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OVERVIEW OF PRINCIPLES AND METHODS OF MEDICAL
WASTE MANAGEMENT AND THEIR APPLICATION FOR
DATABASE DESIGN

Abstract. The article deals with the problem of medical waste management and the
need to create a scientific and methodological base for the development of a data collection
mechanism related to their formation, collection, transportation and disposal. The
introduction of digital technologies and the integration of data on all stages of medical
waste management will create an effective management system. The main focus is on
system, process and risk-based approaches, as well as data collection methods at various
stages. The article focuses on the problems and prospects of implementing digital solutions
and automating medical waste management processes. The article examines the database
structure, key parameters and relationships, as well as data modeling with an emphasis on
logical and physical structure.

Keywords: medical waste, methods, database, transportation, disposal.

Abduvalova A.D., Akhmetzhanova Sh.E., Eshmakhanova T.K. Overview of principles and

% methods of medical waste management and their application for database design //
Mechanics and Technology / Scientific journal. — 2024. — No.3(85). — P.479-485.
https://doi.org/10.55956/DIAF2678

Introduction. The introduction presents the problem of medical waste
management, which is one of the most relevant and significant in the field of
healthcare and ecology. To fulfill the tasks set out in the Concept of the Green
Economy of Kazakhstan [1], it is necessary that the level of recycling reaches 40%
by 2030 and 50% by 2050. In this regard, the waste management system in the
country needs more stringent legislative measures and effective implementation of
these standards. In addition, international experience and research indicate that
improper handling of medical waste poses serious risks both to the health of
employees and to society as a whole [2]. Medical waste includes a wide range of
materials that can pose a threat to both the environment and human health. These
include used syringes, infected materials, pharmaceutical products, chemicals, and
even radioactive materials. Improper handling of medical waste can lead to serious
consequences: the spread of infections, contamination of soil and water resources,
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as well as the risk of poisoning and chemical burns among health workers and the
public [3].

The rules concerning the collection, disposal and storage of waste in
healthcare institutions are defined by the sanitary norms “Sanitary and
epidemiological requirements for healthcare facilities”. These standards were
approved by the order of the Minister of Health of the Republic of Kazakhstan on
August 11, 2020 under the number KR DSM-96/2020 [4]. They regulate in detail
the procedures regarding medical waste at these facilities.

Information on medical waste is provided in accordance with the order of the
Minister of Health of the Republic of Kazakhstan dated November 30, 2020 No.
KR DSM-219/2020 “On the procedure for providing information on medical
waste” [5]. These provisions are of key importance for the collection of data on
medical waste and contribute to more effective control and supervision in the field
of sanitation and epidemiology.

In recent years, the issue of medical waste management has become even
more relevant against the background of global events such as the COVID-19
pandemic [6], which has significantly increased the volume of waste related to
medical activities. The increased use of personal protective equipment (masks,
gloves), disposable medical instruments and other materials has contributed to an
increase in the volume of waste that needs to be efficiently collected, transported
and disposed of.

Materials and methods. The main goal of developing a mechanism for
collecting data on medical waste is to create a unified system that will ensure
transparency, reliability and efficiency of data at all stages of waste management:
from their formation in medical institutions to final disposal. Such a mechanism is
necessary for:

— Process monitoring: timely and accurate tracking of all stages of waste
management.

— Ensuring safety: minimizing risks to human health and environmental
protection.

— Improving efficiency: optimizing waste management processes through
the use of digital technologies and automation.

— Compliance with regulatory requirements: ensuring compliance with
international and national standards governing the management of medical waste.

Currently, there are various methods and systems for managing medical
waste, which vary depending on the region, the level of infrastructure development
and regulatory requirements. Among the main methods, the following can be
distinguished:

1. Segregation of waste by hazard classes. This method involves sorting
medical waste at the stage of its formation into categories (non-hazardous,
infectious, toxic, radioactive), which allows appropriate treatment measures to be
applied to them. This is an important first step to minimize the risk.

2. Waste transportation. Medical waste requires special transportation
services, including airtight containers and compliance with strict sanitary
standards. There is a need for transport monitoring systems to ensure the safe
delivery of waste to the disposal site.

3. Disposal methods. There are various approaches to the disposal of medical
waste, such as incineration, burial, autoclaving and chemical treatment. Each
method is selected depending on the type of waste and the degree of its danger. For

480



ISSN 2308-9865 Mechanics and Technologies /

elSSN 2959-7994 Scientific journal 2024, No.3(85)

example, hazardous and infected waste is most often destroyed by high-
temperature incineration, while non-hazardous waste can be recycled.

