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Abstract

Background: Peru is one of the countries with the lowest percentage of population with access to safe drinking
water in the Latin American region. This study aimed to describe and estimate, according to city size,
socioeconomic inequalities in access to safe drinking water in Peruvian households from 2008 to 2018.

Methods: Secondary analysis of cross-sectional data using data from the 2008-2018 ENAHO survey. Access to safe
drinking water, determined based on the presence of chlorinated water supplied by the public network, as well as
socioeconomic variables were analyzed. A trend analysis from 2008 to 2018, and comparisons between 2008 versus
2018 were performed to understand and describe changes in access to safe drinking water, according to city size.
Concentration curves and Erreygers concentration index (ECI) were estimated to measure inequalities in access to
safe drinking water.

Results: In 2008, 47% of Peruvian households had access to safe drinking water, increasing to 52% by 2018 (p for
trend < 0.001). For small cities, access to safe drinking water did not show changes between 2018 and 2008
(difference in proportions — 0.2 percentage points, p = 0.741); however, there was an increase in access to safe
drinking water in medium (difference in proportions 3.3 percentage points, p < 0.001) and large cities (difference in
proportions 12.8 percentage points, p < 0.001). The poorest households showed a decreasing trend in access to
safe drinking water, while the wealthiest households showed an increasing trend. In small cities, socioeconomic
inequalities showed an increase between 2008 and 2018 (ECI 0.045 and 0.140, p < 0.001), while in larger cities,
socioeconomic inequality reduced in the same period (ECI: 0.087 and 0.018, p = 0.036).

Conclusions: We report a widening gap in the access to safe drinking water between the wealthiest and the
poorest households over the study period. Progress in access to safe drinking water has not been equally
distributed throughout the Peruvian population. Promoting and supporting effective implementation of policies
and strategies to safe drinking water, including equity-oriented infrastructure development and resource allocation
for most vulnerable settings, including emerging small cities, is a priority.
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Background

In 2010, the United Nations General Assembly explicitly
recognized access to clean drinking water and sanitation
as a human right [1]. However, as of 2015, 3 out of 10
people worldwide did not have access to safe, readily
available water at home [2]. Inadequate water, sanitation
and hygiene, a major global health problem, accounts for
a large part of diarrheal diseases, malaria, schistosomia-
sis, anemia, malnutrition and death in developing coun-
tries [3]. In addition to the health-related burden, there
are additional costs linked to collecting water, impaired
productivity and economic losses, among others [2, 4, 5].
In response to this phenomena, achieving universal and
equitable access to safe drinking water for all is reflected
in the Sustainable Development Goal (SDG) 6 on water
and sanitation [6].

In 2015, 95% of the Latin American and the Carib-
bean (LAC) population used an improved drinking
water source. Access to drinking water has increased
between 1990 and 2015 in both urban and rural re-
gions of LAC, yet 34 million people still lack access
[7]. However, the coverage in the access to drinking
water in the rural areas, in general, is considerably
lower compared to urban areas of LAC [7]. Inequal-
ities in the access to drinking water and public ser-
vices is also described in smaller cities compared to
large urban centers and within urban areas to the
detriment of the poorest. Likewise, large gaps in ac-
cess to improved sanitation and drinking water exist
between rich and poor and between geographic re-
gions and across countries [7]. A multi-country study
found income inequalities in access to and the use of
drinking water services in LAC, and also found that
access to household water disinfection methods is
very limited among poor families due to its relatively
high cost, which results in poorer quality of drinking
water in the lower-income groups [8].

Peru ranks third among LAC countries with the most
renewable freshwater resources [9]. However, this abun-
dant supply does not reach everyone. The percentage of
the population with access to chlorinated water in Peru
is 87%, a lower value in comparison to the regional aver-
age of 95% for South America [10]. National estimates
from Peru’s National Household Survey (ENAHO, by its
acronym in Spanish) for 2016 reported that 86% had ac-
cess to water through the public network, 67% as drink-
ing water and 19% as non-drinking water, and 14%
reported consumption of non-potable water from other
sources such as rivers, springs, rain, tanker or “pilon” for
public use [11]. Access to drinking water according to
place of residence also reveals drastic marked differ-
ences: 85% in urban areas vs. 9% in rural areas [11]. Fur-
thermore, it is reported that only 77.5% of the water
distributed to small cities in Peru is chlorinated [12].
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In Peru, both small and large cities have expanded in
recent decades, and most of this expansion was un-
planned. In addition, the residential segregation by class
and ethnicity may produce inequalities within cities, af-
fecting the health of their citizens [12]. Therefore, identi-
fying and measuring inequalities within cities represent
an opportunity to improve population health. Unfortu-
nately, there is limited evidence measuring inequalities
by different population subgroups or across different
geographical regions according to the city size to guide
adequate policies.

