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 Regarding the research activity and the implementation of the project PN-III-P1-1.1-TE-

2016-0814, contract no. TE113 / 2018 with the title: "Studies on the effects of land use changes 

on soil erosion and high sedimentation rates using radionuclides". 

  

Introduction 

 

 The main purpose of the project is to assess the environmental effects of some changes in 

land use. Two types of land use are targeted, the forest means and the grassland areas. This effect 

is measured and quantified by assessing erosion and sedimentation rates in aquatic environments. 

The erosion rate and the deposition rate are influenced by two major factors, one is the natural 

climatic factor. Climate change, which is manifested in changes and fluctuations of 

meteorological phenomena, entails the soil from the hydrographic basins that transforms into 

sediment deposited on the lakes basin. The frequency of high-intensity precipitation causes 

fluctuations in sedimentation rates, reaching high values. The second factor is the anthropogenic 

effects, after which the soil on the slopes becomes vulnerable, facilitating the erosion effects. 

The high sedimentation rates have the effects of the two factors on the composition. The purpose 

of the project is to subtract anthropogenic effects from natural factors such as climate. 

 The basic methodology of the project consists in choosing a reference site for a high 

altitude glacial lake which’s sedimentation rate is influenced only by the climatic effects. The 

variations of the sedimentation rates are considered natural rates and are subtracted from the 

sedimentation rates of the lakes where in the river basin there have been anthropogenic 

interventions. Another way to investigate the natural effects of the climate change is to use peat 

deposits. The development of peatlands is influenced by humidity and temperature, natural bays 

controlled by the climate. Also, the variations in the accumulation of the new peat layers can be 

extracted from the variation of sedimentation rates, obtaining the anthropic component. 

 Finding natural lakes with anthropic fingerprints has proved to be difficult, because most 

of the lakes in massively affected areas are of anthropogenic origin (dam lakes). 

 



Description of study locations 

 

Map of Transylvania with different types of lake 

 

Map of Transylvania with Turbarii 



Tăul Vlasinescu 

Location 

 The natural area is in the Gutâi - Igniș Mountains (a mountainous group of the 

Carpathians of Maramures and Bukovina, belonging to the mountain range of the Eastern 

Carpathians), in the north-central part of Maramures County (in the Izvoare Plateau) and the 

northwestern part of the Mara village. 

Description 

 The declared natural reserve area is protected by Law no. 5 of March 6, 2000 published 

in the Official Gazette of Romania No. 152 of April 12, 2000 (regarding the approval of the 

national territory planning plan - Section III - protected areas) covers an area of 3 hectares. 

 

The Harvesters' Teal 

Location 

 The natural area is located in the central-northern part of Maramureș county, in the Igniș 

Mountains (mountainous group of the Carpathians of Maramureș and Bucovina, belonging to the 

mountain range of the Eastern Carpathians) at an altitude of 1,014 m, on the north-western 

territory of the village Hărnicești, in approaching the national road DN18, which connects Baia 

Mare with Sighetu Marmatiei. 

Description 

 The nature reserve was declared an area protected by Law no. 5 of March 6, 2000 

published in the Official Gazette of Romania No. 152 of April 12, 2000 (regarding the approval 

of the national spatial planning plan - Section III - protected areas) and covers an area of 5 

hectares. The Iezerul Mare swamp overlaps the Natura 2000 site - Igniș. 

 The protected area represents a humid area (a water eye drained by the Valea Zăvoare 

and Cheii Valley streams), surrounded by oligotrophic marshes, which hosts a diversified 

vegetation (glacial relics) specific to peatlands, consisting of species of: ligularia (Ligularia 

sibircă), (Molinia coerulea), ruin (Succisa pratensis), tar (Deschampsia cespitosa), fly (Empetrum 

nigrum), mackerel (Carex brizoides), rust (Andromeda polifolia), cottonwood (Eriophorum 

vaginatum), sap (Gladiolus imbricata) erecta), the dew of the sky (Drosera rotundifolia), the 

deer-pike (Scheuchzeria palustris), the tail of the reed (Potentilla erecta), the mountain churechi 

(Ligularia sibirica), the blackbird (Vaccinium vitis-idaea), the venison (Vaccinium uliginosoz), 



warts (Vaccinium oxycoccos), moths (Veratrum album), roundworms (Homogyne alpina) and a 

fauna represented by a wide range of mammals, birds and reptiles. 

