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Abstract

Purification system has recently gained increasing importance, especially in water treatment systems. Biological water
freatment systems with microalgae are now widely accepted. Moreover, algal wastewater freatment systems are effective
when compared to conventional treatment systems. The proposed purification system aims to provide a process for using
saline water, and saline reject water produced in water purification for gold mining production. Also, it provides a method for
growing and harvesting algae utilizing saline water as growth medium for recycling waste water to extract the remaining
metals from it. This trend of purification system using harvested algae has various applications, and may be used in wide
aspects including, but not limited to, algae biomass production to extract metals, and reducing the cost of gold mining

production.
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1.0 INTRODUCTION

Algae are modest microbes with amazing potential.
They thrive in turbid, brackish water environments
with little more than basic nufrients and sunshine.
They grow far more rapidly than conventional crops,
and generate a much higher fraction of their
biomass as oil (up to 60%, versus 2%-3% for soybeans).

As recently, algae have become significant
organisms for biological purification of wastewater
since they are able to accumulate plant nufrients,
heavy metals, pesticides, organic and inorganic foxic
substances and radioactive matters in  their
cells/bodies [1-4]. These specific features have made
algal wastewaters treatment systems an significant
low-cost  alternatives o complex expensive
freatment systems particularly for purification of
municipal wastewaters.

In addition, algae harvested from freatment
ponds are widely used as nitrogen and phosphorus
supplement for agricultural purpose and can be
subjected to fermentation in order to obtain energy
from methane. Algae are also able to accumulate
highly foxic substances such as selenium, zinc and

arsenic in their cells and/or bodies thus eliminating
such substances from aquatic environments.
Radiation is also an important type of pollution as
some water contains naturally radioactive materials,
and others become radioactive through
contamination. Many algoe can take up and
accumulate many radioactive minerals in their cells
even from greater concentrations in the water [5].
MacKenthun emphasized that Spirogyra can
accumulate radio-phosphorus by a factor 850.000
fimes that of water [4].

It is well known that algae have an important role
in self purification of organic pollution in natural
waters [7]. Moreover, many studies revealed that
algae remove nutrients especially nitrogen and
phosphorus, heavy metals, pesticides, organic and
inorganic toxins, pathogens from surrounding water
by accumulating and/or using them in their cells [8-
9]. Also, studies showed that algae may be used
successfully for wastewater tfreatment as a result of
their bioaccumulation abilities [10].

Considering all these abilities of algae to purify
the polluted waters of many types, it is worth to
emphasize that algal fechnology in wastewater
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freatment systems are expected to get even more
common in future years.

Wastewater treatment which is applied to
improve or upgrade the quality of a wastewater
involves physical, chemical and biological processes
in primary, secondary or fertiary stages. Primary
freatment removes materials that will either float or
readily settle out by gravity. It includes the physical
processes of screening, contfamination, grit removal,
and sedimentation. While the secondary freatment is
usually accomplished by biological processes and
removes the soluble organic matter and suspended
solids left from primary treatment. Terfiary or
advanced freatment is process for purification in
which nitrates and phosphates, as well as fine
particles are removed [11]. However initial cost as
well as operating cost of wastewater tfreatment plant
including primary, secondary or advanced stages is
highly expensive [12].

The algae production industry is where the
computer and software industry was in 1980 — about
to explode. If all the potential uses of algae biomass
as a substitute for other materials were to be realised,
it would result in a $1.4-1.7 trillion a- year market.

Some «algae produce lipids that can be
converted to biodiesel or green diesel. Some stfrains
produce ethanol. Algae biomass is also used as food,
animal feed and fertiliser, but it isn't reasonable to
expect 100% substitution — there are too many
complications. In 20 years, for instance, you might
expect fo see fuel substitution in the 5%-8% range.

Creating biofuels from microbes has many
advantages. Algae can grow in low lying areas
unsuitable for conventional crops. Algae can yield
8,000 litres of fuel per acre per year, compared with
2,600 litres for palm oil and 200 litres for soy. Algae
can use brackish water or wastewater as a growing
medium, eliminating the freshwater needs of ethanol
production. Importantly, algae production does not
compete with food crops such as corn or soy for
acreage, nufrients or fresh water. Furthermore,
biofuels are similar enough to gasoline and diesel
that they do not require special freatment during
fransportation and mixing at the refinery.

