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NARDUNIVIAN



2.4.2.4 ArvanArAnN llusdueusan (Calculation of combined standard uncertainty)
n. nsvinlifludanuliuiuenunnegu (Standard uncertainty)
Tneinl udamanuliwinauninuwsasing q fnazuaasiissfupuidaiu
] ar :’1 y‘g 1 s 1 ) 1 :’1 ] o o ° o
fira Ay ielawagiugUuuunienstanssesdianalduineniv feuiansutuseein Wiy
I T a4 el , . - " 4
AINER A UneN Al £ 1ii1geedInlenuuNinsgIu (E 1 standard deviation) 1ae14
uwlaweffimnzan Apnabiviueull Gandy Aaanahiniueuninsgu
9. mMainduaanubiviveudung (Relative uncertainty)
TneialdArpanliudueuainumassing 4 azfluArmrhiviveuses
URnnuazvfambefiuansniy wanandasinliduiaadicivewnesgn laeldudamesi
s i 1 o L4 ] ] 1 s "‘4 A ar
munzandainanuds fafasilfiiuaanuliuiueudsinsiaemsdaoiunoniu Wedadywlu
dl =y ] Gll ] ar
FasranFunuastamaafunnsnain
A A liuiueuirsguluglaernbiniueudindunsanty Taeld

aunIg

U, -

:!' < 1 i 1
e u, e Areanldiniueums
2.4.2.5 AuanuArAn liuluswaee ( Calculation of the expanded uncertainty : U)

v % . P A . .
ldupauiiaruanivrziuanudeiuinanimmaaeurisaze feamaiany

[l | i oI ' ] ' ; H o ] ] J
Liwdueninldannds 2.2.2.4 WuArponldiiueuniasgis Tegluseiu £ 1vhasesdanadoauy
- Y ‘I’ L1 = o ; ‘l' J L Y
WAL srAuANTeulLALRWl Asinseasziuasadasiueaniligan (aeiallldn 95
£ o 1 o ) 1 ] ' e.l’d 1 ] 5
%) TaguasanldlaemAnngauiudacbivkueumn () ANEend Alanasauaref
(coverage factor, k)
n. MewaAtlAnaauNAAeF AaeAuIAT effective degree of freedom, V., NBY
LA2%1A V., llidlamnsaa tdistribution [ieMNAN t AN t RLETARAN K

NNIATUALM effective degree of freedom, V,, ,ATNATURNNANNNS

- C
Veff - " Ui4
=1 V‘,
o \7 An A184ANDAsE (degree of freedom)

] | e

14 g
duflumnaaliniueu Type A1 v, asliAn Wiy n—1 (n AednuiuATalunsvmaauTn)

frifumana ey Type B: v, azfifn wafy oo



1. AnnasatAEliwiveuseanaunig
U = ku,
2.4.3 glununsnszatsgasaiannuliviuas Taun
% d Ay L ) -l
2.4.3.1 nasnsEReuULBIMALNEUNN(Rectangular distribution) unasnszanslunsdl
wiearminazdugnitwualiduieuiangege aolussueefiiouue Tan 9 Adllentafiasiia
z 1 - g 1 1 1 ) i
Wuvia 7 Au radransnssarauuil Mud aorainanihlunisTeugnisi 1 gn Tenafaz e 1-6 &
=) -7 tml o Vo) 2 ' !
Navwiiy uarliilantafiaslddrmingt 1 uazgenin 6

14 1 1

' [ 1 Q‘d - al i 1 ] ]
A iuiueudisduuumenszansuuudmdoniiud 1Aun Arpoonluug

T

o A v o - = ver , aw o - ' 1
uauanluiusas NTAUBNTUUATBILATEINE (specification) w'lm‘m;ﬁ‘::ﬂum'mmauu HT'Dﬂ’]ﬂ’)'lel.Nil.U

usuiuantlugy £ a Iaehissygununisnszany fetreransliuiueuifisduuunisnssareuny
H d‘ & g r ' 1 ¥ o J IIJ <4 o A =4 ‘ﬂ‘ 1 o
Awdeniud viu fanulivivenain feiwuateustesds vielufurasaaefesde Tlissysedu
AT BT
o L) f i A‘i' ’ ] 3 o
nsvinliAranliwdusuwusiliudanlduivaunnnsgn Anldlaews
A ldiiuawiuion /3

2.4.3.2 NINTEANWLLANIWMALN(Triangle distribution) {unsnszanefilaeuiamu

1
-

dl | [~ < i ' d‘ﬂ d' =l
weu Henmanidugnivuaindudiiseuiasgegs  melureuirennvus  TaafiAnananadl
Tamafiaziinldgage sivateeasnisnssaranuutl 1ud Anadandulunistougnei 2 gn nasu

t Q i | ﬂi 1 J i ] { ] o ]
aragszning 2-12 Tananadlsrndu 7 JaduAfanansazgaign warlifilenafiazlddmng 2
WaTgandn 12

J [ ' d'd - 1 4 1 ' 1 1
Aranlsiuineunisluuunisnssaneuuuarumadny Wud  Avaalaiug
wauiilamaiiAaragpaananannnndipslane viasenulsiuiueuiuanslugl = a Taussydiiiad
WuUMENzRtLLLANNAS fraddaniiiniueuilistuuunnsnsratuuunamden gy A
Ao binduausauiasuiudaltunms
nasin AR luiveuuunildudianuliuiueuninsgi. inlalnewns
ArAluueuiugion /6
2.4.3.3 msnszarpuun® (Normal distribution) \unienszanegssfiudrduuunse
dl 1 n} L] ot = ' LX) ;4
e uasunisuanuaspeindundAnluntsiinnsinieadd  neasanisnezanaunuisl
dnwauzinilausziaadn Taiundt TAalaR(Normal curve)
1 | ] Ad - |1 ] 1 1 ] cil
Arprtluueuizduuunmenszarawuudnd i Aveanslduwiuawiann

Q :‘ J ' [ A A ] I s
ngingn Aenliniueuiuasduglaalisauunigiy wadpudsnuunRIguiing



Taelsrugiuuunisnseany visssyseiuanudaiuusliuengduuunisnszane faetneAaaalal
] Elldi = ] 1 I [ -: [ 4; a’/
wdwanhifizluvunisnseanuuuudn® iy Areanslsiuduawannlufusaafssyssduanudeiy
} 4
o 1] 1 1 t [} 1 : | L
mainAawliniveunilfiudannbiviueuissgiu Tueyfuszdu

Aﬂ' cld 1 - 3 1 1 1 GJ Aﬂ' ] ) ﬂll

A na1Ae dududiannlduivesuivanslugdarudoauwionsgiu wisaaruieaum
L -« 1 1] 13 A i [ d UI b L} ]

wasgudining udanubiviuenivessiiszduandeii 68 % fldudanuliviveunias

) i 5 1 1 1 o i ﬁ‘ -~ A -I/
guatudni i ldes widvdudimwlinueuanlufusesfuanaiissiuanidediy 95% fiad

&‘ et U s :’/ 1
wiseae 1.96 v5a 2 Juediudiluiusaniuldanle
2.4.4 fetnansAnnuAtAd Biklueuninsg

as ) A
2.4.4.1 finatinad 1
lufuseqaesdandneBefuses 199878 (AN T2 Fe = 1000 T 3 po/ml A1
) 1] j ] ) 1 i H i i 1
prnliwduan £ 3 pgml  duAasubiviusungluuunsnszansuundngen Wasannlild
s A‘ nll <4 o 7] ] ] ﬂ‘l’ 2 | 1 1 1
sruszAuANEdady viagluuunisnseane nasinldArA s iiuikeuuuu A A lduluey

1 S
11935 M lATtmsdAa il wiveutiuion +/3

1
[

tufe Araliiiuaunnegi = S

N3

2
A 1.732 pg/mL 1 dudrpnnlduiueusnnsgurssiaiduduressinvdn 1000 pg/mt

1.732 pg/mL

o 3 A
2.4.4.2 ANALINN 2

U5 U92910IRIMIUABLNINNIATEIUIBY BIAVBAY T21d1 Cu = 0.036 L

0.002 % (k = 2) Arauldusiuen £ 0,002 %H FaduAaaliviueuizdiuunisnszanewuung
P

Wlasanszysn k TauanedeszAumui@aiu 95 % nmvinlidiaaliwiuewwuuiildidudanuld

v
WUUBUNTIATE Y A lalaamsarannldiduaniusae 2

A‘I S 1 1 | 0002
WUAD AN ﬂ'J’\N1NLNU’EUN’1Mi‘§’IH = I = 0.001 %

2
A1 0.001 % T ifluArenuldiinemnasguestdrnudndurasainmaing 0.036 %

desanAanyliluiususiniietingg 1 way 2 Lﬂur-iqmmiﬂuﬁuﬂummﬁ‘gmﬁﬁummmn
fefe wanfludnaaliniveurenBinafiuensaty nanie Wusianaliuiveuses
Arpanudiudusessimmdn 1000 pg/ml uazAAudniuIBIEIANEILa 0.036 %muatdiu
mMsfasinAna iuiieutagernngan iy famnififumanulinieudusingiey toa
mﬁ‘ﬁ")ﬂPiWHQﬁu1:JLt1iu'auuﬁmsﬁwuluﬁqazmﬁ 1 agl 1000 pg/mL uazssfianrfdpan

v 1
LLﬂwaumma‘gﬂuﬁuﬁmmmﬁmﬂ’mﬁ 2 At 0.036 %
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T80 gunsol uatiBAniung

3.1 Aapeng

=

fatinauivargfiflanlanasioagey Faufuuiulanzdtu JRufaFauuou Liflan

q

< } 4 [ r t B 2
WIAWEY TUNANTIN X F_I’l’ﬂllu’ﬂﬂﬂ’]'] 1x1 93, wazwun aidanndn 0.08 4.

