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HE P s 3R & IR O RS E L <SGHIT A 720121,
HOME LR OGN LAETHD, HiEITIE<FIH
SNDHBEED—H>THDLN, BWIILEDEBDT-OHIT
VRS2 TR O Sy BE RN AE DS L B Cho T, 2D R
WZOWTHE A 1X, LB D E AR E ML EE U7 O NEE
HEOF R R BT 2 B R L. BEo s - fi fE b %
K> TET, 4R, HREDBSOFEENER T CAvT L
EU L TITAR T R0 LKL E L CIRIERE
IR S LI L2 LD, S a2 RIRHCHE FTHETHD
ZEERWELE, Zhabiic, Bl b E ICP 3
Kotz iba SR E IR OFHNEL G
77
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BT FEAE T 150 mL LA FORBHEIRIC, AT
JLET A 50 mg, HUT A 10 mg, SHICHENZET T
2250 mg ZHAREREL T, 100 pg DA N7 L%
WEEHESTLR E L CIRINT 5, ZOWIKR D pH & /K &L )k
U LEHRIZTHY 9 ICR#E 35, B LT ILE AR 5
MBEL%, LBRIERO—E 5T 1T —arick
ERET D, ZOBR, hENZ /DKL CH RIS 72
B2, FE-7- ik % 50 mL EILE L, 3,500 rpm
T 5 5[ Doy BEL 7214 | PR Milli-Q 7K 10 mL CHE
WL, BEEODBET S, SO IR A R S CIRMEL
ZOWIRF DK TTHEE ICP FBIEOHTICT, Av Lk
WIZHEL L CE T2,

[FEREEE]
BB TMUIZMEAKICA YT AE T LEMZ pH9 T

L7 BE—ICP &6 AT IS L DV R R 7k 2 VW e
i RO E TR & A EOHEEH

M i (RILIKE T D)
BRI T (AT )

LS E7-354 . Be, Cr, Fe, Cu, Zn, As, Se, Sb, Pb 2%
ERIICHESNT, AT ILE T LET VT LEZTRN
T 5212 k0, EFETFEICMA T Mn, Co, Ni, Cd H7E
BEIICHERE CTh o7, RBAVY LAOHRMIZEVER
BHARICE END~ T XL T LD —EH IR L TR,

Mn, Cd OfffERE E~DF G5 IRBENT, ThESY
BT T —arE VWA, IO AR,
BHRUIH, TR, PWARYESLR KOS M Ic R OB K
BEOMIIT BN RD LN &b, BENATR
WCEFENDHEMME TR EIT, EBRORERIRICE
FNOME TR mENIEE LR BELND AELDIEN
AIRE CdoTo, RIELFRREEERUR K OVt AR 1 i
BIULROERIICHL, RREREST,
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Fig. Recoveries of some elements from spiked seawater
samples.
A:Yb only. B: Ga only. C: Yb+Ga(+Mg).
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1. AREH

B LR T IR R R KRS B 3 DA R B R 3 K
A THD, LinL, EEkERAWHERICOWVWTELT
LH BRI SN TW D LT N2 0O BB O X
I THD, WRIBKE R LR N2 X DL,
ZORNEEEE/ D A ITZFNDICE LM ET
FEOZBIZOWTHRETT L, RE O E e R
WEITTHE A BFANE SO W THRET 28I,

R TR & IERED O RS L LSRRI 272 1203,

PR, BB E T E DO EEN VLA THD, FEx D
SrBEEDO T, & RKBILE O IR TR A A S
TR E e R A E T A IREIARI ST
D, ZHUTZ D HEDNH B A RIREE S 2 AE, £
T2 o7 B - FHINZ I Z R AT DR D EEL R 5 ThH e
N REATHNETHA), Ll EiRERE 5
W 284 BT A UIZ LIRSS L 2257000
J8: D 5y BB EDMEREL 720 | M RIS D R T
Holz, ZORIZOWTHEE LI EZER, WO
SEA7R AN A B LR O AR YEOF F s Sy B il &
ST L CE TG WA RE I, L% iR (LA
T HERIR) (& F DM R T B A - A
WL FELOLN, LILATOER (LLT ., 3EHAR) 12
GENLMETTE EmEH VDI A NIRRT R
DHAZZFEL, EVIORBEAEFIH 35, 16> T, BEHIED
WEEHE T (ISp) Z W BHE I O &t 5 &
(M) ENIERE LR & (IS)) & FHAIT 28Ik, 3k
IR ETHE RS (M) Z2RDDBZEN A EEE725 (Eq.
D,

