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Utilisation of LC/MSMS (QTRAP) and
Polarity Switching for the Quantitative
Analysis of Over 300 Pesticides in Crude
QuEChERS Extracts from Various Fruit
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Science and Advice for Scottish Agriculture (SASA) is an Official UK laboratory that on behalf of the Scottish Government, participates in statutory

UK and EU annual surveillance programmes that monitor UK and imported food & drink for residues of pesticides and their metabolites.

LC/MSMS has been a front-line tool in the laboratory for many years but with older instrumentation it was not possible to generate reliable data for

all pesticides in a single run.

A highly sensitive LC/MSMS instrument has been
commissioned. The instrument is capable of
simultaneous acquisition of hundreds of MRMs
incorporating fast polarity switching without
compromising data or generation of sufficient
data points across each peak for quantitation.
However, due to the excellent robustness of
the system, it has been possible to modify the
generic QUEChERS procedure and omit the
clean-up step. Consequently, we directly carry
out quantitative analysis of crude extracts.

The above features are demonstrated with
examples of quantitative surveillance data,
UK and EU Proficiency Test data and system
performance data.

Introduction

EU legislation requires member states to carry
out post-approval surveillance monitoring

of pesticides in food and feed to ensure that
residues do not exceed Maximum Residue
Levels (MRLs) [1]. AMRL is the highest level

of a pesticide that is legally tolerated in or on
food and feed. MRLs are not safety limits but
the highest level expected when pesticides
are used in accordance with good agricultural
practice. The regulation covers pesticides
currently and previously used in agriculture in
or out with the EU. For pesticides not listed, a
default MRL of 0.01 mg/kg is applied. The co-
ordinated EU multi-annual control programme
sets out for each member state the minimum
number of samples to test and which specific
pesticide and crop combinations to test [2].
Member states appoint official laboratories to

carry out this statutory work.

Gas Chromatography coupled with Tandem
Mass Spectrometry (GC/MSMS) and Liquid
Chromatography coupled with Tandem Mass
Spectrometry (LC/MSMS) have been front-
line tools in official pesticide laboratories

for many years. Tandem mass spectrometry
provides the required specificity to detect
and quantify hundreds of pesticides in
complex matrices. As well as the specificity,
the instrumentation must also have adequate
sensitivity to comply with the regulations.

Official control laboratories have implemented
various multi-residue sample preparation
approaches to include many pesticides with
different physicochemical properties such

as the Quick, Easy, Cheap, Efficient, Rugged
and Safe (QUEChERS) extraction technique

[3] followed by GC and/or LC coupled with
MS. Methods must comply with Method
Validation and Quality Control Procedures for
Pesticide Residues Analysis in Food and Feed
SANTE guidelines [4]. The aim for laboratories
is to generate SANTE compliant data for all
pesticides in as few analytical runs as possible.
With older instrumentation it was not possible
to generate reliable data for all pesticides in a
single run. Samples often had to be analysed
using several different approaches in order

to achieve the required detection limits of 10
parts per billion (ppb), to cover all pesticides
and to provide sufficient identification points to
confirm positive residues. Testing Laboratories

must be accredited to international standards
(ISO 17025:2005) and as part of this must
demonstrate proficiency by participating in

several analytical proficiency tests each year.

In this work, a highly sensitive Sciex 6500
(QTRAP) LC/MSMS instrument was used

to improve the workflow. The instrument

is capable of simultaneous acquisition of
hundreds of Multiple Reaction Monitoring
(MRM) experiments incorporating fast polarity
switching without compromising data and
ensuring generation of sufficient data points
across each peak for quantitation. The
instrument has excellent robustness allowing
modification of the QUEChERS procedure, in
order to directly analyse crude extracts without
the need for a clean-up step.

The above features will be demonstrated with
examples of quantitative surveillance data,
UK and EU Proficiency Test data and system
performance data.

Experimental
Sample preparation

Fruit and vegetable samples submitted as
part of the 2016 UK monitoring programme
were cryogenically milled using solid carbon
dioxide and a R23 vertical cutter mixer

from RobotCoupe (UK), Middlesex, UK and
stored at -20°C until required for analysis.
10 g of sample were extracted using citrate
QUEChERS extraction method [5]. Q-sep
QUuEChERS salts were purchased from
Restek (Thames-Restek), High Wycombe,
UK. The dispersive SPE clean-up step was
omitted. Sample extracts in acetonitrile with
equivalent to 1 gml" matrix were filtered




through 0.45 pym PTFE syringe filters into
vials for subsequent analysis by LC/MSMS.

