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(Measurement	 Uncertainty Sources for Determination of elements 

by Atomic Absorption Spectrometry) 

n"i::1JlUn1~lt'l I'il\P11l:lJ1~LLtiu1lU'lJ1l.Jn1~1t'l 

dJUVmlilL(ll1l{v1dl~'lJv1u1lnfi\l'lil.J'lJ1l.Jl'ilv11t'l1~ n1~ 

~1~.J1Ul'il~~n1~1(i1 LL~::l'il\P11l:lJ hi LLtiU1lU'lJ1l.Jnl~lt'l 

~::vh1li~~n1~1t'l~\P11l:lJtilL~1lfi1ln1~1.h:::lJlrul'ill'lll:lJ 

1~LLtiU1lU'lJ1l.Jn1~1t'lL'l1:lJl'H1Vh1~""~1~15 ~l,..,-ruli1l.J 

tlliu~nW~'lt'lL'l1lUL~Vl (single laboratory) 15v11-ii 

tl~:::lJ1rul'il\P11l:lJhiLLtiU1lU'lJ1l.Jn1~1t'l1l1~vh1~ 2 15?i1l 

Method validation approach ~.JLUU15v1tl~:::lJlrul'il 

\P11l:lJ1~ LLtiU1lU'lJ1l.Jn1~lt'llt'l~ 1-ii'ii1l:lJ~~lnn1~(llJl~L'l1lU 
" 

\P11l:lJ1-ii1~'lJ1l.J15 Bottom-up approach ""~1l~~~nnu 
" 

1U~1l ISO-GUM approach (ISO/IEC Guide 981995 

Guide to the expression of uncertainty in 

measurement) 15dtl~:::lJlrul'ilI'l11:lJ1~ LLtiU1lU'lJ1l.J 

n1~1t'l1t'l~ 1-ii'iim.J~~lmLl11il.J'lJ1l.Jl'il\P11l:lJ 1~ LLtiU1lullil.J '1 
" 

15dfi1l"h1~-ru n1~~1l:lJ-ru1l ~1.J nll.J'lJll.J LL~:: Cl nUl).Jl
" 

tl~:: ~ nlli1-iidl,..,-rUn1~tl~:::lJlrul'il\P11l:lJ1~ LLtiU1lU'lJ1l.J, 

n1~lt'lVll.JLI'l~lt'l~ EURACHEM ~\IiU(ll1luv1dl~ruv1L'lt'l,. 
1Un1~tl~:::lJ1rurhl'lll:lJ1~ LLtiU1lUIt'l~15d?i1l n1~Vl~l~rul 

LL,..,1il.J'lJ1l.Jl'ill'lll:lJ1~ LLtiU1lU'lJ1l.Jn1~1t'l1li\P1~1lul'l~).J, 

VJn LL ,..,1il.J UVll'lll:lJdn 1ill1 fi.Jiu(ll1lun1~tl~:::lJ1 rul'il 

\P11l:lJ1~LLtiU1lU'lJ1l.Jn1~1t'l1t'l~15 Bottom-up approach 

mh.J~1l LL~:: LtJU~1~~::L5~t'l1uiUn1~Vl~1~rulLL,..,1il.J 

'lJ1l.Jl'il\P11l:lJ1~LLtium"'lJ1l.Jn1~1t'l It'l£J1-iin1~Vlt'liil1lU 

tl1:lJlruii1~ 1U(l)l1l~l.J~l~ LI'l~1l\l1l::(ll1l).Jiln LL1ltJ'If1l{y.j'lJU 

mtlnlVl~ilL(ll1l{ 

~ru6 80C/lEJ:JOA 

US=Ulsn IIDonoo 

~~ n1~lt'l~lnli1l.Jtlliu~ n1~Vlt'lL'l1lU~til L~1lfi1l 

~1l.Jtl~:: n1ltJ~l ~l'il~~n1~lt'l LL~::l'ill'lll:lJ1~ LL tiU1lU'lJ1l.J 

~~n1~1t'l (x±U) It'l£J~Vl(i1L'l1lUtii1l.JL'll)Jl~Cltl~:::lJlrul'il 
" 

