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Abstract. The elastic properties of a solid made by consolidated nano particles of two zinc compounds were evaluated at
different temperatures (from 303 °K to 343 °K). The nano particles were prepared chemically. For studying the elastic
properties of the solid and speed of sound within the material, two samples were prepared. Use of ultrasonic reverbersion
technique for measuring the transit time and the wave velocity in the solid placed in oil and the effect of longitudinal and
shear waves on the sample are discussed. The arrival times of individual reverbersions were compared for the estimation
of compressional and shear velocities. The compressional, shear and the bulk modulus, were calculated in both the samples.
In one pellet, without application of pressure on the material, some porosity was observed reducing the calculated
parameters. It was concluded that the presence of cracks, twining and grain boundaries within the bulk material can  alter
the ultrasonic velocity as well as the elastic properties. The effect of hydrostatic pressure on the solid disk was also
studied. For particle size measurements, the size distribution curve was drawn using the method of cryo-transmission
electron microscopy (cryo-TEM) image analysis through dynamic light scattering (DLS) technique. A histogram has been
constructed showing size distribution of particles dispersed in the medium. The sizes (weight average diameter) were
recorded between 21-100 nm. The results of such particle size measurements show that the dynamic light scattering and
acoustic micro imaging techniques, both are nondestructive and allow characterization of a large number of particles more
rapidly. By assembling nano sized particles, the prescribed properties of  the material can be altered.

Keywords: consolidated nano particles, transducer, elastic properties, cryo-transmission electron microscopy (cryo-TEM)

Introduction
The elastic properties of solids, made of consolidated nano
particles, are of considerable importance in science and
technology (Herman, 2005; Charles and Frank, 2003). Such
properties of solids, explored by different ultrasonic tech-
niques, are of primary importance. The present technique has
now become a well established methodology. For commonly
employed high frequency pulse technique, the compression
and shear wave velocities within the solid are of primary
concern. Measurement of elastic parameters and the density
are made to determine adiabatic modulus. This can yield
sufficient information regarding the interatomic spacing and
binding energy in a solid  (Kumar, 1995; Siegel and Hahn,
1987). Such data is highly necessary for interpreting the
nature of bonds in a solid. From this point of view, the elastic
properties, describing the mechanical behaviour of  solids,
are utmost stable for the solid designed.

There is a need to provide full elastic properties of modern
engineering materials in a single test. This leads to the changes

in the measurement of compression modulus and shear
modulus (Love, 1934). Study of propagation behaviour of high
frequency compressional waves in solids is a well established
technique. This is used for examining the acoustic properties
in single crystal. Highly accurate absolute velocity data can
be used to determine the properties, which are related to
lattice vibration or anharmonicity in a solid (Thomas and
Abdulkhadar, 1995; Uvarov et al., 1994). In this method of
acoustic micro imaging, we used one transducer that gener-
ated a pulse of high frequency (5.0 MHz) in a sample and
another transducer received the return echo signal (Kesseler
and Adams, 2003). The amplitude and the phase of an echo
signal relate to the acoustic reflectivity of an interface in terms
of material density and modulus (Shanker et al., 1980; Mason,
1972). The arrival time of the echo signal relates to the depth
of sample and the velocity of sound through the material.
Each echo is rich in information about the sample structure
and interfaces in the interior of the sample.

Transmission electron microscope (TEM) was used for
particle size measurement through image analysis. TEM is a
powerful tool which allows the analysis of the microstructure
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Abstract. Wollastonite (CaSiO3), a mineral of wide industrial application, was synthesized under solid state condi-
tions. Starting materials for the synthesis were CaO resulting from the in-situ thermal decomposition of  limestone and
amorphous silica obtained by controlled pyro-processing of rice husk. A mineralizer having glass like composition was
prepared and intermixed with the raw materials pulverized to 75 μ particle size. The compact powder batches were
sintered at 900-1300 °C for 1 h in order to grow wollastonite crystals from matrix of the reacting oxides. The reaction
was monitored simultaneously by specific chemical analysis and XRD techniques. Solid state reactions, involving
orientation and geometrical reshuffling of the interacting and newly produced phases, require special considerations
for the product crystal growth. Three possible reaction models, under which the wollastonite crystals may grow in
reacting solids were considered and the generated data treated according to the laid down criteria. The nuclei growth
model was consequently found to be promising as the route adopted by the present solid state reaction yielding
wollastonite.

Keywords: crystal growth, wollastonite, silica
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Introduction
Wollastonite, chemically CaSiO3, is a naturally occurring min-
eral found in several countries of the world. However, the
demand for this raw material of wide industrial application is
not being fulfilled from its available deposits (Nizami et al.,
1999; Rieger, 1991, Sainamthip and Reed, 1987). On the other
hand, rice husk (RH) is an abundant and cheaper agricultural
waste, ash of which yields 88-96% SiO2 if prepared under
proper thermal treatment (Bui, 2001). This SiO2 is amorphous
in nature and several times more reactive than its common
source quartz (Bui, 2001). It was prepared from RH under
controlled pyro-processing  conditions and reacted with CaO
of the limestone to synthesize wollastonite. Solid state (SS)
reaction was carried out for growing wollastonite crystals from
intermixed and compact powders of reactants. Simultaneously,
chemical analysis (CA) and XRD were carried out since the
former technique can only predict the formation of CaSiO3

giving no information about the developed mineral phase
(Ibnez et al., 1990). It is notable here that there exist 121
calcium silicates but out of these a few are wollastonite. As
synthesis of a mineral (wollastonite) by utilizing silica
obtained from an abundant agricultural waste product is unique
in nature, therefore, it was imperative to investigate this
under different aspects. One of the authors studied it from the
point of view of chemical kinetics and concluded that the said

synthesis required almost one third energy of activation than
that consumed using quartz as a source of silica (Nizami and
Iqbal, 2001).

Solid  State (SS) reactions involve breaking of chemical bonds
and their rearrangement is not so simple. In fact, these
involve geometrical reshuffling of the consumed and newly
produced phases which diffuse with one another and
propagate within the reaction mixture. Consequently, the space
coordinates cannot be ignored while studying the above
mentioned SS reaction. Considering this aspect, the forma-
tion of product consisting of crystals grown from matrix of
solid reacting species may take place through a number of
possible routes. Hence, the nature of crystal growth pheno-
menon taking place during SS synthesis of wollastonite was
studied and is reported comprehensively as below.

Materials and Methods
Amorphous silica was obtained from RH by its proper
thermal treatment at 500 °C for 8 h and purified by applying
different physicochemical techniques reported elsewhere
(Nizami et al., 1992). Its complete chemical analysis has been
recorded in Table 1.

Limestone containing 55.91% CaO was used as another raw
material. A mineralizer composed of: CaCO3, Na2CO3, H2BO3

and CaF2 was prepared to affect the chemical combination
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Introduction
The molecule of a reactive dye contains one or more reactive
groups capable of forming a covalent bond with a compatible
fibre group. The main steps in the dyeing procedure with a
dye of this type comprise adsorption on the fibre, diffusion
into the fibre and reaction with the hydroxyl groups of cellulose
or amino groups of wool (Peters, 1975; Hildebrand, 1972).

