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Introduction

• the Danube Delta - second largest river delta 
in Europe 

• surface is 4152km2

• part of the UNESCO World Heritage

• 3 branches: Chilia, Sulina and Sfântul
Gheorghe

• At the mouths of each channel - gradual 
formation of new land takes → expansion of 
the delta



Introduction II

The rates of the sedimentation processes are 
continuously changing at different time-scales 
due to: 

• natural  factors 

(sea level rise, storms, floods, droughts etc.)

• anthropogenic interventions 

(dams, river regulations, hydro energetic power 
plants, meanders cut offs, artificial channels 
cuttings, protection walls etc.)

Most important: Iron Gate hydroelectric 
power plant (1972)



Objectives
• To apply the 210Pb and 137Cs radiometric methods dating 

method for the lake sediments

• Improved measurements by alpha and gamma-spectrometry 
in the determination of radionuclides of interest (210Pb/ 210Po,
226Ra and 137Cs)

• Geochronology of the the sediment layers

• The assessment of the sedimentation rates on the Danubian
lakes and continental shelf

• Determination of the dynamics of the sedimentation processes 
involved in the evolution of the Danube Delta (identifying the 
anthropogenic influences of IRON GATES 1,2 )



Pb-210 dating method

• Is one of the most important means for dating recent sediments (0-150
years)

• Records stored in natural archives, such as lake sediments or peat bog
accumulation, are used in a wide range in environmental researches, for
example:

– The assessment of changing erosion rates in a catchment arising from
disturbances such as afforestation, deforestation, changing agricultural
practice;

– Determining the history of changes in lake water quality associated with
problems such as eutrophication or “acidic rain”

– Monitoring atmospheric pollution by heavy metals, organic pollutants,
radioactive emissions from nuclear installations and other contaminants



How it works

• Pb-210 is a naturally occurring radioactive 
element that is part of the U-238 series

• Disequilibrium between Pb-210 and its parent 
isotope Ra-226 arises through diffusion of the 
gaseous isotope Rn-222



There are two sources of Pb-210 in sediment:
- Unsupported Pb-210 which is washed out from the atmosphere
- Supported Pb-210 which is generated by the Ra-226 from the sediment

In lakes with constant sediment accumulation rate, the unsupported Pb-210 
activity will vary with depth in accordance with the disintegration law so the 
age of the sediment can be determined



Dating Models
CIC Model (Constant Initial Concentration)

– In the lakes where the erosion process from catchment areas and residence 
time in water column are constant, the result is a constant sedimentation 
rate

– It can be supposed that each sediment layer has the same quantity of 
atmospheric Pb-210 activity (excess Pb-210) at the sedimentation moment
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CRS model (Constant Rate of 210Pb Supply)

-When the sediment accumulation is not constant 
throughout the time, the CRS model is applied

- This model is based on the assumption that the rate 
of deposition of unsupported 210Pb from the 
atmosphere is constant



Study Sites:



Sampling sites

Iacob lake

Cruhlig lake



Sampling



Sample preparation and measurements

• supported Pb-210 
measurements, trough Ra-226 
by gamma spectrometry (the Ra-226 
concentration was measured; this can be 
considered to be in equilibrium with in situ 
produced Pb-210 )

• Total Pb-210 measurements, 
trough Po-210 (the equilibrium 
between Pb-210 and Po-210 is reached 
after 2 years) by alpha spectrometry



Po-210 determination

• 1. by acid digestion (latching) with HNO3, HCl and 
H2O2 (it takes approximately 5 days)

• 2. by acid latching but just in the presence of HCl
and H2O2 (it takes approximately 3 hours)

• After that: Spontaneous deposition on Stainless 
Steel discs



Comparison between latching



Mixing or dilution
• The activity concentration between two 

sediment layers with measured concentration 
can be calculated as follows:

Am=((Ao-A3)/(LN(Ao/A3)))

Am=((Am1(1+et1))/2)

• In the case of mixing, the activity concentration 
is similar with this calculated value

• In the case of dilution this value is considerably 
smaller    

Ao

A3

Mixed layers Am
Am1



Iacob lake preliminary results

• The activity 
distribution shows 
some dilution 
process trough the 
sedimentation 
interval, but the 
exponential 
dependence can 
be observed

IA4 Sediment Column IA3 Sediment Column

The porosity is also an 
indicator for the dilution 
processes



Obtained Ages for Iacob lake sediments



Calculated Sedimentation Rates for 
Iacob lake sediments



Show a good similarity with the Suspended sediment, measured behind the Iron Gate 2 



Radionuclide distribution in Cruhlig lake sediment



Physical parameters

Due to inadequate sediment sampling 
procedure the compaction of the 
sediment during the sampling is not 
negligible



Second Sampler

• Stainless Steel tube in which is placed a PVC tube 
• This will be the sample holder, 
• After sampling this is removed and cut horizontally 



2006±2

1950±4



Data obtained for the sediment layers:



Sedimentation Rates



Values for sedimentation rates (Cruhlig lake) 

sedimentation rate

CR.1 CR.2 CR.II.1 CR.II.2 CR.II.3 Average Periods

0.136 0.074 1.184 0.413 0.704 0.502 2012-1970

0.248 0.355 0.441 0.225 0.125 0.279
1970-
1940

0.129 0.073 0.140 0.189 0.235 0.153 1940-…

1970-1978 0.099 decrease with 35%



Conclusions

• Iacob lake:

– Pb-210 dating method was successfully applied 
– Four events with high linear and mass sedimentation 

intervals could be identified in the sedimentation
– A cvasi-similar pattern of the sedimentation rates can 

also be found in the water and sediment in- and out-
flow behind the Iron gate (1), and corresponds with 
major flood events from the last 50 years

– Mean sedimentation rate are 0.5±0.08, with a max. of 
3.84 ±0.05 and a min. of 0.03±0.005 g/cm2

1Babic, M., Mladenovic, V., Kolarov, Damjanovic, V. Sediment regime of the Danube 
River in Serbia. International Journal of Sediment Research 28, 470-485 (2013)



Conclusion

• Cruhlig lake:

– Pb-210dating method was successfully applied 

– In last 10 years can be observed a high sedimentation rate 
caused by massive eutrofication

– Between 1940 and 1970 the average sedimentation rate 
was 0.279±0.008 g/cm2 until this time it is decreased to 
0.099±0.005 g/cm2 (period of 1970-1978) which means 
35% of sediment loss   

– Mean sedimentation rate were 0.311±0.08 g/cm2, 28% 
lower than in the case of Iacob lake which is situated near 
a transport channel (high sediment transport)
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