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Abstract: Cryptosporidium and Giardia are pathogenic agents which cause risk to public health. The
goal of this research was to evaluate the risk of infection by cryptosporidiosis and giardiasis in a
population of the Cerrado biome and its relation to land use. Raw water samples were collected
from 41 different surface sources of the state of Goiás (Brazil). The parasites were quantified via
the membrane filtration method. The probability of an individual contracting an infection after
consuming contaminated water was estimated using the quantitative microbial risk assessment.
Generally, the analyzed watersheds (WS) presented Giardia cysts in 63.4% of the samples (<LD at
116.67 cysts/L) and Cryptosporidium oocysts in 87.8% of the samples (<LD at 300 oocysts/L). The WS
with pasture predominance were statistically associated with the presence of Cryptosporidium, in which
the possible contamination source is the excrements of animals. There is a greater risk of giardiasis. It
is concluded that there is a need to implement improvement actions regarding environmental quality
and the management of the use and occupation of surface sources in the Cerrado Biome, in order to
reduce the spreading of diseases and negative impacts to the local population.

Keywords: water resource; protozoan; risk of infection; gastroenteritis; basic sanitation

1. Introduction

The Brazilian Cerrado is a very diversified biome which occupies around 25% of
the national territory, taking up an estimated area of approximately two million square
kilometers [1].

Nowadays, the Cerrado area belonging to the state of Goiás is constituted by a consider-
able variety of urban and rural population. The latter presents different cultural references,
being denominated as traditional peoples and communities by the 3rd Article, item I of the
Decree n. 6.040 [2], including the indigenous, caiçaras, riparian, rubber tappers, remaining
quilombolas, and agrarian reform settlers, among others. Due to historical factors, financial
limitations, and the political and geographical isolation of the urban municipal building,
rural communities face more difficulties in obtaining access to health and sanitation public
services [3]. Therefore, this situation favors the contraction of infectious and waterborne
parasitic diseases, such as the acute diarrheal diseases (ADD). Such diseases prevail in
urban and rural areas, due to the difficulty of access to potable water, sanitation and
health units [4].

In countries in development such as Brazil, the sources of waterborne diseases are
sub-notified due to the difficulties tied to vigilance and notification systems [5]. The
ADD caused by infectious agents had more incidences in the year of 2010 in the state
of Goiás (Brazil), with 92.883 cases notified in the general population, while in the age
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range of children with 4 years and below, such a group being more vulnerable, there were
62.900 cases [6].

In the scope of public health, water represents a source of waterborne gastrointestinal
diseases (GI) when contaminated by both treated and untreated domestic sewers, which are
sent into the surface sources used for consumption and recreational activities [7]. Among
the infection agents, there are the protozoans, particularly the Cryptosporidium spp. and the
Giardia spp., which in recent years have been responsible for several waterborne-disease
outbreaks around the world [5,8].

In order to mitigate the impacts on population health, the UN adopted a group
of global objectives in order to improve people’s quality of life, among these are the
Sustainable Development Goals (SDG 6), with goals to be reached by 2030, including
achieving universal and equitable access to potable water, in a safe manner, covering both
urban and rural environments [9].

Among the actions which can be implemented to fulfill UN’s goals is the preservation
of most common native vegetation (savannah and countryside) in the Cerrado Biome, as
they contribute to the maintenance of water resources [10] and interfere in the parasitic
quality of raw water [11]. In addition, surface water destined for human-consumption
water supply systems and solutions should be monitored, as established in Brazil by the
Decree n. 888 of the Ministry of Health [12].

Besides these actions, it is possible to estimate the daily and annual risk of infection,
by pathogens, of the population, which allows to infer the possible contamination of water
for human use through micro-organisms of fecal origin. The quantitative microbial risk
assessment (QMRA) is an alternative, which uses a mathematical model combined with
contamination scenarios, dose–response relationship, population at risk, exposure routes
and information of the treatment barriers, when existing, and also pathogenic-agent-specific
characteristics [13]. The potential effects of pathogenic exposure, daily and annual, must be
inferior to the accepted risk of infection per 10,000 inhabitants (10−4) [14]. This risk has also
been quantified in watercourses in the United States [15], Costa Rica [16], Brazil [17–19]
and Canada [20].

There are several risk factors which cause threats to the Cerrado, particularly the deficit
in inspection, deforestation, unorderly expansion of the agricultural and livestock farming
borders, forest fires and environmental contaminant agents which provoke water and
soil pollution. Thus, considering that the Cerrado Biome has the richest hydrological net
in Brazil [21], covering the source of three important South-American watersheds, São
Francisco, Tocantins-Araguaia and Paraná [22], it is of extreme importance to study the
probability of infection from the consumption of surface-source water located in the urban
and rural areas of this Biome.

