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RRKFOHEYE Sb OBEELERICERT 2121, FHEESELETCSHL. F45Y FE2 o U sy
NIZHEFBS R 2BRER (547U F/SG) 2HBUL, Sy FERCEHI S AKX Y, ShAID) off

FRGERAE L.

BIOIHERE> S PH 3 oHETERMICHE L,

ZObDDOHEARRIX 562pg SbIII) gt tH v, Sb(III) 1%, 2 mol dm-2? 5

0.6 mol dm~-3% BB R D1, 2cm min-1

DORBTHZ7 ATHESHA. Sb X 6 mol dm-3 ¥EE 15~20cm? TELCAMIH, ZOBHREY
ZTDFEEFERBRCKENLLYRE AAS THT 22210k 5T, Sh 2 ERICERT S En T/, 0.5~
10pg Sbdm=3 OFHECTRERIIEMRE £V, KELWFRE/AAS OREIRAPEEE 0.4 pg Sb dm-3,

M RERE (n=5~T7) & 1.4% TH - *.

1 %% Bl
KRAkh Sb L, AT 0.1~0.5p8 dm-3 D2,
AT 0.01~0.3p8 dm-32 Tk b, oh it
DEENBE SN T5. —7, BE Sb OR b SRE
IREREE Exbh s KFRLHHRE AAS Kot ICP-
AES oHHRF I FRER 0.5 KU 0.19p8 dm-3 90
TH5bH. f£oT, RARKFOMEMED Sb # FHCES

T B, FHREBHE<FY » 2 2A0LONEANET

B5b.

EHELIR, 2 A VERIDFAFY FiH S
A —ARHEFZ R EEHMER (7479 r¥/CGB)
PR, SbAIl) OFHBMHEY R Lcs,
F VIEOBKMED DI, F4 Y F/CGBEH LT
DxE X ) —LkETr 0.6 mol dm-3 et 50 BRI %
BLTEDENDY, X DMBEH4T-Th Sb(II)
AT A IERE LB D TR - 1.

—J, FAFY FEEEC ) » S LCEE S EEE
# (479 F/SG) A, pH 6.5~8.5 o&FH—T, As
() ©®, X 5mol dm-3 iEEkH 5 pH 8 &<
Pd(Il) o"EhIcHERCTH B LR FECHE L. &
Wi, 5459 F/CGB kAL, Sb o
TOLHERELNBCHATAZERZBNELT, #4

=3 =2

*ERREBZEMCFLE « 920 FNRERTH/
N 1-1

F VU F/SG OoREELRT 5 LK, FliEiEtk, Sb
wIKFELWRE AAS X v EETHHEYBRA L.

2 % B

2.1 = X

Eee7vyey (1) #Hik {1mg Sb(II) cm-3) :
99.999% & B (EH{b%, 4% 0.500¢ # i, MK,
=R )=, TEFVOBIZEE, BEREEREO:SL,
e (97%) 20cm3 (T 5 RRAMMBRIAM L. STIRITH
ik, (1+1) A8z LETF oMz T ABRHRKESZE
L, iz (1+1) HEEgE2mx < 500cm? & L.
BE7vFE (V) % {Img Sb(V) cm-3} : ~%
Yetfrxy7vrev(V)EEY Y v a(FIeETEE,
1$E) 1.080g ##sKiCiEs LT 500cm? & L9,
Y Ay (Wakogel C-100, #» S Aarmr~<t F5 7
) : 74 e ved0EEAWT 60~80 2., > . ORE
DbDE HWL, 2 B0 (1+1) HEZ 90°C © 1
BIRE L 72t&, MKCTELEDAFvBREBEhi A5
ETHELE. RCP2EBE0 (142) mEsthT 90 °C
TClHBRL, ABRITHA + vKT+5IC%kEE 120 °C
TRl .

FAFIVY  REIERITEREARELFOE AW
7.

7rZeFro73>y (THF) : SRA%s HEBEML
.
BEER, WEREUHE (FXMETy, BEswE), 7
FZEeFrAVERF T Y v A (BARE{LY, BEERA,
Bibp v wa (FIEMETE, &R 2ro0oxzcH-
7.

