Decreased Household Travel Time to Road is Associated with Household Use of Improved

Sanitation Systems in the Darjeeling Hills, India

Halley Elizabeth Brunsteter

A thesis
submitted in partial fulfillment

of the requirements for the degree of

Master in Public Health

University of Washington

2013

Committee:
Stephen Bezruchka
Fredrick Connell

Matthew Dunbar

Program Authorized to Offer Degree:

Public Health, Global Health



©Copyright 2013

Halley Elizabeth Brunsteter



Abstract

We sought to better understand the relationship between household-to-road travel time with
improved household latrines in villages in the Kalimpong Subdivision of the Darjeeling District.

BACKGROUND The absence of improved sanitation facilities is the sixth leading risk factor
for death in children under the age of 5 worldwide (Insitute for Health Metrics and Evaluation
2013). There is little published about the health-supporting infrastructure in the Darjeeling
District while its mountainous, isolating terrain makes its 1.6 million people (Census of India
2011) vulnerable to health risks (Huddleston, Ataman and d'Ostiani 2003).

METHODS This was a secondary data analysis of a cross-sectional household survey of
Kalimpong Blocks | and Il of the Darjeeling District of West Bengal, India. At both the household
and the village level we measured the association of perceived travel time from households to a
road with the presence of a household improved latrine.

RESULTS After adjusting for a socioeconomic proxy, the person/room index, we found that
an increase of one hour in the travel time to road results in a 21% (95% CI: 36%, 7%) increase
in the odds of a household having an unimproved sanitation system.

CONCLUSION In this study we found that the nearer a household is to the road, the more
likely it is to have an improved toilet. This relationship remains significant when we account for
crowding, a socio-economic proxy.

DISCUSSION Although perceived nearness to road is associated with the increased
presence of household sanitation systems, the development of roads as an isolated response to
sanitation may be problematic. Due to the introduction of new risk exposures that are coupled
with the development of roads it may be necessary to develop roads in conjunction with other

infrastructures that support healthy behaviors.
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Decreased Household Road Proximity is Associated with Household Use of

Improved Sanitation Systems in the Darjeeling Hills, India

Background

Limited access to improved sanitation is estimated to be the sixth leading risk factor for the
death of children under 5 years globally (Insitute for Health Metrics and Evaluation 2013). By
understanding the infrastructural adjustments that can be made to have a positive impact on the
use of improved sanitation systems there may be an opportunity to lessen that burden. The
World Health Organization (WHO) made sanitation a priority through the Millennium
Development Goals (MDGs) by aiming to increase the percent of the world’s population with
access to sanitation systems from the 1990 level of 76% to 89% by 2015 (World Health
Organization 2012). Though it is nearly impossible for the world to reach the MDG goal of
improving sanitation, there is a remaining need for communities and governments to drastically
increase access to improved sanitation systems particularly among vulnerable populations.

Study after study points to improved sanitation methods as a way to reduce diarrheal
disease spread and exposure to toxins (Sasaki, et al. 2008, Drangert and Nawaba 2011,
Nawaba, et al. 2006, Shrestha, et al. 1999, Mara, et al. 2010). Despite the United Nations
recognized human right to sanitation (United Nations General Assembly 2010) and the long
recognized need for improved sanitation, the international development community is just
beginning to understand how different cultures view human excrement, its disposal and the
acceptance of certain sanitation methods (Nawaba, et al. 2006, Drangert and Nawaba 2011). A
better understanding of the influential factors in households’ and communities’ intrinsic
development of improved toilets could help facilitate a sustainable improvement in sanitation
usage. We were particularly interested in roads’ relationship to sanitation because of the recent

proliferation of road development through the Indian Government’s Mahatma Gandhi National
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Rural Employment Guarantee Act 2005 (Ministry of Rural Development 2010). This
development is controversial because of the concerns about the effect of road development on
the spread of malaria and sexual transmitted infections, (Arroyo, et al. 2006, Eisenberg, et al.
2006) and increased social inequality within rural communities in neighboring Nepal (Brown
2003, Blaikie, Cameron and Seddon 2005).

