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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 management 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 manifests as changes and fluctuations of 

meteorological phenomena, entrains 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, thus 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 are the result of the effects of these two factors 

combined. The purpose of the project is to substract the anthropogenic effects from the ones 

originating from natural factors, such as climate. 

 The fundamental 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 to be natural, and are subtracted from 



the sedimentation rates of the lakes where anthropogenic intervetions were present in the 

hydrographic basin. 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 

factors 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 proven to be difficult, because the 

majorityof the lakes found 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 peat bogs 

TaulVlasinescu 

Location 

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

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

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

north-western part of the Mara village. 

Description 

 The natural reservation was declared a protected areaby Law no. 5 of March 6, 2000 

published in the Official Journal 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. 

 

Taul Hărnicești 

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 the vicinity of the national road DN18, which connects Baia 

Mare with SighetuMarmatiei. 

Description 

 The natural reservation was declared a protected area by Law no. 5 of March 6, 2000 

published in the Official Journal 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 areais a wet area (a waterhole drained by the ValeaZăvoare and ValeaCheii 

streams), surrounded by oligotrophic swamps, which hosts a diversified vegetation (glacial 

relicts) specific to peatlands, consisting of species of:ligularia (Ligulariasibirica), iarbăalbastră 

(Moliniacoerulea), ruin (Succisapratensis), târsă (Deschampsiacespitosa), vuitoare 

(Empetrumnigrum), rogojel (Carexbrizoides), ruginare (Andromeda polifolia), bumbăcăriță 

(Eriophorumvaginatum), săbiuță (Gladiolus imbricatus), sclipeți (Potentilaerecta), rouacerului 

(Droserarotundifolia), pipirigul-cerbilor (Scheuchzeriapalustris), coadaracului (Potentillaerecta), 

churechi de munte (Ligulariasibirica), merișor (Vacciniumvitis-idaea), afinvânăt 

(Vacciniumuliginosumsspuliginosumbozățel), răchițeauă (Vacciniumoxycoccos), bozățel 

(Veratrum album), rotunjoare (Homogynealpina) and a fauna represented by a wide range of 

mammals, birds and reptiles. 

 

TaulHotenilor 



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 - SighetulMarmatiei; DJ 109F, 

Cavnic - Budesti - OcnaSugatag). 

Description 

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

Eriophorumvaginatum, Droserarotundifolia (rouacerului, see details at the end of this text), 

Polytrichumstrictum, Dryopteristhelypteris, Scheuchzeriapalustris, Carex sp., Salix aurata, 

Vaccinium , Menyanthestrifoliata. The peat layer floats on a body of water about 4 meters deep 

on an area of 3,500 m2. 

 

TaulChendroaiei 

Location 

 Also called Taulfrom underGutâi represents “the snow lakes” (some consider it 

“periglacial lake”); it is located under CreastaCocoşului, at an altitude of 1043 m, on the northern 

slope of the Gutâi Mountains. 

 

Description 

 On the peat area you can find two waterholes 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 oligotroph swamp, with an area of 2, 7 hectares. Around the lake area 



consisting of free water, there is therefore a tin, an oligotrophic marsh, the thickness of the peat 

reaching 8 meters. 

 

 

 

 

VioletaPeatland 

Location 

 The natural area is located in the western part of the Lătoriței Mountains, a massif 

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

valley, at an average altitude of 1650 m in the IezerulLatoriței reservation. 

Description 

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

Surface. 

It has one waterhole with a surface of 430m
2
, located at the edge of the peat, which extends on 

an area of 2.1 hectares. 

 The natural reservation was declared a protected area 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 origin area of the river Latorita, with varied 

landforms (glacial circles, gorges, rocks, cliffs) with glacial lakes (IezerulLatoriţa Lake, Violeta 

Lake), valleys, waterfalls, meadows and forests; with flora and fauna specific to Southern 

Carpathians. 

 



IzvoareleSaduluipeatland 

Location 

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

at an altitude of 1400 meters on the boundary of Sibiu County and Vâlcea County. 

Description 

 The peatland has an area of 12 hectares where a 62m
2
waterhole can be found. 

 

IzvoareleFrumoasapeatland 

Location 

 This peat bog is located between theIzvoareleSaduluipeatland and the national road 67C 

at an altitude of 1200 meters. 

Description 

 This peat cannot be found in the literature, it has a surface of 1.2 hectares.  

 

 

TaulBagău (Bottomless Taul) 

Location 

 The natural area and the mentionedtaul are located in the north-eastern part of Alba 

county (in the east of the Mureșriver and the northeast ofBăgău village, near the county road 

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

Description 

 The natural reservation was declared a protected area by Law no. 5 of March 6, 2000 

published in the Official Journal 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. 

 The protected area BotomlessTaul is included in the Natura 2000 - Băgău site and 

represents a natural area of landscape interest (waterhole, lake and surrounding area, peat bogs) 

which harbors flora and fauna specific to marshes. 

 In the area of the reservation there are several floristic species (trees, shrubs and grasses), 

among which stejar (Quercusrobur), gorun (Quercuspetraea), carpen (Carpinusbetulus), 

mesteacănpufos (Betulapubescens), păducel (Crataegusmonogyna), roua-cerului 

(Droserarotundifolia) saumoșișoare (Liparisloeselii). 

Panade Lake (Pănăzii Lake) 

Location 

 Not included in the list of protected natural areas, 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,Panăzii Lake is found, also called 

"TaulPanăzii" or "the bottomless lake". It is situated 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, TăulPanăzii is a crov-

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

from the diapiricfoldAiud-Blaj –Seica Mar. Other specialists believe that the lake 



TaulPanăziialso called "BottomlessTaul" was formed behind a slip dam, due to the collapse of a 

slope of the Chiciu Hill. 

Latoriței Lake 

Location 

 The lake is in the protected area of the western part of the Lătoriței Mountains, massif 

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

Lătorițeivalley, at an average altitude of 1600 m. 

Description 

 Latoriţei tarn hill is a glacial lake situated at the lowest altitude of the country, 1530 m,it 

has an area of 0.80 hectares and a depth of 1.5 m. 

 

Lalalake 

Samples from Lalalake were taken in july 2020. After laboratory analyses were performed, we 

obtained the results presented in the following graphs 

 

  

Age (years) and depth of the Lala lake samples 



 

 

 

Sedimentation rate (g/cm
2
years) and date (AD) of Lala lake samples 

 

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 sedimentation 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 funding request). 

 

 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 peats, in the composition of peat samples, besides the organic material we 

often find inorganic material. This inorganic material has multiple proveniences, it can be the 

result of some transport processes of the material from the slopes, driven by water, and can also 

be from the deposition of dust from the atmosphere, in case of high altitude peatlands situated on 

the hill top (TaulHarnicestilor). For the correct calculation of the growth rate it is essential to 

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

was applied, the organic matter being burn at 350 degrees Celsius, and what remains behind is 

the inorganic matter from the sample. 

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

the vicinity of Latoritei lake), Latoriței Lake, Muntinului Lake, Zanoaga Lake. From the 



Violetapeat, a monolithic peat was extracted with a length of 80 cm, and from theLatorita, 

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

drilling, aUWiTechcore sampler penetrated by manual force was used. Peat monoliths were 

extracted using the sampler from image 2. 

