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Abstract

Inductively coupled plasma mass spectrometry (ICP-MS) has been applied to the simultaneous
determination of 26 trace elements (Li, Be, B, Al, Sc, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga,
Ge, As, Rb, Sr, Mo, Cd, Cs, Ba, W, Pb, Th, U) in hot and mineral spring waters. Signal
intensities of Sc, Cr, Mn, Co, Ga, Cs decreased with increasing salt concentration. However,
matrix effects encountered were corrected by using !°°Rh as an internal standard.

In spite of the use of the internal standard, signal intensities of 51V, 5"Fe, 6%Cu, "As, 88Sr,
9"Mo, 182W, 232Th, 2380 increased by isobaric polyatomic ions in the plasma (51V, €Cu, 75As)
and by memory effect (°"Fe, 88Sr, Mo, 182W, 232Th, 2381J) . Copper was determined using °Cu,
because signal intencity of ¢5Cu was not affected by sample salt concentration. All trace elements
other than these were determined by only diluting the solutions.

Accuracy of the ICP-MS was determination checked using several standard rocks which were
decomposed with HF, HNO3 and H2O2 using a microwave digestion system. The relative errors
for the 26 trace elements in a standard rock (JG-2) were within+10%.

Further, the reliabilities of the analysis were examined by the recovery (90~110%) of known
amounts of the 26 elements added to a diluted sea water. The 26 trace elements in hot and mineral
spring waters were determined by both calibration and standard addition method. These difference

45



46 TR

in the respective values were within+10%.
Using the method developed here the 26 trace elements in hot spring water and rock were
reasenably determined.

Key words : ICP-MS(Inductively Coupled Plasma Mass Spectrometry) , Hot and mineral spring
waters, Rocks, Trace elements, Simultaneous determination
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FEABC BN TIREFEROBAESBERCTbIEHEHCFHHA IR TS, FCHR DI
BAKDOMBTLEEBCOWTCIERE X OHEOHE A HEALAE {, IR KD RE i s7 ¥ A E
RERTWB. HA R RADORE L TERERSHEE L THEMSS 7 7 X< HE75H (ICP-
MS) DN EBSIEREHTH S & lmE LicD.

ICP-MSit, Inductively coupled plasma (ICP) %1 #+ v & LicEH R4 Hk & L T19804 I Houk
LA LS THREIN, FOREBELRERE LLSNETHS. ThE TOSHTECENGRE
(%< DOILEILH LTppt VXAV DOBHBRZF - TW5)TH D, SR FARKCHIAETS
B Enb, WELED, BE(LFEY, BEHEYRBIOEEIRILHHETIGHIATHS. L
L, BRBFEOSTFTCROIEORNNATSTH D, —BOLATERHILIh TN &
D BILABNE A T,

IhET, BEROARBEOEZIERS D BIT > TWEBENERMITE L, SrEME
B X AMEBNT e, BEERKTERS E&BENRKCECF#EL S DOhbIEAKEZ#E2L 5 &
Wb oR, FiopHMA 1L TOMBEDL DM 10582 2T v h VD S D FE Th4 s
SDOPIFAET S, ZORDREL X > TEMEITEREE S ppt~ppbD 4 — X — 5 HLppmD 4 —
X =% THETIZEERDD, FA4F I v 7 VY IDNECE—DGHETIEIAREMCILS T &
BFHEINA. BYER KT OB T HEITIRELR O 4 BB B HAHE O\ % SOk U TR B 72
EEBErrRTEMEI R, BERDERBEOEECHIRELHET 5DDENLFRICLD
55hDEEZHbNE. FORDIEIELREKEBHEOBBITLE YR Uik & - TEM
POREICHET HHENEREINS.

AWFFE iR, ICP-MSE:2 B RKE XOERDOGICILHT A1), 1) EER, B
Y D5 R EDKE, 2) WK (EEBEROEERKE L) FOMBITRCH T LERED
MEE YOS OFEEL EOBRNEZHEMCT s, ThbDORBRELYEE 2 TRIERKB IS
FOSHIGHT A DD HERHET LD THRET 5.

