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a b s t r a c t
It is infrequent to have a single metal in the wastewater. For this reason, the elimination of Pb2+ and 
Cd2+ in one and two-component system was examined by xanthate-modified Phaseolus vulgaris in a 
batch mode. Through grafting, sulphur-bearing groupings with the help of magnesium xanthate were 
added onto P. vulgaris and xanthate-modified innovative P. vulgaris biosorbent has been produced for 
the removal of metal ions, that is, lead and cadmium. These innovative sulphur sites were attained 
successfully and confirmed with the help of Fourier-transform infrared spectroscopy, elemental anal-
ysis, and change in surface morphology by scanning electron microscopy. The point of zero charges 
pHpzc of xanthate-modified P. vulgaris was observed to be 7.20 which makes it appropriate for the sorp-
tion of cations. The batch sorption implementation of xanthate-modified P. vulgaris includes sorbent 
amount, pH, linear and non-linear regression analysis, and kinetic curves. The xanthate-modified P. 
vulgaris adsorbed 95.65% cadmium (at pH 4.0) and 90.36% of lead (at pH 5.0) from a single aque-
ous system. The sorption of Pb2+ and Cd2+ by xanthate-modified P. vulgaris follow the linear regres-
sion of Langmuir isotherm with qmax of 160.97 and 150.50 mg/L, respectively which is substantially 
greater than that of many other reported ones. The xanthate-modified P. vulgaris demonstrated rapid 
uptake capacity of Pb2+ and Cd2+ following the high value of correlation coefficient with pseudo-sec-
ond-order kinetics. This sorption process for Pb2+ and Cd2+ was found to be endothermic and spon-
taneous. The binding capacities however reduced in the binary system. This, therefore revealed that 
the xanthate-modified P. vulgaris can be an encouraging biosorbent for the remediation of Pb2+ and 
Cd2+ from contaminated water.
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1. Introduction

In this age of industrialization, clean and uncontam-
inated water availability to humans is at a crucial stage. 
Uncontaminated and pure water has become a highly 

requested commodity in the 21st century. Our earth’s sur-
face contains 71% water but according to global standards, 
the suitable water for drinking is less than 1% [1]. The per-
sistent expansion of the world population causes import-
ant shifts in the environment. Rapid social and economic 
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developments around the globe have triggered destruc-
tive impacts like water pollution, which is a major threat 
to aquatic ecosystems, resources, and as well as to human 
health. This one is the ramifications of the addition of a wide 
range of contaminants into water resources. Effluents from 
different industries, agricultural activities, mining activities, 
and environmental changes are the main sources of these 
contaminants. These contaminants include heavy metals, 
dyes, organic compounds, fertilizers, sewage wastes, pes-
ticides, and radioactive wastes [2]. Due to their non-biode-
gradability and environmentally persistent nature, heavy 
metals have become a global level concern. These heavy met-
als deposits in an aquatic environment and bioaccumulate 
in the food chain [3] till their concentration becomes toxic 
to humans and aquatic animals [4]. They amass to a max-
imum toxic concentration in different aquatic ecosystems, 
therefore, causing significant ecological destruction. Such 
an aquatic ecology disorder results in degraded water qual-
ity that in turn leads to a decline in biodiversity [5]. Among 
these heavy metals, toxic ones are arsenic, cadmium, lead, 
copper, nickel, mercury, and zinc [6].

In present days lead and cadmium are leading the row 
of heavy metals that are present in wastewater. Cadmium 
is viewed as perhaps of the most harmful heavy metal 
mainly generated by the discharge of effluents from indus-
trial activities like petroleum refining, fossil fuels combus-
tion, alloying industry, pigment industry, manufacturing 
of batteries, and especially from the electroplating indus-
try where it is used to galvanize other metals [7]. When 
cadmium enters into the environment, it remains there 
for a long period because of its non-biodegradable nature 
and can supplement in major internal organs of living 
beings [8]. Acute cadmium poisoning occurs when peo-
ple are exposed directly to it while chronic poisoning may 
be because of eating cadmium-contaminated Cadmium 
chronic exposure can produce substantial risk factor asso-
ciated with Angio cardiopathy, nephropathy, bone lesions 
and central nervous system [9,10].

Similarly, lead-a heavy metal with lot of beneficial prop-
erties has been tapped for ages but now in the 21st century, 
Pb(II) is labelled as a major health problem causing sub-
stance. It is used in various industrial activities as in recy-
cling of batteries, mining of lead and assembling of electronic 
devices [11], pigments, printing press, storage batteries, 
leaded gasoline, photographic materials, in explosives and in 
cosmetics [12,13]. It is discovered to be a neurolysin specifi-
cally in infants in addition to causes psychological impedi-
ments [14], hepatic and renal diseases [11,15]. Lead toxicity 
leads to health problems like learning difficulties, behavioral 
issues and convulsions [1,16]. Lead is considered as top-
most toxic material to environment because of its non-de-
composability [17]. According to WHO legitimate amount 
of lead in drinking water should only be 0.01 ppm [18].