3.2 ¥an ansal a1suAl

(9

3.2.1 940
3.2.1.1 YaR198aUsed (Certified Reference Materials : CRMs) WNN8I&% SS-6061 FY,
WA-1000 AB, WA-3004 AB, WB-1000 AB, WB-3003 Y 13190 Alcoa Specially Metals Uszinadang
WAz WD-1000-M, SS-6201-G, WA-1199-AL U™ Alcoa SMD-Spectrochemical Standards szinA
B89N0
3.2.1.2 YemEBe (Reference Materials : RMs) wnnaiae G3000 B1, G3000 B2,
G3000 B3, G3000 B4, GO5 H1 Ui MBH Analytical Limited Uszinadangy uaz 9438 13
Pechingy UszmadlFara
3.2.2 gunl
3221 itesmhinafiatuanininifines (Spark Emissiom Spectrometer) 4 DV 4
UrzmAgniganism
3.2.2.2 iihaaniia (Lathe) {4 UN 280 Uszimaansronlssan A
3.2.2.3 Lﬂ‘%‘imi’ﬂ@mwgﬁl.l,a:mmuéu (Temperture & Humidity Recorder) q’u DT 800
szinAaaaRsiA
3.2.2.4 Lﬂ?ﬂﬂﬁﬂﬂ'\?mmi‘g’lu'lﬂﬁ’l (Electronic Dry Cabinet) ij‘u DRY-125 S szna
(EE LN
3225 m‘ﬁi@agmmwéu (GE Dehumidifier) {4 AHNB 16 WAM Usznalng
3.2.2.6 wWwinwamas (Desiccator)

b v 1
wiaaliawanisiasiinirasudis/mmaseuanssous uazinginm anulilsunsdfiinme

3.3 #19Ad

C4

3.3.1 faafnauaranFgns Wlanndn 99.997 %
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3.4 AFANUNNs
3.4.1 ANTRBNIINARAL
' - o oo, 's l -1 E 7Y 'y ] = el 9 a <
ﬂﬂ“\lqu‘ﬂuuﬂ?ﬂlﬂu’nﬂi‘qzﬂ 1 NAALAN LﬂuHQLﬂquﬂﬂﬂﬁﬂULLNuﬂx@NQUHN@q“TUW'\
=l &r as j s [ o = =y L d
thensdnuse weiagUszasilunmsssyaTany ameiu wasdannninsesergiiflan nasnszd
= o -3 = o ] 1 | a o a =
witBanadanew win vewee wenauasdangd wshetwivezgliflendmivinthemaiiow
] » v
10 Tasaadulaleny nen. 715-2530 viu IEEnsAnmusewmuAsarasiniunusioia 5 4ila 1u

fratraudutenadiousa A 5 faete TnanalfuuReuishased 2 93 389 1 wideeulse

)
L) )

neAznel MBRINVAN oAt wenila wazden:® Inewtesazmeniinuevteinduaninsiv
-y -y i o= - 3 -y ‘J [ - ) o - [ 4 1 £ l‘:
Tnfiwied 389 2 TirerzimBuinisaia 5 1lladousiasathindladuannindined wudndgve 2 W

' 1 [l ] ar ] o o o o ndd‘ 13 = ol al Ai |nalqi =
mmwuuulmmnmonu@mauuﬂmm‘g Hazeeyn 2 IﬂNﬂﬂ'ﬁQlﬂ?’l:uﬂNﬂ’ﬂNmf;!\'lfjﬁﬂ’ﬂ‘lﬁﬂ 1n

¥
ganal as

sriupdeity 95% uarusnanniifmuinileldia 2 33 Aarziiaulanedngannrgiumuneg
& 9436 WL FieAnTdanniaf 2 38 Foutusnfilannlufuses hifleanuumnsnefunsinedi
ffnyTisziunomdery 95% Faflunstutiushisl systematic error dleMARI ATz 2 33
Anmmimedsergliten’

mstinszinaseumetuiuihansdousolondssm hindfiaduaninipiiees Jhiss
fdunaulunimaserliginnn Wuarlunmaseuten uadlidedldannadl fauanainaciipmud
Prannusaaie 5 1inludn swndesniamn Funazgiidien @onlFannansimEunosagiy q
2] 2anaN 100) Aanansaninld demniiannsoinmeiinusmi 5 Hiauarsndetui 1
Wunsdinatu nueueiuwitiaiiemet 1 AT nmmaseufetafinsafaniesain
flafuaninsfiwmas InsenAasinsgiunan. 715 - 2530 haunanig

3.4.2 ANMTUIARBNIBINEINARAL

1 1 < - j [ S 3
angiansdiATes” Amunlivameaassfaalignngll 22 £ 2.8 %1 uasiimuauduving
oo =y 5 9/ 4 di o - g ]

Tifu 60% ArasauguvgiuasAiTuIatiamaney aeldiATesinguugivazannuiy daunas
b4
VNnImMARELYNATY

3.4.3 AMTFTENANBLLIUE AUAUATALAUS uaTiat WAREY

s o §v by L ('8 a a | Y GUI ] & e LY

NANIMNABULTUA ALAUAITALAUS uasFaRtanadeL fonwadeande drdalalA

naaeuiuil deaufiuaduusud uasaunuaniauaus ilugiiuaisuimsguliiy doudatmasey

Wiiuily winema udavianimagaunielu 24 d7lua
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3.4.4 nnRsaaaauAIy M1l ineaay

3.4.4.1 NMINARAUANWNNLAEANTEY Mlnudendand1ads uardandneBeiusa
fldairanmvanasgeessniianla Gedundy mAuususmiandudu 3 do9ka 92980 nans uaz

VLRGP TRE by AP REETELNE AT bR Sl

AENT 2 ATALLIUAN M luntsAsagaumqtN it At adey

616) AR UA(Calibrants)

F(LCC) NAN(MCC) 44(HCC)
CRGGLIN WD-1000-M G3000 B3 S5-6201-G
Wan WD-1000-M WB-3003 Y G3000 B4
NBIUA WB-1000 AB WB-3003 Y G3000 B1
wenIia WD-1000-M WB-1000 AB S5-6061 FY
&anz@ WD-1000-M WB-1000 AB G3000 B1

WHUELURA ;. LCC = Low Concentration Calibrant, MCC = Medium Concentration Calibrant W&t
HCC = High Cconcentration Calibrant

o

3.4.4.2 nsmssinaanuiae diAresalnfndlatuawninsfiined

1 A 1 L% -IJ
n. guareaiiuaaatiaies 4 Falue

|
4/

2. Wlslfvaenson efepnnufinsnniresdacuaiiaziangadniof 2 U
IHAmudnan

A. aunuaiala Fauntsatinfaunuanfauausl wuneee WA-1000 AB,
WD-1000-M, WA-1199-AL, WB-3003 Y, WB-1000 AB, $8-6201-G, 9438, 88-6061 FY uaz G3000 B2

pAndy ShganadaaunuanfauauiasuugusesiunetueTes Udsanszualfiivenszduszaan

saes ey lufeulave azpeNazldan (emit) WRIIMMEANNNTUIUIBINAITULA ATENATATIANY

U

1 [ 1} !
wasuuaTgnLdesssnunifuvaaninindasinieas waziAnundsanuasilduamaslniag

anunsasuAeenuiuiaariuaniayduues Seazudlsmu R usahtie)

al

1. atsngnetanagey wiasaztlssucans TnonFauifeuatAnuduuaaiy

]
=

2 dl ‘J Y -
nmﬂmmsﬁﬁwgnmw”mum?m LATLAMINANIDARNAARET
(FA9EN NNNESINTS AINIBERLNTINNIRTE U WazdinataALANSIL)

wnaws ;- 15angede ussiandrdeiusesedlanzeglidlon Mdafenmvinsgu waznsm

HIATFINIBIEIATAADU INAN NBIUAS wamile wazdansd wanslunmanwan 1
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3.4.43 arnenduusuiluniead 2 feuss 11 A% dnAusnie Weldiladissuty
FalBnafaendnan Tunsdifinuduanisaudnildn internal standard count Amn® wieiinns
gthiniiliaaysal naode Sdnnsiunadfunnniinedansey o fuifignathin el
wdoatdnlu

3444 tmesAuanAnain ua::ﬂ'ufimLuummg'md’uﬁmﬁmmmmL'iiu'immmﬁg
annasadafn 10 Afel udausmnantasaneufiames

3.4.4.5 \nmntTEaNTy

r
1=

] A!' L 7r Y [ | = '8 ar '
N, AHLHY FuiuA P MRR TunA N I nALAsIRINANTIAIE N ARB LIALAN
a34 st 2 nedd

dJ o - 5 0 ] 1 ] [ dl
(1) Tunsdinlufusesraamduusud Anusaianlainivenly Aedeses

sfaulasesatlugaanisfuses (Aanlufures £ Areulduluen x T U)

@) Tunsdinlusuresansanduusus Wilsnvussianluiniueuld %acnu

L4

! [ - ) A 1 v ! o . J -
wuduinsrasAaduasssiniaulasiasnglutoinuwiudning (relative accuracy) Bafluding
dauanasiifannnsieasinasauiua1ad naAeat sz 100 1 20%

, o . ANRINNITNAREL
ANTNUNUANANE, % = x 100

ANluFuses
spuunuduing dledmnoniuenudnduuds amnsofansonlugeesdasnanuuwiunld

i
AranluUsee 19eANUNY uazdaaiuTeseaA Auusws i lunnamaaeupnydldaeR Tnaaan

o
wdmalumned 3
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F39F 3 ArAAlLiLseY ToeAnnHutY uar daefusesrasanduuusi it luntsnmageauaann s

2. goefusas  wwnete dneanudndursisnifidagsendne Arainlufuses

Anarn ldwineuainluiusas

2099 ENAREY
fine) MR LAT AN TR9RMNUNY, % rafusne,%
arBanasg | Wiuses, % | drdga | Agean | Adnan | Agean
FaAeu | WD-1000-M (fn) 0.0035| 00028  0.0042 i i
G3000 B3 (a4} 0.27 - - 0.262 0.278
$8-6201-G (§4) 0.76 0.608 0.912 - -
win | WD-1000-M () 0004 00032 00048 - -
WB-3003 Y (n819) 0.31 - - 0.30 0.32
G3000 B4 (a3) 0.88 - - 0.849 0.911
naaue | WB-1000 AB(I;;W) 0.036 - - 0.034 0.038
WB-3003Y(NaN) 0.20 - - 0.192 0.208
G3000 B1 (84) 0.24 - - 0.232 0.248
WNana WD-1OOO—M(F°II’I) 0.004 0.0032 0.0048 - -
WB-1000 AB(na) 0.036 - - 0.034 0.038
$5-6081 FY (§49) 0.051 - - 0.048 0.064
fan=@ WD-1000-M (I;i’]) 0.004 0.0032 0.0048 - -
WB-1000 AB (naN) 0.040 - - 0.038 0.042
(G3000 B1 (gY) 0.09 - - 0.085 0.095
wanewme . 1. 499anasiy wiaed deamnadindurasinfifidegszudng Arainluuses £ 20
%Uad AN TLFLTES

+
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=l ] o ¥ PN .
. AININEN %\JLL‘NﬁNaQﬂ’J']JJﬂ"IN’)Tﬂ‘IIﬂQﬂ’]TV]’T‘ﬁ’W@’]EJ 7 AT WRNTOUIRINAN
ﬂ' [ - dl ] 13 [ ' ﬂf‘ d‘
puidsanAssudNinsrasaIniaula edealaifiu Aiuandlunniei 4

dl - [ | AJ W al
AT 4 LATUN ﬂ"ti‘tl'ﬂN?Uﬂ"lﬂ’J’lNLﬁﬂﬁLUUN’TMTEWU'JNWVI‘E Wunrsrsaagauany it ldeasiinasoy

d2aA NI NG, % ﬁ"m'a'mLﬁﬂamummgwa’uﬁwé (RSD), %
Watndy 0.005 15.0
0.005 - 0.0099 10.0
0.01-0.1 5.0
N1nNnIn 0.1 3.0

3.4.5 N1INURBUNTINHIATFI
3.4.5.1 shfnansuameguinedennneguiusemunniae WB-1000AB JemziFundn  fn
Ail 1 :Il & ’l: & e 1 z Gﬂ‘ L7 1 1 AI
MusaL HENLARLNIIHIRT§UAREAT Taeathhin 4 afs uddaanuenita Raldnladnszudy
fluBnudgendnan unsaiinudnuanisatfnilan internal standard count AaUnR vFelinasa
5 J 1 U a’ T} L) ] o &’ ﬂ' i a ] : :
Unfnilainnural na1nAeldnsneiundBuninndinagdmsey 1 wunngnathin AdeAtuia udas
ninlua
d‘ o 1 lﬂl 1 dl LY & |73 7
3452 \ArasazAnnnAneds  uerdndsauunnsgudiimisesmnudntuenisin
s :: ¥ A = [ 3
ann nsadhfn 3 AR udtuamananaareuRamnes
3.4.5.3 Innennnsaaniy
n. ALY AledtreInanmadensads aianlana 5 atln faseyludniuses
A uSuseaIfnauany FanR1een 5

