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Assembly of micro-flow injectiori analysis system
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Micro-ﬂow‘injection‘_analysis system (WFTA) was investigated for the minimization of sample size,
reagent consumption and waste. A doubie-cylinder and a double-plunger type micropumps were used,
and wFIA conditions were examined with double flow line systems, where 4-nitrophenol was used as
an analyte and was detected at 400nm. When each flow rate of the cylinder-type pump was 50ul min™
and a delivery volume per stroke was changed from 0.25 to 8 pl per stroke, the mixing of a reagent
and a carrier stream became more effective at smaller delivery volume. When the delivery volume was
0.25ul per stroke and the flow rate was changed from 10 to 50ul min’, mixing efficiency was
enough at every flow rates. Optimized pE1A conditions were as follows: delivery volume, 0.25ul per
stroke; sample size, 20 l; inner diameter of reaction tubing, 0.1 mm; length of reaction tbing, 25
cm; the noise-level absorbance at the absorbance of 0.190 of 4-nitrophenol, 0.0001 absorbance, and
the sample size for minimized pFIA was 7ul. The relative standard deviations (RSD) of a
reproducibility test was less than 1% for 10 measurements. On the basis of WFIA concept, a portable-
type micro flow analysis system (uWPFA) was assembled for on-site chemical analysis.
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(FIA) 1%, Al OBEEEBEENEERINATHS. £, RKIGHER FrUv—
B EDWMEILER 0.5~1.0 mimin™, HEEIZ0.1~0.5mIBETREEZTO>OT, &£
HE - BEEZ2EIEFON Yy FHRAEED 10~100 00 1 BET, RBZEBILERSN
B, LB EGERNZAVSZORAERES A T4 AL LBV ENSIFIALH 5.
Korenaga 5 YI3% TN 752 Py —RR T2, ¥ 10 ulmin OWHBIZBIBEA
WEEZMRFT L TnBD, uFIA REEE 10 plmin " RBE, RBEEIIR 10 ul LIF) OFEE
BRI TR, BiIE Motomizu 5 2 QBB (51 Ko LRI - BRO X
DOBEEEMEL, HHE 2.5ul stroke™ OS5 Uy —BR T EBAW, FHE 50 ul
min™, FEE 20 Wl OB H R uFIA 25 L, TOEBMIEHEZ DWW THREL ~.
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HBERZ21To/=. D uFIA AT L TIE, #E, HE, BEHEEDN C-FIA © 10~
20 7@ 1 DNFIERTE 2. £z, 2891 b~ SFIHRIRERBEH ST AT L
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2.1 EiE

YXFTEMY TN O DORGERER T PC-5000 (RERLUVZA hO—2 %7~ 0 Ot
HEWER) |, BF /XA A /Y TN TSPy —RRT (1 A hO—2 %7 0HH
B 25p) 2HWE BAEREICIIET I XA 8R—5 7)) LC OXEEZNDY
2S5 T BBV LED IR 2%, MHEEARLE. 28, 7o—)liZid, BER
0.4 mm, Y¥%E 3mm, B8 0.38 ul, JFIIE, NOF 252 T7H B 0WiE LED (450 nm)
BEAL, THI4NI—THEEERENL.

2.2 HE

4-=h07x /)b (NP, FIYAISE T8, SRR 0.14 g 2HBE/KICHAMN LT 100
ml &L (1072M) . FRIZBLTRINEBRERRLTHW .

RIS E LT, MFRUET MU T LA (FOR, FtsiE T8, HEFR 0.95g 2%
BAKIEM LT 250 ml & LR BEER (10°M, pH9.2) 2RV
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Table 1 Effect of delivery volume on mixing of a
reagent and a carrier stream

Noise level absorbance/1074 * 1
Delivery volume

Reaction tubing length/cm
(ul stroke™)

25 75

0.25 22 2.3%2

0.25 20 1.9%3
025 17 16
1 25 18
2 3.6 1.9
3 6.8 2.0
4 22 22
5 44 24
6 55 2.7
7 84 33
8 99 4.0

Total flow rate : 100 ul min’! ; inner diameter of

reaction tubing : 0.25mm .

*1 Mean absorbance of NP at 400nm : 0.190 (ref,
water).

*2 [nper diameter of the reaction tubing (silica tubing) :
0.05mm .

*3 [nner diameter of the reaction tubing : 0.10mm .

IS4 N TENWZ ERghoTz.

