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Carbendazim is among the most popular benzimidazole bactericides that are widely used to boost food 
production, and its residue poses a great threat to human health and the environment. In this paper, we pre-
sented a colorimetric sensor based on gold nanoparticles (Au-NPs) for the detection of carbendazim resi-
dues. The Au-NPs were stabilized by citric acid synthesized by chloroauric acid and sodium citrate with a 
diameter of about 13 nm. Upon reaction with carbendazim, the sensor gave a clear color change that could 
be distinguished with the naked eye. Thus we elaborated a new method for rapid determination of this ben-
zimidazole bactericide. After optimization of the detection conditions, the sensor showed a very good linear 
relationship with the carbendazim concentrations varying from 10 to 600 ppb with a detection limit down to 
3.4 ppb (S/N=3). These preliminary results demonstrate that the presented sensor is promising  for fast car-
bendazim analysis. 
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Представлен колориметрический сенсор на основе наночастиц золота (Au-НЧ) для обнаруже-
ния остатка карбендазима – одного из самых популярных бензимидазольных бактерицидов, которые 
широко используются при производстве пищевых продуктов. Его остаток представляет большую 
угрозу для здоровья человека и окружающей среды. Стабилизированные лимонной кислотой Au-НЧ 
диаметром 13 нм синтезированы с помощью хлорауриновой кислоты и цитрата натрия. При 
взаимодействии с карбендазимом сенсор показывает четкое изменение цвета, видимое невооружен-
ным глазом, и демонстрирует значительные изменения при облучении УФ и видимым излучением, 
что свидетельствует о возможности его использования для быстрого определения карбендазима. 
После оптимизации условий обнаружения сенсор дает возможность определения концентраций 
карбендазима от 10 до 600 нг/г с низким пределом обнаружения до 3.4 нг/г (S/N = 3) и представляет 
значительный интерес для эспресс-анализа карбендазимов. 

Ключевые слова: наночастицы золота, карбендазим, колориметрический сенсор, детектирование. 
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Introduction. Carbendazim, a benzimidazole, is among the most popular bactericides widely used in 
food production [1–3]. However, its residues pose a great potential threat to human health and the environ-
ment [4–6]. Therefore, the determination of carbendazim residues is of great importance in food safety and 
environment preservation. 

Many traditional discrimination systems are reported for carbendazim residue analysis, for example, gas 
chromatography (GC) [7], liquid chromatography-mass spectrometry (LC-MS) [5, 8–11], high performance 
liquid chromatography (HPLC) [12–16], and capillary electrophoresis with mass spectrometry detection 
(CE-MS) [17]. However, in spite of the high precision, they are time-consuming and complicated. Recently 
several electrochemical sensors were developed to discriminate carbendazim and other pesticides [3, 4,  
18–21]. Although the electrochemical method is simple and cost-effective, it is sometimes deficient in selec-
tivity or stability. Thus, the development of a simple, rapid, and cost-effective sensor system for the detec-
tion of carbendazim is still urgently needed. 

Gold nanoparticles (Au-NPs), one of the most commonly used nanomaterials, are employed as sensing 
materials for the detection of trace substances due to their excellent photoelectric properties [22–26]. Liu et 
al. [27] developed a highly sensitive and selective colorimetric sensor based on Au-NPs for cartap analysis 
with a detection limit of 0.04 mg/kg. Imene et al. [24] also used 4-amino-3-mercaptobenzoic acid functional-
ized gold nanoparticles to detect cyhalothrin through colorimetry. Some research groups investigated the 
possibility of carbendazim trace analysis on the basis of Au-NPs [28, 29]. For example, Strickland et al. [28] 
utilized cyclodextrin inclusion complexes on gold nano-rods to detect carbendazim through surface-enhan-
ced Raman scattering. But the Raman spectrometer used to this end was a large and complex instrument. Thus, 
in our opinion, no study has been reported on detecting carbendazim via colorimetry based on Au-NPs. 