In this context, this study aimed to evaluate the annual risk of infection by cryp-
tosporidiosis and giardiasis in a population in the Cerrado biome and its relationship to risk
factors coming from land use and occupation.

2. Materials and Methods
2.1. Area of Study and Sampling

The area of study covers 41 watersheds (WS) of the state of Goiás, all of these with
their respective sources belonging to the Brazilian Cerradoi biome [10], with humid tropical
predominant climate [23].

Of the outlined WS, 51.2% (21/41) (Figure 1) are located in rural communities (quilom-
bola, riparian or agrarian reform settlements), where the consumption of untreated raw
water is common, due to the challenges of universalization of sanitation services, the local
economic hardships and lack of knowledge or resistance to the process of disinfection using
chlorine [3]. Besides that, the surface sources are commonly used for leisure activities,
domestic services, food growing and other similar activities.
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Figure 1. Location of the sampling points destined towards public supply and use by rural areas
distributed among the Hydric Resources Planning and Management Units of the state of Goiás
(source: drafted by the authors).

The remaining 48.8% of the watersheds (20/41) (Figure 1) are related to places where
collection for public supply is conducted, the monitoring of protozoans in raw water
being extremely important [24], given that the possible contamination of the water sources,
failures in the treatment process and contamination of reservoirs were responsible for 82%
of the outbreaks of waterborne diseases reported between 2011 and 2016 [5].

In order to contribute to the decision making regarding planning and management of
hydric resources, the sampling points were distributed among Hydric Resources Planning
and Management Units in Figure 1 [25].

The collection of raw water was conducted in punctual manner in all the 41 watersheds’
outlets, between September 2019 and October 2020, considering the accessibility conditions.

2.2. Collection and Parasitological Analysis

For the quantification analyses of (oo)cysts of the protozoans Cryptosporidium spp. and
Giardia spp., 20 liters of raw-water sample were collected from each point, and stored within
polyethylene recipient, previously cleaned with elution solution (Tween 80 at 0.1%). Next,
the samples were transported under refrigeration to the Water Analyses Laboratory (LAnA)
located in the School of Civil and Environmental Engineering (EECA) of the Federal Univer-
sity of Goiás (UFG), where the analyses were conducted. For this, the Membrane Filtration
method was applied (MF) [26,27] with the application of direct Immunofluorescence Assay
(FA) in the blades preparation step, employing the Kit Merifluor® (Meridian Bioscience
Diagnostics, Cincinnatti, EUA).

The (oo)cysts were detected by the bright fluorescent apple-green color; absence of
pores or appendixes; side of 8–18 µm length, 5–15 µm width and oval format for Giardia
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cysts; size of 4–6 µm in diameter and sphere format for Cryptosporidium oocysts [28]. The
results were expressed in (oo)cysts/L, calculated using Equation (1) [29].

CP =
N of (oo)cysts visualized

Volume of analyzed sediment (µL)
× Volume of obtained sediment (µL)

Volume filtered from the sample (L)
(1)

where:
CP = Protozoan concentration ((oo)cysts/L).
In the quality control tests to verify the method’s reliability, three samples of 2 L of

ultra-pure water were contaminated with (oo)cysts obtained from the inoculum of (oo)cysts
from the Kit Merifluor®.

2.3. Probability of Infection

The probability of micro-biological infection risk was determined by QMRA [13]. It
is an evaluation model developed in the following steps: (i) identification of dangerous
agents or ‘pathogen-reference’; (ii) exposure evaluation; (iii) dose-response evaluation; and
(iv) risk characterization [13]. This study did not analyze clinical cases of cryptosporidiosis
and giardiasis in the population residing in rural and urban areas of the Brazilian Cerrado.

The pathogen reference selected in this study were the Giardia spp. and Cryptosporidium
spp. (oo)cysts. In the case of pathogen concentration below the method’s limit of detection
(LD), the minimum concentration of 1 (oo)cysts/L was adopted, according to USEPA [28],
given that the analyses considered as absent underestimate the risk.

The exposure meaning analyzed was the ingestion of raw water from surface source,
considering a scenario of consumption without previous treatment, similar to other pub-
lished studies [20,30,31]. Thus, the worst case possible was adopted, due to possible failures
in the treatment system, which could cause infections in the exposed population [5]. The
possible means of exposure are illustrated in Figure 2.
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Equation (2) was adopted to estimate the amount of pathogens ingested by an individ-
ual in a single exposure event [13].

d =
N
Tr

.10−R.V (2)

where d is the average dose of Giardia spp. and Cryptosporidium spp. (oo)cysts ingested in
each exposure event; N is the average concentration of the aforementioned (oo)cysts in the
consumed water; Tr is the rate of recovery of the pathogen’s quantification method; R is the
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rate of pathogen removal in water treatment (%); and V is the per-capita consumption of
water ingested per day (L/day).

