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Abstract

Industrial waste water affects the quality of the soil. Great efforts have been made to reduce
pollution sources and remediating the polluted soil and water resources. Phytoremediation is
an effective and affordable technological solution used to extract or remove inactive metals
and metal pollutants from contaminated soil and water. This technology is environmental
friendly and potentially cost effective. The common organisms used are bacteria, fungi,
algae, planktons, protozoan and plants. This paper aimed to provide information on the
potential of sunflower in remediating contaminated soil by heavy metals for a period of 30
days, 60 days and 90 days. The results showed that the removal of heavy metals in the
polluted soil varied based on the duration of sunflower plant (30days<60days<90days).The
concentration of accumulated heavy metals levels in the plants tissues (root, stem and leaves)
for the conducted research were ‘‘Leaves>Stems>Roots’’. This shows the potential of the
phytoremediating activity of sunflower for the treatment of contaminated soil by heavy
metals.
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1. Introduction

Soil remediation is the return of soil to a state of ecological stability with regard to the
plants communities it supports or supported prior to the condition /disturbances.
Conventional technologies involve the removal of heavy metals from polluted soils by
transportation to laboratories, soil washing with chemicals to remove toxic elements, and
finally substitute the soil at its original location or disposing it off as hazardous waste 2.
Land and water are natural resources on which the anthropogenic activities and civilization of
mankind depend upon; they have been subjected to maximum exploitation and severely
degraded or polluted due to industrial activities. The pollution includes point sources such as
emission, effluents and solid discharge from industries, vehicle exhaustion and metals from
smelting and mining, and nonpoint sources such as soluble salts (natural and artificial), use of
insecticides/pesticides, disposal of industrial and municipal wastes in agriculture, and
excessive use of fertilizers “*!. Each source of contamination has its own damaging effects
to plants, animals and ultimately to human health, but those that add heavy metals to soils and
waters are of serious concern due to their persistence in the environment and carcinogenicity
to human beings. They are not biodegradable but only converted from one organic complex
state to another &7

Continuous efforts have been made to adopt technologies that are easily affordable for
soils and water to free from pollution. Physicochemical approaches have been widely used
for remediating polluted soil and water, especially at a small scale. A lot of difficulties are
being encounter due to high costs and side effects for a large scale of remediation. The use of
plant species for cleaning polluted soils and waters named as Phytoremediation is a cheaper
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technology. Numerous plant species have been identified and tested for their traits in the
uptake and accumulation of different heavy metals. Mechanisms of metal uptake at whole
plant and cellular levels have been investigated. Progressive attention has been made in the
mechanistic and practical application aspects of Phytoremediation. & % 11141,

Heavy metals that have been identified in the contaminated environment include Cu,
Cd, Pb, Cr, Mn, Fe and Zn. The presence of heavy metals may vary from site to site,
depending upon the source of individual pollutant. Excessive uptake of metals by plants may
produce toxicity in human nutrition, and cause acute and chronic diseases. For instance, Cd
and Zn can lead to acute gastrointestinal and respiratory damages and acute heart, brain and
kidney damages. High concentrations of heavy metals in soil can negatively affect crop
growth, as these metals interfere with metabolic functions in plants, including physiological
and biochemical processes, inhibition of photosynthesis, and respiration and degeneration of
main cell organelles, even leading to death of plants %3],

The techniques of remediating heavy metals from contaminated soils are the most
difficult task, particularly on a large scale. The soil is composed of organic and inorganic
solid constituents, water and mixture of different gases present in various proportions. The
mineral components vary according to parent materials on which the soil had been developed
under a particular set of climatic conditions. Therefore, soils vary enormously in physical,
chemical and biological properties. Soil water movement is controlled by physical properties,
such as soil structure and texture. The soil moisture has great bearing in controlling solute
movement, salt solubility, chemical reactions and microbiological activities and ultimately
the bioavailability of the metal ions. Different approaches have been used or developed to
mitigate/reclaim the heavy metal polluted soils and waters including the landfill/dumping
sites. These may be broadly classified into physicochemical and biological approaches. % %I,

The physicochemical approach includes excavation and burial of the soil at a
hazardous waste site, fixation/inactivation (chemical processing of the soil to immobilize the
metals), leaching by using acid solutions or proprietary leachate to desorbs and leach the
metals from soil followed by the return of clean soil residue to the site, precipitation or
ﬂ?cculation followed by sedimentation, ion exchange, reverse osmosis and microfiltration **

Biological approaches of remediation include: (1) use of microorganisms to detoxify
the metals by valence transformation, extracellular chemical precipitation, or volatilization
[some microorganism can enzymatically reduce a variety of metals in metabolic processes
that are not related to metal assimilation], and (2) use of special type of plants to
decontaminate soil or water by inactivating metals in the rhizosphere or translocating them in
the aerial parts. This approach is called Phytoremediation, which is considered as a new and
highly promising technolo%/ for the reclamation of polluted sites and cheaper than
physicochemical approaches [* 1.

