
Open Access Library Journal 
2023, Volume 10, e10690 

ISSN Online: 2333-9721 
ISSN Print: 2333-9705 

 

DOI: 10.4236/oalib.1110690  Sep. 25, 2023 1 Open Access Library Journal 
 

 
 
 

Enhanced Removal of Pb(II), Cd(II),  
and Zn(II) Ions from Aqueous  
Solutions Using EDTA-Synthesized 
Activated Carbon Derived from  
Sawdust 

Onyedikachi G. Okpara1 , Osareme M. Ogbeide1, Jeremiah N. Nworu1, Jude I. Chukwuekeh1,  
Solomon A. Igoche1, Friday S. Alichi2, Okechukwu E. Orinya2 

1Department of Science Laboratory Technology, Federal College of Agriculture, Ishiagu, Nigeria 
2Department of Food Science and Technology, Federal College of Agriculture, Ishiagu, Nigeria 

 
 
 

Abstract 
EDTA synthesized activated carbon derived from sawdust, was utilized as 
adsorbent for the removal of Pb(II), Cd(II) and Zn(II) ions from aqueous so-
lutions. The adsorptive characteristics and elemental composition of this ac-
tivated carbon were studied using SEM and EDX techniques respectively, the 
analysis revealed that SAC-EDTA contained 71.95% by weight of carbon 
contents which are requisites for the high adsorption capacity. The effect of 
initial metals ions concentration, adsorbent dose, contact time, and solution 
pH were examined at equilibrium for optimum values, experimental data 
were also fitted into two different isotherms: Langmuir and Freundlich, to 
establish the best fit for the adsorption process. From the results, the studied 
metals ions were best described by Langmuir with maximum monolayer cov-
erage (qmax) of 89.29 mg∙g−1 for Pb(II), 60.24 mg∙g−1 for Zn(II) and 47.85 
mg∙g−1 for Cd(II), and R2 value of 0. 981, 0.9732 and 0.9605 respectively. The 
Freundlich isotherm also gave a favourable performance with Kf values of 
16.43, 11.98 and 10.21 mg∙g−1L1/n∙mg−1/n, and R2 values of 0.9919, 0.9867 and 
0.9797 respectively. Therefore, this study demonstrates that SAC-EDTA ad-
sorbent could be used to adsorb heavy metals in our environment. Hence, the 
order of adsorption affinity is Pb2+ > Zn2+ > Cd2+. 
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1. Introduction 

Water pollution has been a major concern for environmentalists worldwide. 
Heavy metals are the most common water pollutants which could be found in a 
wide variety of organic chemicals and has derivative which are used as interme-
diates in the synthesis of dyes, pesticides, explosives, insecticides, fertilizers and 
others [1]. Water contaminated with metallic effluent can cause several health 
problems. Lead (Pb) for instance, can interfere with enzyme activities and for-
mation of red blood cells. It can as well affect nerves and brain at low concentra-
tion. Zinc (Zn) can cause membrane damage mucous, diarrhea, and dizziness 
[2]. Cadmium (Cd) is responsible for kidney tubular impairment, lung cancer, 
and proteinuria [3] [4]. 

