
UVt1.H~Lll 



U Uttl.t:1~lll 



Abs. 

0.5000 

100 

Calibration Curve (Cu) 

0.4500 - - - -

0.4000 I ~ 
03500 ~ ;---= 
0.3000 . /"' 
0.2500 L> 

0.2000 

0.1500 

0.1000 

0.0500 

0.0000 +-'-~----~----..--------.------.-------.-----~ 

0.0000 1.0000 2.0000 3.0000 4.0000 5.0000 6.0000 

Cu Cone. 

Cone. (ppm.} Abs 

0.0000 -0.0005 

0.1000 0.0164 

0.5000 0.0461 

1.0000 0.0844 

2.0000 0.1622 

3.0000 0.2377 

4.0000 0.3132 

5.0000 0.3868 

6.0000 0.4622 

TI"i1ft3J1111"i,!11-U1Eh1U.~h'l (Cu) 



Abs. 

0.4500 

0.4000 

0.3500 

0.3000 

0.2500 

0.2000 
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Calibration Curve (Fe) 

~·~i:27~ 
-0.05000.0000 1 0000 2 0000 3,0000 4,0000 5.oooo e.oooo 1 0000 Boo 

Fe Cone. 

Cone. (ppm.) Abs 

0.0000 -0.0008 

0.5000 0.0316 

1.0000 0.0587 

2.0000 0.1125 

4.0000 0.2280 

6.0000 0.3185 

8.0000 0.4183 

nn-W&111J11,!1\U'Vii°n (Fe) 



Abs. 

0.1000 

0.0900 

0.0800 

0.0700 

0.0600 

0.0500 

0.0400 

0.0300 

0.0200 

0.0100 

0.0000 

0.0000 1.0000 

Pb 
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Calibration Curve (Pb) 

2.0000 3.0000 4.0000 5.0000 6.0000 

Cone. 

Cone. (ppm.) Abs 

0.0000 0.0000 

1.0000 0.0142 

2.0000 0.0317 

3.0000 0.0462 

4.0000 0.0608 

5.0000 0.0764 

6.0000 0.0907 

TI"a1'rbJ1fl"a,!114fl::rt1 (Pb) 



Abs. 

2.5000 

2.0000 

1.5000 

1.0000 

0.5000 

0.0000 
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Calibration Curve (Zn) 

R2 = 0.9992 

0.0000 1.0000 2.0000 3.0000 4.0000 5.0000 6.0000 7.0000 8.0000 9.0000 10.0000 

Zn Cone. 

Cone. (ppm.) Abs 

0.0000 0.0000 

0.5000 0.1664 

1.0000 0.2785 

4.0000 0.9180 

8.0000 1.6608 

10.0000 2.0040 

n"i1~a.J11Pl"i,!1'Mtft\lnti (Zn) 



Abs. 

0.7000 

0.6000 

0.5000 

0.4000 

0.3000 

0.2000 

0.1000 

0.0000 
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Calibration Curve (Cd) 

R2 = 0.9983 

0.2000 0.4000 0.6000 0.8000 1.0000 1.2000 1.4000 1.6000 1.8000 2.0000 

Cd Cone. 

Cone. (ppm.) Abs 

0.0000 -0.0020 

0.1000 0.0417 

0.5000 0.1734 

1.0000 0.3201 

2.0000 0.5862 

n,-1~&11fl,.,!1'MILLfl~Liiua..i (Cd) 



Iii UVt1.t:1~Lll 
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fl11'M1A1 Limit Of Detection (LOO) LL~t Limit Of Quantitation (LOQ) 

LOO 

w,,.,funTl1L~11::~Lii.\lu7mm wim1mh1i 3 1n 1iLLT'i 
... ... ' 1. n1m Sample Blank 3Jm 

'Yl~ffeJtJ Reagent Blank> 10 41 f11u1mfi1ffJ13JL°1i3.Jiiiuu~tJ (X1) 

'Yl~ffeJtJ Sample Blank > 10 41 f11u1mfi1~113JLii3.JiiULu~tJ (X2) 

LOO= (X2 - X1) + 3SD 

2. n1m Sample Blank 1aiiifi1 

'Yl~ffeJtJ Fortified Bample Blank ~~113JL°1iaJ"liuil'eJtJ 6) > 10 .ff1 

LOO= 3SD 

3. 1.i Fortified Sample Blank 3 ~113JL°1i3Jiiu 

'Yl~ffeJtJ Fortified Sample Blank ~1::iu~113.1Lii3.Jiiu 111t11.u Range 
... 

3 ~113.JL°1i3JiiU6) a::> 10 6111 

fl1U1tu.'Vl1fi1 SD '11£1.\ILL~a::~113JL°1i3.1°1iU 

LiitJUn1Trh::'Vli1.\1~113JL°1i3J°1iU (LLnU X) rl1J SD (LLnU Y) 

-;J~i~LLnU Y +i£Jfi1 So 
q 

LOO= 3So 

o ..... A S'~ o Vj ......... ..r 
ITT'V\11Jn111L~11::1JIL·n.\l~tu.1l1'Vi ITT3J11tl'Yl1 ~~~.\Ill. 

q 
' ... .:=ii ..,., .... .... I ..... 0 

'Yl~ff£11J Fortified Sample Blank 'Yl1::~1J~113.JL'113.1'11U~1.\I 6) 1::~ua:: 1 O '11'1 

~11-;JffeJrnrn Positive LLa:: ~a Negative 

LOO = ~113JL°1i3J°1iU~1ff~~i.~~a Positive ~ 10 41 
q 

LOQ 

ITT3J11tlfh1i 2 1n 1iLLri 
... ... ' 1. n1m Sample Blank 3Jm 

'Yl~ffeJtJ Reagent Blank> 10 41 f11u1mfi1~113JL°1i3J°1iULu~tJ (X1) 

'Yl~ff£11J Sample Blank > 10 41 f11u1mfi1~113JL°1i3J°1iULu~tJ (X2) 

LOQ = (X2 - X1) + 10SD 
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2. nnit Sample Blank l3.iii~1 

'Yl~HEIU Fortified Sample Blank ~fl113JL"li3Jiiin.tm.1') > 10 sff1 

Predicted LOQ = 1 OSD 

'Yl~~EIU Sample Blank> 10 sff1 

'Yl~~au Fortified Sample Blank ~iif111miaJ"liiu'Yhnu Predicted LOQ > 10 
" sfi1 
~1'T;J~EIU Outliner, Accuracy mi:: Precision "11El'1 Fortified Sample Blank 
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ti .. .. 
TI1"i''H1L O"i'L'if'l-Hl Recovery 