1'l11:lJ1~LLtiu1lU'lJ1l.J~~n1~1t'l1~t'l~lE1t'l15"",j.J iJ~~uu, 

n1~tl~:::lJlrul'ill'lll:lJ 1~ LL tiU1lU'lJ1l.Jn1~lt'l L'll:lJl~Cl'Vh 1~ 

""~1~15 1~LLri15 Top down approach LUUn1~ 

tl~:::lJ1rul'il\P11l:lJ1~LLtiU1lU1t'lrJ11i'ii1l:lJ~l'ilI'11l:lJ 1~ LLtiU1lU 
" 

~ 

'lJ1l.Jn1~1t'lVf.J"":lJt'l~lnnl~L'iil~1:lJn~n~~:lJVlt'lL'l1lU\P11l)J 

·lhulqp::""ll.Jli1l.JtlliU~n1~ 15 Method validation 

approach LUUn1~tl~:::lJ1rurh\P11l).J1~ LL titJ1lUIt'lrJ111 
'ii1l:lJ~~lnnl~(ll~1~L'l1ltJ\P11l:lJ1-ii1~'lJ1l.J15~::""ll.Jli1l.J 

" 
1.JliU~n1~""~1lli1l.J1.JliU~n1~Vlt'liil1ltJL~rJl 15n1~1.J~:::lJlru 

I'illP1ll).J1~ LL tiU1lU'lJ1l.Jn1~1t'lLLtJtJdL'l1:lJl~Clul1tl1-iintJ 

~~n1~lt'l'lJ1l.J.Jlutl~::'ihv1~:: Lnt'l~U 1umnl'l\ll LL~::15 

Bottom up approach LUUn1~1.J~:::lJlrul'ilI'l11).J1~LLtiU1lU 

It'lrJn1~Vl~l~rul LL,..,1il.J'lJ1l.Jl'il\P11l:lJ1~ LLtiU1lULL\/i~:: LL,..,1il.J 

LL~lUl:lJ1~l:lJnU LUULLU1Vl1.Jn1~1.J~:::lJlrul'ilI'l11:lJ 

1~LLtiU1lU'lJ1l.Jn1~1(i1(ll1:lJ ISO-GUM ~.J~n1~*(l),JUl 

L~:lJtiiU:lJl Lvi1ln1~l(i1Vl1.JYJ~ntf LL~:: Luu15v11~-rtJ nl~ 

~1l:lJ-rtJVl1.J:lJ1(ll~lVlrJ1 \/im.Jll'lru::vh.J1U'lJ1l.J EURACHEM 

LL~:: CITAC 1~tl~::rJn~15ddl,..,-rtJn1~1.J~:::lJlrul'ilI'l11:lJ, 

1~LLtiU1lU'lJ1l.Jnl~1(i1Vll.JLI'l~ l(i1rJ1~LLL'lt'l.JiU\Il1lUn1~ 

tl~:::lJl rul'ill'11l:lJ1~ LL tiU1lU'lJ1l.J n1~1(i1 LLt'l:: (l)11l ~l.JVll.J 

L\P1~ v1.J1~n1ill1:lJ1LL~11l15 Bottom up approach LUU 

n1~1.J~:::lJ1 rul'il\P11l).J1~ LLtiu1lU1t'l rJ n1~Vl~l~rul LL,..,1il.J'lJ 1l.J 
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f\ "Xll.V = L!-'t$~t..I!lLI'tHm!lltS[jlA.mG 

L'GII.t>H:l nll.1 nLi\nM.[jRlJIAULM~t.t..LU 'l('" ~ 

L'GlI.nGnrt11 !11I'tLt.l!lL!"ntS1~t..I1t..LU £"f; 

W11L'Gt..l!l1L'GlI.nGt,ll!l1 ....!P" !P" 

nfl.1 1!l~t1~ULMlI'tG~G~1A. "" f1rl~mGN 

t..LUL'GW,!.f11UL~ nfl.1 ~Gt:~t,lftG~ G"£ 

V 8dAl. 

n(m.r."!1lI'tLt.l!lL!"nQ11!l~L'~ L'Gt,lI!lIAt..LU ~"£ 

UL~LI't~LGpqm mGnrt11!11 

I'tLt.l!lL!-,L'GII.L!"L'~ G ~ng.uL~LI1~1~rtGU~t..I1~L'G~~!ll11 

L'GlI.nGnrt11 !11I1Lt.l!lmLI't~I1LIA.t..Lunr;p (A\UIBIJ80Un 

6U!"l!\UBnO) nGnrt"!1lI'tLt.l!lL!"mLI't~I1LIA.t..LU "£ 

L'tl!lU~I1~ UI!l~nf\UL~ nl'Lf'~nGnrt 11 !1lI'tLt.l!lL!-,L'GII. 

