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ABSTRACT
Pollution of the water with toxic heavy metals has been widespread and often causes lost
of huge quantities of water as wastewater. Several techniques have been used for the
removal of these metals. However, most of conventional methods are either ineffective or
noneconomic, especially when used for the reduction of heavy metal ions at low
concentrations. In recent years, the need for efficient and economical methods for the
elimination of heavy metals from contaminated wastewaters has necessitated research
interest toward the production of low cost alternatives to commercially available
adsorption materials. Therefore, there is an urgent need that all possible sources of
inexpensive adsorbents to be explored and their feasibility for the removal of heavy metals
should be studied in detail.
The objective of this research is to study the utilization possibilities of inexpensive
adsorbents for the elimination of heavy metals from wastewater. Agricultural waste byproducts such as Tomato and Eggplants leaves have been used for the elimination of heavy
metals from synthetic wastewater. In the scope of this study, biosorption of heavy metals
Co(II), Cu(II), Fe(II), Ni(II), Pb(II) and Zn(II) using both biosorbents was studied.
Parameters affecting the biosorption process like pH, particle size, metal ion concentration,
agitation time and biosorbent dose have been investigated.
Batch experiments were carried out using the two biosorbents. Initial and final
concentrations of metal were measured using Inductively Coupled Plasma (ICP) and
Spectrophotometry method. The effect of pH on biosorption by Tomato and Eggplant
Leaves was studied by varying the pH of solution from 2 to 10. The result showed the
optimum pH for the removal of Co(II), Cu(II), Fe(II), Ni(II), Pb(II) and Zn(II) was at pH
6.0 except for Cu(II) it was pH 4.0 with maximum removal percentages of 46.73%,
99.55%. 94.91%, 44.57%, 99.56% and 88.21% respectively when using Tomato leaves.
By using Eggplant Leaves, the optimum pH value was 6.0 for all metals with maximum
removal of 73.85%, 97.73%, 98.94%, 65.68%, 97.49% and 85.72%, respectively.
Biosorbents particle size was in the range from 212 to 600 µm in which 212 µm particle
size was found the optimum and used for further experiments. Metal ion concentration was
in the range of 1–3 mg/L and the lower concentration of 1 mg/L gave the maximum
removal for all heavy metals under study. In order to understand the behavior of the
biosorption process with change in contact time and biosorbent dose; Iron metal was
chosen as a model. The effect of time on the process of biosorption, the agitation period
iv

was varied from 0 to 120 min. The results of contact time showed that with time elapse the
removal efficiency increase till equilibrium time achieved with maximum removal 94.95%
for Tomato Leaves and 98.90% for Eggplant Leaves which obtained after 60 minutes of
contact time. The variation in biosorbent dose was studied using biosorbent dose ranging
from 20 to 120 mg. Results illustrate that with increase in biosorbent dose the removal
increase until point of equilibrium reached beyond any increase in dose will not cause
change in removal capacity. Maximum removal efficiency occurred at 60 mg of biosorbent
dose for both biosorbents with removal efficiency 95.34% and 99.18%, for Tomato and
Eggplant Leaves respectively.
Maximum biosorption efficiency was observed in the order of Pb(II) > Cu(II) > Fe(II) >
Zn(II) > Co(II) > Ni(II) by leaves of Tomato, while the biosorption capacity by using
Eggplant Leaves took the order of Fe(II) > Cu(II) > Pb(II) > Zn(II) > Co(II) > Ni(II).
High adsorption capacity of the tested heavy metals even at low concentrations range of 1–
3 mg/l makes Tomato and Eggplant Leaves preferable and very attractive alternative
adsorption material. This field may be therefore utilized by developing countries to remove
or at least alleviate the impacts of contaminated wastewater pollution on the environment.

Key words: Heavy metals, synthetic wastewater, biosorption, agricultural waste, pH,
biosorbents Particle size, Initial ion concentration, ICP, Spectrophotometry.
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الملخص
يعتبر تلوث المياه بالمعادن الثقيلة السامة مشكلة واسعة ال نتشار ،و التي تتسبب بإهدار كميات كبيرة من المياه على صورة
مياه عادمة .هناك طرق مختلفة ل زالة المعادن الثقيلة من المياه العادمة ،و لكن هذه التقنيات تفتقر إما للكفاءة أو
القتصادية خصوصا عند استخدامها في إزالة تراكيز منخفضة من المعادن .في السنوات األخيرة ،الحاجة لطرق فعالة و
اقتصادية في تقليل تراكيز المعادن الثقيلة -في المياه الملوثة بها -عزز الهتمام بالبحث في اتجاه إنتاج بدائل رخيصة الثمن
للمواد التقليدية المستخدمة في عملية الدمصاص لهذه المعادن .لذلك؛ هنالك حاجة ملحة لدراسات معمقة لستغالل كل
مصادر الحصول على مواد امتزاز رخيصة الثمن و اختبار كفاءة و جدوى استخدامها في إزالة المعادن الثقيلة.
يهدف هذا البحث إلى دراسة إمكانية استغالل ممتزات رخيصة الثمن لتقليل تراكيز المعادن الثقيلة في المياه العادمة .المخلفات
الزراعية مثل أوراق البندورة و أوراق الباذنجان -في هذا البحث -تم استخدامها من أجل تقليل تراكيز المعادن الثقيلة من مياه
عادمة مصنعة .لقد تم دراسة المتزاز الحيوي للمعادن الثقيلة الكوبلت ،النحاس ،الحديد ،النايكل ،الرصاص ،الزنك باستخدام

ِكال النوعين من الممتزات الحيوية بالتحقق من العوامل المؤثرة على عملية المتزاز الحيوي مثل :الرقم الهيدروجيني ) (pHو
الحجم الحبيبي و تركيز المعادن األساسي بالضافة الى عاملي الوقت و كمية الممتز الحيوي.
التجارب تمت بطريقة الدفعة ) (Batchل زالة المعادن المذكورة آنفا باستخدام كال النوعين من الممتزات الحيوية ،و قد تم
تحديد التراكيز األساسية و النهائية للمعادن باستخدام جهاز المقياس البالزمي الحثي ) ، (ICPوأيضا قياس الطيف الضوئي.
أظهرت دراسة تأثير تغير الرقم الهيدوجيني في المدى من  2إلى  10على عملية ال زالة باستخدام أوراق البندورة و أوراق
الباذنجان أن أفضل رقم هي دروجيني ل زالة العناصر (الكوبلت ،النحاس ،الحديد ،النايكل ،الرصاص ،الزنك) هو  6.0لجميع
العناصر ما عدا النحاس كان عند رقم هيدروجيني  ،4.0و أعلى نسبة مئوية لإل زالة كانت (،%99.55 ،%46.73
 ) %88.21 ،%99.56 ،%44.57 ،%94.91على الترتيب ،بينما باستخدام أوراق الباذنجان كان أفضل رقم هيدروجيني
هو  6.0لجميع العناصر ،و أعلى نسبة مئوية لإل زالة كانت (،%97.49 ،%65.68 ،%98.94 ،%97.73 ،%73.85
 )%85.72على الترتيب.
عند دراسة تأثير تغير التدرج الحبيبي الذي تم في المدى من  212إلى  600ميكروميتر أظهرت النتائج أن أفضل إزالة كانت
عند استخدام الحجم الحبيبي األصغر  212ميكروميتر و الذي تم استخدامه في التجارب الالحقة.
كما أن دراسة أثر تغير التركيز األساسي على إزالة المعادن و الذي تم في المدى  3-1ملغم /لتر أظهر أن أفضل إزالة كانت
عند استخدام تركيز  1ملغم /لتر للمعادن الثقيلة المذكورة.
و من أجل فهم سلوك عملية المتزاز مع التغير في زمن الحتكاك بين الممتز الحيوي و المعدن و وكذلك أثر تغيير جرعة
الممتز الحيوي ،تم اختيار معدن الحديد كنموذج.
تراوح الزمن المدروس بين  120-0دقيقة ،و عليه أظهرت النتائج أنه مع مرور الوقت زادت كفاءة ال زالة حتى وقت التزان
والذي حقق أقصى إزالة بمعدل  ٪94.95ألوراق الطماطم و  %98.90ألوراق الباذنجان و الذي تم الحصول عليه بعد 60
دقيقة.
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كما تراوحت جرعة الممتز الحيوي المستخدمة بين  20إلى  120ملغرام .و عليه أوضحت النتائج أنه مع الزيادة في جرعة
الممتز الحيوي زادت ال زالة حتى نقطة التزان والتي بعدها لم ُيحدث أي زيادة في جرعة الممتز أي تغيير في قدرة ال زالة .وقد
حدثت أقصى كفاءة إزالة عند  60ملغرام من جرعة الممتز الحيوي  -لكال الممتزين الحيويين المستخدمين في هذا البحث -
مع كفاءة إزالة  ٪95.34و  ،٪99.18عند استخدام أوراق الطماطم والباذنجان على التوالي.
أيضا أظهرت النتائج أن أعلى إزالة للمعادن الثقيلة باستخدام أوراق البندورة كان الترتيب التالي :الرصاص<النحاس< الحديد<
الزنك<الكوبلت<النايكل ،بينما في أوراق الباذنجان كان الترتيب التالي :الحديد<النحاس<الرصاص<الزنك<الكوبلت<النايكل.
إن القدرة العالية التي أظهرتها الممتزات الحيوية في إزالة المعادن الثقيلة المختبرة في هذا البحث -حتى التراكيز القليلة 3-1
ملغم /لتر -يجعل من أوراق البندورة و أوراق الباذنجان وسائل معالجة بديلة قوية و فعالة ،مما يحفز استخدامها خصوصا في
الدول النامية من أجل إزالة أو على األقل تخفيف تأثير المعادن الثقيلة في المياه العادمة على البيئة.
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CHAPTER 1: INTRODUCTION

Chapter 1: Introduction
1.1 Background
Massive human and industrial growth have changed the pristine condition of the
environment toward a worse condition. The need to fulfill the basic necessities of human’s
massive urbanization in the industrial sector as well as the modern agriculture sector has
impacted the entire world. These sectors have become sources of pollutants for nature.
Environmental pollution has become a prime debate for all the nations worldwide, as both
the developed/ing countries sustain its desperate effects. These pollutants appear within
different sources as air for breathing, water for drinking, ground where for food crops
cultivation, and even as increasing noise we hear everyday all contribute to health
problems and lower quality of life. Among all the environmental pollutions, pollution of
water resources is a matter of great concern for human; since it is directly linked with
human welfare.
Water, a precious resource sustains all forms of life on the earth. The accessibility of clean
water to the human populations is of topmost importance throughout the eons, especially,
in the recent years. A report by UN disclosed that nearly one billion people do not have
access to the safe drinking water in third world countries (GLAAS, 2012). As the world
population increases, water consumption also increases. The problem does not stop at this
point, Nay, it is predicted that more than half of the world population will be facing waterbased vulnerability or a water crisis by 2025 (Rijsberman, 2006). Though, the water access
is gradually increasing but the access toward uncontamintated water still limited. There are
several causes of the water crisis and these include: (i) limited access to safe drinking
water due to contamination of water resources, (ii) groundwater over pumping for
domestic and irrigation purposes, and (iii) regional conflicts over common water
resources…etc. The deficiency of clean water also negatively impacts on biodiversity and
aquatic life on the earth. Increasing contamination of aquatic sources with large number of
pollutants is not only endangering the aquatic biota but creating a worldwide shortage of
recreational waters (Rais et al., 2005). In the recent global context, water pollution is a key
crisis for safe drinking water and has even been recommended to be the leading cause of
death and disease worldwide (UNESCO, 2012). Fresh water is already a limited resource
in many parts of the world. This limitation is caused not just by increased demand for
water, but also by pollution of freshwater.
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1.2 Heavy Metals
Metals are a natural part of the environment and an important part of our daily lives. For
example, about 600 kg/person of metals including iron-steel, aluminum, copper, lead, zinc,
manganese, cadmium and many others are used annually in United States (Jeffery, 2001).
Metals are used in many simple things we see around us such as batteries, clothes, cars,
computers, paints –in short, everywhere in the modern world. This high demand requires a
large quantity of metal production through ore mining industries.
Cumulative anthropogenic release of heavy metals into the environment has disrupted the
natural biogeochemical cycles of metals causing increased deposition of heavy metals in
soils and aquatic ecosystems. On the other hand, release of these metals from industrial
waste streams to the environment without proper treatment has become of a great global
environmental concern today (Alluri et al., 2007). The term “heavy metals” is widely used
in the literature to categorize the group of metals that have potential toxicity (Duffus,
2002). There are different definitions of heavy metals based on density, atomic number,
atomic weight and some on chemical properties. At least 20 out of 70 metals in the
periodic table are classified as toxic and half of these are emitted into the environment in
quantities that have an environmental adverse effect (Jeffery, 2001). Heavy metals can
include elements lighter than carbon and can exclude some of the heaviest metals. Heavy
metals occur naturally with large variations in concentration. To sum up, the term heavy
metals refers to any metallic chemical element that has a relatively high density. The
density of heavy metals is usually more than 5.0 g/cm3. Examples of heavy metals include
mercury (Hg), cadmium (Cd), arsenic (As), chromium (Cr), thallium (Tl), lead (Pb),
Copper (Cu), Zinc (Zn), Cobalt (Co), Nickel (Ni), and Iron (Fe). These metals are
classified into three categories: toxic metals such as Hg, Cr, Pb, Zn, Cu, Ni, Cd, As, Co,
Sn, etc. precious metals such as Pd, Pt, Ag, Au, Ru etc. and radionuclides such as U, Th,
Ra, Am, etc. (Volesky, 1990; USEPA, 2002). According to Goldschmidt’s geochemical
classification of elements (Goldschmidt, 1954), most of the elements that have toxic
properties belong to a group termed as ‘Chalcophiles’ that have affinity to sulfur. This
property causes adverse effects on human as the protein molecules in the living things that
contain sulfur can bind with these metals so that can prevent replication of DNA and cell
divisions (Alluri et al., 2007).
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1.2.1 Toxicity of heavy metals
The presence of potentially toxic heavy metals in the environment is of very much
concern, primarily due to their non-biodegradability and persistence in the environment
(Volesky, 1999). Heavy metals enter the environment through several different ways
which may be natural and/or anthropogenic activities. Both sources of heavy meatal
pollution whether anthropogenic sources or natural sources can easily disperse into
different environment compartments and create local conditions of elevated metal
concentrations causing disastrous effects on human and environmental health (Wang,
2010). For instance, weathering of rocks naturally produces accountable heavy metals,
industrialization produce and discharge wastes containing different heavy metals into the
environment, metals like lead, cadmium, zinc and copper contamination in wastewater
mainly comes from manmade sources like battery, electronics, paper and pulp industries,
metal fabrication and mining activities, smelting, electrolyzing, drug manufacturing, paint
preparation, surface finishing industry, fuel production, fertilizer and pesticide industry
and

application,

alloy

manufacturing,

galvanizing,

printing,

dyeing,

ceramics

manufacturing and inorganic dyestuff preparation, power generation, electroplating,
electrolysis, electro-osmosis, leatherworking, photography, aerospace and atomic energy
installation etc. (Liu et al., 2008; Volesky, 2007).
Unlike organic pollutants, heavy metals, being nonbiodegradable, pose a different kind of
challenge for remediation and accumulate at various trophic levels through food chain.
Untreated and uncontrolled discharge of metal containing wastewaters into the natural
environment could be toxic to humans, animals, plants, and to urban ecosystems (Ahmad
et al., 2010). Low levels of heavy metals could be acted as toxic (Kusvuran et al., 2012)
and absorbed to the body of living organisms (Gavrilescu, 2004).
Heavy metals can enter human bodies through the food chain, leading to an increased
incidence of chronic diseases such as deformity and cancer (Müller and Anke 1994).
Enhanced by that, studies have shown that fruit and vegetable consumption is the primary
pathway of human exposure to heavy metals (Adamsa et al. 2004).
Heavy metals concentrate in food chains through bioaccumulation, notably mercury and
cadmium can cause human health problems (Burger and Gochfeld, 2004). To a small
extent, a trace element of these heavy metals, for example, cobalt, copper, iron, selenium,
and zinc are required as nutrients for balanced growth and essential to maintain the
metabolism of the human body. However, high dosage of heavy metals may cause toxicity
that is acute, chronic, synergistic, or mutagenic/teratogenic (Burger and Gochfeld, 2004).
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For example, an increase in the intake of Cupper, can cause health problems such as
gastrointestinal disturbance, liver and kidney failure, Wilson's disease and insomnia to
human, while high Cadmium intake can lead to birth defects, kidney damage, renal
disorder, Itai-Itai disease, hepatic damage, cancer, and hypertension (Han et al., 2009).
The central nervous system is one of the main parts of the human body that can be affected
by the presence and accumulation of most of toxic metals (Wang, 2010). Among these
elements, mercury, lead and cadmium are termed as ‘the big three’ due to their severe
toxicity and their adverse impact on the environment health (Volesky and Prasetyo, 1994).
Heavy metals that pose risks to environment and human health are also listed in two
groups by Wase and Forster (1997): black and grey. Black list contains elements that are
very toxic (Hg, Cd) and priority should be given for their elimination from wastewater.
The grey list (Pb, Cu, Zn, Ni and Cr) contains metals that are toxic but less harmful than
black group.
Heavy metals have a harmful effect on human physiology and other biological systems
when they exceed the tolerance levels (Kobya et al., 2005). The toxicity may damage or
reduce mental and central nervous functions, lower energy levels, and damage blood
composition, lungs, kidneys, liver, and other vital organs (Lussier et al., 1985) for
example, Lead has no essential function to the human body but has several unwanted
effects causes many serious disorders like encephalopathy, seizures and mental retardation,
anemia, reduces hemoglobin production, kidney disease, nervous disorders, and even
death, it heads the toxic element list. Similarly, Zink has little uses for plants but not for
human and it could create some severe effects such as depression, lethargy, neurologic
signs such as seizures and ataxia, and increased thirst (Karthika, et al., 2010; Qaiser et al.,
2007). So that, long-term exposure of toxic heavy metals may cause various cancers,
Parkinson’s disease, muscular dystrophy, multiple sclerosis, and neurological degenerative
processes (e.g., Alzheimer’s disease) (ul Islam et al., 2007).
In addition, the presence of heavy metals at higher levels in surface and groundwater
ecosystem also inhibits the growth of aqueous organism and stops any beneficial use of the
water bodies (Kurniawan et al., 2006). Metal behavior in the aquatic (streams, lakes and
rivers) environment is surprisingly similar to that outside a water body. Stream bed
sediments exhibit the same binding characteristics found in the normal soil environment.
As a result, many heavy metals tend to be sequestered at the bottom of water bodies. Some
of these metals will dissolve. The aquatic environment is more susceptible to the harmful
effects of heavy metal pollution because aquatic organisms are in close and prolonged
4
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contact with the soluble metals. These metal ions, and their supplementary complexes,
could accumulate in the body of fishes and other aquatic organisms, and finally could
reach to the human body through the drink and food chains (Hu et al., 2007). In time the
metals concentration increases in all levels of the food chain and transfer to the higher
levels of the food chain, phenomenon known as bio-magnification (Alluri et al., 2007).
Removal of heavy metal ions from wastewater is now a subject of major concern for all
aspects especially industrial and environmental protection agencies all over the world.
Hence, it is crucial to control the level of heavy metals in wastewaters before its release
into the nature environment

1.3 Techniques for removal of heavy metals from wastewater
Heavy metal removal is a serious research concern among researchers and technologists in
the industrialized as well as in the developing world where the discharge of heavy metal is
gradually increasing (Al-Rub, 2006). The commonly used methods for removing metal
ions from aqueous streams include physical, chemical and biological methods used
separately or inclusively based on need. However, current methods for removal of heavy
metals from aqueous solution effluents is usually achieved by using conventional
adsorbents, such as activated carbon, polymer resins, synthetic coagulants, and other
materials in processes such as chemical precipitation, chemical oxidation or reduction,
electrochemical treatment, evaporation, filtration, reverse osmosis, ion exchange, and
membrane technologies (Das et al., 2008). Brief description of each method is presented
below.

