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Fig. 1. Apparatus for solid-phase extraction of trace elements using a disk-type sintered material containing chelating resin.
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Fig. 2. Effect of pH on the recoveries of some elements using 4 kinds of commercially available chelating resins.

Extraction: Sample volume, 100 mL; each element, 10 pg; flow rate, 3 mL/min.

(3) Nobias Chelate PA-1.

volume, 10 mL. (1) InertSep ME-1. (2) InertSep ME-2.

Elution: 3 mol/L HNOs, 3 mL; final
(4) Presep PolyChelate
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Fig. 3. Effect of flow rate on the recoveries of some elements using 4 kinds of commercially available chelating resins.

Extraction: Sample volume, 100 mL; each element, 10 pg; pH, 5.5.
(3) Nobias Chelate PA-1.

(1) InertSep ME-1.  (2) InertSep ME-2.
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Fig. 4. Photograph and SEM images of sintered materials containing Presep PolyChelate.
(a) Appearance. (b) Surface. (c) Side. (d) Cross-section.
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Fig. 5. Effect of pH on the recoveries of some elements using powdery Presep PolyChelate (<) and cylinder-type () and
disk-type (m) sintered materials containing Presep PolyChelate.

Extraction: Solution volume, 100 mL; each element, 10 pg; flow rate, 10 mL/min. Elution: 3 mol/L HNOs3, 10 mL.
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Fig. 6. Effect of flow rate on the extraction of some elements using disk-type sintered material containing Presep

PolyChelate.

Extraction: Solution volume, 100 mL; each element, 10 ug; pH, 5.5.

Elution: 3 mol/L HNOs3, 10 mL.
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DAREMER D EMNDE, AET 3 mol/L AlEE%E FAV T
Matliz, £, AgER L —MstIERER: 2 fLIK% 10-50
mL @ 3 mol/L flEZIZIZL, 10 min JEELZEZA, V<D
DOTEFRIZEBNTE 50 mL OIFIRITIRLICG A IO I
TE RIS EERR SR, RSO TTHE TITIA
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HHZYEIR MR LAC N2 TR I EHERIS D, HiE
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3. 4 ERHMITADIEH

MR L — MR BERS 2 FLIRZ TV 2 [E FE i L A
L ICP-AES LE#AAG DY HEE AW, R F o 11
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AT, 0.01-10 pg OHFIFACTHILHEEZIMLIZ 5
mmol/L FifE7T =7 AFFHR 100 mL Z XL —h

ot BERS 2 FLIRIZIBHE L, 3 mol/L A& 10 mL (2 TR H
L7oimi % ICP-AES (L TIERR L 7=, W ho e
BT RAFREMPARGFOIN,

R, 8 THREI, 5 mmol/L FFfET > &= A
HRIR 300 mL, 10 BRIZE oMot R % EFEfh 4,
ICP-AES IZTERL, ENENGLIE EIEOEER
FED 3EDOME, 10 (FOMHE, LEFR LT, T, BRHRR,
JER T IRA Table 11R7, E&HE, $720OL7 I
IFW 3 ICP-AES Ofi RS A T [Blo Ty vz,

3. 4. 2 REHEEMED T

AIEIZ BT DI E A~ O AT DWW TR 572
D, RAHEEYVE IS FNHINOITTHRE L, EREL
7=, #1F7K (EnviroMAT™ Ground Water ES-L-1), FE/K
(Waste Water EU-L-3) D% 5.% Table 2, Table 3 (%41
ZHURT, 2B, ZNHITIE Ti OFRGHEA RSN TR
Mol=i=d, Ti BT TR, Z<DOTLHE TG
ELFIEFREIRMEL 2R~ T2 22D, ARIEITHIT K, FEK
REDRBHIE FNHMETTRE OB EH TE22e
N YIS Ay
3.4.3 BHRKDOHH

YL R Rk Ex, TilER SIS ENLMETLH
ZoTHEL, EEUTD, Fo, Ik R AR LIRS
METTR AL, BIGRERZTT o7, bkl R4
Table 4 (27”9, Mo (ZIEAFRLSy D FBZBAZE T3 0T, W

