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2 o FAsE HAH-ARNET EBAIE o83 F7]0] 49 £4] A oR]2HIA 24 L-Cysteine, K,
FeSO,9| HA 27& 2az) 519l om, oj50] 44 H|X& FFS A= vl A7) o]} g
o] H,SO,trapel] 23t A& F ¥ 7FsAol = F71¥14<0 MMA(monomethylarsonate) 2}
DMA(dimethylarsinate)E A7t 7718|4298 w2] 463tk 1.8 M G4t 0.08 M 24ke] Eqtik
oA H]A 8 20 ppbe AHS WA S wiRTE, B8 3 =S YERAY L-Cysteine®] 7%
05g AEE 3kl °F 0.07 Mo Aito|u; Gike] oF A 2704 30 & oS WHAIAE 7390l
A3 As(VyE As(IDZ BQEATh KI2l A%, 3 ¢ A= Fsla oF 08 M &4t 27d0A 147
o) WA S Aol $3] As(V)E As(IDE L= AT FeS0,2] Z-f-olli=, T o3|} v
W3te] NaBH,oF Fe™'o] WhE-0 2 st I ES] AR FEUREIL 934 =, As(V)7F As(IDE
FAEE 80 Al (it EAE A FYEE FI38l7] 913k, NIST SRM 1643C Trace
Elements in Water (82.1+1.2 ng/mL)2 AMg-atlen I Ax= KIZ dRSAA 2 ARREAS 7ol
£ 97.5%2] 3]480]7 L-CysteineZ V|3 AA 2 AFE-319S Aol 101.9%2] 3|5EEM F 74
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Abstract : We try to look for optimum conditions of pre-reductants like L-Cysteine, KI and FeSO, when
analyzing inorganic arsenic by using hydride generation-atomic absorption spectrometry, and run a comparative
study of effect in the analysis of them. Also, we separated and analyzed only inorganic arsenic by using H,SO,-

trap to eliminate organic arsenic which are MMA(monomethylarsonate) and DMA(dimethylarsinate). Under the
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conditions of mixture acid of 1.8 M HCI and 0.08 M HNO;, arsenic standard solution of 20 ppb have more

higher absorbance than without adding acid. In case of L-Cysteine, As(V) completely reduces into As(1ll) when

0.5 g of L-Cysteine is reacted more than 30 mins. in weak acid condition of approximately 0.07 M HNO;

or HCL. In the event of KI, As(V) completely reduces into As(II) when 3 g of KI is reacted more than 1

hour in acid condition of 0.8 M HNOs. On the occasion of FeSQO,, the inside of tube is blocked by precipitation

by mixture reaction of NaBH, and Fe**, therefore, comparing to other pre-reductants, reproducibility of efficiency
of reducing As(V) to As(Ill) is low. To evaluate the accuracy of the analytical results, we use NIST SRM
1643C Trace Elements in Water (82.1%+ 1.2 ng/mL). The results are satisfactory.

Key words : hydride generation-AAS, pre-reductant, H,SO,-trap, inorganic arsenic
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Arsine gas(AsHs, arsenous hydride)= 573°] 7Fd =
o, QAR F7H] 4 o] o] f7|H| 4 ShtE R 5
/do] ALk, 18]l F7] HlA o] FolE As(IDe] =
dol As(V)ETE A1, o]5¢] FX49 AE+= AsH;
> As(II) > As(V) > MMA (monomethylarsonate) > DMA
(dimethylarsinate)2] =422 g# A Y2 1HEZ
7)) As(IDS} As(VYE SHHESl Fejol w5
9] FErt thy] whol, Folzl ARSI Fal B
7Fe flEME T vla F FrRlae el 246k
Aeo] Hasit.