Mk 5 1oefusasnaadandqdiaiureamunuiay WB-1000AB

19 %295UTDY, %
Aengo AR
FaAaU 0.093 0.103
Wan 0.095 0.105
NAWAY 0.034 0.038
unanatla 0.034 0.038
Fanzd 0.038 0.042

T
1 ]

wEme 993usas wunet deeinpdnduaesstaidegszndndanluiuses T AAon
- % q

Tdudusuanniufuses

NRANMMERIUIMS
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2. Anufien Ransanandaudsnuunsgudiinfaesnnududuanisin

[ B

a5 miadas inuA w6

ﬂll L3 o ' A‘J v 2 :‘l = l=l'
AINN 6 mm‘l’lﬂ"li‘ﬂ’ﬂﬂ?ﬂﬂ’\ﬂ‘]’mL'LIFNLLIL!IJ"]ﬂ?ﬁﬂuﬁNW‘ﬂﬁﬂlﬂﬁﬂ'J']NL‘IIIJ"IIN‘IJﬂQﬁ"IEMQ 5 q4n 74l

NTNIUABLNTINNIATFIU

d99RNMT NI, % ﬁ"\m'mLﬁ'mmummsgwﬂ’uﬁ’ﬂé(RSD), %
0.01-0.1 5.0
{nn9n 0.1 3.0

346 nrAtuANAATRANE Y
lunsneseuiielildnanimmeaeuideie feainisauauanmely
3.4.6.1 mmtﬁmmmmﬁ*mﬁ'ﬂ (Repeatability of the instrument)10
n. sunuanfala Aanntsaunfndaumuaniauasd selul WA-1000 AB, WD-
1000-M, WA-1199-AL, WB-3003 Y, WB-1000 AB, $S-6201-G, 9438, S5-6061 FY uaz G3000 B2 Ana
Andu feuay 4 A% udaiaduentie Weldniladnssundninl fnefaendnas Tunsdiiimudana
nsalrdndifn internal standard count fimng viaiinsathinilianysal nanaAefidnwmsiiud
Runningedansay 1 AuRRgnaLdn AdnAiuie udastinlvel
‘1!.Lﬂ?:ﬂd‘ﬁ:ﬂ”lu']mﬁﬂLﬂ’?iiilLtﬂ::ﬂ'ﬂLfEENI.‘IJuN’WIﬁ‘ﬁ'mﬁNﬁﬂﬁ"ﬂmﬁ’?ﬂ’l’lm‘fmLLZN
a7 &Lhin 3 AR uduamnaTiseReufiames
R, NUTINNTHRNEY
ﬁhu‘jmLuummjfme?(uﬁwémmﬂ"\m'mL'it’num-nmﬁmLLmuma‘mumuﬁ ERIRY
U2 %
3.4.6.2 uamnn’lﬁ‘wouﬂ@unﬁwmm‘gﬂuﬁi@%ﬂummﬁﬂﬂﬁu FaulunnsRaLANAAIN
et uslunsdid firvnuaauiiifiushetraraug (Quality control sample)
3.4.6.3 NMFATEI
n. Apseiietaneaty YnFet1e fetnat 4 afa udafmAnusniia el
ladrssuvdnsalfnafraenfney lunsdifinudinansalrinian intemal standard count Bninf
yiefinisainibianysel nemAefdneuniundGunnnindasey 1 Muiingnathin Ades
dagie ukodudnlmi
1, WisomrAnnAeiy uﬂ:ﬁ%ﬁ'ﬂ\uuummgwuﬁuﬁwﬁ-nmm'mL‘ﬁ’u'ﬁwm

81931nN7aLhsn 3 AT



17

A. NN THENTU

1 d‘ [ A =i| k2 ) ’ d‘
Andieauunsgudinsramnaanaulssieslinud lugsed 7

d' o ar 1 dl as - -‘ = rg
13149 7 ineurinseaniuAtauiissunsguduindramnsiaiaula lunisdiaseidn

AI9AHLANTY, % ﬁ"\m'mLﬁmmummej'mﬁuﬁ'mé(RSD), %
Wprnidn 0.005 15.0
0.005 - 0.0009 10.0
0.01-0.1 5.0
H1NNI1 0.7 3.0

winmmg Msiamuanasiniseeniy Avusandeysiveljifing UfiRtaTe uazandayams
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D

ATIRAUANN M A 1asinaaay

3.4.7 nsUsrzanaataonu lliiuauanananisaaay
FumaunITUsoiiuanmn il uiueul fail
3.4.7.1 AMUuUARINAaINIIR

1
=l =l

ﬂuﬂ’\i"llmﬂ?“lvlu'mi‘ﬂ’m'nLﬁ‘ﬂm'ﬂ aun1adunmnes (regression line} 1U84NN9
naaaul dghinlihily

% concentration = B(IR)2 +C(R)+ D

Wa B,CandD AR AYAA (fitted constants)

Wy IR A Andnsdeusuduuassandusilaniursssimiudeanuda
o A (-3 = o ] ] -4 i o . AJ L
wastnadusidaniiraesiaidivuavindresiatiwteaiwdiiu internal standard uRilFe 519
e
argiiian
3.4.7.2 wuvaaadny ldwduay unapn livuuauidnany e
n. N9 ( Repeatability; U) Sedmfludtanaliuiusu Type A
9. MsUsziinAtrnlduinananuiusesesr i ARuuTus; U

cert

p. MadrzfiuAranulivduanainmaaunuaudinduresigainnav
uamsg; U,
48 9. uaz A AnduAiauldiiiued Type B
3.4.7.3 M Buuanubivivauesusaresdlssnay
wmn 4 asflsznatmaspraliwiuey faeinfiuastnafiitdndny seuans
naaaurmAn Taaidudannlduiveunnsgiuney
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n. N (U)

] 1 I 1] d’, 9 ] iil 1 dl
mi‘Wlmm’m’[uuuuﬂumuwﬂﬂmnﬂ’lm"mmmLuuuﬂmﬂﬂwummmﬂﬂ

v v 1

(standard error or standard deviation of mean) N 1IMAAUAMEARUAGEAI8EMT 3 %1 B9

§ ° 1 t‘ L] i A 1 i

lﬂ?"ﬂ'ﬁqzﬂquqmﬂ']ﬂ’J’]NLUﬂ\“UNN’TmTﬁ'Tu'Lﬁ ﬂqﬂqi\ﬂﬂ’?uqmﬂqﬂqqulUﬂQlUUqui‘jqumﬂﬁﬂqkﬂaﬂlﬁ

/1N

oL ArAdaauNInsg
Ay U, = 7
3

2. nrdszifiuAiay iduiueuanlufusasrestaadfanduusud (U,,,)

'Lumsmﬂ%mmmmImanmﬂmmgwﬁfu @hmmﬁuﬁwmﬁmmmﬁw
anmisumafinign (interpolation) annsMLIAIEIY T,matLﬂ'?mf-‘u:f?ﬂﬁqnwmuauﬂwmﬁmcy'lm
uhnBeudeudonsvhnnsgn UnAnanismaseuszagsswinaAandiduresmAuususig
afunsviinmsgu 2 9 nadssdiudewlinieutunsdiliRansananAraraliivauses
ARGLTUAT 2 Aautis laerfiatseurdtAatan lduduauaasmauusudteuls Laamuinndnfliiad
¥ uidlufuresraemBuusudie 2 feu LilBuansfimraonailivueuly AldinAiaoslaiw
wanaReR BT saa Y Arpsnliuiueudlianlufusesuansfssdiuaandeiu  95%(k
=2) nsinWiiludrannulduduaunnnsgu (Standard uncertainty) Siaawiadia 2

A.n1sdszifuArAN BiiuauannIsA AN dudurasgainnsv
MATFIY; U,

Arpawhiuiveuumasiiaansaszdiuldan ﬂ'wmﬂmﬁmmummgqu-nm
s‘:ﬂ:maﬁ‘mdwqmtmnﬁunmﬂmmgwuluumﬁ'a (the standard deviation of the vertical distances

4 o
of the points from the line or standard deviation of residue) f3ATUIATN

X

) S, ﬁﬂﬁhmqmﬁmmummgﬁwfmzazmqswdﬂq&gmm:uﬁunﬁﬂmmﬁwﬂu
IR
war y, = A NdNduTeIsImaniuFuses
.= Franaduturessig i idaannasfausmuannauns

Wunanat
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via y,- ¥, ?::ﬁ:vi'm:u'iw-gmmuﬁunmﬂmmg'xu'tuumﬁq
(y- residue)
n = ﬁﬂuquﬂg"ﬂumﬁmLﬁﬂlﬁ‘lﬁnmﬂmmi‘gﬂu
A" S, Wwmnlfidu U, 1unwsﬁmqmmmwmuﬂuﬂuﬁmmmﬁ)Ltﬁia:'nﬁm (anANuan 3)
3.4.7.4 A At i ususn
At tduiueuluda 3.7.4.3 fludaanaliviveureaFuioufen iy uey
Twhedeaiu fo Jummwliviveusesaududuseisigiu 9 Fldanmsemsinesay us:
LﬂuﬁhmwiﬂLtﬂuﬂum'dﬁﬁlo’l’ﬁm?ﬁﬂﬁﬂumﬂuiﬂm.iuﬂummgmué’q AgNsasimn Ayl

{meldaunns

22 2
R: 2 = '\/Ur +Uc:ert +Ucal
e u, Aa ArAonliuiuaus
3.7.4.5 AW AR ILLeuTENE

N, AMUIIUAN effective degree of freedom, V., AIN@NNIT

4
y _ ug _ 2ug
et - 4 4 4 - 4
U u U U
S oer“c_i_ cal r
2 o0 0

L] 1 IB = . . N al [ 4 J ""
111181 V., ARwaldldidlamse t-distribution table AszAupIINEeiy

1 1 ) nl S 1 .3 5
95% [WeN1AN t AN t NIAT A A TAefsaunmpas k

A. AMuIneANANN ldiluaueesa naNNIg

3.4.8 7EMUNARNIINAREY

AuuagLuuunisenusanisaany muandiniuressinineaey



NANTTALEUIIY

4.1 ANNEWIARDNURIVDINAREY
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ﬂ’ﬂuﬂqi‘:ﬁllllﬂmﬂqwuanﬂQUﬂNﬂmuﬂu LLﬂ3ﬂqqu1uiﬂﬂ1'.ﬁ|.ﬂ?ﬂ*ﬂﬁi'u’ﬂqﬂqﬁ le1u“kﬂ7'ﬂﬁ”’ﬂlﬂ

& - H [ = Q o { » _= J 1
RQTQC‘T@QW‘WQN LLﬂzﬂQ'\N%u “"‘NVHT:UUﬂmﬂqwsjanQﬂﬂqlﬂ%qqmﬂqm“quuﬂ:ﬂqqu‘ﬂuLﬁﬂﬂQUﬂNlﬁ

hd | = 4 o = Ad
lannasiimmuarasmslfiarasiia wingnuuglitunneinivus Feafugmmgissrsetasuay

