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Abstract: Narcissus tazetta Linnaeus are grown in the Karaburun district of the Agean Region in Turkey in
large quantities. The flower has an economic value; however, the leaves of the plant are of no use. Within
this study's scope, sorption behaviors of Narcissus tazetta L. leaf powder against cobalt and nickel ions were
investigated  by  batch  experiments.  The  effects  of  initial  pH,  contact  time,  initial  metal  concentration,
temperature, and biosorbent dosage were examined using one-factor-at-a-time method. Maximum sorption
capacities for Co(II) and Ni(II) were 43.48 and 35.97 mg g-1, respectively. The biosorption process is fast,
and the equilibrium was attained in 15 min. for Co(II) and Ni(II). Data fit the pseudo-second-order kinetic
model well for both metal ions. Thermodynamic parameters reveal that the biosorption is exothermic and
spontaneous.  Narcissus tazetta L. Leaf powder is a readily available, costless, and promising biomaterial
that can be used to separate Co(II) and Ni(II) ions from an aqueous solution.
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INTRODUCTION

Industrial  effluents  contain  a  wide  range  of
hazardous  metals,  including  Co  and  Ni.  Among
these metals,  cobalt  is  arising from metallurgical,
chloro-alkali,  paint,  dye,  petroleum,  battery
industries,  and  coal-fired  power  plants  and
penetrates  water sources  (1). On the other hand,
nickel-containing wastes are generated due to nickel
mining, nickel plating, and battery production  (2).
Apart from this, 63Ni and 60Co are radionuclides with
long  half-lives  formed  during  the  nuclear  energy
generation,  and  also  accumulate  in  the  metallic
parts of the core and the reactor vessel. Due to its
long  half-life  (100  years),  63Ni  will  remain  a
significant  radioactivity  source  for  20  years  after
decommissioning a nuclear reactor  (3). Hazardous
metals have destructive effects and therefore their
removal from wastewaters and the aqueous stream
is  vital  for  preserving  humanity  and  the
environment.  For  this  reason,  inexpensive,  eco-
friendly, and effective materials have always been
the focus of attention in removing hazardous metal
ions  from dilute solutions  (1 - 100 mg L-1) and for

the mitigation of heavy metal ion concentration to
acceptable levels.

Separation  techniques  such  as  solvent  extraction,
chemical precipitation, and reverse osmosis can be
inefficient or very expensive  (4). Biosorption is an
intriguing  technique  often  used  to  remove
hazardous  metals  from  various  types  of
contaminated waste solutions. It has been reported
that  a  significant  number of  biomass  are used as
biosorbent in removing metal ions from liquid waste.
Proteins,  lipids,  and  polysaccharides  are  the
constituents  of  biomass  cell  walls  containing
hydroxyl, phosphate sulfate, carboxylate, and amino
groups that can adsorb metal ions (4).

Seaweeds  (5),  brown  algae  (2,6),  fungi  (7),  rice
bran  (4),  crab shell  particles  (8),  plants  (9),  tree
leaves  (1,10) were  utilized  for  cobalt  and  nickel
biosorption  studies.  Biosorption  behaviors  of  six
different seaweed species for Co(II) and Ni(II) were
examined by Vijayaraghavan  et  al.  They reported
that  sorption  capacity  of  Sargassum  wightii was
18.58 mg g-1 for Ni(II) at pH 4 and 20.63 mg g-1 for
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Co(II)  at pH 4.5  (5). Biosorption studies of Ni(II)
ions were carried out using 4 types of brown algae
by  Pahlavanzadeh  et  al.  Ni(II)  biosorption  was
optimized  at  pH  6  for  all  types  of  algae.  The
maximum Ni(II) uptake was found as 55.56 mg g-1

for  Sargassum  glaucescens  (2).  Zafar  et  al.
analyzed the influence of  pH,  biosorbent size and
dosage,  initial  concentration,  and  time  on  Ni(II)
sorption using protonated rice bran. It was reported
that  the  Ni(II) removal  was  rapid,  and  57%  of
sorption  took  place  between  15-30  min.  Ni(II)
uptake was 102 mg g-1 at pH 6 (4).