India’s Darjeeling District’'s mountainous terrain makes its 1.6 million people (Census of
India 2011) particularly vulnerable to health risks (Huddleston, Ataman and d'Ostiani 2003).
There are an estimated 127,943 people living within Blocks | and Il of the Kalimpong
Subdivision of the Darjeeling District of West Bengal (Office of the Registrar General & Census
Commissioner, India 2013). The majority of the population is ethnically Nepali and is commonly
called Gorkha. This identity comes from a history of displacement and work supporting colonial
forces (Dasgupta 1999). Today, as is common in the Darjeeling District, approximately 86% of
all people living on mountainous terrain in Asia are rural (Huddleston, Ataman and d'Ostiani
2003). Access to infrastructure is not well studied in these remote mountain villages but is
generally believed to be poor (B. B. Devkota 2007, Devkota, Dudycha and Andrey 2012). The
Office of the Registrar General and the Census Commissioner report that none of the people
living within the Kalimpong-I and -II live in an urban setting. They also report that approximately
41% of the households in the Kalimpong-I and —Il subdivision had no latrines in 2001 (Office of
the Registrar General & Census Commissioner, India 2013).

In the Kalimpong Subdivision, many people seem to believe that a nearby road is
generally good for a village and therefore positive for the households within the village. When
discussing roads, people mention that road access makes it easier to sell the crops they grow
and access the healthcare system. But despite the seemingly simple relationship between
proximity to roads and other living standards, building new roads may have complicated,
potentially negative, impacts on surrounding communities including ecological, social and

economic impacts (Egan, et al. 2003, Brown 2003, Blaikie, Cameron and Seddon 2005).
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Methods
Setting

This was a secondary data analysis of a single cross-sectional survey of the Kalimpong
Subdivision’s Blocks | and Il of the Darjeeling District of West Bengal, India. The data for this
study came from a demographic and health survey preformed in 2010. In 1978, the non-
governmental organization, Hayden Hall, began training female Village Health Worker (VHW)
volunteers selected by their respective communities (Hayden Hall 2008). The village health
workers are initially trained during a 6-month first responder and preventative care course at a
local hospital. To maintain their skills, the VHWs have annual refresher courses (Kennedy
2010). Beginning in the mid-1980’s, Hayden Hall instructed the village health worker volunteers
to survey their communities. That data was collected but no information has been extracted
from it on a population level (Hayden Hall 2008, Kennedy 2010).

In 2010 Hayden Hall and ECTA International, two non-governmental organizations in
collaboration with the Kalimpong Subdivision Health Officer, reformatted the survey to make it
more manageable for data entry and analysis. As a part of the annual two-week VHW refresher
course, the VHWs tested the survey with one another and modifications to the survey were
made. The 30 VHWs were each then given a book of 100 surveys and asked to survey
households in their communities. Ultimately, the survey respondents were recruited through a
non-random volunteer sampling strategy (O'Leary 2004). The VHWs walked from house to
house in their communities asking the heads of the households to complete the survey during a
7-month period. A native Nepali reader read the completed surveys and a single staff member
inputted the data into a database. The cross-sectional survey was used to aid Hayden Hall by
giving the organization a stronger understanding of the population the VHWSs contact (Kennedy

2010).
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Figure 1 displays the study’s location within the Kalimpong Subdivision of the 28 villages of

the total 54 surveyed for which we have GPS coordinates.

Figure 1. Map of the 28 Villages with GPS Coordinates

Kalimpong Subdivision

Included Village

Q Kalimpong (subdivision headquarters)

Vehicle Accessible Roads

(DIVA GIS 2012, ESRI 2012,
ECTA International 2011)

Organizations

Since 1969, Hayden Hall’s services have grown to include afterschool tutoring, educational

scholarships, the village health worker training and support, a loan system, weaving classes and
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clinics (Hayden Hall 2011). ECTA International is a nonprofit organization that is working to
establish improved trainings for Hayden Hall’s and other local organizations’ VHWSs. They aim
to connect VHWSs to the greater healthcare system including government and private hospitals

in the region (ECTA International 2011).

