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Ammonia (up to 0.3 vol.%) can be determined (RSDs < 2%) after separation from a process gas stream
containing (vol.%): carbon dioxide (0.3–20), hydrogen sulfide (< 0.4), hydrogen cyanide (< 1.5 . 10–4),
sulfur dioxide (1), carbon monoxide (< 3) in 50–90 vol.% nitrogen and hydrocarbons. The ammonia
content in sample is determined through changes in the conductivity of an acceptor stream (3 mM boric
acid) caused by absorption of the analyte passed through a Nafion capillary membrane.
Key words: Flow injection analysis; Ammonia; Conductimetry; Process analysis; Gas analysis.

Ammonia is produced from nitrogen-containing organic compounds (proteins, urea,
amino acids, etc.) by reductive chemical and, in anaerobic conditions, microbial pro-
cesses. Ammonia is present in areas with livestock industry, municipal waste water and
sewage treatment plants and in farmyards. Ammonia and ammonium ions are also in-
creasingly found in waters as a result of excessive use of nitrogen fertilizers in agri-
culture. Considerable quantities are also produced by technological processes such
as desulfurization of oil and coal, coke-oven, etc., and by combustion of fossil
fuels.

FIA methods for the determination of ammonia and/or the ammonium ion as well as
total nitrogen are based on selective gas permeation or distillation followed by meas-
urement of changes in the acidity of a suitable acceptor solution. The analytical finish
is either photometric1–15, employing acid/base indicators (bromothymol blue, phenol-
phthalein, cresol red, bromothymol violet or their mixtures) in deionized water or in
highly dilute sodium hydroxide or in a suitable buffer solution (phthalate, ammoniacal
buffer, TRIS) at pH 6–8, or potentiometric16–27. The methods give precise and accurate
results, with LOD ranging from hundreds of ppb to ppm, but their sensitivity and range
of applicability depend strongly on the buffer capacity and on the type and concentra-
tion of the acid/base indicator1–27. Acid gases also easily penetrate through the mem-
brane and, owing to their buffering ability (carbon dioxide, hydrogen sulfide etc.),
bring about signal and sensitivity lowering.
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Spectrophotometric FIA methods are based on Nessler’s reagent28–32 or phenolate
(Berthelot’s, Indophenol Blue) reaction6,8,33–49. The two methods are selective and sen-
sitive but the former uses a toxic mercury compound and the product is unsufficiently
defined, whereas the latter is rather slow and requires a long incubation time even at
elevated temperatures. Methods based on the absorption of UV radiation50,51 and on the
reaction with o-phthaldialdehyde (OPA) and 2-mercaptoethanol52 or sulfite53 have also
been used for the determination of ammonia and/or ammonium ions. Fluorometric
methods with OPA and sulfite or 2-mercaptoethanol54–62, chemiluminescence63,64,
optosensors65,66, the indirect atomic absorption method67, and other methods68 play an
important role as well.

Conductimetric detection has been used for a sensitive determination of ammonium
ions and/or total nitrogen in Kjehldahl digests, water and air6,8,34,40,69–74. This approach
is based on the absorption of ammonia (after distillation or gas diffusion) from a ga-
seous or alkaline aqueous sample stream in deionized water or dilute boric, sulfuric or
hydrochloric acid followed by measurement of the conductivity change. Deionized
water brings about a higher sensitivity but the calibration curves are non-linear due to
the low degree of ionization of the ammonium species (NH3 . H2O) and presence of
acid gases (mainly carbon dioxide).

In recent studies it was demonstrated that pH discrimination of mass transport of
molecular species through microporous PVDF and nonporous tubular silicone rub-
ber membranes can be used as a tool for the separation and preconcentration of
analytes from aqueous and gaseous samples75–80. In the present work, the membrane
separation technique is employed for a selective determination of ammonia in ga-
seous samples.

EXPERIMENTAL

Chemicals and Equipment

Distilled and deionized water, benzoic, barbituric, and boric acids (0.01–50 mmol/l) and hydro-
chloric, sulfuric and nitric acids (5–100 µmol/l) were tested as the acceptor streams for the determi-
nation of ammonia. A mixed single-bed ion-exchange column (5 mm i.d., 10 cm length, Amberlite
MB-1, an equimolar mixture of Amberlite IRA-400 in the OH-form and Amberlite IR-120 in the
H-form 16–50 mesh, Sigma) was used for additional water purification in the former two cases.