 

The Hoten's Teal 

Location 

 Hoteni town and Hotenilor village are on the southern frame of the Maramures 

Depression, in the Mara basin at altitudes of 500m. A settlement of the few developed on the 

hills, located laterally to the main roads (DN 18, Baia Mare - Sighetul Marmatiei; DJ 109F, 

Cavnic - Budesti - Ocna Sugatag). 

Description 

 The peat bog, with water mesh on the edges, has vegetation consisting of Sphagnum, 

Eriophorum vaginatum, Drosera rotundifolia (dew of the sky, see details at the end of this text), 

Polytrichum strictum, Dryopteris thelypteris, Scheuchzeria palustris, Carex sp., Salix aurata, 

Vaccinium , Menyanthes trifoliata. The peat layer floats on water about 4 meters deep on an area 

of 3,500 m2. 

 

Taul Chendroaiei  

Location 

 Also called Tăul de sub Gutâi represent “the level lakes” (some consider it “periglacial 

lake”); it is located under the Cocoşului Ridge, at 1043 m altitude, on the northern slope of the 

Gutâi Mountains. 

 

Description 

 On the turbulent area you can find two water mesh of only 5 on 10 respectively 5 on 15 

m, reminiscent of a former lake that had a larger surface, but through clogging, marshing, it was 

transformed into a raised tin, which has 2, 7 hectares. Around the lake area with free water, there 

is therefore a tin, an oligotrophic marsh, the thickness of the peat reaching 8 meters. 

 

 

 

 



Violet turban 

Location 

 The natural area is located in the western part of the Lategita Mountains, massively 

belonging to the mountain group Șureanu-Parâng-Lotrului, in the upper basin of the Latoriţa 

valley, at an average altitude of 1650 m in the reserve of Iezerul Latoriței. 

Description 

 Violet peat floats on a glacial lake with vegetation consisting of Spagnum.  

Surface.  

It has in one eye with the surface of 430m2 which is the edge of the peat, which extends on an 

area of 2.1 hectares. 

 The declared natural reserve area protected by Law No. 5 of March 6, 2000 (regarding 

the approval of the National Territory Planning Plan - Section III - protected areas) covers an 

area of 10 hectares and represents the area of the river Latorita, with a varied relief (glacial 

circles, gorges, rocks, cliffs) with glacial lakes (Iezerul Latoriţa Lake, Violeta Lake), valleys, 

waterfalls, meadows and forests; with flora and fauna specific to Southerners. 

 

Turbaria from Izvoarele Sadului 

Location 

 It is located near DJ 107N, which connects the Sadului Valley with the Sebeșului Valley 

on a height of 1400 meters on the boundary of Sibiu County and Vâlcea County. 

Description 

 The peatland has an area of 12 hectares on which a 62m2 eye can be found. 

 

Turbaria from the Beautiful Springs 

Location 

 This peat bog was located between the Turbaria de Izvoarele Sadului and the national 

road 67C on the height of 1200 meters. 

Description 

 With this peat can not be found in the literature, it has a surface of 1.2 hectares.  

 

 



Tăul Bagău (Tăul Without Fund) 

Location 

 The natural area and the mentioned area are located in the northeastern part of Alba 

county (in the east of the Mureș river and the northeast of the Băgău village, near the county road 

(DJ107E), which connects the city of Aiud to the town of Lopadea Nouă. 

Description 

 The nature reserve was declared an area protected by Law no. 5 of March 6, 2000 

published in the Official Gazette of Romania No. 152 of April 12, 2000 (regarding the approval 

of the national territory planning plan - Section III - protected areas) and covers an area of 7.40 

hectares. 

