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ABSTRACT 

 

Management of hospital wastes remains a subject of public health interest due to their 

hazardous nature. Most of the hospital wastes are not easily degradable by natural 

phenomena of biochemical decomposition. However, they can be attenuated by 

adsorption on a suitable medium and recovered or isolated through various treatment 

techniques. Commercial adsorbents are expensive and not readily available locally 

although activated carbon has been developed from natural materials. The need to 

further research on these wastes to convert them into adsorbent in order to reduce waste 

and conserve cost is the key to the research work. The present research produced and 

used activated carbon from neem (Azadirachta indica) husk and seed cake to treat 

hospital wastewater. The wastewater sample used was obtained from the University of 

Abuja Teaching Hospital (UATH) wastewater treatment plant after certification and 

approval by the Hospital Ethical Committee (HEC). The raw neem husk and seed cake 

were carbonized at 400
o
C and activated with ZnCl2 and H3PO4 at 500

o
C and 550

o
C 

respectively. The moisture content of the Raw Neem Husk (RNH) and Raw Neem Cake 

(RNC) were found to be 4.45% and 8.95% respectively. The microstructural, structural 

and thermal properties of the adsorbents were studied using nitrogen gas adsorption 

analysis, SEM, FTIR and TGA. The surface areas and pore size of the neem activated 

carbons are in this order: NCH (352 m
2
g; 34.26 Å)> NCZ (252.18 m

2
g; 24.16 Å) > 

NHZ (238.56 m
2
g; 22.46 Å) >NHH (230.79 m

2
g; 22.22 Å). The FTIR results showed 

slight changes in the absorption band of the raw neem material compared to that of the 

activated neem carbon. This showed that the activation process was successful. The 

TGA results showed that the activated carbon were hydrophobic and thermally stable up 

to 450
o
C. The adsorbent has been found to be effective and efficient in reducing the 
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investigated parameters in a multi component system. The adsorbents (Neem Cake 

activated with H3PO4 (NCH), Neem Cake activated with ZnCl2 (NCZ), Neem Husk 

activated with ZnCl2 (NHZ) and Neem Husk activated with H3PO4 (NHH)) reduced 

nitrates and chloride ions by 100%, phosphate ions by 95%, total bacterial load by 99%, 

total fungal load by 90%, chromium ion by 82%, lead ion by 70%, nickel ion by 61%, 

zinc ion by 59% and cadmium ion by 36%. The kinetic data were fed into the pseudo-

second-order rate and the Weber and Morris intraparticle diffusion models. The results 

showed that the mechanism of removal of the pollutants was by chemisorption and that 

intraparticle diffusion was not the only rate determining step in the process. The 

Equilibria results were modelled using the Langmuir and Freundlich isotherm models. 

The adsorption pattern fitted into the two models but more favourably described by the 

Langmuir isotherm than the Freundlich isotherm, suggesting the adsorption was 

predominantly monolayer rather than multilayer. Column studies showed that the 

adsorption of nickel ion onto neem husk activated with H3PO4 (NHH) depends on flow 

rate, inlet concentration and bed height. This was analyzed using the Admas–Bohart 

model. Studies on regeneration and reuse of the adsorbent on the wastewater showed 

that the adsorbents can be reused up to the fifth cycle.  
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CHAPTER ONE 

 

1.0   INTRODUCTION 

The world economy is focusing on better waste management policies so as to reduce 

wastes and to protect the environment (Tchnohanoglous et al., 1979). The present 

generation has an obligation to leave the next generation a more habitable environment 

than a surrounding littered with pollutants. This is in recognition that the world is finite 

and the continued pollution of the environment will, if not controlled, be difficult to 

rectify in the future. In Nigeria, it has been reported that poor management of waste cost 

the Nation roughly US$5 billion annually (Christen, 1996). Much of the damage results 

from oil exploration and oil spills in the Niger Delta region, poor agricultural practices, 

grazing, hospital waste and habitat destruction (Christen, 1996). Indiscriminate waste 

disposal remains a contentious issue with no end in sight. Refuse is thrown onto 

roadways, spread on pedestrian walkways or even dumped into gutters. The problem 

becomes compounded during the rainy season; water, no longer flowing freely along the 

gutters, remains stagnant, creating the conducive conditions for mosquitoes and vector 

borne diseases like malaria (Coker, 2009).  

Wastewater is any water that has been adversely affected in quality by anthropogenic 

influence (Akter et al., 1999).  Municipal wastewater is usually conveyed in a combined 

sewer or sanitary sewer, and treated at a wastewater treatment plant. The treated 

wastewater is then discharged into receiving water via an effluent sewer. Wastewaters 

generated in areas without access to centralized sewer systems rely on on-site 

wastewater systems. These typically comprise a septic tank, drain field, and optionally 

an on-site treatment unit (USEPA, 2008).  

http://en.wikipedia.org/wiki/Human_impact_on_the_environment
http://en.wikipedia.org/wiki/Combined_sewer
http://en.wikipedia.org/wiki/Combined_sewer
http://en.wikipedia.org/wiki/Sanitary_sewer
http://en.wikipedia.org/wiki/Onsite_sewage_facility
http://en.wikipedia.org/wiki/Onsite_sewage_facility
http://en.wikipedia.org/wiki/Septic_tank
http://en.wikipedia.org/wiki/Septic_drain_field
http://en.wikipedia.org/wiki/Biofilters
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1.1 Origin of Wastewater  

Some of the origins of wastewater or sewage include: human waste ( used toilet paper 

or wipes, urine, or other bodily fluids), also known as blackwater, usually from 

lavatories; Cesspit leakage; Septic tank discharge; Sewage treatment plant discharge; 

washing water (personal, clothes, floors and dishes), also known as greywater or 

sullage; rainfall collected on roofs, yards, hard-standings (generally clean with traces of 

oils and fuel); Groundwater infiltrated into sewage; Surplus manufactured liquids from 

domestic sources (drinks, cooking oil, pesticides, lubricating oil, paint and cleaning 

liquids); Urban rainfall runoff from roads, carparks, roofs, sidewalks/pavements 

(contains oils, animal faeces, litter, gasoline/petrol, diesel or rubber residues, soapscum, 

metals from vehicle exhausts); hospital waste; Industrial waste; Industrial site drainage 

which include; silt, sand, alkali, oil, chemical residues (USEPA, 2008).  

1.1.1 Wastewater constituents 

The composition of wastewater varies widely; a partial list of these constituents are:    

(i) Water (more than 95 percent), which is often added during flushing to carry waste 

down a drain; (ii) Pathogens such as bacteria, viruses, prions and parasitic worms; (iii) 

Non-pathogenic bacteria; Organic particles such as faeces, hairs, food, vomit, paper 

fibres, plant material and humus; (iv) Soluble organic material such as urea, fruit sugars, 

soluble proteins, drugs, pharmaceuticals; (v) Inorganic particles such as sand, grit, metal 

particles, ceramics; (vi) Soluble inorganic material such as ammonia, road-salt, sea-salt, 

chloride, cyanide, hydrogen sulfide, nitrite, thiocyanates, thiosulfates, phosphate; (vii) 

Animals such as protozoa, insects, arthropods, small fish; (viii) Macro-solids such as 

sanitary napkins, nappies/diapers, condoms, needles, children's toys, dead animals or 

plants; (ix) Gases such as hydrogen sulfide, carbon dioxide, methane; (x) Emulsions 

http://en.wikipedia.org/wiki/Human_waste
http://en.wikipedia.org/wiki/Toilet_paper
http://en.wikipedia.org/wiki/Urine
http://en.wikipedia.org/wiki/Blackwater_%28waste%29
http://en.wikipedia.org/wiki/Toilet
http://en.wikipedia.org/wiki/Cesspit
http://en.wikipedia.org/wiki/Septic_tank
http://en.wikipedia.org/wiki/Sewage_treatment
http://en.wikipedia.org/wiki/Greywater
http://en.wikipedia.org/wiki/Sullage
http://en.wikipedia.org/wiki/Rain
http://en.wikipedia.org/wiki/Oil
http://en.wikipedia.org/wiki/Fuel
http://en.wikipedia.org/wiki/Groundwater
http://en.wikipedia.org/wiki/Pesticide
http://en.wikipedia.org/wiki/Lubricant
http://en.wikipedia.org/wiki/Paint
http://en.wikipedia.org/wiki/Rainfall
http://en.wikipedia.org/wiki/Road
http://en.wikipedia.org/wiki/Litter
http://en.wikipedia.org/wiki/Gasoline
http://en.wikipedia.org/wiki/Petrol
http://en.wikipedia.org/wiki/Diesel_fuel
http://en.wikipedia.org/wiki/Rubber
http://en.wikipedia.org/wiki/Metal
http://en.wikipedia.org/wiki/Exhaust_gas
http://en.wikipedia.org/wiki/Industry
http://en.wikipedia.org/wiki/Flush_toilet
http://en.wikipedia.org/wiki/Pathogens
http://en.wikipedia.org/wiki/Virus
http://en.wikipedia.org/wiki/Prion
http://en.wikipedia.org/wiki/Parasite
http://en.wikipedia.org/wiki/Bacteria
http://en.wikipedia.org/wiki/Organic_material
http://en.wikipedia.org/wiki/Feces
http://en.wikipedia.org/wiki/Hair
http://en.wikipedia.org/wiki/Food
http://en.wikipedia.org/wiki/Vomiting
http://en.wikipedia.org/wiki/Humus
http://en.wikipedia.org/wiki/Soluble
http://en.wikipedia.org/wiki/Urea
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Medication
http://en.wikipedia.org/wiki/Pharmaceuticals
http://en.wikipedia.org/wiki/Inorganic
http://en.wikipedia.org/wiki/Sand
http://en.wikipedia.org/wiki/Ceramic
http://en.wikipedia.org/wiki/Ammonia
http://en.wikipedia.org/wiki/Cyanide
http://en.wikipedia.org/wiki/Hydrogen_sulfide
http://en.wikipedia.org/wiki/Thiocyanate
http://en.wikipedia.org/wiki/Thiosulfate
http://en.wikipedia.org/wiki/Protozoa
http://en.wikipedia.org/wiki/Insect
http://en.wikipedia.org/wiki/Arthropod
http://en.wikipedia.org/wiki/Fish
http://en.wikipedia.org/wiki/Sanitary_napkin
http://en.wikipedia.org/wiki/Diaper
http://en.wikipedia.org/wiki/Condom
http://en.wikipedia.org/wiki/Hypodermic_needle
http://en.wikipedia.org/wiki/Gases
http://en.wikipedia.org/wiki/Hydrogen_sulfide
http://en.wikipedia.org/wiki/Carbon_dioxide
http://en.wikipedia.org/wiki/Methane
http://en.wikipedia.org/wiki/Emulsion
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such as paints, adhesives, mayonnaise, hair colorants, emulsified oils; (xi) Toxins such 

as pesticides, poisons, herbicides; Pharmaceuticals and hormones (USEPA, 2008). 

1.1.2 Effect of untreated wastewater on the environment 

Management of healthcare wastes (HCW) should be considered as an integral part of 

hospital hygiene and infection control (David et al., 2012). The HCW generated within 

a healthcare facility should always follow an appropriate and well define treatment 

process starting from their point of generation until their final disposal (David et al., 

2012). The poor segregation, handling and disposal practices of many hospitals, clinics 

and health centres are likely representatives of practices throughout Nigeria and pose 

serious health hazards to people living in the vicinity of healthcare institutions (Ferreira 

and Veiga, 2003; Da Silver  et al., 2005; Tudor et al., 2005; Ndidi  et al., 2009).  

Untreated wastewater may drain directly into major watersheds, this can have serious 

impacts on the quality of an environment and on the health of people. Pathogens 

contained in such water can cause a variety of illnesses. Some chemicals pose risks even 

at very low concentrations and can remain a threat for long periods of time because of 

bioaccumulation in animal or human tissue and a significant portion of the waste 

management is non-degradable (Clescerl et al., 2010). It was reported that some health 

care institutions dispose of all wastes to municipal dumpsites without pre-treatment, 

leading to an unhealthy and hazardous environment around the health institutions, 

affecting patients, staff and the community Stephen and Elija (2011). Same findings 

have been reported by Al-Khatib et al. (2009) in Palestine, Akinwale et al. (2010) in 

Nigeria and Mesfin et al. (2011) in Ethopia. Studies have shown that infectious stools or 

bodily fluids that are not treated before being disposed can create and even extend 

epidemics (Rhodes et al., 2000). Mumtaz and Mirza (2014) reported that the absence of 

http://en.wikipedia.org/wiki/Paint
http://en.wikipedia.org/wiki/Adhesive
http://en.wikipedia.org/wiki/Mayonnaise
http://en.wikipedia.org/wiki/Hair
http://en.wikipedia.org/wiki/Toxins
http://en.wikipedia.org/wiki/Pesticide
http://en.wikipedia.org/wiki/Poison
http://en.wikipedia.org/wiki/Herbicide
http://en.wikipedia.org/wiki/Pharmaceuticals
http://en.wikipedia.org/wiki/Drainage_basin
http://en.wikipedia.org/wiki/Pathogen
http://en.wikipedia.org/wiki/Bioaccumulation
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proper sterilization procedures is believed to have increased the severity and size of 

cholera epidemics in Africa during the last decade.  

1.1.3. Hospital wastewater  

Hospital waste in simple term is any waste generated during the diagnosis, treatment, or 

immunization of human beings or animals or in research activities in these fields 

(Ogunlowo et. al., 1991). It may include items like disposables, anatomical waste, 

cultures, discarded medicines, chemicals, disposable syringes, swabs, bandages, body 

fluids, human and excreta. This waste are highly infectious and can be a serious threat 

to human health if not managed in a scientific and discriminate manner. It had been 

roughly estimated that of the 4 kg of waste generated in a hospital at least 1kg would be 

infectious (Ogunlowo et al., 1991). 

Hospital waste can be classified into infectious and non-infectious wastes (Patil and 

Shekdar, 2001).  Infectious wastes contain pathogens in quantities sufficient to transmit 

infectious diseases on exposure to them. Health care waste is also categorized as non 

hazardous (non risky) and hazardous (risky) wastes (Pruss et al., 1999). A hazardous 

waste may be toxic, genotoxic, corrosive, shock sensitive, flammable, reactive, 

explosive, radioactive, containing infectious agents and/or sharps (Pruss et al., 1999). In 

1999, WHO classified healthcare waste into two broad categories, the first is the 

communal waste which comprises of all solid waste not including infectious, chemical, 

or radioactive waste. This waste stream can include items such as packaging materials 

and office supplies. Generally, this stream can be disposed of in a communal land fill or 

other such arrangement. Segregation of materials which are able to be reused or 

recycled will greatly reduce the impact burden of this waste stream. The second 

category is called the special waste which consists of several different subcategories:  



5 

 

Infectious: Discarded materials from health-care activities on humans or animals which 

have the potential of transmitting infectious agents to humans. These include discarded 

materials or equipment from the diagnosis, treatment and prevention of disease, 

assessment of health status or identification purposes, that have been in contact with 

blood and its derivatives, tissues, tissue fluids or excreta, or wastes from infection 

isolation wards. Such wastes shall include, but are not limited to, cultures and stocks; 

tissues; dressings, swabs or other items soaked with blood; syringe needles; scalpels; 

diapers; blood bags. Incontinence material from nursing homes, home treatment or from 

specialized health-care establishments which do not routinely treat infectious diseases 

(e.g. psychiatric clinics) is an exception to this definition and are not considered as 

infectious health-care waste. Sharps, whether contaminated or not, should be considered 

as a subgroup of infectious health-care waste includes: Syringe needles, scalpels, 

infusion sets, knives, blades, broken glass. 

Anatomic: consists of recognizable body parts. 

Pharmaceutical: Consisting of/or containing pharmaceuticals, including: expired, no 

longer needed; containers and/or packaging, items contaminated by or containing 

pharmaceuticals (bottles, boxes). 

Genotoxic: Consisting of, or containing substances with genotoxic properties, including 

cytotoxic and antineoplasic drugs; genotoxic chemicals. 

Chemical: Consisting of, or containing chemical substances, including: laboratory 

chemicals; film developer; disinfectants expired or no longer needed; solvents, cleaning 

agents and others. 

Heavy Metals: Consisting of both materials and equipment with heavy metals and 

derivatives, including: batteries, thermometers, manometers. 
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Pressurized containers: Consisting of full or empty containers with pressurized liquids, 

gas, or powdered materials, including gas containers and aerosol cans. 

Radioactive materials: Includes: unused liquids from radiotherapy or laboratory 

research; contaminated glassware, packages or absorbent paper; urine and excreta from 

patients treated or tested with unsealed radionuclides; sealed sources (WHO, 1999). 

1.2 Statement of the Problem 

It has been reported that several hundreds of tonnes of HCWs are deposited in open 

dumpsites untreated alongside non-hazardous solid wastes (Alagoz and Kocasay, 2007), 

Abah and Ohimain, 2010) which pose health risks to health workers, cleaning staff, 

patients, visitors, waste collectors, disposal site staff, waste pickers, drug addicts and 

those who knowingly or unknowingly use “recycled” contaminated syringes and 

needles. A study conducted by Wyasu and Okereke (2011) established that hospital 

wastewater from Ahmadu Bello University Teaching Hospital contained significant 

amount of the following parameters; micro organisms, nitrate, sulphate and phosphate, 

heavy metals and organic contaminants which can cause serious health hazard to 

humans, aquatic biota, euthrophication of the water bodies, depreciation of land values, 

and other environmental challenges if left untreated or improper treatment. This is 

contrary to the international policy on waste management which states that the 

generator of waste is responsible for the proper management, treatment and disposal of 

waste (Ngwuluka et al., 2009).  The World Health Organization estimates that each year 

there are about 8 to 16 million new cases of Hepatitis B virus (HBV), 2.3 to 4.7 million 

cases of Hepatitis C virus (HCV) and 80,000 to 160,000 cases of human immune 

deficiency virus (HIV) due to unsafe injections and mostly due to very poor waste 

management systems (WHO, 1999; Townend and Cheeseman, 2005). Recent studies in 

Nigeria have estimated waste generation of between 0.562 to 0.670 kg/bed/day (Longe 
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and Williams, 2006). Most of this hospital wastes are difficult to be degraded by natural 

phenomena of biochemical decomposition and the processes are expensive. 

1.3 Justification 

In a largely agrarian country such as Nigeria, there are so many agricultural by-products 

lying waste, littering and polluting the environment. The National Research Institute for 

Chemical Technology (NARICT) Bassawa, Zaria conducted series of researches on the 

neem tree (Azadirachta indica) and produced biodiesel and organic fertilizers from the 

neem kernel. Neem husk and seed cake are waste from the process. Several 

conventional techniques have been employed to treat wastewater in the past but all of 

these methods suffer from one or more limitations (efficiency, cost-effectiveness and 

availability) except adsorption Hajira and Muhammed (2008). It is known that the 

commercially made adsorbents are expensive. To this effect, within the last decade, 

several methods were developed to modify natural local materials and convert them to 

adsorbent to treat and adsorb waste and pollutants from effluents. The need to further 

research on these wastes to convert them into agents of environmental control in order 

to reduce waste and conserve cost is the key to the present research work.  

1.4 Aim and Objectives 

The aim of this research is to activate neem (Azadirachta indica) husk and seed cake 

with H3PO4 and ZnCl2 and apply the prepared adsorbents for treatment of wastewater 

from hospital in a multi-component system. This aim was achieved through the 

following objectives; 

 

i. to carry out physicochemical and structural characterization on the raw 

and modified neem (Azadirachta indica) husks and cakes using standard 

analytical techniques; 
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ii. to prepare activated carbon (AC) from neem (Azadirachta indica) husks 

and cakes by carbonization and impregnation methods using ZnCl2 and 

H3PO4 as activating agents; 

iii. to determine the structural and morphological characteristics of the raw 

and modified neem carbon by gravimetric, thermal and spectrometric 

methods; 

iv. to determine the optimum carbonization and activation temperatures; 

v. to study the effect of contact time and initial volume of the adsorbents 

and the adsorbates; 

vi. to characterize the wastewater obtained from the hospital by determining 

the level of selected heavy metal ions ( chromium, cadmium, nickel, lead 

and zinc), anions, DO, COD, BOD and other physicochemical 

parameters before and after treatment; 

vii. to evaluate the efficiency of the activated carbon in a multi-component 

system; 

viii. to investigate the adsorptive capacity of the adsorbent on microbial 

parameters ( bacterial and fungal load); and 

ix. to investigate the regeneration and reuse of the adsorbent on waste water. 
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CHAPTER TWO 

 

2.0 LITERATURE REVIEW 

2.1 History of Activated Carbon 

Activated carbon is broadly defined to include a wide range of amorphous carbon-based 

materials prepared in such a way that they exhibit a high degree of porosity and an 

extended surface area (Bansal and Goyal, 2005). The use of activated carbon in its 

current form has only a short history. On the other hand, according to records, the use of 

carbon itself dates back to ancient times. The earliest known use of carbon in the form 

of wood chars (charcoal) by the Egyptians and Sumerians was in 3750 BC (Inglezakis 

and Poulopoulos, 2006). At that time, charcoal was used for various purposes such as 

reduction of ores in the manufacture of bronze, domestic smokeless fuel, and medicinal 

applications (Menendez-Diaz and Gullon, 2006). The ancient Greeks used charcoal to 

ease the symptoms of food poisoning due to its ability to adsorbed toxins emitted by 

ingested bacteria, thereby reducing their toxic effects (Menendez-Diaz and Gullon, 

2006). Hindu documents dating to 450 BC refer to the use of sand and charcoal filters 

for the purification of drinking water (Hung et al., 2005). In the time of Hippocrates (ca. 

460 –370 BC) and Pliny the Elder (AD 23–79) wood chars were employed for 

medicinal purposes (Hassler, 1974). In about 157 BC carbons of vegetable and animal 

origin were applied in the treatment of many diseases (Inglezakis and Poulopoulos, 

2006). In the fifteenth century, during the time of Columbus, sailors used to blacken the 

insides of wooden water barrels with fire, since they observed that the water would stay 

fresh much longer. It is likely that people at that time proceeded by intuition only, 
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without having any insight into the mechanisms of the effect; these mechanisms were 

recognized beginning from the eighteenth century.  

