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Flow Injection Analysis (FIA) is a new analytical technique, by which several tens samples
can be analysed for one hour. Every small volume of sample (10-500 pf) is used, and reagent
solution consumed is generally less than 500 m! for 8§ hours by continuous operation. FIA is
applied conveniently to water sample in aqueous environment,

1) Chemical oxygen demand (COD): A fully automated system has been developed for the
continuous determination of chemical oxygen demand (COD) in aqueous environmental samples by
FIA. Both of a 1 mM potassium permanganate solution and 10% sulfuric acid solution containing
209 phosphoric acid are separately pumped up with a double reciprocating micro-pump at respec-
tive flow rates of 0.2 mImin~! and merged into a carrier stream. A 30 g/ of sample is injected
into the flow of acid solution with an automatic sampling valve at an interval of § min and then
mixed with the carrier solution. The mixture is passed through a reaction manifold made of
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polytetraffuoroethylene tubing (0.5 mm x 50 m), which is immersed in a thermostated bath involving
corn oil at 100°C. After reaction, the resulting solution is led into a spectrophotometric detec-
tion at 525 nm and COD values with this method are determined by using peak heights in the
recordings.

2) Phosphate: Phosphate in waste water is one of nutrient and is controlled severcly by law.,
The amount of phosphate is very smal, for example 10-20 ppb in River Asahi. A flow injection
analysis system for the determination of trace amounts of phosphate in river water has been
developed. The phosphate is reacted with molybdate and Malachite Green in acidic medium to
form a green species, the absorbance ¢f which is measured at 650 nm. Phesphorus (as inorganic
phosphate) can be determined at the level of several ng/m/ in water. Analysis can be done at a
rate of up to 40 per hour.

3} Nitrite and Nitrate: A system has been developed for the determination of nitrite and
nitrate ions by FYA. The fAow lines were made from polytetrafluoroethylene tubing. For the
nitrite determination a 650 g of sample is injected into a stream of 0,044 p-amono-acetophenone
solution in 47 mM hydrochloric acid, and flows down a mixing coil (I mmi.d.x1m) in a thermo-
stated bath at 45°C. The mixture meets a stream of 0.11% m-phenylenediamine hydrochloride
solution in 1.2 mM hydrochloric acid. After the mixing ceil {1 mmi,d, X1 m, 45°C), the absobance
at 456 nm is measured by a spectrophotometer with a 10 mm flow-through cell (18 ¢J) against water
as reference. For the nitrate determination a 650 g of sample is injected into 1.2mM EDTA
carrier solution (pH 9.8) and passed through a copperized cadmium column {3 mmi,d, <70 mn3,
particle size; (0.5-2 mm) to convert quantitatively nitrate to nitrite. Then, the carrier solution is
merged into the stream of mixed reagent solution of 0.02% p-aminoacetophenone and 0.055% m-
phenylenediamine in 24 mM hydrochloric acid. After the mixing ceil (1 mmi,d, X1 m, 43°C), the
absorbance is measured at 456 nm,. Sampling rate was 30 samples per hour.

4) Sulphate: Sulphate was determined in natural water samples by FIA using dimethylsul-
fonazo III as reagent. The interference by calcium was eliminated by a cation exchanger column
inserted directly after the sample injection valve. In order to ensure high sensitivity and reproduci-
bility it was necessary to saturate the carrier solution with barium sulphate and to fill the reac-
tion coil with ethanol-water {1:1) when not in use. Standard deviations were 0.94-1.2% for 6-10
mg/i sulphate. The limit of detection was about 0.2 mg/l. The calibration graph was linear up
to 14 mgfl. Mg+, NH,*, Nat, K+ Cl-, NOy~, POS-, HCO,~ and Si0s*" did not interfere in the
normally occuring concentrations.

5) Chloride: Carrier solution (0.2 M nitric acid) and reagent solution (500 m! of 0.01 M silver
nitrate, 75 m/ of 1.6 M nitric acid and 25 ml of 1 g/I polyvinyl alcohol) were propelled by double
plunger pump (flow rate 1.2 m//min), and sample solution {500 ¢!} was injected into the carrier
stream. The two streams were mixed in 2m Teflon tubing (1.0 mmi.d.) and the turbidity in
stream was measured through a flow cell (18 pl) at 440 nm. Among ordinary coexisting ions in
river water, 10~ M silicate and 10-® M carbonate ion interfered. This interference could be elimi-
nated by fitting jon-exchanger column into a carrier line. The calibration graph was linear in
the range of 0 to 14 ppm.

6) Residual chlorine: City water always contains 1ppm or less chlorine for sterilization.
The residual chlorine was determined by Michler’s thioketone spectrophotometrically. The peak
height was proportional to the concentration of chlorine over the range of 0-1.5 ppm.

7} Borate: Fluorophotometric determination of boron existing as boric acid with chromo-
tropic acid was examined by continuous flow system. The reagent solution was prepared by dis-
solving 0.073 g of chromotropic acid in 500 m! of acetate buffer solution (pH 6.1) containing 0.37g
of EDTA. A linear relationship was obtained between the peak height and boron concentration
in the range of 0.5 ppb to 5 ppm.

8) Aluminium: In the proposed flow injection system, the reagent solution contains bromo-
pyrogallol red, s-tetradecyltrimethyl-ammonium bromide and hexamine in 60% ethanolic solution,
and the carrier solution contains acetate buffer, 1,10-phenanthroline and hydroxylammonium chio-
ride. Sample solutions (160 pl} acidified by sulfuric acid are injected and the peak absorbance at
623 nm is recorded. The detection limit is about 0,001 ppni.
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