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Bioremediation is a critical and needed strategy because heavy metals have different side effect on 
human health and other beneficial living machineries. For the biosorption studies we primarily focused 
on easily available, green, and eco-friendly medicinal plant with low operational cost materials, namely 
Verbascum thapsus, commonly known as great mullein or common mullein. In this study we have 
reported biosorption of copper and nickel as our metal of interest. Both these metalsare widely used in 
various catalytic, engineering and biological industries. The leaves of V. thapsus were used as 
absorbent and first treated with a 1000 ppm stock solution of Cu (II) ions and then treated with stock 
solution of 2625 ppm of Ni(II) ions. We have concluded that V. thapsus leaves possess remarkable 
biosorption capability for both treated metals. The copper biosorption studies using V. thapsus resulted 
90.74% of absorption at pH 5, temperature 40oC and biomass dosage of 1.50gram in 6 hours period of 
contact time. Similarly, the nickel biosorption observed using V. thapsus resulted 99.92% absorption at 
temperature 35oC, pH 5 and biomass dosage of 1.25gram in 5 hours period of contact time. Over all we 
have determined that plant based biomaterials is a good alternative toward biosorption of heavy metals 
and this will be a pioneer research domain for material and environment specialists. 
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INTRODUCTION 

Biosorption usually defined as the ability of a 
series of biomaterials to collect heavy metals from 
aqueous solutions through a mechanism 
metabolically controlled or via physiochemical 
processes. Comparatively biosorption methods 
feature certain advantages over conventional 
ones, including increased efficiency, cost 
efficiency and possibility of restoration of 
biosorbent and heavy metals (Ahalyet al. 2003). 
Heavy metals are known to exist in the 

environment as a result of natural biogeochemical 
processes as well as due to anthropogenic 
activities (Laws, 2017). The types and 
concentrations of heavy metals discharged 
anthropogenically are dependent on type of 
discharging sources. Heavy metals have different 
side effect on human health, such as mercury 
damage kidney, liver, corrosive to intestinal tract, 
reduce immunity, disturb nervous, endocrine and 
reproductive system of both male and female. 
Same is the case with lead because lead is 
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usually associated with diseases such as 
hepatitis, anemia, nephritic syndrome, 
encephalopathy, long term brain and kidney 
damage, birth defects and plumbism. Copper 

heavy metal cussed Chronic and acute disorders 
such as hypertension, emphysema, renaldamage,  
testicular damage, testicular atrophy and itai-itai 
disease (Pugazhendhiet al.2018).

Majority of these heavy metals are considered 
toxic to humans and the effects range from 
carcinogenic to hypertension. Some of the well-
known examples of the consequences of heavy 
metals pollution are Itai-itai and Mina Mata 
diseases. The removal of heavy metals from 
contaminated water due to human technological 
activities has been for long a challenge, but 
certain biosorbents have been successfully tested 
and have given encouraging results in its heavy 
metal sorption capabilities, i.e. algae, yeasts 
molds or bacteria (Mohiuddin et al. 2000). There 
has been an urge to find out and manipulate new 
easily available, economic and efficient 
biosorbents. In recent years biosorption has 
appear as the most versatile and widely used 
inexpensive and efficient technique for the 
removal of poisonous pollutants including heavy 
metal from liquid solutions (Selatniaet al, 2004). 
Biosorption is basically the uptake of 
radionuclides and heavy metal ions from liquid 
solutions by biological materials, for detoxification 
and recovery of poisonous or removable metals 
from industrial waste disposals (Chen et al.2003). 
In economic term, a certain area contaminated 
with heavy metals need a massive cleanup 
requiring a cost literally running into billions of 
dollars (Laws, 2017). In addition, a very long time 
is required for a degraded environment to be 
restored to its original condition. Due to potential 
adverse effects caused by heavy metal disposal 
from mining and different industries such as 
textile, glass, ceramic, metal finishing and 
electroplating industries there has been a strong 
urge to treat these wastes prior their disposal. 
Many countries have strengthened environmental 
regulations regarding waste disposal containing 
heavy metals and their proper treatment with 
respect to waste water discharges. These 
regulations clearly specified the treatment of 
waste water to remove containing heavy metals. 
Waste water discharges from various industries 
are required to comply with the limits set by 
Environmental Act 1974, specified under Sewage 
and Industrial Effluents Regulations, 1978 
(Mohiuddin, et al.2000). There are certain 
conventional treatment technologies for the heavy 
metals effluents from waste waters. Some of them 
involve chemical oxidation or reduction, 
crystallization, chemical precipitation, ion 

