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ABSTRACT

The biosafety of genetically modified organisms (GMOs) is critical for safeguarding environmental and human health. This paper has explored the comprehensive
regulatory frameworks and risk assessment protocols in place internationally and in India, highlighting the concerted efforts to mitigate potential risks associated
with GMOs. The Cartagena Protocol on Biosafety and The Environment (Protection) Act, 1986 in India serve as cornerstone regulations that guide the safe
development, use, and transboundary movement of GMOs. The Cartagena Protocol emphasizes a precautionary approach, establishing procedures for risk
assessment and information sharing to ensure countries have the necessary data before importing GMOs. It underscores the importance of maintaining biosafety
standards to protect biodiversity and human health. Complementing these international efforts, India's regulatory framework, detailed under The Environment
(Protection) Act, 1986, and its subsequent rules, provides a robust system for GMO oversight. This framework includes multiple competent authorities like the
Genetic Engineering Approval Committee (GEAC) and the Review Committee on Genetic Manipulation (RCGM), which play pivotal roles in assessing and
approving GMO-related activities. Case studies on Bt cotton and genetically modified mustard (DMH-11) illustrate the practical application of these regulations in
India. Bt cotton, approved in 2002, led to significant agricultural benefits but also raised environmental and socioeconomic concerns, demonstrating the importance
of rigorous post-approval monitoring. The GM mustard case highlights the necessity for transparency and public engagement in regulatory processes, reflecting the
complex interplay of scientific evidence, public opinion, and regulatory prudence. Despite the robustness of these frameworks, several challenges persist. Enhancing
the capacity of regulatory bodies, increasing public awareness, harmonizing national regulations with international standards, and addressing emerging
biotechnologies like gene editing are essential for the future. Addressing these challenges requires continuous efforts to build trust, ensure safety, and promote
sustainable biotechnology practices. In conclusion, the evolution of biosafety regulations and risk assessments underscores the collective commitment to harnessing
the benefits of GMOs while mitigating their risks. India's regulatory framework, supported by international agreements, provides a solid foundation for ensuring
biosafety. However, ongoing vigilance, public engagement, and adaptation to technological advancements are crucial for maintaining and enhancing this framework.
Through these efforts, India can continue to leverage biotechnology's potential while ensuring environmental protection and public health.
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Introduction

Biosafety of GMOs describes the principles, procedures, and policies adopted to ensure environmental and personal safety from the risks posed by
genetically modified organisms (GMOs). It encompasses containment principles, technologies, and practices required to prevent unintentional exposure
to pathogens and toxins or their accidental release into the environment. The term biosafety broadly covers policies and procedures aimed at ensuring
environmentally safe applications of biotechnology. A fundamental objective of any biosafety program is to contain potentially harmful biological agents,
toxins, chemicals, or radiation (FAO, 2020). With the increasing adoption of genetic engineering techniques in various countries for life science research
and development, biosafety issues are gaining importance to ensure public and environmental safety (WHO, 2019). Biosafety is not only a personal
requirement but also a collective effort to ensure biological safety for a clean and safe environment, necessitating public awareness alongside rules,
regulations, and monitoring bodies. The rapid advancements in biotechnology over the past few decades have revolutionized numerous fields, including
agriculture, medicine, and environmental management. Central to these developments is the creation and utilization of genetically modified organisms
(GMOs), which are organisms whose genetic material has been altered through genetic engineering techniques to exhibit specific desired traits. These
modifications can lead to increased crop yields, enhanced nutritional content, resistance to pests and diseases, and the production of pharmaceutical
substances, among other benefits. However, the introduction and use of GMOs have also sparked significant debate and concern regarding their potential
impact on human health, biodiversity, and ecosystems. These concerns necessitate the implementation of rigorous biosafety regulations and procedures
to ensure that GMOs are safely developed, tested, and deployed. Biosafety, in this context, refers to the set of measures, protocols, and regulatory
frameworks designed to prevent, minimize, or manage the risks associated with the use of GMOs. The foundation of biosafety lies in the assessment and
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management of potential risks. This involves a comprehensive evaluation of the environmental and health impacts of GMOs, including their potential to
cause harm to non-target organisms, disrupt ecosystems, and introduce new allergens or toxins into the food supply. Regulatory bodies at the national
and international levels have established guidelines and protocols to govern the risk assessment and approval processes for GMOs, ensuring that they
undergo thorough scrutiny before being released into the environment or market. One of the key international agreements in this area is the Cartagena
Protocol on Biosafety, which provides a framework for the safe transfer, handling, and use of GMOs, particularly those that cross international borders.
The Protocol emphasizes the precautionary principle, which advocates for caution in the face of scientific uncertainty, and the importance of informed
decision-making and public participation in biosafety matters. In addition to risk assessment, effective biosafety measures also encompass monitoring
and post-release management of GMOs. This includes tracking the environmental and health impacts of GMOs over time and implementing corrective
actions if unforeseen adverse effects are detected. Public engagement and transparent communication are critical components of the biosafety framework,
as they help build trust and ensure that the concerns and values of various stakeholders are considered in the regulatory process.

