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Abstract

Biological materials for the removal of heavy metal ions from waste water are important
due to their extreme toxicity towards aquatic life and humans. Microorganisms and low cost
natural biosorbents are being increasingly studied for the removal of heavy metal ions from
aqueous solution. In this work, Parthenium hysterophorus leaf powder was taken as a low cost
biosorbent for the sorption of Chromium(VI). The various parameters like Initial metal ion
concentration, Initial pH, Temperature and Biosorbent dosage were studied in a batch reactor.
Equilibrium was reached after 24 h of contact time. The optimum values of initial Chromium
concentration, initial pH, temperature and biomass loading are found to be 50mg/I, 2,30°C and
5¢/1 . Under this optimised condition a maximum percentage removal of 92% and specific uptake
of 10mg/g was obtained for Cr(VI) sorption. Equilibrium model fits well with Langmiur and
Freundlich adsorption isotherms.
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1.Introduction:

Heavy metals are usually defined as metals having density more than 5 g/cm3 (Nies
1999). They are classified as essential and non-essential metals. The metals which are need for
normal cellular growth are essential metals e.g. zinc, nickel, copper, etc. Such metals are
required in low concentrations (nM), but at higher concentrations (UM to mM) all heavy metals
have detrimental effects to organisms (Grosse et al .2004). If the metals have no known
biological function, they are called as non-essential metals e.g , lead, cadmium, mercury

(Rehman 2006).
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Removal and recovery of heavy metals are very much important with respect to
environmental and economic considerations . Effluent released from metal plating, mining,
radiator, battery manufacturing, fertilizer and fungicide manufacturing is the main source of
heavy metal contamination (Kadirvelu et al.,2002, Rengaraj et al.2003, Saifuddin and Kumaran,
2005, Barakat, 2011,Marzouk et al.2013, Kyzas and Kostoglou, 2014, Karbassi and Pazoki,
2015). Some of the heavy metals like, Lead, Cadmium, Chromium, Zinc, Nickel, and Mercury
are the most toxic heavy metals which can cause reduced growth and development, nervous
system damage, development of autoimmunity, rheumatoid arthritis, kidney failure, skin and
eyes allergies, respiratory irritation etc., in addition to being carcinogenic ( Park and Jung 2001,
Babel and Kurniawan 2004,Hadi and Bano 2009, Barakat, 2011, Sanghamitra et al. 2012, Abas
etal., 2013).

Conventional physicochemical methods such as electro chemical treatment, ion-
exchange, precipitation, reverse osmosis, evaporation and oxidation/reduction for heavy metal
removal from waste streams are expensive, not eco-friendly and ineffective for metal removal.
Therefore, biosorption could be an interesting alternative in case of large volumes of slightly
polluted solution. The uptake of metals by microbial cells or biological materials do not need the
cell viability and biochemical energy and could include the following mechanisms (i) extra
cellular accumulation/precipitation, (ii) cell surface sorption, complexation or ionic exchange,
(iii) intracellular accumulation after passive diffusion and present generally fast reactions (Brady
etal. 1999, Davis et al.2003).

Parthenium hysterophorus is often found in the open lands, developing residential
colonies, near railway tracks, at the roadsides, at highways, near drainage lines and sewage
plants, at the dumping grounds etc. Due to its high fecundity or growth rate, adaptability in
various environmental conditions and ability to dominate various types of natural habitat it
spreads all over to cover a larger area. . Several adsorption studies were carried out utilizing

Parthenium, the noxious weed (Roy and Shaik 2013).

1.1Equilibrium modelling
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Biosorption isotherms are used to describe equilibrium data and are important for
developing equations that can be used to compare different biosorbents under different
operational conditions. Sorption equilibrium provides fundamental physicochemical data for
evaluating the applicability of sorption processes as a unit operation. Sorption equilibrium is
usually described by an isotherm equation whose parameters express the surface properties and
affinity of the sorbent, at a fixed temperature, pH and initial metal concentration. The simplest
forms of these isotherms are Freundlich and Langmuir isotherms which in most cases are used to

obtain maximum biosorption capacity of the biosorbent.
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Where C, is the initial concentration of metal ions (mg/l),V is the volume of metal solution (l),

W is the weight of biosorbent (g) and C is the final concentration of metal ions (mg/l).

