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Abstract: Nanotechnology, as contemporary field of research in forming of materials
and devices on the level of molecule and atoms, is founding broad utilization in different
scientific and engineering domains. The influence of nanotechnology on the development of
contemporary human society has got a significant potential in domains as economy,
environment protection, health and improvement of the quality of life. The need for fresh
water as a necessary resource for living world, as well as the economic activity on the level
of humanity is growing in the conditions of increasing population, increasing economic
activities and increasing pollution. In that sense the conventional methods for water treatment
may become ineffective for providing sustainable utilization of water resources in the future.
Nanotechnology as a contemporary scientific and engineering field is considered efficient
and potentially, the only solution for sustainable utilization of fresh water in the future. The
efforts in nanotechnology utilization for sustainability of fresh water resources mean
comprehensive approach and clarity in defining goals as well as the ways for their realization.
The basic expectations of nanotechnology in the sense of fresh water resources utilization are
directed to enhancement of fresh water availability, increase of efficiency of fresh water
delivery and enabling next generation systems for fresh water quality monitoring. The
increase of fresh water availability by nanotechnology means development of filtering
systems and development of membrane systems, inverse osmosis for water desalinization
and catalysts for water treatment. Efficiency of fresh water delivery based on nanotechnology
means reducing energy necessary for its transportation, developing system of pipes and
components which are easier, stronger and which will last longer as well as to provide cheap
materials which improve energy efficiency for heating and cooling. All these processes for
nanotechnology development aiming to provide sustainable fresh water resources utilization
require significant efforts on scientific and engineering level in order to be utilized in
everyday life. This paper aims to research the state of the art of nanotechnology development
in the domain of sustainable utilization of fresh water resources.
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Water is essential resource for life on the planet
Earth. According to [1] the total volume of water in
the oceans, ice caps, lakes, rivers, groundwater,
atmospheric water and all other existing water in the
world is about 1,386,000,000 cubic kilometers (km?3).
The volume of liquid fresh water (ground water,
lakes, swamp water, and rivers) is about 10,633,450
(km?), while the volume of water in lakes and rivers
is about 93,113 (km?®). Despite the relatively high
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volume of fresh water the need for it is expected to
rise as well as the level of its deterioration [2]. The
reasons are on the one side the rising world
population, and on the other side the rise of its
deterioration is caused by its pollution. The sources
of water pollution are numerous and there is almost
no human activity which does not pollute the water.
For example, the agricultural production is
inseparable from using fresh water but in literature it
is possible to find the next statement: “Agriculture
disrupts all freshwater systems hugely from their
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pristine states” [3]. This statement is supported by the
fact that agricultural production consumes more fresh
water than any other human activity [4].

The classical concept of water supply could be
described in the following way: “The new water
supplies are likely to appear as a result from
conservation, recycling, reuse and improved water
use efficiency rather than from large development
projects.” [4]. This approach, even though it is right
on the abstract level, does not include the new
technologies for water cleaning, but indicate the need
for responsible utilization of existing water resources
rather than engagement of new ones. In the
aforementioned situation where water, as a limited
resource, is utilized at the level where there is little or
no possibility to access a new source, the only
solution is to refine utilized water and increase
efficiency of its use. The classical approach has also
numerous limitations. The classical technology is
guite expensive, resource and time demanding what
requires a completely new approach and
technological solution.

The main problem of water use in the future
could be pointed out as how to face with its rising
demand, sustainable use as inevitable deterioration.
Rising demand for water is possible to solve with the
increase of its accessibility, sustainable use with
invention of materials which are more durable and
with less pollutant potential and deterioration of water
could be solved with efficient wastewater treatment.
All these processes must be provided with as maximal
energetic efficiency as possible. The nanotechnology
in the last few decades appeared as a promising
solution. Figure 1 illustrates the relation between
problems of rising need for water, water as a limited
resource and its rising deterioration and
nanotechnology.

