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1 1 3 2 *1
N 610065) ( 610065)
3 518060)
- N N K" Na® Cl°
Ca®" . 4 N
:23 mmol/L Na,B,0,-H,BO;( pH 7.40) 0.25 mmol/L K* 48.6 mmol/L Na® 2.5 mmol/L
Cl™  0.25 mmol/L Ca* 1.56 mL/min; 30 em (1.D.0.5 mm) .
2.0 ~22.0 mmol/LL K* 90 ~253 mmol/L Na® 20 ~248 mmol/L C1~ 0.35 ~10.0 mmol/L
Ca** 1.05% (n=11) 96.7% ~103.7% 120 /h
45 L.
1
3.5~5.4 mmol/L K" 135 ~145 mmol /L Na® 96 ~110 mmol/L C1~ 1.
15 ~1.35 mmol /L Ca** b N o
N SN ( Ton—selective e—
lectrode ISE) °° K* Na* ClI- Ca** o ISE
( Electrolyte analyzer EA) ’ 4 s
EA : 910
112 13 CEA
( Flow injection analysis FIA) . . R
FIA ISE FIA- ( Flow-injection mini—
electrode electrochemical analysis FI-ME-ECA) K* Na* ClI- Ca’*
_ . ({3 »
20104048 ;20104220
214 ( No. 0082204127067)

*  E-mail: lysgxf2005 @ yahoo. com. cn
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2
2.1
FIA3110 ( ); AUWI120D ( )
KL-UPIV40 ( ); pH-Meter HMTB (
) ( ); K Na Ca (I ( )
( ) o
NaCl KCI Na,B,0, H,BO, NaNO, BaCl, MnClL *4H,0 FeCl, * 6H,0 ZnCl, C,H,0, NaH-
CO, Na,HPO, Na,SO, NaAc ( Tris) ( BSA)
© CaCl, * 2H,0( ) NaNO,( ): NaF Cr(NO,), * 9H,0(
): SrCL + 6H,0 ( ): CoCl, * 6H,0 ( ); Cu( NO,), * 3H,0
( ). . ( 0.065 pS/cm) .
NaCl KCl CaCl, * 2H,0  Na,B,0,-H,BO, . Cl- KCl CaCl,
NaCl Na* NaCl  Na,B,O0, o
2.2
K* Na* Ca’* CI 1 o
(MC) .K* Na* Ca** Cl°
&
(4—MFE—D) N Waste 1
: AR |
(i) mmL :
P2 ;kff\i.. mlL/min v S|45 HL :_ | “ 1 T :
(V) R 4-MFE-D 4 Carrier ) _(_ T 1 /| | K|Na|Ca|ClRef] |,
(MBS =E, -E E, E' & Y e P8
Bl % 2 | Mixing coil 4-MFE-D
Pump 2 o
) MSPS ° “ ” Sample
P, 1 K Na ClI Ca
1 ' “ i Fig.1  Flow injection analysis manifold for simultaneously deter—
“ 7 mining K¥ Na® Cl~ Ca’" in serums based on flow—through
4-MFE-D ion-selective electrodes
V: ( Injection valve) ; S;: ( Sampling loop) ; 4-MFE-D:
4 (AElff K* Na* Ca’* ClI- ( Flow-through type K*
—F _pt g et Na* Ca’* Cl~ electrodes) ; MSPS: ( Computer
’ ’ ’ ’ ) o« " soft system for treating multi-channel signals) o
) « vy MSPS
3
3.1
FI-ME-ECA N
19
(C) ( AE) AE = E° + (2.303RT/nF) 1gC E°
(mV) R (8.314 J/(Kmol)) T (K) n F (96485 C/
mol) o AE

AE=b+KC K (mV L mmol ™" b (mV) .,  FI-ME-ECA



K* Na* ClI- Ca**

3.2
3.2.1 6 (No.1~6) (S, 45 ~
330 L) . No.1~6 1.00 3.50 3.88 4.75 5.50 6.00

mmol /L K™;64.9 129.9 135.6 139.7 148.7 157.7 mmol/L Na™;20.3 90.2 94.8 99.9 110.0
119.7 mmol/LC17: 0.59 1.03 1.11 1.19 1.35 1.39 mmol /L Ca®* » No. 1 :
1.56 mL/min, S, 4 (mV L mmol ") (K*:2.68—4.

55;Na*:0.06—0. 14; C1": =0.12— -0.21; Ca’*:3.59—5.63) AE
S, o

45 120 /h.

