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ZZ T4, Z0 CM-PEIL BUHHE O st S flife Ftiit &
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HUEMES 2 7o ¥ L — MR OBRFE 2 B 5L, Mata D
7o S4B NTMHEZ Y, ARV —T MRSy BERE
IZDWTHRFTT D& I, HEHRLEH OfE T HE O HH
PRy BED T HEMEIZ OV TR LT,

2. IRAZE
2.1 % &

AFZEIZIE, AARIVART R Elix-UX3 BELO Milli-Q®
Gradient Z-fifi U CREELL 727K GRiiK) 248 FH L 72,

FEMF LI DBINR DRI AR, LR i, HIFLA &, P
PIHFLERIT Beckmann Coulter #E% Multisizer3™Couler
Counter 33X SA3100 e mifdaE z HVWTHIEL T,
F7o, L 7-F L — MR D=5 5 A &I Elementar £
# vario EL Z W CHIIEL T,

F L — MG O T RIHIRFFHEOFMmICIE, AN AT
7 /aP—XH U-1800 HL At — LR, Z-
5000 Rt -~ FRIIEEFBID
PerkinElmer # Optima7300 DV ICP 3¢5 e otiEsE
Z Nz, TR pH iFEIE, Ja R ERr R F-22 B pH
A—F—% T T,

2.2 & X

XL — MR O F8 8L 121X, Polyethyleneimine 600
(PEI600, 735£ 600, HAMRMETRI SP-006, HlliE
L %) , PEI200 (43 - &%) 1200, SP-012) B KO
PEI10000 (SP-200) Z IV Nz, 2-7' /") — )b, A% ) — )b,
KEEAL T FID LB X OREER T, Rtk E72I13A F 481
EROLOEM AL,

It 3 i P M O FEANIZ 35V C, ICP Multi-element
Standard Solution XVI (As, Be, Ca, Cd, Co, Cr, Cu, Fe, Li,
Mg, Mn, Mo, Ni, Pb, Sb, Se, Sr, Ti, Tl , V, Zn, % 100
mg/L, Merck) Z Tt IEHERRE L T, £/, Cu fE4E
B LU Mo FEHERR (Wb bt , BERIES) 6
LT, ERUSORIEICHOWTE, B I EE

&R BEROLOEHEFALE,
2.3 #&
2.3. 1 FL—tEEDRER

SCHRIZHE, ML o tlg a7 U P A% 7Y —h
ExFLL T Va— LA — e EASEHIE
TR O, ZORM R 10 ¢ % 300 mL &/377 v
TIAAZEY, ZFDOEMBINED = ARF L EITH LT
PEI600 % 5 24 £:(63.39 g), PEI1200 35O PEI10000 (2
DWTIEZ D PEIG00 £ DZEFRFF D% (mol) ZE 7D
W& (ZNEI 65.71 g BLUV 68.53 g) ZIINWEWD, 2-
TR )= 75 mL EEBIZENENMNZ, 50 °C, 200
pm T 20 h ¥Rz, 22 TORIGE Fig. 1123,
fEZW 5 AL ARILT-#%, MK, IRWTAKZ ) —)L
(ZENE R B S A, B EIETEvE Ui, BEV % O fé
fE% —MuEZE gL, SO MHIE% PEI B IE S L7,

T, 155N % PELEIE 2 g & E\TF7 V7522
I ERY, &/ 7aalEigs Ry A (MCA) 2 RSt
72 1 mol/L /KE&{t. TR LEAHE 20 mL AR 7=, ZD&
X, MCA #13, PEI #iflf HIOBEASH-ZHERITHLT
IRIEZELWEIBIZ225 191272 (PEI600, 2.73 g; PEI1200,
2.71 g; PEI10000, 3.01 g), ZDO¥i#% 50 °C, 200 rpm T
6 h fii#EL7-, 22 CORIEE Fig. 2 1T 7, £S04V Mt
fRZHIAK, LT 3 mol/L filffig, SHITHiKIZZENE L
BE S, BE s, PR % ORIEE A% ) —
AT RS TS AE U, —BEZEREL, 55
NI=FtiE% CM-PEI Bt AR & L 7=,
2. 3.2 RN -TERME
(MWAF U KRBB=E