M1V1 = M2V2 

100 ppm. x V1 = 0.5 x 50 

100 

V1 = 0.25 ml. 

i]tl1 .... ..1 ... ti'.. ... ... L ~ a'V\::'V\Ufi'Yl~Ehm11"'V\1L El1"L6lfU~ Recovery 0.25 ml. ("il1fif11111L"ll11"1JU 100 
'I t~ ._.- f .al _,,, A I' 

ppm.) L~L U~1El £J1.\l'Yl~El.\lfi11"1Lf11"1::'V\ 

m,- Spilk Sample .i'E1'1fi1 3 f11111L°1i11"1iu 

0.5 ppm. Spilk a.\lltl 0.25 ml. (3 ri1) 

1.0 ppm. Spilk a.\lltl 0.50 ml. (3 si1) 

1.5 ppm. Spilk a.\lltl 0.75 ml. (3 si1) 

' ..I .... .., ... • ' ..I .... .., ., 
% Recovery = (m'Y11~ L~"il1fifi11"'Yl1 Spilk Sample - mn1~ L~"il1n Sample) x 100 

f111mii11iiun Spilk a.\lltl 

.... 
1. Sample 1 fi1"11 = 0.00 ppm. 

Sample+ Spilk (0.5 ppm.) = 0.50 ppm. 

% Recovery = 0.50-0.00 x 100 

0.50 

= 100 % 

2. Sample 1 nf11 = 0.00 ppm. 

Sample + Spilk (1.0 ppm.) = 1.00 ppm. 

% Recovery = 1.00-0.00 x 100 

1.00 

= 100 % 

3. Sample 1 nf11 = 0.00 ppm. 

Sample + Spilk (1.5 ppm.) = 1.46 ppm. 

% Recovery = 1.46-0.00 x 100 

1.50 

= 97 % 
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CAT'i1'1 % Recovery 
~..a 

Sample Sample+ Spilk Sample+ Spilk Sample+ Spilk fl1'1't1 

(ppm.) 0.5 ppm. 1.0 ppm. 1.5 ppm. 

1 0.00 0.48 1.01 1.46 

2 0.00 0.51 0.98 1.46 

3 0.00 0.50 1.01 1.46 
I ... 0.00 0.50 1.00 1.46 fl1LM.iUJ 

SD 0.00 0.02 0.02 0.00 

% Recovery 100% 100% 97% 
.I .. R .. ... •'I • 

'M&l1UL'MCA LuEJ7L'lr'U.~ Recovery ~El\IEIEJ~Wll'1\I 90% - 105% . ~ 
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'Vlinn11t1ih1 Atomic Absorption Spectrophotometry 

1 ... I .J •'I .. .. • I 111 ··' a 'VI ::'VI un c;n ..:i 6J 'YI m.1 Lu «11a:: a1 mi:: rim i:.i1 <il'H.1'1113.J ·rn t.1.H ..:i-;i1n1::1.1mua1 L rt • • • 
(Flame) 'Vl1t11::1.11.1~'1iL"ll'LiJa1'v.J (Non-Flame) -;Jt.1.LL<ilni1 (Dissociation) na1milt.1.Ei«1:: 

A I J" A ..... _;_. I A .... 
(Atomization) LL a:: t1::c;i El3J EIH1:: L 'VI a1u-;i::c;ic;in au vrn..:i..:i1t.1.LLH..:J'Yl3Jfl113J E.J11'71'1..:Jfl at.I.Lu rn::c;i1 • 
~..:ivrn ... ..:i..:i1t.1.LL«..:1~c;ic;inau-;i::Liluic;iibun1.1iJ13.11mt1::c;i t13J"11t1..:i1a'Vl::wil'mf u 6J lc;i E.J 1a'Vl::LL<iia:: • I I 

A A ..... -- I A I e.... '7!'t.1.c;i-;i::c;ic;in au wa..:i..:11u 'YI m1113.1 E.J11'71'1..:Jfl at.1.LLc;inc;i1..:inu • flame/non-flame 0 0 , , 
MX (aq) ~M (g) + X (g) Atom1zat1on 

Mo (g) 

(Ground State) 

specific for M Mo (g) 

(Excited State) 

-;i1 n «3Jn11i1..:11.1 u-;i::w1.1·;h ~" Lt1 flqj"tl t1..:in111 Lfl11::~V11iJ13.11m1a'Vl::'VI i.t'nc;i1 E.Ji~ 
AAS ~El 

-lo'lt.IA A 
(1) n1::1.11t.1.m1'Yl'Yl1 L'VILn<ilEl::<ilEl3JEIH1:: 

(2) wa""..:i..:i1t.1.fl113Ji't1t.1. ~L '71'L t.1.m'lih 1 idic;i t1::c;i t13J 6 «1:: ~" m-;i-;i::L iluLiJ a1' v-l'Vl1t1 hi 
1ihua1'v.J 

..I 
(3) fla'U.LLH..:JLuW1::tn<il 

q 

I ol ..a_, "" 61f'UhJ"itTIOUfln1An.11J£h1 AAS ., 

(1) LL'Vl~..:Jn1LU<ilLLH..:JLuW1::tn<il (Light Source) 
q 

lc;iE.J..f1,iJii.E.J3JL"lf'Vlat1c;i~rna1aLLfl1'Yl<il (Hollow Cathode Lamp, HCL) Lttt1..:i-;i1nLiLLH..:J 
..i... .. ..I 'I .. .. I ."I ... ..I 'I !.lll .. 
'Yl3Jfl113JL"113J~')1 L3JEIL'71'..:11'U.<ilEl..:J~'U.'VlaEl<il (Warm Up) Lu'U.L1a1 5 -10 'U.1'YlLH3JEI LWEIL'VI L<ilLLH..:J 
.J .J 
'YI El El n 3.11 fl" 'YI 
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Cathode 

Grounded-Seal 

.I .... 
111V'l'Yl 1 anHm:: (Hollow Cathode Lamp, HCL) 

~m : nn1 h..:i..:i1i.Lt1'i'IITT'Vlm .. n.1, 2545 
q 

anHnt::"ll tl.\I HCL "il::ih::n t111i1 £J.ff1 LL~ t 'YI~ ~.\ILU'\.L 1a'Vl::rh LU'\.L ·n.l'Yl7.\ln7::1J tinmn..:i 
'II 

~u..:ii1i.Lt i.Lu1ui1£J1trn:: ('V17t1ff111h::n t11J"llt1..:i 1trn::) ~it1..:inT~1L~11::lf t~ £Jrt1 l1..lit£J11ti 

1a'Vl::V1if...:i9it1i1£J HCL 1 'V\ati~ Lii'l-L n1it1..:in111L~11::lf'i1::«1 (Pb) it1..:iLat1nL-i HCL "lfit'il 
' ....... 

