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Abstract— A simple and unexpensive method
based on traditional cadmium column technique is
proposed for determination of nitrate in acidic
aqueous mixtures with high iron load. Solutions are
alkalinized and centrifuged, subsequently the
supernatant is withdrawn for nitrate analysis. By
this procedure two effects are accomplished, on the
one hand, pH is adjusted to a suitable value and, on
the other hand, iron interference is removed by
precipitation. The obtained mixture is passed
through a copperized cadmium column to reduce
nitrate  to  nitrite  which is  quantified
spectrophometrically. This method is suitable to
measure nitrate concentrations even lower than the
maximum accepted limit, in artificial solution.

Keywords— Acid water, nitrate, iron, cadmium
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I. INTRODUCTION

Dissolved inorganic nitrogen species are important
nutrients that control the biomass in natural waters.
Concentrations of these compounds are, in general,
extremely low in natural conditions, but higher
concentrations might be found in natural water bodies as
a result of anthropogenic inputs and, in lower extent,
atmospheric processes (Zuo et al. 2006). Particularly,
the nitrate content in natural waters arises by
agricultural (Zhang et al. 2013; Almasri and
Kaluarachchi ~ 2007), domestic and industrial
wastewaters discharges (Wakida and Lerner 2005).
High nitrate concentrations have known undesired
consequences on the environment. Since the increase on
NO; load on surface waters is associated to the
phenomena of eutrophication (Istvanovics 2009) and
several human diseases (Gulis et al. 2002; Zhang et al.
2013), national and international thresholds have been
established and it is important to monitor nitrate
concentration in all waterbodies with methods suitable
to detect the limits of established.

The World Health Organization (WHO) drinking
water criterion states that the NO3;~ concentration should
be less than 50 mg.L™ (i.e. NOs -N of 11.3 mg.L?)
(WHO 2011), while the US Environmental Protection
Agency (US EPA) maximum permissible concentration
for drinking water is 10 mg.L™ of NO; -N (EPA 2011).
In Argentina the permissible NO;  concentration in
drinking water established by Cddigo Alimentario

Argentino (CAA) is 45 mg.L™" (i.e. NO;-N of 10.1
mg.L™Y) (CAA 2012).

Spectrophotometric ~ (Yao et  al. 1998),
chromatographic (zZhang et al. 2013; Pfaff 1993) and
electrochemical methods (Tang et al. 2012) have been
reported for nitrate analysis in aqueous solutions.
Among these techniques spectrophotometry is widely
used, due to instrumental simplicity, relatively low
investment and operational costs, and because
spectrophotometric methods for nitrate determination
are considered in several official standard methods
(APHA 1985; EPA 2012). One of the most used
techniques is the traditional copperized cadmium
column method (Gal et al. 2004; Lapa et al. 2000),
which relies on the pre reduction of nitrate to nitrite and
the determination of the latter by the Griess reaction
(Zuo et al. 2006), in which NO, is diazotized with
sulfanilamide and undergoes a coupling reaction in the
presence of N-(1-naphthyl)ethylenediamine, yielding a
colored product that can be spectrophotometrically
detected at 540 nm.

The reduction of nitrate to nitrite (reaction 1) is a
very critical step of this method since it is significantly
affected by chemical conditions of the solution and
preparation of the reductant.

NO; + Cd +2H" — NO; + Cd*" + H,O (1)

According to literature, a suitable pH value for this
reaction appears to be around 8.5 (APHA 1985; Gal et
al. 2004). At higher pHs reduction occurs (Reis Lima et
al. 2006 ) but kinetics are slow and, moreover, the
possibility of precipitation of Cd** and Cu* as
hydroxides increases. At lower pH values, reaction (1)
is expected to proceed faster, but further reduction to
hydroxylamine and ammonia is possible (Grasshoff et
al. 1983; Gal et al. 2004). Furthermore, in acidic
solutions, significant concentrations of metal cations
(that are interferences of the spectrophotometric
determination) may be present, due to the high
solubility of salts at low pH. Usually, the pH of the
mixture is regulated by using a buffer, but, in the case of
extreme pH values, the buffer capacity is exceeded and
the acidity cannot be adjusted to the required value. This
method, thus, is not suitable for extremely acidic
matrixes.



