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ABSTRACT

This research focused on using coriander seeds as low cost adsorbent to remove heavy metals ions such as lead,
zinc, and nickel from wastewater. Different parameters were studied to obtain the best results, such as pH, contact
time, adsorbent dosage, concentration of initial metals and agitation speed. The highest results were obtained at
pH 6, 105 min contact time, 1 g/100 ml dosage, 50 mg/1 initial concentration of metal ions and 200 rpm agitation
speed at temperature 25 + 2 °C, which were 95.926%, 89.799% and 79.255% for lead, zinc and nickel ions, respec-
tively. The results were also categorized as the Langmuir and Freundlich models, and found that the Freundlich
isotherm fit the experimental data better than the Langmuir isotherm. The pseudo-second order was shown to have
a high degree of fitness based on kinetic data. The adsorbent was characterized using a variety of techniques, in-
cluding Fourier transform infrared spectroscopy (FTIR), Field Emission Scanning Electron Microscope (FESEM).
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INTRODUCTION

Environmental pollution is one of human-
ity’s most important problems. In recent years, it
has increased at an unprecedented rate, reaching
incredible proportions in terms of its impact on
living things [Osinska, 2017; Faisal et al., 2011].
Heavy metals constitute one of the most common
contaminants in wastewater. Heavy metal con-
tamination is a serious environmental issue that
has a significant effect on both the aquatic and
terrestrial ecosystems due to their toxicity, non-
degradability, and bioaccumulation [Yadav et al.,
2020]. Mining, electroplating, chemical synthe-
sis, paper production, and pesticide manufactur-
ing all discharge metals into the environment in
the form of mine tailings or effluents [Al-Obaidy
etal., 2016]. Heavy metals have a density greater
than 5 g/cm?. The aquatic environment of Iraq has
been severely impacted by heavy metals [Anna
et al., 2015]. Because of their hazardous effects,
the environmental protection agencies classify
several toxic metals such as copper, nickel, zinc,
cadmium, and lead as priority pollutants [Mohan,
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2014]. Lead is a very harmful chemical that af-
fects the environment and causes a variety of
health problems. Lead poisoning can induce en-
cephalopathy, kidney damage, and gastrointes-
tinal problems. The maximum amount allowed
in drinking water is 0.1 mg/l, according to en-
vironmental rules [Kavand et al., 2014]. Zinc is
also an important micronutrient, although it can
induce acute or chronic toxicity if consumed in
excess and it can cause depression, nausea, di-
arrhea, tiredness, and restlessness. World health
organization (WHO) limits the amount of zinc
in drinking water to 5.0 mg/l [Chatterjee et al.,
2017]. Nickel is an important element that is nec-
essary in tiny amounts for human health. It can,
however, create health problems such as allergies,
blood and heart abnormalities, chronic bronchitis,
and — in high concentrations or for long periods of
time — even cancer. In drinking water, the amount
of nickel permitted is 0.1 mg/I [Ray et al., 2018].

Heavy metals like Pb*™, Ni*? and Zn*? ions
are common in the wastewater from industries
like electroplating, electronics, battery produc-
tion, rubber factories, and paints [Malakahmad
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et al., 2016]. Ion exchange, chemical precipita-
tion, electrochemical extraction, and adsorption
are all prevalent methods for extracting heavy
metal ions from wastewater; however, adsorp-
tion may be the best option due to its high ef-
ficiency, low cost, and ease of use [Mahanty et
al., 2020; Jiaetal., 2019]. Tea waste [ Foroughi-
Dahr et al., 2015], seed shells [Ergiivenerler et
al., 2020], coriander seed [Ouass et al., 2017],
coffee husks [Rodiguez et al., 2018] potato
peels [Mohammed and Salim, 2017] and others
have been studied as potential low cost heavy
metal adsorbents.