"llt1..:i'il::n1~1£J 

(2) t11..ln1m'Y'i1l~Ln'ilt1::~m.1Eim:: (Atomizer) q 

n111L~11::lf i1 m 'Yl~it~ AAS Ji.L "il::1..l1::ffu~1111«1L7"il ti rl1..:i~111nut1 m w£J..:it'i1Ji.L 

ifi.Lt1rlnu1..11mni."11t1..:it1::'ilt111Eim:: (Free Atom) "llt1.\lli1'il~'Y'i1t~Ln~ifi.L i..:iJi.L~1111ITT~ru~..:it1rl 
'II q ., 'II 

~'Y'i1t1rl1..:il1~.\l';l::'Y'i1 t ~li1'il~ii ti rit '\.LITT7i1 ti rl1..:i~"il::1L~11::lfLL'ilni1LU'\.Lt1::'i1 tl3Ja ff7::limn 6.1 
q 'II 

......... .1... 'I~ .i ........... ' 'o'l.1..r 
'lJ.\111fYl'\.L£J 3J L "1f L '\.Lu';l';l1J'\.L3J~.\I 'ii ti Lu'\.L 

q 

.I 0 'I ... .... .!"I A ... • I .., •• 1 
(n) n1::u1i.Ln11'Yl'Yl1 L'Vlff17LL'iln'il1Lu'\.Lt1::'ilt13Jt1ff7::'il1£JLua1 LY't (Flame 

Atomization Process) ITTV1fun1::u1i.Lm1d'ITT1i1t1rl1..:i"il::it1..:iLu'\.Lff17a::a1mdm~m hiii 

ITT7LL"ll1'\.Latl £J ti rl i1'Y'i1a::a1 m1::LU'\.L ih1.'17tiITT7a'\.L 'Yl1rj'fi'1.i ITT3J17mLti..:iti tin liLU'\.L 5 .ff i.L'iltl'\.L 
'II .... ..r 

~.\l'\.L 

(I) Nebulization LU'\.Ln1::u1i.Lm1L1..I~ £J'\.LLL1..la..:i"ll ti..:i L 'VI a1 t ~Lui.La::t1t1..:i 
Lan 6J (Mist) i1£Jt11..ln1m~L1£Jn--h Nebulizer 

q 

(II) Droplet Precipitation LUi.Ln1::u1i.Ln11~a::t1t1..:iLan 6J "lltl.\I 

ITT1a::a1 m111ni.LLU'\.L 'VI £J~ ITT1a::a1 £J"lli.L1~ t 'VI ni t~ £Jl~ff13J17TI a ti £J ti rit i.Lt11n1~li ~..:i'ilna..:i ., 'II 

m LL~1 ti tin lu'Yl1..:ifi mhri..:i (Drain) 
."I .I .. A .... (Ill) Mixing Lui.Ln1::u1i.Lm1'Yla::t1t1..:iLan 6J "llt1.\IITT1a::a1mn~~ff11nu 

L-imw~..:i (Fuel) LLa::titin.nL~'J.n1 (Oxidant) L'\.L Spray Chamber "lltl.\I Nebulizer 
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(IV) Desolvation Luun1::u1un11~n1i1a::a1 £J '11.:iei~'l ua::m:i-:1Lan 
'II 

:: 
0 

"" \'I. I .J 'I "' • .!'I "' • I ,¥ "" ,,f 'U.'U.flnn1-;J~rnein Lu 111 L'VILn~ILu'U.EJ'U.111flLan ')11El.:1Ll11u'l::neiu n1::u1un11u-;J::Lnfl11u 'II q 

f1El1.U~1.:111 El.:ILUa1 l y.J 

(V) Compound Decomposition Luun1::u1un11~Lnflifu'luLua1lvJ 
1fl £J~vrn"".:1.:11uf1113Ji'El'U.';J1n L iJ a1' Y-J-;J:: lun1 'l ~ ITT1U'l::n EllJ Lfifln11"LLflni1 LU'U.EJ::fl El3J am:: 

0 LIGHT BEAM 0 Q _ ...., - - - - - . --o- . - r\ - 'MoNOAroM1c • v0 ATOMIZAnoN 

i 
~ 

~ ... 
~ 

~ 
~ 

GAS 

MOLECULAR (5) 
GAS Q) ~ 

LIQUID 
MELT 

SOLID 
PARTICLES 

MIST-GAS 
MIXTURE 

MIST 

SOLUTION 

... '-l) VAPORIZATION 

Oo 0 9 o 0 0 

t 
•••• ••• 
t 
••• ••• 
t 
••• ••• 

FUSION 

EVAPORATION 

MIXING 

* @Is NEBULIZATION 

' DROP 
PRECIPITATION 

111W~ 2 Flame Atomization Process 

~m : ni-3.J h.:1.:11ueif!ITT'Vln1"'l3J, 2545 
q 

1 ~\'I A ""A .. ..l.!'I ,,f ... ~ .. \'I I "'" fl £J'Yl1 LU L3J m 1 a1 L ".l!'L fl'lEJ.:i n1'1f'YIL u UL ".l!'EJL w a.:i LLa:: ei ein·n LLfl'U. 'YI';!:: L 'VI a ~1'U.L 111 Lu 

Nebulizer lueieinfl1.:1ua1£.1 '11.:iLuu'Yiman 6'ln1 'l~fl113Jiuaf!a.:1 Luu~an1 'l~a-11a::a1 £Jflnflfl 
J 'II 'II 

L-n1lu~1£Jei'f111L111::w:h.:1 1- 4 iia§§~n /u1fi -;J1mfuLl11a::a1£.1-;J::flnn1::LL'Yln~1£Jei1n1f! 
'II 

';J'U.LLflnn'l::-;J1 muui:J El £Ja::ei El.:ILan ')L1£Jn11 Aerosol aJ1.:1Lfl§ El'U. ~~1£Jfl113JL11 ~.:ILU".l!''U. Glass 

Bead 'l" Spay Chamber n1 'l~'VI £.lflITT1"a::a1£.111'U.1f1 L'VlqjLLflnn'l::';J1£.ILU'U.a::ei El.:11J'U.1f!Lan 

ei ~1.:i Ll~1 L Ll3J ei 1fl £J a:: ei ei.:i Lan 6J L 'VI ~1U';J ::lu ~ Ll3Jnrn 4m w ~"LL a:: ei ein'ii LLfl'U. 'Yl1 u Spray 
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Chamber LL~1 L 'VI a L "li1 Lu~.., Lua1 L y.J f11111i'EJu·;nmiJa1 L f'J';J::n1-;l'iliTrha::a1 £J El Eln Lu-rh l i 
..i .. "•'I ..i ........... .-4 ........... 

