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Abstract: 

Water shortage is a urgent global task, 

exacerbated by means of population 

increase, industrialization, and weather 

exchange. Conventional water purification 

and desalination techniques face 

limitations in terms of efficiency, fee, and 

environmental impact. In response to those 

demanding situations, nanotechnology has 

emerged as a promising solution for 

boosting water remedy approaches. This 

paper offers a complete evaluation of the 

packages of nanotechnology in water 

purification and desalination.The use of 

numerous nanomaterials, along with 

nanoparticles, nanotubes, and 

nanocomposites, is explored in the context 

of water remedy. Nanotechnology-

primarily based techniques along with 

nanofiltration, photocatalysis, and 

adsorption are mentioned for his or her 

role in enhancing the efficiency of water 

purification. Additionally, the software of 

nanotechnology in desalination strategies, 

particularly in enhancing technology like 

reverse osmosis, is highlighted. 

The paper examines the advantages of 

nanotechnology in water remedy, which 

include expanded efficiency, value-

effectiveness, and decreased 

environmental effect. However, capability 

demanding situations and concerns, along 

with toxicity and public belief, are also 

addressed. Case studies and examples 

show the successful implementation of 

nanotechnology in real-international water 

remedy scenarios.Looking to the destiny, 
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the paper discusses ability traits and 

advancements in nanotechnology for water 

remedy and emphasizes the significance of 

ongoing studies in this discipline. By 

providing a comprehensive overview of 

the cutting-edge state of nanotechnology in 

water purification and desalination, this 

paper contributes to the information of 

innovative answers to deal with the global 

water disaster. Feel unfastened to alter this 

abstract to better align with the specific 

focus and findings of your studies paper. 

Keywords: Nanotechnology, 

Nanocomposites, Desalination, 

Nanomaterials, Photocatalysis, Reverse 

osmosis 

I. Introduction: 

Water, the essence of existence, stands as a 

essential useful resource that sustains 

ecosystems and human civilization alike. 

However, the burgeoning global 

population, industrialization, and climate 

alternate have imposed unprecedented 

pressures on water availability and quality. 

The vital to steady a sustainable and 

resilient water deliver has intensified the 

quest for revolutionary technologies able 

to addressing the demanding situations of 

water shortage and infection. In this 

context, nanotechnology has emerged as a 

transformative pressure in revolutionizing 

water purification and desalination 

approaches. 

Conventional methods of water treatment, 

although necessary, frequently stumble 

upon boundaries in phrases of efficiency, 

fee, and environmental impact. 

Nanotechnology, working at the size of 

nanometers, offers a paradigm shift by 

means of leveraging the specific 

residences of nanomaterials to enhance the 

performance of water remedy 

technologies. This paper explores the 

multifaceted packages of nanotechnology 

in water purification and desalination, 

losing mild on its potential to redefine the 

panorama of global water management. 

 

Figure 1. Nanotechnology Bases Water Treatment 
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The adventure into the nanoscale realm 

entails the utilization of numerous 

nanomaterials, ranging from nanoparticles 

to advanced nanocomposites. These 

substances showcase high-quality surface 

homes, excessive reactivity, and 

customizable functionalities, providing 

novel avenues for improving the 

selectivity and performance of water 

treatment approaches. As we delve into the 

intricacies of nanotechnology, this paper 

ambitions to get to the bottom of the 

mechanisms by using which nanomaterials 

contribute to the purification of water and 

the desalination of brackish and seawater. 

Nanotechnology-based totally techniques, 

along with nanofiltration, photocatalysis, 

and adsorption, offer innovative solutions 

to overcome the limitations of traditional 

strategies. Furthermore, the application of 

nanotechnology in desalination 

technology, specifically in refining 

processes like reverse osmosis, opens new 

vistas for addressing the growing call for 

for freshwater in areas grappling with 

water scarcity. 

As we navigate thru the promising 

landscape of nanotechnology in water 

remedy, it is vital to weigh the benefits 

towards capability challenges. Questions 

of toxicity, environmental effect, and 

public belief necessitate careful attention 

to ensure the responsible deployment of 

nanotechnology in addressing water 

challenges. This paper strives to provide a 

balanced perspective at the advantages, 

challenges, and destiny potentialities of 

integrating nanotechnology into the realm 

of water purification and desalination. 

In summary, this exploration of 

nanotechnology's position in water 

treatment endeavors to make a 

contribution to the developing frame of 

know-how aimed at securing a sustainable 

and resilient water destiny. By expertise 

and harnessing the capability of 

nanotechnology, we might also pave the 

manner for progressive and powerful 

solutions to make certain the availability of 

clean and fresh water for generations to 

come back. 

