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Abstract
Leather tanning has been ranked as one of the most polluting activities in Ethiopia because most of them do 

not treat or partially treat wastewater and release to the environment which pose many environmental and health 
problems. As a result cost effective and efficient method of wastewater treatment was undertaken by the use of sugar 
bagasse activated carbon. In this paper, study was performed at Addis Ababa tannery share Company to remove their 
wastewater constituents of chromium, ammonium, nitrate and sulfide which has concentrations of 2300.4 mg/l, 163 
mg/l, and 250 mg /l and 120 mg/l, respectively in which all are above the permissible limit. The prepared activated 
carbon has particle size of 300µm, moisture content of 8.1%, bulk density of 0.423 g/cm3 and porosity of 67.21%. 
The effects of pH and adsorbent dose were also studied on the removal of these pollutants and the result shows that 
the adsorptions of ammonium nitrate and sulfide were 80.56%, 71.86% and 81.79%, respectively for 2 g of adsorbent 
and for chromium it was 100% for 1.5 g adsorbent. On the other hand, the adsorptions of ammonia, nitrate and sulfide 
were 87.63%, 77.95% and 100%, respectively at pH 5. For chromium it was 100% at pH 7. The activated carbon has 
different adsorption capacity for different nutrient and metal ion studied in which chromium100% > sulfide 81.79% > 
ammonia 80.56% > nitrate 71.86%. At pH 5 removal of nutrients were in the order of sulfide 100% > ammonia 87.63% 
> nitrate 77.95%.

Keywords: Sugar bagasse activated carbon; Adsorption of chromium 
and nutrients; Tannery wastewater

Introduction
Background and justification

In Ethiopia industrial wastewater has become one of the most serious 
problems because of the increase in discharge of untreated effluent to 
the environment. High level of pollutants which are discharged into 
rivers pose severe problems for plant, animal and human health due to 
their toxicity and persistence in the environment [1].

Leather tanning has been ranked as one of the most polluting 
activities in Ethiopia due to the high growth rate and availability of 
livestock skins and hides (EEPA, 2003). There are more than 20 tanning 
industries of which 90% of them directly discharge wastewater into 
nearby surface water or onto open land without treatment [2].

The transformation of raw or semi-pickled skins into commercial 
products requires high water consumption, roughly 50-150 liters 
and about 300 kg chemicals are added per ton of hides [3,4]. The 
major chemicals used in the various processing stages include 
chromium salts, sulfate, sodium sulfide, lime powder, ammonium 
sulfate, sodium chloride, sulfuric acid, sulphonated and sulfated 
oils, formaldehyde, pigments, dyes and anti-fungal agents. These 
chemicals in tannery effluents cause the highest toxic intensity per 
unit of output [5]. There are two ways of tanning: chrome tanning 
and vegetable tanning. Chrome tanning is favored by the majority 
of leather industry than vegetable tanning because of the speed of 
processing, low cost, flexibility and greater stability of the leather 
[6].

Tannery wastewater is characterized by a strong color and is 
heavily polluted with high organic (chemical oxygen demand (COD) 
and biochemical oxygen demand (BOD) and inorganic impurities 
(ammonia, sulfide, nitrate and chloride), dissolved and suspended 

solids, and other specific pollutants such as vegetable and/or synthetic 
tannins, sulfonated oils, chromium, arsenic, and surfactants [7,8].

Chromium is one of the most toxic heavy metals to both plants 
and aquatic organisms. Uptake of the chromium into the leather is 
not complete and relatively large amounts are found in the effluent; 
estimated range, from 2,000 – 3,000 mg dm-3 [9].

Chromium ion in liquid tanning wastes occurs in two forms; 
trivalent Cr3+ and hexavalent Cr6+. The hexavalent form is 500 times 
more toxic than the trivalent [10].

In addition to chromium, tannery wastewater also contains 
high amounts of ammonia, nitrate and sulfide which come from the 
chemicals used in the process.

Treatment of tannery wastewaters is expensive; so many low 
income countries only employ a primary treatment which may be 
biological and physico-chemical processes; such as, ion exchange 
resins, everse osmosis and electrolysis system and chemical removal 
systems such as precipitation and coagulation [11-13]. These methods 
however, are either expensive or/and produce secondary pollution and 
are often not considered cost effective for small sized tannery industries 
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[14]. Adsorption has been found to be superior to other techniques for 
water reuse in terms of the initial cost, simplicity of design, and easiness 
of operation.   

Currently, the most common processes for elimination of 
chromium are adsorption, reverse osmosis and chemical reactions 
that involve reduction and precipitation. Among them adsorption has 
been shown as a feasible alternative method for removing traces of 
chromium from waste water [15].

Cost-effective alternative technologies or adsorbents for the 
treatment of metal-containing wastewaters are needed. Activated 
carbons are more effective in the removal of heavy metals and nutrients 
due to some specific characteristics that enhance the removal efficiency 
of the activated carbon for the removal of contaminants from water and 
wastewater [16]. Natural materials that are available in large quantities 
or certain waste products from industrialoperationsagricultural 
by products may have potential as inexpensive adsorbents [17,18]. 
Generally, adsorbents can be assumed as low cost if they require little 
processing, are abundant in nature, or are a by-product or waste 
material from another industry [19]. Adsorption by activated carbon 
is an attractive method because of its cost and possible regeneration of 
the carbon and useful chemical.

The present investigation is devoted to study the removal of 
chromium and nutrients from tannery wastewater by using low 
cost activated carbon as waste from sugar industry. This industrial 
by-product is available in large amount in sugar refinery factories 
in Ethiopia and also in many other countries in the world. To our 
knowledge, this sugar waste does not find any economic application 
and represents a solid pollutant to the environment.

In this study, removal of chromium, ammonia, nitrate and 
sulfide from tannery wastewater with activated carbon prepared from 
sugarcane bagasse were investigated. The effects of pH, adsorbent dose 
and characteristics of activated carbons on the adsorption isotherm 
were studied. Therefore, our approach is to study the chromium and 
some selected nutrients such as: Nitrate, Ammonia and sulfide removal 
efficiency by using low-cost adsorbent materials under variable pH 
and adsorbent dose in order to remove the hazardous chromium and 
nutrients from tanning wastewater.

Statement of the problem

The high tannery industrial growth coupled with lack of technology 
for efficient effluent treatment and unimplemented or/and lack of 
effluent discharge standards/ policies/ lead to serious consequences 
for rivers receiving tannery effluents from Addis Ababa Tannery share 
company. These causes increased pressure on ecology, health and 
environmental resources.

The concentrations of tannery effluents in Ethiopia contain large 
amount of chromium and nutrients above the permissible standards 
[20]. The chromium is one of the most toxic metals to plants, animals 
and microorganisms. Even in low concentrations, it has a toxic effect 
upon aquatic biota such as fish and disrupting the food chain, 
causes soil salinity in irrigated farmland and possibly affecting 
aquatic organisms. On the other hand ammonia, nitrate and sulfide 
pose series health and environmental problems even at very low 
concentrations. These adverse effects require effluent treatment 
of chromium and nutrient-rich wastewater before discharging 
into the rivers. On the other hand there is no treatment plant for 
Addis Ababa tannery Share Company and they directly release their 
wastewater to the nearby water.

Objectives of the Study

General objective

Production of activated carbon from sugarcane bagasse and to treat 
wastewater produced by Addis Ababa tannery Share Company for its 
constituent particularly: chromium (Cr) and selected nutrients.

Specific objectives

1. To produce activated carbon from sugar bagasse.

2. To study the concentration of chromium, ammonia, nitrate and 
sulfide in the wastewater. 

3. To evaluate the efficiency of activated carbon for Chromium 
removal.

4. To evaluate the efficiency of activated carbon for Nitrate removal.

5. To evaluate the efficiency of activated carbon for Ammonia 
removal.

6. To evaluate the efficiency of activated carbon Sulfide removal.

7. To study the effects of pH and adsorbent dose on the adsorption 
of Chromium, Ammonia, Nitrate and Sulfide.

Literature Review
Tanning and Characteristics of Tannery Wastewater

Tanning is a process by which put refable biological material, 
such as leather, is converted into a stable material which is resistant 
to microbial attack and has enhanced to wet and dry heat. During the 
tanning process, about 300 kg chemicals are added per ton of hides. 
Based on the tanning agents, tanning operations are further divided 
into vegetable tanning and chrome tanning. Vegetable tanning is 
usually done in series of process by using natural organic substances 
[21].