dutr o g FastE DAY-AARET E8Y
(hydride generation-atomic absorption spectrometry,
HG-AAS)S W EZ 27} Fayte gloug &3
7F BE QAAES B33 (flame-AAS)ETF =4 v ol
A gl wi7EA] ZHETE 2 RO, As, Bi, Ge,
Sb, Se, Sn, Te 534 o] A 2ol Fasles & @
= daEd 2 AH8dr. g5dM= HG-AASe]
ok F7|u| 48] Ao #He ATt Wol] B
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t}37 HG-AASE o] &3t v|ARAA] 9] 4slE
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As(V)7F As(IIETh B =g Yeplled], 22 o]
e =2 dsdEddA e YA FastEAauE
F(NaBHy)oll ¢Jgt gt & FastEo AdEHE7t
=@)7] fEel AeR Wiy Uit ageg 5
2312 MO E H|AE BN Ffoe P9
A S As(IIDE 2dsks Zlo] 4o,
23 FA3MES AEAT)] SEME S5 ofdoly
2dnE, SnCl, =& NaBH,9 28 kA 9} wk-g-A)
A Az}, o|FoM FasteAUEF] FAAR
FE o]&HI o, o] FASEAUEF &4
Egete AR AU ERS AUl Wi
o o]& F3IAIZ ko] s, 43ES A4S
7] 913 Ate] wEE FASE A aE Bt o
S vty BRI AT L-CysteineS S 2 &
HAo) &

Fo|A, KIE A%t 4t &M 435
£2Q Zog dHA g on
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ATl M= HG-AASE o] 8-38le] F7|u) vk
g Ak WS Asiih +571e] v At
+37}F9] BIASIFHER AR|3H Al7]7] $13t SHlAlR
M, L-Cysteine, KI, FeSO,& AFHE-3ITtE +5719] H]A&
SFES 379 HASIFHER $A]7]7] g ov)
A ] TR, WAL AR F 2E]AL AR S
F9] Are] TR H ol gk F4 218 ggala,
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T 3= 7Fs7°] e fr71H142] MMASH DMAE #|
7 HG-AASOl F3 A o AsUDS} 7o) hydrideE
A5l 7218 3913}, Brannon} Patrick!?0] ARE-3E
H,SOy-trap2- ©]-8-3le] MMA<S} DMAS] hydrides= &
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B Ao A3 A& BE3FAl= Thermo
Electron Corporation®] SOLAAR-Mé6&R & o] =73
& Table 19 JERHATH 488 2 3] oA
Thermo Electron Corporation A2 2 UNICAM VP90
wdo|t}, & AFof|A AR purge gase 99.999 %2

Aro]H| A= 0.1 M NaOH £ 1% NaBH,%
Al ZA3Fe] Whatmann #42 AEF0|2 AE ¥ A&
A=

29, Alol: |:|I AIE
Ao ALEE Ma EEELS +37h NAsEE
As,0;Z Strem ChemicalsAF2] 99.999 %o]A+e] 4=
£ zh= Alefelth o] A9k 0.0132 g &3] F &t
4% NaOH 2 mLQ‘r FH5 10 mLE 718F 3 of
o]-Oq 0] Jﬂh—_u%gﬂo] x]/\]oko 1~2 Hl—
= 7Po}°4 1:5 HCIS. 2 F3IAIZ1 & §ofo] 1 L7}t
HA 1% FLHEH o2 Ak ARg-EATt +57}
B 431HE 2 Yakurirbe] Al 15 A2kl NazHAsO4
TH,05 A HF FHsZ 1 M HCIe.Z =2 T 100
ppme] EA &Hg ZA|St] AT @l‘ﬂl%z
S 9% Ao zA KIS L-CysteineS A3 1
F A%k, FeSOs= YakuriAke] Al 15 Alek& AHS
sttt A9l NaBH,= Al15<! KantoA| & o] &
393L, HNOs9F HCl= WH=A] 7hg-8 A1k Ak
Aol T3 (F)e wtEAF A ALg-sith A
Fof| AHg-gE &2 Millipore Milli-QE 23} 35t &
o] &EA HIA o] 18.2 MQ/em o3<l A& AHE
ST

r“ _& iy rg

Table 1. Operating conditions for HG-AAS

Descriptions Conditions
Wavelength 193.7 nm
Band pass 1.0 nm
Fuel Acetylene
Oxidant Air

Background correction Duterium background correction
Lamp type
Uptake flow rate

Arsenic hollow cathode lamp

Sample and acid blank : 7~8 mL/min

Acid blank 15%(v/v) HCI
Carrier gas flow rate 250 mL/min
H,SOy-trap Stetser-Norton bottle

