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thoold $43HE2 WAYE YLEL FE FUE
Fo) 4,59 62 P4So|ch e o]E Ui B
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she o AEie)h olE S Ge(265.1nm), As(193.
7nm), Sb(217.6nm), Se(196.1nm), Pb(217.00nm),
Bi(206.17nm), Te(214.28nm), 28] 3% Sn(224.61nm)
o] i BAE) () gkl ghe B shabolc),

2.2. HG-AS2| &H
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Tubie 1. Physical properties of metallic hydrides of practical analytical importance

Element Hydride 4 H{" at 25 (Kcal/ mole) M.P(TC) B.P(C)

As AsH; 15.9 —116.9 —-62.5
(arsine)

Bi BiH, 66.4 - —22
(bismuthine)

Ge GeH; 21.6 —165.9 —88.5
(germane)

Pb PbH, 59.7 - —-13
(plumbane)

Sb SbH,, 34.7 —88 ~18.4
(stibine)

Se H.Se 205 —65.7 —41.3

Sn SnH, 389 —150 —-51.8
(stannane)

Te H.Te 36.9 —51 —2.3
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AAdel Zn Al dFulE o] A4 slurryE AHE
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A ubg-o F e W& whA As, Sb, 18]35
Se(£4%- Bigt Te) 7ot 2183 5 gl2n, ¥4

AlZhE 3hel AZFS E3sled o] gtE s, o
7N 108 ol4e] Ael7] wl il el A5 Mgt 3
Bl2(N st 2ol U-Atgel pidtge &%)
QAR FAEE S Zolof gl

T paztE PAAuHe NaBH,~4Hsodium
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S5 g

NaBH, +3H,0 + HCl—>

M
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e f713d ol AbgE o) fhx
o2 ARl o) g8 AL 1972
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Schmidt$} Royer”s= AASell 4] As, Bi, Sb, 12|32
Seel F43E A4S 98] FUA2A NaBHE
22 Ag3c) 2 & NaBH,A #H-8-& Ge”, Sn, 2.8
I Te* 9} 1§ Pb¥e) Aekrhx] &= st

NaBH,-4Hdi7] HCI) #4= die) 44, 2
4, 88 A7, 849 £5E Sol §54 YA R
$-8teh atetA} NaBH,AF uh-g4l = F4-AF wh54
Eo} HG-AASe| #2 AL&-Jlct. 3-8 &3}
E @A d4hg Alzbe] 30& olujol o] Fojxjmz
Thompson3} Thomersonng] os] A TAAX I}
g8 ¢l

Z27] Aol e g Eehazmdd A NaBH, #
g go] A48t 21}, McDaniel” %52 NaBH, &
°l1°ll B8l o] wpe wx] 40~60%9) EHE Wrhe

& oot o} 05%¢lA 10%7kx tlofdt Fxe)
NaBH,; £-fo] AHg-®r} " NaBH, 49& NaOH
s KOHQI dzte] oA A AT ddele] F
7} % o oF "k s 0.1 ~2%2] NaOH =+
KOH] %Eoﬂk] NaBH, §-<4-& qtd g} x| 7ic}, g3
A2 NaBH, £90| Bkl g ol Fx)
sjof Frim RaHch e Py AFEL
NaBH,; %2 0.45um membrane filter& %3}1]7
7124}, NaBH, & 2% NaOHe| =31 ¥ 57|
Hatshd @ & Fob okdsigm  mmalgch
NaBH, At 4h-3-Aoll A A bolut 3ito] ofwd 754!
of| &= ko] x| ut o Alo] Fw al-&-Fc). Ao 4x #
e WA Yol =2t dhZ2c) As, Bi, Sbe 7
1~SM, Get= 1~3M, Pb} Sn2 0.1~0.2M, Se+ 2
5~5M, Tex 2.5~3.6Molt}. Tartaric acid, malic
acid, oxalic acid®} 22 %714k Ge, Pb, 222] 1L Sn
o) Hakol] 4k Al 4" S ok oG] pp
38 AAde] A%, NaBH, Al #bgAlo) 4 K.Cr,0,,
(NH,);8:0y, 28] 32 KMnO, 9} 72 AF3h4 Ajobg g
So2M ¥ RS dgeh

FA4E 4352 Ar, N, He2} 7H& 24 7)Ao
s Fodols dAstAAR 2A kA9
“direct-transfer mode”) H3& Wjo g A&
t}r} AxEt A 2 guksc)

3.2. Collection mode
27)el o ¥E-S S8R T49 Yegoh s
s 2R 24l gtk FEAL weAE
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3.3. Direct-transfer mode

