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ABSTRACT

This work investigates the use of microbial activities to reduce nickel toxicity from old
titanium surgical instruments as a means of mitigating metal toxicity. Through efficient purification,
these instruments can be reused in a sustainable manner, supporting both economical healthcare
practices and environmental preservation. Surgical instruments made of titanium are widely used in
the medical profession; however, these devices can become contaminated or hazardous due to the
accumulation of nickel over time. The main goal of this study is to employ microbiological action to
remove nickel from titanium surgical equipment, encouraging reuse and lowering medical waste. The
idea also seeks to offer a practical and cost-effective means of guaranteeing the security of titanium
devices intended for human use. This idea suggests using microbiological action to remove nickel
from used titanium surgical equipment, allowing for easier reuse. Titanium instruments are safe for
reuse since the contamination is removed through the use of microbial uptake of nickel. This helps
to limit spending and promotes socioeconomic development. Sulfuric acid treatment of discarded
titanium equipment yields a nickel sulphate solution, which is added to culture broths containing
microbiological cultures after autoclaving. Spectroscopic measurement after incubation verifies that
the nickel has been removed. The microbiological uptake of nickel in the process guarantees the
safety and usability of titanium devices. This study describes a novel approach that uses microbial
action to remove nickel toxicity from titanium surgical equipment, allowing for their reuse and providing
advantages for the environment and economy. This approach may be modified and adjusted further,
highlighting its wide applicability and potential influence on medical procedures.

Keywords: Surgical instruments, Titanium, Nickel toxicity, Microbial action, Reuse, Removal.
INTRODUCTION

Significant progress has been made in
the realm of medical science, especially in the area
of surgical techniques and procedures’. Medical
professionals now carry titanium-based devices
like clockwork, as the need for accuracy and

effectiveness in surgical procedures grows?. The fact
that these instruments are susceptible to nickel build-
up over time, notwithstanding their effectiveness,
makes reusing them extremely difficult®. The
instruments' integrity is jeopardised by the presence
of nickel toxicity, which also puts patients' health
at danger®. The current study aims to address this
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urgent problem by introducing a novel strategy for
the microbiological elimination of nickel toxicity from
titanium implements, hence revolutionising the reuse
of surgical instruments®.

Efforts to reduce metal toxicity, especially
nickel toxicity, have a long history in the field of
medical science®. The application of microbial
agents to lessen heavy metal toxicity in plants and
other living things has been the subject of numerous
investigations’. To reduce the toxicity of heavy
metals, including nickel, microbial fermentation
and bioleaching have been studied in papers like
CA2262245 and EP23613128. The mechanisms
behind nickel sensing, regulation, and transport in
microbial systems are also revealed by research
publications such as "Nickel Uptake and Utilisation
by Microorganisms" and "Nickel Transport System
in Microorganisms”®. The elimination of nickel
toxicity from surgical equipment, however, has not
been addressed in the literature up to this point,
indicating a crucial knowledge gap that the current
study seeks to close.

The primary goal of the current invention
is to solve the problem of nickel build-up on titanium
surgical equipment, allowing for their reusability'!.
This novel approach uses microbial action to
reduce titanium instrument-related medical waste
production while simultaneously attempting to
eradicate nickel toxicity'?. In addition, the idea
aims to serve patients and medical professionals
by offering a practical and affordable means of
guaranteeing the efficacy and safety of titanium
surgical instrumentss. The technology also has the
potential to promote socio-economic development
by optimising resource utilisation and lowering costs
associated with purchasing medical equipment by
enabling the reuse of titanium implements™.

By presenting an innovative technique
for transforming the reuse of titanium surgical
equipment, the suggested research aims to meet a
pressing need in the field of medical science'. This
approach, which makes use of microbial action,
presents a viable way to eliminate nickel toxicity and
improve surgical operations' sustainability, efficiency,
and safety'®. The research attempts to demonstrate
the viability and effectiveness of the suggested
approach through rigorous testing and analysis,
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opening the door for its implementation in clinical
settings and other contexts'”.

MATERIALS AND METHODOLOGY

Through microbial action, the technique
described here seeks to address the problem of
nickel toxicity on titanium-based surgical equipment,
permitting their safe reuse. Through the use of
particular microorganisms, nickel is absorbed,
preventing contamination of the instruments*®.

Materials

. Titanium-based surgical instruments
contaminated with nickel.

3 Nutrient broth (MERK, 1.3g in 100ml distilled

water).

J Aqua Regia (hcl and HNOS in a 3:1 ratio).

. Bacillus subtilis and Kluyvera ascorbate
cultures.

. Niso,.6H,0 (0.0262 g in 10 mL distilled water).

. Glasswares: test tubes, conical flasks,
beakers, and bottles.

. Autoclave.

J Laminar Air Flow (LAF) chamber.

. Spectrophotometer.

. Micro centrifuge tubes.