Lfl'j'YJ';J::1 LflTI::'VI El £1 L 'U.ff1l11::'YJLL 'Vl\ILLa::L11'U.n1'11' 6JJ\l';J::ffa1 £1 'il1 Lll'U.El::'il Elli El ff'l'::'ll El\lli1'il 
~ . 

BumerHead 
(Titanium)· 

Burner Rotation 
Adjuster · Glass Impact Bead 

Capillary 

Nebullzer 
lnter1ock Ann 

Spray Chamber 

Float 

[TIJJ ~ 

1l1°V'l~ 3 Nebulizer Spray Chamber 

~m : n111h..1..11UEl'ilITT'Vln1111, 2545 • 

Spray Chamber 
Bung 

lun111Lfl'l'1::'VIL'i1£Jl°1fL'YlflUfl MS ifu n17LaEJnl°1fL'il1Li:.11 (Burner) LLa::1fU'il'llEl\I 

Lua1 l v-J Li1u~..1Lhf!°"ru ;A.., L'il1 Li:.11 LL~ a::LLuuiim1 l °1f..11ULL'iln~h..,nuEJ EJn Lu L "ltu L'il1 Li:.11~1 inu ., 

Air/Acetylene 'Vli'El Nitrous Oxide/ Acetylene Li1u'iiu fi'1u11it'il'llEl\ILUa1lv-Jfiii'ii1£JnuV1a1£1 

11it'il m1LaEJmua1Lv-Jlun11·rhliLn'il Atomization 'iiEJ..1LaEJnliL'Vlm::ffmw11::Lua1Lf'JLL~a:: 

11it'il l i mu.'Vlniiff..1~1 LL'iln~1..,nufiEJ . ~ ~ 

Air/Acetylene Flame Ll.Ja1lv-J~Ln'il';l1nmn1flnun1'1l'EJ::L'D'~au Li1uLua1Lv-J~linu 
111n limu.V1niiff\lff'ill.J1::mm 2,300 El\lfl1L'D'aL'1i£J ff LLa:: 1111 un111Lfl11::\f li1'ill'iiu1::111m . ~ ~ . . 
30 li1'il • 

Nitrous Oxide/ Acetylene Flame Ll.Ja1Lf'J~Ln'il';l1nn1'1l'LU'ili°'ffEJElnL'D'~n""un1'11' 
El:: L '11'9i au l lf El nL 'VI 1l ii'll El\I LU a1 L y.J ff \I ff'il U'l':: 111 nL 3, 000 El\I fl1 L 'Jl'a L '1f £1 ff L 'VI 111:: ~1 'VI fu l "lf . ~ ~ . 
1Lfl11::\f 111'il~iiLffTI £11n1wmn L "ltu EJ::aiiL it£111 Li1u'iiu . ~ 

('ll) n 1:: u1 u n1 ,.~ 'Yi11iff11 LL'il n i1 L i1uEl::'iiEl11~ff'l'::'ii1£Jfl1111 i' El u ';11 n 

n1::LLffLf'J~1 (Flameless or Electrothermal Atomization Process) n1::u1un11d'Ln'ilif'U.';!1n 
'I ... .... ... ' ... ... .Jt 'I ........ Jt ... .. ..... m1 L'VIWa\l\11Ufl1111'l'ElULLn Graphite Tube 'D'\lfl1111'l'El'U.';!::111L'Vl'il1111a::a1 £J'Vl'l'El ITT'l'El'U. 'Yl'l'£J 
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rlmih1.i1 El ~1.\l'l::L 'VI £J EIEln lt!L 'VI ~Ell 1Lu w1::n1'ilflL 'l1 ff'U. 'l,, t~rnn'l::111'U.n1'l Atomization LLU\I v • 

EIElnLiLU'U. 3 ,f'U.'ilEl'U. rlITT111'lfl ltl'l'LLn'l11Lin~rnnt'Vl1liiLLa::L 1a1~E1 • v 
(I) ifwrh'liLLi\I (Drying Stage) LU'U.,f'U.'ilEl'U.flITT'li1E1~1.\l,,::~E1£J 6) 

ri n 'l i ~1111i'E1'U. L ~ EJ'l:: L 'VI £J i1rh a::a1 £JL i El EJn ltl Ti EJ'U. hrntln ~'l if EJ m 'Vlll ii ~1ni1 1 oo v • v 
El.\lfl1 L'lfa LaJi£J ff 

~ 'l"" .., ~ ... .., .., ,¥ (II) "ll'U.Lm 'VILU'U.Lm (Ashing Stage) LU'U."ll'U.'ilEl'U.'YI L'Vl~111l'l'El'U.ff.\l"ll'U. 
v 

El1,,TI\I 1,500 El\lfl1 LIJfaLaii£Jff L ~mhi'ilff1'l'Ei'U.'Yl1tfaa::ff1'l'EIU'U.'Yl1Ef EIEln ltl,,1nff1'li1EI ~1\1 
... I A .Clll .. ~ icil I ~ 

L 'Via EILu W1::LL'ilITT'l'El'U.'U.'Yl'l£J'YI Lfffl £J'l'L 'Yl1'U.'U. 

(Ill) ifwrh'liLn'ilLU'U.EJ::'ilEJ1l (Atomization Stage) Luit.if'U.'ilEl'U."llEl\I 
..I .. I ..I ... ... .s A 'l ., ... • .. 

