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ABSTRACT. A novel simple, sensitive and rapid kinetic-spectrophotometric method for the determination of 

trace amounts of nitrite is proposed. The method is based on its catalytic effect on the oxidation of congo red 

(CR) by potassium bromate in acidic solution. The oxidation reaction is monitored spectrophotometrically by 

measuring the decrease in the absorbance of CR at a suitable λmax = 570 nm for the first 10–40 s from the start of 

the reaction. Under the optimum experimental conditions (sulfuric acid, 0.3 M; CR, 0.75×10-4 M; potassium 

bromate, 5×10-4 M and 25 oC), nitrite can be determined in the range of 0.015–0.75 µg mL−1 with the detection 

limit of 0.006 µg mL−1. The relative standard deviation of five replicate determination of 0.25 µg mL−1 nitrite was 

2.5%. The proposed method was applied satisfactorily to the determination of nitrite in spiked drinking water 

samples. 
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INTRODUCTION 

 

Nitrite is a common pollutant of rivers, streams, lakes and water supplies. Anthropogenic 

sources of nitrite include intensive use of chemical nitrogenous fertilizers, improper disposal of 

plant and animal waste, municipal and industrial wastewater discharge, sewage disposal 

systems, landfills [1]. In high doses it induces a state of anoxia in the blood known as ‘blue-

baby syndrome’ or methemoglobinemia and it is also linked with cancer as it can make 

carcinogenic nitrosamine and N-nitroso compounds. Nitrite ions can be also found in unpolluted 

waters.   

The main sources of nitrite ion in unpolluted surface waters are the processes of organic 

matter mineralization and nitrification by Nitrosomonas bacteria. The content of nitrite in 

unpolluted surface and ground water is very low, generally < 0.01–0.02 mg L
-1

 NO2
-
 [2]. Similar 

concentrations are typically found in unpolluted seawater. Due to concern about its potential 

hazards, most international organizations set legal limits to nitrite content in drinking water. The 

European Union limit for drinking water is 0.1 mg L
-1

 of NO2
-
-N. For this reason, nitrite levels 

are routinely determined in quality control analyses of drinking, waste, marine and underground 

waters, among others. This has aroused an interest in developing new analytical methods for 

determining nitrite in all types of samples.  

Due to its potential toxicity, a large number of analytical methods for nitrite have been 

developed to determine trace amounts of nitrite in water in recent years, including ion 

chromatography [3-5], polarography [6], voltammetry [7, 8] and flow injection analysis [9-11]. 

Taking into account that some of the mentioned instrumental methods are too time consuming 

or require complicated, expensive equipment and lack of sensitivity, the most important 

methods for determination of nitrites are colorimetric ones.  

The most common choice for this purpose is the spectrophotometric method based on the 

Griess reaction [12], which consists in the formation of a strongly colored azo dye. Thus, an 
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amine (namely, sulfanilamide) is diazotized by means of nitrite under special conditions (in 

acidic media) to form a transient diazonium salt. This intermediate is then allowed to react with 

a coupling reagent, namely naphtyl-1-amine, to form a deep red-colored azo dye. This procedure 

has been the subject of several modifications [13-16]. However, many of the modified methods 

are subjected of several drawbacks (azo dye formation is dependent on pH, diazotization 

temperature and coupling time; toxicity of certain amines are also an important point for 

chemists). As examples, the reaction system p-nitroaniline + diphenylamine is time consuming 

and less sensitive [13]; the system 4-(1-metyl-1-mesitylcyclobutan-3-yl)-2-aminothiazole + N,N-

dimethyl aniline is pH-dependent, time consuming and extractive [14]; by using p-nitroaniline + 

2-methyl-8-quinolinol, most cations and anions interfered [15]; the reaction system p-

aminophenylmercaptoacetic acid + N-(1-naphthyl)ethylenediamine dihydrochloride is time 

consuming [16]. Besides, these procedures involve the use of carcinogenic reagents, which 

makes them outside of the standards of clean chemistry [17]. In order to attain these standards, 

alternative spectrophotometric reagents, from two classes of compounds, namely phenoxazines 

and sulphonamides have also been used for the same purpose [18].  