Heavy metals such as mercury, Zinc, cadmium and chromium can bio accu-
mulate through the food chain to toxic levels in man [4]. The impact of heavy 
metal release into our environment is increasing as a result of population explo-
sion, industrial and technological expansion, increased energy utilization and 
waste generation from domestic and industrial sources [4]. These have rendered 
many waters hazardous and unfit for drinking for man and other living organ-
isms [5]. The release of these heavy metals poses a significant threat to the envi-
ronment and public health because of their toxicity, bioaccumulation in the food 
chain and persistence in nature [6]. In virtue of the high toxicity and poor bio-
degradability of metallic compounds, it is necessary to remove them before dis-
charging into the water bodies. Thus, various treatment technologies can be ap-
plied in the treatment of these pollutants. The techniques includes; filtration, ul-
trafiltration, electrodialysis, chemical precipitation, ion exchange, reverse osmo-
sis, sedimentation, solvent extraction, electrochemical deposition, coagulation 
and adsorption [7] [8] [9]. However, these conventional techniques are not eco-
nomically viable for small and medium size industries due to huge capital re-
quired [10]. Therefore it is necessary to search for low-cost alternative methods 
that may be effective, economical and sludge free [7] [11]. In this case, adsorp-
tion using activated carbon, a phase transfer process is suitable and has been 
widely used in practice to remove organic and inorganic contaminants from 
fluid phases [12], it had proven economically viable, effective and simple to de-
sign. Based on this, researches and projects are embarked upon, on the use of 
different bio-sorbents such as nut shells, wood, bone, maize cob and husk [13] 
[14], cassava waste [15] [16], cucumber peel [17], sawdust, coconut shell and fi-
ber [18], etc., for the treatment of heavy metals in aqueous solution [19] [20] 
[21] [22] [23]. As the world continues to develop new ideas towards recycling or 
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converting waste products into useful commodity, there is every tendency that 
the need for activated carbon would also increase, hence, the need for individu-
als, companies, and countries to be prepared to meet this demand for our eco-
nomic base as a country. 

Sawdust a residual waste product generated from sawmills, which has envi-
ronmental benefits in terms of the reuse of solid waste [19], has been utilized in 
several studies [24] [25] [26] [27] [28] to investigate its potential in removing 
heavy metals from waste or polluted waters likewise from aqueous solutions. In 
trying further to improve the more the potency of different sawdust materials, 
synthetic or modification methods have been applied in various research work 
[29] [30] [31] [32] to generate a better adsorption capacity of sawdust by in-
creasing the surface area, average pore volume, pore diameter, functional groups 
like polyphenolic and hydroxyl, as well as to convert carboxyl groups to carbox-
ylate groups that serve as the binding sites for heavy metals [32]. This study is 
aimed to develop an efficient adsorbent from sawdust synthesized with chelating 
agent EDTA (ethylenediaminetetraacetic acid), and to investigate the feasibility 
of utilizing this adsorbent for the purpose of adsorption of heavy metals; Pb (II), 
Cd(II), Zn(II) in aqueous solutions. EDTA-synthesis enhanced the adsorption 
capacity of sawdust probably due to it chelating ability [33]. Equilibrium and 
isotherms of metal adsorption on sawdust were studied and described by two 
different models. The effects of various parameters such as initial concentration, 
pH, adsorbent dose and contact time were also evaluated. 

2. Material and Methods 
2.1. Materials Used, Reagents and Instruments 

The activated charcoal precursor material used in this study was Gmelina arbho-
ria sawdust obtained from sawmill (timber) area of Abakaliki in Ebonyi State, 
Nigeria. It was thoroughly washed with distilled water to remove surface impuri-
ties and sun dried for 2 days. The sawdust was oven dried at 80˚C for 2 h to 
completely remove any water present, and was later grounded to fine powder, 
sieved to 0.5 mm particle size and was chemically prepared for activation by 
soaking in dilute acid solution (HNO3 2% v/v) for 24 h at room temperature [4]. 
Thereafter, it was rinsed with deionized water, oven dried and then stored for 
further chemical synthesis. 

The aqueous solutions of metal ions used in the present investigation were 
prepared using analytical grade reagents. Individual stock of Pb(II), Cd(II) and 
Zn(II) solutions of 1000 mg metal ion/L concentration were prepared from Cu-
SO4∙5H2O and Pb(NO3)2, Cd(NO3)2∙4H2O and Zn(NO3)2∙6H2O respectively. These 
stock solutions were used to prepare a series of dilute solutions. The pH of solu-
tions in range of 2 - 12 was adjusted by using 1.0 M hydrochloric acid solution 
and 1.0 M anhydrous sodium acetate solution [31]. The pH-value of resulting 
solutions was measured using HANNA instruments pH meter (pH 209 model, 
Portugal). The metal concentrations in aqueous solutions were determined by 
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flame Atomic Absorption Spectrophotometer FS240AA Agilent U.S.A., with pho-
ton hollow cathode lamp system in AAS, and using a calibration curve prepared 
with standard metal ion solutions. 

