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ABSTRACT
The extensive use of nanoparticles (NPs) in a variety of applications has raised great concerns about
their environmental fate and biological effects. To investigate the role of CuO NPs in soil on microbes
and earthworms, we exposed microorganisms and earthworms (Eisenia fetida) to different
concentrations of CuO NPs <100 nm. The results obtained showed that the CuO NPs exhibited good antimicrobial activity. A dose-related increase in mortality was not observed in earthworms exposed to CuONPs by soil contact method. In direct contact method the average death time of E. fetida to CuO NPs is
not dose related. Dose related weight loss of earthworms was noticed after 15 days of exposure. This
study will be very useful in regulation of nanomaterials that are entering into the environment.

1. Introduction
Manufactured nanoparticles have unique properties and a wide range
of applications [1]. Metal oxide nanoparticles introduction into soil as well
as the aquatic environment received considerable attention. Now a day’s
research was focused on the impact of nanoparticles on terrestrial
organisms [2, 3]. Nanoparticles are so tiny that small quantities could have
major toxic effects, because of their large surface [4]. Copper oxide CuO
NPs are one of the most important nano metals which are commercially
produced and are used in various industries. CuO NPs have been used as
anode materials of the lithium ion batteries due to their good
electrochemical properties, high rate of effectiveness, low cost, and
recyclability [5]. It can also be used as an additive in oil, plastic and metallic
coating [6, 7].
Earthworms are the most abundant invertebrates in the soils of
temperate regions and are extremely important for soil formation [8].
Earthworms participate in nutrient cycling and in the formation of the soil
from the physical, chemical and microbial perspectives [9]. They improve
the soil structure by increasing the porosity, which affects aeration, water
dynamics and organic and inorganic matter breakdown [10, 11].
Earthworms are permanently in close contact with soil particles and
microorganisms present in the soil via both skin and an alimentary tract
[12, 13]. Therefore, they are significantly affected by the pollutants that
reach the soil system and are thus well suited for the monitoring of soil
contamination. The presence of contaminants in the soil disturbs major
physiological functions of earthworms, such as survival, nutrition,
immunity, growth, and reproduction, and these effects depend on the
matrix, exposure time, and the pollutants in the environment. This study
helps in ecological risk assessment of CuO NPs on earthworms and
bacteria in soil.
2. Experimental Methods
2.1 Test Compound
CuO nanoparticles (<100 nm particle size) were purchased from SigmaAldrich (Germany).
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2.2 Test Organisms
Adult earthworms E. fetida were obtained from a local worm post dealer
(Hyderabad). All earthworms were maintained in the laboratory at 16-17
°C and 12:12 light/darkness regime. Dairy manure which was dried at 100
°C was powdered and added as food, twice a week. Groups of animals (10
individuals per 0.2 kg soil samples per each group) were maintained in
plastic boxes covered with perforated lids.
2.3 Method of Exposure
2.3.1 Exposure by Direct Contact Method
Adult Eisenia fetida were rinsed in distilled water and kept in a tray with
distilled water for 2 hours to purge their gut contents. The earthworms
were again rinsed in distilled water and placed in vials. One earth worm
was placed in each vial. Exposure concentrations of CuO NPs were 100,
150, 200, 250 and 300 mg/mL. Control vials were treated with 1 mL of
distilled water. Earthworms were considered as dead when they failed to
respond to a gentle mechanical stimulus to their front end. Acute toxicity
was evaluated by earthworm mortality.
2.3.2 Exposure by Soil Contact Method
Effect of CuO NPs on earthworm’s mortality was studied using soil
exposed to CuO NPs. For each treatment, three plastic boxes were used,
each housing ten earthworms. The lid of the box contains air holes for
gaseous exchange. 20 mL each of different concentrations of CuO NPs (100,
150, 200, 250 and 300 mg/mL) were sprayed on the 200 g of soil present
in each box. In control box water was sprayed. The CuO NPs was sprayed
on alternate days to the feed. The numbers of earthworms in the boxes
were counted every day. Earthworms were washed with water to remove
the adhering substrates and were placed in trays for 2 hours therefore,
stomach contents were emptied into a tray from their bodies and dried
with tissue paper and weighed after 15 days.
2.4 Antibacterial Activity of CuO NPs by Well Diffusion Assay
Antimicrobial activity of CuO NPs was determined using GRAMnegative and Gram-positive bacteria (Bacillus subtilis, Pseudomonas
aeruginosa and E. coli) by well diffusion method. Nutrient agar and LB
plates were prepared and the wells were punched into the agar with the
sterile gel puncher. 0.5 mL of the inoculum was placed onto the surface of
the nutrient plates and allowed to remain in contact for 10 min. The wells
in each plate were loaded with 10 μL of different concentrations i.e. 10, 20,
30, 40 and 50 mg/mL of CuO nanoparticles. Sterile D/W was used as
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control. After keeping the plates at room temperature for 1 hour. So that
nanoparticles diffuse across the surface, the plates were incubated at 37
°C for 24 hours.
3. Results and Discussion
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3.1 Anti-Bacterial Activity of CuO NPs
As the concentration of CuO NPs is increased the zone of inhibition is
also increased (Fig. 3). 10 mg/mL of CuO NPs is more effective on
Pseudomonas aeruginosa than Bacillus subtilis and E. Coli. This suggest that
the higher concentration of CuO NPs most effectively inhibits the growth
of Pseudomonas aeruginosa, Bacillus subtilis and E .coli. Rachel Rutecki et
al. reported that high concentration of nano CuO is required to achieve a
bactericidal effect [20]. It was also reported that CuO nanoparticles inhibit
the growth of E. coli, Pseudomonas aeruginosa, and S. aureus in a time and
dose dependent manner [21]. Baek et al. showed that, Escherichia coli is
highly susceptible, whereas Staphylococcus aureus and Bacillus subtilis are
less susceptible to CuO NPs [22]. CuO NPs showed a major antimicrobial
activity against Bacillus subtilis [23] .The disparity in results between
similar tests could arise from differences in test organisms, experimental
methods, method of preparation of nanoparticles and agglomeration
effect [24, 25].
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Fig. 1 Exposure of E. fetida to CuO NPs solution