2.3. Aguhy

231 4 S0l e B~ EESU| STT Ha
ME2ZA Akt Jake] FEE 0~3 M H 9l
A FEE 2] SFEA 10 ppb ¥4 EEENE HG-
AASel Tl ojwfe] 7t 2HelM FREE 54
st A7k sl= A 8rle] s=E 2] fs) dds

ATt

232. HS0,-trapdl| 2|8t MMA2I DMAS| H|A

MMAS}t DMAS 2% HG-AASO FUI=S o
hydride7} HASIE R, F71H]| 28 A A 37 98t
H,SO4-trape F7A171 3 AASE E4313 Tt} H,S0,-
trap> pyrex AEZ =7 AZsl] THEoH trap <t
o= gt S4kS ¢F 1.5 em =o|7F HA THEAH.

233 As(V)2| oju|gtelg <fIst ol #RE <
F &l =7

g o 2 As(V)E As(IDZE 3HAA)717] 98 L-
Cysteine> 2Fgt A7 A, Kiis 7t 2Hdz=7A404
Aok delA Yok B A= g

o Z=7] 95t Zzte] ko] wE A3 ol
S| 7F8Al= L-Cysteine®} K12 A3 2 Lol
3L, 100 %] el gkelo] dojutr] flsl e 2 W
2 /\]71»0— Zh312) 31T o] 9F e WO 2 FeSOS

2799) epv] B9 201 23

AN B,
Agsa. 99 E AP AT As(V)S] HF
FEE 10 ppo7h HA 2A ST 2A2e] 2N
Fo3E WA BUAE 71IA arsine(AsHy)

S AAIATE Ar gasE purgerlH HySOg-traps 53}
X171 T AE 7]AZ burner head¥loll AXH A9 H

Hol A ek 1000°CllH B AZ QABA| 7T

3.1. & Sofofl e Hx ®
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Fig. 1. Effect of HClI and HNO; concentration on the
absorbance of arsenic standard solution.

AARE & 5 Ak ol9f 2L olf= Y 4kl A
BT} Ak Aate] B3 AF Sl M FFETF ZH
a17) Qo AQzbE? 2822 acid blankolA] F
YEE 1.8 M @Ak HlwE vk 008 M F=2] At
7 EFEAAN FHEIL TUHE Ao R o 5 2
o} A9} 2o A3 Ak 24 FPA Al Fate] 5=
281E Ao HAHT SulE AA e oMo Uiy
=ENsgE & dX|sle Weoltt. o9 & Az
S ugo g FAEE =o)7] Sl Arishs 4k o)
2 0.08 M Aito 2 AU, MER RS UX|A]T]
7] 3ked HlA EFENY BE Al8o%E 0.08 M &
2 zAS R ZAEAT & L-Cysteine?] 7%= oF
A Z2AA FAaSES T AYSE Aow dF
A Q7] Witel H|A& FFgd 722 0.08 M 4t F
T dAATIAE sttt

3.2. Hy,SO4trap0fl 2|3t MMA2F DMAS| XA

MMAS} DMAZRE A FastEg A A3
A8 AME-3F trap pyrexA| A 2ZA] trapol] FAHS 1.5
cm AEE A AH8-31 T} Brannon?} Patrick'>S
o] HHO R sedimentz 2| alkylarsinesE #| A3} F
718 ARk A5k RS vl Stk E AFdAM =
dH o] MMAS DMAE #7138t H,SOy-traps 5
I3t T FHE9} THA B2 FHEE vt
Ak FFES HAE F3tA, H,SO,trapol] ]t
71847 3] AAEDS ERIsta o1 A3e
Table 29} 73T},

Table 2. Removal of MMA and DMA by sulfuric acid

Absorbance
Without H,SO,-trap With H,SO,-trap
MMA 0.159 0.00
DMA 0.190 0.00

Vol. 18, No. 5, 2005
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3.3. As(V)2| ofujgtels 98t o] stalxel X
Hal =A