#izk : Barnstead &1 “NANOpure” v 25 A% BT
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2.2 & &F

Sb BB OREITIE, BiEs AA-646 BRTHOLLE
HEAVA. lpgem-3 DTFToxEE, Hxsl 170-50
BERFWAEHESHT, pv 2 LHdE VAR 10mm,
RS 18cm ofKerZ EHEL, HESx—vi -7
v ¥ a2l HYD-1 RUKEEYRAREEL EHLT T
oo DY ENLBOBERAEICRARAS ALy 7 2RV,
PH oHlEIXH-RHR M-5 & pH 2 — % —, B
EREE, BEf UV-120-02 B4k BHRES T -
Too Ny FRERICIZA V8 VSEESRIR VIETE Y,
BT AEBITIE, REREM SF-I60K #7572 2 v
V7 E—-RORTE{LGBRE MP-3 fl<f 7 rs.
~TRvTEITRERERA L. »5 AFEREIY <R
%% PCV-750 APG By Y —vvF (/352 100)
WTEML, F43 Y F/SG ofigEiciz DP-21 R g E
EREERTAV .

2:3 FAF VU E/SG RS

2:1 THEHELIL YD FAL 50g Ha=p e —H—
ZEE b, Lk, 10g oF*+ Y F& Ba L7 THF
100 cm® D A - 7o/ WIR-=H 2 B fH T 5P B A
n, 1 BERSILT, U5 AlNEO Ry BEL
fo. PFBEED 2, 7 2L CHRKRBI D=2 7 2B
KB, €= —DERCETHA LIS S AELEL
T4 ) V-THF BRE2ECHET I, 12 BRI
HEBER, v-»—2HPTEREEBR~BL, WET 40°
C T THF %7&%kRE (24 BRE) L. ZERmE MK
DASIE =N —HAALERELA LML TP X, FiE
LT 2BFHORELBRFE Lk, BV 40°C CRE
LI, AR, EBXLARY) =+ L VR ART
BT CHRE L.

2.4 BIEE
241 /X, FEER FA+5Y F/SG0.5g RUTAE
EXBHYICFE L 5rgcm-2? SbII) %% 20 cmd %
50-cm? Bff EHOEWER Y, PIERMIE ) B ClR
DB, EEAES No. 5A FHKTIEBL, FEF
D Sb REH AAS I X b HIE L TlHERL R,

2042 HSHKRE THCHBITARKE=, 70D
e WE 10mm O 5 275 A8 lg OF+5
) F/SG %35, EMICIHGFHRAE 28T, BERT
FTTAHHE NI X 512 L7z, 0.6 mol dm-2 i5EERER
HRARBREE, =M /nF o —FRYITERACTELD
g cEBe, MHKRXE, &ET 6moldm-? g
W LAl F D Shb BEES AAS X hHEL.
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3.1 Fx7+VU F/SG DitHE

lg oF*>rY V/SG ZEEdikHs T Al 20cmd? D
THF %t L CRAEXRBEEL, THF T 25cm? 5L L
F. ZhE 500 f5% R L, THF #xBE LTHiE 286
nm ZRIFAZENELHEL, AEHEFEERDHL. 82
+3mgg-! OFERRBLR, 47 Y F/CGB 0B
(18.8mg g-1) Dy 4.3 5 TH 1.
LFERBEDH T 2 5p8 cm~3 Sb(III) Bk B
X, WHEC L ) HEAEXRDIHESE, 56218 Sb

(Ill) g=1 L7 b, =+ F/CGB oZzh (2518
g ) O 22 fEThotc. Lo THERITIELL Bk
Lic:E25.

X, A5 akicXh SbII) oL, BHEO REY
S5EHE DR LI T, FAFY F/SG ofFEEIT
95% DL ENMEF IR T

3.2 BREOEE

SNy Fic kb, SbIl) R T HBBREDORE
R oEREY Fig. | wR$. Sb(ID) 3, 2mol
dm-3 @5 pH 3 0B CEEMNCHEIL. &
YRR Tl R o REEMET L, —H, pH>3 it
Sb DA EHI T B DICHERI N AMCE T LA
# > T, Sb DK FESLE Higys 0.6 moldm-2? i
FRmRtE % Tl St & ED . Toks, RO TRy
ERGCIBAEC LK BRI R bR,

—
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T

80
601
40

Sb(IlI) retained, %

20F

0% 4 32112 3 456
HCl/mol dm™3 -—I—’ pH

Effect of hydrochloric acid concentration
and pH on retention of Sb (IIT)

