ASNAILILAZASIAERUAMUTYLAY89351AS12%EaNS chlorate wag perchlorate

Tuladnidnlnewmatia LC-MS/MS

Mawg NuA” Fynae 1saunsneg
%4
UNAnea

duidlosnuszmeasesuaun laussmeuaaieuluszuu RASFF vasavnmglsun lansaany
nsumdouans chlorate Tuidlolnflasanussmelne lussdugsnmauiinamnansgaan mufisisuela
11 COMMISSION REGULATION (EU) 2020/749 mjumnaauqmmwLﬁjaé’mﬁuazwawﬁmmﬂé’mﬂ 3dla
Wamwazasadeunulylavesisiinsznans chlorate luilodnidn Inawmailn LCMS/MS wazla
fiauuisiaTenans perchlorate Tunseuiu ilesaniduanmnansiieuensaninisylsy lavssndla
lu COMMISSION REGULATION (EU) 2023/915 iftelydmiunsiaiinsiemilednidnasesn Suaienis
afndetnaidelnmetuay acetonitrile usnluffuoonandiee1eaie hexane uazvhdiosdlnuians
A28 SPE ila MCX nsoenae PTFE filter vunn 0.22 Tulasiuns vinistessvmadauwasUsuialag
wAlA LC-MS/MS %ila Triple Quadrupole waznansnsagounulylnresianuan 333imsenans
chlorate wag perchlorate ﬁmmLﬂuLguMiwaqﬂsWWMmgmlu&hﬁﬂazmaLLaﬂuLm%ﬂez? ALY
faum 5-100 ng/mL fladuuszans nmsiedula (R) uannin 0.98 nsUszifiuransenuainumsng
chlorate Wag perchlorate WU2T TAINANTENUIINLUNI NG §aun 44.22-68.72% uaz 0.61-33%
MUEIRY ANAILTIBSRUUNINIUE LA kavwuuYgle Tngfasananandosuuinasguduiusian
488N71 20% ALk UlaeUsEfiuaINTosazYeaNIINAUAY (%recovery) aglurag 74.63-91.05%
Way 76.61-103.11% auddu Tas18nveansnsianunasdnsinuesnsimdsusunanifu 5 pe/ke
way 10 ug/kg MNAIRNY ﬁﬁzi"aqmﬁmswﬁagjiwdw 5-100 pg/ke IﬂanﬂwwmﬁLmaglghwaaﬂﬂgaamwm

a

YoMNUALUY SANTE/11312/2021 V2 satiu 353tz niilanumunsaudvsulelunisnsiaiwsigy

a3 chlorate way perchlorate Tudsgnatiadnitn

AEARY : NMIRILIkaATIvEUALlYlavesTs AaalIn lWashaawse Wednidn LC-MS/MS

wunzidewivinig : 68(2)-0304-012
naunTIRdeUANNIMLHadmLagkanFnINE ddinesisaeuamnEUAIUAFNY NsuUAFRY
AU 91 YN 4 DUUAIUUN FIUAUNNER B1NBIIDY JaninUnusiil 12000
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Development and validation of a method for the analysis of chlorate and

perchlorate in poultry meat using LC-MS/MS technique
Pichet Koompa~ Chatchawan Rodjanasap
ABSTRACT

A warning issued by authorities in the Netherlands through the RASFF system of the
European Union highlighted chlorate contamination in chicken meat exported from Thailand,
exceeding the Maximum Residue Limits (MRLs) as defined in COMMISSION REGULATION (EU) 2020/749.
Consequently, a method for analyzing chlorate in poultry meat using the LC-MS/MS technique was
developed and validated by The Veterinary Public Health Laboratory for use in analyzing export
poultry meat and simultaneously developed a method for analyzing perchlorate because it is a
residue that the European Commission has specified in COMMISSION REGULATION (EU) 2023/915.
Start with extracting the chicken meat sample with water and acetonitrile, separating fat using
hexane, purifying the sample with SPE MCX, filtering it through a 0.22-micrometer PTFE filter and
determining the type and quantity using Triple Quadrupole LC-MS/MS. The validation results of
the method revealed that chlorate and perchlorate showed linearity on the standard curves in
both the solvent and the matrix, with concentrations ranging from 5 to 100 ng/mL. The decision
coefficient (R2) was greater than 0.98. Evaluation of matrix effects indicated that the matrix effect
values for chlorate and perchlorate ranged from 44.22% to 68.72% and 0.61% to 33.00%,
respectively. Precision type repeatability and within laboratory reproducibility with percent
relative standard deviations (%RSD) less than 20%. The accuracy, estimated from the percentage
recovery (% recovery), ranged from 74.63% to 91.05% for chlorate and 76.61% to 103.11% for
perchlorate. The limit of detection (LOD) and limit of quantitation (LOQ) were determined to be
5 pg/ke and 10 pg/ke, respectively. The analytical range was 5-100 pg/kg. All parameters comply
with the requirements in SANTE/11312/2021 V2. Based on these results, the method is suitable

for testing chlorate and perchlorate in poultry meat samples.

Keywords: method development and validation, chlorate, perchlorate, poultry meat, LC-MS/MS
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a13snaeisn (chlorate) iuansuszneuiniindnassuuazeandiaudusnuszneunan Jgnsnily
fa ClOz~ lassaseuazAuauUiusenaunly ovnouAaeTy 1 B¥AdNLAORNTIIY 3 Bxnay (FUN 1)

snnuluguveande wu lewdennasisn (NaClO3) a3 chlorate intuvdoidunanasslaiilolynasiu
raiulnoenlenuiolelunaslslunisandediu dhdmiunmandanienisutsguonmns uagnsv
Az iAo sULgUN IRl (EFSA, 2015) Waslnannsdidninsladavesansaransnaslsn
yiieoraiatumussasmAluuBinauesluthinumsenidemenasiu umseendlagiiuss uenani
a13 chlorate §9gniunlalunisndnarsenyiauazaisidateie lelugnavnssunszaisuas
Henszany Mandnasalidy o uazmsvimileausuisussan mnududunsiefe uaseendlaguse
ansiizenunseiuansdunds enaududunsevinnduiu gaeu viedudaiands aunsnszde
Inwdloduiatuausounionsinssunn

a13 chlorate n1uduiwndsannisndufunazganu n13Au chlorate o1avhlviinlsn
nszng ladnauainiy iadonunuaniivislulnatuludenuarludaansuaglamoidoundy
(Robert A. Howd, 2002) mnlafulusedufigeenasunmuamiuannsavesdonlunisdideseendiau
yluiAnenstandsue deufisee wagiannzamslilnaduluden manduiuetarilnineinis
luauiemaiueims wagenvdmaidensln Inunadeunasisnilminnng donsvemelaludm
(Reubi, 1978)

asesaanisn (perchlorate) iWuasuseneulaiifiinaesunaveandiauidussnusenaunan

'
[

fansialufie Cloy~ uANA931NE1T chlorate Ap fioandLaunInnI chlorate (CLO37) 1 Bznax
(U1 1) uazsinaziaiivsn1uasyiiufAsensinan chlorate Iﬂix‘iﬂ;%‘iLLazﬂmﬁmﬁaﬂizﬂaUéj’Jﬁl DYABY
AABIU 1 axmeulaveendiou 4 exnox Lulessuay (anion) snwuluguveande wu uenludeues
AaBLIA (NH4ClO4)

