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ABSTRACT 

In this stud y, adsorption of Pb  (II) ions b y aquatic macroph te Lemma minor, Potamogeton crispus and Chara 
vulgaris. The effects of pH, in itial metal concentration on adsorption were determined. The optimum adsorption pH was 
determined to be 4 for L. minor and P. crispus and pH 5 for  C. vulgaris. Maximum adsorption capacities of adsorbents 
were determined to be  93.4, 8 8.4 and 64 mgg -1 for L. minor, P. crispus an d C. vulgaris, r espectively. Ads orption 
efficiency was observed in the order of L. minor  P. crispus  C. vulgaris for removal of Pb (II) ions. 

The adsorption kinetics were also found to be well-described by the pseudo second-order and intra-particle diffusion 
models. L. minor, P. crispus and C. vulgaris have different func tional groups,  which incl ude carboxy l (-COOH),  
phosphate (-PO4), amide (-NH2), and hydroxide (-OH) groups. These functional groups are able to react with heavy metal 
ions in aqueous solution.  
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INTRODUCTION  

 The incre ase i n toxic m etal contamination i s an 
important environmental problem. Heavy metals are toxi c 
even at low co ncentrations. Th e m ain s ources of heav y 
metals ar e w astewaters fro m proces ses s uch as  
electroplating, batt ery m anufacturing, automotive 
manufacturing, metal finishing, mining, and steelwork.  

Many ph ysicochemical t echniques s uch as  chem ical 
coagulation, e xtraction, ion exchang e, membrane 
separation, and electrochemistry have been used to remove 
heavy metal from wastewater [1-3]. But, thes e techniques 
have significant disadvantages including incomplete metal 
removal, expensive equipment and energy requirements or 
generation of toxic sludge [2-5].  

Adsorption is an altern ative technique for the re moval 
of pollutants fro m aqueous solutions. Activated carbon is 
the most common commercial adsorbent material but it is 
a very expensive, for this  reason, many researchers focus 
on the f easibility of identifying an inexpensive adsorbent. 
Many adsorbent materials such as seaweeds, algae, yeast, 
fungi, activated sludge, sawdust [1-8]. 

 
Lead widely used toxic industrial chemicals. The main 

objective of this article is the removal of Pb (II) from 
aqueous solution via adsorption through the use and re-use 
of aquatic macrophte L. minor, P. crispus and C. vulgaris. 
The eff ects of  pH and initial metal concentration on  
adsorption were determined. Adsorbents was characterized 
by using  Frouier  Transformation Infr ared 
Spectrophotometer (FT-IR) . The Langmuir adsorption 
isotherm model and pseudo-first, pseudo-second order and 
intraparticle diffusion models were used to d etermine the  
adsorption isotherm and kinetics.  

       
 
Theoretical 

The Langmuir adsorption isot herm model is a widely 
used theoretical model for describing the ad sorption 
isotherm [9]. The linear Langmuir equation is: 
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where, La  and Lk  are the Lang muir isotherm 

constants and the ratio of Lk / La  gives the theor etical 

monolayer satur ation ca pacity o f biomass ( maxq ).  The 
essential cha racteristic of the Langmuir equatio n can be 

expressed in ter ms of di mension factor LR , which was 
defined by Hall et al., [10] as: 
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where, LK  is the Langmuir isotherm constant and C0 
is the highest i nitial m etal co ncentration (m gL-1). The  

value of LR  indi cates the shap e of  the isoth erms to be  

either unfavourable ( LR >1), lin ear ( LR =1), favour able 

(0< LR <1) or irreversible ( LR =0). 
The pseudo first-order [11] , pseudo second-order [12] 

and in traparticle diffus ion model [13]  were used to  
describe adsorption kinetics.  

The pseudo first-order model: 
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The pseudo second-order model: 
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  (4) 
The intraparticle diffusion model: 

5,0tkq it  +C    
   (5) 

where 1k is the rate constant of pseudo first-ord er 

model (m in-1), 2k (gmg-1min) is the rate constan t of  

pseudo second-order model, an d ik  is the intrap article 

diffusion rate co nstant (mgg-1min0.5). eq  and tq  are the 
amounts of metal adsorbed on the adsorben t (mgg -1) at 
equilibrium and at time t, respectively. 

 
 
 
 

MATERIALS AND METHODS 

 

Biomass preparation and adsorption studies 

Aquatic macro phtes L. minor, P. crispus and C. 
vulgaris biomass were obtain ed from Sey han River,  
Adana-Turkey. The biomasses were washed t wice with 
distilled water. It was dried at 60°C until a constant weight 
was obtained ( 96 h). Dried biomass was br oken into  
pieces, which were separ ated into c ertain par ticle siz es 
(0.1-0.5mm), by a sieve.  

