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ABSTRACT 
Identifying the characteristics of an ideal system in nature and comparing it with existing real 
system in a given area for possible improvement is one of the research methods in research 
methodology. While comparing the ideal system characteristics with existing/real system 
characteristics the research gap can be determined and further research can be carried out to 
improve the real-world system. The four basic problems still existing in the society worldwide 
are related to nutritious food, drinking water, renewable energy, and comfortable health. In this 
paper, we have studied the characteristics of the ideal water purifier, a hypothetical system used 
to convert contaminated water into pure water to solve drinking and irrigation water problems. 
The characteristics of the ideal water purifier system are classified and discussed under four 
categories as input characteristics, system requirements, Output characteristics, and 
environmental characteristics. Further, the possibilities of realizing such a system using 
nanotechnology are also discussed. Nanotechnology is emerging as a multi-disciplinary new 
frontier of Science & Technology expected to solve many major problems/needs of the 
mankind of the society which include supply of abundant potable drinking water, pure water 
for agriculture and plantations, availability of nutritious food for everybody, uninterrupted 
green energy for society, and comfortable health for everybody. The paper discusses the 
possibility of using nanotechnology to realize the ideal water purifier using nanotechnology 
and also the advantages, benefits, constraints, and disadvantages of such technology to improve 
such system towards the ideal system. 
New Knowledge Created/New Analysis & Interpretation : The paper created new 
knowledge on the concept and characteristics of ideal water purifier, and analysed and 
interpreted the possibility of realizing it using nanotechnology. 

Keywords: Ideal system, Ideal water purifier, Nanotechnology, Nanotechnology based 
universal water purifier, Potable water, ABCD analysis. 

1. INTRODUCTION : 

For more than two million years, human beings are struggling and searching to get Nutritious food, 
clean drinking water, energy in different form, and comfortable health. In the twentieth century, 
Abraham Maslow (1943) proposed Hierarchy of Needs Theory [1] based on his assumption of five 
different needs which are defined as Physiological need, Safety needs, Social needs, Esteem needs, and 
Self-actualization needs. Out of these five needs, the physiological need is the basic need also called 
the basic problems of human beings including food, water, energy, and health. Other four needs are 
together categorized as comfortability of human beings. As the civilization is developed with time, the 
scientific thinking among the human beings is started and science had helped to solve many of these 
basic problems to a certain extent. After industrialization, the availability of drinking water in many 
countries is becoming scared and there is a cry on future challenges in earning potable water for many 
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regions on earth. It is reported that between 1990 and 2015, the world population using an improved 
potable water source has increased from 76 % to 91 %. It is estimated that more than 40 % of global 
population is affected by water scarcity and is proposed to increase further. In the global scenario, over 
1.7 billion people are presently living in river basins where water use exceeds recharge. Similarly, over 
2.4 billion people have no access to basic sanitation facilities. It is reported that each day, nearly 1,000 
children die due to preventable water and sanitation-related diarrhoeal diseases. It is a challenge for the 
society to achieve universal and equitable access to safe and affordable drinking water for all. It is a 
challenge for decreasing substantially the proportion of untreated wastewater by increasing recycling 
and safe reuse globally. It is also a challenge to enhance the efficiency of use of water across all sectors 
by producing pure water at low cost and ensure a sustainable supply of potable water to manage water 
scarcity and hence to decrease the number of people affected from scarcity of potable water. Table 1 
lists the causes of water pollution and its types [2].  
 
Table 1 : Causes of water pollution & Types  

S. 
No. 

Type of water pollution  Reason  Solution  

1 Undissolved impurities Mix of various undissolved 
impurities in both surface and 
groundwater

Filtering 

2 Chemical water pollution 
or oxygen depletion 
 

 Natural organic matter 
(NOM) found in all surface, 
ground, and soil waters 

Most of the NOM can be removed 
by coagulation, although, the 
hydrophobic fraction and high 
molar mass compounds of NOM 
are removed more efficiently 

3 Infected water with 
microbial 

Bacterial cell components 
and viruses as microbial 
pollution 

Antimicrobial nanomaterials for 
water disinfection and microbial 
control  

4 Chemical toxin pollution 
 
  

Various inorganic and 
organic chemicals 

Use of CNTs as adsorbent media 
to concentrate and remove 
pathogens, NOM, and 
cyanobacterial toxins from water 
systems. 

5 Calcium ions dissolved 
in water  

Dissolved metal ions Nanophotonics 

6 Desalination of seawater Dissolved NaCl Nanomembranes 
7 Treatment of sewerage 

Water 
Inorganic and organic 
pollutants  

Chlorine Dioxide 

 
One of the research methodology to improve the systems in the nature and society is identifying the 
characteristics of an existing system where improvements are required in terms of quality, cost, and 
easiness of using the system, and comparing such real system with an anticipated hypothetical predicted 
system and its characteristics. Based on such comparison, the possibilities and challenges of 
improvement of present system can be identified. Many ideal system models are developed and 
discussed in terms of their characteristics. With the spirit of ideal gas model, ideal engine model, ideal 
amplifier model, many new ideal systems are modelled like Ideal technology and realizing it using 
nanotechnology [3], Ideal software and realizing opportunities [4], Ideal education system and its 
realizing opportunity using online education [5,6], Ideal business system and its realization opportunity 
using mobile business model [7,8], Ideal banking system and its realization using mobile banking model 
[9,10,11], Ideal strategy using white ocean strategy [12], Ideal library system using universal online 
library [13], Ideal energy management system [14], Concept of ideal optical light beam limiter [15], 
Ideal analysis using six thinking hats [16], Ideal computing system [17], Ideal Mobile Banking System 
[18], Review on various Ideal System Models [19] etc.  
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2. THE CONCEPT OF IDEAL WATER PURIFIER SYSTEM :  

An ideal water purifying system removes both undissolved and dissolved impurities by removing all 
contamination of water using a filter which uses a fine physical barrier, a chemical process, optical 
process, or a biological process. It converts impure water of type and any quantity into 100% pure water. 
Filters cleanse water to different extents for various purposes and various purity levels which include 
the applications like supplying drinking water, providing water for agricultural irrigation, food 
processing, constructions, industrial processes, public and private aquaria, and the safe use of ponds, 
swimming pools, and other water-based utilities. Ideal Filters may use sieving, adsorption, ion 
exchanges, and other processes to remove unwanted substances from water. Unlike a sieve or screen, a 
filter can potentially remove particles much smaller than the holes through which its water passes. Types 
of water filters include media filters, screen filters, disk filters, slow sand filter beds, rapid sand 
filters, cloth filters, and biological filters such as algae scrubbers. The schematic diagram of ideal water 
purifying system along with its internal components to convert any type of impure water to perfectly 
pure water is shown in figure 1. It takes impure water or sea water as an input, processes water for 
removing both dissolved and un-dissolved impurities and converts it into 100% pure water. For drinking 
purpose and agricultural purpose, a pre-determined amount of minerals can be added by using the 
mineral mixing system. 
 
