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Abstract. The article presents the author's approach to the systematization and
accumulation of geospatial and attributive data on dangerous burials of animals that
died from anthrax. Anthrax is a zoonotic disease, the spores of which can remain viable
in the soil for decades, posing a potential threat. Burials of animals not carried out
in biothermal pits (mainly before 1954) do not provide an adequate level of safety.
In the event of a shift in the soil cover, spores can reach the surface and cause new
cases of the disease among wild and domestic animals, as well as infection of people.
A significant part of such burials does not have clearly established boundaries of land
plots and established regimes of limited use of adjacent territories, which complicates
control over their condition.

As part of the study, the available geospatial and attributive data on dangerous
burials were structured, and a conceptual model of a geospatial database was
developed, which ensures the accumulation, structuring, and systematization of data.
The model is built using UML notation and is presented in the form of a class diagram
that reflects the main structural elements of the database and their attributes.

The results obtained can be used to create a physical model of a geospatial database
for the registration (register) of lands with dangerous burials of animals that died from
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anthrax, as well as for the further development of the monitoring system, planning of
sanitary and protective measures, establishing regimes of limited land use, etc.
Keywords: geospatial database, conceptual model, anthrax

Relevance

Human economic activity is one of
the key factors influencing the state of
the environment and determining its
safety for the population. As a result
of anthropogenic impact, various ob-
jects are formed, some of which can
exert a negative influence on surround-
ing areas, wildlife, and human health
for decades. Among such hazardous
regime-forming objects are livestock
burial sites containing animals that died
from anthrax, particularly those burials
conducted without the use of biother-
mal pits. According to research findings
[1], the main cause of new anthrax out-
breaks lies in the inadequate protection
of old burial sites, which are often sim-
ple earthen pits and do not meet biolog-
ical safety standards. Several scientific
studies [1-2] emphasize the exceptional
resilience of anthrax spores: they with-
stand boiling, dry heat, conventional
disinfectants, and can persist in soil for
decades. Meanwhile, data [3] show that
between 1999 and 2022, 35 human cas-
es of anthrax were recorded in Ukraine.
Similar cases are reported across Eu-
ropean countries, as reflected in week-
ly and annual reports of the European
Commission — for instance, five cases
were registered during a single week
(18-24 September 2025) [4].

Existing burial sites of animals that
died from anthrax remain a potential
source of biological hazard. Disturbance
of the soil cover in such locations may
lead to the release of spores to the sur-
face, posing a risk of infection for both
wild and domestic animals, and repre-

senting a threat to humans, as anthrax
is a typical zoonotic disease. Beyond
the direct biological hazard, several ad-
ditional factors contribute to elevated
risk levels. These include the absence of
clearly defined boundaries and appro-
priate informational signage, discrepan-
cies between spatial data and the actual
location of burial sites, loss of records
regarding such sites, various types of
surveying or excavation activities, and
military actions that cause mechanical
disruption of the soil cover.

Previous scientific developments,
including [5], have focused on creating
geospatial database models for the reg-
istration and monitoring of anthrax cas-
es. However, these efforts have primari-
ly concentrated on recording confirmed
cases of the disease, without accounting
for local territorial characteristics and
associated risks. At the same time, Eu-
ropean Union legislation [6] outlines
the general principles for the preven-
tion, detection, surveillance, and control
of infectious animal diseases, including
anthrax. Given Ukraine’s status as an
EU candidate country, it is necessary to
harmonize national legislation with Eu-
ropean standards, particularly regarding
systems for registering and document-
ing the course of infectious animal dis-
eases.

In this context, the creation of a
geospatial database acquires particular
significance and relevance, as it en-
ables not only the registration of new
disease cases but also the accumula-
tion, structuring, and systematization
of spatial and attribute data related to
territories containing hazardous animal
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burial sites. Such a database will serve
as a foundation for further spatial anal-
ysis, risk assessment of disease spread,
planning of sanitary protection mea-
sures, and the development of land-use
management decisions. The first step
in this process is the development of a
conceptual model of the geospatial da-
tabase, which defines its structure, key
elements, and interrelationships.

Review of Recent Studies and
Publications

The challenges of geospatial data-
base modeling across various sectors, as
well as the study of risks associated with
zoonotic infections, have been the sub-
ject of numerous scientific investigations
and publications. For instance, study [2]
provides a detailed analysis of anthrax
pathogen strains and their virulence char-
acteristics. Research [7] offers an over-
view of the epizootic situation regarding
anthrax in Ukraine and the condition of
burial sites for animals that died from the
disease.

Makovska 1. and her co-authors [8]
explored the potential of geographic in-
formation systems (GIS) for analyzing
rabies spread in Vinnytsia Oblast. Study
[9] presents findings on the identification
of anthrax-prone areas in Kenya. Simi-
larly, research [10] examines the current
status and spatial patterns of anthrax
outbreaks across geographic regions of
Zimbabwe, taking into account climatic
factors.

