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ABSTRACT 
Environmental engineering paradigm is moving briskly from one visionary frontier over another. 
Membrane separation techniques and application of nanofiltration in dealing with separation of 
oil-field spills has virtually restructured and re-envisioned the entire concept of separation 
processes and mass transfer operations. History of environmental engineering and application of 
environmental engineering restrictions and legislations has brought human mankind to a 
visionary issue of a justified cause serving the human society. Human society today is in the 
brink of disaster and immense catastrophe. Ecological imbalance and environmental disasters 
have already and inevitably questioned the upshot and the result of the immense outcry of the 
civil society concerning environmental issues. In such a critical juncture of history and time, the 
need of the hour is the enforcement of major environmental restrictions and visionary scientific 
advancements. This review questions the viability and understanding of the application of 
nanofiltration in treating oil field spill. History of mankind as well as history of environmental 
engineering will be burgeoned if humanity envisions to an immense degree the issues and 
intricacies of the subject of nanofiltration of oil-field spills. The main question which needs to be 
targeted and vehemently addressed is the success and effectivity of the separation technique of 
nanofiltration of oil field spills. The author effectively pursues the environmental problem of 
controlling oil-spills in marine environment and finally provides an insight into the future 
potential of nanofiltration. 
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INTRODUCTION 
Environmental engineering history today 
stands in the midst of immense catastrophe. 
Water pollution and ground water 
contamination has brought human civilization 
to an astounding halt and a crucial situation. 
Oil spillages is a primordial issue in the greater 
paradigm of environmental engineering 
catastrophe. History is repeating itself at every 
twists and turns of environmental engineering 
concept. The oil spillage issue needs to be 
addressed with immense scientific determ-
ination and scientific fortitude. Scientific 
steadfastness in the advancements in the 
domain of application of nanofiltration in 
treating oil spills and eventually separating oil 
and water remains as a major entanglement in 
human mankind and history of today’s 
environmental engineering paradigm. The 

discovery of Loeb-Sourirajan membrane 
science models resurfaces itself in every turn 
of history of application of nanofiltration. It 
pragmatically revolutionized the entire concept 
of separation process and the chemical 
engineering paradigm of mass transfer 
operations. 
Environmental issues needs to be restructured 
and re-envisioned. Oil spills in sea water is a 
primordial issue and ecological as well as 
environmental concern. The vision of this 
treatise is absolutely far-reaching taking 
references from the immense scientific 
endeavour the human mankind as well as the 
scientific civilization has dealt with.  Man’s 
scientific judgement in view of the tackling of 
the environmental concernes as well as 
research and development effort has            
been restructured with a positive vision in this  
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paper. History of science and technology, 
scientific hope and scientific vision are inter-
related. These aspects of human pursuit will 
surely pull human civilization out of the 
immediate and inevitable danger and usher in a 
new era of environmental safety and ecological 
balance. 
Vision behind the present treatise 
Man’s as well as a scientist’s vision is vast, 
varied and versatile. The present treatise deals 
with deep and cogent insight the importance of 
membrane separation processes especially 
nanofiltration in particular. Oil spill and its 
remediation today stands as a major 
impediment to global ecological balance. The 
author deals lucidly on the importance of 
research work done in the field of 
nanofiltration of oil-spills. Scientific vision 
and scientific judgement needs to be revisited 
and readjudicated.  The world of challenges 
and the gamut of difficulties needs to re-
addressed and revamped.  Environmental 
engineering science and global environment is 
at a vicious and vehement state. Man’s vision 
needs to be restructured along with scientific 
progress of human civilization. At this critical  

juncture of history and time, the author 
delineates with lucid details the basic 
phenomena of nanofiltration and the immense 
scientific truth behind its mass transfer 
phenomena. 1-5  

DISCUSSION 
Membrane separation procedures 
The ultimate vision of membrane separation 
processes is wide, bright and instinctive. The 
needs of environmental sustainability to our 
human civilization has propelled the mankind’s 
scientific domain to strive and surge towards 
greater thoughtful understanding. Loeb-
Sourirajan model has revolutionized the 
scientific landscape and answered the questions 
of intricacies of separation processes. Oil field 
spills and the concept of oil spills in general in 
today’s world have an umbilical cord with 
membrane separation processes.6-8 Major oil 
spills are the impetus to scientific advancements 
of oil-water separation processes. The following 
(Table 1) provides a keen insight into the 
characteristics of membrane separation 
processes 

Table 1 : Characteristics of membrane processes 

Process Driving force Retentate Permeate 
Osmosis Chemical potential Solutes, Water Water 

