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Nitrate in drinking water in rural communities in Goias, Brazil
Nitrato em agua de consumo humano em comunidades rurais de Goids, Brasil
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ABSTRACT

RESUMO

Access to safe drinking water is a fundamental human right, yet rural
communities often face challenges related to nitrate contamination,
posing risks to public health. This study assessed the presence of nitrate
and health risks in 24 rural communities in the state of Goias, Brazil.
Atotal of 158 water samples from surface and groundwater sources were
analyzed to determine nitrate concentrations, Hazard Quotient (HQ),
and Hazard Index (HI). Nitrate was detected in 60.1% of the samples,
with concentrations ranging from non-detectable to 11.6 mg/L, with the
highest levels having being observed in shallow wells. Although mean
HQ and HI values remained below 1.0, maximum values exceeding this
threshold were recorded in hand-dug and shallow tube wells, indicating
increased health risk. Communities relying on individual water supply
solutions and characterized by inadequate sanitation infrastructure
exhibited the poorest indices. Rudimentary pit latrines were present in
70.8% of the communities, and 29.2% had distances shorter than 45 m
between latrines and water abstraction points, increasing the potential
for cross-contamination. Animal excreta in household yards were
identified in 16 communities, further exacerbating water vulnerability.
The poorest results were associated with the use of wells as the primary
water source, with a predominance of shallow hand-dug wells in Lageado
(11 of 13 samples) and shallow tube wells in Olhos d’Agua. Overall, the
findings indicate a higher risk of nitrate contamination in individual water
supply systems, particularly in rural settlements and where pit latrines
are located near abstraction points. In contrast, surface water sources
and collective supply systems showed lower nitrate concentrations,
below health risk thresholds, underscoring the need for continuous
monitoring — especially in communities with HI>1.0 — and for the
implementation of preventive and educational measures.

Keywords: risk indicator; diffuse pollution; chemical risk; rural sanitation;
hazard index; shallow dug well; shallow tubular well; rudimentary
septic tank.

O acesso a agua potdvel é um direito fundamental, mas comunidades
rurais ainda enfrentam desafios relacionados a contaminagdo por
nitrato, comprometendo a saude humana. Este estudo avaliou a
presenca de nitrato e os riscos a saude em 24 comunidades rurais no
estado de Goias. Foram analisadas 158 amostras de dgua de mananciais
superficiais e subterrdneos, determinando-se as concentragGes de
nitrato, o Hazard Quotient (HQ) e o Hazard Index (HI). Detectou-se nitrato
em 60,1% das amostras, variando de “ndo detectado” a 11,6 mg/L, com
as maiores concentragées em pogos rasos. Embora as médias de HQ e HI
tenham permanecido abaixo de 1,0, valores maximos superiores foram
registrados em pogos escavados e tubulares rasos, indicando maior
risco a saude. Comunidades com solugdes individuais e infraestrutura
sanitaria precaria apresentaram os piores indices. A presenca de
fossas rudimentares foi observada em 70,8% das comunidades, e
29,2% apresentaram distancia inferior a 45 m entre fossa e captagao
de dgua, aumentando o risco de contaminagdo cruzada. Excretas de
animais no quintal foram identificadas em 16 comunidades, agravando
a vulnerabilidade hidrica. Observou-se que os piores resultados estdo
associados ao uso de pogos como principal fonte de abastecimento,
com predominancia de pogos rasos escavados em Lageado (11 de 13
amostras) e de pogos tubulares rasos em Olhos d’Agua. Os dados indicam
maior risco de contaminagdo por nitrato em solugdes individuais de
abastecimento, especialmente em assentamentos rurais e na presenga
de fossas proximas as captagdes. Em contraste, mananciais superficiais
e sistemas coletivos apresentaram menores concentragdes, abaixo dos
limites de risco a saude, reforgando a necessidade de monitoramento
continuo, sobretudo em comunidades com HI>1,0, e da adogdo de
agoes preventivas e educativas.

Palavras-chave: indicador de risco; poluicdo difusa; risco quimico;
saneamento rural; hazard index; pogo raso escavado; pogo tubular raso;
fossa rudimentar.
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Introduction

According to the United Nations Organization (ONU, 2019), the
right to drinking water and basic sanitation access is essential for hu-
man dignity, and must be ensured to everyone. In that sense, one of the
Sustainable Development Goals (SDG) seeks to guarantee, until 2030,
the equitable and universal access to these resources, reinforcing the
importance of global actions to face the challenges imposed by the lack
of sanitation and good quality water to public health and the environ-
ment (ONU, 2019). The absence of the aforementioned services jeop-
ardizes the well-being of population and environmental sustainability,
which turns the adoption of effective measures into an urgent matter.

