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Abstract - Numerous studies have utilized 210Pb data as chronometers for sediment accumulation and mixing in lakes, 
estuarine, marsh, and coastal areas, since they provide a reliable method of dating over the last 100-150 years. As applied to 
limnology, the data give a measurement for evaluation of accelerated eutrophication, recent history of heavy metal pollution, 
influx rates for contaminants, regional erosion rates, salt marsh accretion, and sediment budgets. This paper reports a 
210Pbdataset acquired at Araxá city, Minas Gerais State, Brazil, as an example of some parameters that may affect its use. 
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I. INTRODUCTION 

 

Sediments act as important sinks for heavy metalsin 

rivers and lakes, yielding useful information for the 

appropriate knowledge of the hydrological resources 

under different environmental conditions. Theyalso 
contain a repository of valuable historical information 

on the temporal changes of population growth and 

industrial development as tracked by fallout 

radionuclides. For instance, they include 137Cs, 
241Am, 90Sr and 239,240,241Pudue to their release into the 

atmosphere, deposition on the earth, and quick 

adsorption onto the sediments.Their introduction into 

environment started in 1945 when the United States 

began atmospheric nuclear testing [1]. The nuclear 

weapon tests intensified in 1958-1963 and the 

Chernobyl atomic plant power station accident in 26th 
April 1986 injected a lot of artificial radionuclides in 

the atmosphere, with this process continuing during 

May, 1986.In northern hemisphere, the artificial 

radionuclides fallout effects in the environment have 

been easily identified as the atmospheric releases 

reached significant levels. The depositions of the 

principal radionuclides due to the Chernobyl accident 

were estimated to 1017 Bq compared to 4.3×1017 Bq as 

provided from nuclear testing [2].Therefore, the 

depths of sediments recording activity peaks of 

fallout radionuclides linked to the nuclear weapon 

tests and the 1986 Chernobyl accident have been 
extensively used in northern hemisphere as an 

independent way of validating the results obtained by 

other techniques. In sediment cores, well resolved 

peaks of 137Cs activity recording both major fallouts 

have been used in sediments dating, erosion 

prediction and to calibrate other sediments tracer 

methods [1]. However, dates determined in 

stratigraphic records by the use of artificial 

radionuclides like 137Csare relatively scarce in 

southern hemisphereas most global fallout is 

deposited within its hemisphere of origin 
(northern).Records of 137Cs in sediments occurring in 

Brazil practically do not exist in part due to 

difficulties for finding it in detectable activities and 

also because of the fallout dependence with latitude 

that varies greatly in Brazil (from 6°N to 34°S). 

These aspects justify the use of not always 

unambiguoustechniquesfor dating sediments like the 
210Pb chronologicalmethod. 210Pb is an intermediary 

member of the natural 238U decay series that finishes 

at the stable 206Pb. The 238U descendants are produced 

continuously in rocks and minerals, since uranium is 

among the main elements contributing to natural 

terrestrial radioactivity. 210Pb is generated after the 
222Rn-production in the 238U decay series. Because 

some of the 222Rn escape from the rocks, minerals 

and soils to the surrounding fluid phase, such as air, 
222Rn emanating from land surfaces is responsible for 
210Pb present in the atmosphere.The fallout 210Pb has 
been generally assumed to have a constant flux at a 

given site when averaged over a period of one year or 

more but its amount may vary from place to place 

depending on factors such as rainfall and 

geographical location. The atmospheric 210Pb 

returning to the earth´s surface has been commonly 

referred to as unsupported (excess) 210Pb, 210Pbxs, 

whereas the 210Pb resulting from the decay of 238U 

within rocks, soils, minerals and sediments has been 

termed supported (in situ produced) 210Pb, 210Pbs[3]. 

