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Welcome from the Project Coordinators  

The partnership between the Indian Insti-
tute of Technology (IIT) Mandi, India, 
and the Worcester Polytechnic Institute 
(WPI), Massachusetts, USA, is a prime 
example of the potential that cross-
cultural academic engagement holds in a 
globalized world. From small beginnings 
in 2013, the joint projects -- termed the 
"Interactive Socio-Technical Practicum" 
or ISTP course in IIT Mandi and the 
"Interactive Qualifying Project" or IQP in 
WPI --  this year involved 10 teams, 28 
IIT Students, 24 WPI students, 17 IIT 
faculty mentors, 10 Teaching Assistants, 
5 Coordinators, and a number of stake-
holders, study participants and support 
staff from from the local communities too 
numerous to count! 

The programme is motivated by a num-
ber of factors: the vision of IIT Mandi 
that mandates constructive and positive 
engagement with the local community; 
WPI's aspiration to foster well-rounded 
engineers and change agents through pro-
ject-based learning; the emphasis on   in-
terdisciplinarity in both institutions that 
encourages exploration of the social con-
text in which technology operates; and, of 
course, the idea that students and mentors 
working in tandem can apply their tech-

nical knowledge to bring about social 
change. 

This year's teams have worked on pro-
jects (proposals, prototypes, or both) un-
der the broad theme of Mountain Ecolo-
gy and Sustainable Development. These 
include projects as diverse as a proposal 
for the development of a riverside walk-
way in Mandi town, documentation of 
food processing and preservation tech-
niques including a solar food dryer, a pro-
posal for the creation of seed banks to 
preserve indigenous plants, creation of a 
prototype of a smokeless stove, assess-
ment of drinking water in the region, sug-
gestions for food waste management on 
campus, awareness raising about natural 
disasters such as earthquakes and human-
caused road accidents, and development 
of a pebble-bed thermal energy storage 
system. The reports of these projects are 
compiled together in this booklet. 

We hope that these reports will serve not 
only to document the work done by these 
teams, but that they will also become im-
portant research resources filling the gaps 
in under-researched areas of vital im-
portance to the Mandi region. We hope 
these studies will  contribute to  the sus-

tainable development of this mountainous 
region of Himachal Pradesh and beyond. 
We also hope that students who have par-
ticipated in these projects will be inspired 
to set up social enterprises and launch ini-
tiatives for the benefit of their communi-
ties in the years to come and will cherish 
the lessons and memories of their cross-
cultural collaboration.   

 
Project Centre Coordinators 2017 

WPI: Dr. Fabio Carrera and Dr. Svetlana 
Nikitina 

IIT Mandi: Dr. Devika Sethi, Dr. Dericks            

P. Shukla and Dr. Aditi Halder . 



Greetings from the Director of IIT Mandi  

This booklet containing 10 project 
reports is the result of collaboration 
between IIT Mandi and WPI stu-
dents and represents their joint ISTP-
IQP projects. Two elements of the 
culture of IIT Mandi find full and 
creative expression in their collabo-
ration: the emphasis on partnership, 
and the focus on interdisciplinarity. 
IIT mentors drawn from all four 
Schools of IIT Mandi have, since 
2013, proposed projects on which 
third year students from both Insti-
tutes have focused their energy and 
attention. This has resulted in the de-
velopment of prototypes as well as 
proposals, all derived after extensive 
field research in rural areas of Mandi 
disrict and beyond. It has also pro-
vided all participating students with 
an invaluable experience of working 
in an inter-cultural environment, of 
getting deeply involved in the lives 
of the people among whom they will 
spend formative years or memorable 
weeks, and of developing sensitivity 
to the close linkages between society 
and technology. 

With the support of Catalyst (IIT 
Mandiôs technology-business incu-
bator), it is both desirable and likely 
that several of these projects will 
outlive the duration of the ISTP 
course, and will find new avatars as 
social enterprises geared towards so-
cial 

good. The EWOK (Enabling Women 
of Kamand) project, which has its 
origins in two ISTP projects, has 
come to fruition this year as campus 
residents patronize services (ranging 
from catering to tailoring) provided 
by women of the local community. 
This is the first major real-world out-

come of the ISTP, and I hope it will 
serve as a source of inspiration to 
students participating in the course. 
 
