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Um sistema de análise química em fluxo com dois percursos analíticos foi desenvolvido para
determinação de amônio em extratos de solo por condutometria. A amônia era gerada em linha em
um meio alcalino, permeava através de uma membrana hidrofóbica (TPFE), sendo coletada em fluxo
de água desionizada que transportava o analito para a cela de condutividade. O módulo de análise
compreendia dois percursos analíticos independentes, para aumentar a frequência de amostragem.
O sistema foi utilizado para determinar amônia em extratos de solos em KCl 2 mol L-1. Apresentou
uma produtividade analítica de 100 determinações por hora, desvio padrão relativo de 2% e
recuperação de 99,9%.
A flow injection system with two analytical paths for ammonium determination in soil extracts
by conductometry is described. The ammonia generated on line in an alkaline medium is permeated
through a hydrophobic membrane (TPFE), collected by a deionized water stream and directed
toward the conductivity flow cell. The flow network was designed with two analytical paths in order
to increase the analytical throughput. The procedure was used to determine ammonium in 2 mol L-1
KCl soil extracts and allowed 100 determinations per hour with a relative standard deviation (r.s.d)
of about 2% and an average recovery of 99.9% for a typical sample with concentration of 2.1 mg
NH4+ L1-.
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Introduction
Available ammonium ions in soils is an important parameter for consideration in plant nutrition and soil fertility
studies. Usually, a 2 mol L-1 KCl solution is used to extract
ammonium ions in soil samples1. This high salt concentration may cause difficulties in employing spectrophotometric determinations, mainly those based on the Nessler2 or
the Berthelot methods3. In addition, the reagents used in
both methods contain mercury and phenol, respectively,
and should be avoided. Ammonium determination can also
be performed using titrimetry but this procedure presents
low throughput since a distillation step is necessary.

Studies of soil fertility usually require the analysis of
the ammonium ion in a large number of samples. Therefore,
the availability of automated analytical methods presenting
high throughput is very important. Among the automated
analytical procedures, flow injection could be selected,
considering its versatility, its inherent high throughput, and
its precision4,5,6.
Soil extracts can be considered a complex matrix, presenting some analytical difficulties when analyzed by spectrophotometric methods, i.e. for ammonium determination
by the chemical reaction occurring in alkaline medium
where a separation step should be incorporated2,3. The
indirect determination by atomic absorption spectrometry
presented high sentivity, however the high concentration
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of KCl (2 mol L-1) could cause interference as indicated
elsewhere6.
Flow injection modules with the on-line ammonia generation to separate it from the sample bulk has been proposed earlier. This was done by diffusing the gas through
an air gap that separates the sample carrier and the acceptor
solution streams7, or by permeating the gas through a
hydrophobic membrane8,9. Using these procedures ammonia is collected by an aqueous stream which flows parallel
with the sample carrier stream inside the separation chamber. In the acceptor stream, ammonia is again converted to
ammonium ions that are detected by conductometry8 or by
spectrophotometry7,9. Ammonia separation with a hydrophobic membrane is more commonly used than that with
an air gap and has been employed for conductometric
analysis of plant digests with high ammonium concentrations8.
The advantages of ammonium determination by conductometry, including the instrumentation simplicity and
the requirement of a hydroxide solution as the only reagent,
make it an attrative alternative to replace methods using
mercury or phenol2,3. In this work, a flow injection procedure employing conductometry was developed to determine ammonium in soil extracts. The content of
ammonium in some types of soils is generally lower than
1 mg L-1. Therefore, to attain the appropriate limit of detection, it is necessary to use a large volume of sample for
analysis. Ammonium permeation through a hydrophobic
membrane is a slow process, resulting in an analytical
method with a low sampling rate in comparison with other
flow procedures. This disadvantage becomes more drastic
for samples with low ammonium content and when a large
number of samples must be analyzed. Considering this fact,
the flow network was designed with two analytical paths
in order to increase the analytical throughput by sequential
sampling and detection.

