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LU0 T HFETT R OF T R 2R A R E 72 -T2, — 5. CMALR N EWNIE ZL D TR O L
L. KOOSO A R LT, ZHHDRERID, K8 PEL OBEEE/RIVARF T ATF /AL ZhEA72 4
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TRy BERE S DR BRI DWW B R LT, £ i
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F7o. K ILHE O FE B IZ1E ., PerkinElmer 4 Optima
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-AES) HEiE A H U, ‘AR T35 MW-SRV #izE9
HIE, FL—MEIE DA AR T2 RO DERITH NG
niz,

2.2 & X

CM-PEI L — Mt OFEUZ T M RIED
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7
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Fig. 1. Preparation of CM-PEI resin
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U7 M BRI ZERIRZ FLUE THY | RIS 70.9
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Fig. 2. Effect of carboxymethylation rate on the recoveries of Ni, Cu and Cd. Extraction: sample volume, 100 mL; each

element, 10 pg; flow rate, 3 mL/min. Elution: 3 mol/L HNO;, final volume, 10 mL.
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Fig. 3. Effect of carboxymethylation rate on the recoveries of Mg, Ca, and Sr. Extraction: sample volume, 100 mL; each

element, 10 pg; flow rate, 3 mL/min. Elution: 3 mol/L HNO;, final volume, 10 mL.
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Fig. 4. Effect of rate of carboxymethylation on the recoveries of V and Mo. Extraction: sample volume, 100 mL; each

element, 10 pg; flow rate, 3 mL/min. Elution: 3 mol/L HNO;, final volume, 10 mL.
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CERLDSETERE B R B A A T~/ NSV Mg, Ca,
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EEZBND, INBHEFEEDDHE, Fig. 6 DI85,
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Fig. 5. Estimated structure of CM-PEI at various pHs
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Fig. 6. Estimated mechanism for adsorption of each element on CM-PEI resin
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< (CM/N=0.360) L7= 3555 . Be M4t ClRIBR D 3 BED
B TEDEZ X DD,
3.2 BRAPHELREE~DILHA

3. LZHWT, £8{ PEI ZH AL, CM {L3EAIR L7
HHIEAS, Ni, Mo 728 % RV pH #GPH CHEHEL . 7>t
BXOHPEEIRIC BT CaZpE DT NV H) LAl
PELZRW BN 2RO ZEZ BN LT, 2O
JI§ (n=13, CM/N=0.131) (Z{%, 3. 1 C/RL7= Ni, Cu, Cd,
V. Mo DOz, Co, Fe, Mn, Pb, Ti, Zn &iE &I
ARECh o7, T, ZOMEEZ AV, BEEH o BES
HEEEELC, ZREEREFOZD 10 TLHED
ICP-AES & &S LT, 72385, [BAHH > BERE O s
VRIRD pH L3, 1DFERND 5.5 ITRELT,
(1) B H 2 BEE G DO REE

F3. AEHBIE IR O DB OV TIRETLIZ, Fe,
Pb. Ti (2B CIEHEE 1 - 10 mL/min TIEE E EHEIL
NHA[BE T o723, 20 mL/min EUTZER . EIERDSE T
DU, 80% FEEEL 72 ST, ZOMODITHEITIBWTIL 20
mL/min T & &AL A RECTh o7z, BL XD it
1-10 mL/min OFIFH CTHAUTBIGEE DO FBELZZITHT
L B D FTRE CTHAZENH LIRS T2,

WNT, sEH D O TC, % 100 - 1,000
mL S LS THRFIL, 20K, Ko R Ry
b 10 pg ELTRY, L2 CGREHK E O 0.01 -
0.1 mg/L L7205, T 725 WE NI HIZ 2 TH I
TR R DL | KRIR B~ D A
WCHIFETRETTE D, TORE, ZO#FH CiREE
MEETHHILROERBIEIA A RETH T, ZDTE

