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ABSTRACT 

 
Many industrial processes involve the production of steam in boilers, which is sent through pipes to machines 

and other equipment used in different sectors of the installations. The water commonly used in these processes 

is groundwater, which generally has high concentrations of calcium and magnesium salts, that can co-precipitate 

with naturally occurring radioactive elements such as 
226

Ra and 
228

Ra creating radioactive scales, which are 

deposited in pipes, thus decreasing the efficiency of steam production. In addition, 
40

K that is present in all soils 

and rocks with a concentration of about 0.012% of natural potassium can also be concentrated in these scales. 

No data was found in literature relating to radionuclides present in the scales formed on boilers in general. In 

this context, the purpose of this work was to determine concentrations of 
226

Ra, 
228

Ra and 
40

K, in scales 

generated inside boilers from different industries in the cities of Caruaru, Paulista and Goiana, Pernambuco. 

Determination of the radionuclides concentration was performed by gamma spectrometry with an HPGe 

detector, calculating their specific activities. Activity concentrations of 
226

Ra were in the range of < 1.4 

(Detection Limit) to 1,328.0 ± 23.0 Bq.kg
-1 

and 
228

Ra activity concentrations varied from < 1.8 (Detection Limit) 

to 265.5 ± 8.0 Bq.kg
1
. Activity concentrations of 

40
K were in the range of < 14.6 (Detection Limit) to 288.1 ± 

11.5 Bq.kg
-1

. All these activity concentrations were lower than the limits established by the Brazilian Nuclear 

Energy Commission of for this type of matrix. 

 Keyword: scales, natural radionuclides, gamma spectrometry  

 

 

1. INTRODUCTION 

 

 

Brazil has about five thousand textile industries, this sector of the economy being one of the 

most important economical activities for the country [1, 2]. In Northeast, Pernambuco is 

evidenced by having the second largest garment manufacturer in Brazil [3]. The cities of 

Caruaru, Santa Cruz do Capibaribe and Toritama are part of this cluster and stand out for 

their development in textile industries. 

 

The textile processing involves the washing step in which a large amount of water and a 

diversity of raw materials are used, thus leading to the production of liquid and solid wastes 

that, in general, contain products that are toxic or difficult to be degraded. Caruaru has about 

120 industrial laundries [2], and most of them do not treat the wastes from their processes. 
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At the various stages of laundering it is necessary the use of steam, which is provided by 

boilers. The steam produced by this equipment is supplied to dryers, washers, and for the 

finishing industry to the irons for ironing clothes [4].   

 

Due to the high temperature of the boiler water, certain compounds that are soluble in the 

water supply tend to a condition of super saturation, settling on the surface of the boiler heat 

exchanger. The scales formed, consisting of the aggregation and deposition of solids at the 

surface of the boiler and pipes, on the water side, are caused by the presence of impurities 

such as sulphates, carbonates (calcium and/or magnesium), silicates and iron-containing 

complexes, aluminum, calcium and sodium. The presence of precipitates resulting from 

inadequate treatment of boiler water originates scales which are quite hard and difficult to 

remove [5].  

 

Scales cause performance problems to boilers with respect to the formation of steam. The 

amount of scales accumulated on the walls of the ducts cause reduction in the effectiveness of 

the process, as the diameter of the pipes is significantly diminished over time and the flow of 

water is reduced. 

 
In Caruaru, as in the other cities close by, the solid wastes generated in the laundries are sent 

to the city landfill, where they are segregated to avoid contamination of the aquifers in the 

region. However, the scale removed from pipes and boilers may contain naturally occurring 

radioactive elements that, over time, could contaminate the environment. 

 

Naturally occurring radionuclides are defined in the literature by the acronym NORM 

(Naturally Occurring Radioactive Material), radionuclides naturally found in soil, water and 

rocks. When raw materials containing NORM go through industrial processes that 

concentrate radionuclides, these are then called TENORM (Technologically Enhanced 

Naturally Occurring Radioactive Materials) [6]. Among the natural radionuclides, 
226

Ra and 
228

Ra, from the uranium and thorium series, respectively, are the radionuclides of major 

significance, as far as radiation protection is concerned [7]. In addition, 
40

K that is present in 

all soils and rocks with a concentration of about 0.012% of natural potassium, can cause risks 

from both internal and external exposures [8]. 

