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Abstract

Water is essential for life and used for multiple purposes such as human consumption, agriculture and recreation. In this
way, it must present physical-chemical characteristics adequate to the quality standards, without risk to human health.
This study aimed to verify the water quality of the springs, in the municipality of the Regional city of Brazlandia, DF,
Brazil, in the year 2021. The research was carried out in May and the water samples were collected in eleven points of
springs and from Coérrego de Brazlandia, in Veredinhas Park, from each sampling point, three liters of water were
collected randomly and separately, for the investigation of enteroparasites, using the spontaneous sedimentation method.
For the analysis of thermotolerant coliforms and Escherichia coli, three samples (100 ml) were collected and analyzed
using the Colilert method. The organoleptic characteristics, pH, and presence of solid residues were verified in addition
to observing the existence of the gallery forest. All areas analyzed had the presence of solid residues and most of the
collection points had water with a cloudy appearance, unpleasant odor, and pH 6. All samples were positive for
thermotolerant coliforms and presented at least one evolutionary form of intestinal parasite. Water sources in Brazlandia,
DF, Brazil, are contaminated with potentially pathogenic microorganisms for humans. Thus, measures must be taken to
minimize this situation, in addition to guidance and work with the community, to help in the recovery of these sources.
Keywords: Water; Veredinhas Park; Thermotolerant Coliforms; Escherichia coli; Enteroparasites; Springs.

Resumo

A &gua é essencial para a vida e utilizada para multiplos fins, como consumo humano, agricultura e recreacdo. Desta
forma, deve apresentar caracteristicas fisico-quimicas adequadas aos padrfes de qualidade, sem riscos a salde humana.
Este estudo teve como objetivo verificar a qualidade da agua das nascentes, no municipio de Regional Brazlandia, DF,
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Brasil, no ano de 2021. A pesquisa foi realizada no més de maio e as amostras de 4gua foram coletadas em onze pontos
de nascentes e do Corrego de Brazlandia, no Parque das Veredinhas. Em cada ponto de amostragem foram coletados
aleatoriamente e separadamente trés litros de agua, para pesquisa de enteroparasitos, pelo método de sedimentacao
espontanea. Para a andlise de coliformes termotolerantes e Escherichia coli, trés amostras (100 ml) foram coletadas e
analisadas pelo método Colilert. Foram verificadas as caracteristicas organolépticas, pH e presenca de residuos sélidos
nas amostras de 4gua, além de observar a existéncia de mata ciliar do local de amostragem. Todas as areas analisadas
apresentaram presenca de residuos sélidos e a maioria dos pontos de coleta apresentou dgua com aspecto turvo, odor
desagradavel e pH 6. Todas as amostras foram positivas para coliformes termotolerantes e apresentaram pelo menos
uma forma evolutiva do parasito intestinal. As fontes de 4gua de Brazlandia, DF, Brasil, estdo contaminadas com
microrganismos potencialmente patogénicos para o homem. Assim, medidas devem ser tomadas para minimizar essa
situacdo, além de orientacdes e trabalho junto a comunidade, para ajudar na recuperacao dessas fontes.
Palavras-chave: Agua; Parque das Veredinhas, Coliformes termotolerantes; Escherichia coli; Enteroparasitos;
Nascentes.

Resumen

El agua es esencial para la vida y se utiliza para multiples propésitos, como el consumo humano, la agricultura y la
recreacion. De esta forma, debe presentar caracteristicas fisicoquimicas adecuadas a los estandares de calidad, sin riesgo
para la salud humana. Este estudio tuvo como objetivo verificar la calidad del agua de los manantiales en el municipio
de Regional Brazlandia, DF, Brasil, en el afio 2021. El levantamiento se realiz6 en mayo y se recolectaron muestras de
agua en once puntos de manantiales y el Cérrego de Brazlandia, en Parque das Veredinhas, de cada punto de muestreo,
tres litros de agua fueron recolectados al azar y por separado, para la investigacion de enteroparasitos, utilizando el
método de sedimentacidn espontanea. Para el analisis de coliformes termotolerantes y Escherichia coli, se recolectaron
tres muestras (100 ml) y se analizaron por el método Colilert. Se verificaron las caracteristicas organolépticas, pH y
presencia de residuos sélidos, ademéas de observar la existencia de vegetacion de ribera. Todas las areas analizadas
mostraron la presencia de residuos sélidos y la mayoria de los puntos de recoleccién tenian agua de aspecto turbio, olor
desagradable y pH 6. Todas las muestras fueron positivas para coliformes termotolerantes y mostraron al menos una
forma evolutiva del parasito intestinal. Las fuentes de agua en Brazlandia, DF, Brasil, estdn contaminadas con
microorganismos potencialmente patégenos para los humanos. Por lo tanto, se deben tomar medidas para minimizar
esta situacion, ademas de lineamientos y trabajo con la comunidad, para ayudar a recuperar estas fuentes.

Palabras clave: Agua; Parque Veredinhas; Coliformes termotolerantes; Escherichia coli; Enteroparasitos; Manantiales.

1. Introduction

Water is a natural resource, an integral part of the planet, which acts on the functional dynamics of nature. Its availability
is one of the most important factors that shape and sustain ecosystems, being the main constituent of all living organisms (Pielou,
1998; Moraes & Jordan, 2002; Popkin et al., 2010). Water is used for multiple purposes, including human consumption,
agriculture, energy generation, sports and recreation, so its quality must comply with the standards required by authorities and
not pose a risk to human health (Aradjo et al., 2011; CONAMA, 2005).

The advance of urbanization on the floodplains, the suppression of riparian forests, the growth of the population and,
mainly, the deterioration of the watercourses are problems that are directly linked to the disordered demographic growth and the
lack of cities planning. As consequence, the rivers and lakes have become the main destinations of the liquid and solid effluents,
both industrial and domestic. Regardless of the type of effluent, the fact is the deterioration and pollution of these waterways
cause serious illness (Tundisi 2003; Vasconcelos & Souza, 2011; Machado & Torres, 2013). Such information shows the
importance of scientific research on water quality and the formation of an environmental monitoring database. This approach
enables the development of management plans and strategies that guarantee the conservation and recovery of impacted natural
environments (Buzelli & Cunha-Santino, 2013). It is important to highlight that most microorganisms found in natural waters
are generally harmless to human health. However, contamination resulting from sanitary sewage can introduce microorganisms
that have the potential to be detrimental to human health. Pathogenic microorganisms encompass viruses, bacteria, as well as
intestinal parasites such as protozoa and helminths (FUNASA, 2013).