In the eighteenth century, carbons made from blood, wood, and animals were used for 

the purification of liquids. In 1805, wood charcoal was used in a large-scale sugar 

refining facility in France for decolorizing syrups, and by 1808 all sugar refineries in 

Europe were using charcoal as a decolorizer (Hung et al., 2005). In 1865 Hunter 

discovered the excellent gas adsorption properties of carbons derived from coconut 

shells (Hung et al., 2005). It is remarkable that the term ‘adsorption’ was first 

introduced by Kayser in 1881 to describe the uptake of gases by carbons (Hung et al., 

2005).  

Activated carbon was first produced on an industrial scale at the beginning of the 

twentieth century, and major developments then took place in Europe. However, at the 

beginning of the twentieth century activated carbon was only available in the form of 

powdered activated carbon (PAC). The Swedish chemist von Ostreijko obtained two 

patents, in 1900 and 1901, covering the basic concepts of chemical and thermal (or 

physical) activation of carbon, with metal chlorides and with carbon dioxide and steam, 

respectively (Sontheimer et al., 1988). In 1909, a plant named ‘Chemische Werke’ was 

built to manufacture, for the first time on a commercial scale, the powdered activated 

carbon Eponits from wood, adopting von Ostrejko’s gasification approach (Dabrowski, 

1998).  

The NORIT Company, a manufacturer in Holland, first appeared in about 1911 and 

became widely known in the sugar industry (Hassler, 1974). The powdered activated 

carbons were used at that time mainly for decolorizing solutions in the chemical and 

food industries. On an industrial scale, the process of chemical activation of sawdust 

with zinc chloride was carried out for the first time in an Austrian plant at Aussing in 
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1914, and also in the dye plant of Bayer in 1915 (Dabrowski, 1998). This type of 

activation involved pyrolytical heating of the carbonaceous material in the presence of 

dehydrating chemicals such as zinc chloride or phosphoric acid (Purcell, 2006). In 

parallel to the developments in Europe, in the United States the first activated carbon 

was produced from black ash, a waste product of soda production, after it was 

accidentally discovered that the ash was effective in decolorizing liquids (Hassler, 

1974). The first commercial production of activated carbon in the United States took 

place in 1913 (Hendricks, 2006). The use of poisonous gases in the First World War 

paved the way for the development and large-scale production of granular activated 

carbon (GAC). These carbons were used in gas masks for the adsorption of poisonous 

gases. Subsequently, they were used for water treatment, solvent recovery, and air 

purification (Hendricks, 2006). After the First World War, considerable progress was 

made in Europe in the manufacture of activated carbons using new raw carbonaceous 

materials such as coconut and almond shells. The treatment with zinc chloride yielded 

activated carbons with high mechanical strength and high adsorptive capacities for 

gases and vapors. Later, in 1935–1940, pelletized carbons were produced from sawdust 

by zinc chloride activation for the recovery of volatile solvents and the removal of 

benzene from town gas (Hung et al., 2005). Nowadays, so many materials have been 

used as activated carbons and so many chemicals have as well been used as activating 

agents. 

2.2 Structure of Activated carbon 

Active carbons have a microcrystalline structure that starts to build up during the 

carbonization process (Hassler, 1974). However, the active carbon microcrystalline 

structure differs from that of graphite with respect to the interlayer spacing, which is 

0.335 nm in the case of graphite and ranges between 0.34 and 0.35 nm in active carbons 



12 

 

(Bansal and Goyal 2005). The orientation of the microcrystallite layers is also different, 

being less ordered in active carbons. The volume of the pores in activated carbons is 

generally defined as being greater than 0.2ml/g and the internal surface area is generally 

larger than 400m
2
/g as measured by the nitrogen BET method (Bansal and Goyal, 

2005). The width of the pores varies from 3Å to several thousand angstroms, and the 

pores are generally classified for convenience in terms of their diameter:  

Macropores    500 to 20000 Å 

Transitional pores (mesopores) 100 to 500 Å 

Micropores    8 to 100 Å 

The pores appear to be cylindrical or rectangular in shape, but can also occur in a 

variety of irregular shapes (Bansal and Goyal, 2005). Pores may also have constrictions 

or bottleneck macropores, which generally contribute very little to the total internal 

surface area of the product, depend mainly on the nature of the carbonaceous raw 

material employed and the preliminary manufacturing process, viz grinding and 

agglomeration of the raw material (Hassler, 1974). 

The pores serve as transport arteries that make the internal parts of the carbon granules 

readily accessible to the molecules being adsorbed (Mozammel et al., 2002). The 

transitional pores account for about 5 per cent, and the micropores for about 95 per cent, 

of the internal surface area (Bansal and Goyal, 2005). The micropores are largely the 

product of the activation process. Activated carbons are commercially available in 

numerous forms: powders, granular chips in various size ranges, and shaped or moulded 

products extruded into rod-like shapes, which are commonly 0.8 to 6 mm in diameter by 

3 to 10 mm in length (Mozammel et al., 2002).  

X-ray diffraction studies show that the structure of activated carbon is similar to that of 

graphite (Bansal and Goyal, 2005). Ideal graphite consists of layers of fused hexagons 
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held approximately 3,35 Å apart by  Van der Waals forces, so that the carbon atoms in 

any plane lie above the centres of the hexagons in the layer immediately below it. The 

structure of thermally activated carbon is believed to be composed of tiny graphite-like 

platelets, only a few carbon atoms thick, which form the walls of open cavities of 

molecular dimensions i.e. the pore system (Bansal and Goyal, 2005). However, the 

hexagonal carbon rings have undergone cleavage, and are randomly orientated, and lack 

the directional relationship with one another that is present in single graphite crystals. 

The overall structure is therefore very disordered, and is often referred to as turbostratic 

(Bansal and Goyal, 2005). Furthermore, the separation between the layers is greater 

than that found in graphite, viz 3.60 Å. Because of the high level of structural 

imperfections in activated carbons, there are many possibilities for reactions with 

carbon atoms at the edges of the planar layers (Mattson and Mark, 1971). As a result, 

oxygen-containing organic functional groups, which are located mostly at the edges of 

broken graphitic ring systems, are present on the surface of the carbon makes the carbon 

to have both hydrophobic and hydrophilic tendencies (Mattson and Mark, 1971). 

2.3 Sources of Activated Carbon  

A wide variety of carbons have been prepared from agricultural wastes; bamboo dust, 

groundnut shell, rice husk and straw (Kannan and Meepkshisundaram, 2001); coconut 

shell and groundnut shell (Gimba,  2001); coconut husk and goat hair (Babarinde, 

2002); Hazelnut shell (Demirbas et al., 2002);  silk cotton ball, coconut tree sawdust, 

maize cob and banana pith (Kadirvelu  et al., 2003); pecan shells (Bansode et al., 2003); 

walnut shell (Abeche, 2006); Delonix regia Pods and Khaya senegalensis Fruits 

(Ocholi, 2006). The conversion of this agricultural waste into activated carbons in waste 

water purification or the treatment of industrial and municipal effluents provides a 

potential and cheap alternative to existing commercial carbons.  
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Activated carbon derived from coconut tree sawdust was reportedly used to remove Cr 

(VI) from aqueous solution (Selvi et al. 2001). Activated carbon developed from a 

rapidly renewable bio-source was used for the removal of cadmium (II) and nickel (II) 

from dilute aqueous solutions (Bass et al., 2002). Cane from Arundo donax, a rapid 

growing plant was employed and converted to activated carbon by activating it with 

phosphoric acid. The carbons showed surface areas and total pore volumes of 

approximately 1100m
2
/g and 1ml/g respectively. Study on agricultural waste from corn 

cob activated with ZnCl2 produced an adsorbent with excellent microporous (Tsai et al., 

2001). It has also been established that activated carbon can also be sourced from neem 

husk (Alau et al., 2011). 

2.4 Adsorptive Properties of Activated Carbon 

These properties are indices representing the efficacy and efficiency of a particular 

activated carbon in function. The primary properties include; capacity, hardness, 

permeability, solubility and bulk density while the secondary properties include; pH, 

moisture and ash content (Abram, 1973). It is generally conceded that activated carbon 

owes its adsorptive properties primarily to its larger internal surface area, as well as to 

its pore-size distribution, and that the external surface area and the nature of the surface 

oxides play minor roles (Cheremisinoff and Ellerbusch, 1978). The size of the pores 

developed during activation therefore has an important influence on the adsorption 

behavior because the pores act as a screen. This screen prevents the adsorption of large 

molecules, but promotes the adsorption of an adsorbate that fits snugly into the pores, 

making the maximum number of contacts with the adsorbed molecule, and thus 

maximizing ΔH as defined mathematically in Equation 2.1. 

 

           ΔH = ΔG +T ΔS         2.1 
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Where: 

ΔH is the change in enthalpy, ΔG is the change in free energy, ΔS is the change in 

entropy, and T is the temperature of the system. 

The external surface can provide only a certain amount of access to the inner pores, and 

it is likely that the main role of the surface oxides is to impart a hydrophilic character to 

the predominantly hydrophobic carbon skeleton. This would account for the affinity of 

activated carbon for many polar and non-polar organic and inorganic species. 

Adsorption occurs as a result of an imbalance of the forces that act upon the carbon 

atoms constituting the surface of the pore wall, such an imbalance is inherent in all 

surfaces and, in an attempt to rectify it molecules are adsorbed from the gaseous or 

aqueous phases, and are attracted and held to the surface. Surface adsorption, regardless 

of the energy of the interaction, must always proceed with a negative change in free 

energy (ΔG), as well as a decrease in entropy (ΔS), which according to above equation, 

must result in a negative change in free enthalpy (ΔH). Hence adsorption is always an 

exothermic process (Mattson and Mark., 1971). 

2.5 Preparation of Activated Carbon 

The most important steps in the preparation of activated carbon include:  

2.5.1 Carbonization 

Carbonization is the thermal conversion of cellulosic materials to char carbon (Mattson 

and Mark, 1971). The basic purpose of the carbonization process is to produce a 

carbonaceous char with a rudimentary pore system, which can be further developed by 

activation (Mattson and Mark, 1971). It involves heating the sample at an appropriate 

temperature, in an atmosphere of limited supply of oxygen. Here, most of the volatile 
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components are burned out leaving the char. The weight loss is usually 60 to 70  (Sun 

et al., 1997; Diaz-Teran et al., 2001). During carbonization, CO2 and H2O (g) which are 

the principal volatile products are expelled around 200-300  Loo (1974). CO-complex  

and to some extent hydrogen, most likely gaseous products remaining, are only 

decomposed at higher temperature which means that relatively higher amounts of 

volatiles are given off initially Loo (1974). The removal of volatiles component as 

carbonization proceeds usually leads to the development of a structure, which may be 

significantly micropores and are initially accessible only to small molecules during 

adsorption and as carbonization continues, this pore structure may expand to give rise a 

macropore, which admit larger molecules (Bansal and Goyal, 2005). However, as 

carbonization proceed for longer periods at increased temperatures, it may lead to 

progressive closure of pore orifices and some cavities may be completely sealed off due 

to collapse of structure (Bansal and Goyal, 2005). At higher temperatures of 

carbonization and prolonged heating time, there will be further conversion of char 

carbon to CO or CO2 in presence of oxygen, thus decreasing the weight of carbon at 

equilibrium as presented in Equations 2.2 and 2.3. 

 

 

Cx + O2 2CO + Cx-2 Or           2.2 

Cx + O2 CO2 +Cx-1           2.3 

Cx = Char carbon 
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2.5.2 Activation 

Activation is the process by which the chosen raw material or carbonized raw material 

is converted into finely crystalline form of carbon that is permeated by the greatest 

possible number of randomly distributed pores of various shapes and sizes (Mattson and 

Mark, 1971). The optimum pore structure was obtained when the sample were subjected 

to chemical activation followed by pyrolysis. These pores give rise to the extended 

internal surface area. In the preparation of activated carbon, it is desirable to develop the 

maximum accessible surface area that is commensurate with economic viability and 

product application (Mcdougall et al., 1982).  Activated carbon is made by the thermal 

decomposition of various carbonaceous material followed by an activation process. This 

is done to increase the adsorptive capacity of the carbonized materials. It involves 

heating the ‘char’ with activating agent(s) at high temperatures and cooling as fast as 

possible (Mozammel et al., 2002). The aim of activation is to widen the pores of the 

charcoal to be used and hence, increasing the effective sites for adsorption. In chemical 

activation, the char is impregnated with an activating agent and fired to high 

temperatures. The activating agent(s) corrodes the carbon to form the pore structure 

(Mozammel et al., 2002). Dehydrating salts, such as CaCl2, MgCl, ZnCl2, H3PO4 etc. are 

used to catalyze the carbonization process. The chars produced by carbonization have 

relatively little internal surface for adsorption applications (Cheremisinoff and 

Ellerbusch, 1978). To increase the surface area, the carbon is activated by the action of 

oxidizing agent, such as steam, air, or CO2 at elevated temperature. The oxidizing gases 

attack the more readily oxidizable portions of the char resulting in the development of a 

porous structure and an extensive internal surface. (Cheremisinoff and Ellerbusch, 

1978).  
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 Activation of the carbon could involve gas activation or chemical activation. The gas 

activation process first involves heating in the absence of air to drive off volatile 

materials and to form small pores, this is followed by activation usually at a higher 

temperature. During the activation process, the edge group of the micro crystallite is 

burnt off to form macro pores followed by the burning off of the micro crystallite plane 

to form micro pores (Thomas and Crittenden, 1998). In the chemical activation process, 

dehydrating agents such as phosphoric acid, zinc chloride, sulphuric acid are commonly 

used to produce an activated carbon directly from the raw materials. Here, the porosity 

is developed by the action of the dehydrating chemical on the cellulosic structure of the 

starting material, or by the action of the oxidizing gases generated in the process 

(Abram, 1973).  The effects of different activation methods on the adsorption 

characteristics of activated carbon from Khaya senegalensis fruit and Delonix regia 

pods were reported by (Turoti et al., 2007). The result showed that out of the four 

methods employed, two-step activation method is the most effective, this was followed 

closely by microwave method then impregnation method while one-step is the least. 

A wide range of activating agents have be used in the past, these include; acids, 

inorganic salts, organic salts, bases, steam and carbon-dioxide. Others are: boric acid, 

calcium hydroxide, calcium phosphate, chlorine, cyanides, dolomite, ferric chloride, 

manganese chloride, manganese dioxide, manganese sulphate, nitric acid, phosphoric 

acid, potassium carbonate, potassium sulfide, potassium thiocyanate, sodium hydroxide, 

sodium phosphate, sodium sulphate, sulphur, sulphur dioxide, sulfuric acid and zinc 

chloride (Yehaskel, 1978). Recently, others used ethylenediamine tetraacetic acid ferric 

monosodium salt, ferrous oxalate, cobalt sulphate and cupric nitrate salt, (Gimba et al., 

2004). Lartey et al., 1999 activated different carbonaceous materials with oxidizing 
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gases such as air, steam or carbon dioxide in the presence of ZnCl2, MgCl2, CaCl2 and 

H3PO4.  

Activated carbon is produced by three methods: physical, chemical and combined 

(physical and chemical) procedures Qasem (1997). Physical activation involves 

carbonization followed by gasification at high temperatures, whereas in chemical 

activation, the raw material is impregnated with chemical reagent such as KCl, ZnCl2 or 

H3PO4 then heat-treated at moderate temperatures (Lafi, 2001). In general, the methods 

most commonly employed for the manufacture of activated carbon are of two main 

types:  

Low temperature chemical dehydration and charring of a carbonaceous substance: 

Temperature between 200 and 650 are normally employed. The most commonly used 

dehydrating chemicals are: Phosphoric acid, zinc chloride and sulphuric acid. In this 

process, the porosity is developed by the action of the dehydrating chemicals on the 

cellulosic structure of the starting material or by the action of the oxidizing gas 

generated in the process, the raw material or charred material is impregnated with 

chemical reagent such as KCl, ZnCl2 or H3PO4 then heat-treated at moderate 

temperature (Lafi, 2001). Activation with phosphoric acid requires temperatures in the 

range 375 to 500°C, and the reagent is readily recovered by leaching with water. 

Activation with zinc chloride occurs in the temperature range 550 to 650°C and, 

although most of the zinc chloride is recovered by leaching with dilute hydrochloric 

acid, The activated carbon produced with phosphoric acid and zinc chloride can be 

dried with little, if any, loss of adsorptive capacity (McDougall et al., 1982). 

 

High temperature oxidation of a previously charred carbonaceous substance: 
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In this process, a porous structure of the starting material by controlled oxidation at 

temperatures between 800 and 950  with steam or flue gas. The first step in the 

production of activated carbon by this method involves the carbonization, which is the 

formation of a char from the source material. Carbonization is generally accomplished 

by heating of the source material-as lumps or pre-sized material, or in moulded form, 

e.g. as briquettes or extrudates-in an inert atmosphere such as flue gas to a temperature 

that must not exceed 700°C so that dehydration and devolatilization of many of the 

carbon atoms can occur in a controlled manner. The main purpose of carbonization is to 

reduce the volatile content of the source material (a fixed carbon content of 80 per cent 

or higher is desirable) to convert it to a suitable form for activation (McDougall et al. 

1982). The physical activation involves carbonization followed by gasification at higher 

temperature. (Lafi, 2001). The properties of the product will depend on the nature of the 

starting material, the conditions used for carbonization, the activation process chosen, 

the conditions employed in that process and the post treatment of the product. These 

usually lead to a very wide variety of products bearing different brand names e.g. 

Actibon, Acticarbon, Carboraffin and Darco (Abram, 1973). 

2.6 General Uses of Activated Carbon 

Nowadays, activated carbon finds wide application in many areas especially in the area 

of waste management. Apart from environmental pollution control, activated carbon is 

mainly used in industry in various liquid and gas phase adsorptions (Bansal and Goyal, 

2005). Among liquid phase applications include; food processing, preparation of 

alcoholic beverages, decolorization of oils and fats, product purification in sugar 

refining, purification of chemicals (acids, amines, gylcerin, glycol, etc.), enzyme 

purification, decaffeination of coffee, gold recovery, refining of liquid fuels, 
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purification in electroplating operations, purification in the clothing, textile, personal 

care, cosmetics, and pharmaceutical industries, and applications in the chemical and 

petrochemical industries. Gas phase applications include recovery of organic solvents, 

removal of sulfur-containing toxic components from exhaust gases and recovery of 

sulfur, biogas purification, and use in gas masks, among others. Activated carbon is also 

used in medical and veterinary applications, soil improvement, removal of pesticide 

residues, and nuclear and vacuum technologies (Bansal and Goyal, 2005). 

2.7 Application of Activated Carbon in Environmental Pollution Studies 

The use of carbon-based materials dates back to ancient times (Menendez-Diaz and 

Gullon 2006). However, the use of activated carbon in its current form began in the 

second half of the twentieth century as a consequence of the rising awareness of 

environmental pollution (Dabrowski, 1998). Today, activated carbon is very often 

utilized in the removal of various organic and inorganic species from surface water, 

groundwater, and wastewater. 

2.7.1 Activated carbon in drinking water treatment 

Adsorption by activated carbon is employed today in drinking water treatment for 

various purposes. An overview of historical development shows that the first 

application of activated carbon in the form of granulated activated carbon (GAC) was in 

the year 1910 in Reading, England for the purpose of dechlorination of chlorinated 

water (Hung et al., 2005). In the 1930s and 1940s, particularly in Europe, water works 

used high chlorine doses for the disinfection of water following the growing pollution of 

surface waters. Often, GAC filtration was used for dechlorination purposes. However, 

the dechlorination in these filters cannot be regarded as an adsorptive process since the 

removal of chlorine depends on a catalytic reaction taking place on the carbon surface. 
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However, the use of GAC for dechlorination purposes was abandoned a long time ago 

because of the formation of additional haloforms and other chlorine compounds within 

filters (Sontheimer et al., 1988).   

The use of activated carbon in water treatment for the removal of substances responsible 

for taste and odour dates back to the late 1920s. The undesirable taste and odour in 

drinking water was mainly attributed to the presence of chlorophenols formed in water 

as a result of the chlorination of phenols at the disinfection stage (Sontheimer, 1988). 

Powdered Activated Carbon (PAC) was used for the control of taste and odour in 

drinking water for the first time in the USA in 1929–1931 (Sontheimer, 1988). The first 

GAC filters were installed in Germany in 1929 and in the USA in 1930 for taste and 

odour removal. By 1932, about 400 water treatment works in the USA were adding 

PAC to their water to improve taste and odour, and this number increased to 1200 by 

1943 (Sontheimer, 1988).  

2.7.2 Municipal wastewater treatment 

The first full-scale advanced (tertiary) wastewater treatment plant incorporating GAC 

was put into operation in 1965 in South Lake Tahoe, California (Hendricks, 2006). The 

The purpose in employing GAC was to reuse the effluent of municipal wastewater 

treatment plants for purposes such as industrial cooling water and irrigation of parks. 

Physicochemical treatment options involving PAC adsorption were also tested in lieu of 

biological treatment. The idea was that primary settling was followed by coagulation 

and PAC adsorption, settling and perhaps filtration. However, secondary treatment 

could not be replaced with a merely physicochemical process because of cost 

(Hendricks, 2006). Today, GAC filtration or PAC-assisted membrane operation are 
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mainly conducted as a tertiary treatment step to remove dissolved and refractory organic 

matter from secondary sewage effluent.  

2.7.3. Industrial wastewater treatment 

Activated carbon adsorption is most commonly applied in industrial wastewater 

treatment to meet stringent regulations for discharge into receiving waters. In industrial 

wastewater treatment, activated carbon adsorption can be utilized as a separate unit 

process. It may be placed after various physicochemical treatment steps such as 

coagulation/clarification, filtration, and dissolved air flotation (Hendricks, 2006). 