M() = M1 / IS[ X ISO (1)

REWCB NI BT T —av %
FIRT 22N REE720 | b BB daRaE - fli kS
BHZEMD AT HEACE AL ORI E ST IE
FE/OIEE LOFHAIS RIRE 70D, FToARHAT I, JR
AZIIE R S QWA LIS A FTRE TH D, =
DIH7p T FABEX | AW, RSP oM ET

Y (BRI E A o A 7 A TR
(BRI E A s AT B TR

FEA BT O I BE - ZH 5 EA B
THIEEHEL, WEEHEDE B LI oy B Il & 2%
JEHEFERFHIEELCHLAS D ICP i 4k
A ST BE FHANEA R R, fENL AT lIC LT,

HEK-CH LG P OB BT R O E BEIZB VLT, KL
TR NIENT- LA THAIEN BN TN
B8 ARRFFE Tl £, 20K b~ 7o A E~
D PN HE R L PR H AT O3 FH 2 DWW TRETL 72, L
L. KEgfb~27 3220 AOAERIZITARENATR D pH %15
SERETDHUERD DOV ONDTHEDOIHE RN
Fa3 &R FIAERRILER D TR CTH AT F D
Sy BEFIN S K EE THHED BN AL ST,

ZZ T ICP BNk 287 A i Al A BRER L
722 A KEREA T e T L PIME N 7= kB e
EEEEAHTAHZLERWE L, £2. AT LE T A
Iz, AV 2 ORO0B e (R AT REL Tk B B~
I LEMERTIREL TR, AT 285K
AP HIEL THWAZEIZLD, L LD E[RERZ
SBEHETEDAZEE RWELE, 22Tl Ay T e Y
I, TV BN~ 7 R D VDA T Uy RKEEE
W IR VR LD T R DAL 25 . AR~ D P FE Y
IR O M HEEL S AT~ DS DT
Wer3n M,

2. AEAHE
2.1 % &

R TT O E ®RIZIE, Perkin Elmer ! Optima3000XL
ICP T EEEEA L, £ oEOREREL
Table 1 (277, F72, pH ORIE IS R ERTEL F-22
pH A—H—Z%AE U7z, TRRE: DSy BECIT AR H pg i
5400 iz Loy BERE A E L 72,

2.2 R E

ARFGENAE R UTKIE, ZRR L A4 R BRI X
DAL=, BAIYARTHL Milli-Q Labo (2 CHERS
LT, HRITTHETHHAYTAETL(10 g/L)  HVT L
(10 gL) KO~ %27 A (10 g/L) DIEEIL, EEh
FRAbA T VEDT 1 (99.95%, BB L) . @A YD L
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Table 1  Analytical wavelengths (nm) for ICP-AES determination of some elements

Be, 313.107 Cr, 206.149 Mn, 257.610
Ni, 221.647 Cu, 324.754 Zn, 213.856
Cd, 214.438 Sb, 206.833 Pb, 220.353

Fe, 238.204 Co, 228.616

As, 188.979 Se, 196.026

Y, 371.030 (internal standard)

(99.9999%, T AT AT A7) Nt~ 27 X0 A
(R, FCHisk T.35) 235 e CMBIAML CRELL -,
F L FEOEREYTEE LT, ICP multi-element standard
solution XVI(Be, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Mo,
Cd, Sb, Pb Z5& 74, 100 mg/L, Merck) } UM R A&
YRR (k220 0T, B ES:) 2 ke IR CRE AL
Teo TNLIAORIRIT A F S RBRE N HDW IRk
ShEZFOEEFHLE,

