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Development and Method Validation of Silicon analysis in Soil by using

Inductively Coupled Plasma Emission Spectrometry Techniques
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ABSTRACT

Development and Method Validation of Silicon in soil by using Inductively Coupled Plasma -
Optical Emission Spectrometry (ICP-OES) found that analysis methods was also validated consisting 8.00
- 370 mg/kg silicon, the Limit of Detection (LOD) was 7.05 mg/kg and Limit of Quantitation (LOQ) was
7.90 meg/ke. To prove the trueness and precision of LOQ (8.00 mg/kg), % Recovery was 100.71 and
HorRat (Horwitz’Ratio) was 1.24 (Acceptance criteria % Recovery in the ranges from 90 — 107% and
HorRat (Horwitz’Ratio) < 1.3). The CRM analysis to prove concentrations at low, medium and high level
of silicon (37, 185 and 370 mg/kg), %Recovery were 99.40, 99.95 and 101.70% respectively. HorRat
(Horwitz’Ratio) were 0.41, 0.47 and 0.31 respectively. The results of analysis showed that the (AOAC)
acceptance criteria (%Recovery in the ranges from 90 — 107% and HorRat (Horwitz’Ratio) < 1.3). When
studying ruggedness using. It was found that the boron analysis was not affected by changes in the
environment. Therefore, this method is effective and suitable for use in the analysis of silicon in soil.
That is routine work and needs fast, accurate analysis results with Inductively Coupled Plasma Emission
Spectrometry Techniques.

Keywords : Method validation, Silicon in soil, Inductively Coupled Plasma Emission Spectrometry
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ATHAUILAL ma%aammﬂ%ﬁmaﬁ%ﬁmeﬁ%ﬁﬂaﬂuﬁwﬁuﬂamﬂﬁﬂﬁuﬁﬂﬁwﬁﬁ’wLﬂawmamamﬂ
Tnsiums lnenisatnaunieds 1M CH3COONa pH 4.0 uay mimmﬁ LUAIBLAT B9 Inductively Coupled
Plasma Emission Spectrometer WU31 N153LA91E Maﬂaummﬁ Inductively Coupled Plasma Emission
Spectrometry Techniques Imamimaauaqhmm%miaamu Tnomsnsiadeuruluvesiaiveuenis
Ainszndameulufulurisninuauyy 8.0 - 370.0 fadnfunenlansy a1 Limit of Detection (LOD) Wiy
7.05 flafin3unoflan3u uag Limit of Quantitation (LOQ) AU 7.90 Hadn3umedlandy uazfigoy LOQ fimnu
wauesEaneu 8.00 adnTumenlaniu WuIHNUMNTEONIY Imaﬁmmmgﬂfgaq (Trueness) UazANAIA
\ies (Precision) w0 LOQ lnan %Recovery WU 100.71% waz HorRat (Horwitz’Ratio) AU 1.24 nIuansiy
(NauTMIEBN3y %Recovery agﬂuszm 90 - 107% uay HorRat (Horwitz’Ratio) < 1.3) ¥n1sdaszar CRM fiszéiu
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mmwmum NANY WaZEa mmmm %Recovery L‘wammaﬂmaa (Trueness) LazA" HorRat (Horthz Ratio) v®4
miaLﬂﬁ%wmu,uummmﬂu Lwowawmmmm lananisnaaessad 7 mwmummmmum NAN LALIEAY
mmmmuqﬂ i % Recovery AU 99.40, 99.95 waz 101.70% MUEFU A1 HorRat (Horwitz’ Ratio) 189013
ARTEITIUUAIRENTY (ntermediate) WU 0.41, 0.47 way 0.31 AUERU munaTMsERLSUAMY AOAC
ﬁ\‘mum 1ny %Recovery EJngIslu“ZJIN 90 — 107% thag HorRat (Horwitz’Ratio) < 1.3) NaN1IANEINANTZNUAINNAIT
Wasuulasanzwinaey Ruggedness wu Madasunlasdnnzmnaesveintvadeu uinansenunes
Ansziluseu uarisiaunmurennilvlniuiterdwemejifinisla é’aﬂ?ﬁ%ﬁms%ﬁ%émuﬁﬁﬁmi@l
Tufiumemedn Inductively Coupled Plasma (ICP) Emission Spectrometry FefluszAnSan uazinzauiiax
illelunsngas ﬂmLﬁumu‘divmLLavmaqmimammmwvwmmoq waue

