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ABSTRACT
Limited access to safe water and basic sanitation contributes to morbidity and mortality caused by waterborne diseases, and 
reinforces social inequalities. The aim of this study was to evaluate the microbiological quality of water consumed by residents 
of floating houses and the antimicrobial susceptibility profile of the isolates in the low and increasing flow regime in the Amazon 
River basin. The samples consisted of drinking water from floating domestic units located on the edges of cities in the Amazon 
region, Amazonas state, Brazil. Sampling occurred during the low (LWL) and raising river-water level (RWL) periods. Water 
samples were analyzed using the filtering membrane method. The antimicrobial susceptibility test was performed using the 
disk-diffusion method. The source of water for consumption was predominantly tubular/artesian wells (75.0% LWL; 72.7% 
RWL); the main storage form was in PET (polyethylene terephthalate) bottles or buckets (90.9%) and the majority of the 
residents (63.6%) did not treat the water before consumption. Most water samples were contaminated with Escherichia coli 
during both the LWL (86.3%) and RWL periods (82.5%). Enterococcus spp., Vibrio spp. and Salmonella spp. were identified 
in association with water contamination by E. coli. Salmonella spp. exhibited the highest resistance rate among the bacteria 
subjected to antimicrobial susceptibility testing, especially during the LWL period; 100% showed resistance to ampicillin and 
cefazolin, 68% were resistant to tobramycin and 64% to gentamicin. Therefore, raising public awareness about the consumption 
of safe water, through dissemination of proper water storage and disinfection procedures could help minimize contamination 
and reduce waterborne diseases.
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Avaliação microbiológica e antimicrobiana da água de consumo humano 
de casas flutuantes na Amazônia brasileira
RESUMO
O acesso limitado à água potável e ao saneamento básico contribui para a morbilidade e mortalidade causadas por doenças 
transmitidas pela água e reforça as desigualdades sociais. O objetivo do trabalho foi avaliar a qualidade microbiológica da água 
consumida por moradores de casas flutuantes e determinar o perfil de susceptibilidade antimicrobiana das bactérias isoladas 
durante os períodos de seca e cheia na Bacia Amazônica. As amostras consistiram de água de consumo humano de unidades 
domésticas flutuantes localizadas nas orlas de cidades da região amazônica, Amazonas, Brasil. As coletas ocorreram nos períodos 
de seca e cheia dos rios. As amostras de água foram analisadas pelo método de membrana filtrante. Os testes de susceptibilidade 
aos antimicrobianos foram realizados pelo método disco-difusão. A principal fonte de abastecimento de água para consumo foi 
de poços tubulares/artesianos (75,0% período seca; 72,0% período cheia); a forma de armazenamento predominante foi em 
garrafas PET (polietileno tereftalato) ou baldes (90,9%) e a maioria dos residentes (63,6%) não tratava a água antes do consumo. 
A maioria das amostras estava contaminada com Escherichia coli no período de seca (86,3%) e de cheia (82,5%). Enterococcus 
spp., Vibrio spp. e Salmonella spp. foram associadas a contaminação de E. coli. Salmonella spp. apresentou as taxas mais altas 
de resistência aos antimicrobianos testados, principalmente no período de seca; 100% apresentaram resistência a ampicilina e 
cefazolina, 68% foram resistentes a tobramicina e 64% a gentamicina. Portanto, a sensibilização da população quanto ao consumo 
de água segura e de qualidade por meio da divulgação de procedimentos adequados para armazenamento e tratamento da água 
poderiam ajudar a mitigar a contaminação e, consequentemente, as taxas de doenças transmitidas pela água.