213 perchlorate amnInnefduwNsTINTRLUTIEINIA Uazanaenouadlufuwaziilafu
dawalndl perchlorate Tuszduidnuoslunufinn perchlorate "LuizﬁuqaLﬁ@éﬁmaammﬁmﬁmuma
MUt L allaannzfunnveavindauazniemewmnilovesdad (Department of Health and Human
Services, 2008) mytuiiaugAswanasuinannisleyelumsm nisudn n1sly waznishiauonluiden
Weseaaisailrluidemdsana Tagsade nalw aenluli wadoara uargunsanesaugsauisdte
LL@%IUHiSU’JUﬂ’]iQWﬁ’]Mﬂii&JE‘?Iu‘] d1UnauANENTINNITEINITULar Y1 (The Food and Drug
Administration) vesansgeiuin1 oudfdlulyans perchlorate luussadummanafnuazgunsnidnnis

DIMTANMTUDINITUNS LTU TLT8a WUS LATDINFA LazaITAuLAIDUe DNNINUIY LNDaANITAYALUDY

ﬂiz@lWWﬂaﬁm (Environmental Defense Fund, 2018)



[ Y

213 perchlorate fimndufivnladulussduauanuugs dsmanonisvauvesneslnsesn
Tneudamagadilelefiu ussiudulelofulumsfufiulusiufivuadlelofuinngnonlnsesn nadwsie
nsann1sasseesiinlnsess dulunumddalunsmunuumivedfuagnmaasyivln nslady
luvsinageenatilugnneneulnsesnieausii (hypothyroidism) uaze1vasmansznunoy sz
vnlelofiuagua nslamznsdudnnilelofiuluasseesiuulnioss dsazdmananisviaures
noulnsosalunlny aulufesunieyfiengussiiensasualniAnnmezaelelefiula (odine deficiency)
(Asha et al., 2009) Taudsdanudsadufiiavdniumsnluassn msnusniin uazdinidn 1lesann

gosluulnsosalinudAgmaNITHAILIANILAZNTASYWRULS (Tom Neltner, 2017)

chlorate perchlorate

5UN 1 laseasemaaiives chlorate uag perchlorate

ANENITUIS 58 L5Y la panngsziUeu COMMISSION REGULATION (EU) 2020/749 of 4 June 2020
amending Annex Il to Regulation (EC) No 396/2005 of the European Parliament and of the Council as regards
maximum residue levels for chlorate in or on certain products ﬁmumﬁmmmﬂg’mjﬁqm (maximum residue
limits; MRL) w83 chlorate luiiieding wnifu 0.05 me/ke auens perchlorate fﬁ’mumﬁmmmgwgﬂqmﬁiu
COMMISSION REGULATION (EU) 2023/915 wamnsluiite ffn walsl wazemmsdmsumsn walilaimuauSuna
pnAsgeRrluiiodiuakanamanan

ﬂﬂﬁ;ﬂ’umimaﬁmﬁwﬁmi chlorate wag perchlorate wua fnvslamadanisuenansuas
MU0 AT IEAELAT 83 LCMS/MS, UPLCMS/MS, UPLC-Qtrap MS 4 LC-QqQ-MS/MS faa81au1)
Hepperle et al. (2014) Anwmsiasizn perchlorate lufisilduenmsinemaiia LCMS/MS afasaena
IR QuPPe-Method (Quick Polar Pesticides Method) Tneaiasnesnsmetn uwag methanol 1
internal standard n3eIf10819A 28 filter YU 0.45 um lyAoduY HPLC viln Hypercarb 9110
100X2.1 mm 5 um Tas 19 acetic acid lurhiid methanol 5% (A) waz acetic acid lu methanol 1% (B)
vJu mobile phase Huadong et al. (2020) Tamunn15n59931AS 29 ENs chlorate, perchlorate Way
bromate luifnuazualy Inewmada UPLC-MS/MS Tnesnulasdsiiasievain QUEChERS (Quick, Easy,
Cheap, Effective, Rugged and Safe) afnsieaen9mae 50% acetonitrile lui clean-up A8 GCB way
18 Tonoduy HPLC wila IC-PakTM Anion HR lunnsuenans Zhang, Feng et al. (2022) tawaiun
N15M5293LAT129d15 chlorate wae perchlorate Tunudnsagy wasnuns oudalnglyinaia

LC-MS/MS e trifunctional-groups modified hydrophilic interaction chromatography (HILIC) column uan



clean-up A8 SPE (Solid Phase Extraction) wiin MCX lypaduy HPLC ¥iin Torus DEA w11 100X2.1
mm 1% 2mM ammonium acetate T 0.4% ammonium (A) Uag acetonitrile (B) 11 mobile phase
Xiaoli et al. (2024) laaunsnsIaiiasiznans chlorate uaz perchlorate lufnuazuala maewmade
UPLC-Qtrap MS lagafnfias1ealstinay acetonitrile a2 clean-up A28 GCB way PSA lynaduu
HPLC %iia waters anionic polar pesticide 41419 100X2.1 mm 5 um T4 20mM ammonium formate
(A) uag acetonitrile (B) 101 mobile phase Zhang, Zheng et al. (2022) Iruiisnsa93As1en chlorate
uay perchlorate Tuthinuazevmnsnieg Tagluiedes LCQGQMS/MS faegnsinaunsesnis polyether
sulfone filter 7u1A 0.22 um faegsensan (el oidn ifela ouns uaziioans) uavevnauns
afnfe819m2811 7 mL way acetonitrile 13 mL clean-up A8 SPE ¥im HLB 60 mg ns0en8 PTFE
fitter Tymodus HPLC ¥dia Torus™ DEA 411n 100X2.1 mm 1.7 um Ta5 20mM ammonium formate (A)
wag acetonitrile (B) 1u mobile phase

a

nMsWaLILaznsnTdeunulylanreisiinseneans chlorate uay perchlorate luaseil
Fuilonnnnussmausesuenn lndssmeausaienlusyuu RASFF yosanmelsUn Fuil 2 panas 2566 la
asranun1sUudouans chlorate luilolniiasanndsznalng 0.76 me/ke %9g4n21A1 MRLs Audi
awmw&g‘[iﬂﬁmumﬁﬁa 0.05 me/kg MIATIINUAIIANAFINaTIdRansEnulneRs RN Sateandua
dodmidnvadingluanamglsy nsuvadng Seladenisludrinasaasunmamdun1Uadniisg
Anwidouasianisiemen fufu mafnwnedsd Jdiingussasafiewmunizinsienans chlorate
Tuilodnidn Tnewmaia LC-MS/MS warlaimnisinseans perchlorate Tunseufiu iewmniduans
anAfianznIsInEn1sylsy lausenielaly COMMISSION REGULATION (EU) 2023/915 of 25 April
2023 on maximum levels for certain contaminants in food and repealing Regulation (EC)

