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Abstract Cost advantages are the primary drivers for
water resource management friendly investments. There-
fore, acceleration of sustainable development requires the
implementation of new innovation approach. At present,
preventative measures of algal bloom development are not
achieving sustainable results and spread of the blue-green
infection can reach catastrophic dimension. Our vision of
water recourse management includes the use of bloom and
wastewater cleanup microalgae biomass aimed at supply-
ing biofuel manufacturing profitably and boosting feed,
biopharmaceuticals, etc., manufacturing in cost effective
manner. Microalgae must be the key tool for the new
design and building sustainable development of life and
water resource management. Offered sustainable develop-
ment business model, convenient for policymakers and
companies, will make global goal of bioculture fully
achievable as well as makes it imperative for the world to
devise an international response and a plan of action.
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Introduction

The patterns of water, nutrient, and energy cycles in the
biosphere have been established in course of many million
years of biological evolution. These cycles have been
degraded in exponentially accelerating pattern during the
last 100 years, by human activities mostly due to the lack
of environmental consciousness, knowledge of how to
establish sustainable systems of water resources manage-
ment and mechanistic approach to the management of
water resources (WDR 2008; UNESCO 1998; EEA Report
2009). Water is a fragile resource that is quite different
from ore and oil deposits. It is at once renewable through
the natural cycle, yet if spoiled or over-abstracted, it
actually becomes non-renewable. The global water with-
drawal will increase by 31% between 1995 and 2020. Over
the last 50 years, he has quadrupled while world population
doubled (Clarke 2003). Currently, about 1 billion people
around the world routinely drink unhealthy water. Climate
change would also lead to increased water stress, which by
2020 could affect 75-250 million people in Africa alone
(Pachauri 2009).

Eutrophication of water bodies, the processes through
which the flux of growth-limiting nutrients from water-
sheds to receiving waters stimulates excessive plant growth
such as freshwater and marine algal blooms, continues to
increase (Hudnell et al. 2008; Lopez et al. 2008; Hudnell
2010a, b). When such populations are subjected to sub-
optimal conditions, they respond by increasing their
buoyancy and move upward nearer to the water surface
(SWCSMH 2007). The global increasing occurrence of
blue-green cyanobacteria harmful algal blooms (HABs)
over the last 60 years has been linked to the process caused
by the enrichment of water with nutrients from human
population growth and associated activity and these
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problems know no national borders and create great nui-
sance in the management of freshwater bodies worldwide
(Kann and Falter 1985; UNESCO 1998; Cronberg et al.
1999; Cosgrove and Rijsberman 2000; Clarke 2003;
Ramsdell et al. 2005; Biological Controls 2006; Fristachi
and Sinclair 2008; Lopez et al. 2008; Griffin 2009, EEA
Report 2009; Hudnell 2010a, b). Whereas 30 years ago, the
HABs problem was scattered and sporadic; today, many
countries throughout the world are increasingly impacted
by the growing environmental problem of HABs, and we
have more clearly defined the extensive boundaries of this
problem. If no countermeasures are taken, anthropogenic
assault will gradually lead to a situation when water is no
longer the source of life, human and ecosystem well-being,
but on the contrary, a source of disease, ecosystem dis-
ruption and social disorder. An important consequence of
this process is the general reduction in the possibility of
water use and the increasing importance of lakes and other
water reservoirs; consequently, many resources for socio-
economic development can be seriously damaged.

The Municipal Water Supply-Efficiency Requirements
Act and the U.S. Safe Drinking Water Act direct DOH to
conservation and restoration of drinking water supply. The
EU Water Framework Directive requires the ‘promotion of
sustainable water use based on a long-term protection of
available water resources’ (EEA Report 2009).The alarm-
ing rate of increase in HABs signals the need for an
evaluation of surface-water management and restoration
policy, and identification of methods for reversing eutro-
phication trend, if we are to have a sustainable supply of
usable freshwater (Hudnell 2010a, b).

Cost advantages are the primary drivers for water
resource friendly investments. Therefore, sustainable
development requires the implementation of new innova-
tion management approach in the novel ways and tech-
nology and innovation will remain at the heart of success.
Thus, our ripening into maturity and survival will depend
on our ability to assimilate the explosive progress of
technology and environmental management tools towards a
new culture—bioculture as a global societal shift toward a
business activity and lifestyle—webbed with unifying
values and based on the better understanding requests of
bios. This should provide the opportunity to see the future
in a new vision, where they can serve as a revelation of the
truth and where every endeavour is governed by reflection
on and appreciation of the environment. If aquatic
resources are to be exploited on a sustainable basis in the
future, a concerted effort is needed to resolve the conflicts
between user groups including sustainable manufacturing.
In this case, the use of sun microalgae may be the main
future resource for development of Global Life Conserve
Industry (GLCI) as well as for water resource management
and Life sustainable development. The gravity of the
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problem increases in the face of drinking water source
degradation.

Therefore, this article presents situational analyses by
the use tools of system and synthetic biology, for identifi-
cation water resource management strategy in the frame-
work of our concept addressed to global sustainable
development through including microalgae and its biomass
in Production (such as wastewater treatment and biofuel
manufacturing) and Bio Cycles (through food, feed, phar-
maceuticals, perfumery production etc.) (Avagyan 2008a).

Discussion
Harmful algal bloom and threats
Properties

Blue-green cyanobacteria of bloom are a group of pro-
karyotes whose history goes back to 2.7 billion years.
Cyanobacteria are not true algae. They have no nucleus—
the structure that encloses the DNA, and no chloroplast—
the structure that encloses the photosynthetic membranes,
the structures that are evident in photosynthetic true algae.
More highly evolved organisms typically outperform their
predecessors in the battle for survival. Eukaryotic green
algae, the base of the aquatic food web, evolved from
prokaryotic cyanobacteria between 2.5-1.0 billion years
ago. Green algae predominated over cyanobacteria until
recently. The excessive input of nutrients into water due to
human activities increasingly enables toxigenic cyanobac-
teria to outperform and replace green algae. Therefore,
blue-green algae tend to dominate in lakes with a low N:P
ratio by weight and blue-green algae are favoured and
displace true algae (Kann and Falter 1985; Gross and
Pfiester 1988).

