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Sanitary quality of the public groundwater supply

for the municipality of Belém in Northern Brazil

Qualidade sanitaria da agua do manancial de superficie utilizado pelo
servigo de abastecimento publico do municipio de Belém, Para, Brasil

Rodrigo Santos de Oliveira', Daniela Mayumi Kiyatake?,
Maria Lucia Harada?®, Karla Tereza Silva Ribeiro*

Abstract

The present study verified the quality of the water of Agua Preta Lake, which is part of the public supply for the Northern Brazilian
municipality of Belém (Paré State). Six samples were collected from each of six sampling points. The concentration (NMP) of
coliforms was determined by Multiple-tube fermentation Technique. The isolates of Escherichia coli obtained from the samples
were tested for susceptibility to the antibiotics (cefoxitin, ampicillin, imipenem, gentamicin, and amikacin). Furthermore, was
analyzed the presence of diagnostic genes for the diarrheagenic strains of E. coli. None of the genes was identified, however,
the recorded concentrations of thermo-tolerant coliforms were within the recommended limits for standing water sources used for
public supplies. Nevertheless, the highest concentrations of total and thermo-tolerant coliforms were recorded at two points, one
adjacent to the most densely-populated area of the lake margin, and the other near the catchment area for water from the Guama
River. The susceptibility testing indicated the presence of six resistance phenotype profiles, including multi-resistant strains.
The results of the study reinforce the need for the systematic monitoring of this water source, in order to provide guidelines for
the development of effective management policies for public water supplies, as well as the prevention of water-borne diseases.

Keywords: enterobacteriaceae; escherichia coli; water supply.

Resumo

Neste estudo, a qualidade da agua foi verificada no manancial de abastecimento Agua Preta, do municipio de Belém (PA).
Houve seis amostragens em seis pontos de coleta e a concentragéo de coliformes foi verificada através da Técnica de Fer-
mentacdo em Tubos Multiplos para a determinacdo do NMP. Os isolados de Escherichia coli obtidos foram submetidos ao
teste de sensibilidade aos seguintes antimicrobianos: cefoxitina, ampicilina, imipenem, gentamicina e amicacina. Além disso,
foi investigado genes codificadores de fatores de viruléncia relacionados as variedades diarreiogénicas de E. coli. N&do houve
ocorréncia de genes relacionados a patogenicidade, e as concentragcdes de coliformes termotolerantes apresentaram-se dentro
dos padroes para mananciais de superficie usados para fins de abastecimento publico. Contudo, as maiores concentragdes de
coliformes totais e termotolerantes foram observadas no ponto de coleta préoximo a captacdo no rio Guama e na area de maior
adensamento populacional no entorno do lago. O teste de suscetibilidade dos isolados E. coliindicou uma alta porcentagem de
resisténcia a ampicilina, a presenca de seis perfis fenotipicos e a ocorréncia de multiresisténcia. Assim, os resultados reforcam a
necessidade do monitoramento sistematico deste manancial, visando a implementacao de politicas de preservacéo e protecao
dos mananciais utilizados para fins de abastecimento publico, assim como a prevengéo de doencas veiculadas pela agua.
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INTRODUCTION

Worldwide, many cities face a critical shortage of adequate
supplies of freshwater. This problem is not only a question
of the spatial distribution of this resource, but also involves
the quality of sources, given that, in most countries, ongoing
population growth and expansion of economic activities are
provoking an increasing scarcity of reliable supplies of water
of good quality, placing limits on both economic development
and public health*' .

In Brazil, aquatic systems suffer a number of anthropogen-
ic impacts from activities such as deforestation, the discharge
of industrial residues, overuse of agricultural pesticides, and
in particular, deficient or nonexistent public sanitation?'. The
United Nations Children’s Fund (UNICEF) and the World
Health Organization (WHO) have estimated that some 2.6
billion people worldwide lack basic sanitation, and that almost
one billion have no access to an adequate supply of drinking
water?. These conditions provide a favorable environment
for the establishment and propagation of infectious diseases.
It has been estimated that 80% of all the infectious diseases in
developing countries are linked to the consumption of con-
taminated drinking water, in particular diarrheas, which af-
fect the infant population primarily®®.

Unlike many other parts of the world, the Brazilian
Amazon region has a surplus of freshwater, although sup-
plies of water adequate for human consumption are limited,
given the lack of investment in public sanitation and the rapid
growth of most of the region’s cities?”. For example, most of
the hydrographic basin of the city of Belém, in the Brazilian
State of Pard, is affected by the unregulated discharge of
chemical waste, solid residues, and other domestic and indus-
trial effluents, which are deposited untreated into the rivers
and streams region, and ultimately make their way into the
public water supply”.