Nanotechnology is defined in various ways.
One among definitions focuses the size in which the
nanotechnology is situated: “Nanotechnology is the
ability to control and restructure the matter at the
atomic and molecular levels in the range of

approximately 1-100 nm, and exploiting the distinct
properties and phenomena at that scale as compared
to those associated with single atoms or molecules or
bulk behavior.” [5]. Aforementioned definition is set
out in Nanotechnology Research Directions [6].
Other approaches are broader and encompass more
general view making difference between nanoscience
and nanoengineering. “Nanoscience deals with the
measurement and characterization of the nano and
microscale structure of cement-based materials to
better understand how this structure affects
macroscale properties and performance through the
use of advanced characterization techniques and
atomistic or molecular level modelling.“ [7]. Some
characteristics of nanotechnology engineering are
given on the example of concrete: “Nano-engineering
encompasses the techniques of manipulation of the
structure at the nanometer scale to develop a new
generation of tailored, multifunctional, cementitious
composites with superior mechanical performance
and durability potentially having a range of novel
properties such as: low electrical resistivity, self-
sensing capabilities, self-cleaning, selfhealing, high
ductility, and self-control of cracks. Concrete can be
nano-engineered by the incorporation of nanosized
building blocks or objects (e.g., nanoparticles and
nanotubes) to control material behavior and add
novel properties, or by the grafting of molecules onto
cement particles, cement phases, aggregates, and
additives (including nanosized additives) to provide
surface functionality, which can be adjusted to
promote specific interfacial interactions.« [8]. The
significance of accepting scientific definition of
nanotechnology is also questioned in literature and
stressed as very important because of scientific and
commercial reasons. The significance of delineating
the boundaries of emerging technology is considered
as central to obtaining understanding of the
technology’s research paths and commercialization
prospects and nowhere is this more relevant than in
the case of nanotechnology given its current rapid
growth and multidisciplinary nature [9].

Rising need for Nanotechnology
water
Sustainable
Water
use of water deterioration
resources

Figure 1. The relation between main water problems and nanotechnology
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The societal aspects of nanotechnology are also
researched in the beginning of its development. Point
out the idea that nanotechnology shall extending the
limits of sustainable development and human
potential this was formulated in following way: “The
main reason for developing nanotechnology is to
advance broad societal goals such as improved
comprehension of nature, increased productivity,
better healthcare, and extending the limits of
sustainable development and of human potential.”
[10].

The idea of utilization of nanotechnology in
solving water problems appears in the first decade of
twentieth century. “Dr Alan Smith of the UK
government's Micro Nanotechnology Network
explains that nanotechnology is making waves in the
water treatment industry.” [11]. “Wilhelm Barthlott
of the University of Bonn in Germany, the discoverer
and developer of the “lotus effect,” has a vision of a
self-cleaning Manhattan, where a little rain washes
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the windows and walls of skyscrapers as clean as the
immaculate lotus.” [12].

In paper [13] the use of catalytically self-
propelled microjets (dubbed micromotors) for
degrading organic pollutants in water via the Fenton
oxidation process is described. The figure 2 illustrates
self-propelled microjet. Paper [14] presents the idea
of oil/water separation by using polybenzoxazine
(PBZ) and titanium dioxide (TiO2) nanoparticles.
“Two important properties—the low surface free
energy of polybenzoxazine (PBZ) and the
photocatalysis-induced self-cleaning property of
titanium  dioxide (TiO2) nanoparticles—are
combined to develop a promising approach for
oil/water separation. They are integrated into a
multifunctional  superhydrophobic and  super
oleophilic material, PBZ/TiO2 modified polyester
non-woven fabrics (PBZT), through a simple dip
coating and subsequent thermal curing method.”

