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Table 1 Instrumental conditions for ICP-AES

Perkin Elmer, Plasma 1000
1.0kW, 27.12 MHz

15 mm above load coil

Instrument

Plasma power

Observation height

Argon gas flow rate
Plasma: 151/min
Nebulizer: 1.0 1/min
Auxiliary : 1.0 1/min

Analytical wavelength (nm)

Al : 396.152, Co : 228.616, Cr : 267.716, Cu : 324.754,
La : 412.323, Mn: 257.610, Ni : 231.604, Ti : 334.941,
VvV :290.882, Y : 371.030, Zn : 213.856, Zr : 343.823,
Cd': 226.502

1 Internal standard: Cd (20 ppm)

2 = Y

2.1 ¥ &

ICP FEX 47 281X Perkin Elmer 2 Plasma
1000 %, pH # — % — | 3EHBIEFE M-8 B %, =il
TR I A REASERREL KN-70 B 77 07z,

7z ¥, ICP-AES DBRIE S % Table 1 IZR U Tz,
ICP-AES OHIE L Cd # NEHEE U THV 5 ETHAIE—
ReBIFE L, DERE & NEREREOHE SR D
. WERDANRY NABREL NNy 7 7T Y RHH
FWMEINB Y AT AZRAVE. EOWEITFEOS
WHDOEFERL 2.

2.2 RERUEH#H

&k (I11) #EAAME (10000 ppm): £JB (FEsiZk T3¢
% 99.99%) 1.000g % HCI # 10 cm® IZIBIAME L 72
%, MBTBILELLZEDZKTHERL T 100 cm®
Pl UR A

S BEMAIR (1000 ppm): AL 99.9% DLEo&ENX
W OEEEZBERO £ HHL, HCl, HNO; ETH&
L, KTHRUTESRE L.

7ki%, Barnstead % NANOpure I1 BB#I/KEEEE T
BrokEROT.

HCI, HNOs, NH; 7K, NaOH ® UF % D {th D& 3K i3,
BEIMANBHAERREZZOE LAV,

AREAK: BAARE (10em® XX 1dm®) 120 %,
Al: 6, Co: 10, Cr: 6, Cu: 1.2, La: 2.4, Mn: 0.8, Ni:
20, Ti: 0.8, V: 4, Y: 0.4, Zn: 6 X O Zr: 1.2 (B
ug) ZE 0.1 M HCLHEBRE ZFAB L2, hoid,
ICP-AES HIERICIE SRBEEORABEZERA L. s
B, FWEBILEEE L, ICP-AES HIFEEE 10 cm®

T, Al: 0.6, Co: 1, Cr: 0.6, Cu: 0.12, La: 0.24, Mn:
0.08, Ni: 2, Ti: 0.08, V: 0.4, Y: 0.04, Zn: 0.6 BT Zr:
0.12 (BAL: ppm), HILHEMEBAIE®K 1dm® T, Al
6, Co: 10, Cr: 6, Cu: 1.2, La: 2.4, Mn: 0.8, Ni: 20,
Ti: 0.8, V: 4,Y: 0.4, Zn: 6 XU Zr: 1.2 (BfL: ppb)
THb.

RRARE: FERRRED> 5 BRBER, PEER
IR, FREFERICHOBEI NG REHD 5 BREL
BATERL, BEEZIC0IMHCI#E LTHREL
fz. 5B, EBREROBIERSFEEHD I > TH
MUz, Fe 3RTBMET, Li &7 L—LETHMH
L.

23 EREBME

FHAKDO#E (1dm® LA, Fe 30 ppm ML E&TEH D)
ZHD, HNOs; 10cm® %2 NA TEB L CAES 2 B1L
Ufz. BU, B1F Fe 5 30 ppm UTOREICDONT
D HIIK Fe ZNEEMZ, BRICLIER, AT Fe BE
7 30ppm KB EDICEBZKRTHRULULZ. 6M
NaOH %% pH 8.5 & U 80°C M/KBAH T 45 SR
BAKT 5. WBAERLOCHML, HCLIKBAMBLT 6M
HCl AR 30cm® & U, 4-AF V-2V ¥ /) ¥ 40
cm® T Fe ZHiHRES 5. AGH %2 INEGEKE L, AIE%
THEETSH Cd % 02mg MAT 10em® & U THEIEH
BRE LT,

