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Abstract

Wastewater which contains pollutants like phosphate above its permissible level and released
into environment without treatment is a headache of our world today. So, the aim of this study
was to investigate phosphate (P) removal efficiency of Termite mounds which is locally
available, low cost adsorbent under batch experimental study. Various parameters studied
including contact time, adsorbent dosage, pH, initial concentration, shaking speed, particle size,
temperature and the presence of competing anions were considered. The result of this study
showed that the optimum contact time for adsorption of P on termite mounds reached to
equilibrium after 60 min with removal efficiency of ~96%, at optimum adsorbent dose of 10 g/I,
optimum pH ~7, equilibrium initial concentration of 3 mg/L, equilibrium shaking speed 200 rpm
and grain size <0.075 mm. And also, the increases of temperature also increase the removal
efficiency of adsorbent.

The sorption kinetics was found to follow pseudo-second-order modelR? = 0.997 rate and the
experimental equilibrium sorption data fitted well to Langmuir model with R? = 0.978 the
equilibrium adsorption, giving a sorption capacity of 4.32 mg/g for central part of termite

mounds.

The presences of competing anions (carbonate and bicarbonate) significantly influence P
adsorption efficiency while sulfate, chloride and nitrate were interfering slightly. The adsorbent
was reduced P concentration of real wastewater from 9.03 mg/L to 0.97 mg/L which was below
its permissible limits. Regenerablity of adsorbent was tested using NaOH solution and the re-
adsorption efficiency after third adsorption/desorption was >73%. From the results of this study
it is concluded that the application of TMs for adsorptive removal of P is highly favorable and a
spontaneous process. Therefore, it can be likely that termite mound (TM) can be used as a low

cost locally available together with highly efficient adsorbent for removal of P from wastewater.
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CHAPTER ONE
INTRODUCTION

1.1 Back ground

Phosphorous (P) is a constituent of many organic and inorganic compoundsfound
widelydistributed in the environment. It is a widely distributed naturally occurring element that
can be found in the earth’s crust, water, and all living organisms. However, it is limiting element
in nature, because of its widely use, it is introduced to environmentfrom different sources such as
fertilizer, boiler, water conditioners, drinking water treatment aids, detergents and other
laundering products (Tomar, 1999, Millus, 2009).Since it is a limiting nutrient it causes many
problems after interring into aquatic environment such as eutrophication,Oxygen depletionand
overgrowth of algal bloom and then cause’sloss of aquatic life’s and water bodies. Effluents that
contain P beyond its permissible limits and released into aquatic environment can cause this
problem.

However, there are different methods of P removal methods from wastewater and aquatic
environments including chemical precipitation, crystallization such as magnesium ammonium
phosphate and hydroxyl apatite processes and biological methods which are widely studied for a
long period of times by different researchers. Even though chemical treatment is more effective
for P removal than other methods but still it is subjected to high costs, complex technology,
problems of sludge handling, its disposal and neutralization of effluent (Biswas, 2008a, Dursun
et al., 2006a). This and other problems initiate researchers of developing countries to focus on
low cost locally available materials to remove this pollutant from wastewater focus on a removal
technology called as adsorption. Adsorption is one of newly developed technology investigated
effective pollutant removal using locally available low cost materials. In this study locally
available material called termite mound was used.

Termite mounds are types of soil constructed by insects called termite. Termites are social insects
that exert significant influence on the physical, chemical and biological properties of tropical and
sub-tropical soils(Semhi et al., 2008).Their feeding habit, food processing and mound
construction operations introduce significant modifications to the soils organic and mineralogical

content on which the mound is built (Konate et al., 1999).Because of its chemical composition,
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high clay contain and modified physical properties of their mounds, it is looked as good
adsorbent materials. Studies have shown that termite mounds in tropical and sub tropical have
higher values for exchangeable some minerals like AI**, Ca?*, Mg?*and K*, effective cation
exchange capacity (ECEC), water holding capacity and water infiltration rates(Rupela et al.,
2006). In another related research, termite-mound soil was reported to contain as much as 20%
of the total nitrogen as inorganic nitrogen, an average organic carbon content of 9.30% and 2.25
times more total P than the adjacent soils (Abdus and Itiola, 2012, Lamoureux and O’Kane,
2012).This is why termites have been categorized as one of the main soil engineers (Bignell and
Eggleton, 2000a). Since they modify soil physico-chemical properties, the promotion of
microbial metabolism in nest materials and increased mobilization of nutrients in the
neighborhood of the nest (Abbadie et al., 2009; Jouquet et al., 2004).



1.2 Statement of the problem

The pollution of surface waters by phosphate is the main cause for eutrophication and was
recognized as a problem in the middle of the twentieth century. This was identified through
survey on the extent of the problem on a global level has found that in Europe, 53% of lakes and
reservoirs are eutrophied. The proportions for Africa, South East Asia, North and South America
are 28%, 54%, 48%, and 41%, respectively (ILEC, 2009). Eutrophication is a natural process and
took centuries to transform water body into a dry land. Nowadays, this process is greatly
accelerated by human activities causes eutrophication within a decade’s (Panasiuk, 2010). This
short term consequences of eutrophication are promoting growth of excess toxic algal blooms
which can kills fish , harm wildlife and livestock by reducing the oxygen content of water
(anoxia) or through the production of toxins and leading to a destabilized aquatic ecosystem
(Singh et al., 2012; Dursun et al., 2006b). Recent reports indicated that more than 80% of
wastewater containing P generated is directly discharged into surface and ground water bodies
without any treatment (Liu et al., 2014).

While sewage discharges are gradually tackled, the relative importance of diffused phosphorus
sources such as agriculture and soil erosion will increase. Even though, improvements in
discharge and surface water quality in recent years, phosphorus pollution remains a significant
issue in developed countries. Developing countries have also severe eutrophication problems
driven by increased use of fertilizer, as well as very poor treatment of urban wastewater from
increasing populations (WHO, 1997)

However, our country Ethiopia is under rapid growth of industries and towns, all liquid wastes
containing high concentration of P from old as well as new factories, commercial, public and
domestic utilities release untreated into any receiving water body (Aschale et al., 2015; MoWIE,
2015). These habits are one of the main causes of soil and water contamination and consequently
cause of public health problem (MoWIE, 2015; WHO, 1997).

In general, removal of phosphorous from wastewater is very difficult to remove by biological
method in which removal efficiency is not greater than 20%; in the other way, chemical
treatment is effective for P removal even though construction and sludge treatment are too
expensive. So, the aim of this research is to apply recently developed technology known as

adsorption using TM which is locally available adsorbent.



1.3 Significance of study

This study gives a great advantage for developing countries those have low income and can’t
access high technology for their liquid waste treatment. It alarms them to use locally available
material (TMs) with low cost but high efficiency of pollutant (P) removal to meet internationally

permissible guide linesfor wastewater to release into environment.

Specially, for tropical and sub tropical countries where TMare abundantly found it gives good

information to use as one of P removal technology.

Since our country Ethiopia is one of low income sub-Saharan country with accelerated economic
growth and industrial establishments but difficulty of waste treatment, this research gives a key

to use locally available material for waste treatment.



CHAPTER TWO
LITERATURE REVIEW

2.1 General description

Wastewater which contains pollutants beyond its permissible limit generated from both point and
non point sources released into environment without treatment is a fret of our world today.
Wastewater containing high concentration of P discharge from sewage and industries are major
component of water pollution, contributing to oxygen demand and nutrient loading of the water
bodies, promoting toxic algal blooms and leading to a destabilized aquatic ecosystem (Singh et
al., 2012; Dursun et al., 2006b). Recent reports indicate that worldwide more than half of the
population of less developed countries does not have access to sanitation and more than 80% of
the waste water generated is directly discharged into surface and ground water bodies (Harris,
2002). Different national and international institutions try to develop permissible limit for all
hazardous chemical and elements released in waste water and inter into river, stream and
stagnant water bodies (Maduakor et al., 1995; Tekalign and Haque, 2007; WHO, 1997). P is one
of those elements which limit the growth and if in access cause the loss of aquatic life and death

of water bodies.

The general purpose of P removal is to eliminate the excess P content from wastewater
discharged to receiving waters and then to utilize this excluded P load in the way which is the
most proper for the natural phosphorus cycle in nature. This method should prevent surface
waters against Eutrophication-related problems(Rybicki, 1997D).

P is a naturally occurring element that can be found in different parts of earth’s crust, water
bodies, and in all living organisms (Millus, 2009). P is one of 16 elements that are essential for
plant growth and it is found in natural environment in the form of condensed phosphate
(polyphosphates), organic phosphates and orthophosphates (Guan, 2005). The excess content of
P in receiving waters leads to extensive algal growth which is called Eutrophication. The
phenomenon of Eutrophication usually decreases the water quality and as a result it may increase
significantly the cost of water treatment at treatment plants for surface water. The load of
phosphorus discharged to receiving waters comes from various groups of sources of point source
and non point sources of which the main sources are agricultural use of fertilizers, domestic and

industrial wastewater, and atmospheric deposition(Rybicki, 1997a).
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A lot of researchers were reported on the sources of P and the ways used to reduce this pollutant
from wastewater using different technologies. According to the findings >80% P was from
domestic wastewater whichis the dominating source of P in municipal discharges in densely
populated regions(Spellman, 2003). As presented by van Starkenburg and Rijs(1988) in the
Netherlands 18 million tons per year of P comes from domestic wastewater while only 4.2
million tons per year comes from industrial discharges as reviewed by (Rybicki, 1997b). Similar
report for Poland showed that as much as 85% of the total P load comes from domestic sources
(Rybicki, 1996). The finding also reports amount of P released per capita per person for different
countries with the average of 1.4 g P/cap*day (Boller, 1993). Even though the amount and type
of waste produced in households is influenced by culture, lifestyle and standard of living of the
inhabitants as well as the technical and juridical framework by which people are surrounded
(Henze, 2008).These sources mainly come from house hold because of excess uses of detergents

containing high concentration of P.

Another important source which takes the second priority of P concentration was industrial and
commercial wastewater with >17.1% P content (Wentzel, 1995).indusThe effects of mining P
and manufacturing fertilizer have been controversial for decades, but until relatively recently no
one was willing to take on the industry. Even though developed countries used high technology
to treat their waste still it is difficult to remove suchlike of P and nitrate from wastewater through

biological treatment methods.

2.2 Forms of phosphate found in wastewater

Phosphate is found in water environment in different forms; below it was discussed in short as

great importance in wastewater:

* Organic P (with -P-O-C- bonds), usually constituents of dissolved and suspended
compounds of wastewater. Their input to total phosphors is estimated as approx. 4%,
mostly from plastifiers for plastics or pesticides. In a water environment these
compounds are degraded chemically and/or biologically to orthophosphates. Forms of
compounds: parts of cell walls<Phospholipids>, phosphoramides, toxic phosphate esters,
phosphororganic insecticides



« Condensed inorganic Phosphate (with -P-O-P- bonds), including both chain-bonded
polyphosphates and cyclic bonded metaphosphates. Polyphosphates being basic
constituents of detergents and water softeners are the most common inorganic condensed
polyphosphates in municipal wastewater

« Inorganic orthophosphates PO4* ions.
2.3 Basics of phosphate source control

As discussed above the main sources of P was from reducing domestic, industries and
commercial area which mainly come from detergent used for cleaning and small was for another
purpose. According to Wentzel, (1996) recommendation of P concentration from wastewater was
possible to eliminate or significantly reduce this source of contamination several sodium
tripolyphosphate (STPP) substitutes have been proposed e.g. nitriloacetic acid (NTA), zeolites,
unsaturated sulphonated organic acids etc(Wentzel, 1991).