 

Panade Lake (Pănăzii Lake) 

Location 

 Not included in the list of protected nature reserves, according to Law no. 5 of March 6, 

2000, regarding the approval of the National Territory Planning Plan - Section III - protected 

areas, on the administrative territory of Sîncel commune is found the Panăzii Lake, also called 

"Pană Tăul" or "the bottomless lake". It is at an altitude of 380 meters. 

Description 

 The mentioned lake has an average area of 1.5 ha, storage capacity-22622m3 with a 

depth of 2.8 m, with underground supply. According to some specialists, Tăul Panăzii is a crov-

type lake, formed by settling fine Pontian sands following the dissolution of limestone or the salt 

from the diapiric box Aiud-Blaj –Seica Mar. Other specialists believe that the lake Taul Panăzii 

also called "Taul bottomless" was formed behind a slip dam, due to the collapse of a slope of the 

Chiciu Hill. 

Lake Latoriței 

Location 

 The lake is in the protected area of the western part of the Lategita Mountains, massively 

belonging to the mountain group Șureanu-Parâng-Lotrului, in the upper basin of the Latorita 

valley, at an average altitude of 1600 m. 



Description 

 Latoriţa hill is the glacial lake at the lowest altitude of the country, 1530 m, has an area of 

0.80 hectares and a depth of 1.5 m. 

 

Methodology 

 

The working methodology and the implementation of the project were outlined according to a 

series of objectives and activities, as follows: 

 

High resolution investigation of seeding rates for mountain lakes and analysis and mapping of 

erosion processes in the river basin of the lake located in the Transylvanian Plain (O1 and O2 

from the request for funding). 

 

 In the first stage of radiometric investigations, the calibration of the HpGe detector was 

performed in order to measure sediment and soil samples. For calibration, a Pb-210 standard was 

applied on an inert matrix similar to the natural material and natural texture of the sediments and 

soils to be examined. Calibration was performed for organic material because peat samples were 

measured throughout the project. The calibration results can be seen in graph 1. 

 

Fig. 1. Results obtained after calibration and intercomparison (unpublished results) 

 



 In the case of peat, in the composition of peat samples often besides the organic material 

we find part of the inorganic material. This inorganic material has a multiple provenance, it can 

be the result of some processes of transport of the material on the slopes driven by water and can 

be depositing dust from the atmosphere in case of high altitude peat on the hill top (Taul 

Harnicestilor). For the correct calculation of the growth rate it is essential to know the own 

quantity of the pure organic material. For this purpose, the LOI (Loss On Ignition) method was 

applied whereby the organ material burns at 350 degrees Celsius, and what remains behind is the 

inorganic one in the sample. 

 From the Parand Mountains area, samples were analyzed from the Violeta peat bog (in 

the vicinity of Lake Latoritei), Lake Latoritei, Lake Muntinului, Lake Zanoaga. From the Violeta 

peat was extracted a monolithic tube with a length of 80 cm, and from the horses of Latorita, 

Muntinului and Zanoaga columns of sediment with a length between 45 and 60 cm. For drilling, 

a UWiTech corotero penetrated by manual force was used. Peat monolayers were extracted by 

using the sampler from image 2. 

 

 

Fig. 2. Peat monolith sample, peat sample 

 

The collected samples were processed in the laboratory, and their physical characteristics 

(porosity, water content, density) were obtained. 



The measurements of the radionuclides of interest were made using high resolution 

gamma and alpha spectrometry. In the sediment column Ra-226 radionuclides were analyzed by 

gamma spectrometry, equipped with HpGe ORTEC GMW detector (FWHM 1.92KeV to 

1.33MeV) with a well that allows the recording and determination of low energies from low 

mass samples (3-6g) analyzing the photopeaks from the energies 295keV, 351keV. Pb-210 using 

the photpeak from the energy of 45.6 keV and to obtain a better error and precision in the case of 

the low activities (the lower part of the core) the measurement of the descendant or Po-210 by 

alpha spectrometry was used. In the case of alpha spectrometry, chemical preparations, the 

extraction of the radionuclide from the investigated sample is required. 