The manufacturing of leather can be divided into two parts; 
(1) beam house operations and (2) tanning process. In beam house 
operations, the removal of dirt and blood by washing is the first 
step after which the hides are then soaked in water for softening and 
removal of salts. After the removal of salts, fatty tissue is removed by 
fleshing. Liming is done to swell the hides for the better penetration 
of tanning agents and hair removal. Chemical dissolution of the hair 
and epidermis with an alkaline medium of sulfide and lime takes place. 
Hides are then neutralized with acids and ammonium salts and treated 
with enzymes to remove the hair remnants and to degrade proteins. 
Pickling is usually done to prepare the hides for tanning. Salts are 
added to prevent the hides from swelling [21].

The production process in a tannery can be further split into four 
main categories, namely, beam house, tanning (tan-yard), post-tanning 
and finishing operation. The beam-house is a source of an important 
pollutant charge, not only with respect to the organic matter but also 
with respect to solid materials and sulphide [22]. The characteristics 
of the wastewater vary considerably from tannery to tannery 
depending upon the size of the size of the tannery, chemicals used 
for the specific process, amount of water used, upon the size of the 
tannery, chemicals used for the specific process, amount of water 
used, type of final product produced by a tannery and technology 
advancement. According to a composite tannery wastewater has 
ammonia (261 mg/L), nitrate (567mg/l), sulfide (148mg/l) and total 
chromium (12 - 64 mg/l) [23].
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Form Uses 

Cr(O) -Stainless steel production 
-Alloy production 

Cr(III) 

- Alloy manufacturing 
-Brick lining 

-Chrome plating 
- Leather tanning 

-Textiles 
-Copying machine toner 

Cr(VI) 

-Chrome plating 
-Leather tanning 

-Textiles 
-Copying machine toner 

Table 1: Uses of Different Forms of Chromium.

Chemistry of Chromium

Understanding of chemistry and geochemistry of chromium is 
important in developing remediation systems that can deal with 
industrial pollution. Chromium is a steel-gray, lustrous, hard metal. 
Chromium is a heavy metal, symbolically represented by Cr, with 
atomic number of 24, and mass number of 51.9961. It belongs to the 
first series of transition metals. It is the 17thmost abundant element 
in the earth's crust. Chromium occurs naturally in ultramafic 
igneous rocks, soil, plants, animals, and in volcanic dust and gases. 
It may occur in nine different forms of oxidation state ranging from 
Cr (-II) up to Cr (+VI), but the two common valence states are 
trivalent Cr (III), the most stable, and hexavalent Cr (VI) which is 
not thermodynamically stable. Solubility of chromium (III) depends 
on pH; decreases dramatically at pH value greater than 4.5. Cr (III) 
can form stable complexes with organic legends at pH value as high as 
8.5 [24]. Chromium can be combined with various nonmetals (oxygen, 
fluorine, chlorine, etc.) and polyatomic anions (such as nitrate, sulfate, 
etc.), forming relatively stable, soluble and insoluble compounds.

Uses of Chromium

Since its discovery, Cr has become a very important industrial 
metal because of its many applications in ferrous and nonferrous alloy 
metal fabrication, and in the chemical industry [25]. Uses of different 
forms of chromium are summarized in Table 1. 

Environmental Impacts of Chromium

Chromium contamination of soil and groundwater is one of the 
significant environmental problems today. Chromium is believed to be 
the second common inorganic contaminant after lead. The toxicity of 
chromium does not reside solely with the elemental form but varies 
greatly among a wide variety of chromium compounds. Oxidation 
state and solubility are crucial factors in this regard [26].

Chromium occurs in the environment primarily in two valence 
states, the oxidized hexavalent chromium, Cr (VI), and the less oxidized 
trivalent chromium, Cr (III). On the other hand, Cr (VI) is much 
more toxic and mobile in groundwater than the relatively immobile 
Cr (III) and possesses mutagenic and carcinogenic activity [27]. The 
maximum levels permitted in drinking water are 5 mg/L for trivalent and 
0.05 mg/L for hexavalent chromium [28]. Cr (VI) can be transported great 
distances in groundwater owing in part to its high solubility. Cr (III) can 
be transformed to the more soluble Cr (VI) if the redox conditions along 
the transport pathway change from reducing to oxidizing. Under natural 
conditions, Cr (III) has been found to be oxidized to Cr (VI) by Mn.

Toxicity of Chromium

Chromium has a ‘chronic’ toxic effect upon aquatic life is toxic to 
fish life since they rapidly penetrate cell walls. They are mainly absorbed 

through the gills and the effect is accumulative [29]. Average daily intake 
of 50-200μg/day of Cr (III) is safe and adequate for adults (USPHS, 1997). 
However, the consumption of contaminated fish, other foodstuffs and 
drinking water could increase the daily intake levels far beyond those 
recommended levels. Adverse health effect of Cr are gastro-intestinal 
irritation, stomach ulcers, heart burning, respiratory tract infection, sever 
cough, fever and loss of eyesight. Lung cancer and kidney failure were the 
reported causes of death in many cases [14,3,24].

Skin contact may result in systemic poisoning, damage or even severe 
burns, interference with the healing of cut or scrapes which, if not treated 
properly, may lead to ulceration and severe chronic allergies. Eye exposure 
may cause permanent damage. In general, Cr (VI) is more toxic, more 
soluble, more mobile and hence absorbed into cells more readily than Cr 
(III) [30]. This chromium can replace other metals in biological systems 
with toxic effects and its accumulation throughout the food chain leads to 
serious ecological and health problems (UNIDO, 2000).

Investigations have been performed on fish under conditions of 
exposure insufficient to cause severe toxicity, yet sufficient to cause 
visible changes in behavior at a dosages of 0.2 mg/L. Chromium is also 
toxic to agronomic plants at about 5 to 100μg/g of available Cr in the soil 
[24]. Plants absorb Cr (VI) better than Cr (III); whereas Cr (VI) is more 
toxic. Plant growth studies of solution cultures with low levels of Cr 
have indicated that Cr is not an essential component of plant nutrition 
[31]. Although some crops are not affected by low concentration of 
Cr, it is toxic at high concentration or may reduce yield. Skiffington, et 
al., observed that barely crops could tolerate a Cr levels up to 5 mg/L 
but a 75 % yield reduction was observed [32]. Higher application of 
chromium to the plant soil growing media brought poor quality and 
poor growth of the seedlings [33].

Sources of Chromium in Tannery Wastewater

Chrome tanning

Chrome tanning is the most common type of tanning in the world. 
Chrome tanned leathers are characterized by top handling quality, high 
hydrothermal stability and excellent user properties [34]. Chrome-
tanned leather tends to be softer and more pliable than vegetable-
tanned leather, has higher thermal stability, is very stable in water, and 
takes less time to produce than vegetable-tanned leather [35]. 

By this technique, around 8% of the leather weight is added as 
chromium salt. However, a significant share of the pollution resulting 
from tannery wastewater comes from this stage, due to the chrome that 
is not fixed to leather amounting 15% of the total chrome added to the 
tanning bath [36].

Sources of Ammonia, Nitrate and Sulfide In Tannery 
Wastewater

Sources of ammonia in tannery wastewater

These compounds are mostly the outcome of the deliming process, 
with comparatively small volumes being produced from liming and 
unhairing. After unhairing the hides are thoroughly washed and 
refloated with water at 25°C. Depending on the type of hides processed 
and the degree of deliming desired 2-4% ammonium sulfate is applied. 
Running will also vary depending on the degree of deliming desired. 
Ammonium salt, high purity and very low iron content. Usage efficient 
removal of lime after unhairing [37].

Un haired hide are strongly alkali due to the content of sodium 
sulfide and lime as a result of employing these chemicals in the un 
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hairing process. The alkalinity of raw hide has to be decreased because 
the following processes proceed in acid conditions. Hides are then 
neutralized with acid ammonium salts and treated with enzymes to 
remove the hair remnants and to degrade proteins. This results in a 
major part of the ammonium load in the effluent [21]. 

Sources of nitrate in tannery wastewater

The principal forms of nitrogen in tannery wastewater are organic 
substances mainly proteins and amines from hides and skins, a volatile 
irritating, offensive odorous ammonia gas (NH3) and a highly pollutant 
and carcinogenic compound of nitrate (NO3-). Nitrification is the 
biological oxidation of ammonium nitrogen in to nitrite or nitrate 
through the action of group of bacteria called nitrifies [37].

Sources of sulfide in tannery wastewater

The sulfide content in tannery effluent results from the use of 
sodium sulfide and sodium hydro sulphide, and the breakdown of hair 
in the unhairing process. When the pH of the effluent drops below 9.5, 
hydrogen sulfide evolves from the effluent: the lower the pH, the higher 
the rate of evolution. Characterized by a smell of rotten eggs, a severe 
odour problem occurs [21]. 

