Al-Khwarizmi
Engineering
Journal

Al-Khwarizmi Engineering Journal, Vol. 9, No. 2, P.P. 69- 76 (2013)

Al-Khriet Agricultural Waste Adsorbent, for Removal Lead and
Cadmium Ion from Aqueous Solutions
Maha H. Al-Hassani
Department of Chemical Engineering/ College of Engineering/ University of Baghdad
(Received 5 November 2012; accepted 30 April 2013)

Abstract
The availability of low- cost adsorbent namely Al-Khriet ( a substance found in the legs of Typha Domingensis) as
an agricultural waste material, for the removal of lead and cadmium from aqueous solution was investigated. In the
batch tests experimental parameters were studied, including adsorbent dosage between (0.2-1) g, initial metal ions
concentration between (50-200) ppm (single and binary) and contact time (1/2-6) h. The removal percentage of each ion
onto Al-Khriet reached equilibrium in about 4 hours. The highest adsorption capacity was for lead (96%) while for
cadmium it was (90%) with 50 ppm ions concentration, 1 g dosage of adsorbent and pH 5.5. Adsorption capacity in the
binary mixture were reduce at about 8% for lead and 12 % for cadmium, which was attributed to competitive
adsorption. The adsorption parameters were analyzed using both the Freundlich and Langmuir. Al-Khriet was best fitted
by the Freundlich isotherm comparing with Langmuir model, and the rate constant was found to be 1.305 and 0.621
((mg/g)(L/mg)1/n) for lead and cadmium respectively , while the kinetic of adsorption obeyed a second order rate
equation and the rate constants were found to be (0.0161) for lead and ( 0.0125) mg.g-1.min-1 for cadmium.
Keywords: Agricultural waste adsorbent, Biosorption, heavy metal ions, isotherm kinetic model.

1. Introduction
The rapid progress in industrial technology and
war remnants in Iraq causes an increase in the level
of toxic ions discharged into the waste water and
these metals are harmful to the human and aquatic
lives. Many countries pay attention to this global
issue and they devote concentrated efforts to solve
this environmental problem (Abdel-Ghani et al.,
2009).
Lead is one of the very dangerous heavy metals,
which causes many dysfunctions in all human
beings. In children, excess amounts of this metal
would probably lead to a decrease in their IQ
score, and an impairment of learning, hearing,
physical growth, the circulating system, the
reproductive system, nervous system especially the
brain, kidney functions and some mental disease
such as dementia, depression, madness, as well as
problems in metabolism system.,e.g., deficiency of
vitamin D, also increasing level of this toxic metal
may lead to death (Okoye et al., 2010, Okoro and

Ejike, 2007). Lead as (Pb+2) has a huge efficiency
to the thio (-SH) and (PO4) containing enzymes
and other dangerous molecules which in turn
affecting the permeability of kidney, liver and
brain cells by inhibiting the synthesis of heams
unit, leading to retardation or break down of these
organs function (Ademoroti, 1996).
Cadmium is another of heavy metals with a
high toxicity. Accumulation of cadmium in the
body results in, diarrhea, muscular cramps, nausea,
erythritis, problem in the vision, chronic
pulmonary disease (CPD), and cardio vascular
disease (CVD). The world health organization
(WHO) gave the recommended standards of
drinking water which is 0.005mg Cd/L and 0.001
mg Pb/L (Munther I. et al.,2010). While in Iraq in
the trocar of Al-Eshaki because of the effect of AlSomood company for steel industry and power
plant in the south of Baghdad, the level of toxic
metals (Cd+2,Pb+2) exceeded the allowed limit for
example, the concentration of cadmium ion was 8
mg/L and the concentration of lead ion was 10
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mg/L which was must higher than the permissible
limits for drinking water.
Many techniques such as ion exchange,
precipitation, adsorption, flocculation, advance
oxidation and membrane process have been used
for the removal of toxic metal ions (Sheela et al.,
2012, Mohamad et al.,2012). The reason behind
our using the absorption technique is that it is a
very economical process especially when using a
locally available adsorbent (Saad Al-Jlil, 2010).
The essential benefits of this absorption process for
environmental pollution are: the low cost, simple
design easy operation as well as no effect of toxic
substance, when comparing to other biological
treatment process (Yahia, 2006, Hameed et al.,
2009).
This research investigated the possibilities for
using cheap wasted material, locally available in
Iraq namely Al-Khriet which is found as a powder
in the legs of Typha Domingesis as potential
adsorbent. The Presence of this plant in industrial
waste water indicates that it resists the pollutants.
The effect of various parameters including the
adsorbent dosage initial of metal ion concentration
(single and binary) and contact time were studied
onto Al-Khriet powder for removal lead and
cadmium ion from aqueous solution. By reviewing
other literature surveys, it is obvious that a few of
them were performed on the contamination levels
of different heavy metals in the waste water in
Iraq.