Coriander (Coriandrum Sativum) is a com-
mon, taxonomically categorized medicinal herb
that belongs to the Apiaceae family and its fine-
ly ground seeds are a major ingredient of curry
powder, an effective antioxidant [Zekovi¢ et al.,
2016]. Coriander is a tropical crop that may be
cultivated in a variety of environments. Corian-
drum sativum is grown commercially in India,
Morocco, Poland, the United States of America,
and Russia, among other places [Rao and Ka-
shifuddin, 2012]. Coriander is a herb with all
of the properties required for a food product.
Its fruit has a sweet and aromatic aroma, and its
seeds have stimulant, antipyretic, and antithel-
mintic properties. Vomiting, digestive diseases,
bleeding piles, eye infections, and rheumatism
are all treated with its fruit. The presence of es-
sential oils, the quantity of which ranges from
0.1 percent to 0.3 percent in the seeds, is re-
sponsible for the fragrant fragrance and pleas-
ant aromatic taste [Abdou Said et al., 2021]. The
coriander seed powder was used as an adsorbent
for Pb*?, Zn"> and Ni*? ions from industrial ef-
fluent because of its non-toxic nature. The in-
fluence of several operational factors, such pH,
adsorbent dose, contact time, agitation speed
and initial metal ions concentration, as well as
FESEM, FTIR, isothermal and kinetic models
were investigated.

MATERIALS AND METHODS

Adsorbent material

Coriander seeds (Coriandrum sativum) were
purchased from a herbal store in Baghdad, Iraq.
The coriander seeds were washed several times
with tap water and then with distilled water to
remove impurities such as sand and dust, after
which the coriander seeds are dried in an oven
at 180 °C for two hours, ground with an electric
grinder to obtain powder and then passed through
sieve of diameter 425 pum for use in experiments.
Figure 1 shows the coriander seeds before grind-
ing and as powder

Adsorbate

The heavy metals used in adsorption ex-
periments  (Pb(NO,),, Zn(NO,),.6H O, and
Ni(NO,),.6H,0) were supplied from scientific
equipment offices in Bab Al-Moatham markets,
Baghdad, Iraq. In order to prepare the stock so-
lution at a concentration of (1000 mg/l) by dis-
solving the calculated amount of Pb(NO,),,
Zn(NO,),.6H,0, and Ni(NO,),.6H,O in 1000L
of distilled water to be used in the experiments.
The mass of these metals required to achieve the
concentration was calculated according to Eq. (1)
[Qassim, 2013]:

M wt
At .wt

W =V xCox (1)

where: W: weight of heavy metals,
V: Volume of solution (1),
Co: Heavy metal ion concentration in so-
lution at the initiation (mg/1),
M.wt: Molecular weight of heavy metal
salt (g/mol),
At.wt: Atomic weight of Pb*?2 , Ni*?, Zn"2
ions (g/mole).

Figure 1. Coriander seeds before grinding and as powder
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Experimental work

The adsorption tests were carried out to find
the best pH, agitation speed, contact time, ad-
sorbent diameter size, absorbent dosage, min-
eral elements concentration for removing lead,
nickel, and zinc ions from wastewater. Conical
flasks with the volume of 250 ml were filled with
100 ml of heavy metal solutions of known con-
centration. The pH was measured by a pH meter
(WTW- 3110, Germany), the wastewater pH in
each flask was adjusted by adding 0.1 M NaOH
or 0.1 M HCl to obtain the desired pH value. Each
flask was filled with a known weight of sorbent
material, then placed in a shaker (Type Heidolph
unimax 2010, Germany) and the mixture was agi-
tated continuously for the specified time at tem-
perature 25 & 2°C. The withdrawn samples were
filtered by using a filter paper (Whatman 12.5 cm)
and then an Atomic Absorption Spectrophotom-
eter (AAS) (Type, A-shimadzuaa-7000f, Japan)
was used to determine remaining concentration
of heavy metals, which was done at the Depart-
ment of Biological Sciences/University of Bagh-
dad’s Laboratories. The removal of heavy metal
ions using coriander seeds was calculated under
the influence of a variable pH of (2-10), a con-
tact time (0—180) min., dosage of coriander seeds
(0.1-2) g/100ml, (50-300) rpm agitation speed
and concentration of metals (10-200) mg/l. The
percentage adsorption of Pb*?, Zn*?, and Ni*? ions
from the solution (R%) and capacity of adsorp-
tion by coriander seeds qe (mg/g) were calculated
according to Eq. (2) and Eq. (3), respectively
[Anna et al., 2015].

v(iC,6 —C
q, = Y(C.=C.) 3)
m

where: C, corresponds to the heavy metals ions
initial concentration and
C, is the residual concentration after
adsorption,
Vis the solution volume (L),
m is the mass of adsorbent (g).
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Characterization of coriander seeds

In order to identify the functional groups of
adsorbent (coriander seeds), a Fourier transform
infrared spectroscopy (FTIR) is commonly used.
In this study, a FTIR (IRPrestige21/Shimadzu,
Europe) at Chemical Department/Collage of Sci-
ence/Baghdad University, region 4000-400 cm™
was used to determine the structural changes of
the adsorbent before and after the sorption pro-
cess. Field Emission Scanning Electron Micro-
scope (FESEM) images were used to demonstrate
surface morphology of the adsorbent (coriander
seeds) by (Tescan Mira3, France).