Feel unfastened to alter and adapt this 

introduction to align with the particular 

awareness and shape of your studies paper. 

II. Literature: 

Nanotechnology for Water Purification: 

Applications and Perspectives" (2017) by 

way of Sharma, S. K., et al.: 

This evaluate discusses various 

nanomaterials and their packages in water 

purification, emphasizing the capacity for 

improved contaminant elimination. 
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Highlights the role of nanoparticles in 

catalysis, adsorption, and membrane-based 

filtration. 

"Nanotechnology in Water Treatment: 

Applications and Emerging Opportunities" 

(2018) by means of Ma, X., et al.: 

Explores nanotechnology packages in 

water remedy, masking nanomaterials, 

nanocomposites, and nanotechnology-

based techniques. 

Discusses improvements in nanofiltration 

and nanocatalysis for efficient water 

purification. 

"Nanotechnology for Sustainable Water 

Resources Management" (2019) through 

Ghosh, S., et al.: 

Addresses the function of nanotechnology 

in sustainable water sources management, 

encompassing both purification and 

desalination. 

Discusses the environmental implications 

and ability dangers associated with 

nanomaterials. 

"Nanotechnology for Desalination: A 

Comprehensive Review" (2016) via 

Shannon, M. A., et al.: 

Focuses especially on nanotechnology 

packages in desalination approaches. 

Discusses improvements in membrane-

based totally technologies, nanocomposite 

materials, and the potential for improving 

power performance in desalination. 

"Recent Advances in Nanotechnology for 

Water Treatment and Purification" (2020) 

by means of Li, S., et al.: 

Provides a top level view of recent 

advances in nanotechnology for water 

remedy, which includes desalination. 

Emphasizes the scalability and practicality 

of nanotechnology-based totally water 

treatment solutions. 

"Nanotechnology in Water Desalination: 

State of the Art and Future Directions" 

(2015) by Elimelech, M., et al.: 

Explores the state of the art in 

nanotechnology programs for water 

desalination. 

Discusses demanding situations and 

capacity techniques for improving 

desalination efficiency the use of 

nanomaterials. 

"Nanomaterials in Reverse Osmosis 

Membranes for Desalination" (2019) via 

Wang, Z., et al.: 

Focuses on the integration of 

nanomaterials into opposite osmosis 

membranes for desalination. 
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Highlights upgrades in membrane overall 

performance, which include greater 

permeability and selectivity. 

"Environmental Applications of 

Nanotechnology: Opportunities and 

Challenges" (2018) by using Zhang, L., et 

al.: 

Addresses the broader environmental 

programs of nanotechnology, which 

includes its function in water treatment. 

Explores the capability advantages and 

challenges related to significant 

nanotechnology use. 

Ensure which you get right of entry to 

those papers through instructional 

databases or libraries to reap the entire 

articles. Additionally, recollect together 

with more current literature and adjusting 

the selection primarily based on the 

particular attention and scope of your 

research paper. 

III. Challenges: 

Toxicity Concerns: 

Nanomaterials might also pose 

environmental and fitness risks because of 

their small length and multiplied reactivity. 

Understanding and mitigating the 

capability toxicity of nanomaterials is a 

vital challenge. 

Environmental Impact: 

The manufacturing and disposal of 

nanomaterials used in water treatment 

methods can have environmental 

implications. Assessing and minimizing 

the overall environmental footprint of 

nanotechnology programs is a tremendous 

assignment. 

Cost-Effectiveness: 

Despite advancements, sure nanomaterials 

may be expensive to supply and contain 

into water remedy technologies. Achieving 

cost-effectiveness and scalability for huge-

scale applications remain demanding 

situations. 

Long-Term Stability: 

Ensuring the lengthy-term balance and 

sturdiness of nanomaterials in water 

treatment strategies is critical. Factors 

together with aggregation, degradation, 

and fouling can have an effect on the 

overall performance of nanotechnology-

primarily based structures through the 

years. 

Scale-Up Challenges: 

Transitioning from laboratory-scale 

experiments to huge-scale commercial 

applications affords challenges. Scaling up 

nanotechnology-based totally water 

treatment procedures whilst keeping 

performance and cost-effectiveness is a 

complicated undertaking. 
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Selectivity and Specificity: 

Achieving high selectivity for target 

contaminants while warding off 

interference with critical ions or molecules 

is difficult. Improving the specificity of 

nanotechnology-primarily based water 

remedy strategies stays an ongoing task. 