The test gases contained, respectively: 1.00 vol.% ammonia (gas A1), 1.00 vol.% carbon dioxide
(gas A2), 0.30 vol.% ammonia, 0.40 vol.% hydrogen sulfide or 16.97 vol.% carbon dioxide, 3.00 vol.%
carbon monoxide, 0.49 vol.% ethane, 2.69 vol.% methane and 0.18 vol.% propane (gas B), each
in nitrogen (all certified cylinder gases, Scott Specialty Gases Inc., Houston, TX, U.S.A.). The
test gases, pure and dry house air and/or pure carbon dioxide were metered by using mass flow
meters (model 820, Sierra Instruments, Monterey, CA, U.S.A.) or mass flow controllers (model
FC 280, Tylan General, Torrance, CA, U.S.A.) to dilute the test gases A, B by means of a 100 cm
mixing coil.

Nafion 815 super-acidic cation exchanger (with perfluorosulfonate functional groups, Sigma–Aldrich,
active length 2 or 10 cm), poly(vinylidene difluoride) microporous membranes (PVDF, 0.56 µm pore

610 Kuban:

Collect. Czech. Chem. Commun. (Vol. 62) (1997)



size, 1.2/1.8 mm i.d./o.d., Enka, Wuppertal, Germany, active length 2 or 10 cm), and tubular silicone
rubber membranes (0.4/0.6 mm i.d./o.d., Patter Products, Beaverton, MI, U.S.A., active length 2 or
20 cm) were tested as the barrier media for the separation of ammonia. The membrane modules,
tube-in-shell devices were made from capillary membrane tubing with Teflon tubing (from 30 ga
to 1.4 mm o.d.) inserted at the termini for connections and barbed polypropylene T-joints (Ark-
Plas Inc., Flippin, AR, U.S.A.). The flow injection apparatus (see Fig. 1 for manifolds) was set up
using the same parts as in the previous studies75–80. The tightly coiled mixing capillary 30 cm
long was placed between the membrane device and the detector to ensure the lowest dispersion
possible.

The gas and purified air were sampled by an electronically controlled six-port PTFE valve into the
outer part of the membrane device with acceptor streams flowing inside the tubular membrane in the
continuous flow mode (Fig. 1b). The ammonium ions collected in the acidic acceptor stream were
fed directly into the conductivity detector. The gas also flowed continuously on the outer part of the
membrane device while the acceptor stream was stopped for a preselected period (Fig. 1a). Ammonia
which had penetrated through the membrane was collected in the acceptor liquid enclosed inside the
tubular membrane connected to the sample loop ports of the valve and fed directly into the conduc-
tivity detector.
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FIG. 1
FIA manifolds for conductimetric determination of ammonia in the “on-loop” membrane device stop-
flow mode (a) and in the continuous flow mode with gas sample injection (b). AS absorbing solu-
tion, F flow meter, MC mixing coil, MU membrane unit, CD conductivity detector, W waste, BA
3 mM boric acid as the acceptor solution, P peristaltic pump
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RESULTS AND DISCUSSION

Selection of the Membrane

The PVDF membrane exhibited the largest efficiency of the transmembrane transition
and the sensitivity was too high to handle the process gas stream. This membrane also
gave the fastest response to the increase or decrease of the ammonia concentration
when switching between the sample gas and pure air (Fig. 1b). These excellent proper-
ties, however, were offset by a low selectivity of the membrane with respect to the
transport of acid gases (see Table I). The response to hydrogen sulfide, carbon dioxide
and sulfur dioxide was intolerably high when the compounds were present in the process
stream at the highest expected concentrations (0.4, 16.7 and 0.3 vol.%, respectively).
The membrane was also unusable if gaseous samples were to be handled because its
microporous structure was very sensitive to fouling by particulate matter and to over-
pressure on the donor side. In the latter case the gases penetrated through the membrane
material and induced “bubble” spikes on the record. Membranes possessing the lowest
possible porosity are preferable in such case.