2 1,58 B&

2-1 EBRLUHE

[CP-MS#:& 3 PERKIN ELMER ELAN5000%! % i\ o, BABHI RV A2V T 1 v 7R Y T %
FAU1.20 ml/min® i T A L. Fedr(clean-up) i3 & B O BIERTIZ, 1.20 ml/mind Ji#
0.1 mol dm 3HNO3 B¥# % 2 7, X HRBEAERAHEK 2408 L TT > . JER 1 2D
o> 5 BREREVEL, TOFHEXREME L. £1CAEBRIC KT 5ICP-MSO K
&R T L. T O TIER LA MEBETROMERIE 0 ~100,g dm— 3 OHEIFH TIT R I 1o
BEREELRE DN, F2 AP CHE LEBETKOBEER JORMAGHFILEZR L.
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Table 1 Operating conditions of ICP-MS

RF power*! 1050 W
CEM voltage*? 3.4Kv
Argon gas flow rate

Plasma 15 L/min

Auxiliary 0.8 L/min

Nebulizer 0.7 L/min
Sample uptake rate 1.2mL/min
Sample cone Pt
Skimmer cone Pt
Resolution Normal
Number of replicates 5

*1the radio frequency power for the ICP
*2 the channel electron multiplier’s voltage

Table 2 The selected stable isotope mass numbers and their relative abundances of the
elements determined by the present method

Element Isotope Abundance (%) Element Isotope Abundance (%)

Li 7 92.5 Ga 69 60.2
Be 9 100 Ge 72 27.4
B 11 80.4 73 7.61
Al 27 100 74 36.7
Sc 45 100 As 75 100
\4 ol 99.8 Rb 85 72.2
Cr 52 83.8 Sr 88 82.7
53 9.55 Mo 97 9.45
Mn 55 100 Cd 111 12.8
Fe 54 5.84 Cs 133 100
56 91.7 Ba 137 11.3
57 2.17 W 182 26.4
Co 59 100 183 14.4
Ni 60 26.2 184 30.6
Cu 63 69.1 Pb 208 52.3
65 30.9 Th 232 100
Zn 64 48.9 U 238 99.3
66 27.8

22 B L URHAN

BT ICP-MSH % e % R4 HTEE ¥ %5HE 10 mg dm—2 (Li, Be, Al, Sc, V, Cr, Mn, Fe, Co,
Ni, Cu, Zn, Ga, As, Rb, Sr, Cd, Cs, Ba, Pb, Th, U) (SPEX Industries, Inc.%l) &, B, Ge, Mo
B X UWO R T B HEE #1000 mg dm—2 (RIS b4 5) 210 mg dm 3 235 L= D %
Wic., DHEEHT B EDODE AL OEEFKIOmgdn 3 R EA L, XL —FERER
AR L. ) U 7c 2 COmRIT 5T B s 3K TAMA - PURE 100 (4 BE{L2 T34 80) %
Wiz,

BHEE AR LU RN TERE M E R A A% DJIG-2(FERE) , JR-1 JRELE),
JA-2 (ZIE) , IB-2 (X)) B L OJLk-1 GEEMMESTEY) 2 B\ 1. @A)l (TiEE)
WRETERR L. AABIOHBED ORI <1 7w 2 —7 (0. 1. Analytical#h#l) 43 figy:
AW RESRAE SOMKIEEKRE, BHIR0.45 umA V75 7 4 VX —TEL, 0.1mol
dm=3HNOs BRI L TR B IR - 7o, 3R R J OMERE I % T3 (Rh) B L ORSES % ¥
L, EAEAIEBERK 10 pg dm 2 RhE L 0%0.1 mol dm—3 HNOs W IZ /e 5 L 5 1ML | #-.
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3. BREIUVUEBE

3-1 EBORTEMHOBRET

EEBTEDOMg, Cu, FHETLHENC], SHBTHEOPbOHEI0 pg dm—2 %105 BITH) 4 I
R, 25[EIMIGE % T\ EEORERIC D W THRF%T - fe. 1 EIOBEMIL 5 HRIEDFHIETH
SRTWA. 2o 1 EOREEDRSDDRALE (%) 13Mg 1.92% , Cu2.04%, Cd 2.19% , Pb2.22%
Th o1t 25EOPEEDORSDIEFhFNMg1.44%, Cul.61%, Cd1.85%, Pb2.59%TH -
Te.