There are several acidic water bodies worldwide.
Most of them are streams or lakes affected by acid mine
drainage (Nixdorf et al. 2005; Geller et al. 1998) , but
there are some scarce systems acidified by natural
processes (Nixdorf et al. 2005; Stumm and Morgan
1981). An example of the latter is Caviahue Lake
(Pedrozo et al. 2001; Varekamp 2008), a natural acidic
lake with high iron content (pH=2.56, [Fe]=19.5 mg.L
Y. Very few papers study the determination of nitrate in
acidic waters with high Fe concentration. An automatic
photometrical procedure has been proposed for the
analysis of nitrate in iron rich sediment pore waters of
mine lakes (Herzsprung et al. 2005). This is a very
sensitive method, but it needs sophisticated setup and
equipment. The aim of the present work is to propose a
simple and unexpensive method, based on cadmium
copperized reduction column that allows determining
nitrate concentration in acidic solutions with high iron
content. In this study, the method was applied for the
analysis of artificial acidic mixtures with high iron
concentration as a first approach to further develop a
suitable method to measure nitrate in more complex
acidic matrixes such as Caviahue Lake water.

Il. METHODS

A. Reagents

Freshly prepared ultra high purity water was used
throughout. Analytical-grade reagents were used. 0.3—
1.6 mesh size cadmium granules (Fluka), CuSO,.5H,0
(98%, Anedra) and HCI 36.5-38% (Cicarelli) were used
in the preparation of Cu-Cd reduction column. NH,CI
99.5% (Cicarelli) was used in preparation of buffer
solutions.

The colour reagent for nitrate determination consists
on two solutions: reagent 1 and reagent 2. For the
preparation of reagent 1 10 g of sulphanilamide (98%
Anedra) were weighed and added to about 500 mL of
water. Then 100 mL of concentrated hydrochloric acid
were added and, after dissolution of the solid, the flask
was filled up to 1 L with water. Reagent 2 was prepared
by dissolving 2 g of N-(1-naphthyl)- ethylenediamino
dihydrochloride (ACS Anedra) into the volume of water
required to obtain 1L of final solution. These solutions
were stored in amber glass bottles. Reagents for
ammonia determination (Uremia, Wiener lab kit) were
purchased from Wiener Lab S.A.I.C., Argentina. KSCN
(ACS, Cicarelli) was used in Fe(l1l) determination

In experiments where ionic strength was adjusted,
Na,SO, (>99% Merck) was used without further
purification, NaOH (>99% Merck) and H,SO, (95-97%
Merck) were used to prepared the solutions to adjust the
pH (NaOH 0.1 M and H,SO,4 0.1 M). NaNO3; (995 mg
NO;.L? Merck), Fe(ClO,)s.H,0 (chloride <0.10%
Aldrich), Fe(ClO,),.H,0 (98% Aldrich) and metallic
iron (hereafter Fe°) chips (99.98% Sigma-Aldrich) were
used as received. Nitrogen was supplied by AGA.

B. Analytical Methods and equipment

The pH of the solutions was monitored using an Orion
pH meter (model 920 A).

Barnstead Thermolyne Cartridge HN ultrapure
(Mixed Bed DI) was used for provision of ultra pure
water. In order to facilitate iron precipitation as ferric
oxyhydroxides, a Rolco centrifuge without temperature
control (Model 3070) was used to centrifuge the
alkalinized solutions.

Copperized-Cadmium reduction column for nitrate
determination was constructed and prepared as
described in Standard Methods for examination of
Water and Wastewater (APHA 1985). 2 mL of NH,CI
0.075M was added to 50 mL of each mixture. The
mixed solutions were poured into the column and
passed through it at a rate of 30-33 mL.min%, 15 mL of
the reduced solution were collected in a flask and 1 mL
of reagent 1 (sulfanilamide solution) was added. After
45 minutes, 1 mL of reagent 2 (N-(1-naphthyl)-
ethylenediamine solution) was added to the studied
solution flask, and after 15.5 minutes at room
temperature, the emerging red complex intensity was
measured at 540 nm using a Metrolab 1700
spectrophotometer in a quartz cell of 1.0 cm of optical
path.

