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and accessible biosorbent capable of removing phenol ions from aqueous solutions.
The effects of the functional parameters, e.g., pH value of solution, dose of biosorbent,
and initial concentration of phenol and contact time, were assayed in batch mode in the
experiment. The optimum adsorption that allows for the displacement of phenol from
aqueous solutions via Sargassum muticum was at the amount of 250 mg dry powder of
Sargassum muticum for 100 mg/L of phenol at pH value of 3 after 24 hours of
adsorption. This laboratory treatment strategy for the polluted water could be applied in
a wide-scale treatment strategy.

1. Introduction

Water environment could be polluted by herbicides,
pesticides, fertilizers, and other hazardous organic and
inorganic chemicals according to an anthropogenic impact
and human activities on the biosphere (Younis et al,
2014; El Zokm et al., 2015; Amin et al., 2018; Soliman et

al., 2018; Younis, 2018, Nafea , 2019, Nafea , 2020 ).

95 chemicals are defined as toxic materials including
heavy metals, oil, phenols, sulfate, nitrate, phosphate, and
dissolved and suspended solids according to production
volume, exposure, and biological effects which are
released into water environment. (Asamudo et al., 2005;
Said et al., 2006; Younis and Nafea 2012; Younis et al.,
2018; Soliman et al., 2019; EI- Naggar et al., 2019).
Phenol and Phenolic compounds are one of the most
hazardous water pollutants with an inclusive range of
distribution and presence in different industrial operations’
including petrochemicals, textiles, dyeing,
phenolic resin manufacturing, and steel plant (Metcalf and
Eddy 2003), it has highly toxic effects to most
microorganisms, fishes, plants, and other animals besides

effluent,

its capability of causing severe environmental damage.
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They are listed among priority organic pollutants by the US
Environmental Protection Agency (Muftah et al.,, 2009).
Moreover, they are of potential human carcinogenic and
considerable health concern, even at a low concentration
(Nayyef et al., 2012), Therefore, they must be displaced or
treated from industrial wastewater before introduced to
drainage systems. Various technologies aimed to
experiment with removing and degrading phenol and
phenolic compounds in wastewater including the following:
solvent extraction (Ruey et al.,2009), adsorption (Frieda and
Nava1997; Saleh et al.,, 2019), chemical oxidation,
activated carbon adsorption (Wang 1992) and
biodegradation (Azin and Katayon 2002) however, all these
methods are of immense disadvantages such as being
costly, incomplete purification, hazardous by-products, and
inefficiency and inapplicability to a limited concentration
range and are often ineffective. Among the various methods
available, biodegradation is economically and
environmentally friendly (Pichiahet et al., 2008). Phenol’s
biological treatment is an important process in pollution
prevention. Phenol’'s biodegradation has been assessed
under aerobic (Rontaniet et al.,1999), and anaerobic
conditions (Grossiet et al. , 1998). Phytoremediation is
beginning to garner interest as a passive, green, solar
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energy—driven, and cost-beneficial method for cleaning up
the environment when cross-referenced with
physicochemical approaches. Even other biological
methods (Rahul 2015, Nafea, 2019, Nafea , 2020) show
promise when using different plants and their related
microbes to degrade, collect, or incapacitate contaminants
from water and soil (Dietz & Schnoor 2001)
Phytoremediation is relatively inexpensive to utilize and
easy to manage (Meagher 2000; LeDuc and Terry 2005).
The materials of plants used in phytoremediation can be
refashioned into bioenergy resources such as wood chips or
pulp (Stanton et al., 2002). It is likely for phytoremediation to
become popular since due to the innate ease of monitoring
plants for effective performance (Nafea , 2019 , Nafea ,
2020). Catechols tend to damage DNA or destroy some
proteins in the body and disrupt electrons transportation in
energy transducing membranes. (Penny et al.,, 2017)
Phenols, besides its compounds, are abundant in medicine,
leather, paint, textile, oil refinery, disin-fectants, and
lubricant production wastewater industries (Kidak and Ince,
2006; Mous—savi et al., 2009). Skin absorbs phenol which
creates the possibility of eye and skin burns following
contact. Convulsions, comas, cyanosis, and death can be
caused by being overly exposed to it (Busca et al., 2008;
Gholizadeh et al., 2013). Therefore, wastewater containing
phenol should not be introduced to open water before being
treated (Hameed, and Rahman, 2008; Jia and Lua, 2008).
Consequently, low-cost biosorption methods for the effective
removal of phenols are quite lucrative. One of the most
important topics of this research area is developing efficient
methods to displace hazardous pollutants from wastewater
(Jung et al., 2015).