2.3 &

&I FEAETe 150 mL ETORBHATKIC, AT e
7250 mg, UL 10 mg, SHICREHRIR DO~ 7 2
LEHBENDIRNEEIIT~7 R T A 50 mg K
JEFEEL T, ZLT100 ug DAY LA NEERE TR EL
TEIT 5, ZOWEIRD pH %, pH A—%—% W\, 1
mol/L ®5V M 0.1 mol/L KEE(bF R AFEIRIZTHI 9
\CIET D, AL TR AR 5 ariE LI, B3
IR D% T T T —a Nl XV T 5, ZORE.
W2 VIR U CHRFICRIEE 225700, 2Dk 7R
ST 50 mL ARV =F Lo EICBE L., 3,500
pm T 5 il On BT 5, BEARERREL, K 10
mL A1z, FCIREILERE L1, FEE O BET 5,
BENZIEEAR 1 mol/L Hifk 3 mL CTIRfiEd 2, 20
BRF DK ILHEE ICP RIS TA Y NI LA NEE
YL CTERT D,

3. MIRBERLER
3.1 KEIEAYTIEDLEKRIZKDMETEDR
=30

T KBILA YT NAE Y AMZEDE M EITTFEOILE
FEZEZ OV THRF LIz, AREHIBW T, 30
IR EL T 100 mL OHEKRE W, A D LZERIIL T
LT, AT LT — (HARIVARTRA L=
RTAT Vv, JU42 02 um) & W5 Az it
el IR CRI BRI E LTz, pH 9 THILLT-55
4. Be, Cr, Fe, Cu, Zn, As, Se, Sb & O Pb {233\ T,
30 mg LA EDOAY T AET AORINCEVIFIEE &I
i A RETd 7=, Mn, Co, Ni, Mo }2 Y Cd D[EIL =R T,
AT AET ARIMEOHEINE LG TR LIZA3, 100 mg
DOEINTEBNTH 90% ATl ThHhoTz, FZTAyTI/LEY

LUSHINEA 50 mg &L, pH 22 b3 CHEL ., &5
DEULRIZ OV TR L, BbIIohi ]RE Fig. 1 1R
9, Mn, Co, Ni X TNCd DRI EH{L pH D _EH- L& 128
KL=, Mo KR Se (2B W TIEZDEIER LA 4
LA H T, Fi2, pH O EF-LEBITERILEEN
HINL ., TRy BN R L 7 o7, LA EORE R I R
EIZBWTE, A7 L E Y AiINE% 50 mg &L, pH 9
LS AP IVE sV e B Nt el By 8

3.2 KEIEAIILEVKEIETT R LOHEA

Mn, Co, Ni, Mo & O Cd DRI HEELET DD, A
T VED LUAN DR ITTE OO HIZ OV TRFLTZ,
BRI E L TR E TR Z TN L 727K 100 mL % H
VN, Bk & R IR TR O G R M R LIRS R AT T A
DR RBENTNDILEFRDTZ, Mn, Co, Ni ¥
Cd DEULERIT, AV ARMEOHEMEEHITHE KL,
7.5 mg LA LI TIRITE & L7072, RIETIE W
U710 mg A v T Ve AEITIRINT D217,
72 B Mo lZFBW\ T, HIT LEGF L Th & SEAY7R[EY
XK CEeoTz,