 
 
 
 
 
 
 
 
 

Fig. 1 : Block diagram of Ideal water purifier system 
 
2.1. Characteristics of an Ideal Water Purifier System :  
The system model of Ideal water purifier allows us to discuss its characteristics in terms of input 
conditions, Purifier Requirements, output conditions, and environmental conditions.  
Input Conditions : 
(1) Ideal water purifier takes any type of impure water for purification. 
(2) Ideal water purifier takes any amount of input water at a time for purification. 
(3) Scalable system to any level. 
Purifier System Requirements : 
(4) Ideal water purifier produces 100% pure water for any level for any type of input impurity. 
(5) Ideal water purifier system removes both undissolved and dissolved impurities completely. 
(6) Ideal water purifier filters water instantly and there is no time lag between input and output. 
(7) Ideal water purifier does not consume any external power for filtering process – self reliable system. 
(8) Ideal water purifier does not consume any resources for its operation. Hence it has zero operating 
cost. 
(9) Zero investment & zero maintenance cost.  
(10) Simple technology & easy to use. 
(11) Long life & reliability.  
(12) Self-directed & self-controlled & self-regulated system.  
(13) Programmability to decide the output quality.  
Output Requirements :  
(14) Ideal water purifier produces 100% pure water 
(15) Ideal water purifier produces zero wastage of water 
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(16) Separation of by-products for reuse. 
(17) Provision to add minerals for specified applications 
Environmental Conditions :  
(18) No environmental degradation  
(19) Safe to use. 
(20) Location independency. 
(21) Portability. 

3. ANALYSIS OF IDEAL WATER PURIFIER CHARACTERISTICS 

Ideal water purifier characteristics can be explained based on their effectiveness in improving the 
quality of water purification. The characteristics mentioned in the ideal water purifier model are 
depicted in figures 2 - 5 and further discussed below :  
3.1 Input Conditions : 
(1) Purifying any type of impure water : Ideal water purifier takes any type of impure water for 
purification. Impure water usually contains either suspended impurities or dissolved impurities or both. 
Suspended impurities are substances that are not completely soluble in water and are present as 
particles. These particles usually impart a visible turbidity to the water. Dissolved impurities may 
contain dissolved minerals like chlorides, sulphates, bicarbonates of sodium, magnesium, calcium, and 
iron. Wastewater contains both suspended impurities and dissolved impurities including substances 
such as human waste, food scraps, oils, soaps, and chemicals. Ideal water purifier should have the 
capability to treat and purify any type of impure water including, salty water, groundwater, wastewater, 
sewage, river water, etc. for both drinking and agricultural applications. It also allows recycling of water 
in industrial and household applications.  
(2) Purifying any amount of water: Ideal water purifier takes any amount of input water between zero 
to infinity at a time for purification. This allows purification of water for small-scale (home) to large 
scale (industrial/agricultural) applications. The ideal water purifier can purify and desalinate sea water 
in any quantity as well as recycling of used water from any application.  
(3) Scalability : Ideal water purifier is a scalable system to any level. It can be used in homes, offices, 
business units, industries, or irrigations and can take a small amount or a large amount of water at a 
time at input depending on output requirement.  
 
 
 
 
 
 
 
 
 

Fig. 2 : Input condition characteristics of Ideal Water Purifier 
 
3.2 Purifier System Requirements :  
(4) Production of Pure Water : Ideal water purifier produces 100% pure water for any input level and 
any type of input impurity. The system removes all undissolved and dissolved impurities including 
physical, chemical and biological impurities.  
(5) Removes all impurities : Ideal water system removes both undissolved and dissolved impurities 
completely. The undissolved physical impurities like dust, fine sand, clay, rust, etc remain suspended 
in the water and cause muddy water or cloudiness in water. The amount of chemical impurities dissolved 
in the water and is usually expressed as 'parts per million' (ppm) or as 'milligrams per liter' (mg/L). The 
biological impurities like algae, bacteria, protozoa, pathogens, microbes, Viruses, Parasites and their 
eggs etc. collectively known as microorganisms or germs also contaminates the water and causes 
various diseases to human beings.  
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(6) Instantaneous Process : Ideal water purifier converts impure water into pure water instantly and 
there is no time lag between input and output. This characteristic avoids any processing delay between 
input and output and hence ensures that all processes used for removal of dissolved and undissolved 
impurities are ideal processes. This characteristic nullifies the waiting time of the user.    
(7) Self-Reliable System : Ideal water purifier does not consume any external power for filtering 
process. In that sense it is a self-reliable system. Either it produces its power requirement internally or 
its processes do not need any external power for filtering both tangible and intangible contaminations.  
(8) Zero Operating Cost : Ideal water purifier does not consume any resources for its operation. Hence 
it has zero operating cost. 
(9) Zero Investment : By definition, an ideal water purifier system requires zero investment and zero 
maintenance cost. There is no cost for fabrication of such system. Since it has no operating cost and 
repairing cost, its maintenance cost is also predicted as zero. 
(10) Easy to Operate : Ideal water purifier must be simple for operation and must use simple 
technology. The simple technology of the system makes easy to operate so that non-technical people 
should also able to use the system. 
(11) Long life & Reliability : Since the ideal water purifier does not need maintenance, it works 
comfortably for long time without any trouble. Hence such system is reliable and independent on 
internal failure and environmental catastrophe.   
(12) Self-directed, self-controlled & self-regulated System : The ideal water purifier system is a 
hypothetical system completely independent on external control and external stimulation so that it is a 
self-regulated and self-directed system. Hence to control the system, human intervention is not required. 
(13) Programmable : The ideal water purifier can be programmable to get different water quality at 
the output for different applications like pure water, drinking water, irrigation water etc. and to get 
output water for different time intervals.  
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 : System Requirement characteristics of Ideal Water Purifier 
3.3 Output Requirement :  
(14) Pure water at Output : Ideal water purifier produces 100% pure water at output irrespective of 
the quality of input water. Such pure water is free from any type of minerals, germs, and any other 
dissolved & undissolved impurities. For potable purpose, additional minerals in pre-determined amount 
can be added using a mineral adding subsystem.  
(15) Produces Zero Wastage of water : Ideal water purifier will not waste any water during the 
purifying process. All input water is processed in such a way that the impurities are separated in the 
form of their actual format and not in liquified format. This avoids wastage of water during impurity 
separation process.  
(16) Separation of by-products for reuse : In ideal water purifier, the dissolved and undissolved 
impurities get separated in such a way that they can be reused in their original form either as fertilizers 
or minerals.  
(17) Provision to add minerals : For specified applications like producing drinking water/water for 
irrigation, using additional subsystem, one can add required minerals at the output of ideal water purifier 
system.  
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Fig. 4 : Output condition characteristics of Ideal Water Purifier 

3.4 Environmental Conditions :  
(18) No environmental degradation : In ideal water purifier, the purification process takes place 
internally without consuming any external resources. As a result, no emission of unwanted green house 
gases or poisonous by-products to the environment. Hence there is no environmental 
degradation/pollution occurs.  
(19) Safe to use : Since ideal water purifier, is a self-controlled, self-regulated and self-directed system, 
without consuming any resources externally for its operation, it is safe to use and monitor while 
producing pure water at output.  
(20) Location independency : The performance of ideal water purifier is independent on the 
geographical region. It should give satisfactory performance at output for any quality of input water at 
any location in the whole universe.  
(21) Portability : An ideal water purifier functions equally in any geographical location and hence 
portable to any place.  
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 5 : Environmental condition characteristics of Ideal Water Purifier 

