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SUMMARY 

The soil-to-plant transfer factor (TF) of radionuclides, particularly ¹³⁷Cs, is a critical 
parameter in assessing radioecological risks and environmental safety. This study examines 
the uptake of ¹³⁷Cs in forest ecosystems within the Drevlyansky Nature Reserve, a region 
contaminated by radionuclides following the Chornobyl accident. The research evaluates how 
soil properties, moisture levels, and vegetation types influence the accumulation of ¹³⁷Cs in 
different plant species. 

Vegetation and soil samples were collected from three pine forest sub-types (A1, A2, A3), 
and radionuclide concentrations were measured using spectrometric methods. Transfer 
factors (TF) and accumulation coefficients (AC) were calculated for key plant species, 
including Dicranum polysetum Sw., Festuca ovina L., Vaccinium vitis-idaea L., and Calluna 
vulgaris L. Statistical analysis, including one-factor ANOVA, determined significant 
differences in ¹³⁷Cs uptake between species and forest types. The results indicate that moss 
species exhibit the highest accumulation of ¹³⁷Cs, while some vascular plants show lower 
uptake. 

These findings contribute to understanding radionuclide mobility in forest ecosystems and 
support the development of monitoring strategies and mitigation measures for contaminated 
areas. 
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Introduction 
The soil-to-plant transfer factor (TF) of radionuclides—particularly the long-lived fission product 
137Cs—has been widely studied due to its crucial role in radioecological risk assessment and 
environmental safety. Numerous scientific investigations emphasize that TF is a key parameter in 
modeling radionuclide migration and predicting contamination levels within terrestrial food webs 
(Howard et al., 2013; Fesenko et al., 2007). Its importance is underscored by the potential for 137Cs to 
persist in soils and bioaccumulate in different plant tissues, ultimately affecting both wildlife and 
human populations through the food chain (Jefanova, 2025). 
Because TF can vary significantly depending on soil properties, plant species, and microclimatic 
conditions, researchers have conducted extensive measurements in forest ecosystems where the 
heterogeneous distribution of organic matter, moisture regimes, and vegetation types can lead to 
pronounced differences in radionuclide uptake (Sakai et al., 2021). Among the factors most often 
examined are soil moisture gradients, forest type, and plant species traits such as root morphology and 
nutrient acquisition strategies (Heinrich, 1992; Nisbet & Woodman, 2000). 
The text that follows delves into the analysis of 137Cs transfer in different forest sub-types and 
examines how variations in soil moisture and vegetation types influence the accumulation of this 
radionuclide. By employing one-factor analysis of variance, the study assesses whether plant species 
differ significantly in their uptake of 137Cs depending on site conditions. Such statistical evaluations 
are consistent with established approaches in radioecology and environmental sciences, where 
rigorous analysis underpins risk assessments and ecological modeling (Abdelmotelb et al., 2023; Ota 
& Koarashi, 2022). Ultimately, these findings contribute to a more comprehensive understanding of 
how forest ecosystems function as dynamic conduits for radionuclide transport, guiding both 
environmental monitoring and the formulation of mitigation measures. 
 