 

Results: 

 

The use of peat in climate reconstruction is a relatively new field. Peat dating raised 

methodological questions within the scientists. In order to determine the fast and precise Pb-210, 

it was decided to measure Po-210 with which it reaches a secular balance in 3 years. As 

mentioned in the methodology, the Po-210 measurement is performed by the alpha spectrometric 

method, various chemical preparations are required for the application of this method. In the first 

phase, the extraction of radionuclide from the samples was investigated, by applying several 

digestion methods. In addition to digestion in the presence of mineral acids, the application of 

incineration methods as well as the application of NaOh has been experimented in order to 

completely destroy the peat samples. The results obtained are presented in table 3. It can be 

observed that after each digestion process in the presence of mineral acids the same efficiency is 

obtained regardless of the use of HF acid. The use of HF acid is preferably removed from the 

digestion processes due to the high level of toxicity. 



 

Fig. 3. Comparisons of digestion processes for peat samples from Violeta peat 

(unpublished results) 

After applying the method by incinerating the samples, a significant amount of Po-210 is lost 

from the investigated samples, so this method is not recommended. 

 

Act 2.1 - Chronology of inhalation resolution of sediment and peat samples based on data using 

the radionuclides 210Pb, 226Ra, 137Cs (A3 from the request for funding) 

 

Following the radiometric analyzes of Pb-210, Ra-226 and Cs-137 performed on sediment and 

peat samples, the results presented in the following specimens were obtained. 

 

 



Fig. 4. Pb-210, Ra-226 and Cs-137 concentrations in sediment and peat samples from 

Lake Latoritei, Violet Turbaria, Lake Muntinului 

 

The profile of the atmospheric Pb-210 concentration in the sediment of Lake Latoritei 

shows an almost exponential decrease in depth, which denotes an accumulation of linear 

sediment depending on its age. The Violet water peat over the years has undergone fluctuations 

in peat growth and its accumulation. Periods with few precipitations and also with massive 

precipitations can be identified in the distribution Pb-210 from atmospheric deposits. The 

concentration of this isotope in the peat column is disturbed at some depths, resulting in some 

maxima and minima in its downward trend. The atmospheric Pb-210 distribution in the sediment 

of Lake Muntin shows some disturbances. In this case, it is impossible to assume a sedimentary, 

linear alluvial deposits during the 150 years investigated. 

The Constant Rate of Supply (CRS) model was used to perform the chronological curve 

for all the investigated environments. This mathematical model is used in the case of systems 

that represent a non-uniform sedimentation, and is based on the assumption that the Pb-210 

deposit flow in the atmosphere is constant over a calendar year. In the case of Lake Latorita from 

the distribution of atmospheric Pb-210 concentration, it is possible to use other mathematical 

models for dating. In the other cases this is not recommended. The age data for Lake Latoritei 

and Turbaria Violeta in its vicinity as well as the data regarding Lake Muntinului are shown in 

the figures below in figure 5. 



 

Fig. 5. Age models related to Latorita, Muntinului and Violeta bogs 

The sedimentation rates and the growth rates respectively, are calculated from the age of 

the accumulated layers are presented in the graphs below. 

 

Fig. 6. The sedimentation rates respectively the rate of development of the disturbance 

The straight line from the sedimentation ridges for the investigated lakes shows a 

relatively uniform sedimentation period. You can see a similar trend of ascent in the 

sedimentation rate of Lake Latorita and the development of the peat from the Violeta peat. 



Because peat development is influenced by "natural" factors, we can say that the increase of 

sedimentation rate in the lake is also influenced by natural factors. 

The difference between the rate of accumulation of the organic matter that constitutes the 

peat and the inorganic deposits on its surface are presented in the following table. 

 

Fig. 7. The growth of the peat and the deposition of the inorganic material on its surface 

In the growth of peat growth we can identify periods with high development rates, 

periods assimilated with rainy intervals from the past, as well as periods with low rate denoting 

dry intervals in history. But it is clearly visible an upward trend in the rate of development that 

reflects the climatic warming of the area. 

During this study, a first question was whether it can be given with confidence, by 

obtaining solid results peat deposits. To answer the question asked, we analyzed events produced 

in the sedimentation rates in Lake Latorita (dated sediment, scientifically certified method) 

parallel to those identified in the Violeta peat deposit. In the graphs below we can see the results 

obtained in this regard. 