RESULTS AND DISCUSSION

Effect of pH

The pH is one of the most important fac-
tors to be studied and verified in any adsorption
process to identify the ideal value that separates
adsorption from precipitation. Many adsorption
studies have shown the important effect of pH
on the adsorption of heavy metals [Chen et al.,
2019]. Figure 2 shows the effect of changing the
pH in the range from (2 to 10) on the adsorption
of Pb*2, Zn"? and Ni*? ions with adsorbent dosage
of 0.5 g/100 ml, a shaking time of 120 min, ini-
tial metals concentration of 50 mg/l and 200 rpm
mixing speed at temperature 25 £+ 2°C. The high-
est removal percentage of Pb™, Zn*? and Ni*
ions at optimum pH 6 was 86.009%, 78.952%,
58.559% respectively, and following that, it
lowers as the pH rises. At lower pH values, the
least sorption was observed, which could be be-
cause the hydrogen (H") ions highly compete
with metal ions for the coriander seeds surface
active sites, and the complex between the acidic
functional groups and metal ions is expected to
be destabilized as the adsorbed metal ions is re-
leased into the solution. Moreover, an increase
in pH induces metal ion precipitation on the ad-
sorbent surface; this is because insoluble metal
hydroxides begin to precipitate from solutions at
higher pH values, making real sorption experi-
ments difficult [Vafajoo et al., 2018].
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Figure 2. Effect of different pH on the removal efficiency of Pb™?, Zn"and Ni*? ions by coriander seeds

Effect of contact time

The influence of contact time on adsorption
of Pb™2, Zn" and Ni'? ions on coriander seeds
was investigated in the range of 0-180 min.
Other conditions were constant (pH 6, dosage of
adsorbents 0.5 g/100 ml, initial metal concentra-
tions 50 mg/l, and 200 rpm agitation speed at
a temperature of 25 + 2°C).The effect of con-
tact time on the removal of metal ions is shown
in Figure 3. It was observed that the adsorption
of Pb*™, Zn"?and Ni"?adsorption increased along
with the contact time. The equilibrium was
achieved at 105min, because there were plenty
of wide surface areas available. The adsorption
rate become very slow as contact time increases
due to the saturation of active sites of coriander
seeds at equilibrium state [Anna et al., 2015].
The maximum removal efficiencies for Pb*?,
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Zn"?, and Ni? ions was 85.535%, 78.606%, and
57.559% at optimum time 105 min.

Effect of coriander seeds dose

The effect of coriander seeds dose on the re-
moval of Pb*2, Zn*?, and Ni*?ions was studied at
varying dosage from (0.1 to 2) g/100 ml, other
parameters were constant (pH 6, contact time
105 min, initial concentration of metals 50 mg/l,
and 200 rpm agitation speed at a temperature of
25 £ 2 °C). Figure 4 shows that the removal ef-
ficiency gradually increases along with the dose
of coriander seeds up to 1 g/100 ml. That is be-
cause more adsorption sites are available due to
increased surface area, resulting in higher remov-
al of heavy metals [Zhou et al., 2018]. A further
increase in the quantity of coriander seeds will
not have any significant effect on the removal
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Figure 3. Effect of contact time on the removal efficiency of Pb™, Ni*?and Zn™ by coriander seeds
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Figure 4. Effect of dosage on the removal efficiency of Pb*2, Zn*? and Ni*? by coriander seeds

due to the concentration of Pb*2, Zn*?, Ni*?ions
at the level of equilibrium condition between the
solid and the solution phases [Kumar and Bilal,
2018]. The removal efficiency was 89.598%, 84.4
09% and 64.216% for Pb*?, Zn"?, and Ni*? ions,
respectively, at the optimum coriander seeds dos-
age (1g/ 100 ml).

