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ABSTRACT Safe and efficient public water supply is still a challenge in Brazil. This may lead to an
increased incidence of diseases such as Acute Diarrheal Disease (ADD) and hepatitis A. The aim of
this study was to associate the quality of water distributed and the occurrence of ADD and hepatitis
A in the Federal District (FD) (Brazil) between 2012 and 2017. Data regarding the complaint rates
related to water and the non-compliance of its quality were provided by the Supply Company of
the FD. The occurrence rates of ADD and hepatitis A were obtained by the Department of Health.
Complaint rates were directly related to the non-conformities in relation to free residual chlorine
concentration and turbidity of water; however, that relation was inverse to the injuries. This shows
that the monitoring carried out by the concessionaire’s quality control was relevant in reducing these
problems, even during the intermittent supply period (2017). Therefore, the communication channel
between users and the service provider was fundamental for the company’s corrective actions, which
reflected in the reduction of ADD and hepatitis A cases.

KEYWORDS Basic sanitation. Water rationing. Diarrhea. Hepatitis A.

RESUMO O abastecimento ptiblico de dgua de maneira segura e eficiente ainda é um desafio no
Brasil. Isso pode levar a um aumento na incidéncia de agravos como Doenga Diarreica Aguda
(DDA) e hepatite A. O objetivo deste trabalho foi associar a qualidade da dgua distribuida e a
ocorréncia de DDA e hepatite A no Distrito Federal (DF) (Brasil) entre 2012 e 2017. Os dados refe-
rentes aos indices de reclamagdo relativos a dgua e da ndo conformidade da sua qualidade foram
cedidos pela Companhia de Abastecimento do DF. As taxas de ocorréncia de DDA e hepatite A
foram obtidos pela Secretaria de Sauide. Os indices de reclamacdo tiveram relagdo direta com os
de ndo conformidades na concentragdo de cloro residual livre e de turbidez da dgua; no entanto,
essa relagdo foi inversa aos agravos. Isso mostra que o monitoramento realizado pelo controle
de qualidade da concessiondria teve relevdncia na redugdo desses agravos, inclusive durante o
periodo de intermiténcia no abastecimento (2017). O canal de comunicagdo entre os usudrios e o
prestador de servigos, portanto, foi fundamental para as agdes corretivas da empresa, o que refle-
tiu na reducdo de casos de DDA e de hepatite A.

PALAVRAS-CHAVE Saneamento bdsico. Racionamento de dgua. Diarreia. Hepatite A.
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Introduction

The concern about distributing water in a
safe way to avoid the occurrence of water-
borne diseases has been happening since the
ancient civilizations!. However, the correlation
between the occurrence of health problems
and the public supply system was only per-
formed in 1832 by John Snow, in Inglaterra2.
From this milestone, regulations to ensure
that all forms of water supply would occur in
a sanitary way were created to prevent water-
borne diseases from occurring.

The water may contain inappropriate
constituents, and treatment prior to con-
sumption is necessary. After this proce-
dure, water is usually distributed through
pipelines and reservoirs to users. Thus,
the public water supply system consists of
water treatment and distribution. Leaks in
the pipes and intermittence of the system
can compromise the quality of the water
reaching the population and thus carry
etiologic agents causing diseases, being one
of the most common symptoms to acute
diarrhea34. The so-called Acute Diarrheal
Diseases (ADD) is of infectious origin and
can be caused by different agents, being
characterized by constant evacuation, and
may lead to dehydration®.

From 2010 to 2014 alone, 21 million ADD
in children under the age of 5 years were re-
ported in the Federal District (FD), probably
due to inadequate water supply; however,
areduction in this epidemiological picture
has been observed in recent yearsé. In ad-
dition to ADD, a very characteristic health
indicator in relation to water supply is the
occurrence of hepatitis A.