The aim of this study is to describe and estimate, ac-
cording to city size, socioeconomic inequalities in access
to safe drinking water in Peruvian households from 2008
to 2018.

Methods

Study design

A secondary analysis of cross-sectional data from the
2008-2018 ENAHO was carried out. These surveys have
been executed by the Peruvian National Institute of Sta-
tistics and Informatics (INEI, by its acronym in Spanish).
The ENAHO datasets per year used in this study are
open access and can be obtained at the INEI website:
http://iinei.inei.gob.pe/microdatos.

Study participants and survey characteristics

We used data from ENAHO, an annual cross-sectional
household survey that collects information about the liv-
ing conditions of the Peruvian population using a multi-
stage, stratified, probabilistic sampling of areas with
representation at the national, regional administrative
subdivisions (24 regions), natural region (Coast, High-
lands, and Jungle), geographic domain (Coast Urban,
Coast Rural, Highland Urban, Highland Rural, Jungle
Urban, Jungle Rural, and Lima Metropolitan), and
urban/rural levels. Sampling is defined as the set of all
the private homes and their resident occupants. Only
data between 2008 and 2018 were analyzed. Sample sizes
ranged from 26,010 in 2008 to 47,700 households in
2018. To produce population-based estimates, the
household records were assigned a sampling weight.
Weights were designed to minimize bias by incorporat-
ing adjustments for various forms of survey nonre-
sponse. Further details on sampling design, data
collection, and data quality have been described and
published in ENAHO reports [13].

Outcome

The study’s outcome was access to safe drinking water
(yes/no), determined based on the presence of chlori-
nated water supplied by the public network. This out-
come was measured in the general population and
according to city size [13]. Regarding city size, based on
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the classification used by the Peru’s INEI, three categor-
ies were defined according to the number of households:
small cities (from 401 to 10,000 households), medium
cities (from 10,001 households to 100,000 households),
and large cities (from 100,001 households or more).
Areas with 400 or less households are considered as
rural by INEI, and these were not considered since the
study was focused in urban cities.

Regarding the measure of water chlorination levels,
the surveyor filled two 5mL tubes with the water used
by the household member to wash or prepare their food.
The first tube acted as a control. One DPD1 (diethyl
paraphenylene diamine) pellet was added to the second
tube, and then it was shaken. The two tubes were put on
the Free chlorine color disc test kit, model CN-66F
equipment to read the results. Water was classified as
safe drinking water when the level of free chlorine indi-
cated by the notch in the window of the scale of the test
kit was equal or more than 0.5 mg/L.

Exposure

The exposure variable was the household’s living stan-
dards. The exposure variable was derived from per
capita household expenditure, measured in Peruvian
Soles (PEN), and obtained from the total household ex-
penditure divided by the number of household members.
Then, we created quintiles according to the per capita
household, where the lowest quintile (Q1 and Q2) are
the poorest households and the highest quintile (Q4 and
Q5) are the richest households.

Covariates

For this study, covariates such as natural region (Lima
Metropolitan, Rest of the Coast [Coast natural region
excluding Lima Metropolitan], Highlands, Jungle),
household size (1-3 members, 4—6 members, > 6 mem-
bers) and poverty at the household level (extreme poor,
non-extreme poor, non-poor) were considered. The level
of household poverty was classified according to the
INEI methodology that considers the household con-
sumption patterns of 941 products. Further details can
be consulted in ENAHO reports [13].

Data analysis

A descriptive analysis was carried out to characterize the
Peruvian households surveyed according to socioeco-
nomic characteristics and city size. In addition, the com-
parison of proportions in access to safe drinking water
between 2008 versus 2018 was made using the lincom
command in Stata. Also, to describe trends in access to
safe drinking water, we performed a trend analysis for
proportions using Royston’s “ptrend” Stata module, [14]
and additional analyses using logistic regressions were
conducted to re-confirm our results.
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Measurements of inequalities in access to safe drinking
water were performed using concentration curves (CC)
and Erreygers concentration index (ECI) [15]. Both mea-
sures are widely used to estimate absolute inequalities
using population surveys, as well as to compare differ-
ences across years [16]. CCs describe the relationship
between the cumulative percentage of the population ac-
cording to per capita household expenditure and the cu-
mulative percentage of access to safe drinking water in
relation to the diagonal line of equality. The more the
CC moves away from the equality line, the greater de-
gree of inequality. If the CC is below the equality line,
there is greater access to safe drinking water for the
richest households (if CC is upper the equity line indi-
cates greater access in the poorest household). ECI was
used to measure the magnitude of inequality of access to
safe drinking water. This index offers methodological ad-
vantages compared to the standard inequality index [15].
The ECIs values range between -1 and 1, having posi-
tive values when there is greater access to water for rich-
est households (negative ECI values indicate greater
access in the poorest households).

