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mercury analyzer anumALlA thermal decomposition amalgamation atomic absorption spectroscopy
Tusethadoiiodnd (fu wanile) Tnensanuiluaded IEnsaseaeudssansamueandedioly
vhte Pamnududuilinsminasgududunss Aamnudiduiaavesasiiaiosdeansoiald
anulveundes uasrsaeunldlivedis aududunsweniumsvedeu ArdasiAnvein1snTIany
(LOD) Andinsfnvesnisniidaiuta (LOQ) Ay wag mnaniissvesminszinieluviesufiinng
Fen wan1sAnwnuin ssenuiduduilinswiinasgududuased 2 92 fie 0.1-150 pg/L ua 300-
5000 pe/L ArduUsEANS n1sRaaulafe 0.9924 way 0.9971 Arudsy At usgAvesansi
w3nsdloanunsaTald fie 0.3196 g/l Aeallwensdes fe 1 pg/L Anududunswestmsmaaeuves
fogafunaziiiod 2 923 @@ 0.001-0.100 me/kg wag 0.300-1.500 mg/ke ANTASIAAVEINITNTITNU VDS
fogeiunaziile fie 0.001 mg/kg ATnsinvesnsmdUsinavesiiegssiukaziile Ao 0.002 mg/kg
nsnaaaummiulagldiandediflususes nuirdnadsveansaasuiailiwansisaindignads
aeaflifdfyiseduanudodu 95 % namsvadeurNLILIINNITIRAUEE B (Bias) Tii1s0419N
Wosdusinmsndudiu (%Recovery) uazaufies (Precision) wUU simultaneously in single study §a8n15%
A1 %RSD fildarnn1svaaeu Spiked sample fissdumnududu 0.002, 0.02 uaz 0.04 me/ke @Sy
$79879AU Way 0.002, 0.010 tag 0.020 mg/kg dwiduiethaie firads %Recovery agluyag 98.13
- 100.19 Tudee9#U way 92.83 — 97.28 Tudaeeaiilo A1% RSD, uay %RSD; fidtiasnit PRSD nn
sesuanududuidluiegeiu wazsegade fuiu Fdfarumnzannuinguszasdiiagldlunig
AnsziUsinaseniueluinedaiodedns (AU waz L‘ifa)

AdAgy : Usen, nsiaaeumulilavedds, Webedn’d
NANATINERUAMNMMLETR LA NANENINGRT d1iinnsIaaeuam nEUAUAdn T nsudednd o.fuun
M.UNNEA B.L18Y 2.UNUs1H 12000; Wsfwd 0-2967-9727
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Method Validation of Mercury in Animal tissue

Suwannee Srisuwan Sriphrai Jeanpan Nittaya Injan Apinya Thanee

Abstract

This study aimed to validate total mercury using a direct mercury analyzer based on thermal
decomposition amalgamation atomic absorption spectroscopy technique in animal tissue (liver and
meat). The study examined the efficiency of the instrument in the following areas: linear range of
calibration curve, instrument detection limit (IDL), sensitivity of the instrument, and also examined
the validity of the method, linearity of the working range, limit of detection (LOD), limit of
quantitation (LOQ), accuracy and precision of the analysis within a single laboratory. The study
found that two concentration ranges that give a linear standard curve: 0.1-150 ug/L and 300-5000 ug/L.
The coefficients of determination were 0.9924 and 0.9971, respectively. The instrument detection
limit (IDL) was 0.3196 pg/L. The sensitivity of the instrument was 1 pg/L. The linearity of the working
range of liver and meat samples had two ranges: 0.001-0.100 mg/kg and 0.300-1.500 mg/kg. The
limit of detection (LOD) was 0.001 mg/kg in both matrices. The limit of quantitation (LOQ) was 0.002
mg/kg in both matrices. Accuracy testing using certified reference materials revealed that the test
mean values were not significantly different from the reference values at the 95% confidence level.
Accuracy results from bias measurements, expressed in terms of %recovery, repeatability, and
intermediate precision were determined simultaneously in a single study. %RSD values were from
testing spiked sample concentration levels of 0.002, 0.02, and 0.04 mg/kg for liver samples and
0.002, 0.010, and 0.020 mg/kg for meat samples. The average %recovery was in the range of 98.13
- 100.19 for liver samples and 92.83-97.28 for meat samples. Both %RSD; (repeatability) and %RSD;
(intermediate precision) were less than predicted RSD (PRSD) at all concentration levels in both
matrices. These results demonstrate that the method was accurate and suitable for the analysis of

total mercury in animal tissue (liver and meat).

