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A coal mine was operated between 1831 and 1972 in southwest of Spain

(Villanueva del Río y Minas village). Several hectares of old tailings were

restored during the 80’s of last century, transforming the piles into an area for

local inhabitants and visitors with recreational purposes. The restored area

was investigated from a radiological perspective: radiometric measurements

and elementary characterization in a few environmental matrices, among

them, soil samples.

Picture taken in the second half of the 
90’s, after environmental restoration.
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Picture taken in the late 80’s, 
before restoration
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Methodology

For n=33 spots, 
average 0.20± 0.10 
mSv/h 

Ambient dose (H10*)

SOIL PROFILE: 78% sand +  15% silt + clay

Depth
(cm)

Label

0-5 5

5-10 10

10-15 15

15-20 20

20-25 25

25-30 30

30-35 35

35-40 40

40-45 45

45-50 50

2.1. g -spectrometry

2.3  X-Ray Diffraction
2.4  Autoradiography

-XtRa Ge detector, 37%  rel. eff.

-Ancient lead shielding 

--N2 evacuation system

Zetium Minerals  from Panalytical, 

used  for:

• Mayors: WROXI PRO method
• Traces: PRO-TRACE method.

2.2 Wavelength Dispersive X-ray 
Fluorescence (WDXRF)

2.5 Scanning Electron 
Microscopy  (SEM-EDX)) 

Average gamma external dose rate was 0.20±0.10 μS/h in the restored area, however 0.75 μS/h was observed in a

singular spot. In this site, a soil profile (from surface to 50 cm depth) was sampled. Next, vertical distribution of natural

radionuclides was determined. An additional determination of stable elements in the same samples was used for

discussion.

20x20x5 cm 

Fujifilm BAS-TR 2040

• ESEM: ZEISS EVO LS15

• EDX: Ultim Max Large 

Area Silicon Drift Detector

• Bruker D8 Advance 

A25(D8I-90)

• Detector: Lynxeye by 

BRUKER.

Bq/kg 238U*
226Ra 232Th*

228Ra 228Th 40K

Range 89-280 5352-34165 14-31 24-51 25-43 170-332

Average±SD 181±72 20047±9274 20±5 36±7 37±5 257±50

3.1 Gamma spectrometry: 238U- and 232Th-

series radionuclides and 40K

3.4 Autoradiography

3.5 SEM-EDX

Mineral Sample 5 Sample 20 Sample 50
Calcite (CaCO3) 14.8 46.3 38.2
Quartz (SiO2) 19.1 7.96 13.6

Kaolinite (Al2Si2O5(OH)4) 7.50 3.59 11.5
Muscovite (KAl2(Si,Al)4O10(OH)2) 9.52 4.06 8.64

Moganite (SiO2) 5.04
Aragonite(CaCO3) 6.71

Calcium Aluminum Silicon(CaAlSi ) 1.17
Bixbyite(Mn2O3 ) 1.48

Anatase(TiO2) 1.25
Monohydrocalcite(CaCO3·H2O ) 4.29

Barium Manganese Oxide 
(Ba4Mn3O10)

1.25

% amorphus 44.0 22.0 28.0

3.3 X-Ray Difraction

• Seville

Mineral phases of CaCO3 (Calcite) and

SiO2 (Quartz and Moganite) comprise

most of the soil profile. Al minerals

(Kaolinite and Muscovite) also

comprise around 20% of each soil

layer. Fe should be in the amorphous

phase.

Barium Manganese oxide is the

candidate to have Ra interstitial atoms

in sample 20, being responsible for

high activity of 226Ra.

Decay emissions revealed sample 20

as the most active one from the

profile. In addition, some aggregates

of radioactive particles were identified

and isolated to be measured by SEM.
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3.2 Elementary composition

4. DISCUSSION

Average composition of mayor elements

c.a. 40% organic fraction and

enhanced concentrations of Ba

compared to undisturbed soils.

Three different behaviours were found 

with regard to depth and concentration of 

elements in the soil profile:

Type I: L-H-L (E.g. 238U)

Type II: H-L-H (E.g. Ce)

Type III: without a clear         

trend (E.g. 40K )

L: Low activity concentration

H: High activity concentration

Type I Type II

L=Low H=High Type I: L-H-L Type II: H-L-H Type III: Irregular

Mayor elem. Ca, Mn, Ti, Si, Sr, Ba, S Si, Al, Mg, Na, K, Zr Fe, P, Cu

Traces Co, Cu, Ge, As, Ag, Bi, Cd, 
I, Sb, Se, Sn, U, W, V, Zr

Ce, Cs, Nb, Pb Cr, Ga, Br, La, Mo, Ni, 
Ta, Th, Tl, Y, Zn

Ca, Sr and Ba (alkaline earth metals)

show the same behaviour with depth

than 226Ra profile. However, 228Ra

does not follow the same behaviour,

it behaves as its parent, the 232Th.

Type III

Once closed, the soils around a coal mine were restored. A sandy soil was used for restoration. The presence of

enhancements of gamma external dose, drives us to sample a core soil (0 – 50 cm). The highest activity

concentration of natural radionuclides was shown by 226Ra. Considering the possible presence of 226Ra-daughter

(222Rn) in this area, used for residence of inhabitants of village, additional studies should be performed to make sure

the safety of population.

In this work, a soil profile was studied using some experimental techniques: radioactivity measurement, electronic

microscopy, autoradiography and XR-Fluorescense. Radionuclides and stable elements presents three different

behaviours with depth in the soil profile. The presence of “NORM aggregates” was also identified. The experimental

data will be used as base for future dose assessments. An enhancement in Barium manganese oxide in the

imported sand could be the origin of such a levels of natural radioactivity.

The findings of this work are a clear example of the relevance and need of this type of studies associated to mining

activities and restauration processes.
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Values in the soil profile

(*) From traces results measured by XRF. 

Environmental levels of 232Th natural series and 40K

isotopes were found. However a great dissequilibrium

exist (2 orders of magnitud) between 238U isotopes and

its daugther 226Ra. In addition 226Ra- 210Pb secular

equilibrium was found.


