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By LTHREAR#E CUTMW &R BEHI,
ZAUEE R R EEE E D CINES RS D H5ETH Y
B2 L L 0 BRI > O (72 EERRIECTIT 2 D &
IFERDH B, T, WEFHEE LT, RKTWEELSMNS
FEEES T T XA~ BOWEE (LIFICP-MSE: FiD) M
LS, ZOFETHIEENE ., 2 O&BTH
ZRIICHETE D L WHFLERDH D, T HIZ, IFFETIE
FEEMEREOM EIC X D, 2 E TICP-MS TIEHlE H K
LEanTEZe#E (As) LY (Se) IZOWTHHIE
73§ﬂﬁEk7‘£o’C%7‘:2'5)o D EMNS, MWEICP-MS%
A bEDZ LI L INETHERBIIThILTE
T Aoy ik — E%wt%kw&LTJ* T3 T O R R AT A
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. WRRHE X D EVEToH o 7223,
FOREEICIDVVEN S DIz, KEFOT FE 0T
i « YEWE F 7o IIAEER - S - 7 oA AV MWRITLER 2170,
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EMEZBOMNCT D2 HME LT, @B

JEE YO v HEIL, HEE - EERE MW
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KRFEAWFE AT

ICP-MS# L UHG-AASIZ L Y (E'J

b#E, LY, TUFEL, ENRMRE]

Y5 Z Sk FRETH D, L L, Kix RIBRECEEIC
BENTODLEBEE R TCHMBINT D2 ENARETH
IR TH D,

INET, YR CIEEFYWEEZZL E0EEF O

. Se. 7vFEL (Sb) IZOoW\WTIL, HEDAREME

%ﬁb 2 COKRF AR B E (LU FHG-AAS L %
F0) THIE L T&E 7z, AR, JEERBGIECMWHAHTLE &
ICP-MSAEEA SN2 LD, ZThB3THITHOVT,
JEE R 7 vE o AR O W REMEIC DWW TTRFHT 5 L
BdH 5,

Z TR T, JEETICE £ DAs, SeB L USh
IFTIZ T 2 MWRITALELE L OTCP-MS o F FT ek c >
WTHE ZIT 272D T, HET 5,

2 Ak
21 (ERA%S

ICP-MSiXAgilent Technologies® Agilent 7900%
Wiz, HG-AASIZHNiNA T 7% A4 = 28 7-5300%
HAuwiz, MWAOfREB I~ A LA h—r B3R T LMl
ETHOS One#% V7=,

22 {FERARE

JEE W ORFHZIL, PR AENE S (B STAF JE B R IR
A @%Hmwamn% FREEERA Y ¥ — 8
NMIJ CRM 7302-a) L OWEE (FA# NMIJ CRM
7303-a) MW, FAHEEZ R LUITRT,
ICP-MS #IE AfisEe (HNOs) 3Bt v bhov
=7 REfE 1.38 &\ iz, MW 23 HNOs 5 X OGRS
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(HCD 3Rzt AESBREN & Hviz, MW i
M7 vl (HF) (IROGHEE  @BMEST 2 vz,

ICP-MS il & HIE & 1E ¥ # 1X Accu Standard #
Accurate ICP-MS Quality Control Sample 2 Multi
Element Standard 10mg/L % fv 7z,

ICP-MS & FANEHERERIIAOLMIE o0 AfFETE
% (Rh 1000). L =7 MEAERK (Re 1000) % 7z,

HG-AAS & HARMERITFCAISE & L MR (Se
1000) B EL U7 > FE AAEHERK (Sb 1000) Z A7,

2 -3 HILEBAEE

W7 At L AR R 50 R A5 e | SRR RIEAT B I
% 0.1~0.5 g AL, HNOs 9 mL XV HCI 2mL, %7z
1Z HNO3 9 mL, HCl 2 mL 3 X HF 3 mL 21 9,
MW ARz LV 2 1R T7a s g LA THfELTz, &
DR, BB %+ iRT A 729012, WIROREE 210C
LU, Eio. MBI OO, EONICHRE
1To7,