ITT'l'YI L 'VI a El El £J rimt:-11'YI Elnt'V\1111 ff.\! El1,,fl.\I 3,ooo El\lfl1 L'lfa L·n £J ff L w El 'VI ffa1 mn'il LlJ'U.EJ::'il Elli v v • v v 

Ei ff'l::L n'ilif 'U. 'l 'U."JiEJ.\l'Yl1\lrlLLff.\I ~1'U. ait\11'il iruru1 ntn1'l'il'iln ~'U.LLff.\I li El E1n111 LU'U.W~ LL 'VI a 11 .. .. v 

(Sharp Peak) LLa::~111lff\l"lJ El\IW~,,::LLU'l~'U. l'il £J'il'l.\ln1Jtl~111nt"lJ El\llf1'il 'l 'U.ITT'la::a1 £Ji1 El ~1\1 v • 
~ 

"" 

0 

Q
_f£-u 

Dry 

' 

@@00 

Ash 

Clean 
Atomize out 

TIME 

111wfi 4 Furnnace Thermal Stages 

rim : n'l11 h\l\11'U.El'ilITT'Vln'l'l1l, 2545 • 

(3) E1tln'lmL~Eln~1111m1~§" (Wavelength Selector) • 

T 
E 
M 
p 

.... L., .... ..I .,. ..;,. , .d,. L 
11n "ll'nrn~'l'El\111El'YIL 'l£Jn11 Monochromator '1f\111~111lff1111'lfl 'U.fi1'l'LL£Jn~1111£J11 

~§'U.'l::'Vli1\ILH'U.ffLtlni11 Non-Absorbing Line nlJLH'U.ffLtlni3J Analytical Line "lJEl\llf1'ilff1'U. • 
L 'VI ruli l'il £J n1'l1 L~ 'l1 ::~ lf1 'il LL~ a ::n1 'il ,r" i El" n1'l~1111 ff1111 'lfl 'l 'U.fi1'l'LL £J n"lJ El" .. . . 

' 
Monochromator fi~1\ln'U. 
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..i ... ., 
(4) Lfl'Hh'l1~fl113.JL"l.111"1.leh'ILL~\'I (Detector) 

LU'U."1'U."11 eh'I eiiJni-nt' ~'Yi1~ 'll'1~LLiJa.\I iruru1n1.T11111Lii11"11 EJ.\lf-\1 i1. iLflufiTrn-\1l~.;f1 . "' ., 
(5) 1::uuiJ1::111a~.rniiei11a (Data System) 

'II 

1 uiJ;~iruLfl~ei" AAS 1~ mf1 liJ~::~ m "li1nrnfl~ei"" ei11-v:i1L~ eif ~"wi1111ri 1 iT11uT111 • • 
n11"'Yi1 .\11 'U.LLa:: L i"li El 3..IL'l"l.I El .\I 'Vi111 ii L ~ ei f~1.\I ') ~ i El-\1n11" L ~ii El 'U. rllJL fl 'U.9111"1 'Yi1 nu"li11 

'II 
..i 'I ., ' .. ~ ..i ... .. ... .JI ., .I .. (Cook Book) L 'Vi Elfl Eltl ~~fl1111"111 m ~a ei uein~1n'U.Lfl1"El.\lflE111'Vi1 L~ EJ1"£J.\IITT1111"tl 111~'U.1f1Ln1J 

ii ei11a fi1u1m~a LLa::r:i11vf 11t1.\11u~a1 ~"'5ni1 t1 ~'1it'u11«::~1mLa::11~ L 11mn fl'1if u 1 un11 
'II ... .. 

1LflTI::~ 

electronic readout system llght-aensltlve det9ctor 

'-. ' . EJ ,·~,-+ - - ----- ?'D Hollow c:athock 
lamp,llght soun:e 

!/<:_ 
I ,-. f -- . § -~ - -:- :-:;,-... - - - ---o 

*·~ --+__;:;~·£'"";,/) ~ . ..::::::.-: ...... :--

"' solution {blank, •tandanls or sample) 

.I , •I .I • ... .d 1l1'Vifl 5 «1'U.u1::nE11JflITTflqj"l.IEl.\ILfl1"El.\I AAS 

~m : n111h'1.\11uei~wi~n1111, 2545 • 

... I -=11~ ... fl'~ ...... 
Lrlfl\HllR1\I ') 't1 11L,..TI111Lfl"i1::'Mc;l1U16 AAS 

ITT1111"tl'Yi1 li~ a1 t11if ~El 

(1 ) Flame Atomization Technique LU'U.n1::u1un11~'Yi11iwi1i1mh.\ILL~ni1LU'U. 
EJ::~EJ11i1t1LiJa1l~~L~1l1::«11 

(2) Non-Flame Atomization Technique LU'U.n1::u1un11~'Yi11iwi1i1eicl1.\ILL~ni1 

LU'U.EJ::~ei11i1t1T11111feiu~1nn1::LL«l...J.;f1 (Electrothermal) 1~t1«11111ri 1iJ1Lm1111iein1.~11ii 
• 'II 

"11El.\ln11"L~1iifi1~1.\I ') rl'U.LLa:: 1"1fL1L't1~1.\I ') nuli 

(3) Hydride Generation Technique Liiei.\1~1niin1~1J1.\l"lfii.~l3-iwi1111miJ~t1'U.LiLfl'U. • 
ei::~ei11l~'L~t1~1'1i1mnT1ii.fl 1 LLa:: 2 ~n~11111LLa1 LL~-;i1Lfluiei'11i1ii'Yi11iLL~ni11u 
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..!ti ~ ..i t1" ... .... .... ' ,3 ... ~ lJ1"1"£.11n1fl'YI 1"1fl';J1nElBn·uL';J'\.I. (02) LWB B'3n'\.l.n11"1"13J'i11nlJ 02 "1JB'31i1'i'IL'VIL'l1'\.I. 'il'3'\.l.'\.I. • 
L 'Ylflitfld~'3ia'31. "llinl111.~tr1'il L 'Vl~1dna1 mu'U.tf11"~Lu'U. la liJ1 EJ 6J ~a ni.'Vl11ii~a'3i1 EJn11 

• • 'II 

1~1'1l'l~LU'U.lill~n~ LLa11.'V1i.ul1i11~i.f'\.l.~1'\.l.Lii1ltl1.'U.Ltla1lwlut~nL';J'\.I. (H2) ai1'3fl113Ji'B'U.';J1n 

Ltla1lw H2 ';J::n11.~1i1'ilna1mu'U.a::'ila3J~tf1::li L 'Ylflilfld1."lf1'U.n11iLfl11::,.f1i1'ilITT1'Vl'U. (As) 
• q 'II 

