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FL— MEEZHAVWIRMEIELEICP-AESEBLIVRI CP-MSERHEASDLETEK
AEFICEEN D ERS N OBMERSIONED RO EEELIT o7z, F L — MllE (Chelex
100) IRAEEEER T2 LIC L VMERSTROREE S0 ZIZEML, RRFZ, ICP—
MSHEIH LT k) v 27 A REDORHELRIETERS TR Na, K, Mg, Ca 2 E) 25
KU, FORR, RAEPIZ%ND pglg LIV THEET D36 THRETERETHIZIENTE
2o RAEREZZNENMAKB LT 0.1 M HBIZHEARE LT235E . Fe, Al Mn, F HHxHE %
EDEL DILFEOEFREPHFRIZBWTRRY  IZLALDOIRR 0.1 MAEBREKRT T
ERECETET A EBA LN R o7, TOREA L LTE BT ORFRR S OFFEISHER
S, EXROFEIZOVTHRITLE, AEZRICKVEESN =KL, RBEOHBREER
NR—ZRETRT L, ROXDICHEIND,

ERSTHR (> 1%): Na
DEMSTHE (1~0.01%): K, Mg, Ca
WEITTE (0.01~0.0001%): Sr, (Fe), (Mn)
BWMEITE (<0.0001%): DD THE
2T, ¥EINTARLE Fe & Mn 1X 0.1 M MHBREF COEEETH S,

EbiT, RAKPTRBEE LMEKPTRBELILRL, WANORAGBIZEIVIELN D
HE D REBAGETRIZ OV TRFT L7z, Al Fe, Mn, Ti, Pb, Th 72 E O T L, HOMKRILBRIZR
WTHIFR D & LTIV IAEND 72012, WKPOREICESTHEICRESN D, ZhiZ
stL. Cd Mo, V,U, 7/ U TRBEOT AN Y HETRIT. EOBRLBE TRBIZEY .
WP OTEEE IR, KAMPR X K FOHRFEETROM NF — %, BHE TR T
FEWICIEB Lz — v ERTH, EREETRTIIRESRR TS, ARFERIT
KBBOKERIBRIZBNT, FrR Tk EEE OMIZENENFENROEBPELD Z
LETELTWDS,
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1. BrEERm

WARITHIER EOAMDEREZZ 6N TEY | AP LARINIMEEIZTE LS b ABD
BEFBICRDPTIEDTERNDDTH D, MEAKIE NaCl 135 3 %EFN 2 EIBREDEAKTH
5ﬁ\:®ﬁmKGA@KuCmmtEwﬁﬁ%#&béﬁﬁfﬁinTméoit\ﬁi
DWESTBEMOESIZ LY . WARIITESREFOLTRE (ZERNIE) MRIESh, 7
DREENBESNL TS Y, UL, ATOTRIZLZOEELRITIE. FOFEERER
MERWLBBEL~VTHY, TOX) BERE CHFET kX HMETR . 8
METR] LT 5,

—F5 . WEEIIAERIE CIHEEIZIRB W TR B ELRIE X » TRHME S 4, NaCl &b S8 Til
EEIND, ZOXIICLTHRESNZEREIL. RABEEZIIERRAKE LT, BHELK
BlEND, &bz, K CIHREERBITEC & 5 AEAEN TENITITERE R Y 20 H
b, AT, RAEEZWIRXIRE T2, RABIZOWTORSSITIE. S, BERK
DOV TOMEFIOBENH Y D, EEMEHMEITIC L 2F TETROWEL b b 3,
L2LARREL, Zhb6DOHETIHBETREIIERTR,»L 10 tRRETHY . TROBEEL
N ERTREREL RTINS,