Phytoremediation, also referred to as botanical bioremediation (involves the use of
green plants to decontaminate soils, water, sediments and air; such plants are called pollution
mitigators. It is an emerging technology that can be applied to both organic and inorganic
pollutants present in the soil, water or air "> 21, However, the ability to accumulate heavy
metals varies significantly between species and among cultivars within species, as different
mechanisms of ion uptake are operative in each species, based on their genetic,
morphological, physiological and anatomical characteristics. There are different categories of
bioremediation which include phytoremediation, phytoextraction, phytofiltration,
phytostabilization, phytovolatization and phytodegradation, depending on the mechanisms of
remediation. Phytoremediation is the use of green plants to remove hazardous waste from
contaminated site. Phytoextraction involves the use of plants to remove contaminants from
soil. The metal ion accumulated in the aerial parts that can be removed to dispose or burnt to
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recover metals. Phytofiltration involves the plant roots or seedling for removal of metals from
aqueous wastes. In phytostabilization, the plant roots absorb the pollutants from the soil and
keep them in the rhizosphere, rendering them harmless by preventing them from leaching.
Phytovolatization involves the use of plants to volatilize pollutants from their foliage such as
Se and Hg. Phytodegradation means the use of plants and associated microorganisms to
degrade organic pollutants. Some plants may have one function whereas others can involve
two or more functions of bioremediation [ & 171920, 22]

Sunflower (Helianthus annuus L.) is one of the most promising environmental crops
that is being used in diverse situations for environmental clean-up since it grows very fast,
have large number of biomass and it can hyper accumulate heavy metals #2%. Sunflower has
been a popular ornamental. However, in recent years its importance as environmental crop is
being increasingly recognized, dehulled seeds are used as poultry feed. Agronomic
experiments conducted on a farm research site in India using recycles organic manure from
integrated farming system (cows, goats, poultry, etc...) have substantially increased the
growth and vyield. Agronomic trials in typical Mediterranean climate where winter
precipitation averages about 500 mm, brackish water irrigated sunflower crops performance
and productivity are satisfactory contributing to sustainable agriculture and also find
alternative solution to drought (418221,

This research focus on the phytoremediating activity of sunflower on soil collected
from a contaminated area within Challawa industrial estate to remove heavy metals (Cu, Cd,
Pb, Cr, Mn, Fe, and Zn).The 30, 60 and 90 days period of monitoring were carried out in
greenhouse.

2. Materials and Methods

The study area is Challawa Industrial Estate (Lat.11°52' 41"N,Long.08° 28' 09"E)
515m above sea level. It is located in Kumbotso Local Government area of Kano - State
(Lat.11°59 18.3" N, Long.08°32' 05.8"E) 418m above sea level in the northern part of Nigeria.
Challawa Industrial Estate is one of the place in Kano where most of industrial activities is in
practises amongst are; tanneries, textile, cosmetics, polyvinyl chlorides (PVC) products, food
and packaging industries. The soil sample was collected at a depth of 0-20 cm from the study
site and kept in a big pot plastic container and transported to the laboratory for experimental
analysis. The soil in the plastic container was sealed immediately after collection from the
field such that the soil moisture could be maintained. The soil was incubated in the
greenhouse at a temperature interval of 18-25°C for some weeks. Soil moisture was adjusted
to 80°C of water holding capacity and maintain by periodical addition of water after weighing
the pot. After incubation and bringing the soil to equilibrium, the soil was air-dried, grounded
and sieve to pass through a 2 mm mesh.

The measurement of soil particle size was done by hydrometer method (Day, 1965),
soil organic content by Walkley and Black Method (Olsen & Sommers, 1982), the
exchangeable acidity by NaOH titration method was used (Mclean, 1982), the exchangeable
bases by ammonium acetate method was used (Thomas, 1982), the soil pH was determined
by electronic P™ meter (Mclean, 1982), total nitrogen N was measured by Kjeldal Method
(Bremer, 1996).The total concentration of heavy metals in the experimental and control soil
by Aqua Regia method and measured by Atomic Absorption Spectrophotometry (AAS).