I am sure that participating WPI stu-
dents from the USA will cherish the 
memories of this unique óparticipant 
observationô that they have undertak-
en, immersed as they have been in 
an academic culture and way of life 
very different from their own, in a 
uniquely beautiful part of India. I 
hope IIT students will, armed with a 
deeper knowledge of rural India that 
they have acquired through this 
course, apply their technological ex-
pertise to benefit causes larger than 
themselves. 
 
I convey my best wishes to all par-
ticipating students, and congratulate 
faculty mentors and the coordination 
team on the successful culmination 
of the programme. 

  - Timothy A. Gonsalves  

                        (Director of IIT Mandi) 
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Improving Water Quality Treatment and Monitoring Techniques in 
Rural Himachal Pradesh Villages 

Abstract 

The goal of our project was to assess water quality, mon-
itoring, and treatment methods in rural Himachal Pradesh vil-
lages. To realize this goal we assessed local perceptions and be-
haviors regarding drinking water. We then investigated the rela-
tionship between local water quality and regional health. Final-
ly, we assessed the levels of water contamination. This project 
resulted in recommendations to revise current water quality 
monitoring, a public awareness prototype to increase accessi-
bility of water quality data, and a water treatment prototype that 
aims to improve water quality within two villages. 

An Interactive Qualifying Project/Interdisciplinary Sociotechnical Project submitted to:  
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Introduction  

 India has significant ground and 
surface water pollution in both rural and 
urban areas. Agricultural and industrial 
chemical runoff and improper sewage 
treatment are major contributors to this 
pollution. It is estimated that water con-
tamination causes the death of up to 
500,000 children under the age of five 
annually (Ganapati, Mudur). It is neces-
sary to control pollution and to set up a 
more strict water quality monitoring sys-
tem to reduce the instance of disease. De-
veloping communities, especially in rural 
areas in India, often lack the ability to ef-
fectively monitor and maintain good 
quality drinking water.  

There are many rural villages in 
the Mandi district of Himachal Pradesh 
that currently lack the infrastructure to 
monitor and maintain drinking water 
quality. The Irrigation and Public Health 
department (IPH) is responsible for test-
ing and monitoring for twelve potential 
water contaminants annually or biannual-
ly. With only one to two yearly tests, it is 
not feasible to get a clear and consistent 
view of the overall water quality in these 
villages. 

Many rural villages depend on 
three main sources for drinking water: 

groundwater from government hand 
pumps, tap water from the government 
distribution system, and untreated natural 
water from springs. Despite public pref-
erence for untreated natural sources, the 
government only treats and monitors 
hand pumps and the distribution system. 
Untreated natural sources may contain 
dangerous contaminants unknown to the 
residents. Thus, in rural villages, there is 
a need for monitoring of untreated natu-
ral water sources to determine if public 
water supplies are safe to drink.  

These three results have the poten-
tial to be scaled up to the block or region-
al level to improve water quality treat-
ment in additional rural villages in Hima-
chal Pradesh. This study is intended to 
assess water quality treatment and 
monitoring in rural Himachal Pradesh 
villages. To accomplish this goal we as-
sessed local perceptions and behaviors 
regarding drinking water. We then in-
vestigated the relationship between lo-
cal water quality and regional health. 
Finally we quantified the levels of wa-
ter contamination. By accomplishing 
these three objectives we provide a more 
complete water quality assessment of ru-
ral villages than is possible through the 
current practices. From this information 
we developed and implemented a pub-

lic awareness campaign, provided rec-
ommendations to improve current test-
ing, and designed a water treatment 
prototype that aims to improve water 
quality within the two villages.  

Background  

Two rural villages of the Mandi 
district were identified for the purposes 
of this study: Salgi and Neri. The yellow 
and purple faucets on Figure 1 represent 
the locations of Salgi and Neri respec-
tively while IIT Mandi South Campus is 
represented by the blue faucet. The rural 
villages depend on the government distri-
bution system, ground water, and untreat-
ed natural sources for their drinking wa-
ter. Table 1 provides additional infor-
mation regarding population size and 
number of drinking water sources by 
type. 