The silicone rubber membrane, on the other hand, displayed the lowest transmem-
brane efficiency for ammonia of all the membranes tested. The washing time was also
much longer than for the other membranes (see Fig. 2). In the continuous flow mode,
the sensitivity was so low that a 20 cm membrane had to be used to obtain a measurable
signal. The membrane was only suitable in the stopped flow arrangement with rela-
tively long preconcentration/washing times. The selectivity of the transmembrane tran-
sition was insufficient for sulfur dioxide or carbon dioxide, so that the two gases

TABLE I
Analytical signals (in µS/cm) of intereferents for Nafion, PVDF, and silicone rubber membranesa

Interferent Contentb

Membrane

Nafion silicone PVDF

boric acid water boric acid water boric acid water

H2S 0.4 0   0   0.02 0.04 0.12 1

SO2 1.0 0.1 0.2 15    18    550     565  

CO2 16.7 0.01 0.01 2.2 2   4   4

CO2 100    0.15 0.15 5   – 9   –

a Signals 16 or 12 µS/cm for 0.3 vol.% NH3, 1 min injection, 10 min washing, 100 ml/min flow
rates, RSDs < 1.9% for n = 7; b highest expected content.
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interfered seriously (see Table I). Its selectivity was acceptable for hydrogen sulfide in
the above quantities.

Because of the insufficient selectivity of the transmembrane transport of the mem-
branes and also for the detection principle, the Nafion ion-exchange membrane was
tested. Its transmembrane transport efficiency was roughly 20-fold higher than that of
the silicone rubber membrane but about 10-fold lower than that of the PVDF mem-
brane. The membrane responded relatively fast when switching between sample and
pure air out, the washing time was over 10 min for water as the acceptor. The washing
time was significantly reduced, down to 2–5 min, when dilute solutions of HCl or
HNO3 were used as the receptor streams, and to 5–10 min, when boric acid was used.
Nafion membranes were the sole membranes to possess a sufficiently high transmem-
brane selectivity for the acid gases, giving signals below the 3 S/N level for all gases
(see Table I).

No interference was found for any of the above-mentioned concentrations of the
gases. Thus ammonia can be determined with a satisfactory sensitivity and selectivity
owing to the unique domain structure of the Nafion membrane and unusual solubility of
ammonia in salt solutions (mobility is ca 103 times higher than for hydrogen, nitrogen,
or other gases). The Nafion ionomer membrane consists of two phases (domains) – an
ionic cluster (region with high concentrations of ions) and a perfluorinated matrix
(hydrophobic backbone structure similar to that in PVDF). They are formed by molecu-
lar aggregation of the hydrophilic and lipophilic parts of the polymer. The cluster do-
mains (chambers 5–10 nm i.d.) contain most of the sulfonated groups and adsorbed
water. The domains are connected to each other by interfacial structure narrow chan-
nels containing a small amount of water, a few sulfo groups, and pendant side chains.
The structure is crucial for the transport properties since it provides the pathway for the
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FIG. 2
Response times (in number of injec-
tions N, 4 min per injection) for
PVDF (2 cm, ▲), silicone rubber (20 cm,
❍) and Nafion (2 cm, ❐) membranes
when switching between sample gas
(1 vol.% ammonia in nitrogen, 6 in-
jections) and pure air (after 7th injec-
tion). Zero line after 1, 12 and 6
injections, respectively. Flow rate
100 ml/min for both, 2 min precon-
centration/injection time, 0.3 mmol/l
boric acid
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transport of ions and molecules. Simple diffusion–solubility, diffusion–reaction and
mobile carrier mechanisms of transmembrane transport can be expected.

Selection of Acceptor Liquid

Ammonia, as well as the acidic gases, can be easily absorbed in distilled or deionized
water. The initial conductivity of water continuously changes due to absorption of carbon
dioxide from the laboratory air, and the analytical signal of ammonia varies with time.
Thus, additional purification with a mixed monobed ion-exchange column (Amberlite
MB-1) is necessary to obtain reproducible results.