The 210Pb method of age dating was first outlinedin 

1963 in a study to determine the rate of snow 
accumulation in Greenland [4]. Since the adaptation 

of the basic methodology by [5] to the dating of lake 

sediments, numerous contributions have appeared in 

the field of 210Pb geochronology. Consequently, 210Pb 

became the most important geochronometerin the 

past 100-150 years for geologists, geophysicists, 

geochemists and other researchers interest in 

limnological studies, including the evaluation of 

accelerated eutrophication, recent history of heavy 

metal pollution, influx rates for contaminants, 

regional erosion rates, salt marsh accretion, and 
sediment budgets [6]. This article 
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investigatesdifferent parameters affectingthe curves 

of historical trends obtained from the sediment corein 
lakes, estuarine, marsh, coastal areas and riverine 

systems, focusing selected hydrographic basins 

situated at Araxá city, Minas Gerais State, Brazil. 

 

II. DETAILS EXPERIMENTAL  

 

2.1. Study Area 

Araxá city is situated in southeastern Brazil at 

19º35'33"S and 46º56'26"W, about 830 km distant 

from Rio de Janeiro (Fig.1). The municipality is in an 

average elevation of 973 m above sea level and its 

climate type according to the classification by [7] is 

tropical sub-hot and semi-wet (i.e. mean temperature 

of the colder month of 15°C-18°C at least in one 
month, and 4-5 dry months). The mean annual 

temperature in the region is 20.6°C with maximum 

around 32C and minimum around 4°C [8]. The 
average total annual rainfall is ~156 cm, and the total 

annual evapotranspiration is ~97 cm, with the rainy 

season occurring between October and April [8].  

In this study, the samples of the sediment cores 

provided from six monitoring points (Figs.2,3): Areia 

stream (ARS), Fundo stream (FUS), Feio stream 

(FES), Sal stream (SS1 and SS2), and Grand Hotel 

lake (GHL).  

 

 
Fig.1. Location of Araxá city in Minas Gerais State, Brazil. 

 

 
Fig.2. Location of the hydrographic basins related to Areia (ARS), Fundo (FUS), Feio(FES) and Sal (SS1, SS2) streams at Araxá city 

in Minas Gerais State, Brazil.According to [9]. 
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Fig.3. Location of the Grand Hotel lake (GHL) at Barreiro area, Araxá city, Minas Gerais State, Brazil.According to [8]. 

 

The municipality of Araxáuses the waters of Areia, 

Fundo and Feio streams in water-supply systems. 

Grand Hotel Lake (GHL) is situatedin a place known 

as Barreiro (about 8 km distant from Araxá city 
center). In Barreiro area, the occurrence of two major 

springs (Dona Beja and Andrade Júnior) having 

different hydrochemical compositionincentivated the 

tourism in the region and the construction, in 1944, of 

the "Grand Hotel Hydrothermal Complex" (today 

Grand Hotel Tauá).Additionally, phosphate fertilizer 

and niobium mining activities have also occurred at 

Barreiro area. The phosphate research started in 

1947-1948 as conducted by IPI (Industrial Research 

Institute), Belo Horizonte (MG), whilst the crushed 

ore production begun in 1960 [10]. The identification 

of niobium in pyrochlore was in 1953, whereas its 
exploration initiated in 1960 [10, 11]. These mining 

activities have expanded since the 60's and 70's as 

developed by the companies Vale Fertilizantes (past 

Bunge, Arafértil) (for phosphate) and CBMM 

(Brazilian Company of Mining and Metallurgy) (for 

niobium). USGS [12] reported the production of 

20,000 tons/year of ground apatite for phosphate use 

in agriculture and circa 936 billion metric tons of 

Nb2O5. 