The quality of dyeing (depth and fastness) is directly related
to the quantity of dye chemically fixed to the fibre. During the
dyeing process, the fabrics are generally in an alkaline
environment (Bohnert, 1959) and electrolytes tend to reduce
the charge on the fibre (Chavan et al., 1983) thus facilitating
the transfer of dye from solution into the fibre due to common
ion effect (Noah et al., 1986). Electrolyte screens the forces of
repulsion between the negatively charged cellulose and the
dyestuff anions. The salt also exercises a positive effect on
the rate of reaction of the dye itself, since generally speaking
polar media will facilitate the formation of the transition state.
The dependence of the rate of reaction on the ion concen-
tration of the reactive medium is known as primary salt effect
(Froast and Pearson, 1961).

Reaction between the reactive dyes and the cellulose fibres is
equally dependent on the pH of the dye bath. In this case the
dissociation of the hydroxyl groups in the cellulose, whether
cotton or viscose, is essential for those dyes that require alka-
line conditions for the dye to react with the fibre (Dawson,
1981).  Dissociation is achieved by having a dye bath solution
of pH 8-12, which is obtained by adding sodium bicarbonate,
sodium carbonate or sodium hydroxide. Most of the cotton
fabrics are dyed with reactive dyes to get high quality shades
with good fastness. It is hence imperative to find out the
optimum amount of electrolytes required for complete exhaus-

Effect of Electrolyte Concentration on Dyeing Process of Cotton
M. Farooq Arif*, M. Tahir Butt, M. Naeem Khan and Mahboob Ali
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Abstract: Two reactive dyes and six electrolytes were used in dyeing cotton in order to observe the electrolyte effect on
dye shades. The quality and amount of the electrolytes used were found to influence the depth of dye shade due to dye-
fiber interaction, Suitable amount of proper electrolyte facilitates rapid migration of dye from the solution to the fiber
resulting in deeper shades. It was observed that potassium sulphate in the range of 7-8% produced best results. Sodium
sulphate was comparable whereas ammonium salts gave poor results.

Keywords: Cotton dyeing, electrolytes, dye-fibre interaction, potassium sulphate, reactive dyes
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tion of the reactive dyes (Prabu and Sundrarajan, 2002;
Makhmatkulova et al., 2002). The present research work was
carried out to find the optimum amount of electrolyte which
gives maximum dye uptake by the fibre.

Materials and Methods
Dyes. Two reactive dyes were used in this study:

1. C.I. Reactive Red 240
2. C.I. Reactive Red 241

These dyes were collected from local market. As can be seen
from their structure, these dyes are bi-functional in terms of
presence of two reactive groups i.e. monochlorotriazine
(M.C.T) and vinyl sulfone (VS).

Fabric. Degummed and bleached single jersey knitted cotton
fabric 180 g/m2 was used for the study. Prior to dyeing, the
cotton fabric was given a mild scouring treatment in a solu-
tion containing 2g/l anionic detergent (Lissapol D) for one
hour at 50 °C at liquor to goods ratio of 50:1. Scoured fabrics
were thoroughly washed in cold water before dyeing.
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Introduction

The durability of passivation in zinc electroplating has been
studied using weak acid zinc bath free from cyanide and
ammonia, and yellow and colourless passivating solutions for
passivation process (Haque et al., 2003a). Recently, colouring
of electroplated zinc was reviewed ( Haque et al., 2003b).

A bath for bright blackening-passivation of electrodeposited
zinc at room temperature was developed. The bath pH
0.5-1.2, contained chromic oxide 15-35 g/l, sodium hydrogen
sulphate (monohydrate) 20-40 g/l, dihydrogen sodium phos-
phate dihydrate 5-15 g/l, silver nitrate 0.5-1.2 g/l and a
film-forming agent. The technological conditions including
post treatment were presented (Watanabe et al., 1992).

Manufacture of zinc electroplated steel sheet involves
electroplating a zinc underlay at a current density ≥ 60 A/dm2

first in a zinc sulphate-based acidic bath containing sodium
sulphate, potassium sulphate and/or ammonium sulphate and
then a zinc overlay (≤ 1 g/m2) at a current density ≤ 50 A/dm2

in a second zinc sulphate-based acidic bath. Optionally, the
second bath may contain aluminum sulphate (Zeng ,1991).

The effect of quality and quantity of additives such as
benzylideneacetone, ratio of zinc chloride to potassium
chloride, concentration of chloride, cathodic current density,
temperature, and impurities such as lead, cadmium, iron, and
copper on the brighteners of electroplated zinc, and trouble-
shooting are discussed. A bath comprising zinc chloride
85-95 g/l and potassium chloride 210-230 g/l in spring and
winter, boric acid 25-30 g/l any time during the year, cathodic

current density 2-4 A/dm2 in spring and winter, electroplating
temperature 15-30 °C in summer and autumn,15-25 °C in
spring and winter, and pH 5-6 any time of  the year are sug-
gested (Zhou and Wang, 1998).

The uniform electrochemical chromating of zinc-plated steel
sheets involves dipping zinc plated steel sheet in a bath con-
taining chromic oxide 15-200 g/l and sulphuric acid 0.05-1.5
ml/l for ≥ half second without passing a current and then
immediately carrying out an electrolysis at a current density
1-15 A/dm2 in the same bath. In addition, the bath may con-
tain zinc, nickel, cobalt, iron, lead, copper and/or manganese
0.01-5.0 g/l (Saito and Wada, 1991).

Zinc or zinc alloy is electroplated on more than one side of a
steel sheet followed by electrochemical chromating on the zinc
or zinc alloy plate. The chromate film comprises a metal layer
and an oxide layer formed on the metal layer comprising
chromium and nickel; the total amount of chromium and nickel
is 3-1000 mg/m2. The oxide layer comprises chromium oxide
(3-100 mg/m2 in terms of chromium), nickel oxide (1-50 mg/m2

in terms of nickel), and silicon oxide (1-100 mg/m2 in terms of
silicon). The process involves using a chromating bath
containing Cr6+ 5-75 g/l; Ni2+/total chromium = 0.05-0.8
(weight ratio), selenium oxide/total chromium = 0.3-3.0
(weight ratio), and contains one of 0.05-80 g/l sulphate,
chloride, nitrate and fluoride ions; pH of the bath is 1.8-4.2.
The current density in chromating is 2-40 A/dm2 (Furuya
et al., 1992).

Materials and Methods
Chemicals. Zinc chloride (technical grade), Qingadao
Sunchiment, China; ammonium chloride, Riedel-de Haën,
Germany; chromium trioxide, OXYCHEM, USA; sulphuric
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Abstarct. Zinc electrodeposition from mixed ammonium chloride/potassium chloride bath was carried out and the
influence of plating time on the rest potential, white rust and red rust was studied. The zinc plated mild steel specimens
were divided into four categories: non-chromated, yellow-chromated, greenish-grey chromated and black-chromated
zinc plated mild steel specimens. There is no effect of plating time on the rest potential. The time taken for white rust
and red rust increased with increase in  plating time. Black-chromated zinc plated mild steel specimens have maximum
corrosion resistance. The abrasion resistance of yellow-chromated zinc plated mild steel specimens was very poor. The
appearance and adhesion of the deposits were good.

