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A sequential injection system for the automated in situ preparation of Azomethine-H and the on-line monitoring of
boron in water effluents and fertilizer process streams is described. Azomethine-H, a condensation product of
salicylaldehyde and H-acid (8-amino-1-naphthol-3,6-disulfonic acid) is used as the chromogenic reagent. The
Azomethine-H is prepared in situ by mixing salicylaldehyde and H-acid in the presence of boron. A single bead
string reactor is used to promote the mixing process. In solution the chromogenic reagent exists as its two
constituents. When boron is added to the solution, Azomethine-H is formed and measured at 420 nm. The
proposed system is fully computerised and is able to monitor boron at a rate of 30 samples per hour with a relative
standard deviation of <1.4%. The calibration graph is linear up to 100 mg I—1. The system has a detection limit

of 0.61 mg |I-1,

I ntroduction

Boron is one of the trace elements in nature, occurring only in
minute concentrationsin natural systems.2-8 Yet, it isone of the
most important trace elements or micronutrients of growing
plants. Sources of boron in the terrestrial environment are
mainly soil minerals and parent material, fertilizers, irrigation
waters, sewage sludges and effluents, and coal combustion.
Fertilizers are one of the biggest industrial applications of
boron.

Several methods exist for the determination of boron in
various sample types,8 for example isotachophoresis,® I1CP-
AES,10titrimetric,1* and automated methods such as segmented
continuous flow,2 flow injection'3-17 and stopped-flow injec-
tion analysis.1®8 All these methods, except for the automated
methods, are fairly time consuming and are, therefore, not
ideally suited for industrial use. The automated methods have
the advantage of possible automatic in-line sampling and
analysis, making this a time and labour saving method of
analysis. The reagent consumption in segmented continuous
flow and flow injection analysis is, however, very high due to
the continuous modes used for reagent streams. With the added
advantages of sequential injection analysis (SIA), it is possible
to design a boron analyser that is both convenient and
economical.

Sequentia injection analysis coupled with a spectrophot-
ometer is a relatively simple analytical technique.l® The
simplicity of the sequential injection (SI) manifold and its low
need for maintenance makesit an ideal tool in process analysis.
As the reduction of reagent consumption is becoming world-
wide amajor issue due to the environmental impact of chemical
waste, the more cost effective use of reagents is becoming the
major advantage of SIA.

For the spectrophotometric determination of boron, severa
specific and sensitive colorimetric reagents have been devel-
oped.820-23 These reagents include hydroxyanthraquinone
reagents such as quinalizarin (1,2,5,8-tetrahydroxyanthragui-
none)2° and carminic acid,2! as well as other anthraguinones
and their derivatives (e.g. rufigallic acid?2 and curcuminz3).

All the above mentioned methods, where concentrated
sulfuric acid is used as reaction medium, damage the piston
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pumps used and require expensive “Acidflex” tubing in the Sl
manifold to withstand such acidic conditions. They also require
exact acid concentrations, temperatures and heating times for
optimum performance. A chromotropic acid method that was
suitable for automation was developed in 1957 by James and
King,24 but difficulties were experienced as both the reagent
and the borate-chromotropate components were sensitive to
light.

Petrovsky2s suggested the use of AzomethineeH as a
chromogenic reagent for the determination of boron. Azome-
thine-H is the condensation product of salicylaldehyde and H-
acid (8-amino-1-naphthol-3,6-disulfonic acid). This reagent is
used in agueous solution, and is ideally suited for use in SIA
systems that utilise normal tubing. The structure of Azome-
thine-H is as follows:

SO,H

SO;H

It can be obtained from chemical suppliers and works well
under a variety of physical and chemical conditions. One
drawback of this chromogenic reagent is that it is unstable
unless stored in a desiccator. Results obtained are, therefore,
inconsistent and calibration graphs have to be adjusted when the
reagent is used over long periods.17:26 |t was found that agueous
solutions of Azomethine-H hydrolyse rapidly, when stored for
periods longer than one day, with a loss of sensitivity, if not
refrigerated properly.

