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New devices and approaches in some topical academic fields such as kinetic diagnoses, biomimetic chemistry, super
critical fluid chemistry, zeroemission research initiative skill-free technologyand welfare sciences, were described
concerning integrated flow injection analysis (FIA) with their historical views . Some typical examples of the FIA
in thus proposed academic fields were introduced in relation to their development factors, their concepts, their
practical uses and so on. The authors hope that this technical accounts will play a key role for the future academic
fields such as integrated approach to environments and human welfare |ike “COP10” , advanced care and welfare, welfare

sciences and so on.
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Table 1 Guide-line to development of FIA system for
some topical analytical sciences research
work items (Part 1)

@Functional ity

High accuracy and precision,

MTopical item

Dynamical diagnosis rapidity, automation, on-site,

associated with smal | amount of detection of the

chemical analysis key compound for the diagnosis

etc.
Biomimetic  Device of new artificial function
chemistry high sensitivity and selectivity,
etc.
Super critical  High pressure and/or temperature
fluid chemistry system design, the solvent

property etc.

Miniature technique for

Zero emission protection of nature-environment

sciences and resources; recycle, reuse and
reduce technologies for waste
material; material valance, etc.

© 7777777 Tsimplification of analytical

Skill-free technique and process: development

analysis of new analytical technique and

process; operationally and

mechanical ly safety, etc.
"""""""""" Human-ecological technology,
Welfare sciences safety, universal designation,
easy and simplified technique,

etc.

Table 2 Guide-line to development of FIA system for
some topical analytical sciences research
work items (Part II)

'ngh pressure and/or terperature
Super critical
fluid chemistry

systemdesign; simplified and easy
operation system; continuous flow
system: the solvent effect;

Zero emission Cycllc(closed) systen miniature

sciences system: high sensitive detection:
out-put/in—put balance; etc.
T 7777 TEasy deternination & operation;
simplified system: simplified and
Skill-free easy process: development of new
analysis analytical technique and process:

operational ly and mechanical ly
safety; automation/operational
and mechanical education: etc.
R D Human-ecological FIA system;
multi-function/system design/IT
technology : automat ion/mechanical
Welfare sciences and operational education; safety:
simplified FIA;easy and simplified
technique; universal designation;

etc.

(MTopical item ®GFIA component recommended

Dynamical diagnosis Easy and simplified analysis:;
associated with high sensitive and selective
chemical analysis analysis; automatical analysis;

potable analyzer: etc.

Molecular design for biomimetic
Biomimetic function; simplified, easy and
chemistry rapid analysis: high sensitive
and/or selective detection

system; etc.
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Fig. 1 Gas permeation/GC flow system
A, Flow meter :B, Detector (GC) :C, Separation column:D, Precolumn
:E. Pressure control valve;P,, Permeation plate assembly(l):
F,.Permeation plate assembly (I1) :G, Reactor ;H. Recorder: |, 1,&
l,.Sample injection ports:J.Pressure gauge:K, Gas cylinder
(He) ;L. Control valve:M, Preheater :N, & N;, High pressure pumps:
0, Heater :P, Thermometer :Q, Reservoir for hot water R, Reservoir
for carrier solution:S, Injection port for carrier solution:
T.Reservoir for buffered urease solution:U, Gas cylinder (N,) :

W. Three port junction:a, Direction.

A 77,7207 7 m .

- 165 -

Fig. 2 Permeation plate assembly
Left. Permeation plate:Right, Doughnut type permeation
membrane and silicone plate.A & B, Outlet and/or inlet ports
of carrier gas and carrier solution:a, Screw hole:b, Joint:

c, Groove.d, Stainless steel plate.
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Fig.3 Expanded view of chemical process in permeation
plate assembly

A, Chemical process of NH; in urine: B, Chemical process of

total NH; in urine: P, & P,, Pressure.
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Fig. 4 Chrltogras of permeated NH; and total NH,
with urine samples of normal and various kinds
of diseases
A, Acute atrophy of the liver: B, Uremia: C. Normal: D, Acute
atrophy of the liver and uremia: E, Diabetic nephropathy.
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Fig.5 Molecular structure of oriented surfactant
molecular aggregate (Bilayer vesicle)
DDAB: Didodecy |dimethy |ammonium bromide
Table 3 Biomimetic property of organized surfactant
molecular aggregate

Species of molecular aggregate  Functionality

Micelle Solubility
Reversed micelle Condensation
Mixed micelles Catalysis

Bilayer vesicle Sensitization, etc.