¥
av A o

No 1881/2006 LLazﬁmmﬁmﬁm%wﬂﬁywﬂummi Lﬁ@ﬂf\]’lﬂﬂ’m’JT\]EJuf\]’]Lﬁj‘LJ(;IJENLéﬂﬁ?LﬁUﬂﬁ‘ﬁﬂﬂﬁ
Wanuarasadeualalnreds Welmiutunsihulansainssriessaeennuvefnuaes
annnglay uaznesufuiRnisdiingunsaldnfn wu Aoduy HPLC %iin Torus™ DEA filglunisuen
a3 3slaneduy HPLC wila Hypercarb wlowny doneaswihnsatafesnuas clean-up A1435
989 Zhang, Zheng et al. (2022) wu31 a@nsariasiog1sdsazeinluifisans wuaiswsefinudandaeuil
Usnglunanfetuiuans chlorate Fsladnudaisidielnlaisnsadadossiiiaumanyay a1si

afinladinuUsanSuaznIEUIUNTIATIENENS chlorate kA perchlorate HUs¥aNENNEER N15ANW

[ 7
v

afail lesosnaiiolnduiunuilednidndadulunumdnnslu SANTE 11312/2021 V2 wdsaniamnn
33n57934A129ENs chlorate waw perchlorate nlA3anT193AT ERTIINZELLAY F99NNN3ASIFEEY
aulolavesisnuuuaniaues SANTE 11312/2021 V2 nadeuni1s1iieesn1eq lawn aausung
(specificity) NANTENUIINUTIZNY (matrix effect: ME) m’mLﬁuLéTumwammMmsgflu (linearity) W39
1519 9110935 51A5189 (working range) LOD, LOQ A21aLfi 8 (precision) wuun1s naugle
(repeatability) AmTigauuela (within laboratory reproducibility) ALY (accuracy) 59U

Tasiun1suseiiiua1AuU L ULa UVTISIATIZULALRY [DLAAIINIYINATIATIENFINa TAY



Wl ouarn I IngUseaInn1slanu wagaunsndnsienlalusedual MRLs Hanninglsuivun
13 99il Wi elnanunsn 9895 UN1INTIATATIENAIBE19EI0BN N ALYININTIATLATIEN FanTuUaAdn?

dudumearsziimsananswesasiinan uwesmuauiiussuunsandundedmdnidieawanssaly
¢ ad
UNTULAZIIN1INAADY

\n3asilouazgunsnl
1. \n3asilauazgunsninan

1A 09 LC-MS/MS (Triple Quadrupole) §v9 Thermo Scientific i;u TSQ quantis LLaﬁ;u TSQ
endura 3eadinuazden 0.001 ¢ dmsudifiosns lA3eaNANATS (vortex mixer) W39 ultrasonic
bath 1A3 89U 89 (centrifuge) A3 99 automatic nitrogen concentrator 4@ SPE vacuum manifold
micropipette 9U1m  5-20, 10-100, 100-1,000 wag 500-5,000 pL ﬂaéfuﬁ HPLC %iln Hypercarb 9u1e
2.1 X 100 mm 5 um (porous graphitic carbon) LazAedUY HPLC wda Inertsil ODS-3 4wim 2.1X150 mm
3 um (C18)
2. #1351l mimmgm Ll,az"é"us]

d15.A8 AR grade IG;JLLﬂI acetonitrile, acetic acid, formic acid a8z hexane way HPLC grade
VL(;LLﬂI methanol

#@13U1M337U (standards) chlorate fe LGC product no. VGH-ICL0O3-100 ia¢ perchlorate
§910 LGC product no. VGH-ICL04-100 mnaamuaiinas 1,000+5 pe/ml avaneluth

SPE HLB 6 mL 200 mg ez MCX 6 mL 150 mg

U lawn Wrvdnlaaau (deionized, DI)

8N1999804
NSNAIUIISIATIZA
1. Anwnannazfivanzauuazyszannmeaddsineed
1.1 MaanziianzanvaaaIas LC-MS/MS dwisunisnsniinae
lgLwseuaNIUIMIgIU chlorate wag perchlorate UAREYIR ARILTLTY 1 pg/mL Tuth 8oy
mass spectrometer 1AgAT Bonunastifinleasu (on source) WUy electrospray ionization (ESI) finsratn
wuuleeauau (negative ionization) \iavan collision energy (CE) RF Lens LLazmmaG{ansf\; (m/z) ¥4
parent ion ey product ion mﬂ;ﬁﬁagmﬁmgﬂﬁqﬂumﬁLﬂi?%ﬁLL‘U‘U multiple reaction monitoring (MRM)
1.2 MImanzfivinzauvauAiad LC
Fnsnadeumanmgiiuunzanlunisiasien InewSouiisupeduy HPLC %ila Hypercarb
YU 2.1X100 mm 5 um 19 0.5% acetic acid 1uw* (A) waz methanol (8) 1 u mobile phase
(EURL-SRM, 2023) wazmoduu HPLC wiln Inertsil ODS-3 411A 2.1X150 mm 3 um T4 0.1% formic
acid luth (A) uaz 0.1% formic acid Tu methanol (B) 1y mobile phase Faduisiwaunty Tneda

A13119597U AL 30 ng/mL WIHAILATIENNMUTEUWIE U Y 1euveeiiA 9NTU ARENTUIRTEIY



AN NYY 5, 10, 20, 30, 40 Lag 50 ng/mL UIHATLATIEVIIET NI INANNT U UT LT UAUATS
(y=mx+C) 5¥MINAMULYUVUVDIAITUINTFIU (WU X) AU peak area YBIANTUINTZIU (LAY y) WAy
AuIumA1dulszdnsnsandula (coefficient of determination, R?) tnaunn1seausy R? = 0.98

(CAC/GL 40-1993, 2010)

1.3 nMaWANABN3ala (extraction) wagmailfuians (clean-up)

1.3.1 M3anNAf29819

38nnsadaiesns tnvinisiauUatainisves Zhang Zheng et al (2022) 1uiinsa
Ainseut chlorate wag perchlorate Tughessemsan (ioln euda el ilouns LLaszTaqﬂi) lng
Waminvesnegen 2 guiusg Bt 2 ml wae acetonitrile 8 mL Gatfiun 7 ml uay acetonitrile
13 mL) vortex 1 min ultrasonicated 15 min centrifuge 10,000 r/min W1 5 min LLazLﬁm%uGIQUHWiLau
hexane 5 mL vortex 1 min centrifuge 5,000 r/min WU 2 min Lﬁ@lﬁmiazmEJ(?h’eJEJ'NLLEJﬂ%u mﬂﬁ?u an
ansavanetuanaiiothsessly clean-up me SPE Tuduneumsly

1.3.2 navidetnsliuianilaeld spe

Wsuiflsuusvansninaes SPE 2 wiln vilvshesnsuiqvistu Tnedseed

(1) condition: M8 acetonitrile 5 mL 1h 5 mL uay acetonitrile 5 mL ALERU

(2) loading: Tanaen centrifuge tube 1A 15 mL aslu rack 99Y» vacuum manifold e
see¥useee Taansazanefios1au3unng 2 mL

