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GUIDE 2.

METHODS FOR THE DETECTION AND
QUANTIFICATION OF CONTANINANNTS [INN
CEREALS AND RELATED PRODUCTS
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CHAPTER 1.

INTRODUCOION
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C Cerealsand cerealbasedfoods occupya central placein the Europeandiet
and contribute substantiallyto daily energy and nutrient intake acrossall
agegroups

C Theirimportance in food security and public health makesit essentialto
monitor the presence of chemical contaminants that may accumulate
throughout the agricultural and processingchain, especially in case of
unwanted natural or anthropgenic(wars, etc.) activities.

C Among these contaminants, trace elements specially toxic heavy metals
such as cadmium, lead, arsenic and mercury and pesticide residues
represent two major areas of concern for regulators researchersand
consumers
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C Trace elements can enter cereal crops through natural or
anthropogenic pathways Soil composition, industrial emissions
irrigation water quality, fertilisers, and historical pollution are amongthe
main sourcescontributing to their presencein grains

C Someelements suchasiron, zincor copper, are essentialat low levels
but may become harmful at elevated concentrations, while others,
including cadmium, lead, mercury and inorganic arsenic pose clear
toxicologicalrisksevenat trace levels

C  Chronicexposure particularly through staple foods like cereals can

adversely affect renal function, neurodevelopment cardiovascular
health, and overall long-term well-being. For this reason European
legislation has establishedmaximum levels for severalheavy metals in

cerealsand related products, requiring robust analytical methodologies
to ensurecompliance
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C Pesticideresiduesconstitute a secondkey categoryof contaminants Modern cereal
production often involves the use of herbicides, fungicides and insecticidesto
control weeds fungalinfectionsand pests

C Although these treatments play a role in securingyields and limiting post-harvest
losses they may leavedetectableresidueson raw grainsor processedproducts.

C Thediversity of pesticideclassesoveringorganophosphatespyrethroids, triazoles,
neonicotinoids and others combined with their broad range of physicochemical
properties makestheir accuratedetection challenging

C Furthermore environmental factors, agricultural practices, and technological
processeqsuchas milling or thermal treatments) caninfluence residuelevelsand
distribution within the cerealmatrix.

C Thirdly, this guide presents methods for detecting contamination of cerealswith
nitrogen compounds The detection of nitrogen compoundsin cerealsinvolves it |
distinguishing between nutritional nitrogen (proteins) and contaminant nitrogen  stiking a Balance: Optimal Use of Pesticides for CropsAgroToHome
(fraudulent additives or war-related residues) Becausenitrogen is the "proxy" for
protein, the analyticalchallengelies in identifying the specificchemicalform of the
nitrogen



https://agrotohome.com/blogs/news/striking-a-balance-optimal-use-of-pesticides-for-crops?srsltid=AfmBOorlTyWbLh6EzDMpc59K0YT2YT90PEZ0IMufsoqlKig__nxOG_pg
https://agrotohome.com/blogs/news/striking-a-balance-optimal-use-of-pesticides-for-crops?srsltid=AfmBOorlTyWbLh6EzDMpc59K0YT2YT90PEZ0IMufsoqlKig__nxOG_pg
https://agrotohome.com/blogs/news/striking-a-balance-optimal-use-of-pesticides-for-crops?srsltid=AfmBOorlTyWbLh6EzDMpc59K0YT2YT90PEZ0IMufsoqlKig__nxOG_pg
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C Ensuringreliable monitoring of these contaminants requires analytical approaches
capableof addressingooth complexity and sensitivity. Heavymetalstypically demand
technigueswith strong elemental specificity and low detection limits, suchas flame
atomic absorption spectrometry (FAAS)jnductively coupled plasmaoptical emission
spectrometry (ICROES)or inductively coupled plasmamassspectrometry (ICRMS).
Each method offers distinct advantagesin terms of detection capability, matrix
toleranceand analyticalthroughput.

C In parallel, pesticideanalysisrelies mainly on chromatographictechniquessuchasgas
chromatography (GC) and liquid chromatography (LC), often coupled with mass
spectrometryto achievethe sensitivity and selectivity neededto quantify residuesat
levelsconsistentwith Europeanregulatory requirements

C However accuratequantification is not solely dependenton instrumental capacityas
cerealsrepresent complexbiological matrices containing starch proteins, lipids and
mineralsthat caninterfere with both extraction and detection.

C Samplingrepresentativenesssamplepreparation technigues,contamination control, https://WWW:ZOI'ift?sciecnhces-_ci)m/amc'e/Wha*
. . . . . .. IS-ANalytical emistry.aspx
matrix effects, calibration strategy, and method validation are equally decisive Y y-asp

C Addressingthese challengesrequires harmonised methodologies and coordinated
efforts acrosslaboratoriesto ensuredata comparability and reliability.
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C Within this context, this European project aims to strengthen and
harmonise the analytical methods usedto detect and quantify heavy
metalsand pesticideresiduesin cerealsand related foods.

C It seeksto assesscurrent practices,identify methodologicalgaps,and
develop or refine analytical protocols suitable for trace-level
contamination monitoring.

C Theproject integratesexpertisefrom severalEuropeaninstitutions and
promotes knowledge exchange,capacity building and methodological
alignment to support regulatory compliance, risk assessmentand
consumerprotection.

C By advancingrobust, sensitive and harmonised methods this project
contributes to improving food safety managementwithin the European
Union and reinforcesthe scientificbasisfor monitoring two of the most
critical groupsof contaminantsin cereal products toxic trace elements
and pesticideresidues

https://www.pipedrive.com/en/blog/project -report
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C Thisguide providesquality control professionalsand food industry operators with
a practical and structured perspective on the essential methods needed to
accuratelyidentify and measurecontaminantspresentin grains

C Contaminationof cerealswith agentssuchaspesticideresidues heavymetalsand
nitrogen compoundscan have serious effects on consumers,even at very low
levels(below the Maximum Residuelimits¢ MRLS)

C Therefore, continuous and effective monitoring is mandatory to ensure that
productscomplywith national and international standards
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Thesucces®f the analysisdependson choosingthe right method:

C Rapidscreeningmethods Immunologicaltests suchasELISAand
strip tests (LFAs) Theseare the preferred solutions for the rapid
verification of large batchesat the point of receipt, providing
fast and cost-effective results

C Confirmation and quantification methods Use of advanced
instrumental techniques,especialyL CMS/MSand GCMS/MS.

