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1. &S

W, ARNAKRETREOEE» SIEAFESRS (IXTV) BHERO
HEEAEDTND, SHIC, SSEAEDPFEEL LT, 20024 4 BICRAKEOHR
ABBAHITEN, REFTEBLUVRMHOZLEHEEDOB AL L LERAHOR
HWRSFTECERERREE L VWA D,

AFETIE., TRHTEORELHIBETROBME T/ RV LT
EE AW, AFEICET S 2 otk HHERMNT S0 TR AR
MO 7Ry AEEREEET A LD TH D, Mg FHILiEIE, FILEENPLD
SV IF—varOBREE, RILBRECENEBFARELRIbDEEZILN
5, HABFOREBLROREIIZ, FEBET 7 ARFRERSHE (UT
ICP-AES) % A7z,

2. ER

#EEEL 5 g & LA BEE ISR L MIKKY 50 ml IZHEE L 7c, IRIHERAY 0.35 ml
ZM L. 0.1 HNO3s mol 11 ¥¥KIZ L7=% . 3 mol I't NaOH % ¥#fN L7z, LB
AR 10 UL EiRE Lz, BOSBEEIT-oT, SEOTH T —¥ a3 ViRiE
B1To CIRBOEEZITV, BHR3ml TRBEEM L, 612, NEET
EZR S DREERN L% EREREZ 10ml & Leb02RIERKE L,

3. BRLEBE

AFETIIREISBEREOEEEDHEREZEMNL LT/ RV U LK
/ICP-AES & D EBR G O E#E b 2R AT,

ICP-AES JIER D Mg DRIETHRTFHBIC OV TIE, BEBRT Mg REN®
1000 pg mlI' BEE TEEBFREFE RV LAERENT, E, MgREDE
KELHICHERNEZTEDEERENCCHEET 2EMEZ R LT,

Mg Ftyt B BN E 1L 7 5535 (AL, Co, Cu, Fe, Mn, Ni, Zn)iZ 2 T 80%LL ETH
D. FORMEEREL Co 2R E TRUAORKREIE LN, Fio, BHABO
TERBRTETH D Na, K, Ca, St DRERITIFIE 100%TH -7z, ARRITH
B ERBEITHERS L LEATRICBVWTRHBRAUT L 20T, ZORK
Birl ), AFECBIAEREOI LV IF—Va VORI AERB S
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WAk - HRBPHETEOZ TR LEERE O

BRFRE #e BROEBK¥ELES (LFEATEMD
HEFRE Al SFEBRELER (LEHATER

1. #&
BRELSEBVN TGO I TENRBRERA SN, K, RROBERZEL
CTHIRBEETOTEOBILHNEZ TRy, EFE~DEEL BHEEL T,
MBI A RERNICEEEREESTBITARD A TNWD, T, RE
AEFIRALEE - SxT700r—F—REOMBIIREIND LD IT, EF,
ARV EME TR OBREN SEATERES (IXT70) PHHEOEREZR
BTG, Sbic, DL EFEOEEE LT, 200244 JICEAEORAE B
AT S, REETEBLIUOELROELEFEOEAN D bEAMORER ST
EOBRENEB L VR D,

THECHABTOBMETEEEE L L TXx L — b #HE R fE/ICP-AES,
ICP-MS ERHE SN TND, "WI DFIER 40 BFREL ERFICERTRERT
L LTHEEENAN, REMLBEOEMESSHEL 2o TRY ., EARAME
OB ERTREOE LB RE L LTE-> T2,

AT TIE. BRI PEETEOME,LOREREREORSE L WEF BT
EQIEYBEL Lz, HRBHORELTROWEILIE, FEFET T AR
TIE Y5 (DL ICP-AES) % fiV 7z, ICP-AES O e LTix, RERD
EBRGENEL . £ERS K EBFERL RN L L, »OEILRIH D FHE
R RFEFLND, ¥

