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Abstract 
Development of nanoparticles is increasing due to their wide applications in various fields including 
sensing technologies, sieving properties, electronics and biomedical applications. Copper oxide 
(CuO) nanoparticles are being used in different fields of research. Hence their exposure to animals 
including humans is increasing. Thus there is a dire need to evaluate the toxicity of CuO 
nanoparticles using different plant and animal models. We procured copper oxide nanoparticles 
synthesized at pH 7 and 10 of the precursor solution. Different concentrations (0.1 and 0.01 g/100ml) 
were made and used for exposure treatments using Allium cepa. CuO nanoparticles showed a dose 
dependent toxicity in Allium cepa shoot length analysis test. A reduction in the shoot lengths was 
observed in the treated onion bulbs as compared to the controls. CuO nanoparticles synthesized at 
pH 10 were found to be more toxic as revealed by shorter shoot lengths as compared to pH7 treated 
samples. 
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Introduction 
Numerous innovative nanomaterials have drawn a lot of interest recently because of their 
enormous potential for use in industries including agriculture, biomedicine, food safety, and food 
packaging (Singh, 2016). Nanoparticle development is accelerating as a result of nanoparticles' 
expanding array of uses in industries including biomedicine, electronics, sieving, and sensing 
(Jeong, et al., 2016; Park, et al., 2016; Shanmugam et al., 2024; Sivakumar et al., 2023; Goyal et al., 
2023; Rani et al., 2024; Mahajan, 2023; Ghosh et al., 2024; Bhatt et al., 2024). The number of 
nanoparticles being mixed into the environment is rising as quickly as their rate of production. These 
nanoparticles go through a lot of physical and chemical changes in various environments, which 
might alter their toxicity and composition. The hazardous characteristics of numerous kinds of 
nanoparticles are reported by several investigations (Singh and Singh, 2017; Singh, 2017). It is crucial 
to consider how physical and chemical alterations to nanoparticles will affect their biological 
activity. Nanoparticles are more hazardous than their bigger counterparts due to their huge surface 
area. There are several ways that nanoparticles might enter the human body, including the skin, the 
mouth, or by inhalation (Assadian, et al., 2017). Nanoparticle toxicity might result through protein 
misfolding, DNA damage, mitochondrial damage, membrane damage, or the generation of 
reactive oxygen species as a result of nanoparticle entrance into the human body. 
 
The simplest copper compound, CuO, has potential physical features that might be used in gas 
sensing, photovoltaics, high temperature superconductivity, and electrodes for batteries. CuO 
nanoparticles have a number of crucial roles in everyday life, notably in the disciplines of 
technology, engineering, and medicine. Due to its bactericidal and fungicidal properties, copper 
nanoparticles have been used in nano-biotechnological applications to promote agriculture 
(Nagaonkar et al., 2015). Nanocrystalline CuO is an extremely effective catalyst for oxidizing carbon 
monoxide. Recent research on CuO nanoparticles has been conducted in several scientific domains 
(Khoshnamvand et al., 2018; Lai et al., 2018; Senobari and Nezamzadeh-Ejhieh, 2018). When 
copper ions surpass the physiological tolerance range in living creatures, which can happen when 
they are in ionic form, they can cause toxicity. Copper is one of the essential metals for sustaining 
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homeostasis in many different types of animals. Due to the development of nanotechnology, it is 
crucial for the scientific community to investigate the potential toxicological and health impacts of 
CuO nanoparticles.  
 
These nanoparticles have been used as sensors, gaseous and solid ceramic pigments, catalysts, 
semiconductors, semiconductor devices, and magnet rotatable devices. CuO nanoparticles have 
also been used in the pharmaceutical sector, particularly in the development of anti-microbial fabric 
treatments and the treatment of illnesses brought on by methicillin-resistant Staphylococcus aureus 
and Escherichia coli (Assadian et al., 2017). Copper oxide nanoparticles have been the subject of 
several research utilizing a variety of models, such as Oryza sativa (Liu et al., 2018), Pisum sativum 
(Ochoa et al., 2018), mice (Lai et al., 2018; Libalova et al., 2018) and Mytilus edulis (Chatel et al., 
2018). Loss of mitochondrial membrane potential, lysosomal membrane leakiness, and a large rise 
in intracellular ROS were observed to be linked with CuO nanoparticle cytotoxicity (Assadian et al., 
2017). Here, we used Allium cepa shoot analysis to examine the toxicity of CuO produced at two 
precursor solution pH levels (pH 7 and 10). This preliminary investigation will undoubtedly advance 
our understanding of the toxicological features of CuO nanoparticles. 
 