 

 

Fig. 2. Peat monolith sampler, 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 low activities, (the lower part of the core) the measurement of its descendant,  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 peatbogs in climate reconstruction is a relatively new field. Peat dating raised 

methodological questions within scientists. In order to determine Pb-210 in a fast and precise 

manner, we decided to measure Po-210, which reaches secular equilibrium with Pb-210  in 3 

years. As mentioned in the methodology, the Po-210 measurement is performed by alpha 

spectrometrymethod, 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 incineration method for the samples, a significant amount of Po-210 is lost 

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

 

Act 2.1 – High resolution chronology for sediment and peat samples, based on 
210

Pb, 
226

Ra, 
137

Cs 

radionuclides dating (A3 from the funding request). 

 

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

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

 



 

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

Latoritei Lake, VioletaPeatland, Muntinului Lake 

 

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

an almost exponential decrease with depth, which denotes an accumulation of linear sediment 

depending on its age. The Violetapeatland has undergone fluctuations in peat growth and 

accumulation over the years. Both periods with lowprecipitations and with massive precipitations 

can be identified in the Pb-210 distribution from atmospheric deposition. The concentration of 

this isotope in the peat column is disturbed at some depths, resulting in some maximums and 

minimums in its downward trend. The atmospheric Pb-210 distribution in the sediment of 

lakeMuntin shows some disturbances. In this case, it is impossible to assume a sedimentary, 

linear alluvial deposits during the 150 years period investigated. 

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

for all the investigated sites. This mathematical model is used in the case of systems that present 

a non-uniform sedimentation, and is based on the assumption that the Pb-210 deposition flux in 



the atmosphere is constant over an year. In the case of Latoritalake, the distribution of 

atmospheric Pb-210 concentration shows a possibilityof using other mathematical models for 

dating. In the other cases this is not recommended. The age data for Latoriteilake and 

Violetapeatland, from its vicinity, as well as the data regarding Muntinului lake are shown in the 

graphs below, figure 5. 

 

 

Fig. 5. Age models related to Latorita, Muntinului lakes and Violetapeatland 

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

the accumulated layers, and are presented in the graphs below. 



 

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

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

relatively uniform sedimentation period. A similar trend of ascensioncan be seen between the 

sedimentation rate of Latoritalakeand the development of the peat from the Violetapeatland. 

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

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

The difference between the accumulation rate 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 rate of the peat, we can identify periods with high development rates, 

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

droughtyperiods in history. An upward trend is clearly visible in the rate of development, that 

reflects the climatic warming of the area. 

During this study, a first question was whether peat deposits can be dated with 

confidence, to obtain solid results. To answer the question, we analyzed events produced in the 

sedimentation rates in Latoritalake(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 Latoritalake and Violetapeatland 

 



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

environments, therefore we can say that,as well as sediment deposits,peatbogs can be dated, and 

the measurements can 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 Latoritalake, no anthropogenic 

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

Violetapeatland. In the sedimentation of Muntinului lake, events of high sedimentation can be 

identified during the years 1949-1956. Due to its location, 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. This event is marked with a red square in the X graph. 

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 depositof Violetapeatland, drought and rainy 

periods can be clearly identified in the last two hundred 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 past 

 

A significant thing that can be discovered from studying the results from above is the 

shortening intervals in which the arid and rainyperiods follows 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, but major problems are the consequences of unpredictable weather 

and high intensity weather events. 

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

have a clear view 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 peatlands 

are shown in the image below: 



 

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

 

Peat processing and dating 

Sample preparation 

After sampling, the peat cores were covered in polyethylene foil, transported to the laboratory, 

and quick frozen at -15 
o
C. The cores were subsequently sectioned in 1-2 cm thick slices using a 

stainless-steel saw. To exclude the chance of contamination, the exterior part of the peat core 

was removed with a stainless-steel knife. All samples were dried at 75 
o
C, until constant weight 

was achieved. Water content and porosity were determined by  comparing the weight of the 

samples before and after drying. 

Determination of bulk density, organic and inorganic materials  

Actively growing peatlands accumulate organic mass, inorganic exogenous windblown and 

waterborne materials, and in some cases, can have in situ carbonate precipitations. Differences in 

organic matter and bulk density were used as a simple proxy for estimating peat decomposition 

rate, calculate the organic matter (plant mass) deposition rate and also in order to deduce past 

moisture conditions (Yu et al., 2003). 

To determine the bulk density, in order to keep the uncertainty of the measurements as low as 

possible, the area of the sampler and the sample layer high were used for volume calculation. 



The “ash free” bulk density was also calculated by using just the organic matter mass for density 

calculation.  

The organic mass (OM) content of the peat is typically estimated gravimetrically by high-

temperature loss-on- ignition (LOI) analysis (Heiri et al. 2001). Van Asselen et al., 2010 

considers that only if the content of organic matter in the peat bog exceeds 20%, there is a peat 

accumulation, by this way we can identify the lower limit of the peat column. 

LOI measurements were performed in three steps, by burning the sample in ceramic crucibles. 

The crucibles were cleaned with alcohol, dried at 105 
o
C, in a drying oven for one hour, 

weighted and placed in a desiccator. After the samples were introduced in the crucible, they were 

placed inside a variable temperature furnace (Snol 8,2/1100). The burning of the samples took 

place in three temperature intervals: at 100 
o
C for 1 hour, to eliminate all of the moisture 

remaining in the crucible and the samples, at 350 
o
C, to eliminate the organic matter (OM), and 

at 750 
o
C, to eliminate the carbonates (inorganic carbon, IC). At the end of each step, samples 

were weighted.  The OM and IC were calculated by subtracting the mass remaining after each 

step, and the results are given as a percentage of the total initial mass. 

Determination of humification 

The colorimetric method for characterizing the degree of decomposition was adopted from 

Blackford and Chambers (1993). For this study, a mass of 0.2 g pulverized and freeze-dried peat 

samples were dissolved in 50 mL NaOH (8%) and placed on a hot plate for 1 hour to simmer. 

After cooling, the extract was diluted to 100 ml with distilled water, out of which 25 ml was 

filtered through a Whatman No. 1 filter paper. The extract was subsequently diluted to 50 ml, 

prior to the colorimetric measurement. The absorbance of light (in %) was measured with a 

SPECORD® 210 Plus UV-Vis spectrometer at a wavelength of 540 nm. 



Determination of the 
210

Pb and 
210

Po activity concentrations  

The
 210

Pb (
210

Po) concentration was determined in order to derive the chronology of the peat 

layers. The 
210

Pb isotope can be measured directly by gamma spectrometry. However, accurate 

detection is usually difficult, due to both the low energy (46.5 keV) and the low yield of the 

emission (4%). Fortunately, in the case of the peat, the amount of inorganic matter is just a few 

percent. As the main matter is organic, with low atomic number elements (Z) self-attenuation of 

the gamma photons in the sample is low, which allows  relatively easy detection of 
210

Pb. 

Another advantage lies in the fact that, contrary to the case of other sediments, in the case of peat 

the deposited 
210

Pb concentration is not diluted by mixing with high amounts of other deposited 

materials, and consequently, the specific activity is high (hundreds of Bq/kg).  

Similar to the case of the sediments, the peat can contain in situ 
210

Pb which is generated by 

226
Ra from the peat layers. Usually, this concentration is low enough to be under the detection 

limit and so, it doesn’t affect the 
210

Pb dating mechanism (Olid et al., 2013). However, the same 

measurement protocol was used for peat radionuclide determination as it was used for sediments.  