Consequently, to safeguard people’s wellbeing, reme-
diation of heavy metals contaminated water is essential 
effectively before its discharge to prevent their biomagnifi-
cation and bioaccumulation. For that reason, environmen-
tal regulation require techniques to remove contaminants 
from wastewater and recover heavy metals [19]. Various 
methods have been proposed, demonstrated and utilized for 
the heavy metals removal for instance membrane filtration 

[20], chemical precipitation [21], ion-exchange [22], elec-
tro-floatation [23], reverse osmosis [24], electrodialysis [25], 
and adsorption [26].

From all the above-mentioned treatment methods, 
adsorption leads the way for the removal of heavy metals. 
It has several advantages like, easy to operate, inexpen-
sive compared to other techniques, no sludge formation 
and widespread applications [27]. At present, biosorption 
appeared as cost-effective and most efficient technique. 
Amongst adsorbents, agriculture waste based biosorbents 
have been gaining popularity because of the easy access 
to and remarkably inexpensive materials. Modern narra-
tive displayed significance of minimal expense agro-based 
material for the fruitful removal of these heavy metals [28]. 
Many explored biomasses like hazelnut and almond shells 
[29], rice husk [30], wheat straw [31], sawdust [32], chitosan 
[33], mung bean husk [34], sugarcane bagasse [35], cocoa 
shell [36], sorghum (Jawar) [6], and Gardenia jasminoides 
biomass [37] have been discovered as compelling sorbents 
for heavy metal remediation. Past narratives uncover that 
at some point utilization of crude sorbent causes auxiliary 
contamination and thus showed low metal uptake. Even 
though these agro-residues might be possibly helpful for the 
removal of heavy metals, but their uptakes capacities should 
be upgraded [38]. Variety of methods like treatment with 
mineral or organic acids, redox agents, bases and chemicals 
like KOH, H2O2, NaCl, ZnCl2, Na2CO3, epichlorohydrin, and 
glycerol and also hydrothermal methods have been reported 
in literature for the enhancement of biosorbent [39,40].

Current study was designed to explore the sorption 
capacity of xanthate treated Phaseolus vulgaris for the removal 
of heavy metals like lead and cadmium from wastewater in 
one and two-component system. It was used by enhancing 
its surface functionalizing to improve its adsorption perfor-
mance. Among the various present functional groups like 
carboxyl and amino, we selected xanthate functionaliza-
tion due to its excellent simple synthesis, its ability to form 
highly stable metal complexes formation [41] and also its 
effectiveness to prevent eutrophication during process [42].

2. Materials and methods

2.1. Preparation of xanthate-modified biomass P. vulgaris

P. vulgaris (Common or French beans) branches were 
obtained from the Botanical Garden of University of the 
Punjab (Lahore 31°29’56.9”N, 74°18’02.1”E). Branches were 
converted into small sections for easy grinding then dust 
particles were washed away with distill water and dried in 
open air for 48 h. The branches were oven dried at 90°C until 
all the moisture were removed to obtained constant mass. 
Then these minor pieces were converted into fine powder 
with the help of electrical grinder (Kenwood, Hampshire, 
UK). The grinded form of P. vulgaris was washed thoroughly 
with double distilled water up until all the color seeped out 
from it. In the end this washed sorbent was oven dried at 
70°C till it became moisture less.

2.2. Modification of P. vulgaris

The washed and dried P. vulgaris-biomass obtained was 
modified with xanthate by following the method of Qu et al. 
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[43]. Firstly, P. vulgaris-biomass steeped in sulfuric acid (98%) 
at room temperature in the ratio of 1:3 (g/mL) and stir up con-
stantly for the complete dehydration. The obtained charred 
material (RH-C) was then washed with water followed by 
filtration and oven drying at 70°C. Secondly, charred stuff 
was imperiled to alkalization dipping material into 4 M 
NaOH solution and stirring for 1.5 h at room temperature.

After alkalization, the substance was blended with car-
bon disulfide (1:1) and it was agitated for 1 h at room tem-
perature for xanthation of material. At the end, in last 15 min 
1% MgSO4 solution (1:1) was added to the material for sub-
stitution reaction. After the completion, material was then 
washed with double distilled water till the pH of leeched 
water becomes 7.0. After washing it was dried at 70°C and 
labelled as xanthate-modified P. vulgaris for further use. As 
shown in Fig. 1, how xanthation of P. vulgaris is carried out by 
the functionalization of cellulose group with xanthate group.

