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ABSTRACT 
 
The problems caused by contamination of water bodies demand strict control of disposal in rivers, seas and oceans. 
Nitrate ion is present in agricultural inputs, which are applied to the soil to boost plant growth. However, excess 
or indiscriminate use of these products contaminates water bodies, triggering eutrophication of the aquatic 
ecosystems. Furthermore, due to diseases that can be caused by the ingestion of high levels of nitrate, such as 
methemoglobinemia, nitrate levels should be controlled in drinking waters and effluents. There are several 
methods for the determination of nitrate, being the chromotropic acid method a simple and low-cost solution. This 
method consists of acid addition into the sample in the presence of H2SO4. The absorbance related to the produced 
yellow color can be measured by a UV-Vis spectrophotometer at 410 nm. In a modified form, this method can be 
applied to different aqueous matrices by use of other reagents that eliminate interferences. The aim of this study 
was to validate the nitrate determination method in waters using chromotropic acid. This method is used in 
Laboratório Radioecológico (LARE) to analyze effluent to comply with Wastewater Controlling Program of 
Centro Tecnológico da Marinha em São Paulo – Centro Experimental ARAMAR (CTMSP-CEA). The correlation 
coefficient for the linearity test was 0.9997. The evaluated detection limit was relatively high (LD = 0.045 mgN/L), 
if compared to ion chromatography, for example, but enough to determine the presence of this ion, considering 
the maximum limit proposed by the current legislation. The chromotropic acid method showed to be a robust, 
accurate and precise method, according the parameters used in this work. 
 
 

1. INTRODUCTION 
 
 
Water is a natural resource essential to life on planet Earth. More than an indispensable input 
to industrial production and a strategic resource for economic development, it is vital for the 
maintenance of the biological, geological and chemical cycles that keep the ecosystems in 
balance. 
 
There are many nutrients present in the natural composition of our waters. However, some of 
these nutrients are present in excess due to human actions, bringing an imbalance to the quality 
of the waters. The nitrate ion is one of those nutrients present in water and its quantity in natural 
waters is increasing at an alarming rate mainly due to anthropogenic actions, such as the 
extensive use of fertilizers in agricultural activities and the inefficient treatment of domestic 
and industrial wastewater. This contamination may represent potential health risks to children 
and pregnant women due to the ingestion of high concentrations of nitrate, limiting the use of 
certain waters for human consumption in various parts of the world. The increase of nitrate ion 
levels in drinking water is a current concern, particularly at rural locations where the main 
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source of nitrate is the leaching of the cultivated land to rivers and water streams, since nitrate 
is the basis for the fertilizers used to promote plant growth. The excess of nitrate can also cause 
eutrophication [1]. 
 
Another concern regarding the contamination of water by nitrate is due to the diseases that can 
be caused by the consumption of high amounts of this polluted water: the induction to 
methemoglobinemia. The methemogloninemia consists of the clinical condition originated by 
the excessive conversion of hemoglobin in methemoglobin. This disease is caused by bacterial 
conversion of nitrate to nitrite, which convert the bivalent iron of the hemoglobin to the ferric 
form, which is incapable of capturing and transporting oxygen to the capillaries of the lungs 
[2]. In a moderate-phase of the disease, frequent symptoms are the appearance of a bluish-gray 
color on the skin, irritability and excessive crying in children. In a more acute phase, drowsiness 
is common. The diagnosis is made through the perception of a brown coloration in the blood 
and subsequent laboratory tests [3-4]. Children usually less than 3 months old  are quite 
susceptible to the development of this disease due to the more alkaline conditions of their 
gastrointestinal system, a fact also observed in adults with gastroenteritis, anemia, submitted 
to surgery to remove some portion of the stomach, and pregnant women. The potential 
formation of nitrosamines and nitrosamides, which are carcinogenic substances, is also another 
recurring concern of the ingestion of water with high levels of nitrate [5].   
 
