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ABSTRACT

The water purification procedure aims to obtain a product appropriate for human consumption, minimizing the
concentration of contaminants and toxic substances present in the water. Among these contaminants, some
radionuclides of natural origin, such as uranium, thorium and their descendants, have been identified. Previous
studies have shown that the stages of purification are quite effective in removing the radionuclides contained in
the water. The removal is due to co-precipitation of the radionuclides with the suspended materials. The
precipitated material is accumulated and characterized as a Technologically Enhanced Naturally Occurring
Radioactive Materials (TENORM) by the United States Environmental Protection Agency (USEPA). This
wastes can present significant levels of radioactivity and, when discarded in the environment without any
treatment, can generate a problem of environmental impact and a risk to the health of the population. In this
way, some gamma emitters of the series of U and Th, as well as 40K were determined in the residues generated
at the Potable Water Treatment Plants  PWTPs in six municipalities of Pernambuco. The results obtained
corroborate the classification of the residues generated in the PWTPs as concentrators of the radioactive
components contained in the water supplied to the system and reinforce the need for the release to the
environment, which is the usual way of disposal of this waste, to be carried out only after considering the
radiation protection standards established by CNEN.

1. INTRODUCTION

Waters for human consumption must comply with potability criteria aimed at ensuring the
health of the population [4, 14]. These settings are generally achieved by applying treatment
technologies that promote the removal of impurities from the addition of chemical reagents
and filtration mechanisms [2, 13].

Natural radionuclides from the U and Th series and 40K are commonly found among the
impurities incorporated into both underground and surface waters. These elements are present
in water bodies at varying concentrations and are dependent on area geology and
anthropogenic activities [9].
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Data published in the literature show that treatment systems are effective for the removal of
radionuclides, with efficiencies close to 100% being described for the isotopes of uranium,
thorium, radium, polonium and lead [2, 13]. This removal occurs by co-precipitation of these
elements with the coagulants and their retention during the process steps, which promotes the
deposition and concentration of the radionuclides contained in the treated water in the
generated residues [7, 10].

Power Water Treatment Plants (PWTP) are therefore included in the group of industries that
tend to concentrate radioactive materials of natural occurrence (TENORM), the residue
generated in the treatment being characterized as a TENORM material, which indicates the
need for consideration of its radiological aspect when the protection of the population is
concerned [5, 9, 12].

Another important factor is the way of disposal applied in most Brazilian PWTPs, where the
waste is released into the environment, without any previous treatment, in the area
surrounding the facilities of the treatment units, in rainwater networks or directly into rivers
and the like, which can lead to the dispersion of these elements in the environment and can
generate a radiological risk [7, 11].

Thus, it is relevant to characterize the residues generated in the PWTPs of several regions to
assess its role in the concentration of radionuclides. Therefore, the present study aims to
evaluate the activity concentrations of the natural radionuclides present in the residues of six
PWTPs located in the state of Pernambuco, being the pioneer in this evaluation in the study
area

2. MATERIALS AND METHODS

2.1. Sampling

Residue samples were collected in six PWTPs located in the Zona da Mata of the state of
Pernambuco, in the municipalities of Barreiros, Escada, Nazaré da Mata, Paudalho, Ribeirão
and Vitória de Santo Antão (Figure 1).

Fonte: Google, 2017.
Figure 1: Satellite location with highlight of the municipalities where the PWTPs

selected for this study are located
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PWPTs selected for this study present complete treatment cycle and use aluminum sulfate as
the coagulant. They receive the water for treatment of distinct surface water sources and the
water they treat supplies important cities of Zona da Mata.
Sampling collections were carried out from July to August of 2015 in the period
characterized as rainy season, in which pluviometric indices are registered that can reach up
to 1044 mm in the region [1].

The residues were collected with the aid of plastic containers directly from the discharge
systems of the decantation and filtration tanks, composing six representative samples of each
PWTPs. After being collected, samples were taken to the Environmental Analysis Laboratory
of the Northeastern Regional Nuclear Sciences Center (CRCN/NE-CNEN) for pre-treatment
and measurement.

The pre-treatment process consisted of drying the samples in an oven at 80ºC until constant
weight, with subsequent homogenization and pulverization, being finally pass
mesh  sieve.  The  pre-treated  samples  were  conditioned  in  acrylic  standard  containers  with  a
volume of 12.5 cm3, and then sealed to allow the growth of the short lived progeny of 222Rn
for 30 days and then taken for counting.

2.2. Determination of radionuclides

To determine the radionuclides of interest samples were analyzed by the gamma spectrometry
technique in the CRCN/NE Environmental Analysis Laboratory (EAL). The equipment used
was a HPGe gamma spectrometer which presents a resolution of 2.6 keV at 1332 keV energy
of 60Co, intrinsic efficiency of 40% and is coupled to a MCA (multichannel analyzer)
Canberra with 8,192 Channels, with acquisition managed by the Genie-2000 Canberra
software.