Dialysis Concentration 
difference 

Large molecules, 
Water 

Small molecules, 
Water 

Microfiltration Pressure Suspended particles, 
Water 

Dissolved solutes, 
water 

Ultrafiltration Pressure Large molecules, 
Water 

Small molecules, 
Water 

Nanofiltration Pressure 

Small molecules, 
Divalent salts, 

Dissociated acids, 
Water 

Monovalent Ions, 
Undissociated 
Acids, Water 

Reverse osmosis Pressure All solutes, water Water 

Electrodialysis Voltage/current Non-ionic solutes, 
Water 

Ionized solutes, 
Water 

Pervaporation Pressure Nonvolatile 
molecules, Water 

Volatile small 
molecules, Water 
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Nanofiltration and other membrane 
separation processes 
Nanofiltration and other membrane separa   
tion   processes  in today’s civilization strongly  
affirms itself as a major waste control and 
environmental engineering technique.  Oil spill 
control and remediation has a vision to target 
with the contribution and participation of novel 
separation technique such as nanofiltration. A 
deep and keen insight into the basic overview 
of nanofiltration will open up the fundamental 
approach towards a greater scientific 
understanding and scientific judgement. 
Environmental concerns and scientific 
justification has brought human mankind to 
follow a new perspective and a more newer 
path of endeavour. Novel separation processes 
such as membrane separation processes or 
advanced oxidation techniques has an 
improved and definitive vision. Membrane 
separation processes such as nanofiltration and 
reverse osmosis in dealing with wastewater 
treatment and preventing ecological damage 
due to oil spills are surpassing visionary 
frontiers. Scientific justification needs to be 
reassessed in view of the tremendous 
ecological damage and environmental disasters 
in the last decades or last century. History of 
science and technology remains a blunt 
witness in the last century but pursuits, strong, 

firm and steadfast is winning over many 
boundaries. (Fig.1 and Fig.2) 
Novel separation processes are the new 
generation technologies. History of science 
and technology, immense prudence and 
thoughtful vision will go a long way to solving 
environmental problems and searching for 
industrial pollution control problems. Man’s 
vision needs to be re-addressed with the 
immense scientific progress in industrial 
wastewater treatment, environmental pollution 
control and the deep comprehensive water 
shortage solutions. 
Membrane chemistry 
Membrane chemistry and its structure stand as a 
primordial issue in the immense progress and 
development of membrane separation processes. 
Its intricate function needs to be re-assessed and 
reenvisioned. Efficiency and effectiveness of the 
process needs to be understood at the molecular 
level. The domain of membrane separation 
process and nanofiltration is undergoing severe, 
drastic and far-reaching changes. The vision of 
the application area of nanofiltration is itself in 
the phase of major and drastic restructuring. It is 
a proven vista of research. Its intricate function at 
every turn of scientific advancement is opening 
up new avenues for future researcher to ably 
ponder with scientific intuition and scientific 
judgment. 

 
Fig. 1 :  Membrane process characteristics 
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Fig. 2 :  A spiral wound membrane element 

Membrane properties , membrane 
performance and engineering models 
A greater scientific understanding and greater 
scientific vision in the field of membrane 
separation will be only realized if the intricate 
approach towards membrane properties, 
membrane performance and relevant engine-
ering models and its applications are 
addressed. Membrane properties and mem-
brane engineering models are opening up new 
pathways of effective scientific vision towards 
ecological balance and environmental enginee-
ring fortitude. Scientific and technological 
advancements in membrane science and 
nanofiltration are inspiring as well as path-
breaking. Human endeavour will usher in a 
new dimension and new thought of scientific 
vision and scientific challenges in years to 
come.  
Fouling and cleaning 
Fouling is an intricate hurdle in the 
performance of a membrane. Scientific 
judgement and scientific adjudication is 
leading our path towards a new generation of 
visionary scientific understanding. Subsequent 
cleaning of the membrane is an utmost reality 
and proven technology. Successful membrane 
performance needs unknotting of the deep 
understanding of membrane fouling, concen-
tration boundary layer and membrane cleaning. 
Successful and deep scientific vision and  
scientific understanding remains the only 
backbone of the newer scientific generations. 
Ecological imbalance is the only major focal 