KEYWORDS: qualidade da água; resistência a antibióticos; Escherichia coli; poluição fecal; saúde pública

https://orcid.org/0000-0003-3528-2717


Chamy et al. Evaluation of drinking water in Amazonian floating houses

ACTA
AMAZONICA

 2/9 VOL. 55 2025: e55hs24158

INTRODUCTION
Access to clean water and sanitation is fundamental for survival 
and economic-social development. Approximately two billion 
people do not have access to safe drinking water at home, and 
3.6 billion do not have access to safely managed sanitation. 
From these, 494 million carry out their basic needs outdoors, 
mainly in rural areas, where eight out of ten people remain 
without basic sanitation services (WHO 2021). As a result, 
2.3 billion people need basic hygiene services. Moreover, 
28% of the population in 193 countries do not have facilities 
for washing their hands at home, and one in three people in 
rural environments do not have access to soap and water for 
hygiene (WHO 2021).

The impacts caused by limited access to safe water and 
basic sanitation are not restricted to morbidity and mortality 
caused by waterborne diseases, but also reinforce social 
inequalities. A lack of adequate facilities in schools directly 
affects girls entering puberty, as observed in West Africa, 
where up to 25% of girls miss school due to menstruation 
(WHO 2020). In addition, it is common for women and girls 
to be responsible for collecting water for the family’s needs, 
which increases the difficulty for girls to reconcile school hours 
with the water collection period (WHO 2017a).

The World Health Organization (WHO) suggests that 
universal access to clean water, sanitation, and adequate 
hygiene can reduce the global disease burden by up to 
10%. For this reason, one of the Sustainable Development 
Goals (SDGs) of the United Nations (UN) regarding the 
water supply for Latin America and the Caribbean in the 
Agenda 2030 is to “ensure the availability and sustainable 
management of water and sanitation for all” (WHO 2012, 
OPAS/OMS 2019). Accordingly, it is essential to consider the 
particularities of the Amazon region, mainly because the rivers 
have multiple uses, such as the primary source of public water 
supply, domestic sewage drainage, navigation, fishing, and 
recreation (Fabré et al. 2017, Sousa and Cunha 2013, Queiroz 
et al. 2018). Additionally, the Amazonian environment is 
diverse, comprising forests and urban areas, crossed by rivers 
and streams. This environment, combined with the riverine 
population lifestyles, gives origin to clusters of floating houses 
on rivers and lakes, called floating communities or villages 
(Queiroz 2022).

Climatic events greatly impact the living conditions 
of this population residing on the rivers of the Amazon 
region, as extreme expressions can cause disruptions in 
the relationship established between communities and the 
environment (Sousa and Cunha 2013). Among them, floods 
and droughts stand out as the phenomena which most 
affect the region’s socioeconomic system, and the extent of 
this impact mainly depends on the intensity and duration 
of these events (Langill and Abizaid 2020). These climatic 
events deserve to be highlighted due to the large number 

of people affected, especially in the Amazon region. For 
example, floods are risk factors for population illness and 
have an impact on increased mortality and morbidity from 
diseases transmitted by water contamination, particularly due 
to “fecal-oral” pathogens (Vieira et al. 2017).  There is little 
evidence in the literature associating low river-water levels 
with water-related diseases. However, diarrheal diseases may 
be associated to low flow periods because of the increase in 
the fecal contamination concentration in the remaining water 
sources; the accumulation of fecal film on surfaces, which may 
cause peaks of pathogen transmission during torrential rains; 
increased number of flies; limited access to drinking water; 
and hygiene problems (Levy et al. 2018). Epidemics in the 
Amazon caused by these diseases are directly associated with 
weather events, often after long periods of rain or flooding 
of rivers, and especially in places where the population does 
not have access to basic sanitation services and drinking water 
(Peranovich 2019).

