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INTRODUCTION            

In summer 2014, a research team from the Comprehensive Initiative on Technology Evaluation 
(CITE) at MIT evaluated household water filters available on the market in Ahmedabad, India. 
The team worked closely with students and faculty at local universities to assess water filter 
products’ suitability—do filters perform their intended purpose, scalability—do the filters’ 
supply chain effectively reach consumers, and sustainability—are filters used correctly, 
consistently, and continuously by users over time. The findings of CITE’s suitability research 
conducted in the field are presented here.  

 

SUITABILITY IN THE FIELD  

CITE defines “suitability” as the technical performance of a product. For CITE’s water filter 
evaluation, suitability was assessed in two ways—by a field team focused on the real-world 
conditions in Ahmedabad, India (referred to as the “S1-India” team) and by a team of researchers 
working in an “ideal” lab setting at the Consumer Reports lab in New York (referred to as “S1-
CR” team). While the S1-India and S1-CR teams were collectively responsible for the overall 
technical evaluation, each team produced its own report to document their contribution to the 
technical work.  
 
This document is the S1-India team’s technical report on the India fieldwork. The intended 
audience for this report includes international and local agencies and non-profit organizations, 
government officials, donors, entrepreneurs, development practitioners, and consumers.  Our 
most significant contribution is a rapid, yet in-depth analysis of Ahmedabad’s water system and 
an assessment of household water filters available on the market. It is our hope that CITE has 
given the reader a clear picture of the needs of the “water poor” in Ahmedabad specifically and 
in India generally. 

 

BACKGROUND & CONTEXT 

CITE conducted its evaluation in Ahmedabad, a city of six million people in the Gujarat state of 
India for ten weeks during summer 2014, where we connected with faculty and students from 
multiple institutions, chief among which were: India Institute of Management—Ahmedabad, 
Indian Institute of Technology—Gandhinagar, TERI University—Delhi, Ahmedabad University, 
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Centre for Environmental Planning and Technology University, and the All India Disaster 
Mitigation Institute.  

CITE’s field teams discovered that most poor families in Ahmedabad had access to piped water 
that was mostly, but not universally, clean and safe to drink. Moreover, the government in 
Gujarat was responsible for policies that provided Ahmedabad Municipal Corporation’s piped 
water supply to the poor for free. And we found that the poor were “satisfied” and “very 
satisfied” with their water supply. But even while the Ahmedabad Municipal Corporation 
(AMC) continues its efforts to upgrade the city’s piped drinking water, most households CITE 
surveyed use various water filters—from simple cloth to more complex reverse osmosis 
systems—to further treat their piped drinking water.  
 
CITE surveyed businesses selling and consumers owning household water filters in all income 
sectors. We identified more than 100 models of filters manufactured both by major brand 
companies and smaller, local companies.1 

Ahmedabad’s unique context made the city an excellent choice for CITE’s evaluation, providing 
access to a vibrant and growing economy and a dynamic water filter market 

India has made outstanding progress in the past two decades in providing access to improved 
drinking water to its citizens. By 2012, India had achieved improved2 water for 92.6% of its 
people. This was an enormous accomplishment. And yet, in 2015, 76 million people in India are 
the water poor whose drinking water supply comes from unimproved water sources.3 

 

 

 

 

 

 

                                                        

1 Appendix 1 gives the complete list of all filter models found on the market. 

2 “Improved” drinking water is a United Nations (UN) designation for an infrastructure improvement that is a surrogate for “safe” 
water. Examples include: piped household water connection, public standpipe, borehole, protected dug well, protected spring and 
rainwater collection. Unimproved drinking water sources include unprotected dug well, unprotected spring, surface water (river, 
dam, lake, pond, stream, canal, irrigation channel), vendor-provided water (cart with small tank/drum, tanker truck), bottled water 
(bottled water is considered improved only when the household uses another improved source for cooking and personal hygiene), 
and tanker truck water.  

3 WHO/UNICEF Joint Monitoring Program. 2015. 
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Table 1:  India’s Improved Water Supply Access Percentage 

   

OBJECTIVES 

S1-India field team’s water filter evaluation had the following objectives:  

Characterization of Ahmedabad’s Drinking Water Quality 

In order to conduct the field evaluation of water filters, a necessary precondition was a rapid, but 
thorough, characterization of the drinking water quality of Ahmedabad’s water supply to 
determine if the water was safe to drink (i.e. whether it met Indian standards). “Improved water” 
is defined by the United Nations under the Millennium Development Goals (MDG) framework 
as an infrastructure improvement, such as piped water supply, boreholes, rainwater harvesting, 
protected dug wells, or protected springs. This is a surrogate indicator for water safety that 
doesn’t require actual measurement of drinking water safety.4  Our team’s working assumption 
was that when a consumer purchases and uses a water filter, s/he is seeking to ensure the safety 
of their drinking water, with a secondary intent of ensuring an aesthetically acceptable water that 
will not bad in taste, smell, or appearance. 

Technical Evaluation of Household Water Filters 

After assessing Ahmedabad’s water quality, CITE conducted a technical performance of three 
categories of household water filters: conventional particle removal (cloth and jali mesh), gravity 
non-electric, and reverse osmosis. Each water filter identified within these three categories was 
evaluated on its ability to remove the following parameters: total coliform, E.coli, turbidity, total 
dissolved solids (TDS), and hardness (as CaCO3). The household water filter evaluation was 

                                                        

4 The Post-2015 Sustainable Development Goals framework does take water safety into account. The relevant indicators include 
“achieving universal and equitable access to safe and affordable drinking water for all,” and “improving water quality by 
reducing pollution, eliminating dumping and minimizing release of hazardous chemicals and materials.” 
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conducted by interviewing filter users at all income levels, but especially focused on 
Ahmedabad’s poorest families.5 

 

METHODOLOGY 

Research Design  

CITE’s field lab for this evaluation was set up at the Indian Institute of Management, 
Ahmedabad (IIM-A). The seven-member MIT research team was joined by 22 Indian students, 
young professionals, and their professors from four local Indian institutions.  

Our sample population was primarily households supplied with municipal piped water provided 
by the Ahmedabad Municipal Corporation.  

 

Figure 1: A typical home setting 

    

Piped water network Apartment block Individual homes Household drinking water supply in the 
individual home 

Based on results from five days of pilot surveying and sampling during the first week of field 
research, CITE adopted a purposeful quota research/sampling design whereby we sampled by 
filter brand.   

The S1-India team’s research plan was to obtain statistically meaningful sample sizes for ≥ 5+ 
brands of filters from all three categories of filters that CITE evaluated. 

Our fieldwork research plan aimed for a sample size of 150 units of any specific, commonly 
available filter category or brand and a minimum sample size of 30 units.6 For each unit, we 
                                                        

5 For the purposes of this study, CITE defines “the poor” as households living on less than $4 a day who are classified as India’s 
“economically weaker section” and households living on about $8.50 a day who are classified as India’s “lower-income group.”  
This definition is based on a policy set by India’s Ministry of Housing and Urban Poverty Alleviation. 
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collected a sample set, which was comprised of at least two samples per household. The first 
sample was the municipal water coming into the home (the “in” sample). The second was the 
water coming out of the filter (the “out” sample). We attempted to cover the full extent of the 
city, and we targeted slums, low-income housing blocks of former slum dwellers who had been 
relocated to these complexes, and then lower, middle and upper class households, based on 
Indian government definitions of income levels. CITE collected samples from 38 of 64 wards of 
the city. 

Additional sampling included municipal water supply outside of the individual home (e.g. piped 
water before it enters an apartment block, the Sabarmati River, the Narmada Canal, groundwater 
from municipal and private sources) to get a more comprehensive picture of AMC and privately 
supplied water quality. We also sampled wastewater (also referred to as “brine” or 
“concentrate”) from reverse osmosis (RO) units.  

 

Water Parameters Tested 

Municipalities typically test water for a larger number of parameters,7  but for rapid assessment, a 
more narrowly defined set of indicators was needed. CITE selected six test parameters for its 
Ahmedabad fieldwork including residual chlorine, E.coli, total coliform, turbidity, TDS, and 
hardness (as CaCO3) (Table 2). 8 9. 

A common method for characterizing drinking water is determining whether or not a particular 
water quality parameter poses a health risk.10 So we distinguish health-based as opposed to 

                                                                                                                                                                                   

6 Assuming we had done random sampling, and if we had assumed a 95% confidence interval and a 5% margin of error, then if 
we sampled a population of 30 people/households with brand X filter within a given ward, we would need a sample size of 28 
filters. If we sampled a population of 250 people/households with brand X filter within a given ward, we would need a sample 
size of 152 (based on Calculations using Raosoft Software). These sample sizes of 28 - 152 would give statistically valid sample 
size with 95% confidence and a 5% margin of error.  Therefore, we rounded these numbers and set the sample size for any given 
category or brand of filter units we located in Ahmedabad households to be between 30 – 150 units. This was to be purposeful 
sampling, not random sampling. We were seeking out categories or brands of commonly available filters that we were able to 
find in large enough sample sizes to have statistical rigor.  
7 The Safe Drinking Water Act seeks to achieve uniform safety and quality of drinking water in the U.S. by identifying 
contaminants and establishing maximum acceptable levels for these contaminants. Currently, U.S. public water supplies are 
regularly monitored for 122 contaminants. 

8 We also tested pH and, in preparation for the CITE Year 3 Water Test Kit evaluation, we tested hydrogen sulfide (H2S) 
bacteria. We will report on those results later in 2015. 

9 A list of locally available test kits we found and the test procedures we used for analyzing these drinking water parameters are 
given in Appendices 2 and 3. 

10  The U.S. Environmental Protection Agency (EPA) has established National Primary Drinking Water Regulations (NPDWR) 
that set mandatory water quality standards for drinking water contaminants. These are enforceable standards called "maximum 
contaminant levels" or "MCLs", which are established to protect the public against consumption of drinking water contaminants 
that present a risk to human health. An MCL is the maximum allowable amount of a contaminant in drinking water, which is 
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aesthetic characteristics which may be objectionable to the consumer, but which do not pose any 
known health effect. Appearance, taste, and odor are considered as aesthetic characteristics. 
Among the parameters we tested, high levels of TDS or hardness are not known to have negative 
health effects, according to the WHO (2011), but are objectionable to consumers because of the 
appearance or taste they impart to the drinking water. Table 2 shows the drinking water 
parameters the CITE team tested in Ahmedabad. 

