»FEEHZ 7 (0511)
[FINEAR Sy HT I KB O JE EE [E ) Bl
A 1 R RKRFERZERHEI AR 2R

BOLERINEDBENS, WIZEENDLEDLTE
[RINL A LE 2 FE R U 7236 o0 JRURE [ B o mTREME L2 D0

THRFT L7z RN TTHEALTZ 9 DIEZFEL TS,

14 ORI A ICP Tk e ICP B EairiEsab b
WCE IR T EAT/0 72, EDOFER . Na, Mg, Ca, Li,
B, Rb, Sr, Ba, Pb 28 (FIET X TORBICERETE, =
NHEOTLHEOIL, BIRFL TR E RN AR N 85
HZEDOMBNTWSIEFEEL T, Li, B, Sr, Pb 232575,
W72y BT IE 2R (L) | IRE MK X5 (Pb) | 4
DOFLH T, ABFZETIL B & Sr O 2 ST % 5 FE [E B o
FEtE A L U CRIRLTZ,

B & Sr 13O FR MHENE IR FIRIA A
RWHIE B LA “HiE 2L — T A7 % T
SrREL Tz, Sy BEZ D IEIGER I TAR ERR TIE 100%3T75>
STED, Y TNV T RIET 10%E DI Endb -T2, L
DAURENLRIZ EH 729 BIALAR 53 B 0 AT ReME IR &
WrL7-, SyBEL 7= 7 Lo "B/B. ¥St/*%Sr 13 ICP H
FOPEICEOBREL, BIEOREIZELHLHIZIE 0.2
-0.3% (10 ) ThHoT=,

HIEOREF, "B/OB 1% 4.029 725 4.242 O#FAIZSY
Hil7z, BARFEOK () 6 3UBHX 4.217 £ 0.015 &R0
PRI A LTz, HE, 77 AFEOWEDIZIFE e
RICIRNAR TS o7, — 07 REE N T AV, TV, FA

v RUE T OB T, "B/B 73 4.074 £ 0.051 THY | 1
M LI B T RE T~ T, #EAKD MB/'B 134 ER
AN 4.216 (1T ETHDLHIENMBILTEY, AHFSE
TOWROMIZ NI BT 5, WAKRNERE TR
T "B 2NRIRAICILEEW ICIRVIA ENHD T, HHEO
"B/'B 1Z/NEWEIZRDEEZBND, ZOREF LY,
UB/'B EJFEE TIEZARAS, EME - O HI RN A
NI FETHHIENHBINI 2T,

YSr/%0Sr 1%, MIE L2 11 3D Y- 14 4 HE R 75 73
0.709 + 0.0025 EBeVNIE D722 A Lz, KO
YSr/%Sr 2RI 0.709 FHELTIRE—ETHDHEND
NTHBOT, AWFFEfERELL BT 2, HEOEK
W T EREEBIZYSYSr DEN T AL E X
TV, TP E- ' 200 1 3EH0.716) 2D
FE,TXT 0709 fHEDOETHSTZ, ZAUFIAFT 5
Rb JREEDMEN (1 ng/g Kliii) 72O CThHEHEES LD,

PLEOfE R LY, "B/B 13 EE IR — E DL
Z A AREME A R ENTZAS, VSt Sr 14 Bl D b
VRHIBNC A AR ClI W Sk C& 5, A %I
HI72fEZ SRR L . Pb =0 Li 728, #3D wFE D RN
WEPFRAT228LT, LOREEOLWVHIBIR AR /252
ERHIFFES D,






Bipk 5 0511

BN ARG HT L2 L D36 D J5 B [E o] 31

[IZL&HIZ]

HAEMNIZB W T THIZEEHIIC L > TS
TNz, MENEE DB b O sl
T2, Rk 14 4F 4 A K0AMEFE O OB A 2N FE R B
HALSNIZ72012, BUAE CIX S EE E/2 08 O M A3 i
THIEE T, HEE DOBIRDENOANST2E0)
FENRDDH— T, A& A EO I8 E R 5
DI E D ERRE 22 VO TR, B DB SN,
HOFERSLAHIZBE T DI HITMEH THD,

