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Fig. 1 Programs for the control of solenoid pumps

Time interval, t, was adjusted to control the pumping
frequency and the flow rate.
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Fig. 2 Dimensions of the pumping system

(a) Four 24V driven solenoid pumps. (b) Four 12V
driven solenoid pumps. P1-P4: solenoid pumps.
SW: main power switch. The arrows show the direc-
tion of the liquid streams. A DC 24 or 12V power
source converting from AC 100V power code and an
electric circuit board are contained in the metal box.
A connector port to a PC is located at the backside of
the box.

3.4 HHEEA A ODEENDEH

ARHWFFE Tl LabView I & 5 FIA ¥ 2 7 2 OM:fE
TTIA-H v T Y TS & TR A 4 v g R
WX DMET L7z, FIA Y A5 A% Fig. 31RT. Fx Y
— W EOR 2 v, BREREIICIZ 012 M AV T 7
VT IR, 2X10 " MN-(I-F 7F WV ZF LV IT 3,

0.25 ml/min x 4

Fig. 3 Flow diagram for the determination of nitrite
ion

CS: purified water; RS: sulfanilamide (0.12 M) + N-
(1-naphthyl)ethylenediamine (2 X 10”° M) + hydrochlo-
ric acid (0.3 M); P1-P4: solenoid pumps; S: sample
injection, volume: 100 ul; I: 6-port rotatory valve;
RC: reaction coil, 0.5 mm i.d.X2m; D: spectropho-
tometric detector, path length: 10 mm; PC: personal
computer
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Table 1 Comparison of the sensitivity and the limit of detection for nitrite ion with the propelling pumps used

Pumps” Detector Slope” Noise level, Abs LOD, 10 * M”
24V Solenoid X 4 Soma $-3250 1.32 0.00037 7.8
24V Solenoid X 2 Soma $-3250 1.25 0.00031 4.5
12 V Solenoid X 4 Soma $-3250 1.18 0.00020 5.0
Plunger Soma S-3250 1.21 0.00050 9.3
24V Solenoid X 4 Soma S-3240 (LED) 0.91 0.00017 1.9
24V Solenoid X2 Soma S$-3240 (LED) 0.88 0.00027 10
12 V Solenoid X 4 Soma S$-3240 (LED) 0.84 0.00016 2.4
Plunger Soma S$-3240 (LED) 0.80 0.00013 3.0

a) X4: four pumps were used; X2: two pumps were used; Solenoid: Bio-Chem Valve 120SP24-20 or 120SP12-20 ; Plunger: Asahi

Techneion HC-2001; b) Arbitrary unit; ¢) Values at S/ N =3
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Fig. 4 Flow signals for the standard nitrite ion and a
river water sample

An FIA system shown in Fig. 3 was used. Four 12V
driven solenoid pumps and an LED detector (Soma S-
3240) were used in the system.
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Fig. 5 Flow diagram for the determination of nitrite
and nitrate ions

CS1: purified water; CS2: EDTA (3.8 X 10 ° M) +
ammonium buffer (0.056 M), pH 8.2; RS: sulfanil-
amide (0.12 M) + N-(1-naphthyl)ethylenediamine (2 X
10 M) + hydrochloric acid (0.3 M); P1-P4: 12V
driven solenoid pumps; S: sample injection, volume:
100 ul; I: 6-port rotatory valve ; Cd/Cu column tube:
2 mm i.d.X 4 cm; RC: reaction coil, 0.5 mm i.d. X
2m; D: LED detector, path length: 10 mm; PC: per-
sonal computer
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Fig. 6 Flow signals for the standard nitrite and
nitrate ions and three water samples

An FIA system shown in Fig. 5 was used. [NO; ] and
[NOs ]: (a) 0 and 0, (b) 0.5% 10 °M and 1.0 X
107°M, (¢) 1.0 X 10 °M and 2.0 X 10 °M, (d) 2.0 X
10 °M and 4.0 X 10 °M, (e) 3.0 X 10 °M and 6.0 X
107 ° M; Analytical data for the three samples are
summarized in Table 2.
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Fig. 7 Flow diagram for the determination of ammo-
nia

CS1: purified water; CS2: sodium dichloroisocyanu-
rate (0.01 M) + sodium hydroxide (0.1 M); RS: a-
naphthol (3.5 X 102 M) + 35% (v/v) acetone; P1-P4:
12V driven solenoid pumps; S: sample injection, vol-
ume: 100 ul; I: 6-port rotatory valve ; RC1 and RC2:
reaction coil, 0.5 mm i.d.; D: spectrophotometric
detector, path length: 10 mm; PC: personal comput-
er

Table 2 Analytical results for the simultaneous determination of nitrate and nitrite ions in water samples

Peak height

Peak helght [NOs - ] [N037 ]
Sample “6 -5
Mean, abs RSD, % /10 "M Mean, abs RSD, % /10 °M
Asahi River 0.0012 8.3 0.30 £0.04 0.0509 0.3 4.40 £0.01
Zasu River 0.0054 3.7 1.40 £ 0.07 0.0510 1.2 4.41 £ 0.06
Tap water — — ND 0.0545 0.5 4.72 £ 0.03
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and three water samples

An FIA system shown in Fig. 7 was used.
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Development of Computer-Controlled Flow Injection Instruments and
Its Application to Determination of Nitrate, Nitrite, and

Ammonium Jons in Environmental Samples
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Flow injection analysis (FIA) systems with low power consumption and personal-computer con-
trol were developed by using solenoid pumps and an LED detector. Both programs for control-
ling the system and acquiring measurement data were written using LabVIEW. The FIA system
was applied to the determination of nitrite ion in river-water samples based on diazotization and
coupling reactions. Linear calibration graphs were obtained with the combination of pump(s)
and photometric detector in the concentration range of nitrite ion at 0.5~3.0 X 10" ° M.
Nitrate and nitrite ions were also determined simultaneously by the system by using a Cd/Cu
reduction column and a by-pass flow. Determination of ammonia in river-water samples was
also realized by the system with a modified indophenol reaction.

Keywords : Flow injection analysis; LabVIEW control; solenoid pumps; nitrate ion ; nitrite ion;
ammonia.



