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Iron Copper Manganese Zinc

Concentration of 2,5,7,10 ,2,3,5 1,2,3,5 0.2,0.5,0.7,

standard solution, mg/L 1.0

Lamp current, mA 5 4 5 5

Flame type Air/Acetylene Air/Acetylene | Air/Acetylene | Air/Acetylene

Flame stoichiometry Oxidizing Oxidizing Oxidizing Oxidizing

Wavelength, nm 248.3 3247 279.5 213.9

Slit width, nm 0.2 .5 0.2 1.0
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1) PSunadounz
FANDUY 0.144-0.156
d i
wan 0.30-0.32
NOIWLAY 0.192-0.208
N1 e 1.50-1.58
danzd 0.021-0.023

annumoedsudu llawdmdisavuniasgpududing awaisisi 3 lude
3.3.2.1.(1)

(3) MIAIVAUYUATN (Quality Control)

Ty { @ a o 3 ., ia
mmurﬁuu‘uummgmfmw'nﬁm1a~1mmnm'ﬁ'ummum (Intensities) AR IUIUDIN

5NN 519 Iuns 15 lavzezglifiondreds uazTanzesgiidloniuses lumsie
L4
uaua1ia laws¥u (Standardzation) v8a1ve 5 s1adealuifuiosas 20 Tansz
ovgiiflonidauanaiialamdy Usznoudio WA-1199 AL, WD-1000 M, WA-
3004 AB, WB-3003 Y, WB-1000 AB, $5-6201 G, SS-6061 FY, G 3000B4 iing 9438)
HamsnugeuaNuuuazaiiva Tas Tavzezqitioniuses we-3003 Y 19
o add dy!/

Wudmuquaunmwnoluvesitmsiidae

] = o o o = ] o ] v A
dauflsaunasgiuduinivesSuamnaang ludedsdoaiiullmumed 3
Tude332.1.(1)

i ed L

@ '] 4 i d [} \:’: 34 o d
33.22 favuenmisduaiihotdos Wy Tusoumsudeiiety nsdamny vu

)
<2 -~

fhedaedn nwsoudiete mnhysinpunsedlonniniesiinoides
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Tdsunsumsaeudemaioadie awuzilunmsldwsesie 1Usunsy
4 o = ¢ A e -]
MINANBUANUANNIDVBIRRIMIIN T HINDAT1aouIn sz dnt
MWARDITNUAND “a
w e o V-]
3.3.2.3 IR MUUWDITU (Work Sheet) TUT1097UHE (Test Report) iag luiiudinde
yasznnaiimsinsizd

Ed
o t

33.24 Minenuesdesianunnzidetddnvasdetialigades dullamn

ANudvIMsvesgnAuazdosteandomudesmuadoy

333 psnaasuAIINEIUIY
WA unaga AN EIUIY (Proficiency Testing) IUNATA (National
Association of Testing Authorities,Australia) ﬂ?«i‘lum AnsurerAvesdsemaenmanidy nisidh
wlufnssunameundus g sﬁaﬁnmauﬂszﬁﬂEmwuazmmuﬂuﬂmvﬁmﬂzﬁ %
TnsruasindoeileRldlumsdnsed wdnbweildninnisdhsnmeaenanusniginliu
ﬂquﬂmmwmmmﬁmﬂ:ﬁ’ﬂlﬁﬁﬂmmwﬁﬁaﬁu
iTyuﬁau‘lumm’fﬁ'a:ﬂuﬁnﬂsiwﬂﬁaumma‘hmm
- udmlszaadiidhiwnsnaaeu

Himstnsizimeluszezonafinimua

danamsinaerindulude NATA

NATA s10aunansnaaeundunmenfvagnauazdeuuzii
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UnN 4

HAMIAUHHOIY

4.1 wamsiulSaumenisnaaeusia 2 38

manffouisudiondnnnada Iaold ttest uaz Ftest wumanisnaaay ey

]
2 Ly =

unandnfuediisdf NseduanuFedudasay 95 deyavewanisulSouivuSinaasy

o

AUNANUIN 1

4.2 wansdamgiiemalianzvuazmsaiugueaan
msdiunsmugugmammsnadeuluies§iAnsT 3 funeude
- Madadiotesgiidion
- 5umaun1sﬂﬂﬁauiuﬁmﬂﬁﬁﬁmi
- MIAILAUAUNINNTNATOY
4.2.1.M3daA78090gliHuY
42.1.1 #esfiAmsdmualiflduimsdeiiedaesgiiiousznmn 3003
TaodmualiSusetusassuliAufidied ludind 25 a1
wudas dAnladwmilsdodlidnn 1 wuRams
42.12 FWuSmsidehandiigsms nounil nnSnemaniuini wieu
nseniwazdealunuureiuddomsdiiie
42.1.3 augams idunngavvesitedaneansl (Cp/...) wiewsyy

ANHUEAIDENMAZARRATN CD/... NUULANAIBE asduiuaziiah

€

o L)

Sudeialuayaiudiadn udnhdretndslideljidmanguau
= = o' 4 3 o & 9 a e YR [ ¥
aHunTdInTIH 1 melu 24 HaTualledowlfiianmssudeonwds oz
A Ao @ 4 [ -] 4 o i
aviuntaznamivieianngimsneaudni liinulunineded
ar o 73 o w 1 Y ¥ Y o w a wa a &
42.14 vpinnmaaignageuihdreaeimhnveulfianmseionsuau

d Y !
Tasmsnas udufulueFinwes masensnagou

4.2.2 *ifumaumﬁmfmuiuﬁmﬂﬁﬁams
4221 %9 gunsalfild
- Tanzesgilifiond19895UT0e MBIy WA-1199-AL, WD-1000-M,
WA-3004 AB, WB-3003 Y, WB-1000 AB, $58-6201-G 10 SS-6061 FY

UTEN Alcoa Specialty Metals Uszine é’mqy
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- Tanzozgiifiondhsdamuoiay G3000B4U3HNMBH AnalyticalLimited

semadangy uag 9438 UTHN Pechiney UszimerSause
- 78U
- Mao1inou Filan LTS lidindn 99.997
4222 1A305ile
A ¢ aa  w ) = '3 . . !
- insesathinaladuan Insiwes (Spark Emission Spectrometer) 34
DV 4 dszmeranigomwsm
A = o ¥ o
- n5oannuazgilnasiilsznou (Lathe) {1 IN 280 UsemAms1imiy

Uszasuiu

] ¥
(A309IAgaUNIIUnTAILAU (Temperature & Humidity Recorder) {u

DT 600 i5zmeoamnasiay

4 y :
(A509AR I (Dehumidifier) 34 AHNB 16 WAM tssind [ny

n70uAUa1T 1WA (Blectronic Dry Cabinet) {4 DRY-125 S 15z
Tdniu

IAFNINADT

)

4223 FURNA
¥
1) Aafudlets vnelszna 2.5x2.5 su. nasdamhdendiGoy
' A =2 -ay o a 9 9 o 1 o = o ]
Frunsoania Funiiwiouwdduiludeduduluedinmes dou
Tanzergiifioudredefusoaas Tanvorglidiondreds  nisAmdh
k4 »
Funrudnfuduiulunioudn v
2) m3lfnSesile
- .J t ) A d an o a o
- Waainayndiuvpaniesmhsndlatumin nsiiines
1 4 1 L , &
- guInToantnaloy 4 43114
4
- muguanznaden anusuliifu 60 %RH uazgungll 22 +-
28°C
- Ts IWdwanailsen (Profile mercury lamp) 1WuaisuSudwasld
assgaasunad Taodfuadauudh (entrance sti) v 1 adinu
00N (exit slif) 1ATUATII UL INVRRAYSONY IR
- Waunuaia laydu(sandardization) " Tnold Tanzozgiitiox
-
$adeTusoage Tanzosgiiiflondrade dafll wa-1199-AL,
WD-1000-M, WA-3004 AB, WB-3003 Y, WB-1000 AB, SS-
o o
6201-G, 9438, $5-6061 FY uay G3000B4 mimhin emhin
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4 1 udadanuisneen wamsnade ldnamienn 3 Arimae
- Mimuaeuniminasgy Taoldlanzezqlidioudredeiuses
WB-3003 Y sludmauaeuiegainnaiuuazaiisieans
Ansrzd
- nawousedunny  TaoldTonzesglidlondredeiuses wa-
3003 Y dludamuquamsinseidae
- NATABLAIBYI
- MIlTIEHHaNAToY
- Tufinuazseauna
4.2.3 MINATBUAIDIHAIUANAWUNIN
vwanisnaseu Tanzozgiiliondidaiuses wB-3003 Y ulSsudoudusiluy
Suses aunsovszdiuna 1ddd
- dwansTinsizd Faneu mia uumiia newwnasdanzd oglugedidy
509 fAvaglusgniasifiudosa +- Moy uaasiwantsaiugy
ey lunaaiveusy
- $mamsinazy Faneu min uuamile nesunaadaned lioglunusd
vouiu szdomunudunounsinnzlm Taody Standardization 1