YA 24 NaBHF AH8® ¥ 23015 wo]
de) BFEgch o] whe whad FasEs 23
o] 4& ¢leol, AX URAXNZ Fo#EE =3}
A =l

Fasgol MM WA= AP A H
a8t v vl w2 YAAE A F]AFe A E]t
g FoshE AR o] A o)FF ofof it
Chapman3} Dale®& AsH,, BiH, 283 HSe:
#lo] ¥ 2% uwbd PbH, SbH; SnH,, 18]l H.Tex
A3 o] wpa]o] A slcty B watqlc)

3.4. X-EHA|

Qo4 o)v] =21%l whe} zke] NaBH,-AF vh87A =
Apgsle] golido] Hulsjzich. NaBH, 2h-g-#e] wit
& g r e $£AastEe] A A& ok =
o2 3% o] As, Bi, Ge, Pb, Sb, Se, Sn, Z1&|
3 Teo] Gr48HE0] o] ubgol| o8 Y A=+ Holrh
NaBH,ell ©& AAS®®8} Zelzol AES™ 9 z}
E357} o] FolHet

@7t AE3HE AlE peristaltic pump™7| 2}
pressurized reagent pumping? “Be)e}, peristaltic
pumping#l 7t ] UukH et} pressurized reagent
pumpingAlE W& Aoizk 2lefol Hm peristaltic
pumping#l+ Z2te} Zhaslic)

4. 24 9y

Qo3

S25tE AEE ol 43 YAEFEAYL

4§52 (Holak?), RAHF, 22l Seop=o}
LAE QREFEA o] o) £33 3le).

41. AXETEHY

TAagE YAHE ARAFFESYN o148 9 o
A3} A=) 2= B-F, flame-in-tube atomizer, 7} A
3%, a8y FQE Fol Ao

41.1. §%

Holak® 5-£& ouk gl air-acetylene B%-& AL43}
x4k, N,O-acetylene 23} 7+ acetyleneo|
N&2F F BES At dxisigo A9 A
o AdE ez e vigEFSFE vlehlis argon-
hydrogen &%°] A7 % g} o] £ <A
£ F2sE A AR A7) B oFe] gl o
28] AT EFY kA dEd F B4
of WE-g dosE Aot

4.1.2. Flame-in-tube atomizer
FHege) o) A e S5
FAa3E-g TR AP FA4AA 2388 o
A s}ate] AASE B4 8t & Bkt

azFe] Abng FAEI o] Mg B3] A
dasle] ARSHE Gt A4 B3 o Uiy e
2 ridsle ol" {89 Medze THERE
(flame-in-tube)” AA}FAF=2} o). o]H T ER
AA13AAE, 2 F oxygen-hydrogen B85 "
air-hydrogen 5894 A1 43i71 % g} o194 3
o2 FRo HUAHEe] 23 #FE 4 gl AEr)
aA 7o

Dédina®} Rubeska'™= Oxygen-hydrogen 232
T EZ AR R 2 HSeo] A3} w7t &S o
Tk 25L FA3E YUxEE dFa oY
dojrie 7o) e} B Lof 2] WA 5k= H, OH$}
2 A i) #del o3 o) Fol A & ool Wk 1 E
o] o] ol W2, A=}15} vy & olul H el
43} o}-§ 5 A wh-gof| of3) o] FolAs AR A
zhElc)

. 47
Siemer £'&

SeH,+ H- —SeH + H,
SeH +H-—Se+H,

AH = ~189KJ / mol
AOH = ~131KJ/ mol
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4.1.3. Flame-heated quartz tube

Schmidt £°-& argon-hydrogen %2 2 9]0 4]
7bd ¥ A od 2 A(quartz furnace tube)ol
EA1H GAEsle S g
A 5 qlok HAs
argon-hydrogen B3 dj4l
air-acetylene $%& AH&-8ch AA® G5 T8k
L AL vh2e] o8] el 2HP-E ) molFch A
A 7kze) BE “ﬂ%’:"ﬂ kel fAav) % FellA] Y3}
e A g Aok

ol& w9 ;%"7‘3% FEelgE57) AP A Al A
o] U332 4 argon-hydrogen E-3el A Ko} 7}
7} uf & Fek

4.1.4. Electrically heated quartz tube

Chu 5°¢ #-goz B2 dAl 4712 7kdsl 4
A A gl s FE5Ta8E2 A N, % He
o} 2+ b Aol 2sf Aedghe 2 Fukgich o] W
1.2 argon-hydrogen #% Hx3 R} F o+ v
E7h 2 YR g olc). o] W2 R YA}
Eo) B} 2l w5E 5 alo] Bk @2 Q&AL
Y Z£o)E 3HE(noise) & Wk o] el W3}
Ao FH F sty & 2N 7 dhe] 24 &
28 98 5 de vhsAelnh Fy 12 H7IR 71
B Aod @ A3} AAle|th

T.J—E]’"ji =
of Wi & 4
sk

=l
[

2-(noise) &

.o_.