Keywords : Mercury, Direct mercury analyzer, Method validation, Animal tissue

Veterinary Public Health Laboratory, Bureau of Ouality Control of Livestock Products, Department
of Livestock Development, Tivanont Road, Bangkadi Subdistrict, Muang District, Pathum Thani
Province, 12000; Tel. 0 2967 9727
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n1sAsavaauAulYlaveIdsnIsnadauUSuuUsaNNIua lullawadn )

umin

Us9n (mercury) Lﬂuﬁmiawwﬁ’ﬂsnﬁwﬁﬂ fiddnualmaed Ao He wasiiaveznay 80 Tnevhily
Tudswandouanunsonudsenls 3 dnwng Ao 1) Usenu3ans (elemental or metallic mercury) &
dnwauglanzdv1iiuan iuvenvarfigumgives luedaldlu thermometer nasnlyl uazaielv 2)
Usanetiuv3d (inorganic mercury) wuldinnludswndeslasdrulngjeglusuveusuuuisiuasiumay
uw1$ warluguresdaievulunisigdug wyuddudatuusonedunidoniansihnusazdunndes
o1¥wifirnudesgasionsduiaUsenliun mevimileus gramnssudidnnsedind msuusslanzuay
arsiad W 19 Usen aur AluenadudaUsenwiuniadanaainnislday uazady
3) Usendunid (organic mercury) M wun1nlud swindauwazniaaleo1mis Ao wiawwesAas
(methylmercury) ef'fal,ﬁumsﬂiaw@w%'siﬁﬁmwmﬂuﬁwqa (World health organization [WHO], 2021;
United States Environmental Protection Agency [U.S.EPA.], 2024) Usomdunaiud afluuildud oz

3

azanlusinglgons Tnelamzeimns fresh food Wuunasiumdnvesmsidsuusonveayud 1wy dnd
ih Tngenananunasiflegiungramingsy daluewnsussamaudadng wu ield el Austasd
wnltiuvaamsuudeuasseniinni uddsaunsansranulTinuusovegisiiauogfuunds fiuuay
Fnsiiies manmeseunsUudeulsendaudiuiudedestuguamvesiiuilag (Nava et al, 2023)

Usondienudufivgs frogunmituuudeunduazuuuiess mnmslagalosendluly
sy viliAnensle veumilon uuniien wunndu 19 seuwnds nmvdsiaiefiudy vnties
voude Auldsusalavy nsdlsuusainidedevendniay Vinfsur uaznisueatiuiinund wionislasu
ansUsanBUNIS 1y methyl mercury W awlfiAnenamsssuussaniaos Wy nduenn

WU T91n1359eulateiiolanein geunds aussanImMIenAanas N1sHanaIRnUns n1sladudeu

[
a

a1 Uiaenuda waznaddy sudadudunin nuead uwardwndia dso1nmsmaiionin lsaduuing
(Minamata disease) (WHO, 2021; U.S.EPA., 2024)

LﬁaamﬂﬂiamﬁﬂamﬁﬁmmLﬂuﬁwqu mmquuﬁwaqmmisﬁuagujﬁ’wﬁﬂLLazU'%mméuaaUﬁawﬁ
dua FofudsdivareUsemeldfaunnusiinasgunsludeuvesseviuoimsly wu anamelsud
msfi’muﬂﬂ'mmsgmmiﬂmﬁaumﬁﬂiam $14 COMMISSION REGURATION (EU) No 2018/73 of 16
January 2018 ﬁwU%uwmﬁaumwmiﬁUuLﬁauimuﬁuﬁmixmmmﬁmﬁwﬁmné’mi-é’miun (products of

animal origin-terrestrial animals) 131y 0.02 me/kg @m3udu 1 wazins oslu dauvende luiiu
0.01 mg/kg

UssinalneiinisdseendniUn lWdisemalunquannimglsy wazanninglsuiinisiunlides
finsuseiaansandndlududuadnd Tnedsaldnaeridesiuninsnasuauldlivesis uay
vesUURn1sdedldunisiuses ISO/IEC 17025 nsudadnidaisrunanthitlunisinfiu quanayiuseanis
d900nv09UTEINAT Tn15ds00ndud1UAdnd TemnuaununisidiszTaarsand1sludud
Undn szl FesfiRnisnduanvdevamunmiodnitasnandnaindn ddnanvdeuamnindudn
Uadn? dafviifilunsnsadeuaunmdudaded Ssiesihnsnneseuanuldldvesisiinseim
Usinasevilududadng ieliiuleinisiieneilinaiinsgifigndes aiemmnindedeliiulszing
af wazeusiilasunnuaendevesdudundnsliruguilan
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1. Inguszena

Wlonsraaeumnldldveinsinswiusinasentanundieiaias direct mercury analyzer
AumALlA thermal decomposition amalgamation atomic absorption spectroscopy 1u¢'f’;asifml,§at,§a
&3 (Fu waziile)
2. YBuY

fndun1snsreaeunuldlavesizdinseiusnasonanuad oA 84 direct mercury
analyzer @11t Al A thermal decomposition amalgamation atomic absorption spectroscopy 1u
fhodraiiodedns Tneldiioln wazduld Husuny suuuamieves Eurachem (2025) dieuandlifidiuii
Bhnneiannsoinszideslinsmingusrasnisldnuasouaquandn MRLs fifvunld

3. Usglgviifianadnazlésu

3.1 18339 inszsimusunadsenstiauadaemaila thermal decomposition amalgamation
atomic absorp‘uon spectroscopy IumaaaﬂdLuaLEIaamﬁuamawg‘ummimumummi A1TNNAN LAY
asulou NquATIIER AN HDTN LA NaNEN NN