Ordinance MS n° 2.9147 defines parameters
and criteria for acceptance of water quality
at its various levels: after treatment, reser-
voirs and distribution network. The quality of
water distributed in a city should be verified
by the concessionaire that administers these
services both by its quality control and by the
municipality or by the FD, through health

surveillance. Among the priority parameters
used to monitor water quality, turbidity, free
residual chlorine and microbiological con-
tamination (Total Coliforms and Escherichia
Coli) stand out. These parameters may signal
irregularities in the supply system. The stan-
dard states that the water of the distribution
network must have between 0.5 and 5.0 mg.L!
free residual chlorine and a turbidity below 5
UNT (Nephelometric Turbidity Unit), besides
being free of microbiological contamination.

The FD belongs to the Central Plateau,
where are the main headwaters of the
three great Brazilian hydrographic regions:
Tocantins-Araguaia, Sdo Francisco and Parana.
This way, the water availability of the region
depends directly on the incidence of rainfall.
However, the year 2016 was marked by a drop
in the rainfall index, which caused a significant
reduction in these main reservoirs of the city8.
Containment measures such as supervision
and reduction in the granting of agricultural
activities and awareness of the rational use of
water were not sufficient to avoid a rotation of
public water supply in 2017. This alternation
worked with a day of interruption, two for
water return (regularization period) and four
with standardized water supply®.

Therefore, the objective of this study was to
make a possible correlation between the non-
conformities regarding the water quality that
supplies the FD, the complaint rates of users
regarding the water consumed and the occur-
rence of ADD and hepatitis A in the period
from 2012 to 2017.

Material and methods

An ecological study was carried out having as
unit of analysis the population of FD, Brazil.
This approach aims to relate exposure indi-
cators to the epidemiological indicators of
certain population groups. Exposure indica-
tors were the different parameters used to
define the water quality that supplied the FD,
while the epidemiological indicators were the
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occurrence of diseases recognized as associ-
ated with water quality. This study occurred
between 2012 and 2017, period that incorpo-
rated the year in which water scarcity and
rotation were declared in the public supply.
Results on the quality of the water dis-
tributed were provided by the Regulatory
Agency for Water, Energy, and Basic
Sanitation (Adasa). These data are open to
the population as determined by the law
on access to information. The parameters
obtained were: Free Residual Chlorine
(FRC), Turbidity (T), Total Coliforms (TC)
and Escherichia Coli (EC). Usually, the con-
cessionaire collects a minimum number
of samples from the distribution network
depending on the parameter to be analyzed.
Samples that, haply, may have been found to
fall outside the standards recommended by
the ordinance (table 1) are identified as Non-
Conforming (NC). The monthly data of total
samples collected in the network as well
as the quantity of NC samples were made
available by Adasa. The Non-Compliance
Indexes (NCI) of the water distributed in
the FD for each parameter was calculated
from the ratio between the quantity of NC
samples and the total amount of samples
collected in the period. In order to be able
to correlate with the indices of diseases
(ADD and hepatitis A), the integration of
these data per year was carried out.
Complaints data regarding water quality
were accessed directly from the Performance
Indicators Report of the Company, which are
data also open to the population. This report
contains all complaints made to the company
regarding water or not. Accordingly, the
Relative Complaints Index (RCI) was calcu-
lated by the ratio of water quality complaints to
the total complaints that came to the company.
Data regarding the occurrence of ADD and
hepatitis A in FD were provided by the Health
Department. It was possible to obtain all these
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data for each month of the period of this study.
The ADD and hepatitis A rate per thousand
inhabitants was determined from the ratio
between the occurrence of each grievance and
the estimated population in the corresponding
year multiplied by one thousand.

All data obtained were plotted by month
in order to know the trend of each indicator
in the period, except for the complaint rates,
as they are not available. The NCI for each
water quality and RCI parameter per year
(independent variables) were analyzed by
their ‘one-to-one’ correlation with ADD rate
and hepatitis A rate (dependent variables). In
addition, a probable correlation analysis was
performed between the NCI (independent
variables) and the RCI (dependent variable).