Considering that Brazil is one of the biggest consumers of pesticides in the world, there is a 
great concern with the quality of waters and foods that may suffer indirectly nitrate 
contamination. The elimination of nitrate from the water is a complex and expensive process 
that generates waste and therefore, a careful control of the water reserves is necessary. In this 
aspect, the constant chemical analysis of waters is essential to maintain the control of the 
contamination. In order to maintain this control, the effluents must be analyzed in a reliably 
and accurately way, increasing the demand for cheaper and robust analytical techniques for 
nitrate determination. According to CONAMA Resolution 357/2005, the nitrogen-nitrate 
concentration limit in freshwater is 10 mgN-NO3

-L-1. In this case, the disposal of N-Nitrate in 
water bodies is permitted only in quantities that maintain the limit concentration value in the 
water bodies, as stated by CONAMA Resolution 430/2011 [6-7]. One of the assignments of 
Laboratório Radioecológico is to quantify and control the N-Nitrate in the effluents generated 
at Centro Tecnológico da Marinha em São Paulo. 
 
The determination of nitrate in water is problematic due to possible interferences and even 
more difficult to analyze in effluents due to the high concentration of numerous interfering 
substances. There are several methods in the literature for determination of this ion in water 
and each method eliminates a certain interference. Many techniques have been developed and 
many studies have been done to determine nitrate, including spectrophotometric methods, use 
of nitrate selective electrodes, ion chromatography, chemical reduction, among others. 
However, most of these methods are time consuming or expensive, limiting their applications. 
Spectrophotometry presents a rapid response, being a simple and inexpensive analytical 
method. 
 
The quality of chemical measurements has been increasingly demanded and recognized. It 
should be ensured that an analytical method generates reliable information of the sample 
through its comparability, traceability and reliability. Also, validation is an item required by 
ISO/IEC 17025 for the accreditation of analytical laboratories. The objective of this work is to 
validate the analytical method used by Laboratório Radioecológico to quantify N-Nitrate to 
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analyses routinely the effluents generated at CTMSP operational units. The validation 
performed in this study followed the guidelines established by INMETRO and was done in a 
non-standardized method, since it has undergone alterations. Therefore, all validation 
parameters were analyzed: selectivity, linearity, range, detection limit, quantification limit, 
accuracy and precision [8]. 
 
 

2. EXPERIMENTAL 
 
 
The method chosen for nitrate analysis in this work was the colorimetric method using 
chromotropic acid. Since this is not the most cited method in the literature, it was decided to 
carry out its validation to prove its efficacy. According to Bulgariu and Bulgariu [9], Ripan et 
al. used this method for the first time to analyze nitrate in aqueous solution in 1963 in Romania. 
It was observed that the yellow color produced by the reaction of the nitrate with the 
chromotropic acid (1.8-dihydroxynaphthalene-3.6-disulphonic acid) only appears in the 
presence of concentrated sulfuric acid. The Figure 1 illustrates the mechanism of this reaction. 
 

 
Figure 1: Mechanism of nitrate reaction with chromotropic acid. 

 
 

In the presence of sulfuric acid, the nitrate ions are transformed into nitric acid. On the other 
hand, sulfuric acid determines the protonation of the hydroxyl group from nitric acid and forms 
a reactive electrophilic nitronium ion as shown in the reaction in Figure 2. The electrophilic 
nitronium ion binds to the chromotropic acid in the ortho position through the hydroxyl group 
due to the displacement of the electron in the aromatic ring forming an unstable intermediate 
[9]. The yellow coloration appears immediately but the reading should only be performed after 
stabilizing the temperature of the solution [10]. 

 
 

Figure 2: Nitronium ion formation. 
 
