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The distributions of major-to-ultratrace elements into natural salt from coastal seawater in a
salt-preparation process were investigated by ICP-AES (inductively coupled plasma atomic emis-
sion spectrometry) and ICP-MS (inductively coupled plasma mass spectrometry) with preconcen-
tration using a chelating resin. The coastal seawater samples were collected off-shore near to
the Nie coast, where Agehama-made salt is produced by a classical Agehama method. Natural
salt was produced from original coastal seawater in the laboratory in a similar manner to the
Agehama method. First, the seawater samples were filtered with a membrane filter (pore size of
0.45 um), and the elements in the dissolved fraction (filtrate) and in the particulate fraction
(particulate on the filter) were determined by ICP-AES and ICP-MS. The analytical results for
seawater indicate that alkali elements, alkaline earth elements, and oxoanion-forming elements
(V, Mo, W, U) were dominantly in the dissolved fraction, while other elements such as Al, Fe, Pb
and rare earth elements were mostly in the particulate fraction. The elements in laboratory-
made salt and Agehama-made salt were also determined by ICP-AES and ICP-MS after dissolving
them in a 0.1 M HNOs solution.  Although the concentrations of trace elements in laboratory-
made salt and Agehama-made salt were almost at the same levels for 27 elements among 34 ele-
ments within a factor between ca.1/5 and 5, Ba, Mn, Cd and Pb in Agehama-made salt were
much higher (8-30 fold) in concentration than those in the laboratory-made salt. Based on the
experimental results mentioned above, the distributions of major-to-ultratrace elements into nat-
ural salt from seawater were discussed, taking into consideration the preparation process of nat-
ural salt.

Keywords : natural salt; coastal seawater; major-to-ultratrace elements; ICP-AES; ICP-MS.
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BEICROBPIRE LTHRIEH S Twv b, Table 1 Operating conditions for ICP-MS and ICP-AES
p 8
KEFEHD I 25 A B BRI B EE O 4t s) instruments
FAlTH Y, _hifktmnm«&U%i&ﬁmi 1CPAS Sciko SPQ B000A
b R Plasma conditions:
DHF", BB WITHEIL S & B H LHETRE O Incident power L.O kW
HERESNT WA, UL, SALOEETIENTE Coolant gas flow rate Ar 161 min"'
., . ’ _— ) Auxiliary gas flow rate Ar 1.0 Lmin '
PO THITGENMWE SN T LICTET, B IcEs & Carrier gas flow rate Ar1.01min"'

D TRKEP O FILRZFFFIZWEL, T \ )
Nebulizer Concentric type

LRz E LREL AL Rw. FEHELHIE, ThE Sampling depth 12 mm

TuﬁmﬁwﬁBﬁW%%ﬁ?@%ﬁ%m B LT Data acquisition:

CHDOIEERER Sample uptake rate 1.0 ml min "'
51

o) - - . Dwell tme 10-ms/channel
&2V WMEIGCKOERTIE, WHORLEELE LT, Data points 3 points/peak
}]ﬁ:lﬁffﬁf -7 ;&%73 =0 {h\q"ﬁﬁ‘j‘ ‘bf j*hﬂj}if”)”‘”fv L — Number of scans 100
M BRIV R Y, FERA T T A - RSk ICP-AES Jarrell-Ash Plasma AtomComp MK II
(ICP-MS) K UFH#EME G T T A< AW (ICP-AES) Plasma conditions: ,

~ R s Incident power 1.0 kW
WL AL TUEREERZ T 72, % L — MEIBISMEE % 0F Coolant gas flow rate Ar 201 min”
L7 ICP-MS & ICP-AES | 2R A KOS5 T Auxiliary gas flow rate Ar 1.0l min”’
, ) ) o ’ Carrier gas flow rate Ar 0.48 1 min "'
':P E*Et% TEEO)ﬁELLP D] (Gﬁ‘ﬁkﬁ}\})z U/f\(?}"ﬂ“L?‘bk/}J\b: 'F/ﬂ\ FIh Sample uptake rate ' 1.2 ml min '
% 36 EEICOVTERMAE SN, HIZ, KAKOW Nebulizer Cross-flow type
e . . L Observation height 18 mm
WL, AR B0 T T OILHIRE DI Data acquisition:
B, WEHP O, KOECIY AENSL TREOBER, Hk Integration time 105
s . . o Accumulation time 3 times
FOTEEMBEIE 1T TR, TROFHERBICLIKGFT S Repetition 3-10 times
NN - ¥ (A ﬁ@ﬁ?a&h‘: LCHwoRE ({}f%'mjivi&)
MR, BRI E O AR OGS 2 EWRE B O %53”?1“
T, I &0 R TT R K UTCE DAAETERED Plasma Atom(“omp MKID) ZHw., £/, MELEOE
D, FWEICE o TEABIGENIC X 9755’;&@%’@%&‘ i FLHE T T AT HBIHEE (L4 a3—-1 22
5. LIz, ﬂ’sﬁm)ytﬂ%fﬁf PR L TWBHEE v x il SPQ 8000A) %M L 7. ICP-AES %18 K
ZALFEMICHET 52010, RO BELT L U ICP-MS B O 5% Table 112F & 72, Table

