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Abstract   

In this study, a simple and novel kinetic spectrophotometric method has been proposed 

for the sensitive and highly selective determination of Brilliant Green. The method is 

based on the interaction of Brilliant Green with Triton X-100 in micellar media at room 

temperature. As a result of this interaction, the peak wavelength (625nm) is gradually 

shifted toward longer wavelength region (634 nm) and more intensive hyper chromic 

effect has been seen. As well as, variations in the red, blue and green (RGB) component 

of the images as a function of time were observed. The kinetic interaction of Brilliant 

Green with Triton X-100 was recorded, using UV-Vis Spectrophotometer-diode array 

detector and a digital camera. The fixed-time method was used for the construction of a 

calibration curves. Brilliant Green can be measured in the range of 1.0 to 12.0 mg L
-1
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and 1.0 to 10.0 mg L
-1

with the detection limit of 0.047 mg L
-1

 and 0.037 mg L
-1

 using 

spectrophotometer and digital camera, respectively. The proposed method has been 

successfully used to determine Brilliant Green in some wastewaters such as textile dye 

effluent and goldfish farming water in the presence of some triphenylmethan dyes as the 

interferences. 

Key words: Kinetic colorimetric; spectrophotometry; Digital camera; Brilliant Green; 

Triton X-100. 

  

1. Introduction 

Triphenylmethane (TPM) dyes, as an important class of commercial dyes, have various 

applications in industries. In textile industry, they are used as sensitizers for 

photoconductivity and in medicine they act as antibacterial and sterilization agents 

during blood transfusions [1-5]. The TPM dyes are characterized by intense colors, 

which include vivid red, blue, green and violet. Due to the wide range of applications, 

TPM dyes are often found in wastewaters [3, 4]. It has been shown that dyes of this 

family can act as a tumor promoter [6, 7]. Among the TPM dyes, Brilliant Green (BG) 

is widely used (usually with other TPM dyes, such as Malachite Green (MG) and 

Crystal Violet (CV)) around the world in the textile industry to color silk, wool, leather, 

cotton and paper. It is also widely used in fish farming industry because of its broad 

anti-microbial, anti-parasitic and anti-fungal spectrum, high efficiency in the prevention 

and treatment of certain fish diseases and low cost [8]. BG is toxic with mutagenic and 

carcinogenic effects that can influence both aquatic biota and humans [9-12]. Because 

of its carcinogenic properties, BG is not authorized by the European Union and the US 

Food and Drug Administration (FDA) [13]. Thus, developing a sensitive, simple, 
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inexpensive and reliable method is necessary for determining BG in environmental 

samples such as wastewaters.  

Several methods have been proposed for this purpose, including liquid 

chromatography–mass spectrometry [14], micelle-mediated phase separation method for 

pre-concentration of Brilliant Green using spectrophotometric determination [8] 

conductometric method [15], indirect competitive enzyme-linked immunosorbent assay 

[16], derivative spectrophotometry [17] and in 2011, we developed a new design of 

hollow fiber solid/liquid phase micro extraction (HF-SLPME) for determining the trace 

amount of BG residues in water fish ponds [18]. Some of these methods are often none-

selective and require complicated pretreatment procedures, which prompted us to 

develop an alternative method with simple pretreatments for the determination of BG in 

case of its coexistence with some chromophores interference in complex mixture.   

Kinetic methods have certain advantages such as sensitivity, selectivity and interference 

elimination, which can affect direct spectrophotometric methods [19-24]. There is still a 

paucity of literature on the analytical methods based on kinetic analysis of BG. 

In recent years, popular communications and IT equipment (mobile phones, digital 

cameras, scanners, webcams, etc.) have been developed as detection devices for 

chemical analysis [25-33]. A digital image consists of many pixels which each pixel 

have being formed by three basic colors (Red, Green and Blue), that are abbreviated as 

“RGB”. The colorimetric analysis could be done by determining RGB values of the 

digital photo image as the analytical signal, instead of absorbance in the traditional UV-

vis spectrophotometry, which provide more precise and accurate results [32]. Image 

processing software, such as Image J and Matlab integrated with image processing tool 

box can easily extract the intensity of basic color (RGB) for desired pixels. 
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In this paper, a novel, simple, selective, sensitive, cost-effective and rapid kinetic 

method based on the spectrophotometric and colorimetric analysis of BG has been 

developed. The proposed method is based on the interaction of BG with Triton X-100 . 