735 100 - 1,000 mL O#FiPH CTHIVTIR EDO L Z 11,

DIOYRFED 0.01 mg/L T THHE FIRE THHIEN
Y N Ay
() BREREBRHRER

CM-PEI U 52 VS [E AR H 23 BiEE S ICP-AES &
A E S MEICHEERIEICB T AR HRA B IO
EETRICOWT, HE0RELZHRIML TRV
CH;COONH, /K¥&{E 100 mL 33508 500 mL % VTR
L7, 22Tk, BT E Bl (223 B i) O (R
7% 3 fFITFEY A EE R RS (Limit of detection,
LOD) . 10 f5IZF8 Y4 9 2 f % & & T R (Limit of
quantification, LOQ) &EFK LT, 5% Table 1 (TR,

7235, Table 1 HCl, & O F H IR LK 22 5B i
Z ND.LEL TS, WO IEHEITIBTE 223 BRI
IFEEORHBRRE CH-7-, RHBRRBIOE &
TERIE. 100 mL L0 500 mL OFREHATGZ V354
DI IMENMEZRLUT2, Mt BB L2 561E Fe,
V. Mo ZFR<IEFEICHBVT 100 mL & 500 mL & TiiEe
A EETIR T,

WIZ, A TeH DR EFREIFAIZ DU T, CH;COONH, 7K
PRI 100 mL IZIRINT2I056% 0.01 - 10 pg S (LI,
JCFR RN B & AR HD H B R O ¥R IR 45 e R D
IR L DEARBIRIZHOWTIRE LT, E DRGSR, I
LT RTCOTLHREITBNO T, REROMBIRE R 2
0.998 LI |- TH-7=, CH;COONH, /KA 500 mL % F >
TR ERIZIB W T IRIEREOHER GO, M
PRI I JLOVE & T RO S AR B L R&E7R
ZEMBD LN ST-ZENDE 2 HE, 100 mL DK%
FAWTER LR ERE O CERTDIIENARETH
LEEZLND,

(3) FELREME DI

TE B ITIED KRG AT~ HYEE T 5720, 785
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(ES-L-1) #E &L 7=, Ground water (ES-L-1) D5 HE %
Table 2 (2”7, G0V E EIEEFFHEE 2D LT, AE
FERREERAT TSR, D7 T, Fe ZBREV b
[SHEKYE 99% (235175 ¢l 9.925 % F[EI> T2 bk,
B BRFIIR NI ENALN o7, FT=. Wastewater
(EU-L-1) Z W= I5A1I BV TH, BAFaiE RN ESNn
Teo ZOZEXY | BRI S BEEE F T L TeAE |IEIE,
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(M) IEHRADSH

TR & ENOME CHEE E &L, THIRIEITHIK
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HIBRRA AT T o723, OO TRV CULER ]
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B MBI ATREZ R pH #HIZ 2.0 - 4.5 &, #lkDS PLEXD, pH 4.0 BLUpH 5.5 DWW FHUTEBWTHH
BN AREDLZENRESN TN D, T2 TR D HRHEH @ Cd, Co, Cu, Fe, Ni, Pb, V. Zn ZE&ETEHZ
pH % 4.0 [ZFREEL . HRFTE1To72, £ O%ER% Table 4 EDPABDNT 85T, F72, Mo IZBWTIE pH 4.0, Mn (2
(2R, pH 5.5 OFFEFEIER, Cd, Co, V ITMHRFRLLT  BWTIpH 5.5 ICHHET L2 CERFRETHLZEH I
Too7, Mo DEILERIL 90 + 5.3% LUCENLNTZA, bhkieoT,

Mn 13 1£0.7% EIFEAE R TER D T2,

Table 1. Limits of detection (LOD) and quantification (LOQ) for each element with solid phase extraction using CM-PEI

resin

SPE using 100 mL (n=8) SPE using 500 mL (n=8)
Elements Blank, g LOD, pg LOQ, pg Blank, pg LOD, ng LOQ, pg
(Blank, ug/L) ~ (LOD, pg/L)  (LOQ, pg/L) (Blank, ug/L) ~ (LOD, pg/L)  (LOQ, pg/L)

0.002 0.006 0.0015 0.005
Cd N.D. N.D.