The counting time was 80,000 seconds, time established by the laboratory quality control
system. The background radiation count was determined by using an empty container with
the same geometry of the samples and same counting time. The background counts were
subtracted from the counts obtained for each sample analyzed.

The counting efficiency as a function of energy was determined by using a curve generated
by the reading of patterns with similar density and the same geometry of the samples, doped
with 5mL of a standard solution of 152Eu, 133Ba and 241Am, provided by IRD/CNEN- Institute
of Radioprotection and Dosimetry/Brazilizan Nuclear Energy Commission.

Following the protocol defined at the EAL for gamma counting, the activity concentrations of
the gamma emitting radionuclides were determined and the activity concentrations of 226Ra,
228Ra were calculated from the counting of their progeny that were in secular equilibrium
with their parents. The energies used for 226Ra and 228Ra determinations can be seen in Table
1.
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Tabele 1: Gamma energies used for determining 226Ra and 228Ra.

Radionuclides Emitter Energy (keV)
226 Ra 214 Pb

214 Pb
214 Bi
214 Bi

295,21
351,92
609,31
1120,29

228 Ra 228 Ac
228Ac

911,21
968,97

3. RESULTS AND DISCUSSION

According to previous studies, the residues of PWTPs are in general classified as TENORM.
Therefore, in the present work we tried to characterize the residues both qualitatively and
quantitavely, regarding the presence of radionuclides [5, 9, 12]. The results obtained for the
residues of the six PWTPs analyzed are shown in Figure 1.

Figure 2: Concentration of radionuclide activity in residues.
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The radionuclides specifically found in the analyzed residues were 212Bi, 212Pb and 228Ra,
belonging to the natural series of 232Th, and 214Bi, 214Pb, 234Pa, 226Ra, belonging to the 238U
series, 211Bi, belonging to the 235U series besides 40K. They belong to the group described in
the literature as the most commonly radionuclides found in the residues of PWTPs, which
highlights the 40K and the decay chain derivatives of 238U and 232Th, as the more expressive
[3, 5, 8, 9].

The concentrations of activity described in the literature are quite variable, being for
example, for 40K from 60 to 4800 Bq.kg-1, for 226Ra from 6 to 9250 Bq.kg-1 and for 228Ra
from 12 to 12987 Bq.kg-1 [5, 7, 8]. The activity concentrations found are thus within the
range observed in the studies to characterize the residues of the PWTPs, being, however,
closer  to  the  lower  values  described,  which  indicates  a  possible  low concentration  of  these
nuculídeos in the waters of the fountains submitted to treatment [5].

Activity concentrations of 70 to 285 Bq.kg-1 were obtained for 40K, with lower concentrations
in the PWTPs located to the North of the State, and the highest concentrations in the PWTPs
more to the South, being the highest concentration in the PWTP of the city of Ribeirão. The
literature points out to agricultural activities as a source of these radionuclides in the residues,
possibly being the sources of the southern region of the state most impacted by these
activities, where in this region there is a more intense agricultural activity [6, 10].

The other elements found belong to the radioactive series of 232Th, 238U and 235U, and have
their presence in the residues related primarily to the geology of the watershed area, the
chemical conditions of the waters and the type of treatment technology used [2, 7, 9]. Due to
the application of the same treatment technology in the evaluated PWTPs, the observed
variations are possibly related to the geology of the area and the conditions of the treated
water.

The concentrations of the radionuclides determined varied from one PWTPS to another, with
higher concentrations being observed in the Barreiros, Escada and Ribeirão PWTPs which
are located to the South of the State, indicating a greater contribution of these radionuclides
in the waters of this region.

Some radionuclides were not observed in all PWTPs, such as 211Bi and 234Pa, possibly being
the conditioning factor for 234Pa the chemical condition of spring water, given the non-
observation of the same behavior for the other elements of the same series. For 211Bi, on the
other hand, the geological feature of the area is probably the key factor, given its absence in
the PWTPs of Nazaré da Mata and Paudalho that are more to the North of the State [9].

A comparison was also made by the ANOVA 1 test in order to verify if there were significant
differences between the components of the 232Th and 238U series in the PWTPS, In yhis
case,228Ra and 226Ra, respectively, were used as representatives of the two series. The results
obtained showed, with a significance of 0.05 and p= 0.56, that the concentrations of activities
of the radionuclides belong to the same distribution, indicating that the inputs of the elements
of both series in the treatment system are of the same magnitude.
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4. CONCLUSIONS

The residues evaluated presented activity concentrations of 40K  and of the members of the U
and Th series in the range described in the literature, with higher concentrations in residues
from the PWTPs located to the South of the State. The results corroborate the classification of
residues generated in the PWTPs as concentrators of radionuclides contained in the water
supplied to the system. It is therefore confirmed the possibility of dispersion of these
radionuclides in the environment, pointing out to the requirement of studies for evaluating the
risk associated with the disposal of such residues and for the definition of the most
appropriate disposition method, regarding the radiation protection requirements.
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