Diseases associated with the contamination of drinking water pose a significant public health concern. The primary

health risk arises from consuming water that has been contaminated with feces containing pathogens responsible for infectious
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diseases such as cholera, diarrheal diseases, dysentery, and enteric fevers (WHO, 2011). The impact of water-related diseases
varies depending on the circumstances, with the greatest burden observed in low-income environments where diarrhea continues
to be a leading cause of child mortality (Liu etal., 2012; Bain et al., 2014). There are already specific norms and legislations that
help to grant the quality and availability of water resources, such as the National Water Resources Policy and the resolutions of
the National Environment Council (CONAMA) n°. 274/00 and 357/05 that provide guidelines for the quality of water intended
for consumption.

The management of water resources and environmental sanitation are of great importance because they have a direct
relationship with public health (Libanio et al., 2005; Lin et al., 2022). The World Health Organization (WHO) has established
widely recognized Guidelines for Drinking-water Quality, which include criteria for assessing health risks and establishing
targets for improving water safety (WHO, 2011). While directly measuring pathogens can be complex, techniques for evaluating
fecal contamination using fecal indicator bacteria have been well-established and widely utilized. The WHO recommends the
use of Escherichia coli, or the use of thermotolerant coliforms for assessing fecal contamination in water (WHO, 2011). In Brazil,
the Ministry of Health's Potability Ordinance (Ordinance n° 2.914/2011) aligns with the WHO guidelines by specifying that the
absence of total coliforms and Escherichia coli must be confirmed in water intended for human consumption. To prioritize
interventions, the WHO suggests employing a risk classification based on the levels of indicator organisms, as higher
concentrations generally indicate greater fecal contamination. This classification categorizes samples based on the number of
indicator organisms per 100 ml, including: <1 as "very low risk," 1-10 as "low risk," 10-100 as "medium risk," and >100 as
"high risk" or "very high risk" (Lloyd & Bartram, 1991; Bain et al., 2014). However, it is important to note that this analysis is
imperfect, and the presence of indicator organisms does not always equate to a specific level of risk (Gleeson & Gray, 1996).
Water quality can vary over time and space, and occasional sampling may not accurately reflect actual exposure.

The administrative region of Brazlandia is in the western area of the Federal District (DF), which is the most populous
region and with the highest population density, including the administrative regions of Brazlandia, Ceilandia, Taguatinga, and
Samambaia. (CODEPLAN, 2020). The cities grew along the Veredinha stream, and in 1992 the Veredinha Ecological Park was
created with the aim of protecting the springs and the riparian forest of the stream (CODEPLAN, 2020), which today is the main
tributary of the Lake, a postcard of the city of Brazlandia. This region is one of the main producers of vegetables in the Federal
District, and the largest producer of strawberries in the Midwest (CODEPLAN, 2020). This vegetable production depends on
local springs for irrigation and production. The Descoberto River supplies 60% of water for the population of the DF (Lima,
2004) and is located within Brazlandia, but does not supply this city (Lima et al., 2018).

Once this region has great importance for the water supply system for the entire Federal District and for the local
agriculture, especially for growing vegetables and fruits, due to the presence of the Descoberto River, these local needs greater
attention in monitoring the quality and preservation of existing water bodies in this area. Therefore, the objective of the study
was to verify the water quality of eleven the springs of the Regional City of Brazlandia, Federal District, Brazil, during the month
of May 2021.

2. Methodology
2.1 Area of study

The study was conducted in the administrative region of Brazlandia, located between the geographical coordinates of
South latitude of 15°36'37"S, West longitude 48°7'12"W and altitude of 1.0134 m (SEMA/DF-SISDIA, 2022). The climate of
the region, according to the Koppen classification, features dry winters and hot, rainy summers. During the dry period, the mean

values of maximum, minimum, and average temperature were 28.4 °C and 17.1 °C, respectively. (Lima et al., 2018; ICMBio,
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2014). Samples were harvested during the month of May 2021, in the afternoon, between 12 pm and 1 pm. Sixteen points were

chosen for the collection of water samples, as shown in Figure 1 and Table 1.

Figure 1 - Map of the administrative region of Brazlandia indicating the collection points of water of the study.

MAP OF WATER SAMPLES BRAZLANDIA - DF

152€00.000 154800.000 156600.000 158400.000 160200.000 162000.000 L63800.000 165600.000 167400.000

200°031£5T8 000°0088928 000 D0S0LZR

000 00#5928

100°00LE3T8

(J00'00£03Z8 000 000T9T8

000"00385Z8

0000050428

0000082929

£00°0012528

030 00k5929

100'00££528

Legend:

* Samples
= Water abstraction for imigation
[ Veredinha Ecological Park
B Bradancia - DF
[ Federal District
[ brazl
— Hydrographry
Esri Light Gray

007 Jo0T9Te

(RN EE

Spatial Reference system: Sirgas 2000
UTM Coordinates 22 S Zone
Data Scurces: IBGE, ADASA, IBRAM- DF
Created by Marcos Jogo da Cunha

00070058528

]
154800000 156600.000 158400000

160200000 162000.00 L63800.600

165500.000 167400 060

Souce: Authors.

Figure 1 shows the collection points of the study. The pink stars located on the map are the collection points in the rural

area of the administrative region of Brazlandia, and inside the Veredinha Ecological Park, DF, in May 2021.

Table 1 - Locations of water sample collection points in the springs located in the administrative region of Brazlandia, DF, in

May 2021.
Sam_pling Local CogaliEs (UL Characteristics
points Zone 22
1 Round spring AI\)I(DSgggEESGSQiOS Spring inside the Veredinha Park.
2 Spring stream Veredinha Park Al\)I(DSg(Z)gééS??SS Well after small waterfall inside the Park.
3 Bridge over creek Veredinha Park A ’\)I(Dsg(z)ggégs?f% Under bridge of theccrlsseslﬁn\é.eredinha, pedestrian
4 Quadri,i:’gg:';‘é":‘)é;?iide the AI\)I(DggggiggZSges Well after the old crossing inside the Park
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. X 800186,138
5 Lake Veredinha Park AND 8264227 575 Green lake near the mouth of the stream.
6 VC 541 X Beautiful Waters under X 798955,501 Under bridge next to encroachment and construction
Bridge AND 8263438,553 area.
. X 799645,122 .
7 Chapadinha stream next to BR 080. AND 8263106256 Creek bed near the entrance to the city.
8 Pottery vs. Indian Stream X 800179,376 Stream bed next to the bridge, near the monitoring
Bridge under BR 080 AND 8261186,633 station (CAESB)
. X 802149,539 Upstream of the bridge under Br 080, near the lake of

9 Rodeador Creek bridge under 080 AND 8258809193 Descoberto.

. . X 800948,77 Upstream of the bridge on a dirt road, near block 1
10 Jumping Creek under gravel bridge AND 8263421752 South.