Recent studies conclude that this algaoe
dewatering process costs over $3,000 in energy alone
to produce one fonne of dry weight biomass
equivalent, making algae an uneconomic source of
fuel when compared to fossil fuels. Nevertheless, a
comprehensive industry survey undertaken by the
Algal Biomass Organization last year found that more
than 35% of industry participants believe it is either
very likely or extremely likely that algae-based fuels
will be cost-competitive with fossil fuels by 2020.

1.1 Filtering the Flow

The economic and environmental incentive fo
reduce the energy costs associated with algae
processing is driving increased levels of industfry
research, particularly on ways to reduce the cost of

algae dewatering. Pall Corporation, for example, has
developed the Algae Separation & Concentration
Filter (ASCF). "The technology borrows from other
applications where we use membranes for freafing
industrial wastewater, or wine production,” says
DiLillo. "It ufilises a robust, hollow-fibre filter
fechnology that can withstand the rigours of
chemical cleaning that are used to remove organic
and inorganic debris.”

Most of the recent researches were on the using
of microalgae for make wastewater freatment have
been based on the use of a monoculture to remove
a specific nutfrient (mainly nitfrogen or phosphate)
and only a few studies have been reported on the
use of mixed algal cultures for wastewater tfreatment.

Wastewater contains a diversity of nutrients and
it is not easy to get a single strain that can
simultaneously remove all the nutrients from the
wastewater. In both activated sludge and oxidation
pond processes, complex mixtures of natural
populations of microorganisms are used and the
composition and relative proportions of these
microorganisms vary based on the composition of
the wastewater and with the stage of tfreatment too.

Photosynthetic microorganisms are varying in
their nutritional requirements and it is possible to
select a good combination of photosynthetic
microorganisms for simultaneous removal of different
nutrients from wastewater.

1.2 Gold and Carbon in Detrital Deposits

One of the common associations with gold in detrital
deposits is the association of gold with uranium and
carbon. This holds true in the Witwatersrand and all
the other gold deposits of a detrital nature. For many
years the origin of the carbon was hotly debated
with the most recent evidence holding that it is from
primitive life forms that lived in the distant past in the
Archean.

Algae exposed at the infertidal zone similar to
the ancient algae that trapped gold. Even today
this kind of mat could be a good place to search for
gold. It has been posited that these algae formed
great mats similar to stromatolites that acted as a
frap for the gold particles and uranium minerals in
the same manner that modern mats of algae work to
snare gold particles in a modern environment. If is
common practice to use an artificial mat of the
same nature in a sluice box fo entrap gold.

Even today if you encounter a mat of algae in
the bottom of the stream or river is a good place to
search for gold that has been caught in the mat by
the action of running water.

At the time many of these gold bearing deposits
were at the bottom of a braided stream channel
that by being deposited in this manner explains the
stringers of gold found in such a deposit. These
stringers of gold are common in detrital gold
deposits. Sometimes there is a layer of carbon that is
as thin as a pencil line that is so richen gold and other
minerals that they are mineable. In many detrital
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deposits the slim lines occur at a regular frequency fo
the extent that the entire deposit is mined so that |
can undergo further ore dressing to free the gold so it
can undergo even further freatment usually by being
leached with a solution of cyanide.

Microalgaoe are considered as unique and
potentially valuable microorganisms. In additions,
they are the light-harvesting *‘cell factories’ which
convert carbon dioxide into biomass or a variety of
bioactive compounds.

However many of them can  grow
heterotrophically, all microalgae are
photoautotrophs, they require mainly sun, water, and
inorganic nutrients for growth. When compared to
higher plants, microalgae are simple in structure,
being unicellular, flamentous or colonial, and energy
is directed via photosynthesis into growth and
reproduction; they do not need to establish and
maintain complex tissues and organs [13].

Also, microalgae have the potential to produce
valuable substances for the food, feed, cosmetic,
pharmaceutical, and waste treatment industries [12—
22]. More recently these photosynthetic microbes
have also become the focus of considerable
aftention as a potential source of oils for biodiesel
production [23-26].