In Brazil, demographic changes that occurred throughout the 20"
century, propelled especially by the rural exodus and the advancement
of urbanization, have intensified the pressure over the water supplying
urban systems, while rural areas remained with deficient structure.
This demographic shift has highlighted structural inequalities between
the urban and rural contexts, especially in regard to the access to
drinking water and basic sanitation (Brasil, 2019). Rural communities,
especially, face significant challenges concerning water quality, since
many are located in isolated areas of difficult access (Galezzo and Ro-
driguez Susa, 2021; Silveira et al., 2024), which increases the difficulty
for the implementation of adequate water supplying systems. In these
areas, dependence on individual sources, such as springs (Scalize et al.,
2014; Rukavishnikov et al., 2024), rainwater cisterns (Scalize et al.,
2021; Garcfa-Avila et al., 2023) and underground wells (Scalize et al.,
2014; Braimah et al,, 2021; Lopes et al., 2023; Stokdyk et al., 2025) is
a common occurrence, although these do not always guarantee the
potability of water. Furthermore, the intensification of agricultural
activities, marked by the growing use of fertilizers and other agro-
chemicals, has contributed to the contamination of hydric resources
(Bijay-Singh and Crasell, 2021; Campbell et al., 2023). Studies show
that this sort of contamination increases the levels of nitrate, ammonia
and fecal coliforms, besides reducing dissolved oxygen, which further
compromises the quality of water available for human use (Alfarisy
et al,, 2020). This increases the risks of waterborne diseases, affecting
the health and development of these populations. In that sense, it is
fundamental to analyze the rural reality based on its specificities, for
instance by means of case studies. Evaluations that consider the phys-
ical, chemical and microbiological parameters of water are essential
to estimate the sanitary vulnerability of the exposed populations, as
can be seen in several research papers (Islam et al., 2021; Zhang et al,,
2021; Assis et al., 2022; Braga et al., 2022; Scalize et al., 2022; Rezende
et al., 2023; Abdipour et al., 2025).

Among these contaminants, nitrate sets itself apart due to its
high solubility and mobility, which makes it a pollutant of high reach,
both in surface and underground waters. Besides being the result of
the intensive use of fertilizers, nitrate is also associated with lack of

basic sanitation, since the inadequate disposal of domestic effluents
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and slurry contribute to its presence in water, often accompanied by
pathogenic microorganisms (Qasemi et al., 2018; Freitas et al., 2001;
Oliveira, 2023). The presence of nitrate in water might be related to the
weaknesses in responsibility and accountability regarding water supply
(Prickett et al., 2023), demanding more attention from managers.

The main channel of human exposure to nitrate is the ingestion
of contaminated water and food. In higher concentrations, nitrate can
be converted to nitrite in an organism, which oxidizes hemoglobin
and methemoglobin, compromising oxygen transportation in blood.
The consequences of such include symptoms such as a reduction of
oxygen to tissues, artery pressure drop, an increase in cardiac rhythm,
abdominal cramps and vomit, with the possibility of being fatal (Wang
etal, 2022; Yang et al., 2022; Zakaria et al., 2022; Pinheiro, 2023).

Considering these risks, the use of tools which allow the evaluation
of the impact of ingestion of contaminated water in human health is
essential. Among the available methods, Hazard Quotient (HQ) and
Hazard Index (HI) stand out; these are indicators used to estimate the
non-carcinogenic risk from the relation between exposure dose and
reference values that are considered safe (USEPA, 1989; Eggers et al.,
2018; Zhang et al., 2021).

Therefore, the goal of the present study is to evaluate the environ-
mental risk related to the consumption of water in rural communities,
through analysis of the concentrations of nitrate in different hydric
sources and the application of HQ and HI indices, in order to identify

potentially vulnerable populations.
Materials and Methods

Area of study

The study was conducted in 24 rural communities in the State of
Goids, involving 13 quilombola communities, four riparian communi-
ties and seven agrarian reform settlements (Chart 1). These communi-
ties are situated in the state of Goids, they belong to the Brazilian Cerra-
do biome (Rodrigues et al., 2022), and have been selected in the scope of
the “Environmental Sanitation and Health in Rural and Traditional Com-
munities of Goids — SanRural” Project (Projeto SanRural, 2021-2022).

Sample collection nitrate analysis and data treatment

The water samples were collected between September 2019 and
October 2020, stemming from different supply sources: rainwater cis-
terns (19), excavated shallow wells (47), shallow tube well (31), deep
tube well (28), headwaters (17) or springs (16). The collection was
conducted in a timely manner in the aforementioned sources, being
properly secured, and the samples were preserved under refrigeration
and individually analyzed. All the procedures of collection, preserva-
tion and determination of nitrate were conducted according to ultra-
violet (UV) spectrophotometry as described in the Standard Methods
for the Examination of Water and Wastewater (APHA et al., 2022).
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Additionally, in the moment of visitation, the number of families in
each community was surveyed.

All the results, as well as the average and median concentrations,
were tabulated in an electronic spreadsheet and analyzed according to
the source of consumption, and the type of supplying system (water
supply systems — WSS and individual supply solution — ISS). Lastly,
the communities in which the nitrate values extrapolated the concen-
tration limits of 10 mg/L were detected, based on the limit established
by the United States Environment Agency (USEPA, 2024), as well as
Annex XX of the Ordinance of Consolidation n. 5, updated by Decree
GM/MS N. 888 (Brasil, 2021).

Hazard quotient and hazard index

Considering the nitrate results obtained for the 158 samples ana-
lyzed, HQ and HI were determined for two distinct scenarios: type of
water supply source used for human consumption; and water consumed
by the community, irrespective of source. HQ determination was done
in light of the demographic group, using reference values (Table 1).

From the results of daily ingestion, a comparison of the results with
the Reference Dose (RfD) was conducted (Equation 1).

CDI

HQ:Rf—D (1)

In which:

CDI: Chronic Daily Intake (mg/kg/day);

RfD: Reference Dose for the contamination channel chosen ac-
cording to the demographic group (adult, children, baby) (mg/Kg/
day), also defined as Acceptable Daily Ingestion (ADI) by Brazil's
Health Surveillance Agency (ANVISA).

Both HQ e and HI were determined in the places where nitrate was
detected, irrespective of quantity. For that, calculations were made to
determine the estimated daily ingestion of the population exposed to
risk (Equation 2).

Cy * IR xEF xED

CDlprq = BW * AT (2)

Chart 1 - Names of the analyzed communities, with its respective municipalities and typology.