(3) eluting: ¥zasfi0819uazLAVEILT Inan1u SPE asun Tngly acetonitrile Usunms
3 mL Inennsuneunssmuaulniisnanisinaaiiaue way cartridge luuvaauiivly

(8) supansieensiilaniewrdes automatic nitrogen concentrator Tnglalymusanlunis
virlums USudSunmsnae 0.5% acetic acid luimethanol (95:5) U3ums 1 mL nsesrau PTFE filter
gun 0.2 pm ashu vial #1 2uia 1.5 mL wiethluasadmssnmadauaz3inaneniss LCMS/MS
Tnglamedun HPLC ¥lln Hypercarb uazaedii HPLC %3ia Inertsil ODS-3 (d0Mzmuve 1.2)

msfnyiBafauaznsvindesdluuians Tasmsliaaent sample blank uaz method blank
(reagent blank) gu9ay 1§09 way spiked sample ﬁLammimmgm chlorate I8¢ perchlorate AU
v 50 pg/kg taele SPE wiinay 3 41 90 2 yamsnageu Tasganisnaaeudl 1 lyaedun HPLC wila
Hypercarb uazggan1anageuf 2 Tuaodin HPLC #iin Inertsil ODS-3 kansinswmnUSsudeutu lay
FrnumseazNINAUALAAY (%mean recovery, %MR) wazAnsaYava UL TEULINATH LTS (%RSD)

WRsuifeufunamnssensu 9%MR seseglutag 70-120 % wag %RSD <20 % (SANTE 11312/2021 V2)

A1sAs29gaaUAuALTTlAYeIS AT
Wil S A lAaNNISWAIUIT WNIZaNLA) 9YNN158UTUUSEANS A NUe9d5 Taunsiadeu

anulelavediiinseranutuneu SANTE 11312/2021 V2 §ail



1. AU UNTIUBINIHNIATTIULAHANSEIUI NS NG

3nansu1msgIu chlorate way perchlorate Tudasinazans 0.5% acetic acid Tutin:methanol
(95:5) (standard in solvent) fuluansafmilednadn (matrix matched standard) S1uau 6 AILUNTY
Toun 5,10, 30, 50, 70 wag 100 ng/mL ANUUNTUAY 3 91 YIHATLASIENUET14 calibration curve
581779 concentration U peak area AUAMMIAT RZ LnaudN1580u5U R? = 0.98 (CAC/GL 40-1993,
2010) anilu peak area ¥®4 standard in solvent i U peak area U84 matrix matched standard

nfunien %ME Tnefiagnsnisdiun @il (SANTE 11312/2021 V2)

Rstd in matrix extract
%ME = -1 1x100
R std in solvent

R = Detector response

[ '

Uszifluna %ME Tnefmunnamunan1susydin (Mohammed et al,, 2020) il %ME flan < +20%
wunede dnansenunes (ow) wansn wanssnuvenunsneluinasseiiveddynisadfvenis
3Lﬂi'}zﬁuaza’1mmiﬁg standard in solvent ‘Lumiﬁwmmwamﬁmiwﬁlﬁm %ME > +20 and < +£50%
vneds Sruansznuuiunans (medium) wazan %ME > £50% Wuef SNansenuLIn (strong) AR
Tuanunsaly standard in solvent Tunseunamansinsienle azaosly matrix matched standard

TuANSANUINANITIATIZY AILaERIlUAISI9N 1

A151971 1 LNAUNNISAAAUNANTENUVDUUN NG

Matrix effect (%ME)  Consideration Result
< +20% low Negative (-)
> +20 and < +50% medium Zero (0)
> +50% strong Positive (+)

2. MINAFDUANINIL

31A312% method blank sample blank Wag spiked sample &@13 chlorate Wag perchlorate
AYLTY 50 pe/ke Lﬁauﬁ’umimmg’mw‘%a matrix matched standard A28 UYL 50 ng/mL Wie
Gmaaaaumiiumuimaﬁmimmﬂﬁmaqmsﬁﬂmﬂgiu method blank tag sample blank \nUNNSEENSY
Gh) mamﬁLﬂﬁwxﬁgaqlﬁwuﬁmmwmﬁﬁﬁﬂ RT LLazmmaG{aﬂﬁzq (m/z) AT9AUAITUINTFIUNTE matrix
matched standard @71 spiked sample neswin1 RT LLazﬂ'wmae{aUm (M/2) ASANVAITUINTFIUNTD

matrix matched standard Tnean RT + JalAn 0.1 w1t (SANTE 11312/2021 V2)



3. MsNAEaUNIAT limit of detection (LOD) waza limit of quantitation (LOQ) laeUszana
AAs1znt spike sample a3 chlorate waw perchlorate ALY 10 pg/ke 1wau 10 91 1w
JiATIELNFUIAIMNAN standard deviation (Sp) La2FIAINAY LOD 970 35, Lay A1 LOQ 9n 10S,'
(Eurachem, 2014)
S

0

o=

n = UIUNAFDUTIIIU routine
S = standard deviation 91AN1TNAFBUEN

S, = standard deviation d1wSufuaaun LOD waz LOQ

4. MInagaududual LOD waz LOQ

Li@lﬁ%’] LOD wag LOQ I@&J‘Uszmmuga FTATIEN spiked sample §15 chlorate Wag perchlorate
ausulnaesium LOD uax LOQ fisnunalla araiwsmuas 10 91 dlesdumstudiu m LOD ua LOQ

~Usziflumn LOD Taefia15ana1na1d ey adueddsfi 0599 wisuiudyuiusuniu
(signal to noise ratio, S/N) Lﬂm%miaau%ﬁ’] LOD A8 S/N =3 (SANTE 11312/2021 V2)

~dszdluen LOQ Tnethanamnuuuauitale infiuins %MR uaz %RSD naenseonsu %MR
PtoglLTI3 70-120 % wag %RSD <20 % (SANTE 11312/2021 V2)

5. ASNAFBUAILLIULAZANTIEN

5.1 MsnedeuAILLY TnediAsgn spiked sample @13 chlorate Wag perchlorate mmm?m]ju
30, 50, 70 way 100 pg/kg AuRTuar 10 91 Ussiluaanuuaulagtanuauauiifalasndian
%MR LNauN1T8aLEY %MR Aesaglutaa 70-120 % (SANTE 11312/2021 V2)

5.2 MSNAFBUATINTIES

- MSNAEEUANILTIBILUUNNTIUSA LA (repeatability) ImmﬁmswﬁﬁaaéwgwLﬁmffu 1933
Gy lunesfiRinisiiieatu dniessvauienu uazluaies LCMS/MS in3euieniu Ingdemzn
spiked sample &13 chlorate Wae perchlorate mmw]’m]/u 30, 50, 70 kag 100 ug/ke mmm?m]’uaz 10
1 Usziilumnuiisanuunismaugile Tngthanuuyudfalauidiuan 9%RSD, LNEUTNNISHNSUAD
%RSD, <20% (SANTE 11312/2021 V2)