<, RIBIZHAL E’H(ﬁ‘r/J\rP@JE:ﬁ{M ERCZDHEATE 1 OWERME, FFETHEN G L LZERIIOWTE
B, BIESRICBUAMMEEMOMOITHDG ITRAGHTORESLEE LTHLNZLDTHL. FL
RIZOWTHHEOPICT B2 LENDS. — DR A OB 0 K B O KGR O pH O RAERIZIE,

AIFFRICBCTIE, ERENICBCCEARDP S RKEED M58 pH A —5% — (EHRIEFRE Twin pH X —%) %
IR 24T, WK EIMOMAE T OCRKOWE LKA, EHLL.

MK, ERNREORETH LB TIRENE T, BAd

WOBEMTHOINL TV B RO E (RN 2.2 B E

W) AZBWTRAKL, ZolREERE LT, ERENIC et e R AR VA, FDBMSE R o J5 ot 0T
BOTHEREZZTZVE)CEERLZPOEIE L2, dk BRI (1000ugml™) ZRE - HMLTHEL .

LWOMRE T OTRIREOERE, F L — MIRIEHIE  Table 2121F, ICP-AES & UF ICP-MS BIE 12TV 72 % o3
X B BUE, RAER, ICP-MS K OVICP-AES I2& D fro/z. HRHIED 200, BEFHOMB L TRREL L0

WARREIZOWTIZ, A TS50 7405 — (MF) 2H 72, IhvsofEnm, MELOMEE, ot
w’C%ﬁﬁﬁEﬂé"‘k*ﬁ?ﬁ‘é}&ﬁ}&:ﬁ%ﬁb, HARPICEOGERE O RTROEEMM L 2 ERLUGREL, 2M ik

FREREE T kD72, NS DOFERN S, KARESUE 0.1 MHNOy & & L7-. mHlEE, BEE, 7 E=7KIEH
B|ERIZBITS ﬁwk# WANDITLEDFEI DN TELE L HWALFRHEOB T TERAREEZHV. BEB7 v E=ov 0k
72, LTS AR, ChODEgE 7 2o TKESET

WETOREGLT, B pH &% 5 X 9 ICHHE L TRV .
F L — M#HEIE Bio-Lad Laboratories # @ Chelex 100
21 & B (100~200 A v ¥ 2) ZHv, 1 BIZTEZHEL 205 5

KR O ER G TCROEREITNE, vV TF v 7oA OM 5 MHCHICE L7288, #K, 2MHNO;, #KDIET
57T AR FENGTHEE (Jarrell Ash Ve L7z oM L.
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Table 2 Standard solutions for simultaneous multiclement
determination by ICP-MS and ICP-AES measure-
ments
Group Element Concentration
ICP-MS measurement”
Std. 1 AL, Ti, V, Co, Pb 50 ng ml™'
Dy, Ho, Er, Tm, Lu 5ng ml”’
Std. 2 Fe, Cu, Zn 50 ng ml”™'
Cd, La, Ce, Pr, Nd, Yb 5ngml”'
Std. 3 Mn, Mo, Sn 50 ng ml”’
Y, Sm, Eu, Gd, Th, U 5ngml’
ICP-AES measurement
Std. 4 Na 100 pg ml”
K, Ca, Mg 50 ug ml™
Sr, Ba 10 pug m1”™’
Std. 5 Al, Ti, Pb, Fe, Cu, Zn, Mn, Mo 5 ug ml”

a) Each of the multielement standard solutions for ICP-MS
measurement contains Ge, In, Re, and Tl (10 ng ml ™! cach) as
internal standard elements, Stds. 1, 2, 8 and 5 are in 2 M
HNO;s solution, and Std. 4 in 0.1 M HNOs solutions.