point. The world of challenges needs to be 
reassessed and revamped with a clear view of 
ecological balance in mind’s horizon. The 
challenges are wide and visionary. In such a 
critical juncture of research in membrane 
science, fouling and cleaning of the 
membranes remains as a focal point of future 
scientific judgement and scientific vision. 
The hurdles and barriers to human progress are 
wide, versatile and visionary. Membrane 
science, intricate engineering and the global 
water shortage inconsistencies are the focal 
points facing the human society. Fouling and 
cleaning are the enigmatic questions of the 
world of membrane science. These problems 
need to be vehemently addressed with the 
passage of time in this century. 
Concentration boundary layer phenomenon 
Innovations needs to be restructured and 
reassessed in view of the inevitability of the 
unsuccessful membrane performance and the 
contribution of concentration boundary layer to 
it. The phenomenon of concentration boundary 
layer is a major factor which leads to the 
deeper understanding of the efficiency of the 
membrane. The world of scientific underst-
anding needs to be re-evaluated in respect of 
the immense hurdles to establish a new global 
environmental order. The intricacies and 
innovations to tackle concentration boundary 
layer and other scientific enigmas needs a 
thorough revamping of scientific under-
standing. The scienctific understanding, 
scientific steadfastness and scientific fortitude 
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of human endeavour are immense and 
inimitable. Concentration boundary layer in 
membrane science domain is an intricate 
phenomenon. This phenomenon needs to be 
surpassed in the proper functioning of the 
membrane. 
Concentration boundary layer phenomenon 
today stands as a major issue and a vexing 
problem in the success of membrane 
separation processes. Scientific challenge, 
progress of engineering and the success of 
operation will go a long way in opening new 
doors of scientific intuition in years to come. 
Oily wastewater treatment technique  
Oily wastewater treatment technique stands as 
a primordial issue in overall addressing of the 
ecological imbalance of human civilization and 
the inevitable environmental damage. Research 
advancement and technological pursuit has no 
bounds. History is repeating itself with every 
turn of a decade in the present century. The 
world of challenge is widening and absolutely 
visionary in view of the immense scientific 
progress. Scientific vision and scientific 
rejudgement should move briskly from one 
decade over other. Nanofiltration is a visionary 
techniques which is not new yet immature. So 
scientific judgement will surely be a harbinger 
to the fruits of ecological and environmental 
balance. 
Chemistry of oily wastewater  
The doctrinal approach towards the success of 
the application of nanofiltration is wide, 
versatile and extremely visionary. Scientific 
understanding is moving from one drastic 
challenge to another. The history of science 
and technology needs immense restructuring. 
The world of challenge widens up from one 
proven perspective to another. The chemistry 
and future understanding of the chemistry of 
oily wastewater is challenging as well as 
thought provoking.  The intricacies and hurdles 
behind nanofiltration are not immature and 
well proven. With the progress of science     
and  technology , a new generation of scientific  
judgement will open up new vistas in decades 
and years to come. 
Intricacies of the science of nanofiltration 
Chemistry and engineering of intricacies of 
membrane separation processes is vexing and 

inspiring to future scientific generations. The 
history of science and technology is slowly and 
drastically moving from one vision to another. 
The path and challenges of scientific life and 
scientific justification in view of the 
technological advancements needs lot of 
restructuring and re- envisioning. The 
intricacies of nanofiltration need to be 
rejustified and thoroughly revamped. History 
of science and technology will move towards a 
newer direction and a definitive pathway with 
the vicious issue of ecological imbalance. 
Social impact of oil-spill  
Social impact in view of the oil spill to the 
human civilization is immense and awesome.  
Control of ecological imbalance is a primordial 
issue which needs to be tackled with absolute 
grit and determination. History of mankind 
will be rejudged and re-envisioned in years to 
come with the envitable consequences of one 
environmental disaster over another. Scientific 
understanding needs revamping and reassess-
ment with the progress of civilization and the 
utter understanding of ecological imbalance. 
Oil spills destroys the human ecology and the 
human environment with immense devastation 
and infinite pessimism. Scientific vision needs 
to be redirected towards the efficiency of the 
membrane science particularly nanofiltration. 
Social impact of oil – spills stands today in the 
midst of disaster and pessimism. Human 
civilization and disaster prone human mankind 
needs a thorough revamping in view of the 
immense ecological imbalance and inimitable 
environmental disasters. In such a critical 
juncture, membrane separation processes 
stands adroit with immense optimism. 
Ecological devastation , environmental disaster 
and ecological imbalance are the harbingers of 
catastrophes of human mankind. The question 
of environmental sustainability stands in the 
brink of immense disaster. History of 
civilization will be a glorious witness the 
immense winds of ecological change as 
visionary environmental engineering 
techniques becomes the mainstay.    
 Scientific advancement  
Scientific advancements in the field of 
nanofiltration and nanofiltration of oil spills in 
particular are extremely definitive and 
purposeful. History of science and engineering 
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of nanofiltration is revisiting and reassessing 
itself at every turn of decade in the present 
century. The drastic changes and unwavering 
challenges in the hurdles of application of 
technology of nanofiltration is relentless and 
replete with definitive doctrines.  The 
definitive vision of tomorrow lies in the distant 
horizon of immense scientific fortitude. 
History of science and technology, scientific 
vision and scientific fortitude will surely lead 
the human civilization to a new era of 
innovation. The world of scientific vision and 
immense challenges in the field of 
nanofiltration needs to be readdressed with the 
foray into the midway of this century. 
Challenges before nanofiltration  
Futuristic vision will be towards maintaining a 
high level of effectiveness and efficiency of 
the nanofiltration process. The hurdles and 
barriers to scientific understanding of 
nanofiltration needs to be reshaped. 
Concentration boundary layer hurdles and 
fouling phenomenon will have newer avenues 
of research thrust in years to come. The vision 
for future is inspiring and purposeful  in the 
view of the unending barriers and hurdles to 
overcome ecological imbalance. History of 
science and technology, purposeful optimism 
and definitive vision will go a long way to 
achieve the targets of ecological balance and 
prevention of environmental disasters. 
Concentration boundary layer pheno-
menon,  
Concentration boundary layer stands as a 
difficult phenomenon to be adjudged in the 
functioning of a membrane. Its purposeful 
vision needs to be reassessed for the immense 
application in membrane technology. Fouling 
of a membrane and the phenomenon of 
concentration boundary layer has an umbilical 
cord. In such respect, the success of 
application of nanofiltration membrane needs 
to have a new look of scientific vision and 
scientific prowess. Scientific prowess and 
scientific brilliance needs to be readjudicated 
in view of the tremendous necessity of human 
civilization. 
Social impact of environmental imbalance 
and oil spills 
Social impact, human judgement and human 
progress are interrelated. Oil spills are the 

