Ambiente & Agua - An Interdisciplinary Journal of Applied Science
ISSN 1980-993X — d0i:10.4136/1980-993X
www.ambi-agua.net
E-mail: ambi.agua@gmail.com

Physical-chemical and microbiological characterization of water
destined to hemodialysis

ARTICLES doi:10.4136/ambi-agua.2962

Received: 09 Oct. 2023; Accepted: 28 Feb. 2024

Yohanna Mayelle Gomes™='; Rodrigo Barcellos Campos?'';
Aquiles Melchior Sant’ana®"’; Regina De Pinho Keller'®';
Servio Tulio Alves Cassini*

!Departamento de Engenharia Ambiental. Centro Tecnoldgico. Universidade Federal do Espirito Santo (UFES),
Avenida Fernando Ferrari, n° 514, CEP: 29075-910, Vitéria, ES. Brazil. E-mail: kellygtr@gmail.com
2Departamento de Engenharia Ambiental. Universidade Vila Velha (UVV), Avenida Comissario José Dantas de
Melo, n° 21, CEP: 29102-920, Vila Velha, ES, Brazil. E-mail: rodrigobarcampos@hotmail.com
3Centro de Ciéncias Naturais e Humanas. Universidade Federal do ABC (UFABC), Alameda da Universidade,
s/n, CEP: 09606-045, S&o Bernardo do Campo, SP, Brazil. E-mail: aquilesms89@gmail.com
4Laboratdrio de Caracterizagdo Ambiental. Centro de Pesquisa, Inovagéo e Desenvolvimento (CPID),
Ladeira Eliezer Batista, s/n, CEP: 29140-500, Cariacica, ES, Brazil. E-mail: cassinist@gmail.com
*Corresponding author. E-mail: yohannamayelle@hotmail.com

ABSTRACT

This research evaluated the physical-chemical and microbiological parameters of water
and dialysate in four distinct hemodialysis units located in the southeast region of Brazil. The
physical-chemical parameters evaluated were pH, electric conductivity, turbidity, alkalinity,
free chlorine, nitrate, fluoride, chloride, sulfate, sodium, potassium, calcium, and magnesium
ion concentrations. Microcystin was also quantified. The microbiological parameters evaluated
were the detection of total coliform, total heterotrophic bacteria count (THB), and the isolation
and identification of microorganisms in pre-reverse osmosis treatment and post-reverse 0Smosis
treatment water samples and dialysate. The nitrate, fluoride and THB levels found in the water
samples may present risk to the patient under hemodialysis treatment. Microcystin was detected
in one of the potable water samples. Microorganisms were identified throughout the
hemodialysis of the entire water treatment system, with Ralstonia sp. being the most frequent.
The presence of emergent pathogenic bacteria highlighted in this study highlights the necessity
of microbiological monitoring of water destined for hemodialysis.

Keywords: dialysate, hemodialysis, water treatment.

Caracterizacao fisico-quimica e microbioldgica da agua destinada a
hemodialise

RESUMO

O objetivo da pesquisa foi a avaliacdo de parametros fisico-quimicos e microbioldgicos da
agua e dialisato em quatro unidades de hemodialise localizadas na regido sudeste do Brasil.
Foram avaliados os parametros fisico-quimicos: pH, condutividade elétrica, turbidez,
alcalinidade, cloro livre, concentragdo dos ions nitrato, fluoreto, cloreto, sulfato, sodio,
potassio, calcio e magnésio, também foi realizada a quantificacdo de microcistinas. Os
pardmetros microbioldgicos realizados foram a detec¢do de coliformes totais, quantificacdo de
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bactérias heterotréficas totais (BHT) e o isolamento e identificacdo de microrganismos em
amostras de agua pré, pds-tratamento por osmose inversa e dialisato. Os niveis de nitrato,
fluoreto e BHT encontrados nas amostras de agua podem apresentar risco ao paciente em
hemodialise. Foi identificada em uma amostra de dgua potavel a presenca de microcistinas.
Microrganismos foram identificados ao longo do sistema de tratamento de &gua para
hemodialise, sendo a Ralstonia sp. a mais frequente. A presenca de bactérias patogénicas
emergentes detectadas neste estudo aponta a necessidade do monitoramento microbioldgico da
agua para hemodialise.

Palavras-chave: dialisato, hemodialise, tratamento de gua.

1. INTRODUCTION

Chronic kidney disease (CKD) is characterized by progressive nephron loss as a result of
irreversible lesions that gradually reduce the global renal function, it is estimated that 10% of
the global population suffers from CKD (Vos et al., 2016) and, in Brazil alone, more than 120
thousand patients were reported to be receiving dialysis treatment (Sesso et al., 2017).
Hemodialysis is the most common treatment for CKD performed worldwide, it consists of an
artificial process of blood filtration, in which the exchange of substances, such as electrolytes
and glucose, between blood and dialysate is performed through a semipermeable membrane
(Carvalho et al., 2022). In this process, usually carried out three times a week per patient,
approximately 400 liters of water are used per session, which lasts an average of four hours
(Pontoriero et al., 2003).

The source of the water used by the hemodialysis units is the city’s water supply system.
In each unit, there is a water treatment system specific for hemodialysis. This basically consists
of a pre-treatment with filters (sedimentation, softener and activated carbon) followed by a
reverse osmosis (RO) membrane treatment. After the RO, the dialysate water is stored and
distributed to the unit in a continuous flow, to reach the semipermeable membrane that
exchanges substance with the blood. However, this membrane permits low molecular weight
contaminants to reach the bloodstream, which can cause severe poisoning and adverse effects.
One strong example of the relationship between water quality and public health is a case of
chemical cyanotoxin contamination of dialysis water which occurred in the city of Caruaru, PE
in 1996, which caused the death of 60 patients (Pouria et al., 1998).

Microbiological contaminants can also be found in water, and their presence is often
associated with failures of the dialysis water treatment and distribution system (Ferreira et al.
2015; Ferreira et al. 2020). Among the most frequent, gram-negative bacteria (Okunola and
Olaitan, 2016; Anversa et al., 2022; Chaoui et al., 2022), that may be associated with infections
in hemodialysis patients (Tejera et al., 2016; Thet et al., 2019), can be highlighted. These
bacteria can also represent a serious threat to patients due to their ability to form biofilms and
develop antibiotic resistance.