(0.02) (0.06) (0.003) (0.010)

0.003 0.009 0.0016 0.005
Co N.D. N.D.

(0.03) (0.09) (0.003) (0.011)

0.034 0.11 0.0285 0.095
Cu N.D. N.D.

(0.34) (1.1 (0.057) (0.19)

0.035 0.12 0.0099 0.033
Fe N.D. N.D.

(0.35) (1.2) (0.020) (0.066)

0.003 0.011 0.0015 0.005
Mn N.D. N.D.

(0.03) (0.11) (0.003) (0.010)

0.037 0.12 0.0023 0.008
Mo N.D. N.D.

(0.37) (1.2) (0.005) (0.015)

0.017 0.057 0.013 0.045
Ni N.D. N.D.

0.17) (0.57) (0.027) (0.089)

0.031 0.10 0.013 0.044
Pb N.D. N.D.

(0.31) (1.0) (0.026) (0.087)

0.005 0.016 0.015 0.050
Ti N.D. N.D.

(0.05) (0.16) (0.030) (0.099)

0.002 0.007 0.0003 0.001
A% N.D. N.D.

(0.02) 0.07) (0.001) (0.002)

0.038 0.13 0.041 0.14
Zn N.D. N.D.

(0.38) (1.3) (0.082) 0.27)

Extraction: Sample volume, 100 mL or 500 mL; pH, 5.5; flow rate, 3 mL/min.
Elution: 3 mol/L HNOs, 3 mL; final volume, 10 mL.
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Table 2. Results for determination of 10 elements in certified reference material (ES-L-1, Ground Water, n=3)

Elements Found, mg/L R.S.D,% Certifrileg(i]z/ alue, in(t:eorrxllfif e;c;L Tolerarrlr(l:; /}il terval,
Cd 0.010 +0.0003 2.9 0.010 0.009-0.011 0.007-0.013 1.860
Co 0.052 +0.0017 33 0.051 0.050-0.052 0.043-0.059 0.657
Cu 0.022  +0.0007 2.9 0.020 0.018-0.022 0.009-0.031 6.048
Fe 0.017 +0.0006 3.7 0.021 0.019-0.023 0.007-0.035 10.873
Mn 0.097 +0.0075 7.7 0.096 0.093-0.099 0.073-0.119 0.262
Mo 0.013 +0.0008 6.2 0.011 0.010-0.012 0.008-0.014 4.547
Ni 0.011 +0.0004 4.0 0.010 0.0096-0.0104 0.007-0.013 4.859
Pb 0.002 +0.0001 4.2 0.002 - - 0.192
\% 0.012 +0.0003 2.8 0.010 0.009-0.011 0.007-0.013 9.173
Zn 0.021 +0.0007 32 0.021 0.020-0.022 0.013-0.029 0.687

Extraction: sample volume, 300 mL; pH, 5.5; flow rate, 3 mL/min.

Elution: 3 mol/L HNOs, 3 mL; final volume, 10 mL.

Table 3. Results for analyses of salts sample (pH 5.5, n=3)

Table 4. Results for analyses of salts sample (pH 4.0, n=3)

Elements Found, ng/g Recovery,% Elements Found, ng/g Recovery,%
Cd N.D. 98 £0.6 Cd N.D. 96 =+3.6
Co N.D. 98 +0.3 Co N.D. 97 £33
Cu 0.414 £0.0059 93 +93 Cu 0.440 £0.0041 100 +3.8
Fe 0.019 +0.0008 80 +1.8 Fe 0.022 +0.0004 80 +£2.0
Mn 0.039 +0.0002 94 +1.8 Mn N.D. 1 +£0.7
Mo 0.007 +0.0010 65 +74 Mo 0.005 +0.0010 90 +53
Ni 0.067 £0.0002 98 +03 Ni 0.069 £ 0.0009 102 +£3.5
Pb 0.015 +0.0015 101 +0.4 Pb 0.004 +0.0002 107 +3.8

\Y N.D. 88 +23 \Y N.D. 87 +£3.7
Zn 0.086 +0.0021 103 +1.4 Zn 0.082 +0.0014 99 +4.1

Extraction: sample volume, 300 mL; pH, 5.5; flow rate, 3

mL/min.