3-2 WEARCHITIEREOTE

— B EICP-MSETRRDOT MY v 7 AL L AR ERTHHRMBHMENA TSP, LrL,
AETBERERE VO TRBOFR & BlankiEEOfE% 2% L5 & & THABRETELEE T
5.

RERAKDERS 1 4 VIiENat, KF, Ca?t, Mg?t, CI, 8042*%—“6%5- AWFE ik, Li, Be,
B, Al, Sc, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, As, Rb, Sr, Mo, Cd, Cs, Ba, W, Pb, Th,
UD2WBTEEICHF LT< Y » 7 ATHHABH X hizNa, Cl, SOs 1 + Y DFEBLCOWTFH LK
54T o 1. HEH20.1~200 mg dm—3Na (NaCl kL U'Na2SO4) KEKIC & 5 26703 (410 pg dm™?)
DIEHHRE~NDFEEBLCO\WTT 5 o,

M 1 eNaCliEg e K135 55Sc, 52Cr, 55Mn, 5°Co, $9Ga, ¥3CsDE 5 DAL xR Lic.
ThBDESHEIZIOmg dm® ¥ TiHZF—EEE R Lich, LhIETENaClOBIn L
WA L. —7, NagSO4a B TR DX 5 el R Shish - fe. T ORBHCAHEERES L
TEBRTEOLI»SEERETEDOU T TORIFPHCAE LT 5 19Rh% i L TRIERZTT -
FF7, EBREDORAE, SEKREH%FT - 70.1~200 mg dm* Na Tl S hic®®. K2
R LUTEEL, PESEELRML TV SIS HFEb Y, NaClERF T, NadmicffwEs
MR SIS B A %R L. T SIVE LU BWORSDIE10.3%, 12.5% £ 10% M EDfE%
LT 5TFe, 63Cu, "As, ®Sr, Mo, 232Th, 238U 7 ju#iL, 5 ~10%DRSDH/RL7c. £ T
THEEOHENAONELTRLC OV TILIFH L IBEZIT > .
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Fig. 1 Effect of NaCl on the signal intensity of
Sc, Cr, Mn, Co, Gaand Cs (10xg dm=3).
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Fig. 2 Effect of NaCl on the signal intensity of V, Fe, Cu, Sr, Mo,
As, W, Thand U (10xg dm—3). Values of V, Cu, and Sr were
10~ of those observed. !93Rh was added as an internal standard.
Signal intensity ratio of the trace elements relative to the internal
standard.

Cu : Cuik®3Cu, $°Cud 2 >DLERNME % F - T\ %. H. Vanhoe® 10 (¥ NaCld 1 ~10g ¥ T
DE\WRE TOCUTH T 5B SV THREF 21TV, SCultNad i £E > 1°Ar2NaD AR
X DEROCHEN L, SCult i XEENLVERRE L. AER TR ER LD LEVEE Tl
1T -7z, %%CuiiNaCld NagSOs TONalEE THI T 5 &, I h $Napil0 mg dm=3 % Tt
ZAEDELS, Thll ECTRERPCHEMN L. M, SCudWIFhoBE&4RSD5 KU TTH S
TEMBINLDEEBIEN RS-,

V, As : SWVE LU PAsizNagSO4 I CliNaCld & o i A R E e ds o fe 2 E v b, Cl
T X % SIVTL 33CL180* A3, TASTiE PAr3ClY R EATHLZRL, N2 OKEREY R LT
WhHLDEELLRA.

Sr, Mo, Th, U : 8Sr, ™Mo, 232Th, 238U B L TiENaCl, Na2SO4 \ 3 & NaD HE e L 3
FEETRSDER L TWAZ L DEBEERIE A ) -8R Tk, Nalkk b AE Y —%
ROBELEZLNS.