In Brazilian legislation, the RDC 11 (ANVISA, 2014), dated March 13", 2014, determines
the limit concentrations of contaminants in dialysis water services. Water for hemodialysis
centers comes from the city’s water supply system, and it should meet the quality standards
established by Portaria MS 2914, dated December 12", 2011 and RDC N° 11, dated March
13" 2014 regarding the standards for potable water.

Despite established guidelines, studies conducted in Brazil reveal dissatisfaction levels
regarding certain parameters of water quality intended for hemodialysis, such as high levels of
heterotrophic bacteria, elevated concentrations of endotoxins (Almodovar et al., 2018; Hilinski
et al., 2020; de Jesus et al., 2022), and the significant presence of aluminum (de Jesus et al.,
2022). Additionally, some studies report the presence of fungi in these waters, posing potential
risks to the health of hemodialysis patients (Montanari et al., 2018; Oliveira et al., 2018;
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Anversa et al., 2021; Calumby et al., 2023).

Considering the importance of hemodialysis and the increasing estimation of new
hemodialytic patients, it becomes imperative to control the quality of treatment, since water is
the major component of the procedure. Therefore, the objective of this research was to evaluate
the physical-chemical and microbiological parameters of water and dialysate in four distinct
hemodialysis units in the southeast of Brazil.

2. MATERIAL AND METHODS

2.1. Hemodialysis Centers Characterization

The water and dialysate samples destined to hemodialytic procedures were obtained from four
hemodialysis units located in the metropolitan area of Espirito Santo state. Together, the four
hemodialysis units provide 110 beds for treatment and care for around 400 patients every
month. From this total, Unit A holds 22 beds and 45 patients while Units B and C provide 34
and 22 beds respectively and receive an average of 100 patients each. Unit D offers 35 beds and
treats 180 patients.

2.2. Sampling

Water sampling was conducted in six points of each hemodialysis unit water treatment system
(Figure 1). The first two points were collected before the RO (Pre - RO), in the entrance of
potable water supply (P1) and after softener and deionizer filters (P2). After the RO, the samples
were collected at three points: water reservoir (P3), water used in the capillary reuse room (P4)
and return of treated water to the loop (P5). The dialysate used in the hemodialysis machine
was collected at Point 6 (P6). For microbiological analyses, the water samples collected at Point
P1 were added to a 1.8% sodium thiosulfate solution.

DEIONIZING
FILTERS

SOFTENER

REVERSE
POTABLE WATER OSMOSIS

SEDMENT FILTERS

P5 [Esleld

= REUSE DIALYSE
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Acid Bicarbonate
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Figure 1. Representation of the sampling points of water in
the treatment system used by the hemodialysis units.
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A total of 75 samples of water were collected, of which 45 were Pre-RO samples, 30 Post-
RO samples and 15 samples of dialysate from the water treatment system of the hemodialysis
unit, from 2015 to 2017 (Table 1). Dialysis Unit A does not have any physical structure (faucet
device) that allowed the collection of water in the loop point (P5).

Table 1. Description of water and dialysate samples performed in the hemodialysis
units between January, 2015 and July, 2017.

S ) Water samples (n) )
Hemodialysis units Sampling date Dialysate samples (n)
Pre - RO Post- RO

07/01/15
29/01/15
25/03/15

A 24/09/15 18 12 6
08/06/16
27/07/16

28/10/15
B 05/07/16 9 6 3
09/11/16

30/08/16
C 16/11/16 9 6 3
20/03/17

13/07/16
D 20/09/16 9 6 3
13/07/17

Total 45 30 15

A total of 2 liters of water were collected across sampling points P1 to P5. From this total,
1 liter was stored in polyethylene flasks for physical-chemical parameter analysis and the
remainder was stored in sterile 500 mL amber glass flasks for microbiological analysis. The
sampling points were sanitized with 70% alcohol and the sampling process was performed after
1 to 2 minutes of free water flow. The dialysate was collected at P6 with the aid of two sterile
syringes attached to the hemodialysis machine through a connector. The sample obtained from
the first syringe was disposed of and the second syringe was used to collect 1 liter of dialysate,
which was stored in sterile amber glass flasks. All samples were collected in duplicate and kept
refrigerated at a temperature below 10°C.

2.3. Physical-chemical parameter analysis

The pH and electric conductivity were measured by DIGIMED DMZ22 and
CONDUCTIVITY METER-CD850 through the potentiometric method. The turbidity was
determined by HACTCH TURBIDIMETER through a nephelometric method. The alkalinity
was defined following the procedures from Method 2320 B, Titrimetric APHA et al. (2005)
and residual chlorine was determined with the Hanna® kit, according to the manufacturer’s
guidelines. The determination of concentration of nitrate, fluoride, chloride, sulfate, sodium,
potassium, calcium, and magnesium ions was determined through the colorimetric method,
with the IC BASIC PLUS 883- METROHM® equipment and use of columns METROSEP A
Supp 5-150x 4.0 mm e METROSEP C 4 — 150 X 4.0 mm, for anions and cations, respectively.

2.4. Microcystin analysis
The detection and quantification of microcystin was obtained through ELISA, using the
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Microcystin Plate Kit (Beacon®), according to the manufacturer’s guidelines.

2.5. Bacteriological Analysis
Total Coliform and Escherichia coli detection

The analysis of total coliforms and Escherichia coli was carried out using the technique of
chromo-fluorogenic substrate, with a presence/absence detection system (P/A), according to the
methodology described in Cassini et al. (2013).

Total heterotrophic bacteria (THB) quantification

The total heterotrophic bacteria (THB) quantification was achieved through sowing of one
fraction of the water sample by pour plate in a casein agar growth medium, incubated for 48
hours at 35 + 0,5°C (Anvisa, 2010). After the incubation, the count of colony forming units
(CFU) was performed with colony-count equipment (Phoenix cp 600).