X 802149,539 Bridge under the entrance of a farm producing
1 Pulador Creek AND 8264801,382 vegetables.
Water abstraction (CAESB) of the X 803566.03
12 Capéo da Onga Stream AND 8268668 697 Direct collection from the catchment lake (CAESB)
(FLONA/APM) '
Corrego Capdo da Onca bridge under X 802162,764 . . .
13 DF 445 (APM) AND 8268668,697 Under dirt road bridge, collect in the bed of the stream.
Water abstraction (CAESB/APM), X 801985,632 . .
14 Cérrego Barrocio, AND 8269454994 Direct collection from the catchment lake (CAESB)
15 Descoberto River, Ponte Divisa X 800308,686 Under bridge Br 080 of the Rio Descoberto, near
DF/GO BR 080 AND 8270797,705 Vendinha/GO
16 Descoberto Border River, DF/GO, X 796020,377 Road Brazlandia / Aguas lindas, near Padre Lcio /
Padre Lucio. AND 8264755,388 GO.

2.2 Collection and analyses of samples

Souce: Authors.

From each sampling point (Figure 1, Table 1), three liters of water were collected in plastic bottles (1L), previously
cleaned and dried. These samples were used in the evaluation of the presence of evolutionary forms of intestinal parasites. From
those points, three water samples were also collected in 50 ml Falcon tubes, which were used in the microbiological analyses for
the detection of total coliforms and the bacterium Escherichia coli, as described in section 2.2.1.

The samples were transported to the Microbiology Laboratory of the Anhanguera College of Brasilia — Taguatinga Unit
(FAB-UT), where the determination of pH the evaluation of the presence of enteroparasites, and the color characteristics (von
Sperling, 2005). The coloration of water can be caused by organic and inorganic substance. The turbidity is due to the presence
of suspended solids, of organic and inorganic origin, of total and thermotolerant coliforms, and Escherichia coli is the main
indicator of the presence of fecal contamination in the water body.

The samples were analyzed by the parasitological method of Spontaneous Sedimentation (Hoffmann et al., 1934). Each
water sample was divided into four sedimentation calyces and left to rest for 24 hours. Then the supernatants were discarded,
and the sediments (20 ml) were placed in 15 ml Falcon tubes, which were centrifuged at room temperature for 5 minutes at 2,500
rpm. The supernatants were discarded, and the sediments were resuspended in 1 ml of distilled water and analyzed by microscopy
until the exhaustion of the entire sample, the analyses were made using optical microscopy, with objectives of 10x and 40x.

The samples were considered positive when evolutionary forms were detected. The identifications were made by
comparison, using photos presenting morphological structures, in Medical Parasitology books (Rey, 2008; Neves et al., 2005),
Veterinary (Urquhart et al., 1998) and Atlas of Parasitology (Neves et al., 2005). Due to the similarities between man's intestinal
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parasites and the intestinal parasites of domestic and wild animals, most of parasites has been identified up to the genus. The
number of evolutionary forms of intestinal parasites detected in the total volume of water examined was given using the positive
sign (+), being: one (+), one to five (1-5) evolutionary forms of enteroparasites, two (++), six to ten (6-10), three (+++), 11 to 15

and four (++++), 16 or more, as indicated in Table 2.

2.2.1 Bacteriological analysis of water samples

For the analysis in the detection of bacteria, from each sampling point, 3 samples of 50 ml were collected. As a negative
control of the analyses, we used samples of filtered water, sterile water, and tap water. The samples were transferred to sterile
250 ml Erlenmeyer vials. For the diagnosis of total coliforms and Escherichia coli, the Colilert method was used, following the
recommendations of the Manufacturer (IDEXX Laboratories, Inc., Maine, USA). A capsule of the Colilert reagent was added to
each sample, which was homogenized manually and placed in an oven for incubation at 35 £ 0.5 °C for 24 hours. Then the
samples were placed in a laminar flow chapel and analyzed using ultraviolet (UV) light. In the presence of UV light, samples
negative for total coliforms and Escherichia coli do not change color or have a light-yellow coloration, samples positive for total
coliforms showed intense-yellow coloration, and samples positive for Escherichia coli present fluorescent staining.

The selection of this group of bacteria as an indicator of water contamination is based on several factors, (i) these
bacteria are commonly found in the feces of warm-blooded animals, including humans, (ii) they can be easily detected and
quantified using simple and cost-effective techniques, making them applicable to various types of water, (iii) their concentration
in contaminated water directly correlates with the degree of fecal contamination. Additionally, these bacteria have a longer
survival time in water compared to intestinal pathogenic bacteria, as they have lower nutritional requirements and are unable to
multiply or multiply at a slower rate in aquatic environments. Lastly, they exhibit greater resistance to surfactants and
disinfectants.

To meet the microbiological standard for drinking water safety, it is essential to have the absence of total coliforms in
a 100 ml sample after treatment. However, there are specific provisions outlined in Appendix | of Ministry of Health Ordinance
No. 2.914/2011. In the case of collective systems or solutions serving fewer than 20,000 individuals, the presence of total
coliforms is permissible in only one monthly sample. For collective systems or solutions supplying more than 20,000 individuals,
the presence of total coliforms is allowed in up to 5% of monthly samples. It is important to emphasize that regardless of these
allowances, the presence of Escherichia coli in water intended for human consumption is strictly prohibited (Ministério da Salde,
2011).

3. Results

Samples were collected from 16 different points (three samples from each sampling point) in the city of Brazlandia
(Figure 1, Table 1). In the sites, only remaining areas of riparian forest remained on the banks of the Veredinha stream, located
in this park, but with the presence and accumulation of solid waste and the other springs and streams were also polluted and with
little vegetation on the banks. The appearance of the water in most of the sampling points was cloudy (Figure 2), with an
unpleasant odor and a pH of 6.0. From the results (Figure 2, Table 2), it can be concluded that the characteristics of turbidity and

color are outside the potability standard.
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Figure 2 - Sample collection points. A: point 13, B: point 7. C: point 11 and D: point 7.