ITHATEORERHIBETREDEMIEITIZ., ~ /R U ARTLEZAY
. AHEICEIT B - OELEE, £LHEFENTEOTIERIEBFTO 7
XUy AEREEBEEETAILOTH D, BE., HLEICSVWTHREREFERO
ayxIx—varyRn U LIERERShS, UL, RETEHELEFREL
CTHERBEEICEEND Mg 2ERATAILICRY, aVFIF—TYaVER
Bl ETE B bDEELLNS, £, MgiZBT7T AN VBERT CILEZEL
B EMR pHABZLEL LAVW L L, METKEZEDIREREZELIB
BIECHBETRETHY . Xbd TES I SERMICOBRERIESTET T 255
ErETS, Lo T, Mg #£ILER, #EEEN OV FIFX—Va VO
B & . EIREBMEOE LR TR E D BbDOLEE X DO D,

i
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2. =B
2. 1. %@

AWFFE TRV 2 ICP-AES &, BERIEFTH ICPS-5000 TH D, ZDIEETE
K 16 tRETCRKEENABETH D, Na, K, Mg, Ca, Sr 72 EEP THEY
RE ®VWIRIT, BE2EM - FWRKESE ICP-AES TEEZITo T, ¥k, %
D EITTRIT Mg LILBRER OB 2B E Uiz, ICP-AES OfEMA & BIESM
% Table 1 |Z7R7,

AHFZE T, REBAEAEOEHEER L., X774V —I3RABEAE 500 W
min' T¥» 3 Glass Expansion #! ¢ Micromist Nebulizer P/N AR35-1-F05 % 7z,

2. 2. HE-FEd . :

RBFFRIZER L AKIE2T Milli-Q kZHEA Lz, RERR X OEINRMEIEH
IR/ PRI OERERE 2 ER L,

HNOs i, BR{bFROFTESRRERRELEMA L, £/, 3M NaOH i
R ERIE TH % Ultrapure Grade( B LF) & A LTz,

Mg H£ILIZ BT 20 EHEOERELERICIE, TREETERS TR ESEIC
L4 BEMEEEEN 0-05 wwh)OERUEEEER L, Y2 0Ll
BHEFB DAL % Table 2 (2R 7, :

Table 1 Operating condition for ICP-AES

ICP-AES: Shimadzu ICPS-5000
Plasma conditions:

RF frequency 27.12 MHz

RF power 1.2 kW

Coolant gas flow Argon 12.0 1 min™
Auxality gas flow  Argon 1.2 1 min’!

Carrier gas flow Argon 1.0 I min™
Observation height: 16 mm above work coil
Nebulizer: Concentric type (Glass Expansion Micromist
Nebulizer P/N)
Sample uptake rate 500 pl min™
Monochromator: Czerny-Turner mounting
Focal length 50 cm
Grating 1800 grooves mm’*

Entrance slit width 12 pm
Exit slit width 30 um
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Table 2 Concentrations of major components in the salts used to optimize

operating condition.

Salt No. Concentration % (w/w)

Mg Ca Sr Na K
No. 1 0.003 1.951 0.00013 38.579 | 0.057
No.2 0.004 2.796 0.00008 37.805 0.163
No.3 0.098 2.686 0.00008 37.769 0.105
No.4 0.460 2.588 0.00011 37.130 0:069

EUAKE1,2,3,4 B Mg EFRIZENEN .9 0,0005,01,05%THY .
o= Ry ANEEGEICIITIREHE 66 BON 64 BERETENDLI L LR
%, Y

2. 3. Mgtk ICP-AES HI%E
Mg#%%mﬁw;ﬁ&iﬁﬁﬁotoEBXBTKM%EMLt%#%ﬁﬁ
Ltoif\ﬁﬁﬂSg%ﬁbﬁﬁﬁmﬁﬁb\%mﬁsmmmﬁﬁbtoﬁ%
Be#9 0.35ml Z M L, 0.1 mol I ¥&¥EIZ L7 4%, 3moll” NaOH 2RI L7z, L
B R 10 UL ERE Lk, BOSMEERITo/, 3ET AT —va VBIF
21T o TR OLEE 2T\, B3 ml THREZEMLEL, 01, WIRERT
AR ERN L% BRERES 10ml L7225 X D Tk % iz 7o sipt
ZHRIERKE L,