Isolation and Identification of isolated microorganisms

A 5 mL volume of water or dialysate sample was added to 50 mL of casein broth and
incubated for a maximum of 48 hours at 35 £+ 0,5°C, and then, with the aid of an inoculating
loop, a fraction of 10 pL was collected from the growth medium, sowed in TSA and incubated
35 + 0,5°C for 48 hours. The growing microorganisms were peaked to mediums TSA,
MacConkey and Cetrimide by draining, in order to obtain pure colonies for the biochemical
identification test.

The identification of species of isolated microorganisms was performed through mass
spectrometry by matrix-assisted laser desorption ionization (MALDI-TOF MS) using a
Microflex LT mass spectrometer and Biotyper 3.3 software (Bruker Daltonics, Bremen,
Alemanha), according to manufacturer’s guidelines.

3. RESULTS AND DISCUSSION

3.1. Physical-chemical parameters and water quality

The Pre-RO water samples presented pH levels close to neutrality, turbidity under 4 £ 0,5 NTU
and residual chlorine between 0,5 and 0,2 mg L%, values that are appropriate according to the
dialysis water parameters described in RDC 11/2014. The ion concentration of nitrate and
fluoride (Figure 2) dissolved in the Pre-RO and Post-RO water samples were also found to be
within the parameters described in MS 2914/2011 for potable water and RDC 11/2014 for
hemodialysis water.

The maximum concentration of nitrate in drinking water allowed, by MS 2914/2011, is 10
mg/L. The highest concentration of nitrate was 12 + 0,3 mg L in samples collected in dialysis
Unit C, followed by 8,5+ 0,2 mg L™ in Unit B and 6 + 0,1 mg L-1 in unit D and 1 mg L-1 in
Unit A (Figure 2-1). Elevated levels of nitrate in potable water have been linked to several
complications, such as methemoglobinemia, colorectal cancer, thyroid diseases, and neural tube
defects (Ward et al., 2018). The relation between the ingestion of water with nitrate and blood
methemoglobin presence has been observed even in concentration levels below the
recommended values (Zeman et al., 2011).

The RDC 11/2014 defines the maximum nitrate value allowed as 2 mg L™ of N-nitrate as
a quality standard for hemodialysis water. The excess of N-nitrate in post-RO was observed in
dialysis units B and C (Figure 2-11), with 2,4 + 0,05 and 4,6 + 0,11 mg L™, respectively. The
symptoms related to water contamination by nitrate for hemodialytic patients are hypotension,
nausea, vomit, and diarrhea. Although there were reports in the literature that the toxic
concentration for hemodialysis patients is around 21 mg L™ (Layman-Amato et al., 2013),
Suzuki et al. (2019), found nitrate levels in the dialysis water below the standards established
by RDC 11/2014 were correlated to anemia in hemodialysis patients.
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Figure 2. Concentration of ions pre reverse osmosis treatment (pre-RO), nitrate (1) and fluoride (111)
and post reverse osmosis treatment (post-RO), nitrate (11) and fluoride (V1) in the hemodialysis units
located in the metropolitan area of Espirito Santo, Brazil.

Regarding fluoride ions, the concentrations observed in the pre-RO samples were higher
than the 1,5 mg L defined for potable water in the MS 2914/2011. The highest concentrations
of fluoride observed were approximately 6,8 + 0,17 mg L™ in Unit C, followed by 6,4 + 0,16
mg L in unit D and 5,3 + 0,13 mg L in unit B (Figure 2-111). Yousefi et al. (2019) have
associated the fluoride concentration in potable water with hypertension.

We have found levels of fluoride above the legislated limit in post-RO samples in the Units
Band C, 0,6 + 0,01 mg L™ and 1,5 + 0,03 mg L™, respectively (Figure 2-1V). This value
represents more than seven times the recommended limit established by the RDC 11/2014,
which is 0,2 mg L. Concentrations above 1,0 mg L* may cause bone diseases in hemodialytic
patients. Furthermore, the reaction of fluoride and aluminum results in aluminum fluoride,
which is highly toxic to the renal system (Silva and Moreira, 2009; Payne and Curtis, 2021).

3.2. Detection of microcystin

The presence of microcystin was detected in only one of the pre-RO water samples from
Unit A, with a concentration of 4,13 g L, although the analysis of the water after the activated
carbon step showed the removal of the microcystin, within the limitations of the detection
method. Almeida, et al. (2016) observed that activated carbon has a lower removal rate for
microcystin in concentrations above 3,83 + 0,36 pg L. The amount of toxin detected by this
study is close to this limit of removal, thus increasing concerns regarding patient’s health in the
event of the persistence of such toxin in the water treatment system, reaching the patients
undergoing the hemodialysis process.

Hilborn et al. (2013) reported a case where 44 patients were exposed to dialysate
contaminated by microcystin in Rio de Janeiro, Brazil, in 2001. The concentration of
microcystin in potable water was 0,4 ug L™ and an average of 0,33 ng mL™ in exposed dialytic
patient’s blood serum (Hilborn et al., 2013). Therefore, due to the low retention of the
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microcystin by the activated carbon filter and the concentration close to the limit found in this
study, constant monitoring for the presence of this toxin is crucial to evaluate the treatment
quality of dialysis water, in order to avoid patients’ future exposure to microcystin.

3.3. Bacteriological parameters

None of the water samples presented coliforms, being within the parameters established
by RDC 11/ 2014, which requires the absence of coliforms in 100 mL of sampling volume.

The quantification of total heterotrophic bacteria varied from non-detectable levels to
approximately 2 x 10% + 80 CFU mL™ (Figure 3). The water samples were obtained from
various points of the dialysis water treatment system, from the entrance to dialysate. The RDC
11/2014 defines the maximum allowed values as 100 CFU mL™! and 200 CFU mL “* for water
used in hemodialysis and dialysate, respectively. In this research, around 30% of the samples
of post-RO water and 13% of dialysate samples presented unconforming parameters regarding
the THB recommended.

10000 1

1000 1

100 A E

10 A

CFU mL-1

& §

X

%

Samples

Figure 3. Distribution of maximum values, geometric mean, and minimum quantity of
total heterotrophic bacteria (THB) per colony forming unit/mL (CFU/mL) expressed in
logarithmic scale in water samples from the pre-RO sampling points and post-RO
sampling points in hemodialysis Units A, B, C and D, located in the metropolitan area in
Espirito Santo, Brazil.