L

Thompson

e

Heoted silico tube 1
Hollow Monochromalor
cothede / cad
lomp detector
T Meta! hydride
vapour in argon

Fig. 1. The atomic cell in the hydride method.

Goulden $7& A2 rldd”d AMAdH
argon~hydrogen 2 E7AA As, Sb, Sel A s}
Atk 22 Reamer S™7.2 Se 22 93 900CE

7}2 8 A od ghell air-hydrogen £%-& S|t} o]
A 4%, B4R HSek B35} 7199 ol o3 4
Asio} 53 g F A5 S Aok
# ol Welz8} Melcher' "= #7182 7}d =l A_qowg
ol 4] Adofitis F& F431E YA TS
ol 2siA 7] Ao ofwl, oxygen-hydrogen
P 2}5}A x| o} 4] ©]v] Dedina %'““01 Alargk A
ro) 00T o)Ake] %ol A A 2] ulol 2] &
g F4 A AR FE FastEe] FElA
1}9}5‘4 o= 488 2t
FA3E A4 AAEREAE T e
zqlA ¢] efxolchk Al&, HCl ¥ NaBH,

N WH

i"oiﬁ”—m%mf-\ﬂr"
7

Absarption cell
=2
Bumer head
Perisaldz pump Masifold Reactioa cail Guﬂaquul separaear
Sampls @
Y
o /
NedH.
- g "
PR |
Cl] MV. . Nvz *
Carrier pua ;v: Draia

Prarure rwicch | Solemold  Needls vabre
re
Prearuce regulator

Fig. 2. Continuous flow injection system.
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Bfo] AT S 2 A E Folrln Gy = FF
FasEo] b 714 Nyrb Heoll o)) x5 2
Futgch

4.1.5. Graphite furnace atomizer

TasE-S YAEl] g AdAaE S Fe
g zlg 2§ g AAEE 197339 Knudsont
Christian®e]xc}.

Akman £79] 2 ZA o4 AsHEZHE As9
Y2k B wFhEel et AelA 1130°K &%

- Hedn

ANA AsH,= Fad2 @A oh&3 o] Halse)
fAzlsigleln Ry

M = i)
Ang(g)EﬂAs(s)iﬁAm(g):ﬂ

113
Asg(g)—-———a{z};} As(g)
xg71A] g FAasE YAHE AAS o] 43
of A% H 58 Thble 20 At} Table 28 ¥ o
2 713 AlFelA A F5 FA3ES PAEe

Vg Aeste & gk ol

Tuble 2. Application of hydride generation-AAS

Element Matrix Comments Reference
As stainless steel, cast iron lig. N, trap 8
As foods decompose with HNO;/ H,S0,/HCIO,, evapor- 13

ate to low bulk
As ground water Fe(OH); coprecipitation 14
As hair digestion with H,SQ,/ HNO, 34
As atomospheric particulate  collected on glass fiber filters 36
matter
As biological samples removal of interference with EDTA 46
As molluscs, algae, river As(lll), As( V), methylarsenic, dimethylarsenic 80
water '
As Tin plating solution flame-heated quartz tube 129
Bi copper removal of Cu interference with La(QH), 30
coprecipitation
Bi blood, urine wet-oxidze with HNO;/ HCIO, ashing, redissolve 48
in HCI and inject aliquot into NaBH, soln.
Bi river and sea waters Fe(OH), coprecipitation-flotation separation 108
Ge rocks removal of interferences with EDTA 54
Ge natural water lig. N, trap to preconcentrate 64
Ge coal ashes N,0-C,H; flame 100
Ge soap flame-heated quartz tube 131
Ph air, water, vegetation elimination of interference by citric acid and 37
KCN
Pb urine inorganic, diethyllead, triethyllead 67
Ph drinking waters Cu and Ni interference, MnQ, coprecipitation 78
St natural waters Sb(1ll), Sb( V), methyl Sb species, liq. N, trap 66
St geological materials H.S0,-HNO;-HC1O, digestion 82
St - atmospheric particulates  cellulose filter collection, thiocyanate addition to 99
remove Cu interference
Sk foods digest with HNO;, H,80, and HCIO, 102
Sh Tin plating solution flame-heated quartz tube 129
Se gasoline, fuel, oil crude, digest with acid, under reflux, to destory matrix 11