Narcissus is the common name of the plant species
from  the  Amaryllidaceae  family  of  the  Narcissus
genus. The homeland of these plants is Europe, and
the richest species is found in Spain and Portugal
(11).  Narcissus  tazetta  is  the  name of  the  genus
particularly grown in the Karaburun district  of the
Agean Region in Turkey. Flowers are harvested in
the winter period, and afterward, leaves coming out
of bulbs starts to dry. During the summer period,
they become totally dry. Dried leaves have no use,
and they are considered as biowaste. The utilization
of  Narcissus  tazetta  L. leaf  powder  for  the
biosorption  of  Eu(III)  ions  has  been  reported  by
İnan and Özkan (12). It is noteworthy to investigate
the separation and removal potential of this novel
biomaterial for hazardous ions.

In  this  study,  we  aimed  to  examine  Narcissus
tazetta  L. leaf  powder's  biosorption  behaviors  for
cobalt and nickel removal from aqueous media. The
biosorbent was characterized, and batch tests were
performed to assess the parameters affecting Co(II)
and Ni(II) sorption. 

EXPERIMENTAL SECTION

Materials
Co(NO3)2·6H2O,  Ni(NO3)2·6H2O,  Co  and  Ni
calibration  standards  for  Inductively  Coupled
Plasma-Optical  Emission  Spectrometer  (ICP-OES)
(1000  mg  L-1),  nitric  acid  and  ammonia  solution
were supplied from Sigma-Aldrich, Germany. 1000
mg  L-1 stock  solutions  of  cobalt  and  nickel  were

prepared with dissolving 4.94 g and 4.95 g of cobalt
nitrate hexahydrate and nickel nitrate hexahydrate
in 1 L distilled water, respectively. 

Preparation of Biosorbent 
Dry Narcissus tazetta L. leaves were collected from
a flower garden in Karaburun district (38°40'9.97"N,
26°26'24.61"E),  İzmir  province  (Turkey)  in  June
2018. The leaves were kept in the oven at 50 °C for
72  h  and  ground  in  a  mortar.  The  ground  leaf
powders  were  sieved,  and  the  fraction  between
0.125  mm  and  0.250  mm  were  used  in  batch
experiments.

Characterization Studies
The infrared spectrum of  Narcissus tazetta  L.  leaf
powder was acquired before and after  biosorption
by  Fourier  Transform  Infrared-Attenuated  Total
Reflectance (FTIR-ATR) spectrometer (Perkin Elmer
Spectrum  Two)  between  550 and  4000  cm-1.
Brunauer-Emmett-Teller  (BET)  surface  area  and
porosity measurements of leaf powders were taken
at 77 K by a surface area analyzer (Micromeritics
ASAP 2020). Before measurements, powders were
degassed at 323 K under vacuum for 72 h. BET and
Barrett-Joyner-Halenda  (BJH)  methods  were
employed  to  calculate  surface  area  and  pore
characteristics of  Narcissus tazetta L.  leaf powder,
respectively.

Batch Experiments
Batch tests were employed to find out the effects of
sorption  parameters  on  Co(II)  and  Ni(II)
biosorption.  The  stock  solutions  were  diluted  and
the desired concentrations  of  test  solutions  (25 –
600 mg L-1) were obtained. The pH adjustments of
solutions  were  done  by  using  nitric  acid  and
ammonia.

For each run, liquid and solid phases were contacted
in a temperature controlled shaker  (GFL 1086) at
130 rpm. Each parameter's effect was determined
by alteration of one variable at a time while others
were  kept  constant.  The  experimental  conditions
under investigation were provided in Table 1.

Table 1: Experimental conditions under investigation.

