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Abstract

Some resources such as soil, air and water are considered inexhaustible and renewable. But in reality, due to
massive pollution, the quality of these resources is affected. Increasing quantities, together with the increasing
complexity of pollutants, slow the natural processes of self-purification and self-purge. Current technologies
used to clean and purify fail to restore the original resource quality. In this regard, algae have been introduced
into various methods of treating polluted resources to improve current technologies or to replace them. Marine
algae are photosynthetic aquatic plants, which become waste if they are not valorized. In the developed
countries they are used as raw or secondary material in different industries. The most important issues of marine
algae usage in various industrial applications (pharmaceutical, cosmetics, food, biofuel and sewage treatment
industries) are reviewed in this paper, with a focus on their biosorption properties and valorification for
accumulation of heavy metals from industrial wastewater.
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1. INTRODUCTION

According to statistical data, the population of the planet was 5.3 billion in 1990, and
currently we are 7.6 billion. It is expected that in 2040 we will reach the threshold of 9 billion and life
expectancy will also increase [1]. Along with the population growth, issues related to sustainable
development will arise. Agriculture is the first to suffer as a result of population growth, which is
already quantitative and not qualitative to cover food needs. Exploitation methods must be sustainable
and in continuous progress, and in this way, viable alternatives are always sought, because irrational
consumption of any kind will lead to the compromising of resources and to the exhaustion of others,
so the emphasis must be on sustainable development [2]. Environmental factors will be irreversibly
altered if judicious consumption is not taken into account, and it is absolutely necessary to valorize
most of any waste materials and natural resources.

Marine algae are an important resource with great potential for exploitation, that has not yet
been fully exploited. Algae are found in nature in marine aquatic habitats, in freshwater, but also on
land. Algae are a diversified group of the Chromist Registry, the Plant Regiments, and some of the
Monera Regiments.

Approximately 70% of the biomass from the seas and oceans is represented by algae, and they
form the phytoplankton underlying the nutrition of the other organisms. Algae are capable of
achieving the photosynthesis process with the chlorophyll or phycocyanin pigment and, after this
process, algae form most of the oxygen in the water.

Up to now more than 20,000 species of macroalgae have been inventoried, the size of which
differs from a few centimeters to 70 meters [3]. The largest number of macroalgae to date is the green
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(Chrolophyta) over 8000 species [4], over 7000 species are red algae (Rhodophyta) [5] and the brown
(Phaeophyta) over 5000 species [6]. All of these have various utilizations in several industries.

2. MARINE ALGAE- RESOURCE WITH POTENTIAL FOR VALORIFICATION

2.1. Food industry

In Asia, algae form the basis of food, which is consumed raw in salads, cooked and dried. In
Ireland and Canada, it is consumed Palma Palmaria, and in the UK Ulva lactuca.

Vegetable resins, stabilizers and emulsifiers are extracted from marine algae, E 400, E 406, E
407, E 421, thickeners, additives and sweeteners [7]. Carrageenan, which is used as a stabilizer and
gelling agent in products such as chocolate, powdered milk, jelly, jams, yogurt, canned meat, etc., is
extracted from red algae [8,9]. An organic stabilizer (E406), called agar (agar), used as a food additive
in the preparation of ice cream, candy and jam, is extracted from agarofite edible marine algae. The
alginate is extracted from the brown algae, used as a thickening and gelling agent used in dairy
products, processed, canned, meat products, food supplements, sweets, creams, sauces, ice cream,
processed fruits and vegetables, etc. Beta-carotene extracted from green algae pigments is one of the
few natural food colorants [9].

2.2. Pharmaceutical and cosmetic industry

The latest research in the field has demonstrated the efficacy of algal extracts for infections
with various types of herpesvirus and pandemic influenza virus and HIV [10].

It has become certain that algae tonify the immune system, prevent cardiovascular, renal,
ocular, and lung diseases. Raw consumed, marine algae prevent the risk of cancer.