Study subjects/population

All households in the Kalimpong Subdivision of the Darjeeling District of West Bengal survey
were eligible to be included in the survey. Using the United Nation’s Food and Agriculture
Organization’s definition, a household is “a group of people who eat from a common pot and
share a common stake in perpetuating and improving their socio-economic status from one
generation to the next” (Food and Agriculture Organization of the United Nations 2003).
Therefore individuals supporting themselves and living alone would be considered a household.
One study found that households closer to the road seemed to have smaller amounts of land
(Brown 2003) and thus may have more houses grouped closer together. Households that were
surveyed in 2010 but were located outside of the geographic area of the Kalimpong Subdivision

were excluded from this study.

Analytic Data

The household de-identified data were made public by ECTA International in their initiative
to make their work accessible and transparent for anyone who is working in the region (ECTA
International 2011). Along with the survey data, ECTA International staff established GPS
points for 28 villages in the Subdivision’s Blocks | and Il, and make that information known
publicly through map dispersals throughout the region (ECTA International 2011). These points
were established at locations within each village. They were placed at congregating points, in
front of a primary school or large areas where community gatherings took place. Because the
only identifiable data were the village’s GPS coordinates for the villages, this was not

considered human subjects research. We then took those GPS points, added them to an ESRI
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base map with boundaries from DIVA GIS, and roads provided by ECTA International (ECTA
International 2011, ESRI 2012, DIVA GIS 2012). We used the near function in GIS to estimated

the distance from the village to the nearest road.

Measures

a. Improved Sanitation System

The primary outcome variable is each independent household’s sanitation system. Similar to
other rural communities, many families self finance the installment of their toilets (Jenkins and
Cairncross 2010). After the survey was administered in 2010, there has been an increased
number of household septic tanks after 2011 earthquake relief funds provided for affected
families to rebuild their homes with septic tanks. During the survey implementation, the heads of
each household reported whether at their household they defecated in the open, had a pit toilet,
or had a septic tank. We used the World Health organization’s definition of improved sanitation
facilities which included piped sewer systems, septic tanks, pit latrines, pour-flush toilets, pit
latrines with slabs, composting toilets and ventilated improved pit latrines (World Health
Organization, 2006). Figure 2 has images of common improved toilets found in the Kalimpong

Subdivision.

Figure 2. Examples of Household Level Improved Toilets
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Toilet a. and b. are pit latrines while toilet c. reportedly has a septic tank.

b. Perceived Distance to Roads

We were interested in testing the relationship between distance to road and household latrine
adoption. In order to do so, we used the reported travel time to the road as the primary
independent variable representing a surrogate for distance to road from each household. One
American-based study addressing perceived vs. actual distance to destinations found stronger
associations between perceived and actual distances in communities that were more walkable
and among people who walked more (McCormack, et al. 2008). For this study based in a
predominantly walking-only area, we used the household’s perceived travel time to the road in
minutes as it was reported on Hayden Hall’s original survey. The ambiguity of the village areas
could lead to confusion based on the village data point’s location and the general inclusion of
households in that point (e.g. some general meeting locations may have been at the village’s
centroid while other meeting locations were on the village’s periphery). It is additionally
challenging to determine whether the mapped village location’s distance is appropriate for all of

the households in the village due to the irregular size and shape of each village.
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Figure 3. Scatterplot Comparing Perceived vs. Estimated Distance to Road
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The scatter plot displayed in Figure 3 shows the relationship between the average
household travel time to road and the estimated distance to the road. The r-squared value for
this plot is 0.6011. This limited correlation may be due to the aforementioned differences
between the two different types of variables. The Darjeeling District’s irregular terrain makes
the perceived travel time to road further beneficial because the GPS coordinates only account
for the two-dimensional distances while the travel time to road potentially includes the variation
in terrain. This may however also be related to the average age of household members or other
factors that we were not able to control for. In many respects, travel time acts as a way of
assessing the cost of travelling in particular locations (Truong and Hensher 1985). Lastly, due to
most of the villages being unmapped, with variable place names and the limited resources of
data collectors, only 28 of the 54 villages had GPS coordinates and could be included in the

mapping portion of the study.
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c. Person/Room Index

Parts of Nepal, the ancestral home to the majority of the Darjeeling District’'s population, are
strikingly similar to the hills of Darjeeling. At the household level, the closeness of roads in
rural Nepal reflects socioeconomic status (SES); houses closest to the roads tend to be from a
higher socioeconomic background than houses further from the road (Jacoby 2000, Brown
2003). Given the strong association of improved sanitation infrastructure and high SES (Rosa
and Clasen 2010, Marmot 1994), it was necessary to account for some measure of socio-
economic background in the analysis.

