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Abstréct

A reverse flow injection”(f—FI) determination of nitrite and nitrate
is presented. Nitrite and nitrate were converted into nifric oxide (NO)
in acidic media using iodide and titanium(III) as reducing agénts,res-
pectivély, which were injected into sample stream. NO was transferred
into air in a glass-tube separator, and thén was reaéted'with ozbne‘and’
thé resulting'éhemilﬁminescénce was detected. The ﬁéak heights are pfo—
portional to the concentration raﬁgés of 1x10°° to ZxIO*B‘M of nitrité
and of 5x10;” to 2x10°* M of nitrafe. The total time for the‘énalysis

of nitrite and nitrate in one sample was less than 2 min.
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Introduction

Nitrate and nitrite play important roles in nutrient cycles in
aguatic environments '~ ?’, In sewage water treatment, the elucidation of
these components is important for water quality control of effluents ® *’.
The simultaneous determination of these components is desirable from
the standpoint of saving time and making decisions concerning water
quality control.

Conventionally, the concentrations of nitrite and nitrate were
determined individually using colorimetric methods, such as the naphthyl
ethylene-diamine method for nitrite °’ and the naphthylethylene-diamine
nethod upon reduction to nitrite for nitrate ®’. More recently, ion
exchange chromatography has come to be used for the determination of
nitrite and nitrate 7’. However, these methods require much time to
determine the concentrations of these inorganic nitrogenous species in
sample water.

‘hoki ®’ previously reported a method for continucus determina-
tion of nitrite. In this method, nitric oxide (NO) was stripped from
aqueous phase through a gas-permeable membrane and the gas-phase
chemiluminescence (CL) resulting from the reaction of NO with ozone was
detected. Recently, Durham et al.®’ reported a method for the deter-
mination of nitrite similar to our method. Later, Aoki and Wakabayashi'®’
reported a method for successive determination of nitrite and nitrate by
reduction to NO with the gas-permeable membrane and detection of the gas
-phase CL described above.In long run of experiments, the surface of the

membrane was clogged by titanium dioxide which was the reaction product

and insoluble solid. In the present paper, we present a reverse FI (r-FI)



method for the successive determinafion of nitrite and nitrate in water
using a glass-tube separator instead of the membrane separator. In this

system, a reagent-injection was used to minimize reagent consumption.

Experimental Section

Apparatus and Procedure

A schematic diagram of the present r-FI system is shown in Fig.l.
Water sample (S), such as river or lake water, was fed at a rate of 8.5
mi/min into the system with a peristaltic pump (P;Cole Parmer ,Modél
7553-80). Bach Reagent was loaded via a loop injector (volume of 500 pl;
Rheodyne ,Model 5020)(I). A 19% w/w titanium (III) chloride in 0.5M
sulfurie acid ( Ti(III) reagent) was injected as a reducing agent to
determine the total amount of nitrate and nitrite in the sample, while a
19% w/w potassium iodide in 0.5M sulfuric acid (iodide reagent) was
injected instead of Ti(III) reagent to determine nitrite in the sample.
In the reaction coil (RC)(PTFE tubing;i.d.imm,o.d.zmm;length 1600mm), ‘
clean air (A)( passed thfough_an activated carbon column (C1) and a
silica gel column(CZ)) was bubbled through the carrier sample containing
the reagent in order to enhance tﬁe strippiﬁé of the reaction product in
a glass-tube separator (GS). The flow rate of the clean air was 8.5 ml/
min. The separator had a length of 400mm, an outer diameter of 12mm ,
and an inner diameter of 10mm and was inclined downward at angle of 30
degrees with respect to a level surface. In the separator, the sample
solution flowed down.along a wall and the clean air flowed over this

liquid film on -the:wall at a flow rate of 171.5 ml/min. The reaction



product was transferred into the stream of clean air. The air carrier
was passed to an NO analyzer (D)(Kimoto Co.Japan) at a flow rate of 180
ml/min by an air pump provided in this analyzer. Since the water vapor
in the air carrier interferes with the detection of nitric oxide (NO) by
the CL reaction, it was removed by means of a Nafion permeation tube
system ''’in the NO analyzer. The CL,resulting from the reaction between
NO in the dried air and ozone supplied from an ozone generator, was
detected with the NO analyzer and the CL intensity was recorded (R).