Algae have an energizing effect on the liver, facilitating the elimination of toxins and thus
lowering stress levels in the body [11]. They represent good therapy against stress, fatigue and
anxiety. The use of algae in cosmetics has been a serious stepping stone with the discovery of active
substances that have a rejuvenating effect. Algae are used in spa treatments, wrapping and antistress
therapies. Algae extracts contribute to pore closure, skin toning, supports anti-inflammatory effect,
helps to reduce spots, irritations and black spots, relieves acne and balances sebum secretion [12].

2.3. Production of biofuels

Along with worrying about climate change, the need to ensure energy security, the rise in oil
prices and the fear of not exhausting some resources, the attention of scientists turned to biofuels.

The latest trends in the field research have a practical character and use algal biomass, which
is considered to be a major raw material for the production of alternative fuels (biogas, biodiesel,
biobutanol, ethanal, etc.) [13].

Scientists estimate that less than 3% of the world's coastal waters can provide enough algae to
replace 227 billion liters of fossil fuel, and in optimal conditions, algae can produce annually 19,000
liters of ethanol per hectare, the productivity per hectare being double compared to that of sugar beet
and 5 times higher than that of corn. And productivity grows when algae are growing in closed
bioreactors.

Romania has a high energy potential of biomass, estimated at about 7,600 tons/year (tons of
oil equivalent), or almost 19% of total primary consumption in 2000 [14].

2.4. Use of algae for industrial effluent treatment

The most severe environmental problems in the world are those of heavy metal pollution and
removing these pollutants from the industrial effluents is a challenge. Because of their major toxic
effects, heavy metals from industrial effluent are a major threat to the environment. With the presence
of heavy metals in a concentration that exceeds the maximum limit there is the risk of endangering the
health of the human beings, living organisms and the environment. The most common methods for
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toxic metal ions decontamination from wastewaters are ion exchange, membrane processes, chemical
precipitation, lime coagulation, electroplating, solvent extraction, etc. These conventional technologies
have some disadvantages such as high cost, utilization of some non-regenerable materials and
generation of toxic sludge. The latest methods of wastewater treatment involve biotechnological
innovation such as bioaccumulation, biosorption and adsorption processes, using plant biomass,
bacteria, fungi, yeasts and algae.

This biosorption process has been defined as a property of biomolecules or biomass types to
bind and concentrate selected ions or other molecules from aqueous solutions. Compared to the
bioaccumulation process that is based on active metabolic transport and that has a higher degree of
complexity in use, the biosorption of dead biomass is passive and is based on the compatibility of
(bio-) sorbent and sorbate [15]. Biosorption is an environmentally friendly and cheap method of
removing metals from the environment.

Microorganisms applications as biosorbents for heavy metal removal are the most recently
studied and received growing interest due to the advantages it presents, such as rapid kinetics of
adsorption and desorption, low cost, and high surface to volume ratio [16].

Researches in the field of heavy metal biosorption have led to the identification of several
types of biomass, for example bacteria, fungi, algae, agricultural and industrial wastes and natural
residues, efficient in concentrating these metals. For metal removal it can be used both living and dead
biomass as well as cellular products such as polysaccharides [17]. Algal biomass has proven to be effective
enough to be studied in a more detailed manner. Several studies have revealed that algae possess the
capacity of binding heavy metal ions due to the presence of proteins, lipids or polysaccharides that are
found on the wall surface of the cell which contain functional groups such as amino, carboxyl,
hydroxyl and sulphate, which act as binding sites for heavy metals [18, 19].

Many of the algae species have microscopic dimensions, a characteristic that includes them in
the microorganisms category, but the macroalgae species are suitable for the method of treatment of
wastewater through biosorption processes due to the fact that they do not need to be grown in cultured
medium and can be valorized those that come along to shore by the currents. For pollutants removing
from aqueous solutions, all kinds of micro and macro algae species have been tested, and the most
effective are the macroalgae, which are flexible in adapting to modified environments and can be
easily determined by species, observed as they grow, can be simple handled and analyzed.

Marine algae are known to accumulate large amounts of heavy metals like Zn, Cd, Cu, Cr, Fe,
Hg, Ni, Pb, and other pollutants.