 
The method reported by Suess [11] and used in this work, follows the same line of Cogan, 
adding other reagents to eliminate interferents present in the effluents and to improve the 
method. Chromotropic acid in sulfuric acid medium would be enough for the complexation of 
the yellow staining that will be detected by the technique of molecular absorption spectroscopy. 
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Instead of using potassium nitrate, sodium nitrate was used to perform the calibration curve. 
Another modification applied in the method was the use of the reagent sulfite-sulphamic 
instead of the sulfite-urea, which was recommended by the original method. Due to the non-
availability of urea at the laboratory, a comparative test with the two reagents couldn´t be 
performed; however, the validation of the method showed the efficiency of the reagent’s 
replacement. 
 
Calibration curve for the colorimetric method was obtained in terms of the nitrogen 
concentration containing in the nitrate anion. Thus, in order to obtain the nitrate concentration 
per liter the result was multiplied by 4.4, being this value calculated through the nitrogen 
stoichiometric portion of the nitrate ion (Equation 1). The reverse operation can also be 
performed in order to convert mgNO3

- L-1 to mgN L-1. 
 

mgN L-1 x 4.4 = mgNO3
- L-1 

 
 
The equipment used was a Shimadzu UV-1800 UV-Vis Spectrophotometer, at a wavelength 
of 410 nm, with glass cuvettes with optical path of 1 cm. The deionized water used was 
obtained in a Gehaka Master System All, 18.2 Mohm.cm-1. 
 
When statistical methods were necessary, MiniTab® program was used to perform the 
hypothesis testing (Test T and Test F). 
 

 
3. RESULTS AND DISCUSSION  

 
 
3.1. Linearity 
 
 
The linearity of the method was stipulated through the calibration curve. The values obtained 
are shown in Table 1 and the calibration curve is shown in Figure 3. The correlation coefficiet 
obtained (r = 0.99975) is within the stipulated acceptance criteria, showing that the method is 
linear. 
 
 

Table 1: Spectrophotometric data used for the calibration curve. 
 

Standards Standard Concentration 
(mgNL-1)  

Absorbance 

Background 0.0 0.010 
1 0.1 0.020 
2 0.3 0.031 
3 0.5 0.043 
4 1.0 0.077 
5 2.0 0.145 
6 3.0 0.216 
7 4.0 0.277 
8 5.0 0.345 

(1) 
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Figure 3: Calibration curve of chromotropic acid method. 
 
 
3.2. Limits of Detection and Quantification (LOD and LOQ) 
 
 
The Limits of Detection is the lowest concentration of an analyte in a sample that can be 
detected. The LOD was calculated with Equation 2, using the average value of ten blanks. The 
Limits of Quantification is the lowest concentration of an analyte in a sample that can be 
determined with acceptable precision and accuracy under the stated conditions of test. The 
LOQ is the lowest concentration on the standard curve [8]. The LOD calculated was 0.05 mgN 
L-1 and the LOQ was 0.1 mgN L-1. 
 
 

LOD  =  + t-student * s      
 

 = average of the blanks  
       s = standard deviation of the blank 
  
 
3.3. Range  
 
 
The range of an analytical method is the concentration interval over which acceptable accuracy, 
linearity and precision are obtained. In practice, the range begins at the LOQ and the upper 
limiting value is the highest value of the calibration curve (INMETRO). In this method, it was 
decided to extend the range up to LOD considering that the values are close. Thus, the range is 
from the LOD to the last point of the calibration curve: 0.05 – 5.0 mgN L-1. 
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3.4. Selectivity 
 
 
The selectivity studied the ability to assess the analyte in the presence of components which 
may be expected to be present. In this validation method ion chromatography was used since 
this is a selective technique in which the sample is injected in natura, without processing, 
guaranteeing the integrity of the sample, which also does not suffer interference of colored 
substances. 
An aliquot of commercial nitrate standard diluted to 5.000 mgNO3- L-1 (1.136 mgN L-1) was 
analyzed by spectrophometry (chromotropic acid) and ion chromatography. The results are 
showed in Table 2. 
 
A comparison was made to assess the selectivity using the results of two analyses. In the 
repeatability test, the method variation was obtained by calculating the standard deviation in 
some concentration ranges. A standard solution of 1.136 mgN L-1 was used to evaluate 
statistically the selectivity. The deviation value obtained for the standard solution 2.0 mgN L-1 
test, which was 0.043, was used. After finding the average of the values obtained by the 
chromotropic acid method the range for this result was analyzed. 
 
