
~ unn10 
A ~~ A ~ Q..l 

n1"}'1 Lfl"}1~Vi~'l tl il~Glil3J3J fiLLiliJSJSel")Vi~" 

ftu..lntn~fttnil 

(Analysis by Atomic Absorption Spectroscopy, AAS) 

f'f A A ~ A .at I' I .J .... A .Ia 
L uUL Yl f\UflnTl'1Lfl"i1::Yt11'1~ EIUU Yl"ilJqj1.J ')Ln ll1n'Un1,-~qJn~ULLa'.J"ll El-3 EJ::qJ El11 Y13J 

EJci'luHaqJntu.'Y11u,-ua-1,-1luLfit~uL"liu'lwJ1 ~u mn1111 ~.JH1ULYtniLtJu1~'V\::Yt'l!n LL~::n 
~ ~ ' ~ 

fl1111~~ru~ EJn1.,.il1'Ufl11fl W"l1'ViL UEJqJa'1Ytn.,..,.11 El1Yt1.,. L ~EJun,-::iumu.n1'Vi"liEJ.J ., , , , , 
... ~ !"!.,... .. •'~"'~"... -~ .. If t 

f.!~qjfl{l.L'Yl L 'V\113J1qj"i~1U 'II'.Ja'1111,-t1YI1 LqjYI.J L UL "lf.JflnL111'ViLL~::u,-111 nL 1 Lfl,-1::Yt L" ll 
Q , 

~ I • 'l ...... .¥ "" • 1..1 !'I ... '1 ~ • r: 
"1Elll1·r;)::t1nYI1 LYt,-EIU"liUL Vi ElL u~ ll\l.a'111'ViLuUEJ::" El3J LL~::a-1111,-t)"~n~ULLa'.J L" L Uu,-111tu. 

~ ~ 

~LU\I.i'"HT~~n'IJfi1111L i11i\l."ll El.Jtn"~ij E1 ci't \1.~1 E1 cil-3 AAS lt1111 'l·nh.~tEI"a'lYt n,-,-11El1Yt1.,. , 'II , 

..I d L • ~"'.~ ,:.., a """ • " 
LL~::Lfl"l"El-3"3.1 Un1"l"1L~n1::Ytu,-111tu. qJ::n1 LLfl"L3Jli3J YIEI-3LL"-3 a'-3n::a- LYt~n LL~:: 

LLfl~L~u11 'l umYt1.,.u3J';J::1Lfl.,.1::~m3.11 mLL3J-3m\ta- tu LLqJa-L~li3J 1'11'L~ li3J LL~::LLfi~L~mJ 

YI1-3~1Un1"iLLVmmiqJ"i1';Jlfl3J1tu.L~Yt::YtUnLUL~El" ~1U~-3LL1"~El3.1L"li\l. E11n1111 J1 LL~::~U 
iiL~Yt::wJnUUL fi EIU3.11n El~a'1Yt m"i3J~ULL iL U~UL "lium,-Yt1 L~Yt::L~ULL~::YI El-3 L iht~U , 

..1 ' • I ' n1'W'YI 10.1 LLa'".Ja'1Uu"l"::n El'IJ~l.J s:J"ll El-3 Atomic Absorption Spectrometry 
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G.- ... ~ Q.-

\'iftnnT~tlil\Jil~(;li)3J3JflLLiltJ'!fil,.'W111·41 (Principles of Atomic absorption 

spectroscopy) 

£!::~ mJ Dn LL£!1J'l1£lfv.~"lf~L tl~n1::U1~ ~ L1i ~';)1 n £!::~ El3J LL'f11l El\lli1 ~ L~ £)a L~fl~1El~ 
~ 

L~i'uv.~ ~\1\11 ~lil::~~ n~~ Vi ~\11 'ULL£l:: L tl~ EJU 1 '111fllil1Ltl £l ciL 1\11fllil1 L ~ ~~,-::~tJVi~\I\111.1.L'f\1~1.1. 
'II 'II 'II 

' ... .4 .. ..1 ..I .,J' ..... ... :: 1 ' 
n11 L~ 3J '11\ltn ~lil::~~n£l ULLL'f\I'Ylfl113J EJ11fl £lULu Vi1::1JU£l ~nu"1Ju~11 tl\11n lilu u ') ~ EJmn11 

~~LLL'f\l~fl113Ji3JWWfl~EJ~1\IrlUfl113JL"li3J.,j''U1J£l\11£l~:: Lrl£1 1£l~::~fl113JL"li3J,j'1.1.3J1nlil:: 
'II 

~~n ~1.1.LLGf\IL~3J1n tl1 t~~::iifl113JL "li3J,j'1.1. U£1 un~~n~'ULLGf\IUElr.IL '7ium:~ £13.1"11 £l\l~::rt1lil:: 
'II 'II 