2.2. Methods 
2.2.1. Preparation of EDTA-Synthesized Adsorbent 
This synthesis was performed according to the reported method by [34], though 
little modification. The prepared sample powder was mixed with concentrated 
orthophosphoric acid, H3PO4, to the ratio of acid to sample ratio of 2:1 wt./wt. 
stirred manually and intermittently for 45 min. and oven dried at 105˚C for 3 h. 
The impregnated sample was carbonized in a heat chamber of electric heat muf-
fle furnace in inert flow of nitrogen gas at a temperature raised to 600˚C for 1.30 
min. The resulting activated carbon (AC-Sawdust) was washed severally with 
warm deionized water until the pH of the washed water became constant. The 
sample was filtered and oven dried at 105˚C for 3h. The AC-Sawdust was syn-
thesized using EDTA; 10 g of the AC-Sawdust was refluxed in a mixture of 200 
mL of pyridine and 50 g of EDTA for 3 hours at 70˚C. The mixture was cooled 
followed by addition of 300 ml of deionized water and then filtered. The filtered 
AC-Sawdust (EDTA-synthesized) was further washed copiously with deionized 
water to remove excess EDTA and finally dried at 100˚C for 24 h. The synthe-
sized adsorbent is denoted as SAC-EDTA (Sawdust activated carbon with EDTA). 
Another portion of the activated carbon sawdust (AC-Sawdust) was left unsyn-
thesized and also used for the analysis. 

2.2.2. Characterization of the AC-Sawdust and SAC-EDTA Adsorbent 
Scanning Electron Micrograph (SEM) was employed to study the surface cha-
racteristics and the morphological features of the activated sawdust (AC-Sawdust) 
and synthesized sawdust (SAC-EDTA) samples. Likewise, the elemental analysis 
of both AC-Sawdust and SAC-EDTA were carried out using Energy Dispersive 
X-ray (EDX) to determine the elemental compositions in the samples before and 
after EDTA activation respectively. 

2.2.3. Experimental Procedure 
Batch adsorption experiments was carried out to study the equilibrium effect of 
various adsorption parameters such as pH, contact time, dosage of adsorbent, 
temperature and initial concentration of metal ions on the adsorption capacity 
of removal of metal ions (Pb2+, Cd2+ and Zn2+) using EDTA-Sawdust activated 
carbon (SAC-EDTA) adsorbent. Different metal ions concentrations over the 
range; 10, 20, 30, 40, 50 and 60 mg∙L−1 of the stock solution, were prepared in 
different conical flasks containing 50 ml of each concentration and 0.5 g of the 
SAC-EDTA adsorbent at fixed pH 7.5 and room temperature (25 ± 2˚C). The 
solutions were agitated using a mechanical Gemmy orbit shaker (model: VRN- 
480, USA) at constant 120 rpm for 30 min to establish equilibrium condition. At 
the end of the given contact time, the mixture was filtered. The metal ion con-
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centration in each of the filtrates was determined by flame Atomic Absorption 
Spectrophotometer FS240AA Agilent U.S.A., at wavelengths of 283.3, 228.8 and 
213.9 nm with aid of photon hollow cathode lamp system. 