C AMSNAERUANILT BILUUN5YEA LA (within-laboratory reproducibility) Taen1531as1em
fegsgaieaiu Inglyitideatu lunesUfiRnmaideatu dnlieseveudeatu loedes LC-MS/MS
A1aA3 03U (LC-MS/MS 8v1a Thermo Scientific sq'u TSQ quantis LLaz'i;u TSQ endura) lngAiasen
spiked sample @13 chlorate Waz perchlorate ALY 10(LOQ), 50 wag 100 pgrke ATITUAY 10 §7
Useifiumnudisawuumsigale Tnedianuwus uil ale induan 9%RSD,x LNEUNNITEOUSUA D

%RSD,z <20% (SANTE 11312/2021 V2)



10

[ 17 ada 4

6. NINAFUAMUUULTUATIVDITAATITH
AT1EN spiked sample @13 chlorate kag perchlorate AMUMNYL 10(LOQ), 30, 50, 70 LAy
100 pg/kg AMUUNUURE 10 971 UINATLATIENUIATINNTINAMUFUNUSITUAUATI (Y=mx+C) T8UIN

AULYNVUUDIENTNLANAIUAID819 (AU X) AUAUVNYUVDIETNATIANY (LAY y) ATUIUNIAT R
WnMNISERNSUAD R? > 0.98 (CAC/GL 40-1993, 2010)

nsuszivaauliniuauYaINITIn

Uszflumanuliuuuewreisin g wavnansussdiuny 1SO GUM Approach #3® Bottormn-up
Approach (Eurachem, 2012) ImasamLma'qmmlu'LLﬁuaunﬂLméqi?iﬁwaﬂiwmamﬁmesﬁl,%aﬂ‘%mm own
sample weight extract volume clean up volume final volume calibration curve (Cy) standard conc.
method precision Wag recovery Liaﬁwh’mmlziLLﬁuauﬁqﬂLméamimﬁu Tnfnamamiliwuewuened

SYAUAMULTDIY 95% eeluen k = 2

NANISNAABILAZIR5A]

NANISNAIUIISIATIZH
1. HAMIIENIETAMUIZAUVDUATDY LC-MS/MS

MEN1IZAT 83 LCMS/MS (Triple Quadrupole) iz audngun1s3nsienans chlorate waz
perchlorate lgﬁWWWi’lﬁLma'géNﬂ é’fﬁﬁ"j #@N1ILUVBI Mmass spectrometer ‘Ui%ﬂaU@T’Jﬁl spray voltage 3,500
volts sheath gas 50 Arb auxiliary gas 10 Arb lon transfer tube temperature 350 °C wa ¥ vaporizer
temperature 325 °C @15 chlorate 1‘?? precursor 7l 83 m/z way product ion Wity 67(quantification),
51(qualification) barz 35 m/z @15 perchlorate Iﬁzjy precursor 7 99 m/z way product ion WU 83

(quantification), 67 (qualification) wag 51 m/z A CE waz RF Lens 7ila snussnaft 1

#1597 1 MRM parameter ¥04n153LA5121a15 chlorate Wag perchlorate

Precursor ion Product ion RF lens CE
Compound Transition type
(m/2) (m/2) (V) (V)
Chlorate 83 67 -21 -83 quantification
83 51 -29 -83 qualification
83 35 -37 -83
Perchlorate 99 83 -26 -99 quantification
99 67 -36 -99 qualification

99 51 -45 -99
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2. HAMINAFRUMNENIETIVENZANYD AT LC

dn1e7 inunvauvead 8 LCIasly nedun HPLC Hypercarb auam 2.1X100 mm 5 pm
T 0.5% acetic acid Tuth (A) uay methanol (8) 1w mobile phase anmzlunisuenasiduuuu gradient
elution §751msla 0.5 mL/min sums197l 2 gamgiinedunivnifu 35 °C uag injection volume WU
10 L Tner3delnUsiuiBues QuPPe-Method (EURL-SRM, 2023) &4l 1% acetic acid luti+5% methanol
(A) waz 1% acetic acid in methanol (B) 1u mobile phase Lﬁaamn’mﬁmﬂ?{uﬁhau%ﬂqigwﬂm acetic acid
wazUFuUdnI gradient condition Wiolv RT vaeans chlorate uas perchlorate HAMuLAINZEY Tusenids

Auly s RT #1a3uea QuPPe-Method @13 chlorate waz perchlorate A 2,10 uaz 3.01 AUEGU

A15197l 2 LC conditions dwsu Aedun HPLC ¥ia Hypercarb

Mobile phase Flow rate
Time (min)

A (%) B (%) (mL/min)

0 95 5 0.5

10 95 5 0.5

12 0 100 0.5

16 0 100 0.5

16.5 95 5 0.5

25 95 5 0.5

'
a

anmeivnzauvennes LC Inglunaduy HPLC 9 Inertsil ODS-3 4@ 2.1X150 mm 3 um @4

E'4 &
[

sty iunedun HPLC AflveglunesufuAnisundFoudiou iilelsnaunuaeduu HPLC
¥iin Hypercarb fidvasnin fio azmedlaiailunis condition Aedutuy dwalwluailunsiasza
Ry ﬁﬂﬁﬁﬁuunuiumﬁLﬂiwﬁl,ﬁm%u wazdymanegnsiinulunszuaumsinseinmenedus HPLC
%iln Hypercarb fio 1ilodnfias1asiuaunnnly batch wied A1 RT 989415 chlorate way perchlorate
azvduluanniay (peak shift) Toela 0.19 formic acid luth (A) wag 0.1% formic acid Tu methanol (B) 1u
mobile phase @n1zn1sLenasiuLUL gradient elution 8051158 0.2 mL/min PPN 3 QR

ARANUYNAU 35 °C Waw injection volume AU 10 pL

@15197 3 LC conditions dm¥uaeduy HPLC i Inertsil ODS-3

Mobile phase Flow rate
Time (min)

A (%) B (%) (mL/min)

0 95 5 0.2

2 95 5 0.2

7 50 50 0.2

9 50 50 0.2

9.5 95 5 0.2

12 95 5 0.2
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{1080d1511M 551U chlorate wag perchlorate ATUYNTY 30 ng/ml Lt alFBuliisupodun
HPLC '17?& 2 ¥iln WU AUTaRENfiATe9a1T chlorate way perchlorate aam}’mﬁulmyﬁ A1 RT @13
chlorate wag perchlorate mum15197i 4 wasiilaUiouiisudyainmesiin wuin peak area fiavnu
LA UENUBY @13 perchlorate f3insznneneduy HPLC ¥in Inertsil @13 perchlorate agln
dryeyrouiia ﬁqqn’h (peak height) Aadut HPLC ¥iin Hypercarb aumn37st 4 LLazLﬁ'aammimmgm
chlorate wag perchlorate ALY 5, 10, 20, 30, 40 UAY 50 ng/mL LaztWaIATIZRUIET19NS
AuduRus 3 naunse Taan R2 11nna1 0.98 mums1ad 5 by aunsolumedun HPLC v 2 wile