3.2 T JudeyadmsulsznovvenssuseseuansaviasUURnsnussuunan1m ISO/IEC 17025
semsvaseuUsenviviualy edns uaviudng

4. gunsaluazansiadl
4.1 \a3esile
4.1.1 1394 Direct Mercury Analyzer §ve Milestone 3;14 DMA-80 evo
4.1.2 \pEest mnuaziden 0.0001 n3u B%e Ohaus Ju AX224 fiflaneideusiotuinios
Direct Mercury Analyzer
4.2 gunseild
4.2.1 Adjustable pipette 9u1% 1-10 WL, 10-100 JAL,100 -1000 UL wag 500-5000 AL
4.2.2 9 IUTNIRTVUIN 10, 50, 100, 1000 mL
4.2.3 Sample Boat wia Quartz Usums 1.5 mL
4.2.4 yewaaAnaiin Low Density Polyethylene (LDPE) 1@ 60 mL wiaur1Lnaen
4.2.5 fiflu (Forcep)
4.2.6 GOUFNFIDE
4.3 @151A3
4.3.1 Nitric acid (HNOs), conc. 69 % (w/V): supra grade (for trace analysis)
4.3.2 Hydrochloric acid (HCl), conc. 34 - 37 % (w/v): Trace Metal Grade
433 “lf’]‘lﬁ?jﬁ/lé&jﬂ (High purity Waten) #ifldnanudnuniliesnin 182 MQ..cm’
4.3.4 ufgoonBaumuuians = 99.95 %
4.4 @13UINTFIU
441 saraneanmsgIu Mercury Anaidadu 1000 te/mL Tu 29 HNO, % Accu Standard,
lot no. 221065171
442 @198318U1MIFIU Mercury A1 1Y Y 1000 pg/mL T 2% HNO; § %o Accu
Standard, lot no. 223035027
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4.43 1$ieY Intermediate Standard Solution AILTY 5 pg/mL Tu 2% HNOs
Yiaan5asa1eu1nsgIu Mercury ALY 1000 pg/mL Y3u1es 0.5 mL Tdlu
vanfaUsinmseuin 100 mL Wsnsalusdndudu 2 mL udrWiulTunsdaeiiuianige iesy
100 mL t@Saudrnngldviananainauim 125 mL ¢ae 1% HCl
4.4.4 w31 Working Standard Solution 7iszsua11dudu 1-2500 pe/L dwsuasig
N311UIMT1U ward1mTuNIINAEOU Linearity of Calibration curve TagdLuUn Intermediate
Standard Solution AMINTU 5 pug/mL (U9 4.4.3) Tdnainusuns wazusuusumsnig 1% HCl

5. 3AHIUNT
a % 1
5.1 NSLATENAIDEN
U 1 d’lj d‘ v ¢ b % 1 1 dglj | a (% ! ] U Ya U v A
fdrailagednd laun auln uazilleln wisnsegsdwiunaaeulaelddaanzluiu Wala
Wuldeneanlivun udwrudududng dunualiidudedsaiunienissune1ms aaegreiivdmnly
NageuUsIuUTeNT LA [@endieg1aniiusinausendn § dwusuilu Sample blank lunisAnwinssdl
5.2 M93LATIERmIUs UMY TeN Teiegenimienlaainte 5.1 Uanwiln 100 mgt 1 mg aslu
Sample Boat MH1IUMINANUAERIAKALNTIDNMT 650 Berwaliua uiupe o 2 il
5.3 @n1gueaA3ad Direct Mercury Analyzer Alglunisnageu

Wavelength : 253.65 nm
WAADDNTLAUY : 4 bar (Uszaal 60 psi)
Thermal process :
Time (min) Temperature (°C)
Drying 00:01:00 200
Decomposition 00:01:00 650

5.4 NIATIVERUUTEANTNINUBUATO
54.1 nsmraeanudutunlinsmuinsgrududunse (Linear Range of Calibration
Curve) lagnTguansaralsuInsgIulsenaududy 1, 2, 5, 10, 20, 100, 50, 150, 300, 600,

750, 1000, 1500, 2500 W&z 5000 e/l A1Hutuay 100 UL Yinadly sample boat kavinen
nsgenduLasisazaIddy adrensnselusunsumuaunsyhureaaiasinUsen Tagld
wnw x duaimnududu (Conc) wazwnu y iuAIn1saanduuas (Abs) n5a9a0uUANdNRLET
duannAdulsgansnisdnaula (Correlation of determination, R?)

5.4.2 N139A7 Instrument Detection Limit (IDL) lneww3euansagans 1% (v/v) HCL 910
n3A HCl ¥ilm Trace metal grade ndudiunas 1% (vA) HCL USunas 100 ul Td Sample
boat $1uau 10 %1 LarinAINIseANauLaRisuiunTIMEInsgIulugae 0 - 5000 peg/L ALIMIAN
Mean, SD wag IDL

IDL
SD pank = AdU L UUNINTE IR blank
543 nsmA1aub (Sensitivity) 18n1353ATIERaNTarA18U19IFIUUTON 2 SEAUAIY

Mean Conc. of blank + 3SDgiank

Wty #e 0.3 (003 ng) wa 1 pe/L (0.1 ng) IaensUinansavaneannsgiuuseniivieals Usuns
100 uL Td Sample boat LLé”;i’whmiamﬂﬁuLLméf’;aLﬂ%ﬁmﬁwﬁﬂiaw Anududuay 10 91 way
fi9150191NANN9Y ANG LUAIYDIENTALANB MM TFIUT SEAUAIIT N TAT g andn 0.003Abs
(é"m'éqmﬂmiUuﬁ”JaumaﬁzwLﬂ'%'eJQﬁaé”]aalzjqaﬂdwO.OOEs Abs)
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5.5 nsasvdeummltlaresisageu
5.5.1 Msnaaeuauludunseain Working range