The taxonomy of cyanobacteria, often imprecise, is
currently under a state of revision (Fristachi and Sinclair
2008). Many cyanobacteria have not yet been characterized
(Afsar and Groves 1995; Ramsdell et al. 2005; SWCSMH
2007; Lopez et al. 2008, Fristachi and Sinclair 2008;
Warrington 2009). The majority of cyanophytes are aerobic
photo-autotrophs, their life processes require only oxygen,
light and inorganic substances. In fact, many blue-greens
have higher temperature optima than eukaryotic algae of
the same water, with temperature optima for some of the
bloom-forming species probably in the 25-35°C range and
require a temperature higher than 15°C for incipient pho-
tosynthesis. Therefore, there is a characteristic seasonal
succession of the bloom-forming species, apparently due to
their differing responses to the physical-chemical condi-
tions created by thermal stratification (WBGA 2009;
BGADAT 2009; Warrington 2009).
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The very potent toxins produced by many solitary,
filamentous or colonial aquatic cyanophytes are respon-
sible for an increasing number of water-related poisonings
of both wildlife and people worldwide and can cause
serious difficulties to water suppliers (Lopez et al. 2008;
Fristachi and Sinclair 2008; Warrington 2009; BGADAT
2009). The U.S. Environmental Protection Agency
included cyanobacteria and their toxins on the first Can-
didate Contaminant List (CCL 3) in 1998. This list
includes organisms and chemicals selected on the basis of
their potential public health significance and general
unavailability of occurrence data and other relevant
information. Cyanobacteria and their toxins were included
in the CCL 3 for two reasons, namely that (1) they are not
necessarily associated with faecal contamination, and,
therefore, will not be adequately controlled by provisions
of either the Surface Water Treatment Rule or the
Enhanced Surface Water Treatment Rule, and (2) they
may not be adequately removed from drinking water by
conventional water treatment techniques. Listing these
organisms in the CCL 3, therefore, will focus attention on
them and make them a priority for research to determine
what triggers toxic algae growth in source water and the
effectiveness of water treatment practices.

The chemical structures of blue green algae toxins are
bewilderingly complex and have proven to be exercises in
structural elucidation and subsequent synthesis that have
occupied chemists for many years (Fristachi and Sinclair
2008; Warrington 2009). The three most common cyano-
toxins are described chemically as cyclic peptides, alka-
loids, and lipopolysaccharides (LPS). Cyanotoxins can be
classified according to their chemical structure or organs of
their affect (Warrington 2009). According to this approach,
neurotoxins affect the nervous system, hepatotoxins attack
the liver and dermatoxins irritate skin and mucous mem-
branes. The neurotoxin alkaloids produced by Anabaena
flos-aquae (manufactures anatoxins) and Nodularia
spumigena are fatal at 20 pg per kg body weight, and
anatoxins, aphantoxins of Aphanizomenon flos-aquae
leading to paralysis of muscles needed for breathing. Most
of the recorded toxic blooms are caused by Microcystis
aeruginosa, which manufactures hepatotoxin microcystin,
which are fatal at 9 pug per kg body weight. These are
roughly equivalent to 1/20000 and 1/10000 of an ounce of
toxin or about the same potency as cobra venom. Some
cyanotoxins, like cylindrospermopsin, affect multiple
organ systems. The World Health Organization has a limit
on the toxin Microcystin at one part per billion (ppb).
It was set at a level considered to be safe for human
consumption (Veldhuizen 2009). Some toxins are tumor
promoters and oncogenic in lab animals, other species of
blue-green algae produce chemicals that taint drinking
water with musty or earthy tastes and odours (BGA 2008).

These off-tastes and odours require extensive treatment to
remove and in severe cases make the water undrinkable.

Impact on health

Freshwater HABs can similarly affect the perception of
freshwater and marine waters safety, impacting decisions
by consumers and public utilities (Fristachi and Sinclair
2008; Lopez et al. 2008; Hudnell 2010a, b). It is expected
that the risk from HABs to drinking and recreational waters
will increase with increased stress and demand on those
systems (Fristachi and Sinclair 2008). The U.S. researchers
tested 81 different lakes (Lake Erie, Lake Ontario, Oneida
Lake, Lake Champlain, etc.), scattered across New York
State (Boyer 2008). Testing proved that 20% of them had
some indication of potentially toxic blooms. Most of these
Lake Champlain toxic samples were collected from the
eutrophic Missisquoi Bay region which is characterized by
high phosphorus inputs and expansive Microcystis blooms
during the summer growing season. The samples collected
from Lake Erie and Lake Ontario, Oneida Lake with its
well-established HABs exceeded the WHO advisory limit
of 1 ug 17" (Boyer 2008). Western Lake Erie has a new
form of toxic, blue-green algae and it is a hardy one that
hugs the shoreline (Henry 2009). The blue-green algae
content was obtained in 18 lakes of Oregon (Veldhuizen
2009). Microcystins were detected in 85 of 87 tested
samples and 63 samples (72%) contained concentrations
>1 ng per g. Through HPLC and ELISA tentatively
identified microcystin-LR, the most toxic microcystin
variant, as the predominant congener (BGADAT 2009). In
both the Eagle Creek and Geist reservoirs, the detection of
blue-green algae microcystin toxin resulted in recreational
usage advisories being posted by the Indiana State
Department of Health (Warrington 2009). Further, a review
of blue-green algae research throughout the Midwest
indicates that blue-green algae blooms and the occurrence
of algal toxins, especially microcystins, become increas-
ingly common in midcontinent lakes and reservoirs. In
Indiana, it have been documented cases of blooms of
potentially toxic blue-green algae in several areas since
2001, which included Ball Lake in Steuben County, Lake
Lemon, and Monroe Reservoir in Monroe County, and in
20 other lakes and reservoirs state-wide, served as drinking
water supply reservoir for Bloomington and surrounding
communities. In Washington State, staff responded
to a citizen’s call about bloom on Lake Sammamish
(Warrington 2009). A beach on Pewaukee and other
Nebraska Lakes was closed due HABs (Walker et al. 2008;
DeLong 2009).

Human diseases, ranging from minor rashes and other
allergic reactions to gastroenteritis and even more severe
illnesses, are known to result from contact with affected
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water during recreational activities (Falconer 1999; Pitos
et al. 2001; Fristachi and Sinclair 2008; Lopez et al. 2008).
The frequently occurring ‘swimmers itch’ is attributed to
contact with Lyngbya majuscula, Schizothrix calcicola and
Oscillatoria nigroviridis, which are commonly found in
tropical and subtropical seawaters. Some symptoms
include redness of the skin and itching around the eyes,
sore red throat, headache, diarrhoea, vomiting and nausea,
gastroenteritis, hepatoenteritis and long term chronic
effects such as liver damage or tumour promotion when
exposure to the toxins is prolonged (BGA 2008; Pitos et al.
2001; Henry 2009; Miami 2009).