2.3. Characterization of xanthate-modified P. vulgaris

For the determination of neutral charge point, pHpzc were 
performed utilizing pH-meter (Model: inoLab WTW Series, 
Germany). The main functional groups responsible for the 
binding of metals were identified using Fourier-transform 
infrared spectrophotometer (Agilent Cary 630 Technologies, 
California) in a range of 4,000–600 cm–1. Scanning electron 
microscopy (SEM) analysis was used for the analysis of 
surface morphology of P. vulgaris and xanthate-modified 
P. vulgaris. The elemental composition of xanthate-mod-
ified P. vulgaris was defined by using energy-dispersive 
X-ray spectrophotometer, which was attached to scanning 
electron microscopy (FEI Nova NanoSEM 450). The compo-
sition of each element was given in the form of percentage 
of solid weight. Additionally, Boehm’s titration and per-
cent weight gain (pwg) was determined for the acidic and 
basic group concentration and weight gain by biomass after 
xanthate modification.

2.4. Preparation of lead and cadmium solutions

All the chemicals and regents used in this study was 
of analytical grade and all the solutions were prepared in 
double distilled water. Chemicals used, that is, cadmium 
nitrate, lead nitrate, sulfuric acid, sodium hydroxide, and 
sodium chloride were obtained from Merck (USA). A stan-
dard solution of lead ions (1,000 mg/L) and cadmium ions 
(1,000 mg/L) were prepared from lead nitrate and cad-
mium nitrate salts, respectively.

2.5. Batch adsorption experiments

2.5.1. One-component biosorption system

Batch experiment in one-component system was car-
ried out using 50 mg/L of lead and cadmium ions solution. 
The amount of xanthate-modified P. vulgaris was applied in 
the range of 0.1–0.9 g/50 mL and agitated in orbital shaker 
(VORTEX model: OSM-747) for both lead and cadmium, 
respectively. Another series of batch steps are carried out by 
using 0.1 g of xanthate-modified P. vulgaris with varying pH 
(1.0–10.0) at room temperature. Other influencing param-
eters on adsorption performance was also studied for both 
metals separately. After experimentation, mixture of metal 
solution and xanthate-modified P. vulgaris was separated 
and put to analysis under atomic absorption spectroscopy 
(Perkin Elmer AAnalyst 100, USA).

The adsorbed capacity (qc) was computed by:

q
C C V
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i e�
�� �

 (1)

And similarly, removal percentage (%) was attained as:
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Fig. 1. Xanthation process of Phaseolus vulgaris.
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where Ci and Ce are initial and equilibrium concentrations 
(mg/L). Volume used of these concentrations are repre-
sented as V (L) and amount of biomass utilized in procedure 
as m (g).

2.5.2. Two-component biosorption system

For two metal components, that is, Pb2+ and Cd2+ exper-
iments were performed with the help of mixture of both 
metals. Both were taken as 50 mg/L and mixed with xan-
thate-modified P. vulgaris and by varying influencing fac-
tors. The future experiments and analyzing procedure were 
as same as of single component systems.

3. Results and discussion

3.1. Characterization of xanthate-modified P. vulgaris

All the dried samples of P. vulgaris and xanthate-modi-
fied P. vulgaris were dried for 1 h before subjecting to any 
characterization.

The percentage weight gain (pwg %) by xan-
thate-modified P. vulgaris after xanthate modification was 
evaluated as:

pwg XPV PV

PV

% �
�

�
w w

w
100  (3)

where wXPV refers the mass of xanthate-modified P. vulgaris 
and, wPV refers to mass of raw P. vulgaris. The results are 
tabulated in Table 1.

Acidic and basic groups concentration was determined 
using Boehm’s titration procedure. The xanthate-modi-
fied P. vulgaris were encountered with acid and bases (HCl, 
NaOH, Na2CO3, NaHCO3). This basic interaction gives num-
ber of carboxylic; lactones and phenols as only carboxylic 
groups are neutralized by NaOH and NaHCO3 counterbal-
ance both lactones and carboxylic groups and their differ-
ences give number of phenols. Similarly, interaction with 
HCl gives number of basic groups. Results are arranged 
in Table 1 and comparison is displayed in Fig. 2.

For the identification of major functional groups on 
xanthate-modified P. vulgaris, Fourier-transform infrared 
spectroscopy (FTIR) was performed for both P. vulgaris 
and xanthate-modified P. vulgaris. These precise groups on 
the surface of biosorbent are responsible for the binding of 
metals and their removal [44]. In Fig. 3 FTIR showed that 

a peak of N–H and O–H was observed at 3,300 cm–1 and 
many characteristics peaks were also observed in a range of 
1,900–1,000 cm–1. FTIR in Fig. 2 shows change in peaks in a 
range of 1,900–1,000 cm–1 which confirmed the addition of 
modifier onto the surface of adsorbent.