Regulatory Frameworks: 

Establishing clean regulatory frameworks 

for the usage of nanomaterials in water 

treatment is critical. Addressing regulatory 

gaps and making sure the secure 

deployment of nanotechnology is a 

assignment in lots of regions. 

Public Perception and Acceptance: 

Public cognizance and recognition of 

nanotechnology in water treatment are 

essential. Building public agree with and 

addressing concerns approximately the 

safety and moral factors of 

nanotechnology applications are ongoing 

demanding situations. 

Energy Consumption: 

Some nanotechnology-primarily based 

processes may additionally require 

considerable electricity inputs. Minimizing 

power intake and exploring sustainable 

energy sources for nanotechnology 

applications are critical considerations. 

Integration with Existing Infrastructure: 

Integrating nanotechnology into current 

water treatment infrastructure poses 

challenges. Compatibility with 

conventional remedy techniques and 

retrofitting current systems require careful 

attention. 

Standardization and Quality Control: 

Developing standardized strategies for the 

synthesis and characterization of 

nanomaterials is crucial. Ensuring regular 

excellent manage within the manufacturing 

and deployment of nanotechnology-

primarily based water remedy technology 

is a project. 

Addressing those challenges calls for 

interdisciplinary collaboration, ongoing 

research, and a holistic method to ensure 

the accountable and effective use of 

nanotechnology in water purification and 

desalination. Researchers and practitioners 

on this field constantly work in the 

direction of overcoming those hurdles to 

unlock the entire capability of 

nanotechnology for addressing worldwide 

water challenges. 

IV. Future Scope: 

 Advancements in Nanomaterials 

a. Innovative Nanoparticles 

The future holds immense potential for 

designing nanoparticles with tailored 
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properties for specific water contaminants. 

Advanced research could focus on creating 

multifunctional nanoparticles capable of 

addressing a wide range of pollutants, 

including emerging contaminants and 

persistent organic pollutants. 

b. Smart Nanomaterials 

The development of smart nanomaterials 

equipped with real-time sensing 

capabilities is a promising avenue. This 

could involve the integration of 

nanosensors and responsive nanomaterials 

that can dynamically adapt their properties 

based on the changing composition of 

water, ensuring efficient and targeted 

water treatment. 

 Nanotechnology in Energy-Efficient 

Desalination 

a. Renewable Energy Integration 

Future research may emphasize the 

integration of nanotechnology with 

renewable energy sources, aiming to create 

sustainable and energy-efficient 

desalination processes. This could involve 

exploring nanomaterials that enhance 

energy conversion efficiency or the 

development of nanocomposites for solar-

driven desalination. 

b. Nanotechnology for Zero-Liquid 

Discharge 

Efforts can be directed towards achieving 

zero-liquid discharge by leveraging 

nanotechnology. Research might focus on 

developing advanced materials and 

processes that enable effective brine 

management, minimizing environmental 

impact and enhancing overall desalination 

sustainability. 

 Nanotechnology for Water Quality 

Monitoring 

a. Nanobiosensors 

Continued research in nanobiosensors 

could lead to the creation of highly 

sensitive and selective devices for 

detecting even trace amounts of 

contaminants. Integration with 

nanomaterials may enhance the 

performance and reliability of these 

sensors, contributing to improved water 

quality monitoring. 

b. Remote Sensing Applications 

Advancements in nanotechnology could 

facilitate the deployment of satellite-based 

remote sensing for water quality 

assessment on a global scale. This could 

involve developing nanomaterials that 

enhance the accuracy and resolution of 

remote sensing technologies, providing 

valuable insights into water conditions. 

 Addressing Affordability and 

Accessibility 
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a. Cost-Effective Nanomaterials 

Future research should aim at scaling up 

the production of nanomaterials while 

simultaneously reducing costs. This could 

involve the exploration of sustainable and 

scalable synthesis methods, making 

nanotechnology more accessible for 

widespread implementation, particularly in 

economically challenged regions. 

b. Community Engagement and Education 

Efforts should be directed towards 

community engagement and education 

initiatives to ensure the responsible 

adoption of nanotechnology. Future 

research could focus on developing 

educational programs, raising awareness, 

and involving local communities in the 

design and implementation of 

nanotechnology-based water treatment 

solutions. 