WA T BERL 5D 7 4 IV F — T & ORI H V72
WL 7 v AKERIE, ZRENBERLFED Ulrapur
7L — FREL & A LA R R AR SR A8 &
L7.

AEHE B OB K TR WMk, HAI R
7EMilli-Q ¥ A7 A (Milli-Q SP TOC) T#gE L7z,

2-3 EEHER & ERRIRE

BT EIEHEEIC & 2 3BT b T B BB R B 01T
T, 1998 4F 11 A 17 HICi#EK (FURHEKR) % 3R
U7z TR LK ORIEH AR Y 41, 6 M i
WIEMBRD B E, BEAKTs E, @HKT 3 EkE
LCfER L7,

CETHRNM L EREARE oK AR (BRI 2
210108 L7z, Be 1 omkRE QoD &, KiF
MOFE FEBICHEEL, EHICERSERIELRICL - TR
L7z, EBRSHEEFREICOVWTIZAHTERSL, 20
WAKEE (10D 1%, BWKHBEHIZMF (FLEE 0.45 um)
THEBLZ. BoNFPEIIHELZRMLT, 0.1 M
HNO; & & {iliK TR AR L Lz, 7,
BT RERLHYRAF L7z MF 3, ok vokE T8y 3 s F 3t
BrE L7, B, MERT7T NV Fo 787 4005 —
(CO45A047A; B 47 mm) ZEH L7,

2:4 RERERUEE

AAFFRCIEFIR D & 512, B 1ICHRAE L 2 BORHEK
POHUTIZEHAE TS L HICERBICB W THEHIER1T- 72,
T, EBREICBT A MRS ERE DL L IR
A, COEBRSHEROME LML, BITTENEY 5%
LTSz, HFEERE CIRERICHERE Y10 F

o

SEARIZ BT B MK HIADILK O 113

&, RHTKDERBSETH S, RENIEIHNH L 7-6
R TR 2 BLY HAY, SEBRE BUE I ik ot A
LOTLEDRAZE 202, HHOW LTlKE KA E
W AHELZEE, EREOARERHBH LW THIES
fTodz. F72, HIFEEBILE T 5001 OSEAS TEK
RMBEAET 2 O L, EBRERIE T 11 0BRSS
WA CmEiiiE 2 17 - 72, EBRSREEOBRAELMFIDT
DEBYTHA.

BEMEAEZE LI 900 ml D FUBHGK © AT, 220T 2
BlizRy P7L— M ECRIRE RN L 258 4 5
W45 2 &i2& 0, BEREKE 120ml (B 84%) %
TN L7z, S OWMEIEK % —BRE U728, BB L
B (12 ALIECaSO, EEZ bNAE) ZlEL, EEA
WoGEAk) ZUIESRLE. ERO XD RiltkEEE 3
E47 - T, 2700 ml DECEHEAR D 5K 360 ml D REAKLE
Lz, BICEARIEE LD TRERERILICAN, &y V7
L— b+ ET100C TR 1 FEBEIME L7z, k- by v 2o
KERAVER Ligo 725, IEE 75T IS THEIC 2 B
MmeLz iy, 2ok, WEL 55T T M LT
. 2ok E, AT MY Y ABREORESEAEL 2.
BRDWWHH 55 ml & o 2Tz k7. Bk
2, G3HF S AT 4NF —TIFRTALHIEICLVENIES
N7z, HVERN S DTG B 7z, JEURHEAK & BS54
PElZ, $XTZ Y =2 F % UN—DHTITo 7.
FROEBERIEE: % v, 2700 ml FUERHEK D 58
60.5 g DIAME S 7z, FRHERDEIRER 3.15% T
Holzlzd, ThAEB L EHETS &, HoEREILH
0% & 7% -7z, RO NaCl D& EHIL 93.3% Tho 7.