Humsneaeuauaninsaredisfierlinan1siinseid Response wUsmuU3ue
ansnaulaluiedns Inevaaey Spiked sample AflenududuvesUsen 0.001, 0.002, 0.005, 0.010,
0.020, 0.050, 0.100, 0.300, 0.500, 0.750, 1.000, 1.250 wa 1.500 mg/ke Adiaduay 3 91 ey
funsmlinesgiu adensnenuduiusserninunu x Wuannududy (ng) wasunu y {Wueins
AANALLAY (Abs) WagmmrameUAmdTLGud U INAdIsEAVSsfindula (Correlation of
determination, R?)

5.5.2 MINAABUAAAATIEN3NI0ATIVIATIZALS Limit of Detection (LOD) wagAAap
flanansansrlinTeivianadldusugn Limit of Quantitation (LOQ) TneAiAs1es Sample blank
fhegreiula uaniold vinez 10 91 Fumearduduads (Mean) wagAndoauumnsgiu
(SD) vomanaAgdaUu NGNS

LOD = 3S, Wi LOQ = 105y
. =20 y
die %7/, wag Sp= standard deviation 9nn1sMAROUT

n = Srnuglumsvaaaudiegns Routine (W3sneaou n = 1)

Susuen LOQ Tnediasizei Sample blank fregeiul 1ilold vilnay 2 41 wasihiy

arsavangunsgiuadly Sample blank Wilaudufissdy LOQ wfinay 10 41 asraaeuadm

Wit (Trueness) fen13InAmELBes (Bias) 390 %Recovery Lasdaaglurianusifnunvos

CODEX (2024) wazAnaiiies (Precision) 910 %RSD vasksazyanududulansanlusUves

RSDr fadlaiiAiuinausiann Predicted RSDr (PRSDY) fidnuaniléiann Horwitz equation wagdn RSD
INMINAFRUNINNI PRSDr 1ivnA1 HORRATY Areusu HORRATT < 2 (EU No. 2024/1045)

CF
%RBCOUE’T}I = (CA-I-—CU)X 100
SD x 100
%RSD =

mean of CF

g CF (Conc. Found) 9 AU UTUVDIATNIATIZIT bR LUAIDE19NTNT LAY
CU (Conc. Unspiked) @®  aududuresalsniasizilalusegreililaig
CA (conc. added) R AMUINTUYBIATAFNAI LY

2 Db Db

5.5.3 N1INAdaUANLLY (Accuracy) hay Auies (Precision)
5.5.3.1 UsslunamsIpsgiiovnaouindianuuiy  (Accuracy)  fNSNAINNTS
Useillu Trueness U83$10819 CRM %tla Skimmed milk povvder (BD150) Tnedaimidn 25 £ 2 mg
(foswnd dnuasdunaie) Tu Sample boat 1L 10 81 FhmsiemeilagsuAUSinasson
Wigunu Calibration Curve mmmmmaa ua¥ standard deviation LUS8UIBUAUA1AT 109 CRM 108
THadh ttest Aiszdumnudesiu 95 Tneanfidnunildsodihiu A t,; :inansstdistribution A1l
A1t 210

t = (x— ) /s /)
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5.5.3.2 UseiluNanI1uwlius8n1sinAuataed (Bias) N1a15unnUasbusinng

NAUAU (%Recovery) LagAuiBg (Precision) WU simultaneously in single study AenIATIZH
Spiked sample 31131 3 sEAUAMUTNTY TiAsauARNAT MRL A SeAU LOQ, 0.02 Uag 0.040
me/kg d@wmsudula way LOQ, 0.01 wag 0.020 mg/kg dmsuiileln nadeumNdNtua 8 group

(p=8) laeAs1z1 group @z 2 41 (N= 16) (HNRUNIATIZA LWazmAITIL)

15199 1 AmuaAdutuYes Spiked sample Lagivnday

Conc (mg/kg) Jun [nadau
1 AT 1 AT 2 AT 3 AT 4
0.002 (LOQ)
N b T T
2 AAATzi 1 fAATz9l 2 ATzl 3 ATzt 4
- - - -
0.02 (&ulr) 1 AAATIZI 1 Fes1ent 2 AAAT1E 3 AAAs1ev 4
0.01 (el 2 AT 1 HAsea 2 ARSI 3 ARSI 4
- - - -
0.04 (&ulr) 1 AAATIZI 1 Fes1en 2 AAAT1E 3 AAAs1ev 4
0.02 (elr) 2 AT 1 Az 2 AT 3 st 4

UsgiliuAuuil (Accuracy) A %Recovery (%Rec) Laduain Spiked sample W
avyadesegluyIunuaimuaves CODEX (2024) AMUIMIAT %Recovery UYaduAazYnAIY

WLty A1ngns

standard deviation (S;) W8 intermediate precision standard deviation (S) mﬂaumiﬁ 1-3