4. CHALLENGES TO ACHIEVE IDEAL WATER PURIFIER :  

Conventional water-treatment technologies include filtration, ultraviolet radiation, chemical 
treatment, and desalination. The general method uses five stages including coagulation, flocculation, 
sedimentation, filtration, and disinfection. Such conventional water treatment, include a pre-filter for 
filtrating sediment and removing debris from received water; an ionization and oxidation unit for 
sanitizing water received from the pre-filter; an ultraviolet (UV) light unit for sanitizing water received 
from the ionization and oxidation unit with ultraviolet (UV) light; a reverse osmosis (RO) unit including 
a series of membranes for removing impurities from water received from the ultraviolet (UV) light unit; 
a remineralization filter for reinfusing water received from the reverse osmosis (RO) unit with trace 
minerals and salts; and an alkalinization and ionization with integrated (UV) light filtration unit for 
performing an electrodialysis process on water received from the remineralization filter. But these 
systems cannot be scalable easily, high cost, and high energy consuming methods needs further 
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improvement in performing in various stages of the purification process.  
Another method frequently used to treat iron manganese, and traces of hydrogen sulphide in utility 
plants is called Manganese greensand filtration system. It is found that high levels of manganese and 
iron dissolved in water will damage plumbing fixtures, give water an unpleasant taste and colour and 
provide nutrients to certain strains of bacteria. The manganese greensand filtration system does not use 
coagulation and flocculation, but it typically uses aeration and chlorination (or any other type of oxidant 
addition) followed by pH adjustment of the water. 
Most of the seawater desalination systems are energy intensive, which consume a large amount energy 
like gas, electricity, oil and fossil fuels. These processes lead to carbon footprints, which causes 
depletion of ozone layer as well as health hazards on mankind. The potential of harnessing solar energy 
is most efficient and effective for heat to heat conversion. The thermal desalination is a low temperature 
application processes with one-time investment for life time water production up to 10 to 15 years. 
There are a variety of solar thermal desalination methods such as direct and indirect methods are being 
used. The indirect methods are preferable for medium and large-scale desalination systems, whereas 
the direct methods employing the solar stills are more suitable for small scale systems. The performance 
of the low cost solar stills can be improved with simple modification by using various locally available 
materials. These low-cost stills can be easily and economically fabricated for meeting the daily need of 
the fresh drinking water. These low cost solar stills are sufficient for the small households and 
communities living in islands, coastal areas. It can also be used for distillation of brackish water for the 
population residing near river banks. Such a system also suitable for the fluoride affected area to remove 
fluoride from the water. The low cost solar water purifier is sufficient for the removal of arsenic, 
mercury, cadmium, coliform, virus, and bacteria [20-21]. Various constraints and disadvantages 
associated with such system for scalability and to make location independence are discussed [21].  
Thus achieving ideal characteristics like : any type of impure water for purification, any amount of input 
water at a time for purification, scalable system to any level, producing 100% pure water for any level 
for any type of input impurity, removing both undissolved and dissolved impurities completely, 
developing purifier which operates instantly with no time lag between input and output, system which 
does not consume any external power for filtering process – self reliable system, system which does not 
consume any resources for its operation and hence has zero operating cost, Zero investment & zero 
maintenance cost, Simple technology & easy to use, Long life & reliability, Self-directed & self-
controlled & self-regulated, Programmability to decide the output quality, produces 100% pure water, 
system which produces zero wastage of water, Separation of by-products for reuse, Provision to add 
minerals for specified applications, No environmental degradation, Safe to use, Location independence, 
and Portability etc is difficult using conventional purifier methods and technology. Further, current 
technologies for purifying contaminated and impure waters are typically expensive and ion specific, 
and therefore a significant need for new technologies and approaches.  

5. POSSIBILITY OF REALIZATION OF IDEAL WATER PURIFIER USING 
NANOTECHNOLOGY : 

Nanotechnology is emerging as multi-disciplinary new frontier of Science & Technology capturing the 
imagination of scientists and engineers worldwide due to its potential applications in solving many 
problems/needs/requirements of human beings [22-29]. Nanotechnology has the ability to provide cost 
effective, efficient, and environmentally sustainable optimum solutions for supplying potable water for 
drinking and clean water for irrigation and industrial uses. Using nanotechnology innovation, one can 
develop low cost water purifiers to solve the drinking water problem of the world. Water is one of the 
Earth's most precious natural resources. Most of the water available on the earth surface is saltwater. 
Only 3% of the world’s supply is drinking/sweet water and two-thirds of it is frozen in glaciers, ice 
caps, and icebergs. The remaining 1% is available for human consumption. As per the reports, today 
1.1 billion people don’t have access to safe water and 2.4 billion lack sanitation facilities. 80% of 
developing world diseases are water-borne with an estimate of 3.4 million deaths, mostly children, in 
1998 of water-related diseases. Demand for fresh water is increasing. Agriculture currently uses 70% 
of the world’s water supply. To feed 2 billion more by the year 2030 there will be a 60% increase in 
demand on the water supply. Considering the current rates of consumption, population, and 
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development, some two-thirds of the world population will be affected by droughts by the year 2050. 
Nanotechnology will provide a solution for this challenge through inexpensive decentralized water 
purification, detection on the molecular level of contaminants, and greatly improved filtration systems. 
This helps the conversion of seawater to drinking water at a very low cost [3]. The use of highly 
advanced nanotechnology ideas and concepts to traditional process engineering opens new 
opportunities in technological developments for advanced water and wastewater technology processes. 
The nano-enabled technologies include a variety of different types of membranes and filters based on 
carbon nanotubes, nanoporous ceramics, magnetic nanoparticles and other nanomaterials. 
Ref. [30] contains a comparison between conventional and nano-enabled technologies for water 
treatment.  
Separation membranes with the structure at the nanoscale can also be used in low-cost methods to 
produce potable water. In a recent study in South Africa, several polymeric nanofiltrations and reverse 
osmosis membranes were tested for the treatment of brackish groundwater. The tests showed that 
nanofiltration membranes can produce potable water from the brackish groundwater. As expected, 
the reverse osmosis membranes removed about 99% of all the solutes, but the concentrations of 
essential nutrients, such as calcium and magnesium ions, were reduced to levels that were below the 
specifications of the World Health Organization standard for drinking water. The product water, 
therefore, had to be spiked with these nutrients to provide drinking water of the required quality. 
Nano-enabled technologies for water treatment are already on the market — with nanofiltration 
currently seeming to be the most mature — and many more are on their way. Although the current 
generation of nanofilters may be relatively simple, many researchers believe that future generations 
of water-treatment devices will capitalize on the new properties of nanoscale materials and may prove 
to be of interest in both developing and developed countries [31 - 43]. 
A huge amount of research results have been published since 1980 on the idea of the use of various 
nanomaterials and nanocomposites as water purification filters for both dissolved and nondissolved 
impurities. Nanomembranes are very useful for treating and purify any type of impure water including, 
salty water, groundwater, wastewater, sewage, river water, etc. for both drinking and irrigation 
applications. Table 2 contains some of the published results of use of nanotechnology for different types 
of water purification processes. 
 
Table 2 : Use of nanotechnology for different types of water purification processes 

S.No. Purification process Nanomaterial/system used Reference 
1 Water desalination Carbon nanotube membranes Das, R., et al [44] 
2 Removal of contaminants Carbon nanotube technology Upadhyayula, V. K., [45] 
3 Removal of arsenic  Nanoparticles of hydrous iron 

oxide 
Sylvester, P. et al [46] 

4 Water disinfection and 
microbial control 

Antimicrobial nanomaterials Li, Q., et al [47] 

5 Cleaner water Bimetallic nanoparticle 
catalysts

Wong, M. S. et al [48]  

6 Water disinfection and 
microbial control: 

Antimicrobial nanomaterials Mahendra, S. et al [49] 

7 Ultrafast permeation of water Protein-based nanomembranes Peng, X. et al [50]  
8 Heavy metal removal and 

disinfection control 
Smart magnetic graphene Gollavelli, G. et al [51]  

9 Water decontamination Novel magnetic nanoparticles Zhang, X. et al [52] 
10 Removal of arsenic Nanocrystalline magnetite Mayo, J. T. et al [53] 
11 Virus inactivation for 

drinking water treatment 
Silver doped titanium dioxide 
nanoparticles

Liga, M. V. et al [54] 