inevitable disaster of human mankind. Social 
understanding and the growth of a nation’s 
economy are connected to the development of 
tools to prevent inimitable environmental 
disasters. History of science and the march of 
civilization need to be redrafted and re-
envisioned to thrust in the areas of scientific 
pursuit. Social impact and severe ecological 
imbalance are the boons to an inevitable 
disaster of human progress. The tasks are 
unsurpassing in view of clearing the oil spills 
in oceans but the optimism is visionary. 
Future of oil- spill pollution control 
Science and technology has an umbilical cord 
with ecology and surrounding environment. In 
today’s civilization, environmental disaster is a 
boon to the destruction of the fabric of 
ecological balance.  Ecological imbalance has 
a detrimental and deleterious effect on human 
society. Scientific progress needs to be 
restructured and re-envisioned in this vexing 
problem of ecological imbalance. 
Nanofiltration and its application of treating 
oil-spills 
Vision of application of nanofiltration and 
membrane separation processes to human 
needs and the needs of human society is 
surpassing unimaginable scientific frontiers. 
The ultimate vision for the future is replete 
with scientific steadfastness. History of 
civilization stands today in the barrier of 
scientific discovery and the battle ground of 
scientific firmness or scientific validation. 
Validation of research pursuit in the field of 
membrane science is not immature but needs 
to be vehemently addressed with immediate 
visionary effect. Treating oil spills today 
stands as one of the boons to a greater disaster 
to a monstrous ecological imbalance and 
unsurpassing environmental disaster. Today’s 
history of civilization stands viciously in the 
midst of ecological imbalance and scientific 
ingenuity. 
Composition and the ultimate fate of 
petroleum and other spill-treating agents 
Petroleum spills in sea water stands today as a 
major impediment to ecological well being. 
The devastation is unending and exceedingly 
unrelenting as regards to ecology and 
environment. The fate of the contaminants is 
disastrous and creating unsurpassed issues with 
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regards to its prevention. The ultimate fate of 
oil spills in marine environments is of utmost 
importance with the critical situation of 
ecological imbalance. The whole gamut of 
challenges in tackling environmental issues 
needs a thorough understanding. Scientific 
vision needs to be understood with newer 
challenges and newer path of hope. 
Doctrinal approach  of nanofiltration 
technique 
Doctrine of nanofiltration is vehemently 
pragmatic and path-breaking. Scientific vision 
needs no introduction and is extremely 
deterministic. Nanofiltration and ultrafiltration 
stands today in the immense midst of scientific 
rigour and thoughtful and pragmatic scientific 
advancements. Scientific advancements and 
scientific validation are the order of our 
present day civilization. Advancements of 
science needs to be strongly affirmed and 
strongly validated with every turn of a decade. 
Nanofiltration and other membrane separation 
processes are not immature but needs effective 
validation. 
Scientific pursuit and scientific rigour in the 
field of nanofiltration 
Scientific rigour in the field of nanofiltration 
has urged mankind to pursue research 
pragmatically in a vehement as well as thought 
provoking manner. History of mankind and 
history of scientific determination is repeating 
itself. The following treatise looks wisely and 
emphatically at the question of effectivity of 
nanofiltration of oil spills, bioremediation and 
the burgeoning area of membrane separation 
process. Bioremediation and nanofiltration are 
the order of the day. Scientific rigour is vast, 
unimaginable and requires immense 
intellectual challenge. The application area of 
nanofiltration purports to formidable 
intellectual challenge. Scientific pursuit in 
today’s human civilization is surpassing 
visionary frontiers. The main objective of 
nanofiltration is to target towards zero 
discharge norms and the greater viable 
understanding of removal of oil spill and 
addressing ecological balance. History of 
civilization will be a visionary witness to the 
environmental engineering upheavals of the 
coming years. Scientific rigour needs to be re-
enhanced and re- adjudicated in every avenues  