4. Digitalization and automation. In recent years, digital medical waste
accounting systems have been introduced in some countries, which include the use
of specialized software, sensors and monitoring technologies. These systems allow
you to track the movement of waste in real time and provide accurate data for
reporting and control.

However, despite existing methods, many countries, especially those with
limited resources, face problems in the management of medical waste. These
problems include a lack of financial resources, insufficient technical base, weak
control and monitoring of processes, which leads to risks to health and the
environment. Therefore, the development of more efficient, integrated medical
waste data management systems using modern technologies remains a key
challenge [7].

The classification of medical waste is the basis for the development of
effective waste management methods, since different types of waste require
different approaches to their treatment, transportation and disposal. The
classification may include the following main categories:

— Class A (safe) waste: These wastes do not pose a threat to human health
and the environment. This category includes materials that have not been
biologically contaminated, such as used paper packaging, sterile bandages and non-
infectious items. Their disposal can be carried out in standard ways, such as
recycling or landfill disposal.

— Waste of class B (infectious): These wastes can be dangerous, as they
may contain infectious agents that threaten human health. This includes used
syringes, surgical instruments, materials used during operations. Their processing
requires the use of special precautions, such as hermetically sealed containers and
sterilization before disposal.

— Waste of Class C (toxic): This group includes waste with dangerous
chemicals such as reagents, chemotherapeutic drugs or heavy metals. Their
disposal requires specialized approaches, for example, chemical neutralization or
special disposal to prevent environmental pollution.

— Waste of class D (radioactive): These wastes contain radioactive
substances and require strict control and specialized handling. Special technologies
and procedures aimed at minimizing the risk of radiation contamination are used
for their storage and disposal [8].

The classification of medical waste not only helps in the organization of the
management process, but also in determining the necessary resources and
technologies used at each stage of their treatment. At the stage of medical waste
generation, it is important to accurately record the amount and types of waste
generated as a result of medical activities. This ensures proper planning and
management of waste management processes.

Research results. In modern conditions, when environmental and public
health problems are becoming more and more urgent, effective management of
medical waste requires the use of advanced information technologies. Information
systems and software solutions make it possible to optimize the process of
collecting, processing and analyzing data on the formation, collection,
transportation and disposal of medical waste. This article discusses the key aspects
of using information technology to manage waste data, including software
solutions and database design.
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Designing a database for accounting for medical waste is an important step
in managing the waste management system in healthcare. This database should
ensure effective storage, processing and analysis of information about medical
waste at all stages of its life cycle: from education to disposal. In this section of the
article, we will look at the database structure, key parameters and relationships, as
well as conduct data modeling with an emphasis on logical and physical structure.
In addition, we will give examples of the implementation of databases and their
adaptation to the needs of the healthcare system.

Database structure: key parameters and relationships.Let's create a semantic
model of the domain. The database structure should be organized in such a way as
to ensure effective management of medical waste data. The key elements of the
database structure are tables, fields, and the relationships between them within the
ER model. The ER model is based on concepts such as essence, attribute and
relationship, while the subject area appears as a collection of entities with their
attributes and the relationships established between them. Currently, there are
several notations for visualizing ER diagrams. According to Martin's notation, an
entity is displayed as a rectangle, inside which its name and attributes are listed in
bold. The connection is fixed by a line above which its name is placed, and the
form of connection with the entity determines the cardinality of the connection:
"crow's foot" stands for M, and the absence is 1 (Fig. 1).

Medical_Institutions

Waste_Types

1D_type INT
Name VARCHAR(255)
NOT NULL
Description TEXT

1D_institution INT
Name VARCHAR(255) NOT
NULL
Address VARCHAR(255)
NOT NULL
Contact_Info VARCHAR(255)
NOT NULL

Waste_Generation

1D_generation INT
ID_institution INT

ID_type INT

Quantity DECIMAL NOT

NULL Date DATE NOT
NULL

Waste_Collection Waste_Transport Waste_Disposal

ID_transport INT 1D_disposal INT

ID_collection integer(10) 1D_collection INT 1D_transport INT,

ID_generation INT Transport_Date DATE NOT Disposal_Method
Collection_Date DATE NOT [ + NULL . [+ VARCHAR(255) NOT
NULL Route TEXT NOT NULL ¥ MULL, Disposal_Date