.. ..1 :'1 ' ... ..... .... .. ..1 .Jt 1""" • ~ ... 
~~n~ULLGf\I'Yl 283.3 nm LuU"lJ1\Ifl~Wmm~\I\11Uv.l£l~'Yllil::TI1 ~m~n~1£JW'lltl\l~::n1Ln~n11 
'II 

tl..l J" ~tl' ... . 1 ° L ~UU«tnU::lil1nL'ftnu::v.~u (ground state) ~ L'fGftn~::n1::~u (exc1ted state) Un11'Yl1 
'II ~ 

1 ~a::~ £!3.1"11 El \lli1 ~ L n ~ LU U£1::~ El3J L «1~ El\1 El1fl EJ"r'\1 ~\1\11 Ufl113Ji't!U L "li~ Vi ~\I\11Ufl113Ji'El'Ulil1n 
~ 

Ltl£l1L~ ~7Elfl112.1i'El~lil1nL~W1 Li~Ju~'l.l. 

... ...1 • J" 
1. Atomic absorption Ln~lil1nn11Ltl~EJUL'f1111::11El\l electron lil1n«1111::Y-lu (ground 

state) LtlrJ\IGf1111::n1'::~1.1. (excited state) lil::iin11~~n~Ulil1n photon 
, 'II 

..I ~ ....... .... ... 1 ..... 
2. Atomic em1ss1on L3JEl electron L~1UY-l~\l\11'1.1.lil1nfl113J1El~ -rh ~m~n~1El'U 

Ltl~ EJ'U.L'f/111:: Ltl rJ\IGf1111::n1::~1.1. 'l::~ULL 1'n LL~1tJ~ £l EJY-l ~\I\11'1.1.El Eln3J1ciL'f1111::~Ulil:: L ~ 
, 'II 

photon 
..I ~ ....... .... ..I 

3. Atomic fluorescence L3Jtl electron ~~1Uv.l~\l\11~lil1n photon L'l.l.tl\llil1n spectrum 

tl
..l .... .... ~tl .... ... ..1 .... ' .,¥ ~ ... 

L £l u~ 1::~1Jv.l£l\I\11U ~ EJ\IL'f1111::n1::~u L2.l £Jn£lU1l1L'fL'f1111::Y-l~lil:: L ~ photon £l £Jnll1 
, 'II 

Photon heat Photon Photon Photon 

1 2 3 E0 Ground State 
..; 

nTrfn 10.2 LLL'f~\1 Transition diagram 

~mm~~ : 1 =Atomic absorption 2 =Atomic emission 3 = Atomic fluorescence , 
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... ... I .I ... ... tf 
n1,Ul'UJ1Jfl"lil U1\1u~::Lnt1 il"fl~U 

1. Wet digestion LihmT~tiu£Jff~1£J~'lCi11ati'h1~1£Jn'l~L"li11-ll'U. ~..1uT;{lin'l~ 
L~£l1'VI1un'l~ ~a-1l'VI a1 £J"l1ii.~L ~m ~111.h::~l'lDJl1~"ll u..1nT~ti m.1 n1~~ii.£J11 1 iii a H2S04 • 

HN03 I HCI04 ti1Lii'U.n1~~a-1Jii.£J11Lit1~11~1'U.Ci1..1d'f\a H2S04: HCI04: HN03 = 3:1:1 
T o "' , '111.1 'I ..I .. '"' ""tf 2. Dry ashing ~~£J'U.1~1~1eltl1..1 ~uL~1 ~'U.L~1L~1l'latli.'VIfl1l 500° '11 ~1ElWr11£J 

~ 'II 

';l::a'S1 £JCi11 LU ';l'U.L 'VI~ mti1 LLa1\b Lua::a1 []~1 r.Jn'l~~L 'VI111::ff11 n'lEl..1ri El'U.Ui'1.1m111~'l L1S1 

L~1~ £).,'1~11.1~11 a tli.'VIfliiL ~L 'VI111::ff1J L ~11::1l1~1.11..1"11ii.~';l::1::L 'VI r.JLUL~L~ a Eltli.'VIfliiff..1Ln'U. LU 
~ ~ 'II ~ , 'II 'II 

L'ri'U. As, Se, Pb LU'U.~'U. 