Lamella Unknown
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Fig.6 Schematic diagram of the FIA/CL system
L—Ls:Flow lines, J, & J,:Y type joints, M:Mixing coi | (1 mm i.d.

and 2 m long), P, & P,:Peristaltic pumps, S:Sample injector (20
1), D:Detector. Recommended operating conditions:6. 0x10®
M 1, 10-phenanthroline, 0. 12 M NaOH, 0.025 M Hexadecy lethy |-
dimethy |ammonium bromide & 2. 8x10° M tetraethy |lenepentamine
for the line L, (flow rate, 1.2 ml/min) ;6.0 % H0, for the line
L, (flow rate, 1.2 ml/min) ; sample or water for the line L; (flow
rate, 5.0 ml/min).
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Table 4 Copper (11) determination in tap water by the

proposed method

Sample No. FIA/CL method Flame atomic absorption
method

7 x10%M

1 6.5 x10°M
2 6.3
3 6.6
4 6.8
5 6.5
6 6.4

N OO N NN O

Average 6.5
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(1) Batch type SCF/CL analyzer

A:Vent, B:Capi | lary pressure controller, V:Pressure control
valve, C:00,-SCF cylinder, P,:High pressure pump for SCF,
$,-S;:Sample injectors, H:Reaction cell, PMT:Photomultiplier
tube, T:Thermoregulator, P,:Peristitic pump, R:Recorder.

Cl. mteasity

>

0.7 nA

Time
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(2) CL profiles among another solvents

A: Water,B:CO,, C:00,-SCF. Operating conditions:S,, 20 x|

injection of 1x10®MH,0,:S,, 202 | injection of 0.001 M luminol/

5 MNaOH solution: reagent injection interval of S, and §;, 10s:

pressure for C0,~SFC, 80kgf/cn? and temperature of SCF(40°C).

Fig. 7 SCF-FIA/CL batch type analyzer (1) and
compar ison of CL profiles(2) among another
solvents

Fig. 8 SCF-FIA/CL flow system for lactone
determination
B:Cylinder for C0, super critical fluid, P:Pump(Shimadzu
LC-6A), S,: Injector for reagents (Rheodyne 7125:100 1).S,:
Injector for sample (Rheodyne 7125:20 u |), D:Detector Nichion
RikaKiki Co. LF-800 & Hamamatsu Photonics 1P-21S), R:Recorder
(TOA DENPA KOGYO EPR-151A). Optimal operating conditions:0. 02
M NaOH/ethano!| for S, and sample/acetone for S, at 6.0 ml/min

of flow rate.
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Fig. 9 Calibration curve for determination lactone
with the proposed system
Operating conditions: Same as in Fig. 8.
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(Acetone line) (Energy transfer)
(Acetone) =>=>Activation(Activated Acetone)*
(Energy trI1sfer originated to super critical fluid))
Fig. 10 Chemiluminescent reaction mechanism for
lactone determination
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Table 5 Recovery test®’

Sample Taken Found Relative error Recovery

() () % (%)

Origin 0 ND®’ — —
A 1.54 1.55 5.0 101

B 271 279 5.5 103

C 3.58 3.65 4.4 102

D 518 513 2.3 99

E 5.88 5.84 2.6 99

a) : Average in 5 repeated runs, b) : Not detected.
BEDELSIZ, SCFFIAEFvUvr—& LTHAEZLS
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KEL, BOTHEMN L RRABHIZ LS Y FUED
CLBRRIRELCIRNF—BEORES & UMIEHEIZ
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FrUV—BHIEERIGIBE LD END, BRTEY
ATLHOEEICEEZ L4 SOFEF v ) Y—IZHNSZ &
DRELGHRO—DOTHD. FAESTHARITIEHF BN E
ARITHLLSRE (FREE) LHEREICHISBS
RGP RTFLRAENFIADRRERL-—HITH S,
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RERE BEVOEOII v alik, EREHA,
HFARAREE L UENLE, QP TOLREMERE, @
R, /oM. fAnibiEe WetsLUBmBE
b, OEftt, MmFE RARLEHE HektsL
U Out-put/ In-put BHli%s EARDBN D,
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Fig. 11 Schematic diagram of the cycFIA/CL system
P:Peristaltic pump (Atto, SJ-1220), S:Sample injector (Kusano
Kagaku, 10 | Loop valve, D:Detector (Hamamatsu Photonics. R376
photomultiplier tube),E:Electrometer (Advantest TR-8641),
C:Computer system(NEC, PC9801RX connected with NEC-GP1B/TNT
board of Japan Instrument Co.),R:Recorder (Rikadenki Kogyo,
R-64M). Optimal operating conditions:104 | injection of
thiamine/1. 0x10° M uranine sample and 100 ml of 1.0x10° M
K;[Fe (CN);1/2.0 M NaOH for CL reagents at flow rate of 7.0
ml/min.