Keywords: zinc electrodeposition, chromating, rest potential, white and red rust
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Potential Antibacterial Agents: Part VI- Synthesis and Structure
Elucidation of Schiff Bases Derived from Hydralazine
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Abstract. Synthesis of hydrazones (Schiff bases) of an antihypertensive drug, hydralazine was carried out. The study
afforded the hitherto unreported 1-[4-chlorobenzylidene]-hydrazinophthalazine (III-a), 1-[benzylidene]-
hydrazinophthalazine (III-b), 1-[4-nitrobenzylidene]-hydrazinophthalazine (III-c), 1-[2-nitrobenzylidene]-
hydrazinophthalazine (III-d), 3-[4-chlorophenyl]-s-triazolo [3-4-a] phthalazine (IV-a) and 3-phenyl-s-triazolo [3-4-a]
phthalazine (IV-b). The structures of these compounds were established using spectroscopic techniques i.e. IR, UV,
1HNMR, EIMS, FD and HRMS. Antibacterial activity of the drugs was evaluated.

Keywords: hydrazone, triazole, antibacterial activity, hydralazine, spectroscopic techniques

Introduction
Hydralazine (1) (1-hydrazinophthalazine) is an established
antihypertensive agent, and is one of the most commonly
prescribed drug in hypertension therapy today, although it
was introduced forty five years ago. The effectiveness of
hydralazine as antihypertensive agent was first reported by
Gross et al. (1950) and currently it is sold under the trade
name Apresoline (Rudy and Reece, 1988; Reece, 1981).

Hydralazine may be used in the treatment of early hyper-
tension emergencies in conjunction with other anti-
hypertensive drugs. It increases renal blood flow and it is
also used to treat ‘toxemia’ of pregnancy. Hydralazine is
particularly effective in combination with β-adrenergic
antagonist. Its role in the treatment of hypertension has
extended during recent years (Reece et al., 1980; Orzech
et al., 1979; Druey and Tripod, 1967).

The hydrazino group of hydralazine is highly reactive
towards carbonyl groups to give hydrazones. The products
thus obtained may not be stable and further transformation
may occur. For example, reaction of hydralazine with
pyruvic acid at pH<7, gives 3-methyl-4-keto-s-triazino
[3-4-a]phthalazine. However, when the hydrazones
obtained from different conditions, were heated above
their melting points, the same cyclized triazole derivatives
were obtained. Reaction of hydralazine with different bio-
genic carbonyl compounds including carbohydrates and
pyridoxol gave benzyledene (Schiff bases) derivatives.
These Schiff bases were also employed in the assay of the

drug in biological fluids (Mandour et al., 1995; Shinozaki
et al., 1987; Reece, 1981).

Keeping in view the structure-activity relationship of hydrala-
zine and its effectiveness in combination with β-adrenergic
antagonist, the technical know-how for the ‘basic manufac-
ture’ of hydralazine in the laboratory was developed. To
prepare new biologically active compounds the following
methods were adopted. Hydralazine was allowed to react with
corresponding aromatic aldehydes (IIa-d) to introduce an
additional heterocyclic ring adjacent to phthalazine moiety as
a component of biological importance. The present study deals
with the synthesis, characterization and evaluation of antimi-
crobial activity of the new Schiff bases and their correspond-
ing cyclized analogues.

Materials and Methods
Melting points were taken on Buchi-510 melting point
apparatus and are uncorrected. The IR spectra were mea-
sured in KBr and CHCl3 on a JASCO-A-302 spectropho-
tometer. The 1HNMR spectra were recorded in CDCl3

unless otherwise stated at 500 MHz on Bruker AM-300
ASPECT 3000 spectrophotometer. Mass spectra (MS)
were determined using a Finnigan MAT-112 and MAT-
312 spectrometer connected to PAD-11/34 and MAT-188
computer. The UV spectra were measured in MeOH on a
JASCO Model 7800 UV/Vis spectrophotometer. Field
desorption (FD) measurements were also performed on
MAT-312 spectrometer.

Synthesis of hydralazine. Several methods have been
reported in literature, for the manufacture of hydralazine. How-
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Hydrocarbon Composition of Crude Oils from the Oldest
Formation of the Punjab, Pakistan
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Abstract. Four crude oils from the oldest formation of the Punjab basin were analyzed for the hydrocarbons. These
crude oils belong to two sedimentary basins namely the Punjab Basin and Sindh Basin. The samples were analyzed for
chemical fossils using a range of chemical methods and instrumental techniques. Quantification and characterization of
isolated compounds were carried out using data from the literature and reference compound. Gas chromatograms (GC)
of the saturated hydrocarbon fractions of crude oils were characterized by a striking series of peaks, eluting between the
n-alkanes mainly in the C20-C26 range. Optimized GC resolution showed that each peak is a co-elution of subpeak which
corresponds to a complex series of monomethylalkanes. The hydrocarbon composition in terms of depositional
environment, levels of maturation, and the nature of the primitive microorganisms which existed during ancient times
were interpreted.

Keywords: crude oils, monomethylalkanes, microorganisms, hydrocarbons, sedimentary basin

Introduction
The oldest rocks in Pakistan are of Precambrian age, which
form the basement of the lower Paleozoic sediments and in
certain cases serve as the source of terrigenous clastics for the
younger rocks in adjoining areas. The Punjab basin was a large
desiccating basin with marine replenishment and increasing
clastic input. The occurrence of oil shales within the sequence
suggests restricted conditions during periods of reduced
desiccation and enhanced biological activity. Available
evidences indicate that rocks of certain geological ages are
much richer in petroleum than those of other ages.

Numerous hydrocarbons have been observed in cores and
ditch samples of wells, drilled in the Salt Range Formation,
however, the oil is very heavy and viscous and not consi-
dered to be of commercial importance. The disseminated
bitumen found in the late Precambrian Nonesuch Formation of
northern Michigan suggests possible presence of hydrocar-
bons in Precambrian time (Levorsen, 1972).

Hydrocarbon composition of crude oils. The hydrocarbon
fractions of oils contain mainly aliphatic and aromatic
hydrocarbons. In addition to these true hydrocarbons, there
are also small amounts of aromatic hydrocarbon-like-com-
pounds containing sulphur, oxygen or nitrogen atoms
(Bowden et al., 2006).

Aliphatic hydrocarbons. These are normal alkanes extending
to C40 or more with higher concentrations around C6- C8.
Acyclic isoprenoidal alkanes are important constituents

particularly pristane and phytane. Acyclic alkanes < 15 C5 are
gases under normal surface conditions, while those up to C15

are liquids. The n-alkanes with > C15 atoms tend to be viscous
liquids grading into solid waxes. Major cycloalkanes include
cyclohexane and cyclopentane series with alkyl chains of
carbon number range similar to the n-alkanes. Cycloalkanes are
generally with more than one ring system such as the
alkylperhydronaphthalene (Sandison et al., 2003).

Aromatic hydrocarbons. Low molecular weight alkylben-
zenes are generally the most abundant hydrocarbons.
Alkylnaphthalenes and the alkylphenanthrenes, are usually
present but larger polycyclic aromatic hydrocarbons such as
chrysene are less abundant.

Heterocyclic hydrocarbons. Sulphur containing compounds
like benzothiophene, dibenzothiophene, naphthobenzothio-
phene are usually present in oils.