2.1 Phytoremediating Tests

The research was carried out in greenhouse (Figure 3).The sunflower seeds were planted
directly in the contaminated soil. The pots used in this experiment had a surface area of 900
cm?, 500 cm® of industrial effluents were added to each pot with five seeds being planted in
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each. After seeds germination and one of the seedlings in each pot attained a height of 20 cm,
the plants were thinned to one per pot.

The phytoremediating tests were studied for 30, 60 and 90 days respectively of which the soil
moisture content was maintained at 80% of water holding capacity. At the end of 30,60 and
90 days, the plants were harvested for analysis. The plants dry analysis was performed in an
oven at a temperature of 60°C for four days. All the results from the phytoremediating
activity were expressed as an average of triplicate.

Fig.1: Sunflower
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Fig.2: The mechanisms of heavy metals uptake by plant through phytoremediation
technology.
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Fig. 3: Greenhouse’s views

¢“3. Result and Discussion”’

Table 1 and 2 show the physical, chemical and heavy metals present in the experimental soil
and control. The soil was sandy-silty with a P™ of 7.25 in water. The water holding capacity
was low with insignificant clay content. The soil nutrient such as phosphorous and nitrogen
serve as means of nutrition to the plants. Heavy metals in the contaminated soil (Cd, Mn, Cr,
Cu, Fe, Pb and Zn) were beyond the threshold limit compared to WHO standard set for
industrial activities.

After 30, 60 and 90 days of monitoring, the plants were harvested for analyses, the efficiency
of heavy metals removal from the soil by sunflower were 90>60>30 days respectively due to
the duration of the plants in the contaminated soil. The levels of accumulation of heavy
metals in the plants system were represented in (fig.4a, 4b and 4c).The study reveal that
heavy metals were more concentrated in the leaves follow by stem and lastly root as a result
of volatilization, accumulation/degradation (fig.2).According to the study carried out by some
researcher’s shoot biomass and root of sunflower were significant less in contaminated soil.
Heavy metals accumulation and distribution in plants depends on different factor such as
environmental, type of element, chemical form, bioavailability, oxidation-reduction potential,
pH ,cations exchange capacity, solute oxygen, temperature and root distribution 3.

The study conducted by Chen et al *® for 53 days also express the removal of heavy metals
by sunflower for phytoremediation as (Zn=13%,Cu=16%,Cd=23% and Pb=4%) respectively.
Research work was also studied by Usman and Mohamed on using sunflower for soil
phytoremediation for 60 days. They showed that the percentage removal of heavy metals
(Zn=2&4%, Cu=1.6&3%, Cd=2.6&4%, and Pb=0.4&1.3%) were varied X.In this study, the
duration of phytoremediating activity of sunflower on contaminated soil was achieved and
suggestion of sunflower for contaminated soil protection.
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Table 1: Experimental Soil Properties

VALUE UNITS
SOIL CHARACTERISTICS
Soil texture Sand silt
Sand 455 4.32 %
Silt 34.5 3.28 %
Clay 6.75 0.64 %
CEC 40.00
pH 7.24 Molkg™
EC 833.00 ps™
oC 120.00 Mgkg™
Total Nitrogen 6.00
Mgkg™
EXCHANGEABLE CATION
Potassium (K) 0.45 Mgkg™
2.50
Calcium (Ca) 1.60 Mgkg™
0.32
Magnesium (Mg) 1.20 Mgkg™
Sodium (Na) M gkg™
Aluminium (Al) M gkg™
TOTAL HEAVY METALS CONCENTRATION
Iron (Fe) 40.10 Mgkg™
1.60
Manganese (Mn) 13.35 Mgkg™
20.50
Copper (Cu) 25.00 Mgkg™
12.00
Zinc (Zn) 30.00 Mgkg™
Mgkg™
Cadmium (Cd)
Mgkg™
Lead (Pb)
Mgkg™
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Chromium (Cr)

Table 2: Control Soil Properties.