CM-PEI Uf8f5 0.5 g Z k& (2HY, 0.5 mol/L M
10 mL /0%, JE%H%I2TC 200 rpm T 24 hiR%L7-, A
YTV T AN —HHWTHIEE AR, fliK, A%/ —L
TYEL, —BhEZERESE 7o, ZORME 0.1 g Z1EILE
(\ZHLY, 0.1 mol/L /KEE{bF R AFEHE 5 mL /1%, 120
rpm T 2 h IRES W7o, EEAREARL, ZORRKIZE
FhDH Na 27— AW (FAAS) I TE LT,
(2)Cu iR RE

[E]5y BB BV TIE, CM-PEI U 0.05 g 25k
BIZHY, 5 mmol/L FREASR(INIAHE (pH 5)20 mL ZH%,
120 rpm T 24 h #&&LI-1%, mO0BEL T, B ikE
IR, ZOWIRIZE F45H Cu % FAAS ICTERLT,

-22 -



Qg v wedd

O
NH,
EG30 PEI (x +y = n)
0 H
2-Propanol o N N N NH;
> @ e
50°C, 20 h s,

PEI resin

Fig. 1. Preparation of PEI resin

O)OL OXH&%HJI(NH«%NHZ +

NH,
PEI resin

NaOH solution

o)

CI\)J\ONa

Sodium monochloroacetate

,—COOH

50°C,6h

? H
N N
R O/\j/»\u N g N CoOH
> OH H

N
HoOC
CM-PEI resin

COOH

Fig. 2. Preparation of CM-PEI resin

WA REEIZB WL, #E 0.25 g A Mo —b
U3 (6 mL K&, GL Science) [CFIEL, A% /) — /L%
Z—WiikiE L7z, 7Rh=RL, HliK, 3 mol/L A4, il
/K, 0.1 mol/L EElET > &= ARIRZNBIZ 8 L CHtiE
AT 4va=r 7 L%, 0.5 mol/L fiBASRINRIR 2
mL Z s 3 mL/min TiE#iR L7z, MK 3 mL CHIfEL
YerEL7-1%, 3 mol/L 2 3 mL Zh0x 10 min fifiE L7=,
ZOWRWRE 10 mL ARTTAZZT, 5l &tk 3 mL
THHHL CZOWIRH AR T T ANIZT, Fef& Ik
TART w7 Uiz, ZOWIRIZEEND Cu ZWIEESY
Mz CERLL,

() METTR B

CM-PEI BUH5fiE 0.25 g Z[EFEfhH 77— R I FRIEHL,
AZ ) — AT — BRI LT, A% /—/, 3 mol/L H4lR, Hl
/K, 0.1 mol/L EElET > =" ARIRZNEIZ iR L CHtiE

s aa=y U, ZOH—RNoIL, KRRk
25 0.1 mg/L (272D XML 7= 5 mmol/L FFfET > =17
LVEHE 100 mL A i@ L7z, K 20 mL CHIIEZERL
7-%%, 3 mol/L fil§fig 3 mL TS nRaEHL, #l
7K 3 mL THFL, BA&MIZ 10 mL IZARLTZ, 20O
RICEENDEITLHEE ICP DI TERLE,
7B, WIRO pH BXONERHEZZ LS, Zhth
DEE - SWTREILT=,
(MHIEHFAFHETROEE

SREFEVEY)E (EnviroMAT™ Ground Water ES-L-1,
Waste Water EU-L-1, SCP Science) (ZFFEET > €= L%
5 mmol/L (2725352, pH % 5.5 [ZFR#& L=, Zhb
2RV, (3) LRBEOBEICEV M E TR 2 0B, EEL
77

Fiz, TIROERLG 15 ¢ #HW, 2 mol/L 2 15 mL
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BROWIAKEZMZ CTHEMLTZ, BFRT E=U L% 5
mmol/L {27259z, KT 300 mL IZARLIZ, Z
DR pH % 5.5 IZHHHEL, (3) LABEOEAEIZIVEK
BILHRE B, B, F, IWRICEITE 5 pg U
e, WANENGERER 21T -7z,

3. MIRMBERLER
3. 1 CM-PEI &L —Hsthg 04514 5T

ARHFFENZ AN AR DB pE, be R mi s, il
LA BEBIOESMILRITZENZE L 7820 um, 141.9
m?/g, 0.533 mL/g 3L 10.3 nm ThH->7-, F£7= PEI600
RIS, PEL1200 AUfSHE 3 L O PEI10000 SIS D T3
I EDEREA BITTNEI 5.99%, 5.95%F L
7.29%&E720, ZNHDEEZB LR LIZEH B LW PEI
& 8% Table 1 (79,