L'~IA.11Lmt..L~~t.~11 U~IA.L'LV~t,l!ll11L'GlI.nGnrt11!11I'tLt.l!l 

L!"L'GlI.iJJIA.1LNnrl~1t..LUnQ1 rlG~L'LV I!llt..LUL'Gl!l~mLI't~11 

mt.nL.I"t..Lut..LUI1NUL~Lmt..L~~rll!ll !.L'L!!lnGnrt11!11I'tLt.l!l 

L!"L'GII.L'~1A.1mrl~1t..LUnIJ1 U~IA.L'LV L~I1L'LVt.Xt~Hl!ll 

t..LUL'Gl!l~mLI't~l1nrl~1 PL'~LJAI!l~t..LUU~lA.tsL'~ (wBJ6Blp 

108H8 pUB 8SnBO) Lt,lI1L'Lv~[jnt111 G~nGnrt"!1l11Lt.l!l 

" L!"L'GII.L'~1A.11LIA.t.LunlHI1rlD~GtsL'G~l,l1 I!llt..LULJA~ 

~~11 (108H8 WOpU8J) I1pmmmlA~W~t1 tut.nL.I"t.LU 

f11't.rl~1~f1IA~W~t1 (UOIl08JJOO >tU8IQ) ~L'~m1UL~ 

V11L!"Ht.LU L'L~Gt.~l!llt.LUL'GII.~t.LltN ~n~I1.tlt.LN 

mLI't~I1f11't.rl~m1~l!lI!lLl!lt.LU H~t$l!l1t.LNL'GII.;IA~~f1I'tLt.l!l 

GI1L'Gt.l!l1UL~rtlA~W~f':l L'LrlGt.I!lLRUWU1t..LUL'GII.~t.Ll!N 
'" !!'" ' .... ..... p 

L'L~Gt.~L'GII.~mRU~ L'L~Gt.~I't~t.LU UL~LI't~LGI11t.~rlI!l1 

nGnrt11!11I1Lt.l!lL!"L'GII.L'~IA.11 111rlLIA.I1t.t..nGnrt11!11I'tLt.l!l 

L!-,G!!lib~L~ rlr-ts~nGnrt 11 !11I'tLt.l!lL!-,L'GII.L'~1A. 11k\1LJA~LG 

nt.~ rtt.l!l!11nGnrt11 !1lI1Lt.l!lL!"L'GII.L'~1A. 11 Lmt.L~~L~~Lt.M. 1 

1!l~~ib~L~~nGl!lng.nIJ1pnGl!lng. I!llt.LUG!!lf1IA~W~t1 

t:L~I!lLl!l~nGnrt 11 !11I1Lt.l!lL'GII.LI't~L'~1A. 1111t.Wt.t.t.LU 

nQ1 (S80JnOS AlU!BlJ80Un 6uIAmU8PI) I!llt.LUL'GII. 

rtGNI!lIAt..LUG!!l 

t,lt1l'tlAnL1~t.I!lLI1t..LN~t,l11U~IA.GI'tL'Gt..l!l1 £" ~ .... ,.,. ..... ... !"" 

UU~f':lm t.nL.I"uun l!H~t..LUI'tN G" ~ 

(IJBlp MOI::J) 