VALUE UNITS
SOIL CHARACTERISTICS
Soil texture Sand silt
Sand 30.50 3.50 %
Silt 25.00 2.90 %
Clay 5.50 0.60 %
CEC 30.00 Molkg™
pH 7.20
EC 700.00 ps™
oC 90.00 Mgkg™
Total Nitrogen 8.00
Mgkg™
EXCHANGEABLE CATION
Potassium (K) 3.00 Mgkg™
4.50
Calcium (Ca) 2.65 Mgkg™
2.50
Magnesium (Mg) 1.60 Mgkg™
Sodium (Na) M gkg™
Aluminium (Al) Mgkg™
TOTAL HEAVY METALS CONCENTRATION
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Iron (Fe) 25.10 Mgkg™
1.00
Manganese (Mn) 10.30 Mgkg™
15.50
Copper (Cu) 15.00 Mgkg™
9.50
zinc (Zn) 20.00 Mgkg™
Cadmium (Cd) Mgkg™
Mgkg™
Lead (Pb)
Mgkg™
Chromium (Cr)

3.5 1

2.5 1 B LEAVE

HSTEM

15 1 = ROOT

0.5 -

Fe Mn Cu Zn Cd Pb Cr

Fig.4a: Accumulation of heavy metals in plant tissues after 30 days.
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Fig.4b: Accumulation of heavy metals in plant tissues after 60 days.
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Fig.4c: Accumulation of heavy metals in plant tissues after 90 days.

Conclusion

Sunflower is regarded as significant plant for phytoremediation of polluted soil by
heavy metals and control their concentration since it has ability to grow very fast, have large
number of biomass and it can hyper accumulate heavy metals. The heavy metals removed
from the contaminated soil were varied based on the duration of sunflower plants in the soil.
Phytoremediating activity of sunflower had proved to be low cost, convenient, and efficient
for the control of polluted soil. However, the application of native and cultivated plants for
the remediating of polluted soils with industrial waste need to be taking into cognisance with
more research and future evaluations.

Acknowledgement

The authors are highly impressed with Dr.J.D Putshaka’a and Eng.P.Y Garba
(Nigerian Institute of Leather and Science Technology, P.M.B 1034,Samaru-
Zaria.Kaduna-State.) for their advice during the research work and Mr. Mustapha,
(Bayero University Kano - State, Department of Agriculture.) for providing necessary
research facilities.

References

A. R. Usman and H. M. Mohamed, “Effect of microbial inoculation and EDTA on the
uptake and translocation of heavy metal by corn and sunflower”, Chemosphere,
vol. 76, pp. 893-899, July 20009.

Chaney RL, Malik M, Li YM, Brown SL, Brewer EP, Scott Angle J, Baker AJM.
Phytoremediation of soil metals. Curr Opin Biotechnol. 1997;8(3):279-284.

Cheng, S. (2003). Heavy metals in plants and phytoremediation. Environ. Sci. and Pollut.
Res., 10 (5), 335-340.

Cristiane D. C. Martins1; Vitor S. Liduinol; Fernando J. S. Oliveira; Eliana Flavia C. Sérvulo
(2014). Phytoremediation of Soil Multi-Contaminated with Hydrocarbons and Heavy
Metals Using Sunflowers. International Journal of Engineering & Technology IJET
IJENS Vol: 14 No: 05.

Cunningham SC, Berti WR. Phytoextraction and Phytostabilization: Technical, Economic,
and Regulatory Considerations of the Soil-Lead Issue. In: Terry N, Banuelos G,
editors. Phytoremediation of Contaminated Soil and Water. Boca Raton, Florida,
USA: Lewis Publishers; 2000. pp. 359-376.

F. Viana, T. M. B. Correia, M. I. Machado, M. P. Zanela, E. M. Pederzolli, P. Baisch and C.
B. Costa, “O uso da fitorremediagdo em area contaminada por residuos da industria
petroquimica” [ The use of phytoremediation in an area contaminated by

IIARD — International Institute of Academic Research and Development




International Journal of Agriculture and Farth Science Vol. 3 No. 5 ISSN 2489-0081 2017 www.iiardpub.org

petrochemical industry wastes]. Petro e Quimica, ed. 310, 2007.

Garbisu C, Alkorta I. Phytoextraction: A cost effective plant-based technology for the

removal of metals from the environment. Biores Technol. 2001; 77(3):229-236.

Gisbert C, Ros R, de Haro A, Walker DJ, Pilar Bernal M, Serrano R, Avino JN. A plant
genetically modified that accumulates Pb is especially promising for

phytoremediation. Biochem Biophys Res Commun. 2003; 303(2):440-445.

H. Chen and T. J. Cutright, “The interactive effects of chelator, fertilizer and rhizobacteria for
enhancing phytoremediation of heavy metal contaminated soil”, Journal of Soils
Sediments, vol. 2, pp. 203-210, Mar. 2002.