The amount of metal ion adsorbed by the SAC-EDTA was determined by dif-
ference between the initial and final ion concentration of the solutions. The 
amount of metal ion uptake and percentage removal at equilibrium were calcu-
lated using Equation: (1) and (2) respectively: 

( )o e
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m
−

=                           (1) 
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o

C C
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 −
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                   (2) 

where, Co and Ce are respective initial and equilibrium metal ion concentrations 
(mg∙L−1), V is the volume of solution (ml), “m” is the mass of SAC-EDTA ad-
sorbent (g), and qe is the amount of dye adsorbed (mg∙g−1). 

2.2.4. Adsorption Isotherms 
The adsorption isotherm indicates how the adsorption molecules distribute be-
tween the adsorbate phase and adsorbent phase when the adsorption process 
reaches equilibrium state [35]. The analysis were carried out on the equilibrium 
data of initial metal ions concentrations by fitting them to different isotherm 
models in order to find the suitable model that would be favorable for design 
purposes [36]. Thus, the results were fitted to the commonly used Langmuir and 
Freundlich isotherm models. 

The Langmuir isotherm assumes monolayer adsorption onto a homogenous 
surface with finite number of adsorption sites. While, the Freundlich isotherm 
model assumes multilayer adsorption process onto heterogeneous surface. The 
linear form of the Langmuir isotherm model is given as: 

1 1 1

e m L e mq q K C q
= +                          (3) 

where, qe is the amount of the metal ions adsorbed on the SAC-EDTA adsorbent 
at equilibrium (mg∙g−1), Ce is the equilibrium concentration of the Pb(II), Cd(II) 
or Zn(II) ions in the solution (mg∙L−1), while qm and KL are the Langmuir con-
stants. qm is the maximum monolayer adsorption capacity of the adsorbent 
(mg∙g−1) and KL is the energy constant related to the heat of adsorption [5]. 

The Freundlich isotherm is represented by the Linear Logarithm equation 
given as: 

1log log log
e fq K eC

n
= +                         (4) 

where, qe is the amount of the metal ion adsorbate adsorbed on the SAC-EDTA 
adsorbent at equilibrium (mg∙g−1); Ce is the equilibrium concentration of the 
metal ions in the solution (mg∙L−1); Kf and 1/n are the Freundlich constants. n is 
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an indicator of how favorable the adsorption process and Kf (mg∙g–1) (L∙mg–1)1/n 
is an indicator of adsorption capacity. The slope 1/n ranging between 0 and 1 is a 
measure of adsorption intensity or surface heterogeneity, becoming more hete-
rogeneous as its value gets closer to zero [7]. A value for 1/n is said to be favora-
ble when 0 < 1/n < 1 and 1 < n < 10, irreversible when 1/n = 1, and unfavorable 
when 1/n > 1 and n < 1 [37]. 

3. Results and Discussion 
3.1. Characterization of Activated Carbon Adsorbent 

Scanning electron micrograph (SEM) was employed to study the surface charac-
teristics and the morphological features of the activated sawdust (AC-Sawdust) 
and synthesized sawdust (SAC-EDTA) samples. The results showed that the 
surface texture of the synthesized activated (SAC-EDTA) was more active with 
well-developed pores after activation with EDTA, while the resulted activated 
sawdust (AC-sawdust) before EDTA activation showed some particulate matter 
in the surface like filament structure, conferring the anisotropic nature of the 
wood with high lignin in the lamellae between the cell walls. This anisotropy was 
eliminated by treatment with chelating action of the EDTA as showed in Figure 
1. 

Likewise, the elemental analysis of both AC-Sawdust and SAC-EDTA were 
carried out using Energy Dispersive X-ray (EDX) to determine the elemental 
compositions of the samples before and after EDTA activation respectively. The 
data in Table 1 revealed the amount of carbon and oxygen contents present in 
the two samples. The SAC-EDTA was very high in carbon content and signifi-
cantly low in oxygen content owing to the effects of acid (H3PO4) activation on 
AC-Sawdust. It is also observed in Table 1, that the charcoal activated with 
EDTA (SAC-EDTA), contains the element “Fe” with 6.78 wt%, which could 
have resulted due to chemical activation. However, since SAC-EDTA is richer in 
carbon content, it is expected to be an efficient material for this metal ions re-
moval. The lower the oxygen contents the higher the carbon contents of the 
samples under study, the more efficient the adsorbent. 
 

