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#151@N: acetonitrile HPLC grade (HPLC,
Merck, South Korea), methanol HPLC grade
(Supelco, USA), formic acid (AR, Fisher
Scientific, UK), ammonium formate AR grade
(Sigma-Aldrich, India) uaz 11 RO Type I iien
resistivity 5¢%#IN4 10-18 10 laWN-LTUANAT

§15019330U: paraquat ez chlormequat
tN30IHAB19895UT8Y (Certified Reference
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dichloride AMM3ENS 81.57% Aanwlaiutivau
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Silica, (2.1 §aaLNAT x 150 Naaung, 3 lWlASHAT),
column oven: 35 aNFNBLTEd, 0.3 NadaNIAUNTN,
volume inject: 10 Tulasans, mobile phase A:B
(20 i9dlua1$ ammonium formate: acetonitrile)
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Germany) 2116 10, 25 L8z 50 Naaa§5, micropipette
(Eppendorf, Germany) 2110 20-200 lulasans
UWaz2UIA 1-10 Naaand, screw cap centrifuge

tube #1@ polypropylene (Vertical, Thailand)
2UIA 50 BAANI, micro-spin filters %1 nylon
(Vertical, Thailand) 21a 0.2 luasau, vial
#1@ polypropylene (Biofil, China) 2u1e 1.5
198305 way syringe 2110 6 J9dans wiay SPE

adapter
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ANNLENLIY 50 Uz 200 WWlasnSuABNlanSN mMuaIaU
nnvumunanliiuils e suluniasuauas
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001 - PA1 030, PA2 001 - PA2 030 a8z blank
sample MUY 15 270 Masid PB 001 - PB 015
daudaslumand 1 iunmluguiidonuds
(auugi < -15 avAnsadad) (Cooling Line
Innovation Co., Ltd., Thailand)
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paraquat chlormequat
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test sample 2 PA2 oo1 - PA2 030 50 200
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mﬁmeﬁmiﬁﬁmi’ﬁﬁﬁmjwmam
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2110 50 ml Fnth 1asU 1009 28960ens Tneann
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RNsanenuEy (%water) NI TNUFAUAINN
Tagunmspesennsing nsuawsis (2018) tude
vortex mixer WU 1 W LGN acidified methanol
(1% formic acid lu MeOH) 10 §iadans tuee
vortex mixer 111 1 17 wehaatiios Tu water bath
(WB 22, Memmert, Germany) ﬁqmwgﬁ
80+2 paenaded Wy 15 Wi e 3liEuR
RN RGN wagum’ifmﬁmm(%a 3,000 58UABUNT
ﬁqmmﬂﬁ 4 ByFNEALEEE WY 10 W gaaITazane
dauld Uszanae 1 188905 ldvaae micro-spin filter
0.45 lulaswns #iia nylon wyuwissiienud
9,000 FBUADUIT 4 BNALBALBEE WU 10 UIN
masazarsiinsasldlduranaraindys vuia
1.5 fadans wluasrasalsuiadiaiaias
LC-MS/MS (1260-5500 QTRAP, AB Sciex,
Canada) lagd LOD = 0.005 §adnsuaanlansy
war LOQ = 0.01 #adnsudanlansy A5eums
nagauauldlaveds wasiduisuasgiud
TFlunsasiaiessiarsnaaiziisnguaae
Tudraginuasna livasdingunwuazay
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15337 ISO/IEC 17025:2017 Toammsianzi
2208 2 71 WUU random WAAFMIMNANNEDR
Togl# Cochran’s test ianagau within sample
variation Mntunagauannfluiiaderfuas
ISO 13528:2022 Mnaidssunaspuszuin
Mot (between samples standard deviation; S,)
WU S, 2aanNEMTIANNMUBENT 0.3
#949@1 standard deviation; G #8434 ILC (G )
aguldhdedniedanduiianuiuiladeaiu

t¥NeddN (adequately homogenous)

MINAFaUANINAIA (Stability test)”
ANNAIAITBIUTINAUENIMAN I NINGNAIDH
Tushethanaaau dufiumad 2 anne Tdud anne
Wenuwuumazuas loagn ILC sample wuuddse
i 3 ma ldlundeslaneliigamafifiing