Arraial da Ponte (R) Agua Limpa
Baco Pari (Q) Posse
Canabrava (Q) Flores de Goias
Castelo Retiro Trés Rios (Q) Simolandia
Extrema (Q) Taciara

Forte (Q) Sio Jodo da Alianga
Itaja 2 (A) Goianesia

Joao de Deus (A) Silvania
Lageado (A) Sdo Miguel do Araguaia
Landi (R) Nova Crixas
Olhos d’Agua (R) Gameleira
Pelotas (Q) Monte Alegre de Goids

Q: quilombola community; A: agrarian reform settlement; R: riparian community.

Pouso Alegre de Goids (A)
Povoado Moinho (Q)

Mineiros

Alto Paraiso de Goids

Povoado Verissimo (R) Goiandira
Povoado Vermelho (Q) Niquelandia
Rochedo (A) Professor Jamil
Santa Fé da Laguna (Q) Barro Alto
Sdo Domingos (Q) Cavalcante
Sao Lourenco (A) Uruagu
Sdo Sebastido da Garganta Silvania

Sumidouro (Q) Padre Bernardo
Taquarussu (Q) Campos Belos
Vazante (Q) Divinopolis de Goids

Table 1 - Parameters considered for the Hazard Quotient calculation, with its respective reference values regarding the age range of the analyzed population.

Adult Child
(>19 years OId) (6 to 12 i OId)
1,5

Baby
(<1 year OId)

Ingestion Rate IR (L/day) USEPA (1989)
Exposure Frequency EF (days/year) 365 365 365 USEPA (1989)
Exposure Duration ED (year) 70 10 1 USEPA (1989)
Average Individual Body Weight* BW (kg) 70 20 10 USEPA (1989)
Average time of exposure to the AT (days) 14600 3650 365 USEPA (1989)
contaminant

Reference Dose RfD (mg/kg/day) 1.6 1.6 1.6 Qasemi et al. (2018)

*For communities above the maximum nitrate concentration value, calculations using the real average weight of the community were made.
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In which:

CDLI: Chronic Daily Intake (mg/kg/day);

Cw: concentration of contaminant in the potable water (mg/L);
BW: average individual body weight (kg);

AT: average time of exposure to the contaminant (days);

IR: Ingestion Rate (L/day);

EF: Exposure Frequency (days/year);

ED: Exposure Duration (year);

ET: Exposure Time (h/day).

Based on this comparison between chronic daily intake and ref-
erence dose, the HQ was obtained, which must be inferior to 1.0 in
order to indicate no risk of health effects. If its value is above 1.0, it is
concluded that the potential negative effects to health are increased,
although this does not mean that such effects will inevitably appear
(USEPA, 1989). Using the results obtained in equation 1, HI was deter-
mined as the sum of the HQs (Equation 3).
HI = HQy + HQ, + - + HQ, 3)

After the HQ calculation, with the help of an electronic spread-
sheet, the results for each age range were compared among each other,
as were the limits established by USEPA with the Brazilian law of 10
mg/L.

Lastly, the HQ and HI results for each nitrate concentration were
grouped in two manners for a better understanding of the two distinct
scenarios, one analysis being made according to the rural community,

and another according to the water source for human consumption.

Contamination sources
In the present study, possible contamination sources were identi-
fied; the presence of a septic tank, rudimentary cesspit or direct dispos-
al in water bodies; the existence of animal excreta in the terrain; and a
distance between the water source and rudimentary cesspit below 45 m.
The results were then recorded in a spreadsheet and analyzed
descriptively with regard to the presence of nitrate in the water sup-

ply sources.
Results

Presence of nitrate in function of the water supply source

The 158 results regarding nitrate (Appendix 1) pointed to its pres-
ence in 60.1% of the samples (95/158). They were distributed as a func-
tion of the supply source and type of system, 16 of which being related
to a WSS (three from headwater, 12 from a deep tube well and one a
shallow tube well), and 142 to an ISS (19 cisterns, 16 from a surface
spring, 14 from headwater, 47 from an excavated shallow well, 16 from

a deep tube well and 30 from a shallow tube well).

4

Considering all samples, the nitrate concentrations vary from “un-
detected” up to 11.6 mg/L, with a variation coefficient of 16 to 64%
(Table 2), very high dispersion (CV>30%) for cistern water (rainwater),
average dispersion for excavated wells (10%<CV<20%) and high dis-
persion (20%<CV<30%) for the other sources (Pimentel-Gomes, 1987).

The greatest dispersion observed in the nitrate concentrations
were seen in rainwater cisterns (CV=64%), varying from 0.1 to 2.1
mg/L (Table 2 and Figure 1). This fact might be related to the lack of
maintenance and periodical cleaning of these structures, as report-
ed in other studies which have highlighted the importance of regular
cistern cleaning in order to avoid the contamination of stored water
(Santos et al., 2023).

It was also possible to observe a variability in nitrate concentra-
tions according to the water supply source (Figure la). The greatest
concentrations were observed in well water. In excavated shallow wells
and tube shallow wells, the maximum values of 9.7 and 11.6 mg/L were
found, respectively, the latter extrapolating the limit of 10 mg/L. It is
noteworthy that the outliers (Figure la), considered atypical values,
were included in the analysis. In a general manner, it was identified that
no presence of nitrate was detected in 63 samples (39.9%), with greater
absence in shallow springs (83.3% — 15/18), followed by headwaters
(70.6% — 12/17), which reached a maximum concentration of 0.4 and
0.9 mg/L, respectively.