1.1.1The Langmuir Adsorption Isotherm

The equilibrium of the process is often described by fitting the experimental points with
models usually used for the representation of adsorption isothemrms. The Langmuir model
suggests, as a hypothesis, that uptake occurs on a homogeneous surface by monolayer sorption
without interaction between adsorbed molecules. The basic assumptions on which the model is
based are: 1) metal ions are chemically adsorbed at a fixed number of well- defined sites, 2) each
site can hold one sorbate ion, 3) all sites are energetically equivalent and 4) there is no
interaction between ions adsorbed on neighbouring sites. This model is described by the equation
(Zumriye Aksu et al. 1997, Zumriye Aksu 2001):
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where geq and Ceq are the amount of adsorbed metal per unit weight of biosorbent and
unadsorbed metal concentration in solution at equilibrium, respectively. Q° is the maximum
amount of metal per unit weight of biomass to form a complete monolayer on the surface bound
and b is a constant related to the affinity of the binding sites. Q° and b can be determined from a
plot of 1/geqand 1/Ceq.

1.1.2The Freundlich Adsorption Isotherm
The Freundlich model proposes a monolayer sorption with a heterogeneous energetic
distribution of active sites, and with interactions between sorbed molecules, as described by the

equation:
1/n
Oeq = KeCy .. (4)

where Krand n are the Freundlich constants characteristics of the system. Kgand n are
indicators of adsorption capacity and adsorption intensity, respectively. Eq. (4) can be linearized
in logarithmic form and Freundlich constants can be determined. Both models are developed for
a single-layer metal sorption (Zumriye Aksu et al. 1997 , Zumriye Aksu, 2001).

2. Materials and methods
2.1 Preparation of sorbate solution

A 1000 mg/I stock solution of Chromium was prepared by dissolving 2.83 g of potassium
dichromate in double distilled water. The required concentrations of chromium ions were

prepared from the stock solution by dilution method.

2.2 Preparation of the biosorbent

Parthenium leaf powder was used in this study. The Parthenium leaves were obtained
from local area; was washed, dried, and crushed in primary crusher and air dried in sun for
several days until its weight remains constant. After drying, it was crushed in roll crusher and
hammer mills. The material obtained through crushing and grinding was screened through BSS
meshes. Finally the products obtained were stored in glass bottles for further use.
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2.3 Preparation of immobilized biomass beads

Immobilized biomass beads are prepared using 8% (w/v) sodium alginate. A known
amount of biomass (Parthenium leaf) is mixed with sodium alginate and the mixture is
constantly stirred under warm condition until the alginate gets dissolved. The suspension is
dripped into 2% (w/v) calcium chloride solution through a syringe. The beads are stored in

calcium chloride solution for about 30 min before being rinsed in double distilled water.

2.4 Batch biosorption studies

Batch experiments were carried out in Erlenmeyer flasks by adding known amount of
immobilized biomass beads in 100 ml aqueous Potassium dichromate solution. The flasks were
gently agitated on a shaker with a constant shaking rate at 150 rpm for 240 min until equilibrium
sorption was obtained. Samples were taken from the solution at regular time intervals for the
residual metal ion concentration in the solution. The residual concentration of Chromium ions in
the solutions was determined spectrophotometrically at 540 nm using diphenyl carbazide(DPC)
as the complexing agent (APHA, 1994).

The effect of initial Chromium ion concentration on percentage removal of Chromium
was studied by conducting experiments with different initial chromium ion concentrations
namely 50 mg/l, 100 mg/l, 150 mg/l, 200 mg/l and 250 mg/l under identical conditions of
temperature, pH and biomass loading and the experiment was carried out as described above.

The effect of initial pH on percentage removal of Chromium was studied by conducting
experiments with different initial pH namely 2,3,4,5 and 6 under identical conditions of initial
Cr(VI1) ion concentration , temperature and biomass loading and the experiment was carried out
as described above.

The effect of temperature on percentage removal of Chromium was studied by
conducting experiments with different temperature namely 25°C,30°C,35°C and 40°C under
identical conditions of initial Cr(\V1) ion concentration, initial pH and biomass loading and the
experiment was carried out as described above.