Ammonium as a weak base (pK 9.25) is not fully dissociated in water, therefore the
calibration graphs are always non-linear. The repeatability of the measurement is also
relatively poor (2%). These are the most important disadvantages of ammonium with
respect to the practical application in process analysis. Benzoic, barbituric, and boric
acids at 0.01–50 mmol/l concentrations and nonbuffered solutions of strong mineral
acids (5–100 µmol/l, initial conductivities have been established with HCl, H2SO4 or
HNO3 over the range of 1 000–1 µS/cm) were tested as potential modifiers of acceptor
streams for conductimetric measurements.

The analytical signal is positive for deionized water and boric acid and increases with
decreasing concentrations of boric acid, the optimum being 2–8 mmol/l. The signal is
approximately twice higher for 3 mmol/l boric acid than for pure water at higher ammonia
contents (w > 0.5 vol.%) and nearly the same at the lower concentrations. The corres-
ponding decrease in the background conductivity of the solution from 9 to 1 µS/cm at
the above concentrations of boric acid reduces the baseline noise. The very low back-
ground conductivity, its better stability and, in particular, resistance to absorption of
carbon dioxide make boric acid superior to deionized water as the acceptor liquid.
Deionized water gives a sufficient sensitivity but the calibration curves are non-linear
due to the low ionization of the ammonium ion (NH3 . H2O) and presence of acid gases
(mainly carbon dioxide).

A decrease in the initial conductivity of all the other streams (negative analytical
signals) is observed due to the decrease in the concentration of hydronium ions. The
analytical signal is comparable for barbituric and benzoic acids and decreases with
decreasing concentration of the two acids but it is still lower than for boric acid and
water. The background signal (100–20 µS/cm) is reduced with the appropriate decrease
in higher concentration and ionization in both cases. The baseline noise is high due to
the high levels of background conductivity. Thus, the application of the weak acids
offers no advantage over water or boric acid.

The analytical signal is several times higher for all solutions of strong mineral acids
and is influenced substantially by the acid concentration (or initial conductivity of the
acceptor stream) and concentration of ammonia in the donor stream. The dependence of
the analytical signal vs background conductivity (or concentration of acids) of the ac-
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ceptor stream has three distinguished segments (Fig. 3) with two points of intersection
which express quantitative consumption of the modifier (acid) in the acceptor stream
by permeated ammonia. The conductivity and the concentration of hydronium ion are
reduced by the same value in the horizontal segment where it is present in a very high
excess over the ammonia transported and the analytical signal is constant at the con-
stant concentration of ammonia. In the second segment, the amount of hydronium ions
in the acceptor stream is insufficient and is consumed completely by the reaction with
ammonia forming the ammonium ion, the excess ammonia reacts with water, and con-
ductivity decreases or increases after reaching the background conductivity of NH4

+, Cl–

and water by the combination of decrease of H+ ions and increase of OH– ions.
The mass transfer of ammonia both in the membrane and in the solution bulk is

complicated by ionization, as the NH3/NH4
+ equilibrium obviously exists in both media.

Ammonia must first react with the membrane matrix to form free ions, which diffuse
through the membrane and pass through the solution/membrane interface into the ac-
ceptor fluid where the acid/base reaction takes place. The acid/base reaction is a fast
chemical step whose kinetics rarely affects the rate of transport. The diffusion of the
modifier (acids) in the acceptor solution near the solution/membrane interface, how-
ever, is not always fast, and so the local absence may inhibit the transport of ammonia
from the membrane into the solution bulk. The modifier can also be locally depleted
completely, giving rise to a double, sinusoidal or totally deformed shape of the peaks or
even negative signals.

The position of the point of intersection depends on the concentration of ammonia
passed through the membrane and of course on its concentration in sample (Fig. 3).
This point can be used to determine the absolute concentration of the transported
species when a constant concentration of the penetrated analyte can be expected and so
to study the transportation process. The point also determines the limits of concentra-
tion of the strong acid or initial conductivity of the acceptor solution over which the
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Dependence of the analytical signal
(γ, µS/cm) on the initial conductivity
of the acceptor streams (γb, µS/cm)
containing nitric acid, for 1.0 (✚, ■)
and 0.6 vol.% (✶) ammonia. Nafion
membrane, 2 cm active length, 1 min
preconcentration period, 100 ml/min
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calibration graph is linear, and so the linear range and the sensitivity of determination
can be varied through the acceptor stream parameters (>100, >50 and >20 µS/cm are
the limits giving the best sensitivity for concentrations of ammonia down to 1, 0.5 and
0.1 mmol/l, respectively).