Oxidized byproducts
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selfpropulsion: 2H,0, —> 2H,0 + O,
Fenton reaction: Fe” + H,0,—> Fe" + OH + HO-

Figure 2. Self-propelled microjet

In USA the white paper of water
sustainability ~ through  nanotechnology  was
introduced [14]. The reason for introducing this paper
was found into the arguments that “... significance of
water bridges many critical areas for society: food,
energy, security and the environment.” “In 2012,
droughts affected about two-thirds of the continental
United States, impacting water supplies, tourism,
transportation, energy, and fisheries — costing the
agricultural sector alone $30 billion. In addition, the
ground water in many of the Nation’s aquifers is
being depleted at unsustainable rates, which
necessitates drilling ever deeper to tap groundwater
resources. Finally, water infrastructure is a critically
important but sometimes overlooked aspect of water
treatment and distribution. Both technological and

sociopolitical solutions are required to address these
problems.” It is obvious from the exposed data that
there is economic justification for development of
nanotechnology in water resources providing. The
nanotechnology is viewed as a tool for taking
advantage of the unique properties of engineered
nanomaterials to generate significant breakthroughs
in addressing Nation’s water challenges. This is the
example of initiative of developing new generations
of knowledge with the goal to solve rising problems
of water scarcity.

Despite the fact of benefits of
nanotechnology, a numerous papers investigate the
dangers of nanotechnology. The dangers are in the
domain of influences to environment and as well as
the possible influences on people’s health. Today, the
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thousands of nanoparticles are known but well-
defined guidelines for evaluating their potential
toxicity and control their exposure are not fully
provided [15]. Characteristics of nanoparticles such
as chemistry, ability to enter in different
environments where they never existed before could
have unpredictable impacts and consequences.
Unpredictable behavior of nanoparticles is especially
dangerous where they may influence human health.
Almost every organ of human body may be exposed
to negative influence of specific nanoparticles [15].

Despite the fact that rapidly developing
nanotechnologies offer many benefits they also could
be toxic [16]. The toxicity of nanoparticles may differ
depending on their reactivity, retention time, and the
distribution in human body. Also there is imbalance
between rising number of nanoparticle types and
applications and studies about their negative effects
after exposure and potential toxicity.

The ideas for nanotechnology utilization vary
from focusing on benefits only [17] to fear of negative
effects of it and calling for a moratorium on the
deployment of nanomaterials [18]. The development
of nanotechnology and it’s dramatic increase in the
last two decades (including applications and scientific
research) supports the idea of optimistic opinion that
nanotechnologies’ advances overcome the potential
dangers.

Nanotechnology also opens a lot of questions
connected with people’s privacy and ethics. The gap
between ethical and scientific issues in the case of
nanotechnology seems to be unsolvable. The
development of nanotechnology, and its possibilities
opened also the questions connected with ethics [19]:

— Who will benefit from advance in
nanotechnology (is there a balance between
developed and less developed countries)?

— Ability of nanotechnology to improve
surveillance devices and new weapons producing.
How is it possible to protect individual privacy when
near-invisible microphones, cameras, and tracking
devices become widely available? “Will these new
technologies increase security or add to the arsenal of
bio- and techno- or even nano-terrorism?”’

— Environmental issues are also not known
because of new created nanomaterials and

— Implementing nanomaterials in human
bodies with implanted computer chips opens the
guestions about acceptability of this implementations
and its consequences.
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These questions are the questions about use
and misuse the advances of nanotechnology and if the
society is able to control its misuse.

Contemporary approaches in solving water
problems by utilization of nanotechnology seem to be
highly specialized i.e. orientated on certain problems.
Also the different strengths and shortcomings of
Nano technological solution are recognized and
researched.

The problems of fluoride in drinking water and
its negative influence on human health as well as
possibilities of nanotechnology, inspired different
solutions for its removal, but experimental results are
valid under specific parameters including pH, other
ions presence, initial fluoride concentration,
temperature, etc. [20].

The nanoparticles as photo catalysts are used in
the process of degradation of Reactive Blue 19 (RB-
19) and Reactive Red 76 (RR-76) dyes pollutant in
the industrial waste water using TiO,, C-doped TiO;
TiO2(C-Ti02), S-doped TiO2 (S-TiO2) and C,S co-
doped TiO2 (C,S-TiO2) [21]. The dyes degradation
was investigated under several experimental
parameters such as pH, catalyst load, dye
concentration, shaking speed, and irradiation time
and catalyst recovery. Also the toxicity and biological
activity of the treated and untreated waste water on
artemia and Vibrio parahaemolyticus were
investigated. The conclusion of this research was that:
“The treated wastewater doesn’t P0SSess toxicity
against rotifer and artemia marine organisms.” Also
the conclusion was that degradation efficiency was
high. These results show that in controlled conditions
there were no toxic consequences and the high
efficiency was reached by using nanoparticles.