Statistical analysis were carried out using Stata v14.2
(Stata Corporation, College Station, Texas, USA) specify-
ing the characteristics of the survey sampling that in-
clude the weights according to strata study design (svy
command). All estimates were calculated together with
their 95% confidence intervals (95% CI).

Ethics statement

Approval by an ethics committee was not required to
conduct this study because it is a secondary analysis of
data obtained from a publicly available source (ENAHO
surveys), which does not include personal identifiers of
the people surveyed.

Results

The analysis included 400,677 households from a period
of 11 years of ENAHO across the country. Table 1
shows the distribution of Peruvian households according
to their socioeconomic characteristics and city size.
From 2008 to 2018, the proportion of households with
one to three members increased from 33 to 40%, while
the proportion of households with more than six mem-
bers remained constant. In the same period, the median
household per capita expenditure increased from PEN
4271 to PEN 7061, whereas a reduction was observed in
the proportion of households classified as extremely
poor (from 9 to 2%) and non-extreme poor (from 22 to
14%).

The prevalence of access to safe drinking water during
2008 and 2018 across the country is presented in the
Supplemental Material. In 2008, 46.7% of the households
had access to safe drinking water, increasing to 51.9% in
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2018 (difference in proportions between 2018 vs. 2008
5.2 percentage points, p < 0.001). For small cities, access
to safe drinking water did not show changes between
2018 and 2008 (difference in proportions — 0.2 percent-
age points, p =0.741); however, there was an increase in
access to safe drinking water in medium (difference in
proportions 3.3 percentage points, p <0.001) and large
cities (difference in proportions 12.8 percentage points,
p <0.001). The test for trend showed a change in access
to safe drinking water from 2008 to 2018 for all city sizes
(Table 2). All tests for trend estimations were confirmed
by logistic regression analyses.

According to the households’ per capita expenditure,
from 2008 to 2018 the percent of access to safe drinking
water shows an inequality between the most deprived
(Q1 and Q2) and the least deprived (Q5) households
(Fig. 1). Figure 2 shows CCs displaying inequalities in ac-
cess to safe water in favor of the wealthiest population
in the general population (panel A), and that the in-
equalities gap in year 2018 was wider in the small cities
(panel B) than in medium (panel C) and large cities
(panels D).

Regarding the EClIs, only positive values were obtained
in the general population for the years included in the
study, evidencing access to safe drinking water is con-
centrated in wealthiest households (Table 3). In the
smallest cities the socioeconomic inequality appears to
have increased (from ECI [2008] 0.045 to ECI [2018]
0.140, p <0.001), while in larger cities socioeconomic
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inequality seems to be reduced (from ECI [2008] 0.087
to ECI [2018] 0.018, p = 0.036) (Table 3).

Discussion

The study findings show a significant increase in the
proportion of Peruvian households with access to safe
drinking water during 2008-2018. Over the 11-year
study period, the gap in access to safe water between
large cities and smaller cities increased. Furthermore, re-
gardless of the city size, the access to safe drinking water
was concentrated in the wealthiest households, being
more pronounced in the small cities. These results, in-
cluding variation among and within cities, provide clear
evidence for policymakers to monitor access to safe
drinking water and to better target future resource allo-
cation on increasing universal access, emphasizing on
the unequal distribution of health resources as a chal-
lenge for national development, environmental justice
and public health governance.

Over the 11-year study period, we found an increasing
trend in the proportion of the Peruvian general popula-
tion with access to safe drinking water. In addition, we
also report a widening gap in the access to safe drinking
water between the wealthiest and the poorest house-
holds over the same study period. These findings, in
terms of the direction of the results, are similar to previ-
ous studies in Peru [17] and other low- and middle-
income countries [18-23]. In addition, by using the ECI
as a measure of inequality, we found that in small cities

Table 2 Trends and differences in access to safe drinking water in Peruvian households, ENAHO 2008-2018

Medium

% (95% Cl)

Large

% (95% Cl)

