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ABSTRACT

Many contaminants (dyes, heavy metals and some inorganic substances) occur naturally through
processes such as the weathering of rocks and human activities including the mining, processing
and smelting of ore, and the nuclear and automotive industries. The release of contaminants,
especially heavy metals to the media without any remediation process, has a very harmful effect
on the environment and human health. Recently, scientists have been researching various
methods to purify heavy metals from wastewater. Adsorption is an efficient method and many of
materials are used as an adsorbent; activated carbons, clays, biopolymers, agricultural wastes etc.
Among them, biosorbents have been preferred as they are cheap, practical, easy to find and
environmentally friendly. In this study, the adsorption potential of Urtica dioica (U. dioica) on the
removal of cadmium, one of the most dangerous poisons for the organisms and their environment,
was investigated. The fact that the plant has low specific weight, rich functional groups and also
lignocellulosic, porous structure led to the idea that it may be suitable for adsorption. U. dioica was
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used without any chemical modification only after being dried and passed through a 0.5 mm sieve.
The effect of pH (4-10), adsorbent dose (0.2-0.8 g) and metal solution concentration (50-150 mgL"
1) on adsorption was investigated. The great adsorption performance of 95% was obtained at pH
10 with 150 mgL™" metal solution concentration and 0.8 g adsorbent dose.

Keywords: Biosorbent; biopolymers; Urtica dioica; chemical modification; cadmium; automotive

industries.

1. INTRODUCTION

Considering the increase in the population, the
increase in the demand for water, irregular rains
and drought, the protection of the existing water
resources is very important. Heavy metals, dyes
and some inorganic substances cause chemical
pollution. Heavy metals are the most important
pollutants in the aquatic media. As a result of
industrial processes such as mining, metal,
paper, plastic and petrochemical processing,
metal, electrode plating, battery manufacturing,
they are released into the environment as waste.
Heavy metals accumulate in the soil and water
and because their structures are stabile to
decomposition, they are very difficult to dispose
of from the environment. It has known that a
limited concentration of heavy metals is
necessary for proper metabolism in living beings.
High concentration of heavy metal causes many
serious problems in both plants and animals.
They also reduce soil fertility [1,2]. The major
heavy metal pollutants are copper (Cu), lead
(Pb), cadmium (Cd), mercury (Hg) and nickel
(Ni).

Cadmium (Cd**) is a non-essential heavy
metal and serious environmental pollutant.
Cadmium has been identified as a human
carcinogen according to The International
Agency for Research on Cancer [3]. cd**
causes inhibition of cell proliferation and
induction of apoptosis in mammalian cells when
it generates mutations in critical genes and/or it
stimulates any of the cellular signals. Cd*" also
damages a variety of biomolecules including
nucleic acids and proteins by producing reactive
oxygen species (ROS) [4,5]. Cd** does not
damage animals but also plants. Because
Cd** inclines inhibiton of photosynthesis,
respiration, nitrogen metabolism as well as the
decrease of water and mineral uptake.
Consequently, Cd*" leads to inhibition of plant
growth [6].

There have been many techniques including
precipitation, solvent extraction, electrochemical

methods, ion exchange, membrane separation
and adsorption for heavy metal removal from
contaminated water [7-9]. Adsorption is the most
advantageous among these techniques with its
economics, design and working flexibility,
efficiency and high-quality purified product [9,10].
The commonly used adsorption materials are
activated carbon, biosorbents, carbon
nanotubes, clays, metal oxides, zeolites.
Although there are many adsorption materials,
biological materials are preferred because of
being cheap, environmentally friendly and
containing chitin, glucan, protein, mannan, etc.
which they provide potential binding sites for
pollutants [11].

U. dioica, usually called as nettle, originated in
South America and spread all over the world.
The nettle is a perennial plant with pointed
leaves and white to yellowish flowers. This plant
of Plantae kingdom belongs to the order Rosales
and family Urticaceae. It has been used as
traditional medicine for anemia, dermatological
disorders, arteritis anti-rheumatism and as a
diuretic, antiviral and anti-proliferative agent [12].
Recently, the researchers have reported that the
nettle includes important minerals, chlorophyll,
amino acids, lecithin, carotenoids, flavonoids,
sterols, tannins and vitamins, scopoletin, sterols,
fatty acids, polysaccharides and isolectins.
Therefore, the nettle has become crucial for
human diet [12-14]. The nettle has soft, resistant
and low specific weight fibres with efficient
absorbent, anti-static, thermoregulatory,
transpiration characteristics, and non-lignified cell
wall [15].