Issues of conceptual modeling of geo-
spatial data are addressed in [11], which
presents a catalog of object classes for
the cadastral geodata database. Article
[12] outlines the specific features of con-
ceptual modeling tailored to the needs of
ecotourism. Study [13] examines a con-
ceptual model for geoinformation-based

assessment of the impact of hazardous
animal burial sites — specifically those re-
lated to anthrax — on adjacent territories.
Particular attention should be given
to practical developments, such as the in-
teractive map [14] designed for reporting
suspected and confirmed anthrax cases
in Ukraine. The European Commission
[15] regularly publishes consolidated sta-
tistics on recorded cases of this disease.
However, these initiatives are primarily
focused on quantitative indicators and
do not account for local territorial char-
acteristics, levels of transmission risk, or
potential sources of contamination.
Consequently, recent studies and
publications have insufficiently ad-
dressed the issue of developing a geospa-
tial database structure for recording and
registering territories containing hazard-
ous animal burial sites related to anthrax.
This gap highlights the need for further
research and practical solutions.

Research aim

This study aims to provide a scien-
tific rationale for the key components
and structure of a geospatial database
designed to record and register territo-
ries containing hazardous animal burial
sites related to anthrax. The relevance
of this issue stems from the high level
of biological hazard that persists for de-
cades in such locations, as well as the
lack of up-to-date, reliable, and system-
atized information regarding their loca-
tion, condition, and the legal status of
the land plots involved.

At this stage, conceptual modeling
plays a crucial role, as it enables the for-
mation of a logical structure for the fu-
ture database, including the definition of
object classes, their attributes, and inter-
relationships. Thus, the objective of the
study is not only to document existing
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hazardous burial sites but also to devel-
op an effective tool for ongoing moni-
toring, risk forecasting, and support for
management decision-making.

Materials and Methods

The methodology is based on a com-
bination of scientific literature review
and analysis of regulatory documents,
along with the application of modern
conceptual modeling techniques for
geospatial data. To describe the struc-
ture and logic of object interactions,
the Unified Modeling Language (UML)
was used. The class diagram developed
within the study reflects not only the
key informational elements but also the
types of relationships between them, al-
lowing for the consideration of potential
data incompleteness or absence. This
approach ensures the systematization,
flexibility, and scalability of the geospa-
tial database.

The application of the conceptual
model is the first and essential step in
developing a physical database model,
which can subsequently be implement-
ed within a GIS environment. This will
enable spatial analysis, risk assessment
of anthrax spread, mapping of hazard-
ous areas, and improve the effectiveness
of planning sanitary and environmental
protection measures.

Results and Discussion

During the course of the study, a
conceptual model of the geospatial da-
tabase of hazardous animal burial sites
related to anthrax was developed. It ac-
counts not only for the spatial location
of burial sites but also for their safety
status, characteristics of the surround-
ing area, and the presence of warning
signs and fencing (Fig. 1).

At the conceptual level, the mod-
el represents the structure of the entire
geospatial database, including feature
classes, their attributes, and the relation-
ships between them.

In the developed model, the classes
Region, District, and Community ensure
the linkage of burial sites to the corre-
sponding administrative-territorial units.
The model accounts for temporal chang-
es in administrative boundaries, includ-
ing dissolutions, mergers, enlargements,
and name changes. The Settlements
class describes existing populated plac-
es within each community. Within an
administrative-territorial unit, a buri-
al site can be represented in two ways:
via the LandParcel class — if the land
parcel has been formally registered and
its boundaries are defined in legal docu-
ments; or via the TerritorialPart class —
in cases where no cadastral information
is available in the State Land Cadastre.

The AnimalBurial class is central to
the developed model and serves as the
primary spatial object for assessing the
risk of anthrax spore dissemination. The
attribute functionality defines the burial
site's status (closed or active). The Buri-
alType and BurialClass classes perform
a classification function, reflecting the
type of animals, disease name, buri-
al type, and the level/class of potential
hazard.

The Restrictions class represents
sanitary protection zones surrounding
hazardous animal burial sites affected by
anthrax. Safety measures — such as in-
formational signs, fences, barriers, and
other visibility elements — are modeled
through the MarkingMeasures class.
Additionally, the Soil class reflects the
properties of the soil cover, which may
either facilitate or inhibit the spread of
dangerous spores. The Catchment class
accounts for the location and area of the
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Figure 1. Conceptual model of the geospatial database for hazardous animal
burial sites that died from anthrax

watershed, as well as hydrological links Conclusions and prospects
between the burial surface and aquifers.
Overall, the developed model pro- The development of a conceptual

vides a foundation for the subsequent model of a geospatial database of dan-
creation of a physical database and en-  gerous burials of animals that died from
ables the systematic organization of in-  anthrax is an important step towards
formation required for monitoring and creating an effective system for mon-
assessing the risks of anthrax dissemi- itoring and managing land use risks.
nation. The proposed model provides structur-
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ing and integration of both spatial and
attributive information, which allows
forming a holistic register of such ob-
jects and increasing the efficiency of
their accounting and analysis.

