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WIRICIINT 52 8C LT, ZOBE, BEHAKICHELE
BENDYT R LEGIMUTA Y NI BEREGITKEE
b LTI L O EoeB 2 b 7752800, Kk
NI R LDIEAE T DGE T ARIDEK pH TO
HIAHEN AR DEB 2 BND, Tz, 2EBRIAIR T
XA YN AO DL & e R A2 L TEHT LD
5. K2R A 1S DZ LN A REL e D L PAEEND,
EHIZ, TR B LD EME D S A e IR T 5728
P EE T T 175 mL EmILENTITHZ &L, &
ZCIRKEE (LAY NID A=K b~ 7 R 2% VDN
A7V RIPRIEIZ L DM E TR OFERF O FadE ke
ALLILiEE ICP-AES EAFHAK YO

R TESE BRI~ D38 LT SRR L7 R
B M,

2. IRAE
2.1 % &

EITTHEDOERITIL, Perkin Elmer H Optima3000DV
ICP Rty prds i@z U7, #RESR{1E Table 112 %L
DBV THD, FILFEORER FEIL Table 2 (Z/RLT
W5, F2, pH ORIEIZITISGRYEITE F-22 pH A—#
—ZfER LT, RO 3 BECIIA R ARG SR 5400 A
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Table 1 Operating conditions for ICP-AES

Radio frequency output 1.3 kW
Argon gas flow rate
Plasma gas 15 L min"
Auxiliary gas 0.5L min"
Neblizing gas 0.8 L min"
Pump parameter
Sample flush time 10s
Sample flush flow rate 4.0 mL min "
Sample flow rate 1.2 mL min"
Read delay time 30s
Reading time auto (min. 0.2 s - max. 20 s)
View mode axial
2.2 & X

AMFFENAE L ToKIL, ZRRBL, A4 R IR LD
AR U=, BAIUART 8 Milli-Q Labo (2 CHFEERSRIL
72 (BAF, HIK) . A T AR (1 g LYIE, BbAvh
U7 25(99.99%, FHTATAY) % 5 mL OJRHERE (4 %54
JEHEH, BIAET) THNREEMEL , #/K T 100 mL (247
RLTHARL, £ L ROEAERKEL T, ICP
multi-element standard solution XVI (Be, Ti, Cr, Mn, Fe,
Co, Ni, Cu, Zn, Cd, Pb 154, 100 mg L', Merck) % i
Ref L CREA L7z, 2N LISt oRIKL, AHEeRIIE
MBI A Z DO EFER L,
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Table 2 Analytical wavelengths, blank values, detection limits, and ranges of calibration curves for 11 elements

Element Analytical wavelength Detection limit® Range of calibration curve

/nm /ng / ug
Be 313.107 0.001g 0.007 -10
Ti 334.940 0.032 0.10 - 10
Cr 267.715 0.005,4 0.02 - 10
Mn 257.610 0.001¢ 0.015 -10
Fe 239.562 0.029 0.10 -10
Co 228.616 0.005;5 0.015 -10
Ni 232.003 0.017 0.070 -10
Cu 224.700 0.080 0.20 - 10
Zn 206.200 0.22 0.70 - 10
Cd 228.802 0.006; 0.02 -10
Pb 220.353 0.063 0.20 -10
Y’ 360.073

a.3c (n=10). b. Internal standard element.

££0.45 pm, [EFE 47 mm) & VTG AL 72218
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Zeiat Uo7 BfE (3,500 rpm, 5 43D L, B ARIREBRE LT,
ZZITHEAK 10 mL & A, mIkE 07 Za kD FTML
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R 100 mL (21% 5.8 mg &5 A) O—EHAKEE (L EL T
WL T=Z 81082, 11 FOME TR O E ‘I #
R % pH #PRIL, FUBHAIRICEDAE T 8720 | MK Tl
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Relative Emission Intensity of Y

Fig. 1 Relationship between the emission intensity of yttrium and that of each element after coprecipitation.
Sample solution, table salt solution (O) or purified water (@); sample volume, 100 mL; 2.0 mol LTHNO;, 5mL; Y, 1 mg; each element,

5 pg; 3 mol L™ NaOH, 3.7 mL.
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ELTHBET DL PRISND ZE0 D, BRSOt %
7297 BREL T,

A RNIY AL, K, TR RS —fkA7esEHTIXE
LAEEENT . £7- ICP-AES E&ICHB VTR L HE
ELTASHWOIN TNDZENLDNDINCE S ITE &
T&D, IHIT, 3. 1BIOS. 20F5 RS, #lik., MK,
TTHIENDA Y N MHFIEE BRI 5, bk
V. EFE 1), 2) BEW 4) OFMERTZL Td, S 3)
\ZOWTIE, LR OSEBREITV, MGELT-, 3726, #l
KBDNTHTIRIEIA I 100 mL Z V), 3. 1550 NE3. 2
TIRE LT RAFITHE > TR TR 2 vk L, vRBk (]
DB, THheT—2a Ik —iE b Lt
S Bl LB A AR, EiEL . ZOWIKP DAY Y
LEBMEBE TR LT LIZEZA, ZNENDIE TR
(I B AR eI B 378 BT (Fig. 1),