The dose-response evaluation results are of experimental studies on the effects on the
health of the population exposed to concentrations of Giardia spp. and Cryptosporidium
spp. (oo)cysts ingested by the population [13]. To estimate the probability of infection for a
single exposure, an exponential mathematical method was used (Equation (3)), which has
already been used in previous research [14,31,32].

PInf(d) = 1 − e(−d.r) (3)

where PInf(d) is the probability of daily infection for a single exposure; d is the average dose
of pathogens ingested per exposure (Equation (2)); amd r is the characteristic parameter of
dose–response interaction.

Regarding the characterization of risk, the annual infection probability was estimated
from Equation (4) [13]. Due to the inexistence of a limit value in Brazil for the characteri-
zation of acceptable risk, the USEPA [14] concept of acceptable risk of annual infection of
10−4 was adopted. This level is appropriate to guarantee the safety of water destined for
human consumption [33].

PInf(a) = 1 −
[
1 − PInf(d)

]n
(4)

where PInf(a) is the probability of annual infection resulting from n exposures to the same
dose; and n is the number of exposures per year.

The parameters used to determine the probability of infection are presented in Table 1
for the pathogen reference used in this study

Table 1. Parameters used to determine the probability of infection by (oo)cysts of Giardia spp. and
Cryptosporidium spp. pathogens through the exponential mathematic method.

Parameter
Pathogen-Reference

Reference
Giardia ssp. Cryptosporidium ssp.

V (L/day) 1 2 2 [24]
Tr (%) 78.1 60.6 [19]
R (log) 0 0 NA

r * 0.0199 0.0042 [13]
n (days) 365 365 NA

Notes: 1 Needed water volume for purposes of health; however, this value can vary due to climate conditions,
level of activity throughout the day and diet. * The values in parameter “r” were defined by [13] considering the
Cryptosporidium parvum e Giardia lambia species. NA = not applicable.

2.4. Characterization of Land Use and Occupation

The area of each watershed was outlined in automated form by the GRASS tool, an
extension available within the software QGIS® (version 3.18) from the use of the algorythm
r. watershed, based on data from the digital elevation models do Shuttle Radar Topography
Mission (SRTM), in 30 m resolution, made available by the United States Geological Survey
(USGS).

The data on use and occupation of land were extracted from the database in Colletion
3.1 of MapBiomas, concerning the year of 2017 [34] and categorized into forest, non-forest
natural formation, pasture, agriculture, agricultural and pasture mosaic, area without
vegetation and water bodies.

2.5. Statistical Analysis

Using the Pearson’s correlation analysis, we determined of the association of Giardia
spp. cysts and Cryptosporidium spp. oocysts concentration among themselves and qual-
itative/quantitative variables (land use and occupation, watershed area and raw-water
turbidity), through the program R 4.0.2 [35].
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From the correlation’s result, a model was proposed to preview, with certain precision,
the quantitative of (oo)cysts of the protozoans to be identified in the raw-water sample,
from the characterization of the watershed. For this, a linear and/or multiple regression
was used, considering only the variables which presented better correlations with the
protozoan (oo)cysts concentration.

Seeking to find the association to the concentration of protozoans and the main
typologies of land use and occupation, multiple correspondence analysis (MCA) was
used in the program R 4.0.2 [35] using the FactoMineR (for analysis) and Factoextra (for
data visualization). For this, the data regarding forest, agriculture and pasture were
classified as “below 30%”, “between 30 and 50%”, “between 50 and 80%” and “above
80%”. The concentration of Giardia spp. was characterized as “below 0.05 cysts/L” and
“above 0.05 cysts/L”, in conformity to the alert level of 0.03 to 0.05 cysts/L suggested
by [36] and the concentration of Cryptosporidium spp. as “below 0.3 oocysts/L’ and “above
0.3 oocysts/L”, according to the alert level of 0.1–0.03 oocysts/L [37].

This exploratory technique allows the visualization of the association between different
qualitative variables in a graphic. The value of “cos2” varies from 0 to 1, parameter which
defines the quality of the correlation coefficient of the active variables with the studied
dimensions, if the sum of “cos2” is next to one (1), the variable is well-represented by the
adopted dimensions [38].

Cluster analysis was adopted for the definition of parameter groups which possess
characteristics in common.

