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ABSTRACT 

 
Industrial processes such as oil and gas extraction and groundwater exploitation are examples of installations 

that can accumulate naturally occurring radioactive materials (NORM) during the extraction and production. 

Lead-210 deposits in the production can be formed by the same mechanisms that occur in the environment 

through the support of Radon-222, (where 210Pb is produced at 222Rn decay) or without support, as 210Pb. The 

objective of this work is to evaluate the mineralogical characteristics and determine the activity of lead-210 in 

the scales using the X-Ray Diffraction and Gamma Spectrometry techniques. Were analyzed fifteen samples, 

four scales from oil industry, ten scales from groundwater conductors and one for groundwater supply pipe. The 

highest activity found in the oil scale and groundwater conductors scale was 0.30 ± 0.06 Bq g-1 and 3.80 ± 0.20 

Bq g-1, respectively. 

 

 

1. INTRODUCTION 

 

Lead 210 (210Pb) is a naturally occurring radioactive isotope derived from radon 222 (222Rn) 

decay. In the environment, a mobility of 210Pb occurs from geological sources, most of them 

belonging to igneous and metamorphic rocks. In the atmosphere, the lead found in particulate 

form, when dispersed in the air it removed from the atmosphere and transferred to surfaces by 

dry or wet deposition. The wet deposition is more significant than dry for the removal of the 

metal in the atmosphere [1]. 

 

At industrial processes, the transported of 210Pb deposits can be through the production 

system in the form of unsupported 210Pb. The unsupported 210Pb aggregated in the dispersed 

particles, a particulate portion deposited on the inside surface of the tubes forming a very thin 

and relatively stable deposit [2,3]. 

 

Natural radionuclides as the 210Pb found in geological deposits can be brought to the surface 

during the exploration of oil and groundwater. The production of oil and natural gas generate 

substantial volumes of naturally occurring radioactive material (NORM). During the 

extraction of oil and gas some alternative method to transport the fluids to the surface used, 

like the injection of water into the reservoirs [4]. The change of the physics-chemical 

parameters caused by the water introduced into the reservoir and changes in temperature and 

pressure at the extraction sites, some uranium and thorium decay products that were 

suspended or dissolved in the water precipitate forming radioactive deposits on the internal 

surfaces of the pipes, pumps, valves, tanks and other equipment [5]. 

 

In groundwater exploration, the abstracted water may contain radionuclides due to the 

geological environment in which flow. The concentration of radionuclides is quite variable, 

being higher for groundwater near deposits of minerals containing uranium and its 
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descendants, such as phosphate regions [6]. During groundwater uptake, operational 

problems such as formation of scale and corrosion in the pipes occurs as a consequence of the 

hydrogeological characteristics of percolation by filtering and cracking, and the capacity to 

carry substances from these media [7]. Although scale and corrosion are processes with 

opposite effects but there is an intimate relationship between them. Corrosion may release 

metals that precipitate in the form of oxides, hydroxides and carbonates [8]. 

 

The objective this work is to determine the content of 210Pb in scales generated by the oil and 

groundwater exploration industries, as well as to define the mineralogical composition of the 

scales. 

 

 

2. MATERIALS AND METHODS 

 

2.1. Samples treatment 

 

The total of samples acquired were eight steel tubes with scales, four were kindly supplied by 

an oil industry, three sections of steel tube from the same groundwater abstraction well and 

one tube from the groundwater supply that supplies part of the Centro de Desenvolvimento da 

Tecnologia Nuclear (CDTN) in which this work was developed. The origin of each sample is 

in Table 1. 

 

Table 1:  Origin of the pipes 

 

Samples Origin 

PR-1 
Oil industry – Refinary PETROBRÁS-MG  

PR-2 

PO-1 
Oil industry - Offshore PETROBRÁS-RJ 

PO-2 

AP-1 

(C,E,J) 
Groundwater conductors 

CDTN-MG 

AP-2 Water supply pipe 

 

 

The scales present on the inside surfaces were removed from steel tubes using a spatula. 

Then, they were ground until they were reduced to powder and sieved to 200 mesh 

granulomere before being subjected to analysis. 

 

2.2. Measurement 

 

2.2.1 Mineralogical characterization by X-Ray Difractometry 

 

At this step were identified the crystalline structures in the fouling samples. The 

characterization samples were by the X-Ray Diffraction technique to identify the presence of 

mineralogical phases. The analyzes were qualitative to characterization all the elements. 

After reduce the samples to 200 mesh powders, about 1 g of each scale sample were weighted 

and placed in port samples of the 16 mm diameter by 3 mm deep cavity. All the 

diffractograms were obtained from the automatic diffractometer - Rigaku, belonging to the 

CDTN X-Ray Diffraction laboratory. 
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2.2.2 Determination of the 210Pb by Gamma Spectrometry  
 

Gamma spectrometry is a non-destructive radioanalytical technique that allows the analysis 

of gamma-emitting radionuclides without segregating them from the original sample. The 

process consists in determining the radionuclide composing the sample through the number 

of electric pulse counts of a detector sweeping an energy spectrum. 