L EEOWEETIE. TWETICP—AES (BEEAETT XvRAESHE) I CP—
MS (FEREETT7AHESE) LMWK PHERS L UOBBETROETROWED
BARZToTCER™Y, TOHT, XL — MiIlEZ AV RMELZHFAL, ICP—AESE
ICP-MSIZEDEEZITI HIEDX 40 R B 2BAKPLROWIEL LTEHTH S
ZEERLTER, £ZC, AFIETIEIL— MNEBENE,/ 1 CP-—MSEEZHWTKAE
HOMEBTROWIEDRREEITI Z L 2 BRE Lz, D & 512, KEKEDOL LRSI,
WK DTEFRIREE & Y 3 2 LTk 0. K BEOARGRBRPMAK R O TREDOBERIEIC D
WTHILERERZED. BHEHAMEETH DT ERBAL N7,

2. WFFEhE
21 % B

AERTIE, THOBL ULV EROSTROEEIC] CP —AE SHITER (Jarrell-Ash A
model Plasma AtomComp MK I ; Franklin, MA, USA) %, METRE L OBMETREOEEIZ
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I CP—MSHITER (T 2 —FFTEAE model SPQ8000A) # Mz, ZZ THWE
I CP—AE SHBEIT 40 TRRRESITEE Th 505, AEBRTII Na, K, Ca, Mg, Sr, Ba, Al
Mn, Fe D 9 ERDERETo7z, —H. 1 CP-MSEBINERNEESITE& A,
VWbWBEQ-MSF A TDEBETHY, BIETRAA LD m/zfE (m: BE. z: EW) &4
BILA2RL, 1EORETCHI0TRORNERENFIETHD, ICP-AESBXITICP
—~MS ORESLMZ Table 1 12F D TRL,

22 & XK

ERIZAWERE I T X CERTH D, BERKPOMETLROREMZAWZF L — MEEIX
Chelex 100(100-200 # v /= ; Bio Rad Laboratories, Richmond, CA, USA) Tdh 5, * L — Ml
AT, 5 MIERE. 2 MEEEE. £ L CHBICHIAK TIRIZEER Lz, £/, L — Ml

Table 1. Instrumental operating conditions for ICP-MS and ICP-AES measurements.

ICP-MS Seiko SPQ 8000A

Plasma conditions :
Incident power 1.0 kW
RF frequency 27.12 MHz
Coolant argon gas flow rate 16 L /min
Auxiliary argon gas flow rate 1.0 L/min
Carrier argon gas flow rate 1.0 L/min
Sampling depth 12 mm

Data acquisition conditions :
Number of scans 208 x5
Points per peak 3 points
Dwell time 10 ms

ICP-AES Jarrell-Ash Plasma AtomComp MK II

Plasma conditions :
Incident power 1.0 kW
RF frequency 27.12 MHz
Coolant argon gas flow rate 20 L/ min
Auxiliary argon gas flow rate 1.01 L/ min
Carrier argon gas flow rate 0.48 L / min
Observation height 18 mm
Integration times 10sx3
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IR SN Mg?, Ca¥ DURRIREIC I\ AR T L F = v AL, Bl L 7 =7 Ak
PIRALUCHRE L,

2.3 MEHERE

ARBRTHOWIZR BEFEHIPERES CAE S, EREHENET (LB » 56 M
KDF] LLTHREINTVWELDTHD, ZOKAKIZ, BALITFRC L S ITHEHICE
TORAFIBICE o TERESNTZbDTH B,

B DOEITLFR DIRHE & DITEDEREME L RFTT 2 720 ORBRIATK L, RO 7% Y45
YT TRIERR(1000 ppm) &R A, HINL THRB Lz, Z ORBRERT O TREEITROE Y
TH s,

- Al, Ti, Mn, Cu, Fe, Zn, Co, Ga, Mo, Sn, Pb, Th : 5 ppm (1 pbmz 10°¢ g/ml)
- Cd, Y, La, Ce, Pr, Nd, Yb, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Lu, U : 500 ppb (1 ppb= 16‘9 g/ml)