of research to achieve and fulfill scientific 
validation.  
Scientific understanding in the treatment of 
oil-spills 
Scientific determination and scientific pursuit 
in the field of treatment of oil-spills has no 
bounds. Idea, instinct and intuition have led 
human society to pursue research to 
unimaginable limits. History, determination 
and hope are leading the human mankind and 
human civilization to a greater scientific 
understanding and immense scientific 
justification. Scientific understanding is 
visionary in every field and has no bounds. 
Membrane separation process is a novel 
separation process and needs further 
restructuring. Scientific understanding and 
scientific judgement has come a long way from 
the invention of Loeb – Sourirajan model. 
History stands in the path to human discovery 
and immense scientific vision. Oil – spill is 
creating havoc to our marine environment and 
ecological balance. In such a crucial juncture, 
steadfastness and firmness will lead a long way 
in the path of scientific understanding. 
Scientific pursuit in nanofiltration of oil-
spills 
Scientific pursuit in the field of nanofiltration 
of oil spills is inspiring and ground-breaking. 
History of membrane separation processes and 
the subdivisions of nanofiltration and 
ultrafiltration is reenvisioning and 
restructuring. Future dimensions of the 
application of nanofiltration needs revamping 
with respect to the question of environmental 
sustainability. The pursuits with respect to 
scientific judgement and scientific justification 
have opened up a new era of immense 
fortitude and hope in years to come. 
Orecki et al., 1 did a fundamental research on 
oily wastewater treatment using nanofiltration 
process. The authors lucidly and intensely 
dealt with a positive objective on the domain 
of oily wastewater treatment using the 
formidable intellectual challenge of the 
application area of nanofiltration. The 
Nanofiltration studies were carried out with a 
permeate obtained from ultrafiltration (UF) 
(used for the treatment of the oily wastewater 
from metal industry). The influence of 
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transmembrane pressure on a permeate flux , 
the degree of rejection of oil and inorganic 
compounds were investigated with great 
precision. The studies on the nanofiltration 
treatment of oil wastewater demonstrated a 
high effectiveness of the rejection of oil and 
inorganic compounds. The permeate obtained 
from the treatment was free of oil.  The 
nanofiltration process was carried out in a pilot 
plant equipped with a tubular module with the 
AFC 30 membrane (PCI)-( the working area 
equal to 0.9 m2) and a spiral wound module 
(with the NF 270-2540 membrane (Film Tec –
the working area equal to 2.6 m2). The studies 
earlier predicted and performed showed that 
the membranes differed in molecular weight 
cut-off (MWCO). The MWCO of the 
membranes were found out to be equal to 250 
g/mol for NF 270-2540 and NF AFC30, 
respectively. The results and discussion 
showed a remarkable pattern. The raw oily 
wastewater used in these studies was collected 
from metal treatment industry. Apart from oil, 
the wastewater contained a lot of other 
contaminants , including solids state, 
lubricants, metal fines and sometimes 
dissolved metals. Although the UF membranes 
rejected oil in 90% , the permeate still 
contained different solutes. The authors 
performed an integrated ultrafiltration and 
nanofiltration technique. The conclusions in 
this study were affirmaztive . As a result of 
nanofiltration used as a second stage of oily 
waste water treatment the removal of organic 
compounds (TOC) for the studied membranes 
(NF 270-2540 and NF AFC 30 ) exceeded 
65%.Moreover the cations are rejected by 75% 
and the sulphates were rejected by 95% . The 
permeate did not contain oil. Orecki et al 
established a theory of the effectiveness of 
integrated ultrafiltration – nanofiltration 
process. 
Kumar et al. 2 dealt lucidly on the subject of a 
review of bioremediation of polluted 
environment as an effective management tool. 
The authors have in a detailed effort touched 
upon the importance of bioremediation both in 
situ and ex situ as an effective waste 
management tool to tackle oil spills in sea 
water and ecological environment. 
Bioremediation and natural attenuation are also 