Souce: Authors.

Figure 2 (A, B, C, and D) shows some of the points chosen for the collection (Figure 1, Table 1) of samples for the
analysis of the water quality of the springs of the administrative region of Brazlandia.

A total of 48 samples were analyzed, three samples per collection point. All samples analyzed were positive for some
type of enteroparasites (Table 2), and Entamoeba coli cysts were the most abundant in the samples. Cysts of Entamoeba sp. were
also detected (+++), Entamoeba coli (+++), Giardia sp. (++), and larvae and eggs of helminths: filarioid larvae of Nematoda

(+++), Strongyloides sp. (+++), and eggs of: Ascaris sp. (++) and Toxocara sp. (++).
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Table 2 - Distribution of parasites and commensals detected in water samples collected in springs located in the city of
Brazlandia, DF, in May 2021.

WATER SAMPLE COLLECTION POINTS
PARASITES

1 2|3 | 4 s 6 | 7| 8 | 9 | 10| 1 | 12| 13 | 14|15 |

HELMINTHS

Ascaris sp. - + + +
Eggs - - - - - - - - - - -

Nematoda sp.

A +++ + + + +++ ++ ++++ + ++ ++++ ++ ++++ +++ +++
Filarioid larvae -

Nematoda sp. -+ + + o " + + ++ + +
Eggs - - - - -

Str_ongy_lmdes Ng ++ + + + + +++ ++ ++ ++
Filarioid larvae - - - - - _

Toxocara sp. -+ + + + +
Eggs - - - - - - - - - -

PROTOZOA

Entamoeba sp. 4+ 4+ ++ ++ + ++ ++
Cysts - - - - - - - B

Entargc;/i?sa coli + ++ _ _ ++ +++ ++ ++ e +++ +++ ++++ |+t

Giardia sp.
Cysts - - - - - - - - - -

Souce: Authors.

All samples collected from the sampling points were contaminated with fecal coliforms and Eschericha coli, as shown
in Table 3.

Table 3 - Distribution of water samples collected at different points of water courses in the administrative region of Brazlandia

and control water samples regarding the presence of total coliforms and Eschericha coli, in 2021.

Water sample collection points Total coliforms Eschericha coli
Filtered water (Drinker) - -

Sterile water

Tap water (Treated)

Round spring

Spring stream veredinha

Bridge over creek Veredinha

Quadra 5 walkway

Lake Veredinha

VC 541 X Waters under Bridge

Chapadinha stream next to BR 080

Stream Pottery x Indian Bridge under BR 080

Rodeador Creek bridge under BR 080

Jumping Creek under gravel bridge

Pulador Creek

Water abstraction (CAESB) of the Capdo da Onca Stream (FLONA/APM)
Cérrego Capdo da Onca bridge under DF 445 (APM)

Water abstraction (CAESB/APM) Cérrego Barrocéo.

Descoberto River, Ponte Divisa DF/GO BR 080

Descoberto Border River, DF/GO, Padre Lucio.

F [ ||+ ||+ || ||| |||+
N e e e e e o o S S S S S P

Souce: Authors.
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As shown in the data above, 100% of the collected samples were contaminated with total coliforms and Escherichia
coli, showing total disagreement with the guidelines imposed by Ordinance No. 2914/2011 of the Ministry of Health, where the

presence of Escherichia coli is not allowed in water for human consumption.

4. Discussion

The present study showed that 100% of the water samples evaluated were positive for some enteroparasite. The detection
of fecal coliforms confirms that the water used by the population and for irrigation in the cultivation fields for fruits and
vegetables, which are grown in the city of Brazlandia, was contaminated at the moment of this study. Data from the literature
corroborate these findings, as they show that total coliforms and Escherichia coli (Souza et al., 1983; Silva et al., 2006; Marques
et al., 2020) are often found in water and food and, when ingested by the population, can cause diseases and, in severe cases, can
generate morbidity and even lead to death (Santos et al., 2017; Correa et al., 2020).

The collection points were chosen aleatory by convenience in order to cover as much as possible the area of the
Administrative Region of Brazlandia, considering the location of the irrigation grant points provided by ADASA, this
information is public and is found in SISDIA (District System of Environmental Information).

The detection of high bacterial levels is often associated with high levels of pathogens in humans. Fecal coliforms,
represented mainly by Escherichia coli, have been extensively used in the monitoring of water quality and are considered the
most specific indicators of the quality of water destined for potability and breathability (Alm et al., 2003; Nogueira et al., 2003).
In addition, Escherichia coli is considered one of the main pathogens responsible for gastroenteritis in children in Brazil and is
especially associated with enteric infections caused by contaminated water (Vieira et al.,, 2010). The detection of this
microorganism indicates the possibility of fecal, animal or human contamination, and potential health risks due to association
with other enteric pathogens, meaning lack of hygiene (Priiss-Ustiin et al., 2014; Chard et al., 2020). As shown in the Table 1,
all water samples collected in the park area were contaminated by helminths, protozoa, coliforms, and Escherichia coli.

This fact can be explained by the topography and location of the park, which is in the middle of the city of Brazlandia,
where all the water collected by the rain drainage system comes from the newest part of the city and directed to the interior of
the park (Neto et al., 2016). A study using the Colilert method to analyze the microbiological water quality of springs in the
urban area of Piracicaba, SP, verified that 100% of the samples were contaminated by total coliforms. They related that the
period of higher rainfall had more positive samples for Escherichia coli, which leads to believe that the springs may be suffering
contamination through rainwater (Garboggini & Gallo, 1998). Our results corroborate these data. Probably, in the rainy season,
along with the rainwater carried all the garbage is present in the streets, so the area is extremely polluted with solid waste.
Another fact that should be taken into consideration is related to the constant leaks in the sewage collection network around the
park, where the effluent is thrown, by gravity, into the rainwater network. Consequently, sewage is released at various points in
the Veredinha stream, thus contaminating the stream water with evolutionary forms of enteroparasites, and fecal coliforms and
Escherichia coli.

