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Abstract
There is a wide range of household water treatment options available for a variety of contexts. Each water purifier has its 
own optimal range of operation. Simultaneously, the diverse environments and circumstances set different boundary condi-
tions for such purifiers to operate successfully. In low-income countries, especially with unregulated and decentralised water 
supply mechanisms such as open wells, the use of point-of-use water purifiers is quite widespread. However, it is observed 
that the water purifier may not be appropriate to the prevailing context. Hence, this short review aims to introduce a wide 
range of water purification alternatives available for a family (of about 3–5 members) and the way they could be classified 
and reviewed. The perspective selected is that of a low-income rural household in coastal region of western India and the 
scenario of water quality which is primarily affected by physical and biological impurities and not necessarily severe chemi-
cal contamination. Based on this context, attributes are defined and prioritised; further, a scale to rate the purifiers is worked 
out. A selected number of point-of-use water purifiers for which data from the literature or field observations are available 
are reviewed against these attributes for the sample context chosen. This independent review methodology consists of setting 
the attributes and comparing the water purifiers based on the sum of prioritised scores and thus acts like a selection template 
and can be adopted to select the appropriate purifier for any other scenario accordingly.

Keywords Water purifiers · Point-of-use · Review · Appropriate selection · Rural areas · Developing countries

Introduction

The global population which did not have access to safe 
drinking water in the year 2012 was around 700 million. 
With household treatment of water, it has been reported that 
diarrhoeal illnesses could be reduced by 30–40% (Sobsey 
et al. 2008). In India, it has been observed that 70% of the 
surface water is microbiologically and chemically contami-
nated. Further, more than 33% of ground water sources in 
rural India is claimed to be polluted (Water Pollution 2013).

In rural areas due to the dispersed settlements, drink-
ing water sources are usually decentralised in the form of 
dug wells, hand pumps or tube wells. Even in urban areas, 
despite the existence of centralised water supply, marginal 
communities may lack the access to such utilities or supply 
through such centralised systems may be prone to get con-
taminated. In such scenarios, household point-of-use water 
purifiers become indispensable. A review of such purifiers 
might be quite useful to zero in on the most suitable purifier 
for the prevailing context and hence this study.

Point-of-use purifiers which incorporate water treatment 
at or near the place of use are covered in the study. This 
study, primarily undertaken through the review of the litera-
ture, classifies and describes the different types of PoU puri-
fication alternatives for a family (of about 3–5 members). 
Based on the perspective of a rural household consuming 
water from a decentralised source, such as an open well in 
the coastal region of Maharashtra State in western India, the 
attributes used to compare the water purifiers are prioritised. 
Further, the study compares a selected number of point-of-
use purifiers across different attributes, for which relevant 
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data from the literature and field observations were available. 
This independent reviewing approach, considering various 
references, helps in identifying the water purifier which gets 
the highest total score which is to be considered the appro-
priate water purifier for the prevailing scenario. Finally, this 
review comes up with some emerging inferences.

Classification and description 
of point‑of‑use water purifiers

Classification of water purifiers

The classification of purifiers has gradually evolved, and the 
description and methodology adopted in this review takes 
references from Peter-Varbanets et al. (2009) and Loo et al. 
(2012). The purifiers have been categorised into thermal- or 
light-based treatment techniques, physical removal methods, 
chemical treatment techniques and integrated water purifica-
tion. Both sections on classification (“Classification of water 
purifiers” section) and description (“Description of purifier 
alternatives“ section) cover a wide variety of water purifica-
tion options; however, a special focus has been accorded to 
feasible options in the context of decentralised water sources 
prevalent in rural coastal areas in developing countries such 
as India. Most of the water purifiers in use or available in the 
market usually combine different treatment techniques and 

hence are integrated water purification methods. However, to 
make it clear to the reader the underlying water purification 
methodology, the classification in terms of the technique 
used for purification is adopted. The detailed classification 
chart is as shown in Fig. 1.

Description of purifier alternatives

Thermal or light based treatment techniques

Boiling Boiling is perhaps the oldest method of water puri-
fication (Sobsey 2002) but is a highly energy intensive one. 
One minute of boiling at a temperature 100 °C (at mean sea 
level) ensures neutralisation of faecal and thermo-tolerant 
coliforms, protozoan cysts and viruses (Sobsey 2002; Loo 
et  al. 2012). Since boiling does not provide residual pro-
tection, boiled water needs to be kept in closed and clean 
containers and preferably consumed within 24 h. The taste 
of water after boiling gets altered and is generally not easily 
adopted across all regions except in Asia due to sociocul-
tural reasons (Lantagne and Clasen 2009).

Thermal pasteurisation In thermal pasteurisation, tempera-
ture usually does not go beyond 75 °C which is suitable to 
eliminate E. coli by more than 5 LRV (Islam and Johnston 
2006; Gupta et al. 2008). Coiled metal tubes can be retrofit-
ted with cookstoves (Fig. 2) as in traditional earthen cook-

Fig. 1  Hierarchical chart depict-
ing the classification scheme of 
the study
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stove or Chulha in Chulli purifier or Lonera cookstove in 
water disinfection stove (WADIS). Due to its difficulty in 
use and mechanical issues, its adoption was limited in Bang-
ladesh (Gupta et al. 2008; Loo et al. 2012).

