Journal homepage: www.fia.usv.ro/fiajournal
Journal of Faculty of Food Engineering,
Stefan cel Mare University of Suceava, Romania
Volume XVI, Issue 3 - 2017, pag. 180 - 189

BIOSORPTION OF Mn (II) IONS FROM AQUEOQOUS SOLUTION BY JERUSALEM
ARTICHOKE (HELIANTHUS TUBEROSUS L.) STALKS

* Tsvetko PROKOPOV *, Nayden DELCHEYV °, Bozhidar BOZADZHIEV *, Donka TANEVA ', Milena
NIKOLOVA !, Danislav SPASOV 2
!Faculty of Economic, Department of Engineering Ecology, University of Food Technologies,
Plovdiv, Bulgaria, tsvetko _prokopov@ abv.bg,
2Faculty of Technology, Department of Analytical Chemistry , University of Food Technologies, Plovdiv,
Bulgaria, naiden555@ abv.bg,
SFaculty of Technology, Department of Technology of Cereal, Bread and Confectionary Products, University of
Food Technologies, Plovdiv, Bulgaria, bbozadjiev@ yahoo.de,
*Corresponding author
Received 11" June 2017, accepted 27 ™" September 2017

Abstract: The purpose of this paper is to tested Jerusalem artichoke stalks as a cheap biosorbent for
its ability to remove Mn (Il) ions from aqueous solution. Batch experiments were carried out to
evaluate the effects of pH, biosorbent particle size, dosage, initial metal concentration and contact
time. The maximum removal efficiency of about 97.0 % was reached at pH 8.0 by using of biosorbent
particle size 530-850 um, adsorbent dosage 30 g/L, initial metal concentration 10 mg/L, temperature
20°C, agitation speed 120 rpm and contact time 90 min. Pseudo-first order and pseudo-second order
models were applied to describe the obtained kinetic data. The pseudo-second order model provided
the best fit for experimental data with coefficient of determination R? > 0.99. Freundlich and
Langmuir isotherm models were used to describe metal adsorption. Equilibrium data agreed well with
Langmuir isotherm with R? = 0.993.

Keywords: removal, manganese, water, biosorbent.

1. Introduction remove heavy metals from aqueous
solution [2].

Environmental pollution with industrial Recently, there has been a tendency to shift
wastewaters contaminated with various conventional adsorbents with natural
metals has become one of the major sorbents, especially waste materials,
ecological problems nowadays. The raw because of its low price, large availability,
and wastewaters that consist of heavy high efficiency, biodegradability and
metals ought to be treated, because it will safety. The ability of the large number of
be harm the ecosystems and public health. microbial and plant waste materials to bind
Heavy metals are non-degradable and heavy metals have been reported in the
causing various diseases and disorders [1]. literature. Most of the adsorption studies
The existing methods used for metal focused on using plant waste materials,
removal from the water could be classified such as leaf powder, rice husks, sunflower
in three main groups such as physical, stalks, peanut hull pellets, marine algae,
chemical and biological. Adsorption is one etc. [3].

of the  successful  methods  of The Jerusalem artichoke stalks have been
physicochemical treatment process to applied as cheap biosorbent for removal of
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Cu (I) and Fe (IIl) ions from aqueous
solutions [4, 5].

Bio-sorption may be defined as a process
of removing the metal or metalloid
components from the aqueous solution by
biological materials. The mechanisms
involved in the process of bio-sorption
include chemical sorption, complex
formation, surface adsorption, inner porous
adsorption, ion exchange, etc. It has been
found that in the cellular and tissue
materials exist a large number of groups (-
COOH, -OH, -SH, =NH, -NH, etc.) which
have ability to bind metal and therefore
they are ionic functional groups of the
biomass [6].

Numerous empirical models for single
solute systems have been employed to
describe the bio-sorption equilibrium,
namely Langmuir, Freundlich, Brunauer-
Emmet-Teller, Sips, Dubinin-
Redishkevich, Temkin and Toth models. In
kinetic modelling the pseudo-first and
pseudo-second order equations are
considered as the most celebrated models
[7].

Manganese is common constituent in
waters. It is known that Mn (11) exposure
causes neurotoxicity, low hemoglobin
levels and gastrointestinal accumulation
[8-10].