Dried and grinded peat samples were packed in plastic sample tubes of 50 mm length and 10 mm 

diameter, sealed with aluminum tape and stored for 28 days, for the equilibrium between 
226

Ra 

and 
222

Rn to be reached before the measurements. The gamma lines of the two short-lived 

radionuclide daughters of 
222

Rn (
214

Pb at 295 keV and 351 keV and 
214

Bi at 609 keV) were used 

for quantification. The measurements were carried out using a Well-type HpGe gamma 

spectrometric system (ORTEC GWL-120-15 detector, with resolution of 2.08 keV for 1.33 MeV 

60
Co and 1.1 keV for 122 keV

57
Co gamma lines). The measurement time was longer than 48 

hours, in order to  obtain an uncertainty of less than 10 % (95% confidence interval). 
137

Cs was 

recorded simultaneously, and quantified by using the 661 keV gamma peak. For activity 



calculation, the relative method was used, meaning the comparison with a certified standard.  

The same geometry and matrix was used for the sample and the certified standard (IAEA-

312,327,385). The detection limit was 7 Bq/kg for 
210

Pb, 0.3 Bq/kg for 
137

Cs and 0.5 Bq/kg for 

226
Ra. 

In the case of the bottom layers, with lower 
210

Pb activity concentration, 
210

Pb activity was 

calculated by 
210

Poalpha spectrometry measurements, to maintain the measurement uncertainty 

below 10 %. There is confidence in applying this technique because in the case of botton layers, 

one can assume that equilibrium between 
210

Pb and 
210

Po is reached. 

For 
210

Poextraction an aliquot of 0.5 g peat sample was mineralized with concentrated HCl, 

HNO3 and H2O2 in an Erlenmeyer flask on a heating plate at 60 
o
C (Kovacs et al., 2007) and

 

209
Po tracer was added for determination of the chemical yield. Following the filtration, transfer 

to the stock solution and complexation of the Fe
+
 ions using 0.2 g ascorbic acid, Po was 

deposited on high nickel content stainless steel discs (3 hours at 85 
o
C in a water bath) using the 

spontaneous deposition method. The 
209

Po and 
210

Po (namely 
210

Pbtot) were determined using an 

apparatus consisting of ORTEC SOLOSIST 900mm
2 

PIPS detector, having a resolution of 19 

keV and an ASPECT-92 data acquisition system.  

Peat age model and accumulation rates 

In a stable climate ecosystem where the growth rate of the peat layers is constant in time (and the 

decomposition is also constant), the CIC (constant initial concentration) model can be 

successfully applied (Appleby et al., 2001). However, the climate variations affect the peat 

growth and decomposition, causing a variation in the peat accumulations. For this reason, the 

Constant rate of 
210

Pb supply model (CRS) is suitable for peat dating in most cases (Olid et al, 



2013, Davies et al. 2018).  
137

Cs was used as an alternative time marker along the 
210

Pb dating 

method.  

Results 

210
Pb dating of the peat  

 

The 
210

Pb used for dating is originated from atmospheric deposition. It is important to investigate 

the atmospheric flux of 
210

Pb at the study sites. The differences in 
210

Pb flux values are generated 

by the origin of the transporter air mass.  Our study sites have almost the same climatic 

conditions, due to this, Table 1 shows that there are no significant differences in measured vales 

for 
210

Pb fluxes between the peatlands. 

Table 1. Atmospherical 
210

Pb flux calculated from peat columns 

 

Lower values can be observed in case of Hotenilor peat bog, which can be explained by the fact 

that this bog is situated in a sheltered valley surrounded by trees. The average measured value is 

149±27 Bq/m
2
y (including mountain and low land sides) with a maximum value of 277±54 

Bq/m
2
y in Semenic peat bog (Begy et al., 2016). The obtained average values for the 



investigated peat bogs are 211 ± 32 Bq/m
2
y for peat depositions. The continental average for 

Europe is 110-150 Bq/m
2
y (Preiss et al., 1996, Baskaran 2011). 

The obtained radionuclide concentrations for samples and their distribution in peat columns are 

presented in figure 11.  

 

 

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

 

It can be observed that radium concentrations are under 10 Bq/kg. These values, corresponding 

to supported 
210

Pb activity, were subtracted from the total 
210

Pb activity concentration. In the 

case of sediments, the representation of the activity concentration as function of cumulative mass 

in constant sedimentation processes can give an exponential decay tendency; in the case of peat 

deposits such result wasn’t observed. The exponential dependence requires a constant initial 

concentration of each layer during the development time, which means a constant activity and a 



constant peat mass. The mass of the buried peat layers is influenced in addition to physical 

effects even by the biological processes (the CO2 emission leads to organic mass loss). In some 

cases, however, the exponential decrease appears in the studied peat columns, as in the case of 

VS, IZM where small fluctuations in humification processes occurred (with residuals of max 

±1.5).  

For peat columns both CIC and CRS dating models were applied. CIC model gave reliable 

results close to the CRS model results in the case when a Pearson correlation coefficient (r
2
) 

between age and cumulative mass greater than 0.68 was calculated (Fig. 12). 

 

Fig.12 CIC and CRS models comparison for Vlasinescu and Iezerul Mare peat bogs 

 Despite similar ages of the layers provided by the two models, the mean accumulation rates 

(growth rates) can differ. Table 1 presents the values obtained for the mean peat accumulation 

rates derived from the application of CIC and CRS models. When the correlation factor is under 

the 0.68 value (0.65 for Hotenilor peat column) the discrepancy in the ages of the layers becomes 

more visible(fig. 13), for deeper layers being out of the range of the uncertainties. In Iezerul 

Mare peat column age depth profiles generally follow the same line in both dating models, with 

only some discrepancies visible in the bottom part. 



 

Fig.13 CIC and CRS models comparison for Hotenilor peat bog 

 One should take into account however, that in the case of peat, the lower layers are always 

thinner due to the compaction effect, rather than biological decomposition. As the material 

density increases in deeper layers any material lost generates uncertainties in dry mass per depth 

which are propagated in the calculations making the given layer older.  

 

 As an alternative time marker, the activity concentration of 
137

Cs was also investigated. 
137

Cs 

falling out from the atmosphere is present in the nature from the first nuclear weapon tests 

(Shalmon 1966, Jaakkolaet al., 1983). Two peaks for 
137

Cs can be observed in peat cores, one 

between 1962-1964 (nuclear weapon testing maximum) and a second one that is attributed to 

year 1986 when the Chernobyl nuclear disaster occurred. The ages obtained by 
210

Pb dating and 

the peak position of these time markers indicate a strong correlation. 

1.1. Long term climatic records  



The average growth rates of three peat bogs located roughly in the same area were compared. 

The VS, IZM, HT peat bogs are located close by (in an area forming a 16 km wide triangle), so it 

can be assumed that their pluviometric data doesn’t differ significantly. However, their location 

accounts for a notable difference in their altitude above sea level. A good linear correlation was 

observed (r
2
=0.91) when representing the growth rate in relation to the altitude above sea level 

(Fig. 14). 