3.3 ROEEEHBMBURROEE

Ay FER X YA R BEREO &% Fig, 2
RT. 3oV B TCHATH AL, FiHo Pd
(D7, Xix AsIID® g5 L. £ TH
S A X b, 100pg dm-3 Sb(II) W% A\-CHE
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Sb(IlI) retained, %
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Effect of shaking time on retention of
Sb (I11)

Fig. 2

DEE T~ . 2cmmin~! OE ¥ Cik Sb(II) (X
EEMCHE IR, Jcmmin! TIRIHEEN 96.0
9, 4cmmin-! T% 94.7% WET LA, ZORKRIL
As(IID)® DFE L FIER L TH 5.

3.4 Sh O)FE

Fig. I 235, 4moldm-3 I LDEMIC X - T Sb %
HhS ADDLEHTE LI ENTHMEINS. 1g ORFER
KEkoton 5 A 10008 o Sb(I) w3 ik,
HEREEOEM CRE (ME lommin~?) ZRALICHE
=% Fig. 3 R4, 6mol dm™3 EEE 15 cm3C,
98.5% Ll Eo Sb 2T+ %5. 9moldm=3 HHEECIIR
WM TE LN, BRCAVAS ATV F o — TN
{b L7z, 6moldm~—3 R X 5 MHEKILELTH LD
w, FoFEFCeAkELYHRE AASKEMATE 5D TEH
WETH5.

3.5 HEZB/L Sb AEOEE
AR D Sh BEROBEYE 2T, kko#%k
HTH s 2B X D BERYRAELL. 1mg dm-3 Sb

Volume of effluent/cm3

Fig. 3 Elution of Sb retained on thionalide/SG
column by: (O) 6 mol dm-3 HCI, (@)
9 mol dm-3 HCI, ((®) 4 mol dm-3 HCl
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AIl) B 250cm?, 50pg dm-3 K 5ug dm~3 Sb
(III) #E A Fh 7R 500cm? g 1000 cm?® 58 &
foneTho BEeTh EIRERE 98% bk Thotc. —
F, LR 0.45um D 3 Y ET 7 4 A& —-{FaREEKT 50
pgdm-3 v<,¢ ShAI) ZHEmLCHABKTS, [
Bz EIREE 98% LA ETH o .

3.6 REASTVRUBUFOESE

0.6 moldm-3 {EEEHCF A+ 1 FEEEHETH "HE
Wobsd &EAAVERY, BRPEMLT &L TO BLER
#i, EDTA oS %5523kl B L HBEY
Table 1 t/R3. RKARKPOEELXALT, ThbDA
4 v Xk AL Sb(II) s hiE L& X
bha. f-T 35 OfR L AbETHRER FBRR
K oiEsE SbAI) OFHEfCTHIBERTE %.

Effect of diverse ions and some ligands
on the recovery of Sb(III)*

Table 1

Ton and ligand Concentration/ Recoverycy(:f SbIID,

pg dm-3
Au(IID) 20 98
Bi(IID) 10 100
CudD 10 102
FeID) 50 98
Pt(dV) 20 99
Tartrate 0.1mM 102
EDTA 0.1 mM 101

t Sb(IID) concentration : 5pg dm-3. Sample volume :

500 cm3. Thionalide/SG:1.0g

3.7 Sh(V) O

~FHe FrFrvrvFersV) BHYV Y a0 LFH
17 Sb(V) BEYHAWT, LBo#ERMETH T AL
X D EEEEY AL T A, 60~T70% MRS
fo. WEEAERMEOBA L 50% S hi. Zhix Sb
(V) 235 5 a% ilfidic RAFC X v 3ffic ExIhic
e bEZ bhs, BiE, CORTEIET SHIEL
Voo, AETi Sh(IT) (V) D4 BlRFEEASTTRE
ThDH. (o THEED Sb & LRARAKTIE, Siiofk
A TNT3MCETT A LEND D, BIUERFEELL
THEDH xR RKFcHs, 0.6 mol dm~3 IGFEERELH: 0k,
g 1dm? o, 1.2g oBb» V) v a%inz, 80°C T
| BRRSES LB ER E TARIL, BEMN » 5 228
BXELHENEBETH -