Risks of GMOs

GMOs are produced using recombinant DNA technology (rDNA technology), which has advanced fields like healthcare, agriculture, industrial processes,
and environmental management. However, concerns regarding the risks and hazards associated with GMOs and their products persist. The primary areas
of concern include the impact on the environment/ecosystem and effects on human health. The potential risks from GMOs or GMO products can be
broadly classified as follows :

1. Risks to Animal and Human Health: This includes toxicity, food quality/safety issues, allergies, and resistance of pathogens to drugs
(antibiotic resistance).

2. Risks to the Environment: These risks involve persistence of the gene or transgene, susceptibility of non-target organisms, increased use of
chemicals in agriculture, unpredictable gene expression or transgene instability, and genetic pollution through pollen or seed dispersal.

3. Risks to Agriculture: These include resistance/tolerance of target organisms, emergence of superweeds, alteration of nutritional value,
reduction of cultivars, and loss of biodiversity.

4. General Concerns: Issues such as loss of familiarity, higher costs of agriculture, inadequate field trials for risk assessment, and ethical
considerations (Shiva, 2020).

5. Risks of Interaction with Non-Target Organisms: This involves horizontal gene transfer, transfer of foreign genes to microorganisms, and
generation of new live viruses by recombination.

International Regulation on Biosafety of Genetically Modified Organisms

The biosafety of genetically modified organisms (GMOs) is a critical concern globally due to potential risks to human health and the environment. This
paper examines the international regulatory landscape governing the biosafety of GMOs, focusing on key agreements such as the Cartagena Protocol on
Biosafety, as well as biosafety regulations in various countries. The evolution of these regulations, their implementation, and the challenges faced are
discussed in detail. This paper aims to provide a comprehensive overview of the international efforts to ensure the safe use of GMOs through effective
regulatory frameworks. Genetically modified organisms (GMOs) have revolutionized agriculture, healthcare, and environmental management through
advancements in biotechnology. However, the potential risks associated with GMOs necessitate stringent biosafety measures. Biosafety refers to policies
and procedures that ensure the safe application of biotechnology to prevent unintended exposure to harmful biological agents and protect the environment
(World Health Organization [WHO], 2019). This paper explores the international regulatory framework governing the biosafety of GMOs, focusing on
key agreements and the role of various countries in ensuring safe biotechnology practices.

Early Discussions and the Asilomar Conference

The advent of recombinant DNA (rDNA) technology in the 1970s prompted discussions within the scientific community about the potential risks
associated with genetic modifications. The Asilomar Conference in 1975 marked a significant milestone, where scientists gathered to discuss the dangers
of recombinant DNA experiments and developed guidelines to manage biosafety risks (Berg et al., 1975). These guidelines laid the foundation for
subsequent biosafety regulations in the United States and other countries.