aa

frdndny : nmamseaeumilalenedis Fareulufiu wedadudninadmdanaamaalasams

AN

ganeu (Silicon; S) ludarndusinomsisnduneiy undadusinauuszleovu (beneficent
element) (Synder et al. 2007) @nsuNvsusiin e?fﬂiﬂﬁL%Uii%ﬁ@laﬁmm%ﬁﬂau fia SIO, YarauilNayin
Tmwaafiwuduse aunsanunulsauas Lmaal@m (89g¥15, 2543) ’luﬁun Fanourlnluvesnuaninansasy
Llammlmﬂ Snundousduaung wasifinaunununednIzuaLas (Epstein, 1999; Marschner, 1995)
shuva fusleruniosunenaranuesw (Alyne et al, 2016) finanensiasyiiulnvesiia 1wy nsHEw
31N MIATYVBING UazMTRNNANEATIY wenvniaaneuwsUnUefivananmunaeuiilmanzey
waznmsvnaeresdingiiy uadlefivgadanewalulusaddiy Farougniudsusyluzvssudemuniingaa
Foinlaseswemaraaudusununenisiuvhatsvedsauasuuaidnaie (Marschner, 1995)

mMseszmUSadaney aansaiwszlalaenisaiafuaieiienada 1 M CHCOONa pH 4.0
LarIAs1ERUsIAIELAS 09 Spectrophotometer 1as35 Colorimetric silicomolybdic acid (Nayer et al,
1975; Jones and Dreher, 1996) aéwaliﬁmuwuimm’i’ﬁmm3§1u1umﬁmswvléﬁu Method of soil analysis
(Sparks et al, 1996) mmiﬂﬂﬂlﬂilﬁiﬂ”ﬁﬁl’aulﬂ%aﬂ Inductively Coupled Plasma Emission Spectrometer n
WUy FnnmsiaTzRmeLAses Spectrophotometer Famoarumsvilmindnaeis S|l|comolybd|c
acid mwmwmi’aLﬂiﬂ“%ﬂimm%aﬂaumomaq Inductively Coupled Plasma Emission Spectrometer ‘*U\ﬂ‘d
nanNnIT Emission spectroscopy (Wil wAZAMEY, 2552) dnansoandumeunsilnatsazatedind muuuuds
LA LLa”WU’JWmi’JLﬂﬁ”‘wmu Inductively Coupled Plasma Emission Spectrometer MﬂﬂﬁulﬁluﬂﬁiMSﬂfﬂWU
wazansansranulaluseauiisninnslads Spectrophotometric uay flame AES/AAS 8nmae n1snARDd
Faaulumanssaeuanalalavesismsinnentaaouluiu memededuinfinddwdanaanaalasms
(Inductively Coupled Plasma Emission Spectrometry) Lﬁ'aﬁmﬂﬁglﬂuiﬁmmgmﬁlumﬁmezﬁ%aﬂouﬁuoa
wesUftRnsnely
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w3asdslalvimaden 4 dunus
wsosdslalvimaton 2 dunus
A3 Inductively Coupled Plasma Emission Spectrophotometer (ICP)
éwqﬁwmuquqmmﬁ (Water bath)
pH meter
A159rangUInNIgIuTaRDU (Standard Silicon) ALY 1,000 fadnSunoans
@15 Sodium acetate (CH;COONa, NaOAc)
fo819RLeN9BI5UsEs CRM NCSDC8106a (0.37 + 0.03 g/kg (370 mg/kg Available Silicon)
wdowunmuartandu Alrlumsiinnemaaey