 

The formation of TENORM can occur in several types of processes, and has been observed in 

the mining industry, energy production (in scales and sludge formed in the oil industry) and 

in the wastes from water and effluent treatment [9-11].  

 

No data was found in the literature about the radioactivity present in scales and sludge 

derived from the manufacturing industries of textiles or boilers in general. It is known, 

however, that the formation of scale occurs in places where groundwater has been used in the 

process, promoting the accumulation of radioactivity in these materials.  

 

Thus, the objective of this study was to determine the levels of 
226

Ra, 
228

Ra, and 
40

K, present 

in the solid wastes generated by the textile industry in the cities of Caruaru, Goiana and 

Paulista, in the state of Pernambuco, with the aim of assessing the possible risks to which 

workers are subjected to in these industries, as well as, the negative impacts to the 

environment.  
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2. MATERIAL AND METHODS 

 

 

Activity concentrations were measured in ten scale samples, five of which were collected 

from industrial laundries in the city of Caruaru and were identified by the numbers one to 

five. Three other samples were also collected from industrial laundries: sample number six 

was collected from an industrial laundry in Paulista, and samples seven and eight from a 

textile industry in the city of Goiana. Samples nine and ten were collected from boilers from 

a sugar cane plant located in the city of Goiana. Paulista and Goiana are both located in an 

area known as the Phosphate Region of Pernambuco, which presents higher than normal 

uranium concentrations in the soil [12]. 

 

 

2.1. Sampling and Preparation of the Samples 

 

Scale samples generated inside boilers were collected and then taken to the laboratories of the 

Regional Center for Nuclear Sciences of the Northeast (CRCN / NE) where the concentration 

of natural radionuclides in these materials was determined (Figure 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Scale removed from a water pipe sectioned from a boiler 

 

 

 

The scale samples were collected directly from the surface of the tubes inside the boilers. 

Each sample had approximately 400g of scale. After collection, the samples were placed in 

plastic bags, identified and sent to the laboratory. Figure 2 illustrates the moment of opening 

of a boiler for maintenance and also for sample collection. 
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Figure 2. Measurement of the thermal conductivity during maintenance 
 

 

 

As a pretreatment, samples were dried in an oven (FANEN model 515C) during 2 hours at 

105 ºC and then cooled in a desiccator for 40 minutes. After drying, the samples were, at first, 

macerated in a mortar, and then crushed in a mill jar (LICIT
TM

), at 250 rpm. 

 

About 100 g of each sample were carefully weighed and placed in cylindrical plastic 

containers of 50 mm diameter and 60 mm height in order to be counted. Each container was 

sealed with silicone sealant and adhesive tape to prevent the escape of radon gas and ensure 

the equilibrium between the radionuclides present in the sample. 

 

2.2 Determination of Activity Concentration Using Gamma Spectrometry 

 

Determination of the radionuclides concentration was performed by gamma spectrometry. 
According to Lauria et al. [13], gamma spectrometry is today one of the most widely used methods to 

measure the activity of radionuclides in waste, since it eliminates complex chemical methods. By 

using this spectrometric technique it is possible both to identify and quantify several elements 

simultaneously. Activity concentrations were determined in the materials where it was expected to 

find radioactivity, in this case, the scale accumulated in the inner surface of pipes. 

 

The radionuclides chosen in the study were the ones pertaining to the natural radioactive 

series of uranium and thorium, especially radioisotopes with high half-lives, which present 

the largest radiological risk. Among these elements, 
226

Ra and 
228

Ra were selected, as these 

radionuclides are more frequently found in scale. Activity concentrations of 
40

K were also 

determined in the samples as this radioisotope is also present in scales [14]. 

 

The concentrations of radionuclides were measured with a system based on a hyperpure 

germanium detector (HPGe). The detector used has a resolution of 2.6 keV (full width at half 

maximum) for the energy of 1,332 keV for 
60

Co and intrinsic efficiency of 40%. This 

detector was coupled to an MCA ("multichannel analyzer") with 8,192 channels from 

Canberra
TM

 and the acquisition was managed by the software Canberra Genie-2000. The 
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multichannel analyzer allows the transformation of linear pulses into digital signals, making 

the separation process for each energy interval. 