As®] oH|gklo] dojur] 918 H 4 €] L-Cysteine®]
%S Fig 29} 7t} Fig 2014 HE BR9} 7220] 05 g
ol 9] %S H71EE Wl 100%2] An|gdo] dojs
o 4 Aok As(IDE ] oH|Zdo] dojutr] flaiA W
280k &l Wk 7R Fig 33} 74T} Fig 3014 B
= 1k} o] L-CysteineS FA7FeE £ oF 30 & o3
A7ro] A 7§l HAZE u)gkdo] ol &
o ATk 2HERE L-Cysteine 0.5 g °]4-S H7sta
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Fig. 2. Effect of L-Cysteine amount used for pre-reduction
to absorbance.
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Fig. 3. Effect of reaction time with L-Cysteine used for pre-
reduction to absorbance.
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Fig. 4. Effect of HNO; and HCI concentration on the
absorbance of L-Cysteine.
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Fig. 5. Effect of potassium iodide amount used for pre-
reduction to absorbance.

Abs.

30 & oS X AL AHEA Fig 49 28
L-Cysteineol] That 2kt o34k gujo] Wslo] W2 &
Fwo] WslE YeRNAT). Fig 4914 B Hlol 7o)
22k, A BFollA ik 0.07 M =] ofak 7l
A B FHEE YERIATE. L-Cysteineo] tgh kst
A ZAL o)A ThE =R Egw 2 3] k=
yeds & 5 ik

As(V)E duIZksl7] 918 Ki9] HAZ2AES Fig
5~63F 7It}. Fig 5914 B nle) 7Fe] 3 g o] KI
2 HA7let S ASolls $AT dn|sigdo] dojuA]
T 3 g B} & KIZ ARES 9ol &Ad o
H)3lo] dojuix] ek3-S & 4= Utk Fig 604 BE
uke} 7o KI H7F Tl % As(V)e] &3 on)gkls
Aalid e F N = BRsof stk S g9kt
T3 AlZko] Aol wEbA] meallel|A] g oz W3}
e A=, o)A & Foll EAst= 4t

2l5} iodide”} iodineZ At3}EE FloZA o] F
< s d37] $138+ ascorbic acidE #H71sF E3E-
SHA 2 ALLEARE B AYo e Ko gw
3 ou|$kdo] o] Fo|X BE A ] A&7} A
st E 9)sle] KIS AHES AL A4 s

oo 1@ 2 B orr
2ot w2

016

Abs
o
o
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Fig. 6. Effect of reaction time with potassium iodide used
for pre-reduction to absorbance.

e FFe] Kis 838l=A &L dol oA 4
sk A 9FE F F0E dHERE F3gF
o] Kt Agsitiar Azt

Brooke'®= FeSO, + 7TH,0S, Whyte''= FeCl, * 4H,0
£ onShA| =M ARSI E], F AE BE I
ZAstelA AsCLE #Egt & H|AE A5
E3T) o]58 AsCLe HEE BAsS 2

ou] FYPAZA Y FH S AMEEINTH B AFoM %
o) SLAA ZA 2] Fe*'S AH 37| 95te] A8 dA
2E9] FeSO, - TH,0Z 7HsF § HG-AASE o83 A
HalAak 28y Aol AP =5 A
(NaBH,)9} &3+ FA oA vjart ofd Fe'7t 3
= d0E k] FEUY R A& Mg wHe HA
Eo] AAEATE ol2ldt A EL] YYo=z Qs F
BuyjRe] g3)= d4do] Yelga, B Ao E ¥
2] du] s AR Al §ls BIE
o 2822 Fe?to ou)|3kAA =M 9] elAdol thal
H AFslof & ol

34. 820 ot FIl|ao] £Y

olX e 20 vgo R 83 Algol dis|
A AAEA S AZEtE dou, HAE ol $i3lal
At A7 s 2k Ao = FH]| A7 R Sk
H| o] ugkg~mgkgZA HHFS H3lal S Wk
ohEh 8 BRI ATks Sk e ETEAEE 7
F7F ATE A FruAvE A3 o] YA &
& AzxE A8 HFEE7) 10 ppb7t DA As(net
As(V)2] I8 %S sl ARSI o ARS-gt of
H]Z-AA 2= L-Cysteines} KIo|3 §FA| 7 1A 7F
o 2x 1 A= Table 33 7t} oln] &4 H <