Theoretical approach in processes of water
desalination was used in order to research possibility
of using Sweeping Gas Membrane Distillation
(SGMD) technique [22]. The valuable results of this
approach are that the predictions show a small error
of 3.6% with the experimental data reported in
literature. This example shows that theoretical results
for prediction of some nanotechnology utilizations
may be used in the process of certain solutions
evaluation. The SGMD model is developed as
follows [22]:

Qn = hf(Tb -Ty) €Y)
where hy represents the coefficient of convective heat
transfer given by formula

(2)
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The parameters have the following meanings:

— Qp - heat flux which is provided by the
circulative hot feed to the membrane surface;

— Ty and Ty are the bulk and the membrane’s
surface temperatures, respectively;

— k; - is the feed thermal conductivity;

— dp, - is the feed channel hydraulic diameter
and

— L -is the module length.

The Nusselt number N, is calculated as
follows:

N, = 0.13Re%%*Re%3%  Re < 2100 3
N, = 0.13Re%8Pr033  Re > 2100 (4)
vd
Re = pvap
u
C v
Pr = lad - _
kl a

&Ky + (1 — &)k
6

where Ty, Tbf , T,, T,, are representative
temperatures in the feed channel, i.e. on the
membrane surface, in the feed bulk, in the distillate
side and on the surface of the membrane, and in the
sweeping gas bulk, respectively. The A symbol shows
the latent heat of water, and J is the distillate flux.
This brief outline of the SGMD model shows that
complex knowledge is possible to transfer into a
relatively simple model which is in good concordance
with reality.

Modifications of some natural materials could
also be used in the wastewater treatment. “The
natural and Cobalt Hexacyanoferrat modified
zeolites were characterized by FTIR and SEM
techniques and were employed as an adsorbent for
removal Cd(ll) ions from aqueous solution.” [23].
The results show that the nanoparticles have effective
potential for the adsorption of Cd(ll) from the
wastewater. The results were nearly two times greater
than adsorption capacity of non-modified zeolite.
This is an example for increasing the capacities for
wastewater treatment of natural materials with
nanotechnology.

Energy efficiency obtained by nanotechnology
is also one of the drivers of its utilization.
Nanotechnology is in the middle of the attention for
providing different benefits for human society
including sustainable energetic supply. The
expectations in academic community as well as
among the investors are great [24]. The significant
breakthroughs in energy sector provide electricity
with smaller influence on the environment and with
the better utilization of renewable sources of energy.

where p, v and d;, are the fluid density, velocity and
hydraulic diameter of the feed in hot channel of the
SGMD module, respectively. the viscosity of hot
fluid in the feed channel is denoted by u, and a and
C, are the thermal diffusivity and the specific heat
capacity, respectively.

The sweeping gas heat transfer coefficient
could be expressed as follows:

hq
k
= 0.206 (d_h) (Re cos )63 pr036 5

where « is the yaw angle, which can change from 0°
to 90° for pure cross-flow to parallel flow,
respectively.

Since there is no heat generation or consumption
through the SGMD module, the total heat transfer
could be written as:

(Tf - Ta) = hq(Tpa — Ta) (6)

This makes possible efforts to strive to realize the
ideal of green and sustainable energy.
“Nanotechnology, in particular nanophotonics, is
proving essential to achieving green outcomes of
sustainability and renewable energy at the scales
needed.” [25]. This approach implies the
nanostructures involved in all components of energy
efficient buildings together with solar cells.