Initially, simple linear regression analy-
sis was performed between each group of
variables (dependent and independent) to
select the indicators that were used in the
Stepwise analysis. The significance level
adopted in these correlations was 20% (p
<0,2). All statistical tests were performed
using the R-Studio program.

Results and discussion

Water quality distributed in the Fed-
eral District

Figure I shows that, from 2015, there was an
increase in the number of water samples from
FD with non-compliance with the acceptable
quality standard for FRC, T, TC and EC. It is
observed that the non-compliances of these
samples were more significant in the year in
which the rotation was implemented in the
supply (figure 1). However, during this period,
the number of samples taken from the network
was higher than in the previous ones (table ).
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Figure 1. Number of Non-compliant (outside the potability standard) monthly samples in water distributed in FD between 2012

and 2017 according to the priority parameters of Free Residual Chlorine (A); Turbidity (B); Total Coliforms (C) and Escherichia Coli

(D). Data provided by the Regulatory Agency for Water, Energy, and Basic Sanitation (Adasa)
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Table 1 shows the number of samples
collected by the quality control of the con-
cessionaire between 2012 and 2017, as well
as the NCI of the water quality in relation
to the parameters FRC, T, TC and EC, the
annual injury rates for ADD and hepatitis
A, the estimated population each year and
the population growth rate.

The parameters that had the most expres-
sive number of NC samples were FRC, TC
and T (table 1). Morais and collaborators®
obtained FRC values below that recommended
by the ordinance when monitoring the distrib-
uted water in Goias. The low concentration
of chlorine in the distribution network may
occur due to operational errors during the
water treatment process (inadequate chlo-
rine dosage) and/ or its consumption in the
network itself (organic matter present in the
network)". The intermittent water supply can

cause internal dryness in the pipes and this
can cause the detachment of fouling and silt,
which, with the return of water, can be carried,
causing an increase of T and the concentration
of organic material in water; and this increase
can consume the chlorine of the net2. The
incrustation and the slime are formed with the
time of use and are common in the distribu-
tions13. The NCI of TC and T in 2017, the year
in which the water rotation was operated, was
smaller than in 2016 (table 1). A possible expla-
nation for this may be the maneuver during the
rationing period, in which water sampling was
performed only after normalization of supply,
thatis, 48 hours after the return of water. With
this, the frequency of NC samples for these
two parameters tends to be lower, a fact that
was not reflected in the FRC. Therefore, 48
hours may not have been sufficient for the
normalization of the supply network.

Table 1. Variables collected by databases: amount of samples collected in the water distribution network by the utility,

relative percentage of non-compliance samples (NCI), relative complaints index (RCI) to water quality, total estimated

population of FD and population growth rate

Variables Data Collection Period
2012 2013 2014 2015 2016 2017
Amount of  FRC® 9174 9.243 8.474 10.546 8.552 19.517
éi?epc‘tes LT om7 9.237 8.408 10.544 8.540 19.512
CT® 9172 9.241 7754 10532 8.560 19.526
EC@ 9171 9.241 7754 10532 8.560 19.526
NCI FRC™ 0,010 0,009 0,018 0,016 0,016 0,023
T 0,021 0,012 0,007 0,013 0,030 0,019
TC® 0,018 0,011 0,017 0,028 0,031 0,022
EC® 0,0007 0,0009 0,0004 0,0011 0,0006 0,0008
Diseases DDA® 2712 2156 28,79 12,03 1,01 718
Indext® HEP AD 0,060 0,028 0,020 0,010 0,004 0,005
RCI® 0,22 014 0,15 015 0,23 032
Estimated population® 2648532 2789761  2.852372 2914830 2977216  3.039444
Rate of Population 1,015 1,053 1,022 1,022 1,021 1,021
Growth(o