TR ITLREUNMUIZNEK 100 mL (A>T LET L
DI, VT DI, ZLTA T AT LET VT DEE I
U756 D% LFEOENFEE Fig. 2 (-7, A7V
B LETVT LEEJF LIS A Mo RS 13 JoH#EN
E B ARE Ch o7z, ZO&E /K 100 mL 125
FNTNZ 74 mg DT XU LD 10.5 mg HEb
(IR L Tz, Se<° Sb DRI X, H VT LD AN
L7235E ClImd TRL, £oAy T A E T LD BTN
L7t DO~ 7 227 AL EIT 0.5 mg & 70 o722
LB, Se KX Sb dALPLIcIE, EELTKER{LA YTV
E LDRENNEE L TWAEHRHEISH D, — 7. Co K&
OINi DOFIULRIL, AT NVE T LAOIHTIEAR+5 ThHho
728, HVT LD B OFTMTIXIEE EEN TH-T-, 72
B, AHIVTLOIHOEE, ~7 327 259.9 mg BSIEREL T
Wz, 22T, TRV L EROVEBHEIREL T,
10 Y%ow/v HEAL T RN NG 2.5 Yow/v itz T RUw
LERWR 100 mL (W TERERML ., FERIZIEE L7282
A WT N HIT LD BOERINTEBMICHETHZ
EMFHECTH -T2, ZDZEED, Co LY Ni OfEIZIE
KEALATV T BORESN 3% 5L T B EHERIS S,
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Fig. 1 Effect of pH on the recoveries of some elements by ytterbium(III) hydroxide.
Sample, seawater (100 mL); each element, 5 pg (except for Y(III), 100 pg); Yb(III), 50 mg.

Be Cr Mn Fe Co Ni Cu Zn As Se Mo Cd Sb Pb
Element

Fig. 2 Recoveries of some elements by coprecipitation with
hydroxides of ytterbium(IIl) and/or gallium(III) associated with
magnesium(II).

Sample, seawater (100 mL); each element, 5 pg; Yb(III), 50 mg;
Ga(Ill), 10 mg; pH, 9. Only ytterbium(Ill) ion (A), only
gallium(IIl) ion (B), and both ytterbium(III) and gallium(III)
ions (C) were added to the sample solution.

—J5 . Mn KO Cd IZBWTE, AT ILE T LD I,
VT LD FHDOEIMN TR DD T I R
+ThoTe, WAL TN D L0 K O EE T R ™ L
WRaEAOTRFHIB W T, Ay T AR T LET T LD
M % N2 Ch 8 0 35 [RREO & B EIU TR TE72

Motz - T, Mn KON Cd DIEILITE, ATV E T A

TV WNINA, ~ 7 F 2T DOKEEALS HBL T D

HOEHERIS D,
3. 3 MEELZEDEA

WNT, TR B EO L2 X 57280 ATV
BT L HIT LR NI 30 LR TERELTHND
HNAT Uy RIKEEAL S TR IE~DO AR HEDE A - Bl L
EOBERICHOWTHREF L,

WAEHE TR LTI, Ay MU AR K THo T, B
HALREICE A T oNEE TR, (D RBHIE EN
LENER TEHIFE /NSNS, (2) PRI E BRI
EaNHZE, Q) ILE D EEOBRIC BT D L 3 T
FORRICHHITHZE, @) BEICERTEDLIL, &
DEMZ T T E R DD, A T AT, WEKRLEI
Z R T AR IS BT A5 A &3 T/ha< | Fig.
1R $ 880 pH 9 (U TldnA7 Uy Rk ER b it
RIZEDEEIZEIS LTI, ICP H ST Ic L0 i
EICE R ATHE CH D, Flo, AN LEEIREILHREE
WINU72#E/K 100 mL %2 VW CaerkL ., L=k E: D
— M EDOI LN U IR B IAIREL . S50
TR DA N ALK TR EEORRIZON TR
FLIZEZ A, BRI BB GO, ZAHDHE SR
S0, AV NI BT NAT Uy RKEE b IR
HEEHE LR L Gl FIBE CTHHEB 2 DD,

TR DB X, T h T —varlmin iyl & OF
L7z, #E7K 100 mL 2 W 2354 AERRILE oL R
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L, pH A% 5 20 MR CHRIRE SO 03 LA R &7
ST, TDH, TH T —va ik BB AR ERRET
HZENZED | TR DKy H m I I T N FRET
Ho77, 3,500 rpm T 5 HyfEE LEET A LI, Ik
DRI 80%Z [FIIN CEI=AS, T AL CIAfEL , HIlE
L7256, ER Lo UHBEWEIR R EZ R L2, &
AU O DBEC IR A SERICRELEN T, S RE
L TRHRIZE ENDHERIC LA BEEZ T HDIEEHE 2
HIVD, LINLZ OB, 0oy BE  ThZ7K 10 mL
THEFTHIEICEY KIBIZEJR T AN AlEETH -
77

