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big data systems. This review identifies the uses of Block chain,

chain is capable of changing the way secure and privacy-conscious

INTRODUCTION
The accelerated development of digital technologies has resulted in the increased volume, speed, and

complexity of data created in fields like healthcare, finances, government, social media and Internet
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of Things (IoT). Data management has become an urgent need in organizations that aim at
maintaining data storage, processing, sharing and analysis in a secure and efficient manner.
Nonetheless, the conventional data management systems are mostly centralized and are prone to
security breach, unauthorized access, tampering of data and privacy invasion [1]. The well-known
data leaks and cyberattacks have also demonstrated the weaknesses of current security systems and
the necessity to offer more solid, clear, and reliable measures. The Block chain technology has been
found to be an up-and-coming paradigm to handle these issues by integrating the concepts of
decentralization, immutability, transparency, and cryptographic security in the process of data
management [2].

Initially created as the backbone technology of cryptocurrencies, Block chain has since become a
flexible platform that can be used to store data securely, provide access control and share data in a
distributed environment. Block chain makes use of single points of failure by removing the need to
have one trusted authority, and because of this, it is especially helpful in handling sensitive and high-
value information and resisting attacks. Two of the most important issues in the contemporary data
management are security and privacy [3]. Even though organizations want to use data to benefit
themselves in the form of analytics and decision-making, the organizations must take care of
confidentiality, integrity, availability, and adherence to data protection in regulations. The solutions
that are provided by Block chain have novel mechanisms like distributed ledgers, consensus
protocols, cryptographic hashing, and smart contracts to implement data integrity, traceability, and
controlled access [4]. Also, privacy-preserving methods such as encryption, anonymization, and zero-
knowledge proofs can be used with Block chain to keep user identity and sensitive data secure without
interfering with the data usability.

Although it has potential, there are also obstacles to the adoption of Block chain in data management.
Problems of scalability, storage overhead, performance, interoperability and regulatory compliance
should be thoroughly looked at. In addition, Block chain is frequently combined with off-chain
storage systems, cloud platforms, and new technologies, which form complex structures, which have
to be systematically analyzed [5]. The objective of the present review article is to outline Block chain-
based access control and privacy in the field of data management. It also talks about how Block chain
technology can be used to overcome the current security and privacy constraints, looks at major
techniques and architecture described in the current research work, and discusses practical application
of Block chain across different fields [6]. This review aims to provide useful information to
researchers, practitioners, and policymakers looking to use Block chain to develop privacy-conscious

data management systems by synthesizing existing development efforts, uncovering limitations, and
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outlining gaps in research to be addressed in future research efforts [7].
DETERMINANTS OF DATA MANAGEMENT SYSTEMS

Data management systems (DMS) are important systems that help organizations to gather, save,
arrange, process and access data effectively. They are the foundation of the digital operations of the
present time, enabling the applications of the enterprise resource planning to the cloud computing,
big data analytics, and Internet of Things (IoT) environments. To the essence, the goal of data
management systems is to be sure that the data is appropriate, accessible, dependable and safe during
its lifecycle. Basic elements of a DMS normally contain databases, data storage frameworks, data
models, query handling engines, and management interfaces that collaborate to provide the handling
of structured and unstructured data [8]. The world has been typically characterized by centralized
database management systems (DBMS) which provide well established means of ordering relational
data in the form of schema, table and indices. These databases are very successful in offering a means
of controlled access, data integrity constraints, and transactional operations with the features of
Atomicity, Consistency, Isolation and Durability (ACID). Nevertheless, centralized systems fail to
manage scale in cases of large-scale distributed data, since they tend to have challenges in the areas
of single points of failure, susceptibility to cyberattacks, and lack of transparency among various
stakeholders [9].

Distributed and cloud-based systems are also part of the modern data management to overcome these
limitations. Distributed systems spread data to more than two nodes which improves fault tolerance,
availability and scalability. Cloud-based solutions offer scalable storage and computing capabilities
whereby organizations can handle large quantities of data without having to spend a lot of money to
acquire the physical infrastructure [10]. However, these developments do cause security and privacy
issues including unauthorized access, data leakage and challenges of following data provenance. The
data management systems have important operations that involve data storage, retrieval,
transformation, replication, and backup. Data storage is not only a process of containing raw data but
also its permanence and availability. The retrieval operation, which is usually driven by query
engines, should be effective and accurate particularly with real-time usage. Harmonization Data Data
must be transformed and incorporated together with other sources, which is essential in analytic and
decision-making. The data loss is mitigated through replication and backup measures that ensure that

the business runs [11].
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Figure 1. Determinants of data management systems
DMS design is being increasingly security and privacy-and-compliance-oriented. Cryptography,
access control policies, authentication and auditing systems are usually used to safeguard confidential
information. Furthermore, the constraints of regulatory policies like GDPR, HIPAA, and CCPA put
heavy demands on data treatment, and therefore, secure and as-conformant data management systems
are highly demanded. This knowledge of these basics forms the basis of analyzing the use of emerging
technologies to improve the data in terms of security, privacy, and credibility namely Block chain
[12]. The concepts of Block chain present decentralized designs, impossibility, and verifiability of
transactions that are used to enhance the traditional DMS capabilities by filling the gaps present in
centralized and distributed systems and allowing transparent and tamper-resistant data processes. This
renders Block chain a very promising technology in the next-generation data management systems