A e o A o

35N13
1. WA zauvens o4 Inductively Coupled Plasma Emission Spectrophotometer Iuﬂﬂ’i
Ainsendaneuluiu I@EJLmﬂmmiavm*&Jmm%m%ﬂaummLéumu 0, 5, 10, 15, 20, 25 war 30 Gadniume
ams luasazans 1 M CHsCOONa pH 4.0 mmiasmstmgmiUmmalm@mﬂlmm Inductively Coupled
Plasma Emission Spectrophotometer (ICP-OES) Fn1sUTuaNITURLATOY %;Lm' wavelength plasma view
Tﬁnmuuaa Radial A1 plasma flow, auxiliary flow, nebulizer ﬂovv RF-power, Pump flow lag Uptake 4319
ﬂiWWivammmemaﬂmiayawmm%m ﬂuammmmmmiaﬂm (Intensity) wazidonannsfiuneay
Tnefiansaina1nA1 correlation coefficient (1) wawam
2. ﬁﬂmmisumummﬁwLLﬂaLSUEJ:M‘WmNamam’amﬂ’amm%aﬂaﬂumimmEJLﬂiaa Inductively Coupled
Plasma Emission Spectrophotometer Tnglvwaadeudusisuniunmsiinsevdaneu lnedefiesenuill
USinaudaneu 53, 112 wag 254 daaniunedlandu s1uau 10 ndy LaumiazmammgmmaLe?jammwmjymjyu
0, 50, 100 wag 250 faansunoans Mnseunl8aIsazals 1 M CH;COONa pH 4.0 Y3119 100 daddans
Jnne reflux condenser ﬁﬂﬂi‘l;ﬂ’amﬁyauiuéwﬁﬂmumammﬁ‘ﬁ 40 aﬂmLszJaLﬁ?jEJa wuiian 5 4lus L‘UEJI”I‘V]ﬂ
1 F7lus wdsanasu 5 Flus nsesansas mamamvmwwas 42 wazianoiaies Inductlvely Coupted
Plasma Emission Spectrophotometer mmmmum 3 Gm WIsuigy Intensity LLauﬂ’NJJLGUJJ"UmJEN%ﬂauVI
3@1@Luammimumiaxmammgmmawau
3, pydeunruiltlavedidinevidanau InuainAunae 1 M CHsCOONa pH 4.0 LAz IaUsINaInIeLASes
Inductively Coupled Plasma Emission Spectrophotometer il
31 nsAnwenduaunse (Linearity)
1) LG]iEJSJ’ﬁ’]Sa mammﬁ’m%ﬁaummwmu 0, 5, 10, 15, 20, 25, 30, 35 way 40 fadnfu
feAns MASLAIaTaY ane 1 M CH3COONa pH 4.0 duasludieensiu sample blank
Y3195 100 fadans ATsuNTuay 3 9
2) Jane reflux condenser mlﬂiwmﬂmmﬂumammumam‘mw 40 NGAERIERE Lﬁu
1181 5 ﬁmim L‘UEJ’I‘V]ﬂ 1 §7lu3 7§991nATU 5 Falue N389E158EA18AIENTEATUDS 42
LLa”’Jﬂﬂ’JEJLﬂia\'i InductweLy Coupled Plasma Em|SS|on Spectrophotometer
3) aswﬂiw\lmmmuivmw |nten5|ty FUAMUVLYY M1BIIANYUT LT LT UL UA TS
Wmiﬁmmﬁmﬂmaumq AurAduUsEANS anduius (Correlation coefficient: )
Faflnamniseousuiien r > 0.995
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4) ﬁwﬁwﬁimmLﬂjuLgumwmﬂqummmuﬁﬁmﬂ%mu (Range)
32 AsAneIMTIERLTLiltaT (Working range)
1) Lmaumia awmmmwaﬂaum’mmmu 0, 5, 10, 15, 20, 25 uaz 30 Aadn3unedns
fnSoumoansaz ang 1 M CH3COONa pH 4.0 duadlusessfiu sample blank UY3uns
100 fiadans ANUTLTILAY 3 T
) Janae reflux condenser mi‘diwm’]maﬂuaNmm‘umammw 40 aamwamaa
Lﬂunm 5 ﬁmim Lﬁusnvm 1 $lus ndeannasu 5 $9ls NsesansazaNEnIENTEANHUeS 42
LLaummst'im Induct|veLy Coupled Ptasma Em|55|on Spectrophotometer
3) aswmwﬂmmmuﬁ“mw intensity funuLTY mmﬁﬂ’nwumumﬁumumq fi9san
greidudunse AuimAdulsyansavduius (Correlation coefficient: 1) @silinaumnns
gousuiian r = 0.995
33 11A1 Trueness WAy precision Tnen133iAs1eaiia08 197 U0 19895 Use (Certified Reference
Material; CRM)