Parameter Value

Initial pH 2, 3, 4, 5, 6, 7

Contact time (t), min 1, 5, 15, 30, 60, 120

Initial metal concentration (Co), mg L-1 25, 50, 100, 200, 400, 600

Temperature (T), K 303, 313, 323

Biosorbent dosage (w), g L-1 0.4, 1, 2, 4, 8

At the equilibrium, the liquid phase was separated
from the biosorbent using quantitative filter paper.

Co(II) and Ni(II) concentrations were determined by
ICP-OES  (Perkin  Elmer  Optima  2000DV).  Uptake
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capacity  (mg  g-1)  and  biosorption  efficiency  (%)
were  calculated  as  given  in  Eqs.  (1)  and  (2),
respectively.

Uptakecapacity (Q)=(C0 –Ce)×
V
m

 (Eq. 1)

Biosorption efficiency (%)=
C0 – Ce
C0

×100  (Eq. 2)

where  Co and  Ce are  the  initial  and  equilibrium
concentrations of Co(II) and Ni(II) ions (mg L-1),  V
is the solution volume (mL) and  m is the mass of
the biosorbent (g).

RESULTS AND DISCUSSION

Surface Analyses
Data  on  surface  area  and  pore  properties  were
collected for 0.125 -  0.250 mm particle size. BET
surface  area  and  BJH  adsorption  cumulative  pore
volume of leaf powders were measured as 1.725 ±
0.0988  m2 g-1 and  0.00252 cm3  g-1,  respectively.

The majority of pores have an average diameter of
1.75  nm;  however,  there  are  few  pores  with  an
average diameter between 5 and 100 nm.

FT-IR Analysis
FTIR curves as shown in Figure 1 of the raw and
metal  sorbed  form  of  the  biosorbent  are  almost
similar except for a slight alteration in some peaks'
intensity. The peak around 3337 cm-1 indicates -OH
stretching  vibrations  of  hydroxyl  containing
functional groups (13), and two peaks at 2917 and
2849 cm-1 refer to -CH stretching vibrations (14). A
peak  at  1732  cm-1 shows  the  C=O stretching  of
ketones and carboxylic acids whereas the peak at
1608  cm-1 demonstrates  the  asymmetrical  C=O
stretching of COO- groups (15). The peaks at 1245
cm-1 and  1020  cm-1 can  be  the  indicator  of  O-H
stretching  in  phenol  group  and  C-O  stretching,
respectively.

The Effect of Initial pH
Co(II) and Ni(II) uptake capacity with the change in
initial  pH  was  assessed  in  the  pH  range  2  – 7
(Figure  2).  Experiments  above  pH  7  were  not
conducted due to the risk of metal hydrolysis.

Figure 1: Infrared spectra of Narcissus tazetta L. leaf powder before and after biosorption: before sorption
(black), after Co(II) sorption (red), after Ni(II) sorption (blue).
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Figure 2: Change in Co(II) and Ni(II) uptake capacity with initial pH.

A gradual increase in Co(II) uptake capacity up to
pH 6 is seen. Maximum Co(II) uptake capacity of
15.98  mg  g-1 was  reached.  After  pH  6,  Co(II)
uptake  capacity  tends to  decrease.  Biosorption  of
cobalt  using  Sargassum glaucescens nanoparticles
was investigated by Esmaeili and Beni. The optimum
Co(II) sorption capacity was found at pH 6 (6).

On  the  other  hand,  Ni(II)  uptake  follows  an
increasing trend up to pH 4, and at this point, Ni(II)
uptake  was  12.71  mg g-1.  Between  pH 4  and  7,
Ni(II)  uptake  capacity  decreases  slightly.
Vijayaraghavan  et  al.  reported  that  Sargassum
wightii had a Ni(II) uptake of 18.58 mg g-1 at pH 4
(5).