A .... I .I ~ .. tf 
n1,U'I~UIJfl"lilU1\1u~::Lnnn""n~u 

m1a::a1£J (Dissolution) L~£JLin'l~'VI1alfi1..1 L'riu HN03, H2S04, LLa:: HCI04 

a::a1 r.J~1i1 a ti1..1 rh l~Hi~m7LL~ni1"ll a..1 La 'VI::~ a ti'l u 1Uff11U'l::n auLilua m:m 1~ r.Jii 
'II 'II 

iJ';J-;i'r.J~1..1 ') 'ri1£JLunT~a::a1m'rlu ~1111iu ~1111fuu ue:m·;nnd£1..,,.11ln..1 in microwave 

digestion, acid digestion , pressure digestion L'riu acid bomb digestion 

n1~Lfi~UIJ L~~il\1 LLtl"l L ~ il t.;t "n1~1 L~~1::'V11n'VI::\ontn 
1. 1~mL'riL~~El..1LLn1L'U. mineral acid L'riu n1~ HCI I HN03 ~1111L-ll11-llu 10% LU'U. 

L1S1 24 i1L11..1 

2. Yi1~111lff::El1~L~~El..1LLn1~1r.JJ1nku'V11El deionize water Yiu'l1~';11n~'lU'U.Ltlau 
3. au LL ~.,'ILLa::Lnu 1 u.n1"11u::tl~n au1.t1 tut i 

' 
·--- ...... ·- .... 0 .... m1La an11lL~'lr.J11~1 a r.J1..1'YIL 'V\m::a-11~ e1..1mu..1C'1..1 

+ i1 a ti1..1ii~n'~!tm::LiJuL d'm~ mnu 'VI1EJ hl 
+ Lilu1a'VI::'VIun~Cln ti ar.Ja-a1 r.JL~~1 £J'VI1a L3J 

'II 

+ lfim m"ll a..1n1~~~ a..1m'liL~'l1::'V11 ui1u ti1..1iim111 n1.111ml'u r.J L ~ r.J..1 1~ 
~ 

A ~ lA I .... .J',. 
1L~71::'VI';l1n~3Ja~1>1 ~ ~>l'U.fla 

+ Standard Methods L'riu American Society for Testing and Materials (ASTM)~ 
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Association of Official Analytical Chemists (AOAC) 

+ Literature Methods 

+ Official Methods L~'\.4 Environmental protection Agency (EPA) 

+ Laboratory developed Methods (In house methods) ~EJ1n~l~tli'u1.h\1~1n1n 
~ 

~1\1 ~ ~ul~fi1~t1n~El\lr!El11i'u 
~ 

~\IL i~1!il\4 (Blank solution) LL~::ffl'l~::i.:n £J~L i~::fl1 E.J R'17~1 El r.l1\l~ El\1 LUWlfii.!il L~ rnnu 

&h"t11::nnurla19>l'!J'2Jil\l atomic absorption spectroscopy (AAS) 
ftl "" I _s <&.o <&.o J" ... JJ1tn iltJ ~~ Uft'l"n1 A ru ~\l"fl n 

"' 

1. LL'VI~\Irl1Lii.!ilLL1'f\l (Light source) 

2. Lm~\l~a!ilLEJEJ::!ilEJ3J (Atomizer) 

3. L3J 1 UL~7L3JL!i1Elf (Monochromator) 
..I .. 

4. L~'l"El\l!il'l1';11!il (Detector) 
' ... ' .. 

5. L~7El\1El1\41'ftyty1nl. (Read out) 

1. LL'Hfl\lfl1Lit!;ILLill\l (Light source) Wl'VIi'tJL~~El\1 AAS LL'VI~\Irl1Lii.nLL1'f\IL"lf'Liju 

hollowcathode lamp (HCL) LL~:: electrodeless discharge lamps (EDL) L!ilE.Jfi'1LtlLLi1 

LL'VI~\Irl1L ii.lilLLff\I~::L ilu~1tl ~lilt!~ El E.J~ ~ULL1'f\l~ii~113J E.J11~~'" 1. w~1\ltA\Ili1 !il~ EJ\In17 
~ 

- ~ ... \1.., 
1L~71::'V\';J::ffl3J1'lt1!il!iln~ULL1'f\l ~!il 

~ 

1.1 Hollow cathode Lamps (HCLs) L!ilE.J3J1fi';J::Li'VI~El!il Hollow cathode lamp 

LUULL'VI~\Irl1L ii.!ilLLff\1 Hollow cathode lamp ii1';11n'VI~El!ilLLrl1LUU 'ltl'Y17\In7::tJEJn~u1tJ~1\4 
~ 

L'\.4~1 E.Jli1!il~~El\ln11"1L~'l1::~ tA\11J'l'l';J~1 E.J cathode LL~:: anode ii1~1 E.J L~'VI::ii.mn~'VI"ie:J . ~ 

rl\lffL!il'\.4 'VI"iEIL'11ElTI~LUE.J3JLUULL'Yi\IL~n ~ 111E.JLUtJ71"';1~1E.Jn1'11L~ElE.J L"li'U Argon 'VI"iEl Neon 
~ 