different concentration (50,100,150 and 200)
mg/L. Flasks were shaken in a shaker (type B,Baun
Karlkob) for 4 h at room temperature. It was
noticed that the adsorbed metals ions of adsorbent
system reached to equilibrium after 4 h. This
phenomenon was clearly seen in a series of
experiments of different time intervals which
showed that the adsorption process reached
equilibrium after 4 h. Solution and adsorbents were
separated by filtering through a filter paper. The
concentration of the solute in solution was
determined
by
using
atomic
absorption
spectrophotomeric (type Perkin-Elmer-5000, USA)
. The adsorbed amount was calculated by the
following equation:

V (C 0 − C e )
…(1)
w
Where q e (mg/g) is the amount adsorbed at
qe =

equilibrium, V (L) is the volume of solution,
C 0 , C e (mg/L) is the initial and equilibrium
concentration, w (g) is the amount of adsorbent.
The adsorption kinetic was analyzed by adding 0.5
g of Al-Khriet to 25 ml of 50 mg/L of Cd+2, Pb+2
solutions. The samples were shaken and examined
at different time intervals. The effect of adsorbent
dosage and initial concentration of the feed
solution were also studied by using different
amount of adsorbent (0.2-1) gm for initial
concentration of (50-200) mg/L (single and
binary). The pH value for cadmium and lead were
5.5 before and after mixing with adsorbent. 0.1M
of NaOH and HCl were used for pH adjustment to
fix the pH value in all experiments.

2. Material and Methods
2.1. Material

Table 1,
Physical Properties of Adsorbate.

Al-Khriet was collected from marshes in the
south of Iraq. First it was washed with deionized
water to remove the suspended particle and then
dried in the air for two days before drying in an
oven at 110°C for 24 hours, Finally Al-Khriet
powder was stored in discator.

2.2. Experimental Work
Different concentrations of Cd+2,Pb+2 aqueous
solution were prepared from the stock of 500 mg/L
solution prepared by dissolving agent grade
Pb(NO3)2.2H2O and Cd(NO3)2 in dionized water,
the properties of these compound were shown in
Table 1. Adsorption was performed in a batch
experiment. The equilibrium isotherms were
determined by mixing 0.5gm of Al-Khriet with 25
ml of Cd+2,Pb+2 solutions in a conical flask at

Adsorbate

Lead Nitrate

Cadmium Nitrate

Molecular
weight (g/mol)

367.2098

236.4208

Water solubility
(g/ 100ml H2O)
at 20°C

52

136

3. Results and Discussion
The removal efficiency was calculated by the
equation below
Removal efficiency ( R) =

70

C 0 −C f
C0

*100

…(2)
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3.2. The Effect of Al-Khriet Dose on Ions
Adsorption

Where C 0 and C f are the initial and final ions
concentrations, respectively.

3.1.