% Recovery =

(cF—cv)
cA_

Usziluaa1aii 84 (Precision) Tas@1ulInian repeatability standard
deviation Laz between-group standard deviation 211 ANOVA Wa1U5201UA" repeatability

AN579T 2 Anatomy of a table for a one-way ANOVA

repeatability standard deviation (S,)

S, = /MS,,

Total variation from the grouping factor (Spetween)

Sbetween -

MSp—MSy,

Intermediate precision (S))

Sl = \/STg + Sgetween

(@un1s 1)

(@unns 2)

(@un1s 3)

Source of variation | Sum of squares (SS) v | Mean square (MS) P | Feit
Between groups SSp p-1 | MSy = SSu/(p-1) MSy/MS,,

Within eroup SSw N-p | MS,, = SS,/(N-p)

(residuals)

Total SSiot = SSp+SSw N-1
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6. NaAN1INAEDU

6.1 N1HSIVADUUTLANTNINVDILATOY
6.1.1 namsm ULt U lins eyl udunss (Linear Range of Calibration

Curve)
Gl'ﬁ']\‘iﬁ 3 WanN1311 Linear Range %@Qﬂ'ﬁll']ﬁﬁﬁ']u‘ﬂi@ﬂ
Conc. (ug/L) Hg mass (ng) Cell Abs R’
0 0.0 1 0.0010
1 0.1 1 0.0063
2 0.2 1 0.0119
5 0.5 1 0.0283
10 1.0 1 0.0535 0.9924
20 2.0 1 0.1077
50 5.0 1 0.2552
100 10.0 1 0.4693
150 15.0 1 0.6217
300 30.0 2 0.0238
600 60.0 2 0.0476
750 75.0 2 0.0581
1000 100.0 2 0.0814 0.9901
1500 150.0 2 0.1257
2500 250.0 2 0.1955
5000 500.0 2 0.3339
Absorbance (Abs)
0.70
0.60 e
0.50 .
0.40
<"y =0.0427x + 0.0126
030 e.- R2 = 0.9924
0.20
0.10 .__.0""'
000 &
0.0 5.0 10.0 15.0 20.0

N3 1 Linear Range %84 Hg H9aandiatiu 0-150 plg/L (Cell 1)
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0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00

0.0

Absorbance (Abs)
0.40

o

100.

0 200.0

300.0

"y = 0.0007x + 0.0137

Rz = 0.9901

400.0 500.0

600.0

N3 2 Linear Range ¥e4 Hg tasanantiatiu 300-5000 tg/L (Cell 2)

6.1.2 Wan1511A1 Instrument Detection Limit (IDL)

miﬁ\‘i‘ﬁ' 4 wan1511A1 Instrument Detection Limit (IDL) 210056 HCL

Instrument Detection Limit (IDL)

afail Conc. (pg/L) of 1 % HCl
1 0.2382
2 0.2110
3 0.1172
4 0.1402
5 0.1044
6 0.0914
7 0.0924
8 0.2250
9 0.0923
10 0.1094
Mean (ppb) 0.1422
SD 0.0592
IDL (ug/L) 0.3196

NHanAaulunITeN 4 wansitA1aulutusngaveslseniiaIea Direct Mercury
Analyzer @13119079 (Instrument Detection limit, IDL) Taa1n 19%HCL (v/v) 91nn5a HCL %iln

Trace metal grade HAvi1fiu 0.3196 Llg/L

6.1.3 wan1smarandla (Sensitivity)

M13199 5 AINISAANGUIEIYDIENTAYAIENINTIINUTENTIANUTNTY 0.3 Llg/L (0.03 ng)

adail 1 2 3 q 5 6 7 8 9 10
Absorbance 0.0031 | 0.0025 | 0.0023 | 0.0024 | 0.0024 | 0.0025 | 0.0023 | 0.0022 | 0.0021 | 0.0021
mean (Abs) 0.0024
SD (Abs) 0.0003
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MINN 6 ANIRANTULEIYBIENTAYATEINATTIUUTENTIAIdNYY 1 Pe/L (0.1 ng)

adadi 1 2 3 4 5 6 7 8 9 10
Absorbance 0.0061 | 0.0059 | 0.0058 | 0.006 | 0.0059 | 0.0058 | 0.0061 | 0.0058 | 0.0063 | 0.0061
mean (Abs) 0.0060
SD (Abs) 0.0002

NHaNARULERITIN 5 Uag 1151991 6 NUTIAIANULNTUAEAYRIUTENTILAT DY Direct

Mercury Analyzer ansnsadnAganiuueadlagandi 0.003 Abs Aa 1 e/l (0.1 ng) HAadewiiu
0.0060 Abs fdu A1ALIIVDAT B9ILATIZHUTEN DMA-80 evo 3INATNAABUAIBEITALANY