A CL RIGHM " % Fig 12 1ZRT
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Fig. 12 CL reaction scheme

AERBIFig 12 DRIGHETET S (L 25H0T 5.

EAM AT LTHRLON-ERTRERHHEIIZD
WTOHRREIUTORY THD, BHEHTRIZ1.0x10°M,
EEBTRIE2.0x10°M TH o1z, 25x10°MF7 2 4R
HEHH % 150 EPEA L =158 OHEXHREERZE RSD) 13452 %
TH 1= EFIRHOSMERITRTIEG. 6 X 10°MF 7
V) ERS—HBL F - AoyeFIA/CL R T LD
IR BICHE 1155 E L THHYRERA LA,
100ml OFEHBET 150 MO ET 1158, AEEI
#4000 ml DEAEEELC DN, K& 150 ml OLBT
FnTéH-1-(Table 6 B),
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Table 6 Comparison of some characteristics of the
system among the cycFIA/CL(A), the current
FIAB)*” and official method(C) *®’

| tems System

W ®) ©

(1) Analytical aspects

Sample size
Analytical technique

1011 Continuous flow  15ml
Closed  Usually use

FIA FIA Spectrometry
Sample frequency 150/100m!  ca. 75/100m!  ca.2/100m|
Limit of the determination

2.0x105M  2.00x10° M sub-mg

Reproducibi | ity RSD) ca. 2% <2% ca. 2%
Analytical time required
A few sec  ca.32 sec

Several minutes

Others Energy —— Use of hazardous
transfer compound (HCN)
(2) Chracteristics of the system®
CL reagent solution
i) Volume 100 ml 100 ml 100 ml
i1) Component NaOH (2M) ~ NaOH(2M)  NaOH (1M~10M)
(Concentration) Ks[Fe (CN)g]  K;[Fe (CN)¢] HCI
(0. 001M) (0. 005M) (0. 001M)
Uranine = CNBr
(0. 001M) (ca.0.01M)
Sample species Standard/Drug Standard Standard
Sample volume 10 ¢l 2.9 ml/min 5 ml
Sample frequency 150 ca. 75 ca.2
Waste water
1) Total volume 100 ml ca. 430 ml ca. 4000m|
(150 samples)

2)Residues after 150 repeated runs
i) Component NaOH NaOH Unknown
Ki[Fe(CN)s] ~ K;[Fe (CN)¢] =
Uranine  K,[Fe(CN) =
K,[Fe(CN)]  Thiochrome —_—

Thiochrome
ii) Total amount {9¢g <40 g << 500 g
(150 samples)
iii)Possible recycling Uranine None None

a) The value for two current methods was estimated to 100 ml

of the reagent solution used.
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ig. 13 Continuous flow system for determination of boron

in steel by the chemi luminescent detection method
L~ L,:Flow lines(1mm i.d.& 2 mm o. d. 7ef/oncapi | lary tubing),

P:Pumps (SJ-1220, ATTO), M;-M,: Mixing coil(1mmi.d., 2mmo.d.
and (W:2m, M:1m My: 5cm long 7ef/on tubing, D/R: Detector
(PNT, R453, HAMAMATSU TV:Stabi |izer, HTV-C448A;E|ectrometer,

PM-18N, TOA DENPA: Recorder, VP-6531A, MATSUSHITA DENKI).