~ii~113..1~u~1 4-10 torr L~El1'1X~113J~1\Iimf1'f\lii\l 600 11~~ LElEJEJWlle:J\In1'11~tl,-::~u1n 
~ ~ 

~ ~ cl I .:J-. ~ I -t .., I 

~::1\1"1!Wll1cathode LL~::EJ::!il El3J'YIU11J El rl'Yl j:.j1 "1.11 L 'V\~1'1-l.~::nm 11 LL~::tl~tiitl~ El t1 spectrum 
'II 'II 

"1.1 El\lli1!ilttUEJ EJnm LU'I-l.ffL tlnlili'3J LU vn::"l.. EJ\Ili1!ilttu ~ n1::~n~ii.1mii1 Ltlu 'VI~ EJ!iltt uii 
• q 

~1111tl~ru111n ~EJ~::~El\1 r!El3JL 'IX~~ULLff\lf·hu L!il'i~l'f!il LLrl1 Quart ff13J17t1 E.JEl3JL"'LL1'f\1~1\4 
~ . 

L~~~ff!il ~1ULLn1 pyrex tA..1ii'l1mnnn11LL~ff13J17t1L'IXLL1'f\1~1UL~1.u"li'1\l~ii~113JE.l11 
~ 'II 

~~'U.ff\ln11 350 nm Hollow cathode lamp ~::1~ spectrum ~LL~umn LL~"li'1\1~113JE.l11 
'II 
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~~u~a::~a1J';l::~~n~unu~LL~un"i1LL~~~Ltl~~aam.m:nn~~a~ HCL "r1nVI~a~L~a-;J::li 
~ ~ 

-31U~El-3Ltl~l~auriau 5-10 u1Y\ Lvta1iLL~-3~aan111~~~ 
1 

Hollow Cathode Lamp ij-lla~~a 1~~1111L-ll'11i'~~~~LL~::~~ dropper effect 
~ 

Window 

Cathode Fill Gaa 

Hollow cathode lamp. 
... t 0 A 

fl1\1YI 10.3 LL~~-3n1LU~LL~~ Hollow Cathod Lamp 

1.2 Electrodeless Discharge Lamp (EDL) -;J::li emission ~~~L~11mlUli'l~~ 
~ 

'l::L~£.1~1£.1 L'liU As, P, Pb, Sb, Se, Sn, Te, Tl LL~:: Zn L~~1111L-li11~-3ni1 ih'l~n1'll'i1~1U 
~ 

.. ,l 
L71"ll\4 

imfttl'llth1 EDL ~il . 
t I 0 A A 

1. 71fi1LL'W·:In11LL~~·:In1L U~LL~~El'U.i) 

2. ~a~1iL1~1elU~~a~u1un11"lfii~~uii~ 5 Lrh 
~ 

3. 'l,tl.~nUli'l~UI~"nU~L rhJu 
~ 
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Electrodeless discharge lamp. 

al I 0 A 

fl1'Wfl 10.4 LL~~'11n1Lli.~LL~\1 Electrodeless Discharge Lamp 

t. SPUTTERING 2. EXCITATION 3. EMISSION 

I 

I 

n1'W~ 10.5 ul)n1r.nTl1£.JLU.~~a~ Hollow Cathode Lamp 

Dopper Effect ~a tl71n!Jm7rn~fi113-JL71"1leh1e:J::~a:JJ;Jm1:JJ!il'1nmn1:JJL11"1JEh1~1LLH"'I1 
~'11'Yh L ~e:J::~ e:J :JJfl e:J £.Jv\1'11';J1n~1 LLH''11 LL~::Ln~ ~~L~£.1~ e:J EJ::~ EJ:JJ';J:: L ~Yl~'11'111U:JJ1nn'J1 single 

,d al A A A A ~ ~ 
energy 'lf'11';J::~~u1::H'Y11!Tl1Yl"lle:J'11nTl~~n~u.LLH''I1 LL~::Ln~ spectral interference H'\I'Yl 

'IJ 

lile:J'I1n17~EJ 'l~ EJ::~EJ:JJ l~~::Lfi~EJU~L ~!IEJu.nua::~EJ:JJ~~'11L"li1 Lu'l u flame 
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Chopper ~::'ii'~a1LLa".:l~1n Hollow cathode lamp LLa::~~~v-n~·-:~.:~1U.LLtJUa-au "llm:~ 
.... ~tl ' 'I f'l ~ 'I ...... .. 