The person/room index was developed as a proxy for the household’s standard monetary-
based SES marker (Galobardes, et al. 2006). The person/room index is calculated by dividing
the number of people in a household by the number of rooms. Due to the subsistence farming
setting, the person/room index was chosen because households’ monetary incomes fluctuate
on a seasonal basis and the village setting makes traditional accounting difficulty. Ultimately,
the more asset-based approach of the person/room index as an SES proxy can be
representative of the families’ long-term socio-economic position (Vyas and Kumaranayake

2013).

Analysis

Village Level: Summary Statistics
General summary statistics were generated for the variables: person/room index, improved
toilet type, and travel time to road. The means of the villages’ person/room index and travel
time to road as well as the percent of households with improved toilet types were mapped with
the roads and topographic features for the 28 villages with GPS coordinates. The resulting

maps can be found in Figures 4a and 4b.
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Village Level: Linear Regression
A bivariate linear regression model was used to assess the relationship between each of the 54
villages’ mean travel time to the road (independent variable) and the percent of households with
improved sanitation (dependent variable). Multivariate linear regression was used to test this
same relationship among the 54 villages while adjusting for each village’s mean person/room

index.

Household Level: Generalized Estimating Equations

A generalized estimating equation (GEE) was used at the household level to assess the
association between the dependent variable, presence or absence of improved sanitation
systems, and the independent variables, the travel time to roads and the person/room index.
The generalized estimating equation accounts for clustering at the village level and thus made
the standard errors more robust (Williams 2000). We tested three logistic regression models
using the GEE: model a) travel time to road and presence of improved sanitation, model b)
person/room index and presence of improved sanitation, and model c) travel time to road,

person/room index and presence of improved sanitation.

Results
For 28 of the 54 villages, the two-dimensional depiction of the villages’ travel time to the

road and the prevalence of improved toilets in each village appears in Figure 4a. With this map,
it seems that there are more households openly defecating further from the road than are

openly defecating in villages closest to the road.
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Figure 4a. Map of Improved Toilets vs. Travel Time to Road

Improved Toilet vs.
Perceived Distance to Road
KALIMPONG ®

-

Legend

» _ Vehicle Accessible Roads
..
<

Average Perceived

() ' q Distance to Road (minutes)
g .. O
<

® 14-32

O o) ® 33-83
L 84 - 152
153 - 240

Percent of Households

with Improved Toilets
in Each Village

= 91% - 100%
@gL——S%-41%

(DIVA GIS 2012, ESRI 2012, ECTA
International 2011)

The relationship between each village’s mean person/room index and the percent of
households with improved sanitation systems is found in Figure 4b. For the 28 villages in Figure
4b, there appears to be a relationship between fewer household level toilets and the
person/room index. This was confirmed by testing the relationship between the GPS location
and the person/room index with a resulting R-squared value of 0.68. In this model, one outlying

village was removed.
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Figure 4b. Map of Improved Toilets vs. Person/Room Index
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As seen in Table 1, the overall mean of households with improved sanitation systems at both
the household level and the village level is 73%. However, the means of the perceived distance
to road and the person/room index vary at the village level when compared to that of the
household level. This may indicate that due to the variability of the village’s size, the village-

level data set weighs houses in smaller villages heavier than those in the larger villages.
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Table 1. Descriptive Statistics at the Household and Village Level
n Standard
(observations) Mean Deviation Min Max
Household Level
Toilet Type o o o o
(% with Improved Toilet) 2294 3% 44% 0% 1%
Travel Time to Road (minutes) 2294 55.4 63.7 0 300
Person / Room Index
(# of people / # of rooms) 1857 18 1.0 0.1 10
Village Level
2191 39.8 31.2 10 117
Household Count . ) (per (per (per (per
(in all villages) village) village) village) | village)
Toilet Type
(percent of households in 54 73% 22% 8% 100%
village with improved ftoilets)
Travel Time to Road (mean
reported minutes to the road) 54 66.0 59.3 8.9 240
Person / Room Index 54 15 05 09 31