The WHO set a maximum acceptable
drinking ~ water  concentration  for
manganese of 0.05 mg/L. Therefore, it is
necessary to treat the manganese
contaminated water in order to reduce the
environmental and human health risks.
Many studies have been conducted
recently on the bio-sorption of Mn (lI)
from water. As adsorbents usually are used
bacteria, corncob biomass, green tomato
husks, sewage activated sludge, white rice
husk ash, vyields and spent mushroom
compost [11-17].

To the best of our knowledge, absorbent
prepared from Jerusalem artichoke had not
been used for the removal of Mn (1) ions

from aqueous solution. Therefore, this
study examines the performance of
Jeruslalem artichoke stalks, as cheap bio-
sorbent, for its ability to remove Mn (II)
ions from aqueous solution. The effects of
different process parameters, such as pH,
adsorbent dosage, adsorbent particle size,
contact time and initial metal concentration
on manganese removal efficiency were
determined. The Mn (1I) ions biosorption
equilibrium and Kkinetic modeling were
carried out.

2. Matherials and methods

Matherials. In the present study the
powder obtained from stalks of Jerusalem
artichoke by cutting, drying (40°C),
milling and sieving was used. For the
removal of certain interfering components
(pigments, etc.) the plant material was
extracted twice with distillated water (1:7)
for 45 min at 25°C under continuously
stirring. After that the material was dried at
40°C. The particle size distribution was
determined by mechanical sifting of dried
fractions of powder. Sieves with standard
light openings: 1 (2000-3000 um), 2
(1250-2000 pm), 3 (850-1250 um), 4 (530-
850 um), 5 (400-530 um), 6 (250-400 um),
7 (150-250 um) and 8 (0-150 pm) were
used. The sifting was performed on a
laboratory sifting machine. The function of
the density distribution was calculated
[18,19].

All reagents used in the experiments were
of analytical grade. Stock solution of Mn
(1) was prepared by dissolving of
MnS0O4.5H20 (Merk) in distillated water.
This solution was diluted with distillated
water to obtain desired concentrations of
working  solutions  for the batch
experiments study. The pH value of the
samples was adjusted by adding 0.1 M
NaOH or HCI solutions.
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Biosorption batch experiments.
Biosorption experiments were carried out
in 250 ml Erlenmeyer glass flasks with 100
mL volume of manganese solution. Batch
experiments were conducted by varying
the pH value (3, 4, 5, 6, 7, 8 and 9), initial
Mn (I1) concentration (5, 10, 30 and 40
mg/L) and biosorbent dosage (from 1.0 to
35.0 g/L). Experiments were carried out at
contact time of 24 h in order to reach
equilibrium, agitation speed 120 rpm and
ambient temperature 20.0+0.5°C. All
experiments were performed in duplicate.
Analytical methods.

For determination of Mn(ll) concentration
in the solutions before and after bio-
sorption, 10 mL of samples were
withdrawn, filtered (Wathman No. 42) and

filtrate was analyzed
spectrophotometrically ~ according  to
standard  formaldoxim  spectrometric

method [20-21].

The metal uptake q (mg/g) was determined
by employing the mass balance. If Co and
Ce are the initial and final metal
concentration (mg/L), respectively; V (L)
is the initial volume of Mn (I1) solution
and m (g) is the mass of biosorbent
material, the equilibrium metal uptake Qe
(mg/g) can be calculated as:

g, = (Co=Ce)V @
m
The performance of biosorption was
evaluated in terms of its removal efficiency
as RE (%), estimated by the following
equation:
ae - (Co=Ct)
Co
where C; is the Mn (II) concentration at
time t.
Kinetic experiments.
Batch Kinetic experiments were carried
out. For this purpose, 3.0 g of biosorbent
were contacted with 100 mL of Mn (II)
aqueous solution with initial metal
concentrations 5, 10, 30 and 40 mg/L in

100 )