In fact, the cultivation and harvest of products
from microalgae has resulted in an increased
commercial interest in their biotechnology because
algae offer a number of advantages from an industry
perspective. These include ease of culture and
harvesting of products [13], greater photosynthetic
efficiency than terrestrial plants [27], higher biomass
productivities, faster growth rates than higher plants,
and higher rates of CO2 fixation and O2 production
[26].

The few commercial species that are currently
being successfully cultured in large open ponds are
extfremophiles growing in a highly selective
environment (high pH, salinity, or temperature). These
conditions preclude the growth of most other algae
and even many bacteria.

For the future of microalgal biotechnology,
although, it remains important to develop large-scale
photobioreactors that can be operated under
defined, optimal conditions with capability for
sterilization, and with minimal contamination risks.

However it is difficult to compare open ponds
with closed systems or with indoor photobioreactors,
the general consensus suggests that open systems
could predominate for mass cultivation of algae for
low value products like biofuels, while
photobioreactors will be more useful for production
of high value products such as therapeutics [28].

1.3 Photosynthetic Microorganisms

Many photosynthetic microorganisms are capable of
metabolizing various types of organic acids, nitrogen
and phosphate and their potential application in

wastewater treatment has been mentioned by many
authors [29-34].

An important advantage of using photosynthetic
microorganisms for wastewater treatment is the
possibility of combining wastewater freatment with
useful metabolites production.

Algal biomass can be considered as an effective
source of many useful metabolites [35], energy
sources such as oil [36-37] and can also be used in
removing foxic gases like NOX and SOX from flue
gases [38-39].

Thus simultaneous wastewater treatment and
useful metabolites production by cullivating
photosynthetic cells on wastewater has been
investigated [40-41].

Most of the studies on the use of microalgae for
wastewater treatment have been depended on the
use of monoculture to remove a specific nutrient
(mainly nitrogen or phosphate) and only a few
studies have been reported on the use of mixed
algal cultures for wastewater treatment [42].

Many wastewater contains a variety of nutrients
and it is not easy to get a single strain that can
simultaneously remove all the nutrients from the
wastewater. In both activated sludge and oxidation
pond processes, complex mixtures of natural
populations of microorganisms are involved and the
composition and relative proportions of these
microorganisms vary depending on the composition
of the wastewater and also with the treatment stage.

Photosynthetic microorganisms are considered
very diverse in their nutritional requirements and it is
possible to choose a good combination of
photosynthetic  microorganisms for simultaneous
removal of different nutrients from wastewater.
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Figure 1 A process flow diagram for using Brackish/saline water for gold mining production
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2.0 SYSTEM DESCRIPTION

The inland brackish water that constitute the feed for
water purification plants has a higher quality (i.e.
lower salinity) compared to seawater and is more
suitable for water purification. Depending on level of
salinity and cost, various methods are utilized for
purifying the brackish water, such as reverse osmosis
(RO), electro-dialysis reversal (EDR), or similar
membrane techniques. Water purification process of
brackish water produces purified water and saline
reject water as main product and by-product,
respectively. The produced saline reject water usually
contains a higher concentration of various salts in
water compared to the brackish water. A number of
subsequent purifications may be performed to
extract the remaining purified water from the saline
reject water.

However, the salinity of the saline reject water
increases after each subsequent purification, leading
to increased cost, and complexity of the water
purification procedure. Therefore, after a number of
purification steps, the saline reject water becomes
highly saline.

The highly saline reject water is considered as
waste in the purification process and therefore is
disposed. However, disposing such highly saline
reject water is complicated and costly. Because of
the costs and problems associated with the disposal
of the highly saline reject water, there exists a need
for developing methods for minimizing such
undesirable liquid by-products, or recycling and/or
fransforming the waste info a valuable product.
Moreover, extracting gold by using fresh water is
expensive.

This system describes a method for using highly
saline water, as an alternative to disposal, to
produce a variety of valuable products such as gold
mining production, and growing algae to exfract
Metals. In addition, it also recycles the waste water
for the production of gold mining.