Another aggravating factor is sewage treatment, since 
according to the Brazilian National Water and Sanitation 
Agency (ANA), only 16% of the population in the North 
Region of Brazil has sewage collection and only 12% of this 
sewage is treated. The remainder is dumped into rivers, lakes 
and creeks close to housing areas (ANA 2020). As a result, the 
spread of waterborne diseases, mainly in the Amazon, may be 
related to three main factors: an increase in the pathogen load 
in the water as a result of continuous weather events; disorderly 
occupation of the river banks by floating dwellings; and 
sewage discharge, without treatment, into water bodies. The 
sum of these factors can directly affect the water quality for 
consumption and other activities, such as fishing and bathing 
practices (Fabré et al. 2017, Vieira et al. 2017). Therefore, 
added to the living conditions of floating populations and the 
deficiency in basic sanitation, the Amazonian environment 
probably increases the adverse effects caused by consuming 
poor quality water, meaning water which does not meet the 
potability parameters defined by regulatory bodies.

A total of 705 waterborne disease outbreaks were recorded 
between 2007 and 2021, resulting in 189,032 people affected 
in Brazil. Of these outbreaks, 17 occurred in the Northern 
Region and six in the Amazon, with coliform bacteria, 
including Escherichia coli, as the main etiological agents. 
Despite the non-alarming numbers compared to other regions 
of the country, these diseases may be underreported due to 
the generic symptoms and the long incubation period of the 
pathogens. The affected individuals in these cases do not 
associate the signs and symptoms with the consumption of 
contaminated water (Brasil 2021a).

In addition to the aforementioned problems related to 
contaminated water, the emergence of microorganisms which 
are resistant to antimicrobials identified in water samples 
has been considered a threat to the health of consumers 
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(Siedlecka et al. 2021). It is possible that anthropic activities 
not only affect the microbial load in aquatic environments, 
but also the composition of these colonies. Agents which 
cause bacterial stress (mainly from hospital, veterinary, 
agricultural and industrial activities) discharged into aquatic 
environments (mainly through untreated sanitary sewage), 
can exert positive pressure on the emergence of resistant 
bacteria (Sánchez-Baena et al. 2021). According to the United 
Nations Environment Program (UNEP), 4.5 million people 
died from complications associated with infections with 
antimicrobial-resistant microorganisms in 2019; of these, 1.27 
million had antimicrobial-resistant infections as the leading 
cause of death. This number is estimated to reach 10 million 
deaths per year by 2050. In addition to the public health 
problem, microorganisms resistant to antimicrobials could 
cause estimated losses in the Gross Domestic Product (GDP) 
of R$3.4 trillion per year by 2030, possibly reaching up to 
3.8% of GDP per year by 2050 (UNEP 2022).

Given the importance of water-borne diseases and the 
limited information associated to the specific situation of 
drinking-water supply to floating-house inhabitants, the aim 
of this study was to evaluate the microbiological quality of 
the water consumed by residents of floating houses and the 
antimicrobial susceptibility profile of the isolates, during the 
low and increasing water level periods  of the Amazon Rivers, 
and the influence of this regime on the water contamination 
rates by microorganisms in three municipalities of the state 
of Amazonas.

MATERIAL AND METHODS
Study area
This study was conducted on floating houses in the 
municipalities of Codajás, Coari and Tefé, located in the 
Amazon River Basin, in the State of Amazonas, Brazil (Figure 
1). The municipality of Coari is located in the Middle 
Solimões River region, 362 km in a straight line from the 
state capital, between Lago do Mamiá and Lago de Coari, 40 
m above sea level. It has a territorial area of 57,970.768 km², 
with the Solimões River flowing through it from west to east, 
and borders the municipalities of Codajás, Tapauá, Anori, 
Tefé and Maraã (IBGE 2012). The municipality of Codajás is 
located in the Middle Solimões River region, on the right bank 
of the Solimões River, on flat terrain with little elevation, 240 
km in a straight line from the state capital. It has a territorial 
area of 18,700.713 km² and borders the municipalities of 
Coari, Caapiranga, Maraã, Beruri and Anori (IBGE 2012). 
The municipality of Tefé is located in the Middle Solimões 
River region, 522 km in a straight line from the state capital, 
on the right bank of Lake Tefé. It has a territorial area of 
23,692.233 km² and borders the municipalities of Maraã, 
Alvarães, Tapauá, Carauari and Coari (IBGE 2012).