Responsible Person Transport_Mean DATE NOT NULL,
VARCHAR(255) NOT NULL VARCHAR(255) NOT NULL Responsible_Person
VARCHAR(255) NOT

NULL

Fig. 1. ER diagram
MySQL is one of the most common relational databases and is suitable for

implementing a medical waste database.
1. Key tables:
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CREATE TABLE Medicallnstitutions
ID_institution INT PRIMARY KEY AUTO_INCREMENT,
MName VARCHAR(255 0T NULL
Address VARCHAR(255) NO JULL,
ContactInfo VARCHAR(255

CREATE TABLE WasteTypes
ID_type INT PRIMARY KEY AUTO_INCREMENT,
Name VARCHAR(255) NOT
Description TEXT

CREATE TABLE WasteGeneration (
ID_generation INT PRIMARY KEY AUTO_INCREMENT,
ID_institution INT,
ID_type INT
Quantity DECIMAL(1@, 2) NOT
Date DATE NOT NULL,
FOREIGN KEY (ID_institution) REFERENCES MedicalInstitutions(ID_institution),
FOREIGN KEY (ID_type) REFERENCES WasteTypes(ID_type

2. Filling in tables

INSERT INTO MedicalInstitutions (Name, Address, ContactInfo) VALUES ('Hospital A', '123 Main St', '123-456-789@');
INSERT INTO WasteTypes (Name, Description) VALUES ('Infectious Waste', 'Waste that poses a risk of infection.');
INSERT INTO WasteGeneration (ID_institution, ID_type, Quantity, Date) VALUES (1, 1, 150.08, '2024-09-01');

3. Requests for data extraction
SELECT MI.Name AS Institution, WT.Name AS WasteType, WG.Quantity, WG.Date
FROM WasteGeneration WG
JOIN MedicallInstitutions MI ON WG.ID institution = MI.ID_institution
JOIN WasteTypes WT ON WG.ID_type = WT.ID_type; "

Discussion of scientific results. Designing a database for medical waste is a
multistep process that requires careful planning and implementation. The database
structure, logical and physical models, as well as implementation examples are key
aspects that ensure effective waste data management. This approach allows not
only to improve the accounting and control of medical waste, but also contributes
to improving the safety and sustainability of the health system as a whole.

Software solutions for waste data management. The development and
implementation of specialized software solutions for waste data management is one
of the most important steps towards effective management of medical waste. Such
programs may include the following functions:

1. Waste registration and classification: The software should provide the
ability to register all types of medical waste, classify and account for them by
volume and origin. This may include creating templates for data entry, which
allows medical institutions to easily and quickly capture information about waste.

2. Monitoring and tracking: Waste management systems can use tracking
technologies such as barcodes or RFID tags to monitor the movement of waste
from the place of its formation to disposal. This significantly reduces the risk of
leaks or improper waste management

3. Process automation: Software solutions allow you to automate routine
processes such as scheduling waste collection schedules, processing accompanying
documents and reporting. This helps to reduce administrative costs and improve
work efficiency.

4. Analysis and Reporting: Built-in analytical tools can provide real-time
analysis of medical waste data. This allows you to make informed decisions about
how to optimize collection and disposal processes, as well as identify bottlenecks
and opportunities for improvement.

5. Integration with other systems: Effective software solutions should be
integrated with other information systems, such as medical facility management
systems, to ensure data exchange and obtain a more complete picture of waste
management.
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Conclusion. As a result of the study of the mechanism for collecting data on
medical waste, several key conclusions were made. The introduction of generally
accepted standards for all medical institutions will simplify the process of
collecting and processing information about medical waste. The use of specialized
software solutions for accounting for medical waste will significantly reduce the
likelihood of errors and increase the speed of information processing. Such systems
may include functions for automatic registration of volumes and types of waste at
the stage of their formation and transportation.Thus, the implementation of the
proposed conclusions and recommendations will make it possible to create an
effective mechanism for managing data on medical waste. This, in turn, will lead to
safer and more sustainable management of medical waste, which is an important
task for ensuring public health and environmental protection in the future.
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A.0. A6gysanosal, LLI.E. AxmeTkaHosa!, T.K. ELumaxaHosa?
IM.X. lynamu ameiHdarsl Tapas eHipnik yHusepcumemi, Tapas K., Kazakcmax