3.0 SYSTEM OBJECTIVE

The objective of the proposed system is to form the
saline water by purifying saline source water with
electro-dialysis reversal or reverse osmosis for gold
mining production. It also recycles the waste water
and provides a method for growing and harvesting
algae utilizing saline water as growth medium to
exfract the remaining metals out of waste water.

4.0 BRIEF DESCRIPTION OF THE SYSTEM
PROCESS FLOW DIAGRAM

Referring to Figure 1, first, the brackish water or the
saline water is supplied to a first water purification
system 1 that removes, preferably, suspended solids,
and/or gases from the brackish water and produces
purified water and saline reject water.

The brackish water or the saline water may be
supplied from various water resources, including, but
not limited fo, river water, lake water, ocean water,
and/or another water purification system. The
brackish water has a salinity of, preferably, 0.5 to 30
grams of salt per liter.

The saline water has a salinity of, preferably, 30 to
50 grams of salt per liter. The purified water produced
by the first water purification system 1 may have
various purity levels to provide water for, for example,
human consumption, animal consumption, or
agricultural purposes. The purified water is stored in a
purified water reservoir 3.

The purified water reservoir 3 is supplied to a gold
mining production system 4 for producing gold. Then,
the saline reject water is supplied to a second water
purification system 2 that further purifies the saline
reject water to produce highly saline reject water
and purified water. Therefore, the purified water by
the first and the second purification systems 1 and 2
may be delivered to the water reservoir 3 or may be
gathered in different water reservoirs (not shown in
Figure 1).

The highly saline reject water has a preferable
salinity of 50-500 grams of salt per liter. Water
purification systems as disclosed in this application
include, but are not limited to, reverse osmosis,
electro-dialysis reversal, and mechanical vapor
compression disfillation.

The highly saline reject water may be freated in
an optional freatment unit 5 before being introduced
into a bioreactor containing microalgae 7. Examples
of such treatments include, but are not limited to,
freatment with UV lamp, heating, or addition of
materials to change chemical or physical property.

The additive chamber 6 may include one or more
separate containers for storing the materials to be
added. Additionally, each of the separate
containers may have a separate control valve 13 to
control the addition.

The containers comprising the additive chamber
6 may have a separate control valve for each
container in the additive chamber 6. The control
valve controls the flow rate of addition of additives in
the additive chamber 6 to the treatment unit 5. The
flow rate may be reduced or increased by the
control valve if more or less additives need to be
infroduced to the freatment unit 5. Affer passing
through the treatment unit 5 the highly saline reject
water is sent to a bioreactor containing microalgae
7.

Once the water having adjusted salinity is at a
desired salinity level, CO2 level, pH level, and nutrient
level, it may be fed to a plurality of bioreactors 7. The
bioreactors 7 may take the form of including but not
limited to ponds, preferably covered ponds. The
bioreactors 7 may include a combination of a
bioreactor and a subsequent pond in combination.
Each of the bioreactors 7 houses microalgae, which
may be the same or different. Multiple streams of
different water salinity are provided for optimum
production of algae in each case. The bioreactor 7
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may be a batch, a fed batch, or a continuous
bioreactor. Preferably the bioreactor 7 is a fed batch
bioreactor.

In the algae growing and harvesting chamber 8,
the biomass is grown, cultivated, and/or harvested
by providing the factors that influence the
occurrence, growth, and production yield of algae
or biomass. For example, carbon dioxide from a
carbon dioxide source 10 and light from a light
source 9 at a temperature favoring algae or biomass
growth are provided over a period of time. The
temperature is in the range of 10 fo 80 °C more
preferably in the range of 16 to 27 °C.

Algae species that are grown in the bioreactor
include but are not limited to Acaryochloris,
Amphora, Anabaena, Anacystis, Anikstrodesmis,
Botryococcus, Chaetoceros, Chlorella,
Chlorococcum, Crocosphaera, Cyanotheca,
Cyclotella, Cylindrotheca, Dunaliella, Euglena,
Hematococcus, Isochrysis, Lyngbya, Microcystis,

Monochrysis, Monoraphidium, Nannochloris,
Nannochloropsis, Navicula, Nephrochloris,
Nephroselmis, Nitzschia, Nodularia, Nostoc,

Oochromonas, Oocystis, Oscillartoria,  Pavlova,
Phaeodactylum, Platymonas, Pleurochrysis, Porhyra,
Prochlorococcus, Pseudoanabaena, Pyramimonas,
Selenastrum, Stichococcus, Synechococcus,
Synchocystis, Thalassiosira, Thermosynechocystis, and
Trichodesmium species.