250 mL Erlenmeyer glass flasks on a
magnetic stirrer at 120 rpm, pH 8.0 and
temperature 20.0+0.5°C. At different time
intervals ranging from 5 to 180 min the
concentrations of Mn (Il) in the treated
solutions were determined as described in
analytical methods.
Kinetic modeling.
The Lagergren model was employed due to
its simplicity and good fit. Two different
Kinetic models were wused to model
experimental data.
The pseudo-first-order model is expressed
as:
= K1 (G ~) ©
where ge (mg/g) and q are amounts of
adsorbed metal ions on the biosorbent at
the equilibrium and any time t,
respectively; and Kiags is the Lagergren
rate constant of the first-order biosorption
(min?). The model is based on the
assumption that the rate is proportional to
the number of free site [7, 22].
Integrating Eq. (3) between the limits, t=0
to t=t and g=0 to g=q yields the linearized
version of this model:
Kiadst

log(ge —q)=1og de 2303 (4)
Linear plots of log(ge-q) versus t were
plotted to evaluate this kinetic model and
to determine rate constant and g. from the
slope and intercept, respectively.
The pseudo-second-order model is based
on the assumption that biosorption follows
a second-order mechanism, whereby the
rate of sorption is proportional to the
squire of the number of unoccupied sites
[7, 22]:

= K2.a05(06 ~0)? ®)
where Kz.ags IS the rate constant of second-
order biosorption (g/mg.min). Integrating
Eg. (5) from t=0 to t=t and q=0 to g=q
and linearization yields:
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lz;z_kl (6)

9 KoadsOe Ue
The parameters ge and Kz ads are calculated
from the slope and the intercept of the plot
t/g wversus t. It is not necessary to
independently determine ge to apply this
model.
Isotherm experiments.
Equilibrium sorption experiments were
performed as follow. Biosorbent (3 g) were
exposed to 100 mL Mn (1) solution with
an initial concentrations 5, 10, 30 and 40
mg/L at constant pH 8.0, agitation speed
120 rpm and ambient temperature
20.0+£0.5°C for 24 h in order to rich
equilibrium. Sorption isotherm is plotted of
the sorbate uptake (Qe) versus the
equilibrium concentration of the residual
sorbate remaining in the solution (Ce).
Sorption isotherm modeling.
The Freundlich isotherm which has been
widely used in correlating equilibrium data
can be expressed by the following
linearized logarithmic form:

1
lg ge =19 KE +H|9Ce (7)

where ge (mg/g) is the amount of Mn (I1)
removed per unit mass of the adsorbent, Ce
(mg/L) is the residual Mn(Il) concentration
of the aqueous solution, Kr and n are
Freundlich constants and measures of
adsorption  capacity and  adsorption
intensity, respectively. A higher n value
(lower value of 1/n) implies stronger
sorbent-pollutant interaction whereas 1/n
equal to 1 indicates linear adsorption
leading to identical adsorption energies for
all sites [7].

The Langmuir isotherm is based on three
assumptions: namely adsorption is limited
to monolayer coverage, all surface sites are
alike and only can accommodate one
adsorbed atom and the ability of a
molecule to be adsorbed on a given site is

independent of its neighboring sites
occupancy [7].

This isotherm can be described by the
following linearized form:

i{#}; L g
de \KiOmax /Ce  Omax

where ge (mg/g) is the equilibrium amount
of Mn (Il) adsorbed, C. (mg/L) is the
equilibrium concentration of Mn (11) in the
solution, gmax (Mg/g) and K. (L/mg) are
Langmuir constants representing the
maximum monolayer adsorption capacity
for the solid phase loading and the energy
constant related to the heat of adsorption,
respectively.

For the Langmuir isotherm analysis, the
separation factor (R.) value is of special
importance:

RU=7 ©
1+ KLCO

where Co (mg/L) is the initial Mn (1)
concentration in the solution.
Four possibilities for the separation factor
values which determine the isotherm type:
R. = 0 (irreversible isotherm), R = 1
(linear isotherm), R >1 (unfavorable
isotherm) and R.<1 (favorable isotherm)
have been reported [23].

3. Results and discussion

Effect of pH.

Hydrogen ion concentration (pH) of the
aqueous solutions is an important
parameter since it affects the surface
charge of sorbent and the degree of
speciation and ionization of sorbent during
adsorption [1].

From the practical point of view, the most
important was to be determined the
optimal pH at which the investigated
system could reach its maximum removal
efficiency [15].

The effect of pH on the Mn (II) removal
efficiency from the aqueous solution by
studied biosorbent is illustrated in figure 1.
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It was found that the maximum removal
efficiency (81.3 %) was reached at pH 8.0,
than it sharply decreased probably due to
formation of Mn(OH)a.
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Fig. 1. Effect of pH on the removal efficiency of
Mn (11) from aqueous solution by powder of
Jerusalem artichoke stalks (initial metal
concentration 10 mg/L, biosorbent dosage 1 g/L,
20°C, 24 h, agitation speed 120 rpm)

Effect of adsorbent particle size and
dosage.