oil
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Se atmospheric particulate ion-exchange chromatography 15
matter
Se milk powder digest with HNO,/HCIO, 18
Se whole grains, leaves, dry ashing with Mg(NO,), 47
grasses, coal
Se natural waters Se(1V), Se( V1) speciation 61
Se biological materials, Se(IV), Se( V) speciation 79
foods, waters
Se sea water Fe(OH), coprecipitationflotation separation 106
Sn natural waters removal of interference with KI 33
Sn natural waters, costal inorganic and organic tin, liq. N; trap ‘ 63
sediments
Sn sea water Fe(OH); coprecipitation-flotation separation 107
Te steel, sulfur Te(IV), Te( V1) 101
Te, Se foods flame-heated quartz tube 130
As, Bi, Sb, foods digest with HNO,/ HCIO, 128
Se, Sn, Te
As, Bi, Pb, coal and ash samples NaBH, pellet reduction 56
Sb, Se, Sn,
Te

4.2. ﬂﬂﬁ¥f$§'ﬁ(AFS)

NaBH, &l 2ls| 43 4858 AFSE &4
3} wpo] Thompson'®e) «lfﬂ Hge g Rysg
o}, 43182 Pyrexitol A o4
gen 2% $0.2 Bix
windowd A stgdch 2% Y2 microwave-&
7] BT B o8 By $yE gL BA &

FHr}(As 193.7nm, 8b 231.1om, Se

<= argon-hydro-

o] 3ol microwave cavity

Fig. 3. Schematic representation of the XDY-SA in-
strument:1 and 2 HCLs: 3, power supply for HCLs;
4, atomizer. O, furnace power supply: 6,
photomultiplier tube(PMT) (R106); 7, power
supply for PMT: 8, pre-amplifier; 9, computer: and

10, read -out devices.

Vol. 10, No. 1, 1997

196.0nm, Te 214.3nm). o] WA €452 72 &
Ae 006~0.1ppb Atk AF-E Y150 F48E

250nm o]3le] 2 Gl AFSe o8 P&
Elu} E3 $A3E AA gl o3 vEdasy

B A Fo) 2= 7] w o] ol B8 2o jF Wslr}
gerz HP’M AFS7} 7}g&tet.

Fig. 3& A8l Au]-2 AFSH] o]438le] FAjdl
o8 44E Xér%tn} T Qe A e oot 13
Ay 47} 923} Aol al o 7)ol F& A EE F9A
A LA F 4AT ¥3S FAPe 2 2t
Tuble 32 HG-AFSe 2l FA1%l 282 AAFT A
olc}.

4.3. AXtL R Y EU(AES)

4.3.1. Inductively coupled plasma(ICP)

FastE Y-S AESE ¥A317] ¢4 Al es=
A g R} 2= F 2 ICPo)r}.

Thompson 5%*& Ag, Bi, Sb, Se, Tes] 4=43}%
< ICP AESE A2 g ¥A8ct NaBH, ut-go 2
3 olE AnEe] TaalEo] AS BAF L o] 5o
A3 ICP =3i5l0] fabsts] 5, QA4 WA 7] 7}
HAxo] FAlel ofa] YihEol Akt o)R 4
FASE WA= Aol HEXQ £ k)3 wy
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Tuble 3. Application of hydride generation-AFS
Element Atomizer Matrix Comments Reference
As Ar-H. flame silicon use of Zn/SnCl./KI preferred to 121
semiconductor NaBH,, nondispersive AFS system
Sb Ar-H, flame waste waters Sb( ), Sb( V), nondispersive AFS 119
system
Se Ar-H. flame H,PO, NaBH, reduction, nondispersive AFS 123
system
s} 108 oAk HEgHAS} At Solell EAst Al Sommer FUL FA3HE A -ICP AESe| &%