The results of this study corroborate previous research studies
which point to the greater vulnerability of subterranean waters to con-
tamination by nitrates, especially due to anthropic action linked to or-
ganic residues (Gan et al., 2022; Soleimani et al., 2022). In contrast, sur-
face waters present smaller concentrations (Alaburda and Nishihara,
1998; Ministério das Cidades, 2009), suggesting shorter exposure, but
not being exempt from risk, mainly in areas with intensive agricultur-
al activity (Yang et al., 2022). The analysis of sources in WSS and ISS
shows better quality in the WSSs regarding nitrate levels (Figures 1b
and 1c), indicating that they are, in general, safer.

These findings emphasize the importance of understanding the
processes that influence the dynamics of nitrogen, especially in rural
areas. In this context, leaching presents itself as an essential compo-
nent, even though it is frequently neglected due to the difficulty in-
volved in its quantification and to its discrete nature. Nonetheless, this
process may generate significant impacts, contributing to the contam-
ination of surface water bodies and, especially, subterranean waters
(Dahan et al., 2014).

Presence of nitrate in rural communities’ waters

The communities covered by the 16 WSS, quilombola and riparian,
include a total of 624 families (Table 3), while the ISSs total 142 fami-
lies. It is possible to observe that the nitrate concentration in waters of
collective systems (WSS) varied from “undetected” to 1.80 mg/L, with
an average of 0.35 mg/L and a median of 0.05 mg/L.
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The families supplied by ISS waters are exposed to greater nitrate
concentrations (Figure 2), especially subterranean waters (Figure 1a).
It is noteworthy that, among the agrarian reform settlements studied,
none is supplied by WSS, which puts that population in a more vul-
nerable condition to nitrate contamination. Furthermore, it is neces-
sary to warn about the presence of atypical values (outliers) in waters
of certain communities, such as Rochedo, Sio Lourengo, Landi, Su-
midouro and Pelotas (Figure 2b), and the presence of specific con-

tamination sources, which demand more thorough investigation.

The outliers may distort the central tendency values (Valladares
Neto et al., 2017), but cannot be discarded due to their importance
in the analysis.

It was also observed that, in the communities of Povoado Moinho
(1 sample of WSS) and Povoado Vermelho (1 WSS and 1 ISS samples),
where the water consumed originates from headwaters, the presence
of nitrate was not detected. On the other hand, in the remaining 22
evaluated communities, nitrate was identified in 95 out of the 155 re-

maining samples.

Table 2 - Minimum and maximum nitrate concentrations detected in the rural communities’ supply sources, as well as the average and median values, variation

coefficient and standard deviation.

Supply Source Quantity of Nitrate Concentration (mg/L) DP
Samples Min Max. N7 m (mg/L)

Cistern (rainwater) 19 0.1 2.1 0.853 0.7 0.544 64
Surface Spring 16 0.0* 0.4 0.044 0.0 0.102 25
Headwater 17 0.0* 0.9 0.071 0.0 0.227 31
Excavated Deep Well 47 0.0* 9.7 1.436 0.4 2.358 16

Deep Tube Well 28 0.0* 4.5 0.629 0.1 1.197 18
Shallow Tube Well 31 0.0* 11.6 1.287 0.1 2.836 22
Overall Total 158

*Samples where nitrate presence was not detected.

Figure 1 - (a) Concentration of nitrate detected in the water supply sources of rural communities, (b) covered by Water Supply Systems (WSS) or (c) by Individual

Supply Solution (ISS).
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Hazard quotient and hazard index The results of HQ and HI indicate that, in spite of all the wa-

ter supply sources presenting average values below 1.0, there are

By water supply source sources which obtained values above the limit when considering the
Table 4 presents the results obtained for HQ (adults, children and maximum concentration.

babies) and for HI, regarding the minimum, median and maximum These findings are consistent with previous studies which used the

nitrate concentrations detected for each water supply source. HI or HQ to evaluate the risk of contamination in waters destined for

Table 3 - Nitrate concentration in waters distributed by the water supply systems and covered population.

Water supply source Community WSS Municipality Numb?fn(;lfa%l;;:(l’lj::)overed Nitrate (mg/L)

Baco Pari (Q) Posse 44 (4.5) 0.40
Castelo Retiro Trés Rios 1 (Q) 0.10
Castelo Retiro Trés Rios 2 (Q) ND
Simolandia 70 (2.5)
Castelo Retiro Trés Rios 3 (Q) 0.20
Castelo Retiro Trés Rios 4 (Q) ND
Canabrava (Q) Flores de Goids 108 (3.0) 0.10
Deep tube well
Extrema (Q) Taciara 41 (2.7) 1.30
Povoado Verissimo (R) Goiandira 27 (2.5) 0.90
Pouso Alegre de Goias (Q) Mineiros 8(2.4) 0.10
Vazante 1 (Q) ND
Divindpolis de Goids 129 (2.9)
Vazante 2 (Q) 1.80
Sdo Domingos (Q) Cavalcante 77 (3.4) ND
Shallow tube well Olhos d’Agua (R) Gameleira de Goids 8 (3.0) 0.80
Povoado Moinho (Q) Alto Paraiso de Goids 47 (3.6) ND
Headwater Forte (Q) Sao Jodo da Alianga 39 (2.3) ND
Povoado Vermelho (Q) Niquelandia 26 (2.3) ND
624 families
Total 16 WSS (1,873 inhabitants)

ND: Undetected; Q: quilombola community; R: riparian community.

Figure 2 - Nitrate concentration detected in water supply sources of communities, presented by the means of supplying, which includes (a) water supply
systems (WSS) and (b) individual supplying solution (ISS).