This problem may be solved by the preparation of Azome-
thine-H just prior to use. Theimmediate use of freshly prepared
Azomethine H ensures better sensitivity and accuracy over long
periods, without the need for recalibration as the reagent
deteriorates. Basson and co-workers?s accomplished an in situ
preparation of Azomethine-H with the use of an Autoanalyser
and the two components of Azomethine-H, salicylaldehyde and
H-acid.
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Azomethine-H is prepared by mixing its two components,
salicylaldehyde and H-acid. Basson and co-workers?6 described
the formation of a Schiff base from a carbonyl compound and a
primary amine, in the presence of an acid catalyst. First, a
carbinol amine (A) is formed, then water is eliminated to form
the Schiff base (B):

i
RR'CO+R’"NH,=R— T)—NHR”: RR'C=NR”+H,0

R @
A B

Hammett27 concluded that the addition of a proton to the
carbonyl group gives a carbonium ion, RR'COH*, which
rapidly forms the base by deprotonation. This deprotonation is
the rate-determining step leading to the formation of the
carbinol amine (A). For the preparation of Azomethine-H by the
Sl method the same reaction principles apply. Thereaction rate,
however, is changed as the conditions of the deprotonation are
changed.

Our laboratory was recently approached by a manufacturer of
liquid fertilizers to develop a process analyser capable of
monitoring the boron concentration in fertilizer process and
water effluent streams. Other prerequisites of the analyser were
that the system should be simple and robust, reliable with alow
frequency of maintenance and that the consumption of reagents
should be very low. Sequential injection analysis seemed to be
anideal techniquefor such an analyser and this paper reports on
a sequential injection analyser that was optimised, developed
and which is at present in operation.

Experimental
Reagents and solutions

Only analytical-reagent grade reagents were used unless
specified otherwise. De-ionised water, supplied by a Modulab
system (Continental Water Systems, San Antonio, TX, USA),
was used to prepare agueous solutions. The solutions were de-
gassed, by boiling in a microwave oven, and were stored in an
oxygen-free environment when not in use.

Standard boron solution. The standard boron solution was
prepared by dissolving 0.5716 g of boricacidin 11 of de-ionised
water. This solution was stored in a polythene container and
used to prepare working boron standards by suitable dilutions
with 0.10 mol -1 HCI.

Buffer solution. The buffer solution was prepared by
dissolving 132 g of ammonium phosphate and 25 g of disodium
EDTA in 500 ml of de-ionised water. The pH of this solution
was adjusted to 7.0 by akali addition.

Carrier. Thecarrier stream was prepared by adding 11.39 ml
of 32% v/v HCl to de-ionised water and diluting it to 1 1.

H-acid. The H-acid (8-amino-1-naphthol-3,6-disulfonic
acid; Merck, Darmstadt, Germany) solution was prepared by
dissolving 2.5 g of H-acid with 250 ml of de-ionised water and
adjusting the pH of this solution to 2.25 with a 16% v/v HCI
solution.

Salicylaldehyde. The salicylaldehyde solution was prepared
by diluting 1.0 ml of salicylaldehyde (Merck) with 250 ml of an
80% v/v ethanol solution.

Sample preparation

The samplesfrom the liquid fertilizer were prepared by diluting
1 ml of liquid fertilizer with 20 ml of de-ionised water. The
solution wasfiltered to remove any solid substances that formed
during the dilution. For the SIA process analysers employed in
the fertilizer process streams the concept of automated pre-
valve dilution previously described2® and/or principle of
automated dialysis previously described2930 as a pre-SIA
sampl e clean-up/dilution were used for in-line dilution of actual
process samples depending on the actual nature and location of
the concentrated samples in the process. The effluent water
samples were used directly from the effluent streams.

Equipment

The SI manifold used isshownin Fig. 1. The manifold consisted
of aGilson Minipuls peristaltic pump (Gilson Medical Electron-
ics, Villiers-le-Bel, France), with a pumping tube inside
diameter of 1.85 mm, operating at a speed of 17 rpm. The pump
was connected to a holding coil (HC), consisting of 0.76 mm
inside diameter Tygon tubing wound around a Perspex tube
with an outside diameter of 10 mm.

The holding coil was connected to the first reaction coil (RC
1) using PTFE tubing with an inside diameter of 0.76 mm
wound around a Perspex tube with a 10 mm outside diameter.
RC 1 was connected to aten port electrically actuated selection
valve (Model ECSD10P, Valco Instruments, Houston, TX,
USA) using PTFE tubing with a 0.76 mm inside diameter. A
single bead string reactor (SBSR) wasincorporated into RC 1 to
ensure proper mixing with minimal band broadening. The
SBSR consisted of a PTFE tube (100 X 3 mm inside diameter)
which was packed with boron-free beads with an inside
diameter slightly smaller than 3.0 mm. The second reaction coil
(RC 2) connected the sequential valve (SV) and the spec-
trophotometer via 0.76 mm inside diameter PTFE tubing wound
around a Perspex tube with a 12.5 mm outside diameter.