The Table 1 presents official dates of known human
exposures to cyanobacterial toxins (up to 2000) (Miami
2009). In Brazil, 26 of 75 kidney dialysis patients were
killed in 1 day when cyanophytes bloomed in the reservoir
that supplied the water used in the dialysis machines
(Warrington 2009). It may be difficult to make a confident
diagnosis of all cyanophyte poisoning, since the clinical
signs and post-mortem findings resemble a variety of other
diseases (Warrington 2009). The large amount of liver
disease that had previously been attributed to alcoholism
may actually have been due to microcystins in the water. A
survey of municipal water sources in the U.S. revealed that
freshwater cyanophytes producing both nerve toxins and
liver toxins accounted for some of estimated 900,000 ill-
nesses and 900 deaths every year due to contaminated
drinking water (Warrington 2009). A severe algae outbreak
left tap water undrinkable for a week for half of the 2.3
million residents in Wuxi, a city in the eastern Jiangsu
Province (China 2007). In Australia, people drinking water
from an affected reservoir had elevated levels of certain
liver enzymes (Warrington 2009). On one occasion in
1979, the reservoir was treated with copper sulphate by the
responsible authorities to kill the algae which, upon death,
released their toxins into the water. A week later about 150

Table 1 Reported human outbreaks associated with cyanobacteria

people, drinking from the water supply, fell ill, and many
ended up in the hospital. They showed evidence of gas-
trointestinal, liver and kidney affected, with no evidence of
any causative virus or other pathogen (Warrington 2009).

Some impacts of blooms may be direct, including pos-
sible effects of toxins on fish, invertebrates, and other
aquatic fauna, or indirectly, including a reduction of sub-
merged plants when plankton biomass becomes very high,
and changes in fish community structure if summer cold
water refuges are lost due to hypolimnetic anoxia (WHO
1999; Ackefors et al. 1990; Xue-jun and Ping 1997; Frank
et al. 1998; FAO 1998; Barros et al. 2001; Pitos et al. 2001;
Warrington 2009; Hudnell 2010a). Concerns about cyano-
phyte toxins contaminating eggs and carcasses in intensive
poultry farms have led to the extensive use of environ-
mentally undesirable pesticides to control blooms in farm
water supplies (Warrington 2009). The risks humans run by
eating fish and other animals from contaminated waters are
difficult to quantify but are significant (Warrington 2009).
It is unknown which plants actually take up the toxins
(Warrington 2009). There is no such protection in place for
the irrigated agriculture and aquaculture industries. HABs
are sprayed on crops producing cyanotoxin-containing
aerosols that may be inhaled by humans and other animals
and absorbed by crops (Hudnell et al. 2008). With leafy
vegetables such as lettuce cause special problems, since
contaminated water can collect between the leaves. How-
ever, it is known that some toxins persist in dried form for
several months (Warrington 2009). Freshwater aquaculture
is also at risk from cyanophytes, since little or no monitoring
for toxins is conducted routinely. Freshwater mussels, for
example, accumulate sufficient toxins within 5 days of
feeding on Anabaena to exceed national food guidelines for
contaminated shellfish (Warrington 2009). Cleaning sea
foods in many cases will not remove the toxins. Cooking
does not destroy the toxins. We do know that many toxins

Year Location Population affected Exposure route
1930-1931 West Virginia 9,000/60,000 Unknown

1959 Saskatchewan 12 People Swimming
1960-1965 Harare, Zimbabwe Children Drinking water

1975 Sewickey, PA 62% of 8,000 Drinking water

1979 Palm Island, Aust. 139 Children Drinking water
1980-1981 Pennsylvania/Nevada >100 People Swimming, water skiing
1989 Staffordshire, UK 18 Recruits ill Swimming, canoeing
1992 Outback Aust. Unknown Drinking

1992 River Murray, Aust. 26 people Drinking

1994 China High rates liver cancer Drinking

1996 Caruaru, Brazil 63 deaths Dialysis
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are extremely persistent in the environment, often being
resistant to chemical or bacterial degradation.

Animal health risks from HABs are much easier to
define than risks for humans as animals are more likely to
come in contact with cyanotoxin-contaminated water.
Blue-greens poisoning has caused the death and liver
damage of cows, swine, sheep, dogs, births, etc. (Cronberg
et al. 1999; Pitos et al. 2001; Warrington 2009). Micro-
cystis occurs widely in Australia and has caused many
cases of livestock poisoning in New South Wales and
Victoria (Warrington 2009). The other common cyano-
phyte in the rivers and lakes of the Murray-Darling Basin is
Anabaena circinalis which was the cause of the big Darling
River bloom in 1990-1991. Many sheep and cattle died
along the river and samples of the Anabaena containing the
same paralytic poisons as those present in shellfish PSP
toxicity were found in the water (Miami 2009; Warrington
2009). Whether the animal survives the poisoning or not
depends primarily upon the concentration of toxin ingested.
Surviving animals show photosensitivity, sunburn that is
restricted to white areas of cattle and the nose and ears of
sheep. Photosensitivity around the mouth can affect feed-
ing and the condition of stock. It has been observed that
dairy cows and sheep do not drink water containing toxic
algal blooms, resulting in sudden decreases in milk pro-
duction and deaths. Scouring has also been recorded in
poultry, where it leads to a reduction in egg production. A
toxic strain of the cyanophyte Cylindrospermopsis, which
accounts for up to 90% of the phytoplankton in Lake
Griffin, FL, is the possible cause for the recent large
number of alligator deaths (Warrington 2009).

Ecosystems

Many lakes have extensive littoral areas, and the production
of organic matter by these zones is very significant in the
cycling of nutrients and in the nutrition of lake organisms.
In particular, the large annual production of rooted plants
and attached algae may be a major source of decomposing
organic matter, and thus nutrients, to the open water and to
the sediments of the hypolimnion (Biological Controls
2006; Hudnell 2010a, b). Not only are the sediments of the
littoral zone the source of nutrients for these rooted plants,
the plants may release nutrients to the water column via
aerobic decomposition. Even this expensive process, while
necessary, may be insufficient to produce immediate and
long-lasting effects, due to internal recycling of nutrients
and the associated production of algae and macrophytes
(Biological Controls 2006). Nowadays, the most important
problem to solve concerns the following question: how to
restore and adapt the hydrological, biogeochemical and
biological cycles to the new conditions of high population
density and activities, without obstructing development

(Cosgrove and Rijsberman 2000; Clarke 2003; Ramsdell
et al. 2005; EEA Report 2009; Hudnell 2010a, b). A first
priority of the U.S. researchers plan for the coming years is
to understand and mitigate impacts of HABs species on
pelagic and benthic food webs and their capacity to support
fisheries and ecosystem services as well as mitigation of
bloom impacts of all types using a suite of practical strat-
egies to protect and utilize threatened resources, as well as
to directly intervene in bloom development (where appro-
priate) using economical and environmentally acceptable
methods and mitigate impacts of blue-green algae species
on pelagic and benthic food webs and their capacity to
support fisheries and ecosystem services (Ramsdell et al.
2005; Hudnell et al. 2008; Fristachi and Sinclair 2008;
Lopez et al. 2008; Hudnell 2010a, b).