Materials and methods 
Procurement of copper oxide nanoparticles  
CuO nanoparticles were procured in the powder form which were synthesized from cupric nitrate 
(Cu(NO3)2.3H2O) and citric acid monohydrate (C6H8O7.H2O) at pH 7 and 10 of the precursor solution. 
The CuO powder samples were designated as NP1 and NP2 corresponding to samples synthesized 
at pH value 7 and 10 respectively. 
 
Characterization of nanoparticles  
FESEM and HRTEM analysis were used to characterize the nanoparticle samples. The surface 
topography of CuO powder samples was studied by scanning electron micrographs taken using 
JEOL JSM-6700F with a beam voltage of 30 KV. TEM images were taken using the transmission 
electron microscope system (HRTEM, model FEI Technai 30) operated at 300 kV. 
 
Treatment solutions 
Two concentration groups per CuO powder samples, NP1 and NP2 were made and named as per 
the table 1. 
 
Table 1. Formulation of different treatment concentrations of CuO nanoparticles solutions. 

Sample Concentration 
(g/100ml) 

Sample annotation 

Control - A and B 

CuO pH7 (NP1) 0.01 C 

0.1 D 

CuO pH10 (NP2) 0.01 E 

0.1 F 

 

Allium cepa shoot test 
Test Material 
Onion bulbs (Allium cepa L.) of average size (15-20 mm diameter) were purchased from the local 
market. The onion bulbs were sun-dried for 5 weeks. The roots of the dried bulbs were shaved off 
from the base with a sharp blade. This exposed the fresh meristematic tissues and the bulbs were 
placed in distilled water to protect the primordials from drying up.  
 
Treatment of test material 
After removing excess water with a blotting paper, the bases of the onion bulbs were dipped in 
solutions of all the test solutions as described in table 1. Two onion bulbs were used for each sample 
concentration and control (tap water). The experiment was run for 14 days. After the exposure time 
was over, onions were subjected to further analysis.  
 
Shoot length measurement 
After the exposure period, onion bulbs were taken for the shoot length measurement. The shoot 
length (cm) of all onion bulbs was measured on the 14th day using a calibrated ruler. After taking 
the shoot lengths, the mean was calculated for each concentration treatment. The mean shoot 
length of the control samples was also calculated.  
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Results and Discussion 
FESEM and HRTEM analysis 
The FESEM and HRTEM images of both CuO samples are shown in Figure 1. NP1 sample showed a 
greater extent of agglomeration as compared to NP2. The decrease in agglomeration in case of 
NP2, as observed in FESEM images (Figure 1B) of samples prepared with high pH value, may be 
attributed to the large quantity of the gas evolved. Figure 1D also shows a sharp particle distribution 
and low agglomeration. 

 
Figure 1. FESEM and HRTEM images of CuO nanoparticle samples A: FESEM image of CuO NPs 
synthesized at pH7 of precursor solution; B: FESEM image of CuO NPs synthesized at pH10 of 
precursor solution; C: HRTEM image of CuO NPs synthesized at pH7 of precursor solution, and D: 
HRTEM image of CuO NPs synthesized at pH10 of precursor solution 
 
Shoot length measurement 
Onion bulbs were taken for the shoot length measurement. The shoot length was measured on the 
14th day using a calibrated ruler. Table 2 and Figure 2 show the mean shoot lengths among different 
concentration groups of CuO nanoparticles and controls. 
 
Table 2. Mean shoot lengths and length reduction from control among different concentration 
groups of CuO nanoparticles synthesized at pH7 (NP1) and pH10 (NP2). 

Concentration group Shoot length (cm) Length reduction from control 

A 22.2 - 

B 19.4 - 

C 17.6 3.2 

D 9.5 11.3 

E 12.2 8.6 

F 0.5 20.75 

Mean shoot length = 20.8 cm 
 

 
Figure 2. Comparative bar graphs showing mean shoot lengths (cm) among different groups of 
exposed samples. Black bars represent shoot length and grey bars represent shoot length 
reduction. 
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Figure 3. shows the comparative shoot lengths among controls (A and B) and two groups of CuO 
nanoparticles synthesized at pH7 (C and D) and pH10 (E and F) of the precursor solution 
 
It was seen that as the treatment concentration increased, the mean shoot length decreased. On 
the 14th day, a maximum mean shoot length was seen in the control group A and B (20.8 cm). A 
mean shoot length of 17.6 cm was seen in the group C of NP1 with a shoot length reduction of 3.2cm. 
Similarly, group E showed a mean shoot length of 12.2 with a reduction of 8.6cm. The high 
concentration groups (D and F) showed higher shoot reductions. Group D and F showed a shoot 
length of 9.5 and 0.5cm respectively.   
 