The Carbon dioxide, as CO2 gas may be supplied
from an industrial source as an additive in the
additive chamber 6 and injected info the highly
reject saline water in the treatment unit 5 to provide
a desirable level of CO2 in the water for subsequent
use in algae growth and/or harvesting in the algae
growth and harvesting chamber 8. The CO2 may be
derived through driling processes during mining
operations or other sources.

The remaining waste water which has heavy
metals delivered to waste water processing unit 11
that removes, preferably, suspended metals by using
algal biomass as filter, and purified water to supply
gold mining production system 4. Then, the remaining
materials delivered to exfract remaining metals unit
12 that removes, preferably, the metals out of algal
biomass.

The remaining waste water which has heavy
metals is delivered to the waste water processing unit
11. The waste water processing unit 11 removes
suspended metals from the stream of concentrated
biomass through algal biomass as a filter and purified
water that is delivered to the gold mining production
system 4. The flow rate of the stream of purified
water may be conftrolled by a control valve 7. The
confrol valve 7 confrols the flow rate of addition of
the stream of purified water to the gold mining
production system 4. The flow rate may be reduced
or increased by the conftrol valve 7 if more or less of
the stream of purified water needs to be added to
the gold mining production system 4.

The gold mining production system separates
gold from a gold ore by a method including but not

limited fo gold cyanidation, CIL circuit process,
thiosulfate leaching, or a bulk leach extractable gold
process. The gold mining production system 4 uses
the stream of purified water and the purified water
from the purified water reservoir 3 to separate other
metal ions in the gold ore from the gold.

The gold mining production system uses the
method of CIL circuit process to separate the gold
product from the gold ore. Acfivated carbon is a
highly porous material with distinct adsorpfive
properties. Gold complexes with either chloride or
cyanide are strongly adsorbed by activated carbon.
Gold recovery from solution by granular, begins by
loading, or adsorbing the gold onto the activated
carbon, which is accomplished in the carbon-in-
leach (CIL) circuit. The CIL activated carbon system
involves adding the carbon to the ore slurry in
leaching tanks. The carbon adsorbs the gold from the
solution as cyanidation of the ore proceeds.

The gold mining production system 4 uses the
algal mat produced from the stream of
concentrated biomass to separate the gold product
from the gold ore. In one embodiment the algal mat
is present in a sluice-type arrangement to separate
the gold product from the gold ore. The sluice box
compirises riffles that may be coated with algae or
algal biomass to capture gold particles as they pass
through the sluice-type arrangement. In another
embodiment the algal mat comprises a plurality of
algal layers in the range of 1-10,000 layers of algae.
Preferably the algal mat comprises 10-200 layers of
algoe. Also, the algal mat may reduce the
concentrations of potentially deleterious elements or
metals including but not limited to aluminum, iron,
manganese, nickel, zinc, and copper from the gold
ore by 5- and 10-fold. The algal mat may separate
the metals or elements from the gold ore by passing
the gold ore through the algal mat. The metals then
adhere to individual filaments of the algal mat. The
structure of the biomass formed may act as
carpetfing grown on the riffles in the sluice-type
arrangement. The algal mat comprises
carbohydrates and proteins from the algae including
but not limited to sulfate groups, carboxylate, and
sulfhydryl. The positively charged heavy metals
including gold from the gold ore bond to the
negatively charged ions in the algal mat and the
remaining materials from the gold ore pass through
the algal mat without bonding to the algal mat. The
remaining materials from the gold ore pass to the
extract remaining metals unit 12.
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S1: Testing and Treating the
Brackish/Saline Water

. 2

S2: Purifying the Brackish/Saline
Water

. 2

S3: Purifying the Saline Rejected
Water

S5: Purified Water Reservoir

S4: A Quantity of Saline Rejected
Water is placed Within an Open-
Pound with Nannochloropsis
Oculata

: 2

Sé: Light Source, CO2, and
Nutrient

: 2

S11: Extracting Gold Mining

S7: Growing Algae in the Mixture
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$8: Harvesting Algae
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S10: Waste Water Processing Unit

$9: Separating the Harvested
Algae from the Mixture

Figure 2 The process for using brackish/Saline water sources for extracting gold mining, growing and harvesting algae
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5.0 THE PROCESS FOR EXTRACTING GOLD
MINING, GROWING AND HARVESTING
ALGAE

The process for using brackish/Saline water sources
for extracting gold mining, growing and harvesting
algae are shown in Figure 2.