Sargassum muticum (Yendo) Fensholt is a genus of brown
(class Phaeophyceae) macroalgae (Seaweed) belonging to
order Fucales. It usually grows in tropical and temperate
oceans, generally inhabiting coral reefs and shallow water; it
is commonly known for its planktonic (free-floating) species.
Most species within this class are predominantly cold water
organisms that utilize nutrients upwelling.

The major concern of this study is to investigate the
efficiency of Sea weed Broun macro algae low-cost bio
sorbent “Sargassum muticum” as Bio-material for removing

phenol ions from aqueous solution. The effects of
experimental parameters, such as pH of solu-tion,
adsorbent dosage, contact time and initial phenol
concentration on the removal efficiency of phenol were
investigated.

2. Materials and methods

2.1 Materials

The chemicals used for experimental were procured from
Aldrich. The stock standard solutions of 1000 mg/L of
phenol was prepared in twice-distilled water and placed in
brown glass bottles at a temperature of -4°C. The solutions
were assorted from an aque—ous phenol stock-standard
solution diluted with -twice-distilled water to the optimal
concentrations.

The tested plant Sargassum muticum was collected from
the eastern side of the Gulf of Suez (EI-Tour) South Sinai.
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Before being air dried, the collected Sargassum muticum
was rinsed with freshwater and then tap water fol-lowed by
distilled water. Then, the cleaned biomass was air dried for
two days.

2.2. Batch adsorption studies

Batch adsorption experiments were conducted by soaking
biosorbent Sargassum muticum into phenol-containing
wastewater to evaluate pH values’ effects, contact time,
adsorbent dosage, and shaking speed on the efficiency of
phenol removal from wastewater by the low-cost biosorbent
Sargassum muticum.

To analyze the effect of contact time, the suspensions were
agitated at optimal speeds via a mechanical shaker at room
temperature. Batch experimental protocols occurred in
various shaking times of 3, 6, 18, 24, and 30 hours at a pH
value of 7.0 while maintaining biosorbent dosage (250 mg)
and concentration of phenol (100 mg/l).

To evaluate biosorbent dosage’s effect, batch experiments
occurred via mixing various biosorbents masses of 10, 50,
125, and 250 mg of Sargassum muticum and the other
parameters, a pH value of 7.0 and concentration of phenol,
were kept constant.

Phenol’'s adsorption behavior for the exact ini-tial value of
concentration and equilibration time was analyzed as a
function of pH. 250 mg of a given Sargassum muticum
material was dispersed into 100 mL solutions contain—ing
100 mg/L of phenol. The initial pH values were appropriated
in a range of 3.0-9.0 by utilizing solutions of 0.1 mol/L of
H2S04 and 0.1 mol/L of NaOH. Afterward, and for 30 hours,
the suspen-sions were shaken via a mechanical shaker at
room temperature.

To assess the effect of initial concentrations, adsorption
experiments occurred via shaking 250 mg of the biosorbent
with various initial values of con-centrations of phenol
yielding 10, 50, 125, 250, and 500 mg/L for 30 hours. The
supernatant was filtered through a 0.45 ym membrane filter
to measure the phenol’s final concentration in the solutions;
the method used was colorimetric method using VIS-UV
Spectrophotometer-19  (SCO-Tech, Germany) (Martin,
1949).