3. Results

The results revealed prevalence of the (oo)cysts of Giardia spp. and Cryptosporidium
spp. protozoans in watercourses in the state of Goiás (Table 2), particularly the surface
sources with identification (ID) 1, 14 and 18, which presented the maximum values of
116.67 cysts/L and 300 oocysts/L (Figure 3). The average value of Giardia spp. and
Cryptosporidium spp. was, respectively, 25.17 cysts/L and 75.19 oocysts/L (Figure 3). Of
the total amount of analyzed samples, 63.4% were positive for Giardia cysts and 87.8% for
Cryptosporidium oocysts.
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Table 2. Summary of the concentration of pathogens identified in raw water, the limit of detection of
each sample, probability of annual infection and main use of the analyzed water.

ID Surface Source Name Turbidity
(NTU)

Giardia
(cysts/L)

Cryptosporidium
(oocysts/L)

LD
((oo)cysts/L)

Pinf(a)
Giardia 1

Pinf(a)
Cryptosporidium 1

1 Pedras Creek PS 5.98 116.67 133.33 8.33 1.00 1.00
2 Boa Esperança Creek PS 6.86 100.00 175.00 8.33 1.00 1.00
3 São Manoel Creek PS 6.80 66.67 208.33 8.33 1.00 1.00
4 Cerrado Creek PS 7.19 58.33 216.67 8.33 1.00 1.00
5 Santana Creek PS 12.40 66.67 66.67 8.33 1.00 1.00
6 Dirceu Creek PS 5.93 58.33 108.33 8.33 1.00 1.00
7 Anda Só Creek PS 11.90 16.67 108.33 8.33 1.00 1.00
8 Forquilha Creek PS 2.11 16.67 62.50 4.17 1.00 1.00
9 Pari River PS 7.38 <LD 8.33 8.33 1.00 1.00

10 Barro Alto Creek PS 7.47 <LD 58.33 8.33 1.00 1.00
11 Novo River PS 4.99 50.00 66.67 8.33 1.00 1.00
12 Almas River PS 4.84 58.33 66.67 8.33 1.00 1.00
13 Jatobá Creek PS 2.44 8.33 16.67 4.17 1.00 1.00
14 Olho D’água Creek PS 16.30 116.67 250.00 16.67 1.00 1.00
15 Uru River PS 2.64 79.17 54.17 4.17 1.00 1.00
16 Poções Creek PS 6.95 <LD <LD 4.17 1.00 9.94 × 10−1

17 Morcego Creek PS 4.99 <LD 8.33 8.33 1.00 1.00
18 Palmeiras Creek PS 62.10 41.67 300.00 8.33 1.00 1.00
19 Café Creek PS 15.7 <LD 8.33 4.17 1.00 1.00
20 Barreirinha Creek PS 4.69 8.33 45.00 1.67 1.00 1.00

21 Santa Maria Creek UR 7.48 <LD 11.67 1.67 1.00 1.00
22 Formiga Creek UR 14.5 16.67 91.67 8.33 1.00 1.00
23 Mata Creek UR 15.4 8.33 208.33 8.33 1.00 1.00
24 São Jorge Creek UR 15.8 8.33 241.67 8.33 1.00 1.00
25 Pombal River UR 3.59 <LD <LD 8.33 1.00 9.94 × 10−1

26 Fundo Creek UR 18.2 33.33 141.67 8.33 1.00 1.00
27 Santa Família Creek UR 3.57 1.67 10.00 1.67 1.00 1.00
28 Pica Pau Creek UR 1.37 <LD 8.33 1.67 1.00 1.00
29 São Sebastião Creek UR 2.62 4.17 4.17 4.17 1.00 1.00
30 Sucuapara Creek UR 4.14 <LD 4.17 4.17 1.00 1.00
31 Retiro Creek UR 19.3 <LD <LD 8.33 1.00 9.94 × 10−1

32 Araguaia River UR 7.74 <LD 22.22 11.11 1.00 1.00
33 Água Limpa Creek UR 21.7 4.17 12.50 4.17 1.00 1.00
34 Gameleira Creek UR 3.67 8.33 <LD 4.17 1.00 9.94 × 10−1

35 Affluent of Maranhão
RiverUR 2.11 8.33 4.17 4.17 1.00 1.00

36 Landi Creek UR 3.8 <LD 100.00 16.67 1.00 1.00
37 Araguaia River UR 11.8 16.67 83.33 16.67 1.00 1.00
38 Araguaia River UR 5.07 <LD 88.89 22.22 1.00 1.00
39 Cachoeirinha Creek UR 1.38 44.44 66.67 11.11 1.00 1.00
40 Macaco Creek UR 17.6 <LD <LD 5.56 1.00 9.94 × 10−1

41 Grande Creek UR 26.4 <LD 16.67 8.33 1.00 1.00

Average 1.00 9.99 × 10−1

Notes: 1 PInf(a) is the probability of annual infection; PS = public supplying; UR = use in the rural environment;
LD = Limit of Detection.