It is important to highlight, as mentioned earlier, the supply of the city of Brazlandia depends exclusively on the existing
springs nearby, points 12 and 14 are the places of capture for supplying the city. These points are in the Capédo da Oncga and
Barrocdo streams, even though they are protected by the Springs Protection Area (Area de Protecdo de Nascentes-APN, in
portuguese). These areas near the springs and along the course of these water bodies have several uses and occupations, especially
the production of vegetables, the main economic activity of the region. A monitoring study conducted in the area (Aradjo et al.,
2011) showed the presence of chloride in the samples collected in this region. Chloride is indicative of possible contamination
by sanitary sewage that corroborates with our results that point out the presence of intestinal parasites, potentially pathogenic

found in the water samples.
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The other points evaluated, which are in the urban area, are in the vicinity of concession points for surface water
abstraction. This information is important because it can establish a connection between the results found for enteroparasites and
their importance in the water quality of neighboring water bodies that are used in the production of fruits and vegetables
(Takayanagui et al., 2006). Thus, there is a possibility that the contamination of the water of these analyzed springs comes from
vegetable residues that are grown near the streams and springs. Normally, in the places where horticulture exists, animals such
as birds, cattle, dogs, cats, and pigs also circulate, which can be carriers of enteroparasites and bacteria, which release in the
feces cysts, oocysts of pathogenic protozoa or commensals, helminth eggs and in the rainy periods end up being carried to the
water courses, contaminating them.

Data from the literature show that Giardia sp. circulates among different wild animals (Cunha, 2013), and in domestic
animals such as cattle (Oliveira et al., 2007), dogs (Bartmann & Araujo, 2004), cats (Thompson et al., 2008), and pigs (Matos et
al., 2016). Another pathogenic protozoan that can contaminate water is Balantidium coli. Usually, B. coli is found primarily in
pigs (Rodrigues, 2014), in these animals are rare cases of manifestation of the disease, another important fact that happens in
Brazil and also in Brazlandia is that the feces of pigs can be used as organic fertilizer in vegetable crops, and can then contaminate
the soil, and be dragged with rain to the springs, contaminating them and/or contaminating fruits and vegetables (Silva et al.,
2014; Machado et al. 2018; Maldonade et al., 2019).

Infections with intestinal parasites do not begin with fecal-oral contact by ingestion of water and/or food contaminated
with feces, by direct infection of larvae (Andrade et al., 2010; Dos Santos Carvalho et al., 2002), but also by sexual contact (anal
and oral) (Andrade et al., 2010; Sousa et al., 2017). Results already presented in the literature show that vegetables such as lettuce
(Maciel et al., 2014; Machado et al., 2018; Maldonade et al., 2019) and fruits, such as strawberries, are highly contaminated with
Balantidium coli cysts (Silva et al., 2014), Entamoeba sp, Giardia sp. (Silva et al., 2014), larvae of helminths, hookworms,
Strongyloides sp., and eggs of different Nematodes such as Ascaris lumbricoides and A. suum (Silva et al., 2014), hookworms
(Silvaetal., 2014), Toxocara sp. (Oliveira & Germano, 1992; Dall'agnol et al., 2010; Ferraz, et al., 2020). and commensals such
as Entamoeba coli and Endolimax nana (Maciel et al., 2014; Silva et al., 2014; Burlin & Sa, 2020).

Another group of enteroparasites detected in this study that circulate in man and among different groups of animals
such as birds (Souza et al., 2019), dogs (Zanetti et al., 2021), cats (Dall'agnol et al., 2010), pigs (Coutinho & Rabello, 1958;
Burlin & Sa, 2020) are the commensal protozoa Entamoeba coli, Entamoeba sp and Endolimax nana. Even in the case of non-
pathogenic protozoa, their detection in water or in fruits and vegetables indicates that feces are being released into the soil and
springs, that is, they are indicators of water potability and possible contamination by pathogenic parasites, since the source of
contamination and transmission are the same.

It is noteworthy that the lack of criteria for the use and occupation of the banks of streams, which are environmentally
sensitive areas, causes serious impacts on public health and the environment, changing the dynamics of the watercourse and
causing various imbalances, such as the intensification of erosive processes, silting of the bed of springs.

The main limitation of this study was the impossibility of performing the techniques of quantification of the organisms
found in the collected samples. In this way, we hope to carry out a more in-depth study with qualitative and quantitative molecular

methods and more robust statistical tests to obtain more accurate results to infer for other regions.

5. Final Considerations

It is concluded that the combination of several factors contributed to the microbiological contamination and degradation
of the spring’s areas and streams in the Administrative Region of Brazlandia, DF, Brazil. Among them, the inadequacy of urban

management models, which resulted in the absence of riparian forest, with exacerbated presence of solid waste, as well as water
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with cloudy appearance and unpleasant odor, indicating the presence of substances originated from residential sewage or from
the vegetables cultivation field that were released into those springs, which is a public health problem. In general, the local
Government has deficiencies in terms of human and financial resources, emphasizing that the lack of criteria and supervision of
the use and occupation of the banks of streams, environmentally sensitive areas, causes serious impacts on the environment.
These impacts substantially change the dynamics of the watercourse and cause various imbalances, such as the intensification of
erosive processes, silting of the bed of springs. We can also add the lack of integration between provisions of environmental and
urban legislation and the lack of information from society about the importance of protecting these areas.

The evaluation of water quality is extremely important and relevant to the health of the population. The commitment to
water quality must begin with the preservation of water sources and reservoirs, ensuring the presence of riparian forests, and
supervising the dumping of domestic, agricultural, and industrial sewage. Thus, it is necessary to adopt mitigating measures and
management of these water bodies the district government in order to ensure the health of both the environment and the
population. In addition, measures to raise awareness of the local population, through environmental education programs or
projects, can be important in helping these water resources.

References

Alm, E. W., Burke, J. & Spain, A. (2003). Fecal indicator bacteria are abundant in wet sand at freswater beaches. Water Research, 7(16):3978-82.
https://doi.org/10.1016/S0043-1354(03)00301-4.

Almeida, F. M., Silva, M. M. O. & Labarthe N. (2007). Giardia spp. in fecal samples of domestic cats from Rio de Janeiro, RJ. Acta Scient Vet. 35(2): 468-
469.

Andrade, E. C. De, Leite, I. C. G., Rodrigues, V. D. O., & Cesca, M. G. (2010). Intestinal parasitosis: A review of its social, epidemiological, clinical and
therapeutic aspects. APS Magazine, 13(2), 231-240.