ad g A = 4 { A
SWAZIBUAYDUDNTTITAUTUNUMTIAT IR LAZIANINNEIME AUMARUIN 3

4.3 HamsINTINNNITUNMINATOUANNT MY
s T sunsunlSvufivunasznetesdjians Tasdhiwdonssunsmaaeu
R RBIL ALY 1YY NATA TuTy5un51n15 AFLAC T 005 (Aluminium Alloy Proficiency Testing
' o = oW I'd ] o
Program) 10814 Lab Code 17 Winumndninammasgundaduaigamnnssy aguaueiiun
e an 4 o P Y ) 4 A a A ¥
Soniidnaezd 1 viuilulemaiiee ldnaseuaussausveaniosflonazilsz@ninmmsifau
¥
sdansdiulgsnaninau SaldidhewTasamsd
é T 1 . [ L o
Fanunguania Tadesenunaninageniiuamu 2 ety atuusn nageudSuiw
oy =1 ] = d =] qa a A
Fanou lasIsnsanazneu diulsuaunan newa s wmiauazdanzdnadeu lnunios
) LAY = ¢ 1 o o a aa =
pzaoulnueuyasnFumnlnIns IWlatimes dauntvnas dsuusansunaaoulasiinisen
- V[ d a o o 4 ¢ an
AznBUBWIALINY uALSH BN AN naua umilauasdansdnadeu lauaTeamhindna
o - o
Fumlninsiines
14 L
1NMITIINURaNINaTouvesldsunsuil Usingimenustuusn nansnaaeuiia s

sgog lunaiiseniy diauswnuniundiwamanaaeusns Fameu wan unaniiausy
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fanzR egluinuaineaniu dounsaunslieguinousinisoeniy Fanvadesdfiidinnglén

1Y

= ' = J - = = o= ol o w
A48 mawmﬂmﬁmmwmmLwaw*m‘luuTawzﬂsgumuué"maauaz‘imxﬂzquLuaumqma‘u

b Y a oo

o 1 1 {2 aacy L=3 & wr % a
e9AraLAgNTNLININIEIfete naenfriRnisRlddntalansesglilundneBeiusas

VAN
[ n’: ar = I'd - | 1 =
aaniulumslsziuquaimmsaivaziesgitioy Tavsaudszmn 3003 nguanss
1 o & =R Y o @ o Y ' -1 Y o 2 9 o o
avamtlansdosinaves langozaiteudediusouias Tangozaiiiond1ads Fedearhuld

ay v

4 - L [} 4
Tumsadrnslnasgafunad Weldwamsimziianuuiuuazanuior uasilsy
AntnwiiluiiveuTumuveudiefiazvesumsSusssmuninsgieaina

HAN5Id15 AN TUMITNATDUANUTIUIGY ATUMIANUIN 4
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UNn 5

a d
NI

P ast o [} 3! A ¢ aa o = o A o o
{19901 T nadavd109d 1emSasmsndlasualn Tnstiwes Aydszdnsnnlu
a 1 { =1 { ¥ 1 VoA
msnageuand felanamsnadaunsiaGga tanumeannaniuaz lifeuan1izaeda

Y U == LY -=i =y e =1 -1

adey Manguaua Jnlfudsuiimmansunnisnarsumaniiviiiuitnaasudae
4'( d an o a o 9 o = q’; c.-i
wiesathindtasuanInsimes TavlatawIvuenmstunsumsnaaouLazong1in

P 1y -] Yaas L] a =
Heatee uazdaliiiflsedugunimusimsnaaeudiedeesgiitien lavenauilszian

3003 A3

| ¥
= s o W

N3 fURNW (Quality Assurance, QA) JundnnsudimfvesjiRnis e
= ‘l’ 1 = 1] ' L o) J = )
Whinauiulaudflduingg yaas vidambsauniauan duflufelfiFnsindaudde

ala 7| = -~ s A | Y T 7] d' o v o o 1
yaffiaunn {wisaniuuesldssivdeliudvfayaiiuafunanaaould el
[ ¥ 3 ' »
ugesran Aoy AT lfualddasanuiula feawmpiSaaniamuanuniuge
= = fuly o = o ay a oo ' 2
devpanszuumsingied 18 dugaresnasanfiuntsudnisiafimauetnadugnly
semdenesudetng AaunsEansisiinedne MelsriugnunInAsATBUARNTNNIG

AYLANADININ (Quality Control, QC) UATAITUTLINUNANITAIUANANIN (Quality

-

Assessment) AMFULNUNASAILANAMAN 917 FaaLsznavdian nasaruauAnnIwAtE Y
Henljifimmanen uaznismavanAuAmsuenanlfiiinisnaTon
nsrauaNann N luieslJidintmasey THansununisdainenansididlu
suunen euaasliiiudnfinisduiuniseuangunin tdy §avinenaisnimesen
HIRIFIU (Standard Operation Procedure, SOP) uaz@n@nsmiuAN (Document Control)
naaeyu nsnsaeaeuanlflfeaiiinasau (Metnod Validation) N17FUFE4AINAINNTN
2B L:J:*n aaay (Certification of Operator Competence) N1§RLASY ﬁ'% 1 (analysis of
replicates)
dumstlsziuguam dunszuiumsmiuguganinmouen Wergunwyasde
yannmMyinTes ludealfiidns TasmsdszitiudsednEnmnmanasey nisasteaoy
YszAninm nsaffeudeumanmanaaeuiufagdradinioagdradeiuses uazmah
3 lufonIsumInaoUANUF MY (Proficiency Testing) Fuiumsnsananssouslums
naaouniensaeuisuvesdealfians TasldituSsufounaszniredesl§icns
(interlabaratory comparison) Fen1sdiawlufnssumaaeuanudnnyvestesdfinns

o o y -] ) ar J =
Tumsnageuozgiifionil Mldannsoudladeunmses Yiulgamnameulidiu fia
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< { - A 2 __=a <
anwiiulslunsnageuuaznad lanniu Mlddlduimnfeanudulelunanisnaaey
viadetaudalivualy
piansaiiunis luiFeenislsefuguamiinsnaaoudinou mdn nesuaq
=S o = o 1 a t = Ad o
uanifieuazdansd ludedwezglitivnTanenaualszian 3003 vesnguauetunidni
s r'd =1 Y o o v 9 s 11 oy qrey
A5 1 noamil amdodimuana lddrdasnisiusesnnumminiovesdesl fiidnis
nareunazeslfidmsaeudion wen. 17025-2543) uaznms lalnThRInssunadey
o a I'd A 9 o o o o 9 = s ] a A A
ANUFINYIVBIANT NATA F1ldTumaduioildifanaddentiionu fiannuieno
yq ¥ = ¥ & ' a ¢ A ad a 4 o d
vea1duims aduanuldulawnadimsed isnniidunaunsimsied Issuumany
swsmdoya uazasoasvdavinanla
dumstadigianisinied uazasniuqupuamiinnudify wensnzidy
g 1 < ' 0’ w y @ [ - 'd
sz TemiuAglinszsd luudvoanstuduszfuanudei uazanuuinlumsinsiziuds
o Tl ey 4 { @ o 1 '
fudulsy Tamiaedealfildamsdug Hegldidhumamialunsiaimgiiomslnssineasy
Wiiguam ovedunisiusemaruamiiavesdenlfinnisnageuunsfealfiang
o a ] a as 1 = d =
aeufioy adedimuaueanen. 17025-2543 aarutolfiansveInguauetiunibnil
= < & ar ar 2 a waa A o
Tns1ed 1 B ldTumsiusesnmuannsaveatoal fidnsnaaeuuds wewilufiveniy

TuszAumsgmng
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malszfugunmitnareududaduilunndmivdeafiany dieldnsdfos

mufiguamuazilufiseuiuaumdnnsvennasgumna dmiumalseduguands

H
o o

=y =y o o é o
minageulTnadtnon man vewas wnilauazdeaned Fuilusglszneuiidwey
£
Tudedhauiuezgiiifion Tanznaudszion 3003 agllddai
T = =] L az Ly T
5.1 manarounSinuddaew wman vowas uwamilauazfineFludres

o1 9 Y 1 =Y A o o =1 yadaiw o cg
azamuummwmﬂgvﬂminqmmauumummmﬂw 1 Lﬂﬂﬂ1‘]$‘)ﬁ1’lilﬂﬂ1‘l!'i—!