1.3.1 Physical methods
1.3.1.1 Evaporators
Evaporators are chief and easy methods which are used to concentrate and recover
valuable plating chemicals and metals (Gregory, 1993). Many of the evaporators in use
also permit the recovery of the condensed steam for recycle as rinse water. Four types of
evaporators are used (Baek et al., 2005) (i) Rising film evaporators; (ii) Flash evaporators
using waste heat; (iii) submerged tube evaporators; (iv) atmospheric evaporators.
Evaporation is an easy, maintenance-free, reliable and commonly applicable process. The
main disadvantages are high-energy consumption and undesirable constituents in the
recycled bath (Peters et al., 1985).
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1.3.1.2 Precipitation
Precipitation is the most common method for removing toxic heavy metals up to parts per
million (ppm) levels from water. Since some metal salts are insoluble in water are
precipitated when the correct anion is added. Precipitation is a chemical process in which
soluble chemicals are removed from solution by the addition of a reagent with which they
react to form a (solid) precipitate. This precipitate can then be removed by standard
flocculation, sedimentation, and/or filtration processes (Kurniawan et al., 2006). Lime and
caustic soda are common sources of hydroxide (OH-) ions. OH- ions combine with ions of
some metals to form insoluble metal hydroxides (precipitation) (Srivastava and Majumder,
2008).Precipitation processes produce a sludge that may have to be managed as hazardous
waste due to the presence of concentrated heavy metals. Disposal costs for these sludge
may therefore be significant.

1.3.1.3 Cementation
Cementation is another type of precipitation method using an electrochemical mechanism
in which a metal having a higher oxidation potential passes into solution e.g. oxidation of
metallic iron, Fe (0) to Fe (II) to replace a metal having a lower oxidation potential.
Copper is most frequently separated by cementation along with noble metals such as Ag,
Au and Pb as well as As, Cd, Ga, Pb, Sb and Sn which can be recovered in this manner
(Case, 1974). In this method a metal is displaced from solution by a metal higher in the
electromotive series. It offers an attractive possibility for treating any wastewater
containing reducible metallic ions. In practice, a considerable spread in the electromotive
force between metals is necessary to ensure adequate cementation capability. Due to its
low cost and ready availability, scrap iron is the metal used often. Cementation is
especially suitable for small wastewater flow because a long contact time is required.
Some common examples of cementation in wastewater treatment include the precipitation
of copper from printed etching solutions and the reduction of Cr (VI) in chromium plating
and chromate-inhibited cooling water discharges (Brown et al., 2000). Removal and
recovery of lead ions by cementation on an iron sphere packed bed has been reported
(Kadirvelu and Namasivayam, 2000).
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1.3.1.4 Ion-exchange
Ion exchange processes involve the displacement of a given ion from an insoluble
exchange material by other ionic species in solution (Kurniawan et al., 2006). The most
common use of this process is in domestic water softening. Prior to ion exchange, the
leachate needs to be clarified by coagulation/flocculation/precipitation to remove
suspended solids and non-aqueous liquids. Ion exchange is generally not recommended for
any leachate containing over 2500 mg/l of dissolved solids (Dabrowski et al., 2004). The
disadvantages include high cost and partial removal of certain ions. It is a method used
successfully in the industry for the removal of heavy metals from effluents. Though it is
relatively expensive as compared to the other methods, it has the ability to achieve ppb
levels of clean up while handling a relatively large volume. An ion exchanger is a solid
capable of exchanging either cations or anions from the surrounding materials. Commonly
used matrices for ion exchange are synthetic organic ion exchange resins. The
disadvantage of this method is that it cannot handle concentrated metal solution as the
matrix gets easily fouled by organics and other solids in the wastewater. Moreover ion
exchange is non-selective and is highly sensitive to pH of the solution (Dabrowski et al.,
2004). A major drawback with precipitation is sludge production. Ion exchange is
considered a better alternative technique for such a purpose. However, it is not
economically appealing because of high operational cost. Nevertheless, apart from their
cost, which can be prohibitive especially to smaller processing plants, resins are vulnerable
to oxidation by chemicals, are affected by the presence of magnesium or calcium ions in
solution, and are prone to fouling by precipitates and organics (Kaewsarn, 2002).

1.3.1.5 Commercial activated carbon (CAC)
Historically, activated carbon was the primary adsorbent of use because of its high
capacity for removal of various pollutants (Jambulingam et al., 2007). Adsorption using
commercial activated carbon can remove heavy metals from wastewater, such as Cd and
Cu (Monser and Adhoum, 2002). Activated carbon adsorption has been cited by the US
Environmental Protection Agency as one of the best available control technologies
(Derbyshire et al., 2001). However, although activated carbon is a preferred sorbent, its
widespread use is restricted due to high cost. In order to decrease the cost of treatment,
attempts have been made to find inexpensive alternative adsorbents. Moreover, it requires
pre-treatment process to reduce suspended solid concentration in solution to prevent
fouling or channeling (Caeiro et al., 2005).
7
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1.3.1.6 Membrane process
The use of membrane technology for metal removal has got considerable attention in many
industries. Ultrafiltration can be used to remove water from wastewater containing
emulsified oil, and exclude the metal particles. However, ultrafiltration membranes need to
be cleaned and back-flushed regularly to operate efficiently and replaced periodically
(Robinson et al., 2004). Reverse osmosis (RO) requires high-quality feed for efficient
operation, thus wastewater must be treated to remove solids prior to RO treatment.
Application of membrane technology to metal-bearing waste streams has several major
drawbacks. Apart from the expense, membranes are also unable to resist certain types of
chemicals and pH values and are prone to deterioration in the presence of microorganisms.
Membrane fouling, compaction, scaling, limited life of membranes, dissolution of the
membrane by oxidized agents, solvents and other organic compounds, and applicability
only to feed streams with low concentrations of metal ions are major limitations associated
with the use of membrane technologies (Ramalho, 1977). Membrane processes usually
consist of microfiltration, ultrafiltration, nanofiltration and reverse osmosis. The basis of
these processes is that higher molecular weight organics cannot pass through when
pressured wastewater is forced through the membrane (Belfort, 1984). Reverse osmosis
systems are the most widely used membrane process for leachate treatment (Radjenoviü et
al., 2008).
1.3.1.7 Electrodialysis
Electrodialysis is a process that efficiently maintains a low metal ion concentration in the
anodizing bath solution by transporting metal ions from the bath solution through a
selective membrane into a capture media using an electrical current to induce flow (Chao
and Liang, 2008). In this process, the ionic components (heavy metals) are separated
through the use of semi-permeable ion-selective membranes. Application of an electric
potential between the two electrodes causes the migration of cations and anions towards
respective electrodes. Because of the alternate spacing of cation and anion permeable
membranes, cells of concentrated and dilute salts are formed (Marder et al., 2004).
The disadvantage is the formation of metal hydroxides, which clog the membrane and thus
cost involved is high (Mohammadi et al., 2005). Also, this process is a highly energy
dependent and labor-intensive process. Moreover, this process involves moderately high
capital cost, increases in the number of possible exposures with regard to the handling of
hazardous waste, and must be able to locate a company that will recover and reclaim
metals from the sludge (Jakobsen et al., 2004).
8
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1.3.1.8 Flocculation and coagulation
The coagulation-flocculation processes facilitate the removal of suspended solids, colloidal
particles. It is used in the final stage of solids-liquids separation. Coagulation is the
destabilization of colloidal particles brought about by the addition of a chemical reagent
called a coagulant. Flocculation is the agglomeration of destabilized particles into
microflocs and after into bulky floccules that can be settled called floc (Golob et al., 2005).
Flocculation is the slow stirring or gentle agitation to aggregate the destabilized particles
and form a rapid settling floc. This technique has been known to be capable of removing
heavy metals from solution. The EPA investigated the use of lime softening and
coagulation (using ferric sulfate or alum) for removal of heavy metals as Pb2+, Cd2+, Cr3+,
Cr6+, etc (Amuda and Amoo, 2007).

1.3.1.9 Flotation
Flotation is considered a well-established unit operation in the field of mineral and
environmental technology. It also has been practiced for the separation of biological
materials, such as algae from drinking water sources, mainly due to their small size and
density (Rubio et al., 2002). Flotation, following metal biosorption, was proved to be a
useful and effective separation method of metal-loaded biomass, producing efficient
removals, usually over 95% (Mavrov et al., 2003). The main critical parameters are
solution pH and ionic strength. The different techniques, such as foam or bubble
fractionation, foam separation or froth flotation, were examined for the separation of
metal-loaded baker’s yeast Saccharomyces cerevisiae (Zouboulis et al., 2001).

1.3.2 Chemical methods and processes
1.3.2.1 Chemical precipitation
Precipitation of metals is achieved by the addition of coagulants such as alum, lime, iron
salts and other organic polymers. The large amount of sludge containing toxic compounds
produced during the process is the main disadvantage (Kurniawan et al., 2006). The most
commonly used inorganic chemicals in chemical precipitation include aluminium chloride,
calcium hydroxide (lime) and ferric chloride (Tchobanoglous and Burton, 2003). The most
commonly used precipitation technique is hydroxide treatment due to its relative
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simplicity, low cost of precipitant, and ease of automatic pH control. Hydroxide
precipitates tend to resolubilize if the solution pH is changed, but the removal of mixed
metal wastes may not be effective because the minimum solubility for different metals
occur at different pH condition (Charerntanyarak, 1999). Carbonate precipitation and
Sulphide precipitation has also been used for the treatment of metal containing wastewater.
Generally, precipitation has been widely used for its simplicity, but has two drawbacks: it
usually results in a net increase in the total dissolved solids of the wastewater being
treated, and a large amount of sludge requiring treatment, which, in turn, may contain toxic
compounds that may be difficult to treat (Matlock et al., 2002).

1.3.3 Biological methods
Apart from the conventional removal processes, in recent years, there has been developed
trend toward the implementation of biological treatment schemes. These take advantage of
naturally occurring geochemical and biological processes to improve water quality with
minimal operation and maintenance requirements. Biological removal includes the use of
microorganisms (fungi, algae, bacteria) and plants (live or dead) and may provide a
suitable means for heavy metals treatment from wastewater.

1.3.3.1 Heavy metals sorption by microorganisms
A huge number of microorganism groups such as bacteria, fungi, yeasts, cyanobacteria and
algae etc. have been reported in literature for adsorption of heavy metals. Micro-organisms
and fungal biomass produce a high percentage of cell wall material, which shows
outstanding metals adsorption properties (Vieira and Volesky, 2010).
Most of the studies reported in literatures have been carried out with living
microorganisms for metals sorption. Living microorganisms can bind heavy metals
actively in intracellular accumulation, extracellular precipitation and chemically. Passively
the heavy metals can be bound by extracellular complexation of metal, by substances
excreted by cells, binding of heavy metals to active groups of chemical compounds of cell
walls and membranes (Macaskie et al., 1996). However, heavy metal removal and
recovery using living microorganisms are not reasonable; due to certain restrictive
disadvantages. For instance, effluents which contain toxic metals are destructive and
inhibiting conditions for growth and maintenance of an active microbial population.
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1.3.3.2 Heavy metals sorption by agricultural products
Distant from the microbial sources, hyper-accumulator plants are of prime interests for
researcher for metals removal because they are capable of accumulating potentially toxic
metals in their body at a significant level (Chehregani et al., 2009). even non-living
agricultural products such as wool, rice, straw, coconut husks, peat moss, exhausted coffee
(Dakiky et al., 2002), waste tea (Ahluwalia and Goyal, 2005), walnut skin, coconut fiber,
cork biomass (Chubar et al., 2003), seeds of Ocimumbasilicum (Melo and D'Souza, 2004),
defatted rice bran, rice hulls, soybean hulls and cotton seed hulls (Khan et al., 2004), wheat
bran, hardwood (Dalbergia sissoo) sawdust, pea pod, cotton and mustard seed cakes,
(Saeed et al., 2009) have also proven to be good biomass sources. In many cases, sorption
by dead biomass is more efficient than sorption by living biomass (Tsezos et al., 1996). In
this research non-living agricultural biomass is considered because of its advantages.
There are several advantages for non-living over living biomass as a biosorbent and they
are as follows (Hossain, 2012a):


Nonliving biomass is growth independent and not subject to toxicity limitation of
living cells.



The physiological condition is not governed for adsorption like microbial cells.



Nonliving biomass acts as an ion exchanger and the adsorption process is very
rapid. The metal uptake is efficient even with a high loading of metals.



Non-living biomass are not limited to those conducive for the growth of cells.
Hence, a wider range of operating conditions such as pH, temperature and metal
concentrations can be used for biosorption.



Metals can be desorbed readily from biomass and then recovered. If the value and
the amount of metal recovered are insignificant and if the biomass is plentiful, the
metal loaded biomass can be incinerated, eliminating further treatment.
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1.3.4 The Need for Novel Technology
The increasing concern about the contamination of water bodies by heavy metals has
stimulated a large number of researches to find possible ways to remove these toxic
substances from the environment. The limitations of conventional methods are as follow:


Chemical precipitation and electrochemical treatment are ineffective, and also
produce large quantity of sludge require to treat with great difficulties.



Ion exchange, membrane technologies and activated carbon adsorption process are
extremely expensive when treating large amount of water and wastewater
containing heavy metal in low concentration, they cannot be used at large scale.



Need for resin replacements, membrane clogging, need for special handling and
regular cleaning, and periodic replacements are some other disadvantages of this
exciting technology for metal removal (Srivastava and Goyal, 2010).



The major disadvantages of adsorption using commercial activated carbon that it is
an expensive material for heavy metal removal and its high regeneration cost. It
requires pre-treatment process to reduce suspended solid concentration in solution
to prevent fouling or channeling (Ahmaruzzaman, 2008).



Many of these processes lack in cost effectiveness, energy intensive processing and
the low removal efficiency for some pollutants (Rathinam et al., 2010).



Further, these techniques may be ineffective or extremely expensive when metal
concentration in wastewater is in the range 1-100 ppm (Mehta and Gaur, 2005).

Disadvantages, together with the need for more economical and effective methods for the
recovery of metals from wastewaters, have resulted in the development of alternative
separation technologies (Volesky and Naja 2007).
Lately, biosorption has emerged as a cost-effective and efficient alternative for application
to low strength wastewaters (Pavasant et al., 2006). Biosorption has many advantages over
the other processes. It has a wide application for removal of different pollutants (Ansari
and Mosayebzadeh, 2010).
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1.4 Biosorption and biosorbents
1.4.1 Introduction
Sorption is a process in which a substance is taken into and retained in another substance.
Sorption encompasses both absorption and adsorption processes, while desorption is the
reverse process. Adsorption concerns itself with the concentration, as a result of surface
forces existing on a solid, of gases, vapors, liquids or solutes (i.e. solids dissolved in a
solvent, dispersed materials and colloids) (Areco et al., 2012). Adsorption is a surface
phenomenon in which molecules or atoms of one phase are accumulated on the other
phase. The material getting adsorbed is known as the adsorbate and the material on which
adsorbate is adsorbed is known as the adsorbent. Today adsorption has found a significant
place in physical, chemical and biological sciences. Various kinds of adsorption processes
are detailed elsewhere (Munagapati et al., 2010).

1.4.2 Biosorbents
A material having the capacity or tendency to adsorb other substances or materials is
known as an adsorbent. Biosorbents are materials from a biological origin which can
adsorb other materials especially pollutants. This biological origin product is of prime
interest for the environmental scientist as an environment friendly cleanings. Recent
biosorption experiments have focused attention on waste materials, which are by-products
or waste materials from industrial or agricultural base (Vieira and Volesky, 2010). Solid
wastes are a vexing societal problem mandating attention to recycling. However,
conversion of solid wastes into effective low-cost adsorbents for wastewater treatments
could decrease costs for removing annoying heavy metals. So “use the waste to treat the
waste” is the concept to avoid the environmental pollution. Thereby leading to
environmental protection (Shah et al., 2009).
Biosorption of heavy metals from aqueous solutions is a relatively new process that has
been confirmed as a very promising process in the removal of heavy metal contaminants.
Based upon the metal binding capacities of various biological materials, biosorption can
separate heavy metals from wastewater (Vilar et al., 2007a). Lately, biosorption has
emerged as a cost-effective and efficient alternative for application to low strength
wastewaters (Pavasant et al., 2006).
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Biosorption process is known as an attractive biotechnological process which employs a
low-cost naturally abundant, or an industrial waste byproduct, which requires little
processing for removing most types of heavy metals from aqueous solutions (Bailey et al.,
1999). Biosorption is a term used here to describe the removal of heavy metals using a
passive binding process. Based on the biomass there was some confusion prevailing in the
literatures regarding the use of terms Bioaccumulation and Biosorption. Hence,
Biosorption onto biomass, an entirely different process from bioaccumulation,
bioaccumulation is defined as the phenomenon of living cells whereas biosorption is
defined as the mechanism based on the use of dead biomass. In simple words,
bioaccumulation is the uptake of toxicants by living cells and accumulate intracellular
across the cell membrane through the cell metabolic cycle (Malik, 2004). Biosorption can
be defined as passive uptake of toxicants by dead or inactive biological materials which
provide a basis for new approach to remove heavy metals when they occur in low
concentrations (Volesky, 1990).
At present, Biosorption field has been enriched by a vast amount of studies published in
different journals using enormous types of biosorbents. These studies were pioneered by
Volesky’s group from McGill University in 1981 (Tsezos and Volesky 1981). Although at
the beginning most researchers focused their efforts upon heavy metal accumulation and
concentration within living organisms (Lesmana et al. 2009), then after they noticed that
the use of inactive and dead biomass for removal of heavy metals possesses high metalsorbing potential (Volesky, 1990), their interest shifted to biosorption (Selatnia et al.
2004).

1.4.3 Factors affecting biosorption
The adsorption process is a complicated phenomenon. It is obvious that the sorption
performance is correlated to the number of binding sites, which is related to the chemical
composition of the chosen biosorbent (Vieira and Volesky, 2010). However, the amount of
metal that can be bound depends on several factors. Other important factor for successful
application of biosorption is selection of the best biomass type for metal adsorption, in
which, other than effectiveness, easy availability and cost, and toxicity of the biosorbents
should be taken into consideration (Kim et al., 2015). The influences of these particular
factors on the sorption mechanism are as follow:
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1.4.3.1 Nature of adsorbate
The physiochemical natures of adsorbates have significant effects on both capacity and
rate of the adsorption. Physical adsorption is non-specific in nature, so every metals is
adsorbed on the surface of any solid to a lesser or greater extent (Çetinkaya Dönmez et al.,
1999). However, easily ionized materials are adsorbed to a greater extent whereas low
ionized materials are adsorbed to a lesser extent (Davis et al., 2003).