seen as a solution of emerging contaminant 
problems , eg endocrine disrupters , landfill 
stabilization , mixed waste biotreatment and 
biological carbon sequestration. Microbes are 
very helpful to remediate the contaminated 
environment. The authors dealt with extreme 
precision the importance of biotechnology in 
pollution management. In an instinctive review 
paper dealt with the challenge of micro-
pollutants in aquatic systems. They dealt with 
assessment of micropollutants in aquatic 
systems , mitigation of aqueous micro-
pollutants and preventive management of 
water quality. They gave a significant 
emphasis on oil-spills and the visionary future 
of nanofiltration. 
Geitner et al. 3delineated the understanding of 
dendritic polymer – hydrocarbons interactions 
for oil dispersions. This study examines the 
interaction of poly(amidoamines) dendrimers 
and hyperbranched poly(ethyleneimine)  poly-
mers with model linear and polyaromatic 
hydrocarbons. 
Chatterjee et al.6 dealt lucidly on the subject of 
bioremediation as a tool for cleaning 
environments. The key pollutants of our 
environment include heavy metals, chemical 
wastes and oil spills amongst others. A general 
view is that scientists are taking effective and 
visionary efforts to tackle the inevitable danger 
and they are taking steps and finding ways to 
mitigate environmental pollution. This effort 
addresses the various approaches to 
bioremediation their advantages and 
disadvantages and potential areas of 
application. They dealt instinctively in their 
research on the nanofiltration of oil spills. 
Bhattacharya et al.5 provided a keen insight on 
toxicity to freshwater organisms from oils and 
oil spill chemical treatments in laboratory 
microcosms. Toxicity and temporal changes in 
toxicity of freshwater of freshwater marsh 
microcosms containing South Louisiana crudes 
(SLC) or diesel fuel and treated with a cleaner 
or dispersant, were investigated using 
Chironomus tentans, Daphnia pulex and 
Oryzias latipes. Bioassays used microcosm 
water (for D. pulex and O.latipes) or soil slurry 
(for C.tentans) taken 1,7,31 and 186 days after 
treatment. SLC was less toxic than diesel, 
chemical additives enhanced oil toxicity , the 
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dispersant was more toxic than cleaner and 
toxicities were greatly reduced by day 186. 
The authors addressed the subject of toxicity of 
oil and diesel fuel to freshwater biota. 
To go into the deeper aspect of oil spill 
chemistry, Gaines et al.6dealt lucidly with oil-
spill source identification by comprehensive 
two-dimensional gas chromatography. Com-
prehensive two dimensional gas chro-
mategraphy with flame ionization detection 
has been applied to oil spill source 
identification. An oil spill case from the US 
Coast Guard’s Marine Safety Laboratories     ( 
MSL) was analyzed by two dimensional gas 
chromatography. 
Kwon et al.7 dealt with immense intricacies the 
subject of on-demand separation of oil-water 
mixtures. Novel strategies to separate oils from 
industrial wastewaters polluted oceanic waters 
and oil-spill mixtures especially in the 
presence of surfactants are effectively and 
vehemently addressed to the global scientific 
forum. Membrane based technologies are 
attractive for demulsification i.e. the 
conversion of an emulsion to a free oil-water 
mixture, because they are relatively energy- 
efficient and applicable across a wide range of 
industrial processes. The authors envisioned an 
on-demand separation methodology which will 
be helpful for cleanup of oil spills, fuel-
purification, separation of a range of comme-
rcial emulsions, wastewater treatment , remote 
operation of of oil-water separation units, 
microfluidic valves and lab on a chip devices. 
Chun et al.8dealt lucidly with deep scientific 
understanding oil spill remediation using 
magnetic separation.  Magnetic separation 
technology was applied to remove dispersants 
and crude oil from water with magnetite and 
maghemite. Maghemite exhibited rather 
constant removal efficiency for dispersants 
regardless of surfactant types , while magnetite 
exhibited higher removal efficiency for anionic 
surfactant and the efficiency was higher in 
deionized water than in salty water that 
contains more ions. Sorption of crude oil to 
magnetic particles can be explained and related 
with the fine particle-oil flocculation , which is 
associated with an electrostatic attraction 
between magnetic particles with charged 
surface and polar   compounds  in   crude    oil.   

