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SN2 Mechanism of Cationic Micelles on the Hydrolysis of

Bis-p-Methoxyphenyl Phosphate Ester

Abanish Kumar
Department of Chemistry, BSA College, Mathura - 281004, UP, India

(receivd February 21, 2014; revised August 11, 2014; accepted August 20, 2014)

Pak. j. sci. ind. res. Ser. A: phys. sci. 2015 58 (3) 117-121

Abstract. Hydrolysis of bis-p-methoxyphenyl phosphate ester (bis-p-MPPE) was studied in micellar

solutions of cityltrimethylammoniumbromide n-C16H33N+(CH3)3Br- (CTABr) at pH-9.0. The hydrolysis

followed first order kinetics with respect to bis-p-MPPE concentration. At the concentration of critical

micelle concentration (CMC) the rate of hydrolysis increased with increasing CTABr concentration.

Surfactant with cationic or polar head group form micelles in water with hydrocarbon like interior or polar

groups at the surface and bind cationic solute. The binding constant of micelle for bis-p-MPPE and the

rate constant in micellar pseudo phase were determined from kinetic data using the pseudophase model.

Keywords: micelle, bis-p-methoxyphenyl phosphate ester, reaction mechanism, binding constant, critical

micelle concentration, surfactant

Introduction

Phosphate esters are very important biologically and

most naturally occurring phosphorous compounds

containing a terminal unsubstituted �PO (OH)2 group.

Introduction of this group into molecule is known as

phosphorylation. If the protected group is not used, then

polymers containing the P-O-P linkage are obtained.

Many of the essential chemicals in life processes are

phosphate esters. These include the genetic substances

DNA and RNA as well as cyclic AMP (adenosine

monophosphate). In addition, the transfer of phosphate

groups between ATP and ADP is of fundamental

importance in the biological systems. All the biological

reactions involving formation and hydrolysis of these

phosphate esters and polyphosphates are affected by

enzyme catalysis. Due to importance of such substance

the hydrolysis of phosphate esters has received much

fundamental study. The strongly acidic bis-esters are

entirely in the anionic form at normal and physiological

at pH-8.0. They are thus, relatively resistant to nucleophilic

attack by either OH- or H2O.

Most work has involved organic reactions, generally

in water, mediated by organic micelles which absorb

reactants, providing a reaction region distinct from the

bulk solvent. Hydrolysis of bis-ester depends upon the

experimental conditions (Ghosh et al., 2008). In the

most kinetic studies of micellar catalysed reactions in

the case of substrate into the micellar phase brings pull

to the micelle by the electrostatic force (Domingos et al.,

2003) or it gets chemically bonded in it (Brinchi et al.,

2000). Interaction between ester is very important in

finding the conditions in which micelles would enhance

the hydrolysis of di- substituted phenyl phosphate esters.

Bis-p-MPPE was the preferred substrates because with

bis-p-MPPE the neutral species is the most reactive

species (Behme et al., 1965). At pH-9.0 bis-p-MPPE

also reacts with hydroxide ion (Bruice et al., 1968) and

therefore by appropriate choice of a substrate it is pos-

sible to examine the micellar effects upon the mechanism

of bis-p-methoxyphenyl phosphate ester hydrolysis

(Scheme 1).

In earlier work on acid-base reactions of charge-charge

interactions between micelles and ions in solution, with

anionic micelles attracting cations and repelling anions

cationic micelles having opposite behaviour with the

cationic micelles of CTABr there was catalysis of the

hydrolysis of bis-p-MPPE mono anion (Cox et al., 1964).

Materials and Methods

The details of preparation of the phosphate esters of

-p-methoxy phenol involves with direct reaction of

phosphorus oxytrichloride (POCl3). Mono, bis- and tri-

phosphate esters of the above mentioned phenol have

been prepared by the standard method (Bunton  et al.,

1967). 12.4 g of p-methoxy phenol dissolved in benzene

(100 mL) and 9.05 mL of phosphorus oxytri-chloride

was added slowly during 20 min with constant stirring.

The reaction mixture was refluxed for 18 h and distilled

at reduced pressure. The first fraction of benzene andE-mail: abchem76@rediffmail.com
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Introduction

There is an increasing environmental concern on the

use of mineral oil-based cutting fluids due to their non-

biodegradability and metal-laden when used. Vegetable-

based oil as cutting fluid is already gaining acceptance

as alternative to the commonly used mineral oil.