MEAULMHASBIK KANABIKTAPAbI BACKAPY NPUHLMNTEPI MEH S/ICTEPIHE LLONY
YKOHE ONAP/bI IEPEKTEP KOPbIH }XOBA/IAYAA KO/AAHY

AHpaTtna. MaKanaga mepuuMHaiblK KangblKTapMeH JKyMmbIC icTey npobaemacsl
OHe onapaplH, nNaiga 60nyblHa, KWHaNyblHa, TacbiManfaHyblHa XaHe Kagere
KapaTbllyblHa 6ainaHbICTbl AepeKTepai UHay MexaHW3MiH d3ipaey YLWiH FblAbIMU-
aaictemenik 6asa Kypy KaKeTTiniri KapacTbipbliagbl. Llndpnbik TexHonornanapabl eHrisy
KOHEe MeaMUMHANbIK KangblKTapMeH KyMbIC icTeyaiH, 6apnblk KeseHaepi 6GoWblHWa
OEePEKTepAi UHTerpaumsanay Tmimai 6ackapy *KymeciH Kypyfa MyMKiHAIK 6epeai. ynenik,
MPOLECTIK XaHe TayeKenre OafblTTasifaH Tacingepre, coHAal-aK apTyp/i KeseHnaepaeri
JEPEKTEPAl KUHAY daicTepiHe Hasap aypapblnagbl. Makanaga undpnbik wewimaepai
€Hri3y »oHe MmegMuMHanblK KangblkTapabl 6ackapy npouectepiH aBTOMaTTaHAbIpy
macenenepi MeH MepcrnekTMBanapbliHa Hasap aygapbiiagbl. Makanaga manimeTtep
6a3acbiHblH, KYpbIJbIMbl, HEri3ri napameTpiaep MeH KaTblHacTap, JIOTMKANbIK »KaHe
du3MKanbIKk  KypblibiMFa  6aca Hasap aydapa OTbipbif, AepekTepsi Mmoaenbaey
KapacTblpbliagbl.

Tipek ce3pep: MeguUMHaNbIK KanaplKTap, aaictep, Manimertep 6asachl,
TacbiMangay, Kagere xapary.

A.0. A6aysanosa?, LL.E. AxmemkaHosa®, T.K. EumaxaHoBa!
Tapasckull pecuoHansHeill yHUsepcumem umerHu M.X. ynamu, 2. Tapas, Kazaxcmax

OB30P NPUHUMNOB N METOA40B OBPALLEHME MEAULUUHCKMMU OTXOAAMU U UX
NMPUMEHEHUE ANA NPOEKTUPOBAHUA BA3bl AAHHbIX

AHHOTaumA. B cTatbe paccmatpusaetca npobnema obpalueHma ¢ MeauLMHCKUMM
0TX0AaMM N HEOBXOAMMOCTb CO34aHUA HayYHO-METOA0N0rMYecKol 6asbl Ana paspaboTKu
MexaHm3ma cbopa AaHHbIX, CBA3aHHbIX C UX 06pa3oBaHMem, CHOPOM, TPAHCMOPTUPOBKOM
W yTuAunsaumei. BeegeHne undpoBbiX TEXHONOTMUIA M MHTErPALMA AAHHBIX NO BCEM 3Tanam
obpaleHns ¢ MeAWLMHCKMMM OTXOAaMM MO3BOJIMT CO34aTb IOGEKTUBHYIO cucTemy
ynpasnexuns. OCHOBHOE BHUMaHWE YAENAETCA CUCTEMHOMY, MPOLECCHOMY W PUCK-
OpPMEHTMPOBAHHOMY MOAX0AAM, a TaKXKe MeToAam cbopa AaHHbIX Ha Pa3NnYHbIX 3Tanax. B
cTaTbe GOKycuMpyeTca Ha npobiemax U NepcnekTneax BHeApPeHUa LUMPPOBbIX pPeleHuin n
aBTOMaTM3auMM MpoueccoB o0b6paweHns ¢ MeaMUMHCKMMM oTxodamu. B cTaTtbe
paccmoTpuBaeTcA CTPYKTypa 6asbl AaHHbIX, K/AlyeBble NapameTpbl M B3aMMOCBA3M, a
TaK}Ke MOLe/IMPOBaHNE AaHHbIX C aKLEHTOM Ha IOTMYECKYo U GU3UYECKYIO CTPYKTYPY.

KnioueBble cnoBa: MeguUMHCKUIA 0TX04, MeToAbl, 6a3a AaHHbIX, TPAHCMNOPTUPOBKA,
yTuAusauma.
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