It has been reported that up to 4 LRV of faecal coliform 
and viruses could be removed using solar water heaters with 
solar irradiation of just 2 h on sunny days and 4 h on cloudy 
days (Kang et al. 2006; Loo et al. 2012).

Solar distillation Solar distillation combining the process of 
evaporation and distillation can be a convenient method for 
the removal of salts and non-volatile impurities using solar 
stills (Flendrig et al. 2009). Solar still consists of a vessel 
which holds the contaminated water and a transparent lid 
which aids condensation (Flendrig et al. 2009) (Fig. 3). This 
method involves large area, high upfront cost and low dis-
charge rates of 0.5 L/d to 3 L/d (Flendrig et al. 2009; Loo 
et al. 2012).

Solar disinfection (SODIS) For low volumes of filtered water 
with turbidity of less than 30 NTU, water can be filled in 

transparent polyethylene terephthalate (PET) bottles (Fig. 4) 
and kept under sunlight for at least six hours after forceful 
shaking for aeration (Peter-Varbanets et  al. 2009). SODIS 
can be an effective way to use heat and UV radiations from 
the sun to targets microbes. In case of low intensity of solar 
radiation, solar collectors or additives like lemon juice or 
vinegar can be used to improve the efficacy (Loo et al. 2010). 
SODIS has low operating costs involved because easy avail-
ability of PET bottles, however, has a long treatment time on 
low volumes of water.

Ultraviolet (UV) treatment For low turbid water UV treat-
ment could be effective even on Crypto Giardia lamblia 
cysts and Cryptosporidium parvum oocysts by more than 
3 LRV (Gadgil 1998; Berg 2010). UV systems generally 
rely on electrical power and do not offer residual protection 
(Berg 2010). Aquaguard Compact (Fig. 5) is an example of 
UV-based purifier (Aquaguard, 28.10.2014).

Fig. 2  Chulli purifier in the form of a coiled tube (Islam and Johnston 
2006)

Fig. 3  Conceptual sketch of a 
solar distillation unit (Loo et al. 
2012)

Fig. 4  SODIS in operation (SODIS, 20.11.2019)
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Chemical treatment techniques

Chlorination Chlorination is a simple, affordable and scal-
able method of water disinfection through the use of sodium 
hypochlorite NaOCl (liquid) (Fig.  6), NaDCC (solid) and 
calcium hypochlorite (Ca(OCl)2) (solid). It gives residual 
protection due to the availability of free chlorine; how-
ever, there may not be any improvement in terms of turbid-
ity. With a dosage of 2 mg/L for about 0.5 h, chlorination 
can offer about 3 LRV of enteric bacteria (Gadgil 1998); 
however, there is the issue of generation of disinfection by-
products (DBPs).

Combined flocculation/coagulation and  disinfection (CFD/
CCD) For a reduction in turbidity as well as microbial dis-
infection, combined methods such as coagulant/flocculant 
as well as chemical disinfectant powders/tablets are used 
(Peter-Varbanets et  al. 2009). These products (like PuR 
sachet in Fig. 7) combine calcium hypochlorite (or bleach) 

with coagulating agents like sodium carbonate and oxidis-
ers like potassium permanganate. For 10 L of water, a PuR 
sachet of 4 g is added, stirred for 5 min and after sedimenta-
tion, and the water is filtered across a clean fabric and left 
undisturbed for 20 min for disinfection (CDC, 28.10.2014). 
The method could offer 7–9 LRV for bacteria, 2–6 LRV 
for viruses and 3–5 LRV for protozoa (Sobsey et al. 2008). 
Flocculation–disinfection also has the problem of taste and 
odour like chlorination but also involves higher cost, multi-
ple steps and resources (Lantagne and Clasen 2009).

Adsorption To remove particulates, organic matter and 
chlorine/disinfectant leftovers, adsorbents like activated 
carbon are used. They are used in granulated form after 
disinfection methods like chlorination, UV, etc. like in 
commercial purifiers like Aquaguard Compact and HUL 
PureIt Classic (Aquaguard, 28.10.2014; Pureit, 28.10.2014) 
(Fig. 8). Biofilm growth compels frequent replacement of 
such cartridges (Peter-Varbanets et al. 2009). In Tata Swach, 
adsorption is through rice husk ash (activated silica and 
activated carbon) which is impregnated with silver nanopar-
ticles to target microbes (Swach, 28.10.2014).

Physical removal methods

Sedimentation or  clarification Clarifiers like alum, lime, 
iron, seeds of Moringa oleifera (drumstick) (Fig.  9) and 
seeds Strychnos potatorum (clearing nut or Nirmali tree) 
(Fig. 10), Guar gum and Jatropha curcas have been used to 
reduce turbidity through sedimentation (Ndabigengesere 
and Narasiah 1998; Sobsey 2002). There are also claims that 
Strychnos potatorum and aluminium salts (alum) and iron 
salts could help in reduction in microbial contamination by 
up to 95% and 99%, respectively (Sobsey 2002; Khan et al. 
1984).