Method and Theory 
The research was conducted in the Drevlyansky Nature Reserve (established in 2009), which covers 
an area of 30,872.84 hectares in 2021. A substantial part of this territory was contaminated by 
radionuclides following the Chornobyl accident. Vegetation samples were collected within a forest-
vegetation type locally referred to as “boros,” specifically the types A1, A2, and A3. 
To assess the primary physicochemical parameters, 137Cs content, and heavy metal concentrations, 
soil samples were obtained in accordance with national standards. 
Plots were selected in sub-types of pine forest (A1, A2, A3) to ensure representative sampling of soil 
profiles 
Sampling of plant material for the determination of 137Cs and heavy metals was carried out according 
to the guidelines “Sampling, Primary Processing, and Determination of 90Sr and 137Cs in Food 
Products”. Common forest species, vascular plants (e.g., Festuca ovina L., Vaccinium vitis-idaea L.), 
were chosen based on their ecological importance and prevalence in the reserve. All laboratory 
analyses were performed at a certified measurement facility of the Polissia National University, 
following current DSTU standards. The activity of 137Cs in soil, plant, and forest products was 
determined via spectrometric methods using an MKS-AT-1315 scintillation gamma-beta 
spectrometer. Analyses adhered to BS EN ISO 18589-1:2019. The specific activity of 137Cs was 
measured in both spectrometric and radiometric modes to ensure accuracy and cross-validation. 
To examine 137Cs migration from soil to plants, two key indices were calculated: 
Transfer factor (hereafter - TF) = Am / Si 
where: Am is the specific activity of the radionuclide in the dry matter of the plant (Bq/kg),  
Si is the radionuclide contamination density of the soil (kBq/m2). 
Accumulation Coefficient  
(AC) = Am / As  
where: Am is the specific activity of the radionuclide in plant dry matter (Bq/kg),  
As is the specific activity of the radionuclide in soil, kBq/m2  
These coefficients allowed for evaluating how efficiently 137Cs is taken up by different plant species 
and how it varies under different forest types (A1, A2, A3). The statistical significance of differences 
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in radionuclide uptake across forest types and species was tested using one-factor analysis of variance 
(ANOVA). Post-hoc comparisons  were conducted to identify which groups differed significantly. A 
95% confidence level (p < 0.05) was used to determine statistical significance. 
 
Results 
The soil to plant transfer factor  is one of the most important parameters used to study radionuclide 
migration processes.  
Taking into account the value of the transfer coefficient, the intensity of 137Cs intake into plant 
phytomass is divided into very strong (TF > 100), strong (100 > TF > 50), moderate (50 > TF > 10), 
weak (10 > TF > 1), very weak (TF < 1). 
The highest average accumulation coefficient was observed in the moss Dicranum polysetum Sw., 
with a value from 5.85 in A1 to 7.96 in A2 (Fig. 1). 
The lowest values of the accumulation coefficient were observed in Vaccinium vitis-idaea L. with a 
value of the TF of 0.47. In Festuca ovina L., Calamagrostis epigeios (L.) Roth and Calluna vulgaris 
(L.) Hill, the values of the 137Cs accumulation coefficient range from 1.05 to 2.63. 
A one-factor analysis of variance was conducted to determine the dependence of the AC on the type 
of forests, namely, the hypothesis was put forward that the AC varies depending on the forest sub-
types. 

 
 
Figure 1 The accumulation coefficient of 137Cs in main plant species.  

 
To do this, we compared the results with the critical values of the F-statistic and the p-value for the 
confidence level of 0.95. If the F-statistic (hereinafter referred to as Ffact) is greater than the critical 
value (hereinafter referred to as F0.95), then we can assert that the average values of the ACs differ 
significantly in different forest sub-types. And if Ffact is less than the F-statistic or the p-value is less 
than the confidence level (0.95), then we can say that these differences are statistically insignificant. 
The results for the studied species are as follows: for Calluna vulgaris L.  
Ffact. = 1.25 < F0.95 = 7.71, with a p-value of 0.33; for Festuca ovina L. Ffact = 9.96 > F0.95 = 5.14, 
with a p-value of 0.01; for Calamagrostis epigeios L. Ffact.  = 4.69 < F0.95 = 9.55, with a p-value of 
0.12; for Vaccinium vitis-idaea L. Ffact.  = 7.23 > F0.95 = 5.14, with a p-value of 0.03; for Vaccinium 
myrtillus L. Ffact.  = 1.12 < F0.95 = 7.71, with a p-value of 0.35; for Dicranum polysetum Sw. = 
150.2 > F0.95 = 5.14, with a p-value of 0.001. 
Two plant species: Festuca ovina L., Vaccinium vitis-idaea L. and mosses - Dicranum polysetum Sw. 
have statistically significant F-statistics values that exceed the critical value of F0.95, which indicates 
the presence of statistically significant differences between the groups. 
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For the species Calluna vulgaris L., Calamagrostis epigeios L., and Vaccinium myrtillus L., Ffact is 
less than the critical value F0.95 = 7.71, which means that we cannot conclude that the accumulation 
coefficient changes depending on the hygrotop (forest sub-types). 
To analyze the processes of 137Cs migration from soil to plants, we calculated TF, among which 
Calluna vulgaris L. Hill. has the highest accumulation coefficient among plants in A2 - 33.38 m2 kg-
1-10-3, moss - Dicranum polysetum Sw. is characterized by the highest total value - 57.38 m2 kg-1-
10-3.  
57.38 m2 kg-1-10-3 in A3 (Fig. 2). 
Vaccinium vitis-idaea L. has a rather low accumulation coefficient in all types of forests - from 2.38 
in A1 to 4.55 m2 kg-1-10-3 in A3. According to the intensity of plant uptake, all species were divided 
as follows: strong intensity (100 > TF > 50) in Dicranum polysetum Sw. in A3; moderate intensity (50 
> TF > 10) in Calamagrostis epigeios (L.) Roth in A2 and A3, in Vaccinium myrtillus L. in A3 and 
A4; weak intensity (10 > TF > 1) in Festuca ovina L. in A1, A2, A3; in Vaccinium vitis-idaea L. in 
A1, A2, A3. 