 

Table 2: Drinking Water Parameters Tested in Ahmedabad, India 

Parameter Category Descriptions 

Residual chlorine Health-based 

Chlorine is added to drinking water during the treatment process as 
a disinfectant to kill pathogens. In order to ensure drinking water 
remains free of pathogens and is not re-contaminated during the 
distribution process, it is important to have a residual level of free 
chlorine at the point of use. 

E.coli Health-based E. coli is a fecal indicator bacteria. Presence of E. coli means that 
water has come into contact with feces and is likely contaminated. 

Total coliform Health-based 

Total coliform includes E. coli as well as a wide range of other 
bacteria, traditionally including Citrobacter, Klebsiella, and 
Enterobacter. Total coliform bacteria originate as organisms in 
soil, vegetation and in feces of warm-blooded animals. They are 
indicators of water contamination and possible presence of 
intestinal parasites and pathogens. By measuring total coliform, 
the increase or decrease of many pathogenic bacteria can be 
estimated.  

Turbidity Aesthetic  
“Turbidity in water is caused by suspended particles or colloidal 
matter that obstructs light transmission through the water.” (WHO, 
2011) 

Total dissolved solids Aesthetic 

“Total dissolved solids (TDS) comprise inorganic salts (principally 
calcium, magnesium, potassium, sodium, bicarbonates, chlorides 
and sulfates) and small amounts of organic matter that are 
dissolved in water. TDS in drinking-water originates from natural 
sources, sewage, urban runoff and industrial wastewater.” (WHO, 
2011) 
 

Hardness (as CaCO3) Aesthetic 

“Hardness in water is caused by a variety of dissolved polyvalent 
metallic ions, predominantly calcium and magnesium cations. It is 
usually expressed as milligrams of calcium carbonate per litre.” 
(WHO, 2011) 
 

 
                                                                                                                                                                                   

delivered to the consumer. In addition, EPA has established National Secondary Drinking Water Regulations that set non-
mandatory water quality standards for 15 contaminants. EPA does not enforce these secondary maximum contaminant levels. 
They are established only as guidelines to assist public water systems in managing their drinking water for aesthetic 
considerations, such as taste, color and odor. These contaminants are not considered to present a risk to human health. 
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Water Quality Standards 

We used Indian Standards and WHO Guidelines as the reference points for the development of 
our Consumer Reports-style ratings of water quality. Table 3 presents these standards.11 

 

Table 3: Water Quality Standards of Parameters Tested in Ahmedabad, India 

 

Indian Standard 
Requirement —
Acceptable 
Limits 

Indian Standard 
— Permissible 
Limit in Absence 
of Alternate 
Sources 

WHO Guidelines 

Free 
Residual 
Chlorine 

0.2 1 
≥0.5 mg/liter after at least 30 minutes contact time at pH 
<8.0 
0.2 mg/l minimum 

E.coli 0 0 0 

Total 
coliform 0 0 Total coliform should be absent immediately after 

disinfection. Presence indicates inadequate treatment.  

Turbidity 1 2 
< 1 NTU, Average ≤0.2 NTU 
Large well run municipalities should be < 0.5 NTU at all 
times 

Total 
dissolved 
solids 
(TDS)  

500 2000 Not of health concern at levels found in drinking water 

Hardness, 
total (as 
CaCO3) 

200 600 No health-based guideline value; may affect 
acceptability of DW 

Turbidity 1 2 
< 1 NTU, Average ≤0.2 NTU 
Large well run municipalities should be < 0.5 NTU at all 
times  

pH 6.5 to 8.5 No relaxation No health-based guideline value 
 

The reader will note that the Indian standards have two designations: “Indian Standard 
Requirement — Acceptable Limits” and “Indian Standard Permissible Limit in the Absence of 
Alternate Sources.” The Indian Standard Requirement — Acceptable Limits is the stricter of the 
two. The IS 10500: 2012 (Indian Standard, 2012) indicates:  

It is recommended that the acceptable limit be implemented. Values in excess of those 
mentioned under “acceptable” render the water not suitable, but still may be tolerated in 

                                                        

11 Appendix 4 gives more detail in regard to the Indian standards. 
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the absence of alternative source, but up to the limits indicated under ‘permissible’ limit 
in the absence of alternate source’, above which all have to be rejected. 

 

The S1-India field team split all samples collected from households and tested each sample using 
both a Standard Method and various water quality test kit methods.12 The Standard Method CITE 
selected was the Enzyme Substrate Method (Standard Method # 9223)13, the gold standard in US 
municipal water treatment plants. 

 

Water Sampling Method 

All water samples were collected using 250mL sterile VWR sampling bags. All water sampling 
was conducted by trained members of the field team. In order to avoid possible contamination, 
field team members followed sterile sampling procedures.   

The method of water sample collection varied according to the configuration of the household’s 
water supply and water filter (Figure 2). In houses where municipal water was available at the 
time, samples were collected from the taps directly. The taps were not sterilized before sample 
collection in order to reflect actual household water quality conditions. In households where 
municipal water was not available at the time, and unfiltered water was stored in a drum or 
storage vessel, the water was collected directly from the storage vessel, (1) by pouring the water 
from the storage vessel to the sterile sample bag, or (2) dispensing it via a tap on the storage 
vessel, or (3) scooping the water from the top of the storage vessel using the sterile sample bag 
holding the metal end-wires and keeping one’s hands out of the water.  

Figure 2: Sampling method for unfiltered water 

                                                        

12 For a complete list of test kits, see Appendix 2. 

13 The manufacturer is IDEXX and the product brand is Colilert18 with 96 well Quanti-Tray®/2000.   
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For filtered water samples, in houses where filters are directly connected to the piped water 
supply and the filtered water is able to be dispensed continuously, samples were collected 
directly from the tap and filter outlet. For filters such as jali mesh or cloth that are not directly 
connected to the piped water system, filtered water was collected by placing the filter between 
the tap and sample bag. Because most homes in India have intermittent rather than continuous 
24-7 water supply, in houses where municipal water was not available at the time, filtered 
samples were collected by pouring unfiltered stored water from the unfiltered source, collected in 
a sterile sample bag through the filter into a sterile filtered sample bag (the unfiltered bag was 
then refilled with the same source water for the unfiltered sample).  

 

Figure 3: Sampling method for filters 

 

All samples were put into a cooler bag and transported to the laboratory for processing within six 
hours. All samples were tested for E. coli, total coliform, turbidity, dissolved solids, hardness, 
H2S-producing bacteria and pH. All source water samples were tested for chlorine residual.  
Duplicates were run on every 15 samples and blanks were run on every 20 samples. 

Data Analysis Methods 

For measurements taken in the lab that were below the detection limit of the measurement 
instrument, the half detection theorem was applied, so for analysis purposes, measurements were 
recorded as half of the detection limit. For measurements above the detection limit, the detection 
limit was used. This was most common in the Quanti-Tray total coliform and E.coli results 
which had a lower detection limit of 1 MPN/100ml and an upper detection limit of 2419.6 
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MPN/100ml. Therefore, 0.5 MPN/100ml was used for measurements of <1MPN/100ml and 
2419.6 MPN/100ml was used for measurements of >2419.5 MPN/100ml. 

The test used for measuring hardness (see lab procedure in Appendix 3) produced measurements 
of “less than or equal to X”. This was left off of all values in the rest of this report, but should be 
implied when looking at results related to hardness. 

Some important data analysis formulas that were used to understand the data were: 

· Percent removal was used for TDS, hardness, and turbidity comparisons and was 
calculated as ([Concentration in (Cin)]-[Concentration out (Cout)])/[Cin]. As there were 
some cases in which the Cin was less than the Cout, the percent removal using the 
aforementioned formula produced large negative values, which were not meaningful for 
analysis. To remedy this problem, if [Cin] < [Cout]; the percent removal was calculated as 
(Cin-Cout)/Cout, which is essentially the negative percent added.  

· Log reduction values (LRV) were used E. coli and total coliform comparisons and were 
calculated as Log10 (Cin/Cout). 

Another issue that came up during data analysis was that for the bacterial indicator tests, there 
were many sample pairs, which had measurements below the detection limit both before and 
after filtration. Calculating the log reduction value (LRV) for those samples would not be useful 
as no information about the filter can be gained, because the LRV could be zero to infinite. 
Assigning a numerical LRV to these sample pairs would cause a skew in the data, which would 
not accurately reflect how the filters really perform. Therefore, sample pairs that were both 
“clean in” and “clean out” were not included in LRV calculations. 

 

WATER SUPPLY IN AHMEDABAD  

This section of the report describes CITE’s rapid assessment of the water supply in Ahmedabad 
based on literature review and fieldwork.  

Surface Water, Groundwater and “Mixed” 

Ahmedabad’s water supply is comprised of:  

· Surface Water (S), from the Narmada Canal 

· Groundwater (G) 

· “Mixed” Water - a mixture of both surface water and groundwater. 

Figure 4 shows a typical configuration of mixed surface and groundwater supply.  
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Figure 4: (Left) Typical configuration of mixed surface and groundwater supply and (right) Typical groundwater well  

  

 

CITE found that most people in Ahmedabad were served by piped water, including the 
overwhelming majority of the poor throughout the city. We collected and analyzed source water 
samples of surface (Narmada Canal water), groundwater, and a mixture of both.  

Historically, groundwater has been the dominant source of water for residents of Ahmedabad 
City. In the last four decades, the supply source has shifted from groundwater to surface water to 
the extent that the Ahmedabad Municipal Corporation (AMC) indicates that in the period 2006-
2010, 90% of the water supply in Ahmedabad is from surface water and 10% is groundwater 
(Herma DC, 2013). The Central Groundwater Board of the Ministry of Water Resources of 
India, citing AUDA in 2008, specifies 4% of Ahmedabad’s total water supply as groundwater 
(Central Ground Water Board, 2011). However, a report by CEPT indicates that in Ahmedabad 
40% of water withdrawal is from groundwater and 55% of consumption is from groundwater 
(CEPT, 2010). This discrepancy would likely be explained by the fact that the AMC is only 
describing municipally supplied water, whereas the CEPT results, in common with our CITE 
results, are based on household surveys and sampling, which would include groundwater 
supplied by private boreholes, but also delivered by piped network into apartments and homes.. 