Lake Sevan (max. length 78 km, max. width 56 km,
surface area 940 kmz, 1360 kmz, 95 m deep, perimeter of
260 km, and water volume 58 km3) is Armenia’s largest
lake, greatest lake of Caucasus Region and one of the greatest
freshwater high mountain lakes of Eurasia and one of the
largest and deepest of fresh-water lakes of the world (situated
at the altitude 1897.5 m a.s.l. Among high mountain lakes
only Titicaca is far ahead by size (8300 km?), high location
(3812 ma.s. l.) and such water quality) with age of 1 million
years and provided 80% of drinking and irrigation water of
Armenia. All other neighboring great lakes, Caspian
(Azerbaijan, Iran, Kazakhstan, Russia, Turkmenistan), Van
(Turkey), and Orumiyeh (Iran) are saline. Therefore, Lake
Sevan is the only strategic potential source of drinking
quality water in the whole Caucasus Region. The Lake Sevan
Ramsar Site are supports to the following Ramsar Criteria of
Wetlands of International Importance; its basin supports at
least 48 species of vertebrates and 48 species of plants
included in the Red Data Book of Armenia, i.e. 48% of rare,
vulnerable and endangered fauna and 12% of flora; Such
kind of plants as Isatis arnoldiana, Alyssum hajastanum,
Acantolimon gabriljianae have not been found elsewhere in
the world; among fish species, the famous Ishkhan (Salmo
ischchan) and Beghlu (Barbus goktchaikus) are endemic;
During the autumn migration, the area receives 10-30,000
waterfowls and supports substantial numbers (until 20,000)
of Anatidae; Lake Sevan Basin supports 46% of flora and
fauna diversity in Armenia (Babayan et al. 2003). Agricul-
tural growth, industrialization, recreation, and other
demands in coastal areas pose environmental risk and
security difficulties (Babayan et al. 2003; Ivanyan 2003;
Wilkinson and Gulankyan 2010). The activity coefficient of
phytoplanktonic photosynthesis changed within relatively
narrow limits, in spite of significant changes in the concen-
trations of major nutrients and in the structure and produc-
tivity of the phytoplankton and signs of eutrophication and at
first alga blooms of the blue-green Anabaena were observed
in 1964 (Babayan et al. 2003; Sargsyan 2007). Since 1970s,
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the lake was covered with blue-green algae. Phytoplankton
found in Lake Sevan were previously considered unusual,
relative to other large lakes in Western Europe, being
adapted to oligotrophic (nutrient poor) conditions. Since
1970s, many species such as Melosira granulata and
M. islangica dominated in the phytoplankton community of
the lake, but further eutrophication reduced their numbers
(although a recent upturn in numbers has been recorded).
However, many of these species disappeared during euthr-
ophication of the lake. Indeed, species such as Anabaena
flos-aquae and A. lemmermanii flourished, and contributed
to the algal bloom. According to the researchers of Armenian
Institute of Hydroecology and Ichthyology, further eutro-
phication of Lake Sevan may lead to irreversible misbalance
of its biodiversity as well as blue-green algae will decrease
lake’s water quality (Hovhanissian and Gabrielyan 1998). In
2003, Global Ecological Fund and World Bank have been
financing Natural Resource Management and Poverty
Reduction program that also includes plans for the solution
of some of the Lake Sevan’s problems (Babayan et al. 2003).
The goal of the plan is to improve landscape and biodiversity
conservation across the whole area, improve opportunities
for sustainable use of natural and biological resources in the
area, and increase the effectiveness of protection offered by
Lake Sevan National Park, through a review of its manage-
ment and functioning, but task of recent toxic alga bloom
biomass progressive increase was not included and solved.
The problems of ecosystem eutrophication can be done
through regulating the aquatic biota through the use of bi-
omanipulation tool. The biomanipulation involves the
deliberate alteration of an ecosystem by adding or removing
species. Nevertheless, biomanipulation can be used as
additional or exclusive measure to improve the quality of
stagnant waters (Krasprzak 1995; Kasprzak et al. 2002).
Food webs are controlled by resource limitation (“bottom-
up”’) and by predation (“top-down”). In the last years, many
experiments have been carried on applying gradually of
biomanipulation techniques, following a step-by-step pro-
cedure aimed to produce a less stressing effect and to have
the possibility to modify at any moment the intensity and the
direction of the intervention. However, many problems of
considerable importance still await a satisfactory solution. It
is clear that techniques of integrated biomanipulation show
good prospects for managing eutrophic aquatic environ-
ments with a view to the ultimate recovery of their quality.
The literature on food web manipulation indicates that
important factor is the manipulated fish population stability
(influences of anthropogenic factor or natural event like fish
mortality, etc.). In case of significant change follows fish
quantity the new structure might be stable for a short time
(Biological Controls 2006). Complete removal of the
planktivorous fish will not per se lead to optimal conditions
for daphnids and stabilize. On the other hand, if the biomass
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of planktivorous fish exceeds a certain critical level the
larger crustacean herbivores will not be able to dominate.
Neither phytoplankton densities nor biomass quantities can
be regulated (Gulati 1995). The new approach requires an
understanding of the dynamics of water and biogeochemical
processes with special emphasis on the role of biota in the
catchment and aquatic systems as being a very vulnerable,
but easily manageable component of the water ecosystem.
The daily feed supply for aquaculture raises nutrient levels,
but does not simply increase normal predator—prey activity;
rather, HABs events develop often with serious ecological
and aesthetic implications. The studies dealing with top-
down control in the food web have not provided any tailor-
made solutions for a reduction of algal bloom biomass and
sustainable improvement in case of heat climate condition.
Therefore, some typical problems of water quality man-
agement through biomanipulation became obvious (blue-
green algae, long term stability) (Krasprzak 1995; Gulati
1995; Kasprzak et al. 2002). Therefore, the basic assump-
tions of the biomanipulation concept were found to be
generally valid, although quantitatively hard to predict. So
studies dealing with biomanipulation tool show that to
achieve good prospects and sustainable improvement, it is
needed provided any tailor-made solutions for a regulation
of algal biomass in water resources (Afsar and Groves 1995;
Krasprzak 1995; Gulati 1995).