2.2. Materials and Procedures 

The fieldwork was done between June and October 

2009, corresponding to the dry period and beginning 

of the wet season.The sediment cores were collected 
using a Wildco Model 77263 hand core sediment 

sampler that consists on a stainless steel liner type 

core tube including screw-on Lexan nose piece, a 

plastic eggshell type core catcher to hold sample 

intact during extraction, and a transparent acrylic 51-

cm long (5-cm internal diameter) liner tube which 

received the sample. The core tube contained a valve 

in the upper part and the conic tip in the lower part, 

with each core being taken by driving the sampler 

assembly coupled to a removable and extendable 

metallic handle into the firm sediment by hand and 

digging it out in order to retain the largely coarse 
grained material. The plastic liner tube was easily 

removed from the core tube and served as a sample 

storage container. The sediment cores exhibited 

depths of 25-40 cm and were put vertically in a 

properly designed metallic apparatus. Under these 

conditions occurred their transportation to 

LABIDRO-Isotopes and Hydrochemistry Laboratory 

of IGCE/ UNESP/Rio Claro for the analyzes. The 

sediment cores were extruded with a polyethylene 
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embolus and cut into 3 to 5-cm segments with a 

porcelain spatula.Each slicewas dried at 60C,sieved 
to 2 mmfor removing roots, leaves and other coarse 

materials.Then, they were crushed to <74 µm size in 
a Herzog Model HSM 100P-MA15277-5-1 vibration 

disk mill, and divided into different aliquots for 

analysis of color [13], grain size, mineral composition 

(by X-ray diffraction), and contents of organic matter 

(OM), major/minor constituents and total 210Pb 

activity concentration. 

The classification of the sediments particles size was 

done according to [14, 15]: GRA = granule (>2.0 

mm), VGS = very gross sand (2.0-1.0 mm), GRS = 

gross sand (1.0-0.5 mm), AVS = average sand (0.5-

0.25 mm), FIS = fine sand (0.25-0.125 mm), VFS = 
very fine sand (0.125-0.063 mm), GSI = gross silt 

(0.063-0.037 mm), and ASI = average silt (<0.037 

mm). OM was evaluated by spectrophotometry [16] 

that was held in a solution obtained after adding 

potassium dichromate and sulfuric acid to 1-g 

powdered aliquot; organic carbon was oxidized to 

carbon dioxide with a parallel reduction of hexavalent 

chromium to trivalent chromium and an 

accompanying color change from orange to green 

read at 610 nm [16].  

For measuring the main and trace constituents in the 

sediment cores, one powder aliquot (~8g) was mixed 
with Oregon CAS9002-88-4 wax (~1.5g) as binding 

agent and boric acid (H3BO3) (~3.5g) for standing the 

mixture that was pressed in a Herzog Model HTP40-

MA15277-1-1 pellet press. Such procedure yielded a 

40-mm diameter disc submitted to X-ray 

fluorescence(XRF) analysis in S8 TIGER (high-end 

wavelength dispersion X-ray fluorescence 

spectrometer) from Bruker Co. In this technique, the 

sample is excited with a primary X-ray beam, causing 

the sample to fluorescence. The primary X-ray source 

strikes an inner shell electron (K- and L-shell). If at 
high enough energy (above absorption edge of 

element), it is ejected from the atom. Then, higher 

energy electrons cascade to fill vacancy, giving off 

characteristic fluorescent X-rays. Therefore, such 

electron transition takes place only between the inner 

shells of the atom that are not involved in chemical 

bonding, allowing the direct analysis without 

advanced sample preparation [17]. 

Certified standards allowed calibrate the XRF 

spectrometer. They were rocks, cement, clay, 

feldspar, limestone, dolomite, sediment, sillimanite 

and magnesite. The concentration range (in %) of 
constituents in the standards corresponded to [18]: 

SiO2 (0.712–91.526), Al2O3 (0.103–61.100), TiO2 

(0.010–1.920), Fe2O3 (0.056–6.507), Mn3O4 (0.007– 

0.134), CaO (0.193–97.880), MgO (0.030–95.769), 

Na2O (0.035–7.439), K2O (0.024–15.364), P2O5 

(0.011–0.137), SO3 (0.019–2.250) and LOI (0–

46.8).The software QuantExpress[18] allowed the 

data acquisition. Among the different analysis 

methods (Fast, Full and Best) provided by the 

equipment, it was utilized the Best option (counting 

time ~15 min)as it yielded more reliable results [19]. 
The total 210Pb activity, 210PbT,in the sediment 