The relation between Al-Khriet dose and %
removal efficiency of Cd+2 and Pb+2 are shown in
Figs. 2 and 3. The experiments were carried out at
pH 5.5 and fixed Cd+2 and Pb+2 initial
concentrations for both single and binary of 50
ppm solution on Al-Khriet. As can be depicted
from these figures, when Al-Khriet dose increased,
the uptake of both ion decreased and the percent
removal increased for both single and binary
solution due to the great possibility of
exchangeable sites or surface area. It is appearance
that by increasing the dosage from (0.2-1) g, the
percent removal increased from (92% to 96%) for
lead and from (83% to 90%) for cadmium as
shown in Fig.2.
Figure 3. shows that the
adsorption curve for two solute together. In the
binary solution adsorption percent removal of Pb+2
and Cd+2 were 88%, 79% with 1 g dosage and 50
ppm ion concentration. This indicates that the
adsorption capacities of the adsorbent observed in
binary mixture batch experiments were lower
(about 8% for Pb and 12% for Cd) than that
observed in a single solute, which was attributed to
competitive adsorption. Competitive adsorption
results from the available adsorption sites existing
on the surface of the adsorbent when present in a
multi-component metal ion aqueous solution. It
was found that the removal efficiency of Al-Khriet
for Pb+2 is grater than Cd+2. It can be clearly seen
from table 1 that lead nitrate is less soluble than
cadmium nitrate which attribute to their molecular
weight, duo to the fact that the higher molecular
weight, the lower solubility in a water is similar
trend was reported by Riaz Qadeer (2002). This
behavior might be also attributed to the molecular
size. Lead ion has the smaller molecule than
cadmium ion, thus it might be visible for on
particular pore hold more lead ions molecules than
cadmium ions molecules. The decreasing trend in
adsorbed phase concentration for cadmium ion is
due to the less availability of sites on the Al-Khriet
because of the competitive effect of lead ions.

Effect of Contact Time

As shown in Fig.1, the percent removal of lead
ion and cadmium ion by adsorption onto Al-Khriet
increases with contact time and attain equilibrium
in about 4 h. Removal efficiency equal to (94.6%)
and (85.9%) for lead and cadmium ion respectively
at pH 5.5 and of 50 ppm ions concentration and 0.5
gm of adsorbent in 4 h. The result indicates that the
rate of sorption of both ions on Al-Khriet was fast
because of a largest amount of Cd+2,Pb+2 attached
to the sorbents within 1 h of adsorption. Similar
results were reported by Mahvi et al.,(2007), Ajmal
et al.,(2003) and Madhava et al., (2008). This
behavior suggests that the initial stage, sorption
takes place rapidly on the external surface of the
Al-khriet followed by a slower internal diffusion
process, which may be the rate determine step. The
reason behind our studying this part because the
equilibrium time is one of the parameters for
economical waste water
treatment
plant
application. These observation agree well with the
investigation by Hameed et al., (2009). Lead was
found to adsorb more than cadmium, that is due to
its different affinities of two ion for the reactive
functional groups located on the surface of AlKhriet powder.

R em o v al p erce n t %
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Fig. 1. Effect of Time on the Removal Efficiency
using Al-Khriet as Adsorbent, Biomass Dosage 0.5 g,
pH 5.5, 250 rpm , Cd+2 , Pd+2 Concentration 50 ppm.
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Fig. 4. Removal of Cd+2, Pb+2 Ion using Different
Concentration of Ions.

Fig. 2. Effect of Adsorbent Dosage on the Percent
Removal for Single of Cd+2, Pb+2 by Al-Khriet ,
Contact Time 4 h, Initial Concentration for Both Ion
50ppm.