3.8 Sb OKkFT{LHRE AAS
6moldm—3 ERIC XY # 5 2 LB LA Sb B
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% 25em?® FELE L, KFEEHREEBIEAL,
AAS OER#EEEERDI.. KFBICHWREDOE D EHEE
ErEERECEEY 52 59 WEENRDHDT, Tt
FeVFeihUiEr Y v ABK LT EATEKRKOEE
BESYIT 2 T AAS v 7+ Lo PER T, ki
ERIA W57 L, MARERGESEIRE
R BIER - D THARHAGWSZ & & Lic. K
FFEE AAS B # 5% Table 2 IR,
AEMHTTo Sb oBRHEEFERE (836) (X 0.4ng cm-3
THYH, 0.5~10ng cm=3 DREHIFH CHREFITER &
feoteh, 50ng cm-3 ¥ CERAETHS. X, Sb
75ng ik 150 ng A &1 500 cm® DFK A VI & X
DHEREZE (n=5 ux7) 13, 1.4% Thoi

Table 2 Optimized operating conditions for
hydride generation AAS

AAS
Wavelength 217.58 nm
Lamp current 10 mA
Slit width 1.1nm
Gain 1.0

Hydride generation
Sample solution acidity
Sample solution flow rate

6.0 mol dm-3 HCI
12.0cm3 min—!
(tube, 3.12mm i.d.)
1.5% (w/v) in

0.5% (w/v) NaOH
12.0cm?® min=!
(tube, 1.56mm i.d.)
0.1 1 min—!

1.5 1 min-1

NaBH:+ concentration
NaBH4 solution flow rate

Carrier gas (I) flow rate
Carrier gas (II) flow rate

3¢9 EAKRUANKD A
A% TR RO KRB OS54 47 - 7o R
BRI GREROT BT CAvEl) #ER CHR L XmE
WKE, FREYHRNOIRERKCHS., HREHBCRK
FolEma iz pH ~1 L L, HRE~EALT, Hik
L IBRERR PR L #21%, 500 cm3® Fof 1000 cmd® %~

{

Table 3 Determination of Sb in seawater
and river waters

. Sample Sb contents/
Sample Location voltrlnrr;e/ pg dm-3

Seawater Kanazawa Harber 500 0.43
1000 0.42
Chirihama 500 0.44
1000 0.41
River water Tatsumi Canal 500 0.02
(Kenroku-en) 1000 0.02
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Determination of trace amounts of antimony
in water by hydride generation AAS after pre-
concentration with thionalide loaded silica gel.
Hiroyuki Fukupa, Jun Tsunopa, Ken MaTsumoTo
and Kikuo TERADA (Department of Chemistry, Faculty
of Science, Kanazawa University, 1-1, Marunouchi,
Kanazawa-shi, Ishikawa 920)

A complexing material, thionalide (2-mercapto-N-2-
naphthylacetamide) loaded on silica gel (thionalide/SG)
was prepared by a modified previous method, and
used for preconcentration of trace Sb in water samples.
Antimony(IIT) was quantitatively retained on the loaded
gel from solution of 2 mol dm—3 hydrochloric acid-pH
3.0 in batch experiments. The retention capacity of
the loaded gel was 562 pg Sb(III) g-! in 0.6 mol dm—2
hydrochloric acid. Antimony was quantitatively re-
tained on the column filled with 1.0 g of the gel
at a flow velocity of 2 cm min—'. The Sb retained
on the column was completely eluted with 15~20 cm?
of 6 mol dm~% hydrochloric acid, and directly deter-
mined by hydride generation AAS using sodium tetra-
hydroborate as a reductant. Antimony(V) was in-
completely retained on the column, therefore, the
species should be reduced to tervalent state by digesting
the sample in 0.6 mol dm—? hydrochloric acid con-
taining potassium bromide prior to sample passage onto
the column. The calibration graph was rectilinear over
the range of 0.5~10 ng cm=3, the limit of detection
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(36) was 0.4ng cm~3, and the relative standard de-
viation for the samples containing 75ng and 150 ng
of Sb in 500 cm=3 (n=5 and 7) was about 1.49%; in
both cases. Antimony contents of near-shore seawater
and river water were determined by the present method.
(Received June 20, 1987)

Keyword phrases
determination of trace antimony in water; precon-
centration; thionalide loaded silica gel; hydride
generation AAS.
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