3.2.2 (0.54 ~2.98 mL/min) o

4 (mV L mmol ") (K":3.75—2.28; Na*: 0. 13—0.
05;Cl™: =0.21— -0.15; Ca**:5.21—3.53) ,

o 1.56 mL/min.
3.2.3 (8.5~120 cm) 4
o 8.5 ~60 cm 4 (mV L mmol ")

(K*:2.77 £0.17; Na*:0.14 £0.02; Cl™: -0.29 +0.02; Ca’*:11.07 +0.51) AE

; 120 cm 4 (mV L mmol ")

2.06(K*) 0.10(Na*) -0.26(Cl7) 7.05(Ca*") . “

30 cmo
3.2.4 FIME-ECA
Ca’" Cl-
Tris-H,BO,( TBBS)  H,B0O,Na,B,0,( BBS)
. ; TBBS (mV L mmol ™)
1.99 (K*) 0.13(Na®) -0.23(Cl") 9.18(Ca’"); BBS (mV
L mmol ™) 2.07 (K*) 0.14 (Na®) -0.27(Cl") 10.78 (Ca’"). 4
TBBS . BBS FIME-ECA
BBS B,0;" (5~30 mmol/L) 4 o
B,03" 4 (mV L mmol ") (K*:1.84—2.39;Na*:0.
07—0.10; C17: —=0.06— —0.22; Ca’*:5.51—7.63) . B,027( Na,B,0,)
Na* o Na* NaCl
o Cl- Cl- B,0;"
B,0:" 23 mmol /L.
3.2.5 4 No. 1 +No. 2 No. 4
4 . pH 6.00 ~9.00 AE,( K)
AE,(K) (7.64£0.22) mV  (9.19 £0.19) mV AE,(Na) AE,( Na) (7.75 £0.19)
mV  (9.99+0.27) mV AE,(Cl) AE,(Cl) (-29.19+1.06) mV ( -=33.13 £1.78) mV;
AE,(Ca)  AE,(Ca) (7.67£0.19) mV  (9.67 £0.40) mV.

pH 7.35 ~7.45 pH 7.40.
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3.2.6 K* Na® Cl° Ca**
o K* Na* ClI° Ca’" 0.25 48.6 2.5 0.25
mmol /L. 4 (mV L mmol ™) (K*:2.29; Na®:0.12;Cl™: -0.28; Ca’": 12.
25) ; 4 o
(AE =} - B} o (AE! = AET"
—- AE)™) . K* Na* Cl- Ca’*
0.25 48.6 2.5 0.25 mmol/L,
3.3 4
No. 4 AE,
AE, . NO, NO; F~ Ba’*'
St Cr't Co’t Mn’t Mg®t Fe’™ Zn’* NH, Cu®* HCO; SO;” Ac~ HPO;,” C,H,O,
K* Na® Cl° Ca’" ( BSA ) K* Na® CI°
Ca’" o BSA  Ca’* Ca’" Ca**
40% Ca’" ' Ca’*
3.4
FIME-E£CA 1. 4
FI-ME-ECA o No.2  No.4
FIA (n=11) ( RSD) 1.
1 FI-ME-ECA K* Na* Cl- Ca** (n=11)
Table 1  Calibration curves and reproducibility tests for simultaneous determining K* Na® Cl~ and Ca’" by FI-ME-ECA
No.2 No. 4 Linear relation
Ton AE, RSD AE, RSD Range
(mV) (%) /mV (%) ( mmol /L) Regression equation r
K* 23.01 £0.11 0.81 26.32 £0.22 0.68 3.4~6.4 AE=1.85Cy, +11.26  0.9989
Na* 14.20 £0.02 0.56 15.60 £0.01 0.69 125 ~163 AE =0.10Cy, + —0.86 0.9989
Cl~ -58.36 +0.41 0.37 -61.61 £0.22 0.35 85 ~125 AE = -0.25C - -37.47 0.9978
Ca®* 14.69 +0.04 1.05 16.74 £0.04 0.85 1.0~1.4 AE=9.43Cc0+ +197.47 0.9987
3.5 2 FI-ME-ECA K* Na® ClI° Ca**