Table 3. Recoveries for spiked As in dryness sample with

HG-AAS
Metal ion Amount  Amount Recovery C.W.
added(pg) found(ug)  (%)" (%)”
As(I1I) 1 1.03 103 0.62
As(V)? 1 1.12 112 3.05
As(V)Y 1 1.13 113 2.77

1) : Mean values obtained from five measurements

2) : Coefficient of variation = standard deviation/mean>< 100(n=5)
3) : Pre-reduction by L-Cysteine

4) : Pre-reduction by KI

Amount of standard solutions spiked in sample : 1 1g (100 ng/mL
%10 mL)

Extraction reagent : H,0

Analytical Science & Technology
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Table 4. Analytical results of NIST SRM 1643C
Sample Total As No-Prereductant KI L-Cysteine
p (ng/mL) (ng/mL) (ng/mL) (ng/mL)

SRM 1643C 81 80.1 83.7
Recovery (%)" 98.7 97.5 101.9
cv? 9.38 3.84 6.07
Instrument ICP-OES HG-AAS HG-AAS HG-AAS

1) Mean values obtained from five measurements
2) Coefficient of variation= standard deviation/mean>< 100(n=5)

B 23HHES A 7H37] Wl el 100 % 24 9] 3¢&

35 EFEARS ME AEe 24

NIST SRM 1643C Trace Elements in Water(82.1+1.2
ng/mL)e F7|H|&RkE IgFelal lvkar dEA A
£ LA B4 o] g F915}7] Y] elA &
He Ao A3k 014 FHS sl A
23+ 7]7)% ICP-OES©| 3, 1 AF= Table 49} 72t}
Table 49014 B w9} 7o) KI9} L-Cysteine2 ofH]
HA R ARERE 7A-5-oll= 100% A4 9] 3485 1Sl
A, B 3hdA| glo] A1 Zf-olli= 40%2] 3
&5 BT 3 Table 49] 235 RO = sto] NIST
SRM 1643C Trace Elements in Water(82.1+ 1.2 ng/mL)
9] H]&E YlFo] Fr|H|A [(As(Il), As(V)EA o
il e AoE wtE

AANERZE 7F Ae] sk FellA 5305 A9 st
o FH|&el T Ak0] #A4S AESIGITE FH] 40
AL ICP-0ESY] 71718 AN L, & H|aFe] ¥
718 &ntke] 2L HG-AASE o] &38fo] §4]8 A %3}
ATk ICP-OESE ©]8-38 & HlA&e] 4 A, 2 Axe
RE AZE3H(LOD : 0.003 ng/mL) ©]32A] & ¥4
AL A S BRI ol& FUHAE o

?
fa ke Aoz A9E oo,

4.4 B

AS(VYE AS(IT)E o]9] F41717] 91) A 3
Ask Zzke] AREA R IIE 0 B 24
SI51A AHEEE HSOtrapl The AsHe ofelh k.
¥4 BEET ARe] 23 AL ARIE 3

o) FYEE 239 9L WARAL Aun

FHE Z7M o AR Fasigon, ojuel
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2) H,SO,-trapel] 21314 MMAS} DMAS] #7182 ¢
8] A|A= o] B 2Tk 2] B4 & 4 Sl

3) o¥] A ZA L-CysteineS AHAS 745, oF 0.5
g AEE F71ska 0.07 M2 Hatolt ¢
gz 307 o) ukS dS
As(Vy7} As(IIDZ SLES & 5 AT

4) KIZ A ZIA 2 ALE S A5, 3 g HEE F
7¥stal 0.8 M ALke] 73t Az A 1417 o]
w3 3199w, A3 As(Vy7F As(IDE SHUES
& AT

5) clR|SHAA 24 FeSO,Z AMEAS 79, Fe'o} 8
UA(NaBHy)oF] WHg-0 2 FHUFA e A
o Ao O ool A dst] o= Tt
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