A public perception about nanotechnologies is
also very important issue in its utilization and the
potential for development. The importance and
influence of public perception is best seen in the case
of genetically modified food and effects on its sale.
The research provided in USA reported that
Americans’ initial reaction to nanotechnology is
“thus far generally positive, probably rooted in a
generally positive view of science overall.”, but it was
identified “loose of privacy to tiny new surveillance
devices” as the most important risk to avoid [26]. In
the Switzerland the survey of perception for
nanotechnology utilization in the food production and
food packaging was provided. “Results suggest that
affect and perceived control are important factors
influencing  risk and  benefit  perception.
Nanotechnology food packaging was assessed as less
problematic than nanotechnology foods. Analyses of
individual data showed that the importance of
naturalness in food products and trust were
significant factors influencing the perceived risk and
the perceived benefit of nanotechnology foods and
nanotechnology food packaging.” [27]. The wider
research about cultural cognition of the risks and
benefits of nanotechnology [28]. The findings were
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that subjects did not react in a uniform, much less a
uniformly positive manner, but rather polarized along
lines consistent with cultural predisposition toward
technological risk generally. Finding also does not
support for the “familiarity hypothesis” (which holds
that support for nanotechnology will likely grow as
awareness of it expands) “the study instead yielded
strong evidence that public attitudes are likely to be
shaped by psychological dynamics associated with
cultural cognition.” The provided research about
public perception proves that clear public attitude
about nanotechnology is not formed yet. This is
probably because, on the one side, the expectations of
new technologies to solve the human problems are
great and, on the other side, the fear of the unknown
still exists. “The applications for engineered
nanomaterials and nanotechnology are developing
exponentially, along with the awareness in
government, industry and public groups of
nanosafety issues. There is also growing public
concern caused by negative perceptions among some
high profile groups that nano-enabled products are
proliferating uncontrollably and being released
without adequate testing of their safety.” [29]. The
statement that nanomaterials and nanotechnology are
developing exponentially and that public concern
about safety utilization is growing is the crucial for
developing method of nanotechnology evaluation in
this paper.

Aforementioned examples and results are a
small set of dramatically increased research in
nanotechnology utilization and new possibilities and
ideas for providing sustainable water use. The
benefits of nanotechnology, at this stage of its
development, are unquestionable. But important
questions still remain for discussion. Before all the
guestions  about  possible  influences  of
nanotechnologies’ in the future. It is probably
impossible to predict the possible mutual reaction
between different nanoparticles when they meet
themselves in the natural environment. Will the
reaction between them be positive for environment or
not? Bearing in mind the different experiments based
on different ideas, their modifications and possible
failures it is real that risks exists. On the other side
nanotechnology may be the only solution for
providing the necessary conditions for life (in this
case: fresh water) the nanotechnology appears as an
imperative for investigation. Those conflicting
questions could be essential in future. Bearing in
mind the intentions in the world it is obvious that
nanotechnology and nanoscience are developing
regardless to risks they produce. In that case it is only
possible to investigate the methods for estimating
risks and benefits from nanotechnology and to

research possibilities for eliminating the threats and
dangers of nanotechnology in future. In this paper the
basic  assumption is that nanotechnology
development will continue in the future. The basic
methods for analysis of risks in this paper are based
on the descriptive techniques of analysis because
there is not enough data and knowledge for reliable
models. Adopting assumption that water is the best
media for nanoparticles transportation and existence
it immediately follows that water is most vulnerable
resource with nanoparticles’ negative influences.

2. MATERIALS AND METHODS

Analyzing nanotechnology and its influence on
environments and humanity shall include two main
dimensions. The first one is the benefit and the second
one is the risk. Benefits of nanotechnology could be
measured in different ways, but risk measurement is
almost impossible. The benefits of nanotechnology
utilization could be measured by the economic effect;
number of lives saved the number of problems solved
etc., while the risks of nanotechnology are difficult to
predict and could be known only after accidents
happen. Some assumptions, however, could be made
and analysis provided in advance. In this paper we
discuss some methods for evaluating nanotechnology
and position them into different dimensions.

The next methods are proposed and described
in this paper for nanotechnology solution evaluation:

- “Benefits - Dangers” method and

- “Benefits - Risk” method.

The “Benefits - Dangers” method is based on
numerical expression of benefits and dangers coming
from a certain nanotechnology product. Depending
on the number of benefits and dangers a certain
nanodevice is evaluated and the decision of its
development could be made. The “Benefits -
Dangers” method for evaluating a nanodevice is
shown on the Table 1.