6

Revista Brasileira de Ciéncias Ambientais (RBCIAMB) | v.61 | e2577 | 2026



Nitrate in drinking water in rural communities in Goias, Brazil

human consumption in rural areas (Meng et al., 2021; Zakaria et al.,
2022), especially with regard to contamination by nitrate (Eggers
et al,, 2018; Qasemi et al., 2018; Zhang et al., 2021). It is important to
highlight that, even if the HQ values for adults are below the 1.0 limit,
chronic exposure to nitrates in moderate concentrations might have
long-term cumulative effects, such as an increase in cardiovascular dis-
eases and carcinogenic potential (Wang et al., 2022; Liu et al., 2023).
Therefore, even in communities with low HQ values, it is necessary to

implement preventive measures to reduce exposure to nitrates.

By community

The results for HQ for demographic groups: adults, children and
babies, as well as HI regarding quality in terms of nitrate for different
communities (Table 5), indicate a non-cancerous risk associated with
the ingestion of nitrate through water. HQ and HI values for the com-
munities of Povoado Moinho and Povoado Vermelho were not calculat-

ed, both of which are served by headwater, and no nitrate was detected.

The communities of Lageado, Olhos dAgua and Sumidouro pre-
sented the greatest HQ and HI values based on maximum nitrate
concentrations, which was expected, considering the greatest levels
observed in these locations. However, upon considering the concen-
trations’ median, the highest HQ and HI values were verified in the
communities of Arraial da Ponte, Extrema and Povoado Verissimo.
Even so, all the communities remained below the limits established by
USEPA (2024) for this parameter.

Due to the greater susceptibility of children and babies, given their
smaller body weight and greater water consumption by weight unit, these
groups tend to present higher HQ values (Table 5 and Figure 3), as also
observed in Sichuan, China (Zhang et al., 2021). Thus, there is a greater
risk for this demographic group in communities with high nitrate con-
centration in the water. Even if they are the group most susceptible to the
said risk, the HQ for children and babies did not surmount the 1.0 limit,
differently from other studies found in the literature which did find such
values (Qasemi et al., 2018; Karunanidhi et al., 2020; Rahman et al., 2021).

Table 4 - Results obtained for Hazard Quotient (adults, children and babies) and for Hazard Index, regarding the maximum, minimum and median nitrate

concentrations detected in supply sources.

Maximum Concentration

Supply Source Nitrate HQ HQ HQ
- SampIEs amotat (mg/L) Adult Children Baby -

Cistern (rainwater)

Surface spring 16 0.4
Headwater 17 0.9
Excavated shallow well 47 9.7
Deep tube well (artesian) 28 4.5
Shallow tube well (mini-well) 31 11.6

0.105 0.158 0.168 0.431
0.020 0.030 0.032 0.082
0.045 0.068 0.072 0.185
0.485 0.728 0.776 1,989
0.225 0.338 0.360 0.923
0.580 0.870 0.928 2.378

Maximum Concentration

Supply Source Nitrate HQ HQ HQ

Cistern (rainwater)

Surface spring 16 0.0
Headwater 17 0.0
Excavated shallow well 47 0.0
Deep tube well (artesian) 28 0.0
Shallow tube well (mini-well) 31 0.0

0.005 0.008 0.008 0.021
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000

Maximum Concentration

Supply Source Nitrate HQ HQ HQ
- SHmPIS SmORE (mg/L) Adult Children Baby =

Cistern (rainwater)

Surface spring 16 0.0
Headwater 17 0.0
Excavated shallow well 47 0.4
Deep tube well (artesian) 28 0.1
Shallow tube well (mini-well) 31 0.1

0.035 0.053 0.056 0.144
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.020 0.030 0.032 0.082
0.005 0.008 0.008 0.021
0.005 0.008 0.008 0.021
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Upon analyzing the HI values for each demographic group, based
on the maximum, minimum and median concentrations (Figure 3), it
is possible to observe that all the values remained below the 1.0 limit
while considered separately, per group. In relation to the minimum
concentration, most communities (58.3%) obtained values close to
0.01, due to the nitrate minimum concentrations staying close to 0.10
mg/L (Table 5).

On the other hand, discrepancies between the communities be-
came more evident upon analyzing the HQ values for maximum
concentrations, since the difference between them is greater. While
in most communities (16) it was possible to observe a maximum
concentration inferior to 2.50 mg/L, four communities showed a
value above 6.0 mg/L, which makes them stand out with regard to
HQ (Table 5). It can be noted through Figure 3 that the Lageado
community presents the most critical value for the baby age group
=0.93 and HQ-
=0.33. These communities with a HQ close to 1.0 are in need,

for maximum and median concentrations: HQ

maximum

median

therefore, of receiving more attention and being prioritized for in-
terventions aimed at reducing nitrate concentration in the water
consumed by the population.

Regarding the Hazard Index (Figure 4), it is noted that, of the five
communities with greatest HI (HI>0.5) for the maximum concen-
tration, two are riparian (Landi, Olhos d’Agua), two are settlements
(Lageado and Rochedo) and one is a quilombola community (Su-
midouro), the most critical point having being found in Lageado
(HI=2.38). It was observed that wells are the main supply sources in
the communities with the worst results, Lageado being predominantly
covered by excavated shallow wells (11 out of 13 samples), and Olhos
d’Agua having all samples from shallow tube wells. Such results cor-
roborates those obtained in other studies, in which waters stemming
from subterranean sources presented more critical HQ and HI results
(Rahman et al., 2021; Gan et al., 2022; Soleimani et al., 2022).