The NH;" concentration was measured by an
enzymatic-colorimetric method employing a
commercial kit from Wiener for urea in blood
guantification. 1 mL of phenol-nitroprusside reagent
and 1 mL of NaClO-NaOH reagent were added to 20
mL of studied solution. After 30 minutes of incubation
at 37 °C in a thermostatic bath (Viking S.R.L, Model
Masson), absorbance at 630 nm was recorded.

Fe(ll1) concentration was determined
spectrophotometrically at 480 nm as a complex with
tiocianate (SCN” (Vione et al. 2006)

C. Experimental Procedures and Setup

C.1. Preliminary studies. Influence of pH and the ionic
strength.

Preliminary tests were performed in order to
characterize the performance of the column under the
studied conditions.

In order to ascertain the influence of initial pH and
the ionic strength of the mixtures on the determination
of nitrate, two sets of experiences varying these
parameters were carried out. Solutions containing 0.1
mg N-NO;.L™" were prepared by dilution of a 995 mg
NO;.L? standard solution in deionized water. A first
series of solutions was prepared adjusting the pH at
different values (5.65-9.06) with H,SO, or NaOH. To
establish the effect of ionic strength, a second series of
solutions was prepared without pH modification and
adding Na,SO,, the concentration of the salt varied from
0 to 0.15M. NOj3 concentration was determined as
discussed in section B. Measures were run by duplicate.



C.2. Determination of nitrate concentration in acid
solutions in the presence of Fe(lll).

In order to assess the recovery degree of nitrate in
artificial acid mixtures with high content of Fe(lll),
solutions containing different concentration of nitrate
were prepared as follows: Fe(lll) concentration was 20-
24 mg.L‘l, the concentration of nitrate varied from 0.01
to 0.5 mg.L™ and initial pH was adjusted to 2.5-2.9 with
H,SO,. Subsequently, the pH was adjusted to 6.1-6.6
with NaOH 0.1M and the obtained mixtures were
centrifuged 1 hour at 3600 rpm. The supernatant was
collected and passed through the column after addition
of NH,CI (50 mL solution/2 mL) and nitrate
concentration was determined colourimetrically as
explained in section B. Since the solution containing the
highest concentration of nitrate, reached an absorbance
value above linearity limit (i.e. Abs = 1.5), a 1:2 dilution
was made with this mixture before adding the color
reagents. In all cases, Fe(lll) concentration was
quantified before and after alkalinization.

C.3. Determination of nitrate concentration in a NO3 to
NH," reduction process under acidic conditions.

In order to evaluate the applicability of the technique, a
nitrate reduction experience was performed. The
experiment was conducted in a 500 mL batch reactor.
The pH of the solution was adjusted to 3.0 with H,SO,
0.1 M. The concentrations of NO3™ and Fe(Il) were 0.21
mg.L™" and 13.24 mg.L™ respectively. 1.0153 g of Fe°
was added to the solution. The reactor was stoppered
with parafilm and, the dissolved oxygen was removed
from the solution by purging with nitrogen during 15
minutes through a syringe. Subsequently, the reactor
was kept at room temperature and darkness to avoid the
eventual ambient light effects. Samples were withdrawn
at different elapsed times through the syringe and, after
this, anoxic conditions were reestablished as described
above. Each sample were divided in two aliquots The
first aliquot was used to determine NH," concentration,
whereas the second was subjected to the alkalinization
and centrifugation process described in section C.2 and
passed through Cd-copperized column to determinate
nitrate concentration. With the aim of assessing the
possible effect of using N, to remove oxygen on nitrate
concentration, N-NO3 was determined in two solutions
containing 44 mg.L™. The first solution was processed
immediately after preparation, whereas the second one
was purged with nitrogen during 15 minutes before
nitrate  determination.  The results for  both
measurements were the same, indicating, as expected,
that purging studied solutions with N, has no influence
on nitrate concentration.

1. RESULTS AND DISCUSSION

C.1. Preliminary experiments.