3 ERROEBE

3+1 ICP-AESHIEBFICH (T 2EKS (Na, K, Ca)
OFi

ERAKEBAICZBIZATTT S Na, K XU Ca I k&
%, MBITHEBONROTEBERIIDVWTRELE. &
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AER7K (10 cm®) I Na % 0~10000 ppm, K K U Ca %
0~2000 ppm DREHFE THF X €, B ET-
&5, WEEIC & 2ERIBER ORI CIC L
BECETIKAVADTHERL . Na @ 10000
ppm, K KT Ca @ 2000 ppm »H7FET 5 EKTLEOF
HBEIEKT 50% ICHAD L, THITHEONIITBRELEL
SAETU. Cd WIEEMEEZ#A L 723B&1iE, Na
4000 ppm, K KU Ca 75 800 ppm 7 U T & HHXTERE
RZE 10% LT COmERfHIET A ENTERL. L
U, Zh D LoRFRETIE, CANEERIIEL->TH
WETE ot o7, BRAFOMBILERS
ICP BN ZITHEE, STkl » CENMEITSE
EFRSZTEET B L RBBBERIRTH Y, BERD
Na & K, Ca BE% €N £ 1 4000 ppm K U 800 ppm
LITFICd 208N D 5.

3+2 ICP-AES RIERFICH TS Fe DT

3-1 KK, &EAAK (10em®) IZ Fe % 0~100 ppm
DOREHEHTHE S FENTTZIT o2, Fe B EIL
HFoeHLE, BlRtLEERDICLBDTHLEREY,
Fe ARZ M EDEBILEDAKTEHEEZET 120,
WEEEZHAOCCOHETE SV, COTEHEGXLED
%5 Fe DBEEIXZ N EN, Cu, Mn IZi 10 ppm, Al,
Co, V, Zn, Zr IZi& 100 ppm, Cr, Ni, Ti, Y, La Ti&
1000 ppm ZHB22BETH -2, HHTEEEZT T
ZERMINT 512, BIEBRFD Fe BREZ 5
ppm PUTIZT2AENH 5.

33 HikEEO pH OXE

Fe HUEEICB T, pH FHEHEL U T NH; KXk
NaOH BB = fER L, WWBAERRED pH SMETHE
DOEYERE OBEFREF . AREK (1dm®) 12, Fe
30 mg ZMMZ, pH 6~10 OFEFH THILBIELIT- 2.
Fig. 1A IZ7RT & D12 NHs KERWZEE, EEE
NEZEG AU pH BE TR LKA THYD, 5B
»OT v I VEEREER T 5 Cu, Ni XU Zn IZEEN
IENR E s o7z, —F, Fig. 1B IKART &I,
NaOH BB ZFEHT 5 L &iZ, WFhDITHED pH
8~9 DT 90% LI EDOEINER B2, X-T, Kk
TR D pH FAEEHIE UC NaOH ZHAL, #
WD pH % 85 & L7z, {HU NH; KZFHWBDICH
~ NaOH z W25 6, HEFEGSHEMs 5. 3k 1
dm® IZ2& 6 M NaOH % 40 cm® V1254, HE»
5 DEYEIE, Al 0.6, Cr 0.8, Cu 0.2, Mn 0.5, Ni 1.2,
Ti 0.36, Zn 1.4 yug TH 1.
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Fig. 1 Effect of pH on the coprecipitation of trace
elements

A: coprecipitation with aqueous ammonia; B:
coprecipitation with sodium hydroxide; Fe(III)
added: 30 mg; Volume of solution: 1dm?; O: Cr
(6.0ug); @: Cu (1.2ug); &: Ni (20ug); A: Y
(0.40 ug); [1: Zn (6.0 pg)

3+4 EBOMEFEHETHR

&K (1dm®) IZ Na % 20000 mg, K XU Ca %
4000 mg ¥NIN L, FLYRESIC 80°C DKIAFR TG L
REEDZILEOMNEE Fig. 2 IKRT. PR
30~60 ST OHHTRIF LR EE . MBI LY
EINRITLOEEBIICZY, 95% lbEE o7z, B2
Fe (EBENDERDSBARIE, ZOBKEHTRLHEL
20, BNIED 02% UUFEs o7, ZOFER, BIER
W R TIE, Na % 4000 ppm, K KT Ca A% 800 ppm LI
TOWREELZHDT, ThHIZEATHIE, AERRR
FOBMETE%. UL, 60 LI EOMBEARIL,
BUHEOENREZET IS L EBRERSDREARS
WNsw22 L8507, INBBEREEIE 45 5& U
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Fig. 2 Effect of aging time on coprecipitation of
trace elments and major components

Fe(III) added: 30 mg; Volume of solution: 1 dm?®;
O: Mn (08ug); &:Y (04ug); J: Zn (6ug);
@®: Na (20¢g)