12 Point-of-use drinking water 
disinfection 

Silver nanoparticle-alginate 
composite beads  

Lin, S. et al [55] 
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13 Nitrate removal from water Nano-alumina Bhatnagar, A. et al [56]
14 Complete removal of 

pathogenic bacteria from 
drinking water  

Nano silver-coated cylindrical 
polypropylene filters 

Heidarpour, F. et al [57] 

15 Point-of-use water treatment Bactericidal paper 
impregnated with silver 
nanoparticles 

Dankovich, T. A. et al 
[58] 

16 Providing Safe and Clean 
Water to Each Individual 

Magnetic nanoparticles Roy, E. et al [59]  

17 Drinking Water Treatment Hybrid Nanoadsorbents Gupta, A. K. [60]  
18 Drinking water purification Nanocomposite filtration 

membranes 
Anadão, P. [61] 

19 Elimination of hazardous 
fluoride from drinking water 

Th–Mn nanoadsorbent. Tomar, V. [62] 

20 Rapid water disinfection  Vertically aligned MoS2 
nanofilms and visible light.  

Liu, C. [63]  

21 Phosphate Removal from 
Wastewater.  

Modification of Titanium 
Dioxide Nanoparticles 

Antwi, D. M. B. [64]  

22 Universal water purification Amyloid–carbon hybrid 
membranes 

Bolisetty, S. [65]  

23 General water purification.  Magnetic graphene–carbon 
nanotube iron nanocomposites 
as adsorbents and antibacterial 
agents 

Sharma, V. K. [66] 

24 High efficiency water 
purification 

Fe(OH)3/g-C3N4 composite 
membrane

Wang, Y. et al [67] 

25 Water desalination  Single-layer MoS2 nanopore Heiranian, M. et al [68] 
26 Water desalination Graphyne as the membrane Kou, J. et al [69] 
27 Antibacterial behaviour for 

water purification 
Halloysite nanotubes 
decorated with copper 
nanoparticles in a novel mixed 
matrix membrane 

Duan, L. et al [70]  

28 Adsorption, 
photodegradation and 
antibacterial study of for 
multipurpose water 
purification application 

Graphene–Fe3O4 
nanocomposite 

Santhosh, C. et al [71] 
 

29 Fast water purifier Cellulose nanofiber 
intermediary to fabricate 
highly-permeable ultrathin 
nanofiltration membranes 

Soyekwo, F. et al [72] 

30 Water purification for 
disinfection

Silver–magnetic 
nanocomposites

Surendhiran, D. et al [73] 

31 Effective Water purification Polymer nanocomposites Pandey, N. et al [74] 
32 Removal of inorganic 

pollutants, organic 
pollutants, and biological 
pollutants. 

Inorganic, organic, and 
inorganic-organic hybrid 
nanoporous membranes.  

Wang, Z. et al [75] 

33 General water purification  Gelatin hydrogel 
nanocomposites 

Thakur, S. et al [76]  

34 Drinking Water Production Chitosan-based Masheane, M. L. et al [77] 
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Nanocomposite Beads 
35 Water purification and its 

applicability to volatile 
organic compounds 

Zinc oxide nano-enabled 
microfluidic reactor 

Azzouz, I. et al [78] 

36 Antibacterial water treatment Nanosized metal oxides 
(NMOs) and polyoxometalates 
(POMs) 

Carraro, M. et al [79] 

37 Removal from Wastewater Titanium Dioxide 
Nanoparticles for Phosphate 

Antwi, D. M. B. et al [80] 

 
By cascading of different types of nanomembranes in a serial manner for removing all type of impurities 
leads to the production of pure water in any scale and can be called as universal nanotechnology water 
purifier as shown in figure 6. This leads to the development of universal water purifier at low cost and 
low energy consumption which is going to be a step towards achieving ideal water purifier. 
 
 
 
 
 
 
 

Fig. 6 : Block diagram of Cascaded universal water purifier using nanotechnology filters 

6. RISK OF NANOTECHNOLOGY IN PRODUCING DRINKING WATER :  

Though nanotechnology shows potential opportunities for developing devices for water-treatment, 
there is also a need to do further research to assess the possible human health and environmental 
risks. There are only a few studies have been carried out, and it is expected that the unique properties 
of nanomaterials (for example, size, shape, reactivity, conductivity) may convert water to be toxic 
[81]. Thus, it is imperative that information about possible risks and risk-management approaches 
should be developed and monitored systematically and need to be weighed up against the potential 
benefits [82-84]. 

7. ABCD LISTING OF USE OF NANOTECHNOLOGY BASED UNIVERSAL WATER 
PURIFIER : 

Many analysing frameworks are used to study any system or a model which include, SWOT [85], 
SWOC [86], PEST [87], ABCD [88-89], Competitive Force Model [90] etc. In this paper, for analysing 
a practical water purifier system using nanotechnology, we felt that ABCD qualitative analysing 
framework is found suitable. In ABCD qualitative analysing framework [91-100] lists the Advantages, 
Benefits, Constraints, and Disadvantages of realizing such a system from various stakeholder’s point of 
view are discussed.  
7.1 Advantages : 
(1) Nanotechnology based filters are small in size and high mechanical strength. 
(2) Nanotechnology based filters can be cascaded for filtering different types of impurities. 
(3) Nanotechnology based filters can be fabricated to any structure so that it can be scaled to any extent. 
(4) Filters any type of input impurity 100 %. 
(5) Nanotechnology based filters remove both undissolved and dissolved impurities completely. 
(6) Nanotechnology based membranes filter water instantly. 
(7) Nanotechnology based filters do not consume any external power for filtering process – self reliable 
system. 
(8) Nanotechnology based filters do not consume any resources for its operation. 
(9) Nanotechnology based filters have very low investment cost/per filter for large scale production. 
(10) The technology behind nanotechnology based universal filter is simple.  
(11) Nanotechnology based universal water purifier has a long working life.   

F

1 

F

2 

F

3 

F

4 

Where 
F1 = Physical Impurities Filter 
F2 = Inorganic Impurities Filter  
F3 = Organic Impurities Filter  
F4 = Biological Impurities Filter  
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(12) Nanotechnology based universal water purifier can be programmable to decide the quality of 
output.  
(13) Nanotechnology based water purifier is not producing any impure water outlet. 
(14) Nanotechnology based universal water purifier separates by-products at individual filters. 
(15) Nanotechnology based universal water purifier has provision to add minerals at output. 
(16) It is assumed that nanotechnology based universal water purifier does not make environmental 
degradation. 
(17) The performance of nanotechnology based universal water purifier is location independent. 
7.2 Benefits : 
(1) Nanotechnology based universal water purifier light in weight. 
(2) Nanotechnology based universal water purifier filters all kind of impurities. 
(3) Any amount of input water can be purified at a time. 
(4) Purity of output water is 100 %.  
(5) Nanotechnology based filters are useful for removal of both undissolved and dissolved impurities 
completely. 
(6) The instantaneous filtering property gives the benefit of no time lag between input and output. 
(7) Since there is no external power required for filtering process, nanotechnology based universal filter 
is a self-reliable system. 
(8) Nanotechnology based filters has no operating cost. 
(9) Nanotechnology based filters have low maintenance cost. 
(10) Nanotechnology based filters are easy to use. 
(11) Nanotechnology based universal water purifier is reliable for long duration. 
(12) Nanotechnology based universal water purifier has facility to decide the output water quality. 
(13) Nanotechnology based water purifier produces no wastage of water. 
(14) Separated by-products can be used for respective applications. 
(15) Mineral water can be also produced at the output of nanotechnology based universal water purifier. 
(16) Safe to use provided the required precaution is taken. 
(17) The location independence makes it portable. 
7.3 Constraints : 
(1) Technology development 
(2) Water management 
(3) Construction of mega plant for water purification 
(4) Maintenance  
(5) Creating awareness 
7.4 Disadvantages : 
(1) Predicted risk on human health 
(2) Predicted Environmental risk 
 
The characteristics of ideal water purifier can be comparable with the predicted characteristics of 
nanotechnology based universal water purifier and is listed in table 3. It is observed from table 3 that 
nanotechnology based universal water purifier is almost in par with the expected qualities of ideal water 
purifier for all practical purpose.  
 