The surfaces of unmodified and modified biomass were 
analyzed by SEM. The results showed in Fig. 4 that surface 
of unmodified biomass (Fig. 4a) was smooth as compared 
to the surface of modified biomass (Fig. 4b) and its surface 
was less exposed. On the other hand, the surface of modi-
fied biomass was very rough, and its surface was more 
exposed as compared to unmodified biomass. Modification 
of biomass made its surface rough which enhanced the 
removal of Pb2+ and Cd2+.

The elemental composition of xanthate-modified 
P. vulgaris was calculated in the form of weight percentage 
(wt.%) and displayed in Fig. 5. The sulfur content after the 
xanthation was 4.81% which indicates that xanthate group 
on P. vulgaris was incorporate successfully via method we 
have adopted for modification.

The point of zero charge on modified biomass was cal-
culated by using pHpzc analysis. The biomass present in 
the solution at this point possessed zero charge [45]. The 
analysis showed that at pH 7.20 the net charge on bio-
mass was “0”. This showed that below this pH the charge 
on biomass was positive and above this pH the charge on 

Table 1
Characterization of xanthate-modified Phaseolus vulgaris

Characterization Results

pHpzc 7.20
pwg (%)
Acidic and basic groups 
(mmol/g)

Total acidic groups = 18.1 ± 0.02
Carboxylic groups = 8.9 ± 0.02
Lactones = 5.8 ± 0.02
Phenols = 3.4 ± 0.02
Total basic groups = 8.9 ± 0.02

 

Fig. 3. Spectra of xanthate-modified Phaseolus vulgaris with 
comparison of raw Phaseolus vulgaris.

 Fig. 2. Comparison of acidic and basic groups of xanthate- 
modified Phaseolus vulgaris.
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biomass was negative. The graph between ΔpH and pHi 
(initial pH) gives the value of pHpzc (Fig. 6).

3.2. Impact and optimization of xanthate-modified P. vulgaris 
dosage

The impact of xanthate-modified P. vulgaris amount on 
the removal of lead and cadmium in one-component system 
was studied by varying the amount in range of 0.1–0.9 g. 

The initial concentration for both metals were taken as 
50 mg/L. In one-component system, both lead and cad-
mium show that by increasing the amount of xanthate-mod-
ified P. vulgaris, removal percentage of Pb2+ and Cd2+ also 
increased (Fig. 7). As amount of xanthate-modified P. vulgaris 
increased, more binding sites will be available for attach-
ment which in the end responsible for the high removal 
percentage [46]. The highest removal percentage recorded 
for lead was 90.25% at 0.9 g which increases from 78.01% at 
0.1 g. Similarly in the case of cadmium removal percentage 
increases from 77.63% @ 0.1 g to 86.79% @ 0.9 g.

But by increasing the amount of adsorbent, adsorp-
tion capacity started to decrease. This trend was observed 
for both lead and cadmium because of the saturation and 
aggregation at binding sites.

Similarly, for two-components system, same trend was 
observed as of one-component for both lead and cadmium 
(Fig. 7). As there are two competing ions, interference by 
each other decreases the adsorption capacities and removal 
percentage for both lead and cadmium. The removal % 
of lead in two-component was observed as 85.76% @ 0.9 g 
which is low as compared to single system. Similarly for 
cadmium it was observed 81.03% @ 0.9 g. The competition 
between two ions causes the decrease in the trend as com-
pared to single component system.

3.3. Impact and optimization of pH of metal solution

The sorption capacity of xanthate-modified P. vulgaris 
was explore by varying pH (1.0–10.0) for one-component 
system. Fig. 8 reveals that removal of lead and cadmium ions 
are highly dependent on the pH of solution. The sorption 

 
Fig. 4. Scanning electron microscopy image of raw Phaseolus vulgaris (a, b) and xanthate-modified Phaseolus vulgaris (c, d) at 5 
and 20 µm.

