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Micro-flow injection analysis system ( D A )  was investigated for the minimization of sample size, 

reagent consumption and waste. A double-cylinder and a double-plunger type micropumps were used, 
and vFIA conditions were examined with double flow line systems, where 4nitrophenol was used as 

an analyte and was detected at 400nm. When each flow rate of the cylinder-type pump was 50pl rnin'l 

and a delivery volume per stroke was changed from 0.25 to 8 yl per stroke, the mixing of a reagent 

and a carrier stream became more effective at smaller delivery volume. When the delivery volume was 
0 .25~1  per stroke and the flow rate was changed from 10 to 5 0 ~ 1  mid, mixing efficiency was 

enough at every flow rates. Optimized pFIA conditions were as follows: delivery volume, 0 . 2 5 ~ 1  per 

stroke; sample size, 20 pl; inner diameter of reaction tubing, 0.1 mrn; length of reaction tubing, 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 7p1, The relative standard deviations (RSD) of a 
reproducibility test was less than 1% for 10 measurements. On the basis of pFIA concept, a portable- 

type micro flow analysis system (@FA) was assembled for on-site chemical analysis. 
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Table 1 Effect of delivery volume on mixing of a 
reagent and a carrier stream 

Noise level absorbancel10'4 * 1 
Delivery volume - 

Reaction tubing lengthlcm 
(pl stroke-') 

25 75 

Total flow rate : 100 $ mifl ; inner diameter of 
reaction tubing : 0.25mm. 
*l Mean absorbance of NP at 400nm : 0.190 (ref, 

water). 
* 2  inner diameter of the reaction tubing (silica tubing) : 
0.05mm. 

*3 Inner diameter of the reaction tubing : 0.lOnun . 
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(a) In1 stroke-1, (b) 2pl stroke-1 
Reaction coil . 0 10 mm i d X 156 cm , total flow rate 100 pl 4 )~&^TE^R%~EE\$T%B(E~^T@ 
nun'' . sample volume 24 pl , sample - 10-%I 4Nitrophenol g$ L fc.  3. - -/^@ 0.25 mm 0) fe 0 effl 

V\ 15, 25, 50, 75, 100cm <?)5%$4~-3 
bT&%?dLTc. ̂^Table 3 ( Z T .  h-% 50 cmJ^kW/--I'X'1^)HA 0.0002 
# t ^ T k f i 0 S ~ * i ~ ~ $ $ I . ~ b S  il(h@3@3k. 

Table 3 Effect of length of reaction tubing on mixing of 
reagent and carrier streams (syringe type pump) 

Noise level absorbance11 ff4 
Delivery volume 

(ill,stroke) Reaction tube length (cm) 

15 25 50 75 100 

1 48 2.5 2.0 1.8 1.6 

Total flow rate : 100 pl min-1 ; 
Inner diameter of reaction tube : 0.25nun . 

Table 4 Effect of length of reaction tubing (0.25mmi.d.) 
on mixing of reagent and carrier streams 
(pilunge1 type pump) 

Reaction tubing length 1 Noise level 1 
cm Absorbanoe 

30 4.3 x 10-4 
50 1.1 x 10-4 
75 0.9X10-4 
100 0.3 X 10-4 
150 0.3 X 10-' 
200 0.3 x 10-4 

Mean absorbance of background . 0.190 (ref, water) 
Delivery volume 2 5 pl stroke'1 . 
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Fig. 3 Effect of total flow rate on the peak profiles 
1, 100 pl mi""'; 2.80 pl min"'; 3.60 pl min-I; 4.40 pi min-I 

Reaction coil : 0.10 mmi.d. X25 cm ; stroke volume : 0.25 pl stroke"* ; 
sample volume : 7 it) ; sample: lO^M 4-Nitrophenol . 

Time / s 

Fig. 4 Effect of sample volume on peak pmfiles 
Injected volume: 1 , 7  [il ; 2 , 1 0  pl ; 3 ,  15 it) ; 4 . 2 0  it) ; 
5, 25 pl ; reaction coil : 0.10 mm i.d. X 25 cm ; stroke 
volume : 0.25 pl stroke-1 ; total flow rate : 60 pl min-1 ; 
sample : lO'4M 4Nitmphenol 
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$& $" 60 9 > '7')1/ 2 T$"L '̂, z%'\ft Reaction coil 0 10 mm i d X25cm , stroke volume 0 25 pl stroke-' , 

ASMÂ±& 10 p1 Ti%̂ . total flow rate 60 pl mm-1 , sample 10'4 M 4-Nitrophenol 
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Table 5 Experimental conditions for most minimized 
micro-flow injection analysis system at the 
sampling rate of 60 samples h -1 

Pump double-cylinder alternative delivery 

Flow rate 30 pl (total flow rate : 60pl min-1) 

Delivery volume 0.25 pl stroke-1 
I 5 
3 

Reaction coil 0.10 mm i.d. X 25 cm < 

Sample size 7-10 pl 

<j> 0.4 mm X 3 mm path length 
Flow cell (volume. 0 38 @) 

Sample throughput 60 samples h'l 
Time I min 

Noise level absorbance 0.0003Abs. for 0.019Abs.of back ground Fig. 6 Flow signals obtained with pFIA 
Sample : lO^M 4Nitrophenol ; sample volume : 7 pl ; 

Detection limit 1 X 10-EM total flow rate : 60 pl minl  ; stroke volume : 0.25 ul 

( E =1 X 104; back ground:0.@32Abs; stroke'' ; reaction coil : 0.10 mrn i.d. X25 cm ; 
noise level: 0.00003Abs. ; SIN = 3) detector : 400nm . 
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