Fig. 5  Aquaguard Compact UV purifier (Aquaguard, 28.10.2014)

Fig. 6  Plastic bottle containing 
sodium hypochlorite solution. 
Photo: Darpan Das, based on 
special arrangement with the 
authors

Fig. 7  Combined flocculant–
disinfection (PUR) sachet 
(PUR, 31.10.2014)

Fig. 8  Tata Swach Cristella Plus and HUL Pureit Classic (Swach, 
28.10.2014; Pureit, 28.10.2014)
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Membrane based treatment methods In these methods, 
filtration occurs across a semi-permeable membrane due to 
gravity or a difference in pressure, osmotic potential, tem-
perature or electric potential (Mulder 2000). Depending on 
the pore size, microfiltration (0.1–1 µm) can retain only bac-
teria, ultrafiltration (0.005–0.1 µm) can remove both bacte-
ria and viruses, nanofiltration (0.5–5 nm) cannot retain salts, 

while reverse osmosis (0.15–0.5 nm) can even filter out salts 
(Fig. 12) (Peter-Varbanets et al. 2009) (Fig. 11). 

Paper, fabric and fibre filters Considering the pore size of 
paper and fabric filters, only pathogens like Vibrio chol-
era can be filtered to a extent of 95–99% (Sobsey 2002). 
Those made with multiple layers of polyester or nylon could 
remove cyclops and zooplankton (Agrawal and Bhalwar 
2009). Up to 6 LRV of Escherichia coli and 3 LRV of Ente-
rococcus faecalis, the removal is possible through bacteri-
cidal papers impregnated with silver nanoparticles due to 
inactivation offered by silver (Loo et al. 2012).

Microfiltration (MF) There are ceramic- and polymer-based 
microfiltration systems. In ceramic filters (Fig. 12), clay is 
mixed with burnout material to make porous ceramic fil-
ters of varied shapes with pore size of about 0.2–3.0 mm 
depending on the sophistication of manufacture (Sobsey 
et  al. 2008). These ceramic filters could be locally made 
and coupled with silver impregnation to provide disinfec-
tion. The efficiency of removing bacterial and protozoan 
contaminants is significant (2–6 LRV and 4–6 LRV respec-
tively); however, it is not so significant on viruses (0.5–4 
LRV) (Sobsey et al. 2008). These filters can help in visible 
reduction in turbidity, however, needs to be cleaned and 
handled safely (Loo et al. 2012). Katadyn Mini, Potters for 
Peace pot-based clay filter (PFP, 28.10.2014) and Terafil fil-
ter (Terafil, 28.10.2014) are all a silver impregnated ceramic 
filters.

There are polymer-based microfiltration devices like Fil-
terPen whose polymer size is about 0.15 mm with a surface 
area of 0.02 m2 (Peter-Varbanets et al. 2009).

Coated textile candle filter is another example for micro-
filtration. After regular prefiltration and activated carbon 

Fig. 9  Moringa oleifera tree and dried seed (unpeeled and peeled) 
(Moringa Tree, 30.10.2014)

Fig. 10  Strychnos potatorum (clearing nut) seeds (Clearing nut, 
31.10.2014)

Fig. 11  Different membrane 
purification regimes, the respec-
tive pore sizes and the particles 
that can be removed (Peter-
Varbanets et al. 2009)
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treatment, water is passed through a coated textile candle 
which claims to remove pathogens larger than 1 µm and 
further ruptures microbes; however, the disinfection level is 
not specified. The whole setup is housed in PET containers 
(Fig. 13) (Livinguard, 29.10.2014).

Ultrafiltration (UF) and  nanofiltration (NF) With much 
lesser pressure potential, ultrafiltration and nanofiltration 
techniques can ensure a complete microbial removal (Peter-
Varbanets et al. 2009). Although inlet water quality does not 
significantly affect the performance, periodical backwashing 
is required to prevent fouling. Some of the popular devices 
are Lifestraw (Lifestraw, 28.10.2014) (Fig.  14), wherein 
purified water is sucked from a vessel containing impure 
water (Loo et al. 2012). Another product named Lifesaver 
bottle (Fig. 15) claims to achieve 7.5 LRV against bacteria 
and 5 LRV against viruses and treats about 4000 L of water 
(Lifesaver, 28.10.2014).

Pedal-operated UF purifiers have also been attempted 
like He (2009), Saini et al. (2013) (Fig. 16) and BARC 
(28.10.2014) where pressure of 4 bar generated through 
pedalling motion can accelerate discharge rate to about 36 
L/hour (Saini et al. 2013). These systems greatly help in 

improving the visibility of water by reducing turbidity (44.7 
NTU to 0.267 NTU) and TDS along with microbial (total 
coliform count from 300 cfu/100 mL to < 1 cfu/100 mL) (He 
2009).