  

(a)                                  (b) 
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Figure 1. SEM image of the activated sawdusts: (a) AC-Sawdust and (b) SAC-EDTA. 
Table 1. Elemental composition of AC-Sawdust and SAC-EDTA adsorbents. 

Elements 
AC-Sawdust SAC-EDTA 

(Weight %) 

C 64.67 71.95 

O 28.59 15.84 

Ca 3.26 2.87 

P 1.45 0.68 

K 0.84 0.76 

S 0.63 0.60 

Si 0.56 0.52 

Fe - 6.78 

Total 100.00 100.00 

where; AC-Sawdust = Activated sawdust, and SAC-EDTA = EDTA-Synthesized sawdust 
(SAC-EDTA) samples. 

3.2. Adsorption Study 

The equilibrium experiments were carried out to determine the optimal condi-
tions of pH of solution, contact time and dosage of the adsorbent. 

3.2.1. Effect of Concentration 
The effect of changing initial metals ions concentration on the biosorption of 
lead, cadmium and zinc ions onto SAC-EDTA adsorbent over a range of 10 - 60 
mg∙L−1 was investigated at constant adsorption parameters. Rapid increase in 
adsorption of each of the metals ion as initial Pb(II), Cd(II) and Zn(II) concen-
tration was observed for about 30 min. From Figure 2, the percentage removal 
increased with increasing metals ion concentration, perhaps due to high availa-
bility of the sorption sites which gradually decreased when the surface sites be-
came saturated at equilibrium. For lead and Zinc, the maximum removal (90.22% 
and 84.22%) was at concentration of 50 mg∙L−1, then decreased to 91.68% and 
84.16% respectively at concentration of 60 mg∙L−1. For Cadmium, maximum 
removal (79.16%) was at concentration of 60 mg∙L−1. Thus, the optimum adsorp-
tion of Pb(II) and Zn(II) at 50 mg∙L−1, and that of Cd(II) at 60 mg∙L−1 concentra-
tion depicts higher efficiency of the SAC-EDTA adsorbent. 

3.2.2. Effect of Adsorbent Dosage 
The influence of adsorbent dose on lead, Cadmium and Zinc removal was stu-
died by varying the adsorbent dose from 0.1 to 1.1 g into a number of flasks each 
containing 50 mL of aqueous solutions at initial lead and zinc concentration of 
50 mg∙L−1, and cadmium concentration of 60 mg∙L−1. Increased adsorbent dosage 
implied a greater surface area and a greater number of binding sites available for 
the constant amount of adsorbate ions. For lead, Cadmium and zinc, the mini-
mum percentage removal was 42.56%, 36.93% and 39.75% for the dose of 0.1 g 
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and it increased to maximum value of 98.46%, 90.65% and 94.56% respectively  

 

Figure 2. Effect of initial concentration on adsorption of Pb(II), Cd(II) 
and Zn(II). 

 
for dose of 1.1g as shown in Figure 3. It there means that the increase in adsorp-
tion with increasing adsorbent dosage is due to increasing number of adsorbent 
particles thus more surface (unsaturated) sites were available for metal ions at-
tachment [31]. It can be concluded that by increasing the adsorbent dose, the 
availability of the exchangeable sites or surface area increases and the removal 
efficiency SAC-EDTA adsorbent increases. Hence, an adsorbent dose of 1.1g was 
chosen as an optimum value for subsequent experiments. 