coreswas determinedby the quantification of the 

activity concentration of its granddaughter 
210Po.Digestion of homogeneous dried sediments 

aliquots (0.5 g) from each core section with aqua 

regia (1:3 HNO3-HCl) at ~60C allowed measuring 
210Po.The dry residue dissolution with 8M HCl to a 

volume of 15 mL happened after bringing the 

solution to dryness. A known amount (0.2 mL; 

activity = 40 dpmmL) of 209Po spike was added at 
the beginning of each digestion to assess 210Po 

recovery. To each sample in a 50 mL Teflon beaker, 

5 mL of 20% hydroxylamine hydrochloride and 2 mL 

of 25% sodium citrate solution were added, and the 

pH was adjusted to 2 with concentrated ammonia 
solution [20]. Polonium was plated onto a copper disc 

(2.5-cm diameter) suspended in the solution placed 

on a hot plate magnetic stirrer, which was heated to 

85-90C, and stirred during 75-90 min with a Teflon 
stirrer. Then, the disc was removed, washed with 

demineralized water, dried in a heating lamp, and 

counted by conventional alpha spectroscopy with a 

450 mm2 area, 300 m depletion depth, 26 keV 
resolution Si(Au) surface barrier detector. The 

detector was coupled to EG&G Ortec multichannel 

buffer, and the MAESTRO simulator software 

provided 1024 channels to plot the alpha spectrum 

containing the 209Po and 210Po peaks. The system was 

calibrated in the 4.8-5.5 MeV region of energy 
through a 232U-228Th standard radioactive source. The 

isotope dilution technique was used to generate the 
210Po activity concentration in the sample that 

corresponded to the total 210Pb activity, 210PbT, due to 

the radioactive equilibrium between these 

radionuclides. There was no need of considering the 

time t elapsed since the finishing of the plating 
procedure and ending of the alpha counting as it was 

low (24-48 hr).The analytical uncertainties of the 

radiometric data were often ±10-15% ascalculated 

considering the Poisson counting statistics at 1σ 

standard deviation, 5% significance level and the 

errors propagation theory [21]. 
 

III. RESULTS AND DISCUSSION 

 

3.1. Synthesis of the analytical data 

The dominant sediments color is: ARS-dark 

yellowish brown(10YR 6/3; 0-33 cm depth); FUS- 0-

16cm depth (10YR 4/3, brown), 16-29cm depth 

(10YR 4/1, dark gray); FES- 0-9cm depth (10YR 5/4, 

yellowish brown),9-24cm depth (5Y 4/1, dark gray); 

SS1-0-22 cm depth (7.5YR3/3, dark gray),22-28 cm 

depth (7.5YR 4/3, brown),28-40 cm depth (10YR 4/2, 

brown dark gray); SS2-0-13 cm depth (7.5YR 3/3, 
dark brown), 13-25 cm depth (7.5YR 4/3, brown); 

GHL-0-20 cm depth (7.5YR 3/3, dark brown), 20-24 

cm depth (7.5YR 25/1, black), 24-34 cm depth (5YR 
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4/4, reddish brown). Sand prevails in all depths of the 

sediment cores (Table 1). 
 

Sediment 

core 

Depth 

(cm) 

Shepard nomenclature 

[22] 

ARS 0-4 sand 

 4-8 sand 

 8-12 sand 

 12-16 sand 

 16-20 sand 

 20-24 sand 

 24-28 sand 

 28-33 sand 

FUS 0-4 sand 

 4-8 sand 

 8-12 sand 

 12-16 silty sand 
 16-20 silty sand 

 20-24 sand 

 24-29 sand 

FES 0-3 sand 

 3-6 sand 

 6-9 sand 

 9-12 sand 

 12-15 sand 

 15-18 sand 

 18-21 sand 

 21-24 sand 

SS1 0-5 sand 

 5-10 sand 
 10-15 sand 

 15-20 sand 

 20-25 sand 

 25-30 sand 

 30-35 silty sand 

 35-40 sand 

SS2 0-3 sand 

 3-6 sand 

 6-9 sand 

 9-12 sand 

 12-15 sand 

 15-18 sand 
 18-21 sand 

 21-25 sand 

GHL 0-5 sand 

 5-10 sand 

 10-15 sand 

 15-20 sand 

 20-25 silty sand 

 25-30 sand 

 30-35 sand 
Table1: Results of the grain size analysis 

 