Figure 3 - Hazard Quotient (HQ) values for each age range, according to
maximum, minimum and median concentrations.
Q: quilombola community; R: riparian community; A: agrarian reform settlement.

9

Contamination sources

It is noted that, in the majority of the studied communities
(70.8%), the effluents are predominantly destined towards rudimen-
tary cesspits (Table 6); moreover, in 50% of the communities there is
waste disposal on land or water bodies. This scenario was observed
in the five communities with the worst HI results (20.92): Lagea-
do, Landi, Olhos d’Agua, Sumidouro and Rochedo, all having ISS.
The results are consistent with a study in which a correlation is estab-
lished between the use of rudimentary cesspits and the occurrence of
diarrheal diseases (Visser et al., 2011). The presence of rudimentary
cesspits, due to them usually not being properly waterproofed, allows
the infiltration of organic residues in the soil, which may contami-
nate the subterranean aquifers. Besides increasing the possibility of
water contamination, the rudimentary cesspits are more prone to
present problems, such as crumbling walls, rainwater overflows or
leakages (Figueiredo et al., 2019).

The issue that the rudimentary cesspit may cause to water quality
may be aggravated where the distance between water collection and
the cesspit is inferior to 45 meters. Thus, situations of such nature
have been found in 29.2% of the communities (7/24), which increas-
es the risk of cross-contamination. These results are consistent with
studies which found out that rudimentary cesspits are a significant
form of contamination in rural areas (Figueiredo et al., 2019; Do
Carmo Filho et al.,, 2021).

Another potential contamination source is the presence of animal
excreta in the yard, close to the WSSs. This condition was detected in
house yards in 16 communities (Table 6) among those in worse situa-

tion for the presence of nitrate and HI, which demonstrates the need

Figure 4 - Hazard Index (HI) determined for the minimum, maximum and
median nitrate concentration in the waters of the researched communities.
Q: quilombola communities; R: riparian communities; A: agrarian reform
settlement.
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for greater care with this potential contaminant. Lack of proper han-
dling of said residues may result in soil contamination and/or leach-
ing of nitrates to surface and subterranean water bodies (Dahan et al,,
2014), representing an additional risk to the health of the people living
in these locations.

The results of this study are consistent with previous research that
evaluated nitrate contamination in rural areas. For example, in Kenya,
the subterranean water contamination by nitrate was propelled by an
inadequate sewer system structure and application of animal manure
of agriculture or free-range cattle farming (Nyilitya et al., 2020). It is
reported that nitrate concentrations above 5 mg/L are associated with
a 47% increase in the risk of spontaneous premature birth (Sherris
et al., 2021; Ebdrup et al., 2022). These findings reinforce the need
to establish more rigorous limits for nitrate concentration in potable
water, especially in rural communities where contamination sources

are more prevalent.

In contrast, some studies (Qasemi et al., 2018; Rahman et al., 2021;
Soleimani et al., 2022) have reported even higher nitrate concentra-
tions in intensive agricultural areas, where excessive use of nitrogen
fertilizers is common. However, in the context of this study, the con-
centrations observed, albeit worrisome, do not reach the extreme levels
reported in other regions, which suggests that the agricultural practices
in the communities analyzed might be less intense.

The results of this study highlight the need to implement risk man-
agement measures in the analyzed rural communities. However, first
and foremost, it is fundamental to improve the basic sanitation in-
frastructure, especially regarding the disposal of excreta and organic
residues. The construction of adequate sceptic tanks and the imple-
mentation of sewer treatment systems may significantly reduce nitrate
contamination (Visser et al., 2011).

Furthermore, it is necessary to promote sustainable agricultural

practices that minimize the use of nitrogen fertilizers and encourage

Table 6 - Effluent destinations, presence of animal excreta and distance between water collection and rudimentary cesspits in the analyzed rural communities.

Rudimentary

Community Sceptic tank (%)

Cesspits (%)

Arraial da Ponte

Baco Pari 50.0 3.8
Canabrava 95.2 ND
Castelo Retiro Trés Rios 82.9 5.7
Extrema 95.8 4.2
Forte 95.7 ND
Itaja 2 64.7 29.4
Jodo de Deus 90.9 ND
Lageado 93.3 6.7
Landi 100.0 ND
Olhos dAgua 100.0 ND
Pelotas 35.0 ND
Pouso Alegre de Goids 100.0 ND
Povoado Moinho 82.1 14.3
Povoado Verissimo 94.7 5.3
Povoado Vermelho 65.0 25.0
Rochedo 100.0 ND
Santa Fé da Laguna 82.9 5.7
Sao Domingos 55.6 5.6
Sao Lourengo 94.7 ND
Séo Sebastido da Garganta 100.0 ND
Sumidouro 924 3.8
Taquarussu 73.7 ND
Vazante 72.9 25.0

ND: non-detected.

Untreated, soil or water
bodies disposal (%)

Distance between water
collection and rudimentary
cesspits inferior to 45 m

Presence of animal
excreta in the yard

46.2 ND ND
4.8 Sim ND
11.4 ND ND
ND Yes ND
4.3 Yes ND
59 Yes ND
9.1 Yes Yes
ND Yes Yes
ND Yes Yes
ND Yes Yes
65.0 Yes ND
ND ND ND
3.6 ND ND
ND ND ND
10.0 Yes ND
ND Yes Yes
11.4 Yes Yes
38.8 ND ND
5.3 Yes ND
ND Yes Yes
3.8 Yes ND
26.3 Yes ND
2.1 ND ND
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crop rotation, as well as the use of organic manure. These measures
may not only reduce water contamination, but also improve soil quality

and agricultural productivity in the long term.