Cutting fluids are one of the types of lubricants, which

are extensively used in machining operations. These

fluids increase productivity and the quality of manu-

facturing operations by cooling and lubricating industrial

machines during metal forming and cutting processes

(Julieb et al., 2003). There are different types of cutting

fluids viz mineral oils or mineral based cutting fluids,

synthetic and semi-synthetic cutting fluids. Mineral oils

are petroleum based oil and are the most commonly

used cutting fluid (Lawal et al., 2012). Their properties

depend on the chain length, structure and refining level

of the petroleum. Mineral oil has poor biodegradability

with a notable shortcoming of inducing long term pollution

of the environment. Mineral based oil is also a limited

and steadily decreasing resource whereas, the vegetable

based oils are sustainable.

As mineral oil is non-biodegradable, toxic and non-

renewable, there are problems with its disposal. This is

the major reason why vegetable oilseeds extracts are

given consideration as an alternative to the commonly

used mineral oils in the lubricant industries and several

other industrial applications. Poor disposal of cutting

fluids and management when spent, may result in

enormous health hazards (Sokovic and Mijanovic,

2001). Some addictives used in mineral oil cutting fluids

formulation are considered to be hazardous to the environ-

ment and human health (Shokrani et al., 2012). Other

notable limitations of mineral oils that have been identi-

fied, in comparison with its vegetable based counterparts

are less surface adhering ability (Krahenbuhl, 2002;

Woods, 2005), weaker layer of metal surface lubrication

(Krahenbuhl, 2002), lower viscosity index, lower flash

point, lower boiling point and molecular weight (Khan

and Dhar, 2006).

Oilseeds on the other hand are biodegradable, renewable,

non-toxic, and affordable; possess good lubricity and

high viscosity index when compared with mineral oils

(Krahenbuhl, 2002). Vegetable oils primarily consist

of triglycerides, which are glycerol molecules with

distinguished fatty acid chain structures (Fox and

Evaluation of Physicochemical and Biodegradability

Properties of Selected Nigerian Non-Edible Oilseeds as

Potential Cutting Fluids

Titilope John Jayeoyeab*, Mary Bosede Ogundiranb, David Abimbola Fadarec and
Adeniyi Adewale Ogunjobid

aDepartment of Chemistry, Federal University Ndufu Alike Ikwo, Abakaliki, Ebonyi State, Nigeria
bAnalytical/Environmental Unit, Department of Chemistry, University of Ibadan, Nigeria

cDepartment of Mechanical Engineering, University of Ibadan, Nigeria
dDepartment of Microbiology, University of Ibadan, Nigeria

(received February 25, 2014; revised September 17, 2014; accepted September 18, 2014)

Pak. j. sci. ind. res. Ser. A: phys. sci. 2015 58 (3) 122-129

Abstract. This paper reports evaluation of physicochemical and biodegradability properties of selected

non edible Nigerian oilseeds as a potential cutting fluid. Oil extraction process was carried on the oilseeds,

with physicochemical parameters and biodegradability of the extracts were equally assessed. The established

physicochemical parameters were percentage oil yield (5.58-61.8%), specific gravity (0.86-0.94), acid

value (2.89-18.2 mgKOH/g), iodine value (15.7-104 mg iodine/g), peroxide value (1.35-10.9 mg/g oil),

saponification value (173-286 mg KOH/g) and viscosity (37.9-53.1centipoises), while biodegradability

ranged between (50.0-63.8%) in comparison with the mineral oil with values less than 20%. Based on this

study, the oil extracts of Caesalpinia bonduc and Calophyllum inophyllum appeared to be the most suitable

as potential cutting fluids for further formulation studies and machining trials.