The 1% quadrant: dangers of a certain solution
are numerous and benefits of the solution are
numerous. In this case the development of
nanotechnology solution should be done very
carefully or it should be avoided depending on the
perception of the dimensions (dangers or benefits)
that will prevail in the future.

The 2™ quadrant: dangers are numerous and
there are only a few benefits of nanotechnology
solution. In this case development of nanotechnology
solution should be avoided until the dangers are
reduced to the acceptable level.
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The 3" quadrant: few dangers and few benefits.
According to the logic of this method the
development should be postponed.

The 4™ quadrant: few dangers and numerous
benefits. In this case the development of
nanotechnological solution should be encouraged.

Table 1. The “Benefits-Dangers” method for
nanotechnology solution evaluation

The 3" quadrant: risk is low and benefits are
small. According to the logic of this method the
development should be postponed if there are no
capacities for improving benefits.

The 4" quadrant: low risk and great benefits. In
this case the development of nanotechnological
solution should be encouraged.

Table 2. The “Benefits-Risk” method for nanotechnology

Benefits solution evaluation
Numerous Few Benefits

> Develop it Great Small

% carefully or Avoid

3 avoid Development I Reduce risk Avoid
g & development = before developing Development
>
2 D
2 z

py Encourage Postpone

= development development C Encourage Postpone

= development development
The limitation of “Benefits - Dangers” method . ] )
The  “Benefits-Risk” method in this

is in its simplicity i.e. in implicit assumption that both
benefits and dangers are of the same weight. That
means: there are no existing dangers in
nanotechnological solution which could escape out of
the control or to make unrepairable damages to
humanity and/or environment. This method could be
extended and improved but in this paper only an
illustration of it is given. Also this method does not
include the risks connected with nanodevices.
Actually, the risk (probability of occurrence of
unwanted events) may be acceptable even in the case
of numerous dangers.

To avoid the simplifications and limitations of
“Benefits - Dangers” method, the “Benefits - Risk”
method is developed. This method encompasses the
level of risk and benefits of nanotechnological
solution and connected strategies for its development
accordingly. Table 2 illustrates the “Benefits — Risk”
method.

The 1% quadrant: risk of a certain solution is
high and benefits of the solution are great. In this case
the development of nanotechnology solution should
be postponed till the risk is reduced to the acceptable
level.

The 2" quadrant: risk is high and benefits of
nanotechnology solution are small. In this case
development of nanotechnology solution should be
avoided until risk is reduced to the acceptable level
and the benefits increase (if possible).

interpretation also has some limitations and could be
improved. Improvements could be based on the space
and time horizons: the risk and benefits distribution
in space and time. The distribution of risk in space
means if it is of global or local character while the
distribution in time means the period of time in which
the unwanted event could occur. The further
development of this methods for nanotechnological
solutions evaluation overcame this paper’s aims.

3. RESULTS AND DISCUSSION

The analysis of nanoparticles and nanodevices
with proposed methods according to expectations
connected with fresh water solutions was obtained as
follows.

The results of analysis of the systems for
enhancement of fresh water availability by
nanotechnology utilization mostly generate the
numerous benefits and only a few (if any) dangers.
The only questioned are the catalysts and microjets
which, despite the numerous benefits, could behave
in uncontrolled manner. The results obtained by
“Benefits-Dangers” method are shown in Table 3.

The analysis of the enhancement of fresh water
availability by nanotechnology provided by “Risk-
Benefits” methods that risks are low and benefits are
great. The results are shown in Table 4.
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Table 3. The results of systems for enhancement
availability of water by nanotechnology utilization
obtained by “Benefits-Dangers” method

Benefits
Numerous

Few

Catalysts
Microjets

SnoJaWNN

- Inverse
0sSmosis

- Nano filters

- Membranes

siabueq

M3

Table 4. The results of systems for enhancement
availability of water by nanotechnology utilization
obtained by “Benefits-Risks” method

Benefits

Great Small

ubiH

- Inverse
0Smosis

- Nano
filters

- Membranes

- Catalysts

- Microjets

ASIY

MO

The analysis of nanotechnology systems for
enhancement of water availability slightly differ
depending on the method used. The utilization of
“Benefits-Dangers” method exposed catalysts and
microjets as potentially dangerous because of their
unknown behavior among possible variations.
“Benefits-Risk” method, however, showed that all
systems are of low risk because catalysts and
microjets are of limited volume and, if they produce
pollution it would be recognized immediately
because of the character of water.