3.2.3. Effect of Contact Time 
The effect of contact time on the adsorption of lead, cadmium and zinc ions 
onto SAC-EDTA adsorbent was studied at different times range from 10 to 60 
min and optimum parameters. From Figure 4, the removal percentage of the 
three metal ions increases rapidly with increasing contact time (high adsorption 
rate). For lead, cadmium and zinc, the minimum percentage removal was 42.23%, 
42.11% and 42.17% at time of 10 min and it increased to maximum (optimal) 
value 90.22%, 72.28% and 81.25% at time of 50 min. After optimal time, in-
creasing in contact time is not effective in the adsorption process. As the surface 
adsorption sites become exhausted, the adsorption reached equilibrium as a re-
sult of the reduction of available sites which are difficult to be occupied due to 
repulsive forces between metal ions onto the adsorbent surface and the bulk 
phase [31] [38]. 

3.2.4. Effect of Initial solution pH 
The effect of pH on removal of metal ions by SAC-EDTA adsorbent was studied 
by changing the initial pH (2 - 12) of 50 ml of metal aqueous solution of lead, 
cadmium and zinc at concentration 50 mg∙L−1 by adjusting the value of pH with 
1.0 M HCl and 1.0 M sodium acetate solution. Figure 5 shows the removal of 
lead, cadmium and zinc as a function of pH, where the adsorption takes place 
slightly at lower pH values (pH = 2 - 6) then the removal of lead and zinc ions 
increases with increasing pH of the solution, given the optimum value at pH 10 
and 12 for Zn(II) and Pb(II) ions with removal percentage 87.94% and 99.14% 
respectively. At higher pH value of 8 for Cd(II), a sharp decrease in adsorption 
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curve was observed which later rise. The active groups are protonated reducing 

 

Figure 3. Effect of adsorbent dosage on adsorption of Pb(II), Cd(II) 
and Zn(II). 

 

 

Figure 4. Effect of contact time on adsorption of Pb(II), Cd(II) and 
Zn(II). 

 

 
Figure 5. Effect of solution pH on adsorption of Pb(II), Cd(II) and 
Zn(II). 

 
the number of binding sites available for metal ions removal. Thus, weak ad-
sorption occurred due to strong electrostatic repulsive force between the proto-
nated surface of SAC-EDTA adsorbent and positively-charged metal ions [37]. 

3.3. Adsorption Isotherms 
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The equilibrium relationship between adsorbent and adsorbate are described by 
adsorption isotherms. This was studied using the optimum parameters and va-
rying initial metal ions concentrations (10 - 60 mg∙L−1) at constant temperature. 
Figure 6(a) shows Langmuir models for the three metals ions by plotting 1/qe 
versus 1/Ce. Monolayer adsorption capacity qmax was calculated from slope and 
KL was obtained from intercept. Also, the essential characteristics of this Lang-
muir isotherm model can be expressed in terms of a dimensionless separation 
factor for equilibrium parameter, RL [5] which is defined as: 

( )
1

1L
L O

R
K C

=
+

                         (5) 

where, KL is the Langmuir constant which indicates the nature of adsorption 
(L/mg), Co is the initial metal ion concentration (mg∙L−1). The separation factor 
RL indicates the isotherm shape base on the favorability in the given criteria; Li-
near (RL = 1), Unfavourable (RL > 1), Favourable (0 < RL < 1), and Irreversible 
(RL = 0) [5]. For the Co range (10 - 60 mg∙L−1) used in the study, RL lies between 
0.0038 - 0.0098 for Pb(II), 0.0013 - 0.0032 for Cd(II) and 0.0011 - 0.0028 for 
Zn(II), indicating that these metals ions adsorption are favoured on the SAC- 
EDTA adsorbents. 

Figure 6(a) & Figure 6(b) shows the plot of Langmuir and Freundlich iso-
therms for the Pb (II), Cd(II) and Zn(II) ions uptake onto SAC-EDTA adsorbent. 
 

 
(a) 

 
(b) 

Figure 6. Isotherm models for adsorption of Pb(II), Cd(II) 
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and Zn(II) ions onto SAC-EDTA adsorbent: (a) Langmuir and 
(b) Freundlich isotherms. 