[13].
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TRADITIONAL DATA MANAGEMENT SECURITY AND PRIVACY ISSUE
Although traditional data management systems are popular and well-developed, they have major
problems with ensuring security and privacy. These systems are usually centralized systems and the
data and information is stored and managed by one trusted authority or server. This architecture poses
inherent vulnerabilities to the system because the system as a whole is vulnerable to cyberattacks,
insider threats, and single points of failure. In this context where organizations depend on data to
make the most important decisions, the impact of breaches or unauthorized access may be
devastating, which may include financial loss, reputational harm, and legal sanctions [14]. Data
breaches are one of the key issues in terms of security. Hackers can attack centralized databases
containing a large amount of sensitive data, including personal identifiers, financial details and
business proprietary data. After being compromised the breaches may reveal gigabytes of
information. Conventional access control systems including role-based access control might not be
adequate to guard against unauthorized access, in situations where credentials are stolen or insiders
abuse their privileges [15].

Another issue of concern is data integrity. With a traditional system, unauthorized changes on the data
can remain unknown and undermine reliability. With weak auditing and verification systems, it is
hard to ensure that data is accurate, consistent and tamper proof. Moreover, distributed environments
based on replication can be inconsistent in case weak synchronization protocols are used, or ill-
intentioned nodes are trying to add the wrong data. There are other challenges of privacy preservation.
With the organizations gathering and processing personal and sensitive information, user privacy is
the most important thing to consider [16]. The centralized systems tend to make the user to have total
trust on the managing authority, yet users do not have personal control in the manner their data is
used, shared, or stored. Such procedures as data anonymization and encryption are used, but even
these solutions might be inadequate to advanced attacks, such as re-identification or cryptanalysis
[17].

Security and privacy risks are enhanced by the problems of scalability and interoperability. With the
increase in data volumes, it is becoming more complex to ensure efficient, real-time access control in
the distributed systems and in a secure manner. It is further complicated by the fact that the integration
of various data sources and the implementation of uniform privacy policies are also required. Also,
compliance with regulations creates difficulties [18]. Legal regulations such as the General Data
Protection Regulation (GDPR), Health Insurance Portability and Accountability Act (HIPAA), and
other regional privacy laws are stringent on the way data is supposed to be secured and handled. Lack

of compliance may lead to heavy fines and penalties. Such restrictions reveal the necessity of
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innovative solutions that will optimize the security level, data integrity, and privacy without
compromising accessibility or scalability. Decentralized ledger distributed across Block chain,
cryptographic security, and intractable design are some of the promising solutions to these traditional
vulnerabilities of data management. A combination of Block chain and other privacy-saving solutions
can enable organizations to develop more powerful, transparent, and credible data management
systems [19].
APPLICATIONS OF BLOCK CHAIN IN DATA SECURITY

The technology of Block chain has become an innovative source of improvement of security in the
data management systems. A Block chain, at its simplest level, is a distributed registry storing entries
of transactions or data on several nodes within a network, it is immutable, transparent and verifiable.
In contrast to the traditional centralized databases, Block chain does not exclude the use of one
authority to store the data or validate it, which dramatically decreases the chances of the single points
of failure, the possibility of unauthorized access and data leakage. Such decentralization ensures that
Block chain is especially applicable in the safe management of data in organizations and areas where
the issue of trust is essential [20].

Data integrity is one of the security advantages of Block chain. A Block chain is made up of blocks
which include cryptography hash of the prior block, and transaction data. Any change in the data
would cause the hash to be changed and this would provide an instant notification to the network that
there might have been tampering. This guarantees that the information stored on the Block chain is
not manipulable and can be checked by any party [21]. The Block chain generated immutable record
also leaves an auditable footprint, where organizations can trace the changes and gain access to history
which is essential in regulatory compliance and accountability. Block chain also promotes access
control and authentication. Access policies can be enforced automatically with the help of smart
contracts that are self-executable code and stored in the Block chain. Such contracts also allow the
definition of people who can read, write, or modify data and under what conditions, and
intermediaries are not required, and human error is reduced. Also, Block chain-based identity
management systems offer decentralized authentication and offer more control to users over their

own credentials without compromising access to sensitive information [22].
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Figure 2. Applications of block chain in data security
Block chain may also enhance data exchange and cooperation between several participants. In the old
fashioned systems, it used to be necessary to send copies of the data to a central server or use third-
party mediators, which increased the possibility of leakage and unauthorized access. With Block
chain, peer-to-peer data sharing is possible with data verification and confirmation of authenticity,
which grants participants the ability to trust the data without violating privacy. Nevertheless, Block
chain is in itself not a complete answer to total privacy [23]. Other methods like encryption, zero-
knowledge proofs and pseudonymization are commonly combined with Block chain to make sure
that sensitive data is held in secret, yet the ledger is transparent. The block chain is a critical
component in the secure data management since it offers decentralization, tamper resistance,
traceability, and automated access control. Its capability of increasing trust and security overcomes
most of the weaknesses of traditional centralized systems and thus it can be used as a promising base
on the next generation data management models. In conjunction with privacy-protective systems,
Block chain can be used to help organizations store data, share and effectively manage it in a

transparent and trustworthy way [24].
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PRIVACY PRESERVATION METHODS BASED ON BLOCK CHAINS