Adsorption stud y was perfo rmed as previously  
described method [2,4]. A known amount of biosorbent ( 1 
gL-1) was combi ned with 500 mL of a known a mount of 
Lead ions in 1 000 mL screw top flasks, wh ich were  
agitated on a s haker at 150 rpm  to ensure equilibrium . 
Unadsorbed hea vy m etal ions were determined using an 
atomic absorption spectrophotometer (AAS). Bef ore AAS 
analyses, sam ples were filter ed with n ylon m embrane 
filters (0.45 µm ). FT-IR anal ysis of biom asses was 
performed. The Perkin Elmer sp ectrum RX/FT-IR system 
was used for anal ysis of a KBr pellet (1/10 0 
Biomass/KBr) [2,4]. 

The adsorption isotherm was studied at 20°C.  The 
effect of  the pH on adsorpti on was studied at pH values 
between 3 and 6. Effect of initial metal concentrations was 
determined at 50 and 100 mgL-1 Pb  (II) concentrations . 
The solution pH was adjusted by H2SO4 or NaOH and was 
not controlled after the initial adjustment.  

Metal uptake ( eq ) was calculated using the following 
equation: 

W
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e 1000
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where eq  (mgg -1) is the amount of total adsorb ed 

heavy m etal i ons, 0C  (mgL -1) is the initi al m etal 

concentration, tC  (mgg -1) is the equil ibrium m etal 

concentration in solution at tim e t, V  (L) is the solution  
volume and W  (g) is the adsorbent weight. 

 
Control samples were prep ared from the biomass free 

solution for test ing metal losses due to m etal precipitation 
and adsorption to the bottle surface. All experiments were 
performed at least in duplicate. Results shown are th e 
means of the duplicate experimental results. 
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RESULTS AND DISCUSSION 

 FT-IR analysis of dried biomass 

Aquatic macrop hytes, L. minor, P. crispus an d C. 
vulgaris, consis ts of com plex organic and inorganic 
materials such as proteins, li pids, carbohydrate polymers, 
Ca+2, M g+2, e tc. The  F T-IR s pectrum and characteristic 
bands of L. minor, P. crispus and C. vulgaris are given in 
Table 1.  

 
The band  at 16 46cm-1 band rep resents the stretching  

vibration of COO, C=O and C-N (amide I) protein peptide 
bonds. The 15 40 cm -1 band represents th e stretch ing 
vibration of C-N of protein p eptide bonds. The 1 238 cm-1 
band is the vib ration of car boxylic acids and s tretching 
OH vibration ph enolics. The 11 60-1000 cm -1 band is the 
vibration of th e C-O-C and OH of poly saccharides. Th e 
873 cm -1 band r epresents a Si- H bend. <800 cm -1 is the 
finger print zone, which represen ts phosphate and sulphur 
functional groups. 

The carbox yl (- COOH), phosph ate (-PO 4), amide (-
NH2) and h ydroxide (-OH) grou ps of biomasses are ab le 
to react with  cationic metal ions  These function al groups  
are ab le to r eact with c ationic m etal ions [ 2,4]. The  
adsorption mechanism of Pb (II)  probably  occurs via ion 
exchange, s urface complexation and el ectrostatic 
interaction between functional g roups and free metal ions 
in solutions. 

Effect of pH 

The pH of soluti ons affects metal-biomass interaction, 
solubility of t he m etal ions  and the charge of the 
functional end g roups of the bio mass, so pH is arguably 
the m ost im portant param eter for adsorption  processes. 
Adsorption of meta l ions correla ted with the net  negative 
charge of biomasses. Moreover, the net negative charge of 
the biomass in the solution was changed b y solution pH. 
For this re ason, th e in itial p H affec ts th e adsorption 
capacity of adsorbent [14].  

The adsorption capacity of L. minor, P. crispus and C. 
vulgaris increased with increasing pH from 3.0 to 6.0. The 
lowest m etal uptake va lues were determ ined a t low pH.  
Active groups of biom asses surface become protonated at 
lower pH and, in addition, the metal ions compete with the 
H+ in the solution tha t is pre sent at l ow pH values.  

Adsorption of heavy metal ions is mainly due to  the ion ic 
attraction between the biomass and metal ions [16].  