Year General City size
population Small
(excluding rural
areas)
% (95% Cl) % (95% CI)
2008 46.7 (45.90-47.47) 29.2 (28.32-30.17)
2009 43.0 (42.19-43.78) 22.5(21.67-23.34)
2010 452 (44.42-46.01) 24.1 (23.29-24.98)
2011 484 (47.65-49.11) 27.8 (27.02-28.64)
2012 47.8 (47.05-48.53) 280 (27.22-28.89)
2013 50.8 (50.12-51.40) 28.1 (27.38-28.84)
2014 49.3 (48.68-49.98) 280 (27.32-28381)
2015 46.8 (46.13-47.48) 23.0 (22.30-23.73)
2016 483 (47.64-48.93) 26.2 (25.51-26.89)
2017 49.1 (48.50-49.79) 274 (26.74-28.15)
2018 9 (51.23-52498) 29.1 (28.36-29.74)
P-value, test for trends* <0.001 0.009
Difference 2018 vs. 2008
Percentage points (95% Cl) 52 (4.2,62) -02 (=09 13)

49.1 (47.70-50.42)
429 (41.57-44.26)
44.3 (42.91-45.59)
449 (43.61-46.10)
45.1 (43.86-46.37)
49.2 (47.98-50.32)
48.0 (46.84-49.21)
45.6 (44.35-46.75)
494 (48.18-50.52)
48.9 (47.72-50.09)
524 (51.25-53.55)

<0.001

33 (1.6 5.1)

65.6 (64.08-67.07)
66.0 (64.46-67.45)
68.9 (67.46-70.34)
74.3 (73.04-75.59)
72.3 (70.98-73.61)
784 (77.35-79.48)

1(73.97-76.22)
73.7 (72.49-74.89)
73.8 (72.62-75.02)
744 (73.23-75.56)
784 (77.31-79.49)
<0.001

12.8 (11.0; 14.7)

% include the factor expansion and the complex survey design for each year of the ENAHO surveys

The symbol (*) indicated the method to obtain the p-value
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Fig. 1 Access to safe drinking water in Peruvian households,
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expenditure, ENAHO 2008-2018

the ECI index was nearly eight times higher during 2018
compared to the ECI for big cities in the same year. The
wider inequalities observed among small cities may be
explained by a variety of factors including the heterogen-
eity of urbanization in terms of financial, human, and
technological resources, as well as the availability of
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water sources. These characteristics, and the complex in-
teractions between them, may affect the real capacity to
meet the demand for water in cities. In other words, ac-
cording to the theory of agglomeration economics [24]
we can expect higher concentration of capacities in lar-
ger cities due to economies of scales and division of
labor including more financial and human resources,
which can lead to an urban advantage in comparison to
smaller cities. This advantage in terms of capabilities,
will in turn affect the capacity to reduce inequalities, in-
cluding access to water. This is an important issue be-
cause it has been described that (the lack of) financial
and human resources are major limitations that may
jeopardize the development or deployment of drinking
water strategies [25]. Another reason that can explain
wider inequalities among small cities is the governance
performance. Larger cities can facilitate coordination
and enhance the power to organize actions for demand-
ing, for example, access to safe drinking water, and can
also promote the social skills and connections that col-
lectively compose “civic capital”: the ability of citizens to
improve the quality of their government [26]. Yet, fur-
ther research is required to disentangle the relationship
between governance performance on issues related to
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access to safe drinking water and city size. In addition to
the differential effects observed between large and small
cities, the gap in access to safe drinking water between
wealthiest and poorest households may also be ex-
plained, among various other factors, by the unequal dis-
tribution of subsidies including the imperfect application
of fees and tariffs. While the former favor those house-
holds with a pipe connection, thus leaving behind those
households without a connection, the latter may yield to
reduction in access to safe drinking water for those in
the lowest quintiles of income [27].

Actions to improve universal access to safe drinking
water should consider the city size. In larger cities, poor
households are often confined to slums or areas without
or limited municipal services, resulting in higher costs of
water services [28]. Large urban areas with high rates of
population growth due to natural population growth or
rural-urban migration phenomena, have not planned
growth in peripheral areas, where poor and low-income
families tend to reside, creating challenges for the
provision of water and sanitation that needs to be faced
by national and local governmental strategies [29, 30].
Therefore, in large cities policies must deal with the in-
creasing trend of population living in peripheral areas
and face the challenge of maintaining the current safe
water coverage [2, 22]. In the small cities, target inter-
ventions for those who need it the most, those in the
lowest quintile index, can provide a greater impact, and
thus create a value-for-money investment. Considering
that small cities may need better infrastructure related
to water and sanitation, [31] local-level investments in
water and sanitation can be a suitable intervention to
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address the inequalities, and contribute to the preven-
tion of communicable diseases, [32] increases life ex-
pectancy, and reduces infant and maternal mortality [33,
34], major problems that greatly affect poor and segre-
gated populations.