Even while lacking definitive results on the percentage of groundwater and surface water making 
up the overall water supply mix, the conclusions of the Central Groundwater Board, Ministry of 
Water Resources, Government of India are clear:  

Groundwater development in and around Ahmedabad-Gandhinagar urban area has 
reached a critical stage and not much scope exists for further development. Groundwater 
level has gone down too much to extract groundwater economically, even for domestic 
use. Moreover, increasing urban population and industrial requirement creates more 
stress, making situation more critical. There is deterioration in groundwater quality due 
to geogenic condition of deep aquifer system and also due to an unregulated industrial 
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effluent and sewerage. In the prevailing urban scenario, for better health and hygiene of 
the public at large, protection of water source and natural recharge system should be a 
priority. (Central Ground Water Board, 2011) 

 

Intermittent vs. Continuous Piped Water Supply 

While CITE found that most households we visited in Ahmedabad were served by piped water, 
including households of poor and relocated families in government subsidized low-cost housing 
blocks, we were challenged to understand water quality under the conditions of an intermittent 
piped water supply. CITE needed to untangle the water quality as it was being supplied into the 
home, and as it was being stored before consumption, due to the intermittency.  

A piped water supply has two forms: continuous or intermittent. A continuous water supply is 
flowing 24 hours per day, seven days per week. A 24/7 service or business is one that is available 
without interruption regardless of time or day. Data from the World Bank’s International 
Benchmarking Network indicates that piped water supply in India is available on average for 5.2 
hours per day (Danilenko A. et al, 2014). This type of piped water supply is referred to as an 
intermittent water supply.  

CITE’s sustainability researchers asked household water filter users in Ahmedabad: “How many 
hours per day is water available?” (Table 4). The lowest average was approximately three hours 
of service per day, and the high average was approximately 19 hours per day. Responses were 
broken down by income level, shown in Table 5. For households in the high-income group and 
middle income group, this may mean 24-hour supply because their apartment blocks have large 
underground or rooftop supply tanks that allow for a constant supply, even when there isn't a 
constant supply coming from the municipal line. That said, there is a definite trend in 
intermittency by income level and the low income and economically weaker sector groups have 
three to four hours of service per day. 

Table 4: “Water Availability” Survey Results by Filter Category 

How many hours per day is water available? 

Filter Category Average (hours) 
Number 
Surveyed 

Branded RO 18.87 43 
Cloth 2.42 25 
Cloth and Jali 5.19 18 
Jali 2.72 34 
Dolphin RO 14.76 49 
GNE Filter 5.89 43 
No Filter 2.97 29 
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Overall Average/Total 8.78 241 
 

Table 5: “Water Availability” Survey Results by Income Category 

How many hours per day is water available? 

Income Category Average (hours) 
Number 
surveyed 

High-Income 17.40 63 
Middle-Income 6.17 39 
Low-Income 2.81 45 
Economically Weaker Section 3.85 33 
Overall Average/Total 8.84 180 

 

A study comparing microbial water quality in the cities of Hubli and Dharwad in northern 
Karnataka, India found that piped water supplies that are continuous had less risk, violated fewer 
Indian standards, and had better residual chlorine concentrations than intermittent supplies 
(Kumpel and Nelson, 2013). They also found that stored water from either supply was more 
contaminated than tap water. As the municipal supply in Ahmedabad is intermittent, many of the 
findings of their study may apply to the water quality seen at the taps in our study. 

Water Supply in the Home   

The people of Ahmedabad obtain their drinking water primarily from one of two sources. First, 
surface water is supplied from the Narmada Canal and then treated in one of four water treatment 
plants overseen by the Ahmedabad Municipal Corporation. This water is distributed by pipe to 
homes. The other source is groundwater, which is typically obtained through privately owned, 
bore wells, for example, owned by a landlord of an apartment complex. Groundwater is also 
supplied at large low cost housing blocks built by the government to provide housing, water, 
sanitation and other basic services to former slum-dwellers. It is not uncommon for residents of 
middle and upper class apartment buildings to drink a mixture of these two sources. The surface 
water is the preferred source, but it is intermittent.  Therefore, mixing of the two sources results 
in a more continuous water supply, albeit potentially of lesser quality than if they were able to 
obtain 100% of their supply from the surface water.  

The results of our research on source water are presented in box and whisker plots below which 
help to visualize which parameters are significant in which type of water.  
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Figure 5: Boxplots of Total Coliform and E.coli Source Water Quality 

 

Figure 5 also shows that surface water is of superior bacteriological quality compared to 
groundwater. This is somewhat counterintuitive—many people think of groundwater as 
pristine—but in Ahmedabad, surface water is treated at one of four treatment plants, whereas its 
groundwater is often untreated, especially if it is coming from a private source. Moreover, 
groundwater may come from sites with excreta, industrial, or other contamination. Some of the 
government subsidized housing units were built on former industrial sites that may have had 
toxins in the groundwater. Groundwater samples exceeded the detection limit of 1.0 
MPN/100mL more frequently than surface water samples. Surface water samples showed 
detection of E.coli in 19% of samples and of total coliform in 36% samples, whereas 81% of 
groundwater samples contained detectable levels of total coliform, and 68% of groundwater 
samples contained E.coli.   

In the next four box and whisker plots (Figure 6), the green line shows the Indian Standard 
Requirement — Acceptable Limit. The CITE team used this green-line “requirement” as the 
standard for quality drinking water for the parameters residual chlorine, turbidity, TDS and 
hardness. The red line shows the Indian Standard — Permissible Limit. The Indian government 
indicates that this alternate standard is for use “in the absence of alternate source.” The 
Permissible Limit is higher than the Acceptable Limit. The presumption is that many consumers 
have multiple sources and they would opt for the best one for drinking. 
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Figure 6: Boxplots of hardness, residual chlorine, TDS and turbidity source water quality 
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For the residual chlorine results, we see that municipal surface water is far more likely to have 
the acceptable level of residual chlorine compared to groundwater. Groundwater may or may not 
receive any chlorination treatment, especially that coming from private boreholes. Turbidity is 
the one parameter for which groundwater is superior to surface water, although the difference is 
fairly negligible, as is shown in the turbidity boxplot (Figure 6). We observe from the TDS and 
hardness graphs that surface water is superior to mixed water or groundwater for TDS and 
hardness. On average, groundwater in Ahmedabad contains 1,079 mg/L TDS, over twice the 
Indian Standard Requirement - Acceptable Standard of 500 mg/L (but below the Permissible 
Limit of 2,000 mg/L). Average surface water, on the other hand, contains just 361 mg/L TDS.  
Similarly, groundwater exceeds the hardness Indian Acceptable Standard Requirement of 200 
mg/L CaCO3 by 40 mg/L, while surface water has an average hardness of just 150 mg/L.  The 
users of groundwater, as a result, experience severe scaling on their kitchen utensils and water 
containers, while surface water users do not. This was a common complaint heard by our team in 
a number of homes. 

Chlorine Residual 

According to WHO Guidelines, “chlorine residual should be maintained throughout the 
distribution system. At the point of delivery, the minimum residual concentration of free chlorine 
should be 0.2 mg/l” (WHO, 2011). A chlorine residual of this concentration is necessary to 
ensure continued disinfection of the water from the source to the point of consumption. 

Figure 7 shows the chlorine concentration plotted against total coliform and E. coli 
concentrations, respectively, for all source samples of all types based on the residual chlorine 
concentration of samples analyzed by the S1-India team in the lab in Ahmedabad.  The vertical 
red line in Figure 7 indicates the WHO guideline value of 0.2 mg/l. Source water which has 
residual chlorine at or above the concentration recommended by the WHO and Indian Standards 
Acceptable Limit of > 0.2 mg/L has “zero” total coliform and E. coli indicator bacteria. Total 
coliform and E. coli above this line are all at zero. In contrast, results that fall below 0.2 mg/L 
residual chlorine, i.e., below the minimum standard, show various concentrations of total 
coliform and E.coli in the 10s, 100s and 1000s of MPM/100 mL. 

Adequate levels of residual chlorine would help to lower the amount of bacteria in the water 
sources. However, none of the sources’ median or average residual chlorine concentrations meet 
the Indian Standards Requirement Acceptable Limit of 0.2 mg/L of residual chlorine. Still, 
surface water does meet this standard 19% of the time, which is far more frequently than 
groundwater (4%) and mixed water (10%). 
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Figure 7:  Residual chlorine vs. total coliform and E.coli bacteria 

 

 

Demographics 

Although the S1-India team did not collect detailed information about income level from the 
households surveyed, the team did use observational research to sort data by type of housing, 
including slum, relocated housing, and low/middle/high income housing. Housing complexes for 
relocated former slum dwellers are government-provided apartment blocks built to house former 
slum-dwellers who, in recent years, have relocated mainly from slums along the Sabarmati River 
as part of an urban redevelopment campaign. There were many such housing complexes of 
relocated former slum dwellers in Ahmedabad and our team visited a number of them. 

The total coliform and E. coli concentrations for the unfiltered water were compared among 
these three housing categories to determine if the housing situation has an impact on the water 
quality or risk of microbial contamination.  

Figure 8: Effect of income on water quality 

 

As seen in Figure 8, the low/middle/high income brackets had the least microbial contamination 
while the relocated households had the most. One observation made by the S1-Indian team 
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during fieldwork was that many slums had municipal water connections to taps in their homes. 
Many of the housing complexes of relocated former slum dwellers had roof tanks on top of the 
apartment buildings, which were in varying states of cleanliness and repair. Moreover, many had 
groundwater supplies, as opposed to surface water supplies. Either or both of these factors (or 
other factors) could have contributed to the high microbial contamination of the relocated 
housing bacterial contamination. This shows us that although the poor/relocated households had 
piped water, they still lacked safe water, in terms of the microbial water quality. Figure 9 is a 
vivid illustration of this circumstance, with dirty surface water surrounding the well and 
underground storage tank at a relocated slum apartment complex. 

Figure 9: Housing complex (Vatva) of relocated former slum dwellers showing pump house for groundwater pumping, 
underground tank for groundwater storage and dirty standing water around tank perimeter  
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Key Findings: Sources of Water Supplied to Ahmedabad Households 

1. The ratio of groundwater to total water supply is unknown. Groundwater was once the 
dominant source of water for residents of Ahmedabad. In the last 40 years, the supply 
source has shifted from groundwater to surface water. However, the contribution of 
groundwater to the total supply today is uncertain, due to lack of monitoring of the 
private borehole contribution and/or lack of publicly available data. 

2. All water supplied in Ahmedabad is an intermittent water supply. Residents report that 
water is flowing on average about nine hours per day; with it flowing about four hours 
per day among the economically weaker sector and 17 hours per day among the high-
income sector. 

3. Due to the intermittency of the water supply, many households store water in the home. 
Alternatively, many apartment complexes have large roof tanks or underground tanks that 
store water. Depending on hygiene practices and the conditions of storage, storing water 
in the home or in storage tanks may contribute to lower quality water compared to water 
supply flowing continuously from the tap. 