Economical loses

A preliminary and highly conservative nationwide U.S.
estimate of the average annual costs of HABs is approxi-
mately $50 million (estimate is primarily based on real
estate. It does not consider many other areas that are
impacted but difficult to quantify) (Ramsdell et al. 2005).
Public health is the largest component, representing nearly
$20 million annually, or about 42% of the nationwide
average cost. The effect on commercial fisheries averages
$18 million annually, followed by $7 million for recreation
and tourism effects and $2 million for monitoring and
management. HARRNESS does not consider many other
areas that are impacted, but difficult to quantify. Full
eutrophication and freshwater HABs are conservatively
estimated to cost the U.S. economy 2.2—4.6 billion dollars
annually (Hudnell 2010a).The actual dollar amount of these
estimates is highly uncertain due to a lack of information
about the overall effect of many HABs events and a difficulty
in assigning a cost to those events that we do understand.
While many expenses may be difficult to quantify, there is
little doubt that the economic effects of specific HABs events
can be serious at local and regional levels. Separate from the
national average, massive losses from isolated, individual
events underscore the severity of the problem. A PSP event
in New England caused estimated losses of $12 to $20
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million in Massachusetts alone, with additional losses in
New Hampshire and Maine (Ramsdell et al. 2005). Contin-
ual PSP intoxication in Alaskan shellfish is one factor blamed
for the lack of development of a commercial, wild shell-
fish industry, estimated to be worth $6 million annually.
Blooms of one of the brown tide organisms, Aureococcus
anophagefferens, devastated the bay scallop industry in Long
Island, estimated to be worth $2 million annually. Outbreaks
of Pfiesteria-like organisms in 1997 in Chesapeake Bay
tributaries resulted in a collapse of seafood sales and boat
charters, with losses to watermen, seafood dealers, and
seafood restaurants approximating $43 million. Some
examples are massive fish mortalities that result in fish
accumulating on beaches, the closure of recreational fish-
eries, respiratory ailments experienced by beachgoers from
aerosolized toxins, unsightly and noxious piles of macroal-
gae that accumulate and decompose on beaches, the dis-
coloration of water, as well as mortalities of protected
species and modification of their habitats. HABs occur-
rences affect consumer perceptions of the safety of uncon-
taminated shellfish, reducing the demand for shellfish in
general and affecting the fishing and aquaculture industries
even where there is no contamination. Working patterns can
be disrupted when fishermen seek alternative occupations or
sources of income and restaurants seek alternate suppliers
for their seafood. Charter boat reservations and pier atten-
dance for recreational fishermen in Florida can be reduced
during HABs events because of fish kills, respiratory irri-
tants, and misinformation about HABs. Vacations can be
ruined, and some may never visit an impacted region again.
The economic and societal impacts of HABs on fish and
shellfish harvesters, producers, and processors are direct.
There are periodic extensive marine mammal losses as
toxins accumulate up the food chain. Their livelihoods are at
risk when HABs threaten the fishery resource on which they
depend. Large amounts of money are spent by the fisheries
and marine culture industry to screen for toxins on a routine
basis so as to ensure product safety. Weekly or more frequent
monitoring is recommended only when there are at least 500
algae cells per millilitre (the most of sample analysis runs
from $60 to $125 labs in Washington, depending upon the
type of analysis and turnaround time requested. Even fewer
labs are able to analyze for algal toxins. Some of them can
only analyze for Microcystin. The cost of analysis usually
runs from $300 to $500).

A subtle, but important impact of HABs is the effect they
can have on recreation, tourism and local aesthetics by
diminishing the quality of the coastal environment.
Although many experts argue that the effects of HABs on
recreation, tourism, and aesthetics are important and
potentially large, there are few available data describing
their magnitude. Estimating the full range of societal impacts
of HABs is as difficult as estimating human behaviour in

response to a traumatic event. Less recognized is the impact
on community volunteers, stranding and salvage networks,
federal and state regulators involved in recovery or man-
agement of plans, veterinarians, sea bird sanctuaries, envi-
ronmental advocates, scientists, concerned citizens,
biodiversity observers, database managers, and others.

HAB prevention, control and mitigation

The U.S. researchers vision for assessing the risk to human
health, living resources, and the environment, and for
implementing effective prevention and mitigation mea-
sures and for the coming decade includes recommendation
aimed to develop effective, environmentally sound tech-
niques to reduce/control HABs (Fristachi and Sinclair
2008; Lopez et al. 2008) and identification of methods for
reversing eutrophication trend, if we are to have a sus-
tainable supply of usable freshwater (Hudnell 2010b).

The long-term approach to avoid of algae bloom is the
systematic removal of major nutrients and good watershed
management to prevent their influx to raw water supplies
(Biological Controls 2006; Warrington 2009; Hudnell
2010a, b). However, eutrophic lakes and reservoirs that
have been impacted by years of poor watershed manage-
ment and excessive nutrient loadings improve slowly after
best management practices are implemented. Currently
preventative measures of control against bloom develop-
ment as well as its toxic forms through preventing of
including fertilizers, animal wastes and other sources of
nutrients in water resource do not achieve sustainable
results and spread of the blue-green infection can reach
catastrophic dimension (Fristachi and Sinclair 2008; Lopez
et al. 2008; Hudnell 2010a, b). In 1972, analyses of first
eutrophication survey by U.S. Environmental Protection
Agency (EPA) indicated that 10-20% of all U.S. lakes and
reservoirs were eutrophic the EPA recently reported that
over 50% of all U.S. lakes and reservoirs are eutrophic or
hypereutrophic (Hudnell 2010b).