LU ROANEFEE B AREDE A BRI 5
ZEIFARTRETHY, FBUALFE T A T2 -728 LT
b W OSHTE TR ARHY S A &2 &0 D H AR
TR EWVIH KOG DFFOEE IR Lo E 720,

I CAMIZE T, BITE ENDHEHE TR ORISR
FLRRICHE B Uiz, HEKIL RSB AN ETORFZEICE
ST, TERDORINIIFEHIC L CRN KK AL 2N 72 D
ZEVHRBEA, T K RE) T OO ITLE DR
PAREE AT I X > CREHMD B E N I BETHDH &,
F<HIBIL TV,

(A &)
1.8 #

BN ENDA— S —~<—r oy NCHRGES LT
T, FPEEZRTROHLHLO% 14 FEATLTAPED
AEHELT (R 1), RBFERICOW IR ZE AT
HZEELT,

2. AMYIBRDIER

Fakl 10 g ZEEETEELI=ARY 7 ae’Lw (PP) L
TR EL, BRUKZIZT110 g(#7 100 mL) IZL, Ak
VI EIRELT
3. TREEDRIE

Abw 7 KA 20 pL & PP BIGBRE (L0 KTk E
Mz T10 g &Lz, ZOKBEK P DILHRILEL ICP H &
S3HTIE (Agilent 7500ce, BT VT 4 1L AT HK)
BEOICP R HE (ICAP-750 A AV YL LT v
W)L TERLT,

4. RO RLERGLIALL DRI (Tonarini et al. 1997)
4.1 DEENSLOEE
IRA743 Boron-specific resin (FL#A T ->T 212 /=

1% CREUOR 8 SEUA BT FE R

K
VAT ELI=b0)0.5 g% PPRI=HT LI LY FERUK 'S

mL x 2 [A], 3 mol/L ¥Zf#% 5 mL. ¥58/K 5 mL x 2 [A], 2
mol/L 72 E=77K 5 mL DNEE THIF LI~

K1 AR THPIRELIZRH

ID R WA S
1 AAR-fHE 1 [ERERD 5PN
2 KA = [ERRP DN 1A
3 RUET =1 A=/ 74
4 BAAR-=F i [ERRF b VA
5 AAR-FH 1 [ERRF b v
6 AAR-JiEE i - B~ lr
7 HAR-FERE i [SRERE PN
8  HAR-[ L i SRR VAR T
9 HhE-fEEE i R -T2 A ROOM
KBL
10 TAUA = [ERERP PN 1A
11 v =1 RO T2 A A R K
12 PE-NEUAL =1 SRR SVLIEE RN
13 AZU7 i I, 6 AL
14 7I2A 0 PN R ~ T Bt L

KD EIRAYHY

4.2 RMYIBBERNODERIFRD D BE

SOFERELEIC, Kk Eb AT R HExEEL T 250
~1,000 ng L7225 ED AN Z¥EHR (0.5~10 mL) %, 4. 1
T L= BT LA LTz, A FEOFEIT 0.5
mL/min LA FER55902 07, A, #T72.% 2 mol/L
TrE=T/KS mL, FERUK 3 mL x 2 OJEEF THEL.,
%12 2 mol/L DGR 5 mL THHIEICW S LI-Ry #%
BT,
4. 3 FRORRLIALLEDEIE

4. 2CHBIL7Z 2 mol/L ¥RV AR K C 2 f5iz
FIRU,ICP BB IEICE> THRYHE RN L
(""B/'B) 2 E LT, B BN E O IEIL National
Institute of Standard and Technology (NIST) DIEHEY)
'Z (SRM 951 Boric acid, ''B/'"’B=4.0436) & JH\ \ T{T72~>
770
5. 2OV F ) LRMREEDBIE
5.1 DT LO%ESR

TARTFL—RF 27 ™MERE#IK 10 mL. 2 mol/L
iR 10 mL, K58k 5 mL x 2 [7], 0.1 mol/L FFfEET &
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=7 MR 5 mL x 2 [A&ZOJEF TRl T Lz,
5.2 AMYIBRNOODANAVFILDS BE