. Micropipette and microfilters.

Methodology

Preparation of Glasswares

Glassware is thoroughly cleaned with Aqua
Regia, a strong solution of hydrochloric and nitric
acids, which removes any metal residue so as not
to interfere with further processes.

To preserve the integrity of experimental
setups, glassware is autoclaved at 121°C for
15 min to ensure aseptic conditions and eliminate
microbiological contamination’®.

Nutrient Broth Preparation

To ensure uniformity and dependability
in microbial cultivation, precisely make 100 mL of
nutrient broth by following the Standard Protocol.

(a) Beef Extract :.30 g/100 mL
(b) Peptone : .50 g/100 mL

(c) Nacl : .50 g/100 mL

(d)  Agar:1.3g/100 mL
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Pour the resulting broth into autoclave-
sterilized conical flasks to preserve the sterile
conditions necessary for cultivating microorganisms
for study on nickel toxicity elimination®.

Inoculation and Incubation

To ensure independent experimental
conditions, introduce Bacillus subtilis and Kluyvera
ascorbate cultures into sterile flasks individually to
commence microbial development.

For 48 h, keep the inoculation cultures
under ideal growth conditions with a laminar airflow
(LAF) atmosphere and a temperature of 37°C to
promote effective microbial activity?'.

Preparation of niso4 Solution

To ensure precise concentration for
subsequent experiments, dissolve niso,.6H,0 in
10 mL of pure water to form a standardised 100mm
solution.

To ensure that all possible microbiological
contaminants are eliminated and to preserve the
solution's integrity during the experiment, sterilise it
by autoclaving®.

Addition of niso4 Solution

One millilitre of autoclaved niso4 solution
should be added to each flask holding the inoculated
cells to provide a consistent nickel dosage for toxicity
evaluation.

Maintain sterility throughout the addition
process by closely adhering to aseptic methods,
which will help to prevent contamination and
guarantee the accuracy of the experiment's results®.

Shaking Incubation

For 48 h, the infected culture flasks should
be kept in a shaking incubator with a temperature
of 37°C to provide the best possible conditions for
microbial development and the elimination of nickel
toxicity. The shaking incubator's agitation improves
the way that bacteria and nickel solution interact,
which helps titanium tools undergo the intended
microbial action?.

Centrifugation and Collection
C spin To separate the microbial cells from
the supernatant, spin the samples in a centrifuge for
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five minutes at 10,000 revolutions per minute. After
centrifugation, use a sterile micropipette to gently
extract the supernatant in an aseptic setting. This
will ensure that the samples are pure and intact for
further analysis®.

Spectroscopic Analysis

To analyse the samples that were gathered,
use a spectrophotometer. Utilise UV/Vis spectroscopy
to evaluate the absorption spectra, which will allow
you to identify and measure the amount of nickel
that the microbial cultures are absorbing. In order
to develop surgical instrument reuse techniques,
our investigation offers critical insights into the
effectiveness of microbial action for eliminating nickel
toxicity from titanium implements?.

Evaluation of Instrument

Examine the surgical instruments visually
both prior to and during the removal of nickel toxicity.
To assess the effectiveness of nickel removal,
compare the instruments' external look and overall
integrity. This evaluation offers important information
about how microbial action for titanium implement
nickel toxicity removal could transform the reuse of
surgical instruments?.

This technique shows how to use microbial
action to effectively remove nickel contamination
from titanium-based surgical equipment, allowing
for their safe reuse and providing advantages for
the environment and economy?.

RESULTS AND DISCUSSION

By reducing nickel toxicity, this work
tackles the problem of properly reusing titanium
surgical equipment. Highly valued for their surgical
appropriateness, titanium equipment can become
contaminated when they are reused because
they acquire nickel. Although there are methods
to reduce metal toxicity in different situations,
none of them particularly address the reuse of
surgical instruments?. A fundamental phase in
the experiment that is necessary for growing
microbial cultures. when nutrient broth is made in a
conical flask. Sterilised vials with samples, which is
important since it keeps the experiment's integrity
intact by avoiding contamination®.
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In addition, we covered glassware with
paper and cotton plugs following autoclaving,
demonstrating the sterility of the tools and supplies
used in the investigation®'. Last but not least, The
glassware inside the LAF chamber with a conical
flask covered by a cotton stopper, highlighting
the careful attention to detail needed to carry out
microbiological treatment procedures successfully®.
These graphics shed light on the experimental
design and highlight the methodical strategy used
to tackle the difficult problem of surgical instrument
reuse and nickel toxicity mitigation®.