The turbidity results (Table 2) obtained in each surface source studied (Figure 1) were
distributed between 1.37 and 62.10 NTU; the maximum value of 62.10 NTU belongs to
Palmeiras Creek (ID 18) (Figure 3). The values are in accordance with Brazilian regulations
for freshwater bodies, classes 1, 2 or 3, used for human consumption after treatment, which
establishes Turbidity ≤ 100 NTU [39].

In all the analyzed watersheds, the annual infection risk by the pathogen reference
surpassed the acceptable risk of 10−4 [14] in the magnitude of at least 9.94 × 103; therefore,
the surface sources presented unfavorable parasitological conditions for human consump-
tion. The results indicated an annual risk in all surface sources analyzed of 1.00 for Giardia
cysts (Table 2) and of 9.94 × 10−1 for Cryptosporidium oocysts in Poções Creek (ID16), Pom-
bal River (ID25), Retiro Creek (ID31), Gameleira Creek (ID34) and Macaco Creek (ID40),
whereas the other sampling points an presented infection probability equal to 1.00. Thus,
the average annual risk caused by oocyst was of 9.99 × 10−1 (Table 2).

The results of land use and occupation are presented in Table 3 and Figure 4 and
categorized in forest, non-forest natural formation, pasture, agriculture, agricultural and
pasture mosaic, area without vegetation and water bodies.
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Table 3. Data regarding land use and occupation in the watersheds (WS).

ID WS Area
(km2) Forest (%)

Non-Forest
Natural

Formation (%)
Pasture (%) Agriculture

(%)

Mosaic of
Agriculture and

Pasture (%) 1

Area without
Vegetation

(%)

Water Bodies
(%)

1 216.01 24.34 0.70 45.61 11.20 18.16 0.00 0.00
2 28.51 23.95 0.33 75.33 0.39 0.00 0.00 0.00
3 132.21 15.50 0.03 71.61 4.75 8.02 0.00 0.10
4 39.34 12.53 0.01 86.32 0.91 0.23 0.00 0.00
5 27.67 14.40 0.03 83.12 2.43 0.00 0.03 0.00
6 14.93 26.29 0.68 35.95 28.49 7.57 0.93 0.10
7 91.22 28.28 0.73 51.83 13.67 4.83 0.00 0.66
8 11.75 62.70 0.12 37.17 0.00 0.00 0.00 0.00
9 908.53 29.82 0.37 66.40 2.92 0.37 0.13 0.00

10 33.83 51.81 4.20 40.88 0.16 2.72 0.16 0.07
11 217.69 29.45 0.17 61.14 2.52 6.67 0.01 0.03
12 10,984.71 32.40 0.69 52.23 6.93 7.12 0.38 0.25
13 18.29 12.20 0.11 24.16 50.27 11.73 0.00 1.53
14 25.12 28.05 0.86 71.10 0.00 0.00 0.00 0.00
15 3534.70 32.36 0.37 54.34 12.14 0.44 0.36 0.00
16 26.38 29.00 0.00 36.60 28.82 0.00 5.58 0.00
17 8.20 99.53 0.00 0.45 0.00 0.00 0.01 0.00
18 42.32 18.29 0.00 81.14 0.00 0.00 0.56 0.05
19 18.11 21.25 0.00 73.83 4.41 0.00 0.51 0.00
20 10.65 13.28 0.00 86.55 0.00 0.00 0.10 0.08

21 428.62 62.09 0.00 26.56 8.36 0.00 2.95 0.04
22 14.07 23.18 0.00 75.99 0.00 0.00 0.73 0.11
23 202.16 29.98 0.00 69.70 0.06 0.00 0.08 0.24
24 126.31 21.41 0.00 77.97 0.02 0.00 0.01 0.60
25 138.07 75.61 0.00 23.33 0.96 0.00 0.06 0.05
26 42.19 35.78 0.00 54.24 9.87 0.00 0.03 0.08
27 79.89 50.21 0.00 49.68 0.02 0.00 0.03 0.06
28 12.88 58.95 0.00 40.71 0.35 0.00 0.00 0.00
29 150.44 26.49 3.96 31.04 38.24 0.00 0.16 0.11
30 36.53 12.92 0.04 39.07 47.64 0.00 0.04 0.30
31 16.52 11.07 0.00 87.80 1.13 0.00 0.00 0.00
32 51,161.88 36.20 3.96 51.68 7.64 0.00 0.27 0.25
33 8.80 29.43 0.06 70.29 0.00 0.00 0.01 0.22
34 5.51 82.02 0.02 17.11 0.85 0.00 0.00 0.00
35 5.07 66.66 7.45 25.89 0.00 0.00 0.00 0.00
36 51.26 36.71 1.33 60.56 0.26 0.00 0.52 0.62
37 68,117.81 34.18 3.59 55.31 6.27 0.00 0.28 0.38
38 117,515.70 34.08 2.80 58.21 4.03 0.00 0.27 0.61
39 29.98 56.98 31.78 8.96 0.00 0.00 2.29 0.00
40 33.33 84.67 0.00 13.75 0.00 0.00 0.50 1.08
41 128.40 42.09 7.43 45.54 3.94 0.00 0.38 0.62

Average 36.98 1.75 51.68 7.31 1.66 0.42 0.20

Note: 1 The mosaic of agriculture and pasture indicates the WS areas in which it was not possible to identify if
they represented agriculture or pasture.