Parameters based on GC analysis. Gas chromatographic study
of saturated hydrocarbon is principally carried out to deter-
mine n-alkane and isoprenoid distribution. Identification of
compound represented by various peaks is carried out by
comparison of retention time with the known ones (time
required for components to emerge from the column).
Biomarker and non-biomarker parameters based on GC are as
follows:

(a) The molecular weight distribution of n-alkanes in low,
medium and high molecular weight region gives indication of
their origin (Olivella et al.,2006). n-Alkane distribution reflects
the composition of the biological matter and the depositional
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Distribution of Heavy Metals in Sediments and Surface Water of Crude
Oil Impacted Area in the Niger Delta, Nigeria
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Abstract. Characteristic levels of Cd, Cu, Cr, Ni, Pb, Mn and Zn in surface water and sediments from an oil impacted
area in the Abalagada-Aboh catchments in the Niger Delta were studied. Except for Pb, the concentrations of dissolved
or heavy metals in the surface water were below the limits of detection. However, mean concentrations of lead in the
surface water exceeded WHO limit for drinking water; whereas, the concentrations of heavy metals in the natural and
agricultural soils sediments were found within limits. The significant enrichment in the levels of heavy metals was due
to oil spillage and related anthropogenic activities. The enrichment factor for heavy metal in the sediment follow the
order Cd > Ni > Zn > Pb > Cr > Mn > Cu. The Mehlich III extractable metals in the sediment ranged from 62.0-78.3%
for Cd, 1.3-11.4% for Cr, 6-18.0% for Cu, 14.0-51.3% for Pb, 12.0-20% for Ni, 8.0-17.5% for Mn and 26.3-45.0% for
Zn. The Mehlich III extractable metals follow the order: Cd > Zn > Pb > Mn > Ni > Cu > Cr which does not tally with
the order of enrichment factor indicating that heavy metal enrichment of sediment does not necessary implies lability
and bioavailability of the elements in the sediment matrix. Overall metal availability indicates contamination potential
risk of cadmium, lead and zinc in the Abalagada-Aboh catchment.

Keywords: heavy metals, bioavailability, enrichment factor, oil spillage, sediments, Niger Delta

Introduction
Waterways are of particular significance to the geochemical
cycling of toxic and potentially toxic metals. Most of the
toxic metals become associated with the solid phase at the
bottom of the waterway. Although a complex equilibrium
exists which support low level metals in the overlying
surface water, sediment serves as an effective sink for these
metals because a number of metal immobilization reactions
are supported by the physical, chemical and biological pro-
perties of the sediments. In many waterways, particularly
near waste outfalls, large quantities of heavy metals and
biostimulants accumulate in sediments  that may be toxic at
high levels (Khalid et al., 1978).

In this scenario, heavy metals have a great ecological
significance due to their toxicity and bioaccumulation. These
elements, contrary to most pollutants, are not biodegradable
and undergo ecological cycling in which natural waters are
the main pathway (Chakrapani and Subramanian, 1993;
Nurberg, 1984). River sediments, by precipitation, adsorp-
tion and chelation process provide the major sink for heavy
metals in the aquatic environment.

Ndiokwere (1984) used neutron activation analysis and atomic
absorption spectrometry techniques for the determination of
As, Au, Cd, Hg, Ni, Pb, Sr and Zn in sediments and algae
from the river Niger and the Nigerian Atlantic coastal waters.

The measured concentrations of As, Cd, Hg and Sb were higher
in the sediments from the coastal waters than sediments from
the river Niger which contained Mn, Pb and Zn in high con-
centration. Other studies in the area (Kakulu and Osibanjo,
1992; 1988) revealed elevated levels of Pb, Cr, Ni and Zn in
the Port-Harcourt and Warri sediments which suggested that
effluent from petroleum refineries located in these areas have
contributed significantly to the heavy metal pollution of
respective aquatic system.

The distribution of heavy metal content in the bottom
sediment of lake lllawarra, show that elevated concentra-
tions of trace metals particularly, zinc was linked to the ash
concentration. The highest concentrations of total metals
(up to 10 times the locally defined background) were
recorded in Griffin Bay, adjacent to the Port Kembia
industrial complex. Other sites exhibited only slight metal
enrichment near surface, typically 1.4 to 2 times the back-
ground (Chenhall et al., 1994). The purpose of this study
was to determine the characteristic levels and the bioavai-
lable fraction of metals in sediment as well as the soluble
metal content in the surface water from crude oil impacted
area in the Niger Delta, toprovide information on contami-
nation and the associated ecological risks.

Geographic features of the area. Abalagada-Aboh catch-
ment, the area under study, is located in northern part of the
Niger Delta, south central Nigeria and within Ndokwa east
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Plumbago zeylanica is a member of family Plumbaginaceae
which is commonly known as “white flower leadwort” (English)
and “Chitu” in Nepali. It is distributed in Nepal from 100-1300 m
altitude and as a medicinal plant is used for curing cancer and
malignant tumors in India, Indonesia, Philippines, Nigeria
(native medicine), Pakistan, Ghana and France (Hartwell, 1970).
Literature survey has revealed that a number of phytochemical
groups like napthoquinones, sterols, triterpenoids (Gupta
et al., 1995, Qian and Zhou, 1980) and aromatic acids (Qian
and Zhou, 1980) were isolated from its aerial parts. Keeping
in view the biological/pharmacological importance of this
plant, present studies were undertaken on the phytochemical
analysis of its stem.

The plant was purchased in April, 2000 from the local market.
Its identity was authenticated and a voucher specimen was
deposited at the Central Herbarium of Central Department of
Botany, Tribhuvan University, Nepal, under code number
TUCH - 11.

The air-dried stems (500 g) were chopped, finely powdered
and extracted with petroleum ether (60-80 °C), (4 l x 16 h) in a
Soxhlet extractor. The extract was filtered and evaporated
giving a greenish yellow residue (1.81 g). The residue (1.75 g)
was chromatographed on silica gel column (2.3 x 40 cm, 40 g)
by eluting with hexane-chloroform gradient. Fractions eluted
with hexane-chloroform (85:15-70:30) were concentrated and
left overnight yielding yellowish white compound. Repeated
recrystallization through boiling with ethyl alcohol yielded
β-sitosterol [7 mg, 0.0014 %, Rf = 0.21(C6H6); the spot was detec-
ted in iodine chamber]. Fractions eluted with hexane-chloro-
form (50:50-30:70) were concentrated and left overnight to
yield yellowish white compound. It was washed with hexane
yielding white substance which on recrystallization in hot ethyl
alcohol-water solvent system, yielded diphenyl sulphone

(15 mg, 0.003%). This was homogeneous on TLC in several
solvent systems; spot was observed in iodine chamber [Rf =
0.65 (CH2 Cl2); 0.28 (C6 H6); 0.73 (EtOAc-petroleum ether 3:7)].

Brine shrimp lethality assay. Brine shrimp lethality assay was
adopted following the procedure of Meyer et al. (1982). Brine-
shrimp eggs, Red Jungle brandTM were purchased from Ocean
Star International Inc., Snowville, UT 84336, USA. Eggs were
incubated in artificial sea water, (which was prepared from sea
salt 40 g/l, Instant Ocean Aquarium System, Inc., USA) for
about 48 h kept at 27-30 °C in a water bath. After 48 h the
nauplii were collected and transferred to a small beaker contai-
ning artificial sea water.