2.4 WEILEDOF L — MIEIZ X A REEE

KAMEERESE LT, ETRAEREH30g (HEAATC 110°CT 6 BERIEE) % (A) 0.1 M
THBL 1 iR, (B) #lik 1 LICEAE. Lz 2 MEOREEZFAR L=, =~ 0%B4a K AKEEIK
@tﬁ/\ AR LITER CIZ2 5 £ 512LThH 5, BMRE. (A) . (B) WFhoOEiEs 7L

045 pm DAY T T TANE —TAHRBL, AEEZLTONHIZER L, 5i@%. (B)
wéﬁiMM%MKTIM%Zu%¥Ltoﬁk\%@Eﬁbtfﬁﬁi\wﬂgm%\ﬁ
FRk5y 0.02% Cdh o 7=,

F L — MEIBRAEIILLTOFIEIZ L > TiTo 72

(A) . (B) OWTFNOBKICHEES ml, 7FE=77K5 ml #FML7=%. FL— k
- f8tHE (Chelex 100) 08g &MMX 7, S BIZEEEEL 7 E=7 K THIRD pH % 4.0 £72126.0
ICHELI®, 2F -7 &Moo T20MBMH Lz, TOREIRET T AT 4 VLE —CHi
L. L= MilEE7 V¥ — EIZHIE L7z, UEDBREIZE > TEPO XS, DB
THY, I CP-MSIZKOWMERNY. BMERSODERIZBWT~ N v 7 X855 2

REMED 3 5 Na', Ka*, Mg™, Ca* 272032 V) ORERET A LN TE AN, ¥ L — MMt

IZIE Mg™ & Ca™ WELAF 100 ppm U EBREENTWS, 0 Mg™ & Ca* #BET 57
DIZF L — MifflEZ 1 MEFEET B =7 LKEK (pH 4 F7/21X6) 20~30 ml TLEE L 7=,
THUCED . Mg & Ca¥ DAFHEIS0ppm AT &2 Y, T OREDEEDIBAITITHEDRN
REMEEICL D~ MY v 7 2 ROMIEIXATEETH > 12, BIRICHE SN-HMELBTHE
& 2 MAEEE 20 ml TIRH Sz, T2 XY BHIORBIEERD 50 fERGE 1T/ o= 2 &
(2725, HEIL, ICP-—MSIZLDZMBEBTROERIZBIIB~ M) v AZBOHIE
D7D, PIRHETLFR Ge, In, Re, T1, (% 100 ppb) Z & TP1AE 2 ml & FEOEHIKIZINZ T,
RIERENAIR & Lz,
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3. BREEE
3.1 JEfEEEEIZIS 1T 5 pH OBt

SR E TOWEADSIIZIT BB 6, ¥ L — Mg Chelex 100 12 X DMEERTR O
SESRITIATE D pH WWIKET A2 BB TN D, $i, TOHAMEERITRICL -
TpH 40 $/212 6.0 ICB VW TEIRER L 25 L DWENRH D P, £ T, FHFRICBNT
bR AEARRT OMESBTRO X L — MINEIC X 5EIEE pH 40 BE V6.0 1281 T
Wt Uiz, L — MEISERMEEIEROE TR L AELRETH S, BRRICEHT R
BREE R % Table 2 ICF & B, TN D45 & HIZEUNEE Mn, Zn, Co, Cu, Ga, Y, Cd, Pb
13 pH 6.0 1B W T REFTH Y | AL TL, V, Fe, Mo, Sn, Th, U, 3 & U THTHRIT pH4.0 TEW
ERNELNE, Fo, BEERECTE LESOITREL, EROBIRENRWVERLEFD
Nz pHIZB W TENENDOTRICOVWTRIF Ch o7, THHDRERD B, AKRTIE Mn,
Zn, Co, Cu, Ga, Y, Cd, Pb 1 pH 6.0 IZ8 W\ T, FN LD ITEHRIT pH 4.0 (2B T L — MiffE
2 X BRFEOER AT o7,