AIUANGNUNANN 2-8 Berialded Tugifiu (Hitachi

4 R-Z380VX, Thailand) ¥u 3 Tu walLhu
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ANNINITIMNNNINTFIU ISO/IEC 17025:2017
PEUNNAIFIURIUFTRNS nsudIneenaas
MIUNNTUa? UIAINIUSEULRBUANNLANAI
SEWINANADEVDINAILATIEENDUFIA1DEN (7))
= v a I'd < 4%' = [ [

#Falaanwanisiwszianuiluiiadadnuny
' a a A ¥ o o A o v
ALRREYBINDILATILHN LONAIAIAIUNNINUA L9
FNTNNDUKD (V) DIWUIINAILANAINTZHWIN
V. uar Vo (7, - ¥,) Uasnd) 0.3 289A1 O Y83
ILC (G, Waguladndadieiaiuaaad
WinzaN (adequately stable)

MIMAIMBUA (X7 c) wasnsUssdives
AMMrun (assigned value: XiLc) Tden x*
(robust average) MNHAMIIANZHBINDIUHTAMS
FNFNNENINNING lagR50n60e blunder
ilenannnd 10 hassmmuue eualesly
robust analysis: Algorithm A #4 ISO
. (10) 1 A o 4 v 1
13528:2022 unIANTIIUIUTDY BN
12 @ Wldemuuenlaanndesdfidns dniin
AuMwuazaNNlaaansa1ms laaldar grand
o v I & = [
mean filaannisnadauanutiutiiatderiu
(homogeneity test)
AdeNtuuNInIgI UM stlIauLisuna
32N INYWNHUANS (standard deviation for
interlaboratory comparison assessment; G )
Usziliuwamsitaneiludagnadauisneu
NnialHuamsaansn sHrwsumsilSsuiauns
1 v a vVa d‘y Y A vV
szl fuanmsiilatdanlyd general model 210
Horwitz’s equation modified by Thompson
twaa e tdasuunasgIuihvunad iy
anudnduane 120 lulasnSuaanlansuauly
AMNAUMLTENIUUNATTIUNINTNNTN 1

_ 0.8495 1
G,. = 00 (1)

SVSUANNINTY Hasn 120 ulasNINGD
Alansy MLl UUNNIFIUNNTNMTN 2

G, = 002 (2)

log ¢ @9 @ assigned value uaneluzl
concentration ratio
meanuliniuaunsgIuree) assigned
value (standard uncertainty of the assigned
value, u(xILC)) d19 paraquat Iﬁ'ﬂ?’iﬂismm
manuldwiuauinasyuasmmuuaniumwes
29991180 (consensus value) a1n robust

algorithm A Tag@muianaumsh s

1.25x 8* (3)
\P

Tos S* @ robust standard deviation

U(xype)

minalagld robust algorithm: Algorithm A
p @a NIUTBYS

dmdumsiisnnudayaiasnh 12 o 1¥ms
Uszanamanwuliuwduaunasyueesmmmuaile
NNl Juamsanauawwazanulasany
21935 9M¥35 ISO GUM”

mMsUszidunaandnazlada z-score w3n
z'-score ﬁQﬁl

z-score YDIVNBNUHUANTENTN MuIuan
aUMh 4
Xi—XILC (4)

Z =
gILC

z'-score 2DINANUAUAMIFNTN AN
annman 5

Z = > > ; WD u(xILC) > 0.3 O11.c (5)
O-ILC+u(x1LC)

Xi @@ reported result
XiLc @ assigned value
Oi.c @9 standard deviation for
ILC assessment
Ux;c) @ standard uncertainty of assigned
value
o o d .
oz +u2,,, Ao Audeavumnasgiuan Horwitz’s
equation s unUMANNLNLULDY
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ToewnasimsUszifiunasndn Ansandad

lzlv3alz' | <2.0 LEAIIIHBILATIZHEINITD

gausule (acceptable)