The sorption capacity q (mg/g) was obtained using the
following equation:

(co—ct)v

Qt=—01

Where CO and Ct are the initial and final concentrations
(mg/L) of phenol in the aqueous solution, respectively, V is
the volume of phenol solution, and m is the weight of bio-
sorbent Sargassum muticum.

3. Results and Discussion

After carrying out the laboratory work for determining
adsorption capacity of brawn algae for removing phenolic
compounds from aqueous solution, four important
parameters were investigated such as effect of adsorbent
dose (mg), effect of contact time (h), effect of initial
concentration and effect of pH of solution. These
parameters were discussed in terms of them relation with
the removal efficiency.
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3.1 Effect of adsorbent dose:

The adsorbent dose is vital and should be appropriated
according to the concentrations of phenol as the adsorption
process is based on the idea of sufficient surface area for
the adsorption of phenolic compounds. Increasing the
dosage of adsorbent means more availability of surface
area leading to exposure for binding with phenolic
compounds. Sorbent dosage’s effect on the adsorption of
the appropriated phenolic compounds is explained in Figure
1. Removing phenol compound depends on the mass algal
biomass existing in the solution, which surges with the
accumulation of the adsorbent dosage, specifically quicker
in the earlier stages. Then, it maintains constancy.

Fig (1): The effect of adsorbent dose on removal efficiency of
phenol by Sargassum muticum

3.2 Effect of contact time

Increasing the dose of the adsorbent alongside increasing
contact time while shaking the solution means more
available surface area and exposure for binding with
phenolic compounds. According to the results, contact time
affects the sorption process; phenolic compounds’
adsorption capacity surges with time where it remains
constant at a specific time. After that, no more phenols are
displaced from the solution. Phenolic compounds’ required
time to achieve equilibrium parameter was within 24 to 30
hours for Sargassum muticum. Related data is illustrated in
figure 2. The phenolic compounds’ sorption was evident in
the initial part of the process. However, the process of
biosorption on the algal biomass was different; equilibrium
was achieved when the rate of sorption was equal to the
rate of desorption rate, i.e., after 24 hours.

Fig 2. The effect of contact time on removal efficiency of phenol using
Sargassum muticum.

3.3 Effect of initial concentration

The effect of initial phenol concentration is shown in Figure
3, as it shows the effect on phenol removal percentage and
the adsorption capacity of Sargassum muticum for every

13

concentration at 20°C and a pH value of 7. The amount of
adsorbed phenol diminished with more concentrated initial
phenol values. This could be attributed to adsorption sites’
saturation at higher amounts of concentration for phenol.
Meanwhile, phenol adsorbed amount per a similar dose of
Sargassum muticum surged with higher values of the
beginning value of the concentration of phenol. The
beginning value of phenol concentration allows for the
nullification of all mass transfer resistance. Hence, a higher
initial value of concentration of phenol facilitates the
enhancement of adsorption capacity. A  similar
phenomenon was observed for the adsorption of phenol
onto organobentonite (Ocampo-Perez et al., 2011: Moy, et
al., 2012) and lignite-activated carbon. (Guocheng et al.,
2011).

Fig. 3 The effect of initial conc. on removal efficiency of phenol
using Sargassum muticum