1949 (Inhouse method) Taud 1983103 1ulN ASTM E 1251 -94
(Reapproved 1999) s 1iiu3Tnazain 59057 waslinmumunazinnuiiog
o S o
5.2 mimugugmawlunmsnadeunSinadaney wan vowad wueamile
as L= o U = o oo =6l 9
uardanz i ludeduozqiiion ¥ lanzesgliflondradeiuseadudauquan
= L4 ' e a [ 1 n’:
ammelu Ainnzdniugsunsinseidleduynass
5.3 iimavavhgiiemavagey uasnmuquanmesIrelfiansaguay
= Aad aa a
DUUNIAANANTIZA 1
5.4 madhsmlufinssunaasuaunud g (Proficiency Testing Program)
= a o o o &5 N
NATA Uszmseomianide uastszaunadiTolumslinsed Wuddudulu
¥ a <9y & LY - = o
ANNGNABIVBIHANTTAATIEHAAT eI N ndlagumaln Tndiwes
N ! 5 A o o
5.5 yaamsiinnu anudiledgediu Mildulse@nsnmlumsiauveain
Inmnans uaziiuaNuIzTa (awareness) lumsAiasied nasevguiuiale
0w - ' A4 qany & et '
HiAguems NIz naaaume 19 IAudmamsnageuilianusiutasany
o d & &
Mes 1Az IAIsIe9IY
' ¥ 1y a wa A & o
5.6 wounsaud udunmsszuuguamifundenlfidanmsdua ianmiy uazien
¥U
' o Ad dAa d Yo = [ 'ﬂ oy o a
57 npuaIHBHUNIORi 951z 1 ladmuadenssudaithukuaundesduiums
d' o o b a g s d.y
meinyszAugunwuestonlfiiing Al
- unensTulunmsneaounuE IR (Proficiency Testing Program) 9819
adnaue
a d 1 ¥
- §a Tu/sunsumaoUAUMINIGD (Competent) ¥0aR AT Iz 1TD0T AL 2
L4
A543

5.8 vouvwinguaa 1dfumssusesnnuannsovesisaljnmaneu



ISO/EC 17025 dwmiundnsusiuruesgilifiouTanzrauilizian

< w o
3003 munAruIn 5 Feagy 14l

519 YoM AT un1siuses (%)
FanouU 0.0035-0.76
mén 0.004-0.88
NOULAY 0.036-0.24
nuanile 1.02-1.54
danzd 0.004-0.09
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LANANITAIIDY

nida afsfuen. laveuanngaudn. ngamwe : Ainindi aensninniinenas,

2536
WU aNsEvE way andy dashion. damiaanssu. nsavny. wuAnenfumaiulad
HUTUAT. 2540

WU BUIANT LAY BNT WTTAN. WANNITURZMATIANISALAT AT ATeila.

NN, IRaRNWTIUANA. 2534,

FINUNNRIFIUNARATUTERAWMNTTN HAN.331-2523  HIRSULAR AT

NARAUTRAIUN TN B QRITHNUAUMLILASIEWING NFAUNN : ATANT

AANEN,2530

American Society for Testing and Materials. Standard Test Method for Optical

Emission Spectrometric Analysis of Aluminium and Aluminium Alloys by the
Poiat- to-Plan Technique, In Annual Book of ASTM Standard E 227-90

( Reapproved 1996) : Analytical Chemistry for Metals, Ores, and Related Materials.
West Conshohocken, PA : ASTM, 1996

American Society for Testing and Materials. Standard Test Method for Optical

Emission Spectrometric Analysis of Aluminium and Aluminium Alloys by the

Argon Atmosphere, Point- to-Plan, Unipolar Selt- Initiating Capacitor Discharge. In
Annual Book of ASTM standard E 1251-94 { Reapproved 1999) : Analytical
Chemistry for Metals, Ores, and Rclated Materials. West Conshohocken, PA :
ASTM, 1999

Baird Arc / Spark Software Manual. Division of Thermo Instruments Systems. Baird
Thermo Jarrell Ash Corporation, 19935

Jeffery, G.H., Bassette, J., Mendham, J. and Denney, R.C. Vogel's Texthook of Qualitative

Chemical Analysis. 5" ed. London : Wiley, 1989

Miller, 1.C. and Miller, J.N. Statistics and Chemometrics for Analytical Chemistry. 4"

ed. London : Pearson Education Limited, 2000

10. Spectrochemical Equipment division, Baird Corporation,__Spectrovac (Model DV-4) Direct

Reading Optical Emission Spectrometer. Baird Corporation. Massachusetts. 1984
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1. Standard Association of Australia. Analysis of Metals-Procedures for the Setting up,
Calibration and standardization Using Arc/Spark Discharge, AS 2883. 1986.

12. Standard Association of Australia. Recommended Practice for Atomic Emission

Spectrometric Analysis, Part | : Principles and Techniques. AS 3641.1. 1989

13. The International QOrganization for Standardization/ The International Electrotecnical
commission. General Requirements for the Competence of Testing and calibration

Laboratories. ISO/IEC 17025, 1999

14. The Variance Australia Pty Ltd. Flame Atomic Absorption Spectrometry, Analytical

Methods 1989
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e = ~ - = =1 =5 a =
P191IN 5 ﬂﬁlﬂjifﬂjLV]EJUNEIT]@ETE]UTH“]JSZIHW.“E@?]BH HAN O30 HUNNIUE UBZTINT T Tu

1Y

14 ]
Tavzozgifioudndfuseainony wWB-3003 v Taeta 2 S5duai ldoinlususes

16) 9N 3591 259 2 F,,
] o ' ' = v
Tu AuDa AN tinge | PUNDY AN N [P
Susea | o (%) BIGRLLT (%) Werau
(%) nasgu I
(%) (%)

Fanou 0.15 | 0.1508 0.0021 -0.97 | 0.1517 0.0020 228 | 1.64
wan 0.31 | 03129 0.0083 -0.93 | 0.3137 0.0064 -1.54 1 1,70
NDALAY 0.20 | 0.1979 0.0025 2.21 | 0.1986 0.0019 1.99 1.78
unamde | 1.54 | 1.5495 0.0158 -1.59 | 1.5457 0.0077 -1.94 | 4.16
Fanya 0.022 | 0.0225 0.0010 -1.21 | 0.0220 0.0007 0.06 2.23

L 9
vema 1. Joyedvulunsnasewnyiumsigns s siiaTaedina 2 Weylumanuin 2

¥

1 ] ¥
2. AURAILAAIANNDEALUNIATEIU ATUIUIINMSNINITNAGDITGT 7 AFY
3. A, = 2.45 (n=6) NszduATaNY 95%

1 a4 W 4 o
4, A F,y e = 5.820 (n,,0,= 6,6 , two-tailed test) ATLAVANUIFBIIU 95 %

=1

KANS BATIEAE A1 1e 5 519 WeiSeudsuiumnszyluluiuseswey we-

]

==

3003 Y Taold ttest WU 1y, MnVeyadnniosnda (2.45) Hweadd Aunagh laain

VA 131
M3 ATHISH | uazdsh 2 TuuandnnlususesedslivedwyRszdunnudou 95 %
wanslSaumeuamuiliUsiuue s 2 33 Taeld F-est wudwamsnlSoumiey

Y -~

(F,)  NnUoyailifoundi By .., (5.820) Fwansnanuiiewsinsinsizin1dnitn |

+
1 t Qs &

uazin 2 lluandiafueinlivedidyhszAuanudonu 95 %
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a6 - manffeuievranmsnageunlsmadineuludeduruosgliilenTanzna

152199 3003 lagifnagaund 2 33

astat
AN 1

359 2

vihaay Ff‘nmm Eivra
dtiams | auedn | metuelissuy | aweds | mansadaauu
(%) WIATHIU (Vo) (%) HAIgIu (%)

TY.17 0.0912 0.0034 0.0926 0.0017 422 -0.45
TY.183 0.1200 0.0008 0.1212 0.0004 3.57 -1.73
TY.189 0.2689 0.0076 0.2827 0.0034 4.99 -2.17
TY.385 0.1202 0.0031 0.1217 0.0013 5.69 -0.61
TY.389 0.1123 0.0049 01112 0.0022 4,96 0.25

Ed
vweye Joyadulumsnageudiumdganeulasiiie 2 37 aglumanuin 2

o =1 = o a 1 1 oA
a1ani 7 aSeuisusamsnaganyinfsnumanludrediiuezgiiiey Taviznrudszan

¥
3003 Tagiinagouia 2 15

Add' add'
HIBIaY 5 1 351 2 Fivm | tinon
Ufidms | aAuades | meavsboauu | auede | manndoauw
(%) HAIF I (%) (%) WIRIEIU (%)

TY.17 0.4999 0.0070 0.5124 0.0035 3.86 -2.09
TY.183 0.6881 0.0089 0.6893 0.0043 4.27 -0.17
TY.189 0.6356 0.0091 0.6481 0.0042 4.59 -1.63
TY.385 0.6581 0.0068 0.6760 0.0042 2.57 211
TY.389 0.5595 0.0036 0.5602 0.0020 3.14 -0.22

E) = = o e z s t
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DETERMINATION OF SILICON, IRON, COPPER MANGANESE AND ZINC

IN ALUMINIUM NO 3003 BY SPARK EMISSION SPECTROMETER

Warning and safety precaution
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- The Spark Emission Spectrometer utilizes electrical voltages 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

One kind of non-heat treatable wrought aluminium alloys is aluminium alloy No 3003,

It has been produced by addition of manganese to high pure grade alloy, No 1100, for using in general

purposes. The specification of this alloy, according to TIS 331-1980, is shown below.