It has been reported (Gal et al. 2004; Thabano et al.
2004) that the sensitivity of the method depends on pH
and increases when acidity decreases. The strategy most
frequently employed to guarantee alkaline conditions is

the addition of a buffer to the nitrate containing sample.
The buffer solution is prepared by appropriate weighing
of ammonium chloride into water and adjusting the pH
to the desired value by addition of ammonia solution.
Although some authors indicate that the maximum yield
of nitrite production is obtained at pH 9-9.5 (Nydahl
1976; Reis Lima et al. 2006), the nitrate reduction is
slow, and the risk of precipitation of released cadmium
ions increases with increasing pH. Determinations with
buffer pH adjusted to 8.5 have proven to reach
acceptable sensibility (Thabano et al. 2004). Moreover,
8.5 is the pH value indicated in accepted standard
methods (APHA 1985). In the present work pH of the
NH,CI solutions has not been adjusted, therefore, the
initial pH of the nitrate containing samples may affect
the sensitivity and reproducibility of the measurements.
The effect of the sample pH on the analysis of nitrate
concentration was assessed by measuring N-NO3™ in
four solutions containing 100 pg.L™ of N-NO; and
different initial pH values. Table 1 shows the average
concentrations obtained at each pH.

Table 1: influence of pH of the sample on nitrate
determination

pH [N-NO3] measured/pg. L™
5.65 98.8
6.79 101.2
7.91 100.5
9.06 102.6

The influence of salinity on nitrate determination has
also been reported (Collos et al. 1992). In a previous
study, some authors (Stewart and Elliott 1996) indicated
that salinity can interfere in the reaction between
nutrients and colour reagents resulting in the variable
formation of reaction products, and that, in the case of
the determination of nitrate where a copper-cadmium
column is used to reduce nitrate to nitrite, the salt effect
is a function of the buffer type used in the reduction
process.

With the aim of evaluating the salt effect on the
quantification of nitrate in solutions with different ionic
strength, NO5 concentration was measured as explained
above in four solutions containing 100 pg.L™ of N-NO5
and different Na,SO, concentrations. The average
nitrate concentrations obtained are depicted in Table 2.

Table 2: influence of ionic strength, associated to
Na,SO, concentration, on nitrate determination

[Na,SO,]/ M [N-NO5] measured/pg. L™
0 96.8
0.05 99.4
0.1 97.4
0.15 98.7




The results presented in Tables 1 and 2 suggest that
neither ionic strength, nor pH of the sample exert
significant effects on the determination of nitrate under
the studied conditions. In all cases the measured values
match the expected N-NO;™ concentration value within
the experimental error (differences lower than 4%).

C.2. Determination of nitrate concentration in acid
solutions in the presence of Fe(lll).

Different methods for the analysis of nitrate in aqueous
media have been described (Tang et al. 2012; Zuo et al.
2006; Yao et al. 1998; APHA 1985), each method being
suitable depending on sample characteristics. One of the
most frequently employed is the reduction of nitrate
using copperized cadmium and the subsequent
determination of nitrite by formation of a highly colored
azo dye that is measured colorimetrically. This
technique is often used for natural water determinations,
where normal pH is around neutrality. The range of pH
of most open lakes is between 6 and 9 (Wetzel 2001),
whereas, the rivers studied by the United Kingdom
Land Ocean Interaction Study (LOIS) program, showed
a pH variation of about 6.6 to 10.4 (Neal et al. 1998).

Natural waterbodies at low pH are scarce. Nearly all
natural, unpolluted waters with pH values less than 4,
occur in volcanic regions that receive strong mineral
acids, particularly, sulphuric acid. An example of these
systems is Caviahue lake, a natural acidic lake
(pH=2.56) with high concentrations of iron and other
metals (Pedrozo et al. 2001). The column method for
nitrate quantification is not directly applicable on acidic
samples, such as Caviahue lake water. Solutions that are
too acidic result in nitrate being reduced further than the
nitrite step (Grasshoff et al. 1983). In this case the
analysis will result in nitrate values lower than the real
value. On the other hand, at low pH, solubility (and
therefore, concentration) of metal salts increases.
Several of these metal cations, as iron and copper, are
known interferences of the method (APHA 1985). In
order to minimize both over-reduction reactions of
nitrate and the effect of interferences, we propose a
simple pre-treatment of acidic solutions: alkalinization
of the solutions and subsequent centrifugation.