2.0 <1zI938 12 1< 3.0 LFMNHAIATIEHUI T
(questionable)

lzI¥38lz 1=3.0  wdasnuadeNeilianing

gansule (unacceptable)

W

Tuduasumsiadondiadraiistidudsed
vaazdsauazuanliifudadsrfuudrnnnsia
Sieszidiiioadu wuhasalinumsandiasans
ﬂtjuﬂ’)’ﬂﬂﬁﬂﬂlu"&lBU‘li’ltlmﬁLﬂiWﬁ“fIzﬁ 4 iio Gy
ausananldifiudiedre blank sample la
11 aens blank sample Wiy 2 d1 uAazdIULHN
§ININIFIU (51'\‘15 test sample 1 L@N&)S paraquat

waz chlormequat S2AUANULTNTURLASE 100

lulasnsuaanlaniy uaz test sample 2 LANES
paraquat Wag chlormequat S¥QUANNINTY 50
Tulasnsudanlansy waz 200 lulasnsuaanlansu
MUAAU MMNTFNAIBEN test sample 1 NUIU
10 270 vanaLay PA1 004, 007, 008, 011, 014, 019,
020, 023, 028 WAL 030 WALEHNAIDEN test sample
2 waneLay PA2 001, 006, 008, 012, 015, 019, 020,
024, 027 UAZ 030 TNMFIATEWTIaEEE 2
NNaMIIANAINAUNNEDalaald Cochran’s
test tilanadau within sample variation nagau
anuduiiadeniumy 1SO 13528:2022 M
ﬁhLﬁ'mLuummgmszwj’mé’l’aaﬂw (between
samples standard deviation; S,)"” wu S, 283
NNNEMITIUATILHAAERENT 0.3 28961 standard
deviation (G, ) fatiuGIataseaEudTaM
Lflj_lmfl’a WWennumanzay (adequately homogenous)

Aanaaalum N 2

9199 2 wamsnagauanIuilaideInuresiunse test sample 1 uag test sample 2

test sample 1 (lulasnsusanlansu)

test sample 2 (lulasnsusanlansu)

. o . paraquat chlormequat . o paraquat chlormequat
FHaaIaeN R G LREE RN
replicate replicate replicate replicate replicate replicate replicate replicate

1 2 1 2 1 2 1 2
PA1 004 106.7 113.5 109.5 102.4 PA2 o001 50.6 49.2 203.9 211.5
PA1 007 101.3 111.4 103.7 110.5 PA2 006 53.9 57.1 215.7 213.8
PA1 008 109.6 104.2 108.3 105.7 PA2 008 53.7 50.0 204.0 208.3
PA1 o011 104.9 107.5 102.5 104.4 PA2 012 51.5 52.1 200.8 205.7
PA1 014 104.4 106.3 100.1 103.6 PA2 015 52.4 52.8 205.2 214.3
PA1 019 106.3 107.8 111.3 111.4 PA2 019 52.7 58.4 216.1 206.1
PA1 020 103.3 106.3 106.0 107.7 PA2 020 50.0 48.6 215.4 206.1
PA1 023 111.1 106.8 111.8 108.2 PA2 024 50.9 50.4 205.0 204.9
PA1 028 104.0 107.6 107.1 108.0 PA2 027 54.2 49.6 205.5 201.7
PA1 030 110.3 110.9 105.4 104.1 PA2 030 55.4 49.1 204.4 200.2
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. o . paraquat chlormequat N paraquat chlormequat
FHamaIae RV GLREE RN
replicate replicate replicate replicate replicate replicate replicate replicate

1 2 1 2 1 2 1 2
Mean nomo (}71) 107.2 106.6 Mean pnomo (}71) 52.1 207.4
Cochran i 0.602 0.602 Cochran o 0.602 0.602
Cochran .u 0.442 0.366 Cochran . 0.325 0.247
XiLc 91.5 106.6 XiLc 47.8 207.4
Cc 20.1 23.5 Cc 10.5 42.0
S, 0* 2.1 S, 1.1 2.6
0300 6.0 7.0 0.3 00 3.2 12.6

Ss<03 O Passed Passed $s<03 0 Passed Passed

vinee: ‘Mean Square Between (MSB) < Mean Square Within (MSW)
Mean,,,,, (V) @8 @wadsnnmanadauanuiuiiaideny

Cochran .