WnIgIUUTON A NszRuAIWLTY 1 e/l

6.2 N35RTIvdaUANULYlAURIISNAaaU

6.2.1

[ £ .
N15NAABUANULUUEUATIANN Working range

6.2.1.1 Wan1IAaaU Working Range U9361981961U

AN9T 7 WM Working Range U84 Spiked Liver sample

SPK Conc. Hg Absorbance
Cell R’
(mg/kg) (ng) 1 3
0.001 0.1 1 0.0114 0.0119 0.0116
0.002 0.2 1 0.0167 0.0167 0.0166
0.005 0.5 1 0.0322 0.0326 0.0323
0.010 1.0 1 0.0590 0.0594 0.0590 0.9986
0.020 2.0 1 0.1096 0.1094 0.1097
0.050 5.0 1 0.2575 0.2542 0.2575
0.100 10.0 1 0.4706 0.4769 0.4704
0.300 30 2 0.0243 0.0235 0.0247
0.500 50 2 0.0410 0.0402 0.0413
0.750 75 2 0.0620 0.0634 0.0608
0.9968
1.000 100 2 0.0825 0.0808 0.0839
1.250 125 2 0.1005 0.1058 0.1024
1.500 150 2 0.1197 0.1186 0.1177
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Absorbance
0.60

y = 4.6778x + 0.0113
R? = 0.9986 9

0.50
0.40
0.30

0.20

0.10 [ 3

o
.
.

Conc.(mg/kg)

000 2
0000 0020 0040 0060 0080 0100  0.120

51 3 Linearity o4 Working range v83§1a8n98u sevineaudiudu 0.001 - 0.100 me/kg

Absorbance
0.14
y = 0.0798x + 0.0013
0.12 -0

R?=0.9968 _ . .
0.10

o
o

0.08 &

0.06 -

0.04 -0

ot
.

0.02 o
Conc.(mg/kg)

0.00
0.000 0.200 0.400 0.600 0.800 1.000 1.200 1.400 1.600

NI 4 Linearity 89 Working range 845106196 seminsmmnududu 0.300 - 1.500 mg/kg

Mndoyalumsned 7 Wethmairsnsvmenudusiug einsananududunsives
working range 183 MIMAARUUIIUUTONTURIDEIRU WU NANUTLTUVEIENS Spiked sample
sevinenadudu 0.001-0.100 mezkg (A3 0381uAIN cell 1) uaz 0.300 — 1.500 me/ke (A3 84
g1uA19n cell 2) Winswhudunss A0 R winfu 0.9986 waz 0.9968 muansy agluinmusiv
gaufuld (R? > 0.990) uansiTisvnaeuil AmsgandunasulsiununSinasovluiiegnaudng
Faust 0.001-0.100 me/kg uar 0.300 — 1.500 ma/ke

NAUATIADUANNINUBFR ILAZHANERIINERT wihil 11/19



6.2.1.2 wan15MAd@au Working Range U94@19g14Lile
M1599 8 WaN1511 Working Range 989 Spiked meat sample

SPK Conc. Hg Absorbance
Cell R’
(mg/kg) (ng) 1 2 3
0.001 0.1 1 0.0086 0.0810 0.0830
0.002 0.2 1 0.0132 0.0134 0.0133
0.005 0.5 1 0.0290 0.0294 0.0292
0.010 1.0 1 0.0547 0.0521 0.0524 0.9990
0.020 2.0 1 0.1012 0.1022 0.0990
0.050 5.0 1 0.2410 0.2433 0.2457
0.100 10.0 1 0.4584 0.4504 0.4613
0.300 30.0 2 0.0240 | 0.0242 | 0.0244
0.500 50.0 2 0.0406 | 0.0407 | 0.0412
0.750 75.0 2 0.0616 | 0.0625 | 0.0641
0.9965
1.000 100.0 2 0.0814 | 0.0823 | 0.0856
1.250 125.0 2 0.0989 | 0.1050 | 0.1006
1.500 150.0 2 0.1181 | 0.1205 | 0.1189
Absorbance
0.50
e
0.40 y = 4.5441x + 0.0072
Rz = 0.9990
0.30 .
i
0.20
0.10 e
pel Conc.(mg/kg)
0.00 @
0.000 0.020 0.040 0.060 0.080 0100  0.120

519 5 Linearity 289 Working range va9sagaiile seninemnududiu 0.001 - 0.100 me/ke
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Absorbance
0.14

0.12 -0
y = 0.0796x + 0.0016
0.10 ¥ ]
R2 = 09965 .-
0.08 s

0.06 &
0.04 A

o
0.02 Conc.(mg/kg)

0.00
0.000 0.200 0.400 0.600 0.800 1.000 1.200 1.400 1.600

51l 6 Linearity va9 Working range vasognaile sevinsmmududu 0.300 - 1.500 me/ke

Mnteyalunsed 8 Wethunairsnsmimenmdusiug iefinnsanarududunsses
working range vasn1sMAgey Usunausonlusiegiaile wuingrseududuvesans Spiked
sample 3¥w3I9AMUELAL 0.001-0.100 me/ke (A3Bs8TUAIN cell 1) uaz 0.300 — 1.500 me/ke
(3 0381uA191n cell 2) insmhidudunss da1 R21nAU 0.9990 waz 0.9965 audisy egflu
newineensUld (R? > 0.990) uanei isnaaeuil AMsganauaslsiumuUsinaUsenluiiegns
e faus 0.001-0.100 me/kg wa 0.300 — 1.500 mg/ke