W Wik 182w, 18W, 1B9W D 3 DD L ERMAAIL DN THFA LT - 1o, Th ST EEE 0B InT
K LTHERCAEY) 2R XA RE LAZR L. 182WCIRIEEE254 mg dm3 ¥ TORSD
139.3%, 61.8 mg dm ™3 Ti{X6.1% TH - 1o Z L SRBHAR DR IEE # #H T 5 = & THIER
BIETA2) - REMHTHZ ENTE .

Zn @ Znl3 $ZnTiENa2SOs TO ZIGIRE ORI LN ZE L EE EF 2R L. Z ik 3283%2S

B[QI0ER L AFAERTHILLZ2DDEEZONRD. SInTRIDOEENRR LRI &hn
BREIEL ZnTITH 2 L & Lik.

Ge : Gelz it Ge; "2Ge, Ge, ™Ge, %CGe®D 5 DD R ERMAENGFIET 5. AP TR EE
MEEDOE VAR OO IEHE L BERMNEL LWL, T8I\ THE %17 - 1. NagSO4 Tik
HIREOWINCEWELICE SHREDOHEMMA R S hich, RSDIZNasSOs Tk hd 5 W LUF
THD, NaClLE > T 2 B U T EHEEDOEF R/ NE D oo, £ 2 TRMEFIEEN RS &
W MGeniSeD B A2 A L LD HGeDRIEL PGell DWTITH LR W T &b 5 T
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Fe : Feil 5FeTit “YAr ' ON A EATH R T 5. Fic “FeTiE CAr NP EE T 5 C LA WS
XH TS, STRe B LI EEHEAHE DI MEL A id LI LIEREROERELSE S
A% R L. LA L, FeltfE 5~50 pg dm 3O CTIIRIFREMRELEONLZ &0
SFeflE CIMDMETEMEDRER LV EVEERHOMER TNELTO>LELDS.
Z OB, BERFOEBERBVWE AEY) —ZRCIZBEOHMARLN S DT, HEE %500
mgdm 3P FICRETHLERD 5.
Cr: Critit 4 >ORERMER D D. FOFT, 2Cr, 33Cric 2\ THET % T - 7o, 5CridNaCl
W I OEE TN LA, TR ICIODREFRTHDO D TH % EEZLNRA.
LR A#E LT, SV, 5Fe, "5As, 88Sr, Mo, 182W, 232Th, 238U 8 jr#iL, NaCl25.5
mg dm—2 % TORSDIZ LTS5 KLU T TH -2 bR E THHERT 5 2 & CRFFERD T
[(ER AN ot

3-3 WAy 0Oy —7RREOKRT S S VEEER, EEHEBFY~ORA

<4 7ay . — T HRERRE EREEANTCABRC A 72y = — 7 (AFE1000 Mch 51000
KMcO BRI X BH L, BENYER, BEAS0ps)IE LTH@ET 5 HETHD, {EkOTE
AR RIS DE B RORB 2 AR TE 2 E0FA%2H LT 512,

s D SR R R E S A A\ A &, CIY, CIOY, ArClt %01 4 v AR L, ¥ bl
REHT D LS, SO, SOt DA AV ERAERTHP &b, WThIRAEFETHEZRTC
CRBEIRTHE W, 5T, BAOSRCIIHE, BBIKE 7 vyBEHAVWTREZT -
ik