The overall surface charge of th e L. minor, P. crispus 
and C. vulgaris at lower pH values will be positive, which 
inhibits its int eraction w ith positively ch arged m etal 
cations [15] . I n this st udy, the optimum pH was 
determined to b e 4 for L. minor, P. crispus and 5 for C. 
vulgaris. The ad sorption capacity of L. minor, P. crispus 
and C. vulgaris were determined to be 83, 78 an d 56 mgg-

1, respectively. The mechanism of adsorption is probably  
the metal ion  chelating with  the functional groups of 
biomasses. The method of sorption is possibly  ion 
exchange of the m etal ion  with the  h ydrogen ions 
protonating the functional end groups [17]. 

Effect of initial metal concentration and contact 
time 

Many ph ysicochemical fa ctors, initi al metal 
concentrations, ionic s pecies, a nd the act ive s ite of the  
biosorbent, affect the adsorption capacity  of an adsorbent. 
Effect of  ini tial m etal con centration on adsorp tion was  
studied at ion  concentr ations b etween 50 and 1 00 mgL -1 
for Cd (II), Cu ( II) and Pb (II) a t 20°C. Results are given  
in Fig. 1 . Equi librium uptake  increased with  the  increase 
in initial metal ion concentr ation from 50 to 100 mgL -1. 
This occurs  becaus e th e i ncrease in m etal ion  
concentration d rives th e con centration grad ient toward  
higher adsorpt ion. Under th e sam e conditio ns, if the  
concentration of  metal ions in solution was higher, the 
active sites of  biomass would be surround ed b y more 
metal ions and the process of  adsorption would  be more 
efficient. T herefore, t he values of qe incre ased with 
increasing init ial m etal ion concen tration [ 18]. The 
adsorption capacity of L. minor, P. crispus and C. vulgaris 
at a metal concentration of 50 mgL -1 was determined to be 
47, 42 and 37 mgg -1 at 50 mgL-1 initia l m etal 
concentrations, respectively. The adsorption capacity of L. 
minor, P. crispus and C. vulgaris at a m etal concentration 
of 100 mgL -1 was determined to  be 83, 78 and  56 mgg-1, 
respectively. Th e equi librium a dsorption cap acity of the  
biomass was increased with increasing init ial m etal 
concentration. Adsorption studies were carried o ut for 200 
minutes in order to determin e effect of con tact tim e on  
adsorption. Most of the metal ions were adsorbed from  
aqueous solution within the first 15-20 minutes and almost 
no increase in the amount of biosorbed metal occurred 
after 180 minutes.  
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Fig. 1. Effect of initial metal concentrations on   
adsorption 

 

Adsorption isotherm 

The equilibrium adsorption isotherm is used to  
describe experimental sorption data. The Langmuir model 
is probably  th e best known and most widely  applied 
sorption isother m equation . Langmuir consid ered the 
adsorption of an ideal gas  onto an idea lized surface. The 
Langmuir isotherm m odel is valid for monolay er sorption 
onto a surface containing a finite number of identical sites 
[17]. 

The s orption d ata wer e an alyzed a ccording to the  
linear formula o f the Langmuir isotherm model (Eq.1) at 
20°C.  Th e plots of ( Ce/qe) ag ainst equilibrium 
concentration (Ce) are shown in Fig 2. Results were found 
to be lin ear ov er the whole con centration r ange studied  
and the linear correlation coefficients were high. Isotherm 
constants aL and KL are presented in Table 2.  

The m aximum ads orption c apacities, maxq , w ere 
determined to be 93.4, 88.4 and  64 mgg -1 for L. minor, P. 
crispus and C. vulgaris, res pectively. Th e plots  in Fig 2  
demonstrate th at the Langm uir equation p rovides a 
reasonable description of the experimental data.  

The low LR  value shown in Table 2  d emonstrates 
that the adsorption behavior of biomasses were favourable 

( LR <1). The low  values of LR  al so indica te tha t 

adsorption tends to be weakly irreversible ( LR =0).  
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Fig. 2.Langmuir adsorption isotherms at 20 °C.  

 

 
 
 

Adsorption Kinetics 

The prediction of kinetics is necessar y for the design 
of s orption systems. Chemical kinetics explains  how fast 
the chemical reaction occurs and also the factors affecting 
the reaction rate. The nature of sorption processes depends 
on the physicochemical characteristics of the adsorbent as 
well as th e s ystem conditions . The pseudo firs t, pseud o 
second-order and intraparticle kinetic models were used to  
determine the adsorption kine tics. The adsorption kinetic 
constants, corr elation coeff icients and the  average  
percentage errors between the experimental and calculated 
data are given in Tables 3-5. Plots of the linearised form of 
the pseudo first-order and pseudo second-order  kinetic  
models are given in Figs. 3-5.  