A fixed-time method was used for constructing calibration curves and determining BG 

in some wastewaters with complex matrices which contains other TPM dyes as the 

unknown interferences. 

 

2. Experimental 

 

2.1. Apparatus 

All measurements were carried out at room temperature (about 25
0
C) and quartz cell 

with 1 cm in diameter was used. Absorbance measurements were carried out on a Cecile 

7200 UV–Vis double beam spectrophotometer. All reflectance colorimetric 

measurements were performed with a Canon A2400 IS digital camera in a homemade 

light box. The light box (Fig. 1) [34] has been made from a polystyrene foam box. 

Dimensions of the box (width × length × height) are as follow: outside: 18 × 28 × 23cm 

and inside: 17 × 27.5 × 22.5cm. The box interior has been covered with two layers of 

white paper to enhance image quality and reduce noise. Three red LEDs, as the light 

sources, have been mounted on the box wall on the top of camera. The digital camera 

was put in front of the center of the light box. Image J- software was used for image 

processing. 

A digital pH meter (Model 744, Metrohm, Switzerland) was used for all pH 

measurements. 
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2.2. Reagents 

All chemicals used in the experiments were of analytical grade and applied without 

further purification. All solutions were prepared with deionized water. Stock solutions 

of 100 mgL
-1

 of BG (Darmstadth, Germany) was prepared by dissolving 0.0100 gr of 

BG in 20 mL of acetic-acetate buffer solution with pH 4 (1.0 molL
-1

 ) and diluting it to 

100 mL in a volumetric flask and was stored in a plastic amber bottle at a temperature 

of 4
◦
C protected from light [9]. Working solutions were prepared by appropriate dilution 

of stock solution using 0.1 molL
-1

 of acetic-acetate buffer solution (pH 4). Buffer 1 

molL
-1

 was prepared by adding 1 molL
-1

 of sodium hydroxide (Merck) to acetic acid (1 

molL
-1

), and a pH meter was used to adjust pH to 4. A solution of 170 mmolL
-1

 of 

Triton X-100 was prepared by dissolving 10 mL of Triton X-100 (Aldrich) in water 

using hot water bath and diluting it to 100 mL in a volumetric flask. 

 Potassium chloride solution (2.5 molL
−1

) was made by dissolving 46.5938 g KCl 

(Merck) in water and diluting it to 250mL in a volumetric flask.  

 

2.3. Procedure 

An appropriate volume of BG stock was added to a 10 mL volumetric flask. The 

solution was diluted using 0.1 molL
-1

 of acetic-acetate buffer solution (pH 4). For each 

measurement, 2mL of the above solution was transferred to a quartz cell and placed in 

the cell holder in the spectrophotometer. Room Temperature (about 25
0
C) was selected 

as the working temperature. The ambient temperature could help the prompt and 

convenient implementation of the study. The variations of the absorbance versus time 

were measured immediately after adding and mixing of 1.0 mL of Triton X-100 (17 
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mmolL
-1

) at 634 nm with time intervals equal 0.5 second. The absorbance measurement 

was stopped automatically after 20 min.  

 For reflectance colorimetric measurements using the digital camera the procedure was 

same as the spectrophotometric measurements. Because of fixed time method was 

proposed in this kinetic study, the images were recorded in the initial time and after 20 

min. Quantitative changes of red color intensity between the sample and the blank was 

calculated using Image J- software. 

 

2.4. Preparation of real sample 

The fish aquarium wastewater was obtained from a fish store in Mashhad, Iran. We 

diluted 15 mL of this sample and 2 mL of potassium chloride (2.5 molL
−1

) to 50 mL 

using 0.1 molL
-1

 of acetic-acetate buffer solution (pH 4).  

 Textile wastewater was obtained from the textile factories, around the city of Mashhad. 

We then diluted 2.5 mL of this sample and 2 mL of potassium chloride (2.5 molL
−1

) to 

50 mL using 0.1 molL
-1

 of acetic-acetate buffer solution (pH 4). In the first step, the 

impurities of all waste waters were removed by a Whatman ® filter paper, grade 40, and 

the filter paper was washed repeatedly with deionized water. The samples were then 

immediately used for experiments. 