 

The counting efficiency of the detector for gamma rays, as a function of energy, was 

determined by using a liquid standard of 
152

Eu (half-life of 12.7 years) with an activity of 

28.23 kBq.L
-1

 (10/04/07). This reference source was certified by IRD/CNEN (Institute of 

Radioprotection and Dosimetry, Brazilian Nuclear Energy Commission, Rio de Janeiro). 

 

The standard of 
152

Eu is considered a gamma "multi-source", emitting energies ranging from 

120 keV to 1.4 MeV. This specific standard emits radiation corresponding to the energy lines 

of the radionuclides included in this study. 

 

In order to minimize the influence of the self-absorption of gamma rays in the sample, the 

counting efficiency for the scale samples was calculated by using a soil sample with a low 

natural radiation content spiked with a known amount of the liquid 
152

Eu standard. Counting 

efficiencies were calculated from Equation 1, based on the area of each photopeak of interest. 

 

                                                       
MItA

C

y ...
=ε                                                                     (1) 

 

where ε is the counting efficiency for the specific energy considered, C is the total net area 

(counts) of the peak corresponding to a particular energy, A represents the activity of the 

standard (Bq.kg
-1

), t is the counting time (s), Iy is the percent gamma yield for each energy of 

interest, and M is the sample mass.   

 

For determining the background radiation an empty container was used, identical to that used 

for counting the samples, with the same counting time. The result of the background counting 

was subtracted from each sample count 

 

Before the counting procedure, the samples were stored for 30 days, enough time for the 

equilibrium between 
226

Ra and its short lived progeny. The containers with the samples were 

placed directly on the detector, due to their low activity. The counting time was 80,000 

seconds, with the aim of reducing the statistical counting error. 

 

For each element, the activity concentration was determined by integrating all counts under 

the peak corresponding to the gamma energy emitted by that particular element, considering 

that there is no interference from other elements [13]. The background radiation was 

subtracted from each count. 

 

Activity concentrations for each radionuclide, for the samples analyzed, were calculated from 

Equation 2: 

 

                                                     
MIt

C
A

y ...ε

=                                                                       (2) 

 

                         

where A represents the activity concentration for the radionuclide of interest (Bq.kg
-1

), C is 

the total net area of the peak corresponding to a particular energy (counts), obtained 
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experimentally; ε is the counting efficiency for the specific energy considered; t is the 

counting time (s); Iy is the percent gamma yield for the radionuclide under investigation, and 

M is the sample mass.   

 

 

3. RESULTS AND DISCUSSION 

 

 

Figure 3 shows the efficiency curve produced experimentally. The equation of this fitted 

curve (Equation 3) served to calculate the counting efficiencies for the energies of 241, 295, 

352, 609, 911, 968, 1120 and 1460 keV used for determining the activity concentrations: 

 

 
432 )ln(00979,0)ln(3477,0)ln(223,4)ln(84,2086,38)ln( EEEEEf ×−×+×−×+−=      (3) 

 

 

where Ef is the calculated efficiency and E  is the energy of each peak analyzed. 

 

 

 

 
Figure 3.   Counting efficiency as a function of energy 

 

 

 

In order to validate the analytical results, a gamma analysis was carried out using a reference 

material (IAEA - 375 Radionuclides and Trace Elements in Soil), consistent with the samples 

analyzed. The reference material was manufactured by the IAEA (International Atomic 

Energy Agency). The results of this analysis are shown in Table 1. 
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Table 1. Results obtained for the reference material by gamma spectrometry. 

Radionuclide 

Referenced 

Concentration  

 (Bq.kg
-1

) 

Measured 

Concentration 

(Bq.kg
-1

) 

Relative Error 

(%) 

40
K 424 (417 - 432) 419 - 3 

226
Ra 20 (18 - 22) 18 -10 

232
Th (

228
Ra) 20.5 (19.2 – 21.9) 20,9 2 

 

 

 

The measured concentration values obtained from the analysis of the reference material were 

close to those of the IAEA reference material (errors ranged from -10 to 2%). Thus, the 

analytical method used was considered suitable for the determination of radionuclides in 

scale samples.  