There were tested samples of wastewater from textile industry using the biosorption method
with microalgae and from the results it's concluded these are effective for removing alkali metals and
industry specific chemicals [20]. In the study it was used Chlorococcum vitiosum, a species of
microalgae. The dyeing factory from which the wastewater was used for analysis generate a quantity
of 3570 liters/day of wastewater. The microalgae cultures were grown in a thermo-statically
controlled environmental chamber, at 24 + 1°C, illuminated with cool white fluorescent lamps and
were microscopically examined using Olympus (HB) microscope. The algal cultures were pelleted
by centrifugation at 7500 rpm for about 15 minutes and then were washed with glass distilled
water, again centrifuged and dried for 24 hours in an oven until constant weight. After microalgae
treatment, variations in the concentration of alkali metals and the nitrate concentration have been
observed since the dyeing process uses salts to maintain alkaline state. The application of microalgae
resulted in a considerable reduction of alkaline metals, Na, K, and alkaline-earth metal, Mg and Ca.
The results validated the possibility of using microalgae in the treatment of alkaline metals present in
the wastewater [20].

The possibilities of removing detergents and nitrites from wastewater have also been studied,
with favorable results in reducing the concentrations by micro and macroalgae. In the Republic of
Moldova, the species of Cladophora glomerata (L.) kiitz and Chaetomorpha linum (Muller) Kutzing,
species commonly found in rivers and lakes, have been tested to see how they react in contact with
wastewater. A number of 7 samples were analyzed with 10 g of algae, in sample 1 drinking water was
introduced, sample 2 nitrate rich solution with a concentration of 470 mg/l, sample 3 contained 5 g/l
detergent, sample 4 only 2 g/l detergent, sample 5 detergent solution 2 g/l and 241 g/l nitrate, sample 6
nitrate rich solution with a concentration of 241 mg/l and sample 7 contained water from the Bac river
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with a concentration of detergents - 0.3 mg/l and nitrates - 140 mg/I. The concentration of nitrates over
a month decreased by approximately 130 mg/l in sample 6, in sample 7 by 90 mg/l and in sample 5 by
approximately 80 mg/l. For samples 1 and 2 it was concluded that due to the high concentration of
nitrates the algae suffer a state of stress and the filaments are gathered and deposited on the bottom of
the vessel and in samples 3 and 4 has been noticed the death of the algal cells. Based on the results, it
was concluded that the analyzed algae species can be used as efficient bio-efficacious water purifiers,
presenting ecological and economic advantages, both species being able to reduce the concentration of
nitrates and detergents in polluted water [21].

A group of researchers used the Ulva lactuca macroalga to remove a series of heavy metals
from wastewater. As a result, it has been concluded that marine algae of the above-mentioned species
have the ability to remove a number of heavy metals, such as As, Cd, Pb, Cu, Cr, Hg, Mn and Ni.
Changing the salinity in the range of 15-35 g/l had no influence on the ability to remove the trace
elements from the macroalgae. The Hg and Cr elements were accumulated in the largest proportion,
while Ni, Cd and As were accumulated superficially. Analysis were performed for a series of 3
samples with different amounts of algae, 1.5 g/l, 3 g/l and 6 g¢/l, and the waste water had
concentrations of trace elements corresponding to the maximum admissible values in waste water. The
sample with 6 g/l of algae had an efficiency of 48% removal of the arsenic element and the 98%
mercury element after 24 hours to 72 hours. The analysis made it clear that after the removal of metals
from the waste water, Hg and Cr were found in the cell walls of the algae, and Ni, Cd and As were
stored at the surface of the algae in a proportion of 60-80%. These results support the assumption that
biosorbent and bioaccumulation bioreactor technologies using macroalgae could be a viable, cost-
effective and greener option to reduce priority hazardous substances in contaminated waters [22].