32 RHRA L7 77|

AEBROLLEOERBIEIC Lo TELND RS PEHRS. MBS TTRORERA &
75/ E% Table 3 1ZFE &0 D,

Table 3 DRHIRRIT TR H RS (analytical detection limit)) & FFFAV,  TERERR HIRF
(instrumerﬁal detection limit)) % JERERTER 50 TEI->-ETH D, T2 T, EBERHERAIITZ
v iR (0.1 MENIBRTATR) ZYEZL 25 1 CP—MSRERITARV, WETRO m/z [EI
BNTT T v 7 EEMEDIENERZE (o) O 3HIZAYETIRE EDEFIRHET 200TT
HRETHD, TSP LODVEBROTRICHTEICP—-AESICEOBRHERAL I CP
M SDEA L RHEICRD EIBETH D, Table3 b5 K )12, HRRA X, KiZ
9% 1400 ppb A B Tm (K35 0.00005 ppb DEFAIZH 0 | Zi b DIRHRF IR AR O
£ ORROEBE(TR ) DICTAICENETH B, Table3 DT 7 > 7 B, AIEOR AR
R (A) . (B) OEMRZAVE 0.1 MR X Oikizs LT, RBEERBEROT LV — b
Wi L < R U ERBIEL T TELNEZMETH D, 2hbDT T 7 EF, 0.1 MiHRE
i (A) DEA D K, Ba, Al Fe, Ga, Zn # B\ = $XTOTRIZOWT, SITRHIRAE L
IFIFR L, PR VMETH T, —H. MAKREHAR (B) OBEEIZIE, Na, Zn, Sn, Pb
AW TETIENR Y KE\WT 5 Ik o7z, Table3 DFERM L, HREIISITIEKIZE
COBEDTED ALV E IF—va kb2 30, fikTikard Ix—vaiddbnan
LS MB, AV E I Fx—varORRIZENOZRE S 213X L — Mg ORmIZ &
ZLExbNG, UL, 20X RT I/, Hho Xz, OISR OSHE
F O REVWBEOLBEITR D,
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Table 2. Dependence of recoveries of trace elements on eluent volumes in
chelating resin preconcentration.

Element pH 10 ml Eluent® 20 ml Eluent®
Recovery / % RSD /% Recovery / % RSD /%
Al 4 91.9 7.1 97.7 2.4
Ti 4 76.2 55 ’ 80.5 3.7
\Y% 4 71.1 5.6 76.3 18
Feb 4 75.6 12 82.0 3.0
Mn° 6 79.5 13 853 2.8
Co 6 90.0 0.3 90.9 1.5
Cu 6 91.1 2.0 92.1 0.8
Zn 6 95.2 1.7 96.1 0.6
Ga 6 76.6 1.5 82.2 15
Y 6 81.8 43 85.6 0.6
Mo 4 77.5 8.7 83.0 6.0
cd 6 93.5 1.4 94.8 03
Sn 4 46.3 9.6 54.2 7.4
La 4 84.7 4.4 88.5 0.7
Ce 4 77.3 3.6 ' 80.9 2.4
Pr 4 83.6 4.2 87.3 0.8
Nd 4 83.5 4.0 87.4 0.7
Sm 4 86.3 3.8 90.3 0.7
Eu 4 87.0 4.0 91.0 0.7
Gd 4 90.5 3.9 94.5 0.9
Tb 4 88.7 3.7 92.7 0.6
Dy 4 87.5 4.0 91.5 0.6
Ho 4 87.0 4.1 90.9 0.7
Er 4 88.1 3.8 922 0.9
Tm 4 87.3 3.8 91.3 0.5
Yb 4 87.2 3.9 91.3 0.4
Lu 4 89.9 3.9 94.1 0.6
Pb 6 89.9 7.6 95.4 2.1
Th 4 63.7 3.5 67.6 3.2
U 4 75.6 5.4 80.4 0.6

a) As the eluent, 2 M HNO; was used.
b) These elements were measured by ICP-AES after preconcentration.
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Table 3.  Analytical detection limits and blank values for analyte elements.