4. Total coliform and E.coli are higher in groundwater (median = 126 MPN/100ml for total 
coliform and 3 MPN/100ml for E. coli) than in surface water (median = <1 MPN/100ml). 
This is likely due to the fact that surface water is treated with chlorine and shows some 
level of chlorine residual, whereas groundwater is usually supplied via private boreholes, 
which are not typically chlorinated. 

5. Residual chlorine is higher in surface water and “mixed” supplies then in groundwater. 
This is due to the fact that groundwater is not treated with chlorine at all.  

6. Turbidity is generally quite low in all sources, albeit slightly higher in surface water than 
in groundwater. 

7. TDS and hardness are significantly higher in groundwater than in surface water. Average 
values for TDS in groundwater is 1,079 mg/L and the average value in surface water is 
361 mg/L. The WHO says that TDS and hardness are “not of health concern at levels 
found in drinking water” and “may affect the acceptability of drinking water.” 

8. There are insufficient data to suggest either minimum or maximum concentrations of 
minerals at this time, as adequate intake will depend on a range of other factors. 
Therefore, no guideline value is proposed. 

9. The housing complexes of the relocated former slum dwellers had the most 
bacteriological contamination compared to the broad demographic categories of slums or 
low/middle/high income households. All had piped water supplies, but relocated 
households often had groundwater as their supply. 

Below, Table 6 summarizes the results of CITE’s rapid assessment of Ahmedabad’s municipal 
water supply by source for the six parameters tested. Results are expressed either as average or 
median values.  
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Table 6: Parameters tested in Ahmedabad by source 

  

Surface  
Water  

Groundwater   Both   Indian  Std.  
Acceptable  

Indian  Std.  

Permissible  

Median  Total  Coliform  
(MPN/100ml)  

<1   126   <1   0   0  

Median  E.coli  (MPN/100ml)   <1   3   <1   0   0  

Avg.  Residual  Chlorine  (mg/l)   0.2   0.08   0.1   0.2   1  

Avg.  Turbidity  (NTU)   2   1.2   1   1   5  

Avg.  TDS  (ppm)   361   1079   891   500   2,000  

Avg.  Hardness  (mg/l)   150   240   203   200   600  

pH  
8.1   7.9   7.9   6.5  –  8.5  

No  
relaxation  
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WATER FILTER EVALUATION RESULTS 

The results presented in this section are based on the analysis of the sample pairs of water 
flowing into filters tested—the “in” water, or source water, and the “out” water, tested after 
treatment via the filter. The relationship between the “in” and the “out” water defines 
performance of the filter.  

The three pictures in Figure 9 below illustrate a typical water supply in an Ahmedabad kitchen. 
From the tap on the left in Figure 6, the water supply is transferred into a clay storage pot 
(pictured middle), locally called a madka. A housewife might typically filter her water through a 
cloth or jali before storing the water in the madka. On the right, we see a CITE team member, 
taking a sample of the water that is being put through a jali mesh, and then collected directly into 
the sample bag. This is designated as “a filtered water sample from a jali mesh filter.” 

Figure 9:  (Left) Source water running from a household tap into a household tank, (middle) transferred to clay storage 
pot (madka), (right) sampled in a sterile sample bag after treatment by a jali mesh filter. 

   

 

Water Filter Categories 

In this CITE water filter evaluation, we have simplified household filters into three categories,14 
which encompassed the overwhelming majority of models and brands of filters that we observed 
in homes and on the market in Ahmedabad.  In brief, these categories of filters are:  

Conventional Particle Filters (CPF): This category includes cloth and jali mesh. Both cloth and 
jali mesh are very common in Ahmedabad. We regularly observed cloth and/or jali mesh used by 
economically weaker sector and low-income families with intent to improve water quality. Jali 
mesh is also used in making tea (as Americans would use an inexpensive paper coffee filter to 
make coffee). Cloth and mesh filter cost is typically in a low price range from INR30 (US$0.50) 
to INR60 (US$1.00). 
                                                        

14 “Household Water Filter Evaluation, Suitability — Consumer Reports.” CITE, 2015. 
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Gravity Non-Electric Filters (GNE): These filters mainly operate in the microfiltration or 
ultrafiltration range, but there are models in the nanofiltration range as well. The distinction 
between micro, ultra and nanofiltration relates to the size of the pore of the filters, which in turn 
determines what size particles and contaminants it can remove. For example, microfiltration can 
remove bacteria, but not viruses. The GNE category includes a variety of manual fill and gravity-
driven filters. In the Indian marketplace, this GNE category is comprised of (mostly) non-
electric, (mostly) counter-top filters. Various models of the Eureka Forbes Aquaguard ultraviolet 
(UV) filters are the main exception, although Eureka Forbes has filters in the GNE category as 
well, such as the non-electric, non-UV Amrit Kitanu Magnet. The GNE filter cost is typically in 
a lower to middle price range from INR 1,020 (US$17) to INR 3,000 (US$50).  

Reverse Osmosis Filters (RO): This category includes Dolphins, which are non-branded, locally 
assembled ROs, and major brand RO systems. These systems all require electricity. Their cost is 
typically in a middle-to-upper price range from INR 5,880 (US$98) to INR 13,980 (US$233). 

The reader should note that there are other categories of household water filters besides these 
three categories we have highlighted. We have limited ourselves to commonly available filters, 
as opposed to specialty items such as arsenic, fluoride or mineral filters. We also limited our 
investigations only to filters, not to ultra-violet (UV) treatment, chemical disinfection products or 
other non-filtration methods of water treatment. In contrast to UV treatment, which was 
commonly seen in homes, specialty products such as arsenic filters, fluoride filters, or water 
softeners were rarely found in homes or in the market in Ahmedabad. It is possible that in the 
future, a CITE-style evaluation could be applied to these other household water treatment 
categories. 

Based on CITE’s sustainability research, Figure 10 shows the distribution of products by 
category from 263 household surveys conducted in 12 wards in Ahmedabad.  

Figure 10: Distribution of filter categories 
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Filter Evaluation Results Overview 

The S1-India team evaluated seven “statistically valid” filter brands in three categories described 
above from households in 38 of 64 wards from central, north, south, east and west areas of 
Ahmedabad over ten weeks according to five water quality parameters (no longer including 
chlorine residual, which was only considered for the source water samples). We defined a 
“valid” filter as ideally having a sample size upwards of 160 examples and minimally having a 
sample size of 20 examples. Out of a total of 1,058 sample pairs collected (including 1,033 with 
GPS coordinates and 25 without GPS coordinates), we obtained 694 valid sample sets that 
enabled us to evaluate water filters in Ahmedabad. We excluded samples from miscellaneous 
filters that did not get to statistically valid sample sizes.  

CITE found that Ahmedabad had an unusually dynamic water filter market with over 100 models 
identified by the overall CITE team (see Appendix 1). The three categories, brands of filters and 
the final sample sizes of the filters found by the S1-India team are shown in Table 7. 

Table 7: Filters tested and sample sizes 

Filter Category Filter Brands Sample Size 

Conventional Particle Filtration 
Cloth 151 
Jali Mesh 160 

Gravity Non-electric Filtration 
Aquaguard Purifier 156 
Pureit 23 

Reverse Osmosis 

Dolphin (Local Assembly) 153 
Eureka Forbes ROs 31 
Kent ROs 20 
Total 694 

 

Filter Scenarios 

CITE’s filter scenarios analysis looks at the removal of total coliform and/or E.coli by the 
various brands/categories of water filters. Sample pairs fell into one of four possible scenarios: 

1. Clean in / Clean out: Water both before and after the filter was free of microbial 
contamination. This is the ideal, from the perspective that the piped water supply is 
meeting the Indian Standards (“Clean in”). However, the filter had a non-detectable effect 
on the water quality (“Clean out”), so it is not serving any purpose. 

2. Clean in / Contaminated out: Water before filtration was free of microbial contamination 
(piped water supply meets Indian Standards for total coliform and/or E. coli),  but had 
positive counts of coliform after filtration.  In this scenario, the filter actually has a 
negative effect on water quality. 

3. Contaminated in / Contaminated out: Water both before and after filtration had positive 
counts of total coliform and/or E. coli. This means that the water supply is not meeting 
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Indian Standards for those parameters and that the filter was unable to remove total 
coliform and/or E. coli. There were also sample pairs in which contamination increased 
after the filter, meaning this was very clearly an ineffective filter. 

4. Contaminated in  / Clean out: Water before filtration had positve counts of total coliform 
and/or E. coli and was free of mircobial contaminants after filtration. This means the 
water coming in does not meet the Indian standards for total coliform and E.coli, and is 
the ideal from the perspective of the filter working as it should. The filter is effectively 
removing contamination and providing safe drinking water. 

The relative frequency of each of these scenarios for the filter models tested are shown in the pie 
charts in Figure 11 for total coliform and Figure 12 for E. coli.  

Figure 11: Total coliform filter scenarios 
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Figure 12: E.coli filter scenarios 

 

Summary of Scenario Results 

· The total coliform filter scenario results demonstrate that all scenarios are represented, 
incoming water is frequently contaminated with total coliform, and outgoing water is not 
necessarily consistently free of total coliform. 

· The E.coli filter scenarios show that there is more “clean in” water relative to the total 
coliform scenarios results, which one would expect given that E.coli is a sub-category of 
total coliform. However, all scenarios are still represented. Incoming water is sometimes 
contaminated with E.coli, (as shown by the red and gold pie slices), and outgoing water is 
not consistently free of E.coli (as shown by the purple and red pie slices). 
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E. coli Risk Levels 

CITE’s second approach to the data analysis is based on an evaluation of  E.coli risk levels. The 
WHO in its Guidelines for Drinking Water Quality has a scale of risk levels based on the 
concentration of E. coli found in a water sample (WHO, 1997).  

The WHO states that: “In many developing and developed countries, a high proportion of 
household and small community drinking-water systems, in particular, fail to meet requirements 
for water safety, including the absence of E. coli. In such circumstances, it is important that 
realistic goals for progressive improvement are agreed upon and implemented. It is practical to 
classify water quality results in terms of an overall grading for water safety linked to priority for 
action” (WHO, 2011). Table 8 gives a commonly used foundation for that grading system. 