= ojm 2Eo] &L Ser} Te &

= 1259 7]
2 @&E A%E 7peh

234

o
Sne] AeFallA] =& A el N,-Ar ICP(3.3kW)E A

49t
Aoz AXE ICPH H 48 o £AHL F48 A4 5 (AFHE A2 ookt A g e
23 g7 295 shehulg FARE(H, HO0, 2813 Y952ES ICP-AESZE Heslsrh Tuble 4= AF7H7
COy°l & - A AHe] ICPYS 1= Aolrh 2ef4) s $ashE Y4 ICP AESH 2.2 F4§ d4s}
'I‘hornpsc‘n 880 1CP7F AR A A sl7] ¢8| H Ay 27585 2 &
LA RF A3 (2.7~50kW)& A&} v 453
Tuble 4. Hydride generation-ICP AES
Element Excitation Matrix Comments Reference
As ICP waste waters, steel digest with HNO;/ HCI 87
As i1CP waste waters KI addition 126
Se ICcp soil, sediments dissolove in HNO;/ HC10,, 85
prereduction of Se( VI)
to Se(IV) with KBr
As, Sb DC discharge sea water, fresh He atmosphere, As 228.8nm, 26
water, oxidized Sb 252.8nm
marine sludge
samples
As, Bi, Sb, ICP crop samples, rice HNO;-HCIO,-H,S0, digestion 92
Se, Te flour, wheat flour
As, Bi, Sb, ICP waters KBr prereduction, 93
Se, Te preconcentration by La(OH),
coprecipitation
Element Hydride generation ICP Reference
As NaBH,, 1M HC], lig, Ar trap, batch 1.2KW 69
As NaBH,, 1M HC], batch 1.2KW 37
NaBH,, 3M HCI, continuous 3.5KW
As NaBH,, 2M HC], continuous 1L.oKW 91
As NaBH,, 3M HC], batch 1OKW 126
Pb NaBH,, 05M HCI-0.8M H.0., continu- 1.2~2KW 55
ous
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Se

Se

Sn

Sn

Sn

As, Se

As, Se

Ge, Sn

As, Bi, Sb
As, Bi, Sb
As, Ge, Sb
As, Sb, Se
As, Bi, Sb,
Se, Te

As, Bi, Sb,
Se, Te

As, Bi, Ge,
Sb, Se, Sn
As, Bi, Ge,
Sb, Se, Te
As, Bi, Ge,
Pb, Sb, Se,
Sn, Te

aSHE YAl &% YARFEAYS Uelo} 4

NaBH,, 5M HC], continuous

NaBH,, 0.5M HCI, continuous

NaBH,, 0.08M HNO,, continuous
NaBH,, 1% tartaric acid, continuous
NaBH,, 0.3M HCI, continuous

NaBH,, 4~5M HCI, continuous
K1-SnCl,/ HCI-Al slurry, continuous
NaBH,, 0.1M HC], continuous

NaBH,, 6M HC], continuous

NaBH,, 6M HC], continuous

NaBH,, 7%M HCI, batch, lig. N,, trap,
gaschromatographic separation with
Chromosorb 102

NaBH,, 6M HC], continuous

NaBH,, 5M HC], continuous

NaBH,, 5M HCI, continuous

NaBH,, 15% HCI1-10% H.,S0,, batch, lig.
N,, trap

NaBH,, 10% HC1-20% H,S0,, continu-
ous, Tandem nebulization system
NaBH,, 2.4M HC], continuous

2.7KW

1.25KW

1.6KW

27KW

3.3KW, N,-Ar ICP
14KW

1.L6KW

2.7TKW

2. 7KW, simultaneous
1.25K W, simultaneous
1KW, sequential

1.25KW, simultaneous
2.7KW, simultaneous
2.7KW, simultaneous
0.9KW, simultaneous
0.85KW, simultaneous

1.3KW, simultaneous

EEY

125
94
52
86
90
70

9%
33, 84

93

97

92

89

9A

FAEYe U, AR, HUs

Sashir 449G AE0Ae A 9 3}

2 A B vle) FastE AW AEUATE Ut
Ao g 1000u) A= 9T} Table 5ol 4, AAS®} AFS
o tHgt &9 71&F3A = argon-hydrogen £¥E 4}
£-38}o] oJel et

o‘__} u],z_-‘ o

e dap ¥

AE 2xp2] o &g g 5 9l g8
22 $5% H7h ol e FHES
elstol BAIshe el o] 2T

Vol. 10, No. I, 1997

FastE YA o8] 7HA] AAMEA
o] HAsE AY &2 G FhIE YA -AAS,
AFS, plasma AESe] ¥#-43te] A 23} vl 2= v o
Aok WA Tuble 5l A o] F= diolel& AM&%
o 4S5 A zafo} ji)

We APAEe Fi3E YA S AR
oz} xe] HAH A FE ol &l 97}

B Fqich e

EHH\:]

& A e qlR WA
A A3 A B e A FasbEo] WEEE B
Aol A Azick 71 A Aol Dok o] 7HsAd o]
318} = ofo} g} Deédina'®ell o) 3ha sl &
TAgE YA e e A, w2
23HE o] FA] = AAL3AEA] ol 4] whAY REc) “°H
APt E F4a3E 44 5 e, 283 A8
FA3E YA RS 2 wYY
W el Bl o s Y3t
A WL AYEA(HLA BB Helo o
& 7)) 9} “memory” EFH(F A wbslBo] o] F3 ¥
A2 Fe A gl A7) 2 E5E A)7) g
o} 7} A Al = pAgtEo] AlE £ oA WRbska
A2 o] E% W o]F #HZol we} ol “o]E}