< ray . —TERPEROSRCIGHT 5129, JG-22 VT, 1) MBOBME, 2) Mk
LK FEOHEME, 3) 7 v LKEBROGINE, 4) REKOHEME, 5) <1 7w v o — T RHEEH
6) FEI4AE, T) R, 8) B DS MDAEBIEC OV TORFET, B bk i
LB 3R Lie. X 5IIG-20ICP-MSEETE b i Il & SCikiE & D 2K 4 1R L
Fo. ©4 X0V, GeZR B\ e BRI EREFI0G U T Lic. 714707« —TEC K-
TR LT, JG-2, JB-2, JR-1, JA-2, JLk-10E#ES L% AW THEEORF TV, £hb
D% B & e Lo (383). £ 3 DOEFERAERY 4 MG MEL, £hZh ICP-MSIEETH
LI EETHB. FOFREER, Mo, CAEDITLFEE KR TRSDIZI0% LT TH - . JG-2TiEMo
LA & Cr, Cu, ASERSDOE WS DB H - 1-h, IJG-20 X » B EHIT SR DO EEIY T
»LEA, A%, ARAEORKENRAEL, FEaTBDBRFET HREEE, Y1vavEL
MEBTEAEEINIEENDS. —F, IJB-2, JR-1, JA-20 X 5 I KILEEHIE, FADOEHR
YMTHLHY T VA, WA, AEASOREINE L, BHEEOBK THETRVFELY
ANREELZL VWEDRBWEBREREORLADEELLNRD Y. R4 RKUBEREIURER
T LI fERE OME LR EBOMEEZ R L.

3-4 EkERAVGCENEERS SURFRREC K 5 THORE

ICP-MSE:% D X 5 CIRELR K HEATE D2 RET 5 I ERERIIRAKD LS e b OB
BHETHS. Lhl, BECRAFLELLW Ehb, ZEETREDOBIRERZ KL HWTIT -
fo. ¥EKZT06% (B, SrOBE X506 AR LB P OMBILHRERXZWE L. 2HELD
M A TTREICOE 1 pgdm 3B X010 pgdm B2 EML, TAZhOBEREREZRDI. L O
BRERERZ TR S91~110% ORBETH - 72(£5). —77, BREDHED % & A CRILIRAKD
RETRRFETIEBEEC LS THELMHT 2 b FRNT 2LENDS. £ THAZAWT
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Powdered rock samples of 0.1g in teflon vessels
<— 3 cm® HNO;
~<— 2cm’ Hy0,
< 4cm® HF

Degassed for at least 1 hr.

l<— 30 cm? distilled water

Microwave digestion for 90 min.

)

Transferred into TPX (polymethylpentene) volumetric flask, and diluted to 100 cm? with distilled water

Solution (10 cm3) evaporated to dryness

l<— 0.663 cm’ HNO3

Messed up to 100 cm® with distilled water

)

Final solutions containing 0.1 mol dm3 HNOj3 and 10 g dm™ Rh (internal standard) were prerared

Analysis by ICP-MS

Fig. 3 Scheme of microwave acid digestion processes of standard
rocks and sediments.

1000
§ 100 } 2
S 10
§ i
% Vv @
N ®Ge
1-
[ J
(]
0.1 . L ;
0.1 1 10 100 1000
ICP-MS ppm

Fig. 4 Comparison of the analytical results of JG-2 by ICP-MS in
this study with the recommended values.
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Table 3 Analitical results of standard rocks and sediment