Effect of initial heavy metal concentration

The effect of various initial concentrations on
Pb*2, Zn*2, and Ni*? ions adsorption was investi-
gated in the range of 10 to 200 mg/1. Other condi-
tions were pH 6, dosage of adsorbents 1 g/100 ml,
contact time 105 min and mixing speed 200 rpm
at a temperature of 25 + 2 °C. In Figure 5, it was

obvious that as the initial concentration of the
Pb?, Zn"?, and Ni'? ions increases from 10 to
200 mg/l, the removal efficiency declines from
98.605% to 85.342%, 92.221% to 79.271%,
85.412% to 65.634% for Pb™, Zn™?, and Ni*
ions, respectively. The percentage of metal ions
removed dropped as the initial metals concentra-
tion increased from 10 to 200 mg/l, according to
the findings. A similar observation was noticed in
other studies [Edathil et al., 2018]. Because the
number of active adsorbent particle sites is re-
stricted, only a limited number of metal ions can
be absorbed. However, at high concentrations of
metal ions, the active areas of the adsorbent par-
ticles are saturated [Parmar, 2013].
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Figure 5. Effect of initial concentration on the removal efficiency of Pb"™?Ni*?and Zn*?by coriander seeds.
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Effect of agitation speed

The agitation speed effect was investigated at
different values, i.e. 50, 100, 200 and 300 rpm.
Other conditions, including constant pH, contact
time, dosage, and initial metal concentration were
6, 105 min, 1g/100 ml, and 50 mg/l, respectively,
at a temperature of 25 = 2 °C. From Figure 6 the
removal efficiency was increased with the increas-
ing in the agitation speed until reached 200 rpm
which reached 95.926%, 89.799%, and 79.255%
for Pb*?, Zn"2, and Ni*? ions, respectively, further
increased in agitation speed is then with no ben-
efit. The reason may be that the increase in an
agitation speed will caused breaking down of film
layer formed on coriander seeds surface which
will increase the chance of metal ions reaching
the effective sites on the surface of the coriander
seeds which in turn will increase the efficiency of
adsorption [El Naggar et al., 2019].
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FTIR analysis for coriander seeds

The functional groups found in coriander
seeds were identified using the Fourier Trans-
form Infrared Spectroscopy (FTIR) research. The
FTIR spectra of Pb*, Zn"2, and Ni*? ions before
and after sorption are shown in Figure 7. The co-
riander seeds before adsorption displayed a num-
ber of peaks pertaining to different functional
groups. The wide band observed at 3402.43 cm’!
indicates free and intermolecular bonds (O-H) of
the hydroxyl group. In turn, the band at 2926.01
cm was assigned as the stretching vibration of
the C-H (carboxylic) groups that were present in
the lignin structure [Hussein and Jasim, 2019].
The band observed at approximately 1625 and
1510 cm™ indicated that (C=O stretch) amides,
and (C=C) bonds of aromatic rings were present,
respectively. The peak observed at 1745 cm is
the stretching vibration of amides (C=0O aldehyde
stretch). The band at 1460.11 cm indicated (C-O)
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Figure 6. Effect of agitation speed on the removal efficiency of Pb*?, Ni*?and Zn* by coriander seeds.
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Figure7. FTIR spectrums of coriander seeds (black line ) before adsorption, (red
line) coriander after the adsorption of Pb* ions, (green line) coriander after the
adsorption of Zn"? ions, (blue line) coriander after adsorption Ni*2 ions.
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Table 1. Functional groups before and after coriander adsorption with Pb™?, Zn*?, and Ni*? ions

Assignment functional groups Before adsorption After adsorption Aiter adsor_ption After gdsorption

of Pb+2 ions of Zn+ 2 ions of Ni+ 2 ions
(O-H) of hydroxyl group 3402.43 3442.94 3429.43 3441.01
(C-H) carboxylic groups 2926.01 2926.01 2926.01 2926.01
Amides (C=0 aldehyde stretch) 1745.58 1745.58 1745.58 1745.58
Amides (C=0 stretch) 1625.49 1620.21 1637.56 1651.07
C=C Aromatic stretch 1510.26 1516.05 1516.05 1516.05
C-O (primary alcohol) 1460.11 1460.11 1460.11 1460.11
Nitro aliphatic group (-NO,) 1375.25 1317.38 1373.32 1321.24
C-O (alcohol) group 1249.87 1226.73 1230.58 1236.37
C-O (alcohol) group 1149.57 1157.29 1153.43 1151.50
Aromatic (C-H bend) 719.45 759.95 721.38 719.45
Alkyl halides [(C-Br) and (C-I)] 518.85 518.85 520.78 -

