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In this paper, the authors studied a double-line microflow injection analysis system (pFIA) which 
t consumption and waste. The fundamental conditions for pHA/ 

. The analysis could be earned out using only 7pl or more of 
f 50 pl nun"'. The WFIA system was applied the highly sensitive 
uch as nitrate, nitrite, ammonium and phos 

sulfate ion, in environmental water and atmosphere samples. For the miniaturization of pFIA and the 
less consumption of electricity, the light emitting diodes (LED) were used for light sources. Nitnte was 
determined spectrophotometricdly on the basis of a diazotization-couplin reaction, and nitrate was 
determined in the same manner as in nitrite after the reduction of nitrate to nitrite. For reducing NO, to 
NO," on line, a CdICu reduction mmi developed. The detection limits of nitrite and m 
were about sub-ppb. Ammonia was spectrophotometrically on the basis of an improv 
indophenol-formation reaction by a three flow-line (AFIA. Ammonia in nver water was determined at a 
rate of 30 samples per hour, and the detection limit was about 10 ppb levels. For the determination of 
phosphate ion, the formation of eteropoly acid was investigated. The limit of detection was 
several ppb of phosphorus, and ng rate was 30 samples per hour: the method was applicable 
to environmental water samples. For the determination of sulfate ion, a banum chelate of 
imethylsuIfonazo-IH was this research. The ion ex was installed in the line 

for on-line pretreatment, being able to remove the interferences from cationic ions. The detection limit 
of sulfate ion was about 100 ppb, which was enough sensitivity for environmental waters. The 

VFIA sys terns were e determination of phosphorus, 
nitrite and nitrate ions in environmental water samples. By using the develo 
analysis were also achieved. 
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Fig. 1 How signals for 4-nitrophenol 
obtained with pPFA 
Carrier : H 2 0  ; reagent solution : borax buffer 
(pH 9.2) ; sample (4-nitrophenol, M) : (a) 
0, (b) I.O,(c)2.0, (d)4.0, (e)6.0,(f)8.0; 
wavelength : 400 nm . 
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Fig. 2 Row diagrams for nitrite and nitrate 
determination. 
(a) Nitrite determination ; 
(b) Nitrate determination ; 
C S :  (a) H 0 ,  

(b) 10-3M E W A  + NaCl + Na0H @I4 = 8.1 -8.4) ; 
RS : sulfanilamide (20g I + N-(l-naphthyl) 
ethylenedian~inc (NED) (0.5g 1 -I)  +Conc. HC125rnl 1 ; 
P : pump (each flow rate , 50 [il rnin'l) ; 
S : sample injection ; V : six way injection valve (20 pi) ; 
CRC : cadmium reduction column (0.5mm i.d. X 10cm) ; 
RC : reaction coil (0.25mm i.d. X75cm) ; 
D : detector (LED 525nm , filter 538nm) ; 
M : mixing joint ; R : recorder ; W : waste . 

(0 
Reproducib'ily test 

Y = 3.92 * 0.08 (cm) 
SD = 0.03 

RSD = 0.7 % 

[NO'] s 1.5 x 10-6 M 

Time 

Fig. 3 Row signals of standard samples and a 
practical sample for nitrite determination by 
micro flow-injection analysis with @'FA 
Row system : (a) in fi 2 5 .. Sample ([NO f ]  , 10- M) . (a) 0 ,  (b) 1.0, (c) 2.0, 
(d) 3 .0 ,  (e)  4.0 , (f) river water (Asahi River) 
X : mean value of peak heights ; SD : standard 
deviation; RSD : relative standard deviation . 
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(0 
Reproducibility test 

;i=8.48*O.Q3cm 

U flow rate 
10 pi /ruin 

Time 
s for nitrate determination. 

pPFA with glass tubing column (powder Cd/Cu : 
0,Smm i .d  X lOcm). 
Flow system : (b) in Fi 2 
Sample ([NO3-] , 10-4.1).: (a) 0 ,  (b) 1 .0 ,  (c) 2.0, 
(d) 3 .0 ,  (e) 4 .0 ,  (0 tap water. 