Element wavelength ° Analytical Blank value / ng g
or m/z detection limit / ng g™ 0.IM HNO; pure water
Na* 589.0nm I 300 2200 1330
K 766.4 nn 1 1400 n.d. nd.
Ca® 396.8 nm II 100 360 n.d.
Mg * 279.5 nm II 340 620 n.d.
Sr® 407.7 nm I 2.0 10 n.d.
Ba“® 493 4 nm I 5.0 n.d. n.d.
Al® 308.2nm I 18 nd. n.d.
Mn ° 3349 nm II 0.30 0.285 nd.
Fe' _2509mmI_ 22 ] nd______1 nd
Ti 49 0.27 1.19 n.d
% 51 0.03 0.244 0.19
Co 59 0.005 0.019 0.053
Cu 63 0.14 0911 nd
Zn 66 0.25 2.77 2.6
Ga 71 0.0005 n.d. n.d.
Y g9 0.0002 0.007 0.0016
Mo 98 0.001 0.020 0.025
Cd. 111 0.001 0.007 0.012
Sn 120 0.0004 0.193 0.100
La 139 0.0002 0.005 0.0018
Ce 140 0.0004 0.014 nd.
Pr 141 0.00008 ' 0.001 n.d.
Nd 143 0.0008 0.008 n.d.
Sm 147 0.0003 0.0005 n.d.
Eu 151 0.0002 n.d. nd.
Gd 157 0.0002 0.001 n.d.
Tb 159 0.00004 0.0002 nd
Dy 163 0.0002 0.0009 n.d.
Ho 165 0.00006 0.0002 n.d.
Er 167 0.0002 0.0005 n.d.
Tm 169 0.00005 0.0001 nd.
Yb 173 0.0003 0.001 n.d.
Lu 175 0.00005 0.0001 nd.
Pb 208 0.0004 1.01 0.640
Th 232 0.003 0.031 n.d.
U 238 0.00009 0.002 0.0008

a) These elements were measured by ICP-AES.
b) These elements were measured by ICP-AES after preconcentration.
¢) The signs I and I indicate atomic and ionic emission lines, respectively.

-134-



33 RABEFOMBILROEE

0.1 MiEEETER (A) SRR (B) I2EN LR BEICHT 2500 E . iR LRlE
DIRARAERZE (RSD) & & HiZ, Tabled ITF L ® 5, Tabled I21E, RENAE (A) & (B)
I 2EDCHK [ (A) / (B) ] "L THD, kDL >51z, ICP—AESTER
L7z7t%& (Na, K, Ca, Mg, Sr, Ba, Al, Mn, Fe) &M% % &, 4 EDESH CIIX B Iz pg/g~pglg
DIREFEIZH D 36 TROEEBTHI ENTE -, ‘

Table 4 [IZR BN X HIZ, 0.1 MESEEAIE (A) OHBAIZIL, Sn & Th © RSD 28 5% 4 4
ATCODLI, thOTRTIIRED LNWERBELBHZ LN TE =, LavL, Mikak (B)
DHEEZIE, IO (BB ISMBEARICHERE L T, RRBEVREThoz, 202
i, REBERIZEENDIWRLFICE D EEX DN, ZTO X IWRFOFEENKBIEP TR
w—f%étb\xyf7y74w5—mi%%@ﬁt74w5~%ﬁﬁféwﬁ%miﬁ
—ETRNI ERBEDEVRETH D, —F, 0.1 MIEEEIEIR D% X IEI T 23072 V Gfi
S, BTk E 2D EEZBND,