One of the most important issues of modern data management is privacy preservation, particularly
within the spheres where personal, financial, or medical information of the highest sensitivity is
applied. The conventional centralized systems tend to fail in offering adequate privacy assurances
because data is stored in a single repository and therefore is prone to breaches, theft, or other possible
misuses. Block chain technology has provided a transparent and decentralized system, which has its
own transparency problem with privacy [25]. To solve this, a number of Block chain-based privacy
preservation schemes have been created, which integrated cryptographic schemes, architectural
developments, and smart contract schemes. Encryption is one of the most popular techniques. The
data on the Block chain can be encrypted with the help of the symmetric or asymmetric cryptographic
algorithms. Encryption ensures that the data within the information is not accessed by a third party,
yet those who are authorized can access the same when there is a need [26]. As an illustration,
sensitive medical record or financial transactions can be easily transferred freely among the
participants without subjecting the raw data to the whole network. Off-chain storage may also be used
in conjunction with encryption where the encrypted version of the data is stored in the Block chain
whereas the actual information is held in a non-Block chain location which helps to reduce exposure
whilst preserving integrity [27].

Another method of maintaining privacy on Block chain network is pseudonymization and
anonymization. Under these systems, distinguishing identities of users are substituted by pseudonyms
or anonymized identities and transactions and data cannot be directly attributed to particular people.
This is useful in maintaining privacy and yet permitting the Block chain to act as a transparent and
verifiable registry. Zero-Knowledge Proofs (ZKPs) is a new somewhat advanced cryptographic
privacy preservation. ZKPs give one side the opportunity to demonstrate to the other the truth of a
specific statement without any further information being disclosed. ZKPs can be used in data
management in Block chain to verify a transaction, give access permissions, or data authenticity
without making any underlying sensitive data public. This is especially helpful to be used in the
financial, healthcare, and identity management applications where confidentiality is the main priority
[28].

Privacy-oriented Block chain systems also use the idea of ring signature and mixing schemes. Such
techniques confuse the source of transactions or data postings by combining several transactions
together, and hence it becomes hard to monitor the individual activity, and at the same time the
transaction is legitimate. Besides, secure multi-party computation (SMPC) enables several parties to

cooperatively compute a function on their inputs without divulging their inputs to the others [29].
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Combined with Block chain, SMPC allows to process data collaboratively without compromising the
privacy requirements. The privacy preservation methods based on block chains lead to greater
security and confidentiality of data management systems providing both decentrality and high-level
cryptographic measures. Encryption, pseudonymization, and zero-knowledge proving, ring
signatures, and SMPC make organizations utilize the transparency and immutability of Block chain
without sensitive information damage, building privacy-conscious and reliable data management
systems. The strategies are the basis of creating the next generation secure and compliant data
management systems [30].
SECURE DATA ACCESS AND CONTROL SMART CONTRACTS

Smart contracts refer to self-running code stored on a Block chain that execute rule and agreement
mandates automatically between the parties without the involvement of intermediaries. Smart
contracts are also important in data management in terms of securing access to data, integrity, and the
enforcement of privacy policies. Smart contracts offer a decentralized and irreversible way of
controlling access to, and manipulation or sharing of data, by implementing access control logic
within the Block chain itself [31]. Automated access control is one of the main uses of smart contracts.
Conventional access control systems like the role-based access control (RBAC) are based on the use
of centralized servers and administrators which control the permissions. This leaves loopholes, such
as insider threats, human errors, and possible manipulation. Smart contracts, in contrast, are automatic
algorithms that run in accordance with set rules to make sure that the data is only shared with the
authorized actors based on the set policies. As an example, within a healthcare system, a doctor can
only receive the medical records of a patient after one has properly authorized them, and all the access
events are recorded on the Block chain and can be audited [32].

Data integrity and accountability is also increased through smart contracts. All transactions with the
data, including retrieving, modifying, or sharing information, can be documented as a Block chain
transaction. Because Block chain operations are unchangeable and time-stamped, smart contracts
offer an indication of the chain of all data-related operations, which is easier to trace unwarranted
activities or any policy breach. This trait is especially useful in meeting the requirements of such
regulations as GDPR or HIPAA, in which the evidence of the controlled access to and usage of data
is necessary. Conditional data sharing is also another benefit [33]. Complex rules can be executed by
creating smart contracts that regulate the sharing of data on when and how to share it. To illustrate,
they can provide access to given datasets under certain conditions, like payment verification, multi-
party consent or anonymization of sensitive data. This feature enables safe cooperation within

distributed settings when multiple organizations have to share information without complete trust of
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each other [34].