 

About 20 g of each sample were carefully weighted and placed in cylindrical acrylic 

containers with 5 cm in diameter and 1 cm high. The counting time was 18,000 seconds 

(depending on the sample activity) and the detection limit of 0.01 Bq kg -1. The direct 

measurement of 210Pb was by counting under its peak of the 46.5 keV. Although the low 

energy emitted by this radionuclide was possible the direct measurement, because the 

germanium detector used in the present work is sensitive enough to differentiate the signal of 

interest of the background radiation. 

 

The performed determination of the 210Pb was through the Canberra gamma spectrometry 

system, with ultra-low energy detector, GUL 0110, coupled to a microcomputer with 

multichannel spectrum acquisition plate and Genie2K program. The equipment belongs to 

Gamma Spectrometry laboratory of the CDTN. 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Mineralogical analysis of scale samples 

 

For scale from the groundwater well, the identification of the minerals was only possible in 

AP-2 sample that has presence of goethite and magnetite in its mineralogical composition 

(figure 1). 

 

 
 

Figure 1: X-Rays diffractogram of the AP-2 sample. 

00-029-0713 > GOETHITE – Fe+3O(OH) 85.8% 

00-019-0629 > MAGNETITE – Fe+2Fe2+3 O4 14.2% 
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Figure 2: Diffractogram of the AP-1C, AP-1E and AP1-J samples. 

 

 

The minerals identified by X-Ray Diffraction in the four samples from oil industry are in 

Table 2. The phases in PR-1, PO-1 and PO-3 samples present high iron content. In the PR-2 

sample, besides the presence of iron in the mineral magnetite, the most predominant phases 

are cristobalite and metamurinite. Metamurinite has the presence of vanadium metal, one of 

the metals with the highest incidence in crude oil, being one of the responsible for corrosion 

problems [9]. 

 

 Table 2: Result of the quantification of crystalline phases in percentage of mass of the 

oil scales samples  

 

Mineral identify (%) 
Samples 

PR-1 PR-2 PO-1 PO-2 

SiO2 Cristobalite NI 30.9 NI NI 

Al6Si2O13 Mullite 
 

NI 2.6 NI NI 

Fe2O3 Hematite NI 12.8 NI NI 

(Na,Ca)(Si,Al)4O8 Albite 
 

NI 1.8 NI NI 

TiO2 Rutile 
 

NI 4.2 NI NI 

Fe+2Fe2+3O4 Magnetite 48.4 9.1 NI NI 

NaV+5O3 Metamurinite NI 26.5 NI NI 

Na2SO4 Thenardite NI 12.1 NI NI 

Fe+3O(OH) Goethite 
 

51.6 NI 21.5 15.7 

Fe+3O(OH) Akaganeite-Q NI NI 78.5 84.3 

                  NI: not identify 
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Among the minerals obtained in the determination of the mineralogical phases, Magnetite, 

Goethite and Akaganeite are usually found in the oil industry and their occurrences are linked 

to the change of pH in the mixture of incompatible waters, corrosion and dissolved gases. 

 

3.2 Evaluation of 210Pb 

 

Some studies have evaluated the adsorption of lead in the presence of iron oxides. Goethite, 

in particular, has a great adsorption capacity in relation to other iron oxides [10]. The 

dissolved iron causes corrosion of the steel and produces goethite and/or hematite, forming 

oxidation points on the steel surface. At these oxidation points, metallic lead deposition may 

occur, which will eventually increase the decay products of 210Bi and 210Po. If the residence 

time of the 210Pb is high, the tendency is to accumulate its products of decay until reaching a 

radioactive balance. 

 

The presence of 210Pb in the AP-1C, AP-1E and AP-1J scales, even though they were sections 

of the same pipe, they presented different activities as shown in table 4. 

 

Table 4: Evaluation of 210Pb in scales from groundwater well 

 

Samples 210Pb (Bq g-1) 

AP-1C 1.58 ± 0.05 

AP-1E  0.36 ± 0.04 

AP-1J 3.80 ± 0.20 

AP-2 0.04 ± 0.01 

 

 

For the scale samples from the pipes of oil extraction and refining oil, the activities are in 

table 5. The PI-2 sample had an activity of 0.030 ± 0.006 Bq g-1, this result is semi 

quantitative, because the sample mass (3.2293 g) is more less than ideal working mass (24 g), 

required to lift the 210Pb count curve. Thus, it was necessary to increase the counting time of 

this sample to 256,400 seconds affecting the count statistic. 

 

Table 5: Evaluation of 210Pb in oil pipes 
 

Samples 210Pb (Bq g-1) 

PR-1 < 0.01 

PR-2 0.30 ± 0.06 

PO-1 < 0.01 

PO-2 0.06 ± 0.02 

 

 

4. CONCLUSIONS  

 

The determination of the mineralogical composition of the scale from the groundwater supply 

indicates that the mineral paragenesis consists of iron oxide and hydroxide. The precipitation 

of these compounds can occur from the metals provided by the process of corrosion of the 

metallic material. In the case of oil scales, the presence of iron minerals is also due to the 

corrosion products of the pipes generated by the presence of sulfuric gases. 
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The 210Pb activity detected was not significant for oil scales. Scales of groundwater well 

showed a relatively high activity, so that lead may contribute significantly to the dose of 

internal contamination. All results are preliminary, as the work continues to be developed. 
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