Indirect spectrophotometric methods for the determination of nitrite based on the study of 

decrease in the absorbance of the dye have been reported. Several of these methods for nitrite 

determination are based on its catalytic action on the oxidation of some organic reagents with 

suitable oxidizing agents. In most cases, the following classes of organic reagents were used: 

fuchsin compounds (bromocresol purple [19]; catechol violet [20]; thymol blue [21]; 

methylthymol blue [22]); fuchson-imines (crystal violet [23]; methyl violet [24]; brilliant green 

[25]); phenoxazine dyes (brilliant cresyl blue [26]; gallocyanine [27]); pyridylhydrazone 

derivatives [28]); substituted phenothiazine derivatives (thionine [29]; chlorpromazine [30]; 

prochlorperazine [31]; perphenazine [32]); triarylmethane derivatives - fluorescein analogues 

(bromopyrogallol red [33]). A few works propose the use of azo dyes (methyl red [34]; 2-(4-

chloro-2-phosphonophenylazo)-7-(4-nitrophenylazo)-1,8-dihydroxynaphthalene-3,6-disulfonic 

acid [35]). Kinetic-spectrophotometric methods for nitrite analysis present some advantages 

such as high sensitivity, low detection limits, good selectivity, rapid analysis and inexpensive 

instrumentation. 

The current paper describes another kinetic spectrophotometric method for determination of 

nitrite based on its effect on the redox reaction between an azo dye, namely congo red and 

bromate. For this purpose, a simple and efficient way for predicting the optimum working 

conditions was proposed. 

EXPERIMENTAL 

 

Chemicals and apparatus 

 

All chemicals were of analytical reagent grade and were purchased from Merck (Darmstadt, 

Germany). Deionized-distilled water was used throughout. A stock standard nitrite solution 

(1000 µg mL
-1

) was prepared by dissolving 150 mg of pre-dried sodium nitrite in water 

containing a small amount of NaOH to prevent its decomposition. The resulting solution was 

diluted in a 100 mL volumetric flask after adding 0.2 mL of chloroform as a stabilizer, to 

prevent bacterial growth. This solution was stored in a brown bottle and kept at 4 
o
C; it was 

used within two weeks of preparation. A stock solution of 5×10
-4

 M congo red was prepared by 

dissolving CR and then diluting to the mark with deionized-distilled water in a 100 mL 

volumetric flask wrapped with an aluminum foil and kept at 4 
o
C, when not in use. The solution 

was stable for at least 2-months. A 4 M solution of sulfuric acid was prepared by diluting 

concentrated sulfuric acid with water. A 0.1 M potassium bromate was prepared in deionized-

distilled water. Stock solutions (1000 µg/mL) of interfering ions were also prepared by 
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dissolving suitable salts in water or hydrochloric acid solution. Required working standard 

solutions were prepared by diluting the corresponding stock solutions.  

Absorbance measurements were performed on a UV-VIS spectrophotometer (V-530 Jasco-

Japan) equipped with cells holder thermostated by an external circulating water bath. Quartz 

cells of 1-cm path length were used.  

The temperature was kept constant at 25 ± 0.1 
o
C by using the thermostated water bath, GFL 

1003 type (Burgwedal, Germany), with an accuracy of ± 0.1 
o
C. Eppendorf vary-pipettes (10- 

100; 100-1000 and 500-2500 µL) were used to deliver accurate volumes.  

 

General procedure 

 

