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On April 26, 2026, it will be 40 years since the largest man-made disaster of the 20th century — the acci-
dent at the Chernobyl Nuclear Power Plant (ChNPP). As a result of this event, 20.1 thousand km? of Belarusian
forests were contaminated with radioactive elements, accumulating up to 70% of the radionuclides that fell on
the territory of the republic. Radioactive contamination of the land changed the natural properties of forest eco-
systems, disrupted established forest management practices, and created a number of restrictions on forestry
operations and multiple-use forest management. To ensure radiation safety for forestry workers, the population
visiting forests, and consumers of forest products — and to obtain environmentally safe (normatively clean)
products — annual updates of the radiation situation in forests have been conducted since 1993.

This article studies the dynamics of changes in the forest fund area of the Ministry of Forestry of the
Republic of Belarus in radioactive contamination zones from 1995 to 2025 and provides a forecast for
2046. It also presents the distribution of forestry enterprise territories by radioactive contamination zones
as of January 1, 2025.

The radiation situation in the radionuclide-contaminated areas is gradually stabilizing. The amount of
cesium-137 in the soil decreases due to radioactive decay (about 2% per year) and absorption by vegetation.
Over time, the area of each radioactive contamination zone decreases, with transitions occurring from zones of
higher soil contamination density by cesium-137 to zones of lower density. As of January 1, 2025, the forest
fund territory classified as radioactive contamination zones amounts to 1,203.0 thousand ha (13.91% of the total
forest fund area). The main portion of the radioactive contamination area (842 thousand ha) belongs to Zone 1
(1-5 Ci/km?). From 1995 (1,747.1 thousand ha) to 2025, the area of radioactive contamination in the Ministry
of Forestry’s forest fund decreased by 544.1 thousand ha, or 31%. By 2046, it is projected to decrease to
829.3 thousand ha, or 53% relative to the 1995 level. The ability to forecast changes in the area (zones) of
radioactive contamination will make it possible to optimize planning of forestry operations in these territories.
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A. B. [lomnenkoBa, B. H. Kyxra, . T. Epmak, A. K. I'apma3za
benopycckuit rocy1apCTBEHHBIN TEXHOJIOTUYECKUN YHUBEPCUTET

JANHAMMUMKA 3EMEJIb JIECHOI'O ®OHJAA MUHUCTEPCTBA JIECHOT'O
XO3SIMCTBA PECITYBJMKHU BEJAPYCH B 30HAX PATMOAKTHBHOT' O
SAT'PASHEHUA

26 anpens 2026 r. ucrionautcs 40 JeT co AHSA KpyMHeHel TeXHOTeHHOH KaTacTpodbl XX Beka —
aBapun Ha YepHoObIBECKOHT ADC (UADC), B pesynbTate KoTopoii 20,1 ThIC. KM® IECHBIX HACAXICHMI
Benapycu okazanuch 3arpsi3sHeHbl Pa0aKTHBHBIMU 3JIEMEHTaMU, aKKYMYJIHpoBaB 10 70% paJuoHyKIIUIOB,
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BBITIABIIUX HA TEPPUTOPHUIO pecnyOynku. PajoakTHBHOE 3arpsi3HCHUE TEPPUTOPHI M3MEHWIIO MPUPOJI-
HBIE CBOMCTBA JIECHBIX IKOCHUCTEM, HAPYIIWIIO CIOKHUBIIUIICS PEXUM BEICHUS JECHOTO XO3AWCTBA, CO-
3[1aJI0 P OTPaHUYECHUH B IIpoOIlecce JIECOXO3SMICTBEHHOH AEITEIPHOCTH U MHOTOIIETIEBOTO JIECOTIONIB30-
BaHus. [l obecnieueHus paualioOHHON 0€301aCHOCTH PAOOTHUKOB JIECHOTO X031 CTBA, HACSIICHUS TIPU
MOCEUICHHUH JIECOB, TIOTPEOUTEINEH JICCHOM MPOAYKIIUY, 8 TAKXKE ISl TOTyYSHYsI HOpPMATHBHO YUCTOM MPO-
nykiud ¢ 1993 r. mpoBOUTCS €KEeT0THOE YTOYHEHHE PaJHalliOHHON 00CTaHOBKH B Jiecax.