Faroenafuendeiusosiinrananny s nana uazga (37, 185 uag 370 fadnfumenlaniu)
I@Sﬁi%ﬁUﬂ’J’]ﬁJL%ﬁJ%ﬂQﬂ 6108197 U81398345U509 CRM NCSDC8106a 9113w 10 N3 fiAranasy
nans Faseensiiu sample blank $1uau 5 3 LaLRLfIDE19ALe19893USes CRM NCSDC8106a
$1uau 5 3 sy 10 nd wasiiuLusddaes1eAu sample blank 97u7U 9 NTU WA
Wufpensiuensdeiuses CRM NCSDC8106a $1uan 1 n¥u saudu 10 nfuiuansavas 1 M
CH4COONa pH 4.0 Usums 100 Jaddns danae reflux condenser ildlnanusouluensi
m‘umam‘wﬂw 40 mmmﬁamaa wWuan 5 sz’ﬂ,m L‘UEJ’Wlﬂ 1 Flas ndsanasu 5 99lua nseq
GMFGH awmsmi AIULUBS 42 WAy ’mm 281A5 B9 Inductwety Coupled Plasma Emission
Spectrophotomete TngynismageusyAuAIILTUa: 7 91 Useilunanisnageu 910 %
Recovery hag HorRat < 1.3 @uu1asg1uaIng Eurachem wag Official Method of Analysis of
AOAC International (AOAC) (Eurachem, 2014; Latimer, 2016)

1) N1SAUINU % Recovery INEAT

- n3al fortified sample
Total % recovery - auuguvesansh fortified sample x 100

v v ' ' 1% v v

AULYNYUVDIAIDENLTUAY + ﬂ’J’mLGUZJ‘UUGU@QﬁWﬁJWﬁiWUﬁLaM

- ASEAITIATIE CRM/IRM
%Recovery = A7lA9INNSAATIER X 100
A934

2) ANSAUIR Precision

HorRat (Horwitz’” Ratio) = RSD(r)
PRSD(R)
RSD(r) wag PRSD(R) ﬁwu’;mmﬂqmé’aﬁ
RSD(r) = SDx100
mean
PRSD(R) = 2C°%"®(C = mean)
100
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3.4 mAdns1ialun1smsrany (Limit of Detection; LOD) wazdasafalun1siadsuSuna (Limit of
Quantitation; LOQ) TasleAn Standard deviation 1890153 1AS1EMR29819A Y sample blank
$1uau 10 NSU ATILLYLEE T 97 waraneTunen Wudnsavans 1 M CH,COONa pH 4.0 Usuns
100 fiadans Jnne reflux condenser mlﬂwmuimﬂumﬂmmmmmmw 40 aammamaa
Lﬂunm 5 la LGUEJ’Wlﬂ 1 F9l09 ndsanasu 5 Halua ﬂi@ﬂﬁ’]ﬁauﬁ’]EJ?]’JEJﬂinY]‘HLU@’i 42 uazin
n g Lﬂi 94 Inductwety Coupled Plasma Emission Spectrophotomete U'u N D3 AATUIN
wALadY wazATEUUNINTFIY

mmmm LOD wag LOQ ngns
LOD = 3S0’
LOQ = 10S0’
3.5 pydeuAIAmUTeTIanagaulnensasuLatansisadnuesannan iz Uni
MANUAMTBTIRIAT I Insnsiasuudatdannefisadnies ¥9In153ATERf 80
AUD19BI3UTITIITIANLUUT LTI EADY A7 AN uawgs (37, 185 uag 370 faandunenlansy)
Tnewasuulasannzvesisinevidanreuluiu s1uau 3 Jade Jadeas 10 91 laun vivdndhesns
Usanmsthenadio qmmﬁmﬁumiaﬁﬂ LT 1