A Unicam 8625 UV-visible spectrophotometer equipped
with aHellma-type flow-through cell (volume 80 ul, as supplied
by the manufacturer) was used as detector and the absorbance
was measured at 420 nm. Data acquisition and device control
were achieved using a PC30-B interface board (Eagle Electric,
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Fig. 1 Sequential injection system for the determination of boron with in
situ preparation of Azomethine-H. Buffer A, sdicylaldehyde, H-acid,
sample, and another buffer B solution plug are aspirated through the
sequential valve (SV) into the first reaction coil (RC 1) through the single
bead string reactor (SBSR). Carrier solution, propelled by the peristaltic
pump, is pumped through the holding coil (HC), flushing the reacted zone
towards the detector (D) and waste, via the second reaction coil (RC 2). (a)
Schematic flow diagram; (b) sequence of buffer A, salicylaldehyde, H-acid,
sample and buffer B.
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Cape Town, South Africa), aswell as an assembled distribution
board (MINTEK, Randburg, South Africa). The FlowTEK31.32
software package (MINTEK) for computer-aided flow-analysis
was used throughout for device control and data acquisition.

Procedure

The device sequence for the in situ preparation of Azomethine
-H, and the subsequent determination of boron by Sl, isgivenin
Table 1. Asseen fromthe Sl system depictedin Fig. 1, onecycle
of the sequence (buffer A, salicylaldehyde, H-acid, sample,
buffer B and flush to the detector) involves ports 1-6 of the
selection valve. Buffers A and B are the same buffer solution, of
which the volumes were optimised separately in order to obtain
the optimum conditions.

Method optimisation
Physical parameters

Physical parameters, optimised for the in situ preparation of
Azomethine-H and the subsequent determination of boron, were
flow rate, order of injection and mixing chamber parameters.
The physical parameters were optimised by using the actual
reagents used in the determination of boron.

Flow rate. The flow rate plays an important role in the
dispersion of the reacting zones, and consequently the sensitiv-
ity and precision of the analytical method. Flow rates were
varied between 7.6 and 14.5 ml min—1 by changing the pump
speed, and keeping the pump tube inside diameter constant at
0.76 mm. An increase in the flow rate improved both the
sensitivity and precision, up to a flow rate of 13.7 ml min—1.
Higher flow rates increased the sensitivity, but the precision

Table 1 Device sequence for one full cycle of the sequential injection
system used in the in situ preparation of Azomethine-H and determination
of boron

decreased due to the development of back-pressure in the
system. The best precision (1.35%) was obtained with a flow
rate of 13.7 ml min—1. This flow rate was used for further
optimisation of the method.

Order of injection. In Sl, the order of injection plays an
important rolein the determination of factors such as sensitivity,
precision, and carry-over. With the in situ preparation of
Azomethine-H the order of injection of five separate solutions
(buffer A, salicylaldehyde, H-acid, sample, buffer B) had to be
determined. The four possibilities in Table 2 were evaluated.

For the in situ preparation, the sample had to be aspirated
after the chromogenic reagents to prevent carry over between
successive runs of the method. The best precision and
sensitivity were obtained with salicylaldehyde aspirated first
followed by H-acid and then the sample.

Mixing devices. While optimising the sequence, it was
noticed that the individual zones did not mix properly. The
buffer solution used in the proposed method contained 264 g1
ammonium hydrogenphosphate, and as a result of this high salt
content, its refractive index differed considerably from that of
the other solutions used. Without proper mixing of the plugs
containing different salt concentrations, the absorption detected
by the spectrophotometer would fluctuate, leading to poor and
inconsistent results.

This problem could be solved in one of threeways. Firstly, by
the addition of a salt (e.g. NaCl) to the solutions with low salt
content until the difference in refractive indices is negligible.
Secondly, by measuring the absorbance of the product zone at
thewavel ength at which the chromotropic compound absorbs as
well as at a wavelength at which none of the reacting species
absorbs. The last option is by using a mixing device (e.g. a
mixing chamber), that will be able to homogenise the refractive
index of the reacting zones.

The addition of NaCl to the solutions with low salt content
had a negative effect on the sensitivity of the method, excluding
it as a possibility. In order to implement the second option,
additional software was required to measure the absorbance at
two different wavel engths and, as aresult, this possibility could
not be evaluated either. A mixing device, such as a mixing
chamber or a single bead string reactor (SBSR), was the only
viable option left to consider.

