BhpES 2004

eI O EEEAR B O 70 0 B E#) 7 v — U 2T LD B S

B E XL —MEIEE WD EAERE BRI, E T RO S BERE A HThD, WILARF L AT AR = F
LAV L — M (CM-PEL #{15) 1X, ZFOME CHEZ AV pH FHFHCHitE 32— 77, KCHE R PIC K&
WZEENDT NV RICHEEZMIEE T, LIRUITME TR OER'REZY ET L7 VA HHEES R ITHEB B D
FPHCHIFE L2V, ARBFFETIL, 200 CM-PEI BHIEOEN-FrEEZFIAL, mEE A 8EE rIelc T 52887 n—
AT LERRFE LT,

BRFICSESE D, [EFRH BRI P YEE 2 S D 2 LIk, SRR ORI R 2 RIS TR ENTED

IR LT, P Te 2 3 LA (Vo LI EREOPIEMETLR Y (o mg) ZUINL, FHRT =04, B, HiikE

Nz C pH ZFHBELT (Vo + a L) o ZOVRIERDO KISy (V) L) MR T — N o @ik Ui, BHRICHifeS ot #s
I CIAHL (1 L), ZOWRITE N5 I0H (v mg) % ICP 3643 IEHTIc KON AR HE 2 IV CE B L=, M
RV E T, yomg DWIEHESTLE Y, B ZMAATRUIZbOE Y, 770 V8RO I ER LT Vi L) o Fd]
DFRBHA IR DR TC R IR L (xo/Vo mg/L) 1E ICP FEH 3 AT IC KO AR EIEZ IV TR BALZIRE C mg/L &
Vatank/ Vo DIEE D Ir TRDHZEINFHE TH -T2, T700H, a L, Vi L BLOV: L OEERHIEIIARE THHZEEHS
MMZLTz,

ZOREREREEX, A7 — U AT LB L, VAT LTI 3 DORKEEIRZ LT (1-6 J57, 4 F5, 6 J7) BLO
RYRZNT 4 IR THFIRAL, ZOOHIEIIT LM AF AR~ A2 R — R —E U a— L2 e, K
AT NCOE R B R R A 9 A2, EE SR AT RES DS AR IR FE O IEMES I ZRRE D R D3
ABNT A IR T HER T DR RE Tl oz, K7 SV T D%, R 7 ORI B4 58 42 it 975
ZEIZEYD, AAAN—T S NS R REIR Y AT LEREEE S HZ LTI LT,

1. AR ER RIF DID SRR DAL IR R R 2 B2 i AR &7

i

B R O TR A B ORI E R T D720
(I ARV E T D, OB R TR %+
RN I LT BET HEES) GBIRME) &, ZL< DM E%E
FRLFCELEE 7] CGREME) LN EE LD, #BIEE
FLREITTEL, ZAUCHEIRIR A IR T A S EE
Z HET D0 R AR I L 92 E AR S BRI X,
BRAER R H222 L5 L VWS NABEH O —>Th
%o LU, TS T~ % 7L, I WD
BN 0y T D s, Ff A S

ETH-720, ZORIZHONWT, HEEEDILE RN T
THHHNVRF L AT AR T LA EL LT
T ANV R L — MR (CM-PELBHE) ZBAFEL,
ZDRREDME Sy FBfr % [E B U7 s iR 12 e~
NG ADTE 1 E7iibt /N VAN SY ON NBUAGY U |4 ¥t & B e Nl
Z R EEBIT, ZNSE T E R S BER A
B OHTICH A THLZEEBLNILTNDD, 22T,
— O EFARh o BEREA B B b TENIE, 675
FIEBRHONDEEBIT, ZRE TRV & E AR

- >
—y —



BEAS R CE LB 25, BT /Bl EA2 B B b7
DY AT MITIETEEM L - ESNTEY, £D—
T RESNTWAO, LaL, Tl AT I
Bl CHY, Fi-mIRBAROME A mifRE L7-sR i ie o
TWDT= O GE M IR ED D,