Thesemethods are necessaryfor the accurate quantification and
validation of the positive resultsobtained by screening
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C Advanced instrumental methods, in particular those
combining chromatographic separation with tandem mass
spectrometry (MS/MS) detection, are the reference methods
for the analysisof contaminantsin cereals

C They provide the sensitivity, selectivity, and robustness
neededto meet stringentregulations
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Liquid chromatographywith tandem massspectrometry (LG
MS/MS)is the preferred method for polar, thermolabile and
high molecular weight compounds that are difficult to
analyzeby gaschromatography(GC)

C Thisincludesmost mycotoxinsand many pesticideresidues

Gaschromatographywith tandem massspectrometry (GCMS/MS) is
the ideal method for volatile, semivolatile, nonpolar and
thermostablecompounds

0 Organocorrhizabnd organophosphorugesticides
0 variouscontaminantsfrom processingacrylamide furan)
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2.1. Argument

C Legislationplays a crucial role in reducing grain contamination, as it
sets clear standards and maximum permissible limits for various
contaminants,from mycotoxinsto pesticideresidues

C By imposing strict rules on good agricultural practices, hygiene and
monitoring, the legislationensuresa safefood chainfrom producerto

consumer

C Without these regulations, the risk of contaminated grains reaching
the market would increasesignificantly,endangeringpublic health and
affectingtrust in food.
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2.2. National and European Legislation to Reduce Grain Contamination

C Food safety is a key priority, and cereals and related products are a
fundamentalcomponentof the humandiet.

C That is why there is a complex legislative framework, both at national and
Europeanlevel, designedto reduce and control the contamination of these

products
C The main purpose is to protect the health of consumers
European framework: a unified approach

At the level of the EuropeanUnion, the legislationin the field is extensiveand
harmonized,ensuringa high standardof safetyin all member states

C Thisincludesa number of regulationsand directives addressingvarious types
of contaminants, such as mycotoxins (toxins produced by moulds), pesticide
residues,heavymetals, nitrates and geneticallymodified organisms(GMOSs)
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C European legislation sets maximum permissible limits for these
contaminants, requiring strict monitoring and regular controls throughout
the production chain,from farm to plate.

C ByRegulation(EC)no. 178 2002 the principle of traceability is established
allowing the rapid identification of the sourceof any contamination.

C Also,Regulation(EChno. Regulation(EC)No 1881 2006is a key example,asit
defines maximum limits for certain contaminants in foodstuffs, including

cereals
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2.3. National Legislation: Adaptation and Implementation

C EachEUmember state, including Romania,transposesand details
Europeanlegislationinto its own national normative acts

C Thismeansthat, in addition to the directly applicable European
regulations,there are also specificlaws and orders that adapt the
requirementsto the national context.

C National authorities, suchasthe National SanitaryVeterinary and
Food Safety Authority (ANSVSA)n Romania,are responsiblefor
implementingand enforcingtheserules.

C Theycarry out inspections,take samplesand carry out analysesto
ensure that cereals and derived products comply with safety
standards
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2.4. Key Measures to Reduce Contamination

Thelegislationrequiresa seriesof preventive and control measures

C GoodAgricultural Practices(GAP) Growersare obligedto apply practices
that minimize the risk of contamination from the production phase(e.g.
crop rotation, moisture managementresponsibleuse of pesticides)

C GoodHygienePractices(GHP) During storage, transport and processing,
strict hygiene conditions are imposed to prevent the development of
mould and other contaminants
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C Food Safety Management Systems Food industry operators must
implement systemsbasedon HACCHKHazardAnalysisand Critical Control
Points)principlesto identify, asses@&nd control risks.

C Monitoring and Testing Regularanalysesof cerealsand related products
are carried out to verify compliancewith the maximum permissiblelimits
of contaminants

C ProductRecallsIf limits are exceededor arisk is identified, the legislation
requires the immediate withdrawal of products from the market to
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2.5. Initiatives and analysesagainstthe backdropof the Ukrainianconflict

C The current conflict in Ukraine has generated dysfunctionsin global trade in agricultural
products and induced significant vulnerabilites in  food supply chains
Although the fundamental regulatory framework of the EuropeanUnion (EU)on food safety,
transposedinto import regulations, remainsvalid for all products placedon the EUmarket,
the supranational entity was forced to implement specific protocols and manage complex
challengegyeneratedby grainflows of Ukrainianorigin, namely:

x  "Solidarity Corridors" and Autonomous Trade Measures (CSFs)
In responseto the escalationof the Russianinvasion,the EUhasoperationalised"solidarity
corridors", facilitating the export of Ukrainian agricultural products via alternative land and
river routes.

x Complementaryto theselogisticalmeasures AutonomousTradeMeasures(MCAs)havebeen
established They involve the unilateral suspensionof customs tariffs and quotas for
agriculturalproductsimported from Ukraine

C The primary objectives of these interventions are to support Ukraine'seconomicresilience
and contribute to global food security, by ensuringthe continuity of essentialproduct flows
on international markets (Source EuropeanCommission CSISanalysis¢ Centerfor Strategic
and International Studies)
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Concernsabout market disruption and unilateral bans

C Thesignificantinflux of grain from Ukraine,which is essentialto sustainthe country's
economy, has causedconsiderabledisruption to agricultural markets in neighboring
EUMember States,includingPoland,Hungary,Slovakia,Bulgariaand Romania

C Farmersin these nations have expressedtheir protest, citing unfair competition and,
in certain situations, concernsabout quality standards,suchasthe use of pesticides
banned on EU territory. In responseto these tensions, some Member States have
imposedunilateral import bans

C The European Commissioninitially criticized these measures, consideringthem a
violation of the EU's competencein the field of the common commercial policy
(SourcesCSISeports, HungaryToday)