Experimental
Reagents
Chemicals of analytical-reagent grade and freshly distilled and deionized water were used throughout. All reagents, standard solutions, and samples were stored in clean
polyethylene bottles.
The stock ammonium solution 1000 mg NH4+ L-1 was
prepared by dissolving 3.666 g of ammonium sulfate in
water and diluting to 1000 mL.
The soil extracting solution, 2 mol L-1 KCl, was prepared by dissolving 149.1 g of the salt in water and diluting
to 1000 mL with water.
The alkaline solution, 1.5 mol L-1 NaOH was prepared
by dissolving 54.9 g NaOH in water and diluting to
1000 mL.
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Working standard solutions of 0.00, 0.25, 0.50, 1.00,
2.00, 3.00 and 4.00 mg NH4+ L-1 were prepared by dilution
of the stock solution with the 2 mol L-1 KCl solution.
Soil extracts in 2 mol L-1 KCl were prepared as described elsewhere1 and were refrigerated until analysis.
Apparatus
The flow set up consisted of a B330 Micronal conductometer, a REC 61 Radiometer strip chart recorder, a MP13
Ismatec peristaltic pump furnished with pumping Tygon
tubes, a proportional injector made in Perspex with two
switching sections9, two electric switches with double contacts being one normaly open and the other closed, helicoidal reaction coils and transmission lines (0.8 mm i.d.) of
polyethylene tubing, two gas permeation units, and two
stainless steel conductivity cells.
The gas permeation units were constructed from two
Perspex blocks (20 x 5 x 2 cm). A silicone rubber strip
(20 x 2.5 x 0.005 cm) was glued to the face of each Perspex
block. A channel (8 x 0.02 cm) was made in the rubber strip
as indicated in Fig. 1. A PTFE tape was placed on one of
the rubber strips covering the channel. The unit was assembled by attaching the two Perspex blocks together with
screws. The PTFE tape was sandwiched between them, so
the channel on both sides forms the flow pathway in the
permeation units where the donor and acceptor streams
flow. The rubber strips were used to avoid fluid leakage and
to provide a soft contact with PTFE tape to increase life
time of the unit.
The conductivity flow cells were constructed from two
Perspex cylinders of 40 mm diameter and 30 mm depth. In
each cylinder, an axial hole of 15 mm diameter was drilled,
and a stainless steel cylinder was inserted in this hole as
indicated in Fig. 2. The metal cylinder was sealed with
epoxy glue to avoid fluid leakage. A disk of silicone rubber
(25 mm diameter) with a slit (10 x 2 mm) was placed on
the metallic surface (detail in Fig. 2). The conductivity flow
cell was assembled by attaching the two Perspex cylinders
together with screws, sandwiching the rubber disk between
them. The slit on the rubber disk provides the electric
A
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Figure 1. Diagram of the permeation chamber. The detail shows the
inside of the permeation chamber e = silicone rubber strip, 0.5 mm
thickness and a PTFE membrane. D indicates the donor stream and A the
acceptor.
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Figure 2. Diagram of the conductivity flow cell. The Perspex cylinder
attached by screws with a central stainless steel cylinder (solid gray) where
the electric contacts were fixed. The middle of the cell is represented on
the detail with a rubber (in dark) with a channel over the metallic cylinder.