Looking at the pattern of access to safe drinking water
in the general population during the 1l-year study
period, the largest declines (> 2.5 percentage points) oc-
curred during 2008—2009 and during 2014-2015. A pos-
sible explanation of the declines in access to safe
drinking water during 2008-2009 and 2014-2015 may
be related to that the governance and governability as-
pects of the Sanitation Service Providers (Empresa Pre-
stadora de Saneamiento by its name in Spanish) fail to
respond to water and sanitation needs of the urban
population. In a study that used governance and govern-
ability index, of the 49 Sanitation Service Providers
assessed in 2014, none of them were rated with good
performance, while 18, 25 and 57% were rated with fair,
bad and very bad performance [35]. The results of this
study means that the Sanitation Service Provider have
weaknesses that limit their capacity to meet the water
and sanitation demand of urban population.

There are some limitations to consider when interpret-
ing the present findings. The survey records the source
of drinking water at households rather than individuals,
thus limiting its ability to make causal inferences. Like-
wise, the outcome variable was measured only at one
time per year, and we were unable to capture variability
in water chlorination levels or changes in different stages
of the year. Additionally, because ENAHO does not re-
port information required to estimate per capita

Table 3 Erreygers Concentration Index for access to drinking water in Peruvian households, ENAHO 2008-2018

Year General City size

?e(:(g:ﬂ:tii:;rural 401 to 10,000 households 10,001 to 100,000 households >101,001 households

areas)

ECI SE ECI SE ECI SE ECI SE
2008 0305 0.0145 0.045 00172 0.092 0.0220 0.087 0.0267
2009 0373 0.0132 0111 0.0112 0.075 0.0198 0.043 0.0283
2010 0356 0.0123 0.085 0.0099 0.067 0.0203 0.026 0.0258
2011 0383 00113 0.102 0.0091 0.073 0.0170 0.051 0.0232
2012 0.365 0.0114 0.103 0.0099 0.082 0.0177 0.023 0.0248
2013 0436 0.0097 0.103 0.0076 0.107 0.0191 0.067 0.0204
2014 0416 0.0100 0.096 0.0087 0.110 0.0183 0.107 0.0211
2015 0.382 0.0104 0.089 0.0079 0.106 0.0181 0.016 0.0216
2016 0.381 0.0096 0.113 0.0090 0.120 0.0180 -0.022 0.0209
2017 0367 0.0097 0.110 0.0077 0.073 0.0178 -0.007 0.0215
2018 0405 0.0092 0.140 0.0095 0.073 0.0185 0.018 0.0194
P-value* < 0.001 < 0.001 0517 0.036

ECI Erreygers Concentration Index; SE standard error
* For differences between 2018 ECI vs. 2008 EC|
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household expenditure adjusted by adult equivalent scale
(age and sex of every household member), we cannot
measure the household composition to take into account
the economies of scale in consumption. Lastly, free re-
sidual chlorine measurements provided only a partial
and indirect indicator of microbial contamination of
piped water. Other exposures to inadequate chlorinated
water is likely to be underestimated in the analysis.
However, it is unclear how this limitation can affect the
inequalities in access to safe drinking water across the
population.

Despite the limitations, our study provides new in-
sights into socioeconomic inequalities of the trend of ac-
cess to safe drinking water across Peruvian households,
according to the size of the city. Strengths of the study
include the large sample drawn from nationally repre-
sentative surveys over an 11-year period using standard-
ized protocols and measurement tools. Therefore, our
findings provide a comprehensive picture of the tem-
poral trend of safe drinking water in Peru with
generalizability to urban areas in the entire country and
other countries with similar patterns of urban growth.

In conclusion, in Peru, inequalities in access to safe
drinking water are still present, and access is greater for
the wealthiest population and for those living in larger
cities. Much of the findings of this research would be
hidden if they were other spatial scales with regional or
national averages, failing to show a reality on the local
scale. Since the progress in access to safe drinking water
during 2008-2018 is not equally distributed throughout
the Peruvian population, priority to increase the access
to safe drinking water should be given to socially disad-
vantaged groups and small cities. Promotion and support
for effective implementation of policies and strategies to
safe drinking water, including equity-oriented infrastruc-
ture development and resource allocation for most vul-
nerable settings, should be a priority.
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