 
Fig. 4. Reduction in the mean shoot length after exposure to different concentrations of CuO 
nanoparticles synthesized at pH7 (NP1) and pH10 (NP2). 
 
Figure 4 shows the comparative mean shoot length reduction among control groups and CuO 
nanoparticle groups synthesized at pH7 and 10 of the precursor solution. It is seen that as the 
treatment concentration increased per group, the mean shoot length decreased. At 14th day, 
maximum mean shoot length reduction was seen in group F (20.75cm) as compared to the control 
group. It is clearly demonstrated that on the 14th day, the reduction in the mean shoot lengths at 
different concentrations was higher in NP2 groups (E and F) as compared to NP1 (C and D). Thus, 
higher toxicity of NP2 group nanoparticles was recorded which were synthesized at pH10 as 
compared to NP1 group. This higher reduction may be attributed to decreased agglomeration as 
well as smaller particle size of NP2 group nanoparticles.  
 

Conclusion 
Copper oxide (CuO) nanoparticles are being used in different research fields and hence their 
exposure to animals including humans is increasing. Here the toxicity of CuO nanoparticles 
synthesized at pH7 and pH10 was evaluated using Allium cepa shoot analysis. The nanoparticles 
were characterized using SEM and TEM. Nanoparticles synthesized at pH10 were found to have 
smaller particle sizes as compared to particles synthesized at pH7. Two concentrations (0.1 and 0.01 
g/100ml) were used to treat Allium cepa. CuO nanoparticles showed a dose dependent toxicity at 
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14th day of the experiment with a reduction in the mean shoot length in the treated onion bulbs as 
compared to the controls (0.01 g/100ml: CuO pH7, 3.2 and CuO pH10, 8.6 Vs Control, 20.8 cm; 0.1 
g/100ml: CuO pH7, 11.3 and CuO pH10, 20.75 Vs Control, 20.8 cm). CuO nanoparticles synthesized 
at pH 10 were found to be more toxic as compared to pH7 samples resulting in higher shoot length 
reduction. pH plays a vital role in determining the particle size of the synthesized nanoparticles, 
which in-turn decides the toxicity. Conclusively, mixing of toxic CuO nano-powders to the 
environment should be checked so as to minimize the nanoparticle related health hazards. 
 
References 
Assadian E, Zarei MH, Gilani AG, Farshin M, Degampanah H and Pourahmad J (2017) Toxicity of 
Copper Oxide (CuO) Nanoparticles on Human Blood Lymphocytes. Biol Trace Elem Res 

Bhatt C, Saha A, Khalkho BR and Rai MK (2024) Spectroscopic Determination of Permethrin 
Insecticide in Environmental and Agricultural Samples Using Leuco Crystal Violet Reagent. Environ 
Sci Arch 3(1): 14-28. 

Chatel A, Lievre C, Barrick A, Bruneau M and Mouneyrac C (2018) Transcriptomic approach: A 
promising tool for rapid screening nanomaterial-mediated toxicity in the marine bivalve Mytilus 
edulis-Application to copper oxide nanoparticles. Comp Biochem Physiol C Toxicol Pharmacol 205: 
26-33. 

Ghosh P, Konar A, Halder S, Shivaranjani DS and Kaur J (2024) Impact of Nanotechnology on the 
Environment: A Review. Environ Sci Arch 3(1): 152-163. 

Goyal A, Rani N, Hundal SS and Dhingra N (2023) Impact of Iron Oxide Nanoparticles on the Growth, 
Vermicomposting Efficiency and Nutritional Status of Vermicompost through Eisenia fetida. 
Environ Sci Arch 2(1): 75-85. 

Jeong J, Kim J, Seok SH and Cho WS (2016) Indium oxide (In2O3) nanoparticles induce progressive 
lung injury distinct from lung injuries by copper oxide (CuO) and nickel oxide (NiO) nanoparticles. 
Arch Toxicol 90: 817-828. 

Khoshnamvand N, Kord MF, Mohammadi A and Faraji M (2018) Response surface methodology 
(RSM) modeling to improve removal of ciprofloxacin from aqueous solutions in photocatalytic 
process using copper oxide nanoparticles (CuO/UV). AMB Express 8: 48. 

Lai X, Zhao H, Zhang Y, Guo K, Xu Y, Chen S and Zhang J (2018) Intranasal Delivery of Copper Oxide 
Nanoparticles Induces Pulmonary Toxicity and Fibrosis in C57BL/6 mice. Sci Rep 8: 4499. 