B cratbe uccnenoBana AMHaAMUKa H3MEHEHHS TUTOMIA M JIeCHOTO (hoHIa MUHUCTEPCTBA JIECHOTO XO-
3stiicTBa PecryOmnmku bemapychb B 30HaX paguoakTUBHOTO 3arpsizHeHus ¢ 1995 nmo 2025 rr., nmpeacrasieH
nporuo3 Ha 2046 r. IIpuBeaeHo pacrpeeneHue TEPPUTOPHUH JIECX030B M0 30HAM PaIMOAKTUBHOIO 3arpsi3-
HeHus Ha 01.01.2025.

PannanmonHast o0cTaHOBKA HA 3arpsSA3HEHHON paJIHOHYKIUIaMU TEPPUTOPHUU TIOCTENICHHO CTa0MIIH-
3upyercs. 3anac 1e3us-137 B MOYBE CHMXKACTCS 3a CUET paJHoOaKTUBHOTO pacrajna (okoio 2% B Tof) u
MOTJIONICHUS. PACTUTEIHHOCTHI0. CO BpeMEHEM YMEHBIIAOTCS TUIOMIAU KaKOW 30HBI PalMOAKTHBHOTO
3arpsi3HEHUS, [IPOUCXOINUT MEPEX0] M3 30HBI ¢ OOJNBIICH TIOTHOCTHIO 3arps3HEHUS MOYB 1e3ueM-137 B
30HY ¢ MEHBIIEH MI0THOCTHIO. [1o cocTrosuuto Ha 1 ssaBaps 2025 T. TeppuTOpus IecHOTO POHIA, OTHECEH-
Has K 30HaM paJio0aKTUBHOTO 3arpsa3Henus, coctaBisieT 1203,0 teic. ta (13,91% ot o6meit mmomanm ec-
Horo Qonzaa). OCHOBHAs YacTh TEPPHUTOPUU PaTUOAKTUBHOTO 3arpsizHeHus (70%) otHeceHa kx [ 30He
(1-5 Ku/xm?). TInomaas paauoakTHBHOTO 3arps3HeHHs necHoro donga MuHIecxo3a 3a mepuon ¢ 1995
(1747,1 thIC. Ta) IO 2025 TT. YyMeHbIMIachk Ha 544,1 Toic. Ta, win Ha 31%. K 2046 r. nporHo3upyercs
yMEHbIIIEHHE TUIOIA N JIECOB B 30HAaX PaJMOAKTUBHOTO 3arps3HeHus A0 829,3 Teic. ra, win Ha 53%, mo
OTHOIIEHUIO K TIomaan B 1995 r. Bo3M0XXHOCTE MPOTHO3UPOBAHUS M3MEHEHHUS TIOMAAN (30H) pagnoak-
THUBHOTO 3arpsi3HEHUS TO3BOJIUT ONTHMU3UPOBATH IIAHUPOBAHNE JIECOXO3IHCTBEHHBIX paOOT Ha JaHHBIX
TEPPUTOPHSIX.