In spite of their advantages, smart contracts have pitfalls like possible computer programming
mistakes, security risks and scalability. Thus, to make sure of reliable implementation, detailed
design, testing and auditing are crucial. Smart contracts offer a decent platform of safe data retrieval
and management in Block chain-based data administration systems. They lessen the dependency on
central authority, diminish the security threats as well as provide comprehensive visibility and
privacy-aware data management practices by automating access policies, making compliance and
maintaining immutable audit trails. The fact that they are integrated is a big improvement to the
conventional centralized systems of access controls [35].

DECENTRALIZED IDENTITY AND ACCESS CONTROL

Decentralized Identity (DID) and access management is a new solution in the world of data
management systems which is focusing on a crucial problem of identity verification, authentication
and privacy of users. Conventional identity management systems assume the involvement of
centralized authority, which can be a government database, corporate directory, or cloud service
provider, to validate users as well as grant access privileges [36]. Although they are functional, these
centralized models have a number of weaknesses, such as the presence of single points of failures,
hacking, data breach and excessive collection of personal data. Conversely, decentralized identity
systems take advantage of Block chain technology in order to offer secure and user-sovereign identity

verification and access control that is not reliant on a single and trusted authority [37].
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Figure 3. Components of decentralized identity systems
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The concept of self-sovereign identity (SSI) lies at the centre of the concept of decentralized identity.
SSI enables people to have complete ownership and control of their online personas, whereby
verifiable credentials are stored using a Block chain or distributed register. Users will be able to share
personal information selectively and that way they will not expose sensitive information which could
be unnecessary. As an example, instead of disclosing all personal information to check the age or
eligibility, a user can present cryptographic evidence that he satisfies the necessary requirements
without disclosing any unnecessary information [38]. The mechanism of selective disclosure
improves the privacy of the data and does not affect the authenticity and verifiability of the identity.
Access management based on Block chain technology is a supplement of decentralized identity which
guarantees a high degree of control over access to data in a safe and tamper-proof manner. Smart
contracts are frequently used together with DIDs to automate the process of authorization by
providing or withholding access under defined rules of access. Every access request will be recorded
permanently in the Block chain forming a transparent audit trail that cannot be easily manipulated. It
will be responsible and traceable, which is essential in terms of meeting privacy laws, including the
GDPR, HIPAA, and CCPA [39].

Interoperability across platforms is also achieved in decentralized identity systems. Conventional
identity solutions tend to be silo-ed and users have to use multiple credentials to use different
platforms. The DID based on Block chain offers a universal, verifiable, and transportable identity
which may be understood and trusted by various services and organizations. This not only makes the
process of user easier but it also minimizes the administrative overhead and security vulnerability of
password management and storing credentials in a centralized location [40]. In addition, the
decentralized identity and access control are especially useful in distributed and collaborative ones,
including healthcare, finance, and supply chains networks, which require many partners to
communicate with each other safely without complete trust and trust in each other. These systems
provide safe authentication, access control that is privacy-sensitive and greater autonomy, through
combining immutability of a Block chain, smart contracts, and cryptographic mechanisms [41].
Access control on decentralized identity and Block chain identity offers a strong verification of
identity, privacy-sensitive, and non-secret identity verification. These solutions overcome the
fundamental limitations of centralized systems and introduce an important breakthrough in the current
data management through the establishment of control over the digital identities of the users and the

enforcement of access, which can be done automatically by means of immutable ledgers [42].
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BLOCK CHAIN INTERACTION WITH CLOUD SYSTEMS AND BIG DATA

The development of Block chain technology in conjunction with cloud computing and big data is an
important transformation in the contemporary data management. Big data infrastructures and cloud
platforms have helped organizations to store and process large quantities of data in a structured and
unstructured format effectively. Nevertheless, such systems tend to be based on centralized
architectures that pose security, data integrity, privacy, and trust vulnerability. Decentralized and
immutable ledger, Block chain provides new answers to these issues by increasing the level of
transparency, accountability, and resistance to tampering in cloud-based, big data systems [43].
Among the major advantages of Block chain integration, there is an increase in data security.
Conventional cloud-based applications by third parties are vulnerable to breaches, insider attacks,
and unauthorized access because the data is stored in centralized servers controlled by the third
parties. With the integration of Block chain, it is possible to store the data transactions in a
decentralized registry that uses cryptographic security to guarantee immutability and tracking. Any
intervention of finding a way to alter the data can be readily identified and all the process of data
changes can be verified by all parties within the network, which enhances the credibility of the data
integrity [44].

