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Abstract: Detectable nickel ion levels are found in many foods, including cocoa beans, legumes, 

grains, nuts and seeds, crustaceans, saltwater fishes, and fruits. Itis known that approximately 15% of 

the human population suffers from an allergy to dietary nickel. In addition to digestive problems, 

dietary nickel intolerance may lead to diffuse dermatitis and itching, fever, rhinitis, and headaches. In-

creased nickel levels can affect liver function leading to hepatic failure. Due to the harmful effects that 

nickel can have on human health, it is necessary to accurately measure nickel levels in foods and 

develop efficient detection protocols. The aim of this paper was to develop a chemosensor for the 

detection of nickel(II) ions in food products and in this case bismuth oxide –SPEs (screen-printed 

electrodes) and graphene modified SPEs were used with very small amount of dimethylglyoxime and 

amino acid L-histidine which were deposited. A potentiostat was used to study the electrochemical 

properties of nickel standard solution with different concentration. The results obtained with AAS 

(Atomic Absorption Spectrometry) reference method for food samples were compared with the results 

obtained with the developed chemosensor. Based on the results, the developed chemosensor that used 

bismuth oxide –SPEs with dimethylglyoxime was found efficient, having a linear response over a wide 

range (1–10 ppm) of nickel concentrations. 
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1. Introduction 

 

Nickel (Ni) is the fifth most abundant 

element on Earth [1,2]. It is a silvery white 

hard, ductile, and malleable metal, with a 

density of 8.9 g/mL and a melting point of 

1453 °C. Nickel (II) is the dominant in-

organic species and has a wide pH and 

redox potential range (Eh) [4-6]. Elemental 

nickel is a group 10 transition metal, which 

is most commonly found in either the 0 or 

+2 oxidation states in biological materials, 

and less commonly in the -1 to +4 

oxidation states. It is an indispensable 

metal for a number of industrial and 

clinical applications [3], and because 

nickel is abundant in the environment, it is 

commonly found in living tissues and 

many other kinds of organic matter. Nickel 

performs many essential functions as a 

microtrace nutrient in many organisms, 

and specifically in the human body it is 

involved in the activation of urease, a 

metalloenzyme that catalyzes the 

hydrolysis of urea to carbon dioxide and 

ammonia [7]. Nickel is moderately toxic to 

the human metabolism when compared to 

other transition metals. However, higher 

levels of nickel ions in the human body can 

be toxic, affecting the lungs, brain and 
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kidney, and may lead to other 

complications such as allergies, muscular 

damage, neurological disorders, and 

respiratory cancer. Dietary intake of nickel 

is generally the main path of 

bioaccumulation [8-14].  

The U.S. Agency for Toxic Substance and 

Disease Registry estimates that the daily 

tolerable dietary intake of nickel for a 70 

kg adult is 0.001–0.0024 mg/kg. About 5-

40% of nickel present in foods and 

beverages is absorbed in the digestive 

tract, while ambient air when inhaled, 

absorption oscillates from around 20-35% 

[11]. The nickel content in most 

commercial vegetables is usually 10 mg/kg 

but in nickel-rich soils it can reach 100 

mg/kg [15]. The greatest natural sources of 

dietary nickel are cocoa products, legumes, 

baking soda, nuts, and drinking water, with 

some of the highest mean concentrations of 

nickel measured in wild edible mushrooms 

(containing >10 mg/kg dry weight) [16-

19]. 

Daily consumption of these foods in high 

amounts can increase nickel intake up to 

900 mg. The level of nickel ions in these 

foods depends on where and how they are 

cultivated, specifically application of 

herbicides, pesticides and fertilizers, as 

well as nickel levels occurring in soil and 

air (natural or due to pollution), food 

processing methods, transport and storage 

conditions [20-24]. The link between 

dietary nickel bioaccumulation and human 

health is well-established [25-29], and 

therefore, it prompts the need for the 

development of efficient detection 

methods. Biosensors hold great value 

because they can be selective to the 

analysis of interest, are both cost-effective 

and time-efficient, and can produce 

reliable data that benefits human health, 

namely that nickel detection is a 

preventative health care measure [30]. 

Considering its toxic effects, precise 

quantification of nickel in our food supply 

is of great importance.  