There are modular variants of UF purifiers which are suit-
able for community scale like SkyHydrant, Lifestraw Family 
and also mobile variants like Jaldoot and Perferctor E (Loo 
et al. 2012; Peter-Varbanets et al. 2009).

Several stationary household UF purifiers are available 
like Moselle (Fig. 17), Jaltara (Fig. 18) and Waterife Little 
Star Gold (Moselle, 29.10.2014; Jaltara, 29.10.2014; Water-
life, 29.10.2014).

There is a unique experiment with plant xylem-based 
ultrafiltration. Bacteria up to 3 LRV can get filtered out with 
sapwood (predominantly xylem) of trees like pine which is 
easily available, inexpensive, biodegradable and suitable for 

Fig. 12  Ceramic filter system and element in different forms (Simonis 
and Basson 2011)

Fig. 13  Livinguard Rural Filter (Livinguard, 29.10.2014)

Fig. 14  Lifestraw in operation (Lifestraw in use, 31.10.2014)

Fig. 15  Lifesaver bottle (Life-
saver, 28.10.2014)

Fig. 16  Pedal powered UF system. Photo: Ramprasad V
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resource-constrained environments (Boutilier et al. 2014). A 
small branch of a pine tree is peeled and then inserted into 
a tube and clamped to make the filter (Fig. 19). Achieving 
high flow rates is difficult; however, a volume of 3 cm3 of 
sapwood can meet the needs of an individual (Boutilier et al. 
2014).

Biopolymer‑reinforced synthetic granular nanocomposites

Reverse osmosis (RO) RO with pore size of < 1  nm and 
high water pressure filters out all types of pathogens and 
waterborne impurities (Fig. 20) (Loo et al. 2012). To avoid 
RO membranes getting fouled, prefiltration such as sedi-
mentation, microfiltration and activated carbon filters (also 
in post-filtration) are adopted. RO-based water purifiers 
are generally expensive. RO systems can be coupled with 
photo-voltaic systems to power them (Loo et al. 2012) and 

can be mounted on vehicles to make them mobile (Peter-
Varbanets et al. 2009).

Most RO purifiers are integrated water purifiers with 
methods such as microfiltration, ultrafiltration and ultraviolet 
treatment in conjunction with reverse osmosis based water 
filtration.

Forward osmosis (FO) In forward osmosis, a bag (e.g. Hydro 
Pack) made of semi-permeable membrane is filled with con-
centrated sugar solution and then dipped in impure water 
(HTI, 29.10.2014). Due to the osmotic potential, water 
enters the pouch and contaminants get trapped outside the 
bag (Fig. 21). The diluted sweet water packed with nutrients 
and minerals can be consumed directly (Peter-Varbanets 
et al. 2009). However, this method is suitable for individuals 
during emergencies, considering its high cost and low yield.

Biosand filter A biosand filter (BSF) consists of a con-
tainer packed with sand where a biologically active layer 
(schmutzdecke) is allowed to develop on the top surface 
(Fig. 22) which restricts the passage of bacteria by around 2 

LRV and protozoa by more than 3 LRV and viruses by about 
1 LRV (Sobsey 2002; Peter-Varbanets et al. 2009). BSF can 
remove 95% turbidity and gives a discharge of about 20 L/
hour (Peter-Varbanets et al. 2009). A diffuser plate is placed 
on bio-layer to avoid disturbance of schmutzdecke and the 

Fig. 17  Moselle purifier 
(Moselle, 29.10.2014)

Fig. 18  Jaltara filter (Jaltara, 
29.10.2014)

Fig. 19  Preparation of the plant 
xylem purifier (Boutilier et al. 
2014)

Fig. 20  Reverse Osmosis Puri-
fier (Kent RO, 31.10.2014)
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user just pours in water on top of the diffuser plate and col-
lects filtered water from the outlet. NEERI-Zar developed by 
CSIR-National Environmental Engineering Research Insti-
tute (NEERI) is also a type of modified sand-based water 
filter (NEERI, 22.04.2017).

Integrated water purification

Considering the advantages and limitations of different 
water treatment methods, some of the household water 
purifiers combine multiple types of water treatment tech-
niques. For example, the RO systems generally are sup-
ported by microfiltration, ultrafiltration and ultraviolet 
treatment techniques. There are also some mobile puri-
fication units comprising of multiple methods of water 
treatment like micro-hydraulic mobile water treatment 
plant (MHMWTP) which have been developed. MHM-
WTP incorporates chlorination, sedimentation, filtration 
and optional granular-activated carbon (GAC) treatment 
(Garsadi et al. 2009). Similar mobile system is Jaldoot 
(Fig. 23) which involves multiple treatment mechanisms 
ranging from pressurised sand filtration, GAC module, 

microfiltration and ultrafiltration all integrated into one 
unit on a three-wheeler. This unit is capable of delivering 
1500 L every hour (Jaldoot, 29.10.2014).