Manganese, %

Copper, %

Iron, % maximum
Silicon, % maximum
Zing, % maximum

1.00-1.50
0.05-0.20
0.70
0.60
0.10

Other elements 1.e. lead, bismuth, vanadium, beryllium, boron and tin.

Each element, % maximum
Summation of these 6 elements, % maximum

Aluminium

The first 11 elements including magnesium, nickel, chromium and titanium are simultaneously

determined by using Spark Emission Spectrometer, whereas the amount of aluminium is achieved on

percentage by subtraction the amount of 15 elements from 100.

1.0 Scope and field of application

1.1 This method is applicable to the simultaneous determination of 5 elements such as

manganese, copper, iron, silicon, and zinc in aluminium alloy No 3003 by using Spark Emission

Spectrometer.

0.05
0.15

remainder



1.2 The analytical range of this method is

Silicon, % 0.0035-0.76
Iron, % 0.004 - 0.88
Zine, % 0.004 - 0.09
Manganese, % 1.02 -1.54
Copper, % 0.036 - 0.24

1.3 This method covers analysis of specimens having smooth flat surface with the dimensions,
width x length, not less than 1 x 1 em 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 voltage 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

to the analytical curve established during calibration. There are two types of standardization,
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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 multiplication 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.

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
1s 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 elecironic 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 detcrmination by the structure of the atoms that have been excited. By this
reason, cach element can be identified by its characteristic spectrum.

In quantitative analysis, line brightness represents element concentration in the specimen. It is
converted from radiant energy into elecirical 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 §S8-6061 FY, §5-6201-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 Bl, G3000 B2, G300¢ B3, G3000 B4, G3000 B5,
GO05 HI and 9438.

- Argon gas, purity 99.997% min
6.0 Apparatus

6.1 Spark Emission Spectrometer ( Model DV 4)
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6.2 Lathe
6.3 Temperature & Humidity Recorder
6.4 Electronic Dry Cabinet
6.5 GE Dehumidifier
7.0 Samples
The sample(s) should be free from voids and pits, having smooth flat surface with the
dimensions, width x length, not less than 1 x | ¢m and thickness not less than 0.08 cm.
8.0 Procedure
8.1 Prepare CRMs, RMs and samples (see instruction manual of lathe).
8.2 Instrument operation {see CD.11.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.
8.2.3 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.I1.IM.AE.Q1).
8.4 Standardization (see CD.I1.IM.AE.01)
In this method, two point standardization 1s used.
8.4.1 Standardization is run by using these standardants : WA-1199-AL, WD-1000-M,
WA-3004 AB, WB-3003 Y, WB-1000 AB, SS-6201-G, 9438, SS-6061 FY and G-3000 B4,
respectively.
8.4.2 Burn these specimens at least 4 times each, reject the first one in order to make sure
that the system 1s saturated with argon gas.
8.4.3 The result of analysis should be the average of 3 burns determination. A bum
produces a really abnormal internal standard count or a bad bumn 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.
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The standardization must be done beforc analysis of sample.
8.5 Verity the calibration curve
8.5.1 Run the verifier, CRM No WB-3003 Y, in the same manner as steps 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.
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 Spccify measurand
% concentration = B(IR)2 +C(IR) +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 uncetainty 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 =

| NG

Standard deviation is printed directly from computer readout.
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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_,

The standard deviation of the vertical distances of the points from the line is calculated by

” 2
g B /Z(yi—yi)

yix
\‘ n—2
When Sy/,x is the standard deviation of the vertical distances of the points from the line or

standard deviation of residue

y, = real value

¥, = the point on the calculated regression line (calculated value)
ory.-y. = y- residue

n = the number of measurements for the calibration

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

He - \/Ur2 + Uiert + Ugal
9.2.5 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, V ., is calculated by

cff ?
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4 4
v B uc B 2up
eff - 4 4 4 -
r + cert -+ Ucal Yy

2 o0 a0

Having obtained a valuc for V,, the t-distribution table is used to find a value of t (see Annex
5). This yields the valuc for k. The expanded uncertainties are calculated at 95% confidence level.
9.3 Method validation
9.3.1 Accuracy and precision
The following standard materials listed below are the low, medium and high concentration
calibrants (LCC, MCC and HCC) for each element. These calibrants are used as samples to check

accuracy and precision.

Element Calibrants

Low Medium High
Silicon WD-1000-M (G3000 B3 SS-6201-G
Iron WD-1000-M WB-3003 Y (G3000 B4
Copper WB-1000 AB WB-3003 Y G3000 B1
Manganese WA-3004 AB G3000 Bl WB-3003 Y
Zinc WD-1000-M WB-1000 AB G3000 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 100

Relative accuracy, % = -
certified value
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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
(.01 -0.1 5.0
More than 0.1 3.0

9.4 Verification
9.4.1 Accuracy
9.4.1.1 The average result of any interested element 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-3003 Y are shown below.,

Element Certified interval, %
Lower Higher
Silicon 0.144 0.156
Iron 0.30 0.32
Copper 0.192 0.208
Manganese 1.50 1.58
Zinc 0.021 0.023

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 still outside the certified interval, run another

standardization.
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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,
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 9.3.1.2.
10.0 Test report

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

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

10.2 Estimation of the uncertainty is reported if clients requested. The expanded uncertainties
are reported at 95% confidence limit with one 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.
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11.2 Spectrovac (model 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 331-1980 : Standard for Aluminium and Aluminium Alloy Plates and Sheets.

11.5 EURACHEM/CITAC Guide. Quantifying Uncertainty in Analytical Measurement. i
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. Relative accuracy
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Element CRM/RM Certified value [Experimental value| Relative accuracy,
No %
Silicon WD-1000-M (LCC) 0.0035 0.0032 91.43
) G3000 B3 (MCC) 0.27 0.2722 100.81
SS—62OI-G (HCC) 0.76 0.7556 | 99.42
Iron WD-1000-M (LCC) 0.004 0.0039 97.50
| .%‘];3003 Y (MCQ) 0.31 | 0.3153 - 1017 1 o
G3000 B4 (HCC) 0.88 0.8957 101.78
Copper WB-1000 AB(LCC) 0.036 0.0362 100.56
VL/E-3003Y(MCC) 0.20 0.1946‘“”‘” 97.30" o
-“63000 B1 (HCC) 0.24 0.2392 9967
Manganese WA-3004 A3 (LCC) 1.02 1.0199 99.99
(G3000 B1(MCC) 1.32 1.3243 100.33
WB-3003 Y (HCC) 1.54 1.5611 101.37
Zinc WD-1000-M (LCC) 0.004 0.0039 97.50
WB-1000 A3 (MCC) 0.040 0.0379 94.75
G3000 Bl (HCC) 0.09 0.0894 99.33




Annex 3. Accurate intervals and certified intervals.
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Element CRM/RM Accurate intervals,% Certified intervals,%
No Lower Higher Lower Higher
Silicon WD-1000-M (LCC) 0.0028 0.0042 - -
63000 B3 (MCC) - - 0.262 o 0278 :
3§8-6201-G {HCC) 0.608 0.912 N - -
Iron WD-1000-M (LCC) 0.0032 0.0048 - -
G3(;00 B4 (HCC) - - (0.849 0.911
Copper WB-1000 AB(LCC) - - 0.034 0.038
WE-3003Y(MCC) | - - 0.192 0.208
G3000 B1 (HCC) - - 0.232 0.2;8
Manganese WA-3004 AB (LCC) - - 0.99 1.05
” ”GIB;.(iOO B1(MCC) - - 1.291 1.34%
WB-3003 Y (HCC) - - 1.50 N 1,58
Zinc WD-1000-M (LCC) 0.0032 0.0048 - -
WB-1000 AB (MCC) | - - 0.038 0.042
G3000 B1 (HCC) - - 0.085 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)
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Si ; Regression equation : 2.486x10" (IR)*+ 1.377x10°(IR)-6.974x10"