Pesticides to be detected by LC/MSMS were
purchased as neat reference standards of
purity = 98% from either QMX Laboratories
(Thaxted, UK), LGC standards (Teddington, UK)
or Greyhound Chromatography (Birkenhead,
UK). Single stock solutions of each pesticide
were prepared in-house in methanol at
concentrations of approximately 400 pg/ml.
Newly prepared single stock solutions were
compared against old stock solutions as per
SANTE guidelines. Single stock solutions
were combined into mixed standards at
approximately 5 pg/ml for most pesticides
and stored at 4-7°C until required for analysis.
Pesticides were grouped into two sets of
mixtures (A and B) to safeguard that pesticides
known to convert to one another were in
separate mixtures, for example thiophanate-
methyl and carbendazim, ensuring that
quantitative results could be achieved

for positive samples without the need for
analysis with separate standards. HPLC grade
methanol and acetonitrile were supplied

by Rathburn Chemicals (Walkerburn, UK).
Ammonium acetate was supplied by Fisher
Scientific UK, Loughborough, UK. Matrix-
matched calibration standards at 5 levels
were prepared in appropriate (organic) fruit
or vegetable matrix that had been extracted
using the citrate QUEChERS extraction
method. A mixture of internal standards
containing carbendazim D4, methomyl D3 and
pendimethalin D5 was added to each sample
and standard as an injection internal standard.

A Shimadzu Nexera UHPLC system
(Shimadzu, Milton Keynes, UK) was coupled
with a Sciex 6500 QTRAP mass spectrometer
(Sciex, Warrington, UK). A Genius 3031
nitrogen generator from Peak Scientific,
Inchinnan, UK was used to supply gas.

UHPLC Set-up

Run time: 2x 17 min

Column: Kinetex 2.6 um, C18,
50 x 4.6 mm with
Security Guard
cartridge
(Phenomenex,
Macclesfield, UK)

Injection volume: 3pl

Column temperature: 40°C

Flow rate: 0.4mL/min

Eluent A: Methanol/Water 5/95
v/v + 5mM
ammonium acetate

Eluent B: Methanol + 5mM

ammonium acetate

Gradient elution:

Time (min) % Eluent A %Eluent B
0.1 75 25
0.7 40 60
1.8 2 98
13.8 2 98
14.0 75 25
MS Set-up
lonisation
mode: Electrospray in positive
and negative ion mode
with polarity switching.
Multiple Reaction
Monitoring (MRM).
lon Source
Temperature: 425°C

Collision (CAD) gas: High

lonspray voltage:  switching between

+4500 and -4500V

Curtain gas: 35 psi

lonspray gas 1: 60 psi

lonspray gas 2: 50 psi

Entrance potential: 10V (positive ion) and
-10V (negative ion)

Results and Discussion

There are many considerations when
deciding upon a workflow for pesticide
residue analysis. Hundreds of pesticides

and their metabolites must be screened

for, in complex matrices down to low levels
and positive residues must be quantified
and confirmed with sufficient identification
points in accordance with SANTE guidelines.
Detection limits are typically 10 ppb for most
pesticides although some pesticides need
to have lower detection limits since they
have much lower MRLs due to their toxicity.
For example the MRL for carbofuran in

some crops is 0.001 mg/kg necessitating a
detection limit of at least 1 ppb. The desired
throughput of the laboratory is also important
when selecting the analytical approach.

Most surveillance monitoring samples
require to be reported either monthly or
quarterly therefore high throughput was not
crucial. The aims of the method described
here were to obtain fully quantitative, robust
results for all pesticides in positive and
negative ionisation modes and to generate
sufficient confirmation data by acquiring

at least two MRMs per pesticide in the

first analytical run. In this way samples only
needed repeat analysis if residue levels
exceeded the calibration range (5 - 80 ppb).
Calibration curves in this range (and higher

for many pesticides) were linear. Typically for

positive samples where residues exceeded
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200 ppb these were diluted into the linear
range of the instrument.