 

 

 

 

 

 

 

Figure 1: Map identifying locations of Salgi, Neri, 
& IIT-Mandi 
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The map in Figure 2 indicates the 
locations of the three major types of 
drinking water sources: government dis-
tribution systems, ground water hand 
pumps, and untreated natural sources.   

Water contamination for these 
drinking water sources can be catego-
rized as bacteriological, chemical, or 
physical.  Given that bacteria and chemi-
cals are the more dangerous and prob-
lematic contaminants we elected to only 
focus on those. 

Bacteriological Contamination  

The number of harmful and benign 
microorganisms within a water sample 
defines bacteriological contamination. 
Many harmful microorganisms originate 
from human and animal fecal waste, 
causing gastrointestinal illnesses. One 
gram of feces can contain 10 million vi-
ruses, 1,000,000 bacteria, 1,000 parasite 

cysts and 100 parasite eggs that can have 
detrimental human health impacts if in-
gested (Mihelcic, 2009). E. coli is a bac-
terium that is exclusively found in mam-
mal digestive tracts and can be used to 
indicate the presence of other disease-
causing microorganisms. This study 
measured bacteriological contamination 
by determining the presence of E. coli in 
drinking water sources in Salgi and Neri.  

 

Chemical Contamination   

This study also quantified chemi-
cal contamination. Organic chemicals are 
often found in water as a result of human 
activities that include agriculture and in-
dustry. Inorganic chemicals are often pre-
sent in water due to drilling and mining 
that releases naturally occurring, but tox-
ic, heavy metals. Organic and inorganic 
chemicals are dangerous to health and 
result in a multitude of diseases, general-
ly from long-term exposure. We focused 
on the chemicals parameters tested by the 
Irrigation and Public Health (IPH) that 
are dependent on the concentration of or-
ganic and inorganic ions in water. The 
parameters chosen from the IPH included 
hardness, alkalinity, and conductivity.  

±ƛƭƭŀƎŜ !ǇǇǊƻȄƛƳŀǘŜ tƻǇǳƭŀǝƻƴ LŘŜƴǝŬŜŘ ²ŀǘŜǊ {ƻǳǊŎŜǎ 

{ŀƭƎƛ мсл 

¶ м ƎƻǾŜǊƴƳŜƴǘ ŘƛǎǘǊƛōǳǝƻƴ ǎȅǎǘŜƳ ŦǊƻƳ ƴŀǘǳǊŀƭ ǎǇǊƛƴƎ 

¶ о ƎǊƻǳƴŘ ǿŀǘŜǊ ƘŀƴŘ ǇǳƳǇǎ 

bŜǊƛ млл 

¶ н ƴŀǘǳǊŀƭ ǎǇǊƛƴƎǎ 

¶ м ƎǊƻǳƴŘ ǿŀǘŜǊ ƘŀƴŘ ǇǳƳǇ 

¶ м ǎǳǊŦŀŎŜ ǿŀǘŜǊ όǘǊƛōǳǘŀǊȅ ƻŦ ¦Ƙƭ wƛǾŜǊύ 

¶ м ƎƻǾŜǊƴƳŜƴǘ ŘƛǎǘǊƛōǳǝƻƴ ǎȅǎǘŜƳ 

Table 1: Community population & water sources 

Figure 2: (Left) Map of Salgi, (Right) Map of 

Neri 
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IPH Water Quality Monitoring in   
Mandi District  

 Water quality standards created by 
local or national governing bodies regu-
late the maximum levels of contamina-
tion allowed in drinking water sources. In 
the Mandi region, the IPH is in charge of 
monitoring water sources for contamina-
tion levels. To measure water quality, the 
IPH conducts a chemical analysis twice a 
year, and a bacterial analysis once a year. 
This testing includes three sampling sites 
in Salgi and two sampling sites in Neri. 
The IPH, however, only conducts water 
quality testing on official government-
operated water sources. Government 
sources include tanks, distribution sys-
tems and hand pumps but not the untreat-
ed natural waters sources.  