1.4.3.2 Nature of biosorbent
Physisorption is a general phenomenon which does not depend on the nature of adsorbent
(solid). Chemisorption is specific and depends on the nature of both adsorbent and
adsorbate (Naiya et al., 2009). Each adsorbent has its own characteristics and functional
groups are the main metal binding factors. There are several’ functional groups in the
adsorbents which are surface oxygenated groups or none oxygenated. Carbonyl, phenolic
and lactone were the major surface oxygen functional groups for adsorbents of biological
origin. The carbonyl group was also the major oxygen functional group of adsorbent (Ben
Hamissa et al., 2010). FTIR (Fourier transform infrared spectroscopy) technique was used
to examine the surface groups of the adsorbent and to identify those groups responsible for
adsorption. As a result, the amount of adsorption per unit weight, of adsorbent, depends on
its composition, texture and porosity (Kara et al., 2007).

1.4.3.3 Biosorbent particle size
Effective surface area is considered, also, a crucial factor influencing adsorption process
i.e., the portion of the total surface area that is available for adsorption. The amount of
adsorption depends on the surface area of the adsorbent. The more the surface area the
more will be the biosorption (Vilar et al., 2007b). Surface area of a particle is a function of
the particle’s size; Increase in particle size decreases metal adsorption while in contrast
decrease in particle size increases the metal adsorption. This may be due to availability of
more surface area for adsorption in case of small size particles (Kumar et al., 2010). This
indicates that the smaller the sorbent particle size, then for a given mass, more surface area
is made available and therefore the number of sites increases (Ho et al., 2002).
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1.4.3.4 pH of water
To establish an appropriate relationship between the biosorbents and metallic ions
solution, adsorption capacities of metal ion need to be measured as a function of pH.
Adsorption capacities of adsorbents are strongly dependent on initial solution pH. Initial
solution pH affects the magnitude of negative charge on adsorbents surface and the
adsorption capacities (Abdel-Ghani and Elchaghaby, 2007). pH seems to be the most

important parameter in the biosorptive process: it affects the solution chemistry of
the metals, the activity of the functional groups in the biomass and the competition
of metallic ions (Volesky, 1999). As solution pH increases, the hydrogen ion
concentration of the solution is reduced thereby reducing the competition for binding sites
by hydrogen ions. It is also known that at specific pH range, functional groups such as
carboxylic acids with pKa value around 3.5 (Abdel-Ghani and Elchaghaby, 2007) will be
in the ionized form, increasing the magnitude of negative charge on the adsorbent's
surface.

1.4.3.5 Pressure
As the pressure increases in the adsorption system the temperature will increase and the
activity of adsorption may increase (Kratochvil et al., 1995). The amount of metals
adsorbed at a given temperature increases initially with increase in pressure and it is true
for both physisorption and chemisorption (Zu et al., 2006). The amount of metal adsorbed
almost becomes constant at high pressure. In chemisorption, at high pressure the adsorbed
layer is monolayer; in physisorption it is multilayer (Volesky, 1999).

1.4.3.6 Temperature
Temperature is such type of property of adsorption process which excites the metals and
binding sites of adsorbents for being adsorbed (Özer and Özer, 2003). Physisorption is
quite fast at low temperatures, whereas chemisorption occurs at high temperature. In
general both types of adsorption decrease with increase temperature since the processes are
exothermic (Gereli et al., 2006). Overall, the temperature is believed to have a smaller
effect on the biosorption than the other factors (Tsezos et al., 1995). Temperature seems

not to influence the biosorption performances in the range of 20-35 ºC (Aksu and
Kutsal, 1991).
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1.4.3.7 Activation of the adsorbent
The adsorption process solely depends on the activation of the outer surface of adsorbents
and adsorbate. Activation is done by using some activation agents in the adsorption
process. Normally some acidic or alkaline solution or salt is used for activation. After
adding activation agent the ionizing strength and pH of the system changes and either
adsorbent or adsorbate or both become activated (Aksu, 2001).

1.4.3.8 Co-ions
Biosorption is mainly used to treat wastewater where more than one type of metal ions
would be present; the removal of one metal ion may be influenced by the presence of other
metal ions. The presence of other ions (co-ions) can affect the sorption of metal ions
(primary ion) to the biomass and it is called competitive adsorption (Mishra et al., 1998).
In reality, wastewater is a mixture of different metals and competition among the co-ions
are common. This interaction can be synergistic, antagonistic or non-interactive, and
cannot be predicted on the basis of single metal studies (Tsezos et al., 1996). During
biosorption on biosorbents, metal ions often compete with each other for surface binding
sites (Kolodynska and Hubicki, 2008). Furthermore recent studies have shown that light
metals such as Na+, Ca2+, Mg2+, and K+ competed with heavy metals for ionic sorption
sites and diminished heavy metal sorption (Saha et al., 2001). The binding strength to the
biosorbent depends on metal chemistry (including parameters such as the charge, the ionic
radius, the Pauling electronegativity), affinity for binding sites, and the type of metal
binding (electrostatic or covalent) (Veglio and Beolchini, 1997).

1.4.3.9 Initial metal concentration
The initial concentration of metal solution strongly influences the biosorption of metals
ions (Fourest and Roux, 1992). As long as the binding sites are not saturated, the higher
the initial concentration of the metal ion, the larger the metal uptake (Reddad et al., 2002).
However, it is apparent that increasing the amount of the available metal results in
decreasing the fraction of metal bound (Blanco et al., 1999).
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1.4.3.10 Biosorbent concentration
Biomass concentration in solution seems to influence the ions uptake; for lower values of
biomass concentrations there is an increase in the specific uptake (Fourest & Roux, 1992).
The amount of metal bound per biosorbent, as stated in previous literature, is decreasing as
the biosorbent concentration increase. With metals biosorption at favorable pH, the
increase of biosorbent concentration causes a diminution of the maximum specific metal
uptake probably due to interference between binding sites, and reduced mixing (Gadd,
2009) at high biosorbent concentration.

1.4.3.11 Contact time
As reported in the literature, normally the removal is higher in the beginning and gradually
drops with time. That is probably due to the larger surface area of the biosorbents being
available at the beginning for the adsorption of metals. As the surface adsorption sites
become exhausted, the uptake rate is controlled by the rate at which the adsorbate is
transported from the exterior to the interior sites of the adsorbent particles (Yang et al.,
2009). The metal sorption is often rapid, and usually complete in less than one hour (Gadd,
1988). Binding of metal ions to aquatic particulates is considered to be a fast chemical
reaction, with an equilibrium time depending only on the mass transfer resistance (Waite et
al., 1994).

1.4.4 Mechanism of metal biosorption
The biosorption process involves a solid phase (sorbent or biosorbent; biological material)
and a liquid phase (solvent, normally water) containing a dissolved species to be sorbed
(sorbate, metal ions). Due to higher affinity of the sorbent for the sorbate species, the latter
is attracted and bound there by different mechanisms. The process continues till
equilibrium is established between the amount of solid-bound sorbate species and its
portion remaining in the solution. The degree of sorbent affinity for the sorbate determines
its distribution between the solid and liquid phases. Volesky (1990) suggested following
metal binding mechanisms which are involved in biosorption process:


Chemisorption by ion exchange, complexation, coordination and/or chelation



Physical Adsorption



Precipitation
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Ion exchange is a reversible chemical reaction wherein an ion in a solution is exchanged
for a similarly charged ion attached to an immobile solid particle. Complexation is any
combination of cations with molecules or anions containing free pairs of electrons.
Bonding may be electrostatic, covalent or a combination of both; the metal ion is
coordinately bonded to organic molecules. The word chelation is derived from the Greek
word “chele”, which means claw, and is defined as the firm binding of a metal ion with an
organic molecule (ligand) to form a ring structure. The resulting ring structure protects the
mineral from entering into unwanted chemical reactions. The closest analogy for
biosorption is represented by ion exchange resins, thus biosorbents can be referred to as
natural ion exchangers (Volesky, 2003).

1.4.5 Application of agro-wastes in removal of heavy metals from wastewater
There are several different options currently available for the removal of heavy metals
from wastewaters. Regardless of the availability of numerous methods for the treatment of
heavy metals from water and wastewater, adsorption is constantly viewed as a highly
effective technique for this purpose, especially in low metal concentration solutions. Some
recent research on removal of heavy metal by adsorption using naturally occurring and low
cost adsorbents represented mainly by agricultural by-products, which can be used as an
adsorbents for heavy-metal removal as it was received in their original form or after
chemical modification (Abdolali et al, 2014). These wastes represent two problems; their
disposal and being unused resources (Bhatnagar and Minocha, 2006). Agricultural byproducts are mostly composed of lignin and cellulose, as well as other polar functional
group-containing compounds, which include alcohols, aldehydes, ketones, carboxylates,
phenols and ethers (Volesky, 2003). These groups are able to bind heavy metals through
replacement of hydrogen ions with metal ions in solution or by donation of an electron pair
from these groups to form complexes with metal ions in solution (Demirbas, 2008).
Agricultural waste, especially leaves biosorbents have attracted greater attention because
of their wide availability, low cost, can be easily collected, harvested and used for
biosorption purposes with simple modification and the fact that there is no need for special
growth media like bacteria and fungi. The metal laden biosorbent can be incinerated and/or
stored in landfill, reducing the volume of the initial heavy metal contaminated matrix (in
comparison with wastewater).
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However, the active agent is preferably regenerated through a desorbing cycle using
relatively inexpensive acid such as sulphuric acid (Tsezos, 2009). It is also reported that
some biosorbent like garden grass could be used for five cycles after desorption (Hossain
et al., 2012b). Thus, the purpose of desorption is not only to resolubilize biomass-bound
metals in a more concentrated form, but also to recover metals if they are economically
significant. Compared to conventional heavy metals removal systems the main advantages
of biosorption are:


The process is rapid (most of the sorption described in the literature is achieved
within one hour) (Ho and McKay, 1998).



The removal of metals is selective and efficient, even at low concentration (Brower
et al., 1997).



The system can operate over a broad pH range (3 to 9), and temperature range (4 to
90 C°) (Vieira and Volesky, 2010).



The technology offers low capital investment and operation costs (using cheap raw
biomass, and including waste products from other industries, such as fermentation
or pharmaceutical by-product).



The volume of chemical sludge to be disposed of is eliminated or minimized.



The material has particle size, shape and mechanical strength suitable for use under
continuous flow conditions (Ho et al., 2002).



The regeneration of the biosorbent is metal - selective and economically feasible
(Ho and McKay, 1999).

1.5 Justification of the study
The hazardous and adverse effects caused by heavy metals present in wastewaters which
are released onto the environment from different industries are of significant
environmental concern. Heavy metals are non-biodegradable and bio-accumulates in living
organisms thereby causing various damages, diseases and disorders. A wide range of
techniques have been employed to purify water and wastewater from heavy metals. The
most commonly used procedures include chemical precipitation, ultra-filtration, reverse
osmosis, cementation, ion exchange, Electrodialysis… etc. (Das et al., 2008).
Each of these techniques has its own merits and demerits. These conventional techniques
are inherently problematic in their application because of unpredictable metal ions removal
(Xia and Liyuan, 2002), require the use of expensive chemicals, and prove as costly and
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incompetent, especially in removing lower concentration of heavy metals (Popuri et al.,
2009). While these methods are economically viable at high or moderate concentrations of
metals (Addour et al., 1999), they involve expensive methodologies, high energy and
reagents (Xia and Liyuan, 2002). Additional disadvantage is the production of metals
contained sludge, which requires further treatment to dispose (Rhazi et al., 2002). Hence,
attention is currently on the use of cost effective adsorbent beside high adsorption capacity
of unwanted pollutants. The need to search for new technique for removing of heavy
metals from wastewaters has directed attention to adsorption based on the metal binding
capacities of different agro-based materials. Researches showed that the adsorption of
heavy metals using agro-based sorbent is an effective method for treatment of effluents
mainly because of following advantage features: cheaper cost, regeneration of adsorbent,
high metal binding efficiency, high efficiency in diluted effluents, no additional nutrient
requirement, readily available raw material and minimal usage of chemicals among others
(Volesky, 2007).
In brief, there is a perceived necessity and growing interest in finding adsorbents that are
more efficient and cost-effective. Therefore, finding suitable materials and operating
conditions are essential to addressing the concerns of heavy metal pollution. The use of
Tomato and Eggplant leaves as a model for research is inspired from the previous
researches, while reviewing them, Tomato and Eggplant leaves have not been used ever as
a prospective biosorbent.

1.6 Goal and objectives
The main aim of this study is to investigate the utilization possibilities of Tomato and
Eggplant Leaves as a biosorbents for the removal of heavy metals ions [Co(II), Cu(II),
Fe(II), Ni(II), Pb(II) and Zn(II)] from Wastewater. In meeting the above goal, the
following specific objectives are to be apprehended:


Investigate the biosorption potential of Tomato and Eggplant leaves for heavy
metals in batch bioreactors using synthetic wastewater solutions.



Evaluate and characterize of various biosorption process parameters (i.e. pH,
Biosorbent particle size, initial metals concentration, contact time and biosorbent
dose) for determining optimum operational conditions for maximum uptake of
heavy metal ions using novel, biological and cheap materials.
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1.7 Scope of the study
The scope of this thesis is to test removal of heavy metals [Co(II), Cu(II), Fe(II), Ni(II),
Pb(II) and Zn(II)] ions from wastewater using cheap and readily available adsorbents
(Tomato and Eggplant leaves). The wastewater was artificially prepared in the lab. The
experiments were performed in the laboratory scale, and consist of batch test. Water
quality analyses of the heavy metals were done using Inductively Coupled Plasma
instrument. Five operating parameters were evaluated: pH, particle size, initial ion
concentration, contact time and biosorbent dose. The best condition for the first parameter
are used as input parameter for the second experiments then the two optimum conditions
from the first two parameters were deduced for the third test. Experiments of contact time
and biosorbent dose was conducted on Iron metal using the optimums obtained from
previous experiments. In addition to evaluating the adsorption capability of each
biosorbent, comparison was also tested and evaluated to determine the best type of both
biosorbents for the adsorption of the metals. The scope of this work does not include
studying the chemical constituents of the adsorbents to determine the chemical reactions
involved during the process.

1.8 Expected output
By using these materials as biosorbent, it can be utilized as a solution of solid waste
management problem by use agro-waste to treat waste and finding low cost and
environmental friendly adsorbent for replacing conventional methods of treatment.
It is expected that this research would strengthen the information available on use of agrowaste as biosorbents for removal of heavy metals from wastewater by providing specific
characteristics of biosorbent and consolidates the understanding of biosorption process
behavior.