Environmental and Health Impacts of Ammonia, Nitrate and 
Sulfide

Toxicity of ammonia

Ammonia has a very strong odor that is irritating and that you 
can smell when it is in the air at a level higher than 50ppm. Low levels 
of ammonia may harm some people with asthma and other sensitive 
individuals (ATSDR, 2004). You can taste ammonia in water at levels 
of about 35ppm (ATSDR, 2004). Lower levels than this occur naturally 
in food and water. 

Major health effects ammonia is skin, eyes, throat, or lungs may 
be severely burned at high concentrations. These burns might be 
serious enough to cause permanent blindness, lung disease, or death. 
Likewise, if you accidentally ate or drank concentrated ammonia, you 
might experience burns in your mouth, throat, and stomach [38]. 
Ammonia’s aquatic toxicity is principally due to the un-ionized form, 
NH30 [39]. Ammonia is a toxic compound that can adversely affect 
fish health. Ammonia can be acutely toxic to fish mainly due to its 
effect on the central nervous system, because it causes “acute ammonia 
intoxication” - which includes convulsions and death. Concentrations 
of ammonia that are acutely toxic to fish may cause loss of equilibrium, 
hyper excitability, increased breathing, cardiac output, and oxygen 
uptake, and, in extreme cases, convulsions, coma, and death. Lower 
concentrations of ammonia can cause a reduction in hatching 
success, reduction in growth rate and morphological development, 
and pathologic changes in tissues of gills, livers, and kidneys.  It also 
put the fish at greater risk of predation from predators such as birds 
and mammals that would not accumulate or be similarly impaired by 
ammonia exposure [40].

Toxicity of nitrate: The toxicity of nitrate to humans is mainly 
attributable to its reduction to nitrite. The major biological effect of nitrite 
in humans is its involvement in the oxidation of normal Hb to metHb, 
which is unable to transport oxygen to the tissues (WHO, 2011).

Nitrite was shown to react with nitrosatable compounds in 
the human stomach to form N-nitroso compounds. Many of these 
N-nitroso compounds have been found to be carcinogenic. Thus, a 
link between cancer risk and endogenous nitrosation as a result of high 
intake of nitrate and/or nitrite and nitrosatable compounds is possible 

[41,42].

The United States National Research Council found some 
suggestion of an association between high nitrate intake and gastric 
and/or oesophageal cancer [43].

Possible relationships between nitrate intake and effects on the 
thyroid have also been studied. It is known that nitrate can competitively 
inhibit iodine uptake, as with similar anions. The nitrate effect on 
thyroid function may be strong if a nutritional iodine deficiency exists 
simultaneously [44,45]. 

The main toxic action of nitrate on aquatic animals is due to 
the conversion of oxygen-carrying pigments (e.g., hemoglobin, 
hemocyanin) to forms that are incapable of carrying oxygen (e.g., 
methemoglobin) [46].

Toxicity of sulphide: Sulfide is one of the major components of 
the tannery effluent. It causes an irritating, rotten-egg smell above 1 
ppm and at concentrations above 10 ppm, the toxicological exposure 
limits are exceeded. It is highly toxic to human beings. It can cause 
headaches, nausea and affect central nervous system even at low levels 
of exposure [21].

At the physiological level, sulfide has two major effects on mammals: 
local inflammatory and irritative effects on moist membranes including 
the eye and respiratory tract, and cessation of respiratory function, 
specifically cardiac arrest due to paralysis of the respiratory centers of 
the brainstem [47]. Adverse effects of sulfide on the nervous system 
include nervousness, headache, lightheadedness, sleep disturbances, 
insomnia, drowsiness, and fatigue, weakness of extremities, spasms, 
disturbed equilibrium, vertigo, convulsions, and agitation delirium and 
in severe cases, deep coma, nerve paralysis, unconsciousness and death. 

Documented effects of sulfide on freshwater fishes include: 
enhanced survival and growth at low sulfide concentrations between 
0.02 and 0.4ppm; reduced survival and growth at sulfide concentrations 
greater than 0.45 ppm HS; lower swimming endurance; tissue irritation 
and necrosis; lower food consumption and conversion: inhibited 
spawning behavior and reduced egg production; and lower survival of 
eggs, and smaller size and higher incidence of deformities in newly-
hatched larvae [47].

Worlds Water Quality Standards 

Water is essential to sustain life and a satisfactory (adequate, safe 
and accessible) Supply must be available to all. Improving access to 
safe drinking-water can result in tangible benefits to health. Every 
effort should be made to achieve a drinking-water quality as safe as 
practicable. (Table 2) [48]. 

Environmental Principles, Policy and Standards in Ethiopia

Water policy of Ethiopia

Development activities carried out so far in the water sector in 
totality or individually reveal a very low level of performance. The 
cause for this poor achievement and the dilemma for the failure of 

Parameters of concern Guideline value (mg/l)
Chromium 0.05 

Nitrate (as NO3-) 50 
Ammonia 1.5

Sulfide as Hydrogen sulfide 0.05
Sulfides (as S2-) 1

Table 2: World Drinking Water Quality Guideline For Selected Chemicals.
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the country's water resources to significantly contribute to the overall 
socio-economic development of the Ethiopian people’s lie mainly 
in the absence of a well-defined coherent policy and the lack of the 
required huge investment. 

Water resources protection

1. Create appropriate mechanisms to protect the water resources of 
the country from pollution and depletion so as to maintain sustainable 
development and utilization of water resources. 

2. Establish standards and classification for various uses of water in 
terms of quality and quantity for Different scenarios including limits 
and ranges for desirable and permissible levels. 

3. Establish procedures and mechanisms for all actions that are 
detrimental to water resources including waste discharges, source 
development, catchment management etc.

Water quality management: 1. Develop water quality criteria, 
guidelines and standards for all recognized uses of water and ensure 
their implementation. 

2. Formulate receiving water quality standards and legal limits for 
pollutants for the control and protection of indiscriminate discharges 
of effluents into natural water courses. 

3. Develop appropriate water pollution prevention and control 
strategies pertinent to the Ethiopian context.

Ethiopian Standards for selected chemicals (Table 3).

Treatment Methods of Tannery Wastewater

Treatment of tannery effluent is a challenge because it is a mixture 
of biogenic matter of hides, inorganic chemicals and a large variety of 
organic pollutant. Chromium, inorganic and organic matter removal 
methods are physicochemical and Biological.

Physico-Chemical methods

Physico-chemical methods include precipitation, coagulation/
flocculation, adsorption, membrane filtration, ion exchange, advanced 
oxidation etc. Mostly, chemical precipitation methods are practiced 
for the removal of chromium and organic matter, but it has the 
disadvantage of producing secondary by products [49]. 

Using precipitation method there is 99% Cr removal, 85 - 90% 
BOD removal and 60 - 70% removal of COD can be achieved [50].

Biological treatment methods

Biological methods have been recognized as a viable possibility 
for the degradation of the wastewaters [51]. In biological treatment, 
microorganisms convert metals, inorganic and organic wastes into 
stabilized compounds. Typical biological treatment processes includes 
trickling filters, activated sludge, Sequencing Batch Reactor (SBR) and 
Phytoremediation.

Trickling filter

The trickling or biological filter system involves a bed, which is 
formed by a layer of filter medium held within a containing tank or 
vessel, often cast from concrete, and equipped with a rotating dosing 
device over which the wastewater is gently sprayed by a rotating arm. 
Water needs to be trickled several times over the rock before it is 
sufficiently cleaned. Using a trickling filter, a removal of 85 - 90% for 
BOD and 60 - 70% for COD can be achieved [52].

Activated sludge

Activated sludge process is a continuous or semi-continuous flow 
system containing a mass of activated microorganisms that are capable 
of stabilizing organic matter [53].

The unsettle able suspended solid and other constituents are 
adsorbed on or entrapped by the activated sludge floc (sluge + 
microbial cells) [54]. Metals like Cr can also precipitate and removed 
together with the sludge. According to a BOD and COD removal of 
90% and 80% respectively can be achieved using activated sludge for 
tannery wastewater treatment [55].

Phytoextraction

The remediation of chromium and nutrients typically makes 
use of wetlands through the natural abilities of certain plant species 
to remove or stabilize these chemicals by means of bioaccumulation, 
Phytoextraction, rhizofiltration or phytostabilisation. High removal 
efficiency for total Cr (98%) can be achieved using wetlands for tannery 
wastewater treatment [56].

Constructed wetland technology

Constructed wetland is an artificial marsh or swamp, created for 
anthropogenic discharge such as industrial wastewater, storm water 
runoff or sewage treatment, and as habitat for wildlife, or for land 
reclamation after mining or other disturbance. Natural wetlands act 
as bio-filter or “Kidney’s of Landscape”, removing sediments and 
pollutants such as heavy metals and nutrients from the wastewater, 
and constructed wetlands can be designed to emulate these features. 
In Ethiopia, some researchers have investigated the wide use of 
constructed wetland for different type of wastewater, including 
domestic and industrial (Tannery wastewater) and have shown 
significant improvements in water quality in these systems [56]. 