2:5 BRKPRCEFOTRERR

BB K & FLAE 0.45 um O MF TIF# L 7236 O iR
& LCHE LN KRR T RN A, Mg
TO1IMHNO; IWIC %5 X ) IWCHE L 72, SHTE?
sEht L7z, ESICE (Na, K, Ca, Mg, Sr, Ba) 24
LT, #AKEAE 10 ml % 0.1 M HNOs T 10 % X i 100
RIS 7%, ICPAES TR L. 7, MEILEIC
DWW, WEARER 250 ml 2 W TH L— M IRERZ
1772, ICP-MS B IS ICP-AES 2 X D & TEERLIT-
72000 L — M BR IR IE O BE R O E T IO T

13, WAKREOBE IR ICHmE LB THL. K

B L 2 BEMEOFBEE IOV, BE#HIZB VT NRC
(National Research Council of Canada) #5845 LT
R E (CASS-8) DT %247 CRMliL7z. #
DFER, HRMIRDOLNTWBILE (10 THE) T,
BB O RAEILE & DR EOFEA T8 L 72 @ f i
S, MOTLEDIZLAENBEEEF CRELXIVOE
BEPEON2720, REFLUEEREZLE LTTHICHE
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Table 3
chelating resin preconcentration
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Recoveries of trace elements in membrane-filtered coastal seawater (dissolved fraction) and in laboratory-made salt water in

Membrane-filtered seawater

Laboratory-made salt water”

Element
Recovery”, % RSD, % Recovery”, % RSD, %
Al 71.5 2.6 65.7 4.5
Mn 56.6 1.5 66.2 1.8
\% 49.5 2.0 53.9 2.0
Fe 79.9 1.0 82.8 0.8
Co 94.5 0.4 97.1 0.4
Cu 95.8 0.9 95.5 1.3
n 97.1 0.8 100 0.1
Ga 66.6 5.0 75.5 3.8
Y 95.3 0.4 95.2 0.4
Mo 52.6 2.3 50.2 2.4
Cd 97.5 2.9 92.8 1.2
La 81.7 1.0 84.2 0.3
Ce 81.4 0.9 84.4 1.9
Pr 81.3 1.2 85.6 1.3
Nd 80.4 1.5 84.8 1.0
Sm 87.6 2.8 90.3 1.5
Eu 87.9 1.8 91.4 0.6
Gd 91.5 0.7 90.4 1.2
Th 88.1 2.1 92.1 1.3
Dy 87.2 1.9 90.7 1.7
Ho 88.4 1.7 92.7 1.5
Er 88.2 2.3 92.0 2.5
Tm 89.6 1.8 92.9 1.8
Yb 87.9 0.2 94.0 1.9
Lu 89.4 1.3 92.2 1.5
w 37.0 11 499 2.3
Pb 103 0.9 93.4 0.5
U 86.8 3.2 65.9 3.5

a) The laboratory-made salt water was prepared by dissolving salt with 0.1 M HNOj solution to be 4% of NaCl.

times replicate measurements.

RATELbDEEZT.

FEEREHUEHRIC L Y RIE L2, 4% o%ERICR S &
I 0.1 M HNO \ZEM L 72, ARRBOBA & Hik
12, ERGILFICOCTEAHERL TH2 5 ICP-AES T,
BIEKIZOWTCIEF L — MRIEMER ICP-MS TEE L
7z. F U— MEHREM GRS T m o 112
Weds, SENGEKEE OB E L F L 250 ml 2R L
Tiro 7.

F L — MIRREEOEBRIRMEIROLBYTHS. F
T, WK R KR 250 mLIZF L — MR E 0.2 g iR
ML, pH % 6 IS L7z, SUBHA R 2 R (XA TR,
FL—MEESTTIA 74NV —TIPRL, HIRIIBE
L7-Mg™", Ca'" % IMEFEE7 ¥ €= 7 & (pH6) 8ml
EWTLT, % - BRELLZ FL—EEICEESNL
MEILFEIE 2 M HNO; 6 ml THI L2720, &R TCIEE
BIRETH 40 FORGRBBERIE LN, Tofk,
ICP-MSHIZBICBUT AT M) v 7 AMBREWIET 5720
12, PE#EITE (Ge, In, Re, T ZEBAEHAFIZE 10
ngml ' & &L LIS L22%, ICP-MS 12 & D st
RKOGLEERZTo7. WEMBIHTE M) v 7 A%
ROWBEHEM LIRS & BRI T - 727, WU O

b) Mean values of 3-

AT s HOWERTo72. T2, WThoRE
IZoWTh, BEAEE L NG, AR
250 ml 12, TR RITHEE 5mg 17 XId 500 ug 1™ &L
BABEEZ 5 ml BN L7z, diEIEEE s 2 s L
72, ZOERITOWT S FUEHATE & F Rk IR R K O
FEERITV, RMEIEZ RS THEEOWEICH W, &
B ORI DV THR O F L — B PRIEMHEIC & - T
LN RIMEIER % Table 8 12RY.