6.2.2 NanN1INAadu Limit of Detection (LOD) iag Limit of Quantitation (LOQ)

M15199 9 Wan1sMeaau LOD way LOQ Tusu

adail 1 2 3 4 5 6 7 8 9 10
Conc. (mg/kg) 0.0011 | 0.0007 | 0.0007 | 0.0007 | 0.0007 | 0.0007 | 0.0007 | 0.0006 | 0.0006 | 0.0006
mean 0.00071
SD 0.00014
So = 0.00014
LOD =3 Sy = 0.0004
LOQ =10 So = 0.0014

AN5199 10 Wan1svaaau LOD way LOQ Tuile

adai 1 2 3 q 5 6 7 8 9 10
Conc. (mg/ke) 0.0005 | 0.0004 | 0.0002 | 0.0002 | 0.0002 | 0.0002 | 0.0001 | 0.0002 | 0.0001 | 0.0001
mean 0.00022
SD 0.00013
So = 0.00013
LOD=3 Sy = 0.0004
LOQ =10 So = 0.0013
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NM597 9-10 uERIHANITAdEUAN Limit of Detection (LOD) wesaagesiu e Wiy
0.0004 mg/kg Farnualildan LoD Wy 0.001 me/kg @2uAn Limit of Quantitation (LOQ) 784
mammu e Wiy 0.0014, 0.0013 me/kg @ slunisdnwafsdmaualildan LoQ 1y 0.002
me/kg Fazvinsneaeududue LOQ

A5 11 wan s8udumen Limit of Quantitation (LOQ) Tusiu

. Measured Concentration (mg/kg)
AN % Recovery
SB SB + SPK 0.0020 mg/kg

1 0.0008 0.0019 95.0
2 0.0007 0.0019 95.0
3 0.0019 95.0
a4 0.0018 90.0
5 0.0019 95.0
6 0.0019 95.0
7 0.0018 90.0
8 0.0018 90.0
9 0.0020 100.0
10 0.0019 95.0

mean 0.0019 94.0

) 0.00006

%RSDr 3.36

\nausi % Recovery 60 - 115

PRSDr 2715

HORRATT 0.12

#1597 11 U3 Sample blank + Standard #ifiusunaiusen 0.002 me/ke SiAn %
Recovery tadgagluinai 60 - 115 %, %RSD ogluinaudi PRSD, wagA1 HORRAT, < 2 Wand
InMnaasuUIuulsenvisnualufungIsUTe LOQ ag#tusuin 0.002 me/ke
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A15997 12 wan1seusuman Limit of Quantitation (LOQ) lutile

. Measured Concentration (mg/kg)
AN % Recovery
SB SB + SPK 0.0020 me/kg

1 0.0020 0.0020 100.0
2 0.0020 0.0022 110.0
3 0.0021 105.0
a4 0.0021 105.0
5 0.0019 95.0
6 0.0019 95.0
7 0.0019 95.0
8 0.0021 105.0
9 0.0020 100.0
10 0.0020 100.0

mean 0.0020 101.0

D 0.00010

%RSDr 5.11

sl % Recovery 60 - 115

PRSDr 26.86

HORRATT 0.19

9NaN57 12 wud1 Sample blank + Standard 7ifUSuaUsen 0.002 me/ke e
% Recovery tafgagluinast 60 - 115 %, %RSD, agfluinauai PRSD, wagA1 HORRAT, < 2 Uans
nMnaaeuUIuuUsenvianualuilenie35dila1 LOQ agfusuias 0.002 mg/kg
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6.2.3 NISNAADUAMNLLU (Accuracy) Hhay ATl (Precision)
6.2.3.1 ALY (Accuracy) MNNTUIELIY Trueness U9679879 CRM %ila Skimmed
milk powder (BD150)
AN 13 N1sUsziiu Trueness

no Measured conc. (me/kg)
0.0616
0.0615
0.0589
0.0609
0.0605
0.0633
0.0601
0.0594
0.0586
0.0613
mean = 0.0606

SD = 0.00142
n= 10

true value = 0.060 + 0.007

[EN

O |00 | N | |00 | P~V DN

N
(@)

fo = 1.354

t qit0059) = 2.262

HANISNAADUTAND19895UT0Y kasNan1TUT o U guUnAuAI te; 31NAN519
t-distribution 198 df = n-1 (=9) waz p = 0.05 WA to= 2.262 WuT1en t Aeuaadle
(1.354) AANUBENINAT ter (2.262) KEAIINATINITUTLHUNAAIULIUANNAIELDES (Bias)
yosUSIUTeNTmLaTilaannnsnadeusieIshliiinauunns1991n Certified value
sEAuAILTasiy 95 %, k=2
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6.2.3.2 NAAMULIUIINNTIAAINUENDLY (Bias) NaNsaunanlasidudnisndumu

(9%Recovery) wagALAEY (Precision) 119 Repeatability lag Intermediate Precision @nwn