Known Water Treatment Techniques in 
Mandi District 

In developing rural areas such as 
Salgi and Neri, people often collect 
drinking water from untreated natural 
water sources. Untreated sources are 
risky because they frequently contain 
bacteriological contamination that mani-
fests in gastrointestinal illnesses. To re-

duce morbidity, the water source itself 
may be purified, or contamination may 
be reduced at the point of use. Methods 
of treatment that purify contaminants at 
the point of use have been proven to be 
more effective and economically effec-
tive at reducing diarrheal illnesses than 
treatment at the water source. In Mandi 
District, chlorine and heat are two locally 
available technologies that disinfect wa-
ter. These technologies are considered for 
the water treatment prototype discussed 
in the recommendations.   

Chlorine  

Chlorine is an effective and afford-
able disinfection method. Chlorination is 
most effective at treating water sources 
with a low turbidity and a pH lower than 
8. Disinfection by chlorine occurs via pri-
mary disinfection and secondary disin-
fection. The primary disinfection inacti-
vates microbiological activity and the 
secondary disinfection refers to the resid-
ual chlorine that remains in treated water. 
Residual chlorine is preferable to protect 
against future contamination.  

Heat  

Heat is another effective disinfec-
tion method and it does not require the 

use of chemicals such as bleach that can 
leave an undesirable taste. Boiling water 
destroys all types of microorganisms by 
raising the water temperature to 100ÁC. 
This approach ensures that the water is 
safe but requires enough energy to effec-
tively heat the water sample. Additional-
ly, it does not prevent future biological 
growth.  

Water only has to reach 70ÁC to 
kill most microorganisms. The point at 
which bacteria die is called the pasteuri-
zation temperature. Devices have been 
created that help indicate when water has 
reached the pasteurization temperature. 
These devices have solidified wax that is 
situated at the top end of a tube. Once 
water has reached 70ÁC, the wax falls 
and the heat has killed the bacterial con-
tamination in the water, indicating that 
the water has been pasteurized. A water 
pasteurization indicator (WPI) is consid-
ered for a water treatment design in the 
Recommendations sectionΦ 
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Methodology  
 Three objectives were identified in 
order to complete an assessment of drink-
ing water quality in Salgi and Neri. The 
three primary objectives investigate the 
perceptions and behaviors regarding wa-
ter quality, the water-health relationship 
in the villages, and the water quality of 
the various sources. The objectives and 
methodologies can be found in Figure 3.  

Assessing Local Perceptions and Behav-
iors Regarding Drinking Water Quality   

Local perceptions of drinking wa-
ter can help reveal behaviors that may be 
affecting water quality. To assess the per-
ceptions and behaviors of the villages, we 
conducted interviews, a menôs focus 

group, surveys with local schools and IIT
-Mandi students and faculty, and record-
ed observations of how people interacted 
with their water sources.   

Assessing the Government Approach to 
Water Quality   

The IPH is responsible for the de-
velopment, operation, and maintenance 
of drinking water supply schemes. We 
interviewed two people, Mr. Hemraj 
Thakur, senior chemist, and Miss 
Aprajita, consultant chemist, at the IPH 
to learn more about the governmentôs in-
volvement in protecting water quality.  

Perceptions in Rural Villages (Salgi & 
Neri)   

Surveys and physical observations 
were conducted at nineteen homes in the 
rural villages of Salgi and Neri. Figure 4 
outlines the objectives and types of ques-
tions asked within the household inter-
views. Physical observations provided 
supplementary information to our inter-
views. 

Investigating the Relationship Between 
Water Quality and Health   

To understand the relationship between 
water quality and local health we inter-

viewed doctors at three medical clinics: a 
private medical doctor in Salgi, a doctor 

at 

IIT-Mandi Medical Unit, and a few medi-
cal doctors and lab technicians at the 
Community Health Center in Kataula. 
The medical doctor in Salgi provided in-
formation about the frequency of water-
borne diseases in the immediate area. Dr. 
Neha Sood at the IIT-Mandi Medical 
Unit provided insight into regional health 
concerns. In addition, the doctors and lab 
technicians at the Community Health 
Center in Kataula shared information 
about the frequency of waterborne dis-
eases and explained the existing public 
awareness campaigns that prevent these 
diseases. From these interviews we gath-
ered a holistic perspective on how water 
quality may be impacting regional health 
and the measures currently being taken to 
prevent these diseases.   

Figure 4: Interview objectives and example ques-

tions used to achieve the objectives of each inter-

Figure 3: Objectives and Methodologies 