A

Calibrant Real value (y) Calculat::d -y (- yi)z Estimated Standard
value (y,) uncertainty| uncertainty
WA-1199-AL 0.0023 0.0024 -0.0001] 0.00000001 - -
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 0.0947 0.0033| 0.00002809 - -
WB-3003 Y 0.1500 0.1538 -0.0038| 0.00001444 (.006 0.003
G3000B3 0.2700 0.2781 -0.0081] 0.00006361 0.008 0.004
(G05 H1 0.6200 0.6105 0.0095| 0.00009025 0.048 0.024
58-6061 FY 0.6400 0.6466 -0.0066] 0.00004356 0.02 0.01
55-6201-G 0.7600 0.7582 0.0018| 0.00000324 0.0 0.0
Sy/xer U, 0.00322267
Fe ; Regression equation : 6.801x10""(IR)*+ 3.807x10 (IR)-7.702x10"
Calibrant Real value(yi) CalculatACd (yi _ ;i) (yi ) ;i)z Estimated Standard
value (y,) uncertainty|  uncertainty
WA-1199-AL 0.0015| 0.0015 0.0000 0.0000 - -
WD-1000-M 0.0040 0.0012 -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 03075 0.0023f 0.00000625 0.01 0.005
SS-6061 FY 0.3500 0.3567 -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 0.88]7 -0.0013] 0.00000169 0.031 0.0155
Sy/lxor U, 0.003065
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Cu ; Regression equation : 1.667x10° (IR)+ 2.428x10 *(IR)+6.444x10”
Calibrant Real value Calculat:ad (v, - ;i) (y, - ;’i ) Estimated Standard
(yp) 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 Bt 0.2400 0.2417 -0.0017|  0.00000289 0.008 0.004
Sy/xor U, 0.001617676
Mn ; Regression equation : l.405x10'9(IR)2+ 9.703x106(IR) +5,083x10"
Calibrant Real value Calcu]at:‘:d (y; - ;i) (y; - ;i % Estimated Standard
(y;) value (y,) uncertainty| uncertainty
WA 3004 AB 1.0200 1.0023 0.0177] 0.00031329 0.030 0.015
G3000 B3 1.0300 1.0635 -0.0335| 0.00112225 0.004 0.002
G3000 BS 1.0400 1.0644 -0.0244) 0.00059536 0.032 0.016
G3000 B2 1.2500 1.2234 0.0266] 0.00070756 0.000 0.000
G3000 Bl 1.3200 1.3194 0.0006| 0.00000036 0.029 0.0145
WB-3003 Y 1.5400 1.5446 -0.0046| 0.00002116 0.040 0.0200
Sy/xor U, 0.01313388
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Zn ; Regression equation : ~4.234x10" (IR)’+ 6.192x10 *(IR)-2.272x10"
Calibrant Real value Calcularﬂcd (y; - ;i) (y; - ;i)l Estimated Standard
(v) value (y,) uncertainty| wuncertainty
WA-1199-AL 0.0012 0.0010 0.0002| 0.00000004 - -
WD-1000-M 0.0040 0.0040 -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
88-6061 FY 0.0790 N.0704 -0.0006; 0.00000036 (.004 0.002
G3000 Bl 0.0900 0.0899 0.0001| 0.00000001 0.005 0.0025
Syixor U, 0.00031623
Annex 5. The relationship between V_zand t value at 95 % confidence level
Vo 1 2 3 4 5 6 7 8 9 10 11 12
Valueoft | 12.71 | 430 | 3.18 | 278 257 | 245| 236 23] 226 2231 220 2.18
\ 14| 16| 18 20, 25| 30 35 40 45 50| 100 | o
Value of t 214|212 210 209 206 204 203 202 2.01 201} 198 1906




LABORATORY WORKSHEET

D:t:rmination of mianganese, copper, iron, silicon 2nd zinc in
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Aluminlum Alloywie 3003 by Spark Emission $paelr~ammr
" T AY AN

Date of received . iiiveiiinemceromm e eciinenians Dateoftest:...........

Laboratory NUMBEr I .. ivuevieen e eeemmeenneeeansnan SAMPle NUMDEr I oitiiiiiin i,

Sample name : nAvozaiifasTansnzrnuof 3603 H-18

.......................................................

Sample description : wivlansETuFmhiTouvuia AdNx e x B = e

Sampleremark:..cocoeveveens

LR L N T I T T L R T Ny Y T T

TEST RECORDS
Aluminium Alley Type : 3003 (TIS3731-1980)

ACCUQI Ttmpef.aﬁufc Cc} . ll“."!!l",'!“’"(!'?!!!'!!!M Agtgg‘ Hummim %R-H R L T HII L
Yerification & Quality Coatsrol :

W2-3003Y - | Certified interval | Experimental values
. - Mean %RSD
Si,% . 0.143-0.156 .
Fe, % 0.30-032
Cu,% | - 0.192-0.203 S
Mo, % . ) 150~ 158
Zo,% | . 0.020-9023 |

INote: The accepted %RSD for Zn is 5.0 meaawhile 3.0 for the others.
Results : ' |

Sample , - Mean %RSD
Si, % '

Fe, %,

Cu, %

Man, %

. Z0,% : '

Note: The accepiad % RSD 15.0, 10.0,5.0 azd 3.0 ars usad for the clemznt conceztration lass than
0.005 %, 0.005-0.0059 % , 0.01-0.1% r=d morz than 0.1%, respectively.

e

Performed by .oooeeiiiiiiiiiinieciiion e PR Supeevisor i

Appraved by .o Veeresrism areveeees Ceereernieans weean rriesesaaratear e etets et e e arRta e
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ONTHE-JOB TRAINING WORKSHEET No....... [

Determination of mamganese, copper, iron, silicon and zin¢ in Aluminiun} and

Aluminiurs Alloy No 1100 by Spark Emission Spectrometer

TEST RECORDS
Dateof Test: ..ooivvviviniieniin et s e a s e v eae sy ey e e e et s nnaEtae i men e aaneeeee et ennnees

Aluminium Alloy Type : 1108 {TIS.715-1987)

Actual Temperature CO) e, Actual Humidity, %RH L,
Verification & Quality Control ; |
WB-IﬁOO AB | Certified interval - Experimental values
Mean %RSD

S % 0,093 - 0,103

Fe, % 0.095 - 0.105

Cu, % 0.034-0.038
Mn, % 0.034 - 0.038

Zn, % 0.038 - 0.042 ' ' .

Test Samples ¢

S§5-6061 FY - WB-3003Y
Element |  Certified § ¥Experimental values | Certified Experimental values

- interval | pean | %RsD | Inteval | hrean | %RSD

Si, % 0.62-0.66 0.144 - 0.156

Fe,% | 034-035 ' 0.30- 032

Cu, % - 0.192-0.208

Mn, % | 0.048-0.054§ - -

Zn, % | 0.075-0.083 0.021-0.023

Note: The accepted % RSD 50 and 3.0 are used for the element concentration 0.01-0.1 % and

more than 0.1 %, respectivels.

Result: % Accuracy (Mea}) O Passed y EJ Failed

% Precision (%RSIM) 0 Passed 0] Failed
Performed by ........coiiiivmmiiin Supervisor..........: e ettt

Approved by ........ e e, S U
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APLAC

it it it b Lpavere

APLAC-T005

ALUMINIUM ALLOY PRbF ICIENCY TESTING PROGRAM
INSTRUCTIONS TO PARTICIPANTS

To ensure that resailts from this program can be analysedl properly, participants are asked to
adhere carefully to ithe following instructions.

1. One alumi;ﬁi-um alloy sample labelled APLAC hzs been supplied to each laboratory.

2. Test the percentage composition of the following; elements in duplicate:
Silicon Iron Copper
Manganese Magnesium Titanium
Zinc Nickel

The resultsare to be recorded on the results sheet. If the analysis of any element is
not possiple then also note this on the results sheest.

3. Tests for silicon are to be reported as a % to two dlecimal places. Tests for.iron,
copper, maaganese, magnesium, titanium and zinx arg to be reported as a % to three
decimal places. Tests for nickel are to be reported as'a % to four decimal places. Do
not report any values as "<".

4, For this progrram your laboratory has been allocatsed the code number shown on the
results sheet.. All reference to your laboratory inmeports associated with this
program willl be with this code number, thus ensuxing confidentiality of results.