Notes: (1) Free Residual Chlorine; (2) Turbidity; (3) Total coliforms; (4) Escherichia Coli; (5) Relative damage index for every 1.000
inhabitants; (6) Acute Diarrheal Disease; (7) Hepatitis A; (8) Relative Complaints Index; (9) Data collected from IBGE®; (10) Ratio
between the population of the current year and that of the previous year. Water quality data were provided by the Regulatory Agency for
Water, Energy and Basic Sanitation (Adasa) of the FD. Health data were provided by the Health Department of the FD.
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The minimum amount of samples to be col-
lected for monitoring depends on the popula-
tion served by the supply system?. The FD has
about 2.5 million inhabitants, therefore, the
monitoring carried out by the concessionaire
should take approximately 8.460 samples per
year in the water distribution system?; however,
in 2017, the Company performed more than
19 thousand samples (table 1). This result may
indicate a greater concern for the company in
monitoring the supply system due to intermit-
tency. This measure corroborates the recom-
mendations cited by O’Connor? in the Toronto
Walkerton survey that places monitoring as an
effective barrier to the risk of contamination
in the management of water supply systems.

The monitoring of water quality for human
consumption must be performed by two different
actors: environmental health surveillance and the
concessionaire responsible for the supply. While
surveillance seeks to associate and/or prevent
injuries that can be transmitted by water, the
concessionaire aims at controlling the quality
of its offered product. For the concessionaire, a
non-conformity shows the occurrence of some
error in the water distribution system, and the
company must follow protocols for the correction
of these faults. After corrective actions, a new
sampling at the non-compliant points shall be
performed to verify the effectiveness of the action
and to confirm the improvement of the system?.
Therefore, the result of non-conformity may not
correspond to a poor water quality that reaches
the end user. Surveillance typically collects a
smaller amount of samples than that practiced by
the concessionaire’s quality control'e. As stated
in the National Guideline for the Environmental
Health Surveillance Sampling Plan related to
the Quality of Water for Human Consumption
of the Ministry of Health'6, the number of water
samples from the city of Ubatuba, Sdo Paulo,
collected by surveillance, was much lower than
the control from the concessionaire in 2003.
While surveillance collected 463, 463, and 448
samples for FRC, T, and TC analysis, respectively,
the control sampled 1.232, 1.275, and 1.257 for
these same parameters. This resulted in a higher

percentage of non-quality (non-conformance)
samples in surveillance sampling. This differ-
ence presents different NCI obtained by these
two actors. The fact that the number of samples
performed by the concessionaire of the Federal
District was higher, mainly, during the intermit-
tent period (2017) causes a drop in the NCI, which
probably would not be observed by surveillance
(table1). Therefore, the absolute non-compliance
values of the samples reflect the impacts to the
water distribution system suffered by the supply
rotation in 2017.

The Indicators Report of the concessionaire
show that the RCI of the water quality increased
in 2016 and 2017 (table 1). In absolute terms, in
2015, 721 complaints were registered regarding
the quality of water distributed in FD against
894 in 2016 and 1.382 in 2017. These figures rep-
resent an increase of approximately 24% in 2016
and 91% in 2017, compared to 2015. Complaint
by users usually occurs by the perception of
the organoleptic characteristics of the water
consumed. The presence of color, flavor and
odor, as well as T, are factors that lead the user
to question the water quality. This result re-
inforces the idea of failures in the management
of maneuvers in the rationing period, in which,
probably, users may have been attended by water
before the normalization period, that is, in the
intermediate period between the cut-off and the
normal supply and, with that, they have stored
and even consumed this water which was not
fit for their consumption.

Acute Diarrheal Disease (ADD)
and Hepatitis A rates in the Federal
District

Figure 2 shows the monthly cases of ADD
and hepatitis A registered at the Health
Department of the FD between 2012 and 2017.
It can be observed that in the last three years
(2015, 2016 and 2017) there was a decrease
in the number of cases of these two diseases.
In addition, table I also shows a reduction in
the incidence rates of these two diseases over
this period.

13
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Figure 2. Number of notifications of Acute Diarrheal Disease (ADD) (A) and Hepatitis A (B) in FD between 2012 and 2017.