32 RIEAAMILDOAEELKRE DR

REm T 1 pl stroke™ WEAMWTH B EBD
N5, FEO0.05mm ) hFa—7) BLX
00.10 mm DFEIFEIAT NI DN THRE L
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R THENRREEZ 5NS. FNE0.25,
0.10, 0.05mm &< 23 icoNT, /141X
WO RES<R>TNSE, ZhiZFa—TH
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£5. LABWZE0.05 mm Fa—TDHEEIIT
IS KETETHRB 20 W LA EERT Z
EMTERD D, TNHOERNS, uFIA
AT LTENE 0.05 mm EWSHINF o
—TRFELL RN NN Tz,
IEDRERNS, fE 50 ul OBE I H
2130.25u, NEO0.26mm, EX25cm®

Risa1ELT, RE0.10~0.30 mm OF 2 —7 2AW, N&E0.25 mm, £ 26cm
OIS 1INV ENFENE LI R{HTT,

Fa—THENBECRIZIREZHZ. ©
HEZZELI TR LR %Z Table 2 1Z7R
9. WE0.10 mm (BE 156 cm) OF a—7
FEELH#LS, /A XVLRNVEZ=DDFTERD

Table 2 Effect of inner diameter of reaction tubing
on mixing of a reagent and a carrier stream

Noise level absorbance/103*
Delivery volume:

(ul stroke-1) Inner diameter/mm (length/cm)

030(17) 02525 0.10(156)
KELIzo72. HEEZ20.25 nl ET 58, Ny o5 o3 on »
2575 RO ) A X L"INENTNOF a2 — 1 05 03 04
TTH 0.2~0.3X10° Abs BEICERTE /-, ; (1"2 8-;‘ 1‘(‘)-91

Fig.l1 @ ORT, RTOLERMEZE 100 ul
min  IZEE L, W 0.10 mm, Fa— 75 156
cm ORI NEE- T, HHEDZEME (1, 2

Total flow rate : 100 pl min'L.
*Mean absorbance of NP at 400nm : 0.190 (ref, water).
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Fig. 2 Effect of pump stroke volume on the peak profiles
(a) 1! stroke™; (b) 2l stroke™
Reaction coil : 0.10 mm i.d. X 156 cm ; total flow rate : 100 pl

min?; sample volume : 24 ul ; sample : 10°M 4-Nitrophenot .
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Table 3 Effect of length of reaction tubing on mixing of
reagent and carrier streams (syringe type pump)

B Noise level absorbance/10°4
Delivery volumeesr——
Reaction tube length (cm) -

(ulistroke) )
15 25, .5 75 100
1 48 25 2.0 1.8 1.6
2 99 36 22 19 17
3 161 68 23 20 18

Total flow rate : 100 @l min'!; -
Inner diameter of reaction tube ; 0.25mum .

Table 4 Effect of fength of reaction tubing (0.25mmi.d.) k
on mixing of reagent and carrier streams

(plumger type pump)
Reaction tubing length / Noise level /
cm Absorbance
30 43X10°4
50 1.1X104
75 0.9%x 104
100 0.3X104.
150 03X104
200 ©03X10

Mean absorbance of background : 0.190 (ref, water)
Delivery volume : 2.5 pl stroke™ :
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PLEOREHEERN S, &4 OFE 50 wl min? OHEAITIE, HHE 0.25 ul, N4 0.25 mm,
EX50cm B LRGN THRREBENTOND Z &N nholz. 2, BEICIN
i, 010 mm OFa—THERTES.
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n, To—-RiaE—rnEs
Nz, 1 KRS 72 0 OFREL
BEE 60 327 ETHIE,
BIifhRE— 0 2B &M

TELSRMEOREEIIN
#0.10 mm, F=—75&50 010 20 30 40 50 60 70 8 90
cm DRBITINVER W& Time /s
.- Fig. 3 Effect of total flow rate on the peak profiles
1= —
80 “'1 min™ T 0 , Fa 1, 100 @ min'1; 2, 80 pl min1; 3, 60 pwl min“!; 4, 40 pl min~!
‘jE 25 cm {r_“ﬂ% [ f:%’%bjﬁ Reaction coil : 0.10 mmi.d. X25 cm ; stroke volume : 0.25 ul stroke™ ;

- sample volume : 7 ul ; sample : 104 M 4-Nitrophenol .
60 plmin™ TH o=, 7z, P Wl samp P

E& 25cm, PE0.10 mm OREIAINERNT, B LAMKEE Fig. 3 WRrT. 14
N0 1H TN ERELLD ETBE,
TR OBREMEIL 60 wlmin™ &725.
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- Fig. 4 Effect of sample volume on peak profiles