Optimization of FIA Manifold Parameters

The Nafion membrane and 3 mmol/l boric acid were selected as the best combination
of membrane and acceptor stream for practical purposes. From among the manifolds
tested (Fig. 1), the manifold (Fig. 1b) with a continuous flow of the acceptor stream and
a time controlled introduction of the tested gas mixture and pure air (and/or standard
gas mixture) is preferable, giving a lower baseline noise and a more favourable baseline
shape owing to the elimination of pressure pulses caused by the switching of the injec-
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FIG. 4
Calibration graphs of ammonia for ni-
tric acid (✚), boric acid (▲), barbituric
acid (■) and water (❐) as the ac-
ceptor streams; 1 min preconcentra-
tion, remaining parameters as in Fig. 2
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Dependence of the conductivity γ in
µS/cm (■) and the washing time t in
min (✚) on the flow rate Fm of the
acceptor stream (3 mM boric acid, other
parameters as in Fig. 2)
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tion valve. Manifold (Fig. 1b) also allows simpler variation among the introduction of
the sample, standard and washing gas, respectively, and also a larger variability in the
amount of ammonia transported through the membrane by changing the injection
period.

The calibration graphs are non-linear for water, strong acids, and barbituric acid over
the concentration range of 0–1 vol.% ammonia in nitrogen and also for water over the
range of 0–0.3 vol.% ammonia (Fig. 4). Linear segments exist for higher concentrations
of strong acids (>0.3 vol.% NH3), with an appropriate increase in sensitivity. The cali-
bration graphs are linear for 3 mmol/l boric acid and both concentration ranges with a
very good long-term repeatability (<2% for a 5-h interval) and a sufficient sensitivity.

In addition, the sensitivity can be easily controlled through the flow rate of the ac-
ceptor stream, because the analytical signal decreases with increasing flow rate. The
washing time also increases in this order (Fig. 5). Therefore, the value of Q = 0.6
ml/min was chosen as a compromise between sensitivity and sample throughput. Water
can be used as the acceptor for the determination of very low concentrations of am-
monia in such complex matrices. The sensitivity is slightly higher for the lowest con-
centrations as compared to boric acid but the washing time is higher, too.
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me the opportunity to perform this work and for his kind interest and support. Financial support from
the Grant Agency of Czech Republic, Grant No. 203/93/2110, is gratefully acknowledged.

REFERENCES

 1. Svensson G., Anfalt T.: Clin. Chim. Acta 119, 7 (1982).
 2. van der Linden W. E.: Anal. Chim. Acta 151, 359 (1983).
 3. van der Linden W. E.: Anal. Chim. Acta 155, 273 (1983).
 4. van Son M., Schothorst R. C., den Boef G.: Anal. Chim. Acta 153, 271 (1983).
 5. Wilson S. W., Johnson K. S.: Mar. Biol. 91, 285 (1986).
 6. Sprenger U., Bachmann K.: Fresenius Z. Anal. Chem. 327, 16 (1987).
 7. Schulze G., Brodowski M., Elsholz O., Thiele A.: Fresenius Z. Anal. Chem. 329, 71 (1988).
 8. Schulze G., Liu C. Y., Brodowski M., Elsholz O., Frenzel W., Moller J.: Anal. Chim. Acta 214,

121 (1988).
 9. Clinch J. R., Worsfold P. J., Sweeting F. W.: Anal. Chim. Acta 214, 401 (1988).
10. Hauser P. C., Tan S. S., Cardwell T. J., Cattrall R. W., Hamilton I.: Analyst (London) 113, 155