KaroueBrble c10Ba: paluoaKTUBHOE 3arpsi3HEHHE, JIECHOW (OH]I, PaIUOHY Kb, T1e3uii-137, panu-
aIMoHHasi 0€30MacHOCTb.
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MeJh JecHoro (hoHAa MUHUCTEPCTBA JIECHOTO X03sicTBa Pecryonuku benmapych B 30HaX paiHOaKTHBHOTO
sarpsisaenns // Tpynet BI'TY. Cep. 1, JlecHO€ X03-BO, MPHPOIOTIOIL30BaHNE U TIepepad. BO30OHOBIIIEMBIX
pecypcos. 2026. Ne 1 (300). C. 16-26 (Ha anru.).
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Introduction. On April 26, 2026, it will be 40 years since the largest man-made disaster of
the 20th century — the accident at the Chernobyl Nuclear Power Plant (ChNPP), as a result of which
about one-quarter of the territory of Belarus was exposed to radioactive contamination. To varying
degrees, 52 administrative districts of Belarus were affected (4 in Brest Region, 1 in Vitebsk Region,
20 in Gomel Region, 3 in Grodno Region, 10 in Minsk Region, and 14 in Mogilev Region). Taking
into account the proportion of contaminated land, collective radiation dose, loss of agricultural land,
number of liquidated farms and enterprises, and the resettled population, 21 districts were identified
as the most contaminated with radionuclides: Brest Region: Luninets, Pinsk, and Stolin Districts;
Gomel Region: Bragin, Buda-Koshelevo, Vetka, Dobrush, Yelsk, Kalinkovichi, Korma, Lelchitsy,
Narovlya, Rechitsa, Rogachev, Khoiniki, and Chechersk Districts; Mogilev Region: Bykhov, Kost-
yukovichi, Krasnopolye, Slavgorod, and Cherikov Districts. Radioactive contamination disrupted
established modes of use for agricultural land and forests, reduced their resource potential, compli-
cated the technological processes of economic activity, and led to additional financial expenditures
for radiation control and monitoring of radioactive contamination parameters in farmland, forest
areas, natural resources, and production outputs [1-4].

A total of 20.1 thousand km? of Belarusian forests were contaminated with radioactive ele-
ments, accumulating up to 70% of the radionuclides that fell on the republic’s territory. Forests
contaminated with radionuclides represent a long-term source of radiation hazard. Important prop-
erties of forest ecosystems — such as the large absorbing surface area of forest vegetation and other
forest components, the inclusion of radionuclides into the nutrient cycle of forest ecosystems, high
stability of forest stands, and their ability to securely retain radionuclides — allow forests to serve
as a powerful biogeochemical barrier preventing the spread of radionuclides. The distinct features
of forests as both an object of contamination and a source of radiation hazard lie in their large
biomass, biodiversity, and longevity [1-4].
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Main Section. Radioactive contamination of territories altered the natural properties of for-
est ecosystems, disrupted the established system of forest management, and created a number of
restrictions on forestry operations and multiple-use forest utilization.

To ensure radiation safety for forestry workers, the population visiting forests, and consum-
ers of forest products — and to obtain environmentally safe (normatively clean) products — it be-
came necessary to refine the understanding of the radiation situation and to develop regulatory
documentation governing activities in radioactive contamination zones [1-4].

In 1989, systematic work began to establish a radiation control service to monitor the radia-
tion situation on forest fund lands. Regional radiation control laboratories and radiation control
posts were created within State Forestry Production Associations (SFPA) and in contaminated
state forestry enterprises across the republic.

A comprehensive field radiation survey of forest fund lands was carried out in 1991-1992.
The survey revealed that the forest fund area affected by the Chernobyl NPP accident amounted
to 20.1 thousand km?. The main share of radionuclide-contaminated forests was under the juris-
diction of the Ministry of Forestry — 17.47 thousand km?, and the Ministry of Natural Resources
and Environmental Protection [5].

The system of radioactive contamination control for the forest fund includes two subsystems:
radiation control and radiation monitoring. Radiation control — a set of activities aimed at measuring
and monitoring radiation levels to assess the safety of people and the environment. Radiation mon-
itoring — a continuous system of observation and control over the levels of radiation and radioactive
contamination of the environment, including air, water, soil, food, humans, and facilities [5].

Since 1993, radiation control and monitoring have been carried out in forests located in ra-
dioactive contamination zones. This monitoring is conducted in accordance with the technical
codes of established practice: TKP 498-2013 “Radiation Monitoring of the Forest Fund. Estab-
lishment of a Permanent Observation Point. Procedure”, TKP 499-2013 “Radiation Monitoring
of the Forest Fund. Examination of a Permanent Observation Point. Procedure”. To study the
“behavior” of radionuclides in forest ecosystems, 102 permanent sample plots — Permanent Ob-
servation Points (hereinafter POP) for radiation monitoring in forests — were established within
Ministry of Forestry organizations during 1993—-1995 [5-8]. Figure 1 shows the distribution of
radiation monitoring departments, posts and POP in forests across Belarus.