Even though it is possible to reduce P concentration in wastewater by replacing with anther
alternatives of detergents, these methods of P elimination occurred to be not as simple as it had
been recognized previously because of:
» The impact of STPP on environmental was not studied and well known yet;
« There were no clear agreements on the ecological safety of NTA is still being under
question as this compound cannot be fully removed in biological treatment plants;
« Substitutes of newly developed detergents decreasing washing performance and may
reduce life times machine and clothing (Wentzel, 1991)
» To conclude even though some amounts of pollutant decreased by using alternative
detergents (30-40%) for those left in wastewater another technology will be required such
as chemical precipitations, biological methods and adsorption which are focus of this

study and will be discussed in detail

2.4 General Descriptions of Termites

Termite mounds are built by different types of mound-building termite species that significantly

modify the physicochemical properties of soil (Fufa et al., 2013; Semhi et al., 2008). It is widely

distributed throughout the world including our country Ethiopia (Abbadie et al., 2009; Getahun

and Degaga, 2014; Bignell and Eggleton, 2000b). In Ethiopia, TMs are found widely distributed
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almost in all regions. In the northern part of Amhara region (Tekalign and Haque, 2007),
Southern Tigry(Hadgu et al., 2014), SNNP (Getahun and Degaga, 2014) and Oromia (Wellega,
Borana, Jimma, great rift valley area of Ethiopia, Northern shewa (Sellale) is where it is found
widely distributed (Itanna et al., 2011; Abdus and lItiola, 2012; Fufa et al., 2013; Debelo and
Degaga, 2014). Average mound soil weight per a single mound is estimated ~ 5 tons per hectare
(Getahun and Degaga, 2014) and 12 mounds per hectare are found according to (Fufa et al.,
2013, Tilahun et al., 2012). In Ethiopia, it’s also reported as termites are the main causes for
deterioration of crop products in the farming lands are estimated in millions (Hadgu, 2014).

Termites are social insects that exert significant influence on the physical, chemical and
biological properties of tropical and sub-tropical soils (Semhi et al., 2008). The feeding habit, the
food processing and mound construction operations introduce significant modifications to the
soils organic and mineralogical content on which the mound is built (Konate et al., 1999).
Termites perform several activities that qualify them as soil engineers. They collect organic
material as food source and for nest construction, transport it to their nest, and alter it during
digestion. For the transportation, they build galleries into the soil and also on the soils surface.
The physico-chemical characteristics of soils largely influence the parameters of adsorption
process and this eventually governs the availability of nutrient ions to the growing plants.
Among the soil properties affecting the P adsorption capacity are soil texture, organic matter
content, soil pH and sesquioxidesof the soil. The surface charge of clay minerals and oxides is
partly pH.

2.6 Influence of termite activities on physico-chemical soil properties

In their life, mound-building termites implement different forms and grades of activity that can
influence soil nutrient cycles or soil physico-chemical properties. The significance of termite
activities to the modification of soil properties is said to be dependent on temporal and spatial
dynamics of their activities in the soil (Lisa et al., 1995). Their building and feeding activities
influence soil properties by modification and redistribution of the soil materials (Lavelle et al.,
1992), due to selection of fine particles for construction (Jouquet et al., 2002b; 2007). As a result
of ensuring the stability of their mounds, termites modify the soil by increasing the clay and
SOM content (Holt and Lepage, 2000; Mora et al., 2003) hence, modifying other chemical

properties of the soil. Other studies have reported accumulation of nutrients such as C, N, P and
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exchangeable basic cations in termite mounds compared to unaffected soils (Abbadie and
Lepage, 1989; Black and Okwakol, 1997; Lopez-Hernandez, 2001).

2.6.1Influence on soil texture

Soil texture refers to the particle size distribution in a soil. The particle sizes are in three groups
according to the USDA systems of textural classification; sand (2-0.05 mm), silt (0.05-0.002
mm) and clay (< 0.002 mm) but many researchers use ASTM particle size classifications of (>
4.75, 2 to 4.75, 0.425 to 2and 0.075 to 0.425) (ASTAM, 1986). The soil texture affects water
percolation and retention in the soil, nutrient retention and leaching, aeration, erosion behavior
and organic matter dynamics of the soil. It is so important to analyze the soil texture for
assessing the quality of the soil and its sustainability for agricultural management activities
(Kettler et al., 2001). Termite distribution and activity can be both affected by and affect soil
texture. Termites affect surface processes by transporting soil from various depths in the profile
to the surface, where they build epigeal mounds and other structures (Ross et al., 1992). It has
been argued that termites select small particle materials from the soil profile and bring them to

the target area of construction; hence the mounds are commonly of fine texture (Boyer, 1982).

2.6.2 Influence on soil acidity

An acidic pH < 5.0 is a characteristic feature of Ferralsols. Due to this reason, problems such as
aluminum toxicity, weak cation exchange capacity, and retention of phosphorus are commonly
reported for these soils (WRB, 2006). Elevating the pH of the soil towards neutrality combats the
Al toxicity problem, lowers anion exchange capacity and raises the cation exchange capacity
(McBride, 1994many studies have observed changes in pH of the termite mounds compared to
the control soil. The increased pH that is commonly found in termite mound samples compared
to the control soil may be due to translocation of less weathered soil from subsoil during the
mound building (Lepage and Darlington, 2000). Due to being less weathered, this soil can be
expected to have higher levels of basic cations as compared to the control soil which is deeply
leached out and dominated by acidic cations e.g. AI®*. These basic cations partly neutralize the
soil acidity and thus elevate the pH. A more recent study by Mujinya et al., (2011) research
work, confirmed the higher pH levels in the mound are due to the accumulation of pedogenic

carbonates in the mounds.



2.6.3 Influence on organic carbon

Termites are among the factors that affect the dynamics of soil organic matter (SOM) in tropical
ecosystem. Although their function is of great importance, it is still not well documented. A few
studies show that there is a variation of SOM content between the mound soil and the control
soil. In some cases, organic carbon levels in the epigeal termite structures are reported to be
higher than those of the soil from which they were formed (Abbadie and Lepage, 1989; Jouquet
et al., 2003; Ruckamp, et al., 2011). The high levels of SOM in the termite structures are thought
to depend on inclusion of feces during building (Lavelle et al., 1992) and due to feeding on
plants (Lee and Wood, 1971). On the other hand, lower SOM content in the termite mound
compared to the control soil is reported by other studies (Fall et al., 2001; Jouquet et al., 2004).
However, Jouquet et al., (2007) suggested that termites are able to change the level of SOM
depending on the part or zone of the mound constructed (fungus comb chamber walls, inner
section and the rest of the mound parts) and the species of termites. This was confirmed by
Mujinya et al., (2013), who found the OC was higher in the mound foot, followed by the outer

crust, and the remaining parts which had low levels, though still higher than the control soil.

2.6.4 Influence on the cation exchange capacity

The cation exchange capacity (CEC) is a measure of the ability of a soil to attract, retain and
exchange cations, among which nutrients for plant growth or adsorbed on colloidal soils around.
For this reason, the CEC is a good indicator of soil quality and productivity. It is the expression
for the negative charge per unit mass of soil that arises at surfaces of colloidal particles, mainly
clay and organic matter of the soil which can be occupied by cations. This expresses the potential
capacity of soil to retain nutrients on the soil colloids. As a result CEC can be used to assess the
potential fertility of a soil and its possible response to fertilizer (Landon, 1984). According to
Troeh, (1995), states that the strength of CEC and types of soil found around as following:
Colloid CEC, cmol/kg

Kaolinite3 — 15

Ilite20 — 40

Montmorillonite60 — 100

soil organic matter, humus 100 — 300

Soil clay minerals and organic matter tend to be negatively charged, thus attracting positively

charged ions (cat-ions) on their surfaces by electrostatic forces. As a result, the cations remain
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within the soil root zone and are not easily lost through leaching. The adsorbed cations may
easily exchange with other cations in the soil solution, hence the term “cation exchange.” The
adsorbed cations replenish the ions in the soil solution when concentrations decrease due to the
occurrence of high adsorption capacity around (Troeh et al., 1993)

When soil is highly weathered its pH becomes acidic. Then exchangeable aluminum dominates
the soil and occupies the exchange complex of the soil instead of the exchangeable basic cations
which are leached out. The CEC clay indicates the stage of soil weathering and is related to the
clay mineralogy of the soil. If the CEC clay is low, the clay fraction could be dominated by low-
activity clays (e.g. kaolinite). Where the CEC clay is high, high activity 2:1 clay minerals, e.g.
smectites or vermiculite, are expected to dominate the soil. For humid tropical soils, the soil CEC
is generally low due to being highly weathered and as a result the soil is dominated by Al and Fe
oxy-hydroxides and 1:1 minerals which have variable surface charges depending on the pH. It
has been argued that due to the higher clay and SOM contents in the mound soil than in the
control soil, there is a higher CEC and an enrichment of basic cations (Ca?*, Mg?*, K* and Na*)
and mineral nutrients such as NH4™ and NOs in the mound (Summer and Miller, 1996). Other
studies observed mineralogical alteration of the clay by termites that lead to the formation of
unstable illite which is finally transformed into vermiculite (Koch et al., 1992). On the other
hand, Jouquet et al., (2007) suggested the formation of smectite layers from illite due to termite
activities. The formation of smectites and vermiculites due to alteration of illite would also cause

an increase in CEC in the mound soil compared to the control soil.

2.6.5 Influence on phosphorus availability

Effective management of P in soils requires an understanding of the factors affecting availability
of soil native P and applied fertilizer P. Among the factors that affect soil P availability, pH is a
major factor that determines the availability of soil P. The forms of available P for plant uptake
are primary H,PO4 and secondary HPOs* orthophosphates. Primary orthophosphate which
dominates in slightly acidic soil is reported to be more readily taken up by plants than the
secondary form which dominates in slightly alkaline conditions. When the pH exceeds 7.5, P is
increasingly fixed with Ca while at a pH below 5.5 it binds with soluble Al and Fe, and adsorbs

to positively charged sesquioxides. Soil P sorption and adsorption dynamics are important for P

11



availability (Mamo and Wortmann, 2009). Ferralsols, being HWS with many sesquioxides and a
low pH, are characterized by a strong retention or sorption of phosphorus.

Few studies have looked at the dynamics of biogenic elements P, C, and N in termite mounds
compared to associated soils, and some studies suggest that mounds act as sinks for some
elements (Wood and Sands, 1978). Though, findings on P content of termite mounds in relation
to associated soils are contradictory (Lopez-Hernandez, 1989). A study on mound structures of
termites in Australia found that there were only small differences in P concentration between
termite mound and the soil from which it was built (Lee and Wood, 1971). Another study
encountered a significantly greater amount of extractable P in the in the same Australian termite
mounds compared to associated soils (Okello-Oloya et al., 1985). However, for the effects of
termite activities on soil P status, it is suggested to be related to the materials use for construction
and the feeding habits. In regard to the feeding habits, it was found that there is a high level of
both total and available P in termite mounds of the plant-feeding termites compared to

surrounding soil (Lopez-Hernandez, 1989).

2.8Variability of termite activities in different zones of the mound

Comparatively a few authors have wrote the different activities of termite activities in different
parts of mounds that influence variability in soil properties among the different parts of mounds
compared with non termite soils.Ruckamp et al., (2012) suggested the termite effects are higher
below the mounds due to long time period the soil was exposed to the termite activities. They
also suggested that the variation was due to redistribution of soil particles in the mound during
different termite activities. Jouquet et al., (2002) found that there was more carbon and nitrogen
in the fungus-comb chamber walls than in the galleries. Mujinya et al., (2010) also reported a
higher CEC and pH in the chamber wall, followed by the central hive and mound foot.
Contrasting to the previous findings, a few studies have reported no differences in C content
among different zones of the mounds, despite the fact that all contained higher amounts than the
control soil (Mora et al., 2003; Jouquet et al., 2003; Ndiaye et al., 2004).