Another alternative is to use activated carbon adsorption prior to biological treatment to 

remove compounds which might be toxic to a biological system. However, the most 

widely adopted procedure is to place activated carbon adsorption as a tertiary or 

advanced treatment step subsequent to biological treatment for removal of refractory 

organics (Hendricks, 2006). To some extent this procedure may also be effective in the 

removal of inorganics (Sontheimer, 1988). Nowadays, activated carbon finds wide 

application in the treatment of wastewaters generated from industries such as food, 

textile, chemical, pharmaceutical, pesticides and herbicides production, coke plant, 

munitions factories, petroleum refineries and storage installations, organic pigments and 

dyes, mineral processing plants, insecticides, pesticides, resins, detergents, explosives, 

and dyestuffs (Sontheimer, 1988). It is also employed in the treatment of sanitary and 

hazardous landfill leachates (Hendricks, 2006). 

2.7.4. Hospital wastewater treatment 

In the past, treatment of hospital wastewater was primarily concerned with the 

preservation of public health and esthetic concepts such as the elimination of visible 

signs of pollution and the maintenance of oxygen levels for sustenance of marine life in 
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receiving waters (John, 1998). In the last decade, two new concepts have been 

developed. The first is that water is becoming scarce so that it may be necessary to use 

water more than once and secondly is that natural waters should be maintained in a 

condition of purity so that the overall impact of water use on the environment is 

minimized (John, 1998). This new concept is achieved through the advanced waste 

treatment process which consists of coagulation step with alum followed by filtration 

then adsorption on activated carbon and lastly disinfection with chlorine (John, 1998). 

Out of the conventional techniques employed to treat hospital wastewater, adsorption 

technique is the most effective and efficient (Hajira and Muhammed, 2008). The groups 

of organics that are generally amenable to adsorption onto activated carbon include 

pesticides, herbicides, aromatic solvents, polynuclear aromatics, chlorinated aromatics, 

phenolics, chlorinated solvents, high-molecular-weight (HMW) aliphatic acids and 

aromatic acids, HMW amines and aromatic amines, fuels, esters, ethers, alcohols, 

surfactants, and soluble organic dyes Hendricks (2006). Compounds having low 

molecular weight (LMW) and high polarity, such as LMW amines, nitrosamines, 

glycols, and certain ethers, are not amenable to adsorption Hendricks (2006).  

The adsorption of metal ions from wastewater was investigated using pecan shell 

granular carbon activated by acid stream (Bansode 2003). The result shows that acid 

stream activated pecan shell based granulated activated carbon (GAC) are effective 

metal ion adsorbents and can potentially replace typical coal-based GACs in the 

treatment of metal contaminated waste water. The effectiveness was found to depend on 

the activating agent and also differs with metal ions. Activated carbon derived from 

coconut tree sawdust was reportedly used to remove Cr (VI) from wastewater (Selvi 

2001). Activated carbon developed from a rapidly renewable bio-source was used for 

the removal of cadmium (II) and nickel (II) from dilute wastewater (Bass et al., 2002). 
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Sandhya and Tonni (2003) conducted a study on the Cr(VI) removal from wastewater 

using coconut shell charcoal and commercial activated carbon modified with oxidizing 

agents and reported that that the use of chemically modified CSC for Cr(VI) removal 

appears to be technically feasible, eco-friendly, and economically attractive for the 

treatment of Cr-contaminated wastewater.  

2.8 Activated Carbon Adsorption 

Adsorption is force of physical attraction between the surface of a porous solid and a 

component molecule being removed from the bulk phase. The most fundamental 

property of adsorbate-adsorbent interaction is the adsorption equilibrium 

(Cheremisinoff and Ellerbusch, 1978).). The equilibrium at a given temperature is 

usually presented under the form of adsorption isotherms, which are useful for selecting 

the most appropriate adsorbent and also for predicting the performance of adsorption 

system. 

A physical-chemical process that involves the mass transfer of a solute (adsorbate) from 

the fluid phase to the adsorbent surface till the thermodynamic equilibrium of the 

adsorbate concentrations is attained with no further net-adsorption  is a general 

expression for adsorption. It involves the interphase accumulation or concentration of 

substances at a surface or interface between any two phases such as liquid-liquid, gas-

solid, or liquid-solid interfaces (Cheremisinoff and Ellerbusch, 1978). The material 

being concentrated or adsorbed is the adsorbate and the adsorbing phase is termed 

adsorbent. 

2.9 Theory of adsorption   

Adsorption is the formation of a layer of gas, liquid or solid on the surface of a solid or 

less frequently of a liquid (Daintith, 2000). Adsorption occurs at solid-solid, gas-solid, 
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solid-liquid, liquid-solid, liquid-liquid, liquid-gas interfaces (Cheremisinoff and Elle-

busch, 1978). 

2.9.1 Types of adsorption 

There are two main types of adsorption, these are physisorption and chemisorptions. 

Physisorption: This is an interaction between adsorbate and adsorbent in which non-

specific forces of attraction such as dispersion or dipole is involved and the binding 

energy of the adsorbate is less than 20kJ/mol Adamson (1960) and Atkins (2003). These 

forces are non specific since they do not depend on any property of either the adsorbate 

or the adsorbent (Parfitt and Sing, 1976). It occurs in minutes and the process is 

reversible (Atkins, 2003). Multilayers are easily formed at higher pressure/concentration 

in physisorption due to small heat of adsorption. 

 

Chemisorption: This is a type of adsorption in which some degree of specific chemical 

interaction between the adsorbate and adsorbent is involved in the energy of adsorption 

may be quite large comparable to those of chemical bond formation. Typically, the 

enthalpy values are in the region of 200KJ/mol. The enthalpy of adsorption depends on 

the extent of surface coverage, mainly because the adsorbate particles interact. If the 

particles repel each other, the adsorption becomes less exothermic as coverage 

increases. If the adsorbate particles attract one another, then they tend to cluster together 

in islands, and growth occurs at the borders. The distance between the surface and the 

closest adsorbate atom is also typically shorter for chemisorption than for physisorption. 

At low temperature chemisorption may be so slow that for practical purposes only 

physisorption is observed, whereas chemisorption predominates at high temperature 
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(Adamson, 1960). On a general note, monolayer is formed in chemisorption due to the 

short-range chemical forces between the adsorbate and adsorbent (Atkins, 2003). 

 2.9.2 Extent of adsorption 

The extent of surface coverage is normally expressed as the fractional coverage, θ. It 

represents the extent of adsorption, Equation 2.4.   

 

          2.4 

2.9.3 Adsorption equilibria and the adsorption isotherm 

The adsorption isotherm is a functional expression for the variation of adsorption with 

concentration of adsorbate in bulk solution at constant temperature (Weber, 1973). 

Generally, in adsorption a time is attained when a dynamic equilibrium will be 

established in the adsorption process. The distribution of solutes between the adsorbate 

and the adsorbent is a measure of the position of the equilibrium and depend on: 

Concentration and nature of the competing solutes and nature of the solution. 

2.9.4 Types of adsorption isotherms  

The different heat of adsorption obtained from a given adsorbate-adsorbent interaction 

gives rise to isotherms of different shapes which are highly dependent on the nature of 

the adsorbent surface (Parfitt and Sing, 1976). If the solid is mesoporous, capillary 

condensation takes place in the middle and upper part of the isotherm, whereas if the 

solid is microporous, microporous filling occur at the low pressure (Parfitt and Sing, 

1976). An indication of the nature of the adsorption process is gained by inspection of 
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the isotherm shape. All adsorption isotherms fit into one of the five (5) types shown in 

Figure 1 based on the BET classification 
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Figure 2. 1: BET classification of the different types of adsorption isotherm 

Type 1; is encountered when adsorption is limited to monolayer as observed in 

chemisorption. The asymptotic approach to a limiting quantity indicates that all of the 

surface sites are occupied. Physisorption that produces the Type 1 isotherm indicates 

that the pores are microporous and that the exposed surfaces reside almost exclusively 

within the micropores which once filled with adsorbates, leave little or no external 

surface for additional adsorption. 

Type 2; is most frequently encountered when adsorption occurred on nonporous 

adsorbent or adsorbent with pore diameter larger than micropores. The inflection point 
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usually occurs near the completion of the first adsorbed monolayer and with increasing 

relative pressure, second and higher layers are completed until at saturation the number 

of adsorbed layers becomes infinite. 

Type 3; isotherms are characterized principally by heat of adsorption that are less than 

adsorbate heat of liquefaction. Thus, as adsorption proceeds interaction with an 

adsorbed layer is greater than the interaction with adsorbent surface. 

Type 4; occurs on porous adsorbents possessing pores in the range of 15-1000 

Angstroms. The slope increases at elevated pressures, indicating an increased uptake of 

adsorbate as pores are being filled. 

Type 5; result from adsorbate adsorbent interaction potential similar to the type 3. 

However, Type 5 is also associated with pores in the range as those of Type 4 isotherm. 

Generally, Type 1, 4 and 5 are associated with porosity, while Type 1 usually 

corresponds to micro porosity, Type 4 and 5 are associated with pores ranging from 

about fifteen to several hundred angstroms. Each of these types is observed in practice 

but by far the most common are types are Type 1, 2 and 4 (Thomas and Crittenden, 

1998). 

An inherent property of Type 1 isotherm is that adsorption is limited to the completion 

of a single monolayer of adsorbate at adsorbent surface. Type 1 isotherms are observed 

for the adsorption of gases on micro porous solids whose pore sizes are not much lagers 

than the molecular diameter of the adsorbate. Similarly, Type 3 isotherms, which are 

continuously convex with respect to the partial pressure axis, show a steady increase in 

adsorption capacity with increasing relative pressure. Type 4 isotherms are similar to 

Type 2 isotherms except that adsorption terminates near to a relative pressure of unity 

(Thomas and Crittenden, 1998). 
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Five different models are used to fit single component isotherms, some of those models 

have been originally proposed for the treatment of gas mixtures; however, their 

application to liquid mixtures is supported by theoretical and practical reasons (Jaroniec 

and Madey, 1988). They can be classified into: 

Simple isotherm models for homogeneous surfaces without lateral interactions, like 

Langmuir equation (Langmuir, 1918) and Jovanovic equation (Jovanovic, 1969) as 

presented in Equations 2.5 and 2.6; Isotherm models for heterogeneous surfaces without 

lateral interactions, like Freundlich equation (Freundlich, 1906); Other empirical 

isotherm models, like Redlich-Peterson equation (Redlich and Peterson, 1959) and 

Khan Equation (Khan et al., 1997) are presented in Equations 2.7, 2.8 and 2.9 

respectively. 

                  Model                                             Equation 

Langmuir                                       q = (qmaxKC)/ (1+KC)   2.5 

Jovanovich                                q = qmax (1-e
-(KC)

)    2.6 

Freundlich                                     q = K(C) 
γ
     2.7 

Redlich-Peterson                           q = (aKC)/(1+K(C) 
γ
)   2.8 

Khan                                              q = (aKC)/(1+KC) 
γ
   2.9 

Where: 

q is the amount of adsorbed compound at equilibrium per unit amount of 

adsorbent,  

qmax is the monolayer capacity, 

 C is the concentration of adsorbate in aqueous phase at equilibrium, 

  γ, K and a are the model parameters. 
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2.9.5 Langmuir adsorption isotherm:  

In 1918, Langmuir described adsorbate-adsorbent system in which the extent of 

adsorbate coverage is limited to monolayer at or before a relative pressure of unity is 

reached. Although the theory is more appropriate for the description of chemisorption, it 

is adopted for a number of systems where the coverage is low. The following 

assumptions were made in deriving the Langmuir equation: 

l. Adsorption cannot proceed beyond monolayer coverage 

ll. Each adsorption site is equivalent in terms of energy of adsorption and 

uniform i.e. the surface is perfectly flat on a microscopic scale. 

lll. There are no interactions between adjacent adsorbate molecules 

The Langmuir isotherm is represented mathematically in Equation 2.10 

 

Cs/Xm =1/bQo + Cs/Qo             2.10      

Xm = Amount of adsorbate adsorbed per unit weight of carbon 

Qo = Constant relating to monolayer adsorption capacity 

b = Langmuir constant or adsorption coefficient 

Cs = Equilibrium concentration of the adsorbent in solution 

A plot of   Cs/Xm  against Cs gives a straight line with a slope of 1/Qo  and an intercept 

of 1/bQo . 

2.9.6 Freundlich adsorption isotherm 

The Freundlich adsorption isotherm is a special case for heterogeneous surface and is 

usually used to model adsorption from solution. The Freundlich equation as presented in 

Equation 2.11. 
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Xm = Kf C
1/n

                       2.11 

Where: 

Xm = Amount of adsorbate adsorbed per unit weight of carbon 

Kf = Constant measuring adsorption capacity 

C = Equilibrium concentration of the adsorbent in solution 

n= Constant related to adsorption efficiency and energy of adsorption  

The Freundlich equation is basically empirical but is often useful as a means for data 

description. This is because the equation is adequate to describe non-linear adsorption in 

a narrow range of adsorbate concentration. It describes the adsorption processes on 

surface adsorption sites that are energetically heterogeneous. The simplified 

mathematical equation of the Freundlich equation is presented i9n Equation 2.12. 

 

logXm = logKf + 1/n logC        2.12 

A plot of log Xm against logC gives a straight line with a slope 1/n and an intercept of 

log Kf. The Kf value increases with the total adsorption capacity of the adsorbent to bind 

the adsorbate. The numerical value of n is a useful index of the adsorption capacity or 

efficiency and is related to the energy of adsorption intensity. The amount adsorbed is 

presented in Equaton 2.13. 

 

(Co-Ce)V/W          2.13 

Where Co and Ce are the initial and equilibrium concentrations (M), respectively of the 

adsorbate, while V is the volume (ml), and W is the weight (g) of the adsorbate. 

The adsorption isotherm is useful for predicting the capacity that an activated carbon 

has for adsorbing adsorbate (Weber, 1973). 
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2.9.7 Factors affecting adsorption 

In general, the factors that influence the adsorptive behavior of activated carbon from 

aqueous solution are: 

(i) The nature of the activated carbon and its particle size distribution: 

The nature of the adsorbate is particularly important in dictating the degree of 

adsorption that can actually occur. As a rule, braed- chain compounds are more sorbable 

than straight – chain compounds (Weber, 1973). The type and location of the substituent 

functional group affects absorbability, and molecules low in polarity and solubility tend 

to be preferentially adsorbed. Unless physical blockage of the carbon pores actually 

occurs, large molecules are more sorbable than small molecules of similar chemical 

nature (Weber, 1973). 

(ii) pH of the solution: 

Carbon generally has a low affinity for ions, particularly those with a high charge-to 

surface ratio. pH affect ionicity as evaluated in the study of Yankassa sheep wool, it is 

observed that the efficiency of the wool matrix reduces with increase in pH (Kagbu et 

al., 2001). 

(iii) Temperature:  

Adsorption reactions are generally exothermic and high temperature usually slow or 

decrease the adsorption process. Adsorption generally decreases with increasing 

temperature (Gauntlett and Packman, 1973). Kagbu et al., 2001 evaluated Yankassa 

sheep wool as an adsorptive matrix for bleaching textile effluents and found that 

increase in temperature of the effluent resulted in substantial decrease in its colour.    
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2.10 Adsorption Process 

There are different adsorption processes, the major once include; Fixed-bed adsorption; 

Expanded-bed adsorption; Moving-bed adsorption and Fluidized-bed adsorption. The 

down flow fixed-bed adsorption is the most common type of adsorption column for 

wastewater treatment. This is because the down flow fixed-bed also acts as depth filters 

for particles that can be contained in wastewater (Wentz, 1995). The fixed-bed can be in 

series or parallel.  

 

 

Figure 2. 2: Fixed and Expanded Adsorption bed 
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Figure 2. 3: Comparism between fixed-bed adsorbers in series and parallel 

 

 

The most important design factors in fixed-bed adsorption systems includes: Particle 

size; Diameter of column; Flow rate of incoming wastewater; Height of adsorption bed; 

Pressure drop and Time required achieving breakthrough (Wentz, 1995). 

As the wastewater moves through a fixed-bed of adsorbent, the pollutant to be adsorbed 

will move from the wastewater to the adsorbent bed (Wentz, 1995). Several steps are 

involved in the overall adsorption process of a single molecule of pollution; 

Mass transfer step: Mass transfer from the bulk of the wastewater to the surface of the 

adsorbent through the boundary layer around the particle. 

Diffusion step: Internal diffusion through a pore 

Adsorption step: Adsorption onto the surface of the adsorbent. In fixed bed adsorption, 

at any given time the bed can be divided into 3 approximate zones i.e., saturated zone 

(containing carbon nearly saturated with the pollutants), followed by the adsorption 

zone (were adsorption actually takes place) and then the last zone in which the 
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adsorbent contains little or no adsorbed pollutant (Wentz, 1995). The size and location 

of the three zones within the bed change with time. 

2.11 Modeling of Column Study Results: Bohart–Adams Model 

Bohart–Adams model based on the surface reaction theory (Goel et al., 2005; Malkoc et 

al., 2006)  and it assumes that equilibrium is not instantaneous; therefore, the rate of the 

sorption is proportional to the fraction of sorption capacity still remaining on the sorbent 

(Liao et al., 2004; Aksu and Gönen, (2004)). According to the Bohart–Adams model, 

Equation 2.14 is use to predict the performance of continuous adsorption columns: 

 

t = NoX/Cov + ln [(Ct/Co)] x 1/Cok         2.14 

where, t is the time to break point (min); Co the influent concentration (mg/l); Cb the 

concentration at break through (mg/l); No the Bohart-Adams adsorptive capacity or 

saturation concentration of the adsorbent (mg/L); X the bed depth of column (m); v the 

linear flow rate (ml/sec); K is the rate or mass transfer coefficient (ml/ (mg min)). A 

straight line was attained for this system by plotting X against t, which gives the value 

of K and No from the slope and intercept of the line respectively. The Bohart-Adams 

equation can be simplified and rewritten as in Equation 2.15 where the parameters a and 

b are expatiated in Equations 2.16 and 2.17 respectively. 

 

t = aX + b            2.15 

 

 

Where 

 

a = No/Cov          2.16 

 

b = In (Ct/Co) x 1/Cok         2.17 
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The breakthrough capacity Q0.5 (at 50% or Ct/Co = 0.5) expressed in mg of adsorbate 

adsorbed per gram of adsorbent was calculated using Equation 2.18.  

 

             2.18 

    

2.12 The Pseudo-Second Order Rate Kinetic Model 

The pseudo-second order model when applied on the adsorption capacity, it predicts the 

behaviour over the whole range of studies supporting the validity, and is in agreement 

with chemisorption being the rate-controlling step (Ho and McKay, 1998). Based on 

equilibrium adsorption, the linearized pseudo-second-order kinetic equation is 

expressed in Equation 2.19. 

 

et q

t

hq

t


1

         2.19 

Where qt (mg/g) is the amount of adsorbate retained at time, t (min).  

The slope and intercept from the plots of t/qt versus t is used to calculate the value of the 

adsorption capacity of the activated carbons qe, the pseudo-second-order rate constant 

k2, (g/mg min), the initial adsorption rate constant h (mg/g min), and the coefficient of 

determination R
2
. The constants k2 and h were calculated respectively from the intercept 

and slope of the linear plots obtained. The straight lines in the plots prove a good 

agreement of experimental data with the second-order kinetic model. According to (Ho 

and Mckay, 1995), if the plot is linear, then the adsorption process may be described as 

chemisorption.  
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2.13 The Weber-Morris Intraparticle Diffusion Model 

Intraparticle diffusion is a transport process involving movement of species from the 

bulk of the solution to the solid phase (Uzunova et al., 2013). The structure of the solid 

and its interaction with the diffusion substance influences the rate of transport. 

Adsorbents may be in the form of porous barriers and solute movement by diffusion 

from one fluid body to the other by virtue of concentration gradient (Shrihari, 2005; 

Shrihari and Das, 2009). The possibility that the diffusion mechanism might be the rate 

limiting stage in regard to the entire process was evaluated by the linear dependence on 

the Weber-Morris Intraparticle Diffusion Model (WMIDM) (Weber and Morris, 1963) 

as presented in Equation 2.20.  

qe = kidt
1/2 + Ci                            2.2 

A plot of the amount of adsorbate sorbed, qe (g/g) versus the square root of the time t, 

gives the rate constant kid (gg
-1 

min
-1/2

) which is the intraparticle diffusion rate 

coefficient as the slope of the plot and Ci (g/g) is the intraparticle diffusion coefficient 

as the intercept of the line accounting the bonding effect between the activating agent 

and the carbon. Larger kid values indicate better adsorption which is related to improved 

bonding between adsorbate and adsorbent particles (Aksu and Gowen, 2004) and may 

simply be due to the fact that higher adsorbate concentration adds to a greater driving 

force for diffusion of adsorbate molecules into the pores (Sunil and Arti, 2010). 

According to Itodo et al., (2009), the adsorption mechanism assumes intraparticle 

diffusion if the following conditions are met: 

(i) High R
2
 values to ascertain applicability;  

(ii) Straight line which passes through the origin for the plot area qt vs. t
1/2

;  

(iii) Intercept Ci < 0.  
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CHAPTER THREE 

 

3.0   MATERIALS AND METHODS 

3.1 Materials 

Distilled water used in the experiments was produced at the Physical Chemistry 

Laboratory of the Department off Chemistry, Ahmadu Bello University, Zaria. All 

reagents used were of analytical grade and no further purification was carried out before 

use. 

3.2 Sample Collection  

3.2.1 Neem sample collection 

Neem husks and seed cakes were collected from the National Research Institute for 

Chemical Technology (NARICT), Zaria, Nigeria.   

3.2.2 Wastewater sample collection 

Wastewater samples were collected using water sampler at different locations and 

depths of the treatment plant from the Abuja University Teaching Hospital, 

Gwagwalada. A composite of these collected samples was made and used for the study. 