Comparatively, studies in the southeastern region of Brazil, which assessed a larger
number of hemodialysis units, a more extended period, and a greater number of samples,
indicated higher non-compliance rates, ranging from 27% to 63% (Hilinski et al., 2020). In
contrast, other investigations, also encompassing a broader sampling, reported lower rates,
ranging from 5% to 8% (Almodovar et al., 2018). In Rio de Janeiro, the research conducted by
de Jesus et al., 2021, revealed a non-compliance rate of 30% for THB in water samples intended
for hemodialysis. These studies underscore concerns regarding the microbiological quality of
water and emphasize the importance of continuous and meticulous monitoring to ensure the
safety of patients undergoing hemodialysis treatment.

During the hemodialysis water treatment, chlorine was removed, facilitating the
development of bacteria. The removal of composts during the water treatment may cause
irregularities in the hydraulic circuit and facilitate the formation of biofilm (Hoenich and Levin,
2003). The deionizers are another site for microbiological contamination. Bacteria
contamination may occur due to the capacity of resin, especially anionic, to connect to organic
matter and, thus, allow the proliferation of bacteria (Coulliette and Arduino, 2013). The RO is
an advanced water treatment that allows the removal of low molecular weight components, with
99,9% efficiency, allowing the passage of bacteria to the permeate, which might be associated
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to the integrity of the membrane or the sealing system (Fujioka et al., 2018; 2019). Wang et al.
(2022), reported bacteria growth and biofilm production in water permeated by RO after a
disinfection process.

3.4. Isolated microorganisms in water samples from the hemodialysis units

Eight species of bacteria and one species of fungus were isolated in the water and dialysate
(Table 2). Most of the bacteria species that were isolated belong to the nonfermenting gram-
negative category, with the exception of Serratia marcescens, which is part of the fermenting
gram-negative group. The gram-negative bacteria, especially the nonfermenting ones, are the
most common microbiological contaminant found in hemodialysis water (Chen et al., 2017; de
Jesus, et al., 2017; Anversa et al., 2022; Chaoui et al., 2022).

Table 2. Microorganisms isolated in the water from pre reverse osmosis (pre-RO) treatment samples,
post reverse osmosis (post-RO) treatment samples and dialysate samples in the hemodialysis units
located in the metropolitan area of Espirito Santo, Brazil.

Hemodialysis Units

Water sample A B C D
Pre - RO Brevundl_monas - Ralstonia pickettii
aurantiaca
Ralstonia insidiosa Ralstonia pickettii Ralstonia pickettii

Post - RO B_urkhol_den_a Ralstonia insidiosa Ralstonia insidiosa
vietnamiensis

Herbaspirillum sp Moraxella sp

Nesterenkonia lacusekhoensis
Dialysate - Serratia marcescens - Ralstonia pickettii

Candida orthopsilosis

In the study conducted by Anversa et al. (2022) in hemodialysis units in Sdo Paulo, Brazil,
MALDI-TOF methodology was employed, resembling the approach used in the present
research. Distinctively, filtration treatment was incorporated into the water samples. The results
revealed the presence of the genera Herbarpirillum, Brevundimonas, Ralstonia, and
Burkholderia, aligning with the findings of the current study.

Also, de Jesus et al. (2022) studying hemodialysis units in Rio de Janeiro, Brazil,
employing biochemical methods for bacterial identification, corroborated the findings of
Anversa et al. (2022). It is noteworthy that the common presence of the species Pseudomonas
aeruginosa, widely documented in various Brazilian studies using biochemical techniques
(Lima et al., 2005; Borges et al., 2007; de Jesus, et al., 2017; 2022); MALDI-TOF (Anversa et
al., 2022); and molecular biology identification methods (Montanari et al., 2009), was not
detected in the present investigation.

The Ralstonia pickettii species was present in all hemodialysis units studied. Ralstonia sp
may be found in different types of treated water for supply, such as hospital environment, water
for distribution, industrial usage and even in ultrapure water, thus being capable of surviving in
low nutrient environments (Ryan and Adley, 2014; VVaz-Moreira et al., 2017). Furthermore, this
species has been proven capable of developing biofilm in PVC pipe systems (Dombrowsky et
al., 2013). Water used in hemodialysis is low in nutrient concentration and is distributed
through a PVC pipe system. Ralstonia sp has been described in hemodialysis water by Chen et
al. (2017) and Anversa et al. (2022).

The Ralstonia sp is considered an emerging opportunistic pathogen (Ryan and Adley,
2014) and cases of infections caused by this bacterium in hemodialytic patients have been
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reported (Tejera et al., 2016; Thet et al., 2019). Thet et al. (2019) reported bacterial infection
outbreaks in seven patients from a hemodialysis center, four of them being identified as infected
with R. pickettii. The authors related the outbreak with water contamination, especially in the
water reservoir, due to the high THB count, and highlighted the potential risk of reusing the
dialyzers.

Five other bacteria identified in this work (Serratia marcescens, Burkholderia
vietnamiensis, Brevundimonas aurantiaca, Moraxella sp e Herbarspirillum sp.) also were been
reported in the literature on contaminated hemodialysis water. Novosad et al. (2019) reported
a multicentric outbreak in hemodialytic patients caused by Serratia marcescens. An outbreak
of bacteremia in chronic renal patients was caused by Burkholderia sp., and the source of
contamination pointed out was lack of proper disinfection of the water system and lack of
maintenance of membrane filters, which may have triggered biofilm formation in pipes. (Rocha
et al., 2021). The Brevundimonas sp. has been reported as an emerging opportunistic pathogen,
with reference to infection cases in several hospitalized patients (Ryan and Pembroke, 2018).
A case of peritonitis caused by Moraxella osloensis has been described by Adapa et al. (2018)
in a peritoneal dialysis patient. One fatal case by Herbaspirillum seropedicae was described by
Suwantarat et al. (2015), in which the bacteria were present in the hemodialysis catheter. This
study is the first record found in the literature of the presence of Nesterenkonia lawsekhoensi
in a hemodialysis unit water treatment system. It is a gram-positive bacterium that has not been
associated with infections in hemodialytic patients so far.