 Fig. 5. Energy-dispersive X-ray analysis of xanthate-modified 
P. vulgaris (wt.%).
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capacity for lead was maximum at pH 4.0 where it shows 
82.73% removal in one-component system. The upper limit 
removal (98.21%) of cadmium was observed at pH 5.0. 
Hence, pH 4.0 and pH 5.0 were optimized for the removal 
of lead and cadmium in one-component system. As we can 
observe from Fig. 8, in high acidic conditions, metal solu-
tion is concentrated with protons which competes with 
lead and cadmium ions for binding sites which in the result 
make the surface protonated which repel the metal ions. 
Due to this reason, low adsorption was observed in extreme 
acidic conditions [47]. When pH start moving towards the 
basic conditions, deprotonation increase which increase 
the sorption of lead and cadmium consequently. However, 
in extreme basic conditions when pH becomes greater than 
7.0, lead and cadmium starting to precipitate as hydrox-
ides resulting in the low sorption capacity of both lead and 
cadmium in one-component system. In summary, the con-
sequent measures of one and two-component systems give 
pH values of 4.0 and 5.0 for removal of lead and cadmium,  
respectively.

3.4. Impact and optimization of contact time

The sorption of lead and cadmium ions by xanthate-mod-
ified P. vulgaris as a function of time was displayed in Fig. 9 
for both one and two-component system. The rate of sorption 
increases steadily due to metals and adsorbent interaction. 
After a prolonged exposure, rate of biosorption becomes 
insignificant due to reducing numbers of binding sites.

The rate of biosorption for Pb2+ and Cd2+ was higher in 
beginning because of excess number of binding sites pres-
ent on xanthate-modified P. vulgaris but with time active 
sites started to fill and unoccupied ones did not interact 
strongly Cd(II) and Pb(II). The interaction between metals 
(cadmium and lead) and active sites decreased because of 
repulsive forces present between the ions attached to the 
binding sites and ions present in the solution. As shown 
in Fig. 9, there is significant difference in biosorption 
capacity of lead at 5, 10, 15 and 20 min but after 20 min no 
noticeable change was seen. For cadmium at 5, 10, 15 and 

 Fig. 6. Point of zero charge (pHpzc) of xanthate-modified 
Phaseolus vulgaris.

Fig. 7. Influence of the xanthate-modified P. vulgaris dosage 
upon the biosorption of Pb(II) and Cd(II) in the single and 
binary systems. Initial concentration of Pb2+ and Cd2+ 50 mg/L, 
adsorbent dosage 0.1–0.9 g, time 25 min.

Fig. 8. Influence of the solution pH upon the biosorption of 
Pb(II) and Cd(II) in the single and binary systems. Initial con-
centration of Pb2+ and Cd2+ 50 mg/L, adsorbent dosage 0.1 g, 
time 25 min.

 

Fig. 9. Influence of the contact time upon the biosorption of 
Pb(II) and Cd(II) in the single and binary systems. Initial con-
centration of Pb2+ and Cd2+ 50 mg/L, time 5–45 min.
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20 min, sorption capacity increases significantly but after 
15 min it becomes constant.

The biosorption of Pb2+ and Cd2+ was very favourable 
in first 20 min. The biosorption of Pb2+ and Cd2+with xan-
thate-modified P. vulgaris was in range from 18.12–19.66 
and 18.77–20.17 mg/g, respectively. This phenomenon 
may occur due to desorption and resorption of cadmium 
and lead ions. This observation was also supported by 
Aiyesanmi et al. [48] and Ghasemi and Mafi Gholami [49].

For binary system, the results are same as of single sys-
tem but with lower biosorption abilities. The metal ions com-
pete to pass through active sites for binding thus results in 
decreasing the force between solid–liquid phases in sorp-
tion system. This competition decreases the biosorption 
capacities for both Pb2+ and Cd2+.

3.5. Kinetic analysis of one and two-component system

Kinetic analysis was obtained from the time factor which 
helps us in the determination of adsorption rate. Kinetics 
analysis was observed by using two famous models, that is, 
pseudo-first-order and pseudo-second-order. Their appro-
priateness was determined through co-relation value (R2) 
and by the assessment of experimental (qe) and calculated (qc) 
adsorption capacities.

The linear form of first [50]and second-order [51], 
respectively can be expressed as follows:

ln lnq q q k te t e�� � � � 1  (4)

t
q k q

t
qt e e

� �
1

2
2  (5)

where qe is adsorption capacity at equilibrium (mg/g), 
qt is adsorption capacity calculate from the data (mg/g) at 
time ‘t’. The rate constants of both pseudo-first-order and 
pseudo-second-order are represented by k1 (min–1) and k2 
(mg/g·min), respectively.