5..  For each test :note the appropriate technique code iro. on the Results Sheet:

AES - Arc/Spark (Atomic Emission Spectroascopy - Arc/Spark)

AES - ICP (Atomic Emission Spectroscopy - Inductively Coupled Plasma)
AAS ¢Atomic Absorption Spectrometry) ‘

Graviametric

Photametric

Other- @ol ease specify)

SN AW~

6. Testing shoulld commence as soon as possible afier receiving the samples and results
reported NO JLATER THAN 11 APRIL 1997. Send the completed results sheet and
any supportrag documentation to your accreditation body and fax a copy of the results
sheet to: '

Philip Briggs

National Association of Testing Acuthorities, Australia
7 Leceds Street .

RHODES NSW 2138

Fax: 612 9743 6664
Phone; 61 2 9736 8222 APLACIS.INS
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- _ IAPLAC.
ALUMINIUM ALLOY PROFICIENCY TESTING PROGI.. |
RESULTS SHEET |
. ’ Laboratory
Coads
TEST APLAC Sample Technique
(report to %) Code No.
Result 1 Result2
Silicon (0.01%)
Iron (0.001%) -

Copper {0.001%)

- Manganese (‘0.601,%) o

Magnesium (0.001%)

Titanium (0.001%) -

Zinc (0.001%).

Nickel (0.0001%)

- " i "

Signature:

INO LATER THAN 11 APRIL 1997, send the completed results sheet and any supporting

documentation to your accreditation body and fax the results sheet to:

Philip Briggs i
National Association of Testing Authorities, Australia
7 Leeds Street
Rhodes NSW 2138
AUSTRALIA

Fax: 612 9743 6664
Phone: 61 2 9736 8222

aplac8%s.rs
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ASIA PACIFICLLABORATORY ACCREDITATION COOPERATION

APLAC T005 - LABORATORY SUMMARY SHEET - JULY 1997

ALUMINIUM ALLOY PROFICIENCY TESTING PROGRAM

Lab Name: Department of Science Service

Location: Thailan_d

Test

Silicon
(0.01%) -

Iron
(0.001%)

Copper
(0.001%)

Manganese

(0.001%)

‘Magnesium

{0.001%)
Titanium
(0.001%)
Zinc
(0.001%)

Nickel
{(0.0001%)

NOTES:

COMMENTS:

Lab's
Result

5.27
5.27

0.520
0.522

0.100
0.100

0.120

0.119

0.062
0.063

0.119
0.117.

0.091
0.089

0.0594
0.0605

* - indicates mo result returned for this sample/test.,

No. of
Results

166

168

170

170

168

162

170

164

Median

5.550
0.4930
-0.0790
0.1070
0.0580

0.1110

 0.0980

0.05010

Normalised '
IQR =~

Laboratory Code No. 17

0.204

0.018% -

0.0059

| 00059

0.0044

0.0057

0.0059

0.00393

BetWé’én—

Labs

Z-Score .

- 1.41
1.25
378§ -
1.98
1.28
1.26

144

2.42

Each z-score iis for the sample pair (i.e. Result 1 & Result 2).
This summary sheet should be read in conjunctior with the final report.

No. of outliers (i.e.|z]> 3) is: .
Each z-scor :marked with a § is an outlier and should be investigated.
Laboratories are also encouraged to review results which have an
absolute z-scrore value between two and three (i.e. 2 <|z| < 3).

page 1 of 2

APLAC
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ASIAPACIFIC LABORATORY ACCREDITATION COOPERATION

APLAC T005 » LABORATORY SUMMARY SHEET « JULY 1997
AILUMINIUM ALLOY PROFICIENCY TESTING PROGRAM

Lab Name: Department of Science Service

Location: Thailand Laboratory Code No. 17
Test Lab's No. of \ Normalised Between.
Result Results Median IQR Labs
‘ ’ . : Z-Score:
Silicon 5.33 166 5.550. 0.204 -1.01
(0.01%) - 5.37 '
Iron 0.504 163 0.4980 0.0189 0.67
(0.001%) 0.517 '
L 0087 170 0.0790 - 0.0059 135
(0.001%) 0.086 _ . |
Manganese 0101 . 170 0.1070 00059  -127
(0.001%) 0.097 ‘ f : |
. Magnssiom  0.048 168 00580  0.0044 -284
(0.001%) 0.048
Titanium 0.114 162 0.1110 0.0057 1.26
(0.001%) 0.122 , o o |
~ Zinc 0.095 170 0.0980 0.0059 0.00
(0.001%) 0.101 '
Nickel 0.0435 164 0.05010 000393 . -1.55

(0.0001%) 0.0439

NOTES: * - iindicates no result returned for this sample/tsst
| Each z-score is for the sample pair (i.e. Result 1 & Result 2).
This summary sheet should be read in conjunction with the final report.

COMMENTS: Ne. of outliers (i.e.|z]>3) is: 0 .
Each z-score marked with a § is an outlier and should be investigated,

Laboratories are also encouraged to review results which have an
absolute z-score value between two and three (i.e. 2 <|z| < 3).
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All

Leb | APLAC | APLAC || 20 [ ashpigue
Cody Resnlt 1 | Result2 Code No.,
Z-Score :
2 5.61 5.63 0.35 5
3 5.60 15.56 . 0.15 1
4 5.44 5.45 -0.53 5
5 5.65 5.65 0.50 4
-6 2.52 2.64 1498 § 3
7 5.61 5.61 0.30 1
8 0.667 0.701 2454 § 2
9 5.82 5.81 1384 | 4
10 5.14 5.17 -1.99 4
;12 5.57 5.60 0.18 | 4&2
13 546 5.44 0.5 1
14 5.15 5.15 202 3 -
15 5.22 523 -1.64 1
16 471 4.84 391 § 4
17 527 5.27 141 - 4
17 5.33 5.37 -1.01 . 4
18 5.80 5.80 126 1
19 561 | 5.59 025 - 1
20 5.13 5.08 224 | 6
23 5.61 5.61 0.30 6
24 9.12 9.03 1718 § 3
25 6.22 6.15 320 § 1.
26 .| 330 3.30 126 1
27 5.55 5.59 0.10 2
238 432 4.88 3.55 § 2 -
29 5.60 5.60 0.25 4&1
30 5.87 5.87 1.61 6
31 5.68 5.75 0.83 1
32 5.63 5.69 068 1
33 531 5.29 -1.26 4
35 5.63 5.63 0.40 1
36 5.48 5.52 0.25 4
37 556 | 5.56 0.05 5
338 5.47 5.50 -0.33 1
39 4.7 4.76 -4.08 § 6
40 £.53 2,46 - 020 |
42 5.79 5.79 128 1
43 5.57 5.57 0.10 1
44 5.61 5.62 033 1
&5 5.46 5.47 -0.43 1
46 5.56 5.55 0.03 5
47 535 5.32 -1.08 1
48 3.60 5.57 0.18 3
-89 5.57 555 0.05 1
52 5.58 5.59 0.18 I
53 5.52 5.54 0.10 1
57 5.62 562 0.35 4
58 573 | 5.59 0.55 5
59 5.55 5.53 -0.05 4
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Al2

AN

Range-

NOTE: § denotes an outl#er (i.e. |z-score| > 3).

For t.echnique code description zeffer to Appendix C!

g B
Lab | APLAC | .APLAC LB“““‘.‘ Techaique
Codey | Resultl § Result2 aboratories Code No.
Z-Score
60 534 537 -0.98 2
L 61 520 524 -1.66 L
62 5.64 5.62 0.40 1
63 5.62 5.60 030 L
64 5.44 538 -0.71 4
66 5.55 5.57 0.05 1
67 5.19 5.21 -1.77 3
68 5.50 5.53 -0.18 5
70 8.44 §.48 0.4 1
71 4.55 4.56 s0s| 6
72 . 427 | 432 -6.33 § 2
74 5.59 5.58 0.13 1
76 5.54 5.55 -0.03 1
77 5.69 5.69 0.71 1
79 5.62 5.68 0.50 1
80 5.54 5.56 0.00 1
81 5.58 5.57 0.13 1
82 5.62 5.62 0.35 -5
83 5.33 5.34 -1.08 3
83 5.47 544 | -0.48 1
84 - 3,35 933 =1.01 .
87 : 5.47 5.46 -0.43 1
88 551 5.50 -0.23 ]
90 5.84 5.63 093 2
91 5.40 533 -1.06 2
92 5.63 5.59 030 1
3. 522 5,24 161 ] 2
94 5.59 5.62 028 5
95 7.50 *7.50 9.33 § 4
96 5.01 5.06 -2.60 4
97 5.64 5.65 0.48 4
98 5.51 %5.54 -0.13° 1
99 5.50 5.52 -0.20 4
160 5.60 %51 0.28 4
No. of Results 166 ' '
Median 5£.550
* Normalised IQR 0.204_.
Robust CV 3.7%
Minimum 0.67
Maximum Q.12
8.45
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IB QET gg QQ] oﬁl
Lab | APLAC | APLAC |/ >oneet | Technique
‘Code Resualt}y | Result2 Code No.
: Z-Score