Libalova H, Costa PM, Olsson M, Farcal L, Ortelli S, Blosi M, Topinka J, Costa AL and Fadeel B (2018) 
Toxicity of surface-modified copper oxide nanoparticles in a mouse macrophage cell line: Interplay 
of particles, surface coating and particle dissolution. Chemosphere 196: 482-493. 

Liu J, Dhungana B and Cobb GP (2018) Copper oxide nanoparticles and arsenic interact to alter 
seedling growth of rice (Oryza sativa japonica). Chemosphere 206: 330-337. 

Mahajan S (2023) E-Vehicles and Effects of their Chemical Constituents on Different Organisms. 
Environ Sci Arch 2(2):97-113. 

Nagaonkar D, Shende S and Rai M (2015) Biosynthesis of copper nanoparticles and its effect on 
actively dividing cells of mitosis in Allium cepa. Biotechnol Prog 31: 557-565. 

Ochoa L, Zuverza-Mena N, Medina-Velo IA, Flores-Margez JP, Peralta-Videa JR and Gardea-
Torresdey JL (2018) Copper oxide nanoparticles and bulk copper oxide, combined with indole-3-
acetic acid, alter aluminum, boron, and iron in Pisum sativum seeds. Sci Total Environ 634: 1238-
1245. 

Park JW, Lee IC, Shin NR, Jeon CM, Kwon OK, Ko JW, Kim JC, Oh SR, Shin IS and Ahn KS (2016) 
Copper oxide nanoparticles aggravate airway inflammation and mucus production in asthmatic 
mice via MAPK signaling. Nanotoxicology 10: 445-452. 

Rani N, Goyal A, Dhingra N and Hundal SS (2024) Impact of Metallic Nanoparticles on Eisenia fetida 
Vermicomposting Efficiency, Growth and Nutrient Status. Environ Sci Arch 3(STI-1): 14-26. 

Senobari S and Nezamzadeh-Ejhieh A (2018) A comprehensive study on the photocatalytic activity 
of coupled copper oxide-cadmium sulfide nanoparticles. Spectrochim Acta A Mol Biomol Spectrosc 
196: 334-343. 



Environmental Science Archives   (2024) Vol. III Issue 2                    DOI: 10.5281/zenodo.12606055 

 

 6 

www.envsciarch.com 

Shanmugam K, Sakthivel E, Rajendran J and Jeyaraman P (2024) Nanoparticles in Aquatic 
Ecosystems: Origins, Destiny, and Ecological Consequences. Environ Sci Arch 3(1): 111-124. 

Shaymurat T, Gu J, Xu C, Yang Z, Zhao Q, Liu Y and Liu Y (2012) Phytotoxic and genotoxic effects 
of ZnO nanoparticles on garlic (Allium sativum L.): a morphological study. Nanotoxicology 6: 241-
248. 

Singh Z and Singh R (2017) Toxicity of Graphene Based Nanomaterials Towards Different Bacterial 
Strains: A Comprehensive Review. American J Life Sci 5: 1-9. 

Singh Z (2016) Applications and toxicity of graphene family nanomaterials and their composites. 
Nanotech Sci App 9: 15-28. 

Singh Z (2017) Inhalation Toxicity of Graphene and its Derivatives. Inhalation 11: 20-24. 

Sivakumar C, Rathika K, Pandiarajan A and Kousalya GN (2023) Green Synthesized Transition 
Metals Nanoparticles Using Murraya koenigii Root Extract and their Comparative Study of 
Characterization. Environ Sci Arch 2(1): 18-27. 

 
Author Contributions  
ZS and NK conceived the concept, wrote and approved the manuscript.  
 
Acknowledgements  
Not applicable.   
 
Funding  
Not applicable.   
 
Availability of data and materials  
Not applicable.  
 
Competing interest  
The authors declare no competing interests. 
 
Ethics approval 
Not applicable.   

 
 
 

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, 
which permits use, sharing, adaptation, distribution, and reproduction in any medium or format, as 
long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative 
Commons license, and indicate if changes were made. The images or other third-party material in this 
article are included in the article’s Creative Commons license unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons license and your intended 
use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain 
permission directly from the copyright holder. Visit for more details 
http://creativecommons.org/licenses/by/4.0/. 
 
Citation: Singh Z and Kaur N (2024) Toxicological Evaluation of Copper Oxide Nanoparticles using 
Allium cepa. Environ Sci Arch 3(2): 1-6. 

 

 

  

 

http://creativecommons.org/licenses/by/4.0/