Block chain is also used in sharing data, which is secure and auditable, in distributed cloud and big
data platforms. The traditional system may take longer to share information, involves middlemen and
it may be prone to security lapses which is not the case with the new system. Using Block chain, peer-
to-peer transfer of data can take place with verifiable evidences of authenticity, and various parties
can retrieve shared datasets without undermining confidentiality [45]. Smart contracts also add to this
functionality by automating access control, ensuring usage policies, and only performing transactions
as per stipulated conditions. Block chain can enhance data provenance and quality in the framework
of big data analytics. Big data systems tend to aggregate data on numerous sources, and it is difficult
to verify the source and integrity of these data. Block chain also gives a secured data record of every
data entry, so that analytics is done on validated information that cannot be tampered with. It is
especially essential when it is used in the sphere of finance, healthcare, and supply chain management,

where such incorrect or distorted data may lead to serious and unfortunate outcomes [46].
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Block chain interoperability helps hybrid architecture, in which bulk data have been stored off-chain
in cloud or distributed data stores, but the Block chain has metadata, transaction and access logs. The
strategy helps resolve the shortcomings of Block chain in terms of scalability and capacity and
maintain the advantages of security and transparency. Although it has benefits, using Block chain in
combination with cloud and big data systems is associated with several issues, such as network
latency, scalability, computational overhead, and heterogeneous platforms interoperability [47].
These issues are to be tackled carefully and optimized. The integration of block chain with cloud and
big data systems also improves security, privacy, data integrity and trust, which offer a powerful
framework of distributed data management. With the computational and storage power of cloud and
big data increased with the decentralized verification and immutability of Block chain, organizations
can create secure, transparent, and privacy-conscious data management ecologies that can be used in
current digital applications [48].
STORAGE, SCALABILITY AND PERFORMANCE

Although the Block chain technology has a lot of benefits in terms of security, privacy, and trust in
the handling of data, its application in large systems creates critical issues concerning its
performances, scalability, and storage. These considerations are important in developing effective
Block chain-powered data management systems, which may be able to accommodate real-life

applications without reducing their usability or reliability. One of the aspects is performance;
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especially where it is essential to process data quickly or almost in real-time [49]. The Block chain
networks are usually based on consensus, including Proof of Work (PoW), Proof of Stake (PoS), or
Practical Byzantine Fault Tolerance (PBFT) validation and confirmation of transactions. Although
these mechanisms are necessary in the way of providing security and decentralization, they come
with computational overhead and latency. As an illustration, Block chains that use PoW authentication
like Bitcoin cannot be used in a high-throughput application, as it requires substantial computational
power and time to verify transactions. Other consensus models (e.g. PoS or delegated consensus
committees) offer faster confirmation of transactions but can present a trade-off in either
decentralization or security [50].

The other important challenge is scalability. Due to an increase in the number of transactions and
participants in a Block chain network, the network should be in a position to accommodate increasing
volumes of data without compromising performance. The conventional Block chains keep a complete
version of a ledger on each node and this might cause bottlenecks to processing and synchronization.
Big data and IoT environments have high rates of transactions that may overwhelm Block chain
networks, causing delays and low efficiency of the systems [51]. Some of the solutions found to
enhance scalability through workload distribution and parallel processing of transactions include
layer-2 solutions, shoring, and sidechains. In data management systems based on Block chain, storage
is also something that should be considered. Block chains are also append-only, which means that
with Block chains all the transactions and updates are permanently recorded on the ledger [52] though
this guarantees permanence and traceability, it also leads to a lot of storage space in the long run. In
case of large scale systems with large volumes of data, it is not viable to store complete datasets on-
chain. The storage overhead can also be minimized with hybrid techniques, like off-chain storage, in
which the bulk data is stored in external databases or distributed storage systems, whereas the Block
chain is used to store hashes and metadata, which can be used to verify the integrity and verifiability
of the data [53].

Performance and scalability are also influenced by network bandwidth and synchronization of nodes.
The Block chain increases the size of each node needs to communicate and verify data, and in case it
is not managed it can create congestion in the network and slow response time. In Block chain-based
data management, such factors as performance, scalability, and storage are crucial. There is a need to
have efficient consensus mechanisms, hybrid storage solutions and network optimization techniques
to push the balance between security, decentralization and operational efficiency. These issues need
to be addressed to implement Block chain solutions which are practical, scalable and can support

modern data intensive applications in many areas [54].

129
This is an Creative Commons License This work is licensed under a Creative
BY NC Commons Attribution-NonCommercial 4.0 International License.



. . ISSN : 3079-5761
Global Trends in Science and Volume 1, Number 4, 2025

Technology https://doi.org/10.70445/gtst.1.4.2025.116-144

THE DATA MANAGEMENT APPLICATIONS AND USE CASES OF BLOCK CHAIN
The Block chain technology has proved to have potential in revolutionizing the data management
practices in many industries that have improved the security, privacy, transparency, and trust. It is
decentralized, immutable, which solves the major weaknesses of centralized systems, allowing the
storage of data safely, controlled access, and auditability. Consequently, Block chain has been
implemented in various fields, all of which use its possibilities to address certain issues in data.
Healthcare data management is one of the favorable applications [55]. Healthcare organizations create
huge volumes of sensitive patient information including medical histories, lab reports, and imaging
outcomes. In conventional systems of centralization, breaches, unauthorized access and data
tampering are prone to occur. Block chain has the capability to save and operate patient records safely
and ensure privacy during encryption or selective disclosure strategies. Smart contracts will be able
to automate the control of consent so that only authorized staff or scientists will be able to access
certain data. This solution does not only enhance data security but also facilitates the interaction
between hospitals, laboratories, and insurance companies as well as ensuring that the patients have
control over their personal data [56].