Regarding to the importance of the protection of public water
supplies and the need for the prevention of water-borne diseases,
the present study analyzed the microbiological quality of the
water of Agua Preta Lake in the Brazilian city of Belém. This lake
is one of the principal sources for the city’s public water supply.

MATERIAL AND METHODS

Study area

Samples were taken from Agua Preta Lake, located in
Belém Environmental Reserve (created in the State Decree
Ne 1552 of 03/05/93), belonging to Utinga region”. Along
with Bolonha Lake, is responsible for supplying approximate-
ly two-thirds of the population of the metropolitan area of
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Belém with running water'?, presents an area of 3.116.860 m?
and 9.950.000 m® volume, being influenced by the waters
of the Guamd River (Figure 1)". This influence is related to
the pickup point Guama River water to the lake, in order to
supplement the volume of water to supply the metropolitan
area of Belém. Although situated in an area of environmental
protection, provides point of human occupation due to disor-
dered development of the city.

As described in Resolution n° 357/2005 of CONAMA to
fresh water environment, this aquatic ecosystem fits for class 2,
because is intended for human consumption, after a conven-
tional treatment’. Furthermore, according to this resolution,
require monitoring (without prior aseptic water testing), due
to be a supplying aquatic environment, needs be agree quality
parameters of CONAMA, to be used to this purpose®

Sample collection

Six water samples were collected at each of six points in
Agua Preta Lake (Figure 1) between June 2007 and June 2008.
The sampling points were selected according to the influence
sphere around the lake. The U1, U2 and U5 points are close
to conserved regions of forest. The U3 is the closest to pickup
point Guama River water to the lake. The U4 is the closest to
the visitor center of the environmental reserve. The point U6
is the closest to pickup point Agua Preta Lake water to the
Bolonha Lake.

The samples were collected, transported and stored, ac-
cording to the procedures outlined in the Standard Methods
for the Examination of Water and Wastewater, 20* edition®.

Following the recommendations of the Standard Methods
for the Examination of Water and Wastewater’, the samples
were with the aid of polypropylene vials, properly sterilized
with the ability to 100 mL. Each vial was placed against the
water flow, at a depth of 30 cm. After collecting, the vials were
properly identified and stored in an isothermal box to the
laboratory examination.

Quantification of total and Thermotolerant coliforms

The Qualification of Total (TC) and Thermotolerant
Coliforms (ThC) concentrations were estimated using the
multiple tube fermentation technique. During the preliminary
stage, the water samples were diluted from 10" to 10 and then
inoculated with 1 mL of each dilution in tubes containing lac-
tose broth. Following incubation at 35+0.5°C for 24—48 hours
the turbidity of the liquid and the production of gas was veri-
fied in inverted Durham tubes. Aliquots of the positive tubes
were transferred to test tubes 2% Brilliant Green Lactose Bile
Broth (BGLBB) and Escherichia coli Broth (ECB). The tubes
containing BGLBB were then incubated in a water bath at
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Figure 1. Location of Agua Preta Lake regarding to the Northern Brazilian city of Belém (Para State) and its principal tributaries. The sampling

points are labeled as in the text

35+0.5°C for 24-48 hours, and those with ECB at 44.5+0.2°C
for 24 hours. Then, the tubes were analyzed to determine the
Most Probable Number (MPN) of coliforms using the Hoskins
table, which considers a 95% confidence interval, according
to the procedure described in the Standard Methods for the
Examination of Water and Wastewater, 20" edition®.

Identification of Escherichia coli

For the isolation and identification of E. coli, aliquots were
extracted from the positive BGLBB cultures and transferred to
the surface of a MacConkey agar medium followed by incuba-
tion at 35.0 +0.5°C for 24 hours. The colonies typical of lactose-
fermenting bacteria were selected for biochemical identifica-
tion, using the procedure described by Koneman et al.™.

Profile of the susceptibility of Escherichia coli to antibiotics

The resistance or sensitivity of the E. coli isolates confirmed
by the biochemical analyses to cefoxitin (30 mcg), ampicil-
lin (10 mcg), imipenem (10 mcg), gentamicin (10 mcg), and

amikacin (30 mcg) was examined using the disk-diffusion test
in Mueller Hinton agar plates. This test was conducted accord-
ing to the recommendations of the Clinical and Laboratory
Standards Institute, CLSI".

Detection of the genes related to pathogenicity in the
Escherichia coli isolates

The identification of bacterial lineages with pathogenic
potential was based on the Polymerase Chain Reaction (PCR)
technique, which was used to amplify specific genes (Table 1),
following established procedures.