The municipalities have a total of 304 registered tubular 
wells, 39 in Codajás, 151 in Coari and 114 in Tefé. They 
constitute important sources of drinking water supply, mainly 
in Coari and in the rural areas of Codajás and Tefé (CPRM 
2022) (Table 1).

Figure 1. Geographical distribution of sampling municipalities in the state of Amazonas, Brazil. 
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The water level of Amazonian large rivers fluctuates along 
the year with roughly four phases: a raising water period, a 
high-water period when rivers flood the adjacent lands, an ebb 
season with decreasing water levels, and a low water period 
(Bittencourt and Amadio 2007, Franca and Mendonça 2015). 
The raising water period in the Middle Solimões River region 
lasts approximately eight months, starting in December and 
reaching its peak in July, while the ebb season lasts around 
four months, beginning at the end of July and reaching its 
low peak in November (ANA 2022).

Sampling and data collection
Sampling consisted of collecting drinking water samples at 
the final consumption point in the studied households, in 
two periods (low - LWL and raising river water level - RWL 
periods), with the sample size calculation following the 
National Guideline for the Sampling Plan for Environmental 
Health Surveillance related to the quality of water for 
human consumption and considering the population of the 
municipalities (Brasil 2016). The floating houses located on 
the edges of the municipalities were mapped and selected by 
simple random sampling.

The data collection followed the water fluctuation cycle 
of each studied river, taking place in Tefé during September 
2021 (LWL) and May 2022 (RWL), and in Coari and 
Codajás during October 2021 (LWL) and June 2022 (RWL). 
A questionnaire was used to obtain information on residents’ 
water consumption and storage habits. The water samples 
were collected according to the recommendations of Standard 
Methods for the Examination of Water and Wastewater for 
the collection of water samples for human consumption (Baird 
et al. 2017).

After collection, all samples were sealed, stored and 
transported under refrigeration (temperature below 6°C) to the 
Institute of Health and Biotechnology of the Federal University 
of Amazonas (ISB/UFAM), where they were processed and 
analyzed within 24 hours.

Microbiological and data analysis
Microbiological analyses included the filtration method and 
antimicrobial susceptibility test. For the membrane filtration 
method, 100 mL of the sample was subjected to vacuum 
filtration in a complete stainless steel Manifold filtration set 
using a sterile white checkered cellulose nitrate membrane filter 
with 0.45µm and 47mm diameter pore (Merck Millipore®), and 
then transferred to plates with specific culture mediums (Silva 
et al. 2017). All tests were performed in triplicate to ensure the 
accuracy of results.

Chromogenic Coliforms Agar (MERCK®) medium was used 
for E. coli analyses. Samples not meeting the potability standard 
required by Brazilian legislation – i.e. absence of coliforms 
in 100 mL (Portaria GM/MS No. 888, of May 4, 2021 in 
Brasil 2021b), were submitted to microbiological analyses for 
Enterococcus spp. (M-Enterococcus Agar base – HIMEDIA®); 
plates which showed pink, dark red, or brown colonies after 
incubation (36±2°C for 24-48 hours) were considered positive. 
Green to blue-green colonies were considered positive for 
Pseudomonas spp. (Cetrimide Agar Base – KASVI®), while 
yellow or green colonies were considered positive for pathogenic 
Form Vibrio spp. (TCBS Agar – Thiosulfate-citrate-bile-
sucrose – ACUMEDIA®) and the presence of magenta colonies 
were considered positive for Salmonella spp. (Salmonella 
Chromogenic Agar – KASVI®). The control was performed with 
standard strains from the National Institute for Quality Control 
in Health (INCQS) of the Oswaldo Cruz Foundation (Fiocruz, 
Rio de Janeiro): Escherichia coli – INCQS: 00185; Vibrio cholerae 
– INCQS: 00279; Pseudomonas aeruginosa – INCQS: 00386 
and from the Oswaldo Cruz Foundation - Leônidas and Maria 
Deane Biological Collection Institute (Fiocruz, Amazonas): 
Salmonella enterica – accession number: 0209; Enterococcus 
faecalis - accession number: 0281.