3.4 effect of PH on removal efficiency

pH values critically affect phenol adsorption; a medium’s
pH value will control the magnitude of the electrostatic
charges that are imparted by ionized phenol molecules.
Consequently, adsorption rate fluctuates with the pH value
of an aqueous medium. (Senturk et al., 2009: Sudharshi,
et al., 2018). Figure 4 shows the effect of a solution’s pH
value on phenol removal by Sargassum muticum within a
pH of 3.0 to 10.0. Phenol removal improves with pH values
from 3.0 to 4.0, while it maintains pH values to be within
4.0-9.0. It sharply diminishes at pH values less than nine.
The maximum value of adsorption is achieved at a pH
value of 4.0. At pH value 2.0, multiple positive charges
remain on Sargassum muticum’s surface, exuding a large
static force of repulsion. As pH increases from 2.0 to 4.0,
the static repulsion force fades and the phenol adsorption
surges. When the pH value is less than nine, phenol
adsorption diminishes; this could result from the following
reasons: (i) The negative charges on the surface of
adsorbent surge with the pH value and phenol morphs from
the molecular state to the ionic state, which creates force of
repulsion amidst phenol ions and the Sargassum muticum
significant. (ii) Sargassum muticum—absorbed phenol ions
also have a force of repulsion amidst themselves. (iii) The
surface negative charges on Sargassum muticum are
repulsive, repressing the disaggregation and adsorption of
phenol ions. As the percentage of removal fluctuates within
minimal a range of 4-9, pH 7, a phenol solution’s optimal
pH value, was accordingly handpicked as an optimum pH
value for further experimentation on adsorption. (Guocheng
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et al.,, 2011and Asmaly et al, 2015). The beginning
concentration allows for a critical driving force to nullify the
effect of phenol’'s mass transfer between the aqueous and
solid phases' drawbacks. A higher beginning phenol
concentration will embolden the biosorption process.

Fig. 4 The effect of pH on removal efficiency of phenol using
Sargassum muticum
3.5 Adsorption capacity
The initial concentration provides an important driving force
to overcome all mass transfer limitations of phenol between
the aqueous and solid phases. Thus, a higher initial phenol
concentration will enhance the biosorption process as
shown in Figure (5) by the following equation:

0t = (co-ct)v

M

Where the Co is the initial concentration: Ct is the final
concentration, V is the volume of the solution and M is the
mass the of the plant used

Adsorption capacity surged with the increases of the initial
concentration values as in figure 5, where the number of
receptors increased and were capable of accumulating
more phenol ions on their surfaces (Younis and Nafea,
2012; Nafea, 2019).

Fig. 5 show effect of initial concentration on adsorption
capacity of phenol by Sargassum muticum

Conclusion

The results of this work report batch mode experiment for
the removal of phenol from aqueous using Seaweed
(Sargassum muticum). The results showed that adsorption
efficiency of phenol was dependent on adsorbent dosage
of Sargassum muticum, pH of solution, contact time and
initial phenol concentration and the adsorption capacity
increased with decreasing the initial phenol concentration
in aqueous solution, indi~cating the saturation of the
available active sites on the surface of Sargassum muticum
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at higher initial concentration of phenol. It can be
concluded that low cost bio sorbent (Sargassum muticum)
can be used for the removal of phenol from industrial
wastewater.

References

Amin, H. F.; Ahmed, O. M.; Rasmey, A. M.; Younis, A. M. and
Bekhit, A. A. (2018). Effect of technological processing on
the safety of Indian mackerel (Rastrelliger kangurata) from
Suez, Egypt. Egyptian Journal of Aquatic Biology &
Fisheries, 22(5): 273- 284.

Asamudo, N. U.; Daba, A. S. and Ezeronye, O. U. (2005).
Bioremediation of textile effluent using
Phanerochaetechrysosporium, African Journal of
Biotechnology, 4(13): 548-1553.

Asmaly, H.A., B. Abussaud, TA. lhsanullah, TA. Saleh,
VK.Gupta and A.M. Atieh, 2015. Ferric oxide nanopar-ticles
decorated carbon nanotubes and carbon nanofib-ers: From
synthesisto enhanced removal of phenol, J. of Saudi
Chemical Society, 19 (5): 511-520.

Azin, |. and S. Katayon, 2002. Degradation of phenol
inTwastewater using anolyte produced from
electrochemi—calgeneration of brine solution, Global Nest
Internation—aljournal, 4(2-3):139-144 .