In most cases, the first-ord er equation of Lagergren  
did not apply well for the whole range of contact times but 
was generally applicable over the initial 20–30 minutes of  
the sorption  process [12,18] . The calcu lated qe values of 
the pseudo first-order kinetics  model were lower  than the 
experimental data. Correlation coefficients o f th e ps eudo 
first-order kinetics model were determined between 0.967-
0.994. The sorption s ystem for r emoval of Pb (II ) ions b y 
aquatic macrophyte can not be  explained by pseudo first-
order reaction. 
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The pseudo second-order kine tic rate constan t and  

theoretical ads orption cap acity fit the exp erimental dat a 
and the correlation coefficients of the pseudo second-order 
kinetic model were higher than 0.998. This shows that the 
pseudo second-order adsorption mechanism was 
predominant for adsorption of Pb (II) ions [12]. 

Dried adsorbent particles have a porous structure. For 
this re ason, th e intraparticle diff usion kinetic m odel was  
applied to dete rmine the m echanism of adsorption.  The 

plot of tq  vs. 5.0t  dem onstrated m ulti-linearity. This 
indicated the  ex istence of  intr aparticular diffusi on in this 
process. Th e fir st s hape portio n is  the external s urface 
adsorption s tage. Th e s econd s hape is  the  gradual  
adsorption s tage, where the intr aparticle diffusion is  rate-
controlled. The third s hape is  the final equi librium stage. 
When the ads orption of the exterior s urface reach ed 
saturation, th e m etal ions e ntered into th e biom ass 
particles throug h the pore with in the particle and were 
adsorbed b y the interior surface of th e par ticle [19-20] . 

The plot of tq  vs. 5.0t  is given in Fig. 5 . The ini tial 
portion represe nts the film  diffusion. The subsequen t 
second portion  is characterist ic of an intraparticular 
diffusion. Similar results were indicated by Ho et al., [19] . 
The intrap article diffusion rate constants ( 1ik , 2ik  and 

3ik ) and eq  are given in Table 5. Theoretical adsorption 
capacity of adsorbents fit the experimental data. The order 
of the intr aparticle diffusion  rate constants were  
determined to  b e  1ik  (first stage)  > 2ik  (s econd s tage) 

> 3ik  (third stage).  

The in traparticle diffusion model and pseudo-secon d 
kinetic m odels are applicable t o this  ads orption s ystem. 
The applicability of both models showed that the sorption  
process is complex and involves more than one 
mechanism [21].  

 
 

50 100 150 200

-1

0

1

2

C0: 50 mgL
-1

 L. minor
 P. crispus
 C. vulgaris

C0: 100 mgL-1

 L. minor
 P. crispus
 C.vulgaris

lo
g

(q
e-

q
t)

Time (min)

 
Fig. 3. Pseudo first-order adsorption kinetics 

 

50 100 150 200
0

1

2

3

4

5

6

C0: 100 mgL
-1

 L. minor
 P. crispus
 C.vulgaris

C0: 50 mgL-1

 L. minor
 P. crispus
 C. vulgaris

tq
t-1

(m
in

g
m

g
-1
)

Time (min)

 
Fig. 4. Pseudo second-order adsorption kinetics 
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CONCLUSIONS 

Adsorption of Lead ions from aqueous solution b y 
aquatic m acrophte Lemma minor, Potamogeton crispus 
and Chara vulgaris was evaluated. The Langmuir 
adsorption isoth erm model fit very wel l with  th e studi ed 
metal con centration rang es at 20°C. The k inetics and  
mechanism of adsorption were determined to a gree with  
the pseudo-second order and intraparticle diffusion kinetic 
models.  

Optimum metal uptake capacity was determined at pH 
4 for L. minor and P. crispus and pH 5 for C. vulgaris. 
Biosorption efficiency observed in the order of L. minor  
P. crispus  C. vulgaris for r emoval of lead ions. The  
adsorption kin etics were also fo und to be well- described 
by th e pseudo second-order an d intra-par ticle diffusion 
models. Accord ing to FT-IR r esults, th e bio mass has 
different functio nal groups. These functional gr oups are 
able to re act wi th m etal ions in an aqueous solution. L. 
minor, P. crispus and C. vulgaris may be used for removal 
of Pb (II) ions from aqueous solution. 
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