1.9 Research hypotheses
This study assumes that agro-wastes [Tomato leaves and Eggplant leaves] that are
abandoned in nature and discarded by people as a waste and that prepared as biosorbents
with the aim of achieving materials with enhanced adsorption properties, will be efficient
for the removal of toxic heavy metals from wastewater.
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1.10 Thesis structure
The entire thesis consists of 5 chapters. Chapter one contains a general introduction to the
thesis; that includes the introduction to heavy metals and biosorption, their application and
toxicity to human beings, aims and objectives of the present research work and the
hypotheses and outline of the thesis. Chapter two deals with the valuable state-of-the-art
review of literature covering various biosorbents used for the removal of heavy metals
during the last years. Materials and research methods, sample selection, collection and
preparation of the biosorbents, characterization of the biosorbents and the instruments used
for the analysis are delineated in Chapter three. The most important part is chapter four,
which deals with the outcome of the research effort using batch experiments based on the
sample collected and data analysis. Chapter five presents a conclusion to the thesis. It
provides observations, conclusions and recommendations. It highlights the outcomes that
were obtained from the thesis research. References was enclosed at the end covering of the
entire thesis.
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CHAPTER 2: LITERATURE REVIEW
2.1 Recent uses for biomaterials for removal of heavy metals
Biosorption technology is ongoing and in the developing stage. Scientists and researchers
are exploring agro-based wastes as biosorbents to decontaminate water polluted with
heavy metals. So far, numerous types of biomaterials have been examined by researchers
for their metal adsorptive properties and different types of biomass have shown different
levels of metal uptakes. A perusal of literatures show that during the past few years,
endless efforts have so far been carried out.
Tremendous agro-based materials have been used as a biosorbent, to include all these here
will be exhaustive, voluminous and will be beyond the scope of the present research.
However, since adsorption on agro-based materials was employed in the present work,
only the literature survey pertaining to these materials were reviewed. Here below are the
accumulations of some biosorbents used:
Bansal et al., (2009) used rice husk to remove nickel ions from aqueous solutions. Garg et
al., (2008) used sugarcane bagasse for the same purpose. Khan et al., (2004) mentioned the
use of rice husk, sugarcane bagasse, sawdust, soybean hull, cottonseed hulls, rice barn and
straw for the removal of different pollutants.
Other examples of agricultural wastes that have been searched are pistachio hull
(Moussavi and Khosravi, 2011), chemically modified coir pith (Suksabye and Thiravetyan,
2012), cedar saw dust (Ismail et al., 2013), crushed brick, garlic peal (Fan et al., 2013),
rice husk, peanut shell, barks and dry tree leaves, tea and coffee wastes, wheat bran
(Madrakian et al., 2012), mango peel waste (Sheela et al., 2012), apple pomace (Mundhe
et al., 2012), jack fruit waste, brewery waste (Anagnostopoulos and Symeopoulos, 2013)
treated sugar cane bagasse, yellow passion fruit peel, jack fruit leaf powder, coconut husk,
pine saw dust (Mundhe et al., 2012), and tree products such as fern (Carro et al., 2010).
A number of other reviews are available in the literature (Davis et al., 2003).
Sud et al., (2008) has reviewed the Agricultural waste material as potential adsorbent for
sequestering heavy metal ions from aqueous solutions. The functional groups present in
agricultural waste biomass viz. acetamido, alcoholic, carbonyl, phenolic, amido, amino,
sulphydryl groups etc. have affinity for heavy metal ions to form metal complexes or
chelates. This materials being highly efficient, low cost and renewable source of biomass
can be exploited for heavy metal remediation.
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Farooq et al., (2010) have reviewed the biosorption of heavy metal ions using wheat based
biosorbents. The biosorption mechanism has been found to be quite complex. It comprises
a number of phenomena including adsorption, surface precipitation, ion exchange and
complexation. The information on these materials is inadequate for process scale-up and
design-perfection.
Israel et al., (2010) study was to assess the removal of Cu (II) from aqueous solution onto
coconut Cocosnucifera L. (coir dust).The maximum uptake of copper (II) was found to be
111.11 mg of copper (II) per gram of coir dust.
Wankasi and Tarawou (2008) showed that the maximum pH (pHmax.) for the efficient
sorption of Pb2+ and Cu2+ is 5. The sorption of metal ions are pH dependent and the data
showed that Nypafruticanswurmb biomass is a successful biosorbent for treating heavy
metal contaminated wastewater.
Munagapati et al., (2010) reported the use of Acacia leucocephala bark powder as an
effective, low cost, and environmental friendly biosorbent for the removal of Cu(II), Cd(II)
and Pb(II) ions from aqueous solution with sorption capacities of 147.1, 167.7 and 185.2
mgg-1 respectively.
Moringa oleifera bark (MOB), an agricultural solid waste byproduct has been developed
into an effective and efficient biosorbent for the removal of Ni(II) from aqueous solutions
with maximum biosorption capacity of 30.38 mgg -1 (Reddy et al., 2011).
Cork waste biomass has been proved to be an efficient biomaterial useful for Cd(II) and
Pb(II) removal from aqueous solutions (Lopez-Mesas et al., 2011).
The maximum uptake of Cu(II) and Cr(III) ions by peanut shells was found to be 25.39
mgg-1 and 27.86 mgg-1 respectively (Witek-Krowiak et al., 2011).
Aloma et al., (2012) suggested that sugarcane bagasse waste can be used beneficially for
nickel removal from aqueous solution with a maximum sorption capacity of 2 mgg -1.
Sunflower hulls were used for the biosorption of heavy metal ions Cu (II) from aqueous
solutions and showed a maximum sorptive capacity amounting to 57.14 mgg -1 (WitekKrowiak, 2012).
The garden grass (GG) was firstly used by Hossain et al., (2012b) to remove copper (II)
from water as biosorbent and the maximum adsorption and desorption capacities were
58.34 and 319.03 mgg-1, respectively.
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Martins et al., (2013) reported that Castor leaf powder can be applied immediately to
remove Cd(II) and Pb(II) from contaminated water with adsorption capacities of 0.340 and
0.327 mmolg-1 respectively.
Unmodified spent oil palm shell, a waste from palm oil industry, was effectively applied as
a potential filter bed media for constructed wetland application and its monolayer
adsorption capacities for Cu(II) and Pb(II) ions were 1.756 and 3.390 mgg -1, respectively
(Chong et al., 2013).
The potential use of Ficus carcia leaves (fig leaves) for the removal of cadmium (II) and
lead(II) ions from aqueous solutions has been investigated and the maximum monolayer
biosorption capacity was found to be 30.31 mg of Cd(II)/g of and 34.36 mg of Pb(II)/g
(Farhan et al., 2013).
The biosorption of copper(II), zinc(II), cadmium(II) and lead(II) from aqueous solutions
by dead Avena fatua biomass and the effect of these metals on the growth of this wild oat
were investigated. The maximum values for the adsorption of copper, zinc, cadmium and
lead by A. fatua were determined to be 0.27, 0.25, 0.73 and 0.84 mmolg -1, respectively
(Areco et al., 2013).
Recently fruit wastes have been reported to have relatively good uptake capabilities for
metal ions removal. Fruit peels that are typically generated in large quantities by the fruit
juice industry have received little scientific attention, in spite of their high quantity of
pectin, which contains carboxylate groups (Torab-Mostaedi et al., 2013).
The biosorption of lead, copper and cadmium using different cortex fruit wastes including
banana (Musaparadisiaca), lemon (Citrus limonum) and orange (Citrussinensis) peel has
been evaluated (Kelly-Vargas et al., 2012). The authors of this study found that banana
peel was capable of adsorbing around 65 mg of Pb and Cd per gram but only 36 mg of Cu
per gram. For lemon and orange peels, the best retention rate was for Pb (77.6 and 76.8
mgg-1) then Cu (70.4 and 67.2 mgg -1) and finally Cd (12 and 28.8 mgg -1).
The maximum biosorption capacity for lead (II) ions adsorption onto Punica granatum L.
peels was found to be 193.9 mgg -1(Ay et al., 2012).
Torab-Mostaedi et al., (2013) reported adsorption capacities of 42.09 and 46.13 mgg -1 for
the biosorption of cadmium and nickel respectively from aqueous solution onto grapefruit
peel using batch technique.
Junior et al., (2013) evaluated the efficacy of crambe seeds (Crambe abyssinica Hochst) as
adsorbent material in the removal of the toxic metals cadmium, lead and chromium from
contaminated solutions. pH 5 and 7 was optimal conditions they found. They concluded
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that the adsorbent was effective in removing the assessed metals in aqueous solutions,
being feasible its employment as an alternative material for the adsorption of metals,
besides being a byproduct, which has undergone no prior treatment.
Wartelle and Marshall (2000) reported an interesting finding in which a linear relationship
between total negative charge and amount of copper ions adsorbed was observed for 12
types of agricultural byproducts (sugarcane bagasse, peanut shells, macadamia nut hulls,
rice hulls, cottonseed hulls, corn cob, soybean hulls, almond shells, almond hulls, pecan
shells, English walnut shells and black walnut shells) after modification with citric acid.
It was found that after washing with base (NaOH) and modified with citric acid, the total
negative charge of all 12 types of agricultural by-products increased significantly. Among
the 12 adsorbents, soybean hulls (a low density material) showed the highest copper
uptake and had a high total negative charge value, which can be explained by the increase
in carboxyl groups after thermochemical reaction with citric acid. On the other hand,
nutshells (high density materials) such as English walnut shells and black walnut shells
displayed low total negative charge values indicating a low number of carboxyl groups.
Due to the high bulk density, the lignin in nutshells may block or allow little penetration of
citric acid to reactive sites; hence, lower copper ion uptake was observed.
Adsorption of divalent heavy metal ions particularly Cu 2+, Zn2+, Co2+, Ni2+ and Pb2+ onto
acid and alkali treated banana and orange peels was performed by Annadurai and coworkers (2002). The acid and alkali solutions used for modification of adsorbents were
HNO3 and NaOH. In general, the adsorption capacity decreases in the order of Pb2+ > Ni2+
> Zn2+ > Cu2+ > Co2+ for both adsorbents. Banana peel exhibits higher maximum
adsorption capacity for heavy metals compared to orange peel. Acid treated peels showed
better adsorption capacities followed by alkali and water treated peels. Based on
regeneration studies, it was reported that the peels could be used for two regenerations for
removal and recovery of heavy metal ions.
All these biomaterials have been examined for their biosorptive properties and different
levels of metal uptakes have been obtained that are high enough yet low-cost, which added
to the pool of non-tested biomaterial in the world, warranting further research on
biosorption.
It should be noted that the uptake values reported for the selected biosorbents, and the
uptake comparisons would be more meaningful if biosorbents were tested in the same
environmental conditions (e.g. pH, biomass and metal concentration range, particle size,
temperature, mixing rate, type of metal-biomass contactor, etc.), and they were from the
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same origin undergoing similar pretreatment steps. For instance, copper biosorption
capacities by wheat bran in different studies were reported between 6.85 to 51.5 mg/g in
different conditions (Farooq et al., 2010).
All these studies have demonstrated that agro-based by-products as a biosorbent have
enormous capacity to bind heavy metals. Thus, it can hopefully be exploited for removal
of heavy metal ions from polluted wastewaters and industrial effluents to get fruitful
results.

2.2 Suitability of the biosorption technology for an industrial use
The promising potential applications for metal removal from aqueous solutions by
biosorption appear to be enormous. Although, it is desirable to develop biosorbents with a
wide range of metal affinities that can remove a variety of metal cations; it’s applicability
in batch laboratory scale, do not give a guarantee in continuous mode that makes this
treatment method attractive to industry (Suksabye et al., 2008).
In batch mode, information on different technological approaches is inadequate to
accurately define parameters for scale up of processes. As biosorption potential use
strongly depends on various parameters. More than a few factors, such as pH, temperature,
adsorbent dose, etc. significantly affect the biosorption capacities (Maji et al., 2007).
Considering the huge volume and complexity of the real wastewaters, it will be difficult to
control the process to suit specific biosorbents. For instance, many biosorbents require an
optimum pH to achieve their maximum uptake, so it is impractical to alter the pH of the
huge volume of wastewater. Moreover, design perfection including reliability and
economic feasibility and utilization of them in industrial-scale applications are still some
distance from reality (Suksabye et al., 2008). While most available biomasses have the
capability to sequester heavy metals from solutions, not all of them fit as alternative
adsorbents in real wastewater treatment plants. Several vital characteristics are available
and need to be listed to render the materials valuable enough as an industrial adsorbent,
1. High adsorption capacity.
2. Available in large quantities at one location.
3. Low economic value and less useful in alternative products.
4. Attached metals can be easily recovered while biosorbent is reusable.
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There is no doubt that many biosorbents and/or alternative adsorbents as mentioned in a
scientific literature have a high adsorption capacity to the extent that even some are better
than commercially available adsorbents. Looking from this perspective only, it seems that
most biosorbents and/or alternative adsorbents have potential for industrial application.
Yet, several biomasses that have low binding capacity in nature still widely exist.
Their adsorption capacity normally can be improved by pretreatment or modification using
physical or chemical methods. Chemically, adding some chemicals such as acid, alkali or
other oxidizing and organic chemicals, while in the physical method, pretreatment is
facilitated by heat, autoclaving, freeze-drying and boiling. Unfortunately chemical
activation methods are not favorable, because the advantage of environmentally friendly
(by using biosorbents) and cost effective procedure, are lost. Unused chemicals represent
more serious problems and commonly necessitate expensive waste treatment facilities
(Lesmana et al., 2009).
Thus, in simple words, with the fundamental knowledge gained through decades of
research on the biosorption process, a comprehensive study targeting the overall
improvement of the quality of effluents produced by the biosorption process is still lacking
in the literature. So that; more efforts should now be taken to apply biosorption in realworld situations. For this, a complete understanding on the behavior of biosorbents in real
water matrix, types of treatment schemes and process costs involved is also important.
Moreover, it is good to demonstrate that it is not so far necessarily that the new biologicalbased technologies can replace conventional treatment approaches but may be a
complement. These considerations clearly demonstrate the economic feasibility and
potential of the biosorption process for heavy metal removal/recovery purposes.
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3.1 Introduction
This chapter is provided with details about experimental methods which were conducted to
investigate the treatment efficiency of the agricultural waste as a low cost adsorbent for
heavy metal from wastewater samples. To achieve the objective of finding an effective
suitable materials type and quantity, bench scale experiments were performed to obtain
effective heavy metal removal. These tests consisted of batch tests. The batch tests were
conducted to determine the optimal adsorbent and operating condition to adsorb a metal
from synthetic wastewater samples. Batch tests reflect the adsorptive capacity of the metal
removal process. The materials, experimental setups and experimental procedures that
were used during this research are delineated below.

3.2 Heavy Metals Synthetic Solution
Simulated (artificial) wastewater samples containing Co, Cu, Fe, Ni, Pb and Zn ions were
prepared. Stock solutions of the six types of heavy metals were prepared by dissolving of
calculated quantities of analytical grade of sulphate and chloride salts of metals with high
quality distilled-deionized water as shown in table 3.1. 1000 mg/L stock solutions of each
of the salts were prepared. These solutions were diluted to obtain the desired concentration
of metal. Other concentrations (1 to 3 mg/L) were obtained from this stock solution by
serial dilution. The different standard solutions of various concentrations (1, 1.5, 2, 2.5 & 3
mg/L) were obtained by diluting specific volumes of (1, 1.5, 2, 2.5 and 3) ml from (1000)
ppm stock solutions into 6 bottles to get 1 litter for each solution. This was due to the fact
that the effect of studying each metal alone was required, as having other soluble and
insoluble substances in the water would make it difficult to assess the effect of plant leaves
on the adsorption behavior of the metal.
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Table 3.1: Chemicals used to prepare stock solutions and there quantities in grams
dissolved in 1000 ml of distilled water
Chemical

Targeted metal

Quantity (g) dissolved in 1000 ml
distilled water

CoCl2.6H2O

Co

4.0375

CuSO4.5H2O

Cu

3.9288

FeSO4.7H2O

Fe

5.0235

NiCl2.6H2O

Ni

4.0494

Pb(CH3COO)2.3H2O

Pb

1.8246

ZnSO4.7H2O

Zn

4.3986

3.3 Biosorbents Preparation
Fresh residue of Tomato and Eggplant saplings after product harvesting were collected
from nearby farms. Leaves were picked, then cleaned, washed and rinsed several times
with distilled water to remove dust, sand, epiphytes and soluble impurities. A composite
sample was made from where the representative samples were collected for this study.
Then, samples were dried in air and sunlight for 10 day followed by drying at 100 ℃ in
oven for 24 hours to insure getting the best dryness. After drying, leaves were crushed by
hand before using electrical grinder, then sieved using automatic sieve shaker into different
particle size. In this research, only particle size retained on sieves (600, 425 and 212) µm
were used. Leaves were kept in plastic air tight bags at room temperature pending the use.
Blank samples were taken using solutions free of heavy metals (pure water) and leaves
leachate samples for quality control and assurance.

3.4 Apparatus
Composite sample leaves were dried and grinded with oven (Sanyo, Drying Oven, AC14)
and grinding machine. The automatic sieve shaker (D406) was used to obtain different
particle size. The pH measurements were performed with a pH meter (pH/ORP Meter,
HI3220, HANNA). A thermos-stated shaker was used for sorption experiments. The
analysis of metal ions is carried out with the Inductively Coupled Plasma Mass
Spectrometry (ICP) (AMETEK, SPECTRO, GENESIS FES). Experiments conducted
using laboratory glassware and 100 ml plastic bottles. The supernatants were filtered
through MCE Syringe Filter (0.45 µm pore size) filter paper.
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3.5 Experiments Design
To all parameters tested, the experiments were carried out in the batch mode for the
measurement of adsorption capacities. The bottles were filled with 100 ml of the synthetic
wastewater. Except for experiments of determination of biosorbent dose and contact time
effect on Iron removal efficiency, a mass of 50 mg of leaves (ground) was weighed in
bottles and the mixture of adsorbate and the biosorbent were shaken for a period at room
temperature in a thermos-stated reciprocating shaker for 60 min. (1 hour) at 160 rpm. Once
the samples have been shaken, they were filtered to reduce the effect of additional contact
time on the results. After shaking is completed, the separation of the adsorbents and
solutions was carried out by filtration with (MCE Syringe Filter, 0.45 µm pore size) and
the filtrate stored in sample bottles prior to analysis. Initial and final concentration of metal
was measured using (ICP) for experiments of determination the effect of pH, Particle size
and initial metal concentration. Spectrophotometric method used in experiments of contact
time and biosorbent dose on removal of Iron. Once results were obtained, they were
elicited in tables and plotted in figures to determine the quantity of metal that was removed
by the plant leaves. Five operation conditions were tested to study the best removal
efficiency which are: pH, biosorbent particle size, initial metal concentration, contact time
and biosorbent dose. The blank sample was the sample that contains plant leaves was
tested by the same procedure. This was tested to measure the concentration of the metal
after the sample went through similar experimental conditions to isolate and assess the
effect of plant leaves in changing the metal concentrations. This experimental procedure
was inspired from literatures (Ali et al., 2015; Mahvi et al., 2005).

3.6 Effect of pH
To study the effect of pH on sorption process, biosorption experiments were carried out at
different pH values ranging from 2 to 10 while keeping all the other parameters constant.
Effect of pH was studied for both biosorbents. The pH of metal solutions was adjusted to
the desired value by adding either 0.1M HCl or 0.1M KOH. To ensure that the pH does not
change due to the surrounding, it was measured at intervals and adjusted as necessary. The
procedure for experiment was as follows: after calibration of pH-meter at pH 4, 7 and 10,
the pH electrode was immersed in the samples. To the 5 pHs bottles each containing 100
ml solution with known concentration of metal was added, the solution adjusted to desire
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pH. Then, 50 mg of adsorbent was added, all these bottles were then placed on a shaker
with 160 rpm at room temperature.
After one hour contact time, the contents of bottle were filtered through Syringe Filter
paper, the filtrate was used to determine the concentration of metal. Optimum pH giving
maximum metal removal was determined from this step. At very low pH desorption of the
bound metal is possible, hence pH values below 2.0 were not assessed (Waghmode, 2012).

3.7 Effect of biosorbent particle size
For both biosorbents, the experiments were performed using 3 different sizes of adsorbent
212, 425 and 600 µm. The initial pH of the standard solution was the optimum pH for each
metal which obtained from the previous experiments. Optimum size is that giving
maximum metal removal.

3.8 Effect of initial metal ion concentration
The effect of initial metal ion concentration on the biosorption was studied by varying
initial metal ion concentrations with (1, 1.5, 2, 2.5 and 3) mg/l. Because of limited
detection range of ICP used; the range of metal concentrations was as mentioned.

3.9 Effect of contact time
In order to understand the effect of contact time on the process of biosorption, Iron metal
was chosen to conduct the experiments. The contact period was varied from 0 to 120 min,
using 50 mg biomass in 100 ml of metal solution with concentration 1mg/l, at 160 rpm
shaking speed and room temperature the samples adjusted to the optimum pH 6 at which
optimum biosorption of the metal ion occurred. The samples were obtained after every 15
minutes intervals, filtered and analyzed for metal concentration on Spectrophotometry.

3.10 Effect of biomass dose
Effect of biosorbent dose on the biosorption of Iron by Tomato and Eggplant Leaves was
studied by varying the weight of biomass added in each experiment from 20 mg to 120 mg.
The concentration of metal was kept at 1mg/l and it was maintained at optimum pH 6. The
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experiment was run at optimum time of 60 min. and then samples were filtered and used to
analyze metal concentration on Spectrophotometry.

3.11 Spectrophotometric Determination of Iron
Beer-Lambert Law plot was used to determine the initial and final concentration of Iron
(Skoog and West, 2014; Vogel, 1989). Iron (II) is reacted with o-phenanthroline to form a
colored complex ion. The intensity of the colored species is measured using a Spectronic
301 spectrophotometer. A calibration curve (absorbance versus concentration) is
constructed for iron (II) and the concentration of the unknown iron sample is determined.
The procedure is as follow:
1. Standard Iron solution contains 0.2500 g/L of pure iron was prepared. 25.00 mL of
this standard iron solution was pipetted into a 500 mL volumetric flask and diluted
up to the mark with distilled water.
2. The following Iron calibration solutions were prepared by pipetting the indicated
amounts of the above Iron solution (step 1) into labeled 50 mL volumetric flasks.
The first flask is a blank containing no iron.
Concentration of Fe

Volume to pipet

0.00 mg Fe

0.00 mL

0.05 mg Fe

4.00 mL

0.10 mg Fe

8.00 mL

0.15 mg Fe

12.00 mL

0.20 mg Fe

16.00 mL

0.25 mg Fe

20.00 mL

3. 10.00 mL of analyzed sample solution was Pipetted into a 250 mL volumetric flask
and diluted to the mark with distilled water. Then the flask was Inverted and
shaken several times to mix the solution.
4. Two 25.00 mL aliquots of this solution were pipetted into two 50 mL volumetric
flasks.
5. Using a 10 mL graduated cylinder, 4.0 mL of 10% hydroxylamine hydrochloride
solution and 4.0 mL of 0.3% o-phenanthroline solution were added to each
volumetric flask.
6. The mixture, then, was swirled and allowed to stand for 10 minutes.

34

CHAPTER 3: MATERIALS AND METHODS

7. Each flask was diluted to the mark with distilled water and mixed well by inverting
and shaking the capped volumetric flasks several times.
8. Using the Spectronic 301 spectrophotometer, the percent transmittance of the
various solutions in the 50 mL volumetric flasks was carefully measured, including
the two unknown solutions.
9. A plot of absorbance versus concentration of the known solutions (expressed in mg
Fe per 50 mL of solution) was Prepared. And the best fitting straight line through
the points was drawn.

3.12 Data Analysis and Statistical Method
Biosorption efficiency RE (%) calculated as,

Where Ci & Cf are the initial and the final concentration (mg/L) respectively.

Determination of metal uptake concentration. Metal uptake during the biosorption process
was determined using the following formula:

Where ‘qe’ represents the amount of adsorption (mg/g), M is the mass of the biosorbent
(mg) and V is the volume (ml).
Statistical methods were used for the validation and verification of experiments performed
and adsorption measured in samples and data obtained by SPSS 20 software and dependent
Sample t Test of data were analyzed. Microsoft Excel and OriginPro 2016 software were
used to depict tables and charts.
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3.13 Quality Control
For each batch tests, the sample bottles were washed thoroughly with distilled water to
ensure that no residues remain that may have an effect on the results of future tests. All
testing equipment was washed with distilled water. All the chemicals and materials were
stored in a closed container to prevent outside entities from damaging or affecting the
product. All chemicals used were of analytical grade. All tests were performed as soon as
possible to prevent any changes may be happened due to delay of analysis. For each
experiment a blank sample was conducted to insure the free of heavy metals from water
used for dilution or from the bottles wall.
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4.1 Introduction
This chapter covers the discussion and interpretation of results of the present study. Tomato
and Eggplant leaves were used as a biosorbent separately. The results and discussions are
shown in eight sections. The first six sections discuss the sorption of six heavy metal elements
(Co, Cu, Fe, Ni, Pb and Zn) under different variable conditions of pH, particle size and initial
metal concentration removal of metal elements using the two types of biosorbents, and each
section has been divided into sub-sections according to the different variable conditions which
affect the biosorption process. The seventh section illustrate sum up comparison and statistical
analysis of the previous sections. The last section shows the effect of the two parameters
contact time and biosorbent dose using the two biosorbents, separately, on removal efficiency
of Iron.
Of all the experimental parameters affecting the rate of adsorption, the initial pH and particle
size were fixed on the optimum pH and particle size that give the best values.