ELuﬂfﬁmwi’mmﬁmmgm chlorate Wag perchlorate

nnnnnnnn

,,,,,,,,,,, S ——— ey
5 55 5

70

Rel:
5T
1
7|
1

=

5UN 2 WiAY89a1511M55U chlorate Wag perchlorate AMNULYY 30 ng/mL

(A) AeduY HPLC wiin Hypercarb (B) Aoday HPLC % Inertsil ODS-3

A19199 4 Adeyauiiaves Chlorate tag Perchlorate ALY 30 ng/mL

Compounds HPLC column: Hypercarb HPLC column: Inertsil ODS-3
Peak area Peak RT S/N Peak area Peak RT S/N
height (min) height (min)
Chlorate 25096 2628 3.43 1069 28982 2870 3.38 545

Perchlorate 164599 8028 559 3535 140823 10835 5.15 1918

M13799 5 Calibration curve wagA1 R? ¥ada15uIm3§1U chlorate wag perchlorate

Compounds Hypercarb 2.1X100 mm Inertsil ODS-3 2.1X150 mm
Calibration curve R? Calibration curve R?
Chlorate y = 797.49x + 2140.1  0.9985 vy =1060.1x + 199.76 0.9976

Perchlorate y = 5118.2x + 8022.6  0.9988 y =5707.3x + 9442.1 0.9979
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3. naNIRAUIITN5ARR (extraction) waznisidieg1dliu3ams (clean-up)

nslamedun HPLC #dia Inertsil 0DS-3 Tunsiaseens spiked sample 7 clean-up Tngly SPE
¥in HLB waz SPE wiln MCX luanunsausnuvidngesnainans chlorate ln dnwaszidu peak splitting
UFUT 3(A) @9uans perchlorate finazildnwazluansnsiidnwazidu peak fronting Mugui 3(@)
drumslunedu HPLC win Hypercarb lunsdnsaeans spiked sample i clean-up Tnely SPE wiin
HLB Au9ans chlorate fidnwazluanunns Ain small peak JUT 4(A) wuanswiofiaudanyaoud
Usnglunanfenfufuas chlorate ilosnarsadafessdiazoinluiisame oradumszuiunm
fhepsiiiiutu Usinesansatndosnsiivesas uanans clean-up Tagly SPE iia MCX luwuniaiia
small peak lunvansuiefiauanuasuiiusnglunanfertuiuans chlorate Liesnarsadafiosn

£ o ~ £ = A = % =
dvenduinnuuIansuinnd Jdlanumnzauiaglyly clean-up muFUN 4(8)

2233
g i
ES

A 67 m/z

s s BEIEBAEFBRAGEGEGE
FiUKESAMEEARAZARBERE
seEyprpsEranasEEagi

cpdbEmssEEBEA mpuURE
spubEBssEsEERaGmpuRd
psBssEERE pEnEYE

I N TG

standard SPE HLB SPE MCX

gih‘?'i 3 WAYa spiked sample ﬁﬁﬁﬁaaéﬁﬂwﬁqw’éma SPE %l HLB wag SPE wiln MCX

Imﬂlﬁgﬂaﬁuﬂ HPLC %l Inertsil ODS-3, (A) chlorate (B) perchlorate

2553
Eﬂﬁm
1558
g

. 67 m/z

cpypmpssEpEpApRBEYd
gpuvsuasEpapapapRAf

EE R O R R N B N N I A A M I A A

standard SPE HLB SPE MCX



https://galaklc.com/troubleshooting-hplc-peak-shape-problem-ghost-peak/#Small%20Peak
https://galaklc.com/troubleshooting-hplc-peak-shape-problem-ghost-peak/#Small%20Peak
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22
i8gs
<

S FUKIRBABRARANBEBEE
G #8EABBEEFIRAAER ETE

standard SPE HLB SPE MCX

gﬂﬁ 4 iU spiked sample ﬁﬁwﬁaaaﬁﬁwu%qwéma SPE %ila HLB wag SPE vila MCX

Tnelanedun HPLC win Hypercarb, (A) chlorate (B) perchlorate

¥ v

NAN13TLASIZN spiked sample ﬁlﬁumimmgm chlorate Wa¢ perchlorate ALY UV U
50 pg/ke Inele SPE S1unu 2 wiln wilnay 3 91 uarlunedun HPLC %iin Hypercarb Wuan @15 chlorate
wag perchlorate 7 clean-up A8 SPE afia HLB dA1 %MR WU 73.28 way 91.35 augndu %RSD
SAniu 7.62 wae 5.89 MUERU uavans chlorate uaw perchlorate # clean-up 78 SPE ¥ila MCX 3
A1 %MR WU 83.83 uay 98.72 AUATU %RSD ANy 1354 uay 4.48 suadudsogylunum

gaUSU A %MR mmaqiuszm 70-120% $1UANSI9N 6

A9 6 WaNITILATIEY spiked sample AULLNVL 50 pg/ke 91 clean-up A28 SPE 2 wila

Compounds SPE %ilm HLB SPE ailm MCX

conc. %MR %RSD conc. %MR %RSD

Chlorate 36.64 73.28 7.62 41.92 83.83 13.54
Perchlorate 45.67 91.35 5.89 49.36 98.72 4.48

(%
Y =

ity Sadenly SPE wiia MCX luduneunis clean-up warlymaduy HPLC wiln Hypercarb
lTun1331As199ans chlorate waz perchlorate lufegnaiodnidn ievhnisaseseunnulylavesds
31A5121@15 chlorate wag perchlorate Tudupsunsll a1t peak shift vespadu HPLC %iln
Hypercarb Liadnfeg1sdruauannlu batch Lien AIsERATIINTEILALUSEINN Y 45 inject il

Wieudueaesialas RT 993nsanassey i

nan1sasrvdauaMUltliveitiasei
1. HaNAARUANMTUTUATIVDINTIHIATFIULASNANTZNUINIVZND

N319UINTFIUVE9ENS chlorate waw perchlorate Tudaviazate 0.5% acetic acid Tuti1:methanol
(95:5) wazlwnzng ﬁmmLﬂuLgumaagﬂummmLﬁi’fmi”u 5-100 ng/mL @13 chlorate fiA1 R? iy
0.9999 waz 0.9988 MUY wAza1S perchlorate A1 R2 w1 U 0.9989 wag 0.9994 AANAIFU
ANUANTT 7 s?fqagﬂummsﬁaau%’u A1 R? > 0.98 wazidiewna peak area MAIALTIEATIIABUNANTENY
PNYENT WUMENS chlorate YIIATBITLTY 5-100 ng/mL §1A1 9%ME >+50% muneds finanszyuann

(strong) waneanluaiusaly standard in solvent Tun1sAultiNan1s3As1EY lA 9gnoely matrix
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matched standard Tun1sauiunan1siaszy e1addassuniulusmesnsfiaiala @ perchlorate