The biosorbent particle size and dosage are
other two major factors affect the
biosorption efficiency. For the evaluation
of particle size effect on Mn (Il)
biosorption, batch experiments were
carried out with eight size ranges of
bioserbent particle and dosage of 1 g/L. To
investigate the effect of biosorbent dosage
on biosorption, the experiments were
conducted with constant manganese
concentration of 10 mg/L and samples with
different biosorbent dosage ranging from
1.0 to 35.0 g/L were used under the
constant temperature 20°C and pH 8.0.
Data are given in figures 2 and 3.
Regarding to the influence of the
biosorbent particle size on Mn (11) removal
efficiency, the results in figure 2 indicate
that the optimal particle size yielded the
maximum metal removal of 81.3% was
from the range 530-850 pum.

The Mn (I1) removal efficiency was found
to increase from 81.3% to 97.0% with the
increase of the biosorbent dosage from 1.0
to 30.0 g/L (figure 3), which can be
explained by an increase of the contact
surface available for adsorption and the
presence of a larger number of groups,
binding the Mn (1l) ions. Application of
higher biosorbent dosage above 30.0 g/L
did not lead to significant increase (p <
0.05) in metal removal efficiency due to
possible aggregation of the biomass
particles and disturbing of the mass
transfer of the metal ions from the liquid to
solid phase of the system. Similar results
have been reported by other researchers
[12, 15, 24, 25].

Effect of initial metal concentration.

The initial metal concentration is essential
for the duration of biosorption and the rate
of metal removal from aqueous solutions.
Results for the influence of the initial Mn
(1) concentration in the solution on metal
removal efficiency are presented in figure
4.
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Fig. 2. Effect of biosorbent particle size on the
removal efficiency of Mn (11) from aqueous
solution by powder of Jerusalem artichoke

stalks (initial metal concentration 10 mg/L, pH

8.0, 20°C, hiosorbent dosage 1 g/L, 24 h,
agitation speed 120 rpm)
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Fig. 3. Effect of biosorbent dosage on the
removal efficiency of Mn (I1) from aqueous
solution by powder of Jerusalem artichoke

stalks (initial metal concentration 10 mg/L, pH

8.0, 20°C, 24 h, agitation speed 120 rpm)
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Fig. 4. Effect of initial metal concentration (Co,
mg/L) on the removal efficiency of Mn (11) from
aqueous solution by powder of Jerusalem
artichoke stalks (biosorbent dosage 30 mg/L, pH
8.0, 20°C, 24 h, agitation speed 120 rpm)

As shown in figure 4, the removal
efficiency of Mn (Il) ions from aqueous
solutions by used biosorbent was found to
decrease with the increase of the initial
metal concentration, probably due to the
restriction or saturation of the biosorbent
active groups. The highest level of removal
efficiency (97.0%) was established at an
initial metal concentration of 10 mg/L.
Similar results have been reported for
biosorption of Mn (Il) ions from aqueous
solutions by corncob biomass [12].

Adsorption Kinetics data. The contact
time of the biosorbent and sorbate also has
a significant impact on the biosorption
efficiency. Biosorption kinetics of Mn (1)

ions on powder of Jerusalem artichoke
stalks at four different initial metal
concentrations in the aqueous solution are
presented in figure 5. The results indicated
that the biosorption process can be divided
into two main stages. The initial rapid
stage where biosorption was fast and
second slow stage which refers to gradual
biosorption before manganese uptake
reached equilibrium. A similar
phenomenon was observed by others also
[12, 26, 27].

The established times taken to reached
equilibrium for Mn(1l) concentrations of 5,
10, 30 and 40 mg/L were 30, 90, 150 and
120 min, respectively.

Kinetic data were fitted onto two Kinetic
models of pseudo-first and pseudo-second
order with acquired parameters listed in
table 1. By comparing the fitting results the
pseudo-second model seems to give better
representation of the experimental data.
Moreover, calculated values of equilibrium
metal uptake (g, mg/g) from pseudo-
second model agree quite well with
experimentally obtained values (ge™®,
mg/q).