 

3. Results and discussion 

It was observed that the color intensity of BG increased gradually in the presence of 

Triton X-100. It seemed that nonionic surfactant Triton X-100 interacted with BG - the 

cationic dye that carries a positive charge [18]- when its concentration in aqueous media 

was well above critical micellar concentration (0.22 to 0.24 mmolL
-1

). 
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The rate of this interaction was amplified by increasing BG concentration. This 

interaction suggested that the absorption spectra and RGB of BG after adding of Triton 

X-100 were a variable of time.  

As shown in Fig. 2a red shift in the absorption maxima has been happened and the 

absorbance (at λmax(in micellar media)= 634 nm) was increasing  along with time (Fig. 3). 

When the concentration of nonionic surfactant such as TX-100 is reached to the CMC 

of the respective surfactants, micellar aggregates are formed. The red shift of the λmax 

indicates incorporation of the TPM cationic dyes( in this case BG) in the nonionic 

micelles, the main driving force being hydrophobic interaction between the two 

moieties. To give an outline of, changes in the λmax for all of TMP dyes, which were 

studied in this paper, and intensity of the 634 nm for BG + reflect alteration of the 

microscopic environment available to the dye after incorporation within the nonionic 

micellar aggregates[35]. 

The following optimizations were undertaken to achieve maximum sensitivity and the 

greatest linear dynamic range. 

 

3.1 Effect of Triton X-100 concentration 

Triton X-100 concentration is an important analytical parameter because the rate of 

interaction between BG (Equation 1) and Triton X-100 is dependent on Triton X-100 

concentration.  

𝑅𝑎𝑡𝑒 = 𝑘[𝐵𝐺]𝑛[𝑇𝑋 − 100]𝑚                             (𝐄𝐪. 𝟏) 

Where k is the constant rate, [BG] is the concentration of Brilliant Green (molL
-1

), [TX-

100] is the concentration of Triton X-100 micelles, and n and m are the partial order of 

reaction with respect to BG and Triton X-100 respectively. 
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As shown in Fig. 4a, the rate of the interaction rises with an increase in Triton X-100 

micelles concentration. Unfortunately, at greater concentration, fast measuring of initial 

absorbance is needed, which is highly difficult and unrepeatable. 

To select the optimum Triton X-100 concentration, ∆A (∆A=A20min ̶ A0min; at λ max= 634 

nm, where A is absorbance) was calculated in the range of 1.7 to 51 mmolL
-1

of Triton 

X-100 (Fig. 4b). It remained almost constant at concentrations greater than 8.5mmolL
-1

. 

Therefore, 17.0mmol L
-1

was selected as the optimum concentration of Triton X-100 for 

further studies. 

 

3.2 Effect of pH 

The effect of pH was studied in the range of 3.5-6.0, by an acetic-acetate buffer [30] to 

achieve the desired pH. According to the results presented in Fig. 5, the maximum ∆A is 

observed at pH 4.0. At higher or lower pH BG renders colorless [8, 18, 37]. Therefore 

pH 4.0 was selected as the optimum pH for future works. The effect of buffer 

concentration was also studied in the range of 0.05-0.4 molL
-1

 with the results 

suggesting the insignificance of this parameter on the interaction rate. Therefore, the 

concentration of 0.1molL
-1

 was chosen for further studies. 

 

3.3 Effect of ionic strength 

The effect of ionic strength on the rate of interaction was also investigated. The ionic 

strength varied from 0.05 to 0.25molL
-1

 in KC1 solution. The results showed that this 

parameter did not have any effect on the interaction. 

 

3.4 Assessment of the basic colors (Red or Green or Blue) as the analytical signal 
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In colorimetric measurements by digital camera, to achieve the most sensitive analytical 

signal, we investigated changes of red, green and blue values of  8 mgL
-1 

of BG(after 20 

min)under 3 white LEDs  that were used as the sources of light. Since the white light is 

a mixture of three basic colors (Red, Green and Blue) we can check that which color of 

light can provide a stronger and sensitive signal for analysis. As shown in Fig. 6, red 

signal reveals the highest response. Also, as depicted in Fig. 7, red signal is the most 

sensitive signal. Therefore red signal selected as the optimum analytical signal and for 

amplifying the response, we used 3 red LEDs as the sources of light for subsequent 

investigations. 