The working solutions, sample solutions and pure water were kept at 25 
o
C in the thermostated 

water-bath for at least 15 min to attain the equilibrium temperature. An aliquot of standard stock 

solution equivalent to 0.01–1.75 µg mL
-1

 nitrite, 0.3 mL of RC solution 5×10
-4 

M, 0.2 mL of 

H2SO4 solution 3 M were transferred into a quartz cell. Deionized-distilled water was added to 

make the volume to 2.02 mL as soon as 20 µL of KBrO3 5×10
-2 

M was added. Then, the cuvette 

was covered with lid; after that the solution was quickly shaken and placed in the 

spectrophotometer cell holder using exactly time 10 s. The redox reaction was traced 

spectrophotometrically by monitoring the decrease in absorbance of CR with time from 10 to 40 

s at λmax = 570 nm (allowing a lag time of 5 s) against water as reference. The discoloration rate 

of CR was calculated from the slope of the linear part of the A (at λmax = 570 nm) – t curve, 

within 30 s, by applying the formula: R = ∆A10–40s/∆t, where R = discoloration rate of CR, 

expressed in absorbance units (a.u.) × min
-1

. ∆A10–40s = A10s - A40s, where A10s is the absorbance of 

CR, at t1 = 10 s and A40s is the absorbance of CR at t2 = 40 s; ∆t = t2 – t1 = 30 s = 0.5 min. Blank 

experiments were also performed by adding deionized-distilled water instead of the standard 

nitrite solution. The initial rates of catalyzed reactions were calculated by subtracting the rate 

corresponding to blank solutions containing no nitrite. Under optimum working conditions, a 

calibration curve was constructed by plotting the difference between the discoloration rates of 

CR in the absence and in the presence of nitrite, as a function of nitrite concentration. 

To optimize the working parameters, 1 mL of the standard solution containing 0.5 µg of 

nitrite was directly pipetted into a glass cuvette, followed by addition of aliquots of congo red 

and H2SO4 solutions having different concentrations. Deionized-distilled water was added to 

make the volume to 2.02 mL as soon as 20 µL of KBrO3 was added. Then, the general 

procedure was applied. The dependence of reagents concentrations on the rate of catalyzed 

oxidation of CR was studied in the following ranges: [CR] = 0.25×10
-4

 M – 1×10
-4

 M, [BrO3
-
] = 

1×10
-4

 M – 10×10
-4

 M, [H2SO4] = 0.2 – 0.5 M. 

The nitrite content of the synthetic or real samples was determined from the calibration 

curve; the mentioned samples were prepared according to the general procedure. 

 

Procedure for recovery tests 

 

The validity of the proposed method was performed by recovery studies using the standard 

addition method. For this purpose, known amounts of standard nitrite were spiked to real 

samples and the total amount of the analyte was estimated by applying the proposed procedure.  

 

Procedure for studying the influence of foreign ions 

 

An aliquot of standard stock solution equivalent to 0.25 µg mL
-1

 nitrite, 0.3 mL of CR solution 

5×10
-4 

M, 0.2 mL of H2SO4 solution 3 M and an aliquot of a possible interfering ion (with 

known concentration) were transferred into a quartz cell. Deionized-distilled water was added to 
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make the volume to 2.02 mL as soon as 20 µL of KBrO3 5×10
-2 

M was added. Then, the general 

procedure was applied. 

RESULTS AND DISCUSSION 

 

Reaction between congo red ((1-naphthalenesulfonic acid, 3,3’-[(1,1’-biphenyl]-4,4’-diy]bis-

(azo)]bis(4-amino-), disodium salt)) and bromate in acid medium takes place very slowly which 

is confirmed by the gradual diminution of absorbance. When the nitrite ion catalyzes this 

reaction, the oxidation of CR is much faster, resulting in a considerable discoloration of mixture 

(Figure 1). For the oxidation of organic compounds (OC), the following reactions can describe 

the role of nitrite as a catalyst in the presence of bromate [36]: 

10 NO2

-

 + 2 BrO3

-

 + 12 H
+

 → 5 N2O4 + Br2 + 6 H2O                                                      (1) 

(OC)red + N2O4 → (OC)ox + 2 NO2

-

 + 2 H
+

                                                                         (2) 

 

Figure 1. Variation of CR absorbance with time: (▲) NO2

-

 + CR + H2SO4; (○) CR + H2SO4 + 

BrO3

-

; (■) NO2

-

 + CR + H2SO4 + BrO3

-

. [NO2

-

] = 0.25 µg mL
-1

; [CR] = 0.75×10
-4

 M; 

[H2SO4] = 0.3 M; [BrO3

-

] = 5×10
-4 

M. 