 

  



 

Fig. 8. The sedimentation events identified in Lake Latorita and Turbaria Violeta 

 

Followed by the analysis of the results of the same events can be identified in both 

studied environments, therefore we can say that the disturbances can be given as well as the 

sediment deposits, and produce reliable results. 

Another problem explored during this study is related to the anthropogenic effects that 

appear in the sediment deposits analyzed. In the sedimentation of Lake Latorita no anthropogenic 

events can be identified, its sedimentation rate is similar to the rate of development of the Violeta 

turbulence. In the sedimentation of Lake Muntin, high sedimentation events can be identified 

during the years 1949-1956. Due to the settlement near the national road, during the mentioned 

periods sediment driven by the rehabilitation of the road (after the Second World War) reached 

the lake basin. Event marked with a red part in the X. 

The question whether peat accumulations can be used for climate reconstruction can be 

explained using graph X. Based on data published by the National Meteorological 

Administration (ANM) in Romania, in the peat deposit in Violeta peat can be identified the clear 

drought and rainy periods in the last two years on the Romanian territory. (Dr. Ion Sandu, 

CLIMATE CHANGES IN ROMANIA AND THE EFFECTS ON WATER RESOURCES IN 

AGRICULTURE, MINISTRY OF THE ENVIRONMENT AND CLIMATE CHANGES 

NATIONAL METEOROLOGY ADMINISTRATION 2013). 



 

Fig. 9. The use of peat deposits for the reconstruction of the climate for a period of 200 

years from the velvet 

 

A significant thing that can be discovered from the study of the results from the above 

table is the shortening intervals in which the arid and please periods follow each other. In climate 

change and global warming, major problems are not caused by increasing the average annual 

temperature by several tenths of a degree, major problems are the consequences of unpredictable 

weather and weather events, with major intensities. 

In order to continue the idea of micro and macro climate reconstruction in Romania, in 

order to have a clear picture of the natural variations that occur in the sedimentation of lakes, we 

have chosen 4 other peatlands from the north of the country for investigations. The selected 

disturbances are shown in the image below: 

 

Fig. 10. Selected peatlands for climate investigations in the north of the country 



Some of the selected peatlands are on the top of some mountains, so the deposits of the 

inorganic material are the result only of the atmospheric deposits. This fact allows us to monitor 

and reconstitute the historical displacement of pollutants in this area. The distribution of 

radionuclides in the peatlands examined showed an exponential descent profile and in some 

cases the application of the Constant Initial Concentration (CIC) model in order to obtain the age 

proved to be adequate. The graphs below show comparisons for the two applicable mathematical 

models. The concentrations of Pb-210 are presented on a logarithmic scale. 

 

Fig. 11. Distribution of radionuclide Pb-210 in peat columns 

 

The graphs indicate in two cases (Taul Vlasinescu and Iezerul Mare) high correlation 

factors, cases in which the differences between the results given by the two mathematical models 

are minimal. The results are presented in the tables below. 

 



 

Fig. 12. Comparison of the two mathematical models of CRS and CIC dating 

 

Peat growth rates are represented on the following graphs. In each of the investigated 

peat an increase in peat development can be clearly observed. To quantify these assumptions in 

the development rate, a linear approximation was applied on the obtained values. 

 

 

Fig. 13. Development rate of the peatlands examined 



 

The slope of the flax is in very good correlation with the altitude at which the disturbances are 

found, this fact is represented graphically in figure 14. 

 

 

Fig. 14. Slope of peat development depending on altitude 

  

The variations that can be clearly seen from the development rates were placed on a log which’s 

age scale is logarithmic to highlight the changes of the last decades. You can see the wet and dry 

periods of the past. In the graphs in image 15 we can follow these periods correlated with the 



ANM report mentioned above. 