contact between both electrodes during flow of solution,
allowing the detection of the solution conductivity.
Flow set up and experimental variables
The flow set up is depicted in Fig. 3. In the position
shown, the solution inside loop L1 is displaced by the carrier
stream (Cs) toward the gas permeation unit (D1). At the
confluence point (X), sodium hydroxide solution (R) is
added, and the ammonium ions are converted to ammonia
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(NH3) while passing through the reaction coil (B1). While
the solutions flow through the permeation unit toward
waste (W), part of the generated ammonia permeates
through the PTFE membrane and is collected into the
acceptor stream (Rc). Ammonia is converted to ammonium
ions in the acceptor stream solution while carried to the
conductivity flow cell (C1). This device is electrically connected to the conductometer (DET) by means of the electric
switches ch1 and ch2 for detection. Variation in conductivity is converted to a variation in electric potential, which is
recorded by the strip chart recorder (Reg) as a function of
time. While the described steps are occurring, the sample
S2 flows through the sampling loop L2 toward waste.
Changing the injector to the other resting position by
displacing the sliding bar, the sampling loop L1 is loaded
with another sample (S1) and the sampling loop L2 is
inserted into the analytical path composed of reaction coil
(B2), gas permeation unit (D2) and conductivity flow cell
(C2). A mechanism attached to the sliding bar of the injector
(dashed line) performs the switching of the electric
switches ch1 and ch2 to connect the conductometer to the
conductivity flow cell C2 instead of C1. Sample processing
and signal measurement occur as previously described.
To establish the optimal operational conditions, experiments were performed by varying the sampling loop length
and the carrier and acceptor streams flow rates.
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Figure 3. Diagram of the flow set up. The proportional injector represented by three rectangular surfaces on the left, where the hatched area indicates
the other resting position. Cs = 2.0 mL min-1 of water; S1 and S2 = samples being aspirated at 1.6 mL min-1; L1 and L2 = 50 cm length sampling loops;
R = 1.6 mol L-1 NaOH solution, pumped at 1.0 mL min-1; B1 and B2 = 50 cm long reaction coils; Rc = 2.5 mL min -1 of water with electric conductivity
0.5 µS as acceptor stream,; D1and D2 = permeation units; C1 and C2 = conductivity cells; ch1 and ch2 = electric switches; DET = conductometer; and
Reg = strip chart recorder. The dashed line indicates switching of the electric switches synchronized with the injector displacement; w = waste.
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Results and Discussion
The analytical signal obtained by flow systems with
phase separator devices like gas permeation membranes
must be optimized by adjusting the carrier and acceptor
stream flow rates. Experimental results used to determine
the optimal conditions with respect to residence time and
dispersion are shown in Figs. 4, 5 and 6.
An increase in the analytical signal greater than 100%
was observed when a sampling loop of 50 cm was used and
the sample carrier flow rate changed from 6.0 to 1.6 mL
min-1 as shown in Fig. 4. When a 100 cm sampling loop
was employed using the same flow rates, the observed
increase in signal was about 40% as shown in Fig. 6. In both
cases the acceptor flow rate was maintained at
1.6 mL min-1.
By increasing the sample carrier flow rate, less ammonia permeates the membrane due to the decrease in average
residence time. On the other hand, when the sampling loop
length was doubled, two effects must be considered: the
sample zone broadening and dispersion in the carrier solution. Broadening the sample zone requires a long time-interval for transport through the permeation unit. In addition,
decreasing the sample dispersion increases the ammonia
partial pressure of the carrier solution due to the enhancement of the permeation rate. These two parameters favorably affect the ammonium permeation through the
membrane. The permeation conditions were not a problem
for determination of ammonium in plant digests7 due to the
high analyte concentrations of the samples, however, in soil
extracts this parameter must be considered.

Figure 4. Effect of the sample carrier flow rate. Curves I, II and III
obtained with sample flow rates of 1.6, 3.0 and 6.0 mL min -1, respectively
and sampling loop of 50 cm long. Other parameters as in Fig. 3.
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The slopes of curve I in Fig. 6 and curve II in Fig. 5, are
approximately equal (∆V/∆C ≅ 12). These two curves were
obtained using the same parameters. Similar behavior is
demonstrated by curves II in Figs.4 and 6. Considering
these results, flow rates of 3 mL min-1 and 2.5 mL min-1 for
the sample carrier and ammonia acceptor, respectively,
were established for further experiments.

Figure 5. Effect of the sample carrier flow rate. Curves I, II and III
obtained with sample flow rates of 1.6, 3.0 and 6.0 mL/min, respectively
and sampling loop of 100 cm long. Other parameters as in Fig. 3.