3OFEREL LT, FRE LB AN T T A L
T3 pg &b @mDAMy 7ERK (1~4 mL) 5. 1 THEfHL
7o DA LTz, Atk 7 5% 0.1 mol/L HEfEY
VB LEER 5 mL x 2 AT, 2 mol/L AEE 5
mL THL—h T AT E LT AR F 7 KA [EI L
77
5.3 RFAVFYLRGIALEDBIE

5. 2THMBL 72 2 mol/L iHFEATA K % K5 7K T 20~100
ERIRL ., ICP B BEOHTEIC K> TANa T U ARG
Fe (YSr/%Sr) I E LT, 7238 YRb DAF L I M AR
arF 7 AERBHCFHIL, ¥Rb 128D T O EETT
IRty VEVT AOLEERN AL ¥Rb : ¥Rb =
72.17 : 27.83(IUPAC, 1998) 7=, E &N EEE DK
1EIX NIST SRM 987 (*Sr/*Sr = 0.71034) & W TH77¢

277,

(#EREBER]

F2ITAEIGHT R ELT- 14 OB P T HE R E A
/RLT2, Na, Mg, Ca (% ICP 3¢5 C, Li, B, Al, Mn, Zn,
Rb, Sr, Ba, Pb 1L ICP E &5 1E TERLTZ, ZDIFNIT
t, Be, Cr, Co, Ni, Cu, Ag, Cd, T1, Bi, Th, U & L7243,
BEDMES AZEAEOREL TR TERD T2 17
FEHO BT D ERME HTI2IZW =580 -7, Na, Mg,
St, Ba D 4 TH#EILT X CORECE R TE7=, Li, B, Rb,

Pb ® 4 THEIL 14 3k 13 B CEE T, LLED
8 ILHEDIL | ARV R LR AR 6 TLHRILT NIV DN
TIHY TR THD, RIFNENRFETLHELEL TS
OB TR SAIZ, JREL~LITELS, FRIZE M
4 EREE72 DB D Tl en -7z,

TR IR EMOHEBEREZAL T v OB S HTICE
DI _7-LZ A, Rb-Li, Rb-B, Ca-B, Mg-B, Mg-Rb,
Mg-Ca (Zf E 72 1E D FHBI A3, Na-B, Na-Rb, Na-Ca,
Na-Mg ([ZHERADOHEN RSz, ThDA%ZH
DETHAOMBE(F: X 1) 1%, A E A &0 x5
LXK THLFT N LDREN T RO EE KL T
WHLDEB ZDLND, WVETVT L VT v T R
o A ERBOMBIL. 7B TAHY L ENHEE O
ML= R THDHTD THHEEZLNDN, KU FHE
ETNA T AHY EORIOFB (K 2, 3) DEEHIXI
SEYLIRUN,

PLEDITEHRE DG | e RN L 23 E I BIL Tl &
POFERELT-LT AREMER D, T7RbLRETICE
FABRINARLE D AR RO BB DI ENMHNTNDD
ITVF UL RUFE, AN T UL D 4TER THDHN,
ZDOHBIF T AT OWTILE Y 72 05 Bl IR N2l
IOV TIZIBEN DO TIRW DI, TREE
ARk (LiSLL, 2"Pb/”Pb &5\ ML 2Pb/2Pb) DI E
IXREETHLEHWTL, AT HE AR F U LD I %[
AR E R R E LT,