Candida orthopsilosis was the only fungus isolated in the present study. The presence of
fungus in hemodialysis water samples was reported in Okunola and Olaitan, (2016); Montanari
et al. (2018), Oliveira et al. (2018), Boyce et al. (2021) and Calumby et al. (2023). The
frequency of yeast was higher in dialysate samples, when compared to other samples of water
from the hemodialysis treatment system. Furthermore, the development of biofilm in dialysis
solution was observed (Oliveira et al., 2018). Cases of infection caused by Candida sp in
hemodialytic patients have been described by Ourives et al. (2016) and Shu et al. (2017).

4. CONCLUSION

The monitoring of water quality in hemodialysis centers is mandatory in order to evaluate
and assure safety for patients undergoing hemodialytic procedures. In this study, the water used
in hemodialysis did not conform to the values established by RDC 11/2014 for concentration
levels of N-nitrate in Units B and C, and fluoride for all the units evaluated. Furthermore,
microorganisms were found in samples from potable water to dialysate. Emergent pathogenic
bacteria, such as Ralstonia sp. and Brevundimonas sp., identified in this study, demonstrate
concern and risk to the health of hemodialytic patients. Therefore, the monitoring of water
quality and the identification of microorganisms support the decision-making process of Health
Surveillance and Health Services in order to assure appropriate water treatment and distribution
for the maintenance of hemodialysis services, avoiding possible health issues for patients who
are already at risk.

5. LIMITATIONS OF THE STUDY

The study primarily focused on the overall water quality in hemodialysis units but did not
thoroughly investigate potential sources of contamination in treatment systems, such as the
integrity of reverse osmosis membranes, filter effectiveness and potential biofilm formation. A
more in-depth analysis of these components would be crucial to pinpoint specific areas
requiring improvement. Furthermore, the research was confined to four hemodialysis units,
potentially limiting the generalization of results. Including a broader and more diverse set of
units could enhance the external validity of the study. The identification of microorganisms

R Rev. Ambient. Agua vol. 19, 2962 - Taubaté 2024
IPABH1



10 Yohanna Mayelle Gomes et al.

based on mass spectrometry (MALDI-TOF MS) may not encompass all microbial species at
the strain level. The incorporation of molecular detection techniques, such as PCR, could
increase sensitivity in identifying fungi and other pathogens, providing a more comprehensive
analysis of microbial diversity.

6. REFERENCES

ADAPA, S.; GUMASTE, P.; KONALA, V. M.; AGRAWAL, N.; GARCHA, A. S,
DHINGRA, H. Peritonitis due to Moraxella osloensis: an emerging pathogen. Case
reports in nephrology, 2018. https://doi.org/10.1155/2018/4968371

ANVISA. Farmacopeia brasileira. 5. ed. Brasilia, 2010. Available at:
https://www.gov.br/anvisa/pt-br/assuntos/farmacopeia/farmacopeia-
brasileira/arquivos/8000json-file-1. Acesso: Jan. 2024.

ANVISA. Resolucdo n° 11, de 13 marco 2014. Requisitos de Boas Praticas de Funcionamento
para os Servicos de Dialise e d& outras providéncias. Diario Oficial [da] Unido, Mar. 14,
2014,

ALMEIDA, A. R.; PASSIG, F. H.; PAGIORO, T. A.; DO NASCIMENTO, P. T. H.; DE
CARVALHO, K. Q. Microcystin-LR removal from Microcystis aeruginosa using in
natura sugarcane bagasse and activated carbono. Revista Ambiente & Agua, v. 11, n. 1,
p. 188-197, 2016. https://doi.org/10.4136/ambi-agua.1785

ALMODOVAR, A. A. B.; BUZZO, M. L.; SILVA, F. P. L.; HILINSKI, E. G.; BUGNO, A.
Effectiveness of the monitoring program for ensuring the quality of water treated for
dialysis in the state of Sdo Paulo. Brazilian Journal of Nephrology, v. 40, n. 4, p. 344-
350, 2018. https://doi.org/10.1590/2175-8239-JBN-2018-0026

ANVERSA, L.; LARA, B. R.; ROMANI, C. D.; SAEKI, E. K.; NOGUEIRA NASCENTES,
G. A.; BONFIETTI, L. X. et al. Fungi in dialysis water and dialysate: occurrence,
susceptibility to antifungal agents and biofilm production capacity. Journal of Water
and Health, v. 19, n. 5, p. 724-735, 2021. https://doi.org/10.2166/wh.2021.204

ANVERSA, L.; ROMANI, C. D.; CARIA, E. S.; SAEKI, E. K,; NASCENTES, G. A;
GARBELOTTI, M. et al. Quality of dialysis water and dialysate in haemodialysis centres:
Highlight for occurrence of non-fermenting gram-negative bacilli. Journal of Applied
Microbiology, v. 132, n. 4, p. 3416-3429, 2022. https://doi.org/10.1111/jam.15470

APHA:; AWWA: WEF. Standard Methods for the Examination of Water and Wastewater.
21. ed. Washington, 2005.

BORGES, C. R. M.; LASCOWSKI, K. M. S.; FILHO, N. R.; PELAYO, J. S. Microbiological
quality of water and dialysate in a haemodialysis unit in Ponta Grossa-PR, Brazil. Journal
of applied microbiology, v. 103, n. 5 p. 1791-1797, 2007.
https://doi.org/10.1111/j.1365-2672.2007.03431.x

BOYCE, J. M.; DUMIGAN, D. G.; HAVILL, N. L.; HOLLIS, R. J.; PFALLER, M. A;;
MOORE, B. A. A multi-center outbreak of Candida tropicalis bloodstream infections
associated with contaminated hemodialysis machine prime buckets. American Journal
of Infection Control, v. 49, n. 8, p. 1008-1013, 2021.
https://doi.org/10.1016/j.ajic.2021.02.014

Rev. Ambient. Agua vol. 19, €2962 - Taubaté 2024 AN
IPABH1?