 

3.5 Discovering of analytical signal for reflectance colorimetric analysis by the 

digital camera  

To obtain the suitable analytical response, some analytical signals were calculated. The 

best analytical signal (highest and most sensitive) was difference between Red (R) value 

derived from sample (containing 2mL BG solution and 1.0 mL of Triton X-100 (17 

mmolL
-1

)) and R value derived from blank after 20min. 

Response (A.U) = ∆R =Blank Red intensity _ Sample Red intensity                   Eq.2  

This simple analytical signal give us the best linear rang and good repeatability, without 

the need for complex calculations. 
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4. Kinetics study of the interaction between BG and Triton X-100  

The rate of interaction was found to be BG concentration dependent. The rates were 

followed at room temperature with various concentrations of BG in the range of 1- 12 

mg ml
−1

 , keeping Triton-X100 constant at high concentration (17mmolL
-1). 

From the graphs which are shown in Fig. 3, it is clear that the rate increases as the 

BG concentration increases, indicating that the reactions rates obeys the following 

equation: 

Rate=Kʹ [BG]
n                                                                                                          

Eq.3 

 Where Kʹ is the pseudo-order constant of the reaction and n is the order of the reaction. 

The rate of the reaction may be estimated by the variable-time [38]  method measured 

as ΔA/Δt, where A is the absorbance and t is the time in seconds. Taking logarithms of 

rates and concentration (Eq. 3) is transformed into: 

log(rate)=log ΔA/Δt=logKʹ+nlog[BG]                                    
 
Eq.4 

Regression of log (rate) versus log [BG](molL
-1

) gaves the regression equation: 

log(rate)=−2.908+0.7906 log[BG] (r=0.9982)                          Eq.5 

Hence,  the kinetic interaction is  first order with respect to BG concentration. 

 

5. Analytical performance 

According to the measurements performed under the optimum conditions (Table 1) the 

calibration samples were analyzed to obtain the linear range of BG concentration. The 
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calibration curve in spectrophotometric method was obtained by plotting ∆A (difference 

between absorbance at 0 and 900 s at 634 nm) versus BG concentration (Fig. 8). For 

reflectance colorimetric method by the digital camera, the calibration curve was 

obtained by plotting ∆R versus BG concentration (Fig. 9). 

It was found to be linear in the range of 1.0 to 12.0 mg L
−1

 of BG concentration in 

spectrophotometric method and 1.0 to 10.0 mg L
−1

 of BG concentration in reflectance 

colorimetric method. The line equation was ∆A= 0.0916C - 0.0309 and ∆R = 10.971C - 

1.9205 where C is the concentration of BG in mgL
-1

. The correlation coefficient of 

0.996 and 0.999 indicates a good linear correlation between ∆A and ∆R versus BG 

concentration, respectively. The limit of detection was 0.047 and 0.037 mgL
−1

 for 

spectrophotometric and reflectance colorimetric method, respectively. The relative 

standard deviation for five replicate analysis of 2.0, 6.0 and 10.0 mgL
-1

of BG solutions 

were 1.75%, 8.12% ,3.04% and 7.0%, 2.29%, 0.73% respectively for 

spectrophotometric method and reflectance colorimetric method. 

 

6. Interference study 

To assessment the possible analytical applications of the proposed method, the 

selectivity and the influence of several triphenylmethane (TPM) dyes such as Malachite 

green, Crystal Violet, New Fuchsine and Methyl green, which usually co-exist with BG 

in wastewaters were studied by analyzing synthetic sample solutions containing 4.0 𝑚g 

L
−1

 of BG and 2.0 𝑚g L
−1

 of each dye. The results are presented in Table 2a and 2b. 
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It can be concluded from Table 2a   and Fig. 10 that the absorption spectra of these dyes 

overlap with BG, even in the micellar media, and it is not possible to measure BG by a 

spectrophotometer combined with univariate calibration. 

The interaction between the aforementioned dyes and Triton X-100 led to a shift of peak 

wavelength towards the long wavelength area though no hyper chromic effect was 

observed over time. According to the results, it is obvious that the presence of these 

dyes does not affect the kinetic determination of BG. 

Also as can be seen in Table 2b, in the analysis of BG using reflectance colorimetric 

method by the digital camera, the good recoveries were obtained in the presence of 

common co-existing dyes.  

 It indicates that the method is highly selective and free from interferences of common 

co-existing dyes and can be applied, using both spectrophotometer and digital camera as 

detector,  in every laboratory and field test. 