Araljo, A. F, Trindade, P.O., Paula, T. C, Melo, S. K., & Vieira, H. P. (2011) Use of physicochemical parameters and bacterial strains of sanitary interest to
evaluate the quality of the waters of the lagoon varzea das flores, municipalities of contagem and Betim/Minas Gerais, Yearbook of the production of scientific
initiation, 14(23), 165-177.

Aratjo, P. C., Bilich, M. R, Lacerda, M. P. C., Carmo, F. F., Borges, T. D., Souza, R. Q., Bernardes, C. B., & Rolim, R. L. (2011). Evaluation of water quality
in a watershed with different types of agricultural use, through geoprocessing. In: XV Brazilian Symposium on Remote Sensing - SBSR, Curitiba, PR, Brazil,
INPE, 1419.

Bain, R., Cronk, R., Wright, J., Yang, H., Slaymaker, T. & Bartram, J. (2014). Fecal Contamination of Drinking-Water in Low- and Middle-Income Countries:
A Systematic Review and Meta-Analysis. PLOS Medicine 11(5): €1001644. https://doi.org/10.1371/journal.pmed.1001644.

Bartmann, A., & Aradjo, F. A. P. (2004). Frequency of Giardia lamblia in dogs attended by veterinary clinics in Porto Alegre city, RS, Brazil. Clinica e Cirurgia, 34(4).

Birth, C., Néri, H., Silva, L., Silva, R., Coelho, C., Vasconcelos, N., & Vala, H. (2010). Importance of Entamoeba histolytica and Entamoeba coli in man and
domestic animals. Portuguese Parasitological Act. 17(2): 121.

Burlin, J. W. H., & Sa, A. R. N. (2020). Parasitological analysis and management conditions of vegetables for own consumption from rural properties in the
municipality of Mamboré - Pr. SaBios-Journal of Health and Biology, 15(3), 57-63.
https://revista2.grupointegrado.br/revista/index.php/sabios/article/view/2669.

Buzelli, G. M., & Cunha-Santino, M. B. da (2013). Analise e diagnostico da qualidade da agua e estado trofico do reservatorio de Barra Bonita, SP. Revista
Ambiente & Agua, 8(1), 186-205. https://doi.org/10.4136/ambi-agua.930.

Chard, A. N., Levy, K., Baker, K. K., Tsai, K., Chang, H. H., Thongpaseuth, V., Sistrunk, J. R., & Freeman, M. C. (2020). Environmental and spatial determinants
of enteric pathogen infection in rural Lao People's Democratic Republic: A cross-sectional study. PLoS neglected tropical diseases, 14(4), e0008180.
https://doi.org/10.1371/journal.pntd.0008180.

CODEPLAN (2020). District Household Sample Survey - PDAD 2018. CODEPLAN report. Retrieved Jan 6, 2023, from https://www.codeplan.df.gov.br/wp-
content/uploads/2019/03/PDAD_DF-Grupo-de-Renda-compactado.pdf.

CONAMA-Conselho  Nacional do Meio Ambiente  (2005). Resolugdo Conama N° 357, de 17 de marco de 2005.
http://pnga.ana.gov.br/Publicacao/RESOLUCAO_CONAMA_n_357.pdf.

Correa, G. P. A, Lopes, L. N., & Rezende, S. S. R. (2020). Analysis of the quality of water for human consumption of a spring located in the neighborhood of
registro in Taubaté. Journal of biosciences-University of Taubaté, 26(1), 52-69.

Costa, I. A., Coelho, C. D., Bueno, C., Ferreira, |., & Freire, E. R. B. 0. (2010). Occurrence of gastrointestinal parasites in wild birds in the municipality of
Seropédica, Rio de Janeiro, Brazil. Brazilian Animal Science, 11(4), 914-922.

11


http://dx.doi.org/10.33448/rsd-v12i6.41954

Research, Society and Development, v. 12, n. 6, €14212641954, 2023
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v12i6.41954

Coutinho, J. O., & Rabello, E. X. (1958). Contribution to the study of the intestinal protozoa of the pig (Sus scrofa domesticus). Archives of the School of Hygiene
and Public Health, University of Sdo Paulo, 12(1), 67-78. https://doi.org/10.11606/issn.2358-792X.v12i1p67-78.

Cunha, M. J. R. (2013). Occurrence and molecular identification of Cryptosporidium spp. and Giardia spp. in Brazilian wild birds. Dissertation (Master in
Biological Sciences) - Federal University of Uberlandia, Uberlandia.

Dall'agnol, L. P., Otto, M. A., Da Silva, A. S., & Monteiro, S. G. (2010). Gastrointestinal parasites in naturally infected cats in the municipality of Santa Maria
in Rio Grande do Sul, Brasil. Acta Veterinaria Brasilica, 4(3),181-184.

Dos Santos Carvalho, O., Guerra, H. L., Campos, Y. R., Caldeira, R. L., & Massara, C. L. (2002). Prevalence of intestinal helminths in three mesoregions of the
State of Minas Gerais. Journal of the Brazilian Society of Tropical Medicine, 35(6), 597—600. https://doi.org/10.1590/s0037-86822002000600009.

Ferraz, A., Pires, B. dos S., Barwaldt, E. T., Bierhals, E. S., Marco, C. J. de Nizoli, L. Q., & Nobre, M. de O. (2020). Frequency of gastrintestinal parasites and
hemoparasites in dogs and cats served at the Veterinary Hospital of the Federal University of Pelotas (UFPel). Research, Society and Development, 9(8),
€10985356. https://doi.org/10.33448/rsd-v9i8.5356.

FUNASA (2013). Manual prético de analise de &gua / Fundagdo Nacional de Saide — 4. ed. — Brasilia: Funasa, 150. Retrieved June 06, 2023, from
http://www.funasa.gov.br/site/wp-content/files_mf/manual_pratico_de_analise_de_agua_2.pdf.

Garboggini, I. L. A., & Gallo, C. R. Research of Salmonella, Campylobacter, total coliforms and Escherichia coli in spring waters (spouts) in Piracicaba, SP.
In: Congresso Brasileiro de Ciéncia e Tecnologia De Alimentos, 16, 1998, Rio de Janeiro. Abstracts, Rio de Janeiro.

Gleeson, C., & Gray, N. (1996). The Coliform Index and Waterborne Disease: Problems of microbial drinking water assessment (1st ed.). CRC Press.
https://doi.org/10.4324/9780203476888.