Keywords: cutting fluids, vegetable oilseeds, biodegradability, bacterial inoculums

Author for correspondence; E-mail: titilope12@gmail.com
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Effect of Heat Treatment on Yield and Quality of Loofah

(Luffa cylindrica Linn.) Seed Oil

Rahman Akinoso*a, Ademola Kabir Aremub and Nnena Akosima

aDepartment of Food Technology, University of Ibadan, Nigeria
bDepartment of Agricultural and Environmental Engineering, University of Ibadan, Nigeria

(received May 30, 2014; revised November 7, 2014; accepted November 13, 2014)

Pak. j. sci. ind. res. Ser. A: phys. sci. 2015  58 (3) 130-135

*Author for correspondence; E-mail: akinoso2002@yahoo.com

Abstract.  Effect of heat treatment on yield and some quality parameters of loofah seed (Luffa cylindrica

Linn.) oil was the focus of this study. Central composite rotatable response surface methodology design

for two variables was used for this investigation. Fatty acid composition of the un-treated oil was determined.

The independent variables roasting temperature were 102, 110, 130, 150, 158 °C and duration 16, 20, 30,

40, 44 min while oil yield, moisture content, free fatty acid, colour, refractive index and specific gravity

of the oil were the dependent variables. All determinations were done using standard methods. Linoleic

acid (50.66%), oleic acid (27.66%), palmitic acid (12.28%) and stearic acid (6.44%) were the major fatty

acids. Mean oil yield, moisture, free fatty acid, colour, refractive index and specific gravity were 25.91±5.16%,

0.035±0.003%, 5.3±2.47%, 15.23±1.83 mg/100g, 1.47±0.002 ND
40 

and 0.913±0.02, respectively. All the

parameters were significantly affected by heat treatment (p<0.05). Regression models were not fit to express

the relation, thus optimisation using response surface approach was not adequate.

Keywords: Luffa cylindrica, heat treatment, seed oil, yield
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Introduction

Oilseed crops are very important component of modern

agriculture, for they provide easily available and highly

nutritious human and animal food (Akinoso, 2006). The

rate of vegetable oil consumption is increasing as compared

with animal fat due to its health implication (Akinoso,

2006). Apart from being nutritious, edible vegetable oils

often have industrial uses which include livestock feed,

manufacture of adhesives, oleo chemicals, bio-fuel and

medicinal resources. The largest sources of vegetable oil

are annual plants which include soybean, corn, cotton

seed, groundnut, sunflower seed, rapeseed, melon seed

and sesame seed (O�Brien, 2008, Frank, 1988). Other

sources are oil bearing perennial plants such as olive,

coconut, shear, cashew, and seed include canola, citrus

seed, cocoa, palm kernel, avocado and loofah seed. Luffa

cylindrica Linn, commonly  known as Loofah is an annual

plant commonly found in the tropics including Nigeria

and the seed contains about 30% oil (Bamgboye and

Oniya, 2012). It is a member of the family Cucurbi-

taceae, a large plant family found mainly in the warmer

parts of all continents. Fruits, leaves, flowers and seeds

of Cucurbitaceae have considerable economic value. The

seeds of the Cucurbitaceae family available in markets

throughout West Africa are important source of oil used

for food (Schipper, 2002). Domestic and industrial

applications of L. cylindrica seed oil has been reported

earlier by Gafar et al. (2012) Sangh et al. (2012) and

Elemo et al. (2011).

Separation of oil involves three basic methods which are

extraction method, mechanical oil expression and

combination of the two methods. In extraction method, the

extraction agent (solvent, aqueous, supercritical CO2) when

brought in contact with the oilseeds, dissolves the oil present

in the seed. The mixture is separated by evaporation to

recover pure oil. The method is most popular in North

America, it is highly efficient over 98% oil recovery and

a single extractor can handle very large capacity up to 4000

tonnes per day (Akinoso et al., 2006). Pretreatments are

conventional methods of preparing oilseeds for oil extraction.

These include operations such as grinding, roasting, de-

hulling, flaking, cooking or steaming. It is usually carried

out to fractionate oil intact bodies in order to enhance the

release of oil during extraction (Kumar et al., 2009). Most

oil seeds and nut are heat- treated by roasting to liquefy the

oil in the plant cells and facilitate its release during extraction

(Cammerer and Kroh, 2009).

Response surface methodology is a collection of statistical

and mathematical techniques useful for developing,
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Introduction

Cephradine is chemically (7R)-7-(a-D-cyclohexa-1, 4-

dienylglucylamino)-3-methyl-3-cephem-4-carboxylic acid

(USP, 2008). It is a first generation cephalosporin antibiotic

and is available in different dosage forms such as capsules,

dry suspension and dry powder injections (BP, 2009).