Generally, the watersheds are predominantly occupied by agribusiness activities, in
which the average percentage of pasture identified was of 51.68% (CV 0.45), while forests
were 36.98% (CV 0.59) and agriculture 7.31% (CV 1.76) (Figure 4). The WS of Morcego
Creek (ID 17) has the maximum percentage of forest (99.53%) and the Retiro Creek of
pasture (87.80%), as shown in Table 3 and Figure 4.

The watershed with a percentage of man-made cover of the type pasture above 50%,
such as the basins with ID 2–5, 7, 9, 11, 12, 14, 15, 18–20, 22–24, 31–33 and 36–38 present a
greater risk of infection of parasitic diseases, as they are associated to elevated protozoan
concentration above the alert level (Figure 5). The watersheds with ID 8, 10, 17, 21, 25, 27,
28, 34, 35, 39 and 40 seem better preserved and with a smaller contamination risk, due to
the high incidence of forests at a percentage above 50% (Figure 5).
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In Table 4, the results of Pearson’s linear correlation for the presence of (oo)cysts of
Giardia and Cryptosporidium are presented, as well as the qualitative/quantitative variables.
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Table 4. Result of the correlation of Pearson among Giardia spp. cysts and Cryptosporidium spp.
oocysts, and of the aforementioned with qualitative/quantitative variables.

Variable Giardia Cryptosporidium

Area (km2) −0.139 −0.010
Turbidity (NTU) 0.027 0.455

Giardia spp. (cysts/L) 1.000 0.581
Cryptosporidium spp. (oocysts/L) 0.581 1.000

LD ((oo)cysts/L) 0.218 0.412
Forest (%) −0.327 −0.418

Non-forest natural formation (%) 0.017 −0.086
Pasture (%) 0.277 0.532

Agriculture (%) −0.066 −0.232
Mosaic of agriculture and pasture (%) 0.452 0.132

Area without vegetation (%) −0.129 −0.173
Water bodies (%) −0.290 −0.058

The application of the multiple regression model allowed for the obtaining of Equation (5)
for the estimated concentration of Giardia spp. cysts in a surface source based on the area
percentage of a watershed occupied by forest and the mosaic of agriculture and pasture, which
presented an R2 of 0.25, and a minimum percentage error of 5%, and a maximum of 769%. For
the estimation of Cryptosporidium spp. oocysts, Equation 6 was obtained through the simple
linear regression between oocysts and the percentage of area occupied by pasture, which
presented an R2 of 0.28, and a minimum and maximum percentage error of 2% and 1301%,
respectively.

concentration of cysts = 32.08 − 0.35 ∗ forest area + 3.45 ∗ mosaic area (5)

concentration of oocysts = −22.87 + 1.89 ∗ pasture area (6)

Figure 5 shows the distribution of variables along two dimensions of the MCA, with
greater dispersion along the horizontal axis. These two first dimensions explain 54.20% of
the variability in the group of analyzed data, being that the parameters “pasture between
30 and 50%”, “forest above 80%”, “pasture below 30%”, “pasture between 50 and 80%” and
“concentration ‘above 0.3 oocysts/L’ and ‘below 0.3 oocysts/L’” were well-represented by
the two dimensions, as verified by the gradient which indicates the “cos2” value next to
one (1). The other variables need more than two dimensions to perfectly represent the data.

The group of qualitative variables were organized into four cluster groups (Figure 6).
In the first group, the concentration of Cryptosporidium below 0.3 oocysts/L was better
associated to the occurrence of pasture below 30% and forest above 80%. In the third group,
the concentrations above 0.3 oocysts/L and 0.05 cysts/L were better associated to pasture
above 50%, followed by the percentage of forest below 50% and agriculture below 30%
(Figure 6). In a fourth group, the concentration of Giardia below 0.05 cysts/L is identified in
WS with occurrence of forest and agricultural areas between 50 and 80, indicating, thus, that
the less man-made interference watersheds suffer, that is, with more forest and less pasture,
the less susceptible they are to the occurrence of these protozoans and, consequently, they
have a lower risk of parasitic diseases.