Another example of integrated water purification is 
microfiltration coupled with biopolymer-reinforced synthetic 
granular nanocomposites which release silver ions in water 
offer arsenic and microbiological disinfection at a low cost 
(Sankar et al. 2013). The system has a discharge rate of 10 
L/hour and purifies 3600 L of water (Sankar et al. 2013) 
(Fig. 24).

Review of purifier alternatives

Attributes selected for review

The reference for different attributes which evaluate the puri-
fiers was primarily followed as in Peter-Varbanets et al. 2009 
and Loo et al. 2012. However, the list of attributes and their 
priority (Table 1) was selected based on their relevance to 
a low-income rural context. Specifically, the context is that 
of a coastal rural area in a developing country like India, 
wherein there were no major chemical contaminants identi-
fied in the decentralised water sources, mostly open wells.

The finalised list of attributes (and the reference for scor-
ing) is selected for review as follows.

i. Sustainability (Peter-Varbanets et al. 2009)
ii. Purification performance (Peter-Varbanets et al. 2009)
iii. Rate of production (Peter-Varbanets et al. 2009)
iv. Maintenance (Peter-Varbanets et al. 2009)
v. Energy requirement or dependence on utilities (Peter-

Varbanets et al. 2009)
vi. Ease of use (Peter-Varbanets et al. 2009)
vii. Portability/ease of deployment (Aggregated from mul-

tiple sources including local references, primarily Loo 
et al. 2012)

viii. Supply chain requirement (Loo et al. 2012)

Fig. 21  Forward Osmosis 
X-Pack (HTI, 20.11.2019)

Fig. 22  Cross section of a biosand filter (Biosand, 31.10.2014)

Fig. 23  Jaldoot mobile purifier (Jaldoot, 29.10.2014)
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ix. Cost (in Rs/L) (Lifetime and investment adjusted) 
(Aggregated from multiple sources including local ref-
erences, primarily Peter-Varbanets et al. 2009)

x. Social acceptability (Peter-Varbanets et al. 2009)

The above attributes can further be broadly classified 
based on the categories proposed by Pagsuyoin et al. (2015) 
into technological performance, environmental sustainabil-
ity, economic viability and social acceptability. This is a 
simpler way of integrating the attributes for a given context. 
Based on the categorisation, the following attributes: purifi-
cation performance, rate of production, maintenance, energy 
requirement or dependence on utilities, ease of use, portabil-
ity/ease of deployment and supply chain requirement will 
mostly get categorised under technological performance. 
Further, sustainability, cost and social acceptability would 
get categorised into environmental sustainability, financial 
viability and social acceptability, respectively.

However, it is to be noted that this broad categorisa-
tion of attributes is simplistic and not exactly as proposed 
in Pagsuyoin et al. (2015). Since the scores for different 

attributes selected were mostly from Peter-Varbanets et al. 
(2009), Loo et al. (2012) and other sources, an independ-
ent methodology for review, hve been adopted.

Alternatives selected for review

The classification of water purification techniques in 
“Classification of water purifiers” section represents an 
overall academic approach to illustrate wide spectrum 
of options possible with a special focus towards possi-
bilities in the context of decentralised water sources as 
in rural coastal areas in developing countries like India. 
However, to adopt a more practical approach for identify-
ing the appropriate water purifier for a given scenario, the 
water purifiers for which sufficient information from pri-
mary sources (field observations) and secondary sources 
(literature review) was available were chosen for review. 
A thorough literature review was undertaken from multi-
ple references, but primarily from Peter-Varbanets et al. 
2009 and Loo et al. 2012. The purifiers for which sufficient 
information for comparison against all attributes was cho-
sen were as follows:

 i. Household boiling
 ii. Solar stills
 iii. Solar disinfection
 iv. UV-based purifiers
 v. Chlorination
 vi. Combined coagulation–disinfection (PuR sachet)
 vii. Biosand Filter
 viii. Household Ceramic Filters
 ix. Portable UF (Lifesaver bottle)
 x. Bicycle powered UF
 xi. Small-scale Reverse Osmosis
 xii. FO reusable filter pouch

Fig. 24  Schematic diagram of 
the purifier prototype (A) and its 
actual photograph (B) (Sankar 
et al. 2013)

Table 1  Priority matrix for each attribute

Technology/method/product Priority

Purification performance 6
Cost (Rs/L) 6
Rate of production L/hour 6
Ease of use 4
Maintenance 4
Energy requirement or dependence on utilities 4
Portability and ease of deployment 2
Social acceptability 2
Sustainability 2
Supply chain requirement 2



 Applied Water Science (2020) 10:124

1 3

124 Page 10 of 15

Analysis of review of alternatives

This section presents a detailed comparison based on 
preferential scores assigned for each purification method 
based on its performance against a particular attribute. The 
attributes have been accorded priority considering a low-
income rural household as the case in focus. Several visits 
to Ransai, Vavoshi and Shiroshi villages on Pen-Khopoli 
road in Raigad District of Maharashtra State in India were 
undertaken with support from a social organisation named 
Rural Communes. Similarly, several visits to villages near 
Ganeshpuri in Palghar district of Maharashtra State in India 
were undertaken with support from a social organisation 
named Shree Nityananda Education Trust (SNET). Based 
on extensive visits to these villages, observation of water 
sources, feedback from villagers and discussions with teams 
of social organisations, the attributes used to rate the puri-
fiers were accorded priority. Physical filtration of turbidity 
and removal of pathogens turned out to be some of the key 
needs of the villages. This formed the specifics of the con-
text of the review methodology: a rural setup in the coastal 
area in a developing country like India wherein open wells 
are the primary water sources and the primary concerns of 
water quality are mostly physical (turbidity) and biological 
(microbial contamination). No specific chemical contamina-
tion has been focused in the review as no such major issue 
was identified in the field area under consideration.