As can be seen in Fig.10. the absorption spectra of  Malachite green, Crystal Violet, 

New Fuchsine and Methyl green overlap with BG and with each other, So, in direct 

spectrophotometrically analysis( no kinetic) for simultaneous determination of these 

TPM dyes, the multivariate or multiway calibration  chemometrics methods could be 

applied. Which, these techniques need additional data accusation and computing. 

 

 

7. Real sample analysis 
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To evaluate the analytical applicability of the proposed method, the recommended 

procedure was utilized to determine BG in two different samples of wastewaters: fish 

aquarium water and textile wastewater.   

The results are shown in Table 3. As can be seen, the good correlation between the 

results and known values indicate the successful performance of the proposed method in 

determining BG in complex environmental samples with the presence of many 

unknown interferences and without of any sample preparation. 

 

8. Conclusion 

In this study, a simple method based on the kinetic interaction of BG and micellar media 

of Triton X-100 was developed for the spectrophotometric and reflectance colorimetric 

determination of BG for the first time. To the best of the authors’ knowledge, this is a 

novel kinetic method for the determination of BG. The ability of determining BG in 

complex wastewaters in presence of unknown interferences, eliminates the need for pre-

separation, that is commonly exists  in many other methods [39] or the use of expensive 

instruments like liquid chromatography–mass spectrometry [19] are the main 

advantages of proposed method. The other excellent advantage of this method is the 

employment of a cheap and available detector (digital compact camera) beside the 

spectrophotometer and compares their performance. The proposed method is highly 

simple and rapid as it avoids the time-consuming steps of preparing samples and 

experimental conditions. Also with using a digital camera as detector, the presented 

method can be used as a field test. The proposed method, have more sensitivity than 

common colorimetric methods and excellent selectivity for determining BG over the 
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other triphenylmethane dyes. The proposed method was compared with the some 

previous works (see Table 4). In comparison with the other conventional analysis 

methods, the cost-effective developed method has the most selectivity and simplicity 

efficiency. 
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Fig.1. The schematic diagram of the light box: (a) sample location; (b) camera location 

[34]. 
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Fig.2. Absorption spectra of (a) BG in the absence of Triton X-100 (λ max=625nm) and (b-z) BG 

in the presence of Triton X-100 (λ max=634 nm) as a function of time (0 to 900 s). Conditions: 

10 mgL
-1

 of BG; 17 mmolL
-1 

of Triton X-100; pH= 4; time interval= 30 s and 

temperature=25±0.1 
◦
C. 
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Fig.3. Kinetic curves for the interaction of BG (1-12 mg L
-1

) with Triton X-100 (17mmolL
-1

)  at 

pH =4; time interval= 0.5 s, temperature= 25±0.1 
◦
C and λ max=634 nm. 

 

 

 

  

0.000

0.200

0.400

0.600

0.800

1.000

1.200

1.400

1.600

0 150 300 450 600 750 900

A
b

s
o

rb
a
n

c
e

 

Time(Sec) 

1mg L-1

2mg L-1

4mg L-1

6mg L-1

8mg L-1

10mg L-1

12mg L-1

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

23 
 

 Fig.4a  

Fig.4b. 

Fig.4. Effect of Triton  X-100 concentration on the interaction between BG and Triton-X-100 

(Fig. 5a) and ΔA of BG (Fig. 5b). Conditions: 4 mgL
-1

 of BG; pH,=4; 0.1 moll
-1

 of acetic 

acid/sodium acetate buffer; ∆A=A20min-A0; λ max= 634 nm and temperature = 25±0.1 ◦C. 
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Fig.5. Effect of pH on ∆A of BG. Conditions: 4 mg L
-1

 M of BG; 17.0 mmolL
-1

 of triton X-100; 

0.1 moll
-1

 of acetic acid/sodium acetate buffer; ∆A=A20min-A0; λ max= 634 nm and 

temperature = 25±0.1  
◦
C. 