 

Fig.14 Correlation between altitude above sea level and peat bogs bulk average growth rate 

 As altitude above sea level involves temperature changes, the corresponding rate of growth can 

be calculated.  A value of 0.0034 g/cm
2
y

o
C growth for 1 degree Celsius was obtained. A 

continuous growth is detectable in all investigated cores starting from the year 1800. This 

reflects the continuous rise of the temperature while the precipitation level (the humidity, 

moisture of the peat bog) is relatively the same. The yearly average temperature rise for the 



samples from VS and IZM peat between 1850 and 2019 was calculated by subtracting the initial 

growth rate (1850) from the growth rate of 2019 and dividing with the value of growth rate 

belonging to 1 degree Celsius rise. We found values of 1.27 
o
C in peat bog VS and 1.61 

o
C in the 

case of the IZM peat bog. HT is a relatively young peat bog, allowing to analyze the temperature 

rise for the 1980-2019 period. A 0.8 
o
C rise was found. These data match with the results of a 

study by NASA (GISTEMP Team, 2020).  According to the published data, the global 

temperature rise since 1880 is 1.2 
o
C with a significant temperature rise of 0.18 

o
C /decade since 

1980. Considering the latter value results in an increase of 0.72 
o
C since 1980. This value is in 

good agreement with the value calculated using the information provided by peat bog HT. 

(Lenssen et al., 2019, GISTEMP Team 2020).  

In case of peat bog VIO, another approach was applied, namely a temperature rise of 1.2 
o
C since 

1850 was assumed, and the peat growth was calculated in all three cases based on this 

assumption. The initial value (the value measured for the year 1850) was subtracted from the 

value measured for the present day, normalized to 1 degree Celsius and divided to the slope of 

the linear curve of the growth for the last period (Fig. 15. Blue, linear fit slope). 

 

 



 

Fig.15 Growth and deposition rates in the investigated peat bogs 

 By using the growth rate value obtained in this way, the decadal temperature rising was 

calculated. The obtained values correspond to the period 1980 to 2019. We obtained 0.20 

o
C/decade for Violeta peat bog. By using  the same procedure, the calculated values for the three 

peat bogs in close proximity from the northern part of Romania are HT 0.19 
o
C/decade, IZM 

0.19 
o
C/decade and VS 0.16 

o
C/decade. The average calculated values were 0.19 

o
C/decade, with 

only a 8.3% difference from the value of 0.18
o
C/decade calculated by NASA (Lenssen et al., 

2019, GISTEMP Team 2020). According to the calculated average value we will reach the 1 

degree Celsius temperature rise on the examined area in 52 years (according to the obtained 

curves and assuming a linear rise - Table 2.). 

Table 2. Calculated temperature rise from 1980 and predicted interval for 1
o
C temperature 

increase 



 

 These values match with the values calculated by computer model simulations from the 

scientific reports (Meehl, G.A., 2007, Solomon et al., 2007, Haustein et al., 2017).  

1.2. Short term changes in peat growth 

The growth of mosses constituting the peat can be divided into two periods. The vegetation 

period (growing season) starts in spring after the melting of the snow cover. At this time the 

photosynthesis and carbon dioxide fixation (carbon sequestration) begins. The length of the 

vegetation period differs and is mainly affected by the geographical location of the peat bog. In 

the case of the examined peat bogs this stage is roughly 200 days (April to October). The peat 

growth stops in winter; but it does not begin to decompose, this being a period of stagnation. Due 

to this, the weather extremes during wintertime are not recorded in the peat growth rate. As such, 

the perceived fluctuations of peat growth reflect only the changes for summer periods (Fig. 16). 

 



 

 

Fig. 16 Dry and wet periods obtained from the variation of peat growth 

 

The growth of mosses such as the Sphagnum is most sensitive to temperature and humidity 

changes (Mironov, et al., 2020). Thus drought or temperature decrease negatively affects their 

growth, while the combined effect of slightly elevated temperature and humidity increases the 

growth. 

In the case of VS peat bog four changes in peat growth can be observed. The first decrease in the 

growth rate can be noticed for 2017. During this year a heat wave impacted western and central 

Europe during summer, with a temperature increase of more than 5°C when compared to the 

ERA-Interim mean climate data for the 1979–2016 period. (Sánchez-Benítez et al., 2017). The 

second period, in which the growth rate was affected negatively corresponds to the interval 

between 1984 and 1995. Because of low resolution of the 
210

Pb dating, the two drought events 

from this period overlap at approximately 5 cm depth. In this point, anomalies in water content 



and in ash free bulk density can be observed, the bulk density increasing and the water content 

and organic material decreasing . 

This suggests a low growth and an accentuated decomposition of the mosses in many 

consecutive years. A low growth rate indicates a temperature decrease (colder period) while an 

increased bulk density corresponds to a dry period. According to the Global warming index 

published by Haustein et al., in 2017, the mentioned period corresponds to a global cooling of 

0.2 C, induced by solar and volcanic activities (for ex. eruption of El Chichón in 1981 and Mount 

Pinatubo from 1991). The above-mentioned period was laden with droughts in Eastern Europe, 

which is reflected in the peat accumulation (Spinoni et al., 2015). Another point where the bulk 

density and the inorganic matter increases can be observed at 12 cm depth in the peat column. 

The period that corresponds to this depth is 1940-1942. During this time a strong and long-

lasting El Niño event occurred and exceptionally low surface temperatures were recorded in 

Europe and the North Pacific Ocean (Brönnimann et al., 2004). Between 1935 and 1945 the 

global surface temperatures was 0.5 C higher than the previously recorded mean temperature 

(IPCC, 2001, Jones and Moberg, 2003). The years 1938-1950 are described as a drought period 

in the center of Europe (Gimmi et al., 2007). A bulk density peak can be found at 18 cm, which 

is correlated to the 1872-1886 period. Severe droughts occurred in Europe in 1876 and 1877 with 

a -2, -4 Palmer Drought Severity Index (PDSI) (Hao et al., 2010) and this date fits in to our peat 

response.  

IZM peat column reflects almost the same events described above for Vlasinescu (VS) peat bog. 

In the upper part of the column, elevated values of bulk density and inorganic matterwere found. 

These layers are dated to 2018-2016 and they correspond to drought periods in Europe (Sánchez-

Benítez et al., 2017, Hanel et al., 2018). The next decreasing point in the peat growth according 



to 
210

Pb dating can be identified for year 2008. We correlate this to 2010, a dry and drought year 

in Eastern Europe (Hanel et al., 2018). The next anomalies appear at 12 cm with increased bulk 

density and decreased water content. Because the highly elevated bulk density and intense 

humification, this point should have been affected by drought. The date of this level is around 

1991 (with a deviation of 3 year), this year is characterized by intense drought and cold period in 

Eastern Europe (Spinoni et al., 2015). The next anomalies in growth rate are for the period 

between 1935-1943, that is described by Gimmi et al., 2007 as an extremely dry period in central 

Europe. IZM is an ombotrophic peat, with a great water reservoir underneath, and the drought 

causing the peat degradation is less significant (most of the residuals values are close to normal), 

as in other investigated peats. 

 

The most sensitive from the three studied peat bogs is Hotenilor (HT). The fluctuation in climatic 

conditions induced significant variations to the growth rates .As in the case of the previous peat 

bogs the dry period from 2016-2017 is recorded as elevated bulk density. Only the bulk density 

suffered modifications, which denotes a short degradation interval. During the droughts from 

2008 to 2012 in central and Eastern Europe (Spinoni et al., 2015, Hanel et al., 2018) the growth 

rate of the peat was reduced to half (from 0.041 ±0.007 g/cm
2
y to 0.021±0.001 g/cm

2
y). The 

decrease in peat accumulation from 1991 can also be identified in HT. The decrease in organic 

material accumulation, which is the effect of the lower surface temperature, is clearly visible 

here.  By analyzing the organic material variation, starting from 1980 (starting of a cold time in 

global surface temperature), a downward trend can be easily recognized. A peak can be found in 

the growth rate between 1980 and 1991 (0.049±0.013 g/cm
2
y), (4 cm thickness, 0.2g/cm

2
 

material in 3 subsamples). In this interval the water content is decreasing while the bulk density 



has an increasing tendency, which suggests a cold and dry period. As a drought time in central 

Europe has been reported between 1980-1982 and 1988-1993, the peak corresponds to 1982-

1988 (Spinoni et al., 2015). Additionally, two drought periods from history, 1950-1953 and 

1880-1902, can be found in the bottom part of the analyzed peat column (Gimmi et al., 2007, 

Spinoni 2015). As we can see, all three of the investigated peat bogs from northern Romania 

reflect the same climatic events, the disturbances in the peat evolution being mainly attributed to 

droughts.   