VHH.:I1WYl ~HH.J~1na::~EJ2J ~u. flame LuU.LLUUa"2J1La'2JEl chopper ~:: ~'VIa-tyty1m'JJ.:I~::"lltn£J 

L~i'lJflU hollow cathode radiation W1'VIi'u flame radiation 

2.1 Nebulization L~El nebulizer ~~a-11~1Elci1.:1~Lilu."llEJ.:IL'VIa1~,~~1nnTla-n~ 
'II 

LLa::r.hu.m'ln'lD.:ILL~1 Lfl~El.:I~::'Viu.a-11a::a1 milu.~ EJ m~n -:1 111 t1 1 wX EJ.:I~ a-2.1 (mixing 

chamber) L~llnn1::u·;mn11Ltl~ t1U.a-11a::~n m ilu.~ El u··h nebulization a::EJD.:I ~ EJ £1~::112.1~1 
..., ~ - .., •VI ~ t, I t. ,:J 
nuL "lim 'Via.:ILLa::~1El EJn'JJ ~~'JJ ~1nu. U.R1U.~R2J'Yl.:I'VI2J~-;J::t1m~1'Yl burner 

'II 

.. .... .r .. 'l 
2.3 Mixing a::DEJ.:ILGm i)~R2JnUL"lfDL 'Via.:! (fuel) LLa:: oxidant ~u. spray chamber 

"llD.:I nebulizer 

2.5 Compound decomposition fl112Ji'DU.-;J1mtla1'v-l rhL~a-11tl1::nauLL~n~1 

Lilu.a EJn ''JJ~L ilu. L2JLanaLLa:: EJ::~ EJ2J La~ • 

0 I .., .:=1 
3. Monochromator 'Yl1nTHLlln spectrum "llEl.:ILL~a::EJ::~EJ2JDEJn-;J1nLa"U. spectrum 'Ylt1n 

'II 

tla~ti~EJ£J-;J1n'VIaEJ~ Hollow cathode lamp 'VI'1El Electrodeless discharge lamp 

n1'lri1.:11U.LL£JnLUU. 3 ti1U.~El 

3.1 Dispersion 1~mL£Jn wavelength ~'1.1.-:J ~'3J~EJ.:In1'lDDn~1£J 
3.2 Wavelength control L~£Jtli'u wavelength LLa::~112Jn1'1-~"llEl.:l spectral band 

L ~El 1 'V1"1~~1flt1n~E1\I 
'II 
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3.3 Slit controiL~HJLil~ slit 'l~n1\~if'l-4L~m~ll energy LL~::lli'u baseline noise 

Nebulizer 
(pneumatically 
assisted)~ 

Mesh Assembly 
.a,soov-~ 

Solvent spray 
+ nitrogen gas 

{in red) ~----.... 

Ions 
(may be multiply 

charged) 

Heated nitrogen 
drying gas (in red) 

n1vtft 10.6 n~ln~h~') 111£JL'\.4 nebulizer 

4. Detector ~·wt.hriL1.l~£J'l-4ituru1nLLLff~Lihuiruru1rnlvJY:h ~1"li'n'l-4L'\.4 AAS fit~ 
QIQI .,.., 

Photomultiplier tube L~£J~71~iqJqprn1u.'li1~~~'\.41::'Wh~ 190-850 nm Photomultiplier 

~::LU~£J'\.4~1n light energy LU'\.4 electrical energy onEJ~111::1~~El~El~'l-x dynode voltage 

~1~ ff~ L "W71::ti1Gf'l Ln'l-4n11rhvm~~::th 1 ~Ln~ noise ll1n~~'Yh 1 ~ m1i L~11::~~~-w ~1~ 
~ 'U 