Samples for physiochemical and microbial analysis were collected in a clean sterile 

rubber container. Samples for the oxygen parameters were collected in 500ml bottles 

with stoppers, one millimeter each of Winkler’s solutions A and B were added to 

samples on site to fix the oxygen. The samples were transported to the laboratory where 

analysis was commenced immediately within five hours of collection at the multi-user 

research laboratory of Ahmadu Bello University, Zaria. 
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3.2.3 Description of wastewater sampling area 

The study area was University of Abuja Teaching Hospital wastewater Treatment plant 

located in University of Abuja Teaching Hospital, Gwagwalada Abuja, at Latitude 8°57' 

N and Logitude 7°03' E as presented in Figure 3.1. The hospital environment consists of 

several departments/units and each department/unit in the hospital has waste 

management chambers which are all channelled to the central waste management plant. 

The waste management plant has about 24 outlets. Twelve of the outlets were randomly 

selected as points were the wastewater samples were collected.  
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Figure 3. 1: Map of Abuja indicating the location of University of Abuja Teaching 

hospital 
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3.3 Neem Sample Preparation (Itodo et al., 2009) 

The Neem husk and seed cake collected were sun-dried for three days to remove 

moisture according to Itodo et al., 2009. The sun-dried samples were properly washed 

under running tap to remove dust and water-soluble impurities. The samples were 

allowed to drain off excess water accumulated during washing and dried in an oven for 

another 12 hours after which they were introduced into a thermostatic laboratory oven 

set at 105 
o
C for 24 hours. The dried samples were gently crushed using a ceramic 

laboratory mortar and pestle followed by sieving with a <400 µm aperture sieve. The 

less than 400 µm samples were stored in airtight containers for further use. 

3.4 Carbonization of Neem samples (Gimba et al., 2004) 

The prepared neem husks and seed cakes were carbonized at 400 
o
C in a muffle furnace 

using the methods described by Gimba et al. (2004). Prior to carbonization, the 

minimum carbonization temperatures for the neem husks and cake sample were 

determined using the method of Guzel and Uzun (2002). Two grams of the Neem 

samples were weighed into two separate, clean crucibles of known weight and heated 

for 15 minutes at 200 
o
C. The experiment was repeated at varying temperature of 250

 

o
C, 300

 o
C, 350, 450 

o
C and 500

 o
C. A graph of weight loss versus temperature was 

plotted. The least temperature to completely carbonize the sample was chosen as the 

minimum carbonization temperature. Exactly 50 g of the Neem husks and seed cakes 

were individually placed in large sized ceramic crucibles and carbonized in the furnace. 

The carbonized samples were allowed to cool in desiccators prior to activation.  
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3.5 Chemical Activation of the Carbon (Abechi , 2011) 

Chemical activation of the carbonized samples was done using ZnCl2 and H3PO4
 
as 

activating agents. Prior to activation, the optimum activation temperatures for the 

carbonized neem husks and cake sample were determined using the method of Guzel 

and Uzun (2002). Two grams of the carbonized neem samples were weighed into two 

separate, clean crucibles of known weight. The two samples were impregnated with the 

activating agents (ZnCl2 and H3PO4) at room temperature. This was heated gradually for 

2 hours and then temperature elevated and heated for 2 hours at 450 
o
C. The process 

was repeated two times and the average was taken. This activated carbon samples were 

then allowed to cool in a desiccator prior to washing severally with hot distilled water. 

The washed samples were oven dried at 105 
o
C for 6 hours to constant weight. This was 

then sieved into different particle sizes with a sieve made of brass frame and steel mesh 

with an aperture of 400 µm, 425 µm, 500 µm and 600 µm. The fine sieved samples 

were stored in a clean airtight container and stored for characterization. The process was 

repeated at different temperatures of 500, 550 600 and 650
o
C. Adsorption studies were 

carried out using the batch process with methylene blue as adsorbate to determine the 

optimum activation temperature. 

3.6 Physico-chemical Characterization of Raw and Modified Neem Samples 

The following physico-chemical tests were carried out to characterize the raw neem 

husk and seed cake and the corresponding activated carbon from neem husk and seed 

cake; Moisture and dry matter content, ash content, volatile matter content, fixed carbon 

and bulk density. 
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3.6.1 Moisture and dry matter content (Ekpete and Horsefall, 2011) 

Thermal drying at 105℃ in an air circulation oven to constant weight, which is the most 

common technique, was employed. Two clean crucibles were washed and rinsed with 

distilled water, dried in an oven at 105 ℃ and cooled in a desiccator. The weights of the 

crucibles were recorded. One gram each of the sieved sample (raw neem husk and neem 

cake) was weighed into the dried crucibles and then placed in an air circulated oven at 

105 ℃ and dried to constant weight after 8 hours. This process was repeated and the 

weighted average was used to determine the percentage air-dry moisture from loss in 

weight was calculated using Equation 3.1 and dry matter was calculated using Equation 

3.2. 

Moisture (%) = [Loss in weight on drying (g)/Initial sample weight (g)]*100              3.1 

Dry Matter (%) = 100 – moisture (%)                               3.2 

3.6.2 Ash content (Aloko and Adebayo, 1997) 

The ash is the inorganic residue left after the organic matter has been burnt off. The ash 

content was determined by the method employed by Aloko and Adebayo (1997). 

Porcelain crucibles were washed and oven dried at 105 ℃ for an hour, and cooled to 

room temperature in a desiccator after which they were weighed and their weights 

recorded (Wc). Exactly 2 g (Wo) each of the prepared samples were placed in the 

preweighed crucibles. The crucibles containing the sample were transferred to a muffle 

furnace and the temperature was allowed to rise slowly to 500 ℃ for one hour after 

which the crucibles and their content were transferred to a desiccator and allowed to 

cool. The crucibles and their contents were reweighed and the new weight was recorded 

(Wf). The percentage ash content was calculated using the Equation 3.3. 
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 Ac (%) = (Wf – Wc/Wo) x 100       3.3 

where; 

 Ac is the percentage ash content of the materials. 

3.6.3 Volatile matter content (Aloko and Adebayo, 1997) 

The volatile contents were determined using the methods employed by Aloko and 

Adebayo (1997). Where 2g of each of the dried samples were heated for 10 minutes in a 

partially closed preweighed porcelain crucible in a preheated muffle furnace set at 300 

o
C. The crucible and its content were retrieved and cooled in a dessicator. The 

difference in weight was recorded and the volatile matter content calculated usng 

Equation 3.4. 

Vc (%) = [(Wo – Wf)/Wo x 100]        3.4 

where Vc is the percentage volatile matter content of the samples; Wo is the initial 

weight of the dry sample; Wf is the final weight of the sample after cooling. 

3.6.4 Fixed carbon content 

The fixed carbon content was determined by using the value of volatile content and ash 

content obtained in section 3.62 and 3.63 in Equation 3.5. 

Fc (%) = [100 – Vc - Ae]         3.5 

where Vc and Ac are the percentage volatile content and Ash contents respectively. 
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3.6.5 Density and bulk density (Ekpete and Horsefall, 2011) 

The Bulk densities of the raw and modified samples were measured using a 

modification of the method of bulk density calculation employed by Ekpete and 

Horsefall (2011). Empty measuring cylinders (10 ml and 20 ml) were weighed and the 

weight recorded (Mc). The samples were dried again at 105 
o
C to constant weigh. The 

samples were introduced into the cylinder without the introduction of water because the 

materials are swellable in water. The samples in the cylinder were compacted by gently 

tapping the cylinder continuously. The depressions were covered by adding more of the 

samples till the cylinders were filled to the 10 ml and 20 ml volumetric marks. The 

gentle tapping and refilling were repeated till no more depressions were observed. The 

samples and the cylinders were reweighed and the new weight was recorded (Mf).  The 

process was repeated and the weighted average was used to calculate the bulk density 

using Equation 3.6.  

BD (g/dm
3
) = [(Mf – Mc)/Volume of cylinder]     3.6 

Where BD is the bulk density, Mf and Mc are the final and initial weight of the cylinders 

respectively. The mean of the bulk densities from the two cylinders was calculated and 

used as the average bulk densities of the samples. 

3.7 Structural and Morphological Characterization 

The following analytical techniques were carried out to investigate the structure and 

morphology of the raw samples and their corresponding activated carbon samples. 
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3.7.1 Brunauer Emmet Teller (BET) surface area 

The Brunauer–Emett–Teller (BET) surface area was measured from N2 sorption 

isotherm at 77 K using a Micrometrics Tristar II. The samples were degassed under 

flowing nitrogen at 250 °C for 4 hours using the Smart Prep™ 065. The degassing unit 

removes adsorbed contaminants from the surface and pores of a sample in preparation 

for analysis. The sample tube in the analysis port was again degassed before the Dewar 

containing liquid nitrogen was automatically elevated upwards to submerge the sample 

tube. A predetermined pressure of nitrogen was bled into the manifold above the 

analysis port. The sample analysis port valve was then opened, exposing the sample to 

nitrogen. The quantity of adsorbed nitrogen was determined by the difference in the 

recorded pressure. 

The sample analysis port was then closed and the manifold filled with a slightly higher 

pressure of nitrogen before re-exposure to the sample followed by calculation of the 

next value. Repeat of the process led to the generation of an isotherm, the surface area 

of the sample was then calculated from the isotherm using the Brunauer–Emett–Teller 

(BET) equation and N2 cross-sectional area of 0.162nm
2
. The analysis was done in the 

School of Chemistry and Chemical Engineering Queens University, Belfast, United 

Kingdom. Equation 3.7 represents the BET equation. 

      3.7 

where Pe is the equilibrium pressure (after sample is exposed to N2 in manifold); Po the 

saturation pressure; Vads the volume of nitrogen adsorbed; Vm the volume of nitrogen 

monolayer and C is constant that measures the surface area of the adsorbent. 
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3.7.2 Fourier Transform Infrared Spectroscopy (FTIR) analysis  

The FT-IR spectra of the raw and modified neem samples were recorded on a Shimatzu 

(FTIR-8400) Fourier Transform Infrared Spectrometer at the National Research 

Institute for Chemical Technology (NARICT), Zaria, Nigeria. The sample was mixed 

with Potassium bromide (KBr) and then ground to a homogeneous blend and 

compressed to give a small transparent disc of 13 mm diameter. The disc containing the 

sample was then placed in the infrared spectrometer and the spectrum of the samples 

was collected. There were 20 scans collected for each measurement over the spectral 

range of 4000-400 cm
-1

 with a resolution of 4 cm
-1

. All spectra were presented without 

baseline correction or normalization. 

3.7.3 Scanning Electron Microscopy (SEM) analysis 

The morphology of the activated carbon samples was analysed by SEM analysis. 

Minimal preparation included acquisition of the sample and placing the sample on a 

clean carbon strap that was attached on the sample holder, which fit into the SEM 

chamber and some accommodation to prevent charge build-up and the sample from 

making a contact with the detector. SEM was viewed using Quanta Scanning Electron 

Microscope FEI Quanta 250 at the School of Chemistry and Chemical Engineering 

Queens University, Belfast, United Kingdom. 

3.7.4 Thermal Gravimetric Analysis (TGA) 

Thermal characterization of the activated carbon samples was performed using Mettler-

Toledo TGA/DSC I STARMettler-2012) instrument with heating rate of 20 ºC/min in 

nitrogen (N2) atmosphere and carried out at the School of Chemistry and Chemical 

Engineering, Queens University, Belfast, UK. Thermal Analysis (TGA and DSC) 
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detects the inter-atomic and inter-/intra- molecular interactions as related to an imposed 

external change in temperature. The samples were placed in the specimen holder and 

the temperature of the furnace was raised to 500 °C, the initial weight was set to read 

100%, then heating program was initiated. The gas environment was preselected for 

thermal decomposition (inert - nitrogen gas) and an oxidative decomposition (air or 

oxygen). All of the samples were heated up to 500 °C. The test samples were dried 

under a vacuum at 120 °C for 24 hours before DSC. The thermal properties were 

presented in thermograms. 

3.8 Physico-Chemical Parameters of Wastewater 

The following physico-chemical parameters of the wastewater were investigated before 

and after treatment with the activated carbon. 

3.8.1 pH (APHA, 1998) 

The pH was measured accurately as described by APHA (1998) in the laboratory using 

a HANNA hand held digital pH meter. The pH meter was calibrated using HACH 1997 

buffers of pH 4.0, 7.0 and 10.0. The wastewater samples were transferred into 100 ml 

beaker and the pH meter was placed in the wastewater. The pH meter was allowed to 

stabilize before the results were recorded. 

3.8.2 Turbidity Test (APHA, 1998) 

A turbidity meter (2100N Model) was used to measure turbidity of the Hospital 

wastewater sample with reference to the manufacturer’s instruction manual. The unit for 

turbidity is Nephelometric Turbidity Units (NTU). 
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3.8.3 Conductivity (AOAC, 1998) 

Conductivity was measured in the laboratory with the use of a conductivity meter. The 

conductivity meter was calibrated with distilled water prior to analysis. About 60 ml of 

the wastewater sample was transferred into 100 ml beaker. The probe of the 

conductivity meter was placed into the wastewater in the beaker and allowed to stabilize 

for about 3 minutes after which the conductivity of the raw and treated wastewater 

samples was recorded. 

3.8.4 Biological Oxygen Demand (BOD) (Ademoroti, 1996) 

The biological oxygen demand of the wastewater was determined by diluting equal 

volumes of wastewater specimen with a known volume of distilled water which has 

been thoroughly shaken to ensure oxygen saturation. After this, an oxygen meter was 

used to determine the concentration of oxygen within one of the vials. The remaining 

vial was then sealed and placed in darkness and tested five days later. BOD was then 

determined by subtracting the second meter reading from the first. The dissolved 

oxygen content was determined before and after 5 days of incubation using Equation 

3.8. 

BOD5  =DO (after 5 days incubation) - DO (1st day)                3.8 

3.8.5 Chemical Oxygen Demand (COD) (Ademoroti, 1996) 

In the determination of the COD of the water samples, 0.4 ml of H2SO4 was placed in a 

refluxing flask. 20 ml of the samples was diluted with 20ml of distilled water.  A 

standard solution (10 ml) of K2Cr2O7 was then added to glass beads already heated to 

600 
o
C for 1 hour. The flask was then attached to the reflux condenser and exactly 30 

ml of concentrated H2SO4 containing Ag2SO4 was added through the open end of the 
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condenser. The resulting solution was thoroughly mixed and the resulting mixture was 

refluxed for 1hour, cooled and the condenser washed with 25 ml of distilled water. The 

mixture was diluted with 150 ml of distilled water and cooled to room temperature. 

Exactly 3 drops of (0.10-0.15 ml) ferroin indicator was added. The mixture was then 

titrated with 0.25 M Fe(NH4)2(SO4)2 taking as the end point the sharp colour change 

from blue-green to reddish brown. In the same manner a blank containing 20 ml 

distilled water was refluxed together with the reagent. COD was then calculated using 

the Equation 3.9. 

 

                                            3.9 

where 

COD=COD from potassium dichromate; a =Vol of Fe(NH4)2(SO4)2 used as blank;      

b =Vol of Fe(NH4)2(SO4)2 used for sample and M= molarity of Fe(NH4)2 (SO4)2 

8000 in Equation 3.9 represent the dilution multiplication factor for COD determination  

3.8.6 Total Dissolved Solid (TDS) (APHA, 1998) 

Exactly 20 g of the sample was filtered using a funnel and filter paper into a pre-

weighed dry beaker (W1) and the total weight recorded as W2. The sample in the beaker 

was evaporated to dryness on a steam bath set at 100
o
C. The beaker was removed from 

the bath after evaporation and left to cool in a desiccator prior to reweighing (W3). The 

total dissolved solid was determined using Equation 3.10. 

100

12
W

)
1

W-
3

(W
=)solids(TDS dissolved %Total 

W
       3.10 
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W1 = Weight of empty beaker; W2 = Weight of beaker with sample and W3 = 

Weight of beaker after drying and cooling. 

3.8.7 Total Solids (TS) (APHA, 1998) 

About 20 g of the sample was weighed into the prewieghed beaker (W1) and recorded as 

W2 and evaporated to dryness on a steam bath at 100 
o
C. The beaker was removed from 

the bath after evaporation and left to cool in a desiccator prior to reweighing (W3). Total 

solid was determined using Equation 3.11. 

         3.11 

W1 = Weight of empty beaker; W2 = Weight of beaker with sample and W3 = Weight of 

beaker after drying and cooling. 

3.8.8 Determination of metal ions 

Exactly 25 ml of 50 % HNO3 and 20 % concentrated HClO4 were added to 50 ml of 

each sample. The mixture was heated gently on a hot plate until solution was clear and 

white fumes of HCIO4 appeared. This was cooled and 20 ml of distilled water added. 

This was then be filtered and made up to 50 ml in a volumetric flask (Greenberg, 1980). 

The wastewater samples were analyzed for Cd, Cr, Zn, Ni and Pb ion concentrations 

using the method of Ramons et al., (1999). The samples were filtered using Whatman 

0.45 µm filter paper into clean beaker and acidified with 3 mls of 50 % HNO3(aq) per 

dm
3
 of water. 50 ml of the sample was measured into a beaker, 10 ml of 1:1 v/v nitric 

acid measured into the beaker containing the samples and placed on a water bath at 

100
o
C. The sample was digested for an hour, after which the process was repeated using 
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codes to blind analyst and to further validate the accuracy of the results. The digested 

samples were placed in sample bottles and tested for heavy metals using Atomic 

Absorption Spectrometry (AAS) with the Hollow cathode lamps of Cd, Cr, Zn, Ni and 

Pb respectively. The average results from the AAS for both the raw and treated samples 

were recorded and correlated. The analysis was done in the Department of Soil Science, 

Ahmadu Bello University, Zaria. 

3.8.9 Nitrate, Phosphate and Sulphate 

The concentrations of nitrates, phosphates and chlorides in the raw and treated 

wastewater samples were determined digitally by the use of water analyser/ 

multiparameter logging spectrophotometer (HANNA multiparameter HI83200). The 

spectrophotometer was checked for malfunctioning in anions determination by passing 

standard solutions of all the ions to be measured. A blank sample (deionised water) was 

passed between every three measurements to check for any eventual contamination or 

abnormal response of the equipment. 

3.8.10 Microbial Analysis and Enumeration 

The microbiological analysis was carried out within 24 hours after sample collection. 

The microbial load in the raw and treatment wastewater were measured using spread 

plate technique at the Department of Microbiology, Ahmadu Bello University Zaria. 

Total heterotrophic bacterial and fungal counts for the raw and treated wastewater 

samples were enumerated. An aliquot (1 ml) of the wastewater was transferred into 9 ml 

of distilled water and diluted serially in ten folds up to 10
4
 according to the method of 

Adesemoye (2006). Then, 0.1 ml aliquots of the serially diluted samples were plated in 

duplicate plates of molten Nutrient agar (NA) and Saboraud dextrose agar (SDA) at 45 

o
C for the isolation and enumeration of total aerobic bacteria and fungi respectively. 
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They were swirled to mix and colony counts were taken after incubating the plates at 37 

°C for 48 hours for the bacterial count and at ambient laboratory temperature for 5 days 

for the fungal count. After the incubation period, bacterial colonies and pure cultures of 

the fungi isolates, which developed on the plates, were enumerated, multiplied by 10 

and by the dilution factors, and the results expressed as the number of colony-forming 

units (CFU/ml) of samples. 

3.9 Column Adsorption Studies  

The adsorption study was conducted using a cylindrical borosilicate glass column with 

diameter- 2.4 cm, length- 32.2 cm, volume- about 150 ml.  The column was mounted 

vertically and packed with 10 g of the prepared activated carbon using a dry packing 

technique from the top of the column and allowed to settle by gravitational force. The 

bottom part of the adsorbent in the column was packed with small amount of 

nonreactive glass wool. Distilled water was used to prevent the adsorbent from blocking 

the tap of the column. The schematic of the column adsorption setup is presented in 

Figure 3.2. The column with the adsorbent was washed with 10ml of distilled water 

prior to introduction of the wastewater sample to the column. Exactly 50 ml of the 

wastewater was transferred into the column containing activated carbon and allowed to 

have contact with the adsorbent for 10 minutes. The adsorbent was kept submerged 

throughout the runs to avoid air entrapment in the bed. After the contact time had 

elapsed, the tap of the column was let open and the treated water (filtrate) allowed to 

drain and was collected in a beaker, measured and transferred into samples bottles prior 

to analysis. The concentrations of the tested cations and anions were determined by 

measuring the amount in the treated water (via the same analyses used for the 

wastewater sample) and subtracting from the results of the wastewater analysis. This 

was repeated for each of the prepared neem carbon. 
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3.9.1 Column breakthrough studies  

The column breakthrough study was carried out using NHH because of its low surface 

area relative to the other adsorbents. In the same vein, nickel ion was selected for the 

study due to its high concentration in the wastewater. A constant wastewater volume of 

100 ml and tap flow rate of 0.133 ml/min was used while varying the bed height of 

NHH in the column which also affects the weight of the adsorbent as presented in 

Figure 3.2. The column was continuously and carefully filled with the wastewater 

sample, to ensure that the column did not run out of the required wastewater volume 

and that the column bed was not disturbed within the investigation period. The 

breakthrough curves for the removal of nickel ion from the hospital wastewater were 

analyzed using the Bohart Adams model. The breakthrough time (tb) is defined as the 

time when the effluent concentration (Ct) of nickel ion reached 50% of the feed 

concentration (Co). Breakthrough curve were plotted giving ratio of effluent and inlet 

concentrations (Ct/Co) versus time.  
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Figure 3. 2: Schematic of laboratory column adsorption filter setup                                           
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3.9.2 The effect of contact time 

The effect of contact time was investigated by varying the time the wastewater had 

contact with the adsorbents before draining. Contact time of 10, 15, 20, 25 and 30 

minutes were used. The amount of wastewater and adsorbents used were kept constant 

at 50 ml and 10 g respectively. This was repeated for each of the prepared neem carbon. 