The purification methods have been assigned scores based 
on their performance again each attribute out of a total score 
of 3. Finally, the total score of each purification method is 
calculated by summing up the product of the score against 
a particular attribute and the attribute’s priority (Table 2).

Description of score rating of purifiers against each 
attribute 

(i) Purification performance against pathogens

Purification performance is microbial removal efficiency 
against pathogens. This attribute primarily considers per-
formance in terms of effectiveness in the removal of bac-
teria. This was observed as one of the key needs in the vil-
lages surveyed apart from physical treatment in terms of 
turbidity. While turbidity does not have immediate adverse 
impact over the health of the people, the removal of patho-
gens is one of the critical needs; hence, this attribute has 
been assigned the highest priority of 6 out of 6 (Table 1). 
Apart from boiling, coagulation–disinfection, RO, FO, UV 
and UF, there seem to be no “foolproof” method of micro-
bial disinfection; hence, these have been assigned a score of 
3 out of 3. All of these are expensive except boiling when 
firewood is easily available and hence probably indicates the 

huge dependency of rural areas on boiling. The remaining 
purification techniques are assigned a score of 2 out of 3.

 (ii) Cost Rs/L (lifetime and investment adjusted)

In the villages which were considered, cost is a crucial 
consideration in the adoption of any water purifier because 
population is mostly composed of low-income households. 
Hence, once again the highest priority of 6 out of 6 has been 
assigned to the cost attribute (Table 1). Each purifier has a 
time limit within which the purifier’s operational efficiency 
is acceptable. To take into account the investment and opera-
tional costs of the purifier over its lifetime, cost is calculated 
for every liter of water purifier based on the information 
of lifetime of the purifier available through the literature 
or through field-based observation. The ratio of purifier’s 
investment cost to the volume purified over its lifetime is 
summed up with the operational cost over the purifier’s life-
time in consistent units and presented as a single attribute 
as cost in Rs/L. (This review assumes a conversion rate of 1 
US$ = INR Rs.60.) In this regard, sand/ceramic-based and 
chlorination-based purification is the cheapest (score 3 out 
of 3), while UF, solar stills, RO and FO are quite expensive 
(score 1 out of 3). The remaining purification methods have 
been assigned a score of 2 out of 3.

 (iii) Rate of production

This attribute implies the ability to cater to increased 
demands of water within a short period of time. Boiling, 
SODIS, chlorination and combined coagulation–disinfection 
can be scaled up and down to meet the flexible demands, 
methods like UV, household UF, bicycle UF and RO have 
production rates of > 10 L/hour; hence, these have been 
assigned a score of 3 out of 3. Solar distillation and forward 
osmosis have < 0.1 L/hour (score 1 out of 3), while purifiers 
like Tata Swach, HUL Pureit, ceramic, biosand filter, Terafil 
and Lifestraw have discharge rates which are in between 
0.1 and 10 L/hour (score 2 out of 3). If the rate of produc-
tion is too low, it often renders the purifier unusable; hence, 
this attribute is also assigned a high priority of 6 out of 6 
(Table 1).

 (iv) Ease of use

If a purifier is convenient to handle and use, there are 
higher chances of its continued usage. Based on the field 
observations, it was inferred that ease of use for the com-
munity matters quite heavily in terms of purifier’s con-
tinued usage. Hence, this is assigned a priority of 4 out 
of 6 (Table 1). Referring to Peter-Varbanets et al. (2009), 
some qualitative scores have been assigned as follows. A 
score of 3 (out of 3)/++ is given for most purifiers which 
can be handled easily and which require only filling of 
feed water and collection of purified water. A score of 
2 (out of 3)/+ is allocated if any extra effort is required 
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like chlorination and combined coagulation–disinfection 
demand stirring, boiling requires heating, SODIS and solar 
distillation require effort to place the purifiers under the 
sun and bicycle UF requires pedalling.