Hoffman, W. A., Pons, J. A., & Janer, J. L. (1934). The Sedimentation Concentration Method in Schistosomiasis mansoni. Puerto Rico Journal Public Health
Tropical Medicine, 9, 3, 283-289.

ICMBio. (2014). APA Management Plan Discovered River Basin. Booklet 2 - Diagnosis of the APA Bacia do Rio Descoberto. Retrieved Jan 16, 2023, from
https://www.gov.br/icmbio/pt-br/assuntos/biodiversidade/unidade-de-conservacao/unidades-de-biomas/cerrado/lista-de-ucs/apa-da-bacia-do-rio-
descoberto/arquivos/apa_bacia_do_rio_descoberto_pm_encartes_12_e_3.pdf.

Libanio, P. A. C., Chernicharo, C. A. de L., & Nascimento, N. de O. (2005). A dimenséo da qualidade de &gua: avaliagdo da relacéo entre indicadores sociais,
de disponibilidade hidrica, de saneamento e de salde publica. Engenharia Sanitdria e Ambiental, 10(3), 219-228. https://doi.org/10.1590/S1413-
41522005000300006.

Lima, J. B. M. (2004) Study of surface water quality monitoring networks - the case of the Descoberto River basin. Master's thesis in Environmental Technology
and Water Resources, Department of Civil and Environmental Engineering, University of Brasilia, UnB, 112.

Lima, J. E. F. W., Freitas, G. K., Pinto, M. A. T., & Salles, P. S. B. A. (2018). Management of the water crisis 2016-2018: experiences of the Federal District.
Brasilia, DF: Adasa: Caesh: Seagri: Emater. https://www.adasa.df.gov.br/images/banners/alta.pdf.

Lin, L., Yang, H., & Xu, X. (2022). Effects of Water Pollution on Human Health and Disease Heterogeneity: A Review. Frontiers in Environmental Science,
10. https://doi.org/10.3389/fenvs.2022.880246.

Liu, L., Johnson, H. L., Cousens, S., Perin, J., Scott, S., Lawn, J. E., Rudan, ., Campbell, H., Cibulskis, R., Li, M., Mathers, C., Black, R. E., & Child Health
Epidemiology Reference Group of WHO and UNICEF (2012). Global, regional, and national causes of child mortality: an updated systematic analysis for 2010
with time trends since 2000. Lancet (London, England), 379(9832), 2151-2161. https://doi.org/10.1016/S0140-6736(12)60560-1.

Lloyd, B. J. & Bartram, J. K. (1991). Surveillance Solutions to Microbiological Problems in Water Quality Control in Developing Countries. Water Science and
Technology, 24 (2): 61-75. doi: https://doi.org/10.2166/wst.1991.0031.

Machado, E. R., Maldonade, I. R., Riquette, R. F. R., Mendes, V. S., Gurgel-Gongalves, R., & Ginani, V. C. (2018). Frequency of Enteroparasites and Bacteria
in the Leafy Vegetables Sold in Brazilian Public Wholesale Markets. Journal of food protection, 81(4), 542-548. https://doi.org/10.4315/0362-028X.JFP-17-
358.

Machado, P. J. O. & Torres, F. T. P. (2013). Introducéo & hidrogeografia. Cengage Learning.

Maciel, D. de F., Goncalves, R. G., & Machado, E. R. (2014). Occurrence of intestinal parasites in vegetables sold in fairs in the Federal District, Brazil. Journal
of Tropical Pathology, 43(3), 351-359. https://doi.org/10.5216/rpt.v43i3.32216.

Maldonade, I. R., Ginani, V. C., Riquette, R. F. R., Gurgel-Gongalves, R., Mendes, V. S., & Machado, E. R. (2019). Good manufacturing practices of minimally
processed vegetables reduce contamination with pathogenic microorganisms. Revista Do Instituto De Medicina Tropical De S&o Paulo, 61(14).
https://doi.org/10.1590/S1678-994620196101.

Marques, j. R. A., nunes-gutjahr, a. L., & braga, c. E. De s. (2020). Sanitary situation and water use of the Santa Cruz stream, municipality of Breves, Marajé
archipelago, Par, Brazil. Sanitary and environmental engineering, 25(4), 597-606. Https://doi.org/10.1590/s1413-41522020193204

Matos, D. J. M., Coelho, M. V., Bresciani, W. M. D., & Saraiva, K. D. (2016). Occurrence of Cryptosporidium spp. and Giardia spp. in weaning pigs.
Agricultural Sciences Seminar, 37(6), 4157-4160.

Ministério da Sadde (2011). Portaria n® 2.914, de 12 de dezembro de 2011. https://bvsms.saude.gov.br/bvs/saudelegis/gm/2011/prt2914_12 12 2011.html.
Moraes, D. S. de L., & Jorddo, B. Q. (2002). Degradation of water resources and its effects on human health. Journal of Public Health, 36(3), 370-374.
https://doi.org/10.1590/S0034-89102002000300018.

12


http://dx.doi.org/10.33448/rsd-v12i6.41954
https://www.bvs-vet.org.br/vetindex/periodicos/semina-ciencias-agrarias/
https://www.bvs-vet.org.br/vetindex/periodicos/semina-ciencias-agrarias/37-(2016)-6/

Research, Society and Development, v. 12, n. 6, €14212641954, 2023
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v12i6.41954

Neto, J. B., Freire, R., Rabelo, G. C., & Vendramin, C. A. V. (2016). Effect of water pollution due to urban runoff: preliminary analysis for the municipality of
Presidente Prudente — SP. In: XVII Luso-Brazilian Symposium on Sanitary and Environmental Engineering, 2016, Florianépolis. Annals of the XVII SILUBESA.
ABES/APR/APESB.

Neves, D. P., Wagner, R., Vitor, D. A., Mastigophora, S., Siqueira, A. M., Suzan, M., Michalick, M., Americana, L. T., Genaro, O., Reis, A. B., & Genaro, O.
(2005). Human Parasitology - Neves 11th ed. Human Parasitology, 127-138. https://doi.org/10.1086/521246.

Nogueira, G., Nakamura, C. V., Tognim, M. C. B., Son, B. A. A., & Dias, B. P. F. (2003). Microbiological quality of drinking water in urban and rural
communities. Journal of Public Health, 37(2), 232-236.