R

JG-2 JB-2 JR-1

Element This work Reference*! This work Reference*! This work Reference*!
Li 42.1 +0.751 42.2 7.45 +0.46 118 62.8 +1.1 61.4
Be 3.35 *=0.319 3.26 = 0.26 3.65 +£0.73 3.34
Sc 2.63 +0.218 2.42 52.0 =+3.18 53.5 5.59 +0.57 5.07
v 0.785+0.065 3.78 630 +6.24 575 6.60 =0.17 7.0
Cr 5.86 +0.898 6.37 28.1 +1.88 28.1 2.58 *=1.24 2.83
Co 3.61 £0.123 3.62 40.5 =+0.4 38.0 1.04 +£0.05 0.83
Ni 4.24 +0.239 4.35 16.4 =+0.4 16.6 — 1.67
Cu 0.725+0.299 0.49 228 +4 227 3.31 =0.17 2.68
Zn 12.4  +0.342 13.6 117 +2 108 30.6 =+0.78 30.6
Ga 20.3 =£0.299 18.6 24.6  +0.206 17.0 17.7  +0.457 16.1
Ge 6.14 +0.155 1.70 17.4 +0.942 1.35 4.43 +0.36 1.88
As 0.638+0.077 0.68 4.42 +£0.148 2.87 16.3 =+0.330 16.3
Rb 307 +4.76 301 6.99 +0.211 7.37 266 +3 257
Sr 16.5 =+0.150 17.9 179 +2.220 178 29.6 +0.264 29.1
Mo 0.487+0.087 0.37 1.09 +0.3 1.08 3.59 +0.62 3.25
Cs 7.19 =0.124 6.79 0.858+0.037 0.85 21.9 =+0.356 20.8
Ba 58.1 =£0.681 81.0 220 +2.65 222 45.2 +0.9 50.3
W 21.5 =+1.01 23.0 0.821+0.015 0.26 3.37 +0.31 1.8
Pb 30.3 =*0.538 31.5 5.03 +0.34 5.36 18.7 +0.33 19.3
Th 29.4 +1.99 31.6 0.354+0.007 0.35 28.7 +0.289 26.7
U 10.6 =+0.751 11.3 0.162+0.013 0.18 8.50 +0.18 8.88

JA-2 JLk-1

Element This work Reference*! This work Reference*?
Li 28.2 £0.645 27.3 49.4 = 1.24 54.7
Be 2.26 +0.57 2.05 2.78+ 0.326 2.9
Sc 21.4 +£0.94 19.6 18.5 = 1.58 16.0
N 125 +1.73 126 117 Gy i 2 08, 119
Cr 468 +6.35 436 72.1 = 1.52 74.2
Co 30.0 =*1.14 29.5 16.6 + 0.360 16.6
Ni 135 +3.46 130 37.8 = 1.40 34.9
Cu 30.2 +0.497 29:7 62.5 = 2.38 60.9
Zn 67.7 +2.03 64.7 161+ 4.57 151
Ga 22.5 =£0.492 16.9 47.0 = 0.640 —
Ge 12.0 +0.436 1.05 14.5 £+ 0.412 =
As 0.935+0.031 0.85 29.2 £ 0.705 27.7
Rb 72.6 £1.32 72.9 150 + 2.58 146
Sr 255 +4.270 248 71.9 = 1.03 71.8
Mo 0.605+0.102 0.60 2.27+ 0.279 —
Cs 4.90 £0.193 4.63 12.0 £+ 0.201 11.0
Ba 321 +5.51 321 605 +10.4 586
W 1.45 +0.18 0.99 4.00+ 0.398 o
Pb 19.1 +0.58 19.2 41.5 = 0.975 42.4
Th 5.34 +0.064 5.03 18.1 + 0.392 19.6
U 2.44 +0.052 2.21 3.66+ 0.141 3.69

Values are means=+SD, expressed as ppm; n=4.
*1Geochem. J., 29, 91, 1995.

*2Bull. Geol. Surv. Japan, 41, 27-48, 1990.

FRC L DMETCKROUEM~DHECDONTHE Lic. R6WRLIE DIV 2R E 35065
& 14065 F B TIZAMRE 106 AN T—H Lic. Csid350fF /M TIIERMAUT TH - 1o
HA140F5 R T120.280 pg dm 2 DELRE L. 5T, EHREDES % & A KRR KOW
ETEAREHLBEFNT L L TUENTRETS 528 WBATOVO XS ECIC X5 FES
FHEZT B LR 2V TIABPCIBESBEAET 255 CEARZ T RANT 2 LE1D

5.
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Table 4 Trace element contents in granitic rocks

Sakeishi Nisizawa Abukuma
(Yamanashi pref.) (Yamanashipref.) (Fukushima pref.)