1z,

35 HipEGFGE

Awtgrcid, FHAKPIEFT 5 Fe 2 kK ET S
EEZHMELTWVB Y, BKBIZATET 2 Fe BE X
RBFEZEICRID. Fe RENFZELULIBOVHE, £U5
BB EDEME LB IERSBAEDLHEINT 2 LE X
LNB. Do, MIEX Fe KR EED 5NENH
B, 22T 34 LA Na, K XU Ca Z & OEKER
Kz, 22 Fe # 30~100mg OEEATHRMLU,
ZD Fe BICXN T 2FERMADOHUMEEZREL 2. 0K
REFSTOHWER T, SRMEOHINITHE ST 0.18%
M5 1.5% WETHEALL., FICHEEBETSE X
1%, Fe DBE% 1dm® IZ 30mg &35 & &L, Fe
RENCOREZBABHAKIKTHERAUET S & &
UF. Fe BIIRIBRKIZODWVTIE, Fe 2 OBEE
THIU 7z,

3.6 BHEWHH S D Fe DI B
ICP-AES BIEFBEEAD Fe DWEE L 5ppm LITF &
TOMENH S, HLTHEROFeDBRED 120 OHliH

Vol. 44 (1995)
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Fig. 3 Residual iron(IIT) concentration in aqueous
phase after extraction with 4-methyl-2-pentanone

The number of extraction stages: (O) one, (@)
two; Volume of 6 M HCI acidic aqueous phase: 30
em®; Volume of 4-methyl-2-pentanone: 40 cm®;
Shaking time: 1 min

SRERMFITOVTRRE U7, Fe(IlD) % 20~200 mg &
s 6 M HCl BEMEARK 30 cm® 2V, 4-X F -9~
5V 40cm® T 1 SRHEVBYT Fe 2R L.
DFER, KHEFIZEET S Fe IC2WVWT, ICP-AES #
EBBHRTOREEFE N, Fig. 3 KRTESIC Fe O
VEINE 2 60 mg LLEO & & BIEERKAD Fe B 5
ppm Pl &EBBDT, Fe BEER 5ppm LIFIZ9 %
I, 4-X FI-2-RY ¥ )V 40 cm® THOHHT 5054
BEWH ol BB EREKPORETTRE IS B
FoTEHER S I, EEMITKERIZEEES, &
D Fe WMHSMHIZE D Mo 1 Fe EHICHHEIEICKE S 72
B, REOITRI HBRILTVS,

37 WERTFEHOOIE

Na % 20000 mg, K XU Ca % 4000 mg & & R
A (1dm®) 2RV, BREZETTREEZERAL, ICP
RIATH 2T > THEBITTHBOBUNEKZ BIE U 72
Table 2 IZ/RT EHIZ, WTINDTREIZBENTH 96%
DEORWNERZEBSENTSE, HIEERESL 7%
BT THo7.
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Table 2 Recovery of trace elements in the synthet- 3.8 ARERNDEA
ic solution by the coprecipitation method EEESD» 5, s BOBESRE, $2bbEERER
with iron(ILD) hydroxide (A BD, FEEBRESR (BB RORERELER (©
El Added/ Found/ Recovery, RSD, ) TEERULRH e BORRKIKREZFEHL, HME
ement ug % % " - - ;
He BERABE SN UL, & ORREF—BEHI > L TRl
Al 6.00 5-90 98.4 .7 TE U 12 B BEOSHARER & HIT—HE L T Table 3 1R
Co 10.0 9.72 97.2 5.0 ] - . )
Cr 6.00 5.90 98.3 61 ‘b 1z. E%@%*@é Bﬁﬁ'\?;ﬁ_mgt xhBb0IE, F
Cu 1.20 1.18 98.1 3.8 BERSBECESVT ERO LS IC 3 BILaEs
La 2.40 2.36 98.2 3.9 TW5. ThET, MBAFERS IOV TR EBRERS
Mmoo B0 amrw A KIFEANA S, BEAEHFENILTENEN. &
1 . . . . N .
Ti 0.800 0.774 96.8 4.9 EOHEMFTIE, ZhHRRBEOMERSEHOREILE
\Y% 4.00 3.89 97.3 5.1 RO EERE, BIEICBEMSABENR/ S -V ERD
Y 0400 0895 98.7 30 fo. A BERHIRRED Fe 2 &GO MBITRBIRE I
Zn 6.00 5.87 97.9 5.8 \ 1% T . \
7r 1.90 115 96.9 6.6 DVTRRGE[EZRT. BHIE, KRETVAOZNREA
G o ' i et THY, YRV La VEBETHY, CHIFRRTH
oncentration of major components in the synthetic R ) . s ) .
solution; Na: 20000 ppm; K: 4000 ppm; Ca: 4000 %, Al, Cr, Cu, Ni, Y XU La #RRETH > 72
ppm ZOEHIERSITME THEITREFEOBEE A S I

Table 3 Analytical results of Arima spring water (ppm)