The Effect of Contact Time
Figure 3 represents the variation of metal uptake on
Narcissus  tazetta  L. leaf  powder  depending  on
contact time. It is clearly seen that the sorption was
fast, and the sorption equilibrium was established in
15 min for both Co(II) and Ni(II). At the end of 15
min, uptake capacities were obtained as 11.43 and
10.15 mg g-1 for Co(II) and Ni(II), respectively. No
significant change was determined after 15 min of
contact. Similar data were reported by Akar et al.
(16) where  nickel(II)  uptake  on  silica-gel-
immobilized waste biomass increased up to 20 min,
and no considerable change was observed after this
time. Fast biosorption kinetics of Co(II) and Ni(II)
on  Narcissus  tazetta  L. leaf  powder  could  be
interpreted  by  the  abrupt  filling  of  the  easily
accessible sites on the cell wall of the biosorbent. 

Figure 3: Influence of contact time on Co(II) and Ni(II) uptake capacity.
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Experimental  kinetic  data  were  interpreted  by
empirical models. Pseudo-first order model (Eq.(3))
and its linear form (Eq.(4)) are presented below:

dqt
dt

=k1(qe−qt)
(Eq. 3)

ln (qe – qt)=lnqe –k 1t (Eq. 4)

where k1 is the rate constant (min-1),  qe and qt are
the  quantity  of  metal  uptake  per  unit  mass  of
sorbent  (mg  g-1)  at  equilibrium  and  at  time  t,
respectively (17–19). Using the slope and intercept
values of the graph,  k1 and  qe were obtained.  The
experimental data can not,  however, be explained
well  with the pseudo-first order model due to the
relatively low R2 values and the fact that calculated
qe values  are  not  in  accordance  with  the
experimental data.

The pseudo-second order model  (20) is associated
with the capacity of sorbent. The model (Eq. (5))
and its linear form (Eq. (6)) are given below:

dqt
d t

=k2(qe−qt) (Eq. 5)

t
qt

= 1

k2qe
2
+ t
qe

 (Eq. 6)

where  k2 is the second order rate constant (g mg-1

min-1).  The  second-order  model  parameters  were
provided  in  Table  2.  Correlation  coefficient  (R2)
values point out that Co(II) and Ni(II) biosorption
can be explained well with second-order equation.

The Effect of Initial Concentration
The effect of initial concentration was presented in
Figure  4.  Co(II)  uptake  increased  from  5.88  to
35.80 mg g-1 with an increase in the initial Co(II)
concentration from 25 to 200 mg L-1. After 200 mg
L-1 of initial concentration, Co(II) uptake capacity of
biosorbent  reached  a  plateau  and  was  almost
constant. For Ni(II) uptake, a gradual increase can
be seen up to 400 mg L-1. After 400 mg L-1, the rate
of increase slowed down, and it can be interpreted
that the filling of active zones on the biosorbent has
started.

 
Table 2: Second-order kinetic data.

Metal ion qe (mg g-1) k2 (g mg-1 min-1) R2

Co(II) 11.81 0.0002 0.999

Ni(II) 10.19 0.0001 0.999

Figure 4: Variation of Co(II) and Ni(II) uptake capacity with initial concentration.

Isotherms  interpret  the  sorption  equilibrium  and
provide data on the amount of metal ion on sorbent
phase and in the solution. According to Langmuir's
theory,  sorption  occurs  in  certain  homogeneous
regions on the sorbent surface. Langmuir equation
(21) is written as follows:
 

 
C e

qe
= 1
qm
b +
C0

qm
(Eq. 7)

where qm is the maximum quantity of the metal per
unit mass of sorbent (mg g-1), Ce is the equilibrium
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concentration  (mg  L-1),  and  b is  a  constant
associated with sorption energy (L mg-1). 

Table 3 presents the obtained qm, b, and R2 values.
High  R2 values  indicate  that  the  sorption  of  both
metals  could  be  explained  well  by  the  Langmuir
model. 

Separation factor  (RL)  is  a dimensionless constant
expressed by Webber and Chakkravorti  (22). It is
derived from the Langmuir model and is calculated
as in Eq. (8):

RL=
1

1+bC0
(Eq. 8)

where b is the constant from Langmuir equation (L
mg-1), and Co is initial metal ion concentration (mg
L-1).  The  sorption  is  considered  favorable  if  the
calculated value of RL is between zero and one (0 <
RL < 1). The variation of RL values with initial Co(II)
and Ni(II) concentration was plotted as illustrated in
Figure 5. The biosorption was favorable in the whole
concentration range under investigation.
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Figure 5: Variation of separation factor depending on the initial metal concentration.