S fR% DR OIMBIRIEZ R 31277, 7272 L. OI#
2 UINBMEZ LT ARWE O, @¥HRIT. 4Rk
7 b= F L UoIIER E— 5 —IZ AL, 180°C DEWK
THNEL L T HCL B X O HNOs 2 78% S, W& ER ¢l
BEEIL Lz b D, BLUOQKEIZ, @DFkIkYMZ S 5
WHNEAL | JEETE HIEIC LN T, BEELE ST
ORFET, F1-. FILEITONT, BIEEFEE L&tk
O%FA L,

B OEEIC X 0 SN E I T . s
#%., HNOs2mL (F721Z1mL) BXTI VU QK 20 mL
Mz, 180°CHOEMR LT 10 S WIINE L CHr M % 151
L. M A#% 5B (ADVANTEC) TAiB L, 100 mL (£
721% 50 mL) (ZER LTz, R OBIESRMIZOWT 3
~5 AR D B LR E{T - T,

24 JEAH%E

241 ICP-NS

ICP-MS |2 X 2 #7E 1% As, Se BX T Sb IZ>W\WTHT~
72 RMLEECHRONZEREZEEAR L, 10 mL IZER
#%. HNOs 0.2 mL B L OWEHERK (27 4 (Rh) -
L=o A (Re) % 10ug/L) 1 mL Z%NL ICP-MS JHIE
AHete Lz, ICP-MS JIESMEEZEK 4 177,

2 -4 -2 KRILMRBERFEILE (HG-AAS)

Se B LU Sb 1%, AKFBRATTTIEEHG-AAS)IC
DOWTHHEZEIT>T2, Se HTHBEHI DWW TIE, AL
HTEOLNEREE 1200C OB THEL L T HNOs % B
£ Lz, Hmtk, HCl5mL Z8ML T, U Q/K&EMx

#£1

REARMEEE P O As, Se 3 LUV Sb DOFRFEMH

HH As Se Sh

I H
EH

22.1£1.4 0.61+0.07 1.22+0.05
8.6x1.0 0.24+0.04  0.69*+0.02

BT mg/kg-dry
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F4 2P a A ICP-MS OllESMt:

RF /{0 — 1550 W
7T R~ 5 A(Ar) 15 L/min
X U7 HA(Ar) 1.05 L/min
T T
VAN IZ Y RS
XTITAYEAT
A F VU RET IV
2 Vg 4 A(He)

W& 51k
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xR
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HE TR TUTHER B
Se 196 nm 12.5
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25 mL IZER LT HG-AAS THIE L7z, Sb /r#r A EUEHT
DT, BT TR DR % 120°COEMR ThnE L
T HNOs ZFrZ%E Lz, it tc . HC1 5 mL 3 XUV 0.1 mol/L
FARFR 3 mLZzHMLT, 2V QAKEIMZT 25 mL
WZEA L THG-AAS THIE L7 ESM 2 R 5127,

3 HRBLUEE
31 AsORFER
As ORE/BRENOTIHEERETFOEFEREEZHEHL,

FAEE (1) TR L CREEEICH T D RS, £

6 [IRT, MEEEO#IC HCL B X HNOs & AV 7245
A, As HHEBENEMBORIHEIZKT 2 (GHEOL)
TNBRIEIZ X 577 0.973~0.993 CTHEEREL /NS L,
REAHMEISEWERTh -7 (BHE 1 BXLU2), HfiFEIc
HF ZBI L7256, RO As EFEOIIX 1.074 &
FRRHEIZIIVME Thd o 723 FLE S 72 As A &O T
0.122 LIERVWMETH 72 (FF 3 BLV4), T4, As
N7 vkl UTHEBE LR H B L EX LD 7,

WEE D fi#Z HCl B X UVHNOs # W 2854, As &
HREDIHIE0.936 & BIAHEICEWER TH - 7= (F = 5),
%ﬁ@ﬁé HF 2B L7256, BEEREANKE RD0,
FIITFERHMEIC T AHME T L (BEF 6 BLU T,
L, MEEOSEA L RBRIC As BT vk & L CHER
LIRS D EEZLND D,