 

After scanning the spectrum of CR in acid medium, in the wavelength range 450–650 nm, 

the wavelength of maximum absorbance attributed to CR was found to be λmax = 570 nm. 

Preliminary experiments showed that the position of the CR characteristic band does not change 

with varying the acidity and reagent’s concentrations. To arrive at the optimum working 

conditions, the main parameters that can influence the performance of the proposed method 

were studied. The discoloration rate values were calculated as difference between the rates of 

catalyzed and non-catalyzed reactions, performed in the same experimental conditions. Because 

of the sensitivity and the length of the time required to determine the amounts of nitrite, 0.5 min 

was selected as the reaction time for the procedure. 
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Optimization of working parameters 

 

In order to optimize the working parameters, preliminary experiments were made as follows: at 

different level of bromate concentration (10
-4

; 5×10
-4

 and 10
-3

 M), the concentrations of H2SO4 

and CR were varied in the following ranges: 0.2–0.5 M H2SO4 and 0.25×10
-4 

- 1×10
-4 

M CR. 

The effect of these parameters on the redox reaction between CR and bromate, in the presence 

of 0.25 µg mL
-1

 NO2
-
, is illustrated in Figure 2. By using 10

-3
 M BrO3

-
 or 5×10

-4 
M

 
bromate the 

discoloration rate of CR decreases with the increasing concentration of sulfuric acid and CR 

(Figures 2a and 2b). In presence of 10
-4

 M BrO3
-
, the values of initial rate were insignificant, 

with an increasing trend with increasing concentration of sulfuric acid and reaching the 

maximum value in presence of 0.25×10
-4

 M CR (Figure 2c).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Discoloration rate dependence on sulfuric acid and CR concentration at different 

concentration of bromate and CR. [NO2
-
] = 0.25 µg mL

-1
; [BrO3

-
], M: (a) 10

-3
; (b) 

5×10
-4

; (c) 10
-4

; [CR]×10
4
,
 
M: (1) 0.25; (2) 0.50; (3) 0.75; (4) 1.00. 

 

The next step was to select the optimum working mixture between those prepared in 

presence of 10
-3

 and 5×10
-4 

M BrO3
-
. Usually, the value of each parameter influencing the 

discoloration rate is optimal when the rate reaction reaches the maximum value. The 

experimental data have not confirmed this rule. This because, in some cases, a maximum value 

of discoloration rate is not accompanied by a linear decrease of the absorbance of the organic 

reagent (congo red) with time. As consequence, in such cases, the linear dependence of the 

analytical signal (the rate reaction) on the nitrite concentration is valuable for a close range of 

this concentration. Moreover, a poor linearity results in poor precision. Taking into account this 

behavior, the linear trend line was added to each recorded A – t curve and the corresponding 
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squared correlation coefficient r
2
 was calculated (Table 1). In the following working conditions: 

[CR] = 0.25×10
-4 

M – 1×10
-4 

M; [H2SO4] = 0.4 – 0.5
 
M

 
and [KBrO3] = 10

-3 
M, the linear part of 

A – t curves is considerable shortened to values which reaches 10–20 s, behavior confirmed by 

means of the corresponding r
2
 values (less than 0.84). In the mentioned conditions, a significant 

increase in the discoloration rate takes place. As consequence, a quick decrease of the 

absorbance of CR takes place. It was found that the best linear correlation between the decrease 

of absorbance and time, confirmed by the best value of r
2
 (> 0.997), take place in the following 

working conditions, used for further experiments: [H2SO4] = 0.3 M; [KBrO3] = 5×10
-4

 M; [CR] 

= 0.75×10
-4

 M. Based on the optimum values of the experimental data one can assume the 

follows. The decrease in rate at sulfuric acid concentration higher that 0.3 M may be attributed 

to protonation of CR, which might stop oxidation or make oxidation quite difficult to occur. The 

optimum value of CR concentration (0.75×10
-4

 M) is in accordance to the linearity of A570 nm – 

[CR] curve, valid up to 0.75×10
-4

 M. A 5×10
-4

 M BrO3
-
 was used in the recommended 

procedure. Larger amounts of bromate cause decreases in the sensitivity. This effect is because 

at higher concentration of bromate, the rate of the blank reaction is very fast, and thus a 

diminution of the net reaction rate signal takes place.  