The main mineral phases in the sediment cores 

correspond to muscovite-biotite (ARS), mica-rutile 

(FUS), mica-quartz (FES), muscovite-phlogopite 

(SS1),mica-phlogopite (SS2),and niobium selenide-

goethite-hematite (GHL).  

Figs.4-7 show that the mean values of the 210Pb 

activity concentration, OM, Fe2O3, TiO2, P2O5,CaO, 

BaO, Nb2O5, SO3, SrO, ZrO2, Cr2O3, ZnO, CuO, 

NiO, PbO, and Rare Earth Elements (REEs) CeO2, 
La2O3, Y2O3, Nd2O3, Gd2O3are higher in the sediment 

core GHL (=LAK) relatively to other cores.This 

indicates influence of the mining activities related to 

the exploitation of niobium and phosphate fertilizer 

taking place at Barreiro area.Anthropogenic inputs 

involving the barium release into waters occurred 

there by the early 1980s because of a leakage 

occurring at one tailings dam [8]. 
 

 
Fig.4. Results of the analysis of sediment cores from Araxá city. 

 

 
Fig.5. Results of the analysis of sediment cores from Araxá city. 

 

 
Fig.6. Results of the analysis of sediment cores from Araxá city. 

 

 
Fig.7. Results of the analysis of sediment cores from Araxá city. 
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Fig.8shows that the mean values of Na2O,K2O, MgO, 

Al2O3, MnO, and Rb2O concentrations are higher in 
the sediment core SS1 relatively to other 

cores.Fig.9shows that the mean value of SiO2 

concentrationis higher in the sediment core ARS 

relatively to other cores, whereas the mean values of 

As2O3 and SeO2 concentration are higher in the 

sediment core SS2. 
 

 
Fig.8. Results of the analysis of sediment cores from Araxá city. 

 

 
Fig.9. Results of the analysis of sediment cores from Araxá city. 

 

3.2. Major trends from the chemical data 

The total 210Pb activity concentration, 210PbT,in the 

sedimentsis dependent of the U activity 

concentration, [U]. Such parameter was determined 

by alpha spectrometryat the Barreiro area, yielding 

values between 5.7 and 22.9 dpm/g (7.6-30.7 µg/g; 

average = 14.2 µg/g).They are compatible with the U-

enhanced levels in that siteas indicated the studies 

held by IPR (Instituto de PesquisasRadioativas, Belo 

Horizonte, Minas Gerais State, Brazil), which showed 
different pyrochlore generations responsible by the 

uranium presence [23]. 

 

Pyrochlore is a complex mineral group, whose 

formula may be expressed by A2B2X7. Several 

changes may occur involving A and B, for instance, 

A (Na, Ca, Ba, K, U) and B (Nb, Ta, Ti).Thus, this 

radioelement can occur widely disseminated at 

Barreiro area in the mineral matrix as a trace 

constituent (100 ppm U3O8) or may characterize an 
uraniferouspyrochlore with the U3O8 concentration 

reaching up to 2%. 

 

The [U] levels at the monitoring point GHL exceeded 

those found in ARS (0.07-1.2 µg/g; average = 0.6 

µg/g), FES (0.2-1.9 µg/g; average = 0.7 µg/g), FUS 

(0.03-7.4 µg/g; average = 1.9 µg/g), and SS1-SS2 

(0.7-28.1 µg/g; average = 5.4 µg/g). This justifies the 

enhanced mean value of the 210Pb activity 

concentrationin the sediment core GHL (=LAK) 

relatively to other cores(Fig.4). 