The nanotechnology utilization in efficiency of
fresh water delivery by means of reducing energy
necessary for its transportation, developing system of
pipes and components which are easier, stronger and
longer lasting as well as to provide cheap materials
which improve energy efficiency for heating and
cooling could only provide the benefits with only few
(if any) dangers because the classical systems also
produce some influences on environment. The
nanotechnology utilization in this segment of
sustainable water use could only reduce the existing
influence of classical systems.

Concluding the discussion about benefits,
dangers and risks of nanotechnology utilization in
sustainable water use it is possible to say that the main
strategy should be to encourage development. The
character of water reduces some risks because every
deviation in its quality will be immediately noticed by
increase in health problems among population. It is
assumed that all products were tested enough before
commercialization on the necessary levels to avoid
any uncontrollable damages.

4. CONCLUSION

Water is not only crucial for life it is also
necessary condition for humans’ economic activities.
Growing population with growing economic
activities causes water resources depletion.
Especially vulnerable, in that life’s and economic
processes, is fresh water which is of very limited
volume and most exposed to pollution. The classical
strategies for fresh water providing (reuse, water
treatment, recycling) including new development
projects are almost at their limits to meet the needs.
The only new promising possibility for fresh water
providing is to include nanotechnology solutions.

Nanotechnology solutions are seen in the
directions of sustainable fresh water use by enhancing
possibilities for fresh water availability, increase of
efficiency of fresh water delivery and enabling next
generation systems for fresh water quality
monitoring.

Bearing in mind that new technologies
(including  nanotechnologies) have  unknown
influences on human lives and environment there is a
need to evaluate their dangers and benefits in order to
make decision about their development. Treating
nanotechnology as relatively new phenomenon which
has been developing dramatically (according to
certain authors-“exponentially™), it is very difficult to
forecast the possible unwanted consequences. That is
because the nanotechnology products are of very
small dimensions which allow them to overcome
existing biological barriers more easily and enter into
humans’ and other living organisms in different ways
which are almost unpredictable. Also the potential
mutual combination of nanoparticles as well as the
combinations with some living organisms could have
unpredictable consequences. In order to evaluate the
possibilities in this paper the two methods are
proposed: “Benefits-Dangers” and ‘“Benefits-Risk”
method. Despite the limitation of these methods they
are reliable for decision making about further
development of nanotechnology.
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The results of these methods utilization on the
nanotechnological systems for the sustainable water
use showed that there is a slight difference in
evaluating nanotechnological solutions obtained by
“Benefits-Dangers” method and “Benefits-Risk”
system. Nanotechnology solutions development for
sustainable water use (inverse osmosis, membranes
and nanofiltering) should be encouraged by both
“Benefits-Dangers” and ‘“Benefits-Risk” methods.
Other two nanotechnological solutions (catalysts and
microjets) are evaluated as to be carefully developed
by “Benefits-Dangers” method and that should be
encouraged to develop by “Benefits-Risk” method.
The possibilities of numerous unknown dangers are
compensated by low risk of their appearance.

Nanotechnology is still developing and is the
promising solution for sustainable water use in the
future. The numerous benefits, small risks and huge
resources invested in its development open the
perspective of its economic sustainability.
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FOR