#2  IERER OB

Na Mg Ca Li B Al Mn Zn Rb Sr Ba Pb

% mg/g % ng/g  pglg pglg uglg  nglg ug/lg pg/lg pglg pglg
1 fi48 35.4 2.6 129 032 7.8 ND  0.026 027 027 206 0.5  0.022
2 K4y 39.0  0.0094 <002 078 037 ND ND 078 050 081 0057 0.029
3 KUET 38.6 0.49 023 ND 027 ND 0.033 018 0.13 40 027  0.016
4 B 36.0 38 020  0.67 11 2.0 ND 066 028 23 0.10  0.11
5 B 37.0 2.6 0.14  0.44 7.7 1.1 ND  0.14 023 22 0.072  0.041
6 AbifEiE 342 8.1 032  0.99 24 1.6 ND 6.6 0.81 14 0.13 0.9
7 EKRE 33.6 7.8 0.59  0.88 24 ND 0.12 022 063 92 026 ND
8 [l 1L 33.7 3.6 0.20 13 3.9 2.5 ND ND 2.5 32 0.091 0.021
9 = 39.0 1.4 0.14 0059 3.7 ND 2.5 034  0.14 76 020 025
10 USA 39.1 0016 031 021 070 ND 019 ND 0078 92 0.10  0.15
1 Y 40.9 0.074 0033 19 3.0 ND ND ND 0.13 3.7 0.11  0.018
12 HE 39.9 0.076  0.11  0.068 ND 2.5 0.67 2.5 ND 8.2 027 0.1
13 4497 40.3 086  0.052 0.19 3.1 ND 2.5 ND 0.16 33 027  0.10
14 752 33.4 6.2 0.19 077 18 30 4.4 ND 0.57 57 036 022

ND, Not detected
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40 ’ .. |
S | °
g ® o $ ° ®

30 bom e

25 ‘

0.0 5.0 10.0 15.0 20.0 25.0
B ug/g
1 FRURRELTFNIUAREORM OB

r=-0.794, p <0.001

—hTFAARZIZIE AR F T ALSIMTER R DAL A
B ET DO BEEN 1~2 Him WL b (F
2) EDFEMMBIY, FIPEEME T LD EE b5,
7= LA F I LD IR FBEOBBENTEDY
A FL— T AW A DB FAAR 3 BNE B 26720
EEBEZBNDTOIT, B DMEL T [RIAL A B E i
WL N2 o T2 2 TN,

#= 3 A EIRELTHEREIORT R AR F UL
FINCAREEE 7R LT,

o0 # 3 HIABOFRYEBIOAIEL F U AR K L
2'50 o ID, P Wik, =¥ VBB YSsr
20 1, 8 i 4202 NA
2 2, KA =) 4.156 NA
S 1.50
g 3, RIET A 4.075 0.708
1.00 . N
° % 4, =F 3 4.204 0.707
0.50 ; - o o 5, kM i 4224 0.710
0.00 ‘ ‘ 6, JuifEiE 1 4203 0.707
0.0 5.0 10.0 15.0 20.0 25.0 ’
B ug/g 7, FEXE i 4.226 NA
2 RURBELLE DY LREORMOMES 8, [l (L ik 4.242 0.706
r=0.741,p <0.01 9, W= -fEEE s 4215 0.710
10, 7AVH A 4.035 0.708
10.00 11, FV o) 4.029 0.709
2+ Y (= 12, HE-NEva Y = NA 0.716
2 6o | °® 13, 4207 1t NA 0.709
E 14, 772 i 4.210 0.709
= 400 o ® NA, Not analyzed.
2.00 7777.7.77777, fffffffffffffffffffffffff
0.00 Gh—@ RO ZRNREEIX4.029 055 4.242 £ T, ilBHI LT
0.0 5.0 10.0 15.0 20.0 25.0

B ug/g

3 ARUFRREE~T I LREOH OB
r=0.934, p <0.001

[HiE1D4, 5OXINTHRTH#H A F 7 LD EER
1T7eoT=Did, T EHZIZ R ED T N ARFET D
eI, EOFEERBIZE AT HEREMELBEENZH
MR HEDITEE I A=V 52005
Tho, EBHD T EGIEMERZ o[BI Tl
95%, 99%&\ ) RUVMEDMG DLz, FEEOHE R OY
A T AN DR FEOENLERIL 11~106% ()
+ EYERAE = 78 + 26%) THhoTo, FYRREE DMK
HOF ERIULR DN E > T2, L LAy BlERE O RUEHE IR O
pH I 11-12 OFEPH TH-720 T, AR HEL TH RINL
EABNZ LD RNAR L DRI D o Teb D EF 2T
Do FITHE. 5HCEDANRF U LOEILHEL 8~
371%EFEF I S Tmb D LRz, ZHUEA RIAVW-F L