Cartagena Protocol on Biosafety
The Cartagena Protocol on Biosafety (CPB) is a landmark international agreement aimed at ensuring the safe transfer, handling, and use of living modified

organisms (LMOs) resulting from modern biotechnology. Adopted in 2000 and entering into force in 2003, the CPB has been ratified by 173 parties,
including 170 UN member states, Niue, and the European Union (Convention on Biological Diversity [CBD], 2000).
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Obijectives of the Cartagena Protocol on Biosafety

The main objectives of the CPB are to:
1.  Establish procedures for the safe transboundary movement of GMOs.
2. Harmonize principles and methodologies for risk assessment.
3. Create a mechanism for information sharing through the Biosafety Clearing-House (BCH).

The CPB aims to ensure an adequate level of protection in the field of safe transfer, handling, and use of living modified organisms, taking into account
the risks to human health and biodiversity. It emphasizes the precautionary approach and the need for advance informed agreement (AlA) procedures to
ensure countries receive necessary information before importing GMOs (CBD, 2000).

Nagoya—Kuala Lumpur Supplementary Protocol

The Nagoya—Kuala Lumpur Supplementary Protocol on Liability and Redress to the Cartagena Protocol on Biosafety was adopted in 2010 and came into
force in 2018. It aims to provide international rules and procedures for liability and redress in case of damage resulting from transboundary movements
of LMOs (CBD, 2010). This supplementary protocol strengthens the CPB by addressing the legal aspects of biosafety.

Regional and National Biosafety Regulations

European Union

The European Union (EU) has one of the most comprehensive regulatory frameworks for GMOs, emphasizing precautionary principles and stringent risk
assessments. The main legislative acts include Directive 2001/18/EC on the deliberate release of GMOs into the environment and Regulation (EC) No
1829/2003 on genetically modified food and feed (European Commission, 2003). These regulations require thorough risk assessments, labeling, and
traceability of GMOs.

United States

The United States adopts a product-based regulatory approach for GMOs, focusing on the final product rather than the process of genetic modification.
The Coordinated Framework for the Regulation of Biotechnology, established in 1986, involves three main agencies: the U.S. Department of Agriculture
(USDA), the Environmental Protection Agency (EPA), and the Food and Drug Administration (FDA) (Office of Science and Technology Policy [OSTP],
1986). These agencies ensure that GMOs are safe for agriculture, the environment, and human health through comprehensive risk assessments.

Canada

Canada's regulatory framework for GMOs is based on the principle of substantial equivalence, which assesses GMOs compared to their conventional
counterparts. The Canadian Food Inspection Agency (CFIA) and Health Canada are responsible for evaluating the safety of GMOs. The key legislation
includes the Seeds Act, the Feeds Act, and the Food and Drugs Act. These regulations ensure that GMOs are safe for the environment, livestock, and
human consumption.

Japan

Japan's biosafety regulations for GMOs are governed by the Cartagena Protocol on Biosafety and national laws, including the Act on the Conservation
and Sustainable Use of Biological Diversity through Regulations on the Use of Living Modified Organisms (LMO Act). The Ministry of Agriculture,
Forestry and Fisheries (MAFF) and the Ministry of the Environment (MOE) oversee GMO regulations in Japan, ensuring thorough risk assessments and
public consultations (MAFF, 2019).

Regulatory Framework in India

The Environment (Protection) Act, 1986

In response to the potential risks posed by genetically modified organisms (GMOs) to human health and the environment, the Government of India has
established a comprehensive regulatory framework for their development, evaluation, and use. Central to this framework is The Environment (Protection)
Act, 1986, enacted by the Ministry of Environment and Forests (MoEF). This legislation provides a broad mandate for the protection and improvement
of the environment, encompassing a wide range of activities, including those related to biotechnology and GMOs (MoEF, 1986).

To operationalize the provisions of The Environment (Protection) Act concerning GMOs, the MoEF issued specific rules and procedures through
notification no. 621 in the Official Gazette on December 5, 1989. These rules, known as the “Rules for the Manufacture, Use, Import, Export, and Storage
of Hazardous Microorganisms/Genetically Engineered Organisms or Cells,” outline detailed regulations governing the research, production, importation,
and release of GMOs and products derived from them (MoEF, 1989). These regulations aim to mitigate potential risks by establishing a framework for
rigorous assessment and oversight.
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Competent Authorities in India

The implementation of these rules and the overall regulatory framework for GMOs in India involves several competent authorities, each responsible for
specific aspects of biosafety. These authorities ensure that the development and use of GMOs are conducted safely and in compliance with national
regulations. The six key competent authorities are:

1.