(mean person / room index)
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Table 2. Average Percent of Improved Toilets (cell values) in Different Tertiles at the
Village Level
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At the village level we used simple and multivariate linear regression. The bivariate
linear regression demonstrated a positive relationship between improved sanitation systems
and travel time to roads but this was not statistically significant (p-value= 0.12). Even without
adjusting for the distance to road, we observed a significant relationship between person/room
index and the percent of households with improved sanitation (p-value=0.004). When
comparing two villages with the same average distance to the road but the average
person/room index was 1 higher in one village, we observed that the village’s percent of
households using improved sanitation would likely be 17.1% (95% CI: 31.6%, 6.4%) higher of

having unimproved sanitation systems. The relationship between the villages’ mean

person/room index and the percent of households with an improved sanitation system while
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adjusting for the mean distance to road displays the strong correlation between socioeconomic
position and improved sanitation system.

At the household level, we used a generalized estimating equation (GEE) in order to
account for the clustering of households within each village. Upon adjusting for the person/room
index, we found that an increase of one hour in the distance to road would result in a 1.206
(95% CI: 1.363, 1.068) unit increase in the likelihood of a household having an unimproved
sanitation system. However, without adjusting for the person/room index, the effect was not

statistically significant. All of the aforementioned results are found in Table 3a. and 3b.
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Table 3a. Linear Regression at the Village Level

Village Level

(Outcome is percent of households Coefficient 95% Conf. P-

using improved Sanitation) Interval Value
Model A: Bivariate Linear Regression

Mean Hour's Distance to Road -0.05 (-0.11, 0.01) 0.12
Model B: Bivariate Linear Regression

Mean Person/Room Index -0.19 (-0.32, -0.06) 0.004
Model C: Multivariate Linear Regression

Mean Hour's Distance to Road

(adjusted for Person/Room -0.03 (-0.09, 0.03) 0.29

Index)

Mean Person/Room Index

(adjusted for distance to road) 017 (-0.30,-0.04) 0.01

Table 3b. GEE: Logistic Regression at the Household Level

Household Level

(Outcome is OR 95% Conf. P-Value
the presence or absence Interval
of improved sanitation)
Model A: Bivariate Logistic Regression
Hour’s Distance to Road 0.9 (0.8, 1.0) 0.12
Model B: Bivariate Logistic Regression
Person/Room Index 0.7 (0.7, 0.8) <0.01

35

Model C: Multivariate Logistic Regressio

Hour’s Distance to Road
(adjusted for 0.8 (0.7, 0.9) <0.01
person/room index)

Person / Room Index
(adjusted for 0.7 (0.7, 0.8) <0.01
distance to road)
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Discussion
In this study, we saw that the relationship between socioeconomic position and improved

sanitation remained strong when we observed that relationship at both the household and the
village level. At the village level, this strength may overshadow the relationship of distance to
road and sanitation because the within-village variability of the distance to road is smaller than
the person/room index due to the variation in family sizes. In this context, household size is not
directly contingent on the location but distance to road is. This relationship can be visualized

using Figure 5.

Figure 5. Observed Model

Closer Proximity
to Road

v N

Shorter Perceived
Distance to Road

Improved
Sanitation

This model is consistent with a study of pit latrine diffusion in Benin and the economic models

Less Crowding

of rural road development (Jacoby 2000, Jenkins and Cairncross 2010). In Benin, one study
found that households nearer to others who had adopted latrines were more likely to have
improved toilets than those not near to others with adopted latrines. They also observed
associations between the increased use of household latrines and nearness of roads, socio-
economic diversity and exposure to education (Jenkins and Cairncross 2010). Their logistic
regression found few statistically significant relationships between the presence of a household

latrine and other variables. In those models, they did find significant relationships between
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improved household latrines and the population size of the village, population density, socio-
economic homogeneity, nearby latrine adoption and the presence of a school.

Using ANOVA models the authors also examined the outcome of household latrine
development in four different categories: urban fringe villages, agricultural sub-prefecture
centres, commune seat villages and small remote villages. Through these ANOVA models,
they found that the different groups had statistically significant variations for most of the
categories. Significant relationships were seen in the improvement of sanitation systems and
nearness to paved roads, fraction of population doing non-agricultural work, an infrastructure
index, growth rate, school and piped water (Jenkins and Cairncross 2010).