FFE4 & 2 &0d, 0.1 MR (A) LHKEE (B) 1I2OWT, TAHYTRET L
BV TR TIINTULOBEROGE B IZFRI CBETHEDIZH LT, thoZ< DMES
JBITER TITTHREIRIR D HBKEIR L 0 & 232 0 BIBEIZ /2 52 L Th D, Tabled 1549
5K 9IS, PHBRVA TR & AARRIR T DUREE & L35 & | Cu, Mn, Pb T 24, Al Ti, Co, Zn,
Ga, S, TI TIE S~ 7{%F, Fe, Y, FTHITR(La~Lu) TIX 15~20fF b R&EREL 2 o7, =D
LI RREDENORABPOMKFICEDEEX 5 ENTE S, —RIC, BATE (Al
Fe, Ti, Mn, Co 72 ) 13/KIEEP CLRERMAM 2 ERT 505, T 6 DITEIT 0.1 MiEELE
BRTORYRERBETHo/, ZOXD 2ERIT, BATRITEKPOBEFPIZZLE
ENTEY ., BHEROERFICHAIF LRV AEND I LEFTET S, Z0LIZLTERY
AFENTEH OB A TRIL 0.1 MBI CESICHERT 20 THA S,

—J5. RRAMEHO Cd, V, Mo, U DIREEIIREBIARE (A) LHUKER (B) WThogsd
EIER L TH o7z, T bDOITRITHFAKT O ELFEAKBED 4% VIB{LEM TH B =
ERFMBNTEY ), EAEREICEDICRYAENZ W=D TH S,

3.5 KRB & MKPOWMETRIEE O LR

KABPOXRREL 20b & LR 2MKPOTRBELLRT 22 L1, HOARGE
BT DIRDOET L, MKPHETROE~DOR A% 5 ECHKH D, = DOHEED
=iz, WA (1) ZRAWT, MKFOTHRIRE 2P OEBEREDKREIZH & SN
PR REICEB LT,

S=CX1 (g /G (1)

X (1) T Chogh) Tk O TRBE. 1K1 g GIEIMAL glz&EN3

Efs Na’, K7, Ca®, Mg™, Sr™, CI, SO.%, Br )D#E(R). S (ng/g)lXME7k fh T3 B D 25
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Table 4. Concentrations and their ratios of analyte elements in natural solar salt dissolved
in pure water and 0.1 M nitric acid.

Element  Dissolved in 0.1 M HNO; (A) Dissolved in pure water (B) Conc. ratio

Conc /ngg' RSD/% Conc? /ngg' RSD/% A/B
Na® 3.89x10° 2.1 3.84x10° 0.5 1.01
K° 7.82x10° 26 8.02x10° 1.0 0.975
Ca® 0.96x10° 1.5 0.99x10° 2.2 0.970 -
Mg ® 1.71x10° 38 1.77x10° 22 0.966
Sr? 2.77x10* 4.1 2.86x10" 2.6 0.969
Ba® 212 4.4 196 5.8 1.08
Al® 300 26 54.9 1.5 5.46
Mn ° 1810 27 974 33 1.86
Fe°® 1810 46 87.9 2.7 20.6
Ti 10.9 2.5 1.45 6.0 752
\Y 2.18 2.1 1.02 98 2.14
Co 0.679 . 42 0.113 35 6.01
Cu 14.4 44 5.89 6.5 244
Zn 36.1¢ 1.4¢ 6.48 26 5.57
Ga 0.195 3.7 0.048 55 4.63
Y 1.72 12 0.100 14 172
Mo 9.80 3.6 9.28 6.8 1.06
cd 0.969 23 0.844 3.4 1.15
Sn 1.15 6.5 0.216 9.0 532
La 2.85¢ 0.3¢ 0.191 10 14.9
Ce 5.75 14 0.282 22 20.4
Pr 0.654 4.0 0.036 3.8 18.2
Nd 2.46 24 0.131 3.1 18.8
Sm 0.468 0.8 0.022 2.1 21.3
Eu 0.095 03 0.0047 37 20.9
Gd 0.434 3.0 0.018 7.0 24.1
Tb 0.058 11 0.0027 4.0 215
Dy 0310 16 0.014 22 23.6
Ho 0.059 22 0.0029 27 20.3
Er 0.151 15 0.0078 11 194
Tm 0.018 0.4 0.0012 10 - 15
Yb 0.119 1.1 0.0072 9.9 16.5
Lu 0.017 02 0.0010 55 17
Pb 86.7 45 38.0 46 2.28
Th 0.171 7.8 0.025 17 6.84
U 233 0.8 1.40 49 1.66