tSlrnf':l1111~nll!llt.LUL'GII.M11!l,g.~nGl!lng. ~"~ • 

uL~Lmt..L~~t.LUrl~lLJA (pU8JnS88W 

841 *0 UO!180!*I08dS) I!llU~~L'~l!ln,l-1oLyt.LU "~ 

PL'~ 

nGl!lng. 9 nlJ1UGGL'f"t1111t..LI'tLN li\J3H:JVUm t..LNUG1 

I'tLl!ll!llt.LUL'GII.nGnrt"!1lI'tLt.l!lL!"tu LI't~t..I1t..LU 

111G!!l~lnl!lL'GII.~£bgl1L'Gk\n 1nLL'f1l'~)jlU~~t..I1I1tL!\ 

~~11 ~lL~1l1t..LI'tLNnL~~k\1G~1 f1GU ~t..I1}GI;)1~t..1A 1UI11N 

n,g.M.}Gll.rtG11 U~I'tGI;)~GL'G~l!l1 rlt.~L'L~Gt.~n 1lllL!Hll LI't~11 

rtGNI!lIAt..LuUL~I!l~1~l!llt..LuL'GlI.nGnrt"!11I'tLt.I,jL!"GII.L'~1A.11 

Lmt..L~~t..LUL'L~Gt.~Urlrll!llL'~IA."uiAl't~l,jrtGt..I,jk\ll!llt..LUL'GII. 

nGnrt11 !1lI'tW"L!"L'GII.L'~1A.11 Ltut..L~~t..LUG~ P£~I1LI;) 

nGnrt11 !11I1Lt.l,lL!"tu LI1~t..I1t..Lun11!l~~ib~Lp~nGl;)ng. 

nr:1~~" li\J3H:JVUm t..LNUG1I'tLl;)nGnrt11rt1I'tLt.1,j 

L!-,mLI't~t..I1t..LUL'GII.G~rll!llnGl;)ng.L'~t.L~U~~PI'tLt.I,jIAf1 

nt.~rtt..l!lL'L~G~ll!llt.LUG!!lrtlA~t..Ut,lf':lt$~ !.L'L!llrl~~rJ~~Lt..1,j1~ 

llt..LI'tLNk\lLJA~~~~~~RUAAts~~11 rtGNI!lIA~~Lt..l!l1~t..LUU~1A. 

nl~lL~1I1Lt.l!l ~I1Lt.l;lt:L'Gl!lnIJ1L~f1GMI!lIA~ nf\~ll!ll 

t..LUL'GlI.nGnrt11rtll1Lt.I,jL!-,mLI't~t..I111t..LI'tLN~~11L'Gl!lU~~ 

I!llnu~f':l~W1G~\1I!llt..LULJA~~tsl!l1 L'LIAt..LU~£bgl1L'Gk\ 

n1f1GNI!lIA~~t..LUL'~ L'~IA. 11UiAl't~l;lf1Gt..l!lk\1I!llt.LUL'GII. 

nGnrt11!11I'tLt.l!lL!"L'GII.L'~IA.11Lmt..L~~t..LUG~ p£~I'tLI;) 

nGnrt11rt1I'tLt.I,jL!-,mLI't~t..I1t..Lunll!l~~ib~Lp~nGl!lng.nf\L'~ 

I!llt..LU L'GlI.nGnrt11 !11I1Lt.l!lL!"nr;pnl'l'tt.t..LI'tL'~1A. 11 Uv'L'GII. 

nGnrt"!1lI'tLt.I,jL!"LJ1t.~11 L'~IA.11 ~~!!l1mGnrt 11rtlI1Lt.l;lL!" 
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L~fl ~T ~fl fluawilViLLlI1nl1l1\l , " 
'i::Wil\lflru""Jlil~vi1m'i(,/fllJ LYitllJnlJflru""Jlil~l-E1um'i 

" \J	 'I \J 

a ~fl ff).J1.h::~V1EnwlJtllti 
.., ... • -4 -1 0 .... ~ 

lI11'lJfl\l'lJfl\lmfn ).JV'll 2.1 x 10K ('/lmlJUl 
u 

V ~fl U1).Jlll1'i'lJfl\lLV'l~fl\lLLt'h 
l 

3.4 nl'iU'i:: LilU~lV'lll).J1~ LL UUflU'lJ fl\l 

1\1 nl'ill11 ~lnnl'i~lI1~ul~ ..,,1flU'i::('/lJ­

.. '" ... " .......