https://doi.org/10.1155/2018/4968371
https://www.gov.br/anvisa/pt-br/assuntos/farmacopeia/farmacopeia-brasileira/arquivos/8000json-file-1
https://www.gov.br/anvisa/pt-br/assuntos/farmacopeia/farmacopeia-brasileira/arquivos/8000json-file-1
https://doi.org/10.4136/ambi-agua.1785
https://doi.org/10.1590/2175-8239-JBN-2018-0026
https://doi.org/10.2166/wh.2021.204
https://doi.org/10.1111/jam.15470
https://doi.org/10.1111/j.1365-2672.2007.03431.x
https://doi.org/10.1016/j.ajic.2021.02.014

Physical-chemical and microbiological characterization of water ... 11

CALUMBY, R. J. N.; ONOFRE-CORDEIRO, N. A,; SILVA, K. W. L.; GOMES, D. C. S
MOREIRA, R. T. F.; ARAUJO, M. A. S. Fungal identification in the air and water of a
hemodialysis unit in Brazil. Brazilian Journal of Biology, v. 83, p. €275136, 2023.
https://doi.org10.1590/1519-6984.275136

CARVALHO, G. C.; DUA, K.; GUPTA, G.; BUGNO, A.; PINTO, T. D. J. A. Reflection about
the hemodialysis water microbiological quality in Brazil. Brazilian Journal of
Pharmaceutical Sciences, v. 58, 2022. https://doi.org/10.1590/s2175-97902022e19235

CASSINI, S. T.; GONGCALVES, R. F.; ZANDONATE, E.; MARQUES, M. A. M. Deteccao
simplificada de coliformes totais e Escherichia coli em amostras de aguas utilizando
substrato cromogénico em microplacas e metodologia NMP. In: FUNASA (org.). 3°
Caderno de Pesquisas em engenharia de saude publica. Brasilia, DF, 2013.

CHAOQUI, L.; CHOUATI, T.; ZALEGH, I.; MHAND, R. A.; MELLOUKI, F.; RHALLABI,
N. Identification and assessment of antimicrobial resistance bacteria in a hemodialysis
water treatment system. Journal of Water and Health, v. 20, n. 2, p. 441-449, 2022.
https://doi.org/10.2166/wh.2022.267

CHEN, L.; ZHU, X.; ZHANG, M.; WANG, Y.; LV, T.; ZHANG, S. et al. Profiling Total
Viable Bacteria in a Hemodialysis Water Treatment System. Journal of microbiology
and biotechnology, V. 27, n. 5, p. 995-1004, 2017.
https://doi.org/10.4014/jmb.1612.12002

COULLIETTE, A. D.; ARDUINO, M. J. Hemodialysis and water quality. Seminars in
dialysis, v. 26, n. 4, p. 427-438, 2013. https://doi.org/10.1111/sdi.12113

DE JESUS, P. R. D.; FERREIRA, J. A. B.; CARMO, J. D. S.; ALBERTINO, S. R. G;;
VICENTINI NETO, S. A.; SANTOS, L. M. G. D. et al. Monitoring the quality of the
water used in mobile dialysis services in intensive care units in the city of Rio de Janeiro.
Brazilian Journal of Nephrology, v. 44, p. 32-41, 2022. https://doi.org/10.1590/2175-
8239-JBN-2020-0217

DE JESUS, P. R.; FERREIRA, J. A. B.; FREITAS, H. R.; ABRANTES, S. D. M. P.; MARIN,
V. A. Detection of microorganisms, endotoxins and aluminum in mobile dialysis services.
Acta Scientiarum. Biological Sciences, v. 39, n. 4, p. 475-479, 2017.
https://doi.org/10.4025/actascibiolsci.v39i4.31779

DOMBROWSKY, M.; KIRSCHNER, A.; SOMMER, R. PVC-piping promotes growth of
Ralstonia pickettii in dialysis water treatment facilities. Water science and technology,
V. 68, n. 4, p. 929-933, 2013. https://doi.org/10.2166/wst.2013.332

FERREIRA, A.; SIQUEIRA, A. L.; TEIXEIRA, G. S.; TOMIURA, T. J.; MORENO, A. H.
Importancia do tratamento da agua no setor de terapia renal. CuidArte Enfermagem, v.
14, n. 2, p. 181-187, 2020.

FERREIRA, J. A. B.; NOBREGA, H. D. N.; FREITAS, H. R.; MOURA, D. C.; MARIN, V.
A.; SEJAS, C. G. F. Aguas de hemodiélise: controle de qualidade em saude. Revista
Brasileira de Medicina, V. 72, n. 11, 2015.
https://www.arca.fiocruz.br/handle/icict/13859

FUJIOKA, T.; HOANG, A. T.; AIZAWA, H.; ASHIBA, H.; FUJIMAKI, M.; LEDDY, M.
Real-time online monitoring for assessing removal of bacteria by reverse osmosis.
Environmental Science & Technology Letters, v. 5 n. 6, p. 389-393, 2018.
https://doi.org/10.1021/acs.estlett.80b00200

BN Rev. Ambient. Agua vol. 19, €2962 - Taubaté 2024
IPABH?


https://doi.org10.1590/1519-6984.275136
https://doi.org/10.1590/s2175-97902022e19235
https://doi.org/10.2166/wh.2022.267
https://doi.org/10.4014/jmb.1612.12002
https://doi.org/10.1111/sdi.12113
https://doi.org/10.1590/2175-8239-JBN-2020-0217
https://doi.org/10.1590/2175-8239-JBN-2020-0217
https://doi.org/10.4025/actascibiolsci.v39i4.31779
https://doi.org/10.2166/wst.2013.332
https://www.arca.fiocruz.br/handle/icict/13859
https://doi.org/10.1021/acs.estlett.8b00200

12 Yohanna Mayelle Gomes et al.

FUJIOKA, T.; HOANG, A. T.; UEYAMA, T.; NGHIEM, L. D. Integrity of reverse osmosis
membrane for removing bacteria: new insight into bacterial passage. Environmental
Science: Water Research & Technology, v. 5, n. 2, p. 239-245, 2019.
https://doi.org/10.1039/c8ew00910d

HILBORN, E. D.; SOARES, R. M.; SERVAITES, J. C.; DELGADO, A. G.; MAGALHAES,
V. F.; CARMICHAEL, W. W. et al. Sublethal microcystin exposure and biochemical
outcomes among hemodialysis patients. PLoS One, v. 8, n. 7, p. 69518, 2013.
https://doi.org/10.1371/journal.pone.0069518

HILINSKI, E. G.; ALMODOVAR, A. A.B,; SILVA,F.P.D. L.; PINTO, T.D.J. A.; BUGNO,
A. Is dialysis water a safe component for hemodialysis treatment in Sdo Paulo State,
Brazil? Brazilian Journal of Pharmaceutical Sciences, v. 56, 2020.
https://doi.org/10.1590/s2175-97902019000417835

HOENICH, N. A.; LEVIN, R. Renal research institute symposium: The implications of water
quality in hemodialysis. Seminars in dialysis, v. 16, n. 6, p. 492-497, 2003.
https://doi.org/10.1046/j.1525-139x.2003.16106.x

LAYMAN-AMATO, R.; CURTIS, J.; PAYNE, G. M. Water treatment for hemodialysis: An
update. Nephrology Nursing Journal, v. 40, n. 5, p. 383-404, 2103.