Busca, G., S. Berardinelli, C. Resini and L. Arrighi, 2008.
Technologies for the removal of phenol from fluid streams: a
short review of recent developments. J Hazard Mater.
160:265-88.

Delnavaz, M., B. Ayati, H.Ganjidoustand and S. Sanjabi, 2015.
Application of concrete surfaces as novelsubstrate for
immobilization of TiO2 nano powderin photocatalytic
treatment of phenolic water. J. of Environ. Health Sci—ence
and Engineering 13 (1): 1.

Dietz, A.C. and Schnoor, J. L. (2001). Advances in
phytoremediation, Environ Health Prospect, V1( 9): 163-
168.

El-Naggar, M.; Younis, A. M. ; Amin, H. F. ; Ahmed, O. M. and
Mosleh, Y. Y. (2019). Assessment of Polycyclic Aromatic
Hydrocarbons and Heavy Metals Contamination in the
Egyptian Smoked Herring (Clupeaharengus), Polycyclic
Aromatic Compounds, DOI:
10.1080/10406638.2018.1555173.

El Zokm, G.M., M.A. Okbah, and A.M. Younis, 2015.
As-sessment of Heavy Metals Pollution Using AVS-SEM
and Fractionation Techniques in Edku Lagoon Sedi~ments,
Mediterranean Sea, Egypt. Journal of Environ~mental
Science and Health, Part A, 50, 1-14.

Frieda, O. and N. Nava, 1997. Characteristics of organic removal
by PACT simultaneous adsorption and biodeg-radation,
Water Research, 31(3): 391-398.

Gandhi, V.G., M.K. Mishra and P.A. Joshi, 2012. A study on
deactivation and regeneration of titanium dioxide during
photocatalytic degradation of phthalic acid, J. Ind. Eng.
Chem;18 :1902-1907.

Gholizadeh, A., M. Kermani, M. Gholami and M.Farzadkia, 2013.
Kinetic and isotherm studies of adsorption and biosorption



Aqu. Sci. & Fish Res. 1 (2020) 11-16

processes in the removal of phenolic com~pounds from
aqueous solutions: comparative study. J Environ Health Sci.
Eng. 11:29.

Guocheng, Z., Huaili, Z., Zhi , Z. , Tiroyaone, T., Peng Z., Xinyi,
X.( 2011). bCharacterization and coagulation—flocculation
behavior of polymeric aluminum ferric sulfate (PAFS) /
Chemical Engineering Journal 178 (2011) 50-59

Grossi, V.; Hirschler, A.; Raphel, D.; Rontani, J. F.; De Leeuw, J.
W. and Bertrand, J. C. (1998). Biotransformation pathways
of phytol in recent anoxic sediments, Org. Geochem., 29:
845-861.

Hameed, B.H. and A.A. Rahman; 2008.Removal of phenol from
aqueous solutions by adsorption onto activated carbon
prepared from biomass material, J. Hazard. Mater. 160 :
576-581.

Jia, Q.; and A.C. Lua, 2008 . Effects of pyrolysis conditions on
the physical characteristics of oil-palm-shell activated
carbons used in aqueous phase phenol adsorption, J. Anal.
Appl. Pyrol. 83: 175-179.

Jung, Y.J., Y. Kiso, K. H. Kwon, Y. Kamimoto and K. S. Min,
2015. Biological removal characteristics of phenol with
filtration bio-reactor, Desalin. Water Treat. 53 : 3096—3103.

Kidak, R. and N.H. Ince, 2006. Ultrasonic destruction of phenol
and substituted phenols: a review of current research.
UltrasonSonochem. 13:195-9.

LeDuc, D. and Terry, N. (2005). Phytoremediation of toxic trace
elements in soil and water, J Ind Microbiol Biotechnol, 32:
514-520.

Meagher, R. B. (2000). Phytoremediation of toxic elemental and
organic pollutants, Curr Op in Plant Biol, 3: 153-162.