A o 2 HE

o A E
£ A A

6. 2 &

F43HE A -AAS, AFS, plasma AESe)
Wojl o] o1& & A E Table 5o viehfi it £ote] HE =FEL wo el o gk v ey

ok, A e adtE Y

A8 %

o]

%59l
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Thble 5. Comparison of detection limits(ng/mL) for analytical atomic spectrometric techniques utilizing con-

ventional solution nebulization and hydride generation

AAS AES AFS
Solution Hydride Solution Solution Hydride
Element nebulization® generation nebulization®* Hydride generation nebulization® generation
ICP ICP MIP®

As 630 0.8° 40 0.02f 0.35 100 0.1m

Bi 44 0.2¢ 50 0.3¢ - 5 0.005°
Ge 20 3.8¢ 150 0.2 0.15 100 -

Pb 17 0.6¢ 8 1 - 10 -

Sb 60 0.5° 200 0.08# 0.5 50 01m

Se 230 1.8 30 0.03 1.25 40 0.06™
Sn 150 0.5°¢ 300 0.05* 2 50 1.2

Te 44 1.5¢ 80 0.7 - 5 0.08™

a Ref. 3; b Ref. 96: ¢ Ref. 19: d Ref. 100, e Ref. 37: f Refs. 69, 94, 97: g Ref. 97 h Ref. 70. i Ref. 55: j Ref. 94:

k Ref. 51: 1 Ref. 92; m Ref. 118: n Ref. 122. o Ref. 120.

gi"o|c}. o]l FHlEle BAFAIEY AAd(lESE
uha )= S (o] FE SN E 7P 2ok AR R
WA A7) sl FolAl dele] AxpEAA] o
A pastE 13} vzl Sl 93 Aol

dubd o2 A Abeol A whal 7} 9o, 1AL 5
28Ee 8l Aot A3t E Ao Az e
Atk 228k Ao Faose] AL 3F EH
o] #Fgl4|ek(oll, NaBH,)-¢ T 53 Avlslye BAE
& 98 o} e ot drle A4 uhge] FAd A
olr}. 1 #eoll o} Ux}r} At o} & Feba AP L
45 ¥4 ¥ EE AN 5 Uk FAE
SE Atole] YA Mo} = F45E PP
ol oluizl F3 ol M E AT B4 EIE
HAAM < A7k

Smith*'¥= As, Bi, Ge, Sb, Se, Sn, 22] 3 Te2] A &
o 4] 487+x] whall W49 Ao g AAH A+E
ek o)A Wal Exbe] oWl H3Aje] FAwc)
Cu, Ag, Au, Pt, Rh, Ru, Ni ® Co o]-&d A& 34
efzbel wialz} qlan el FdolR, e BEEY
Zo]&, B, Al, Ga, Ti, Zr, Hf, Hg, La. Mn, V % Yol
Ae Iy S5 FR3HES ol Fe T7HA da 34
ol 4] o}%-% dbsl7} et 3 Ao BE A
AdpEo] ol E BE A SRS W ghE A

o] w7 gk Nigt PtEe] LE fie $a3hibs
o Zujolw, £% Atslol] Ayt AHA Fvje|c) 1
2w 2 ALY FAlel vl At @& o] A
& #F5% 9ok

ol o] vl Ax& AHEX FAo adet i)
g o] 22 ZnAt A B} NaBH,-AF fH Al ol 4
wal7h o 2o eju RE o] &-& Zn-Ab 1Al
A wsi7} Fc}. Piercest Brown™ "2 As9} Se A%
Al g Sol 23} ofol-&, re] 3L Abe] WS AHE v
wych UAksbg o) uie}l wrs] Y} th2oh &
argon-hydrogen ¥E3 7ld€ Mofs, aejx &
2 QA A ol A e A= FAT AlHES B
of it & o 2, Mg ol A= whal 7} A ol

27} ol o] whallo} FASE A Y4 AT W
ol dg od_?_mm.lus.ln,nzo“ s Dédina"3= “Se 227}
(tracer)& A}-&8}o] Se2l AAS &4 A Sn, Pb, As,
Sb, Bi, Te ® Hg o]&¢] &) & 78 A3} Sn, As,
Sb, Bi, Te7} 74&t 71742 whsl-& vtehdio, As, Bis
A4 bl = vfeb & obglo) o P AbaeaE
A A7) v B A Med 3 A Ho
20~30m A =2 Wiy} A drke Rugc 2y
AFAEEL AR 2] A4 ALEE Fr]4be)
gafol ) AT Aot