The red algae Gracilaria corticata from Iran was used as a biosorbent for removing heavy
metals from aqueous solutions. Heavy metals that have been analyzed for the purpose of being
reduced are copper, lead, cadmium and zinc. The contact time of the samples was 40 minutes, the
solutions had pH 5, and in the desorption process 0.1 N HCI was used. Stock solutions (1000 mg / I) of
target metals were prepared by dissolving Cd (NO3) 2, CuSQO4: H,0, ZnSO4: 7H,0 and Pb (NOs) 2 in
distilled water. All were stored in darkened glass flasks at 2-8 ° C and the working analyte mixtures
were prepared daily by dilution with the appropriate volume of distillate water. To adjust the pH, 0.1
M HCI solutions and NaOH were used. For all experiments, the glass bottles were washed with 6.0 M
HCI before use and rinsed with distilled water. The red alga Gracilaria corticata was prepared by
cutting it into small pieces (2 mm x 2 mm), soaked in boiling water for 30 min, thoroughly washed
under tap water, and left for 2-3 h in distilled water, changed 3-4 times. The washed red alga
Gracilaria corticata pieces were ground into test tube and oven dried at 80 °C and used for
biosorption studies. Known proportion of red alga were transferred in a centrifuge tube and 15.0
milliliters of sample solution was added to centrifuge tube. The centrifuge tube was immersed into the
ultrasonic water bath for 30 min sonication at 40 kHz of ultrasound frequency and 0.138 kW of power
at ambinent temperature. Then, the mixture was centrifuged at 3500 rpm for 10 min to complete phase
separation. The upper solution, was withdrawn using a syringe and collected in glass test tube. Finally,
the test tube solution injected into the atomic absorption spectrophotometry for analysis.

The influence of pH, contact time, algae quantity and heavy metal concentrations and initial
ion metal concentration were observed. In conclusion the sorption capacity of Gracilaria corticata
biosorbent was lower under highly acidic and highly alkaline conditions. At the contact time of 60
min, the removal of copper, lead, zinc and cadmium, respectively, was 95, 93, 96 and 90%. From 10
g/l metal ion solution, pH 7, the biosorption within 40 min sorbent—sorbate contact time, maximum
adsorption was achieved with 15 g/I"! red alga Gracilaria corticata. The study revealed that this new
biosorbent could be used as a low-cost biomaterial for heavy metal wastewater treatment [23].

The industries from Suez Gulf lead to serious environmental problems like heavy metals
pollution, and eutrophication. These problems can be solved by using non-living dried biomass of the
most blooming algae, Ulva lactuca green macroalga and unicellular green alga Dunaliella salina, as
biosorbents to remove a series of heavy metals like Zn, Cu, Cd, Fe, Mn, Pb, Ni and Cr, from industrial
effluents, that belongs to fertilizers and petrochemicals production. First step for preparation of the
macroalga biomass was to air-dried for four days and then oven dried for 48 h at 60°C. The microalga
was harvested and rinsed several times with deionized water by centrifugation at 5000rpm for 20

13



ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI — FASCICLE Il

minutes to remove impurities and salts. Microalgal biomass pellets were then dried at 60°C until a
constant weight. The adsorption process was carried out in the next steps: in a 250 ml conical flask
containing 100 ml of wastewater and 1 g of the adsorbent was added. The mixture was agitated on
mechanical shaker at 250 rpm for intervals period of 30, 60, 90, 120, 150 and 180 min. The pH was
adjusted at 5 and temperature at 25°C before adding the adsorbent. After that, 5 ml of each mixture
was centrifuged for 15 minutes at a speed of 5400 rpm to separate the supernatants from the adsorbent.
By atomic absorption was determined the residual concentration of the tested heavy metals (Cd, Zn,
Cu, Mn, Pb, Fe, Cr and Ni). The results from analyzes validate that biosorption capacity of D. salina
was more powerful for Cd, Zn and Pb especially in case of lead (22.34 mg/g) and Ulva lactuca was
more efficient for Fe (4.07-15.86 mg/g) and Cu (0.83-11.49 mg/g). On the other hand, anent the
removal efficiencies, Cu, Fe and Mn had maximum removal efficiencies by Ulva lactuca within both
effluents (91.8, 87.2 and 84.8%). However, in case of Zn (87.4%), Pb (86.2%) and Cd (81.5%)
removal, alga Dunaliella salina was the most efficient. Again, it was confirmed through biosorption
technique the potential use of Ulva lactuca for removal of Cu, Fe, and Mn, and D. salina in removing
Cd, Zn, and Pb from industrial polluted effluents [24].