2 0481 0477 -1.06 2
3 0517 0.511 - 0.87 1
4 0499 0.500 0.07 3
5 0516 0.514 0.92 2
6 0.588 0.578 467§ 3

.7 0557 0.554 3.15 § 1
8 12388 1.131 39.16 § 2
9 0.525 0.517 1.25 o2
10 0.490 0.500 -0.18 .3
11 0460 | 0.460 -2.11 ‘3
12 0496 | 0494 -0.18 2&3
13. 0.£25 0.403 -464 § 1
14 0.50 0.50 0.10 3
15 0436 0.435 -3.46 § 1
16 0378 0374 -6.73 § 3
17 0.520 0.522 125 - 1
17 0.504 0.517 0.67 3
18 0.645 | 0.630 7.67§ 1 .
19 0478 0.479 -1.09 1
20 0.51 0.51 |-  -0.65 6
23 0.506 0.506 043 |. 6
24 0.536 0.537 191 3
25 049 | 0492 -0.23 1
26 0.4196 0.496 -0.12 1
27 0495 0.497 -0.12 2
28 0.4194 0.486 -0.45 2
29 0.500 | 0.499 0.07 2
30 0378 0.378 662§ 3
31 0.493 0.500 0.04 1
32 0.4473 0.472 -1.42 1 .
33 0.499 0.515 0.48 2
35 0512 | 0513 0.78 1
36 04493 | 0.498 -0.01 '5
37 04487 0,430 -0.81 2
38 ¢.97 | 0.500 0.01 1
39 0.534 0.528 1.80 6 .
40 0.508 0.501 0.34 1
42 0.575 0.588 458§ 1
43 05500 | 0.500 0.10 i
44 0.511 0.514 - 0.78 I
45 04460 0.461 -2.08 1
47 0.565 0.570 381§ ]
49 0.509 0.507 0.54 1
52 0.509 0.510 0.62 1
53 0.494 | 0.484 -0.51 3
56 g.461: | 0.460 -2.08 3
57 0.499 | 0.500 007 2
58 9509 | .0.504 0.45 3.
59 0.491 0.490 -0.43 5
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N 1)
@ Betweren .
Lab APLAC | APLAC Labosaiories Technique
€ode | Result1 | Result2 : Code No.
' \ Z-Score
60 0.492 0.496 023 2
" 61 0.48 0.48 2140 1
62 0.400. | 0370 -6.241 § 1
63 0.501 0.500 - 0.122 1
64 0.495 0.506 0.12 3
66 0491 | 0490 043 !
P67 0.493 0495 | -0 5
68 0.494 0488 |  -040 2
70 0.472 0.474 139 1
L7l 0.432 0.431 3688 | 2
"7 0457 | 0.460 -2.19 2
74 0.434 0.486 -0.73 1
75 0.517 0.526 118 2
76 0.496 0499 |  -0.04 1
77 0.516 0519 1.06 1
79 0.438 0.482 0.73 1
80 0.496 0.496 012 1
81 0.537 0.534 2.05 1
§2 0489 0488 | .08 3.
83 0.496 0496 | -0.12 3
$3 0.462 0.460 | -2.05 1
84 0502 | 0517 0.62 1
87 |° 0490 | ‘0497 -0,16 1
88 0.568 0.563 3.70 § 1
90 0493 | 0475 -0.78 2
91 0.529 0.545 213 2
92 0.537 0.538 2.16 ]
93 0.509 0.508 0.56 2
94 0494 | 0.492 029 5
95 0.510 0.500 037 3
96 0.464 0,464 149 3
97 0.503 0.505 032 2
93 0.562 | .0.577 392§ 1
99 0.492. | "0.496 023 2
100 0.482 0.452 -0.62 2
No. of Ressults 168 ’
Median 0.4980
Normaliseed IQR 0.0189
Robust CW 3.8%
Minimusr 0.370
Maximum: - 1288
Range 0918

NQOTE: § denotes an outlier (i.e. |z-score]> 3).

For techniique code descn'ptiion refer to Appendix 1



A3.1

COPPER (0.001%)

. Between .
Lab APLAC | APLAC Laboratories Technique
Code Result 1 | Resylt2 7-Sore Code No.

2 0.075 0075 072 2

3 0076 | 0.075. -0.63 1

4 0.078 0.079 -0.09 3

5 0.092 0.093 2.43 2

6 0.065 0.065 2,52 3

7 0.070 | 0.071 -1.53 1

8 0062 | 02071 225 2
-9 0.071 0.070 -1.53 2
10 0.075 0.076 -0.63 - 2
.11 0.081 0083 054 |- 3
12 0.081 0.082 045 2&3
13 0.073 | 0.070 -135 1
14 0.087 | 0.087 1.44 3
15 0.075 0.074 -0.81 1
16 0.128 0.132 9.17 § 3
17 0.100 | 0.100 378§ "1
17 0,087 | 0.08¢ 133 3
18 0.033 . | 0.030 4,95 § 1
19 0072 | 0.073 117 =
20 0.084 0.084 0.90 . 6
.23 0.082 | 0.0%96 1.80 6
24 0.069 | 0.063 : -2.34 3
25 | o082 | o.0s2- 0.54 1
26 0.079 | 0.079 0.00 1
27 0.080 | 0.080 0.18 2
23 0074 | 007 -1.17 3
29 0.077 | 0.080 -0.09 2
30 0.0695 | 0.0695 -1.71 3
31 0.078 0.078 -0.18 |
32 | 0082 | 0.082 0.54 L
33 0074 | 0.078 -0.54 2
35 0.080 | 0.080 0.18 1
36 0.080 |- 0.081 027 3
37 0.079 0.079 0.00 2
38 0.077 | 0.076 -0.45 1
39 0086 | 0.084 1.08 6
40 0.080 | 0.078 0.00 1
42 0.096 | 0.107 405§ 1
43 0.078 | 0.078 -0.18 1
44 0.081 0.082 0.45 1
45 0.030 | 0.080 0.18 1
46 | 0081 | 0082 045, 3
47 0.095 0.100 333§ 1
49 0.082 | 0082 0.54 1
52 0.080 | 0.082 0.36 1
53 0079 | 0079 |  0.00 3
56 0717 | 0718 | 11484 § 3
57 0072 | 0072 -126 2.
58 0079 | 0.079 0.00 3
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A32

P D.D01°
, Between .
Lab APLAC | APLAC Leboratories Technique
Code Reaxit1 | Resuli2 Code Ko.
-Score
59 0980 0.078 0.00 3
60 0082 0.083. 0.63 2
61 007 0.07 -1.62 . 1
62 0880 0.080 0.18 1
63 008] 0.081] 0.36 1
é4 0971 0.670 -1.53. 3
66 0979 0.079 0.00 1
67 0079 0.078 -0.09 3
68 0980 0.076 -0.18 3&2
;70 0670 | 0.071 153 | 0T
71 0076 0.077 -0.45 2
72 0974 | 0.073 -0.99 '3
74 0.076 0.075 -0.63 1 -
75 0.182 0.084 0.72 2
76 0077 0.078 -0.27 . 1
77 0082 0.082 0.54 1
79 0473 0.073 -1.08 1
80 0092 | 0.002 2.34 |
81 0088 | 0.087 1.53 1
82 0.076 0.075 -0.63 -3
83 0075 0.074 -0.81 3
83 0.687 | .0.086 , 1.35 1
84 - 0.062 0.061 {  -3.15§ 1
87 0.081 0.081 0.36 1
88 0.101 0.097 3.60 § 1
90 0.074 0.072 -1.08 2
91 0.085 0.083 0.90 2
92 0.685 0.085 1.08 1
93 0.081 0.031 036 2
94 0.079 0.079 0.00 2,
95 0.080 | 0.078 0.00 3
96 0.067 0.070 -1.89 3
97 0077 | 0.077 -0.36 2
98 0677 | 0.080 -0.09 1
99 0.073 0.074 -0.99 2
100 0.073 0.074 " .0.99 2
No. of Resuls 170
Median -0.0790
Normalised IQR 0.0059
Robust CV 7.5%
Minimum 0.050 ..
Maximum 0.718
Range 0.668

NOTE: §denotzs an autlier (i.e. |z-score| > f’a).