DI FAEZT, AAFFETIX, CM-PEL S DHE
T2 TR AR G A DL, 2 A LT E
RE R S BlEA FTREIC T D BB 7 v — U AT A A B
THZERHHIELTZ, K AT ATIE, ZIHICAFE TR
il ~A =R —FK (Arduino Uno) % W Tt & o4z
rSIVT LR R IR 2 R P REIR RY ARV T A IR T
LEHIETHIEE LT, 70d8, RURMNT A IR Tk
RAWD5E, BIREEO EMESICIRENED D, Ziux
(AR A B ARV E A IS 90 2 e TR A2 bk
L7z,

2. iRAE
2.1 &&

ARFZEICIE, HARIVATH Elix-UV3 BLO Milli-Q®
Gradient Z{# FJ L CRERLL 727k (FiZk) 2 L=, TRITRD
pH & Iy B ERT L F-22 B pH A—4& — % T T
iz, T O E RIZIE PerkinElmer $ Optima7300
DV ICP 53456574 (ICP-AES) % & % v /e,

2.2 RE

[ FR il 3 Bl AT~ O WAZHEIE OIS I B 95 %
TR, HIRTI AN R AL —MEE TH D
Presep PolyChelate (& +7 A /L AF1 %K) , NOBIAS
Chelate PA-1 (H N NAT V74—V T 4> 7), InertSep
ME-2(GL A= A) i LTz, HE) 7 m— AT A
i HIL72 CM-PEL BIRITBEHR@IAE, TV RAZ S
VL —h-ZmF L7 Va— o 2% 7L —hEEA R (B
W, B2 53 pm - 90 um) (2 A L7431 849 600 O
RIZF LA DT IO %/ 7aafig) R
UL THNVHRF VAT AT HZ LI LRI L7 (EHR
EA R 3.90 mmol/g, HVRFLAF ALK 0.12), T
FEUER 21 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, T1, V, Zn, %4 100 mg/L, Merck) 3L UNY
PR (b0 B, BRI ) 248 A L7z, 2 Bst
DORIIZHONTE, B EIIAELBIEHOLD
ZREALT,

2.3 &%
2. 3. 1 EBH D BRI~ D RIZEEDIG A

1 mol/L CH;COONH, 5 mL |(Zi# &Rtk a Nz 7~
%, %or# (21 TEBLOVYY) 100 pg 2L, BHik T
1,000 mL &U7z, 3UEHAIRD pH ILRFICHTD A3 72 BRY),
HNO;, NH3 aq.% VT pH 5.5 ISR LT, ZOWRHED—
EREELD, HOLHar T a=r 7 UiziiliFlL —h
FHIEIZ 10 mL/min Tl L7=, #J 20 mL OABHIAK TP
L7z, fEsn7=7t#% 3 mol/L HNO; 3 mL TIFHIL,
MK T 10 mL (ZARLU7Z, ZOIET O3 % ICP-
AES [ZTEELTS, 21 TRERBIOY @S- A L
K@, FREFEUEY)E (EnviroMAT Ground Water ES-L-1 33
J O Waste Water EU-L-3, SCP Science) Z V>, [FARD#H:
PRI CEMERh Bt E R AT o7,
2. 3. 2 B0 RTLERVSE ML S B