Solution was prepared by dissolving 6 mg of isolated diphenyl
sulphone in chloroform (3 ml). From this solution 500, 50 and
5 μl were transferred into Eppendorf tubes (1.5 ml capacity)
corresponding to 1000, 100 and 10 mg/μl, respectively. Five
replicates and one control were made for each dose level. The
content of each Eppendorf tube was evaporated completely
at 50 °C in rotavapour at reduced pressure. Ten brine shrimps,
along with sea water were transferred to each Eppendorf tube.
Final volume was adjusted to 1 ml by adding more seawater.
Eppendorf tubes were kept in room, illuminated with 15 w
bulb, maintaining temperature 20-22 °C for 24 h. After 24 h,
the number of survivors was counted and LC50 value was
calculated by Probit analysis (Finney, 1971). LC50 value was
expressed as mean of three independently performed experi-
ments in mg/μl with 95% confidence interval. Berberine was
used as a positive control.

Diphenyl sulphone (Fig. 1) was authenticated by EI-MS
together with 1H-NMR, 13C-NMR, DEPT, IR, UV and melting
point. El-MS showed the peaks at m/z 218, 125 and 77 due to
molecular ion peak [M]+, [M-C6H5O]+ and [C6H5]+, respectively,
which are the characteristic fragments of all diaryl sulphones
(Meyerson et al., 1964). The 1H-NMR spectrum indicated a
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Abstract. Diphenyl sulphone and β-sitosterol were isolated from the petroleum ether extract of stem of Plumbago
zeylanica Linn. They were characterized by spectroscopic methods. Isolation of diphenyl sulphone from this plant is the
first report from higher plants. Diphenyl sulphone was tested for cytotoxicity by brine shrimp lethality test.
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Introduction
Escherichia coli, Salmonella spp. and Staphylococcus aureus
are found naturally in the environment and intestinal tracts of
many warm-blooded animals including chickens, turkeys and
cows. During slaughtering and processing, raw meat and
poultry can be contaminated with E. coli O157:H7, S. Enteritidis
and S. aureus. Most of the food-borne diseases, all over the
world, are related to meat and poultry. It is recognized that
food of animal origin is a rich medium for microbial growth,
especially fresh meat and poultry. In addition, processed meats
have pH values, which favour the growth of most of the orga-
nisms. Commercially, several techniques are available for the
elimination of pathogens from red meat and poultry. Among
such techniques are the use of citric acid (CA), trisodium
phosphate (TSP) and ionizing radiations which are the focus
of this investigation. Saudi Arabia has approved application
of radiations to foods on commercial scale and import and
export of irradiated foods. Ministry of Commerce and Industry
has also approved the use of CA, TSP and irradiation
techniques for treatment of Salmonella in poultry.

E. coli O157:H7 infection causes severe bloody diarrhoea
and abdominal cramps. The infection is associated with con-
sumption of undercooked or raw hamburger (ground beef),
unpasteurized fruit juices, cheese, curds and raw milk. E. coli
O157:H7 is a rod-shaped, motile bacterium, gram negative,
facultatively anaerobic pathogen. S. Enteritidis outbreaks

continue to occur in the U.S. The CDC estimates that 75% of
these outbreaks are associated with the consumption of raw
or inadequately cooked grade A whole shell eggs. Person
infected with S. Enteritidis bacterium usually has fever, abdo-
minal cramps, and diarrhoea beginning 12 to 72 h after consu-
ming contaminated food or beverage. The illness usually
lasts 4 to 7 days and most persons recover without antibiotic
treatment.

Molins (1991) reported that trisodium phosphate plays a
major role in poultry and meat processing due to its antimicro-
bial activity, water holding capacity and lipid oxidation pro-
perty. EL-Shenawy and Marth (1991) noted that a combination
of two preservatives, potassium sorbate and lactic or acetic
acid inactivated Listeria monocytogenes more effectively
than potassium sorbate by itself. Palumbo and Williams
(1994) reported that artificial combination of frankfurters with
L. monocytogenes followed by a 2 min dip in 1% lactic, acetic,
and tartaric or citric acids resulted in a 1-2 log kill of the bacte-
ria. Greer and Dilts (1995) reported that effects of organic
acids are not always positive in terms of food safety. Listeriae
(Listeria monocytogenes and Listeria spp.) when exposed to
organic acids, may survive and repair themselves during
storage at low temperatures and can multiply if other barriers
are not present.

Paul et al. (1990), extended the shelf life of lamb meat under
refrigerated conditions up to 7 days using low dose of radia-
tions (below 10 kGy). Hitoshi et al. (1993) irradiated shrimps
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Abstract. A comparative study on the effectiveness of trisodium phosphate (TSP), citric acid (CA) and gamma radiation in
the control of E. coli O157:H7, Salmonella Enteritidis and Staphylococcus aureus in beef and chicken meat was undertaken.
In beef meat samples inoculated with E. coli O157:H7 and treated with 10% solution of commercial grade CA, extra pure
CA and TSP for 10 min, the bacterial count was reduced 2.2, 2.3 and 4.9 log, respectively. Similarly when chicken meat
samples were inoculated with S. Enteritidis and treated 10% solution of extra pure CA and TSP for 10 min, the initial count
was reduced by 3.5 and 5.2 log, respectively. In beef and chicken meat samples, inoculated with E. coli O157:H7, S. Enteritidis,
and Staphylococcus aureus and subjected to gamma radiations, an absorbed dose of 2 kGy was needed to eliminate the E. coli
O157:H7. 3 kGy was adequate to eliminate the S. Enteritidis, and 4 kGy was found adequate to eliminate the S. aureus.

Keywords: trisodium phosphate, citric acid, gamma radiation, beef, chicken, Salmonella Enteritidis, E. coli O157:H7,
Staphylococcus aureus
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Abstract. The study assessed the proximate composition, mineral contents and in vitro digestibility of lean meat of male
and female giant rat (Cricetomys gambianus) found in the vicinity of Federal College of Agriculture, Akure, Nigeria. After
sacrificing and dissecting, the lean meat was dried, ground and chemically analyzed using standard methods. The mean wet
weights of the males were 1161.2 g and females, 949.1 g. The protein content varied, males having 46.78% and females,
48.64%. The mean (% dry matter) fat, fibre, ash, and moisture content were 6.38±0.79, 1.10±0.08, 15.29±2.08 and
3.69±0.60, respectively. The energy content was 2.36±0.11 kcal/g. The highly concentrated minerals in both sexes were K,
Na, Ca, Mg and Fe. The digestibility value was 70% (female) and 68.25% (male). Biological value, net protein utilization
and net protein value were higher in female than in male samples. Both sexes were found to have nutritive values (protein
and minerals), which compared favourably with other sources of conventional proteins and minerals.

Keywords: giant rat (Cricetomys gambianus), meat, mineral content, digestibility

Introduction
Rats are a member of family of the order Rodentia and are
of great economic importance to humans. In addition to
harbouring many diseases transmissible to humans, such
as bubonic plague, endemic typhus, rat-bite fever, and
jaundice, ingested rats can transmit trichinosis to swine
(Curtin, 1987).