2.10. Factors affecting phosphorus adsorption by soils

Depending on its characteristics soil can influence P adsorption depending on the amount and

type of clay content, soil pH, soil OM content, reaction time, exchangeable AI®*, soil redox
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condition (Sanchez and Uehara, 1980), and root exudates. These and other factors play a great
role on P adsorption/desorption process. Same factors are review in detail under the following

sub titles.

2.10.1 Soil Mineral Type

Numerous studies show that clay minerals play an important role in P sorption by soils. In
summary, those clay minerals that possess greater anion exchange capacity due to a positive
surface charge have a greater affinity for P ions(Harrell and Wang, 2006). The surface charge of
clay minerals and oxides are partly pH dependent so there is an inverse relationship between pH
and anion exchange capacity. Soils with significant contents of iron and aluminum oxides have
large P fixation/adsorption capacities because of their high surface areas. Tisdale et al, (1985)
supported that crystalline hydrous metal oxides are usually capable of retaining more phosphorus
than layer silicates.

The higher Al and Fe oxide contents of soil clay and less crystalline more amorphous the soil
minerals, the greater an acid soil’s P fixation capacity. This is largely attributed to the greater
surface area which these conditions represent (Gilkes and Hughes, 1994; Quintero et al., 1999).
Among the layer silicate clays, 1:1 type clays have a greater phosphate retention capacity than2:1
type clays. Soils containing large amounts of kaolinite group clay minerals will retain larger

quantities of added P than those containing the 2:1 type clay minerals.

2.10.2 Amount of clay

In recent reports clays are not the only indicators of CEC but also play a great role for P
availability in soil through its high adsorptions capacity (Hardy, 1995). The clay content of a soil
has impact on P adsorption. When it is compared to the control soil, Soils
containinghigherpercentage of clay adsorbs more P that those with less clay content. In other
words, since clay soils are very silty in size it has more surface area that exposed with a given
adsorbent, so, it has the greater tendency to retain P. Many studies have shown that there are
close relationships between clay content and P sorption(Soils and Torrent, 1989; Pena and
Torrent, 1990) Pena and Torrent, 1990). In short, the soil components affecting P adsorption

include iron and aluminum oxides, clay and clay sized amorphous materials. The specific surface
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area of the calcium carbonate is also responsible for P adsorption in calcareous soils. Higher clay

contents also result in greater P fixation (Harris, 2002; Voundi et al., 1997; Grassi et al., 2012).

2.10.3Adsorption thermodynamics

Thermodynamic parameters such as Gibbs free energy change (AG), enthalpy changes (AH) and
entropy change (AS) are among the most important features involved in an adsorption system.
The positive values of AS (J/mol K) revealed the affinity of adsorbent for the adsorbate being
tested and increased randomness at the solid—solution interface during adsorption of adsorbate
onto the active sites of adsorbent. If the negative AG obtained for the adsorption of adsorbate
onto adsorbent indicates spontaneous nature and feasibility of the adsorption process with high
preference of adsorbate onto adsorbent (Bello and Ahmad 2011).

The entropy term is therefore subtracted from the enthalpy term when calculating AG® for a
reaction. Because of the way the free energy of the system is defined, AG° is negative for any
reaction for which AH° is negative and AS° is positive. AG® is therefore negative for any
reaction that is favored by both the enthalpy and entropy terms. We can therefore conclude that
any reaction for which AG° is negative should be favorable, or spontaneous.Favorable or
spontaneous reactions AG°<0 and Unfavorable or non-spontaneous reactions AG®> 0

2.10.4 Adsorption mechanisms

Adsorption rate is known to be controlled by several factors including

1.Diffusion of the solute from the solution to the film surrounding the particle,

2. Diffusion from the film to the particle surface (external diffusion)

3.Diffusion from the surface to the internal sites (surface diffusion or pore diffusion) and
4.Uptake which can involve several mechanisms such as physicochemical adsorption, ion
exchange, precipitation or complexation (Gercel et al. 2007; Wu et al. 2001). Adsorption kinetics
are usually controlled by different mechanisms, of which the most limiting ones are the diffusion
mechanisms, including the initial curved portion, which is attributed to rapid external diffusion
or boundary layer diffusion and surface adsorption, and the linear portion, i.e., a gradual
adsorption stage due to intra-particle diffusion, followed by a plateau to equilibrium where the
intra-particle diffusion starts to decrease due to the low concentration in solution as well as fewer
available adsorption sites (Venkata et al. 2002). In the present study, non-linear plots were

obtained, the first one is bulk diffusion, the second is external mass transfer resistance and the
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third is intra-particle mass transfer resistance. Mass transfer is governed by several relationships,
taking into account the diffusion mechanisms and their related equations, the coupling between
liquid and solid phases and the initial and boundary conditions. Therefore, it means that the rate
of attainment to equilibrium may be particle-diffusion controlled (Yang and Al-Duri 2005). And
also Weber and Morris, (1963), discuss that if intraparticle diffusion is a rate controlling step,
then the plots should be linear and pass through the origin then the intraparticle diffusion is not

complex and it is a rate controlling step.

2.10.5 Effect of soil pH

Soils pH has profound effect on the amount and manner in which soluble phosphate become
adsorbed. Soil P sorption capacity is correlated with metal oxides, carbonates, soil solution pH,
and ionic strength and composition (Tsadilas et al., 1996; Harrell and Wang, 2006).Adsorption
of P by iron and aluminium oxides declines with increasing pH (White, 1980). Gibbsite [t-
Al(OH)s] adsorbs greatest amount of P between pH 4 and 5. P adsorption by goethite (a-FeOOH)
decreases steadily between pH 3 and 12 (Huang, 1975; Bowden et al., 2009). Phosphate
availability in most of the soils is at a maximum in the pH range of 6.0 to 6.5 (Tisdale et al.,
1985). Al lower pH values the retention results from the reaction with iron and aluminum and
their hydrous oxides. Above pH 7.0 the ions of calcium, and magnesium and their carbonates
cause precipitation of added phosphorus, which decreases its availability. The presence of
calcium and magnesium ions must accompany high pH values. If the increase of these soils ion
continued, there will be a decrease in solubility of soil phosphorus. However, liming acid soils

increases the solubility of phosphorus.

2.10.6 Exchangeable Al 3+

In highly weathered and acid soils, exchangeable AI®* is the main factor determining the pattern
of P sorption with changing pH (Chen and Barber, 1990). Haynes, (1984) said that one should
expect liming to increase P sorption in soils that are initially high in exchangeable AI** but to
decrease P sorption in soils with low exchangeable AI®* content. When soils with low
exchangeable AI** are limed, the neutralization and precipitation of AI** ion and of hydroxy-Al
species to form Aluminum hydroxide reduces the number of P-sorption sites. Where
exchangeable AIP* is initially high, the formation of amorphous hydroxyl Al with highly active
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sorbing surfaces may exceed any decrease in the sorption capacity of the original sorbing

surfaces, resulting in increasing P sorption as pH increases.

2.10.7 Effect of organic matter

In highly weathered soils, the phyto-availability of P can be greatly reduced through sorption to
sesquioxides (Pushparajah, 1998). Organic matter (OM) interacts with P in soils in a variety of
ways that potentially influence these P sorption reactions (Saunders, 1965). A lot of researchers
noted correlation between OC and the amount of P adsorbed by soils (Woodruff and Kamprath,
1965). According to Tisdale et al, (1985) the availability of phosphorus increased from
decomposition of organic residues has been due to:

1. The formation of phosphohumic complexes which are more easily assimilated by plants

2. Anion replacement of the phosphate by the humate ions and

3. The coating of sesquioxide particles by humus to from a protective cover and thus reduce the
P retention capacity of the soil. It was suggested that certain organic anions form stable
complexes with iron and aluminium, thus preventing their reaction with phosphorus by blocking
the adsorption sites (Guppy et al., 2005; Leaver and Russell, 1957). It was further stated that
these complex ions release P previously retained by the same mechanism. Haller, (1969)
suggested that it is OH groups in OM which affects P adsorption through anion exchange, while
the results of Appeltet al, (1975) showed that it is the Al and to lesser extent the adsorbed by the
organic colloids which are active in P adsorption. OM does lower the adsorption of P. it also
provides a method of increasing the P availability without the use of fertilizers. The evolution of
carbon dioxide after the decomposition of organic residues has a favorable effect on P
availability. The gas is dissolved in water to form carbonic acid which is capable of decomposing
certain primary soil minerals. On the basis of available evidence, it is clear that the addition of
organic materials to mineral soils may increase the availability of soil P. Soils with a high
content of OM (colloidal) had very low capacities to adsorb P (Fox and Kamprath, 1971).

2.10.8 Effect of Coexisting lons,

Both organic and inorganic anions compete with phosphate for adsorption to varying extent. In
some cases it may result in a decrease in the adsorption of added phosphate or desorption of
retained phosphate (Grassi et al., 2012). Researchers have proposed an ion—exchange reaction as
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a possible mechanism for phosphate adsorption on different types of soils and treated wastes as
effective adsorbent (Zhang et al., 1987). But P adsorption efficiency was significantly affected
by co-existing ions like Fluoride, carbonate, sulfate, nitrate and bicarbonate which is found in
waste water within different concentration range. According to, Chubar et al., (2009) study of
phosphate uptake by HUD and AI-HUD as a function of the initial concentrations of the
coexisting ions the uptake of phosphate increased slightly, without any trend, in the presence of
chloride, nitrate, or sulfate ions but significantly affected in the presence of carbonate and
bicarbonate. Another study state that selectivity of the fluoride adsorption onto three samples
was reported as 25-50 times greater than phosphate adsorption (Hamdi and Srasra, 2008). Also
Panasiuk, (2010) in his study divided co-existing ions into two: those that form outer-sphere
complexes (chloride, nitrate, and sulfate) and those that form inner-sphere complexes with
binding surfaces, e.g., fluoride. According to the result of this study the quantities of phosphate
adsorbed on HUD and Al-HUD decreased from 48.85 and 56.6 mg/g to 35.9 and 29.1 mg/g in
the presence of co-existing ions, respectively. The decrease of P sorption in the presence of co-
existing ion show that both ions (P and co-existing ions) compete for the same active site of
adsorbent.

2.11 Regeneration

Adsorption is recently developed technology for water and waste water treatments to remove
pollutants still the regeneration (desorption) of adsorbent needs further study. The word
desorption is mainly used to explain the regenerablity of adsorbent to use more than once by
treating with strong base and acid like NaOH, NaCl and H2NOs(Koutarou et al., 2015; Kose and
Kivanc, 2011). And also, Onyango et al., (2007) state desorption as a valuable resource recovery
and desorption of P ions from HUD and Al-HUD adsorbents was carried out at various pH
values. According to his report the pH of the solution was adjusted using either nitric acid or
sodium hydroxide which is similar with (Onyango et al., 2007). Even though desorption depends
on the pH of solution; Solution with strong pH acid/base desorbs effectively while close to
neutral negligible in their desorption capacity. Consequently, a pH increase due to the use of
caustic agents such as NaOH shifts the adsorption equilibrium and can result in desorption of the
adsorbed solute. If the adsorption capacity can be regained in this process, the adsorbent can be

regenerated. In several studies, sodium NaOH solution has been shown as suitable regenerant for
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metal oxide adsorbents as well as hybrid anion exchange resins. Donnert and Salecker, (2005)
reported regeneration of activated alumina for phosphate adsorption by 0.5 M NaOH. Zhu and
Jyo, (2012) used a zirconium loaded phosphoric acid chelating resin for phosphate removal.
According to this study more than 90 % of the removed phosphate could be eluted within 20 bed
volumes using 0.5 M NaOH. Phosphate adsorption behavior was not adversely affected by
repeated adsorption/desorption cycles. Mohammed and Rashid, (2012). Chitrakar et al., (2015)
used synthetic akaganeite for selective phosphate adsorption from seawater and regenerated with
0.1 M NaOH. Almost no loss in capacity after up to 12 adsorption/desorption cycles was
reported. Also, Genz et al., (2011) studied phosphate adsorption from MBR effluents onto GFH
and activated alumina followed by regeneration with 0.6 M NaOH and reported as no decrease in

adsorption efficiency after third adsorption/desorption cycles.
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CHAPTER THREE
OBJECTIVE

3.1. General Objective

The main objective of this study is to investigate the adsorption capacity and mechanisms that

promote removal of phosphate by using TMs from wastewater under batch experimental setup

3.2 Specific objectives

v
v

To characterizes physicochemical properties of TM by part from outside to the center

To determine factors affecting sorption(time, pH, shaking speed, dose, initial
concentration particle size coexisting ions and temperature)

To check the reusability of adsorbent and physicochemical properties of wastewater

To assess the adsorption equations that best fit to describe the relationship between
solution phosphate and adsorbed phosphate

3.3 Research hypotheses

i. Mound-building termites influence the adjustment on mineralogical and physico-chemical

properties of the soil.

ii. Termite activity affects the availability and content of phosphorus in mound soil.

iii. Termite mound can remove phosphate

iv. The impact of the termites on the soil properties differs among different parts of the mound

(mound foot, outer mantle and the inner section).
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CHAPTER FOUR
MATERIALS AND METHODS

4.1 General description of the study site and Period

The dataanalysiswas conducted in Jimma zone, Oromia regional state, South West Ethiopia
which is located 356 kmfrom AddisAbaba with an estimated areas of 19,506.24 km® and the
elevation ranges between 1000-3500 m. The zone constitute three major climates belongs to
subtropical, temperate and tropical zones, respectively (Haddis et al., 2014; Tilahun et al., 2012).
The study was conducted at environmental health science main campus and soil laboratory of

Agricultural collage ofJimma University from April 2014 to November 2015.