In the blooming season the enormous amount of Ulva biomass thus becomes a troublesome
waste disposal problem. On the other hand, it has been revealed that nonliving seaweed biomass, has a
high capacity for assimilating heavy metals. The sorption capacity of Cd on Ulva lactuca biomass
increased after pretreatment with alkaline solution. The material was processed and used as a
biosorbent after it had been pretreated with alkaline solution to enhance its biosorption capability. An
optimal pH for this process was pH=8 and Cd, Zn and Cu concentrations were in the range of 60-90
mg / I. The results of the analyzes confirm the possibility of use of the Ulva species in the processes of
removing heavy metals from wastewater [25].

Another species of macroalga that is studied in biosorbtion processes is Cladophora
fascicularis, a green filamentous, widely distributed in eutrophic wastewater and intertidal zones in
many parts of the world. The influence of several parameters, such as initial pH, time contact, initial
Pb (Il) concentrations, and temperature were investigated. The kinetics and adsorption equilibrium
were obtained from batch experiments. The efficiency of different desorbents (H.0, HNOs3, Ca (NO3)z,
Na;EDTA) to remove the adsorbed Pb (I1) from the biomass were also evaluated. It was analyzed the
IR spectrum of the biosorbent loaded with Pb(ll). It was indicated that green marine algae C.
fascicularis, which is widely available at low cost, can be used as an efficient biosorbent material for
removal of Pb(ll) from wastewater. The removal rate was fast in the first 30 minute contact. The
maximum adsorption capacity was 198.5 mg/g at 298 K and pH 5.0. No significant effect by co-
existing cations and anions was observed, except EDTA. Desorption experiments proved that 0.01
mol/L Na;EDTA was an efficient desorbent for the recovery of Pb(ll) from biomass [26].

There are biomass pretreatment procedures which improve the biosorption capacity. They are
specific to each species and involve physical and chemical treatments.

It was studied the adsorption of toxic ions of Cu*?, Cr*3, Cd*? and Pb*? using macroalga Ulva
lactuca and its activated carbon. It was estimated the effect of several parameters such as effect of pH,
contact time, algal dose, and initial concentration of metal ions on the adsorption process. The
maximum removal efficiency values of algal powder and algal activated carbon for heavy metal ions
were 64.5 and 84.7 mg/g for Cu*?, 62.5 and 84.6 mg/g for Cd*? 60.9 and 82 mg/g for Cr*3, and 68.9
and 83.3 mg/g for Pb*2. The marine green alga Ulva lactuca was collected from the Mediterranean Sea
coast it was washed with tap water and distilled water then oven dried at 60 °C for 24 h. The dried alga
material was ground using a titanium milled and sieved to obtain 0.1-0.2 mm particles. For obtaining
the algal activated carbon the dried algal material was carbonized at 600 °C for 3 h in a stainless steel
reactor tube. The sample was soaked in potassium hydroxide for 48 h and calcined at 800 °C for 3 h.
The produced activated carbon was washed several times with distilled water until a neutral filtrate
was obtained and dried at 110 °C. After the important parameters and process were analyzed, the
optimal adsorption condition was found to be about pH 5.0, contact time 60 minutes, adsorbent dose
0.8 g / I and initial concentration 60 mg/l KOH-active carbon has been found more efficiently than
algae powder in removing heavy metals. Finally, it was concluded that KOH-activated U. lactuca may
be used as an efficient technology to remove metal ions from the contaminated environment [27].
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Marine algae in particular are very effective in removing a wide range of heavy metals (trace
elements) and other elements for which reason it was studied the possibility of introducing them into
industrial wastewater treatment plants. For example, in Greece, a pilot plant for phosphate removal
was successfully tested using the Ulva lactuca species and managed to adapt it to low-salinity living
environments compared to the natural development environment [28].

The most studied species is Ulva lactuca, a species of green leafy macroalgae, which is prone
to rapid development, with elevated temperature being the environmental factor that enhances its
flowering. A synthesis of biosorption possibility of different species of marine algae, including Ulva
lactuca, to remove potentially toxic elements from aqueous solutions is presented in Table 1 (adapted
after [29]).