Injection of cephradine must be neutralised by alkaline

substances such as sodium carbonate or arginine to provide

sufficient solubility and physiological acceptability. The

drug is usually prescribed in the treatment of infections

caused by sensitive organisms such as upper respiratory

tract infections e.g. pharyngitis, sinusitis, otitis media,

tonsillitis, larygotracheo-bronchitis; lower respiratory tract

infections e.g. acute and chronic bronchitis and bron-

chopneumonia; urinary tract infections e.g. cystitis, urethritis,

pyelonephritis; skin and soft tissue infections e.g. abscess,

cellulitis, furunculosis; gastrointestinal tract infections e.g.

bacillary dysentery, enteritis, peritonitis as well as bone

and joint infections (Wisebritish, 1987).

In clinical practice cephradine injection is usually admixed

with intravenous (IV) injection solutions such as dextrose,

normal saline and metronidazole injection solutions

contained in various containers. These IV solutions can

affect the stability of cehpradine as shown in the studies

reported earlier (Wang and Monkhouse, 1983). The stability

of these admixtures can be affected by a number of factors

such as storage temperature, reconstitution solvent and

the nature of the container (Conine et al., 1978; Florey,

1976; Yamana and Tsnji, 1976). The storage temperature

not only influence the rate of degradation of the compound

in the solvent but also affects the extraction of chemical

compounds form containers to the injection solution

migration of chemical from containers to the solvent kept*Author for correspondence; E-mail: drsaifdra@yahoo.com

Abstract: The effect of reconstitution solvents such as water, 0.5% metronidazole solution, 0.9% sodium

chloride and 5% dextrose injections, have been investigated on the kinetics of degradation of cephradine

neutralised with L-arginine contained in glass, polyvinylchloride (PVC) and polyethylene pthalate (PET)

containers at 5, 15 and 30 oC. The analytical method described in USP-31 for the analysis of cephradine

injection was employed in this study and validation in respect of specificity, linearity, accuracy and precision

was observed. The degradation of the compound showed first-order kinetics and the degradation rate

constants �kobs� were found in the range of 1.84-3.07 ´ 10-3/h (r2 = 0.990-0.999) at 5 oC, 2.3-4.2 ´ 10-3/h

(r2 = 0.993-0.999) at 15 oC and 7.18-9.97 ´ 10-3/h (r2 = 0.998-0.999) at 30 oC, respectively. Cephradine

showed maximum stability in dextrose solution followed by water, sodium chloride and metronidazole

injections, however, linear effect of containers on degradation rate could not be established. The extended

degradation did not change the kinetics of the reaction. The abnormal toxicity/ safety test on mice for the

admixtures in different containers at various temperatures showed no abnormal toxicity.

Keywords. cephradine, degradation kinetics, polyvinyl chloride, polyethylene phthalate, abnormal toxicity

Fig. 1. Chemical structure of Cephradine.
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Introduction

Urbanisation and industrialisation are two important

processes of socio-economic development and are directly

dependent on the cheap source of available energy. Due

to continuous depletion of fossil fuels resources, focus has

been shifted to develop renewable energy resources.

Sustainable living is impossible without environmental

friendly and depen-dable energy generation processes.

Renewable sources energy, like wind and solar are

dependable and have the capacity and potential to face

future energy challenges. Efficient and economic renewable

resource based power generation is now the top priority

of researchers.

In low windy or turbulent wind zones, energy generation

from wind source by using conventional wind turbines

would not be suitable due to high cutting speed of turbine.

It require to be integrated with wind concentrating  guide

techniques as reported by Chong et al. (2011), Lu and Ip

(2009) and Oppenheim et al. (2004). Modification in

design of ducted or funneled wind turbines suitable for

low windy areas to improve the incoming wind speed was

proposed by Dhanasekaran and Govardhan (2005). Vane

guided mechanism for upstream wind flow for conventional

wind turbine and its effects on turbine performance has

been reported by Wang et al. (2008) and Grassmann (2003).