Recombinant DNA Advisory Committee (RDAC): The RDAC provides guidance on matters related to recombinant DNA research,
including the safety and ethical implications of such research. It plays an advisory role in the formulation of policies and guidelines concerning
the use of GMOs in research and development.

Institutional Biosafety Committee (IBSC): Each research institution or organization involved in biotechnology is required to establish an
IBSC. The IBSC oversees biosafety at the institutional level, ensuring that all research activities comply with national guidelines. It is
responsible for the initial review and approval of research proposals involving GMOs and for monitoring ongoing projects to ensure adherence
to safety protocols (MoEF, 1989).

Review Committee on Genetic Manipulation (RCGM): The RCGM, established under the Department of Biotechnology (DBT), is tasked
with monitoring and evaluating ongoing research and development activities involving GMOs. It reviews proposals for research and large-
scale use of GMOs, assessing their potential risks and benefits. The RCGM ensures that adequate biosafety measures are in place before
approving research projects.

Genetic Engineering Approval Committee (GEAC): The GEAC, functioning under the MoEF, is the apex body responsible for granting
approval for activities related to GMOs, including research, field trials, and commercial applications. The GEAC conducts thorough risk
assessments and considers public and environmental safety before granting approvals. It also oversees the implementation of biosafety
regulations and ensures compliance with national and international standards (MoEF, 1989).

State Biotechnology Coordination Committee (SBCC): The SBCC operates at the state level, coordinating biosafety activities within the
state. It liaises with the central authorities and local bodies to ensure effective implementation of biosafety regulations. The SBCC also
facilitates communication between various stakeholders, including researchers, regulatory authorities, and the public.

District Level Committee (DLC): The DLC is responsible for overseeing biosafety activities at the district level. It ensures local compliance
with national regulations and monitors the implementation of approved projects involving GMOs. The DLC also addresses public concerns
and facilitates community engagement in biosafety-related matters (MoEF, 1989).

Regulatory Procedures and Risk Assessment

The regulatory procedures for GMOs in India involve a multi-tiered risk assessment process designed to evaluate the potential impacts of GMOs on
human health and the environment. This process includes several key stages:

1.

Proposal Submission and Initial Review: Research institutions submit proposals for research involving GMOs to their respective IBSCs.
The IBSC conducts an initial review to ensure that the proposed research complies with national guidelines and safety protocols. The IBSC
also assesses the potential risks and benefits of the proposed research.

Review by RCGM: Approved proposals are forwarded to the RCGM for further review. The RCGM conducts a detailed assessment of the
scientific validity, potential risks, and safety measures associated with the proposed research. The RCGM may request additional information
or modifications to the research plan to address identified risks.

Field Trials and Environmental Release: For activities involving field trials or environmental release of GMOs, the RCGM forwards the
proposals to the GEAC. The GEAC conducts a comprehensive risk assessment, considering factors such as gene flow, environmental impact,
and potential health risks. Public consultations and stakeholder engagement are also part of this process to ensure transparency and address
public concerns (MoEF, 1989).

Approval and Monitoring: Upon satisfactory assessment, the GEAC grants approval for the proposed activities. The approval is accompanied
by specific conditions and safety measures that must be adhered to during the research or commercial application. The GEAC, along with the
IBSC and DLC, monitors the implementation of approved projects to ensure compliance with regulatory requirements and to address any
emerging risks.

Case Studies of Regulatory Implementation

Two prominent case studies that highlight the implementation of biosafety regulations in India are the approval and monitoring of Bt cotton and the
proposed introduction of genetically modified mustard (Dhara Mustard Hybrid DMH-11).

Bt Cotton: India’s experience with Bt cotton serves as a notable example of how biosafety regulations have been applied to GMOs. Bt cotton, genetically
modified to express a protein from the bacterium Bacillus thuringiensis, provides resistance to certain insect pests. The introduction of Bt cotton in India
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in 2002 led to significant increases in cotton yields and reductions in pesticide use, benefiting farmers economically (Qaim & Zilberman, 2003). However,
the adoption of Bt cotton also raised concerns about environmental impacts and socioeconomic issues.