AN51991 1 Msasundasaniieiis dnueannan1izund 31wy 3 Jady

Jady AN P wivioh  AsATAsuandnues
1 dwtndesn 10 n3u 10.05 n3u
USuasihenario 100 iadans 105 da5ans
3 gungiiftlvlunisarin 40 °C 45 °C

‘Ui“’Lﬁ‘ur}\laﬂi"‘l/l‘Umﬂﬂ”liL‘LJS%JULL‘Ua\‘]ﬁﬂTJ LazAunnaonveinnswidanaulud Tnely
t-test Lﬂiammawaua 2 ﬂawauwuﬁﬂu wiolududaszaniu (ttest dependent Imammw
mmmlm (t- Stat "LiJL‘LJiEJULmUﬂumwmﬂmm (t-crica) TAOTINANINAT togra UOBNIA o
memmLaaﬂsuaqrm’mmnmamam 2.9 lmmeaﬂuasmmuamm

STOZLIAN (3UAL AANAY 2562 — AuAN fugEy 2564

Y]

S o a ' awv a H ' a a av o
AAUNATLUUIIUY ﬂaqm”lu’aﬂEJiz‘U‘UMi’J%’eJUF’]mm‘wwuuazsm NQNIYLNYAILAN NBIIVYNERIUI

q

JR98NITNENNINITNYAT NIUITINITLAUAT
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NAN1SNNADILAZIANTA
1. a0 flmazauve a3 og Inductively Coupled Plasma Emission Spectrophotometer Tun1s
Tiasgvdaneuluiu wuan loan Wavelength 71 288.158 unluns, plasma view SL%H‘MJJEN Radial, Plasma
flow WU 14.0 AasHoud, Auxiliary flow WU 0.8 Ansnaundl, Nebulizer flow 11U 1.2 Aasnound,
RF-power 1.2 Ala¥nm, Pump Flow w1ifu 25 seunewnd waz Uptake wifu 25 3undl femnsisdt 2

AN5197 2 @anzaAsad ICP Nlalunisindansulusiy

Parameter Silicon
Wavelength (nm) 288.158
Plasma View Radial

Plasma (LPM) 14

Aux (LPM) 0.8

Neb (LPM) 1.2

RF Power (kW) 1.2

Pump Flow (RPM) 25

Uptake (min) 25

Conc. of STD (ppm) 0, 5, 10, 15, 20, 25, 30

2. MITUNIUVBITIALAALTLY fifnaneUsinadanoulumsinmeinses Inductively Coupled Plasma
Emission Spectrophotometer AT LYY FInan waves (53,112 uay 254 fadnfunanlansy)
‘1’7iLaumﬁazawmmgmmm%w 0, 50, 100 wag 250 fladansunedns WUl % Recovery Y0INTIATIEN
FanoulufesnsAuiiiumnasanou 53, 112 uay 254 fadn3umeflansy faneyseming 98.11 - 105.66,
98.21 — 103.57 way 97.64 — 101.97% AuASU (A5197 3, 4, 5) %qmumm%ﬁmummummgm (Eurachem,
2014) (% Recovery 90-107) aqﬂlf;ﬁ Usinauaaideylusuniun1sinssnddneu aonaaesty Jones and

Dreher (1996) inun lufissmseanssunivlunsiiesenddneuludu eadusnniiviunaunnlufv

lﬂ. ' a ¢ 2 aa o ! a dldQQ a a o ! a o
f19797N 3 A1 % recovery YT nUsunadaneulufsesfuniiganeu 53 Jaansunenlansu

Analyte Soil with Silicon 53 mg/kg
Ca Concentrations (ppm) Silicon conc. (mg/ke) % Recovery
1 0 37 101.89
2 50 56 105.66
3 100 52 98.11
4 250 55 103.77
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A157°99 4 % recovery UBINTIATIEUUSINUTRABUlUMBEIAUTTTaAY 112 mg/ke