For technique code deszriiption refer to Appendix C1

)



Adl

MAN 5 (0.001%
Lab APLAC | APLAC LEZ:::r?esg Technique
Code Result 1 | Result2 \ 1} Code No.
} Z-Score
2 0.107 | 0.104 -0.24 2
3 0.119 | 0.118 1.83 1
4 0.107 | 0.107 0.00 3
5 0.106 | 0.106 -0.16 2
é 0.081 0.092 -2.44 k!
7 0.121 0.122 230" 1
8 0.098 | 0.095 -1.67 2
9 0.116 | 0.114 127 2
10 0.100 | 0.110 -0.32 2
11 0.101 0.104 -0.71" 3
12 0.106 | 0.106 - -0.16 2&3
13 0.094 | 0.096 -1.90 ]
14 0.11 0.1 0.48 3
15 0.110 | 0.110 0.48 ]
16 0.096 | 0.104 -1.11 -3
17 0.120 | 0.119 1.98 ol
17 0,101 0.097 =127 3
18 0.089 | 0.087 -3.02°§ 1
15 0.102 | 0.103 -0.71 I
20 0.104 | 0.104 -0.48 6"
23 0.135 0.111 - 2.54 6
24 0.038 0.039 |. -1087% 3
25 0.108 0.108 0.16 1
26 0.111 0.111 0.63 1
27 0.108 | 0.108 0.16 2
28 0.109 | 0.109 0.32 2
29 0.108. | o0.108 0.16 2
30 0.098 0.098 -1.43 3
31 0.103 0.103 . -0.63 ]
32 0.103 0.102 -0.71 1.
33 0.105 | 0.110 0.08 2
35 0.107 | 0.107 0.00 1
36 0.106 0.106 -0.16 3
37 0.109 | o©.107 0.16 2
38 0.103 0.101 -0.79 ]
39 0.126 | 0.127 3.09§. 6
40 0.113 | 0109 | 063 | 1
42 0.106 | 0.099 -0.71 1.
43 0.101 0.101 -0.95 1
44 0.107 | 0.107 0.00 1
45 40102 | 0.102 -0.79 ]
47 0.117 0.115 1.43 1
43 0.112 | 0.109 0.56 3
49 0.115 0.114 1.15 "1
52 0.111 { "0.111 0.63 1
53 0.108 | 0.110 0.32. 3
56 0.102 | -0.101 -0.87 . 3
57 0112 | 0.112 0.79 2
58 0129 | 0.130 357§ 3
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Ad2

TANGAN 0
Leb | APLAC | APLAC || fb‘:tr‘;f:r‘:e Technique
Code Result 1 | Result2 7 -Score Code o\
© 59 0.106 | 0.104 2032 3
60 0.108 | 0.109 0.24 2
61 0.11 0.1 0.48 {
62 0.090 0.090 -2.70 1
63 0.112 0.112 0.79 ]
64 0.098 0.098 -1.43 3
66 0.110 | 0.109 0.40 1
67 0.102 0.104 -0.63 3.
68 0.103 | 0.103 -0.48 2
| - 70 0.103 0.104 -0.56 C ]
17 0.113 | 0.112 0.87 - 2
72 0.094 | 0.098 -1.75 2
74 0.108 | o0.108 0.16 i
75 0.112 | 0.114 0.95 2
76 0.104 0.105 «0.40 |
77 0.108 0.109 024 .- 1
179 0.104 | 0.104 -0.48 1
80 10.101 0.101 -0.95 1
81 0.113 0.112 0.87 1
82 0.104 | 0.111 0.08 5
83 0.104 {- 0.104 -0.48 3
83 0.095 0.095 -1.90 , 1
84" 0.114 | 0.114 111 1
87 0.115 0.116 135 1
88 0.116 | 0.114 127 1
90 0.107 | o0.102 -0.40 2
o1 | 0117 | 0118 167 | 2
92 0.132 | 0.13! 3.89 § 1
93 0.109 | 0.109 032 2
94 0.107 | 0.107 0.00 2
95 0.106 | 0.107 -0.08 3
96 0.100 | ‘0.103 -0.87 3
97 0.107 | 0.107 0.00 +2
93 0.103 | -0.100 -0.87 1
99 0.109 | 0.110 0.40 ]
{ 100 0.103 0.104 -0.56 2
No. of Results 170
Median “0.1070
Norznalised IQR 0.0059
Robust CV 5.5%
Minimum 0.038
Maximum 0.135
Range 0.097

NOTE: § denotes an outlier (i.¢. |z-s«ore]| > 3).

For itechnique code description refer to Appendix Cl
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All

ZINGC (0.001%)
Lab APLAC | APLAC Bet‘weex} Technique
Code Result] | Resule2 Laborat_ones Code No.
Z-score I
2 0.096 | .09 -0.36 2
3 0.051 0.090 - -1.35 1
4 0.098 | ©.098 0.00 3
5 0.092 0.097 -0.63 2
6 0.162 | ©.179 13.04 § 3
7 0.099 | ©.100 0.27 1
8 0.086 | ©.086 -2.16 2
9 0.097 | @.095 -0.36 . 2
10 0.097 | 0.098 -0.09 2
1 0.092 | ©.093 -0.99 3
12 0.106 | @.105 1.35 2&3
13 0.064 | ©.062 630§ 'l
14 0.008 | 0.068 0.00 3
15 0.080 | ©.080 2324 § 1
16 0.162 | @.155 10.88 § 3.
17 0.091 0.089 -1.44 - 1
17 0.095 | @.101 0.00 3
18 0.084 | ©.077 | -3.15% 1
19 0.091 | 0.091 .1.26 1
20 012 | 0.12 3.96 § 6
23 0.096 | 0.103- 027 6
24 0122 | 0.113 - 351§ 3
25 - 0.098 .| 0.09 | - -0.18 1
26 0.098 | 0.098 | . 0.00 1
27 0.09¢ | 0.097 -0.37 Pl
28 0.107 | 0.104 1.35 3
29 0.100 | 0.097 0.09 .2
30 0.091 | 0.091: -1.26 3
31 0.102 | 0.103 0.81 1
32 0.102 .| 0.102 0.72 I
33 0.125 0.103 2.88 2
35 0.093 ¢.092 -0.99 1
36 0.098 | 0.099 0.09 3
37 0.099 | 0.100 027 2 -
38 009 | 0092 | -.1.26 1
39 0.104 | 0.104 " 1.08 6
40 0.097 | ©.097 -0.18 1
42 0.089 | 0.089 -1.62 1
43 0.095 0.095 -0.54 1.
44 0.098 0.098 0.00 1
45 0.096 | 0096 -0.36 1
47 0.079 | ©.078 351§ 1
48 0.098 | ©.097 -0.09 3
49 0.100 | ©.100 0.36 ]
52 0.107 ¢.107 1.62 1
53 0.105 - | @.107 1.44 3
" 56 0.095 .09 -0.45 3
57 0.102 .| ®.101 0.63 2.
58 0.101 | ©.100 0.45 3
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- A7.2

IN 001%
Lab | APLAC | APLAC L?:‘W“’.l | Technique
Codé Result 1 | Result2 aporatorizs Code No.
- Z-Score
59 0095 0.096 -0.45. 3
60 0.105 0.110 1.71 2
61 (.09 C.10 -0.54 I
62 8.110 0.110 2.16 1
63 0.103 0.103 0.90 ]
. 64 §.093 0.090 -1.17 3
- 66 8.099 0.099 0.18 1
67 8.106 0.107 1.53 3
68 0..096 0.098 -0.18 3&2
S 70 $.101 0.101 0.54 1
71 0.112 | 0113 2.61 2
72 0..059 0.100 0.27 2
74 £.09% 0.099 0.09 l
75 §.105 0.108 1.53 2
76 9.097 0.098 -0.09 1
77 0.104 0.104 1.08 1
79 $.09; 0.094 =081 i
80 0.100 0.100 0.36 1
81 093 | 0.092 -0.99 1
82 0099 0.098 0.09 3
83 §.097 0.097 © -0.18 3
83 £.096 0.0935 -0.45 N
84 82096 | 0.096 | -036 1
87 £.105 0.103 0.90 i
38 9.1096 0.090 -0.90 1
90 p.100 0.100 0.36 yA
91 8111 0.114 2.61 2 -
92 0092 0.093 -0.99 1
93 ¢.103 0.104 0.99 2
94 6059 0.0%7 0.00 ' 1.
93 £.116 0.112 2.88 3
96 954 0.954 153.96 § 3
97 $.096 0.100 0.00 2
98 0.192 0.198 1745 § I
99 . 0.098 | 0.100 0.18 2
100 8.100 | 0.102 0.54 2
No. of Results 170
Median 0 0.0980
Normalised IQR 0.0059
Robust CV " 6.1%
Minimum 0.062
Maximum 0.954
Range 0.892

NOTE: § derotes an outlier (i.e. |z-§qorel > 3).

For technique code dexscription refer to Appendix Cl
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