 
 
Figure 2 The transfer factor of 137Cs in main plant species.  

 
The one-factor analysis showed that the statistical values of Ffact. for Calluna vulgaris L., Festuca 
ovina L., Vaccinium vitis-idaea L., Vaccinium myrtillus L. and Dicranum polysetum Sw. were greater 
than the corresponding F0.95 values, indicating that the mean values of these species in different 
forest types differed significantly. P-values for all species were less than 0.05, indicating that the 
differences were statistically significant. The highest Fact value was observed for Dicranum 
polysetum Sw., indicating the largest difference in mean values between different forest types. The 
lowest Ffact value was observed for Calamagrostis epigeios L., indicating the smallest difference in 
mean values between different forest types. Below are the Ffact values for each species: Calluna 
vulgaris (L.) Ffact = 807.2 > F0.95 = 7.71 at p-value 0.001; Festuca ovina L. Ffact = 290.56 > F0.95 
= 5.14 at p-value 0.001; Calamagrostis epigeios L. Ffact = 22.51 > F0.95 = 7.71 at p-value 0.01; 
Vaccinium vitis-idaea L. Ffact = 106.32 > F0.95 = 5.14 at p-value 0.001; Vaccinium myrtillus L. Ffact 
= 1431 > F0.95 = 7.71 at p-value 0.001; Dicranum polysetum Sw. Ffact = 2293 > F0.95 = 5.14 at p-
value 0.001. 
The values of F-statistics and p-value indicate that different plant species have different effects on the 
AC and TF depending on the increase in soil moisture. 
 
Conclusions 
The study demonstrated significant variability in the transfer of ¹³⁷Cs among different plant species 
within forest ecosystems. Moss species, particularly Dicranum polysetum Sw., exhibited the highest 
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accumulation coefficients, whereas vascular plants, such as Vaccinium vitis-idaea L., had the lowest 
transfer rates. These findings highlight the role of mosses as key bioindicators of radionuclide 
contamination in forested areas. 
The accumulation of ¹³⁷Cs varied depending on forest sub-types, with notable differences observed 
between plant species growing in different moisture regimes. Species in areas with higher soil 
moisture exhibited increased radionuclide uptake, indicating the influence of environmental factors on 
radionuclide mobility. The application of one-factor analysis of variance (ANOVA) confirmed 
statistically significant differences in the uptake of ¹³⁷Cs, particularly for Festuca ovina L., Vaccinium 
vitis-idaea L., and Dicranum polysetum Sw.. 
Statistical analysis further confirmed that specific plant species exhibited significant differences in 
¹³⁷Cs accumulation across various forest conditions, with p-values below 0.05. The most substantial 
differences were observed in Dicranum polysetum Sw., underscoring its potential as a key species for 
monitoring radionuclide migration. These findings contribute to a better understanding of 
radionuclide behavior in forest ecosystems and support the development of environmental risk 
assessment and long-term monitoring strategies for contaminated areas. 
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