Lake sediments usually are laden with phosphorus, and in
deep lakes, the phosphorus can be released when the bottom
becomes anaerobic during the summer. For this reason,
much of the research into cyanobacterial toxin control has
focused not on watershed management but rather on the
effectiveness of various in-plant treatment processes for
removing the toxins. By carefully monitoring and adjusting
water treatment processes, user may be able to improve algae
removal by sedimentation and filtration. The conventional
treatment and disinfection of most public drinking water
supplies are not effective in removing or deactivating
cyanophyte toxins as well as boiling is not effective (WHO
1998; DOH 2005; Warrington 2009). Water that is free of
cyanophytes may not be free of the toxins because killing the
cyanophytes with chlorine, heat, mechanical disruption or
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any other process causes them to lyse and release their toxins
into the water supply (Warrington 2009). Chemicals are
widely used to prevent the growth of nuisance algae, and the
commonest one being copper sulphate. But using copper
sulphate in the source water also causes release of the toxins
and the copper itself is toxic to benthic organisms. A number
of other algicides are phenolic compounds, amide deriva-
tives, quaternary ammonium compounds and quinine
derivatives. Dichloron aphthoquinone is selectively toxic to
blue-greens (BGA 2008). However, the hazards of using
some toxic chemicals indiscriminately in the natural envi-
ronment are well documented. Powdered activated carbon
(PAC) is effective as a pre-treatment chemical prior to a
conventional treatment plant according to a study of five
surface water plants in Wisconsin averaging 96% removal
(Warrington 2009). It can, however, cost expensive if a
major bloom occurs. Granular activated carbon (GAC) was
also effective, but experienced a shortened life when
removing the toxin. Wood-based and coal-based activated
carbons have been more effective at removing toxins than
coconut-based activated carbon (DOH 2005). Nanofiltration
and reverse osmosis are both very effective in removing the
toxin, but initial expense can be also quite high. Ozonation is
considered as the most cost-effective method for dealing
with microcystin. But the effectiveness of ozonation varies
depending upon the disinfectant dose and type of cyanotoxin
(DOH 2005).

Biological method against algae bloom is in principle
possible (SWCSMH 2007). Invertebrates like cladocerans,
copepods, ostracods and snails are known to graze on green
algae and diatoms. Daphnia pulex has been reported to feed
on Aphanizomenon flos-aquae while present in the form of
single filaments or small colonies but avoid large raft-like
colonies. The copepod Diaptomus has been implicated in
the grazing of Anabaena populations in Severson Lake,
Minnesota. Microorganisms (fungi, bacteria and viruses)
appear to play an important part in regulating growth of
blue-greens in freshwaters. Certain chytrids (fungal patho-
gens) specifically infest akinetes, other heterocysts. Bacte-
rial pathogens belonging to the group of Myxobacteriales
can affect rapid lyses of a wide range of unicellular and
filamentous blue-greens, though heterocysts and a kinetes
remain generally unaffected. Viral pathogens belonging to
the group of cyanophages exhibit some degree of host
specifies. Phage AR-1 attacks Anabaenopsis, phages SM-1
and AS-1 are effective against the unicellular forms, Syn-
echococcus and Microcystis, Phage C-1 lyses Cylindroper-
mum, and the LPP-1 virus is effective against strains of
Lyngbya, Phormidium and Plectonema. However, biological
method is not always practical and effective.

Algae blooms are nothing new, especially in the shal-
lower lakes (Minnesota 2009). Minnesotans offered the
following for solving this problem: fixing faulty septic
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systems; preventing manure runoff from livestock pens;
upgrading city sewer treatment plants to reduce phosphorus
output; creating storm-water storage ponds where urban
runoff can sit, while pollutants settle before the water is
slowly released into bodies of water and introduction of a
variety of farm cropland management techniques, including
using grass buffer strips along drainage ditches and around
open field tile intakes so that fertilizer and soil is filtered out.
In 2001, a serious bloom of toxic cyanobacteria (blue-green
algae) developed in Diamond Lake and two swimming
beaches were closed. The Umpqua National Forest and
Douglas County Department of Health and Social Services
staff, working with private and government organizations,
developed a plan to monitor the lake and a public commu-
nications strategy (Jones et al. 2009). Once the public was
warned, incident team focused their attention on monitoring
Cyanobacteria, in order to determine when the threat had
diminished sufficiently to allow full use of the lake. Fortu-
nately, Diamond Lake is not a public drinking water supply
and monitoring is only needed to address recreational con-
tact. When a serious bloom of toxic cyanobacteria reached
some Wisconsin lakes and ponds, officials responsible for
water quality recommended only the following: avoid using
personnel watercraft, windsurfers, or water skis over mats of
blue-green algae; don’t swallow lake or river water; don’t
use it for drinking, cleaning food or washing camping gear,
and don’t boil contaminated water, as this may release toxins
from blue-green algae; take shower after swimming; wash
off your pet’s coat to prevent the pet from ingesting patho-
gens or blue-green algae, while it cleans itself and help
prevent contaminants from entering Wisconsin’s recrea-
tional waters: dispose of litter in containers, do not feed the
birds by swimming areas, avoid using excess fertilizers on
yards and don’t dump anything down storm drains.

For drinking water users the U.S. Department of Health
(DOH) recommended the following: do not add an algicide
if a visible bloom is present; adding an algicide can cause
the algae cells to rupture, releasing toxins into the water;
filtration does not effectively remove dissolved algal tox-
ins, so destroying cells before filtration may result in higher
concentrations of toxin in finished water as well as moni-
toring frequency for algae varies from once every other
month to weekly, depending upon the quantity of algae
present in the source water (Hardy et al. 2000; DOH 2005).

Wastewater treatment

The biological method stands out as most effective and
economically efficient method for the purification of
industrial wastewater by using the microbiological active
slime and alga (Avagyan 2008b). However, bacteria of the
active slime have low stability to high concentration of
organic and mineral components, thus considering increased
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rate of water flow (Avagyan 2008b). This method also
requires further destruction of superfluous quantity of active
slime, which contains also pathogenic microorganisms.
Sewage sludge has, unsurprisingly, proved a problematic
substance for environmental law and policy. The issue of
how best to dispose of it, or still better make some beneficial
use of it, remains a matter of debate. Before 1998, sludge
was mainly disposed of at sea, to agricultural land as fer-
tilizer, incinerated or landfilled. In 1998, disposal at sea was
banned, and carefully regulated agricultural use became the
principal method of disposal. At same time it is known that
active slime contains very pathogen microorganisms
(E. coli, etc.) that prohibit using biologically active waste in
agriculture. As landfilling is clearly becoming a less
acceptable waste management solution, the co-processing of
waste will become even more attractive in the future. The
EU Landfill Directive has forced waste management poli-
cies across the member states of the EU to reduce the amount
of waste sent for disposal in landfill. The directive requires
that progressively increasing quantities of biologically
active waste are diverted away from landfill. May be the
criteria of the Landfill Directive can become the main
drivers for the production of fuel fraction through the use of
active slime? Biogas can be efficiently generated from the
anaerobic digestion of sewage sludge. In this multistage
anaerobic process, complex organic matter converts ulti-
mately to CO, (35%) and methane (65%). However, there is
a complex technological process that makes monitoring
complicated (Bennett 2007). Traditionally, incineration is
considered to be the next alternative for disposal, but this
approach has encountered high levels of resistance in many
countries at the planning and permitting stage.