. 5  Row system for ammonium determination 
CS : H 2 0  ; RSi : sodium salicylate (IOOgii) +potassium 
Sodium tartrate (18gll) +sodium nihoprusside (0.75gll) ; 
RSz : sodium hypochlorite ( 6%cMorine, 101111 ) +0.5M 
sodium hydroxide ( 990ml) ; P : pump ; S : sample injection 
: SV : sample volume , 20pl ; M : mixing joint ; RC 1 : 
reaction coil, 0.25mm i.d XScm ; RC2 : reaction coil , 0.25 
mm i.d. X 120cm ; D : detector ; R : recorder ; W : waste. 

(0 
Rcproducibiliiy test 

S = 3.46 Â 0.06 (cm) 
SD = 0.04 

RSD = 1.2% 

[NH4+J = 9.3 X 1- 

Time 
Fig. 6 Row signals for ammonium determination 
with pPFA using flow system in Fig. 5 . 
Sample ([NW] , 1 0 " ~  A4) : (a) 0 ,  (b) 1 .0 ,  (c) 2 0 ,  (d) 3 .0 ,  
(e) 4 .0 ,  (0 river water (Asahi River) ; detector: 660 run. 
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Fig. 7 How systemforphosphorus determination. 
CS : H20 : RS : 0.008M Mo +0.36M H2S04+3.0X ~ O ^ M  
Sb+9.0X ~ o - ~ M  L-Ascorbic acid +0.1% LS ; P: pump ; 
S : sample injection ; SV : sample volume, 20 ul; M : 
mixing joint ; RC : reaction coil , 0.25mm i.d X75cm ; D : 
detector ; R : recorder ; W : waste . 

Reproducibility test 
Z = 3 24 i0.06 (cm) 

RSD=15  % 

IpoJ-] = 6.8 X 10-6 M 

F tion 
by the molybdenum blue method with uPFA . 
sample (orthophosphate, 10 " S ~ )  : (a) 0 ,  (b) 1.0, (c) 
2.0,  (d) 4.0, (e) 6.0, (f) 8.0, (g) river water (Asahi 
River) ; detecter : 660 nm (LED). 
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Fig. 9 Flow system for sulfate determination, 
cs : H,0 ; RS : 0.01M DMS Ill 4.5 ml t 0.01M B a a ,  3.15 
ml +1M KNO, 5 m) t 0.1M Chloroacetic acid 20 nil + Ethanol 
800 ml + H 2 0  : P : pump; S : sample injection ; SV : 
sample volume, 20p1 ; RCi : reaction coil , 0.25mm id. X30 
crn ; RCi : glass beads reactor column , 0.5mm i.d. X20cm ; 
RC3 : cation-exchange resin column , 0.25m1i.d. X4cm ; M 
: mixing joint : D : detector ; R : recorder ; W : waste. 

Time 
Fig. 10 Calibration graph for sulfate 
determination with pPFA 
Sample ([SO 42-] , 10-5 M) : (a) 0 ,  (b) 1 , (c) 2 , 
(d) 4 , (e) 6. 



x % 
1 )  S. Motornizu, M. Oshima, L. Ma : Anal. 

Sci. , 13, Suppl. 401 (1997). 

2) L. Anderson : Anal. aim. Acta , 

( 1979). 

3) A. Cerda, M. T. Oms, R. Forteza, V. Cerda : 

Analyst (London), 121, 13 ( 1996). 

4) JIS K 0101-3723, "@ f i  K 5  %fi 

v̂ mz-J.-7-F:̂ -̂ ̂>27s >%^ 
XE'&'' (1991 ). 

5 )  L. Ma, M. Oshmia, S. Motomizu, T. 
Hattori : Bunseki Kagaku, 47, 375 (1998). 

6) H. Muraki, I<. Higuchi, M. Sasaki, T. 
Korenaga, K. T6ei : Anal. Chim. A m  , 26 1,  

345 (1992). 

7) S. Motomizu, T. Wakimoto, K. TOei : 

Analyst (London), 1 

8) S. Motomizu, 

. Chem., 317, 29 

( Received May 3 1, 1999 ) 

( Accepted June 22, 1999 ) 