nl'iru'lJfl\lNVllI1('/fllJ '/J\l NVllI1 ('/fllJVI).J

" " 
U'i::('/lJnl'icU('/l).Jl'inVl'illJll~lV'lll).J 

,n l)JLLuuflU~lnLL""fl\ll1il\l'J 1'11'i).Jl'1l 

Lvhll11 (,/l).Jl'in~1I11~1..,,).J ijI'11l).J~lI1Un~'lJ 

..,,1fl1)J -i1\l~lI'11l).J1~ LL UUflU~ln
I:: "" ........ , ... ~
 

'lJfl~~V1).Jfl~ ~lnVlq~!JyjU~lU LL~:: 
h 

~lnnl'i~1I1&ul~""1flu'i::(,/lJnl'icU'lJfl\l 
ct	 

~V1l11(,/fllJ ~lI1Ltlul'ilV'lll).J l)JLLuuflU
" 

l'i Type B 

~l 4. nl'iLU~tlUUi).Jlrul'ilV'lll).J1~LLuuflu 

(Converting uncertainty) ~ml'il1~~ln.ffulI1flU~ 3 

I'll LiJUl'ilV'lll).Jl~LL U'Ufl'U).Jlll1'iilU 1111t1""l'i~1t1 LLyJnLlI1fl{ 

~ L.."m:: ('/).J -i1\l~'Umjn1J'iu LLlJlJ nl'in'i::~ltl'lJfl\l LL.."fl\ll'il 
" " 

ml).J1~ LLUUfl'U,rU 'J 

5. ril'Ulru~lV'lll).J1~LLUUfl'U'il).J (Calculating 
19 

the combined uncertainty) 1111t1till'ilV'lll).J1~LLUUflU 
N 

).Jlll1'i~lU).Jl'il).JnulI1l).J n!J m'i'il).Jl'ilI'11l).J1~ LLUUflU 

6. 14'lUlrul'ilI'11l).Jl~LLUUflU'lJtllti (Calculating 

the expanded uncertainty) 1111t11-li coverage factor 

~ m).Jl::('/).J/lltll~'i::v1lJI'11l).JL~mj'uviri'l""'U~ ).Jll'1runlJ
" 

l'ilI'11l).Jl)JLLUUflU'il).J 

l'i 

i'~~1~n11w~11ru1u~fi~~~~fl1~'1~1U 
1,,; LLUUilUlun11Y1~R~1JtI;~1wYl~~LL~Nlula~::NR~ 

~-

~::a ijLilu~~. UL~;il~~:: PI il~ij n U~1J'2lil.,w,jURLtln-
" 

lY11ijL9Iil" 

nl'iVlll1(,/fllJUi).JlruVlfl\lLL~\llu1~""::N(,/).J 
iN 

fl::t'l~L\1t1).J ~ L1I11t1).J1~tlt'l::~ltl~lfltil\lJl.."unU'i:::).Jlru 
. " v 

1 n-r).J~ltJn'i~1!'l1111'iI'1~fl1nml).JL-n).J-ii'U 1:1 L~fltifltl 

L~fl~l\l(,/l'i~::~ltl~\l 10 Lvh LL~l~\ltil(,/l'i~::~ltl~lfltil\l 

).JlVl~(,/fllJU1).JlruVlfl\lLL~\l~1t1LI'1~fl\lfl::lI1fl).J~n 

LL fllJ'l1 fl {yj'llU ('/ Lun1 mil L1I1 fl fLlI1 tI i iiL Vi tllJ n n'il yJ 

-6 
%Cone = Conc.xDxVx1 OOx1 0 

wt.sp. 

L~fl Cone. ?)fl 1'11l).JL-ii).J-iiU'lJfl\l~lfltil\lvi 

\o1n~lJ~lLLlJ~\ll'1 (il~~n-r).J/~I1l'i) 

D ~fl LLyJnLl11fl{~l..,,-rlJm'iL~fl~l\l 

V ?)fl U1).Jlll1'i'lJfl\l('/l'i~::~ltl~lfltil\l 

L1).J~U (il~~~lI1'i) 
~ 

wt. sp. ?)fl til.."un~lfltil\l (n-r).J) 

~\l1..,,~ (Flow chart) 'lJfl\ln'i::1J1Unl'i 

V1~(,/fllJ LL('/IM1'U/llyjvi 1 

mwri 1 m::lJ'Jun71r1li1ffEJlJLrtErrMIJ1U7nJrlEJJLLIiIJ 

?UTt'I'H::Nff:JEJ::t'lfjlum.J
. 1/ 
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L~~D~~D U~=R1'~1~'!1U 

•	 L~~D~D=~D~jJmLDU"llD1~'lluRLtJn1Vl' 

~	 ~ 

~L~D' 