 
Table 1. Squared correlation coefficient of A-t curves.  

 

Squared correlation coefficient, r
2
 [BrO3

-
], 

M 

[H2SO4],  M 

(a)
*
 (b)

*
 (c)

*
 (d)

*
 

0.2 0.9903 0.9907 0.9901 0.9874 

0.3 0.9945 0.9954 0.9976 0.997 

0.4 0.9734 0.9772 0.9966 0.9915 

 

0.0005 

0.5 0.962 0.9708 0.9796 0.9796 

0.2 0.9879 0.9794 0.9697 0.9569 

0.3 0.9901 0.9361 0.9238 0.9067 

0.4 0.8000 0.7601 0.7742 0.8392 

 

0.001 

0.5 0.7170 0.6428 0.7677 0.8155 
*Concentration of congo red, [CR]×104, M: (a) 0.25; (b) 0.5; (c) 0.75; (d) 1. 

 

Effect of the ionic strength 

 

The effect of the ionic strength on the catalyzed reaction was studied in the presence of NaNO3 

solutions. As shown in Figure 3, the reaction rate of CR was independent of the ionic strength 

up to 0.05 M NaNO3. The effect of NaNO3 on the redox reaction between CR and bromate in 

presence of nitrite ions can be explained by considering the reaction on a microscopic scale. The 

solution in which equilibrium is established contains a variety of cations and anions such as 

Na
+
, H3O

+
, BrO3

-
, NO2

-
, and NO3

-
. Thus, these species are surrounded by charged ionic 

atmospheres, which partially screen the ions from each other. The redox reaction between CR 

and bromate in presence of nitrite requires the disruption of the ionic atmospheres surrounding 

the mentioned ions. Increasing the concentrations of ions in solution (by adding NaNO3), 

increases the size of these ionic atmospheres. Since more energy is now required to disrupt the 

ionic atmospheres, there is a decrease in the formation of reaction products, and an apparent 

increase in the equilibrium constant [37]. 

 

Order of addition of reactants 

 

It was observed that the order of addition of reactants can influence the rate of the oxidation 

process. Thus, sequence (1) nitrite-CR-sulfuric acid-bromate gave the highest value of oxidation 
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rate while sequence (5) bromate-sulfuric acid-nitrite-CR gave the lowest value of oxidation rate. 

This behavior could be explained as follows: by adding bromate and nitrite before CR 

{sequences (3) and (4)}, a partial oxidation of nitrite could take place [32]. Moreover, this 

process is favored and accentuated by the addition of nitrite to the acidified bromate solution 

(sequence (5)) [32]. On the basis of the oxidation rates illustrated in Figure 4, sequence (1) was 

chosen to be applied in the proposed method. The performances of the proposed method were 

verified on samples having the following composition and respecting this order of reagents 

addition: 1-mL sample solution containing a known amount of nitrite + 0.3 mL of 5×10
-4

 M CR 

+ 0.2 mL of 3 M H2SO4 + 0.5 mL of deionized distilled water + 20 µL of 5×10
-2

 M bromate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Discoloration rate dependence on sodium nitrate concentration. [NO2
-
] = 0.25 µg mL

-1
; 

[CR] = 0.75×10
-4

 M; [H2SO4] = 0.3 M; [BrO3
-
] = 5×10

-4 
M. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Discoloration rate variation with reactants addition order. [NO2
-
] = 0.25 µg mL

-1
; [CR] 

= 0.75×10
-4

 M; [H2SO4] = 0.3 M; [BrO3
-
] = 5×10

-4 
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-
-CR-H2SO4-BrO3

-
; (2) 
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-
-CR-H2SO4-NO2

-
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-
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-
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Analytical figures of merit 

 

Once the optimum working conditions were established, the proposed spectrophotometric 

method was evaluated with respect to linearity, LOD, LOQ, accuracy, precision.  