«f
UNN 4

. & a s = o 1
FIUUJH UWRSUINATTHTULNUNNUA LﬂﬂLﬂﬁ"ﬂQQﬂﬂ')’m‘ﬁu

4.2 MsnTIRAauAN T AT ENARaY

AINT 8 naniImmasauraddaedanaaoy

il oA udnduees | vneee AneAn% | Aeanaudisauu

NTHUIRTE I ANTNIATFIN nnsgIudung, %

e WD-1000-M |  0.0037 3.4
CREE &R G3003 B3 0.2676 0.8

49 §5-6201-G 0.7534 0.6
Wwén 5 WD-1000 -M 0.0044 1.7

nana WB-3003 Y 0.3090 1.0

GR G3003 B4 0.8854 16

B WB-1000AB |  0.0361 0.8
nNadtmd 181N WB-3003 Y 0.1948 08

3 G3000 B1 0.2427 1.1

i WD-1000-M 0.0040 3.1
unanlls | neng WB-1000 AB 0.0352 1.0

a4 SS-6061 FY 0.0513 1.3

i WD-1000-M 0.0041 6.7
&anzd N84 WB-1000 AB 0.0380 1.0

X G3000 B1 0.0888 1.1

wunawe deyadulunisasasauanuliliresitnaaeueyluniaaun 2
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F1TA 9 ANHUHLANYME aaeanFunswsi M untsamaseuanlfldeesitnagau

616 NIRRT Aranlususas | Aeannavagan | Adausiugunng, %
Tananeds
Fhmau | WD-1000-M (5n) 0.0035 0.0037 105.71
| G3000 B3 (nAna) 0.27 0.2676 99.11
$5-6201-G (44) 0.76 07534 | 9913
wn WD-1000-M (5i1) 0.004 0.0044 110.00
WB-3003Y (new) | 031 0.3090 99.68
(53000 B4 () 0.88 0.8854 100.61
YU | WB-1000 AB(R") 0.036 0.0361 100.28
WB-3003Y(nan) 0.20 0.1948 97.40
(3000 B1 (g4) 024 0.2427 101.13
wemila | WD-1000-M(#) 0.004 0.0040 100.00
WB-1000 AB(na4) 0.036 0.0352 | g7.78
S5-6061 FY (g4) 0.051 0.0513 10059
Fnsd | WD-1000-M (B) 0.004 0.0041 102.50
WB-1000 AB (n814) 0.040 0.0380 95.00
53000 B1 (g4) 0.09 0.0888 98.67

43 msmumunﬂwmmgw

1

AeunasiszuuAmNIw Hnasnanasunsiinmsgulaanis\idangradannuiat G000 B4 B4

o = ol : 1 & & [ ) o L
Hudasdde inuminiswenivaneyAudansniguaessfilrmsinaany uvdeanninssuLAmnn

1 3

udAn 1aen M RRs1a B uFaINNIEIAT WB-1000 AB Lﬂmmmﬂuawmmjmﬁﬁmﬁﬂﬁ‘.‘:nﬂu'lnﬁ@m

ar ar ]

[ L g o @ i 1 A ar
uratrmagauluimouaay uaziinosimusinausinspenfuluEeamamiuuasanies
Aswil 5 uar 6 mwasy mnuammasayleglunniuendy Fesnmanaudeiasliaantia
Unfvield udrathfndanausauludBnefe winuamemeasudalleglunnsiesusuan feaianag

aunuanialnluy

4.4 MSALANANNINANE LY
Aewinszuuanmilieanisausaunswumegu usndainstuumnnuds  n1sRsnsasn

%
A H

vamuuunaza sy lwnimmasavdagteasildidlufetremurn uazdimausaunsmuims
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4.5 madsziiiuaranalaivivau
setinansAnuA AN hiviventashetmesey  vuneealiiRnig XA, 342 nanis
nagauufal

o - ' 1 = al [ a9 al
RT3 10 NﬂﬂQTﬂﬂﬂﬂUm’J’ﬂﬂqﬂLlﬂu‘ﬂzﬂuNL'L!EINLﬂﬂ']ﬂ’mi‘ﬂﬂ’]ﬂ’mﬂxlﬂﬂui‘ﬂ

816 HANITVNARRL
Aiadt mmqmﬂmmummgm
FAARU, % 0.13 0.0010
&N, % 0.65 0.0026
NEUAL, % 0.071 0.0004
unen i, % 0.005 0.0004
Fan=d % 0.004 0.0001

Faetianisinanianmaliuiveuiiazsasnmatiransfruniipaliiuiueutetsn
Farau
45.1 fmuadefifimsin
annadunnnas 189519 5 1l Ae

4.5.1.1 515 3aABY

% Silicon 2.486x10 " (IR)* + 1.377x10° (IR) - 6.974x10°

4.5.1.2 BYBMAN

% Iron 6.801x10 " (IR) + 3.807x10° (IR) — 7.702x10°
4.5.1.3 81NDILLAY

1.667x10°(IR)? + 2.428x10° (IR) + 6.444x10°

% Copper

4.5.1.4 1BUMNTTE

% Manganese 4.073x10°(IRY + 4.974x10° (IR) - 6.613x10°
4.5.1.5 §19ANR
% Zinc = -4.234x10°(R) + 6.192x10° (IR) - 2.272x10”
e IR e ﬂ'w'ﬁmmmumwwﬁmmwmt&umﬂﬂmi"mmﬁﬂqﬁ’uﬁiﬂmwmﬁumeml.é’umﬂﬂ

- d‘ N3 o 1 J eh:l’dl o =
I?TTN‘IJ'BQﬁ’W]ﬂLﬂULLNYl?ﬂ’Ii‘II'ENWJ’ﬂE'N galuntine SIRBTgNIUEY
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4.5.2 wiunann s laiusiuey unseaanulkuiueufid Ay T
4521 nnsien ( Repeatability; U,)
4.5.2.2 nasdsziiiuAranulyuduauainlufuresressesdoafuusus; U,
4.5.2.3 nsdszdiuAmanybiviueuainnisduumnaduduresigainnesnmg
U,
4,53 memBFanmuanuliiivawtasunssesdlsenay
s « asdilsznanasraliviuey fieadnfluaetneiitbd Aoysanans neaausn
wen Toevnfusasnliviueussg e
4.5.3.1 n1avaan { Repeatability; U,)
n'}ﬁ‘wlﬁ"'?ﬂ']'m‘lﬂLLﬂu’Buﬁ']ﬁWﬂﬁ’Q'}ﬂﬁ’]ﬂ’J’mLﬁ'ilﬁl.um.l’mi‘s’lu'ﬂﬂdﬁ’lL’ﬂa‘ﬂ s
yagauf AU ietg 3 91 %qLﬂ‘a“mq:éwmmmmmLﬁ'mmumquu'lﬁ ATUITUAN
ﬂfmmﬁmmummgmmmfhm?\‘ﬂ

v

AN 11 A1ANIEENILINNNATI U ANARLTBIEE 5 18N

16} L - A Tie LN ATE Y
- 3

TRADU, % 0.000600444

AN, % 0.001501111

NEIUN, % 0.000245951

waantia, % 0.000251147

&anzd % 0.000083844

4.5.3.2 masafivaranuhiuiuesuainluiusesresressinanduusud; U,
- 1 1 ] d-’l’ e ] | l ] o
nsdssdiuananlidmiueulunsdlt WRasaundastannliiuewtend
L7 ] 2
wusuddeuls dAuanndrflina e widnlufusaerasaduusuiiaulafeunila viiane 2
fe Lilduamafidnanulduiuenld Alfharaanbiuiuewtesmfuusudisetdreanun iUl (g

U

AARIN 3)
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kan1AReLSURARABY Wity 0.13 % TaflAnedszdnmranadudursaa
u,mum'ﬁl’ii’ﬂ%’qqnﬁw:msgm 2 9@ 79 0.1000 (AITUIATFIUNNILLAT WA — 1000 AB Felufusasly
Tidmunar A lluinaulh) Ay 0.1500 @rswmsgiumuneae WB - 3003 Y fiAnanlluiueuy

UM 1L 0.003)
ety Uy = 0.01

Tunsdiaasingu ) s1E1samaAl U, lalwinuaaseniu

cer

meehl 12 Aadsafiuarannlluiueawsinlufusessssasdanduusst; U,

5m | Anade,% AIATRWLITUR U,
WHNRAY AL Ng At liinay
NIMTEIY

Fanny 0.13 WA — 1000 AB 0.1000 - 0.003
WB -3003Y 0.1500 0.003

man 0.65 WA 3004 AB 0.6000 0.01 0.0155
G3000 B4 0.8800 0.0155

NBILAY 0.071 WB-1000AB 0.036 0.001 0.0025
G3000 B4 0.1000 0.0025

waniia 0.005 | WD-1000-M 0.004 - 0.0005
WA-1000 AB G.0160 0.0005

&inzd 0.004 | WD-1000-M 0.004 - 0.0
(G3000 B2 0.0200 0.0

4.5.3.3 matdszfiuaanulduivanannnisa i udursisigannngwanmg
U U,

msai 13 ArAdlduduanannsr e diduIssIRInNIHIRTEY; U,

66] U
TaRDU 000322267
Wan 0.003085
NBIUA 0.00161768
uNannila 0.00011726
Aanzd 0.00031623
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weme NAwuAtANlliiueuannisrududuressgannsaasgiuag luntAnuen 3

4.5.4 n19souAay ldwiuay

AN 14 nasAtanAtAu lliLeusIY

i . Vent Ves te ='\/Ur2 +U§ert +U§al
TaAnL 0.000600444 0.00322 | 0.00322267 0.004441726
wén 0.001501111 0.00306 | 0.003065 0.015870316
NEIUA 0.000245951 0.00162 | 0.00161768 0.002989129
wNanila 0.000251147 0.00012 | 0.00011726 0.000572254
danyd 0.000083844 0.00032 | 0.00031623 0.000330624 B

4.5.5. nsAwaeAAH llikawsene

Wunann msgasdtaaulsivivausandos Alanaisauwnamaf (k)

4.5.5.1 AIIUAN effective degree of freedom, V

4553 AmamAtANdudueunaie

AT 15 NMTATUITIAYAIN lHnus e

eff?