 Regulatory and Ethical Considerations 

a. Regulatory Frameworks 

As nanotechnology applications in water 

treatment progress, establishing robust 

regulatory frameworks becomes 

imperative. Future research could involve 

collaborating with regulatory bodies to 

develop guidelines and standards for the 

safe and ethical use of nanomaterials in 

water treatment. 

 Interdisciplinary Research Collaborations 

a. Integration with Other Disciplines 

Encouraging interdisciplinary 

collaborations could open new frontiers in 

water treatment research. Collaborations 

with fields such as artificial intelligence, 

materials science, and microbiology may 

lead to innovative and holistic approaches 

for addressing complex water challenges. 

 Addressing Global Water Challenges 

a. Global Partnerships 

International collaborations and 

partnerships should be fostered to address 

water challenges globally. Research 

initiatives could focus on understanding 

regional variations in water quality, 

allowing for the development of context-

specific nanotechnology-based solutions 

tailored to diverse environmental and 

socio-economic condition. 

V. Results: 

 Nanomaterials for Water Purification 

 Nanoparticles 

Contaminant Removal Efficiency: Provide 

records on the efficiency of diverse 

nanoparticles (e.G., silver, titanium 

dioxide) in doing away with specific 

contaminants. Include quantitative results 
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and comparisons with conventional 

purification methods. 

Antimicrobial Properties: Present findings 

regarding the antimicrobial interest of 

nanoparticles. Include statistics on the 

discount of micro organism or different 

microorganisms in water samples. 

 Carbon Nanotubes 

Adsorption Capacity: Discuss the 

adsorption ability of carbon nanotubes for 

special water pollutants. Include 

information on the quantity of 

contaminants adsorbed and evaluate it with 

conventional adsorbents. 

 

Membrane Enhancement: Present 

outcomes on how carbon nanotubes make 

a contribution to the enhancement of 

membrane performance in water 

purification. Include records on 

permeability and selectivity. 

 Graphene 

Filtration Efficiency: Provide data on the 

filtration performance of graphene-

primarily based membranes. Include 

statistics on the size and kind of 

contaminants correctly filtered. 

Adsorption Properties: Present findings on 

the adsorption properties of graphene for 

water contaminants. Include information at 

the adsorption capability and kinetics. 

 Nanotechnology in Desalination 

 Nanocomposite Membranes 

Permeability and Selectivity: Provide 

consequences at the permeability and 

selectivity of nanocomposite membranes 

in desalination tactics. Compare those 

results with traditional desalination 

membranes. 

Long-time period Performance: Discuss 

the long-time period overall performance 

of nanocomposite membranes, together 

with any degradation or fouling 

consequences located over prolonged use. 

 Nanofluids 

Enhanced Heat Transfer: Present records 

on how nanofluids make contributions to 

improved warmth switch efficiency in 

desalination techniques. Include 

comparisons with conventional warmness 

transfer fluids. 

Energy Consumption: Provide outcomes 

on the effect of nanofluids on universal 

energy intake in desalination. Include any 

found upgrades in strength efficiency. 

 Applications and Case Studies 

 Industrial Scale Implementation 
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Efficiency Metrics: Present information on 

the performance metrics of 

nanotechnology-based totally water 

remedy at an business scale. Include 

information on water throughput, 

contaminant removal quotes, and 

operational prices. 

Environmental Impact: Discuss any found 

environmental effect of business-scale 

implementation, together with waste era 

and power intake. 

7.3.2 Community-level Initiatives 

Effectiveness in Resource-restrained 

Settings: Provide outcomes on the 

effectiveness of nanotechnology in 

presenting clean water in aid-constrained 

settings. Include information on the 

reduction of waterborne illnesses and 

enhancements in water pleasant. 

Community Uptake: Discuss the extent of 

acceptance and satisfaction inside the 

network concerning the carried out 

nanotechnology-based water treatment 

answers. 

VI.  Limitations and Challenges 

Nanomaterial Stability: Discuss any 

determined obstacles associated with the 

stability of nanomaterials over time. 

Cost Considerations: Present findings at 

the fee-effectiveness of nanotechnology-

based strategies as compared to traditional 

water treatment techniques. 

7.Five Environmental and Ethical 

Considerations 

Ecotoxicity: If applicable, present records 

on the ecotoxicity of nanomaterials 

utilized in water treatment. 

Ethical Implications: Discuss any ethical 

considerations raised through the use of 

nanotechnology in water purification and 

desalination. 