Block chain is used in the banking and financial industries to improve transparency of transactions,
prevent fraud and compliance with regulations. Banking institutions are able to store their transactions
on unchangeable block-chain records, which make them accurate and traceable, and they do not have
to depend on intermediaries. Systems with Block chain also enhance sharing of data among banks
and regulators, which facilitates quicker audits and minimizes the risks of operation. Moreover,
privacy-saving algorithms, like the zero-knowledge proofs, enable the safe verification of
transactions to be made without revealing any sensitive account data [57]. The advantage of the use
of Block chain in the supply chain and logistics sector is accountability, traceability, and authenticity
of goods. All the steps of the supply chain, such as the manufacturing of a product to delivery, can be
traced on a Block chain, which will form a non-alterable history that can be trusted by the
stakeholders. This will eliminate counterfeiting, increase transparency, and make it easier to make
decisions basing them on real-time and reliable data [58].

Block chain can be used in the Internet of Things (IoT) to ensure secure information exchange
between interconnected devices. The IoT systems produce a stream of data that can be easily
manipulated and even accessed by unauthorized persons. The Block chain provides integrity of data
and decentralized authentication of devices, minimizes security threats, and enhances reliability. The
other uses are digital identity management, government records, protection of intellectual property,

and cloud data security [59]. Block chain ensures data sharing, automated access on smart contracts
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and verifiable audit trails in all these areas and due to the decentralization, immutability, transparency,
and programmable contracts, Block chain is a potent tool in enhancing data management in any sector.
Block chain-based solutions are improving the privacy, security, and trust of sensitive data, and are
changing the way sensitive data is stored, accessed, and shared and allowing organizations to create
more resilient, efficient, and user-centric data ecosystems [60].
ANALYTICAL COMPARISON OF THE CURRENT SOLUTIONS BASED ON BLOCK
CHAIN

A number of solutions have been developed as a result of the adoption of Block chain technology in
data management and each is aimed at solving a particular security, privacy, and operational issue.
These solutions should be put side by side in a comparative analysis to know their weaknesses,
strengths, and applicability under various circumstances to allow organizations in choosing and
applying the most effective frameworks. A significant portion of Block chain-based solutions is
dedicated to public Block chains, including Ethereum and Bitcoin. Public Block chains are
completely decentralized, and any person can become a node or a validator [61]. Their main strength
is in the openness and inability to change anything, so every transaction can be checked and
cryptography cannot be violated. Nevertheless, the public Block chains are characterized by such
issues as the inability to scale, increased latency, and high computational expenses, particularly when
it comes to handling large amounts of data. These are disadvantageous because they are not as good
in real-time data management or in the enterprise level applications which demand high-speed
transaction throughput [62].

Some of these drawbacks are overcome by private and consortium Block chains, including
Hyperledger Fabric and Quorum, by limiting access to authorized parties. These networks are more
decentralized and controlled and also provide higher speeds of transaction, reduced use of energy and
more efficient consensus processes. Privacy management is also improved with private Block chains
because sensitive information may be disclosed to trusted parties. Although that makes them
appealing to enterprise use, they are not as transparent as the public Block chains and the trust relies
on the governance of the consortium [63]. Hybrid Block chain removes the storage constraints of a
traditional Block chain by storing data on- and off-chain. With such systems, Block chain is only
stored with critical metadata or cryptographic hash, with bulk data stored in external databases or
distributed storage systems. The solution increases the scalability and performance, yet the stored
data integrity and verifiability. The hybrid solutions can be employed specifically in fields like
healthcare, finance, and loT when huge volumes of data are to be processed and shared safely without

overwhelming the Block chain too much [64].

131
This is an Creative Commons License This work is licensed under a Creative
BY NC Commons Attribution-NonCommercial 4.0 International License.



. . ISSN : 3079-5761
Global Trends in Science and Volume 1, Number 4, 2025

Technology https://doi.org/10.70445/gtst.1.4.2025.116-144

Privacy-preserving schemes are applied in other Block chain-based solutions, which include zero-
knowledge proofs (ZKPs), secure multi-party computation (SMPC), and homomorphic encryption.
These methods permit checking and calculation on the encrypted data without any sensitive
information being revealed, overcoming the privacy issues of information sharing and analytics.
Solutions based on ZKPs, such as allow organizations to prove transactions or other access controls
without exposing the underlying data to ensure high privacy guarantees [65]. Block chain solutions
range in terms of architecture, performance, privacy, and scalability. Public Block chains are more
focused on transparency and decentralization with the issue of efficiency. Privacy and consortium
Block chains are better in performance and privacy but are based on trusted management [66]. Privacy
and Hybrid solutions provide a trade-off between the management of large, sensitive data. It is
necessary to comparatively assess these solutions in order to reveal the most appropriate structure in
relation to the particular organizational requirements, which guarantees the safety of information, its
efficient processing, and the consideration of privacy issues [67]
RESTRICTIONS AND OPEN PROBLEMS