The importance of determining the 

concentration of nickel ions in food 

products arises from its toxicity for human 

health. It is estimated that approximately 

8–15% of women and 1–2% of men are 

sensitive to nickel [31-38]. 

Total nickel content analysis is performed 

using flame atomic absorption 

spectrometry, graphite furnace atomic 

absorption spectrometry, inductively 

coupled plasma optical emission 

spectrometry, or mass spectrometry. These 

methods used to detect nickel in food and 

water samples, can be with or without 

preconcentration or separation steps [39-

41]. To streamline the sample preparation 

process, save time and materials, 

biosensors are increasingly used in the last 

years. Biosensors are integrated devices 

capable of providing specific quantitative 

analyses by using a biological receptor in 

direct contact with a transducer [42-46]. A 

chemosensor is not a sensor, strictly 

speaking, as it is not a device, but it can be 

the active part of the device [47]. 

Development of biosensors is largely to the 

success in glucose measurement for 

diabetics, where it dramatically improved 

patient care by providing a convenient, 

hygienic, compact method of self-

monitoring [48-51]. Currently, biosensors 

applications have greatly expanded in 

detection of certain pathogens or even 

markers of cancer, cardiovascular disease 

and hormones. 

Similar to its design in other fields, 

biosensors used in analyzing food 

compounds consist of a biologically active 

receiver, a transducer, and an electronic 

system for amplifying, processing and 

displaying data that provides specific 

analytical information that allows the 

recognition of a particular biological or 

chemical species. Biosensors in the food 

industry are used to identify 

microorganisms, antibodies, heavy metals, 

alcohols, carbohydrates, vitamins and 

allergens [52, 53].  
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Biosensor’s technology has evolved 

greatly from in vitro studies based on the 

biosensitivity of organic beings to the 

highly sophisticated world of 

nanofabricated biosensors [54-56]. 

The application of this chemosensor solves 

the problem of the determination of nickel 

ions from foods which nowadays is 

difficult, expensive, requires specialized 

personnel and is limited to detection in a 

laboratory because there are no efficient in 

situ methods. 

 

2. Materials and methods 

 

Reagents 

For the experimental part of developing 

and testing of chemosensor, nickel 

sulphate, dimethylglyoxime (DMG) (1%), 

amino acid L-histidine (1%), nitric acid, 

and ammonium buffer were purchased 

from Sigma-Aldrich (Steinheim, 

Germany). Graphene and bismuth 

modified screen-printed electrodes were 

purchased from Dropsens. All solutions 

were made using deionized water with a 

resistivity of 18.2 MΩ×cm (Millipore, 

Direct-Q 3 UV). 

Electrochemical Measurements 

A Metrohm Autolab bipotentiostat µStat 

300 controlled by DropView 8400 

software was used for the electrochemical 

measurements. The testing conditions 

were: starting potential -0.1 V, switching 

potential 0.9 V, and scanning rate 0.1 V/s. 

A drop of sample was placed on the SPE, 

then the potential was applied, and as a 

result, the Ni-DMG complex was formed. 

Response time was 60 seconds. 

Immobilization of ligand on SPE and 

development of chemosensor 

The ligand, dimethylglyoxime 1% and 1 

µL amino acid L-histidine solution 1% 

were pipetted and immobilized on the 

surface of the working electrode of the 

SPE.  

Then the miniaturized electrode was used 

for nickel ions analyses by cyclic 

voltammetry. The development and testing 

of chemosensor were caried out according 

Anchidin-Norocel et al. (2021) [60].  

Testing the chemosensor on food 

products 

In this study, cocoa, cabbage, wine, and 

spinach samples were analyzed by the 

voltammetric method. The results obtained 

were compared with the Atomic 

Adsorption Spectrometry (AAS) values of 

the same samples. 

Atomic Adsorption Spectrometry method 

Nickel determination by AAS was made 

using the method presented by Salazar et 

al. (2011) [11] to prepare samples via acid 

digestion and calcination. 

 

3. Results and discussion 
 

The chemosensor development process had 

several stages, the first of which was to 

make a calibration curve with standard 

solution, to identify a linear regression 

higher and to use the most performant 

chemosensor for food samples. The 

concentration was reported at the 

maximum current density for each solution 

because the anodic and cathodic peaks are 

extremely small (Figure 1). So, in order to 

obtain a calibration curve from the cyclic 

voltammograms, nickel solutions (1, 3, 5, 

7, and 10 mg/L) were used (Figure 2).  