Element ppm=+SD ppm=+SD ppm=+SD
Li 41.2 +1.4 28.8 +1.0 56.1 +0.9
Be 1.98+0.4 1.96+0.3 2.09+0.5
Sc 11.4 +0.4 20.2 +£0.5 13.7 +0.4
\% 98.6 +0.7 163 2.9 106 +2.6
Cr 5.51+0.4 11.2 +0.7 19.7 +£0.8
Co 9.20+0.3 15.8 +0.3 11.5 =+0.2
Ni 7.64+0.4 11.7 +0.7 12.0 +£0.4
Cu 20.8 +0.5 67.2 +1.4 12.2 +0.4
Zn 54.9 +2.5 831 1.9 83.4 +1.8
Ga 22.49%0.5 24.8 +£0.7 31.5 +0.1
Ge 1:624+0.2 1.44+0.4 1.79+073
As 4.57+0.5 4.70+0.4 3.44+0.6
Rb 112 +1.4 69.4 +0.4 79.6 +0.8
Sr 1530.0%2.0 199 +2.6 299 +3.5
Mo 9.25+0.3 2.01+0.2 4.45+0.3
Cs 8.38+0.2 4.51+0.1 4.24+0.1
Ba 341 +4.0 388 +6.0 505 +7.6
W 2.83+0.2 3.75+0.3 1.19+0.1
Pb 12.9 +0.4 12.8 +0.2 14.5 +0.3
Th 18.7 +0.5 6.93+0.2 8.80+0.1
U 4.18+0.1 1.80+0.1 1.95+0.0

Table 5 Recovery of trace elements added to the sea water
(The sea water was diluted 70times)

Added Added Recovery Added Recovery

0 1 pg dm=? (%) 104g dm~? (%)

Li 2.44 3.49 101 13.1 105
Be 0.00 1.10 110 10.7 107
B* 13.9 15.7 105 25.2 105
Al 0.00 1.08 108 10.9 109
Sc 0.00 1.02 102 11.0 110
A% 1.25 2.36 105 1229 108

Cr 0.00 1.04 104 10.7 107
Mn 0.00 1.06 106 10.3 103
Co 0.00 0.998 100 10.1 101
Ni 0.00 1.08 108 9.90 99
Cu 0.00 1.10 110 10.8 108
7n 0.00 0.913 91 9.05 91
Ga 0.00 1.01 101 9.97 100
Ge 0.00 0.980 98 102 102
As 1.09 2.20 105 11.6 105
RDb 1.78 2.84 102 12.5 106
Sr* 22.1 24.0 104 33.3 104
Mo 0.116 1.11 99 11.0 109
Cd 0.00 0.987 99 10.4 104
Cs 0.003 1.08 108 10.7 107
Ba 0.103 1.17 106 11:0 109
W 0.110 1.06 95 11:0 109
Pb 0.00 0.998 100 9.58 96
Th 0.00 1.07 107 10.7 107
U 0.051 1.13 108 10.7 106

* The sea water was diluted 350 times.
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Table 6 Influence of coexistent salin-
ity on the determination of trace
elements in sea water

pg dm—8%!1 pg dm—3 %2
Li 170 173
B 4630 4630
\4 126 93.6
As T2 70.2
Rb 116 121
Sr 7370 7490
Mo 7.50 7.14
Cs n.d. 0.280
Ba 8.40 8.83
W 11.8 10.6
U 3.83 3.44

*1The data were obtained from the
sea water diluted by 350 times

*2 The data were obtained from the
sea water diluted by 140 times

n.d.: not detected

3-5 ICP-MSIC & B iRELR AT~ DiEH

{id IR Bt

Table7 Comparison between calibration curve
method and standard addition method of trace
elements in hot spring water by ICP-MS

(Ichinohashi, Ymanashi pref.)

Tw 24.5C
pH 8.2 .
Cl 61.4mg dm—3
SO4 108mg dm—3
Calibration Standard
curve method addition method
pg dm—3 pg dm~?
Li 68.1 67.2
B 320 306
Al 3.50 3.34
\% 14.7 13.6
Cr 0.451 0.414
Mn 0.070 0.068
Co 0.035 0.036
Ni n.d. 0.00
Cu n.d. 0.02
7n 6.15 6.67
Ga 0.943 0.966
Ge 1.02 1.11
As 76.6 75.8
Rb 8.41 8.41
Sr 171 163
Mo 3.97 3.68
Cs 10.4 10.6
Ba 2.80 2.79
\W 9.36 8.98
U n.d. 0.013
n.d.: not detected

IR K OB EITCFKERZICP-MSIC X 2 BBk S EERINETHE L, BohiEr it
W LA(RT). EORBIMERE TRHEE LEERKDOP T—HOMETRITERRAL T D
%R Lich, MOBEITHEIC D\ TR BRERREDE & EEREARINE DI AR 2% +10% LI T

—H L.