The position of the probe in the Turbo V™
source can greatly affect the sensitivity of
the analysis. It is desirable to ensure that
for typical LC flow rates the position of the
electrode is not too close to the orifice of
the mass spectrometer to avoid undesirable
components fouling the system. In this
work the probe vertical micrometer position
was set to 3 mm and the probe horizontal
micrometer position was set to 6 mm.

The use of the advanced Scheduled MRM™
Pro algorithm in Analyst software aided the
acquisition of the large number of MRMs
whilst still ensuring that there were sufficient
data points across each peak (>10 points
required for quantitation) even in congested
areas of the acquisition method.

Figure 1a shows the total ion current (TIC)

in positive ion mode (red) and negative ion
mode (blue) of a strawberry matrix standard
at 10 ppb. Figure 1b shows the TIC of a 2016
strawberry sample that contained 16 pesticide
residues in the range 10 — 300 ppb. 15 of
these pesticides were acquired in positive

ion mode (red) and one was acquired in
negative ion mode (blue). The extracted ion
chromatograms (XIC) presented Figure 1c
show boscalid (+MRM) quantifier and qualifier
transitions for the strawberry matrix standard
at 10 ppb and 2016 strawberry sample
containing 16 pesticide residues including
boscalid (+MRM) at 80 ppb. XIC of fludioxonil
(-MRM) quantifier and qualifier transitions for
strawberry matrix standard at 10ppb and 2016
strawberry sample containing 16 pesticide
residues including fludioxonil (-MRM) at 100
ppb are displayed in Figure 1d.

The figure is typical of the good peak integrity
with excellent signal to noise and sufficient
data points in both ionisation modes for all
pesticides which was maintained throughout
2016 without the need for remedial
maintenance activities. Simple cleaning of the
mass spectrometer’s curtain plate was sufficient
to maintain this consistent performance
without the need to vent the MS for cleaning
in between each annual preventative
maintenance visit by the service engineer.

Consistent retention times were achieved
but Scheduled MRM™ Pro has a function
where acquisition of an MRM is extended

by up to one minute if the response is

still above a threshold at the end of the
acquisition window. The Security Guard
cartridge was replaced if backpressures
increased or peak shapes deteriorated but
this was only required after several thousand
injections. Column life was also up to several
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Table 1: List of Pesticides acquired in Pesticide Methods A & B (positive and negative ionisation modes).

Pesticide Method A - positive ion mode (166 pesticides)
3-Hydroxycarbofuran Disulfoton Indoxacarb Pyraclostrobin
Abamectin Disulfoton sulfone lprovalicarb Pyrethrins Jasmolin |
Acetamiprid Disulfoton sulfoxide Isoprocarb Pyrethrins Jasmolin Il
Acetochlor Diuron Isoprothiolane Pyrethrins Pyrethrin ||
Aldicarb N,N-dimethyl- sulfamide (DMSA) Isoproturon pyrethrins, cinerin |
Aldicarb-sulfone Dimethylaminosulpho- toluidide (DMST) | Kresoxim-methyl pyrethrins, cinerin |l
Aldicarb-sulfoxide Epoxiconazole Lenacil pyrethrins, Pyrethrin |
Amitraz Ethirimol Linuron Pyridaben
Atrazine Etofenprox Malaoxon Pyrifenox
Azinphos-ethyl Famoxadone Malathion Pyrimethanil
Azinphos-methyl Fenamiphos Mandipropamid Pyriproxyfen
Azoxystrobin Fenamiphos sulfone Mepanipyrim Quassia, Neoquassin
Bendiocarb Fenamiphos sulfoxide Metaflumizone Quassia, Quassin
Benthiavalicarb Fenarimol Metconazole Quinoxyfen
Bitertanol Fenazaquin Methiocarb Rotenone
Boscalid Fenbuconazole Methiocarb-sulfone Simazine
Bromuconazole Fenbutatin oxide Methiocarb-sulfoxide Spinosad (spinosyn A)
Bupirimate Fenhexamid Methomyl Spinosad (spinosyn D)
Carbaryl Fenoxycarb Methoxyfenozide Spirodiclofen
Carbofuran Fenpropimorph Metobromuron Spiromesifen
Carbosulfan Fenpyroximate Metolachlor Tebuconazole
Chlorantraniliprole Fenthion Metolcarb Tebufenozide
Chlorotoluron 1 Fenthion sulfone Metrafenone Tebufenpyrad
Clofentezine Fenthion Sulfoxide Metribuzin Terbufos
Clothianidin Flonicamid Myclobutanil Terbufos-sulfone
Cymoxanil Flubendiamide Ofurace Terbufos-sulfoxide
Cyproconazole Flufenacet Omethoate Terbuthylazine
Cyprodinil Flufenoxuron Oxadixyl Terbutryn
Cyromazine Fluometuron Paraoxon-methyl Tetraconazole
Demeton-S-methyl-sulfone Fluopicollide Penconazole Thiabendazole
Demeton-s-methyl-sulfoxide | Fluopyram Pencycuron Thiacloprid
Desmedipham Fluoxastrobin Phorate Thiamethoxam
Desmethyl-pirimicarb Flusilazole Phorate-sulfone Thiodicarb
Diclobutrazol Flutolanil Phorate-sulfoxide Thiophanate-methyl
Diethofencarb Flutriafol Phoxim Trichlorfon
Difenoconazole Fluxapyroxad Picoxystrobin Trifloxystrobin
Diflubenzuron Formetanate HCI Piperonyl-butoxide Triflumuron
Diflufenican Furathiocarb Pirimicarb Triforine
Dimethoate Hexaconazole Prochloraz Triticonazole
Dimethomorph Hexythiazox Propaquizafop Zoxamide
Dimoxystrobin Imazalil Propiconazole
Diniconazole Imidacloprid Pymetrozine