14 3 1 ] i
Tuiunauliazuantia szdumudsiuiinantmaneasuarazat Aranuliniuentes

.« - A . |
455.2 1 v, l1hilannse tdistribution Rsziuaadedu 95% (gnianuan 4)

gl V., v, Ve K U = ku,
TAARY 2 o 5988.890305 1.96 0.009
AN 2 o 24987.4203 1.96 0.031
NBULA 2 o 43632.76383 1.96 0.006
usNnAilg 2 o 53.91030376 1.96 0.0011
&an:d 2 o0 1000.433471 1.96 0.0006
4.5.6 NITTILTUNANTINAADL
TARDN, % 0.13 + 0.009 fsedumauideu 95 %
W&N,% 0.65 ¥ 0.01 ﬁi‘:ﬁummﬁ"ﬂﬁu 95 %

NAAUAY, %

LNANIR, %

&KaneR %

0.071 £ 0.006
0.005 = 0.0011
0.004 = 0.0006

al
b
&l
]

T/l

AziuANIITaY 95 %
AN LA 95 %

P d o
FEAUAINNITBNY 95 %



26

o @ & a
46 'amml.-anmimum'aumimLﬂue'\u
| & ] ]
dananisanfiueuildvonualudainiluianatrsruurunimfiazenisfuses 1509
Determination of manganese, copper, iron, silicon and zinc in alumimium alloy No 1100 by spark

emission spectrometer  HILAAIIAIANEIN 5
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(=] ar +
5.1 MSINUAIARIY
-ﬂ' at 1 = al 4‘ dl] ar | of o o] a oo
LWEN"’V]HEH'BE!‘NV]ﬂﬂ@ULﬂuﬂtﬂuNmﬂN gadledudatuaandiauluainia @:nmmﬂuﬂ:@uumﬂu

r.nidu = T al - o 1 1 [ . ' ol aiay & - ol L
panled nanwmiufaiue  waeufisfetivey neshinfetnillduazqiidiuneanladay

Azl wanSdrmsineaautanans anfeaatandomsmsednnely 24 4olue fewdidnay

Nushadililuedineaiini fadferanauifluazgfifienaanledle dSufuliuwiuly

5.2 nsmTIRdauATIN T IRYaI TN ARaY
5.2.1 NEATIAADLAINUNUIBRENAARLANN TN LK 2 uLy Aa
5.2.1.1 iarsnndnAadurainanisnagsuegludieiusaaiall
5.2.1.2 Ran30un91 %A uusludusing agflugas 100 £ 20 % vie AnaRtrawanisnaaay
atjlutaaanuusiu vzaly
Tunsdiilufuresresiagiadaidedansnedaiuses AuuadiAnbiviuauaufsaRatsn
pnswtiulgandsdia 5.2.1.1 uax 5.2.1.2 uilunsiiiluiusssrasiagdregeviatangsieiures T4
Aruaaiadliniven Aansananuuaiuléann 48 5.2.1.2
A oy =y i i L L 3
52.2  n1sAsAagaUainaadiinasey  Raisanaindpreidaauuninsgudiindues
| 750 :’J‘ a
Audndiueaasin v 5 18in
=l v 3

523 ainneaadevanyitliiendisneasy  Iaeldmduusuiniiaonudndureisnianey

WA neuay wanda uazdansd 3 dasmnudindutessimia 5 9lla wudn AnenuuueEAY

1 S
o

ﬂll [T 7 :‘1 LY 1 'y - 2 :d ! | 7
WEIEIATTNITNTUYN 3 ‘Ii’J\‘.l'ﬂﬂdﬁ'!FjW\! 5 UM ag‘lummmmsafamu 'ﬁwmﬂmﬁwwwﬂmwmﬂm

a4 (working range) tiuda Dalsdn iRaatdaeldauuda

G

1 v
=l a ar

ravtsanudniurassgiacean1siuraaie 5 690 Andy

1arau, % 0.0035-0.76
WAn, % 0.004 - 0.88
Faned, % 0.004 - 0.09
waanIila, % 0.004 - 0.051

NRALAY, % 0.036 -0.24
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5.2.5 n1smsaaanuAnu i idredslldaniiudamndaiinmga(Limit of Detection) 284551189
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Angaudienisiusasetgndi@adntanigauan  uAgnarana s dasniafiatnsonsienayls
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¥ 1 1
(Limit of Quantitative) 2895199 5 T5m luNITNaseusieisl e Aanudinduiiaseaseuiteiag

9DNITFUTDI

5.3 NIFNUABUNIINNIATIU URENITAILANAMMNAE LU
NINIUARLNTMHNATIIM LasnsatLANAn e MW iAmsinasauilacniula
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naaavfiaset lunnyinisyaniy
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2N 4 10 Faeng
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0.0035 - 0.76 Aatmua Wiflgluuunismesusanmaaay luglulafiausfamee 7 16



19190 16 Awsunaianlunissaanunsitasaaudndising

H13ANIT NN, % AUUNALEN
0.001 -0.099 3
NINNI1 0.099 2
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6.1.1 finsaauifinuuas / WianmaseLansTony uesthpdnmwiedle ausrznand
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vratagdwiefursauiiudmiuaaunsninsgruuasdnetnanouny

8.1.3  Unsmsassunaninsinaseufausfeyafuauieoniseaiung

6.1.4 nwUfiRnureciensivessy  wsnainaAulrzaunisniuaranudiuncy
Y e e e -y a o =y A e : =
wdq falfiRnuleaiiduneniuiveuynduney Sdeystuduponusiuuasanniie

6.1.5 Hnsldfangniuazinadngeiuses nanimaaauaiinsaeunauldimiaamy
FLAUAING (Standard Internation unit, St unit)
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VANANTAN9D4

1. Urzunsn wianed. n1aWmunABAAT e BNInARReW AN naumd uuan ia uasdansd Tuusiu
gl flamdmiuiihenzfouse lanasuamudauslilszfiuitaudnsbims
AUNUIININBNAIERT 7 2. 2541, 26 Wi, (1A, N, 9. 27)

2. drifnaumnasgundnumigaamnsy. inesgundndudenamnssuuiuthessvauuds
dwiuvinihensdeusa : van. 715-2530. ngamny ; Snwsne, 2630,

3. American Society for Testing and Materiais. Standard terminology relating to analytical chemistry
for metals, ores, and related materials. E.135-1999. In Annual Book of ASTM Standard :
analytical chemistry for metals, and ores, and related materials. West Conshohocken, PA.

: ASTM 2000, p. 216 -220.

4, “. Standard test method for optical emission spectrometric analysis of
aluminum alloys by the argon atmosphere, point-to-plan, unipolar self-initiating capacitor
discharge. £.1251-1994. In Annual Book of ASTM Standard : analytical chemistry for
metals, and ores, and related materials. West Conshohocken, PA. : ASTM ,2000, p. 343 -
358.

a5 *. : Standard test method for optical emission spectrometric analysis of

aluminum and aluminum alloys by the point-to-plan technique. E. 227-1990. In Annual
Book of ASTM Standard : analytical chemistry for metals, and ores, and related materials.
West Conshohocken, PA, : ASTM ,2000, p. 241 — 248.

6. EURACRHEM/CITAC Guide Quantifying Uncertainty in Analytical Measurement. 2" ed . QUAM
:2000.P1.

7. Hatch, J.E. et. al. Aluminuim : properties and physical metallurgy. Ohio . American Society for
Metals Park, 1984, p 230, 234, 236, 238.
8. Spectrochemical Equipment Division, Baird Corporation. Spectrovac (model DV-4) direct

reading optical emission spectrometer. Revision A. , 1984,
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9. Standards Association of Australia. Analysis of metals — procedures for the setting up,
calibration and standardization using arc/spark discharge. AS 2883. 1986.

10. Standards Association of Australia. Recommended practice for atomic emission spectrometric
analysis. Part 1 : principles and techniques. AS 3641.1. 1989.

11.The International Crganization for Standardization/The International Electrotechnical
Commission. General requirements for the competence of testing and calibration

laboratories. ISOAAEC 17025. 1999,
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A1313% 17 pasanfadarinnddirnnedavzesgdilonildainainnsguresigiirou

q 8

Fd—Print CURVE CaALCULATIOMN IM CURYE FILE : TIS715
Element : Si Wavelength : 2881

B0 i D I e T Vv B v S s R s e BV e v v e B e e R 2 e e e e e B v R R i B R R R R R R R R R A R D D R v R B B B B RV P AP R R B I '
%

Sample shape wf int real calc diff diff
PR R R R R R R R P PR P R PP E P R PR R P R R R P R P R P R R R R R RN R
Wall99Al 1 330 &7 8 G.0023 0.0024 ~0.0001 -3.3767
WD _1000 1 217 763 0.0035 0.0035% -0.0000 ~1.1354
WB1O00OAB 1 8 7254 G .0980 0.0%942 0.0038 3.8&75
WALO0OAE 1 8 7288 0.1000 0.0947 0.0053 5.3141
WB_JF003Y 1 5 11442 0.1500 0.1538 -0.0038 -2.5424
GRO00OB3 1 % 19980 0.2700 0.2781 -0 .0081 -2 . 9825
GOS5_H1 1 1 41707 G.6200 0.5105 - 0.00%5 1.5313
SSE&E0ELFY 1 1 43978 0. &400 0.46466 =0.0066 -=1.0349
S8 6201 1 1 EORI9 G .7600 0.7582 C.0018 0.233¢6
% frverage differsnce = 0.0043 %

s19971 18 10 TaRENEusziaRdn@dussmnalavrargiiinniidairansvunneguaeasgmdn
CURYE CALCULATION IN CURVE FILE : TIS715

Element : Fe Wavelength : 2739. ,
727 IR I IR

F4-Print

Sample shape Wt int real calc diff %2 diff
Y I I Y I I I R I R I AN I IR I I IN I I INIINN
WAL199AL 1 587 239 0.0015 0.0015 0.0000 E.3210
WD 1000 "1 220 1.0 0.0040 0.0042 -0, 0002 -4 .4719
WB1000AS 1 < 2755 0.1000 0.1023 -~0. 0023 -2.3314
Wa1O000aRB 1 8 2828 0.1100 0.1054 0. 0046 4.1829
88_&201__ 1 4 6067 C.2500 0.2483 0.0017 0.&866
WB_3003Y 1 3 7321 O.3100 0.3075 G.0025 c.8119
S8&6061FY 17 3 8322 0.3500 0.35&62 -0.0062 -1.7802
E3I000BZ - 1 z2 9320 0.4000 04062 -0. 0062 -1.5451
WaI0044E 1 1 12742 0._.6000 0.5878 0.0122 Z.034%
G30D00E4 1 1 17733 Q.8800 0.8813 -0.0013 -0 .145%
% Average differsnce = 0.0037 %

e} L = o ¥ = e = A d‘i.-!a
51997 19 IAI8AD198S wazianinedefuranadlanzargiiluniliaiinsmuinigiurenn

q

=
LHINTUEA

CURVE CALCULATION IN CURVE FILE : TIS71i%
Element : Mn wavelength = 2933 )
'1111171117111111111111131ﬁ1111ﬁ11111111?111ﬁ111111117711?171111111ﬁ1ﬁ.