According to pseudo-first-order adsorption rate is pro-
portional to the present number of binding sites. The linear 
graph between time (x-axis) and log(qe–qt) gives us the param-
eter of pseudo-first-order (Table 2) which helps to study the 
rate of reaction (Fig. 9). In case of lead, R2 = 0.8009 and qe 
comes equal to ‘8.14 mg/g’ which is lower than as compared 
to the experimental ‘q’ value (qt = 20.17 mg/g). Similarly, 
this situation was also in the lead two-component system, 
where R2 = 0.9991 but qe is ‘4.044 mg/g’ but qt is ‘19.64 mg/g’. 
In case of cadmium R2 value for Cd in one-component system 

found to be 0.9678 and qe value found to be ‘3.22 mg/g’ which 
were far away from experimental qt value (19.64 mg/g). 
Similarly, R2 value for Cd binary system found to be 0.9378 
and its calculated qe value ‘3.39 mg/g’ were far away from 
experimental one ‘18.99 mg/g’. This calculated data showed 
that this model not fitted to experimental data.

The assumptions of pseudo-second-order reveals that 
adsorption rate is proportional to the square of available 
adsorption sites and concentration of metal ions. The lin-
ear regression between time (x-axis) and t/qt (y-axis) reveal 
the kinetic modelling (Fig. 9) giving us kinetics parameters 
(Table 2). In case of kinetics parameters of pseudo-second-or-
der for lead, R2 value for one and two-components found 
to be “0.9999”. For both systems, the value of calculated qe 
(20.49 and 19.92 mg/g) was remarkably close to experimen-
tal qe (20.17 and 19.64 mg/g). In case of cadmium R2 value 
for one and two-component system found to be “0.9999” 
and “0.9998”, respectively. For one and two-component sys-
tem of cadmium, the value of calculated qe (19.96 mg/g (one) 
and 19.46 mg/g (two)) found remarkably close to exper-
imental qe (19.66 mg/g (one) and 18.99 mg/g (two)). The 
outcomes showed that kinetics data for xanthate-modified 
P. vulgaris adsorption fitted well in pseudo-second-order 
reaction kinetics for both lead and cadmium for both one 
and two-component system.

In addition, with kinetics parameters for both metals, 
adsorption capacities difference (D%) also tells us about the 
kinetics of adsorption. It is analyzed as:

D
q q

q
e e

e

% exp

exp

�
�
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� �

cal 100  (6)

As observed from data from Table 2 and Fig. 9, the D% 
is greater for the pseudo-first-order as compared to the 
pseudo-second-order and supported by lesser value of R2 
for pseudo-first-order and near to unity for pseudo-sec-
ond-order for one and two-components for both lead and 
cadmium. This also made the strong point of kinetics data 
following the pseudo-second-order.

3.6. Equilibrium modelling

Equilibrium modellings are set of mathematical equa-
tions which describes the relation between sorbent and 
sorbate which helps us to find out about the amount of sor-
bent for a specific sorbate [52].

The equilibrium set of data comes from varying the 
amount of initial concentration (20–180 mg/L) of Pb2+ ions 

Table 2
Adsorption kinetics parameters for adsorption of Pb(II) and Cd(II) onto xanthate-modified P. vulgaris

Metals Pseudo-first-order Pseudo-second-order

R2 k1 (min–1) qe(cal) (mg/g) qe(exp) (mg/g) D% R2 k2 qe(cal) (mg/g) qe(exp) (mg/g) D%

PbSingle 0.8009 0.21 8.14 20.17 –59.64 0.9999 0.08 20.49 20.17 1.60
CdSingle 0.9678 0.12 3.22 19.66 –83.61 0.9999 0.08 19.96 19.66 1.53
PbBinary 0.9991 0.16 4.04 19.64 –79.42 0.9999 0.11 19.92 19.64 1.43
CdBinary 0.9378 0.09 3.39 18.99 –82.14 0.9998 0.05 19.46 18.99 2.45
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(one and two-component system) and Cd2+ ions (one and 
two-component system). This data set is then assessed by 
using famous linear and non-linear mathematical mod-
els which include single parameter, that is, Langmuir and 
Freundlich.

Langmuir modeling [52,53] was utilized for the calcula-
tion of maximum adsorption capacity of xanthate-modified 
P. vulgaris (qmax). This model assumes that lead and cadmium 
will form monolayer on the surface of xanthate-modified 
P. vulgaris. According to Langmuir when metal occupies 
the binding sites, there will be no further attachments on 
the surface and intermolecular forces between sites and 
metal ions starting to decrease with distance increase. Each 
binding site is independent, and any outside molecule 
will not interfere in the process occurring at a site.

Langmuir modelling was explained from linear graph 
(Fig. 10) plotted between 1/Ce (x-axis) and 1/qe (y-axis). 
Langmuir parameters (Table 3) helps us for the calculation 
of maximum adsorption for both one and two-component 
system.