Exceptionaland temporary preventive measures

C Tomanagethe tensionsgeneratedand facilitate a compromisesolution, the European
Unionimplemented"exceptionaland temporary preventive measures'in May 2023

C Theyimposeda restrictive ban on the domestictrade of certain Ukrainianagricultural
products ¢ wheat, maize,rapeseedand sunflower seedsg on the territory of the ‘five
frontline Member States:
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Assessmenbf Ukraine'sfood securityasa candidatecountry

In the context of its status as a candidate country for the EuropeanUnion,
the European Commission has carried out a detailed assessmentof
Ukraine's readinessto fulfil the acquis communitaire in various sectors,
includingfood safety:

Reportsindicate that Ukrainehasa certain level of preparednessn terms of
consumerand health protection, havinga public health law partially aligned
with that of the EU However, the assessmentalso highlights areas that
needto be strengthened,suchas

C administrative capacitiesof food safetyinstitutions
C coordination and full alignment of the official food and feed control
systemwith EUstandards

Ukrainian laboratories are generally well-equipped and accredited, but
capacity could be increased Ukraine is active in the Food and FeedRapid
Alert System (SARAFhetwork, but is not a member (Sources European
Commissiorassessmentseported by institutions suchasUGAua).
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(¢ The European Union's legislative framework on grain contaminants is
rigorousand appliesuniversallyto all imports, includingthose from Ukraine

¢ Thearmed conflict hassignificantlyaltered trade dynamicsand required the
adoption of temporary measuresto manage Ukrainian agricultural product
flows.

C Theseinterventions have been complementaryto ongoingefforts to support
Ukrainein aligningits food safety systemswith Europeanstandards

Regardlessof the geopolitical context, the fundamental principles of food
safety, including compliance with maximum permissible levels for
contaminants,remain of paramountimportance.
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2.6. Legislativeregulationson the import of cerealsinto the EuropeanUnionand Romania

(A) Regulations at the European Union level:

The European and national legislation regarding cereal
imports into the European Union and, implicitly, into
Romania,is complexand encompasses wide spectrumof
regulations, targeting both food and phytosanitary safety,
aswell ascustomsand market aspects
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EU legislation is the foundation for grain imports from non-EU countries The main
regulatedareasare:

1. Foodand PhytosanitarySafety

Regulation(EU)2017 625 on official controls carried out by the competent authorities
of the Member Statesto verify compliancewith EUfood and feed legislation Imported
cerealsmust comply with EUfood safety standards,including maximum residuelimits of
pesticides,mycotoxins(e.g. aflatoxins, ochratoxin),heavymetalsand other contaminants

Regulation (EU) 2016 2031 on protective measures against plant pests regulates
phytosanitary requirements for the import of plants, plant products and other objects,
including cereals,in order to prevent the introduction and spread of pestsinto the EU
Imported cerealsmay require phytosanitary certificatesfrom the country of origin.

Specificrules for specificproducts or origins There are specificregulationsfor certain
cerealsor from certain third countries,which may require enhancedborder controls (e.g.
for certain mycotoxins)
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2. Commonorganisationof the marketsin agriculturalproducts(CMO)

Regulation(EU)No 1308 2013 establishesa common organisationof the marketsin
agricultural products,includingcereals It includesprovisionson:

Import tariffs: The EUapplies customsduties on the import of cerealsfrom third
countries, which can vary depending on the type of cereal and the EU'strade
agreements with that country (e.g. tariff quotas, tariff exemptions for certain
countries) The EU TARICdatabaseprovides detailed information on the applicable
tariffs.

Tariff rate quotas. TheEUcanopentariff quotas (limited quantities of productsthat
can be imported at reduced or zero tariffs) for certain types of cerealsfrom third
countries.

Import/export licences Forcertain categoriesof cerealsor in certain circumstances,
import or export licences governed by Implementing Regulation (EU) 2016 1239,
may be required.
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(B) General Processof Importing Cerealsfrom Third Countries (Non-EU) into
Romania

1. Compliancewith EUrequirements Theeconomicoperator must ensurethat the
cerealscomplywith all EUfood safety,phytosanitaryand quality standards

2. Documentation Thefollowingdocumentsare required

Commercial invoice
Packing list
Certificate of origin

Phytosanitary certificate (if applicable) issued by the competent authority of the
exporting country.

Health certificate/analysis, attesting to compliance with food safety standards
(e.g. mycotoxin content).

Import license (if required according to GEO 84/2023 or other specific
regulations).
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3. Customsclearanceand border controls

The goods arrive at an approved Border Inspection Point (BIP)
Documentary, identity and physical checks are carried out by the
competent authorities (ANSVSA, Romanian Customs Authority).
The import customs declaration 5 submitted.
Customsduties (if applicable)and VATare paid.

4. Releasdor free circulation

Oncecontrols have been completed and tax obligations have been paid,
cereals are released for free circulation within the EU
It is crucialfor importers to consultthe updated specificlegislation and
work with customsand veterinary expertsto ensurefull compliance
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C In Romania, the maximum limits of the level of nitrates and nitrites in
horticultural products are legislated by ORDERNo. 293640 2001-1/2002
regarding the safety and quality conditions for fresh vegetablesand fruits
intended for human consumption issued by the Order of the MINISTRYOF
AGRICULTUREQODAND FORESTRYo. 293 of August2, 2001, Order of the
MINISTRYOFHEALTHAND FAMILYNo. 640 of Septemberl9, 2001, approved
by the NATIONALAUTHORITYORCONSUMERROTECTIOBN January 3,
2002and publishedin the OFFICIAGAZETTROQO. 1730of March 13, 2002

C Chemicalubstancesaisedin the agricultural sectorare allowed on the basisof
a Certificate signedby the Interministerial Commissionfor the Certification of
Phytosanitary Products A new CODEX a list of certified plant protection
products classifiessubstancednto four toxicity groups- accordingto the legal
provision publishedon 5 June2004

C The new CODEXsimilar to a register) of plant protection products used in
Romaniahas been published by MAAR This catalog is updated every 2 - 3

years
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By Directives86/ 469and 86/ 363, the Commissiorof the EuropeanCommunity
establishedthe control of residuesin foodstuffs of animaland plant origin.