 

Table 2: Results of selectivity study 
 

Samples 
Concentration (mgN L-1) 

Chromotropic Acid Ion Chromatography 
1 1.144 1.110 
2 1.173 1.147 
3 1.152 1.130 
4 1.163 1.118 

Average 1.158 1.126 
 
 
The average determined for the ion chromatography results (1.126 mgN L-1) is contained in the 
chromotropic acid result range (1.158 ± 0.043 mgN L-1). Therefore, there is no evidence that 
the results are not equivalent. Since ion chromatography is a selective method, the 
chromotropic acid method was also considered a selectivity method. 
 
 
3.5. Accuracy 
 
 
The accuracy of a method is defined as how close is the measured value to the true value of the 
sample. 
 
 
3.5.1. Recovery  
 
 
The first test performed to analyze the recovery was to add 0.50 mgN L-1 in a drinking water 
initialing containing 3.95 mgN L-1. The solution was prepared adding 20 mL of deionized water 
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with 20 mL of sample. The theoretical concentration is equal to 2.225 mgN L-1. The results are 
showed in Table 3. 
 
The second test performed to assess the recovery was analyze ten times a commercial nitrate 
standard (1000 mgNO3- L-1) diluted to 1.989 mgN L-1. Table 4 presents the results obtained. 
 
 

Table 3: Results obtained in the recovery test – analyte spiked into sample. 
 

Samples Concentration (mgN L-1) Recovery (%) 
a 2.282 102.6 
b 2.164 97.3 
c 2.181 98.0 
d 2.227 100.1 
e 2.259 101.5 

 
 

Table 4: Results obtained in the recovery test – standard analysis. 
 

Samples Concentration (mgN L-1) Recovery (%) 
a 2.116 106.4 
b 2.103 105.7 
c 2.116 106.4 
d 2.107 105.9 
e 2.089 105.0 
f 2.087 104.9 
g 2.106 105.9 
h 2.079 105.5 
i 2.090 105.1 

 
 

For the concentration range 1 ≤ mg L-1 <100, an acceptable recovery is 80 to 110% [12]. The 
tests performed showed a recovery value within the acceptable parameters. 
 
 
3.5.2. Intercomparative Tests  
 
 
The Instituto Adolfo Lutz performs each six months an Intercomparative Test for analysis of 
fluoride and nitrate in waters, using different methods and Laboratório Radioecológico 
participate of this Intercomparative.  
 
A sample of the 15th round of the Adolfo Lutz Intercomparative (March, 2016) was analyzed 
and the average of the results obtained was very close to the values considered as the true 
values. Table 5 shows the results obtained.  
 
Value considered as true = 20.65 ± 0.10 mgNO3

- L-1 

Value considered as true ÷4.4 = 4.69 ± 0.02 mgN L-1 
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Table 5: Results obtained in the Intercomparative Tests 
 

Samples Concentration (mgN L-1) 
1 4.697 
2 4.752 
3 4.752 
4 4.801 

 
 
The Z-score was used to evaluate the performance of the laboratory and was calculated using 
Equation 3. 
 

 
 

X lab = average (4.75 mgN L-1) 
Xv = value considered as true (4.69 mgN L-1) 
s = standard deviation of the proficiency test (0.04) 

 
Z = 1.5 

Considering acceptable |Z| ≤ 2, the value found in the test is within the parameters adopted. 
 
In this Intercomparative Test, different techniques were used by the different participating 
laboratories and the averages of the results found for each technique was published. For the 
spectrophotometric method of analysis N-Nitrate at 410 nm the average was 4.73 ± 0.03 mgN 
L-1, very close to the value found in this work, 4.75 ± 0.04 mgN L-1. 
 