Cochran .,

nniuhmsdeiathmasaulUliiaajiams
(sample distribution) ﬁﬁmﬂﬁﬂ’amiﬁuﬁ'\imm
UszandzaanasdnTunagaumstlsauiiauna
5en Il URMS @smInizigngumianly
fuslss Sy 11 denlFians msdudiad
fideuds smSudeliaandnidrsinuazinds
Fethansauanasiiendas laun memsienansi]
Boe§uAmslasu wuunauiumaene Az
WUUSIBIURANITILA A LANURIUFURNIS
fiatasthmeasauamutng lasmathadausms
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@8 Cochran critical value at 95% confidence level (p = 0.05)

@8 Cochran critical value 31nM5AIUIN

WUUBESE L ENAFIUATINAITIIBIFIRENIT 2 Nz
g8y 3 170 MM 2 2 lundazdaaehs
Idun fannzaamgil 2-8 asenwaided iunm
3 §u tiadsunuuanzaus Tog test sample 1
dueleee Maneay PA1 002, 016 Way 027 ude
test sample 2 WY PA2 003, 011 wuaz 023
uaxﬁamazqmw{]ﬁ <-15 peAalBed lae test
sample 1 guAIBEN MINELEY PA1 013, 022 ude
026 Waz test sample 2 vanaLey PA2 017, 018
waz 029 IeNzimeISiaenumsnagaua NNy
iladeniu udnhmmenelaanuSsudisuan
LANFITENINAREEYBINEIA W aude I8N
D Feldannuamsiensdanuduiiadaiu
fueiaaupraIeNinlanasnniufimmual
dngnaauwna (7,) NUNHAUONANTEAIN y, uag
y, (1Y, - ¥,1) penil 0.3 wesd standard
deviation 289 ILC (G ) farudasaiiamuasd
tWNEaN (adequately stable) daudaslumsad 3
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MINN 3 HAMINATDUANNAIMIUBINUKTI test sample 1 Ude test sample 2 NaANzaUNYN 2-8

asealded Wuna 3 u

test sample 1 (lulasnsusanlansu)

sHamadg

paraquat

chlormequat

sHamaee

replicate replicate replicate replicate

1

2

test sample 2 (lulasnsusanlansu)

paraquat

chlormequat

replicate replicate replicate replicate

1 2 1 2 1 2
PA1 002 102.3 96.7 104.4 104.0 PA2 003 51.7 52.7 206.0 206.6
PA1 o016 104.4 106.1 105.1 102.9 PA2 011 51.7 49.5 204.8 200.5
PA1 027 108.5 99.8 106.1 99.5 PA2 015 50.1 50.0 199.6 204.9
Mean , (}/,) 102.2 102.6 Mean , (}/,) 51.0 203.7
Mean ... (V1) 107.2 106.6 Mean ,,, () 52.1 207.4
Gc 20.2 23.5 Cic 10.5 42.0
0300 6.1 7.0 03010 3.2 12.6
')If)’z' 5.1 4.0 Iyl—yzl 1.1 3.7
S -7
1 2 1 2
Passed Passed Passed Passed
<0300 <0300

AN 4 KM ITNAFDUANNAIAIYDNUKT test sample 1 waz test sample 2 NaAMzRUNHN <-15

NIV GIGEG]

test sample 1 (lulasnsusanlansa)

test sample 2 (lulasnsusanlansun)

o o paraquat chlormequat o o paraquat chlormequat
INENIDYAN IRFAMIDEN
replicate replicate replicate replicate replicate replicate replicate replicate
1 2 1 2 1 2 1 2
PA1 013 101.3 99.7 103.4 101.0 PA2 017 51.7 52.7 202.0 202.6
PA1 022 103.4 101.1 106.1 99.9 PA2 o018 51.7 49.5 199.8 200.6
PA1 026 107.5 99.9 105.4 99.6 PA2 029 50.1 50.0 199.9 203.9
Mean (372) 102.2 102.6 Mean (372) 51.0 201.5
Mean ., ) 107.2 106.6 Mean ., (}72) 52.1 207.4
Cc 20.2 23.5 Cc 10.5 42.0
0300 6.1 7.0 0.3 00 3.2 12.6
|y1—y2| 5.1 4.0 Iyl_yZI 1.1 5.9
-7 ¥
1 2 1 2
Passed Passed Passed Passed
<0.30 0 <0300