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

sintered material containing Presep PolyChelate

Element Blank, pug LOD, pg LOQ, pg
Cd N.D. 0.002 0.008
Co N.D. 0.002 0.006
Cu N.D. 0.015 0.051
Fe N.D. 0.004 0.015
Mn N.D. 0.001 0.005
Mo N.D. 0.014 0.046
Ni N.D. 0.003 0.009
Pb N.D. 0.034 0.112
Ti N.D. 0.002 0.007
\% N.D. 0.013 0.042
Zn N.D. 0.048 0.159

N.D.: Not detected (The obtained value was less than the LOD in ICP-AES)



Table 2. Result for the determination of some elements in certified reference material (Ground Water ES-L-1) after the

solid-phase extraction using disk-type sintered material containing Presep PolyChelate

Element Found?® (mg/L) Certified value (mg/L)
Cd 0.009 = 0.0002 0.010
Co 0.047 £ 0.0017 0.051
Cu 0.019 = 0.0003 0.020
Fe 0.017 +0.0011 0.021
Mn 0.076 + 0.0023 0.098
Mo 0.009 + 0.0004 0.011
Ni 0.009 £ 0.0005 0.010
Pb 0.002 + 0.0001 0.002
M 0.009 + 0.0005 0.010
Zn 0.019 + 0.0008 0.021

a. Mean = standard deviation (n = 3)

Table 3. Result for the determination of some elements in certified reference material (Waste Water EU-L-3) after the

solid-phase extraction using disk-type sintered material containing Presep PolyChelate

Element Found?® (mg/L) Certified value (mg/L)
Cd 0.0225 + 0.0004 0.0228
Co 0.0812 + 0.0015 0.0825
Cu 0.1058 +0.0016 0.1060
Fe 0.0554 + 0.0013 0.0580
Mn 0.1192 +0.0018 0.122
Mo 0.0387 + 0.0012 0.0397
Ni 0.0821 +0.0019 0.0834
Pb 0.0401 + 0.0010 0.0418
M 0.0475 + 0.0005 0.0495
Zn 0.0265 + 0.0008 0.0305

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



Table 4. Result for the analysis of commercially available table salt

Element Found® (ng/g) Recovery (%)
Cd N.D. 95+1.8
Co N.D. 92+3.0
Cu 0.0195 £ 0.0042 98+£1.2
Fe 0.0196 £ 0.0015 98+1.2
Mn 0.0494 £ 0.0009 107+ 6.0
Mo N.D. 15+1.3
Ni 0.0714 £0.0011 92+3.5
Pb N.D. 92+2.1
Ti N.D. 96+ 1.1
\% N.D. 90+0.6
Zn N.D. 92+1.5

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

A solid-phase extraction (SPE) using chelating resin is one of the most useful techniques for separation of
trace elements because the operation is simple. A particulate 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 Cd, Cu, and Pb, over the wide pH range; however, alkali and alkaline earth elements
are not collected under acidic and neutral conditions. The SPE using CM-PEI resin is generally conducted using
a cartridge packed with the particulate resin. If the other shape of SPE material can be prepared, it will be
conveniently utilized in various fields. In this study, we tried to apply the sintering technique to prepare various
shapes of SPE materials containing CM-PEI resin.

A sintered material was prepared as follows: The equal amounts of CM-PEI resin (Presep PolyChelate,
Wako Pure Chemical Industries) and powdery polyethylene (Flo-Thene, Sumitomo Seika Chemicals) were mixed,
and then the mixture was added to a mold. The mold was heated at 130 °C for 20 min.  After cooling, plate-type
sintered material (thickness, 3 mm) was obtained. The sintered material was cut into a disk shape (diameter, 47
mm); it was used to set on a commercially available filtering apparatus with a handmade PTFE gasket.

When the SPE of 21 kinds of elements were conducted using the disk-type sintered material, almost the same
results were obtained compared to that using the powdery chelating resin used for the preparation. This result
indicates that the ability of the chelating resin in the sintered material for separation of trace elements is not
changed after the sintering process. The disk-type sintered material was able to quantitatively extract 11 kinds of
elements (Cd, Co, Cu, Fe, Mn, Mo, Ni, Pb, Ti, V, and Zn) at pH 5.5 at the flow rate of at least 70 mL/min. The
SPE was applied to separating trace element prior to their inductively coupled plasma atomic emission
spectrometric determination. The combined method was useful for the analyses of certified reference materials
(EnviroMAT™ Ground Water ES-L-1 and Waste Water EU-L-3, SCP Science). The method was also applicable

to the analysis of a commercially available table salt.