primary alcohol [Wang et al., 2018]. The peak at
1375.25 represents (-NO,) the aliphatic group.
The peaks at 1249.87, 1149.57 indicated the C-O
(alcohol) group. The band at 719.45 cm™ was
corresponded to the aromatic group (C-H bond),
and the band at 518.85 represents the (C-Br) and
(C-I) alkyl halides group [Malakahmad et al.,
2016]. The adsorption of heavy metal ions on the
cell surfaces of coriander seeds was attributed to
functional groups such as amides, aromatic, alco-
hol, carboxylic acid, and hydroxyl. The observed
peaks and its description are shown in Tablel.

FESEM analysis

FESEM is a technique for studying the sur-
face structure of an adsorbent before and after
adsorption. It is also applied to investigate, e.g.
particle shape, porosity nature, and proper size
distribution of the adsorbent [Hussein and Ja-
sim, 2019]. The surface morphology images of
the adsorbent with Pb™2, Zn*?, and Ni*? ions are
shown in Figure 8 b, ¢ and d. In Figure 7a, the
presence of particles agglomerates with irregular
shape can be seen in the FESEM scan of the ad-
sorbent surface [Elabbas et al., 2016]. The sur-
face becomes smooth and shiny with filled pore
structures after heavy metal ion adsorption, likely
due to physic-chemical interaction between the
functional groups on the surface and the heavy
metal ions [Amin et al., 2017]. The shape of the
surface has altered after absorbing Pb*?, Zn*?, and
Ni*? ions, indicating that the adsorption process
of ions on the surface of the adsorbent material
has occurred.
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Adsorption Isotherm

The equilibrium approach was studied us-
ing the Langmuir and Freundlich models. In or-
der to study homogenous surface adsorption, the
Langmuir model is used. The process is based on
that there is saturated mono layer of solute on the
outer surface of the adsorption, adsorption energy
constant and adsorption occur at homogenous
site. The Langmuir model described by Eq. 4
[Ramesh et al., 2013].

_ quLCe
714 K,C. “)

where: C, is the equilibrium of metal ions con-
centration in the solution (mg/1),
q, is amount of metal ions per unite mass
of adsorbent at equilibrium (mg/g),
q, 1s the maximum adsorption capacity
on the adsorbent surface (mg/g) and
K, is there a relationship between the
Langmuir constant and energy adsorption
capacity (I/mg). The Langmuir equation
can be fitted with a straight line equation,
as follows [Mohammed et al., 2016].

c.__ 1 __ C, ®
qe KLQm qm

The values of K| and q_ were calculated from
the slope of the line and intercept that is sketched
between of C /q_and C_.

The Freundlich equation is used to study the
adsorption occur at multilayer heterogeneous sur-
faces. The Freundlich model can be expressed in
the following way [Parmar, 2013].
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Figure 8. FESEM image of (a) coriander seeds before adsorption, (b) coriander seeds after adsorption with Pb*
ions, (c) coriander seeds after adsorption with Zn*? ions, and (d) coriander seeds after adsorption with Ni*? ions.

Ing, =K ,+>InC, 6)
n

where: K, represents the capacity of adsorption
and n is the intensity factor of the adsorp-
tion process. The values of K and n were
calculated from the slope of the line and
intercept that is sketched between of Inq,
and InC .

The parameters for the Langmuir and Freun-
dlich models were specified by fitting the experi-
mental data to the isotherm models are shown
in Figures 9 a, b. Table 2 shows all parameters
with the correlation coefficients (R?), the values
of the correlation coefficient for the Langmuir
are 0.8461, 0.826, 0.8062 for Pb*™?, Zn*?, and Ni*?
ions, respectively, and for Freundlich models they
are 0.9864, 0.988, 0.991 for Pb*?, Zn"?, and Ni*?

ions, respectively; thus, the Freundlich model
represents better adsorption than the Langmuir
model dependent on the values of correlation
coefficients.