Herein, we present a simple and effective colorimetric sensor for the discrimination of carbendazim on 
the basis of Au-NPs. It should be noted that electron-rich nitrogen exhibits a much stronger binding abil-
ity/affinity to Au-NPs [27]. Carbendazim contains several nitrogen atoms (–NH–/–N=) that can absorb onto 
the surface of Au-NPs. All the nitrogen atoms of carbendazim are bonded onto the surface of Au-NPs in 
acidic and alkaline environments. The aromatic structure in carbendazim improves the interaction between 
Au-NPs and carbendazim through the -system [30]. Here we presented a carbendazim analysis in the neu-
tral condition. As can be seen in SM. 1, upon addition of carbendazim, it was bonded onto the Au-NPs, 
which resulted in the electrostatic repulsion between the broken Au-NPs and the Au-NPs tending to assem-
ble. The Au-NPs colloid color was changed from red to blue. This could be observed with the naked eye and 
was quantitatively monitored by a UV-vis spectrophotometer. The preliminary results demonstrate that the 
prepared Au-NPs sensor is promising for fast carbendazim analysis. 

 

AuNPs          Charge            Carbendazim 
 

Experiment. Chemicals and regents. Chloroauric acid (HAuCl4·4H2O) and sodium citrate 
(C6H5Na3O7·2H2O) were purchased from the National Pharmaceutical Group Chemical Reagent Co., Ltd. 
Carbendazim, trichlorfon, lindane, aminotriazole, trietazin, deltamethrin, triazolone, chlorpyrifos, and mara-
thion were obtained from the Chongqing Entry Exit Inspection and Quarantine Bureau. All these chemicals 
were of analytical grade without further purification. Cabbages and apples were purchased from the local 
Wal–Mart supermarket. Tri-distilled water used here was generated by a Millipore Direct-Q Water system 
(Molsheim, France). 

Synthesis of Au-NPs. Au-NPs were synthesized via reduction of HAuCl4·4H2O by Na3C6H5O7·2H2O 
[31, 32]. Briefly, 1 mL of HAuCl4·4H2O solution (1 g/100 mL) was added to 100 mL of tri-distilled water, 
and the mixture was heated to reflux. Then 6 mL of Na3C6H5O7·2H2O solution (1 g/100 mL) was added 
quickly with vigorous stirring. After the color of the mixture changed from pale yellow to wine red, the solu-
tion was allowed to reflux for another 15 min. Finally, the Au-NPs colloid acquired was left to cool to room 
temperature and ultimately stored at 4°C in a refrigerator. 
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Preparation of the samples. Cabbages and apples were chosen as real samples for the carbendazim de-
tection study. Real sample solutions were prepared according to the previous studies with a slight modifica-
tion [33]. Simply, 5 g of cabbages and apples was crushed and dissolved in 50 mL of methanol, spiked with 
600 ppb carbendazim, and subsequently treated with ultrasonication for 1 h. Insoluble residues were re-
moved via centrifuging at 5000 rpm for 20 min, and cabbage and apple samples were obtained. Finally, real 
samples with various carbendazim concentrations (Table1) were acquired through dilution. 

Detection of carbendazim. Twenty mL of the Au-NPs colloid was diluted in 20 mL tri-distilled water, 
and 40 mL of the Au-NPs colloid utilized as the stock liquid was acquired for the detection of carbendazim. 
Upon detection, 1 mL samples (control, carbendazim, interferences, and real sample) were incubated with 
2 mL of the Au-NPs colloid under optimal conditions. Color changes were recorded using a digital camera, 
and absorbance spectra changes were qualitatively and quantitatively monitored on a UV-vis spectrophoto-
meter.  

Instruments and measurements. The morphology of newly synthesized Au-NPs was characterized by 
transmission electron microscopy (TEM) (Zeiss Libra200, Carl Zeiss Jena, Germany). UV-vis absorption 
spectra were achieved on a Lamda-900 UV-VIS spectrophotometer (Perkin-Elmer). A digital camera (Sony 
DSC-F717) was utilized to acquire digital photos.  

Results and discussion. Characterization of the Au-NPs. As shown in Fig. 1a, the UV-vis spectrum of 
the Au-NPs was dominated by a single, intense peak at 520 nm, which suggested that the prepared Au-NPs 
were in good monodispersity due to the electrostatic repulsion between them. In order to probe into the mor-
phology and dispersity of the Au-NPs, TEM measurements were carried out. Figure 1b shows the 
representative TEM image of the Au-NPs, which confirmed that the resultant nanoparticles displayed good 
monodispersity and a uniform size. These experimental phenomena were consistent with the reported 
findings on the characterization of Au-NPs [29]. 
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Fig. 1. UV-vis spectrum (a) and TEM images of Au-NPs before and after incubation  
with carbendazim for 20 min (b). 