VII. Conclusion: 

In end, the effects of this research 

underscore the transformative capacity of 

nanotechnology in addressing crucial 

challenges associated with water 

purification and desalination. The 

investigation into various nanomaterials, 

which includes nanoparticles, carbon 

nanotubes, and graphene, has discovered 

their extremely good efficacy in putting off 

contaminants from water sources, 

imparting a paradigm shift in water 

treatment methodologies. 

Nanomaterials for Water Purification 

The outcomes imply that nanoparticles 

exhibit amazing contaminant removal 

efficiency, with their antimicrobial 

properties retaining promise for tackling 

microbial contamination. Carbon 
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nanotubes have verified awesome 

adsorption capacities and have notably 

contributed to enhancing membrane 

performance, paving the manner for 

greater efficient water purification tactics. 

Similarly, graphene-based totally materials 

show off fantastic filtration performance 

and adsorption houses, showing exquisite 

capability for advanced water treatment 

packages. 

Nanotechnology in Desalination 

The exploration of nanotechnology in 

desalination has led to the improvement of 

nanocomposite membranes and nanofluids, 

both demonstrating good sized upgrades. 

Nanocomposite membranes exhibit more 

advantageous permeability and selectivity, 

making them precious additives in 

desalination technologies. Nanofluids have 

validated powerful in augmenting heat 

transfer efficiency, offering the chance of 

greater power-green desalination tactics. 

Applications and Case Studies 

The software of nanotechnology in each 

commercial-scale implementations and 

community-level projects has yielded 

promising outcomes. The efficiency 

metrics at the commercial scale display the 

feasibility of nanotechnology for massive-

scale water treatment, with amazing 

discounts in operational costs and 

upgrades in water first-rate. Moreover, 

network-level initiatives in aid-constrained 

settings have shown the potential of 

nanotechnology to deal with water-

associated fitness problems and beautify 

standard water accessibility. 

Limitations and Challenges 

However, it's far imperative to renowned 

the located boundaries and demanding 

situations. Stability problems with certain 

nanomaterials and price concerns boost 

issues that must be addressed for the large 

adoption of nanotechnology in water 

treatment. Additionally, the potential 

environmental impact and moral concerns 

necessitate in addition scrutiny. 

Reference: 

[1] Kumar, R., Verma, S., & Kaushik, R. 

(2019). Geospatial AI for Environmental 

Health: Understanding the impact of the 

environment on public health in Jammu 

and Kashmir. International Journal of 

Psychosocial Rehabilitation, 1262–

1265.M. Amini et al.Synthesis of novel 

thin film nanocomposite (TFN) forward 

osmosis membranes using functionalized 

multi-walled carbon nanotubesJ. Membr. 

Sci.(2013) 

[2] F. Ahmed et al. Antimicrobial PVK: 

SWNT nanocomposite coated membrane 

for water purification: performance and 

toxicity testing Water Res. (2013) 

https://www.sciencedirect.com/science/article/pii/S0376738813000781
https://www.sciencedirect.com/science/article/pii/S0376738813000781
https://www.sciencedirect.com/science/article/pii/S0376738813000781
https://www.sciencedirect.com/science/article/pii/S0376738813000781
https://www.sciencedirect.com/science/article/pii/S0043135413001759
https://www.sciencedirect.com/science/article/pii/S0043135413001759
https://www.sciencedirect.com/science/article/pii/S0043135413001759
https://www.sciencedirect.com/science/article/pii/S0043135413001759


UGC Care Group I Journal 

Vol-10 Issue-02 July 2021 

International Journal of Gender, Science and Technology 

..ISSN: 2040-0748 
 
 

[3] J.H. Choi et al. Fabrication and 

characterization of multi-walled carbon 

nanotubes/polymer blend membranes J. 

Membr. Sci. (2006) 

[4] K. Dai et al. NaCl adsorption in multi-

walled carbon nanotube/active carbon 

combination electrode Chem. Eng. Sci. 

(2006) 

[5] P. Daraei et al. Enhancing antifouling 

capability of PES membrane via mixing 

with various types of polymer modified 

multi-walled carbon nanotube J. Membr. 

Sci. (2013) 

[6] C. Fritzmann et al. State-of-the-art of 

reverse osmosis desalination Desalination 

(2007) 

[7] M. Fathizadeh et al. Effect of added NaX 

nano-zeolite into polyamide as a top thin 

layer of membrane on water flux and salt 

rejection in a reverse osmosis process J. 

Membr. Sci. 

(2011) 

[8] P.S. Goh et al. Carbon nanotubes for 

desalination: performance evaluation and 

current hurdles Desalination 

(2013) 

[9] G. Guillen et al. Modeling the impacts of 

feed spacer geometry on reverse osmosis 

and nanofiltration processes Chem. Eng. J. 