ll1nityty1nL~1n photomultiplier 1.l7::nEJu~--w~1'\.4~1fi1'qJ 3 ~1'!.4?iEJ 

4.1 Dark current 

4.2 Flame emission 

4.3 The analytical absorption signal 

iqJqJ1nL~1n Hollow cathode lamp ~::rh1~ photomultiplier tube ~iqJqJ1nLLn~ituLL~l3.i~ 
~~~El Dark current LL~:: Flame emission Ln~iqJqJ1rn 
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I= Analrtl Capillary 
• 4,000 v 

End Cap/End Plate 
• 3,500 v 

Heated nitrogen 
drying gas 

..1 ... ... 
ll1'WYI 10.1 m~Ln~m::"mJL~~ 

5. Read out ~::tltl digital ~~tltltiL~~El~~El3JW'Willlf th::nutl~1m~~El·~i:iu-n\t"1"-n\t"'VIrt~ 
5.1 Meter 

5.2 Recorder 

5.3 Digital display 

5.4 Printer 

5.5 Direct computer interfacing 

L'l.l.m~iL~~1::'VI1"t~'tiL'Y1~\t~ MS n1~L~un'ti burner LL~:: flame LU'I.I.~~a.~ru ~~ ... 

WlL~~1::r(";J::~ El~"~1';J~EJtli11l1"~";J::iLm1::r(,f '1.1.~1~';1:: 't i flame -nit" L 'VI'I.I.~~";J::'ti1L ~di" 
~ ~ ... 
El::"EJ3JL~~ 

Burner ~El ~1'1.1.~1~ru~'t~~113Ji'em'ti1L~!i1"~1~ ') ~~u~m~iLfl~1::r{L1J~£J'\.I.LU'\.I.EJ::~EJ3J ... ~ 

a~~:: L~£.1~1LU burner ';l::"t'h~1£.1L~'VI::~'Yl'\.I.~Elm~n"n~EIW'llll~n~" L"li'l.l.'ti1~1£.1L~'VI:: 
~'YlL m it£J3J'V11uL~'V1::~~3JL 'YlL 'Yl L it£J3J "ll'\.1.1""ll u~"liu~Yl'ti1 't ~d1~LU~1 Lwij 2 "11'1.1. 1~~ u"ll'\.1.1~ 1 o 

LL~:: 5 L'll'\.I.~L3J"~ ~~ burner "ll'\.1.1" 5 L'll'I.I.~L3J"~"il:: 'tinu nitrous oxide/acetylene L r\1~'1.1. 
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L "rl'l1::Li~l1.1.nTlL~1 ''VIaj~L1"l1J1n n1'ti1"liEhH.J11En~Ln~n1'l'l::Lij~'~ n1 gas "11\i.~~1.1.l'lint1 
burner "111.1.1~ 10 L'111.1.&iL11~'l LLti~LU1.1."11it~ laminar flow LL~:: slot burner 

Flame tl~ffir.J1~1\I&)~Ln~;r1.1.l1.1.Ltl~1'~~EJu'li1~-n"u'liem~~lii'El~flmy1~min1Ym::"llEJ~Ltl~1 
'~L~Eltl'l::lr.J"11U"llEl~m'lLa£Jn"nii.~"llEl~ fuel gas LL~:: oxidizing agent D~'l1n1'l''VI~"llEl~ fuel 

gas LLfl:: oxidizing agent fl1111~~"llEl~Ltl~1l~L'VIilEl burner LLfl::"nit~"llEl~ burner flm~llml 
~ 1 

tl 
'11 •• 1.¥ .... .... ' .. .r ... ... ' '11 ... ... • 

"lJEl~L fl1 ~-n"ll1.1.ntJEl~'l1~11.1.~~11"llEl~LLn~L"11ElL"rlfi~LLfl:: oxidant 'lf~LLtl~ L~'VI~1r.J"111.1.~f1El 

1. Oxidizing flame 

2. Neutral flame 

3. Reducing flame 

tm~~~1~"llEl~ Premix-flame ;runu lfl'l~~~1~"llEl~L~m'Yia~LLfl:: oxidant L"li1.1. 

n1l'li C2 H2/air ~::l~Ltlfl1l~iJ'1L~U 

n1l'li C2 H2/ N20 ~::l~Ltlfl1l~i"1111-rl 
~ 

Ltlfl1l~~Ln~~1nn11~~1l"llEl~ fuel gas LLfl:: oxidizing agent tl'l::nEJtJiii1r.J 4 zone 

1. "llEltJL"ll~i11-L (base 'VI'iEl preheating) 

2. "llEltiL"ll~l1.1. (inner zone 'VI'iEl primary reaction zone 'VI'iEl combustion zone) 

3. "llEltiL"ll~~,.~nfl1~ (interconal zone 'VI'iEl reaction free zone) 

4. "llEltJL"ll~1.1.Eln~~ (outer mantle 'VI'iEJ secondary reaction zone) 
1 

1. !lilUL!IG1!1,.. '1.1iii'ufl1111i'Elu~1n"llEltJL"ll~'li1~lut~r.Jm'llt1fl1111iEJ1-L (fuel gas 

Ln~ oxidation) 