Table 3 : Comparison of ideal water purifier properties with nanotechnology based universal water 
purifier 

S. No. Water Purifier 
Characteristics 

Ideal water purifier 
System  

Nanotech based Universal 
water purifier system 

1 Any kind of impure water  Can be purified 100 % Can be purified to pure water 
level

2 Any amount of input water Can be purified 
instantaneously 

Can be purified to desired 
level 

3 Scalable system to any level Zero to Infinity  Small scale to large scale  



International Journal of Applied Engineering and Management 
Letters (IJAEML), ISSN: Applied, Vol. 2, No. 2, July 2018

SRINIVAS  
PUBLICATION

 

Shubrajyotsna Aithal et al,  (2018);   www.srinivaspublication.com PAGE 20
 

 

4 Output water quality Always 100% pure Required purity level 
5 Type of filtration Removes both 

undissolved and 
dissolved impurities 
completely 

Removes both undissolved 
and dissolved impurities to 
the required level 

6 Time for filtration Filtration of water 
instantly and there is no 
time lag between input 
and output 

Filtration of water in real time 
and there is no considerable 
time gap between input and 
output 

7 Power for filtering process No consumption of any 
external power

Can use renewable power 
from Sun or Wind 

8 Operating cost Zero operating cost Low operating cost 
9 Investment  Zero investment Low investment 
10 Type of technology Ideal technology Nanotechnology 
11 Life & Reliability Infinite life and reliability Long life and reliability 
12 Programmability to decide the 

output quality 
Yes Yes, for a certain extent 

13 Wastage of water  Zero Minimum or zero 
14 By-products  Automatically separable 

and reusable for their 
applications 

Easily separable and reusable 
for their applications 

15 Environmental degradation Absolutely not Yet to be decided 
16 Portability Yes Possible 
17 Safe to use for living beings  Yes O.K. but questionable 

 

8. CONCLUSION : 

Developing capability of producing an abundant amount of potable water is one of the basic requirement 
of civilized society and can be addressed using nanotechnology. In this paper, we have used a method 
of research where the ideal system is predicted by means of its various characteristics and analysed the 
possibility of improving the real systems towards ideal systems using suitable technology. Accordingly, 
the ideal water purifier system is proposed based on its anticipated input, system, output, and 
environmental characteristics and discussed how these characteristics can be achieved using a practical 
system developed using nanotechnology. The advantages, benefits, constraints, and disadvantages of 
such nanotechnology-based system are analysed from the user point of view using the ABCD listing 
framework. Based on the analysis, it is found that a practical water purifier system using 
nanotechnology-based filters are capable to improve the performance towards ideal water purifier 
performance.  

REFERENCES : 

[1] Maslow, A. H. (1943). A theory of human motivation. Psychological review, 50(4), 370. 

[2] Synan, J. F., MacMahon, J. D., & Vincent, G. P. (1944). Chlorine Dioxide-a Development in 
Treatment of Potable Water. Water Works & Sewerage, 91(12), 423-6. 

[3] Aithal, P. S., & Shubhrajyotsna Aithal, (2015). Ideal Technology Concept & its Realization 
Opportunity using Nanotechnology, International Journal of Application or Innovation in 
Engineering & Management (IJAIEM), 4(2), 153 – 164. DOI: 
http://doi.org/10.5281/zenodo.61591. 

[4] Aithal, P. S., & Vaikuth Pai, T., (2016). Concept of Ideal Software and its Realization Scenarios. 
International Journal of Scientific Research and Modern Education (IJSRME), 1(1), 826-837. DOI 
: http://doi.org/10.5281/zenodo.160908. 



International Journal of Applied Engineering and Management 
Letters (IJAEML), ISSN: Applied, Vol. 2, No. 2, July 2018

SRINIVAS  
PUBLICATION

 

Shubrajyotsna Aithal et al,  (2018);   www.srinivaspublication.com PAGE 21
 

 

[5] Aithal P. S. and Shubhrajyotsna Aithal, (2015). An Innovative Education Model to realize Ideal 
Education System. International Journal of Scientific Research and Management (IJSRM), 3(3), 
2464 - 2469. DOI: http://doi.org/10.5281/zenodo.61654. 

[6] Aithal P. S. and Shubhrajyotsna Aithal, (2014). Ideal education system and its realization through 
online education model using mobile devices, Proceedings of IISRO Multi Conference 2014, 
Bangkok, 7/01/2014, 140 - 146, ISBN No. 978-81-927104-33-13.  

[7] Aithal, P. S., (March 2015). Concept of Ideal Business & Its Realization Using E-Business Model. 
International Journal of Science and Research (IJSR), 4(3), 1267 – 1274. ISSN 2319-7064, DOI : 
http://doi.org/10.5281/zenodo.61648. 

[8] Aithal, P. S. (2015). Mobile Business as an Optimum Model for Ideal Business. 
International Journal of Management, IT and Engineering (IJMIE), Vol. 5, Issue 7, pp. 146-159, 
(July 2015), ISSN: 2249-0558, DOI : http://doi.org/10.5281/zenodo.163880. 

[9] Aithal, P. S. (2016). Ideal Banking Concept and Characteristics. International Research Journal of 
Management, IT and Social Sciences (IRJMIS), 3(11), 46-55. DOI : 
http://dx.doi.org/10.21744/irjmis.v3i11.311. 

[10] Aithal, P. S. (2016). Realization of Ideal Banking Concept using Ubiquitous 
Banking, International Journal of Scientific Research and Modern Education (IJSRME), 1(2), 
119-135. DOI: http://dx.doi.org/10.5281/ZENODO.164703. 

[11]  Aithal, P. S. (2016). A Comparison of Ideal Banking Model with Mobile Banking System. 
International Journal of Current Research and Modern Education (IJCRME), 1(2), 206-224. 
DOI: http://dx.doi.org/10.5281/ZENODO.198708.       

[12] Aithal P. S., (2016). The concept of Ideal Strategy & its realization using White Ocean Mixed 
Strategy. International Journal of Management Sciences and Business Research (IJMSBR), 5(4), 
171-179. DOI : http://doi.org/10.5281/zenodo.161108.  

[13] Aithal P. S., (2016). Smart Library Model for Future Generations. International Journal of 
Engineering Research and Modern Education (IJERME), 1(1), 693-703. DOI : 
http://doi.org/10.5281/zenodo.160904.  

[14] Sridhar Acharya P. & Aithal P. S., (2016). Concepts of Ideal Electric Energy System for 
production, distribution and utilization, International Journal of Management, IT and Engineering 
(IJMIE), Vol. 6, Issue 1, pp. 367-379. DOI : http://doi.org/10.5281/zenodo.161143.  

[15] Shubrajyotsna Aithal, & Aithal, P. S., Bhat, G. K. (2016). Characteristics of Ideal Optical Limiter 
and Realization Scenarios using Nonlinear Organic Materials – A Review. International Journal 
of Advanced Trends in Engineering and Technology (IJATET), 1(1), 73-84.  DOI : 
http://doi.org/10.5281/zenodo.240254.  

[16] Aithal, P. S., Suresh Kumar P. M. (2017). Ideal Analysis for Decision Making in Critical Situations 
through Six Thinking Hats Method. International Journal of Applied Engineering and 
Management Letters (IJAEML), 1(2), 1-9. DOI: http://dx.doi.org/10.5281/zenodo.838378.  