The two directives cover all categories of residues (pesticides, PCBs,
hormones,heavymetals,etc.).

Directive 83/ 363 refers to pesticide residuesand is also included in Order
82523.05.1994 for the approval of hygiene norms regarding food and its
sanitary protection and completedby Order611/ 3.04.1995

Theselimits were revisedin Order 356 2001 of the Ministry of Agriculture.
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3.1. Introduction

C Cereals and cerealbased products represent a fundamental
component of the human diet worldwide, forming the basis of food
securityfor billions of people.

C Their widespread consumption, combined with the intensive
agricultural practicesrequired to sustain global demand, makes the
issue of pesticide contamination a major concern for public health,
food safetyauthorities, and the agri-food industry.

C Pesticidesare routinely applied during cultivation, storage, and post-
harvest handling to protect crops from pests, fungal infestation, and
yield loss

C While these substancesplay a vital role in ensuringcrop productivity,
their residues may persist in the final food products. Consequently,
cereals may carry residues at levels that pose potential risks to
consumers, especially in vulnerable population groups such as
children, pregnantwomen, or individualswith high cerealintake.
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Regulatoryframeworks at national and international levelst such
as those of the EuropeanFood Safety Authority (EFSA)Codex
Alimentarius, and various national agenciesestablish maximum
residuelimits (MRLs)Yo minimize healthrisks

Compliance with these regulatory thresholds requires robust, reseg
sensitive, and validated analytical methodologies capable of Te——
detecting a broad spectrum of pesticide residuesacrossdiverse
cerealmatrices

The complexity of cerealsand derived products (flours, breads, 31'3' 14 T.‘::‘.“:i"; 17 Fteeas
breakfast cereals,infant foods, etc.) createsanalytical challenges 3
related to matrix effects, co-extracted interferences, and the

presenceof both polar and non-polar pesticideresidues

https://www.fao.org/fao -who-codexalimentarius/home/fr/
Therefore, modern analytical chemistry must rely on

methodological strategies that combine efficient sample
preparationwith high-resolution detection techniques
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3. 2. Theconceptof exposome

Theexposome,a conceptintroduced by the Pr. ChristopherWild,
refers to the totality of exposuresan individual encounters
throughout life, encompassingiot only chemicalagentsbut also
biological,physical,social,and behavioralfactors.

Originating from medicine and epidemiology, this framework
aimsto better understandthe cumulativeimpact of thesediverse
influenceson health.

The coexistence of thousands of exposure factors, many still
poorly characterized, makes it challenging to assess their
interactionsand combinedeffects.

Nevertheless, this complexity contributes to increased health
risks, including chronic diseases, heightened vulnerability to
infections, and physiologicalimbalanceslinked to repeated and
varied exposures

Climate
conditions

Endogenous

compounds
* O%
Oxidaltive stresﬁa q

Gut
microbiota

=3
=1
g2}
>
&
o
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The chemical exposome

C Thechemicalexposomeencompassesll the chemical % R < i N
substancesa personis exposedto throughout their life, 25 o w1
through air, water, food, or everydayproducts, A rra 1‘ G\

C The presenceof thousands of different compounds, Neurological disorders - S Reproductive disorders

many of which are still poorly characterized,makesit
difficult to preciselyassesgheir combinedeffects,

C Nevertheless, this diversity increases health risks,
notably by contributing to chronic diseasesgndocrine
disorders, or subtle toxic effects linked to repeated
low-doseexposures

Toxins Nanoparticles
Pharmaceuticals

Pesticides Heavy meta
Industrial contaminants

Chronical exposure from the conception to the death
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The food chemical exposome
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Q preservatives
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resistance,
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Cancers, Natural toxins Neuropsychological
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neurologica . o and various other
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Pesticides: balancing safety and need

C Pesticidesare chemical or biological substancesused to protect crops from harmful organismssuch as insects, fungi,
weeds,or bacteria

¢

Their use helps increaseagricultural yields and reduce post-harvestlosses,but it also carriesrisks for human health and
the environment, includingacute or chronictoxicity, endocrinedisruption, and contamination of soil and water.

C Tomitigate theserisks,their useis strictly regulatedat both Europeanand national levels,with maximumresiduelimits set

for food, rigoroussafety assessmentsequired, and controls on market authorization. ’
-A-

-_-
European Commission

3

Widely and intensively used in modern agriculture

Modernagriculture Protectandincreaseyieldcrops Foodavailability

Accumulation of residues in soils and edible parts of plants

No active substance in a PP
can be used without the
approval of the European

Commission

D

Risk assessment for each
individual substance

¥ ¥
x

efsam

European Food Safety Authority

%

Regulates the marketing and
use of pesticide residues in
food and feed

(Regulation (EC) No 1107/20p9

Accumulation ®

in human

—

Contamination of
food products

S

()

Maximum Residue Limit (MRL)
for eachindividual substance

(Regulation (EC) No 396/20p5
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3.3. Instrumentalanalysis

) | | Identification &
. uantification of
LGMS/MS Official to0lS g GGMS/MS tagrgeted chemicals
(MRM) for control in (MRM)
food

Highly selective

High sensitivity
Absolute guantification

Overlooks all chemicals nen
included in the method

Not enough exhaustive for
comprehensive characterization
of hazards



:***** Co-funded by @ Open
***** the EUl"Opean Union IEattoLiveorEllﬁ-tI:Eat

3.3.1. Official control in Europe

C In the official routine control of food, chromatographictechniquescoupledwith triple quadrupole massspectrometry, LGMS/MS
(liquid chromatography)and GGMS/MS (gaschromatography),are widely usedfor the analysisof pesticideresidues

C Thesemethods allow the detection and quantification of a broad range of substancesat very low concentrations,with high
sensitivity and selectivitythanksto the MRM (Multiple ReactionMonitoring) mode.