Data provided by the Health Department of the FD
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This result shows that these two prob-
lems have been reduced over the years,
which corroborates the studies conducted
by Meneguessi and collaborators' between
2003 and 2012. These authors found around
70 thousand ADD records in 2012 - which
was close to that found in this study —; and,
in 2017, this amount reached less than 22
thousand cases. Despite a positive result
regarding the occurrence of these diseases
in this population, this trend cannot be
celebrated. ADD is a problem that can be
prevented by simple public health improve-
ments. It is noteworthy that not only the
water supply is responsible for its transmis-
sion, but also sanitary sewage and drainage
are also ways of dissemination of pathogens
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responsible for this disease. Almeida®® as-
sociated the occurrence of ADD caused by
bacterial agents in Anapolis (GO) to the poor
conditions of hygiene and conservation of
its water reservoirs. She explained that the
habit of consuming tap water from poorly
conserved reservoirs was correlated with
ADD of bacterial origin. Therefore, even
with the guarantee of a satisfactory water
distribution system, ADD indices can only
be reduced to a satisfactory threshold when
other intrinsic problems are resolved.

On the other hand, hepatitis A occur-
rence is intrinsically associated with the
quality of the water consumed. Braga and
collaborators? identified the risk of hepa-
titis A correlated with deficiencies or lack
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of water supply in different territories in
the municipality of Duque de Caxias (Rio
de Janeiro). The occurrence of hepatitis
A in FD was lower in the last years of this
study, reaching 13 and 14 in 2016 and 2017,
respectively, which corresponds to half of
the cases reported compared to 2015. In
addition, hepatitis A rates for each thou-
sand inhabitants in recent years have been
reduced from 0,060 in 2012 to 0,005 in 2017
(table 1). These observations show that there
may be a greater concern for the water
quality that supplies the FD, confirming
the importance of both the control carried
out by the concessionaire and the active
participation of users. However, the hepa-
titis rate in 2017 was slightly higher than
2016, probably due to intermittent supply.

Therefore, it is important to carry out a
critical analysis in the management of water
for human consumption when intermittent
supply is required.

Correlation between data

Table 2 shows the results of simple linear re-
gression applied in the variables ADD rate,
hepatitis A rate and RCI related to water
quality as dependent variables with the NCI
for each distribution network water quality pa-
rameter (FRC, T, TC and EC) and RCI related
to water quality as independent variables.
From this result, the variables that obtained
values of p < 0.2 were submitted to Stepwise
in order to obtain Pearson correlation indices
(figure 3) between them.

Table 2. P values obtained after the simple linear regression analysis performed between the different variables: Acute Diarrheal
Disease (ADD) and Hepatitis A, Non-Compliance Indexes (NCI) and Relative Complaints Index (RCI)

Dependent Variables

Independent Variables

NCI RCI
FRC* T TC*** ECH**+
DDA rate 0,52 0,70 0,68 0,23 0719
Hepatitis A rate 0,58 0,90 0,77 0,85 0,70
RCI 0,20 0,20 0,30 0,55 -

*FRC - free residual chlorine. **T - turbidity. ***TC - total coliforms;

Figure 3 shows that regression rates (R2)
were low, but are common values for this type
of study. On the other hand, the Pearson (r)

«««««

EC - Escherichia Coli.

correlation coefficients obtained were greater
than 0,50, showing that these correlations are
significant.

15
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Figure 3. Correlations (r) between the different variables that had satisfactory linear regression values (p < 0,2). In (A)
Acute Diarrheal Disease (ADD) rate per 1.000 inhabitants and Relative Complaints Index (r = -0,56144), (B) Relative
Complaints Index and Non-Compliance Index for Free Residual Chlorine (r=0,57737), (C) Relative Complaint Index and

Non-Compliance Index for Turbidity (r = 0,60402)