In step S1, the brackish/Saline water s
sequestered in a tank where it is tested and treated
in order to provide a suitable environment to purify
the brackish/ saline water.

In step S2, depending on level of salinity and cost,

various methods are utilized for purifying the brackish
water, such as reverse osmosis (RO), electro-dialysis
reversal (EDR), or similar membrane techniques.
Water purification process of brackish water
produces purified water and saline reject water as
main product and by-product, respectively.
In step S3, the produced saline reject water usually
contains a higher concentration of various salts in
water compared to the brackish water. A number of
subsequent purifications may be performed fo
extract the remaining purified water from the saline
reject water.

In step S4, the saline rejected water and
microalgae strain are placed within the photo
bioreactor. In step S6, properties of the saline
rejected water such as temperature, pH, CO2,
nufrient, and/or light exposure are confinually
monitored and adjusted to allow a suitable
environment for algae growth and reproduction.

In step S5, the purified water is stored in a purified
water reservoir. The purified water reservoir is supplied
to a gold mining production system for producing
gold.

In step S7, the microalgae reaches an adequate
growth threshold and may be harvested after a
period of time. Then, in step S8, the microalgae
biomass is harvested from the bioreactor in its growth
solution before its separation via centrifugation.

In step S9, the algae are separated from the
growth solution. Examples of methods for separation
and cultivation include, but are not limited to,
centfrifuging, filfering, or adding and mixing
chemicals that makes a suspension and enables
separation of supernatant (that includes remaining
salt and nutrient) from the concentrated biomass.
Then, the excess solution water is desalinated as
indicated in step S10 and the reject water from that
process is utilized for the growing halophytes as
indicated in step S9. Reject water may also be
devoted to processing the left over solution from the
separation phase as indicated in step S10  which
contributes to starting the entire cycle over again.
Then in step S11, the gold mining production wiill
process.

6.0 CONCLUSION

The proposed system aims to provide a process of
Purification system for using saline water, and saline
reject water produced in water purification, to use
for gold mining production, and growing and
harvesting algae too. Also, the proposed system
provides an improved method for growing and
harvesting algae with the use of saline water as
growth medium for recycling waste water in order to
exfract the remaining metals out of waste water.
Furthermore, the harvested algaoe may be used in
various types and different categories of applications
including, but not limited to, water purification
systems for gold mining production, and extract
metals out of remaining waste water.

Acknowledgement

| would like to gratefully acknowledge the Prince
Saftam bin Abdulaziz University, Al-Kharj, Kingdom of
Saudi Arabia, the Deanship for Scientific Research,
for the financial support. Sincere gratitude is hereby
extended to family and friend for their moral support.

References

[1]  Kalesh, N.S., Nair, S.M. 2005. The Accumulation Levels of
Heavy Metals (Ni, Cr, Sr, & Ag) in Marine Algae from
Southwest Coast of India. Toxicological & Environmental
Chemistry. 87(2): 135-146.

[2] Jothinayagi, N., Anbazhagan, C. 2009. Heavy Metal
Monitoring of Rameswaram Coast by Some Sargassum
species. American-Eurasian Journal of Scientific Research.
4 (2): 73-80.

[8] Alp, M.T., Sen, B., Ozbay, O. 2011. Heavy Meftal Levels in
Cladophora glomerata which Seasonally Occur in the
Lake Hazar. Ekolaji. 20(78): 13-17. doi:
10.5053/€ekol0ji.2011.783.

[4] Alp, M.T., Ozbay, O., Sungur, M.A. 2011. Determination of
Heavy Metal Levels in Sediment and Macroalgae (Ulva sp.
and Enteromorpha sp.) on the Mersin Coast. Ekoloji. 21, 82:
47-55 (2012).