The adsorption parameters obtained from Langmuir and Freundlich isotherm 
plots are presented in Table 2. The best equilibrium was obtained on the basis of 
these parameters and linear regression correlations (R2). From Table 2, the 
maximum monolayer coverage capacity (qmax) for Pb (II), Cd(II) and Zn(II) ions 
from Langmuir isotherm model was determined to be 89.29 mg∙g−1, 47.85 mg∙g−1 
and 60.24 mg∙g−1, while the constant (KL) was calculated to be 0.203 L∙g−1, 0.246 
L∙g−1 and 0.229 L∙g−1 respectively. 

The adsorption intensity 1/n, indicates both the relative distribution of energy 
and the heterogeneity of the adsorbent sites, it was determined from the slope 
and Kf was calculated from intercept. The Kf values obtained from Freundlich 
isotherm demonstrate that a physical process was reasonably part of the sorption 
process. The higher the value of Kf, the higher the adsorption capacity. The “n” 
values were used to measure the linear deviation of the adsorption and the ad-
sorption types [39]. In this study, the “1/n” values were less than 1 (0 < 1/n < 1) 
suggesting a favorable adsorption process. 

Comparing the maximum adsorption capacities values for the two isotherms 
on the three metals ions, one may conclude that Langmuir isotherm described 
the adsorption process most with maximum monolayer coverage (qmax) for each 
metals ions as shown in Table 2. However, when observed the correlation (R2) 
values and other parameters for the two isotherms, one can say that equilibrium 
data fitted well to the two models, but gave a better fit to the Langmuir model. 
The suitability of both in representing the equilibrium data of Pb(II), Cd(II) and 
Zn(II) ions indicates that a monomolecular layer of metal ions formed on the 
surface of the SAC-EDTA adsorbent [40]. The order of adsorption affinity on 
the adsorbent is Pb2+ > Zn2+ > Cd2+, which according to [19] is related to the dif-
ferences in electronegativity of the atoms. 

4. Conclusion 

The need to clean-up heavy metal contaminated environment cannot be over 
emphasized. The present investigation evaluated the fact that the chemically 
synthesized sawdust by ethylenediaminetetraacetic (EDTA) is effective adsor-
bent for the removal of heavy metals ions from aqueous solutions. The Synthetic 
treatment of raw sawdust with perchloric acid (H3PO4) followed by EDTA mod-
ified its composition, properties, and characteristics as verified by EDX and 

 
Table 2. Langmuir and Freundlich isotherm parameter for adsorption of Pb(II), Cd(II) 
and Zn(II) ions SAC-EDTA adsorbent. 

Metal ion 
Langmuir isotherm Freundlich isotherm 

KL Qmax RL R2 Kf 1/n R2 

Pb(II) 0.203 89.29 0.0073 0.9810 16.43 0.6324 0.9919 
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Cd(II) 0.246 47.85 0.0024 0.9605 10.21 0.6049 0.9797 

Zn(II) 0.229 60.24 0.0021 0.9732 11.98 0.6324 0.9867 

SEM. This changes in the SAC-EDTA adsorbent resulted in higher uptake of the 
metals ions with an increase in percentage removal. The effects of some parame-
ters on the adsorption of these Pb(II), Cd(II) and Zn(II) ions were also studied at 
optimal experimental conditions. The results showed that 1.1 g∙L−1 of the syn-
thesized adsorbent is required for the removal of about 98.46% Pb(II), 90.65% 
Cd(II) and 94.56% of Zn(II) respectively from initial concentrations of 10 mg∙L−1. 
This is better than some of the previously reported results [30] [31] [32] ob-
tained with other sawdust activated adsorbents. Isotherm studies also confirmed 
that synthesized sawdust (SAC-EDTA) is a suitable adsorbent and can be used 
for treatment of effluents containing heavy metals. 
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