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Abstract  

In this work, a batch Chemiluminescence (CL) method has been 

proposed for the monitoring glyphosate herbicide in environmental waters. 

In this method brilliant blue for the first time was used as an CL reagent 

along with acidic potassium permanganate which was used as oxidizing 

agent. Following the optimization of chemical variations, calibration 

curve was linear over the range 5.0×10-6-5.0×10-4 mol L-1. The limit of 

detection was calculated 5.0×10-6 mol L-1 and the percent of relative 

standard deviation was 9.7 % for concentration 5.0×10-5 mol L-1. The 

sampling rate for this method was about 30 samples h-1. This method has 

been applied to the determination of glyphosate in surface water samples. 
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Introduction 

Glyphosate (figure 1) as a nonselective and postemergence organophosphorus herbicide has been 
widely used in agriculture and forestry (Gasnier, Dumont et al. 2009). The mechanism of glyphosate 

action is through inhibiting an enzyme that plays an important role in biosynthesizing aromatic acid 

precursors of many proteins (Shehata 2013). Glyphosate reaching the soil sorbs strongly to soil 
components such as clay minerals, iron oxides or humic acids (Roy, Konar et al. 1989, Feng 1990, 

Piccolo, Celano et al. 1996, Vereecken 2005). Glyphosate was detected at levels of up to several μg/L 

in surface water (Battaglin, Kolpin et al. 2005). Despite the fact that glyphosate has a lower 

ecotoxicological potential than many other herbicides, a thorough assessment of its environmental 
occurrence is necessary given its increased application 

 

 
Figure 1. Glyphosate chemical structure 

 

Most of the methods reported in the literature are based on chromatography separation and 

determination. Gas chromatographic determination is performed after derivatization of glyphosate to 

convert it to volatile and thermally stable derivative (Börjesson and Torstensson 2000, Tadeo, 
Sánchez-Brunete et al. 2000, Kudzin, Gralak et al. 2002, Kudzin, Gralak et al. 2003, Hu, Chen et al. 

2008). In liquid chromatographic method, UV visible and fluorescence detections are used for 

glyphosate derivatives (Piccolo, Celano et al. 1996, Ridlen, Klopf et al. 1997, Nedelkoska and Low 
2004, Durán Merás, Galeano Dı́az et al. 2005). The glyphosate derivatives show high sensitivity and 

selectivity in GC and LC determination, but the derivatization procedures are quite complicated and 

also generate unstable products. Ion chromatography (Zhu, Zhang et al. 1999, Sato, Jin et al. 2001, 

Guo, Cai et al. 2005, Zelenkova and Vinokurova 2008) and capillary electrophoresis (Chang and Liao 
2002, Goodwin, Startin et al. 2003, Corbera, Hidalgo et al. 2005) were also used for determination of 

glyphosate in different samples. 

Chemiluminescence (CL) is defined as the production of electromagnetic (ultraviolet, visible or near-
infrared) radiation as a result of a chemical reaction (Mestre, Zamora et al. 2001) which is a powerful 

analytical technique with many advantages (Chen, Li et al. 2010). Today, the sensitive analytical 

technique based on CL systems has received considerable attention with the characteristics of low 
detection limit, wide calibration range, and short analysis time (Yao, Xu et al. 2013). In the light of 

these benefits, CL methods have found numerous applications in the various scientific fields such as 

environmental, food, pharmaceutical and clinical analysis (Iranifam and Hendekhale 2017). 

In this work a new CL method has been proposed for simple and fast monitoring of glyphosate using 
brilliant blue – acidic potassium permanganate system. In this method, for the first time brilliant blue 

has been used as a CL reagent. This method used for the determination of glyphosate in water 

samples. 
 

Experimental 

 
Material and Methods 

All solutions were prepared using deionized water. A glyphosate standard solution (1.0 × 10-3 mol L-1) 

was prepared daily by dissolving 0.0272 g of glyphosate (Sigma‐Aldrich, Germany in water in a 100.0 
mL volumetric flask. Working solutions were prepared by appropriately diluting the stock solution 

with water when used.  

A standard solution of brilliant blue (1.0 ×10-3 mol L-1) was prepared by dissolving 0.0792 g of 

Brilliant Blue FCF (Sigma‐Aldrich, Germany) in water in a 100.0 mL volumetric flask. Acidic 
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potassium permanganate solution (1.0 ×10-3 mol L-1) was daily prepared by dissolving calculated 

amount of potassium permanganate (KMnO4) (Chem lab, Belgium) in calculated volume of sulfuric 

acid (H2SO4) (Merck, Germany) and diluting with water in a 100.0 mL volumetric flask. 
 