4. 2. Study Design

Laboratory based experimental study design was used. Soil sample constructed by TM species
was taken to laboratory and air dried at room temperature. Then all important preparation and
physico-chemical analyses for soil sample was made and the powder of soil was ready for
synthetic laboratory test. The next step was conducting synthetic experiment for all parameters.

Finally real waste water was taken and the removal efficiency of adsorbent was check.

4. 3. Study variables

4.3.1. Independent variables

e pH

e Contact time

e Initial phosphate concentration
e Co-existing ions

e Adsorbent dose

e Temperature

4.3.2 Dependent variable

e Adsorption capacity
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4.4 Adsorbentpreparation

Samples of mound soil were collected from two TMs surrounding of Agaro town, Jimma Zone,
Oromia Regional and National State, South West Ethiopia. The samplingareaiscovered with big
trees and surrounded by farming land with "km radius. A sample was taken by dividing a single
mound into three equal parts with difference of 92 cm and control soil (non termite) was taken
within 50 m away from TMs. The first outer part was used for all synthetic laboratory taste and
then for middle, center and control soil was conducted with initial P concentration to compare its
P removal efficiency from outside to center with each other and termite soil with non termite.
Particle size analysis of the soil sample was performed according to (ASTM D 422) and soil
textural classification system used was (ASTM, 1996).Then soil sample was air dried for five
days at room temperature and crushed by hand in a mortar, and sieved to different particle size >
4.75, 1-0.425, 0.425 — 0.075 and <0.075 mm particle size. Then the sieved sample was packed in
an air-tight plastic bag for later investigation. The moisture content was determined by heating in
an oven at 105 °C for 24 h. The pH of the adsorbent was measured using a Microprocessor pH
meter (pH 196, WTW, Germany) at a 1:2.5 TM/water ratio according to the standard method
(Appel and Ma 2002).

4. 5. Real wastewater analysis

A wastewater sample with P concentration of 9.03 mg/L was collected from Jimma University
waste discharge sewer line Jimma town which is located in the Oromia regional state, south west
Ethiopian. Using the wastewater sample without adjusting its pH and keeping another all
parameters at optimum and equilibrium, adsorption experiments were carried out with particle
size of <0.075 mm. In addition to this all important physicochemical parameters were measured
both at the field and in laboratory using standard water and wastewater sampling and analyses
methods(Stephenson et al., 1985).

4. 6.Preparation of P solutions and analytical methods

The salt used is: Anhydrous Potassium dihydrogen phosphate KH2PO4 (0.2195 g) was prepared
in 1000 ml and this stock solutions further diluted with distilled water to desired working
solution with concentrations of (0.5, 1, 3, 5, 10, 15 and 20 mg/L) were prepared. Phosphate was
determined by using the ascorbic acid methodaccording to standard methods for the examination

21



of water and wastewater analyses methods (Stephenson et al., 1985). Ammonium molybdate and
antimony potassium tartrate reacts in acidic medium with Orthophosphate to form a heteropoly
acid (phosphomolbdic acid) that is reduced to intensely colored molybdenum blue by ascorbic
acid and measured by using double bin spectrophotometer (V-630, Japan) at A = 880 nm.

All the chemicals and reagents used in this study were of analytical grade. All glassware and
sample bottles were soaked in diluted 0.01 M H2SO4 solution for 24 hrs, washed and then rinsed
three times with distilled water and dried in an oven at 105 °C for 2 hrs and after conducting one
parameter the bottles were washed well and filled with distilled water over night for next
parameter to minimize contamination according to (Maduakor et al., 1995). All experiments
were conducted in duplicate and the average values were used for data analysis. Also blank and
controls were used for correction of color developed and interference leached from instrument
and adsorbent (Stephenson et al., 1985). The pH of solution was adjusted using 0.1 M NaOH
and/or 0.1 M HCI. In order to widen the applicability of proposed method, it was tested for the

removal of P from wastewater.

4.7Batch adsorption experiments

Series of batch adsorption experiments were carried out using 1000 ml solution of PO4? with
initial concentration of 3 mg/L. The adsorbent with a concentration of 10 g/L TM was added in
the bottle and agitated on an orbital shaker (Type SM 30 C,Germany) agitated at a rate of 200
rpm and the supernatant solution samples were waiting for ten minutes to allow sedimentation of
adsorbent in solution followed with centrifugation at speed of 5000 rpm by using (Eppendorf AG
22331 Hamburg, Germany) for fifteen minutes. After that it is filtered by using Whatman filter
paper (0.45um) and then all important reagents preparedwas added. Then it is read by using

double bin spectrophotometer (V-630, Japan) with in thirty minutes after adding reagents.

4.7.1 Effect of contact time

Equilibrium agitationtimes were optionedby adjusting with different contact time of (5, 10, 15,
30, 45, 60, 75, 90 and 120 min) until equilibrium was achieved. A known concentration of the
adsorbate, 3 mg/L in synthetic aqueous solutions at desired pH ~7 was shaken with a desired
amount of the adsorbent, 10 g/L and shaking speed of, 200 rpm. Then supernatant solution was
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taken to determine equilibriumtime. The percentage of P adsorbed and the P adsorption capacity

of TMs were calculated using (Egs. 1 and 2), respectively (Sun et al. 2011).

= (CO - Ct) *\/
M
Where q is the P adsorption capacity TMs (mg/g), Co is initial P concentration (mg/L), Ct is P

(1)

concentration at time t (mg/L), V is volume of the solution (L) and M is mass of the TMs used

(9)-

A%) = Co=C,

t %100 )
0

Where A (%) is the percentage of P adsorbed, Co is initial P concentration (mg/L), and Ct is P

concentration at time t (mg/L).

4.7.2 Adsorption kinetics

The adsorption kinetics of the system was explained by pseudo-first-order and pseudo-second-
order equation (Egs. 3 and 4) when the removal of an adsorbate from aqueous solution increases
during the initial agitation time, and followed by a slow increase until the equilibrium time was

reached (Lagergren, 1898).

g, =d.[1—exp(- kt)]
(3)

dd—qttz k.. —9,)° 4)
Where gt (mg/g) is the amount of P adsorbed per unit mass of the adsorbent at any time t
(minutes), ge (mg/g) is the calculated equilibrium capacity, and kz(g/mg/min) is the equilibrium
rate constant based on the pseudo-second-order equation. Integrating (Eg. 4) for the boundary
conditionsqt =0toqt=qtatt=0tot =t is simplified and linearized to obtain (Eq. 5).

ke ©)

The values of k> and ge were calculated from the intercept and the slope of the plot of t/q: versus

t, respectively.
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4.7.3. Effect of solution pH

Solution pH was investigated to determine the optimum pH for maximum adsorptive removal of
P over the pH range of (3, 4, 5, 6, 7, 8, 9, 10 and 11) by allowing a known adsorbent of dose, 10
g/L, shaking speed of,200 rpm, agitation time, 60 min, initial P concentration, 3 mg/L,particle
size <0.075 mm and clear supernatant was taken to determine effective optimumpH.

4.7 4Effect of adsorbent dose

To determine the optimum dose required for reduction of average P concentration released from
different sources of pollution in wastewater to its acceptable level, different adsorbent doses
were tested ranging (2, 5, 10, 15, 20, 30, and 50 g/L) was separately added into solution at pH~
7, containing a desired adsorbate concentration of 3 mg/L,shaking speed at 200 rpm, agitation
time of 60 min and particle size <0.075 mm. at the end clear supernatant solution was taken to

determine effective dose.

4.7 5Effect of initial concentration and Adsorption Isotherms

The effect of initial concentration was tested varying initial concentration of P ions ranging at
(0.5, 1, 3,5, 10, 15 and 20 mg/L) while maintaining the solution pH ~7, adsorbent dose, 10 g/L,
shaking speed, 200 rpm, equilibrium contact time, 60 min and particle size <0.075 mm then the

effect of initial concentration was analyzed by well known isotherm parameters.

Adsorption Isothermswas usedto evaluate the P sorption capacity of TM, the relationship
between the amount of P adsorbed at equilibrium per unit mass of the adsorbent and the
concentration of P in the aqueous phase at equilibrium was analyzed by applying adsorption
isotherm models. The nonlinear forms of the two widely used isotherms namely, the Langmuir
(Eg. 6) and the Freundlich (Eq. 8) were used to estimate the P adsorption capacity of the
adsorbent.

_ QubC,

6
1+ bC, ©)

Qe

Ceis the equilibrium concentration (mg/L) and ge the amount adsorbed at equilibrium (mg/g).The
Langmuir constants de (mg/g) represent the monolayer adsorption capacity and b (L/mg) relates
the heat of adsorption (Chen et al., 2013;Gandhi et al., 2014). In order to evaluate the feasibility

24



of the process, the Langmuir isotherm can be described in terms of the dimensionless constant;
separation factor or equilibrium parameter;

R, = L
1+DbC,

(7)

b(L/mg) is the Langmuir isotherm constant and Co, (mg /L) is the initial concentration of P. There
are four probabilities for the R, value:

For favorable adsorption 0 <R.< 1, unfavorable adsorption R > 1, linear adsorption R = 1 and
irreversible adsorption forR. = 0 (Foo & Hameed, 2010).

d. = K:C™ ®)
K indicates adsorption capacity (mg/g) and 1/n an empirical parameter related to the intensity of
adsorption, which varies with the heterogeneity of the adsorbent. For values in the range 0.1 <1/n
< 1, adsorption is favorable. The greater the values of Ky better is the favorability of adsorption
(Attar, 2010).

Thermodynamic parameters such as Gibbs free energy change (AG), enthalpy changes (AH) and
entropy change (AS) are among the most important features involved in an adsorption system.
The positive values of AS (J/mol K) revealed the affinity of adsorbent for the adsorbate being
tested and increased randomness at the solid—solution interface during adsorption of adsorbate
onto the active sites of adsorbent. If the negative AG obtained for the adsorption of adsorbate
onto adsorbent indicates spontaneous nature and feasibility of the adsorption process with high
preference of adsorbate onto adsorbent (Eq. 9) below used to calculate Gibbs free energy (Bello
and Ahmad 2011).