Between 1850 and 1910 the climate was characterized by two significant droughts in Europe and 

a decrease of the global temperature. In this period of time the average growth rate of Violeta 

peat bog was 0.019±0.003 g/cm
2
y. This value is much lower than the average value of 

0.032±0.004 g/cm
2
y (obtained for the entire investigated period), and this is attributed to cold 

and dry climate. After 1924, and lasting until 1952 a drought period began, as it can be seen from 

the combined graph in figure 17. 



 

Fig.17 Reported average temperature and precipitation fluctuations in time for the period 1860-

2018 (Haustein 2017 and Gimmi et al., 2007) 

 This caused a decline in peat growth rate, from 0.019 g/cm
2
y to 0.008±0.0017 g/cm

2
y. This 

value is 75% lower than the average calculated for the entire investigated period (Fig. 18). 



 

Fig.18Violeta peat bog growth rate differences compared to the average value for the entire 

investigated period 

 The next 23 years appear in the peat accumulation tendency as a wet and warm climatic interval. 

The 1975-1986 period was a setback period in peat growth with 0.014 ±0.001 g/cm
2
y, which is 

56% lower than the average value. On a global scale this corresponds to the fourth zone in the 

graph from figure 11 with short-term drought periods and temperature decrease in Eastern 

Europe (Spinoni et al., 2015). Although this period is followed by warm and wet climatic 

conditions, the Violeta peat bog growth rate has, according to our results, just a slight increase 

untill 1995. The average growth rate (0.02±0.01 g/cm
2
y) remains, under the whole investigated 

period, at the average value of 37%. Positive deviations from the mean are observed since 2003, 

the growth rate exceeding 0.032 g/cm
2
y. Since 2003, two retrogressions in growth rates can be 

observed in the obtained values (Fig. 19). 



 

Fig.19 Climatic events reflected by growth rate and deposition rate fluctuations in Violeta peat 

bog 

 The first corresponds to the year 2008 (with a deviation of ± 2 years), as a dry climatic condition 

influenced the peat accumulation .Droughts have been reported in many Eastern and Southern 

European countries that year (August et al., 2008, Ion Sandu et al., 2015).  The growth rate was 

25% above the average, but 75% lower compared to the previous values. In 2011 a massive 

drought was reported by Spinoni in Eastern Europe and this is reflected in Violeta peat bog 

record, as a decrease of the growth rate close to the average value. The inorganic material 

deposition also carries information about the precipitations. The Violeta peat bog is situated in a 

valley close to Violeta glacial lake. The erosion process is clearly visible in the peat and is 



reflected by the major inorganic material deposition rate. Four events can be identified in the 

years 1910, 1960, 2005 and 2010. The highest level was in 2010 with 0.0025±0.0005 g/cm
2
y 

followed by 0.0015±0.0002 g/cm
2
y from 1910. The Romanian Meteorological agency provided 

climatic records from 1910-2012 interval, concurs to the above-mentioned observations. (Ion 

Sandu et al., 2015). 

1.3. Identification of wet and dry periods by humification analyses 

Peat humification is a proxy of the local bog surface wetness. The degree of peat humification is 

largely dependent on the moisture level of the near-surface peats, which is determined by 

effective precipitation in ombrotrophic bogs. The wetness of the peat bog surface is driven by 

precipitation reinforced by temperature (Charman et al. 2009).  In order to identify the dry 

periods in the peat development, the concentration of humic acid was determined. The light 

transmission indicates the overall degree of peat humification for each investigated sample. 

Variations in humification process represent the average aeration at the bog surface in this 

interval, which is in ombrotrophic bogs a function of the balance between precipitation and 

evapotranspiration (P-E). Bogs that have a high and stable water table, bog surface wetness and 

hence P-E balance vary markedly through the seasonal cycle (Ratcliffe et al., 2019).  In 

wintertime the water table stays stable and reaches the maximum depth, rarely dropping below a 

threshold that permits aerobic decay in the surface peat. In the summer, season when the peat 

surface is not protected by snow and the water table can move to lower levels, the near-surface 

peat is subject to changes in moisture and aeration as well as to temperature variations (Charman 

et al., 2009). In the Northern Hemisphere temperate peatlands, the warm-season moisture deficit 

was shown to be the main driver of decadal-scale changes in water table (Charman, 2007; 

Charman et al., 2009). In the case of HT, IZM, and VIO peat bogs, the water table is close 



enough to the surface, and massive droughts can influence its movement. Temperature however 

can also be a direct driver of humification, independent of evaporation, through the stimulation 

of the microbial activity. For this reason, dry periods can clearely be identified.  

The light transmission is inversely correlated to the the peat decomposition degree, but,a natural 

decomposition appears with time and can be seen on the column from the upper layer to the 

bottom. For the elimination of the natural time dependent humification, a linear correlation is 

applied to the data  and the obtained residuals correspond to wet or dry events. 

The residuals greater than 0.1 were taken in consideration.  In case of HT peat land, four wet and 

five dry periods can be identified. The dry periods are 2017, 2012, 2002, 1990 and 1960. All 

these periods were classified as drought periods in the east of Europe. In IZM four dry periods 

are observed: 2012, 2009, 1991 and 1902-1934. Vlasinescu peat bog (VS) recorded five dry 

periods in 2017, 1969, 1910-1926, 1873. The four dry periods appear in Violeta (VIO) peat bog 

in 2004, 1991-1997, 1944, 1868.  

Conclusions 

The present work is evidence that peat deposits follow the climatic events both on short term as 

well as on the long term.  

The 
210

Pb flux determinations confirm the Köppen-Geiger climate classification where each of 

the studied sites is classified similarly: cold, no dry season and warm summer (Beck et al., 2018).  

Regarding the selection of the most appropriate model for 
210

Pb dating method for dating peat for 

samples where the Pearson correlation coefficient is greater than 0.68 it was found that the both 

dating models can be confidently used (CIC and CRS). However, by using the CRS model, in 

addition to the average peat growth, the corresponding changes can be tracked as well. The 



concept of linear evolution (linear growth rate) as an analogy to linear sedimentation cannot be 

applied in the case of the peat. The ages marked with 
137

Cs as an alternative time marker showed 

a very good agreement with the 
210

Pb ages. 