LUU simultaneously in single study

AT 14 aqﬂwamimaau Accuracylkay Precision vosUsaniufu

Spiked Conc. 0.002 mg/ke 0.020 mg/ke 0.040 mg/kg
Day 24-25/12/2567 24-25/12/2567 24-25/12/2567
Number of result (N), group (p) 16, 8 16, 8 16, 8
% Recovery \dy 98.13 100.19 98.14
Repeatability %RSD;, 3.1204 2.3673 1.5482
Intermediate Precision %RSD; 3.6983 2.5281 1.5981
PRSD 26.9778 19.0172 17.1866
HORRAT 0.1157 0.1245 0.0901
et HORRAT <2 <2 <2
st % Recovery 60 - 115 60 - 115 60 - 115
ANOVA F 1.80952 1.28095 1.13101
Feit 3.50046 3.50046 3.50046
m'i’m‘ﬁl 15 aqﬂwamimaau Accuracyllag Precision Suawiaw’[,w,ﬁa
Spiked Conc. 0.002 mg/kg 0.010 mg/kg 0.020 mg/kg
Day 17-18/12/2567 17-18/12/2567 17-18/12/2567
Number of result (N), group (p) 16, 8 16, 8 16, 8
% Recovery Laﬁlﬁl 92.83 97.12 97.28
Repeatability %RSD; 5.2161 2.4146 3.0865
Intermediate %RSD; 6.5980 2.8364 4.2336
Precision
PRSD 27.2047 21.2071 19.1016
HORRAT 0.1917 0.1139 0.1616
\NQus HORRAT <2 <2 <2
LAEWI % Recovery 60 - 115 60 - 115 60 - 115
F 2.200 1.7597 2.7628
ANOVA
Ferit 3.50046 3.50046 3.50046

HAYIAEDUAINNLIUAINNTITUITZITU %Recovery Wag ANILTIBIIINAITUIAT %RSD 7Ild

31NN1INAADY Spiked sample V09108196 U vl 8 ATBUAA LA target value 13 8RN

Maximurn contaminant level 7 0.02 mg/ke waz 0.01 me/ke AMUEIRY TruIudnay 8

group (group a¥ 2 91) laedlfuuRn1magaey 4 Au Fenanaaeuagluinausineeusule

Accuracy Lag

Precision U U

(Intermediate precision) FaR1317 14 wag A15199 15

repeatability e ¢ within laboratory reproducibility
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7. @3UNaN1INAaY

nan3nsIadeunnlflaiaiinsnzsdsensiomn luidededns (Fu uaziile) frewndes direct
mercury analyzer anumALlA thermal decomposition amalgamation atomic absorption spectroscopy
wuin Faanudutuilinsnaiasgududunssdl 2 929 Ao 0.1-150 pg/L wag 300-5000 pg/L @1
duuszansnmsdaaulafio 0.9924 uar 0.9971 muddu Aanududuiaauesansiedesdioanuisatald
fi 03196 pg/L meilwensdes fe 1 pg/L mnufudunswestisnmnadeuessiegfunasiiiod
2 429 Av 0.001-0.100 meg/kg ag 0.300-1.500 me/kg ATAsiAveINNIATIINUTRITIBE T ULaYLEE
A0 0.001 me/kg AFnsinvesnsmdUsinamesiiegadunaziiie fie 0.002 mg/kg NINAABUAN
winlngldiansnedeiiluiuses wuiAedsvesmamaasuiialiunndrsaind1d1sdeegedifodifny i
seduaMITeiiu 95 % Nan IMAFeUAINLLINAINNTIARINNENBEY (Bias) Aiftansanannesidurinig
NAUAU (%Recovery) warALies (Precision) WUy simultaneously in single study A8n1511AY %RSD
fildarnnismeaeu Spiked sample fisgduAududy 0.002, 0.02 uay 0.04 me/ke dMTUFIOE 196
uaz 0.002, 0.010 uaw 0.020 me/kg dmdudegaile firiads %Recovery ag/luy39 98.13 - 100.19 Tu
Foeeiu uay 92.83 - 97.28 lufograiile A% RSDr uaw %RSDI fidtfosnda PRSD nnsesfuaanu
duduitslumogneiu uasiogiaie fufuisifinmmnsaunuingussasdiiasldlunisiinse
Vsinasemimuslushegadododns (fu uay ile)

8. YaLauBUY
Wesnnipsasliasziusen 1 2 cell dmsuiaAimaganiuues nsiesesaveruami cell 114
g4 cell 2 e cell 1 danuaunsalun1sinAINITAANGULAIYBIETWIAY 0.85 Abs ansNInllAINIg
= | dl' ] 1 | % va .q! ¥ ¥ d'
AANGULEAININNTT 0.85 Abs LAT8492Y1IN1581UA9N cell 2 unulagdnlulia Jeaududuvesusond
Uszanas 0.200 mezkg 1Uutasauiienszning cell 1 uaz cell 2 luagluyaeidu linearity dadu Tuns
NAFDUAI9819 DINUUTHIUUTONTUYI9TENINAMNLTUTU 0.100 — 0.300 mg/kg ANTIN1TMTIVEOU
gududn Tngaaviseiiudmiindiegaliegluyis Working Range

9. nAnTIUUTENA

Y9UoUR MK B1uEN1TET NN IIadDUA M WA UA1UR RS T aduayunisAnenluaded
AnAnan Asaunandy fidemigiunimsnaeuaunindudadnd wasanasms ynsviu Faveey
wilemmsansandnsuazansumdou AlmuTnulunisdidunisnsnasuauldlivedds s
ot dieuaiiewns ansandreuwazansuuileu nqunsndeununmiedniuassandnaindnd ddn
psapUanAmALAUadR TitelunsinuiluadsdaiSegaidluded
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