 
Colorimetric detection of carbendazim. Electron-rich nitrogen bind to the surface of Au-NPs via Au-N 

bonds. Accordingly, the average distance between the Au-NPs decreased, which resulted in the aggregation 
of the Au-NPs accompanied by a color change from red to blue [27]. Upon addition of carbendazim, the 
color of the Au-NPs colloid changed from red to blue. Figure 2a shows that the absorbance of the Au-NPs 
colloid rose at 624 nm and decreased at 520 nm. This suggests that the Au-NPs were aggregated after the 
addition of carbendazim [27, 34]. To test the difference in the morphology of the Au-NPs before and after 
incubation with carbendazim, TEM was performed. As is shown in Fig. 2b, the absolute Au-NPs colloid ex-
hibits great monodispersity. On the other hand, after incubation with carbendazim for about 20 min, Au-NPs 
were accumulated, which led to the color change of the Au-NPs. Thus, carbendazim can be easily detected 
by the Au-NPs-based colorimetric method and quantitatively monitored using a UV-vis spectrophotometer. 

Optimization of the detection condition. To optimize the conditions for the carbendazim assay, various 
factors, including the incubation time, concentration of Au-NPs, incubation temperature, and pH reaction 
were investigated. All the experiments were operated at room temperature in the absence and presence of 
carbendazim having a concentration of 600 ppb. 

The incubation time plays the dominant role in the reaction. Herein, the reaction time was investigated 
first. The effect of the incubation time varying from 1 to 30 min on the UV-vis spectrum of the Au-NPs was 
examined. After the addition of carbendazim, the ratio R = A624/A520 increased gradually. As depicted in 
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Fig. 2a, the R value almost reached equilibrium after 20 min, which meant that the reaction almost reached 
saturation. Thus, 20 min was selected as the optimal incubation time for further study. 

The concentration of Au-NPs also exerts an important impact on the trace analysis based on Au-NPs. 
As shown in Fig. 2a, upon addition of carbendazim, the concentration of Au-NPs, varying from 3.4 to 9.4 
nM, was studied. The value of R increased gradually with increase in Au-NPs concentration. It reached its 
maximum at a concentration of 6 nM. Subsequently, a slight and gradual decrease in the R value was ob-
served when the Au-NPs concentration exceeded 6 nM. Furthermore, the Au-NPs tended to reaggregate at a 
higher concentration, as shown by the black broken line in the absence of carbendazim. Hence, the Au-NPs 
concentration of 6 nM was chosen as optimal for the subsequent research. 
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Fig. 2. The plots  of the ratio  A624/A520  of  Au-NPs  in the  absence  and  presence of 600 ppb carbendazim 
in different (a) incubation time, (b) concentrations of Au-NPs, and (c) reaction temperature, and (d) the pH. 

 
The incubation temperature ranging from 25 to 50ºC was also investigated. On the one hand, as can be 

seen from Fig. 2b, before the addition of carbendazim a change in R was observed when the incubation tem-
perature was lower than 40ºC, and R increased when the incubation temperature exceeded 40ºC. On the other 
hand, upon addition of carbendazim, the R value attained its maximum within the temperature range  
35–40ºC. Therefore, the incubation temperature of 35ºC was chosen as optimal for carbendazim detection. 

Also we studied the effect of varying the pH from 4 to 9 on the Au-NPs colloid. As one can see from 
Fig. 2d, when the pH was less than or equal to 7, the R value decreased slightly in the absence of carben-
dazim, while it was almost unchanged in the presence of carbendazim. This means that in a weak acid me-
dium Au-NPs tend to aggregate, which can be caused by a slightly broken electrostatic equilibrium between 
them because of the presence of positively charged H+ ions. Nevertheless, the R value decreased sharply 
upon addition of carbendazim when the pH exceeded 7. This is a result of the impact of the negatively 
charged OH– ions. Thus, it is clear that the pH of 7 can be chosen as the optimal condition. 