3.9.3 The effect of wastewater volume 

The effect of wastewater volume on the treatment efficiency of the adsorbents (10g) 

was investigated by varying the amount of wastewater samples introduced into the 

column from 10, 20, 30, 40 to 50 ml. Equilibrium studies on the treatment efficiency of 

the adsorbents used on the tested parameter was also carried out using the data obtained 

by varying the wastewater volume. This was repeated for each of the prepared neem 

carbon. 

3.9.4 Regeneration Studies 

Regeneration studies were carried out by randomly selecting one of the neem activated 

carbons to determine its adsorption efficiency after each adsorption-desorption for five 

cycles. After the initial adsorption process, the activated carbon sample was washed 

with exactly 100 ml of hot distilled water and oven dried in an oven for an hour. After 

drying, the column was repacked while 50 ml of the wastewater sample was again 

introduced into the column and left for 30 minutes. The procedure was repeated four 

more times and the regeneration data were used to explain the reuse capacity for each 

adsorbent. The efficiency of regeneration was calculated using Equation 3.13. 

                        3.13 
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CHAPTER FOUR 

 

4.0  RESULTS 

4.1 Physicochemical Properties of Raw Neem and the Prepared Activated Carbons 

The results of the physicochemical analysis of the raw and activated carbon are 

presented in Table 4.1. The physicochemical parameters investigated include; the 

moisture content, ash content, bulk density and fixed carbon contents. Figure 4.1 and 

4.2 show the efficiency of the carbonization and activation processes at various 

temperatures of carbonization and activation. The optimum temperatures of 

carbonization and activation are determined from these plots (Figure 4.1 and 4.2).  

4.2 The BET Surface Area and Pore Characterization of the prepared Activated 

Carbon 

The BET surface areas and pore sizes of the neem carbon activated with ZnCl2 and 

H3PO4 are presented in Table 4.2. The results were linearly regressed using the BET 

equation. The coefficient of regression (R
2
) for the four adsorbents were determine from 

the plot as shown in Figures 4.3, 4.4, 4.5 and 4.6.  
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Table 4. 1 Physicochemical parameters of the raw and activated neem (Azadirachta 

indica) husk and seed cake:  

 

Parameters RNH RNC NCZ NCH NHZ NHH 

 

MC (%) 4.45±0.07 8.95±0.07 3.62±0.04 3.67±0.11 3.05±0.21 3.02±0.28 

DM (%) 95.5±1.41 91.05±0.92 96.38±1.27 96.23±1.27 96.95±0.83 96.98±2.82 

VMC (%) 54.44±2.35 53.10±3.68 9.81±2.11 10.14±1.39 12.06±2.86 3.89±0.57 

ACt (%) 11.33±1.13 6.56±3.04 18.70±0.64 18.60±2.33 18.34±2.55 20.11±2.72 

FCC (%) 29.78±3.31 25.62±1.15 67.87±1.33 67.49±2.21 66.55±2.11 72.98±1.71 

    PS (µm)     400     400     350     350      350      350 

BD (g/ml) 0.95±0.10 0.87±0.13 0.77±0.17 0.83±0.13 0.76±0.16 0.82±0.13 

MC represents Moisture Contents, DM stands for Dry Matter; VMC represent Volatile Matter Content; ACt – Ash Content; 

FCC – Fixed Carbon Content; PS – Particle Size; and BD represents Bulk Density, RNH and RNC represent Raw Neem Husk 

and Raw Neem Cake respectively, NCZ and NCH represent Neem cake activated with ZnCl2 and Neem cake activated with 

H3PO4 respectively; NHZ and NHH are represent Neem husk activated with ZnCl2 and Neem husk activated with H3PO4 

respectively. 
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               Figure 4. 1: Effect of carbonization temperature on methylene(MB) adsorption 
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Figure 4. 2: Effect of activation temperature on methylene blue (MB) adsorption
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Table 4. 2 BET Surface Area and Pore characterization of the activated carbon  

 
Activating 

Agent 

R
2
 Type Qm 

BETSA 

(m
2
/g) 

Pvol 

ml/g) 

PSize 

(Å) 

Neem 

Husk 

H3PO4 0.9969 II 53.02 230.79 0.010752 22.221 

ZnCl2 0.9966 II 54.80 238.56 0.009838 22.456 

Neem 

Cake 

H3PO4 0.9967 IV 80.87 352.00 0.0472 34.26 

ZnCl2 0.9966 II 57.93 252.18 0.014657 24.155 

R
2
 is the coefficient of regression; Type represents the adsorption Isotherm type; BETSA 

represents the Brunauar-Emmet-Teller surface area of the adsorbents; Qm is the 

monolayer Quantity of gas adsorbed; Pvol is the pore volume of the adsorbent and Psize is 

the calculated Pore sizes of the materials. 
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Figure 4. 3: Nitrogen adsorption isotherm plot for neem cake activated with ZnCl2 (NCZ) 
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           Figure 4. 4: Nitrogen adsorption isotherm plot for neem husk activated with ZnCl2 (NHZ) 
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Figure 4. 5: Nitrogen adsorption isotherm plot for neem husk activated with H3PO4 (NHH) 
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   Figure 4. 6: Nitrogen adsorption isotherm plot for neem cake activated with H3PO4 (NCH)
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4.3 Fourier Transform Infrared (FTIR) Analysis 

The FTIR band positions and their assignments for the raw and activated neem carbons 

over the range of 400 – 4000 cm
-1

 are presented in Table 4.3. Figure 4.7 show the FTIR 

of the raw neem husk, the major bands were observed between 3,400 – 3,900 cm
-1

, 

2,200 – 2,400 cm
-1

, 1,400 – 1,700 cm
-1

 and 1,000 – 1,200 cm
-1

 and less than 1,000 cm
-1

. 

Figures 4.8 and 4.9 show the spectra of the activated neem husk carbons. The FTIR 

spectra band positions of the raw neem cake have similar band with that of the raw 

neem husk as presented in Figures 4.10.  

4.4 Scanning Electron Microscope (SEM) 

The micrographs of the transverse section of the neem activated carbons are presented 

in Figures 4.13 – 4.16.  
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        Figure 4. 7: Fourier Transform Infrared Spectroscopy of the Raw Neem Husk (RNH) 



69 

 

 
 

Figure 4. 8: Fourier Transform Infrared Spectroscopy of Neem Husk activated with ZnCl2 (NHZ)
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     Figure 4. 9: Fourier Transform Infrared Spectroscopy of Neem Husk activated with H3PO4 (NHH) 
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 Figure 4. 10: Fourier Transform Infrared Spectroscopy of the Raw Neem Cake (RNC)
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Figure 4. 11: Fourier Transform Infrared Spectroscopy of the Neem Carbon activated with H3PO4 (NCH) 
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 Figure 4. 12: Fourier Transform Infrared Spectroscopy of Neem Cake activated with ZnCl2 (NCZ) 
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Table 4. 3 FTIR Table of assignment for the raw and activated neem carbon 

 

Position (cm
-

1
)  

Vibration  

(Raw Sample)  

Vibration  

(AC Sample)  

Inference  

547-532   M-X  Metals bound to halogens: ZnCl2  

914   PO4
3-

  Phosphates  

1100-900   SiO4  Silica/ash  

1010-1000  M=N or M=O 

stretch*  

M=O  Inorganic metal bound to 

Nitrogen or polysaccharides  

1375  NO2 bending   From neem oil  

1480-1400  C=O stretching   Carbonate from esthers and acids 

in oil  

1660-1620  C=C, C=O, O-H 

bending  

C=O  Alkenes, amide bands  

1745  C=O   Carboxylic acids and esters  

2934-2387  C=O stretching  C=O  carbonates  

3824-3440  O-H stretching  O-H 

stretching  

(Reduced)  

Surface and rapped hydroxyl 

groups molecules.  
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Figure 4. 13: Micrograph of the transverse section of Neem Cake activated with ZnCl2 (NCZ) 
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Figure 4. 14: Micrograph of the transverse section of Neem Husk activated with ZnCl2 (NHZ) 
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Figure 4. 15: Micrograph of the transverse section of Neem Husk activated with H3PO4 (NHH) 
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Figure 4. 16: Micrograph of the transverse section of Neem Cake activated with H3PO4 (NCH) 
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 4.5 Thermal-Analytical Studies 

Figures 4.17 – 4.20 present the thermograms of the activated carbons. The 

characterization features of the thermograms are summarized in Table 4.4. The result 

showed two stages; stage 1 involved mass loss between 80 – 120
o
C while stage 2 

involved mass loss at higher temperature between 350 – 500
o
C. At lower temperature, 

the mass loss was within the range of 3.02 – 3.67% while the mass loss at higher 

temperature was within 3.89 – 12.06%. 

4.6 Physicochemical Characteristics of the Hospital Wastewater Before and After 

Treatment 

The physicochemical characteristic of the hospital wastewater before and after treatment 

with the neem carbon activated was investigated. The prepared neem carbons are, Neem 

Cake activated with ZnCl2 (NCZ), Neem Cake activated with H3PO4 (NCH), Neem 

Husk activated with ZnCl2 (NHZ), Neem Husk activated with H3PO4 (NHH). The effect 

of treatment of wastewater using the prepared neem carbons on biological component is 

presented in Figure 4.21. The effect of treatment of wastewater using the prepared neem 

carbons on turbidity, conductivity and pH is presented in Figure 4.22 while that of 

hardness and Total Dissolve Solids (TDS) is presented in Figure 4.23. The chemical 

characterization of the wastewater on nitrates, phosphate and chloride ions are presented 

in Figure 4.24 while characterization of the heavy metals (Cadmium, Chromium, Zinc, 

Nickel and Lead) is presented in Figure 4.25. The bacterial and fungal count of the 

wastewater after treatment with the neem carbons is presented in Figure 4.26. 
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Step -9.8073 %
 -0.7512 mg
Residue 86.5496 %
 6.6297 mg
Inflect. Pt. 493.68 °C
Midpoint 450.01 °C

Step -3.6155 %
 -0.2769 mg
Residue 96.3605 %
 7.3812 mg
Inflect. Pt. 81.47 °C
Midpoint 87.00 °C

!^1
Sample Weight
1, 7.6600 mg

%

90

95

100

min

°C50 100 150 200 250 300 350 400 450

0 2 4 6 8 10 12 14 16 18 20

Extrapol. Peak 82.36 °C
Peak Value -93.35e-03 mgmin^-1
Peak 81.16 °C

\!^1
1, 7.6600 mg

1/min

0.02

min

°C50 100 150 200 250 300 350 400 450

0 2 4 6 8 10 12 14 16 18 20

^exo

STARe SW 9.10Lab: METTLER   

   Figure 4. 17: Thermogram of Neem Cake activated with ZnCL2 (NCZ) 
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Step -10.1394 %
 -0.6398 mg
Residue 86.1679 %
 5.4372 mg
Inflect. Pt. 493.40 °C
Midpoint 449.55 °C

Step -3.6662 %
 -0.2313 mg
Residue 96.3027 %
 6.0767 mg
Inflect. Pt. 79.23 °C
Midpoint 85.64 °C

!^2
Sample Weight
2, 6.3100 mg

%

85

90

95

100

min0 2 4 6 8 10 12 14 16 18 20

Extrapol. Peak 79.19 °C
Peak Value -80.15e-03 mgmin^-1
Peak 80.78 °C

\!^2
2, 6.3100 mg

1/min

0.02

min

°C50 100 150 200 250 300 350 400 450

0 2 4 6 8 10 12 14 16 18 20

^exo

STARe SW 9.10Lab: METTLER   

         Figure 4. 18: Thermogram of Neem Cake activated with H3PO4 (NCH) 
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Step -12.0616 %
 -0.8733 mg
Residue 84.8591 %
 6.1438 mg
Inflect. Pt. 496.46 °C
Midpoint 465.23 °C

Step -3.0494 %
 -0.2208 mg
Residue 96.9264 %
 7.0175 mg
Inflect. Pt. 81.01 °C
Midpoint 88.55 °C

!^5
Sample Weight
5, 7.2400 mg

%

85

90

95

100

min0 2 4 6 8 10 12 14 16 18 20

Extrapol. Peak 77.59 °C
Peak Value -69.37e-03 mgmin^-1
Peak 79.45 °C
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1/min

0.02

min
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0 2 4 6 8 10 12 14 16 18 20

^exo

STARe SW 9.10Lab: METTLER   

      Figure 4. 19: Thermogram of Neem Husk activated with ZnCl2 (NHZ) 
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Step -3.8881 %
 -0.1629 mg
Residue 93.0545 %
 3.8990 mg
Inflect. Pt. 492.78 °C
Midpoint 466.19 °C

Step -3.0224 %
 -0.1266 mg
Residue 96.9426 %
 4.0619 mg
Inflect. Pt. 76.55 °C
Midpoint 86.87 °C

!^9
Sample Weight
9, 4.1900 mg

%
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96
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100
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Extrapol. Peak 78.45 °C
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Peak 75.94 °C

\!^9
9, 4.1900 mg

1/min
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min
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0 2 4 6 8 10 12 14 16 18 20

^exo

STARe SW 9.10Lab: METTLER   

     Figure 4. 20: Thermogram of Neem Husk activated with H3PO4 (NHH) 
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Table 4. 4 Thermal Gravimetric Analysis of the neem activated carbon 

Sample Stage 1 (0-350 ºC) Stage 2 (350-500 ºC) DTG values 

 Step 

(%) 

Inf. Pt. 

(ºC) 

Mid Pt. 

(ºC) 

Step 

(%) 

Inf. Pt. 

(ºC) 

Mid Pt. 

(ºC) 

Peak 

(ºC) 

Peak Val x10
-3 

(mg/min) 

NCZ 3.62 81.47 87.00 9.81 493.68 450.01 81.16 -93.35 

NCH 3.67 79.23 85.64 10.14 493.4 449.55 80.78 -80.15 

NHZ 3.05 81.01 88.55 12.06 496.46 465.23 79.45 -69.37 

NHH 3.02 76.55 86.87 3.89 492.78 466.19 75.94 -41.36 
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Figure 4. 21: Effect of Treatment of wastewater with prepared neem carbons on COD, BOD and DO
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       Figure 4. 22: Effect of Treatment of wastewater with prepared neem carbons on Turbidity, conductivity and pH 
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             Figure 4. 23: Effect of Treatment of wastewater with prepared neem carbons on hardness and total dissolved solids 
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Figure 4. 24: Effect of Treatment of wastewater with prepared neem carbons on nitrates, phosphates and chloride ions 

 



89 

 

 

Figure 4. 25: Adsorption Capacities of sorbent for heavy metal ion 
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Figure 4. 26: Effect of Treatment of wastewater with prepared neem carbons on bacterial and fungal count
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4.7 Kinetic Studies 

Figure 4.27 presents the effect of contact time on the conductivity of the treated 

wastewater. Figure 4.28 shows the effect of contact time on pH of the wastewater. The 

effect of contact time on turbidity is presented in Figure 4.29. The effect of contact time 

on COD shows a sinusoidal pattern with a slide declined in COD as presented in Figure 

4.30. BOD have a similar pattern with COD but the rate of decline in BOD was faster 

than that of COD as presented in Figure 4.31. DO also have similar pattern with COD 

and had the most effective contact time at 25 minutes as shown in Figure 4.32. The 

effect of contact time on the hardness of the treated wastewater is presented in Figure 

4.34. Figures 4.35 – 4.42 present the effect of contact time on nitrates, phosphates, 

chloride ions and the heavy metals. The effect of contact time on bacterial and fungal 

load is presented in Figure 4.43 and 4.44.  
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           Figure 4. 27: The effect of contact time on conductivity of treated water 
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Figure 4. 28: The effect of contact time on pH of treated water 
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      Figure 4. 29: The effect of contact time on turbidity of treated water 
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Figure 4. 30: The effect of contact time on COD of treated water 
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Figure 4. 31: The effect of contact time on BOD of treated water 
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Figure 4. 32: The effect of contact time on DO of treated water 
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         Figure 4. 33: The effect of contact time on TDS of treated water 
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                     Figure 4. 34: The effect of contact time on hardness of treated water 
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Figure 4. 35: The effect of contact time on nitrate concentration of treated water 
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Figure 4. 36: Effect of contact time on phosphate concentration of treated water 
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             Figure 4. 37: Effect of contact time on chloride concentration of treated water 
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  Figure 4. 38: Effect of contact time on cadmium ion of treated water 



104 

 

 

  Figure 4. 39: The effect of contact time on chromium ion in treated water 
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Figure 4. 40: Effect of contact time on nickel ion in treated water 
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   Figure 4. 41: Effect of contact time on lead ion in treated water 



107 

 

 

      Figure 4. 42: Effect of contact time on zinc ion in treated water 
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Figure 4. 43: Effect of contact time on bacterial load in treated water 
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Figure 4. 44: Effect of contact time on fungal load in treated water
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4.8 Pseudo-Second-Order Rate Models 

The Pseudo-Second-Order Rate Kinetic Model was determined using the linearized 

Pseudo-Second-Order Kinetic equation. The plots of t/qt against time for the sorption of 

the investigated parameters are given in Figures 4.45 – 4.52. The values of the slope and 

the intercept were used to calculate the Pseudo-Second-Order rate constant and the 

adsorption capacity of the neem carbon. All the four different neem adsorbents 

demonstrate excellent fitness to the Pseudo-Second-Order Rate Kinetic Model with a 

high regression value (Table 4.5). The Pseudo-Second-Order Rate Kinetic Model for the 

adsorption of cadmium, chromium, zinc, nickel and lead is presented in Figures 4.48, 

4.49, 4.50, 4.51 and 4.52 while the studied parameters are summarized in Table 4.5.  

4.9 Weber and Morris Intraparticle Diffusion Models 

The kinetic data were fed into the linearized Weber and Moris Intraparticle Diffusion 

(WMIDM) equation. The plot of the amount of the adsorbate qt (g/g) against the square 

root of the time (t
1/2

) gives a straight line. The rate constant Kid (g/gmin
-1/2

) and the 

intraparticle diffusion coefficient Ci (g/g) were calculated from the slope and intercept 

respectively. The values of Kid, Ci and R
2
 for the sorption of different parameters on 

neem carbon are summarized in Table 4.6. The WMIDM for sorption of nitrate, 

phosphate and chloride are presented in Figures 4.53, 4.54 and 4.55 respectively.  

Figures 4.56 – 4.60 present the WMIDM for the sorption of nickel, zinc, chromium, 

cadmium and lead ions respectively.  
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Figure 4.45: The pseudo-second order plot for chloride ions removal 
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   Figure 4. 46: The pseudo-second order plot for nitrate ion removal 
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Figure 4. 47: The pseudo-second order plot for phosphate ion removal 
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   Figure 4. 48: The pseudo-second order plot for cadmium ion removal 



115 

 

 

       Figure 4. 49: The pseudo-second order plot for chromium ion removal 
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Figure 4. 50: The pseudo-second order plot for zinc ion removal 



117 

 

 

               Figure 4. 51: The pseudo-second order plot for nickel ion removal 
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        Figure 4. 52: The pseudo-second order plot for lead ion removal 
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Table 4. 5 The Pseudo-second-order rate equation constant for neem carbon on wastewater 

 

 NCZ NCH NHZ NHH 

 Qe K2 R
2
 Qe K2 R

2
 Qe K2 R

2
 Qe K2 R

2
 

Nitrate 0.7280 11.9570 1.9999 0.7680 0.7500 1.9995 0.7760 0.6080 0.9985 0.7280 8.9190 1.0000 

Phosphate 0.0050 17.4030 0.8286 0.0040 16.5350 0.8764 -0.0040 21.0570 0.7875 0.0020 44.9370 0.8695 

Chloride 0.0330 7.0920 0.9730 0.0230 14.5890 0.9990 0.0330 268.1220 0.9996 0.0330 59.4170 0.9995 

Cd 0.0020 48.5570 0.9979 0.0030 39.2680 0.9996 0.0080 131.0410 0.9995 0.0080 74.4910 0.9992 

Cr 0.0070 62.9170 0.8903 0.0070 12.8260 0.9744 -0.0380 0.1680 0.8412 -0.0440 0.1090 0.7709 

Zn -0.0230 3.2900 0.6171 0.0380 3.3220 0.6935 0.0080 8.1740 0.4406 0.0210 8.1900 0.9851 

Ni 0.2590 0.0080 0.0239 0.0080 33.1260 0.9828 0.0070 0.0000 1.000 0.0030 196.4390 0.7866 

Pb 0.0170 8.3900 0.9790 -0.0640 0.0700 0.7314 0.0070 32.9250 0.9843 0.0190 0.7030 0.6998 
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                Figure 4. 53: Weber and Morris diffusion models plot for chloride ion 
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                 Figure 4. 54: Weber and Morris diffusion models plot for nitrates ion 
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                Figure 4. 55: Weber and Morris diffusion models plot for phosphates ion 
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     Figure 4. 56: Weber and Morris diffusion models plot for nickel ion 
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     Figure 4. 57: Weber and Morris diffusion models plot for zinc ion 
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                  Figure 4. 58: Weber and Morris diffusion models plot for chromium ion 
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 Figure 4. 59: Weber and Morris diffusion model plot for cadmium ion 
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                        Figure 4. 60: Weber and Morris diffusion model plot for lead ion 
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Table 4. 6 The Weber and Morris Difussion model constants 

 NCZ     NCH     NHZ     NHH     

 Kid Ci R
2
 Kid Ci R

2
 Kid Ci R

2
 Kid Ci R

2
 

Nitrite 0.00 0.71 0.36 0.03 0.06 0.88 0.04 0.53 0.09 0.00 0.07 0.08 

Phosphate 0.01 -0.03 0.58 -0.01 0.01 0.11 0.01 0.04 0.70 0.01 0.03 0.57 

Chlorine 0.00 0.02 0.68 0.00 0.02 0.86 0.00 0.03 0.02 0.00 0.03 0.64 

Cd 0.00 0.01 0.39 0.00 0.00 0.43 0.00 0.01 0.95 0.00 0.01 0.91 

Cr 0.00 0.00 0.00 0.00 0.00 0.94 0.00 0.00 0.81 0.00 0.00 0.96 

Zn 0.02 -0.11 0.92 0.00 0.01 0.34 0.02 -0.12 0.77 0.00 0.01 0.91 

Ni 0.01 -0.11 0.94 0.00 0.02 0.79 0.00 0.01 0.00 0.00 0.01 0.02 

Pb 0.01 -0.03 0.58 -0.01 0.01 0.11 0.01 0.04 0.70 0.01 0.03 0.57 
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4.10 Effect of initial wastewater volume on physicochemical parameters of the 

wastewater 

The effects of the initial wastewater volume on each of the investigated are presented in 

Figures 4.61 – 4.78. The effect of initial volume on pH in the wastewater is presented in 

Figure 4.61. The most effective initial wastewater volume for the reduction of 

conductivity was found to be 10ml as presented in Figure 4.62. The effect of initial 

wastewater volume on adsorption of Total Dissolved Solid (TDS) is presented in Figure 

4.63. The effect of initial wastewater volume on turbidity and hardness are presented in 

Figures 4.64 and 4.65 respectively. 