IZREE 0.25 mm, £& 50 cm AW, K Injected volume: 1,7 ul; 2,10l ; 3,15 ; 4,20 ;
£ 100 P«l min™* & L/T, gﬁﬂg\*&)\%% 10, 15, 5,25 pl ; reaction coil : 0.10 mm i.d. X25cm ; stroke

volume : 0.25 ul stroke™l ; total flow rate : 60 ul min’! ;

20, 25, 3b ul &ﬁﬂjéﬁ"& FOE—IH sample : 1074 M 4-Nitrophenol
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ZDOWTHRHRZTT-> 2. R % Fig.
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4 IZRT. it, E— ﬁrﬁjé&U‘ Eeo
Eﬁ&ﬁﬂ&xﬁ&w%%%FQ M g[
BIATRT. iEHEABEN 20 BA L §,| Beor
R L UE - I
Hbod, E—IBRiI7To—-R& Kar E
ol FHEED, E—JHEEE N S 0ol
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T&H- 7.1 B_;:T;,aﬂﬁ W @’ﬁ*‘}ﬂ@ Fig. 5 (a) f{flfz;j;:;ile volume (b) Ioirf]f:«;zfas::)ple volume

ﬁ’é—f 60 Vﬁ' ~ 70)1/ (‘.’.Tﬂl{i, %ﬁ*‘ﬂ—& Reaction coil : 0.10 mm i.d. X25cm ; stroke volume : 0.25 pl stroke™.;
)\iw%k% i3 10 “'1 THo 7. total flow rate : 60 ul min"t ; sample : 104 M 4-Nitrophenol .
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35 wFIA AT ADOEBESE
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Table 5 Experimental conditions for most minimized 8

micro-flow injection analysis system at the

sampling rate of 60 samples h -!
Pump double-cylinder alternative delivery 8 6
Flow rate 30 pl min! (total flow rate : 60pl min!) E
Delivery volume 0.25 pl stroke™? 8

B
Reaction coil 0.10mmi.d. X 25cm <
Sample size T~10ul
® 0.4 mm X3 mm path length

Flow cell _ (volume: 0.38 ul)

Sample throughput . 60 samples h™! Time / min

Fig. 6 Flow signals pbtained with uFl1A
Sample : 1075M 4-Nitrophenol ; sample volume: 7 pl ;
total flow rate : 60 pl min"!; stroke volume : 0.25 pl

Noise level absorbance  0.0003Abs. for 0.019Abs.of back ground

Detection himit 1X10°8M
. ( € =1 X104 back ground:0.002Abs; stroke™! ; reaction coil : 0.10 mm i.d. X25 cm ;
noise level: 0.00003Abs. ; S/IN =3) detector - 400nm .
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TOEIITLTHELE wFIA Y AFATIE, KO TOHHE 0.25 1, BHE 60 ul
min? T, AL 0.10mm, EX50cm OKBIMINERY, Y FIWEAE Tul £LT,
1 RIS 2 0 ORBHLEEZ 60 ET5 2 ENTEL.

I OURGRRR > T EAVIIR, IR LE uFIA AT LA DBRIIAIEEE o T
M, EEHICREIERD, HHICAET, BHAHEBEOKREL, T 291 IR
ETHol. FTUA btz BiELURETE uFIA D27 LI, WAL a2 %7 M,
BBANEZGRY TN TS5 oDy —BR O TOENERITH S, 752DV —RR T %
A3 uFIA T, KELEERRERTERORESGINS, HHRIZ2.5 plBENRNT
EWNphok. FIT, "—F TN LC OMHEE 2.5 ulstroke™IZ& X, FEIZ FIA BliC
T2y =AY REEIUDETEMBARICRAZ. £k, AERBBHEBROHI N
LED, & 0.38 Wl O 7 O—)Licgus L, F 294 MAlENaRE/Z R — & TIVE uFIA &
A5 (WPFA) &L, ZTOuPFAIZK D, 1 RS20 OFABHLEE % 60 3> 7V &
FThE, BHRE 100 plmin? O, RIEF 22— 2N E 0.25 mm, £X 50~75cm, &k}
HEARIT 20 Wl AR, ETHIEXNZ END Moz

SEFIZID uPFA ORE &EF A MAICRIHTE 5 KGR, wPFAIZHIRTES
BahAdr o4 B BEER2BRETLZIEICLD, EBOSHEBIZET 5 REHE %
FO52OH0TH5.
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