As it is widely found in the world and its structure
is very suitable as a biosorbent material, the
adsorption potential of U. dioica was evaluated in
this study. Biosorbent, U. dioica was used
directly (only dried and ground) without any
chemical modification and effect of some
parameters such as pH (4-10), adsorbent dose
(0.2-0.8 g) and metal solution concentration (50-
150 mgL™') on the removal of cadmium (Cd*")
have been investigated.



2. MATERIALS AND METHODS

2.1 Preparation and Characterization of
the Biosorbent

U. dioica, collected from Giresun in the Black
Sea Region was washed with tap water until
removing the impurities, and then distilled water
for two times. The plant was dried at room
temperature for three days and at 80°C for 48
hours in the incubator. Then, it was ground,
passed through a 0.5 mm sieve and stored in a
dusky glass container with a cover for further
experiments.  Fourier  Transform Infrared
Spectroscopy (FTIR) was used to determine
functional groups of biosorbent in Giresun
University Central Research Laboratory.

2.2 Preparation of Cadmium Nitrate
Cd(NOs), Solution

Cadmium nitrate Cd(NO;3), was supplied from
Sigma-Aldrich Company. The stock solution was
prepared as 1000 mgL'1 (ppm) and the metal
solutions at different concentrations were
prepared by diluting of stock solution. The pH
was adjusted using 0.1 N HNO; and 0.1 N
NaOH.

2.3 Adsorption Experiment

Adsorption experiments were performed by using
the batch method. The certain amounts of
ground U. dioica were added into 50 mL of
cadmium solutions at certain concentrations and
incubated in a shaker incubator at room
temperature, 200 rpm for 3 hours and then the
solutions were centrifuged to separate the liquid
phase. The metal concentration in the liquid
phase was determined by using ICP-OES device
(Inductively Coupled Plasma / Optical Emission
Spectrometer Perkin Elmer Optima 7000 DV) in
Rize Recep Tayyip University Central Research
Laboratory and the operational conditions of ICP-
OES are shown in Table 1. Adsorption
experiments were performed to determine the
effect of parameters such as pH, adsorbent dose
and initial metal concentration on adsorption
efficiency.

The percentage of cd* adsorption and the
amount of Cd** adsorbed at the moment of
equilibrium can be calculated by using Equation
1 and Equation 2.

%Adsorption = C"C;OC“’ x 100 (1)
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qe = COV_V_Ce xV (2)
(co: initial metal concentration (mgL™"), c.: metal
concentration in solution after adsorption, ge: the
adsorbed metal per gram of adsorbent at
equilibrium time (mgg'1), V: the metal solution
volume (L) and w: the adsorbent mass (g).

Table 1. Operational parameters of ICP-OES

Parameter Value

RF incident power 1300 watts
Plasma argon flow rate 15 L/min
Auxiliary argon flow rate 0.2 L/min
Nebulizer argon flow rate 0.8 L/min
Source equilibration delay 15 sec
View distance 15.0 axial

Number of readings per replicate 3

All experiments were fulfilled threefold and the
obtained results were used in data analysis.

3. RESULTS AND DISCUSSION
3.1 Characterization of Biosorbent

The FTIR spectrum is used to determine the
functional groups in the structure of U. dioica,
which helps us explain the interaction between
the adsorbate (metal ions) and the functional
groups in the biosorbent.

When the spectrum was examined, the peak at
893 cm™ indicated aromatic stretching ring and
the peak at 1022 cm” was due to aliphatic
fluorine compound. The peak at 1241 cm”
proved the presence of alcohol, ether, carboxylic
acid or ester. The peak at 1600 cm™ showed C-C
tension in the aromatic ring. The peaks observed
at 2919 cm™ and 3274 cm™' belonged C-H bond
of the alkane and the hydrogen bond in alcohol
or phenol, respectively. The IR spectrum of the
biomaterial has been scanned between 400-
4000 cm™ and these results prove the existence
of various functional groups that can bind metal
ions in the structure of U. dioica during the
adsorption process.