Freundlich adsorption isotherm are represented as
in Eqs. (9) and (10):

qe=K f C e

1
n  (Eq. 9)

lnqe=lnK f+
1
n
lnCe

(Eq. 10)

where  qe is the metal uptake per unit mass of the
sorbent at equilibrium (mg g-1), Ce is the equilibrium
concentration,  Kf is  the  constant  related  to
adsorption  capacity  and  n  is  the  constant  of
adsorption  intensity.  Freundlich  isotherm
parameters are shown in Table 3. If we examine the
R2 values, we can deduce that the biosorption data
do not fit the Freundlich isotherm well.

Dubinin-Radushkevich  (D-R)  equation  is  described
as in Eq. (11):

lnqe=lnqm−β ϵ 2 (Eq. 11)

ɛ, the Polanyi potential is given by Eq. (12):

ϵ=RTln(1+ 1C e
) (Eq. 12)

where β is the mean free energy constant (mol2 J2)-

1,  qe is the quantity of metal sorbed at equilibrium
(mg g-1),  qm is  the theoretical  saturation capacity
(mg g-1), T is the temperature (K) and R is the gas
constant.  The  adsorption  mean free  energy  E (kJ
mol-1) is obtained as follows:

E= 1

√(2 β )
(Eq. 13)

When the E value is below 8 kJ mol−1, the sorption
process can be considered as physical  sorption. If
the  E  value  is  within  8  – 16  kJ  mol−1,  the
mechanism is chemical sorption. D-R isotherm data
are summarized in Table 3. E value for both metal
ions was obtained as 0.10 kJ mol-1.  These values
indicate that physical sorption plays a dominant role
in both biosorption processes.

The maximum Co(II) and Ni(II) uptake (qm) values
of various biosorbents are illustrated in Table 4. It
was  determined  that  the  maximum  uptake
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capacities  obtained  for  Co(II)  and  Ni(II)  in  the
present study were higher than most of the values
found in similar studies.

The Effect of Temperature
Metal  uptake  slightly  decreased  with  temperature
variation  from  303  to  323  K  (Figure  6).  The

obtained  results  revealed  that  the  alteration  of
temperature  determined no remarkable  impact  on
metal uptake.  When the temperature  shifted from
303 to 323 K, Co(II) and Ni(II) uptake decreased
from 10.42 mg g-1 to 9.63 mg g-1 and from 10.80
mg g-1 to 10.11 mg g-1, respectively.

Table 3: Langmuir, Freundlich and D-R isotherm parameters for Co(II) and Ni(II) biosorption on Narcissus
tazetta L. leaf powder.

Langmuir Freundlich D-R

qm(mg g-1) b(L mg-1) R2 Kf n R2 qm(mg g-1) E(kJ mol-1) R2

Co(II) 43.48 0.014 0.985 1.917 1.941 0.899 27.89 0.10 0.753
Ni(II) 35.97 0.009 0.987 1.617 2.082 0.984 19.85 0.10 0.721

Table 4: Cobalt and nickel ion uptake (qm) data of various biosorbents.

Biosorbent Maximum Cobalt
Uptake (mg g-1)

Maximum Nickel
Uptake (mg g-1)

Reference

Ficus Religiosa 
leaf powder

3.60 - (1)

Protonated rice 
bran

- 46.51 (4)

Sargassum
glaucescens

10.11 28.73 (6)

Modified 
Aspergillus flavus

31.06 32.26 (7)

Crab Shell 
Particles

322.6 - (8)

Cone biomass of 
Thuja orientalis

- 12.42 (23)

Black carrot 
residues

5.350 5.745 (24)

Coir pith 12.82 15.95 (25)
Narcissus tazetta 
L. Leaf Powder

43.48 35.97 Present Study

Figure 6: Influence of temperature on uptake capacity.