3.4. Adsorption Kinetic Model

R e m o v a l p e rc e n t %

100

The pseudo first order model (PFOM)
(Augustin and Emmanual,2011) is given by the
following equation

90

ln( q e − q t ) = ln q e − k 1t

Lead

80

Cadmium

…(3)

The pseudo second order model (PSOM)
(Augustin and Emmanual,2011) is given by the
following equation

70
60
0

0.2

0.4

0.6

0.8

1

1
t
t
=
+
2
q t k 2q e
qe

1.2

Adsorbrnt dosage

…(4)

Where q e is the amount of ions adsorbed at
Fig. 3. Effect of Adsorbent Dosage on Percent
Removal for Binary System of Cd+2, Pb+2, using
Initial Concentration for Each Ion 50 ppm.

3.3. Effect of Initial
Concentration

Cd+2,

Pb+2

equilibrium (mg.g-1),

q t is the amount ions
adsorbed at time t in ( mg.g-1 ), k1 (min-1) and
k 2 (g/(mg.min)) are the rate constants of PFOM
and PSOM respectively.
The PFOM and PSOM plots shown in Fig. 5 and 6.

Ions

k1 and k 2 for Cd+2, Pb+2 as well as correlation
Figure 4 showed the relation between the
percent removal efficiency and the initial ions
concentration of Cd+2 and Pb+2, as the initial ions
concentration increase the percent removal
decreases. That is because at higher concentration,
number of heavy metals were relatively higher in
comparison with the availability of adsorbent sites.
These observation agree well with the investigation
reported by Sulaymon et al., (Sulaymon et
al.,2010) .

coefficient obtained are presented in table 2. It can
be found out that the obtained correlation
coefficient for PSOM were greater than for PFOM.
These suggest that the adsorption system is the
second order model based on assumption that the
both sorbate (Pb,Cd) and Al-Khriet are involved in
a rate determining step, which may be a chemical
sorption rather than diffusion. (Ho and Mckay,
1998).
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Freundlich and Langmuir (Ajay et al., 2010)
isotherms according to the following equation:

time
0
0

50

100

150

200

1

250

q e = kC e n

-0.5

…(9) Freundlich

ln (q e -q t)

-1
-1.5

qe =

Lead
Cadmium

-2

q m bC e
1 + bC e

…(10) Langmuir

Equations 9 and 10 can be written in linear form as
given below respectively

-2.5
-3
-3.5

Fig. 5. PFOM Plots for Cd+2, Pb+2.

120
100

Lead

t/q t

…(11)

Ce Ce
1
=
+
qe qm qmb

…(12)

Where
q e and
C e are
the
equilibrium
concentration of lead and cadmium in adsorbed
and liquid phase in mg/g and mg/L , respectively ,
k f and n are the Freundlich constants which can

140

80

1
ln q e = ln k f + ln C e
n

40

be calculated from the slope and intercepted of the
linear plot with ln q e vs. ln C e .

20

q m and b are Langmuir constants which can be

Cadmium

60

calculated from the intercept and slope of the linear
plot C e / q e vs. C e .
The Freundlich and Langmuir isotherms are
shown graphically in Figs. 7 and 8. The fitted
constant for two models are tabulated in table (3).
Table (3) indicate the Freundlich model provides
the best fit as judged by its correlation coefficient
for Pb+2and Cd+2. The n value of Freundlich model
between 1 and 10, indicates good adsorption
efficiency (Treybal,1980). This demonstrate that
the developed adsorbent has good adsorption
efficiency for Pb+2,Cd+2 removal.
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Fig. 6. PSOM Plots for Cd+2, Pb+2.
Table 2,
The Rate Constant and Correlation Coefficient for
Pseudo First and Second Order for Both Ions.
Parameters

Pb+2

Cd+2

PFOM

k1(min-1)

0.0161

0.0099

q e (mg/g)

1.50

1.22

R12

0.9718

0.9613

k2 (mg.g .
min-1)

0.0161

0.0125

q e (mg/g)

2.582

2.353

R12

0.9991

0.9866

PSOM

-1

2.5

2

1.5
ln(qe)

Kinetic
model

Lead
Cadmium

1

0.5

0
0

3.5. Equilibrium Isotherms
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ln(ce)

Fig. 7. Adsorption Isotherm of Pb,Cd at pH (5.5) by
using Freundlich.