Equilibrium isotherms data. Equilibrium
adsorption  isotherms  study is of
fundamental importance in the design of
adsorption systems, since it provides the
basic physicochemical data to evaluate the
suitability of the sorption process for
removal of different pollutants, incl. heavy
metals, from  aqueous  solutions.
Adsorption  equilibrium is  usually
described by an isothermal equation whose
parameters express the surface properties
and the affinity of the adsorbent at a given
temperature and pH of the solution.
Therefore, an adequate mathematical
description of the experimentally obtained
equilibrium isotherm is essential for the
efficient design of the system. In this work,
two of the most frequently used model
were tested [7].
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Fig. 5. Biosorption Kkinetics of Mn (1) ions on powder of Jerusalem artichoke stalks (biosorbent dosage
30 mg/L, pH 8.0, 20°C, agitation speed 120 rpm)

Table 1.

Kinetic parameters for the biosorption of Mn (1) ions onto powder of Jerusalem artichoke stalks

Initial Mn(ll) ions Experimental metal

Pseudo-first order model

Pseudo-second order model

concentration (Co), uptake (ge™®), Qe K1ads, R? Qe K2ads, R?
mg/L mg/g mg/g min’*t mg/g  g/mg.min
5 0.1600 0.0122 0.126 0.999 0.1614 21.58 1.0
10 0.3233 0.0227 0.044 0.615 0.3253 4,98 1.0
30 0.8270 0.2003 0.021 0.976 0.8378 0.336 0.999
40 0.9983 0.3525 0.035 0.928 1.0188 0.275 0.999

The results of the application of Langmuir
and Freundlich linearized models to the
experimental data for biosorption of Mn

conditions are presented in figures 6 and 7.
Model parameters were determined using
linear regression toolbox in Microsoft

(1) ions from aqueous solutions by the Excel software and are summarized in
investigated biosorbent under equilibrium table 2.
12
10 ¥ =0.9283x+0,977 -
R==0,993
8
]
4
2
«
0 T T T T T
0 2 4 6 8 10 12
Ce

Fig. 6. Linearized Langmuir isotherm for biosorption of Mn (11) ions on powder of Jerusalem artichoke
stalks (biosorbent dosage 30 mg/L, pH 8.0, 20°C, 24 h, agitation speed 120 rpm)
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Table 2.

Isotherm parameters of Langmuir and Freundlich models for biosorption of Mn (1) ions onto powder of
Jerusalem artichoke stalks

Langmuir isotherm model

Freundlich isotherm model

Qmax, Ky, R? 1/n K, R?
mg/g L/mg mg/g
1.08 0.95 0.993 0.4163 0.404 0.933

0,2

0,1

/= 0,4163x- 0,3939 B

_0? ’ R2:0,§325 -

0,2

-0,3

30 i

0,6

0,7

-0,8 2

0,9

0.8 0.6 04 0.2 0 0,4 0.6 0,8 1 1.2

LgCe

Fig. 7. Linearized Freundlich isotherm for biosorption of Mn (I1) ions on powder of Jerusalem artichoke
stalks (biosorbent dosage 30 mg/L, pH 8.0, 20°C, 24 h, agitation speed 120 rpm)

The regression parameters and coefficients
of determination (R?) presented in table 2
indicate that the Langmuir and Freundlich
models fitted very well the experimental
data with the calculated coefficients of
determination (R?) of 0.993 and 0.933,
respectively. Similar results were reported
for Mn (Il) biosorption by corncob
biomass [12].

The value of the R? for Langmuir model is
slightly higher than that for Freundlich
model and the Langmuir adsorption
capacity (qmax) is larger than that obtained
by application of Freundlich model (Kg).
The Langmuir R. values were found to be
between 0 and 1, which confirmed that the
biosorbent prepared from the Jerusalem
artichoke stalks is favourable for
biosorption of Mn (1) ion under conditions
used in this study.

4. Conclusion

Present research showed that powder of
Jerusalem artichoke stalks is a potential
biosorbent for removal of Mn (Il) ions
from aqueous solution. The batch study
parameters, such as pH of solution,
biosorbent particle size, biosorbent dosage,
contact time and initial manganese
concentration were found to be important
on the biosorption process. Finally, the
experimental results of present study
indicated  that maximum  removal
efficiency of Mn (Il) ions of 97.0% was
obtained at pH 8.0, biosorbent particle size
530-850 um, adsorbent dosage 30 g/L,
initial metal concentration 10 mg/L,
temperature 20 °C, agitation speed 120 rpm
and contact time 90 min. The pseudo-
second order kinetic model was found to
fit well experimental data with R? > 0.99
and the adsorption isotherm followed
Langmuir model (R? = 0.993).