3. HRERUEE
3. 1. ICP-AESI=HIT5 MgI=ckdaXTib

HyhiE T, BER P ICERECEEMENEET 57w, ICP-AES JIE
EfEa OFHAREL 25, AERTIE ICP-AES BIERO Mg O RIET 55
FHILOWTHEE L, 2B, PAFHLIMETRORBKBRALTTIA
< H AR CEEMEICHET D HRFHRERICE > T, TORENBENE
BT ALDICELEIOMEDHFEDZ L TH D,

Table 3 12 Mg I2 £ B FHIREL, Tabled 2R FHHERKEZT T, &
EBTIL. Mg OB &S TIATR (Mg 2 # 1-10000 pg ml™!) % ICP-ABS [ZH AL,
BTHTEORPTOTERELRHE L, SATHRES XUCHHTEHME
BEOHEHERIEIUTORY TH D,
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SHTFHRE=THTEEREARO LM O THTREE@Dg ml)
Sy T YIRS =4 YT B E (ng ml ™)/ F U T B EE (ug mi™)

Table 3 Apparent concentrations of trace elements observed in
introduction of a magnesium solution to ICP-AES.

Mg Apparent concentrations
Concn. Zn Pb Co Ni Fe Mn Cu Al Cd
ug ml™ ng ml™
1 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d..
10 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
1000 n.d. nd. 26.8 n.d. n.d. n.d. n.d. n.d. n.d.
10000 9 n.d. n.d. nd. 38 5 n.d. n.d. n.d.

n.d. : not detected

Table 4 Spectral interference correction coefficients of for trace
elements in ICP-AES analysis.

Mg Correction coefficients
Concn. Zn Pb Co Ni Fe Mn Cu Al Cd
ug ml™ ng ml'l/ug ml™!
1 nd.  nd n.d. n.d. n.d. n.d. n.d. n.d. n.d.
10 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
100 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
1000 n.d. n.d. 0.027 n.d. n.d. n.d. n.d. n.d. n.d.

10000 0.001 n.d. n.d. n.d. 0.004 0.001 =n.d. n.d. n.d.

n.d. : not detected.

Mg 2 EEAS 10000 pg ml™ (2725 & Zn,Fe,Mn @ 3 TRIZBWTHHDHN
FURALNEZR, TOMEIE Mg pgml” H72 Y 0.001 ngml” AT &/hEL,
Mg DRIETHSTHITREICERREE L RIS NI EPRER ST,
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3. 2. Mg DRETAFILTH

HERIZA TSN T WEEREFET RS, A F - FEA T TR
HBENET D, ZOREBA T VETHTH DI, RERTIE, —ERED
SR BTELFSEED Mg 250 % ICP-AES ICBA L LI/
AEEHBEOELERE L, FOFEL Figl lZRT, TOEFREDNE(L
I Pb & Co ZBR\W\WT, BROHA Mg BEOHAL LHICHERERZTL T
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Fig. 1 Relative signal intensity of amalyte elements obtained in

various concentrations of magnesium solution which was

introduced to ICP-AES.

Zn; ®,Pb; A,Cd; O, Ni; X,Fe; O,Mn; ¥V

%, Mg #2EEA 1000 mg 1! BL_ET, Ni, Cd, Zn, Cu D& THRIL 10% % 18 % 5 8k

PR,

U FEOREMNS, EEREOCEEZMET S0, NEEFHEEZEMAL
. VNEETELLT. YHDBWIE Sc DEAZRLTVEN, REDEZS
FTRTOTERH L THEDRBEEORIICIT W0 TV, 2B, B
NEEE TR 2 FEHTOANEEFEICOWTHEEZIT-oTWD,

3. 3 MgiZIzB TS5 ERINED pH KEHE

Mg 3£ pH O BB (LERE (T o2, AERTIE, #H 5g % 0.1 mol I'" HNO;
50 ml YRIRICERFE L, 3 M NaOH # M 2 125 B DL ST RITHRE OEINE L KD
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7r. FORERE Table 512571, 2B, 3MNaOH Iz FHn1,2,3,4,5ml
FMx. FOEO pH izthFh 1.2,11.9,125,12.8,13.0 ThoTz,