A key scientific value of the model
lies in its consideration of a complex set
of factors that determine the likelihood
of anthrax emergence and spread: soil
types, hydrological conditions, burial
characteristics and types, land catego-
ries, the presence of sanitary restric-
tions, visibility and marking measures,
among others. This comprehensive ap-
proach provides a foundation for con-
structing a physical database model that
will enable rapid spatial risk analysis
and forecasting of hazardous situations.

The practical significance of the
study lies in enhancing the effectiveness
of land-use planning and supporting ev-
idence-based decision-making in the
fields of public health, environmental
protection, and agricultural production.
Future research prospects include the
development of a methodology for spa-
tial zoning of anthrax risk areas and the
automation of thematic map generation
to support management decisions.
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PO3POBJ/IEHHA KOHUENTYA/IbHOI MOAE/1l BA3U TEONPOCTOPOBUX
AAHUX HEBE3IMNEYHUX MNOXOBAHb TBAPUH, AKI 3ATMHYJIN Bl4 CUBIPKU
3EMJIEYCTPIN, KAAACTP | MOHITOPUHI 3EME/Ib 3'25: 43-50.
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AHomauyia. Y cmammi npedcmaeneHo asmopcbkuli nioxio 0o cucmemamusauii i

HAKOIMUYEeHHA ceorpocmoposux ma ampu6ymueHux 0aHux LL(OdO Hebe3rne4YHuUx oxo8aHb

meapuH, AKi 3a2uHynu 8id cubipku. CubipKa € 300HO3HUM 30X80PHOBAHHSAM, CITIOPU K020 30aMmHi

3bepicamu MummesoamHicme y rpyHmi npomsa2om 0ecsmkie poKis i 3aAuwamuce Oxepesnom

nomeHuiliHoi 3a2po3u. loxosaHHA meapuH, 30ilicHeHi He y 6iomepMmiyHux AamMax (20/108HUM
yuHom 00 1954 poky), He 3abezneyyromb HAMAEHHO20 pieHA be3neku: y pasi 3miujeHHS
rpyHMOoB8020 MOKPUBY CHOPU MOXYMb NOMpanumu Hd MOBepxHI0 i cmamu MpU4yuUHO HOBUX
8UNAOKi8 3aX80pHOBAHHA ceped OUKUX | CBIlicbKUX MBAPUH, 0 MAKOXC iHPIKy8aHHA nwodel.
3HaYHa YacmuHa MaKux MOX08aHb He MAE YiMKO 8CMAHOBAEHUX MeX 3eMenbHUX OiNAHOK i
8CMAHOB/EHUX PEXUMIB 0OMEXEHO20 BUKOPUCMAHHA rpusezaux mepumopill, ujo YCKAAOHHE
KOHMpOb 30 iXHIM CMAHOM.

N2 32025

49



Land management, cadastre and land monitoring

Y mexcax 0ocnidxnceHHA 6yn0 cmpyKmyposaHO HAABHI 2e0rnpocmoposi ma ampubymueHi
0aHi npo Hebe3neyHi Noxo8aHHA i po3pobaeHo KoHyenmyasnasbHy modesns 6a3u 2eornpocmoposux
OaHuX, wWo 3abe3rneyye HAKOMUYEHHS, CMpPYKmMypysaHHA Ui cucmemamu3sauito 0aHux. Modesnb
nobydosaHa 3 sukopucmaHHam Homauii UML ma npedcmasneHa y suenadi diaepamu Kaacis, wo
8i006paxcaE 207108HI CMPYKMYypPHI enemeHmu 6a3u 0aHUx ma ixHi ampubymu.

OmpumaHi pe3yasmamu mMmoxcymes 6ymu 8UKOPUCMAHI 0519 cm8opeHHA (hi3u4HOi modeni 6a3u
2eonpocmoposux 0aHuUx 3 0bsiky (peecmpy) 3emesno 3 Hebe3neyHUMU MOX08AHHAMU MBAPUH, U0
302UHynU 8i0 cubipKu, a makox« 0715 N00abWO20 PO3BUMKY CUCMeMU MOHIMOPUHY, MAAHY8AHHS
CaHIMapHO-3axXUCHUX 3aX00i8, BCMAHOB/IEHHSA PerUMie 0bMeIEH020 3eMAEeKoOPUCMYBAHHA Ma iH.

Knro4osi cnosa: 6a3a 2eonpocmoposux 0aHUX, KOHUernmyassbHa moderns, cubipka.
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