PEl D43 BN REIRDIZONTHAIND PEI &
(mmol/g) IXI8P L=, ZAu PEI L ARFIANZ 7= PEI &
B TICEENDIEROE TR0 T EDORE,

HOIEENZ T2 57 FED D72 =8 PEL & (mmol/g) 1
WOLIEE 2D, —J7, EHEH & (mmol/g) 1, 47
T-ENKEZV PEI0000 23rh KERfEE Rz, Ziud,
EAINDD TENTWD T DR — 0 F-BT= D DE RN
REWZOZDLTfERITIR 0T 2Z 2 HiLD,

Table 2 |Z CM-PEI BUBIAE DA AL s L ZvE
HEICHFEESNIZ VR EF L AF L (CM) LR EERT,
WTHOBIRIZEWTH CM ALRRZEINLIZIZIERT
CM {bFIT/255H MCA N Tz, CM {b3IE
[FIEDfEE /RS T,

5\ T, CM-PEI B R D Cu % £% Table 3 (2
Y, B AEE, AFERIEICBE DL T, 5 EDOK
X72 PEI 238 A 95281280 Cu it &I KL, =
ZC, Cu it & (mmo/g) % Table 1 DEFEEH &
(mmol/g) THUKALL7ZHE R (Cu/N) % Table 3 [ZHFET
Y, ZORERE RDRY, ARV RO RS
PEI (2T, By aWEE, = LS IS u R
PO TR ERZTZRO LR,

Table 1. N contents and PEI contents in PEI resins

Resin N content (mmol/g) PEI content (mmol/g)
PEI600 4.28 0.285
PEI1200 425 0.146
PEI10000 5.21 0.022
Table 2. Na" exchange capacities and carboxymethylation rate (CM/N)
Resin Na* exchange capacity (mmol/g) CM/N
CM-PEI600 0.47 0.11
CM-PEI1200 0.50 0.12
CM-PEI10000 0.53 0.10
Table 3. Cu adsorption capacities
Resin Adsorption capacity (mmol/g) Cu/N
Batch Flow Batch Flow

CM-PEI600 0.60 0.46 0.14 0.11

CM-PEI1200 0.70 0.50 0.16 0.12

CM-PEI10000 0.80 0.55 0.15 0.11
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Fig. 3. Effect of pH on the recovery of trace elements using CM-PEI600 resin.  Extraction: Solution volume, 100 mL; each

element, 10 pg; flow rate, 3 mL/min. Elution: 3 mol/L HNOj3, final volume, 10 mL.
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Fig. 4. Effect of pH on the recovery of trace elements using CM-PEI1200 resin. Extraction: Solution volume, 100 mL;

each element, 10 pg; flow rate, 3 mL/min. Elution: 3 mol/L HNOj3, final volume, 10 mL.

-25-



)

100 Be al Ca pEEEE g Ny gy
L L] | ]
= ]
50 ™ -
=
™ As L Cd Co
0 manm—— manmw
100 . e I PR ML LR Mg mm
| | .l
X 50
= - c F
C e
o olm”® ! - PSS FEE—
>
8100 mmm - . sb
] ] g g
é gul Hyg n L LU LN |
50
olgm Mn Mo . Ni Pb —
100 H m
Se Sr al ..-.... TI - ...... ....
50 |
) ]
kel Ti \Y Zn
1357911135 791113579111357911135791113572911
pH

Fig. 5. Effect of pH on the recovery of trace elements using CM-PEI10000 resin.

each element, 10 ng; flow rate, 3 mL/min.