Isolated Vibrio spp., Enterococcus spp. and Salmonella spp. 
strains were submitted to the antimicrobial susceptibility test 
using the disk-diffusion method (Kirby-Bauer), following 
the guidelines of the Clinical & Laboratory Standards 
Institute 30th Edition – M100 Performance Standards for 
Antimicrobial Susceptibility Testing (CLSI 2020) and Clinical 
& Laboratory Standards Institute 3rd Edition – M45 Methods 
for Antimicrobial Dilution and Disk Susceptibility Testing of 
Infrequently Isolated or Fastidious Bacteria (CLSI 2015). 

The antimicrobials tested for each bacterial strain and 
concentrations were: Enterococcus spp. (Ampicillin 10µg; 
Penicillin 10µg); Vibrio spp. (Ampicillin 10µg, Tetracycline 
30µg, Trimethoprim-sulfamethoxazole 25µg, Chloramphenicol 
30µg); and Salmonella spp. (Ampicillin 10µg, Cefazolin 30µg, 

Table 1. Percentage of the types of sewage collection and water supply for the 
population of Coari, Codajás and Tefé. Coari, Amazonas, Brazil, 2022 (IBGE 2012).

Cities/Characteristics
Coari Codajás Tefé

Urban Rural Urban Rural Urban Rural

Sewage

General sewage/ 
rainfall galleries

53 3 35 1 18 4

Discharge into rivers/lakes 25 39 16 72 20 32
Rudimentary sewer 11 36 22 7 24 38
Ditch 6 14 23 1 15 9
Septic tank 5 6 2 0 20 6
Others 1 1 2 20 2 11
Water supply
Municipal Water Supply 
System

40 2 83 1 86 29

Other forms of supply 53 95 15 88 9 68
Groundwater/Artesian or 
Tubular Wells or spring

7 3 2 11 5 3

Rain water 0 1 0 0 0 1
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Gentamicin 10µg, Tobramycin 10µg). Antimicrobials were 
selected from: Group A – Ampicillin, Penicillin, Cefazolin, 
Gentamicin, Tobramycin (appropriate for inclusion in routine 
primary tests); Group B – Tetracycline, Trimethoprim-
sulfamethoxazole (used for cases of unresponsiveness to an agent 
in Group A; or as an epidemiological tool for infection control); 
and Group C – Chloramphenicol (alternative or complementary 
antimicrobial agents that should be tested in sites affected by 
endemic or epidemic strains resistant to several primary drugs).

A Linear Mixed Model (LMM) was used to model the 
behavior of the numerical variables of interest by evaluating the 

same subjects in two periods (LWL and RWL) and comparing 
three cities (Coari, Codajás, and Tefé). Fixed effects for 
period and the city were entered in the model including their 
interaction plus random intercepts for the subjects. Type III 
sum-of-squares ANOVA tables were computed for each model. 
Analyses were run on statistical package R version 4.4.1 and 
significance level was set at 5%.

The investigation was approved by the Research 
Ethics Committee (CEP) of the Federal University of 
Amazonas (UFAM) under authorization number 4.752.891 
(CAAE:45655721.8.0000.5020).

Table 2. Microbiological analyses of the water for human consumption according to river water-level period and municipality, across Coari, Codajás, and Tefé, 
Amazonas, Brazil. 2022.