However, the above mentioned wastewater treatment method have 
the following limitations: 

They generally require larger land areas, long time, and high 
effort and higher cost than that of other wastewater treatment system 
particularly adsorptions. 

They are economical relative to other options only where land is 
available and affordable especially for biological treatment methods.

Since tannery wastewater is composed of different chemicals in 
which some of them are toxic to microorganisms which affect their 
degrading capability, it is not efficient like that of activated carbon.

Chemical processes to treat waste water either pose secondary 
pollutant or economically coasty. However, activated carbon is 
economically cheep, not produce secondary pollutant, reused and used 
also for metal recovery. 

Removal of Chromium, Ammonia, Nitrate, and Sulfide by 
Activated Carbon  

There are a number of different techniques for the removal of 

Parameters of concern Guideline value (mg/l)
Chromium (as total Cr) 2
Chromium (as Cr VI) 0.1
Total ammonia as(N) 30

Sulfides(as S2- 1

Table 3: EEPA Standards For Some Selected Chemicals For Receiving Water 
Bodies.
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chromium and nutrients from waste water. Adsorption by activated 
carbon is a cost-effective and very important method of chromium 
and nutrient removal from water and wastewater. Percentage removal 
of nitrate by activated carbon was about 69.5 % for chromium it was 
98.86% for ammonia 80.43% [57-59].

Adsorbents

Adsorption is the process by which molecules of a substance, 
such as a gas or a liquid, collect on the surface of another substance, 
such as a solid. Due to increasing environmental awareness and legal 
constraints imposed on discharge of effluents, the need for cost effective 
alternative technologies is essential for removal of heavy metals and 
nutrients from industrial wastewater. An innovative technique that is 
both efficient and economical is biosorption. This has evolved as the 
frontline of defense especially for metals that could not be removed by 
other techniques [60].

Activated carbon

Activated carbon is a material used to filter harmful chemicals from 
contaminated water and air. It is composed of black granules of coal, 
wood, nutshells or other carbon-rich materials. As contaminated water 
or air flows through activated carbon, the contaminants sorbs (stick) 
to the surface of the granules and are removed from the water or air. 
Used in many industries to purify, decolorize, deodorize, dechlorinate, 
detoxicate, filter, recover salts, treat wastewater and used as catalysts 
and catalysts supports [61].

Sugar bagasse activated carbon 

Sugar cane bagasse is a byproduct of sugarcane industries obtained 
after the extraction of juice for production of sugar. About 54 million 
dry tones of bagasse are produced annually throughout the world [62].

Bagasse must be modified physically and chemically to enhance 
its adsorptive properties towards,organic molecules, inorganic and 
metal ions, routinely found in water and wastewater. This is effectively 
accomplished by converting bagasse to an activated carbon. Bagasse is 
reported as a suitable resource for preparation of activated carbon [62].

Factors Affecting Adsorption

Effects of particle size 

Smaller particle size reduce internal diffusion and mass transfer 
limitation to the penetration of the adsorbate inside the adsorbent 
(i.e., equilibrium is more easily achieved and nearly full adsorption 
capability can be attained) [63].

Effects of Ph

The degree of ionization of a species is affected by the pH (e.g., a 
weak acid or a weak basis). This, in turn, affects adsorption [63].

Effects of Dose of The Adsorbent

The adsorption process is primarily associated with surface of the 
adsorbent which is related to the amounts of the adsorbent and hence 
adsorption increases with the increase in surface or amounts of the 
adsorbent [63].

Materials and Methods
Chemicals and reagents

Chemicals used throughout the experiments were: Sulfuric acid 
for the treatments of sugar bagasse, Nitric acid for preservation of 

tannery wastewater, hydrochloric acid and sodium hydroxide for pH 
adjustment, Sugar bagasse used to prepare activated carbon. Distilled 
water was used in all experiments. 

Instruments

Magnetic stirrer model GL-3250A: was used to agitate mixture of 
wastewater sample and activated carbon.

Digital pH meter: was used to measure pH of the solutions.

Filter paper (Whatman, 0.45µm): to filter the wastewater sample.

Electronic balance model No.: JD210-4: to weigh the Sugar bagasse 
and activated carbon.

Perkin Elmer model 3110 Flame Atomic Adsorption spectrometer 
(FAAS) operating with air acetylene flame was used to measure 
concentrations of metal ions in the solutions.

The detail of all instrument and chemicals were listed at the annexes.

Experimental procedure

Sample collection and analysis

Wastewater samples were collected in plastic bottles from main 
drains of the Addis Ababa tannery industry. The plastic bottles were 
thoroughly cleaned by repeated washing with distilled water and then 
dried over night. Effluent wastewater samples from five composite cells 
were collected and used for analysis of Chromium ion and selected 
nutrient concentrations.  

Wastewater characterization was carried out for the following 
physico-chemical water quality parameters; pH, temperature, Ammonia 
nitrogen, Nitrate, Sulfide and Cr.                The parameters; Nitrate, 
ammonia nitrogen and Sulfide were estimated using spectrophotometer 
(DR/2010, HACH, USA) according to HACH instructions [64]. The 
pH and temperature of the effluent of the system was measured using 
pH meter. Wastewater samples were taken to EEPA for analysis of 
chromium metals using Flame Atomic Absorption Spectrophotometer 
(AAS) (model AAS NOUA-400, Germany).  

Sample preparations and preservations: Tannery wastewater 
samples were filtered through 0.45μm filter paper prior to preservation. 
Filter paper was acid washed and dried before use. After filtration 
the filtrate were acidified for preservation purpose and taken as 
experimental samples for dissolved metal and nutrient analysis. 

Loss of metals by absorption or precipitation in sample containers 
was avoided by acidifying the sample properly using HNO3. Sample 
preservation was made by adding 1.5ml of concentrated HNO3 per 
liter of sample as. To assist in maintaining the natural chemistry of the 
samples, preservation method such as pH control, refrigeration and 
protecting from light were performed [65].

Preparations of adsorbents:

Production of activated carbon

Sugarcane bagasse was collected in plastic bags from wonji sugar 
factory Ethiopia. The samples were initially washed using distilled 
water and sun dried. The dried samples were then cut into small size 
approximately 1 cm and washed several times with distilled water. 
After repeated washing of the samples, the samples were oven dried at 
105  for 24 hours [66].

The activated carbon will be prepared by treating one part of 
raw bagasse (cut into small pieces) with two parts (by weight) of 
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concentrated sulfuric acid and kept in an oven maintained at 150– 
165ºC for a period of 24 hours. The acid treatment can be carried out 
by weighing a known amount of bagasse and treat it with 0.1M H2SO4 
(3ml H2SO4+497ml) of distilled water. The carbonized material will be 
washed well with double distilled water to remove the free acid and 
dried at 105–110ºC for 24 h. The dried material will be subjected to 
thermal activation at 700ºC for 30 min. For batch studies the adsorbent 
material will be powdered and sieved to the desired particle size 
(300µm). Activated carbon production method was according to [65].

Study of the adsorbent

Particle size: Method for the determination of particle size was 
done according to (Dagmawi Mulgeta) [64].

A known amount of sugarcane bagasse was weighed, and put on 
the sieve shaker with different sieve size.

After shaking or vibrating the sieve, the powder was collected with 
the required size.

After the required sizes of the bagasse was obtained, carbonization 
and activation process were carried out.

Ash Content (%)

Ash determination method was according to (Moore) [66]. Ash a 
content of the activated carbon was measured by weighing a known 
amount of activated carbon and heating it to 115oC for 15 hours. The 
carbon was then heated in a muffle furnace at 7000C for 30 h. The 
crucible was then removed and placed in desiccators and weighed after 
cooling. The ash content was calculated as:

The determination of ash content was done in triplicates and the 
average was reported.

Moisture Content

One gram of the adsorbent was placed in an oven of 1050C for 24 
hours. The difference between initial mass (mi) and the final mass of 
the activated carbon was calculated and percentage moisture content 
was deterrrmined. The methods were according to (Dagmawi Mulgeta) 
[64].

The experiment was carried out in triplicate and the average was 
reported.

Bulk Densities

The methods were according to (Dagmawi Mulgeta) [64].