Alzaga et al.9 dealt and described with 
immense precision fast solid-phase extraction 
– gas chromatography – mass spectrometry 
procedure for oil fingerprinting Application to 
the prestige oil spill. A rapid and simple 
fractionation procedure using Solid-Phase 
Extraction (SPE) cartridges was developed for 
an accurate determination of aliphatic and 
polycyclic aromatic hydrocarbons in petroleum 
residues and further applications in chemical 
fingerprinting of oil spills by gas 
chromatography-mass spectrometry. 
Blumer10 dealt lucidly in a phenomenal review 
the scientific aspects of oil-spill problem. The 
authors discussed with instinct and intuition 
the extent of marine oil pollution. Oil pollution 
is the result of human civilisation’s dependent 
on oil energy and oil-based technology. 
Da Rosa et al.11gave a detailed description on 
F-F (flocculation-floatation) process. A new 
online Flocculation System (FF) has been 
developed which is coupled with a rapid 
flotation to remove the aerated flocs (flocs 
with entrained and entrapped bubbles). These 
aerated flocs are formed only in the presence 
of high molecular weight polymers and 
bubbles and under high shearing (and head 
loss) in special flocculators. Flocculation and 
flotation processes in the mineral industry are 
primarily designed to separate one particle 
type from another. In contrast for wastewater 
treatment, the flotation is designed to remove 
all particles – generally encountered as very 
fine emulsions, suspended solids, micro-
organisms and colloidal dispersions. 
Geraci et al.12delineated the importance of 
synthesis of effects of oil on marine mammals. 
In a lucid scientific understanding, they 
delineated the fate of marine mammals and the 
environmental risk after an inimitable 
ecological disaster. Physiologic and toxilogic 
effects on pinnipeds is the focal point of the 
study.   
Brekki et al.13dealt lucidly in a detailed review 
on the oil spill detection by satellite remote 
sensing. They discussed different different 
satellite sensors and oil spill detectability 
under various conditions. The research 
concentrated on the use of manual and 
automatic approaches to discriminate between 
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oil slicks and look-alikes based on pattern 
recognition. The authors discussed detect 
ability of oil spills in SAR images, dis-
crimination between oil slicks and look-alikes, 
the wind vector, satellite configurations for oil 
spill detection, methodology for oil spill 
detection in SAR images, manual detection 
compared to automatic detection , design 
issues and automatic techniques for oil spill 
detection in SAR images. 
Das et al.14 delineated in details crude 
petroleum oil biodegradation efficiency of 
Bacillus subtilis and Pseudomonas aeruginosa 
strains isolated from a petroleum – oil 
contaminated soil from North-East India. The 
efficiency of these two strains isolated from a 
petroleum contaminated soil sample from 
North East India was compared for the 
biodegradation of crude petroleum-oil 
hydrocarbons in soil and shake flask study. 
These bacterial strains could utilize crude 
petroleum oil hydrocarbons as sole source of 
carbon and energy. In an insightful analysis an 
overview of flotation as a wastewater 
treatment technique. The treatment of aqueous 
or oily effluents is one of the most serious 
environmental issues faced by minerals and 
metallurgy industries. Main pollutants are 
residual reagents , powders, chemicals, metal 
ions, oils, organics and some may be valuable 
(Au,Pt, Ag). The use of flotation is showing a 
great potential due to a high throughput of 
modern equipment , low sludge generation and 
the high efficiency of separation schemes 
already available.    
Frost  et al.15dealt lucidly with keen and 
instinctive insight on the adsorption of 
hydrocarbons on organo-clays and its 
implications for oil-spill remediation. 
Organoclays synthesized by the ion exchange 
of sodium in Wyoming Na- Montmorillonite 
with three surfactants were tested for 
hydrocarbon adsorption. Using diesel, 
hydraulic oil and engine oil an evaluation was 
made of the effectiveness of the sorbent 
materials for a range of hydrocarbon products 
that are likely to be involved in land-based oil 
spills. It was distinctively found that 
hydrocarbon sorption capacity of the 
organoclays depended on the materials and 
surfactants used in the organoclay synthesis.  

Albaiges et al.16 did a detailed study of the 
Prestige oil spill and its vast learning exercise. 
The Prestige oil spill has been the major and 
important marine pollution accident affecting 
ever in the Spanish coast. In the absence of a 
national contingency plan to react to the 
massive oil spill , the scientific community , 
with the support of Spanish administration , 
attempted to provide answers to the most 
urgent , relevant and primordial issues. These 
were the modeling of the oil behavior both in 
the wreck and in the sea surface, the prediction 
of the oil drift and the fate, the determination 
of the spatial and temporal extent of 
contamination of the different marine biotic 
and abiotic compartments and the impact on 
different shelf communities and their trophic 
structure.   
The future of research in the domain of 
nanofiltration is ground-breaking as well as 
thought provoking. This treatise instinctively 
determines the important and salient features 
of the chemistry, science and engineering of 
the nanofiltration of oil spills and its exquisite 
future directions. Future dimensions will go a 
long and brisk way to unravel the hidden truths 
behind the secrets and gorges of engineering of 
nanofiltration. A strong affirmative approach 
needs to be addressed for a challenging 
future.17,18 
Scientific cognizance 
Scientific sagacity and scientific acuity will go 
a long way in unraveling the hidden truths of 
the domain of nanofiltration and its treatment 
of nanofills. Orecki et al., did a compelling 
analysis in bringing to the forefront the 
greatness and vision in the chemistry of 
nanofiltration of oil spills. History will be a 
visible and instinctive witness to the march of 
science and technology especially novel and 
membrane separation processes. 
Forthrightedness and scientific forbearance has 
uncovered a major part of scientific history. 
The challenges and hurdles lies ahead in the 
distant scientific horizon. The pavement 
towards a greater scientific justification will 
only be realized when the dual question of 
environmental sustainability and zero-
discharge norms is achieved. Nanofiltration 
and other membrane separation processes can 
produce indubitable wonders. Scientific history 
has been and will be a compelling witness to 
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the visionary result.  Membrane separation 
processes and nanofiltration today stands in the 
midst of immense and indubitable challenges. 
Ecology and environment is moving briskly 
towards one peril over another. History of 
science and technology is gaining strides in 
overcoming ecological problems with more 
generations to arrive. Scientific sagacity and 
scientific steadfastness are the winners of 
human generations. History will repeat itself in 
a visionary and vehement way in future 
decades with the immense application of 
nanofiltration. 
Scientific advancements for ecological 
balance 
Scientific advancements are inextricably linked 
to human needs and are also connected to the 
fruits of human civilization. Scientific re-
assessment and scientific justification are the 
immediate needs of the hour in addressing 
ecological and environmental engineering 
balance.20-24 The fruits and vision of 
nanofiltration are wide, many and far-reaching. 
The answers to the wide horizon of 
environmental engineering and pollution control 
of oil spills are opening up new doors of 
scientific intuition in the future eras. Scientific 
advancements should be parallelly move with 
validation in human society and human mankind. 
Upholding the ecological balance should be the 
sole and primordial objective of the civil society 
and shattered mankind with respect to 
environmental damage. Ecological balance is the 
main and important objective which needs to be 
addressed for the future of our civilization. 
Man’s vision needs to be reshaped and 
reenvisioned. History of civilization and history 
of science and technology will witness a drastic 
and definitive change if endeavour meets vicious 
challenges such as ecological imbalance. 
Technology needs to be revamped to eliminate 
doubts and optimism.20 
Future targets 
Future targets of nanofiltration of oil spills 
should be towards evolution of newer and 
visionary environmental engineering tools. 
Ecological and environmental imbalance is 
briskly and vehemently moving our human 
civilization to the brink of immense disaster. 
History of science and technology is starting a 
new visionary era in ushering in new 
harbingers and new environmental engineering 
techniques and paradigms. Future flow of 
thoughts in scientific research pursuit should 