A calibration curve was obtained by applying the fixed time method under the optimum 

conditions of 10-40 s from the initiation of the reaction at 25 
o
C with the optimum concentration 

of reagents. This interval time was selected due to the good correlation obtained. The calibration 

curve was plotted by the use of absorbance values obtained from five replicate samples of same 

nitrite content. The calibration curve was linear in the concentration range 0.015–0.75 µg mL
-1

 

of nitrite; the linear regression equation is:  

R = ∆[CR]/∆dt = 0.4857[NO2

-

] + 0.0014 

where [NO2
-
] is the nitrite concentration expressed in µg mL

-1
; the squared correlation 

coefficient, r
2
 = 0.9986; the detection limit, LOD (calculated as three times the standard 

deviation of the blank) = 0.006 µg mL
-1

 NO2
-
 and LOQ = 0.015 µg mL

-1
 NO2

-
. LOQ represents 

the lowest calibration standard. In order to estimate the accuracy and precision of the proposed 

method, standard solutions of 0.10; 0.25 and 0.50 µg mL
-1

 nitrite were analyzed according to the 

recommended procedure. For this purpose, five replicate determinations of each concentration 

were prepared. As it is seen in Table 2, relative standard deviations ranged from 2.5% to 3.6% 

and the percent recovery from 99.7% to 101.2%. The results in Table 2 were obtained by 

performing the experiments on samples with the following composition: 1-mL sample solution 

containing the nitrite ion at different concentration level + 0.3 mL of 5×10
-4

 M CR + 0.2 mL of 

3 M H2SO4 + 0.5 mL of deionized-distilled water + 20 µL of 5×10
-2

 M bromate. 

 
Table 2. Precision and accuracy of the proposed method. 

 

Nitrite, µg mL
-1

 

Taken 
a
Found ± tSN

-0.5
 

RSD R 

0.100 0.101 ± 0.005 3.61 101.16 

0.250 0.253 ± 0.008 2.49 101.08 

0.500 0.499 ± 0.018 3.07 99.73 
aMean ± 95 % confidence limit, for N = 5; t = 2.77 = t-distribution for confidence level of 95 % with N-1 degrees 

of freedom. RSD = relative standard deviation; R = percent recovery. 

 

Effect of diverse ions  

 

To evaluate the selectivity of the proposed method, the effect of foreign ions on the 

determination of nitrite was studied by adding known quantities of each ion to a solution 

containing 0.5 µg nitrite (final volume = 2.02 mL) and determining the nitrite by the proposed 

method. The tolerance limits of foreign ions, taken as the concentrations (µg mL
-1

) which cause 

errors less than 3% are given in Table 3. These results clearly show that most of the ions, which 

are normally associated with nitrite in drinking water samples do not interfere. However, Hg(II), 

Ag(I), Br
-
 and S

2-
 have lowest tolerance limits. The majority of foreign ions mentioned in Table 

3 are present in drinking water at much lower concentration limits. Hence, the proposed method 

could be applied for the determination of nitrite in water samples for their quality control. 

Taking into account that some brends of bottled drinking water have high calcium and 

magnesium content, in such cases, the proposed method for nitrite determination involves as a 

preliminary step the retention of these cations on Dowex 50W-X8 resin in its NH4
+
 form (Dow 

Chemical Co., Midland, Mich.). For this purpose a fixed volume of the water sample (10 mL) 
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was put over a weighted portion of the dry resin (0.5 g). The mixture was stirred for 30 min. 

Then, an aliquot of the supernatant solution was used for nitrite determination. After this 

pretreatment, the tolerance limits of Ca
2+

 and Mg
2+

 were raised to 500 µg mL
-1

. 

 

Table 3. Influence of foreign ions on the determination of nitrite (0.25 µg mL
-1

). 