4.2 Biosorption of Cobalt (Co)
4.2.1 Effect of pH on Cobalt (II) biosorption
The initial pH of aqueous solution was investigated over a range of 2 to 10. The effect of pH
on percentage removal of Cobalt by Tomato and Eggplant Leaves is shown in (Tables 4.1 &
4.2) and (Figures 4.1 & 4.2) respectively. The percentage removal of Cobalt from the aqueous
solution is strongly affected by the pH of the solution as illustrated in the Figures. It is shown
from figure (4.1) that the percentage removal of Co(II) increases gradually till pH 10 by using
Tomato Leaves, while as shown in figure (4.2) the percentage removal of Co(II) increases
slowly with increasing pH from 2 to 6 by using Eggplant Leaves, and thereafter drops slowly.
The maximum removal percentages by using Tomato and Eggplant Leaves were at pH 10 & 6
respectively.
However, although the maximum removal of Co(II) by Tomato Leaves occurred at pH 10, pH
6 is considered as optimum pH value; because beyond pH 7 insoluble OH- ions compete with
metal ions and start precipitating and make the sorption studies impossible (Xiao et al., 2010).
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So that in this study optimum pH for adsorption of Co(II) by both Tomato and Eggplant
leaves is considered to be pH 6 with removal percentage of 46.73% & 73.85% and metal
uptake of 1.028 & 1.61(mg/g) respectively.
At low pH, the biomass surface sites are closely linked to the H + thus making these sites
unavailable for other cations. The minimum adsorption observed at low pH (2) may be due to
the fact that the higher mobility of H+ ions present favored the preferential adsorption of
hydrogen ions compared to the metal ion. However, with an increase in pH, there is an
increase in negatively charged sites which results in increased binding of cations (Mehta and
Gaur, 2005). So, the increase in percentage removal of metal ion due to increase in pH may be
explained on the basis of a decrease in competition between proton (H +) and positively
charged metal ion at the surface sites and also by decrease in positive charge near the surface
resulting in a lower repulsion of the adsorbing metal ion. The value of optimum pH for
removal of a metal may vary in different biosorbents as the functional groups present on the
biosorbent surface and chemical interactions during the contact also vary. Solubility of metal,
complex formation, precipitation, redox reactions etc. are important in the biosorption process
and are strongly influenced by pH of metal (Ozer and Ozer, 2003). Annadurai et al., (2002)
also found that the optimum pH for removal of Co2+ as pH 6.

Table 4.1: Effect of pH on Co(II)
removal by Tomato Leaves
Metal Uptake

RE

(mg/g)

(%)

2

0.794

36.09

4

0.960

43.64

6

1.028

46.73

8

1.190

54.09

10

1.290

58.64

pH

Figure 4.1: Effect of pH on Co(II)
removal by Tomato Leaves
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Table 4.2: Effect of pH on Co(II)
removal by Eggplant Leaves
Metal Uptake

RE

(mg/g)

(%)

2

1.276

58.53

4

1.368

62.75

6

1.610

73.85

8

1.546

70.92

10

1.534

70.37

pH

Figure 4.2: Effect of pH on Co(II)
removal by Eggplant Leaves

4.2.2 Effect of Particle Size on Cobalt (II) biosorption
Experiments to detect the optimum particle size were studied at optimum pH obtained from
the previous experiments. Results of the effect of particle size on biosorption of Co(II) by
Tomato and Eggplant Leaves are revealed in (Tables 4.3 & 4.4) and (Figures 4.3 & 4.4)
respectively. The removal efficiency of Co(II) was gradually decreased with increase in the
particle size from 212 to 600 µm. The percent removal varied of heavy metals from the
aqueous solution varies from 46.73 % to 39.09% and from 73.85% to 50.92% with maximum
removal uptake of 1.028 and 1.610 (mg/g) for Tomato and Eggplant Leaves respectively. This
is because, as the size of the biosorbent increased, the surface area of the biosorbent decreased
and hence the availability of the active sites for adsorption in the smaller particle size is more.
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Table 4.3: Effect of Particle size on Co(II)
removal by Tomato Leaves
Size

Metal Uptake

RE

(µm)

(mg/g)

(%)

212

1.028

46.73

425

0.892

40.55

600

0.860

39.09

Figure 4.3: Effect of Particle size on Co (II)
removal by Tomato Leaves

Table 4.4: Effect of Particle size on Co(II)
removal by Eggplant Leaves
Size
(µm)

Figure 4.4: Effect of Particle size on Co(II)
removal by Eggplant Leaves
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Metal
Uptake
(mg/g)

RE
(%)

212

1.610

73.85

425

1.388

63.67

600

1.110

50.92
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4.2.3 Effect of initial metal ion concentration
The effect of initial concentration of Cobalt was studied by varying the metal concentration
from 1 to 3 mg/l while keeping the other variables constant at optimum conditions. As a
general observation, as the initial concentration of metal increased, the amount of adsorbed
metal also increased in both types of the biosorbents as shown in Figurers 4.5 & 4.6. At low
concentration all the active sites and adsorbent surface may not be utilized resulting in a
reduced uptake. The initial faster rate of removal of the metal ion could be due to the
availability of the uncovered surface area of the adsorbents, since adsorption kinetics depends
on the surface area of the adsorbent. These could also be explained in terms of the progressive
increase in the electrostatic interaction between the metal ion and the adsorbent active sites;
moreover, more adsorption sites were being covered as the metal ions concentration increased.
As the concentration of metal increases most of the active sites on the biosorbent surface get
occupied by the metal ions. The uptake of Cobalt increased from 1.028 mg/g to 1.582 mg/g
for Tomato Leaves and from 1.61 mg/g to 3.406 mg/g for Eggplant Leaves. The percent
removal was maximum at 1 mg/l Cobalt for both the biosorbents. The values were 46.73 %
and 73.85% respectively for Tomato and Eggplant leaves (Table 4.5 & 4.6). This is lead to
conclude that the Eggplant leaves for Co(II) removal is considered better than Tomato leaves.
Table 4.5: Effect of initial metal Conc. on
Co(II) removal by Tomato Leaves

Figure 4.5: Effect of initial metal Conc. on
Co(II) removal by Tomato Leaves
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Metal

Metal

Conc.

Uptake

(mg/l)

(mg/g)

1

1.028

46.73

1.5

1.334

41.69

2

1.346

32.05

2.5

1.496

28.77

3

1.582

25.52

RE
(%)
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Table 4.6: Effect of initial metal Conc. on
Co(II) removal by Eggplant Leaves
Metal

Metal

Conc.

Uptake

(mg/l)

(mg/g)

1

1.610

73.85

1.5

2.098

65.97

2

2.554

61.10

2.5

2.904

56.06

3

3.406

55.11

RE
(%)

Figure 4.6: Effect of initial metal Conc. on
Co(II) removal by Eggplant Leaves

4.3 Biosorption of Copper (Cu)
4.3.1 Effect of pH on Copper (II) biosorption
The effect of pH on biosorption process of copper by Tomato and eggplant Leaves was
studied by varying the pH of metal solution from 2 to 10 as shown in Figures 4.7 & 4.8.
Increasing in removal of copper was observed till maximum removal at pH 4 in Tomato
Leaves and at pH 6 in Eggplant Leaves then started to decrease in both biosorbents. This is
believed to be due to competition between the copper ions and protons to bind on the
negatively charged active sites surface at acidic pH values. As pH became less acidic,
competition with protons decreased, and the ions could bind on to active sites. However, once
pH became more basic (around pH 6), adsorption declines as metal hydroxides precipitate
(Ramalingam et al., 2011). The overall highest percentage efficiency was obtained at a
slightly, and lowest at high, basic pH. The values of copper uptake were 2.192 mg/g (99.55%)
for Tomato Leaves and 2.236 mg/g (97.73%) for Eggplant Leaves at the optimum recorded
pH’s (Table 4.7 & 4.8). In the present study, the maximum removal of Copper by using
Tomato leaves was more than by Eggplant leaves as the biosorbent.

42

CHAPTER 4: RESULTS AND DISCUSSION

Table 4.7: Effect of pH on Cu(II)
removal by Tomato Leaves
Metal Uptake

RE

(mg/g)

(%)

2

2.048

93.01

4

2.192

99.55

6

2.152

97.73

8

1.854

84.20

10

1.808

82.11

pH

Figure 4.7: Effect of pH on Cu(II)
removal by Tomato Leaves

Table 4.8: Effect of pH on Cu(II)
removal by Eggplant Leaves
Metal Uptake

RE

(mg/g)

(%)

2

2.106

92.05

4

2.160

94.41

6

2.236

97.73

8

1.998

87.33

10

1.920

83.92

pH

Figure 4.8: Effect of pH on Cu(II)
removal by Eggplant Leaves
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At low pH less than 2 no copper uptake was observed. A lower uptake of copper at higher pH
value may be due to the formation of anionic hydroxide complexes (Kalyani et al., 2004).
Copper is generally more soluble in acidic waters, and precipitates as Cu(OH) 2 at pH values
above 6.5 (USEPA, 2002).
So that while pH range used in this study was till 10, pH over 6.0 were not considered in
evaluation to prevent the possible interferences of precipitation of copper hydroxide on pure
biosorption process as reported by Vijayraghavan et al., (2006).
At all considered pH values during the present investigation. The removal of Copper in both
biosorbents was more than 92% which indicates a negligible effect of hydrogen ion
concentration on uptake of Copper by biosorption process. That means a slightly effect of pH
variation values by using both biosorbents on copper removal. This conclusion match with the
results reported for removal of copper and zinc using Erythrina variegata orientalis leaf
powder studied by Tukaram et al., (2010).
The optimum pH for Cu2+ removal by Chorella vulgaris was found to be 6.0 (Mehta and Guar,
2001). Tea waste has been investigated for the removal of Cu(II) and Pb(II) by Amarasingha,
B.M.W.P.K and R.A. Williams, (2007). The highest metal uptake by tea waste occurred for
Cu(II) and Pb(II) at pH in the range of 5-6 respectively. The increase in the total adsorption
rate and capacity of Pb(II) and Cu(II) was observed when smaller adsorbent particles were
used.
Similar observations have been made by Hossain et al., (2012a) used Banana peel for removal
of Cu(II) from water. Results showed that adsorption capacities of Cu(II) was increased with
the increase in pH from pH 2 to pH 6 which was because, free ion was available at pH below
than 6. However, the adsorption capacity decreased after pH 6 to pH 12. At low pH the
adsorption capacities is low because Cu ions compete with hydrogen ion for binding site on
the surface while at higher pH, Cu ions started to precipitate in the solution. The optimal
conditions for adsorption are found at pH 6, size of particle less than 75 µm, dose of 0.5g/100
ml and 1-hour contact time. Quek et al., (1998) used sago waste, a pollutant as the adsorbent
for lead and copper ions from aqueous solutions. The optimum pH reported was 4-5.5. Rais et
al., (2005) studied the potential of Pinus roxburghii bark as an adsorbent for the removal of
heavy metals such as Cr(VI), Ni(II), Cu(II), Cd(II) and Zn(II) from aqueous solution at
optimum pH of 6.5.

44

CHAPTER 4: RESULTS AND DISCUSSION

4.3.2 Effect of Particle Size on Copper (II) biosorption
A series of experiments were conducted to detect the optimum particle size for copper (II)
removal at optimum pH gained from the previous experiments. Tables 4.9 & 4.10 and Figures
4.9 & 4.10 show the results of particle size effect on biosorption of Cu(II) by using Tomato
and Eggplant Leaves respectively. The removal efficiency of Cu(II) was gradually decreased
with increase in the particle size from 212 to 600 µm. The percent removal of Cu(II) from the
aqueous solution was varied from 99.55 % to 91.46 % and from 97.73% to 88.81% with
maximum removal of 2.192 and 2.236 (mg/g) for Tomato and Eggplant Leaves respectively.
This can be attributed to the relationship between the effective specific area of the adsorbent
particles and their sizes. This can be explained by the fact that for small particle a large
external surface area results in a power driving force per unit surface area for mass transfer
than when larger particles are used (Ahalya et al., 2003) and hence the per cent biosorption is
more.

Table 4.9: Effect of Particle size on Cu(II)
removal by Tomato Leaves

Figure 4.9: Effect of Particle size on Cu(II)
removal by Tomato Leaves
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Size

Metal Uptake

RE

(µm)

(mg/g)

(%)

212

2.192

99.55

425

2.068

93.91

600

2.014

91.46
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Table 4.10: Effect of Particle size on Cu(II)
removal by Eggplant Leaves
Size

Metal Uptake

RE

(µm)

(mg/g)

(%)

212

2.236

97.73

425

2.090

91.35

600

2.032

88.81

Figure 4.10: Effect of Particle size on Cu(II)
removal by Eggplant Leaves

4.3.3 Effect of initial metal ion concentration
The removal of Copper was found to be dependent on its initial concentration. As the initial
concentration of metal increased, the amount adsorbed also increased in both the biosorbents.
The uptake of Copper ions increased from 2.192 mg/g to 5.356 mg/g by using Tomato Leaves
and from 2.24 mg/g to 5.80 mg/g by using Eggplant Leaves (Figures 4.11 & 4.12). This may
be due to a large number of metal ions available for adsorption and due to increase in driving
force i.e. concentration gradient resulting in the saturation of biosorption sites. At low
concentration all the active sites and adsorbent surface may not be utilized. The percent
removal of Copper was decreased with increasing the initial metal ion concentration by using
both biosorbents. It may be due to an increase in the number of metal ions for the fixed
amount of biomass and complete utilization of adsorbent surface and active sites available.
The values of metal adsorption uptake and percentage are given in Tables 4.11 & 4.12.
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Table 4.11: Effect of initial metal Conc. on
Cu(II) removal by Tomato Leaves
Metal

Metal

Conc.

Uptake

(mg/l)

(mg/g)

1

2.192

99.55

1.5

3.090

96.50

2

3.846

91.53

2.5

4.630

89.00

3

5.356

86.36

RE (%)

Figure 4.11: Effect of initial metal Conc. on
Cu(II) removal by Tomato Leaves

Table 4.12: Effect of initial metal Conc. on
Cu(II) removal by Eggplant Leaves

Figure 4.12: Effect of initial metal Conc. on
Cu(II) removal by Eggplant Leaves
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Metal

Metal

Conc.

Uptake

(mg/l)

(mg/g)

1

2.240

97.73

1.5

3.130

95.07

2

4.020

93.75

2.5

4.890

92.40

3

5.800

92.21

RE
(%)
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4.4 Biosorption of Iron (Fe)
4.4.1 Effect of pH on Iron (II) biosorption
Iron exists in two forms, soluble ferrous iron (Fe2+) and insoluble ferric particulate iron (Fe3+).
The concentration of iron in well aerated water is seldom high but under reducing conditions
and in the absence of sulphate and carbonate, high concentrations of soluble ferrous iron may
be found. Under the pH condition existing in drinking water supply, ferrous sulphate is
unstable and precipitates as insoluble ferric hydroxide, which settles out as a rust colored silt.
Metal sorption is critically linked to pH and the effect of pH of the solution is an important
controlling factor in the adsorption process (Lux, 1963). For this, the role of hydrogen ion
concentration was examined at different pH.

The initial pH of aqueous solution was

investigated over a range of 2 to 10.
The result of the experiment revealed that the maximum sorption of Iron was achieved at pH
10 by using Tomato Leaves and at pH 6 by using Eggplant Leaves as shown in Figure 4.13 &
4.14. Although the maximum removal of Fe(II) by Tomato Leaves occurred at pH 10, pH
value of 6 is considered as the optimum pH value; because of Ferrous iron converts to a solid
bluish-green ferrous hydroxide at pH >8.5 which compete with metal ions and start
precipitating and make the sorption studies impossible (Hegler et al., 2008). The uptake of
Iron as shown in Tables 4.13 & 4.14 was 2.05 mg/g (94.91 %) for Tomato Leaves and 2.24
mg/g (98.94%) for Eggplant Leaves. The rate of biosorption decreased at low pH because of
that H+ ions compete on binding sites making these sites unavailable for other cations.
However, with an increase in pH, there is an increase in negatively charged sites which results
in increased binding of cations (Mehta and Gaur, 2005). With increase in pH from 6 where the
maximum removal was achieved to 10, the removal was decreased; the decrease of removals
may due to gradually decrease of the degree of protonation of the adsorbent functional group.
It is noted that the removal efficiency of Iron using Eggplant Leaves showed more than 91%
removal which indicates a negligible effect of hydrogen ion concentration on uptake of Iron
on biosorption process. That means a slightly effect of pH variation values by using Eggplant
Leaves as a biosorbents on Iron removal. In the present study, the maximum removal of Iron
occurred by using Eggplant leaves was more than Tomato leaves as the biosorbent.
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Table 4.13: Effect of pH on Fe(II)
removal by Tomato Leaves
Metal Uptake

RE

(mg/g)

(%)

2

1.838

85.09

4

2.016

93.33

6

2.050

94.91

8

2.020

93.52

10

2.156

99.81

pH

Figure 4.13: Effect of pH on Fe(II)
removal by Tomato Leaves

Table 4.14: Effect of pH on Fe(II)
removal by Eggplant Leaves
Metal Uptake

RE

(mg/g)

(%)

2

2.064

91.17

4

2.186

96.55

6

2.240

98.94

8

2.202

97.26

10

2.182

96.38

pH

Figure 4.14: Effect of pH on Fe(II)
removal by Eggplant Leaves
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4.4.2 Effect of Particle Size on Iron (II) biosorption
The effect of biomass particle size on uptake level of Iron by Tomato and Eggplant Leaves is
presented in Figures 4.15 & 4.16. The experiments were carried out by using particle size in
range of 212 to 600 µm. As shown in Figures 4.15 & 4.16, biosorption of Iron increased with
decrease in the biomass particle size. Maximum biosorption was observed with 212 µm
biomass in both the materials. The removal efficiency of Iron increased with decrease in
adsorbent size, as contact surface area of adsorbent particles and adsorption sites increased.
Removal up to 90.56% of Iron from aqueous solution was achieved by using the largest
particle size (600 µm) of Tomato Leaves. The removal efficiency was increased to 94.91% by
utilizing the smallest particle size. For Eggplant Leaves biosorbent, the removal percentage
was 93.64 % when the largest particle size (600 µm) of biomass was used and it was increased
up to 98.94% after using the smallest particle size (212 µm). With decreasing particle size,
adsorption increases because of the increase in ion exchange sites, surface area and the
number of available adsorption sites (Naiya et al., 2009). When binding sites available are
less, they are fully utilized enhancing the biosorption capacity (Qaiser et al., 2009).