The effect of initial wastewater volume on COD, BOD and DO are presented in Figures 

4.66, 4.67 and 4.68 respectively while the effects of initial wastewater volume on 

chloride, nitrate and phosphate ions are presented in Figures 4.69, 4.70 and 4.71 

respectively. The effects of initial wastewater on the adsorption of heavy metals (Cd, 

Cr, Zn, Ni and Pb) are presented in Figures 4.72, 4.73, 4.74, 4.75 and 4.76 respectively 

while the effects of initial wastewater on the reduction of bacterial and fungal load are 

presented in Figures 4.77 and 4.78.  

4.11 Langmuir Adsorption Isotherm 

Figures 4.80 - 4.86 show the linearized Langmuir Isotherm models for the treated 

wastewater. The R
2
 values of the linear plot for the different parameter studied were 

used to ascertain the fitness of the parameter to the model. The values of the slope and 

intercept of the plots were used to calculate the Langmuir constants as presented in 

Table 4.7. Qm represent adsorption capacity, b is Langmuir constant that relate to the 

energy of adsorption. The essential parameters of the Langmuir isotherms are best 

expressed in a dimensionless constant separated factor or equilibrium parameter (RL). 
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The Langmuir adsorption model for chlorides, nitrite, and phosphate ions are presented 

in Figures 4.79, 4.80 and 4.81 respectively. The Langmuir adsorption model for 

cadmium, chromium, lead, zinc and nickel are presented in Figures 4.82, 4.83, 4.84, 

4.85 and 4.86 respectively. 
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                Figure 4. 61: Effect of initial volume of wastewater on pH of treated water 
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Figure 4. 62: Effect of initial volume of wastewater on conductivity of treated water 
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Figure 4. 63: Effect of initial volume of wastewater on TDS of treated water 
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Figure 4. 64: Effect of initial volume of wastewater on turbidity of treated water 
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Figure 4. 65: Effect of initial volume of wastewater on hardness of treated water 
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    Figure 4. 66: Effect of initial volume of wastewater on COD of treated water 
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         Figure 4. 67: Effect of initial volume on BOD level of treated wastewater 
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  Figure 4. 68: Effect of initial volume of wastewater on DO of treated water 
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         Figure 4. 69: Effect of initial volume of wastewater on chloride ion conc. of treated water
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                    Figure 4. 70: Effect of initial volume of wastewater on nitrate ion conc. of treated water 
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        Figure 4. 71: Effect of initial volume of wastewater on phospate ion conc. of treated water 
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     Figure 4. 72: Effect of initial volume of wastewater on cadmium ion conc. of treated water 
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    Figure 4. 73: Effect of initial volume of wastewater on chromium ion conc. of treated water 
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        Figure 4. 74: Effect of initial volume of wastewater on zinc ion conc. of treated water 
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    Figure 4. 75: Effect of initial volume of wastewater on nickel ion conc. of treated water 
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           Figure 4. 76: Effect of initial volume of wastewater on lead ion conc. of treated water 
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           Figure 4. 77: Effect of initial volume of wastewater on bacterial load of treated water 
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                      Figure 4. 78: Effect of initial volume of wastewater on fungal load of treated water 
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                         Figure 4. 79: Langmuir adsorption model for chloride ion 
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            Figure 4. 80: Langmuir adsorption model for nitrate ion 
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     Figure 4. 81: Langmuir adsorption model for phosphate ion 
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           Figure 4. 82: Langmuir adsorption model for cadmium ion 
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                             Figure 4. 83: Langmuir adsorption model for chromium ion 
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            Figure 4. 84 : Langmuir adsorption model for lead ion 
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 Figure 4. 85: Langmuir adsorption model for zinc ion 
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 Figure 4. 86: Langmuir adsorption model for nickel ion 
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        Table 4. 7 The Langmuir isotherm equation constants 

 NCZ       NCH       NHZ       NHH       

 Qmax B RL  R
2
 Qmax b RL  R

2
 Qmax b RL  R

2
 Qmax b RL  R

2
 

Nitrite 0.17 61.90 0.00 0.79 0.09 -9.17 0.00 0.79 0.28 1.00 0.01 0.26 0.87 17.21 0.00 0.01 

Phosphate -0.01 -2.33 -0.52 0.12 0.00 0.14 0.85 0.96 -0.02 -4.49 -0.21 0.42 0.00 18.99 0.04 0.58 

Chlorine 0.00 -7.23 1.77 0.88 0.01 -10.10 2.54 0.38 0.01 6.18 0.73 0.45 0.01 13.60 0.55 0.88 

Cd 0.02 7.36 0.53 0.23 0.00 -6.09 3.90 0.43 -0.02 -3.97 1.94 0.04 0.00 -6.63 5.24 0.35 

Cr 0.02 1.10 0.55 0.36 -0.01 -1.57 -6.48 0.60 0.00 0.00 1.00 0.00 0.07 0.20 0.87 0.00 

Zn 0.00 -0.21 10.69 0.44 -0.03 -0.21 8.27 0.24 0.00 -0.12 2.04 0.47 0.00 0.38 0.38 0.90 

Ni 0.02 0.25 0.52 0.03 0.00 -1.20 -0.28 0.71 0.01 0.31 0.46 0.00 0.00 -0.42 -1.69 0.46 

Pb 0.02 6.84 0.07 0.86 0.01 4.95 0.09 0.50 0.01 1.38 0.27 0.33 0.02 6.84 0.07 0.86 
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4.12 Freundlich Adsorption Isotherm 

The linearize plot of the Freundlich Isotherm models for the treated wastewater on the 

prepared neem activated carbons are presented in Figures 4.87 to 4.94. The R
2
 values 

for the different parameters studied were used to measure the extent of fitness of the 

parameter to the model. The values from the slope and intercept were used to calculate 

the Freundlich parameters presented in Table 4.8. The Freundlich parameter n 

represents the sorption intensity, KF is the Freundlich constant describing the sorption 

capacity while R
2
 is the regression coefficient. Figure 4.87, 4.88 and 4.89 present the 

Freundlich Isotherm model for the adsorption of chloride, nitrate and phosphate ions 

respectively. Figures 4.90 to 4.94 show the Freundlich models for the adsorption of 

chromium, zinc, cadmium, lead and nickel.  

4.13: Regeneration and Reuse Studies 

The effects of regeneration and reuse of the neem carbon was carried out using NHH 

because of its low surface area relative to the other neem adsorbents. The efficiency of 

regenerating and reusing NHH on the investigated parameters is presented in Table 4.9. 
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Figure 4. 87: Freundlich Isotherm models for chloride ion 
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       Figure 4. 88: Freundlich Isotherm models for nitrate ion 
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 Figure 4. 89: Freundlich Isotherm models for phosphate ion 
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         Figure 4. 90: Freundlich Isotherm models for chromium ion 
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 Figure 4. 91: Freundlich Isotherm models for zinc ion 
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         Figure 4. 92: Freundlich Isotherm models for cadmium ion 
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              Figure 4. 93: Freundlich Isotherm models for lead ion 
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             Figure 4. 94: Freundlich Isotherm models for nickel ion 
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Table 4. 8  Freundlich Isotherm model constants 

 NCZ     NCH     NHZ     NHH     

 KF N R
2
 KF N R

2
 KF n R

2
 KF n R

2
 

Nitrate 1.00 0.00 0.75 3.74 -0.20 0.87 1.00 0.00 0.01 247.60 -0.11 0.31 

Phosphate 4.11 -0.37 0.39 1.00 0.00 0.00 1.00 0.00 0.00 0.45 -0.15 0.65 

Chloride 0.78 -0.22 0.26 0.88 -0.23 0.07 0.65 -0.22 0.49 0.80 0.22 0.23 

Cd 0.67 0.00 0.75 0.11 -0.20 0.89 1.22 -1.57 0.10 2.02 0.69 0.31 

Cr 0.70 -16.42 0.29 2.19 -0.20 0.58 1.00 0.00 0.00 2.43 -0.23 0.44 

Zn 1.87 -0.28 0.58 5.42 -0.97 0.78 2.94 -0.48 0.55 5.68 -1.36 0.80 

Ni 2.24 -1.85 0.21 0.34 -0.18 0.20 0.58 -0.12 0.01 50 x10
5
 -0.07 0.78 

Pb 1.48 -0.25 0.48 1.20 -0.19 0.03 1.78 -0.19 0.64 2.45 -0.19 0.54 
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Table 4. 9  Efficiency of regeneration and reuse of the activated carbon (NHH) 

 

Parameters Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 

BOD 80.00% 80.00% 80.00% 80.00% 60.00% 

COD 60.71% 46.43% 25.00% 17.86% 7.14% 

Bacterial count 99.53% 98.13% 94.85% 94.38% 92.97% 

Fungal count 91.67% 83.33% 75.00% 75.00% 75.00% 

Cd 65.57% 60.66% 49.18% 40.16% 18.03% 

Cr 81.99% 81.86% 41.06% 39.70% 5.32% 

Zn 95.47% 85.28% 70.91% 55.56% 49.47% 

Ni 57.25% 54.06% 52.09% 38.94% 36.33% 

Pb 70.05% 63.96% 62.94% 52.28% 39.09% 

Cycle number represents the sequence in which the neem carbon is regenerated and 

reused. The metals are Cd, Cr, Zn, Ni and Pb while the oxygen parameters are DO, 

BOD and COD. BC is Bacterial Count and FC is Fungal Count.  
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 4.14 Bohart Adams Adsorption Model 

The Bohart Adams adsorption model was used to determine the effect of breakthrough 

time and bed height on the adsorption of nickel ion in the wastewater. NHH was 

selected because it happens to have the least surface area among the four neem carbons. 

Nickel ion was also selected due to it high concentration in the wastewater and its 

implication on human health especially as it relates to causes of lung cancer, respiratory 

failure, asthma and chronic bronchitis and heart disorder Lars et al. (1997). The Bohart 

Adams parameters and correlation coefficient on the adsorption of nickel ion in 

wastewater by NHH is presented in Table 4.10.  

Breakthrough time (tb) was the time taken when the effluent concentration (Ct) of Ni (II) 

reached 50% of the feed concentration (Co). The plot of the ratio of effluent and inlet 

concentrations (Ct/Co) and time (min) for varying operating conditions is presented in 

Figure 4.95. The result showed a direct relationship between (Ct/Co) and time. The plot 

of adsorption capacity against bed height is presented in Figure 4.96. The graph showed 

a decreased adsorption capacity with increased bed height with a correlation coefficient 

of 0.9987. The effect of bed height on breakthrough time is presented in Figure 4.97. A 

direct correlation was observed between the breakthrough time and bed height.  
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      Figure 4. 95: The Breakthrough curve for nickel ion adsorption on NHH 
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    Figure 4. 96: The effect of bed height on the adsorption capacity (Q0.5) 
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             Figure 4. 97: Effect of bed height on the breakthrough time
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Table 4. 10 Bohart Adams Parameters from Ni (II) adsorption in wastewater  

    

Breakthrough % Ct/Co a b No R
2
 K 

30 0.3 0.62 -0.36 18.8058 0.8779 0.87987 

40 0.4 0.68 -1.04 20.6258 0.6964 0.23179 

50 0.5 0.63 -2.14 19.1092 0.9692 0.08522 

60 0.6 0.88 -2.18 26.6921 0.8998 0.06165 
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CHAPTER FIVE 

 

5.0 DISCUSSION 

5.1 Physicochemical properties of raw neem and the prepared activated carbons 

The results of the physicochemical properties of the raw and modified neem husks and 

cakes are summarized in Table 4.1. The physicochemical investigations were carried 

out before and after carbonization and activation of the raw neem husk and cake with 

ZnCl2 and H3PO4. The parameters investigated included moisture content, dry matter 

content, ash content, the bulk density, % carbon yield and pH. Generally, the results 

indicate significant improvement in the properties of the activated neem husk and cake 

relative to the raw neem samples. 

The bulk density of the RNH (0.95 g/ml) was higher than that of the RNC (0.87 g/ml). 

The bulk density of the RNH decline from 0.95 g/ml to 0.76 g/ml
 
and 0.82 g/ml for 

NHZ and NHH respectively while the RNC declined from 0.87 g/ml
 
to 0.77 g/ml and 

0.83 g/ml respectively for NCZ and NCH. Higher density provides greater volume and 

normally indicates better quality activated carbon Elliott et al., 1989. Tsai et al., 2001 

reported a higher density range of 1.20 - 1.35g/ml; Tripathi and Chapman (2003) 

reported a density as high as 0.7g/ml; Hazard Mater (2006) reported a bulk density of 

0.509 – 0.748 from Pomace-An Olive industry waste; Itodo et al., 2009 reported a linear 

relationship between porosity and bulk density of nut shells biosorbent for textile waste 

water treatment.  

The moisture content of the RNH and RNC were found to be 4.45% and 8.95% 

respectively while that of the activated samples were lower. This is an indication that 

the activation process was successful. This is also in agreement with the moisture 

content of other carbons materials reported in literature which ranges from 3.80% - 
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10.01% (Gary et al., 2003). The commercial adsorbent contain about 5 - 8% moisture 

content (Gary et al., 2003). The low moisture contents of the RNH and RNC suggests 

that the materials would make good adsorbent (US EPA, 2008).  

Similar trends were observed in the volatile matter content, where the RNH and RNC 

values were higher than that of the activated samples. The volatile matter content are 

within the range of 3.89% -54.44%. Selvi et al. (2001) reported a volatile matter content 

as high as 87.8%. High fixed carbon and volatile matter content makes the adsorbent 

material good precursors for production of activated carbon (Demirbas et al., 2002). 

These imply that the adsorbent had the potentials of a good precursor.  

Ash content of a sample is the inorganic residue left after the organic matter has been 

burnt off (Allen et al., 1974). It is also the measure of the mineral content of the sample 

(Allen et al., 1974). The ash content of the neem carbon ranges from 6.56% – 20.11%. 

Demirbas et al., 2002 reported that low ash content signifies better precursor material 

since high ash content would interfere with pore structure development of the adsorbent 

and hence adsorption will be less. OMRI (2002) reported that the lower the ash content 

the better the adsorptive material. This implies that low ash content would give high 

purity activity and would not add to contamination load of adsorbate. Tsai et al., 2001 

reported ash content range of 9.35 - 43.57% for different coal samples. The ash content 

of the raw and activated neem carbon fell within this category. This is an indication that 

the neem carbon produced would be a good adsorbent.  

5.2 Carbonization of Neem Husk and Cake 

The effect of temperature on the carbonization of the raw neem husk was studied within 

the temperature range of 150
o
C to 500

o
C as presented in Figure 4.1. The graph shows a 

gradual increase in the adsorption of methylene blue which is used as model adsorbate 

for studying organic contaminant (Abechi, 2011). The optimum carbonization 



176 

 

temperature was observed at a temperature of 400
o
C. Beyond this temperature, the 

adsorption of the methylene blue declined with increase in temperature as depicted in 

Figure 4.1, implying that all the cellulosic materials have been converted to carbon char 

(Mattson and Mark, 1971). Heating beyond this temperature would lead to the collapse 

of some of the orifices and cavities and at higher temperature of carbonization and 

prolong heating time, there would be further conversion of the char carbon to CO and 

CO2 in the presence of oxygen, thus decreasing the weight of the carbon at equilibrium 

as presented in Equations 2.2 and 2.3 (Loo, 1974). 

5.3 Activation of Neem Husk and Cake 

The effect of temperature (between 450 – 650
o
C) on the activation of neem carbon with 

H3PO4 and ZnCl2 was studied. The optimum activation temperature for H3PO4 was 

found to be at 550
o
C (450-600

o
C) while ZnCl2 was at 500

o
C (450-550

o
C) as shown in 

Figure 4.2. The possible reasons for the drop in adsorption of methylene blue beyond 

the optimum activation temperature could be as a result of the closure in the orifices of 

the neem carbon and the unavailability of vacant surface area for adsorption (Bansal and 

Goyal, 2005). Activation increases the adsorptive capacity of the carbonized materials. 

It is mostly done at a temperature higher than the carbonization temperature (Diaz-

Teran et al., (2001). Gimba (2001) reported a carbonization temperature of 600°C for 

coconut shell while activation was achieved at a higher temperature of 900°C.   

5.4 BET Surface Area and Pore Characterization of the Prepared Activated 

Carbon 

The BET surface area, pore volume and pore size values of the activated neem samples 

(NCH, NCZ, NHZ and NHH) are presented in Table 4.2. The BET surface area for 

NHH, NHZ, NCH and NCZ were 230.79, 238.56, 352.00 and 252.18 m
2
/g respectively. 
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The average pore sizes for NHH, NHZ, NCH and NCZ were 22.22, 22.46, 34.26 and 

24.16Å respectively. The International Union of Pure and Applied Chemistry (IUPAC) 

classified pores as follows; micropores (<20 Å), mesopores (20–500 Å) and macropores 

(>500 Å). Based on the IUPAC classification, the pore diameter of the neem activated 

neem carbon was found to be between 22Å - 34Å, indicating that the activated carbon 

was in the mesopores region. Rivera-Utrilla et al., 2001 reported a pore diameter 

between 5.7 – 72.5 Å from Sorbo-Morit and Merck commercial activated carbon. Dada 

et al., (2012) reported pore diameter of 19.82 Å from rice husk activated carbon. Devi et 

al., 2012 reported pore diameter that ranges from 17.88 – 19.82 Å. Takeo et al., 2003 

reported pore diameter within the range of 13.3 – 72.6 Å from charcoal from coffee. 

According to Bansal and Goyal, (2005) the mesopore account for about 5% of the 

internal surface area while the micropores account for about 95% of the internal surface 

area. 

5.5 Fourier Transform Infrared (FTIR) Analysis 

Fourier transform infrared spectroscopy (FTIR) was used to determine the functional 

groups on the surface of the raw and activated carbon. The spectra of the raw and 

activated carbons were measured within the range of 400–4000 cm
−1

 with a resolution 

of 4cm
-1

. Spectra plots for the adsorbents are shown in Figures 4.7- 4.12. Table 4.3 lists 

the fundamental frequencies of the raw neem samples and activated samples indicating 

their band frequencies in the FTIR spectrum. The FTIR  of the raw neem husk, 

displayed major absorption bands at 3,400 – 3,900 cm
-1

, 2,200 – 2,400 cm
-1

, 1,400 – 

1,700 cm
-1

, 1,000 – 1,200 cm
-1

, 500-800 cm
-1

and  400-483 cm
-1

. The bands at 400-483 

cm
-1

 and 500-800 cm
-1

are associated with the inplane and out-of-plane aromatic ring 

deformation C-H bending mode (Sahira et al., 2013). The broad band between 700 and 

800cm−
1
 represents bounded O–H groups in the carbon structure (Sahira et al., 2013). 
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In the raw samples the strong peak seen at 1420-1460 cm
-1 

has been assigned to 

stretching vibrations of C-C bonds. The disappearance of bands at 2,929.79 cm
-1

, 

1,723.45 cm
-1

, 1,425.44 cm
-1

 and 1,246 cm
-1

 and appearance of new bands between  700 

– 970 cm
-1

 is evident of the successful carbonization and activation process. On the 

other hand, C–H stretch could be ascribed to the band that appeared at 1000-1100 cm−
1
. 

The band at 1500 cm
-1

 may be attributed to the aromatic rings carbon–carbon stretching 

vibration enhanced by polar functional groups (Ahmad and Hameed, 2009). The strong 

peak around 1600 cm-
1
 refers to stretching vibrations of bonds in the aromatic ring 

coupled to that of highly conjugated carbonyl groups (C=O) (Sahira et al., 2013). The 

strong band around 1720 cm
-1

 observed in the raw samples shows the presence of 

stretching vibration of C=O bonds in ketones, aldehyde, lactone, and carboxyl (Sahira et 

al., 2013). These groups are abundant in the raw samples. Disappearance of these peaks 

in the activated carbon samples is indicative of complete carbonization.  

The peaks at 2250-2400 cm
−1

 denotes C-O stretching from ketones, aldehydes or 

carboxylic groups in the raw samples and the interaction between oxygen and carbon 

during pyrolysis in the activated carbon samples. Oxygen containing surface functional 

groups plays important role in influencing the surface properties and adsorption 

behaviour of the sample (Bansal and Goyal, 2005). The nature of activating agents does 

not have much effect in the type of oxygenated surface functional groups (Sahira et al., 

2013). The weak peak in the raw samples around 2900 cm
-1

 is attributed to C-H 

(stretching vibration in methyl group) interaction with the surface of the carbon since 

the groups disappear after pyrolysis. The band around 3450 cm
-1

 is due to the absorption 

of water molecules as result of an O-H stretching mode of hydroxyl groups and 

adsorbed water. Likewise, weak band around 3740 cm
-1

 is assigned to stretching 

vibration of O-H bonds in hydroxyl groups (Ahmad and Hameed, 2009; Sahira et al., 
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(2013). The location of hydrogen-bonded OH groups, usually in the range of 3200–

3750 cm
−1

 for alcohols and phenols, involved in hydrogen bonding may be due to 

adsorbed water.  