Bulk Density (g/cm3) =                                                                                                 3.5

= Mass of oven dry bagasse sample) &  = Total volume (cm3)

Porosity

100 ml of water were poured into cup and a line was drawled where 
the water comes up to.  100 ml in the total volume column were written 
on data sheet. The water was dumped out. The cup was filled with the 
first bagasse sample up to the line drawled. Using graduated cylinder, 
water were poured into the cup slowly and carefully until the water 
reaches the top of the sample. The volume of water remaining in the 
graduated cylinder was corded on data sheet. The volume remaining 
was subtracted from the total volume. This is the amount of water added 
to sample. The volumes of water added to the sample were recorded on 

data sheet – this is the pore space.  To determine the porosity of the 
sample, the pore space volume was divided by the total volume and 
multiplied by 100 [67].

                                                                3.6

The experiment was carried out in triplicate and the average was 
reported.

Determination of chromium

50ml test tube was taken and filled with 25ml of wastewater. The 
solutions are filtered by whatman filter paper. After filtrations, the 
wastewaters were diluted to 10%. After dilution wastewater were 
analyzed for its metal content by Atomic Adsorption Spectroscopy.

Factors Influencing Adsorption
Effects of pH

The experimental procedure was carried out as described by 
(Okieimen C.O and Okieimen FE) [68]. The effect of pH on the 
adsorption of Cr was studied by adjusting pH at pH values of 2, 5, 7 and 
9. Test tubes were taken and filled with 25ml of wastewater sample and 
adjusted to their respective pH. Before adjusting the pH, pH of each 
samples were measured by using digital pH meter. The samples were 
libeled as: sample I; sample II; sample III and sample IV. For adjustment 
of pH 10ml of 1N NaOH and 0.1MHCl were used as required. 

After the pH adjustment to respective pH, 1.5g of the adsorbent 
was added to each sample and stirred by magnetic stirrer for about 
5 minutes and stored at room temperatures for about 24 hrs. After 
this time the solutions were filtered and analyzed for it’s for its metal 
content left in the solutions. The experiments have been done four 
times for about 4 months and the repeated average results of each 
experiment were recorded.

Effects of adsorbent dose

To study the effects of the amounts of adsorbent on Cr adsorption, 
a series of 50ml test tubes were taken and filled with 25ml of filtered 
wastewater sample for each test tube. Test tubes were labeled as: 
test-tube 1, test-tube 2, test-tube 3.and test-tube 4. Adsorbents of 
0.8g, 1g, 1.5g and 2g were added to respective test-tube. The samples 
were agitated for 5 minutes by magnetic stirrer and stored at room 
temperatures for about 24 hours. After this time, the samples were 
filtered and analyzed for the concentrations of metals retained in the 
solution [66]. The experiments have been done four times for about 
4 months and the repeated average results of each experiment were 
recorded.

Determinations of Ammonia, Nitrate and Sulfide

All parameters were analyzed according to America Public Health 
Association [64]. Determinations of Nutrients were made by HACH 
method of nutrient analysis. Samples were analyzed for parameters 
ammonia, nitrate and Sulfides by Nessler, Cadmium reduction HR and 
Methylene blue method respectively. 

Studies of factors affecting adsorptions of nutrients

Effects of pH on the adsorptions of nutrients: The effects of pH on 
the adsorption of Ammonia, Nitrate and sulfide on to activated carbon 
were studied by evaluating the adsorption at pH values of 2, 5, 7 and 10. 
Test tubes were taken and filled with 25 ml of wastewater sample and 
adjusted to their respective pH. Before adjusting pH, the pH of each 
samples were measured by using digital pH meter. The samples were 
libeled as: sample E; sample F; sample G and sample H. For adjustment 
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of pH 10ml of 1N NaOH and 0.1MHCl were used as required. After 
the samples pH were adjusted to respective pH, 1g of the adsorbent 
was added to each sample and stirred by magnetic stirrer for about 5 
minutes and stored at room temperatures for about 24 hrs. After this 
time the solutions were filtered and analyzed by for its Ammonia, 
Nitrate and Sulfide content left in the solutions. The experiments have 
been done three times for about 3 months and the repeated average 
results of each experiment were recorded.

Effects of adsorbent dose on the adsorptions of nutrients: To study 
the effects of the amounts of adsorbent on the adsorption of Ammonia, 
Nitrate and sulfide a series of 50 ml test tubes were taken and filled 
with 25 ml of filtered wastewater sample for each test tube. Test tubes 
were labeled as: test-tube A, test-tube B, test-tube C and test-tube D. 
Adsorbents of 0.8g, 1g, 1.5g and 2g were added to respective test tubes. 
The samples were agitated for 5 minutes by magnetic stirrer and stored 
at room temperatures for about 24 hours. After this time, the samples 
were filtered and analyzed for its Ammonia, Nitrate and Sulfide content 
left in the solutions. The experiments have been done three times for 
about 3 months and the repeated average results of each experiment 
were recorded.

New things in the method

There were two things new in the paper: the first one is that the 
adsorption process we have been reviewed was taken place by placing 
the mixture if the adsorbent and adsorbate on the shaker through all the 
contact time or adsorption process. However, since the use of shaker is 
for mixing the mixture, we placed for 5 minutes on the magnetic stirrer 
to mix the solutions and stored at room temperature for contact time of 
24 hours and analyze the concentrations left after this time. The second 
thing is that except chromium, we haven’t seen the literatures for the 
adsorption of the ammonium, nitrate and sulfide by sugar bagasse 
activated carbon, however there were adsorptions of these nutrients by 
activated carbon from other sources.     

Results and Discussion
Studies of removal efficiency of activated carbon

Effluent wastewater characteristics: Effluent of Addis Ababa 
Tannery Share Company contains large amounts of chromium, and 
nutrients. The composite wastewater from this industry contains the 
following amounts of chromium and some selected nutrients. 

Activated carbon characterization (Table 4).

Ash content : The ash content is a measure of the mineral content 
and other inorganic matter in biomass and is used in conjunction with 
other procedures to determine to total composition of biomass samples 
[67]. The percent ash content of the prepared activated carbon was (53%) 
which is comparable with that of commercial activated carbon (52%) [66].

Bulk density: The bed or bulk density is the mass of adsorbent in a 
specific volume. The bulk density of the prepared activated carbon was 
(0.423g/cm3) which is comparable with that of commercial activated 
carbon (0.387g/cm3) [66].

Moisture content: Adsorption capacities of the activated carbon 
are affected by its moisture (water content). In this regard, concluded 
that the moisture contents of activated carbon had a more marked 
influence on the adsorption capacity of the activated carbons. As result 
low moisture contents of the activated carbon were preferable [69]. 
The percent moisture contents of the activated carbon prepared from 
sugarcane bagasse were about (8.1%) and that of commercial activated 
carbon was (7.8%).

Particle size: We can define a particle as being a discrete sub 
portion of a substance. That increase in particle size decreases the 
percent removal. At a fixed adsorbent dosage, the decrease in particle 
size increases the metal uptake. The increase in the uptake by smaller 
particles was due to the greater accessibility to pores and to the greater 
surface area for bulk adsorption per unit mass of the adsorbent. The 
particle size of prepared activated carbon was (300µm) size. Such an 
effect is probably due to the small particle size increase the total surface 
area and therefore the ability of Cr to penetrate all the internal pore 
structure of carbon is very high (viz. reduces the external mass transfer 
resistance).

 Porosity: The porosity of a material is a measurement of how much 
of its volume is open space (also called pore space). Porosity is usually 
expressed as a percentage of the material’s total volume. The porosity 
of the activated carbon also shows the active surface area of the powder.

Depending on the raw materials, activated carbons would have 
different surface characteristics, including surface functional groups, 
surface area, porosity, and pore size distribution. It is well known 
that the extent of activation affects the Pore structure of the resulting 
carbons [70]. Since adsorption process was directly proportional to 
pore space of the activated carbon, large percentage of pore space was 
preferable and also the reason why we activate at high temperature was 
to increase the number of pore space. The porosity in percent of the 
prepared activated carbon was about (67.21%) and that of commercial 
activated carbon was (68.09%).

Studies of factors affecting Cr adsorption

 Effect of pH: The effect of pH was determined by studying 
adsorption of Cr at initial Cr concentration of 230.4 mg/l with 
adsorbent doses of 1.5g of activated carbon over a pH range of 2 to 9 pH.  
(Table 5).

The effect of pH on the adsorption of Cr by activated carbon 
was shown in Figure 1 which shows that maximum adsorption was 
observed at pH 7 (100%) with decreasing values on either side of this 
pH range. pH dependence of metal adsorption can largely be related to 

Parameters Unit in mg/l
Chromium(Cr) 2304

Ammonia(NH3-N) 163
Nitrate((NO3-) 250
Sulfide(S2-) 12

Table 4: Effluent Wastewater Characteristics.

pH Adsorbent dose in gram Initial concentration in mg/l Average Final con. In mg/l Average % removal Average Q in mg of metal/
gram of adsorbent

2 1.5 230.4 178.93 22.34 3.43
5 1.5 230.4 149.9 34.92 5.35
7 1.5 230.4 0 100 15.36
9 1.5 230.4 0.70505 99.69 15.31

Table 5: Results for the Effects of Ph on The Removal of Cr.
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type and ionic state of the functional group present in the adsorbent 
and also to the metal chemistry in the solution.