NsEAUANUUYY 5 ng/mL A1 %ME 28 1ur33 > £20 and < £50% W89 AnansenuU1uNaI

(medium) EUAMLIINTUDUS < +20% 1B ANansznuues (low) ANAI15199 8 fsiu Alunssawena

YDUUNINYAILNTATNNTINLINTFINAIN matrix matched standard LilaAIvsanluNTIATIEkaL

avvdeumLlylaveiniATEVENs chlorate way perchlorate Tudeenailodmnadn

miw‘ﬁ 7 Calibration curve ﬂlﬂ R? 9184 standard in solvent waz matrix matched standard

Compounds Standard in solvent Matrix matched standard
Calibration curve R2 Calibration curve R2
Chlorate Y=1043.1X+2250.6 0.9999 Y=725.04X+84.976 0.9988
Perchlorate Y=04667.2X+6918.9 0.9989 Y=4430.5+4197.6 0.99914
Chlorate Perchlorate
120000 600000
100000 500000
80000 400000
y= 7;?-_0‘[‘)"9*9:;-975 i y =4430.5x + 4197.6
§ — =5 :_:J 5565606 R?=0.9994
= v = 1043.1x + 2250.6 y = 4667.2x + 6918.9
40000 R?=0.9999 200000 R?=0.9989
¢ Solvent calibration ¢ Solvent calibration
20000 Curve 100000 Curve
® Matrix-matched ® Matrix-matched
calibration Curve 0 calibration Curve
0 y
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Conc. ng/mL Conc. ng/mL

35U 5 n31911M537U ¥84 standard in solvent Wag matrix matched standard

M19199 8 Matrix effect @13 chlorate Wway perchlorate

Conc. Chlorate Perchlorate
(ng/mL)  Mean Area Mean Area %ME  Consideration Mean Area Mean Area %ME  Consideration
standard in matrix standard in matrix
solvent matched solvent matched
standard standard
5 4223 6950.67 64.59 strong 24326 32355.33 33.00 medium

10 7679 12956 68.72 strong 49755.67 57219.67 15.00 soft
30 21935 34075 55.35 strong 139647 147318.7 5.49 soft
50 35260.33 54010.33  53.18 strong 228243.3 229646.3 0.61 soft
70 49747.67 75487 51.74 strong 306867.7 332919 8.49 soft
100 73801.33 106437.7  44.22 strong 450427.7 478870.3 6.31 soft
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2. HANISNAFDUANNINNIL
method blank #az sample blank a573lunuiinreIaIsTUNIUALAT RT kazA1uIanalsey
(m/z) msen3elnalAssiyu matrix matched standard @3u spiked sample ﬁLaua’limmgm chlorate

way perchlorate AIMULULUVYU 50 ugkg A RT wagAIanauszy (m/z) #597U matrix matched

standard lagda1 RT +latfin 0.1 min wanslugui 6 wani31383As1en i UsiAananssuniuuay

aaa o
ABUAIUINNY
A 67 m/z 67 m/z
RT 276460 AT 273415
Ak 32501 B 1=
AH: 4670 HH: 4551
N 130134 SN 188127
10 1 10 1
B B B B
B B B B
4 4 4. 4.
0 bl al bl
o e e - R 0
25 an 15 0 5 an 0 5 i 0 5 i
standard method blank sample blank spiked sample
83 m/z 83 m/z
B T 58408 T 42458
LR k] BAASRAT
UK 13675 B
SN2 SN MBED
100. 00 100 100
B BD. BD. BD.
kil . i .
& 4. 4. 4.
b . . .
' I A ARARRLR I T T 0
W 4 45 & 55 1 15 ) 1 i 4b B4 45 &) &S
standard method blank sample blank spiked sample

gﬂﬁ 6 WAUBY matrix matched standard method blank sample blank wag spiked sample
(A) chlorate (B) perchlorate

3. NaMsNAEaUIAN limit of detection (LOD) wag limit of quantitation (LOQ) Tneuszana

NANTIATIEN spiked sample @15 chlorate Wag perchlorate mm‘a’mju 10 pg/kg 911U 10 6291;1
G;aal,wﬂﬁﬂ LC-MS/MS #igufiu matrix matched standard \ieven LOD uay LOQ Tnguszan Aua
A1 LOD 917 35, 1aA1 LOD WINAU 3.61 4a% 3.29 ANLAIRU AANS197 9 Seriauslu LOD dmmiu
5 pg/kg AUIUAT LOQ 917 105, laA1 LOQ M1TU 12.04 waz 10.97 AMUSIRY AIUATSIT 9
Semunalamn LOQ fimwnfu 10 pgke Tneuszana

2. Wan1snaaaududua LOD waz LOQ
Pudiunn LOD lneiasieut spiked sample @15 chlorate Way perchlorate AMULULAY 5 pig/kg 10U
10 §1 aaewmaia LCMS/MS Wisufyu matrix matched standard wua1 A1 S/N (1@ 8) 989 chlorate Wag

perchlorate AWMU 651.02 wag 539.77 muasiu Feeglunamigeusulafie SN =3 ammemsei 9 uag
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Buthua LOQ Tnedins1en spiked sample ALY 10 ug/kg 11U 10 %1 meinaila LC-MS/MS iisuiu
matrix matched standard Wu21 %MR v89 chlorate wa perchlorate fannafu 7463 waz 103.11%
PUARU %RSD STy 535 waw 7.08% mudity Feeyluinnmeeuiu fle %MR maseglumg 70-120%
LAY %RSD MBI < 20% MUMII9T 9 uaRTITIRIASIEEIAN LOD Tissfumnuanmy 5 pg/ks wae LOQ
spumLNTL 10 pe/ke WioiUSeuifisuiua LOQ wesisiinszwans chlorate way perchlorate vos
Zhang, Zheng et al. (2022) Tushegsemsan (ieln weowda el ieuns LLazL‘ﬁa?jﬂi) Ty 6.0
ug/ke and 1.0 perkg muandu safy 83nsenidulumunam SANTE 11352/2021 V2 fvusls Ao
LOQ < MRL & 4A1 MRL M111195511 Commission regulation (EU) No 2020/749 Yesanainglsuiinua

11m3gans chlorate Tulladnidnuniiu 50 pg/ke

15197 9 Limit of detection (LOD) & limit of quantitation (LOQ)

Compounds 10 pgrks LOD (n=10) LOQ (n=10)
(n=10) (5 pgke) (10 pgke)
SD LOD LOQ S/N %MR 9%RSD
(3Sy) (10Sy)
Chlorate 1.2039 3.61 12.04 651.02 74.63 5.35
Perchlorate  1.0968 3.29 10.97 539.77 103.11 7.08