[5] Palmer, C.M. 1969. A Composite Rating of Algae
Tolerating Organic Pollution. J. Phycology. 5:78-82.

[6] MacKenthun, K.M. Radioactive wastes. 1969. Chapt 8. in
The Practice of Water Pollution Biology. U.S. Dept. Interior,
Fed. Water Pol. Contr. Admin., Div. of Tech. Support. U.S.
Printing Office 1969.

[71 Sen, B. Nacar, V.E., V. Su Kiriligi ve Algler. 1988. Firat
Havzasi I. Cevre Sempozyumu Bildiriler Kitabi. 405-21.

[8] Reddy, K.R. 1983. Fate of Nitrogen and Phosphorus in a
Wastewater Retenfion Reservoir Containing Aquatic
Macrophytes. Journal of Environmental Quality. 12(1):137-
41.

[?] LUoyd, B.J. and Frederick, G.L. 2000. Parasite Removal by
Waste Stabilisation Pond Systems and the Relationship
Between Concentratfions in Sewage and Prevalence in
the Community. Water Science and Technology. 42(10):
375-86.

[10] Oswald, W. J. 1988. The Role of Microalgae In Liquid Waste
Treatment and Reclamation. In: C.A. Lembi and J.R.
Waalnd (eds). Algae and Human Affairs. Cambridge
University Press. 403-31.



33

[

2]
(3]

[14]

[19]

[1e]

7]

(]

(191
[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Abuhasel / Jurnal Teknologi (Sciences & Engineering) 78:2 (2016) 25-33

Droste, R.L. 1997. Theory and Practice of Water and
Wastewater Treatment. John Wiley and Sons, New York
1997.

Oswald, W. J. 1995. Ponds in Twenty First Century. Water
Science and Technology. 31(12):1-8.

T. L. Walker, S. Purfon, D. K. Becker, C. 2005. Microalgae as
Bioreactors. Plant Cell Rep. 24: 629-641.

M. A. Borowifzka. Algal Biotechnology Products and
Processes—-Matching Science and Economics. J. Appl.
Phycol. 4: 267-279.

Kay, R. A. 1991. Microalgae as Food and Supplement. Crit.
Rev. Food Sci. Nutr. 30: 555-573.

R. E. Schwartz, C. F. Hirsch, D. F. Sesin, J. E. Flor, M.
Chartrain, R. E. Fromtling et al. 1990. Pharmaceuticals from
Cultured Algae. J. Ind. Microbiol. 5: 113-124.

C. Vilchez, I. Garbayo, M. V. Lobato, J. M. Vega. 1997.
Microalgae-Mediated Chemicals Production and Wastes
Removal. Enzyme Microb. Techonol. 20: 562-572.

Metzger, P. Largeau, C. 2005. Botryococcus braunii: A Rich
Source for Hydrocarbons and Related Ether Lipids. Appl.
Microbiol. Biotechnol. 66: 486-496.

Chisti, Y. 2007. Biodiesel from Microalgae. Biotechnol Adv.
25:294-306.

Chisti, Y. 2008. Biodiesel from Microalgae Beats Bioethanol.
Trends Biotechnol. 26: 126-131.

Eriksen, N. T. 2008. The Technology of Microalgal Culturing.
Biotechnol. Lett. 30: 1525-1536.

Carvalho, A. P., Meireleles, L. A., Malcata, F. X. 2006.
Microalgal Reactors: A Review of Enclosed System Designs
and Performances. Biotechnol. Prog. 22: 1490-1506.
Schenk, P. M., Thomas-Hall, S. R., Stephens, E., Marx, U. C.,
Mussgnug, J. H. Posten, C., Kruse, O., Hankamer, B. 2008.
Second Generation Biofuels: High-Efficiency Microalgae
for Biodiesel Production. Bioenerg. Res. 1: 20-43.

Li, Y. Horsman, M., Wu, N., Lan, C. Q. Duboi-Calero N. 2008.
Biocatylysts and Bioreactor Design. Biotechnol. Prog. 24:
815-820.

Demirbas, A. 2009. Production of Biodiesel from Algae Oils.
Energy Sources Part A-Recovery Ufil. Environ. Eff. 31: 163-
168.