HAHOTEXHOJIOTUJA Y ®YHKIWIJN OJJPXKMBOI' KOPUITREIbA BOJA

Caxerak: HanoTexHooryja,

Kao CaBpeMCHO TII0Jb€ HUCTpaXMBarkba HadYWHaA

(dbopmupama maTepHjaia u ypehaja Ha HUBOY aTOMa M MOJICKYJIa, HAJIa3| CBE IIUPY IPUMEHY
y Pa3IMYUTHM HAYYHUM U WHXKEHEPCKUM O0JlacTUMa. YTHIld] HAHOTEXHOJIOTHjE Ha Pa3Boj
CaBpEMEHOT JIPYIITBA UMa BEJHMKH MTOTEHIUjall y TOMEHUMa €KOHOMHM]E, 3aIUTHTE )KUBOTHE
cpeaMHe, 37paBiba M yHanpehema HHMBOa KBanuTeTa XMBOTa. [loTpeba 3a Bogom, Kao
pecypcoM HEONXOAHUM 32 OJIpJKame JKMBOTA YOIITE, alli M €KOHOMCKE aKTHBHOCTH Ha
HHBOY YOBEYAaHCTBA, CBE BUILE pacTe y yCJIOBHMA MoBehama CTAHOBHUIUTBA, EKOHOMCKUX
aKTUBHOCTH M cBe Beher 3araljema )KHBOTHE cpeluHe. Y TOM CMHUCIY KOHBEHLHOHAJHE
Meroze npeuynmrhaBama BoAa y OyayNHOCTH MOry IMOCTaTH HEIOBOJBHO e(UKacHe 3a
o6e30ehuBame oapkuBOr Kopuiihema BOIHUX pecypca. HaHOTeXxHOmornja Kao caBpeMeHa
Hay4YHa U MHXKEHhEpcKa 00J1acT cMartpa ce e(pMKaCHUM U NOTEHLM]aTHO jEANHUM PEeLICHEM
mpobiemMa oIpXKUBOT Kopumhema BOTHUX pecypca y Oynyhaoctn. Hamopu y xopumihemy
HAHOTEXHOJIOTHje 3a OJPKUBOCT BOJHUX pPecypca Mo/ipasyMeBajy CBeoOyXBaTaH MPUCTYI U
jacHo neduHHCaWmE IMJbEBAa U HaYMHA 33 HUXOBY peann3anujy. OCHOBHa OYEKHBamba O]1
HAHOTEXHOJIOTHj€ Y CMHCIy Kopuiilielka BOIAHHUX pecypca ycMepeHa cy Ha mosehambe
PacIiosIoKUBOCTH Bojie, nmoBehame ehUKacHOCTH UCIIOPYKE BOJE M oMoryhaBame HapeaHe
reHepalyje CUCTeMa 3a MOHHTOPHHI KBayiuTeTa Boja. [loBehame pacriosokuBOCTH BOJE
MIPUMEHOM HAHOTEXHOJOrHje 00e30ehyje ce kpo3 ¢uaTpaimjy U pa3Boj MEeMOpPaHCKHUX
cHcTeMa, WHBEP3Ujy OCMO3e 3a JecajMHH3alMjy BOJE M KaTalM3aTopa 3a TPEeTMaH BOJE.
EdukacHocT ucnopyke Boje NPHUMEHOM HAHOTEXHOJIOTHje Tpeba aa cMamd KOJHYHHY
eHepruje TMoTpeOHe 3a EHCH TPaHCIOpT, o0e30ehuBame crucTeMa BOMOBOAHHUX MEBH U
KOMIIOHEHTH KOje Cy JIaKIlIe, jade W TpajHUje Kao U Aa o0e30enn jegTuHEe MaTepHjajie KOju
yHampelyjy eHeprercky edmkacHOCT Bone npu xialjemy u rpejamy. CBH OBH TpoIecH
pa3Boja HAaHOTEXHOJIOTHje 3a OJIPKHUBO KOpWIIheme BOAa 3aXTeBajy 3HAYajHE HaAmope Ha
Hay4YHOM H WHXXEHEPCKOM IUIaHy Kako O Halllle IPUMEHY Y CBaKOJIHEBHO] yroTpedu. OBaj
pan 0aBu ce HCTpaXKWMBalkEM CTamka pa3BOja HAHOTEXHOJIOTHjE Yy OO0JAacTH OAPYKHBOT

kopuihema BOJHUX pecypea.

Kibyune peun: HanorexHomoruja, BOIHU pecypcH, OAP>KUBOCT.
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