MF LACED 72K R TR A R Ot RIBE L, BE
IR 72 HNOy/HF/HCIO FEIZ X D 7 4 vy — Tk
BB U 72 iR & 2R 5801 L7214, 2 M HNO; WIS A
L, MEILXHEZICP-MST, FRASTEITEIZ01M
HNO; THMRL T ICP-AES 12 & ) E& L7z,

3 KIRMOEL

3.1 BRPTROFEEMEINRED R

AZVLHE R B TR L 72 i ik v O VAR RE L B OF
BRI E N2 TCHEDOEEM R E Table 4 1R
L7z, ERMEESTHAL 8 [ E O P HE A 5 2235k
BERGIVZEE L, RTFEBES P OILRREL, #khE
BT L TR 72, Table 4 25509005 & 912, R
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Table 4 Analytical results for the concentrations of major-to-
ultratrace elements in the dissolved and particulate
fractions in coastal seawater as determined by ICP-
AES and ICP-MS

Concentration/ng ml~ !

Element” Dissolved Particulate
fraction” fraction®
Na' 9.75 % 10° 116
K' 3.95 x 10° 24.6
Ca' 3.50 X 10° 61.3
M$"' 1.09 % 10° 40.1
Sr 8.94 % 10° 0.89
Ba' 5.9 0.30
Al 3.5 26.1
Mn 0.80 0.87
\Y% 1.6 n.d.?
Fe 1.3 44.0
Co 0.005 0.015
Cu 0.310 0.070
Zn 0.990 0.23
Ga 0.005 0.021
Y 0.025 0.026
Mo 12 n.d.®
cd 0.019 0.005
La 0.006 0.018
Ce 0.005 0.047
Pr 0.0013 0.0053
Nd 0.006 0.021
Sm 0.0013 0.005
Eu 0.0003 0.0011
Gd 0.0019 0.0049
Tb 0.0004 0.0012
Dy 0.0024 0.0046
Ho 0.0006 0.0009
Er 0.0019 0.0028
Tm 0.0003 0.0004
Yb 0.0017 0.0028
Lu 0.0003 0.0004
w 0.027 0.002
Pb 0.043 0.099
U 3.00 0.008

a) The elements with T were determined by ICP-AES. Other
elements were determined by ICP-MS, b) Concentrations in
seawater after filtration with a membrane filter (pore size 0.45
um), ¢) Concentrations in particulate remained on a mem-
brane filter (pore size 0.45 um) after filtration, d) Not detect-
ed.

BB L CId 34 TEHRDERMEDH S, Na D 1% »
5, Tm, Er ® 0.1 pgml ' FTH 12 1] 721 B BEVIBE
#HPOEEMEIBONI Tz, KFEESIIOWTI,
Na ® 116 ngml ' %5 Ho @ 0.009 ng ml™' FTD 32 70
FOERMEIEON. ERBEOHE (M EERE,
RSD) & Table 4 ICIIRLTWARWVA, WTFhOLHEICD
WTH 10% BNTH Y, MEORWSGIHERTH - 7.
T/, ZRBREIICTNOERMELID D 1T RS
Lo TBHBY, WEMIZH R BZHBIINENEERDS
nas. .

RIZ, Table 4 IR L7BHFRICRIRE LR FREICRR
Exait L THITROWARPERELL, Zo2EEL

100% & L7z & & OKFBOZIGEDOFIAILE T L O5fi
#E% Fig. LITHZ I 7TRLZ. Fig. 11C&b&, 7
VA, TvA ) EETEIZIZIE 100% PIEEEESE L
THEAELTWE Z E205h5h. 72, V, Mo, U, WIiZ
DWT HITIT 100% DPSBEFRBRRG AL TWiz, 20
ZElE, ThSOLREHEKRPTVO,S, MoO,,
WO2™, [UO(CO:)31Y BEDFF VA F V2BE LT
WBLENBZINTTORE"EFELAVERTH 5.
P ITEARBR S OBEDE D - 72788 Cu, Zn, Cd
LETHY, K80% MWHEMEHS L UTHAEL TV,
—7J7, Al, Mn, Fe, Co, Ga, Y, #THT#, Pbid
50% LI EASKFRER A HICAEE LTz BRI, Al Fe,
Ga, BFHTHTE La~Eu) W TEERSPOFEEE
K 80% H B VIEFNUETH 72, SRMWEICH N
AFHERIZIRRER TH B 72012, BRIETH 20 TR
DUWEELLHEL, FOPCLREOTEIFBBEEIIES
nTnwizeEz oMb,