SBSRs (Fig. 2) reduce the refractive index differences by
mixing the solutions of high salt content with those solutions
containing less salt. Owing to a small amount of dead volume
within the SBSR, an increase in dispersion is obtained. The
dispersion of the system was calculated by using the following
equation:

0
pre =& @

C
where Dmax js the dispersion coefficient, Ce isthe concentration
of the sample before the dispersion process begins, and C isthe
concentration of the sample after dispersion has taken place.33
A dispersion coefficient of 2.8 was obtained without the SBSR,
and avaue of 3.91 with the SBSR. The precision of the method
improved substantially from 1.2 to 0.8% with only a small loss

of sensitivity.

Table2 Effect of achangein order of injection on the peak height and %
RSD

Order of injection Peak RSD
height (%)

(1) Buffer A—H-acid—sample-salicylaldehyde-buffer B 4.22 2.28
(2) Buffer A—sdlicyladehyde-sample-H-acid-buffer B 4.47 210
(3) Buffer A—salicyladehyde-H-acid-sample-buffer B 4.56 1.90
(4) Buffer A—H-acid—salicylaldehyde-sample-buffer B 4.44 243

Time/s  Pump Vave Description
000 Reverse Buffer A Draw up buffer A solution
(Valve position 1)
110 Off Pump stop
1.60 Salicylaldehyde Valve selects salicylaldehyde
solution
(Valve position 2)
210 Reverse Draw up salicylaldehyde
solution
320 Off Pump stop
3.70 H-acid Valve selects H-acid solution
(Valve position 3)
420 Reverse Draw up H-acid solution
510  Off Pump stop
5.60 Sample Valve selects sample solution
(Valve position 4)
6.10 Reverse Draw up sample solution
745  Off Pump stop
7.95 Buffer B Valve selects buffer B
solution
(Valve position 5)
845  Reverse Draw up buffer B solution
9.10 Off Pump stop
9.60 Detector Valve selects detector
position
(Valve position 6)
10.10  Forward Pump stacked zones to
detector
119.00  Off Pump stop
120.00 Home Return valve to starting
position
2096 Analyst, 2000, 125, 2094—2099



A mixing chamber34.35 was also evaluated as an aternative to
the SBSR. Unfortunately, the loss of sensitivity with the mixing
chamber was greater than that obtained with the SBSR and
therefore the SBSR was chosen for the proposed system.

Chemical parameters

Salicylaldehyde. Basson et al.26 suggested a salicylaldehy-
de: ethanol (80% v/v) ratio of 1:250 v/v and this ratio was a so
used in the proposed method with good results. One aspect of
the salicyla dehyde solution eval uated was the volume aspirated
(varied between 0 and 280 ul) with the following results.

According to Basson et al.,26 salicylaldehyde reacts with H-
acidinal: 1 ratio. With the H-acid concentration kept constant,
the peak height should have a linear increase up to the point
where both the reagents are present at the same concentration.
Theoreticaly, a higher salicylaldehyde concentration would not
increase sensitivity since the H-acid will then be the limiting
reagent. This is exactly what was found when the salicylalde-
hyde volume was increased, with the H-acid volume kept
constant (Fig. 3). According to Fig. 3, there is an increase
between 0 and 240 ul, with the sensitivity levelling off at higher
salicylaldehyde volumes. The best results were obtained with a
salicylaldehyde volume of 240 ul. The absorbance obtained at O
ul salicyladehyde is a result of the small refractive index
difference between the solutions aspirated.

H-acid. For the segmented continuous flow system (“Auto-
analyser” system), Basson et al.26 suggested a 1% m/m H-acid
solution. In order to determine the optimum concentration the
H-acid concentration of the Sl system was varied between 0.2
and 1.2% m/m. The results obtained are given in Table 3.
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Fig. 2 Construction of the SBSR used in the determination of boron with
in situ preparation of Azomethine-H. PTFE (Teflon) connectors (A) were
used to connect the SBSR to the PTFE tubing of RC 1 (E). A polythene
stopper (B) was used to keep the beads (C) in place. A PTFE tube (D) was
used in the construction of the reactor.
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Fig. 3 Effect of salicylaldehyde volume on the relative peak height
(sensitivity) and % RSD (precision).