'@‘ Radiation monitoring posts

@ Permanent observation points
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Figure 1. Distribution of radiation monitoring posts and POP in forests
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When organizing the radiation monitoring network in forests, the needs of the forestry sector
for sufficient and objective information on radionuclide levels in the main forest resource — wood —
as well as on the processes of change in wood contamination over time, were taken into account.

As part of the annual radiation surveys at the Permanent Observation Points (POP), studies
are conducted on how various factors influence the uptake of radionuclides from soil into trees,
considering forest type, forest growth conditions, and edaphotopes.

The procedure for classifying forest fund territories into radioactive contamination zones
(zoning) and the legal regime in such territories are determined in accordance with the require-
ments of the Law of the Republic of Belarus “On the Legal Regime of Territories Affected by
Radioactive Contamination as a Result of the Chernobyl NPP Disaster” [9].

The following zoning of radioactive contamination in the forest fund is applied, based on the
soil contamination density by cesium-137:

Zone I — contamination density 1-5 Ci/km?;

Zone 11 — 5-15 Ci/km?;

Zone 111 —15-40 Ci/km?;

Zone IV — 40 Ci/km? and over.

The basis for assigning a forest quarter to a specific contamination zone is the contamination
density established from radiation survey results of forest fund lands, conducted in accordance
with technical code of established practice TKP 240-2010 “Radiation Control. Survey of Forest
Fund Lands. Procedure” [10].

The radiation control service of the Ministry of Forestry is managed by the State Forestry
Protection and Monitoring Institution “Bellesozashchita”, which includes 35 accredited (certified)
units. Results of radioactive contamination control are stored systematically in the information
system “Radioactive Contamination of Forests” — RadFor. This system enables automated collec-
tion, storage, processing, and analysis of results, forecasting of radiation trends, and generation of
reports and documentation. In forestry enterprises, a geo-information service “RadForInfo” within
RadFor is used to provide real-time data on the radiation situation for any selected forest quarter
on the map, including forecasts for future dates [11, 12].

At present, a large volume of data has been accumulated on the specifics of radioactive con-
tamination in forest ecosystem components — including forest fund lands, forest plots and re-
sources, forest products and their derivatives, forestry facilities and workplaces, as well as agri-
cultural raw materials, fodder, food products, and medicinal-technical raw materials.

This has enabled the development of short-term and long-term forecasts of radioactive con-
tamination dynamics in forests and forest products, as well as recommendations for forest man-
agement in different contamination zones. The main directions for sustainable forestry develop-
ment have been identified.

Analysis of accumulated data shows that the radiation situation in forests is characterized by a
gradual decrease in cesium-137 levels in soil (about 2% per year) and a reduction in gamma radia-
tion dose rate (2.0—4.4% per year). The decline in cesium-137 levels is due to radioactive decay and
absorption by vegetation, while the decrease in gamma dose rate is also influenced by the migration
of cesium-137 deeper into the soil and shielding by upper soil layers and litter [5, 6, 13].

Over time, the area of each radioactive contamination zone decreases, with territories tran-
sitioning from zones of higher soil contamination density to those of lower density. In 1995, the
share of forests under the Ministry of Forestry that were contaminated amounted to 25.6% of the
total forest fund area, while by 2025, it had decreased to 13.9% [5].

Figure 2 shows the change in the forest fund area of the Ministry of Forestry in radioactive
contamination zones from 1995 to 2025.

Over the 39 years since the Chernobyl Nuclear Power Plant accident, significant changes
have occurred in the radiation situation in the affected territories. As of January 1, 2025, the area
of the forest fund classified as radioactive contamination zones amounts to 1,203.0 thousand ha.
Since 1995 (when it was 1,747.1 thousand ha), the area of radioactive contamination within the
Ministry of Forestry’s forest fund has decreased by 544.1 thousand ha, or 31%.
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Figure 2. Distribution of the Ministry of Forestry’s forest fund lands
by zones of radioactive contamination (1995-2024)

The distribution of the Ministry of Forestry’s forest fund lands by zones of radioactive contam-
ination as of January 1, 2025, is shown in Figure 3 [5].