Water 2023, 15, 158 11 of 16

Water 2023, 15, x FOR PEER REVIEW 11 of 16 
 

 

 
Figure 5. Bi−plot graphic containing the degree of association between variables and the dimensions 
of the multiple correspondence analysis. 

 
Figure 6. Dendrogram of the qualitative variables used in the multiple correspondence analysis 
distributed into four cluster groups. 

4. Discussion 
The inspection of the quality of water sources, particularly the parasitological 

conditions, is of imperative importance, since the protozoan Cryptosporidium spp. and 
Giardia spp. present high infectiousness, survive for long periods of time in the 
environment and are resistant to the traditional process of disinfection of water with 
chlorine [24,40–42]. The ingestion of few (oo)cysts may cause infection in a susceptible 
host [43]. 

Figure 6. Dendrogram of the qualitative variables used in the multiple correspondence analysis
distributed into four cluster groups.

4. Discussion

The inspection of the quality of water sources, particularly the parasitological condi-
tions, is of imperative importance, since the protozoan Cryptosporidium spp. and Giardia
spp. present high infectiousness, survive for long periods of time in the environment and
are resistant to the traditional process of disinfection of water with chlorine [24,40–42]. The
ingestion of few (oo)cysts may cause infection in a susceptible host [43].

The negative impacts to public health due to parasitological quality of the surface
sources in the Brazilian Cerrado may spread to larger extensions, trespassing the national
border, since this Biome contains the spring of the three biggest watersheds in South
America [44]. The inspection of parasitological contamination may allow managers in the
health sector to identify the source of contamination and establish necessary actions to limit
transmission and prevent outbreaks [8].

In general, the concentration of pathogens in different surface sources of the Brazilian
Cerrado (Table 2 and Figure 1) was superior to other research which analyzed the same
hydric environmental compartment, such as in one important water gathering watershed
in the Southeast region of Brazil, where the maximum concentration of 3.4 cysts/L and
0.1 oocysts/L [2] was identified. Another example was on South Nation River and Grand
River, in Canada, with average values of 0.1076 and 0.1550 Cryptosporidium spp./L oocysts,
respectively [30].

For each sampled location, it was assumed that there would be no water treatment
barriers or that treatment technology was ineffective in the removal and deactivation of
pathogens; hence, the GI disease annual infection risk from the consumption of water
without previous treatment presented an average value of 1.00 of Giardia and 9.99 × 10−1

for Cryptosporidium (Table 2); thus, all the analyzed surface sources exceed the acceptable
risk of 10−4 established by USEPA [14].

Besides facing a significant challenge to implement actions of hydric intervention, once
that they lack resources and professionals with technical knowledge and experience [31].

The QMRA results, the standard method to evaluate giardiasis and cryptosporidiosis
infection risk in developing countries [44], indicated greater worry with the annual average
infection risk by Giardia spp. (PInf(a) = 1) (Table 2). In research conducted in Canadian
supply sources, the probability of annual infection by Giardia spp. cysts was 9.2 times the
risk of contamination by cryptosporidiosis [31].

It is observed that for the calculation of QMRA, it was considered that all the (oo)cysts
were infectious for humans; therefore, the absence of investigation into the ineffectiveness of
the (oo)cysts constitutes a significant limitation of the model [15], given that only the species
of C. hominis and C. parvum [45,46] and G. duodenalis [47] cause diseases in human beings.
In possession of that information, the results of risk are analyzed in a liberal manner [48],
as they help in understanding the risks related to the pathogen and non-pathogen species
present in the water.
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Besides that, the risk of infection probability calculation method adopted in this
research, as well as in other works [15,20,30], did not take into consideration that immune-
compromised individuals, such as the elderly, children, pregnant women and HIV carriers
are more vulnerable to the infection by these pathogens.

In Brazil, there are no epidemiological data on cryptosporidiosis and giardiasis in the
studied regions, since these do not belong to the list of diseases of compulsory notification
in public and private health services, according to Portaria nº 888 [12]. However, even in the
absence of these data considered a gold standard, Burch [49] proved that the QMRA is a valid
method to predict disease rates due to cryptosporidium and giardia, after comparing the
results obtained with epidemiological measurements of outbreaks of gastrointestinal diseases.

Despite, in this study, the risk of giardiasis being greater, at a world level such behavior
was diverging: the reports of waterborne protozoan disease outbreaks between the years of
2011 and 2016 had as etiologic agent the Cryptosporidium spp. in 67% of the cases and Giardia
spp. in 37% [5]. In the period between 2017 and 2020, the percentage was 76% and 19%,
respectively [8]. In Goiás, the incidence of ADD was of 15.50 per one thousand inhabitants
in the year of 2010 [6]; therefore, it is worthy of detailed epidemiologic investigation into
infectious waterborne diseases in municipalities [12].