JE & B
ICP-MSIE TR LR K OB BILF 2 ET 5 1o b« OB 217 - fc. TDRER,

1. PR QI E BB II A Lichl, WEEEELESL LTCRhRHRMT 22 & T
C DETAIE X WRSDIL 5 B LA T OELE b

182\, 232Th, 238U D\ TR hnfE A % 7= L 7.

Lo L, 5V, 57Fe, 63Cu, "As, 88Sr, *Mo,

DT &iE 5V, 8Cu, PAsIB L CikR&E S

TUWH, °TFe, 8Sr, Mo, 182W, 232Th, 28U DLW Cik A Y -2 EAELbhic. ThbD
MEGCuTIL BCuD R TH 5 OCu% AV, MO TTHEIT IR % T 5 & & Tl

Ihitc.

2. A0 2 —THMEOBRNEZT, BEEEOR JOBERREY L L 0o HTCEE L.
RSO DOIG-20MENE & SCHRE & D BB T BEE 106 N T K Lic. ot

DEMESHE XOHEEY TOBBRMEDOHE TLRSD 10% M F 2R L.

3. WK% oAU SRER TR ERE291~110% DFHTH » 1. & SRS SHCIEHE L,
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B b B R INE T A A AT & & ARERIEDME & BHERINEIT K 5 EO XA

F+10% DN TH 5 7.

LLEX D, Bk X0 AFOLL, Be, B, Al, Sc, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge,
As, Rb, Sr, Mo, Cd, Cs, Ba, W, Pb, Th, UD26GE 2\ CHKEEMNITRE L 7t - 1.

&

KERITHICHTD, HEIRAFPEOETEE, =Hi— JNHBIXOFBXROHMIIEXEBE L
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%y

2 £ XM

1) MUIFEIE, s @ 554308 B ARR RS K S#EE T4, pp 27, 1990.

2) Houk, R.S., Fassel, V.A., Flesch, G.D., Svec, H.J., Gray, A.L., Taylor, C.E.: Anal.
Chem., 52, 2283-2289, 1980.

3) Mclaren, J.W., Beauchemin, D., Berman, S.S.: Spectrochim. Acta, 43B,413-420, 1983.

4) Boomer, D.W., Powell, M.J.: Can. J. Spectrosc., 31, 104-109, 1986.

5) Longerich, H.P., Fryer, B.J., Strong, D.F.: Spectrochim. Acta, 42B, 101-109, 1987.

6) Janghorbani, M., Davis, T.A., Ting, B.T.G.: Analyst, 113, 405-411, 1988.

7) Kawaguchi, H., Tanaka, T., Nakamura, T., Morishita, M., Mizuike, A.: Anal. Sei: 5 3,
305-308, 1987.

8) Thompson, J.J., Houk, R.S.: Appl. Spectrosc., 41, 801-806, 1987.

9) Imai, N.: Anal. Sci., 6, 389-395, 1990.

10) Vanhoe, H., Vandecasteele, Carlo, Versieck, J., Dams, R.: Anal. Chem., 61, 1851-1857,
1989.

11) Date, A.R., Hutchison, D.: Spectrochim. Acta, 41B, 175-181, 1986.

12) Suzuki, T., Sensui, M.: Analytica Chimica Acta, 245, 43-48, 1991.

13) Gray, A.L.: Spectrochim. Acta, 41B, 151-167, 1986.

14) Vaughan, M.A., Horlick, G.: Appl. Spectrosc., 40, 434-445, 1986.

15) B W, S B, KEKER : Sty 44, 965-969, 1995.