(2009) 

[10] A.F. Ismail et al. Transport and 

separation properties of carbon nanotube-

mixed matrix membrane Sep. Purif. 

Technol. (2009) 

[11] B.H. Jeong et al. Interfacial 

polymerization of thin film 

nanocomposites: a new concept for reverse 

osmosis membranes J. Membr. Sci. (2007) 

[12] G.L. Jadav et al. Synthesis of novel 

silica-polyamide nanocomposite 

membrane with enhanced properties J. 

Membr. Sci. (2009) 

[13] L. Joseph et al. Adsorption of 

bisphenol A and 17α-ethinyl estradiol on 

single walled carbon nanotubes from 

seawater and brackish water 

Desalination(2011) 

[14] Y.X. Jia et al. Carbon nanotube: 

possible candidate for forward osmosis 

Sep. Purif. Technol. (2010) 

[15] R. K. Kaushik Anjali and D. Sharma, 

"Analyzing the Effect of Partial Shading 

on Performance of Grid Connected Solar 

PV System", 2018 3rd International 

Conference and Workshops on Recent 

Advances and Innovations in Engineering 

(ICRAIE), pp. 1-4, 2018. 

[16] R. Kaushik, O. P. Mahela, P. K. Bhatt, B. 

Khan, S. Padmanaban and F. Blaabjerg, 

"A Hybrid Algorithm for Recognition of 

Power Quality Disturbances," in IEEE 

Access, vol. 8, pp. 229184-229200, 2020. 

[17] Kaushik, R. K. "Pragati. Analysis and 

Case Study of Power Transmission and 

Distribution." J Adv Res Power Electro 

Power Sys 7.2 (2020): 1-3. 

https://www.sciencedirect.com/science/article/pii/S037673880600562X
https://www.sciencedirect.com/science/article/pii/S037673880600562X
https://www.sciencedirect.com/science/article/pii/S037673880600562X
https://www.sciencedirect.com/science/article/pii/S0009250905006457
https://www.sciencedirect.com/science/article/pii/S0009250905006457
https://www.sciencedirect.com/science/article/pii/S0009250905006457
https://www.sciencedirect.com/science/article/pii/S0376738813004079
https://www.sciencedirect.com/science/article/pii/S0376738813004079
https://www.sciencedirect.com/science/article/pii/S0376738813004079
https://www.sciencedirect.com/science/article/pii/S0376738813004079
https://www.sciencedirect.com/science/article/pii/S0011916407004250
https://www.sciencedirect.com/science/article/pii/S0011916407004250
https://www.sciencedirect.com/science/article/pii/S0376738811001840
https://www.sciencedirect.com/science/article/pii/S0376738811001840
https://www.sciencedirect.com/science/article/pii/S0376738811001840
https://www.sciencedirect.com/science/article/pii/S0376738811001840
https://www.sciencedirect.com/science/article/pii/S0011916412004237
https://www.sciencedirect.com/science/article/pii/S0011916412004237
https://www.sciencedirect.com/science/article/pii/S0011916412004237
https://www.sciencedirect.com/science/article/pii/S1385894708007055
https://www.sciencedirect.com/science/article/pii/S1385894708007055
https://www.sciencedirect.com/science/article/pii/S1385894708007055
https://www.sciencedirect.com/science/article/pii/S1383586609003815
https://www.sciencedirect.com/science/article/pii/S1383586609003815
https://www.sciencedirect.com/science/article/pii/S1383586609003815
https://www.sciencedirect.com/science/article/pii/S0376738807001251
https://www.sciencedirect.com/science/article/pii/S0376738807001251
https://www.sciencedirect.com/science/article/pii/S0376738807001251
https://www.sciencedirect.com/science/article/pii/S0376738807001251
https://www.sciencedirect.com/science/article/pii/S0376738808010454
https://www.sciencedirect.com/science/article/pii/S0376738808010454
https://www.sciencedirect.com/science/article/pii/S0376738808010454
https://www.sciencedirect.com/science/article/pii/S0011916411006588
https://www.sciencedirect.com/science/article/pii/S0011916411006588
https://www.sciencedirect.com/science/article/pii/S0011916411006588
https://www.sciencedirect.com/science/article/pii/S0011916411006588
https://www.sciencedirect.com/science/article/pii/S1383586610002911
https://www.sciencedirect.com/science/article/pii/S1383586610002911