[17] Aithal, P. S. & Priyesh Pai, T. (2017). Opportunity for Realizing Ideal Computing System using 
Cloud Computing Model.  International Journal of Case Studies in Business, IT and Education 
(IJCSBE), 1(2), 60-71.   DOI: http://dx.doi.org/10.5281/zenodo.1094995.   

[18] Krishna Prasad, K., Aithal, P. S. (2017). A Customized and Flexible Ideal Mobile Banking System 
using 5G Technology. International Journal of Management, Technology, and Social Sciences 
(IJMTS), 2(1), 25-37.  DOI: http://dx.doi.org/10.5281/zenodo.820860.  

[19] Aithal, P. S., (2016). Review on Various Ideal System Models Used to Improve the Characteristics 
of Practical Systems.  International Journal of Applied and Advanced Scientific Research, 1(1), 
47-56. DOI : http://doi.org/10.5281/zenodo.159749.  



International Journal of Applied Engineering and Management 
Letters (IJAEML), ISSN: Applied, Vol. 2, No. 2, July 2018

SRINIVAS  
PUBLICATION

 

Shubrajyotsna Aithal et al,  (2018);   www.srinivaspublication.com PAGE 22
 

 

[20] Chandrashekara M, Avadhesh Yadav (2017). Water desalination system using solar heat: A review. 
Renewable and Sustainable Energy Reviews, 67, 1308-1330, 
https://doi.org/10.1016/j.rser.2016.08.058. 

[21] Sharon, H. & Reddy, K. S. (2015). A review of solar energy driven desalination technologies 
Renewable and Sustainable Energy Reviews, 41, 1080-1118. DOI : 
https://doi.org/10.1016/j.rser.2014.09.002. 

[22] Aithal, P. S., Shubhrajyotsna Aithal, (2015). A review on Anticipated Breakthrough Technologies 
of 21st Century. International Journal of Research & Development in Technology and 
Management Sciences, 21(6), 112 – 133. ISBN - 1-63102-450-7, DOI : 
http://doi.org/10.5281/zenodo.61617. 

[23] Aithal, P. S. (January 2016). Nanotechnology Innovations & Business Opportunities : A Review. 
International Journal of Management, IT and Engineering (IJMIE), 6(1), 182-204. ISSN: 2249-
0558,  DOI : http://doi.org/10.5281/zenodo.161153. 

[24] Aithal, P. S. & Shubhrajyotsna Aithal, (2016). Business Strategy for Nanotechnology based 
Products & Services. International Journal of Management Sciences and Business Research 
(IJMSBR), 5(4), 139-149, DOI : http://doi.org/10.5281/zenodo.161127. 

[25] Aithal, P. S. & Shubrajyotsna Aithal, (2016). Nanotechnological Innovations & Business 
Environment for Indian Automobile Sector : A Futuristic Approach.  International Journal of 
Scientific Research and Modern Education (IJSRME), 1(1), 296-307. DOI : 
http://doi.org/10.5281/zenodo.161090. 

[26] Aithal, P. S. and Shubrajyotsna Aithal, (2016). Nanotechnology Innovations and 
Commercialization – Opportunities, Challenges & Reasons for Delay.  International Journal of 
Engineering and Manufacturing (IJEM), 6(6), 15-25. DOI: 
http://doi.org/10.5815/ijem.2016.06.02. 

[27] Aithal, P. S. & Shubhrajyotsna Aithal, (2016). Nanotechnology Innovations & Business 
Opportunities in Renewable Energy Sector. International Journal of Engineering Research and 
Modern Education (IJERME), 1(1), 674-692. DOI : http://doi.org/10.5281/zenodo.160905. 

[28] Aithal, P. S., and Shubhrajyotsna Aithal, (2016). Opportunities & Challenges for Green 
Technology in 21st Century. International Journal of Current Research and Modern Education 
(IJCRME), 1(1), 818-828. DOI : http://doi.org/10.5281/zenodo.62020. 

[29] Aithal, P. S. & Shubhrajyotsna Aithal, (2016). A New Model for Commercialization of 
Nanotechnology Products and Services. International Journal of Computational Research and 
Development, 1(1), 84-93. DOI : http://doi.org/10.5281/zenodo.163536. 

[30] Hillie, T., & Hlophe, M. (2007). Nanotechnology and the challenge of clean water. Nature 
nanotechnology, 2(11), 663. 

[31] Trivedy, R. K. (1970). Low cost and energy saving technologies for water and wastewater 
treatment. I Control Pollution, 23(2), 403-411. 

[32] Gehrke, I., Geiser, A., & Somborn-Schulz, A. (2015). Innovations in nanotechnology for water 
treatment. Nanotechnology, Science and Applications, 8, 1–17. DOI : 
http://doi.org/10.2147/NSA.S43773. 

[33] Mamadou, D., Duncan, J. S., Savage, N., Street, A., & Sustich, R. C. (2008). Nanotechnology 
applications for clean water. William Andrew Publishing. 

[34] Hillie, T., & Hlophe, M. (2007). Nanotechnology and the challenge of clean water. Nature 
Nanotechnology, 2(11), 663-664. 

[35] Savage, N., & Diallo, M. S. (2005). Nanomaterials and water purification: opportunities and 



International Journal of Applied Engineering and Management 
Letters (IJAEML), ISSN: Applied, Vol. 2, No. 2, July 2018

SRINIVAS  
PUBLICATION

 

Shubrajyotsna Aithal et al,  (2018);   www.srinivaspublication.com PAGE 23
 

 

challenges. Journal of Nanoparticle research, 7(4), 331-342. 

[36] Diallo, M., Street, A., Sustich, R., Duncan, J., & Savage, N. (2009). Nanotechnology Applications 
for Clean Water: Solutions for Improving Water Quality. William Andrew. 

[37] Gu, Z., & Deng, B. (2007). Use of iron-containing mesoporous carbon (IMC) for arsenic removal 
from drinking water. Environmental Engineering Science, 24(1), 113-121. 

[38] Smith, A. (2006). Opinion: Nanotech–the way forward for clean water?.  Filtration & 
separation, 43(8), 32-33. 

[39] Howell, J. A. (2004). Future of membranes and membrane reactors in green technologies and for 
water reuse. Desalination, 162, 1-11. 

[40] Zhang, T. C., Surampalli, R. Y., Lai, K. C., Hu, Z., Tyagi, R. D., & Lo, I. M. (2009, March). 
Nanotechnologies for water environment applications. Reston, VA: American Society of Civil 
Engineers. 

[41] Kim, S. J., Ko, S. H., Kang, K. H., & Han, J. (2010). Direct seawater desalination by ion 
concentration polarization. Nature Nanotechnology, 5(4), 297-301. 

[42] Gehrke, I., Geiser, A., & Somborn-Schulz, A. (2015). Innovations in nanotechnology for water 
treatment. Nanotechnology, science and applications, 8, 1. 

[43] Bhattacharya, S., Saha, I., Mukhopadhyay, A., Chattopadhyay, D., & Chand, U. (2013). Role of 
nanotechnology in water treatment and purification: potential applications and implications. Int J 
Chem Sci Technol, 3(3), 59-64. 

[44] Das, R., Ali, M. E., Hamid, S. B. A., Ramakrishna, S., & Chowdhury, Z. Z. (2014). Carbon 
nanotube membranes for water purification: a bright future in water 
desalination. Desalination, 336, 97-109. 

[45] Upadhyayula, V. K., Deng, S., Mitchell, M. C., & Smith, G. B. (2009). Application of carbon 
nanotube technology for removal of contaminants in drinking water: a review. Science of the total 
environment, 408(1), 1-13. 