Tsvetko PROKOPOV, Nayden DELCHEV, Bozhidar BOZADZHIEV, Donka TANEVA, Milena NIKOLOVA,
Danislav SPASQV, Biosorption of Mn (I1) lons from Aqueous Solution by Jerusalem Artichoke (Helianthus Tuberosus L.)
Stalks, Food and Environment Safety, Volume XVI, Issue 3 — 2017, pag. 180-189



Food and Environment Safety - Journal of Faculty of Food Engineering, Stefan cel Mare University - Suceava
Volume XVI, Issue 3 — 2017

5. References

[1].

2.

[3].

[4].

[5].

[6].

[7]1.

[8].

[al.

[10].

DAHLAN I., HASSAN S., HAKIM M.,
Removal of iron (Fe**) from aqueous
solution using siliceous waste sorbent,
Sustain. Environ. Res., 23(1): 41-48, (2013)
VOLESKY B., Detoxification of metal-
bearing effluents: biosorption for the next
century, Hydrometalurgy, 59: 203-206,
(2001)

WANG J., CHEN C., Biosorbents for heavy
metals removal and their future, Biotech.
Adv., 27: 195-226, (2009)

PROKOPOV T., Removol of copper (II)
from aqueous solution by biosorption out
powder of Jerusalem artichoke, Ecologicol
Engineering and Environmental Protection,
1: 24-32, (2015)

PROKOPQOV T., DELCHEV N., TANEVA
D, Biosorption of Fe (III) from aqueous
solutions by Jerusalem artichoke (Helianthus
tuberosus L.) powder, Journal of Food and
Packaging  Science,  Technique and
Technologies, 3: 64-68, (2014)
GARDEA-TORRESDEY J.,, ROSA G,
PERALTA-VIDEA J., Use of phytofiltration
technologies in the removal of heavy metals:
A review, Pure Appl. Chem., 76(4): 801-
813, (2004)

FEBRIANTO J., KOSASIH N., SUNARSO
J.,, JUY., INDRASWATI N., ISMADJI S.,
Equilibrium and kinetic studies in adsorption
of heavy metals using biosorbent: A
summary of recent studies, Journal of
Hazardous Materials, 162: 616-645, (2009)
VELIZ G., MORA S., GOMEZ P., DOSSI
M., MONTIE 1., ARRIAGADA C,
ABOITIZ F., AGUILAR S., Behavioral
effects of manganese injected in the rat sub
stantiaciagra are potentiated by dicumarol,
DT-diaphoras inhibitor, Pharmacology
Biochemistry and Behavior, 77(2): 245-251,
(2004)

BURGOA C., RIOS C., MERCADO L.,
SERRANO S., VALLE F., WYNTER R,
SANGRADOR J, BARRAGAN J,
AGUDELO Y., MONTES S., Exposure to
manganese health effects on the general
population, a pilot study in central Mexico,
Environmental Research, 85(2): 90-104,
(2001)

HENRIK S., THOMSEN M., SVENDSEN
0., KLASTRUP S., Increased manganese
concentration in the liver after oral intake,
Academic Radiology, 11(1): 38-44, (2004)

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

GIALAMONIDIS D., MITRAKAS M.,
LIAKOPOULOW-KYRIAKIDES M.,
Equlibrium, thermodynamic and Kinetic
studies on biosorption of Mn (Il) from
aqueous solution by Psudomonas sp.,
Staphylococcus  xylosus and Blakeslea
trispora cells, Journal of Hazardous
Materials, 182: 672-680, (2010)
ADEOGUM A., OFUDJE A., IDOWU M.,
KAREEM S., Equlibrium, Kkinetic and
thermodynamic studies of the biosorption of
Mn (II) ions from aqueous solution by raw
and acid treated concorb  biomass,
BioResources, 6(4): 4117-4134, (2011)
GARCIA-MENDIETA A., OLGUIN M,
SOLACHE-RIOS M., Biosorption
properties of green tomato husk (Physalis
philadelphica Lam) for iron, manganese and
iron-manganese from aqueous systems,
Desalination, 284: 167-174, (2012)

HASAN H., ABDULLAH S., KOFLI N,
KAMARUDIN S., Isotherm equilibria of

Mn?*  biosorption in drinking  water
treatment by locally isolated Bacullus
species and sewage activated sludge,
Journal of Environmental Management,
111: 34-43, (2012)