C However, this mode has some limitations: it only monitors predefined transitions for known compounds,making it difficult to
detect unknown or non-targeted pesticides

C Additionally, MRM can be affected by matrix interferences, requiring careful optimization of separation and fragmentation
conditions,and it offers limited flexibility for addingnew analytesto establishedmonitoring programs

C Despitethese constraints,LCMS/MS and GCMS/MS remain pillars of official control due to their robustnessand ability to handle
largeand diversesamplesets
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3.3.2.A breakthrough technique : HigResolutionMassSpectrometry(HRMS)

Theintroduction of high-resolution massspectrometry(HRMS)n the food safety
system provides a valuable complementto conventional LGMS/MS methods
Unlikethe targeted MRM mode of LCMS/MS,HRMSenablesan exactfull-scanof
allionspresentin a sample allowingthe detectionof both knowncompoundsand
unexpectedor emergingresidues Thisnon-targetedcapabilityis particularlyuseful
for broadspectrumscreeningof pesticidesand for identifying new contaminants,
metabolites, or transformation products Furthermore,the high massresolution
and accuracysignificantlyreducematrix interferences,improving the reliability of
detection in complexmatrices HRMSthus complementstraditional LGMS/MS by

offering greaterflexibility and analyticalpower, pavingthe way for more proactive
andcomprehensivéood monitoring

reciprocating pump Sample injection CoII|S|on chamber Inert Gas Retennon time (min)

e ,0%0 o Pulser Ir
-/‘/ f oo Detecto
- Complex mlxture \
I- rtl {’f /I .
|.l i’ M51 {precurcor kon| 5:1m¢mnt i =
j —_ L A
—_—

[T

Time-of-flight

Mobile phases

! o0
— — —
- == Reflectron= | [ | |

|||||

Chromatographic separation Detection in mass spectrometry Data analysis
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The polyvalence of LEERMS

In LC-HRMS, there are different types of analysis. Targeted T d | .
analysis aims to detect and quantify analytes for which reference @ argete analysis
Reference standards < gif%~

standards are available. Suspect screening allows the search for
compounds for which reference standards are not available in
the laboratory, significantly expanding the scope of monitoring. q:;

Non-targeted analysis, on the other hand, is widely used for the ,.l’a‘ Screening

search for markers of interest. I, \T_,' - Q
@ Non—targeted analysis '\
Internal database

® Late

= Data visualization
= Chemometric tools

LC-HRMS analysis @ SUSpeCt_Screening .

No reference standards

*@L

& (<]
L \ ' Q Screenln
,/ Total footprint of the samples ‘ & Q& é; 4 /\
Q : L3 &

Comparison of groups MoNA

CH,

(8]

H
|

Statistical comparison to find discriminant External database or homemade list of

features and markers suspected compounds of interest (eg.,
connexion with MassBank of North America)

o]

Tentative annotation only
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Identification of pesticidesin LC-HRMS

4
«r

anses

In LC-HRMS, pesticides are usually identified by checking three key elements. First, the instrument

measures the exact mass of each molecule, and this value is compared to the known mass of a
pesticide to see if they match within a very small error margin. Second, each compound appears at a
specific time during the chromatographic separation, called the retention time; matching this time

with that of a reference standard helps confirm its identity. Third, the instrument can break the
molecule into fragments, producing a kind of “fingerprint” spectrum. If the fragments in the sample
look the same as those from the reference pesticide, the identification is considered reliable. When
a feature meets all three criteria, mass error, retention time, and fragmentation, it can be

unequivocally identified and confirmed.

pe

Criteria & thresholds . . .
riteria resholds _equ,,

Delta t; + 0.1 min

- @ Piperonyl Butoxide, subrange from 3-526
O Piperonyl Butoxide, entire range
OMS/MS triggered at RT = 11.9311

11.91

3ed
Mass error + 5-ppm > Delta tg : 0 min
e 2e4
o
Library score MS? > 70% E
led
11.49
0el
100 105 110 115 120 125 130 135 140
Time, min
~ @ Tebuconazol (folicur), subrange from 3-535
O Tebuconazol (folicur), entire range
O MS/MS triggered at RT =9 4280
9.41
25000
20000 Delta tg : 0.01 min
2
g 15000
H
10000
5000 9.53
: e

"
mu/ 7, 2,

Qw
:A%
WK =

’) <
%"LANW

LC-Q/ToF-MS analysis

Sample preparation

Examples : identification of piperonyl butoxide and tebuconazole in spice samples

=@ Spectrum from Ech_Curcuma_Melange7epi...(50 - 1000) from 11.895 to 11.924 min
@ C19H3005 +NH4
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c 3000
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4000
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£ 2000 "
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~ @ Spectrum from Ech_Curcuma_Melange7e...F MS~2 (50 - 1000) from 11.931 min
Precursor: 356.2Da, CE:40.0 CE=40

@ Library Spectrum Plperonyl butoxide (51-03-6) , CE=40£20
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3.3.3.Samplepreparation. Extraction and purificatiormethodsin food
The QUEChERS method

A Easy,CheapEffective,Ruggedand

A Introducedby Anastassiadest al. 2003
A Themostcommonandfirst- choice samplepreparationusedfor the analysisandcontrol of pesticideresiduesin food

Ultrapurewater Acetonitrile MgSQI NaC@
[ 1
- ?Q e YU SR
Hydration i ) i-z- Supernatent(chemicalsof
== . =l interest)

= = U%O - Aqueousphase
v = o & i
10 g of homogenized 6 mL of ‘
Sample supematent [
mmm) Rapidsimpleandeco-friendly i l I ﬁ'& ) ]
3 | ' ‘\
E L )
mmm) Effective for analysis T ﬁ (<F> = "__ﬂ, a
- -— — — =
mmm) Efficient for the analysis and i ' e
quantification of medium and non ; o
polaranalytes - - LC/GC-MSMS i
) analysis (MRM mode) Extract cleaning (dSPE)

=) | esseffective for highlypolarpesticides
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The QuUPPE method

A Polar
A Firstintroducedby the EuropeannionReferencelaboratory(EURL)
A Allowto coverhighlypolarandionicpesticideresidues not QUEChERSamenable

e e OH

o HO _ +0
Glyphosate = Ultrapurewater Acidified methanol
_/ OH )’ =
Hz2N ) b "‘\‘ - -
,©)\” AMPA i = 3 i a .
];V”\)( Hydration — Extract cleaning (d SPE)
— E r depend of the matrix