Table 8: Risk Level from E.coli 

Risk Level 
E.coli in sample (coliform forming unit per 
100 ml or most probable number per 100 
ml) 

Conformity < 1 
Low 1 – 10 
Intermediate 10 – 100 
High 100– 1000 
Very High >1,000 

 
As a means of evaluating the effectiveness of the various filters at removing E.coli, the E. coli 
concentrations were measured and categorized according to these risk levels, then put into pie 
charts (Figure 13). These pie charts show what percent of samples fall within each risk category. 
The pie charts for “before” and “after” filtration can be compared to see which filters were 
effective at removing, or at least reducing, the E. coli present in the input feed water.  

As shown in the pie charts, cloth and jali mesh have a negligible effect at removing E. coli. 
There is high and very high risk water before these filters and high and very high risk water after 
these filters. The Eureka Forbes AquaGuard filters also show high and very high risk water 
before and after filtration, which is not what one would expect from this system, which should be 
reducing or eliminating E.coli. The Dolphin ROs were more effective at removing E. coli as 93% 
of samples conformed with standards after filtration, while only 53% did before. The Pureit, 
Eureka Forbes RO and Kent RO models were able to reduce all samples to low risk or 
conformity after filtration despite having some high or very high risk input water before 
filtration.   
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Figure 13: E. coli risk levels before and after 
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Parameter Concentrations Before and After Filtration 

Another way of analyzing the data and visualizing the results is to compare parameter 
concentrations before and after filtration. The plots below show the concentrations of the water 
quality parameters for all sample pairs tested in India both before and after filtration. The mean 
concentrations were used for TDS, hardness, and turbidity, while the median was used for total 
coliform and E. coli. If the “in” concentration is higher than the “out,” it means that the filter is 
effectively removing that parameter.  However, if the “out” concentration is higher, the filter is 
actually adding contamination to the water. Of note are the differences between the RO and GNE 
filter models at removing TDS and hardness. (GNE filters are not designed to removal TDS and 
hardness, and so technically, shouldn’t be judged on these parameters). In addition, the total 
coliform and E. coli levels were actually very low in most samples because the unfiltered 
turbidity water quality in Ahmedabad is actually quite good.  

Figure 14: Concentration of water quality parameters before and after filtration 
 

 

 

0.00  

200.00  

400.00  

600.00  

800.00  

1000.00  

1200.00  

Av
er
ag
e  
TD

S  
(p
pm

)  

TDS  In/Out    
In   Out  

0.00  
20.00  
40.00  
60.00  
80.00  
100.00  
120.00  
140.00  
160.00  
180.00  
200.00  

Av
er
ag
e  
Ha

rd
ne

ss
  (m

g/
l)  

Hardness  In/Out  
In   Out  



33 

 

                                           

 

Removal Efficiency 

CITE also studied each filter’s removal efficiency. The following boxplots, arranged by filter 
model, show the percent removal or LRV of the water quality parameters tested in Ahmedabad. 
Percent removal results for TDS, hardness, and turbidity were calculated as follows: 

       If in > out, then % removal =  (in-out)/in * 100;  

       If out > in, then % removal =  (in-out)/out * 100  
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       LRV was used for total coliform and E. coli: Log10 (in/out).  

The seven filter models comprise three different categories of filter. The difference in percent 
removal is especially apparent when considering the TDS and hardness. The reverse osmosis 
filters are the only category of filters that are effective at reducing TDS and hardness, however, 
the RO filters are less effective than the GNE filters at removing turbidity. 

Figure 15: Percent removal of TDS arranged by filter model

 

Figure 16: Percent removal of harness arranged by filter model

 

Figure 17: Percent removal of turbidity arranged by filter model 

TDS Mean Removal

Cloth -0.6
Jali -0.9
AquaGuard 0.1
Pureit -5.1
Dolphin 75
EF RO 77.9
Kent RO 81.2

Hardness Mean Removal

Cloth 1.4
Jali -0.5
AquaGuard 2.65
Pureit 6.6
Dolphin 56
EF RO 76.7
Kent RO 84.7
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Figure 18: Log removal of Total Coliform arranged by filter model 

 

 

 

 

 

 

TC Mean LRV

Cloth -0.4
Jali 0
AquaGuard -0.2
Pureit 0.9
Dolphin 1.3
Eureka Forbes RO 0.9
Kent RO 1
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Figure 19: Log removal of E.coli arranged by filter model 

 

An important thing to note is that there were many samples for total coliform and E. coli that 
were below the detection limit. All sample pairs which had both an “in” and “out” concentration 
below the detection limit were not included in the LRV boxplots or the mean. For total coliform 
and E. coli respectively, there were 48 and 86 such pairs for cloth, 75 and 106 for jali mesh, 92 
and 138 for Aquaguard, 12 and 20 for Pureit, 46 and 75 for Dolphin RO, 11 and 18 for Eureka 
Forbes RO, and 4 and 10 for Kent RO. As there were only two samples for Pureit that were not 
“clean in/clean out” for E. coli, it was not included in the boxplots. 

RO filters are the only category of filters that are effective at reducing TDS and hardness, but 
they are less effective than the GNE filters at removing turbidity. 

 

Dolphin RO vs. Branded RO Comparison 

RO filters were found to be of two types: ROs that were unbranded and locally assembled and 
termed “Dolphins” in the local marketplace and branded ROs, specifically those manufactured 
by Eureka Forbes and Kent. The price of the Dolphin filter is considerably lower than the 
branded ROs. CITE’s work determined that the branded ROs are slightly better at removing 
hardness, whilst the Dolphin is slightly better at removing already low levels of turbidity. The 
Dolphin is also marginally better at removing both total coliform and E.coli.  

E. Coli Mean LRV

Cloth -0.2
Jali 0.1
AquaGuard 0.5
Pureit 2.6
Dolphin 1.3
EF RO 0.9
Kent RO 1
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Figure 20: Dolphin RO vs. Branded RO Plots 

 

 

Percent of Filters Meeting Standards 

The sixth and final method of data analysis was examining the percentage of filters that met set 
standards.  Given that one of the important audiences for this water filter evaluation is the 
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consumer, we assume that the consumer wants a filter that consistently produces clean, safe 
drinking water. Therefore, we calculated the percent of all sample pairs, regardless of whether 
the influent was clean or contaminated, where the filter treated water met the Indian Standards 
Acceptable Limit and/or international WHO guidelines. The results are shown in Figure 21.  

Figure 21: Percent of filters meeting water quality parameter Indian standards  
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Conclusions & Recommendations 

This summary includes conclusions and recommendations based on an overall synthesis of 
development insights gained from CITE’s research in the field.   

1. Ahmedabad’s government has done a noteworthy job at provision of piped water 
(and improved sanitation) services for the poor. Other cities in India can and should 
learn from this experience.  

Household water filters and other household interventions can complement improved water, 
including piped water supply. The priority intervention for the poor is improved water supply 
services first. Water filters may be necessary for households with unimproved water supplies, 
facing emergency conditions or exposed to microbial or toxic chemical contaminants in drinking 
water. 

Ahmedabad Municipal Corporation has done a noteworthy job at effective public utilities 
services. The water and sanitation services we observed in poor households were not perfect, but 
they can serve as an example for other Indian cities that lack improved and piped water and 
sanitation. That India has been successful in expanding its improved public water supply (93.6% 
of the population has an improved supply) suggests that this should be the first priority in urban 
India.  
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However, water filters may be necessary for households with substandard improved water 
supplies, with unimproved water supplies, or those facing emergency conditions. Water filters 
add an extra barrier of protection for those who already have a piped water supply, but who are 
uncertain of the quality, safety, and aesthetics of their water supply.  

2. Information sharing is needed to help Ahmedabad’s poor better understand their 
water quality and water filter effectiveness. Regular, independent testing of water 
supply and water filters is recommended. 

 
Even though most residents of Ahmedabad have an improved water supply, the water quality is 
not always consistent and can sometimes pose health threats. Although the use of household 
water filters is widespread in Ahmedabad, CITE found that few households had accurate 
knowledge of their water quality. This is in part because they lack the tools needed to assess 
water quality, but also because the quality of the water is inconsistent over time.15 

Awareness around which water filters are effective and which are not also appears to be low. It is 
important that consumers be given good guidance on how to select specific products, in light of 
the quality of their water supply. This, in turn, is dependent on the source of their water. It should 
be the responsibility of the municipal government to inform its constituencies of the 
characteristics of the water supply and of the manufacturers and distributors of water filters to 
guide customers to the correct product. But government data might be faulty, indicating a safe 
level of a contaminant at the water treatment plant or in the distribution system, even though in 
the home itself, it is not safe.  

Hence there may be an important role for low-cost water quality testing, whether by the 
government, industry, NGOs and/or the citizens themselves. Regular testing of the home supply 
and of household water filters is recommended. Homeowners and landlords with private 
boreholes on their property also face uncertainty because their water quality isn't tested by the 
government. In this case, the most effective strategy may be to locate a state-certified testing lab 
or to obtain the services of the local health authority. There are a number of water test kit 
products on the market. CITE is conducting a water test kit evaluation in 2015 and those results 
should complement this water filter evaluation research.  
 

3. Cloth and jali mesh filters were the only “products for the poor” at scale in the 
Ahmedabad market. Further research is needed on these filters to see if a better 
low-cost cloth or jali mesh filter could improve water quality for Ahmedabad 
consumers. 

                                                        

15 “Household Water Filter Evaluation, Sustainability.” CITE, 2015. 
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Cloth and jali mesh filters—technically categorized as “conventional particle filters”—were the 
only products at scale that could be considered “products for the poor.” According to our 
evaluation, cloth and jali mesh filters are ineffective at removing any parameters for which we 
tested. What’s more, 28% of cloth and 13% of jali mesh filters actually contaminated cleaner 
water entering the filter with total coliform.  

This is a significant finding for multiple reasons. First, India has a long history of cloth/mesh 
filtration. It is known that during the lifetime of the Siddhartha Gotama, the founder of 
Buddhism, Buddhist monks and nuns were allowed eight requisites (aṭṭha parikkhāra) as their 
personal property, the eighth of which was “a water strainer for removing impurities from 
drinking water.”16 While Buddhism declined during the subsequent Moslem conquest of the 
Indian subcontinent, the cultural practice of filtering dirty water with a cloth has been deeply 
established in India for at least 2,500 years.  

Second, India has a long tradition of cloth production with the capacity to produce cloths of 
every type, weave, or mesh size.  