Earthworms actively influence chemical and physical properties of soil
affecting mobility, bioavailability and entrance to food chain, transport,
and toxicity of the metals. Earthworm was washed, dried with tissue paper
and weighed after 15 days. Earth worms survived at higher concentrations
of CuO NPs. There was loss of weight of worms at higher concentrations
(Fig. 2). Mwaanga revealed that there was loss of weight of earthworms
that was dose related [16]. Some other workers noticed that aggregation
of nanoparticles at higher concentrations may be the reason for the
survival of earthworms [17]. Behboudi et al. reported that the ZnO NPs
absorption and accumulation in Eisenia fetida tissues enhanced with
increasing nanoparticles concentrations, after seven and fourteen days
and weight gain decreased by increasing nanoparticles concentrations
after seven days [18].
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Fig. 3 Antibacterial activity of CuO NPs

4. Conclusion
CuO NPs has shown the ability to cause toxic effect on earth worms in
soil. There was a significant relationship between NPs concentrations and
weight of the earth worms. Our study revealed that at higher
concentration death of earth worms occurs on the 5th day of exposure.
Nano CuO exhibited best anti-bacterial properties against 3 tested
bacteria. This study will be very useful in ecological risk assessment and
regulation of CuO NPs used in various fields.
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The production, use, and disposal of nanomaterials will inevitably lead
to their release into air, water and soil [14]. In this study, we focused on
toxicological effects of CuO NPs. To exclude the interactions CuO NPs with
soil constituents in order to focus only on the effects of selected toxicants,
the earth worms were exposed directly to aqueous medium containing
CuO NPs. One of the primary problems in toxicity studies with NPs is the
preparation of the exposure medium, because the particles tend to form
aggregates in water. The results indicated that the average death time of
E. fetida to CuO NPs is not dose related (Fig. 1). This supports the
importance of dissolution of CuO NPs in water as a critical factor to
understand the mortality of earthworms. Also Borm et al. [15] reported
that the adsorption/desorption and agglomeration reactions, dissolution
is likely to be an important determinant of fate and persistence of CuO NPs.

The study of the toxicity effects of CuO NPs on the Eisenia fetida
earthworm showed that the number of deaths is not dose related but the
effect on the earthworm is dosing related (Table 1). At higher
concentrations, death of the earthworm occurred on 5th day, whereas at
low concentrations on 15th day. Studies carried out by Chang et al. on
toxicity effects of ZnO NPs and CuO NPs on earthworms have indicated no
mortality. Mortality of earthworms depends on passage of NPs through
plasma membrane via ion-gated channels and transporter proteins [19],
also depends on soil organic matter,
ingestion of feed and soil
contaminated with NPs and bioaccumulation.
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