ZDOZEND, B 3) OFMET- T I E D RS,
PLEDZEXY, KEE(bAYRID A=Kt~ 1T L3k
WIEIZBWTY Rl Ll 41 CE D2 LB B
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ZZC, REIL A A L7 A O T BREAIRI
G ENDVN I ALF L DEREIZOWT Table 312”7,
FRIT L, BT LBLOIL T MIB T, ThEE
LB #K 10 mL TURAL . FREE O BES
HZEIZIVIHT R EFRE CTh Tz, w7 KT A
BV T, RERARKICHEL EE ENDEOK) 3 BIFRE
25 ICP-AES I M 5720 OIRHRIZTRAFL TS,

TERIITBAE R E A5 SRS o7z,
3.4 BRER

ABHAIR I B N DM E TR BEAMEITTHE AV
U LOFEIETREE LT LM A, MK 100 mL % H
W, 2. 3. 208 EICE S THERK L 72 & 24, Table 2 127
JHRIPH CERBR T DI, T, ZE5kBR% 10 (B0
KL, Oz 22 B O HER 22D 3 (512 7 50E
LEHRLT-MHBR R A Table 2 [2fFETRL TS, 223
BREIX. Cr T 0.024+0.002 pg CEAE +HEHERE, n =
10). Mn C 0.0030.0005 pg, Fe ¢ 0.18+0.01 pg, Ni T
0.038+£0.006 pug THY, LSO ILHEIL Table 2 1R
IR RN T o7z,

3.5 i H

KRIEZFHI S 5720, FTGHEEME OE #2117
72 EnviroMAT™ #1 F 7K (ES-L-1, SCP Science) & & &L
7o iR Table 4 (2”77, fFOITZEIT, Wb RREE
CIEFE—EL QU A EHWEERHT, MK 7e STk~
HAFER TR E DR LRSI DL, o727 il
IEEWVEROD, RIEITD72 THOZO LI 7253BK D 23T
ISR ATRE ChHEEZ 2 DD,

YL EofERA S EX | TRE R OME TR O E &5 R
ATz, 2 RO OFEH % Table 5 12779, Be, Cr, Mn,
Fe, Co, Ni D - EENFRETh o7, o, KalbHA
RIS EIC R DOREIES RIFCh o7z, 70,
ARHEAREICEE U R I 30 S0 FRE & bl r < L e
L TH-T=,

Table 3 Removal of some matrix ions after the coprecipitation and the centrifugation

Matrix ion Content / mg
Sample solution® Centrifugationb Re-centrifugation”
Na' 2950 13 0.2
K 24 0.2 N.D.
Mg* 5.8 22 1.8
Ca® 4.6 0.1 N.D.

a. A table salt (5.00 g) was dissolved with 100 mL of purified water.

b. The precipitate was centrifuged after the coprecipitation.

c. The centrifuged precipitate was re-centrifuged after washing with 10 mL of purified water.

N.D.: Not detected.
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Table 4 Results for determination of 11 elements in certified reference material, ES-L-1
(ground water)

Element Found” / mg L™ Certified value / mg L™
Be 0.052 £ 0.000;4 0.052
Ti N.D. -

Cr 0.019 £ 0.000, 0.020
Mn 0.099 +0.001 0.096
Fe 0.019 £ 0.000;4 0.021
Co 0.049 £ 0.000, 0.051
Ni 0.010 £ 0.000, 0.010
Cu 0.019 £ 0.000, 0.020
Zn 0.020 = 0.000;4 0.021
Cd 0.010 £ 0.000, 0.010
Pb (0.002 + 0.000,)° (0.002)b

a. Mean + standard deviation (n=3).

b. The value is not certified; it is listed for information only.

c. The result was estimated by the extrapolation of the calibration curve.
N.D.: Not detected.

Table 5-1 Results for determination of 11 elements in table salts

Salt 1*
Element Added Found® Conc. Recovery,

/ug / ug /ugg’ %
Be (0.009+0.001)° (0.002)

5 5.10.04 101
Ti N.D.

5 5.140.2 102
Cr 0.59+0.04 0.12

5 5.5+0.1 99
Mn 0.40+0.01 0.080

5 5.240.1 96
Fe 3.240.2 0.65

5 8.3+0.2 100
Co (0.012+0.001) € (0.002)

5 4.7+0.1 94
Ni 0.79+0.06 0.16

5 6.1+ 0.1 107
Cu N.D.