LIMA,J.D.R.0O.; MARQUES, S. G.; GONCALVES, A. G.; SALGADO FILHO, N.; NUNES,
P. C.; SILVA, H. S. et al. Microbiological analyses of water from 84 hemodialysis
services in Sdo Luis, Maranhdo, Brazil. Brazilian Journal of Microbiology, v. 36, n. 2,
p. 103-108, 2005. https://doi.org/10.1590/S1517-83822005000200001

MONTANARI, L. B.; SARTORI, F. G.; CARDOSO, M. J. D. O.; VARO, S. D.; PIRES, R. H.;
LEITE, C. Q. F. et al. Microbiological contamination of a hemodialysis center water
distribution system. Revista do Instituto de Medicina Tropical de S&o Paulo, v. 51, n.
1, p. 37-43, 2009. https://doi.org/10.1590/S0036-46652009000100007

MONTANARI, L. B.; SARTORI, F. G.; RIBEIRO, D. B. M.; LEANDRO, L. F.; PIRES, R.
H.; MELHEM, M. D. S. C. et al. Yeast isolation and identification in water used in a
Brazilian hemodialysis unit by classic microbiological techniques and Raman
spectroscopy. Journal of water and health, v. 16, n. 2, p. 311-320, 2018.
https://doi.org/10.2166/wh.2017.334

NOVOSAD, S. A.; LAKE, J.; NGUYEN, D.; SODA, E.; MOULTON-MEISSNER, H.; PHO,
M. T. et al. Multicenter outbreak of Gram-negative bloodstream infections in
hemodialysis patients. American Journal of Kidney Diseases, v. 74, n. 5, 2019.
https://doi.org/10.1053/j.ajkd.2019.05.012

OKUNOLA, O. O.; OLAITAN, J. O. Bacterial contamination of hemodialysis water in three
randomly selected centers in South Western Nigeria. Nigerian journal of clinical
practice, v. 19, n. 4, p. 491-495, 2016. https://doi.org/10.4103/1119-3077.183293

OLIVEIRA, L. T.; LOPES, L. G.; RAMOS, S. B.; MARTINS, C. H. G.; JAMUR, M. C;
PIRES, R. H. Fungal biofilms in the hemodialysis environment. Microbial pathogenesis,
v. 123, p. 206-212, 2018. https://doi.org/10.1016/j.micpath.2018.07.018

Rev. Ambient. Agua vol. 19, €2962 - Taubaté 2024 AN
IPABH1?


https://doi.org/10.1039/c8ew00910d
https://doi.org/10.1371/journal.pone.0069518
https://doi.org/10.1590/s2175-97902019000417835
https://doi.org/10.1046/j.1525-139x.2003.16106.x
https://doi.org/10.1590/S1517-83822005000200001
https://doi.org/10.1590/S0036-46652009000100007
https://doi.org/10.2166/wh.2017.334
https://doi.org/10.1053/j.ajkd.2019.05.012
https://doi.org/10.4103/1119-3077.183293
https://doi.org/10.1016/j.micpath.2018.07.018

Physical-chemical and microbiological characterization of water ... 13

OURIVES, A. P.J.; GONCALVES, S. S.; SIQUEIRA, R. A.; SOUZA, A. C. R.; CANZIANI,
M. E. F.; MANFREDI, S. R. et al. High rate of Candida deep-seated infection in patients
under chronic hemodialysis with extended central venous catheter use. Revista
iberoamericana de micologia, v. 33, n. 2, p. 100-103, 2016.
https://doi.org/10.1016/j.riam.2015.10.002

PAYNE, G. M.; CURTIS, J. Water Treatment for Hemodialysis: Keeping Patients Safe.
Nephrology Nursing Journal, v. 48, n. 4, p. 315-345, 2021.

PONTORIERO, G.; POZZONI, P.; ANDRULLLI, S.; LOCATELLI, F. The quality of dialysis
water. Nephrology Dialysis Transplantation, v. 18, suppl. 7, p. 21-25, 2003.
https://doi.org/10.1093/ndt/gfg1074

POURIA, S.; DE ANDRADE, A.; BARBOSA, J.; CAVALCANTI, R.; BARRETO, V,;
WARD, C. et al. Fatal microcystin intoxication in haemodialysis unit in Caruaru, Brazil.
The Lancet, v. 352, n. 9121, p. 21-26, 1998. https://dx.doi.org/10.1016/s0140-
6736(97)12285

ROCHA, V. F. D.; CAVALCANTI, T. P.; AZEVEDO, J.; LEAL, H. F.; SILVA, G. E. O,
MALHEIROS, A. R. X. et al. Outbreak of Stenotrophomonas maltophilia and
Burkholderia cepacia bloodstream infections at a hemodialysis center. The American
journal of tropical medicine and hygiene, v. 104, n. 3, p. 848, 2021.
https://doi.org/10.4269/ajtmh.20-1035

RYAN, M. P.; ADLEY, C. C. Ralstonia spp.: emerging global opportunistic pathogens.
European journal of clinical microbiology & infectious diseases, v. 33, n. 3, p. 291-
304, 2014. https://doi.org/10.1007/s10096-013-1975-9

RYAN, M. P.; PEMBROKE, J. T. Brevundimonas spp: Emerging global opportunistic
pathogens. Virulence, V. 9, n. 1, p. 480-493, 2018.
https://doi.org/10.1080/21505594.2017.1419116

SESSO, R. C.; LOPES, A. A.; THOME, F. S.; LUGON, J. R.;; MARTINS, C. T. Brazilian
chronic dialysis survey 2016. Brazilian Journal of Nephrology, v. 39, n. 3, p. 261-266,
2017. https://doi.org/10.5935/0101-2800.20170049

SHU, Y.; YU, S.; ZHA, L.; FU, P.; CUI, T. Catheter-related fungal endocarditis caused by
Candida parapsilosis in a hemodialysis patient. Hemodialysis International, v. 21, n. 4,
p. E66-E68, 2017. https://doi.org/10.1111/hdi.12566

SILVA, A. L. O. D.; MOREIRA, J. C. Efeitos toxicos de alguns contaminantes inorganicos a
salde de pacientes submetidos a hemodialise. Caderno de saude coletiva, v. 17, n. 3,
2009.