Up to 1 Ci/km?
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Figure 3. Distribution of the forest fund lands of the Ministry of Forestry by zones
of radioactive contamination as of January 1, 2025

In 43 forestry enterprises across the republic, areas of the forest fund are classified as radio-
active contamination zones. Table 1 presents the distribution of the forestry enterprises of the
Ministry of Forestry of the Republic of Belarus by zones of radioactive contamination (as of January 1,
2025) [5].
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Table 1. Distribution of Forestry Enterprises of the Ministry of Forestry of the Republic of Belarus
by Zones of Radioactive Contamination (as of January 1, 2025)

Area of soil contamination with cesium-137, thousand ha
Name of Forestry Enterprise Total area, Including zones and sub-zones, Ci/km’
thousand ha| Total
1-2 2-5 5-15 15-40 >4()
Vetkovsky 103.0 103.00 0.21 17.44 64.04 21.34 —
Chechersky 106.9 106.90 5.15 55.88 35.83 10.03 —
Krasnopolsky 86.4 86.40 8.55 32.19 27.38 18.12 0.16
Cherikovsky 103.8 87.50 19.84 30.19 29.34 8.13 —
Narovlyansky 70.7 70.10 8.70 23.49 36.56 1.35 —
Yelsky 88.8 74.20 21.85 41.09 11.22 — —
Khoiniki 66.4 64.00 29.43 25.56 8.74 0.28 —
Komarinsky 50.4 44.10 23.97 16.57 3.60 — —
Buda-Koshelevo 52.4 25.10 3.88 11.48 8.05 1.66 —
Bykhovsky 113.6 68.50 44.40 21.98 2.02 0.10 —
Gomelsky 118.0 42.80 7.60 6.45 18.59 10.15 —
Lelchitsy 121.5 55.40 42.28 12.81 0.33 — —
Rogachevsky 79.0 31.30 6.00 24.77 0.48 — -
Kostyukovichi 104.5 39.80 3.34 5.91 22.18 8.38 —
Stolin 94 .4 32.90 17.22 13.93 1.74 - —
Chausy 67.4 31.50 18.78 11.73 0.98 — —
Miloshevichi 102.9 22.20 18.38 3.87 — — -
Vasilevichi 90.4 18.60 16.85 1.78 — — -
Rechitsa 64.7 10.90 8.23 2.66 - - -
Belynichi 97.6 20.80 14.49 6.34 — — —
Mozyr 97.3 15.70 15.25 0.45 — — —
Klimovichi 94.9 18.10 4.07 5.31 8.71 — —
Loev 45.2 7.10 3.48 2.85 0.79 — —
Kalinkovichi 102.7 21.80 20.22 1.60 - — —
Polessky 105.7 10.50 8.51 2.01 — — —
Luninets 146.7 19.60 15.02 4.47 0.07 — —
Ivye 89.1 6.60 6.42 0.15 — — —
Mogilev 87.3 12.50 9.33 3.00 0.18 — —
Berezinsky 111.8 12.30 10.59 1.69 — — —
Zhlobin 85.2 11.80 11.27 0.52 — — —
Klichev 109.1 3.00 3.00 — - — —
Novogrudok 100.4 3.40 2.82 0.61 — — —
Zhitkovichi 118.2 4.50 3.55 0.96 - — —
Volozhin 83.9 6.10 3.80 2.24 0.11 — -
Starobin 100.8 5.00 4.80 0.21 — — —
Pinsk 92.0 3.40 3.31 0.08 — - —
Krupki 124.3 1.40 0.57 0.80 — - —
Dyatlovo 85.0 0.20 0.20 — — — —
Logoisk 115.1 2.10 0.94 1.16 — — —
Gorki 73.3 1.20 0.37 0.79 — — —
Svetlogorsk 105.4 0.20 0.04 0.17 - - —
Slutsk 62.4 0.21 0.21 — — — —
Molodechno 49.7 0.30 0.17 0.09 - — -
Total 3,968.3 1,203.01 | 447.09 | 395.28 | 280.94 | 79.54 0.16

The degree of danger posed by a forest as a source of external and internal radiation exposure
primarily depends on the soil contamination density with cesium-137 ('3’Cs) — the main dose-
forming long-lived radioisotope of Chernobyl origin. An important characteristic of a radionuclide
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is its half-life — the period of time during which, as a result of radioactive decay, the number of nuclei
of that radionuclide decreases by half. For cesium-137, the half-life is 30 years [14]. In 2016, the first
half-life period of cesium-137 was reached, leading to a change in the area of each zone of radioactive
contamination. The second half-life period of cesium-137 will occur in 2046. The forecast of the dis-
tribution of soil contamination area with cesium-137 across the State Forestry Production Association
(SFPA) of the Ministry of Forestry for 2046 is presented in Table 2.