)

Polardrugs =|

’ 10 g of homogenized
4 ;- - sample

"oJ

=) Rapidandsimplemethod

—) Very efficient for the analysis and recovery of :
polarchemicals : ' -
3 ||
|

mmm) Less efficient for medium and non polar 2
chemicals g S LC-MS/MS analysis
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3.4. Quantification for the determination of chemical contaminants (pesticides)

| =1,+k3m o | =1,+k3 C Ccalibration fonction

K, response coefficient or SENSITIVITY (to be determined by calibration)
[, intensity of analyte

LeX | @SN} 3IS AyadSyarde 2F GKS lyrftedAaldolrt ofly]l aaaylt
C, concentration of analyte

External calibration method

C This is the most common quantification method: it consists of measuring the et
intensity of several solutions (at least five) containing known and increasing
amountsof the elementto be quantified (standardsolutions)

C ThecalibrationcurveL =7 ¢ /is thenlplotted (I = analyticalsignalintensity), where
L “is the signalintensity correctedfor the analyticalblank.

C Theintensity of the unknown solution ¢ Lis then measured,and the concentration

/ "is calculated using the linear regressioncoefficients (a and b) 6 lmust also be
correctedfor the analyticalblank).
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Step I Calibration (analysis of the standard solutions) and determination of the parameters of the calibration function

Standard| Standard| Standard| Standard| Standard
Standard Blank
1 2 3 4 5
Cstandard (mg' tl) 0 Cetl Cetz Cet3 Cet4 Cet5
Signal intensity(l) lo lets letz lets leta lets

Step II: Analysis of the unknown solution(s) (X)

Sample X | X X5 X
Intensity

le Ix2 |x3 X I

XN

g H H %A [j1> p, S H
T
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CHAPTER 4.

METHODOOOGHED TOTRETECH THE

CONPAMNYATOQ N O REREAND ANDITRELATED
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4.1. Introduction
C Traceelements are chemicalelements presentin a given material at average
concentrationsbelow 100 ug/g (ppm). Whentheir levelsfall below 1 ppm, they ~ * Trace elements + Trace elements
(optimum) (excess)

are often referred to asultra-trace elements
C Traceelementscanbe dividedinto two broad categories

AEssentialelements (micronutrients). Requiredin small amounts for biochemical
and physiologicalprocesses

APotentially toxic elements Harmful evenat low concentrationsor when presentin
excess

C Historically, toxic trace elementswere groupedunderthe term & K S iY@ & [, 9%
a designation based on their relatively high density comparedto water. This
terminology was misleading,astoxicity is not directly linked to atomic weight or

density. https://www.frontiersin.org/journals/plant -
C Consequentlythe term has been replacedby potentially toxic trace elements science/articles/10.3389/fpls.2024.1377964/full

(PTTEs),which more accurately reflects their environmental and health
significance
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C Among PTTEsarsenic (As), mercury (Hg), lead (Pb), and cadmium (Cd) are of particular concerndue to their high toxicity,
persistence and ability to bioaccumulatein ecosystems

C Converselyseveraltrace metals are essentialmicronutrients for living organisms,includingiodine (1), zinc (Zn), selenium(Se),

iron (Fe),copper (Cu),chromium (Cr), molybdenum (Mo), manganese(Mn), cobalt (Co),arsenic(As, in trace amounts), nickel
(Ni), and vanadium(V).

C These elements play critical roles in enzyme function, hormone regulation, oxygen transport, and antioxidant defense
However,the distinction between essentialand toxic is concentrationdependent

AAt optimal levels,essentialtrace metalssupport vital physiologicalfunctions.

AAt elevatedlevels,they canbecometoxic, leadingto oxidative stress,organdamage,or metabolic disruption (e.g., iron overload,
manganesaneurotoxicity)
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Traceelementsare present at extremely low concentrations
in natural and biological systems,yet they play a crucialrole
in both health and environmental quality.

Becausdheir levelsoften lie in the ppm (parts per million) or
evenppb (parts per billion) range, quantifying them requires
highly sensitiveanalyticalmethods.

Traditional chemical methods, such as those based on
titrimetric techniques,gravimetry or spectrophotometry are
not sufficient at these scales,so modern analyticalchemistry
relieson advancedspectrometricand nucleartechniques

Thesemethods allow scientiststo measure trace elements
with precision, distinguish between essential and toxic
species,and ensurereliable monitoring in food, water, sail,
and biologicalsamples
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4.2. Main techniques andheir main featuresfor trace elementdetermination in cereals

C Atomic Absorption Spectroscopy (AAS)

C Inductively CoupledPlasma Optical Emission Spectroscopy ((QES)
C X-Ray Fluorescence (XRF)

C Neutron ActivationAnalysis(NAA)
C Inductively CoupledPlasma Mas$pectrometry(ICRMS)

For simplicity, the most widely used techniques such as ICRMS, ICROESand AAS will be discussed here. Amongst these
techniques,ICRMS is mostly wide used nowadaysand hencethis technique will be the main focus of the next paragraphs
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4.2.1. Atomic Absorption Spectroscopy (AAS)

Principle
The are two types of AAS, depending on the principle of Himisation source, namely (i) flame AAS and (ii) graphite furnace AAS.