Two methods were used to study the long-term climatic effects. By examining the growth values 

of three (VS, HT, IZM) adjacent peat bogs the value of the temperature increase during the last 

200 years was determined. The average increase of 1.44 
o
C (1.27 

o
C VS and 1.61 

o
C IZM) 

obtained is in good agreement with the 1.2 
o
C value obtained from NASA model calculations 

(GISTEMP Team, 2020). The average temperature rise obtained for 1980-2019 period is 0.195 

o
C/decade, which is in good agreement with the published value of 0.18 

o
C/decade (Lenssen et 

al., 2019, GISTEMP Team 2020). Based on the obtained values from the peat bog growth rate 

tendencies, one-degree global warming can be expected in 52 years. It is important to note that 

all values calculated from the peat growth reflect the temperature conditions during summer 

periods. In the case of global averages, the temperature of the winter period significantly 

influences the obtained result. In the study of short-term effects, the growth rate and 

decomposition of peat were monitored, and it was found that these are in the direct correlation 

with the wet and dry periods in peat development process.  These changes were described by the 

degree of humification of the peat bog. The identified anomalies in the peat development periods 

are in the correlation with the historical droughts. Severe droughts have a significant short term 

impact on peat development, while wet summer periods have a less noticeable effect. Because 

the massive droughts caused the "short-term" effects on peat development and these appear 

simultaneously in all studied peatlands, it can be concluded that peatlands not only follow the 

microclimate but also the macroclimatic changes in the area. It is also noticed that the time 

distance between two dry (drought) periods is decreasing in the time, which means that this event 



appears more and more frequent. The results presented here prove that peatlands are valuable 

archives for generating databases of temperature and precipitation changes and clearly 

supporting the suitability of peatlands for short- and long-term climate reconstruction. 

 

 

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

Paragmountains, 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 the results obtained from the three regions, strong similarities can be observed with 

the values obtained in the case of Violetapeatland. This indicates the possibility of applying the 

dating method, and investigating the growth rate of peat accumulations, to describe the 

macroclimate, not just the microclimate. 

 

TăulPănăzii is situated in the western part of the Tîrnavelor Tableland, a subunit of the 

Transylvanian Depression. The area is dominated by pastures and arable land, the former being 

gradually abandoned in the latest years, thus converting back to pasture. As a result of land 

abandonment, the area covered by scrub is also increasing. There are no other major land use 

types in the vicinity of the lake. Situated at an elevation of 360 m, the lake covers an area of 

around 1 ha. The drainage is done to the north, towards Pănade creek. Being situated in an 

agricultural area, the water is consumed by livestock, like sheep and cattle. The catchment area is 

small and the lake has no direct influx of water from a stream source. The lake catchment area is 

1.2 km
2
 and the surface of the lake is 0.016 km

2
, this catchment area was used for agricultural 



and grazing activities. The position and the environmental characteristics in the studied area are 

qualifying for the modeling of anthropogenic land use erosion processes.  

 

Soil and Sediment Sampling 

 

From the Panaziilake catchment area, 10 soil profiles and one sediment core from the 

lake were taken. The soil profiles contain nine short columns (50 cm depth and sliced in 5 or 10 

cm intervals) and a large one, from the reference site, 70 cm length and sliced in 5 cm intervals. 

The short columns are considered as bulk samples. For the study to be representative, two soil 

sampling lines (paths) from the western part of the catchment area were chosen. Above-

mentioned sampling line started with two points from the highest latitude on the western part of 

the catchment area and finished close to the lake in the lowest latitude. From the P1 sampling 

line, 4 separated columns were taken, having a length between 30 and 50 cm. The distance 

between the sampling points in the P1 line was around 50 m. The P2 sample line was taken in a 

similar way, from 5 different points, and the distance between the points were approximately 80 

m  

The reference point was chosen to be from a flat area from the highest altitude, where the 

soil erosion is as low as possible.  All soil columns were taken using a stainless steel tube with 5 

cm internal diameter.  

One sediment core has been taken with a gravity corer, with an internal diameter of 6 cm 

and a length of 75 cm, from the Panaziilake. The sediment column was slicedin 1 and 2cm slices. 

Soil sampling points can be seen in fig.20. 

 



 

Fig. 20 Soil sampling points 

 

 

Soil properties 

For the soil pH measuring,a calibrated pH meter was used, and the measurements were 

carried out in a 1:2.5 (w/v) soil/ distilled water mixture (N.B. Dellaville. 1992). To categorize the 

soil byorganic matter content, Loss On Ignition (LOI) measurements were carried out for each 

soil column. The soil slices were dried in a drying oven at 105 °C to eliminate the 

remainingwater content, followed by  incinerations at 350 °C to eliminate the soil organic 

material (OM) after this procedure, only  the non-organic material (non-OM) and carbonates are 

remaining in the samples. After the steps were completed, samples were weighed andparameters 

calculations were done.. The organic matter content is given by the difference between the non-

organic material weight and the dried soil sample weight (?) (Dean, W.E. 1974, Heiri, o et al. 



2001). Soil particle size analysis were made using a hydrometer analyses method (Laker, M.C. et 

al, 1982 and Standards Association of Australia). The size fractions obtained are <4 μm (Clay), 

4-63 μm (Silt) and > 63 μm (Sand). 

 

Radionuclide measurements 

 

Gamma spectrometry 

 

Soil and sediment samples were oven dried at 105 C to a constant weight and then grounded with 

an electric miller(?) and sieved through a 2-mm mesh sieve. Each sample was packed in a 50 mm 

length and 10 mm diameter plastic sample tube and sealed with aluminum tape to avoid the 

222Rn to escape from the sample matrix. After a month of storage (reaching the equilibrium 

between 226Ra and 222Rn together with its short half-life radionuclides) the measurements were 

carried out by using a Well-type HpGe gamma spectrometric system (ORTEC GWL-120-15 

detector, with resolution of 2.08 keV for 1.33 MeV   60Co and 1.1 keV  for 122 keV 57Co 

gamma lines). The measuring time in all cases was more than 48 hours, the long measuring time 

was necessary to obtain a good counting statistics and for reaching the required maximum +-10% 

uncertainty in 2sigma confidence interval. The 46 keV gamma energy was used for determining 

210
Pb and 661 keV for 

137
Cs, 

226
Ra was determined by using the 294 keV and 351 keV gamma 

energies of 
214

Pb.  For activity calculation the relative method was used, keeping the same 

geometry and matrix between the sample and the certified standard (IAEA-312,327,385). The 

detection limit for 210Pb was 7 Bq/kg, 0.3 Bq/kg for 137Cs and 0.5 Bq/kg for 226Ra.
 137

Cs 

distribution on slopes can be seen in fig. 21. 



 

 

Fig. 21 Cs-137 distribution on slopes 

 

 

Alpha Spectrometry 

 

In some cases, the low activity of the 
210

Pb can create difficulties in precise measurements. In the 

lake sediment,it was necessary to use alpha spectrometry for 
210

Pb determinations, because of the 

small quantity of the sample. . The total 
210

Pb was determined via 
210

Po, these two elements 

reaching secular equilibrium after 2 years. To 0.5g of each sample was added 0.3 ml 
209

Po as 

tracer, then, the samples were put to acidic digestion (using HNO3, HCl and H2O2). The resulted 

solution was brought to 100 ml, its pH being regulated to be in the 0.1 -0.3 range. The 
210

Po 

source was prepared by spontaneous deposition on high nickel content stainless steel discs (Begy 

et al. 2015). The 
210

Po sources were then measured using an ORTEC Soloist alpha-spectrometric 



system with Ultra ENS-U900 detectors, having an active surface of 900 mm
2
 and a resolution 

better than 29 keV. 

 

2.3.3. Calculation of soil redistribution and sediment accumulation rates 

 

Soil redistribution rates can be calculated via two models, Profile Distribution Model (PDM), 

which can be used for eroding points in uncultivated soil, and Mass Balance Model (MBM) for 

cultivated soils. These models are based on the ratio of measured 
137

Cs inventory at a specific 

eroding point with the value for reference inventory, thus quantifying the relationship between 

the 
137

Cs loss and soil erosion rates. For this study, Profile Distribution Model (PDM) was used, 

as uncultivated soil is specific for the study site. 