SUWANTARAT, N.; LA’TONZIA, L. A.; ROMAGNOLI, M.; CARROLL, K. C. Fatal case
of Herbaspirillum seropedicae bacteremia secondary to pneumonia in an end-stage renal
disease patient with multiple myeloma. Diagnostic microbiology and infectious
disease, v. 82, n. 4, p. 331-333, 2015. https://doi.org/10.1016/j.diagmicrobio.2015.04.011

SUZUKI, M. N.; FREGONESI, B. M.; MACHADO, C. S.; ZAGUI, G. S.; KUSUMOTA, L.;
SUZUKI, A. K. et al. Hemodialysis Water Parameters as Predisposing Factors for
Anemia in Patients in Dialytic Treatment. Application of Mixed Regression Models.
Biological trace element research, p. 1-8, 2019. https://doi.org/10.1007/s12011-018-
1515-7

BN Rev. Ambient. Agua vol. 19, €2962 - Taubaté 2024
IPABH?


https://doi.org/10.1016/j.riam.2015.10.002
https://doi.org/10.1093/ndt/gfg1074
https://dx.doi.org/10.1016/s0140-6736(97)12285
https://dx.doi.org/10.1016/s0140-6736(97)12285
https://doi.org/10.4269/ajtmh.20-1035
https://doi.org/10.1007/s10096-013-1975-9
https://doi.org/10.1007/s10096-013-1975-9
https://doi.org/10.1080/21505594.2017.1419116
https://doi.org/10.5935/0101-2800.20170049
https://doi.org/10.1111/hdi.12566
https://doi.org/10.1016/j.diagmicrobio.2015.04.011
https://doi.org/10.1007/s12011-018-1515-7
https://doi.org/10.1007/s12011-018-1515-7

14 Yohanna Mayelle Gomes et al.

TEJERA, D.; LIMONGI, G.; BERTULLO, M.; CANCELA, M. Ralstonia pickettii bacteremia
in hemodialysis patients: a report of two cases. Revista Brasileira de terapia intensiva,
v. 28, n. 2, p. 195, 2016. https://doi.org/10.5935 / 0103-507X.20160033

THET, M. K,; PELOBELLO, M. L. F,; DAS, M.; ALHAIJI, M. M.; CHONG, V. H.; KHALIL,
M. A. M. et al. Outbreak of nonfermentative Gram-negative bacteria (Ralstonia pickettii
and Stenotrophomonas maltophilia) in a hemodialysis center. Hemodialysis
International, v. 23, n. 3, p. E83-E89, 2019. https://doi.org/10.1111/hdi.12722

VAZ-MOREIRA, 1.; NUNES, O. C.; MANAIA, C. M. Ubiquitous and persistent
Proteobacteria and other Gram-negative bacteria in drinking water. Science of the Total
Environment, V. 586, p. 1141-1149, 2017.
https://doi.org/10.1016/j.scitotenv.2017.02.104

VOS, T.; ALLEN, C.; ARORA, M.; BARBER, R. M.; BHUTTA, Z. A.; BROWN, A. Global,
regional, and national incidence, prevalence, and years lived with disability for 310
diseases and injuries, 1990-2015: a systematic analysis for the Global Burden of Disease
Study 2015. The Lancet, v. 388, n. 10053, p. 1545-1602, 2016.

WANG, H. B.; WU, Y. H.; WANG, W. L.; CHEN, Z.; CHEN, G. Q.; LUO, L. W. et al.
Comparison of disinfection-residual-bacteria (DRB) after seven different kinds of
disinfection: Biofilm formation, membrane fouling and mechanisms. Science of The
Total Environment, V. 844, p. 157079, 2022.
https://doi.org/10.1016/j.scitotenv.2022.157079

WARD, M. H.; JONES, R. R.; BRENDER, J. D.; DE KOK, T. M.; WEYER, P. J.; NOLAN,
B. T. et al. Drinking water nitrate and human health: an updated review. International
journal of environmental research and public health, v. 15, n. 7, p. 1557, 2018.
https://doi.org/10.3390/ijerph15071557

YOUSEFI, M.; SALEH, H. N.; YASERI, M.; JALILZADEH, M.; MOHAMMADI, A. A.
Association of consumption of excess hard water, body mass index and waist
circumference with risk of hypertension in individuals living in hard and soft water areas.
Environmental geochemistry and health, v. 41, n. 3, p. 1213-1221, 2019.
https://doi.org/10.1007/s10653-018-0206-9

ZEMAN, C.; BELTZ, L.; LINDA, M.; MADDUX, J.; DEPKEN, D.; ORR, J. et al. New
questions and insights into nitrate/nitrite and human health effects: a retrospective cohort
study of private well users’ immunological and wellness status. Journal of
environmental health, v. 74, n. 4, p. 8-19, 2011.

Rev. Ambient. Agua vol. 19, €2962 - Taubaté 2024 AN
IPABH1?


https://doi.org/10.5935%20/%200103-507X.20160033
https://doi.org/10.1111/hdi.12722
https://doi.org/10.1016/j.scitotenv.2017.02.104
https://doi.org/10.1016/j.scitotenv.2022.157079
https://doi.org/10.3390/ijerph15071557
https://doi.org/10.1007/s10653-018-0206-9
https://doi.org/10.1007/s10653-018-0206-9