KW TREEE L T-3 AT LD 7 10 —FA % Fig. 1 1R
9, K AT LTI, Arduino IDE (20 Rk Li=7" s
AT~ 2R —RbBERE B s, Jb—2
Ay F & LT 3 BOWMBYHE AL T E 1 BORYRZL
TAV IR T E T D, 1-6 FFEH LT (V) IEAT
DAIER T DIRIRE OI0 2 DR E 2 - TRY, ek
[ 12 B A — 3 EI0 b H2LC, BT LDy
T AT A=y T RORBHEIROEN, 77 LOYEREITIZE
INTED, 7o, 4 FTUH LT (V2) BEWN6 HEH#L L
T (VI T T A SR T A 2 Y%, T KiEit th
DEROPEH 7 2 flH 2% F &> TD, ~YRH
VT4 787 1% Arduino Uno >5 D ESAE B2k, R
> 7' RUN/STOP il 133 KONl il {1 23 AT HE T
VW 11 25T 5 e NV 7T 4 N1 e 71 = B o s A N
ETHIEIL, ATERPEs A LIz A L — Ay T
IZXD Bz 52 CRMEIUEZ Z(bS T, 72k, ~U
AHNT 47T IZIE HE & MP O At M B fHTC
BY, A7 HENCEVIRBEIEZR 203, BIRDNBEOF 22—
a2 UL I M QYR ob i A YA e

Table 1 (ZAY AT LAOEWE —r 2 AZeo=$, BER
AR (Home) DFEHEIL, VI (ZAR—h 1, V2 BXO V3 i
|2 Load IRHE (V2: 1-4, 2-3; V3: 1-6, 2-3, 4-5) L7 > T
203, HERROAR S OTFIZEY V3 I Injection JREEIC
g #ai (V3: 1-2, 3-4, 5-6), Fig. 1 DLH7eEReIRE
(Step 1) (2725, —EREHIRGETDIEIZ, VI OBEFiAR—



Peristaltic pump
(HF: High flow type)
(MP: Standard type)

@ Valve

?
X O NN
Q«Lo @eo Y\V\ \3\9 ?&Oé (,’b(oQ

Chelating resin
(CM-PEI600) Waste

R
HNO,
For Eluting

Air

Fig. 1 Schematic diagram of automatic solid-phase extraction system.

Table 1 Sequence used for automatic solid-phase extraction system under the optimum conditions investigated in this study

v [a] 1
Step  Operation \P,"lrt / P051t$; Ofvalvs T Pump (HF) Pump (MP) /FL?EEIS ?S“ra“"“
0 Home 1 L L
1 Conditioning 1 L I CH;0H Air 30 (HF), 10
5 (MP)
2 L I 3 mol/L HNO; Air 30 (HF), 20
5 (MP)
3 L I Deionized water ~ Air 50 (HF), 0
10 (MP)
4 L I 1 mol/L Air 50 (HF), 24
CH3COONH;4 10 (MP)
2 Loading sample 5 L I Sample solution  Air 50 (HF), 120
10 (MP)
3 Washing 6 L I Deionized water ~ Air 50 (HF), 23
10 (MP)
4 Eluting 6 I L Deionized water 3 mol L™ 50 (HF), 70
HNO; 10 (MP)
5 Flushing / 4 L I 1 mol/L Air 50 (HF), 24
Conditioning CH3;COONH4 10 (MP)

L: Load. I: Injection.
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Fig. 2 Schematic diagram of the application of internal standardization to solid-phase extraction.
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Fig. 3 Relationship between the volume of the sample
solution passed through the cartridge and the relative
emission intensity of Y.

Extraction: Initial sample volume (Vp), 1000 mL; sample
volume after pH adjustment (¥, + a), ca. 1000 mL; Y, 100
pg; pH, 5.5; flow volume (71), 20 mL - 100 mL; flow rate,
ca. 10 mL/min. Elution: 3 mol/L HNOs, 3 mL; final volume
(72), 10 mL. The relative emission intensity means the ratio
of the emission intensity for each volume of the sample
solution to that for 100 mL. O) Presep PolyChelate. A)
NOBIAS Chelate PA-1. ) InertSep ME-2.
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Fig. 4 Relationship between the relative emission intensity of Y and that of each element.