•	 Ll'I~D~-5~ ~l11~~=Lf)VVl 0.1 jJ~~n'¥~ 

•	 ULtJ(;ltJ1~1(;l''lIU1Vl 1. 2. 5. 10 iJ~~~IJI' 

•	 'lI')Vl1VltJ1mlJl''lIU1Vl 100 iJ~~~IJI' 

•	 R1'~=~1V~1(;l'!1UVlD\lUVl\l 1.000 

iJ~~n'¥~lJiD~~' 

n1'ifj~1'iru1LL""~"1JihHh~'1~hiLLUUtlUlltl"n1'i1(;l 

.ffU~DUn1,W"J1,ru1 Lm~~'lID~~hm1~1,,)LLUUDU 

'lID\ln1'VlVlRDUtJ1~1ruVlD~LLVl\l1u h'YI=t\JR~D=~iJL i1v~ 
" 

L~DW"J1,ru1"J1nR~n1' n1'1"11U ') ruu~= LLt\JUfli1'l1D~ 
" 

n,=ulUn1'VlVlRDU~U11 Lm~~'lID~~1fl,)1~ 1,,) LLUUDU 

(1l1\1'Y1~n1uut\JufliJrh~tJ~1) ~~\ld 
" 

•	 n1,-5~~,)DtJ1\1-i1~"J=LMv')-nD\lOULfl~D~-5\1~1-E 
... ..... .."j" 

•	 m'L~'V~R1'~=~1mLU~\ll'I "ll\l"J=LnV,)'lID\I 

omlVl1VltJ12J1(;l' 

•	 n1,tJ'¥UtJ1~1(;l'R1'~=~1V~,)DtJ1\1 -i1\1"J= 

LMvl-nD~OU'lIlVl1VltJ12J1(;l' 

•	 n1'L~D"J1\1 -i1~"J=LMvl-nD\lOUtJLtJ(;lLL~='lIlVl 

1VltJ1mlJl,~H 

•	 ~1fl,)1~L-n~-nU'lID\lR1'~=~1V~,)DtJ1\1LL~= 

R1'~=~1mLu~\lr11~~1"J1nn'1vJ~1(;l':l1U 

~\lJ'ULL'YI~\I~1l'1,)1~1,,) LLUUDU"I= LMvl-nD~ 

OUR1i~= ~1 V~1~'!1UVl D~ LL(;l~ LL~= Lfl~D\I 

urh~wl (tlLtJ(;lLL~='lnVl1VltJ1~1~') ~1-E 

L~1V~~Vl'llD~R1'~=~1V~1(;l':l1U~1-nR11\1• 
n'lvJ~1m!1U UDn"llmiv\lLMvl-nD\lnU 

~n~ru='lID\ln'lvJ~1(;l'!1uVil~ 

-i1~ LLlJi~ = LL 'YI~\I'lI D\lrl1fl,)12J1,,) LLUU DU"I=ij R1 L'YI1JI'lI D\I, 

rll~,)1~1,,)LLUUDU (rl1\1tJDV) ~u(;lnlJh\lou R12J1,mLtln 

w"Il,ru11~~\ld 

nl"i1i" D~r1tJ,=nDU'lID\I~1m1~llJ uUUDutJ,=nDU~,)V 

•	 Balance calibration uncertainty Vi~R1L'YI~ 

~1"11 n~l12J U,,)U ~~1n Vl1un1'RDU LVivu 

W"Il,ru1"J1n 1'i1 Linearity 

•	 Readability ~ijR1L'YI(;l2J1"11n~ll~R1~1'(l, 
1Un1'fhuI'i1'l1D\lL~~D\I-5\1 

•	 Daily drift ~~R1L'YI~~1"11nil"J~vlJi1\1'1 
~ 

'l~Vf~Dru'YIfljJ ,	 " 
•	 Run to run variation ~~R1L'YI(;l~1"J1n, 

il"l~VlJi1\1'1 

1.l1~1Pl'i D\lr1tJ,=nDU'lID\l1'i1fl,)1~1,,) LLUUDutJ,=nDU~lV 

•	 Calibration uncertainty ~~R1L'YIlJIm"l1n, 

fll1~U,,)U~~1n(;l1un1'RDU LViVUW"I1,ru1 

"I1n	 1'i1fl,)1~fl~1"'Lfl~DU (Tolerance) 'lID\I 

Lfl1D~Url,) 