The variation between the significance found in the ANOVA models and the more limited
significance in the logistic regression models may come from the ANOVA'’s ability to categorize
the levels of access into groups rather than trying to isolate effect of the each individual
infrastructure.

Despite this present study’s observed positive relationship of closeness to roads with an
increased household use of improved sanitation systems, the development of roads can be
coupled with vulnerability to new unknown exposures. In South America and Africa, studies
have found that road development is linked to the spread of infectious diseases including
malaria and STDs as well as deforestation (Arroyo, et al. 2006, Eisenberg, et al. 2006,
Laurance, Goosem and Laurance 2009, Barcellos, et al. 2010). Road development is also
coupled with traffic accidents and higher rates of respiratory illness associated with the greater
exposure to air pollution from exhaust (World Health Organization 2004, P English, et al. 1999,
Bell and Samet 2010, Hess and Razzak 2010). In other words, the unfettered development of
roads as an isolated response to sanitation is likely problematic. Many call for a menu of
support including: institutional and community development framework, rural enterprise and
agricultural development, primary health care, basic education, and community and institutional

development (Barrios 2007, Thaddeus and Maine 1994, Nriagu, Meliker and Johnson 2010).
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Through the development of these collective infrastructures, governments and communities can
provide its citizens the independence to make informed decisions about investing in items that

positively impact their health (Eisenberg, et al. 2012).

Strengths and Limitations
This study provided an opportunity to compare the travel time in minutes to that of a two-

dimensional metric point-to-line distance. In so doing the time cost of travel rather than the
distance between two points was used as our primary independent variable. The Kalimpong
Subdivision has little written about its infrastructure and this type of research may help to inform
policy state-funded development projects.

The nonrandom volunteer sampling method of the original VHW survey, the lack of a control
group and experimental design of the survey limits the generalizability and inference about the
greater population (O'Leary 2004). With relation to the sampling strategy, the village health
workers were trained to teach their communities about health promotion. Therefore if the
households were surveyed by a VHW they had already been in contact with people supporting
the use and development of improved sanitation systems, which may have altered the results to
reflect a higher percentage of households with improved toilets.

The definitions of roads and households were also subject to certain biases because the
individual respondents determined the definitions for each survey. In general the surveyed
household was chosen by the VHWs and therefore the type of household surveyed may differ
from one surveyor to the next. We assume that a road is a road motorized vehicles may travel
on due to the name in Nepali, Ghadhi ko Bhatto or path for vehicles. There are likely cultural
issues and physical characteristics of household members not taken into account in relation to
the distance to and from roads. Similarly, the presence of a toilet at the household does not
necessarily mean that the toilets are the only location for defecation. People may defecate
openly while away from the home and without access to a toilet or may not use the household

toilet for some other reason.
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Due to the small number of villages (54) in the village level regression analysis, limits the
statistical power of the analysis. Similarly, there were only GPS coordinates for 28 of the
villages and the roads were mapped between 2010 and 2012 with a GPS unit in an ambulance
serving the region. The roads were only retrospectively assessed for their presence. Any
miscalculations due to poor satellite access could have affected the resulting road maps and the
ambiguous nature of road development and blockage due to landslides in the region led to
uncertainty about the roads accessibility for vehicles. Due to the imprecise nature of the road
mapping, effectiveness in visually displaying the spatial relationships accurately may be limited.

In this study’s models, only one confounder was controlled for because of the limited data.
The person/room index was used as a socio-economic proxy. Attimes, the presence or
absence of a toilet can also be used as a socioeconomic proxy (Vyas and Kumaranayake 2013,
Galobardes, et al. 2006). Therefore the analysis of these two together in place of the household

annual earned income is a potential weakness of the study.

Conclusion
In this study we found that the shorter travel time a house has to get to a road, the more

likely they are to have a household level improved toilet. This relationship held when we
accounted for the socio-economic status of each household by using a crowding index, a socio-
economic proxy. As road development is often paired with a whole host of new exposures and
risk factors, it may be helpful to develop roads in conjunction with other infrastructures and

social support systems encouraging healthy behaviors.
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