Fa-Print

& wT int rezl calc diff %z diff L
%222%21122%2%111111111ﬁ1a11111111?111ﬁ111111111d11111?11111111111313J.
WALLS9AL L 3% 157 0.0013 0.0013 -0.0000  ~0.4485
Wo_1000_ 1 13 209 0.0040 0.0039 0.0001 1.5231
Wal000a8 1 5 327 0.0100 0.0101 ~0.0001  —1.0869
55 6201 1 5 345 0.0110 0.0110  —0.0000 *0-4425
WBLOO0AR 1 1 797 0. 0360 O.0356 0.0004 1.0639
$56061FY 1L i 1L06E 0.0510 0.0512  —-0.000Z  —0.3180

s average difference = 0,.0001 2

=
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pIud 20 gedEgeEs uweringineBsiuresadavserg i daiansunrsguaessn

VIBDILA

CURYE CALCULATION IN CURVE FILE : TIS71S
Element @ Cu Wavelength : 3273.
VRN e v v 0 R R e v e T e T R s e T e e s e T R e A s s R 2 s R 2 R e s [ I e I R R B B e T R e s s e e e e e R e B B s M R e R

Fa-Print

Sample shaps wf int real calc diff % diff
R I I I I I I i it le 10 e b T e e e o'l 0 o v 2 o v T R e o R e v ' B R D e o e 2 D R R o o B R o B v e B B R B B B R S B B
Wallesal 1 z82 130 0.0011 0. 0009 ¢.00D02 154962
Wh_1000_ 1 78 Z05 C.0040 0.00356 0.0004 10.2456
43z 1 31 391 0.0100 0.0102 -0 .0002 —~Z2.2832
WARLODOAB 1 28 92 C.011G 0.0103 0. 0007 54393
G3000B5 1 15 4662 0.0zZ00 0.0199 0.0001 0.3231
S5 6201 1 10 1038 0.0320 0.0333 -0.0013 -4.1835
WB1O00AR 1 g 1125 0.0350 C.Q365 -0 .0005 -1.2624
QG336 1 7 1541 0.0470 0.0513 ~0.0043 -5 .1543
P4%g 1 4 2550 0.0830 0.0874 ~0.0044 ~5_2444
G3I000E4 1 3 3138 0.1000 0.1083 -0.0083 -8.3318
WEZ004a8 1 3 238 0.1000 0.1119% -0.011%9 -—11.8543
HIO0OEB3 1 V4 5112 0. 14600 0.1789 -0.0189 ~-11.78&%
F440 1 Z 5454 0.2000 0.1%11 L0089 4.44688
WB _J003Y 1 Z - 5597 0. 2000 0.1962 0.0038 1.9188
G3000B2 L 1 6213 0.2200 D.2181 0.001% O.8430
GEQ00_B1 1 1 652 0.2400 0.2338 0.C0&2 Z2.54634
GOS_HZ 1 1 T731 0.2600 C.2724 -0.0124 -4, 7655
Ss60&61FY 1 1 7619 0.3000 C.2684 0.0316 "10.5430
GO5_H1 1 1 8316 0.3100  0.2933 0.0167 5.3957
% average difference = 0.0070 %

ax

o IV o 3 = e A gy
A198Y. 21 @@')ﬁ@’ﬂ"l\?@@ LL@z'Jﬁmq‘ﬂ"hﬂ@\'iTUT’BQT@QIﬂ“;‘Bz@NLHHNWI‘H&?"I\TH?WT‘JNWW?Equﬂl'ﬂ'ﬂﬁq@
&any

CURVE CALCULATION IN CURVE FILE : TIS71S
Element @ Zn wWavelength : 3345.
1117111111111111ﬁ1111111111117111?11???131?1171171?111ﬁ???ﬁﬁ????????ﬁﬁf

Fd~Print

Sample shape Wt int real calc diff % Jdiff
AT NI I I I I I I I I I IIYINIAANNNAARNRa0
WR1199A4a0 1 75 394 0.001%2 0.0010 0.0002 14,1317

‘WO _1000_ 1 23 456 0.0040 0D.0046 -0.0006 -16.0688
GIODOBEZ 1 5 727 0.0200 Q.0Z202Z -Q.0002 ~0.7561]
WB_3003Y 1 4 7546 0.0220 0.0217 0.00Q3% 1.3931
WEBE1000AE 1 2z 1075 0. 0400 - 0.03%90 0.0010 2.5876
SEE061FY 1 1 1899 Q.0720 0.07%96 ~0.0006 -0 .7664
GEROOO_BEI 1 1 z12%8 0. 0200 0.0899 0.0001 0.1447

% pverage difference = 0.0004 %



CUBVE PLOT FOR ELEHENT Si

2081 / AlAR 2067.

IH CURE SET TITHS

Int. Degree © 2 Maltrix correction ¢ NO
Conc. fioe diff @ D.00433 }:_ fict pnts; 9 Curve in ¢ %
6. 300000
n -
0.000E+00, 4 j—7
B:- 4
| 4
2.48¢E-11 (
C: C ¥
rd
1.377E-050 z
4
D = N /1
o rd
-6.974E-03/ C S
IEC Mo K //
IEC Mo A= 7(
BEC % = /‘
e &
AU »-"’
0. 000000 M
) INTENSITY --) 37000
211 1 NIMHNASTINTBISBTRADY
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CURUE PLOT FOR ELEMENT Fe 2739, / A1R 2567. IN CURVE SET TIS7L5
int. Degres 2 Matriz correction : M

Conc. ! fve diff | 0.00373 7 fet pnts: 10 lQurve in i X

BEL %z /,f‘
0.0078 !
__ b.oomg, A~

0. 500000 f’
o ' INENSTTY —-) . - 20000

'
=

21171 2 ns MR IULBIS AN

T



CURUE PLOT FOR ELEXENT Mo 2933 / AsR 2567, IN CURVE SET TIS715

Int, Dogres | 2 Matriv sorrection |

Cpwr 1 =y I )

Conc, | Fh)e diff : G.D0D1Y % Act pritsy &  Curve in !

¥

“

/

/

#

e
g
=

0.006k
wome | | N

o INTERSITY )

1300

o -
317 3 NPIANIATFIUIDIB I HINUR
— 48 3



CURVE PLOT FOR ELEMEMT Cu 3273, 7/ AlsA 2567. IN CURUE SET TIS71S

Int, 7 Degree ; 1 Hatrix correction : WO
Lo, | fwve diff : 0.D0898 % fct pnts: 19 Curve in !
0. 400000
A= |
0. 00E409! §
# P
! /
0. DODEDD ¢ y
C z C /w{
3,571E-85/ D it
' A
b= K ’ : ,/t
-3.7246-03 € '
Vil
d
y
6
| i
BEC % = 1~
0.0038
0. 600000 "f
il TRTERSITY — $300

]
-

11 4 NI IRTFIUIBIEINBIUAY

L e



CURVE PLOT FOR ELEMENT Zn 3345, /7 A1¥R 2567. [N CUBVE SET TISI5
Int. Degres © 2 Matrix correction ! M

Conc, ! fve diff : 0.00043 7 fct pnts: 1 Curve in | A

0.1060000 | /

7
rd

A= ’/
IREL L]

=]
by

L] = [~} I
.,

IECH K& - '/

1
0. 000030 | £ | 1 1 1 |
L ]

0 INTENRITY --) 2300

2107 5 nevipIgITaE RNz

R
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menh 23 mslszifluArmanliviueusinnisAneianudniuressigainnsmniasguuay

N WFUDIIBIAIATALLINE 109519 FAAEN

fARDU(SI) ; aunsifunnnas (Regression equation) Aa
2.486x10" IR+ 1.377x10°(IR)-6.974x10°
ATAUUSUA A19N Ardle " " AR AN
Tufures | medwan | Y YT iiend | iwive
(y;) ) laan | anmsgu
i) Tususas
WA-1199-AL 0.0023 0.0024 -0.0001 0.00000001 - -
WD-1000-M 0.0036 0.0035 0.0000 0.0000 . .
WB-1000 AB 0.0980 0.0042 0.0038 0.00001444 0.005 0.0025
WA-1000 AB 0.1000 0.0047 0.0053|  0.00002809 - -
WB-3003Y 0.1500 0.16538 -0.0038 0.00001444 0.008 0.003
G3000B3 0.2700 0.2781 -0.0081 0.00006561 0.008 0.004
G05 H1 0.6200 0.6105 0.0085 0.00009025 0.048 0.024
$5-6061 FY 0.6400 0.6466 -0.0066|  0.00004356 0.02 0.01
$8-6201-G 0.7600 0.7582 0.0018 0.00000324 0.0 0.0
Sy/x or U, 0.00322267

wnamg - AAraliwinaunesg i inainAtaiduiue i lFnluiusaansdie 2
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Al el 1 i 1 Q
aef 24 nasdszfiuArannlliveuanmsarwasnenidndueeisgainnsminnsg ez

AN WFUIIMBIFIPAULTUN LBIBIFNEN

gaunmsidunmnas (Regression equation) A
6.801x10 °(IR)*+ 3.807x10°(IR)-7.702x10°

ANALLTURA AR7N AdTlA " ~ | Al AH
Tiuses | nedwam| i iV YY) iiveud | Biwueu
(y;) " lasn | wesgiu
i) Twfuses
WA-1199-AL 0.0015 0.0015 0.0000 0.00C0 - -
WD-1000-M 0.0040 0.0042 -0.0002|  0.00000004 - -
WB-1000 AB 0.1000 0.1023 -0.0023 0.00000529 0.005 0.0025
WA-1000 AB 0.1100 0.1054 0.0046|  0.00002116 - -
88-6201-G 0.2500 0.2483 0.0017 0.00000289 - -
WB-3003Y 0.3100 0.3075 0.0025|  0.00000625 0.01 0.005
55-6061 FY 0.3500 0.3562 -0.0062|  0.00003844 0.02 0.01
(3000 B2 0.4000 0.4062 -0.0062 0.00003844 0.006 0.003
WA 3004 AB 0.6000 0.56878 0.0122 0.00014884 0.02 0.01
G3000 B4 0.8800 0.8813 -0.0013|  0.00000169 0.031 0.0155
SyfxarU_, 0.003065

vanamg : A ldiniueunmsgu anamaarilivniveuiifainlufuseansdian 2
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-J = 1 ' t e
A199f 25 netrsdfivAraanuli Ls.uuﬂumnmsmmmm'mL-ﬁu'i’wmﬁ'wﬁ'mﬂiﬂﬂm RIFIUUGT

AN FLIRITRIFIARULIUA TRI8IEVBIUAN

NRUA (Cu) ; aun1sidunmanas (Regression equation) AR
1.667x10°(IR)*+ 2.428x10°(IR)+6.444x10°
AALUTUR A79N AL " L AN
Tusmes | msdmam | YD Y aiieudt | Liwiuen
(y;) ) e | ey
i) Tufusas
WB-1000 AB 0.0360 0.0359 0.0001|  0.00000001 0.002 0.001
(G3000 B4 0.1000 0.0990 0.0010 0.000001 0.005 0.0025
WA-3004 AB 0.1000 0.1025 -0.0025 0.00000625 0.005 0.0025
WB -3003 Y 0.2000 0.1946 0.0054 0.00002916 0.008 0.004
(G3000 B2 0.2200 0.2216 -0.00186 0.00000256 0.006 0.003
(3000 B1 0.2400 0.2417 -0.0017|  0.00000289 0.008 0.004
Sylxor\U,, 0.00161768

, — : —
wEe : AAoHlwiveuRsg I NanAtea liwiueuRliannlufuseannsdine 2

4 o 1] ! { &
AN 26 N13Ussiiuan ﬂ')’!Nvl.NLLUU’E]WQ"INH’]TF]"M’JNFI’J’INL'il’N'iu’ﬂ'ENﬁ'lL‘ﬁ’mﬂi‘"MN’! ATEIUURS

AN UFUTAIIBIFIARULIUR 29E9UNINUA

wIn"iid (Mn) ; samsidunanas (Regression equation) Ad
4.073x10°(IR)*+ 4.974x10°(IR)-6.613x10°
ATALLTUA AN it " “ L Amma AN
lufuses | nsAuam i -y i - ) Livduaud | liviusy
(y)) ( ; : ldan | wmsgu
' lususas
WA-1199-AL 0.0013 0.0013 0.0000 0.00000000 - -
WD-1000-M 0.0040 0.0039 0.0001 0.00000C01 - -
WA-1000 AB 0.0100 0.0101 -0.0001]  0.00000001 0.001 0.0005
§85-6201-G 0.0110 0.0110 0.0000 0.00000000 - -
WB-1000 AB 0.0360 0.0356 0.0004|  0.00000016 0.002 0.001
$5-6061 FY 0.0510 0.0512 -0.0002|  0.00000004 0.003 0.0015
Sylxor U 0.00011726