The FTIR spectra obtained was in agreement with results reported in literature on 

activated carbon. Some of the activated carbon used in conformity to the findings from 

neem include; activated carbons prepared from rice straws (Dada et al., 2012), Oak 

sawdust (Abd El-Latifa et al., 2010) and palm kernel shell (Abechi, 2011). From the 

spectra of activated carbon samples, it was noted that all the carbons contain 

oxygenated surface functional groups such as hydroxyl, carbonyl, carboxyl and lactones 

(Sahira et al., 2013). These acidic surface functional groups are favourable for removal 

of colour (Ahmad and Hameed, 2009). There are changes in the intensity of the 

absorption bands in the raw material compared with activated carbon product. This 

show that the carbonization and activation process were successful.  

5.6 Scanning Electron Microscope (SEM)  

Figures 4.13 to 4.16 show the SEM micrographs of the neem cake and neem husk 

derived activated carbon. The SEM enables the direct observation of the changes in the 

surface microstructures of the carbons due to the modifications (Walker et al., 2001). 

Large pores in a honeycomb shape were clearly found on the surface of the activated 

neem carbon as presented in Figures 4.13 to 4.16. The well-developed pores had led to 

the large surface area and porous structure of the activated carbon (Ahmad and Hameed, 

2009). There is clear demarcation in the surface morphology of AC treated with ZnCl2 

and H3PO4. The monographs of NHZ and NCZ as observed in Figures 4.13 and 4.16, 

clearly showed developed honey comb like, highly defined cylindrical pores and 

cavities and rough surfaces on the carbon samples. The largely isolated cylindrical units 

have walls made up of layers of relatively thick sheets. This demonstrated that ZnCl2 
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was effective to create well developed pores with uniform distribution leading to large 

surface area and porous structure. 

The morphology of NHH and NCH appear sponge-like with large surfaces and narrow 

pores widths. The narrowing of the pore widths suggest a kind of deformation where the 

matrix softens and walls of the pores give way and close in on each other. For NHH and 

NCH, the phosphoric acid incorporated into the interior of the precursor particle 

restricted the formation of tar as well as other liquids such as acetic acid and methanol, 

present in the raw neem material, and inhibited the particle shrinkage or volume 

contraction during heat treatment (Bansal and Goyal 2005). Another important feature 

of the NCH micrographs is the cracks in the carbon matrix probably developed as a 

result of thermal stress on the carbon matrix due to temperature changes in the 

activation process. Such cracks contribute to the overall surface of the activated carbon 

and as such are important. The cavities on the surfaces of carbons resulted from the 

evaporation of the activating agent (phosphoric acid) during carbonization, leaving the 

space previously occupied by the activating agent (Bansal and Goyal 2005). On one 

hand, the restricted shrinkage and limited volatile released might facilitate the 

conservation of porous structures present in the precursor. On the other hand, after 

washing the final product, the extraction of deeply penetrated acid led to the creation of 

tremendous porosity (Bansal and Goyal 2005).  

5.7 Thermoanalytical Studies 

The thermal stability of the activated carbon samples were tested by measuring the mass 

loss within a heating ramp rate. The descending TGA thermal curves shown in Figures 

4.18 to 4.20 indicate the occurrence of weight loss. The details of the thermograms are 

presented in Table 4.4. Two stages of thermal decomposition behaviour were observed 

and revealed two derivative peaks in temperature in the TG curve of each samples. The 



181 

 

mid-points for the first derivative peak temperatures were 87.00°C , 85.64°C , 88.35°C 

and 86.86°C for NCZ, NCH, NHZ and NHH respectively while the corresponding 

weight loss are 3.62%, 3.67%, 3.05% and 3.02% respectively (Table 4.4). The value of 

the zinc chloride activated carbon samples show that the samples tend to be more 

resistant to heat than their corresponding phosphoric acid activated carbon samples. The 

weight loss at this range was due to moisture being dried off in the material. The mid-

points for the second derivative peak temperatures were 450.01, 449.55, 465.23 and 

466.19°C for the activated carbon samples NSZ, NSH, NHZ and NHH respectively, 

resulting to an overall mass loss of 9.81, 10.14, 12.06 and 3.89% respectively. This 

mass loss corresponds to the volatile matter content of the samples. The huge weight 

loss observed at temperatures ranging from 350°C to 500°C could be attributed to the 

decomposition of organic components in the raw material, such as cellulose, 

hemicelluloses, and lignin. At higher temperatures, condensable fragments of the 

cellulosic structure in neem husk material are likely to be lost by volatilization (Gimba, 

2001). The total weight loss in the NHH sample proved it to be the most thermally 

stable material as presented in Table 4.4.  

5.8 Physicochemical Characteristics of the Hospital Wastewater Before Treatment 

The mean values of the parameters that characterized the Raw Waste Water (RWW) 

sample are presented in Appendix ll. The raw water showed a characteristic pH of 6.4, 

indicating the existence of a slightly acidic environment. The mean pH values recorded 

fell within the WHO pH tolerance limit (6.00 - 8.00) for discharged wastewater (Wyasu 

an Okereke, 2012). A conductivity value of 77µS/cm indicates the presence of mineral 

substances in moderate concentrations. Turbidity of 56 NTU and high total dissolved 

solids (TDS) of 40.36 mg/ml was recorded, indicating the presence of highly coloured 

substances in the water. The COD in the wastewater was 280 mg/ml which is higher 
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than the permissible limit of 100 mg/ml for wastewater discharge as recommended by 

Federal Environmental Protection Agency (FEPA, 1991). The dissolved oxygen (DO) 

in the wastewater was 39 mg/ml while BOD is 15mg/ml. This indicate the high 

ecotoxicity of the wastewater (Escher, 2011; Yadav and Kumar, 2011; Wyasu and 

Okereke, 2012). After treating the wastewater with the different adsorbents from neem 

carbon, NCH and NHZ had the highest percent reduction of COD followed by NHH 

with 25% while NCZ is the least with 23.2% as shown in Figure 4.21. For BOD, NCZ 

and NHH were the most effective in reducing BOD by 53.3% while NCH and NHZ 

both had 26.7% as depicted in Figure 4.21.  

The concentrations of chloride, nitrite and phosphate ions in the wastewater were 1.76, 

9.72 and 1.26mg/ml respectively which were lower than the discharge limit for 

wastewater. This implies that that less of this ions sources were discharged from the 

hospital waste supporting higher microbial content in the wastewater. All the heavy 

metal ion contents of the wastewater studied were of relatively high values with respect 

to the recommended discharge limit for wastewater except zinc ion. This values maybe 

influenced by the volume, the number and intensity of services provided in the 

hospitals, especially from the use of X-ray films containing lead and other heavy metals 

in radiology, pharmaceutical services, laboratory and laundry activities (Prayitno et al., 

2013). The bacterial and fungal counts were 4,270 and 4,800 CFU/100 ml respectively. 

The high load of fungal/bacterial flora can be attributed to the presence of more sewage 

that contributed to microbial load than there are drugs and disinfectants in the 

wastewater supporting the low concentration of chloride in the wastewater.  

5.9 Physicochemical parameters of the treated Water  

The hospital wastewater was treated with the Neem Cake activated with ZnCl2 (NCZ), 

Neem  Cake activated with H3PO4 (NCH), Neem Husk activated with ZnCl2 (NHC) and 
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Neem Husk activated with H3PO4 (NHH). A comparison of the investigated parameters 

in the raw and treated effluents is presented in Figures 4.21 to 4.23. All the studied 

parameters were below the recommended discharge limit for wastewater except 

cadmium, chromium, nickel and lead. 

5.9.1 pH 

pH is a measure of the intensity of acidity or alkalinity in water (Kumar et al., 2010). 

The pH values of the wastewater treated with NCZ, NCH, NHZ and NHH were 5.78, 

5.47, 5.27 and 5.07 respectively indicating a decrease in pH by 9.7, 10.3, 17.7 and 

20.8% respectively. A comparison of the pH values of the four treated water samples is 

presented in Figures 4.22. The permissible limit of pH for discharge wastewater is 6.0 to 

8.0 (FEPA, 1991). pH affects the dissolved oxygen level in the water which has direct 

effect on photosynthesis of aquatic plants, metabolic rates of aquatic organisms and the 

sensitivity of these organisms to pollution, parasites and disease (FWPCA, 1968). 

  

5.9.2 Electrical Conductivity (EC) 

EC is a measure of total salt content in water and a determination of levels of inorganic 

constituents in water (Morrison et al., 2001; Awofolu, 2007). Figure 4.22 shows a 

decrease in the EC values of the treated wastewater samples. NCZ decreased EC by 

30.6 %, NCH decreased EC by 78.2%, a 74.7% decreased in EC was achieved by NHZ 

while NHH showed a 61.0% decrease in EC. The high percentage decreased recorded 

was an indication of the efficiency of the activated carbon samples in removing salt and 

other inorganic constituent in the wastewater. 
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5.9.3 Turbidity 

Turbidity is a measure of water clarity and indicates the degree to which light entering a 

column of water is scattered by suspended solids (Kumar et al., 2010). The results show 

turbidity of 56 NTU in wastewater is below the permissible limit of discharge of 

wastewater. After treatment with the four different adsorbents, turbidity decreased to 

between 0 and 5 NTU which depicted the effectiveness of the adsorbent in clearing the 

highly coloured wastewater. The treated water samples showed a reduction in values by 

100, 91.1, 91.1 and 100% for wastewater treated with samples NCZ, NCH, NHZ and 

NHH respectively. 

5.9.4 Total Hardness (TH)  

NIS (2007) has specified the maximum permissible limits of TH to be within 150 

mg/ml of CaCO3 while the USEPA guidelines are within 500 mg/ml of CaCO3. The 

wastewater contained high amount of CaCO3 which made it to have a hardness of 3939 

mg/ml of CaCO3. The adsorbents were efficient in reducing the hardness of the 

wastewater to 1,402 mg/ml of CaCO3. The adsorbents treated with ZnCl2 had better 

reduction of the hardness in the wastewater. This could be as a result of the 

characteristics of the zinc metal in the ZnCl2 as a transition metal that supported the 

reduction of CaCO3 in the wastewater. All treated samples were above the 

recommended limit of 150 mg/ml by NIS (2007). Though the hardness of water is not a 

pollution parameter and has no adverse effect on human health, it indicates water 

quality (Kumar et al., 2010; Yadav and Kumar, 2011).  
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5.9.5 Chemical Oxygen Demand (COD) 

COD is a measure of the oxygen required for the chemical oxidation of organic matter 

(Satone et al., 2011). The permissible limit of COD for discharge wastewater is 100 

mg/ml (Escher et al., 2011). The values obtained for COD after treatment were higher 

than the permissible limit of COD for discharge wastewater. The neem carbons reduced 

the COD level in the wastewater from 280 mg/ml to 190 mg/ml. The high COD 

observed in the wastewater depicted the high microbial load of the wastewater. This 

could be allotted to the high nitrates concentration of 9.72 mg/ml, bacterial load of 

4,270CFU/100ml and fungal load of 4,800 CFU/100ml. 

5.9.6 Biochemical Oxygen Demand (BOD) 

BOD is the amount of oxygen required by bacteria in stabilizing the decomposable 

organic or biologically oxidizable matter (Kumar et al., 2010; Yadav and Kumar, 2011). 

BOD gives an idea about the extent of pollution in water and wastewaters. Rani and 

Dahiya (2008) reported that the desirable limit for BOD in wastewater is 20.0 mg/ml 

and permissible limit is 30.0 mg/ml.  Kumar et al., (2010) also reported a permissible 

limit 4.0 mg/ml. The permissible discharge limit for BOD according to FEPA is 50 

mg/ml. Based on FEPA recommended standard for wastewater discharge, all treated 

wastewater samples had BOD values below the wastewater desirable limits. The BOD 

of the treated wastewater samples were reduced by 53.3% (7 mg/ml) for NCZ and NHH 

samples and 26.7% (11 mg/ml) for NCH and NHZ. Kumar et al. (2010) reported that 

the presence of nitrates and phosphates in water can contribute to high BOD levels. 

Because they are nutrients and can cause plant life and algae to grow quickly. When 

plants grow quickly, they also die quickly. This contributes to the organic waste in the 
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water. However, the neem carbons reduced BOD from 15.0 mg/ml in the wastewater to 

7.0 mg/ml.  

5.9.7 Dissolved Oxygen (DO) 

DO is a measure of the degree of pollution by organic matter, the destruction of organic 

substance as well as the self-purification capacity of the water body (Kumar et al., 

2010). The permissible limit for DO ranges from 30 to 39 mg/ml (Rani and Dahiya, 

2008). It is expected as BOD levels increases, DO levels should decrease because the 

oxygen that is available in the water is being consumed by the bacteria. However, as the 

high BOD of 15 mg/ml in the wastewater was reduced by the neem carbons DO remains 

almost constant except for NCZ that declined by 23%. This could be as a result of the 

presence of organic waste in the wastewater that is still undergoing decomposition 

process by bacterial.  

5.9.8 Nitrate 

The mean nitrate concentration of the treated wastewater samples were found to be 

0.006, 0.118, 0.108 and 0.033 mg/ml, for samples treated with NCZ, NCH, NHZ and 

NHH respectively. The permissible limit for the discharge of nitrate in wastewater as 

recommended by the Federal Environmental Protection Agency (FEPA) is 20 mg/ml. 

The activated carbon samples have shown excellent reduction of nitrates in wastewater. 

Ajibola and Ladipo (2009) conducted a study on the quality of water runoff discharged 

from some industries into the Isolo Canal, Lagos and reported a mean nitrate 

concentration as high as 58.5 mg/ml. 
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5.9.9 Phosphates 

The mean phosphate concentration in the treated wastewater samples were found to be 

0.14, 7.52, 0.06 and 3.48mg/ml, for samples treated with NCZ, NCH, NHZ and NHH 

respectively (Figure 4.24). The phosphate contents were reduced only for samples NCZ 

and NHZ by 88.9% and 96.0% respectively. NCH and NHH did not show efficiency in 

reducing phosphates in the wastewater samples rather release more phosphate ions from 

the surface of the activated carbon. This is in conformity with the findings reported by 

Gimba (2001) that even after thorough washing of the adsorbent with acids or water, the 

salts were not completely removed from the carbons. This shows that complete removal 

is seldom if ever accomplished, because the salts of these metals are strongly held by 

carbon and only a small portion is released with each extraction with acid.  

The permissible limit for the discharge of phosphate ion in wastewater as recommended 

by the Federal Environmental Protection Agency (FEPA) is 5 mg/ml. The 

concentrations of the treated wastewater were all below the FEPA permissible limit 

except for NCH.  Ajibola and Ladipo (2009) reported a mean phosphate concentration 

of 1.58 mg/ml in Isolo, Lagos state. 

5.9.10 Chloride 

The FEPA permissible limit for the discharge of chloride ions in wastewater is 500 

mg/ml. The concentration of chloride ions in the wastewater was 1.76 mg/ml, which is 

below the threshold for wastewater discharge. After treating the wastewater with the 

NCZ, NCH, NHZ and NHH, the mean chloride concentrations in the treated wastewater 

are 0.31, 1.33, 0.07 and 0.0 mg/ml respectively. The chloride ion concentration was all 

below the permissible limit for the discharge of chloride ion in wastewater as 
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recommended by the Federal Environmental Protection Agency (FEPA). The activated 

carbon samples have shown excellent reduction of chloride ion in wastewater. 

5.9.11 Heavy metals 

The heavy metal concentration of the wastewater samples after treatment with the neem 

activated carbons are shown in Figure 4.25. The concentrations of cadmium ion in the 

wastewater after treatment with the four different adsorbents were all below the FEPA 

permissible limit for discharge of wastewater except for NCZ (Appendix XI).  

The neem adsorbents were effective in reducing the chromium ion in the wastewater 

though the chromium ion concentrations in the treated wastewater were all above the 

FEPA permissible limit for discharge wastewater. NCZ adsorbed 57.4% (0.312 mg/ml) 

of the chromium ion, NCH adsorbed 28.2% (0.526 mg/ml), and NHZ adsorbed 81.6% 

(0.133 mg/ml) of the chromium ion while NHH reduced the chromium ion 

concentration in the wastewater by 47.3% (0.386 mg/ml). Emine et al., (2006) 

conducted studies on adsorption of chromium (VI) on Pomace - An olive oil industry 

waste and reported the adsorption of chromium to be within the range of 4.68 – 21.74%. 

The concentrations of zinc ion in the treated wastewater were all below the permissible 

limit as recommended by FEPA for discharge wastewater except for the NCZ and NHZ. 

NCH and NHH reduced the zinc ion concentration by 59.0% and 43.3% respectively. 

However, the concentration of zinc ion increased in NCZ and NHZ. This can be 

attributed to the release of excess Zn ions from the surface of the activated carbon from 

the activating agent. Again, this could be the same reason as observed by Gimba, (2001) 

that even after thorough washing of the adsorbent with acids or water, the salts were not 

completely removed from the carbons.  
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The level of nickel ion in the treated wastewater was above the permissible limit as 

recommended by FEPA for discharge wastewater. Though, the adsorbent were efficient 

in reducing the nickel ion concentration in the wastewater. NCZ adsorbed 61.37% 

(1.468 mg/ml) of Ni ion in wastewater, NCH adsorbed 49.8% (1.907 mg/ml), NHZ 

adsorbed 54.0% (1.746 mg/ml) while NHH adsorbed 41.7% (2.215 mg/ml). 

The Pb ion content of the treated wastewater was above the permissible limit as 

recommended by FEPA for discharge wastewater. Though, the adsorbent were efficient 

in reducing the lead ion concentration in the wastewater. NCZ reduced the lead ion 

concentration by 70.1% (1.59 mg/ml).  

5.10 Microbial load reduction activities of Neem Activated Carbon 

Microbial populations are indicators for pathogenic organisms. Outbreaks of diseases 

can occur as a result of hospital wastewater polluted by a combination of different 

microorganism species discharging into streams and groundwater (Rhodes, 2000). They 

should not be found in drinking water but are usually present in surface/ receiving 

water, soil, sewage and feces of humans and animals (Adekunle et al., 2007). The NIS 

limits for bacterial and fungal count is 0 CFU/100ml while the permissible limit for 

discharge of bacterial and fungal count in wastewater is 10,000 CFU/100ml. The 

bacteriological and fungal count of the raw wastewater was exceedingly high at 4,270 

and 2,400 CFU/100ml respectively. The excellence of the activated carbon was 

demonstrated in the microbial load reduction. Though, the wastewater samples were not 

completely rid off its microbe. However, the bacterial load was greatly reduced by 

99.4%, 99.3%, 99.3% and 99.3% for NCZ, NCH, NHZ and NHH samples respectively 

(Figure 4.26). The fungal loads were decreased significantly by 88.8%, 90.0%, 85.8% 

and 90.4% for NCZ, NCH, NHZ and NHH samples respectively.  
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5.11 The Pseudo-Second-Order Rate Kinetic Model 

From the kinetic plots in Figures 4.27 – 4.44 the studied parameters were mostly 

influenced during the initial 10 minutes of adsorption and thereafter, no significant 

change was observed. This may be due to the fast attainment of equilibrium between the 

adsorbent and adsorbate because of the availability of unoccupied active sites (Kulkarni, 

2013). These results are in agreement with the works of other researchers (Kazemipour, 

et al., 2008; Abedi-Koupaia and Mohri-Esfahania, 2012). For few other parameters like 

conductivity, phosphate, chromium, nickel and lead greater adsorption were observed 

beyond 10 minutes. This could be as a result of greater ionic potential (ratio of charge to 

ionic radius) or the most electronegative ones would be removed first and if the sites 

were still undersaturated, then those having lower ionic potential or lower 

electronegativity would be removed in the sequence (Ucer et al. 2006; Kaushik et al., 

2007).  

The data for the time dependence on the removal of some of the tested parameters by 

the neem activated carbon samples were subjected to the linearized pseudo-second-

order rate model equation of Ho and McKay (1998). The value of the adsorption 

capacity of the activated carbons qe, the pseudo-second-order rate constant k2 (g/mg 

min), the initial adsorption rate constant h (mg/g min), and the coefficient of 

determination R
2 

were evaluated from the slope and intercept of the linear plot as 

presented in Table 4.5. A straight line in the plot proves a good agreement of 

experimental data with the pseudo-second-order kinetic model and that the adsorption 

process may be described as chemisorption (Ho and McKay 1998).  From the results 

Table 4.5, it can be seen that the kinetics of adsorption of all the studied parameters 

onto neem activated carbons follow this model with coefficient of determination greater 

than 0.80 except for nickel and zinc. These results imply that chemisorption mechanism 
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plays an important role on the adsorption of the studied parameters onto the neem 

activated carbons.  

5.12 The Weber-Morris Intraparticle Diffusion Model 

The pseudo-second-order models may not be sufficient to give the certainty of the 

adsorption mechanism and cannot identify the diffusion mechanism, the kinetic results 

were further analysed using the intra-particle diffusion model. The possibility that the 

diffusion mechanism might be the rate limiting stage in regard to the entire process was 

evaluated by the linear dependence on the Weber-Morris Intraparticle Diffusion Model 

Weber and Morris (1963). The intraparticle diffusion model has therefore been 

integrated to explain the diffusion and describe the adsorption process occurring within 

the internal pores of the adsorbent. The kinetic data were fed into the linear equation of 

the diffusion model developed by Weber and Morris (1963).  