(v) Maintenance

It is often seen in the field areas that once a water 
purifier is handed over to a rural community, its proper 

Table 2  Point-of use water purifiers rated against various attributes (which are prioritised) and segregated depending on the scores
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maintenance is often neglected. Improper maintenance 
may cause the purifier to malfunction, and hence, mainte-
nance is accorded a priority of 4 out of 6 (Table 1). Main-
tenance in some form is required for all purifiers while the 
most common being cleaning water holding containers. 
Other maintenance operations include back flushing of 
membrane filters, removing depositions on candle filters 
and scraping off the top layer of sand in biosand filters. 
There is replacement of chemicals in chlorination, com-
bined coagulation–disinfection and FO, while there is 
replacement of cartridges/membranes in ceramic microfil-
tration, household UF, bicycle UF and RO methods. Boil-
ing, solar stills, SODIS, BSF, chlorination and combined 
coagulation and disinfection require the basic amount of 
maintenance and have been given score 3 out of 3 as the 
purifier would not severely malfunction in the absence of 
maintenance. Ceramic filters, UV and FO pouches require 
inexpensive replacements and hence have been given a 
score of 2 out of 3. RO and UF hugely depend on expen-
sive module replacements and hence have been given a 
score of 1 out of 3.

 (vi) Energy requirement or dependence on utilities

Different purification methods are dependent on differ-
ent energy utilities, and this attribute needs to be consid-
ered for rural areas. Since it is observed that energy con-
straints are often prevalent in rural settings, this attribute is 
accorded a priority of 4 out of 6 (Table 1). Boiling requires 
fuel; UV and RO depended on electricity and hence have 
been assigned a score of 1 out of 3. UF systems require 
mechanical effort and SODIS & household stills depend 
on sufficient solar radiation and have been given a score of 
2 (out of 3). The other methods do not need any external 
energy or depend on gravity and osmotic potential for their 
energy requirements and hence have a score of 3.

 (vii) Ease of deployment

The ease of deployment is quite relevant in remote cir-
cumstances. Since ease of deployment plays a major role 
in handling of the purifier during deployment as well as 
shifting which could be common in a rural setting, this 
is assigned a priority of 2 out of 6 (Table 1). Purification 
methods which can be easily deployed and used (boil-
ing, SODIS, chlorination, CCD, household UF, FO) have 
been given a score of 3 out of 3. However, if the puri-
fier’s sophisticated make-up hampers its rugged use, then 
a value of 2 out of 3 is assigned. For example, biosand 
filter being bulky and taking considerably long start-up 
time and purifiers like solar stills, UV, RO and ceramic 
filters being delicate and prone to damage during handling/
transporting.

(i) Sociocultural acceptability

In the selected villages for the study, it appeared that socio-
cultural acceptability appeared to be an important consid-
eration which cannot be neglected in terms of adoption of 
purifiers. Social acceptability has been assigned a priority 
of 2 out of 6 (Table 1). Boiling being the only tradition-
ally practised method is given a score of 3 (out of 2). Most 
purifiers which were accepted when deployed (ceramic, 
UV, biosand, household UF and FO) have been assigned 
a 2 marks out of 3. Although chlorination and combined 
coagulation–disinfection have been in use for quite some 
time, they produce bad taste and odour. Some purifiers like 
SODIS have not been readily accepted even after deploy-
ment; further, bicycle-based UF requires some investment 
and pedalling effort and RO requires higher investments and 
electricity and hence have not been fully accepted. These 
methods have been assigned a score of 1 (out of 3).

 (ii) Environmental sustainability

Environmental sustainability is difficult to quantify and can 
be sometimes subjective; however, usage of any purifier 
has environmental implications which is quite important to 
consider. Referring to Peter-Varbanets et al. (2009), some 
qualitative indications have been assigned as follows. Puri-
fication methods like boiling, household UF, RO and FO 
which are either energy intensive (electricity or firewood) or 
incorporate advanced systems and resources for short-term 
needs or have high rejection rates are assigned 1 out of 3. 
SODIS, solar distillation, BSF and household ceramic filter 
have been assigned 3 marks (out of 3) because they are either 
made from locally available materials with limited applica-
tion of chemicals and are less dependent on non-renewable 
energy. Chlorination, combined flocculation–disinfection, 
UV and bicycle-operated UF have been classified with 2 
marks (out of 3) due to their dependence either on chemi-
cal usage or due to the incorporation of exhaustible purifier 
components which cannot be locally sourced because of the 
use of sophisticated technology. Environmental sustainabil-
ity has been accorded a priority of 2 out of 6 (Table 1).

 (iii) Supply chain requirement

The selected areas of study are quite remote, wherein sup-
ply chain needs to be worked out from the nearby cities to 
nearby prominent villages/towns. Even if the water purifier 
is deployed once, unless the replacements and accessories 
are made available, the usage of purifiers in the long run may 
come to an end. Since supply chain is gradually improving, it 
has been assigned a priority of 2 out of 6 (Table 1). Biosand 
filters are assigned a score of 3 (out of 3) due to non-require-
ment of replaceables. Boiling, solar-based techniques, UV, 
ceramic filters, UF and RO need occasional supply in the 
form of fuel or replacement of a few accessories; hence, 
these have been given a score of 2 (out of 3). However, chlo-
rination and FO-based techniques need strong supply chain 
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network due to requirement of frequent replenishment and 
are given a score of 1 (out of 3).