The CL signals in injection of the jodide reagent and the Ti(III)
reagent correspond to nitrite and the total amount of nitrate and

nitrite, respectively, The difference between the CL signals corresponds

to nitrate in the sample.

Fig.1 Schematic diagram of present method.

S:sample, P:peristaltic pump, I:reagent injection loop, A:air,
Cl:activated carbon column, (2:silica gel column, RC:reaction coil,

GS:glass-tube separator, D:NO analyzer, R:recorder, W:waste.



Reagents

.Unleés ctherwise ﬁentioned,.reagents were of analytical reagent -

grade. Deioniied‘water was used in the preparation of all solutions.

Stock solutions of nitrite and nitiate were prepared from
potassium nitrite, and potassium nitrate, respectively. Working standard
solutions were prepared by serial dilution of the stock solutions just

_Ti(III) reagent was pyepa;ed B§‘Adéing lhi”of conéédfr&tedwwn
sulfuric acid to 35ml1 of 20 %¥(w/w) titanium (III) chloride solution
(Wako Pure Chemical,LTD.Japan). The final concentrations of Ti(III)
chloride and sulfuric acid in the Ti(III) reagent were therefore 15% w/w
and 0.5M, respectively. Todide reagent was prepared by adding iml of
concentrﬁted sulfuric acid tob35ml of 20%(w/w) potassium iodide solution.
The final concentrations of potassium iodide and sulfuric acid in the

iodide reagent were therefore 13% w/w and 0.5M, respectively.

Resulis and Discussion

The optimum conditions of reagént concentrations for the deter-
mination of nitrite and nitrate with the membrane-separator have already
been described in detail elsewhere® *°’. The conditions were the same as
those in-the glass-tube separator system. Therefore, the following sec-
tions shall mainly conbern_the optimum conditions for the determination
of nitrite and nitrate witﬁ:fhe tube-separator. In this system, the
length of the separétor:was‘fixed at 40 cm. The iodide reagent and the

Ti(II1) reagent were used as the reducing agents for nitrite and/or



nitrate,respectively. 50
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Analytical Performance

Figure 4 shows the representative r-FI signals for nitrite and
nitrate by the present method.

The conversion rate of the above nitrogeneous compounds to NO was
examined using a new type of NO-releasing compounds®®’, which spontane-
ously decompose in solution to generate NO. Among them, NOC7 ( Dojindo
Laboratqries,Japau) wasiselecpggrfor this purpose. NOC7 rapidly decom-
poSes in acidic solution to release 2 moles of Nﬁ"pé;rﬁolé.rA 015ﬁ7 -
sulfuric acid was passed through as the sample (5) in the present r-FI
system shown in Fig.1 and a 1x10"°M solution of NOC7 was loaded with a
loop injector.The peak heights obtained with NOC7 were compared to those

obtained with the nitrogeneous compounds. The conversions of nitrite
and nitrate at a concentration of 1x107°M to NO were thus estimated to

be 16.0% and 1.6%, respectively.
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Fig. 4 Representative FIA signals by present
method.



Figure

5 shows calibration curves for nitrite and nitrate by the

present r-FI method. The peak heights are proportional to the concentra-

tion ranges
of nitrate.
for nitrite
minote from
down to the

analysis of

of 1x107° to 2x107° M of nitrite and of 5x10°7 to 2x10°* M
The relative standard deviations {n=5) at 1x10°% M were 0.6%
and 6.7% for nitrate,respectively. Since it takes about 1
the injection of the reagent for the peak to settle back
baseline in the case of nitrite and nitrate, successive

the two compounds can be performed within 2 min.
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Fig. 5 Calibration curves of nitrite and

nitrate by present method.
—a— ¢ nitrite,  —e— : nitrate .



Conclusion

The present r-FI method enables successive determination of nitrite
and nitrate in water. This method allows rapid and sensitive
measurement of these compouns in aquatic environments and has
pariicularly-advantageous for water qualiﬁy control in sewage water

plants and water purification plants, etec.
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