The rate constant kid (gg
-1 

min
-1/2

) and intraparticle diffusion rate coefficient Ci (g/g) 

were calculated from the slope and intercept of the plot of the amount adsorbed against 

the square root of the time. Larger kid values indicate better adsorption which is related 

to improved bonding between adsorbate and adsorbent particles and may simply be due 

to the fact that higher adsorbate concentration adds to a greater driving force for 

diffusion of adsorbate molecules into the pores (Sunil and Arti, 2010). According to 

Itodo et al., (2009), the adsorption mechanism assumes intraparticle diffusion if the 

following conditions are met: 

(i) High R
2
 values to ascertain applicability (R

2
>0.7); (ii) Straight line which passes 

through the origin for the plot area qt vs. t
1/2

; (iii) Intercept Ci < 0. A validity test which 

deviates from (ii) and (iii) above shows that the mode of transport is affected by more 

than one process which means that two or more stages occur. From Figures 4.53 to 4.60, 

it was observed that none of the straight lines passed through the origin and most of the 
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Ci values were greater than 0, suggesting that intra-particle diffusion was not the only 

rate-controlling step. According to Sunil and Arti (2010), when the plots do not pass 

through the origin, it is indicative of some degree of boundary layer control and this 

further show that the intra-particle diffusion is not the only rate-limiting step, but also 

other kinetic models may control the rate of adsorption, all of which may be operating 

simultaneously. The R
2
 values of the WMIDM and the poor Kid values, as listed in 

Table 4.6 show that the straight lines do not pass through the origin implying that the 

process of adsorption was not by diffusion. The packing density of the activated carbon 

can be responsible for this phenomenon owing to the fact that the effect of initial 

contact time indicated that the contact with the surface directly affected the sorption 

procedure. Probably, the initial stages were controlled by external mass transfer or 

surface diffusion, followed by chemical reaction or a constant-rate stage, and diffusion 

causing gradual decrease of the process rate. It is therefore unlikely that a number of 

ion/molecules diffuse into the pore before being adsorbed. 

5.13 Equilibrium Adsorption Studies 

5.13.1 Effect of initial wastewater volume on physicochemical parameters of the 

wastewater 

The results of variation of initial wastewater volume on the pH of the treated 

wastewater showed that the bulk of the change in the pH of the material occurs within 

the first 10 ml of wastewater, beyond which no further increase was observed. This 

could be due to the availability of active adsorption sites and surface area at the initial 

wastewater volume but as the volume increases the available active sites for adsorption 

decreases until the adsorbent becomes saturated (Kaushik et al., 2007).  
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The result on initial wastewater volume on conductivity values as presented in Figure 

4.62 also showed that the optimum reduction occurred in the first 10 ml of wastewater 

then remained constant and later increased at an initial volume of 30 - 40 ml. This might 

be as a result of more available sites for adsorption at the initial volume but as the 

volume increased the available sites on the adsorbent tend to be saturated with the 

adsorbates. The increase observed at higher volumes might be as a result of ion transfer 

on the surface of the adsorbent by the adsorbate. A similar trend was observed for total 

dissolve solids as shown in Figure 4.63. The optimum reduction was observed at the 

initial volume of 10 ml of wastewater, thereafter no significant increase was observed 

until at an initial volume of 30 - 40 ml. The order of efficiency of the adsorbents on 

reduction of conductivity and total dissolve solid was in this order; 

NCZ>NCH>NHZ>NHH. Figure 4.64 shows the effect of initial volume on turbidity of 

the treated water. NCH and NHH show a constant decrease in turbidity values till it 

reached equilibrium at 30 ml while NCZ, NHZ show a maximum reduction at the initial 

volume of  10 ml thereafter an increase in turbidity values was observed at initial 

volume of 20 ml.  

The effect of initial volume on hardness of wastewater (Figure 4.65) showed maximum 

reduction in hardness at the initial volume of 10 ml after which the efficiency of the 

activated carbon gradually reduced and consequently the hardness values. This could be 

attributed to the fact that the adsorption sites on the surface of the activated carbon get 

saturated as wastewater volume increases.  

The value of chloride and nitrate ions concentration reduce significantly at the 10ml 

initial wastewater volume and reduce steadily up to the initial 30 ml (Figures 4.69 and 

4.70). Figures 4.72, 4.73, 4.75 and 4.76 present the effect of initial volume on the 

adsorption of cadmium, chromium, nickel and lead ions in wastewater respectively. A 
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significant reduction of the ions concentration was recorded at the initial 10 ml. This 

pattern indicates the formation of monolayer coverage at the outer interface of the 

adsorbents at the early stage (Ahmad and Hameed, 2009). The result of the effect of 

initial volume on phosphate and zinc ion adsorption showed an increase in phosphate 

and zinc ion concentration in the neem samples activated with ZnCl2 and H3PO4 as 

presented in Figures 4.71 and 4.74). This could be attributed to the release of phosphate 

and zinc ions from the surface of the activated carbon into the wastewater sample. 

5.14 The Langmuir Sorption Isotherm 

The adsorption equilibrium data for the studied parameters were analysed using the 

Langmuir isotherm model as presented in Figures 4.79 to 4.86. The Langmuir constants 

related to energy of adsorption and adsorption capacity were calculated from the slope 

and intercept of the plot and summarized in Table 4.7. The higher the R
2
 value, the 

better the fitness of the isotherm to the model (Itodo et al., 2009). Based on the mean R
2
 

values for the adsorption isotherm, nitrate, phosphate, chloride, nickel and zinc ion best 

fed into the Langmuir adsorption model. These imply that the adsorption does not 

proceed beyond monolayer coverage and each adsorption site is equivalent in terms of 

energy of adsorption and uniform and there is no interaction between adjacent adsorbate 

molecules (Langmuir, 1918). The essential characteristic of the Langmuir isotherm was 

further expressed in terms of a dimensionless constant separation factor or equilibrium 

parameter (RL) which indicates the adsorption nature. RL values between 0 and 1 

indicate favourable absorption, RL values equal to zero indicate irreversible absorption 

while RL value that is equal to one indicate a linear adsorption and RL greater than one 

depict an unfavourable adsorption. From Table 4.7, most of the studied parameters RL 

values were between 0 and 1 except for cadmium, chromium and zinc ions which 

showed that the adsorption process was favourable. 
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5.15 Freundlich Adsorption Isotherm 

The Freundlich isotherm was used to estimate the adsorption intensity of the adsorbent 

towards the adsorbate. Apart from a homogeneous surface, the Freundlich equation is 

also suitable for a highly heterogeneous surface and an adsorption isotherm lacking a 

plateau, indicating a multi-layer adsorption (Freundlich, 1906).  The Freundlich 

constants were calculated from the slope and intercept of the plot of log q against log 

Ceq and summarized in Table 4.8. According to Kadirvelu and Namasivayam (2000), an 

n value between 1 and 10 represents beneficial adsorption. Also, Igwe and Abia (2007) 

reported that a negative n value indicates an unfavourable adsorption. The values of n 

for all the studied parameters were found to be less than 1 and are negative. These imply 

that the adsorption pattern does not fit to the Freundlich model relative to the Langmuir 

model. 

5.16 Regeneration and Reuse Studies 

A regeneration study was conducted in order to verify the possibility of activated carbon 

reutilization and to determine its pollutant adsorption capacity within five consecutive 

cycles of adsorption–desorption. The first cycle was the most efficient cycle of the 

adsorbent in reducing all of the investigated parameters. As the cycle progresses, the 

performance of the adsorbent decreased for all the parameters as presented in Table 4.9. 

The drop in the performance of the adsorbent as the cycle increases might be due to 

saturation of available active sites. Interestingly, the neem carbons showed excellent 

reduction of the following parameters even at the fifth cycle; BOD (60%), bacterial 

count (93%), fungal count (75%), zinc (50%), lead (39%) and nickel (36%). Generally, 

the regeneration process was very effective and that the adsorbent could be exploited for 

use several time before its life span exhausted (Dwivedi et al. 2008). The regeneration 

process was successful up to the fifth cycle for most of the studied parameters. 
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5.17 Bohart Adams Model 

Adams–Bohart model based on the surface reaction theory assumes that equilibrium is 

not instantaneous; therefore, the rate of the adsorption is proportional to the adsorption 

capacity which still remains on the sorbent (Bohart and Adams, 1920). This model 

established the fundamental equations describing the relationship between Ct/Co and 

time (t) in a continuous system. The breakthrough curves was plotted by varying the bed 

heights (6.0, 5.0, 4.0 and 3.0 cm) at constant influent concentration (Co =50 mg/l), 

constant flow rate of 0.133 ml/min and at the initial nickel concentration of 3.801 mg/l. 

The result showed a breakthrough concentration of 10.32, 9.53, 8.58 and 7.68 mg/l 

respectively at bed height 6.0, 5.0, 4.0 and 3.0 cm with a coefficient of determination 

(R
2
) of 0.9987. It was seen that with increased column bed height, a higher removal 

efficiency of nickel ion was observed. The increased nickel ion adsorption could be as a 

result of increased contact time with the NHH activated carbon. Another reason for the 

higher uptake of Ni ion at the highest bed height could be due to increased surface area 

of the adsorbent, which provided more binding sites for the sorption (Goel et al., 2005).  

Reza et al., (2012) reported similar result on the study of anionic dyes on aqueous 

solution using sawdust. The main Bohart Adams parameters were calculated from the 

plot of time versus bed height on column operation under constant experimental 

conditions (at flow rate of 0.133 ml/min, bed heights; 3.0, 4.0, 5.0 and 6.0 cm and 

influent Ni concentration of 3.801 mg/l) as presented in Figure 4.97. It was observed 

that the breakthrough time at desired breakthrough concentrations exhibit linearity with 

bed depth.  
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CHAPTER SIX 

 

6.0 SUMMARY, CONCLUSION AND RECOMMENDATION 

6.1 Summary 

The summaries of the key findings are: 

i. The raw neem cake and husk were successfully carbonized at 400
o
C and 

activated using ZnCl2 and H3PO4 as activating agents at 500
 o

C and 550
 o

C 

respectively. 

ii. The following physiochemical properties of the raw and activated neem husk 

and cake were determined; Moisture Content (3.02 – 8.95%), Dry matter (91.05 

– 96.98%), Volatile Matter Content (3.89 – 54.44%), Ash Content (6.56 – 20.11) 

and Bulk Density (0.76 – 0.95g/ml).  

iii. The BET surface area and pore size of the prepared neem husk and cake were 

found to be between 230 – 352 m
2
/g and 22 - 34 Å respectively. The SEM 

further confirmed the well defined pore structure of the neem carbon. 

iv. The changes on the surface functional groups of the raw and activated neem 

carbons as shown by the FTIR results are evident that the carbonization and 

activation process were successful. 

v. The thermal–analytical studies showed the thermal stability of the prepared 

neem carbon up to 450
o
C. 

vi. The hospital wastewater was evaluated to assess DO, BOD, COD, microbial 

content, heavy metals and mineral contents. 
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vii. The effectiveness and efficiency of the prepared neem carbons was proven in  

reducing the following parameters/pollutants in a multi-component system: 

Nitrates (100%), chloride (100%), turbidity (100%), phosphate (95%), BOD 

(53%), COD (32%), bacterial load (99.94%), fungal load (90.42%), chromium 

(82%), lead (70%), nickel (61%), zinc (59%) and cadmium (36%).    

viii. The kinetics studies showed that the adsorption pattern followed the pseudo-

second-order rate model more than the Weber and Morris intraparticle diffusion 

model.  

ix. The adsorption model best fit into the Langmuir adsorption model than 

Freundlich. 

x.  The economy of regeneration and reuse of the carbon showed that the adsorbent 

can be regenerated and reused up to 5 cycles.  

6.2 Conclusion 

Neem husk and cake are readily available bio resource materials and are usually 

classified as waste materials (Alau et al., 2010). The carbonization of neem husk and 

cake and subsequent activation with zinc chloride and phosphoric acid to produce neem 

activated carbon suitable for the treatment of hospital wastewaters was successful when 

compared with the raw sample. The neem husk and cake were carbonized to remove 

volatile organic matter and subsequently activated with ZnCl2 and H3PO4 which had 

been recommended as efficient and cost effective activating agents (Guzel and Uzun, 

2002; Gimba et al., 2004; Alau et al., 2011; Abechi, 2011). The results of the nitrogen 

gas adsorption analysis showed that the activation process produced high surface area 

materials with well developed pores and volume. The surface areas and pore size of the 

four different neem carbons are in this order; NCH (352m
2
g; 34.26Å)> NCZ 
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(252.18m
2
g; 24.16Å) > NHZ (238.56m

2
g; 22.46Å) >NHH (230.79m

2
g; 22.22Å). This is 

in conformity with the BET and SEM results which showed the microstructure of the 

activated carbon samples with large honey-like pores and thick surfaces. FTIR showed 

the changes on the surface functional groups between the raw and activated neem 

carbons. This further confirmed that the activation process was successful. The Results 

of the TGA showed that the produced activated carbon were hydrophobic and thermally 

stable up to 450
o
C. 

The wastewater collected contained relatively large amount of pollutants (fungi, 

bacterial, nitrates, phosphates, chlorides, lead, nickel, cadmium, chromium and zinc). 

The effects of time and initial wastewater volume on the investigated parameters 

(metals, physicochemical parameters, oxygen parameters and bacterial and fungal 

count) in the multi component system were studied. The kinetic data were analysed 

using the pseudo-second-order rate and the Weber and Morris intraparticle diffusion 

models. The results showed that the adsorption pattern followed the pseudo-second-

order rate model more than the Weber and Morris intraparticle diffusion model, 

implying that the mechanism of removal of pollutants was by chemisorptions and 

intraparticle diffusion was not the only rate determining step in the process. The 

Equilibria results fed into the Langmuir and Freundlich isotherm models. The results 

show that the adsorption pattern fitted into the two models but more favourable in the 

Langmuir isotherm than the Freundlich isotherm, suggesting monolayer pattern of 

adsorption between the adsorbent and the adsorbates (Langmuir, 1918). Column studies 

showed that the adsorption of nickel ion onto NHH activated carbon increased with 

increased bed height of the adsorbent. 

 The adsorbents (NCH, NCZ, NHZ and NHH) had excellent adsorption capacities for 

nitrates (100% adsorption), chloride (100% adsorption), phosphate (95% adsorption) 
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and turbidity (100% adsorption).  For the oxygen demand parameters, BOD was 

reduced by 53%, COD was reduced by 32% and DO by 23%. The activated carbon 

demonstrated an excellent adsorption of the high microbial load in the wastewater. 

Though the wastewater samples were not completely rid of its microbial load but the 

bacterial load was greatly reduced by 99.94% while the fungal load was reduced by 

90.42%. The adsorbents reduced chromium ion by 82%, lead ion by 70%, nickel ion by 

61%, zinc ion by 59% while the least adsorbed in the multi component system is 

cadmium by 36%.  

The regeneration and reuse studies show that the adsorbent is effective up to the fourth 

cycle of regeneration for most of the studied parameters. The economy of regeneration 

of the adsorbent is high and that the regeneration process is a successful way to cut cost 

of preparation activated carbon from Neem husk. 

6.3 Recommendation 

The following recommendations are made from the study of wastewater treatment using 

neem activated carbon:  

i. Further studies could be used to treat industrial and other municipal waste water 

with the neem activated carbon. 

ii. Other activating agents and activating methods could be used to further modify 

the neem carbon to treat waste water or other effluents. 

iii. Studies on combining neem activated carbon and other bio waste activated 

carbons in varied proportions can be undertaken. 

iv. Studies on the pollution levels of farm produce and aquatic animals around the 

hospital treatment plant and water ways can be under taken.  

v. Further studies on removal of the excess zinc ion and phosphate ion from the 

activated carbon can be undertaken.
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Appendix II: Physicochemical Properties of Hospital wastewater before and after 

treatment with adsorbents 

Before Treatment After treatment with  

Parameters RWW NCZ NCH NHZ NHH SDW 

pH 6.40±0.05 5.78±0.08 5.74±0.09 5.27±0.07 5.07±0.02 6-8.00 

Conductivity 

(µS/cm) 
77.0±6.74 53.4±8.75 17.0±7.08 19.5±4.12 28.9±8.25 - 

TDS (g/L) 40.5±5.20 30.9±4.41 8.8±3.12 10.2±5.74 15.8±6.94 100.00 

Turbidity 

(NTU) 
56.0±1.30 1.0±0.34 5.0±1.09 5.0±1.94 1.0±0.32 300.00 

Nitrite 

(mg/L) 
9.72±0.02 0.01±0.01 0.12±0.03 0.11±0.01 0.03±0.01 20.00 

Phosphate 

(mg/ml) 
1.26±0.64 0.14±0.06 7.52±1.63 0.06±0.02 3.48±0.40 5.00 

Chloride 

(mg/ml) 
1.76±0.03 0.31±0.02 1.33±0.01 0.07±0.02 0.01±0.00 500.00 

COD 

(mg/ml) 
280±6.34 215±7.20 190±4.92 190±5.32 210±4.12 100.00 

BOD (mg/ml 

) 
15±2.20 7±1.30 11±2.11 11±3.47 7±2.79 50.00 

DO (mg/ml) 39±5.12 30±3.49 38±7.63 39±4.87 38±6.87 - 

Hardness (g/ 

ml CaCO3) 
3939±21.20 1423±15.20 1621±17.08 1402±8.12 1505±17.22 150.00 

Bacterial 

count 

(CFU/100ml) 

4.27*10^5±70.12 2600±25.12 3000±24.25 3100±26.65 2800±24.12 10,000 

Fungal 

count 

(CFU/100ml) 

24,000±12.00 2700±4.00 2400±4.00 3400±11.12 2300±19.71 10,000 

Cadmium, 

Cd (mg/ml) 
0.12±0.02 0.10±0.06 0.10±0.01 0.08±0.01 0.09±0.01 0.10 

Chromium, 

Cr (mg/ml) 
0.73±0.02 0.31±0.01 0.53±0.01 0.13±0.01 0.39±0.02 0.05 

Zinc, Zn 

(mg/ml) 
4.24±0.92 7.02±0.64 1.74±0.03 7.35±1.04 2.40±0.20 5.00 

Nickel, Ni 

(mg/ml) 
3.80±0.20 1.47±0.10 1.91±0.10 1.75±0.20 2.23±0.20 1.00 

Lead, Pb 

(mg/ml) 
1.97±0.30 0.59±0.10 1.59±0.20 1.59±0.20 1.34±0.30 0.10 

RWW represents Raw WasteWater; NCZ and NCH represent Neem  cake activated with ZnCl2 

and H3PO4 respectively; NHZ and NHH represent Neem  husk activated with ZnCl2 and H3PO4 

respectively; COD represents the Chemical Oxygen demand; DO is the dissolved Oxygen and 

BOD is the Biological Oxygen Demand: SDW represent Standard of Discharge of Wastewater 

as listed in NIS (2007); 
a
Escher , (2011); 

b
Kumar et al. (2010) 
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Appendix III: Effect of bed height on breakthrough time 

Mass of NHH used Bed height (X) 

Breakthrough 

time (t) 

Adsorption 

capacity, Q0.5 

11.46 3 3.9 10.32 

15.28 4 4.8 9.53 

19.1 5 5.4 8.58 

22.92 6 5.8 7.68 
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Appendix IV: Federal Environmental Protection Agency (Maximum Permissible 

Limit) 

1. 1,1,1, -trichloroethane ------------- 3.0 mg/1  

2. 1,1,2.- dichloroethyelene ---------- 0.2 mg/1  

3. 1,1, 2,- Trichloroethne ------------ 1.06 mg/1  

4. 1,2- Dichloroethane --------------- 0.04 mg/1  

5. 1,3- dichloropropene -------------- 0.2 mg/1  

6. Aluminum -------------------------- 0.5 mg/1  

7. Ammonia Nitrogen ---------------- 10 mg/1  

8. Arsenic ----------------------------- 0.2 mg/1  

9. Barium ----------------------------- 10 mg/1  

10. Benzene -------------------------- 0.2 mg/1  

11. BOD5 ----------------------------- 50 mg/1  

12. Boron ----------------------------- 5 mg/1  

13. Cadmium ------------------------- 0.1 mg/1  

14. Calcium -------------------------- 100 mg/1  

15. Chloride ------------------------- 500 mg/11  

16. Chlorine --------------------------- 1 mg/1  

17. Chromium (total) ---------------- 1.0 mg/1  

18. Chromium (VI) ------------------ 0.05 mg/1  

19. Cirrus- 1,2 - dichloroethylene -- mg/1  

20. Cobalt ----------------------------- mg/1  

21. COD ------------------------------- 100  

22. Clifford Organisms---------------- 10,000 counts/100 ml  

23. Color ----------------------------- 300 TCU  

24. Copper --------------------------- 1.0 mg/1  

25. Cyanide -------------------------- 0.1 mg/1  

26. Detergents ----------------------- 10 mg/1  

27. Dichloromethane ---------------- 0.2 mg/1  

28. Iron ------------------------------ 10 mg/1  

29. Lead ----------------------------- 0.1 mg/1  

30. Magnesium --------------------- 100mg/1  

31. Manganese --------------------- 1.0 mg/1  

32. Mercury ------------------------- 0.01 mg/1  

33. Nickel --------------------------- 1.0 mg/1  
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34. Nitrite - N ----------------------- 20 mg/1  

35. Nitrite - N ------------------------2.0 mg/1  

36. Nitrogen total ------------------ 10 mg/1  

37. Oil and Grease ---------------- 10 mg/1  

38. pH ------------------------------- 6.0-8.0  

39. Phenols ------------------------- 0.2 mg/1  

40. Phosphate (total) -------------- 10 mg/1  

41. Phosphate (soluble) ----------- 5.0 mg/1  

42. Selenium ------------------------1.0 mg/1  

43. Silver ----------------------------0.5 mg/1  

44. Sulfate ---------------------------500 mg/1  

45. Sulfide -------------------------- 1.0 mg/1  

46. TDS ----------------------------- 1200 mg/1  

47. Temperature -------------------- 20-350C  

48. Tetra Cholera ethylene -------- 0.1 mg/1  

49. Tetrachloromethananc --------- 0.02 mg/1  

50. Tin ------------------------------- 5 mg/1  

51. Total Suspended Solids ------- 100 mg/1  

52. Tricholoroethylene ------------- 0.3 mg/1  

53. Turbidity ------------------------- 300 NTU  

54. Zinc ------------------------------ 5 mg/1 

Federal Environmental Protection Agency (FEPA), 1991 


