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In this paper, the authors studied a double-line microflow injection analysis system (WFIA) which
could minimize a sample size, reagent consumption and waste. The fundamental conditions for pFIA/
spectrophotometry were optimized. The analysis could be carried out using only 7ul or more of
samples injected at each flow rate of 50 ul min”. The pFIA system was applied to the highly sensitive
determination of nutrient species, such as nitrate, nitrite, ammonium and phosphate ions, as well as
sulfate 1on, 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. Nitrite was
determined spectrophotometrically on the basis of a diazotization-coupling 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 Cd/Cu reduction minicolumn was developed. The detection limits of nitrite and nitrate
were about sub-ppb. Ammonia was determined spectrophotometrically on the basis of an improved
indophenol-formation reaction by a three flow-line pFIA. Ammonia in river water was determined at a
rate of 30 samples perhour, and the detection limit was about 10 ppb levels. For the determination of
phosphate ion, the formation of ternary heteropoly acid was investigated. The limit of detection was
several ppb of phosphorus, and the sampling rate was 30 samples per hour: the method was applicable
to environmental water samples. For the determination of sulfate ion, a barium chelate of
dimethylsulfonazo- [l was adopted in this research. The ion exchange column 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
proposed WUFIA systems were applicable to the determination of phosphorus, sulfate, ammonium,
nitrite and nitrate ions in environmental water samples. By using the developed systems, on-site
analysis were also achieved.
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Table 1 Effect of length of reaction tube (0.25mm
i.d.) on mixing of reagent and carrier streams
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Fig. 1 Flow signals for 4-nitrophenol
obtained with pPFA

Carrier : HyO ; reagent solution : borax buffer
(pH 9.2) ; sample (4-nitrophenol, 107 M) : (a)
0, (b) 1.0, (¢) 2.0, (d) 4.0, () 6.0, () 8.0 ;
wavelength ; 400 nm .
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Fig. 2 How diagrams for nitrite and nitrate

determination .

(a) Nitrite determination ;

(b) Nitrale determination ;

CS: (a) H?;O, h
(b) 10°M EDTA + NaCl + NaOH (pH=8.1 ~84);

RS : sulfanilamide (20g | 1) + N-(1-naphthyl)

ethylenediamine (NED) (0.5g1 ~!) +Conc. HCI 25ml 1 ~};

P: pump (each flow rate , 50 d min~1);

S :sample injection ; V- six way injection valve (20 pi);

CRC : cadmium reduction column (0.5mm i.d. X 10cm);

RC: reaction coil (0.25mmi.d. X75cm);

D : detector (LED 523nm , filter 538nm) ;

M : mixing joint ; R:recorder; W: waste.
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Fig. 3 Flow signals of standard samples and a
practical sample for nitrite determination by
micro flow-injection analysis with uPFA
Flow system : (a) in Fisg_z_

Sample ([NO 7], 10° M) : (a) O, (b) 1.0, (c) 2.0,
(d) 3.0, (e) 4.0, () river water (Asahi River)

X mean value of peak heights ; SD : standard
deviation; RSD : relative standard deviation .
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Fig. 4 Flow signals f—ci;:-'n;trate determination.

uPFA with glass tubing column (powder Cd/Cu :

0.5mm i.d. X 10em) .

Flow system : (b) in Fig. 2.

Sample ([NO37], 10™°M): (@) 0, (b) 1.0, (c) 2.0,

(d)3.0, (e} 4.0, (D) tap water .
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Fig. 5 How system for ammonium determination
CS:H,0; RS;:sodium salicylale (100g/1) +potassium
sodium tartrate (18g/l) + sodium nitroprusside (0.75g/1) ;
RS, : sodium hypochlorite ( 6%chlorine ,10ml ) +0.5M
sodium hydroxide ( 990ml ); P: pump: S:sample injection
. 8V :sample volume , 20ul ; M: mixing joint; RCj:
reaction coil, 0.25mm i.d. X5em ; RC, : reaction coil, 0.25
mm i.d. X 120cm: D: detector ; R: recorder; W : waste .
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Fig. 6 Flow signals for ammonium determination
with pPFA using flow system in Fig. 5 .
Sample ([NHz], 1075 M) & (a) 0, (b) 1.0, () 2.0, (d) 3.0,
(e) 4.0, (f) river water (Asahi River) ; l:leteclor &60 nm .
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Fig. 7 Flow system for phosphorus determination .
CS:H,0: RS 0.008M Mo +0.36M HpSO,4+3.0X 104M
Sb+9.0X 103M L-Ascorbic acid+0.1% LS ; P: pump;

S : sample injection ; SV : sample volume , 20 pl ; M:
mixing joint; RC: reaction coil , 0.25mmid X75cm; D:
detector; R: recorder; W : waste .
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Fig. 8 Flow signals for phosphorus determination
by the molybdenum blue method with pPFA .
Sample (orthophosphate, 10 “5M): (a) 0, (b) 1.0, (c)
2.0, (d) 4.0, (e} 6.0, () 8.0, (g) river water (Asahi
River); detecter: 660 nm (LED).
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Fig. 9 Fow system for sulfate defermination ,
CS:H,O; RS:0.01MDMS Il 45 ml + 0.01M BaCl;3.15
ml +1M KNO; 5 ml + 0,1M Chloroacetic acid 20 m! + Ethanol
800 ml + H,O; P:pump; S:sampleinjection; SV:
sample volume , 20ul;  RCi: reaction coil , 0.25mm id. %30
em; RC:z: glass beads reactor column , 0.5mmi.d. X20cm;
RC3: cation-exchange resin column , 0.25mmi.d. Xdem; M
:mixing joint; D:detector; R:recorder; W:wasle.
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Fig. 10 Calibration graph for sulfate
determination with pPFA
Sample ([SO 4], 105M): (a) 0, (b) 1, (c) 2,
)4, (e) 6.
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