 

It should be noted that the reference material refers to 
232

Th concentration and not to 
228

Ra. 

However, it is possible to assess the activity concentration of 
228

Ra, assuming secular 

equilibrium between the two radionuclides. 

 

Radionuclide activity concentrations were measured in ten scale samples. Table 2 presents 

the activity concentrations and the measured uncertainties for the radio isotopes and for 

potassium present in the samples. Concentrations ranged from < 1.4 (detection limit) to 1,328 

± 23.0 Bq.kg
-1

 for 
226

Ra, from < 1.8 (detection limit) to 265.5 ± 8.0 Bq.kg
-1

 for 
228

Ra and 

from < 14.6 (detection limit) to 288.1 ± 11.5 Bq.kg
-1

 for 
40

K. Uncertainties in this table were 

calculated with a 95% confidence level.  

 

 

 

Table 2. Activity concentrations of 
226

Ra, 
228

Ra and 
40

K determined by gamma 

spectrometry 

Sample  Location 
226

Ra 

(Bq.kg
-1

) 

228
Ra 

(Bq.kg
-1

) 

40
K 

(Bq.kg
-1

) 

1 Caruaru 4.0 ± 0.1 8.0 ± 0.7 288.0 ± 11.0 

2 Caruaru 3.1
 
± 0.1 < 1.8 (DL) < 14.6 (DL) 

3 Caruaru 14.5 ± 0.2 3.1 ± 0.2 46.8 ± 3.1 

4 Caruaru 52.5 ± 0.7 82.4 ± 0.7 < 14.6 (DL) 

5 Caruaru 5.9 ± 0.1 39.7 ± 0.5 < 14.6 (DL) 

6 Paulista 421.0 ± 3.0 84.4 ± 3.4 64.9 ± 4.8 

7 Goiana 1,328.0 ± 23.0 265.5 ± 8.0 < 14.6 (DL) 

8 Goiana 451.0 ± 4.0 84.7 ± 2.8 38.9 ± 3.3 

9 Goiana 412.0 ± 5.0 113.8 ± 3.7 71.0 ± 4.9 

10 Goiana < 1.4 (DL) < 1.8 (DL) 196.0 ± 9.0 

DL = Detection Limit 

 

 

 

The values found for the activity concentrations of 
226

Ra and 
228

Ra in the scale samples from 

the locations of Caruaru, Paulista and Goiana were inferior to the limits set out in Regulatory 
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Position 6.02/002 [15] for sludge and scale in facilities of Oil and Gas Exploitation and 

Production (100 kBq.kg
-1

 for 
226

Ra and 
228

Ra). It should be noted that in this work the values 

were compared with the 6.02/002 Regulatory Position due to the absence of specific norms 

for scales in boilers. 

 

On the other hand, the Norm CNEN-NN-4.01 for mining and industrial facilities [16] 

indicates a limit of 10 kBq.kg
-1

 for radionuclides of the natural series of uranium and 

thorium. Thus, the values determined for samples of scales were also below the limits 

established by this Norm. 

 

The values of activity concentrations of 
226

Ra and 
228

Ra found in samples from Caruaru were 

inferior to those for the cities of Paulista and Goiana. According to Saad [12], the phosphate 

region (where Paulista and Goiana are situated) is located in areas cut off by aquifers. Thus, 

the phosphate deposits are sources of radionuclides to groundwater. 

 

It is observed that, for samples of Paulista and Goiana, 
226

Ra activity concentration values 

were higher than the values for 
228

Ra, which can be justified by the fact that the area under 

study is located in the phosphate region of Pernambuco. This region has high concentrations 

of U3O8 (30 to 500 ppm) [17], and then higher concentration of 
226

Ra, which is a descendant 

of 
238

U.  

 

These findings can be explained by the fact that groundwater can contain radio coming from 

the uranium and thorium present in a wide variety of soils and rocks, in various 

concentrations in the Earth's crust [18]. In surveys conducted by Gazineu [9], for sludge and 

scales from the oil industry, it was evident that, for samples with high concentrations of 

activity, the activity concentrations of 
226

Ra were always much larger than those for 
228

Ra. In 

another study, Santos [19] also found 
226

Ra concentrations higher than the concentrations of 
228

Ra in at least 50% of the groundwater samples analyzed.  