LLEDZEME, 4 RIOMFLI-FiPHIZ I\ T, PEI
Oy BT T HEMIEE I R E R B L RIES e
26D, TERMHEEPEL, EAL PEI © CM {b3R
ICRESHESNDZERHLINTR->TND®,
(2)REDFE

BHtNEZ A, pH 5.5 IZHFEL 7245703 0.1 mg/L &
ETIRIZ TR 3 - 100 mL/min (22 (LS TR CH
Do BEEATST2EZA, WTORIARIZE VTS Cd, Co,
Cu, Fe, Mn, Mo, Ni, Pb, V, Zn O[RIEENIE—EH
DEBMNTH -T2, 2T, TITAF IV AN,
SHOICEIE CIOEIRZBIRL, 722K E%Z 20 - 100
mL (22 LS E TINDHITEHE ORI OV TRGILT, 15
HIVRE R A Fig. 6 [T, 22T, KT OMGHRITBKL
TR EIZE FNAHE LR EEZ/RLTEY, O EHTE
BEN—BLIZGE, e 100% THHIEERL TV
%, PEI600 %38 ALT-ffiE% A\ =34, Cd, Fe, Mo,
Ni, Pb, V @ 6 JiE T, it &M FIAMLTE
D, L EME T L2 bd, L L B Tl
VEEAT S CWDZ LI Lo TR ED DR L E/R i L7
STV 2IZh2 59, PEN1200, PEI10000 %35 AL7-
B CIRTE JRIZR TR ATRE T o7z, 2T,
FFEOREN PEI BEMBIEREISEAINENLE
CM (b D2 THIFLNA~DILRIEB AR L7 DT & 70

-
—

Extraction: sample volume, 100 mL;

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

TR T HIEN RIS TNWEZE, B
R&E72 PEl BAN—H—OEE L, ZORESE HEN
RELIRVZERNTRE) WA B 228, L2 Lbb0 L
Ezob, UL EEY, SeHEMERIEIEOBLENBIX, 4
TEOKE: PEI OEANFFTHLHEEZOND, &
B, HbItEOFEZZITIZ<N 7= CM-PEI10000 %
BtHEZ Fcm AT AE ST L 72,

3.3 BEMPHEXLREE~DILH

CM-PEI10000 ZUitHE % FV 5 B AFh S ICP-AES
LEMAA DRI EE W, R 10 FEoME
st (Cd, Co, Cu, Fe, Mn, Mo, Ni, Pb, V, Zn) D& &
WALz,

() BRERS SUVRIHEEME OO

FBHAK 100 mL ([ZIRAN %t &% 0.01 pg ~ 10 pg
OFPFATEALSEIZLEZA, WTFROTLEICBWTHR
L7 ERRBIR GO,

e T, TR AW, RAMEEMEIZE ENDT
HITEE AT EEL 7=, # /K (EnviroMAT™ Ground Water
ES-L-1) B X OVFE /K (Waste Water EU-L-1) O ## %
Table 4 J3LO Table 5 (ZZNFIURT, £THOILET
FRAHESRII R MBS 2o 722 e h, SV P a2 FWT
i (119 - 142 mL/min) THRHKL ThiE EAIRHHED
FERRSINDIENHALINE ST,
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Fig. 6. Effect of sample volume on the extraction of elements with CM-PEI600 (), CM-PEI1200 (@), or CM-PEI10000
(A) resin under high flow rate condition. Extraction: Solution volume, 20 - 100 mL; each element, 2 - 10 pg; flow rate, 92
- 213 mL/min (using syringe). Elution: 3 mol/L HNOs, final volume, 10 mL.

Table 4. Result for the determination of some elements in certified reference material (Ground Water ES-L-1) after the solid-
phase extraction using syringe

Element Found® (mg/L) Certified value (mg/L)
Cd 0.008 £ 0.0001 0.010
Co 0.051 +0.0005 0.051
Cu 0.020 £ 0.0002 0.020
Fe 0.016 £0.0010 0.021
Mn 0.102+0.0019 0.098
Mo 0.008 £+ 0.0003 0.011
Ni 0.008 £ 0.0002 0.010
Pb 0.001 +£0.0018 0.002
v 0.007 £ 0.0009 0.010
Zn 0.019 £+ 0.0002 0.021

Sample volume, 50 mL; flow rate, 136 - 142 mL/min.