(1988).
11. Christensen L. H., Nielsen J., Villadsen J.: Anal. Chim. Acta 249, 123 (1991).
12. Frenzel W.: Anal. Chim. Acta 291, 305 (1994).
13. Frenzel W., Grimm E., Gruetzmacher G.: Fresenius J. Anal. Chem. 351, 19 (1995).
14. van Staden J. F., Hattingh C. J., Malan D.: Fresenius J. Anal. Chem. 351, 758 (1995).
15. Lukkari I., Ruzicka J., Christian G. D.: Fresenius J. Anal. Chem. 346, 813 (1993).
16. Ruzicka J., Hansen E. H.: Anal. Chim. Acta 78, 145 (1975).
17. van Staden J. F.: J. Assoc. Off. Anal. Chem. 66, 718 (1983).
18. Blet V., Pons M. N., Greffe J. L.: Anal. Chim. Acta 219, 389 (1989).

Conductimetric Determination of Ammonia 617

Collect. Czech. Chem. Commun. (Vol. 62) (1997)



19. Meyerhoff M. E., Fraticelli Y. M.: Anal. Lett. 14, 415 (1981).
20. Rhines T. D., Arnold M. A.: Anal. Chim. Acta 227, 387 (1989).
21. Alegret S., Alonso J., Bartolli J., Del Valle M., Jafferezic-Renault N., Duvault Herrera Y.: Anal.

Chim. Acta 231, 53 (1990).
22. Alegret S., Alonso J., Bartolli J., Martinez Fabregas E.: Analyst 114, 1443 (1989).
23. Fritsche U., Gernert M.: Anal. Chim. Acta 244, 179 (1991).
24. Frenzel W.: Fresenius Z. Anal. Chem. 336, 21 (1990).
25. Frenzel W.: Fresenius Z. Anal. Chem. 342, 817 (1992).
26. Alegret S., Bartoli J., Jimenez C., del Valle M., Domingues C., Cabruja E., Merlos A.:

Electroanalysis (N. Y.) 3, 349 (1991).
27. Hara H., Matsumoto S.: Analyst 119, 1839 (1994).
28. Zagato E. A. G., Reis B. F., Bergamin F. H., Krug F. J.: Anal. Chim. Acta 109, 45 (1979).
29. Krug F. J., Ruzicka J., Hansen E. H.: Analyst 104, 47 (1979).
30. Cosano J. S., Calle J. L., Pinillos J. L., Linares P., Luque de Castro M. D.: Anal. Chim. Acta

221, 173 (1989).
31. Stewart J. W. B., Ruzicka J., Bergamin F. H., Zagatto E. A. G.: Anal. 81, 371 (1976).
32. Stewart J. W. B., Ruzicka J.: Anal. Chim. Acta 82, 137 (1976).
33. Hansen E. H., Krug F. J., Ghose A. K., Ruzicka J.: Analyst 102, 314 (1977).
34. Slanina J., Bakker F., Bruyn-Hes A., Mols J.: Chim. Acta 113, 331 (1980).
35. Reis B. F., Zagatto E. A. G., Jacintho A. O., Krug F. J., Bergamin F. H.: Anal. Chim. Acta 119,

305 (1980).
36. Pasquini C., Oliveira W. A.: Anal. Chem. 57, 2575 (1985).
37. Malcolme Lawes D. J., Pasquini C., Wong K. H.: Lab. Microcomput. 8, 44 (1989).
38. Malcolme Lawes D. J., Pasquini C.: J. Auton. Chem. 10, 192 (1988).
39. Shirato F., Okajima Y., Mackoya C., Takata Y.: Bunseki Kagaku 38, 413 (1989).
40. Yamamoto N., Kabeya N., Yamagishi N., Shirai T.: Bunseki Kagaku 38, 6 (1989).
41. Yamamoto N., Kasahara N., Shirai T.: Talanta 37, 1061 (1990).
42. Kina K.: Dojin 19, 7 (1981).
43. Tian L., Sun X., Xu Y., Zhi Z.: Anal. Chim. Acta 238, 183 (1990).
44. Pedersen K. M., Kummel M., Soeberg H.: J. Anal. Chim. Acta 238, 191 (1990).
45. Balconi M. L., Sigon F., Borgarello M., Ferraroli F.: Anal. Chim. Acta 234, 167 (1990).
46. Balconi M. L., Sigon F., Borgarello M., Ferraroli F.: Anal. Chim. Acta 214, 367 (1989).
47. Finster P., Hollweg J., Kausch E., Burmester U.: Ber. Tabakforsch. Int. 4, 105 (1988).
48. Kuwaki T., Akiba M., Oshima M., Motomizu S.: Bunseki Kagaku 36, T81 (1987).
49. Sun L., Li L., Fang Z.: Turang Tongbao 17, 37 (1986).
50. Aoyagi M., Yasumasa Y., Nishida A.: Anal. Sci. 5, 235 (1989).
51. Aoki T.: J. Flow Injection Anal. 5, 95 (1988).
52. Chung S., Wen X., Vilholm K., De Bang M., Christian G., Ruzicka J.: Anal. Chim. Acta 249, 77