3.2 Adsorption Parameters

3.2.1 The pH effect

pH is an important parameter to control the
adsorption process. The ions in solution are

affected by the pH since the medium in which the
adsorption process will take place in acidic or



basic, that is, due to the strong adhesion of
hydrogen (H) and hydroxyl (OH’) ions to the
surface. Different ions can adsorb at different
pH values in the adsorption process. For
example, cationic ions are expected to adsorb at
high pH values, while anionic ions are expected
to adsorb at low pH values. This is due to the
negative or positive charge of the adsorbate
surface. The effect of the pH parameter varies
according to the characterization of adsorbent
and adsorbed ions and their behaviors in solution
[16,17].

100 ppm, 50 mL Cd solution was batch at pH 4,
6, 8 and 10 for 3 hours with 1 g of U. dioica at
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room temperature. Metal adsorption percentages
were presented in Fig. 2.

As seen in Fig. 2, it is observed that the
percentage of adsorption increases as the pH
value increases and the pH reaches a maximum
of 10. Hydrogen ion concentration is high at low
pH values and it can be adsorbed more than
metal ions. The increase in the pH value can be
explained as the negative loading of the
adsorbent surface due to the increase of the
hydroxyl ion concentration and adsorption
percentage is increase due to the electrostatic
attraction between the negative hydroxyl groups
and positive metal ions [18].
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Fig. 2. The pH effect on the adsorption of Cd(ll)
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Fig. 3. The adsorbent dose effect on the adsorption of Cd(ll)

3.2.2 The adsorbent dose effect

100 ppm, 50 mL Cd solutions were batch at room
temperature with 0.2, 0.4, 0.6, 0.8 g of U. dioica
at pH 10 for 3 hours. Metal adsorption
percentages are given in Fig. 3.

In the experiments, the amount of adsorbent was
studied between 0.2-1.0 g and when 1 g was
used, it was observed that almost all of the metal
was adsorbed. As the number of adsorbent
active surfaces that will bind metal ions increases
as the number of adsorbent increases.

Therefore, the adsorption is increased, too.
When 0.2 g adsorbent was used, the percentage
of adsorption was 47.39% for Cd, this value
reached 91.64% when 0.8 g adsorbent was
used. The excess of the biosorbent amount also
means the excess number of adsorbent active
sites and hence the adsorption rate increases.

3.2.3 The metal concentration effect
The metal solution in 50 mL, pH: 10 was batch

with 0.8 g of U. dioica at room temperature as
seen in Fig. 4.
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Fig. 4. The adsorbent dose effect on the adsorption of Cd(ll)



Adsorption increased as the ion concentration of
the metal solution increased. As the adsorption
will increase with the attraction force
between the metal ions and the active sites on
the adsorbent surface, the increase of the
metal ion concentration increases the adsorption.
This continues until the adsorbent is saturated.

4. CONCLUSION

As a result of rapid industrialization, the increase
in environmental and water pollution have
become a global problem. It is important to
protect limited clean water resources and to
remediate wastewater before releasing the
media. Recently, searches for cheap, easily
applicable, environmentally friendly adsorbents
have become a remarkable research topic.

The fact that U. dioica is widely grown on the
world and has lignocellulosic structure, many
functional groups and harmless effect has shown
that the plant can be used as an adsorbent. It
was applied directly without any chemical
pretreatment and a little dose of adsorbent (0.8
g) was able to enough the adsorption rate above
95% for Cd (ll). Removal of Cd(ll) ions was
increasing with increasing pH value because of
the surface charge of the adsorbent as expected.
It is also explained that at low pH values, H;O"
ions increase in the solution and metal ions are
harder to bind to available adsorbent sites. The
optimum pH value was 10. When initial metal
concentration is increased, adsorbed metal ions
by per amount of adsorbent is increased. Then
the active sites on the adsorbent surface become
filled and adsorption decreases. A significant
increase in adsorption was observed until the
metal concentration was 100 mgL'1, and when
the metal concentration was 150 mgL'1, almost
all of the metal ions were adsorbed. As a result
of our studies, it has been revealed that the U.
dioica, which is used with all parts of the plant in
many areas, can also be used as an ideal
adsorbent.