Recommended conditions:L,= Sample:L;= 1x10° M D-Sorbitol: L=
1x10* M Eosin Y, 2x10™® M Didodecy |dimethy lammonium bromide &
1x10° M Tetraethy |enepentamine; L= 1x10" M NaOH:F low rate=1.5
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ml/min for each pump.
RYRSLUTORGHEMEICEY, KEAT U DIEFER
HBH7 4 L TERMH DRIENICRIESh D,
D-VILE b—L+RHFR-D-VILE F—)L - R IREEK
+KFAAY KFEAFHTALHYEERKE (hv)
—ERAER-ERIERLERE (hy )
Table7 Analytical result of some steel samples with
the proposed flow system

Sample  JSS-No. 172-7 JSS—No. 173-7 JSS-No. 3631 JSS—No. 364-1

The proposed 0.0010  0.0042 0.0028 0. 0047

System(m/m %) =0.0001 =0.0001  =0.0001 0. 0002

Certified 0.0010  0.0041 0. 0027 0. 0045

Value (m/m %)

Relative error 0.0 2.4 3.7 4.4
(%)

[ o ) .' B
E [e A

K ;5 pH:4
.‘é 9 pH:6 pHS P
- RSDs: 2.4~2.8 % In 5 repeated
o runs of 5x10°5 M H,B0,
o -101 Range of determination:
= M~9.6x10M
3

-11 1

60 50 -40 -30 -20
log [H,80,/M]

Fig. 14 Calibration curves for boron determination
with the proposed flow system
Operating conditions: Same as in Fig.13. The test sample was
prepared with dil.HC| solutions of pH 4 to 6.
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[ZEEEO pH APHRERICHBERETOT, HHE
D pH 49 4 BEOBHIEHERICHE L TN ERET
ST EDHETHD.
HMPORBEIFTDAFIL T —LDT=bD FIA/CL &
27 L% Fig. 15(CL Rist/L: Fig 16) IR Ltz, KT
(P) 127 —BLAP-7000 (i : 10ml/min) , TF7—HRo T
(AP) (= v —4184 111000 (i 7.5L/min) , B0 (M) (38R
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Fig. 15 Flow system with chemi luminescent detection
by the mist-reaction method

C: Reagent solution, P: Pump, AP: Air pump, A: Sample gas, B:
Highly purified nitrogen. Detail explanation concerning the
parts was described in the text.
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Fig. 16 Chemiluminescent reaction cell
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Fig. 17 CL profiles of H,S with the proposed system
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Fig. 18 The cyclic FIA system for

determination of aluminum ion
P:Pump, S:1004 | sampie injector. M Mixing coil.D Detector,
R:Recorder. Operating conditions 3.0x10* M Chromazurol $
0.02 M Cetyltrimethylammonium chrolide.
Flow rate.5.0ml/min, Mixing coil 100cm.
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Fig. 19 Universal designed cyclic FIA system for
determination of aluminum ion

The parts used were same as in Fig. 18 except for switches.
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Fig. 20 Cyclic FIA system for iodide ion determination

by spectrophotometric detection method
R: Reservoir, P: Pump, S: Sample injector, C: Reaction and
mixing coil, D: Detector, H: Hot plate. Recommended operating
conditions:Flow rate, 2. 5 ml/min;Reagent solutions:0.3 M H,0,,
0.5MHCI, 0.5m/m% starch. Others: 7.6 mm i.d. and 60 cm long
tubing for pump and 1.0 mm i.d. and 120 cm long tygone tubing
for the | ine were used. Detai | explanation concerning the parts
was described in the text.
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RBIREIIBRIFTHD ; SHFRARRE : 30 BLURA ; BH0E

#EA : B3 100ml &7=Y 50 ESORMENTRETH D,
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HELTEFNhEh Table 8 & Table 9 (TRT,

Table 8 Analytical result of some seaweed samples

with the proposed system

Sample CyclicFIA Range® The titration method”

Hijiki 0.71 mg/g  +0.01 0.72 mg/g
Kelp 1.50 mg/g +0. 02 1.51 mg/g
Wakame 0.20 mg/g  +0.02 0.22 mg/g

a) : 3 times repeated runs, b) :The hyposulfite titration
method.

Table9 Compar ison of the reagent consumption between
the proposed method and the hyposulfite
titration method

Reagent The proposed method  The titration method
HCI 23 mg 5500 mg
Na,S,0, = 80 mg
Starch 6 mg 500 mg

H0, 13 mg -

K10, — 5400 mg
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