Analyte Soil with Silicon 112 mg/kg
Ca Concentrations (ppm) Silicon conc. (mg/kg) % Recovery
1 0 115 102.68
2 50 116 103.57
3 100 110 98.21
4 250 108 96.43

A15°990 5 % recovery U94NTIATIEUUSINUTRABUlUMBEIAUTTTAABY 250 mg/kg

Analyte Soil with Silicon 254 mg/kg
Ca Concentration (ppm) Silicon conc. (mg/kg) % Recovery
1 0 254 100.00
2 50 259 101.97
3 100 248 97.64
a4 250 253 99.61

3. nsradeunulylavedisiasizndanoulufiu Mafanie35 1 M CH,COONa pH 4.0 1A% 04
Inductively Coupled Plasma Emission Spectrophotometer
3.1 nsAnwenuduaunse (Linearity)
MNNsANITeAILT UEURSS (Linearity) 99315 1AEvdaReuluA LT ALY
Faneuluye 0 - 40 fadanSunedns laaduuszansanduwus (Correlation coefficient : r) WU 0.9994

WU AdUUSTANSandunus (Correlation coefficient : 1) > 0.995 NIUNUNAITEDNSU (AN 2)

Linearity of Silicon analysis
40000000 }
35000000 y = 955791x + 510283
r =0.9994
30000000
2 25000000
o
@ 20000000
=
= 15000000
10000000
5000000
0
0 5 10 15 20 25 30 35 40
Conc. Silicon (mg/1)

Muil 2 pnanduaunss (Linearity) 999nMINAsgIUNISIATINEAADUTITIAINTY O - 40 Tadn3unadng
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3.2 MSANEIMIBIANUVLYUNTYBY (Working range)
PNMSANYIANUVNVUTIIY (Working range) 289n153LA5 1AL UTBUIUAUTN AL VUVUVDS
Tusauluvae 0 - 30 fadnsumedns lnanduusyansandunus (Correlation coefficient : 1) AU 0.9990 WU

ANduUsTaNSandunUs (Correlation coefficient : 1) > 0.995 HIUNUNNITEDUSU (NINT 3)

Range of Silicon analysis

35000000

30000000 y = 976270x + 321920 g
r =0.9995

25000000

20000000

Intensity

15000000

10000000

5000000

0 T T T T T
0 5 10 15 20 25 30

Conc. silicon (mg/l)

AA 3 BeAuEITuiily ey (Working range) maamemmgmmﬁmeﬁ%ﬁﬂauﬁﬁémﬂmm‘gy%ﬂ; 0-30
fiadnSunodns
3.3 ﬁqaﬁmmgﬂfgﬁm (Trueness) wagAMLLTES (Precision) AALLUNTUAT Nana WAz
AULTYaE 7 91 Inede CRM Midl8anaunanuwNTY 37, 185 wag 370 fadnsunedlandy
ATUAIAU LLay’Jﬁ’lu’Ja,Jﬂ’niJQﬂGTEN (Trueness) LaEAI13L B9 (Precision) Wu21d %recovery WU 99.40,
99.95 way 101.70%mUU wazdin1 HorRat AU 0.41, 0.47 waz 0.31 munameeusulaedl %recovery =
90-107% ua Precision (.naumeausu HorRat < 1.3) nunamenusy (371971 6)

= = ¢ ¥ N -
AN 6 NIFNEIUANUYNABY (Trueness) WaEAIULNEN (Precision)

naAs ITnTarauluiu (Haansumeilansy)
578015 o O o

ﬂ?WMLﬂmmu57 AITULIUYUNAN AUVNVUEN
1 39 190 378
2 39 191 367
3 35 184 368
4 37 170 380
5 36 183 366
6 38 185 373
7 36 184 382
8 36 182 388
9 38 192 377
10 36 188 384
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nalAsITnTanaulufu (Haansumenlansy)
518015 v v T

ﬂ']']iJL“UiJﬂUGh AIMULVUVUNA ﬂ'l']iJL"UiJ‘UUE:jQ
Aadey 37 185 376
D 1.41 6.31 7.59
% recovery 99.40 99.95 101.70
HorRat 0.41 0.47 0.31