Table 5. Result for the determination of some elements in certified reference material (Waste Water EU-L-1) after the solid-

phase extraction using syringe

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

Element Found® (mg/L) Certified value (mg/L)
Cd 0.064 £+ 0.0002 0.06
Co 0.220 +0.0032 0.20
Cu 0.292 £0.0022 0.26
Fe 0.111 £0.0029 0.1
Mn 0.318 +0.0022 0.30
Mo 0.103 £ 0.0057 0.10
Ni 0.220+0.0104 0.20
Pb 0.109 £0.0015 0.10
v 0.115+0.0039 0.12
Zn 0.061 + 0.00253 0.06

Sample volume, 50 mL; flow rate, 119 - 130 mL/min.
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Table 6. Result for the analysis of commercially available table salt using peristaltic pump

Element Found® (mg/L) Recovery (%)
Cd ND 100+ 1.8
Co ND 98+1.4
Cu ND 105+4.0
Fe ND 88+£6.3
Mo ND 84+4.6
Ni (0.047 £ 0.0033) 101 £7.0
Pb ND 97+34
v ND 92+1.1
Zn ND 102+0.7

Sample volume, 300 mL; flow rate, 10 mL/min.

(2)1BH DS

TRE RS E ENDME LR OERITHEA LT, 15
LNT-FERE Table 6 (R, 22 CIERUARX LT (v
W7 a A, R AR T AU R A IR L
7o 728, Mn (DWW TIIIEAFR o DA W % T,
B RS TR F L7228 D, E'RIIWr e Lz, 12
A EDITTHRIT B THY, Ni 1BV ThH AR PH A
TESTWE, L2L, IINMENGREBROFE R, &uFEo
FEINERIT 84 - 105% & BAF ChoTz, Fio, Vi Hn
100 - 125 mL/min CiliE L CIRMNENGERERZ T o722
%, Fe, Mo, V. DEICRIZZNZEIL 41%, 28%, 64%IC
L7223, 2R LSO IEHEIZENTIT 81 -119%D (]
INREFST,

LI kXY, CM-PEI10000 B Z F D EFE R HTEE,
Na, K, Ca, Mg 72X % KE\ZE To iRl A i LT
ERRI N, Cd, Co, Cu, Ni, Pb, Zn % HUH 2/ HfES
HZEMTEDENTZTFIETHALZENHIEMN LR ST,

4. Fe

PLEDORERLY, 53+ E&DOKE7: PEI Z#38 AL, €07
FEO—EE CM ALLT=F L — MR, JoEHHEEIR
PRI R, JeEFRIWENEL A 3520 HLN o T,
HilF L — MR 2 W, AU EIC KD e R e
T 556, EEIRICHRMIEDOTZOIZIEREITE mL/min

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

ND: Not detected.
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No. 1503

Development of Chelating Resin for High-Throughput Separation of Trace

Elements

Shigehiro Kagaya
University of Toyama

Summary

A chelating resin immobilizing carboxymethylated polyethyleneimine (CM-PEI) has excellent ability for
separation of trace elements. The CM-PEI resin can extract some trace elements, such as Ni, Cu, and Mo, over
the wide pH range; however, alkali and alkaline earth elements are not collected under acidic and neutral
conditions. In this study, it was found that the molecular weight of CM-PEI on the resin affects the rapidity for
the extraction of the elements.

The PEIs, which have different molecular weights (ca. 600, ca. 1200, and ca. 10000), were immobilized on a
resin, which was prepared by suspended polymerization using glycidyl methacrylate as a monomer and ethylene
glycol dimethacrylate as a cross-linking agent. The amino group in the PEI immobilized on the resin was then
carboxymethylated using sodium monochloroacetate in the alkaline solution.

The obtained resins had the ability for the selective extraction of the elements described above; almost the
same tendencies for the effect of pH on the extraction of the elements were observed in all of the resins. In the
effect of flow rate on the extraction of the elements, these resins were able to quantitatively extract Cd, Co, Cu, Fe,
Mn, Mo, Ni, Pb, V, and Zn at the flow rate of ca.100 mL/min. Especially, the CM-PEI10000 resin could extract
these element quantitatively even in the range of 119 - 154 mL/min. These results indicate that the resin
immobilizing CM-PEI, which has large molecular weight, is effective for the rapid extraction of the elements.

The solid-phase extraction (SPE) technique using the CM-PEI10000 resin was applied to separating trace
element prior to their inductively coupled plasma atomic emission spectrometric (ICP-AES) determination. The
combined method with the SPE and ICP-AES was useful for the analyses of certified reference materials
(EnviroMAT™ Ground Water ES-L-1, Waste Water EU-L-1, SCP Science). The method was also applicable

to the analysis of a commercially available table salt.
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