ACKNOWLEDGEMENTS

This research was supported by Giresun
University with the Project coded: FEN-BAP-A-
160317-52.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

Ertan and Efe; AUJBGE, 2(4): 1-7, 2019; Article no.AJBGE.54605

REFERENCES

1. Marques PASS, Rosa MF, Pinheiro HM.
pH effects on the removal of Cu**, Cd**
and Pb®* from aqueous solution by waste
brewery waste. Bioprocess Biosyst Eng.
2000;23:135-141.

2. Ince M, Ince OK. An overview of
adsorption technique for heavy metal
removal from water/wastewater: A critical
review. Int J Pure Appl Sci. 2017;3(2):10-
19.

3. Waalkes MP. Cadmium carcinogenesis
in review. J Inorg Chem. 2000;79:241-
244,

4. Wang S, Shi X. Molecular mechanism of
metal toxicity and carcinogenesis. Mol Cel
Biochem. 2001;222:3-9.

5. Waisberg M, Joseph P, Hale B,
Beyersmann D. Molecular mechanisms of
cadmium carcinogenesis. Toxicol. 2003;
192:95-117.

6. Deckert J. Cadmium toxicity in plants: Is
there any analogy to its carcinogenic effect
in mammalian cells? Bio Metals. 2005;18:
475-481.

DOI: 10.1007/s10534-005-1245-0

7. O’Connell DW, Birkinshaw C, O’'Dwyer TF.
Heavy metal adsorbents prepared from the
modification of cellulose: A review.
Bioresour Technol. 2008;99:6709-6724.

8. Fu FL, Wang Q. Removal of heavy metal
ions from wastewaters: A review. J Environ
Manage. 2011;92:407-418.

9. Zhou Y, Min Y, Qiao H, Huang Q, Wang E,

Ma T. Improved removal of malachite
green from aqueous solution using
chemically modified cellulose by

anhydride. Int. J Biol Macromol. 2015;74:
271-277.

10. Hua M, Zhang S, Pan B, Zhang W, Lv L,
Zhang Q. Heavy metal removal from
water/wastewater by nanosized metal
oxides: A review. J Hazard Mater.
2012;211-212:317-31.

DOI: 10.1016/j.jhazmat.2011.10.016

11. Ertan B, Efe D. Adsorption properties of
Urtica dioica on colour removal of
malachite green. In: 1% International
technological sciences and  design
symposium, Giresun, Turkey. 2018;107-
115.

12. Krystofova O, Vojtech A, Petr B, Josef
Z, Miroslava B, Ladislav H, Rene K.
Effects of various doses of selenite on
stinging nettle (Urtica dioica L.). Int J



13.

14.

15.

Environ Res Public Health. 2010;7:3804-
3815.

DOI: 10.3390/ijerph7103804

De Clercq E. Current lead natural products
for the chemotherapy of human
immunodeficiency virus (HIV) infection.
Med Res Rev. 2000;20:323-349.

lllek J, Akbay P, Basaran AA, Undeger U,
Basaran N. /n vifro immunomodulatory
activity of flavonoid glycosides from
Urtica dioica L. Phytother Res. 2003;17:4-
37.

Di  Virgilioa N, Papazogloub EG,
Jankauskienec Z, Di Lonardod S, Praczyke
M, Wielgusze K. The potential of stinging
nettle (Urtica dioica L.) as a crop with

16.

17.

18.

Ertan and Efe; AUJBGE, 2(4): 1-7, 2019; Article no.AJBGE.54605

multiple uses. Ind Crops Prod. 2015;68:42-
49.

Metcallf L, Eddy HP. Wastewater
engineering. 3 Ed. Mc Graw Hill NY;
1991.

Keskinler B, Cakici A, Yildiz E. Cevre
muhendisligi temel islemler ve prosesler
ders notlari. Atatlrk Universitesi
Muhendislik Fakiltesi Cevre Muhendisligi
Bolimi Ders Notlari, Erzurum. 1998;35:
148-175.

Aslan S, Bozkurt Z, Tekeli AN. Removal of
Cu (II), Ni (1), Cd (II) and Cr (VI) ions from
aqueous solutions by biosorption
processes. J Eng Nat Sci. 2009;25(2):209-
222.

© 2019 Ertan and Efe; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www. sdiarticle4.com/review-history/54605