•	 Temperature ~ijR1L'YIlJIm"J1nn1'LtJ~UUUtJ~~, 

'II D\I Dru'YIfl iJ"I1 n Dru'YIfl iJ'lI ru= RDU LVi UU 
'I tJ 'l 'Ll 

'1h1"'d)"'l'I,)1~ LLlJInlJi1~'lID~tJ1m(;l'~Dru'YIfliJ ,	 " 
~1(/i'!1U 

•	 Run to run variation ~~R1m(;l~1"11n, 

il"J~ulJil\1'1 

n1'iL~i1~1" D~r1tJ,= nDU'lID~1'i1l'1,)1~llJLLuuDutJ,=nDu~"JU 

rl1l'1,)1~1,,) mluDu'lID\lU LtJ~ LL~='lI,)Vl1"'tJ1~1(/i,~1-E -i1\1 

I'ill'1,)1~1,,) LLUUDU'lID\lU LtJ(/i U~='lIlVl1VltJ1~1(/i'W"J1' ru1 

L'liUL&iulOUn1JtJ1~1~' 

m1~~1(/i'il1U D\lr1tJ,= m)U'lID\l1'i1~l1~1,,) LLUUDU 

tJ,=nDU~lU 

•	 1'i1~ll~1,,)uuuDu'lID\lLLnu x ~~1"J1nm, 

L~D"J1\1R1't'l= t'l1U~1~'!lUVlD~ LLVl\l1"'1~ 

~VlR1'~=~lU2Jl(;l'!1uViijfll12JL-n2J-nU 

L'YI2J1=R2JnUn1'R11\1n'1vJ2J1(;l'!1U 

D~~tJ,=nDU'lID\lrl1l'1')12J1).]UUUDUtJ,=nDU~,)U 

rl1l'1l12JL-n2J-nU'lID\lRl'2J1~'!lU W"J1,ru1 

"Jl01u'¥mD\I LL~=m'L~D"I1\1R1'~=~1U 

1u 

LL~ ..
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L'li'U ICP-OES, UV-VIS 

iJ~~uuYieJ\l11!ju&inl'l'lJEJ\l11"1'l\lnll Ll"1ii n'l~ 

iVl!.Jlm~tI11u1nl'l 1~1Unl'l-r1J'leJ\lmll-J~1~1,ClYi1)\l 

11!jU&inl'ltl11l-J ISO/IEC 17025:2005 1'Unl'lVlVl~1)U 

1.J1mruLil(1l~h!.JLVll"1ili'l eJ::tI1eJ~ijn ueJ1J'llEJ1'\'ji'U~L11n 1Vl'l, . 

45 

L~EJ1~ LL'r1lii\l'lJEJ\l~11"111~1~ UU'UEJ'U~\l'r1~~U~1 

vh n 1 'l 'r111.J 1 ~ 1 ru ~ 11"111 ~ 1 ~ UU 'U EJ 'U 'lJ EJ \l LL ~ ~ :: 

1)\lr11.J'l:: nmJ~ln'iiEJ~('l~ii mj ~lmr'Uvhnl'lLl.J~!.J'U 
" " 

'eJnEJU'll-J LA!.J1nUnl,1'11U1ru~11"111~ 1~ LLU'UEJ'U'lJEJ\l~~ 

nW1VlVl1\lLI"1Sj ~~Uh~1~1'lCl'r11-EEJ~('l L~l-JL~l-J 1~~ln 
~ ~ 

L~(Il~1'U'r1~1!.J'lJEJU·lhtl L'li'U nl'lVlVl~EJu111~lruLLi'lVlLSj!.J~ 

LL~::(Il:: rt11'U~~(Ilnru" L'll'llijnLL('l:: Url1 U~::nl'lVlVl~eJU 

111l-JlruL'r1~n Ul-J\lnlil~U~::tI1::rt11'U~1'l~l-J ~\l~l~l'lCl 

'l1 !.J\l1'U~11"111l-J1~ utJueJ'U'lJEJ\lnl'llVl1YinU~1-EU1nl'l1~ 
" 

'UeJn~ln,1n'll-JiVl!.Jl~1~tI11u1nl'l ~\l1~~V11YiSj'r1~n~tI1'l 
" 