Under acidic conditions, there was a competition between 
chromium ion and hydrogen ion which decreases adsorption. However, 
at pH around 7 or neutral there is less competition of both hydrogen 
ion and hydroxide ion.

For pH above 8 furthermore, as pH increases there is competition 
between hydroxide ion and chromate ions. The former being the dominant 
species at higher pH values. The net positive surface potential of sorbent 
decreases, resulting in the weakening of electrostatic forces between 
sorbent and sorbet, which ultimately leads to reduced sorption capacity.

The high pH value causes a reduction in the electrostatic attraction 
between negatively charged Cr ions and positively charged adsorbent 
surfaces, therefore reduced percent removal was observed at high pH.

Adsorption of Cr at different pH can be explained by the species 
distribution of chromium in water and the nature of adsorbent surface. 
In acidic pH, the predominant species of Cr(III) cations are: Cr3+, 
CrOH2+ and CrOH+2 and under acidic conditions, the surface of the 
adsorbent becomes protonated and hence there is a decrease in the 
electrostatic attraction between the Cr(III) species and the adsorbent 
surface, with a consequent decrease in percentage adsorption. But as 
pH increases, the adsorbent surface becomes less protonated and will 
have strong attraction for cationic species of Cr. Similar results has 
been obtained with maximum adsorption of 98.86% at pH 6.6. [71]. 

Effect of Dose of the adsorbent on the removal of Cr:  To optimize 
the adsorbent dose and time for the removal of Cr from the solution, 
adsorption studies were carried out at initial Cr concentration of 230.4mg/l 
with different adsorbent doses of (0.8g, 1g, 1.5g and 2g) of adsorbent 
(Table 6). As shown from (Figure 2) the graph percentage Cr adsorption 
at constant time of (24hrs) and at different doses indicate that sorption 
of Cr increased with increasing dose of activated carbon. The reason 
is an increase in adsorption with dose can be attributed to increased 
surface area and the availability of more binding sites for adsorption. 
The removal of Cr by Activated carbon ranged from 99.39% to 100%. 
After addition of 2g of adsorbent percentage removal was become 
constant. Therefore, it can be concluded that the rate of Cr binding 
with adsorbent was increases as adsorbent dose increases and become 
constant after addition of 1.5g/25ml of wastewater. The increase in the 
percentage adsorption with increase in the adsorbent dosage is due to 
the increase in the number of adsorption sites (Agaje Bedemo, 2007).

Adsorption of Ammonia, Nitrate and Sulfide

Adsorption of Ammonia (NH3-N)

Effects of pH on the adsorption of ammonia: For ammonia, the 
properties of ammoniacal nitrogen in aqueous solution explain the 
result; the existence of two types of elements, ammonia, NH3 (alkaline) 
and ammonium ions, NH4+ (acidic) (Table 7).

As shown in Figure 3 the percent removal of ammonia at pH 2 
was about (83.93%), at pH 5 (87.63%), at pH 7 (85.32%) and at pH 

Figure 1: Effects of Ph on The Adsorption of Chromium (Cr).
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10 it was about (84.22%). From the experimental result obtained, the 
percent removal of ammonia was increased from pH 2 to 5. After pH 
5, the adsorption was decreased with maximum adsorption at pH 5 
of (87.63%) removal. The reason is probably, at pH < 5 there was H+ 
competition and at basic pH there was (OH-) competition.

Therefore, the removal of ammonia is supposed to be higher 
at low pH, and increases up to pH 5, due to the cationic exchange 
mechanism in aqueous solution [72]. The adsorption data for the 
uptake of ammonia versus pH is presented in Figure 4 the optimum 
pH for ammonia removal was at pH 5 (87.63%); as shown in Figure 4. 
The research by (Azharit et al.) also showed that the optimum pH for 
ammonia adsorption at pH 5–6 [58,73].

Effects of adsorbent dose on the adsorption of ammonia:  Figure 
5 represents the influence of activated carbon dose in (g) of 0.8, 1.0, 
1.5 and 2 g on the removal of ammonia. At adsorbent dose of 0.8g, it 
was about (33.11%), at 1g (34.96%), at 1.5 (37.62%) and at adsorbent 
dose of 2g it was about (80.56%), with maximum adsorption at 2g of 
adsorbent and with percent removal of (80.56%).  It can be seen from 
the results that percent removal of ammonia increases with increasing 
amount of the adsorbent. This is due to the greater availability of the 
active sites or surface area at the adsorbent dose is increased.  The study 
by (Moinuddin G. et al.,) also forwarded the same conclusion (Table 
8) [74]. 

Adsorption of Nitrate (NO3-)

Effects of pH on the adsorption of nitrate:  As shown from the 
Figure 6 at pH 2 percent adsorption was about (68.22%) and at pH 5 
it was (77.95%). At pH 7 it was (59.92%) and at pH 10, the adsorption 
was about (43.88%). From the result obtained, we deduce that the 
adsorption capacity of activated carbon increased with increasing 
pH, reaching a maximum (77.95%) at pH 5. Further increase in pH 
above 5 led to a decrease in adsorption capacity. Other studies have 
reported maximum NO-3 adsorption at this pH values [75]. This might 
be due to the hindrance caused by ions (added externally to adjust the 
pH of the adsorbate solution) to occupy the adsorbent surface [76]. 

Lower NO-3adsorption at pH>5 was due to excess competing H+ ions 
on the surface, causing an electrostatic repulsion between the surface 
and NO-3 ions [77]. The study by (Moonis et al.,) on the investigation 
of adsorption of nitrate using granular activated carbon showed the 
maximum adsorption of nitrate at pH 5 of 71.45% removal (Table 9) 
[77]. 

Effects of Adsorbent dose on The Adsorption of Nitrate (Figure 
7 and Table 10).

As shown from (Figure 8) the influence of activated carbon dose 
in (g) of 0.8, 1.0, 1.5 and 2 g on the removal of nitrate increases as 
the increase in the gram of the adsorbent. At adsorbent dose of 0.8g, it 
was about (37.86%), at 1g (64.13%), at 1.5 (68.13. %) and at adsorbent 
dose of 2g it was about (71.86. %), with maximum adsorption at 2g of 
adsorbent and with percent removal of (71.86%).  It can be seen from 
the results that percent removal of nitrate increases with increasing 
amount of the adsorbent. This is due to the greater availability of the 
active sites or surface area, when the adsorbent quantity is increased. It 
also showed that the uptake of nitrate increases as the adsorbent dose 
increases.

Adsorption of Sulfide (S2-)

Effects of pH on The adsorption of sulphide: The effect of pH on 
adsorption of sulfide by sugar bagasse activated carbon was observed by 
varying the pH from 2 to 10. At pH 2 percent adsorption of sulfide was 
(99.42%) and at pH 5 it was (100%). At pH 7 it was (96.72%) and at pH 
10 the adsorption was about (95.16%) [78-80]. From the result obtained 
the adsorption capacity of activated carbon for sulfide increased 
with increasing pH up to pH 5, reaching maximum adsorptions of 
(100%). Further increases in pH above 5 led to decrease in adsorption 
capacity. The reason why the adsorption of sulfide at low pH decrease 
is that, there was a competition between sulfide ion, hydrogen ion and 
solution ion that were actually added to adjust pH of the solution [80-
85]. At pH above 5, there was a decrease in the adsorption of sulfide. 
The reason is there were a competition between sulfide ion, hydroxide 
ion and ion of the solution that were added during pH adjustment. 

pH Adsorbent dose in gram Initial concentration in mg/l Average Final con. In mg/l Average % removal Average Q in mg of metal/
gram of adsorbent

4 0.8 230.4 1.3953 99.39 28.62
4 1 230.4 0.02456 99.985 23.03
4 1.5 230.4 0 100 15.36
4 2 230.4 0 100 15.36

Table 6: Results For The Effects of Adsorbent Dose on The Removal of Cr.

Figure 2: Effects of Adsorbent Dose on The Removal of Cr.
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pH Adsorbent dose in gram Contact time in hours Initial concentration in mg/l Average Final con. In mg/l Average % removal
2 1 24 163 26.19 83.93
5 1 24 163 20.17 87.63
7 1 24 163 23.92 85.32

Table 7: Results For The Effects of Ph on The Removal of Ammonia.