 

  

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

3.5 4 4.5 5 5.5 6

∆
A

 

pH 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

25 
 

 

Fig.6.  Monitoring of basic colors (Red, Green and Blue) conversion. Red signal indicates 

highest response. Conditions: BG: 8 mgl
-1

; all other conditions are as in Table.1. 
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Fig.7. ∆ Response between tow concentration of BG, 4 & 8 mgl
-1

, as seen in the figure, red 

signal was the best sensitive signal. Conditions: all conditions are as in Table.1 
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Fig.8. Calibration graph of BG for spectrophotometric method . 
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Fig.9. Calibration graph of BG for reflectance colorimetric method by the digital camera. 
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Fig.10.a 

 

 

 

 

 

 

 

 

Fig.10.b 

 

 

 

 

 

 

 

Fig.10. Normalized spectra of BG, New fuchsine, Crystal violet, Methyl Green and Malachite 

Green in water (Fig.10.a) and in Triton X-100 micellar media (Fig.10.b). Conditions: 17mmolL
-

1
of Triton X-100; pH=4; and temperature= 25±0.1 

◦
C. 
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Table 1 

The optimized conditions. 

Parameters 

Studied 

range 

Selected condition 

Best signal of light 

Red, Green, 

Blue 

Red 

Source of light 

White, red, 

green and blue 

LED 

3 red LED 

Response (A.U) = ∆R 

(for reflectance colorimetric 

method) 

_ 

Blank Red intensity _ Sample Red 

intensity 

Triton X-100 concentration ( 

mmolL
-1

 ) 

1.7- 51 17 

pH 3.5 - 6 4 

acetic acid/sodium acetate  

buffer concentration 

0.05-0.4 

molL
-1

 

0.1 moll
-1

 

temperature _ 25±0.1 
◦
C. 

∆A 

( for spectrophotometric 

_ A20min-A0 
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method ) 

KCl 

0.05 _ 

0.25molL
-1

 

0.1mol L
-1

 

 

  

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

32 
 

Table 2.a Effect of interferences on the determination of 4.0 mgL
−1

 BG in the presence 

of 2.0 mg L
−1

 co-existing dyes applied spectrophotometric method. 

Dye 
max in 

waterλ 

max in 

tritonX-

100λ 

∆A λmax* 

=A20min-A0 

∆A 

634.4nm** 

=A 20min –

A0min 

Recovery(%)*** 

Brilliant 

green 

625 
634.4 0.371 0.371 - 

Methyl 

green 

632 
633 0.017 0.393 9.105 

Malachite 

green 

617 
629 0.037 387.0 3.104 

New 

Fuchsine 

548 
558 0.041 399.0 5.107 

Crystal 

violet 

590 
599 0.025 378.0 0.102 

 

* λ max of the desired dye  in Triton X-100. 

** ∆A of Brilliant green in the presence of foreign species. 

 ***Recovery= (∆A of Brilliant green in the presence of foreign species /∆A of Brilliant 

green).  
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Table 2.b  

Effect of interferences on the determination of 4.0 mgL
−1

 BG in the presence of 2.0 mg 

L
−1

 co-existing dyes applied reflectance colorimetric method by the digital camera. 

Dye Response (A.U) = ∆R* Response (A.U) = ∆R** Recovery (%)*** 

Brilliant green 39.866 39.866 100.0 

Methyl green 0.491 40.642 101.9 

Malachite green 3.186 43.714 109.6 

New Fuchsine 0.582 41.553 104.2 

Crystal violet 4.433 46.140 115.7 

* ∆R of the desired dye in Triton X-100. 

** ∆R of Brilliant green  in the presence of foreign species. 

*** Recovery= (∆R of Brilliant green in the presence of foreign species /∆R of Brilliant 

green). 
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Table 3 

 Determination of BG in fish aquarium wastewater and textile wastewater by the 

proposed method. 

No. 

of 

samp

le 

Sample 

matrix 

BG 

Spike

d 

(mg 

L
−1

) 

BG Found 
a
(mg L

−1
) Recovery 

b
(%) 

Spectrophotom

etric method 

Reflectan

ce 

colorimet

ric 

method 

Spectrophotom

etric method 

Reflectan

ce 

colorimet

ric 

method 

1 Fish 

aquarium 

wastewate

r
* 

- 1.22 1.20 - - 

2 1.5 2.81 2.76 106.0 104.0 

3 2.0 3.43 3.11 110.5 95.5 

4 3.0 4.51 4.04 109.6 94.6 

5 4 5.34 5.0 109.8 95.0 

1 Textile 

wastewate

r
**

 

- 3.22 2.95 - - 

2 1.5 4.74 4.46 101.3 100.6 

3 2.0 5.45 4.97 111.5 101.0 

4 3.0 6.33 6.12 103.6 105.6 

5 4 7.24 6.98 100.5 100.7 

 

a 
Mean of triplicate determination. 

b 
Recovery (%) =100 ×(

ĉt−cî

c𝑠
) ,where 𝑐t̂  is the total concentration achieved after 

standard addition, ĉi is the initial concentration found before standard addition and c𝑠is 
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the standard added concentration.  