Variables River water- 
level period

Absent Present p-value*

N % N % Period City Interaction

E. coli (n=84) .905 .765 .972

Coari
LWL 3 17.6 14 82.3

RWL 2 12.5 14 87.5

Codajás
LWL 1 9.0 10 90.9

RWL 1 10.0 9 90.0

Tefé
LWL 2 12.5 14 87.5

RWL 4 28.6 10 71.4

Enterococcus spp. (n=71) .625 .919 .280

Coari
LWL 11 78.6 3 21.4

RWL 11 78.6 3 21.4

Codajás
LWL 5 50.0 5 50.0

RWL 8 88.9 1 11.1

Tefé
LWL 10 71.4 4 28.6

RWL 7 70.0 3 30.0

Vibrio spp. (n=71) .204 .594 .280

Coari
LWL 11 78.6 3 21.4

RWL 6 42.9 8 57.1

Codajás
LWL 6 60.0 4 40.0

RWL 6 66.7 3 33.3

Tefé
LWL 9 64.3 5 35.7

RWL 4 40.0 6 60.0

Salmonella spp. (n=71) .007 .426 .385

Coari
LWL 5 35.7 9 64.3

RWL 13 92.9 1 7.1

Codajás
LWL 4 40.0 6 60.0

RWL 7 77.8 2 22.2

Tefé
LWL 4 28.6 10 71.4

RWL 6 60.0 4 40.0

*Linear Mixed Model. Type III Wald chi-squared tests.
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RESULTS
A total of 84 water samples from 44 floating houses were 
analyzed, 44 on LWL (Codajás: 11 samples; Coari: 17 
samples; Tefé: 16 samples) and 40 on RWL (Codajás: 10 
samples; Coari: 16 samples; Tefé: 14 samples). There was a 
loss of 9.0% (n=4) sample units in the second data collection 
phase, as the residents of the floating houses were not found. 

The origin of the water for consumption on both river-
water levels was predominantly from tubular/artesian wells 
(75.0% LWL; 72.7% RWL). Only four (9.0%) households 
collected water for consumption from the river or rain during 
the RWL. The other residents collected water from the local 
water company distribution network. The most used water 
storage form was Polyethylene Terephthalate (PET) bottles 
or buckets (90.9%), followed by other storage forms, such as 
pots, gallon containers, and bowls. However, it is concerning 
that the majority (63.6%) of residents did not treat the water 
prior to consumption, potentially exposing themselves to 
health risks. When they did treat the water, they used sodium 
hypochlorite (31.8%), filtration (2.3%), or decantation 
(2.3%). The water used for cooking generally had the same 
origin as the water for consumption.

 E. coli bacteria were identified in most samples during 
the LWL period (86.3%; 38), as well as during the RWL 
(82.5%; 33). Water samples that were positive for E. coli also 
showed bacteria of the Enterococcus spp. genus (12; 31.5% of 
the LWL period samples; and 7; 21.2% of the RWL period 
samples); Vibrio spp. (12; 31.5% of the LWL period samples; 
and 17; 51.5% of the RWL period samples); Salmonella spp. 
(25; 65.7% of the LWL period samples; and 7; 21.2% of the 
RWL period samples). Pseudomonas spp. were not identified 
in the analyzed samples (Table 2).

There was no significant difference between river water 
level periods or municipalities, or the iteration between 
these factors, in the levels of water contamination by 
microorganisms (p < .05), except for the tests carried out for 
Salmonella spp., which showed strong evidence that the water 
contamination rate by these bacteria was higher in the LWL 
period than in the RWL period (p = .007), Table 2.

All Enterococcus spp. strains isolated in the LWL period 
showed sensitivity to the antimicrobials tested. During 
the RWL period there was resistance to the antimicrobials 
ampicillin (3; 42%) and penicillin (6; 85%). Strains from two 
households in the municipality of Tefé and one household in 
Coari were resistant to ampicillin and penicillin.