2. '!JilUL'!JGll,.. ~fl1111~~1.h::111m 0.1 ijfl~ni'11 i~m~llii~1nm'ltl~EJr.JLL~~~~i1~ ~~ 
~ 

!'I .f !'I .. .. tJ .Y "' ..l f' fuel gas LuU "rl1n hydrocarbon "ll Eltl L "ll~U~::LuU~L "ll r.J1 u lll1 L~UL UEl~~1n'Yi1nm'ltJ EIULL~:: 

.... tl ' ..r.. , ... ' .. 
EJ::~ El11El~'l:: fl El r.JLL~~ El Eln111 "ll Eltl L "ll~U11n11L~1 L 'VI11ti1~~1Ufl El 

2.1 '1.1i~~11~f!EJ"llEl~fl1111iEJu~LL~tl~mm oxidation LLfl:: ionization 

2.2 iim,-tl~Elr.J fuel gas ~~,fu~~l1iii.r.J11'l'liLtlfi1L~~1uUlun1'liLfl'l1::'VI1~r.Jin 
atomic absorption LLfl:: atomic emission 

3. '!JilU L'!JGl na1\J ~Eltu.'VIllij~~~~L "rl'l1::LUU~1U ~Ln~n11L~1L'VIaj'EJEh~~11tJ'lm ~n17 
1 ~ ~ • ~ 

tl~EJmL~\IL1imntt'n ~\I~U~~1iLtla1'1.~~1uU'tum7iLfi71::'VIL~r.Jin atomic absorption LLa:: 

tl 'llf •• l.f '... ... atomic emission fl1111~~"llti\IL a1 Ln"llUElr.JntJ burner, fuel gas LLa:: oxidant 1111m 
~ ~ 
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Di'IT1L11"llfl~ fuel gas LL~:: oxidant 
. .r of 

4. 11il\JL'liiJI\UlflifGI ~1'\.I.'U.fl£.1 ~~t.l'lflU 
• 'IJ 

fttlLiflliJili\1" 'l 11il"L'l.hn l~G\1" 'l • 
1. Air-C2 H2 Ltl'\.I.LU~1ty.I~1~1~1'U.~1"lJL"U.n111L~11::~li1lil~1~ ') "rUI1t.J"llit~~a 

3.nnn'"l1 30 "llit~ LL~::mu.'VInDY\t"'tl"I::anm 2300 o '1l 
• 'IJ 

2. N20- c2 H2 LU~1ty.~"ll-n~\iijmu.'V\nDtl1::~1tu. 3000 °'1l LU'\.I.LU~1ty.l~i'fl'U.~~~ 
• 'IJ ~ 

~~ 't i~11~i'awwal\';J::Lfi~n11LL~n<il·nii'U. \a tlfl'U."lltl~li1~Yl'U. \ y.l L -rl'U. Aluminium, Silicon 
~ 

d "'111~'..l.. VI• ..,U ..1 
LL~:: Validium 'll~~~11mn~m:m ~'ll~YIL~Ut.l1111~~1n LL~::LLYIU ~~LL~nlil1L 'U.fl::~a~Yl 

atu.'V\nD~1 LL~Lt!~1 t y.l"llit~d~~11nr'h 't ~li1~ ~h~ ') ~~1 t.J<il'nll'U.a::~a~\"'~~11n 't i 
~ 'IJ • 

.. .. ..1 
1Lm1::'VIli1~Yl~Ut.11n (rare earth elements) 

~ 

• I 111 •• 1 ..1~ " U .f "" "' "' 'I • .tl ::: 3. Air- H2 Lll~1 ~l"''YH"ll Air- H2 L 'U.L"llm~~~';J::Ln~n11~~n~'\.I.LLa-~~'U."ll1~~~'\.I.~'U. 
'IJ 

..4 'I """' ; .tl .. ""' .I 111 •• 1 'I ._ f' 
'll~';l::~'VI~tyqptu.1Un1"U.~1 L~mYlt.JUnULlJ~1 ~l"'"lltl~ Air-C2 H2 ~~11n L"ll1L~11::'VIli1~ 

'V1~1t.l"ll-n~ L"li'U. As, Se, Zn, Pb, Cd, Sn ~~~~n~'\.I.LL~~L'U."li1~~11~t.l11~~'\.1.~1';1:: Li~~ 
'IJ 

~n11LU~1ty.~"ll-n~ Air-C2 H2 
' ' ' 0 -., _... .. A 0 I 

4. Ar-H2 ~'VI1Uli1~Yl~n11~~n~"U.~113.Jt.I11~~'U.~1 200 nm L"ll'U. As, Se L11 
• 'IJ 

1ln';l:: 't onLU~1 'y.j"1j-n~d LU~1"11 a~ tli1~1L';l'U.U~ ij,j m~t.l~ aijn11 'ton a tu.'VITlD~1 rh 't ~Lii~m1 
1un1"U."11 a~li1 ~~"U. 'J '"'111n • 
1J1111"fl1o.1 LL~~~fltu.'VInD"lla~Ltl~1ty.~ 

Argon-H2 

Air- H2 

Air- C2 H2 

N20- C2 H2 
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• 'IJ 

• 'IJ 

1577 

2045 

2300 

2955 
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'lJEllJL'lJfl'l.l.!ln~fl (outer mantle zone, combusion zone) 

!1111JI!Ittnl'l1~ (lnterconal zone ,combslon free zone) 