3.4 ymandasiinlunsnsianu (Limit of Detection; LOD) wazdasdnlunisimdsuSunas (Limit
of Quantitation; LOQ)
MUATIAALUN1TMTIANY (Limit of Detection; LOD) IadnAnlun1simasusuie (Limit of
Quan‘uta’uon LOQ Immmwvw Sample blank atiunsvaaeunuisnageulTunaluseuludu 7 1 Tuiin
ﬁuammmmmmLaasJLLawmwmmummﬁm (P157971 7)

AN597l 7 man1TiAsIeviiesns (Sample blank)

7l vhmitn Intensity Conc Silicon (mg/kg)
1 10.0 211874 6.56
2 10.0 212665 6.61
3 10.0 213343 6.66
q 10.0 215792 6.83
5 10.0 216838 6.90
6 10.0 215771 6.83
7 10.0 213079 6.42
mean 6.69
SD 0.17
AMuIniAn LOD wag LOQ paigns
LOD = X+35
LOQ = X +10S,
So = =
n
17
= f =0.12 |
LOD = 6.69 + (3 X 0.12) = 7.05 fiadnsumanlansuy
LOQ = 6.69 + (10 X 0.12) = 7.90 fadnsunedlansy

v

”Lm%mmwmmm"mm“ 'ﬁmmimlm'] ¥ wars1eauNale ( LOD wae LOQ) Ad 7.05 way 7.90
nYunenlansy muu NN qaummgﬂmaq Trueness WazALLTA B Precision 7is¥au LOQ = 8.00
n3upenlanda dai

8

{194
G0
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MR 8 MIUsziluAIgNABY Trueness Uag Precision YsMTIATIY N5¥AU LOQ = 8.00 Hladnumeilansy

00 Trueness (90 — 107%) Precision

L - -
%Recovery (80-110) Nan1sUTELly HorRat (< 1.3) Nan1sUTeLlu

8.00 100.71 U 1.24 yausy

UL UNANISNAZBUAN Trueness hay Precision N15¢AU LOQ = 8.00 4adnsumanlansy wuln
% Recovery Wag HorRat NIULNUNNITEBUTU (119197 8)

v

35 ANYINANTETNUAINATSIUE dULUASENIITHATE 1IN BUURIIS LA e anauludy

ANuNIN kazna1s 31uu 3 Jade lawn wmindiesns Usuesthenadn wazaamgiinlvlunsanie

v
a

nansyUIInMsasuLlatdn s waracnnaeuvefisinssidaneuluiu fnnuagush
NANY wawge 3 3 Jady Taun tvindesns USinasinenada LL@%QMMQﬁﬁI%Iumiﬁﬁﬂ WU A1t < t crical
88u3U Ho si'fqLLamdmﬁLaﬁlmmmi’i’mﬁamﬁgmﬂaﬁa 2 9 luwananadusgsidedidy viluifuainig
Wasuulasannsfladnuesluamananisinsien (M151971 9)

¢ ' 1 v

M131991 9 MsAsuulasannizuardainaenveitlinsendaneuluAufiieyNANLIYHILI NA9 waEd

oY

1w 3 Jade laun tndndieens Usuasuienadn gamgiinlylunisania

v v ' v v v v

Jasy ANy ALVNYUS AULVUVUNAN APIULUVNTUGY nsUsEiiy
t-stat t-crical T-stat t-citical T stat - citical
1 dwtindnesna 1.1739 22622 1.0439 22622 1.1095 22622 t- ¢t <1t - critical
2 U%mmﬁ’lmaﬁﬂ 1.6500 2.2622 0.5571 22622 0.2641 2.2622 t- st <1 - critical

3 EJQJMﬂﬁm%IUH”IiaﬁJﬂ 1.4056 2.2622 0.8182 22622 0.3734 2.2622 1- stat < T - citical

9 Y

ajunan1maaauasdatauauy

nManmuaznsaaunlylavedilineiddneuluiu Tnensataiuaieds 1 M CHCOONa pH
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