Elution: 3 mol/L HNOs3, 3 mL; final volume, 10 mL.

4. FEH

ARAFFECIL, PEI SHEZ2HL N CM bR nE N2 2
727 CM-PEI IS L— MR 278 . 2 bt

FEMEIZ DWW CEEIIZ IR FTL . CM-PEI %L — MR IC
B DICH R DR BL CM-PEL B REZE DS i 14:A A4
HICHHZ LI L DERESD pH RIFEICERL QD
RSN, Fo, WAKB L OME R P OMETHR

Extraction: sample volume, 300 mL; pH, 4.0; flow rate, 3
mL/min.

Elution: 3 mol/L HNOs, 3 mL; final volume, 10 mL.

DOITEEZIE, HOFE PEI 238 AL, CM LA KL=
CM-PEI BUBHIE BRI CThHHEE 2 DTz, ZO/EE
F, TR O BRI o BESR 2 imE b L FRRER
WEWE B L OB ONIIISALIZEZA, ZRBICE
FND 10 TRO—FEBENTIXDIENHLNE -T2,
CM-PEI BURtNIEZ AW D [EFE Rl SrEES ICP-AES &%
B SRR TR E RIE T, KCHE R 043 HTIC
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Determination of Trace Elements in Seawater and Table Salt after Solid Phase
Extraction using a Chelate Resin Immobilizing Carboxymethylated

Polyethyleneimine

Shigehiro Kagaya and Koji Tohda

Graduate School of Science and Engineering for Research, University of Toyama

Summary

Chelate resins immobilizing carboxymethylated (CM) polyethyleneimine (PEI) were synthesized, and their
extraction abilities for 21 elements were investigated. Various ethyleneimine compounds, which had the different
number of ethyleneimine units, were immobilized on the methacrylate resin, and then the ethyleneimine
compounds on the resins were carboxymethylated using various amounts of sodium monochloroacetate. With
increasing the number of ethyleneimine units, the extraction abilities for some elements such as Ni Cu, and Cd
were improved, whereas those for alkaline earth elements were little affected. On the other hand, the increase of
carboxymethylation rate, which was defined as the ratio of the number of carboxyl group to that of nitrogen in the
resin, CM/N, significantly improved the abilities for the elements such as Ni, Cu, and Cd and also for alkaline
earth elements. The quantitative extraction of Ni and Mo were achieved using PEI resin, which was not
carboxymethylated, at pH above 8.5 and below 8.5, respectively, whereas Ca was scarcely extracted over the pH
range of 2-10. When PEI on the resin was carboxymethylated, the pH range in which Ni could be extracted
widened to the acidic region, however, that for Mo narrowed. For CM-PEI resin with 0.36 of CM/N, the
extraction percentage of Mo decreased and Ca was extracted at pH above 4.5. These results suggested that the
extraction behavior of these elements seems to be closely related to the improvement of the coordinating ability
and the decrease of the anion-exchanging ability of the resins with increasing CM/N.  These results also indicated
that the use of the chelate resin that was immobilized polyethyleneimine (MW = ca. 600) and then
carboxymethylated (CM/N = 0.13) was preferable to the separation of trace elements in seawater and
commercially available table salt. Therefore, the solid phase extraction using this resin was applied to the
determination of 10 elements, including Cd, Co, Cu, Fe, Mn, Mo, Ni, Pb, V, and Zn, using inductively coupled
plasma atomic emission spectrometry. The limits of detection were 0.001 pg/L (V) - 0.082 pg/L (Zn) when 500
mL of the sample solution was used. The proposed method was applicable to the analyses of certified reference

materials (wastewater EU-L-1 and ground water ES-L-1) and commercially available table salt.
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