The effect of biomass loading on percentage removal of Chromium was studied by

conducting experiments with different biomass load namely 1g/l, 2g/l, 3g/l, 4g/l and 5¢/l under
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identical conditions of initial Cr(VI) ion concentration, initial pH and temperature and the

experiment was carried out as described above.

3.Results and Discussion

The biosorption of metals using immobilized biosorbent in a batch process depends on
both contact time between the adsorbate and adsorbent particles and initial metal ion
concentration. The effect of initial metal ion concentration on contact time, percentage removal
and specific uptake of Chromium was given in Fig 1 and Fig 2 respectively. Fig 1 shows that
equilibrium is attained in 24 h, also the sorption of Chromium on immobilized biosorbent
increases with increasing contact time. The Chromium removal efficiency was affected by the
initial metal ion concentration, with decreasing percentage removal as concentration increases
from 50 mg/l to 250 mg/l. As the initial Chromium concentration increases from 50 mg/l to 250
mg/l, the percentage removal of Chromium decreases from 92 % to 85 % and the specific uptake
of Copper increases from 10 mg/g to 53 mg/g respectively(Fig. 2). At lower initial metal ion
concentrations, sufficient adsorption sites are available for adsorption of metal ions. However, at
higher concentrations the number of metal ions relatively higher compared to availability of
adsorption sites.

The pH dependency of biosorption efficiency could be explained by the functional groups
involved in metal uptake and the metal chemistry. The percentages of metal sorption vary with
pH of the medium which is given in Fig.3. The percentage removal of Chromium decreases from
90% to 63% as the pH increased from 2.0 to 6.0. Biosorption of Chromium was high at acidic
condition. The maximum percentage removal is found to be 90% at pH 2.0 and selected as the
optimum pH. Lower pH favours well for chromium adsorption. In acidic pH, the adsorbent
surface may be protonated and hence the positively charged adsorbent removes higher amounts
of Chromium in the anionic form HCrO4". A maximum percentage removal of 90% Chromium
is obtained at pH 2.0. The percentage removal of chromium decreases gradually from pH 2.0 to
pH 3.0 and afterwards decreases sharply up to pH 6.0. At a higher pH, the surface of the
biosorbent will have hydroxyl groups which will not attract the chromate ions that compete with

the hydroxyl ions.
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The effect of temperature on percentage removal of Chromium was studied in
Erlenmeyer flasks with 100 ml of aqueous Copper solution at different controlled temperatures
namely 25°C, 30°C, 35°C and 40°C. The effect of temperature on percentage removal of Copper
by immobilized biosorbent was given in the Fig.4. A maximum Chromium removal of 69% is
obtained at 30°C because the number of binding sites is more at this temperature. The percentage
removal of Copper by immobilized biosorbent is higher at room temperature and it decreases
with further increase in temperature due to the destruction of the cell walls expected, and a
reduction in Chromium removal is observed.

The effect of biomass loading on percentage removal of Chromium was studied by
conducting the experiments in Erlenmeyer flasks with 100 ml of agueous Chromium solution
with different biomass loading namely 1g/l, 2g/l, 3g/l, 49/l and 5¢g/I. The results of effect of
biomass loading on contact time and percentage removal of Chromium during the biosorption
process are given in Fig.5. It was observed that the percentage removal of Chromium increased
from 62 to 70% as the biomass loading increased from 1 g/l to 5 g/l. At low Chromium
concentration, the ratio of sorptive surface to the total Cr(\V1) ions available is high and nearly all
Chromium ions in solution can be bound and removed. This is mainly due to an increase in the
number of available active adsorption sites and surface area with an increase in biomass loading
and resulting in the increase of adsorbed metal concentration.

The biosorption data is analysed according to the linear form of the Langmuir adsorption
isotherm. The linear adsorption isotherm constants (Q° & b) with the correlation coefficients are
presented in Tablel. The plot of specific sorption (1/geq) against the equilibrium concentration
(1/Ceq) for Copper is shown in Fig.6.

Fig. 6 suggests that the linear equilibrium isotherm is a good model for the sorption of
Chromium. Table 1 shows that the sorption constants, b, and sorption capacity, Q°. The large
value of b implies strong bonding of metals to the immobilized Parthenium hysterophorus powder.
Tablel also shows that a very high regression coefficient is found for Chromium adsorption. The
higher correlation coefficients suggest that the Langmuir adsorption isotherm is found to be linear
over the whole concentration ranges studied with homogeneous surface by monolayer sorption and

provides a suitable model for the sorption of Chromium.
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The biosorption data from is analysed according to the linear form of the Freundlich
adsorption isotherm. The linear Freundlich isotherm plots for the sorption of Chromium on
immobilized Parthenium hysterophrous leaf powder is presented in Fig. 7.