Although Block chain technology has proven to have enormous benefits in terms of safeguarding and
privacy-conscious data management, there are also a number of limitations and unresolved issues that
have to be resolved to provide the means of a viable and scalable implementation. These limitations
are important to the researcher, developers, and organizations that want to use Block chain to develop
contemporary data management systems [68]. Scalability is one of the most important challenges.
Conventional Block chain networks, especially public block chains have been restricted in terms of
the number of transactions that can be processed per second because of consensus system such as
Proof of Work (PoW). With the growth in the number of users and transactions, the network is likely
to become sluggish with lower throughput and an increase in operational expenses. Although newer
consensus systems like Proof of Stake (PoS) or delegated consensus, high scalability, with
decentralization and security, is a challenging trade-off, especially when the system is needed to
process data in real-time or near real-time [69].

There are other issues related to storage and data management. Block chain as such is an append-only
registry, and all the transactions are stored forever. This contributes to the speedy increase in the
ledger volume, which puts storage and computation pressure on participating nodes. In case of large
scale data management systems, it is not feasible to store all data on-chain. Some of the problems are
addressed by hybrid solutions that keep metadata or cryptographic hashes on-chain but bulk data off-
chain, which cause complexities in data availability, consistency, and integrity. The other important

challenge is interoperability [ 70]. Companies tend to apply a variety of data management applications,
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cloud systems, and old systems. The standardization of heterogeneous environments and smooth
communication protocols are necessary to integrate Block chain into those environments. In lack of
the strategy of interoperability, Block chain solutions do not work in isolation and therefore reduce
their efficiency in the real world of handling data [71].
The application of cryptographic and privacy-sensitive approaches does not eliminate the issue of
privacy and confidentiality. By definition, public Block chains reveal the metadata of transactions,
which in some cases can have patterns or sensitive information. Privacy might be improved with the
help of more sophisticated solutions, e.g. zero-knowledge proofs, homomorphic encryption or secure
multi-party computation, which add more computational complexity and might have an impact on
performance. The regulatory and legal compliance is a changing issue [72]. The impossibility of
editing or destroying personal data requested by the user may be a clash between Block chain and
privacy laws such as the GDPR. To operate within the space of legal regulations and still enjoy the
perks of Block chain, hybrid storage systems and privacy-saving mechanisms need to be designed
with care [73].
Some Block chain applications raise energy consumption and resource efficiency issues, especially
the PoW-based, which demand a high level of computation power and energy. Long-term data
management application requires long-term sustainable Block chain designs. Although Block chain
offers transformational advantages in the way it offers secure, transparent, and privacy-conscious data
management, scalability, storage, interoperability, privacy, compliance, and resource efficiency issues
still exist. Overcoming these constraints will play a critical role in coming up with implementable,
strong, and generalizable Block chain-based data management systems. These obstacles need to be
conquered through continuous research, optimization, and innovation that need to unlock the full
potential of Block chain in the current data ecosystems [74].

FUTURE RESEARCH DIRECTIONS
The Block chain technology has proven to be very promising in maximising the level of security,
privacy as well as trust in the data handling systems. Nevertheless, although it is associated with many
benefits, there are various limitations and challenges which limit its full-scale adoption. As a result,
the research study in Block chain-based data management of the future ought to aim at overcoming
these limitations, maximizing system performance, and examining new usages to unachieve the full
potential. Scalability and throughput optimization is one of the most important in the future research
[75]. The existing Block chain systems, specifically the public Block chains, are limited to the ability
to handle a high number of transactions because of the consensus algorithms such as the Proof of

Work (PoW). Despite the fact that alternative systems, including Proof of Stake (PoS), delegated PoS,
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and Practical Byzantine Fault Tolerance (PBFT), have some improvements, it is difficult to balance
between scalability, decentralization and security. Further studies might be done on hybrid consensus,
paralleled transaction processing, and shards to allow high throughput and real time data management
that could be used in enterprise and IoT applications [76].

The other significant course is the improvement of privacy-saving mechanisms. Although such
methods as zero-knowledge proofs, secure multi-party computation, and homomorphic encryption
provide high privacy, they come at the cost of increased computation time, and can potentially impact
system performance. Studies should be conducted to create lightweight, efficient and scalable
cryptographs protocols which ensure privacy without affecting the speed or usability [77]. A
harmonious implementation of these methods into the Block chain-based data management systems
will be essential in applications that process sensitive data including healthcare, finance, and personal
identity management. Another essential field of research is interoperability and standardization.
Adoption of Block chain in data management is commonly compromised by adoption of
fragmentation networks, incompatible platforms, and the absence of standardized protocols. Future
research may aim at creating interoperable designs that can enable seamless interconnection of
various Block chain networks, cloud environments and legacy data environments. This will improve
the usability of Block chain in an inter-organizational and inter-domain data managements setting
[78].