-ii~L UEJ3J (Se) LU'U.i'U. 
• • A ~ .... A I' -I (4) Cold Vapor Generation Technique L 'Ylfl'\.l.fl'\.l.L 'Vl3J1::tf3JnlJn11"1Lfl1"1::'V\1i1'il'YI 

wim1mtl~EJ'U.L~na1mu'U.laliJ1EJ 6J L°li'U. m11Lfln::,.f'V11tl1a'YI (Hg) 

n1"iri1tR111m~LA"i1t~ (Quantitative Analysis) ~1ULYIA~u;1 AAS 

«13J11"tlll1lii1EJ1ni'3~Bltlif 
(1) Calibration Method 

• 

1. -Kl '\.l.n1rll~ tf11i1 a cl1'3 l3.i~ a EJii tf11"LL 'Yl'lntfa'il (Interference) 1Lfl1"1::'Vl1~ m fi EJunu 

wi1a::a1 EJ3J11i11~1'" ~'Y111uf!11 m ii3Jii'U. ~LL ii. '\.l.B'\.l.LLa1 t~ EJtli'u iruru1 ni. Blank 1. ~ii~1 LUU ... .. .. 
I' ""' A ..., ' A ,r:J4 ""' """ fl'\.l.EJ LLL'l1';1'31~fl1n11~'iln L'l'\.l.LLtf'3 (Absorbance) "lJ B'3 tf11"a::a1 EJ3J1'i11"~1'\.I. 'Yl3Jfl113J L '713.J"ll'\.I. 

'II 'II ... 

LL'iln~1'3n'U.tl1::mni. 4- 5 1::iuf1113JLii3Jii'" LLa1it1~amLiiEJ'U.n11w Lvft1'Vl1fl113.1Lfm·i'"1fnu 

fl113JL ii3Jii'U."ll B'3ITT1"a::a1 EJ3J1'i11"~1'\.I. ';J::li Calibration Curve '11'3 El1';J LU'U.Li'U.'il1"'3'Vl7mi'U. tfl''3 ... 
iili t~EJi'3ITTflty';J::ia'3l3.i~3Ji1 Calibration Curve ~li';J:: 1.-tl.iLo. w1::n111Lfl1"1::,.;LL~a::fli, 

I ::, .d 0 A I'::--. I ""' 'I '""" ::, ::,~ 
L 'Yl1'\.I. '\.!. L3J B'Yl1n111 Lfl1"1::'Vlfl1"'3 L 'V\3.J';J::'il B'3ll1 Calibration Curve L 'V13J'i11 EJ'Ylnfl1"'3 'Yl'3'\.l.L w11:: 

q 

W1TiiiL'ilBf~1'3 ') m"lfm';JLU~EJ'\.l.LLUa'3ltlli 

I.II 

o.a 

t/ i Ablorllllnceot 1:· ' 0.2 .. ~~: ... 

j 
0.1 

I 0.2 ! [ / I Concentration of c 
unknown ample 

air ' i! ' I I I 
0 ·1 2 3 4 8 2 4 6 a ------w Concenlrllllon IJ>pm) ConcentraC1on (µglmL) 

-I ""' """ .... I """ --1l1W'YI 6 n11"'V11fl113JL"ll3J"ll'\.l."1JEl'3«11"'il1BEJ1'3~1EJ11i Calibration Curve 

~m : n13J h'3'31'\.l.B'i'IITT'Vln1"1"3J, 2545 • 



119 

(2) Standard Addition Method 

LuuinLLntl ... ruV11 Lfi u1nur..ian-~::nu"11E1.\I Matrix Lrn::i.'f11LL n1n i.'fEJ~ t Ui.'fTn-11 El r.i1" .. 
l~m~hJITT1a::a1m.n~7!1uflii~112JL°li2J°liU~1.\I ') nua.\lltl (C1, C2, C3, .... ) i1E.Jtl12.11tu. 

L rhnu LLa::i'h l.'f11a::a1u~1Ui.'f~n1u2.11 L9i2.1 Lu rn::iTrha::a1 ut iiitl12.11tu.L rhnuff.\l'Vl2J~ • 
"1nifuit1ITT1a::a1uff.\l'Vl2.1~ltli~fi1m1~~nauLLi.'f.\I LLa1it12.11Liiuun11w t~uflLmu v Luu 

'II 
• .. • ."I .... ... ... ..I ... 'llltl'I 
~1n17~~naULLi.'f.\I i.'f1ULLnU x LuU7::~1J~112JL"ll2J"lJU"lJEl.\IITT7a::a1E.J2.11'i11i1U't1L'i12Ja.\I L LU 

'II a 

l.'f11a::a1 ui1 El r.i1" LLa::f11fl"~ i'il"ll E1.\ln11wflLmu x "::Luu~112.1 L i2.1iu"11 E1.\li.'f11a::a1 u • .... . 
'il1EIE.J1.\I 

LO c 4 

0.1 

" 
. 

• O.& 
" u ,. c 

" ~ " " Q ,,,. 
11 " " < " ,,,. ,. 

"' ,,,. 
; ,. ,,, ,,. 

" " ........ 
0 z 4 6 a 

Added concentration x 10-4 M 

' 
1l1Yifi 7 m1V11~112.1Li2.1iu"11E1.\IITT1i1E1r.i1.\li1uin Standard Addition 

vim : n12.1 h.\l.\11UEl'ilITT'Vln112.1, 2545 • 
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fi3jan1,-li'11u 
'LI 

Shimadzu Atomic Absorption 
I 

Spectrometer (AAS) ,-ii, AA-6200 
q 

~1 £J WizAArd Software 

{UU1J1l11!+1 L 'Ylr.J) 

(di) 1JWn ,..,.,, l•uMiw~ 1iiii11 
~ BARA SCIENTIFIC CO., LTD. 
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I &I .... 
U1t.hi1'tTitl1Jtlih1L~'Uh1 AA-6200 

G) 

~ 

CD 

© 0 

1UJ1!1Lft!I 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

@) 

ie 
Power Switch 

Drain Tank Opening 

Discharge Port 

Drain Tube 

Drain Container 

U-Tube 

Burner Head 

Slit Changing Knob 

Fuel/Oxidant Gas Flow Adjusting 

Knob 

Purge/Ignite/Extinguish Button 

A111J1Ul1U 

ti 3JL fl ~lL ~ 4 El \I • 
~hil'il Drain tank 

'Yl1\IEJEJnim,nhrf.,,,nn Drain tank 

ITT[J£11\ltl1fl\l-;i1n Drain tank 
...... 

ca,.. • 0 A 

fl \I L n'l.J U 1 'Yl \I 
...... 