AREHA IR BN DUV TR BT L7 #E % Table 2 127,
Be, Cr, Fe, Cu, Zn X OV Pb IZB W T, Ko B AL
72HEK 750 mL 2o E BB CTEZ, —J7, T D
D ITLFITHON T, RO HEIME LS I BRI
DI BN ST=H, Co M ONIZBW T D72t
500 mL 2L T, Mn, As X O'Se 2B\ C1X200 mL 2L T,
Sb IZFUTIE 150 mL LA R C 90%LL_EDEI A TES

Nz, 7ok, EDOHINE LS IR LT ILE DL,

FJORWRRZZE L7, AiETIE, BRI ED LIRZ
150 mL &3 5Z 81207,

Table 2 Recoveries of 13 elements from various volumes of
initial sample solution

Recovery */ %
Element 150 mL 200 mL 500 mL 750 mL
Be(1l) 94 92 92 94
Cr(III) 101 100 101 94
Mn(Il) 100 97 54 51
Fe(II) 102 103 106 103
Co(ID) 107 102 96 85
Ni(ID) 101 101 92 81
Cu(ID) 99 101 98 102
Zn(II) 103 102 98 102
As(V) 106 103 68 60
Se(IV) 94 94 59 44
Cd(n) 100 97 51 35
Sb(III) 95 86 15 5
Pb(II) 99 101 102 101
a: n=2.
3.4 BRER

AIETIE, RENAR P OA B THERE, k%o
HERI % ICP BT LU SESL = NEERE e A
Y RNID MR T B ETT R DI FRE e E VWA
LIV B AR T HZEN A RETH T, KT

BT DIE R EIFHA Table 3 |Z7% T, 7235 Table 3 121, 22
B (n=10) I XV ESNT-IRIR OB TSRO 7= H
[BA (3o) b TRLTND,

Table 3 Ranges of calibration curves and detection limits for
13 elements

Range of calibration curve Detection limit

Element /g ®/ug
Be(Il) 0.01 - 100 0.003
Cr(II) 0.05 - 100 0.017
Mn(II) 0.2 - 100 0.039
Fe(IIT) 0.2-100 0.051
Co(ID) 0.3 -100 0.077
Ni(II) 0.3 - 100 0.086
Cu(Il) 0.1-100 0.025
Zn(Il) 0.5-100 0.13
As(V) 0.2 - 100 0.041
Se(IV) 0.4 - 100 0.12
Cd(n 0.1-100 0.018
Sh(III) 0.4-100 0.12
Pb(II) 0.5-100 0.11

a: The amount in initial sample solution. b: 3c. n=5.

AT IVET I I BRI FZT BEFRINLT
ZEREREATV, TOWEIRAE ERELIZAE R, Mn LT
0.40 ug. Fe ®&LT0.70 pg, Co &L T0.16 ug LW
Zn 21T 0.38 pg B ivic, — 5. A7 e DL
T OAVT LD I T 283 BRI LD ERICB W T
/¥, Mn #&0LT 035 pg, Fe &L T0.21 pg, Co &L
TO0.15 ug KON Zn 22T 0.24 pg NSz, fE-
TARETIEH, RE O~ 2oy AEHE&MEWIEA IS
IAYTNAET L TVTKIIMZ T T Ry LR
TRELTIRINT D28, ZDEBEOBIZIT, MEH oM
FRAZIBNTE 3 FOIR TR AN T DU E DR DD, 72
B, TOMOITLHEITB N TIHRHRALL T OEE/RL
77
3.5 & A

AREOH RSP E T HEOE BE~OB IS,
Milli-Q /K. ¥E/K. 10 %wiv AL T YD AR .
2.5 Y%w/v s N AR A 100 mL (245 3R 2 U0
L. BURZE G Tz, 150G R % Table 4 (273, K
PSR OFREHZ BN L, w7 RV T DEE RN END,
AT NET I TV BMATR T R LERIMLT
kAT o7, WTHDOTTHREITB W THEIIR I
90-110 %DHFFHE/RY | Fi= 5 [ IKUMRIE IC LI HE
RS, REHAK OB WIS E 2 2 BRITRO LR
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D3olz, 7B, 3. 2T A7=XIT, B bR AR
FiREE T R LSOO Mn e TN Cd DEINERIT, A
TNETLETIT LOIHDOIRNITIEIAR+ 57 ThH-oT273,
~ 7 T DR TCTIRINT A2 LI LI E &R
T BZENTET,