¥ 72, HTETFEICOWTIE, BREETEOEAIIER
THITCHE DT PBA THICRITHARTE W &) 5
Ronzh, BKEBORETD RBOMM LR TR
BohTwaY, ZoZ kid, KISV 2 EEKRES
ZBWTh, BROEA L FRICEYHROBS T HHEY
PHEAEL, HITETELHEELTIRELTWS I L 2R
T 5.

3.2 KBREEPOHETRRE

Table 5 \ZIEBECRHEAK CGRIFEITAR) 26 EEREBIRE
WX o TEL N1 (RiBKBIE) hoTElseE, oNk
BE (RSD), ZEilBRiER Ot R 2 e w7 F/z,
BE DT DI RERTH WA R O iR S5 T RE
HEC & - TEE SN GHIRIERENE) [cowT ),
REBRTUE L NRREER LA, EEMIT 3 BEE
OFIGED S Z2RBRMEZ T2 E e L7z, ZREEIE,
B O TISHREE L UMK DO AD T F L — MEiRR
MadT - TR LN RS ENET 22 L2k Y
Rz, 7z, HBRBBEFIIRDO X ITKRDZ 7,
ICP-AES J ¥ ICP-MS ZNENIZBWT, SR ITED
BB R ONTE BT (m/2) 1TBWT, ZRBREmE L
T2MXiZ 0.1 MHNO: % 10 HfllE L TH o
v 2757y FMESOREERE (o) ® 3t (30) 1THYH
THRREEL LTERINLEERBREAEZ KD B, B
ICARERRTIX, B 10g % 0.1 M HNO; ¥ 250 ml 12
4% DK E B X HITHEM L CRE L 23BHERIZO v
T, ¥l — MR (W40 %) 217w, TEEEZE
BLTWS., LadoT, ABoBmbick) FfEs,
FL— MEIREMICBIT 2R LOEINEE ZE L
T, HEHREBERZERE 1 ghCE IR TEORBR
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Table 5 2* 5405 & 512, BHEKEE I IZRIET
Na® 3.67%10°ngg '#°5 Lu® 0.002 ngg ' T 34
TEHEA, HVREE (o7 8 mllE) 10% DIATONC &
7z. Fe & Ga lZAHIHED 10% 2 AT A, Thb
DICEOERMEE, WTNLERTRIZEWETSH 5720
FEEAEL Loz, ZBRBEIZ VTN EREIZENT ]

72 PR TS - 72720, EEEICH 2 5B/ S

WwWEEZLNRD.

Table 5 IZBWT, FHKEIEICO W TOR Rz F Ui
K S S N7 BT EE M BE O S R & T 5 &,
KB h O TTERE O E Ba, Mn, V, Cd,
W, Pb, U) ZBR\WV7227 LHRIIOWTIE, HiTEEEE
WEHART1/5~5 BREDEREETHY, 1ZITFH CRE
LAV OEREESESNZ. LA L, ZOoDMEOREN
—F LT IFIFEAER L, Ba, Mn, Fe, Co, Cu,
Zn, Cd, Pb ZB{MbonFEiL, BFREHEIEDITZ) 28
KiEETHo7., COL)RBEZEOERDO—DELLT
i, mAREMBREST ABORENROEWVD, CaSO,
W IZIZAY LOBOILHEFEICEE L D EER

55, CalEIZBITEEREEDIT ) A 20% 13 LK
<, IO CaSOL R O BN EIZERSHIEL Y LS

PoZ2Z EPHEREINDL. WZIT, CaSO, TR 5 K
AL ORFRER AT k3 5 72018, IR HEE O3
I IMKIBEZ R TRV EL D728 B2 LNE.