African giant rat (Cricetomys gambianus) is a member of
Rodentia. It has large cheek pouches and is at times referred to
as the Gambian pouched rat. It is a vegetarian and occurs in
forest regions, where it rests near the base of trees. It harbours
a large, wingless, ectoparasitic cockroach, Hemimerus
talpoides, which is similar to a louse and is apparently host
specific (Curtin, 1987).

In Nigeria, hunting of bush rats (groups of rats that are found
in the forest reserve) has been on the increase due to the
rising costs of the conventional sources of meat; the
nutritional needs of the populace is thus being satisfied.
There is hardly any available information on the nutritional
quality of giant rat. The present study is an attempt to
assess the chemical composition of male and female
Cricetomys gambianus.

Materials and Methods
Giant rat (Cricetomys gambianus) specimens were collected
from the vicinity of  Federal College of Agriculture, Akure,

Ondo State, Nigeria in February 2005. The rats were cleaned
and weighed upon arrival at the Chemistry Laboratory. The
animals were carefully dissected to separated the parts and
weighed, then the lean meat was separated from the carcass,
dried in the oven at 105 °C for 16 h, ground in a Kenwood
blender, sieved (45 mm mesh) and stored. 0.5 g dried meat was
dry ashed in a muffle furnace at 550 °C for 2 h. 2 M HCL was
used to prepare the ashed sample, filtered and made up to
50 cm3. All minerals were determined in each sample by using
atomic absorption spectrophotometer (Pye Unicam, UK, Model
SP9).

Moisture, ash, fat and fibre content of meat were deter-
mined by the method of Association of Official Analytical
Chemists (1990). Nitrogen was determined by the micro-
kjehdal method as described by Pearson (1976) and the
percentage nitrogen was converted to protein through
multiplying by a factor of 6.25. The digestibility was deter-
mined using a detailed procedure as described by Adeola
(1995).  Sample (1g) was placed in a large test tube; 40 cm3

standard phosphate buffer (pH 6) solution and 0.02 g
papain enzyme powder was added to the suspension. The
suspension was covered with cotton wool, the test tube
was closed with aluminum foil and was incubated at 37 °C
for 3 days. The digested nutrient was filtered off while
the residue assumed to be indigestible material, was dried
in the oven at 70 °C for 2 h.  It was then cooled in the
desiccator for 30 min and weighed. Calculations were made
according to the formulae as follows:
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Abstract. The growth performance of Chlorella ellipsoidea was evaluated in supernatants of different concentrations
of digested waste potato powder (DWPP) medium, Bold basal medium (BBM) as control and tap-water (TW) without
added nutrient in the laboratory for three months. Three different amounts of waste potato powder such as 0.80, 1.00
and 1.20 g/l were allowed to digest for 10 days to get clear supernatant. The initial cell density of C. ellipsoidea was
2.5×105 per ml which attained a maximum density of 227.45×105 cell/ml in BBM, 220×105 cell/ml in supernatant of
0.80 g DWPP/l followed by 187.33×105 cell/ml in supernatant of 1.00 g DWPP/l and 158.67×105 cell/ml in superna-
tant of 1.20 g DWPP/l and 126.823×105 cell/ml in tap-water without added nutrient. Similar trend was observed in the
cases of chlorophyll a of this microalga and optical density of media containing C. ellipsoidea. The proximate compo-
sition of waste potato powder was found to contain (on dry matter basis) 8.67% moisture, 13.31% crude protein,
1.60% crude lipids and 4.55% ash. C. ellipsoidea grown in various concentrations of DWPP, TW and BBM was
analyzed and it was found that the amount of moisture, crude protein, crude lipids and ash varied from 7.15 to 8.00%,
23.4 to 48.11%, 8.63 to 14.23%, and 2.66 to 4.05%, respectively. Cell number of C. ellipsoidea was significantly
(p<0.05) higher when grown in supernatant of 0.80 g/l DWPP than in supernatant of other concentrations of DWPP,
TW and BBM. Chlorophyll a of C. ellipsoidea and optical density of culture media of three concentrations of DWPP,
TW and BBM followed almost similar trend. However, cell number was significantly (p < 0.05) correlated with
chlorophyll a (r = 0.965).

Keywords: Chlorella ellipsoidea, waste potato powder, culture medium

Introduction
Microalgae play very important role in aquaculture as live
food for larval stages of many species of crustaceans and fish,
all stages of bivalves and for the zooplankton (Islam et al.,
2004; Lubzens, 1987; Spektorova et al., 1986). They are used
as live food for late larval and juvenile fish and crustaceans in
hatcheries (Renaud et al., 1991). Microalga such as Chlorella
is rich in nutrients especially protein, lipid and minerals (Khan
et al., 2006; Geldenhuys et al., 1988; Becker and
Venkataruman, 1984; Soeder, 1980). Chlorella vulgaris
Beijerinck is an autospore forming, fast growing and nutri-
tionally rich microalga (Habib, 1998). It contains all the
essential nutrients for growth and development of both aquatic
and terrestrial animals. So, people of many countries such as
Malaysia, Thailand, Philippines, Indonesia, China and Japan
have been using seaweeds and other algae as a source of
food. Having perceived the miraculous nutritional quality of
Chlorella, Japanese firms manufactured Chlorella tablets in
1959. Since  that time, numerous enterprises have emerged
worldwide as specialized industries with a view to producing
health foods, food additives, animal feed, biofertilizers and
an assortment of natural products from algae (Sasson, 1997).

From several nutritional data analysis, it is established that
Chlorella is the store-house of valuable nutrients. It contains
long chain polyunsaturated fatty acids that make it valuable
food for marine invertebrates and fishes (Watanabe et al.,
1983). It is usually added together with rotifers to marine
larvae rearing tanks (Liao, 1975; Nash and Kuo, 1975). For
such purposes Chlorella is cultured with special care. Bold
basal medium (BBM) is the most recognized and effective
medium for Chlorella culture, however its availability is
not consistent and it is expensive. Thus for mass culture of
Chlorella its use  will not be feasible.

Microalgae grow very well in different digested agro-indus-
trial wastes like sugar mill effluents (Khan et al., 2006; Parvin
and Habib, 2005), fertilizer factory waste (Khan et al., 2006;
Toyub et al., 2005; Toyub et al., 2003), agricultural products
like digested bean seed powder (Karmakar et al., 2001) and
digested cabbage powder (Islam et al., 2004). Bangladesh is
an agrarian country and  here about 40% potatoes become
unsuitable for human consumption due to fungal and bacte-
rial spoilage every year which are thrown away. This easily
available cheap potatoe waste may be used as medium
instead of BBM. It can be collected from different sources
(e.g. whole sale market, retail market, food processing indus-
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Introduction
Synthetic insecticides are being used to control different
stored-product insects in different parts of the world. As a
result, the treated insect species are becoming more and more
resistant to particular insecticides. Malathion was registered
in 1958 and was considered the primary insecticide to control
insect pests including red flour beetles in storage environ-
ments. After a few years, Malathion experienced widespread
and severe resistance by stored grain pests. Malathion resis-
tance in the red flour beetle, Tribolium castaneum, was first
reported in early 1960s, for example from Nigeria in 1961 (Arnaud
et al., 2002; Hayward and Onyeard, 1962; Parkin et al., 1962)
and later, from different parts of the world, including the North
America (Arnaud et al., 2002; Haubruge et al., 1997; Werner,
1997; Zettler and Arthur, 1997; Collins et al., 1993; Zettler,
1991; Binns, 1986; Champ and Dyte, 1976). Malathion resis-
tant strains of the red flour beetle, Tribolium castaneum
were also reported from different Asian countries (Gibe and
Motoyama, 2002; Dhaliwal and Chawla, 1997; Irshad and
Gillani, 1990). Reports showed that adult red flour beetle,
Tribolium castaneum, in Pakistan has developed 56-fold
resistance and in the Philippines, a 57-fold resistance to
Malathion (Gibe and Motoyama, 2002; Saleem and Shakoori,
1989). Different researchers reported that the Malathion-
specific resistance in the Tribolium castaneum is widespread
and stable in natural populations even in the absence of
pesticide exposure (Arnaud and Haubruge, 2002).