The equilibrium isotherm display a nonlinear
dependence on the equilibrium concentration. The
obtained adsorption data were analyzed using
73
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gram dosage of adsorbent and pH 5.5, while the
mixed heavy metal were reduced at about 8% for
Pb and 12% for cadmium. In this study of kinetic
of adsorption, the PSOM provides better
correlation of sorption data than the PFOM , while
the adorption equilibrium was better described by
Freunlich model than Langmuir model.
Hence
the
material
Al-Khriet
under
consideration would be useful economical
treatment of waste water containing lead and
cadmium metal.
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Fig. 8. Adsorption Isotherm of Pb,Cd at pH (5.5) by
using Langmuir.
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ﻣﮭﺎ ھﺎدي ﻣﺼﻄﻔﻰ

ﻣﺠﻠﺔ اﻟﺨﻮارزﻣﻲ اﻟﮭﻨﺪﺳﯿﺔ اﻟﻤﺠﻠﺪ ،9اﻟﻌﺪد ،2ﺻﻔﺤﺔ (2013) 76 -69

اﺳﺘﺨﺪام اﻟﺨﺮﯾﻂ ﻛﻤﺎده ﻣﺎزه ﻻزاﻟﮫ اﯾﻮﻧﺎت اﻟﺮﺻﺎص واﻟﻜﺎدﻣﯿﻮم ﻣﻦ اﻟﻤﺤﺎﻟﯿﻞ اﻟﻤﺎﺋﯿﮫ
ﻣﮭﺎ ھﺎدي ﻣﺼﻄﻔﻰ اﻟﺤﺴﻨﻲ