The Y = mX + c form of this model is represented as:

1 1 1 1
q bq C qe e

� �
max max

 (7)

Whereas non-linear form is expressed as:

q
bq C
bCe
m e

e

�
�1

 (8)

where maximum adsorption uptake is represented as 
qmax (mg/g), ‘b’ is Langmuir constant, equilibrium capacity is 
referred as qe (mg/g) and metal ion concentration is referred 
as Ce (mg/g). The Langmuir parameters ‘qmax’ and ‘b’ is cal-
culated from the linear plot of Langmuir isotherm (Fig. 10).

A dimensionless constant factor RL gives the description 
of favorable and unfavorable adsorption process, that is, 
favorable 0 < RL < 1, unfavorable (RL > 1), linear (RL = 1) or 
irreversible (RL = 0) [54]. It is calculated by given equation:

R
bCL

o

�
�

1
1

 (9)

The other model discussed was Freundlich isotherm 
which helps to calculate the intensity of adsorption on the 
surface of adsorbent. it tells us about the multilayer metal 
ion adsorption fashion of the surface of sorbate in heter-
ogenous manner [55].

The Y = mX + c form of Freundlich model is given as:

log log logq K
n

Ce f e� �
1  (10)

Whereas non-linear type is written as:

q K Ce f e
n= 1/  (11)

where adsorption capacity (mg/g) is given by Freundlich 
constant (Kf), 1/n is the adsorption intensity, uptake capacity 

 
Fig. 10. Non-linear isotherms plot for the biosorption of 
Pb(II) and Cd(II) in the single and binary systems onto xan-
thate-modified P. vulgaris (a) for single and (b) for binary system 
depicting the Langmuir and Freundlich models.

Table 3
Adsorption isotherm parameters for adsorption of Pb(II) and Cd(II) onto xanthate-modified P. vulgaris

Metals Langmuir Freundlich

R2 qmax (mg/L) b RL RMSE R2 n 1/n Kf RMSE

PbSingle 0.9831 60.98 0.12 0.29–0.05 1.70 0.9528 1.80 0.55 8.38 2.46
CdSingle 0.9887 50.51 0.31 0.14–0.02 1.01 0.9093 2.62 0.38 13.68 2.39
PbBinary 0.9841 53.48 0.16 0.24–0.04 1.57 0.9278 2.12 0.47 9.70 2.54
CdBinary 0.9929 46.95 0.29 0.15–0.02 0.82 0.9148 2.79 0.36 12.62 1.85
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of sorbent is given by ‘qe (mg/g)’, and ‘Ce’ is metal ion con-
centration (mg/L). the major Freundlich constant ‘1/n’ helps 
us to find the intensity of adsorption, that is, 1/n < 1 = favor-
able adsorption system; 1/n > 1 = unfavorable adsorption 
system. As bond between sorbent ad sorbate becomes stron-
ger value of ‘n’ increases. Additionally, ‘1/n’ is heterogene-
ity factor whereas ‘n’ displays the divergence from linear-
ity. If n > 1 = physisorption; n < 1 = chemisorption and n = 1 
indicates the linear adsorption [56].

In one and two-component system of lead R2 was 
0.9831 and 0.9841 correspondingly for Langmuir isotherm 
linear regression which is near to unity as compared to 
the Freundlich isotherm where it was 0.9528 and 0.9278, 
respectively. This correlation coefficient shows that sorp-
tion of lead by xanthate-modified P. vulgaris was purely 
monolayer absorption following the Langmuir isotherm. 
In case of cadmium same trend was observed for both 
one and two-component system depicting the data fit in 
Langmuir isotherm.

As equilibrium data does not fit well in Freundlich but 
as values tabulated in Table 3 the Freundlich constant ‘n’ 
has higher values than unity in all the observed cases indi-
cating the deviation from linearity and depicting the good 
adsorption characteristics of xanthate-modified P. vulgaris. 
The ‘n’ value for Pb2+ in one and two-component system was 
found to be 1.802 and 2.117, respectively. These n values in 
the range of 1–2 showed good evidence for adsorption. The 
‘n’ value for Cd2+ in one and two-component system was 
found to be 2.615 and 2.789, respectively. These ‘n’ values 
in the range of 1–2 showed good evidence for adsorption.

3.7. Root mean square error

Both the discussed models were compared by the val-
ues of root mean square error value (RMSE) which can be 
calculated as:

RMSE
cal

�
�� �� � � �� q q

N
e e exp

2

 (12)

This calculated value gives the error from linearity. As 
tabulated in Table 3, RMSE value for Langmuir model is 
less than that of Freundlich one which depicts that equilib-
rium data fitted well in Langmuir isotherm.

3.8. Thermodynamics study

Thermodynamics study helps to find the prospect of 
given adsorption system by xanthate-modified P. vulgaris 

and its potential to remove lead and cadmium from waste-
water. Results tabulated in Table 4 and displayed in 
Fig. 11 show that adsorption capacity increases with 
the increase of temperature indicating the endothermic 
adsorption process.