The initial faster rate of removal of each metal ion could be due to the availability of the
uncovered surface area of the adsorbents, since adsorption kinetics depends on the surface
area of the adsorbent. The metal uptake and removal percentage are presented in Tables 4.15
& 4.16.
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Table 4.15: Effect of Particle size on Fe(II)
removal by Tomato Leaves
Size

Metal Uptake

RE

(µm)

(mg/g)

(%)

212

2.050

94.91

425

2.060

91.76

600

2.002

90.56

Figure 4.15: Effect of Particle size on Fe(II)
removal by Tomato Leaves

Table 4.16: Effect of Particle size on Fe(II)
removal by Eggplant Leaves

Figure 4.16: Effect of Particle size on Fe(II)
removal by Eggplant Leaves
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Size

Metal Uptake

RE

(µm)

(mg/g)

(%)

212

2.240

98.94

425

2.172

95.94

600

2.120

93.64
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4.4.3. Effect of initial metal ion concentration
The effect of initial concentration of iron was studied by varying the metal concentration from
1 to 3 mg/l. As the initial concentration of metal increased, the amount adsorbed also
increased in both the biosorbents (Figures 4.17 & 4.18). At low concentration all the active
sites and adsorbent surface may not be utilized resulting in a reduced uptake. As the
concentration of metal increases most of the active sites on the biosorbent surface get
occupied by the metal ions. The uptake of Iron increased from 2.05 mg/g to 5.39 mg/g by
using Tomato Leaves and from 2.24 mg/g to 5.86 mg/g by using Eggplant Leaves. The
maximum percentage of removal was at 1 mg/L Iron for both the biosorbents. The percentages
of removal were 94.91% and 98.94% for Tomato Leaves and Eggplant Leaves respectively
(Tables 4.17 & 4.18). As shown in the Figures 4.17 & 4.18 the metal uptake is increasing with
increasing the metal concentration. The trend could be explained in terms of the progressive
increase in the electrostatic interaction between the metal ions and the absorbent active sites.
Moreover, more adsorption sites were being covered as the metal ions concentration
increased. Besides, higher initial concentrations led to an increase in the affinity of the metal
ions towards the active sites.

Table 4.17: Effect of initial metal Conc. on
Fe(II) removal by Tomato Leaves
Metal

Metal Uptake

RE

(mg/g)

(%)

1

2.050

94.91

1.5

2.910

92.09

2

3.770

90.63

2.5

4.540

87.91

3

5.390

87.50

Conc.
(mg/l)

Figure 4.17: Effect of initial metal Conc. on
Fe (II) removal by Tomato Leaves
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Table 4.18: Effect of initial metal Conc. on
Fe (II) removal by Eggplant Leaves
Metal

Metal

Conc.

Uptake

(mg/l)

(mg/g)

1

2.240

98.94

1.5

3.160

96.88

2

4.100

96.15

2.5

5.020

95.33

3

5.860

93.55

RE
(%)

Figure 4.18: Effect of initial metal Conc. on
Fe(II) removal by Eggplant Leaves

4.5 Biosorption of Nickel (Ni)
4.5.1 Effect of pH on Nickel (II) biosorption
The range of pH selected for nickel adsorption was from 2-10. At low pH, protonated media
and repulsive force restrict the approach of metal cations. Over pH 7 precipitation of nickel
occurs. The maximum removal of nickel was found at pH 6.0 for both biosorbents in the
present study. With increase in pH up to 6.0 the amount of metal removed increased and then
declined with further increase in pH. The maximum uptake of nickel by Tomato Leaves was
0.968 mg/g and by Eggplant Leaves was 1.42 mg/g as shown in (Figures 4.19 & 4.20) and
Tables 4.19 & 4.20. The uptake of nickel using Eggplant leaves was higher than using Tomato
leaves.
The low sorption at low pH may be due to acidic condition effects, where there are enough H +
ions in the water to occupy many of the negatively charged surfaces so that few sites are left
to bind with metal ions, and as a result, more metals remain in the soluble phase (Nriagu,
1990). Up to pH 7 nickel is present as free divalent nickel (Vuceta and Morgan, 1978).
Beyond pH 7, however, Nickel can precipitate as hydroxide and carbonate. It is relatively
more mobile in the aquatic environment than other heavy metals (EPA, 1985).
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Table 4.19: Effect of pH on Ni(II)
removal by Tomato Leaves
Metal Uptake

RE
(%)

pH
2

(mg/g)
Element uptake
0.670
(mg/g)

RE%
30.85

42

0.67
0.764

30.85
35.17

64

0.764
0.968

35.17
44.57

86

0.968
0.804

44.57
37.02

8
10

0.804
0.788

37.02
36.28

10

0.788

36.28

pH

Figure 4.19: Effect of pH on Ni(II)
removal by Tomato Leaves

Table 4.2: Effect of pH on Ni(II)
removal by Tomato Leaves

pH
2

Element uptake
(mg/g)
0.67

4

0.764

6

0.968

8

0.804

10

0.788

Table 4.20: Effect of pH on Ni(II)

RE%

removal by Eggplant Leaves
30.85

44.57

2
2

Metal Uptake
Element
uptake
(mg/g)
(mg/g)
0.932
0.67

43.11
30.85

37.02

4
4

1.156
0.764

53.47
35.17

36.28

6
6

1.420
0.968

65.68
44.57

8
8

1.372
0.804

63.46
37.02

10
10

1.356
0.788

62.72
36.28

pH
pH

35.17

Table 4.2: Effect of pH on Ni(II)
removal by Tomato Leaves
Figure 4.20: Effect of pH on Ni(II)

2

Element uptake
(mg/g)
0.67

removal by Tomato Leaves

RE%
30.85

(%)
RE%

Table 4.4: Effect of pH on Ni(II)

removal by Eggplant Leaves

pH

RE
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Ajmal et al., (2003a&b) Showed that adsorption of Ni(II) and Cd(II) was greater when fruit
peel of orange and Rice Husk were used as adsorbents. Adsorption was dependent on contact
time, concentration, temperature, adsorbent doses and pH of the solution. It was also reported
that the maximum adsorption (> 90%) was obtained at a pH value of 12.
Kadirvelu et al., (2002) prepared activated carbon (AC) from waste Parthenium and used as
adsorbent for removal of Ni(II) from aqueous solution. They assessed kinetic and equilibrium
parameters in batch study, varying time of contact, adsorbate concentration, carbon
concentration, pH, temperature and desorption. The adsorption capacity (Q o) from the
Langmuir isotherm was 54.35 mg Ni(II)/g of AC at pH 5.0 and temp 20ºC, particle size range
250 – 500 μm. Increase in pH from 2 to 10 increase percent removal of metal ion.
Malkoc and Nuhoglu (2006) investigated the removal efficiency of nickel containing aqueous
solutions by fixed-bed columns of tea waste with liquid flow. pH of feed solution (2.0 - 5.0)
and particle size (0.15 - 0.25 to 1.0 - 3.0 mm) of adsorbent found that maximum of Ni(II)
adsorption was at pH 4.0 with decrease in the particle size from 1.0 - 3.0 to 0.15 - 0.25 mm.
When the initial Ni(II) concentration is increased from 50 to 200 mg/L, the corresponding
adsorption bed capacity appeared was increased from 7.31 to 11.17 mg/g.
Rais et al., (2005) studied the potential of Pinus roxburghii bark as an adsorbent for the
removal of some heavy metals from aqueous solution at ambient temperature. The adsorption
capacity of the material was found to be 4.15, 3.89, 3.81, 3.53 and 3.01 mg/g for Cr(VI),
Zn(II), Cu(II), Ni(II) and Cd(II), respectively, at an initial metal ion concentration of 50 mg/L
and optimum pH of 6.5.
Chubar et al., (2004) studies the removal of Cu +2, Zn+2 and Ni+2 from aqueous solutions using
biosorption of cork powder. They concluded that the adsorption of the heavy metals was
favored by an increase of pH.
Ramachandra T.V. (2006) studied the effect of pH on biosorption of Nickel by using bengal
gram husk; tur dal husk; coffee husk and tamarind husk. The results on the removal of metals
reveal that irrespective of the type of husk (adsorbent), the metal ions were adsorbed at
optimal at pH 5.5.
Wheat stem and babul bark as raw materials of agro waste carbons were used to study the
removal of nickel metal from the effluent of the electroplating industry. Almost 100%
removal of Ni (II) was observed using wheat stem activated carbon at a pH value of 4.0 in
adsorption period of 4.0 hrs. Temp. 36±2oC, and initial nickel concentration of 25g/l (Verma
and Shukla, 2000).
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As it is noted from the literatures mentioned above, different optimum pH value were found
for metals removal by different sorbent. This could be attributed to variable nature of
functional groups present on the surface of biosorbent and their chemical interactions with
metal ions. Moreover, may be, due to omission of the influential role of precipitation
interference.
However, in general, all the researchers agreed that at increased pH more metal ions removal
occurred because of that ligands are exposed which carry negative charges resulting in
subsequent attraction of metal ions (Aksu, 2001).

4.5.2 Effect of Particle Size on Nickel (II) biosorption
The study was carried out by increasing the biomass particle size from 212 µm to 600 µm.
The experiment was set up at optimum pH found in the above section. It was noticed that, the
removal efficiency of Nickel increased with decrease in biomass size, as contact surface area
increased. Maximum adsorption of nickel was observed with the biomass of size 212 µm in
both the materials (Figures 4.21 & 4.22). The metal uptake by using Tomato and Eggplant
Leaves was 44.57% and 65.68% respectively (Tables 4.21 & 4.22). The results showed that
the biomass particle size significantly affects the metal sorption process. This result match
what was found by Malkoc and Nuhoglu (2006) they reported that maximum of Ni(II)
adsorption was with decrease in the particle size. At lower biomass particle size, metal
removal increases because of greater availability of metal binding sites.
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Table 4.21: Effect of Particle size on Ni(II)
removal by Tomato Leaves
Size

Metal

Uptake
(µm)Element uptake
(mg/g)
pH
(mg/g)

(%)
RE%

2 212

0.968
0.67

44.57
30.85

4

0.764
0.864

35.17
39.78

6

0.968

44.57

8 600

0.552
0.804

25.41
37.02

10

0.788

36.28

425

Figure 4.21: Effect of Particle size on Ni(II)

RE

Table 4.6: Effect of pH on Ni(II) removal

removal by Tomato Leaves

by Tomato Leaves

pH

Element uptake
(mg/g)

Table 4.22: Effect of Particle size on Ni(II)
RE%

removal by Eggplant Leaves
Metal

2

0.67

30.85

4

0.764

35.17

6

0.968

44.57

2 212

1.420
0.67

65.68
30.85

8

0.804

37.02

4

0.764
1.074

35.17
49.68

6

0.968

44.57

8 600

0.804
0.982

37.02
45.42

10

0.788

36.28

Size

Uptake
(µm)Element uptake
(mg/g)
pH
(mg/g)

425
10

0.788

36.28

Table 4.6: Effect of pH on Ni(II) removal

RE
(%)
RE%

by Tomato Leaves
Figure 4.22: Effect of Particle size on Ni(II)
removal by Eggplant Leaves

Table 4.8: Effect of pH on Ni(II) removal
by Tomato Leaves

pH
2

Element uptake
(mg/g)
0.67

RE%
30.85
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4.5.3 Effect of initial metal ion concentration
The initial metal ion concentration was varied from 1 mg/l to 3 mg/l. The removal efficiency
percentage of nickel was decreased from 44.57 % to 23.91% by using Tomato Leaves and
from 65.68% to 54.11% by using Eggplant Leaves with the increase in initial concentration of
the metal.
During the present study, the optimum initial concentration of nickel for maximum removal in
both two material used was found to be 1mg/l as illustrated in Figures 4.23 & 4.24 and Tables
4.23 & 4.24.

Table 4.23 : Effect of initial metal Conc. on
Ni(II) removal by Tomato Leaves
Metal

pH
2
4
6
8
10

Figure 4.23: Effect of initial metal Conc. on
Ni(II) removal by Tomato Leaves

Metal

Conc.
Uptake
Element uptake
(mg/l)
(mg/g)
(mg/g)
1
0.970
0.67
1.5
1.120
0.764
2
1.060
2.5
3

0.968
0.804
0.788

RE
(%)
RE%
44.57
30.85
35.37
35.17
25.50

1.260

44.57
24.44

1.480

37.02
23.91
36.28

Table 4.10: Effect of pH on Ni(II) removal
by Tomato Leaves

pH

Element uptake
(mg/g)

RE%

2

0.67

30.85

4

0.764

35.17

6

0.968

44.57

8

0.804

37.02

10

0.788

36.28
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Table 4.24: Effect of initial metal Conc. on
Ni(II) removal by Eggplant Leaves
Metal

pH
2

Metal

Conc.
Uptake
RE (%)
Element uptake
(mg/l)
(mg/g) RE%
(mg/g)
1
1.420
65.68
0.67
30.85
1.5

4

1.980

6

10

Ni(II) removal by Eggplant Leaves

44.57
56.45

3.330

37.02
54.11

0.968
2.5

Figure 4.24: Effect of initial metal Conc. on

2.910

0.764
2

8

2.460

62.49
35.17
59.11

3

0.804
0.788

36.28

Table 4.12: Effect of pH on Ni(II) removal
by Tomato Leaves

As seenElement
from theuptake
above figures,
pH
RE% the removal increases with the increase of the initial
concentration.(mg/g)
This result is match the results in the literature reports (Mehta and Gaur, 2005;
Singh
et al., 2007;
2
0.67Kiran and Kaushik,
30.85 2008, Ozturk et al., 2009). This can be related to higher
probability of collision between metal ions and binding sites of biosorbents during the initial
4
phase
of metal0.764
removal (Mehta35.17
et al., 2001).
6
0.968
44.57
4.6 Biosorption of Lead (Pb)
8
0.804
37.02
4.6.1 Effect of pH on Lead (II) biosorption
10 ions are 0.788
36.28 discharged from battery and paint industries with a very
Lead
present in wastewater
high concentration
to its toxic effect, World Health Organization (WHO)
Table
4.12: Effect of(Chen,
pH on2012).
Ni(II)Due
removal
recommended
a maximum
acceptable concentration of Lead in drinking water as 3-10 µg/L
by Tomato
Leaves
(dos Santos et al., 2011).
Effect of pH on biosorption of lead by Tomato and Eggplant Leaves biomass was studied by
varying the pH of aqueous solutions of lead metal from 2 to 10. Maximum sorption of lead
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took place at optimum pH 6 for both Tomato and Eggplant Leaves (Figures 4.25 & 4.26). The
uptake of lead was 2.238 mg/g (99.56 %) by using Tomato Leaves and 2.254 mg/g (97.49 %)
by using Eggplant Leaves as mentioned in Tables 4.25 & 4.26. as seen from the tables and
figures, before and after the optimum pH value, the rate of biosorption decreased.
Table 4.25: Effect of pH on Pb(II)
removal by Tomato Leaves
pH
pH

Figure 4.25: Effect of pH on Pb(II)
removal by Tomato Leaves

Metal uptake

RE

(mg/g)
Element uptake

(%)

2

2.084
(mg/g)

RE%
92.70

2 4

0.67
2.200

30.85
97.86

4 6

0.764
2.238

35.17
99.56

6 8

0.968
1.998

44.57
88.88

8 10

0.804
1.764

37.02
78.47

10

0.788

36.28

Table 4.14: Effect of pH on Ni(II)
removal by Tomato Leaves
Table 4.26: Effect of pH on Pb(II)

pH

Element uptake
(mg/g)

removal by Eggplant Leaves

RE%

2

0.67

30.85

4

0.764

35.17

6

0.968

44.57

8

0.804

37.02

10

0.788

36.28

pH
pH
2

Table 4.14: Effect of pH on Ni(II)
removal by Tomato Leaves
Figure 4.26: Effect of pH on Pb(II)
removal by Eggplant Leaves

RE

(mg/g)
Element uptake

(%)

2.162
(mg/g)

RE%
93.51

24

0.67
2.238

30.85
96.80

46

0.764
2.254

35.17
97.49

68

0.968
2.008

44.57
86.85

810

0.804
1.968

37.02
85.12

10

0.788

36.28

Table 4.16: Effect of pH on Ni(II)
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Element uptake

Metal Uptake

removal by Tomato Leaves
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Biosorption of lead was studied by many researchers using different materials. They found
that adsorption capacity of Pb(II) is pH dependent; increased by increasing the solution pH in
the range from 2 to 6.5. At high pH, decrease in the rate of biosorption may be due to decrease
in the solubility of metal, forming complexes and causing precipitation (Vijayaraghavan and
Yun, 2008). In the presence of inorganic ligands, lead can precipitate as a number of
compounds including PbSO4, PbCO3, Pb(OH)2, PbS, and Pb3(PO4)2 (Jamali et al., 2009).
At 7< pH< 9, PbCO3 is the major species (USEPA, 2002). Below about pH 5-6, the formation
of cationic species prevents the formation of hydroxides (Arain et al., 2008). Lead
precipitation occurs at pH value above 8 and precipitates as Pb(OH) 2 (Burriel, et. al., 1989).
However, although precipitation may contribute to the removal of metals from solution, it
interferes with the pure biosorption phenomenon. In the present study maximum removal of
lead occurred when Eggplant Leaves was used as the biosorbent.
At all considered pH values during the present investigation, the lead removal behavior is as
like as the behavior of Copper; The removal of Lead in both biosorbents was more than 92%,
which indicates a negligible effect of hydrogen ion concentration on uptake of Lead by
biosorption process. The result indicates insignificant effect of pH variation on using both
biosorbents. At very low pH value (pH = 2), Pb(II) removal recorded the minimum values.
This can be justified on the bases that at lower pH values, the H + ions compete with the metal
cation for the adsorption sites in the system, which in turn enforce Pb(II) to partial release the
later. The heavy metal cations are completely released under extreme acidic conditions
(Abdel-Ghani, et al., 2007).
The adsorption percent increases in the pH range of 4.5 - 6.5 showing the maximum
adsorption at pH 6.5 (Abdel-Ghani, et al., 2007). Other studies by using different biosorbents
materials such as the Nile rose plant powder adsorbed 80% and bone powder removed 98.8 %
of lead at lead concentration of 4 mg/l and pH 6 (Halim, et al., 2003). as same as what is
found in the present study.
Forstner and Wittman (1981) found that the greatest increase in the rate of adsorption of Pb(II)
ions on rice husk, maize cobs and sawdust was observed in the pH range from 2.5 to 4.5.
Optimum conditions for Pb(II) removal by rice husk as adsorbent were found to be pH 5.
Similar results have been obtained in studies of the adsorption of Pb(II) on rice husk by Yubin
et al., (1998)
King et al., (2007) studied the removal of Pb(II) from aqueous solutions using Tridax
procumbens (Asteraceae). Batch adsorption experiments were performed as a function of pH,
contact time, solute concentration and adsorbent dose. The optimum pH required for
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maximum adsorption was found to be 4.5 for Pb(II). The maximum efficiency of Pb(II)
removal by biocarbon was 95%.
Adsorption behavior of Pb(II) from aqueous solutions onto nano akaganite powder was
studied by Singanan (2011). Various experimental parameters taken up to generate data
included solution pH, contact time, temperature, concentrations of adsorbate and adsorbent.
It was found that, with the increase in pH from 2 to 5, uptake of metal ions increased. Also,
Tea waste has been investigated for the removal of Cu(II) and Pb(II) from wastewater under
different optimized conditions of the initial metal concentration, adsorbent dose, pH solution
and particle size by Amarasingha et al., (2007). They found, the highest metal uptake by tea
waste occurred at 48 mg/g and 65 mg/g for Cu(II) and Pb(II) at pH in the range of 5 - 6
respectively. The increase in the total adsorption rate and capacity of Pb(II) and Cu(II) was
observed when smaller adsorbent particles were used.
The effect of pH in the metal ion uptake is also being investigated for the removal of Pb(II)
ions in using the polkan peel by Pavan, et al., (2008). The pH range within the range of 2.0 8.0 and the maximum biosorption occurred when the pH was between 2.5 and 5.0. This is
because at lower pH values, the dissociation of carboxylic acids leads to the formation of
carboxylate groups plus H+ and an increase of pH value from 2.0 to 5.0, giving the increased
amount of metallic ion biosorbed. Meanwhile, in the pH higher than 5.0, there is a drastic
decrease in the metallic uptake due to the hydrolysis of the metallic ion that takes place. Also,
Peternele et al., (1999) reported that adsorption process Pb(II) and Cd(II) on sugar cane
bagasse. The concluded that, when ionic strength increases, the maximum adsorption capacity
decreases. The carboxymethylated lignin from sugar cane bagasse can adsorb Pb(II)
selectively rather than Cd(II) under special conditions (pH 6.0, 30 ºC, and ionic strength of 0.1
mol/dm3, when both ions are present in the mixture.
Quek, et al., (1998) used sago was for studying lead and copper ions adsorption process from
aqueous. They found that the pH 4 - 5.5 was the optimum values with a considerable
adsorption capacity for lead (46.6 mg/g) and copper (12.4 mg/g) respectively.
Nasir et al., (2007) studied that the removal of lead and zinc from aqueous solutions using
chemically modified distillation sludge of rose (Rosa centifolia) petals. Maximum adsorption
of both metal ions was observed at pH 5. Adsorption capacity of biomass tends to be in the
order Pb+2 (87.74 mg/g) > Zn+2 (73.8 mg/g) by NaOH pretreated biomass.
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4.6.2 Effect of Particle Size on Lead (II) biosorption
In the present study, the biomass particle size of Tomato and Eggplant Leaves of 212 µm to
600 µm was tested and its effect on lead uptake was investigated. The results of the
experiments are presented in Figures 4.27 & 4.28. The results indicated that, the removal
efficiency of lead enhanced by decreasing the adsorbent particle size, which in turn increased
the contact surface and adsorption sites.
In the present study the particle size of 212 µm was found the optimum and maximum
removal of lead was 99.56% (2.238 mg/g) for Tomato Leaves and 97.49% (2.245 mg/g) for
Eggplant Leaves as presented in Tables 4.27 & 4.28.
When the particle size of biomass decreases, the surface areas and the number of adsorption
sites for ion exchange also increase which results in the higher metal uptake (Naiya et al.,
2009). According to Qaiser et al., (2009) availability of more binding sites and their full
utilization enhances the biosorption capacity. The total adsorption rate and capacity of Pb(II)
was observed when smaller adsorbent particles were used as mentioned by Amarasingha, et
al., 2007.