Figure 6. Effect of the sampling loop length. Curves I and II obtained
with sampling loop of 100 and 50 cm long, respectively, Other parameters
as in Fig. 3.
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Peaks recorded in Fig. 7 demonstrate how the analytical
throughput was improved using the proposed flow network. The recorder tracing a was obtained by operating the
flow system without switching ch1 and ch2 from C1 to C2,
thus a FIA peak with a long tail is obtained due to the
sample dispersion into the carrier stream. The peak profile
reflects the intrinsic characteristic of the flow system dimensions and the chemical solutions employed. Peak b was
obtained by switching ch1 and ch2 from C1 to C2 immediately after attaining the maximum peak height of the analytical signal. As a result, the signal returned abruptly to the
baseline. The time interval required to obtain peak profiles
a and b, were about 60 and 20 s, respectively. This time
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difference could be decreased by increasing the overall
flow rate, but in this work the flow rates were optimized for
maximum sensitivity as shown in Figs. 4 and 5. The simultaneous movement of the injector and switches between the
conductivity flow cells defined the analytical throughput.
In routine analysis an average of 120 determinations per
hour could be achieved.
The set of recorder tracings at c in Fig. 7 shows the
sequence of signals obtained by using both analytical channels. The proposed flow network comprises two analytical
paths, and as their dimensions are not identical, this set of
peaks reveals differences in the baseline and in sensitivity.
The gas permeation rate through PTFE membrane is expected to be proportional to the membrane surface interfacing the donor and acceptor fluids. In this instance, some
difference in the channel dimensions of the permeation unit
(Fig. 1) could generate the difference in sensitivity observed. Also, some difference in the conductivity area
could contribute to the effect on the baseline. The difficulty
of constructing two identical analytical channels to achieve
the same baseline and signal sensitivity made it imperative
to calibrate both channels independently. The routine graph
Table 1. Results of the recovery test after addition of 0.5 mg NH4+ l-1 to
different soil extracts.

Concentration
(mg/L)*

Recovery (%)

1

0.94

96

2

1.43

98

3

1.05

102

4

0.66

101

5

1.39

97

6

1.47

99

7

1.01

104

8

1.18

102

9

1.10

100

10

0.45

97

11

0.46

98

12

1.04

104

13

0.95

105

14

1.16

102

15

1.70

96

16

1.63

101

17

1.42

96

18

1.51

99

19

1.80

103

20

1.02

98

Soilextract
Figure 7. Effect of switching the conductivity flow cell. From right to
left, a peak profile obtained from one conductivity flow cell, b peak profile
obtained by switching from C1 to C2 (Fig. 3) at peak maximum followed
by a set of recorder tracing obtained running the flow set up with a 3.0 mg
NH4+ L-1 standard solution. Other parameters as in Fig. 3.

Figure 8. Recording related to a set of standards and samples. From right
to left peaks in duplicate obtained with standard solutions of 0.5, 1.0, 2.0
and 3.0 mg NH4+ L-1 for each analytical path, followed by those of 12
samples in duplicate and the standards again. Samples signed by odd
numbers were analyzed by the analytical path comprised by reaction coil
B1, permeation unit D1 and conductivity flow cell C1.

*Average concentration (n = 3). Recovery 98,9 ″ 2,9.
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showing a sequence of standard and sample solutions for
the two independent analytical paths is shown in Fig. 8. Soil
extract results are shown in Fig. 8 where it is possible to
identify, without difficulty, the peaks of each sample. By
observing the peaks corresponding to the two sets of standard solutions (right and left in Fig. 8), one can conclude that
the system is very stable. The reliability was tested by
standard addition, and results are characterized by recoveries of 96-105% (Table 1). Another feature was a relative
standard deviation better than 2% calculated from 8 sequential measurements obtained for a sample of 1.04 mg
NH4+ L-1.

Conclusions
The flow system with two analytical channels for ammonium determination using sequential detection from two
conductivity flow cells, allows a higher sample throughput
than the single channel configuration. The conductometric
method is robust for ammonium determination in high
saline samples (2 mol L-1KCl soil extracts) even at low
concentrations. This is a clean method and could be employed instead of those based on mercuric or phenolic
reagents.
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