*
It was obtained from the city of Mashhad, Iran containing BG, MG and CV. 

**
It was obtained from textile factories around the city of Mashhad, Iran containing BG, 

MG, CV and methyl green. 
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Table 4 

Comparison of some methods which were used for determination of Brilliantgreen. 

N

O. 

Sample 

matrix 
Method 

Detection  

device 

LOD 

(μg L
-1

) 

 

RSD 

(%) 

Linear range 

((μg L
-1 

Ref

. 

1 

Fish  

farming 

and 

water 

samples 

CPE 
a 

Spectrophoto

meter 
15 

2.7 at 100( μg 

L
-1

) and  1.8 

at 1000( μg L
-

1
) 

50-2000 [8] 

2 

Fish 

and 

water 

samples 

b
IL-DLLME- 

ZCDSP 

Spectrophoto

meter 
2.7 

4.7 at 50 ( μg 

L
-1

) 

10-500 [40

] 

3 

Fish 

(catfish) c
LC-VIS 

Visible 

detection 
0.07( ng g

-1
) 

5.5 at 0.5 ( ng 

g
-1

) and 13.6 

at 2( ng g
-1

) 

 [14

] 

4 

Water 

Gravimetric 

and 

complexomet

ric titration 

method based 

on 

conductometr

ic technique 

Conductomet

r 

4.7 ( mg l
-1

) 

in  

gravimetric 

titration 

method and 

0.00475 ( mg 

l
-1

) in 

complexomet

ric titration 

method 

 

4.7- 475 ( mg 

l
-1

) in  

gravimetric 

titration 

method and 

0.00475-475( 

mg l
-1

) in 

complexomet

ric titration 

method 

[15

] 

5 
Fish 

d
HF-SLPME Spectrophoto

0.55 (μg L
-1

) 

 
8.32 at 5 (μg 

L
-1

) and 5.89 

at 100(μg L
-1

) 

1-10000 (μg 

L
-1

) 
[18
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pond 

water 

meter and 

4.8 at 

5000(μg L
-1

) 

 

 

 ] 

6 

Fish 

aquariu

m 

wastew

ater and 

textile 

wastew

ater 

Kinetic 

spectrophoto

metric 

method 

Digital 

camera and 

spectrophoto

meter 

0.037  (mg L
-

1
) with digital 

camera 

detector and 

0.047 (mg L
-

1
) with  

Spectrophoto

meter 

detector 

 

7.0 at 2(mg L
-

1
) and 2.29 at 

6(mg L
-1

) and 

0.73 at 10(mg 

L
-1

) with  

digital 

camera 

detector and 

1.75 at 2(mg 

L
-1

) and 8.12 

at 6(mg L
-1

) 

and 3.04 at 

10(mg L
-1

) 

with  

Spectrophoto

meter 

detector 

1.0 - 

10.0(mg 

L
-1

)   

with 

digital 

camera 

detector 

and 1.0 -

12.0(mg 

L
-1

)  

with  

Spectrophoto

meter 

detector 

Thi

s 

wo

rk 

a : Cloud  point  extraction. 

b : Ionic liquid based dispersive liquid-liquid microextraction followed by Zero-crossing first derivative 

spectrophotometric method. 

c : Liquid chromatography with visible detection. 

d : Hollow fiber solid/liquid phase microextraction.  
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Graphical abstract  
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Highlights  

 It was observed that the color intensity of BG increased gradually in the 

presence of Triton X-100. 

 

 The absorption spectra of other triphenylmethan dyes such as malachite green, 

methyl green overlap highly with BG, even in the micellar media. 

 

 The interaction between other triphenymethan dyes and Triton X-100 didn’t led 

hyper chromic effect over the time. So, the presence of these dyes does not 

affect the kinetic determination of BG. 

 

 A cost-effective digital camera could use as the detector device and,  in 

copmpersion with spectrophotometry, satisfactory results were obtained .  

ACCEPTED MANUSCRIPT