ITT[JE.11\IU1fi\l-;i1n Chamber 
.... ' L'il1 L~1'il1El E.11\1 

tlinHiJ Slit • 
ti .I... .... \'I "' .K .. 3J1inJEl'il''nnTl' L 'V\Gl"ll El\! LLmn "ll'm ~Gl\I LLGl:: • 
LLnW1f1[J~'illw 

tl11n'ilITT'Vlf1J';J'il' w LLGl::~ul w • • 
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I &I ... 
ft"J1'LJJ'1~fl£JtJtJ1'L\o'i1'L1,-,n WizAArd Software 

'H &11 llL ft 'II 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

A113J\UJ1ll 

LLfllJL11U 
'II 

LmulEJfl EJU 
• .. .. ..1 0 

L11ULaEJnnTnLfl11::'11\'Yln1'11\U~ 
'II 

I I A, .lo ........ .. I 

"ll'El\I LLff~\lli1~ LLa::mm1~~n aULLff'1'Yln1a\11 Lfl11::'111 El [.I 
q 'II 'II 

I CL-' I A. 
"ll'El\ILLff~\lfftlHU1tu.mm1~~naULLff\ILL1J1J Real Time ., ., 'II 

I ..... I .ell I G; I 

"ll'EJ\I LLff~\I a-ruru1 ni.mn11~~nauLLff'1°ll EJ\I LL9la::911 El m\I ., ., 'II 

"liEJ\IL~EJn~ Calibration Curve 
'II 

"liEJ\ILLff~\I Calibration Curve .. .. 
91111'1 LL ff~"~ am11 L fl11::'111 

Lm u~ 11n91 Lhwi'u £'11 L fl11 ::~ 
q 

..i 
LLfllJ LLff~\I a-rnu::°lJ El\I L fl1El\I 
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iJ ... 
n1,-L ~ LR,-0\1 AA-6200 

1.LiJ~ Hood 

2. LU~LLria- C2H2 t~£Jt"ll'1h::LL';J 
tr "-" _,,, R -. 

'llUJ U 11a1VI1fl.\l'Yl1UL'ii3J U 1'Vfn1 , 
... 1 ... 1-1.5 ·mu V13Ju11a1u'l1Jfl113J , 

... 'I !'lll... ... ~ 
~ULVI L~fl113J~U'Yl Secondary 

Pressure Gauge iJ 1:: 3.11 m 
2 

1 kg/cm 

(0.098 Mpa=0.98 bar=14.2 psi) 

3. LiJ~ Air Compressor 1~£JiJ~ 

Drain Valve LLi1LiJ~a-191sff~ 
Air Compressor 

Ein!MIUI CtU0-1200m'.lllt) 
ODlltlurr~- 'lalY wlthduct langth llldhlll' damlllBr. 

''~ 
Hood 

~~ 

Secondary Primary ...... 
pressure gauge pressure gauge 

11DnJi'Uftl121ill 

f 
/ 

lU'll'IOO~ 

I 
./ 

B Drain Valve 



1. 
• ..I" .. .. 4. ft' Lamp 'Yl~EhmTnLfl'l1::'VI 

5. Lii11tl1 DI ff Drain Tank 

LLa::~'l1';Jft'EllJ Drain Tube 1.~am.1 

m.iL'V!itetl1.fl~1.'U. Drain Container 
" 

A ' A 6. Lfl~ft'1~'11Ul1El~ AA-6200 

7. Lfl~flEJ1Jv:i1L~Elf 

~ 

125 

Horizonlal "*sting lcnob 

==> ~ Fil D 
Lamp 80Ckel 

V&ltiCll ldjUlting knob 

© Draii tsnk.opanitig 

@ Drain contain• 

~ 



..... ~ : ~'1 1. ~ULUa~an~LB~BU 
WizAArd 

2. imrl'a~inma~au 
Element Selection 

.. 
3. ~§n [Select Elements] 

126 

fl11'11i''11'M> WizAArd Software 

[!] 

la 



... 
4. flamaemtn91 

~ ... 
flan@ Flame ... 
flan @ Normal Lamp 
: .. .. 

flamaemLUEl1 Socket# 

fit~ Lamp LLLf1fl€n [OK] 

.. ~ Q.ol I 1),1 A 

Lll EJ'Vl\l.1~ an au ID'\ u 1 L~ll 
'II 

'l~flin [Next>] 

... 
s. flan [Edit] 

::: I ... .... .r 
91.\lfl1n111~ Std.* ~.\!\!. 

at ..,. •• I ., 
Order 1 flEI n11nLff\l.~1'1 

Cone. Unit fia 'VIU1£Jfl113J 

L°lill°liWllEl.\I std.* 

fi3.1vf-;)1u1u stet* 1~£Jflif n 
..I 

'Y1 Number of STD 

fillvffl11llL°lill°li'l.l. Std.* 
..I 
'Yl°liEh1 Cone. 

127 



Repeat Condittions flfl 
"' "' i'1fi1n111~'ll1"llfl'1 Blank/ 

Std.*/ Sample 
... 0 Num.of Reps. flfl '11i.rn~ 

... .! "' "' _, 
n111~~1n9lfl'1n11~1~1~1 

. "' fl1L\l.LUJ 
... Max. Num.of Reps. fl fl 

0 ... .! ~"' 
'11U1UTI111~~1n9lfl'1TI11 

0 ' "' "' U1~1~1fl1L\l.LU..1~1nm~~ 
1 

RSD Limit flfl fl1fl11~ 
I ... : -=ii 

U91TI911'1"llfl'1~an111~~1n 

"' .... :' .e&.1 9lfl'1n11 ~an111~~1n111 

'l ~1ifi1fl11 ~ LL91TI9i1'1 LTIU 
~ ll ' 0 0 '11TIU'1:: L~U1~1fl1U1nl. 

' "' fl1L\l.a [I .. 
fl~n [OK] 

L~E1~lt1'1E1na""1.1~~\t1L~~'li 
'II .. 

fl~n [NEXT>] 

*Std. flfl Standard 
:: ... 

6.flannrnnNo.of Samples 

wm(~a Sample LU°liEl'1 

Sample ID .. 
fl~n [OK] 

.,. ... -LLa1flan [NEXT>] 

128 



6U 

biO] U~ij .. .. 

nc-~ Al0!BS ru1::t .r' ..,. 

mn1~u~::~11 az11emu1 

.t.LUL'l llt 1::~N~tij1 r ':' P' 

[J8J8W8J8d 

iuesn:>euuo::>] U~ij ·g .. .. 