According to the forecast presented in Table 2, the area of forests in zones of radioactive
contamination in 2046 will amount to 829.3 thousand ha.

Table 2. Forecast of the distribution of soil contamination area with cesium-137 across the SFPA
of the Ministry of Forestry for 2046

Name of SFPA Area of soil contamination with cesium-137, thousand ha
Brest 26.3

Vitebsk 0.0

Gomel 536.4

Grodno 2.2

Minsk 8.3

Mogilev 256.1

Total 829.3

Between 1995 and 2046, a reduction of 917.8 thousand ha, or 53%, in the area of radioactive
contamination of the Ministry of Forestry’s forest fund is projected. This reduction is due to the
decrease in soil contamination density with cesium-137 as a result of radioactive decay and redis-
tribution of the radionuclide among forest ecosystem components.

Planning of forestry activities and forest use is carried out within the established zones of
radioactive contamination, using the results of radiation monitoring. The ability to forecast
changes in the area (zones) of radioactive contamination will make it possible to optimize forestry
planning in these territories [15].

At present, to ensure stable development of forestry in radioactive contamination zones, a special
system of forest management has been organized. This system provides for the long-term, effective
implementation of forestry measures, safe working conditions, and the production of radiation-safe
(standard-compliant) products [ 16—18]. Priority attention is given to the following tasks:

— improvement of the forest fire protection system to prevent forest loss and possible sec-
ondary radioactive contamination of adjacent territories as a result of forest fires;

— reforestation and afforestation;

— restoration of forest infrastructure (forest roads, access routes, compartment lines, fire ob-
servation posts, firebreaks, etc.);

— improvement of protective measures;

— radiation monitoring and control;

— improvement of the forest utilization system to ensure compliance with radiation safety
norms and regulations;

— creation and implementation of specialized (mobile) multi-operation logging complexes;

— improvement of the regulatory and legal framework, provision of accessible and updated
information for specialists and the public regarding changes in the radiation situation; improve-
ment of training and professional development of forestry specialists [1-3, 19, 20].

Conclusion. In Belarus, forests are one of the main renewable natural resources and an im-
portant part of the nation’s wealth. Radioactive contamination of forest lands has led to a decrease
in the potential of forest areas in terms of their ecosystem functions, the consumer properties of
forest products, and the possibilities for multipurpose forest use.

Since 1993 and up to the present time, annual radiation control and monitoring have been
carried out in the forest fund territories of the Ministry of Forestry affected by radioactive con-
tamination. As of January 1, 2025, the area of the forest fund classified as zones of radioactive
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contamination amounts to 1,203.0 thousand ha (13.91% of the total forest fund area). The main
part (70%) of the contaminated area belongs to Zone I (1-5 Ci/km?).

Between 1995 (1,747.1 thousand ha) and 2025, the area of radioactive contamination within
the Ministry of Forestry’s forest fund decreased by 544.1 thousand ha, or by 31%. The radiation
situation in forests is characterized by a gradual decrease in the cesium-137 content in soils (about
2% per year) and in gamma radiation dose rate (2.0—4.4% per year). The main factor driving these
positive changes is natural radioactive decay. By 2046, the area of forests in zones of radioactive
contamination is projected to decrease to 829.3 thousand ha, or by 53% compared to 1995.

To restore the socio-economic importance of forests and to maintain their biological and fire
resistance in areas contaminated with radionuclides, a set of measures is being implemented to
ensure public health protection and sustainable, environmentally safe forest management. These
measures are mandatory, long-term in nature, and require significant additional resources.
The ability to forecast changes in the area (zones) of radioactive contamination will help optimize
the planning of forestry activities in these territories.
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