[46] Sylvester, P., Westerhoff, P., Möller, T., Badruzzaman, M., & Boyd, O. (2007). A hybrid sorbent 
utilizing nanoparticles of hydrous iron oxide for arsenic removal from drinking 
water. Environmental Engineering Science, 24(1), 104-112. 

[47] Li, Q., Mahendra, S., Lyon, D. Y., Brunet, L., Liga, M. V., Li, D., & Alvarez, P. J. (2008). 
Antimicrobial nanomaterials for water disinfection and microbial control: potential applications 
and implications. Water research, 42(18), 4591-4602. 

[48] Wong, M. S., Alvarez, P. J., Fang, Y. L., Akçin, N., Nutt, M. O., Miller, J. T., & Heck, K. N. 
(2009). Cleaner water using bimetallic nanoparticle catalysts. Journal of Chemical Technology and 
Biotechnology, 84(2), 158-166. 

[49] Mahendra, S., Li, Q., Lyon, D. Y., Brunet, L., & Alvarez, P. J. (2009). Nanotechnology-enabled 
water disinfection and microbial control: merits and limitations. In Nanotechnology Applications 
for clean water (pp. 157-166). 

[50] Peng, X., Jin, J., Nakamura, Y., Ohno, T., & Ichinose, I. (2009). Ultrafast permeation of water 
through protein-based membranes. Nature nanotechnology, 4(6), 353-357. 

[51] Gollavelli, G., Chang, C. C., & Ling, Y. C. (2013). Facile synthesis of smart magnetic graphene 
for safe drinking water: heavy metal removal and disinfection control. ACS Sustainable Chemistry 
& Engineering, 1(5), 462-472. 

[52] Zhang, X., Qian, J., & Pan, B. (2016). Fabrication of novel magnetic nanoparticles of 
multifunctionality for water decontamination. Environmental science & technology, 50(2), 881-
889.  



International Journal of Applied Engineering and Management 
Letters (IJAEML), ISSN: Applied, Vol. 2, No. 2, July 2018

SRINIVAS  
PUBLICATION

 

Shubrajyotsna Aithal et al,  (2018);   www.srinivaspublication.com PAGE 24
 

 

[53] Mayo, J. T., Yavuz, C., Yean, S., Cong, L., Shipley, H., Yu, W., ... & Colvin, V. L. (2007). The 
effect of nanocrystalline magnetite size on arsenic removal. Science and Technology of Advanced 
Materials, 8(1-2), 71. 

[54] Liga, M. V., Bryant, E. L., Colvin, V. L., & Li, Q. (2011). Virus inactivation by silver doped 
titanium dioxide nanoparticles for drinking water treatment. Water research, 45(2), 535-544. 

[55] Lin, S., Huang, R., Cheng, Y., Liu, J., Lau, B. L., & Wiesner, M. R. (2013). Silver nanoparticle-
alginate composite beads for point-of-use drinking water disinfection. Water research, 47(12), 
3959-3965. 

[56] Bhatnagar, A., Kumar, E., & Sillanpää, M. (2010). Nitrate removal from water by nano-alumina: 
Characterization and sorption studies. Chemical Engineering Journal, 163(3), 317-323. 

[57] Heidarpour, F., Ghani, W. W. A. K., Fakhru’l-Razi, A., Sobri, S., Heydarpour, V., Zargar, M., & 
Mozafari, M. R. (2011). Complete removal of pathogenic bacteria from drinking water using nano 
silver-coated cylindrical polypropylene filters. Clean Technologies and Environmental 
Policy, 13(3), 499-507. 

[58] Dankovich, T. A., & Gray, D. G. (2011). Bactericidal paper impregnated with silver nanoparticles 
for point-of-use water treatment. Environ. Sci. Technol, 45(5), 1992-1998. 

[59] Roy, E., Patra, S., Karfa, P., Madhuri, R., & Sharma, P. K. (2017). Role of Magnetic Nanoparticles 
in Providing Safe and Clean Water to Each Individual. In Complex Magnetic Nanostructures (pp. 
281-316). Springer International Publishing. 

[60] Gupta, A. K., Ghosal, P. S., & Dubey, B. K. (2017). Hybrid Nanoadsorbents for Drinking Water 
Treatment: A Critical Review. Hybrid Nanomaterials: Advances in Energy, Environment, and 
Polymer Nanocomposites, 199. 

[61] Anadão, P. (2017). Nanocomposite filtration membranes for drinking water purification. In Water 
Purification (pp. 517-549). 

[62] Tomar, V. (2017). Elimination of hazardous fluoride from drinking water using Th–Mn 
nanoadsorbent. Int J Nano Med & Eng, 2(7), 131-140. 

[63] Liu, C., Kong, D., Hsu, P. C., Yuan, H., Lee, H. W., Liu, Y., ... & Maraccini, P. A. (2016). Rapid 
water disinfection using vertically aligned MoS2 nanofilms and visible light. Nature 
nanotechnology, 11(12), 1098-1104. 

[64] Antwi, D. M. B., & Acheampong, M. A. (2016). Modification of Titanium Dioxide Nanoparticles 
for Phosphate Removal from Waste water. Journal of Applied Science, Technology & 
Management, 1(1), 18-36. 

[65] Bolisetty, S., & Mezzenga, R. (2016). Amyloid–carbon hybrid membranes for universal water 
purification. Nature nanotechnology, 11(4), 365. 

[66] Sharma, V. K., McDonald, T. J., Kim, H., & Garg, V. K. (2015). Magnetic graphene–carbon 
nanotube iron nanocomposites as adsorbents and antibacterial agents for water 
purification. Advances in colloid and interface science, 225, 229-240. 

[67] Wang, Y., Liu, L., Hong, J., Cao, J., & Deng, C. (2018). A novel Fe (OH) 3/g-C3N4 composite 
membrane for high efficiency water purification. Journal of Membrane Science, 564, 372-381. 
DOI : https://doi.org/10.1016/j.memsci.2018.07.027. 

[68] Heiranian, M., Farimani, A. B., & Aluru, N. R. (2015). Water desalination with a single-layer MoS 
2 nanopore. Nature communications, 6, 8616. 

[69] Kou, J., Zhou, X., Lu, H., Wu, F., & Fan, J. (2014). Graphyne as the membrane for water 
desalination. Nanoscale, 6(3), 1865-1870. 

[70] Duan, L., Zhao, Q., Liu, J., & Zhang, Y. (2015). Antibacterial behavior of halloysite nanotubes 



International Journal of Applied Engineering and Management 
Letters (IJAEML), ISSN: Applied, Vol. 2, No. 2, July 2018

SRINIVAS  
PUBLICATION

 

Shubrajyotsna Aithal et al,  (2018);   www.srinivaspublication.com PAGE 25
 

 

decorated with copper nanoparticles in a novel mixed matrix membrane for water 
purification. Environmental Science: Water Research & Technology, 1(6), 874-881. 

[71] Santhosh, C., Kollu, P., Doshi, S., Sharma, M., Bahadur, D., Vanchinathan, M. T., ... & Grace, A. 
N. (2014). Adsorption, photodegradation and antibacterial study of graphene–Fe 3 O 4 
nanocomposite for multipurpose water purification application. RSC Advances, 4(54), 28300-
28308. 

[72] Soyekwo, F., Zhang, Q., Gao, R., Qu, Y., Lin, C., Huang, X., ... & Liu, Q. (2017). Cellulose 
nanofiber intermediary to fabricate highly-permeable ultrathin nanofiltration membranes for fast 
water purification. Journal of Membrane Science, 524, 174-185. 