Figure 3: Effects of Ph on The Removal of Ammonia.
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Figure 4: Effects of Adsorbent Dose on The Removal of Ammonia.
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Figure 5: Effects of Ph on The Adsorption of Nitrate.

pH Adsorbent dose in gram Contact time in hours Initial concentration in mg/l Average Final con. In mg/l Average % removal
9 0.8 24 163 109 33.11
9 1 24 163 106 34.96
9 1.5 24 163 101.67 37.62
9 2 24 163 31.67 80.56

Table 8: Results For The Effects of Adsorbent Dose on The Removal of Ammonia.
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Figure 6: Effects of Adsorbent Dose on The Removal of Nitrate.
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pH Adsorbent dose in gram Contact time in hours Initial concentration in mg/l Average Final con. In mg/l Average % removal
2 1 24 250 79.45 68.22
5 1 24 250 55.11 77.95
7 1 24 250 100.25 59.92
10 1 24 250 140.29 43.88

Table 9: Results For The Effects of  Ph on The Removal of Nitrate.

pH Adsorbent dose in gram Contact time in hours Initial concentration in mg/l Average Final con. In mg/l Average % removal
9 0.8 24 250 155.33 37.86
9 1 24 250 89.67 64.13
9 1.5 24 250 79.67 68.13
9 2 24 250 70.33 71.86

Table 10: Results For The Effects of Adsorbent Dose on The Removal of Nitrate.

Figure 8: Effects of Adsorbent Dose on The Adsorption of Sulfide.
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pH Adsorbent dose in gram Contact time in hours Initial concentration in mg/l Average Final con. In mg/l Average % removal
2 1 24 12 0.07 99.42
5 1 24 12 0 100
7 1 24 12 0.39 96.72
10 1 24 12 0.58 95.16

Table 11: Results For The Effects of Ph On The Removal of Sulfide.

pH Adsorbent dose in gram Contact time in hours Initial concentration in mg/l Average Final con. In mg/l Average % removal
9 0.8 24 12 9 25
9 1 24 12 4.82 59.83
9 1.5 24 12 3.036 74.69
9 2 24 12 2.18 81.79

Table 12: Results For The Effects of Adsorbent Dose on The Removal of Sulfide.

In both cases there is less un occupied pore space for sulfide ion to be 
adsorbed. However, the adsorption of sulfide ion is maximum at pH 
5 with percent adsorption of (100%). The reason is probably the less 
number of both hydrogen and hydroxide ion (Table 11) [85-90].

Effects of Adsorbent Dose on The Adsorption of Sulfide  (Table 
12).

To investigate the effects of dose of the adsorbent adsorption 
studies were carried out with different adsorbent doses of activated 
carbon (0.8g, 1g, 1.5g and 2g) [91-96]. As shown from the (Figure 8) 
percentage s2- adsorption increase with the increase dose of activated 
carbon [97-100]. The reason is an increase in adsorption with dose 
can be attributed to increased surface area and the availability of more 
binding sites for adsorption [111-114]. The adsorption of sulfide with 
Activated carbon of (0.8g, 1g, 1.5g and 2g) was (25%, 59.83%, 74.69% 
and 81.79%) respectively. As shown from the Figure 9 the adsorption 
increases with the increase in dose of the adsorbent and reached 

maximum adsorption at adsorbent dose of 2g and percent adsorption 
of (81.79%). Therefore, it can be concluded that the rate of sulfide 
binding with adsorbent was increases as adsorbent dose increases 
[115,116].

The treated wastewater at pH 5 has concentrations of ammonia 
20.17mg/l even if it is above the guide line this amount can also found 
naturally in the water and food (ATSDR, 2004), nitrate 55.11mg/l 
which is comparable with 50mg/l of guide lines, sulfide 0mg/l which is 
below the guide line of 1mg/l and for chromium at pH 7 it was about 
0mg/l which is comparable to guide line (Figures 10 and 11) [117].

Conclusions and Recommendations
The activated carbon prepared from bagasse, was used as an 

adsorbent to remove: chromium, ammonia, nitrate and sulfide from 
tannery wastewater. Form the study the following conclusions were 
drawn: 

Figure 9: Treated Wastewater Sample.

Figure 10: Wastewater Teatment Experiment. 
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The activated carbon has moisture content of (8.1%), particle 
size of (300µm), porosity of (67.21%) and bulk density of (0.423g/
cm3).

The adsorptions of ammonia, nitrate and sulfide were (80.56%), 
(71.86%) and (81.79%) respectively for 2g of adsorbent and for 
chromium it was (100%) at 1.5g adsorbent. At pH5, the adsorption 
of ammonia, nitrate and sulfide were (87.63%), (77.95%) and (100%) 
respectively. For chromium at pH 7 the percent removal was 100%. 
From the results obtained we conclude that the activated carbon has 
different adsorption efficiency for different nutrients and metal ion in 
which chromium (100%) > sulfide (81.79%) > ammonia (80.56%) > 
nitrate (71.86%). At pH 5 removal of nutrients were in order of sulfide 
(100%) > ammonia (87.63%) > nitrate (77.95%).

Recommendation

Base on the study made the following Recommendations were 
given.

 ➢ The federal and city environmental protection authorities have to 
formulate an incentive scheme to motivate the tannery to manage 
their wastewater.

 ➢ Awareness creations are appropriate for the farmer around this 
tannery factory to not use the wastewater without treatment.   

 ➢ Further study should be undertaken to study the efficiency of this 
activated carbon in broader manner.

 ➢ This study was restricted to limited parameters during the 

treatments of tannery wastewater as a result of chemicals, 
equipments and finance, for future it should be better if it will be 
funded and supported well. 

Annexes
Annexe 1: List of Apparatus

A. Analytical Instruments

Sample bottles, Separatory funnels, Pipettes, Measuring cylinder, 
Digital pH meter, Spoons, Sieve analyzer, Oven, Cruciales, Dedicators, 
Magnetic stirrer (Figures 12-14). 

Annexe 2: List of Chemicals and Materials

 ➢ De-ionized water

 ➢ Nitric acid (concentrated).

 ➢ Sodium hydroxide (diluted)

 ➢ Hydrochloric acid (diluted)

 ➢ Sugar bagasse activated carbon.

Annexe 3. Laboratory procedures

B. Sample Preparations and Preservations

 ➢ Tannery wastewater from Addis Ababa tannery Share 
Company was filtered through a o.45µm filter paper to remove 
solid or gross solid waste that may interfere the analysis 

Figure 11: Treatment of Wastewater.

Figure 12: Treated Wastewater Examination.
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Figure 13: The River Polluted By The Wastewater From Tannery.

Figure 14: Farming Around The Polluted River.

process. After filtrations the samples were preservated using 
concentrated Nitric acid per liter of wastewater samples and 
stored in refegirator till analysis (Tables 13-18).

C. Determinations of Chromium content

 ➢ Chromium concentrations were determined using atomic 

Adsorption Spectrophotometer (AAS) with an air-acetylene 
flame as described by APHA (Tables 20-23) [6].

D. Determinations of Nutrients

 ➢ The nutrients Ammonia, Nitrate and Sulfide were determined 
by HACH methods of nutrient analysis (Tables 24-26).

pH Adsorbent dose in gram Initial concentration in mg/l Final con. In mg/l % removal Q in mg of metal/gram of 
adsorbent

 4 0.8  230.4 1.567  99.32  28.6
 4     1 230.4 0.02486 99.98 23.04
4 1.5 230.4 0 100 15.36
4 2 230.4 0 100 11.52
4 0.8 230.4 1.3454 99.42 28.63
4 1 230.4 0.01237 99.9946 23.03
4 1.5 230.4 0.0001 99.9956 15.36
4 2 230.4 0.0011 99.99 11.52
4 0.8 230.4 1.412 99.387 28.62
4 1 230.4 0.04891 99.97 23.03
4 1.5 230.4 0 100 15.36
4 2 230.4 0.0001 99.9956 11.52
4 0.8 230.4 1.2567 99.4545 28.64
4 1 230.4 0.01213 99.9947 23.03
4 1.5 230.4 0.00001 99.99997 15.36
4 2 230.4 0 100 15.36

Table 13: Results For The Effects of Varying Adsorbent Dose on The Adsorption of Cr of The Tannery Wastewater at Constant: Temperature (20±2ºc), Ph (4), Contact 
Time of (24hrs) and Adsorbent Dose of (O.8g, 1g, 1.5g, 2g).
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pH Adsorbent dose in gram Initial concentration in mg/l Average Final con. In mg/l Average 
% removal