(A) Flame AASis one of the most widely used techniquesfor determining trace

metalsin solution. In this method, the sampleis aspiratedinto a flame (commonly | eme l amplifier
aircacetyleneor nitrous oxidecacetylene),where the solvent evaporatesand the ‘\‘Mr\ .f |
analyte atoms are thermally atomized A light beamfrom a hollow cathodelamp, k= ——pmm— 2% i
specificto the elementof interest, passeghrough the flame. -Balloy monochromsator

—— fuel gas
The ground-state atoms absorb this radiation at characteristicwavelengths,and ﬁisg
the amount of absorbedlight is proportional to the concentrationof the elementin
the sample ’ G
Advantaqes recorder
Simple,relatively inexpensive goodfor routine singleelementanalysis e
Limitations
AL esssensitive(typically ppm to low ppb levels)than graphite furnace AASor ICR (httos:/www. privamstudycentre.com/2021/11/atomic.
MS absorptionspectroscopy.htnjl

AMainly suited for elementspresentat moderate concentrations



https://www.priyamstudycentre.com/2021/11/atomic-absorption-spectroscopy.html
https://www.priyamstudycentre.com/2021/11/atomic-absorption-spectroscopy.html
https://www.priyamstudycentre.com/2021/11/atomic-absorption-spectroscopy.html
https://www.priyamstudycentre.com/2021/11/atomic-absorption-spectroscopy.html
https://www.priyamstudycentre.com/2021/11/atomic-absorption-spectroscopy.html
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(B) Graphite furnace AAS (GF AAS) - in this case, a small aliquot of sample is introduced into a graphite tube (furnace)
The sample is subjected to a programmed sequence of drying, ashing and atomization at high temperature.
Freeatomsformed in the furnaceabsorblight from an elementspecifichollow cathodelamp, and the absorbances proportional to
the analyte concentration

Advantages

wVery highsensitivity, with detection limits in the pggng/L range.

wRequiresvery smallsamplevolumes (520 pL).

wNo nebulizationlh K Asaihfleintroduction efficiency.

wCanhandle complexmatriceswith optimizedtemperature programs.

wWell suited for trace elementanalysisin water, food, environmental or biologicalsamples

Limitations

wSingleelementtechnique (oneelementmeasuredat a time).
wSloweranalysiscomparedto ICROES or IGMIS.

wSusceptible to matrixnterferenceslhoften requireschemicalmodifiers.

wGraphite tube contamination and wearequire maintenance andperiodicreplacement.
wSmallerdynamicrangethan ICRbasedtechniques.
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4.2.2.Inductively coupledplasma- Opticalemissionspectroscopy(ICROES)

Principle
ICROESIs based on the excitation of atoms and ions in a very hot plasma¢ 16,000¢10,000 K) (ICP) The plasmais

generated by an argon gas flow sustained by a radiofrequency field. When the sample solution is nebulized and
introduced into the plasma,the high temperature causesatomization and excitation of the elements Asthese atoms
and ions return to lower energy states, they emit light at characteristicwavelengths A spectrometer separatesand
measureghis emitted light, and the intensity is proportional to the concentrationof eachelement

Advantages

AMulti -element capability: Canmeasuredozensof elementssimultaneously

Awide dynamicrange: Suitablefor concentrationsfrom pg/L (ppb) up to mg/L (ppm).
ARobustnessHandlescomplexmatrices €oil digests,industrial effluents, biologicalsamples.
ASpeed: Rapi@dnalysiscomparedto singleelementtechniques like AAS.

Limitations

wICROESs sensitive, butits detection limits are not aslow as ICRMS, especiallyfor trace-level metals (ng/L¢ug/L
range).
wNot idealfor ultra-trace analysis

wComplex matrices (e.g. biological samples) can produce many emission lines that partially overlap with the analyte

v

signal.
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4.2.3.Inductively CoupledPlasma MassSpectrometry(ICRMS)

Y

The analysis by ICRMS begins with the sample
introduction/transport to the nebulizer by means of a
peristaltic pump. The sample is nebulized and converted
into afine aerosolby the nebulizer

The aerosol is then transported to the center of the ICP
through a plasmatorch, typically made of three concentric
quartz tubes. Thistorch is positioned within an inductive
coil that generatesradio frequency(RF)magneticfields that

createsand sustainsthe plasma

At high temperatures(6000¢ 8000K), the plasmaatomizes
and ionizesthe analyte, producing (mostly) singly charged
cations

Theions are subsequentlyextractedvia the interface region
and directedinto the ion optics, a set of electrostaticlenses
that focusand guidethe ions.

https://www.nature.com/articles/milemassspec10
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ICRMS has seven basic compartments the sample
introduction system(nebuliser,spraychamber),a torch,
the ICP,the cone interface (samplerand skimmer), the
lon optics, the massanalyserandthe detector.

The standard ionisation sourcefound in all commercial
ICRMS instruments is an Ar-based ICP This plasmais
created using radio frequency (RF) magnetic fields
generatedby a coil wrapped around a quartz torch.

The standard torches found in commercial equipment
are typically basedon the Fasseldesign, characterised
by three concentricquartz tubes.

In this design,the outer tube containsthe plasmagas,
the intermediate tube carriesthe auxiliary gasand the
central tube (calledthe injector tube) is for the carrier
gas

Ar is often used as the operating gasfor all three gas
streams

Quadrupole Detector

Sample i l ﬂCoﬂ
Torch

Interface

Turbo pumps

The schematic diagram showing the main part described
above is provided in the figure above.
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C The interface region consists of two cones the S
samplerandthe skimmer.

C Theseconesextract the ions from the plasma,with
a primary pump maintaining a vacuum of
approximately 101 Pabetweenthem.

C Behind the sampler cone, a supersonicjet forms
and passes through the skimmer cone before

Skimmer

entering the ion optics, which focusesthe ion beam Cone e Watsr-cooisd
and guideit to the quadrupole massanalyzer,which daae L KEBUACSEasiNg
further processeghe ionsbeam

C The most common mas analyserin ICRMS are the Interface components of an IBFS.

quadrupoles
https://www.agilent.com/cs/library/flyers/public/flyeiinterfaceconesicp-ms5994-4695EN
agilent.pdf?srsltid=AfmBOooVwnfd4r67@iIMOj11gAcjqQIfaixHVI5cnoQmYrVszjBTD
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C The gquadrupole mass analyzer acts as a mass filter,
consistof four circular rods subjectedto both a direct
current and a radio frequencyvoltage. Thisconfiguration . .
separatesons basedon their massratio (m/z). unstable tajectory  stable tajectory

(not detected) (detected)

C The selectedions are then directed to the detector, an -——-___’__--::'f
electron multiplier, which quantifies the ions. A high
vacuum, maintained by turbomolecular pumps, is
essential for the analyzer and detector to function
efficiently.

To Detector

‘v -.
| 4
.