The method reached its maximum sensitivity at a H-acid
concentration of 1.2% m/m, and its best precision (0.95%) at a
concentration of 1.0% m/m. Thelinear relationship between the
salicylaldehyde concentration and peak height ended at a
concentration of 1.0%, the value at which the H-acid and
salicylaldehyde concentrations are more or less equal. Higher
H-acid concentration had no effect on the sensitivity. With the
H-acid concentration optimised, the volume of H-acid aspirated
had to be optimised (Fig. 4). H-acid volumes between 0 and 407
ul were considered. H-acid volumes up to 203 ul had positive
effects on both the precision and the sensitivity, while the
precision decreased (% RSD increased) for volumes larger than
203 ul. Under these conditions, the smaller reagent plugs gave
the best reproducibility, with salicylaldehyde being able to
penetrate most of the H-acid plug.

Sample. Tucker et al.3¢ and Ruzicka and Gubeli37 deter-
mined that, for an optimised region of mutually interdispersed
sample and reagent zones, the reagent volume zone should be at
least twice that of the sample zone. The optimised chromogenic
reagent zones had a total volume of 453 ul. Therefore,
according to the above-mentioned studies, the sample should
have atheoretical optimum volume in the region of 225 ul. The
results obtained are shown in Table 4.

According to Table 4, the sensitivity did not change much
with anincreasein the sample volume. The % RSD, on the other

Table 3 Influence of H-acid concentration on relative peak height and
% RSD

H-acid concentration

(% m/m) Relative peak height RSD (%)

0.2 114 4.00

04 1.32 2.09

0.6 1.55 1.03

0.8 1.74 1.07

10 1.95 0.95

12 2.07 131
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Fig. 4 Influence of H-acid volume (ul) on relative peak height (A) and %
RSD (B).
Table 4 Influence of sample volume (ul) on relative peak height and
% RSD
Sample volume/ul Relative peak height RSD (%)
0 5.09 1.88
50 4.60 1.59
100 4.19 1.86
150 4.42 2.20
200 451 175
250 4.47 0.94
300 431 0.69
350 4.44 2.38
400 3.95 2.64
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hand, shows that the best precision values are obtained between
250 and 300 ul of sample. In this region, the sample volume is
dlightly more than half the reagent volume, confirming the
theory of Tucker et al.3¢ and Ruzicka and Gubeli.3” The best %
RSD was obtained with a 300 ul sample volume, which istwo-
thirds the volume of the reagent zone.

Buffer solution. A buffer solution consisting of 132 g of
ammonium hydrogenphosphate and 25 g of disodium EDTA
dissolved in 500 ml of de-ionised water38 was used in the
determination of boron. With the in situ preparation of
Azomethine-H and the subseguent determination of boron, the
procedure and order of injection of the method changed. This
change necessitated the re-optimisation of the buffer volumes.

The buffer solution was originally introduced first before the
sample and reagents and in the second series of runs thereafter.
Poor sensitivity and precision were obtained, indicating that
zone penetration under these circumstances was not sufficient.
It was then decided to sandwich the sample and reagents
between the buffer solution. The same buffer solution was used
but in order to distinguish between the different volumes of the
two zones the zone before was named buffer A and the one after
buffer B. The buffer solution was introduced into the systemin
front of the Azomethine-H plug (buffer A) as well as after the
sample plug (buffer B, see Fig. 1). A change in volume of any
one of these buffer plugsinfluenced the sensitivity and accuracy
of the method, making it necessary to optimise the two buffer
volumes separately. The results of the optimisation are shownin
Fig. 5.

According to Fig. 5 the two buffer zones gave the best
precision at different volumes. For buffer A it isat avolume of
254 ul and for buffer B it isat 152 ul; volumes larger than this
had only a limited effect on the sensitivity.

Disodium EDTA. EDTA is used as a masking agent in the
determination of boron.34 It is the most effective complexing
agent for removing large amounts of interfering metals. The
EDTA concentration should be high enough to remove all
possible interfering elements and low enough not to affect the
reactionitself. A 20g1—1disodium EDTA solution proved to be
the most effective with little influence on the reaction.

Evaluation of the method
Linearity

The linearity of the SIA system was evaluated under the
optimum operating conditions, determined by the optimisation
of the physical and chemical parameters. Therelationship of the
relative peak height versus the boron concentration is:
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Fig. 5 Influence of a change in buffer concentration on relative peak
height (A1 for buffer A and A2 for buffer B) and % RSD (B1 for buffer A
and B2 for buffer B).
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y = 0.0504x + 1.520; r = 0.995

wherey = relative peak height and x = boron concentration in
mg |—1. The calibration graphislinear for boron concentrations
between 0 and 100 mg 1-1.