ﻗﺴﻢ اﻟﮭﻨﺪﺳﺔ اﻟﻜﯿﻤﯿﺎوﯾﺔ /ﻛﻠﯿﺔ اﻟﮭﻨﺪﺳﺔ /ﺟﺎﻣﻌﺔ ﺑﻐﺪاد

اﻟﺨﻼﺻﺔ
ﯾﮭﺪف اﻟﺒﺤﺚ اﻟﻰ اﺳﺘﺨﺪام اﻟﻨﻔﺎﯾﺎت اﻟﺰراﻋﯿﮫ اﻟﻤﺘﻮﻓﺮه ﻣﺤﻠﯿﺎ وﺑﺎﻗﻞ ﻛﻠﻔﮫ ﻻزاﻟﺔ اﻟﻤﺮﻛﺒﺎت اﻟﺜﻘﯿﻠﮫ ﻛﺎﻟﺮﺻﺎص واﻟﻜﺎدﯾﻤﯿﻮم ﻣﻦ اﻟﻤﺤﺎﻟﯿ ﻞ اﻟﻤﺎﺋﯿ ﮫ ﻛ ﺎﻟﺨﺮﯾﻂ
وھﻮ ﻣﺎده ﻣﻮﺟﻮده ﻓﻲ ﺳﯿﻘﺎن ﻧﺒﺎت اﻟﺒﺮدي ﻛﻤﺎده ﻣﺎزه .ﺗﻢ دراﺳﺔ ﺗﺄﺛﯿﺮ ﺗﺮﻛﯿﺰ اﻟﻤﺎده اﻟﻤﺎزه ،ﺗﺮﻛﯿﺰ أﯾﻮﻧﺎت اﻟﺮﺻﺎص واﻟﻜﺎدﯾﻤﯿﻮم ﺑﺼﻮره ﻣﻨﻔﺮده وﻣﻤﺰﺟﮫ ﻣﻌﺎ
وزﻣﻦ اﻷﻣﺘﺰاز ﻋﻦ اﻟﻨﺴﺒﮫ اﻟﻤﻮﺋﯿﮫ ﻟﻸزاﻟﮫ واﻟﻜﻤﯿﮫ اﻟﻤﻤﺘﺰه  .ﺗﻢ اﻟﺤﺼﻮل ﻋﺎى ﻧﺴﺒﮫ ازاﻟﮫ ﻟﻠﺮﺻﺎص  %٩٦وﻟﻠﻜﺎدﯾﻤﯿﻮم  %٩٠ﻋﻦ اﻟﻈﺮوف اﻟﺘﺸﻐﯿﻠﯿﮫ  ،درﺟﮫ
ﺣﺎﻣﻀﯿﮫ  ٥,٥وﻛﻤﯿﺔ اﻟﻤﺎده اﻟﻤﺎزه  ١ﻏﻢ وﺗﺮﻛﯿﺰ اﻷﯾﻮﻧﺎت  ٥٠ﻣﻠﻐﻢ ﻟﻜﻞ ﻟﺘﺮ وزﻣﻦ اﻷﻣﺘﺰاز  ٤ﺳﺎﻋﮫ وﻋﻨﺪ ﻣﺰج اﻷﯾﻮﻧﺎت ﻗﻠﺖ ﻧﺴﺒﺔ اﻷﻣﺘ ﺰاز ﺑﺤ ﻮاﻟﻲ %٨
ﻟﻠﺮﺻﺎص و %١٢ﻟﻠﻜﺎدﯾﻤﯿﻮم ﺑﺴﺐ ﻇﺎھﺮة اﻟﺘﺰاﺣﻢ واﻟﺘﻨﺎﻓﺲ ﻋﻠﻰ اﻟﻤﺮاﻛﺰ اﻟﻔﻌﺎﻟﮫ ﻟﻠﺨﺮﯾﻂ  .ﺗﻢ اﺳﺘﺨﺪام ﻣﻌﺎدﻟﺔ ﻻﻧﻜﻤﺎﯾﺮ وﻓﺮﯾﻨﺪﻟﺞ ﺑﺸﻜﻞ ﻧﺎﺟﺢ  ,وﻛﺎن اﺳﺘﺨﺪام
ﻣﻌﺎدﻟﮫ ﻻﻧﻜﻤﺎﯾﺮ ﻟﺘﻤﺜﯿﻞ ﻧﺘﺎﺋﺞ اﻣﺘﺰاز ﻛﻞ ﻣﻦ اﻷﯾﻮﻧﺎت ﺑﺸﻜﻞ اﻓﻀﻞ ﻣﻦ ﻣﻌﺎدﻟﮫ ﻓﺮﯾﻨﺪﻟﺞ ﺣﯿﺚ ﻛﺎن ﻣﻌﺪل ﺛﺎﺑﺖ ﻻﻧﻜﻤﺎﯾﺮ  ١,٣٠٥و  ٠,٦٢١ﻣﻠﻐﻢ\ ﻏﻢ ﻟﻜﻞ ﻣﻦ
اﻟﺮﺻ ﺎص واﻟﻜ ﺎدﯾﻤﯿﻮم ﻋﻠ ﻰ اﻟﺘ ﻮاﻟﻲ ﺑﯿﻨﻤ ﺎ ﺣﺮﻛﯿ ﺔ ﻋﻤﻠﯿ ﺔ اﻷﻣﺘﺼ ﺎص ﺗﻤﺜﻠ ﺖ ﺑﻤﻌﺎدﻟ ﮫ ﻣ ﻦ اﻟﺪرﺟ ﮫ اﻟﺜﺎﻧﯿ ﮫ ﺣﯿ ﺚ ﻛ ﺎن ﻣﻌ ﺪل ﺛﺎﺑ ﺖ اﻷﻣﺘﺼ ﺎص ٠,٠٦١
و٠,٠١٢٥ﻣﻠﻐﻢ\ﻏﻢ دﻗﯿﻘﮫ ﻟﻜﻞ ﻣﻦ اﻟﺮﺻﺎص واﻟﻜﺎدﯾﻤﯿﻮم ﻋﻠﻰ اﻟﺘﻮاﻟﻲ.
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