Conclusion
The present research allowed us to conclude that:

o Families that use water from excavated or tube shallow wells are
more susceptible to nitrate contamination;

o ISSs, especially from underwater springs, are more prone to water
contamination by nitrate;

« Surface springs and headwaters are the WSSs with the lowest ni-

trate concentrations;

o The families covered by WSS are exposed to waters with nitrate
concentrations below the limit that is harmful to their health;

o The families living in agrarian reform settlements, by having ISSs
only, are more prone to consuming water with nitrate;

o The presence of rudimentary cesspits close to the WSS enhances

contamination by nitrate.

Lastly, continuous monitoring of water quality in the rural com-
munities is recommended, especially in those with HI values above 1.0.
The implementation of preemptive alert systems and education of the
population concerning the risks associated with nitrate contamination
are key strategies to protect the rural communities’ health.
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Appendix 1 - Nitrate concentrations by community, supply system and consumption source.
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Appendix 1 - Continuation.

Nitrate Concentration

in Water (mg/L)
Goianesia Itaja 2 Settlement Excavated shallow tube 0.30
Goianesia Itajd 2 Settlement Excavated shallow tube 1SS 0.40
Goianesia Itaja 2 Settlement Excavated shallow tube ISS 0.20
Sao Miguel do Araguaia Lageado Settlement Excavated shallow tube 1SS 0.50
Sao Miguel do Araguaia Lageado Settlement Excavated shallow tube 1SS 7.10
Sdo Miguel do Araguaia Lageado Settlement Excavated shallow tube 1SS 0.10
Padre Bernardo Sumidouro Quilombola Surface Spring 1SS 0.00
Padre Bernardo Sumidouro Quilombola Surface Spring ISS 0.00
Sdo Miguel do Araguaia Lageado Settlement Excavated shallow tube ISS 0.40
Silvania Sédo Sebastido da Garganta Settlement Headwater ISS 0.00
Cavalcante Sao Domingos Quilombola Headwater ISS 0.00
Alto Paraiso de Goiés Povoado Moinho Quilombola Headwater WSS 0.00
Sdo Jodo da Alianga Forte Quilombola Headwater 1SS 0.00
Sdo Miguel do Araguaia Lageado Settlement Excavated shallow tube ISS 9.70
Sao Jodo da Alianga Forte Quilombola Headwater WSS 0.00
Flores de Goids Canabrava Quilombola Headwater 1SS 0.00
Sao Miguel do Araguaia Lageado Settlement Excavated shallow tube ISS 8.80
Flores de Goids Canabrava Quilombola Headwater 1SS 0.00
Flores de Goids Canabrava Quilombola Headwater 1SS 0.00
Flores de Goids Canabrava Quilombola Headwater 1SS 0.00
Flores de Goids Canabrava Quilombola Headwater 1SS 0.00
Sao Miguel do Araguaia Lageado Settlement Excavated shallow tube ISS 2,90
Niquelandia Povoado Vermelho Quilombola Headwater ISS 0.00
Sao Miguel do Araguaia Lageado Settlement Excavated shallow tube ISS 0.40
Niquelandia Povoado Vermelho Quilombola Headwater WSS 0.00
Professor Jamil Rochedo Settlement Headwater 1SS 0.00
Barro Alto Santo Antonio da Laguna Quilombola Headwater ISS 0.00
Silvania Sao Sebastido da Garganta Settlement Excavated shallow tube ISS 0.00
Campos Belos Taquarussu Quilombola Excavated shallow tube ISS 0.00
Professor Jamil Rochedo Settlement Excavated shallow tube 1SS 0.00
Professor Jamil Rochedo Settlement Excavated shallow tube 1SS 0.00
Sao Miguel do Araguaia Lageado Settlement Excavated shallow tube ISS 4.10
Sao Miguel do Araguaia Lageado Settlement Excavated shallow tube ISS 0.10
Sao Miguel do Araguaia Lageado Settlement Excavated shallow tube ISS 4.90
Professor Jamil Rochedo Settlement Excavated shallow tube 1SS 0.10
Professor Jamil Rochedo Settlement Excavated shallow tube ISS 0.10
Professor Jamil Rochedo Settlement Excavated shallow tube ISS 0.00
Silvania Sdo Sebastido da Garganta Settlement Excavated shallow tube ISS 0.00
Nova Crixas Landi Riparian Excavated shallow tube ISS 0.00

It continues...
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Appendix 1 - Continuation.

Municipality Rural Community CTO;T)EI;;;W Water Supply Source Supply System Nltf;t‘i,::tzl:c(:git)mn