) 1 1] ) 1 ] ‘4 - 1
e : Aveediduiuauansg sanaaslniueufldannlufussamnedig 2
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A131efl 27 mistsmfiudranaliiuiueuannesdnnaradadureisinannemimeguuas

anluiuresaesiAfuusus 9aenadansd

faned(Zn) ; aumaduamnay (Regression equation) Aa
-4.234x10°(IRY'+ 6.192x10°(IR)-2.272x10
ATALUTUA AN ity " S| Amnw AT
Wwiuses | msdmon | Y | O et | Liwsiuey
) 3 laan | wesgu
(i) Tufusas
WA-1199-AL 0.0012 0.0010 0.0002{  0.00000004 - -
WD-1000-M 0.0040 0.0046 -0.0006|  0.00000036 - -
G3000 B2 0.0200 0.0202 -0.0002]  0.00000004 0.0 0.0
WB-3003 Y 0.0220 0.0217 0.0003|  0.00000009 0.001 0.0005
WB-1000 AB 0.0400 0.0390 0.001 0.000001 0.002 0.001
$S-6061 FY 0.0790 0.0796 -0.0006|  0.00000036 0.004 0.002
G3000 B1 0.0900 0.0899 0.0001]  0.00000001 0.005 0.0025
Sy or U, 0.00031623

vy - AvarniiuiuenAsg e ianAaaliviueuildanlufuseansdan 2
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L 1 1 = as 1 d o y III
MANUIN 4, AHANRUSTENING ANBIANBATE, V, AL ANt ATediuaadesiy 95 %

v, 1 2 3 4 5 8 7 8 ol 10| 11l 12
t 1271 430 | 318 | 2.78 | 257 | 245 | 2.36 | 231 | 226 | 223 | 220 | 2.18
V., 14| 16| 18| 20| 25| 30| 35| 40| 45| 50| 00|
t 214 212 | 210| 2.09] 2.06 | 204 | 203 | 202 | 201 | 201 ] 198 ] 196

o1
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DETERMINATION OF MANGANESE, COPPER, IRON, SILICON AND ZINC IN ALUMINIUM AND

ALUMINIUM ALLOY 1100 BY SPARK EMISSION SPECTROMETER

Warning and safety precaution

- The Spark Emission Spectrometer utilizes electrical voitages and currents which can
be harmful, precaution must be taken. The RF ground is strongly recommended. Connect the
ground to the spectrometer ground stud with copper wire rod.

- Containers of argon gas should be secured to the building structure.
0. Introduction

The aluminium alloy for making license ptates is aluminium alloy No 1100. According to

TIS 715-1987, specification of this alloy is

Aluminium, % minimum 99.0
Silicon and iron, % maximum 1.00
Zinc, % maximum 0.10
Manganese, % maximum 0.05
Copper, % 0.05-0.20

Aluminium is calculated on percentage by subtraction the amount of 15 elements
namely silicon, iron, copper, manganese, zinc, magnesium, lead, nickel, bismuth, chromium, tin,
titanium, vanadium, beryllium, and boron from 100. The 15 elements are simultaneously
determined by using Spark Emission Spectrometer.

1.0 Scope and field of application

1.1 This method is applicable to the simultaneous determination of 5 elements such as
silicon, iron, zinc, manganese, and copper in aluminium alloy for making license plates by using
Spark Emission Spectrometer.

1.2 The analytical range of this method is

Siticon, % 0.0035-0.76
Iron, % 0.004 - 0.88
Zinc, % 0.004 - 0.09
Manganese, % 0.004 - 0.051

Copper, % 0.036 -0.24
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1.3 This method covers analysis of specimens having smooth flat surface with the
dimensions, width x iength, not less than 1 x 1 cm and thickness not less than 0.08 cm.
2.0 References

2.1 ASTM E 1251-1994 (Reapproved 1999) : Standard Test Method for Optical Emission
Spectrometric Analysis of Aluminum Alloys by the Argon Atmosphere, Point-to-Plan, Unipolar
Self-Initiating Capacitor Discharge.

2.2 ASTM E 227-1990 (Reapproved 1996) ; Standard Test Method for Optical Emission
Spectrometric Analysis of Aluminum and Aluminum Alloys by the Point-to-Plan Technique.
3.0 Definitions

3.1 Profile : To align the image of the entrance slit to achieve maximum intensity at the
exit slits by using mercury lamp.

3.2 Spark : A series of electrical discharges, each of which is oscillatory and has a
comparatively high maximum instantaneous current resulting from the breakdown of the
analytical gap or the auxiliary gap, or both, by electrical energy stored at high voitage in
capacitors. Each discharge is self-initiated and is extinguished when the voltage across the
gap, or gaps, is no longer sufficient to maintain it.

3.3 Calibrant : A reference material used for a calibration

3.4 Standardant : A reference material used for standardization

3.5 Verifier : A certified reference material used to determine whether standardization is
required.

3.6 Standardization : The procedure used to verify or adjust instrumental response to
conform tc the analytical curve established during calibration. There are two types of
standardization.

3.6.1 Two point standardization : Adjustment of a gain control of a channel for an
individual spectral line in a manner that reproduces the readings that the high and low
standardants displayed during the collection of calibration data. In computer applications,
correction is done mathematically by applying a slope and intercept correction, that is a
muitiplication to correct the amount of difference between the high and low standardant
readings followed by the addition or subtraction of a constant to finally restore readings to

expected values.
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3.6.2 Single point standardization : Adjustment of a channel for an individual spectra
line using a single standardant. Usually the single standardant is a high reference material used
to set the gain. If the analytical interest is just in low concentrations near the detection limit, a
low standardant is used and either a gain or a background control may be adjusted.

4.0 Principle

The atoms of element are excited in the gap between a pair of electrodes, passage of
electricity from the electrodes through the gap provides the necessary energy to atomize the
sample and excite the resulting atoms to higher electronic states. When the excited atoms
return to the ground states, the electromagnetic radiation is emitted. This radiation is dispersed
by a grating. It emerges as a light spectrum having a pattern determination by the structure of
the atoms that have been excited. By this reason, each element can be identified by its
characteristic spectrum.

In guantitative analysis, line brightness represents element concentration in the
specimen. It is converted from radiant energy into electrical current by a suitable photodetector.
The electrical signal at the output of the detector is processed and displayed on a readout
device,

5.0 Materials

- Certified Reference Materials (CRMs) No SS-6061 FY, SS-6201-G, WA-1000 AB, WA-
1199-AL, WA-3004 AB, WB-1000 AB, WB-3003 Y and WD-1000-M.

- Reference Materials (RMs) No G3000 B1, G3000 B2, G3000 B3, G3000 B4, G05 H1
and 9438.

- Argon gas, purity 99.937% min
6.0 Apparatus

6.1 Spark Emission Spectrometer ( Model DV 4)

6.2 Lathe

6.3 Temperature & Humidity Recorder

6.4 Electronic Dry Cabinet

6.5 GE Dehumidifier
7.0 Samples

The sample(s) shouid be free from voids and pits, having smooth flat surface with the

dimensions, width x length, not less than 1 x 1 ¢cm and thickness not iess than 0.08 cm.
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8.0 Procedure
8.1 Prepare CRMs, RMs and sampiles (see instruction manual of lathe).
8.2 Instrument operaticn (see CD.I1.IM.AE.01)
8.2.1 Switch on all the parts of the system in correct orders.
8.2.2 Warm up the system for at least 4 hours.
B.2.3 Check whether that the environment of the instrument is in required condition.

8.2.3.1 Maximum relative humidity of 60 % RH

8.2.3.2 Temperature at 22 £2.8°C
8.3 Profile the mercury lamp (see CD.11.IM.AE.Q1).
8.4 Standardization {see CD.I1.IM.AE.01)

In this method, two point standardization is used.

8.4.1 Standardization is run by using these standardants : WA-1000 AB, WD-1000-
M, WA-1199-AL, WB-3003 Y, WB-1000 AB, SS-6201-G, 9438, SS-6061 FY and G3000 B2,
respectively.

8.4.2 Burn these specimens at least 4 times each, reject the first one in order to
make sure that the system is saturated with argon gas.

8.4.3 The result of analysis should be the average of 3 burns determination. A burn
produces a really abnormal internal standard count or a bad burn that having a silvery rather
than a blackish ring
surrounding the pitted area should be eliminated. When a burn is rejected, it may be replaced
with another burn in order to maintain the normal number of burns to be averaged.

8.4.4 Print the results directly from computer readout.

The standardization must be done before analysis of sample.

8.5 Verify the calibration curve

8.5.1 Run the verifier, CRM No WB-1000 AB, in the same manner as sieps 8.4.2 to
8.4.4,

The verification must be done after standardization and every 10 samples.
8.6 Analyze the sample(s).

8.6.1 The sample(s) is analyzed in the same manner as steps 8.4.2 to 8.4.4.
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NOTE : The analysed samples shall be kept for 6 months, after that they shall be put in the
recycle bin of the public service.
9.0 Expression of results
9.1 Calculation
The results are printed directly from computer readout.
9.2 Estimation of uncertainty
The uncertainty can be quantified by following step
9.2.1 Specify measurand |
% concentration = B(IR)2 +C(R) +D
Where B, C and D are fitted constants and IR is the intensity ratio of the line for the
element to the line for the matrix element.
9.2.2 Identify uncertainty sources
Typical sources of uncertainty are
9.2.2.1 Repeatability; U,
9.2.2.2 The estimation uncertainty from analysis certificate of calibrants; U__,
9.2.2.3 Calculation of the analyte concentration or calibration uncertainty, U_,
9.2.3 Quantify uncertainty components
All the components of uncertainty that are expected to have a signification are then
quantified.
9.2.3.1 Repeatability; U,

The standard deviation of mean of 3 burns determination is used.

standard deviation
So U =
' V3
Standard deviation is printed directly from computer readout.
9.2.3.2 The estimation uncertainty from analysis certificate of calibrants; U__,
When the calibration graph has been established the analyte concentration in any test
sample can be obtained by interpolation. The result lies between two adjacent calibrants of the
calibration curve, uncertainty of a calibrant, which is greater, is taken into this account. If the
result lies between two calibrants which uncertainties did not express on analysis certificate,
uncertainty of next calibration is used (See Annex 4).

9.2.3.3 Calculation of the analyte concentration or calibration uncertainty; U,
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The standard deviation of the vertical distances of the points from the line is calculated by

yix

When S, is the standard deviation of the vertical distances of the points from the line or

standard deviation of residue

Y; = real vaiue
¥, = the point on the calculated regression line (calculated
value)
ory,- ¥, = y- residue
n = the number of measurements for the calibration curve

S, s adopted for U, (See annex 4).
9.2.4 Calculation of combined standard uncertainty

The standard uncertainties from 9.2.3 are combined by

. - \/Urz +U§ert +Uc2:al
8.2.5 Calculation of the expanded uncertainty
This step provides a confidence interval within which the value of measurand is
expected to lie. The expanded uncertainty is obtained by multiplying the combined standard
uncertainty by a coverage factor, k, which assumes that the normal distribution of the
measurement result. However, since the combined standard uncertainty is obtained by
combining different types of distribution, it is more correct to use the t tabulated value for the

confidence level chosen and the effective degree of freedom, V4, is calculated by

4
v 3 ug _ 2ug
eff B 4 4 4 B 4
U U u U
he cert+ cal r
2 0 oC

Having obtained a value for V,,, the t-distribution table is used to find a value of t (see
Annex 5). This yields the value for k. The expanded uncertainties are calculated at 95%
confidence level.