[73] Surendhiran, D., Sirajunnisa, A., & Tamilselvam, K. (2017). Silver–magnetic nanocomposites for 
water purification. Environmental Chemistry Letters, 15(3), 367-386.  

[74] Pandey, N., Shukla, S. K., & Singh, N. B. (2017). Water purification by polymer nanocomposites: 
an overview. Nanocomposites, 3(2), 47-66. 

[75] Wang, Z., Wu, A., Colombi Ciacchi, L., & Wei, G. (2018). Recent Advances in Nanoporous 
Membranes for Water Purification. Nanomaterials, 8(2), 65. DOI : 
https://doi.org/10.3390/nano8020065 

[76] Thakur, S., Govender, P. P., Mamo, M. A., Tamulevicius, S., & Thakur, V. K. (2017). Recent 
progress in gelatin hydrogel nanocomposites for water purification and beyond. Vacuum, 146, 396-
408. 

[77] Masheane, M. L., Nthunya, L. N., Sambaza, S. S., Malinga, S. P., Nxumalo, E. N., Mamba, B. B., 
& Mhlanga, S. D. (2017). Chitosan-based Nanocomposite Beads for Drinking Water Production. 
In IOP Conference Series: Materials Science and Engineering (Vol. 195, No. 1, p. 012004). IOP 
Publishing. 

[78] Azzouz, I., Habba, Y. G., Capochichi-Gnambodoe, M., Marty, F., Vial, J., Leprince-Wang, Y., & 
Bourouina, T. (2018). Zinc oxide nano-enabled microfluidic reactor for water purification and its 
applicability to volatile organic compounds. Microsystems & Nanoengineering, 4, 17093. 

[79] Carraro, M., Bonchio, M., Modugno, G., & Fiorani, G. (2017). Nanosized metal oxides (NMOs) 
and polyoxometalates (POMs) for antibacterial water treatment. In Application of Nanotechnology 
in Membranes for Water Treatment (pp. 169-188). CRC Press. 

[80] Antwi, D. M. B., & Acheampong, M. A. (2016). Modification of Titanium Dioxide Nanoparticles 
for Phosphate Removal from Waste water. Journal of Applied Science, Technology & 
Management, 1(1), 18-36. 

[81] Davis, J. M. (2007). How to assess the risks of nanotechnology: learning from past 
experience. Journal of nanoscience and nanotechnology, 7(2), 402-409. 

[82] Jones, R. (2007). Can nanotechnology ever prove that it is green?. Nature Nanotechnology, 2(2), 
71. 

[83] Tiede, K., Hanssen, S. F., Westerhoff, P., Fern, G. J., Hankin, S. M., Aitken, R. J., ... & Boxall, A. 
B. (2016). How important is drinking water exposure for the risks of engineered nanoparticles to 
consumers?. Nanotoxicology, 10(1), 102-110. 

[84] Handy, R. D., & Shaw, B. J. (2007). Toxic effects of nanoparticles and nanomaterials: implications 
for public health, risk assessment and the public perception of nanotechnology. Health, Risk & 
Society, 9(2), 125-144. 

[85] Lee S. F., and Ko, A. S. O., (2000). Building Balanced Scorecard with SWOT Analysis, and 
Implementing, Sun Tzu’s The Art of Business Management Strategies' on QFD Methodology. 
Managerial Auditing Journal 15 (1–2), 68–76. 



International Journal of Applied Engineering and Management 
Letters (IJAEML), ISSN: Applied, Vol. 2, No. 2, July 2018

SRINIVAS  
PUBLICATION

 

Shubrajyotsna Aithal et al,  (2018);   www.srinivaspublication.com PAGE 26
 

 

[86] Aithal, P. S. and Suresh Kumar, P. M. (2015). Applying SWOC Analysis to an Institution of Higher 
Education. International Journal of Management, IT and Engineering (IJMIE), 5(7), 231-247. DOI 
:http://doi.org/10.5281/zenodo.163425. 

[87] Gupta, A. (2013). Environment & PEST analysis: an approach to external business 
environment. International Journal of Modern Social Sciences, 2(1), 34-43. 

[88] Aithal, P. S., V.T. Shailashree, P. M. Suresh Kumar, (2015). A New ABCD Technique to Analyze 
Business Models & Concepts. International Journal of Management, IT and Engineering (IJMIE), 
5(4), 409 – 423. DOI : http://doi.org/10.5281/zenodo.61652. 

[89] Aithal, P. S., (2016). Study on ABCD Analysis Technique for Business Models, business strategies, 
Operating Concepts & Business Systems. International Journal in Management and Social 
Science, 4(1), 98-115. DOI : http://doi.org/10.5281/zenodo.161137. 

[90] Porter, M. E. (1985). Competitive Advantage: Creating and Sustaining Superior Performance. 
New York: The Free Press. 

[91] Aithal, P. S., (2017). ABCD Analysis as Research Methodology in Company Case Studies. 
International Journal of Management, Technology, and Social Sciences (IJMTS), 2(2), 40-54. 
DOI: http://dx.doi.org/10.5281/zenodo.891621. 

[92] Architha Aithal, and Aithal, P. S., (2017). ABCD Analysis of Task Shifting – An optimum 
Alternative Solution to Professional Healthcare Personnel Shortage. International Journal of 
Health Sciences and Pharmacy (IJHSP), 1(2), 36-51. DOI: 
http://dx.doi.org/10.5281/zenodo.1038975. 

[93] Aithal, P. S. & Suresh Kumar, P. M. (2016). Opportunities and Challenges for Private Universities 
in India. International Journal of Management, IT and Engineering (IJMIE), 6(1), 88-113. DOI : 
http://doi.org/10.5281/zenodo. 161157. 

[94] Padmanabha Shenoy, & Aithal, P. S., (2016). A Study on History of Paper and possible Paper Free 
World. International Journal of Management, IT and Engineering (IJMIE), 6(1), 337-355. DOI : 
http://doi.org/10.5281/zenodo. 161141. 

[95] Aithal, P.S., (2015). Comparative Study on MBA Programmes in Private & Public Universities - 
A case study of MBA programme plan of Srinivas University, International Journal of 
Management Sciences and Business Research (IJMSBR), 4(12), 106-122. DOI : 
http://doi.org/10.5281/z enodo.163884. 

[96] Aithal P. S., & Shubhrajyotsna Aithal (2016). Impact of On-line Education on Higher Education 
System. International Journal of Engineering Research and Modern Education (IJERME), 1(1), 
225-235. DOI : http://doi.org/ 10.5281/zenodo.161113. 

[97] Aithal P. S., and Suresh Kumar P. M., (2016). Analysis of Choice Based Credit System in Higher 
Education. International Journal of Engineering Research and Modern Education (IJERME), 1(1), 
278-284. DOI : http://doi.org/ 10.5281/zenodo.161046. 

[98] Varun Shenoy and Aithal, P. S., (2016). Changing Approaches in Campus Placements - A new 
futuristic Model, International Journal of Scientific Research and Modern Education (IJSRME), 
1(1), 766 – 776. DOI : http://doi.org /10.5281/zenodo.160966. 

[99] Prithi Rao, and Aithal, P.S. (2016). Green Education Concepts & Strategies in Higher Education 
Model, International Journal of Scientific Research and Modern Education (IJSRME), 1(1), 793-
802.  DOI : http://doi.org/ 10.5281/zenodo.160877. 

[100] Aithal, P. S. & Shubhrajyotsna Aithal (2016). Ekalavya Model of Higher Education – an 
Innovation of IBM’s Big Data University. International Journal of Current Research and Modern 
Education (IJCRME), 1(2), 190-205. DOI: http://dx.doi.org/10.5281/ZENODO.198704. 

********* 