MsnTINMTaUNaTznINY Il {UuRMS

TueSaiifiviasUfuamsingin My 11w uag

ABUNNAUNITY 11 UV M INAFDUES paraquat

Tu test sample 1 Ua test sample 2 HvaU{uams
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50enns A3l waTAE

plaUssdiumdusIv 14 o lusremsnegauans
chlormequat #%a9U UANMSENPINNENUKNINT

NAFDULNEN 5 WY Wazvadlfuenms sWa 00011

FIENUNDIATIER U 3 A1 MIARNUIUKS
Pnnvaslfuaanndnnlduszidiunedusin 7 an

AALFAI UMD 5

MINN 5 WaMTIATEANUTI test sample 1 waz test sample 2 29FNTNNITITINMIUTBUNDTENIN

v a va
vasljuams

test sample 1 (lulasnsusanlansy)

test sample 2 (lulasnsusanlansa)

saval uans
paraquat chlormequat paraquat chlormequat
00001 68.90 NT 38.05 NT
00002 91.15 95.45 47.15 197.14
00003 83.69 59.07 51.24 113.20
00004A 98.80 NT 53.30 NT
00004B 97.69 100.26 51.04 204.52
00005 89.90 52.79 46.60 92.83
00006 4162.12 NT 4086.82 NT
00007 89.29 NT 42.66 NT
00008 58.23 NT 31.99 NT
00009 81.30 NT 40.60 NT
00010 121.35 NT 61.55 NT
00011A 100.10 98.58 52.16 201.89
00011B 100.94 100.00 49.217 196.56
00011C 104.48 98.44 53.46 207.26

ningwa: NT @ not test

8NINAFTDU paraquat UAIDEN test
sample 1 Uaz test sample 2 HMMUUA (X;1c)
Wy 91.5 uay 47.8 lulasnsuaailansy muaau
oz standard deviation 283 ILC (O ) ey
20.1 Uz 10.5 lWlAINSNABALANTN MUAIAU MU
Minsnunnielfuaaansn o 14
fnamsusziiuaglunanivaniule 13 é dadlu
Ja8as 92.9 uazaglulnadiliaansosansule
1 o dadusesar 7.1 drusrensnadauas
chlormequat lu@ad1e test sample 1 uag test

sample 2 Aenmvue (X;;¢) 1 106.6 Uwaz 207.4

Tulasnsueanlansy @INa10U way standard
deviation 283 ILC (G ;) awnueany liiuay
' ° a I
YRIANMINU Uy, ) FenTu 26.2 uaz 48.7
TaTasnsuaanlansy euaIou HNUIUMNTIENU
NNV UAFINDN U 7 @) Nanﬁﬂimﬁuag%
'3 w £4 U a 4 v i r's
wnaigansula 6 @ Aadusasas 85.7 aglunouei
aede 1 e Aelusanar 14.3 MIUssLiuKads
paraquat ™4 2 alegnUsziliulaaly z-score uaz
#35 chlormequat Uszifiuloald z' -score Aauans
Tuen5199 6 wazmMWN 1 waz 2
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@3Nf 6 @) z-score WAz z'-score YNIFNTNNINTINNATDUKAILNINVBNJUAMIIATILHINIMTA