a) Mean values of 3-times measurements.

b) These elements were measured by ICP-AES.

¢) These elements were measured by ICP-AES after preconcentration.
d) Mean value of 2-times measurements.
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EThd, MARKPOFEHTRBEL LT, K1) X VIAEEKDT — & 2 A=,

Fig.l IZ, P oRBE LEAKPTREE (S) Oz 7oy FLEREZRT, 9. #ixk

W LTDETR OTTRIBE KPP ERBEL BT L, KOZ ENfERmEN S,

(1) Na{ZHEPLEBKPTIIIRMLETH DD, ZOMDOT NI Y TEBLOT D) +35
TROBEX, EFTHRVEL RT3,

(2) AL Ti, Fe, Mn, Co, Cu, Zn, Ga, Sn, Ga, Sn, P, Th 13K XV birhiz e  EileE &
2o TW5, —7F, Mo, V, U, Cd DIEHFEEITEL 2o T3,

(8)ﬁiﬁmﬁmmmgomfi\%%iﬁm?d&ﬂ@iﬁ*f%%ﬁf%éﬁ\
B THOTHR(GAd~Lu) 3K Iz < 2o T 3,

0.1 MAHBRIZ TR L2 E P e IR L MK P R IBEO LB b3, RO ANER SN S,

(4) TVHVTRBEIOT MY HETEID, ﬁ@ﬁm@%ﬁr%@**ﬁfibm&
DR 2o TRY, MKIZEMRLEBARLIFEALR L ThHo 1=,

(5) ZOMDESBITRIIHBRRDO T BRIV bRV ENBETHD,

(6) Mo, V,U, Cd I 2\ T, FHBAIRPREIIMAREFRELIZEALR L TH MR,
WK RIREE & HEB 35 & e DIEL 2o TV B,

10000 ”
- n,Fe
2 o
E1000f Al 7y
g : S ° Th
'__‘2 100 | o T: o on A
E Cloz(r;]a . ‘A“ ‘“REES ‘ o
— 10 o gp AY ““‘
T Na 0o "o &,
wn 1 Q Ie) O_CbOwa
= K2 ° cd Ba %
[t} I Q a o
0.1 Ma eV Sr Mo 0 !
0 . . A o
0.01 20 40 60 80 10
Atomic Number
Figure 1. Comparison of Concentration Ratios of Analyte Elements in

Natural Solar Salt and Seawater.
A : Concentration ratios of the elements in natural solar salt
dissolved in 0.1 M nitric acid to those in seawater.
O : Concentration ratios of the elements in natural solar salt

dissolved in pure water to those in seawater
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UEDEBRERNPL, W ONDHED FEmAHFELND, T, TADVTHRKET LD
U TR (1 A4Y) TKEETH DO T, WOREBEIEZ 2BICEBICEY, HIZRY
RENBEIEGI/NEL 2B, Mo, V, UIZ DWW TIHEHEAFIZ 1~10 ng/ml LV TIEET S Z &
BEHNTWAER Y, THODOTRITEFP TIHEVBELR->TWS, ZOZEE, Zhb
DILEPHEARP CEIF LEWVEERE L L THFET D Z L 2R L, MO, VO, [UO(COs))*
f%éhéﬁ#/&ﬁ;% FUBERMBERETHDZ BN D, ZNHDAF VEEA A 1T
HEKPIZIEGF TE A0 T, WHAERITH T 2BICIRBEICES E 512 bhvd, —F . Al Fe, Mn,
Ti, Pb, Th 22 EREFICEBRE L oo TV B DX, T b DTRNEPITRIFALS & L CEE
L. BORSEITHRIEPIZRDAEND Z L 27T,