Pesticide Method A - negative ion mode (11 pesticides)

Bromoxynil Fipronil sulfone Fludioxonil Lufenuron
Chlorfenapyr Fluazinam Hexaflumuron Teflubenzuron
Fipronil Flubendiamide loxynil

Pesticide Method B - positive ion mode (119 pesticides)

Acibenzolar-S-methyl Cyflufenamid Hexazinone Picolinafen
Aclonifen Cyhalofop-butyl Imazamox Promecarb
Alachlor DDAC Isopyrazam Prometryn
Allethrin Desmetryn Isoxaben Propamocarb
Ametoctradin Diafenthiuron Isoxaflutole Propanil
Aminocarb Diafenthiuron urea Mepronil Proquinazid
BAC-10 Dinotefuran Mesosulfuron-methyl Prosulfocarb
BAC-12 Dioxathion Metamitron Prosulfuron
BAC-14 DMF Metazachlor Prothioconazole Desthio
BAC-16 DMPF Methabenzthiazuron Pyridalyl
Bispyribac-sodium Dodine Methamidophos Pyroxsulam
Butocarboxim Emamectin benzoate Metosulam Quinmerac
Butocarboxim-sulfoxide EPTC Metoxuron Quinoclamine

Butoxycarboxim

Ethiofencarb

Metsulfuron-methyl

Quizalofop-P-ethyl

Carbendazim Ethiofencarb-sulfone Molinate Spinetoram J
Carbetamide Ethiofencarb-sulfoxide Monocrotophos Spinetoram L
Carboxin Etoxazole Monolinuron Spirotetramat
Chlorbufam Fenamidone Monuron Spirotetramat-enol
Chloridazon Fenpropidin Napropamide Spiroxamine
Chromafenozide Fenpyrazamine Nitenpyram Tebuthiuron
Cinidon ethyl Fensulfothion Novaluron Terbumeton
Clethodim Fluazifop Nuarimol TENG
Clomazone Fluazifop-P-butyl Oxadiargyl Tolfenpyrad
Coumaphos Fluguinconazole Oxadiazon Tri-allate
Crufomate Fluroxypyr Oxamyl Triasulfuron
Cyanazine Fuberidazole Oxasulfuron Triazamate acid
Cyantraniliprole Halofenozide Penflufen Triazamate ester
Cyazofamid Halosulfuron-methyl Penthiopyrad Tricyclazole
Cycloate Haloxyfop Phenmedipham Vamidothion
Cycloxydim Haloxyfop R methyl Phosmet

Pesticide Method B - negative ion mode (16 pesticides)