The regulatory framework in India ensured that Bt cotton underwent rigorous risk assessments before approval. The GEAC evaluated field trial data,
environmental impact studies, and health risk assessments to ensure the safety of Bt cotton. Post-approval monitoring and surveillance mechanisms were
established to track the performance and impact of Bt cotton, addressing any issues that arose during its cultivation (Choudhary & Gaur, 2010).

Genetically Modified Mustard: Another significant case involves the genetically modified mustard, Dhara Mustard Hybrid DMH-11, developed by the
University of Delhi’s Centre for Genetic Manipulation of Crop Plants. This GM mustard is engineered to increase yield through hybridization facilitated
by genetic modification. The proposal for commercial release of DMH-11 underwent extensive risk assessment by the RCGM and GEAC, including field
trials and public consultations.

The approval process for DMH-11 highlighted the importance of transparency and public engagement in the regulatory framework. The GEAC conducted
multiple rounds of risk assessments, considering environmental and health impacts, and engaged with various stakeholders, including farmers, scientists,
and civil society organizations. The decision to approve or reject the commercial release of DMH-11 reflects the careful consideration of scientific
evidence, public opinion, and biosafety regulations.

Challenges and Future Directions

While India’s regulatory framework for GMOs is robust, it faces several challenges that need to be addressed to ensure continued effectiveness:

1. Capacity Building: Enhancing the capacity of regulatory authorities, research institutions, and enforcement agencies is crucial for effective
implementation of biosafety regulations. This includes training personnel, improving infrastructure, and fostering collaboration among
stakeholders.

2. Public Awareness and Engagement: Increasing public awareness and understanding of GMOs is essential to build trust and acceptance.
Transparent communication, public consultations, and educational programs can help address misconceptions and concerns about GMOs.

3. Harmonization with International Standards: Aligning India’s biosafety regulations with international standards and best practices can
facilitate the safe transboundary movement of GMOs and promote international collaboration in biotechnology research.

4. Addressing Emerging Technologies: The regulatory framework needs to evolve to address the challenges posed by emerging
biotechnologies, such as gene editing and synthetic biology. Developing specific guidelines and risk assessment protocols for these
technologies will be critical.

Conclusion

Biosafety of GMOs is crucial for safeguarding environmental and human health, necessitating comprehensive regulatory frameworks and risk
assessments. The evolution of international agreements, such as the Cartagena Protocol on Biosafety, and national regulations, like those in India under
The Environment (Protection) Act, 1986, highlight the collective efforts to address the potential risks associated with GMOs. The international regulation
of biosafety for genetically modified organisms is a complex and evolving field, reflecting the need to balance the benefits of biotechnology with the
potential risks to human health and the environment. Key international agreements like the Cartagena Protocol on Biosafety provide a framework for
ensuring the safe use of GMOs, while national and regional regulations address specific biosafety concerns. Despite the challenges, continued
advancements in biotechnology and international collaboration offer opportunities for strengthening biosafety regulations and promoting the sustainable
use of GMOs. India’s regulatory framework for GMOs, anchored by The Environment (Protection) Act, 1986, and the subsequent rules and procedures,
provides a comprehensive system for ensuring the safe development, use, and release of GMOs. The involvement of multiple competent authorities,
rigorous risk assessment processes, and stakeholder engagement are key components of this framework. Case studies such as Bt cotton and genetically
modified mustard illustrate the practical implementation of biosafety regulations in India. While the framework is robust, continuous efforts are needed
to address challenges, enhance capacity, and align with international standards. Public awareness and engagement, along with the adaptation to emerging
biotechnologies, will be crucial for the future success of India’s biosafety regulations. Through sustained efforts and collaboration, India can continue to
harness the benefits of GMOs while ensuring the safety and well-being of its people and environment. Continued vigilance, public awareness, and
adherence to biosafety protocols are essential to ensuring the safe application of biotechnology and protecting biodiversity.
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