Table 4.27: Effect of Particle size on Pb(II)
removal by Tomato Leaves
Size

Metal Uptake

(µm) Element(mg/g)
uptake
pH
(mg/g)
2.238
0.67

99.56
30.85

425

0.764
2.086

35.17
92.79

6

0.968

44.57

8 600

2.052
0.804

91.28
37.02

10

0.788

36.28

4

removal by Tomato Leaves

(%)
RE%

212

2

Figure 4.27: Effect of Particle size on Pb(II)

RE

Table 4.18: Effect of pH on Ni(II) removal
by Tomato Leaves

pH

Element uptake
(mg/g)

RE%
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Table 4.28 : Effect of Particle size on Pb(II)
removal by Eggplant Leaves
Size

Metal Uptake

(µm) Element(mg/g)
uptake
pH
(mg/g)

97.49
30.85

0.764
2.112

35.17
91.35

6

0.968

44.57

8 600

2.086
0.804

90.22
37.02

10

0.788

36.28

4
425

Figure 4.28: Effect of Particle size on Pb(II)
removal by Eggplant Leaves

(%)
RE%

2.254
0.67

2

212

RE

Table 4.20: Effect of pH on Ni(II) removal
by Tomato Leaves

Element uptake
pH Effect of initial metal ion
RE%
4.6.3.
concentration
(mg/g)
Effect of initial metal ion concentration was studied by increasing the initial concentration
2
0.67
30.85
from 1 mg/l to 3 mg/l. The pH of 6 and particle of size 212 µm were kept constant throughout
4
35.17optimum conditions of pH and particle size, the removal
conducting
the0.764
experiments. Under
of lead ions raised from to 95.68% to 99.56% using Tomato Leaves and from 95.85% to
6
0.968
44.57
97.49% using Eggplant Leaves with the decreasing the initial ion concentration from 3 mg/l to
1 mg/L as presented in Tables 4.29 & 4.30. The removal of lead was found to be dependent on
8
0.804
37.02
its initial concentration in the solution. As the initial metal concentration increased, the
amount
adsorbed
was increased.
However the percentage of metal removal decreased, this
10
0.788
36.28
may be due to a large number of metal ions available for adsorption (Figures 4.29 & 4.30).
Table 4.20: Effect of pH on Ni(II) removal
by Tomato Leaves
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Table 4.29 : Effect of initial metal Conc. on
Pb(II) removal by Tomato Leaves
Metal

Metal

RE

Conc.
Uptake
Element uptake
(mg/g)
pH(mg/l)
(mg/g)
1
2.240
2
0.67
1.5
2

97.23
35.17
96.33

2.5

0.968
5.040

44.57
96.11

3

0.804
5.980

37.02
95.68

0.788

36.28

6

10

Figure 4.29: Effect of initial metal Conc. on
Pb(II) removal by Tomato Leaves

99.56
30.85

3.160
0.764
4.090

4

8

(%)
RE%

Table 4.22: Effect of pH on Ni(II) removal
by Tomato Leaves
pH
2

Element uptake
(mg/g)
0.67

Table 4.30 : Effect of initial metal Conc. on

RE%

Pb(II) removal by Eggplant Leaves
30.85

4

0.764

35.17

6

0.968

44.57

8

0.804

37.02

Metal

Conc.
Uptake
Element uptake
(mg/g)
pH (mg/l)
(mg/g)
1
2.250
2
0.67
1.5

0.788

36.28

by Tomato Leaves

8

Figure 4.30: Effect of initial metal Conc. on

10

Pb(II) removal by Eggplant Leaves

(%)
RE%
97.49
30.85

2

97.04
35.17
96.75

2.5

0.968
5.100

44.57
96.05

3

0.804
6.050

37.02
95.85

0.788

36.28

6
Table 4.22: Effect of pH on Ni(II) removal

RE

3.210
0.764
4.170

4
10

Metal

Table 4.24: Effect of pH on Ni(II) removal
by Tomato Leaves

pH
2

Element uptake
(mg/g)
0.67

RE%
30.85
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At lower concentration, most of the lead ions in the solution are able to interact with the
binding sites and thus the percentage of biosorption is high. With the increase in the metal
ions, driving force i.e. concentration gradient of metal increases which results in a higher
metal uptake and a decline in percent biosorption. Several researchers have observed
decreasing in biosorption with the increase in the metal concentration (Vijayaraghavan et al.,
2004; Lahari et al., 2010; Ji et al., 2011).
4.7 Biosorption of Zinc (Zn)
4.7.1 Effect of pH on Zinc (II) biosorption
Zinc is listed by the US Environmental Protection Agency as one of the 129 pollutants found
in wastewaters that constitute serious health hazards. According to the World Health
Organization (WHO), the maximum acceptable concentration of zinc in drinking water is 3.0
ppm (GLAAS, 2012). Zinc in wastewater may be discharged from municipal wastewater
treatment plants, chemicals, paper and pulp industries, acid marine drainage, galvanizing
plants, etc., (Abu Al-Rub et al., 2002). The effect of pH on biosorption by Tomato and
Eggplant Leaves was studied by varying the pH of solution from 2 to 10. It was found that,
with the increase in pH value the amount of zinc uptake increased slowly in both the
biosorbents as seen in Figures 4.31 & 4.32. The maximum uptake obtained by Tomato Leaves
was 2.154 mg/g and 2.438 mg/g using Eggplant Leaves at pH 6. At optimum pH, Tomato
Leaves adsorb 88.21% of zinc metal from the solution whereas Eggplant Leaves remove
85.72% of zinc (Tables 4.31 & 4.32).
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Table 4.31 : Effect of pH on Zn(II)
removal by Tomato Leaves

pH

removal by Tomato Leaves

(mg/g)
Element
uptake

RE

(mg/g)
1.972

(%)
RE%
80.75

2
4

0.67
2.032

30.85
83.21

4
6

0.764
2.154

35.17
88.21

6
8

0.968
1.672

44.57
68.47

8
10

0.804
1.634

37.02
66.91

10

0.788

36.28

pH
2

Figure 4.31: Effect of pH on Zn(II)

Metal uptake

Table 4.25: Effect of pH on Ni(II)
removal by Tomato Leaves

Table 4.32 : Effect of pH on Zn(II)
removal by Eggplant Leaves
Metal uptake

RE

(mg/g)

(%)

2

1.232

43.32

4

2.408

84.67

6

2.438

85.72

8

2.362

83.05

10

2.266

79.68

pH

Figure 4.32: Effect of pH on Zn(II)
removal by Eggplant Leaves
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At lower pH, effect of pH on metal adsorption may be explained in relation to the competitive
effect between H3O+ and heavy metal ions. At low pH, H3O+ occupies the binding sites on the
biosorbents surface. As pH increases, the competing effect of H3O+ decreases and positively
charged metal ions take up the free binding sites (Naiya et al., 2009). At high pH, there is net
negative charge on the biomass, which results in decrease in the electrostatic repulsion and
thus increases the biosorption. In the present work, the optimum pH for Zinc adsorption was
observed at pH 6 for the biosorbents used and this result match with most of the results sited
in the literatures. Similar trend was reported for the biosorption of Zn(II) by using Neem
biomass (Arshad et al., 2008).
Chubar et al., 2004 concluded that the adsorption of the heavy metals was favored by an
increase in pH. However, at pH 6-8.0, the predominant species is the free cation (Jamali et al.,
2009). Above pH 8 the precipitation of zinc occurs and higher pH influences the chemical
structure of the metal in aqueous solution, affecting its bioavailability (Mohan et al., 2008).
Mohan and Singh (2002) carried out study on single and multicomponent adsorption of
cadmium and zinc using activated carbon derived from bagasse and they reported that the
removal of Cd (II) and Zn (II) is found to increase as pH increases beyond 2 and at pH < 8.0
the uptake is 100%.
Rais (2005) studied the potential of Pinus roxburghii bark as an adsorbent for the removal
Zn(II) from aqueous solution. Adsorption capacity of the material was found to be 3.89, mg/g
at an initial metal ion concentration of 50 mg/L and optimum pH 6.5.
According to Nasernejad and co-workers (2005), adsorption of metal ions onto carrot residues
was possible due to the presence of carboxylic and phenolic groups which have cation
exchange properties. More metals were adsorbed at higher pH values of the solutions (pH 4
for Cr(III) and pH 5 for Cu(II) and Zn(II)). Maximum adsorption capacities were 45.09, 32.74
and 29.61 mg/g for Cr(III), Cu(II) and Zn(II), respectively.
Mohan et al., (2008) investigated the use of low-cost activated carbon derived from bagasse.
This study was carried out at the initial concentration of 200 mg/l for Cd +2 and Zn+2. The
adsorption of Cd+2 and Zn+2 on the prepared adsorbent increases with the increase in pH. The
adsorption of Cd+2 and Zn+2 is very low at pH 2; it increases from 90% to 95% at pH 4.0 - 6.0.
At pH greater than 8.0 the removal takes place by adsorption as well as precipitation i.e. the
OH- ions from the solution formed some complexes with Cd +2 and Zn+2.
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Nasir et al., (2007) studied that the removal of lead and zinc from aqueous solutions using
chemically modified distillation sludge of rose (Rosa centifolia) petals. Maximum adsorption
of both metal ions was observed at pH 5.
Also, Srivastava et al., (2008) studied that adsorptive removal of cadmium and zinc ions from
binary systems using rice husk ash. The optimum pH for the removal of Cd +2 and Zn+2 ions is
found to be 6.
Arshad et al., (2008) utilized the mature leaves and stem bark of the Neem tree for removing
zinc from water. The optimum pH for efficient biosorption of zinc by Neem leaves and stem
bark was 4 and 5, respectively. The maximum adsorption capacity for zinc was 147.08 mg
Zn/g for Neem leaves and 137.67 mg Zn/g Neem bark. According to Marin et al., (2008), the
biosorption of several metals mainly Cd+2, Zn+2 and Pb+2 by orange wastes has been
investigated in binary systems. The optimum pH for efficient biosorption of zinc was 5.
Naiya et al., (2009) studied that the various physico-chemical parameters such as pH, initial
metal ion concentration, adsorbent dosage level and equilibrium contact time. The optimum
pH for adsorption was found to be 5 for Zn+2 and the initial metal ion concentration obtained
was 25 mg/l.
Hawari et al., (2009) studied that the equilibrium batch dynamics using olive oil mill solid
residues as an adsorbent for zinc removal from aqueous solutions. They found that the
maximum adsorption capacity of zinc was attained at a pH value of 5.0. At optimum pH a
percentage removal of 95 % was achieved.

4.7.2 Effect of Particle Size on Zinc (II) biosorption
The biomass particle size of Tomato and Eggplant Leaves of 212 µm to 600 µm was selected
and its effect on Zink uptake was investigated. The effect of biomass particle size on Zinc
uptake by Tomato and Eggplant Leaves is presented in Figures 4.33 & 4.34. With decrease in
biomass size, Zinc uptake and percent removal increased in both biosorbents. Maximum
removal of Zinc occurred with 212 µm of biomass in both biosorbents. Removal efficiency
increased with decrease in adsorbent size, as contact surface of adsorbent particles and
adsorption sites increased, thus increasing adsorption efficiency (Tables 4.33 & 4.34).
According to Romero-Gonzalez et al., (2001) metal uptake enhanced with decrease in
biosorbent size. With decreased adsorbent size, metal uptake rises because of the increase in
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ion exchange site ability, surface areas and the number of available adsorption sites (Naiya et
al., 2009).
Table 4.33: Effect of Particle size on Zn(II)
removal by Tomato Leaves
Size

Metal

RE

(µm)

Uptake (mg/g)

(%)

212

2.154

88.21

425

1.802

73.79

600

1.394

57.08

Figure 4.33: Effect of Particle size on Zn(II)
removal by Tomato Leaves

Table 4.34: Effect of Particle size on Zn(II)
removal by Eggplant Leaves

Figure 4.34: Effect of Particle size on Zn(II)
removal by Eggplant Leaves
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Size

Metal uptake

RE

(µm)

(mg/g)

(%)

212

2.438

85.72

425

2.358

82.91

600

2.276

80.03
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4.7.3. Effect of initial metal ion concentration
The effect of initial Zn(II) concentration on percentage removal and specific uptake by both
adsorbents are shown in Tables 4.35 & 4.36 and Figures 4.35 & 4.36. The results indicated
that the percentage removal of Zn(II) from aqueous solution decreased as initial ion
concentration increased from 1 to 3 mg/L while keeping all the other parameters constant
(optimum pH and particle size). With increase in the Zn(II) concentration, zinc uptake
increased from 2.15 - 3.44mg/g and from 2.44 - 5.46 mg/g, the percentage removal of Zinc
decreased from 88.21% to 53.37% and from 85.72% to 79.78% in Tomato Leaves and
Eggplant Leaves respectively. This could be explained by at high concentration, metal ions
diffuse to the adsorbent surface by intra-particle diffusion and the hydrolyzed ions diffuse at a
slow rate, thus decreasing the percentage removal and this result match what found by Arshad
et al., (2008). Also at higher metal ion concentration to adsorbent ratio, higher energy sites get
saturated and adsorption starts on lower energy sites, resulting in lower percentage removal of
metal ions (Bhattacharya et al., 2006). The adsorption capacity increased with increase in
initial Zn(II) concentration. Similar trend was reported for the biosorption of Zn(II) on T.
grandis L.f. leaves biomass (Kumar et al., 2006).

Table 4.35 : Effect of initial metal Conc. on
Zn(II) removal by Tomato Leaves
Metal

Metal Uptake

RE

(mg/g)

(%)

1

2.150

88.21

1.5

2.800

81.35

2

2.850

64.16

2.5

3.120

57.26

3

3.440

53.37

Conc.
(mg/l)

Figure 4.35: Effect of initial metal Conc. on
Zn(II) removal by Tomato Leaves
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Table 4.36 : Effect of initial metal Conc. on
Zn(II) removal by Eggplant Leaves
Metal

Metal Uptake

RE

(mg/g)

(%)

1

2.440

85.72

1.5

3.240

84.24

2

4.040

83.32

2.5

4.820

82.51

3

5.460

79.78

Conc.
(mg/l)

Figure 4.36: Effect of initial metal Conc. on
Zn(II) removal by Eggplant Leaves

4.8 Comparison Between Tomato Leaves and Eggplant Leaves Biosorption
4.8.1 Effect of pH
In general the removal efficiency of the six heavy metals under this study is considered very
good. The acidic conditions were the optimum for metals removal and pH value of

6 or less

was the best condition for the two types of biosorbents used in the study. Although
precipitation process forms precipitate which leads to lower the concentration of ion, the
biosorption process using these biosorbents, in general, overwhelmed the removal by
precipitation and the removal achieved more than that from precipitation. This feature takes its
advantage, especially, that most of the industrial effluents containing heavy metals are acidic
(Macchi et al., 1993). Table 4.37 shows the sum up comparison of removal efficiency between
Tomato Leaves and Eggplant Leaves according to variation of pH.
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Table 4.37: Comparison of removal efficiency percentage between Tomato Leaves and
Eggplant Leaves according to variation of pH
pH

Co

Cu

Fe

Ni

Pb

Zn

TL

EL

TL

EL

TL

EL

TL

EL

TL

EL

TL

EL

2

36.09

58.53

93.01

92.05

85.09

91.17

30.85

43.11

92.70

93.51

80.75

43.32

4

43.64

62.75

99.55

94.41

93.33

96.55

35.17

53.47

97.86

96.80

83.21

84.67

6

46.73

73.85

97.73

97.73

94.91

98.94

44.57

65.68

99.56

97.49

88.21

85.72

8

54.09

70.92

84.20

87.33

93.52

97.26

37.02

63.46

88.88

86.85

68.47

83.05

10

58.64

70.37

82.11

83.92

99.81

96.38

36.28

62.72

78.47

85.12

66.91

79.68

Optimum pH

6

6

4

6

6

6

6

6

6

6

6

6

RE %

46.73

73.85

99.55

97.73

94.91

98.94

44.57

65.68

99.56

97.49

88.21

85.72

Cobalt and Iron elements had maximum removal efficiency at pH higher than 6 when using
Tomato Leaves. However, This can give advantage by, firstly, removal by biosorption are
sufficiently achieved (46% and 94% for Cobalt and Iron respectively) and secondly, when
these elements are being in industrial effluents contain heavy metals and the pH rise more than
6, precipitation takes a supplement role with biosorption process, which mean at vast range of
pH the removal will occur with considerable value. A perusal of results showed that variations
in removal efficiency occurred between the two biosorbents; while the removal percentage
supreme occurred for Cu, Pb and Zn ions using Tomato Leaves, the ions Co, Fe and Ni
achieved higher removal percentage using Eggplant leaves. The variation in removal
efficiency from a biosorbent and other for one ion and also within the same biosorbent from
one ion to another may be due to competition and selectivity of some types of biosorbents
which could have broad range binding of the majority of heavy metals with no specific
priority, while others can even be specific for certain types of metals (Kuyvcak, and Volesky
1988). In general sorption capacity by Tomato Leaves was in order of Pb > cu > Fe > Zn > Co
> Ni while sorption capacity by Eggplant Leaves was in order of Fe > Cu > Pb > Zn > Co >
Ni.
4.8.2 Effect of Particle Size
The biomass particle size was varied from 212 to 600 µm and its effect on metals uptake was
investigated. For all experiments results demonstrate that removal efficiency enhanced by
decreasing the adsorbent particle size to 212 µm, which in turn increased the contact surface
and adsorption sites. Table 4.38 shows the sum up comparison of removal efficiency between
Tomato Leaves and Eggplant Leaves according to variation of particle size.
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Table 4.38: Comparison of removal efficiency percentage between Tomato Leaves and
Eggplant Leaves according to variation of Particle Size
Co

Size

Cu

Fe

Ni

Pb

Zn

TL

EL

TL

EL

TL

EL

TL

EL

TL

EL

TL

EL

212

46.73

73.85

99.55

97.73

94.91

98.94

44.57

65.68

99.56

97.49

88.21

85.72

425

40.55

63.67

93.91

91.35

91.76

95.94

39.78

49.68

92.79

91.35

73.79

82.91

600

39.09

50.92

91.46

88.81

90.56

93.64

25.41

45.42

91.28

90.22

57.08

80.03

212

212

212

212

212

212

212

212

212

212

212

212

46.73

73.85

99.55

97.73

94.91

98.94

44.57

65.68

99.56

97.49

88.21

85.72

Optimum
Size
RE %

4.8.3 Effect of Initial Metal Concentration
Review of literatures showed harmonized agreement between researchers about the effect of
initial metals concentration on percentage removal and specific uptake are significant; viz the
percentage removal of the metal ion from solution decreases as the initial metals concentration
increases. While the metal uptake amount increase with increase of initial metal concentration
(Vijayaraghavan et al., 2004; Lahari et al., 2010; Ji et al., 2011; Arshad et al., 2008;
Bhattacharya et al., 2006)
Table 4.39 shows the sum up of initial metal concentration variation in results for both two
types of adsorbents. Percentage removal of metals from aqueous solution decreased as
concentration increased from 1 to 3 mg/L while keeping all the other parameters constant
(optimum pH and particle size). In general, the adsorption capacity increased with increase in
initial metal concentration.
Table 4.39: Comparison of removal efficiency percentage between Tomato Leaves and
Eggplant Leaves according to variation of Initial Metal Conc.
Co

Conc.