The statistical analysis (Table 4) revealed that the concentration of cysts found was
moderately correlated to the mosaic of agriculture and pasture (0.452) and it was inversely
related to the percentage of forest area (−0.327), while the presence of oocysts was better
associated with the presence of pasture (0.532), indicating that the greater the pasture
area, the greater the concentration of protozoans. In addition to this indicator, it was also
observed that the presence of oocysts is related to turbidity; it presented a linear correlation
of 0.455. The influence of conditions of land use in the parasitology quality of the surface
sources was confirmed in the study conducted in Costa Rica, where the presence of urban
areas promoted greater protozoan concentration [16].

Table 4 shows that there is moderate correlation among the water-quality parameters.
For example, when the turbidity increases there will be a significant count of Cryptosporid-
ium spp. oocysts in the environmental samples, similar to the results obtained in raw-water
samples in Australia, in which turbidity was related to greater concentration of Giardia and
Cryptosporidium [50].

The population residing in the watersheds with pasture percentage above 50% is
more susceptible to infections (Table 3, Figures 3 and 4), given that this type of land use
was associated to a concentration above alert level of 0.03 to 0.05 cysts/L [36] and 0.1–0.3
oocysts/L [37], in which a single sample above these limits increases the exposure to
protozoans identified in the watershed of Olho D’água Creek (ID 14) and Palmeiras Creek
(ID 18) (Table 2), in which pasture was predominant in 71.19% and 81.14%, respectively
(Table 3).

These results suggest that the excrements of bovines can be a pollution source for
the analyzed surface sources. The watersheds with predominant urban areas in Costa
Rica presented a greater concentration of pathogens and the urban sewage spill was
characterized as the main pollution source, hence there being no seasonal variation in the
protozoan concentration [16].

The use of land identified as agriculture, with percentages between 50 and 80%, was
statistically related to the concentration of Giardia spp. below 0.05 cysts/L (Figures 3 and 4).
This type of soil is partially recommended for water-collection basins for supply, given that
it has the capacity of retaining microbial polluters [51].

The watersheds with forest percentage above 50% (Figures 3 and 4) may indicate that
the source is protected, given that the incidence of (oo)cysts is below the alert level of 0.03
to 0.05 cysts/L [36] and 0.1–0.3 oocysts/L [37]. However, in general, these surface sources
also present unfavorable parasitological conditions to human consumption, given that the
risk of infection surpassed the preconized limit by USEPA [14] and the passage of (oo)cysts
through the treatment barriers might compromise the population’s health and cause GI
disease outbreaks [31].
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The transitions of land use of the Cerrado biome, until 2019, indicated a deforestation
of 46%, being that 31% of the areas were transformed into pasture, 9% into soy plantations,
2% into sugarcane plantation and 2% in other cultures [10], corroborating, thus, to the
results that the use of land has effects regarding the risk of protozoan infection, given that
the low indexes of protection of this biome affect the vital hydric resources [44].

The estimator models of protozoan (oo)cysts hereby developed, despite presenting
great error amplitude, make it possible to realize a preliminary evaluation of the presence
of the aforementioned from informations of use and occupation of land and they can
contribute with data for water safety plans (WSP), based on the identification of risk
scenarios related to the type of land use in WS.

5. Conclusions

The presented work allowed to conclude that:

• Animal excrements may be a source of contamination in the Brazilian Cerrado, that is, a
potential risk to public health. Given that, the greater presence of Cryptosporidium spp.
oocysts is associated to watersheds with greater use by pasture and lesser presence
of forests

• The greater presence of Giardia spp. cysts is directly associated to the percentage of
mosaic of agriculture and pasture in the watershed, and indirectly to the presence of
forests. There is greater risk for infection by giardiasis.

• The watersheds with pasture above 50% are more susceptible to cause cryptosporid-
iosis or giardiasis infection, and those with forest above 50% as safer due to a lower
concentration of the protozoans. However, all waters are inadequate for consumption
without previous treatment.

• The annual infection risk was overestimated, but it is a trustworthy and biologically
plausible tool for the analysis of risk in rivers of the Brazilian Cerrado, which contribute
to three massive South American watersheds.

Finally, the studied surface sources located in the Brazilian Cerrado possess high
incidence of Giardia spp. cysts and Cryptosporidium spp. oocysts. These little systems
require financial investment, environmental quality action improvements and management
of the use and occupation of land to mitigate the risks to the health of the population.

6. Recommendations

• A detailed epidemiological investigation in the cases of ADD in the analyzed munici-
palities is recommended for validating the estimated risk of infection using the QMRA.

• It is recommended to amplify the temporal period for sample collection and the
acquisition of data regarding use and occupation of land in better resolutions to
improve the precision of the (oo)cysts estimator model.
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