Table 2 Determination results of K* Na® Cl and Ca’* contents in se—

3.5.1 rum samples obtained by flow injection-microelectrode-electrochemical a—
3 1 4 nalysis( FI-'ME-ECA) system ( n =3)
K* Na* al- Ca’*
Serum ( mmol /L) ( mmol /L) ( mmol /L) ( mmol /L)
2e 5.20 £0.03 138.3 +0.3 96.6 £0.7 1.63 £0.02
2 : 5.25+0.04" 137.6+0.4"  96.2+0.6°  1.65+0.02"
3 5 4.80 £0.08 140.4 +0.2 101.8 0.5 1.74 £0.03
s 4.71£0.09°  140.4£0.2"  101.7£0.3"  1.87 +0.04"
3 3 5.11 £0.07 143.4 +0.3 107.5 £0.4 1.76 £0.03
5.03+0.09" 142.8 +0.2" 107.0+0.1" 1.91 +0.05"
° * ( Results obtained from logarithm equation) :
. AE =27.8915C (K*) +5.69; AE =38.01 1gC (Na*) - 66.40; AE = - 28.57
3.5.2 12C (C17) +29.88; AE =26.431gC ( Ca2*) +14.11) ,
( AE = KC +b) ( AE = KlgC +b) .
o 4 :2.0 ~22 mmol/

L(K") 90 ~253 mmol/L (Na®) 20 ~248 mmol/L(Cl”) 0.35~10 mmol/L ( Ca’")
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o No.l (600 L)
(30 uL) FI-ME-ECA 3. K¥ Na* Ca’* «ClI” 9.
7% ~103.7% » . . .
K* Na* Cl° Ca** ( No. 1)

Table 3 Recovery tests for K* Na® Cl and Ca’* in serum ( serum No. 1)

K* Na*

Cl™

Ca?

+

(AE =27.891¢C +5.69 r=0.9982) AE =38.011gC —66.40 r=0.999NE = —28.571gC +29.88 r=0.99§\E =26.431gC +14. 11 r=0.9995)

Added conc. Recovery Added conc. Recovery Added conc. Recovery Added conc. Recovery
( mmol /1) (%) ( mmol /1) (%) ( mmol /1) (%) ( mmol /1) (%)
2.29 100.7 20.5 100.9 19.0 102.2 0.59 102.3
4.59 100.9 41.0 97.5 38.1 101.3 1.19 102.4
9.17 96.7 82.0 98.8 57.1 98.9 2.37 99.7
13.76 104.8 123.0 97.3 76.1 102.3 3.56 102.9
17.77 102.6 158.9 100.3 95.2 101.9 4.60 103.7
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An Automatic Flow-injection Micro-electrode Electrochemical
Analysis System for Simultaneous Determination of
Four Kinds of Serum Electrolytes

ZHOU Lei' LAI ZhenYao' ZHANG Hui-Sheng’ GAO Xiu-Feng’ LI Yong-Sheng '
" ( School of Chemical Engineering Sichuan University Chengdu 610065)
*( West China School of Preclinical and Forensic Medicine Sichuan University ~Chengdu 610041)
*( School of Information Technology ~Shenzhen University ~Shenzhen 518060)

Abstract A new automatic analysis method and system for simultaneous determination of K* Na® Cl~ and
Ca’* in serum was proposed on the basis of flow-injection micro-electrode dynamic electrochemical technology
( FI'ME-ECA) . To stabilize baseline potentials of four electrodes and to accelerate response of the electrodes
we have examined various components in the carrier of the FI-ME-XCA and optimized experimental conditions.
Obtained results were as follows: 23 mmol/L of Na,B,0,-H,BO,( pH 7.40) was used as the buffer solution
the carrier solution are consist of 0.25 mmol /L. K* 48.6 mmol/L. Na®™ 2.5 mmol/L Cl~ and 0. 25 mmol/L
Ca’" and its flow rate is selected 1.56 mL/min. The length of mixing coil was 30 ¢cm (1. D. 0.5 mm) . The
linear determination ranges of the method are 3.0 —6.0 mmol/L for K* 90 —253 mmol/L for Na* 20 -248
mmol /L for C1~ and 0.35 — 10 mmol/L for Ca®* respectively the relative standard deviation ( RSD) is less
than 1.1% (n=11) the recoveries obtained by adding K* Na® Cl~ and Ca’* in serum samples are in
range of 96. 7% —103.7% analysis speed of the system is 120 samples/h (480 detections/h) consumption
of the sample is only 45 pL at a time. Main merits of the FI-ME-ECA are injection of micro-volume sample
and continuous flow of the carrier solution. It has achieved automatic cleaning of the FIA manifold and has a—
voided carryover between the samples and has removed sorption and stemming of fibrin on the sensor chan—
nels and has prolonged life of the electrodes.

Keywords Flow-injection analysis; Flow-through type micro-electrode; Serum; Potassium; Sodium; Calci-—

um; Chloride; Simultaneous determination
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