Professor Jamil Rochedo Settlement Excavated shallow tube 0.10
Professor Jamil Rochedo Settlement Excavated shallow tube 1SS 0.90
Nova Crixas Landi Riparian Excavated shallow tube ISS 0.00
Nova Crixas Landi Riparian Excavated shallow tube ISS 0.00
Professor Jamil Rochedo Settlement Excavated shallow tube 1SS 0.20
Professor Jamil Rochedo Settlement Excavated shallow tube 1SS 0.10
Agua Limpa Arraial da Ponte Riparian Excavated shallow tube ISS 1.10
Silvania Sdo Sebastido da Garganta Settlement Excavated shallow tube ISS 1.20
Nova Crixas Landi Riparian Excavated shallow tube ISS 0.50
Nova Crixas Landi Riparian Excavated shallow tube ISS 2.70
Barro Alto Santo Antonio da Laguna Quilombola Excavated shallow tube ISS 0.60
Barro Alto Santo Antonio da Laguna Quilombola Excavated shallow tube ISS 2.50
Barro Alto Santo Antonio da Laguna Quilombola Excavated shallow tube ISS 0.40
Barro Alto Santo Anténio da Laguna Quilombola Excavated shallow tube ISS 2.40
Barro Alto Santo Antonio da Laguna Quilombola Excavated shallow tube ISS 0.40
Padre Bernardo Sumidouro Quilombola Excavated shallow tube 1SS 1.60
Padre Bernardo Sumidouro Quilombola Excavated shallow tube 1SS 6.60
Padre Bernardo Sumidouro Quilombola Excavated shallow tube 1SS 2.20
Posse Baco Pari Quilombola Deep tube well (artesian) WSS 0.40
Nova Crixas Landi Riparian Excavated shallow tube ISS 0.00
Padre Bernardo Sumidouro Quilombola Excavated shallow tube 1SS 0.00
Simolandia Castelo Retiro Trés Rios Quilombola Deep tube well (artesian) WSS3 0.20
Taciara Extrema Quilombola Deep tube well (artesian) WSS 1.30
Divinopolis de Goias Vazante Quilombola Deep tube well (artesian) WSS2 1.80
Monte Alegre de Goids Pelotas Quilombola Deep tube well (artesian) ISS 0.10
Flores de Goids Canabrava Quilombola Deep tube well (artesian) WSS1 0.10
Goianésia Itaja 2 Settlement Deep tube well (artesian) 1SS 0.30
Professor Jamil Rochedo Settlement Deep tube well (artesian) 1SS 0.80
Professor Jamil Rochedo Settlement Deep tube well (artesian) 1SS 0.40
Professor Jamil Rochedo Settlement Deep tube well (artesian) 1SS 0.40
Professor Jamil Rochedo Settlement Deep tube well (artesian) 1SS 4.50
Professor Jamil Rochedo Settlement Deep tube well (artesian) ISS 3.90
Uruagu Sao Lourengo Settlement Excavated shallow tube ISS 0.00
Silvania Jodo de Deus Settlement Deep tube well (artesian) 1SS 0.00
Simolandia Castelo Retiro Trés Rios Quilombola Deep tube well (artesian) WSS1 0.00
Professor Jamil Rochedo Settlement Deep tube well (artesian) 1SS 2.20
Goiandira Povoado Verissimo Riparian Deep tube well (artesian) WSS 0.90
Barro Alto Santo Antonio da Laguna Quilombola Deep tube well (artesian) ISS 0.10
Padre Bernardo Sumidouro Quilombola Deep tube well (artesian) 1SS 0.10
Mineiros Pouso Alegre de Goias Settlement Deep tube well (artesian) WSS 0.10

It continues...
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Appendix 1 - Continuation.

Community Nitrate Concentration
Municipality Rural Community Nl Water Supply Source Supply System in Water (mg/L)
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Cavalcante

Flores de Goias
Gameleira
Gameleira
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Silvania

Silvania
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Uruagu
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Uruagu

Barro Alto

Uruagu
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Uruagu

Uruagu

Uruagu

WSS: water supply system; ISS: individual alternative solution.

Castelo Retiro Trés Rios
Olhos dAgua
Castelo Retiro Trés Rios
Vazante
Sao Domingos
Canabrava
Olhos dAgua
Olhos dAgua
Canabrava
Jodo de Deus
Itaja 2
Santo Antonio da Laguna
Jodo de Deus
Sdo Sebastido da Garganta
Sao Sebastido da Garganta
Sao Sebastido da Garganta
Sdo Sebastido da Garganta
Sédo Sebastido da Garganta
Sumidouro
Olhos dAgua
Joao de Deus
Lageado
Jodo de Deus
Lageado
Rochedo
Rochedo
Pelotas
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Landi
Sao Lourengo
Sdo Lourengo
Sao Lourengo
Sao Lourengo
Santo Antonio da Laguna
Sao Lourengo
Sao Lourengo
Sdo Lourengo
Sao Lourengo
Sao Lourengo

Sao Lourengo

Quilombola
Riparian
Quilombola
Quilombola
Quilombola
Quilombola
Riparian
Riparian
Quilombola
Settlement
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Quilombola
Settlement
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Settlement
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Shallow tube well (mini-well)
Shallow tube well (mini-well)
Shallow tube well (mini-well)
Shallow tube well (mini-well)
Shallow tube well (mini-well)
Shallow tube well (mini-well)
Shallow tube well (mini-well)
Shallow tube well (mini-well)
Shallow tube well (mini-well)
Shallow tube well (mini-well)
Shallow tube well (mini-well)
Shallow tube well (mini-well)

Shallow tube well (mini-well)

WSS4
WSS
WSS2
WSS1
WSS
ISS
ISS
ISS
ISS
ISS
ISS
ISS
ISS
ISS
ISS
ISS
ISS
ISS
ISS
ISS
ISS
ISS
ISS
ISS
ISS
ISS
ISS
ISS
1SS
ISS
1SS
ISS
ISS
ISS
1SS
ISS
1SS
ISS
ISS
ISS

0.00
0.80
0.00
0.00
0.00
0.00
6.60
0.10
0.00
0.10
0.00
0.00
0.50
2.20
0.20
0.10
0.20
0.30
0.00
0.00
0.00
11.6
0.00
8.00
0.20
1.30
0.00
6.50
0.00
0.00
0.00
0.00
0.00
0.10
0.00
0.00
0.70
0.00
0.00
0.40
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