5. HANNTNAFBUAINLLULAZADNLTEY

NANINARBUAINLILIY WU %MR ¥83aN3 chlorate LAz perchlorate agﬂuszm 75.28-79.40% oy
77.76-82.56% MU T 10 %nagﬂummsﬁsam% 7o %MR é?aaagﬂustm 70-120% Mvedeu A
i sawuumsmugila wuan %RSD, U84 chlorate LLay perchlorateﬁﬂl WU 2.89-6.13 uag 3.01-6.75%
AU LR 10 NMEVAARUA MMM G TlR Imsﬁmi’wﬁé}’aaéwqmL‘ﬁmﬁu;wm‘%m LCMS/MS 2
A3 0 ﬁsﬁaéuﬁ’u WU 9%RSD,g UB4&1T chlorate Lae perchlorate fiawnfy 4.59-18.82 waw 5.46-15.13

LAY P3990 11 FeeglunaumeauTuRe A1 %RSD, ke %RSD,q < 20%

A19°90 10 %MR tag %RSD, 8IN15ILATIENANT chlorate Wag perchlorate

Spiked level Chlorate (n=10) Perchlorate (n=10)
(ug/ke) conc. %RSD, %MR  conc.  %RSD,  %MR
30 22.58 2.89 75.28 24.77 3.01 82.56
50 39.70 5.00 79.40 41.17 6.65 82.34
70 53.63 6.13 76.62 54.43 5.38 77.76

100 76.08 4.64 76.08 78.05 6.75 78.05
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A15199 11 %MR way %RSD,z 89N15IASIEUANS chlorate way perchlorate

Spiked Chlorate (n=10) Perchlorate (n=10)

level LC-MS/MS qu LC-MS/MS qu %RSD, 5 LC-MS/MS qu LC-MS/MS qu 9%RSD, 5
TSQ Quantis TSQ Endura TSQ Quantis TSQ Endura
(pg/kg) conc. %MR conc. %MR conc. %MR conc. %MR
LOQ(10) 7.81 78.10 9.04 90.40 18.82 10.19 10190 7.88 78.80 15.13
50 39.81 79.62 38.14 76.24 5.41 41.27 82.54 3971 79.42 5.46
100 76.59 7659 7433 7433 4.59 78.77 78.77 8220 82.20 6.95

6. nan1snadauanuludunsvesrisinsei
NAN1SNAABUAINLTUEUATIVOIYINIATIETN WUIT AT R? 989815 chlorate Lag perchlorate
11 spike sample iU 0.9992 Uag 0.9990 MUEIRU MUN1TIN 10 Faagluinamesusu A1 R? = 0.98

waned1 3ATznidauduaunsweIrIiaTIen AauAnTIILTY 10-100 pg/kg AUFUT 7

A1979% 10 Calibration curve, A1 R? 84 working range

Compounds Calibration curve R2

Chlorate Y=0.7641X+0.2871 0.9992

Perchlorate Y=0.7595X+2.3484 0.9990
Chlorate Perchlorate

90

80

70

60

50

40

30

conc. found (pg/ke)

20 y=0.7641x + 0.2871

2=
10 R? = 0.9992

40 60 g0
conc. added (pg/kg)

100

120

conc. found (pg/kg)

90

80

70

60

50

30

20
y =0.7595x + 2.3484

10 RZ=0.999

0 20 40 60 80

conc. added (ug/kg)

100

120

5U# 7 Working range 483353151 1@15 chlorate Wag perchlorate Tudiagnailednidn

nsusziliuArauliniuauuaInisia

ymsUszdiumaylunuueurensinse Inensiesiznans chlorate was perchlorate
ALY 50 pg/ke Faduseuan MRL wua meuluuiueuvesans chlorate Sannifu 39.70+7.1
fisvfupnandesiu 95% WiawSsuflsudnaiuamanylusuusunnuaseuluwuueuiamaney3un
#1391nunlUnues Tawn method precision (55.68%) calibration curve (28%) bias #3® recovery

(10.69%) standard concentration (3.02%) uazeanUsEnoUs uq 90U (2.62%) Fauanslusui 8
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auaANlNLULOUYDIETS perchlorate 3ANYNAU 41.20+6.4 sgAUAILTDIU 95% LiplUeuLiiey
daaunianuluuuusuanurasnululuueuNawmanaUIuaa1TaIn uInluniuee lawn method
precision (46.11%) calibration curve (32.67%) bias %38 recovery (15.15%) standard concentration

(3.25%) wavesaUsznaudug iy (2.81%) é’faLLamﬂugUﬁ 9

Relative Standard Uncertainty of Chlorate (%)

Recovery 10.69
Method precision 55.68
Standard conc.
Calibration curve
Final volumn
Clean up volumn

Extrace volumn

Sample weight

0 10 20 30 40 50 60

JUN 8 unaafinnvesnuluuuueuninanan1sinszneas chlorate wansdnsaiudusosay

Relative Standard Uncertainty of Perchlorate (%)

Recovery 15.15
Method precision 46.11
Standard conc.
Calibration curve
Final volumn
Clean up volumn

Extrace volumn

Sample weight

0 10 20 30 40 50

JUN 9 unaafinvesaulununeuiifinanansins1eans perchlorate wansdnsaudusosay

f915aA1rnla nu ey Values of Measurement Uncertainty Estimates Tnglainaimann
(CAC/GL 54-2008) innuna1A211 b wu woud Audasla ALY LU Y <100 pgke A osluiiy 44%
dlemuraamnliuuyouveans chlorate waz perchlorate AMMULINTY 50 pg/ke tAwiu 39.70+7.1
way 41.17+6.4 Anudu 17.88% waz 15.55% T9U08NILNNITIAIVUA F534AT1291 S nsauuay

FOAARDINNUNNNITNANTAIAIANN UL ULDU
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dyunan1naasg

335.519Ma15 chlorate way perchlorate luiilodnadniiautuazasisdeuanulyle Tne
ARLUaIRINI8U8Y Zhang, Zheng et al. (2022) memsatafiesaiednidnmeiiusimns 2 mL uas
acetonitrile U311a5 8 mL thdeendly ultrasonicated 1utaan 15 min 910ty wld centrifuge Lie
AnRzneWEednI0en LHinl hexane 5 mL 1wERIeLAIes vortex thiagnsll centrifuge iielnansazane
Fregnuentu Wivansazaneduanrsily clean-up Tnemu SPE %fin MCX Tagviinis condition SPE e
acetonitrile 5 mL 11 5 mL waw acetonitrile 5 mL auaiu 9nt Taansavaneaiaiosnatiinms 2 mL
aslu SPE ua elute SPE me acetonitrile U313 3 mlL thansazanesosnsiilalussmelagiluanuseu
Wuvsimslindu 1 mL e 0.5% acetic acid luth: methanol (95:5) nseswne PTFE fitter au1a 0.2 um
thiunasaumeeies LC-MS/MS wiin Triple Quadrupole

nansasaegounulelnvedisfinaula dausmny sﬁaammLﬂuLgumﬁsumﬂﬁwgnmgm
ALY AITIBILUUNTSMILE LA ATisauurigile LOD LOQ LLa%Nmﬁmswﬁagﬂummsﬁ
PEUSUMLLLINIWBY SANTE 11312/2021 V2 inzaudmiunisiaduisiinsiznans chlorate uaz
perchlorate lugheenadedminlremeiin LCMS/MS dmsunisnsiadeurissfiansiivanamwes  nsu
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