Extraction: Initial sample volume (¥5), 1000 mL; sample volume after pH adjustment (7 + «), ca. 1000 mL; Y, 100 pg;
each element, 100 pg; pH, 5.5; flow volume (/1), 20 mL - 100 mL; flow rate, ca. 10 mL/min. Elution: 3 mol/L HNO3, 3 mL;

final volume (7>), 10 mL.
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Table 2 Recoveries of 11 elements in artificial seawater-based sample solution using each resin

Recovery ?, %
Element
Presep PolyChelate NOBIAS Chelate PA-1 InertSep ME-2
Cd 90 +1.1 92+0.8 85+1.8
Co 93+24 95+0.9 90+39
Cu 105+1.7 110+ 1.1 105+2.4
Fe 97+34 96+ 1.1 93+2.6
Mn 96 + 1.8 56+1.0 3£09
Ni 93+4.7 99 +2.6 98+1.6
Pb 97+3.0 96 +0.7 95+2.6
Ti 100 £4.5 96+ 5.6 97+1.0
o B+05 Bl 85£33
Mo 16+1.7 22+0.6 58 +£20
A% 89+5.8 103+£2.4 98 +5.9

Extraction: Initial sample volume (V5), 100 mL; sample volume after pH adjustment (V5 + ), ca. 100 mL; Y, 10 pg; each

element, 10 pg; pH, 5.5; flow volume (71), 100 mL; flow rate, ca. 10 mL/min. Elution: 3 mol/L HNOs, 3 mL; final volume

(72), ca. 10 mL. a: Mean + standard deviation (n = 3).

Table 3 Optimum conditions for single flow automatic solid-
phase extraction system

Flow time /s

Operation Istcycle  2nd cycle
Conditioning

CH3;0H 10 0

3 mol/L HNO; 20 0

Deionized water 0 0

1 mol/L CH3COONH4 24 0
Loading sample

Sample solution 120 120
Washing

Deionized water 23 23
Eluting

3 mol/L HNO; 70 70
Flushing / Conditioning @

Air/ 24 24

1 mol/L CH3COONH4

a: 1 mol/L CH3COONHy4 solution was passed through
the cartridge packing the chelating resin for the
conditioning of the resin during the flushing of the eluate
with air.
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Table 4 Recoveries of 11 elements in the eluate obtained by
simplified conditioning and required time to conduct solid-
phase extraction

Recovery *, %

Element
1 cycle 2 - 6 cycles

Cd 92 94+123
Co 102 102+1.3
Cu 109 107+2.5
Fe 81 86+1.1
Mn 90 93+0.6
Ni 84 90+1.1
Pb 80 82+19
Ti 84 89+0.9
Zn 91 96 +0.9
Mo 106 104 £0.6
A% 92 96 +0.8
Required time/ 353 275+0.5

S

Extraction: Initial sample volume, 1000 mL; each
element, 100 pg; flow volume, ca. 100 mL; flow rate, ca.
50 mL/min.

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

* Mean + standard deviation (n = 5).

Table 5 Recoveries of 11 elements in artificial seawater-
based sample solution using single flow automatic solid-
phase extraction system

Element Recovery *, %
Cd 98+2.2
Co 104 +£2.2
Cu 114+3.2
Fe 86+2.4
Mn 77+£0.4
Ni 79+2.1
Pb 87+2.0
Ti 94+0.8
I or+t9
Mo 23+13
\ 91+25

Extraction: Initial sample volume, 1000 mL; each
element, 100 pg; Y, 100pg; flow volume, ca. 100 mL; flow
rate, ca. 50 mL/min.

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

* Mean + standard deviation (n = 7).
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Cd Co Cu Fe Mn Ni Pb Ti
Element
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Fig. 5 Recoveries of 11 elements in the eluate obtained by
automatic operation (full conditioning or simplified
conditioning) or manual operation.

Extraction: Initial sample volume, 1000 mL; each element,
100 pg; Y, 100 pg; flow volume, ca. 100 mL; flow rate, ca.
50 mL min™".

Elution: 3 mol L' HNO3; final volume, ca. 10 mL.