 

Profile Distribution Model (PDM) can be applied using the following function: 

 

𝐴` 𝑥 = 𝐴𝑟𝑒𝑓  1 − 𝑒
−

𝑥

ℎ0  (1) 

 

A` is the amount of 
137

Cs above the depth x (Bq m
-2

) 

Aref is the reference inventory for 
137

Cs (Bq m
-2

) 

x is the depth from soil surface (kg m
-2

) 

h0 is the coefficient describing profile shape 

 

Based on the consideration that the 
137

Cs depth distribution is independent of time, and that the 

maximum 
137

Cs fallout occurred in 1963, the erosion rate for a point can be calculated as: 



 

𝑌 =
10

 𝑡−1963 𝑃
ln  1 −

𝑥

100
 ℎ0 (2) 

 

Y is the annual soil loss (t ha
-1

 yr
-1

) 

t is the year of sample collection (yr) 

x is total inventory of 
137

Cs loss in respect to the local reference 
137

Cs value (in percentage) 

A is the measured 
137

Cs inventory at the sampling point (Bq m
-1

) 

P is the particle size correction factor 

 

In order to calculate soil erosion rates in uncultivated soil, h0 parameter value can be estimated 

from the vertical 
137

Cs distribution measurements in soil profiles at different sampling points, 

following the equation: 

 

𝐴 𝑥 = 𝐴 0 𝑒
−𝑥

ℎ0  (3) 

 

xis the mass depth from soil surface (kg m
-2

) 

A(x) is the 
137

Cs concentration at depth (Bq kg
-1

) 

A(0) is the 
137

Cs concentration in  surface soil (Bq kg
-1

) 

 

 

Using of USLE Software for estimation of the soil redistribution 

 



In order to determine the erosion rate we implemented the USLE model in a GIS 

environment. This is quite a straightforward process but it has to be considered that the model 

has several parameters, some of them being used as fixed parameters. 

The USLE equation is as follows (Wischmeier 1959; Wischmeier and Mannering 1969): 

A = R*K*L*S*C*P (1) 

where, 

A: mean annual soil loss (t*ha
−1

*year
−1

 ),  

R: rainfall erosivity factor, 

K: soil erodibility factor,  

Ls: slope length factor,  

C: cover management factor, and  

P: supporting practice factor.  

 

The equation and all other data processing was done by using ArcGIS 10.3.1 (ESRI 

software), Rater calculator module. Erosion rate is presented in fig.22 

 



 

Fig 22. Erosion rate of the hydrographic basin of Pănăzii lake 

 

Rainfall erosive factor (R) was used as a fixed value, considering that the study area is small. For 

the purpose of this study, we used the standard values proposed in established studies in 

Romania (Moţoc and Sevastel 2002), respectively a value of 0.12. 

The K factor is an expression of the erodibility of the soil or surface material at a particular site 

under standard conditions(Toy and Foster 1998). The values considered for this parameter are 

dependent on soil type and texture, and were introduced according to the standard values for the 

soil type (Moţoc and Sevastel 2002). 

Determining the slope is straightforward, by using the slope function implemented in 

ArcGIS 10.3.1. The slope length factor was determined by using the formula proposed by 

Mitasova et al. in 1996. The values for this parameter range from 0 to 371 meters. The Cover 

management factor (C) was obtained by vectorising land use types, based on orthoimagery of 

0.5-meter resolution. The values for this parameter are in a range of 0.001 to 2.  The supporting 

practice factor was not used as there are no such practices in the area. 

 



 

 

Fig23. Slope representation of the hydrographic basin of Pănăzii lake 

 

Results and discussions 

226
Ra,

210
Pb and 

137
Cs concentration in sediment column 

The isolated lake named Panaziilake or Panade lake has an exponential decreasing 

tendency regarding 
210

Pb, from 346±23 Bq/kg to 45±4 Bq/kg in the first 40 cm. The 
226

Ra 

concentration has been between 25±3 and 49±4 Bq/kg, and the dating horizon has been around 

40 cm depth. (Fig..). 
137

Cs distribution in the Panade lake sediment centered between the 0-2cm 

depth, where in the first 15 cm, the 
137

Cs concentration showed increasing tendency, to the 

maximum concentration 920±30. (Fig. 22) 



 

 

 

Fig24. 
226

Ra, total 
210

Pb and 
137

Cs concentration of the Panadelake 

 

Ages of the sediment core and sedimentation rate 

The age depth model for Panadelake is strengthened by 
137

Cs data, which indicates the 

time of the Chernobyl nuclear disaster 1986. From 1920 to present, the total mass of the 

deposited sediments is 10 g/cm
2
, approximately 50% (4g/cm2) was accumulated in the last 30 

years. The sedimentation rate maximum can be found between 1980-1986, which was 0.19±0.03 

g/cm
2
y, after this year, the sedimentation rate shows a major decreasing, to the value of 

0.06±0.01 g/cm
2
y for the year 1990. The sedimentation rate showed increased variations in the 

80’s period, when a massive land use politics dominated the Romanian lowlands. From the year 

1989, this process stops for some years (which can also be seen in the sedimentation rate). From 

1993 to present, the sedimentation rate increased by 66%, in those years  grazing activity was 



predominant. This modification in the sedimentation rate can be influenced by agricultural 

activity, grazing and the precipitation degree in the Panade lake catchment area.  

To compare the obtained results for the sedimentation rate, values from volcanic crater 

lake Saint Anna, which can be found in literature, were used (Simon et al., 2016).The values 

from the two lakes are showing a similarity,, sedimentation rate for Saint Anna being 

situatedbetween 0.2-0.5 g/cm
2
y. Lakes which have a larger catchement area are more prone to 

soil erosion.  For example center part of the Danube delta where the sedimentation rate is 

between 1-5 g/cm
2
y. (Begy et al., 2018) 

 

Fig.25
137

Cs concentration and mass depth 

 



 

Fig. 26 Mass sedimentation rate and the age depth model with 
137

Cs activity concentration 

 

 

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

clearer picture of the climatic variations in Transylvania, 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 funding request) 

Dissemination of preliminary results (A5 from the funding quest). Sampling of additional 

samples (A2 from the funding request). 

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

present moment, in chronological order, 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 the following 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 

KelemenSzabolcs. 

 

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

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

KelemenSzabolcs 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 

 

 

References 

 

Yu, Z., Campbell, I.D., Campbell, C., Vitt, D.H., Bond, G.C., Apps, M.J., 2003, Carbon 

sequestration in western Canadian peat highly sensitive to Holocene wet-dry climate 

cycles at millennial time scales, The Holocene, 13, 801–808. 

Heiri, O., Lotter, Andre.,Lemcke, Gerry., 2001, Loss on Ignition as a Method for Estimating 

Organic and Carbonate Content in Sediments: Reproducibility and Comparability of 

Results, Journal of Paleolimnology, 25, 101-110. 

Van AsselenHolynska, B., Ostachowicz, B., Ostachowicz, J., Samek, L., Wachniew, P., 

Obidowicz, A., Wobrauschek, P., Streli, C., Halmetschlager, G., 1998, Characterisation 

of 210Pb dated peat core by various X-ray fluorescence techniques, Science of The Total 

Environment, 218, 2–3. 239-248. 

Blackford and Chambers Huntington, T.G., 2006, Evidence for intensification of the global 

water cycle: Review and synthesis, Journal of Hydrology, 319, 1-4, 83-95. 