PHI12 BRZIXIZE A EDTEDEINED 10%51# ThH 5,pHI2 £V HV pH
BTt Zn, Pb 2BR< FLFR TR E B AEINENE LTz, LiL, pH 13
X Co,Ni,Fe D355 & pH 12.8 B D Ni l2 38\ T 100 % F[H B R L 72 5 7=,
COREEE LTI, NaOHERD a2 ZIx—vavrRE2bN5,

U rofERIZLVEBEpH 2 12 3MNaOH HMME 2ml) & LT,

Table 5 Dependence of recovery for trace elements on the pH in

coprecipitation procedure.

pH Recovery %
Zn Pb Co Ni Fe Mn Cu Al

1.2 1 17 1 2 0 0 0 0
11.9 68 53 88 90 91 80 97 80
12.5 56 63 79 88 82 72 73 65
12.8 59 63 93 103 95 72 90 79
13.0 63 84 112 125 112 75 90 93

Table 6 Recoveries of trace elements in magnesium

coprecipitation.
Element pH Recovery® %
Mean . RSD

Zn 12.1 75.7 6.1

Pb 12.1 31.6 6.8

Co 12.1 86.4 2.6

Ni 12.1 80.4 13

Fe 12.1 79.1 4.6

Mn 12.1 82.9 2.2

Cu 12.1 81.2 3.3

Al 12.1 87.5 6.4

a)n=3
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B pH 212 £ LT, RMENEZRD 7z, #ERIE Table 6 127,

Pb %< 7T REICEBWTEINE 70 %L EDER2EBL, £/, ZNHDTRITE
FAEINEOHMEEREN 2R TRTOTETT BUT & BEFRBFHREDR
B,

3. 4. MgHRFEIBT2EFLTRBEE
METEORECERICHERKICEINIBREDERS TRIZ, BREOK
T, EB~OAT., BETE~OTHRLOEs OMBEZFISEZ T, TO
. FTEEEIMETEORNEL T TR EROTROBRELLERE LI
BANEL 2D, £EO pH % 12 & LT, MERKRTPICEEFET 2 EXH TR
DEEBLI BB LEZERSNOHBE LIRS TROBEFRIZOVTRD T,
EBRFERIL Table 7 IR T, 2B, TROITHEBREROHEHEIUTOBRY TH
%

-181-



13 | 15 3

Table 7 Concentrations and removal efficiencies of major elements in the

resulting solution after magnesium coprecipitation

Salt No. Concentration (removal efficiencies) pg ml-1 (%)
Na K Ca Sr Mg
1 0.2 (99.99) 0(100) 0.1(99.99) n.d. (100) 3(99.94)
2 0.4(99.99) 0(100) 0.1(99.99) n.d. (100) 32(99.23)
3 0.2(99.99) 1.4(99.99) 0.3(99.99) n.d. (100) 640(99.48)
4 12(99.99) 26(99.94) 2.5(99.99) n.d. (100) 8400(98.57)

a)Data in the parentheses are removal efficiencies of the elements in the

coprecipitation.

IS TERER (g2 9)
= [1—{Ccgg™HXMc (g) }/{Cs(gg ™ )xXMs (g) }) X100
(Co:Mg LB DOERSTRBE, Cs: BUAETOERS TR E,
M : Mg IR DO RATEE, Mg : SR L2 EFB&)

#ER1I Na, K, Ca, St 2 TOHOTRENK 100 hOBREREZR Lz, Lizi->T Mg
HIVEIL, Mg 5BR<EFOER N/ TRETHEIT NIV ERTHRB IO Ca DYy
BElCHERTHDZ ERRENT,

3. 5. ZERRECIARUER
Table 8 IZAMIC &> THLNIRIHBR L ZRREL E L, 2 TAHL
EREBRAOERIT, 77V 7Bl (=100 O ¥ b OEERFEE 3L
TbDREEICBELELOLT S, Eio, ZERBRMEE., fikicst U THERE
CRBROBIEBLICHEIERZITI Z LIk W RD =,
TARTOTRTERRETRHBAUT ThHole, ZOZERREEZE ML
DIELDTEILHEALLTROIENEBIOND, AREBRTIIER LZRAENR
EAEDHE, KBIT M) VADOARTHEZZ &, T, BLOBEIZ X2 0B
BEZTRAVWAZ LICEY, ERFEARICH L CHERICL 20N AIRETH D
ZEiZkBdbnLEbhS,