It is also a priority to have sustainable Block chain solutions. Consensus mechanisms that consume a
substantial amount of energy, including PoW, are also of a particular concern in terms of
environmental impact and cost of operation. The investigation of the energy-saving consensus
protocol and environmentally friendly Block chain structure will be crucial to the wide-scale usage
in data management applications. Law and legal frameworks are a matter of consideration [79]. The
fact that Block chain is immutable may contradict the legislation that demands the alteration or
removal of data like GDPR. Further research might be conducted on the hybrid models and privacy-
preserving approaches that would facilitate the compatibility of Block chain immutability with
regulatory needs and allow managing the data that is compliant and secure at the same time [80].
Scalable, privacy-preserving, interoperable, energy-efficient, and regulatory-compliant Block chain
solutions ought to be considered in future research. By focusing on these, academics can create the
next generation of data management systems that realize all the potentials of Block chain and offer

safe, reliable, and effective systems of various applications in many fields [81].
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CONCLUSION
The Block chain technology has come as a revolutionary tool to decision-making in the data
management systems that have persistently posed security, privacy, transparency, and trust as a
challenge. Although traditional centralized data management structures are effective in managing
storage and processing, they have fundamental weaknesses such as single points of vulnerabilities,
vulnerability to cyberattacks, unauthorized access, data manipulation, and privacy breaches. With the
growing dependence of organizations on digital data to make decisions, perform analytics, and
collaborate across organizations, these vulnerabilities have been heightened, which makes more
secure, decentralized and trustworthy solutions long overdue.
The analysis of the Block chain-based data management has shown that Block chain has some
peculiarities that will directly tackle these limitations. The architecture of the system is decentralized,
which gets rid of the reliance on one authority and thus lessens the risks of damaging the entire system
or controlling it. Data integrity is guaranteed by immutable and tamper-resistant ledgers, whereas the
authenticity of stored information is ensured by cryptographic security measures. The smart contracts
integration will improve automated access to and control data, where pre-established rules may be
used to determine the people who may access or manipulate data without human input. This enhances
accountability as well as minimizes the possibility of errors or malicious practices.
Another advantage that Block chain-based solutions offer is privacy preservation. Encryption,
pseudonymization, zero-knowledge proofs, ring signatures, and secure multi-party computation are
the techniques that can enable organizations to ensure the confidentiality of sensitive data and benefit
from transparency and auditability of Block chain. Moreover, decentralized identity (DID) systems
enable people to have self-sovereign identity, which provides them with personal control over their
own data and enables them to disclose it selectively when it is necessary. All these mechanisms
improve the privacy of users, increase trust, and allow sharing data safely across platforms, especially
in fields like healthcare, finance, 10T, and supply chain management.
The implementation of Block chain as a solution in cloud computing and big data systems also
increases the range of its application. Hybrid architectures, where large datasets are stored off-chain
with cryptographic references being held on-chain, address the shortcomings of storage and
scalability of Block chain. The method maintains data integrity, makes it verifiable, and allows safe
cooperation of numerous stakeholders without wasting network resources. Practical use in health
care, financial, supply chain, and IoT shows that Block chain-based data management is practical and
that organizations can use it to develop secure, auditable, and privacy-conscious data ecosystems.

Block chain, though it has advantages, does not have its challenges. Scalability, performance and
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storage overheads are still critical issues especially in large scale and high transaction environments.
There is a layer of complexity with network latency, computing power, integrating with legacy
systems, and meeting regulatory standards like GDPR and HIPAA. Proof-of-Work-based systems are
also a source of sustainability issues related to energy use. These constraints underscore the
importance of research and innovation in optimising Block chain solutions, improving efficiency, and
establishing standards that allow the easy integration of the Block chain solutions with the already
existing data infrastructure.
Future research effort is in scalable consensus mechanisms, lightweight privacy-preserving protocols,
interoperable frameworks, energy efficient designs and compliance oriented architectures. With these
issues resolved, Block chain can become a holistic platform, which can be used to handle data
management securely, reliably, and with scale. These innovations will enable the next generation
where robust and efficient systems with the capability of integrated Block chain and flexibility and
efficiency are integrated to facilitate the data-driven business of the future.
The application of Block chain-based data management is a paradigm shift that has never been
experienced before and provides unprecedented benefits in terms of security, privacy, transparency,
and trust. With Block chain, organizations can be confident in handling data by reducing the
weaknesses of conventional systems as well as offering effective means of accessing, sharing and
verifying secure data. Though the challenges exist, continuous research, development of new
technology and implementation of hybrid is gradually combating these challenges. Finally, Block
chain can transform the way data can be handled, stored and shared in industries, which will create a
secure and privacy-conscious data environment that is trustworthy and responds to the needs of the
data-hungry society of the present day.
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