CL Instrument 

We used a lab-made CL analyzer. The light emitted by the CL reaction was detected with no 
wavelength discrimination with a head on photomultiplier tube (PMT) located inside a darkroom. 

Reaction cell was a 1.0 cm path length quartz cell. The block diagram of the instrument is shown in 

figure 2. 
 

 
 

Figure 2. A schematic block diagram of the used CL instruments 

 

Analytical Procedure 

Glyphosate solution (400 μL) and brilliant blue solution (400 μL) were transferred into the reaction 
cell using a calibrated micropipette. Then, the cell was placed at its location in the darkroom and in 

front of photomultiplier tube (PMT). After a few seconds 400 μL of acidic potassium permanganate 

solution was injected into the cell using a micro syringe and a needle. The time profile of CL emission 
was recorded by a computer. The data information was collected automatically into an Excel file. 

 

Preparation of water samples 

For preparing water samples including river and well, calculated volume of glyphosate standard 

solution was transferred into a 250 mL volumetric flask and diluted with these environmental waters.  

 

Result and Discussion 
 

Optimization of chemical variables 

In this study, the effect of  KMnO4  and H2SO4 concentration and brilliant blue on CL release intensity 
was studied by one at the time method. In order to investigate the effect of the concentration of 

KMnO4 on the CL emission intensity, the study was carried out using various concentrations of 

KMnO4 in the range of 1.0×10-4 -8.0×10-3 mol L-1. These solutions were prepared using 0.5 mol L-1 
H2SO4. As can be seen in figure 3, the greatest CL emission intensity was obtained with 1.0×10-3 mol 

L-1 KMnO4. Thus, concentration of 1.0×10-3 mol L-1 KMnO4 was used in the work. 

The effect of concentrations of H2SO4 on the CL intensity was examined in the range 0.01 to 0.8 mol 
L- 1. These solutions were prepared using 1.0×10-3  mol L-1 KMnO4. The CL intensity increased with 

increasing the concentration of H2SO4 to 0.4 mol L-1 and then decreased. Therefore, 0.4 mol L-1 H2SO4 

was selected for further studies. The results are shown in figure 4. 



 

4 

 

The effect of brilliant blue on the CL intensity is shown in figure 5. As can be seen in the figure, the 

optimum concentration of brilliant blue is 5.0×10-4 mol L-1. 

 

 
Figure .3. Effect of KMnO4 concentration on the sensitivity, glyphosate was 5.0×10-4 mol.L-1 

  

 

 
Figure. 4. Effect of H2SO4 concentration on the sensitivity, glyphosate was 5.0×10-4 mol.L-1 

 

 

 
Figure. 5. Effect of brilliant blue concentration on the sensitivity, glyphosate was 5.0×10-4 mol.L-1 
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Analytical Features 

Some typical CL time profiles of glyphosat are shown in figure 6. Maximum CL intensity is about 

1.00 second after reagent mixing and then CL intensity declined to the base after about 100 seconds. 
Under the optimum selected conditions a linear relationship of CL intensity versus concentration of 

glyphosate was obtained in the range 5.0×10-6-5.0×10-4 mol L-1. The sampling rate was about 30 

samples h-1 and the detection limit was calculated 5.0×10-6 mol L-1. The percent of the relative 
standard deviation (%RSD) of the proposed method calculated from 10 repetitive injections of 5.0×10-

5 mol L-1 glyphosate solution was 9.7%. 

 

 
Figure. 6. Typical CL time profiles. a: Blank,  b:2.0×10-4 c: 5.0×10-4  

 

Application 

The proposed method was satisfactorily applied to determination of glyphosate in environmental 

waters. The results of the assay indicate that the selectivity and the precision of proposed method is 

quite satisfactory for the assay of glyphosat in environmental waters. The analytical recoveries have 
been shown in Table 1. 

 

Table 1 .spiked and predicted concentrations of ethion in water samples 

Water 

sample 

Added concentration 

(×10-5mol L-1) 

Found concentration  

(×10-5mol L-1) 

Recovery 

( %) 

River 10.0 7.98 79.8 

Well 5 4.8 96 

 

Conclusion 
Chemiluminescence is a very attractive technique, mostly due to instrument simplicity and low 

detection limits. It is therefore an interesting trend in basic and applied analytical research which 

nowadays, a large number of research work based on CL systems have been reported for 
determination and analysis in various fields. 

In general, there are many methods for determination insecticide samples in the CL system. In this 

research, we used a novel CL reaction of potassium permanganate with brilliant blue dye which is 

used for the first time as a CL reagent for the determination of glyphosate in environmental waters. 
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