Thermodynamic data provides information about the
spontaneity of the biosorption process. The enthalpy

(ΔH°),  entropy (ΔS°)  and Gibbs free energy (ΔG°)
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changes were estimated using Eqs. (14), (15) and
(16) (26).

KD=
C0 –Ce

C e

×V
m

(Eq. 14)

lnKD=
Δ S0

R
−ΔH0

RT
(Eq. 15)

ΔG0=ΔH0– T Δ S0 (Eq. 16)

where KD is the thermodynamic equilibrium constant
(mL g-1), T is the temperature (K), R is the universal
gas constant (8.314 J mol-1 K-1),  V is the solution
volume  (mL),  and  m  is  the  mass  (g)  of  the
biosorbent.  From the slope and intercept  of  Van't
Hoff plot (InKD versus 1/T) ΔH° and ΔS° values were
obtained. 

Thermodynamic  data  concerning  Co(II)  and  Ni(II)
biosorption  are  presented  in  Table  5.  ΔG° values

were  found  negative  at  303,  313,  and  323  K,
indicating  that  the  biosorption  process  was
spontaneous for both metal ions.

The negative ΔH° value denotes that biosorption is
an  exothermic  process.  The  positive  ΔS° value
points out the increase in disorder with the flow of
Co(II) and Ni(II) ions towards the sorbent surface.
Generally, ΔG° values for physical sorption are from
- 20 to 0 kJ mol-1, while chemisorption occurs in the
range of - 80 to  – 400 kJ mol-1  (27). ΔG° values
obtained  in  the  present  study  support  that  the
mechanism  involved  in  biosorption  is  physical
sorption.

The Effect of Biosorbent Dosage
As shown in Figure 7, Co(II) 's biosorption efficiency
(%)  increased  from  21.06  to  45.30%  with  the
variation of biosorbent dosage from 0.4 to 4.0 g L-1.

Similar  behavior  was observed for  Ni(II)  ions.  An
increase in the biosorption efficiency(%) from 25.35
to  43.52%  could  be  seen  with  the  variation  of
biosorbent dosage in the same range. 

Table 5: Thermodynamic data for Co(II) and Ni(II) biosorption.
Ions ΔH° (kJ mol-1) ΔS° (kJ mol-1 K-1) ΔG° (kJ mol-1)

303 K 313 K 323 K

Co(II) -5.62 0.031 -15.013 -15.023 -15.633

Ni(II) -4.35 0.035 -14.955 -15.305 -15.655

Figure 7: Effect of biosorbent dosage on biosorption efficiency (%).

CONCLUSION

In  this  study,  novel  biomaterial  biosorption
behaviors, Narcissus tazetta L. leaf powder towards
Co(II)  and  Ni(II)  ions,  were  investigated.  The
maximum Co(II) and Ni(II) uptake were obtained at
pH  6  and  pH  4,  respectively.  The  biosorption
process was rapid, and the equilibrium was achieved

in 15 min for both metal ions. Biosorption kinetics fit
the pseudo-second-order  model  well.  The sorption
isotherm  data  were  best  explained  by  Langmuir
isotherm. The monolayer Co(II) and Ni(II) sorption
capacities  were  43.48  and  35.97  mg  g-1,
respectively.  It  has  been  determined  that
temperature does not have a significant impact on
biosorption.  The  thermodynamic  parameters
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evaluation  revealed  that  the  Co(II)  and  Ni(II)
biosorption  processes  were  exothermic  and
spontaneous.  When  the  biosorbent  dosage
increased in the range of 0.2 – 4.0 g L-1, biosorption
efficiency (%) of  Co(II)  and Ni(II)  increased from
21.06  to  45.30%  and  25.35  to  43.52%,
respectively.  Overall  results  indicate  that  the
removal of Co(II) and Ni(II) from dilute solutions by
Narcissus tazetta L.  leaf powder, which is costless
and readily available in vast amount, is promising.
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