-
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FashE QAo o7 A dele &8 1A

olite] A2 e t}g3) L& HEL WY 49l

L AasE A a e gEE AR e
W2 el g w171 4ok oleld) Wale st A
A IR ohlel dxlEtab A e 8 (o, Bt
7ed " Jed @ ICP) ol & o] B8}

Ag7hA ofe] 71A] why o 2wk & Al A sb vk b
2A71H e AE o goh 1 3 vk g e
wg wAle] AkE e} NaBH 9| o2 $714171 & 7o)
ch whell = NaBH,9) ofo} F7iabal zhavs]s 7 sbo)
olc}. Brown 52 NaBH, thAlell 7}el-8-A ¢} <)

Ao dgo] AE% NaBH,CNE A12-3bwd Nig} Cu
o] 22| Wz} N2 Ao s Byt Wl E A
AgAY Fa2A]717] S8 oJe] 71| shel-gA Eo] A
45t A8 FAIE G w2e]  9b4]
EDTA"™, KCN®, citric acid®} KCN¥,

rbazide ",

thiosemica-
1, 10-phenanthroline”, thiosemicarbazide
2} 1, 10-phenanthroline', KSCN**¥, oxalic acid®,
tartaric acid™, thiourea, pyridine-2-aldoxime'™,
thioglycolic acid™e} pyrogallol, cuferron %-2] 7}2)
A7 G o] & AABAV A7) H 8 AL
Hadck o8] AL 2 e e & Abr] A AEE
24] La(OH);**, Fe(OH);“3} hydrated MnO,""}
o] FA, $olF2" 2213 o] L RFSA e 27
el o] wEE Aok

Slell A A vio} 7o) uha)-g 7HAasA v A ) st
7] 1% 2 7k AFA ubie] iRl o)H Al x
FFEZ H7F o] AHEE|ojo} Jrt BEE WPy
2 Alef utgt A 0 g o] Fojx o} ol A B A, ¥
2], dlu] 23, 7hel g, 22l 89 P e S Al
o] ;e gt

7. HAo 38E

QESE A RAA oiz) 7hx) et Fejz 2L
oh @ 7pA ALRA SerEe] dE YRE F2A,
ABGY, AEEH, 12T YATE o] Fo] shatE
Sejol e} th2y] dEo o FRI} FaSE
W Be) BYe S23E YA Wil shatE)
we} ohizeh.

7.1. $7|88E
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As, Sb, Se, Tex= dWFH o 2 Gl 4] 5 7)) 213}
Al g ZA%) & As(l)e} As( V), Sb(Il)=} Sb
(V), Se(IV)2} Se(VI), Te(IV)e2} Te(Vl) Zo]c}.
NaBH, $H¢Ale] A F sl 4o o) 3
(d, As(V)—As(ll))e] BHLE Holo} e}
NaBH, &4 4 & A18% dlx 34 438 §4 &
gol Algel 43} Aol whe} oS o = gl KI
= As9} Sh*oll gt M FEE Ykl AP A
A A 24 NaBH, uH-gel A ALg5 o] el K1
o)o}ell KBr”s} KI ascorbic acid™™2] &L As
9} Sb A ekell Al ALH YA 2 A A= ). Seol of
341 KBr*“z} ¢4 4M HCP™Y)2 A 8% 7}
dsto] Abd elg slod A A Sed Aukatodrt A&,
Castillo £"& A|8 Zu]& & w AM HClol|A] A&
E7ldg o244 ShE A BY gt

Aggette} Aspell'™S As(V)E AsH,2 Hsle
F 71 Al (F, As(V)—As(), As(I)—»AsH,) =
o kg S EE 7HA A gk ARA-g o] 88l As
(M} As(V)e] A=l Ay g Brgc) 34
o A oA, F As(V)—As(ll) 2] 2 7154¢ pH
of 2]&3ich pH 4.50 A= 2% As(l)gto] AsH. &
Aggich 5M HClol A #4lol o] F3xw As2) of
Z At AU E S A 5 eler As(V) 3%
= A FEAA As(ll) F=E wlo] 23Hc) Sb
(e} Sb(V)e] Al Aefx e wwjo g =y
gt 4

Tsujii'& FA8HE A4 —u)E4 AFS) o3
Sh(1l)2} Sb( V)& Aefd Aekg Bagc) Sh(Il)
2} Sb( V)9 AMeF2 Kloll 2J% Sb(V)E Sh(lH =
vle] gheiste] AaFgc), Sl o] HFE 718w Sb( V)
o 23t SbH, Aol AAlsle] Sb(Ill)e] A= ek
o] o172l ck Sh( V) FX& F ghel 2old] o & Y
=g 5 glo)