5%Lh EDORERZED BoTo, BAEIZHVZ SRM 951 @
R B FRNAR 20 URE L2 RE R ix 4.0433 +
0.0062 LY, HIEIZH KT DIXSD>EIL, HEREHE(R 22
(16) TETE 0.15% ThH->7=D T, BHI LB RN AL
DEFEWL, PIEDIXLOEEX TRENWZEIIH LT
b5,

HAPEDI 6 SBIOART FFEINALIT 4.217 £ 0.015
EH RO IR O IS A LT, PERERE ., 7T A
FEDHHZD B ARDIEDIRNI AR LN, RIET | T
AV, FUIX4.029 - 4.075 &, BARZREIZHARDE NS
EEZpotz, WOz DE, X 4 IZLD LIS, T
A2 (L OfE T, BT 4.1 KL 72D, &0z D, Lo R
AVFEOFEIL 4156 LXORKERMETHoT2D, A
(FPofil 4.055) Lifgt (Hh Al 4.213) DR FZFRIALIREL
WX LA =N =Ty TN ZOEITHFHFIICH
B EICH B TH T (Wilcoxon’s U-test, p = 0.004), =
NETICHESN MK ORD F RN AR, ML
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SR RBTe 4.20~4.24 (23T HIENAMBILTND
(Bassett, 1990) , AAFFEDOMEH O EEITZ &L —
L TWD, — 07, MK EFET 5T B 2350 £<
W) (D EVE) ICHRVIAENDLZER ML TN
(Vengosh et al., 1992) DT, ‘& "B/''B 28 EHEIC<D
RN DT LT T JED 20,

PLEXY ., AR R RN TR O JFPEE CIrdie . ¥E
a2 DRV EEE LR D VNI T e N R
Do

4.250

@00 ® O

4.200

4.150

4.100

4.050

00

4.000

T T T T

0.00 1.00 2.00 3.00

4 MR EEOFRTFRN AL
X g R o> 1.00 1L, 2.00 1ZE A 24, it "'B/''B

ZHUC kLA R T AR R (BSe/%0Sr) 123k

I2&5T0.706 235 0.716 DR FNED AL (3 3) .

BIERTRELTE 11 3B O EAE R 221 0.709 +
0.0025 &, FUEHZEDIES DXL 0.36%EEHH T/HEN
HDTIhoT-, FEEOREIEIZHV - SRM 987 DI L
BB Lo CRIN AR LR EAE L AR D DL | FHRHE HEffR
FET 0.28% CTHY, REHED YSr/ASr DiE N THIE DR
EZB2 50TV L., T7bb 4 BIOH]
EDREEESFEZDHE, FEHIZA e F U AFNLA
DEFEWT DT, EVHZEThD,

FHEHL MG FREL O Ao F T ARNAR LD 5 AR
%, HEERO Ok O S A 72 87T 0.720 F2EE, HEK
IR IC 5T 0.709 FRIE THHIENHDITND, =
W T HE K Z IR LT 50D THHNSE ALY 10D A
ke F o ARNAR R 0.709 AT OfE THHILT T, %
D% ORFRIFRICLY, 7795 Rb DO ST 12

FoT Ysr iR S, R R EF L TOIE T
HDe LT2N o TIBAERO H W EIIZE RNAR LS K
ELARD DT, ZAL0SEEHUHBINZH H T RE TIA2 s,
EBZ TR, A EEEHTR O AN F 7 ARG 23
B L HIB AR ATRE T o 7= DI, WG e LI EH D
TERRERNZIUEE B oT=2 L (FEANE T LD
AREE R FETDAE DT LAORENMEN -T2 L
RENFRTH-T-L%E 2 TWD, 72 ICP BH&OHiE
TALNDANa T U ARAMAELLOREREELVS BV
FEECHIE T, K0 =2 A 2 D159 C, FEHL
HBNZFI A CELABEMEIXEE B D,

