau (Barcelona, Spain). Methanol (MeOH) was purchased from Carlo
Erba (France), and trisodium citrate dihydrate was from Merck (Germany). In the GACT
laboratory in Uruguay the raw absorbents were individually weighted prior to being used in

the clean-up step.

A stock solution of analytes was obtained by FEPL laboratory in Seibersdorf, Austria, and
transported under refrigerated conditions via DHL to Uruguay. Working solutions were

prepared at 1 mg L™, by taking appropriate aliquots of the stock solutions.
1.2 Chromatographic equipment
1.2.1. GC-MS/MS

GC-MS/MS analysis was performed by a Shimadzu GCMS-TQ8040 system. The instrument
is equipped with a 2010 plus gas chromatograph coupled to a triple quadrupole mass
spectrometer. Aliquots of 1 pL of sample extract were injected into the gas chromatograph in
splitless mode. The injector temperature was 280 °C, and Helium was used as the carrier

gas at a constant flow rate of 1 mL min™". GC separation was carried out with a Rxi®-5Sil MS
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capillary column (5 % diphenyl / 95 % dimethylpolysiloxane; 30 m; 0.25 mm id; 0.25 um df)
by Restek (Bellefonte, PA, USA). The oven conditions were 60 °C initial (1 min), increased to
160 °C at 25 °C/min, increased to 240 °C at 4 °C/min, and finally increased to 290 °C at 10
°C/min (11 min hold). The total run time was 41 min. Interface temperature was 290 °C and
the ion source was at 230 °C operated in electron ionization mode (70 eV). Detection was
performed with a detector voltage of 1.6 kV. Argon was the collision gas at a constant
pressure of 200 kPa. MSMS detection was performed in the multiple reaction monitoring
(MRM) mode using transitions and collision energies previously selected for each
compound. Lab solution GC-MS/MS solution Version 4.4 from Shimadzu was used for

instrument control and data processing.

1.2.2. LC-MS/MS

The analysis was performed with an Agilent 1200 LC system coupled to a 4000 QTRAP
LC-MS/MS System from AB SCIEX in the scheduled MS-MS mode. The chromatographic
separation was performed on a ZORBAX Eclipse XDB-RPC,; (150 mm x 4.6 mm. 5 ym)
column and the column oven temperature were set at 20 °C. The mobile phase was a
gradient between (A) 0.1 % formic acid in water and (B) 5 mM ammonium formiate in MeOH.
The elution program used started with holding B (10 %) for 3 min and increasing to 100 % B
over 17 min and then holding for 5 min. Finally, the system returned to the original conditions
over 3 min and held for equilibration for 5 min (33 min total run). The injection volume was 5
ML and the flow rate 0.6 mL/min. The MRM mode was performed for tandem MS detection.
The optimal MRM conditions for each analyte were optimized using direct infusion in the
ESI+ mode. Source temperature was 500 °C, the ionization voltage was 5000 V, curtain gas
was nitrogen at 20 psi and the nebulizer gas was air at 50 psi. Scheduled multiple reaction

monitoring was used with a setting of a 90 s detection window covering the expected
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retention time of each analyte and the target scan time was 2 s for all pesticides. To acquire

and process the data Analyst software version 1.6 from AB SCIEX was used.
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