(1991).
53. Sorensen L. L., Granby K., Nielsen H., Asman W. A. H.: Atmos. Environ. 28, 3637 (1994).
54. Aoki T., Uemura S., Munemori M.: Anal. Chem. 55, 1620 (1983).
55. Aoki T., Uemura S., Munemori M.: Environ. Sci. Technol. 20, 515 (1986).
56. Rios A., Luque de Castro M. D., Valcarcel M.: Anal. Chim. Acta 187, 139 (1986).
57. Izquierdo A., Linares P., Luque de Castro M. D., Valcarcel M.: Fresenius Z. Anal. Chem. 336,

490 (1990).
58. Izquierdo A., Linares P., Luque de Castro M. D., Valcarcel M.: Quim. Anal. (Barcelona) 8, 473

(1989).
59. Genfa Z., Dasgupta P. K.: Anal. Chem. 61, 408 (1989).

618 Kuban:

Collect. Czech. Chem. Commun. (Vol. 62) (1997)



60. Genfa Z., Dasgupta P. K., Cheng Y.-S.: Atmos. Environ. 254, 2717 (1991).
61. Genfa Z., Dasgupta P. K., Dong S.: Environ. Sci. Technol. 23, 1467 (1989).
62. Jeppesen M. T., Hansen E. H.: Anal. Chim. Acta 245, 89 (1991).
63. Kraus P. R., Crouch S. R.: Anal. Lett. 20, 183 (1987).
64. Liu D., Liu R.: Fenxi Huaxue 19, 350 (1991).
65. Sansubrino A., Mascini M.: Biosens. Bioelectron. 9, 207 (1994).
66. West S. J., Ozawa S., Seiler K., Tan S. S. S., Simon W.: Anal. Chem. 64, 533 (1992).
67. Esmadi F. T., Kharoaf M., Attiyat A. S.: Anal. Lett. 23, 1069 (1990).
68. Fuhrmann B., Spohn U., Mohr K. H.: Biosens. Bioelectron. 7, 653 (1992).
69. Carlson R. M.: Anal. Chem. 59, 1528 (1978).
70. Carlson R. M.: Anal. Chem. 58, 1590 (1986).
71. Pasquini C., de Faria L. C.: Anal. Chim. Acta 193, 19 (1987).
72. Braumann T.: Lab. Pract. 12, 542 (1988).
73. de Faria C. L., Pasquini C.: Anal. Chim. Acta 245, 183 (1991).
74. Rohwedder J. J. R., Pasquini C.: Analyst 116, 841 (1991).
75. Kuban V., Dasgupta P. K., Marx J. N.: Anal. Chem. 64, 36 (1992).
76. Kuban V.: Anal. Chim. Acta 259, 42 (1992).
77. Kuban V., Dasgupta P. K.: Anal. Chem. 64, 1106 (1992).
78. Kuban V., Dasgupta P. K.: Talanta 39, 831 (1992).
79. Kuban V.: Scr. Fac. Sci. Nat. Univ. Masaryk. Brun. 24, 43 (1994).
80. Cernocka H., Kuban V.: Scr. Fac. Sci. Nat. Univ. Masaryk. Brun. 25, 37 (1995).

Conductimetric Determination of Ammonia 619

Collect. Czech. Chem. Commun. (Vol. 62) (1997)