Gouveiqa, L., Oliveira, A. C. 2009. Microalgae as a Raw
Material for Biofuels Production. J. Ind. Microbiol.
Biotechnol. 36: 269-274.

Chiu, S. Y., Kao, C. Y., Tsai, M. T., Ong, S. C., Chen, C. H.,
Lin, C. S. 2009. Lipid Accumulation and CO?2 Utilization of
Nannochloropsis oculata in Response to CO2 Aeration.
Bioresour. Technol. 100: 833-838.

Pulz, O., Scheibenbogen, K. 1998. Photobioreactors:
Design and Performance with Respect to Light Energy
Input. Adv. Biochem. Eng./Biotechnol. 59: 124-154.

[29]

(30]

(31]

(32]

(33]

(34]

[35]

(3¢]

(37]

(38]

(39]

[40]

[41]

[42]

Shelef, G., Oswald, W.J., Golueke, C.G.1969. The
Continuous Culture of Algal Biomass on Wastes. In Malek |
(ed.)., Continuous Cultivation of Microorganisms. Prague
Academy. 601-629.

Dor, I. 1975. High Density, Dialysis Culture of Algae on
Sewage. Wat. Res. 9: 251-254.

Doran, M. D., Boyle, W. 1979. Phosphorus Removal by
Activated Algae. Wat. Res. 13: 805-812.

Sasaki K, Mori H, Nishizawa Y, Nagai S .1988. Denitrifying
and  Photoheterotrophic  Growth of Rhodobacter
Sphaeroides S under Anaerobic-Dark and  Light
Conditions. J. Ferment. Technol. 66: 27-32.

Hashimoto, S., Furukawa, K.1989. Nutrient Removal from
Secondary Effluent by Filamentous Algae. J. Ferment.
Bioengng 67: 62-69.

Travieso, L., Benitez, F., Weiland, P., SGnchez, E., Dupeyrdn,
R., Dominguez, A. R.1996. Experiments on Immobilization of
Microalgae for Nutrient Removal in  Wastewater
Treatments. Biores. Technol. 55: 181-186.

Glombitza, K. W., Koh, M. 1989. Secondary Metabolites of
Pharmaceutical Potentials. In Cresswell RC, Rees TAV,
Shah N (eds). Algal and Cyanobacterial Biotechnology,
Longman, Harlow. 161-238.

Boussiba, S., Vonshak, A., Cohen, Z., Avissar, Y., Richmond,
A. 1987. Lipid and Biomass Production by the Halotolerant
Microalga Nannochloropsis Salina. Biomass 12: 37-47.
Kishimoto, M., Okakura, T., Nagashima, H., Minowa, T.,
Yakayama, S., Yamaberi, K. 1994. CO2 Fixation and Oil
Production Using Microalgae. J. Ferment. Bioengng. 78:
479-482.

Negoro, M., Shioji, N., Miyamoto, K., Miura, Y. 1991. Growth
of Microalgae in High CO2 Gas and Effects of SOX and
NOX. Appl. Biochem. Biotech. 28/29: 877-886.

Yoshihara, K., Nagase, H., Eguchi, K., Hirata, K., Miyamofto,
K. 1996. Biological Elimination of Nitric Oxide and Carbon
Dioxide from Flue Gas by Marine Microalga NOA-113
Cultivated In Long Tubular Photobioreactor. J. Ferment.
Bioengng. 82: 351-354.

Shen, J., Hirayama, O. 1991. Hydrogen Photoproduction
and Denitrification by Photosynthetic Bacteria Isolated
From Lake Nakaumi and lts Vicinity. J. Ferment. Bioengng
72: 338-342.

Sawayama, S., Inoue, S., Yokoyama, S. 1994. Continuous
Culture of Hydrocarbon-Rich Microalga Bofryococcus
Braunii in Secondarily Treated Sewage. Appl. Microbiol.
Biotechnol. 41: 729-731.

Gantar, M., Obreht, Z., Dalmacija, B. 1991. Nutrient
Removal and Algae Succession during the Growth of
Spirulin Platensis and Scenedesmus Quadricauda on
Swine  Wastewater. Biores. Technol. 36: 167-171.