Accuracy

To evauate the feasibility of the proposed SIA system, samples
from the fertilizer process and effluent water streams from the
factory were analysed. The factory used the segmented
Autoanalyser system proposed by Basson et al.1226 which
satisfied their requirements. A set of samples was analysed by
the proposed system, by the Autoanalyser system and also by
inductively coupled argon plasma atomic emission spectrome-
try (ICP-AES). Two effluent water sampleswere also spiked by
adding 10 mg |- boron and analysed by the three different
methods. The results, given in Table 5, revedled a good
correlation between the three methods.

Precision

The precision of the proposed SIA system was evaluated by ten
repetitive analyses of a number of boron samples from the
process and effluent water streams and standard boron solu-
tions. For all the cases, the RSD was below 1.40%, the highest
value being obtained for effluent water sample E and with a best
case scenario of 0.40% for a boron concentration of
100 mg 11,

Detection limit

The detection limit of the proposed method was determined via
the following equation:

(30 + K)(K =)
m

where oistherelative standard deviation of the baseline (1.55),
K is the average signal value of the baseline (1.515), c is the
intercept (1.520) and m is the slope of the calibration graph
(0.0504). By using egn. (3) adetection limit of 0.61 mg|—1 was
obtained.

Detection limit =

©)

Interferences

Basson et al.22 tested the following ions for interferences:
copper(i1), iron(n), manganese(in), zinc(i), calcium, magne-
sium, auminium, sodium, potassium, phosphate, sulfate, and
nitrate. Since the proposed SIA method was developed for use
in the fertilizer industry, where fertilizers contain a number of

Table5 Comparison of the results obtained by the proposed SIA method
with those of the Autoanalyser and ICP-AES

Boron/mg -1

Sample SIA method Autoanalyser ICP-AES
Fertilizer 1 371 355 36.8
Fertilizer 2 36.6 36.2 36.5
Effluent water sample A 325 3.19 3.23
Effluent water sample B 7.43 7.36 7.42
Effluent water sample C 2.38 237 2.38
Effluent water sample D 2.68 2.66 2.65
Effluent water sample E 1.79 173 1.76
Spiked water sample A 12.65 12,51 12.61
Spiked water sample B 15.94 15.89 1591




Table 6 Effect of some ions and anions on peak height of boron
determination

Sample (50 mg 1= B + X mg1-1) Without EDTA  With EDTA (2%)

No ions added 4.86 4.74
50 Caz+ 4.05 4.75
100 Ca2+ 3.50 4.66

1000 Ca2+ 3.35 4,58

50 Mg2* 3.40 4.32
100 Mg2+ 3.63 4.60
500 Mg2* 3.60 4,59

50 Zn(i) 3.94 4.10
100 Zn(n) 3.70 4.03

50 NOs— 3.63 4,53
100 NO3— 3.70 4,58
500 NOs— 3.69 4.49

50 SO42— 3.82 4.45
100 SO42— 3.49 4.41
500 SO42— 345 4.39

50 K+ 345 4,58
100 K+ 3.58 4.72
500 K+ 3.14 4.18

different elements, the effect of some common el ements present
in fertilizers was studied, with the results shown in Table 6.
Some of the ions had little effect on the proposed method (e.g.
Zn2* and Mg2*) with added EDTA while others depressed the
boron signal to a certain extent (e.g. high K+ concentrations).

Sampling frequency

The proposed method employed a 120 s cycle, giving the
method a sampling frequency of 30 per hour. It is possible to
increase the frequency further by shortening the waiting period
of 30 s, at acost of asmall amount of precision.

Conclusion

The proposed SI system with in situ preparation of Azomethine-
H issuitablefor the on-line monitoring and direct determination
of boron in effluent water streams and diluted fertilizer samples
in the range up to 100 mg |1 with a detection limit of 0.61
mg |—1. The proposed method is a simple, inexpensive and
reliable method for the detection of boron a low and
intermediate concentrations. This method has the added ad-
vantage of being sensitive over a wide linear range, making it
ideal for usein routine analysisin industry. lons and anions that
interfere with the method can be masked by the addition of
2.0% m/m EDTA. Also, the H-acid and sdlicylaldehyde
solutions are more stable at room temperature than the
Azomethine-H in solution, which requires refrigeration when
used over long periods. As a result of this stability, the
sensitivities are constant over longer periods, requiring fewer
reagent exchanges over the same period of time. The method is
dlightly faster (two samples per hour) which is an important

factor in the process industry. By using the in situ preparation,
the linear range may be dlightly narrower but the detection limit

is better, justifying the use of the in situ method.
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