Third, Rita Colwell et al., in the study entitled “Reduction of cholera in Bangladeshi villages by 
simple filtration” found that “based on results of ecological studies demonstrating that Vibrio 
cholera, the etiological agent of epidemic cholera, is commensal to zooplankton, notably 
copepods, a simple filtration procedure was developed whereby zooplankton, mostly 
phytoplankton and particulates > 20 µm were removed from water before use. Effective 
deployment of this filtration procedure in 65 villages of rural Bangladesh, of which the total 
population for the entire study comprised ≈133,000 individuals, yielded a 48% reduction in 
cholera (p<0.005) compared with the control.” (Colwell 2003, p.1051). Specifically, Colwell et 
al. evaluated “a sari cloth, folded four to eight times, providing a filter of ≈ 20 µm mesh size, 
small enough to remove all zooplankton, most phytoplankton and all V. cholerae attached to 
plankton and particulates > 20 µm” (Colwell 2003. P. 1052). Hence we know that epidemic 
cholera could be controlled by cloth filtration.   

Fourth, based on the household visits throughout Ahmedabad, CITE found that cloth and mesh 
filters were widely used by the poor. These products were ubiquitous because an excellent 
supply chain existed. Thus, it was fascinating to discover that while Ahmedabad specifically, and 
India generally, relies on the cultural practice of filtering with cloth or jali mesh, has the 
technical capacity to produce cloth/jali mesh that could address infectious diseases such as 
cholera, and has the supply chain cloth/ jali mesh filters widely available in the marketplace, the 
specific types of cloths that are being marketed, and the way they are being used by households 

                                                        

16 http://www.accesstoinsight.org/lib/authors/ariyesako/layguide.html#req4 
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do not remove V. cholera or E. coli bacteria. A focused effort to change the design and mesh size 
of the products in the market could provide better quality water at an affordable price to the poor.  

Based on these findings, CITE makes the following recommendations to consumers in 
Ahmedabad or others interested in improving household water quality:  

· Raise public awareness about the ineffectiveness of cloth and jali filters. These filter 
models are widely used in lower-income areas. Since they are more likely to contaminate 
water than clean it, that concern should be shared with those filter users.  

· Further research is needed on improved cloth filters with more folds or tighter weave to 
see if a better low-cost cloth or jali mesh filter could improve water quality for 
Ahmedabad consumers. 
 

4. Further exploration of gravity non-electric filters designed for the poor is necessary. 

CITE’s research showed that while some gravity non-electric filters are both effective and 
reasonably priced, affordability and accessibility both remain barriers to product adoption among 
Ahmedabad’s poorest citizens. Apart from cloth and jali mesh filters, other types of GNE filters 
(e.g. ceramic filters, biosand filters, siphon filters) are known to be present in India but were not 
found in the Ahmedabad market. As has also been mentioned already, the AMC has had plans to 
implement a silver-based ceramic candle filter effective at killing a wide spectrum of bacteria 
and viruses (Times of India, 2013). CITE did not find this particular AMC-endorsed filter in 
households in Ahmedabad, but we agree with the AMC that this class of filter could potentially 
serve those with microbial contamination from unimproved water supplies, both in Ahmedabad, 
and in other parts of India. 
 

5. Water softening should be explored as a possible appropriate approach to address 
high hardness. 

Hard water means water high in dissolved minerals, specifically calcium and magnesium. CITE 
identified home water softener systems on the market in India, for example, Kent Mini Water 
Softener, but these uncommon filters were not evaluated. Water softening, which is typically 
using ion exchange, whereby sodium is exchanged for calcium and magnesium, may be a good 
approach to addressing high water hardness in Ahmedabad. If TDS removal is the main 
objective, and if TDS is predominantly composed of divalent ions, one can get good TDS 
removal with nanofilter membranes, which have larger pore openings and are potentially less 
likely to foul or generate as much wastewater.  
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APPENDIX 1:   WATER FILTERS MASTER LIST 

Number Filter Category Filter Brand 
Filter 
Model 

Sample 
Size/S1-
CR 

Sample 
Size/S1-
India 

Sample 
Size/S2 

Sample 
Size/S3 

Total 
Sample 
Size 

  I - Conventional Filtration (Sample Size:399) 
1 CPF-Jali Mesh –Missing– –Missing–* 3 151 0 26 180 
2 CPF-Jali Mesh –Missing– –Missing–* 0 161 0 23 184 

3 CPF-Jali Mesh Robin 
Robin Brand 
Mesh* 

1 0 0 0 1 

4 CPF-Jali Mesh Commander Lovely 0 0 0 3 3 
5 CPF-Jali Mesh –Missing– Olympic 0 0 0 1 1 
6 CPF-Jali Mesh –Missing– Piyu 0 0 0 2 2 
7 CPF-Jali Mesh Roshan RO Mark 0 0 0 1 1 
8 CPF-Jali Mesh Commander Sanskar 0 0 0 4 4 

9 CPF-Jali Mesh 
Double 
Layered 

Super 0 0 0 1 1 

10 CPF-Jali Mesh Commander Zeba 0 0 0 2 2 
11 CPF-Cloth and Jali –Missing– –Missing–* 0 0 0 20 20 
  II - Gravity Non-Electric Filtration (Sample Size: 276) 

12 GNE Espresso 
Stainless 
Steel Water 
Container  

1 0 0 0 1 

13 GNE –Missing– Everpure 1 0 0 0 1 
14 GNE Prestige LifeStraw  1 0 2 0 3 

15 GNE TATA Swach 

Silver 
NanoTech 
water 
purifier  

1 2 0 0 1 
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16 GNE TATA Swach 

Swatch 
Smart 
(TATA) 
1500 liters  

1 0 0 1 

17 GNE TATA Swach 

Swatch 
Smart 
(TATA ) 
with Silver 
NANO 3000 
liters  

1 0 0 1 

18 GNE –Missing– 
Aquadrink 
Online 
Water Filter 

0 0 0 1 1 

19 GNE 
Techno 
Tronics 

AquaGold 4 
U Instant 
Water 
Purifier 

0 0 0 1 1 

20 GNE Eureka Forbes 
Aqua Guard 
Classic 

0 31 

18 

12 43 

21 GNE Eureka Forbes 
Aqua Guard 
Compact 

0 0 1 1 

22 GNE Eureka Forbes 
Aqua Guard 
Compact 
Cartridge 

0 39 2 41 

23 GNE Eureka Forbes 
Aqua Guard 
Infiniti 

0 6 1 7 

24 GNE Eureka Forbes 
Aqua Guard 
Nova 

0 16 4 20 

25 GNE Eureka Forbes 
Aqua Guard 
ST2000 

0 33 1 34 
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26 GNE Eureka Forbes 
Other Aqua 
Guard 

0 31 6 37 

27 GNE Eureka Forbes 
AquaSure 
Amrit 

0 0 1 1 

28 GNE Eureka Forbes 
AquaSure 
AquaFlow 
DX 

0 0 1 1 

29 GNE Eureka Forbes 
AquaSure 
Ivory 0 0 1 1 

30 GNE Eureka Forbes AquaSure 0 0 1 1 

31 GNE Eureka Forbes 
Aquaflow 
DX UV 

0 0 1 1 

32 GNE Eureka Forbes Galaxy 0 0 0 0 
33 GNE Eureka Forbes KM Amrit 0 0 0 0 
34 GNE Eureka Forbes Pride 0 0 0 0 
35 GNE Eureka Forbes Xtra Tuff 0 0 0 0 
36 GNE Eureka Forbes –Missing– 0 0 1 1 

37 GNE Kent 

KENT Gold 
UF 
Membrane 
Filter 

1 4 
7 

0 5 

38 GNE Kent Gold Optima 0 0 1 1 
39 GNE Kent Maxx 0 0 1 1 

40 GNE 
Shivam Water 
Treaters Pvt. 
Ltd. 

MUM 0 0 0 1 1 

41 GNE 
Hindustan 
Unilever 

Pureit 1 23 
11 

2 26 

42 GNE 
Hindustan 
Unilever 

Pureit 
Advanced 

0 0 1 1 
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43 GNE Zero B –Missing– 0 0 1 0 1 
44 GNE Bajaj –Missing– 0 0 1 0 1 
45 GNE KenStar Ultracare 0 0 0 1 1 
46 GNE Pure –Missing– 0 0 0 1 1 
  III - Reverse Osmosis (Sample Size: 481) 
47 RO Dolphin Adi 0 

153 56 

1 1 
48 RO Dolphin Aqua 0 2 2 
49 RO Dolphin AquaFresh 0 2 2 

50 RO 
King Water 
(Locally 
assembled) 

Aqua Guard 0 1 1 

51 RO Dolphin AquaPower 0 1 1 
52 RO Dolphin AquaPure 0 1 1 
53 RO Dolphin AquaSafe 0 1 1 
54 RO Dolphin Balaji 0 1 1 

55 RO Dolphin 
Clean Water 
A One 

1 1 2 

56 RO Dolphin Cruze 0 1 1 
57 RO Dolphin Delfino 9 0 1 1 
58 RO Dolphin Dolphin 0 1 1 

59 RO Dolphin 
Gayatri, 
Clean Water 

0 1 1 

60 RO Dolphin Gold 0 1 1 
61 RO Dolphin LifeSure 0 1 1 
62 RO Dolphin Mahi 0 1 1 
63 RO Dolphin Manali 0 1 1 
64 RO Dolphin Power Aqua 0 1 1 
65 RO Dolphin Pure and 0 1 1 
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Sure 
66 RO Dolphin PureMax 0 1 1 
67 RO Dolphin Smart 0 1 1 
68 RO Dolphin Water Care 0 1 1 
69 RO Dolphin –Missing– 0 22 22 

70 RO 
Sure Water 
Technologies 
(Dolphin) 

–Missing– 0 1 1 

71 RO 
Permionics 
Membranes 

Ultraflo 0 0 0 1 1 

72 RO Aqua Drops –Missing– 0 0 0 1 1 
73 RO Pure n Cure Eco 0 0 0 1 1 
74 RO Eureka Forbes Aqua Guard 0 

30 27 

6 6 

75 RO Eureka Forbes 
Aqua Guard 
Enhance 

0 1 1 

76 RO + UV Eureka Forbes 
Aqua Guard 
Enhance 
Green RO 

0 1 1 

77 RO Eureka Forbes 
Aqua Guard 
Reviva 

0 8 8 

78 RO Eureka Forbes 
Aqua Guard 
Total 

0 2 2 

79 RO Eureka Forbes –Missing– 0 3 3 

80 RO + UV + UF 
Hi-Tech 
Sweet Water 
Technologies 

K-Top 
Natural 

0 0 0 1 1 

81 RO Kent Grand Plus 0 
19 37 

4 4 
82 RO Kent Pearl 0 2 2 
83 RO Kent –Missing– 0 8 8 
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84 RO + UV + UF 
Orion 
Appliances 