BEAEEE R ZRICAN S HFESR L Pb @ 40 ng ml™ 2> 5 Cu, Fe, Mn @ 0.4
ngml! ETOHETH B,

-182-



13 | 15 3

Table 8 Analytical figures of merit in magnesium coprecipitation /

ICP-AES

Element Wave length  Analytical detection limit Blank value

nm ng ml’ ng ml™
Al 396.153 1 0.8 n.d.
Co 228.616 11 2 n.d..
Cu 324.754 1 0.4 _ n.d.
Fe 238.204 11 0.4 v n.d.
Mn 259.373 11 0.4 n.d.
Ni 231.604 11 4 n.d.
Pb 220.353 11 40 n.d.
Zn 213.856 1 1 n.d. -

n.d. : not detected, I : Atomic line, 1 : Ionic line

BERBIUSEBEORE

A CIERENOEEREOEBEDOMAE AL BN L LT MG £IL/ICP-AES
D EREEORBEERRTZ, TORKE, Mg HILREDEINED 7 LHRIZDOW
T 80%LA ECHRLNT-, F7o, b ZRBREIX. MENSRE LcefMET
EREBWTHRHBRUT ThHol, TOBRITLY ., KFEICBIT2ERRKOD
oV IFx—va ORI BHERI NI,

At 0EE L LTIk, ICP-AES BIEICRB W T, & Mg 8FR_BHEARORE
HETEDOEEBRECHEBRAS P W ET IR ODOHENHILTILERD D,
CORBEICH LTI, BHROoNEEZEEAVOIMEL LAY v 7 A<
v F UL AERERLS, FOLTHERABESEOERBIH L TRER
WAL, FECERELSWEOBRS ZRIET 5, LirL, BB NT
HAEORIES N TV, EREENENBEAINTRELT, BENE O
KEADMENDERS OFERRETH D, LicloT, SRITERDIBEED
SEREE (R 7R IE-ICP-MS, LS H2 E) WL AHWED I v A F =y
7 EITOLERD D,
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Rapid multielement determination of trace elements in common salts
by ICP-AES after coprecipitation preconcentration with magnesium
in the salt

Tomoki Yabutani
Junko Motonaka
Department of Chemical Science and Technology, The University of Tokushima

Summary

Rapid multielement determination method for trace elements in common salts has
been examined by ICP-AES (inductively coupled plasma atomic emission spectrometry)
after coprecipitation preconcentration with magnesium in the salt. Optimum pH condition
and other experiment procedures for coprecipitaion were investigated in order that the
method for multielement determination was evaluated.

In this experiment procedure, trace elements in the salt sample were coprecipitated
with magnesium derived from magnesium in salt itself. The salt sample was diluted with
50 ml of 0.1 M HNO3, and then the pH of the salt solution was adjusted to 12 with 3 M
NaOH. After the solution was centrifuged for 5 min, the precipitate was washed by 3
times decantation. The precipitate was dissolved with 10 ml of 2 M HNOs;. This
solution was used as the analysis solution to the ICP-AES measurements.

The recoveries of 7 trace elements (Fe, Zn, Ni, Cu, Pb, Co, Cd, ) were in the range of
75-100 %, and major constituents of common salt such as Na, Mg, K, and Ca were
significantly reduced in the concentrated solutions. The spectral interference caused by
magnesium ion in analytical solution after coprecipitation was negligible from 1 to 10000
ue ml” for magnesium. It was confirmed that the increase of signal intensity of some
analytes was observed when high contents of magnesium solution was introduced into
plasma. However, the interference correction of signal has not been established yet.
Using magnesium in the analytical salts as coprecipitant, the blank values of analyte were
lower than the analytical detection limits. Therefore, it has been found that the

contamination from copreciptant reagents could be significantly reduced.
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