Sensitivity of carbendazim. In order to investigate the sensitivity of the sensor system, 1 mL of carben-
dazim with a concentration (ranging from 0 to 1000 ppb) was added into the Au-NPs colloid (2 mL) under 
optimal detection conditions. The color of the colloid changed from wine red to blue if the carbendazim con-
centration increased. The results were further demonstrated by the UV-visible spectrum. As shown in 
Fig. 3a, the absorption peak broadened at 520 nm and increased in the range from 600 to 650 nm gradually. 
In addition, as depicted in Fig. 3b, the Au-NPs show a remarkable linear relationship (R2 = 0.99) with the 
carbendazim concentration varying from 10 to 600 ppb with a detection limit up to 3.4 ppb (LOD = 3σ/S). 
These results confirmed that the sensor system based on Au-NPs displayed satisfactory sensitivity towards 
carbendazim at low concentrations. 
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Fig. 3. UV-vis spectra of Au-NPs upon incubation with carbendazim in various concentration ranging  
from 0 to 1000 ppb under optimal detection conditions (a) and plots of the absorption ratio (A624/A520)  

vs the carbendazim concentration ranging from 10 to 600 ppb (b). 
 

Interference study. The selectivity of the sensor system was be tested. Different compounds (trichlorfon, 
lindane, aminotriazole, trietazin, deltamethrin, triazolone, chlorpyrifos, and marathion), which are among the 
most common insecticides, were detected by the colorimetric method to demonstrate its selectivity. We can 
evaluate it with the naked eye and quantitatively estimate the R value. The results are shown in Fig. 4. The 
color of the Au-NPs colloid showed no obvious change after incubation with other pesticides, while the Au-
NPs colloid changed from red to blue upon addition of carbendazim. The R value for carbendazim was 
nearly 5 times higher than that for the others even at lower concentrations. The results indicate that most in-
secticides can not disturb the selective detection of carbendazim by this method. This can be attributed to the 
interaction between carbendazim and Au-NPs, which is much stronger. 
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Fig. 4. Plot of A624/A520 vs. samples tri-distilled water (0), trichlorfon (1), lindane (2), aminotriazole (3), 
trietazin (4), deltamethrin (5), triazolone (6), chlorpyrifos (7), marathion (8), and carbendazim (9). 

 
Analysis of carbendazim in spiked real samples. To validate the reliability of the method, it was used to 

detect carbendazim in cabbages and apples. The real samples spiked with carbendazim of 100, 300, and 600 
ppb, respectively, were obtained according to standard methods. The results obtained in the standard addi-
tion method are listed in Table 1. As displayed in Table 1, excellent recoveries varying from 87.37 to 
104.49% with an average value of 99.13% were obtained in satisfactory repeatability. As compared with 
some other reported methods [16, 21, 35], the novel method developed in this work showed several advan-
tages, especially in the detection time and convenience when used for the determination of carbendazim in 
real samples. The results indicated that the colorimetric sensor based on Au-NPs presented here displayed a 
great potential for real application in carbendazim analysis. 
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TABLE 1. Application of the Proposed Method for the Determination of Carbendazim  
in Cabbages and Apples Spiked with Different Amounts of Carbendazim 

 

Samples 
Carbendazim concentra-

tion, ppb 
Measured concentra-

tion, ppb (n = 3) 
Recovery, % 

(n = 3) 
Cabbage 1 100 99.5±1.598 99.50 
Cabbage 2 300 262.13±6.918 87.37 
Cabbage 3 600 626.96±2.229 104.49 

Apple 1 100 96.02±7.919 96.02 
Apple 2 300 321.77±7.758 110.10 
Apple 3 600 583.60±6.284 97.27 

 
Conclusion. We have developed a simple, rapid, and effective colorimetric sensor based on Au-NPs for 

the determination of carbendazim. Au-NPs serve as a colorimetric receptor in the sensor. Carbendazim can 
be monitored by the color change of the solution verified by the ratio of absorption coefficients via a UV-vis 
spectrometer without using any advanced instruments. The results suggested that Au-NPs showed good se-
lectivity with a wide linear range from 10 to 600 ppb and a detection limit of 3.4 ppb. Real sample analysis 
also showed good nondisturbance with satisfactory recovery. This demonstrates that Au-NPs can be a prom-
ising tool for fast carbendazim analysis. 
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