AW TR BI O TR IR R (R 2) Bb LTk
U FEEANa L F U LA FEMPHBIFERE DRI REME D H D I
FELTEBILI=N, LD EE AW KO RE
HOEIB 2358 B AT B3 S5 (B H L 2001) . ZOHF
JECIL, EFEKEA —ANTYT KT HELITHIBI AT HE
ThHoTzd, AV THN=T K, PE R EEPEK
DM ENARLE D ZE T/ NI D TH -7z,

(#ERESEORE]

9 W [EZEFFEE LTS 14 FEEOH ORIy ks F)s
O, BERNAR LA FERE L LI E O FEHE B R 3R
BELOANF T LOM A REMENSHLHZ A R LT,
ICP & B&oHTiEE RT3, AharF U AD RN
WM ZAT o 7ol B AR 3R RN AR LI 5 M )
DOHBNNTZ DO THZ THLIENHIA L, 7272 LR
BEEOHBIETITIINW D20 o T, ot g e L
D AR F 7 ARNAK I R ERROIT R HE T,
AHFFECTHLH WS EEICLD AN F U ARG IR
PR E AR E E R B o X R T h o T,

A 1% SHITIRINL AR e 2 o0 S5 EE EPE BN 57
DT, AT S CEN P MBS, AhaF
T AR B EEHCE BICRIH TE A LR TH DD, A
WFZE T WU AR ICP B &OHTEIVBEBIZE W
RN LR ERE FEE S 2 Db~ /v F a7 24— ICP &
BN EEOTE IV AN F T LOF| H Al REME A
FIRBEE ZBND, F-, LI NETHHE Y (&
Btn. T TAIRE) OFEMBENT ICH WO TEA )7
IR CHDDY, H PR E MR 2D ITARHFZE Tl
R+ 2Z N TERD T, WD DOE OBt T k%
fleStL, 7V — b —AD1E I KGR < E D%
M CEDINTRNITEH ~DTE AN RIS R D L% %
Hivd, BEORNM IR ILEZ A G DEDLIETROREE
D EHE B TIE DN CEDZENHIFFSND,
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Identification of the Home of the Salt by Stable Isotope Analysis

Jun Yoshinaga

Department of Environmental Studies, University of Tokyo

Summary

This study aimed at obtaining information on the home country of the salt sold in Japanese
market by stable isotope analysis. Fourteen salt samples from 9 countries were purchased in Kanagawa
prefecture and element concentrations in them were determined by ICP atomic emission spectrometry
(Na, Mg, K, Ca) and ICP mass spectrometry. Sodium, Mg, Ca, Li, B, Rb, Sr, Ba, Pb were determinable in
all/most of the samples. Among these elements, B and Sr were selected as a candidate element whose
isotopic information provides with home of the salt because they are known to have isotopic variation in
the environment. Isotopic ratios of Li and Pb were also known to vary in the environment, however, they
were not examined in this study because there is no suitable separation technique available for Li in our
laboratory and the concentration of Pb was too low.

Separation of B and Sr was carried out by a solid phase extraction by using boron-specific ion
exchange resin (IRA 743) and chelete disk, respectively. Recoveries of these separations were
quantitative for standard solution, but not necessarily satisfactory for salt samples. The presence of
matrix should have some effect on the recovery. However, it was judged that low recovery did not affect
result of isotopic measurement. The measurement of isotope ratios (''B/'°B and *’Sr/**Sr) was carried out
by ICP mass spectrometry using NIST SRM for correction of mass discrimination.

""B/'B of the salt samples ranged from 4.029-4.242. Japanese sea salt had 4.217+0.015 (n=6)
which agreed well with Chinese and French sea salts. While rock salts from the USA, Chili, Germany
and Bolivia had 4.074+0.051. It was clearly possible to discriminate sea salt and rock salt by its ''B/'°B.

On the contrary *’Sr/**Sr did not vary among the samples: mean and standard deviation of 11
samples was 0.709+0.0025. Since it is known that sea water has rather constant *’Sr/**Sr (0.709) over the
world, this result was not unexpected. Low abundance of Rb (<1 pg/g) in rock salt resulted in *’Sr/*Sr
around the original values of 0.709. Thus *’Sr/**Sr was not a good indicator of the home of salt in this
study.

In summary, only ''B/'°B was found to have a limited potential to discriminate home of salt.
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