Mirian, Z.A. and E. Nezamzadeh, 2015. A Removal of phenol
content of an industrial wastewater via a heterogeneous
photodegradation process using supported FeO onto
na—noparticles of Iranian clinoptilolite, Desalination and
Wa-ter Treatment, DOI: 10.1080/19443994.2015.1087881.

Metcalf and Eddy (2003). Wastewater Engineering “Treatment
and Reuse” Mc. GrawHill International Edition, New York

Moussavi, G., M. Mahmoudi and B. Barikbin, 2009. Biologi—cal
removal of phenol from strong wastewaters using a novel
MSBR. Water Res.43:1095-302.

Moy, M.O., E. Mutare, F. Chigondo and B. C. Nyamunda, 2012.
Removal of phenol from aqueous solution by adsorption on
yeast, Saccharomyces Cerevisiae, IJR7RAS, 11 (3).

Muftah, H E, Shaheen A A and Souzan, M. (2009).
Biodegradation of phenol by Pseudomonas putida
immobilized in polyvinylalcohol (PVA) gel, Journal of
hazardous material, 164: 720-725.

Nafea, E.M., 2016. Characterization of environmental conditions
required for production of livestock and fish fodder from
duckweed (Lemna gibba L.) Journal of Mediterranean
Ecology vol. 1 4, 20 16: 5-11.

Nafea, E.M., 2019. Floating macrophytes efficiency for removing
of heavy metals and phenol from wastewaters. Egyptian

15

Journal of Aquatic Biology & Fisheries Vol. 23(4): 1 — 9
(2019).

Nafea, E.M., 2020. Bioremoval of heavy metals from polluted
soil by Schoenoplectus litoralis (Schrad.) Palla and Cyperus
rotundus L. (Cyperaceae) Egyptian Journal of Aquatic
Biology & Fisheries

Vol. 23(4): 1 — 9 (2019).

Nayyef, M, Azeez, and Amal, A. S. (2012). Efficeincy of Lemna
minor L in thePhytoremediation of waste water pollutants
from Basrah oil refinery, Journal of Applied Biotechnology in
Environmental Sanitation, 1(4): 163-172

Ocampo-Perez, Roberto Leyva-Ramos , Jovita Mendoza-
Barron, Rosa M. Guerrero-Coronad, (2011). Adsorption rate
of phenol from aqueous solution onto organobentonite:
Surface diffusion and kinetic models Journal of Colloid and
Interface Science Volume 364, Issue 1, 1 December 2011,
Pages 195-204

Okbah, M.A., G.M. EI-Zokm, A.M. Younis, 2015. Heavy metals
fractionation and acid volatile sulfide (AVS) in the Bardawil
Lagoon Sediments, Northern Sinai, Egypt. Dev Anal Chem
2:1-9.

Penny P., Sourbh T., Govender a, Messai , A. Mamo a, Sigitas
T. , Yogendra, K. Mishra , V. Kumar Thakur( 2017) .
Progress in lignin hydrogels and nanocomposites for water
purification: Future perspectives Vacuum 146 (2017) 342-
355

Pichiah, S, ; Kannan, A. P. and Prabirkumar, S. (2008). Kinetics
ofphenol and m-cresol biodegradation by an indigenous
mixed microbial culture isolated from a sewage treatment
plant, Journal of Environmental Sciences, 20: 1508-1513

Rahul, V, Khandare (2015). Phytoremediation of textile dyes and
effluents Current scenario and future prospects,
Biotechnology Advances, 33(8): 1697-1714.