Classification of spring water type on major components

A B C
resensn e st e, rm———————————
Method Ariake No.2 Tenjin Ginsuiso Onsen Arima Grand  Gekkoen
hospital Hotel
No. 1
(pH) (6.16) (6.10) (6.02) (6.20) (6.14) (6.27)
(Temp.) (96.0) (94.7) (32.1) (42.0) (14.5) (31.6)
1 Na 1.46X10* 1.59%x10* 2.16 X 10* 1.92X10* 2.19%x10° 1.85%10°
K 2.82%X10° 3.17X10° 2.03%10° 1.96x10° 3.15% 107 2.32X 102
Ca 2.52%X10° 2.82X10° 3.05% 10 3.57X10° 4.37X10? 2.91 X 10
Mg 1.58X 10 1.58X 10 9.42X10 1.66X 102 8.71 8.61
Cl 2.91 X 10* 3.50X 10* 497X 10* 3.97X10* 2.69X10° 3.40X 10°
HCO; 5.20X 10 3.89X 10 7.60X 10 1.17%X10° 7.06 X102 5.88 X 107
II Fe 1.4X10? 1.5X 102 45X 10 5.5X10 7.1X10 1.8X 10
Li 4.0X10 4.7X10 5.1X 10 5.9%X10 1.1X10 5.6
111 Al 6.1X1072 4.7%X1072 1.0Xx107! 1.9%X 107! 6.1X107" 7.8X1072
Co 1.0X107° n. d. - n.d 1.4X107% 7.2%x107° 1.2%107°
Cr 40X107%  48X107° 39%107% 21X107®  20x107? 1.1X1072
Cu 5.8X107* 1.1x1073 54X10* 3.9X10°* 1.6Xx107! 2.3X1072
La 3.9X107* 4.0X107* 1.5%X1073 1.2Xx103 1.0x1073 49%X107*
Mn 2.9%X10 3.3%X10 7.6X10 9.5X 10 3.2 ' 1.6
Ni 1.9X1072 1.1X1072 5.7%X1073 54X1073 3.7X1072 1.5X1072
Ti 9.6X10* 9.1X107* - 40x107* 6.7X107* 2.0%x1073 7.8X107*
A 3.6X107% - 4.9%107° 1.7X1073 1.8x1073 1.9%X107° 6.2X107*
Y 1.5X107%  1.4%X107*  1.0x1072 12X107%  56X107° 1.8X1073
Zn 2.1%x107! 1.6 2.3X107! 8.3x107! 3.6X107! 4.1X1072
Zr 56X10"* 3.8X107* 8.7%x107° 6.5%X1072 6.2X107* 2.8X10*

Method of analysis: (I) traditional method; (II) AAS and flame photometry; (III) proposed method. A:
Na-Cl-Fe type springs; B: Na-Cl-HCOj3 type springs; C: HCOs type springs with low salinity; n.d.: not de-
tected
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Determination of trace elements in Arima spring water by ICP-AES after copre-
cipitation with iron(III) hydroxide. Haruo Tsuji, Norio AwaNo, Yuzo Tamari, Kenji
CHavama™ Kiyoshi Teranisu1 and Kimio Isomura** (* Konan University, 8-9-1, Oka-
moto, Higashinada-ku, Kobe-shi, Hyogo 658; ** The Hyogo Prefectural Institute of Pub-
lic Health, 2-1, Arata-cho, Hyogo-ku, Kobe-shi, Hyogo 652)

ICP-AES was applied to the determination of trace elements (Al, Co, Cr, Cu, La, Mn,
Ni, Ti, V, Y, Zn and Zr) dissolved in Arima spring water after the preconcentration of
those elements by coprecipitation with iron(III) hydroxide. Arima spa is located in
Hyogo prefecture and has a salinity twice that of sea water. The spa waters also con-
tains a high concentration of iron with a wide concentration range of 10~150 ppm as Fe.
Accordingly, for the coprecipitation treatment the high amount of iron dissolved in the
spring water sample itself were used. The analytical procedure proposed is as follows. -
The dissolved iron was first oxidized by HNO; treatment and was diluted to around 30
ppm as Fe. The pH of the solution was adjusted to 8.5 with 6 M sodium hydroxide
solution before warming for 45 min at 80°C for aging. The iron precipitate was dissolved
with 6 M hydrochloric acid after separation of the precipitate by centrifuging. Almost all
the iron was extracted into 4-metyl-2-pentanone to remove the iron interference on the
ICP-AES measurement. Ten milliliters of the remaining solution was used to determine
the trace elements by ICGP-AES after adding Cd ion as an internal standard element.
Each recovery of the trace elements was more than 96% and its relative standard devia-
tion was less than 7% . Based on the analytical results, the water quality of Arima
spring has been divided into three groups specified by the determined trace elements as
well as major components; group 1 of Na-Cl-Fe type containing little trace elements,
group 2 of Na-Cl-HCO3 type containing a high concentration of Y and La and group 3
of HCOs type with low salinity showing a high concentration of Y, La, Al, Cr, Cu and
Ni.
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