3-2 SeDBEHER

Se OREFER ) LFBIHMEEIKEFOEAEEZH T L,
TR (R 1) TR Z & CREHEICHT B AT, &

TIRT, WEEOSRIC HCL 3 X HNOs Z V7=
B As EHEEOLOME & Re D Se G AHROIE 3.413
Lhote BS 1), HERC HF BN LA,
KD Se GHEBO EFHERZETR < . HET 2 F T
T 5L Se GHEDIIX0.055 LIEN-o7e (FHF2HBLN
3), WEEEHAEDIT, 1.333, 1.401, 0.112 & BFHHE
NHAN TV (FE 4~6),

2T, TS % ICP-MS 7> b HG-AAS ~£H LT
it Uiz, R E#R 81T, MEEDO/SMRIZ HCL B &
O HNOs # W= 4554 . Se A ED X, 0.016 LK\
EThol- BE 1), WMEEEIC HF 2 BM L2854, M
??Mﬁéf’ﬁif“ﬁﬁ L. Se GAHEBDHIL 1.036 & FEFHEICIT

. EEREEL NS o T (%é% 2), L. SfifERIc

HF ZBILCHfiELica, ET2E T 5 &,
Se &A RO IX 0.028 J:/J\é K 7pole = 3), WIEER
OWPFEFRERIL, BEEOHEG LRI CEHm TH 72 (FH 4
~6),

SREC HF 238 U CHfiR Lica, wE £ Thngd

&, Se GABMDHIE, 0.028, 0.017 L{EVMETH -7
(FEH 3BLV6), FE DL, HF & HWEL SR
W, Se OO AIEEMZFERHTL TV 5, ;ﬂB@ﬁ%
Nh, JEEF O Se ST TIX HF I L 5 7 A B b &HWED
RN VLETH Y BAINEMRFIC Se 23R L 72\ K 5 R
B SR NZ L TOREETHD Z ENDholz,

6 As & A REAEMORRGEEIZ 95 b & AR R 22

(ICP-MS)

F5  JEE %3 INEMERAE  bb L R
1 @ 0.973+0.021
2 . A ©) 0.993+0.029
3 i @) 1.074+0.032
4 b ©) 0.122+0.105
5 A @ 0.936+0.046
6 i @ 1.547+0.666
7 b ® 0.188+0.082

¥EED A X HCI+HNOs, B i3 HCI+HNOs+HF % 759,
SOMBEAEDOOITINE: U, @I N-00R £ ThnEh, O3z
R,

£ T Se @A BENTIEDOFEILMIZR§ 5 I & AR HE(R &

(ICP-MS)

F5  JEE %3 INEMERRAE  bb L R
1 A @ 3.413+0.037
2 1 @ 1.630+0.164
3 b ® 0.055+0.012
4 A ®) 1.333+0.137
5 i @ 1.401£0.063
6 b ©) 0.112+0.022

XD Al HCI+HNOs, B i3 HCI+HNOs+HF %779,
KANBMRAIE D QITHHR £ TINEL, @I RzlE 274,

# 8 Se & mINE M DORFEIZK T 5 bt & A e 2=
(HG-AAS)
iy EH i INEERVE b A U
1 A @ 0.016+0.036
2 1t B @ 1.036=0.085
3 ©) 0.028+0.023
4 A @) 0.305+0.252
5 i @) 1.001+0.069
6 b ©) 0.017+0.034

MWD A X HCI+HNOs, Bi: HCI+HNOs+HF %7577,
HMMFARAE DI AW F TR, OIFHEE 274,
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3:3 S wm%ﬁ*%

Sb OWUER T ORIMTEHERET OGS HEZFHH L.
REME (1) THIZ L TRIMEICHT B E ST, £

91 TRT, MHEEDOHIRIC HCL 3 X HNOs Z AV /-4
A, SbEHEDIIL0.318, 0.287 LiEr-7= (BF1EH
X 2), /fiElElz HF 28I L7254, Sb ORI
T 5T 0.727 £ TH B LA, FEHEFEN KX < t,cof:
(FE 3 BLV 4, MEEOHERHLT., BEEOHE
CRIUER TH-T2 (FBE 5~T), T T, DA%
ICP-MS » 5 HG-AAS ~AH L TR L7z, #iRa#E 10
WRT . WTNOSREEIZBWT S, IEED Sh &6
HEOMIE 1.339~5.001 & E< ooz (T 1~3), WK
EHHBEDIIL, 4.238~13.48 L E< o 7= (F 5 4~6),
L7eRo T, AERE LIc o HFikTd s, MW BiILER
L OVICP-MS ¥£7-13 HG-AAS |7 L 2 HI5E1E., Sb /47
WHCTE ool