exchange, electrochemical treatment, coagulation, 
flocculation, biological methods, membrane 
separation and adsorption. Many of these 
treatment methods have advantages in terms of 
operational costs, efficiency, by products and 
selectivity (Ching et al.2010). For the biosorption 
studies we focused on easily available, green, and 
eco-friendly medicinal plant with low operational 
cost materials, namely   V. thapsus (Alshamrani, 
2016). In this study we have Copper and Nickel as 
our metal of interest, widely used in various 
industries mainly in galvanizing, electroplating, 
manufacturing brass and surface finishing 
industries. Copper is an essential element for 
humans, although large doses or its increased 
amount in environment can lead to certain 
diseases in animal as well in humans and can 
even prove fatal. Some of them include various 
chronic and acute disorders such as 
gastrointestinal catarrh and haemochromatosis 
(Hui et al. 2005) also cause ‘Wilson’s disease’ 
which is caused by excessive deposition of 
copper in skin, brain and liver (Volesky, 2001). 
This work is an effort to explore the biosorption 
property V. thapsus. In this study we investigate 
the biosorption of Cu (II) and Ni (II) through V. 
thapsus. 
 
MATERIALS AND METHODS 

2.1. Preparation of Biosorbent 
The leaves of V. thapsus (great mullein or 

common mullein), a dicotyledonous biennial plant 
of the family Scrophulariaceae, were collected 
from its plants in local fields of Palosa, a Village 
near District Charsadda, KP, Pakistan. The leaves 
were washed with distilled water and drying in sun 
for six days. The dried leaves were crushed; the 
powdered adsorbent was kept in an oven at 80oC 
for two hours for the evaporation of left moisture. 

2.2. Preparation of Cu (II) Ions Solutions 
A 1000 ppm stock solution of Cu (II) ions were 

prepared by dissolving 3.952gram of CuSO4.5H2O 
per liter solution using distilled water as solvent. 
This stock solution was additional diluted with 
distilled water to desired concentrations for getting 
the quality solutions of Cu (II) metal ions for 
adsorption measurement, i.e. 02, 04, 06, 08, 10 
and 12 ppm solutions.  
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2.3. Preparation of initial metal concentration 
initial metal concentration 

Six different solutions of 100 mL each having 
different metal concentration were separately 
prepared from stock solution of Cu (II), i.e. 02 
ppm, 04 ppm, 06 ppm, 08 ppm, 10 ppm and 12 
ppm. 50 ml from each solution were taken in 
Pyrex glass volumetric flasks and added an 
amount of 1 gram adsorbent to each of the flask 
containing solution.Further subjected to orbital 
shaker at 100 rpm for 12hours. After 12 hours of 
shaking the solutions were filtered.  

2.4. Addition of adsorbent dosage 
Six solutions each of 10 ppm were prepared 

from stock solution. Took 50 mL from each in six 
volumetric flasks and added different amount of 
adsorbent, i.e. 0.5g, 0.75g, 1.0g, 1.25g, 1.50g and 
1.75 g. Further subjected to orbital shaker at 100 
rpm for 12 hours and filter it.  

2.5. Subjecting the Solution to Different 
Temperature 

Six solutions each of 10 ppm were prepared 
and an amount of 1.0 g adsorbent was added to 
each of the flask containing 50 ml of the metal 
solution. Each of the solution was subjected to a 
different temperature, i.e. 20oC, 25oC, 30oC, 35oC, 
40oC and 45oC respectively. The temperature was 
monitored in Labored orbital shaking incubator at 
100 rpm for six hours and filters it.  

2.6. Adjusting the Value of pH 
Six solutions each of 10 ppm were prepared. 

Adjusting the pH of the solutions before adding 
adsorbent in an order of 2.0, 3.0, 4.0, 5.0, 6.0 and 
7.0 using 0.1 N NaOH and 0.1 N HCl through pH 
meter. Their pH was noted before processing and 
then 1.0 g of adsorbent were added to each of the 
50 mL adjusted pH solution and subjected to 
orbital shaker at 100 rpm for 12 hours and filters 
it.  