Olid et al., 2013IPCC.Climate Change: The Scientific Basis, 2001 Cambridge University 

Press, New York  

Kovacs Jaakkola, T., Tolonen, K., Huttunen, P., Leskinen. S., 1983, The use of fallout 
137

Cs and 

239,240
Pu for dating of lake sediments, Paleolimnology, 103, 15-19. 

Appleby, P.G., 2001, Chronostratigraphic techniques in recent sediments. Environmental Change 

Using Lake Sediments, 1, 171–20 

Davies L. J., Appleby P.,. Jensen B. J.L, l Magnan G., Mullan-Boudreau G., Noernberg T., 

Shannon B., Shotyk W., van Bellen S., Zaccone C., Froese D. G., 2018 High-resolution 

age modelling of peat bogs from northern Alberta, Canada, using pre- and post-bomb 
14

C, 

210
Pb and historical cryptotephra, Quaternary Geochronology, 47, 138-162 

Preiss, N., Mélières, M. A., Pourchet, M., 1996, A compilation of data on lead 210 concentration 

in surface air and fluxes at the air surface and water-sediment interfaces, J. Geophys.  101 

( D22), 28847– 28862, 

Baskaran, M., 2011, Po-210 and Pb-210 as atmospheric tracers and global atmospheric Pb-210 

fallout: a Review,Journal of Environmental Radioactivity, 102, 5, 500-513. 

Shalmon, E., 1966, Deposition of some fission products of stratospheric origin on tropospheric 

aerosols Health Physics, 12 (6), 751-756. 

GISTEMP Team, 2020, GISS Surface Temperature Analysis (GISTEMP), version 4. NASA 

Goddard Institute for Space Studies. Dataset accessed 2020-04-13 

at https://data.giss.nasa.gov/gistemp/. 

Lenssen, N., Schmidt. G., Hansen, J., Menne, M., Persin, A., Ruedy, R., D. Zyss., 2019, 

Improvements in the GISTEMP uncertainty model. J. Geophys. Res. Atmos., 124, no. 12, 

6307-6326. 



Meehl, G.A, Stocker, T.F., 2007, Global Climate Projections, Climate Change book, The 

Physical Science Basis. Contribution of Working Group I to the Fourth Assessment 

Report of the Intergovernmental Panel on Climate Change Publisher: Cambridge 

University Press Editors: Solomon, S., Qin, D., Manning, M.,. Chen, Z., Marquis, 

M,.Averyt, V., Tignor, M., Miller, H.L., Chapter 10. 

Solomon, S., Qin.D., Manning, M., Chen, Z., Marquis, M., Avery, K.B., Tignor, M., Miller, 

H.L., 2007, The Physical Science Basis. Contribution of Working Group I to the Fourth 

Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge 

University Press, Cambridge, United Kingdom, and New York, NY, USA. 

Haustein, K., Allen, M.R., Forster, P.M., 2017, A real-time Global Warming Index. Scientific 

Reports 7, 15417. 

Mironov, V.L., Kondratev, A.Y., Mironova, A.V., 2020, Growth of Sphagnum is strongly 

rhythmic: contribution of the seasonal, circalunar and third components, 

PhysiolPlantarum, 168, 765-776.  

Sánchez-Benítez, A., García-Herrera, R., Barriopedro, D., Sousa, P.M., Olid, R.M., 2017, The 

Earliest European Summer Mega-heatwave of Reanalysis Period. Geophysical Research 

Letters, 45 (4) (2018), 1955-1962. 

Spinoni, J., Naumann, G., Vogt, J., V., Barbosa, P., The biggest drought events in Europe from 

1950 to 2012, 2015, Journal of Hydrology: Regional Studies, 3, 509-524. 

Brönnimann, S., Luterbacher, J., Staehelin, J., 2004, Extreme climate of the global troposphere 

and stratosphere in 1940–42 related to El Niño.  Nature 431, 971–974.  

Jones, P.D, Moberg, A., 2003, Hemispheric and large-scale surface air temperature variations: a 

extensive revision and an update to 2001 J. Clim., 16, pp. 206-223. 



Gimmi, U., Luterbacher, J., Pfister, C., 2007, A method to reconstruct long precipitation series 

using systematic descriptive observations in weather diaries: the example of the 

precipitation series for Bern, Switzerland (1760–2003). Theor. Appl. Climatol. 87, 185–

199. 

Hao, Z., Zheng, J., Wu, G., 2010, 1876–1878 severe drought in North China: Facts, impacts and 

climatic background. Chin. Sci. Bull. 55, 3001–3007.  

Hanel, M., Rakovec, O., Markonis, Y., 2018, Revisiting the recent European droughts from a 

long-term perspective. Sci Rep 8, 9499. 

August, D., Geiger, M., Durmaz, B.B., Antonelli, F., Dopke, M., Maragou, P., Gillet, S., Moroz, 

S., El Madani, M.,Karivali, M., Is, G., Fernandez Lop, A., De Stefano, L., 2008, Drought 

in the Mediterranean. Recent Developments.Publishedby WWF Germany, Frankfurt. 

Sandu, I., Mateescu, E., Sirbu, C., Stăncălie. G., 2015, - Impactulfenomenelormeteorologice 

extreme asupramediului, încontextulschimbărilorclimatice, EdituraAcademieiRomane, 

Bucuresti 2015, ISBN 978-973-27-2526-9,  27-48.  

Charman, D.J., Barber, K.E., Blaauw, M., Langdon, P.G., Mauquoy, D., Daley, T.J., Hughes, 

P.D.M., Karofeld, E., 2009, Climate drivers for peatlandpalaeoclimate records. 

Quaternary Science Reviews, 28, 1811–1818. 

Ratcliffe, J.L., Campbell, D.I., Clarkson, B.R., Wall, A.M., Schipper, L.A., 2019, Water table 

fluctuations control CO2 exchange in wet and dry bogs through different mechanisms. 

Sci. Total Environ. 655, 1037e1046. 

Charman, D. J., 2007, Summer water deficit variability controls on peatland water-table changes: 

implications for Holocene palaeoclimate reconstructions, The Holocene, 2, 217-227. 



Beck, H., Zimmermann, N., McVicar, T., 2018, Present and future Köppen-Geiger climate 

classification maps at 1-km resolution, Sci Data 5, 180214. 

Dellaville, N.B., 1992. Handbook on Reference Methods for Soil Analysis, Council on Soil 

Testing and Plant Analysis, Georgia. 

 

Dean, W.E., 1974. Determination of  carbonate  and organic  matter  in  calcareous sediments 

and sedimentary rocks by loss on ignition: comparison with other methods.  Journal of 

Sedimentary Petrology. 44, 242-248. 

Heiri,  O.,  Lotter,  A.F., Lemcke,  G., 2001.  Loss  on  ignition  as  a  method  for estimating  

organic  and  carbonate  content  in  sediments:  reproducibility  and comparability of results.  

Journal of Paleolimnology 25, 101-110. 

Begy, R.-Cs, Simon, H., Kelemen, S., Preoteasa, L., 2018, Investigation of sedimentation rates 

and sediment dynamics in Danube Delta Lake System (Romania) by 
210

Pb dating method.Journal 

of Environmental radioactivity, 192. 95-104 

Simon, H., Kelemen, S, Begy, R.-Cs. 2016 Anthropic influences on the sedimentation rates of 

lakes situated in different geographic areas. Journal of Environmental radioactivity, 1-7  

 