With the aim of evaluating the validity of the
suggested procedure, artificial acidic mixtures with high
iron load and different nitrate concentrations were
prepared. The solutions were processed as described in
section C.2. and nitrate concentration was measured by
Copperized-Cd column method. Iron was quantified
before and after alkalinization. The results obtained are
presented in Table 3, and show that, in all cases, the
treatment removes more than 99% of the iron. The final
load of Fe(lll) lies below the concentration that
interferes the method (APHA 1985).

The values of recovered nitrate are in good
agreement with expected results. At high concentrations
(from 0.05 to 0.494 mg.L™), the differences between the
measured and the expected values are < 6%. At low
nitrate amounts (from 0.01 to 0.02 mg.L%), the

differences between the expected and the obtained
concentrations are around 5ug.L™. This value, although
stands for a small concentration of nitrate, represents a
significant percentage of the expected value. Taking
into account these results, it can be considered that the
proposed method is applicable for nitrate concentrations
>0.05 mg.L™.

Table 3: quantification of nitrate by Copperized-Cd
column method in acidic solutions with high iron
content.

“:&Z‘eod%] oHo Fe(I11) oHs Fe(l1)s rL':(;SNu?ggb
mg L™ mgL™* mg L™ mg L*
0010 293 2128 | 657 0.0 0.014
0020 292 1999 | 656  0.15 0.026
0049 261 2479 | 625 011 0.052
0252 297 2321 | 661 017 0.256
0494 285 2288 | 631 017 0.476

®Added concentration of nitrate was calculated from the concentration
indicated in the commercial standard.

The subscript “0” stands for the condition before alkalinization.

The subscript “f” stands for the condition after alkalinization and
centrifugation.

PMeasured concentration was obtained after alkalinization and
centrifugation of artificial solutions.

C.3. Determination of nitrate concentration during a
NO; to NH," reduction process under acidic
conditions.

Several authors have studied the reduction of nitrate to
ammonia in the presence of iron and in acidic
conditions (Cheng et al. 1997). Particularly, Huang et
al. (1998), reported that under anoxic conditions, nitrate
reduction rate is enhanced when pH decreases, being the
reaction products NH," and Fe(ll). Although these
authors used ion selective electrode and ion
chromatography, respectively, to quantify nitrate, under
the predominant conditions of these systems (low pH
and high iron concentration), the method proposed in
this work should be suitable to determine nitrate
concentration.

In order to assess the applicability of the modified
method on a practical case, a nitrate reduction
experience was carried out. The removal of oxygen to
reach the condition of anoxia was obtained as
previously explained in section 1l .Methods. C.
Experimental Procedures and Setup. C3.The evolution
of nitrate and ammonia concentrations was followed for
7 days. N-NO; and N-NH," were quantified as
described in section B. Total Nitrogen was calculated by
adding, at each time, the measured concentrations of
ammonia and nitrate. The obtained results are depicted
in Fig 1.
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Figure 1. Temporal evolution of nitrated species under
acidic and anoxic conditions. [NO5]=0.21mg.L",
[Fe(11)]=13.24 mg.L™, Fe°=1.0153g, N, atmosphere.

Figure 1 shows, in agreement with previously
reported results (Cheng et al. 1997; Huang et al. 1998),
an increase in NH," concentration concomitant with a
decrease in NOj concentration. Given that, using the
proposed method, we obtained similar results than those
described by others authors who used other techniques
for comparable systems, it can be inferred that the
applicability of the modified method is acceptable. Total
nitrogen (calculated as the sum of N-NH," and N-NO3)
remained  practically constant  throughout the
experiment. This result suggests that NH," is the only
end product of NOs™ reduction, which is consistent with
that reported by Cheng et al. and Huang et al.

IV. CONCLUSIONS

A simple modification of the conventional cadmium
copper column method for nitrate determination in
neutral aqueous systems has been proposed with the aim
of broaden the applicability of the method to lower
values of pH and high iron load.

Under the studied conditions, variations on pH and
ionic strength showed no influence on the method
efficiency.

The modification proposed for nitrate determination
method in acidic mixtures allows the determination of
NO;™ concentrations even lower than the maximum
accepted level in artificial acidic solutions with high
iron concentrations.

Although further investigation is necessary to
establish whether the proposed method is effective to
determine nitrate in natural matrixes at low pH values
the results reported here may be the basis for developing
suitable method for natural acidic aqueous samples.
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