Tegnguaan lusiuels

test sample 1 test sample 2
Paraquat chlormequat paraquat chlormequat
S
WoeufuRn1g EPEE—
= 2 1 2 2 = = 1 . 2 2 =
O-ILC O O—ILC + u(xILC) 262 O-ILC O 5 O-ILC + u(XILC) 487
Z-score Z'-score Z-score Z'-score
00001 -1.1 - -0.9 -
00002 0.0 -0.4 0.0 -0.2
00003 -0.4 -1.8 0.3 -1.9
00004A 0.4 - 0.5 -
00004B 0.3 -0.2 0.3 -0.1
00005 -0.1 -2.1 -0.1 -2.4
00006 202.5 - 384.7 -
00007 -0.1 - -0.5 -
00008 -1.7 - -1.5 -
00009 -0.5 - -0.7 -
00010 1.5 - 1.3 -
00011A 0.4 -0.3 0.4 -0.1
00011B 0.5 -0.3 0.1 -0.2
00011C 0.6 -0.3 0.5 0.0
Z-score

4

3

1 4

(A) ° -—-————

-3 4

4

5 J
00008 00001 00009 00003 00007 00005 00002 00004B 00004A 00011A 00011B 00011C 00010 00006

Laboratory code

Z-score

(B)

S 0 2N w0 A
. L

00008 00001 00009 00007 00005 00002 00011B 00004B 00003 00011A 00004A 00011C 00010 00006

Laboratory code
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Z'-score
5 -
4

3

(C) _:) _-_-—_—_—_

-3 A

-4 4

00005 00003 00002 00o011C 00011A 00011B 00004B

Laboratory code

Z'-score

sl N

00005 00003 00011B 00002 00011A 00004B 0o0o011C

Laboratory code

MW 1 z-score ¥B9 paraquat LUNUESI test sample 1 (A) uaz test sample 2 (B) z'-score 284
chlormequat Tusiuel59 test sample 1 (C) wae test sample 2 (D)

100.0

90.0

80.0

70.0 - : : -

60.0 » -

50.0 : ‘

400 — e e e : , — - : =
30.0 -

200 «

i -
- [ [

test sample 1 paraquat test sample 1 chlormequat test sample 2 paraquat test sample 2 chlormequat

M acceptable M questionable M unacceptable

AN 2 508RZUBNA) z-score 2BNENS paraquat WaY z'-score 284d15 chlormequat U test sample 1

Loz test sample 2
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Interlaboratory Comparison of Herbicides Testing Rattiyakorn Srikote et al.

Laboratory Performance Assessment via
Interlaboratory Comparison on Analysis of

Quat Herbicides in Potatoes

Rattiyakorn Srikote, Phornphan Songsri, and Weerawut Wittayanan

Bureau of Quality and Safety of Food, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT Quat compounds, including paraquat, diquat, chlormequat, and mepiquat, are widely used
as non-specific herbicides. The residue analysis of these substances in food must be controlled by competent
laboratories. In 2025, the Bureau of Quality and Safety of Food conducted an interlaboratory comparison
(ILC) for the analysis of quat herbicides in potatoes. The objective was to assess the analytical performance
of both government and private laboratories for the determination of quat herbicides in fruits and vegetables.
For the ILC sample preparation, potato blank samples were procured and fortified with two standards,
including paraquat and chlormequat. The homogenized samples were divided into two sets (test sample
1 and test sample 2), and each set was spiked with different standard concentrations. Homogeneity tests
were performed before distribution to participating laboratories. The interlaboratory comparison results
were evaluated using statistical methods based on ISO 13528:2022. The assigned value for paraquat was
determined following the consensus value of the participants, while the value for chlormequat originated
from a single laboratory result. The standard deviation for interlaboratory comparison assessment was
calculated using Horwitz's equation modified by Thompson. The ILC sample stability was studied under
two storage conditions, including at <-15°C and at 2-8 'C for 3 days. The results revealed that the ILC
samples were adequately stable. The analytical results from 11 participating laboratories were assessed
using z-scores or z’'-scores to demonstrate the laboratories competence. Among the 14 results of paraquat
and the 7 results of chlormequat, 92.9% and 85.7% were “acceptable”, respectively. The results indicate

that the measurement capabilities in these laboratories can be considered mostly trustworthy and reliable.

Keywords: Interlaboratory comparison, Herbicides, Quat pesticides, Potatoes
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