Cu

Fe

Ni

Pb

Zn

(mg/l)

TL

EL

TL

EL

TL

EL

TL

EL

TL

EL

TL

EL

1

46.73

73.85

99.55

97.73

94.91

98.94

44.57

65.68

99.56

97.49

88.21

85.72

1.5

41.69

65.97

96.50

95.07

92.09

96.88

35.37

62.49

97.23

97.04

81.35

84.24

2

32.05

61.10

91.53

93.75

90.63

96.15

25.50

59.11

96.33

96.75

64.16

83.32

2.5

28.77

56.06

89.00

92.40

87.91

95.33

24.44

56.45

96.11

96.05

57.26

82.51

3

25.52

55.11

86.36

92.21

87.50

93.55

23.91

54.11

95.68

95.85

53.37

79.78

1

1

1

1

1

1

1

1

1

1

1

1

46.73

73.85

99.55

97.73

93.52

98.94

44.57

65.68

99.56

97.49

88.21

85.72

Optimum
Conc.
RE %
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4.8.4 Statistical comparison
To perform a statistical comparison between Tomato and Eggplant Leaves, paired t-test was
conducted using SPSS 20 Software. This test is utilized where two samples in which
observations in one sample can be paired with observations in the other sample. By
performing the paired-sample t-test, t-value and p-value associated with it were computed and
obtained. At this comparison, the p-value was selected to be less than 0.5 to show that the
obtained value whether a statistically significant difference between means occurred or not for
the three tested conditions.
Tables 4.40, 4.41 and 4.42 show the results of t-value and p-value of both Tomato and
Eggplant Leaves with variation in pH, particle size and initial ion concentration, respectively.
For all heavy metal ions the p-value was less than 0.5, therefore, it can be conclude that there
is a significant evidence to support our research of using Tomato and Eggplant leaves to
remove tested ions under variable of pH values, leaves particles size and initial ion
concentrations.
Table 4.40: The t-value and p-value of both Tomato Leaves (TL) and Eggplant Leaves
(EL) with variation in pH
Co

t-value
p-value

Cu

Fe

Ni

Pb

Zn

TL

EL

TL

EL

TL

EL

TL

EL

TL

EL

TL

EL

12.10

23.57

25.97

36.94

39.36

73.64

16.55

13.73

24.30

36.17

18.49

9.34

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Table 4.41: The t-value and p-value of both Tomato Leaves (TL) and Eggplant Leaves
(EL) with variation in Particle Size
Co

t-value
p-value

TL
17.57
0.000

Cu
EL
9.44
0.00

TL
41.65
0.00

Fe
EL
38.03
0.00

TL
97.31
0.00

Ni
EL
64.87
0.00

TL
6.76
0.00

Pb
EL
7.73
0.00

TL
38.02
0.00

Zn
EL
43.90
0.00

TL
9.57
0.00

EL
51.02
0.00

Table 4.42: The t-value and p-value of both Tomato Leaves (TL) and Eggplant Leaves
(EL) with variation in Initial Ion Concentration

t-value
p-value

Co
TL
EL
14.353 8.074
0.000
0.001

Cu
TL
6.866
0.002

Fe
EL
6.388
0.003

TL
6.352
0.003

Ni
EL
6.336
0.003
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TL
13.329
0.000

Pb
EL
7.173
0.002

TL
6.194
0.003

EL
6.203
0.003

Zn
TL
EL
13.529
7.407
0.000
0.002
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4.9 Effect of Contact Time and Biosorbent Dose on Biosorption Process
This Section presents the results obtained from the batch studies of biosorption of Iron (Fe)
metal by the two agricultural by products namely Tomato Leaves and Eggplant Leaves by
studying the influence of two variables; the contact time and adsorbent dose on removal
efficiency presented in terms of two parameters; the removal efficiency percentage (RE%) and
Metal Uptake (qe).
4.9.1 Effect of contact time on adsorption of Iron
For the determination of the effect of time on the rate of Iron metal biosorption by Tomato and
Eggplant Leaves, experiments was conducted according to procedure described in Chapter 3.
It is generally noticeable from the results of both biosorbents that the rate of Iron removal
increased with the increase in contact time, thereafter it remained constant after an equilibrium
time was reached.
As shown in Figures 4.37 and 4.38 in the first stage, till 30 min, the biosorption process was
rapid for both biosorbents and during this period a large amount of metal were removed from
the solution. The rapid adsorptions may also be explained by that initially, there were large
numbers of vacant active binding sites available on the biosorbents surface at the first phase of
the experiment so that large amount of metals ions were bound rapidly on biosorbents at the
first stage of adsorption. The binding sites shortly become limited, and the remaining vacant
surface sites are difficult to be occupied by the ions due to the formation of repulsive forces
between the metals ions on the solid surface and the liquid phase (Achak et al., 2009;
Srivastava et al., 2006; Memon et al., 2008). Besides, the active sites become saturated at the
initial stage of adsorption where the metal ions are adsorbed (Anwar et al., 2010). As a result,
the driving force of mass transfer between liquid and solid phase in an aqueous adsorption
system decreases with time elapse. Further, the metal ions have to pass through the deeper
surface of the pores for binding and encounter much larger resistance which slowing down of
the adsorption during the later phase of adsorption (Srivastava et al., 2006).
After some intervals of time, the second stage was notably occurred with slower increase in
removal until it reached a constant values, exactly from 60 to 120min, beyond which no more
metals ions are removed from solution. The time required to attain these states of equilibrium
is termed as equilibrium time and the amount of metals adsorbed at the equilibrium time
reflects the maximum adsorption capacity under those operating conditions. The metal uptake
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and removal percentage of Iron at equilibrium time, as shown in Tables 4.43 & 4.44, is 1.899
mg/g (94.95 %) for Tomato Leaves and 1.978 mg/g (98.90%) for Eggplant Leaves.
Table 4.43 : Effect of contact time on
Fe(II) removal by Tomato Leaves
Iron
Time
uptake
RE%
Table(min)
4.43 : Effect
of
contact
time on
(mg/g)
0 Tomato Leaves
0
Fe(II)0removal by
15

0.750

37.51

30

1.698

84.90

45

1.851

92.55

60

1.899

94.95

75

1.901

95.05

90

1.901

95.05

105

1.900

95.00

120

1.901

95.05

Figure 4.37: Effect of contact time on
Fe(II) removal by Tomato Leaves
Figure
: Effect 384.
Table
: Effect of contact time on
of 4.44
contact
time
on
Fe(II)
removal
byIron
Eggplant Leaves
Fe(II)
uptake
RE%
removal by Iron
(mg/g)
Time
Tomato
uptake
RE%
(min)
LeavesTime
Table
4.44 : Effect
of
contact
time on
(mg/g)
(min)
0
Fe(II) removal
by0Eggplant 0Leaves
0
0
0
15
0.607
30.35
15
0.750
37.51
30
1.704
85.20
30
1.698
84.90
45
1.804
90.20
45
1.851
92.55
60
1.978
98.90
60
1.899
94.95
75
1.979
98.95
75
1.901
95.05
90
1.979
98.95
90
1.901
95.05
105
1.977
98.85
105
1.900
95.00
120
1.978
98.90
120
1.901
95.05

Figure 4.38: Effect of contact time on
Fe(II) removal by Tomato Leaves

Figure 4.38: Effect of contact time on
Fe(II) removal by Eggplant Leaves
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Figure 4.40: Effect of contact time on

Figure
: Effect 404.
of contact
time on
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Therefore, contact time of 60 min is found as the optimum time for the adsorption of Iron
metal using both Tomato and Eggplant Leaves. The patterns of the curves establish that the
adsorption is time dependent in which adsorption capacity was proportionally related to the
time. Mameri et. al. (1999) also reported that the available adsorption sites on the biosorbent
are limiting factor for metal uptake. Compared to equilibrium contact times reported in other
literatures, the equilibrium time required by the adsorbents used in the present study (60 min)
is closely near to or less than that mentioned in these literatures. This is significant as
equilibrium time is one of the important considerations for economical water and wastewater
applications. In process application, this rapid biosorption phenomenon is advantageous since
the shorter contact time effectively allows for a smaller size of the contact equipment, which
in turn directly affects both the capacity and operation cost of the process.

4.9.2 Effect of Adsorbent Dosage on the Adsorption of Selected Metals
For the determination of the effect of dose on the rate of Iron metal biosorption by Tomato
and Eggplant Leaves, a various biosorbent dose of biosorbents ranging from 20 to 120 mg was
used.
The percent removal of Iron metal were found to increase with increase in the mass of
biosorbent, due to increase in biosorption surface area. To a specific point, significant changes
in value of adsorbent dosage (from 80 to 120 mg) yield little or no change in percentage
adsorption of the metal ions, the removal percentage flattened and any increase in biosorbent
dose cause no increase in removal percentage. The primary factor explaining this
characteristic is that biosorption sites remain unsaturated during this stage of biosorption
reaction, whereas the number of sites available for biosorption site increases by increasing the
adsorbent dose. The dose required to attain these state is termed as equilibrium dose and the
metals adsorbed at the equilibrium dose reflects the maximum adsorption capacity under this
operating conditions.
Also, at low dose of biosorbents the removal efficiency was low, due to insufficient active
binding site (Yenki and Natarajan, 1993; Ahmed et. al., 2006).
At equilibrium dose Iron removals were 95.34% and 99.18 %, for Tomato and Eggplant
Leaves respectively at adsorbent dose of 60 mg for both biosorbents. The removal of metal
adsorbed on Tomato and Eggplant Leaves is presented in Tables 4.45 and 4.46.
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Table 4.45 : Effect of biosorbent dose on
Fe(II) removal by Tomato Leaves
Iron
Biosorbent
uptake
RE%
dose (mg)
Table 4.45 : Effect
(mg/g)
of biosorbent dose on
Fe(II)
by Tomato Leaves
20 removal1.374
27.48
40

1.544

61.76

60

1.589

95.34

80

1.192

95.36

100

0.954

95.40

120

0.795

95.40

Figure 4.39: Effect of biosorbent dose on
Fe(II) removal by Tomato Leaves

Figure 4.42: Effect of biosorbent dose on
Fe(II) removal by Tomato Leaves

: 42Figure 4.
Effect of
Table
4.46 dose
: Effect of Iron
biosorbent dose on
biosorbent
on Fe(II)
RE%
Fe(II)removal
removal byuptake
Eggplant Leaves
by Tomato
(mg/g)
LeavesBiosorbent
Iron
Biosorbent
dose
(mg)
uptake
RE%
Tabledose
4.46(mg)
: Effect of
biosorbent
dose on
(mg/g)
20
1.374
27.48
Fe(II) 20
removal by1.334
Eggplant Leaves
26.68
40
1.544
61.76
40

1.664
1.589

66.56
95.34

60

1.653
1.192

99.18
95.36

80
100

1.240
0.954

99.20
95.40

100
120

0.992
0.795

99.20
95.40

0.827

99.24

Iron
uptake
(mg/g)

RE%

1.334

26.68

60
80

120
Figure 4.40: Effect of biosorbent dose on
Fe(II) removal by Eggplant Leaves

Figure 4.44: Effect of biosorbent dose on
Fe(II) removal by Eggplant Leaves

: 44Figure 4.
Effect of
biosorbent dose
on Fe(II) removal
by Eggplant
79LeavesBiosorbent
dose (mg)
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CHAPTER 4: RESULTS AND DISCUSSION

As shown in Figures 4.39 and 4.40, while the percent removal of adsorbates increased with
increase in biosorbents dosage, for both biosorbents (i.e. Tomato and Eggplant Leaves)
studied at constant initial metal concentrations, the removal uptake took different behavior;
the amount of adsorbate biosorbed (mg) per unit weight of biosorbent (g) firstly increased
with increase of in biosorbent dose in both biosorbents. Thereafter, metal uptake decreased
with increase in biosorbent dose. A maximum metal uptake was obtained for the adsorbate
studied occurred at 60 mg dosage that considered as inversion point; beyond –this point- the
metal uptake decrease as adsorbent dose increase. This is mainly due to the fact that lower
dosage mass of adsorbent could adsorb larger amount of adsorbate per unit weight of
biosorbent. In addition to that when binding sites available are less, they are fully utilized
enhancing the biosorption capacity (Qaiser et al., 2009). Therefore, at constant initial metal
concentrations, after equilibrium dose is achieved any increase in adsorbent dose will not
cause any rise in the removal nay it will be wasteful and has no rational use. Therefore
biosorbent concentration should be as low as necessary to maximize wise use of biosorbent.
According to Qaiser et al., (2009) availability of lesser binding sites and their full utilization
enhances the biosorption capacity. The results of the present study are in agreement with
literature reports indicating lower biosorbed metal concentrations at high adsorbent
concentrations (Esposito et al, 2001). Thus, (60 mg/100ml) of Tomato and Eggplant Leaves
with 1 mg/l of metal ion concentrations were found as optimum conditions for this
experiments.
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5.1 Conclusion
Adsorption is a process that has been developed immensely as environmental issues rise.
Adsorption has been used to remove many pollutants from wastewater, whether seawater
or industrial wastewater, purifying drinking water, or as a polishing phase at the end of
sewage treatment. These pollutants include heavy metals, which is the focus of this work.
Heavy metals are toxic and hazardous to humans, marine life and the water body in which
it is contained. The metals studied in this work include Cobalt, Copper, Iron, Nickel, Lead
and Zinc, due to their abundance in water, in addition to their toxicity. Adsorbents used
were Tomato and Eggplant leaves collected from near area in Gaza, Palestine due to their
availability. Batch tests were conducted and revealed that Tomato and Eggplant leaves
behave as good adsorbents in removing the metals at different conditions. These conditions
varied in pH, particle size, initial metal ions concentration, contact time and biosorbent
dose.
The obtained results from this work have confirmed the potential use of biosorbents
materials in metal ions (like Cobalt (II), Copper (II), Iron (III), Nickel (II), Lead (II) and
Zink (II)) removal from wastewater and assist in reducing environmental pollution from
such metals as well to save the fund of purchasing the commercial adsorbents. It has also
proved the effectiveness of heavy metal removal from aqueous solution using agricultural
waste (Tomato leaves and Eggplant leaves) as a low cost adsorbent.
The removal of these metal ions from aqueous solutions strongly depend on pH value,
particle size, initial metal ions concentration, contact time and biosorbent dose.
Biosorption of heavy metals was a highly pH-dependent process, and pH control was
imperative during the adsorption process. Irrespective of the type of the adsorbent, the
optimum pH for the removal all metals tested was maximally adsorbed at pH 6.0 except
for copper it was at pH 4 when Tomato Leaves was used. pH 6 was found to be considered
as the optimum value in order to ensure that biosorption was the dominant mechanism
responsible for metal removal and avoid interference of hydroxides precipitation in pure
biosorption phenomena. For all types of heavy metals in this study, the effect of adsorbent
particle size on the adsorption showed that the percentage of metal removal increased with
the decrease in biosorbents size due to increased adsorption surface area. The amount of
the metal removed at optimum pH and particle size increased with increase in initial metal
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concentration, but the percentage adsorbed decreased with increase in initial metal
concentration. The effect of both contact time and biosorbent dose on metal removal
revealed that as time and dose increase, the removal efficiency increase to a point of
equilibrium; thereafter any increase in either time or dose will not cause significant or
rational effect.
Comparison of the adsorption capacity of both adsorbents with that cited in literature
reveals that Tomato Leaves and Eggplant Leaves had near of or even higher biosorption
capacity than the adsorbents reported in literature.
In all experiments, high adsorption capacity reached within 60 minutes of adsorption,
which was an indication of fast adsorption. Moreover, biosorbent dose used to reach
equilibrium was 60 mg that is considered a low dose compared to huge quantity of this
type of waste produced. The biosorbents tested in this study did not undergo any chemical
or physical alterations, making them suitable for removal of metals from wastewaters.
Therefor use of Tomato and Eggplant Leaves as biosorbent achieve; simple operation,
cost-effective, Non-metal selective, less production of solid waste, no sludge production,
no chemical consumption and potential treatment of wastewater even at trace
concentration of metals (1-3 ppm). Research performed in this work can serve as a
potential incentive for promoting biosorption as a promising alternative to conventional
metal treatment methods.
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5.2 Recommendations for Future Work
Biosorption is gaining increasing attention as a promising metal remediation method. More
work is needed to improve our understanding of biosorption process, its complex
mechanism, and its applicability in large-scale systems. The results of this research project
showed that the Tomato and Eggplant Leaves adsorb tested metal ions sufficiently good,
which means a promising biosorption potential. So the following recommendations are
made for future work:
- Studying feasibility and practicality of having treatment processes in column
reactor in series with continuous flow systems and in real life and real industrial
wastewater are highly recommended.
- Researches on recovery of adsorbed metals on the biosorbents are visible.
- There is need to investigate other plants with/without other biological source for
use as adsorption agents with a view to improve water quality and consequently
address the issue of environmental pollution caused by heavy metals and pollution
reduction.
- Effects of other variables such as temperature, and agitation speed could be
investigated, as they were kept constant in this work. Also, studying the effect of
performing these tests on wastewater contains various metal ions rather than tested
is very beneficial.
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