5 4.6+0.1 92
Zn N.D.

5 4.9+0.1 98
Cd N.D.

5 5.3+0.2 105
Pb N.D.

5 4.7+0.1 94

a. Sample, 5.00 gin 100 mL. b. Mean =+ standard deviation (n = 3).
c. The result was estimated by the extrapolation of the calibration curve.
Conc.: Concentration. N. D.: Not detected.
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Table 5-2  Results for determination of 11 elements in table salts

Salt 2°
Element Added Found” Conc. Recovery,

/g /g /ngg! %
Be (0.014+0.002) (0.001)

5 5.1+0.04 101
Ti N.D.

5 5.1+0.0, 101
Cr 0.28+0.01 0.028

5 5.2+0.04 99
Mn (0.037+0.000) © (0.004)

5 4.9+0.0, 98
Fe 0.89+0.02 0.089

5 5.7+0.2 96
Co N.D.

5 4.7+0.0, 95
Ni 0.53+0.02 0.053

5 5.9+0.05 107
Cu N.D.

5 4.8+0.0,4 96
Zn N.D.

5 5.1+£0.1 101
Cd N.D.

5 5.0+0.0, 99
Pb N.D.

5 5.240.0; 105

a. Sample, 10.00 g in 100 mL.
b. Mean + standard deviation (n = 3).

c. The result was estimated by the extrapolation of the calibration curve.

Conc.: Concentration. N. D.: Not detected.
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AT, 730 bE G UER L OME RS
B &ZREICHHT 222 BREL, $x ORESEH
T 2K~ H D AR B AN X KER A >
NI A=K~ R INAT D R A B S L
720 RIETIL, Be, Ti, Cr, Mn, Fe, Co, Ni, Cu, Zn, Cd
BLOPOD 11 JLHRERIRFHC S BET 22D ATHE T -T2,
Flo, AYNIULENEETLREL TR T 2221240,
AL T KO RRETH DI 53 B JEHES 2L
BRSBTS DI A KR IR L 72, AE% ICP-AES &
FHABGOELZLITED, FRHEEDE WO DIE

U5 R O ETTE D EBICB W TR NS,
DZEFY, KL IRER G OME RS H EOF
HNCFIHATRECTHDEB 2 HND,

Ll AEIZRBWTH, FREREIIERSNL NS, T
7o RIETARTHILEIIKIRE L CTiiiZe £ ETh
0. BB NN ZEERIETH D, Z D7 ARYE Tl

BN TIHEA RS, OSBRIV IREIRC I
ZEUNTHZET, WEIEMAFFOZ LA RELEL TS,
LU, mILE O, AR E2 NS
FHIENTET, 100 mL OEAIZRESIN TS, L
AT B % TEREED LRI LD N TE
UL, WEABEMSELZRTbEX0, e - Busrk
WBESNDHETHEND, ZOHIZHOWTIL, 5% RH%
HED TV T ETHD,
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Development of Hybrid Coprecipitation Method Using Magnesium as a Carrier
and Its Application to Determination of Trace Metals in Salts

Shigehiro Kagaya

Faculty of Engineering, University of Toyama

Summary

In this work, a simple separation method based on the rapid coprecipitation technique using yttrium and
magnesium as a carrier has been developed for determination of 11 trace metals in 100 mL of saline water such as
seawater and table salt solution. The sample solution, which contains magnesium, was taken into a 175 mL of
polystyrene centrifuge bottle. To the solution, 5 mL of 2.0 mol L™ nitric acid and 1 mg of yttrium were added.
Precipitate was formed after adding 3.7 mL of 3 mol L' sodium hydroxide solution; Be, Ti, Cr, Mn, Fe, Co, Ni, Cu,
Zn, Cd, and Pb could be quantitatively coprecipitated with formed precipitates, hydroxides of yttrium and
magnesium. The solution was allowed to stand for approximately 10 min. After centrifugation at 3,500 rpm for
5 min, supernatant solution was discarded. Purified water (10 mL) was added to the centrifuge bottle, and then it
was shaken by hand. The precipitate was re-centrifuged and dissolved with 5 mL of 1 mol L™ nitric acid. The
metals in the solution were determined by inductively coupled plasma atomic emission spectrometry; yttrium was
used as an internal standard. In this method, a blank test was easily carried out because yttrium also plays a role
as a carrier. The detection limits ranged from 0.0014 pg (Mn) to 0.22 pg (Zn) in 100 mL of sample solutions.
Operation time required for separation of 11 elements was approximately 30 min. The proposed coprecipitation
method was applicable to separation of 11 metals in certified reference material (ground water, ES-L-1) and table

salt solutions.
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