Power H20 0 0 0 2 2 

85 RO 
Orion 
Appliances 

Power H20 
CW 808 

0 0 0 2 2 

86 RO 
Orion 
Appliances 

Power H20 
Eco Pure 

0 0 0 2 2 

87 RO Zero B Pristine 0 0 0 4 4 

88 
RO + Mineral 
Enrichment 

Zero B Ultimate 0 0 0 1 1 

89 RO Zero B –Missing–* 0 0 0 1 1 

90 RO Whirlpool 

Purafresh 
with MES 
(Mineral 
Enrichment 
System) 

0 0 
3 

1 1 

91 RO Whirlpool –Missing–* 0 0 0 0 
92 RO Electrolux –Missing– 0 0 7 0 7 
93 RO Brita –Missing– 0 0 1 0 1 
94 RO LG –Missing– 0 0 2 0 2 
95 RO Livpure –Missing– 0 0 11 0 11 
96 RO Aquafine –Missing– 0 0 0 1 1 
97 RO TATA Swach Platina 1 0 

19 
0 1 

98 RO TATA Swach –Missing– 0 0 0 0 

99 RO 
Hindustan 
Unilever 

–Missing– 0 0 14 0 14 

100 IV - Other (Sample Size: 34) 

101 –Not Applicable– 
–Not 
Applicable– 

–Not 
Applicable– 

0 0 0 34 34 
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APPENDIX 2:  WATER QUALITY TEST KITS 

For the test kit portion of the evaluation, we considered the following bacteriological products and manufacturers:  

Test Type Product Name Reference 
Hydrogen sulfide (H2S) 
bacteria 

Tara Aquacheck http://www.taraenviro.com/?page_id=72 

 Orlab http://www.orlabindia.com/Bacterilogical.html 
 Lab-made (MIT)  
Total coliform/E.coli Colilert https://www.idexx.com/water/products/colilert.html 
Total coliform/E.coli Petrifilm  
Total coliform/E.coli Coliscan Easygel® http://www.micrologylabs.com/products.php?product_id=2 
Total coliform/E.coli Aquatest http://www.bristol.ac.uk/aquatest/ 

Thermotolerant/ Total coliform DelAgua Test Kit http://www.delagua.org/products/details/11240-DelAgua-
Bacteriological-Kit-No-1 

E.coli Compartmentalized Bag 
Test Aquagenx http://www.aquagenx.com/ 

 

For the physical and chemical portion of our work, we sourced and conducted our experimental work by making a selection from 
among the following manufacturers and field test kit products: 

Test Type Product Name Reference 

Residual chlorine Hach Pocket 
Colorimeter II 

http://www.byesville.us/employees/Manuals/Water/Plant/La
boratory/Hach%20Pocket%20Colorimeter%20II%20Instruc
tion%20Manual.pdf 

Turbidity Hach 2100P https://www.hccfl.edu/media/186506/hach%20turbidimeter
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turbidimeter %202100p%20manual.pdf 

 
DelAgua turbidity 
tubes 

http://www.delagua.org/products/details/10713-DelAgua-
Turbidity-Tubes-Pair 

Total Dissolved Solids TDS-3 Meter-H.M. 
Digital 

http://www.tdsmeter.com/products/tds3.html  
 

 Waves Aqua http://trade.indiamart.com/details.mp?offer=6666660991 

Hardness  
http://www.preranalab.com/images/Water%20Testing%20K
its/PDF/Test%20Pack%20for%20Hardness.pdf 

pH 
HI 9812 pH/EC/TDS 
meter, Hanna 

http://hannainst.com/manuals/man9812_22_09_10.pdf  
 

Fluoride multiple mft.  
Nitrate multiple mft.  
Salinity multiple mft.  
Metals multiple mft.  

Multi-parameter Orlab http://www.orlabindia.com/Water-
MULTIPARAMETER.html#kit 

Multi-parameter Tara Aquacheck 

http://www.taraenviro.com/?page_id=15 
Physical 
pH, Temperature, Turbidity, Hardness  
Chemical 
Arsenic, Chloride, Fluoride, Iron, Nitrate, Residual 
Chlorine, Dissolved Oxygen, Phosphorous, Ammonia 
Biological 
Coliform Bacteria, Benthic Diversity 

Multi-parameter DelAgua Test Kit 
http://www.delagua.org/products/details/11240-DelAgua-
Bacteriological-Kit-No-1 
bacteriological, turbidity, chlorine, pH, conductivity, TDS 
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APPENDIX 3: WATER QUALITY PROCEDURES  

Basic Lab Procedures at S1-India Lab  

[Set up in space provided in an apartment at Indian Institute of Management — Ahmedabad] 

Upon entering lab: 

1. Remove street shoes outside of door and put on “lab sandals”; 
2. Put on lab coat; 
3. Wash hands thoroughly with soap. 

Morning sterilizing procedure: 

1. Trash is emptied; 
2. All floors are mopped with Lysol or Phenol solution; 
3. All surfaces, including inside refrigerator for sample storage, are sanitized with isopropyl alcohol; 
4. 100ml media bottles and lids are washed with soapy water and rinsed; 
5. Bottles are placed in pressure cooker with (battery) distilled water17 and heated on stove until pressurized; 
6. Meanwhile, lids are submerged in boiling water for 7-10 seconds and then placed on sterile tray; 
7. After pressure cooker is depressurized using valve: bottles are removed, placed on sterile tray, and covered with sterilized lids. 

Pouring samples: 

1. Sterile sample bags are carefully opened in lab ensuring lip and inside of bag does not come in contact with fingers or 
potentially contaminated objects; 

2. Samples are poured directly from bag into respective containers for the water quality tests preventing water from coming in 
contact with areas of possible contamination such as flaps on side of bag and the ties; 

                                                        

17 We have two types of distilled water used in the CITE-India lab at IIM-A. Battery distilled water is the distilled water we obtained from a car battery shop. 
Lab-grade distilled water is produced by High Purity Laboratory Chemical Pvt. Ltd.  
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3. Respective containers are sealed or passed to “measurement stations”. 

Instrumentation for each measurement 

Turbidity: 

The turbidity of samples is tested using a Hach 2100P Turbidimeter.18 The turbidimeter was standardized using StablCal® 
Calibration Set in the MIT lab prior to departure. Procedure for measuring is as follows: 

1. 10ml of sample from sterile bag is poured into glass vial ensuring vial is not touched below 10ml line;  
2. Vial is inserted into the turbidimeter and lid is closed; 
3. “Read” button is pressed and reading in NTU is recorded in lab notebook;  
4. Vial of sample is retained for the chlorine residual test. 

Free Chlorine Residual:  

Free chlorine residual is measured using a Hach Pocket Colorimeter II19. The instrument uses DPD powder pillows and was used in 
accordance with the standard method recommended by the manufacturer, which is equivalent to the U.S. EPA method and the 
Standard Method 4500-CLG.  Free chlorine residual measurement is conducted as followed:  

Blank (Conducted at the beginning of lab session) 
1. Distilled water is measured into a 10-mL cell.  
2. The Colorimeter is turned on. Remove the meter cap. 
3. Excess liquid and fingerprints are wiped off sample cell. The blank is placed in the cell holder with the diamond mark facing the 
keypad. The meter cap is fitted over the cell compartment to cover the cell.  
4. ZERO/SCROLL is pressed. The display shows “----” then “0.00”. The blank is removed from the cell holder.  

Sample  
                                                        

18 https://www.hccfl.edu/media/186506/hach%20turbidimeter%202100p%20manual.pdf  
19 http://www.byesville.us/employees/Manuals/Water/Plant/Laboratory/Hach%20Pocket%20Colorimeter%20II%20Instruction%20Manual.pdf 
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1. A second 10-mL cell is added to the 10 mL line with sample.  
2. The contents of one DPD free Chlorine Powder Pillow is added to the sample cell  
3. Cell is capped and shaken gently for 20 seconds, allowing the bubbles to dissipate.  
4. Excess liquid and fingerprints are wiped from the sample cell. The prepared sample cell is placed in the cell holder, with the 
diamond mark facing the keyboard, and the cell is covered with the instrument cap.  
5. Within one minute, the READ/ENTER button is pressed. The instrument shows “----” followed by the results in mg/L free 
chlorine residual.  

6. After reading is taken, sample is emptied from vial and vial is rinsed with distilled water (purchased from battery shops). Vial is 
then ready to be reused for a new sample. 

Total Dissolved Solid (TDS) 

Two TDS meters were purchased while in India: a TDS-3 Meter from HM Digital20 and a TDS meter from Waves Aqua21. Factory 
calibration was used for both meters. To measure TDS:  

1. Sample is poured directly from sterile bag into steel cup so water level is approximately one to two inches high; 
2. First TDS meter is inserted into water until reading stabilizes; 
3. Reading is taken in ppm and recorded in lab notebook; 
4. Steps 2 & 3 are repeated for second TDS meter; 
5. Meters are rinsed with (battery) distilled water between every sample. 

Cup containing sample is retained for use with pH meter. 

pH 

                                                        

20 http://www.tdsmeter.com/products/tds3.html  
21 http://trade.indiamart.com/details.mp?offer=6666660991 
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pH is measured using a HI 9812 pH/EC/TDS meter from Hanna22 which was standardized for pH using pH 7.00 buffer solution from 
Fisher Scientific. Procedure for measuring pH:  

1. pH probe is inserted into same cup containing sample as used for TDS measurements; 
2. Reading is taken when display stabilizes and recorded in lab notebook; 
3. pH probe is rinsed with (battery) distilled water; 
4. Sample is emptied from the cup and the cup is rinsed with (battery) distilled water to be used for the next sample. 

Water Hardness 

Total Hardness (as CaCO3) is measured using a hardness testing kit from Prerana Laboratories23.  

1. 25ml of sample is measured in plastic cylinder provided in kit; 
2. 10 drops of reagent B is added as well as a small amount of reagent A 
3. Sample is swished in cylinder so a uniform pink color is visible.  
4. Drops of reagent D-25 are added one at a time until the sample turns blue.  
5. In cases in which hardness is expected to be low or when sample becomes dark purple in color, then reagent D-5 is used to 

achieve higher precision;  
6. Hardness concentration (as CaCO3), in ppm, is calculated as (“# of drops of D-25” X 25) + (“# of drops of D-5” X 5), reported 

as “less than…” and recorded in the lab notebook; 
7. Plastic cylinder is emptied and rinsed with battery-distilled water. 