Facing the future. What type of technological
and economic approaches can be cost effective
for restoration and development of water resources?

Biofuel manufacturing

The world is facing accelerating energy demand driven lar-
gely by global population increases and rapidly industrial-
izing developing markets (Avagyan 2010c). Technological
improvements to energy systems drive cause efficiency, and
hence contribute to climate protection (Platt 2009). The U.S.
government policy highlights the need for the biomass
industry to develop new feedstocks that will be easier to
grow, produce higher yields of biomass, and be efficiently
processed into fuel, power and products that will help both
technology developers and investors identify viable appli-
cations of biomass (including alga for third-generation bio-
fuel) for fuels, power or products (USDA 2003; TAC and
BRDDI 2007). The US Biomass Research and Development
Technical Advisory Committee released its Roadmap lays

out a concrete R&D strategy and recommends policy mea-
sures needed to improve biomass technologies and help
create an economically viable, sustainable and environ-
mentally desirable biobased industry (TAC and BRDDI
2007). The American Recovery and Reinvestment Act pro-
vide $ 787 billions, including $37.5 billions for energy effi-
ciency and renewable energy (Platt 2009). The EU
Renewable Energy Directive will create conditions enabling
renewable energy to play a key role in reaching the GHG
reduction target. In its strategy, the EC defines the role that
biofuels, produced from biomass, a renewable resource, may
play in the future as a source of renewable energy serving as
an alternative to the fossil fuel energy sources (chiefly oil)
used in the transport sector (An EU Strategy for Biofuels
2006; EEA 2008). It also proposes measures to promote the
production and use of biofuels. Accordingly, the EU has
committed itself to the “20-20-20” initiative: reducing
greenhouse gas emissions by 20%, increasing the share of
renewables in energy consumption to 20% compared to 8.5%
today and improving energy efficiency by 20%. To put
renewals into effect, in January 2008, the EC presented an
integrated proposal for Climate Action aimed at providing a
secure and predictable investment climate for EU industry, to
which, after 11 months of legislative work, the European
Parliament gave its backing Intelligent Energy—FEurope 11
Program (IEE II 2009). The UK government recently laun-
ched a consultation on the grandfathering of dedicated bio-
mass plants, which propose to grandfather minimum levels of
support aimed to real CO, reduction in the short term and
thereby help nurture a biomass supply infrastructure for the
long term (Hannegan et al. 2010).

However, currently the U.S. and EU’s trade and subsidy
policies will be critical to biofuel production (Avagyan
2010c). Therefore, the burden of subsidy entirely lies upon
on their taxpayers (Avagyan 2010c). Thus, further reduc-
tions cost will be needed for biofuels to be able to compete
effectively with gasoline and diesel without subsidy (An EU
Strategy for Biofuels 2006; EC Report 2007; WEO 2006;
WOO 2008; Hannegan et al. 2010). According to the
policy of key player’s, production costs of conventional
biofuels are, in general, higher than oil-based fuels; the
strong expansion in the biofuel industry over the past few
years have been critically dependent upon public sector
support programs. In order to replace petroleum-based
fuels and materials, biofuels would reach petroleum party,
meaning that they are completive on physical properties,
cost and scale. How long will it take? What should be done
in the future? Recently, the combination of escalating costs
for energy and foods combined with climate change has
renewed interest in algae as a clean, carbon neutral energy
source (Avagyan 2008a, b, c, 2010c). The biomanipulation
of the surplus algal bloom can be global tool improve the
situation of water resource management, will facilitate both
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a form of self-purification in aquatic ecosystems and sig-
nificantly reduce the costs of water quality maintenance and
risks posed by HABs to human health as well as the increase
of supplying biofuel manufacturing profitably and boosting
feed, biopharmaceuticals, etc., manufacturing in cost
effective manner. Removing HABs intact cells will signif-
icantly reduce the possibility that toxins will be present in
finished water since growing intact cells contain 70-100%
of the toxins (DOH 2005). Moreover, macrophytes, blue
green and green microalgae accumulate dissolved metals as
well as heavy metals (Wilde and Benemann, 1993; Travieso
et al. 1999, Mehta and Gaur 2005; Verma and Gupta 2005).
Therefore, the use microalgae aimed to removal metals
from water bodies used as a substitute of expensive cleanup
technologies in water resource management. In this goal,
our Centre developed project of biofuel manufacturing from
phytoplankton addressed to Lake Sevan restoration and
biodiversity conservation. This approach of demonstration
and commercialization may be key water quality manage-
ment new effective tool in cost effective manner, because it
may be also used for the further biological engineering of
the global lake and sea systems to restore biological
mechanism that stabilizes the aquatic plant-dominant sys-
tem, freshwater conservation, cleanup and restoration
through reducing negative effect of algal blooms, lake
internal surplus nutrient and heavy metals. It will create a
more secure environment for power investors and users as
well as offered manipulation tools application in biotic
dynamics of freshwater ecosystems are synchronous with
today’s and future world request. Thus, this approach will
promote ecologically friendly solution to restoration and
cleanup of water reservoirs, conservation of drink water,
and increasing quantity of valuable biomass for biodiesel
manufacturing. EU Environmental Liability Directive
(2004/35/EC) seeks to achieve the prevention and reme-
dying of environmental damage, which presents a threat to
human health, bringing with it a number of new or increased
risks to companies and their director (Hilary 2009). The
Directive has already been implemented in Italy (2006),
Spain (2007), France (2008) and England (2009). There-
fore, this directive raises the possibility of the use algal
bloom biomass for useful purposes and grants a possibility
for remedying environmental damage with obtaining profit
and decreasing the risk of industries.

Additional source for biofuel, food and feed additives,
biopharmaceuticals sustainable manufacturing must be
alternative of active slime approach through the use of
microalgae for the wastewater treatment (Avagyan 2008b,
c). In the last years, the key task of our R & D was to find a
solution for this problem, because microalgae, on the other
hand, possess higher stability, which enables their use in
more concentrated and toxic environments of wastewaters.
Therefore, our Centre has carried out research to develop
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microalgae cultivation technologies in wastewaters con-
taining amino acids (lysine, etc.), the wastewaters of Yere-
van factory of chemical reagents and the chloroprene rubber
factory Nairit (Avagyan 2008c). Also, investigated were the
wastewaters of the enzyme and food industries. In the mean
time, high levels of wastewater (crystallic lysine industrial
manufacturing sorption effluent by BOD5 of 45000 mg/1,
COD of 50,000 mg/1, N of 4.3 g/1) purification from organic
and mineral compounds were achieved (Fig. 1) and a sharp
reduction of bacteria contents in microbiologically infected
wastewater was observed (Table 2) (Avagyan et al. 1993).
The formation of plant yield is closely intertwined with
metabolism, as well as activity and concentration of
photosystems (Avagyan 2010a, b). Therefore, our techno-
logical decisions included the increase of assimilability of
wastewater components by Chlorella as well as optimisation
of the microalgae photosynthetic process, which increased
speed of wastewater purification and reduction of bacteria
titre up to degree meeting the requirements for its transfer to
the wastewater treatment plant.