1.J1~lru~lml~1~UUu1)'U'lJEJ\lnW1~1 '\~fLU'U~lml~ 

1~ LL UU eJU~l(1l'lilU Lyj EJ~~:: ~1~1'l Cll'11U 1 ru~11"111~ 

1~uUUEJU'l1l-J LL('l::~11"111l-J 1JJuUUeJ'U'lJV'1t1(1)EJ111 

1J"I1~11~.Q n~11 Ci" nl~1J,::: ~1 ru~l r111~ 

1~ UUUEJ'U'lJ EJ\l nW1~ 1V1tILU'U1'U-rr'U(Il EJ'Unl'lV1<11'lrul 

LL'r1lii\l'lJeJ\l~11"111l-J 1JJuu'UeJ'U'lJeJ\lnl'l1~ ~\lLU'U-rr'U(IlEJ'U 

~ ~1 ~ q)~ ~V11 'U nl'll.h:: l-Jl ru~ 11"111 ~1lJ LL U'U 1)'U(Illl-J, 

EURACHEM LL('l::1~tln1ll1EJrJl\lnl'lVlVl~eJ1J1Il1EJrJl\l 

~1t1Li'l~eJ\leJ::(IleJ~ijnLLeJU'll1)1'\'ji'U~L11n 1Vl'lijL(IlEJ1 1~!.J 

1~W~1'lrul1 YiI"1'leJUI"1('l~U 'r1lii\l'lJEJ\l~lml~ 1~u U'UeJ'U, 

~?\~11~:: LnVl-?1'U~\l'r1l-JVl1'Unw~'l~~EJ1J~1!.J LVl 1"1 il1"1,1 ~\l 

~Ell'U~1~1'lCl-Jl11111'l::!.Jn~ -Enu LVll"1ill"1~'U~1n~ L~!.J\l" , 

-...,..--::"'_-~"""""---~-~ %Cu 

mwrt 2 LLNlJiJih17J!ltv711ElJLLYlfIJPhFl?7,,1:iLLUlJEllJ 

1IEJJmm7!l~m{)mElJLLVlJ7lJrtvYl::N(mEl::tvfj,atm 
~ 

Regression line 

(Cause and effect diagram identifying uncertainty 

sources for the determination of copper in 

aluminum alloy) 

~'hln'll~~ll'l'iil'U 

• ~11"111~1~uu'UEJ'U'lJ1)\lLLn'U y Vi~l~ln 

rll\l'r1~nL~~ 1 rll\l~EJ Repeatability ~~1~lnnl'l'l1~ 

LL'r1~\l'lJ1)\l~11"111~1~LLu'UEJ'U~·zhl'U11 LL~::1'U~1'U'lJEJ\l 

rll\l'r1~nLL1J('l\lr1 (Blank) ~::Sjrll\lrJEJ!.J 2 rll\l~EJrll\lrJEJ!.J 

111~1(/\'l'lJ EJ\l LL 1J ('l\lMiSj'll!.J ~:: La!.J~ L'r1Sj1)'U1.J1m(ll'l'lJ1)\l 

1111 EJ rJl\l U('l:: rll\lrJ1)!.J'lJEJ\lnl'l L~EJ~l\lViSj'll!.J~:: La!.J~ 

L'r1SjEJ'Unl'lL~EJ~1\l'lJEJ\l1ll1EJrJl\l EJrJl\lhii(lll~ u~'Ullij 
" 

rll\ll.J('ll~ u~ ~\l,1 LU'U LVl !.J\l1ll1 EJ rJl\l nl'l Lii tI'U U~'Ullij rll\l 
" 

1 'Uh'r1:: ~~~EJ:: ('lij Li1!.J~~ LL~~\l LL 'r1~\l'lJEJ\l~1~11~ hi 
~ 

uU'UEJ'U~\l'r1~~ 'r1~\l~lnlll~LL'r1~\l'lJEJ\l~lml~1~LLU'UEJ'U 

~·zhl'U u~::~~n~~an~f\l LL~~\l1'UJl1'\'j~ 2 ff\lLn(/1'"ilSj, 

11 ('l1 ~lm'l Cl Lii!.J'U(Ill~1"111~ Lih1~'lJEJ\l~Vl~~1)1J Lyj1)1Yi1~ 
" 

LL 'r1~\l'lJEJ\l~11"111~ 1lJuu'UEJ'U~\l'r1~~ 
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