9.3 Method validation

9.3.1 Accuracy and precision
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The foilowing standard materials listed below are the low, medium and high

samples to check accuracy and precision,

concentration calibrants (LCC, MCC and HCC) for each element. These calibrants are used as

Element Calibrants

Low Medium High
Silicon WD-1000-M (G3000 B3 $8-6201-G
iron WD-1000-M WB-3003 Y G3000 B4
Copper WB-1000 AB WB-3003 Y G3000 B1
Manganese WD-1000-M WB-1000 AB 88-6061 FY
Zinc WD-1000-M WB-1000 AB (3000 B1

The average and the relative standard deviation (RSD) of concentration of each
element in these specimens are calculated from 10 burn replicates.

9.3.1.1 Accuracy

The average result of any interested element must be fall within the certified

interval of the analysis certificate, if available. If the certificate is not stated uncertainty, calculate

relative accuracy. Relative accuracy must be 100 £ 20% (see Annex 1-3).

experimental value

Relative accuracy, % = X 100
certified value

9.3.1.2 Precision
The RSD of concentration of each element in these calibrants should not exceed the

recommended RSD which are shown below (see Annex 1).

Concentration range, % Relative standard deviation (RSD), %

Less than 0,005 15.0
0.005 - 0.0099 10.0
0.01-0.1 50

More than 0.1 3.0
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9.4 Verification
9.4.1 Accuracy
9.4.1.1 The average result of any interested eiement is reliable when it falls
within the certified interval of the analysis certificate of verifier. The certified intervals of the

analysis certificates of CRM No WB-1000 AB are shown below.

Element Certified interval, %
Lower Higher
Silicon 0.093 0.103
Iron 0.095 0.105
Copper 0.034 0.038
Manganese 0.034 0.038
Zinc 0.038 0.042

9.4.1.2 If any result falls outside the certified intervals, determine why the
instrument is malfunctioning and run the verifier again. If the result is stili outside the certified
interval, run ancther standardization.
9.4.2 Precision
The RSD of concentration of each element in the verifier should not exceed the

accepted RSD which are shown below.

Concentration range, % Relative standard deviation (RSD), %
0.01-0.1 5.0
More than 0.1 3.0

9.5 Quality control
9.5.1 Repeatability of the instrument
The RSD of intensities of each element in each standardant should not
exceed 2.0 %.
9.5.2 Internal quality control

The verifier is also used in internal quality control.
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9.5.3 Analysis of replicate
The RSD of concentration of each element in sample should not exceed the
recommended RSD which are shown in €.3.1.2.
10.0 Test report

10.1 The results are expressed as percentage of elements as follow.

Concentration range, % Decimal place
0.003 - 0.099 3
More than 0.089 2

10.2 Estimation of the uncertainty is reported if clients requested. The expanded
uncertainties are reported at 95% confidence limit with cne more decimal place than the results
(10.1).

11.0 Bibliography

11.1 Baird Arc/Spark Software Manual. Divisions of Thermo Instruments Systems, Baird
Themo Jarrell Ash Corporation., 1995.

11.2 Spectrovac (mode! DV-4) Direct Reading Optical Emission Spectrometer. Revision A.
Spectrochemical Equipment Division, Baird Corporation., 1984.

11.3 AS 3641.1-1989 : Recommended Practice for Atomic Emission Spectrometric
Analysis.

11.4 TIS 715-1987 : Standard for Reflective Plates for Making License Plates.

11.5 EURACHEM/CITAC Guide Quantifying Uncertainty in Analytical Measurement.
2" ed. QUAM :2000.P1.

11.6 TRAC special issue on ; Metrology in Chemistry Vol 18,1999

11.7 Miller, J. C. and Miller, J. N. Statistic for Analytical Chemistry. Chichester : Ellis
Horwood, 4" ed. 2000,
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Annex 2. Reiative accuracy

63

Element CRM/RM Certified value Experimental value | Relative accuracy,
No %
Silicon WD-1000-M (LCC) 0.0035 0.0037 105.71
G3000 B3 (MCC) 0.27 0.2676 99.11
88-6201-G (HCC) 0.76 0.7534 99.13
iron WD-1000-M (LCC) 0.004 0.0044 110.00
WB-3003 Y (MCC) 0.31 0.3090 99.68
G3000 B4 (HCC) 0.88 0.8854 100.81
Copper WB-1000 AB(LCC) 0.036 0.0361 100.28
WB-3003Y(MCC) 0.20 0.1948 97.40
G3000 B1 (HCC) 0.24 0.2427 101.13
Manganese WD-1000-M(LCC) 0.004 0.0040 100.00
WB-1000 AB(MCC) 0.036 0.0352 97.78
§S-6061 FY (HCC) 0.051 0.0513 100.59
Zinc WD-1000-M {LCC) 0.004 0.0041 102.50
WB-1000 AB (MCC) 0.040 0.0380 95.00
G3000 B1 (HCC) 0.09 0.0888 98.67




Annex 3. Accurate intervals and certified intervals.
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Element CRM/RM Accurate intervals,% Certified intervais,%
No Lower Higher Lower Higher

Silicon WD-1000-M (LCC) 0.0028 0.0042 - -
G3000 B3 (MCC) - - 0.262 0.278
§58-6201-G (HCC) 0.608 0912 - -

fron WD-1000-M (LCC) 0.0032 0.0048 - -
WB-3003 Y (MCC) - - 0.30 0.32
G3000 B4 (HCC) - - 0.849 0.911

Copper WB-1000 AB (LCC) - - 0.034 0.038

H‘WB-BOOBY(MCC) - - 0.192 0.208

G3000 B1 (HCC) - - 0.232 0.248

Manganese WD-1000-M(LCC) 0.0032 0.0048 - -
WB-1000 AB(MCC) - - 0.034 0.038
§5-6061 FY (HCC) - - 0.048 0.054

Zinc WD-1000-M (LCC) 0.0032 0.0048 - -
WB-1000 AB (MCC) - - 0.038 0.042
(3000 B1 (HCC) - - 0085 0.095

Note : Accurate intervals are + 20 % from certificate.

Certified intervals are £ 2 standard deviation from certificate.



Annex 4. Calibration uncertainty and estimated uncertainty (k = 2)

Si : Regression equation : 2.486x10 ™ (IR)*+ 1.377x10°(IR)-6.974x10"

65

A

Calibrant Real value Calculat:ed (i -y (y; - yi)z Estimated Standard

(v;) value (y,) uncertainty| uncertainty
WA-1199-AL 0.0023 0.0024 -0.0001| 0.00600001 - -
WD-1000-M 0.0035 0.0035 0.0000 0.0000 - -
WB-1000 AB 0.0980 0.0942 0.0038} 0.00001444 0.005 0.0025
WA-1000 AB 0.1000 0.0047 0.0053| 0.00002809 - -
WB-3003 Y 0.1500 0.1638 -0.0038| 0.00001444 0.006 0.003
G3000B3 0.2700 0.2781 -0.0081( 0.00006561 0.008 0.004
G05 H1 0.6200 0.6105 0.0095| 0.00009025 0.048 0.024
$8-6061 FY 0.6400 0.6466 -0.0066| 0.00004356 0.02 0.01
88-6201-G 0.7600 0.7582 0.0018] 0.00000324 0.0 0.0

Sy/xor U, | 0.00322267
Fe ; Regression equation : 6.801x10™°(IR)*+ 3.807x10™°(IR)-7.702x10”

Calibrant Real value CaIcuIatfzd (v - ;i) (y; - ;i)z Estimated Standard

{y;) value (y:) uncertainty|  uncertainty
WA-1199-AL 0.0015 0.0015 0.0000 0.0000 - -
WD-1000-M 0.0040 0.0042 -0.0002| 0.00000004 - -
WB-1000 AB 0.1000 0.1023 -0.0023| 0.00000529 0.005 0.0025
WA-1000 AB 0.1100 0.1054 0.0046{ 0.00002116 - -
55-6201-G 0.2500 0.2483 0.0017} 0.00000289 - -
WB-3003Y 0.3100 0.3075 0.0025| 0.00000625 0.01 0.005
85-6061 FY 0.3500 0.3562 -0.0062| 0.00003844 0.02 0.01
(G3000 B2 0.4000 0.4062 -0.0062| 0.00003844 0.006 0.003
WA 3004 AB 0.6000 0.5878 0.0122]| 0.00014884 0.02 0.01
G3000 B4 0.8800 0.8813 -0.0013] 0.00000169 0.031 0.0155

Sy/x or U, 0.003065




Cu ; Regression equation : 1.667x10°(IRY’+ 2.428x10°(IR)+6.444x10™
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Calibrant Real value Calculat:ad (y, - ;j) (y, - ;i)z Estimated Standard
(y;) value (y;) uncertainty| uncertainty
WB-1000 AB 0.0360 0.0359 0.0001| 0.00000001 0.002 0.001
G3000 B4 0.1000 0.0990 0.0010;  0.000001 0.005 0.0025
WA-3004 AB 0.1000 0.1025 -0.0025( 0.00000625 0.005 0.0025
WB -3003 Y 0.2000 0.1946 0.0054] 0.00002916 0.008 0.004
G3000 B2 0.2200 0.2216 -0.0016| 0.00000256 0.006 0.003
G3000 B1 0.2400 0.2417 -0.0017| 0.00000289 0.008 0.004

Sy/xor U, | 0.00161768

Mn ; Regression equation : 4.073x10°(IR)*+ 4.974x10°(IR)-6.613x10"

Calibrant Real value CaIculatAed (y; - ;’i) (y; - ;i)z Estimated Standard
(y;) value (y;) uncertainty] uncertainty
WA-1199-AL 0.0013 0.0013 0.0000( 0.00000000 - -
WD-1000-M 0.0040 0.0039 0.0001| 0.00000001 - -
WA-1000 AB 0.0100 0.0101 -0.0001} 0.00000001 0.001 0.0005
$S-6201-G 0.0110 0.0110 0.0000| 0.00000000 - -
WB-1000 AB 0.0360 0.0356 0.0004| 0.00000016 0.002 0.001
SS-6061 FY 0.0510 0.0512 -0.0002| 0.00000004 0.003 0.0015

Syixor U, [0.00011726




Zn ; Regression equation : -4.234x10°(IR)*+ 6.192x10°(IR)-2.272x10”

67

Calibrant Real value| Calculated ) "2 Estimated Standard
N vi -y (y; -y)
(y,) value (y;) uncertainty] uncertainty
WA-1199-AL 0.0012 0.0010 0.0002| 0.00000004 - -
WD-1000-M 0.0040 0.0046 -0.0006| 0.00000036 - -
(G3000 B2 0.0200 0.0202 -0.0002| 0.00000004 0.0 0.0
WB-3003 Y 0.0220 0.0217 0.0003| 0.00000009 0.001 0.0005
WB-1000 AB 0.0400 0.0390 0.001]  0.000001 0.002 0.001
$S-6061 FY 0.0790 0.0796 -0.0006| 0.00000036 0.004 0.002
G3000 B1 0.0900 0.0899 0.0001| 0.00000001 0.005 0.0025
Sy/xor U, | 0.00031623
Annex 5. The relationship between Vand t value at 95 % confidence level
Ve 1 2 3 4 5 6 7 8 9 10 11 12
Valueoft | 12.71|4.30|3.18| 278 | 257 | 245 236| 231 226| 223| 220|218
Ve 14| 16| 18| 20 25 30 35 40 45 50| 100}
Valueoft | 214 |212(210]209| 206| 2.04| 203| 202]| 201| 201 | 198|196
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