The Freundlich adsorption isotherm constants (Kr & n) are given in Table 1. From Table
1, the Freundlich constants (Kr & n) shows monolayer uptakes of heterogeneous distribution of
active sites of Cr(VI) with lower adsorptive capacity of immobilized Parthenium hysterophrous
leaf powder. The adsorption intensity, n, is greater than unity for Cr(\VI) and indicates that the
forces between the surface layers are repulsive. The high R? values suggest that the Freundlich
adsorption isotherm provides a good model of the sorption system with poor adsorption intensity

for Chromium over the entire ranges of concentration.

——50mg/l —@—100mg/| 150mg/| 200mg/l == 250mg/I

100

PERCENTAGE REMOVAL OF CHROMIUM

60 80 100 120 140 160
TIME(MIN)

Fig. 1. Effect of initial Chromium concentration on Percentage Removal of Chromium by
Parthenium hysterophorus leaf powder
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Fig. 2. Effect of initial Chromium concentration on specific uptake of Chromium by
Parthenium hysterophorus leaf powder
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Fig. 3. Effect of initial pH concentration on Percentage Removal of Chromium by
Parthenium hysterophorus leaf powder
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Fig. 4 Effect of Temperature on Percentage Removal of Chromium by Parthenium

hysterophorus leaf powder
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Fig. 5. Effect of biomass load on Percentage Removal of Chromium by Parthenium

hysterophorus leaf powder
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Fig. 6 Langmuir Adsorption Isotherm for the Biosorption of Chromium
by immobilized Parthenium hysterophorus leaf powder.

0 0.5 1 15 2 2.5 3 3.5

InCeq

Fig. 7 Freundlich Adsorption Isotherm for the Biosorption of Chromium
by immobilized Parthenium hysterophorus leaf powder.
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of Chromium by immobilized

Langmuir constants

Qo(Mg/g) b (I/mg) R’
129.87 0.027 0.9657
Freundlich constants

Kr N R?
4.16 12 0.9775

4.Conclusion

Biosorption experiments were performed as a function of initial metal ion concentration,

pH, temperature and biosorbent dosage. Biosorption was influenced by initial Chromium ion

concentrations and it was found that as the initial Copper concentration increases from 50 mg/I to

250 mg/l, the percentage removal of Copper decreases from 92 % to 85 % and the specific

uptake of Copper increases from 10 mg/g to 53 mg/g respectively. The obtained results showed

that immobilized Parthenium hysterophorus leaf powder was a good adsorbent for the removal

of metal ions and had high adsorption yields for the treatment of aqueous solutions containing

chromium ions. The equilibrium data fitted very well to Langmuir and Freundlich adsorption

isotherm model.

5.References

1. Abas, S.N.A.; Ismail, M.H.S.; Kamal, M.L.; Izhar, S.2013. Adsorption process of heavy metals
by low cost adsorbent: A review. J. World appl. Sci., (28): 1518-1530.
2. APHA, AWWA, (1994), Standard methods for the examination of water and waste water, 19"

Editon, Washington DC

3. Babel, S.; Kurniawan, T.2004. Cr(V1) removal from synthetic wastewater using coconut shell

charcoal and commercial activated carbon modified with oxidizing agent.

Page | 214

Copyright © 2019Authors



Thematics Journal of Geography

10.

11

12.

13.

14.

15.

16.

Page

ISSN:2277-2995
\ol-8-Issue-11-November-2019

Barakat, M.2011. New trends in removing heavy metals from industrial wastewater. Arabian J.
Chem., (4): 361-377

Brady, J.M., Tobin, J.M., Roux, J.C., 1999. Continuous fixed bed biosorption of Cu2+ ions;
application of a simple two parameter mathematical model. J. Chem. Tech. Bio technol. 74, 71—
7.

Brady, J.M., Tobin, J.M., Roux, J.C. 1999. Continuous fixed bed biosorption of Cu2+ ions;
application of a simple two parameter mathematical model. J. Chem. Tech. Bio technol. 74, 71—
7.