 

The difference between the activity concentrations of the radium isotopes can be related to 

the concentrations of 
238

U and 
232

Th present in the rocks of the aquifer. One should also 

consider that 
238

U has greater mobility and solubility than 
232

Th [20]. The fact that the half-

life of 
226

Ra (1,600 years) is much higher when compared to 
228

Ra (5.7 years), also 

contributes for the higher concentrations for 
226

Ra. 

  

Activity concentrations values for 
40

K (Table 2) ranged from 14.63 (DL) to 288.0 ± 11.0 

Bq.kg
-1

, being in the range of concentrations of activity expected for this radionuclide in 

environmental samples, as for the earth crust (13 pCi.g
-1

 or approximately 0,48 Bq.g
-1

) and in 

plants (12.0–797.3 Bq.kg
−1

) [8, 21] Also in relation to 
40

K, there are very few data in the 

literature referring to the activity concentration of this radionuclide in scales in general. As 

for the oil industry, there are few data about the concentrations of this radionuclide, which 

can range from 16.0 to 144.6 kBq.kg
-1

 for scales accumulated in an oil production plant [14].  

 

Sample 7, collected in Goiana, showed the highest activity concentration for 
226

Ra, while the 

value for 
40

K was below the detection limit (14.6 Bq.kg
-1

). The results observed for 
40

K and 
226

Ra, suggest that exists an inverse relation between their activity concentrations, i.e., when 

the activity concentration for 
40

K increases, the value for 
226

Ra in the same sample decreases 

and vice-versa.  
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Since no data were found in the literature concerning the concentration of natural 

radionuclides in scales from water boilers, a research conducted by Matta [22] was taken as 

reference. In his study, the author found maximum concentrations of 48 and 42 kBq. kg
-1

 for 
226

Ra and 
228

Ra, respectively, for scale samples from oil extraction units in the Campos 

Basin. In another study, Testa and cooperators [18] found values up to 2.89 kBq.kg
-1

 for 
226

Ra in scales taken from pipes of the oil industry in Tunisia. Samples of scale analyzed by 

Gazineu [9] showed values well above the ones already cited, ranging from 1.2 to 567.8 

kBq.kg
-1

 for 
226

Ra, and from 2.2 to 166.7 kBq.kg
-1

 for 
228

Ra. Values so variable for 

radioisotopes in the waste from different sources in the oil industry can be explained based on 

geological considerations [23]. 

 

 

4. CONCLUSIONS  

 

 

The results of the analysis carried out for the activity concentrations of 
226

Ra and 
228

Ra in 

scale samples taken from boilers from industries located in the cities of Caruaru, Goiana and 

Paulista, state of Pernambuco, indicate that there is no significant increase in the 

concentration of those radionuclides as a consequence of the industrial process. The values 

found in this study are lower than those established by the Norm CNEN-NN-4.01 and the 

Regulatory Position - 6.02/002 for the type of material analyzed, not requiring special 

treatment.  

 

It is noted however, that concentrations of activity for 
226

Ra in samples collected in the 

municipalities of Goiana and Paulista are two to three orders of magnitude higher than those 

observed in scales collected in Caruaru (except for sample 10). The same trend was observed, 

although to a lesser extent, for the concentrations of 
228

Ra. 

 

The higher values of activity concentrations of the two radioisotopes (
226

Ra and 
228

Ra) for 

samples collected in the municipalities of Goiana and Paulista are due, probably, to the fact 

that the area is situated in the phosphate region of Pernambuco, where high levels of natural 

radioactivity were reported. 

 

Regarding 
40

K, the values for activity concentration of this radionuclide are all in the range of 

concentrations of activity expected for this radionuclide in environmental samples, showing 

that the concentration of this radionuclide is not modified in the industrial process. 

 

As a suggestion for future work, more detailed studies of the water sources that supply the 

boilers should be carried out, especially concerning groundwater. It is also suggested that 

boilers from other industries located in the phosphate region of Pernambuco should be 

evaluated for the presence of radionuclides in scales. 
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