In case of both lead and cadmium, for both one and 
two-component system increasing trend was observed but 
uptake capacity decreases in two-component system as 
compared to single system because of the competing ions of 
cadmium in case of lead and lead in case of cadmium.

Changes in temperature of the solution brought the con-
siderable changes in the adsorption process. These changes 
affected the temperature dependent factors (enthalpy change 
(ΔH°), free energy change (ΔG°) and entropy changes 
(ΔS°)) which were calculated by using Eq. (13).

� � �G H T S� � � � �  (13)

Adsorption thermodynamics for lead one and two-com-
ponent system was studied. Thermodynamic parameters 
were calculated as shown in Table 4. Negative value of 
ΔG° at all temperatures for both Pb one and two-compo-
nent system indicated that reaction was spontaneous. The 
value of ΔH° was found positive in all cases which indicated 
that reaction was endothermic. The positive value of ΔS° 
indicated increased randomness on the surface of adsorbent.

Adsorption thermodynamics for cadmium one and 
two-component system was studied. Thermodynamic 
parameters were calculated as shown in Table 4. Negative 

Table 4
Thermodynamics parameters for adsorption of Pb(II) and Cd(II) onto xanthate-modified P. vulgaris

Temperature (K) ΔG° (kj/mol) ΔH° ΔS°

283.16 293.16 303.16 313.16 323.16 333.16

PbSingle –2.964 –3.359 –3.704 –3.978 –4.500 –4.948 8.08 0.04
CdSingle –2.772 –3.077 –3.299 –3.482 –3.711 –3.901 3.43 0.02
PbBinary –2.324 –2.787 –3.210 –3.599 –3.949 –4.209 8.36 0.04
CdBinary –2.462 –2.661 –2.945 –3.123 –3.442 –3.626 4.29 0.02

 
Fig. 11. Influence of the solution pH upon the biosorption of 
Pb(II) and Cd(II) in the single and binary systems. Initial con-
centration of Pb2+ and Cd2+ 50 mg/L, adsorbent dosage 0.1 g, 
time 5–45 min.
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value of ΔG° at all temperatures for Cd one and two-com-
ponent system indicated that reaction was spontaneous. The 
value of ΔH° was found positive in all cases which indicated 
that reaction was endothermic. The positive value of ΔS° 
indicated increased randomness on the surface of adsorbent.

3.9. Comparison of lead and cadmium adsorption onto xan-
thate-modified P. vulgaris with reported literature

The biosorption capacities of the xanthate-modified 
P. vulgaris for lead and cadmium in one and two-compo-
nent system compared in Table 5 with reported capacities 
of different biosorbents. The biosorption capacities for four-
teen biosorbents for cadmium varied from 2.81 to 47 mg/g. 
From the reported material xanthate-modified P. vulgaris 
hold higher biosorption capacity of 50.51 mg/g for Cd(II). 
Similarly, the fourteen reported capacities for lead varied 
from 2.18 to 34.51 mg/g and xanthate-modified P. vulgaris 
out of all hold biosorption capacity of 60.98 mg/g for lead. 
These comparisons show that, out of all reported biosor-
bents xanthate-modified P. vulgaris hold higher capacity 
for the removal of Cd(II) and Pb(II).

4. Conclusion

The results of this biosorption study demonstrated that 
the xanthate-modified P. vulgaris was suitable and prom-
ising adsorbent for the removal of Cd(II) and Pb(II) from 
industrial effluents. In both single and binary systems, 
influence and optimization of different parameters like, 
xanthate-modified P. vulgaris dose, pH of solution, tem-
perature and initial metal concentrations were studied. In 
binary system of Cd(II)–Pb(II) competitive adsorption was 
observed onto xanthate-modified P. vulgaris. The existence 

of Cd(II) helps increase the sorption of Pb(II) whereas, the 
presence of Pb(II) limits the sorption of Cd(II). From equilib-
rium isotherm data of Cd(II) and Pb(II) in single and binary 
system was well agreed to Langmuir isotherm indicating 
the monolayer adsorption. The kinetic data of adsorption 
onto xanthate-modified P. vulgaris fitted well in pseudo-sec-
ond-order for both single and binary system. The thermo-
dynamics study revealed that the adsorption process by 
xanthate-modified P. vulgaris for the removal of Cd(II) and 
Pb(II) was spontaneous and endothermic. These adsorption 
results shows that xanthate-modified P. vulgaris could be 
used as a promising adsorbent for the removal of cadmium 
and lead from the industrial waste.
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