6 R AR O HFRTRIRE ST DR »
W YD XY, REEFORTFTRIEEIIMAE 21T 01 MBEBIZERRE L=, WTho
BAIT LD 5B LR LT, T, Fig. | 28I KAETORTETREOBME F L
D,

. WTNOBEBROEA b ®RA TETHE(La~En)DF NER THETR(Ga~Lu) & Y bR
BRE L 2 B, MKIRIRE 01 MBSERBIATR & LhE 95 &, 0.1 MFEBRIRIR D 5 050372 0 il
ELigd, ZORKRIE. FATBETRPEORBITHEICE D AN IR & L TEPIZ
BFELTWAHZ LETT,

RIZ, ENENORENARLS LOHEAKICEENOFTETRREL . BBA (Leedey =2V
K74 1) PORmIFERRRE TR LIcF Bz [ Y —> (LT, ity —v
EMET) % MERL L TEERE L7, MKIAIE & 0.1 MBEEATRIE Tl IEE L~LOEWNIH 5 b
DO, BAE TR O ER LEITRICHIT THRBED T 2R —0F/m 37 -3 E b,
Tz L, MK DR Y — d B AR (La~Eu) CIZ K BIE & JAEL L 7= Wik <&
— U ERTD, B TEITR(GALL) TH—TEH D WIEET OB IER ST b, KAEO
HLOEIFHDRY -V ER L, 2O LiE, RKAEPOER TFEITHROBHITFEE 1
KAPIZEEARTIEL | EORERLERIZB W TER HRATRSEANIZR VA EFIZ WD &
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in Seawater and Solar Seawater Salt
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Graduate School of Engineering Nagoya University
Summary

The elements at the concentration range from the major to trace level in natural solar salt,
which was dissolved in pure water and 0.1 M nitric acid, were determined by inductively
coupled plasma atomic emission spectrometry (ICP-AES) and inductively coupled plasma
mass spectrometry (ICP-MS) with and without preconcentration using a Chelex 100 resin.
In prcconccntrétion procedure, the elements at the trace concentration level were
concentrated by a concentration factor of 50, and at the same time matrix elements (Na, K,
Mg, and Ca) were eliminated to reduce matrix effects in [CP-MS analysis. Consequently,
36 elements in natural solar salt were determined in the concentration range from the %
level to the pg/g level. The different concentrations were observed for many elements
such as Fe, Al, Mn, rare earth elements (REEs) and so forth, when the salt sample was
dissolved in pure water and 0.1 M nitric acid. In general, most of the elements determined
were at the higher concentration levels in 0.1 M nitric acid than in pure water. The

. elements determined in the present experiment are classified as follows, depending on their
kconcentration levels on the dry weight basis of salt;

Major element ( > 1% ) : Na

Minor element ( 1 ~ 0.01% ) : K, Mg, Ca

Trace element ( 0.01 ~ 0.0001% ) : Sr, (Fe), (Mn)

Ultratrace element ( < 0.0001% ) : All other elements,
where Fe and Mn in the parentheses are the case dissolved in 0.1 M nitric acid.

Furthermore, the relationship between the concentrations of the elements in natural solar
salt and seawater was examined to characterize the crystallization process of common salt
from seawater produced under solar radiation. The present experimental results suggest
that some characteristic partitionings of the elements between seawater and natural solar

salt may occur during the crystallization processes.
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