Rontani, J.F.; Bonin, P. C. and Volkman, J .K. (1999). Production
of wax esters during aerobic growth of marine bacteria on
isoprenoid compounds, Appl. Environ. Microbiol, 65: 221-
230

Ruey, S. J., C.HWen and H. Ya, 2009 . Treatment of phenol in
synthetic saline wastewater by solvent extraction and two
phase membrane biodegradation, Journal of Hazard—ous
Materials, 164 (1): 46-52

Said, T.O., R.S. Farag, A.M. Younis, M.A. Shreadah, 2006.
Organotin Species in Fish and Bivalves Samples Col-lected
from the Egyptian Mediterranean Coast of Alex—~andria,
Egypt. Bulletin of Environmental Contamination and
Toxicology, 77: 451-458.

Saleh,S., Younis, A., Ali, R. and Elkady. E. (2019). Phenol
removal from aqueous solution using amino modified silica
nanoparticles. Korean J. Chem. Eng., 36(4): 529-539.

Senturka, H. B; Duygu O. a, Ali G., Celal , D., Mustafa S.
(2009). Removal of phenol from aqueous solutions by
adsorption onto organomodified Tirebolu bentonite:
Equilibrium, kinetic and thermodynamic study Journal of
Hazardous Materials 172 (2009) 353-362



Younis A M. and Nafea E M. (2020)

Soliman, N. F.; Younis, A. M. and Elkady, E. M. (2019). An
insight into fractionation, toxicity, mobility and source
apportionment of metals in sediments from El Temsah Lake,
Suez Canal. Chemosphere, 222:165-174.

Soliman, N. F.; Younis, A. M. ; Elkady, E. M. and Mohamedein,
L. I. (2018). Geochemical associations, risk assessment,
and source identification of selected metals in sediments
from the Suez Gulf, Egypt. Hum Ecol Risk Assess, 1-17.
DOI: 10.1080/10807039.2018.1451301

Stanton, B.; Eaton, J.; Johnson, J.; Rice, D.; Schuette, B. and
Moser, B. (2002). Hybrid poplar in the pacific northwest the
effects of market-driven management, J. For., 100: 28-33.

Sudharshi, W. and Chandramali, K. J. (2018). Potential of
Aquatic Macrophytes Eichhornia crassipes, Pistia stratiotes,
in treatment of Textile waste water Journal of Water
Security, Vol. 4.

Wang, YT., 1992. Effect of chemical oxidation on anaero-
bicbiodegradation of model phenolic compounds. Water
Environment Research, 64 (3):268-273.

Yang, G,, L. Tang, G. Zeng, Y.Cai, J. Tang, Y. Pang, Y. Zhou, Y.
Liu, J. Wang, Sh. Zhang and W. Xiong, 2015. Simultaneous
removal of lead and phenol contamination from waterby
nitrogen-functionalized magnetic ordered mesoporous
carbon Chemical Engineering Journal 259: 854—864.

Younis, A.M. and E.M. Nafea ; 2012. Impact of Environmen-tal
Conditions on the Biodiversity of Mediterranean Sea
Lagoon, Burullus Protected Area, Egypt. World Applied
Sciences Journal, 19: 1423-1430.

Younis, AM. and E.M. Nafea, 2015. Heavy metals and
nu-tritional composition of some naturally growing aquatic
macrophytes of Northern Egyptian Lakes J. of Bio. and Env.
Sci. (6) 3:16-23.

Younis, A.M., G.M. El-Zokm, M.A. Okbah, 2014. Spatial
Variation of Acid-Volatile Sulfide and Simultaneously
Extracted Metals in Egyptian Mediterranean Sea Lagoon
Sediments. Environmental Monitoring and Assessment,
186, 3567-3579.

Younis, A.M. and M.A. Aly-Eldeen, 2009. Application of Chitosan
as a sorbent of heavy metal ions in the water processing,
KypHanusgaetcs, 27(2): 156-160.

Younis, A.M., A.V. Kolesnikov and A.V. Desyatov, 2014. Efficient
Removal of La(lll) and Nd(IIl) from Aqueous Solutions Using
Carbon Nanoparticles. American Jourmnal of Analytical
Chemistry, 5: 1273-1284..

16