Table 1. Biosorption possibility of different species of marine algae to remove potentially
toxic elements from aqueous solutions (adapted after [29])

Potentially toxic element Algae used Adsorption capacity

Zn(1) Ulva sp. 29.63 mg/g

Cd Scenedesmus quadricauda 66%
Cd(1n) Chlorella vulgaris (dead) 96.8%
Cd(ln Chlorella vulgaris (live) 95.2%
Cd(n Ulva lactuca 85%
Cd(ln Ulva lactuca 29.2 mg/g
Cd(n Chlamydomonas reinhardtii 66.5 mg/g
Cd(ln Ceramium virgatum 39.7 mg/g
Cd(n Padina sp. 90%
Cd(ln Durvillaea potatorum 90%

Pb Scenedesmus quadricauda 82%
Pb(1l) Ulva lactuca 34.7 mg/g
Pb(Il) Chlamydomonas reinhardtii 253.6 mg/g
Cu(ln Ulva fasciata 73.5mg/g
Cu(ln Sargassum sp. 72.5mglg
Hg(Il) Chlamydomonas reinhardtii 89.5 mg/g
Cr(VI) Spirogyra sp. 14.7 x 10° mg metal/kg

The method of treating wastewater by the biosorption technique is relatively simple and has
advantages compared to currently used physical and chemical methods. The factors that influence the
process are temperature, pH, type of biomass, algal dose, concentration of substances to be removed
and contact time, parameters that can be easily identified.

Romania has a favorable context for the application of such an innovative treatment method,
thus achieving two possible objectives, namely the purification of the currently scarcely scarce waters
and the valorisation of algae as biomaterials. This recovery route presents several advantages over the
currently exploited methods for removing pollutants from water.
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The most known and used adsorbents for removing pollutants from wastewater are: active
coal, granulated coke, ash from blast furnaces, district heating plants, fossil coal, various granular
minerals (limestone, dolomite, etc.) of synthetic resins. However, compared to the algal biomass that
can be successfully used as an adsorbent, they present a number of cost / cost-effectiveness
disadvantages and cannot be recovered.

Future research will be carried out in the frame of doctoral stage on algae species harvested
from Black Sea, Romanian part, and their potential use for cleaning selected toxic metals from
industrial wastewater.

3. CONCLUSIONS

Population growth, intensive farming development and industrialization have irreversible
consequences on the aquatic environment, many of which are destroyed. The inefficient use,
irresponsible water consumption and the introduction of pollutants into the circuit affects the entire
food chain. And the increasing volumes of polluted waters and the complexity of pollutants make the
methods currently used for purification obsolete. Wastewater removal methods of large-scale
wastewater currently used are physical and chemical processes, but the most advantageous are
biological processes. Processes applied at industrial level are the purification in granular filters and
filtered filters, ultrafiltration, electrodialysis, and adsorption with activated carbon, granulated coke,
granular minerals. From chemical purification processes we mention neutralization, coagulation,
flocculation and ion-exchange oxido-reduction. All of these currently used methods are very costly,
laborious and not selective.

It is known that water is an inexhaustible resource, but the excessively high volume of
wastewater loaded above the maximum permissible limits leads to the impossibility of water self-
purification, permanently changing its quality. Discharges of wastewater into natural receptors can
lead to the degradation or destruction of the fauna and flora of the receptor by lowering the amount of
oxygen dissolved in the receptor water with negative effects on the organisms of the ecosystem. This
may favor negative effects on the receptor and the forms of life on which contains (intoxication,
eutrophication, etc.).

The use of marine algae in heavy metal removal processes by biosorption is a relatively simple
method for removing pollutants from wastewater. Algae can be used as low-cost sorbents for
removing heavy metals from wastewater compared to currently used coal that requires high processing
costs.

Algae are an important agent in the fight against pollution and are already used in the world
for the treatment of wastewater, especially in the removal of heavy metals, nitrates and phosphorus.
Their use has two great advantages over the traditional practices: reducing the amount of chemicals
and energy costs.

In Romania, these are not capitalized, becoming waste that is stored in the ecological landfill.
Algae are currently used at an industrial level for the production of biofuels in the pharmaceutical,
cosmetic, food and chemical industries.
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