Davis, T.A., Volesky, B., Mucci, A. 2003. A review of the biotechnology of heavy metal
biosorption by brown algae. Wat. Res. 37, 4311-4330.

Grosse C, Anton A, Hoffmann T, Franke S, Schleuder G, Nies DH. Identification of a regulatory
pathway that controls the heavy-metal resistance system Czc via promoter czcNp in Ralstonia
metallidurans. Archives of Microbiology. 2004;182(2-3):109-118. DOI: 10.1007/s00203-004-
0670-8

Hadi, F.; Bano, A.2009. Utilization of Parthenium hysterophorus for the remediation of lead-
contaminated soil. Weed Bio. Manage., (9): 307-314.

Kadirvelu, K.; Senthilkumar, P.; Thamaraiselvi, K.; Subburam, V. 2002. Activated carbon
prepared from biomass as adsorbent: elimination Elimination of Ni(ll) from aqueous solution.
Bioresour. Tech., (81): 87-90.

Kadirvelu, K.; Sivasankari, C.; Jambuligam, M.; Pattabhi, S. 2002. Activated carbon from
parthenium as adsorbent: Adsorption of Hg (1) from aqueous solution. Ind. J. Chem. Tech. (9):
499-503.

Karbassi, A.R.; Pazoki, M..2015. Environmental Qualitative assessment of rivers sediments.
Global J. Environ. Sci. Manage., 1(2):109-116.

Kyzas, G.Z.; Kostoglou, M.. 2014. Green adsorbents for waste water: A critical review.
Materials, (7): 333-364.

Marzouk, I.; Chaabane, L.; Dammak, L.; Hamrouni, B., 2013. Application of Donnandialysis
coupled to adsorption onto activated alumina for chromium (V1)

Nies DH. Microbial heavy-metal resistance. Applied Microbiology and Biotechnology.
1999;51:730-750

Nies DH. The elements: Essential and toxic effects on microorganisms. In: Anke K, Ihnat M,
Stoeppler M, editors. Metals and their Compounds in the Environment, Part 1. Weinheim: John

Wiley; 2004 or chitosan. Chemosphere, (54): 951-967.
| 215 Copyright © 2019Authors



Thematics Journal of Geography

17.

18.

19.

20.

21.

22.

23.

24.

25.

ISSN:2277-2995
\ol-8-Issue-11-November-2019

Park, S.; Jung, W.2001. Removal of chromium by activated carbon fibers plated with copper
metal. Carbon Sci., (2): 15-21

Rehman A. Survey of protozoan fauna surviving in stress conditions in industrial wastes and their
role in bioremediation - Ph. D. thesis. Department of Zoology, University of the Punjab, Lahore;
2006

removal. American J. Analytical Chem., (4): 420-425.

Rengaraj, S.; Cheol, J.; Younghun, K.; Jongheop, Yi.2003. Kinetics of removal of chromium
from water and electronic process waste water by ion exchange resins: 1200H, 1500H and
IRN97H. J. Hazard. Mater., (102): 257-275 .

Roy, D.C.; Shaik M.M., 2013. Toxicology, phytochemistry, bioactive compounds and
pharmacology of parthenium hysterophorus. J. Medicinal Plants Studies, (1): 126-141.

Saifuddin, N.; Kumaran, P., 2005. Removal of heavy metal from industrial waste water using
chitosan coated oil palm shell charcoal. Electron. J. Biotech., (8): 43-53.

Sanghamitra, P.; Rao, P.V.V.; Naidu, G.R.K. 2012. Uptake of Zn(l1) by an invasive weed species
parthenium hysterophorus L. Applied Ecology Environ. Res., (10): 267- 290.

Zumriye Aksu.2001. Biosorption of reactive dyes by dried activated sludge: equilibrium and
kinetic modelling, Biochemical Engineering Journal, Vol. 7, pp. 79- 84.

Zumriye Aksu, Unsal Acikel, and Tulin Kutsal.1997. Application of multicomponent adsorption
isotherms to simultaneous biosorption of Iron (111) and chromium (V1) on C.vulgaris. Journal of
Chemical Technology and Biotechnology, Vol. 70, pp. 368-378.

Page | 216 Copyright © 2019Authors