Average Q in mg of metal/
gram of adsorbent

4 0.8 230.4 1.3953 99.39 28.62
4 1 230.4 0.02456 99.985 23.03
4 1.5 230.4 0 100 15.36
4 2 230.4 0 100 15.36

Table 14: Average Results For The Effects of Adsorbent Dose on The Removal Of Cr.

pH Contact time in hours Initial concentration in mg/l Final con. In mg/l % removal Q in mg of metal/gram of 
adsorbent

2 24 230.4 180.8 21.53 3.3
5 24 230.4 151.5 34.24 5.26
7 24 230.4 0 100 15.36
9 24 230.4 0.7255 99.68 15.31
2 24 230.4 179.5 22.09 3.39
5 24 230.4 153.2 33.50 5.1
7 24 230.4 0.0001 99.99 15.35
9 24 230.4 0.6873 99.70 15.31
2 24 230.4 180 21.87 3.36
5 24 230.4 149.6 35.06 5.38
7 24 230.4 0.0001 99.99 15.35
9 24 230.4 0.5342 99.76 15.32
2 24 230.4 175.4 23.87 3.67
5 24 230.4 145.3 36.94 5.67
7 24 230.4 0 100 15.36
9 24 230.4 0.8732 99.62 15.30

Table 15: Results For The Effects of Varying Ph of The Tannery Wastewater on The Adsorption of Cr At Constant: Temperature (20±2ºc), Adsorbent Dose of (1.5g) and 
Contact Time of (24hrs).

pH Adsorbent dose in gram Initial concentration in mg/l Average Final con. In mg/l Average 
% removal

Average Q in mg of metal/
gram of adsorbent

2 1.5 230.4 178.93 22.34 3.43
5 1.5 230.4 149.9 34.92 5.35
7 1.5 230.4 0 100 15.36
9 1.5 230.4 0.70505 99.69 15.31

Table 16: Average Results For The Effects of Ph on The Removal of Cr.

pH Adsorbent dose in gram Contact time in hours Initial concentration in mg/l Final con. In mg/l % removal
9 0.8 24 250 155 38
9 1 24 250 90 64
9 1.5 24 250 80 68
9 2 24 250 70 72
9 0.8 24 250 157 37.2
9 1 24 250 91 63.6
9 1.5 24 250 78 68.8
9 2 24 250 69 72.4
9 0.8 24 250 154 38.4
9 1 24 250 88 64.8
9 1.5 24 250 81 67.6
9 2 24 250 72 71.2

Table 17: Results For The Effects of Varying Adsorbent Dose on The Adsorption of Nitrate (NO3-) For Constant Contact Time of 24 Hours, Temperature (20±2ºc) and Ph 
of 9 Wastewater.

pH Adsorbent dose in gram Contact time in hours Initial concentration in mg/l Average Final con. In mg/l Average % removal
9 0.8 24 250 155.33 37.86
9 1 24 250 89.67 64.13
9 1.5 24 250 79.67 68.13
9 2 24 250 70.33 71.86

Table 18: Average Results For The Effects of Adsorbent Dose on The Removal of Nitrate.
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pH Adsorbent dose in gram Contact time in hours Initial concentration in mg/l Final con. In mg/l % removal
9 0.8 24 12 9 25
9 1 24 12 4 66.67
9 1.5 24 12 3 75
9 2 24 12 2 83.3
9 0.8 24 12 10 16.67
9 1 24 12 5 58.33
9 1.5 24 12 3.11 74.08
9 2 24 12 2.43 79.75
9 0.8 24 12 8 33.33
9 1 24 12 5.46 54.5
9 1.5 24 12 3 75
9 2 24 12 2.12 82.33

Table 19: Results For The Effects of Varying Adsorbent Dose on The Adsorption of Sulfide (S2-) For Diluted Wastewater For Constant Contact Time of 24 Hours, 
Temperature (20±2ºc) and Ph of 9 Wastewater.

pH Adsorbent dose in gram Contact time in hours Initial concentration in mg/l Average Final con. In mg/l Average % removal
9 0.8 24 12 9 25
9 1 24 12 4.82 59.83
9 1.5 24 12 3.036 74.69
9 2 24 12 2.18 81.79

Table 20: Average Results For The Effects of Adsorbent Dose on The Removal Of Sulfide.

pH Adsorbent dose in gram Contact time in hours Initial concentration in mg/l Final con. In mg/l % removal
9 0.8 24 163 109 33.13
9 1 24 163  107 34.35
9 1.5 24 163  102 37.42
9 2 24 163  33 79.75
9 0.8 24 163 110 32.5
9 1 24 163 106 34.96
9 1.5 24 163 103 36.8
9 2 24 163 32 80.36
9 0.8 24 163 108 33.7
9 1 24 163 105 35.58
9 1.5 24 163 100 38.65
9 2 24 163 30 81.59

Table 21: Results For The Effects of Varying Adsorbent Dose on The Adsorption of Ammonia (NH3-N) For Diluted Wastewater For Constant Contact Time of 24 Hours, 
Temperature (20±2ºc) and Ph of 9 Wastewater.

pH Adsorbent dose in gram Contact time in hours Initial concentration in mg/l Average Final con. In mg/l Average % removal
9 0.8 24 163 109 33.11
9 1 24 163 106 34.96
9 1.5 24 163 101.67 37.62
9 2 24 163 31.67 80.56

Table 22: Average Results For The Effects of Adsorbent Dose on The Removal of Ammonia.

pH Adsorbent dose in gram Contact time in hours Initial concentration in mg/l Final con. In mg/l % removal
2 1 24 250 80 68
5 1 24 250 55 78
7 1 24 250 100 60
10 1 24 250 140 44
2 1 24 250 80.34 67.86
5 1 24 250 56.1 77.56
7 1 24 250 101.2 59.52
10 1 24 250 139 44.4
2 1 24 250 78 68.8
5 1 24 250 54.22 78.3
7 1 24 250 99.56 60.2
10 1 24 250 141.87 43.25

Table 23: Results For The Effects of Varying Ph on The Adsorption of Nitrate (NO3-) For Constant Contact Time of 24 Hours, Temperature (20±2ºc) and Adsorbent Dose 
of (1g) Wastewater.
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pH Adsorbent dose in gram Contact time in hours Initial concentration in mg/l Average Final con. In mg/l Average % removal
2 1 24 250 79.45 68.22
5 1 24 250 55.11 77.95
7 1 24 250 100.25 59.92

10 1 24 250 140.29 43.88

Table 24: Average Results For The Effects of Ph on The Removal of Nitrate.

pH Adsorbent dose in gram Contact time in hours Initial concentration in mg/l Final con. In mg/l % removal
2 1 24 12 0.08 99.33
5 1 24 12 0 100
7 1 24 12 0.4 96.67

10 1 24 12 0.58 95.167
2 1 24 12 0.07 99.42
5 1 24 12 0 100
7 1 24 12 0.4 96.67

10 1 24 12 0.60 95
2 1 24 12 0.06 99.5
5 1 24 12 0 100
7 1 24 12 0.38 96.83

10 1 24 12 0.57 95.25

Table 25: Results For The Effects of Varying Ph of The Solution on The Adsorption of Sulfide (S2-) For Constant Contact Time of 24 Hours, Temperature (20±2ºc) and 
Adsorbent Dose of (1g) Wastewater.

pH Adsorbent dose in gram Contact time in hours Initial concentration in mg/l Average Final con. In mg/l Average % removal
2 1 24 12 0.07 99.42
5 1 24 12 0 100
7 1 24 12 0.39 96.72

10 1 24 12 0.58 95.16

Table 26: Average Results For The Effects of Ph on The Removal of Sulfide.

pH Adsorbent dose in gram Contact time in hours Initial concentration in mg/l Final con. In mg/l % removal
2 1 24 163 26 84.05
5 1 24 163 21 87.12
7 1 24 163 24 85.276

10 1 24 163 26 84.05
2 1 24 163 25.57 84.31
5 1 24 163 20 87.73
7 1 24 163 23.76 85.42
10 1 24 163 25 84.66
2 1 24 163 27 83.44
5 1 24 163 19.51 88.03
7 1 24 163 24 85.276

10 1 24 163 26.12 83.97

Table 27:  Results For The Effects of Varying Ph on The Adsorption of Ammonia (NH3-N) For Constant Contact Time of 24 Hours, Temperature (20±2ºc) and Adsorbent 
Dose of (1g) Wastewater.

pH Adsorbent dose in gram Contact time in hours Initial concentration in mg/l Average Final con. In mg/l Average % removal
2 1 24 163 26.19 83.93
5 1 24 163 20.17 87.63
7 1 24 163 23.92 85.32

10 1 24 163 25.71 84.22

Table 28:  Average Results For The Effects of Ph on The Removal of Ammonia.
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