WNT, REHEEE T ORI ETLEDOEREZ RS
7=, EnviroMATTM (SCP Science) @ wastewater } (X
ground water Z E B L72 L2 A | FRFHE LI FE D%
1352 ENTETZ(Table 5), ZAVHITMAKF T A~IAE
AT IR E MRV EHEER SN D Z D+ 7 il L 13 S
WY | ARIEIZ D72 TH 2O LS R EHK O 3T i
A FRECTHDHLEE 2 b5,

DL EORERAERFE 2 RO RL P OX M ETFR
DTEBE R, 2 OB OfE R Table 6 (77, 2
ZTCHWEERLE X, Wb RE K E R S LT
HDTIHD, Mn, Fe, Ni, Cu, Zn, As ZE13 B HENTEY,
ZTNHLOEGEHEIZBW I MEICE TOZEREN R
Ibiv, Fo, AREHIMEICHEE 5 pg T OUIIL,
FEINL72EZA WO ITEHR BN TH 90-110 %D
FHN DRI RGO, Il AR EIC B L7 K
MIE 20 HFEEE L E< BAELEE CTh o7,

Table 4 Recoveries of 13 elements from spiked water samples

Recovery */ %

Milli-Q Seawater ¢ 10%w/v  2.5%w/v
Elements water° NaCl® Na,S0,°
Be(1l) 102+5 96+1 92+1 99+2
Cr(IID) 100+3 102+2 97+2 102+2
Mn(II) 100+3 98+2 97+2 91+2
Fe(IIT) 101+4 95+2 92+1 101+5
Co(II) 96+5 99+2 102+1 107+3
Ni(IT) 93+3 94+1 97+2 1012
Cu(ID) 102+6 102+2 109+3 104+2
Zn(1T) 1002 100+1 11042 109+4
As(V) 9443 100£1 9142 101+3
Se(I1V) 92+2 102+1 102+2 10343
Cd(1n) 94+5 95+2 10242 108+2
Sb(IIT) 103+2 97+4 107+2 102+1
Pb(IT) 102+2 95+3 9442 101+3

Sample volume, 100 mL.

a: Mean + standard deviation (n=5).

b: Yb(IIl), 50 mg; Ga(Ill), 10 mg; Mg(Il), 50 mg. c: Yb(II),
50 mg; Ga(Ill), 10 mg.

Table 5 Results of determination of 13 elements in the certified reference materials

EU-L-1 (Wastewater)

ES-L-1 (Ground water)

Element Found ¥/ mg L' Consensus value / mg L™ Found */ mg L™ Consensus value / mg L™
Be(Il) 0.034+0.0004 0.03 0.055+0.002 0.052
Cr(III) 0.154+0.002 0.15 0.021+0.001 0.020
Mn(II) 0.274+0.006 0.30 0.094+0.003 0.096
Fe(IIT) 0.104-+0.002 0.11 0.020+0.001 0.021
Co(II) 0.216+0.003 0.20 0.055+0.002 0.051
Ni(Il) 0.211+0.004 0.20 0.011+0.001 0.010
Cu(ID) 0.262+0.016 0.26 0.021+0.001 0.020
Zn(1I) 0.056+0.001 0.06 0.020+0.000,4 0.021
As(V) 0.217+0.003 0.21 0.009+0.001 0.011
Se(IV) 0.070+0.002 0.07 N.D. (0.001)°
Cd(In) 0.069+0.001 0.06 0.011£0.000, 0.010
Sb(IIT) 0.054:+0.001 0.06 0.006+0.001 0.006
Pb(II) 0.101+0.002 0.10 (0.002£0.001) © (0.002)°

Sample volume, 100 mL. N.D.: Not detected.
a: Mean = standard deviation (n=5).

b: The values are not certified; they are listed for information only.

c: The result was estimated by the extrapolation of the calibration curve.
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Table 6 Results for determination of 13 elements in some commercially available salts

Salt1° Salt2"®
Added  Conc. Found ° Recovery Conc. Found ° Recovery

Element / ug /pgg! / ug / % /g g’ /g /%
Be(Il) N.D. N.D.