AGo = —RTInKa 9)
Where Kg is the equilibrium partition constant calculated as the ratio between sorption capacity
(ge) and equilibrium concentration (Ce), R is the gas constant (8.314 J/mol/K) and T is the
temperature in Kelvin (K).

4.7.6 Effect of shaking speed

Effect of agitation speed on P adsorption was analyzed at different shaking speed (100, 150, 200

and 250 rpm) while another parameters kept to their optimum and equilibrium agitation time, 60
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min, solution pH ~7, Initial P concentration, 3 mg/L, adsorbent dose, 10 g/L and particle size

<0.075 mmthen optimum agitation speed were determined.

4.7.7Effect of co-existing ions

In addition to all described parameters above also effect of co-existing ions of Potassium salts of
bicarbonate, carbonate, chloride, nitrate, and sulfate anions were used in the investigation of the
effects of competing ions by varying their concentrations in to (10, 100 and 300 mg/L) at
constant initial P concentration of 3 mg/L, dose of 10 g/L, pH ~7, shaking speed, 200 rpm and
agitation time, 60 minand particle size <0.075 mm. Then supernatant was taken to determine the

effect of interference.

4.7.8 Effect of termite activity

Effect of Termite activity on phosphate removal was analyzed by dividing a single TM into three
equal parts. The outer part was taken within the depth of 0 — 10 cm; the middle part was taken
from middle by measuring 92 cm from outside to the center and the center/hill was taken from
the center of the mound with similar variation. Finally the control soil was taken with the
distance of 50 m away from TM and sorption capacity of each part was compared with each

anther and with control soil.

4.7.9 Effect of temperature

Effect of temperature on phosphate sorption was analyzed by varying its temperature to (25, 35
and 45 °C) at constant initial P concentration of 3 mg/L, dose of 10 g/L, pH ~7, shaking speed,
200 rpm and agitation time, 60 minand particle size <0.075 mm. Then supernatant was taken to
determine the effect of interference (Wuber, 2009).

4.8. Regeneration of adsorbent

To investigate the reusability of adsorbent, desorption was investigated using 10 g/L TMs of
particle size <0.075 mm used for the adsorption of 3 mg/L P solution. The adsorbent was
separated from the solution by filtration using Whatman (0.45 um) filter paper and washed
gently with distilled water to remove unadsorbed P on adsorbent surface. The P loaded TMs was
dried in an oven at 105 °C for 24 hrs and then soaked and shacked in 0.1 and 0.2 M
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NaOHsolution. Then, the amount of desorbed P was measured and desorption ratio of P was

calculated using (Eqg. 9).

Aamount desorbed (100)

Desorption ratio(%) = X
Amount adsorbed

(10)
4.9 Data Quality

Duplicate experiments were carried out during each set of experiments and average of the
duplicate measurements was reported.At every set of experiments calibration was conducted for

analysis.

4. 10. Dissemination of plan

The final result of this study will be submitted to Jimma University institute of technology,
department of hydraulics and Environmental Engineering and result will be disseminated to all

concerning bodies and will be published in national and international peer reviewed journal.
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5.1. Adsorbent

5.1.1. Characterization

CHAPTER FIVE
RESULT

Chemical and physical properties of the adsorbent was analyzed and presented in (Tables 2and3).

Other important physicochemical contents of TMs with its depth and width those important for

discussion of this result presented in (Table 1).

Physical properties of TM were conducted. According to the result the outer part contain high

clay contents while the middle part contains lower clay present compared with other.

Table 1: Physical properties of TMs (clay, silt and sandy)

Fractions Control soil Outer of TM Middle of TM Center of TM
Clay % 32 58 48.5 54.5

Silt % 22 29.5 32 24

Sandy % 48 16 19.5 18

Texture Silt loam Silty clay Silty clay Silty clay

Chemical propertiesof TM were analyzed in the laboratory and according to the finding the outer

part has higher pH while control soil has lower than others; the center part contains higher OC

than other parts. Similarly have higher EC, Available P, OM, and CEC than others.

Table 2: Chemical properties of TMs with its depth from external to the center

pH EC Available P Organic Carbon Organic CEC

Fractions
(dS/m) (%) (%) Matter (%)  (cmol(+)/kg)

Control soil 6.71 0.02 0.16 0.92 1.59 17.8
Outer of TM 7.40 0.65 0.27 1.10 1.90 29.45
Middle of TM 720 0.64 0.24 2.25 3.88 31.56
Center of TM 7.53 0.96 0.33 3.16 5.45 35.32
Mean 723 0.57 0.25 1.86 3.21 28.53
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A physicochemical property of real WW was analyzed and according to the laboratory result

contains high phosphate concentration, low pH, higher TDS and moderate temperature.

Table 3: Physicochemical properties of WW sample

Parameter Value Parameter Value (mg/l)

T° (°C) 24.6 PO _P 9.02

EC (uS/m) 11.9 PO 27.06

pH 4.34 NOz* 1.51

DO 2.43 NOs*_N 0.34

BOD 1254.4 HCOs* 91.5

COoD 1568 COz* Nil

CI 54.95 SOs* Nil

TDS 1148.4 F Nil

Note: DO, BOD, COD, CL and TBS arein mg/L
5.2.4 Effect of TM dosage on adsorption

Effect of adsorbent dose on P ions adsorption was investigated under different adsorbent dose
and the result is presented graphically on Fig. 1. The result shows that increases of adsorbent
dose also increase adsorption removal efficiency. Minimum and maximum removal efficiency
obtained was 73.36 and 94.74% for 2 and 50 g/L respectively. It is obvious that as dose increase

the active site also increase which are ready to adsorb P ions in the solutions
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Figure 1: Effect of adsorbent dose

5.2.3 Effect of shaking speed
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Effect of shaking speed was tested using an orbital shaker and result is presented graphically on
Fig. 2. Result indicates removal efficiency increases with increase of shaking speed. The value
obtained was 73.36 and 94.42% for 100 and 200 rpm respectively. But further increases of
shaking speed were result in the fall of removal efficiency; for example at 250 rpm it was
91.39% which decreases ~3% compared to 200 rpm and this indicates that over shaking will

cause desorption.
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Figure 2: Effect of shaking speed

5.2.1. Effect of contact time and Adsorption Kinetics

The effect of agitation time on the adsorption of P ions by TMs was studied and the result is
graphically presented on fig. 1.From the graph initially adsorption was increased sharply up to 30
min and get almost constant after 60 min. The result obtained was 72.25 and 95.76% for 5 and
60 min respectively.

Information on the kinetics of solute uptake is required to select optimal operating conditions for
full-scale batch processing. The graph plotted on Fig. 3 shows agitation time of 60 min was
sufficient to achieve equilibrium and adsorption did not change significantly with further
increases in the contact time. Therefore, the uptake and un-adsorbed P concentrations at the end

of 60 min are given as the equilibrium values.
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Figure3: Effect of contact time on adsorption: (a) 3 mg/L and (b) 10 mg/L

The kinetic values of adsorption were analyzed using pseudo-first-order and pseudo-second-

order models. These models correlate solute uptake to predict the required reactor volume. The
pseudo-first-order rate constant, ki can be obtained from the slope of the graph of log(ge-qr)
versus time on fig. 4a. The calculated ki values and corresponding linear regression correlation
coefficient values are shown in table 5. The linear regression correlation coefficient value R1?=
0.961, which indicates that this model cannot be applied to predict the adsorption kinetics.

Fig. 4b shows the linear relationship of the graph plot of t/qtversus time, from which ge and k can
be determined from the slope and intercept, respectively. The linear regression correlation
coefficient R2? = 0.997 was higher than R1%in table 5. These results confirm that the adsorption
data were well represented by the pseudo-second-order kinetic model, this means that the
adsorption rate is proportional to the concentration of P. As shown in fig.3, in the beginning,
there is high concentration of P ions so the adsorption rate is fast until reach 45 min then the rate
become slowly until it reach 120 min. Adsorption did not change significantly with further

increase in the contact time after 60 min which is considered as equilibrium time.
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Table 4: Isotherm parameters of the equilibrium adsorption

Model
Parameter

Pseudo-

first
Order

Pseudo-second
Order

Intraparticle

PO, concentration

3 (mg/L) Value 10 (mg/L) Value
Qe,exp(mg/g) 0.279 0.857
e, cal(mg/g) 0.072 0.231
k2 [9/(mg.min)] 0.019 0.051
R?2 0.963 0.962
Cesexp (mg/g) 0.268 0.857
Ue, cal (mg/g) 0.280 0.881
kz [9/(mg.min)] 0.827 0.319
R? 0.998 0.999
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diffusion

ko [mg/(g.min%%)] 0.009 0.092
C (mg/g) 0.181 0.276
R? 0.921 0.684

5.2.2 Effect of pH

The effect of pH on Pions removal from wastewater solution analyzed with synthetic solution
was investigated and presented on Fig. 5 and the lowest adsorption was observed at pH ~ 11 and
the highest is at pH ~ 7. Also the pH observed was low at lower pH value. The minimum and
maximum adsorption efficiency was ~ 43 and 96% respectively. From the result it is observed
that adsorbent can effectively remove >80% of P ions within the range of wide pH 3 to 9. This

shows that pH is important parameters which can influence the adsorption process.
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Figure5: Effect of pH on adsorption
5.2.5 Effect of particle size of the adsorbent

Effect of particle size of the adsorbent on P adsorption was investigated under different particle
size and result is presented graphically on Fig. 6. From the result adsorption capacity increases as

particle size get smaller and smaller. For comparison at particle size >4.75 mm removal
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efficiency is 84.81% but when particle size is < 0.075 mm removal efficiency was increases to
96.68%. Generally, it is obvious that as particle size decrease surface area of adsorbent increases.
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Figure 6: Effect of particle size on adsorption
5.2.6 Effect of initial concentration

Effect of initial P concentration and adsorption isotherm to assess adsorption capacity of the TMs
and adsorption isotherm, the experiments were conducted by varying initial P concentration from
0.5 to 20 mg/L while maintaining all the other optimized parameters constant. As a result was
presented graphically on Fig.7a P removal was high at lower initial concentration and starts to
decrease as initial concentrations start to increases. Result of removal efficiency for 0.5 mg/L
was 98.56% but it was decrease to the contrast when P concentration increase and result was
62.12% for 20 mg/L. This can be concluded that the active site of adsorbent was limited with
constant adsorbent dose but continues increases of P ions remain excess in solution.

Adsorption isotherms state about the equilibrium relationship between amounts of adsorbate
adsorbed ge (mg/g), and the amount of adsorbate in solution Ce (mg/L) at room temperature.
Both models Freundlich and Langmuir were fitted to the experimental values. Table 4 shows the
values of Langmuir and Freundlich models fitted to the homogenous and heterogeneous surface
respectively fig.7b. And table6 shows Freundlich and Langmuir isotherm parameters correlation
results. The maximum removal capacity (1.486 mg/L) with R?> 998was occurred on the result of
outer parts of TMs, while the smallest 1.28 mg/L with R = 0.732 obtained for control soil taken

50 m away from TMs.

34



Initial concentration (mgiL)

A% ‘ " 14' —=—qeexp
-%--qe (mg/g) X - - “7 e frendul R
100 / | --a- Langmur A
7 L1.0 1.2
9 1.0
< . X 08
) \\.E‘fj—l |
& / \ 2 ~ 08-
g 80 i . F06 < 2
- / & E o6
5 s 4= 9
£ / 0.4
4 X ]
0.2
60 - 0.2
0.0 0.04
T T T T T T T T T | T I T T T
5 10 15 20 -1 0 1 2 3 4 5 6 7 8

Ce (mg/g)

Figure 7: (a) Effect of initial concentration (b) Isotherms of equilibrium adsorption

5.2.6 Intraparticle diffusion of P

Effects of intraparticle diffusion were calculated from result of agitation time and result is
presented in table 4 and fig. 8. The intraparticle diffusion rate constant (kp) value estimated from
the slope of plot of gt versus square root of time was found to be 0.009 min'? for the initial P

concentration of 3 mg/L withR? = 0.912. From the results plot it is linear and pass through the

origin and this indicate that reaction is not complex but it is a rate controlling step.
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Figure8:Intraparticle diffusion plots: (a) 3 mg/L and (b) 10 mg/L
5.2.7 Adsorption thermodynamics
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Thermodynamic parameters of Gibbs free energy change (AG), was tested to know the value and
condition of adsorptions using eq. 8. The result obtained was negative (AG = -1.23 kJ/mol) and it
shows as adsorption of P ions onto TM indicates spontaneous nature and feasibility of the

adsorption process with high preference onto TM.