2,4-D Bentazone MCPB Terbacil

2,4-DB Chlorfluazuron Neburon TFNA
2-phenylphenol Dichlorprop Quizalofop Triclopyr
Acephate MCPA Sulfoxaflor Tritosulfuron
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Figure 1a. TIC of strawberry matrix standard at reporting level (0.01 mg/kg for Figure 1b. TIC of 2016 strawberry sample containing 16 pesticide residues (range
most pesticides). 0.01 - 0.3 mg/kg) i.e. 15 positive MRM in red and 1 negative MRM in blue.
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Figure Tc. XIC of boscalid (+MRM) for strawberry matrix standard at reporting level Figure 1d. XIC of fludioxonil (+MRM) for strawberry matrix standard at reporting

(0.01 mg/kg) and 2016 strawberry sample containing boscalid at 0.08 mg/kg. level (0.01 mg/kg) and 2016 strawberry sample containing fludioxonil at 0.1 mg/kg
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instrument over time i.e. 100 injections using

full acquisition method A incorporating polarity Figure 2: SASA LCMSMS Proficiency Test Data 2016.

Table 2: Summary of residue detected and quantified by LCMSMS in 2016 samples

. Number of Numl_)_er of MNumber of residges Number of pesticides Nurnher of rqsiduas > MinimuriResidde  Maximum Residue
Commodity staens'lfelgs sp::‘g\;es de;{e:teﬁﬁ anquuall'ntlﬁed > detec_te‘d (number of Maximum Residue Level (mg/kg) (mg/kg)
porting Level (RL) pesticides sought) (MRL)

Beans with Pods 120 62 142 41(306) 40 0.001 09
Cabbage 96 17 26 13(306) 0 0.01 0.2
Grapefruit 96 95 403 22(306) 2 0.01 7.8

Leek 96 22 36 10(306) 0 0.01 0.1
Spring onion 48 26 43 11(306) 0 0.01 0.9
Strawberry 96 81 341 36(306) 1 0.01 1.6

Reporting Level (RL) 0.01 mg/kg for most pesticides
Pesticide residues in food: results of monitoring programme can be found at:
i i in-food.

hitps:ifwww.gov.uk/gy He-of. itoring-p itoring -




switching is illustrated in data presented in
Figure 3. Consistent ion ratios were achieved
regardless of residue level for confirmation of
positive findings.

The method and approach should be future
proof in order to cope with most analytical
challenges but modifications could be made
to solve particular problems and to ensure that
data remains SANTE compliant even when
analysing very difficult matrices.

The instruments fast electronics means

that more MRM transitions could easily be
incorporated into the acquisition methods
without sacrificing the integrity of the data. An
additional 9 pesticides were added to method
B for 2017 work using the same LC conditions
without any compromise in performance. The
high sensitivity of the instrument would allow
significant dilution of the QUEChERS extracts to
ensure that 'dirty’ matrices would not foul the
mass spectrometer.

The linear ion trap was not used in any of

the work presented here but this additional
functionality already included within the system
could be utilised to enhance the method

in the future. The QTRAP allows the use of
Data Independent Acquisition (DIA) to collect
additional MS/MS enhanced product ion (EPI)
scans for additional identification. EPI spectra
are highly selective and very sensitive due to
accumulation of ions in the trap.

Highly selective and sensitive quantitation using
MS/MS/MS is another option using the QTRAP,
not as part of a routine workflow, but as a tool
to solve a particular problem such as matrix
interference affecting ion ratios. This is only

an option if suitable fragments with enough
sensitivity can be obtained.

Conclusions

Implementation of this method has had

an extremely positive impact on workflow.
Quantitative LC/MSMS data are acquired for
hundreds of pesticides in 2 x 17 minute runs

2502000 +

Peak Area Internal Standard

502000 +

o 10 0 0 40

%RSD 3.30

50 80 n L4 0 100

Number of injections

Figure 3: Performance Data (100 injections over 28 hours run time using full acquisition method described above).

with repeat runs required only if positive
findings exceed the calibration range.
Less than 10 minutes per week are spent
on instrument cleaning. Significant time
has been saved on data processing due to
the excellent signal to noise. The method/
system has the capacity for modifications
to address future challenges that may be
encountered in pesticide residue analysis.
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