Oliveira, C. A. F. de., & Germano, P. M. L. (1992). Study of the occurrence of enteroparasites in vegetables sold in the metropolitan region of Sdo Paulo, SP,
Brazil: | - Research on helminths. Journal of Public Health, 26(4), 283-289. https://doi.org/10.1590/S0034-89101992000400011.

Oliveira, D., Costa, E., & Dias, T. (2007). Research of Giardia lamblia in humans and cattle in the region of Braganca. Bioanalysis,2, 67-69.
Pielou, E.C. (1988). Freshwater. Chicago: The University of Chicago Press, 275.

Popkin, B. M., D'Anci, K. E., & Rosenberg, I. H. (2010). Water, hydration, and health. Nutrition reviews, 68(8), 439-458. https://doi.org/10.1111/j.1753-
4887.2010.00304.x.

Pruss-Ustun, A., Bartram, J., Clasen, T., Colford, J. M., Jr, Cumming, O., Curtis, V., Bonjour, S., Dangour, A. D., De France, J., Fewtrell, L., Freeman, M. C.,
Gordon, B., Hunter, P. R., Johnston, R. B., Mathers, C., Miusezahl, D., Medlicott, K., Neira, M., Stocks, M., Wolf, J., ... Cairncross, S. (2014). Burden of
disease from inadequate water, sanitation and hygiene in low- and middle-income settings: a retrospective analysis of data from 145 countries. Tropical medicine
& international health: TM & IH, 19(8), 894-905. https://doi.org/10.1111/tmi.12329.

Rodrigues, A. D. (2014). Prevalence of intestinal parasites in dogs from an animal shelter in southern Brazil. Science in Motion - Biosciences and Health,
33.

Santos, P. H. S., Barros, R. de C. S., Gomes, K. V. G., Nery, A. A., & Casotti, C. A. (2017). Prevalence of intestinal parasitosis and associated factors among
the elderly. Revista Brasileira de Geriatria e Gerontologia, 20(2), 244-253. https://doi.org/10.1590/1981-22562017020.160137

Silva, M. P., Cavalli, D. R., & Oliveira, T. C. R. M. (2006). Evaluation of the coliform pattern at 45°c and comparison of the efficiency of the techniques of
multiple tubes and petrifilm ec in the detection of total coliforms and Escherichia coli in food. Food science and technology, 26(2), 352-359.
Https://doi.org/10.1590/s0101-20612006000200018.

Silva, S. R. M., Maldonade, I. R., Ginani, V. C., Lima, S. A., Mendes, V. S., Azevedo, M. L. X., Gurgel-Goncalves, R., & Machado, E. R. (2014). Detection of
intestinal parasites on field-grown strawberries in the Federal District of Brazil. Revista Da Sociedade Brasileira De Medicina Tropical, 47(6), 801-805.
https://doi.org/10.1590/0037-8682-0044-2014.

Smith, D. N. de. (2013). Documents 2 Preliminary diagnosis of fishing extension in the state of Tocantins. EMBRAPA Fisheries and Agriculture, 1, 50.

Souza, L. C,, laria, S. T., Paim, G. V., & Lopes, C. A. M. (1983). Total coliform bacteria and coliforms of fecal origin in waters used in the dessication of
animals. Journal of public health, 17(2), 112-122. Https://doi.org/10.1590/s0034-89101983000200005.

Souza, L. S., Andrade, A. M. F., Guilherme, E. & Santos, F. G. A. (2019). Endoparasites in wild birds in the Brazilian Amazon. Brazilian Journal of Veterinary
Medicine, 41, e105219. https://doi.org/10.29374/2527-2179.bjvm105219.

Takayanagui, O. M., Capuano, D. M., Oliveira, C. A. D., Bergamini, A. M. M., Okino, M. H. T., Castro and Silva, A. A. M. C., Oliveira, M. A, Ribeiro, E.
G. A., & Takayanagui, A. M. M. (2006). Analysis of the vegetable production chain in Ribeirdo Preto, SP, Revista da Sociedade Brasileira de Medicina
Tropical, 39(2), 224-226. https://doi.org/10.1590/S0037-86822006000200018.

Thompson, R. C., Palmer, C. S., & O'Handley, R. (2008). The public health and clinical significance of Giardia and Cryptosporidium in domestic animals.
Veterinary journal (London, England: 1997), 177(1), 18-25. https://doi.org/10.1016/j.tvjl.2007.09.022.

Tundisi, J. G. (2003). Ciclo hidrolégico e gerenciamento integrado. Ciéncia e Cultura, 55(4), 31-33.
http://cienciaecultura.bvs.br/scielo.php?script=sci_arttext&pid=S0009-67252003000400018&Ing=en&ting=pt.

Urquhart, G. M., Armour, J., Duncan, J. L., Dunn, A. M., Jennings, F. W. (1998). Veterinary Parasitology. 2 ed. Rio de Janeiro: Guanabara Koogan, 273.

Vasconcelos, V. M. M., & Souza, C. F. (2011). Characterization of water quality parameters of the Utinga spring, Belém, PA, Brazil. Journal Environment
& Water, Taubaté, 6(2), 305-324.

Vieira, J. N., Pereira, C. P., Bastos, C. G. G., Nagel, A. S., Antunes, L., & Villela, M. M. (2013). Parasites in vegetables sold in the south of Rio Grande do Sul,
Brazil. Journal of Medical and Biological Sciences, 12(1):45-9.

Von Sperling M. (2005). Introduction to water quality and sewage treatment. 3rd Ed. Belo Horizonte: Department of Environmental Engineering, Federal
University of Minas Gerais.

WHO (2011). Guidelines for drinking-water quality. Geneva: World Health Organization.
https://apps.who.int/iris/bitstream/handle/10665/44584/9789241548151 eng.pdf.

Zanetti, A. dos S., Silva, B. L. S. da, Barros, L. F. de, Garcia, H. A., Aguiar, D. M. de., Espinosa, O. A., & Malheiros, A. F. (2021). Epidemiological investigation

of gastrointestinal parasites in dogs from different environments in central Brazil: implications for human-animal-environmental health. Research, Society and
Development, 10(1), e31210111751. https://doi.org/10.33448/rsd-v10i1.11751.

13


http://dx.doi.org/10.33448/rsd-v12i6.41954
https://www.metodista.br/revistas/revistas-ipa/index.php/CMBS/issue/view/39