The Bangladeshi farmers, grain dealers and consumers store
their grains in granaries, receptacles and other containers. Grain

losses in storage due to insect attacks are often great. It was
estimated that grain losses due to insect damage, during
storage periods range from 5 to 10% of the world’s total grain
production. In Bangladesh, the annual grain damage caused
by stored product insect-pests might be similar to the Indian
annual losses of 6.5% of stored grains (Raju, 1984). Among
the major insects, red flour beetle, T. castaneum (Herbst) is
one of the most serious insect-pests, of various food and
stored commodities and causes economic damage to both
raw goods as well as finished products (Islam and Talukder,
2005; Husain, 1997; Zettler and Arthur, 1997; Irshad, 1995;
Talukder and Howse, 1995). In Bangladesh, regular use of large
quantities of synthetic insecticides including Malathion for
stored-product protection is the key element of integrated pest
management, which might cause residual toxicity in treated
grains and also development of resistance in insects. A few
research studies have been conducted to measure the level
of insecticide resistance phenomenon under Bangladeshi
storage conditions. The present study was undertaken to
find out the Malathion resistance level in red flour beetle,
T. castaneum, under different storage systems, through col-
lection and bioassay of sample populations from 9 different
areas of Bangladesh.

Materials and Methods
Wheat samples containing adult red flour beetles were col-
lected from 9 different public storage locations in 7 districts of
Bangladesh. The collected insects were reared and experiments
on insecticide resistance were conducted in the Laboratory of
the Department of Entomology, Bangladesh Agricultural
University, Mymensingh, Bangladesh.
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Abstract. Malathion resistance in the red flour beetle (Tribolium castaneum Herbst) is widespread and stable in natural
populations even in the absence of pesticide exposure. Nine sample populations of T. castaneum collected from nine
different silos, central storage depots (CSD) and local storage depots (LSD) of Bangladesh, and were tested to determine
their resistance ratio to Malathion. Insecticide resistance was observed in most of the collected populations. Among nine
tested populations of T. castaneum, the Ghatail LSD population developed the highest level of Malathion resistance ratio,
where as the Serajganj LSD population showed lowest resistance ratio at LC50 level, 72 h after the treatment.
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Abstract. Stem rust is an important disease of wheat worldwide. Under the CIMMYT/ICARDA facilitated testing at
Kenya, 105 lines/varieties from Pakistan were screened against novel stem rust race Ug99 during 2006. All entries
were found vulnerable to Ug99. North West Frontier Province (NWFP) of Pakistan is under potential threat from this
stem rust race and wheat material from the region also displayed clear cut susceptibility except var. Suleman-96 and
Dera-98 which demonstrated M-MSS type reaction. Resistance of these genotypes can be enhanced if effective stem
rust resistance genes are incorporated in their backgrounds because both are locally adopted varieties in NWFP.

Keywords: stem rust, wheat lines, Ug99, resistance

Rust fungi are obligate biotrophs that grow and reproduce only
in living plant tissue and have 5000 or more species that
collectively cause diseases of most crops, ornamentals, and
many other plants (Eckardt, 2006). For example, rusts caused
by Puccinia species are some of the most important diseases
of wheat and other small grain crops worldwide (McIntosh
et al., 1995). A new wheat rust epidemic is currently building
in east Africa with the appearance of a highly virulent strain
of Puccinia graminis f. sp. tritici called Ug99. This race is
perceived as a threat to global wheat production and has led
to the establishment of a global rust initiative (GRI); it is a
consortium coordinated by CIMMYT and ICARDA, and
involves agricultural research institutes from over 30 coun-
tries (CIMMYT, 2006) to mount an international campaign to
combat its spread. Stem or black rust, caused by Puccinia
graminis f. sp. tritici (Pgt), is known historically for causing
severe losses to wheat production. However, it has been
controlled effectively through the use of Sr31 gene which  pro-
vided the main component for stem rust resistance in many
wheat cultivars. It continued to remain effective until recently,
when the above mentioned isolate of Pgt with virulence to
Sr31 were detected from Uganda in 1999 (Pretorius et al.,
2000). Similar virulence was observed in Kenya in 2003 and
2004 (Wanyera et al., 2006).

Race Ug99 is now widespread in wheat growing areas of Kenya
and Ethiopia, and many popular cultivars have become sus-

ceptible to it. This race is expected to migrate further to north-
ern Africa through Arabian Peninsula and then to Middle East,
West Asia and eventually to South Asia as recently
happened with Yr9-virulent Puccinia striiformis race (Singh
et al., 2004). Due to the anticipated fear, the challenge and
priority is to identify/develop suitable resistant cultivars in a
relatively short time and implement appropriate strategies to
replace the susceptible cultivars before Ug99 migrates out of
eastern Africa. As a first step in this direction, 105 wheat geno-
types were collected from all over Pakistan and shipped to
Kenya for assessment of their vulnerability to Ug99 and to
identify wheat germplasm that displays resistance. Pakistan’s
material along with wheat lines/cultivars currently grown in
likely migration path of Ug99 were field screened in a nurs-
ery experiment during 2006 at Kenyan Agricultural Research
Institute (KARI), Wheat Research Station at Njoro, Kenya.
Each test entry was raised in two rows of 2 m length in strips
of small adjacent plots. Standard inoculation and scoring
protocols were adopted as described by Roelfs et. al., (1992)
and Peterson et al. (1948).

Resistance status summary of 105 wheat lines/varieties
against Ug99 are presented in Table 1 while detailed results
of genotypes collected from NWFP are presented in
Table 2. None of the genotypes collected from all over
Pakistan exhibited resistance to Ug99 (Table 1) which is very
strong indication/confirmation of a very narrow genetic base
of our wheat material to this race of pathogen. Reducing the
area under susceptible cultivars by replacing with genotypes
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Introduction
Graphite is used in various industries depending upon its
grade. For example, according to Khan et al. (2004) and
Kalyoncu (2001), the pencil industry imports graphite with a
grade of above 90% graphitic carbon. Graphite is then mixed
with bentonite in varying proportions to get pencils of dif-
ferent hardness. In the crucible industry also, high grade
graphite is used but here more important factor is the size of
the flake. Generally a flake of 60-80 mesh is considered to be
good enough to give a good crucible. For the nuclear indus-
try, graphite of ultra pure quality is essential (Bhima and
Patnaik, 2004); a product with a grade of 99.99% graphitic
carbon is desired with a limit on such elements as boron etc.
Foundry industry is also one of the most important consu-
mers of graphite (Anwar et al., 2006; Gordon, 1995).

