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1.2 mL min

Fig. 1

RS, reagent solution (0.5 mol L™

Schematic of FIA system to generate overlapped peaks

1,10-phenanthroline + 94 mmol L™

hydroxylammonium chloride in pH 4.7 acetate buffer); S; and S,, sample (Fe* in
pH 4.7 acetate buffer); PP, and PP,, peristaltic pump; V;, 3-way valve; V,, 10-way
valve; SL; and SL,, sample loop (volume: 100 uL); F, filter; W, waste; T, digital
timer; CTRL, timing controller; PC, computer; RC, reaction coil; A/D, A/D
converter and data logger (range: *100 mV, sampling rate: 10 Hz); D, detector

(UV/VIS range: 0.01 AUFS*, scan rate: 1 Hz, A = 510 nm).

full scale.
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Fig. 2 Protocols of peristaltic pumps, valves, and
A/D converter to generate the overlapped peaks

S,, first injection sample; S,, second injection sample;
PP, and PP,, peristaltic pump; V;, 3-way valve; V,,
10-way valve S, start; E, end. The numerical values
represent the time in sec.
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Absorbance signal / mV

Time / sec
Fig. 3 Signal outputs using 2.0 to 4.0 m reaction
coils

The injection interval between S; and S, was 30 sec.
S,, first injection sample; S,, second injection sample.
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Fig. 4 Typical overlapped peaks with the sample
injection intervals of 30 sec (a) and 60 sec (b)

The numerical values in parentheses represent the
Fe?" concentration for S; and S, in pumol L. S, first
injection sample; S, second injection sample.
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Fig. 5 X loading (a), score (b), and regression
coefficient (c) of the PLS regression model
constructed with a 30-sec sample injection interval

PC,, first principal component; PC,, second principal
component; CsRC,, regression coefficient of the PLS
model constructed for S, Fe% concentration
prediction by PC, (x, y=1, 2).

sample; Sy, second injection sample.

S,, first injection
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Fig. 6 Predicated Fe* concentration using RFP with
a 30-sec sample injection interval for S, (a) and S, (b)

S,, first injection sample; S,, second injection sample.

W L, Pl sz 372, Fig. 612, #URHEAMFE 30 s
DF—=FZIZBWT, FHE L 7 Fe® A HE HURH I BE 2 4 i,
PLSEFIVIC X ) PRI SNz Fe IR 2L L7z X0
FHMBEXZRT. S, & Sy DWVTFRIZBWTY, MEHO
& &P ERBANTIT 1 OERPHONT D I Eh b,
RSN PLS AR EF VIR W T2 G5 L S 2
b, F7z, AFBEARNE 60s DF—FI2BWTh, wKAE
W E 2L LTPLS EFVEREL, TIHAER 2/
L7c& 25, 30 s DE LRSS TFRIER?E O
72 (Sy: y=1(0.998 = 0.004)x +0.000 £ 0.004, r°=0.999; S,:
y=(0.996 = 0.005)x + 0.004 = 0.006, »*=0.999).
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BREKREL GAIK, #EAK) % 8% O FIA THHF L
BONLHE -2 DY —2rBE2 M0 ACCEIZED
Fe* ' ZgR L7, ZORHIC, BEARHL2ELRYE—2
R Y AT AAZARHEE ARG 30 s TEAL, S &S, —
IHE oI Y SR VAR LY. EoR2ERD
E— 27 IR L2 PLS AR EF V2 A L, RFP EIZL 5
Fe*" OV E AL % 72, Table 112, RFP % & ACC #:12
IO NZERMERT. RFP EOFHEEIX ACC I
THEONIED 94.4 % 55 103.3 % OFPHIZH D, ¢ MiE
T, MEREOMBICHELIRBO NP7 (p>
0.05). WIZ, RFP#EE ACCHED AN =Ty b &L 7.
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X, 180 s DEARIMEALETH 72, —J, RFPETIE,
ARG 30 s TREZEAL, Z0 180 s FBICHUE A M

FE 30 s TIRDBEKZEATHLTIEE TS, DA, RFP
HETIE 210 s T2HDGH TS, I DGHFIE

% 1B S 720 DA HBICHEE T 5 &, RFP 4% 34
6, ACC %2520 [0 & 7 1), RFP 13 ACC 2 L THHT
R AR 117 \CHMTE 52812k b
BEKRFOEAMBEE 60s & L7z& XD RFP &
ACCHEIC X D18 Sz F® D E Rl % Table 2 I[Z/R 7.
Table 2121%, RFPETHWAHELZ Y -7 DE -2 B &
WCACCH:ZBEMLTHER LA FS BEIRLTVS. &
2T, BM—Y—27IZACCHZ @M LR 2zmIIKb o
Fe’ "1 (1.09%0.05 pmol L") (X, Table 1 (2812 [k
B Fe’ i (1.22+0.07 pmol L) @ 9 HIFEE L 72 5T
W5, U, EAME 30 s DEBEZIT-TH S 60s DHE
Bia479 £ ToR 3 BT IARE O Fe® JREEDMT &
POBEHTEIL L7270 & BbiLs. Table 2 D RFP I
X BFRREEL H—Y—2ICACCHEZBEMLTHESN
72ME 100.9 % GAJIK) & 1022 % GHFEK) THo7z.
—J, EhY) =272 ACCEZ M L CHE LA Fe® i
FLrHE VY-l LzF BEORERSLE, S I
BWTIF99.1 % GJIIK) & 100.0 % GHIEAK) THo7z
B, Sy IBWVTIX 1156 % (JIIAK) & 116.9 % GHIFEK)
L, S, TIRERBIKT O Fe® % 15 % Db b KRG L

Table 1 Comparison of Fe* concentration in surface
water samples (Wmol L™) estimated by RFP

with 30-sec sample injection interval and ACC

Sample Fe* by RFP,a Fe* by ACC,b  a/b, %
River, n=6 S, 1.26%0.02 1.22£0.07 103.3
So 1.20+0.02 98.4
Pond, n=6 S, 0.89 0.04 0.90 +0.04 98.9
Sy 0.85+0.02 94.4

RFP, rapid FIA by PLS; ACC, absolute calibration curve
method using peak height; S;, first injection sample; S,
second injection sample.

KAGAKU Vol. 70 (2021)

TWwWiz, I, S, OE—=2 07— Y FHRS, D¥—7
OUHEBMEELR> TV zd RIS, DLofFR X
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We applied a partial least squares regression (PLS) to overlapped peaks to develop a rapid
flow injection analysis by the PLS method (RFP method) that quantifies the analytes of
interest both accurately and rapidly. Spectrophotometric determination of Fe* with
1,10-phenanthroline was used as an evaluation model of the RFP method. Two Fe** standard
samples (S; and S,) were sequentially injected at a 30-sec interval, and the overlapped peaks
were obtained. A calibration curve was constructed by applying the PLS to the overlapped
peaks. The slopes of the calibration curve for S; and S, were both almost unity with good
linearity. The concentrations of Fe* in surface water samples were determined by the RFP
method. The Fe* concentrations measured were in good agreement with the values
calculated by applying an absolute calibration curve method to non-overlapped peaks (ACC
method). The sample throughput of the RFP method was about 1.7-times faster than that of
the ACC method. We concluded that the RFP method achieves both accurate and rapid
quantification.

Keywords: FIA; overlapped peak; partial least squares regression; rapid analysis.