I K B & B IR R 2 TR E AR &
Mol TBEIOWTERT L, V, W, UILOWTIE, %
BRESBIE PN X o TS N7 Rl K BE o ST HRIR DS
10~15BIEFEEL Y, ErOINRICHENTREENK
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Fig. 1 Distributions of analyte elements between dissolved and particulate fractions in ‘
coastal seawater collected from Nie shore
: dissolved fraction; B: particulate fraction
FUSHAS L oI R R 2 R 72, Edol. TNOEOTRIFIEBDFICELELAETNELETET
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Table 5 Concentrations of major-to-ultratrace elements in laboratory-made and Agehama-made salts as determined by ICP-AES and

ICP-MS

Laboratory-made salt Agehama-made salt”
Element” Concentrarionb)/ RSD”, Blank value/  Analytical detection limit/ Concemrationb)/

ngg' % ngg" ngg’ ngg’'

Na' 3.67 x 10° 0.9 n.d.? 2000 $.79 % 10° (0.968)
K 3.22 x 10° 3.7 n.d.” 23700 2.77%x10°  (1.16)
Ca' 3.14 % 10° 1.7 n.d.” 348 2.67 x 10° (1.17)
Mg' 7.54 % 10° 2.8 n.d.” 1580 2.03 x 10° (3.71)
Sr! 7.48 X 10* 3.4 n.d.” 10.9 5.82 x 10" (1.28)
Ba' 91 4.4 n.d.? 28.3 919 0.101)
Al 141 2.1 4.40 0.019 43.8 (3.22)
Mn 16.3 0.5 0.147 0.036 357 (0.046)
A 3.84 1.0 0.083 0.011 0.2492 (15.9)
Fe 29.6 12 4.93 1.57 43.9 (0.674)
Co 0.073 9.3 0.017 0.002 0.129 (0.566)
Cu 2.20 2.9 0.066 0.067 4.54 (0.485)
Zn 3.94 4.1 0.927 0.091 7.37 (0.440)
Ga 0.019 13 0.007 0.00% 0.019 (1.00)
Y 0.198 1.7 0.008 0.001 0.034 (5.82)
Mo 78.9 1.0 0.027 0.051 22.4 (3.52)
cd 0.573 1.2 0.019 0.004 17.4 (0.083)
La 0.137 1.3 0.011 0.0001 0.027 (5.07)
Ce 0.195 0.8 0.008 0.0001 0.044 (4.43)
Pr 0.022 1.1 0.001 0.0001 0.005 (4.4)
Nd 0.096 2.5 0.005 0.0007 0.021 (4.6)
Sm 0.029 45 0.001 0.0007 0.004 (7.3)
Fu 0.0041 45 n.d.” 0.0002 0.0006 (6.8)
Gd 0.034 3.3 0.001 0.0008 0.006 (5.7)
Tb 0.0045 3.2 0.0002 0.0001 0.001 (4.5)
Dy 0.033 0.5 0.001 0.0005 0.005 (6.6)
Ho 0.006 4.4 0.0002 0.0001 0.001 (6.0)
Er 0.016 1.2 0.001 0.0003 0.004 (4.0)
Tm 0.0019 5.9 0.0002 0.0001 0.0005 (3.8)
Yb 0.013 1.8 0.001 0.0002 0.005 (2.6)
Lu 0.002 3.5 0.0003 0.0001 0.0005 (4.0)
w 0.217 5.6 n.d.” 0.017 0.0658 (12.8)
Pb 2.92 0.6 0.292 0.001 17.2 (0.129)
U 17.6 3.4 0.138 0.001 1.8 (9.78)

a) The elements with T were determined by ICP-AES.

Other elements were determined by ICP-MS, b) Mean values of 3-times repli-

cate measurements, ¢) Estimated from 3-times replicate measurements, d) The values in parentheses are the ratios of the concentra-
tions of analyte elements in laboratory-made salt to those in Agehama-made salt, ¢) Not detected, where n.d. means that the blank

value is below the analytical detection limit of each element.
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Fig. 2 Normalized distribution ratios (Du) of analyte elements between laboratory-made
salt and coastal seawater

Dmlt = [(U\/IJW(/[N[]scmvz\lm') X 100 (%)]/110

[M]sue: concentrations (ng g 71) of the elements in salt; [M]sawae: total concentrations (ng
g™ ") of the elements in coastal seawater, where the total concentrations in the unit of ng
ml™', obtained from Table 4, were converted to those in the unit of ng g~ by using Eq. (2).
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