[< JX8N] U~ij "l. .. .. 



~11-;i a-eiu L'M utJ1::mm 
I ""' al ... 
~,~, L~Elfl11~uaei~nu 

L~flin 0 LLa::flin [OK] 

• ti LI I 'II A 

L~eiV1u1-;ieinauwviu1L~~ 
\I 

L~flin [Next>] 

9. tJfu Slit 'Yl1~'lf1U"11El~ 
...! •I"" 

Lfl1El~u11J Lamp 'Yl1~"1111 
...i 

"11 El~ Lfl1"El~ 

flin Lamp On 0 
1El~~"1111th~LUU Ready 

1 
"' LLa1fl~n [Next>J 

LLa:: [No] 

tJfui't11tiJ1m-;i1n Lamp 

l'Vl'Lifl1~a-~~t;-~LL~'t2.iLnu 
\I 1 

f\1 Max. 

1~uufrnfoa-ei~"li1~"11ei~ 
1 

"' Lamp LLa1fl~n [Next>] 

130 



[l.IS!Ul.:11 U~ijt~11&.umm~ ... ~ ,. .. n. b b 
U~l1tf11tnt1.1tls1.t~11Nlt.ij1 ,,. ,-~ I"' 

b 
~ 3£>H0d llf'~Ull~l 

~.!}11Nm.~ls1.ktLULt~~l1Jf1 

edAJ. we1.::1 U.U~ijll~l I"' .Jf 

E-W-~.!Jm·1:m.~u.11.11,:f1 ·o~ 

[aso101 

UMijt~11 >fO 11~1 eoue1ea .. WB98/40JB9$ 9U!1 B~1 

(<:pc&N] U~ij ... .. 



... ..t ,K 'V\1.1.1';1CJ111,nu-;i:: LLL'f~'h:l'ilU 

i..:i1tl 
'II 

11. ~71';JL'ftJ1J~1LLL'f..:J';J1n 

Lamp l~~humn..:i Burner 
~ .., .... 

Head 'Yl..:J'VIU1LLa::'V\a..:i 

i..:i1tl 
'II 

12. -;i~lw t~£Jn~~11 
~ ~ 

PURGE nu IGNITE 

'rfltl3JrlU-;JU l W~~ 

. .. ' 13. 'Yl1n171LflTI::'V\ 
..- .... .; .; 

~~th DI ~a-ruru1nt.'Ylfl..:J'Yl \I \I ., Ill .. 
flan [AUTO ZERO] 

.... ..I ..I 
~~ Blank ~a-ruru1nt.'Ylfl..:J'Yl cu 'ti .,., .. 
flan [BLANK] 

~~ Std./ Sample ~ 
'II 'II . . .. .... .. .ell A 

a-ru ru1 m 'YI fl ..:i 'YI flan .... 
[START] 

132 

__..... .. ··: 
LJJ 

~ 

·Cl 
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.......... 
14. uu'Yln'!IEla..JaLrn:: 

'II .. " : w111a..iL9lEl'l f!ama..iu 
'II 

[File]> [Save As] 

LaEin tvJaL9lElf '"~EilvJa .. 
LLa::LaEinu1a..ia-na 

~ 

iEla..JflLSElnData File(*.aa) 
'II ... .. .. 

W1'l1a..JL9'1El'l LflElfi 

Template(*.taa) .. 
LLa1f!an [Save] 

15. ~a..Jvf TI £J·:11U .. 
flama..iu [File] > 

'II 

[Print Data/Parameters) .. .... ..... .... 
L WElWa..JW'!I Ela..Jfln1'l1~1LLa:: 

'II .. .. .. 
W1 '11 a..! L 9l El 'l'VI 'l El 

[Print Table Data] .. .. .. .... 
LWElWa..JW9l1'l1'1fi1'l19l 

'Vli'El 9'1111'1 LLa'~\I ~a a-1'1.l 
~ 

Print Data/Parameter Print Table Data 



"' 1. flanu.iu 
'II 

[Parameters]> 

(Edit Parameters] 

flin Lamp On D 
• L rrnil~ Lamp 
"' flan [OK] LLa::(Cancel] 

2. fi1fl1111H::Cl1~Lfl~eh1 
rieiuiul...J 
~~ Blank U1U 3-5 UTn 
'II :- ... 
~~ U1 DI U1U 3-5 U1'Yl 
'II 

~~cnn1f! u1u 3-5 u1fi 
'II 

3. itJl...J t~£Jn~tl11 , 
(Extinguish] 

4. il~LLfiH C2H2 

l"lf1h::LL-;JV11JU11a1Vl°"1TI'1 , 
"' .. ~111L'tl1JU1Wff1 

134 

~ ii ... tl'MitlO'MiflT'i CPlLR"iih1 AA-6200 

Secondary Prima~ 
pressure gauge pressure g:oiuge 

r 

~ 

oCJ 

1uf1tim 
/ 

I 



5. ilfl Air Compressor 

LL~1Lilfl Drain Valve ~ 
Air Compressor Li4EJlaaaJ 
hm"'.:iEJEJn h~''VlaJfl JEJ.:inu 
n.:i LuumtaJ 

6. nfl~aJ [PURGE] ~\;ili 
~ 

"'"anam.J~1u Fuel 'Viau 
'II 

..I .. a.:im'YlfliLE.J 
'II ... 

7. flanLaJ'U. [Instrument]> 
'II 

[Connect] 
f'I .. .. .. 

8.ufl~1fl8D'Lfl1Eh'I AA-6200 
f'I .. .. 

LLa::uflflEl3J~1LflE11 
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DraSIValve 
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timJ-:,mltJ"ll £.1:: L 'Ylfl'll1~9i1u~ huii a.:i r11L11 aw-i£J -;J.:iwf'ilEJ'il'l~'iltf • 

~w;nnti EJ~.:in~tJ"ll £.1:: L 'YlfltJ1~9i1u~ huii EJ\I a1 L11EJW-i£J -;J.:11111'il EJ'il'l~<iltf • 



·uaooa 

-· 















l, 

t 







~El - a-na 
~ 

1u L~EIU ihn~ 
..I ... 

«n1urim~ 
..I I _, _, 

a-n1u ri El t1th1~uu 
'II 1 

~1LL1"\U'1 
..I 

a-n1u ri'Yi1'11u 

th::iin1~fintt1 

YUi. 2545 

Y.UI. 2550 

VU'I. 2557 

148 

t.I ...... - .... 
"'i~'ltlN'l~U u 
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