The exhaust steam and effluent gas (including green-
house emissions) may be used for heating microalgae
suspension in biotechnological pools so the biomass man-
ufacture not only be available year-around, but also more
viable for further production (Avagyan 2008a, b). During
microalgae aeration of effluent gases, CO, is turned into O,
via photosynthesis that mitigates the CO, industrial emis-
sions. Algae can adsorb up to 450 tons of CO, per acre
when grown commercially (Weafer 2008).

Producing microalgae through the use and purification
of wastewaters as well as microalgae processing biomass
rest of biodiesel manufacturing must be an additional
source of high quality feed additives. Microalgae Chlorella
as a feed additive could become the best choice for solving
problems associated with the use of high quality physio-
logically active feed additives and as antibiotics and
organic acids alternatives in feed since microalgae contain
natural organic acids, reducing the colonization of patho-
gens (Avagyan 2008d). In industrial test, combined feed
with 1% of Chlorella powder (produced through cleaning
of biotechnological wastewater) was used on 25,200 spe-
cies of fishes (average weight—12.7 g). During the first
20 days, the daily average weight gain increased by 20%
(0.97 g in tested and 0.73 g in the control group), and the
mortality reduced by 48% (0.77 and 1.25%, respectively).
Our strategy will allow producing microalgae through the
use and purification of wastewaters which may be an
additional source of profit, with no changes in tax law and
subsidizing of nature protection actions.

Our strategy believes that including microalgae biomass
of algal blooms and received through cleaning of waste-
waters (Avagyan 2008b) in Industrial (such as wastewater
cleaning and biofuel manufacturing (Avagyan 2008c) and
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Table 2 Temporary variation of bacterial titre of lysine manufac-
turing wastewater, diluted by the water, during cleaning by the use of
chlorella

Term  Quantity of bacterial cells in million per ml
in day ..
Dilution in times
5 10 20
0 1,300,000 £ 60,000 650,000 £ 30,000 325,000 + 15,000
2 34,200 £+ 5,620 36,900 £ 7,330 10,480 + 5,330
6 7,800 + 1,860 305 + 40 57 £ 11
9 83 £ 12 63 £ 15 22+5
13 56 £7 22+ 4 4+1
16 7x1 4+£1 4+£1

Bio (through food (Avagyan 2008b) and feed (Avagyan
2008d) additives, biopharmaceuticals (Avagyan 2010d),
etc., producing from microalgae) cycles will be our adequate
answer addressing to unsustainable technological improve-
ments and climate change, thus leading to resolution of
global tasks facing the world community through novel
ways. Consequently, offered measures will help also reduce
the greenhouse CO, emission, the increase in the mean time
the O, content in atmosphere, and find optimum ways for
solution of problems on how to receive raw material for
biofuel and sustainable production and increase quantity and

Time in day

quality of end-agro-products (Avagyan 2008a, c). As a
result, human life quality and health will be improved.

At the same time, my experience as reviewer show that
identified approaches needed for success in the large scale
algal-based projects to address the risks posed by heavy
metals, radioactive isotope, green blue potent toxins as well
as good knowledge in photosynthesis and other properties
of microalgae.

Conclusion

At the dawn of the industrial revolution, the atmospheric
concentration of CO, was about 280 parts per million
(ppm) (UN 2008). By 2005, this figure had reached
379 ppm (IPCC 2008). The contribution of increased
concentrations of CO, to climate change has been the
subject of a broad international consensus for over twenty
years. The Copenhagen climate change conference failed
to find global solution to this problem. It may be difficult
for existing companies to integrate principles of bioculture
with the principles of their existing core business models,
but that is not stopping them if new developments will be
in cost effective manner. Conventional wisdom on the
clash of economy and environment is that we can have it
both ways, thanks to new technology and innovation. We
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do indeed need a revolution in technologies direct. Iden-
tifying opportunities in the next wave of technologies,
along with other policy initiatives including financial crisis
actions and climate policy, will affect companies’ devel-
opment today and in the future. World community must
look at bioculture business model that will serve future
sustainable development of life.

This ecological modernization can be driven by quanti-
tative restrictions that ensure extractions from the envi-
ronment do not exceed its regenerative capacities and
discharges to the environment do not exceed its assimilative
capacities. This analysis demonstrates the urgency required
for policy and investment action in the microalgae using.
Strategic heart of Global Life Conserve Industry addressed
to sustainable development must be the microalgae use.
Therefore, the use of bloom and wastewater cleanup algal
biomass in Industrial and Bio cycles opens new ways for
environmentally friendly manufacturing and water resource
restoration and conservation in cost effective manner. The
validity of this approach increases and confirms in the face
of Biofuels Digest updated Advanced Biofuels tracking
database, based on announced projects and updated com-
pany guidance tracking 56 companies with advanced bio-
fuels projects in 13 countries (Lane 2010). According this
database, third generation biodiesel volume (from algae)
projected to reach 421.08 million gallons per year in 2013.
The benefits of microalgae are so overwhelming that this,
combined with the prospect of the improvement water
resource management, makes it imperative for the world to
devise an international response and a plan of action.
Incentives will be needed for the development of Global
Life Conserve Industry-led platforms such as the World
Microalgae Technology Platform (Avagyan 2010c). It
should make it possible to establish a shared World vision
and strategy for the production and use of microalgae. The
difficulties in realizing all this in the time frame of our
analysis do not justify inaction or delay, which would raise
the long-term economic, security and environmental cost.

Microalgae were the key tool for life development on earth;
at present, algae produce approximately 50-70% of the
atmospheric oxygen and are the World Ocean Water natural
cleaner. It is an approved choice of Nature and our Centre.
Therefore, microalgae must be the key tool for the water
resource management addressed to new design and building
sustainable development of life. Who gains from driving for-
ward our concept? Offered sustainable development business
model through the use microalgae and globally aggregated
convenient relationship for policymakers and companies will
make global goal of bioculture fully achievable.
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