Because Kluyvera Ascorbata SUD
165 and Escherichia coli can absorb nickel,
microbial action was used to treat the nickel
pollution. This method's effectiveness was
determined by extensive experimentation34.
Titanium and nickel sulphates were produced by
treating discarded equipment with sulfuric acid. UV
spectroscopy revealed substantial nickel absorption
during incubation with microbiological cultures.
Furthermore, the efficiency of microbial action
in absorbing nickel pollutants is further clarified
by the results of spectroscopic examination of
Bacillus cereus Fig. 1, Bacillus megaterium Fig. 2,
Microbacterium oxydans Fig. 3, Kluyvera ascorbate
Fig. 4, and Bacillus subtilis Figure 5%.

An effective strategy was confirmed
by comparing the pre- and post-nickel uptake
instrument states. These results represent a
significant advancement, providing a means of
securely reusing surgical equipment made of
titanium while reducing hazards to human health and
the environment®. This method also saves money
because it eliminates medical waste and doesn't
require new equipment. Additionally, Fig. 6 shows
the results of a spectrophotometer's spectroscopic
study of a nickel solution, supplying quantitative
information on nickel absorption and confirming
the efficacy of the microbial-based nickel removal
technique®. Prospective research paths encompass
refining the conditions of microbial cultivation and
investigating the long-term effects on patient safety.
These studies will advance sustainable healthcare
practices by strengthening the viability of microbial-
based nickel removal methods®.
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Fig. 1: Spectroscopic analysis results of Bacillus cereus

Fig. 2. Spectroscopic analysis results of Bacillus megaterium

Fig. 3. Spectroscopic analysis results of Microbacterium oxydans

Fig. 4: Spectroscopic analysis results of Kluyvera Ascorbate



PRAKASH et al., Orient. J. Chem., Vol. 40(5), 1491-1498 (2024)

Fig. 5. Spectroscopic analysis results of Bacillus subtilis

Fig. 6. Nickel Solution Result on Spectrophotometer

The urgent need to address nickel toxicity
in titanium surgical instruments is highlighted by
this study®. Using microbial activity, which takes
advantage of microorganisms' innate capacity to
absorb nickel, offers a novel option. This technique
reduces environmental concerns and promotes
resource conservation by safely reusing surgical
tools by effectively eradicating nickel contamination?°.

Wide-ranging practical consequences
stem from this research. Microbiological technology
for removing nickel from surgical instruments
have potential applications in healthcare and
the environment that go beyond the immediate
reuse of such instruments*'. This policy combines
environmental care with scientific innovation,
demonstrating a comprehensive approach to solving
urgent societal issues. Fig. 7(a) and (b) depict the
surgical instruments' physical uptake of nickel before
and after, respectively.

These illustrations offer strong proof of
the effectiveness of microbial activity in lowering
metal toxicity and advancing environmentally
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friendly medical procedures*. Visible signs of
nickel deposition on the surgical instrument in
Fig. 7(a) draw attention to the possible contamination
concern connected to reusing instruments. On the
other hand, Fig. 7(b) shows a notable decrease
in nickel concentration, suggesting that microbial
treatment was successful in eliminating nickel
toxicity*®. This concrete example highlights how
microbial-based methods can revolutionise patient
safety and environmental sustainability in hospital
environments.

Fig. 7(a) and (b). The pictures of before and after uptake of
nickel physically of the surgical instruments repectively

Moving forward, efforts to refine and scale
up microbial-based nickel removal technologies
will be crucial*. Optimization of culture conditions
and rigorous evaluation of long-term outcomes
are imperative to ensure the efficacy and safety of
these methods in real-world settings*®. By continuing
to build upon this research, we can realize the
full potential of microbial action in revolutionizing
surgical instrument reuse and advancing sustainable
healthcare practices*®.

CONCLUSION

In summary, this paper's research shows
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that using microbial action to remove nickel
toxicity from titanium surgical instruments is both
feasible and effective. This Research have been
demonstrated that microbial cultures like Kluyvera
ascorbata SUD 165 and Escherichia colican absorb
nickel from contaminated instruments, making them
safe for reuse, through a series of well planned trials.

This finding has important ramifications
for environmental sustainability and healthcare
practices that go beyond the confines of the lab.
The suggested approach not only lowers medical
waste but also conserves important materials and
lessens environmental effect by allowing the reuse of
Titanium devices. This might completely change the
way surgical instruments are managed by providing
a more economical and environmentally responsible
option to conventional disposal techniques.

Additionally, the results of this study open
up new possibilities for developments in the field
of microbial elimination of metal toxicity. Important
areas for additional research include process
scalability, long-term patient outcome monitoring,
and culture condition optimisation. The potential for
widespread use of microbial-based nickel removal
technologies can be realised by building upon the
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foundations created by this research.

In conclusion, the study described in this
paper offers a long-term solution to the issue of
nickel toxicity in titanium surgical equipment, making
a substantial contribution to the field of medical
science. This discovery has the potential to transform
surgical equipment reuse procedures by utilising
the power of microbial action. This would enhance
patient outcomes, lessen environmental impact, and
increase resource efficiency in healthcare systems
across the globe.
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