Extraction of the DNA

Each lineage was cultured in nutrient broth for 24 hours
at 37°C, and then centrifuged at 7000 rpm for 5 minutes.
The pellet was dissolved in T.E. buffer and treated with K pro-
tease (10 mg/mL) for 30 minutes at 55°C. The DNA was then
extracted using phenol-chloroform (1:1) and chloroform
isoamyl alcohol (24:1).
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Pathogenic markers test

Five marker genes were selected and amplified accord-
ing to the procedure outlined in the respective reference
(Table 1). The amplified fragments were visualized in 1%
agarose gel. The standardized pathogenic EPEC, ETEC, and
EHEC strains, which were provided by the Evandro Chagas
Institute in Belém, were used as positive controls for the PCR.

STATISTICAL ANALYSES

The MPN data for total and thermo-tolerant coliforms
were examined for normality using the Shapiro-Wilk test.
Due to normality was not confirmed, the Kruskal-Wallis
nonparametric analysis of variance was used to investigate the
significance of the observed variation in coliform concentra-
tions among the different sampling points. Spearman’s cor-
relation coefficient was used to verify the possible relationship
between coliform concentrations (total and thermo-tolerant)
and monthly precipitation. Rainfall records were obtained
from the Pard State ministry for Science, Technology, and
the Environment (http://www.para30graus.pa.gov.br/pre-
cipitacoes_mensal.htm). A significance level of ®=0.05 was
adopted for all statistical analyses.

RESULTS

Quantification of Total (TC) and Thermotolerant coliforms
(ThC) - The TC concentration varied from 4.5 x 10" to 1.7 x
10°* NMP/100 mL, while that of ThC ranged from 2.0 x 10" to
4.9 x 10> NMP/100 mL. No systematic correlation was found
between the concentrations of either parameter and monthly
precipitation during the study period (TC: Spearman’s
r.=-0.095, p=0.8; ThC: r =-0.143, p=0.7358).

Significant variation in the MPN was found among the
different sampling points only for thermo-tolerant coliforms
(Kruskal-Wallis H=16.5217, n=5, 48, p=0.0055), indicating
the possible influence of different portions of the lake on the

concentrations of these bacteria. Points U3 and U6 returned
the highest concentrations, and thus the highest median val-
ues (Figure 2).

Isolation of coliforms — Four different coliform species were
identified in the samples. Escherichia coli was the most com-
mon, appearing in 31% of the samples, followed by Klebsiella
sp. (22%), Enterobacter sp. (10%), and Citrobacter sp. (2%).

Profile of the susceptibility of E. coli to antibiotics — All of
the 30 E. coli isolates were susceptible to imipenem (10 mcg),
gentamicin (10 mcg), and amikacin (30 mcg). In the case of
ampicillin, however (Table 2), while some strains were sen-
sitive to this antibiotic, others were partially or completely
resistant. Similarly, some of the strains presented intermedi-
ate resistance to cefoxitin, whereas others were susceptible.
The results of this analysis permitted the identification of six
distinct phenotypic profiles (A-F), some of which were multi-
resistant (Table 3).

Pathogenic genes — None of the 30 E. coli isolates contained
any of the genes targeted by the analysis (Table 1).

DISCUSSION

The lack of adequate public sanitation measures is an on-
going problem, which poses a serious risk to public health,
as well as causes an impact to the aquatic ecosystems®. In
the cities of the Amazon region, in particular, this problem is
exacerbated by the general lack of urban planning?®.

In the present case, while the land adjacent to the Agua
Preta Lake is considered to be a protected area due to the
presence of sources of public water supplies, it is densely
populated by squatters. Worse still, during the visits to the
lake for the collection of the water samples, it was possible to
confirm that the residences located within this area lacked any
form of public sanitation, and that domestic waste was being
discharged untreated into the margins of the lake. The local
residents also dump solid waste in the area, exploit the natural
resources of the remaining forest, and fish in the lake.

Table 1. Pathogenic genes investigated in the present study, and their respective primers

Primer pair Target gene Primer Sequence (5' to 3) Product size (bp) Reference
BfpB-F GATGGGGCTGATACTGGGCAGC

BfpB 826 Miiller et al.
BfpB-R P AGTGACTGTTCGGGAAGCAC Hhereta
Stxla-F Sl GGCGTTCTTATGTAATGACTGC 250 Vil ot a2
Stxla-R xa ATCCCACGGACTCTTCCATC ueretat
cae-F ATTACTGAGATAAGGCTGAT o2 Blanco et alt
cae-F cae ATTTATTTGCAGCCCCCAT ancoetak
STla 1 TCTGTATTATCTTTCCCCTC