Adsorption Kinetics Models

The pseudo-first-order and pseudo-second-
order models were used to study the kinetics of
heavy metals on to coriander seeds. When the
correlation coefficient (R?) value is high and
close to one, the process is considered successful
[Amin et al., 2017].

The pseudo-first-order model is given in Eq.7
[Mohammed et al., 2016]

In(g.—q,)=Ing . —k,t )

where: g is the amount of metal ions sorbed at
equilibrium (mg/g),

Table2. Parameters of isotherm for Pb*2, Zn"2, and Ni'? ions onto coriander seeds

Langmuir Freundlich
Parameters Pb*2 Zn*? Ni+2 Parameters Pb*2 Zn*? Ni+2
gm(mg/g) 19.763 22.883 19.011 Kf (mg/g) 2.6966 1.1763 1.4489
KL (I/mg) 0.1216 0.0403 0.0233 n 1.9084 1.4388 1.4562
R2 0.8461 0.826 0.8062 R2 0.9864 0.988 0.991
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(a)

(b) ’

Figure 9. Sorption isotherm models for Pb*, Zn™?, and Ni*? on coriander seeds
(a) Langmuir isotherm model and (b) Frendlich isotherm model

In{ae-qth

da fy b o L b e e ow

(b)

Figurel0.Sorption kinetic model of pb™, Zn*?, and Ni“onto coriander seeds (a) Pseudo-
first-order kinetic model, and (b) Pseudo-second-order kinetic model

q, the amount of metal ions sorbed at time

t (mg/g).k, is the pseudo-first-order sorp-

tion equilibrium rate constant (1/min);

k,and g are determined from slope of the

line and intercept by plotting between of

Ln (q.-q,) versus t as shown in Figure 10 a.
The pseudo-second-order model is given in

Eq. 8 [El Naggar et al., 2019].

qt k2q2e qe

where: k, is the pseudo-second -order sorption
equilibrium rate constant (I/min). The val-
ues of k, and q_ are determined from slope
of'the line and intercept by plotting between
of t/qt versus t, as shown in Figure 10 b.

Table 3 shows the experimental data and cal-
culated parameters. The values of correlation co-
efficients (R?) better fit of pseudo-second-order
kinetic with experiment data compared to pseu-
do-first-order. The value of experimental q, was
fitted to g, calculated pseudo-second-order com-
pared with pseudo-first-order model. This dem-
onstrated that chemisorption was involved in the
sorption process [Amin et al., 2017].

CONCLUSIONS

The feasibility of using coriander seeds as a
low-cost adsorbent for the removal of Pb*?, Zn*?
and Ni” ions from wastewater was investigated
in this study. Coriander seeds were found to be a

Table (3). Parameters of kinetic for Pb*2, Zn*2, and Ni*2 ions onto coriander seeds

Pseudo-first-order Pseudo-second-order
Parameters Pb*? Zn*? Ni*2 Parameters Pb*? Zn*? Ni+2
Aoforpy (mg/g) 8.7628 8.0722 5.9098 Aoorpy (mg/g) 8.7628 8.0722 5.9098
k,(min™) 0.0289 0.0294 0.041 k, (min”) 0.00748 0.00735 0.01058
ogeary (MY/Q) 6.6055 6.6187 8.0414 ogeary (MY/G) 9.4787 8.7951 6.4185
R? 0.9706 0.9776 0.858 R? 0.9977 0.9976 0.9961

166



Journal of Ecological Engineering 2022, 23(1), 158-168

good efficient sorbent for removing these heavy
metals ions from wastewater under the follow-
ing optimum conditions: initial concentration
50 mg/l, pH 6, contact time 105 min., coriander
seeds dosage 1 g/100 ml, and agitation speed
200 rpm at a temperature of 25 + 2 °C. The batch
experiments results showed that the maximum
removal percentages achieved under ideal condi-
tions for Pb*2, Zn™? and Ni*? ions were 95.926%,
89.799% and 79.255%, respectively. The FTIR
and FESEM analyses revealed that the functional
groups on the surface of coriander seeds were
detected and the morphology of the surface was
studied. The Langmuir and pseudo-second-order
sorption isotherms were shown to have the best
correlation for sorption of Pb™, Zn'?, and Ni*
ions onto coriander seeds, and it was discovered
that coriander seeds can be used as an alternative
eco-friendly and effective adsorbent for the treat-
ment of wastewater containing metal ions.
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