A
g 30 °
é ]
8 25
o r=-0,56144
£ e,
tee, 2
g 20 e, R?=10,3152
< tee.,
s B T .
% ; ° N
a .
o [ ]
< 5
0,10 0,15 0,20 0,25 0,30 0,35
Relative Complaints Index
B
0,35
% r=0,57737 °
° 0,30
» R?*=0,3334 v
E o
_Q- L] Il-.-..
£ °
] 0se®’
S 020
[ . Y
2
2 015 ° ° {
010
0,0065 0,01 0,0135 0,017 0,0205 0,024
Non-Compliance Index for Free Residual Chlorine
C
0,35
x L]
L
2 030 r=0,60402
v
€ R?=0,3649 .o
£ 0,25 it
a " oe®
°
> 020
2
& 015 o’ ° °
010
0,0065 0,0115 0,0165 0,0215 0,0265 0,0315

Non-Compliance Index for Turbidity

Linear regression statistical results showed
that if a stricter significance level such as 10
or 5% (p <0,1 or 0,05) were used, for example,
which is common in ecological studies,
it would exclude all variables to be tested.
This way, a less judicious value was adopted.
Even in this condition, only the ADD (health
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indicator) rate correlated with the RCI. Using
RCI as the dependent variable, only NCI of
FRC and T were correlated (table 2). This
result shows the difficulty in associating en-
vironmental variables and the incidence of
diseases. Queiroz, Heller and Silva2® could
not obtain a good correlation between water
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quality and ADD incidence in Vitdria (ES).

The ADD rate had an inverse relationship
with the RCI (figure 3A), indicating that the
higher the number of complaints, the lower
the disease rate. A likely explanation of this
result would be the effectiveness of complaints
by promoting improvements in the supply
system and, therefore, promoting a better
health condition of the population. Meisen
etal.2'also had a negative correlation between
water quality and ADD, but little significant.
Moreover, they failed to point out these cor-
relations with various water characteristics. It
should be noted that non-compliance does not
mean that poor quality water reaches homes,
but, rather, identifies system failures that may
have been corrected. Probably, the monitor-
ing performed by the company is having an
effect, preventing the proliferation of ADD by
the water consumed. Regarding water quality
and hepatitis A, although there are reports
indicating that safe water supply diminishes
the prevalence of this disease??, the studies
undertaken were unable to establish correla-
tions between these variables as also observed
by da Silva and others?3,

The NCI variables of FRC and T showed
a direct correlation with the RCI (figures 3 B
and C). The proliferation of microorganisms
in the distribution network, in addition to
favoring chlorine consumption, can promote
its T and is capable of generating odor and
taste changes?4, which could, besides the visual
aspect, influence the increase in complaints
about the water quality.

This study shows how difficult it is to obtain
a safe relationship between the sanitation vari-
ables and the health conditions of the popula-
tion. The fact that the monitoring of the supply
network finds a non-compliance in the water
quality can positively reflect the health status
of the population if corrective measures are
taken. An important fact is the perception of
the population as a control factor, because it
can reject the water when it detects some al-
teration. In this case, the maintenance of open

routes of complaint with the concessionaire,
especially in times of shortage and supply re-
striction, is essential to the good management
of the water supply service.

Conclusions

From this study, it can be inferred that the
number of non-compliance samples identified
by the quality control of the concessionaire
has been increasing in recent years, but the
NCI for the FRC, T, TC and EC parameters
has been maintained, probably due to the in-
crease in the amount of samples collected. The
number of complaints made by the popula-
tion regarding the quality of distributed water
(RCI) has also increased. This shows that the
water reaching users presented unsatisfactory
organoleptic characteristics. It is noteworthy
that, during the rationing period, both NCI
and RCI were higher. The number of ADD and
hepatitis A diseases has been following the
decreasing trend, and this shows that probably
these conditions may not correspond to the
water quality. The most significant correla-
tions observed occurred between the ADD
rate and the RCI inversely. The RCI had a
positive correlation with the NCI of FRC and
T, showing the difficulty in obtaining a correla-
tion between the water supply conditions and
the problems related to inadequate sanitation
even at rationing times.
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