All the strains of Vibrio spp. isolated during the LWL 
period showed resistance to ampicillin and were sensitive 
to trimethoprim-sulfamethoxazole, chloramphenicol and 
tetracycline. The resistance index was higher during the 
RWL period, with a predominance of resistance to ampicillin 
(13; 76.5%), followed by resistance to trimethoprim-

sulfamethoxazole (8; 47.1%), chloramphenicol (9; 52.9 %) 
and tetracycline (5; 29.4%). Strains isolated from samples 
from four residences during the RWL period (two in Coari 
and two in Codajás) showed resistance to all the antimicrobials 
tested.

The resistance index of Salmonella spp strains to 
antimicrobials was higher during the LWL period. All strains 
were resistant to ampicillin and cefazolin, 17 (68.0%) were 
resistant to tobramycin, and 16 (64.0%) to gentamicin. 
There were higher resistance rates during the RWL period 
to ampicillin (5; 71.4%) and cefazolin (6; 85.7%). Only 
one strain was resistant to tobramycin (14.6%) and two to 
gentamicin (28.6%).

DISCUSSION
In this study we found that more than 80% of the water 
consumed by residents of floating houses in the three 
investigated cities was contaminated with E. coli, regardless 
of the river water-level period, and the contamination was 
associated with the presence of the genera Vibrio, Enterococcus 
and Salmonella. Additionally, Salmonella spp. samples were 
resistant to ampicillin and cefazolin, tobramycin, and 
gentamicin antimicrobials, mostly in the LWL period.

The identification of a high number of samples 
contaminated by E. coli highlights the need to understand the 
probable causes of water contamination, which could include 
the storage method or location, lack of treatment or incorrect 
treatment, or external contamination due to the influence of 
anthropic activities, population growth and/or urbanization 
(Odonkor and Mahami 2020). Escherichia coli is a gram-
negative opportunistic pathogen, with a remarkable ability to 
survive in aquatic environments (Chen et al. 2017, Nowicki 
et al. 2021). It is commonly reported in the literature in water 
samples for human consumption, both in Brazil and in other 
countries, in urban or rural areas (Freitas et al. 2001, Rocha et 
al. 2010, Nunes et al. 2015, Mahmoud et al. 2020, Mugadza 
et al. 2021, Khan et al. 2022). Some of these findings show 
the paradoxes in the Amazon region, namely the abundance 
of water in the Amazon River basin, yet high contamination 
of the water, including by resistant microorganisms.

The Amazon is considered one of the water-richest 
regions on the planet (Jézéquel et al. 2020). Even though the 
local population has adapted to the area’s hydrological flow 
regime patterns since pre-Columbian times, floating-house 
communities generally face daily subsistence challenges, 
especially in relation to drinking water. This is due in large 
part to the unique geographic features that surround their 
homes (Althor et al. 2018). We found that most of water 
for consumption by residents of floating houses came from 
tubular wells, regardless of the river water-level period, which 
are sources classified as “collective alternative solutions for 
supplying water for human consumption” (Brasil 2021b). 
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According to the Pan American Health Organization 
(PAHO), these water sources represent “non-improved” forms 
of supply and installations, meaning unpiped water sources 
coming from unprotected, dug wells (OPAS/OMS 2019). In 
addition, despite the low frequency (9.0%), some households 
obtained water for consumption directly from the river or 
rain during the raising river water-level period, which could 
impact human health.

The difficulties of obtaining water for consumption and 
the particularities of floating houses make the practice of 
storing water very common among residents, frequently on 
PET bottles. However, these storage containers can impact 
water quality due to improper handling or incorrect hygiene, 
which can lead to contamination of drinking water (Chalchisa 
et al. 2017). More than half of the units visited (63.9%) did 
not use any form of water treatment before consumption and 
when they did, they used sodium hypochlorite. Chlorine is 
one of the chemical products most used for water treatment 
worldwide, not only because of its low cost, but also because 
of its active residual effect, ensuring disinfectant action even 
after application in the distribution system or storage location 
(Vargas et al. 2021). Various chlorine-based products can 
be used, from household bleach to concentrated sodium 
hypochlorite solution, both of which are affordable (Nielsen 
et al. 2022).