Graphite deposits have been discovered at several places in
Pakistan. Ahmed and Siddiqi (1993) reported that the most
extensive deposits of low graphite ore, containing 10-16%
graphitic carbon, have been found in the Malakand, Kel Tarli
Domel, Tirah, Parachinar and Besham. Hand (1997) says that
this grade is sufficient to exploit the ore on commercial scale
for producing graphite concentrate. According to Bhatti
et al. (2006), Pakistan is importing at present, all its require-
ments based on graphite concentrate of foundry grade.

An indigenous graphite ore (Malakand, North Western Fron-
tier Province) was processed and flotation parameters were
optimized in our laboratory at pilot plant scale to produce

graphite concentrate containing 80-85% graphite carbon
content with more than 70% recovery. This paper presents a
proposal for development of a graphite plant at mine site on
the basis of results of beneficiation of the said graphite ore.

Mineralogy and X-ray diffraction studies. The characteristics
of Malakand ore were defined by petrography, X-ray diffrac-
tion, ore microscopy and by observation in stereomicroscope.
X-ray diffraction studies were carried out on Diffractometer
D-5000 (Siemens, Germany) to identify different types of
minerals present in the ore. Malakand graphite ore is fine
grained graphite-mica schist. The gangue mostly comprised
of clays with hydrated oxides of iron and predominant quan-
tities of silica and mica. Liberation of graphite particles was
determined to be 84% particles passing through 73 microns
mesh.

Materials and Methods
Sample preparation. Representative samples of Malakand ore
were selected for chemical analysis. Table 1 indicates com-
plete chemical analysis of the ore. Flotation feeds were pre-
pared by subjecting the ore samples to primary and secon-
dary crushing. The lumps of ore, < 125 mm in size, were crushed
in a jaw crusher of 150 mm x 375 mm size then passed through
the crushing rolls of 225 mm (dia) x 150 mm (face) in size. The
product was then ground wet in a rod mill (178 x 356 mm) at 1:1
solid/liquid ratio for 6 min to have a flotation feed of 84%
passing 73 microns.

Flotation test. The flotation tests were carried out in a Denver
D-12 flotation machine under different conditions to optimize
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Abstract. The design of a commercial graphite processing plant is described on the basis of results of beneficiation of a
graphite deposit originating from the Malakand area of North Western Frontier Province (NWFP) of Pakistan. The test
work was carried out on the bench scale followed by trials on the pilot plant to define all process parameters necessary for
the production of graphite concentrate. The Malakand ore containing about 10-16% graphitic carbon was upgraded by
froth flotation technique. It is important to note that regrinding of the rougher concentrate followed by three cleanings of
rougher concentrate and recirculating the cleaner tailings to the rougher flotation circuit ensured a final concentrate grade of
83-85%, @ > 70% recovery. The pilot scale flotation tests were carried out @ 75-100 kg of ore per h and 7.5-10.0 kg
graphite concentrate were produced per batch. Based on these tests, a commercial plant to handle 50 tons of ore per day
(8 h shift) has been proposed. The proposed plant costing Rs.26.89 million will daily produce about 5 tons of graphite
concentrate. Graphite concentrate, produced @ Rs.10.95 per kg on the proposed processing plant, will be considerably
cheaper.

Keywords: graphite concentrate, froth flotation, graphite processing plant
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Introduction
In the regions, where rainfall is insufficient to meet crop water
requirements, the artificial irrigation becomes imperative for
healthy plant growth and sustained crop yields. There are a
number of methods to irrigate crops, each having its own
benefits and limitations. However, all of them are similar in
their basic objective of providing desired quantity of irrigation
water most economically and most efficiently. Nevertheless,
the  economics and efficiency of each irrigation method varies
quite significantly. The selection of any type of irrigation
system depends on a number of considerations including the
compatibility of the system with other agricultural operations,
economic factors, topographic limitations, soil properties and
agronomic influences.

Drip irrigation is no panacea, no automatic guarantee of effi-
ciency and it has certain drawbacks as well. Careful thinking in
its design, operation and management, however, can minimize
the systems drawbacks. Drip irrigation eliminates up to 95% of
the field application losses. The system provides water to the
crops on a low tension and high frequency basis thereby crea-
ting nearly optimum soil moisture environment. Water is
directly applied right at the root zone of the individual plants
according to their needs, instead of irrigating the entire area as
with surface or sprinkler irrigation methods. The drip irrigation
system is often operated frequently (daily or several times per
week) to satisfy the crop evapotranspiration (ET) needs. Drip
irrigation is particularly suitable for extremely water deficit
areas, sandy desert areas, or hilly and mountain areas where
other methods of irrigation cannot be executed properly. Drip

irrigation offers several potential advantages over other irri-
gation systems, the primary being the precise application of
water to the plants. The overall precision of water application,
however, depends on many factors but the most critical one is
probably the emitter. The emitters must supply enough water
to the plant root zone to meet the plant water requirements.
Normally, one-third to as much as three-fourth of the plant
rooting volume should be supplied with adequate water
(Wu et al., 1986).

A drip irrigation system consists of a main line, a sub main,
manifolds, lateral lines and emitters. Laterals are designed to
distribute irrigation water throughout the field with an accept-
able degree of uniformity. Although drip irrigation systems
have several advantages over other irrigation systems, it is
impossible to obtain ideal water distribution along the lateral
line due to variations in emitter discharge caused by operating
pressure, water temperature differences, emitter manufactu-
ring variations, emitter clogging and pressure variations caused
by slope and friction losses. Hence, for the design of an appro-
priate drip irrigation system, the properties of the system com-
ponents, especially the emitter properties and friction losses
in laterals for uniformity, must be known (Demir and Yurdem,
2002; Wu et al., 1989; Howell and Barinas, 1980).

The ideal irrigation system is one in which all emitters deliver
the same discharge so that each plant would receive equal
amount of water during the an irrigation period. From practical
point of view, it is impossible to achieve this ideal performance
because emitter flow will be affected by variations in water
pressure and manufacturing characteristics. Pressure varia-
tions, in drip irrigation system are unavoidable due to land
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Abstract. Trickle irrigation systems were designed and managed to deliver frequent light water applications to wet only a
portion of the soil surface. Initially, selection of an emitter depends on the soil to be wetted, plant water requirement,
emitter discharge and the topography of the soil. The pressure-discharge relationships and manufacturers’ coefficient of
variation of five different locally manufactured drip emitters were determined. The emitters were tested with different
placements. They were operated at pressure ranging from 3.50-21.00 meter head (5-30 psi) with increments of 5 psi. All
the measurements were replicated thrice for the five types of emitters. The coefficient of variation (Cv) is an average for all
types of micro-tube and nursery emitters, marginal for turbo and micro-jet and unacceptable for spiral emitters. On the
basis of water application uniformity coefficient (Us %), turbo, micro-jet, nursery and micro-tube emitters fall in the
acceptable range. The emitters were developed and evaluated in collaboration with the local industry.
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