TAVLIEVA M., GENIEVA S.,
GEORGIEVA V., VLAEV L.,

Thermodynamics and kinetics of the
removal of manganese (II) ions from
aqueous solutions by white rice husk ash,
Journal of Molecular Liquids, 211: 938-947,
(2015)

FADEL M., HASSANEIN N., ELSHAFEI
M., MOSTAFA A., AHMED M., KHATER
H., Biosorption of namganese from
groundwater by biomass of Saccharomyces
cerevisiae, HBRC Journal, 13(1): 106-113,
(2017)

KAMARUDZAMAN A., CHAY T., AMIR
A., TALIB S., Biosorption of Mn (Il) ions
from aqueous solution by Pleurotus spent
mushroom compost in a fixed-bed column,
Procedia-Social and Behavioral Sciences,
195: 2709-2716, (2015)

STIER M., Mechanische Verfahrenstechnik
2, Springer-Verlag, (2001)

SCHUBERT H., Handbuch der
Mechanischen Verfahrenstechnik, WILEY -
VCH, (2002)

MARCZENCO Z., Dosage

spectrophotometrique de differents metaux
(Mn, Ce, V, Ni, Fe) au moyen de la
formaldoxime, Analitica Chimica Acta, 31:
224-232, (1964)

Tsvetko PROKOPOV, Nayden DELCHEV, Bozhidar BOZADZHIEV, Donka TANEVA, Milena NIKOLOVA,
Danislav SPASQV, Biosorption of Mn (I1) lons from Aqueous Solution by Jerusalem Artichoke (Helianthus Tuberosus L.)
Stalks, Food and Environment Safety, Volume XVI, Issue 3 — 2017, pag. 180-189


https://www.amazon.de/Matthias-Stie%C3%9F/e/B0045AZJPW/ref=dp_byline_cont_book_1

Food and Environment Safety - Journal of Faculty of Food Engineering, Stefan cel Mare University - Suceava
Volume XVI, Issue 3 — 2017

[21]. DIN 38406-2, German standard methods for [25]. ZHANG Y., ZHAO J., JIANG Z., SHAN
the examination of water, waste water and D., LU Y., Biosorption of Fe (1) and Mn
sludge, cations (group E), determination of (11) ions from aqueous solution by rice husk
manganese (E2), Deutsches Institut fur ash, Hindawi BioMed Research
Normung E.V., (1983) International, Article 1D 973095, 10 pages

[22]. EL-NAAS M., AL-ZUHAR S, M. http://dx.doi.org/10.1155/2014/973095
ALHAIJA M., Reduction of COD in [26]. EL-SAYED G., DESSOUKI H.,
refinery wastewater through adsorption on IBRAHIEM S., Removal of Zn, Cd, Mn
date-pit activated carbon,  Journal of from aqueous solution by adsorption on
Hazardous Materials, 173: 750-757, (2010) maize stalks, The Malaysian Journal of

[23]. FOO K., HAMEED B., Insights into the Analytical Sciences, 15(1): 8-21, (2011)
modeling of adsorption isotherm system, [27]. VIJAYARAGHAVAN K., WINNIE H.,
Chemical Engineering Journal, 152: 2-10, BALASUBRAMANIAN R.,  Sorption
(2010) characteristics of crab shell particles for the

[24]. SUGUNA M., REDDY A., KUMAR N., removal of manganese (1) and zinc (I1) from

KRISHNAIAH A,  Biosorption  of
manganese ions from aqueous solution by
Glutaraldehyde cross-linked chitoson beads.
Equilibriaum and kinetic studies, Adsorption
Science and Technology, 28 (3). p. 213-228,
(2010)

aqueous solutions, Desalination, 266: 195-
200, (2011)

Tsvetko PROKOPOV, Nayden DELCHEV, Bozhidar BOZADZHIEV, Donka TANEVA, Milena NIKOLOVA,
Danislav SPASQV, Biosorption of Mn (I1) lons from Aqueous Solution by Jerusalem Artichoke (Helianthus Tuberosus L.)
Stalks, Food and Environment Safety, Volume XVI, Issue 3 — 2017, pag. 180-189

189


http://dx.doi.org/10.1155/2014/973095

	1. Introduction
	4. Conclusion