Error bar shows the standard deviation (n = 10 for full
conditioning; n = 7 for simplified conditioning; n = 5 for
manual operation).
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Table 6 Results for the determination of some elements in the certified reference materials using single flow automatic

solid-phase extraction system

Ground Water (ES-L-1)

Waste Water (EU-L-3)

Consensus value

Consensus value

Element  Found [ : Found [ )
(Tolerance interval) (Tolerance interval)
/ mg/L / mg/L
/ mg/L / mg/L
cd 0.012 £ 0.000 0.010 0.023 +£0.001 0.0228
(0.007—-0.013) (0.0186—0.0270)
Co 0.062 +0.001 0.051 0.090 £ 0.003 0.0825
(0.043—0.059) (0.0762—-0.0888)
Cu 0.030£0.001 0.020 0.120 + 0.003 0.1060
(0.009—-0.031) (0.0871-0.1250)
Fe 0.019 £ 0.000 0.021 0.057 +£0.001 0.0580
(0.007—-0.035) (0.0504—0.0657)
Mn 0.081 £ 0.001 0.096 0.110 £ 0.001 0.1220
(0.073-0.119) (0.1070—0.1380)
Ni 0.009 £ 0.001 0.010 0.077 +£0.002 0.0834
(0.007—-0.013) (0.0731-0.0938)
Pb 0.003 £ 0.000 0.002 [ 0.042 £ 0.001 0.0418
(0.0361-0.0475)
70 0.024 +0.000 0.021 0.027 £ 0.001 0.0305
0130029 (00125-00484)
Mo 0.014 £0.001 0.011 0.039 £+ 0.003 0.0397
(0.008—0.014) (0.0327-0.0467)
v 0.013 £ 0.000 0.010 0.053 +0.002 0.0495

(0.007-0.013)

(0.0434-0.0557)

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

b: This value is not certified; it is listed for information only.
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Summary

Solid-phase extraction techniques using chelating resins are useful for the separation of trace elements. The
chelating resin immobilizing carboxymethylated polyethyleneimine (CM-PEI resin) can rapidly extract some trace
elements over a wide pH range; however, alkali metal elements, which are present in large amounts in seawater and
commercially available table salt, are not recovered and alkaline earth metal elements, which often interfere with
determination of trace element, are also not collected under acidic and neutral conditions. In this study, we
developed an automated flow system for high-speed solid-phase extraction separation by utilizing the CM-PEI resin.

Before the development of the system, we investigated whether the application of the internal standardization
to the solid-phase extraction would eliminate the strict control of the flow volume using a pump. A fixed amount
of internal standard element Y () mg) was added to a sample solution (¥, L) containing trace elements (xo mg), and
the pH was adjusted to 5.5 by adding sodium acetate solution, acid or base (Vo +a L). The majority of this solution
(V1 L) was passed through a cartridge packed with CM-PEI resin. After eluting the extracted elements and Y with
nitric acid (7> L), each element (x; mg) containing in this solution was quantified by inductively coupled plasma
atomic emission spectrometry (ICP-AES) using the internal standardization. The solution for calibration curve was
diluted with each element, yo mg of Y and nitric acid, and only the blank solution was fixed volume (Vgiank L). The
concentration of trace elements quantitatively trapped in the resin in the first sample solution (xo/Vo mg/L) can be
determined from the concentration of trace element, C mg/L, obtained by ICP-AES using the internal standardization
and the value, Vaink/Vo; that is, a L, V1 L, and V> L do not need to be strictly controlled.

For the development of the system, a system consisting of three switching valves (1-6 way, 4 way, and 6 way)
and a peristaltic pump was constructed. A commercially available microcontroller board and relay modules were
used to control the valves and pump. By applying the internal standardization to the solid-phase extraction, a
peristaltic pump, which is capable of high-speed pumping but has some problems in the accuracy of the flow volume,
can be used in the system. By optimizing the valve switching and pumping conditions, we succeeded in

constructing a high-throughput system.