2.7. Effect of contact Time 
Eight solutions each of 10 ppm were prepared 

from stock solution in volumetric flasks and added 
1.0 g of adsorbent to each 50ml of the solutions. 
Then subjected each of the flasks to orbital shaker 
at 100 rpm for defined time, i.e. from 01 hours to 
08 hours and filter it.  

2.8. Preparation of Ni (II) Ions Solutions 
A stock solution of 2625 ppm of Ni(II) metal 

ions was prepared by dissolving 2.008g (2008 
mg) of NiCl2.6H2O per liter solution using distilled 
water as solvent. This stock solution were further 

diluted with distilled water to desired 
concentrations for obtaining the standard 
solutions of Ni (II) metal ions for adsorption 
measurement, i.e. 13, 15, 17, 19, 21 and 23 ppm 
solutions. 

2.9. Preparation of Initial metal concentration 
Six different solutions of 100 ml each having 

different metal concentration were separately 
prepared from stock solution of Ni (II), i.e. 13 ppm, 
15 ppm, 17 ppm, 19 ppm, 21 ppm and 23 ppm. 50 
ml from each solution were taken in Pyrex glass 
volumetric flasks and added an amount of 1.0 
gram adsorbent to each of the flask containing 
solution.Further subjected to orbital shaker at 100 
rpm for 12hour.  

2.10. Addition of adsorbent dosage 
Six solutions each of 21 ppm were prepared 

from stock solution. Took 50 ml from each in six 
volumetric flasks and added different amount of 
adsorbent, i.e. 0.5g, 0.75g, 1.0g, 1.25g, 1.50g and 
1.75 g. Further subjected to orbital shaker at 100 
rpm for 12 hours, and then filtered it.  

2.11. Subjecting Solution to Different 
temperature 

Six solutions each of 21 ppm were prepared 
and an amount of 1.0 g adsorbent was added to 
each of the flask containing 50ml of the metal 
solution. Each of the solution was subjected to a 
different temperature, i.e. 20oC, 25oC, 30oC, 35oC, 
40oC and 45oC respectively. The temperature was 
monitored in Labored orbital shaking incubator at 
100 rpm for six hours and filters it.  

2.12. Adjusting the value of pH 
Six solutions each of 21 ppm were prepared. 

Adjusting the pH of the solutions before adding 
adsorbent in an order of 2.0, 3.0, 4.0, 5.0, 6.0 and 
7.0 using 0.1 N NaOH and 0.1 N HCl through pH 
meter. Their pH were noted before processing 
and then 1.0 g of adsorbent were added to each 
of the 50 mL adjusted pH solution and subjected 
to orbital shaker at 100 rpm for 12 hours and filter 
it.  

2.13. Effect of contact Time 
Eight solutions each of 21 ppm were prepared 

from stock solution in volumetric flasks and added 
1.0 g of adsorbent to each 50 mL of the solutions. 
Then subjected each of the flasks to orbital shaker 
at 100 rpm for defined time, i.e. from 1hour to 8 
hours. Collected each of the solution at its specific 
given time filters it.  
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2.14. Analytical analysis of metal in solutions 
The concentration of metal in the solution 

were therefore determined by a Perkin-Elmer 
atomic adsorption spectrophotometer (AAS) using 
an air/acetylene flame at wave length of 324.75 
nm and slit value of 0.7. The acetylene flow was 
2.50 L/min. The instrument was first calibrated 
with standard solutions in the range covering the 
expected concentrations in the prepare samples. 
The samples were analyzed by injecting the 
sample into AAS. In addition, procedural blanks 
were also analyzed to check for any 
contamination. The analytical data was obtained 
by processing the samples. 
 
RESULTS AND DISCUSSION 

Biosorption of Cu (II) and Ni (II)  

Optimum conditions 

3.1. Effect of initial metal concentration 
Copper (II) Ions 

In both Cu (II) studies (at initial concentration 
ranging from 02 12 ppm) and Ni(II) studies (at 
initial metal concentration ranging from 13 to 23 
ppm)(Figure 1) and (Figure 6)shows that as the 
initial metal ion concentration increases the 
percentage biosorption decreases gradually. The 
maximum biosorption of Cu(II)87.92 % was 
observed at initial metal concentration of 02 ppm 
and maximum bisorption Ni(II) 47.32% observed 
at initial metal concentration of 13 ppm. At higher 
initial metal concentration the number of 

exchangeable sites on the adsorbent decreases 
which decrease the biosorption of the metal 
(Kavak, 2009). There are more unsaturated sites 
on the adsorbent at low metal concentration while 
at higher metal concentration there are more 
saturated sites on the adsorbent and the number 
of competing ions also increases which decrease 
the biosorption (Kshama and Varsha, 2011) at 
higher metal concentration the total surface area 
of the adsorbent particles decreases which 
increase the diffusion length for the adsorption 
(Kumar et al.2009). 