5 5.0£0.2 101 4.7+0.2 94
Cr(1I) N.D. N.D.

5 5.2+0.3 103 4.8+0.1 95
Mn(II) 0.04 0.4540.1, 0.05 0.2,440.05

5 5.7+0.1 105 5.0+0.2 95
Fe(III) (0.005) (0.04£0.04) ¢ 0.07 0.35£0.0,

5 5.5+0.3 108 5.4+1.0 102
Co(ID) N.D. N.D.

5 5.2+0.1 103 4.7£0.2 93
Ni(II) 0.03 0.24+0.05 N.D.

5 5.2+0.2 99 4.8+0.1 95
Cu(1D) 0.14 1.35£0.0 (0.0y) (0.06£0.14) ¢

5 6.8+0.5 108 5.0+0.2 98
Zn(1ID) N.D. (0.05) (0.14+0.1,) ¢

5 5.2+0.4 106 4.8+0.2 93
As(V) (0.00,) (0.0,£0.0,) ¢ 0.03 0.1,20.05

5 5.4+0.3 106 5.0+0.1 96
Se(IV) N.D. N.D.

5 5.1£0.2 104 4.7+0.1 95
cd(n N.D. N.D.

5 4.8+0.3 97 4.6+0.1 93
Sb(III) N.D. N.D.

5 5.440.2 107 4.8+0.1 98
Pb(II) N.D. N.D.

5 5.0£0.3 100 4.6+0.1 91

Conc.: Concentration. N.D.: Not detected.
a: Sample, 10.00 g in 100 mL. b: Sample, 5.00 g in 100 mL.

¢: Mean + standard deviation (n=3).

d: The result was estimated by the extrapolation of the calibration curve.

4. SEDRE

AWFFETIE, R KR Z R LT R I 5
NoMETHEER eI HHT 222 BEL,
AT IVET L FHIVT L 7T R LEHRITEHET D
AR Z T IHIE T2 EE R LTz, Ak
TlZ. Be, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Cd, Sb &z T}

Pb @D 13 LR ERRHIE R T DIENFAIEE TH T, T

A NI L2 PR YETE SR L U C O Dl e A 2
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Development of determination method for trace elements in salt made from
deep seawater by ICP-AES after separation using an international
standardization-assisted rapid coprecipitation technique
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Summary

Coprecipitation technique has been investigated for separation of some trace elements in salt
prior to their determination by inductively coupled plasma atomic emission spectrometry (ICP-AES).
Beryllium(II), chromium(IIl), manganese(Il), iron(IIl), cobalt(Il), nickel(Il), copper(Il), zinc(II),
arsenic(V), selenium(IV), cadmium(Il), antimony(III), and lead(Il) ions in concentrated salt solutions,
such as seawater or sodium chloride and sulfate solutions, were collected quantitatively by
coprecipitation with hydroxides of ytterbium(III), gallium(IIl), and magnesium(II). In this method, a
rapid coprecipitation technique combined with internal standardization was applied to simplify the
operation; yttrium was used as an internal standard. The 13 elements collected were readily determined
by ICP-AES using internal standardization. The detection limits (35, n=10) were in the range of 0.003
pg (for beryllium(Il)) to 0.13 pg (for zinc(Il)) in the initial sample solution (up to 150 mL). The
proposed method was applied to analyses of some commercially available salts as well as the certified
reference materials; the elements ranging from 0.03-0.14 pug g in the salts or 0.006-0.30 mg L™ in the
certified reference materials could be determined with the relative standard deviation of 7-33 % or

2-17 %, respectively. The time required for the separation was approximately 20 min.
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