!1111JI!Ittl'll (Inner zone ,reaction zone) 

!1111JI!Iti.!J1'1l (Base, preheating zone) 
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·FLA11E 

.,..__.ASPIRATED 
SAMPLE 

A 

FLAl~E 
B -----------------:---_______ _..__ 

---------
__...; TO MONO­

p 
---: · CHROMA TOR . 

"· SLOTTED BU~~R· HEAD 

DRAIN FOR MIXI!iG 

TYPES OF BU~~RS FOR ATOMIC ABSORPTION SPECTROSCOPY 

A. TOTAL CONSUMPTIO~ .BURh~R 

(TURBULENT FLOW BURNER) 

B. PREMIX BURNER · . 
(LAMINAR FLOW BURNER, SPRAYER BuRh~R) 

nTwfi 10.10 LL~III-\I~"l'IU.l·n:ml'lJ"l.IEh'l Burner 
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LnAilAGh'11 ') ftl1i'tt.m1'~1LA11:::M~1tl AAS 

1. Flame Atomization Technique hu.J1i flame ·rhL~tf11LL91nYi··nu'l-4tl::'ilmJ~a'1:: 
.. 'I - f( -... ' ..1.-1 'I ' " " ..1.. !"' " :'1 U£UJ L"lf1LTl11::~tf11911ti£.11..1Y111 11Lana L~tlJ Tl113JL'lJ3J"llUY11Lfl11::~ L'il11 [J..11ULuU ppm 

~ "' 
(ija~ni'11 I n1ani'3Jtf11Yl1Elci1..1) 

2. Flameless 'M;D Non-flame Atomization technique inii'rhL~tf11LU'I-4tl::91ti3J 
~a'1::~1[Jn1::LLa"l~vh~'itl graphite furnace indl~ sensitivity ~~n11li graphite rod 

191 [J Lilfi3J1tll.tf11Yl1 mh..1UEl [Jn11 inL91"i[J3Jtf11~1 [J LL~-;J::LU'I-4'11 tl\1 LLii'11fiiLfi11::~L'il [.1911..1 l~ 

tf13J11tliLm1::~111LanaL~n fi1111L"li'll"liu~iLTl11::~1~11 [J..11ULU'I-4 ppb (13.1 LT11ni'3J 1 
~ 

n1ani'3Jtf11Yl1El ci1..1) 

3. Hydride Generation Technique ind,:: linl..llf1911..11..1"1JU91~hitf11117mti~[J'I.4 
~ 

!"I .. 1 ..! " U..l !"I ' 'I ..I'll , .- ,. 
LuUtl::91ti3Jtlff1:: 91[.1911..1 '11'..191tl\IL a[J'\.4LuU hydride ntiULUl..l11[.11n1flY1 L3J3Jtltln'lfL';IU 

" 'I " ~ ' " '~'~tl" tl .., .. lVI 1 ... 0 'I " .. - 'il " .. .¥ LLa1L~ hydride UU~1UL'll1 L LUL a1 L-n Ltl 911L';l'\.4 '1J..1';l::Yl1L~Ln'iltl::'ilti3Jtla'1:: L91 L'r1TlUTlU 

HiLTl11::~ As, Se, Bi, Sb 

4. Cold Vapor Generation Technique Li1Lfi11::~1!191~Lti~[JULUU lt~~1[J ') L"liu 
~ 

L 'r1fiUTlULilUL 'r1f1Ufl'll tl\1 flameless atomization LLl..ll..l vapor generation 191 [Jn11 reduction 
'I ... 2+ .. 

tf11U1tl'r1~1[Jff17a::a1[J stannous chloride (SnCI2) L\l.n1'il '11'..1 Hg -;J::nn reduce Li1u 
\1 

Hgo 

n11Ln~i"1tln1"1"n111Lfi11:::'M1n'M:::'M"n 
l!l'il~tlut~ cinu tf11Yl1 t1 ci1..1 tl1';J'Yh 1 ~fl1m19191n~uLLa-..1~mn11~'it~utl [Jn"J1tln~ 

, \1 'II 

• ~:~~~.,! ""'.: 
L \l.tl..1';11n11«..11l..ln1u'il..1\l. 

1. Physical effects Tln.I.H111..1'1iY11..1n1[.1111Y-l'lltl..1tf11i:i~ai1..1r.l'il11n11l ~a'lltl..1tf11L"li'1ltl , 
'I .... !.!II 1 0 'I " ... ' ... ... ... i1 .¥..t 
L \1. nebulizer 1tiLLn L'll 91 [JYJ1 L 'VI tf11L';l tl';l1..1n11 L'illltn Ln'il ty~1U'lJU 

2. Chemical effects n~11 anions 'lltl\1 phosphate, sulphate LLa:: aluminium ·~n , 
t:ltln~L';J\I.LUUtl\l~th::nau'Yi1'l~~an11~1m111n.l.«11'lltl\IYnn alkaline earth metals 
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