5.2.8 Effect of termite activity

Effect of termite activities on sorption of phosphate was investigated for each partition of
mounds. According to the laboratory result the outer parts of the mound has higher removal

capacity than middle and center of mounds.

Table 6: Langmuir and Freundlich isotherm parameters

Freundlich Langmuir
Soil by part

1/n Kr R2 Quax R2 b

[(mgl_lln Ll/n)/g] (mg/g) (L/mg)

Control 0.765 0.155 0.981 1.277 0.732 0.552
External 0.393 0.604 0.924 1.486 0.978 0.784
Middle 0.422 0.465 0.989 1.299 0.996 0.589
Central 0.825 0.465 0.757 1.354 0.998 0.033

5.2.8 Effect of temperature

The effect of temperature on P adsorption was investigated under different temperature range
and result is graphically presented on fig. 9. From the result increase of temperature also result in
increase of adsorption capacity of adsorbent with removal capacity of 1.2, 1.34 and 1.5 mg/g for
25, 35, and 45°C respectively.
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Fig. 9 Effect of temperature on adsorption

5.3 Effect of coexisting ions

The interference of competing anions was investigated by varying the concentration of anions at
10, 100 and 300 mg/L under 3 mg/L P concentration at pH ~ 7. The results of the effects of co-
existing anions on the adsorption of P on TM are graphically presented in fig. 10.1t was observed
that from the graph the presence of carbonate and bicarbonate was significantly interfere while
the presence of sulfate, nitrate and chloride was almost negligible on P removal efficiency. At 10
mg/L the interference of all considered anions was very low but as the concentrations of these
competing anions was significantly affected.
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5.4 Regeneration of adsorbent

The reusablety of adsorbent was investigated in two ways. The first method was to know the
effect of contact time on regeneration of adsorbent by conducting regeneration process for each
agitation time. The result was graphically presented on fig. 11a, it was clear that at short contact
time desorption was very low but as a agitation time increases the amount desorbed also
increases; For example at time, 5 min amount desorbed was 51 and 62% for 0.1 and 0.2 M
NaOH respectively. But at 120 min agitation time amount desorbed was 90 and 99% for 0.1 and
0.2 M NaOH respectively.

The 2" method of desorption conducted was to check the regenerablity of adsorbent for how
many times it can be reused by treating with strong acid and base. As it is presented on fig. 11b
regenerablity was tested for three consecutive cycles. From result obtained it was very effective
until third cycle with adsorption/desorption efficiency of greater than 70% even though it needs

extra work to know exact life cycle of adsorbent.
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CHAPTER SIX

Discussion
Physicochemical characteristic

Physicochemical properties of adsorbent are highly affect both negatively and positively the
removal efficiency of TMs. High Clay content, CEC, AI®*, Fe** CaCOs?* and low organic
carbon are factors those increase the removal efficiency of adsorbent (Ackerman et al., 2007;
Dowuona et al., 2012; Getahun and Degaga, 2014). According to this finding the outer part of
TM has high clay content 58% while, control, external and middle parts contain have 40%,
48.5% and 54.5% respectively. As presented in table 1. The existence of higher concentration of
A", Fe**, CaCO3z?* and clay content in the center of TMs afforded it higher removal efficiency
compared with middle, external and control soilwhich is similar with (Tisdale et al., 1985;
Ptacek et al., 2013).

Factors affect adsorptions

Effect of dose: According to the result of this study increasing of TM dose was result with high
removal efficiency. This result was expected because as the dose increases the more active site
will be available in a solution which is similar with(Baraka et al., 2012; Guan, 2005). From fig.1,
it was observed that the adsorption percentage of P ions onto the TM increased rapidly with the
increasing of adsorbent concentration. This result is expected because the increase of adsorbent
dose leads to greater surface area. When the adsorbent concentration was increased from 0.5 to
50 g/L, the percentage of P adsorption increased from 73.4% to 94.5%. At higher dosage, the
equilibrium uptake of P did not increase significantly with increasing TMs dosage. Such
behavior is expected because saturation level attained during an adsorption process. This finding
also agrees with Kamiyongo et al., (2011) and Mourabet et al., (2011). In general for low
adsorbent dose the phosphate uptake capacity is high, because of the better utilization of the
available active sites and at high adsorbent dose, too many sites are available for a fixed P ions in
the solution(Vyshak and Jayalekshmi, 2014; Mallikarjun and Shashikant, 2010)

Effect of shaking Speed: The result of this study shows that, in batch adsorption system, shaking
speed has a significant influence in affecting the external boundary layer and the distribution of
the solute in bulky solution. As afforded on fig. 2 from 100 to 200 rpm it increases in its
adsorption efficiency, this is due to better contact between adsorbent active site and adsorbate

ions which leads to the increase in the diffusion of adsorbate ions onto surface of adsorbent. But
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when it increases from 200 to 250 rpm P removal efficiency was start to decrease. Similar
finding was also reported by Kebede et al., (2014). Because of better contact between adsorbent
and adsorbate the removal of metal ions increased with increases shaking speeds.Due to higher
dispersion of adsorbent particles in solution which leads to reduced boundary mass transfer and
also it may boost the velocity of particles, so that it increases the percent removal of metal ions
(Ragheb, 2013). At high speed desorption may be occur because of over shaking speeds the
adsorbent releases the adsorbate.

Effect of Particle Size: Particle size is another important parameter which significantly
influences adsorption efficiency of adsorbent (Vyshak and Jayalekshmi, 2014). For this study as
plotted on fig. 3 the removal efficiency increased as the particle size decreased. This may be due
to the increases of surface area associated with decreased particle size. The presence of large
number of smaller particles provides high sorption efficiency with the presence of larger surface
area for P ions and it also reduces the external mass transfer resistance (Mohammed and Rashid,
2012; Jamode et al., 2004). This can be pointed to the fact that the smaller adsorbent particles
have shortened diffusion paths and increased total surface area, and therefore the ability to
penetrate all internal pore structures of adsorbent is very high according to (Gupta et al., 2009).
For larger particles, the diffusion opposition to mass transport is higher and the majority of the
internal surface of the particle may not be utilized for adsorption and as a result, the amount of P
adsorbed is small.

Effect of Contact Time: as a result presented on fig. 1b it was sharply increase starting from 5 to
45 min but after that it was increasing with a little difference above 45 min. Since there is no
significant change after 45 min, it was considered as equilibrium with removal efficiency of ~
96% and maximum adsorption capacity of 0.27 mg/g. As presented on fig. 4b after 45 min it was
almost constant this is because, initially the active sites of adsorbent was not occupied and the
free ions attached itself on to a free pore sites but as the contact time increase all the active sites
are occupied as well as the P ions concentration in the solution gets low which was similar
finding with (Kebede et al., 2014; Ragheb, 2013; Riahi et al., 2013).

Adsorption Kinetics: Since adsorbate undergo different molecular stages kinetic studies are
important to understand the mechanism of adsorption process. While, it is moving from bulk
solution to the adsorbent surface such as movement of adsorbate molecules to the external

surface of adsorbent particles, molecular and pore diffusion (Mane and Babu, 2011). The linear
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regression correlation coefficient value R12= 0.961 was indicates that model cannot be applied to
predict the adsorption kinetics. fig. 4a shows the linear relationship of the graph plot of t/g:
versus time, from which ge and k can be determined from the slope and intercept, respectively.
The linear regression correlation coefficient R,?= 0.997 was higher than Ritable 5. These results
confirm the adsorption data were well represented by the pseudo-second-order kinetic model,
indicates the adsorption rate is proportional to the concentration of P. The experimental data
reported in table 5 showed that the TM adsorption is in good agreement with pseudo-second-
order kinetic model having the highest R? value which was similar with (Ahmad et al., 2014).
The value of the mean Gibbs free energy change AG = -1.12 kJ/mol computed from eq. 10 was
found negative value and necessarily indicate that sorption of P on TM is spontaneous (Weber,
1998).

Effect of pH: Phosphate adsorption works over wide ranges of pH value as plotted in (Fig. 3) it
is evident that the adsorption process of P is highly dependent on the pH values of solution. At
the two tips the adsorption efficiency of P was decreased while in the middle part it is highly
increased which was similar finding with (Huang et al., 2013; Wadood and Sarmad, 2012; Yan et
al., 2013) as adsorption depends on pH. The increase of removal efficiency around the neutral is
because of high CEC and clay content of the adsorbent as discussed by (Xu et al., 2014).

For this finding as it was observed from Fig. 3 for pH ~ 3, 83.93% and for pH ~11it was 43.01%
but at pH ~ 7 its efficiency rise to 95.45%. The decrease in its efficiency at pH increases is
because of “OH ions concentration increases in the solutions which are highly competed with P
ions and it binds with active site of adsorbent as reported by (Biswas, 2008b; Rybicki, 1997a;
Xu et al., 2014). In addition to this the decrease of removal efficiency at the two tips desorption
will be occur at higher alkalinity and dissociation of P species will be expected under strong
acidic conditions as it was reported by (Ping et al., 2008).

Other important thing was that the initial and final pH was recorded and for the initial pH of
3and 11 the final pH recorded after shacking was 4.2 and 8.6 respectively. The importance of
recording final pH is used to know save disposal of final effluent (Yan et al., 2013; Mohammed
and Rashid, 2012).

In general, a pH of this adsorbent can be used for value in the range of (3 — 9) with its removal
efficiency of over 80% which is reasonable used to remove P from wastewaters before disposal

into aquatic environment.
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Effects of the Initial Concentrations and Isotherm Adsorption: For this study as presented on
fig. 7a the amount adsorbed in (mg/g) was sharp at lower initial concentration and decrease with
the increments of initial concentration. The amount of mass loaded on to the solid was increase,
to the contrast removal efficiency was decreased. This can be happen because, at low P
concentration, the ratio of surface active sites to total P is high and therefore the interaction of
adsorbate with the active sites on adsorbent surface was sufficient for efficient P removal which
was similar with (Vyshak and Jayalekshmi, 2014; Rout et al., 2014). Moreover these mass
loadings show that the higher the concentration of P the greater the mass loading on the solids.
For example, the initial concentration of 0.5 to 20 mg/L, the equilibrium adsorption capacities of
P ion were 0.05 to 1.20 mg/g, respectively. However, although adsorbed P ion increased from
0.05 mg/L to 1.2 mg/g, the removal ratio decreased from ~ 98% to ~ 62% fig. 7a, which may be
due to the ratio between P ion and the available active sites of adsorbent (Chen et al., 2013; Fufa
et al., 2013). When the initial P ion concentration was high, active sites were occupied and
saturation will be expected. Similar finding was reported by (Hongshao and sanforth, 2001).

The analysis of equilibrium data is essential to understand the removal process and to be able to
compare different adsorbents under different operational conditions. The relationship between
various initial P concentration and equilibrium adsorption capacities were investigated. From
table 6 it could be found that the equilibrium P adsorption capacities of Control soil, External,
Middle and center of TMs found, 0.045 to 0.94, 0.05 to 1.98, 0.049 to 1.09 and 0.048 to 1.04
mg/g, respectively. The P removal capacity of each adsorbent was increase slowly as initial
concentration increases; this shows that adsorbent has saturation points.