Following the analysis of the nickel 

solution, higher linear regression value 

(0.97) was obtained for SPE- Bi2O3/C - 

dmgH2 and lower value (0.94) for cyclic 

voltammograms performed with SPE-

GPH-dmgH2. Because these results turned 

out to be better for SPE- Bi2O3/C - dmgH2, 

analysis of food samples were made only 

for this chemosensor. By comparing the 

developed method with the reference 

method (AAS) similar values were 

observed. 
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a)  b)  

Fig. 1. The cyclic voltammogram obtained for nickel standard solutions with a) SPE-GPH-dmgH2 and b) SPE- 
Bi2O3/C - dmgH2 

 

 
c)  d)  

Fig. 2. Calibration curve obtained for nickel standard solutions with a) SPE-GPH-dmgH2 and b) SPE- Bi2O3/C - 
dmgH2 

 

Figure 3 shows that the results obtained for 

two samples of cocoa, wine, spinach and 

cabbage analyzed with the developed 

chemosensor, had higher values than the 

AAS method, suggesting that this biologic 

element may select from the matrix of food 

samples compounds another ion that 

interferes with nickel. So, we had to 

analyze the interferences that appear in the 

food sample matrices. This analitycal 

performance characteristic in this case can 

be called selectivity and is made in same 

condition (for an intermediary 

concentration of standard solution) for a lot 

of minerals standard solution (Fe, Na, Ca, 

Al, Zn, Cd, Cu, K, Pb). The results of this 

evaluation are presented in Figure 4.  

The analytical performances of the 

chemosensor were evaluated also by 

sensitivity calculated according to Norocel 

& Gutt [58, 59]. 

 

Sensitivity = m/A 

 

where m-slope of calibration curve (µA 

Mm-1), A-area of active surface (cm2). 

The results obtained for sensitivity were 

3.25 for SPE-GPH-dmgH2 and 1.32 for 

SPE- Bi2O3/C - dmgH2. Both the 

voltamogram and the calibration curve had 

shown that the values extracted can 

provide good results and can be used to 

calculate the nickel concentration of the 

standard solution.  
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Fig. 3. Concentrations of nickel in food samples -S1, -S2 from final name of method used means samples 1 and 

samples 2 

 

Chemosensor reproducibility was analyzed 

by measuring the nickel-generated current 

of 5 mg/L in 10 mL deionized water. The 

chemosensor was tested on three different 

days with a triple analysis (n = 3). The 

total mean value was calculated and the 

relative standard deviation (RSD) provided 

analytical precision, and, the resulted 

reproducibility was 96.2% for SPE-GPH-

dmgH2 and 94.4% for SPE- Bi2O3/C - 

dmgH2. 

 

 

 
Fig. 4. Selectivity evaluation of the developed chemosensor against the interference of mineral elements  

 

Even if there are already many 
chemosensors for the determination of 
nickel ions, the difference between them is 
made by the analytical performance  

characteristics, respectively the detection 
limit, the sensitivity but also the dynamic 
range. 
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4. Conclusion 

 

Clearly, from a public safety perspective, 

nickel needs to be measured in the food 

supply and used for environmental health 

assessments (e.g., air, soil, and water 

quality). Chemosensors are ideal tools for 

the task of detecting analytes like nickel 

because they can be synthesized to have 

very high specificity and can be adapted 

for high-throughput processing. 

Chemosensors are generally of lower cost 

and portable, which makes them valuable 

for small-scale and mobile/remote 

applications. Most chemosensors used in 

the analysis of nickel ions found in the 

literature have no application data in 

certain industries and if both existing 

chemosensors and other new chemosensors 

were tried in identifying these ions in food, 

it would be very beneficial for people 

suffering from these allergies. The results 

obtained with the proposed chemosensor 

for determining nickel ion concentration in 

foods have proven to be effective both for 

the performance characteristics and for 

comparing the results with the reference 

method. The ligand used showed good 

sensitivity for the target analyte, thus 

recommending it as a possible mean for 

the quantification of nickel ions in the food 

samples analyzed. 
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