3.2. Effect of adsorbent dosage 
For studying the effect of the biosorbent 

dosage on the biosorption of heavy metals we use 
different adsorbent dosage in the range (0.5 to 1.7 
g/100 mL) maximum biosorption of Cu(II) 87.71% 
was recorded at 1.5 g/100 mL (Figure 2).While 
maximum nickel biosorption 64% was recorded at 
1.25 g/100 mL (Figure 7). In this context using 
Ceramium virgatum as biosorbent in the range of 
0.4–40 g/L maximum biosorption of Cd (II) and 
Cr(III) recorded was 10 g/L (Sari and Tuzen, 
2008). 

 
 
 
 
 
 
 
 

 
 

Figure1: Effect of initial metal concentration on the adsorption of Cu (II) ion onto biomass of 
Verbascum thapsus at adsorbent dose of 1.50 g, temperature 40oC, pH 05 and contact time 6 hrs. 
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Figure 2:Effect of adsorbent dosage on the adsorption of Cu (II) ion onto biomass of Verbascum 
thapsus at temperature 40oC, pH 05 and contact time 6 hrs. 

 

 
 

Figure 3: Effect of temperature on the adsorption of Cu (II) ion onto biomass of Verbascum 
thapsus at adsorbent dosage 1.50 g, pH 05 and contact time 6 hrs. 

 

 
Figure 4: Effect of pH on the adsorption of Cu (II) metal ions onto biomass of Verbascum 
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thapsusat temperature 40oC, adsorbent dosage 1.50 g and contact time 6 hrs. 
 

 
Figure 5: Effect of contact time on the adsorption of Cu (II) ion onto biomass of Verbascum 
thapsus at different time intervals at temperature 40oC, pH 5 and adsorbent dosage 1.50 g 

 
Figure 6: Effect of initial metal concentration on the adsorption of Ni (II) ions onto biomass of 
Verbascum thapsus at adsorbent dose 1.25 g, temperature 35oC, pH 5 and contact time 5 hrs. 
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thapsus at temperature 35oC, pH 5 and contact time 5 hrs 

 
Figure 8: Effect of temperature on the adsorption of Ni (II) ion onto biomass of Verbascum hapsus 

at 35oC temperature, pH 5 and contact time 5 hrs. 

 
Figure 9: Effect of pH on the adsorption of Ni (II) ion onto biomass of Verbascum thapsus at 35oC 

temperature, adsorbent dosage 1.25 g and contact time 5 hrs. 
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Figure 10: Effect of contact time on the adsorption of Ni (II) ion onto biomass of Verbascum 
thapsus at different time intervals at 35oC temperature, pH 5 and adsorbent dosage 1.25 g. 
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2001; Matheickal and Yu, 1999; Hashim, and 
Chu, 2004). The rapid uptake at initial time may 
be attributed to more vacant spaces on the 
adsorbent surface. But after some time vacant 
spaces on the adsorbent vanishes which 
decreases thee biosorption. 

CONCLUSION 
Biosorption of two heavy metals namely 

Copper and Nickel were conducted using a 
common mullein V. thapsus. The Copper 
biosorption studies using V. thapsus resulted 
90.74% of sorption at pH 5, temperature 40oC and 
biomass dosage of 1.50 g in 6 hours’ period of 
contact time. Similarly, the Nickel biosorption 
studies using V. thapsus resulted 99.92% sorption 
at temperature 35oC, pH 5 and biomass dosage of 
1.25g in 5h’ period of contact time. The adsorption 
of metal ions reached equilibrium in 6 hours for 
copper and 5 hours for nickel. Maximum uptake of 
metal ion occurred at pH 5 for both metals. On the 
whole biomass of V. thapsus can be used in the 
wastewater treatment for the removal of metal 
ions, as it appears to have tremendous potential 
as an alternative to existing biosorbents. 
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