In order to optimize the design of a P removal system, it is important to establish the most
appropriate correlation for the equilibrium curves which describe the relationship between
equilibrium residual P in solution (Ce) and equilibrium adsorption capacity (ge). Langmuir and

Freundlich models were applied for the fitting of the experimental data.

From table 4 it could be found that, for control soil, the Langmuir equation represented the
poorer fit of experimental data due to the relatively lower R? = 0.732 compared with that of the
Freundlich equation R? = 0.981. But for others, P removal was much better described using the
Langmuir model than the Freundlich one, indicating that the P removal corresponds to a
monolayer system which is not open to the formation of a heterogeneous. Previous studies about

P removal indicate that, both Langmuir and Freundlich equations were suitable for the
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description of P removal by using different adsorbent which agree with (Yan et al., 2013; Zeng et
al., 2004). The estimated maximum adsorption capacities (gmax) obtained from Langmuir model
were 1.277, 1.48, 1.29 and 1.35 mg/g for control soil, external, middle and central part of TMs,

respectively.

The values of dimension less Langmuir R. for control soil, external, middle and center of TM
presented on table 6 indicates as the type of isotherm to be favorable which all ranges between 0
<RL <1 (Bhattacharya et al., 2008).

Intraparticle diffusion: From table 4 the intraparticle diffusion rate constant (kp) value estimated
from the slope of plot of g; versus square root of time was found to be 0.0092 min*? for the initial
P concentration of 3 mg/L. According to Weber and Morris, (1963), discussion if intraparticle
diffusion is a rate controlling step, then the plots should be linear and pass through the origin. So,
as shown in fig. 8, the plot is linear but it is not passing through the origin. This indicates that the
P adsorption onto TM is complex process and the intraparticle diffusion isnot only rate
controlling step.

Effect of Temperature:The result indicates that as temperature increases, removal efficiency of
adsorbent also increase similar finding was reported by many researchers (Riahi et al., 2013;
Dabrowski, 2001; Li et al., 2013; Desta, 2013). According to Chubar et al., (2015)
report,increasing the temperature resulted in higher P sorption and this regularity indicates that
chemio-sorption was the ruling mechanism of this anion uptake by the investigated material.
Another finding was reported that precipitation of Al and Fe is high with increasing of
temperature (Rajput et al., 2014).

Effect of Coexisting Anions: The effect of competing anions such as chloride, sulfate, carbonate
and bicarbonate those commonly found in wastewater are studied and afforded on fig. 10. As
observed from result anions such as Sulfate, Chloride and Nitrate have no significant influence
on P adsorption efficiency of adsorbent which is similar finding with (Ren et al., 2012; Kose and
Kivanc, 2011). But carbonate and bicarbonate slightly interfere and influence removal efficiency
of P. Similarly, Chubar et al., (2009) study of phosphate uptake by HUD and AI-HUD as a
function of the initial concentrations of the coexisting ions the uptake of P increased slightly,
without any trend, in the presence of chloride, nitrate, or sulfate ions but significantly affected in
the presence of carbonate and bicarbonate. Another study state that selectivity of the fluoride

adsorption onto three samples was reported as 25 — 50 times greater than phosphate adsorption
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(Hamdi and Srasra, 2008). But in thisstudy fluoride is not considered because it is not the
problem wastewater.

Also, Panasiuk, (2010) in his study divided co-existing ions into two: those that form outer-
sphere complexes (chloride, nitrate, and sulfate) and those that form inner-sphere complexes
with binding surfaces, e.g., fluoride. According to the result of this study the quantities of
phosphate adsorbed on HUD and AI-HUD decreased from 48.85 and 56.63 mg/g to 35.92 and
29.13 mg/g in the presence of co-existing ions, respectively. The decrease of P sorption in the
presence of co-existing ion show that both ions (P and co-existing ions) compete for the same
active site of adsorbent.

Regeneration of adsorbent: Desorption of P from the P loaded TMs was evaluated using NaOH
solutions with different concentrations. Fig.11 shows the results. It was found that the amount of
P desorption increased with the increase of alkalinity. For this study two types of desorption was
conducted. The first one was to know effect of time on desorption was analyzed from 5 to 120
min. the result show that desorption depends on both agitation time and strength of alkalinity.
For example: for 0.1 and 0.2 M NaOH desorption was ~ 51% and ~ 62% for 5 min and ~ 90%
and ~ 99% for 120 min respectively. This shows the agitation time has also play a role for
regeneration. The second type of study is what was reported by different researchers for how
many types we can use through regenerations. For this by taking 60 min agitation time, 3 mg/L
of P concentration, 200 rpm shaking speed and with 0.1 and 0.2 M NaOH was used to test its
adsorption/ desorption for three times and it was effective with re-adsorption efficiency of >80%
for both alkalinities used after third adsorption/desorption. Similarly, for other adsorbents
researchers report as it is possible to use up to 3 to 12 times regenerablity with effective re-
adsorption efficiency (Koutarou et al., 2015).Chitrakaret al., (2012) used synthetic akaganeite for
selective P adsorption from seawater and regenerated with 0.1 M NaOH. They report as almost
no loss in capacity after up to 12 adsorption/ desorption cycles. Another research which was
conducted to remove P and Ammonium from wastewater using bricks minerals was tested for its
regenerablity for both pollutants and observed that re-genarebility was more effective for P than
Ammonium(Gu et al., 2013). Also, Genz et al., (2011) studied phosphate adsorption from MBR
effluents onto GFH and activated alumina followed by regeneration with 0.6 M NaOH and

reported as no decrease in adsorption efficiency after third adsorption-desorption cycles.
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In general, adsorption- desorption process can be used as one of resource recovery technology to
solve the today’s waste disposal problem. So TMs is one of effective low cost locally available
adsorbent that can be regenerated for more than three times even though it needs extra study to

know its exact adsorption-desorption cycles.

Removal of Phosphate ions from wastewater

By using all optimum and equilibrium conditions that were determined by synthetic aqueous
solution except pH, adsorption experiment of P onto TM using wastewater samples. Even though
it reduces 9.03 mg/L P ions in the wastewater to 2.13 mg/Lit was reveal from WHO guide line
which is 1 mg/L for flow Rivers.But the researcher was try many options to decrease P from
wastewater at the optimum conditions by adjusting pH ~ 7 and it was minimize into 1.12 mg/L
which was near acceptable. Other option was designed by increasing dose of TM from 10 to 15
g/L which was reduced P ions below WHO guidelines 0.92 mg/L with its removal efficiency of
~94%.

There were many reasons for the decrease of removal efficiency; mainly the existence of
competing ions table 4 and real pH of wastewater 5.21 are the main factors. In general the

adsorbent was effective to reduce P from wastewater to the level of below its permissible.
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CHAPTER SEVEN

Conclusion and Recommendation
6.1 Conclusions

Based on the present study, it is clearly shown that TM which abundantly available in
tropical and sub-tropical area is an effective adsorbent for the removal of phosphorous from
wastewater. The adsorption process is strongly affected by parameters such as time, pH,
adsorbent dosage, initial P concentrations and agitation speed. The equilibrium time for P ions is
determined as 60 min within ~ 96% of removal efficiency. It was performing within wide pH
ranges 3 — 9 with > 80% of adsorption efficiency which is important in practical applications for

wastewater released with various pH ranges.

The sorption kinetics was found to follow pseudo-second-order model with R? = 0.997 rate and
the experimental equilibrium sorption data fitted well to Langmuir model (homogeneous) surface
with R? = 0.978 and the equilibrium adsorption, giving a sorption capacity of 1.49 mg/g.

The presences of competing anions (carbonate and bicarbonate) significantly influence P
adsorption efficiency while sulfate, chloride and nitrate were interfering slightly. The adsorbent
reduce P concentration of real wastewater from 9.03 mg/L to 0.97 mg/L which was below its
permissible limits. Regenerablity of adsorbent was tested using NaOH solution and the re-
adsorption efficiency after third adsorption/desorption was > 73%from the results of this study
we concluded that the application of TM for adsorptive removal of P is highly favorable and a
spontaneous process. Therefore, it can be likely that termite mound (TM) can be used as a low
cost locally available together with highly efficient adsorbent for removal of P from wastewater.
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6.2 Recommendations

Based on the results of the study the following recommendations forwarded.

As TM is widely available and demonstrate satisfactory sorption capacity it can be used
for the sorption removal of P.

Detail characterization of TM using scanning electron microscopy is required for detail
understanding of the soprion process.

P concentrated TMs can be used as soil conditioning to reduce P fixing of soil thus
practical applicability requires further investigation.

Practical applicability of TM for P removal requires further fixed bed column adsorption
investigation.
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Annex |: Batch Experiments Procedure

(Ali and Gupta, 2007)

Conversion of reactive materials into adsorbents

1.

2
3
4.
5

o

10.
11.

12.

13.

14.

15.

Collect selected material and sieve to remove other particles such as stone, soil, paper etc.

. Wash with distilled H>O and dry in an oven at 100°C for about 2 h.
. Carbonize organic precursors by heating to 400-800°C for 5 —24 h.

Treat with hydrogen peroxide at 60°C for 24 h to remove adhered organic matter.

. Wash with distilled H2O three times to remove hydrogen peroxide and dry in an oven at

100°C for ~ 2 h.

Heat to 500°C in a furnace for 6 —12 h to activate the adsorbent.

Determine density, porosity and ignition loss by the usual methods

Establish the stability of the adsorbent by suspending in ddH>O, HCI and NaOH (0.1 to
1.0 M) for about 1-2 h.

Establish mineral and crystal structure by X-ray diffractometry and Scanning electron
microscope (SEM), using published methods

Carry out elemental analysis by chemical methods, as described

Collect adsorbent of different particle sizes by sieving and keep in vacuum desiccators.
At this stage, the adsorbent is ready for water purification.

Batch experiments

Use a 50-ml Erlenmeyer flask to carry out batch experiments in a thermostatic shaking
water bath. Take a known amount of pollutant in 10-25 ml H,O and add a dose of
adsorbent. The dose of adsorbent depends on the type of adsorbent and adsorbate.
However, a suggested starting point is 0.5 g/L. Alter the pH of the solution using HCI or
NaOH.

Agitate flask mechanically in a water bath at desired temperature. Normally temperature
is fixed between 25 and 35°C for 1- 3 h.

Repeat Steps 12 — 13 to optimize concentration of pollutant, pH, adsorbent dose,
temperature and contact time after varying their values.

Centrifuge or filter the mixture and determine the concentration of pollutant in the

aqueous phase.
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16.

17.

18.

19.

20.

21.
22.

Calculate the amount of pollutant adsorbed from the aqueous solution by determining the
equilibrium concentration in solution. Kinetic studies

Set up 50-ml Erlenmeyer flasks containing various amounts of standard solutions of
pollutant and shake in a thermostatic shaking water bath.

Add a known amount of adsorbent to each flask.

Allow flasks to agitate mechanically in the water bath at a constant temperature. Contact
time, temperature and other conditions should be selected based on preliminary
experiments.

Centrifuge the mixture at pre-decided time intervals and analyze the concentration of
pollutant in the supernatant. Adsorbent particle size is an important variable in deciding
centrifugation timings. Normally, this varies from 30 to 60 min at 5,000—100,000g.
Determine the equilibrium concentration (Ce) and time to reach equilibrium.

Calculate thermodynamic parameters as detailed in the introduction and run adsorption

models.