The study showed that efficiency and starting characteristics

of the wells turbine (a ducted turbine) has been improved

when compared with the conventional turbines without

guided vanes. Hu and Cheng (2008) integrated a vertical

axis wind turbine with vertical bucket shaped duct to guide

and concentrate incoming wind flow. It was proved that

conventional wind turbine with integrated wind accelerating

techniques has increased  the flow around the generator

and was estimated that the power extraction efficiency can

be increased up to 80 % due to proposed ducting effect.

Abe et al. (2005) conducted experimental and analytical

investigations on a new diffuser-shrouded wind turbine

assembly. The characteristic values of the flow fields

were estimated and compared with those for a bare wind

turbine. It was concluded that the diffuser-shrouded wind

turbine provides much higher power output as compared

to the bare wind turbine. The power coefficient of the

diffuser-shrouded wind turbine was about four times that

of the bare wind turbines. It is also reported that with a

simple momentum theory, developed along the lines of

momentum theory for bare wind turbines, the power

generated is proportional to the mass flow rate generated

at the nozzle of the diffuser augmented wind turbine

(DAWT) proposed by Bussel (2007). Such mass flow

expansion can be achieved through two basic principles

i.e. (i) increase in the diffuser exit to inlet area ratio (ii)

by decreasing the negative back pressure at the exit.

Generally, urban areas have weak wind conditions and

turbulence due to the presence of high rise buildings.

The number of obstacles in the path of the wind also

makes it difficult to model the wind turbine due to

turbulent effect of wind as investigated by Ssu-Yuan and*Author for correspondence; E-mail: altafrajpar@yahoo.com

Abstract. In the present experimental study efforts have been made to analyse path diversion effect of

downstream wind flow on performance of vertical axis wind turbine (VAWT). For the blockage of

downstream wind flow path at various linear displaced positions, a normal erected flat wall, semi-circular

and cylindrical shapes were tested for path diverting geometries. Performance of VAWT in terms of

improved rotor speed up to 45% was achieved.

Keywords: upstream flow, downstream flow, wind diversion, vertical wall, wind turbine
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on Volatile Organic Compounds Emitted from

Turbocharged Diesel Engine

Asad Naeem Shahab*, Ge Yun-shanb, Muhammad Mehmood Aslam Bhuttaa,
Anees Ur Rehmana, Ahmad Naveeda and Muhammad Imran Masooda

aDepartment of Mechanical Engineering, University of Engineering and Technology,

Lahore-54000, Pakistan
bSchool of Mechanical and Vehicular Engineering, Beijing Institute of Technology,

Beijing-100081, PR China

(receivd January 20, 2014; revised May 30, 2014; accepted June 16, 2014)

Pak. j. sci. ind. res. Ser. A: phys. sci. 2015 58 (3) 149-156

Abstract. In this study a continuously regenerating trap (CRT) was evaluated on the basis of its performance

to control the volatile organic compounds (VOCs) emitted from the diesel engine exhaust. The engine was

operated on a test bench by coupling it through an AC electrical dynamometer under the auspices of an

8-mode steady-state cycle. VOCs in their gaseous phase were trapped in Tenax TA® cartridge, and then

extracted by thermal desorber (TD) for the subsequent analysis through gas chromatograph-mass spectrometer

(GC/MS). According to the results, VOCs were preponderant during both maximum as well as minimum

load modes owing to the incomplete combustion. Benzene and toluene were in abundance with respective

maximum relative contribution (RC) of 40.3 and 34.7% in upstream of CRT, while toluene and ethyl

benzene were the dominant species with respective maximum RC of 38.2 and 30.8% in downstream of

CRT. Styrene and butyl acetate were the least contributors to total VOCs in both upstream as well as

downstream of CRT. The CRT unit revealed a good control on VOCs with maximum reduction rate (RR)

of 45%. The RR of VOCs was decreased with the decrease in NO2/NOx ratio, while the RR of benzene was

reduced with the reduction in downstream temperature leading to strong correlations between them.

Moreover, the RR trend of both benzene and ethyl benzene led to an important finding that when former

was substantially reduced with maximum RR, the latter remained elevated with higher negative RR. Hence,

an anti-correlation was found between benzene and ethyl benzene.