Cutter” 52 4M HClo| 42| & & FeollA] Se
(VDE Se(V)2 #Uste Al Sexk& Ysla M
HClo| A Se(NV)wtke} 43188 A8l Se(IV)E
A gFaled Sel IV)S&} Se(V) & #al Hek¥cl

Jin & FABE YA -AASH o s ALA Lo o
A Te(IV)2t Te(VI)eJ AAgg BAg A4 2
Al ¢lo] NaBH, §-He] AL&-5™ 22 Te(N)9) 4135
ko]  dojzic).  wiwel chloride

titanium( )



12A 3719 - iy

(TiCly) $9-¢ NaBH.E 7}317] o) v]e] 7}sind
Te(IV)2} Te(VI)o] AA 2157} doj” 4 glch Te
(W= 7 gto) Xol 2 Aakd 4= gle}.

12. 77| 2% HoE

o) 43 AHE e 2 A Y45 SasE
AAdell oldl Hekstg o BAA R} YEEY A8
BT 2R o] B Yk Tk 478 duz
AFE 5+ ok ek shatFe] dudoz 2wy
ol ¥ AAS™et AES™o| ojd) Aepsic
acid, CH;AsO(OH).¢} dimethy-
larsine acid, (CH;);AsO(OH)+ pH 1~2¢)4]
NaBH& 7}8}9 7Zt7} methylarsine, CH.AsH,2}
dimethylarsine, (CHy), AsHE. $-1 5lc}h )8 ¢4
SHE-S oA Aag Yaksl Uss e 23500 9
e A3 sldEE AsHE (-6257),
methylarsine(2C), dimethylarsine(55C)2] = o
o e} Efje e Ut o)9} Fe] K74 &
FEe) el deke A ES GE) AT ]
= "L 2|34} gas chromatoéraphyﬂl o)z ¥
gl 3le] AASM} MIP AES™ o)) o) s Aef=ich

Arsenite, arsenate, monomethylarsinate, dime-

Methylarsenic

thylarsinate, p-aminophenylarsinate’} z8wlE -7
] efel o™ Relsle] Haw gt o] FA o
A o] -t mgrte sl 2 Felala g A
AsH & A 8le] Hd 2 RS2} A2 7hd"l
Aed @Ug o) 43l AASE Hdch Burns M
tin tetraalkyl® alkyltin chloride® 7] -4 %
HPLCEZ ¥-el¥t F 7pdd Mg 2ol &I AASE 3
#Faldch

8. s B4

AES®} AFS= B4 thia $4do] 7hsslie) e
v AFSH L AE3E 4% 7177 =87 wife
otz 74 &= de] Bg=A Eala ok B4 gYs
EHoll4 HG-ICP AESHle] = o]g= g}
Tompson 55& G438 YA ol A 4145 H3 uis
271& o]&5}o] As, Bi, Sh, Se, 18] 7 Ted T4l
¥4 3lsc}, o] E-9 ¥HE Al7l+ polychromator$ At
4-3led 2hzbel shAlg Hejsie] FAlo) A H) &

259 7% 7= 08~1.0ppb W sjolch o} upy.e
AA AR Aol A E5 v SRR YA AP
874 ) ashE AR A4 RFol 429}

8742 pAstE P4 Ui o)l e Ao HE
Al FoshEE JAste] BT A st
HAgeha] obam B A} AL sl zabElely
c}.

.9 B

Fa3E A S BAE gL B A
4o e iE upi B} hEr) $57 wbelr), o] A
< AE AGE) FHAA B8] 2eishet 94 o
8o AzPAEE YRFTES7Ig 24 S
Zup QAo B 71X f3e) $48E YA
AxE 23 AT AG Hd A} S
2 AbgEc) de B35 ICP AESE 3]4.0) % o
BF AA 2] kA Fejmnl A E o] 43}

Haell ohe} Fxrl G2ch= S AHY Bar
Tk oA Higel o3 Mok ze|mZ o)
29 W7t E A9 25 Y =& AA By
A77E dlefol deh o9 A2 YA wgoew
A o, o= 8712 Aimbe] Auk ) Qi3 A
B xeEc} 2xr) oF 100~10008) =3 2 o) 9
Zoll M= R F77F 4714 ek A4 oy
E2FNE T 5 e AESHS 34 A|17te) 24 u] 4
A7 Boll A 2 A g wheolrd

ToE YAYYE o8l ICP =& MIP 9
AL o ze) d7v) oS g B
A, ¥ AYA, 292 wE BN &5 o Eo) u
Aol 7l g},
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