Hung-Yu Lai, Shaw-Wei Su, Horng-Yuh Guo and Zueng-Sang Chen (2011). Heavy Metals
Contaminated Soils and Phytoremediation Strategies in Taiwan, Soil Contamination,
MSc Simone Pascucci (Ed.), ISBN: 978-953-307-647-8.

J. Pichtel and P. Liskanen, “Degradation of diesel fuel in rhizosphere soil”, Environmental
Engineering Science, vol. 18, pp. 145-157, Apr. 2001.

J. Zavoda, T. Cutright, J. Szpak and E. Fallon, “Uptake, selectivity and inhibition of
hydroponic treatment of contaminants”, Journal of Environmental Engineering, vol.
127, pp. 502-508, Nov. 2001.

J. Rezek, C. Wiesche, M. Mackova, F. Zadrazil and T. Macek, “The effect of ryegrass
(Lolium perenne) on decrease of PAH content in long term contaminated soil”,
Chemosphere, vol. 70, pp. 1603-1608, Apr. 2008.

Madejon, P., Murillo, J. M., Maranon, T., Cabrera, F. and Soriano, M. A. (2003). Trace
element and nutrient accumulation in sunflower plants two years after the Aznalcollar
mine spill. The Science of the total Environment, 307, 239-257.

Mohammad Igbal Lone, Zhen-li He, Peter J. Stoffella, and Xiao-e Yang Phytoremediation of
heavy metal polluted soils and water: Progresses and perspectives. J Zhejiang Univ
Sci B. 2008 Mar; 9(3): 210-220.

M. C. Tejeda-Agredano, S. Gallego, J. Vila, M. Grifoll, J. J. Ortega-Calvo and M. Cantos,
“Influence of the sunflower rhizosphere on the biodegradation of PAHs in soil”, Soil

Biology & Biochemistry, vol. 57, pp.830-840, Jan. 2013.

McGrath SP, Zhao FJ, Lombi E. Plant and rhizosphere process involved in phytoremediation
of metal-contaminated soils. Plant Soil. 2001;232(1/2):207-214.

N.F.Tam and Y.S Wong, ‘‘Effectiveness of bacterial inoculums and mangrove plants on
remediation of sediment contaminated with polycyclic aromatic hydrocarbons’’,
Marine pollution Bulletin, vol.57, pp.716-726, Jan.2008.

Prasad, M.N.V. (2007).Sunflower (Helianthus annuus 1.) - A potential crop for environmental
industry. HELIA, 30, Nr. 46, p.p. 167-174.

Rajiv K. Sinhal, Dalsukh Valani, Shanu Sinha, Shweta Singh and Sunil Heart.
(2009).Bioremediation of contaminated sites: A low-cost nature’s Biotechnology for
Environmental Clean up by Versatile Microbes, Plants & Earthworms.

Salt DE, Blaylock M, kumar PBAN, Dushenkov V, Ensley BD, Chet L, Raskin L.
Phytoremediation: A novel strategy for the removal of toxic metals from the
environment using plants. Biotechnology. 1995; 13(2):468-474.

Salt DE, Smith RD, Raskin L. Phytoremediation. Ann Rev Plant Phys Plant Mol Biol. 1998;
49(1):643-668.

Schalscha E, Ahumada I. Heavy metals in rivers and soils of central chile. Water Sci
Technol. 1998; 37(8):251-255.

United States Environmental Protection Agency (USEPA). 2000. Introduction to
Phytoremediation.EPA 600/R-99/107. U.S. Environmental Protection Agency,
Office of Research and Development, Cincinnati, OH.

IIARD — International Institute of Academic Research and Development Page 10



http://www.ncbi.nlm.nih.gov/pubmed/?term=Lone%20MI%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=He%20Zl%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stoffella%20PJ%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20Xe%5Bauth%5D

International Journal of Agriculture and Farth Science Vol. 3 No. 5 ISSN 2489-0081 2017 www.iiardpub.org

W.Ling and Y.Gao, ‘‘Promoted dissipation of phenanthrene and pyrene in soils by amaranth
(Amaranthus tricolor L.)’’, Environmental Geology, vol.46, pp.553-560, Dec.2004.

Y. Chen, X. Li and A. Z. Shen, “Leaching and uptake of heavy metals by ten different
species of plants during an EDTA-assisted phytoextraction process”, Chemosphere,
vol. 57, pp. 187-196, Jan. 2004.

IIARD — International Institute of Academic Research and Development Page 11