Keywords: continuously regenerating trap, compression ignition engine, unregulated emissions, volatile

organic compounds

Introduction

During the last few decades diesel engine is facing twin

challenges of rapidly exhausting fossil fuel reservoirs

and ever tighter emission regulations. Several environ-

mental protection agencies are of the view that diesel

exhaust adversely affects the air quality and human

health, and thus consider it as a probable human

carcinogen (Tang et al., 2007). Consequently, researchers

of automotive field are working hard for the survival

of this power train against the future emission legislations

which are expected to be more stringent with the passage

of time.

Current emission regulations of diesel engine address

the gaseous pollutants including total hydrocarbon

(THC), carbon monoxide (CO) and nitrogen oxides

(NOx), as well as particulate matter (PM) emissions on

the basis of quantity and strategy. These regulations/

directives emphasize on some definite rules and protocols

for the collection of pollutants, and for their subsequent

analysis. Therefore, all such emissions following the

above directives are known as regulated emissions.

Unregulated emissions, on the other hand, are also gaining

the attention of researchers owing to their potential

threats both to environment as well as human health.

These emissions normally include polycyclic aromatic

hydrocarbons (PAHs), carbonyls or aldehydes and ketones,

accumulation and nuclei mode particle numbers, volatile

organic compounds, etc.

VOCs being ubiquitous and numerous consist of organic

chemicals and reactive compounds which are responsible

for photochemical smog or ground level ozone, and thus

play a definite role in the stratospheric ozone depletion

(Liu et al., 2012; Tang et al., 2004). Aromatic compounds

such as xylene isomers, toluene and benzene have been*Author for correspondence; E-mail: naeem_138@hotmail.com
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Introduction

The effluent discharge by textile industries contains large

amounts of dyes which are high in colour and presence of

even very small amount of dye is highly visible and can

be very toxic. The synthetic dyes are generally non-

biodegradable and difficult to remove, thus affect the

human and the aquatic life (Bulut et al., 2008). Various

physical and biological methods have been employed for

the treatment of dyes, including coagulation, flocculation,

precipitation (Pandit and Basu, 2002), photo-catalysis

(Kabra et al., 2004), oxidation (Jagatap and Ramaswamy,

2006), ozonation (Khadhraoui et al., 2009), etc. All these

methods have some drawbacks, such as high operating

cost, sludge production and complexity of the treatment

processes. Adsorption is a widely used technique for the

removal of dyes due to economical and environmentally

friendly reasons (Jiuhui, 2008). The cost of removal of

dyes by adsorption lies mainly in the cost of adsorbent

and its regeneration. Activated carbon is the most widely

used adsorbent due to its high surface area and adsorption

capacity, but the use of activated carbon is becoming

restricted due to its high cost and regeneration difficulties.

Many low-adsorbents are developed worldwide to replace

activated carbon. Generally, these low-cost adsorbents

have a small surface area and a low adsorption capacity.

Previous studies stated that the adsorption capability of

the adsorbents can be enhanced by modification of these

adsorbents via physical and chemical processes.

Clays are finding increasing application in wastewater as

adsorbents due to their low-cost and good intrinsic

adsorption characteristics, such as high adsorption capacity

and large surface area. There are large numbers of clay

minerals such as kaolin (Nandi et al., 2009), montmorillonite

(Damardji et al., 2009; Yan et al., 2007), bentonite (Ozcan

et al., 2005), clinoptilolite (Li and Bowman, 1997), smectite

(Diaz et al., 2001), sepiolite (Kara et al., 2003) and zeolite

(Vimonses et al., 2009) that are widely used for the cost-

effective removal of chemical pollutants from wastewater.

Among all these clays, bentonite is one of  the most widely

used due to its abundant availability and good adsorption

characteristics (Christidis et al., 1997). Adsorption capacity

and selectivity of natural and or raw bentonite can be

limited. Thus, a systematic surface modification of bentonite

is essential for the removal of anionic compounds from

wastewater since most of the dissolved chemical pollutants

are negatively charged. There are various physical and

chemical methods available for the modification of clays.