4 FEo
RIAEEERE 2 AW AR OBRFHEREE DD L
TORFIZRD,
@ As/HTCrx. HCLEB L O'HNOs% H V7=~ MWRijALE]
BLOICP-MSHMTENEARRETH -7, 7272 L
HF %872 &, REHMEICHT D EME T, £z
IERERZENRE S Teo Tz,
®@ SerHrTTix. HCl, HNOs., HF % i\ 7= MW gijiL

FiiiBSHN U“HG-AAS“*EWQ@FH ARETh o7, T DR,

HG-AASIZ THHT 3 2 RN EEBR 25 00 7o &b D N EA
E&1TH & Seé”ﬁ%ﬁ%‘fb T8O JNEERAEITLELL
WATORWZ EREETH S, 708, ICP-MSTHI
ET D L EOREZ ST RAMEIZR T 5 v E <
25, FiZE, BERMEICZ L2570, ARt
L 7= AR SR & ICP-MSHIE L, SeD/rbr ik &
LTI & Rrnol,

@ Sboy#r i, HCLEB L O'HNOsZ 72 1ZHCL, HNOs
BLOHFZHWE=MWaIZLEE, ICP-MSE L O
HG-AASIZ L 25507 Tl fBiHE A R E L <S5 2
LIITERDST,

£9 SbEAHENEMORIAEMIIT 2 e & IEERZE

(ICP-MS)

F5  JEHE %3 INEMERRAE  bb L R
1 @) 0.318+0.031
2 . A ©) 0.287+0.034
3 i @) 0.727+0.970
4 b ©) 0.725+0.967
5 A @) 0.318+0.031
6 i @) 0.918+0.802
7 b ® 0.918+0.807

¥ A X HCIHHNOs, B3 HCI+HNOs+HF % 555,
SOMBRIEDO@IT AR E THEL, @ITHCE 27§,

# 10 Sb & EHEMEORIEII x5 b & R =
(HG-AAS)
Ky EHE i INEMERRAE  bb L R
1 A ®) 1.339+0.833
2 i @ 5.001+1.610
3 b ® 1.968+1.597
4 A ® 13.48+10.10
5 15 @) 6.715+4.031
6 b ©) 4.238+1.400

XD Al HCI+HNOs, B i3 HCI+HNOs+HF %779,
KONBMRIE D DITHHR T TIEL, @I RzlE 274,
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(PEXHEEF)
A Microwave Digestion System for the Analysis of Arsenic, Selenium and Antimony in
Sediments

Manabu KASHIWABARA, Daisuke TSUCHIDA and Yuko ISHIBASHI

Fukuoka Institute of Health and Environmental Sciences,

Mukaizano 39, Dazaifu, Fukuoka 818-0135, Japan

[Key words; sediment, arsenic , selenium , antimony , microwave digestion system]

In this study, a microwave digestion system and inductively coupled plasma mass spectrometry were applied
to analyses of arsenic, selenium, and antimony in sediments. Two certified reference materials, marine and lake
sediments, were used for evaluation of the analytical methods. The experimental results for arsenic were close
to the certified values when the sediments were digested with nitric acid and hydrochloric acid. The
experimental results for selenium were close to the certified values when the sediments were digested with
nitric acid, hydrochloric acid, and hydrofluoric acid, and the digested solutions were analyzed by hydride
generation atomic absorption spectrophotometry. The experimental results for antimony were notably lower
than the certified values. Therefore, microwave digestion followed by inductively coupled plasma mass
spectrometry or hydride generation atomic absorption spectrophotometry is not applicable to the analysis of
antimony in sediments.
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