28

STIa 2 ST ATAACATCCAGCACACAGGC 186 Schultsz et al.
LTal L GGCGACAGATTATACCGTGC co Sehultss et alt
LTa2 a CCGAATTCTGTTATATATGTC chuitsz et alk
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Figure 2. Box plot (median and quartiles) of the concentrations of total coliforms (1), and thermo-tolerant coliforms (1) recorded at the different
sampling points in Agua Preta Lake in the Brazilian city of Belém

Table 2. Susceptibility of the Escherichia coli strains isolated from the water of Agua Preta Lake (Belém) to the antibiotics Ampicillin (10 mg)
and Cefoxitin (10 mg)

. Number Susceptibility to Ampillicin (%) Susceptibility to Cefoxitin (%)
Sample point . . " . 5 .
of isolates Resistant Intermediate Sensitive Intermediate Sensitive

Ul 13 53.85 15.38 30.77 61.54 38.46
U2 4 25.00 50.00 25.00 0.00 100.00
U3 7 14.29 28.57 57.14 42.68 57.14
U4 4 0.00 50.00 50.00 25.00 75.00
U5 1 100.00 0.00 0.00 0.00 100.00
U6 1 0.00 100.00 0.00 0.00 100.00

Table 3. Phenotypic profiles of the Escherichia coli strains isolated from the water of Agua Preta Lake (Belém) obtained from the disk diffusion tests

Number Susceptibility to
Phenotype g e o AT . o Thoved

of isolates Cefoxitin Ampicillin Imipenem Gentamicin Amikacin
A 8 Sensitive Sensitive Sensitive Sensitive Sensitive
B 6 Intermediate Sensitive Sensitive Sensitive Sensitive
C 3 Intermediate Intermediate Sensitive Sensitive Sensitive
D 3 Intermediate Resistant Sensitive Sensitive Sensitive
E 4 Sensitive Intermediate Sensitive Sensitive Sensitive
F 6 Sensitive Resistant Sensitive Sensitive Sensitive

Despite this apparent degradation of the environment,
the concentrations of thermo-tolerant coliforms recorded
in the present study were within the limits established by
the Brazilian National Environment Council (CONAMA:
resolution number 357/2005) for freshwater quality (class 2).
This classification recommends a concentration of no more
than 1.000 coliforms per 100 mL of water?.

Despite the fact that the concentration of thermo-tolerant
coliforms recorded in this study was within the limits de-
fined by Brazilian legislation, there is a clear need for the a
systematic program of planning and for the protection of
these bodies of water development, especially those located

within the Area of Environmental Protection (AEP); given
that a number of studies, such as that of Viau et al.*, have
confirmed the negative effects of anthropogenic impacts on
these aquatic systems.

Menezes et al.”?, for example, found that human activities
in the area surrounding Agua Preta Lake affect the concen-
tration of dissolved oxygen in its water, which is one of the
chemical parameters covered in the CONAMA legislation?,
i.e., resolution 357/2005.

In the present study, significant variation was found in
the concentrations of thermo-tolerant coliforms in different
parts of the lake, which suggests the influence of specific local
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factors on the quality of the water, possibly related to the pres-
ence of urban development in the surrounding area. Points
U3 and U6 presented the highest concentrations in terms of
the MPN/100 mL (Figure 2). Point U6 is the closest to the
residential area occupied on the margin of the lake (Figure 1),
which reinforces the conclusion that anthropogenic impacts
are influencing the sanitary quality of the lake’s water, in par-
ticular related to the lack of a public sanitation system in the
urbanized areas on its margins.

Viau et al.* indicated that the lack of public sanitation is
one of the principal factors determining the quality of sources
of drinking water, and reinforced the need of the adequate
monitoring of these aquatic environments.

By contrast, point U3 is close to the catchment area for the
water from the Guama River (Figure 1). This river is affected
by a number of other potentially polluted watercourses, in
particular the Aurd stream, which drains the areas surround-
ing the landfill that serves the whole of the metropolitan
zone of Belém'. Landfills are known to represent a serious
potential risk for the environment, due to the possibility of
the chemical or microbiological contamination of aquatic
environments from the run-off of slurry®.

Mudiam et al.”! classifies the presence of total and thermo-
tolerant coliforms as a primary indicator of fecal contamina-
tion. While these microorganisms may not necessarily be
pathogenic in themselves, their presence indicates the possible
occurrence of other, potentially more infectious organisms.

Precipitation rates may affect the concentration of mi-
croorganisms in standing water, through the leaching of
pathogens, nutrients, sediments, and heavy metals from the
surrounding area into the water'®. In the present study, how-
ever, no systematic relationship was found between coliform
concentrations and precipitation levels. The inconclusiveness
of this analysis may has been a sampling effect, given that
Kolm and Andretta” confirmed a significant relationship
with both types of coliform concentration, based on a much
larger sample.
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