These include acid activation (Steudel et al., 2009),

treatment with cationic surfactants (He et al., 2006), thermalE-mail: ginaajemba@rocketmail.com

Abstract. The adsorption performance of modified Nkalagu bentonite in removing Congo red (CR) from

solution was investigated. The raw bentonite was modified by three different physicochemical methods:

thermal activation (TA), acid activation (AA), and combined acid and thermal activation (ATA). The Congo

red adsorption increased with increase in contact time, initial dye concentration, adsorbent dosage,

temperature, and pH change. The results of the kinetics analysis of the adsorption data revealed that

adsorption follows pseudo second-order kinetics. Analysis of the equilibrium data showed that Langmuir

isotherm provided a better fit to the data. Evaluation of the thermodynamic parameters revealed that

adsorption process is spontaneous and endothermic. The results from this study suggest that a combination

of thermal and acid activation is an effective modification method to improve adsorption capacity of

bentonite and makes the bentonite as low-cost adsorbent for removal of water pollutants.

Keywords: adsorption, bentonite modification, kinetics, equilibrium, thermodynamics, dye removal
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Water pollution and sewage disposal is a major global

problem (Porteous, 2000; Miroslav and Vladimir, 1999).

Treatment of sewage before disposal has become a challenge

in Nigeria and steps are being taken to restrict indiscriminate

disposal so as to reduce pollution and create a good and

healthy environment.

Fish and other aquatic life require dissolved oxygen for

survival and should normally be at least 5 mg/L. Water

with less than 2 mg/L dissolved oxygen will support

mainly worms, bacteria, fungi and other detritus feeders

and decomposers. The dumping of oxygen demanding

wastes such as sewage to water bodies stimulates oxygen

decomposers. The water body may become oxygen

depleted that fish and other aquatic life find it difficult

to survive (Akpofure, 2009).

The amount of oxygen consumed by these microorganisms

in decomposing organic matter in a body of wastewater is

referred to as biochemical oxygen demand (BOD) (Hogan,

2010; Tchnobanoglous and Burton, 2001).

Chemical oxygen demand (COD) measures the amount of

oxygen required for complete oxidation of the organic matter

in the wastewater to carbon (IV) oxide and water (Uwidia

and Ademoroti 2011; Sawyer et al., 2003). COD and BOD5

tests are used by Rustum et al. (2008) to measure oxidation

of wastes and oxygen consumed by microorganism.

This study focuses on appraising COD of raw and

biologically treated domestic sewage intended for organic

load determination against BOD5 at different stages of

the treatment (primary and secondary treatment). The aim

is to possibly design a model for quick prediction of BOD5

values from COD values which are available in less than

3 h in raw and biologically treated domestic sewage.

The domestic sewage used in this study was obtained

from a sewage treatment plant in an estate located in

Warri, Nigeria. The amount of sewage generated per

day was estimated at an average flow rate of 2.0x105

litres. It was made up of toilet, urinal, bathroom and

kitchen wastes arising from the estate. The plant is a

conventional treatment plant that operates on activated

sludge principle. The treatment plant serving an average

population of about 3,000 inhabitants, is designed as a

continuous process to receive and treat wastewater

(sewage) generated within the estate. However, many

of the principles operated in the treatment plant also

apply to large treatment plants.

Sample collection and analysis. Two types of sewage

samples (raw and biologically treated domestic sewage)

were collected at different stages of treatment: the inlet

and outlet points (in the central sewage system and

collection chamber) of a primary treatment process

designed to remove coarse/solid particles and the outlet

pipe of a more rigorous treatment process(aerobic*Author for correspondence; E-mail:uwidiaie@yahoo.com

Abstract. The functional relationship between  BOD5 and COD was evaluated using domestic sewage

samples collected from a sewage treatment plant in an estate in Warri, Delta State, Nigeria. Two types of

samples were collected: raw domestic sewage,(influent) and biologically treated domestic sewage

(effluent).The correlation coefficient �r� between the BOD5 and COD was determined and values were

0.99 and 0.94, respectively for different sewage samples. The regression analysis carried out showed very

strong correlation . The linear correlation  established was: COD = 1.62 BOD5 + 15.82 ; r2 = 0.978; COD

= 1.58BOD5 + 9.21; r2 = 0.878. Results obtained above were also judged as significant at 95% and 99%

confidence levels. Confidence intervals obtained were: 1.53£ a £1.71 at 95% and 1.49£ a £1.75 at 99%

for the raw sewage; 1.37£ a £ 1.80 at 95% and 1.27£ a £1.90 at 99% for the biologically treated sewage.

Keywords: prediction, BOD5, COD, correlation, regression analysis, domestic sewage, wastewater
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