 
3.6. Precision 
 
 
The precision of an analytical method is the amount of scatter in the results obtained from 
multiple analyses of a homogeneous sample.  
 
 
3.6.1. Repeatability 
 
 
Repeatability data were obtained by repeatedly analyzing, in one laboratory on one day, using 
aliquots of a homogeneous sample, each of which has been independently prepared according 
to the method procedure. 
 
In this test, standards samples were analyzed in three different concentrations: 0.10 mgN L-1, 
2.0 mgN L-1 and 5.0 mgN L-1. The coefficient of variation (CV) was calculate in percentage 
dividing the standard deviation (s) per the values average (Equation 4). The results are 
presented in Table 6.   
 

(3) 
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100*(%)
average

s
CV =  

 
 

Table 6: Coefficient of variation calculated in the repeatability test 
 

Analyte Concentration Maximum CV (%) Obtained CV (%) 
0.1 mgN L-1 15 14.4 
2.0 mgN L-1 16 2.1 
5.0 mgN L-1 14 1.0 

 
 
The values of CV obtained are within acceptable parameters. The method was considered 
repetitive in all analytical range.  
 
 
3.6.2. Intermediate Precision 
 
 
The intermediate precision is the precision obtained when the assay is performed by multiple 
analysts, in different days, in one laboratory. 
 
This test was realized using a drinking water (SCHIN®, lot 8602436) which label indicated a 
nitrate concentration of 18.13 mg L-1 (4.12 mgN L-1). Analyzes were carried out by two trained 
persons, on two different days, using the same method parameters. The results obtained are 
shown in Table 10 and Figure 4. 
 
 

Table 10: Results obtained in the intermediate precision test. 
 

Samples 
Concentration (mgN L-1) 

Technician 1 Technician 2 
a 3.934 3.750 
b 3.945 3.742 
c 3.865 3.762 
d 3.926 3.729 
e 3.928 3.833 
f 4.030 3.825 
g 3.998 3.811 
h 3.900 3.939 
i 3.977 3.910 
j 4.006 3.893 

average 3.951 3.819 
 
 

Equation 5 calculated the intermediate precision and the result obtained was 0.092. Comparing 
with the deviation value found in the repeatability test in the concentration range of 5.0 mgN 
L-1 (0.051), the values are relatively close, in the same order of magnitude. This higher result 
was already expected, since in the intermediate precision have two variations: day and analyst. 

(4) 
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Figure 4: Graph showing the results obtained in the intermediate precision test. 
 
 

4. CONCLUSION 
 
  
Spectrophotometric methods for nitrate analysis in aqueous are extremely attractive due to their 
simplicity and low cost. The chromotropic acid method presented in this work still has the 
advantage of eliminating interferents, already considered problematic for this analysis. 

 
The validation of this method presented the results within a range of 0.10 – 5.0 mgN L-1. The 

calibration curve of this range showed a correlation coefficient of 0.9999, demonstrating the 

linearity of the method. The limit of detection presented was relatively high (LOD = 0.05 mgN 

L-1), compared to ion chromatography (LOD = 0.01 mg L-1), but sufficient to attend the 

maximum limit stipulated by CONAMA. The method was considered selective since it was 

verified its equivalence with the ion chromatography method, which is also a selective method. 
 
An important result found in this validation was the good performance of the method when 

compared with the Intercomparative Test carried out by Instituto Adolfo Lutz. Regarding the 

true value, 4.69 mgN L-1, the result obtained by the chromotropic acid method was very close, 

4.75 mgN L-1, demonstrating the accuracy of the method. Another test to assess accuracy was 

recovery, where all results were within the acceptable range of 80 to 110%. In the tests 

performed for the precision evaluation, the method showed good results, both for repeatability 

and for intermediate precision, the analyst variation did not influence the result of the nitrogen-

nitrate analysis by chromotropic acid method. 
 
The validation of the chromotropic acid method showed to be a linear method, showing 

precision and accurate results within the studied range, being an excellent alternative for the 

analysis of nitrate in aqueous samples. 
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