 

Foreign ions Tolerance limit, µg mL
-1

 

NH4

+

, Na
+
, K

+
, Zn

2+
, Ni

2+
, Co

2+
, CH3COO

-
, NO3

-

, PO4

3-

, 

CO3

2-

, SO4

2-

, C2O4

2-

 

500 

 

 

Ca
2+

, Mg
2+

 150 
a
Ca

2+
, 

a
Mg

2+
 

Al
3+

, Cu
2+

 

500 

150 

Fe
3+

, Mn
2+

 50 

Cl
-
 300 

Cr
3+

 30 

C4H4O6
2−

 20 

Pb
2+

, Fe
2+

, V
4+

, I
-
 2.5 

Ag
+
 0.3 

Hg
2+

, Br
-
 0.15 

S
2-

 0.01 
*After retention on Dowex 50WX80 (ammonium form). 

 

Application of the Method  

 

The analytical potential of the method was tested by applying it to the determination of spiked 

amounts of nitrite in drinking water samples collected and bottled in different places of 

Romania. The samples of potable water were collected from packaged water bottles. To a fixed 

volume of the water sample, nitrite at two levels was added, and the total was found by the 

proposed methods. Each test was repeated four times. The results presented in Table 4 show that 

the recoveries were in the range 98.33–99.69% indicating that common constituents normally 

encountered in drinking water samples, did not interfere in the determination. Thus, accuracy 

and reliability of the methods were further ascertained by performing these recovery 

experiments.  
 

Table 4. Recovery data for drinking water samples spiked with nitrite. 

 

Nitrite, µg mL
-1

 Mineral water 

       Added         
 a
Found ± tSN

-0.5
 

R, % 

Borsec  

(source: Borsec-Faget)
b
 

0.250 

0.500 

0.246 ± 0.009 

0.493 ± 0.007 

98.33 

98.51 

Perla Harghitei  

(source: Sâncrăieni-Harghita)
c
 

0.250 

0.500 

0.247 ± 0.005 

0.493 ± 0.007 

98.99 

98.69 

Wonder Spring  

(source: Stâna de Vale)
d
 

0.250 

0.500 

0.249 ± 0.006 

0.497 ± 0.016 

99.69 

99.37 
aMean ± 95% confidence limit, for N = 4; t = 3.18 = t-distribution for confidence level of 95% with N-1 degrees 

of freedom. bCertified composition (µg mL-1):  Na+, 70.6; K+, 9.72; Mg2+, 43.8; Ca2+, 107.12; Cl-, 16; SO4
2-, 3.3. 

cCertified composition (µg mL-1): Na+, 2.80; Mg2+, 39.6; Ca2+, 57.35. dCertified composition (µg mL-1): Na+, 

1.20; K+, 0.7; Mg2+, 4.70; Ca2+, 15.31. 
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CONCLUSIONS 

 

The CR-bromate-acid system, proposed in the present paper, could be used successfully for the 

quantitative determination of nitrite in drinking water samples. The proposed method is 

inexpensive, fairly rapid and sensitive. The method has added advantages over other reported 

methods, owing to its sensitivity, low detection limit, time of the analytical signal (Table 5). The 

proposed method can be used as an alternative to other reported kinetic-spectrophotometric 

methods and as a cheaper and simple instrument for quality control of drinking water samples.  
 

Table 5. Comparison of dynamic range and detection limit of the present work with previously reported 

results. 

 

 

Reaction system 

Dynamic 

range,   

ng mL
-1

 

Detection 

limit,    

ng mL
-1

 

Time,  

s 

 

Ref. 

Bromcresol Purple – Bromate 10–400 9 720 [19] 

Catechol Violet – Bromate 20–350 - - [20] 

Thymol Blue – Bromate 5–80 4.5 - [21] 

Crystal Violet – Bromate 1–50 0.3 32/h [23] 

Brilliant Green – Bromate 20–350 - - [25] 

Brilliant Cresyl Blue – Bromate 0.5–1000 - - [26] 

Gallocyanine – Bromate 20–500 10 30 ± 5/h [27] 

Bromopyrogallol Red – Bromate 200–1000 - - [33] 

Methyl Red – Bromate 50–1200 45 50 [34] 

Chlorophosphonazo-pN  – Bromate 50–1000 18 30 [35] 

Congo Red – Bromate 15–750 6 30 This work 
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