In this adverse context of water consumption, most of 
the water samples analyzed were contaminated by the E. 
coli bacteria, a species used by the Brazilian Ministry of 
Health as an indicator of microbial water contamination 
at consumption points. Although the presence of E. coli 
in the water does not necessarily indicate contamination 
by other pathogenic microorganisms, the data revealed 
contamination by pathogens of fecal origin, which can 
cause health problems. It was additionally observed that a 
portion of the samples that tested positive for E. coli were 
also contaminated with Enterococcus spp., Vibrio spp. and 
Salmonella spp. pathogens associated with disease outbreaks 
and waterborne diseases of high incidence and severity (WHO 
2017b). These microorganisms are responsible for numerous 
disease outbreaks, including diarrhea (E. coli), cholera 
(Vibrio cholerae), typhoid fever (Salmonella typhi) and other 
gastroenteritis. These findings show the high contamination 
rate by pathogenic bacteria, a fact that requires attention from 
health authorities due to the potential impact on the local 
population’s health (Robertine et al. 2021).

In addition to potential health problems, ingesting 
contaminated water can represent high human exposure 
to microorganisms resistant to antimicrobials (Taviani et 
al. 2022), as we found in this study. We found resistance 
of microorganisms (mainly from the Vibrio and Salmonella 
genera) to a broad range of antimicrobials. Antimicrobial 
resistant bacteria have become a global public health concern 

and are increasingly reported; not only in clinical settings, 
but also in environmental samples, including water (Taviani 
et al. 2022). Bacteria are presumed to acquire resistance traits 
(bacterial resistance genes) through horizontal gene transfer 
via mobile elements such as transposons or plasmids. These 
elements generally play important roles in genetic exchanges 
among microorganisms, especially in aquatic environments 
(Czekalski et al. 2014, Sánchez-Baena et al. 2021). Water 
systems can therefore become reservoirs of resistance genes 
and an important route for transporting and transferring 
these genes from one bacterium to another. In the long 
term this can become a cycle, as the continuous discharge 
of pollutants into water systems can increase the number of 
resistant microorganisms, and consequently the chances of 
these genes being transferred to humans and animals, in turn 
impairing the effectiveness of the antimicrobials in the future 
(Czekalski et al. 2014).

Furthermore, with recent climate changes, the number 
of extreme events, including floods and droughts, has been 
increasing. Extreme floods can cause groundwater pollution, 
since with rising river levels the contaminated surface water 
infiltrates into the flooded soil and subsoil and reaches 
the water table, directly affecting water quality. These 
contaminants can include micropollutants and pathogenic 
microorganisms (Uhl et al. 2022).

The present study was limited to the analysis of the 
microbiological aspects of the water, and the analysis 
exclusively took place at the consumption point in domestic 
units of floating houses on the river banks of three cities 
in the Amazon basin. Therefore, the study findings cannot 
be generalized to the Amazon region. Despite this, the 
information represents an important starting point for 
future epidemiological investigations concerning waterborne 
diseases, and provides support for the proposition of public 
policies in basic sanitation and population health.

CONCLUSIONS
This study has shown that the river water level periods did 
not have a significant influence on the contamination rate of 
drinking water by bacteria. Considering that the water supply 
for floating houses predominantly comes from tubular wells 
located along the banks of the studied municipalities (floodplain 
areas), the contamination may be associated with water 
collection and storage practices. In addition to storing their 
drinking water in reused containers (Polyethylene Terephthalate 
(PET) bottles or buckets), most individuals do not treat the 
water with sodium hypochlorite before consumption. The 
contamination by pathogenic bacteria, coupled with the high 
levels of antimicrobial resistance identified during the study, 
presents a significant public health concern for these riverine 
populations. Consequently, monitoring the drinking water 
quality in floating communities and developing public policies 
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aimed at improving water collection and storage habits, as well 
as promoting the appropriate use of sodium hypochlorite, could 
mitigate this issue.
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