 

Fig. 15 dry and wet periods obtained from the variation of peat growth 

 

 By comparing the results obtained from the north of the country with those from the 

Paraguay mountains, the same variations can be observed in the wet and dry periods of the 

climate. In some regions due to the dominant microclimate some arid or rainy periods are 

missing, but if we overlap results, obtained from the three regions with good strong similarities 

we can observe with the values obtained in the case of Violet turbulence. This fact indicates the 

possibility of applying the dating method and investigating the growth rate of peat accumulations 

to describe the macroclimate, not just the microclimate on a small scale. 

In August 2019 soil and sediment samples were taken from the Transylvanian Plains area, from 

Panazii Lake and the lake's hydrographic basin. Soil samples or taken in order to determine the 

erosion rate in the river basin. By investigating the sedimentation rate of the lake and the erosion 



rate of the basin, a model of sediment transport from the slope into the lake can be built. The 

sampling points can be observed from figure 16. 

 

Fig. 16 Soil sampling points 

 Samples were taken from nine points and a reference point. From the reference point the 

soil column was taken, which was divided into sub-tests of 5 cm thick. Radionuclides 

investigated were Pb-210, Ra-226 and Cs-137. The profile of Cs-137 in the reference point can 

be observed in chart 17. 

 

Fig. 17. Cs-137 concentration in reference point R1 



 The distribution of the concentration in the points taken and on the area of interest is 

represented below. 

 

Fig. 18. Cs-137 distribution on slopes 

 

The results of the atmospheric concentrations of Pb-210 obtained for the sediments of the Panazii 

lake are shown in the following figure. The concentrations show a rapid decrease with the depth 

which indicates a relatively low sedimentation rate. At the same time, fluctuations in measured 

Pb-210 values can be observed, which may be the consequence of a period with non-uniform 

sedimentation. Applying the dating method, the ages of the sediment states were obtained. 

Calculating the sedimentation rates for the studied interval, maximum sedimentation is obtained 

until 1989, after which the sedimentation rate decreases. These values indicate a massive erosion 

margin in the 70-80 period when the area was used as agricultural land. After the change of 

regime in Romania, the area remained in comparison stopping the erosion phenomenon. The last 



results show a slight increase in erosion, which is explained by the fact that in the present 

 

Fig. 19. Radionuclide distribution and sedimentation rate in Lake Panazii 

 

 The research will continue with the examination of other peatlands in order to get a 

clearer picture of the climate variations in the Transylvania area, areas with massive anthropic 

impact from the Gutai and Hasmas Mountains will be investigated. 

 

 Act 2.2 - Multi-proxy analyzes on sediments (A4 from the application for financing) 

Dissemination of preliminary results (A5 from the application for funding). Sampling of 

additional samples (A2 from the application for funding). 

 This year the dissemination of the results of the project included several stages up to the 

present moment, chronologically these being: 



 Participation at the 4th International Conference on Polonium and Radioactive Pb 

isotopes (INCO-PoPb-2019), Shanghai, China from April 8-11, 2019 with papers "Examination 

of the Po-210, Pb-210 and Cs-137 mobility isotopes in the sediments column under different 

chemical condition” and “Last 150 year's human impact on high altitude Lakes from Parang 

Mountain”. The conference was attended by Begy Robert-Csaba and Kelemen Szabolcs. 

 

 Participation at the conference "Seventh international conference on radiation in various 

fields of research, Herceg Novi, Montenegro" from June 10-14, 2019 with papers "Studies on the 

effects of land use changes on soil erosion and increased sedimentation using radionuclides" and 

"Climate change reconstruction for modern warm period in northern Romania by using Pb210 

chronology”. The conference was attended by Begy Robert-Csaba, Kelemen Szabolcs and 

Daniel Vereș. 

 

 Participation at the 5th International conference on Environmental Radioactivity, Prague, 

Czech Republic from September 8-13, 2019 with the work "Reconstruction of climate variation 

from Modern Warm Period in Balkan region by using Pb-210 Chronology" and "Investigation of 

the anthropogenic land" using effect on the Panazii lake (Romania) catchment area used Cs-137 

and Pb-210 radionuclides ”. The conference was attended by begy Robert-Csaba. 

 

 

Date:          Project Manager 

26.11.2019                                                                                  CS.I. Begy Robert-Csaba 