be inclined towards scientific validation and 
scientific empowerment of future 
generations.21-30 
Nanofiltration and other membrane separation 
processes today stands in the midst of 
scientific vision and immense scientific 
understanding. The vision which stands in the 
distant horizon of scientific and engineering 
world is definitive and purposeful. History of 
mankind today stands in the midst of deep 
catastrophes with the lurking thought of 
monstrous environmental catastrophes . Man’s 
vision needs to be revitalized and reorganized. 
The difficulties, barriers and immense hurdles 
are the torchbearers of a new futuristic 
dimension. Mankind’s history is taking a new 
turn with the passage of visionary time. 
Environmental engineering science is 
witnessing new vision and newer potential 
with the advent of twenty-first century. The 
future dimension of application areas of 
nanofiltration will surely open up new vistas of 
research frontiers with years to come.31-33 
Future vision of nanotechnology and 
nanofiltration 
Since the dawn of civilization man has strived to 
gain knowledge with immense struggle and 
unsurpassed difficulties. In the last century and 
the present century, a scientist’s vision is 
emboldened and bolstered with the immense 
progress in nanotechnology. Nanofiltration is 
surging ahead with newer developments in 
environmental engineering techniques. Oil spills 
and other major environmental disasters have 
brought civilization closer to the fruits of 
nanotechnology and nanofiltration. Future vision 
strongly is steering to the more efficient and 
effective techniques of nanotechnology and the 
visionary implications are rightly judged. 
Application of nanotechnology and application 
of nanofiltration in remediation of oil-spills is of 
larger importance to the vast domain of 
environmental engineering science. The 
challenges facing human mankind needs to be re-
addressed and re-envisioned. Environmental 
catastrophes are playing havoc to the human 
civilization. Caution, introspection and vision 
will go a long way in imbibing scientific hope in 
the future scientific generations. The world needs 
to think with introspection the larger challenge of 
ecological imbalance due to environmental 
catastrophes such as oil-spills. Nanotechnology 
will revamp the entire technological and 
scientific domain in years to come. Mankind’s 
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prowess, intellectual research pursuit and 
progress of human society will be the forlorn 
torchbearers of human progress of future. 
Oilspills are devastating to the future of 
environment and disastrous to ecology. A deep 
insight to environmental separation processes 
such as nanofiltration will be strongly far-
reaching to the mankind’s future. Scientific 
validation and scientific vision are the keywords 
to holistic environmental pollution control. The 
structure of environmental engineering science 
needs to be revamped and reorganized with the 
progress of human mankind. 

CONCLUSION 
The worlds of challenges in the field of 
environmental engineering are brisk as well as 
devastating. History of science and technology 
today stands in the midst of immense optimism 
and scientific fortitude. The new techniques in 
tackling environmental issues are visionary as 
well as latent. Membrane science today stands 
between immense scientific optimism and 
scientific vision. Nanofiltration, ultrafiltration 
and reverse osmosis are unquestionable areas of 
scientific understanding. The purpose stands 
today to emerge from immense difficulties to 
immense vision. Environmental sustainability 
and ecological balance will open up new doors of 
visionary innovation and untold intuition in years 
to come. History of science and engineering, 
scientific validation and scientific vision will go 
a long way in opening up the virtues of newer 
technology. Scientific validation needs to be 
redrafted and rejudged in opening up new 
ventures in nanofiltration of oil-spills. 
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