‘. <+—— Effective Area

00

https://www.spectro.com/inductivehcoupledplasmamassspectrometryicp-ms-principle

Quadrupole Rods

Quadrupole Rods

C lons formed in the ICP are highly reactive and can
combine with other ions, leading to the creation of
polyatomicspeciesthat contribute to interference

C Forinstance,the presenceof chlorine (Cl)or carbon (C)
can interact with the carrier gasargon (Ar), producing
polyatomic speciessuchas4CAr3>Cland 4°Art2C

C Thesespeciesinterfere with the accuratemeasurement
of elements like arsenic (°As) and chromium (°2Cr) by
overlappingwith their signals




MRSl Co-funded by @ Open
***** the EuroPean Union IEattoLiveorEllﬁ-tI:Eat

C To address polyatomic interferences,
more advanced approachesinclude the
use of collision cells, which are now

Rejects all ' Rejects all masses
standardin all modern ICRMS systems massesexcept | Reaction | exeptm/zofthe
o ) m/z=x gas R target product ion
C Collision/reaction cells operate basedon (eg,") (eg, ", 1)
kinetic energy discrimination (KED) In A l
this technique, a collisiongas(suchasHe,

Reaction
product ion

H, or Xe) or a reaction gas (suchas O,,
NH;, CH, H,) is introduced into a
pressurizedcell.

XAt ¢ V]t
ZX|2+

1 [ ]

1 Quad (Q1) Reaction cell 2" Quad (Q2)

(e.g,"ARRY)

C The collision gas interacts with both the
interfering polyatomic species and the
target analyte. Due to their larger size,
the interfering specieswill lose kinetic
energy more readily than the target
analytes, allowing the analyte ions to be
separated from the interferent ions
before detection by the massanalyzer

Schematic representation of the operating principle of the tandé@RMS/MS

https://www.ams.ugent.be/tandemicp-massspectrometryicp-msms
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S
75AS+
4OAr3SCI*
40Ca35C|*
150N 2+

. . .. i‘;v')Srn.?—
C Alternatlvely, \_Nher_l areaction gasis introduced, ) ai
it may reactwith either the target analyte or the

interfering species In the former case, the "\

reaction cell Q2
lon guide m/fz2=175

target analyte forms a new speciesthat is free PAs*
of interferencesand detectable OArsCr
) ] ) ¥ca*cr A TR 7575160+
C In the latter, the interfering species are 150 42 , , - _ o170+
convertedinto non- overlappingforms, ensuring 150§ m 2+ d o Be—
they do not interfere with the analyte of 274 il

Q1 reaction cell Q2
lon guide/bandpass m/z =91

interest. Those two processes significantly
enhances the accuracy of element

guantification. "SAs*
“ArRCH
40Ca35C|t
Example of the added value of the double mass selection mode | 150y 42+ — —
(MS/MS) for the determination of As in complex matrices. 150G m?2 —
917+ '
https://www.sciencedirect.com/science/article/pii/S000326701501065X Q1 reaction cell Q2

m/z=75 m/z=91
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lon Beam

C Most ICRMS systemsrely on an electron-multiplier (EM)detector y/ Conversion Dynode

to quantify ion signals An EM is made up of a sequenceof C
chargedplatescalleddynodes >
C Whenanion hits the first dynode, it generatesseveralelectrons é

that are acceleratedtoward the next dynode, where additional
electronsare released

C This cascade continues through the entire dynode chain,
progressively amplifying the signal until it becomes strong
enoughfor the counting electronicsto registerit asanion event.

Signal Output

The basic schematic of an electron multiplier.

https://lwww.thermofisher.com/fr/frlhome/industrial/spectroscopyelementatisotope
analysis/spectroscopglementatisotope-analysidearningcenter/trace-elementatanalysis
tea-information/inductivelycoupledplasmamassspectrometryicp-ms-information/icp-ms-
systemstechnologies.html
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4.3. Sample preparation for trace elements

determination

C For the determination of trace elements, the solid samples must be digested to be compatible with the atomic
spectrometry based techniques. A description of the main techniques for samples dissolution is provided belo

C Itis worth to note that this step in a chemical analysis method is prone to introduce the highest uncertainty source
(see below).

Sample preparation
Human error
Equipment problem

Analytical Calibration
Methods RSCPublishing Reporting problem

Calculation error
AMC TECHNICAL BRIEFS L Method selection
Test material problem
Transport & storage
Primary sampling
Analytical Methods Committee, AMCTB No 56 Laboratory environment

What causes most errors in chemical analysis?

Cite this: Anal Methods, 2013, 5,2914
PT provider problem
Sample tracking

Other problem category
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Number of instances reported




Co-funded by
the European Union

¢ B
\ Y 4 > g
LewodS =
anses &
4.3.1.Classicatlissolution techniques
Strongacidso | b KMCE> | i HCIQj vz
or
Strongacids+oxidantso | i hi U
Hot plate Digestionbomb
(opensystemheating)

(closedsystemheating)
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4.3.2. Modern dissolution techniques

(A) Ultrasound-assisteddigestion 5/141-

C This technique uses an energy source in the form of acoustic waves in the
ultrasonicrange (> 20 kHz)to enhancethe agitation of the sample

C Two different types of ultra-sound systemare nowadaysavailable for laboratory ;
use,namelythe ultrasonicbathsand the ultrasonicprobes(seebelow). [

Strongacidso | b HMCE> | iHCIgj 0z
or
Strongacids+oxidantso | i hi 0

_ Ultrasonicprobe
Ultrasonicbath P
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(B) Heating block assisted digestion

C This type of digestion systems are generally designed and
manufactured with graphite block technology to offer superior
performancein harshlaboratory environments

C All havea non-metallic constructionwith a corrosionresistantcaseand
a protective coated graphite block This eliminates sample
contamination from the instrument, resistsaggressivecorrosiveattack,
ensuringlongevity of the system

C Theheating block systemscan operate with either a simpleto use key
pad controller or the multi-method colour touch screencontroller.
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Heating block typeDigiPrep

Strongacidso | b MCEX | i HCIQj vZ
or
Strongacids+oxidantso | i hi 0

Animageof heatingblockfor samplesdigestionof the brand DigiPrepis shownin the Figureto the right.