ANNEX II Tables contain more information’s

Table 5: Effect of agitation time on P adsorption

Co=2.82 mg/L Co=9.52 mg/L pH
Time
Ce(mg/l)  ae(mg/g) A(%) Ce(mg/l) qe(mg/g) A%  pH pHs

(min)
5 0.78 0.20 72.30 3.02 0.65 68.26 7.00 5.92
10 0.72 0.21 74.48 2.21 0.73 76.80 7.12 5.9
15 0.70 0.21 74.98 1.82 0.77 80.92 7.00 5.75
30 0.50 0.23 82.15 1.49 0.80 84.35 6.97 5.42
45 0.44 0.24 84.28 1.16 0.84 87.82 7.02 5.52
60 0.13 0.27 95.36 0.95 0.86 90.01 7.04 5.21
75 0.12 0.27 95.84 1.00 0.85 89.52 6.99 5.42
90 0.12 0.27 95.90 0.89 0.86 90.65 7.21 5.39
120 0.11 0.27 96.12 0.96 0.86 89.88 7.08 5.22
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Table 6: Effect of pH on Phosphate adsorption

Co Ce (mg/L) Qe A(%) pH:
PHi (mg/L) Traill Trail2 Average  (mg/g)
3.02 2.901 0.535 0.400 0.279 0.244 83.93 3.99
3.99 2.901 0.260 0.177 0.219 0.269 92.49 5.11
5.20 2.901 0.168 0.235 0.201 0.271 93.08 5.72
6.11 2.901 0.183 0.180 0.181 0.273 93.76 5.83
7.00 2.901 0.121 0.144 0.133 0.278 95.45 5.89
8.12 2.901 0.233 0.102 0.168 0.274 94.24 5.82
8.89 2.901 0.503 0.479 0.491 0.242 83.12 6.82
9.98 2.901 0.597 0.764 0.680 0.223 76.63 7.81
10.87 2.901 1.740 1.577 1.658 0.125 43.01 8.01
Table 7 Effect of adsorbent dose on adsorption
Co Ce Oe A(%) pH
Dose (g) (mg/L) (mg/L)  (mg/g) pHi pHs
2 2.901 0.773 0.213 73.36 6.98 5.86
5 2.901 0.293 0.052 86.40 7.03 5.84
10 2.901 0.223 0.027 92.30 7.11 5.93
15 2.901 0.213 0.018 92.65 7.04 5.98
20 2.901 0.228 0.013 92.14 7.01 6.01
30 2.901 0.154 0.009 94.68 7.20 6.24
50 2.901 0.153 0.005 94.74 7.12 6.54
Table 8 Effect of control soil on Phosphate adsorption
Oe Freundlich Langmuir A(%) pH
co Ce (mg/L)  isotherm Isotherm
(mg/L) (mg/L)
e, cal SSE e, cal RL SSE pHi pHs¢
0.49 0.04 0.05 0.01 0.0011 0.03 0.79 0.0004 92.12 6.99 6.35
0.97 0.11 0.09 0.03 0.0032 0.07 0.65 0.0002 88.37 7.02 644
2.91 1.19 0.17 0.18 0.0000 0.38 0.38  0.0450 58.99 7.04 5,99
4.96 2.10 0.29 0.27 0.0002 0.48 0.27 0.0368 57.65 7.00 5.93
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9.50 4.54 0.50 0.49 0.0000 0.58 0.16  0.0067 52.20 7.01 571
14.15 7.56 0.66 0.73 0.0048 0.62 0.11 0.0013 46.58 7.05 524491
19.40 9.93 0.95 0.90 0.0025 0.64 0.09 0.0940 48.83 6.99
Sum 0.0117 Sum  0.1843
Table 9: Effect of Center soil on Phosphate adsorption
Ce(mg/L) Qe Freundlich isotherm  Langmuir isotherm A (%) pH
©0 (M) Gw  SSE  Ga  SSE P ERT
(mg/L)
0.49 0.025 0.047 0.008 0.0015 0.004 0.0019 94.93 6.98 6.84
0.97 0.085 0.088 0.022 0.0045 0.012 0.0058 91.21 6.97 6.79
2.91 1.001 0.191 0.165 0.0007 0.141 0.0025 65.61 7.01 6.25
4.96 2.124 0.284 0.306 0.0005 0.288 0.0000 57.18 7.10 5.88
9.50 4271 0.523 0.545 0.0005 0.544 0.0004 55.04 7.04 541
14.15 6.456 0.769 0.766 0.0000 0.774 0.0000 54.36 6.98 5.01
19.40 9.120 1.028 1.018 0.0001 1.020 0.0001 52.99 7.10 4.92
Sum 0.0077 Sum 0.0107
Table 10: Effect of Middle of TM on Phosphate adsorption
Ce ge Freundlich Langmuir isotherm A(%) pH
Co (mg/L)  (mg/L) isotherm
(mg/L) ge, cal SSE ge,cal RL SSE pH; pHs
0.49 0.010 0.048 0.067 0.0004 0.008 0.775 0.0016 97.92 7.12 6.94
0.97 0.029 0.094 0.104 0.0001 0.021 0.637 0.0053 97.05 7.05 6.90
291 0.387 0.252 0.312 0.0035 0.240 0.368 0.0001 86.70 7.05 5.83
4.96 0.790 0.417 0.421 0.0000 0.411 0.255 0.0000 84.08 7.10 5.84
9.50 2.257 0.724 0.656 0.0046 0.739 0.152 0.0002 76.24 7.12 5.42
14.15 4.800 0.935 0.903 0.0010 0.956 0.107 0.0005 66.07 7.09 5.40
19.40 8.410 1.099 1.144 0.0020 1.077 0.080 0.0005 56.65 6.99 5.11
Sum 0.0117 Sum  0.0082
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Table 11: Effect of Outer part of TM on Phosphate adsorption

C. Qe Freundlich Langmuir isotherm A pH
Co (mg/L) (mg/L) isotherm (%)
(mg/L)
e, cal SSE e, cal RL SSE pHi pHs
0.49 0.01 0.05 0.09 0.0019 0.01 0.72 0.0015 98.34 7.01 6.88
0.97 0.02 0.09 0.14 0.0022 0.03 0.57 0.0044 97.44 7.04 6.93
291 0.33 0.26 0.39 0.0182 0.31 0.30 0.0025 88.54 7.00 6.01
4.96 0.66 0.43 0.51 0.0069  0.50 0.20 0.0056 86.72 7.06 5.77
9.50 1.39 0.81 0.69 0.0151  0.77 0.12 0.0014 85.37 7.04 5.31
14.15 2.85 1.13 0.91 0.0474 1.02 0.08 0.0112 79.87 6.98 5.01
19.40 7.43 1.20 1.33 0.0177 1.27 0.06 0.0047 61.68 7.01 5.20
Sum 0.1094 Sum 0.0313
Table 12 Effect of shaking speed on Phosphate adsorption
_ Co Ce (mg/L) ge %A
ShNg - mgrL (my/g)
speed
Rpm Trail1  Trail2  Average
100 2.901 0.750 0.796 0.773 0.213 73.36
150 2.901 0.393 0.439 0.416 0.248 85.66
200 2.901 0.146 0.178 0.162 0.274 94.42
250 2.901 0.215 0.285 0.250 0.265 91.39
Table 13 Effect of particle size on Phosphate adsorption
_ Co Ce Qe A (%) pH
P Size (mglL) (mgiL)  (mglg) oH pH:
(mm)
<0.075 291 0.097 0.281 96.68 7.08 5.43
0.075-0.425 2.91 0.240 0.267 91.76 7.12 5.61
0.425-2 2.91 0.414 0.250 85.78 7.02 5.55
>4.75 2.91 0.442 0.247 84.81 6.89 5.47
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Table 14 Effect of thermodynamics on Phosphate adsorption for 25 oC

Co Ce A Qeexp(Mg/g)  Freundlich Isotherm Langmuir isotherm
(mg/L)  (mglg) (%) Ge. cal(MQ/Q) SSE Qe.ca(Mg/g)  Ru(L/g) SSE
0.479 0.479 96.33 0.046 0.066 3.6E-05 0.011 0.846 0.002
0.974 0.974 91.07 0.089 0.181 1.0E-03 0.052 0.730 0.001
2.808 2.808 82.45 0.232 0.336 4.6E-03 0.258 0.484 0.000
4.503 4.503 78.84 0.355 0.500 4.5E-03 0.434 0.369 0.010
9.515 9.515 77.35 0.736 0.705 7.9E-03 0.736 0.217 0.001
14.728  14.728 74.02 1.090 1.012 4.7E-02 0.968 0.152 0.005
19.716  19.716  59.21 1.167 1.463 1.5E-02 1.232 0.118 0.002
8.0E-02 0.020
Table 15: Effect of thermodynamics on Phosphate adsorption for 35 oC
Co Ce %A Qeexp(Ma/g)  Freundlich Isotherm Langmuir isotherm
(mg/L)  (mg/g) Qe cal(MQ/Q) SSE Qeca (M/g)  RL(L/g) SSE
0.479 0.006 98.769  0.047 0.052 3.5E-04 0.007 0.740 0.002
0.974 0.057 94.141  0.092 0.121 8.0E-03  0.068 0.584 0.001
2.808 0.229 91.835 0.258 0.299 6.1E-03 0.243 0.327 0.000
4.503 0.563 87.496 0.394 0.422 1.1E-02 0.493 0.233 0.010
9.515 1.220 87.182  0.829 0.647 1.5E-02 0.796 0.125 0.001
14.728  2.750 81.330 1.198 0.874 3.5E-02 1.127 0.085 0.005
19.716  6.311 67.989  1.340 1.290 15E-02 1.386 0.065 0.002
9.1E-02 0.020
Table 16 Effect of thermodynamics on Phosphate adsorption for 35 oC
Co Ce %A Oeexp(Ma/g)  Freundlich Isotherm Langmuir isotherm
(mglg)  (mg/L) Qe.cat (MY/g)  SSE Qe ca(Mg/g)  Ru(L/g) SSE
0.479 0.003 99.31 0.048 0.051 1.4E-05 0.004 0.740 0.002
0.974 0.049 94.95 0.092 0.170 6.0E-03 0.059 0.584 0.001
2.808 0.382 86.41 0.243 0.421 3.2E-02 0.368 0.327 0.016
4.503 0.395 91.24 0.411 0.427 2.8E-04 0.378 0.233 0.001
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9.515 0.732 92.31 0.878 0.562 1.0E-01 0.589 0.125 0.084

14728  1.544 89.51 1.318 0.783 2.9E-01 0.895 0.085 0.179

19.716  4.972 74.78 1474 1.316 2.5E-02 1.323 0.065 0.023
4.5E-01 0.306

Table 17 Effect of co-existing ions on Phosphate adsorption

Anions Nitrate Sulfate Bicarbonate  Carbonate Chloride  Mixed

0 A 93.27 93.27 93.27 93.27 93.27 93.27

10 (%) 87.04 89.83 85.76 89.98 90.63 83.10

100 86.90 89.80 82.84 89.25 87.10 81.90

300 84.67 88.74 82.36 93.07 91.88 68.74

Table 18 Effect of agitation time on Phosphate desorption

Co Regeneration for 0.2 M NaOH Regeneration for 0.1 M NaOH
(mg/iL)  Time g myg e (Mg/g) (%) e(mg/g)  qe(mg/g) (%)
(min) desorbed desorbed Desorbed desorbed  desorbed  Desorbed

9.52 5 0.65 0.406 62.72 0.331 0.406 51.04
9.52 10 0.73 0.526 72.11 0.433 0.526 59.40
9.52 15 0.77 0.594 77.28 0.524 0.594 68.19
9.52 30 0.80 0.696 86.87 0.592 0.696 73.93
9.52 45 0.83 0.794 95.23 0.676 0.794 81.10
9.52 60 0.86 0.849 98.84 0.751 0.849 87.40
9.52 75 0.86 0.850 99.27 0.755 0.850 88.23
9.52 90 0.86 0.852 98.93 0.769 0.852 89.37
9.52 120 0.86 0.856 99.26 0.779 0.856 90.28
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Table 19 Regeneration of adsorbent by cycle using 0.1 and 0.2 M of NaOH

Cycle Adsorption (%) Desorption (%)
™
0.1M 0.2M 0.1M 0.2 M
1 94.41 93.90 93.34 99.98
2 88.24 86.31 85.56 89.65
3 84.94 81.12 74.74 84.22
4 78.65 73.54 - -
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