 

Parameter ARS FUS FES 

Depth -0.19 0.15 -0.80 
SiO2 -0.85 0.11 -0.94 

Al2O3 0.88 0.49 0.96 

Fe2O3 0.76 0.54 0.93 

Na2O 0.48 0.48 0.54 

K2O 0.78 0.38 0.95 

CaO 0.77 -0.28 0.92 

MgO 0.91 0.37 0.97 

TiO2 0.32 0.27 0.89 

MnO 0.44 0.16 0.95 

P2O5 0.73 0.49 0.93 

OM 0.69 0.43 0.95 
SO3 nc 0.20 0.95 

ZrO2 0.68 -0.17 0.92 

BaO nc 0.27 0.91 

Nb2O5 0.79 -0.004 0.06 

SrO 0.38 0.008 0.93 

Cr2O3 0.18 0.18 0.66 

Rb2O 0.74 0.43 0.97 

ZnO nc 0.10 nc 

CuO nc 0.28 0.47 

NiO nc nc 0.98 

PbO nc nc nc 

As2O3 nc nc nc 
SeO2 -0.82 nc -0.10 

CeO2 nc nc 0.76 

La2O3 nc nc nc 

Y2O3 nc 0.42 -0.86 

Nd2O3 nc nc nc 
Table2: Pearson correlation coefficients involving

210
PbTand 

other parameters in the sediment cores 
nc= not computed; in bold= significant value. 

 

The results of the statistical tests realized for 
determining the Pearson correlation coefficient 

involving the total 210Pb activity concentration, 
210PbT,and other constituents in the sediment coresare 

shown in Tables 2 and 3. 

 

They indicate that 210Pb is not always directly 

associated to the same parameters in the different 

testimonies. For instance, 210PbTis inversely related 

with the core depth in the monitoring points FES and 

GHL, whereas the relationship is direct in the point 

SS1. Inverse SiO2-OM relationships in cores ARS, 
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FES, and SS1also implied in opposite trends of these 

parameters related to the210PbT levels. 
 

Parameter SS1 SS2 GHL 

Depth 0.85 -0.27 -0.74 

SiO2 -0.91 -0.79 0.90 

Al2O3 0.40 -0.60 0.31 

Fe2O3 0.87 0.83 -0.75 

Na2O -0.82 -0.20 0.18 
K2O -0.48 -0.44 0.70 

CaO -0.28 0.85 0.59 

MgO 0.62 -0.29 0.61 

TiO2 0.94 0.82 0.32 

MnO 0.73 0.44 0.08 

P2O5 0.78 0.78 0.53 

OM 0.88 -0.16 -0.002 

SO3 -0.20 0.88 -0.50 

ZrO2 0.83 0.62 0.19 

BaO -0.04 0.87 -0.67 

Nb2O5 0.93 0.76 -0.61 
SrO 0.12 0.78 -

0.0009 

Cr2O3 0.64 0.78 0.25 

Rb2O 0.42 -0.75 nc 

ZnO 0.93 0.72 -0.25 

CuO 0.48 0.11 0.31 

NiO 0.89 0.01 -0.14 

PbO 0.95 0.86 -0.41 

As2O3 -0.38 0.56 0.38 

SeO2 nc 0.43 nc 

CeO2 0.84 0.75 0.55 

La2O3 0.92 0.80 0.65 
Y2O3 0.86 0.08 -0.13 

Nd2O3 0.52 -0.84 0.34 
Table3: Pearson correlation coefficients involving

210
PbTand 

other parameters in the sediment cores 
nc= not computed;in bold= significant value. 

 

IV. CONCLUSIONS 
 

The CF:CS (Constant Flux: Constant Sedimentation) 

and CRS (Constant Rate of 210Pb Supply) models 
have been applied to210Pbdatasets in order to obtain 

sedimentation rates and chronological information in 

hydrographic basins, among other sites. This study 

showed how the210Pb activity concentrationin the 

sediment cores of various drainage systems may be 

affected by their not uniform chemical composition. 
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