Concluding remarks

This study adopts both academic and practical approaches 
towards water purifiers. The classification and description of 
water treatment alternatives are based on the operating tech-
nologies adopted for purification, so as to present a broad 
spectrum of possibilities. However, the review is based on 
the practical approach of evaluating water purifiers in the 
manner they can be used in the selected context. As pre-
sented in the review, there are a lot of alternatives available 
for a family-level water treatment even for a low-income 
household with decentralised water source in a developing 
country. The selection process of the optimal type of purifier 
for a given setting requires an assessment of different purifi-
cation methods against several relevant attributes. However, 
the conditions in different places within a diverse country 
could be different. Based on the observations in the coastal 
region of Maharashtra in India, the attributes have been 
prioritised. The purifiers are then compared based on data 
available from primary and secondary sources. The review 
as an example indicates some of the purifiers suitable to the 
chosen scenario. Going further, this methodology can be 
used as a template to identify the best possible water purifi-
cation technique relevant to the given scenario by tweaking 
the priority assigned to each attribute in the review based 
on the circumstance.

The viewpoint of this review was to classify, describe and 
review various household point-of-use water purifier based 
on prioritised attributes according to a local context. Some 
of the observations made through this review is as follows.

• This is a wide spectrum of alternatives available in terms 
of technologies and water purifying devices.

• Nowadays, membrane-based technologies in the realm of 
physical removal methods have a widespread adoption.

• Based on the review, it can be inferred that no single 
purifier meets the mark in terms of all the attributes.

• However, considering the summation of the product of 
the scores of the purifiers (> 90), it can be observed that 
boiling, biosand, ceramic and chlorination-based tech-
niques seem to score the highest considering the priori-
ties.

• The above inference tends to match with the field obser-
vations in the selected villages, wherein these purifiers 
were used or deployed or seem agreeable to the people 
of the villages.

• Based on field observation, it has been found that puri-
fiers with low energy demands, those which are easy-to-

use and handle and which can cater to flexible quantum 
of water requirements tend to have a higher adoption.

• No matter what purification techniques are considered, 
certain attributes like purification performance will 
always be an important parameter for consideration.

• It could probably be generalised that it would be hard to 
find a single water purifier which meets all the require-
ments as per all attributes in all contexts. Therefore, con-
sidering the specific needs and circumstances of the pre-
vailing context, an optimum purifier could to be selected 
considering its advantages and limitations.

• There is a huge scope for working on further fine-tuning 
low-cost, environmentally sustainable, easy-to-use water 
purifiers offering effective water treatment.

Point-of-use purifiers are especially suitable for water 
sourced from decentralised sources like tube wells, open 
wells, ponds and rain water harvesting tanks. It is observed 
that point-of-use purifiers are being increasingly used in 
developing countries irrespective of the water quality sup-
plied by public utilities. This is so, because there is a high 
chance of contamination of water which is supplied even 
through centralised systems in areas like congested areas. 
PoU purifiers are also suitable for deployment during emer-
gencies. Another observation noted is that most purifiers 
incorporate integrated treatment combing multiple purifica-
tion methods, as generally observed in the case of household 
RO purifiers which generally incorporate micro-/nanofiltra-
tion and UV treatment.

It is, however, observed that household RO water puri-
fiers are used as a common remedy for any type of water 
treatment need. RO purifiers are not only expensive and 
environmentally unsustainable (due to huge energy con-
sumption and large release of discharge water) but may not 
be considered advisable for regular consumption (in case 
of routine water issues which are not very serious). It is in 
such a scenario that this review comes in hand, wherein the 
appropriate water purifier suitable to the relevant issue of 
water quality can be selected.

The future scope of this work could involve deeper mar-
ket survey to consider more recent actual prices (apart from 
literature references) as these keep changing rapidly. Con-
sidering user perspective through surveys could also help 
in understanding the perceptions in terms of ease of use 
and sociocultural acceptability of the purifiers. This study 
does not include the ability of water purifiers to treat special 
chemical contaminants like arsenic, fluoride, etc.

This study considers an independent methodology for 
review of water purifiers based on references primarily from 
Peter-Varbanets et al. (2009) and Loo et al. (2012). However, 
there is further scope for undertaking a review based on a 
simpler way of integration of attributes could be as proposed 
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in Pagsuyoin et al. (2015), which takes into account most of 
the attributes considered in this review.

Selecting a particular purifier depends on the several 
factors, among which some are changing needs, context of 
usage, development of technology, ease of use and market 
reach, etc. Amidst so many variables, identifying the appro-
priate purifier, is a challenge. However, as an example from 
this review, one can adopt a general methodology which 
could be used to identify the suitable water purifier for a 
given context. As described in earlier sections, the selection 
process first involves assigning the relevant priority to each 
attribute considering the prevailing situations in the given 
context. Secondly, rating all the water purifiers could pos-
sibly be adopted in the given context against each parameter. 
Finally, calculating the product of the score and the prior-
ity of the corresponding attribute identify the total score 
for each purifier. The appropriate water purifier is the one 
which has the highest score when calculated according this 
template.
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