                                                        

22 http://hannainst.com/manuals/man9812_22_09_10.pdf  
23 http://www.preranalab.com/images/Water%20Testing%20Kits/PDF/Test%20Pack%20for%20Hardness.pdf 
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Microbial Testing 

Coliform Bacteria and E.coli 

Samples were tested for total coliforms and Escherichia coli (E. coli) bacteria using IDEXX Quanti-Tray/2000® Most Probable 
Number (MPN) method. This method gives results of Most Probable Number (MPN) per 100 mL sample. The procedure for Quanti-
tray is as follow: 

1. Sample is poured into a sterilized glass VWR® 100 mL media bottle; 
2. Contents of one Colilert®24 pack are added to the media bottle. Bottle is capped and shaken until the reagents are dissolved.  
3. Sample/reagent mixture is poured into a Quanti-Tray/2000 and sealed in IDEXX Quanti-Tray Sealer model 2X. 
4. The sealed trays are then put in a SSI BOD incubator set at 35±1 ° for 24 hours. 
5. Results are read after 24 hours of incubation.  
6. The number of positive large and small wells is counted and MPN is generated according to IDEXX Quanti-Tray/2000 MPN 

table.   
7. Used Quanti-Tray are disposed into trash can and are collected by the maintenance facilities staff on a regular basis 

Hydrogen sulfide (H2S) bacteria 

The H2S test, also known as the paper strip method identifies the presence of H2S-producing bacteria, which has been shown to 
correlate with the presence of fecal contamination. For this study, three different types of H2S tests were conducted: Laboratory-made 
H2S vials, TARA Aquacheck vials and OR lab H2S vials. The procedures for each step of H2S tests are as follow: 

Preparation of H2S reagent (Laboratory-made only) 

The procedure used to prepare the H2S culture media (M1 and M2), is taken from (Chuang, Millspaugh, Patrick & Trottier, 2010), 
which is adapted from (Manja, Maurya, & Rao, 1982); (Grant & Ziel, 1996); (Pillai, Mathew, Gibbs, & Ho, 1999), (IDRC, 1998), and 
(Venkobachar, Kumar, Talreja, Kumar, & Iyengar, 1994). The procedure is as follow: 

                                                        

24 https://www.idexx.com/water/products/colilert.html 
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 Quantity (gram) 
Bacteriological peptone 120 
Dipotassium hydrogen phosphate 9 
Ferric ammonium citrate 4.5 
Sodium thiosulphate 6 
Teepol 601/Sodium lauryl sulfate 0.60 
L-cystine 0.75 
Water, distilled or boiled tap 100 mL 

 

1. Weigh the dry ingredient listed above on Ohaus Scout Pro SP202. 
2. Prepare the laboratory-distilled water in a 1.5 L beaker. 
3. Carefully add the dry reagents to the beaker of water, stirring constantly until mixture seems homogeneous. 

Preparation of test vials (Laboratory-made only) 

1. Before use, test vials were sterilized by boiling with distilled water for 2 minutes. 
2. Add napkin paper to each bottle with a surface area of about 2 cm x 3 cm to 5 cm x 5 cm. 
3. Add 1 mL of H2S media mixture into each bottle using a sterile pipette. 
4. Loosely cap each vial. 
5. Place vials in an oven at 70 °C for one hour to sterilize. 
6. The vials are kept in room away from direct sunlight. 

Preparation of Sample (TARA, OR lab and Laboratory-made)   

1. Fill vials with sample water until reaching arrow mark on the sticker (20 mL). 
2. Close the vial tightly and shake gently. 
3. Keep the vials in a storage corner at ambient temperature (20 ~ 45 °C) for 24~48 hours and away from direct sunlight. 

Interpreting the results (TARA, OR lab and Laboratory-made) 
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1. Samples are checked at 24 hour and 48 hour respectively.  
2. The test is considered positive if the water turn black or any blackening of the indicator paper strip inside the bottle. 

Disposing of used H2S tests (TARA, OR lab and Laboratory-made)  

1. A few drops of sodium hypochlorite solution (4 % w/v available chlorine) are added into the sample. 
2. The sample is left to sit for 30 minutes. 
3. The content of the vials is disposed down into a latrine. 
4. The vials are either disposed or reused, following sterilization procedure. 

Reusing of H2S vials 

1. The used vials and cap are soaked in soapy water for 15 minutes. 
2. The vials and cap are then cleaned using a small laboratory brush. Vials with blackening that cannot be removed are disposed.  
3. The cleaned vials and cap are then sterilized by boiling them for at least a minute. 
4. Sterilized vials are then capped and stored. 
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APPENDIX 4 : WATER QUALITY STANDARDS FOR PARAMETERS TESTED 

  
Indian Standard 
Requirement 
(Acceptable limit) 

Indian Standard 
(Permissible limit in 
absence of alternate 
source) 

WHO Guideline 

1 
Free 
Residual 
Chlorine 

0.2 1 

For effective chlorination, there should be a residual concentration of 
free chlorine of ≥0.5 mg/liter after at least 30 minutes contact time at 
pH <8.0  
Chlorine residual should be maintained throughout the distribution 
system. At the point of delivery, the minimum residual concentration 
of free chlorine should be 0.2 mg/l (WHO, GDWQ 4th ed. 2011) 

2 E.coli  25, 26 0 0 

The presence of E.coli provides evidence of recent fecal 
contamination and detection should lead to consideration of further 
action, which could include further sampling and investigation of 
potential sources of inadequate treatment or breaches in the 
distribution system integrity (GDWQ, p.297) 
 

3 
Total 
coliform 

0 0 

Total coliform should be absent immediately after disinfection and 
the presence of these organisms indicates inadequate treatment. The 
presence of total coliform in the distribution system and stored water 
supplies can reveal regrowth and possible biofilm formation or 
contamination through ingress of foreign material, including soil and 
plants (GDWQ, p. 295) 

4 Hydrogen N/A N/A Not covered in WHO GDWQ 

                                                        

25 Immediate investigative action shall be taken if either E.coli or total coliform bacteria are detected. The minimum action in the case of total coliform bacteria is repeat sampling; 
if these bacteria are detected in the repeat sample, the cause shall be determined by immediate further investigation. 
26 From IS-All: It is recognized that, in the great majority of rural water supplies in developing countries, fecal contamination is widespread. Under these conditions, the national 
surveillance agency should set medium-term targets for progressive improvement of water supplies 
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sulfide 
bacteria 

5 

Total 
dissolved 
solids 
(TDS) 

500 2000 
Not of health concern at levels found in drinking water; may affect 
acceptability of drinking water 

6 
Hardness, 
total (as 
CaCO3) 

200 600 No health-based guideline value; may affect acceptability of dr. water 

7 Turbidity 1 5 

< 1 NTU,  < 0.5 NTU 
Average 0.2 NTU or less 
“To ensure effective disinfection, turbidity should be no more than 1 
NTU and preferably much lower. Large well run municipalities 
should be < 0.5 NTU at all times and  average 0.2 NTU or less.”  
(GDWQ p.228) 

8 pH 6.5 to 8.5 No relaxation No health-based guideline value 
 

Note on Water Hardness Scale 

Hardness is characterized as either temporary or permanent. Temporary hardness is precipitated by boiling and forms scale inside 
appliances and utensils. The precipitate is comprised of bicarbonates of calcium and magnesium. Permanent, or non-carbonate 
hardness, which is not precipitated by heating, is due to other salts of calcium and magnesium present in the water, usually in lesser 
quantities than the bicarbonates.  

Different hardness scales exist, using the same designations “soft” and “hard”, but assigning different range values.  

Note on Total Dissolved Solids (TDS) Scale 

WHO considers > 500 mg/L as “high” TDS levels, as in this description: “Certain components of TDS, such as chlorides, sulfates, 
magnesium, calcium and carbonates affect corrosion or encrustation in drinking water distribution systems. High TDS levels (>500 
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mg/l) result in excessive scaling in water pipes, water heaters, boilers, and household appliances such as kettles and steam irons. Such 
scaling can shorten the service life of these appliances” (WHO, 2003). 

The palatability of drinking water has been rated for its TDS level by panels of tasters.  
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APPENDIX 5: LIST OF ALL INDIAN STANDARDS WITH YEAR ADOPTED 

Parameter Standard No. Year Title 

pH IS 3025 : Part 11 1983 
Methods of sampling and test (physical and chemical)  
for water and wastewater : Part 11 pH value  

 

Turbidity IS 3025 : Part 10 1984 
Methods of sampling and test (physical and chemical) for water and 
wastewater : Part 10 Turbidity 

TDS IS 3025 : Part 16 1984 
Methods of sampling and test (physical and chemical) for water and 
wastewater : Part 16 Filterable residue (total dissolved solids) 

Chlorine IS 3025 : Part 32 1988 
Methods of sampling and test (physical and chemical) for water and 
wastewater : Part 32 Chloride 

Free Residual 
Chlorine IS 3025 : Part 26 1986 

Methods of sampling and test (physical and chemical) for water and 
wastewater : Part 26 Chlorine, residual 

Total Hardness IS 3025 : Part 21 2009 
Methods of sampling and test (physical and chemical) for water and 
wastewater : Part 21 Total hardness 

E coli, Coliform IS 15185 2002 
Water Quality - Detection and Enumeration of Escherichia Coli and 
Coliform Bacteria - Membrane Filtration Method 

 IS 10500 2012 Drinking water 

 IS 14543 2004 
Packaged Drinking Water (Other than Packaged Natural Mineral 
Water) 

 

APPENDIX 6: INTERACTIVE GOOGLE MAPS PRODUCED BY CITE 

• Residual Chlorine - https://mapsengine.google.com/map/u/2/edit?authuser=2&mid=zBFBimtxNcOw.kD7Y5PWH5l60 

• Turbidity - https://mapsengine.google.com/map/u/2/edit?authuser=2&mid=zBFBimtxNcOw.kUwVCWyLI75w 

• TDS - `https://mapsengine.google.com/map/u/2/edit?authuser=2&mid=zBFBimtxNcOw.kHYdoLwCt4wU 
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• Hardness - https://mapsengine.google.com/map/u/2/edit?authuser=2&mid=zBFBimtxNcOw.kjXm5hQ67KIo 

• TC - https://mapsengine.google.com/map/u/3/edit?authuser=3&mid=zBFBimtxNcOw.ka6As4dFexxw 

• EC - https://mapsengine.google.com/map/u/3/edit?authuser=3&mid=zBFBimtxNcOw.kI2T8nQQodxY 

• Filter Types and Categories - https://mapsengine.google.com/map/u/3/edit?authuser=3&mid=zBFBimtxNcOw.k4gdqRx3-lLY 
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